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ΠΕΡΙΛΗΨΗ  

 

Το Μεταβολικό Σύνδρομο (ΜΣ) αποτελεί μία πολυπαραγοντική διαταραχή που 

χαρακτηρίζεται από ένα σύμπλεγμα συνοδών νοσημάτων τα οποία προδιαθέτουν για την 

εκδήλωση καρδιαγγειακών νοσημάτων και διαβήτη. Η μακροχρόνια λήψη διατροφής πλούσιας 

σε λιπαρά αποτελεί βασικό παράγοντα για την ανάπτυξη παχυσαρκίας και ΜΣ. Ωστόσο, τα 

μέχρι στιγμής διαθέσιμα ζωικά μοντέλα για τη μελέτη των μοριακών μηχανισμών που 

αποτελούν τη βάση της παθολογίας του ΜΣ έχουν σημαντικούς περιορισμούς. Σκοπός της 

παρούσας μελέτης ήταν αρχικά να προσδιοριστούν οι αλλαγές της συνολικής γονιδιακής 

έκφρασης σε μεταβολικούς ιστούς καθώς και οι αλλαγές των κυκλοφορούντων miRNAs σε ένα 

μοντέλο ποντικού  με επαγόμενο μέσω της διατροφής ΜΣ, τους ποντικούς apoE3L.CETP. 

Δεύτερον, επιδιώξαμε να αξιολογήσουμε την επίδραση της αποσιώπησης  του μεταγραφικού 

παράγοντα FOXO1 στο ήπαρ ποντικών apoE3L.CETP κατά την ανάπτυξη του ΜΣ. 

Σε αρσενικούς ποντικούς apoE3L.CETP χορηγήθηκε δίαιτα με υψηλή (HFD) ή χαμηλή 

(LFD) περιεκτικότητα σε λιπαρά για διαφορετικές χρονικές περιόδους και παρακολουθήθηκε η 

εξέλιξη της παθολογίας ΜΣ. Σε μια παράλληλη μελέτη που έγινε σε συνεργασία με την ομάδα 

του Δρα Thomas Lutz στην Ζυρίχη, μια ξεχωριστή ομάδα ποντικών χωρίστηκε σε 

ανταποκρινόμενους (R) ή μη ανταποκρινόμενους (NR) και έλαβε την ίδια HFD δίαιτα για 16 

εβδομάδες. Το μεταγραφικό προφίλ του ήπατος αναλύθηκε σε μικροσυστοιχίες της Affymetrix. 

Διαπιστώσαμε ότι οι ποντικοί που έλαβαν HFD δίαιτα ανέπτυξαν προοδευτικά εκδηλώσεις του 

ΜΣ και ένας αυξανόμενος αριθμός διαφορικά εκφρασμένων μεταγράφων ταυτοποιήθηκε στις 4, 

8 και 12 εβδομάδες σε σύγκριση με τους ποντικούς που έλαβαν την LFD. Σημαντικά αλλαγμένα 

γονίδια συσχετίστηκαν λειτουργικά με μεταβολικές ασθένειες που περιλαμβάνουν την ανοχή 
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στην ινσουλίνη, την ηπατική στεάτωση, το μεταβολικό σύνδρομο και διαταραχές του 

μεταβολισμού της γλυκόζης και των λιπιδίων. Η ανάλυση των μοριακών μονοπατιών 

αποκάλυψε την υποέκφραση των γονιδίων βιοσύνθεσης της χοληστερόλης και των λιπαρών 

οξέων, ενώ δεν παρατηρήθηκε σημαντική αλλαγή σε γονίδια της γλυκόλυσης ή της 

γλυκονεογένεσης. Μία ομάδα γονιδίων που σχετίζονται με σχηματισμό σταγονιδίων λιπιδίων 

βρέθηκε ότι υπερεκφράζονται στην ομάδα HFD και αυτό ευθυγραμμίζεται με την ανάπτυξη της 

ηπατικής στεάτωσης στους συγκεκριμένους ποντικούς. Στον ορό των ποντικών apoE3L.CETP 

ταυτοποιήσαμε 3 miRNAs τα οποία υπερκφράζονται στην ομάδα HFD αλλά όχι στην ομάδα 

LFD.  

Βρήκαμε ότι οι ποντικοί που αποκρίνονται στη δίαιτα (R) έχουν ξεχωριστή γονιδιακή 

υπογραφή που τα διαφοροποιεί από ποντικούς που δεν ανταποκρίνονται καλά στη διατροφή 

(NR). Η σύγκριση των δύο μελετών διατροφικής παρέμβασης (HFD έναντι LFD και R έναντι 

NR) αποκάλυψε έναν περιορισμένο αριθμό κοινών διαφορικά εκφρασμένων γονιδίων, ωστόσο η 

έκφραση των κοινών γονιδίων επηρεάστηκε με παρόμοιο τρόπο και στις δύο μελέτες. 

Ως επόμενο βήμα, επιδιώξαμε να εντοπίσουμε μεταγραφικές αλλαγές στο ήπαρ που 

σχετίζονται με βαριατρικές επεμβάσεις στο πλαίσιο του ΜΣ. Η βελτίωση των συνοδών 

νοσημάτων του ΜΣ και η συνεχής και μακροπρόθεσμη απώλεια βάρους μπορούν να 

επιτευχθούν με τη γαστρική παράκαμψη Roux-en-Y (RYGB). Για το σκοπό αυτό, 

συνεργαστήκαμε με την ίδια επιστημονική ομάδα στη Ζυρίχη προκειμένου να λάβουμε δείγματα 

ήπατος και να εκτελέσουμε μεταγραφωματικές αναλύσεις. Σε αρσενικούς ποντικούς 

apoE3L.CETP χορηγήθηκε δίαιτα HFD για 6 εβδομάδες και κατόπιν οι ποντικοί υποβλήθηκαν 

σε χειρουργική επέμβαση RYGB ή υπέστησαν χειρουργική επέμβαση χωρίς εφαρμογή 

βαριατρικής μέθοδου ως ομάδα έλεγχου (Sham). Οι ομάδες ελέγχου είτε έλαβαν τροφή σε 
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συνθήκες ad libitum είτε στερηθηκαν τροφής ώστε να επιτύχουν την απώλεια βάρους σώματος 

ανάλογη των ποντικών που εγχειρήθηκαν (Body Weight Matced, BWm), για τη διάκριση και 

τον εντοπισμό των χειρουργικών επιδράσεων από σχετιζόμενα με την απώλεια σωματικού 

βάρους αποτελέσματα. Οι ποντικοί που χειρουργήθηκαν με RYGB πέτυχαν σημαντική απώλεια 

βάρους. Επιπρόσθετα, η χειρουργική επέμβαση RYGB βελτίωσε τον μεταβολισμό της γλυκόζης 

και το μεταβολισμό των λιπιδίων και τροποποίησε το ηπατικό μεταγράφωμα σύμφωνα με την 

ανάλυση σφαιρικών αλλαγών του μεταγραφώματος στο ήπαρ των ομάδων ποντικών Rygb, 

Sham ΑL και BWm. Η σύγκριση των ποντικών RYGB με BWm ή Sham AL ποντίκια 

αποκάλυψε 1137 διαφορικά εκφρασμένα μετάγραφα (656 ↑, 481 ↓) και 411 μετάγραφα (300 ↑, 

206 ↓), αντίστοιχα. Η ανάλυση με το λογισμικό πρόγραμμα “Ingenuity Pathway Analysis” (IPA) 

έδειξε ότι οι παρατηρούμενες αλλαγές γονιδιακής έκφρασης στις τρεις διαφορετικές ομάδες που 

συγκρίθηκαν σχετίζονταν κυρίως με τον μεταβολισμό των λιπιδίων όπως η «συγκέντρωση των 

λιπιδίων, του μεταβολισμού των λιπαρών οξέων, της συγκέντρωσης της χοληστερόλης και της 

σύνθεσης των λιπιδίων» στο επίπεδο των βιολογικών λειτουργιών. 

Επιπρόσθετα, εξετάσαμε τις μεταγραφικές μεταβολές που εμφανίζονται στον γοναδικό 

λευκό λιπώδη ιστό (gWAT) των ποντικών apoE3L.CETP σε διακριτά στάδια ανάπτυξης του 

ΜΣ, καθώς ο λιπώδης ιστός είναι βασικός καθοριστικός παράγοντας της μεταβολικής υγείας και 

των μεταβολικών διαταραχών. Το RNA από τον λιπώδη ιστό αναλύθηκε σε μικροσυστοιχίες 

Affymetrix Mouse Gene 2.0 ST, ενώ ακολούθησε βιοπληροφορική ανάλυση. Η ανάλυση 

μικροσυστοιχιών αποκάλυψε ότι το μεταγραφικό προφίλ του λιπώδους ιστού (WAT) 

μεταβλήθηκε σε μεγάλο βαθμό σε σύγκριση με το ηπατικό μεταγραφικό προφίλ σε ποντικούς 

apoE3L.CETP. Πράγματι, η στατιστική ανάλυση των δεδομένων του μεταγραφώματος κάτω 

από συγκεκριμένα κριτήρια (p <0.05 και | log2FC (λόγος μεταβολής) | ≥1.5) ανέδειξε συνολικά 
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481, 946 και 1377 γονίδια τα οποία βρέθηκαν να εκφράζονται διαφορικά μεταξύ των ομάδων 

ποντικών HFD και LFD στις 4, 8 και 12 εβδομάδες, αντίστοιχα. Η λειτουργική ανάλυση 

επέτρεψε την ταυτοποίηση μιας σειράς γονιδίων που εμπλέκονται σε στατιστικά σημαντικές 

ανοσολογικές και φλεγμονώδεις αποκρίσεις, ειδικά στις 8 και 12 εβδομάδες. Επιπλέον, βρέθηκε 

ότι ένας μεγάλος αριθμός γονιδίων που σχετίζονται με την εξωκυττάρια ουσία (ECM) 

εκφράζεται διαφορικά, υποδηλώνοντας την αναδιαμόρφωση του ιστού κατά την εξέλιξη του 

ΜΣ. Η υποέκφραση των μεταβολικών μονοπατιών, συμπεριλαμβανομένων της Γλυκόλυσης, της 

Βιοσύνθεσης της Χοληστερόλης και της Βιοσύνθεσης των Λιπαρών Οξέων, θα μπορούσε να 

συσχετιστεί με τη ρύθμιση του μεταβολισμού των θρεπτικών συστατικών κατά την χορήγηση 

δίαιτας HFD. Τέλος, γονίδια με αναγνωρισμένο ρόλο στη ρύθμιση του μεταβολισμού του 

λιπώδους ιστού και την εύρυθμη διατήρησή του ή με συστημική επίδραση στην ομοιόσταση 

ολόκληρου του οργανισμού βρέθηκε ότι εκφράζονται διαφορικά κατά την εξέλιξη του ΜΣ, 

συμπεριλαμβανομένης της λεπτίνης (lep), του μεταφορέα γλυκόζης, Slc2a4 (Solute carrier 

family 2, member 4), του υποδοχέα Insulin receptor substrate 1 (Irs1) και του γονιδίου Cidea 

(cell death-inducing DNA fragmentation factor alpha-like effector A). 

Για να διαλευκανθεί η επίδραση της αποσιώπησης του μεταγραφικού παράγοντα FOXO1 

στο ήπαρ των ποντικών apoE3L.CETP κατά τη διάρκεια της εξέλιξης του ΜΣ, ενήλικοι 

αρσενικοί ποντικοί ενέθηκαν ενδοφλέβια με τους ανασυνδυασμένους συσχετιζόμενους ιούς 

AAV-scControl ως ομάδα ελέγχου ή με τους AAV-sh-FΟΧΟ1. Όλοι οι ποντικοί διατρέφονταν 

με συμβατική δίαιτα για 15 εβδομάδες μετά την ένεση πριν μεταβούν σε δίαιτα HFD για 3 

μήνες. Τα ζώα παρακολουθήθηκαν για το σωματικό τους βάρος, το λιπιδιακό προφίλ και τα 

επίπεδα γλυκόζης πριν και μετά την διατροφική παρέμβαση. Εντοπίσαμε μια μείωση του 

FOXO1 τόσο σε επίπεδο mRNA όσο και σε επίπεδο πρωτεϊνών σε ορισμένους sh-FOXO1 
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ποντικούς (5 από τους 11 ποντικούς). Επιπλέον, με την χρήση μικροσκοπίας φθορισμού 

προχωρήσαμε στον εντοπισμό του FOXO1 στους πυρήνες της ομάδας ελέγχου, ενώ ο FOXO1 

ανιχνεύθηκε οριακά στην ομάδα AAV-shFOXO1. Η αποσιώπηση του FΟΧΟ1 στο ήπαρ των 

ποντικών apoE3L.CETP προκάλεσε μεταβολές μόνο σε ορισμένες κλινικές παραμέτρους της 

κυκλοφορίας. Πιο συγκεκριμένα, ο κλινικός χαρακτηρισμός των ποντικών έδειξε ότι δεν 

υπήρχαν σημαντικές διαφορές στα επίπεδα της γλυκόζης και των λιπιδίων και επιπλέον οι 

ιστολογικές μεταβολές ήταν παρόμοιες και στις δύο ομάδες ποντικών, και σχετίζονται με την 

δίαιτα HFD. Είναι σημαντικό ότι υπήρξε σημαντική βελτίωση όσον αφορά την ανοχή στη 

γλυκόζη και την ευαισθησία στην ινσουλίνη σε συστημικό επίπεδο. Επιπλέον, η ανάλυση 

αλληλούχισης του RNA αποκάλυψε μια σημαντική απόκριση του ηπατικού μεταγραφώματος 

και σε μικρότερο βαθμό του μεταγραφώματος των σκελετικών μυών. Σχετικά με τις αλλαγές στο 

μεταγράφωμα του ήπατος, τα γονίδια που σχετίζονται με το μονοπάτι σηματοδότησης FOXO 

(mmu04068) και επίσης με την αντίσταση στην ινσουλίνη (mmu04931) βρέθηκε ότι 

υποεκφράζονται, όπως ο υποδοχέας ινσουλίνης (Insr, ρ-0.019758593), προς τα πάνω του 

καταρράκτη σηματοδότησης FOXO1. Η γλυκονογένεση μπορεί να μειωθεί λόγω της σημαντικής 

κατάλυσης του FOXO1 και σχετικών οδών που θα μπορούσαν να ρυθμίσουν την παραγωγή και 

πρόσληψη γλυκόζης όταν η HFD αυξάνει τη γλυκόζη αίματος νηστείας και στις δύο ομάδες 

κατά τη διάρκεια της εξέλιξης του MetS. Τα δεδομένα αυτά υποστηρίζουν ότι ο έλεγχος του  

FOXO1 θα μπορούσε να αποτελέσει θεραπευτική προσέγγιση για την αντιμετώπιση βασικών 

στοιχείων της παθολογίας του ΜΣ. 

Συνοψίζοντας, η παρούσα μεταγραφωματική ανάλυση στο ήπαρ και στον ορό ποντικών 

apoE3L.CETP που έλαβαν δίαιτα HFD ή LFD και στο ήπαρ ποντικών apoE3L.CETP που 

υποβλήθηκαν σε χειρουργική επέμβαση RYGB, συνδυάστηκε με εκτεταμένη ανάλυση 
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βιοπληροφορικής, αποκαλύπτοντας χαρακτηριστικές γονιδιακές υπογραφές του ήπατος, 

ενδεικτικές των μοριακών μεταβολών που εμφανίζονται στα διάφορα στάδια της παθογένεσης 

του ΜΣ. Αυτή η προσέγγιση ολοκληρώθηκε περαιτέρω μέσα από τον χαρακτηρισμό 

μεταγραφικών υπογραφών στον λιπώδη ιστό των ποντικών apoE3L.CETP και μέσα από την 

αξιολόγηση των κλινικών μεταβολών που παρατηρήθηκαν μετά την αποσιώπηση του FOXO1 

στο ήπαρ στο πλαίσιο της εξέλιξης του ΜΣ. Συνολικά, τα πρότυπα γονιδιακής έκφρασης και 

κυκλοφορούντων miRNAs που προσδιορίστηκαν στην παρούσα μελέτη παρέχουν μια 

λεπτομερή εικόνα της παθολογίας του ΜΣ και θα μπορούσαν να αξιοποιηθούν για 

διαγνωστικούς ή θεραπευτικούς σκοπούς. 

 

Λέξεις-κλειδιά: Μεταβολικό σύνδρομο, μεταγραφωματική, κυκλοφορούντα miRNAs, 

ποντικοί apoE3L.CETP, γονιδιακές υπογραφές, λευκός λιπώδης ιστός, FOXO1 
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ABSTRACT  

Metabolic syndrome (MetS) is a multifactorial disorder characterized by the presence of 

several comorbidities that predispose to cardiovascular disease and diabetes. Long-term exposure 

to excess dietary fat is a predominant factor that leads to obesity and MetS. However, the 

presently available animal models to study the molecular mechanisms underlying the MetS 

pathology have significant limitations. The purpose of the present study was first to identify 

global gene expression changes in metabolic tissues and circulating miRNAs in a humanized 

mouse model of diet-induced MetS, the apoE3L.CETP mice. Secondly, we aimed to assess the 

impact of hepatic FOXO1 ablation in apoE3L.CETP mice during the development of MetS. 

Male apoE3L.CETP mice received a high (HFD) or a low (LFD) fat diet for different 

time periods and the progression of MetS pathology was monitored. In a parallel study that was 

performed in collaboration with the group of Dr Thomas Lutz in Zurich, a separate group of 

mice was divided into responders (R) or non-responders (NRs) and received the same HFD for 

16 weeks. The hepatic transcriptome was analyzed by Affymetrix expression arrays. We found 

that mice receiving the HFD progressively developed manifestations of MetS and displayed an 

increasing number of differentially expressed transcripts at 4, 8 and 12 weeks compared to LFD. 

Significantly changed genes were functionally annotated to metabolic diseases including insulin 

resistance, hepatic steatosis, metabolic syndrome and disorders of glucose and lipid metabolism. 

Pathway analysis revealed the downregulation of genes in cholesterol and fatty acid biosynthesis 

whereas genes of glycolysis or gluconeogenesis were not changed. A group of genes related to 

lipid droplet formation was upregulated in the HFD group and this was in line with the 

development of hepatic steatosis in these mice. In the serum of the apoE3L.CETP mice we 

identified 3 miRNAs that were up-regulated in the HFD group but not in the LFD group. We 
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found that responder mice have a distinct gene signature that differentiates them from mice that 

do not respond well to the diet. The comparison of two diet intervention studies (HFD vs LFD 

and R vs NR) revealed a limited number of common differentially expressed genes but the 

expression of the common genes were affected in a similar way in both studies.  

As a following step, we sought to identify transcriptomic changes in the liver that are 

related to bariatric interventions in the context of MetS. Improvement of comorbidities in the 

MetS and sustained weight loss can be achieved by the Roux-en-Y gastric bypass (RYGB) 

surgical operation. For this purpose, we collaborated with the same group in Zurich in order to 

obtain liver samples and perform transcriptomics. Male apoE3L.CETP mice were fed a HFD diet 

for 6 weeks and underwent RYGB or Sham surgery. Sham groups were either fed ad libitum or 

were body weight-matched to the RYGB mice, to discriminate and identify surgical effects from 

body weight loss associated effects. RYGB-operated mice achieved a significant weight loss. In 

addition, RYGB surgery ameliorated the glucose metabolism and lipid metabolism, and altered 

hepatic transcriptome according to the global transcriptomic analysis in the livers of RYGB, 

Sham AL and BWm groups of mice. The comparison of the RYGB mice to BWm or Sham AL 

mice revealed 1137 (656↑, 481↓) and 411 s (300↑, 206↓) differentially expressed transcripts 

respectively. Ingenuity Pathway Analysis (IPA) indicated that the observed gene expression 

changes in the three different comparison groups were mainly associated with the lipid 

metabolism such as “concentration of lipid, fatty acid metabolism, concentration of cholesterol, 

and synthesis of lipid” at the level of biological functions.  

In addition, we examined the transcriptomic alterations that occur in the gonadal white 

adipose tissue (gWAT) of apoE3L.CETP mice in discrete stages of the development of MetS 

since WAT is a major determinant of metabolic health and disease. Adipose RNA was analyzed 
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on Affymetrix Mouse Gene 2.0 ST arrays followed by bioinformatical analysis. The microarray 

analysis revealed that the transcriptomic profile of WAT was more robustly altered compared 

with the hepatic transcriptome in apoE3L.CETP mice. Indeed, the statistical analysis of 

transcriptomic data under specific criteria (p-value < 0.05 and |log2FC(fold change) |≥1.5) 

yielded a total of 481, 946 and 1377 genes that were found to be differentially expressed between 

the HFD and the LFD groups of mice at 4, 8  and 12 weeks, respectively. Functional analysis 

allowed identifying sets of genes significantly enriched with immune and inflammatory 

responses, especially at 8 and 12w. Moreover, a large number of genes related to extracellular 

matrix (ECM) were found to be differentially expressed, suggesting tissue remodeling during the 

progression of MetS. The downregulation of metabolic pathways including Glycolysis, 

Cholesterol Biosynthesis and Fatty Acid Biosynthesis, could be associated with a modulation of 

nutrients metabolism upon HFD feeding. Finally, genes with an established role in the regulation 

of adipose metabolism and maintenance or with a systemic effect in whole-body homeostasis 

were differentially expressed during MetS progression, including the leptin (lep), the glucose 

transporter, Slc2a4 (Solute carrier family 2, member 4), the Insulin receptor substrate 1 (Irs1) 

and the Cidea (cell death-inducing DNA fragmentation factor alpha-like effector A).  

To elucidate the effect of FOXO1 silencing in the liver of apoE3L.CETP mice during the 

MetS progression, adult male mice were intravenously injected with the AAV-sc-RNA as control 

group or with the AAV-sh-Foxo1. All mice were fed a chow diet for 15 weeks post-injection 

before switching to a HFD for 3 months. Animals were monitored for their body weight, lipid 

profile, glucose levels and glucose tolerance before and after the diet intervention. We identified 

a reduction of FOXO1 at both mRNA and protein levels in certain sh-FOXO1 mice (5 out of 11 

mice). Moreover, fluorescent microscopy revealed FOXO1 localization in the nuclei of the 
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control group, whereas FOXO1 was barely detectable in the AAV-shFOXO1 group. The 

silencing of FOXO1 in the liver of apoE3L.CETP mice induced alterations only in some clinical 

circulating parameters. More precisely, the clinical characterization of mice revealed that there 

were no significant differences in glucose and lipid measurements at baseline and additionally 

histological alterations were similar to both groups of mice, related to HFD feeding. Importantly, 

there were significant systemic improvements concerning the glucose tolerance and the insulin 

sensitivity. Furthermore, RNA sequencing analysis revealed a significant response of hepatic 

transcriptome and of the skeletal muscles transcriptome to a less extent. Regarding hepatic 

transcriptomic changes, genes related to FOXO signaling pathway (mmu04068) and also to 

Insulin resistance (mmu04931) were down-regulated such as the insulin receptor (Insr, p-

0.019758593), up-stream of FOXO1 signaling cascade. Gluconeogenesis may be reduced due to 

significant ablation of FOXO1 and relevant pathways that could regulate the glucose production 

and uptake when the HFD increases fasting blood glucose in both groups during the MetS 

progression. These data claim that FOXO1 modulation could be a therapeutic approach to 

counterfeit key-components of the MetS.  

In summary, the present transcriptomic analysis in the livers and the sera of 

apoE3L.CETP mice receiving a HFD or a LFD and in the livers of apoE3L.CETP mice subjected 

to RYGB surgery, combined with extensive bioinformatics analysis, revealed characteristic 

hepatic gene signatures, indicative of the molecular changes that occur at the different stages of 

the pathogenesis of the MetS. This approach was further completed by the transcriptomic 

signatures identified in the WAT of apoE3L.CETP mice and the clinical alterations that were 

observed after the hepatic silencing of FOXO1 in the context of MetS progression. Collectively, 
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the patterns of gene expression and serum miRNAs identified in the present study provide a 

detailed insight to MetS pathology and could be exploited for diagnostic or therapeutic purposes. 

 

Key-words: Metabolic syndrome, transcriptomics, circulating miRNAs, apoE3L.CETP mice, 

gene signatures, white adipose tissue, FOXO1 
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1. INTRODUCTION 

1.1. INTRODUCTION TO THE METABOLIC SYNDROME (METS) 

1.1.1 CLINICAL DEFINITION AND PREVALENCE OF THE METABOLIC SYNDROME 

(METS) 

 

Obesity is recognized as a major health problem worldwide (1) and is closely linked to 

the prevalence of multifactorial complex diseases such as the metabolic syndrome (MetS), the 

cardiovascular disease (CVD), type II diabetes (T2D) (2) and non-alcoholic fatty liver disease 

(NAFLD) (3). The metabolic syndrome (MetS) is associated with the presence of multiple 

metabolic abnormalities that affect lipid and glucose metabolism in obese subjects (4). MetS is 

diagnostically defined by the clinical evaluation of specific risk factors, namely increased levels 

of triglycerides (TG), high blood glucose and LDL cholesterol (LDL-C), low levels of HDL 

cholesterol (HDL-C), hypertension and abdominal obesity (5). The development of the MetS 

renders individuals more susceptible to CVD and type II diabetes (2, 6).  

The recent years, Reaven G.M. introduced the metabolic syndrome under the term 

“Syndrome X” in 1988, highlighting the importance of insulin resistance as underlying cause in a 

cluster of metabolic abnormalities (7). The presence of glucose intolerance, insulin resistance, 

hyperinsulinemia, dyslipidemia, and hypertension are the described components of MetS in this 

study and increase the risk for coronary artery disease (CAD). The last two decades, specialized 

health organizations have proposed various diagnostic criteria in order to define the metabolic 

syndrome (MetS) facilitating the clinical practice and research in the field.  

The World Health Organization (WHO) introduced the first official definition of the 

MetS in 1998. The presence of insulin resistance (type II diabetes or impaired glucose tolerance 
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or impaired fasting glucose) along with two other clinical criteria (obesity, high triglycerides, 

low HDL cholesterol, hypertension or microalbuminuria) was proposed for the diagnosis of 

MetS (8). In 1999, the European Group for Study of Insulin Resistance (EGIR) revised the 

original definition of WHO suggesting the term “insulin resistance syndrome” (IRS) with 

slightly different diagnostic criteria (9). A simplified definition of MetS was proposed in 2001 by 

the National Cholesterol Education Programs Adult Treatment Panel III (NCEP ATP III) 

supporting that three out of five criteria (abnormal waist circumference, high triglycerides, low 

HDL cholesterol, hypertension or elevated fasting glucose) are adequate for MetS diagnosis (10).  

A few years later, American Heart Association/ the National Heart, Lung, and Blood 

Institute (AHA/NHLBI) (Grundy et al., 2005) (11) and the International Diabetes Federation 

(IDF)  (12) revised the MetS by determining what is considered as cut off for fasting blood 

glucose (≥ 5.6 mmol/L) and adjusting the threshold of waist circumference based on 

ethnographic features. On the other hand, the central obesity is an essential component of MetS 

diagnosis for IDF (12), followed by at least two other criteria, but not in AHA/NHLBI definition 

(11).  

A meeting between several health organizations (International Diabetes Federation Task 

Force on Epidemiology and Prevention, National Heart, Lung, and Blood Institute, American 

Heart Association, World Heart Federation, International Atherosclerosis Society, and 

International Association for the Study of Obesity) made an effort to unify criteria that define the 

MetS (5). According to this clinical setting, MetS diagnosis is recommended for individuals that 

meet three or more of five criteria (elevated waist circumference driven by population- and 

country-specific definition, triglycerides ≥150 mg/dL, HDL cholesterol <40 mg/dL in males or 

<50 mg/dL in females, elevated blood pressure and fasting glucose ≥100 mg/dL).  
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Epidemiological reports show an increase of metabolic syndrome in the last two decades 

in the western societies (13, 14), and in many cases, incidence appear to be higher with age (13, 

15-17). An extensive analysis based on 11 European study cohorts identified that metabolic 

syndrome affects 15% of nondiabetic adults in Europe (15.7% nondiabetic men versus 14.2% 

nondiabetic women) (13). In this study, subjects were classified with MetS pathology by using 

the WHO definition with specific modifications (hyperinsulinemia along with two or more other 

comorbidities such as obesity, hypertension, dyslipidemia, and impaired glucose regulation). 

Filtering the analysis without taking into account the presence of hyperinsulinemia, a higher 

percentage of MetS individuals was detected (35.3% of men versus 29.9% of women) (13). 

Similarly, the prevalence of MetS was calculated at 15% in a middle-aged Swedish population 

consisting of 1007 individuals (LSH-study), with the sex-differences to be significantly age 

dependent:  the percentage raises from 10% among women aged 45–49, to 25% among women 

aged 65–69 (17).  

A study that used the National Health and Nutrition Examination Survey (NHANES, 

2003-2006) investigated the MetS incidence in the United States (U.S). By applying the National 

Cholesterol Education Program’s Adult Treatment Panel III (NCEP/ATP III) criteria, a 34% of 

the population 20 years of age or older suffer from metabolic syndrome, while the risk is 

increasing with age (18). Data analysis for three different periods from 1988 to 2012 (1988-1994, 

1999-2006, and 2007-2012), suggest that more than one third of all U.S. adults, 18 years or older, 

meet the criteria for metabolic syndrome (15). A recent analysis that examined the epidemiology 

of MetS in the U.S. between 1999 and 2014 is revealing about the trend (19). Assessing clinical 

data of 38,541 adults, Marcotte-Chénard A et al. identified an increase of 27.9% to 31.5% and 

revealed that MetS incidence reached a plateau in the years 2007-2008. In Canada, the 
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prevalence of metabolic syndrome was estimated at 19.1% among the adult population and 

increases with the age, whereas lower income and education are also factors that raise the risk for 

MetS (16). 
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1.1.2 METS AND ITS COMORBIDITIES  

 

1.1.2.1 Glucose metabolism, dyslipidemia and insulin resistance (IR)  

 

The homeostasis of glucose, insulin and lipid metabolism are regulated through an 

interactive network of multiple metabolic pathways that involve several organs. The distinct 

pathologies of the MetS include the deregulation of glucose and lipid metabolism that are vastly 

interconnected to the progression of insulin resistance (2, 20). Under physiological conditions, 

nutrients such as carbohydrates are absorbed from the intestine during the post-prandial period, 

and then are transported to the liver through the portal vein. Hormonal signals and transcription 

regulators control metabolic pathways to drive glucose utilization and consumption, fatty acids 

synthesis through de novo lipogenesis and either lipid storage in the lipid droplets or lipid 

secretion in the circulation as VLDL particles (21-23).  

Glucose homeostasis is implemented through the orchestration of glucose production or 

glucose storage in the liver during fasting or fed state, accordingly (24). Upon feeding, insulin 

which is a hormone secreted by the beta cells of the pancreas, is increased in the circulation and 

exerts its action in metabolic tissues. Insulin signaling inhibits the hepatic glucose production 

(gluconeogenesis) and promotes glucose uptake into skeletal muscles and adipose tissue. More 

specifically, glucose enters hepatocytes through the Glucose transporter 2 (GLUT2 or solute 

carrier family 2, member A2, SLC2A2) and is phosphorylated by glucokinase (GCK) in order to 

be used for glycogen synthesis by the glycogen synthase (GS). In fasting conditions, glycogen is 

hydrolyzed by glycogen phosphorylase (GP) to generate glucose (glycogenolysis), whereas de 

novo glucose synthesis (gluconeogenesis) is activated through the up-regulation of 

gluconeogenic genes (25).  
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The liver holds a significant role in the regulation of lipid metabolism though metabolic 

processes that include (i) the conversion of carbohydrates into fatty acids (de novo lipogenesis-

DNL), (ii) the fatty acid β oxidation and (iii) the conversion of fatty acids into ketone bodies so 

as to offer source of energy to the peripheral tissues during fasting (26). Components of lipid 

metabolism have been intensively studied for their role in metabolic disease (23, 27-29). For 

instance, abnormal regulation of DNL can affect circulating concentrations of specific fatty acids 

(27), stimulation of fatty acids synthesis and overproduction of lipids has been observed in the 

presence of hyperinsulinemia (30), while increased uptake of free fatty acids in the liver 

stimulates accumulation of ceramides that promote insulin resistance (29). The dyslipidemia of 

the metabolic syndrome is represented by specific alterations in the lipid profile of the patients. 

In particular, the increased levels of triglycerides (TGs) and low HDL cholesterol are 

accompanied by elevations of apolipoprotein B (apoB) and small, dense low-density lipoprotein 

(LDL) particles (sdLDL) (28). It is well established that the observed dyslipidemia has an 

atherogenic effect and elevates the risk of CVD in individuals with MetS (31).  

Glucose and lipid metabolism are tightly regulated by insulin though intracellular 

signaling that results in decreased gluconeogenesis and increased synthesis of fatty acids and 

triglycerides (Tg). Insulin binds to its receptor that phosphorylates the insulin receptor substrate 

proteins (IRS) (32). IRS proteins activate the PI3K/AKT kinases through phosphorylation. In the 

next step of this cascade, Akt triggers the phosphorylation of downstream targets (33) including 

(i) the glycogen synthase kinase-3β (Gsk3β) that is inhibited, and in turn dephosphorylates and 

activates glycogen synthase (GS), (ii) the transcription factor FoxO1 that induces 

gluconeogenesis (34), and (iii) the transcription factor SREBP-1c that promotes lipogenesis in 

the liver (35).  
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A cascade of downstream signaling affects transcription regulation in the liver and 

modulates glucose and lipid context. Specifically, the phosphorylation of FoxO1 leads to its 

exclusion from the nucleus. As a result, two key-genes involved in gluconeogenesis, the 

phosphoenolpyruvate carboxykinase (PEPCK) and glucose 6-phosphatase (G6Pase), which are 

targets of FoxO1, are downregulated (34). The glucose production is reduced and blood glucose 

levels remain low. On the other hand, insulin activates the transcription factor SREBP-1c, which 

enhances transcription of genes required for fatty acid and triglyceride biosynthesis, such as the 

acetyl-coenzyme A carboxylase (ACC) and the fatty acid synthase (FAS) (35). Moreover, insulin 

promotes differentiation of adipocytes, enhances their glucose uptake and causes inhibition of 

adipocyte lipolysis (36). 

Impairment of insulin action is referred to as insulin resistance (IR) and causes severe and 

systemic metabolic disturbances. The notion of “insulin resistance” is widely used to describe the 

decreased response of a target cell to insulin or systemically at the level of the whole organism, a 

pathological condition that is considered as a hallmark of obesity, metabolic syndrome and 

diabetes. The presence of insulin resistance derives from disruption in insulin signaling and 

attenuates insulin sensitivity, mainly in the liver, the skeletal muscles and the adipose tissue (20, 

37). Several molecular and cellular mechanisms have been reported to trigger defective 

intracellular signaling that results in insulin resistance (38, 39).  

Towards the understanding of the molecular basis of insulin resistance, hyperinsulinemia 

is a controversial component of this mechanism as it can be either induced by IR or can be an 

important causative factor (40-42). The abnormal hypersecretion of insulin by the β-cell of 

pancreas is usually a clinical feature of obesity and MetS (8, 43). According to clinical studies, 

basal insulin has a predictive value for the progression to type II diabetes (44). In normoglycemic 
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adults, both men and women, that were monitored over a period of 24 years, basal 

hyperinsulinemia emerged as an independent risk factor for developing dysglycemia over time 

(45). In experimental models, increased circulating insulin drives diet-induced obesity. The 

consumption of a high fat diet has a strong effect on chronic hyperinsulinemia that also affects 

adipocyte size and lipid accumulation in mice in which insulin genes were genetically modified 

(Ins1
+/+

:Ins2
-/-

). When modulating the dosage of pancreas-specific Ins1 gene in mice lacking Ins2 

(Ins1
+/-

:Ins2 
-/-

) a 50% reduction in islet Ins1 mRNA compared to Ins1
+/+

:Ins2 
-/-

 mice was 

observed and these mice were protected from obesity and metabolic dysfunctions (42). On the 

other hand, the reduced hyperinsulinemia in a knockout mouse model that exhibits impairment of 

insulin secretion improves the glucose tolerance (46) and the insulin sensitivity (47). Hence, the 

link of insulin resistance to the hyperinsulinemia is well established but the exact interplay of 

these two is still debatable. 

Beyond hyperinsulinemia, lipotoxicity, hyperglycemia, decreased glucose uptake and 

deregulation of adipocyte lipolysis are among the pathophysiological processes that have been 

extensively discussed for their contribution to the insulin resistance (38, 39, 48-52). The free 

fatty acids (FFAs) are highly abundant in the plasma of obese individuals and have been 

associated with lipotoxicity and development of insulin resistance. The ectopic accumulation of 

lipids such as triglyceride, DAG, and ceramides in the liver or skeletal muscles induces the 

activation of PKC that inhibit insulin-receptor tyrosine kinase (38, 39). This inhibition negatively 

regulates the downstream signaling of insulin (IRS, PI3K/AKT).  

The high fat feeding causes, among other disturbances, hyperglycemia and in some cases 

deregulates the hepatic gluconeogenesis or glucose uptake, which exacerbates insulin resistance 

(48, 53, 54). Hyperglycemia triggers O-GlcNAcylation of the transcription factor Foxo1 leading 
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to increased expression of gluconeogenic genes in the liver (53). Besides the increased glucose 

output in the circulation, the decreased glucose uptake by the skeletal muscles is related to the 

insulin resistance in diabetic patients (48). In animal models, the inactivation of the GLUT4 gene 

specifically in murine muscles resulted in a reduced systemic glucose uptake up to 55% with the 

presence of insulin resistance in the muscles.  At the same time, phenotypic observations point to 

a remarkable decrease in insulin-stimulated glucose uptake in the adipose tissue and presence of 

hepatic insulin resistance, as well (49). 

The expansion of the adipose tissue during the progression of obesity is coupled with 

increased secretion of particular cytokines (TNF-α, IL1β, or IL-6) by the adipocytes. It has been 

shown that cytokines activate Ser/Thr kinases that in turn phosphorylate IRS proteins, which 

inhibits insulin signaling and cause insulin resistance (50). Moreover, the suppression of 

adipocytes lipolysis in response to insulin stimulus is disrupted in conditions of chronic 

hyperinsulinemia and hyperglycemia (51). Indeed, adipocyte-specific deletion of the adipose 

triglyceride lipase (ATGL) gene, the enzyme catalyzing triacylglycerol hydrolysis, reduces 

adipocyte lipolysis and importantly ameliorates both serum lipids and glucose homeostasis by 

enhancing insulin signaling (52). 

The recent advances in molecular biology techniques allowed investigating the role of 

non-coding transcripts to the development of insulin resistance, especially the microRNAs (mirs) 

(55, 56). The miR-144 is as considered a direct modulator of IRS1 and is possibly involved to 

insulin resistance (57). The aberrant expression of miR-144 in patients with T2D and in an 

animal model of inducible diabetes was correlated with increasing glycaemic status. Notably, 

decreased protein levels of insulin receptor substrates 1 (IRS1) were detected in individuals with 

impaired fasting glucose (IFG) and T2D compared to healthy controls.  Inhibition or increased 
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expression of IRS1 was identified in ex vivo experiments when HeLa cells were treated with pre-

miR-144 or anti-miR-144, respectively (57). Moreover, miR-27a over-expression in the adipose 

tissue appears to hold a linear relationship with the hyperglycemic characteristics of a diabetic 

animal model, emerging as tissue-specific regulator of the glucose homeostasis in the 

pathophysiology of type 2 diabetes (56). Involvement of miR-27a in inflammation and insulin 

resistance was recently reported in mice overexpressing the miR-27a under a diet-induce obesity 

state. MiR-27a has been shown to promote macrophage infiltration in the adipose tissue 

suppressing the expression of PPARγ, and attenuating the insulin signaling (58).  

As discussed above, metabolic disturbances such as the dyslipidemia and hyperglycemia 

impair the action of insulin in metabolic tissues and contribute to the development of insulin 

resistance. Certain mechanisms have been described to explain the relation between these 

comorbidities leading to MetS. However, specific pathways of insulin resistance in metabolic 

tissues are not entirely known and should be further investigated.  
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1.1.2.2 The Non-Alcoholic Fatty Liver Disease (NAFLD) 

 

The cytoplasmic accumulation of lipids as triglycerides (TG) in hepatocytes can be 

histologically described as macrovesicular (larger lipid droplets) or microvesicular (small lipid 

droplets) lipid accumulation and has been termed “hepatic steatosis”. This term includes serious 

pathological implications in the spectrum of the Non-Alcoholic Fatty Liver Disease (NAFLD) 

(59). The development of (NAFLD) can be another manifestation of the MetS due to the long 

term infiltration of lipids to the liver (60). NAFLD is characterized by the presence of hepatic 

steatosis in more than five percent of hepatocytes in the absence of alcohol intake which means 

daily consumption of alcohol <10 g for women and <20 g for men (59). Liver injury occurring in 

this pathological condition is related to simple steatosis (SS) at an initial stage and along time it 

can progress to non-alcoholic steatohepatitis (NASH), advanced fibrosis, cirrhosis and even 

hepatocellular carcinoma (61, 62).  

The pathogenesis of NAFLD is mainly associated with the visceral obesity and the 

development of insulin resistance as a result of an imbalance in hepatic lipid metabolism in terms 

of hepatic fatty acid uptake, de novo lipogenesis (DNL), fatty acid oxidation (FAO) and export 

(63). In obese subjects, the excess of circulating free fatty acids (FFA), the decreased capacity of 

adipose tissue to store and retain triglycerides and the disruption in insulin signaling appear to be 

critical components of the underlying mechanisms in NAFLD development (63).  

The increased lipolysis of the adipose tissue promotes the delivery and the uptake of free 

fatty acids (FFA) from the circulation to the liver, providing substrate for triglyceride synthesis 

(20). The increased production of cytokines including TNF-α, IL-6 and adiponectin contributes 

to adipocyte IR, and further increases lipolysis and thus the FFAs (20, 64). Hepatic intracellular 

processes are then affected. Chylomicron remnants are taken up through the low-density 
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lipoprotein receptor (LDLR) in the liver, the hepatic β-oxidation in mitochondria is decreasing, 

and at the same time the increased diacylglycerol (DAG) mediates the translocation of protein 

kinase Cε (PKCε) to the cell membrane. As aresult, the activity of the intracellular kinase 

domain of the insulin receptor is inhibited and disrupts insulin signaling (65). Consequently, 

insulin cannot activate glycogen synthesis and inhibit gluconeogenesis, although it continues to 

drive lipogenesis through the lipogenic transcription factor SREBP1 pathway (66). These 

metabolic processes lead to an increase in intracellular fatty acids that are not oxidized or 

exported within VLDL-TG, but are esterified to TG and stored within lipid droplets. 

Interestingly, despite the fact that VLDL-TG secretion rate is increased in individuals with 

NAFLD (67), steatosis progression persists as long as this increase fails to compensate the high 

rate of the excessive intrahepatic triglyceride production.  

The lack of effective therapies for NAFLD treatment so far (68), points to the emerging 

need for further understanding the molecular pathways that regulate lipid accumulation  in the 

liver, as well as the interplay with other organs that affect this pathological state.  
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1.2 TRANSLATIONAL MODELS TO STUDY METABOLIC SYNDROME AND ITS 

COMORBIDITIES 

 

The therapeutic approaches of MetS presently applied to the clinical practice, are based 

on pharmacological options that alleviate partial symptoms of the disease along with 

recommendations for lifestyle improvements (69), or on invasive methods that include bariatric 

interventions (70). Consequently, we need to explore in depth the exact mechanisms that govern 

disease progression and therefore to develop targeted therapeutics. Harvesting human specimens 

from peripheral tissues, as well as controls from healthy individuals is difficult and potentially 

harmful. Preclinical models are appropriate for the discovery of novel targets and the 

understanding of molecular mechanisms of the disease (9, 10).  

Researchers employ experimental models that describe some metabolic defects attributed 

to the components of MetS in humans, although they scarcely combine all its features. The most 

extensively used obese mouse models are the Lep
ob/ob

, characterized by leptin deficiency (71) 

and the LepR
db/db 

that are deficient in the leptin receptor (Lepr) (72). Both models exhibit 

obesity, hyperinsulinemia, hyperglycemia and increased levels of total cholesterol. The 

fundamental difference in their clinical phenotype is the increased levels of circulating leptin 

detected in the LepR
db/db

 mice and the absence of this hormone in the circulation of Lep
ob/ob

 mice 

(73).  

The presence of visceral obesity along with IR affect lipoprotein metabolism and trigger 

dyslipidemia and atherosclerosis. The LDLR−/− and the apolipoprotein E (apoE)-deficient mice 

developed as hyperlipidemic models to specifically study the progression and the consequences 

of dyslipidemias (74, 75). The LDLR−/− mouse model is a paradigm of moderate 

hypercholesterolemia on a chow diet, whereas interventions with high fat diet induce a more 
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severe hyperlipidemic profile (74). Similarly, an altered lipidemic profile with distinct features is 

observed in ApoE−/− mice that develop a severe hyperlipidemia characterized by high levels of 

VLDL cholesterol and reduced HDL cholesterol (75). On a chow diet, these mice manifest 

spontaneous atherosclerosis, while in administration of a high-fat diet, they also develop obesity 

and glucose intolerance (76).  

The cross-breeding of aromatase-deficient (ArKO) mice with apolipoprotein E-deficient 

(ApoE−/−) mice is resulting in double knockout mice that exhibit several features of the human 

metabolic syndrome as follows : central obesity, progressive hypertension, dyslipidemia, 

atherosclerosis, development of fatty liver, glucose intolerance, insulin resistance, and evidence 

of an inflammatory state (77). Aromatase deficiency in men and rodents increases the risk for 

cardiovascular disease and diabetes, however, obesity and MetS are multifactorial complex 

diseases (78). Obesity appears from 10 weeks of age in ArKO mice and is more moderate to 

double transgenic mice (ArKO, ApoE−/−) (77, 79), while western type of diet plays a significant 

role in human MetS development.  

To summarize, animal models that have been extensively used to study the metabolic 

abnormalities manifest only some of the main clinical characteristics of MetS (11). Moreover, 

the clinical phenotype of these models in rodents is spontaneous (75, 80), whereas obesity, 

metabolic syndrome and diabetes are multifactorial diseases with the environment playing an 

important role in their manifestation. Another important factor that creates discrepancy between 

the metabolic responses among species is the difference in lipoproteins abundance (Fig. 1) (81, 

82). HDL is the main cholesterol in mice unlike humans that LDL represents approximately the 

75% of cholesterol, a parameter that affect the physiological relevance in such experimental 

studies (83-85). Considering these limitations, the selection of the most appropriate animal 
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model is always critical in order to explore the precise mechanisms of MetS development and to 

assess potential therapeutic targets. 

 

 

 

Figure 1 Lipoprotein profiles of human samples and mice that represent different models of MetS 

comorbidities.  (A) Lipoprotein profiles comparing a physiological human profile with regard to a 

C57BL/6J murine profile. Lipoprotein profiles of (B) C57BL/6J and LepR
db/db 

mice, (C) lean LDLR
–/–

 and 

apoE
–/–

 mice, (D) obese LDLR
–/–

 and apoE
–/–

 mice. 
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1.3 THE APOE3L.CETP MICE AS AN ANIMAL MODEL FOR METS 
 

To mimic human lipoprotein metabolism and to create a model with enhanced 

translational potential, the apoE3L.CETP mice were generated. These mice combine the 

expression of human cholesteryl ester transfer protein (CETP), which exchanges cholesteryl 

esters and triglycerides between HDL and VLDL/LDL with the expression of a mutated form of 

human apolipoprotein E (apoE3 Leiden) that attenuates the clearance of apoB-containing 

lipoprotein remnants (Fig. 2) (86, 87). The apoE3L.CETP mice present a human-like lipoprotein 

metabolism (higher levels of VLDL/LDL-C and lower levels of HDL-C compared to wild type 

mice) and upon HFD-feeding they manifest the full symptoms of the Mets (88).  

Dyslipidemia, atherosclerosis, hepatic steatosis, obesity and insulin resistance are the 

main medical conditions that develop these mice after 3-6 months of a high fat diet depending on 

the cholesterol content (88). Specifically, after the administration of a western type diet, 

apoE3L.CETP develop (i) atherosclerotic lesions with distinguished stages from type I to V (89), 

(ii) liver pathology assessed as nonalcoholic fatty liver disease (NAFLD) and steatohepatitis 

(NASH) with clinical observations that include macrophage and neutrophil infiltration and 

hypertrophy (90), (iii) impaired insulin sensitivity according to the hyperinsulinemic-euglycemic 

clamp analysis (91) and (iv) significant gain of body weight.  

However, approximately 20% of the mice do not respond well to the HFD and they do 

not fully display the expected phenotype, i.e., increased body weight and increased TG and TC. 

These mice are classified as non-responders (NR) whereas the mice that respond well to the HFD 

are classified as responders (R) (88). R and NR mice can be differentiated even at young age 

before the HFD administration based on their baseline TG and TC levels. Recently, Tarasco et al. 

(92) showed that NR mice develop an inflammatory hepatic condition that may have detrimental 
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effects on liver function, and may prevent the development of the MetS phenotype. However the 

precise molecular alterations that underlie the differences between mice that respond and mice 

that do not respond to a HFD, despite the same genetic background, have not been explored.  

In contrast to other mouse models, apoE3L.CETP mouse respond similarly to humans in 

drugs such as statins, fibrates and cholesterol absorption inhibitors (e.g. ezetimibe) in terms of 

plasma lipid levels and development of atherosclerosis (87, 89, 93). Collectively, these data 

suggest that apoE3L.CETP mice exhibit many critical aspects of human metabolism considering 

the lipoprotein profiling and the phenotypic heterogeneity. At the same time, this model 

exemplifies the human disease through the dietary induction of MetS symptoms and 

responsiveness to the available medication. 
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Figure 2 Expression of apoE3Leiden (apoE3L) and human CETP gene in mice affects the 

metabolism of plasma lipoproteins and mimics the human lipoprotein profile. Chylomicrons secreted 

from the intestine and VLDL particles secreted from the liver, form remnant particles after LPL mediated 

lipolysis in the circulation. ApoE on such particles mediates their uptake in the liver by the LDL receptor 

(LDLr). However, clearance of apoB-containing particles via the LDLr pathway is attenuated in mice 

expressing the mutated form of human apoE gene, the apoE3Leiden. In contrast to humans, mice do not 

express the cholesteryl ester transfer protein (CETP) which exchanges cholesteryl esters with triglycerides 

between HDL and VLDL/LDL cholesterol. Thus, by inserting the hCETP gene in apoE3Leiden mice 

results in high levels of VLDL/LDL cholesterol and relatively low levels of HDL cholesterol (86, 87). 

ABCA1, ATP-binding cassette transporter A1; apoE, apolipoprotein E; apoE3L, apolipoprotein 

E3Leiden; CETP, cholesteryl ester transfer protein; HDL, High-density lipoprotein; IDL, intermediate-

density lipoprotein; LDLR, low density lipoprotein receptor; LPL, lipoprotein lipase; SR-BI, scavenger 

receptor class B type I; VLDL, very-low-density lipoprotein 
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1.4 THE ROLE OF ADIPOSE TISSUE IN METS  
 

Individuals diagnosed with MetS show simultaneous deregulation of various 

physiological processes in multiple tissues and organs (5). Subcutaneous and visceral adipose 

tissue mainly serves as storage centers of the excess fat, whereas brown adipose tissue controls 

heat regulation (94). The White Adipose tissue (WAT) is a recognized endocrine organ critical 

for the maintenance of whole-body metabolic homeostasis secreting hormones, cytokines, and 

growth factors (95). Besides adipocytes and preadipocytes, WAT also consists of macrophages, 

leukocytes, fibroblasts, and endothelial cells (94). Of great importance is that adipose tissue 

normally responds to insulin stimulus and any disruption of this signaling is crucial for the 

development of insulin resistance (96). Morphological and functional changes of the white 

adipose tissue drive the progression of obesity and MetS disturbances (Fig. 3) (97).  

Pathophysiology of the white adipose tissue implicates a number of cellular processes 

and systemic dysfunctions that progressively occur and mainly involve the expansion of 

adipocytes size (adipocyte hypertrophy) and remodeling (98), the increased individual depots 

(99), the alteration of adipose tissue secretory profile, the chronic inflammatory responses and 

the leukocytes infiltration (100) and the development of insulin resistance (101, 102), usually 

through the interplay with other metabolic tissues (103).  

The chemokines and their receptors promote the development of obesity through the 

recruitment of leukocytes (100). Thereby, the proinflammatory cytokines such as TNF-a, IL-1β 

and IL-6 mediate the suppression of insulin receptor and impair the down-stream signaling of 

insulin receptor substrates (IRS) triggering insulin resistance (104, 105). Deficiency of the TNF-

a in obese mice demonstrated decreased levels of circulating free fatty acids and a significantly 

improved insulin sensitivity, whereas insulin signaling was not attenuated neither in muscles or 



42 
 

in adipose tissue (101). Moreover, secreted mediators of inflammation target metabolic tissues 

such the WAT affecting the insulin signaling. Increased fatty acids derived from a high fat diet 

can activate the NLRP3 inflammasome in macrophages through an AMPK-ROS signaling 

pathway, resulting in insulin resistance. Insulin signaling and Akt phosphorylation (Ser473) is 

increased in the adipose tissue of Nlrp3
−/−

 mice, preventing the development of IR in diet-

induced obesity (102). Silencing of the lipoprotein lipase (LPL) in adipose tissue macrophages 

(ATMs) of ob/ob mice increases serum FFA levels and exacerbates both glucose intolerance and 

hepatic glucose production systemically (106). Thus, immune cells of WAT mediate lipid and 

glucose metabolism alterations in adipocytes or peripheral tissues that affect insulin resistance 

and metabolic dysfunctions. 

Impaired function of leptin and adiponectin increase food intake and promote 

dyslipidemia and insulin resistance (106-108). The action of leptin in peripheral tissues is to 

maintain insulin sensitivity through the increase of fatty acid oxidation and glucose transport in 

skeletal muscles (109). Usually, obese patients have increased leptin levels and the presence of 

leptin resistance exacerbates the metabolic syndrome (107). Adiponectin affect the levels of 

lipoprotein lipase and other key enzymes which alter the plasma lipoprotein levels with serious 

implication in cardiovascular disease (110). Determination of adiponectin in patients has been 

proposed as a potential biomarker approach to detect metabolic syndrome (111).   

In recent years, investigation of the physiological processes and molecular pathways 

related to the function of the adipose tissue shed light to the regulation of mammalian 

metabolism. During obesity and metabolic syndrome, multiple disturbances can occur in the 

complex network of adipocytes and their communication with other cells or tissues. However, 
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the various functions and pathways that are possibly affected in the adipose tissue in response to 

MetS are not fully explored. 

 

 

 

Figure 3 Metabolic dysfunction of the adipose tissue in obesity. In conditions of excessive 

dietary fat, the increased lipolysis of adipocytes and the secretion of adipokines affect the insulin 

resistance and raise the levels of plasma triglycerides (TGs). ER, endoplasmic reticulum; FFA, free fatty 

acids; IL-6, interleukin-6; JNK-1, c-Jun N-terminal kinase-1; LPL, lipoprotein lipase; PPARg, 

peroxisome proliferator-activated receptor g; TNF-a, tumor necrosis factor a; VLDL, very-low-density 

lipoprotein (112).  
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1.5 THE ROLE OF CIRCULATING MICRORNAS (MIRS) IN METABOLIC DISEASE  
 

The Micro-ribonucleic acids (microRNAs or miRNAs) are endogenous species of non-

coding RNAs that consist of approximately 23-nt and play a major role in the gene regulation of 

many organisms, including mammals. MiRNAs specifically target mRNAs of protein-coding 

genes affecting their stability which eventually leads to posttranscriptional repression (113). 

Post-transcriptional modulation of coding-genes by the miRNAS usually has a large impact on a 

number of cellular pathways in health and disease (114). Interestingly, the miRNAs are not only 

localized intracellularly, but they can also be found in blood and other body fluids in association 

with proteins, microvesicles, exosomes or lipoprotein complexes the so called “circulating 

miRNAs” (115-117).  

These miRNAs have already gathered a lot of attention by the scientific community, 

basically because several studies support their regulatory role as an emerging mechanism of 

metabolic homeostasis in distal cells or tissues (Fig. 4) (58, 118, 119). In addition, their 

accessibility through the blood is considered a valuable noninvasive method (liquid biopsy) for 

diagnosis and offers a tool for biomarker discovery (116, 120).  

Recently, elevated serum levels of miR-192 and miR-194 were associated with the 

incidence of T2D after analysis of the miRNA profiling in the sera of 256 patients of the VIVIT 

cohort study with validation by both cross-sectional and longitudinal cohort studies, as well 

(120). Differential expression approaches identified 30 circulating miRNAs as significantly 

changed comparing selected control subjects, patients with incident diabetes, and manifest 

diabetes (121). Thirteen of these miRNAs were quantified by RT-qPCR. Interestingly, 5 

miRNAs (miR-15a, miR-126, miR-320, miR-223, miR-28-3p) were required for subject 

classification using a miRNA signature approach, whereas the endothelial miR-126 was found to 
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be the most deregulated miRNA in this cohort. The circulating miR-217 levels were significantly 

increased in patients with T2D compared to healthy controls and this increase was positively 

correlated to the level of albuminuria (122).  

Studies with animal models had also shed light to the specific role of miRNAS in 

metabolic dysfunctions. Exosomal miRNAs, such as miR-122, miR-192, miR-27a-3p, and miR-

27b-3p, were found to be differentially expressed in an animal model of obesity (123). In this 

study, the administration of either isolated exosomes from the obese mice or control exosomes 

transfected with obesity-associated miRNAs contributes to the development of glucose 

intolerance and other metabolic comorbidities in lean mice. Moreover, secreted miRNAs that 

originate from adipose tissue macrophages exosomes (ATM-Exos) can be taken up by insulin 

target tissues. Phenotypic observations indicate that these miRNAs directly affect glucose 

homeostasis and insulin sensitivity (119). 

This evidence suggests that circulating miRNAs regulate metabolic processes by exerting 

their role in different tissues, and as a matter of fact they can systemically influence the 

physiological functions. It is also undeniable that circulating miRNAs can serve as potential 

therapeutic targets or even biomarkers in the context of metabolic disorders such as MetS. 

However, the precise function of circulating miRNAs in different metabolic tissues and their 

correlation to specific phenotypes has to be further investigated to understand the complex 

metabolic disorders.  
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Figure 4 MiRNAs secreted in the blood stream can be taken up from recipient cells and tissues to 

exert their functions. Deregulation of metabolic homeostasis through the action of circulating miRNAs 

triggers metabolic abnormalities such as modulation of insulin sensitivity (119); Adipose tissue 

macrophages, ATM.  
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1.6 TRANSCRIPTIONAL REGULATION OF METABOLISM BY FOXO1 
 

The liver is one of the major tissues involved in metabolic processes (124) and utilizes 

the transcription factor forkhead Box O1 (FOXO1) to adapt to its custom cycles of feeding and 

fasting and to respond to stresses induced by starvation or disease (125). FOXO1 recognizes two 

regulatory motifs: the insulin response element (IRE) with consensus sequence 5'-

TT(G/A)TTTTG-3' and the Daf-16 family binding element (DBE) with consensus sequence 5'-

TT(G/A)TTTAC-3'. The DNA sequence 5′-(A/C)AA(C/T)A-3′ is recognized by all the members 

of FOX-family (126). Post-translational modifications are important for the regulation of FOXO1 

at the protein level, especially acetylation and phosphorylation (127).  

The role of FOXO1 in the fasting and feeding state has been explored by animal studies 

where FOXO1 expression was increased or decreased through overexpression and heterozygous 

null expression, respectively. In mice expressing a constitutively active form of FOXO1 in the 

liver, the fasting blood glucose rises (128). On the contrary, liver specific FOXO1 knock-out 

mice develop fasting hypoglycemia (129). The mechanism which could account for these 

observations is the following: FOXO1 is activated in the fasted state by dephosphorylation at the 

Akt sites and is localized in the nucleus. This induces the transcription of two key gluconeogenic 

enzymes, the glucose-6-phosphatase catalytic subunit (G-6-Pase), and the phosphor-enol-

pyruvate carboxykinase (PEPCK) and results in increased hepatic glucose production (34). In the 

fed state, insulin signaling activates PI3-kinase and the subsequent production of phosphatidyl-

inositol (3,4,5)-trisphosphate (PIP3) activates Akt. Akt phosphorylates FOXO1 at Thr-24, Ser-

253, and Ser-316 leading to its nuclear exclusion and suppression of gluconeogenesis (130). In 

parallel, insulin increases glucose uptake into hepatocytes, suppresses glycogenolysis and 
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upregulates glycogen synthesis by Akt-mediated inhibition of glycogen synthase kinase 3 (GSK-

3). 

In addition to its role in glucose metabolism, hepatic FOXO1 is critical for the regulation 

of the secretion of very low density lipoproteins (VLDL) during the fasting/feeding transitions. 

High circulating insulin levels (hyperinsulinemia) resulting from dietary overindulgence cause a 

transcriptional increase in the levels of two proteins that are critical for VLDL production: 

microsomal triglyceride transfer protein (MTP) and apolipoprotein B (apoB), thus increasing TG 

levels. Hyperinsulinemia thereby increases liver VLDL secretion, and in doing so contributes to 

the development of metabolic syndrome and predisposes individuals to type II diabetes. It has 

been shown that MTP is a direct target of FOXO1 and is regulated by insulin in a manner similar 

to other target genes that are regulated by nuclear exclusion of FOXO1 (131). Thus, during the 

fasting state in which insulin levels are low, FOXO1 accumulates in the nucleus and increases 

the expression of gluconeogenic genes and VLDL synthesis genes in order to provide the 

organism with necessary nutrients. In contrast, in the fed state insulin phosphorylates FOXO1 

causing its nuclear export thus preventing the above synthetic pathways and reducing plasma 

glucose and TG levels.  

These data demonstrate that FOXO1 is a promising target of metabolic homeostasis, 

possibly involved in insulin resistance and MetS pathology. The critical position of FOXO1 at a 

node linking glucose and lipoprotein homeostasis in the liver imposes the need for further 

investigation in the context of metabolic disease. Development of FOXO1 inhibitors such as 

AS1842856 could be a pharmacological option to treat metabolic diseases (119). It remains to be 

further explored whether the modulation of FOXO1 could offer a new option to manage 

metabolic diseases.  
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1.7 TRANSCRIPTOMICS AS A TOOL TO UNDERSTAND METABOLIC HEALTH AND 

DISEASE 

 

The transcriptomics applications combined with bioinformatics has contributed 

substantially to the understanding of metabolic health and disease (132, 133). Recent advances 

that employ high-throughput technologies and sophisticated computational methods for data 

mining have emerged as a powerful approach to discover new therapeutic targets in the 

cardiovascular diseases (134). Whole-genome transcriptional profiling is implemented with the 

established expression microarrays technology for several years (135), and recently with the 

widely used RNA sequencing (RNAseq) (136).  

Microarrays have been widely used in the past to identify unique transcriptomic 

signatures associated with clinical components of MetS such as obesity, insulin resistance and 

type II diabetes, in a variety of tissues including adipose, liver and skeletal muscle (137-140). 

Using microarrays it was possible to identify gene expression profiles that distinguish patients 

with familial hypercholesterolemia (FH) from healthy control subjects. Publicly available 

microarray and regulation data were also used to construct a regulatory network to identify 

additional genes related to FH and their interactions (141).  

Transcriptomics have significantly advanced the field of nutrigenomics. The factors that 

cause MetS remain ambiguous, but it is clear that environmental factors and in particular nutrient 

intake play a very important role. Even subtle changes to dietary intake can generate widespread 

alterations in gene expression and, consequently, metabolic health. Thus, knowledge of diet-

induced gene-expression alterations could provide further insight into mechanisms that advance 

development of the MetS. For instance, it was shown that dietary carbohydrate modification with 

rye and pasta or oat, wheat, and potato differentially modulates the gene expression profile in 
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abdominal subcutaneous adipose tissue, even in the absence of weight loss (140). In another 

study that examined the nutritional adaptations of the transcriptome, RNA seq expression data 

were assessed on 191 obese patients from the European DiOGenes cohort (133). Transcriptomic 

changes were identified in the abdominal subcutaneous adipose tissue as being related to a low-

calorie diet (LCD) and to the clinical outcome of patients after the intervention, especially in 

relation to the body weigh changes and the glycemic control.  

RNA sequencing analysis of several tissues (such as atherosclerotic aortic root (AOR), 

subcutaneous fat (SF), visceral abdominal fat (VAF), skeletal muscle (SKLM), liver) from 600 

well-characterized coronary artery disease (CAD) patients in combination with an extensive 

analysis of the corresponding GWAS data, shed light to the molecular networks of a complex 

pathology by determining cis- and trans-genes downstream of risk loci for cardiometabolic 

diseases (CMDs) (132).  

The complexity of MetS pathology demands the dissection of the molecular pathways 

that are affected in various metabolic tissues. Consequently, modelling of the transcriptional 

regulation and miRNAs influence, particularly visualization of network effects, will provide 

adequate information regarding the effect of genes and gene networks which are involved in the 

various stages of MetS pathogenesis and the mechanisms by which the cells respond to the 

various treatments. Interpretation of such transcriptomics networks would provide novel drug 

targets and biomarkers of the MetS. 
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1.8 THE BARIATRIC SURGERY AS AN APPROACH TO TREAT THE METS: THE CASE 

OF ROUX-EN-Y GASTRIC BYPASS 

 

The therapeutic approaches to MetS currently used in clinical practice are based on 

pharmacological options that alleviate the individual comorbidities along with recommendations 

for lifestyle improvements (69).  Invasive methods that include bariatric interventions are also 

recommended to achieve a significant weight loss and improve MetS comorbidities over time 

(70).The Roux-en-Y Gastric Bypass is considered so far the ‘gold standard’ of weight loss by 

surgical procedures that overall improve the clinical outcome of obese and MetS patients (142). 

Besides the long-term efficacy in ameliorating the clinical metabolic profile, bariatric surgery 

decreased overall mortality among the operated obese subjects (142). 

Bariatric surgery and in particular RYGB has been shown to ameliorate or even cure the 

type II diabetes and the dyslipidemia of the metabolic syndrome and to have profound effects on 

the cardiovascular system (143). RYGB is currently the most effective therapy that achieves not 

only sustained weight loss, but also substantial improvement in comorbidities of obesity and 

cardiovascular outcome. A remarkable feature of RYGB is the immediate, weight-independent 

improvement of obesity-related comorbidities such as type II diabetes and arterial hypertension 

before significant body weight loss occurs. Moreover, RYGB has been reported to restore 

endothelial function and to normalize the lipid profile with HDL-C raising effects, few months 

after RYGB (144). 

The common bariatric procedure of Roux-en-Y gastric bypass (RYGB) combines 

restrictive and intestinal bypass elements. Gastric bypass surgery has been adapted to rodents in 

order to extensively examine several clinical parameters after surgery or even long-term, and 

also to technically optimize pre- and post-operative techniques for a high success rate (145). 
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Given that performing studies on human subjects that underwent bariatric surgery may have 

several limitations, the development of animal models of bariatric surgery are critical to fully 

understand the exact mechanisms that regulate the body weight, blood glucose and lipids 

following surgical operations (145, 146). 

The beneficial effect of bariatric surgery is not only confined to metabolic improvements 

and better cardiovascular outcome, but also markedly improved the quality of life in these 

individuals. A thorough investigation of the physiological effects occurred after bariatric surgery 

in patients and in animal models could shed more light to the biological procedures that prevent 

metabolic and cardiovascular dysfunctions related to obesity and MetS. 
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2 MATERIALS AND METHODS 
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2.1 ANIMAL STUDIES 

 

All experimental protocols in mice were in accordance with institutional guidelines and 

were approved by the Greek Federal Veterinary Office (License #8595/2015) or by the Cantonal 

Veterinary Office Zurich (for the comparison of R versus NR mice; license #122/2014). 

ApoE3Leiden and hCETP transgenic mice were obtained from TNO Leiden (Leiden, The 

Netherlands). ApoE3Leiden mice express a natural mutation of the human apoE3 gene and the 

human apoC1 gene. All mice were maintained at the animal facility of the Institute of Molecular 

Biology and Biotechnology of Heraklion, Greece under pathogen free conditions on a 12h 

light/dark cycle with free access to food and water.  

For the genotyping of transgenic mice, genomic DNA was extracted from murine tails by 

a standard Phenol-Chloroform protocol, followed by Polymerase chain reaction (PCR). Primers 

that detect the CETP gene (Forward sequence: 5’-GAATGTCTCAGAGGACCTCCC3’/ Reverse 

sequence: 5’-CTTGAACTCGTCTCCCATCAG-3’) and the ApoC1 gene (Forward sequence: 5’-

GGTCCCGGGCACTTCCCTTAGCCCCA-3’/ Reverse sequence: 5’-

TTTGAGCTCGGCTCTTGAGACAGGAA-3’) for the indirect identification of apoE3Leiden 

gene were used. Homozygous hCETP female mice crossbred with hemizygous male 

apoE3Leiden mice. Starting at the age of 12 weeks, heterozygous male apoE3L.CETP mice were 

randomized based on body weight and were fed for 4, 8 and 12 weeks with either a low fat diet 

(LFD) (D12450B, Research diets, New Brunswick, USA) containing 20% protein, 70% 

carbohydrate and 10% fat (LFD, n=6-7 mice per group) or a high fat diet (HFD) (D14010701, 

Research diets, New Brunswick, USA) containing 20% protein, 20% carbohydrate, 60% fat and 

0,25% cholesterol (HFD, n=6-7 mice per group). At the end of the experiment, mice were 

anesthetized with isoflurane and their blood was collected by cardiac puncture. Dissected tissues 
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(liver, small and large intestine, heart, skeletal muscle, white adipose tissue) were used for 

histological analysis or were frozen in liquid nitrogen (snap freeze) and stored at -80°C.  

The experimental protocol for the diet intervention study involving R and NR mice 

apoE3L.CETP mice is described in Tarasco et al. (12). Briefly, male apoE3L.CETP mice (TNO, 

Innovation for Life, The Hague, Netherlands), aged 7-19 weeks were used. Mice with 

triglycerides levels lower than 2 mmol/L were considered as NR, while those with triglycerides 

levels above this arbitrary threshold were classified as R. Following a two week acclimation 

period during which all mice were fed a chow diet (22.4% protein, 12.3% fat and  65.4% 

carbohydrate, #3436, Kliba 143 Nafag, Kaiseraugst, Switzerland), mice were switched to a high 

fat diet containing 60% kcal fat and 0.25% cholesterol (D14010701, HFHC diet,145 Research 

Diets, New Brunswick NJ, USA) until the end of the study.  

For the bariatric intervention, male apoE3L.CETP mice fed Western type diet 

(D14010701, HFD, Research Diets, New Brunswick NJ, USA). for 6 weeks underwent RYGB or 

Sham surgery. Sham groups were either fed ad libitum group (Sham AL) or were body weight-

matched (BWm) to the RYGB mice, in order to identify surgical effects from body weight loss 

associated effects. The metabolic profile of mice was thoroughly assessed before and after 

surgery. Mice were sacrificed 20 days after surgery and the livers were collected to assess 

metabolic, histological and global gene expression changes after surgery. The bariatric 

intervention was implemented in the Institute of Veterinary Physiology, Vetsuisse Faculty and 

Zurich Center for Integrative Human Physiology (ZIHP), University of Zurich, Switzerland. 
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2.2 HISTOPATHOLOGIC EVALUATION 

 

Liver tissues were fixed in 4% paraformaldehyde overnight and embedded in paraffin. 

Sections of 5 μm were cut and stained with hematoxylin and eosin (H&E) using standard 

protocols. To assess fat deposition in the liver, frozen sections were embedded in Optimal 

Cutting Temperature (OCT), cut in 8 μm thick sections, fixed in 10% formalin for 10 min, rinsed 

with distilled water, stained with 0.18% Oil-Red O (Sigma–Aldrich, St. Louis, MO, USA) with 

60% 2-propanol (Sigma–Aldrich, St. Louis, MO, USA) for 20 min at 37 0C, and then rinsed with 

distilled water. Histopathology images were captured using a Nikon Eclipse E-400 microscope 

and Nikon Digital sight, DS-SM, photographic system. Images were auto-corrected in Windows 

Photo Manager 2010. 

2.3 IMMUNOSTAINING  

 

OCT embedded liver sections cut in 7-8 μm were rinsed in 1x PBS and fixed for 15 min in 4% 

paraformaldehyde (PFA) in 1x PBS. Following fixation, cells were rinsed in 1x PBS and 

incubated for 1 h in blocking solution containing 10% horse serum and 0.2% Triton-X in 1x 

PBS. Slides were then incubated in blocking solution containing primary antibody for 24 h at 

4°C. PBS was substituted for the primary antibodies to test for unspecific labeling. Foxo1 (1:100, 

rabbit mAb, Cell Signaling) was used as primary antibody. The next day, slides were rinsed in 1x 

PBS and incubated with the secondary antibodies anti-rabbit Alexa 488 (Abcam) for 1 h at room 

temperature. The nuclear dye Hoechst was used (1:5000) to stain nuclei. Sections were rinsed in 

1x PBS and mounted onto slides by using glycerol (Kaiser). Images of fluorescently labeled 

proteins were captured using the Confocal Laser Scanning Microscope Leica TCS SP8. Analysis 
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of the images was implemented through the open source image processing package Fiji which is 

based on Image J (147, 148). All images were projected to z axis.  

 

2.4 CLINICAL PARAMETERS IN THE SERUM 

 

Blood samples were collected from mice either by tail bleeding or by cardiac puncture 

following a 4 h fast or ad libitum. Serum was isolated by two successive centrifugations at 3,000 

rpms (20 min, 4
0 

C) and an aliquot was used for HDL preparation by the dextran-Mg
2+

 method 

(10 g/L dextran sulfate and 0.5 M MgCl2). Isolated HDL, triglycerides (TG) and total cholesterol 

(TC) in serum were determined by enzymatic assays (Thermo Scientific, Waltham, MA) 

according to manufacturer’s instructions. Insulin levels in serum of mice were determined using 

enzymatic immunoassay (Mercodia Mouse Insulin ELISA, 10-1247-01). 

2.5 GLUCOSE TOLERANCE TEST AND HOMEOSTATIC MODEL ASSESSMENT OF 

INSULIN RESISTANCE (HOMA-IR) 

 

For the glucose tolerance test (GTT), mice were fasted overnight (12-14h). The next 

morning blood glucose concentration was determined at small incision made at the tip of the tail 

using glucometer and TRUEresult® Test strips. Subsequently, mice were intraperitoneally (IP) 

injected with D-glucose solution (Dextrose 35% w/v, DEMO S.A., Greece, Athens) dissolved in 

1x PBS solution (dose: 1 g/ kg of body weight). Blood glucose concentration was determined at 

30, 60 and 120 min or 5, 15, 30, 60 and 120 min post glucose administration. The Homeostatic 

Model Assessment of Insulin Resistance (HOMA-IR) was calculated according to standard 

methods (17).  
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2.6 INSULIN TOLERANCE TEST (ITT) 
 

For the insulin tolerance test (ITT), mice were fasted for 5h. Blood glucose concentration 

was determined after fasting and at 5, 15, 30, 60 and 120 min post administration of insulin with 

intraperitoneal injection (IP) at a dose of 0.75 U/kg. Blood drop is collected by a small incision 

made at the tip of the tail and then glucose determination is performed by using the Accu-Chek 

glucometer system (Roche Diagnostics GmbH, Mannheim, Germany). Between each of these 

time points, mice are monitored every minute to prevent a hypoglycemia event.  

 

2.7 CDNA SYNTHEIS AND RT-QPCR 

 

The isolated RNAs (1μg in total per sample) were reverse transcribed using random 

primers (hexadeoxyribonucleotide mix, Takara) and the M-MLV reverse transcriptase 

(ThermoFisher Scientific). The cDNAs produced were used for quantitative PCR (qPCR) that 

was performed on a Step-OnePlus Real-Time PCR system (Applied Biosystems) using the 

KAPA SYBR FAST qPCR Master Mix. The primers used for RT-qPCR are shown in Table 1. 

The expression levels of all the selected genes were normalized to the expression of the 

housekeeping gene Gapdh (Glyceraldehyde-3-Phosphate Dehydrogenase) and Hprt 

(Hypoxanthine guanine phosphoribosyl transferase) (149). The relative gene expression levels 

were determined using relative standard curve method and the comparative ΔΔCt method as 

described in Applied Biosystems Guide. The ΔΔCt data for all samples were calculated relative 

to the mean of the control condition for each sample. 
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Table 1 Sequences of Primers used for Real Time qPCR against mus musculus transcripts.  

Gene symbol (mouse) Sequence (F: Forward; R:Reverse) 

Adh4 F: 5’-TGACCCATGCCCTACCTTTC-3'  

 
R: 5’-GATGCTTTTTCCTTCCTTCATCA-3'  

Ahr F: 5’-GATGGCGCTGAATGGCTTTG-3’ 

 
R: 5’-CCTTGTGCAGAGTCTGGGTTTA-3’ 

apob F: 5’-TCCAAAGAGGCCAGTCAAGC-3'  

 
R: 5’-TGCCTGTTCTCAACCAGAGG-3'  

Cd36 F: 5’-CCTAGATCCTGCCTTCAAAACCA-3’ 

 
R: 5’-CACCACAGGAGGCTTCAGTC-3’ 

Cidec F: 5'-CACGCGGTATTGCCAGGA-3' 

 
R: 5'-TGCGGTGCTAACACGACAG-3' 

Cyp7a1 F: 5’-AATCTACCCAGACCCTTTGAC-3’ 

 
R: 5’-AAGGTGGTCTTTGCTTTCCCA-3’ 

Fabp5 F:5'-TTTTGTGCTCTCCCTCCCAC-3' 

 
R: 5'-TTGACCGTGATGTTGTTGCC-3' 

Fasn F: 5’-CCATGGCAGCTGTTGGTTTG-3’ 

 
R: 5’-GTGTCCTCAGAGTTGTGGCA-3’ 

Fitm1 F: 5’-ACGGCAACTTCTTCAACATAAAG-3’ 

 
R: 5’-CAGCTCATGCAGCAATAGGC-3’ 

Foxo1 F: 5’-ACATTTCGTCCTCGAACCAGCTCA-3’ 

 
R: 5'-ATTTCAGACAGACTGGGCAGCGTA-3’ 

G6pc F: 5’-AGGTCGTGGCTGGAGTCTTG-3'  

 
R: 5’-AGGGTGTAGTGTCAAGGTGGA-3'  

Gapdh F: 5'-CATGGCCTTCCGTGTTCCTA-3'  

 
R: 5'-CCTGCTTCACCACCTTCTTGAT-3' 

Hk1 F: 5’-ACTCCATCCACACTTCTCCAG-3'  

 
R: 5’-TCTTAGGCGTTCGTAGGGTCTC-3'  

Hprt F: 5’- CGAAGTGTTGGATACAGGCC-3’ 

 
R: 5’ – GGCAACATCAACAGGACTCC-3’ 

Lepr F: 5’-AGCCTATACGCTTGTCATGGAT-3’ 

 
R: 5’-TTCGTCAGGGGCTTCCAAA-3’ 

Mmp3 F: 5’-TGATGAACGATGGACAGAGG-3’ 

 
R: 5’-GAGAGATGGAAACGGGACAA-3’ 
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Mmp9 F: 5'-CCCCAAAGACCTGAAAACCTCC -3' 

 
R: 5'-CAAAGCCGGCCGTAGAGAC-3' 

Mmp12 F:  5'-CGGAGGGAACAGGTTGATGAG-3' 

 
R:  5'- GGTTGTATGCAGCCAGGTTTC-3' 

Nr1i3 F: 5'-CTCTTCTCCCCTGGTTTCTGTA-3' 

 
R: 5'-TTTCCAGGCCAGTGTATCCC-3' 

Obp2a F: 5'-TCGTCATTCGGGATGGGAAA-3' 

 
R: 5'-CTCAGCTGTTGCAGACCTGG-3' 

Orm3 F: 5’-CGCTAGAAGGCCAGATATCCC-3’ 

 
R: 5’-ACTGCACCTGTCCTTTTTCCA-3’ 

Pck1 F: 5’-CCATCCCAACTCGAGATTCTG-3'  

 
R: 5’-CTGAGGGCTTCATAGACAAGG-3'  

Pcsk9 F: 5’-TATAGCCGCATCCTCAACGC-3’ 

 
R: 5’-CCCGACTGTGATGACCTCTG-3’ 

Pfkl F: 5’-TACGTGAAGGATCTGGTGGTT-3'  

 
R: 5’-CCATACCCATCTTGCTACTCAG-3'  

Pgm2 F: 5’- CCCCAATCTCACCTATGCTGC-3'  

 
R: 5’-ATGTTTCGATCCCCGTCACC-3'  

Plin2 F: 5’-GGGCTAGACAGGATGGAGGA-3’ 

 
R: 5’-CACATCCTTCGCCCCAGTTA-3’ 

Pparg F: 5’-TCACAATGCCATCAGGTTTGG-3’ 

 
R: 5’-CTGGGTTCAGCTGGTCGATA-3’ 

Prss8 F: 5'-CCTAGATCCTGCCTTCAAAACCA-3' 

 
R: 5'-CACCACAGGAGGCTTCAGTC-3' 

Saa1 F: 5’-GACACCATTGCTGACCAGGAA-3’ 

 
R: 5’-GGCAGTCCAGGAGGTCTGTAGT-3’ 

Saa3 F: 5’-CTGTTCAGAAGTTCACGGGAC-3’ 

 
R: 5’-AGCAGGTCGGAAGTGGTT-3’ 

Sik1 F: 5’-GACACCATTGCTGACCAGGAA-3’ 

 
R: 5’-GGCAGTCCAGGAGGTCTGTAGT-3’ 

Slc2a4 F: 5’-CGACGGACACTCCATCTGTT-3’ 

 
R: 5’-ACATAGCTCATGGCTGGAACC-3’ 

mSfrp5 F: 5’-CCGAAAGTTGATTGGAGCCC-3’ 

 
R: 5’-TGCCCGTCAGGTTGTCTAAC-3’ 
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Sqle F: 5’-TGGAGGCCTCTCAGAATGGT-3’ 

 
R: 5’-TAAGGACGCCTCGTTTGTTC-3’ 

Tgfb1 F: 5’-CTGCTTTCTCCCTCAACCTCA-3’ 

 
R: 5’-CCCCACGGCACTTCGG-3’ 

Ucp2 F: 5’-CTGCGGTCCGGACACAATA-3’ 

 
R:  5’-GGAGTTCTGGAGGCTGCTTT-3’ 

 

2.8 ISOLATION OF MICRORNAS FROM SERUM AND CDNA SYNTHESIS  

 

The isolation of total miRNAs from mice sera was performed using the miRCURY RNA 

Isolation Kit by QIAGEN (Redwood city, CA, USA) according to manufacturer’s protocol. The 

final volume of serum that was analyzed from each mouse was 50μl. Spike-in template provided 

by the kit was added in each serum sample and was used as the reference microRNA. The 

concentrations of the isolated miRNAs were determined at the TECAN Infinite 200® PRO 

instrument and if needed they were diluted to the appropriate volume of nuclease-free water. The 

miRNAs were subjected to cDNA synthesis using the Universal cDNA Synthesis Kit II by 

QIAGEN. 

 

2.9 RT-QPCR FOR MICRORNAS QUANTIFICATION 

 

To determine the expression levels of each miRNA in the serum of mice, specific primer 

sets (Exiqon LNA™ PCR, QIAGEN) for the selected miRNAs were used: miR-27a (No. 

206038), miR-130b (No. 204317), miR-135a (No. 204762), miR-192 (No. 204099), miR-193b 

(No. 205062), miR-194 (No. 204080), miR-223 (No. 205986), miR-375 (No. 204362), let-7b 

(No. 204750) (Table 2). The cDNAs were used for RT-qPCR analysis using the ExiLENT 
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SYBR® Green master mix and the corresponding primer sets for each miRNA (QIAGEN) in the 

Step One Plus Real Time PCR system (Applied Biosystems).  

 

Table 2 Primers (EXIQON) used for Real Time qPCR experiments and their target sequences 

miRNA Primer Set by EXIQON Target Sequence 

miR-27a 
hsa-miR-27a-3p LNA™ PCR primer set, 

UniRT (Product No.: 206038) 
UUCACAGUGGCUAAGUUCCGC 

miR-130b 
hsa-miR-130b-3p LNA™ PCR primer set, 

UniRT (Product No.: 204317) 
CAGUGCAAUGAUGAAAGGGCAU 

miR-135a 
hsa-miR-135a-5p LNA™ PCR primer set, 

UniRT (Product No.: 204762) 
UAUGGCUUUUUAUUCCUAUGUGA 

miR-192 
hsa-miR-192-5p LNA™ PCR primer set, 

UniRT (Product No.: 204099) 
CUGACCUAUGAAUUGACAGCC 

miR-193b 
mmu-miR-193b-3p LNA™ PCR primer set, 

UniRT (Product No.: 205062) 
AACUGGCCCACAAAGUCCCGCU 

miR-194 
hsa-miR-194-5p LNA™ PCR primer set, 

UniRT (Product No.: 204080) 
UGUAACAGCAACUCCAUGUGGA 

miR-223 
hsa-miR-223-3p LNA™ PCR primer set, 

UniRT (Product No.: 205986) 
UGUCAGUUUGUCAAAUACCCCA 

miR-375 
hsa-miR-375 LNA™ PCR primer set, UniRT 

(Product No.: 204362) 
UUUGUUCGUUCGGCUCGCGUGA 

let-7b 
hsa-let-7b-5p LNA™ PCR primer set, UniRT 

(Product No.: 204750) 
UGAGGUAGUAGGUUGUGUGGUU 
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2.10 MICROARRAY ANALYSIS 

 

Following the sacrifice of the animals, livers were dissected and were rapidly placed on 

liquid nitrogen for storage. Total liver RNAs were isolated using the PureLink® RNA Mini Kit 

(ThermoFisher Scientific) according to the manufacturer’s instructions. RNA purity and integrity 

was evaluated with the 2100 Bioanalyzer system (Agilent).Sample processing was performed 

using the GeneChip WT PLUS Reagent Kit (Affymetrix/ThermoFisher Scientific) and 

hybridization, washing, and staining were performed using the Hybridization, wash and stain kit 

(Affymetrix/ThermoFisher Scientific) according to the manufacturer’s instructions. Briefly, 

starting from total RNA, first and second strand cDNA synthesis was performed. The double 

stranded cDNA was transcribed to aRNA (amplified RNA) during in vitro transcription (IVT). 

The aRNA was purified, reverse transcribed and the resulting cDNA was fragmented, labelled 

and hybridized overnight to GeneChip™ Mouse Gene 2.0 ST Affymetrix expression arrays, that 

include probes to measure both messenger (mRNA) and long intergenic non-coding RNA 

transcripts (lincRNA) investigating the expression of > 28.000 transcripts. Following 

hybridization, the arrays were washed and stained using the GeneChip Fluidics Station 450 and 

scanned using the GeneChip® Scanner 3000 7G (Affymetrix/ThermoFisher Scientific).  

Affymetrix Expression Console Software Version 1.4.1.46 was used for the 

normalization, summarization and quality control of the microarray data using the robust multi-

array average (RMA) algorithm. Affymetrix® Transcriptome Analysis Console (TAC) Software 

(Version 3.1.0.5) was used for the determination of the differentially expressed genes by 

performing p-value and fold change thresholds (Two Way Analysis of Variance: p-value <0.05 

and absolute fold change ≥1.5). Pathway analysis provided by TAC 3.1.0.5 was filtered for the 

statistical significance and the number of gene sets in each category. Similarities and differences 
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of the expression profiles across samples were graphically depicted in Venn diagram (“Venn 

Diagrams” online tool, Bioinformatics & Evolutionary Genomics Van de Peer Research Group, 

Ghent, Belgium: http://bioinformatics.psb.ugent.be/webtools/Venn/). Raw data and detailed 

methodology of the present microarray analysis were submitted in the public repository for high-

throughput genomic data Gene Expression Omnibus (GEO, Accession GSE125946), (150).  

 

2.11 RNA SEQUENCING ANALYSIS 

 

RNA sequencing is an advanced tool for the identification of RNA transcripts across the 

whole transcriptome. Among other strategies of RNA seq analysis, the 3′ RNA-seq method 

consists of sequencing only one fragment per transcript in the 3′ region of the RNAs. The levels 

of expression can be estimated by the number of reads corresponding to a certain transcript 

(151). For this purpose, we employ the QuanTMSeq (www.lexogen.com) which provides a 

protocol to generate highly strand-specific next-generation sequencing (NGS) libraries close to 

the 3’ end of polyadenylated RNAs according to manufacturer manual (QuantSeq 3’ mRNA-Seq 

Library Prep Kit FWD for Illumina kit). First-strand synthesis and RNA removal is followed by 

random-primed synthesis of the complementary strand (second-strand synthesis). Illumina-

specific linker sequences are introduced by the primers. The resulting double-stranded cDNA is 

purified with magnetic beads. Library PCR amplification then introduces the complete sequences 

required for cluster generation. The NextSeq 550 System is used for the high-throughput 

sequencing. In the next step, it is demanded to explore the quality of the raw reads and to align 

the yielded reads to the corresponding genome. We applied an extensive bioinformatical analysis 

such as FASTQC for the quality of reads per library, and the HISAT2 package (152) for the 

http://bioinformatics.psb.ugent.be/webtools/Venn/
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mapping of sequencing reads to mm10. Mapped reads were visualized as BedGraph files 

uploaded to the UCSC Genome Browser.  

Assemble transcripts compute the abundance of these transcripts in each sample and 

compare experiments to identify differentially expressed genes. We performed the differential 

expression analysis with different approaches in order to prevent bias of statistical methods. 

First, the statistical analysis of RNA sequencing data was implemented by using pairwise 

comparison(s) of conditions (wild type versus case) with the algorithm “DESeq2” and “edgeR” 

through the SARTools R package (153). This analysis aims to find features that are differentially 

expressed between the group of wild type and case. Raw data were also analyzed for differential 

expression tests using the cuffdiff algorithm (154) and the metseqR package implemented in R 

that combines the DESeq, the edgeR and the NOISeq algorithms (155). In brief, the statistical 

analysis process includes data normalization, graphical exploration of raw and normalized data, 

test for differential expression for each feature between the conditions and calculation of raw p-

value adjustment.  

 

2.12 FUNCTIONAL ANALYSIS OF TRANSCRIPTOMIC DATA 

 

Ingenuity Pathway Analysis (IPA) software (IPA, QIAGEN, Redwood city, CA, USA) 

was used to identify significantly enriched biological processes that are probably affected by the 

differentially expressed genes. Filtered microarray data were uploaded to IPA software in order 

to perform Core and Comparative analysis by applying default settings and using the Ingenuity 

Pathways Knowledge Base (IPKB). Group of genes were linked to particular functions, diseases, 

pathways and upstream regulators including transcription factors based on the computational 

algorithm of the Fisher‘s Exact Test for the statistical significance.  
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DAVID Bioinformatics Resources 6.8 is the bioinformatical tool that was used to retrieve 

statistically significant Gene Ontology annotations and KEGG pathways. Analysis is freely 

available online (https://david.ncifcrf.gov/home.jsp). DAVID bioinformatics resources consist of 

an integrated biological knowledgebase and analytic tools that facilitate data mining and 

biological interpretation of gene lists. DAVID highlights important gene groups by enrichment 

scores, identifies overrepresented annotation terms and visualizes genes on KEGG pathway 

maps. The major statistical methods and parameters used by David is the EASE score, a 

modified Fisher's exact test, in order to assess the significance of gene–term enrichment and the 

Benjamini method for the correction of p-values (156).  

 

2.13 ANALYSIS OF SIGNIFICANT GENE EXPRESSION PROFILES 

 

The maSigPro (microarray Significant Profile) analysis was used to define statistically 

significant profiles of genes within microarray datasets (18). This method is a two-step 

regression approach which initially selects the differentially expressed genes. In the second step 

of this methodology, a variable selection strategy is applied for the identification of the 

statistically significant profiles differences between the experimental groups (4, 8 and 12 weeks-

groups in HFD or LFD diet, accordingly). A zero time-point data set is demanded as reference 

(n=3 mice, chow-diet). For the purpose of the analysis, maSigPro was run through Chipster 

analysis software (http://chipster.csc.fi/), on RMA normalized data with specific parameters 

(Parameter k: 9.0/ Parameter Degree: 2.0/ Parameter rsq: 0.7/ Parameter SD for ICA:  2.0/ 

Parameter p-value threshold: 0.05/ Parameter p-value adjustment method: BH). To obtain lists of 

statistically significant genes, maSigPro uses additionally the R-squared criterion as function. 

The cut-off value of the R-squared in the regression model is determined as “rsq”. Only genes 
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with R-squared more than rsq were finally selected. Individual and mean measurements in each 

cluster were also plotted. 

 

2.14 SDS-PAGE ELECTROPHORESIS  

 

To separate proteins based on their molecular masses, protein lysates from murine tissues 

were analyzed by SDS-PAGE electrophoresis. Protein samples were mixed 3:1 with 4 x Sample 

buffer (5 mL Tris-Cl 1M pH 6.8, 1.6 mL β-mercaptoethanol, 4 mL glycerol, 1.6 g SDS, 8 mg 

bromophenol blue, dH2O up to 20 mL), denatured at 100 °C for 10 min and loaded on 12.5% 

SDS polyacrylamide gel. The BenchMark Prestained Protein Ladder (Invitrogen) was used as a 

size marker. Electrophoresis was performed in 1x TGS buffer (1L 10x TGS: 30.3 g Tris, 144.2 g 

Glycine, 10 g SDS), at 120-140V using Mini-PROTEAN Tetra Cell System (Bio-Rad). 

 

2.15 WESTERN BLOT ANALYSIS  
 

Following SDS-PAGE electrophoresis, proteins were transferred to nitrocellulose 

membranes (GE Healthcare Life Sciences). In brief, the transfer was performed using Mini-

PROTEAN Tetra Cell System (Bio-Rad) by electroblotting in 1 L transfer buffer consisted of 

100 mL 10x TGS, 200 mL methanol and 700 mL dH2O at 400 mA for ~1.5 h. In the next step, 

membranes were blocked in 5% w/v fat-free milk in TBS-Tween 20 (TBS-T) for 1 h, followed 

by 3x washes with TBS-T. Total FOXO1 Rabbit monoclonal Antibody (#2880, Cell Signaling 

Technology) was used as primary antibody to detect FOXO1 protein. The total FOXO1 primary 

antibody was incubated in TBS-T with 5% w/v bovine serum albumin (BSA) O/N in a dilution 

1:1500. A gentle agitation of membranes and temperature maintenance at 4°C was applied 
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during the incubation. The next day, incubation with HRP-conjugated corresponding secondary 

antibodies (anti-goat, Sigma-Aldrich Cat No A4174; anti-rabbit and anti-mouse, Jackson 

ImmunoResearch Laboratories Cat No 111-035-045 and 315-035-003, respectively) diluted 

1:10,000 in 5% fat-free milk in TBS-T was performed at RT for 1 h. After three 10 min rinses 

with TBS-T, the membranes were developed. Signals were detected by enhanced 

chemiluminescence (Thermo Scientific) and proteins were visualized on a ChemiDoc XRS+ 

imaging system (Bio-Rad) and band intensities were quantified using the Image Lab Software 

(Bio-Rad). Alternatively, membranes were exposed on film (Fujifilm). ERK1/2 monoclonal 

Antibody (p44/42 MAPK, #4695, Cell Signaling Technology) levels were used for normalization 

according to manufacturer's protocol. 

 

2.16 GENERATION OF RECOMBINANT ADENO-ASSOCIATED VIRUSES (AAVS) 

EXPRESSING SHRNAS FOR FOXO1 OR CONTROL SHRNAS 
 

RNA interference by short hairpin RNAs (shRNAs) was employed. For this purpose, a 

FOXO1 shRNA (shFOXO1) expressing vector was constructed along with a scrambled shRNA 

(sh-control) expressing vector. Specifically, we purchased a set of five pre-made vectors 

expressing five different FOXO1 shRNAs (Table 3). These specific vectors were used in 

transient transfection experiments in the human embryonic kidney 293 (HEK293) cell line in 

order to screen for the most efficient silencing of FOXO1. The selected plasmid was used for the 

generation of an AAV stock in collaboration with the University Medical Center of Groningen 

(UMCG). The selected vector was subcloned into the empty scAAV-U6 vector, followed by 

amplification of the scAAV-shFOXO1 and the scrambled shRNA (sh-control). The shRNA was 
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inserted by cutting it out of PLKO.1-U6-shFOXO1 with BsaAI and EcoRI enzymes and ligating 

it in the viral backbone that was cut with the same enzymes (Fig. 5). 

Table 3 Oligonucleotides used for the shRNAs production 
Name  Sequence 

FoxO1 (1)  

shRNA sense 5’- 

gatcCCCGCGCCGACTTCATGAGCAACCTTCAAGAGAGGTTGCTCATGAAGTCGGCGCTTTTTA-3’ 

FoxO1 (1)  

shRNA antisense 5’- 

agcttAAAAAGCGCCGACTTCATGAGCAACCTCTCTTGAAGGTTGCTCATGAAGTCGGCGCGGG-3’ 

FoxO1 (2)  

shRNA sense 5’- 

gatcCCCAAGCCCTGGCTCTCACAGCAATTTCAAGAGAATTGCTGTGAGAGCCAGGGCTTTTTTTA-3’ 

FoxO1 (2)  

shRNA antisense 5’-

agcttAAAAAAAGCCCTGGCTCTCACAGCAATTCTCTTGAAATTGCTGTGAGAGCCAGGGCTTGGG -3’ 

FoxO1 (3)  

shRNA sense 5’- gatcCCCACACTTCAGGACAATAAGTTCAAGAGACTTATTGTCCTGAAGTGTTTTTTA-3’ 

FoxO1 (3)  

shRNA antisense 5’- agcttAAAAAACACTTCAGGACAATAAGTCTCTTGAACTTATTGTCCTGAAGTGTGGG-3’ 

FoxO1 (4) 

shRNA sense 5’-gatcCCCGAGCGTGCCCTACTTCAAGGTTCAAGAGACCTTGAAGTAGGGCACGCTCTTTTTA-3’ 

FoxO1 (4) 

shRNA anti-sense 5’-agcttAAAAAGAGCGTGCCCTACTTCAAGGTCTCTTGAACCTTGAAGTAGGGCACGCTCGGG-3’ 

scrambled  

shRNA sense 5’‐ gatcCCCTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTTA‐  3’ 

scrambled  

shRNA antisense 5’‐ agcttAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAAGGG‐  3’ 

  

The viral backbone does 

not include an additional gene, 

like GFP, that could be used as a 

reporter for two reasons: it is 

questionable whether GFP is 

totally inert, and the expression 

of any additional protein from 

the same backbone may lead to 

less efficient expression of the 

shRNA. The generated AAVs can be 

used for in vivo experiments. 

Figure 5 Schematic representation of the cloning strategy. 
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2.17 STATISTICAL ANALYSIS 
 

The results of mouse experiments for the clinical parameters and the relative expression 

of selected genes were expressed as means ± S.D. Statistical significance was determined using 

two-tailed Student's t-test. Differences with p < 0.05 were considered to be statistically 

significant. Analysis was performed using Excel Microsoft Office 2010 or GraphPad Prism 5 

software (GraphPad Software Inc., La Jolla, CA). 
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3 RESULTS 

During this diet intervention study, all mice were monitored for clinical parameters 

including body weight, blood glucose levels, TC and HDL-C, TG levels in the serum at baseline 

and at the end of the diet period. Glucose tolerance was also assessed in specific time-courses 

(once in the 4-week group, twice in 8- and 12-week groups). MetS profile was further 

characterized by insulin determination and evaluation of hepatic steatosis. Total RNAs from 

livers were analyzed in expression arrays and statistically significant changes of the 

transcriptome were classified into functional categories for the biological interpretation. 

Circulating miRNAs were analyzed at all time points by RT-qPCR. All the experimental data 

obtained in this study were statistically analyzed. 

3.1 HFD ADMINISTRATION INDUCED CLINICAL FEATURES OF THE METABOLIC 

SYNDROME IN MALE APOE3L. CETP MICE 
 

All mice had similar body weight, blood glucose, TC, HDL-C and TG levels at baseline 

(Fig. 6). Significantly increased body weights were observed already at 4 weeks of HFD 

administration, which became more pronounced at 8 weeks and even more at 12 weeks (Fig. 

7A). In contrast, no significant weight gain was observed in mice fed a LFD suggesting that 

weight gain could be predominately attributed to the type of diet and not to the ageing of the 

mice. Levels of TC as well as of HDL-C increased significantly upon HFD administration 

compared with the LFD group (Fig. 7B and C). Similarly to TC, levels of TG significantly 

increased in mice that received the HFD for 12 weeks but were not significantly different 

between the two groups in earlier time points (Fig. 7E). HFD also affected glucose homeostasis 

and insulin resistance in these mice. High levels of fasted blood glucose (Fig. 7D), impairment of 
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glucose tolerance (Fig. 7F), hyperinsulinemia (Fig. 7G) and insulin resistance (Fig. 7H) were 

observed in apoE3L.CETP mice that received the HFD.  

 

 

 

Figure 6 Clinical characterization of apoE3L.CETP mice prior to the administration of HFD or 

LFD. Body weight (A), blood glucose (B), total cholesterol (C), HDL cholesterol and triglycerides (E) 

were assessed at baseline in each group of mice (4, 8 and 12 weeks) as described in Methods. ns= non-

significant 
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Figure 7 Assessment of clinical parameters upon administration of a HFD or a LFD to 

apoE3L.CETP male mice. Male apoE3L.CETP (n=6-7/group) were measured for their (A) body weight 

(B) total cholesterol (C) HDL cholesterol, (D) blood glucose (E) triglycerides, (F) insulin and (G) glucose 

tolerance. Differences between groups of mice (HFD vs LFD) were determined using two-tailed Student's 

t-test. Statistically significant differences are denoted with asterisks: *P<0.05; **P<0.01; *** P<0.001. 

 

Hyperlipidemia was also accompanied by an increase in lipid accumulation in livers of 

apoE3L.CETP mice according to the hepatic tissue evaluation in both paraffin-embed and OCT-

embed specimens (Fig. 8A-D). In summary, all clinical data indicate that apoE3L.CETP mice 

showed symptoms of MetS already after 4 weeks of HFD even if MetS is fully observed after 12 

weeks of HFD.  
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Figure 8 Administration of the HFD to apoE3L.CETP mice for 12 weeks leads to the 

development of hepatic steatosis and lipid accumulation. Lipid accumulation was significantly elevated in 

HFD-fed mice at 12 weeks as revealed by H&E staining (A,B) or Oil red O staining (C,D) compared to 

the age-matched mice which received a LFD. 
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3.2 TRANSCRIPTOMIC ANALYSIS IN APOE3L.CETP 

3.2.1  GLOBAL TRANSCRIPTOMIC ANALYSIS IN THE LIVER 

 

To assess transcriptional alterations potentially correlated to the onset and progression of 

MetS, we determined global gene expression changes in livers using expression arrays. 

Normalization of microarrays data is first necessary to remove systematic measurement errors 

across the arrays and to enhance the statistical power for the detection of differential expression. 

Here, we employed the Robust Multichip Analysis (RMA) algorithm, a robust linear model that 

reduces the effect of probe-specific affinity differences (157). After normalization, the first step 

was the evaluation of the quality controls within and between samples groups which are 

implemented through specific metrics, such as the relative log expression (RLE) values and the 

hybridization controls. Visualization of these metrics facilitates the assessment of microarray 

analysis. RLE is a sample quality control, useful for studies with similar specimens in order to 

detect potential outlier arrays. RLE values are calculated by the ratio between the expression of a 

probe-set and the median expression of this probe-set across all arrays of the experiment. Then, 

the mean of these differences from all the probe sets is the estimation of this metric. The 

boxplots indicate the distribution of log-ratios that are near 0 (0.26, -0.26) and have similar 

spread (Fig. 9A) out of 27 arrays. Moreover, we monitored the quality of hybridization by using 

four bacterial spikes as controls with an increasing concertation (BioB ˂ BioC ˂ BioD ˂ Cre). As 

long as the signal values of these spikes follow this specific trend, the hybridization of RNA 

samples on gene expression arrays is efficient (Fig. 9B).  
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Figure 9 Quality controls of the microarray data. A. RLE Box plots out of 27 arrays after 

normalization of samples by using the RMA method. B. Hybridization control includes specific bacterial 

spikes with an increasing concetrtaion (BioB ˂ BioC ˂ BioD ˂ Cre).  
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To explore the correlations of expression between the arrays, we used the Principle 

Component Analysis (PCA). PCA identifies a set of variables (PCA1, PCA2, PCA3) that 

account for a majority of the variance observed in the investigated data set. The first principal 

component (PCA1) describes as much variability in the data as possible. PCA2 then interprets as 

much of the remaining variability as possible (not estimated or captured by PCA1) and PCA3 

describes as much of the remaining variability as possible (not accounted for by PCA2). Here, 

PCA explained 30.3% of the variance in the current dataset and it is distributed to PCA1 (14.6%) 

in “x” axis, PCA2 (8.9%) in “ψ” axis and PCA3 (6.8%) in “z” axis, respectively (Fig. 10A and 

B).  

 

 

Figure 10 Principal Component Analysis is visualized in three-dimensional space under different 

angles (A and B). Heterogeneity of samples after the normalization is expressed in 3 axes x, ψ, z. Most 

samples are grouped by the time point and the diet intervention which are the main parameters of the 

current in vivo experiment. 

 

After the completion of quality control and preliminary correlations of arrays, we define 

the differential expression according to the standard work-flow. Setting the threshold for the 

absolute fold-difference in the gene expression levels between the HFD and LFD groups to 1.5 

for all the significant changes (p˂0.05), 114 differentially expressed genes were identified in the 

4 weeks group (62 genes up-regulated and 52 genes down-regulated), 200 differentially 

A B 
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expressed genes were identified in the 8 weeks group (116 genes up-regulated and 84 genes 

down-regulated) and 358 differentially expressed genes were identified in the 12 weeks group 

(205 genes up-regulated and 153 genes down-regulated) in livers of apoE3L.CETP mice. The 

complete list of differentially expressed genes at each time point is shown in Table 7-9. 

Intersection of the microarray data considering all the comparisons in each time point are shown 

in a Venn diagram (Fig. 11A). Although there was some degree of overlap among the three 

different time points concerning the differentially expressed genes, it was clear that every time 

point in the intervention study had its own transcriptomic profile. Specifically, 41 genes (8.5% of 

total), 78 genes (16.1% of total) and 220 genes (45.5% of total) were unique for the groups of 4 

weeks, 8 weeks and 12 weeks respectively. To identify which biological functions were mostly 

affected in the liver by the exposure to a HFD over the entire time-course, we employed a 

comparative analysis among the IPA functional categories (Diseases and Functions) for the 4, 8 

and 12 weeks datasets. The most significantly enriched functional categories were relevant to 

several aspects of lipid metabolism including the “metabolism of cholesterol”, the “synthesis of 

lipid”, or the “fatty acid metabolism” (Fig. 11B). Categories relevant to the dysregulation of lipid 

accumulation or of glucose homeostasis also appeared to be overrepresented, such as the 

“hepatic steatosis”, the “nonalcoholic fatty liver disease”, “the insulin resistance” and the 

“glucose metabolism disorder”, accordingly (Fig. 11B). This analysis suggested that several 

clinical features of the MetS were reflected in the significant functional categories described 

above and that specific sets of specific genes could be linked to the gradual development of the 

MetS.  
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Figure 11 Differential gene expression analysis comparing HFD vs LFD groups at different time 

points. (A) Venn diagram presenting the intersection of the differentially expressed transcripts at each 

time point highlighting the number of genes that are common or unique across the three time points (4, 8 

and 12 weeks). (B) Heatmap visualization of the significantly enriched IPA functional categories ranked 

by the p-value (purple range) for the 4, 8 and 12 weeks to pinpoint biological processes mostly affected 

during MetS progression. The analysis was performed under specific statistical criteria (one-way 

ANOVA p˂0.05) and absolute fold change cut off (1.5). 

 

 

 

 

 

 

 

 

A B
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3.2.1.1 Analysis of metabolic pathways 

 

To further explore the biological context of the temporal transcriptomic changes, we 

sought for pathways referred to specific gene sets that could explain the trends of the biological 

functions observed. Using the Affymetrix® Transcriptome Analysis Console (TAC) Software 

we identified the up-regulation or the down-regulation of important metabolic pathways in the 

liver upon HFD administration (Fig. 12 and 13). Notably, the pathways of cholesterol 

biosynthesis (Hmgcr, Idi1, Fdps, Sqle, Cyp51, Nsdhl,Pmvk, Fdft1), fatty acid biosynthesis (Acly, 

Acaca, Acacb, Acss2, Fasn) and glycolysis (Gpi1,Pklr) were down-regulated, whereas the 

pathways of nuclear receptors in lipid metabolism and toxicity were up-regulated. Interestingly, 

the pathway of PPAR signaling showed a mixed pattern of expression: some genes including 

Cyp7a1, PPARγ, several Fabps, CD36, and Acaa1b were up-regulated whereas genes such as 

Me1, Cyp4a31 and Cyp4a14 were down-regulated (Fig. 13). These data imply that key metabolic 

genes share a similar expression trend over the progression of MetS that lead to the down-

regulation of lipid biosynthesis at the mRNA level very early, even at 4 weeks of HFD feeding. 

This transcriptional profile did not change at later time points (8 and 12 weeks). On the other 

hand, the up-regulation of transcription factors that control lipid metabolism such as the Nr1i3 

and the Pparγ may drive some of the gradual expression changes that occur as the disease 

deteriorates overtime.   
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Figure 12 TAC pathway analysis of the microarray data reveals key metabolic pathways that 

could be dysregulated in response to the HFD. Ranking of pathway analysis is based on the statistical 

significance. The total number of genes in each pathway is indicated in the x axis. Red bars represent the 

upregulated genes and the green one the down-regulated genes. 
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Figure 13 TAC pathway analysis revealed key metabolic pathways and their corresponding genes 

that could be dysregulated in response to the HFD at different time points. Time course expression of 

genes related to different metabolic pathway at 4, 8 and 12 weeks of the MetS progression. Red lines 

represent the up-regulated genes and green lines the down-regulated genes. All the genes have the same 

trend of expression during the development of the metabolic syndrome. 
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3.2.1.2 Identification of temporal gene signatures: the maSigPro analysis 
 

Towards the understanding of the temporal expression changes along the progression of 

MetS, we performed maSigPro analysis. This bioinformatics approach generates cluster of genes 

with similar trends of expression that are statistically significant in all the time-points. Applying 

maSigPro analysis thresholds to our data, a total of 9 statistically significant clusters of genes 

were generated as shown in Fig. 14 and Table 10. Of special interest was Cluster 9, consisting of 

23 genes, with clear and distinct expression patterns between the HFD (gradually increasing) and 

LFD (gradually decreasing) groups. Genes that belong to Cluster 9, as well as their hierarchical 

clustering, are presented in Fig. 15. Fitm1 (lipid droplet formation), Pparg (lipid metabolism) 

and Cfd (immune system) were among the differentially expressed genes of this cluster with 

established roles in metabolic diseases. Contrary to the significantly up-regulated genes of 

Cluster 9, we found several genes that demonstrated a lower expression only in the HFD groups 

compared to LFD groups in Clusters 5 (23 genes) and 7 (13 genes). The expression values of 

these genes were gradually decreasing from 4 to 12 weeks of diet in Cluster 7, whereas an 

increase over time was observed in Cluster 5 between weeks 8 and 12 although they were still 

found to be down-regulated (Fig. 14). Acaca (fatty acid biosynthesis), Lepr (obesity), Apoa4 

(lipoprotein metabolism) of Cluster 5, Sqle and Cyp51 (cholesterol synthesis), and Elovl1 

(condensation of very long chain fatty acids) of Cluster 7 are among the down-regulated genes 

that hold a role in metabolic processes. Further exploring the biological functions of the genes 

grouped in each cluster could help to understand the biological significance of these signatures.  
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Figure 14 Clustering of genes with similar trends of expression over the progression of the 

MetS. A total of 9 statistically significant clusters was identified through the maSigPro analysis. These 

data follow the profiling of the differential expressed genes upon the development of the MetS from the 

zero time-point to the advanced disease state of the 12 weeks. Blue dots (n=4) are individual expression 

values of each cluster as mean for the HFD group (n=4) and green dots for the LFD group (n=4), 

accordingly. Red dots (n=3) denote the zero time point. 
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Figure 15 Cluster 9 indicates a group of up-regulated genes with the most significant difference 

over time when comparing the HFD to the controls. (A) The hierarchical clustering shows the expression 

patterns of the corresponding genes in the different type of diets and the different time points. The scale 

on the left represents the expression values (log2). (B) Official gene symbols and full names of each 

annotated transcript are given in the table on the right. 

 

 

3.2.1.3 Functional analysis of DEGs at 12 weeks of HFD feeding 

 

We focused on the long-term exposure to HFD administration that eventually leads to the 

MetS manifestation by dissecting the molecular changes observed at 12 weeks regarding the 

biological processes and the upstream regulators under the criteria of IPA software analysis. 

Among the several IPA functions that were significantly changed (Table 11), the majority of the 

differentially expressed genes were classified into five major “disease” groups: Metabolic 

Diseases (74 genes), Endocrine System Disorders (51 genes), Gastrointestinal Disorders (71 
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genes), Hepatic System Diseases (43 genes) and Organismal Injury and Abnormalities (143 

genes). The 74 genes of the Metabolic Diseases group were sub-classified into categories that are 

closely related to the main clinical components of the MetS: glucose metabolism disorders (43 

genes), insulin resistance (20 genes), hepatic steatosis (19 genes), lipid metabolism disorders (16 

genes) and the MetS (12 genes) (Table 4).  

 

 

Table 4 IPA analysis for Diseases and Functions based on the differentially expressed genes at 12 

weeks (HFD vs LFD) 

 

 

Diseases or Functions p-Value Genes # Genes

Disorder of lipid metabolism 1.69E-08

CD1D, CD36, CIDEC, FASN, GM2A, HMGCR, 

HSD17B10, INSIG2, LEPR, LSR, NNMT, PCSK9, PPARG, 

STEAP2, SUGCT, VLDLR 

16

Insulin resistance 3.81E-08

ABCG5, ACACA, ACACB, ACOX2, CA1, CD36, CFD, 

CIDEC, CYP4A11, FABP5, FASN, HMGCR, LEPR, Mup1 

(includes others), NNMT, P2RY1, PNPLA3, PPARG, 

STEAP2, TLR5

20

Hepatic steatosis 4E-08

ACACA, ACOX2, AHR, CCND1, CD36, CIDEA, CIDEC, 

CYP4A11, DDC, FABP5, FASN, HMGCR, INSIG2, NR1I3, 

OBP2B, PNPLA3, PPARG, STEAP2, TLR5

19

Metabolic syndrome X 3.32E-07
ACACA, ACOX2, CA1, CYP4A11, FABP5, FASN, 

HMGCR, LEPR, NNMT, P2RY1, PNPLA3, PPARG
12

Glucose metabolism disorder 1.15E-06

ABCG5, ACACA, ACACB, ACOX2, ALPL, APOM, 

BC023105, C4A/C4B, CA1, CCND1, CD1D, CD36, 

CEBPD, CFD, CIDEC, CYP4A11, CYP7A1, FABP2, 

FABP5, FABP7, FASN, GBP6, HMGCR, LCN2, LEPR, let-

7, MPEG1, MTNR1A, Mup1 (includes others), NEU3, 

NNMT, OBP2B, P2RY1, PCSK9, PKLR, PNPLA3, POLI, 

PPARG, RGS4, STEAP2, THEMIS, TLR5, ZKSCAN3

43

Amyloidosis 1.27E-06

ACLY, APOA4, C4A/C4B, CCND1, CD36, CFD, CHRNA4, 

CYP39A1, DDC, EEF2K, FDPS, GABBR2, GCNT2, 

GM2A, HMGCR, LCN2, LECT2, let-7, LGALS1, MTNR1A, 

PPARG, SAA1, SELENBP1, SLCO2A1, TFRC, VLDLR

26

Nonalcoholic fatty liver disease 3.43E-06
ACACA, ACOX2, CYP4A11, FABP5, FASN, PNPLA3, 

PPARG
7

Hypercholesterolemia 3.94E-06
ABCG5, ABCG8, ACACB, CYP7A1, HMGCR, NNMT, 

PCSK9, PPARG
8

Dyslipidemia 8.64E-06
FASN, HMGCR, INSIG2, LEPR, LSR, NNMT, PCSK9, 

PPARG, STEAP2, VLDLR
10

Alzheimer disease 0.000015

ACLY, APOA4, C4A/C4B, CD36, CFD, CHRNA4, 

CYP39A1, DDC, EEF2K, FDPS, GABBR2, GCNT2, 

GM2A, HMGCR, LCN2, let-7, LGALS1, MTNR1A, PPARG, 

SELENBP1, SLCO2A1, TFRC, VLDLR

23
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In the next step of the functional analysis, we tried to clarify if there were any molecules 

that could possibly affect or orchestrate the expression of the significantly altered genes 

exhibiting a regulatory role in the MetS pathology at the molecular level. We used the IPA 

algorithms designed to identify the cascade of upstream transcriptional regulators that can 

explain the observed gene expression changes in our dataset. We first filtered upstream analysis 

by ranking all the significant p-values for each regulator. Among the transcription regulators, we 

focused on those that were significantly changed themselves, and therefore are more likely to 

play a role in the transcriptional regulation of the other significantly changed genes. A summary 

of all the top significantly changed regulators at 12 weeks of diet is presented in Table 5. It is 

clear that Pparg emerged as the strongest candidate that is predicted to regulate the expression of 

85 statistically significantly altered genes through a network of 20 other molecules (Fig. 16). 

Interestingly, two other nuclear receptors, the Nr1i3 and the Ahr, possible affect some of the 

differentially expressed genes with a strong predicted p-value (Table 5).  

 

Table 5 IPA analysis for Upstream Regulators and their predicted targets among the differentially 

expressed genes at 12 weeks (HFD vs LFD) 

 

Upstream 

Regulator

Expr. Fold 

Change Molecule Type

p-value of 

overlap Target molecules in dataset

PPARG 2.38
ligand-dependent nuclear 

receptor
1.38E-11

ACACA, ACLY, CCND1, CD36, CDH1, CFD, 

CIDEA, CIDEC, CYP4A11, Cyp4a14, ELOVL6, 

FABP2, FABP5, FASN, FDPS, HMGCR, HSD3B7, 

INSIG2, ME1, PLIN4, PMM1, PPARG, SAA1, 

Tpm2, UCK1, VLDLR

CYP7A1 2.62 enzyme 2.53E-10
ABCG5, ABCG8, ACACA, CYP7A1, FASN, FDPS,

HMGCR

NR1I3 1.68
ligand-dependent nuclear 

receptor
2.05E-09

AHR,Ces2c, CYP2A6 (includes others), 

Cyp2b13/Cyp2b9, CYP2B6, CYP2C8, CYP39A1, 

CYP7A1, DIO1, INSIG2, RARRES1, SULT1E1

FABP2 2.3 transporter 5.63E-09
ABCG5, ABCG8, ACACB, FASN, HMGCR, 

PPARG

AHR 1.64
ligand-dependent nuclear 

receptor
8.84E-09

ACACA, CCND1, CD36, CDH1, Ces2c, 

CYP17A1, CYP2A6 (includes others), CYP2B6, 

CYP2C8, DCLK3, DIO1, HMGCR, INSIG2, NNMT, 

PKLR, PMM1, PPARG, SAA1, SAA3
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Figure 16 Regulatory Network of the transcription factor PPARg at 12 weeks over the MetS 

development. The generated downstream network of regulators and target genes provide information 

about their experimentally observed interactions and are displayed as nodes that vary in shapes and 

colors. The shape of the nodes in the network reflects the functional class of each molecule: ligand-

dependent nuclear receptor (horizontal rectangle), enzyme (vertical rhombus), transcription regulator 

(horizontal ellipse), transmembrane receptor (vertical ellipse), cytokine/growth factor (square), transporter 

(trapezoid) and complex/group/other (circle). Red the The up-regulated genes are shown in red color and 

the down-regulated genes are shown I green color. Orange color represents the predicted activation and 

blue color represents the predicted inhibition according to the z-score. Increasing color intensity implies a 

more confident score. Solid lines indicate direct and dashed lines indirect relations that are further defined 

by their casual effect as follow: orange leads to activation, blue leads to inhibition, yellow suggest 

inconsistency with the state of downstream genes and gray do not conclude a prediction.     

 

 

To validate the changes in expression levels, and therefore to enhance the importance of 

these findings, we selected representative genes that were shown to be differentially expressed in 

the microarray analysis, and we determined their expression by RT-qPCR. Overall, a comparison 

of the gene expression changes between the two transcriptomic approaches (expression arrays 

and RT-qPCR) showed a very good correlation. The relative expression levels of the genes are 

presented based on the functional category they belong. As shown in Fig. 17, the expression of 
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Orm3, Saa1, Cyp7a1, PPARγ, and Cidec, was increased in the HFD group of apoE3L.CETP 

mice while the expression of Pcsk9, Fasn, and Sqle was decreased which is fully in accordance 

with the microarray data.  

 

 

Figure 17 Expression levels of specific genes were determined by RT-qPCR at 12 weeks of HFD 

or LFD administration. The selected genes were categorized by their biological relevance, namely: (A) 

Lipid Metabolism, (B) Upstream Regulators, (C) Immune Response and Inflammation and (D) Lipid 

Droplet formation. Relative expression has been considered as 100% in the control group for all samples 

and values were transformed in log2 scale. Data are shown as mean + S.D. Statistically significant 

differences are denoted with asterisks: *P<0.05; **P<0.01; *** P<0.001. 
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3.2.2 HEPATIC TRANSCRIPTOMIC ANALYSIS IN RESPONDER VERSUS NON 

RESPONDER APOE3L.CETP MICE  

 

In order to validate the transcriptomics signatures and the biological functions that were 

identified in the present study in a different cohort of mice, we analyzed liver samples from 

apoE3L.CETP mice that received a similar HFD for 16 weeks but were identified based on their 

baseline lipid levels as responders (R) and non-responders (NR) (92) with expression arrays. It is 

well known that approximately 20% of apoE3L.CETP do not develop all the components of the 

MetS upon HFD feeding and they are commonly classified as NR. Considering only differences 

with One Way Anova p-value less than 0.05 and a fold change of ±1.5, a total of number of 459 

genes were found to be differentially expressed in R vs NR (117 genes were up-regulated and 

282 genes down-regulated) (Table 12). Our IPA analysis showed that the largest functional 

category (323 genes) that was found to be significantly altered was related to Organismal Injuries 

and Abnormalities which could explain the liver pathologies of these mice as was previously 

described (92) (Fig. 18 and Table 13). In accordance with these data, pathway analysis revealed 

that Hepatic Fibrosis is the most significant IPA canonical pathway in R vs NR comparison and 

include genes of the collagen family (Col15a1, Col6a3),  chemokines (Ccl5, Ccl21), the matrix 

metalloproteinase (Mmp2) and the transforming growth factor-beta family members (Tgfb3 and 

Tgfb2) (data not shown). Overall, the list of the top up-regulated genes (R vs NR) includes the 

cytochrome P450 family 2 subfamily b polypeptide 9 (Cyp2bp, 31.13-fold), the cell death-

inducing DNA fragmentation factor, the alpha subunit-like effector A (Cidea, 6.44-fold) and the 

orosomucoid 3 (Orm3, 5.81-fold). The list of the top down-regulated genes (R vs NR) includes 

the matrix metallopeptidase 7 (Mmp7, -3.8-fold), the gliomedin (Gldn, -3.63-fold) and the 

tetraspanin (Tspan8, -3.6-fold) (Table 12).  



92 
 

Comparison of the two diet intervention studies provided valuable information regarding 

the genes that are consistently found to be differentially expressed in apoE3L.CETP mice. 

Initially, two groups of genes were selected for comparison: the groups belonging to the Lipid 

Metabolism and the groups belonging to the Organismal Injury and Abnormalities functions. 

Although only a few genes were common in the two studies (13.7% of the lipid metabolism 

genes and 7.6% of the organismal injury and abnormalities genes, Fig. 18), all these common 

genes displayed an identical pattern of expression (up-regulation or down-regulation) (Fig. 19A 

and B). The only exceptions were the genes for Acss2 and Cyp4a14 the expression of which 

showed opposite patterns in the two studies.  

We also compared the expression of genes of Cluster 9 that were identified in our HFD 

vs LFD study and genes that were specifically related to the formation of lipid droplets which are 

one of the characteristic liver pathologies of subjects with NAFLD or MetS. Although both R 

and NR mice had extensive lipid accumulation in their livers following the 16 weeks HFD 

intervention (92), few genes related to lipid droplet formation were found to be differentially 

expressed (up-regulated in the R mice) including Cidea, Fabp1, Fabp2, Fitm1, Plin2 and Plin4 

and only 4 of these genes showed a similar pattern of differential expression in the HFD vs LFD 

study (Fig. 19C). Interestingly, most of the annotated genes listed in Cluster 9 of the HFD vs 

LFD study (14 out of 20) were up-regulated in R when compared to the NR mice expression 

profile (Fig. 19D). This observation further supports the hypothesis that this cluster may be an 

actual signature of mice developing the MetS.  

In summary, by comparing two different diet intervention studies in two different 

laboratories we identified specific sets of genes that showed consistent patterns of expression in 
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response to the HFD suggesting that these genes could play critical roles in the pathogenesis of 

the MetS and should be investigated further.  

 

 

Figure 18 Common and unique genes related to “Organismal Injury and abnormalities” or “Lipid 

Metabolism” of IPA analysis. These categories appear to be significantly changed in both sets, but they 

include relatively few common genes.   
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Figure 19 Functional comparison of the transcriptomic data from the two diet intervention groups 

shows similar patterns of expression. Expression patterns of genes related to the (A) Organismal Injury 

and Abnormalities, (B) Lipid Metabolism, (C) Lipid Droplet formation and (D) Cluster 9 from the 

MasigPro analysis from two diet intervention groups: 12 weeks HFD vs LFD (gray bars) and R vs NR 

(black bars). Data are shown as fold change (log2) for each gene. 
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3.2.3 HEPATIC TRANSCRIPTOMIC ANALYSIS IN APOE3L.CETP MICE 

SUBJECTED TO RYGB VERSUS BODY WEIGHT MATCHED (BWM) AND 

SHAM AD LIBITUM MICE (SHAM AL).  
 

Roux-en-Y gastric bypass (RYGB) is a clinical intervention that allows to achieve 

sustained and long-term weight loss and additionally to alleviate detrimental clinical 

manifestations of the MetS (158, 159). Transcriptomic analysis of the liver samples using 

microarrays revealed that RYGB surgery significantly altered the hepatic gene expression profile 

of mice in comparison with the body weight matched (BWm) or Sham-operated mice. More 

specifically, 1137 genes (656↑, 481↓) were found to be differentially expressed in the RYGB vs 

BWm group indicating that the differential expression of these genes was not due to the weight 

loss but rather due to the surgical operation or the severe caloric restriction (Fig.20A and Table 

14). Furthermore, 506 genes (300↑, 206↓) were found to be differentially expressed in the RYGB 

vs Sham AL group indicating that these genes reflect changes related to weight reduction rather 

than the surgical procedure (Fig 20A and Table 15). Interestingly, 239 differentially expressed 

genes were common in the two groups (Fig. 20B) suggesting that the expression of these genes is 

equally affected by body weight reduction and the RYGB surgery.  

Ingenuity Pathway Analysis (IPA) indicated that the observed gene expression changes in 

the two groups were mainly associated with the lipid metabolism (concentration of lipids, steroid 

metabolism, fatty acid metabolism and hepatic steatosis among others) (Fig 20C). Fig. 20D lists 

the biological functions that were significantly altered between the two groups of mice, using the 

z-score. Interestingly, functions related to immune responses such as Activation of leukocytes, 

Cell movement of leukocytes and Leukocyte migration are more activated in Rygb vs BWm 

mice. In a clinical context, IFN-γ increased post-surgery in all the groups; IL-10 and IL-5 

increased in RYGB and BWm mice, while IL-12p70, IL-2 and IL-6 increased only in the RYGB 
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group. TNFα was increased post-surgery only in Sham AL group. At the transcriptional level in 

the liver, TNFα was up-regulated in Rygb mice compared to BWm (fold change 1.56), but it is 

not differentially expressed between Rygb and Sham Ad Lib mice. Moreover, Il23a (interleukin 

23, alpha subunit p19) appear to be up-regulated in Rygb mice either compared to Rygb mice 

(fold change 1.97) or Sham Ad Lib mice (fold change 2.1). Thus, certain interleukins that found 

to be systemically increased in RygB mice such as IL-2 and IL-6 are not differentially expressed 

in the liver. 

Although most of the significant functions are predicted to be activated in both groups, 

some functions such as “concentration of D-glucose” and “lean body mass” had a decreased z-

score (≤ 2) implying a decreased activation state of these biological functions that is in 

agreement with the improved phenotypic profile of the RYGB mice versus the BWm and Sham 

AL mice mice as was described above. In addition, differences in energy expenditure between 

RYGB and BWm mice were detected by the clinical analysis performed and are reflected to 

transcriptomic changes, as well. In particular, RYGB mice maintained lower body weight and fat 

mass mainly because of their increased energy expenditure taking into account the similar food 

intake in RYGB and Sham AL mice. In agreement with these findings, the bioinformatics 

analysis of our transcriptomics data revealed that the function of “energy homeostasis” was 

statistically significant between RYGB and BWm mice but not between RYGB and Sham AL 

mice. Statistically significant differences were observed in pathways such as cholesterol 

biosynthesis, fatty acid oxidation, PPAR signaling, and also in those related to protein 

metabolism (Appendix, Table 16) in the RYGB mice vs the BWm mice suggesting increased 

energy expenditure. 
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Notably, we observed an upregulation in many genes related to cholesterol biosynthesis 

that appears to be the most significantly changed canonical pathway in RYGB vs BWm and 

RYGB vs Sham AL groups possibly in response to the decreased levels of plasma total and non-

HDL cholesterol (Fig 21 A and B).   
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Figure 20 Differential gene expression analysis comparing RYGB (n=6) vs BWm (n=4) or RYGB vs 

Sham AL (n=5) under specific statistical criteria (one-way ANOVA, p˂0.05) and absolute fold change 

cut off (1.5). (A) Total number of differentially expressed transcripts in each group of comparison. (B) 

Venn diagram showing the intersection of the two comparisons and the number of transcripts that are 

unique for each comparison. (C-D) IPA functional analysis including Diseases and Functions ranked by 

the p-value (C) or the z-score (D).   
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Figure 21 Ingenuity pathway analysis (IPA) of the microarray data showing the canonical pathways with 

the most significant differences in gene expression among the two comparison groups. (A) Heatmap of 

the significantly enriched categories ranked by the p-value (purple range). (B) Genes belonging to top 

canonical pathway of cholesterol biosynthesis and their upregulation in the two groups of mice. Fold 

change (log2) of each gene is presented as a bar chart for the two groups of mice. 
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3.3 TRANSCRIPTOMIC SIGNATURES IN THE ADIPOSE TISSUE RELATED TO METS 

PROGRESSION 

 

Our microarray analysis revealed that MetS progression was associated with significant 

changes in the transcriptome of the adipose tissue and apparently it seems that the HFD had a 

stronger effect on the gene expression profile of this tissue compared to the liver transcriptomic 

profile that was discussed in chapter I. More specifically, filtering of the gene expression data (p-

value < 0.05 and |log2FC(fold change) |≥1) yielded a total of 481, 946 and 1377 genes that were 

found to be differentially expressed between the HFD and the LFD groups of mice at 4, 8  and 12 

weeks, respectively (Appendix, Table 17-19). Interestingly, at 12 weeks, most of the significant 

changes involved over-expression of the transcripts (66.81%), in contrast to the earlier time 

points, during which the levels of up-regulated and down-regulated transcripts were 

approximately equal (57.17% at 4 weeks and 52.54% at 8 weeks). Cross comparison of the three 

probe set lists revealed that 183 (9.3%), 385 (19.5%), and 761 (38.5%) probe sets were uniquely 

changed at 4, 8 and 12 weeks respectively, whereas 177 (8.9%) genes were found to be 

differentially expressed across all time-points (Fig. 22). The fold changes of individual probe 

sets ranged from 17.09  to -5.1 considering all the data sets and appear to be higher for the 

upregulated genes (14.18 at 4w, 17.09 at 8w and 14.85 at 12w) compared to the corresponding 

fold changes of the downregulated genes (-5.19 at 4w, -5.1 at 8w and -5.36 at 12w) (Appendix, 

Table 17-19). These data suggest that the WAT is subjected to major transcriptional remodeling 

in response to HFD feeding and the elevated number of unique transcripts may reflect specific 

signatures for each phase of MetS.  
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Figure 22 The Venn diagram illustrates the cross-comparison of the differentially expressed 

genes in the investigated time-points of 4, 8 and 12 weeks of diet administration. The number of genes 

that are common or unique is presented along with the corresponding percentage relative to the total 

number of differentially expressed genes. 

3.3.1 Pathway analysis  

 

TAC pathway analysis offers a biological classification of DEGs with a statistical 

significance for the set of genes that are clustered in each pathway. Fewer pathways were found 

to be enriched in WAT of apoE3L.CETP mice at 4 weeks (n=25) compared to pathways at 8 

weeks (n=65) and 12 weeks (n=83) of diet administration (Appendix, Table 20). An interesting 

finding was that only a few genes were grouped in metabolic pathways at 4 weeks that represent 

the early stage of MetS. Amino Acid metabolism (Prodh, Pdha1, Mccc1), Oxidation by 
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Cytochrome P450 (Cyp2e1, Cyp2f2, Cyp4v3), Tryptophan metabolism (Cyp2e1, Inmt, Cyp2f2), 

Fatty Acid Biosynthesis (Acaca, Acacb) and Triacylglyceride Synthesis (Mogat1) were the 

affected metabolic pathways. On the other hand, an induction of genes related to Complement 

Activation-Classical Pathway (C1qb, C1qa, C2, C6, C7), Focal Adhesion-PI3K-Akt-mTOR-

signaling pathway (Itgax, Col5a1, Itgb2, Thbs2, Il7r, Pik3r5, Fgf13,Cdkn1a, Col6a2, Thbs1, 

Prlr, Angpt1, Pfkfb1, Acaca, Irs1) and Adipogenesis (Bmp3, Sfrp4, Egr2, Lep, Prlr, Klf15, Irs1) 

was observed as early as 4 weeks of HFD administration. 

 Top dysregulated pathways at 8 and 12 weeks of diet were very common which implies 

that transcriptomic response of the adipose tissue is similar to the middle and the late phase of 

Mets. Many categories were related to immune responses such as the B Cell Receptor Signaling 

Pathway (34 genes at 12w), the Chemokine signaling pathway (34 genes at 12w), the T Cell 

Receptor Signaling Pathway (27 genes at 12w), the Macrophage markers (6 genes at 12 weeks), 

the IL-3 Signaling Pathway (16 genes at 12w) and the IL-5 Signaling Pathway (13 genes at 

12w). On the other hand, metabolic pathways were significantly enriched at the middle and the 

late phase of MetS. Glycolysis and Gluconeogenesis (Fig. 23), Glycogen Metabolism, 

Cholesterol Biosynthesis and Fatty Acid Biosynthesis (Fig. 24) appeared to be downregulated at 

8 and 12 weeks of diet. However, genes categorized in Fatty Acid Beta Oxidation had a mix 

trend of expression at 8 weeks (upregulated: Gyk, Cpt1a, Acsl5, Lipf, down-regulated: Gpd2, 

Acss2, Acsl3), whereas genes of this category were mainly down-regulated at 12 weeks 

(upregulated: Lipf, down-regulated:  Gpd2, Acss2, Acsl3, Echs1). 
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Figure 23 Alterations of genes of Glycolysis and Gluconeogenesis in WAT of apoE3L.CETP 

mice at 12 weeks of diet administration. Bold boxes represent the differentially expressed genes and fade 



105 
 

boxes those genes with borderline expression values. Red one represent the upregulated genes and the 

green one the down-regulated genes. Increasing color intensity implies a higher fold change value. 

Differentially expressed genes: Hk3, Slc2a5, Dlat, Slc2a3, Slc2a4, Pcx, Pdhb, Gapdh, Pdha1. 

 

 

 

Figure 24 Alterations of genes of Fatty Acid Biosynthesis in WAT of apoE3L.CETP mice at 12 

weeks of diet administration. Bold boxes represent the differentially expressed genes and fade boxes those 

genes with borderline expression values. Red one represent the upregulated genes and the green one the 

down-regulated genes. Increasing color intensity implies a higher fold change value. Differentially 

expressed genes: Echs1, Echdc3, Fasn, Pecr, Acsl3, Acaca, Echdc2, Acacb, Acss2, Pcx, Acly. 
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3.3.2 IPA FUNCTIONAL ANALYSIS  

 

In addition to the TAC pathway analysis that is based on specific public databases, the 

IPA knowledge base is vaster and integrates information from various public sources and its own 

continuously updated pool. This approach allows the biological interpretation of transcriptomic 

data at the level of Biological Functions and Diseases and Canonical Pathways. Moreover, it 

provides predictions about possible Upstream regulators of the gene expression in the dataset. 

This computational approach is based on existing experimentally observed data in the literature.  

Statistical significance ranking of the Biological Functions and Diseases among all the 

time points revealed that immune responses were highly enriched at 8 and 12 weeks, but not at 4 

weeks of diet. The top categories include responses of the innate or adaptive immunity such as: 

leukocyte migration, cell movement of leukocytes, systemic autoimmune syndrome, cell 

movement of phagocytes, function of leukocytes, and inflammatory response (Fig. 25A). A 

prediction of which pathways appear to be more activated is indicative of signaling related to 

immune responses, as well. In particular, the Role of NFAT in Regulation of the Immune 

Response, the TREM1 Signaling, the PKCθ Signaling in T Lymphocytes, the NF-κB Signaling 

and the Fcγ Receptor-mediated Phagocytosis in Macrophages and Monocytes were among the 

top pathways that were found to be mostly activated at 8 and 12 weeks of HFD vs LFD 

administration (Fig. 25B).  

Moreover, to gain an insight in how exactly these processes and pathways could be 

orchestrated, we examined the Upstream Regulators analysis. According to this data, the 

prediction about molecules that possibly affect the expression of other genes among the dataset 

indicated that cytokines such as TNFa (tumor necrosis factor a) and specific interleukines such as 

IL-6 (interleukin 6), IL-1B (interleukin 1 beta) and IL-13 (interleukin 13) were scored among the 
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top regulators (Fig. 26). This is in accordance with the TAC and IPA pathway analysis that 

includes signaling cascades of chemokines, T and B Cells, as well (Fig. 25 and Appendix, Table 

20).  

In addition to immune-related categories, the glucose metabolism disorder and diabetes 

mellitus were found to be enriched at all three times, but with a higher score at 8 and 12 weeks of 

diet. The glucose metabolism disorder includes a large number of genes (231 genes at 12w) 

related to insulin resistance (eg. Pik3r1, Ppargc1a, Prkcb, Prkcd, Slc2a4), AGE-RAGE signaling 

pathway in diabetic complications (eg. Ccl2, Col1a1, Col1a2, Col3a1, Plcg2, Thbd, Cybb), 

adipocyte signaling (eg. Lep, Prkaa2, Slc2a4, Tnfa) or AMPK signaling pathway (eg.Acaca, 

Acacb, Fasn, Prkaa2, Srbef1). At 12 weeks, the stage that MetS is fully developed, most genes 

are grouped into Inflammatory (400 genes) or Immunological diseases (406 genes) and 

additionally into Metabolic disease (251 genes). An overview of the top statistically significant 

Functions, Diseases and Upstream Regulators at 12W is presented in Fig. 26.  
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Figure 25 Heatmaps visualize the significantly enriched IPA functional categories at 4, 8 and 12 

weeks of diet administration that induced MetS progression. A. Diseases and Functions ranked by the p-

value (purple range) pinpoint biological processes mostly affected. B. Canonical pathways ranked by the 

z-score give an estimation of a possible activation state (orange) or inhibition state (blue).   
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Figure 26 Summary of the top Biological Functions, Diseases and Upstream Regulators (IPA) 

significantly enriched according to statistical criteria at 12W in WAT of apoE3L.CETP mice of HFD vs 

LFD administration. The statistical significance (p-value) and the number of genes clusterd in each 

category are displayed. For the Upstream regulators analysis, molecules have been ranked based on p-

value and differential expression, whereas the number of targets within the dataset is also displayed.  
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3.3.3 IDENTIFICATION OF TEMPORAL GENE SIGNATURES: THE MASIGPRO 

ANALYSIS 

 

Applying maSigPro analysis thresholds to our data, a total of 9 statistically significant 

clusters of genes were generated as shown in Fig. 27. Some clusters had the most profound 

differences in the gene expression between the HFD and the LFD group. Clusters 1 (Fig.27 and 

28) and cluster 2 consist of genes that were down-regulated in mice developing the MetS, while 

clusters 4 and 8 mainly represent sets of up-regulated genes. Interestingly, the cluster 8 (243 

genes) was the only one whereby the expression of genes was almost steady at the LFD group, 

but the trend of expression was increasing in the HFD group over the developing of MetS (Fig. 

28).  

Gene Ontologies (GO) provided by the maSigPro software give a description of what 

major biological processes were most affected in each cluster. In the first cluster, the Regulation 

of fatty acid metabolic process (GO: 0019217, 7 genes, p- 0.00214), the Oxidation-reduction 

process (GO: 0055114, 9 genes, p-0.00535) and the Regulation of glucose metabolic process 

(GO: 0010906, 3 genes, p-0.00669) were among the most significant GO categories, related to 

metabolic alterations. Down-regulation of metabolic pathways was previously identified in the 

functional analysis of the differential expression. However, the maSigPro analysis did not only 

provide enriched metabolic categories, but also specific signatures.  

On the other hand, Cluster 8 is representative of genes with increasing expression over 

the progression of MetS. Certain genes (eg. Atp6v0d2, Atp6v1b2, Mrc2, Msr1, Ncf4) in this 

cluster were related to the phagosome that involves immune cells such as the macrophages, 

neutrophils, and dendritic cells. This observation is consistent to the functional and pathway 

analysis that revealed immune responses among the most statistically significant altered. Another 
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set of genes (eg. Adra1a, Atp2a3, Oxtr, Slc8a1, Stim2) in cluster 8 is related to calcium (Ca
2+

) 

signaling and metabolism. Indeed, alterations in cellular Ca
2+

 homeostasis have been reported in 

metabolic disorders, mainly in obesity and diabetes (160). For instance, Stim2 which was up-

regulated in the HFD group codes an ER protein that can sense this decrease in Ca
2+. 

levels. In 

summary, activation of immune response (GO: 0002253, 7 genes, p-3.7e-05), positive regulation 

of response to stimulus (GO: 0048584, 17 genes, 2.8e-05), ion transport (GO: 0006811, 16 

genes, p-1.6e-05), positive regulation of protein kinase activity (GO: 0045860, 8 genes, p-6.5e-

05) are among the top GO terms in cluster 8. This categorization suggests that gene signatures of 

the up-regulated transcripts are mainly related to immune responses and ion homeostasis.  
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Figure 27 Clustering of genes with similar trends of expression over the progression of the MetS 

in the WAT of apoE3L.CETP mice fed a HFD or a LFD for different time periods. A total of 9 

statistically significant clusters were identified through the maSigPro analysis. These data follow the 

profiling of the differential expressed genes upon the development of the MetS from the zero time-point 

to the advanced disease state of the 12 weeks. Blue dots (n=4) are individual expression values of each 

cluster as mean for the HFD group (n=4) and green dots for the LFD group (n=4), accordingly. Red dots 

(n=2) denote the zero time point. 
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Figure 28 The hierarchical clustering shows the expression patterns of the corresponding genes 

in the WAT of apoE3L.CETP mice fed a HFD or a LFD for different time periods. Genes with higher 

expression values in the comparison of HFD group to the LFD group of diet are considered up-regulated 

genes are presented in the cluster 8 Genes with lower expression values in the comparison of HFD group 

to the LFD group are considered down-regulated genes and are presented in the cluster 1. The scale on the 

left represents the expression values (log2). 
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3.3.4 FUNCTIONAL ANALYSIS OF THE UNIQUE GENES 

 

The aim of a time-course transcriptomic analysis is not only to define the differential 

expression but also to unravel unique features of the expression profile in the investigated time 

points. Given that the number of unique genes ranges from approximately 10% at 4w up to 

38.5% at 12w, we performed a functional analysis of these transcripts in order to investigate 

whether they represent similar functions over the MetS progression or characteristic signatures of 

each MetS phase over time. David algorithm revealed several statistically significant categories 

(p˂0.05) at the level of pathway analysis and Gene Ontology (GO) Biological processes (BPs) 

that namely are: 12 Kegg pathways and 33 BPs at 4w, 13 Kegg pathways and 51 BPs at 4w, 38 

Kegg pathways and 150 BPs at 4w (data not shown, selected data on Table 6).  

At 4w, the most statistically significant pathway is the ECM-receptor interaction 

(mmu04512, 6 genes, p-0.002264237) and the largest one is related to Metabolic pathways 

(mmu01100, 22 genes, p-0.019999428). The category of Metabolic pathways is also affected at 

8w (mmu01100, 44 genes, p-2.28E-06), but interestingly Circadian rhythm (mmu04710, 6 genes, 

p-1.53E-04) is emerged one of the top pathways in the middle phase of MetS. Moreover, we 

observed that Glycolysis / Gluconeogenesis (mmu00010, 6 genes, p-0.005007481) whose 

regulation is very crucial for MetS phenotype was found to be enriched, at 8w although it did not 

change at 4w. Top categories of pathways at 12w were related to responses of the immune 

system including phagocytosis and receptors signaling such as the Fc gamma R-mediated 

phagocytosis (mmu04666, 14 genes, p-1.34253E-05), the Chemokine signaling pathway 

(mmu04062, 17 genes, p-0.002918426),  the Toll-like receptor signaling pathway (mmu04620, 

10 genes, p-0.013668753) and the B cell receptor signaling pathway (mmu04662, 8 genes, p-

0.015873251). Adhesion proteins, such as the proteoglycans are components of the ECM and 
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here we identified that the pathway “Proteoglycans in cancer” (mmu05205, 20 genes, p-

0.000222673) was among the most statistically significant including genes such as the perlecan 

that was highly upregulated (Hspg2, heparan sulfate proteoglycan 2, fold change : 10.77). 

Another distinct category among the top pathways that were found to be statistically significant, 

the Osteoclast differentiation (mmu04380, 16 genes, p-7.26386E-05), was enriched only at 12w.  

Table 6  

KEGG PATHWAYS of the unique genes at 4W 

KEGG Pathways p-value Count Genes 

mmu04512:ECM-receptor interaction 0.00226424 6 CD44, COL6A3, COL6A2, COL6A1, THBS1, THBS2 

mmu00280:Valine, leucine and isoleucine 
degradation 

0.00259059 5 BCAT2, IVD, MCCC1, HMGCS1, AACS 

mmu04066:HIF-1 signaling pathway 0.00429413 6 CDKN1A, ANGPT1, PIK3R5, PDHA1, PDHB, TIMP1 

mmu00620:Pyruvate metabolism 0.00783033 4 ACACA, ACACB, PDHA1, PDHB 

mmu05152:Tuberculosis 0.01037782 7 ITGAX, MRC2, FCER1G, ITGB2, MALT1, LBP, ATP6V0D2 

mmu05323:Rheumatoid arthritis 0.01072923 5 CTSK, CCL2, ANGPT1, ITGB2, ATP6V0D2 

mmu04151:PI3K-Akt signaling pathway 0.01112791 10 CDKN1A, COL6A3, COL6A2, COL6A1, ANGPT1, PIK3R5, 
FGF13, IL7R, THBS1, THBS2 

mmu05144:Malaria 0.01385116 4 CCL2, ITGB2, THBS1, THBS2 

mmu01100:Metabolic pathways 0.01999943 22 NAMPT, GCNT2, BCAT2, ACACA, HMGCS1, TKT, ACACB, 
LTC4S, ACSS3, PDHB, GBE1, IVD, MCCC1, AGPAT9, 
HSD11B1, PDHA1, ITPK1, ATP6V0D2, NAT8L, PRPS1, 
B4GALNT1, LIPF 

mmu04922:Glucagon signaling pathway 0.02087946 5 PFKFB1, ACACA, ACACB, PDHA1, PDHB 

mmu00640:Propanoate metabolism 0.03243742 3 ACACA, ACACB, ACSS3 

mmu04152:AMPK signaling pathway 0.04565208 5 PFKFB1, ACACA, ADRA1A, PIK3R5, ACACB 

KEGG PATHWAYS of the unique genes at 8W 

KEGG Pathways p-value Count Genes 

mmu01130:Biosynthesis of antibiotics 5.4187E-07 17 BCKDHA, CYP51, LDHB, TALDO1, ACO2, CS, HK2, LSS, 
PFKM, PKM, PGM2, SQLE, ALDH2, RPIA, IDI1, PRPS2, 
NSDHL 

mmu01100:Metabolic pathways 2.2793E-06 44 CYP51, LDHB, COASY, TALDO1, PTGES2, PNP2, 
NDUFB8, HK2, LSS, ASNS, PKM, DCT, ALDH1A2, 
9130409I23RIK, CSAD, GALE, PLCD1, RPIA, PTS, PDHX, 
AGPAT2, ACSL5, NSDHL, MOCS1, POLR3G, BCKDHA, 
ST6GAL1, ACO2, COX8B, CS, PFKM, PMM1, MAN2A2, 
PGM2, RDH11, DHRS3, FOLH1, PANK3, SQLE, ALDH2, 
ABAT, GPT, IDI1, PRPS2 

mmu04710:Circadian rhythm 0.0001525 6 CRY2, NR1D1, PER1, RORA, BHLHE40, BHLHE41 

mmu01230:Biosynthesis of amino acids 0.00027821 8 PKM, TALDO1, ACO2, CS, GPT, PFKM, RPIA, PRPS2 

mmu01200:Carbon metabolism 0.00073962 9 PKM, TALDO1, ACO2, CS, HK2, GPT, PFKM, RPIA, PRPS2 

mmu00030:Pentose phosphate pathway 0.00151915 5 PGM2, TALDO1, PFKM, RPIA, PRPS2 

mmu00100:Steroid biosynthesis 0.003751 4 CYP51, SQLE, LSS, NSDHL 

mmu00010:Glycolysis / Gluconeogenesis 0.00500748 6 PKM, PGM2, LDHB, ALDH2, HK2, PFKM 

mmu04514:Cell adhesion molecules (CAMs) 0.00602689 9 ITGAL, SDC1, CADM1, CLDN5, H2-T23, CD4, CNTNAP1, 
LRRC4C, H2-Q6 
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mmu00052:Galactose metabolism 0.01637219 4 PGM2, HK2, GALE, PFKM 

mmu00250:Alanine, aspartate and glutamate 
metabolism 

0.02413395 4 FOLH1, ABAT, GPT, ASNS 

mmu01210:2-Oxocarboxylic acid metabolism 0.04018855 3 ACO2, CS, GPT 

mmu00520:Amino sugar and nucleotide sugar 
metabolism 

0.04950508 4 PGM2, HK2, GALE, PMM1 

KEGG PATHWAYS of the unique genes at 12W 

KEGG Pathways p-value Count Genes 

mmu04666:Fc gamma R-mediated phagocytosis 1.3425E-05 14 VAV3, LYN, NCF1, HCK, PIK3CD, PIP5K1C, ARPC5, 
VAV1, WAS, PRKCB, GAB2, PLCG2, INPP5D, PAK1 

mmu04380:Osteoclast differentiation 7.2639E-05 16 TNF, NCF1, PIK3CD, SPI1, NFKB2, SIRPA, TGFB1, BTK, 
FCGR3, CYBA, FOS, TNFRSF11A, GAB2, PLCG2, FOSL1, 
CSF1R 

mmu00982:Drug metabolism - cytochrome 
P450 

0.00016131 11 FMO4, ALDH1A3, GSTK1, MAOB, GSTT1, GSTT2, 
GSTM5, ALDH3B1, GSTP1, MGST2, GSTM7 

mmu05205:Proteoglycans in cancer 0.00022267 20 TNF, ERBB4, ERBB3, HCLS1, LUM, PIK3CD, HSPG2, 
MMP2, FLNA, IQGAP1, TGFB1, PRKCB, PLAUR, ITGA5, 
PLCG2, COL1A2, PAK1, COL1A1, MYC, PLAU 

mmu04510:Focal adhesion 0.00028698 20 COL4A2, TLN1, COL4A1, VAV3, COL3A1, PIK3CD, 
COL5A2, VAV1, FLNA, PRKCB, LAMB3, ITGA5, ITGB7, 
ITGA7, COL1A2, PDGFRB, RAP1B, PAK1, COL1A1, 
PARVB 

mmu04664:Fc epsilon RI signaling pathway 0.00094836 10 TNF, VAV3, LYN, GAB2, PLCG2, PIK3CD, INPP5D, VAV1, 
PRKCB, BTK 

mmu04512:ECM-receptor interaction 0.0016628 11 COL4A2, LAMB3, COL4A1, ITGA5, ITGB7, COL3A1, 
ITGA7, COL1A2, HSPG2, COL1A1, COL5A2 

mmu00980:Metabolism of xenobiotics by 
cytochrome P450 

0.00261757 9 ALDH1A3, GSTK1, GSTT1, GSTT2, GSTM5, ALDH3B1, 
GSTP1, MGST2, GSTM7 

mmu04062:Chemokine signaling pathway 0.00291843 17 CCL3, VAV3, LYN, ADCY7, FGR, NCF1, HCK, PREX1, 
PIK3CD, VAV1, WAS, LOC100861978, GM13306, 
CXCR4, RAP1B, GRK5, PAK1 

mmu00620:Pyruvate metabolism 0.0031161 7 ALDH7A1, LDHD, GLO1, DLAT, FH1, GRHPR, ACAT2 

mmu05323:Rheumatoid arthritis 0.00356245 10 TCIRG1, FOS, CCL3, TNFRSF11A, TNF, CD80, ATP6V0A1, 
ATP6V1B2, H2-DMA, TGFB1 

mmu05202:Transcriptional misregulation in 
cancer 

0.00370687 15 FLT3, ELANE, SPI1, TSPAN7, NR4A3, EYA1, BCL2A1A, 
ITGB7, BMP2K, RUNX1, MYC, RUNX2, PLAU, CSF1R, 
HIST1H3I 

mmu04611:Platelet activation 0.00379463 13 TLN1, LYN, ADCY7, FERMT3, COL3A1, PIK3CD, COL5A2, 
BTK, RASGRP1, PLCG2, COL1A2, RAP1B, COL1A1 

mmu05146:Amoebiasis 0.00450507 12 SERPINB9B, COL4A2, LAMB3, COL4A1, TNF, COL3A1, 
PIK3CD, COL1A2, COL1A1, COL5A2, TGFB1, PRKCB 

mmu04142:Lysosome 0.00617442 12 TCIRG1, AP1S3, CTSZ, LAPTM5, AP1S2, GLA, PSAP, 
GUSB, HEXA, GALC, ATP6V0A1, MAN2B1 

mmu00410:beta-Alanine metabolism 0.0073409 6 ALDH7A1, ALDH1A3, EHHADH, ECHS1, DPYD, ALDH3B1 

mmu00340:Histidine metabolism 0.00994527 5 ALDH7A1, HNMT, ALDH1A3, MAOB, ALDH3B1 

mmu04620:Toll-like receptor signaling pathway 0.01366875 10 FOS, CCL3, TNF, IRF5, CD80, TLR1, PIK3CD, TICAM2, 
TLR6, TLR7 

mmu04662:B cell receptor signaling pathway 0.01587325 8 FOS, VAV3, LYN, PLCG2, PIK3CD, INPP5D, VAV1, BTK 

mmu04012:ErbB signaling pathway 0.01645323 9 NRG4, ERBB4, ERBB3, PLCG2, BTC, PIK3CD, PAK1, MYC, 
PRKCB 

mmu00480:Glutathione metabolism 0.01677823 7 GSTK1, GSTT1, GSTT2, GSTM5, GSTP1, MGST2, GSTM7 

mmu04974:Protein digestion and absorption 0.01752767 9 KCNN4, ATP1B1, COL4A2, COL4A1, COL3A1, COL1A2, 
PRCP, COL1A1, COL5A2 

mmu04672:Intestinal immune network for IgA 
production 

0.02000158 6 CD80, CXCR4, ITGB7, IL15RA, H2-DMA, TGFB1 

mmu05204:Chemical carcinogenesis 0.02233224 9 ALDH1A3, GSTK1, GSTT1, GSTT2, GSTM5, ALDH3B1, 
GSTP1, MGST2, GSTM7 

mmu04064:NF-kappa B signaling pathway 0.02955923 9 TNFRSF11A, TNF, LYN, BCL2A1A, PLCG2, TICAM2, 
NFKB2, PLAU, BTK 

mmu05140:Leishmaniasis 0.03283457 7 FOS, CYBA, TNF, NCF1, H2-DMA, TGFB1, FCGR3 
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mmu04670:Leukocyte transendothelial 
migration 

0.03379179 10 CYBA, VAV3, NCF1, CXCR4, PLCG2, PIK3CD, RAP1B, 
VAV1, MMP2, PRKCB 

mmu05152:Tuberculosis 0.03386559 13 LSP1, TCIRG1, TNF, CLEC4E, IL10RA, TLR1, ATP6V0A1, 
APAF1, TLR6, H2-DMA, CD74, TGFB1, FCGR3 

mmu00071:Fatty acid degradation 0.03629255 6 CYP4A12B, ALDH7A1, EHHADH, CYP4A31, ECHS1, 
ACAT2 

mmu05414:Dilated cardiomyopathy 0.03649944 8 TNF, ADCY7, ITGA5, ITGB7, ITGA7, LMNA, CACNA1D, 
TGFB1 

mmu04146:Peroxisome 0.03649944 8 PECR, GSTK1, EHHADH, NUDT7, AMACR, EPHX2, 
PXMP2, PHYH 

mmu04060:Cytokine-cytokine receptor 
interaction 

0.03993812 16 TNFRSF21, CCL3, IL18RAP, TNF, CTF1, IL4RA, TGFB1, 
LOC100861978, TNFRSF1B, TNFRSF11A, GM13306, 
CXCR4, IL10RA, IL15RA, CSF2RA, CSF1R 

mmu04640:Hematopoietic cell lineage 0.04075534 8 CD9, CD37, TNF, FLT3, ITGA5, IL4RA, CSF2RA, CSF1R 

mmu03030:DNA replication 0.04139737 5 PRIM2, MCM2, MCM3, MCM5, MCM6 

mmu04650:Natural killer cell mediated 
cytotoxicity 

0.04422327 9 TNF, VAV3, PLCG2, PIK3CD, KLRK1, PAK1, VAV1, 
PRKCB, SH3BP2 

mmu04110:Cell cycle 0.04423194 10 CCNB1, CDK1, CCNB2, MCM2, MCM3, MYC, CCNA2, 
TGFB1, MCM5, MCM6 

mmu04750:Inflammatory mediator regulation 
of TRP channels 

0.04814476 10 CYP4A12B, ADCY7, KLK1B4, P2RY2, PLCG2, CYP2J11, 
CYP4A31, PIK3CD, PRKCH, PRKCB 

mmu05161:Hepatitis B 0.0488841 11 FOS, TNF, PIK3CD, DDB2, HSPG2, TICAM2, APAF1, 
MYC, CCNA2, TGFB1, PRKCB 
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3.4 SIGNATURES OF CIRCULATING MIRNAS IN THE SERUM  
 

Certain circulating miRNAs have been associated with the maintenance of metabolic 

homeostasis and with metabolic diseases (161). Hence, we aimed to monitor the expression 

levels of specific circulating miRNAs in the serum of apoE3L.CETP mice during the different 

phases of diet-induced MetS and to correlate differential expression or detection of circulating 

mirs to MetS progression. We first explored the literature for published experimental 

observations that correlated the presence of miRNAs with metabolic diseases and key-target 

genes that affects the metabolic homeostasis.   

To identify circulating miRNAs that could correlate with the metabolic abnormalities in 

our diet intervention study, we analyzed the sera of apoE3L.CETP mice after 4, 8 and 12 weeks 

of HFD or LFD administration measuring the expression levels of the nine miRNAs (miR-27a, 

miR-130b, miR-135a, miR-223, miR-375, let-7b, miR-192, miR-194 and miR-193b) that have 

been previously correlated to metabolic diseases. ΔCτ values (Cτ, target mir - Cτ, reference) 

were used for the estimation of mirs expression which means that higher scores indicate 

decreased expression levels and lower scores point to more abundant mirs in the sera.  

The first important finding of this analysis was that all nine miRNAs could be detected in 

the serum of apoE3L.CETP mice. For certain miRNAs (miR-130, miR-135, let7b, miR-194 and 

miR-193b), this was the first time that they were found to be circulating in the blood. As shown 

in Fig. 29, a 4 week HFD intervention caused no statistically significant changes in the 

circulating miRNAs profile we investigated. However, as the disease progressed, changes in the 

serum levels of specific miRNAs were identified. Specifically, at 8 weeks of HFD miR27a, miR-

135a and miR-375 were found to be statistically significantly decreased in the serum while at 12 

weeks of HFD miR-27a, miR-130b and miR-193b were significantly increased.  
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Figure 29 Circulating microRNA levels in the serum of HFD vs LFD fed apoE3L.CETP 

mice. Data are shown as ΔCτ. All values represent the mean ± S.D. (4 weeks: n=3 LFD, n=4 HFD; 8 

weeks: n=4 LFD, n=4 HFD; and 12 weeks: n=3 LFD, n=6 HFD). Statistically significant differences are 

denoted with asterisks: *P<0.05; **P<0.01; *** P<0.001. 

 

Next, we used the online computational prediction tools miRDB (162) and TargetScan 

(http://www.targetscan.org) to identify predicted targets of miR-27a, miR-130b and miR-193b 

that were found to be increased in the circulation at 12 weeks of HFD-fed apoE3L.CETP mice. 

This analysis revealed that two of these miRNAs (miR-27a and miR-130b) could affect the 

expression of the nuclear receptor PPARg. We identified that transcriptional levels of PPARg are 

increased in the liver during MetS progression (Appendix, Table 7-9), so it is not clear to make a 

speculation about the tissues that could target. Salt inducible kinase 1 (Sik1), down-regulated in 

the liver of apoE3L.CETP mice (-2.01 fold, p-0.010119) at 12w of diet, was found to be a 

predicted target of both miR-27a and miR-130b. These miRNAs were found to be up-regulated 

in the serum. Since Sik1 is involved in metabolic biological processes such as hepatic lipogenesis 

(163) and gluconeogenesis (164), its regulation through miRNA could be a potential mechanism 

related to the pathogenesis of MetS. Collectively, these miRNAs could be used as biomarkers for 

MetS, whereas inhibition of elevated miRs could also serve as a potential therapeutic approach to 

alleviate components of MetS. 

http://www.targetscan.org/
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3.5 SILENCING OF THE FOXO1 IN THE LIVER AFFECTS METS MANIFESTATION 

3.5.1 ASSESSMENT OF ADENO-ASSOCIATED VIRUS (AAV)-MEDIATED SILENCING 

OF THE FOXO1: SHORT TERM EXPERIMENT 

 

To investigate the role of FOXO1 in the regulation of genes involved in MetS 

pathogenesis, we proceeded with the ablation of FOXO1 in the liver by using adeno-associated 

virus (AAV)-mediated transfer of short hairpin RNAs. The AAVs became a popular tool for 

gene delivery due to their unique molecular characteristics such as the genomic simplicity, the 

lack of inflammatory response and mainly their efficiency to deliver genes into postmitotic cells 

with a persistent expression (165). First, we selected the best vector expressing FOXO1 shRNA 

and we then subcloned the shRNA into empty scAAV-U6 vectors which were amplified to 

generate adequate titer of scAAV-shFOXO1 and scrambled scAAV-shControl viruses (see 2.17). 

The recombinant AAVs were used in apoE3L.CETP mice to study the effect of FOXO1 gene 

silencing on the pathogenesis of MetS.  

Towards the FOXO1 ablation in apoE3L.CETP mice, we sought to evaluate the 

efficiency of the delivery with the Adeno-associated viruses (AAVs) carrying the shFOXO1 

(AAV I: shFOXO1-1766, 2.09*10^11 v.p./ul and AAV II: shFOXO1-3909, 7.63*10^10 v.p./ul)  

or sh-control (1.75*10^11v.p./ul) in vivo and also to determine the appropriate dose by using a 

range of titers. The degree of FOXO1 knock-down is used as an indirect measurement of the 

efficiency of AAV viruses in the absence of a reporter gene.  

For this purpose, I performed preliminary infections in apoE3L.CETP mice (two animals 

per titer per AAV I-II-control). Two viral titers of increasing concentration (2*10^11 v.p./mouse 

and 10*10^12 v.p./mouse) were tested based on previous pilot experiments. AAVs were 

administered through intravenous injection and mice were sacrificed 15 days post-injection. 
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Assessment of FOXO1 expression was carried out by the determination of mRNA levels through 

Real Time quantitative PCR. Primers designed for the housekeeping genes Gapdh and Hprt were 

used as reference measurement of the transcripts. Analysis of relative expression reveals a minor 

reduction of FOXO1 transcript in AAV-I that was not statistically significant. However, a 

reduction in the expression levels of FOXO1 was identified by using the AAV-II (58% and 77% 

lower expression based on Gapdh or Hprt as reference gene, respectively) that was found to be 

statistically significant (Fig. 30). Moreover, AAV-scControl does not affect the expression of 

FOXO1 in the liver. Therefore, the use of these AAVs efficiently triggers the genetic ablation of 

FOXO1 in vivo and can be a valuable tool to examine the contribution of specific genes in the 

pathogenesis of the metabolic syndrome. 

 

 

 

Figure 30 Assessment of AAV-shFOXO1 and scAAV-shControl by measuring the mRNA levels 

of FOXO1 in the liver of apoE3L.CETP mice.  
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3.5.2 SILENCING OF THE FOXO1 GENE: LONG TERM EXPERIMENT 

 

To elucidate the effect of FOXO1 silencing in the liver of apoE3L.CETP mice during the 

MetS progression, 6 male mice were intravenously injected with the AAV-scRNA as control 

group, and 11 male mice with the AAV-shFoxo1. All mice were at the age of 13 weeks and they 

were fed a chow diet for 15 weeks post-injection before switching to a HFD for 3 months (12 

weeks) (Fig. 31). Animals were monitored for their body weight, lipid profile and glucose levels 

before (Fig. 32) and after the diet intervention.  

 

 

Figure 31 Experimental design of the hepatic ablation of FOXO1 in vivo over the induction of 

diet-induced MetS. Male apoE3L.CETP mice, of 13 weeks of age, were intravenously injected with 

AAV-sh FOXO1 or AAV-scRNA, kept at a chow diet for 2 weeks and then switched to a HFD diet for 12 

weeks. All mice were euthanized at the end for the experiment.  

 

Before the administration of AAVs and the HFD diet, we did not detect any statistically 

significant change in regard to essential clinical parameters which is the body weight (p-0.09), 

the levels of triglycerides in the serum (p-0.72) and the fasted blood glucose (p-0.47) (Fig. 32) 
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comparing the shFOXO1 to the AAV-shFOXO1. This evidence is important for the unbiased 

interpretation of the differences detected after the treatments.  

 

 

Figure 32 Clinical parameters of apoE3L.CETP mice before the infection with AAVs in a 

standard diet (chow diet). (A) Body weight, (B) triglycerides and (C) blood glucose. Differences between 

groups of mice (shFOXO1 vs shControl-AAV) were determined using two-tailed Student's t-test. 

Statistically significant differences are denoted with asterisks: *P<0.05; **P<0.01; *** P<0.001. 

 

At the end of the experiment, we sought to determine whether silencing of FOXO1 in the 

liver was efficient by determining the expression levels of FOXO1 (see 2.16). We identified a 

reduction of the mRNA levels (RT-qPCR method) in 5 out of 11 mice (Fig. 33A). We further 

analyzed liver samples of mice with significant decrease of FOXO1 mRNA to define the protein 

levels (western blot analysis) of the FOXO1 and the cellular localization in the tissue as well 

(Fig. 33B-D). Fluorescent microscopy revealed FOXO1 localization in the nuclei of the control 

group, whereas FOXO1 was barely detected in the AAV-shFOXO1group (Fig. 33D).  
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Figure 33 Expression of the FOXO1 in the liver of sh-FOXO1 and sh-Control mice after 12w 

HFD administration. (A) Quantification of FOXO1 mRNA levels by RT-qPCR using two different 

reference genes (Gapdh, Hprt) (B) Detection of FOXO1 protein by Western blot analysis, (C) Protein 

Quantification of the Western blot analysis and (D) Immunofluorescent detection of FOXO1 in liver 

sections.  
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3.5.3 CLINICAL PHENOTYPE 

Regarding the clinical parameters, we did not identify statistically significant changes in 

body weight, triglycerides levels (TG), total cholesterol levels (TC) and blood glucose levels 

between the groups of mice (Figure 34A, B, D and E). We noticed that glucose levels did not 

change until 10 weeks of a HFD diet, but there is a trend of reduction at 12 weeks (p-0.2557). In 

this case, the small number of samples (n=5 mice) could affect also the statistical significance of 

measurements. In addition, FOXO1 knock down mice performed an improved Oral Glucose 

Tolerance Test (OGTT) and improved insulin sensitivity according to the ITT Test that could be 

coupled with an improved metabolic phenotype only in these mice (Fig. 34C and F). These 

findings about systemic glucose homeostasis are in accordance with the relatively lower glucose 

levels detected at 11 weeks.  

 

 

Figure 34 Clinical parameters of apoE3L.CETP mice after the infection with AAVs and the 

administration of a HFD diet. Male apoE3L.CETP (n=5/group) were measured for their (A) body weight, 

(B) triglycerides, (C) glucose tolerance (OGTT), HDL cholesterol, (D) total cholesterol,  (E) blood 

glucose and (F) insulin tolerance (ITT). Differences between groups of mice (sh-FOXO1 vs sh-Control-
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AAV) were determined using two-tailed Student's t-test. Statistically significant differences are denoted 

with asterisks: *P<0.05; **P<0.01; *** P<0.001. 

 

Livers were also analyzed histologically in order to assess lipidosis, fibrosis, 

inflammation and presence of glycogen. This evaluation allows to detect any possible hepatic 

pathology and also to define lipid and glycogen accumulation (Figure 35). In one hepatic 

specimen out of 6 controls regeneration was detected which usually implies a liver lesion. 

Hepatic steatosis was scored mainly with grade “1” which is an index of mild steatosis. One 

specimen in each group was scored with a grade “2” that represents moderate steatosis. The 

score of lipidosis imply that both groups 

developed mainly a mild steatosis with 

no differences in lipid accumulation. 

Additionally, evaluation for fibrosis and 

inflammation was negative in all the 

investigated specimens. The presence of 

glycogen was detected in all livers. In 

some areas of the tissue, glycogen 

concentration was higher (deep purple 

dots) (Fig. 35) compared to others, but 

there were no differences between the sh-FOXO1 and the scControl mice. 

 

 

 

 

 

Figure 35 Histological assessments in the liver 

of apoE3L.CETP mice with H&E and PAS staining.  
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3.5.4 TRANSCRIPTOMIC ANALYSIS IN THE LIVER OF SH-FOXO1 GROUP 

VERSUS THE SH-CONTROL 

 

We sought to elucidate what molecular pathways could be affected in the liver due to the 

silencing of FOXO1. For this purpose, we took advantage of the RNA sequencing technology to 

identify and quantify differentially expressed transcripts. As a first step, we used multiple 

statistical algorithms for the differential expression so as to avoid bias of the different methods 

and approaches.  In particular, comparing the sh-FOXO1 group to the control group, a number of 

730 genes were found to be differentially expressed by using statistical criteria p- value and 

adjustable p-value (q) ˂0.05 in 4 different algorithms which are Desq2, EdgeR, CuffDiff and 

metseqR (Fig. 36A and Appendix, Table 21).  

According to the intersection, the number of common differentially expressed genes 

corresponds to the 20.5% of the total significant transcripts and is considered relatively low. 

However, certain genes appear to be common between two or three algorithms, a fact that 

increases the overlap among the different methods. For instance, 348 (9.8%), 474 (13.3%) and 

575 (13.9%) transcripts were common in the following intersections: Cuffdiff ∩ Desq2 ∩ Edge 

R, Deseq2 ∩ EdgeR ∩ metaseqR and Deseq2 ∩ EdgeR ∩ metaseqR, respectively. (Fig. 36A). 

Most common transcripts were detected in the last intersection which is an expected outcome 

based on metaseqR analysis that take into account Desq and EdgeR analysis to calculate the 

statistical significance of a dataset, along with the NOISeq algorithm. Applying stricter criteria, 

genes with p and q ˂0.05 and an absolute fold change of “1” were considered as differentially 

expressed. These thresholds decreased the number of significant common genes to 134 that 

represent the 13.4% of total significant transcripts across all the algorithms.  
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We found that more statistically significant transcripts appeared to be up-regulated under 

the less strict criteria (Fig. 36C), whereas a reversal of this proportion was observed in a stricter 

statistical threshold whereby the majority of the genes were down-regulated (Fig. 36D). This 

could be related with the silencing of a transcription factor that is involved in many cellular 

processes besides the glucose metabolism and therefore regulated the transcription of several 

target genes. The FOXO1 mRNA was consistently down-regulated in the comparison of sh-

FOXO1 versus sh-Control with an average fold change “-1.30”, p and q ˂0.05) and very low 

standard deviation (SD, 0.062). RT-qPCR also detected a significant downregulation at the 

mRNA levels of FOXO1 as was previously described (see 3.5.2), whereas discrepancy in the 

fold change value reflects differences between the two methods such as the normalization 

approach. 
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Figure 36 Differential Expression of RNA sequencing data comparing the sh-FOXO1 group to 

the control group according to the statistical analysis employed by 4 algorithms: Deseq2, EdgeR, 

CuffDiff and MetaseqR. (A) Venn diagram of the differentially expressed genes with FDR ˂0.05 and -0.5 

≥ fold change ≥ 0.5, (B) Venn diagram of the differentially expressed genes with FDR ˂0.05 and -1 ≥ fold 

change ≥ 1, (C) pie of the common up-regulated and down-regulated genes with FDR ˂0.05 and -0.5 ≥ 

fold change ≥ 0.5, (D) pie of the common up-regulated and down-regulated genes with FDR ˂0.05 and -1 

≥ fold change ≥ 1.  

 

To gain an insight into the biological meaning of RNA seq data, we used David tool to 

detect KEGG pathways that are significantly enriched. Filtering for the p-value revealed 13 

pathways that are statistically significant changed (Fig. 37A). The largest category consists of 71 

genes (eg. Adh4, ATP6V1H, Sat1, Acaca) and is related to Metabolic Pathways (mmu01100, p-

0.015). The most statistically significant category is related to Ribosome (mmu03010, 1.671E-

30) and consists of 49 genes. Ribosomal protein L (rpl) genes (eg. Rpl9, Rpl3, Rpl5, Rpl17, 
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Rpl36A, Rpl13) involved in the assembly of the 60S ribosomal subunit and member of 

mitochondrial ribosomal proteins (eg. Mrpl32, Mrpl33) are among the differentially expressed 

genes in this category. Notably, there are categories related to protein homeostasis such as 

Proteasome (mmu03050, p-0.012) and Ubiquitin mediated proteolysis (mmu04120, p-0.019). 

Moreover, a set of genes is related to Non-alcoholic fatty liver disease (NAFLD, mmu04932, p-

0.003) that is a component of MetS pathology.  

Certain pathways can be mostly up-regulated or down-regulated having a major impact in 

disease progression. To exploit the fact that the numbers of the up- and down-regulated genes 

differ comparing the sh-FOXO1 to the sh-Controls that manifest a full MetS, we separately 

analyzed the KEGG pathways for the up-regulated and the down-regulated genes (Fig. 37B&C). 

The up-regulated genes were mainly clustered in Metabolic Pathways (mmu01100, p-. 0.00041). 

Many of these genes were mainly part of the category Oxidative phosphorylation (mmu00190, p-

1.044E-07) such as ATP5c1, ATP5l, Uqcrb, Uqcrfs1 and Ndufa4. The mitochondrial oxidative 

activity is affected in diabetes (166) and defective or decreased mitochondrial function has been 

correlated to the presence of insulin resistance in patients (167). Alterations in genes related to 

Protein export (mmu03060, p-0.0008), Ribosome (mmu03010, p-2.54E41) and Proteasome 

(mmu03050, p-0.001) is indicative of an effort for the regulation of protein balance in the liver. 

Moreover, RNA transport from the nucleus to the cytoplasm can be very crucial for the 

regulation of gene expression. Here, we observed an up-regulation of genes that take part in this 

process (mmu03013, p-0.077), but it is not statistically significant despite the fact that it was 

significantly enriched in the analysis of the total differentially expressed genes (Fig. 37A).  
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Figure 37 KEGG Pathway Enrichment Analysis. A. The Pie displays the categories of the 

differentially expressed transcripts in total. B. Categories of the up-regulated genes in bar-chart C. 

Categories of the down-regulated genes in bar-chart. Pathway enrichment was determined using DAVID 

tool under specific statistic filters (p<0.05). The statistical significance is expressed as negative logarithm 

to the base 10. The number of genes that are clustered in each pathway is presented both in pie and bar-

charts.  

 

Interestingly, many of the down-regulated genes are involved in pathways such as 

“mmu04931: Insulin resistance”, “mmu04068: FoxO signaling pathway” and “mmu04151: 

PI3K-Akt signaling pathway” that are related to glucose and insulin metabolism. It seems that 

targeting FOXO1 in the liver, on the one hand can alter the expression of target genes such as 

Pepck and apob, and on the other it can modulate upstream genes (eg. Insulin Receptor, Insr), 

probably due to imbalance in this signaling. The expression of key-metabolic genes was 

validated by Real Time qPCR (Fig. 38B). 
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Figure 38 Relative expression of key-metabolic genes determined by either RNA sequencing (p 

and q ˂ 0.05 in at least three out of four algorithms) or Real Time qPCR. The selected genes are involved 

in Gluconeogeneis (Pepck, G6pc), Glycolysis (Hk1, Pfkl), VLDL production (Apob) and Triglyceride 

Metabolism (apoCIII, Lpl). A. Pepck, Pfkl and apob were found to be statistically significant in RNA 

sequencing analysis B. The expression profile of the genes Pepck, Pfkl and apob in RT-qPCR is in 

agreement with RNA sequencing measurement. In addition, Hk1 was identified as differentially expressed 

in this method, but not in RNA sequencing.   
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3.5.5 TRANSCRIPTOMICS IN THE SKELETAL MUSCLES 

 

To examine weather FOXO1 tissue-specific ablation in the liver could affect other 

metabolically active tissues that play significant role in glucose homeostasis, we analyzed the 

expression profile of skeletal muscles using 3’-RNA sequencing. By applying 3 different 

algorithms (Deseq, noisqr and edger, p˂0.01 threshold, comparison: shFOXO1 versus control) 

for a robust detection of the differential expression, the analysis yielded a number of 195 

differentially expressed genes (Fig. 39A and Appendix, Table 22) with the large majority of 

them to be downregulated genes (151) against 44 upregulated genes (Fig.39B and Appendix, 

Table 22). The normalized fold changes in log2 scale vary from 5.3 (Kap, Kidney Androgen-

Regulated Protein) to -4 (Krt77, keratin 77) fold. The upregulated genes are related either to cell-

cell junctions (KEGG-mmu04530: Tight junction: Myh1, Myh4, Myh8) or specific metabolic 

pathways including Arachidonic acid metabolism (15 genes) and Phenylalanine metabolism (15 

genes) (data not shown). To broad the spectrum of functional analysis, we looked at significantly 

changed biological processes generated in David 6.8 Functional Analysis Tool. The top category 

(GO:0044281, BP, Fig. 40A) is referred to small molecule metabolic process and consists of 14 

genes (CYP2J5, ACSM2, CYP4A12A, MUP1, SLC17A1, ALDOB, SLC34A1, PAH, GGT1, 

GUCA2B, LRP2, MYH8, SLC27A2, UGT3A2). Interestingly, aldolase B that was found to be 

upregulated (Aldob, 3.08 fold change) might enhance glycolysis and fructose metabolism in this 

metabolic tissue, a response that could be associated with the improved glucose tolerance 

systemically observed in sh-FOXO1 knock-down mice. On the other hand, most of the genes that 

were found to be downregulated are grouped into immune responses (Fig 40B). Inflammation in 

peripheral tissues is a hallmark of obesity, metabolic syndrome and diabetes. Relative 

suppression of the immune responses and inflammatory pathways could further ameliorate 
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metabolic syndrome phenotype in the current model.  In particular,  CD44 antigen (Cd44), the 

key transcription factor  Kruppel-like factor 2 (Klf2), the adiponectin C1Q and collagen domain 

containing (Adipoq), several chemokines including (Ccl6, Ccl8, Ccl9, Ccr2) and the serum 

amyloid A 3 (Saa3) which is strongly correlated to inflammation are among these genes. 

Moreover, we found that DNAase 1 is significantly upregulated (3.45 fold change) that could 

imply a tissue remodeling in skeletal muscles. Overall, the differentially expressed genes appear 

to have a discrete trend of expression that affects the biological functions in skeletal muscles. 

Genes that are related to physiological metabolic pathways are overexpressed, whereas all the 

immune-related genes were found to be downregulated. These transcriptomic changes are 

probably correlated to the adaptation of skeletal muscles to an improved glucose or insulin 

tolerance of sh-FOXO1 mice compared to the control group that fully develop metabolic 

syndrome.  
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Figure 39 A. Volcano plot of the differentially expressed genes in skeletal muscles of sh-FOXO1 

vs sc-Control mice under statistical significance criteria (p˂0.01). B. Table summarizes the number of the 

diffrentialy expressed genes in the skelatal muscles of apoE3L.CETP mice and the top up-regulated or 

down-regulated genes.  
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Figure 40 Functional analysis of the differentially expressed genes in skeletal muscles of sh-

FOXO1 vs sc-Control mice. A. Bar chart of GO Biological Processes significantly altered in the up-

regulated genes B. Pie of GO Biological Processes significantly altered in the downregulated genes.  
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4. DISCUSSION 

4.1. TRANSCRIPTOMICS SIGNATURES IN THE LIVERS OF APOE3L.CETP MICE IN 

RESPONSE TO A HIGH FAT DIET 
 

The main aim of the present study was to correlate global changes in the expression of 

genes in metabolic tissues and circulating miRNAs in response to a HFD with the progression of 

the MetS in an established humanized mouse model for the MetS. This information is key to a 

deeper understanding of the molecular mechanisms that govern disease progression. The 

identification of genes and gene networks involved in the pathogenesis of the MetS could lead to 

the development of novel therapeutic strategies and more reliable biomarkers (in the form of 

gene signatures) for patients with MetS and its comorbidities.  

The experimental model that was used for the study of MetS was the apoE3L.CETP 

mouse which displays a humanized lipoprotein profile due to the exogenous expression of CETP 

and the apolipoprotein E3Leiden mutant that compromises clearance of triglyceride-rich 

lipoprotein remnants (chylomicrons, VLDL) (86). The apoE3L.CETP mouse has been shown 

previously to respond to statins, fibrates and ezetimibe as efficiently as humans in terms of 

changes in plasma cholesterol and atherosclerotic progression (89). Moreover, apoE3L.CETP 

mice respond similar to humans to antidiabetic drugs (87). However, whether apoE3L.CETP 

mice are a good model to study the development of MetS through time was unclear. This issue 

was already addressed in a recent study by Paalvaast et al. (88). These authors undertook a 

thorough investigation of the metabolic responses of male apoE3L.CETP mice to a high-fat high-

cholesterol diet for 6 months. They measured body weight, food intake, plasma and liver lipids, 

hepatic transcriptome, VLDL-triglyceride production and hepatic de novo lipogenesis, 
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gluconeogenesis, and biliary/fecal sterol secretion. The most important finding of this study was 

that apoE3L.CETP mice displayed a very high degree of heterogeneity (inter-individual 

variation) in all of the above clinical parameters. As a result of this heterogeneity, the authors 

could not identify any significant changes in the hepatic transcriptome of these mice. 

Importantly, a biphasic response curve of plasma TG and TC was identified over time, which is 

in agreement with the profiles of humans in cross-sectional studies (88). Based on their data, the 

authors concluded that male apoE3L.CETP mice on a high fat diet may be an adequate model to 

study the age-dependent changes of plasma lipids in man. The main difference of this study with 

ours was the absence of a control group of mice (apoE3L.CETP mice receiving a control, LFD 

for different time points) which makes it difficult to identify diet-specific changes in gene 

expression in a time-dependent manner.  

Our microarray analysis and the extensive bioinformatic analysis of the transcriptomic 

data revealed a gradual increase in the number of differentially expressed genes in the liver 

during the progression of the MetS. Despite this pattern, a very moderate overlap between the 

differentially expressed genes was observed among the three diet intervention periods (4, 8, and 

12 weeks) suggesting that each time period had its own characteristic profile, which may be 

suited to the adaptation of the mice at each phase of the development of the disease. This is in 

line with the IPA comparative analysis of the microarray data, which revealed distinct Functions 

and Diseases for each time point of the diet intervention study. It is clearly seen that the earlier 

time point in the diet intervention study (4 weeks) was characterized by significant activation in 

the oxidation of lipids (fatty acids) and this activation was decreased over time suggesting an 

early adaptation of the mice to the accumulation of diet-derived lipids in the liver. In line, the 

genes of lipid hydroxylation and hepatic steatosis were also activated at this early phase. In 
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contrast, the pathway of cholesterol metabolism displayed a more delayed activation (peaking at 

12 weeks) similarly to the metabolism of membrane lipids. Interestingly, certain functions (e.g. 

steroid metabolism and terpenoid metabolism) had two distinct activation stages: an early and a 

late stage which were separated by an intermediate less active stage. All the above observations 

lead to the conclusion that the pathogenesis of the MetS progresses through distinct stages, 

which are characterized by specific transcriptomic adaptations. Understanding the molecular 

changes and the genes involved in each stage of the MetS pathogenesis is crucial for the 

development of diagnostic tools and therapeutic interventions for each stage.  

In agreement with our findings, previous studies also showed that a long term exposure 

of mice to excess fat leads to the pathogenesis of the MetS through distinct phases. Paalvast et al. 

(88) showed that apoE3L.CETP mice receiving a high fat-high cholesterol diet displayed a 

biphasic response in metabolic parameters over time. One of the most important findings was 

that insulin resistance preceded dyslipidemia. In line with this observation, Barnard et al. showed 

that female Fischer rats on high-fat high-sucrose diet first developed hyperinsulinemia within 2 

weeks and this was followed by elevation of plasma TG (37). Same findings were obtained in 

humans (168, 169). These observations are in line with the findings of the present study, which 

showed that glucose intolerance was developed at the earlier phase of the diet intervention period 

(4 weeks) whereas hypertriglyceridemia appeared only at the late phase (12 weeks). 

Interestingly, mice that received the HFD for 8 weeks had lower glucose levels (Fig. 7D) and 

improved GTT (data not shown) compared with mice that received the HFD for 4 or 12 weeks. 

This is in line with the bioinformatics analysis (Fig. 11B) which showed that the “insulin 

resistance” function was not activated at 8 weeks whereas it was activated at 4 and 12 weeks. 

Our data are in line with a previous study which examined the effect of high fat diet on the 
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development of glucose intolerance and obesity in C57BL/6 mice (170). The authors 

demonstrated that the response of the mice to a HFD occurs in distinct stages: an early acute 

phase response (within the first week of the diet) characterized by increased glucose intolerance 

probably attributed to the rapid activation of Kupffer cells in the liver, and a second phase of 

glucose intolerance (between 12 and 16 weeks) which could be attributed to increased 

inflammation in the white adipose tissue and possibly muscle. In agreement with this study, we 

found a large number of differentially expressed transcripts associated with 

inflammatory/immunological responses in the white adipose tissue of the apoE3L.CETP mice at 

12 weeks of HFD which could possibly contribute to the second phase of glucose intolerance in 

these mice (Fig. 25 and 26). 

An interesting observation in our study was the relatively low number of genes that were 

found to be differentially expressed in response to the HFD. More specifically, we identified 114 

differentially expressed genes at 4 weeks, 200 differentially expressed genes at 8 weeks and 358 

differentially expressed genes at 12 weeks in the livers of apoE3L.CETP mice. Failure to detect 

large numbers of significantly altered genes is possibly attributed to the phenotypic heterogeneity 

observed within the HFD group in agreement with the findings of Paalvast et al. (88) using 

apoE3L.CETP mice and with the study of Radonjic et al. (171) using apoE3Leiden mice (lacking 

the hCETP gene). The authors of the latter study performed liver transcriptomics at several time 

points of the diet intervention study (1, 2, 3 days; 2, 4, 6, 8, 12 and 16 weeks) and identified few 

significant genes. Importantly, some of these genes were found to be differentially expressed in 

our study as well. We could speculate that the small number of genes identified should not 

account for all the observed metabolic perturbations in the apoE3L.CETP mice because the MetS 

is a complex pathology involving metabolic disturbances in several tissues including white 
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adipose tissue, pancreas, small intestine and others (4). In agreement with this hypothesis, we 

identified a significantly larger number of differentially expressed genes in the adipose tissue of 

the same mice presented in this study (see 3.3). Furthermore, post-transcriptional and post-

translational alterations in response to the HFD should also contribute significantly to the 

development of the MetS pathology. 

In an effort to decipher the molecular changes in the liver that are associated with the 

MetS pathology, we analyzed the global hepatic expression profiles of apoE3L.CETP mice that 

were classified as R versus NR (92).  The observed phenotypic alterations of R mice in response 

to the HFD i.e. increased body weight, plasma TC and TG levels and a liver histology 

characterized by lipidosis totally agree with our observations in the HFD mice compared to the 

LFD mice (both HFD and LFD mice used in the present study could be considered as R based on 

their baseline lipid levels as shown in Fig. 6). This could be accounted for by the fact that when 

comparing the transcriptomic profile of HFD versus LFD and R versus NR mice, genes that were 

grouped in statistically significant functions had similar trends of expression and were related to 

MetS manifestations or hepatic gene signatures (Fig.19). NR mice did not develop the 

dyslipidemic phenotype of R mice and additionally they did not differ in other key metabolic 

parameters such as CETP activity, function of pancreatic islets, feeding behavior, energy 

expenditure or circulating cytokines linked to systemic inflammation (92). However, NR mice 

exhibited severe liver pathology, mainly attributed to tissue inflammation, proliferative lesions 

and less hepatic lipidosis. Genes that play a role in hepatic steatosis through the formation of 

lipid droplets (Cidea, Fabp1, Fabp2, Fitm1, Plin2, and Plin4) were up-regulated in the R group 

that is consistent with the liver histological evaluation for lipidosis. Interestingly, most of the 

genes that are related to inflammatory or immunological responses were found to be up-
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regulated in the NR group including several chemokines (Cx3cr1, Cxcl9, Cxcl14 and Ccl5), the 

interleukin Il23a and the key transcription factor Nfkb2. These transcriptional alterations appear 

to be relevant to the inflamed liver observed in mice that do not respond to the diet. At the same 

time, the large number of genes classified to the IPA functional category “Organismal Injury and 

Abnormalities” (Appendix, Table 13) further enhances the clinical observation that liver 

physiology is severely affected in the NR apoE3L.CETP mice. 

The hepatic transcriptome of apoE3L.CETP mice that were subjected to RYGB surgery 

was significantly altered compared with the control Sham-operated mice (Sham AL) and BWm 

mice that had to be highly food restricted to achieve similar body weight reductions as the RYGB 

mice. The RYGB bariatric intervention had a beneficial effect on glucose metabolism and greatly 

improved lipid metabolism in apoE3L.CETP mice. Moreover, significant body weight loss was 

achieved and was correlated in both RYGB and BWm groups with a significant reduction in total 

fat mass and this is in line with the liver transcriptomics data as discussed in the Results (Fig. 20 

and Appendix, table 16). The metabolic improvements that occurred post-surgery could have a 

correlation with significant functional categories of gene sets in the liver such as “concentration 

of D-glucose”, “lean body mass”, “energy homeostasis”, “cholesterol biosynthesis” and “fatty 

acid oxidation”. For instance, genes related to cholesterol biosynthesis were found to be down-

regulated in the liver during the progression of MetS but they were found to be up-regulated in 

RYGB vs BWm and RYGB vs Sham AL groups (Fig 21 A and B, Appendix, Table 14-16).  
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4.2. CHANGES IN CIRCULATING MIRNAS IN APOE3L.CETP MICE IN RESPONSE 

TO A HIGH FAT DIET 

 

To complement our liver transcriptomics studies, we analyzed via a targeted screening 

approach, the serum levels of a few selected miRNAs with potential involvement in MetS 

pathogenesis and we found that as the disease had progressed, changes in the serum levels of 

specific miRNAs were identified. Specifically, at 8 weeks of HFD miR27a, miR-135a and miR-

375 were found to be statistically significantly decreased in the serum while at 12 weeks of HFD 

miR-27a, miR-130b and miR-193b were significantly increased. MiR-135a has already been 

found to suppress adipogenesis by inhibiting the Wnt signaling pathway (172). Its decrease in the 

circulation of 8 weeks HFD-fed mice could be coupled with the development of obesity and 

ectopic lipid deposition in the adipose tissue. However, miR-135a levels were found increased 

after a 12 week diet intervention which could be attributed to a response mechanism of these 

mice in order to inhibit further adipogenesis. MiR-375 was characterized as a biomarker of type 

II diabetes and was also found increased in the circulation and in tissues of obese mice (173, 

174). In contrast to these previous findings, we observed that its levels in the serum of 8-weeks 

HFD diet-fed mice presented a serious reduction, which could possibly suggest the presence of 

an internal regulatory mechanism that tries to inhibit the onset of the MetS. However, we did not 

identify any changes in the levels of circulating miR-375 at 12 weeks. Interestingly, we found 

that the circulating levels of miR-27a and miR-130b were increased in the 12-weeks HFD-fed, a 

time point where the disease was fully developed. These results are in agreement with previous 

observations showing that miR-27a is up-regulated in the circulation of MetS patients (55) and 

miR-130b levels are increased in the circulation of obese mice (118), while both miRNAs 
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constitute a risk factor for the MetS. An increase in the levels of miR-193b could be associated 

with the diabetic parameters of the MetS as it has been found increased in prediabetic patients, 

and in patients at early stages of Diabetic Nephropathy (175, 176). It was recently shown that  

elevated serum levels of microRNAs 192 and 194 were associated with incident type II diabetes 

independently of fasting glucose, HbA1c and other risk factors (120). Serum levels of miR-192 

and miR-194 were also elevated in diabetic Akt2 knockout mice compared to wild type mice but 

not in apoE3L.CETP mice fed a HFD compared to mice fed a LFD (120) suggesting that this 

discrepancy in the expression levels of these miRNAs may reflect differences in the pathogenesis 

of hyperglycemia in the two mouse models.  

Combing the data of the functional analysis and the extensive literature mining, we 

noticed that genes grouped in lipid metabolism and metabolic diseases are particularly involved 

in the formation of LDs which is a key-mechanism for lipid accumulation and hepatic steatosis 

development. Several LD genes identified in the present study (Cidea, Cidec, Fitm1, Plin4) have 

been shown previously to be targets of PPARγ in the liver (177). Importantly, the lipid droplets 

group of genes was among the few groups that were found to be common between the two diet 

intervention studies analyzed here (HFD vs LFD, R vs NR, Fig. 19C). Thus, we could 

hypothesize that the early up-regulation of the nuclear receptor PPARγ could represent a key step 

in the coordinated regulation of LD genes in the livers of apoE3L.CETP mice that leads to 

NAFLD and hepatic steatosis. The development of hepatic steatosis is linked to insulin resistance 

(178) and hence to the deterioration of the MetS pathology.  

In conclusion, our present transcriptomic analysis in the livers and the sera of 

apoE3L.CETP mice receiving a HFD or a LFD and in the livers of apoE3L.CETP mice subjected 

to RYGB surgery, combined with extensive bioinformatics analysis, revealed patterns of genes 
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that could shed light to the molecular changes that occur at the different stages of the 

pathogenesis of the MetS and could be exploited for diagnostic or therapeutic purposes.  

 

4.3. TRANSCRIPTOMIC SIGNATURES IN THE GONADAL WHITE ADIPOSE TISSUE 

(GWAT) OF APOE3L.CETP MICE 

 

The central obesity in humans and the adipose tissue dysfunction is recognized as key 

parameters of clinical obesity and metabolic syndrome (5, 99), while various experimental 

models of metabolic disturbances largely argue about the major role of the adipose tissue in 

metabolic health and disease (101, 179). The WAT is found to be distributed in different 

anatomical regions of the body, mainly under the skin which is considered subcutaneous WAT 

(sWAT) and around the abdominal organs as visceral WAT (vWAT). In mice, vWAT depots are 

found mostly as gonadal WAT (gWAT) and the various WAT depots exert physiological 

differences (180). However, the visceral adipose tissue is a risk factor for MetS development in 

the human population worldwide (181, 182).  

In this study, we examined the transcriptomic alterations that occur in the gonadal white 

adipose tissue (gWAT) of apoE3L.CETP mice in discrete stages of the development of MetS. 

The experimental setting that was previously described in details, begins with the administration 

of standard diet (t=0) in healthy adult mice and of a HFD or a LFD diet as control for 4, 8 and 12 

weeks. According to the analysis, we identified sets of genes significantly enriched with immune 

and inflammatory responses, especially at 8 and 12w (Fig.25A). Moreover, a large number of 

genes related to extracellular matrix (ECM) were found to be differentially expressed, suggesting 

tissue remodeling during the progression of MetS. Essential metabolic pathways including 
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Glycolysis, Cholesterol Biosynthesis and Fatty Acid Biosynthesis, are downregulated suggesting 

a modulation of nutrients metabolism upon HFD feeding (Appendix, Table 20).  

We identified that many genes related to immune system and inflammatory responses are 

differentially expressed. As long as transcripts are isolated from whole fat pads, we cannot 

distinguish whether the elevated signals of immune-related genes originate from leukocytes and 

macrophages recruitment or it is a result of increased expression in adipocytes, or even both. 

However, the adaptive immune system seems to be activated primarily during adipocytes 

hypertrophy and the development of adipose tissue inflammation through the infiltration of T 

lymphocytes (CD4+ T cells) to WAT (183). Moreover, the recruitment of B cells in the adipose 

tissue promotes the development of insulin resistance and activates the pro-inflammatory M1 

macrophages and the T cells (182). Indeed, IPA functions such as leukocyte migration and cell 

movement of leukocytes were statistically enriched even at 4w which represents the initial phase 

of MetS (Fig. 25A). At 8w, we observed a massive up-regulation of genes related to T Cell 

Receptor Signaling (Syk, Map4k1, Nedd9, Fyb, Arhgef6, Dusp3, Ptprj, Ptpn22, Cd4, Rac2, 

Card11, Lcp2, Arhgdib, Evl, Ptprc, Dock2) and even more at 12w where 22 genes were found to 

be differentially expressed in this pathway (Appendix, Table 20).  

Increased expression levels of inflammatory molecules have been previously reported in 

the adipose tissue of diabetic BTBR-
ob/ob

 mice that develop insulin resistance and hyperglycemia 

(fasting glucose up to 400 mg/dl at 10 weeks of age) (184). Highly expressed inflammatory 

genes were identified in the adipose tissue of mice fed a HFD for 18 weeks, such as Ccl3, C3ar1, 

Ccl2 and the MCP1 (185). However, there is no evidence about their temporal expression over 

the induction of obesity. Obesity and MetS are also associated with chronic low-grade 

inflammation that is developed through increased levels of inflammatory markers, such as serum 
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amyloids A (SAAs) (186). The serum amyloid A 3 (Saa3) exhibited an increased expression in 

HFD mice compared with the control group with the fold change ranging from 2.36 to 6.68 

(Appendix, Table 17-19). These data reveal that components of the immune system are 

modulated at the transcriptional level and specific sets of genes are differentially expressed at 4, 

8 and 12 weeks suggesting that immune responses should be tightly balanced in WAT. Due to 

the established correlation of inflamed WAT to the development of insulin resistance (100), gene 

signatures of these processes give a global picture of possible underlying mechanisms.  

Adipocytes undergo dramatic expansion during the development of obesity and this is 

implemented through remodeling of the extracellular matrix (ECM) (98). Key-proteins play a 

crucial role in ECM integrity and remodeling including: the family of collagens that are very 

abundant and play both structural and functional role (187), the Matrix metalloproteinases 

(MMPs), that take part in the degradation of ECM proteins (188), the tissue inhibitors of 

metalloproteinases (TIMPs) that can inhibit MMPs (189); the integrins (190); and the 

osteopontin (Opn) that is dramatically increased in obesity (191).  

WAT of apoE3L.CETP mice was gradually expanded and mice developed visceral 

obesity. To correlate this phenotype with molecular alterations, we looked for gene signatures 

that could be related to ECM network and fibrosis. Among the significantly increased genes in 

the HFD group, the integrins Itgam, Itgax, Itgb1, Itgb2, the metalloproteinase Mmp12, the 

membrane receptor for ECM components CD44 and the inhibitor of metalloproteinases Timp1 

were among the significantly altered genes that gradually increased in the HFD group and are 

involved in ECM remodeling. Moreover, the pathway of ECM-receptor interaction was found to 

be significantly enriched with unique DEGs at 4w (eg. CD44, Col6a3, Col6a2, Col6a1, Thbs1, 

Thbs2) and also at 12w (eg. Col4a2, Lamb3, Col4a1, Itga5, Hspg2, Col1a1) (Appendix, Table 
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6). Extracellular matrix (ECM) constituents including members of the integrin family were found 

to be significantly up-regulated in human obesity according to the transcriptional profiling of the 

subcutaneous WAT in comparison of obese (BMI 44.07 ± 9.06 kg/m
2
) versus lean individuals 

(137). ECM components and markers of WAT fibrosis such as Col1a1, Col3a1, Col6a1 and Fn1 

were found to be differentially expressed according to microarray analysis in the adipose tissue 

of wild type and C3H/HeOuj (C3H) mice upon HFD feeding, although the extent of WAT 

fibrosis differs within the two murine strains (192). Interestingly, these data were in accordance 

with human obesity that was examined in obese subjects, as well. 

Next, we aimed to get an insight into possible regulators of the gene expression changes 

we identified. The transforming growth factor beta (TGFβ) has been involved in the progression 

of a variety of diseases such as diabetic complications (193) and atherosclerosis (194). Here, we 

identified an up-regulation of Tgfβ at the transcriptional level at 12w of diet (Appendix, Table 

20) and interestingly was found to be the top upstream regulator which was differentially 

expressed itself (Fig. 26), whereas it was also emerged as an upstream regulator at the earlier 

phases of MetS. The expression of TGFβ at the mRNA and protein level has been found to be 

significantly increased in WAT from ob/ob mice, and additionally the phosphorylation status of 

the Smad3 protein, involved in the signaling down-stream of TGFβ, was enhanced (195). The 

researchers also showed that Smad3 deficient mice exhibit improved insulin sensitivity upon 

HFD diet administration for 8 weeks and the size of their adipocyte is smaller compared to the 

wild type mice (195).  

In obese individuals, induction of TGF-β1 and AMPK inhibition were associated with 

aberrant ECM deposition and fibrosis in WAT (196), which further supports the correlation 

between TGFβ and the deregulation of visceral WAT. Suppression of TGfβ in animal models 
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with metabolic disturbances had a beneficial effect in the metabolic profile. Lep
ob/ob 

mice and 

diet-induced obese (DIO) mice treated with anti-TGFβ1 (α-TGFβ1) antibody gain significantly 

less body weight, perform an improved glucose tolerance and insulin sensitivity with 

significantly reduced fasting blood glucose and insulin levels (197). The lean phenotype is also 

characterized by suppression of fat depots and fat mass. TGFβ seems to be a modulator of 

obesity and probably plays a role during the expansion of WAT that occurs in MetS. However, it 

has to be clarified whether TGFβ orchestrates metabolic dysfunctions in WAT or other factors 

initiate these disturbances such as fibrosis.  

Finally, some well-known genes for the regulation of adipose metabolism and 

homeostasis or with a systemic effect in whole-body homeostasis present a distinct pattern in 

MetS progression. Adipocytes secrete leptin to inhibit food intake through brain signals and 

control body weight. However, leptin levels are increased in obesity, and both rodents and 

humans gradually do not respond to leptin upon a western type of diet, developing leptin 

resistance (198). We found that the leptin gene (lep) was up-regulated in apoE3L.CETP mice fed 

a HFD at the beginning of the MetS (1.74 fold change) (Appendix, Table 17) and at late phase of 

MetS (1.62 fold change) (Appendix, Table 19) which could be related to the progression of 

leptin resistance in these mice. In addition to leptin resistance, the response to insulin was also 

attenuated in WAT upon HFD. It has been shown that ablation of the glucose transporter 4 in 

mouse adipose tissue significantly reduces the whole-body insulin sensitivity (199). The glucose 

transporter, Slc2a4 (Solute carrier family 2, member 4), was expressed at baseline at 4w, but it 

was down-regulated at 8w and 12w approximately two fold. Insulin receptor substrate 1 (Irs1) 

was down-regulated at early and mid-phase of MetS, but not at 12w (Appendix, Table 18-20). 
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The down-regulation of genes related to glucose uptake and insulin sensitivity could be 

associated with the impaired glucose tolerance and insulin sensitivity.  

Lipid droplets formation is essential for adipose physiology. The Cidea (cell death-

inducing DNA fragmentation factor alpha-like effector A) codes a key-protein in lipid droplet-

formation and low expression levels of this gene in human fat are associated with metabolic 

syndrome (200). Mice expressing human Cidea gene in white adipose tissue sustain the 

metabolic health of the tissue even in conditions of obesity by promoting survival of dipocytes 

and normal enlargement (201). The down-regulation of Cidea gene in HFD mice at 4w and 8w 

could be associated with impaired metabolic homeostasis of adipocytes.  

The metabolic status of adipocytes is also regulated by the key-metabolic pathways of 

glycolysis, gluconeogenesis, fatty acids and cholesterol metabolism that are deregulated in the 

HFD group compared to the control. Although only a few genes related to glycolysis (Pdha1, 

Pdhb) exhibited a lower expression in mice developing the MetS at 4w, many genes were found 

to be down-regulated at 8w (11 genes) and at 12w (11 genes, eg. Dlat, Slc2a4, Pdk1) (Appendix, 

Table 20). Regulatory enzymes for the de novo lipogenesis such as the fatty acid synthase (Fasn) 

were down-regulated at 8w (-2.41 fold change) and 12w (-2.46 fold change) (Fig. 24, Appendix, 

Table 20). Regulatory networks analysis of human adipose transcriptome identified a significant 

correlation between expression of genes involved in de novo lipogenesis and components of the 

metabolic syndrome (202). 

In summary, the present data provide information about transcriptomic signatures in the 

WAT during a time-course progression of MetS. Extensive analysis of the differentially 

expressed genes correlates set of genes with metabolic pathways and other important cellular 

processes for the adipose homeostasis so as to pinpoint which ones are more affected in each 
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phase of MetS. We emphasized equally to unique and common patterns of expression along the 

development of MetS in order to obtain a comprehensive picture of molecular alterations that 

take place in WAT.  

 

4.4. FOXO1 SILENCING IN THE LIVER OF APOE3L.CETP MICE AND ITS ROLE IN 

METS MANIFESTATION 

 
We achieved liver-specific ablation of FOXO1 in apoE3L.CETP mice by using AAVs 

expressing FOXO1 shRNAs and simultaneously we induced MetS through the administration of 

a HFD for 12 weeks. To our knowledge, this is the first study that employs the silencing of 

FOXO1 in an animal model of MetS in order to assess the clinical implications and the effect on 

hepatic transcriptome. For this reason, metabolic parameters were examined during the HFD 

administration and at the end of experiment.  

FOXO1 down-regulation was not associated with significantly lower levels of fasted 

blood glucose 11 weeks post-HFD administration, but there was a trend of reduction (Fig.34E). 

Moreover, glycogen distribution did not show any significant difference at 12w between the sh-

Foxo1 and the sc-Control apoE3L.CETP mice according to PAS staining (Fig. 35), at least in ad 

libitum feeding state. We demonstrated that FOXO1 was almost depleted in certain hepatocytes, 

but was localized in the nuclei of other hepatic cells (Fig. 33D). We hypothesize that the 

expression of FOXO1 in certain areas of the liver could contribute to an increase in the rate of 

gluconeogenesis and thus maintain the glucose levels systemically. Depletion of FOXO1 in the 

liver of wild type mice leads to reduction of fasted blood glucose up to 30% and depletion of 

hepatic glycogen only after prolonged fasting (48h) (129). However, the researchers of that study 
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did not observe any reduction in glucose levels in the standard overnight fasting. This evidence 

agrees with our finding about fasted glucose in the knock-down model.  

Glucose levels in the mice of our study could be systemically moderated by other 

metabolic tissues such as the skeletal muscles resulting in the control of glucose levels in the 

blood at a baseline. Moreover, gluconeogenesis could be further enhanced by factors related to 

the HFD administration and the development of insulin resistance. We showed that FOXO1 is 

mainly localized in the nuclei of hepatocytes upon a HFD compared to the LFD group without 

any genetic intervention such as the administration of AAVs. This is an indication of impaired 

insulin signaling that prevents FOXO1 phosphorylation and its translocation to the cytoplasm. 

Although our clinical evaluation of the mice failed to detect any significant reduction in glucose, 

improved glucose tolerance and increased insulin sensitivity were clearly observed only in sh-

FOXO1 group of mice. This evidence is indicative of improved glucose metabolism and insulin 

signaling in a systemic way. The same phenotypic improvements have been reported in db/db 

mice by modulating gluconeogenic genes short-term in vivo (203). Increased activity of Foxo1 

and defective Akt activation has been observed in the L-Insulin Receptor KO mice that exhibit a 

diabetic-like phenotype (204). However, Foxo1 deletion in these mice could restore the 

regulation of glucose and insulin metabolism in accordance with our data.   

We did not detect any significant differences in the lipid content of the liver (Fig. 35) or 

in the serum triglycerides and TC (Fig.34B and D). The long-term administration of a HFD that 

leads to an excess of fat availability triggers a lipotoxicity that could be reversed by FOXO1 

deletion. The lipid accumulation was found to be significantly increased in the liver of db/db 

mice in which the gluconeogenic gene Ppeck had been ablated, and additionally serum lipids 
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(triglycerides and FFAs) were reduced upon a short-term silencing of this gene (14 days) in a 

standard diet (203).  

To further dissect the alterations that FOXO1 partial ablation could trigger to the liver, 

we performed global transcriptomic analysis. First, we identified that the genes of 

phosphoenolpyruvate carboxykinase 1 (Pck1 or Ppeck) and apolipoprotein b (Apob) which are 

major targets of FOXO1 were significantly down-regulated in three out of four algorithms (p and 

q˂ 0.05) in sh-FOXO1 apoE3L.CETP mice (Fig.38A,). This trend was validated also by RT-

qPCR (Fig. 38B).  The Pepck enzyme catalyzes the first step in gluconeogenesis (34). Tissue-

specific silencing of Pepck in the liver of db/db mice was shown to improved glycemic control 

and insulin sensitivity (203). Moreover, after treatment with insulin, phosphorylation of Akt was 

enhanced in liver, muscles, and epididymal adipose tissue of sh-Pepck mice. The Glucose-6-

phosphatase (G6pc) that is also involved in gluconeogenesis catalyzing the last step of the 

pathway was not found to be statistically significant decreased in sh-FOXO1 mice (Fig.38). 

However, genes related to FoxO signaling pathway (mmu04068) and also to Insulin resistance 

(mmu04931) (Fig. 37C) are down-regulated such as the insulin receptor (Insr, p-0.019758593). 

Several genes (eg. ATP5f1, Cox7c, ATP6v1g1) that were grouped to Oxidative 

phosphorylation (OXPHOS, mmu00190) were found to be overexpressed in sh-FOXO1 mice. 

On the other hand, oxidative phosphorylation genes were found to be significantly down-

regulated in the liver of individuals diagnosed with severe obesity (mean BMI 52 kg/m2) and 

obesity accompanied by diabetes compared with the lean control individuals (205). Alterations in 

mitochondrial integrity have been associated with metabolic disturbances such as insulin 

resistance, diabetes and hepatic steatosis (166, 167). Up-regulation of oxidative phosphorylation 

could be related to the improved insulin sensitivity in sh-Foxo1 mice and enhanced oxidation.  
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In summary, Foxo1 silencing in the liver of apoE3L.CETP mice elicited a vast response 

of the hepatic transcriptome and affected also peripheral tissues such as the skeletal muscles to 

some extent. The clinical characterization of mice revealed that there were no significant 

differences in glucose and lipid measurements at baseline and histological alterations were 

similar to both groups of mice, related to HFD feeding. Importantly, there were significant 

systemic improvements concerning the glucose tolerance and the insulin sensitivity. The 

reduction in gluconeogenesis due to significant ablation of FOXO1 probably modulates the 

glucose production and uptake when the HFD increases fasting blood glucose during the MetS 

progression. This evidence argues that FOXO1 modulation could be a strategy to counterfeit 

key-components of the MetS.  
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LIMITATIONS 

Transcriptomics has emerged as an accurate and powerful approach to determine the 

levels of coding and non-coding RNAs in order to investigate physiological and pathological 

responses of cells, tissues and organisms (135, 154). Although transcriptomic profiles are 

valuable to understand health and disease, limitations of this method cannot be ignored. To begin 

with, certain regulatory genes, whose expression does not significantly change during a 

condition, may be overlooked in a transcriptomic analysis. This is also related to the fact that 

many cellular processes are mainly affected by regulatory mechanism at the protein level. 

Indeed, the mRNA abundance cannot be used as a reliable index to estimate the protein 

abundance (206).  

Another issue of great importance is the limited annotation of the total transcripts to the 

genome and to specific biological processes or molecular pathways. Genes that were found to be 

differentially expressed but they were not adequately annotated to the genome, offer limited 

information to the experimental study and research project (207).  Moreover, the annotation and 

enrichment analysis by bioinformatical tools produces redundancy of resulting information that 

may disorient researchers from the actual biological meaning of these data. Redundancy usually 

makes it difficult to extract reliable and relevant results although there have been developed tools 

that try to eliminate this drawback (208).  

Bionformatical tools contributed to the analysis of transcriptomics data and offer the 

possibility to recognize unsuspected mechanisms. However, many parameters that are involved 

in the analysis such as the calculation of statistical significance, the databases that were used and 

the frequency of software updating may affect the analysis (156, 209, 210).  
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Homogenized tissues were used for the transcriptomic analyses. However, mammalian 

tissues consist of different types of cell types and present certain heterogeneity. For instance, the 

parenchymal cells (PC), the liver endothelial cells (LEC), the Kupffer cells (KC) and the Stellate 

cells (SC) are part of the liver. The response of the liver to different injuries and its remarkable 

ability of the mature tissue to regenerate implicate different cell types of hepatic lineage (211). 

Similarly, the white adipose tissue mainly consists of adipocytes; but macrophages, leukocytes, 

fibroblasts, cell progenitors and endothelial cells are also present and exert different roles (97). 

Thus, sample collection and processing that do not discriminate the cell types fails to detect the 

origin of gene expression changes and to characterize the tissue heterogeneity.  

Another limitation was the relatively small number of animals that were used in the study 

given the high degree of heterogeneity in mice. The production of male apoE3L.CETP mice 

suitable to be included in the study was very small relative to the total number of mice that had 

to be produced by crossing the apoE3L mice with the CETP mice. 

An additional limitation of the miR study was the targeted approach relative to a non-

biased large screening for circulating miRs. 
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FUTURE DIRECTIONS  

The global analysis of changes in gene expression in different metabolic organs that was 

undertaken in this thesis (HFD, LFD, standard diet, responders vs non responders, bariatric 

interventions that alleviate MetS compenenets and genetic interventions to modulate key-

transcription factors) offers an overview of the molecular changes that occur in metabolic organs 

during the adaptation of the mice to the high fat diet and the development of MetS as well as an 

understanding of what gene changes contribute to the restoration of the MetS phenotype during 

therapies. Future studies to expand the work of this thesis would be to investigate the specific 

contribution of certain differentially expressed genes in the MetS pathogenesis in vivo. This 

could be implemented by administering adeno-associated viruses that carry short hairpin RNAs 

against the genes of interest so as to reduce their expression or carry human genes for their 

overexpression in animal models (165). Alternatively, the CRISPR-Cas system is a widely used 

tool for gene deletion and editing based on RNA-guided, engineered nucleases (212). It is 

considered an effective system for ablating targeted genes in cultured cells and in vivo (213).   

Another important issue of the present thesis that was left unexplored was the potential 

roles of the circulating miRNAs, that were found to be differentially expressed in the sera of 

apoE3L.CETP mice in response to the HFD, in the development of MetS pathologies. Studies 

that could discriminate between a causal versus a simple by-stander role of these miRNAs should 

be performed by administering miRNA mimics or antagonists to apoE3L.CETP mice in HFD 

and monitor the development of clinical parameters. Furthermore, the relative expression levels 

of these miRNAs and of their putative target genes should be analyzed more thoroughly not only 

in the liver but also in other tissues in order to explore the possibility that these miRNAs act in 

an endocrine manner.  
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Although the data of the FOXO1 intervention study were inconclusive regarding the role 

of this factor in the pathogenesis of MetS, its therapeutic potential for MetS needs to be explored 

further. This could include the simultaneous silencing of all FOXO1 isoforms (FOXO1-3) in 

order to avoid potential redundancy among these factors using AAVs. The FOXO factors could 

play different roles in different organs. Thus an approach to target FOXOs in other tissues such 

as the adipose or muscle could provide valuable insight into the molecular aetiology of MetS and 

novel therapeutic opportunities (i.e. development of tissue-specific siRNAs oor antimiRs). 
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APPENDICES   

Table 7 DEGS at 4W in the liver 

Transcript 
Cluster ID 

Fold 
Change 
HFD vs 

LFD 

Anova p-
value 

HFD 
Standard 
Deviation 

LFD 
Standard 
Deviation 

Gene Symbol Description 

17414738 4.38 2.03E-07 0.48 0.59 Orm3 orosomucoid 3 

17475360 4.03 0.000003 0.57 0.52 Cyp2b10 
cytochrome P450, family 2, subfamily 
b, polypeptide 10 

17475385 3.16 0.031951 1.64 1.43 Cyp2b9 
cytochrome P450, family 2, subfamily 
b, polypeptide 9 

17232394 2.93 3.62E-10 0.52 0.3 Themis thymocyte selection associated 

17416154 2.79 0.000002 0.47 0.72 Gm12718 predicted gene 12718 

17235018 2.78 5.74E-09 0.8 0.25 Cfd complement factor D (adipsin) 

17252912 2.77 3.28E-09 0.21 0.39 Tlcd2 TLC domain containing 2 

17359274 2.47 0.001505 0.52 0.96 Cyp2c53-ps 
cytochrome P450, family 2, subfamily 
c, polypeptide 53-ps 

17461942 2.42 9.05E-07 0.65 0.12 Pparg 
peroxisome proliferator activated 
receptor gamma 

17469754 2.38 0.000005 0.77 0.24 Cidec 
cell death-inducing DFFA-like effector 
c 

17368163 2.24 0.000413 0.79 0.44 Obp2a odorant binding protein 2A 

17359285 2.23 0.000127 0.27 0.37     

17432749 2.17 0.00003 0.5 0.33     

17423051 2.14 0.009937 0.52 0.99 Cyp7a1 
cytochrome P450, family 7, subfamily 
a, polypeptide 1 

17300544 2.14 2.03E-07 0.39 0.24 Fitm1 
fat storage-inducing transmembrane 
protein 1 

17491193 2.1 0.000004 0.3 0.38 Saa3 serum amyloid A 3 

17348274 2.08 0.019597 0.55 0.67 LOC101055995 
putative E3 ubiquitin-protein ligase 
UNKL-like; unkempt-like (Drosophila) 

17504512 2.07 0.000128 0.4 0.23 Ces2c carboxylesterase 2C 

17421413 1.91 0.004915 0.31 0.19     

17359088 1.87 0.005122 0.71 0.66 Cyp26a1 
cytochrome P450, family 26, 
subfamily a, polypeptide 1 

17325234 1.84 1.06E-07 0.19 0.13 Sema5b 

sema domain, seven thrombospondin 
repeats (type 1 and type 1-like), 
transmembrane domain (TM) and 
short cytoplasmic domain, 
(semaphorin) 5B 

17493571 1.83 0.002532 0.21 0.26 Tsku tsukushi 

17507308 1.79 0.005203 0.19 0.41 Slc10a2 solute carrier family 10, member 2 

17439622 1.75 0.033886 0.33 0.26 Agpat9 
1-acylglycerol-3-phosphate O-
acyltransferase 9 

17455159 1.75 0.026341 0.22 0.12 Cyp3a44 
cytochrome P450, family 3, subfamily 
a, polypeptide 44 

17327270 1.75 1.45E-07 0.18 0.06 Dopey2 dopey family member 2 

17427928 1.72 0.00007 0.14 0.44 Dio1 deiodinase, iodothyronine, type I 
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17438987 1.71 0.029214 0.35 0.36 Cxcl1 chemokine (C-X-C motif) ligand 1 

17219231 1.68 0.005281 0.48 0.35 Nr1i3 
nuclear receptor subfamily 1, group I, 
member 3 

17458439 1.67 0.037796 0.4 0.29 Gpnmb glycoprotein (transmembrane) nmb 

17301514 1.67 0.000877 0.36 0.32 Gm10032 predicted gene 10032 

17241921 1.67 0.000748 0.17 0.38 Gstt3 
glutathione S-transferase, theta 3; 
predicted gene 20441 

17423724 1.66 0.00312 0.36 0.39     

17363470 1.66 0.000315 0.16 0.13 Gda guanine deaminase 

17318794 1.65 0.001751 0.32 0.21 Apol7c apolipoprotein L 7c 

17402350 1.64 0.000002 0.2 0.28 Fabp2 fatty acid binding protein 2, intestinal 

17263724 1.63 0.00001 0.12 0.16 Aldh3a2 
aldehyde dehydrogenase family 3, 
subfamily A2 

17480036 1.62 0.022392 0.39 0.23 Fzd4 frizzled homolog 4 (Drosophila) 

17423591 1.61 0.000003 0.06 0.4 4930480G23Rik RIKEN cDNA 4930480G23 gene 

17348983 1.6 0.008262 0.24 0.29 2700062C07Rik 
RIKEN cDNA 2700062C07 gene; 
predicted gene 9182 

17421432 1.6 0.0044 0.31 0.87 Gm13251 predicted gene 13251 

17542167 1.6 0.000354 0.19 0.19 BC023829 cDNA sequence BC023829 

17340397 1.59 0.041233 0.28 0.2 Nanp N-acetylneuraminic acid phosphatase 

17499949 1.59 0.007568 0.23 0.31 Dkk4 dickkopf homolog 4 (Xenopus laevis) 

17547493 1.59 0.000129 0.6 0.18 Gm20262 predicted gene, 20262 

17406482 1.59 0.000118 0.13 0.12 Cd1d1 CD1d1 antigen 

17414520 1.59 0.000007 0.12 0.43 Gm13775 predicted gene 13775 

17500756 1.58 0.041772 0.63 0.48 Gm16348 
predicted gene 16348; 
uncharacterized LOC102640962 

17398721 1.58 0.036962 0.09 0.33 Gm23376 predicted gene, 23376 

17519673 1.58 0.003119 0.38 0.43 Gm3776 

predicted gene 3776; glutathione S-
transferase, alpha 1 (Ya); predicted 
gene 10639; glutathione S-
transferase, alpha 2 (Yc2) 

17532063 1.58 0.000061 0.19 0.24 Acaa1b acetyl-Coenzyme A acyltransferase 1B 

17423479 1.57 0.00009 0.38 0.11 Osgin2 
oxidative stress induced growth 
inhibitor family member 2 

17305028 1.57 0.000003 0.25 0.23 Fam25c 
family with sequence similarity 25, 
member C 

17538852 1.57 8.45E-07 0.12 0.21 Hsd17b10 
hydroxysteroid (17-beta) 
dehydrogenase 10 

17480513 1.56 0.041272 0.43 0.91 Gm23479 predicted gene, 23479 

17541634 1.55 0.03719 0.57 0.59 Gm5388 
predicted gene 5388; predicted gene, 
23417 

17443286 1.55 0.000877 0.23 0.2 Por P450 (cytochrome) oxidoreductase 

17466687 1.53 0.000108 0.4 0.04 Osbpl3 oxysterol binding protein-like 3 

17220432 1.53 6.13E-07 0.2 0.2 Tlr5 toll-like receptor 5 

17400124 1.52 0.001302 0.35 0.4 Selenbp2 selenium binding protein 2 

17250582 1.52 0.000037 0.3 0.11     

17423577 1.52 0.000011 0.16 0.3 Atp6v0d2 
ATPase, H+ transporting, lysosomal V0 
subunit D2 
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17278700 -1.51 0.023132 0.14 0.44 Mir3070b microRNA 3070b; mmu-mir-3070b 

17303453 -1.51 0.000856 0.15 0.34 4930452B06Rik RIKEN cDNA 4930452B06 gene 

17496947 -1.51 0.000019 0.13 0.19 Fgfr2 fibroblast growth factor receptor 2 

17313677 -1.52 0.002821 0.3 0.56 Pnpla3 
patatin-like phospholipase domain 
containing 3 

17498874 -1.52 0.000062 0.16 0.26 Gm1840 predicted gene 1840 

17534385 -1.52 0.000025 0.12 0.28 Gria3 
glutamate receptor, ionotropic, 
AMPA3 (alpha 3) 

17399474 -1.55 0.005064 0.27 0.37 Pmvk phosphomevalonate kinase 

17489620 -1.55 0.000022 0.18 0.3 Gpi1 glucose phosphate isomerase 1 

17404470 -1.56 0.022013 0.22 0.35 1700112D23Rik RIKEN cDNA 1700112D23 gene 

17359156 -1.57 0.00005 0.2 0.29 Slc35g1 solute carrier family 35, member G1 

17516028 -1.6 0.00418 0.17 0.33 n-R5s82 nuclear encoded rRNA 5S 82 

17396056 -1.6 0.002691 0.11 0.5 Fabp5 fatty acid binding protein 5, epidermal 

17333292 -1.61 0.006492 0.16 0.32 Slc22a2 
solute carrier family 22 (organic cation 
transporter), member 2 

17304338 -1.62 0.000072 0.14 0.19 Il17rb interleukin 17 receptor B 

17402642 -1.63 3.03E-07 0.16 0.12 Etnppl 
ethanolamine phosphate 
phospholyase 

17399266 -1.64 0.000112 0.41 0.32 Pklr 
pyruvate kinase liver and red blood 
cell 

17519058 -1.65 0.01686 0.34 0.45 Gm22229 predicted gene, 22229 

17499251 -1.65 0.003709 0.32 0.15 Gm17023 predicted gene 17023 

17404073 -1.66 0.008092 0.2 0.58     

17507361 -1.67 0.002362 0.56 0.21 B930025P03Rik RIKEN cDNA B930025P03 gene 

17219206 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17400568 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17400579 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17400588 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 
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17400590 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17408038 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17408063 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17408065 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17425278 -1.68 0.023852 0.47 0.63 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17417240 -1.7 0.000057 0.53 0.28 Cyp4a31 
cytochrome P450, family 4, subfamily 
a, polypeptide 31 

17529381 -1.75 0.032388 0.26 0.66     

17506327 -1.75 0.007674 0.31 0.74     

17378359 -1.75 0.001744 0.29 0.53 Acss2 
acyl-CoA synthetase short-chain 
family member 2 

17285056 -1.79 0.002231 0.74 0.31 Idi1 
isopentenyl-diphosphate delta 
isomerase; predicted gene 13502 

17549192 -1.8 0.029535 0.28 0.32 Rab11fip5 
RAB11 family interacting protein 5 
(class I); microRNA 705 

17254395 -1.8 0.000006 0.26 0.38 Acaca acetyl-Coenzyme A carboxylase alpha 

17507374 -1.98 0.016584 0.43 0.48 Irs2 insulin receptor substrate 2 

17448001 -2.01 0.006454 0.37 0.44 Ppargc1a 
peroxisome proliferative activated 
receptor, gamma, coactivator 1 alpha 

17269521 -2.04 0.000073 0.34 0.67 Acly ATP citrate lyase 

17535434 -2.09 0.000035 0.42 0.75 Nsdhl 
NAD(P) dependent steroid 
dehydrogenase-like 

17282158 -2.15 0.000037 0.31 0.36 Rdh11 retinol dehydrogenase 11 

17529398 -2.19 0.00001 0.18 0.57 Me1 
malic enzyme 1, NADP(+)-dependent, 
cytosolic 

17445308 -2.2 0.000057 0.45 0.5 Cyp51 cytochrome P450, family 51 
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17337750 -2.34 0.000813 0.54 0.31 Gpr110 G protein-coupled receptor 110 

17218321 -2.47 0.028569 0.68 0.54 Rgs16 regulator of G-protein signaling 16 

17406908 -2.64 0.000177 0.51 0.77 Fdps farnesyl diphosphate synthetase 

17428457 -2.67 0.001621 1.45 0.89 Cyp4a14 
cytochrome P450, family 4, subfamily 
a, polypeptide 14 

17415979 -2.76 3.31E-08 0.45 0.61 Lepr leptin receptor 

17548238 -2.9 0.000304 0.2 0.86 Fabp5 
fatty acid binding protein 5, 
epidermal; predicted gene 6166 

17548717 -3.07 0.000225 0.23 0.89 Fabp5 
fatty acid binding protein 5, 
epidermal; predicted gene 6166 

17440826 -3.42 0.000115 0.77 0.84 Acacb acetyl-Coenzyme A carboxylase beta 

17311807 -4.99 0.000006 0.35 0.98 Sqle squalene epoxidase 

 

 

Table 8 DEGS at 8W in the liver 

Transcript 
Cluster ID 

Fold 
Change 
HFD vs 

LFD  

Anova p-
value 

HFD 
Standard 
Deviation 

LFD 
Standard 
Deviation 

Gene Symbol Description 

17414738 6.11 2.03E-07 0.8 1.08 Orm3 orosomucoid 3 

17232394 4.32 3.62E-10 0.47 0.41 Themis thymocyte selection associated 

17475373 4.02 0.040983 0.87 0.08 Cyp2b13 
cytochrome P450, family 2, subfamily 
b, polypeptide 13 

17414747 3.89 7.94E-04 0.77 0.62 Orm2 orosomucoid 2 

17491205 3.71 0.000073 1.06 0.53 Saa1 serum amyloid A 1 

17478195 3.24 1.48E-04 1.15 0.42 Saa2 serum amyloid A 2 

17368163 3.08 4.13E-04 0.31 0.42 Obp2a odorant binding protein 2A 

17475360 3.03 0.000003 0.54 0.5 Cyp2b10 
cytochrome P450, family 2, subfamily 
b, polypeptide 10 

17491193 2.88 4.00E-06 0.36 0.54 Saa3 serum amyloid A 3 

17383892 2.85 4.44E-07 0.54 0.29 Lcn2 lipocalin 2 

17235018 2.75 5.74E-09 0.66 0.19 Cfd complement factor D (adipsin) 

17400124 2.73 0.001302 0.52 0.61 Selenbp2 selenium binding protein 2 

17493912 2.61 0.022282 0.7 0.66 Art2b ADP-ribosyltransferase 2b 

17294559 2.54 0.019906 0.26 0.75 1700023H06Rik RIKEN cDNA 1700023H06 gene 

17475385 2.49 3.20E-02 0.54 1.41 Cyp2b9 
cytochrome P450, family 2, subfamily 
b, polypeptide 9 

17461942 2.46 9.05E-07 0.61 0.25 Pparg 
peroxisome proliferator activated 
receptor gamma 

17450515 2.37 0.02771 1.05 1.32 Gbp11 guanylate binding protein 11 

17432749 2.29 0.00003 0.41 0.76     

17416154 2.29 0.000002 0.3 0.38 Gm12718 predicted gene 12718 

17363425 2.26 0.000001 0.41 0.21 C730002L08Rik RIKEN cDNA C730002L08 gene 

17450501 2.24 4.82E-04 0.38 0.47 Gbp10 guanylate-binding protein 10 

17346125 2.21 6.60E-07 0.28 0.23 Plin4 perilipin 4 
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17423051 2.16 0.009937 0.56 1.76 Cyp7a1 
cytochrome P450, family 7, subfamily 
a, polypeptide 1 

17291694 2.16 0.001736 0.52 0.1 Serpinb1a 
serine (or cysteine) peptidase 
inhibitor, clade B, member 1a 

17414507 2.14 0.000023 0.25 0.39 Gm13773 predicted gene 13773 

17359274 2.13 1.51E-03 0.56 0.93 Cyp2c53-ps 
cytochrome P450, family 2, subfamily 
c, polypeptide 53-ps 

17414520 2.11 0.000007 0.15 0.44 Gm13775 predicted gene 13775 

17417858 2.08 0.005486 0.53 0.96 Mir1957a microRNA 1957a; microRNA 1957 

17220249 2.01 0.000009 0.17 0.22 9130409I23Rik RIKEN cDNA 9130409I23 gene 

17427928 2 0.00007 0.19 0.41 Dio1 deiodinase, iodothyronine, type I 

17305028 1.98 0.000003 0.24 0.3 Fam25c 
family with sequence similarity 25, 
member C 

17300544 1.98 2.03E-07 0.25 0.11 Fitm1 
fat storage-inducing transmembrane 
protein 1 

17289160 1.96 0.000167 0.08 0.3 Gm15622 predicted gene 15622 

17217969 1.94 0.044327 0.37 0.4 Kcnt2 
potassium channel, subfamily T, 
member 2 

17423724 1.94 0.00312 0.28 0.21     

17359316 1.93 0.000005 0.31 0.23 Cyp2c37 
cytochrome P450, family 2. subfamily 
c, polypeptide 37 

17494656 1.91 0.005431 0.31 0.28 Gm4070 
predicted gene 4070; GTPase, very 
large interferon inducible 1 

17423577 1.91 0.000011 0.55 0.35 Atp6v0d2 
ATPase, H+ transporting, lysosomal V0 
subunit D2 

17404245 1.9 0.04081 0.48 0.53 Cyp7b1 
cytochrome P450, family 7, subfamily 
b, polypeptide 1 

17295627 1.9 0.029638 0.45 0.29 Naip1 
NLR family, apoptosis inhibitory 
protein 1 

17542133 1.9 0.020736 0.47 0.28 n-R5s7 nuclear encoded rRNA 5S 7 

17231571 1.89 0.000105 0.38 0.21 B430219N15Rik RIKEN cDNA B430219N15 gene 

17256991 1.88 0.000029 0.2 0.14 Adam11 
a disintegrin and metallopeptidase 
domain 11 

17220432 1.88 6.13E-07 0.32 0.16 Tlr5 toll-like receptor 5 

17414512 1.86 0.000045 0.28 1.29 Mup-ps12 major urinary protein, pseudogene 12 

17252912 1.86 3.28E-09 0.13 0.32 Tlcd2 TLC domain containing 2 

17214672 1.84 0.000284 0.36 0.28 Mogat1 monoacylglycerol O-acyltransferase 1 

17215820 1.83 2.14E-07 0.16 0.18 Gpc1 glypican 1 

17494353 1.81 0.00632 0.24 0.47     

17504512 1.81 0.000128 0.2 0.65 Ces2c carboxylesterase 2C 

17228055 1.77 0.046437 0.16 0.14 Gm25279 predicted gene, 25279 

17278239 1.77 0.03147 1.2 1.29 Serpina4-ps1 
serine (or cysteine) peptidase 
inhibitor, clade A, member 4, 
pseudogene 1 

17231248 1.76 0.038393 0.69 0.26 G0s2 G0/G1 switch gene 2 

17276147 1.76 2.51E-02 0.27 0.73 4930404H11Rik RIKEN cDNA 4930404H11 gene 

17513860 1.76 0.004438 0.36 0.5 Sult5a1 sulfotransferase family 5A, member 1 

17418757 1.76 0.00011 0.41 0.49 1700080G11Rik RIKEN cDNA 1700080G11 gene 

17260644 1.76 0.000059 0.27 0.24 Ddc dopa decarboxylase 

17260306 1.75 0.046959 0.24 0.38 Rps15a-ps6 ribosomal protein S15A, pseudogene 
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6 

17295859 1.75 1.86E-02 0.35 0.51 Gm24441 predicted gene, 24441 

17430960 1.74 0.038068 0.28 0.36 Gm24636 predicted gene, 24636 

17504495 1.74 0.003158 0.46 0.44 Ces2b carboxyesterase 2B 

17311529 1.74 0.000001 0.16 0.16 Gm26684 
predicted gene, 26684; 
uncharacterized LOC102638507 

17503937 1.73 0.01511 0.61 0.71 Mt2 metallothionein 2 

17341399 1.73 0.005637 0.38 0.21 Gm4944 predicted gene 4944 

17494643 1.73 0.005099 0.35 0.22 Gm4070 
predicted gene 4070; GTPase, very 
large interferon inducible 1 

17469754 1.72 0.000005 0.34 0.32 Cidec 
cell death-inducing DFFA-like effector 
c 

17537853 1.71 0.028546 0.22 0.31 Bhlhb9 
basic helix-loop-helix domain 
containing, class B9 

17240186 1.7 0.020076 0.26 0.31 Fam26f 
family with sequence similarity 26, 
member F 

17309338 1.7 0.004231 0.49 0.18 Gm24207 predicted gene, 24207 

17466468 1.69 0.018062 0.35 0.38 Gm20730 predicted gene, 20730 

17494708 1.68 0.048327 0.59 0.37 Olfr706 olfactory receptor 706 

17220394 1.68 0.000307 0.09 0.1 Capn8 calpain 8 

17301414 1.66 0.048982 0.55 0.32 Scara5 
scavenger receptor class A, member 5 
(putative) 

17550324 1.65 0.006176 0.45 0.3     

17550348 1.65 0.006176 0.45 0.3     

17348840 1.65 0.000438 0.24 0.05 Rnf125 ring finger protein 125 

17219053 1.65 2.00E-06 0.2 0.07 Ildr2 
immunoglobulin-like domain 
containing receptor 2 

17399081 1.64 0.023211 0.41 0.33 Gm6821 predicted gene 6821 

17421432 1.64 0.0044 0.27 1.23 Gm13251 predicted gene 13251 

17334433 1.64 0.000035 0.32 0.21 Meiob meiosis specific with OB domains 

17394461 1.63 3.08E-07 0.43 0.15 Slc13a3 
solute carrier family 13 (sodium-
dependent dicarboxylate transporter), 
member 3 

17535108 1.62 0.015613 0.27 0.18 Gm22287 predicted gene, 22287 

17364463 1.62 0.000449 0.29 0.28 Cyp2c70 
cytochrome P450, family 2, subfamily 
c, polypeptide 70 

17467154 1.62 0.000245 0.14 0.58 Ppm1k 
protein phosphatase 1K (PP2C domain 
containing) 

17425926 1.61 0.00803 0.37 0.2     

17548055 1.61 0.003467 0.42 0.65 LOC630751 
interferon-inducible GTPase 1-like; 
cDNA sequence BC023105; predicted 
gene 4841 

17547493 1.61 0.000129 0.53 0.26 Gm20262 predicted gene, 20262 

17362869 1.61 0.00001 0.13 0.1 AW112010 expressed sequence AW112010 

17433656 1.6 0.042027 0.3 0.29 5930403L14Rik RIKEN cDNA 5930403L14 gene 

17536496 1.6 0.000005 0.35 0.27 Tmem28 transmembrane protein 28 

17404191 1.59 0.000852 0.6 0.15     

17331365 1.59 0.000008 0.11 0.25 Arl13b ADP-ribosylation factor-like 13B 

17475469 1.58 0.000259 0.32 0.48 Cyp2a5 cytochrome P450, family 2, subfamily 
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a, polypeptide 5 

17273292 1.58 3.97E-09 0.07 0.15 Dcxr dicarbonyl L-xylulose reductase 

17356897 1.57 0.019533 0.31 0.23 Rasgrp2 RAS, guanyl releasing protein 2 

17476625 1.57 0.007237 0.44 0.31     

17351224 1.57 0.006914 0.45 0.18     

17494649 1.56 0.007629 0.15 0.74 Gm17757 
GTPase, very large interferon 
inducible 1 pseudogene 

17374807 1.55 0.036618 0.36 0.53 Chac1 ChaC, cation transport regulator 1 

17391997 1.55 0.001729 0.3 0.49 Gpcpd1 
glycerophosphocholine 
phosphodiesterase GDE1 homolog (S. 
cerevisiae) 

17327270 1.55 1.45E-07 0.19 0.32 Dopey2 dopey family member 2 

17269250 1.54 0.042759 0.38 0.42 Gm11564 predicted gene 11564 

17219662 1.54 0.016446 0.46 0.27 Pyhin1 
pyrin and HIN domain family, member 
1 

17450404 1.53 0.013026 0.27 0.39 Zfp951 zinc finger protein 951 

17404091 1.53 0.005656 0.15 0.38 Fabp4 fatty acid binding protein 4, adipocyte 

17424656 1.53 0.000002 0.22 0.23 Tpm2 tropomyosin 2, beta 

17213189 1.52 0.007119 0.48 0.38 Gm20257 caspase 8 pseudogene 

17549456 1.52 0.003477 0.2 0.62     

17223429 1.52 0.001609 0.33 0.25 Als2cr12 
amyotrophic lateral sclerosis 2 
(juvenile) chromosome region, 
candidate 12 (human) 

17421511 1.52 1.18E-03 0.42 0.47 Gm13145 

predicted gene 13145; zinc finger 
protein 600; reduced expression 2; 
RIKEN cDNA 2610305D13 gene; 
predicted gene 13242 

17398441 1.52 0.000009 0.13 0.34 Asic5 
acid-sensing (proton-gated) ion 
channel family member 5 

17494443 1.51 0.046583 0.4 0.48 Olfr666 olfactory receptor 666 

17480513 1.51 0.041272 0.41 0.52 Gm23479 predicted gene, 23479 

17494662 1.51 0.008079 0.14 0.81 Gm17757 
GTPase, very large interferon 
inducible 1 pseudogene 

17548086 1.51 0.003311 0.22 0.18     

17325234 1.51 1.06E-07 0.32 0.1 Sema5b 

sema domain, seven thrombospondin 
repeats (type 1 and type 1-like), 
transmembrane domain (TM) and 
short cytoplasmic domain, 
(semaphorin) 5B 

17507361 -1.51 0.002362 0.26 0.33 B930025P03Rik RIKEN cDNA B930025P03 gene 

17492826 -1.51 0.00211 0.21 0.16 Homer2 homer homolog 2 (Drosophila) 

17465407 -1.51 0.001091 0.31 0.04 Kcp kielin/chordin-like protein 

17517097 -1.51 0.000373 0.4 0.28 Plet1 placenta expressed transcript 1 

17505148 -1.51 0.000004 0.14 0.25 Cdh1 cadherin 1 

17216779 -1.52 0.011503 0.41 0.21 Acmsd 
amino carboxymuconate 
semialdehyde decarboxylase 

17225499 -1.52 0.004221 0.18 0.21 Hes6 hairy and enhancer of split 6 

17399266 -1.52 0.000112 0.16 0.47 Pklr 
pyruvate kinase liver and red blood 
cell 

17410251 -1.52 2.73E-07 0.14 0.1 Enpep glutamyl aminopeptidase 
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17422697 -1.53 0.009515 0.31 0.29 Mrpl20 mitochondrial ribosomal protein L20 

17415932 -1.53 0.005492 0.4 0.2 Ak4 adenylate kinase 4 

17327909 -1.53 0.002121 0.25 0.28 Ppl periplakin 

17307588 -1.53 0.002063 0.35 0.32 Fdft1 
farnesyl diphosphate farnesyl 
transferase 1 

17267601 -1.53 0.000102 0.23 0.32 Scpep1 serine carboxypeptidase 1 

17242578 -1.53 0.000091 0.17 0.34 Ppap2c 
phosphatidic acid phosphatase type 
2C 

17477127 -1.54 0.030564 0.27 0.25 Vsig10l 
ZV-set and immunoglobulin domain 
containing 10 like 

17486094 -1.54 0.009623 0.34 0.16 Olfr1348 olfactory receptor 1348 

17296344 -1.54 0.003066 0.11 0.21 Fst follistatin 

17520905 -1.54 1.75E-07 0.12 0.22 Slco2a1 
solute carrier organic anion 
transporter family, member 2a1 

17499808 -1.55 0.005888 0.58 0.19 Defb1 defensin beta 1 

17361921 -1.55 0.001217 0.49 0.58 Tm7sf2 
transmembrane 7 superfamily 
member 2 

17400486 -1.57 0.00253 0.25 0.83 Mtmr11 myotubularin related protein 11 

17533474 -1.58 0.043837 0.35 0.25 Maoa monoamine oxidase A 

17271350 -1.58 0.014515 0.4 0.38 Abca8a 
ATP-binding cassette, sub-family A 
(ABC1), member 8a 

17313677 -1.58 0.002821 0.25 1.07 Pnpla3 
patatin-like phospholipase domain 
containing 3 

17300279 -1.58 0.000018 0.18 0.2 Mmp14 
matrix metallopeptidase 14 
(membrane-inserted) 

17448106 -1.58 8.02E-07 0.22 0.15 Sel1l3 
sel-1 suppressor of lin-12-like 3 (C. 
elegans) 

17315686 -1.59 0.001996 0.11 0.19 C7 complement component 7 

17520922 -1.59 0.000022 0.27 0.09 Rab6b RAB6B, member RAS oncogene family 

17247896 -1.6 0.026284 0.28 0.38 Gm23514 predicted gene, 23514 

17522626 -1.61 0.000263 0.33 0.27 Dclk3 doublecortin-like kinase 3 

17529662 -1.62 0.000015 0.19 0.11 Tbc1d2b TBC1 domain family, member 2B 

17547719 -1.63 0.042057 0.2 0.42 Ahnak2 AHNAK nucleoprotein 2 

17357460 -1.64 0.000067 0.17 0.12 Fads1 fatty acid desaturase 1 

17383486 -1.65 0.035154 0.27 0.29 6530402F18Rik RIKEN cDNA 6530402F18 gene 

17362197 -1.65 0.000024 0.12 0.31 Vegfb vascular endothelial growth factor B 

17218321 -1.66 0.028569 0.52 0.96 Rgs16 regulator of G-protein signaling 16 

17522319 -1.67 0.009911 0.31 0.24 Cspg5 chondroitin sulfate proteoglycan 5 

17364163 -1.68 0.031781 0.29 0.57 Mir107 microRNA 107 

17529764 -1.68 0.020126 0.33 0.34 Pls1 plastin 1 (I-isoform) 

17285056 -1.68 0.002231 0.55 0.41 Idi1 
isopentenyl-diphosphate delta 
isomerase; predicted gene 13502 

17471127 -1.69 0.000135 0.21 0.39 Cd9 CD9 antigen 

17413474 -1.7 2.24E-08 0.18 0.15 Reck 
reversion-inducing-cysteine-rich 
protein with kazal motifs 

17459591 -1.71 0.004386 0.25 0.17 St3gal5 
ST3 beta-galactoside alpha-2,3-
sialyltransferase 5 

17501787 -1.71 0.000004 0.07 0.31 Tm6sf2 
transmembrane 6 superfamily 
member 2 
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17298364 -1.73 0.00048 0.21 0.16 Nt5dc2 5-nucleotidase domain containing 2 

17344242 -1.73 0.000007 0.33 0.29 Apom apolipoprotein M 

17547610 -1.74 0.00163 0.17 0.46     

17498502 -1.75 0.000046 0.45 0.2 Ccnd1 cyclin D1 

17548238 -1.78 0.000304 0.43 1.82 Fabp5 
fatty acid binding protein 5, 
epidermal; predicted gene 6166 

17402558 -1.79 0.002628 0.29 0.45 Elovl6 
ELOVL family member 6, elongation of 
long chain fatty acids (yeast) 

17282158 -1.79 0.000037 0.29 0.97 Rdh11 retinol dehydrogenase 11 

17425095 -1.79 8.42E-08 0.1 0.51 Gabbr2 
gamma-aminobutyric acid (GABA) B 
receptor, 2 

17312899 -1.8 0.027224 0.26 0.19 Galr3 

galanin receptor 3; glycine C-
acetyltransferase (2-amino-3-
ketobutyrate-coenzyme A ligase) 

17519058 -1.81 0.01686 0.45 0.53 Gm22229 predicted gene, 22229 

17364390 -1.81 0.00147 0.44 0.44 Gm23800 predicted gene, 23800 

17496806 -1.81 0.000059 0.28 0.8 Prss8 protease, serine 8 (prostasin) 

17337750 -1.83 0.000813 0.37 0.57 Gpr110 G protein-coupled receptor 110 

17548717 -1.84 0.000225 0.51 1.88 Fabp5 
fatty acid binding protein 5, 
epidermal; predicted gene 6166 

17344126 -1.85 0.048833 0.56 0.42 Hspa1b heat shock protein 1B 

17516908 -1.86 0.000007 0.16 0.26 Apoa4 apolipoprotein A-IV 

17360084 -1.87 0.001669 0.31 0.14 As3mt 
arsenic (+3 oxidation state) 
methyltransferase 

17366670 -1.9 1.67E-10 0.13 0.13 Itih5 inter-alpha (globulin) inhibitor H5 

17417240 -1.93 0.000057 0.61 0.62 Cyp4a31 
cytochrome P450, family 4, subfamily 
a, polypeptide 31 

17254395 -1.95 0.000006 0.23 0.61 Acaca acetyl-Coenzyme A carboxylase alpha 

17269521 -1.96 0.000073 0.14 0.8 Acly ATP citrate lyase 

17431720 -1.98 0.000023 0.34 0.19 Alpl 
alkaline phosphatase, 
liver/bone/kidney 

17532637 -2.03 0.037135 0.62 0.27 mt-Tq 
mitochondrially encoded tRNA 
glutamine 

17273348 -2.12 0.000928 0.28 0.48 Fasn fatty acid synthase 

17440826 -2.12 0.000115 0.26 1.07 Acacb acetyl-Coenzyme A carboxylase beta 

17267011 -2.19 0.000022 0.23 0.38 Gm11437 predicted gene 11437 

17445627 -2.24 0.002364 0.32 0.58 Gm24054 predicted gene, 24054 

17402642 -2.29 3.03E-07 0.11 0.24 Etnppl 
ethanolamine phosphate 
phospholyase 

17438062 -2.3 0.0121 0.39 0.78 Nipal1 NIPA-like domain containing 1 

17529398 -2.3 0.00001 0.52 0.71 Me1 
malic enzyme 1, NADP(+)-dependent, 
cytosolic 

17337816 -2.34 0.000089 0.25 0.26 Cyp39a1 
cytochrome P450, family 39, 
subfamily a, polypeptide 1 

17406908 -2.38 0.000177 0.39 1.06 Fdps farnesyl diphosphate synthetase 

17445308 -2.38 0.000057 0.49 0.73 Cyp51 cytochrome P450, family 51 

17535434 -2.43 0.000035 0.35 0.64 Nsdhl 
NAD(P) dependent steroid 
dehydrogenase-like 

17510484 -2.46 0.022662 0.3 0.42 Cib3 
calcium and integrin binding family 
member 3 
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17428457 -2.6 0.001621 1.61 0.98 Cyp4a14 
cytochrome P450, family 4, subfamily 
a, polypeptide 14 

17415979 -2.97 3.31E-08 0.38 0.59 Lepr leptin receptor 

17365410 -3.28 0.002186 0.8 0.38 Cyp17a1 
cytochrome P450, family 17, 
subfamily a, polypeptide 1 

17311807 -4.44 0.000006 0.93 1.07 Sqle squalene epoxidase 

 

 

Table 9 DEGS at 12W in the liver 

Transcript 
Cluster ID 

Fold 
Change 
HFD vs 

LFD  

Anova p-
value 

HFD 
Standard 
Deviation 

LFD 
Standard 
Deviation 

Gene Symbol Description 

17414738 8.08 2.03E-07 0.59 0.71 Orm3 orosomucoid 3 

17475373 7.82 0.040983 0.63 3.29 Cyp2b13 
cytochrome P450, family 2, subfamily 
b, polypeptide 13 

17232394 6.05 3.62E-10 0.33 0.42 Themis thymocyte selection associated 

17235018 5.85 5.74E-09 0.3 0.29 Cfd complement factor D (adipsin) 

17414512 5.69 0.000045 0.75 0.5 Mup-ps12 major urinary protein, pseudogene 12 

17469754 4.54 0.000005 0.61 0.5 Cidec 
cell death-inducing DFFA-like effector 
c 

17475385 3.99 0.031951 0.13 2.29 Cyp2b9 
cytochrome P450, family 2, subfamily 
b, polypeptide 9 

17218139 3.51 0.002562 0.42 0.53 C730036E19Rik RIKEN cDNA C730036E19 gene 

17414520 3.31 0.000007 0.55 0.77 Gm13775 predicted gene 13775 

17278239 3.2 0.03147 1.04 1.55 Serpina4-ps1 
serine (or cysteine) peptidase 
inhibitor, clade A, member 4, 
pseudogene 1 

17432749 2.99 0.00003 0.5 0.79     

17346125 2.82 6.60E-07 0.57 0.05 Plin4 perilipin 4 

17231571 2.7 0.000105 0.71 0.29 B430219N15Rik RIKEN cDNA B430219N15 gene 

17450515 2.66 0.02771 0.71 0.56 Gbp11 guanylate binding protein 11 

17368163 2.66 0.000413 0.73 1.1 Obp2a odorant binding protein 2A 

17416154 2.65 0.000002 0.27 0.44 Gm12718 predicted gene 12718 

17363425 2.64 0.000001 0.41 0.49 C730002L08Rik RIKEN cDNA C730002L08 gene 

17423051 2.62 0.009937 0.26 0.26 Cyp7a1 
cytochrome P450, family 7, subfamily 
a, polypeptide 1 

17392022 2.61 0.019614 0.24 0.6 LOC102633833 
uncharacterized LOC102633833; 
predicted gene 14097 

17359274 2.52 0.001505 0.85 0.76 Cyp2c53-ps 
cytochrome P450, family 2, subfamily 
c, polypeptide 53-ps 

17424656 2.5 0.000002 0.45 0.28 Tpm2 tropomyosin 2, beta 

17414507 2.47 0.000023 0.41 0.37 Gm13773 predicted gene 13773 

17421491 2.46 0.004646 0.48 0.77 Gm13152 predicted gene 13152 

17547493 2.45 0.000129 0.54 0.17 Gm20262 predicted gene, 20262 

17461942 2.38 9.05E-07 0.11 0.16 Pparg 
peroxisome proliferator activated 
receptor gamma 
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17287170 2.35 0.007963 0.4 1.02 Omd osteomodulin 

17220249 2.33 0.000009 0.21 0.79 9130409I23Rik RIKEN cDNA 9130409I23 gene 

17451930 2.32 0.000201 0.34 0.48 AW549542 expressed sequence AW549542 

17402350 2.3 0.000002 0.25 0.35 Fabp2 fatty acid binding protein 2, intestinal 

17301514 2.29 0.000877 0.63 0.33 Gm10032 predicted gene 10032 

17421511 2.26 0.00118 0.4 0.75 Gm13145 

predicted gene 13145; zinc finger 
protein 600; reduced expression 2; 
RIKEN cDNA 2610305D13 gene; 
predicted gene 13242 

17423577 2.26 0.000011 0.35 0.38 Atp6v0d2 
ATPase, H+ transporting, lysosomal V0 
subunit D2 

17280184 2.23 0.005391 0.48 0.61 Zfp125 zinc finger protein 125 

17418757 2.19 0.00011 0.18 0.67 1700080G11Rik RIKEN cDNA 1700080G11 gene 

17391997 2.18 0.001729 0.39 0.43 Gpcpd1 
glycerophosphocholine 
phosphodiesterase GDE1 homolog (S. 
cerevisiae) 

17252912 2.18 3.28E-09 0.24 0.12 Tlcd2 TLC domain containing 2 

17395379 2.17 0.0078 0.38 0.5 Gm14412 predicted gene 14412 

17300544 2.17 2.03E-07 0.2 0.49 Fitm1 
fat storage-inducing transmembrane 
protein 1 

17475469 2.12 0.000259 0.39 0.79 Cyp2a5 
cytochrome P450, family 2, subfamily 
a, polypeptide 5 

17385099 2.09 0.030316 0.11 0.42 Neb nebulin 

17421432 2.06 0.0044 0.58 0.85 Gm13251 predicted gene 13251 

17229454 2.05 0.000302 0.28 0.21 Rgs4 regulator of G-protein signaling 4 

17400124 2.04 0.001302 0.39 1.15 Selenbp2 selenium binding protein 2 

17215820 2.04 2.14E-07 0.28 0.42 Gpc1 glypican 1 

17404180 2.02 0.002406 0.2 0.53 Car1 carbonic anhydrase 1 

17351457 2.01 0.002086 0.9 0.12 Cidea 
cell death-inducing DNA 
fragmentation factor, alpha subunit-
like effector A 

17352366 2 0.015319 0.21 1.13     

17504512 2 0.000128 0.1 0.84 Ces2c carboxylesterase 2C 

17243888 2 4.04E-07 0.19 0.22 Chpt1 choline phosphotransferase 1 

17500756 1.98 0.041772 0.51 0.32 Gm16348 
predicted gene 16348; 
uncharacterized LOC102640962 

17415813 1.97 0.020637 0.31 0.25 Gm26425 predicted gene, 26425 

17244973 1.97 0.000891 0.58 0.26 Trhde TRH-degrading enzyme 

17475360 1.97 0.000003 0.73 0.41 Cyp2b10 
cytochrome P450, family 2, subfamily 
b, polypeptide 10 

17298126 1.96 0.014299 0.38 0.47 Lrtm1 
leucine-rich repeats and 
transmembrane domains 1 

17373930 1.96 2.20E-07 0.03 0.35 Them7 thioesterase superfamily member 7 

17478195 1.95 0.000148 0.27 0.5 Saa2 serum amyloid A 2 

17546774 1.94 0.007587 0.23 0.77 Erdr1 

erythroid differentiation regulator 1; 
dedicator of cytokinesis 9; predicted 
gene, 21887; nicotinamide nucleotide 
adenylyltransferase 1; reproductive 
homeobox 4B 
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17494325 1.93 0.000631 0.34 0.1     

17311529 1.93 0.000001 0.32 0.35 Gm26684 
predicted gene, 26684; 
uncharacterized LOC102638507 

17394461 1.93 3.08E-07 0.16 0.28 Slc13a3 
solute carrier family 13 (sodium-
dependent dicarboxylate transporter), 
member 3 

17331585 1.92 0.004778 0.52 0.44 E330011O21Rik RIKEN cDNA E330011O21 gene 

17256991 1.91 0.000029 0.24 0.39 Adam11 
a disintegrin and metallopeptidase 
domain 11 

17449394 1.9 0.000147 0.23 0.58 Sult1b1 sulfotransferase family 1B, member 1 

17274412 1.89 0.025995 0.74 0.58     

17327270 1.88 1.45E-07 0.26 0.3 Dopey2 dopey family member 2 

17550426 1.87 0.023192 0.07 0.41 Neat1 
nuclear paraspeckle assembly 
transcript 1 (non-protein coding) 

17289160 1.87 0.000167 0.09 0.72 Gm15622 predicted gene 15622 

17491205 1.87 0.000073 0.14 0.26 Saa1 serum amyloid A 1 

17260644 1.87 0.000059 0.06 0.21 Ddc dopa decarboxylase 

17449578 1.86 0.015546 0.51 0.75 Gm19619 predicted gene, 19619 

17471492 1.86 0.00808 0.22 0.2 2310001H17Rik RIKEN cDNA 2310001H17 gene 

17223429 1.85 0.001609 0.32 0.44 Als2cr12 
amyotrophic lateral sclerosis 2 
(juvenile) chromosome region, 
candidate 12 (human) 

17383892 1.85 4.44E-07 0.46 0.17 Lcn2 lipocalin 2 

17446616 1.84 0.001749 0.38 0.21 Gm24538 predicted gene, 24538 

17538848 1.83 0.029996 0.13 0.36 Mir98 microRNA 98 

17313643 1.83 0.020131 0.37 0.39 7530414M10Rik RIKEN cDNA 7530414M10 gene 

17310282 1.83 0.000005 0.1 0.45 Agxt2 alanine-glyoxylate aminotransferase 2 

17380211 1.82 0.038407 0.23 0.52 Ctcflos 
CCCTC-binding factor (zinc finger 
protein)-like, opposite strand 

17491193 1.82 0.000004 0.37 0.31 Saa3 serum amyloid A 3 

17406682 1.82 6.56E-07 0.14 0.28 1700113A16Rik RIKEN cDNA 1700113A16 gene 

17548831 1.81 0.00683 0.2 0.62 Erdr1 
erythroid differentiation regulator 1; 
reproductive homeobox 4B 

17548055 1.81 0.003467 0.36 0.81 LOC630751 
interferon-inducible GTPase 1-like; 
cDNA sequence BC023105; predicted 
gene 4841 

17350932 1.81 0.000474 0.28 0.47 BC023105 cDNA sequence BC023105 

17359327 1.81 0.000058 0.09 0.47     

17334433 1.81 0.000035 0.2 0.3 Meiob meiosis specific with OB domains 

17348707 1.8 0.048076 0.43 0.34 Dsg1c desmoglein 1 gamma 

17340817 1.8 0.001606 0.24 0.52 Slc22a3 
solute carrier family 22 (organic cation 
transporter), member 3 

17539271 1.8 0.000336 0.27 0.29 Gpr64 G protein-coupled receptor 64 

17536496 1.8 0.000005 0.13 0.17 Tmem28 transmembrane protein 28 

17281332 1.79 0.006632 0.3 0.18 Gm2568 
predicted gene 2568; uncharacterized 
LOC102642272 

17220394 1.78 0.000307 0.36 0.23 Capn8 calpain 8 
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17466687 1.78 0.000108 0.35 0.5 Osbpl3 oxysterol binding protein-like 3 

17324835 1.77 0.002781 0.19 0.42 Tfrc transferrin receptor 

17538486 1.76 0.001167 0.27 0.35 Gm15127 predicted gene 15127 

17427928 1.76 0.00007 0.19 0.56 Dio1 deiodinase, iodothyronine, type I 

17479947 1.75 0.026871 0.46 0.11 Olfr293 olfactory receptor 293 

17361805 1.75 0.013349 0.15 0.33 Neat1 
nuclear paraspeckle assembly 
transcript 1 (non-protein coding) 

17494662 1.75 0.008079 0.24 0.23 Gm17757 
GTPase, very large interferon 
inducible 1 pseudogene 

17541081 1.74 0.036539 0.57 0.22 Rhox3h reproductive homeobox 3H 

17421444 1.73 0.015876 0.57 0.57 Gm13248 
predicted gene 13248; predicted gene 
13139; ZNF41, pseudogene; predicted 
gene 13251; predicted gene 13166 

17417858 1.73 0.005486 0.43 0.4 Mir1957a microRNA 1957a; microRNA 1957 

17347729 1.73 0.000016 0.14 0.22 Abcg5 
ATP-binding cassette, sub-family G 
(WHITE), member 5 

17276147 1.72 0.025123 0.15 0.45 4930404H11Rik RIKEN cDNA 4930404H11 gene 

17412703 1.72 0.016887 0.59 0.16 Gm23314 predicted gene, 23314 

17364452 1.72 0.002689 0.17 1.09 Cyp2c54 
cytochrome P450, family 2, subfamily 
c, polypeptide 54 

17444697 1.71 0.009419 0.19 0.2 Cyp3a59 
cytochrome P450, family 3, subfamily 
a, polypeptide 59 

17340099 1.71 0.000011 0.1 0.34 Abcg8 
ATP-binding cassette, sub-family G 
(WHITE), member 8 

17398441 1.71 0.000009 0.28 0.18 Asic5 
acid-sensing (proton-gated) ion 
channel family member 5 

17404191 1.7 0.000852 0.27 0.61     

17442780 1.7 0.000698 0.37 0.22 Glt1d1 
glycosyltransferase 1 domain 
containing 1 

17220432 1.7 6.13E-07 0.14 0.38 Tlr5 toll-like receptor 5 

17290921 1.69 0.0161 0.19 0.22 Zkscan3 
zinc finger with KRAB and SCAN 
domains 3 

17526695 1.69 0.0088 0.24 0.37 Nnmt nicotinamide N-methyltransferase 

17355316 1.69 0.008496 0.34 0.3 Poli polymerase (DNA directed), iota 

17421384 1.69 0.008488 0.42 0.47 Znf41-ps 
ZNF41, pseudogene; predicted gene 
13139; predicted gene 13251; 
predicted gene 13248 

17450501 1.69 0.000482 0.29 0.61 Gbp10 guanylate-binding protein 10 

17406482 1.69 0.000118 0.26 0.27 Cd1d1 CD1d1 antigen 

17497091 1.69 0.000073 0.09 0.39 Oat ornithine aminotransferase 

17219231 1.68 0.005281 0.25 0.37 Nr1i3 
nuclear receptor subfamily 1, group I, 
member 3 

17538852 1.68 8.45E-07 0.17 0.31 Hsd17b10 
hydroxysteroid (17-beta) 
dehydrogenase 10 

17513860 1.67 0.004438 0.44 0.13 Sult5a1 sulfotransferase family 5A, member 1 

17406688 1.67 0.000372 0.27 0.45 Rhbg 
Rhesus blood group-associated B 
glycoprotein 

17512765 1.67 0.000166 0.15 0.2 3010033K07Rik RIKEN cDNA 3010033K07 gene 

17525714 1.66 0.013924 0.08 0.26 Olfr938 olfactory receptor 938 

17390561 1.66 0.013621 0.24 0.27 Catsper2 cation channel, sperm associated 2 
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17265365 1.66 0.010868 0.21 0.24 Inca1 
inhibitor of CDK, cyclin A1 interacting 
protein 1 

17293503 1.66 0.004009 0.17 0.57 Zfp934 zinc finger protein 934 

17467154 1.66 0.000245 0.33 0.55 Ppm1k 
protein phosphatase 1K (PP2C domain 
containing) 

17325234 1.66 1.06E-07 0.12 0.29 Sema5b 

sema domain, seven thrombospondin 
repeats (type 1 and type 1-like), 
transmembrane domain (TM) and 
short cytoplasmic domain, 
(semaphorin) 5B 

17513380 1.65 0.000893 0.27 0.34 Sdr42e1 
short chain dehydrogenase/reductase 
family 42E, member 1 

17277970 1.65 0.000183 0.17 0.33 D130020L05Rik RIKEN cDNA D130020L05 gene 

17319554 1.65 0.000001 0.09 0.15 Pmm1 phosphomannomutase 1 

17323297 1.64 0.035372 0.24 0.45 Cebpd 
CCAAT/enhancer binding protein 
(C/EBP), delta 

17405746 1.64 0.023143 0.32 0.73 Rarres1 
retinoic acid receptor responder 
(tazarotene induced) 1 

17449417 1.64 0.015188 0.4 0.13 Sult1e1 sulfotransferase family 1E, member 1 

17280729 1.64 0.00613 0.29 0.27 Ahr aryl-hydrocarbon receptor 

17414747 1.64 0.000794 0.26 0.54 Orm2 orosomucoid 2 

17235399 1.64 0.00077 0.13 0.3 Izumo4 IZUMO family member 4 

17513135 1.64 0.00038 0.16 0.51 Ldhd lactate dehydrogenase D 

17301414 1.63 0.048982 0.6 0.82 Scara5 
scavenger receptor class A, member 5 
(putative) 

17523474 1.63 0.017409 0.16 0.1 Zkscan7 
zinc finger with KRAB and SCAN 
domains 7 

17355133 1.63 0.008931 0.34 0.07 Gm24679 predicted gene, 24679 

17527004 1.63 0.000206 0.15 0.22 Fdx1 ferredoxin 1 

17425609 1.63 0.000192 0.25 0.08 D630039A03Rik RIKEN cDNA D630039A03 gene 

17445715 1.63 0.000019 0.17 0.45 Cd36 CD36 antigen 

17317056 1.63 0.000015 0.24 0.46 Enpp2 
ectonucleotide 
pyrophosphatase/phosphodiesterase 
2 

17211004 1.62 0.000128 0.09 0.45 Adhfe1 
alcohol dehydrogenase, iron 
containing, 1 

17530422 1.61 0.015544 0.38 0.27 Gm25904 predicted gene, 25904 

17494649 1.61 0.007629 0.25 0.22 Gm17757 
GTPase, very large interferon 
inducible 1 pseudogene 

17233384 1.61 0.001123 0.17 0.55 Fabp7 fatty acid binding protein 7, brain 

17323098 1.6 0.001488 0.18 0.2 Mpv17l 
Mpv17 transgene, kidney disease 
mutant-like 

17359316 1.6 0.000005 0.34 0.3 Cyp2c37 
cytochrome P450, family 2. subfamily 
c, polypeptide 37 

17466936 1.59 0.037708 0.31 0.1 Gm22910 predicted gene, 22910 

17397957 1.59 0.022439 0.29 0.18 P2ry1 
purinergic receptor P2Y, G-protein 
coupled 1 

17486707 1.59 0.018957 0.27 0.87 2810007J24Rik RIKEN cDNA 2810007J24 gene 

17510200 1.59 0.017742 0.64 0.4 Arrdc2 arrestin domain containing 2 

17500867 1.59 0.009624 0.2 0.51 Mtnr1a melatonin receptor 1A 
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17425926 1.59 0.00803 0.39 1.23     

17482310 1.59 0.000551 0.33 0.1 Acsm3 
acyl-CoA synthetase medium-chain 
family member 3 

17528930 1.57 0.012848 0.39 0.42 Gm22938 predicted gene, 22938 

17288362 1.57 0.007349 0.37 0.3 Gm7969 predicted gene 7969 

17288366 1.57 0.007349 0.37 0.3 Gm7969 predicted gene 7969 

17290781 1.57 0.001176 0.18 0.22 Sugct 
succinyl-CoA glutarate-CoA 
transferase 

17293020 1.57 0.000048 0.12 0.34 Lect2 leukocyte cell-derived chemotaxin 2 

17480237 1.56 0.016957 0.81 0.32     

17491712 1.55 0.04424 0.54 0.12 Mir344d-3 microRNA 344d-3 

17358422 1.55 0.033859 0.29 0.57 Vldlr very low density lipoprotein receptor 

17355730 1.55 0.008689 0.24 0.32 Gm25060 predicted gene, 25060 

17383835 1.55 0.007276 0.11 0.31 Uck1 uridine-cytidine kinase 1 

17394727 1.55 0.003917 0.38 0.08 Tmem189 transmembrane protein 189 

17312829 1.55 0.002171 0.35 0.38 Lgals1 lectin, galactose binding, soluble 1 

17459621 1.55 0.000623 0.04 0.46 Tmem150a transmembrane protein 150A 

17363828 1.55 0.000032 0.13 0.2 Ermp1 
endoplasmic reticulum 
metallopeptidase 1 

17457876 1.55 0.000001 0.02 0.15 Gstk1 glutathione S-transferase kappa 1 

17303412 1.55 0.000001 0.07 0.17 Acox2 
acyl-Coenzyme A oxidase 2, branched 
chain 

17274015 1.54 0.027705 0.26 0.38 Ttc32 tetratricopeptide repeat domain 32 

17294761 1.54 0.006747 0.18 0.44 Xrcc4 
X-ray repair complementing defective 
repair in Chinese hamster cells 4 

17278209 1.54 0.002939 0.24 0.27 Ppp4r4 
protein phosphatase 4, regulatory 
subunit 4 

17239077 1.54 0.000068 0.32 0.13 Ginm1 glycoprotein integral membrane 1 

17273292 1.54 3.97E-09 0.05 0.13 Dcxr dicarbonyl L-xylulose reductase 

17374807 1.53 0.036618 0.25 0.31 Chac1 ChaC, cation transport regulator 1 

17455600 1.53 0.032774 0.27 0.14 D730045B01Rik RIKEN cDNA D730045B01 gene 

17549456 1.53 0.003477 0.22 0.25     

17393022 1.53 0.002898 0.16 0.32 Pdrg1 p53 and DNA damage regulated 1 

17483471 1.53 0.000498 0.19 0.18 Hsd3b7 
hydroxy-delta-5-steroid 
dehydrogenase, 3 beta- and steroid 
delta-isomerase 7 

17357810 1.53 0.000159 0.25 0.04 Mpeg1 macrophage expressed gene 1 

17295503 1.53 0.000009 0.14 0.19 Mccc2 
methylcrotonoyl-Coenzyme A 
carboxylase 2 (beta) 

17425954 1.52 0.040615 0.37 0.93     

17333493 1.52 0.030164 0.3 0.25 9030025P20Rik RIKEN cDNA 9030025P20 gene 

17321227 1.52 0.025818 0.04 0.3 Kansl2 
KAT8 regulatory NSL complex subunit 
2 

17232356 1.52 0.021716 0.13 0.35 Gm23353 predicted gene, 23353 

17329494 1.52 0.007629 0.14 0.27 Gm20319 predicted gene, 20319 

17226346 1.52 0.001346 0.27 0.19 Insig2 insulin induced gene 2 
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17377525 1.52 0.000096 0.05 0.33 Gins1 
GINS complex subunit 1 (Psf1 
homolog) 

17269126 1.51 0.041423 0.43 0.27 Krtap3-3 
keratin associated protein 3-3; keratin 
associated protein 3-2 

17343976 1.51 0.040314 0.8 0.88 C4a 
complement component 4A (Rodgers 
blood group) 

17411751 1.51 0.032826 0.41 0.57 Trp53inp1 
transformation related protein 53 
inducible nuclear protein 1 

17535108 1.51 0.015613 0.24 0.23 Gm22287 predicted gene, 22287 

17218361 1.51 0.014035 0.18 0.24     

17417422 1.51 0.009582 0.06 0.25 Ipp IAP promoted placental gene 

17526988 1.51 0.007734 0.21 0.2 1810046K07Rik RIKEN cDNA 1810046K07 gene 

17452378 1.51 0.004003 0.03 0.2 Rad9b RAD9 homolog B 

17311310 1.51 0.003035 0.42 0.42 Gm24751 predicted gene, 24751 

17295278 1.51 0.001716 0.09 0.25 Hexb hexosaminidase B 

17373825 1.51 0.000014 0.09 0.26 Cd59a CD59a antigen 

17308783 -1.51 0.007019 0.49 0.15 Gm3362 

predicted pseudogene 3362; 
predicted gene 8290; predicted gene 
8264; predicted gene 8158; predicted 
gene 8137; predicted gene 8112; 
ribosomal protein L23A pseudogene; 
ribosomal protein L23A 

17491999 -1.51 0.0011 0.09 0.31 Lrrc28 leucine rich repeat containing 28 

17353358 -1.51 0.000197 0.36 0.18 Stard4 
StAR-related lipid transfer (START) 
domain containing 4 

17307522 -1.52 0.049695 0.14 0.32 Dleu7 deleted in lymphocytic leukemia, 7 

17349949 -1.52 0.038707 0.31 0.27 Pcdhb22 protocadherin beta 22 

17528934 -1.52 0.038068 0.17 0.54 Tinag tubulointerstitial nephritis antigen 

17462954 -1.52 0.013051 0.22 0.34     

17467806 -1.52 0.006955 0.05 0.18 Tcf7l1 
transcription factor 7 like 1 (T cell 
specific, HMG box) 

17355437 -1.52 0.003566 0.03 0.41 Gm23119 predicted gene, 23119 

17411321 -1.53 0.033861 0.48 0.47 Gm24494 predicted gene, 24494 

17499808 -1.53 0.005888 0.2 0.51 Defb1 defensin beta 1 

17395718 -1.53 0.002452 0.17 0.06 Chrna4 
cholinergic receptor, nicotinic, alpha 
polypeptide 4 

17324420 -1.53 0.000193 0.22 0.24 St6gal1 
beta galactoside alpha 2,6 
sialyltransferase 1 

17445426 -1.53 0.000083 0.28 0.17 Steap2 
six transmembrane epithelial antigen 
of prostate 2 

17359156 -1.53 0.00005 0.37 0.05 Slc35g1 solute carrier family 35, member G1 

17493683 -1.54 0.004039 0.24 0.55 Snord15a small nucleolar RNA, C/D box 15A 

17285056 -1.54 0.002231 0.39 0.2 Idi1 
isopentenyl-diphosphate delta 
isomerase; predicted gene 13502 

17431101 -1.54 0.002139 0.15 0.32 Rps6ka1 
ribosomal protein S6 kinase 
polypeptide 1 

17497829 -1.54 0.001239 0.04 0.38 Cdhr5 cadherin-related family member 5 

17222878 -1.54 0.000642 0.36 0.19 Gm3940 predicted gene 3940 

17300608 -1.54 0.000468 0.27 0.19 Rec8 REC8 meiotic recombination protein 
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17504293 -1.54 0.000278 0.08 0.37 Mmp15 matrix metallopeptidase 15 

17320869 -1.55 0.04912 0.26 0.28 2610037D02Rik RIKEN cDNA 2610037D02 gene 

17421142 -1.55 0.033835 0.38 0.21 LOC102638933 
uncharacterized LOC102638933; 
predicted gene 13643 

17328038 -1.56 0.023189 0.35 0.21 Gm25805 predicted gene, 25805 

17361921 -1.56 0.001217 0.18 0.32 Tm7sf2 
transmembrane 7 superfamily 
member 2 

17529316 -1.56 8.30E-08 0.24 0.04 Fam46a 
family with sequence similarity 46, 
member A 

17456855 -1.57 0.034243 0.21 0.35 1700012C14Rik RIKEN cDNA 1700012C14 gene 

17482560 -1.57 0.022897 0.31 0.33 Eef2k eukaryotic elongation factor-2 kinase 

17286707 -1.57 0.005914 0.18 0.42 Gcnt2 
glucosaminyl (N-acetyl) transferase 2, 
I-branching enzyme 

17402558 -1.57 0.002628 0.3 0.85 Elovl6 
ELOVL family member 6, elongation of 
long chain fatty acids (yeast) 

17337133 -1.58 0.00652 0.1 0.29 H2-Q7 
histocompatibility 2, Q region locus 7; 
histocompatibility 2, Q region locus 9 

17348933 -1.58 0.000094 0.06 0.2 Mapre2 
microtubule-associated protein, 
RP/EB family, member 2 

17295685 -1.59 0.014668 0.03 0.28 Marveld2 
MARVEL (membrane-associating) 
domain containing 2 

17474669 -1.59 0.003976 0.24 0.22 Gm20512 
predicted gene 20512; translocase of 
outer mitochondrial membrane 40 
homolog (yeast) 

17448106 -1.6 8.02E-07 0.07 0.08 Sel1l3 
sel-1 suppressor of lin-12-like 3 (C. 
elegans) 

17520254 -1.61 0.022469 0.44 0.14 Adamts7 
a disintegrin-like and 
metallopeptidase (reprolysin type) 
with thrombospondin type 1 motif, 7 

17537343 -1.61 0.019111 0.46 0.6 Gm24438 predicted gene, 24438 

17493681 -1.61 0.011238 0.37 0.54 Snord15b 
small nucleolar RNA, C/D box 14B; 
ribosomal protein S3 

17549216 -1.61 0.00003 0.16 0.23 H2-Q7 
histocompatibility 2, Q region locus 7; 
histocompatibility 2, Q region locus 9; 
histocompatibility 2, Q region locus 5 

17344242 -1.61 0.000007 0.16 0.23 Apom apolipoprotein M 

17449800 -1.62 0.037015 0.31 0.41 Sowahb 
sosondowah ankyrin repeat domain 
family member B 

17404073 -1.62 0.008092 0.28 0.28     

17491535 -1.64 0.032851 0.34 0.66 Gm23862 predicted gene, 23862 

17486094 -1.64 0.009623 0.31 0.41 Olfr1348 olfactory receptor 1348 

17220584 -1.64 0.005511 0.19 0.4 Slc30a10 solute carrier family 30, member 10 

17489384 -1.64 0.000368 0.14 0.34 Lsr 
lipolysis stimulated lipoprotein 
receptor 

17376084 -1.64 0.000059 0.19 0.22 Ttl tubulin tyrosine ligase 

17493718 -1.66 0.045173 0.27 0.4 Neu3 neuraminidase 3 

17283088 -1.66 0.009075 0.24 0.31 1700019M22Rik NFX-like protein 

17550136 -1.66 0.007455 0.15 0.62     

17523387 -1.67 0.006761 0.2 0.47 Fam198a 
family with sequence similarity 198, 
member A 

17399474 -1.67 0.005064 0.25 0.22 Pmvk phosphomevalonate kinase 
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17295233 -1.67 0.001762 0.14 0.37 Hmgcr 
3-hydroxy-3-methylglutaryl-Coenzyme 
A reductase 

17353153 -1.67 0.000195 0.07 0.13 Slc39a6 
solute carrier family 39 (metal ion 
transporter), member 6 

17249801 -1.68 9.32E-08 0.11 0.14 Gm2a GM2 ganglioside activator protein 

17397437 -1.69 0.036702 0.45 0.57 Gm24282 predicted gene, 24282 

17399266 -1.69 0.000112 0.3 0.48 Pklr 
pyruvate kinase liver and red blood 
cell 

17529690 -1.7 0.037241 0.22 0.47 Gm25417 predicted gene, 25417 

17395039 -1.7 0.033815 0.41 0.35 Gm22773 predicted gene, 22773 

17378359 -1.7 0.001744 0.09 0.27 Acss2 
acyl-CoA synthetase short-chain 
family member 2 

17400486 -1.71 0.00253 0.3 0.21 Mtmr11 myotubularin related protein 11 

17327909 -1.71 0.002121 0.36 0.49 Ppl periplakin 

17489620 -1.71 0.000022 0.11 0.31 Gpi1 glucose phosphate isomerase 1 

17365410 -1.74 0.002186 0.67 1.48 Cyp17a1 
cytochrome P450, family 17, 
subfamily a, polypeptide 1 

17526633 -1.74 0.000378 0.45 0.22 Gm10680 predicted gene 10680 

17505148 -1.74 0.000004 0.2 0.3 Cdh1 cadherin 1 

17413474 -1.74 2.24E-08 0.08 0.18 Reck 
reversion-inducing-cysteine-rich 
protein with kazal motifs 

17366670 -1.75 1.67E-10 0.08 0.13 Itih5 inter-alpha (globulin) inhibitor H5 

17529398 -1.76 0.00001 0.21 0.11 Me1 
malic enzyme 1, NADP(+)-dependent, 
cytosolic 

17498874 -1.77 0.000062 0.14 0.37 Gm1840 predicted gene 1840 

17266368 -1.78 0.007875 0.46 0.45 Snord42a small nucleolar RNA, C/D box 42A 

17522626 -1.78 0.000263 0.17 0.36 Dclk3 doublecortin-like kinase 3 

17219206 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17400568 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17400579 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17400588 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
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predicted gene, 22614 

17400590 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17408038 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17408063 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17408065 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17425278 -1.8 0.023852 0.34 0.95 Rnu1b1 

U1b1 small nuclear RNA; U1b6 small 
nuclear RNA; U1b2 small nuclear RNA; 
predicted gene, 22042; predicted 
gene, 26232; predicted gene, 24136; 
predicted gene, 26110; predicted 
gene, 24830; predicted gene, 25890; 
predicted gene, 22614 

17419890 -1.83 0.001797 0.4 0.49 Il22ra1 interleukin 22 receptor, alpha 1 

17273348 -1.83 0.000928 0.34 0.64 Fasn fatty acid synthase 

17337816 -1.87 0.000089 0.36 0.6 Cyp39a1 
cytochrome P450, family 39, 
subfamily a, polypeptide 1 

17427769 -1.88 0.000383 0.5 0.29 Pcsk9 
proprotein convertase subtilisin/kexin 
type 9 

17322359 -1.89 0.001198 0.44 0.23 Zfp385a zinc finger protein 385A 

17501787 -1.9 0.000004 0.2 0.35 Tm6sf2 
transmembrane 6 superfamily 
member 2 

17438062 -1.92 0.0121 0.45 1.47 Nipal1 NIPA-like domain containing 1 

17364390 -1.93 0.00147 0.23 0.59 Gm23800 predicted gene, 23800 

17267011 -1.93 0.000022 0.12 0.53 Gm11437 predicted gene 11437 

17491537 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
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gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491539 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491566 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
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gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491570 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491572 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
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gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491574 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491576 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
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gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491578 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491580 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
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gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491582 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491584 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
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gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491586 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491588 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
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gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491590 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491592 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
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gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491594 -1.93 0.000018 0.22 0.27 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 22188; predicted 
gene, 25471; predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 22289; 
predicted gene, 24264; predicted 
gene, 26188; predicted gene, 22863; 
predicted gene, 22258; predicted 
gene, 23047; predicted gene, 25944; 
predicted gene, 25157; predicted 
gene, 23767; predicted gene, 22941; 
predicted gene, 26097; predicted 
gene, 24518 

17491596 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
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gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491598 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491602 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
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gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491604 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491608 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
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gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491610 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491612 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
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gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491614 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491616 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
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gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491618 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491620 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
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gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491622 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491624 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
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gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491628 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17491630 -1.93 0.000017 0.23 0.28 Snord116 

small nucleolar RNA, C/D box 116; 
small nucleolar RNA, C/D box 116-like 
1; small nucleolar RNA, C/D box 116-
like 2; imprinted gene in the Prader-
Willi syndrome region; predicted 
gene, 26032; predicted gene, 25074; 
predicted gene, 25210; predicted 
gene, 22046; predicted gene, 22631; 
predicted gene, 24264; predicted 
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gene, 22188; predicted gene, 25471; 
predicted gene, 23862; 
uncharacterized LOC102640399; 
predicted gene, 22173; predicted 
gene, 24618; predicted gene, 26502; 
predicted gene, 25615; predicted 
gene, 22584; predicted gene, 23446; 
predicted gene, 24711; predicted 
gene, 23953; predicted gene, 23619; 
predicted gene, 22131; predicted 
gene, 22851; predicted gene, 23313; 
predicted gene, 23089; predicted 
gene, 25474; predicted gene, 22047; 
predicted gene, 26365; predicted 
gene, 26332; predicted gene, 26188; 
predicted gene, 22863; predicted 
gene, 22258; predicted gene, 23047; 
predicted gene, 25944; predicted 
gene, 25157; predicted gene, 23767; 
predicted gene, 22941; predicted 
gene, 26097; predicted gene, 22289; 
predicted gene, 24518 

17425095 -1.94 8.42E-08 0.07 0.27 Gabbr2 
gamma-aminobutyric acid (GABA) B 
receptor, 2 

17469814 -1.96 0.000377 0.19 0.49 Atp2b2 
ATPase, Ca++ transporting, plasma 
membrane 2 

17516908 -1.96 0.000007 0.29 0.28 Apoa4 apolipoprotein A-IV 

17285438 -1.97 0.008391 0.21 0.46 Inhba inhibin beta-A 

17547610 -1.99 0.00163 0.2 0.75     

17343263 -2.01 0.010119 0.46 0.34 Sik1 salt inducible kinase 1 

17406908 -2.01 0.000177 0.37 0.16 Fdps farnesyl diphosphate synthetase 

17477377 -2.04 0.00105 0.2 0.19 Klk1b4 kallikrein 1-related pepidase b4 

17282158 -2.04 0.000037 0.14 0.18 Rdh11 retinol dehydrogenase 11 

17254395 -2.05 0.000006 0.11 0.37 Acaca acetyl-Coenzyme A carboxylase alpha 

17396056 -2.06 0.002691 0.24 0.58 Fabp5 fatty acid binding protein 5, epidermal 

17535434 -2.08 0.000035 0.19 0.19 Nsdhl 
NAD(P) dependent steroid 
dehydrogenase-like 

17333707 -2.11 0.019397 0.47 0.28 Mirlet7e microRNA let7e 

17269521 -2.14 0.000073 0.37 0.7 Acly ATP citrate lyase 

17440826 -2.16 0.000115 0.43 0.21 Acacb acetyl-Coenzyme A carboxylase beta 

17520905 -2.16 1.75E-07 0.27 0.39 Slco2a1 
solute carrier organic anion 
transporter family, member 2a1 

17431720 -2.17 0.000023 0.35 0.28 Alpl 
alkaline phosphatase, 
liver/bone/kidney 

17496806 -2.21 0.000059 0.29 0.26 Prss8 protease, serine 8 (prostasin) 

17510484 -2.25 0.022662 0.33 1.52 Cib3 
calcium and integrin binding family 
member 3 

17320103 -2.25 0.000165 0.25 0.24 Celsr1 
cadherin, EGF LAG seven-pass G-type 
receptor 1 (flamingo homolog, 
Drosophila) 

17313677 -2.34 0.002821 0.21 0.73 Pnpla3 
patatin-like phospholipase domain 
containing 3 

17445308 -2.34 0.000057 0.32 0.32 Cyp51 cytochrome P450, family 51 
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17218427 -2.51 0.04811 0.52 0.34     

17337750 -2.51 0.000813 0.61 1.01 Gpr110 G protein-coupled receptor 110 

17417240 -2.78 0.000057 0.43 0.46 Cyp4a31 
cytochrome P450, family 4, subfamily 
a, polypeptide 31 

17498502 -2.81 0.000046 0.1 0.65 Ccnd1 cyclin D1 

17428457 -2.96 0.001621 1.07 0.57 Cyp4a14 
cytochrome P450, family 4, subfamily 
a, polypeptide 14 

17415979 -3.6 3.31E-08 0.13 0.35 Lepr leptin receptor 

17548238 -3.78 0.000304 0.17 1.05 Fabp5 
fatty acid binding protein 5, 
epidermal; predicted gene 6166 

17548717 -3.97 0.000225 0.15 1.02 Fabp5 
fatty acid binding protein 5, 
epidermal; predicted gene 6166 

17311807 -4.99 0.000006 0.26 0.42 Sqle squalene epoxidase 

 

 

Table 10 masigPro analysis in the liver transcriptomic data: Clusters 1-9 

Cluster 1 
Gene 

Symbol 
Description p-value Cluster 2 

Gene 
Symbol 

Description p-value 

100039795
_at 

Ildr2 
immunoglobulin-like 
domain containing 
receptor 2 

0 
100041925

_at 
Gm14586 predicted gene 14586 1.20E-05 

109215_at 
3010033
K07Rik 

RIKEN cDNA 3010033K07 
gene 

0 104184_at Blmh bleomycin hydrolase 3.00E-06 

11671_at Aldh3a2 
aldehyde dehydrogenase 
family 3, subfamily A2 

0 106821_at Oard1 
O-acyl-ADP-ribose 
deacylase 1 

3.00E-06 

11835_at Ar androgen receptor 1.50E-05 107508_at Eprs 
glutamyl-prolyl-tRNA 
synthetase 

3.00E-06 

12040_at Bckdhb 
branched chain ketoacid 
dehydrogenase E1, beta 
polypeptide 

0 108143_at Taf9 
TAF9 RNA polymerase II, 
TATA box binding protein 
(TBP)-associated factor 

0 

12491_at Cd36 CD36 antigen 0 109821_at F11 coagulation factor XI 0 

14079_at Fabp2 
fatty acid binding protein 
2, intestinal 

0 11416_at Slc33a1 
solute carrier family 33 
(acetyl-CoA transporter), 
member 1 

0 

14311_at Cidec 
cell death-inducing 
DFFA-like effector c 

0 13095_at Cyp2c29 
cytochrome P450, family 
2, subfamily c, 
polypeptide 29 

0 

14733_at Gpc1 glypican 1 0 13109_at Cyp2j5 
cytochrome P450, family 
2, subfamily j, 
polypeptide 5 

0 

18553_at Pcsk6 
proprotein convertase 
subtilisin/kexin type 6 

3.00E-06 13427_at Dync1i2 
dynein cytoplasmic 1 
intermediate chain 2 

0 

20357_at Sema5b 

sema domain, seven 
thrombospondin repeats 
(type 1 and type 1-like), 
transmembrane domain 
(TM) and short 
cytoplasmic domain, 
(semaphorin) 5B 

0 14827_at Pdia3 
protein disulfide 
isomerase associated 3 

0 

20517_at Slc22a1 
solute carrier family 22 
(organic cation 
transporter), member 1 

0 14852_at Gspt1 
G1 to S phase transition 
1 

1.00E-05 

20787_at Srebf1 
sterol regulatory 
element binding 
transcription factor 1 

0 15486_at Hsd17b2 
hydroxysteroid (17-beta) 
dehydrogenase 2 

2.80E-05 

229487_at Pet112 
PET112 homolog (S. 
cerevisiae) 

1.00E-06 15953_at Ifi47 
interferon gamma 
inducible protein 47 

0 
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229759_at Olfm3 olfactomedin 3 0 17149_at Magoh 
mago-nashi homolog, 
proliferation-associated 
(Drosophila) 

1.00E-06 

232086_at 
Tmem15

0a 
transmembrane protein 
150A 

7.00E-06 18569_at Pdcd4 programmed cell death 4 7.00E-06 

235674_at Acaa1b 
acetyl-Coenzyme A 
acyltransferase 1B 

0 19166_at Psma2 
proteasome (prosome, 
macropain) subunit, 
alpha type 2 

1.00E-06 

236848_at 
BC02382

9 
cDNA sequence 
BC023829 

1.00E-06 20024_at Sub1 
SUB1 homolog (S. 
cerevisiae) 

0 

237553_at Trhde TRH-degrading enzyme 3.00E-06 212880_at Ddx46 
DEAD (Asp-Glu-Ala-Asp) 
box polypeptide 46 

6.00E-06 

241621_at Gm13981 predicted gene 13981 0 229906_at Gtf2b 
general transcription 
factor IIB 

2.00E-06 

27409_at Abcg5 
ATP-binding cassette, 
sub-family G (WHITE), 
member 5 

0 233799_at Acsm2 
acyl-CoA synthetase 
medium-chain family 
member 2 

9.00E-06 

381314_at Iars2 
isoleucine-tRNA 
synthetase 2, 
mitochondrial 

3.00E-06 235459_at Gtf2a2 
general transcription 
factor II A, 2 

1.00E-06 

57435_at Plin4 perilipin 4 0 245867_at Pcmtd2 

protein-L-isoaspartate 
(D-aspartate) O-
methyltransferase 
domain containing 2 

0 

620592_at Tmem28 
transmembrane protein 
28 

0 28146_at Serp1 
stress-associated 
endoplasmic reticulum 
protein 1 

0 

66616_at Snx9 sorting nexin 9 0 319185_at Hist1h2bl histone cluster 1, H2bl 0 

67470_at Abcg8 
ATP-binding cassette, 
sub-family G (WHITE), 
member 8 

0 53322_at Nucb2 nucleobindin 2 0 

67705_at 
1810058I

24Rik 
RIKEN cDNA 1810058I24 
gene 

0 55934_at Rp9 
retinitis pigmentosa 9 
(human) 

7.00E-06 

67815_at Sec14l2 
SEC14-like 2 (S. 
cerevisiae) 

0 56258_at Hnrnph2 
heterogeneous nuclear 
ribonucleoprotein H2 

0 

68393_at Mogat1 
monoacylglycerol O-
acyltransferase 1 

1.00E-06 56373_at Cpb2 
carboxypeptidase B2 
(plasma) 

0 

71720_at Osbpl3 
oxysterol binding 
protein-like 3 

0 623174_at Gm6404 predicted gene 6404 6.00E-06 

76574_at Mfsd2a 
major facilitator 
superfamily domain 
containing 2A 

0 652925_at 
Tmem24

3 
transmembrane protein 
243, mitochondrial 

6.00E-06 

76642_at 
1700113
A16Rik 

RIKEN cDNA 1700113A16 
gene 

0 67150_at Rnf141 ring finger protein 141 1.20E-05 

791407_at Gm10032 predicted gene 10032 4.00E-05 67345_at Herc4 hect domain and RLD 4 1.20E-05 

Cluster 3 
Gene 

Symbol 
Description p-value 67581_at Tbc1d23 

TBC1 domain family, 
member 23 

0 

100041953
_at 

Gm10094 predicted gene 10094 0 67702_at Rnf149 ring finger protein 149 0 

110135_at Fgb fibrinogen beta chain 5.00E-06 67845_at Rnf115 ring finger protein 115 0 

11658_at Alcam 
activated leukocyte cell 
adhesion molecule 

0 68365_at Rab14 
RAB14, member RAS 
oncogene family 

1.40E-05 

11848_at Rhoa 
ras homolog gene family, 
member A 

0 68592_at Syf2 
SYF2 homolog, RNA 
splicing factor (S. 
cerevisiae) 

0 

17191_at Mbd2 
methyl-CpG binding 
domain protein 2 

1.00E-06 72082_at Cyp2c55 
cytochrome P450, family 
2, subfamily c, 
polypeptide 55 

0 

22262_at Uox urate oxidase 0 72993_at Appl1 

adaptor protein, 
phosphotyrosine 
interaction, PH domain 
and leucine zipper 
containing 1 

0 
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28030_at Gfm1 
G elongation factor, 
mitochondrial 1 

2.00E-06 75178_at Meiob 
meiosis specific with OB 
domains 

0 

449630_at Snord15a 
small nucleolar RNA, C/D 
box 15A 

0 76687_at Spcs3 
signal peptidase complex 
subunit 3 homolog (S. 
cerevisiae) 

0 

52808_at Tspyl2 TSPY-like 2 0 79464_at Lias lipoic acid synthetase 0 

56085_at Ubqln1 ubiquilin 1 3.00E-06 80509_at Med8 

mediator of RNA 
polymerase II 
transcription, subunit 8 
homolog (yeast) 

1.00E-06 

67475_at Ero1lb 
ERO1-like beta (S. 
cerevisiae) 

0 93684_at 15-Sep selenoprotein 1.20E-05 

74117_at Actr3 
ARP3 actin-related 
protein 3 

0 Cluster 4 
Gene 

Symbol 
Description p-value 

791299_at Gm10069 predicted gene 10069 0 
100503890

_at 
Pet100 

PET100 homolog (S. 
cerevisiae) 

1.00E-06 

Cluster 5 
Gene 

Symbol 
Description p-value 14082_at Fadd 

Fas (TNFRSF6)-associated 
via death domain 

2.00E-06 

103534_at Mgat4b 
mannoside 
acetylglucosaminyltransf
erase 4, isoenzyme B 

9.00E-06 14252_at Flot2 flotillin 2 0 

107476_at Acaca 
acetyl-Coenzyme A 
carboxylase alpha 

0 17025_at Alad 
aminolevulinate, delta-, 
dehydratase 

0 

107770_at Tm6sf2 
transmembrane 6 
superfamily member 2 

0 170731_at Mfn2 mitofusin 2 0 

11647_at Alpl 
alkaline phosphatase, 
liver/bone/kidney 

0 19679_at Pitpnm2 
phosphatidylinositol 
transfer protein, 
membrane-associated 2 

1.00E-06 

11732_at Ank progressive ankylosis 0 212647_at Aldh4a1 
aldehyde dehydrogenase 
4 family, member A1 

0 

11808_at Apoa4 apolipoprotein A-IV 0 214952_at Rhot2 
ras homolog gene family, 
member T2 

1.10E-05 

12614_at Celsr1 

cadherin, EGF LAG 
seven-pass G-type 
receptor 1 (flamingo 
homolog, Drosophila) 

0 215160_at Rhbdd2 
rhomboid domain 
containing 2 

0 

13809_at Enpep glutamyl aminopeptidase 0 21766_at Tex261 
testis expressed gene 
261 

6.00E-06 

14412_at Slc6a13 

solute carrier family 6 
(neurotransmitter 
transporter, GABA), 
member 13 

2.00E-06 21802_at Tgfa 
transforming growth 
factor alpha 

2.00E-06 

14812_at Grin2b 
glutamate receptor, 
ionotropic, NMDA2B 
(epsilon 2) 

6.00E-06 252972_at Tpcn1 two pore channel 1 0 

16847_at Lepr leptin receptor 0 264895_at Acsf2 
acyl-CoA synthetase 
family member 2 

1.00E-06 

170759_at Atp13a1 ATPase type 13A1 9.00E-06 27376_at Slc25a10 

solute carrier family 25 
(mitochondrial carrier, 
dicarboxylate 
transporter), member 10 

0 

17387_at Mmp14 
matrix metallopeptidase 
14 (membrane-inserted) 

3.00E-06 54616_at Extl3 
exostoses (multiple)-like 
3 

0 

17909_at Myo10 myosin X 0 56018_at Stard10 
START domain 
containing 10 

1.00E-06 

20111_at Rps6ka1 
ribosomal protein S6 
kinase polypeptide 1 

5.60E-05 68728_at 
Trp53inp

2 

transformation related 
protein 53 inducible 
nuclear protein 2 

1.00E-06 

22340_at Vegfb 
vascular endothelial 
growth factor B 

2.00E-06 71670_at Acy3 
aspartoacylase 
(aminoacylase) 3 

0 

230779_at Serinc2 serine incorporator 2 1.00E-06 71966_at Nkiras2 
NFKB inhibitor 
interacting Ras-like 
protein 2 

9.00E-06 
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24059_at Slco2a1 
solute carrier organic 
anion transporter family, 
member 2a1 

0 73122_at Tgfbrap1 
transforming growth 
factor, beta receptor 
associated protein 1 

1.10E-05 

242425_at Gabbr2 
gamma-aminobutyric 
acid (GABA) B receptor, 2 

0 Cluster 6 
Gene 

Symbol 
Description p-value 

26912_at Gcat 

glycine C-
acetyltransferase (2-
amino-3-ketobutyrate-
coenzyme A ligase) 

2.00E-06 104776_at Aldh6a1 
aldehyde dehydrogenase 
family 6, subfamily A1 

1.00E-06 

277343_at Wfdc8 
WAP four-disulfide core 
domain 8 

1.00E-06 107350_at 
AW11201

0 
expressed sequence 
AW112010 

8.00E-06 

53614_at Reck 
reversion-inducing-
cysteine-rich protein 
with kazal motifs 

0 108837_at Ibtk 
inhibitor of Bruton 
agammaglobulinemia 
tyrosine kinase 

3.00E-06 

54326_at Elovl2 

elongation of very long 
chain fatty acids 
(FEN1/Elo2, SUR4/Elo3, 
yeast)-like 2 

0 112422_at 
2610305
D13Rik 

RIKEN cDNA 2610305D13 
gene 

1.00E-06 

Cluster 7 
Gene 

Symbol 
Description p-value 13088_at Cyp2b10 

cytochrome P450, family 
2, subfamily b, 
polypeptide 10 

0 

71760_at Etnppl 
ethanolamine phosphate 
phospholyase 

0 140792_at Colec12 
collectin sub-family 
member 12 

7.00E-06 

54325_at Elovl1 

elongation of very long 
chain fatty acids 
(FEN1/Elo2, SUR4/Elo3, 
yeast)-like 1 

2.00E-06 15452_at Hprt 
hypoxanthine guanine 
phosphoribosyl 
transferase 

0 

379043_at Raet1e 
retinoic acid early 
transcript 1E 

2.00E-06 16173_at Il18 interleukin 18 1.70E-05 

270192_at Rab6b 
RAB6B, member RAS 
oncogene family 

5.00E-06 20210_at Saa3 serum amyloid A 3 0 

231238_at Sel1l3 
sel-1 suppressor of lin-
12-like 3 (C. elegans) 

0 20342_at Selenbp2 
selenium binding protein 
2 

0 

212943_at Fam46a 
family with sequence 
similarity 46, member A 

0 20661_at Sort1 sortilin 1 2.00E-06 

209378_at Itih5 
inter-alpha (globulin) 
inhibitor H5 

0 212862_at Chpt1 
choline 
phosphotransferase 1 

0 

20775_at Sqle squalene epoxidase 0 268782_at Agxt2 
alanine-glyoxylate 
aminotransferase 2 

0 

20308_at Ccl9 
chemokine (C-C motif) 
ligand 9 

2.00E-06 270076_at Gcdh 
glutaryl-Coenzyme A 
dehydrogenase 

0 

14667_at Gm2a 
GM2 ganglioside 
activator protein 

0 58875_at Hibadh 
3-hydroxyisobutyrate 
dehydrogenase 

0 

13121_at Cyp51 
cytochrome P450, family 
51 

0 622167_at Gm12718 predicted gene 12718 0 

12550_at Cdh1 cadherin 1 0 68146_at Arl13b 
ADP-ribosylation factor-
like 13B 

0 

107767_at Scamp1 
secretory carrier 
membrane protein 1 

0 75805_at Nln 
neurolysin 
(metallopeptidase M3 
family) 

0 

Cluster 8 
Gene 

Symbol 
Description p-value Cluster 9 

Gene 
Symbol 

Description p-value 

107939_at Pom121 
nuclear pore membrane 
protein 121 

1.00E-05 76263_at Gstk1 
glutathione S-transferase 
kappa 1 

0 

108657_at Rnpepl1 
arginyl aminopeptidase 
(aminopeptidase B)-like 
1 

0 74088_at 
0610012
H03Rik 

RIKEN cDNA 0610012H03 
gene 

0 

110962_at Mbd6 
methyl-CpG binding 
domain protein 6 

0 73699_at Ppp2r1b 

protein phosphatase 2 
(formerly 2A), regulatory 
subunit A (PR 65), beta 
isoform 

0 

13138_at Dag1 dystroglycan 1 1.00E-06 73095_at Slc25a42 
solute carrier family 25, 
member 42 

1.20E-05 

13617_at Ednra 
endothelin receptor type 
A 

0 70984_at 
4931406
C07Rik 

RIKEN cDNA 4931406C07 
gene 

0 



212 
 

13819_at Epas1 
endothelial PAS domain 
protein 1 

0 70028_at Dopey2 dopey family member 2 0 

13846_at Ephb4 Eph receptor B4 9.00E-06 69134_at Fam25c 
family with sequence 
similarity 25, member C 

1.80E-05 

13854_at Epn1 epsin 1 0 69010_at Anapc13 
anaphase promoting 
complex subunit 13 

5.70E-05 

14387_at Gaa glucosidase, alpha, acid 0 68680_at Fitm1 
fat storage-inducing 
transmembrane protein 
1 

0 

14672_at Gna11 
guanine nucleotide 
binding protein, alpha 11 

0 67880_at Dcxr 
dicarbonyl L-xylulose 
reductase 

0 

14712_at Gnpat 
glyceronephosphate O-
acyltransferase 

2.90E-05 66153_at Fbxo36 F-box protein 36 1.00E-06 

16598_at Klf2 
Kruppel-like factor 2 
(lung) 

2.00E-05 53791_at Tlr5 toll-like receptor 5 0 

17000_at Ltbr lymphotoxin B receptor 0 380712_at Tlcd2 TLC domain containing 2 0 

170711_at Otud7a 
OTU domain containing 
7A 

4.00E-06 320155_at 
C730002L

08Rik 
RIKEN cDNA C730002L08 
gene 

1.00E-06 

17188_at Maz 

MYC-associated zinc 
finger protein (purine-
binding transcription 
factor) 

0 216991_at Adap2 
ArfGAP with dual PH 
domains 2 

7.00E-06 

18029_at Nfic nuclear factor I/C 2.00E-06 210757_at Themis 
thymocyte selection 
associated 

0 

18550_at Furin 
furin (paired basic amino 
acid cleaving enzyme) 

0 19016_at Pparg 
peroxisome proliferator 
activated receptor 
gamma 

0 

18618_at Pemt 
phosphatidylethanolami
ne N-methyltransferase 

0 18407_at Orm3 orosomucoid 3 1.00E-06 

18754_at Prkce protein kinase C, epsilon 3.80E-05 15108_at 
Hsd17b1

0 
hydroxysteroid (17-beta) 
dehydrogenase 10 

0 

192185_at Nadk NAD kinase 0 12724_at Clcn2 chloride channel 2 0 

19724_at Rfx1 
regulatory factor X, 1 
(influences HLA class II 
expression) 

3.00E-06 12509_at Cd59a CD59a antigen 1.70E-05 

20181_at Rxra retinoid X receptor alpha 0 11537_at Cfd 
complement factor D 
(adipsin) 

0 

20481_at Ski 
ski sarcoma viral 
oncogene homolog 
(avian) 

0 114644_at Slc13a3 

solute carrier family 13 
(sodium-dependent 
dicarboxylate 
transporter), member 3 

0 

20751_at Spr sepiapterin reductase 0 
    

213491_at Szrd1 
SUZ RNA binding domain 
containing 1 

0 
    

214597_at Sidt2 
SID1 transmembrane 
family, member 2 

0 
    

223691_at Eif3l 
eukaryotic translation 
initiation factor 3, 
subunit L 

5.70E-05 
    

22627_at Ywhae 

tyrosine 3-
monooxygenase/tryptop
han 5-monooxygenase 
activation protein, 
epsilon polypeptide 

0 
    

227292_at Ctdsp1 

CTD (carboxy-terminal 
domain, RNA polymerase 
II, polypeptide A) small 
phosphatase 1 

0 
    

227298_at Fam134a 
family with sequence 
similarity 134, member A 

0 
    

230796_at Wdtc1 
WD and 
tetratricopeptide repeats 
1 

0 
    



213 
 

230857_at Ece1 
endothelin converting 
enzyme 1 

0 
    

235040_at Atg4d 
autophagy related 4D, 
cysteine peptidase 

3.00E-06 
    

23854_at Def8 
differentially expressed 
in FDCP 8 

0 
    

23945_at Mgll monoglyceride lipase 2.00E-06 
    

243537_at Uroc1 
urocanase domain 
containing 1 

0 
    

26403_at Map3k11 
mitogen-activated 
protein kinase kinase 
kinase 11 

3.00E-06 
    

268783_at Mtmr12 
myotubularin related 
protein 12 

5.90E-05 
    

319899_at Dock6 
dedicator of cytokinesis 
6 

2.00E-06 
    

320700_at 
A930033
H14Rik 

RIKEN cDNA 
A930033H14 gene 

2.00E-06 
    

330474_at Zc3h4 
zinc finger CCCH-type 
containing 4 

0 
    

50785_at Hs6st1 
heparan sulfate 6-O-
sulfotransferase 1 

0 
    

52915_at Zmiz2 
zinc finger, MIZ-type 
containing 2 

0 
    

56462_at Mtch1 
mitochondrial carrier 
homolog 1 (C. elegans) 

0 
    

58235_at Pvrl1 
poliovirus receptor-
related 1 

0 
    

58246_at Slc35b4 
solute carrier family 35, 
member B4 

4.10E-05 
    

64297_at Gprc5b 
G protein-coupled 
receptor, family C, group 
5, member B 

3.00E-06 
    

65962_at Slc9a3r2 

solute carrier family 9 
(sodium/hydrogen 
exchanger), member 3 
regulator 2 

1.00E-06 
    

66168_at Grina 

glutamate receptor, 
ionotropic, N-methyl D-
aspartate-associated 
protein 1 (glutamate 
binding) 

4.00E-06 
    

66972_at Slc25a23 

solute carrier family 25 
(mitochondrial carrier; 
phosphate carrier), 
member 23 

0 
    

67701_at Wfdc2 
WAP four-disulfide core 
domain 2 

0 
    

67800_at Dgat2 
diacylglycerol O-
acyltransferase 2 

1.20E-05 
    

68137_at Kdelr1 

KDEL (Lys-Asp-Glu-Leu) 
endoplasmic reticulum 
protein retention 
receptor 1 

0 
    

68515_at Myadml2 
myeloid-associated 
differentiation marker-
like 2 

6.00E-06 
    

69202_at Ptms parathymosin 0 
    

70021_at Nt5dc2 
5-nucleotidase domain 
containing 2 

0 
    

70383_at Cox10 
cytochrome c oxidase 
assembly protein 10 

0 
    

71753_at Tmprss6 transmembrane serine 0 
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protease 6 

74123_at Foxp4 forkhead box P4 0 
    

74343_at Crtc2 
CREB regulated 
transcription coactivator 
2 

0 
    

74440_at Cmip c-Maf inducing protein 0 
    

77411_at Esrp2 
epithelial splicing 
regulatory protein 2 

0 
    

94232_at Ubqln4 ubiquilin 4 5.00E-06 
    

 

Table 11 IPA Diseases and Functions at 12W in the liver 

Category: 
Functions and 

Diseases 
 p-value Molecules 

Lipid 
Metabolism 

2.82E-18-1.17E-02 

NEU3,HEXB,TLR5,NSDHL,Cyp4a14,CYP4A11,FDPS,LSR,Mup1 (includes 
others),SAA1,INHBA,HSD3B7,PNPLA3,IDI1,OBP2B,ACOX2,CYP39A1,CIDEA,FABP5,FA
BP2,CYP17A1,ABCG5,SLCO2A1,SULT1E1,FABP7,LCN2,PMVK,NR1I3,CD36,PCSK9,AHR
,ACACB,ENPP2,ACACA,INSIG2,CHPT1,APOA4,VLDLR,GPC1,LGALS1,GM2A,HMGCR,A
CSS2,FASN,DIO1,LEPR,PPARG,CIDEC,STARD4,GPCPD1,APOM,ELOVL6,Cyp2c54 
(includes others),CYP2B6,SQLE,CD1D,ACSM3,CYP2A6 (includes 
others),CEBPD,HSD17B10,RDH11,PKLR,ABCG8,GSTK1,FDX1,CYP2C8,ACLY,CYP51A1,
ME1,CFD,RGS4,CYP7A1,SLC13A3 

Small Molecule 
Biochemistry 

2.82E-18-1.17E-02 

NEU3,HEXB,TLR5,NSDHL,Cyp4a14,CYP4A11,DCXR,FDPS,LSR,Mup1 (includes 
others),SAA1,INHBA,HSD3B7,PNPLA3,IDI1,OBP2B,ACOX2,CYP39A1,CIDEA,FABP5,AG
XT2,FABP2,GPI,CYP17A1,ABCG5,SLCO2A1,SULT1E1,FABP7,LCN2,NR1I3,PMVK,CD36,
PCSK9,SLC22A3,AHR,ACACB,ENPP2,ACACA,INSIG2,CHPT1,APOA4,VLDLR,GPC1,LGAL
S1,GM2A,HMGCR,ACSS2,DDC,FASN,DIO1,LEPR,PPARG,CIDEC,SULT1B1,STARD4,GPC
PD1,APOM,ELOVL6,Cyp2c54 (includes 
others),CYP2B6,SQLE,CD1D,Sik1,ACSM3,CYP2A6 (includes 
others),CEBPD,HSD17B10,RDH11,PKLR,ABCG8,GSTK1,FDX1,CYP2C8,ACLY,CYP51A1,
ME1,CHRNA4,CFD,RGS4,CYP7A1,SLC13A3 

Vitamin and 
Mineral 
Metabolism 

2.82E-18-8.33E-03 

APOA4,NSDHL,VLDLR,HMGCR,FDPS,LEPR,PPARG,STARD4,INHBA,SAA1,HSD3B7,SQL
E,CYP2B6,IDI1,ACOX2,CYP39A1,CYP2A6 (includes 
others),CYP17A1,RDH11,ABCG5,ABCG8,SULT1E1,PMVK,PCSK9,CD36,AHR,FDX1,CYP
2C8,ACLY,CYP51A1,INSIG2,CYP7A1 

Molecular 
Transport 

5.6E-10-1.17E-02 

NEU3,ATP6V0D2,TLR5,HEXB,Cyp4a14,DCXR,CYP4A11,LSR,KLK3,Mup1 (includes 
others),SCARA5,NIPAL1,INHBA,SAA1,ATP2B2,HSD3B7,PNPLA3,OBP2B,FABP5,CIDEA,
TFRC,FABP2,CYP17A1,ABCG5,IL22RA1,SLCO2A1,SULT1E1,FABP7,ADHFE1,LCN2,NR1I
3,PRSS8,CD36,PCSK9,SLC22A3,AHR,ACACB,ENPP2,ACACA,STEAP2,INSIG2,APOA4,VL
DLR,LGALS1,HMGCR,GM2A,DDC,FASN,DIO1,LEPR,CIDEC,PPARG,STARD4,APOM,RHB
G,Sik1,P2RY1,CEBPD,RDH11,PKLR,ABCG8,GSTK1,ACLY,CHRNA4,CFD,RGS4,DOPEY2,C
YP7A1,SLC39A6,SLC13A3 

Metabolic 
Disease 

1.69E-08-1.17E-02 

BC023105,NEU3,HEXB,TLR5,ZKSCAN3,CYP4A11,FDPS,LSR,KLK3,Mup1 (includes 
others),SAA1,C4A/C4B,PNPLA3,OBP2B,ACOX2,CYP39A1,let-
7,FABP5,CIDEA,TFRC,FABP2,MPEG1,ABCG5,SLCO2A1,FABP7,LCN2,NR1I3,ALPL,PCSK
9,GABBR2,CD36,AHR,MCCC2,CCND1,CA1,ACACB,MTNR1A,STEAP2,ACACA,INSIG2,N
NMT,APOA4,VLDLR,LGALS1,HMGCR,GM2A,DDC,FASN,LEPR,PPARG,GCNT2,CIDEC,A
POM,CD1D,P2RY1,SUGCT,CEBPD,HSD17B10,PKLR,ABCG8,LECT2,SLC30A10,EEF2K,T
HEMIS,POLI,GBP6,PPM1K,TM7SF2,ACLY,CHRNA4,CFD,SELENBP1,RGS4,CYP7A1 

Endocrine 
System 
Disorders 

3.81E-08-1.17E-02 

BC023105,NEU3,TLR5,ZKSCAN3,HEXB,CYP4A11,FDPS,ADGRG2,Mup1 (includes 
others),C4A/C4B,PNPLA3,OBP2B,ACOX2,let-
7,FABP5,FABP2,GPI,MPEG1,ABCG5,FABP7,LCN2,ALPL,CD36,PCSK9,AHR,CCND1,CA1,
ACACB,STEAP2,MTNR1A,ACACA,NNMT,LGALS1,GPC1,HMGCR,FASN,LEPR,PPARG,CI
DEC,APOM,CD1D,CDH1,P2RY1,CEBPD,PKLR,THEMIS,POLI,GBP6,CFD,RGS4,CYP7A1 

Gastrointestinal 4E-08-1.17E-02 BC023105,NEU3,TLR5,ZKSCAN3,CYP4A11,NEB,SCARA5,INHBA,SAA1,C4A/C4B,PNPL
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Disease A3,OBP2B,ACOX2,let-
7,CYP39A1,FABP5,CIDEA,AGXT2,TFRC,FABP2,GPI,MPEG1,RECK,ABCG5,Cd59a,SULT1
E1,FABP7,LCN2,NR1I3,ALPL,GABBR2,CD36,PCSK9,AHR,CCND1,CA1,ACACB,ENPP2,M
TNR1A,ACACA,STEAP2,INSIG2,NNMT,LGALS1,GPC1,HMGCR,DDC,ACSS2,FASN,LEPR,
TP53INP1,PPARG,CIDEC,APOM,Cyp2c54 (includes 
others),SQLE,CD1D,ACSM3,CDH1,P2RY1,CEBPD,ITIH5,PKLR,ABCG8,SLC30A10,THEM
IS,POLI,GBP6,Cyp2b13/Cyp2b9,CYP7A1,SLC39A6 

Hepatic System 
Disease 

4E-08-8.71E-03 

TLR5,CYP4A11,HMGCR,ACSS2,DDC,NEB,FASN,PPARG,CIDEC,Cyp2c54 (includes 
others),INHBA,SAA1,PNPLA3,SQLE,OBP2B,ACOX2,ACSM3,CYP39A1,let-
7,FABP5,CDH1,CIDEA,AGXT2,TFRC,RECK,ABCG5,Cd59a,SULT1E1,ABCG8,NR1I3,GAB
BR2,CD36,AHR,CCND1,Cyp2b13/Cyp2b9,ACACB,ENPP2,ACACA,STEAP2,INSIG2,CYP7
A1,SLC39A6,NNMT 

Organismal 
Injury and 
Abnormalities 

4E-08-1.17E-02 

BC023105,CELSR1,TLR5,ZKSCAN3,HEXB,NSDHL,FDPS,KLK3,ADGRG2,DCLK3,INHBA,H
SD3B7,PNPLA3,ST6GAL1,ACOX2,AGXT2,Saa3,Neat1,SEMA5B,CYP17A1,ABCG5,TRHD
E,SLCO2A1,KRTAP3-
3,Cd59a,SULT1E1,FABP7,LCN2,NR1I3,PCSK9,GABBR2,AHR,MCCC2,ACACB,MTNR1A,
ACACA,NNMT,APOA4,LGALS1,GPC1,HMGCR,DDC,ACSS2,GM2A,FASN,DIO1,LEPR,CI
DEC,IPP,APOM,ELOVL6,Cyp2c54 (includes 
others),ASIC5,SQLE,ACSM3,P2RY1,PCDHB15,XRCC4,SUGCT,ITIH5,SLC30A10,EEF2K,D
LEU7,POLI,GINS1,PPM1K,Cyp2b13/Cyp2b9,RPS6KA1,CYP51A1,PPP4R4,ADAMTS7,SE
LENBP1,RGS4,ATP6V0D2,NEU3,SEL1L3,MARVELD2,CYP4A11,LSR,NEB,SCARA5,ATP2
B2,SAA1,C4A/C4B,IDI1,OBP2B,MTMR11,INCA1,let-
7,CYP39A1,FABP5,CIDEA,TFRC,GPI,FABP2,MPEG1,RECK,IL22RA1,PMVK,PRSS8,ALPL,
RARRES1,CD36,SLC22A3,CCND1,CA1,ENPP2,STEAP2,INSIG2,VLDLR,MPV17L,TP53IN
P1,TCF7L1,PPARG,GCNT2,TTL,CYP2B6,PLIN4,CD1D,CDH1,MMP15,CYP2A6 (includes 
others),HSD17B10,CEBPD,TINAG,PKLR,C9orf152,ABCG8,GSTK1,LECT2,RPS3,OMD,T
HEMIS,GBP6,CYP2C8,ACLY,ME1,CHRNA4,CFD,DOPEY2,CYP7A1,SLC39A6,SLC13A3 

Nucleic Acid 
Metabolism 

9.14E-08-1.13E-02 
FDX1,ACSS2,HMGCR,ACACB,FASN,ACLY,ACACA,ELOVL6 

Energy 
Production 

1.04E-06-1.17E-02 
Cyp4a14,HSD17B10,CYP4A11,FASN,SLCO2A1,PPARG,CD36,CYP2B6,OBP2B,FDX1,CY
P2C8,ACOX2,ACACB,ACACA,FABP2 

Connective 
Tissue Disorders 

1.59E-06-1.17E-02 

TLR5,LGALS1,FDPS,HMGCR,FASN,LEPR,PPARG,CIDEC,APOM,SAA1,INHBA,C4A/C4B,S
QLE,CYP2B6,CD1D,ACOX2,ST6GAL1,let-
7,CDH1,MMP15,TFRC,Saa3,GPI,CEBPD,RECK,PKLR,C9orf152,ABCG5,SLCO2A1,Cd59a
,ABCG8,LECT2,LCN2,RPS3,NR1I3,ALPL,CD36,AHR,GBP6,ACLY,CYP51A1,ENPP2,ADA
MTS7,SELENBP1,STEAP2 

Tissue 
Morphology 

1.59E-06-1.17E-02 

ATP6V0D2,HEXB,APOA4,TLR5,LGALS1,VLDLR,FASN,KLK3,LEPR,TCF7L1,PPARG,CIDEC
,SAA1,INHBA,ATP2B2,C4A/C4B,ST6GAL1,FABP5,CIDEA,MMP15,TFRC,FABP2,CEBPD,
Neat1,PKLR,ABCG5,Cd59a,ABCG8,SULT1E1,LCN2,NR1I3,ALPL,PCSK9,CD36,AHR,CCN
D1,ACACB,RPS6KA1,ZNF385A,ENPP2,CFD 

Cardiovascular 
Disease 

3.94E-06-1.17E-02 

APOA4,TLR5,MARVELD2,VLDLR,CYP4A11,LGALS1,HMGCR,DDC,LSR,LEPR,PPARG,AP
OM,ASIC5,SAA1,C4A/C4B,CD1D,ST6GAL1,ACOX2,FABP5,P2RY1,MMP15,AGXT2,GPI,
RECK,SEMA5B,PKLR,ABCG5,Cd59a,ABCG8,LCN2,OMD,ALPL,CD36,PCSK9,SLC22A3,A
HR,CCND1,CA1,ACACB,RPS6KA1,CHRNA4,ADAMTS7,SELENBP1,INSIG2,CYP7A1,NN
MT 

Hematological 
Disease 

3.94E-06-1.17E-02 

CELSR1,ATP6V0D2,TLR5,ZKSCAN3,FDPS,LSR,NEB,KLK3,DCLK3,INHBA,ATP2B2,C4A/C
4B,PNPLA3,MTMR11,INCA1,let-
7,TFRC,GPI,MPEG1,SEMA5B,ABCG5,IL22RA1,TRHDE,KRTAP3-
3,LCN2,NR1I3,ALPL,PCSK9,GABBR2,CD36,AHR,CCND1,CA1,ACACB,ENPP2,STEAP2,IN
SIG2,NNMT,VLDLR,LGALS1,HMGCR,DDC,FASN,DIO1,LEPR,TCF7L1,PPARG,GCNT2,TT
L,PLIN4,CD1D,ACSM3,CDH1,PCDHB15,XRCC4,CYP2A6 (includes 
others),ITIH5,CEBPD,PKLR,ABCG8,DLEU7,POLI,CYP2C8,CYP51A1,PPP4R4,SELENBP1,
DOPEY2,CYP7A1 

Drug 
Metabolism 

6.27E-06-1.17E-02 
AHR,CYP2B6,CYP2C8,ADHFE1,SULT1B1,PPARG,CYP2A6 (includes others) 

Neurological 
Disease 

1.5E-05-1.17E-02 
APOA4,HEXB,TLR5,NSDHL,MARVELD2,GLT1D1,LGALS1,VLDLR,GPC1,DDC,HMGCR,F
DPS,GM2A,LSR,FASN,TCF7L1,PPARG,GCNT2,DCLK3,ATP2B2,C4A/C4B,CD1D,CYP39A
1,let-
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7,P2RY1,TFRC,PMM1,HSD17B10,RECK,SLCO2A1,FABP7,LCN2,EEF2K,CD36,GABBR2,
CCND1,CA1,ACLY,RPS6KA1,ME1,CHRNA4,CFD,SELENBP1,MTNR1A,RGS4,NNMT 

Psychological 
Disorders 

1.5E-05-9.87E-03 

TLR5,APOA4,GLT1D1,LGALS1,VLDLR,GPC1,DDC,HMGCR,FDPS,GM2A,FASN,LEPR,TCF
7L1,PPARG,GCNT2,DCLK3,ATP2B2,C4A/C4B,CYP39A1,let-7,TFRC,CYP2A6 (includes 
others),PMM1,RECK,SLCO2A1,FABP7,LCN2,EEF2K,GABBR2,CD36,CA1,ACACB,ACLY,
ME1,CHRNA4,CFD,SELENBP1,MTNR1A,RGS4 

Dermatological 
Diseases and 
Conditions 

1.75E-05-1.17E-02 
TLR5,LGALS1,FDPS,HMGCR,GM2A,FASN,PPARG,C4A/C4B,HSD3B7,SQLE,let-
7,FABP5,CDH1,CEBPD,CYP17A1,IL22RA1,SLCO2A1,FABP7,LCN2,PMVK,PRSS8,RARRE
S1,CD36,AHR,CCND1,CYP51A1,RPS6KA1,ME1,CFD,SLC39A6,CYP7A1 

Connective 
Tissue 
Development 
and Function 

2.3E-05-1.17E-02 
HEXB,APOA4,TLR5,VLDLR,FASN,KLK3,TCF7L1,LEPR,PPARG,CIDEC,INHBA,ATP2B2,OB
P2B,FABP5,CIDEA,TFRC,FABP2,CEBPD,PKLR,Cd59a,SULT1E1,LCN2,NR1I3,ALPL,CD36,
AHR,CCND1,ACACB,ZNF385A,ME1,ENPP2,ADAMTS7,CFD,ACACA 

Nutritional 
Disease 

4.26E-05-1.06E-02 
TLR5,APOA4,HMGCR,FASN,DIO1,LEPR,TP53INP1,PPARG,CIDEC,INHBA,OBP2B,ACSM
3,FABP5,CIDEA,FABP2,ABCG5,GSTK1,CD36,AHR,CCND1,CA1,ACACB,CHRNA4,INSIG2
,CYP7A1 

Protein 
Synthesis 

4.91E-05-1.17E-02 
APOA4,HEXB,TLR5,DCXR,HMGCR,LSR,LEPR,PPARG,CIDEC,APOM,STARD4,INHBA,Sik
1,FABP5,FABP2,HSD17B10,NR1I3,ALPL,PCSK9,CD36,AHR,ACACB,ENPP2,ME1,ACACA 

Carbohydrate 
Metabolism 

8.48E-05-1.06E-02 

NEU3,TLR5,HEXB,APOA4,DCXR,GPC1,GM2A,FASN,LEPR,TP53INP1,PPARG,CIDEC,GC
NT2,Mup1 (includes 
others),INHBA,ATP2B2,OBP2B,Sik1,ST6GAL1,CIDEA,FABP5,GPI,FABP2,PMM1,PKLR,
CD36,ACACB,ACLY,ENPP2,ACACA,RGS4,CHPT1 

Inflammatory 
Disease 

1.11E-04-1.14E-02 

TLR5,LGALS1,HMGCR,FDPS,FASN,LEPR,TP53INP1,PPARG,APOM,SAA1,C4A/C4B,SQL
E,CYP2B6,CD1D,ST6GAL1,ACOX2,let-
7,CDH1,MMP15,TFRC,Saa3,GPI,RECK,CYP17A1,C9orf152,Cd59a,LECT2,LCN2,RPS3,A
LPL,CD36,GABBR2,AHR,GBP6,CA1,CYP51A1,ACLY,ENPP2,ADAMTS7,SELENBP1 

Skeletal and 
Muscular 
Disorders 

1.11E-04-1.17E-02 

TLR5,HEXB,LGALS1,FDPS,HMGCR,DDC,FASN,LEPR,PPARG,APOM,SAA1,INHBA,C4A/C
4B,SQLE,CYP2B6,CD1D,ACOX2,ST6GAL1,let-
7,CDH1,P2RY1,MMP15,TFRC,Saa3,GPI,RECK,C9orf152,SLCO2A1,Cd59a,LECT2,LCN2,
RPS3,ALPL,CD36,GABBR2,AHR,GBP6,CYP2C8,CYP51A1,ACLY,ENPP2,CHRNA4,ADAM
TS7,SELENBP1 

Digestive 
System 
Development 
and Function 

1.13E-04-1.13E-02 
HEXB,LGALS1,ABCG5,FASN,Cd59a,LEPR,ABCG8,PPARG,LECT2,STARD4,NR1I3,INHBA,
ALPL,CD36,PCSK9,AHR,OBP2B,CD1D,CCND1,FABP5,SELENBP1,ACACA,FABP2,CYP7A
1 

Hepatic System 
Development 
and Function 

1.13E-04-5.77E-03 HEXB,LGALS1,FASN,Cd59a,LEPR,PPARG,LECT2,STARD4,NR1I3,INHBA,CD36,PCSK9,A
HR,OBP2B,CD1D,CCND1,FABP5,SELENBP1,ACACA,FABP2,CYP7A1 

Inflammatory 
Response 

1.19E-04-1.17E-02 

TLR5,FDPS,LSR,SCARA5,SAA1,INHBA,C4A/C4B,PNPLA3,IDI1,ACOX2,ST6GAL1,let-
7,FABP5,TFRC,Saa3,GPI,CYP17A1,RECK,Cd59a,LCN2,ALPL,CD36,GABBR2,AHR,CA1,E
NPP2,APOA4,LGALS1,HMGCR,FASN,LEPR,TP53INP1,PPARG,APOM,SQLE,CYP2B6,CD
1D,CDH1,P2RY1,MMP15,C9orf152,GSTK1,LECT2,RPS3,GBP6,CYP51A1,ACLY,CHRNA
4,ADAMTS7,SELENBP1 

Developmental 
Disorder 

1.36E-04-1.17E-02 
HEXB,NSDHL,MARVELD2,DDC,FDPS,HMGCR,GM2A,ADGRG2,GCNT2,PPARG,INHBA,
CD1D,SUGCT,GPI,HSD17B10,PKLR,SLC30A10,ALPL,CD36,MCCC2,CCND1,CA1,RPS6K
A1,CYP51A1,CHRNA4,ACACA,INSIG2 

Hereditary 
Disorder 

1.36E-04-1.17E-02 
HEXB,NSDHL,MARVELD2,GM2A,HMGCR,LEPR,ADGRG2,GCNT2,PPARG,CIDEC,CD1D,
CDH1,SUGCT,GPI,HSD17B10,PKLR,SLCO2A1,SLC30A10,ALPL,CD36,PCSK9,MCCC2,CC
ND1,CA1,RPS6KA1,CYP51A1,CHRNA4,ACACA,INSIG2 

Infectious 
Diseases 

1.36E-04-1.17E-02 
TLR5,CYP17A1,HMGCR,PPARG,LCN2,GABBR2,C4A/C4B,CD36,SQLE,AHR,CD1D,CYP5
1A1,ST6GAL1,ENPP2,CFD,TFRC,Defb1 

Organ 
Morphology 

1.53E-04-1.17E-02 
HEXB,TLR5,VLDLR,GM2A,KLK3,LEPR,PPARG,CIDEC,STARD4,SCARA5,INHBA,REC8,AT
P2B2,CD1D,FABP5,FABP2,CEBPD,Neat1,Cd59a,SULT1E1,GSTK1,LECT2,EEF2K,NR1I3,
ERMP1,ALPL,PCSK9,AHR,CCND1,ACACB,SELENBP1,CYP7A1 

Reproductive 
System 
Development 
and Function 

1.53E-04-1.17E-02 

HEXB,TLR5,VLDLR,FASN,KLK3,LEPR,PPARG,CIDEC,SCARA5,INHBA,REC8,ATP2B2,MEI
OB,let-
7,CDH1,CATSPER2,MMP15,GPI,FABP2,Neat1,CEBPD,SULT1E1,GSTK1,FABP7,EEF2K,E
RMP1,AHR,CCND1,ACACB,ENPP2,SELENBP1 
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Renal and 
Urological 
Disease 

2.25E-04-1.17E-02 
TLR5,HEXB,VLDLR,HMGCR,FDPS,FASN,MPV17L,LEPR,PPARG,SCARA5,ASIC5,C4A/C4
B,CYP2B6,CD1D,P2RY1,SUGCT,PKLR,Cd59a,GSTK1,LCN2,ALPL,CD36,MCCC2,PPM1K,
CYP2C8,CCND1,CA1,CHRNA4,CFD,ACACA,SLC13A3 

Organismal 
Development 

2.71E-04-1.13E-02 

CELSR1,HEXB,TLR5,NSDHL,VLDLR,LGALS1,DCXR,GM2A,FASN,KLK3,LEPR,ADGRG2,TC
F7L1,PPARG,CIDEC,STARD4,INHBA,ATP2B2,REC8,MEIOB,CD1D,let-
7,CDH1,FABP5,MMP15,CATSPER2,FABP2,Neat1,CEBPD,TINAG,GSTK1,FABP7,SULT1
E1,LCN2,EEF2K,NR1I3,THEMIS,PRSS8,ERMP1,ALPL,PCSK9,CD36,AHR,CCND1,ACACB,
SELENBP1,CYP7A1 

Endocrine 
System 
Development 
and Function 

3.23E-04-1.08E-02 
TLR5,Cyp4a14,HMGCR,FASN,DIO1,LEPR,PPARG,CIDEC,SULT1B1,INHBA,CYP2B6,Sik1,
FABP5,FABP2,CEBPD,HSD17B10,CYP17A1,GSTK1,SULT1E1,LCN2,NR1I3,CD36,AHR,C
CND1,CYP2C8,ACACB 

Cancer 3.94E-04-1.17E-02 

CELSR1,TLR5,ZKSCAN3,FDPS,KLK3,DCLK3,INHBA,PNPLA3,AGXT2,Saa3,CYP17A1,SEM
A5B,ABCG5,TRHDE,KRTAP3-
3,Cd59a,SULT1E1,FABP7,LCN2,NR1I3,PCSK9,GABBR2,AHR,MCCC2,ACACB,NNMT,LG
ALS1,GPC1,HMGCR,DDC,ACSS2,FASN,DIO1,LEPR,IPP,ELOVL6,Cyp2c54 (includes 
others),SQLE,ACSM3,P2RY1,PCDHB15,XRCC4,ITIH5,SLC30A10,DLEU7,POLI,GINS1,Cy
p2b13/Cyp2b9,CYP51A1,RPS6KA1,PPP4R4,SELENBP1,RGS4,ATP6V0D2,SEL1L3,NEB,
LSR,SCARA5,ATP2B2,C4A/C4B,OBP2B,MTMR11,INCA1,let-
7,CYP39A1,FABP5,TFRC,GPI,MPEG1,RECK,IL22RA1,PMVK,PRSS8,ALPL,CD36,CCND1,
CA1,ENPP2,VLDLR,TP53INP1,TCF7L1,PPARG,TTL,CYP2B6,PLIN4,CD1D,CDH1,MMP15
,CYP2A6 (includes 
others),CEBPD,HSD17B10,TINAG,ABCG8,RPS3,CHRNA4,CFD,DOPEY2,SLC39A6 

Cellular 
Movement 

3.94E-04-8.97E-03 
RECK,LGALS1,PPARG,INHBA,CD36,CCND1,ST6GAL1,RPS6KA1,let-
7,ENPP2,CDH1,P2RY1,TFRC 

Reproductive 
System Disease 

3.94E-04-1.17E-02 

TLR5,HEXB,LGALS1,VLDLR,FDPS,HMGCR,ACSS2,LSR,FASN,KLK3,LEPR,ADGRG2,PPAR
G,ELOVL6,ATP2B2,SQLE,CYP2B6,OBP2B,let-
7,CDH1,FABP5,MMP15,GPI,ITIH5,CEBPD,Neat1,CYP17A1,TINAG,RECK,SULT1E1,FAB
P7,LCN2,RPS3,POLI,ALPL,AHR,MCCC2,CCND1,CYP51A1,ACACB,RPS6KA1,SLC39A6 

Immunological 
Disease 

3.94E-04-9.49E-03 

BC023105,CELSR1,ATP6V0D2,TLR5,ZKSCAN3,LGALS1,HMGCR,FDPS,DDC,DIO1,PPAR
G,APOM,SAA1,C4A/C4B,SQLE,CYP2B6,CD1D,ACOX2,ST6GAL1,let-
7,CDH1,TFRC,Saa3,MPEG1,SEMA5B,RECK,C9orf152,TRHDE,FABP7,LCN2,DLEU7,RPS
3,THEMIS,ALPL,PCSK9,CD36,AHR,GBP6,CCND1,CA1,ACLY,ENPP2,SELENBP1,ADAMT
S7 

Cell Cycle 4.06E-04-1.17E-02 CEBPD,AHR,RECK,GPC1,CCND1,ACLY,FASN,KLK3,CDH1,PPARG 

Embryonic 
Development 

5.12E-04-1.17E-02 

CELSR1,TLR5,NSDHL,LGALS1,FASN,KLK3,LEPR,TCF7L1,PPARG,INHBA,REC8,ATP2B2,
MEIOB,let-
7,CDH1,FABP5,CATSPER2,CEBPD,Neat1,FABP7,EEF2K,THEMIS,PRSS8,ERMP1,AHR,C
CND1 

Organ 
Development 

5.12E-04-1.13E-02 
CELSR1,TLR5,NSDHL,Neat1,CEBPD,LGALS1,FASN,KLK3,Cd59a,LEPR,FABP7,PPARG,EE
F2K,NR1I3,THEMIS,PRSS8,INHBA,ERMP1,ATP2B2,AHR,CCND1,let-7,CDH1,FABP5 

Tissue 
Development 

5.12E-04-1.17E-02 

CELSR1,TLR5,NSDHL,LGALS1,FASN,KLK3,LEPR,TCF7L1,PPARG,INHBA,ATP2B2,C4A/C
4B,CD1D,let-
7,CDH1,FABP5,Neat1,CEBPD,FABP7,LCN2,EEF2K,THEMIS,PRSS8,ERMP1,ALPL,AHR,C
CND1 

Behavior 6.03E-04-4.18E-03 

HEXB,APOA4,TLR5,LGALS1,VLDLR,HMGCR,GM2A,DDC,LEPR,PPARG,CIDEC,Mup1 
(includes others),ATP2B2,OBP2B,ADAM11,P2RY1,CYP2A6 (includes 
others),CEBPD,HSD17B10,Neat1,FABP7,LCN2,PRSS8,GABBR2,CD36,CCND1,ACACB,C
HRNA4,MTNR1A,RGS4,CYP7A1 

Cellular 
Development 

7.44E-04-1.17E-02 

TLR5,LGALS1,HMGCR,FASN,KLK3,TCF7L1,LEPR,PPARG,INHBA,OBP2B,let-
7,CDH1,FABP5,FABP2,CYP2A6 (includes 
others),CEBPD,Cd59a,SULT1E1,NR1I3,THEMIS,AHR,CCND1,ME1,ADAMTS7,ACACA,S
TEAP2 

Cell Death and 
Survival 

8.9E-04-1.17E-02 
CEBPD,PKLR,LGALS1,FASN,TP53INP1,LEPR,PPARG,CIDEC,LECT2,LCN2,NR1I3,INHBA,
ATP2B2,SAA1,CD36,AHR,CD1D,CCND1,CDH1,FABP5,RGS4,TFRC,GPI,CYP7A1 

Respiratory 
Disease 

1.03E-03-1.17E-02 
TLR5,CYP17A1,LGALS1,HMGCR,Cd59a,PPARG,LCN2,SCARA5,ASIC5,ALPL,CD36,AHR,
CD1D,CA1,CYP51A1,let-7,CHRNA4,FABP5,SELENBP1,MTNR1A 
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Organismal 
Functions 

1.2E-03-6.42E-03 
INHBA,APOA4,CD36,CEBPD,FASN,LEPR,CIDEC,Mup1 (includes others),FABP2 

Cell-To-Cell 
Signaling and 
Interaction 

1.33E-03-1.17E-02 NEU3,TLR5,LGALS1,DDC,FDPS,FASN,LEPR,PPARG,CIDEC,SAA1,INHBA,C4A/C4B,CYP2
B6,CD1D,let-7,CDH1,Saa3,GPI,LECT2,LCN2,THEMIS,CD36,SLC22A3,AHR,CHRNA4 

Cellular 
Assembly and 
Organization 

1.33E-03-1.17E-02 
LGALS1,FASN,CDH1,GPI 

Cellular 
Function and 
Maintenance 

1.33E-03-1.17E-02 NEU3,TLR5,LGALS1,LEPR,LECT2,PPARG,LCN2,Mup1 (includes 
others),THEMIS,SAA1,CD36,AHR,CD1D,Sik1,ACACB,let-7,CIDEA,FABP5,GPI 

Hematological 
System 
Development 
and Function 

1.46E-03-1.17E-02 

TLR5,APOA4,Cyp4a14,LGALS1,CYP4A11,FDPS,LEPR,PPARG,SCARA5,SAA1,INHBA,C4
A/C4B,CD1D,ST6GAL1,let-
7,FABP5,CDH1,P2RY1,Saa3,GPI,Cd59a,LECT2,LCN2,THEMIS,FAM46A,CD36,AHR,CYP
2C8,RPS6KA1,ZNF385A 

Cellular Growth 
and 
Proliferation 

3.01E-03-1.17E-02 TLR5,CEBPD,RECK,LGALS1,HMGCR,FDPS,FASN,Cd59a,LEPR,PPARG,NR1I3,THEMIS,IN
HBA,AHR,CCND1,let-7,CDH1,FABP5,STEAP2,ACACA,CYP2A6 (includes others) 

Cell 
Morphology 

3.45E-03-1.17E-02 
NEU3,ATP6V0D2,CEBPD,LGALS1,LEPR,SULT1E1,PPARG,CIDEC,LCN2,ALPL,INHBA,CD
36,AHR,CCND1,ENPP2,let-7,CIDEA,CDH1,P2RY1 

Gene 
Expression 

3.65E-03-3.65E-03 
CEBPD,PPARG 

Ophthalmic 
Disease 

3.65E-03-1.17E-02 
LGALS1,HMGCR,CA1,CYP51A1,GCNT2,NNMT 

Nervous System 
Development 
and Function 

3.93E-03-1.17E-02 
ATP2B2,GABBR2,HEXB,CEBPD,VLDLR,LGALS1,GM2A,CCND1,LEPR 

Cardiovascular 
System 
Development 
and Function 

4.62E-03-9.77E-03 

TLR5,Cyp4a14,RECK,CYP4A11,CYP2C8,KLK3,LEPR,PPARG,MMP15 

Humoral 
Immune 
Response 

4.62E-03-4.62E-03 
C4A/C4B,CD1D,LCN2 

Immune Cell 
Trafficking 

4.62E-03-1.17E-02 
INHBA,SAA1,C4A/C4B,TLR5,CD36,AHR,CD1D,let-7,CDH1,LECT2,LCN2,Saa3 

Hair and Skin 
Development 
and Function 

4.65E-03-1.06E-02 
PRSS8,CELSR1,INHBA,NSDHL,CD36,CCND1,CDH1,FABP5,PPARG 

Renal and 
Urological 
System 
Development 
and Function 

5.33E-03-5.33E-03 

HEXB,CEBPD,SLCO2A1,DIO1 

Cell-mediated 
Immune 
Response 

5.41E-03-1.13E-02 
THEMIS,TLR5,AHR,LGALS1,let-7,LEPR,PPARG 

Hematopoiesis 5.41E-03-1.17E-02 THEMIS,TLR5,AHR,LGALS1,let-7,LEPR,PPARG,LCN2 

Lymphoid 
Tissue Structure 
and 
Development 

5.41E-03-1.13E-02 

THEMIS,SAA1,TLR5,AHR,LGALS1,let-7,FABP5,LEPR,PPARG 

Post-
Translational 
Modification 

5.93E-03-9.16E-03 
HSD17B10,DCXR,HMGCR,ACACB,ME1,ACACA 

Protein 
Trafficking 

5.93E-03-9.16E-03 
HSD17B10,DCXR,HMGCR,ACACB,ME1,ACACA 
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Respiratory 
System 
Development 
and Function 

6.7E-03-6.7E-03 

ACACB,FASN,LEPR,CIDEC 

Amino Acid 
Metabolism 

9.77E-03-9.77E-03 
LEPR,AGXT2 

Antigen 
Presentation 

1.13E-02-1.17E-02 
THEMIS,CD1D,LGALS1 

DNA 
Replication, 
Recombination, 
and Repair 

1.13E-02-1.13E-02 

FDX1,FASN 

Skeletal and 
Muscular 
System 
Development 
and Function 

1.13E-02-1.17E-02 

INHBA,ALPL,PPARG 

Auditory 
Disease 

1.17E-02-1.17E-02 
MARVELD2 

 

 

Table 12 DEGs of the comparison R vs NR in the liver 

Transcript 
Cluster ID 

Fold 
Change R 

HFD vs 
NR HFD 

ANOVA 
p-value 

R Bi-
weight 

Avg 
Signal 
(log2) 

NR Bi-
weight 

Avg 
Signal 
(log2) 

Gene Symbol Description 

17475385 31.13 0.00039 10.36 5.4 Cyp2b9 
cytochrome P450, family 2, subfamily 
b, polypeptide 9 

17351457 6.44 9.42E-07 7.12E+00 4.44E+00 Cidea 
cell death-inducing DNA 
fragmentation factor, alpha subunit-
like effector A 

17414738 5.81 0.00362 8.25 5.71 Orm3 orosomucoid 3 

17475373 5.45 0.04683 6.48 4.04 Cyp2b13 
cytochrome P450, family 2, subfamily 
b, polypeptide 13 

17421491 4.12 2.00E-06 6.40E+00 4.36E+00 Gm13152 predicted gene 13152 

17359316 3.92 0.00238 8.24 6.27 Cyp2c37 
cytochrome P450, family 2. subfamily 
c, polypeptide 37 

17532409 3.84 0.00119 8.53 6.59 Cyp8b1 
cytochrome P450, family 8, subfamily 
b, polypeptide 1 

17300544 3.36 1.10E-05 1.03E+01 8.50E+00 Fitm1 
fat storage-inducing transmembrane 
protein 1 

17330463 3.2 0.00534 5.5 3.82 Gm19522 predicted gene, 19522 

17311504 3.13 0.00052 6.87 5.22 Colec10 collectin sub-family member 10 

17414520 2.9 0.00028 6.92 5.39 Gm13775 predicted gene 13775 

17414512 2.79 0.00069 6.52 5.04 Mup-ps12 major urinary protein, pseudogene 12 

17420834 2.7 0.00003 5.87 4.44 LOC102637389 
uncharacterized LOC102637389; 
predicted gene 13021 

17298126 2.67 0.00332 6.27 4.85 Lrtm1 
leucine-rich repeats and 
transmembrane domains 1 

17362383 2.6 0.00107 6.14 4.77 Slc22a27 solute carrier family 22, member 27 
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17359327 2.51 0.00226 9.01 7.69     

17364392 2.42 0.00041 9.05 7.78 Cyp2c38 
cytochrome P450, family 2, subfamily 
c, polypeptide 38 

17218139 2.41 7.70E-05 9.20E+00 7.93E+00 C730036E19Rik RIKEN cDNA C730036E19 gene 

17214672 2.4 1.52E-07 4.86E+00 3.59E+00 Mogat1 monoacylglycerol O-acyltransferase 1 

17244705 2.4 2.30E-05 7.09E+00 5.83E+00 Acss3 
acyl-CoA synthetase short-chain 
family member 3 

17362412 2.3 0.00304 3.11 1.91 Slc22a29 solute carrier family 22. member 29 

17283668 2.29 8.00E-06 5.40E+00 4.21E+00 Serpina12 

serine (or cysteine) peptidase 
inhibitor, clade A (alpha-1 
antiproteinase, antitrypsin), member 
12 

17318118 2.27 0.03283 7.27 6.09 9030619P08Rik 
lymphocyte antigen 6 complex 
pseudogene 

17232394 2.24 0.00047 6.49 5.33 Themis thymocyte selection associated 

17219231 2.22 0.00036 9.72 8.57 Nr1i3 
nuclear receptor subfamily 1, group I, 
member 3 

17359918 2.21 0.01125 8.78 7.63 Elovl3 
elongation of very long chain fatty 
acids (FEN1/Elo2, SUR4/Elo3, yeast)-
like 3 

17277152 2.18 0.00146 6.82 5.69 Acot3 acyl-CoA thioesterase 3 

17291323 2.17 0.04468 5.05 3.94 Gm23340 predicted gene, 23340 

17244973 2.16 0.00065 4.05 2.94 Trhde TRH-degrading enzyme 

17526663 2.11 0.00014 6.75 5.67 Nxpe2 
neurexophilin and PC-esterase 
domain family, member 2 

17272239 2.09 0.01541 4.76 3.7 Gm26413 predicted gene, 26413 

17252912 2.08 0.00092 8.67 7.62 Tlcd2 TLC domain containing 2 

17520736 2.07 0.00086 3.58 2.53 A4gnt 
alpha-1,4-N-
acetylglucosaminyltransferase 

17220432 2.04 6.00E-06 7.64E+00 6.61E+00 Tlr5 toll-like receptor 5 

17418757 2.04 0.00069 8.11 7.08 1700080G11Rik RIKEN cDNA 1700080G11 gene 

17405746 2.03 0.01187 7.96 6.94 Rarres1 
retinoic acid receptor responder 
(tazarotene induced) 1 

17218321 2.02 0.00969 9.46 8.45 Rgs16 regulator of G-protein signaling 16 

17235018 2.01 0.00013 5.47 4.47 Cfd complement factor D (adipsin) 

17536496 2.01 0.00067 5.1 4.1 Tmem28 transmembrane protein 28 

17220417 2 0.00018 5.58 4.58 Susd4 sushi domain containing 4 

17472271 1.99 0.00001 3.64 2.64 Slc15a5 solute carrier family 15, member 5 

17244085 1.99 9.10E-05 6.67E+00 5.68E+00 Slc17a8 
solute carrier family 17 (sodium-
dependent inorganic phosphate 
cotransporter), member 8 

17460545 1.99 0.00017 5.77 4.78 Bmp10 bone morphogenetic protein 10 

17363425 1.97 0.00014 4.06 3.08 C730002L08Rik RIKEN cDNA C730002L08 gene 

17277146 1.97 0.00429 6.88 5.9 Acot4 acyl-CoA thioesterase 4 

17547493 1.96 0.00331 4.02 3.05 Gm20262 predicted gene, 20262 

17496490 1.93 0.0332 2.58 1.62 Gm23445 predicted gene, 23445 

17301514 1.92 0.00011 4.72 3.78 Gm10032 predicted gene 10032 

17231248 1.92 0.02981 8.14 7.2 G0s2 G0/G1 switch gene 2 
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17491368 1.9 0.01366 6.39 5.47 Csrp3 cysteine and glycine-rich protein 3 

17513860 1.89 0.0023 4.86 3.94 Sult5a1 sulfotransferase family 5A, member 1 

17359304 1.87 0.00517 5.5 4.6 Cyp2c39 
cytochrome P450, family 2, subfamily 
c, polypeptide 39 

17397575 1.87 0.01341 7.58 6.67 Postn periostin, osteoblast specific factor 

17497091 1.87 0.02076 11.02 10.11 Oat ornithine aminotransferase 

17277140 1.85 0.00554 6.59 5.71 Acot1 acyl-CoA thioesterase 1 

17548983 1.85 0.00681 6.45 5.57     

17325234 1.84 3.40E-05 6.17E+00 5.29E+00 Sema5b 

sema domain, seven thrombospondin 
repeats (type 1 and type 1-like), 
transmembrane domain (TM) and 
short cytoplasmic domain, 
(semaphorin) 5B 

17254300 1.83 0.03449 9.86 8.99 Wfdc21 WAP four-disulfide core domain 21 

17310226 1.79 0.00057 8.7 7.86 Ugt3a1 
UDP glycosyltransferases 3 family, 
polypeptide A1 

17417223 1.79 0.00677 10.36 9.52 Cyp4a10 
cytochrome P450, family 4, subfamily 
a, polypeptide 10 

17427928 1.78 0.00046 9.99 9.15 Dio1 deiodinase, iodothyronine, type I 

17215820 1.78 0.01337 6.51 5.68 Gpc1 glypican 1 

17372009 1.77 0.00022 5.19 4.37 Gm13705 
predicted gene 13705; cholinergic 
receptor, nicotinic, alpha polypeptide 
1 (muscle), opposite strand 

17414507 1.77 0.00091 8.12 7.3 Gm13773 predicted gene 13773 

17484068 1.77 0.00187 8.05 7.22 Lhpp 
phospholysine phosphohistidine 
inorganic pyrophosphate phosphatase 

17238199 1.77 0.00216 7.5 6.68 Sdr9c7 
4short chain 
dehydrogenase/reductase family 9C, 
member 7 

17496763 1.76 2.90E-05 4.40E+00 3.59E+00 Stx1b syntaxin 1B 

17238172 1.76 0.00202 8.83 8.01 Rdh16 retinol dehydrogenase 16 

17281312 1.76 0.00208 7.05 6.23 Slc25a21 
solute carrier family 25 (mitochondrial 
oxodicarboxylate carrier), member 21 

17343976 1.76 0.02586 6.26 5.44 C4a 
complement component 4A (Rodgers 
blood group) 

17403255 1.75 0.0021 4.91 4.1 Gbp2b guanylate binding protein 2b 

17359287 1.73 0.00204 10.78 10 Cyp2c29 
cytochrome P450, family 2, subfamily 
c, polypeptide 29 

17468759 1.73 0.00678 5.42 4.63 Gm26588 predicted gene, 26588 

17327035 1.73 0.00755 5.61 4.82 Olig1 oligodendrocyte transcription factor 1 

17468432 1.72 0.02238 5.53 4.75 Cml5 camello-like 5 

17546790 1.71 0.04044 7.18 6.41 n-R5s1 nuclear encoded rRNA 5S 1 

17245044 1.7 1.00E-06 8.67E+00 7.90E+00 Tmem19 transmembrane protein 19 

17273059 1.7 0.00232 6.36 5.6 Gm11772 predicted gene 11772 

17319691 1.7 0.00264 6.77 6 Cyp2d40 
cytochrome P450, family 2, subfamily 
d, polypeptide 40 

17510772 1.7 0.00288 4.11 3.34 Hhip Hedgehog-interacting protein 

17406688 1.69 0.00018 7.51 6.75 Rhbg 
Rhesus blood group-associated B 
glycoprotein 
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17511693 1.69 0.00794 9.28 8.52 Ces1d carboxylesterase 1D 

17287336 1.69 0.03076 4.11 3.36 Gm22806 predicted gene, 22806 

17465805 1.68 0.00025 4.86 4.11 Slc13a4 
solute carrier family 13 
(sodium/sulfate symporters), member 
4 

17364192 1.68 0.00038 5.86 5.11 1500017E21Rik RIKEN cDNA 1500017E21 gene 

17290781 1.68 0.00045 7.4 6.65 Sugct 
succinyl-CoA glutarate-CoA 
transferase 

17520073 1.68 0.0139 6.16 5.41 Nt5e 5 nucleotidase, ecto 

17394461 1.67 0.01761 7.25 6.51 Slc13a3 
solute carrier family 13 (sodium-
dependent dicarboxylate transporter), 
member 3 

17543290 1.66 0.0015 5.2 4.48 Arhgef9 
CDC42 guanine nucleotide exchange 
factor (GEF) 9 

17428457 1.66 0.00191 10.35 9.62 Cyp4a14 
cytochrome P450, family 4, subfamily 
a, polypeptide 14 

17353030 1.66 0.00748 4.11 3.38 Gm24959 predicted gene, 24959 

17450501 1.65 0.00298 8.65 7.93 Gbp10 guanylate-binding protein 10 

17526633 1.65 0.02123 7.25 6.53 Gm10680 predicted gene 10680 

17533474 1.65 0.0333 6.61 5.89 Maoa monoamine oxidase A 

17346125 1.64 9.40E-05 7.13E+00 6.41E+00 Plin4 perilipin 4 

17513655 1.64 0.00037 8.73 8.01 Car5a carbonic anhydrase 5a, mitochondrial 

17516997 1.64 0.00612 7.05 6.34 Gm5617 predicted gene 5617 

17474797 1.64 0.02823 3.56 2.84 Vmn1r157 vomeronasal 1 receptor 157 

17356897 1.64 0.02937 5.96 5.24 Rasgrp2 RAS, guanyl releasing protein 2 

17394727 1.63 0.00011 6.15 5.44 Tmem189 transmembrane protein 189 

17358422 1.63 0.00043 4.6 3.9 Vldlr very low density lipoprotein receptor 

17220394 1.63 0.00458 4.73 4.02 Capn8 calpain 8 

17432749 1.63 0.00597 3.9 3.19     

17387246 1.63 0.00923 4.7 4 Cerkl ceramide kinase-like 

17357827 1.63 0.0247 7.68 6.98 Gm4952 predicted gene 4952 

17371847 1.62 1.10E-05 7.13E+00 6.43E+00 Pdk1 
pyruvate dehydrogenase kinase, 
isoenzyme 1 

17411955 1.62 0.00591 5.61 4.92 LOC102640902 
uncharacterized LOC102640902; 
predicted gene 11844 

17493432 1.62 0.00766 10.85 10.15 Thrsp thyroid hormone responsive 

17492417 1.61 2.80E-05 9.04E+00 8.35E+00 Pex11a 
peroxisomal biogenesis factor 11 
alpha 

17427860 1.61 0.00027 6.09 5.41 Acot11 acyl-CoA thioesterase 11 

17217035 1.61 0.00037 5.44 4.76 Ctse cathepsin E 

17387762 1.61 0.00055 2.62 1.93 Olfr1133 olfactory receptor 1133 

17245890 1.61 0.00226 9.84 9.15 Inhbe inhibin beta E 

17446100 1.61 0.00719 5.83 5.14 Fam126a 
family with sequence similarity 126, 
member A 

17329258 1.61 0.01381 4.86 4.17 Igf2bp2 
insulin-like growth factor 2 mRNA 
binding protein 2 

17500548 1.61 0.03789 7.54 6.85 Gm20359 
predicted gene, 20359; protein 
phosphatase 1, regulatory (inhibitor) 
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subunit 3B 

17450366 1.6 2.80E-05 9.45E+00 8.77E+00 Hsd17b11 
hydroxysteroid (17-beta) 
dehydrogenase 11 

17310565 1.6 0.00046 5.05 4.37 Cdh18 cadherin 18 

17274308 1.6 0.00114 6.17 5.49 Gm22748 predicted gene, 22748 

17459676 1.59 0.00022 9.73 9.07 Retsat 
retinol saturase (all trans retinol 13,14 
reductase) 

17340817 1.59 0.00031 5.6 4.93 Slc22a3 
solute carrier family 22 (organic cation 
transporter), member 3 

17537853 1.59 0.00856 4.66 4 Bhlhb9 
basic helix-loop-helix domain 
containing, class B9 

17262644 1.59 0.01231 5.79 5.12 Leap2 
liver-expressed antimicrobial peptide 
2 

17549260 1.59 0.01341 3.35 2.69     

17245059 1.59 0.03017 5.57 4.9 Lgr5 
leucine rich repeat containing G 
protein coupled receptor 5 

17511714 1.58 0.00051 8.85 8.19 Ces1e carboxylesterase 1E 

17331272 1.58 0.00147 5.04 4.38 Olfr205 olfactory receptor 205 

17486707 1.58 0.01384 9.38 8.72 2810007J24Rik RIKEN cDNA 2810007J24 gene 

17306692 1.58 0.01391 5.85 5.18 Gm15932 predicted gene 15932 

17364150 1.57 2.10E-05 1.00E+01 9.36E+00 Pank1 pantothenate kinase 1 

17421511 1.57 0.0027 5.93 5.28 Gm13145 

predicted gene 13145; zinc finger 
protein 600; reduced expression 2; 
RIKEN cDNA 2610305D13 gene; 
predicted gene 13242 

17539271 1.57 0.00947 5.05 4.4 Gpr64 G protein-coupled receptor 64 

17229454 1.57 0.01051 4.46 3.8 Rgs4 regulator of G-protein signaling 4 

17530406 1.57 0.01807 5.09 4.44 Acpp acid phosphatase, prostate 

17232901 1.56 0.00023 6.46 5.83 Gm17196 
predicted gene 17196; 
uncharacterized LOC102635574 

17439766 1.56 0.00046 7.22 6.58     

17293020 1.56 0.01287 9.56 8.93 Lect2 leukocyte cell-derived chemotaxin 2 

17419783 1.55 6.40E-05 6.76E+00 6.14E+00 Paqr7 
progestin and adipoQ receptor family 
member VII 

17373817 1.55 0.00024 6.17 5.53 Cd59b CD59b antigen 

17449394 1.55 0.00173 6.01 5.38 Sult1b1 sulfotransferase family 1B, member 1 

17402350 1.55 0.02183 9.15 8.51 Fabp2 fatty acid binding protein 2, intestinal 

17468438 1.55 0.04046 5.02 4.39 Nat8 
N-acetyltransferase 8 (GCN5-related, 
putative) 

17214018 1.54 0.00041 8.57 7.95 Gm8883 predicted gene 8883 

17287170 1.54 0.02127 6.1 5.47 Omd osteomodulin 

17417622 1.54 0.02832 5.02 4.4 Ptch2 patched homolog 2 

17482079 1.53 1.70E-05 5.35E+00 4.74E+00 Sox6os 
SRY (sex determining region Y)-box 6, 
opposite strand 

17220627 1.53 8.90E-05 5.09E+00 4.48E+00 Esrrg estrogen-related receptor gamma 

17492041 1.53 0.00055 6.78 6.17 Gm16157 predicted gene 16157 

17513380 1.53 0.00115 6.28 5.67 Sdr42e1 
short chain dehydrogenase/reductase 
family 42E, member 1 
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17339889 1.53 0.00163 8.07 7.46 Rmdn2 regulator of microtubule dynamics 2 

17527581 1.53 0.00235 10.88 10.26 Cyp1a2 
cytochrome P450, family 1, subfamily 
a, polypeptide 2 

17386714 1.53 0.00814 4.57 3.95 Ttc30b tetratricopeptide repeat domain 30B 

17295059 1.53 0.00888 4.69 4.07 Pde8b phosphodiesterase 8B 

17421413 1.53 0.03339 2.55 1.94     

17400510 1.53 0.0367 2.69 2.08 Sf3b4 splicing factor 3b, subunit 4 

17243888 1.52 0.00042 8.37 7.77 Chpt1 choline phosphotransferase 1 

17548989 1.52 0.0116 4.33 3.72 Tmco1 
transmembrane and coiled-coil 
domains 1 

17277267 1.52 0.01556 6.98 6.38     

17408067 1.52 0.01968 4.86 4.25 Gm15441 predicted gene 15441 

17285631 1.52 0.02887 4.4 3.79 Gpx6 glutathione peroxidase 6 

17394036 1.51 0.00044 8.23 7.64 Fitm2 
fat storage-inducing transmembrane 
protein 2 

17464487 1.51 0.00171 5.47 4.88 Gm26540 predicted gene, 26540 

17294163 1.51 0.00342 2.25 1.66 Gm6132 predicted pseudogene 6132 

17378359 1.51 0.00386 8.1 7.51 Acss2 
acyl-CoA synthetase short-chain 
family member 2 

17284135 1.51 0.00618 6.04 5.45 Xrcc3 
X-ray repair complementing defective 
repair in Chinese hamster cells 3 

17267685 1.51 0.00638 9 8.4 Pctp phosphatidylcholine transfer protein 

17354071 1.51 0.00723 6.83 6.24 Gm4013 
predicted gene 4013; RIKEN cDNA 
8430416G17 gene 

17301502 1.5 0.00039 4.66 4.07 Adra1a adrenergic receptor, alpha 1a 

17370897 1.5 0.00061 7.84 7.25 Gpd2 
glycerol phosphate dehydrogenase 2, 
mitochondrial 

17355159 1.5 0.00108 4.33 3.75 B430212C06Rik RIKEN cDNA B430212C06 gene 

17232162 1.5 0.00119 9.24 8.66 Vnn1 vanin 1 

17281791 1.5 0.00146 7.02 6.44 L3hypdh 
L-3-hydroxyproline dehydratase 
(trans-) 

17329494 1.5 0.0017 8.22 7.64 Gm20319 predicted gene, 20319 

17317046 1.5 0.00723 5.46 4.87 Tnfrsf11b 
tumor necrosis factor receptor 
superfamily, member 11b 
(osteoprotegerin) 

17240087 1.5 0.01004 3.74 3.16 n-R5s76 nuclear encoded rRNA 5S 76 

17313583 1.5 0.01222 9.46 8.87 Cyp2d9 
cytochrome P450, family 2, subfamily 
d, polypeptide 9 

17535096 1.5 0.0255 3.94 3.35 Gm26487 predicted gene, 26487 

17464803 -1.5 0.00049 4.59 5.17 Ica1 islet cell autoantigen 1 

17485320 -1.5 0.00335 4.27 4.86 Kcnq1 
potassium voltage-gated channel, 
subfamily Q, member 1 

17482133 -1.5 0.00621 3.65 4.24 Tmc5 
transmembrane channel-like gene 
family 5 

17467522 -1.5 0.02304 3.06 3.64 Igkv6-29 
immunoglobulin kappa chain variable 
6-29 

17518314 -1.5 0.03055 3.25 3.83 Gm22571 predicted gene, 22571 

17426808 -1.5 0.04477 3.97 4.55 Frem1 
Fras1 related extracellular matrix 
protein 1 
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17519112 -1.51 0.00012 3.68 4.28 Aldh1a2 
aldehyde dehydrogenase family 1, 
subfamily A2 

17289547 -1.51 0.00026 3.54 4.13 Etv1 ets variant 1; predicted gene 5454 

17376728 -1.51 0.00042 4.93 5.52 Plcb4 phospholipase C, beta 4 

17532268 -1.51 0.00268 5.74 6.33 Cx3cr1 chemokine (C-X3-C motif) receptor 1 

17235352 -1.51 0.0048 3.51 4.11 Gm22721 predicted gene, 22721 

17474143 -1.51 0.00588 5.16 5.76 Slc1a5 
solute carrier family 1 (neutral amino 
acid transporter), member 5 

17405355 -1.51 0.00653 6.04 6.64 Tm4sf1 
transmembrane 4 superfamily 
member 1 

17494664 -1.51 0.0067 7.94 8.53 Gm8979 

very large inducible GTPase 1 
pseudogene; GTPase, very large 
interferon inducible 1; predicted gene 
4070; predicted gene, 21911; 
predicted gene 1966; predicted gene 
8995; RIKEN cDNA 9130208D14 gene; 
GTPase, very large interferon 
inducible 1 pseudogene 

17469136 -1.51 0.00762 5.72 6.32 Adamts9 
a disintegrin-like and 
metallopeptidase (reprolysin type) 
with thrombospondin type 1 motif, 9 

17319364 -1.51 0.01091 3.77 4.37 D730005E14Rik RIKEN cDNA D730005E14 gene 

17318100 -1.51 0.01187 5.93 6.53 Ly6c2 
lymphocyte antigen 6 complex, locus 
C2 

17399112 -1.51 0.01626 6.76 7.36 Arhgef2 
rho/rac guanine nucleotide exchange 
factor (GEF) 2 

17548311 -1.51 0.01672 10.07 10.67 Edv 
endogenous sequence related to the 
Duplan murine retrovirus; predicted 
gene 3579 

17548313 -1.51 0.01672 10.07 10.67 Edv 
endogenous sequence related to the 
Duplan murine retrovirus; predicted 
gene 3579 

17548642 -1.51 0.01672 10.07 10.67 Edv 
endogenous sequence related to the 
Duplan murine retrovirus; predicted 
gene 3579 

17548644 -1.51 0.01672 10.07 10.67 Edv 
endogenous sequence related to the 
Duplan murine retrovirus; predicted 
gene 3579 

17515921 -1.51 0.02302 4.51 5.11 Cdon 
cell adhesion molecule-related/down-
regulated by oncogenes 

17469965 -1.51 0.02511 4.76 5.35     

17217639 -1.52 0.00047 5.85 6.45 Lad1 ladinin 

17449710 -1.52 0.00115 8.06 8.66 Cxcl9 chemokine (C-X-C motif) ligand 9 

17527421 -1.52 0.00252 5.17 5.78 Tspan3 tetraspanin 3 

17355286 -1.52 0.00746 3.3 3.91 Rab27b 
RAB27B, member RAS oncogene 
family 

17222880 -1.52 0.00975 5.76 6.37 Gls glutaminase 

17528963 -1.52 0.04107 3.47 4.07 Lrrc1 leucine rich repeat containing 1 

17234738 -1.52 0.04682 2.39 2.99 Gm10318 predicted gene 10318 

17282743 -1.53 0.00438 4.37 4.98 Tgfb3 transforming growth factor, beta 3 

17371427 -1.53 0.00455 5.39 6 Dhrs9 
dehydrogenase/reductase (SDR 
family) member 9 

17337750 -1.53 0.01821 2.73 3.34 Gpr110 G protein-coupled receptor 110 
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17509359 -1.53 0.02381 7.81 8.42 Gm25813 predicted gene, 25813 

17395512 -1.54 8.00E-06 4.74E+00 5.37E+00 Lama5 laminin, alpha 5 

17289388 -1.54 0.00031 4.09 4.72 Gm5086 predicted gene 5086 

17321630 -1.54 0.00261 4.97 5.59 Cers5 ceramide synthase 5 

17519438 -1.55 9.00E-06 4.11E+00 4.74E+00 Myo5c myosin VC 

17295125 -1.55 0.0006 4.37 5.01 F2rl1 
coagulation factor II (thrombin) 
receptor-like 1 

17313811 -1.55 0.00317 5 5.63 Fbln1 fibulin 1 

17306396 -1.55 0.00391 5.63 6.27 Ajuba ajuba LIM protein 

17265526 -1.55 0.00487 3.9 4.53 Nlrp1c-ps 
NLR family, pyrin domain containing 
1C, pseudogene 

17228136 -1.55 0.02028 4.16 4.8 Lamc2 laminin, gamma 2 

17527719 -1.56 0.0013 6.13 6.77 Cd276 CD276 antigen 

17310250 -1.56 0.00162 3.29 3.93 Capsl calcyphosine-like 

17227464 -1.56 0.00189 4.02 4.66 5730559C18Rik RIKEN cDNA 5730559C18 gene 

17250755 -1.56 0.00296 3.98 4.62 Mmgt2 membrane magnesium transporter 2 

17300163 -1.56 0.00962 4.3 4.93 Traj44 T cell receptor alpha joining 44 

17542364 -1.56 0.01177 7.53 8.18     

17220724 -1.56 0.01338 5.23 5.88 Ptpn14 
protein tyrosine phosphatase, non-
receptor type 14 

17271399 -1.56 0.01665 5.26 5.91 Abca9 
ATP-binding cassette, sub-family A 
(ABC1), member 9 

17517132 -1.56 0.04241 5.51 6.16 Cryab crystallin, alpha B 

17355437 -1.57 6.80E-05 8.10E+00 8.76E+00 Gm23119 predicted gene, 23119 

17318013 -1.57 0.00077 5.29 5.94 Lynx1 Ly6/neurotoxin 1 

17279724 -1.57 0.00279 2.29 2.94 Macc1 
metastasis associated in colon cancer 
1 

17487422 -1.57 0.00591 5.46 6.11 Bcam basal cell adhesion molecule 

17492314 -1.57 0.02211 7.42 8.07 Mfge8 milk fat globule-EGF factor 8 protein 

17268137 -1.57 0.02303 5.18 5.84 Itga3 integrin alpha 3 

17287827 -1.57 0.03443 9.62 10.27 Tgfbi 
transforming growth factor, beta 
induced 

17458463 -1.58 0.00159 2.69 3.35     

17222642 -1.58 0.00756 5.5 6.16 Fhl2 four and a half LIM domains 2 

17469412 -1.58 0.00774 1.74 2.4 Gm24387 predicted gene, 24387 

17286231 -1.58 0.01474 2.93 3.59 Gm26735 predicted gene, 26735 

17508833 -1.58 0.02561 2.43 3.09 Gm25126 predicted gene, 25126 

17229178 -1.59 9.81E-08 8.63E+00 9.29E+00 Atp1b1 
ATPase, Na+/K+ transporting, beta 1 
polypeptide 

17331669 -1.59 0.00528 9.06 9.72 App amyloid beta (A4) precursor protein 

17293006 -1.59 0.00746 6.08 6.75 Cxcl14 chemokine (C-X-C motif) ligand 14 

17289717 -1.59 0.00986 5.12 5.79 Elovl7 
ELOVL family member 7, elongation of 
long chain fatty acids (yeast) 

17387305 -1.59 0.03743 6.36 7.03 Frzb frizzled-related protein 

17434890 -1.6 0.00275 3.77 4.45 Cacna2d1 
calcium channel, voltage-dependent, 
alpha2/delta subunit 1 
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17417146 -1.6 0.00465 4.54 5.22 Pdzk1ip1 PDZK1 interacting protein 1 

17343263 -1.6 0.0128 7.33 8.01 Sik1 salt inducible kinase 1 

17276139 -1.6 0.01295 4.69 5.37 Dact1 
dapper homolog 1, antagonist of beta-
catenin (xenopus) 

17411174 -1.6 0.01609 4.73 5.41 Gipc2 
GIPC PDZ domain containing family, 
member 2 

17520364 -1.6 0.0182 3.89 4.57 Plod2 
procollagen lysine, 2-oxoglutarate 5-
dioxygenase 2 

17408483 -1.6 0.02079 4.89 5.57 Ptgfrn 
prostaglandin F2 receptor negative 
regulator 

17516412 -1.6 0.03617 3.74 4.41 2610203C20Rik 
RIKEN cDNA 2610203C20 gene; RIKEN 
cDNA 3110039I08 gene 

17337816 -1.61 0.00051 6.45 7.14 Cyp39a1 
cytochrome P450, family 39, 
subfamily a, polypeptide 1 

17439687 -1.61 0.00355 4.19 4.87 Ptpn13 
protein tyrosine phosphatase, non-
receptor type 13 

17464588 -1.61 0.00459 5.34 6.02 Sgce sarcoglycan, epsilon 

17328482 -1.61 0.0049 2.7 3.38 n-R5s31 nuclear encoded rRNA 5S 31 

17340084 -1.62 0.00016 3.84 4.53 Dync2li1 
dynein cytoplasmic 2 light 
intermediate chain 1 

17300247 -1.62 0.0012 5.65 6.35 Trav9d-3 T cell receptor alpha variable 9D-3 

17441660 -1.62 0.00155 8.36 9.06 Sds serine dehydratase 

17496806 -1.62 0.0072 6.6 7.29 Prss8 protease, serine 8 (prostasin) 

17371221 -1.62 0.01624 2.51 3.21 Scn2a1 
sodium channel, voltage-gated, type 
II, alpha 1 

17457158 -1.62 0.02133 1.91 2.61 Akr1b7 
aldo-keto reductase family 1, member 
B7 

17269096 -1.62 0.02841 4.26 4.96 Krt23 keratin 23 

17405703 -1.63 0.00016 3.6 4.3 Veph1 
ventricular zone expressed PH 
domain-containing 1 

17363749 -1.63 0.00202 2.89 3.59 4933413C19Rik RIKEN cDNA 4933413C19 gene 

17360570 -1.63 0.00228 3.13 3.83 Plekhs1 
pleckstrin homology domain 
containing, family S member 1 

17359967 -1.63 0.00309 5.97 6.68 Nfkb2 
nuclear factor of kappa light 
polypeptide gene enhancer in B cells 
2, p49/p100 

17463747 -1.63 0.00363 2.94 3.65 Gprc5a 
G protein-coupled receptor, family C, 
group 5, member A 

17276660 -1.63 0.00377 2.4 3.1 Gm24775 predicted gene, 24775 

17401833 -1.63 0.00506 6.25 6.96 Slc25a24 
solute carrier family 25 (mitochondrial 
carrier, phosphate carrier), member 
24 

17291525 -1.63 0.00611 5.82 6.53 Sox4 SRY (sex determining region Y)-box 4 

17400365 -1.63 0.02183 4.4 5.1 Ctsk cathepsin K 

17511927 -1.64 2.10E-05 5.91E+00 6.62E+00 Kifc3 kinesin family member C3 

17296174 -1.64 0.0001 6.34 7.05 Map3k1 
mitogen-activated protein kinase 
kinase kinase 1 

17374594 -1.64 0.00102 4.36 5.07 Pak6 
p21 protein (Cdc42/Rac)-activated 
kinase 6 

17409649 -1.64 0.00113 7.85 8.56 Vcam1 vascular cell adhesion molecule 1 

17412965 -1.64 0.0246 4.67 5.38 Gm13304 
predicted gene 13304; predicted gene 
1987; predicted gene 10591; 
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predicted gene, 21541; chemokine (C-
C motif) ligand 21A (serine); 
chemokine (C-C motif) ligand 21B 
(leucine); chemokine (C-C motif) 
ligand 21C (leucine); c-C motif 
chemokine 21c-like 

17413025 -1.64 0.0246 4.67 5.38 Gm13304 

predicted gene 13304; predicted gene 
1987; predicted gene 10591; 
predicted gene, 21541; chemokine (C-
C motif) ligand 21A (serine); 
chemokine (C-C motif) ligand 21B 
(leucine); chemokine (C-C motif) 
ligand 21C (leucine); c-C motif 
chemokine 21c-like 

17413123 -1.64 0.0246 4.67 5.38 Gm13304 

predicted gene 13304; predicted gene 
1987; predicted gene 10591; 
predicted gene, 21541; chemokine (C-
C motif) ligand 21A (serine); 
chemokine (C-C motif) ligand 21B 
(leucine); chemokine (C-C motif) 
ligand 21C (leucine); c-C motif 
chemokine 21c-like 

17434150 -1.64 0.0246 4.67 5.38 Gm13304 

predicted gene 13304; predicted gene 
1987; predicted gene 10591; 
predicted gene, 21541; chemokine (C-
C motif) ligand 21A (serine); 
chemokine (C-C motif) ligand 21B 
(leucine); chemokine (C-C motif) 
ligand 21C (leucine); c-C motif 
chemokine 21c-like 

17357640 -1.64 0.0355 4.42 5.13 Ms4a4a 
membrane-spanning 4-domains, 
subfamily A, member 4A 

17340609 -1.65 0.00022 6.05 6.78 Ezr ezrin 

17537895 -1.65 0.00106 4.44 5.16 Ngfrap1 
nerve growth factor receptor 
(TNFRSF16) associated protein 1; 
protein BEX3-like 

17296355 -1.65 0.00237 4.02 4.74 Itga2 integrin alpha 2 

17344140 -1.65 0.00361 6.64 7.36 D17H6S56E-5 
DNA segment, Chr 17, human D6S56E 
5 

17232231 -1.65 0.00372 4.05 4.77 Gm15271 predicted gene 15271 

17424461 -1.65 0.0142 4.67 5.4 Gm13304 

predicted gene 13304; predicted gene 
1987; predicted gene 10591; 
predicted gene, 21541; chemokine (C-
C motif) ligand 21A (serine); 
chemokine (C-C motif) ligand 21B 
(leucine); chemokine (C-C motif) 
ligand 21C (leucine); c-C motif 
chemokine 21c-like 

17500108 -1.65 0.01549 5.65 6.37 Fgfr1 fibroblast growth factor receptor 1 

17485553 -1.66 0.0004 4.91 5.64 Tmc4 
transmembrane channel-like gene 
family 4 

17266946 -1.66 0.00101 6.69 7.43 Ccl5 chemokine (C-C motif) ligand 5 

17341080 -1.66 0.04139 5.76 6.5 Thbs2 thrombospondin 2 

17367978 -1.67 1.50E-05 4.88E+00 5.62E+00 Npdc1 
neural proliferation, differentiation 
and control 1 

17290324 -1.67 0.00036 5.32 6.06 Pfkp phosphofructokinase, platelet 

17241355 -1.67 0.00541 3.94 4.68 Hkdc1 hexokinase domain containing 1 
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17221625 -1.67 0.00864 4.42 5.17 Gm24162 predicted gene, 24162 

17316402 -1.67 0.01008 2.93 3.66 Nipal2 NIPA-like domain containing 2 

17549588 -1.67 0.01177 6.02 6.76     

17549860 -1.67 0.01177 6.02 6.76     

17320583 -1.67 0.01289 5.54 6.28 Cpne8 copine VIII 

17468573 -1.67 0.01525 5.53 6.27 Antxr1 anthrax toxin receptor 1 

17498502 -1.67 0.02382 8.26 9 Ccnd1 cyclin D1 

17465229 -1.67 0.02962 4.09 4.84 Tmem229a transmembrane protein 229A 

17413078 -1.67 0.03407 5.06 5.8 Gm13304 

predicted gene 13304; predicted gene 
1987; predicted gene 10591; 
predicted gene, 21541; chemokine (C-
C motif) ligand 21A (serine); 
chemokine (C-C motif) ligand 21B 
(leucine); chemokine (C-C motif) 
ligand 21C (leucine); c-C motif 
chemokine 21c-like 

17434230 -1.67 0.03407 5.06 5.8 Gm13304 

predicted gene 13304; predicted gene 
1987; predicted gene 10591; 
predicted gene, 21541; chemokine (C-
C motif) ligand 21A (serine); 
chemokine (C-C motif) ligand 21B 
(leucine); chemokine (C-C motif) 
ligand 21C (leucine); c-C motif 
chemokine 21c-like 

17519533 -1.68 0.00027 4.27 5.02 Lysmd2 
LysM, putative peptidoglycan-binding, 
domain containing 2 

17524703 -1.68 0.00163 2.96 3.71 Ap1m2 
adaptor protein complex AP-1, mu 2 
subunit 

17475399 -1.68 0.02547 10.09 10.85 Cyp2a4 
cytochrome P450, family 2, subfamily 
a, polypeptide 4 

17230573 -1.69 0.00031 3.65 4.41 Enah enabled homolog (Drosophila) 

17220464 -1.69 0.03001 3.28 4.04 Hhipl2 hedgehog interacting protein-like 2 

17251829 -1.7 0.00021 3.06 3.83 Cldn7 claudin 7 

17391332 -1.7 0.00097 3.92 4.69 Mal 
myelin and lymphocyte protein, T cell 
differentiation protein 

17413866 -1.7 0.00518 4.98 5.74 Col15a1 collagen, type XV, alpha 1 

17301823 -1.7 0.01979 4.91 5.68 Gfra2 
glial cell line derived neurotrophic 
factor family receptor alpha 2 

17434285 -1.7 0.03201 4.9 5.67 Gm13304 

predicted gene 13304; predicted gene 
1987; predicted gene 10591; 
predicted gene, 21541; chemokine (C-
C motif) ligand 21A (serine); 
chemokine (C-C motif) ligand 21B 
(leucine); chemokine (C-C motif) 
ligand 21C (leucine); c-C motif 
chemokine 21c-like 

17330918 -1.71 0.00017 8 8.77 Alcam 
activated leukocyte cell adhesion 
molecule 

17351027 -1.71 0.015 6.97 7.74 Pdgfrb 
platelet derived growth factor 
receptor, beta polypeptide 

17457785 -1.71 0.03474 2.39 3.16 Trbj1-7 
T cell receptor beta joining 1-7; T cell 
receptor beta, joining region 

17302936 -1.72 0.00032 3.5 4.29 Itgbl1 integrin, beta-like 1 
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17290846 -1.72 0.00055 4.88 5.66 Tcrg-C2 
T-cell receptor gamma, constant 2; T 
cell receptor gamma variable 2 

17497058 -1.72 0.00079 4.13 4.91 Cpxm2 carboxypeptidase X 2 (M14 family) 

17315763 -1.72 0.00222 3.52 4.3 Egflam 
EGF-like, fibronectin type III and 
laminin G domains 

17233022 -1.72 0.01603 6.52 7.3 Cd24a CD24a antigen 

17246091 -1.73 0.00377 4.1 4.89 Il23a interleukin 23, alpha subunit p19 

17419407 -1.73 0.01257 8.19 8.98 Snora44 
small nucleolar RNA, H/ACA box 44; 
small nucleolar RNA host gene 12 

17286087 -1.73 0.02551 4.34 5.13 Dcdc2a doublecortin domain containing 2a 

17257361 -1.74 0.00073 5.01 5.81 Mrc2 mannose receptor, C type 2 

17390879 -1.74 0.00907 5.62 6.42 Fbn1 fibrillin 1 

17363727 -1.75 1.00E-06 4.49E+00 5.29E+00 Glis3 GLIS family zinc finger 3 

17230830 -1.75 0.00007 4.71 5.52 Tgfb2 transforming growth factor, beta 2 

17520624 -1.75 0.00204 8.75 9.55 Rbp1 retinol binding protein 1, cellular 

17459324 -1.75 0.01178 3.34 4.14 Igkv1-117 

immunoglobulin kappa variable 1-117; 
immunoglobulin kappa chain 
complex; immunoglobulin kappa 
chain variable 1 (V1) 

17352981 -1.75 0.01667 4.52 5.33     

17464986 -1.76 0.00194 2.22 3.04 Asz1 
ankyrin repeat, SAM and basic leucine 
zipper domain containing 1 

17237028 -1.76 0.01839 2.93 3.75 Rassf9 
Ras association (RalGDS/AF-6) domain 
family (N-terminal) member 9 

17370209 -1.76 0.03297 7.08 7.89 Gsn gelsolin 

17249206 -1.76 0.0442 6.12 6.94 Adamts2 
a disintegrin-like and 
metallopeptidase (reprolysin type) 
with thrombospondin type 1 motif, 2 

17338529 -1.77 0.0003 5.34 6.16 Btg3 
B cell translocation gene 3; B-cell 
translocation gene 3 pseudogene 

17272770 -1.77 0.00276 6.96 7.78 Timp2 tissue inhibitor of metalloproteinase 2 

17331078 -1.77 0.01293 3.86 4.69 Tmem45a transmembrane protein 45a 

17401061 -1.77 0.01307 4.99 5.81 A230001M10Rik RIKEN cDNA A230001M10 gene 

17331828 -1.77 0.01629 3.72 4.55 Cldn8 claudin 8 

17434555 -1.78 0.00385 3.75 4.58 Abcb1b 
ATP-binding cassette, sub-family B 
(MDR/TAP), member 1B 

17472185 -1.78 0.00601 6.38 7.21 Art4 ADP-ribosyltransferase 4 

17410114 -1.78 0.01984 4.53 5.36 Ugt8a UDP galactosyltransferase 8A 

17272461 -1.78 0.02472 8.08 8.92 Cygb cytoglobin 

17284839 -1.79 0.00303 4.57 5.42 Itgb8 integrin beta 8 

17520905 -1.79 0.00343 7.7 8.54 Slco2a1 
solute carrier organic anion 
transporter family, member 2a1 

17392056 -1.81 0.00086 4.05 4.91 Fermt1 
fermitin family homolog 1 
(Drosophila) 

17471127 -1.81 0.00104 7.07 7.93 Cd9 CD9 antigen 

17236182 -1.81 0.00124 7.32 8.18 Timp3 tissue inhibitor of metalloproteinase 3 

17316780 -1.81 0.00319 3.67 4.52 Angpt1 angiopoietin 1 

17507605 -1.81 0.00407 8.19 9.04 Gas6 growth arrest specific 6 
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17331589 -1.82 0.00032 5.14 6.01 Btg3 
B cell translocation gene 3; B-cell 
translocation gene 3 pseudogene 

17286254 -1.82 0.00131 3.68 4.54 Mboat1 
membrane bound O-acyltransferase 
domain containing 1 

17316120 -1.83 0.0003 4.94 5.81 Cdh6 cadherin 6 

17221193 -1.83 0.00096 3.05 3.92 Tcf24 
transcription factor 24; predicted 
gene 10567 

17409343 -1.83 0.01709 5.73 6.61 5330417C22Rik RIKEN cDNA 5330417C22 gene 

17472192 -1.84 0.00078 5.99 6.87 Mgp matrix Gla protein 

17434973 -1.84 0.00142 3.81 4.69 Sema3c 
sema domain, immunoglobulin 
domain (Ig), short basic domain, 
secreted, (semaphorin) 3C 

17234896 -1.84 0.02354 4 4.88     

17307791 -1.85 0.02277 5.56 6.45 Scara3 scavenger receptor class A, member 3 

17332120 -1.85 0.04212 2.69 3.57 Gm24695 predicted gene, 24695 

17353747 -1.86 0.02652 6.09 6.99 Cd14 CD14 antigen 

17457777 -1.87 0.0006 1.56 2.46 Trbj1-3 
T cell receptor beta joining 1-3; T cell 
receptor beta, joining region 

17436481 -1.87 0.00413 5.68 6.58 Fgfr3 fibroblast growth factor receptor 3 

17510484 -1.88 0.03 6.25 7.17 Cib3 
calcium and integrin binding family 
member 3 

17328062 -1.88 0.0358 6.66 7.57 Emp2 epithelial membrane protein 2 

17271861 -1.89 0.00067 4.59 5.51 Hid1 HID1 domain containing 

17420316 -1.89 0.00095 4.49 5.42 Rap1gap Rap1 GTPase-activating protein 

17387162 -1.91 0.00017 4.45 5.38 Sestd1 SEC14 and spectrin domains 1 

17239919 -1.91 0.00152 4.95 5.88 Lama2 laminin, alpha 2 

17216779 -1.92 1.70E-05 6.39E+00 7.33E+00 Acmsd 
amino carboxymuconate 
semialdehyde decarboxylase 

17285523 -1.93 0.00067 3.67 4.61 Tcrg-V4 T cell receptor gamma, variable 4 

17401066 -1.93 0.0041 6.21 7.16 Ngf nerve growth factor 

17337545 -1.93 0.00468 5.2 6.15 Ubd ubiquitin D 

17463781 -1.93 0.03341 6 6.95 Emp1 epithelial membrane protein 1 

17240606 -1.94 0.02406 4.58 5.53     

17344873 -1.95 0.01899 5.31 6.27 H2-M2 histocompatibility 2, M region locus 2 

17498126 -1.96 0.02802 3.79 4.76 H19 
H19, imprinted maternally expressed 
transcript; microRNA 675; suppressor 
of Ty 6 

17482095 -1.97 6.51E-07 7.58E+00 8.55E+00 Nucb2 nucleobindin 2 

17304012 -1.97 0.00699 3.49 4.47 Kcnma1 
potassium large conductance calcium-
activated channel, subfamily M, alpha 
member 1 

17385838 -1.97 0.00862 4.16 5.14 Gm23503 predicted gene, 23503 

17344405 -1.98 0.00051 5.49 6.47 Ddr1 
discoidin domain receptor family, 
member 1 

17344434 -1.98 0.00398 2.14 3.12 Gm23864 predicted gene, 23864 

17545225 -1.98 0.01265 2.77 3.75 Gm25107 predicted gene, 25107 

17396009 -1.99 0.00061 4.29 5.28 Zc2hc1a zinc finger, C2HC-type containing 1A 
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17333465 -1.99 0.00224 5.62 6.62 Smoc2 
SPARC related modular calcium 
binding 2 

17357444 -1.99 0.02359 6.4 7.39 Fads3 fatty acid desaturase 3 

17490899 -2 0.00731 6 7 Fgf21 fibroblast growth factor 21 

17337580 -2 0.01584 3.64 4.64 Olfr111 olfactory receptor 111 

17498467 -2 0.04109 5.43 6.43 Ano1 
anoctamin 1, calcium activated 
chloride channel 

17257946 -2.01 9.50E-05 6.63E+00 7.64E+00 Sox9 SRY (sex determining region Y)-box 9 

17331720 -2.03 0.00237 4.52 5.54 Adamts5 

a disintegrin-like and 
metallopeptidase (reprolysin type) 
with thrombospondin type 1 motif, 5 
(aggrecanase-2) 

17264946 -2.04 0.00028 3.86 4.89 Chrnb1 
cholinergic receptor, nicotinic, beta 
polypeptide 1 (muscle) 

17300171 -2.04 0.00687 1.37 2.41 Traj40 
T cell receptor alpha joining 40; T cell 
receptor alpha variable 12-2 

17526776 -2.04 0.00785 4.54 5.57 Ncam1 neural cell adhesion molecule 1 

17330625 -2.05 0.00011 4.04 5.08 Cd200 CD200 antigen 

17316348 -2.05 0.01297 5.26 6.3 Snord123 small nucleolar RNA, C/D box 123 

17527694 -2.05 0.02952 5.41 6.44 Loxl1 lysyl oxidase-like 1 

17374765 -2.06 0.00153 4.46 5.5 Spint1 
serine protease inhibitor, Kunitz type 
1 

17362953 -2.06 0.00158 5.76 6.8 Ms4a7 
membrane-spanning 4-domains, 
subfamily A, member 7 

17526456 -2.07 0.00142 3.99 5.04 Cd3g CD3 antigen, gamma polypeptide 

17319887 -2.07 0.00561 5.3 6.35 Scube1 
signal peptide, CUB domain, EGF-like 
1 

17305875 -2.07 0.02407 3.45 4.49 1700011H14Rik RIKEN cDNA 1700011H14 gene 

17425631 -2.09 0.00436 5.01 6.08 Svep1 
sushi, von Willebrand factor type A, 
EGF and pentraxin domain containing 
1 

17221014 -2.11 0.0002 4.88 5.95 Cd34 CD34 antigen 

17354157 -2.12 0.00725 4.05 5.13 Spink3 
serine peptidase inhibitor, Kazal type 
3 

17509676 -2.14 0.04331 3.26 4.35 Apela 
apelin receptor early endogenous 
ligand 

17362941 -2.15 0.00068 3.12 4.22 Ms4a14 
membrane-spanning 4-domains, 
subfamily A, member 14 

17514460 -2.17 0.00182 4.75 5.87 Pdgfd 
platelet-derived growth factor, D 
polypeptide 

17353378 -2.19 9.00E-06 3.96E+00 5.09E+00 Epb4.1l4a erythrocyte protein band 4.1-like 4a 

17367216 -2.19 0.00569 5.71 6.84 Plxdc2 plexin domain containing 2 

17368476 -2.19 0.0067 6.54 7.67 Adamtsl2 ADAMTS-like 2 

17438246 -2.2 0.0311 6.4 7.53 Pdgfra 
platelet derived growth factor 
receptor, alpha polypeptide 

17364176 -2.21 0.00125 4.71 5.85 Ankrd1 
ankyrin repeat domain 1 (cardiac 
muscle) 

17310837 -2.21 0.0084 4.15 5.29 Sema5a 

sema domain, seven thrombospondin 
repeats (type 1 and type 1-like), 
transmembrane domain (TM) and 
short cytoplasmic domain, 
(semaphorin) 5A 
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17377498 -2.22 0.00011 5.9 7.05 Pygb brain glycogen phosphorylase 

17465824 -2.24 0.02837 5.61 6.78 Fam180a 
family with sequence similarity 180, 
member A 

17505148 -2.27 0.00014 7.33 8.51 Cdh1 cadherin 1 

17514435 -2.27 0.00114 4.91 6.09 Casp4 
caspase 4, apoptosis-related cysteine 
peptidase 

17388774 -2.28 0.00117 3.98 5.17 Ehf ets homologous factor 

17439830 -2.28 0.00895 8.96 10.15 Spp1 secreted phosphoprotein 1 

17340272 -2.31 0.00207 4.94 6.15 Epcam epithelial cell adhesion molecule 

17456247 -2.34 0.00092 2.93 4.15 Cftr 
cystic fibrosis transmembrane 
conductance regulator 

17221553 -2.34 0.00145 5.67 6.9 Pkhd1 
polycystic kidney and hepatic disease 
1 

17330636 -2.34 0.00168 4.04 5.27 Gm609 predicted gene 609 

17503825 -2.35 0.02051 6.22 7.45 Mmp2 matrix metallopeptidase 2 

17225413 -2.39 0.00992 6.41 7.67 Col6a3 collagen, type VI, alpha 3 

17315686 -2.42 0.00837 4.86 6.13 C7 complement component 7 

17405082 -2.43 0.02755 4.36 5.64 Slc7a11 
solute carrier family 7 (cationic amino 
acid transporter, y+ system), member 
11 

17525240 -2.44 0.00015 4.42 5.71 St14 
suppression of tumorigenicity 14 
(colon carcinoma) 

17496345 -2.48 0.03598 6.49 7.8 Nupr1 
nuclear protein transcription 
regulator 1 

17436407 -2.49 0.01336 3.79 5.1 Slc5a1 
solute carrier family 5 
(sodium/glucose cotransporter), 
member 1 

17397426 -2.57 4.21E-08 7.69E+00 9.05E+00 Ccrn4l 
CCR4 carbon catabolite repression 4-
like (S. cerevisiae) 

17504190 -2.58 2.10E-05 5.09E+00 6.46E+00 Gpr56 G protein-coupled receptor 56 

17528924 -2.6 0.00426 2.04 3.42 Fam83b 
family with sequence similarity 83, 
member B 

17533234 -2.61 0.00035 3.92 5.3 Sytl5 synaptotagmin-like 5 

17528934 -2.61 0.01654 3.32 4.7 Tinag tubulointerstitial nephritis antigen 

17517097 -2.65 0.00046 6.12 7.53 Plet1 placenta expressed transcript 1 

17317284 -2.65 0.00235 4.7 6.1 Anxa13 annexin A13 

17218927 -2.69 0.01523 7.31 8.74 Dpt dermatopontin 

17241731 -2.74 5.20E-05 6.32E+00 7.78E+00 Bicc1 bicaudal C homolog 1 (Drosophila) 

17472129 -2.77 0.00015 4.03 5.51 Gucy2c guanylate cyclase 2c 

17236811 -2.78 0.02923 6.46 7.93 Lum lumican 

17290850 -2.79 0.00185 2.86 4.34 Trgv2 T cell receptor gamma variable 2 

17514447 -2.86 0.0001 4.63 6.14 Casp12 caspase 12 

17381717 -2.95 0.01896 6.32 7.88 Itga8 integrin alpha 8 

17447835 -3.23 0.00038 3.69 5.39 Prom1 prominin 1 

17450387 -3.29 0.00676 7.16 8.87 Sparcl1 SPARC-like 1 

17399374 -3.3 0.00144 5.22 6.94 Muc1 mucin 1, transmembrane 

17394126 -3.33 0.01336 4.22 5.95 Wfdc15b WAP four-disulfide core domain 15B 
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17221197 -3.35 4.00E-06 4.30E+00 6.04E+00 Tcf24 transcription factor 24 

17412539 -3.38 3.50E-05 5.17E+00 6.93E+00 Rragd Ras-related GTP binding D 

17237412 -3.6 1.90E-05 4.64E+00 6.49E+00 Tspan8 tetraspanin 8 

17517368 -3.63 0.01161 3.77 5.63 Gldn gliomedin 

17514592 -3.8 0.00028 4.7 6.63 Mmp7 matrix metallopeptidase 7 

 

 

Table 13 IPA analysis of DEGs for significant Diseases and Functions (R vs NRs) 

Diseases and Disorders p-value No of genes 

Cancer 3,26Ε-10 - 3,05Ε-04 318 

Organismal Injury and Abnormalities 3,26Ε-10 - 3,05Ε-04 323 

Reproductive System Diseases 3,26Ε-10 - 2,95Ε-04 225 

Renal and Urological Diseases 5,99Ε-09 - 1,56Ε-04 83 

Development Disorders 9,93Ε-09 - 1,96Ε-04 58 

 

Molecular and Cellular Functions p-value No of genes 

Cellular Movement 4,56Ε-11 - 3,13Ε-04 117 

Cell to cell signaling and interactions 3,26Ε-10 - 3,05Ε-13 91 

Lipid metabolism 3,26Ε-10 - 3,05Ε-14 85 

Molecular transport 3,26Ε-10 - 3,05Ε-15 58 

Small molecule biochemistry 3,26Ε-10 - 3,05Ε-16 94 
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Table 14 DEGs in the RYGB vs BWm comparison group 

Transcript 
Cluster ID 

Fold 
Change 
RYGB vs 

BWm 

RYGB 
Standard 
Deviation 

BWm 
Standard 
Deviation 

Anova p-
value 

Gene Symbol Description 

17407412 24.73 0.81 0.83 0.000034 Sprr1a small proline-rich protein 1A 

17545899 13.09 0.55 0.37 0.000005 S100g S100 calcium binding protein G 

17318020 10.83 1.14 0.29 0.001086 Ly6d 
lymphocyte antigen 6 complex, locus 
D 

17405082 10.15 0.97 0.25 0.000356 Slc7a11 
solute carrier family 7 (cationic amino 
acid transporter, y+ system), member 
11 

17311807 8.99 1.04 0.48 0.0006 Sqle squalene epoxidase 

17496345 6.86 0.55 0.6 0.000177 Nupr1 
nuclear protein transcription 
regulator 1 

17353747 6.53 0.93 0.45 0.000809 Cd14 CD14 antigen 

17321318 6.2 0.19 0.52 0.000006 Fkbp11 FK506 binding protein 11 

17445308 5.97 0.69 0.53 0.000674 Cyp51 cytochrome P450, family 51 

17544837 5.57 0.35 0.62 0.000047 Serpina7 

serine (or cysteine) peptidase 
inhibitor, clade A (alpha-1 
antiproteinase, antitrypsin), member 
7 

17377666 5.34 0.47 0.35 0.000024 Srxn1 sulfiredoxin 1 homolog (S. cerevisiae) 

17309420 4.71 0.54 0.4 0.00019 Abcc4 
ATP-binding cassette, sub-family C 
(CFTR/MRP), member 4 

17327264 4.6 0.87 0.14 0.002294 Cbr3 carbonyl reductase 3 

17231033 4.46 0.47 0.39 0.000111 Atf3 activating transcription factor 3 

17409172 4.26 0.39 0.42 0.000065 Gstm4 glutathione S-transferase, mu 4 

17289717 4.26 0.64 0.18 0.000686 Elovl7 
ELOVL family member 7, elongation of 
long chain fatty acids (yeast) 

17535434 4.25 0.66 0.36 0.000771 Nsdhl 
NAD(P) dependent steroid 
dehydrogenase-like 

17383892 4.21 0.87 0.46 0.012839 Lcn2 lipocalin 2 

17514495 4.17 0.54 0.48 0.001355 Mmp12 matrix metallopeptidase 12 

17414747 4.17 0.98 0.81 0.025221 Orm2 orosomucoid 2 

17508609 4.06 0.48 0.51 0.000332 Nrg1 neuregulin 1 

17400486 4 0.52 0.22 0.000286 Mtmr11 myotubularin related protein 11 

17328625 3.91 0.21 0.43 0.000017 Sdf2l1 stromal cell-derived factor 2-like 1 

17406908 3.9 0.61 0.56 0.000913 Fdps farnesyl diphosphate synthetase 

17409130 3.76 0.78 0.28 0.003597 Gstm3 glutathione S-transferase, mu 3 

17406921 3.61 0.55 0.36 0.001454 Gm22935 predicted gene, 22935 

17433040 3.6 0.36 0.26 0.00005 Pgd phosphogluconate dehydrogenase 

17482095 3.58 0.47 0.25 0.000157 Nucb2 nucleobindin 2 

17528249 3.48 1 0.28 0.00731 Slc51b solute carrier family 51, beta subunit 

17301697 3.43 0.4 0.24 0.00008 Tnfrsf10b 
tumor necrosis factor receptor 
superfamily, member 10b 

17237978 3.43 0.67 0.45 0.001678 Ddit3 DNA-damage inducible transcript 3 

17271861 3.4 0.41 0.19 0.000108 Hid1 HID1 domain containing 
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17313998 3.35 0.22 0.4 0.000044 Creld2 cysteine-rich with EGF-like domains 2 

17518962 3.32 0.49 0.31 0.000208 Anxa2 annexin A2 

17519673 3.32 0.38 0.38 0.000454 Gm3776 

predicted gene 3776; glutathione S-
transferase, alpha 1 (Ya); predicted 
gene 10639; glutathione S-
transferase, alpha 2 (Yc2) 

17516564 3.26 0.21 0.37 0.00003 Hyou1 hypoxia up-regulated 1 

17285056 3.24 0.73 0.54 0.006952 Idi1 
isopentenyl-diphosphate delta 
isomerase; predicted gene 13502 

17392925 3.16 0.4 0.52 0.000474 Trib3 tribbles homolog 3 (Drosophila) 

17509629 3.15 0.76 0.76 0.014206 Msmo1 methylsterol monoxygenase 1 

17464718 3.14 0.42 0.59 0.003152 Asns asparagine synthetase 

17512732 3.04 0.58 0.23 0.000788 Nqo1 NAD(P)H dehydrogenase, quinone 1 

17229960 2.99 0.67 0.51 0.006309 Apcs serum amyloid P-component 

17290173 2.98 0.71 0.24 0.003146 Hmgcs1 
3-hydroxy-3-methylglutaryl-Coenzyme 
A synthase 1 

17354157 2.97 0.66 0.29 0.002405 Spink3 
serine peptidase inhibitor, Kazal type 
3 

17319806 2.95 0.3 0.21 0.000021 Arfgap3 
ADP-ribosylation factor GTPase 
activating protein 3 

17226550 2.94 0.48 0.29 0.000609 Mcm6 
minichromosome maintenance 
deficient 6 (MIS5 homolog, S. pombe) 
(S. cerevisiae) 

17315245 2.93 0.32 0.24 0.000035 Krt18 keratin 18 

17529764 2.92 0.34 0.39 0.000113 Pls1 plastin 1 (I-isoform) 

17530782 2.89 0.23 0.28 0.000025 Manf 
mesencephalic astrocyte-derived 
neurotrophic factor 

17226771 2.88 0.18 0.47 0.000258 Ikbke inhibitor of kappaB kinase epsilon 

17519658 2.85 0.34 0.21 0.000072 Gsta1 
glutathione S-transferase, alpha 1 
(Ya); predicted gene 3776 

17377144 2.85 0.42 0.07 0.00014 Slc24a3 
solute carrier family 24 
(sodium/potassium/calcium 
exchanger), member 3 

17514482 2.85 0.46 0.32 0.000701 Mmp13 matrix metallopeptidase 13 

17255387 2.82 0.22 0.37 0.000097 Slc35b1 solute carrier family 35, member B1 

17417732 2.82 0.52 0.23 0.000748 9530034E10Rik RIKEN cDNA 9530034E10 gene 

17460506 2.81 0.24 0.21 0.000019 Gfpt1 
glutamine fructose-6-phosphate 
transaminase 1 

17399112 2.78 0.35 0.23 0.000133 Arhgef2 
rho/rac guanine nucleotide exchange 
factor (GEF) 2 

17363204 2.78 0.43 0.08 0.000265 Psat1 phosphoserine aminotransferase 1 

17322113 2.76 0.27 0.44 0.000182 Krt8 keratin 8 

17530322 2.75 0.15 0.26 0.000008 Uba5 
ubiquitin-like modifier activating 
enzyme 5 

17500172 2.71 0.3 0.1 0.000017 Ppapdc1b 
phosphatidic acid phosphatase type 2 
domain containing 1B 

17456131 2.71 0.64 0.16 0.003031 Tes testis derived transcript 

17466532 2.69 0.27 0.31 0.000092 Pdia4 
protein disulfide isomerase associated 
4; microRNA 704 

17306396 2.67 0.36 0.41 0.001854 Ajuba ajuba LIM protein 

17333318 2.63 0.39 0.6 0.001825 Gm23833 predicted gene, 23833 



237 
 

17380850 2.62 0.3 0.29 0.000101 Slc17a9 solute carrier family 17, member 9 

17471973 2.61 0.19 0.34 0.00005 Gm23375 
predicted gene, 23375; actin, gamma, 
pseudogene 1 

17370103 2.6 0.3 0.27 0.000123 Hspa5 heat shock protein 5 

17319554 2.6 0.48 0.3 0.000604 Pmm1 phosphomannomutase 1 

17490899 2.59 0.52 0.54 0.003949 Fgf21 fibroblast growth factor 21 

17438621 2.57 0.11 0.4 0.00004 Ugt2b35 
UDP glucuronosyltransferase 2 family, 
polypeptide B35 

17462437 2.55 0.26 0.19 0.000062 Usp18 ubiquitin specific peptidase 18 

17379077 2.53 0.24 0.21 0.000016 Lpin3 lipin 3 

17287707 2.51 0.22 0.32 0.000102 Tmed9 
transmembrane emp24 protein 
transport domain containing 9 

17482897 2.5 0.25 0.39 0.000214 Aqp8 aquaporin 8 

17266851 2.49 0.58 0.57 0.013683 Slfn9 schlafen 9 

17548264 2.48 0.24 0.65 0.001948 Wbp5 WW domain binding protein 5 

17498502 2.47 0.52 0.61 0.007153 Ccnd1 cyclin D1 

17222834 2.43 0.47 0.43 0.002418 Gm17767 predicted gene, 17767 

17344405 2.4 0.41 0.35 0.00199 Ddr1 
discoidin domain receptor family, 
member 1 

17513076 2.39 0.28 0.17 0.000084 Mlkl mixed lineage kinase domain-like 

17410376 2.38 0.27 0.16 0.000065 Ostc 
oligosaccharyltransferase complex 
subunit 

17216745 2.38 0.28 0.18 0.000098 Gpr39 G protein-coupled receptor 39 

17521603 2.36 0.25 0.47 0.001086 Gmppb GDP-mannose pyrophosphorylase B 

17416212 2.35 0.34 0.39 0.000793 1700024P16Rik RIKEN cDNA 1700024P16 gene 

17234552 2.34 0.39 0.21 0.000561 Lss lanosterol synthase 

17449578 2.34 0.44 0.22 0.00099 Gm19619 predicted gene, 19619 

17485357 2.32 0.37 0.46 0.001745 Dhcr7 7-dehydrocholesterol reductase 

17265825 2.31 0.26 0.3 0.000318 Rap1gap2 RAP1 GTPase activating protein 2 

17376124 2.31 0.33 0.56 0.001612 Slc20a1 solute carrier family 20, member 1 

17324305 2.3 0.16 0.28 0.000041 Dnajb11 
DnaJ (Hsp40) homolog, subfamily B, 
member 11 

17470187 2.3 0.23 0.45 0.000257 Zfp9 zinc finger protein 9 

17290069 2.3 0.3 0.2 0.000473 Gm10734 predicted gene 10734 

17318422 2.3 0.45 0.17 0.001127 Gm10872 predicted gene 10872 

17291653 2.3 0.4 0.21 0.001342 Gmds GDP-mannose 4, 6-dehydratase 

17521469 2.3 0.24 0.55 0.008621     

17331533 2.29 0.2 0.19 0.000042 Hspa13 
heat shock protein 70 family, member 
13 

17370040 2.29 0.33 0.38 0.000569 Gm13528 predicted gene 13528 

17427769 2.29 0.46 0.68 0.012627 Pcsk9 
proprotein convertase subtilisin/kexin 
type 9 

17437686 2.28 0.14 0.32 0.000034 Fam114a1 
family with sequence similarity 114, 
member A1 

17227266 2.28 0.42 0.22 0.003001 Elf3 E74-like factor 3 

17322125 2.27 0.25 0.61 0.000547     

17243525 2.24 0.28 0.04 0.000027 Slc41a2 solute carrier family 41, member 2 



238 
 

17439164 2.24 0.27 0.18 0.000119 Sep-11 septin 11 

17221158 2.24 0.24 0.37 0.00022 Mybl1 myeloblastosis oncogene-like 1 

17515371 2.24 0.38 0.25 0.000555 Swsap1 
SWIM type zinc finger 7 associated 
protein 1 

17331589 2.24 0.45 0.5 0.006412 Btg3 
B cell translocation gene 3; B-cell 
translocation gene 3 pseudogene 

17234803 2.23 0.32 0.19 0.000275 Cstb cystatin B 

17428186 2.22 0.22 0.45 0.000422 LOC102635290 
uncharacterized LOC102635290; 
predicted gene 12750 

17238210 2.22 0.49 0.3 0.004429 Prim1 DNA primase, p49 subunit 

17255232 2.21 0.34 0.23 0.000767 Lrrc59 leucine rich repeat containing 59 

17447544 2.2 0.24 0.09 0.000028 Wfs1 
Wolfram syndrome 1 homolog 
(human) 

17547988 2.2 0.39 0.57 0.003755     

17357444 2.19 0.24 0.22 0.000105 Fads3 fatty acid desaturase 3 

17260869 2.19 0.44 0.06 0.001688 Slc1a4 
solute carrier family 1 
(glutamate/neutral amino acid 
transporter), member 4 

17213189 2.19 0.47 0.26 0.002769 Gm20257 caspase 8 pseudogene 

17520073 2.18 0.73 0.26 0.020122 Nt5e 5 nucleotidase, ecto 

17529634 2.17 0.23 0.21 0.000037 Tmed3 
transmembrane emp24 domain 
containing 3 

17288896 2.17 0.26 0.26 0.000222 Gm8399 

predicted gene 8399; predicted gene, 
25241; actin, gamma, cytoplasmic 1; 
predicted gene 12715; predicted 
gene, 23375; predicted gene, 23419; 
predicted gene, 26217 

17478998 2.17 0.26 0.33 0.00076 Vimp VCP-interacting membrane protein 

17522219 2.16 0.2 0.36 0.000206 Nme6 
NME/NM23 nucleoside diphosphate 
kinase 6 

17361299 2.16 0.32 0.5 0.003755 2010003K11Rik RIKEN cDNA 2010003K11 gene 

17344140 2.15 0.58 0.52 0.004793 D17H6S56E-5 
DNA segment, Chr 17, human D6S56E 
5 

17284334 2.14 0.79 0.33 0.027502 Ighg2b 

immunoglobulin heavy constant 
gamma 2B; Immunoglobulin heavy 
chain (gamma polypeptide); 
immunoglobulin heavy constant mu 

17400000 2.13 0.24 0.09 0.000036 S100a10 
S100 calcium binding protein A10 
(calpactin) 

17341540 2.13 0.41 0.18 0.001759 Tnfrsf12a 
tumor necrosis factor receptor 
superfamily, member 12a 

17543396 2.13 0.48 0.26 0.003975 Eda2r ectodysplasin A2 receptor 

17539898 2.13 0.41 0.27 0.004472 Ccdc120 coiled-coil domain containing 120 

17362953 2.13 0.51 0.19 0.009418 Ms4a7 
membrane-spanning 4-domains, 
subfamily A, member 7 

17404796 2.12 0.19 0.18 0.000026 Anxa5 annexin A5 

17356583 2.12 0.27 0.17 0.000115 Syvn1 
synovial apoptosis inhibitor 1, 
synoviolin 

17217440 2.11 0.38 0.17 0.000535 Cyb5r1 cytochrome b5 reductase 1 

17411174 2.11 0.57 0.11 0.004209 Gipc2 
GIPC PDZ domain containing family, 
member 2 

17520624 2.1 0.41 0.25 0.006463 Rbp1 retinol binding protein 1, cellular 

17214543 2.09 0.18 0.12 0.000006 Gmppa GDP-mannose pyrophosphorylase A 
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17217825 2.09 0.25 0.16 0.000139 Gm19705 predicted gene, 19705 

17467316 2.09 0.26 0.42 0.000631 Gadd45a 
growth arrest and DNA-damage-
inducible 45 alpha 

17440954 2.08 0.37 0.35 0.002079 Mvk mevalonate kinase 

17353256 2.07 0.48 0.35 0.012522 Gm6665 predicted gene 6665 

17549514 2.06 0.4 0.32 0.001241 LOC102637129 

protein S100-A11-like; S100 calcium 
binding protein A11 (calgizzarin); 
predicted gene 12854; predicted gene 
5068 

17501976 2.06 0.38 0.25 0.001943 Isyna1 myo-inositol 1-phosphate synthase A1 

17478352 2.06 0.42 0.25 0.004166 Htatip2 
HIV-1 tat interactive protein 2, 
homolog (human) 

17275351 2.05 0.12 0.27 0.00004 Scfd1 Sec1 family domain containing 1 

17332228 2.05 0.45 0.25 0.004045 Rcan1 regulator of calcineurin 1 

17527520 2.04 0.22 0.13 0.000036 Scamp5 secretory carrier membrane protein 5 

17331429 2.04 0.25 0.29 0.000321 Actg-ps1 

actin, gamma, pseudogene 1; 
predicted gene, 23812; predicted 
gene, 23374; actin, gamma, 
cytoplasmic 1; predicted gene, 23419; 
predicted gene, 25032 

17500992 2.04 0.25 0.29 0.000321 Actg-ps1 

actin, gamma, pseudogene 1; 
predicted gene, 23812; predicted 
gene, 23374; actin, gamma, 
cytoplasmic 1; predicted gene, 23419; 
predicted gene, 25032 

17530990 2.03 0.27 0.38 0.002737 Gnat1 
guanine nucleotide binding protein, 
alpha transducing 1 

17293237 2.03 0.51 0.28 0.016205 Golm1 golgi membrane protein 1 

17325324 2.03 0.57 0.17 0.0187 Stfa2l1 stefin A2 like 1 

17469887 2.02 0.2 0.32 0.000549 Mkrn2os 
makorin, ring finger protein 2, 
opposite strand 

17351465 2.02 0.32 0.38 0.001268 Tubb6 tubulin, beta 6 class V 

17324835 2.02 0.58 0.49 0.0077 Tfrc transferrin receptor 

17385483 2.01 0.21 0.19 0.000222 Mrps18b 
mitochondrial ribosomal protein 
S18B; predicted gene 13552 

17220249 2.01 0.17 0.56 0.011322 9130409I23Rik RIKEN cDNA 9130409I23 gene 

17444481 2 0.28 0.32 0.00212 Bhlha15 
basic helix-loop-helix family, member 
a15 

17266967 2 0.42 0.09 0.00397 Ccl3 chemokine (C-C motif) ligand 3 

17446767 2 0.39 0.2 0.004425 Cgref1 
cell growth regulator with EF hand 
domain 1 

17468143 2 0.32 0.62 0.00553 Mthfd2 

methylenetetrahydrofolate 
dehydrogenase (NAD+ dependent), 
methenyltetrahydrofolate 
cyclohydrolase 

17274249 1.99 0.21 0.3 0.000197 Pdia6 
protein disulfide isomerase associated 
6 

17449585 1.99 0.14 0.37 0.000276 Btc 
betacellulin, epidermal growth factor 
family member 

17388999 1.99 0.24 0.4 0.000475 Prrg4 
proline rich Gla (G-carboxyglutamic 
acid) 4 (transmembrane) 

17393288 1.98 0.2 0.25 0.0002 Gss glutathione synthetase 

17299329 1.98 0.2 0.35 0.000345 Lgals3 lectin, galactose binding, soluble 3 
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17548717 1.98 0.38 0.48 0.005693 Fabp5 
fatty acid binding protein 5, 
epidermal; predicted gene 6166 

17412237 1.98 0.34 0.36 0.006309 Mms22l MMS22-like, DNA repair protein 

17377092 1.97 0.16 0.11 0.000002 Sec23b SEC23B (S. cerevisiae) 

17549576 1.97 0.28 0.26 0.000525     

17441051 1.97 0.39 0.18 0.002158 Oasl1 2-5 oligoadenylate synthetase-like 1 

17502583 1.97 0.42 0.13 0.002264 Mcm5 
minichromosome maintenance 
deficient 5, cell division cycle 46 (S. 
cerevisiae) 

17338529 1.97 0.31 0.51 0.002568 Btg3 
B cell translocation gene 3; B-cell 
translocation gene 3 pseudogene 

17246091 1.97 0.33 0.45 0.00444 Il23a interleukin 23, alpha subunit p19 

17352882 1.97 0.8 0.18 0.042546 Gm7665 predicted pseudogene 7665 

17262300 1.96 0.18 0.12 0.00002 Sqstm1 sequestosome 1 

17512666 1.96 0.25 0.24 0.000221 Smpd3 
sphingomyelin phosphodiesterase 3, 
neutral 

17549328 1.96 0.22 0.34 0.00051     

17364521 1.96 0.31 0.24 0.001513 Aldh18a1 
aldehyde dehydrogenase 18 family, 
member A1 

17243544 1.96 0.42 0.3 0.004065 Aldh1l2 
aldehyde dehydrogenase 1 family, 
member L2 

17212546 1.96 0.45 0.48 0.021275 Rpl23a-ps1 
ribosomal protein 23A, pseudogene 1; 
predicted gene 8290 

17505148 1.95 0.25 0.18 0.000328 Cdh1 cadherin 1 

17438584 1.95 0.4 0.17 0.00185 Stap1 
signal transducing adaptor family 
member 1 

17314693 1.95 0.33 0.38 0.005569 Tuba1c tubulin, alpha 1C 

17451614 1.95 0.44 0.51 0.013363 2610524H06Rik RIKEN cDNA 2610524H06 gene 

17284314 1.95 0.76 0.19 0.039954 Igh-VJ558 
immunoglobulin heavy chain (J558 
family); immunoglobulin heavy 
constant alpha 

17285204 1.94 0.16 0.17 0.000018 Ero1lb ERO1-like beta (S. cerevisiae) 

17421694 1.94 0.22 0.18 0.000135 Srm spermidine synthase 

17367036 1.94 0.34 0.27 0.000853 Pter phosphotriesterase related 

17280842 1.94 0.25 0.33 0.001138 Ifrd1 
interferon-related developmental 
regulator 1 

17266952 1.94 0.13 0.37 0.001152 Ccl9 chemokine (C-C motif) ligand 9 

17412871 1.94 0.17 0.45 0.001376 Nudt2 
nudix (nucleoside diphosphate linked 
moiety X)-type motif 2 

17436607 1.93 0.24 0.16 0.000152 Sh3bp2 SH3-domain binding protein 2 

17434023 1.93 0.19 0.4 0.000268 Isg15 ISG15 ubiquitin-like modifier 

17343744 1.93 0.18 0.25 0.000327 Slc39a7 
solute carrier family 39 (zinc 
transporter), member 7; predicted 
gene 20427 

17320189 1.93 0.5 0.45 0.029791 Alg12 
asparagine-linked glycosylation 12 
(alpha-1,6-mannosyltransferase) 

17246963 1.93 0.47 0.35 0.041601 LOC102639290 
uncharacterized LOC102639290; 
predicted gene 11963 

17405414 1.92 0.13 0.21 0.000076 Serp1 
stress-associated endoplasmic 
reticulum protein 1 

17471541 1.92 0.26 0.2 0.000203 Clec7a 
C-type lectin domain family 7, 
member a 
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17468798 1.92 0.3 0.15 0.000228 Mcm2 
minichromosome maintenance 
deficient 2 mitotin (S. cerevisiae) 

17307231 1.92 0.22 0.28 0.000724 Micu2 mitochondrial calcium uptake 2 

17532418 1.92 0.22 0.31 0.00138 Ano10 anoctamin 10 

17513681 1.92 0.41 0.16 0.003577 Mvd 
mevalonate (diphospho) 
decarboxylase 

17548238 1.92 0.28 0.51 0.004 Fabp5 
fatty acid binding protein 5, 
epidermal; predicted gene 6166 

17397421 1.92 0.39 0.2 0.013362     

17350009 1.92 0.35 0.49 0.016774 Gm24690 predicted gene, 24690 

17501633 1.91 0.33 0.13 0.000806 Lpl lipoprotein lipase 

17447081 1.91 0.29 0.29 0.001409 Spon2 spondin 2, extracellular matrix protein 

17372392 1.9 0.22 0.1 0.000109 Dnajc10 
DnaJ (Hsp40) homolog, subfamily C, 
member 10 

17290865 1.9 0.26 0.33 0.010789 Epdr1 
ependymin related protein 1 
(zebrafish) 

17275524 1.9 0.44 0.4 0.032348 Srp54c signal recognition particle 54C 

17435867 1.89 0.16 0.06 0.000008 Tmem214 transmembrane protein 214 

17402681 1.89 0.09 0.36 0.000284 Papss1 
3-phosphoadenosine 5-
phosphosulfate synthase 1 

17446060 1.89 0.35 0.24 0.0024 AI506816 expressed sequence AI506816 

17353358 1.89 0.29 0.48 0.007343 Stard4 
StAR-related lipid transfer (START) 
domain containing 4 

17395079 1.89 0.44 0.28 0.008292 Zbp1 Z-DNA binding protein 1 

17438987 1.89 0.65 0.58 0.044671 Cxcl1 chemokine (C-X-C motif) ligand 1 

17497525 1.89 0.44 0.46 0.046067 Adam8 
a disintegrin and metallopeptidase 
domain 8 

17374406 1.88 0.14 0.22 0.000054 BC052040 cDNA sequence BC052040 

17346216 1.88 0.2 0.3 0.000307 Plin3 perilipin 3 

17492619 1.88 0.2 0.25 0.000317 Blm Bloom syndrome, RecQ helicase-like 

17327255 1.88 0.48 0.21 0.034956 Cbr1 carbonyl reductase 1 

17355009 1.87 0.14 0.16 0.00003 Nars asparaginyl-tRNA synthetase 

17486011 1.87 0.19 0.17 0.000084     

17306477 1.87 0.25 0.08 0.000382 Slc7a8 
solute carrier family 7 (cationic amino 
acid transporter, y+ system), member 
8 

17461942 1.87 0.17 0.39 0.001819 Pparg 
peroxisome proliferator activated 
receptor gamma 

17434490 1.87 0.55 0.14 0.013908 Steap4 STEAP family member 4 

17238914 1.87 0.41 0.49 0.045433     

17464367 1.86 0.13 0.15 0.000013 Ppfibp1 
PTPRF interacting protein, binding 
protein 1 (liprin beta 1) 

17325619 1.86 0.18 0.21 0.000119 Tmem39a transmembrane protein 39a 

17404432 1.86 0.23 0.19 0.000152 Fndc3b 
fibronectin type III domain containing 
3B 

17243738 1.86 0.15 0.23 0.000173 Hsp90b1 
heat shock protein 90, beta (Grp94), 
member 1 

17244057 1.86 0.26 0.17 0.000521 Gas2l3 growth arrest-specific 2 like 3 

17406783 1.86 0.26 0.44 0.00393 Lmna lamin A 

17474974 1.86 0.27 0.39 0.005935 Plaur plasminogen activator, urokinase 
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receptor 

17363995 1.86 0.51 0.22 0.015976 Gm22482 predicted gene, 22482 

17431933 1.86 0.46 0.32 0.02059 Klhdc7a kelch domain containing 7A 

17448308 1.85 0.26 0.28 0.000787 Ugdh UDP-glucose dehydrogenase 

17314556 1.85 0.45 0.1 0.005789 Slc48a1 
solute carrier family 48 (heme 
transporter), member 1 

17271168 1.84 0.18 0.21 0.000205 Prkca protein kinase C, alpha 

17282158 1.84 0.29 0.14 0.000479 Rdh11 retinol dehydrogenase 11 

17537756 1.83 0.12 0.04 6.69E-07 Armcx3 
armadillo repeat containing, X-linked 
3 

17245272 1.83 0.17 0.2 0.000038 Nup107 nucleoporin 107 

17451668 1.83 0.17 0.17 0.00004 Mlec malectin 

17437611 1.83 0.15 0.24 0.000047 Pgm1 phosphoglucomutase 1 

17417767 1.83 0.13 0.22 0.00006 Elovl1 
elongation of very long chain fatty 
acids (FEN1/Elo2, SUR4/Elo3, yeast)-
like 1 

17413832 1.83 0.23 0.16 0.000124 Nans 
N-acetylneuraminic acid synthase 
(sialic acid synthase) 

17325261 1.83 0.13 0.34 0.00037 Hspbap1 Hspb associated protein 1 

17460918 1.83 0.26 0.23 0.000607 Tmem43 transmembrane protein 43 

17242578 1.83 0.23 0.3 0.000814 Ppap2c 
phosphatidic acid phosphatase type 
2C 

17285000 1.83 0.41 0.28 0.005697 Klf6 Kruppel-like factor 6 

17463609 1.83 0.29 0.28 0.005797 n-R5s166 nuclear encoded rRNA 5S 166 

17537889 1.83 0.61 0.3 0.013116 Wbp5 WW domain binding protein 5 

17504512 1.83 0.48 0.77 0.042799 Ces2c carboxylesterase 2C 

17313000 1.82 0.31 0.27 0.00131 Kdelr3 
KDEL (Lys-Asp-Glu-Leu) endoplasmic 
reticulum protein retention receptor 3 

17367686 1.82 0.44 0.07 0.00514 Il1rn interleukin 1 receptor antagonist 

17316274 1.82 0.4 0.1 0.008582 Gm23327 predicted gene, 23327 

17317393 1.82 0.42 0.3 0.027072 Fam84b 
family with sequence similarity 84, 
member B 

17230611 1.81 0.16 0.13 0.000049 Capn2 calpain 2 

17525661 1.81 0.23 0.08 0.000104 Tbrg1 
transforming growth factor beta 
regulated gene 1 

17360877 1.81 0.27 0.1 0.000397 Fam45a 
family with sequence similarity 45, 
member A 

17263705 1.81 0.2 0.33 0.000801 Map2k3os 
mitogen-activated protein kinase 
kinase 3, opposite strand 

17425151 1.81 0.29 0.29 0.002107 Alg2 
asparagine-linked glycosylation 2 
(alpha-1,3-mannosyltransferase) 

17300251 1.81 0.45 0.13 0.007498 Abhd4 abhydrolase domain containing 4 

17307774 1.81 0.54 0.23 0.024549 Esco2 
establishment of cohesion 1 homolog 
2 (S. cerevisiae) 

17354036 1.8 0.16 0.13 0.000021 Lars leucyl-tRNA synthetase 

17548221 1.8 0.2 0.1 0.000186 Spcs2-ps 

signal peptidase complex subunit 2, 
pseudogene; signal peptidase 
complex subunit 2 homolog (S. 
cerevisiae) 

17308772 1.8 0.32 0.31 0.001379 Lacc1 
laccase (multicopper oxidoreductase) 
domain containing 1 
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17500535 1.8 0.33 0.2 0.005567 Dusp4 dual specificity phosphatase 4 

17451536 1.8 0.37 0.37 0.012521 Mmab 
methylmalonic aciduria (cobalamin 
deficiency) type B homolog (human) 

17273348 1.8 0.42 0.47 0.017083 Fasn fatty acid synthase 

17545440 1.79 0.16 0.07 0.000009 Tspyl2 TSPY-like 2 

17393789 1.79 0.17 0.16 0.000082 Tgm2 transglutaminase 2, C polypeptide 

17330506 1.79 0.05 0.34 0.000237 Gramd1c GRAM domain containing 1C 

17355634 1.79 0.26 0.12 0.000606 Hsbp1l1 
heat shock factor binding protein 1-
like 1 

17218186 1.79 0.25 0.13 0.000761 Fam129a 
family with sequence similarity 129, 
member A 

17453819 1.79 0.27 0.22 0.001103 Serpine1 
serine (or cysteine) peptidase 
inhibitor, clade E, member 1 

17219581 1.79 0.33 0.03 0.001725 Tagln2 transgelin 2 

17393357 1.79 0.32 0.12 0.002043 Eif6 
eukaryotic translation initiation factor 
6 

17407794 1.79 0.22 0.3 0.003753 Gm10691 
predicted gene 10691; RIKEN cDNA 
6330562C20 gene 

17548258 1.79 0.49 0.04 0.007446     

17301247 1.78 0.1 0.26 0.000248 Pinx1 
PIN2/TERF1 interacting, telomerase 
inhibitor 1 

17235915 1.78 0.24 0.11 0.000412 Txnrd1 thioredoxin reductase 1 

17268884 1.78 0.29 0.28 0.002101 Nr1d1 
nuclear receptor subfamily 1, group D, 
member 1 

17285244 1.78 0.33 0.23 0.006928 Nid1 nidogen 1 

17518331 1.78 0.39 0.4 0.010631 Tipin timeless interacting protein 

17275498 1.77 0.1 0.09 9.02E-07 Srp54b 
signal recognition particle 54B; signal 
recognition particle 54C; signal 
recognition particle 54A 

17399104 1.77 0.15 0.12 0.000023 Ssr2 signal sequence receptor, beta 

17509379 1.77 0.13 0.27 0.000234 Spcs3 
signal peptidase complex subunit 3 
homolog (S. cerevisiae) 

17357478 1.77 0.15 0.28 0.000334 Tmem258 transmembrane protein 258 

17416160 1.77 0.25 0.2 0.001015 Gm12715 predicted gene 12715 

17382423 1.77 0.24 0.4 0.00886 Tubb4b tubulin, beta 4B class IVB 

17275472 1.76 0.09 0.1 0.000001 Srp54b 
signal recognition particle 54B; signal 
recognition particle 54C; signal 
recognition particle 54A 

17488975 1.76 0.11 0.21 0.000055 Tbcb tubulin folding cofactor B 

17344497 1.76 0.21 0.11 0.000102 Mrps18b mitochondrial ribosomal protein S18B 

17460622 1.76 0.2 0.29 0.000684 Rpn1 ribophorin I 

17303804 1.76 0.16 0.28 0.000787 Anxa7 annexin A7 

17519579 1.76 0.22 0.17 0.00085 Gclc 
glutamate-cysteine ligase, catalytic 
subunit 

17393684 1.76 0.26 0.23 0.001122 Rbl1 retinoblastoma-like 1 (p107) 

17425043 1.76 0.15 0.32 0.001171 Trim14 tripartite motif-containing 14 

17547736 1.76 0.21 0.37 0.001823     

17529322 1.76 0.24 0.18 0.00259 Ibtk 
inhibitor of Bruton 
agammaglobulinemia tyrosine kinase 

17264835 1.76 0.28 0.25 0.00313 Cd68 CD68 antigen 
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17318587 1.76 0.39 0.21 0.006147 Slc39a4 
solute carrier family 39 (zinc 
transporter), member 4 

17314998 1.76 0.46 0.23 0.010543 LOC102636661 
protein transport protein Sec61 
subunit beta-like 

17519682 1.76 0.36 0.45 0.017871 Gm10639 predicted gene 10639 

17477979 1.76 0.51 0.38 0.01915 Dbp 
D site albumin promoter binding 
protein 

17356099 1.75 0.21 0.12 0.000287 Cdk2ap2 CDK2-associated protein 2 

17400799 1.75 0.21 0.17 0.000592 Sec22b 
SEC22 vesicle trafficking protein 
homolog B (S. cerevisiae) 

17529383 1.75 0.24 0.39 0.000696 Pgm3 phosphoglucomutase 3 

17539548 1.75 0.31 0.31 0.002684 Piga 
phosphatidylinositol glycan anchor 
biosynthesis, class A 

17401357 1.75 0.31 0.21 0.005078 Rhoc ras homolog gene family, member C 

17327465 1.75 0.27 0.22 0.005817 Ets2 
E26 avian leukemia oncogene 2, 3 
domain 

17420486 1.74 0.08 0.16 0.000009 Ddost 
dolichyl-di-phosphooligosaccharide-
protein glycotransferase 

17262855 1.74 0.18 0.07 0.00002 Tnip1 TNFAIP3 interacting protein 1 

17216870 1.74 0.15 0.1 0.000024 Ubxn4 UBX domain protein 4 

17468730 1.74 0.16 0.14 0.000046 Sec61a1 Sec61 alpha 1 subunit (S. cerevisiae) 

17304273 1.74 0.21 0.13 0.000141 Ccdc66 coiled-coil domain containing 66 

17342101 1.74 0.16 0.27 0.000331 Hn1l 
hematological and neurological 
expressed 1-like 

17337984 1.74 0.3 0.06 0.000732 Gtpbp2 GTP binding protein 2 

17547608 1.74 0.25 0.18 0.001106     

17435978 1.74 0.32 0.23 0.002301 Cad 
carbamoyl-phosphate synthetase 2, 
aspartate transcarbamylase, and 
dihydroorotase 

17314061 1.74 0.21 0.29 0.00476 Trabd TraB domain containing 

17437505 1.74 0.33 0.28 0.011134 Tbc1d19 TBC1 domain family, member 19 

17501800 1.74 0.49 0.04 0.013844 Hapln4 
hyaluronan and proteoglycan link 
protein 4 

17344860 1.74 0.46 0.3 0.040435 Olfr99 olfactory receptor 99 

17458771 1.73 0.18 0.05 0.000041 Gars glycyl-tRNA synthetase 

17487489 1.73 0.24 0.29 0.000556 Pvr poliovirus receptor 

17231522 1.73 0.3 0.14 0.0013 Lrp11 
low density lipoprotein receptor-
related protein 11 

17324420 1.73 0.26 0.27 0.001417 St6gal1 
beta galactoside alpha 2,6 
sialyltransferase 1 

17429454 1.73 0.23 0.27 0.001924 Ctps cytidine 5-triphosphate synthase 

17472129 1.73 0.28 0.4 0.002064 Gucy2c guanylate cyclase 2c 

17502102 1.73 0.34 0.12 0.003257 Myo9b myosin IXb 

17421571 1.73 0.26 0.24 0.008625 Mad2l2 MAD2 mitotic arrest deficient-like 2 

17271920 1.72 0.06 0.12 8.08E-07 Hn1 
hematological and neurological 
expressed sequence 1 

17257852 1.72 0.13 0.15 0.000017 Arsg arylsulfatase G 

17460572 1.72 0.12 0.15 0.000036 Copg1 
coatomer protein complex, subunit 
gamma 1 

17511183 1.72 0.09 0.22 0.000055 Calr calreticulin 
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17317652 1.72 0.19 0.13 0.000139 Ndrg1 N-myc downstream regulated gene 1 

17516546 1.72 0.23 0.07 0.000163 Dpagt1 

dolichyl-phosphate (UDP-N-
acetylglucosamine) 
acetylglucosaminephosphotransferase 
1 (GlcNAc-1-P transferase) 

17283056 1.72 0.21 0.14 0.000198 Sel1l 
sel-1 suppressor of lin-12-like (C. 
elegans) 

17375161 1.72 0.23 0.14 0.000426 Tmem62 transmembrane protein 62 

17537081 1.72 0.26 0.22 0.000701 Tlr13 toll-like receptor 13 

17291937 1.72 0.13 0.28 0.000702 Txndc5 thioredoxin domain containing 5 

17528430 1.72 0.28 0.07 0.000976 Tpm1 tropomyosin 1, alpha 

17468612 1.72 0.25 0.24 0.001249 Arhgap25 Rho GTPase activating protein 25 

17448050 1.72 0.15 0.32 0.001423 Ccdc149 coiled-coil domain containing 149 

17439064 1.71 0.07 0.16 0.000006 Uso1 USO1 vesicle docking factor 

17280893 1.71 0.15 0.22 0.000081 Dnajb9 
DnaJ (Hsp40) homolog, subfamily B, 
member 9 

17372604 1.71 0.13 0.31 0.001106 Ube2l6 ubiquitin-conjugating enzyme E2L 6 

17223659 1.71 0.14 0.34 0.002289 Gm11610 predicted gene 11610 

17289497 1.71 0.14 0.33 0.003395 Ccdc125 coiled-coil domain containing 125 

17401833 1.71 0.22 0.47 0.010357 Slc25a24 
solute carrier family 25 (mitochondrial 
carrier, phosphate carrier), member 
24 

17442823 1.71 0.38 0.44 0.026026 Ran RAN, member RAS oncogene family 

17254041 1.71 0.48 0.33 0.026581 Ccl2 chemokine (C-C motif) ligand 2 

17505283 1.7 0.14 0.19 0.000085 Wwp2 
WW domain containing E3 ubiquitin 
protein ligase 2 

17409328 1.7 0.16 0.19 0.000137 Sars seryl-aminoacyl-tRNA synthetase 

17271751 1.7 0.25 0.08 0.000212 Gm11710 
predicted gene 11710; predicted gene 
11711; predicted gene 11709; CD300 
antigen like family member H 

17530233 1.7 0.18 0.26 0.000436 Srprb 
signal recognition particle receptor, B 
subunit 

17306719 1.7 0.23 0.06 0.000467 Ipo4 importin 4 

17464128 1.7 0.26 0.11 0.000805 Golt1b 
golgi transport 1 homolog B (S. 
cerevisiae) 

17548928 1.7 0.26 0.11 0.001612 LOC102639127 
zinc finger protein 330-like; predicted 
gene 7785; zinc finger protein 330 

17508850 1.7 0.23 0.36 0.002142 Msr1 macrophage scavenger receptor 1 

17344120 1.7 0.33 0.32 0.024049 Snord52 
small nucleolar RNA, C/D box 52; 
RIKEN cDNA 1110038B12 gene 

17459294 1.7 0.55 0.22 0.033062 Igkv1-133 immunoglobulin kappa variable 1-133 

17370455 1.69 0.12 0.14 0.00002 Nek6 
NIMA (never in mitosis gene a)-
related expressed kinase 6 

17304246 1.69 0.17 0.09 0.000043 Appl1 
adaptor protein, phosphotyrosine 
interaction, PH domain and leucine 
zipper containing 1 

17332804 1.69 0.19 0.17 0.000467 Synj2 synaptojanin 2 

17270703 1.69 0.24 0.12 0.000824 Cyb561 cytochrome b-561 

17344444 1.69 0.28 0.17 0.000938 Tubb5 tubulin, beta 5 class I 

17409826 1.69 0.11 0.28 0.001128 Snx7 sorting nexin 7 
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17382557 1.69 0.23 0.19 0.001138 Uap1l1 
UDP-N-acteylglucosamine 
pyrophosphorylase 1-like 1 

17383588 1.69 0.22 0.39 0.004163 Ccbl1 cysteine conjugate-beta lyase 1 

17520905 1.69 0.26 0.2 0.004259 Slco2a1 
solute carrier organic anion 
transporter family, member 2a1 

17455401 1.69 0.36 0.15 0.008434 Slc7a1 
solute carrier family 7 (cationic amino 
acid transporter, y+ system), member 
1 

17314888 1.69 0.3 0.31 0.017406 Gpd1 
glycerol-3-phosphate dehydrogenase 
1 (soluble) 

17460275 1.68 0.2 0.13 0.000175 Smyd5 SET and MYND domain containing 5 

17291904 1.68 0.14 0.25 0.000176 Ssr1 signal sequence receptor, alpha 

17515074 1.68 0.17 0.21 0.000258 Icam1 intercellular adhesion molecule 1 

17375275 1.68 0.18 0.23 0.000506 Pdia3 
protein disulfide isomerase associated 
3 

17417117 1.68 0.28 0.29 0.002482 Stil Scl/Tal1 interrupting locus 

17527719 1.68 0.38 0.2 0.00285 Cd276 CD276 antigen 

17505938 1.68 0.32 0.25 0.004702 Bcmo1 beta-carotene 15,15-monooxygenase 

17497554 1.68 0.12 0.35 0.005284 Tubgcp2 
tubulin, gamma complex associated 
protein 2 

17419483 1.68 0.22 0.31 0.005903 Fgr 
Gardner-Rasheed feline sarcoma viral 
(Fgr) oncogene homolog 

17492314 1.68 0.33 0.41 0.018625 Mfge8 milk fat globule-EGF factor 8 protein 

17529017 1.68 0.2 0.48 0.042029     

17446775 1.67 0.14 0.11 0.000038 Preb prolactin regulatory element binding 

17548112 1.67 0.14 0.23 0.000322 Morf4l2 mortality factor 4 like 2 

17496514 1.67 0.22 0.19 0.000344 Mvp major vault protein 

17233226 1.67 0.22 0.15 0.000429 Lilrb4 
leukocyte immunoglobulin-like 
receptor, subfamily B, member 4 

17543974 1.67 0.21 0.11 0.00118 Magt1 magnesium transporter 1 

17491890 1.67 0.27 0.22 0.001625     

17371201 1.67 0.25 0.25 0.002929 Gca grancalcin 

17471127 1.67 0.34 0.28 0.005137 Cd9 CD9 antigen 

17293006 1.67 0.38 0.31 0.008995 Cxcl14 chemokine (C-X-C motif) ligand 14 

17374848 1.67 0.36 0.26 0.009671 n-R5s204 nuclear encoded rRNA 5S 204 

17550138 1.67 0.36 0.26 0.009671 n-R5s204 nuclear encoded rRNA 5S 204 

17295125 1.67 0.26 0.2 0.010949 F2rl1 
coagulation factor II (thrombin) 
receptor-like 1 

17513641 1.67 0.34 0.23 0.019663 Slc7a5 
solute carrier family 7 (cationic amino 
acid transporter, y+ system), member 
5 

17503948 1.66 0.18 0.18 0.00026 Nup93 nucleoporin 93 

17288501 1.66 0.22 0.16 0.000719 Clptm1l CLPTM1-like 

17376167 1.66 0.28 0.15 0.002646 Sirpa signal-regulatory protein alpha 

17222825 1.66 0.23 0.4 0.005656 Nabp1 nucleic acid binding protein 1 

17381200 1.66 0.31 0.22 0.005822 Rpp38 ribonuclease P/MRP 38 subunit 

17467933 1.66 0.32 0.36 0.009514     

17427133 1.66 0.38 0.3 0.01253 LOC102637941 
uncharacterized LOC102637941; 
predicted gene 12602 
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17508025 1.66 0.62 0.12 0.030867 Ckap2 cytoskeleton associated protein 2 

17271724 1.66 0.49 0.08 0.031145 Cd300ld CD300 molecule-like family member d 

17326081 1.66 0.52 0.34 0.037823 C330027C09Rik RIKEN cDNA C330027C09 gene 

17475399 1.66 0.46 0.24 0.043649 Cyp2a4 
cytochrome P450, family 2, subfamily 
a, polypeptide 4 

17266960 1.66 0.48 0.34 0.047515 Ccl6 chemokine (C-C motif) ligand 6 

17254176 1.66 0.59 0.19 0.048447 Slfn4 schlafen 4 

17283930 1.65 0.13 0.03 0.000006 Wars tryptophanyl-tRNA synthetase 

17416862 1.65 0.23 0.08 0.000437 Ttc39a tetratricopeptide repeat domain 39A 

17513771 1.65 0.19 0.26 0.000704 Aprt adenine phosphoribosyl transferase 

17500478 1.65 0.22 0.17 0.000965 Gsr glutathione reductase 

17279070 1.65 0.26 0.15 0.001227 Traf3 TNF receptor-associated factor 3 

17374686 1.65 0.2 0.33 0.005657 Rpusd2 
RNA pseudouridylate synthase 
domain containing 2 

17410204 1.65 0.36 0.3 0.014319 Alpk1 alpha-kinase 1 

17357611 1.64 0.13 0.09 0.000016 Prpf19 
PRP19/PSO4 pre-mRNA processing 
factor 19 homolog (S. cerevisiae) 

17348604 1.64 0.22 0.17 0.000894 Impact impact, RWD domain protein 

17520290 1.64 0.28 0.15 0.000939 Gm5620 predicted gene 5620 

17405612 1.64 0.32 0.3 0.005245 Vmn2r3 vomeronasal 2, receptor 3 

17356427 1.64 0.33 0.23 0.005732 Fosl1 fos-like antigen 1 

17389121 1.64 0.1 0.41 0.008169 Mettl15 methyltransferase like 15 

17512630 1.64 0.38 0.27 0.009272 Ddx28 
DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 28 

17312759 1.64 0.31 0.08 0.011114 Cyth4 cytohesin 4 

17548226 1.64 0.28 0.37 0.023716 LOC102642071 

protein transport protein Sec61 
subunit gamma-like; SEC61, gamma 
subunit; predicted gene 4184; 
predicted gene 10177; predicted gene 
11575 

17222106 1.63 0.13 0.11 0.000036 Uggt1 
UDP-glucose glycoprotein 
glucosyltransferase 1 

17492754 1.63 0.16 0.16 0.00008 Cpeb1 
cytoplasmic polyadenylation element 
binding protein 1 

17274496 1.63 0.18 0.18 0.000209 Taf1b 
TATA box binding protein (Tbp)-
associated factor, RNA polymerase I, B 

17318407 1.63 0.12 0.28 0.000471 Parp10 
poly (ADP-ribose) polymerase family, 
member 10 

17233920 1.63 0.19 0.27 0.001007 Dnajc12 
DnaJ (Hsp40) homolog, subfamily C, 
member 12 

17494117 1.63 0.27 0.08 0.001521 Trim68 tripartite motif-containing 68 

17438697 1.63 0.31 0.17 0.002586 Csn3 casein kappa 

17267601 1.63 0.22 0.27 0.003187 Scpep1 serine carboxypeptidase 1 

17346812 1.63 0.31 0.22 0.005937     

17550492 1.63 0.2 0.39 0.009316 Gm11974 predicted gene 11974 

17211223 1.63 0.18 0.41 0.011494 Xkr9 
X Kell blood group precursor related 
family member 9 homolog 

17329380 1.63 0.38 0.22 0.011922 Rfc4 replication factor C (activator 1) 4 

17479575 1.63 0.47 0.4 0.02387 Prc1 protein regulator of cytokinesis 1 
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17510667 1.63 0.39 0.2 0.031688 Tmem184c transmembrane protein 184C 

17525524 1.62 0.16 0.2 0.000129 Stt3a 
STT3, subunit of the 
oligosaccharyltransferase complex, 
homolog A (S. cerevisiae) 

17413221 1.62 0.21 0.08 0.000278 Unc13b unc-13 homolog B (C. elegans) 

17357771 1.62 0.16 0.2 0.000294 Osbp oxysterol binding protein 

17514566 1.62 0.16 0.17 0.00036 Mmp27 matrix metallopeptidase 27 

17483058 1.62 0.24 0.21 0.000687     

17271757 1.62 0.29 0.08 0.001003 Gm11710 
predicted gene 11710; predicted gene 
11711; CD300 antigen like family 
member H; predicted gene 11709 

17246674 1.62 0.24 0.29 0.00128 Dusp18 dual specificity phosphatase 18 

17472598 1.62 0.11 0.34 0.001432 C2cd5 
C2 calcium-dependent domain 
containing 5 

17357584 1.62 0.25 0.17 0.001856 Vps37c vacuolar protein sorting 37C (yeast) 

17412539 1.62 0.23 0.26 0.002211 Rragd Ras-related GTP binding D 

17272913 1.62 0.22 0.2 0.00231 Sgsh 
N-sulfoglucosamine sulfohydrolase 
(sulfamidase) 

17351511 1.62 0.23 0.23 0.002678 Cep192 centrosomal protein 192 

17469636 1.62 0.32 0.04 0.004344 Rad18 RAD18 homolog (S. cerevisiae) 

17470580 1.62 0.22 0.28 0.004617 Apobec1 
apolipoprotein B mRNA editing 
enzyme, catalytic polypeptide 1 

17357597 1.62 0.29 0.23 0.004624 Slc15a3 solute carrier family 15, member 3 

17279608 1.62 0.45 0.16 0.0082 Ncapg2 
non-SMC condensin II complex, 
subunit G2 

17525894 1.62 0.27 0.25 0.009332 Sorl1 
sortilin-related receptor, LDLR class A 
repeats-containing 

17288876 1.62 0.17 0.5 0.016981 Arrdc3 arrestin domain containing 3 

17307588 1.62 0.45 0.31 0.025326 Fdft1 
farnesyl diphosphate farnesyl 
transferase 1 

17437425 1.61 0.07 0.06 3.33E-07 Anapc4 
anaphase promoting complex subunit 
4 

17272287 1.61 0.09 0.15 0.000018 Srp68 signal recognition particle 68 

17488743 1.61 0.18 0.12 0.000352 Psmd8 
proteasome (prosome, macropain) 
26S subunit, non-ATPase, 8 

17328132 1.61 0.16 0.2 0.000356 Txndc11 thioredoxin domain containing 11 

17423674 1.61 0.09 0.36 0.00036 Ufl1 UFM1 specific ligase 1 

17526674 1.61 0.2 0.14 0.000516 Rexo2 
REX2, RNA exonuclease 2 homolog (S. 
cerevisiae) 

17237876 1.61 0.21 0.16 0.000543 Mettl1 methyltransferase like 1 

17330918 1.61 0.23 0.11 0.000588 Alcam 
activated leukocyte cell adhesion 
molecule 

17476349 1.61 0.2 0.2 0.001054 Syne4 
spectrin repeat containing, nuclear 
envelope family member 4 

17266489 1.61 0.2 0.24 0.001216 Tmem97 transmembrane protein 97 

17459425 1.61 0.23 0.27 0.00185 Eif2ak3 
eukaryotic translation initiation factor 
2 alpha kinase 3 

17480420 1.61 0.3 0.26 0.003869 Pak1 
p21 protein (Cdc42/Rac)-activated 
kinase 1 

17361404 1.61 0.28 0.22 0.003952 Dpp3 dipeptidylpeptidase 3 

17359608 1.61 0.27 0.39 0.006548 Entpd7 
ectonucleoside triphosphate 
diphosphohydrolase 7 
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17483546 1.61 0.29 0.4 0.008067 Fus fused in sarcoma 

17389578 1.61 0.33 0.43 0.018004 Dph6 diphthamine biosynthesis 6 

17272437 1.61 0.25 0.33 0.036795 Rhbdf2 rhomboid 5 homolog 2 (Drosophila) 

17327909 1.61 0.19 0.56 0.037394 Ppl periplakin 

17461954 1.6 0.09 0.14 0.000006 Tsen2 
tRNA splicing endonuclease 2 
homolog (S. cerevisiae) 

17216727 1.6 0.18 0.15 0.000143 Slc35f5 solute carrier family 35, member F5 

17548348 1.6 0.16 0.17 0.000189     

17335818 1.6 0.19 0.25 0.000432 Slc37a1 
solute carrier family 37 (glycerol-3-
phosphate transporter), member 1 

17497957 1.6 0.21 0.19 0.000547 Chid1 chitinase domain containing 1 

17388954 1.6 0.15 0.19 0.000666 Tcp11l1 t-complex 11 like 1 

17356356 1.6 0.18 0.14 0.001292 Rin1 Ras and Rab interactor 1 

17454753 1.6 0.2 0.19 0.001294     

17361073 1.6 0.19 0.19 0.001917 Gstp1 glutathione S-transferase, pi 1 

17291122 1.6 0.24 0.13 0.002487 Zfp322a zinc finger protein 322A 

17254188 1.6 0.33 0.19 0.004665 Slfn3 schlafen 3 

17396971 1.6 0.13 0.41 0.010579     

17224738 1.6 0.32 0.3 0.016018 Ap1s3 
adaptor-related protein complex AP-
1, sigma 3; predicted gene 8532 

17459236 1.6 0.51 0.32 0.017619 Mad2l1 
MAD2 mitotic arrest deficient-like 1; 
mitotic spindle assembly checkpoint 
protein MAD2A-like 

17328432 1.6 0.4 0.23 0.020206 Mcm4 
minichromosome maintenance 
deficient 4 homolog (S. cerevisiae) 

17490391 1.6 0.3 0.6 0.045081 Atf5 activating transcription factor 5 

17314738 1.59 0.14 0.19 0.000186 Spats2 
spermatogenesis associated, serine-
rich 2 

17260221 1.59 0.16 0.15 0.00025 Pold2 
polymerase (DNA directed), delta 2, 
regulatory subunit 

17444037 1.59 0.2 0.04 0.000364 Mafk 
v-maf musculoaponeurotic 
fibrosarcoma oncogene family, 
protein K (avian) 

17371390 1.59 0.15 0.35 0.00241 Nostrin nitric oxide synthase trafficker 

17362453 1.59 0.34 0.22 0.004688 Slc3a2 
solute carrier family 3 (activators of 
dibasic and neutral amino acid 
transport), member 2 

17378387 1.59 0.31 0.22 0.008286 LOC102636309 

uncharacterized LOC102636309; 
predicted gene 14256; RIKEN cDNA 
0610038P03 gene; glutathione 
synthase, opposite strand 1 

17378799 1.59 0.22 0.32 0.010888 Gm20412 predicted gene 20412 

17498251 1.59 0.52 0.22 0.018491 Phlda2 
pleckstrin homology-like domain, 
family A, member 2 

17419995 1.59 0.38 0.19 0.024456 Gale galactose-4-epimerase, UDP 

17446058 1.59 0.36 0.45 0.041639 Gm24009 predicted gene, 24009 

17221347 1.58 0.07 0.17 0.000026 Tram1 
translocating chain-associating 
membrane protein 1 

17506418 1.58 0.18 0.11 0.000094 Cdt1 
chromatin licensing and DNA 
replication factor 1 

17384146 1.58 0.17 0.09 0.00015 Ralgps1 
Ral GEF with PH domain and SH3 
binding motif 1 
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17290655 1.58 0.16 0.15 0.000242 Gpr137b-ps 
G protein-coupled receptor 137B, 
pseudogene 

17274123 1.58 0.17 0.29 0.000613 Nbas neuroblastoma amplified sequence 

17467269 1.58 0.18 0.26 0.000775 Hpgds 
hematopoietic prostaglandin D 
synthase 

17246163 1.58 0.19 0.13 0.001274 Esyt1 
extended synaptotagmin-like protein 
1 

17519533 1.58 0.26 0.12 0.001602 Lysmd2 
LysM, putative peptidoglycan-binding, 
domain containing 2 

17239539 1.58 0.21 0.19 0.001894 Hebp2 heme binding protein 2 

17409154 1.58 0.31 0.05 0.007926 Gstm1 glutathione S-transferase, mu 1 

17435267 1.58 0.27 0.3 0.008769 Nupl2 nucleoporin like 2 

17548998 1.58 0.36 0.24 0.010276     

17435249 1.58 0.48 0.25 0.025342 Snord93 
small nucleolar RNA, C/D box 93; 
expressed sequence AI506816 

17470627 1.58 0.4 0.24 0.031227 Clec4e 
C-type lectin domain family 4, 
member e 

17244949 1.58 0.2 0.44 0.032025 Glipr1 GLI pathogenesis-related 1 (glioma) 

17514435 1.58 0.52 0.23 0.036776 Casp4 
caspase 4, apoptosis-related cysteine 
peptidase 

17405667 1.57 0.18 0.11 0.00038 Ssr3 signal sequence receptor, gamma 

17239371 1.57 0.18 0.19 0.000501 Ltv1 LTV1 homolog (S. cerevisiae) 

17289527 1.57 0.15 0.21 0.00087 Cd180 CD180 antigen 

17413847 1.57 0.03 0.34 0.000903 Gm16731 predicted gene, 16731 

17311652 1.57 0.18 0.18 0.000987 Tbc1d31 TBC1 domain family, member 31 

17336838 1.57 0.24 0.11 0.0013 Vars valyl-tRNA synthetase 

17463579 1.57 0.27 0.25 0.00248 Gm17631 predicted gene, 17631 

17493358 1.57 0.32 0.35 0.00865 Ddias 
DNA damage-induced apoptosis 
suppressor 

17364813 1.57 0.25 0.39 0.010187 Avpi1 arginine vasopressin-induced 1 

17367698 1.57 0.19 0.45 0.010832 Psd4 
pleckstrin and Sec7 domain containing 
4 

17261446 1.57 0.38 0.14 0.014585 D630024D03Rik 
RIKEN cDNA D630024D03 gene; 
uncharacterized LOC102641857 

17343789 1.57 0.23 0.45 0.016872 Psmb9 
proteasome (prosome, macropain) 
subunit, beta type 9 (large 
multifunctional peptidase 2) 

17489908 1.57 0.25 0.43 0.018114 Pop4 
processing of precursor 4, 
ribonuclease P/MRP family, (S. 
cerevisiae) 

17399386 1.57 0.39 0.28 0.023286 Krtcap2 keratinocyte associated protein 2 

17524731 1.56 0.11 0.13 0.000054 Yipf2 Yip1 domain family, member 2 

17354004 1.56 0.15 0.17 0.000151 Yipf5 Yip1 domain family, member 5 

17471062 1.56 0.15 0.19 0.000232 Tapbpl TAP binding protein-like 

17530703 1.56 0.17 0.19 0.000433 Parp3 
poly (ADP-ribose) polymerase family, 
member 3 

17212982 1.56 0.2 0.16 0.000488 Aox1 aldehyde oxidase 1 

17402361 1.56 0.18 0.2 0.000886 Sec24d 
Sec24 related gene family, member D 
(S. cerevisiae) 

17548094 1.56 0.2 0.31 0.001591 Gnpnat1 
glucosamine-phosphate N-
acetyltransferase 1 
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17344309 1.56 0.2 0.18 0.002386 Tnf tumor necrosis factor 

17488221 1.56 0.24 0.26 0.003811 Shkbp1 
Sh3kbp1 binding protein 1; predicted 
gene 20479 

17350356 1.56 0.27 0.18 0.006905 Eif1a 
eukaryotic translation initiation factor 
1A 

17535951 1.56 0.19 0.32 0.009828 Fundc2 FUN14 domain containing 2 

17505645 1.56 0.31 0.28 0.015692 Gm15895 
predicted gene 15895; 
uncharacterized LOC102639642 

17367652 1.56 0.39 0.14 0.022338 Il1f9 interleukin 1 family, member 9 

17434297 1.55 0.1 0.15 0.00003 Cdk6 cyclin-dependent kinase 6 

17518664 1.55 0.1 0.14 0.000033 Ppib peptidylprolyl isomerase B 

17260331 1.55 0.1 0.19 0.000156 Ddx56 
DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 56 

17471252 1.55 0.2 0.2 0.00085 Tspan9 tetraspanin 9 

17261865 1.55 0.21 0.12 0.001136 Ccng1 cyclin G1 

17448324 1.55 0.12 0.21 0.001388 Smim14 small integral membrane protein 14 

17431152 1.55 0.24 0.2 0.001754 Dhdds 
dehydrodolichyl diphosphate 
synthase 

17537019 1.55 0.2 0.18 0.001804 Pbdc1 
polysaccharide biosynthesis domain 
containing 1 

17471941 1.55 0.24 0.22 0.001805 Gm5154 predicted gene 5154 

17409075 1.55 0.27 0.12 0.00222 Csf1 
colony stimulating factor 1 
(macrophage) 

17481102 1.55 0.24 0.11 0.002719 Rrm1 ribonucleotide reductase M1 

17404028 1.55 0.22 0.16 0.00284 Tpd52 tumor protein D52 

17455534 1.55 0.17 0.27 0.002978     

17337232 1.55 0.15 0.29 0.003179 Flot1 flotillin 1 

17503362 1.55 0.15 0.49 0.0046 Fbxw9 F-box and WD-40 domain protein 9 

17400281 1.55 0.15 0.26 0.005155 Cdc42se1 CDC42 small effector 1 

17317622 1.55 0.29 0.24 0.005179 Tmem71 transmembrane protein 71 

17229767 1.55 0.26 0.22 0.010721 Ly9 lymphocyte antigen 9 

17449685 1.55 0.21 0.2 0.010775 Sdad1 SDA1 domain containing 1 

17219397 1.55 0.31 0.29 0.016975 Cd48 CD48 antigen 

17337228 1.55 0.41 0.22 0.022535 Ier3 immediate early response 3 

17336494 1.55 0.37 0.23 0.034935 H2-Ab1 
histocompatibility 2, class II antigen A, 
beta 1 

17245248 1.55 0.31 0.29 0.039533 Mdm2 
transformed mouse 3T3 cell double 
minute 2 

17307755 1.54 0.06 0.14 0.000022 Elp3 
elongator acetyltransferase complex 
subunit 3 

17465512 1.54 0.14 0.18 0.000263 Tmem209 transmembrane protein 209 

17363828 1.54 0.14 0.17 0.000428 Ermp1 
endoplasmic reticulum 
metallopeptidase 1 

17376510 1.54 0.2 0.1 0.000452 Smox spermine oxidase 

17465906 1.54 0.22 0.2 0.00058 Creb3l2 

cAMP responsive element binding 
protein 3-like 2; cyclic AMP-
responsive element-binding protein 3-
like protein 2-like 

17393336 1.54 0.19 0.17 0.000602 Edem2 
ER degradation enhancer, 
mannosidase alpha-like 2 
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17283565 1.54 0.27 0.23 0.001431 Serpina10 

serine (or cysteine) peptidase 
inhibitor, clade A (alpha-1 
antiproteinase, antitrypsin), member 
10 

17326711 1.54 0.24 0.13 0.001526 Cxadr 
coxsackie virus and adenovirus 
receptor 

17469705 1.54 0.15 0.22 0.001636 Camk1 
calcium/calmodulin-dependent 
protein kinase I 

17466919 1.54 0.24 0.15 0.002033 Gm24355 
predicted gene, 24355; 3-
hydroxyisobutyrate dehydrogenase 

17274247 1.54 0.15 0.27 0.002078 Gm22303 

predicted gene, 22303; predicted 
gene, 24355; predicted gene, 22358; 
predicted gene, 23451; 
topoisomerase (DNA) II alpha; 3-
hydroxyisobutyrate dehydrogenase; 
predicted gene, 25188 

17545482 1.54 0.15 0.31 0.002369 Mageh1 melanoma antigen, family H, 1 

17299542 1.54 0.24 0.12 0.002632 Apex1 apurinic/apyrimidinic endonuclease 1 

17454908 1.54 0.21 0.17 0.002826 Aimp2 
aminoacyl tRNA synthetase complex-
interacting multifunctional protein 2 

17321202 1.54 0.18 0.22 0.002856 Zfp641 zinc finger protein 641 

17345038 1.54 0.21 0.21 0.00306 Cd2ap CD2-associated protein 

17229007 1.54 0.24 0.05 0.004846 Fmo4 flavin containing monooxygenase 4 

17491636 1.54 0.26 0.38 0.006239 D7Ertd715e 
DNA segment, Chr 7, ERATO Doi 715, 
expressed 

17471840 1.54 0.32 0.2 0.008643 Magohb mago-nashi homolog B (Drosophila) 

17334970 1.54 0.16 0.37 0.009666 Bnip1 
BCL2/adenovirus E1B interacting 
protein 1 

17289439 1.54 0.32 0.24 0.013766 Mrps27 mitochondrial ribosomal protein S27 

17549344 1.54 0.38 0.22 0.018137 Mir5121 
microRNA 5121; ribosomal protein 
L13A 

17516558 1.54 0.43 0.29 0.023905 H2afx H2A histone family, member X 

17239597 1.54 0.28 0.36 0.028946 Tnfaip3 
tumor necrosis factor, alpha-induced 
protein 3 

17239546 1.54 0.32 0.25 0.034399 D10Bwg1379e 
DNA segment, Chr 10, Brigham & 
Womens Genetics 1379 expressed 

17233708 1.53 0.17 0.06 0.000362 Lrrc20 leucine rich repeat containing 20 

17246967 1.53 0.11 0.22 0.000396 Xbp1 X-box binding protein 1 

17313799 1.53 0.05 0.22 0.000526 Gm10923 
predicted gene 10923; ribosomal 
protein L23A 

17281506 1.53 0.17 0.11 0.000663 Pole2 
polymerase (DNA directed), epsilon 2 
(p59 subunit) 

17454408 1.53 0.2 0.2 0.001194 3110082I17Rik RIKEN cDNA 3110082I17 gene 

17322200 1.53 0.26 0.13 0.001477 Aaas 
achalasia, adrenocortical insufficiency, 
alacrimia 

17385797 1.53 0.14 0.3 0.001861 Ifih1 
interferon induced with helicase C 
domain 1 

17315570 1.53 0.25 0.12 0.002349 Nckap1l NCK associated protein 1 like 

17271710 1.53 0.23 0.2 0.003157 Cd300lb CD300 antigen like family member B 

17281575 1.53 0.17 0.23 0.003681 Vcpkmt 
valosin containing protein lysine (K) 
methyltransferase 

17385303 1.53 0.25 0.12 0.0043 Stam2 
signal transducing adaptor molecule 
(SH3 domain and ITAM motif) 2 

17347903 1.53 0.25 0.21 0.005203 Mcfd2 
multiple coagulation factor deficiency 
2 
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17490839 1.53 0.24 0.25 0.005359 Bax BCL2-associated X protein 

17507377 1.53 0.29 0.22 0.007127 Col4a1 collagen, type IV, alpha 1 

17548315 1.53 0.35 0.11 0.014187     

17466670 1.53 0.11 0.38 0.019848 Dfna5 
deafness, autosomal dominant 5 
(human) 

17534385 1.53 0.42 0.27 0.036865 Gria3 
glutamate receptor, ionotropic, 
AMPA3 (alpha 3) 

17361276 1.53 0.39 0.11 0.039409 Rhod ras homolog gene family, member D 

17233210 1.53 0.4 0.27 0.043206 Gp49a glycoprotein 49 A 

17256734 1.52 0.13 0.02 0.000021 Ifi35 interferon-induced protein 35 

17270567 1.52 0.14 0.06 0.000075 Gosr2 
golgi SNAP receptor complex member 
2 

17423987 1.52 0.12 0.16 0.000083 Ddx58 
DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 58 

17278593 1.52 0.15 0.11 0.000145 Evl 
Ena-vasodilator stimulated 
phosphoprotein 

17533713 1.52 0.19 0.06 0.000266 Timp1 tissue inhibitor of metalloproteinase 1 

17299288 1.52 0.21 0.14 0.000308 Samd4 
sterile alpha motif domain containing 
4 

17294397 1.52 0.16 0.13 0.000434 Lrrc14b leucine rich repeat containing 14B 

17392333 1.52 0.17 0.14 0.000446 Rrbp1 ribosome binding protein 1 

17518585 1.52 0.24 0.05 0.000702 Spg21 
spastic paraplegia 21 homolog 
(human) 

17217830 1.52 0.17 0.17 0.00071 Gm16880 predicted gene, 16880 

17450404 1.52 0.18 0.15 0.001111 Zfp951 zinc finger protein 951 

17404835 1.52 0.13 0.28 0.001678 Bbs7 Bardet-Biedl syndrome 7 (human) 

17548000 1.52 0.17 0.29 0.001765     

17239501 1.52 0.16 0.24 0.003907 Abracl 
ABRA C-terminal like; predicted 
pseudogene 6314 

17524958 1.52 0.25 0.17 0.005313 Zfp810 zinc finger protein 810 

17364642 1.52 0.24 0.27 0.005706 Pik3ap1 
phosphoinositide-3-kinase adaptor 
protein 1 

17328062 1.52 0.26 0.29 0.007221 Emp2 epithelial membrane protein 2 

17443133 1.52 0.27 0.22 0.007958 Wbscr27 
Williams Beuren syndrome 
chromosome region 27 (human) 

17525503 1.52 0.3 0.13 0.01318 Chek1 checkpoint kinase 1 

17397268 1.52 0.32 0.27 0.01618 Plk4 polo-like kinase 4 

17320538 1.52 0.25 0.28 0.033733 Arsa arylsulfatase A 

17364390 1.52 0.32 0.42 0.036922 Gm23800 predicted gene, 23800 

17392025 1.51 0.15 0.06 0.000042 Trmt6 tRNA methyltransferase 6 

17379503 1.51 0.16 0.08 0.000218 Dnttip1 
deoxynucleotidyltransferase, 
terminal, interacting protein 1 

17302724 1.51 0.14 0.13 0.000238 Dnajc3 
DnaJ (Hsp40) homolog, subfamily C, 
member 3 

17492661 1.51 0.22 0.12 0.000723 Iqgap1 
IQ motif containing GTPase activating 
protein 1 

17336432 1.51 0.18 0.2 0.001458 Tap1 
transporter 1, ATP-binding cassette, 
sub-family B (MDR/TAP) 

17518007 1.51 0.15 0.26 0.002169 Pkm pyruvate kinase, muscle 

17439464 1.51 0.3 0.14 0.003107 Anxa3 annexin A3 
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17331044 1.51 0.22 0.22 0.003486 Tfg Trk-fused gene 

17248911 1.51 0.19 0.23 0.003846 Ifi47 
interferon gamma inducible protein 
47; olfactory receptor 56 

17302102 1.51 0.21 0.32 0.004988 Ccdc122 coiled-coil domain containing 122 

17232534 1.51 0.23 0.28 0.00518 Frk fyn-related kinase 

17268380 1.51 0.18 0.33 0.005956 Cdk5rap3 
CDK5 regulatory subunit associated 
protein 3 

17437574 1.51 0.24 0.29 0.007928 Dthd1 death domain containing 1 

17358544 1.51 0.33 0.14 0.00844 Cd274 CD274 antigen 

17344289 1.51 0.23 0.2 0.009546 Aif1 allograft inflammatory factor 1 

17249347 1.51 0.27 0.2 0.013333 Nhp2 NHP2 ribonucleoprotein 

17517215 1.51 0.3 0.23 0.014829 LOC102635638 
uncharacterized LOC102635638; 
RIKEN cDNA 2010007H06 gene 

17361741 1.51 0.24 0.19 0.021996 Ehbp1l1 EH domain binding protein 1-like 1 

17404402 1.51 0.53 0.6 0.034695 Ect2 ect2 oncogene 

17265526 1.51 0.56 0.37 0.041017 Nlrp1c-ps 
NLR family, pyrin domain containing 
1C, pseudogene 

17516434 -1.51 0.15 0.25 0.0004 D630033O11Rik RIKEN cDNA D630033O11 gene 

17313647 -1.51 0.2 0.19 0.000592 Bik BCL2-interacting killer 

17415922 -1.51 0.07 0.3 0.001671 0610043K17Rik RIKEN cDNA 0610043K17 gene 

17347457 -1.51 0.18 0.23 0.002325 Atl2 atlastin GTPase 2 

17279277 -1.51 0.22 0.2 0.003429 Aspg asparaginase homolog (S. cerevisiae) 

17399769 -1.51 0.08 0.27 0.003568 S100a13 S100 calcium binding protein A13 

17353957 -1.51 0.32 0.37 0.007339 Spry4 sprouty homolog 4 (Drosophila) 

17269220 -1.51 0.29 0.06 0.024174 Gm11595 predicted gene 11595 

17326638 -1.51 0.29 0.51 0.040946 Gm26307 predicted gene, 26307 

17242320 -1.51 0.31 0.31 0.044338 Gm3250 predicted gene 3250 

17373572 -1.51 0.53 0.62 0.046959 Gm10804 predicted gene 10804 

17234175 -1.52 0.11 0.07 0.000007 Ipmk inositol polyphosphate multikinase 

17274875 -1.52 0.13 0.11 0.000067 Nampt 
nicotinamide 
phosphoribosyltransferase 

17394538 -1.52 0.2 0.16 0.002101 Sulf2 sulfatase 2 

17215932 -1.52 0.21 0.26 0.003709 Sned1 sushi, nidogen and EGF-like domains 1 

17286670 -1.52 0.17 0.22 0.004869 Snrnp48 
small nuclear ribonucleoprotein 48 
(U11/U12) 

17510975 -1.52 0.28 0.16 0.005304 Gm10644 predicted gene 10644 

17236787 -1.52 0.23 0.24 0.00542 Btg1 
B cell translocation gene 1, anti-
proliferative 

17463501 -1.52 0.18 0.44 0.010643 Clec2d 
C-type lectin domain family 2, 
member d 

17245053 -1.52 0.29 0.21 0.011156 Thap2 
THAP domain containing, apoptosis 
associated protein 2 

17256870 -1.52 0.37 0.24 0.012164 Cd300lg CD300 antigen like family member G 

17274889 -1.52 0.21 0.18 0.015146 Gdap10 
ganglioside-induced differentiation-
associated-protein 10 

17385879 -1.52 0.15 0.3 0.016939 Cobll1 Cobl-like 1 

17358219 -1.52 0.43 0.09 0.020786 Mir1192 microRNA 1192 
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17436659 -1.52 0.12 0.52 0.023775 Grk4 G protein-coupled receptor kinase 4 

17278236 -1.52 0.41 0.3 0.026208 Serpina1c 
serine (or cysteine) peptidase 
inhibitor, clade A, member 1C; RIKEN 
cDNA B430119L08 gene 

17227646 -1.52 0.43 0.16 0.029212 Cfhr3 complement factor H-related 3 

17339574 -1.52 0.76 0.24 0.040497 Ehd3 EH-domain containing 3 

17320885 -1.52 0.13 0.6 0.04534 E330033B04Rik RIKEN cDNA E330033B04 gene 

17461341 -1.53 0.13 0.08 0.000028 Itpr1 inositol 1,4,5-trisphosphate receptor 1 

17532641 -1.53 0.16 0.16 0.000321 mt-Tn 
mitochondrially encoded tRNA 
asparagine 

17371847 -1.53 0.18 0.24 0.000531 Pdk1 
pyruvate dehydrogenase kinase, 
isoenzyme 1 

17470301 -1.53 0.14 0.22 0.001274 Adipor2 adiponectin receptor 2 

17417059 -1.53 0.17 0.18 0.001452     

17355935 -1.53 0.06 0.25 0.001655 Mtl5 
metallothionein-like 5, testis-specific 
(tesmin) 

17298874 -1.53 0.22 0.18 0.001707 Grid1 
glutamate receptor, ionotropic, delta 
1 

17504661 -1.53 0.22 0.19 0.0018 D230025D16Rik RIKEN cDNA D230025D16 gene 

17533776 -1.53 0.21 0.15 0.002453 Ppp1r2-ps7 
protein phosphatase 1, regulatory 
(inhibitor) subunit 2, pseudogene 7 

17408414 -1.53 0.18 0.23 0.002801 Fam46c 
family with sequence similarity 46, 
member C 

17515715 -1.53 0.27 0.14 0.003174 Zbtb44 
zinc finger and BTB domain containing 
44 

17238191 -1.53 0.26 0.21 0.007443 BC089597 cDNA sequence BC089597 

17411892 -1.53 0.28 0.42 0.014993 Rbm12b1 RNA binding motif protein 12 B1 

17476317 -1.53 0.21 0.47 0.018212 Clip3 
CAP-GLY domain containing linker 
protein 3 

17416059 -1.53 0.54 0.4 0.03079 Gm24869 predicted gene, 24869 

17289061 -1.54 0.17 0.13 0.000303 Acot12 acyl-CoA thioesterase 12 

17324522 -1.54 0.29 0.06 0.003299 Il1rap 
interleukin 1 receptor accessory 
protein 

17266563 -1.54 0.28 0.32 0.0036 Wsb1 WD repeat and SOCS box-containing 1 

17331272 -1.54 0.41 0.22 0.004632 Olfr205 olfactory receptor 205 

17238172 -1.54 0.29 0.21 0.009696 Rdh16 retinol dehydrogenase 16 

17445303 -1.54 0.27 0.08 0.010431 Mterf1a 
mitochondrial transcription 
termination factor 1a 

17282296 -1.54 0.34 0.21 0.021022 Gm20337 predicted gene, 20337 

17501270 -1.54 0.34 0.19 0.024298 Gm25992 predicted gene, 25992 

17218361 -1.54 0.32 0.49 0.037114     

17509013 -1.54 0.43 0.17 0.038561 Adam34 
a disintegrin and metallopeptidase 
domain 34 

17273292 -1.55 0.1 0.16 0.00008 Dcxr dicarbonyl L-xylulose reductase 

17434254 -1.55 0.17 0.11 0.000279 Gm13306 

predicted gene 13306; chemokine (C-
C motif) ligand 27b; predicted gene 
2506; c-C motif chemokine 27-like; 
chemokine (C-C motif) ligand 27A 

17287984 -1.55 0.15 0.13 0.00032 Dapk1 death associated protein kinase 1 

17316280 -1.55 0.18 0.17 0.001214 Ankrd33b ankyrin repeat domain 33B 
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17380549 -1.55 0.19 0.21 0.001311 Gm14420 predicted gene 14420 

17550466 -1.55 0.19 0.32 0.001381 Sox2ot 
SOX2 overlapping transcript (non-
protein coding) 

17409575 -1.55 0.18 0.12 0.001633 Amy1 amylase 1, salivary 

17313862 -1.55 0.25 0.07 0.002203 Ppara 
peroxisome proliferator activated 
receptor alpha 

17492826 -1.55 0.24 0.13 0.003163 Homer2 homer homolog 2 (Drosophila) 

17517268 -1.55 0.19 0.33 0.003424 Gm25562 predicted gene, 25562 

17488179 -1.55 0.31 0.17 0.005745 Ltbp4 
latent transforming growth factor 
beta binding protein 4 

17226035 -1.55 0.18 0.42 0.007226 Gm7160 predicted gene 7160 

17239634 -1.56 0.18 0.09 0.000189 4933406P04Rik RIKEN cDNA 4933406P04 gene 

17544149 -1.56 0.2 0.06 0.000304 Hmgn5 
high-mobility group nucleosome 
binding domain 5 

17433221 -1.56 0.08 0.24 0.000398 Slc25a33 solute carrier family 25, member 33 

17529699 -1.56 0.15 0.15 0.000466 1190002N15Rik RIKEN cDNA 1190002N15 gene 

17255064 -1.56 0.15 0.24 0.000604 Mmd 
monocyte to macrophage 
differentiation-associated 

17293607 -1.56 0.19 0.19 0.00074 Ptch1 patched homolog 1 

17385614 -1.56 0.13 0.26 0.000748 Pla2r1 phospholipase A2 receptor 1 

17233873 -1.56 0.22 0.08 0.001288 Pbld1 
phenazine biosynthesis-like protein 
domain containing 1 

17511731 -1.56 0.21 0.24 0.002729 Ces1f carboxylesterase 1F 

17285889 -1.56 0.32 0.09 0.004481 Slc17a2 
solute carrier family 17 (sodium 
phosphate), member 2 

17308257 -1.56 0.42 0.25 0.006741 Sorbs3 sorbin and SH3 domain containing 3 

17363054 -1.56 0.31 0.27 0.011478 Gm22272 predicted gene, 22272 

17473113 -1.57 0.12 0.22 0.000168 D7Ertd143e 

DNA segment, Chr 7, ERATO Doi 143, 
expressed; microRNA 291a; microRNA 
292; microRNA 293; microRNA 294; 
microRNA 295; microRNA 291b; mmu-
mir-291a; mmu-mir-291b; mmu-mir-
293; mmu-mir-295; mmu-mir-292; 
mmu-mir-292b 

17435598 -1.57 0.08 0.2 0.000184 Rbm33 RNA binding motif protein 33 

17452264 -1.57 0.29 0.09 0.002854 Acad10 
acyl-Coenzyme A dehydrogenase 
family, member 10 

17308928 -1.57 0.2 0.5 0.013149 Lect1 leukocyte cell derived chemotaxin 1 

17265156 -1.57 0.16 0.42 0.01318 Slc16a13 
solute carrier family 16 
(monocarboxylic acid transporters), 
member 13 

17237033 -1.57 0.34 0.2 0.013722 Gm25376 predicted gene, 25376 

17429430 -1.57 0.31 0.41 0.016864 AA415398 expressed sequence AA415398 

17414529 -1.57 0.36 0.52 0.019616 Gm12909 predicted gene 12909 

17548053 -1.57 0.4 0.3 0.046166 Gm19939 predicted gene, 19939 

17493807 -1.58 0.16 0.18 0.000265 Plekhb1 
pleckstrin homology domain 
containing, family B (evectins) 
member 1 

17372792 -1.58 0.29 0.22 0.004529 Olfr1033 olfactory receptor 1033 

17472497 -1.58 0.29 0.18 0.005843 Gys2 glycogen synthase 2 



257 
 

17374738 -1.58 0.08 0.38 0.008889 Gchfr 
GTP cyclohydrolase I feedback 
regulator 

17376677 -1.58 0.3 0.11 0.010724 Bmp2 bone morphogenetic protein 2 

17336820 -1.58 0.29 0.18 0.02172 Gm20481 
predicted gene 20481; heat shock 
protein 1A 

17238295 -1.58 0.31 0.31 0.026347 Gls2 glutaminase 2 (liver, mitochondrial) 

17380147 -1.58 0.26 0.59 0.042106 Fam209 family with sequence similarity 209 

17271968 -1.59 0.21 0.19 0.001259 Mif4gd MIF4G domain containing 

17329233 -1.59 0.34 0.36 0.026525 2610020F03Rik RIKEN cDNA 2610020F03 gene 

17274326 -1.59 0.33 0.43 0.029947 LOC101055823 hippocalcin-like protein 1-like 

17358658 -1.59 0.34 0.23 0.0374 Gm23426 predicted gene, 23426 

17337832 -1.59 0.26 0.63 0.043536 Gm25783 predicted gene, 25783 

17316739 -1.6 0.12 0.09 0.000019 Dpys dihydropyrimidinase 

17393883 -1.6 0.14 0.23 0.000379 Zhx3 zinc fingers and homeoboxes 3 

17462839 -1.6 0.15 0.23 0.001719 Gm22916 predicted gene, 22916 

17471492 -1.6 0.23 0.23 0.00263 2310001H17Rik RIKEN cDNA 2310001H17 gene 

17248213 -1.6 0.17 0.34 0.002753 Cpeb4 
cytoplasmic polyadenylation element 
binding protein 4 

17418119 -1.6 0.1 0.39 0.003029 Mycl 
v-myc myelocytomatosis viral 
oncogene homolog, lung carcinoma 
derived (avian) 

17245847 -1.6 0.17 0.3 0.006974 LOC102632701 
uncharacterized LOC102632701; 
predicted gene 4189 

17286421 -1.6 0.27 0.27 0.012943     

17499673 -1.6 0.27 0.34 0.013452 Gm26804 predicted gene, 26804 

17285644 -1.6 0.33 0.24 0.014019 Zscan12 
zinc finger and SCAN domain 
containing 12 

17282780 -1.6 0.21 0.44 0.018162 LOC102635544 
uncharacterized LOC102635544; 
predicted gene, 26698 

17269096 -1.6 0.26 0.34 0.020257 Krt23 keratin 23 

17297591 -1.6 0.4 0.47 0.030781 Gm26372 predicted gene, 26372 

17447365 -1.6 0.16 0.63 0.034756 Htra3 HtrA serine peptidase 3 

17341161 -1.61 0.14 0.12 0.000048 LOC102638562 
uncharacterized LOC102638562; 
uncharacterized LOC102638889; 
predicted gene 3255 

17497421 -1.61 0.16 0.18 0.000093 Bnip3 
BCL2/adenovirus E1B interacting 
protein 3 

17376608 -1.61 0.15 0.23 0.000787 1110034G24Rik RIKEN cDNA 1110034G24 gene 

17450366 -1.61 0.25 0.12 0.001074 Hsd17b11 
hydroxysteroid (17-beta) 
dehydrogenase 11 

17532637 -1.61 0.22 0.3 0.002162 mt-Tq 
mitochondrially encoded tRNA 
glutamine 

17502233 -1.61 0.2 0.36 0.004003 Slc27a1 
solute carrier family 27 (fatty acid 
transporter), member 1 

17499290 -1.61 0.17 0.31 0.004038 2810030D12Rik RIKEN cDNA 2810030D12 gene 

17468411 -1.61 0.28 0.19 0.004316 Gm4477 predicted gene 4477 

17508396 -1.61 0.22 0.41 0.008574 Ddhd2 DDHD domain containing 2 

17301468 -1.61 0.39 0.26 0.009057 Chrna2 
cholinergic receptor, nicotinic, alpha 
polypeptide 2 (neuronal) 

17547581 -1.61 0.23 0.42 0.013936 Gm10387 predicted gene 10387 
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17477754 -1.61 0.35 0.23 0.025465 Slc6a16 solute carrier family 6, member 16 

17528642 -1.61 0.38 0.41 0.029162 Gm25149 predicted gene, 25149 

17482021 -1.62 0.21 0.08 0.0005 Pde3b 
phosphodiesterase 3B, cGMP-
inhibited 

17394036 -1.62 0.22 0.19 0.001002 Fitm2 
fat storage-inducing transmembrane 
protein 2 

17307837 -1.62 0.23 0.08 0.001962 Ephx2 epoxide hydrolase 2, cytoplasmic 

17324416 -1.62 0.36 0.18 0.004858 C730014E05Rik RIKEN cDNA C730014E05 gene 

17230345 -1.62 0.29 0.22 0.007723 Ahctf1 
AT hook containing transcription 
factor 1; predicted gene 1305 

17337770 -1.62 0.34 0.16 0.00887 Gpr116 G protein-coupled receptor 116 

17293928 -1.62 0.32 0.39 0.010384 Zfp457 zinc finger protein 457 

17231229 -1.63 0.15 0.04 0.00005 Hsd11b1 
hydroxysteroid 11-beta 
dehydrogenase 1 

17236366 -1.63 0.13 0.12 0.000083 Sycp3 synaptonemal complex protein 3 

17389901 -1.63 0.2 0.11 0.000239 Exd1 exonuclease 3-5 domain containing 1 

17486589 -1.63 0.18 0.2 0.0005 Slc27a5 
solute carrier family 27 (fatty acid 
transporter), member 5 

17328842 -1.63 0.23 0.13 0.000574 Prodh proline dehydrogenase 

17514243 -1.63 0.15 0.36 0.001529 Irf2bp2 
interferon regulatory factor 2 binding 
protein 2 

17319638 -1.63 0.3 0.2 0.003988 Cyp2d11 
cytochrome P450, family 2, subfamily 
d, polypeptide 11 

17456001 -1.63 0.26 0.3 0.005319 Glcci1 
glucocorticoid induced transcript 1; 
predicted gene 16039 

17511878 -1.63 0.21 0.38 0.006921 Pllp plasma membrane proteolipid 

17364452 -1.63 0.35 0.28 0.024554 Cyp2c54 
cytochrome P450, family 2, subfamily 
c, polypeptide 54 

17315635 -1.63 0.4 0.15 0.0274 Ghr growth hormone receptor 

17458960 -1.63 0.41 0.61 0.04159 Vmn1r20 vomeronasal 1 receptor 20 

17393207 -1.64 0.19 0.11 0.000199 Ahcy S-adenosylhomocysteine hydrolase 

17465080 -1.64 0.22 0.05 0.000274 Aass aminoadipate-semialdehyde synthase 

17319625 -1.64 0.23 0.12 0.000328 Cyp2d22 
cytochrome P450, family 2, subfamily 
d, polypeptide 22 

17411885 -1.64 0.12 0.26 0.000372 Rbm12b2 RNA binding motif protein 12 B2 

17407138 -1.64 0.35 0.11 0.005911 Il6ra interleukin 6 receptor, alpha 

17223509 -1.64 0.26 0.35 0.006076 Mpp4 
membrane protein, palmitoylated 4 
(MAGUK p55 subfamily member 4) 

17431642 -1.64 0.2 0.24 0.009625 Zbtb40 
zinc finger and BTB domain containing 
40 

17432256 -1.64 0.17 0.63 0.012502 Slc25a34 solute carrier family 25, member 34 

17234691 -1.64 0.28 0.35 0.014414 Sumo3 
SMT3 suppressor of mif two 3 
homolog 3 (yeast) 

17298897 -1.64 0.35 0.33 0.020432     

17448001 -1.64 0.37 0.47 0.022312 Ppargc1a 
peroxisome proliferative activated 
receptor, gamma, coactivator 1 alpha 

17354359 -1.64 0.35 0.38 0.040432 Gm25739 predicted gene, 25739 

17363239 -1.65 0.16 0.22 0.00031 Vps13a vacuolar protein sorting 13A (yeast) 

17288362 -1.65 0.19 0.28 0.001193 Gm7969 predicted gene 7969 

17288366 -1.65 0.19 0.28 0.001193 Gm7969 predicted gene 7969 
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17334956 -1.65 0.28 0.15 0.002876 Crebrf CREB3 regulatory factor 

17521902 -1.65 0.33 0.24 0.002958 Ip6k2 inositol hexaphosphate kinase 2 

17284362 -1.65 0.28 0.25 0.003233 Ighd5-8 immunoglobulin heavy diversity 5-8 

17262755 -1.65 0.17 0.58 0.003639 Slc22a5 
solute carrier family 22 (organic cation 
transporter), member 5 

17335952 -1.65 0.37 0.33 0.012837 Cyp4f17 
cytochrome P450, family 4, subfamily 
f, polypeptide 17 

17434621 -1.65 0.28 0.55 0.014956 Gm24666 predicted gene, 24666 

17501688 -1.65 0.38 0.34 0.023186 Zfp964 zinc finger protein 964 

17523676 -1.65 0.26 0.46 0.038517 Gm26870 predicted gene, 26870 

17243888 -1.66 0.22 0.2 0.000654 Chpt1 choline phosphotransferase 1 

17403463 -1.66 0.3 0.35 0.006061 Syde2 
synapse defective 1, Rho GTPase, 
homolog 2 (C. elegans) 

17284447 -1.66 0.24 0.39 0.016279 Igh-V11 
immunoglobulin heavy chain (V11 
family) 

17392561 -1.66 0.14 0.59 0.017024 Foxa2 forkhead box A2 

17366932 -1.66 0.39 0.41 0.023126 Mir466h microRNA 466h 

17501504 -1.66 0.52 0.19 0.043729     

17415932 -1.67 0.19 0.13 0.000122 Ak4 adenylate kinase 4 

17526363 -1.67 0.17 0.29 0.0007 Tmem25 transmembrane protein 25 

17550334 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 
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17550336 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 

17550338 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
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predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 

17550340 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 

17550344 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
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predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 

17550352 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 

17550354 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
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gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 

17550356 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
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predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 

17550358 -1.67 0.37 0.29 0.010633 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; predicted 
gene, 20897; predicted gene, 21409; 
predicted gene, 21647; predicted 
gene, 21191; predicted gene, 21170; 
uncharacterized LOC101056194; 
predicted gene, 21650; predicted 
gene, 21638; predicted gene, 21518; 
predicted gene, 21489; predicted 
gene, 21405; predicted gene, 21209; 
predicted gene, 21171; predicted 
gene, 21117; predicted gene, 20937; 
predicted gene, 20923; predicted 
gene, 20901; predicted gene, 20888; 
predicted gene, 20885; predicted 
gene, 20874; predicted gene, 20843; 
predicted gene, 20794; predicted 
gene, 21627; predicted gene, 21497; 
predicted gene, 21488; predicted 
gene, 21366; predicted gene, 21317; 
predicted gene, 21294; predicted 
gene, 21173; predicted gene, 20931; 
predicted gene, 20929; predicted 
gene, 20916; predicted gene, 20908; 
predicted gene, 20906; predicted 
gene, 20903; predicted gene, 20896; 
predicted gene, 20894; predicted 
gene, 20890; predicted gene, 20870; 
predicted gene, 20855; predicted 
gene, 20850; predicted gene, 20817; 
predicted gene, 20814; predicted 
gene, 21815; predicted gene, 21744; 
predicted gene, 21729; predicted 
gene, 21853 

17288107 -1.67 0.23 0.45 0.014719 2010111I01Rik 
RIKEN cDNA 2010111I01 gene; 
microRNA 27b 

17449394 -1.67 0.16 0.44 0.023498 Sult1b1 sulfotransferase family 1B, member 1 

17233536 -1.67 0.27 0.37 0.023531 P4ha1 
procollagen-proline, 2-oxoglutarate 4-
dioxygenase (proline 4-hydroxylase), 
alpha 1 polypeptide 

17458542 -1.68 0.3 0.11 0.003544 Gm4782 predicted gene 4782 

17350332 -1.69 0.16 0.06 0.00001 Kcnn2 
potassium intermediate/small 
conductance calcium-activated 
channel, subfamily N, member 2 

17218598 -1.69 0.25 0.19 0.000638 4930523C07Rik RIKEN cDNA 4930523C07 gene 

17279349 -1.69 0.23 0.16 0.000897 Adssl1 adenylosuccinate synthetase like 1 

17301378 -1.69 0.22 0.24 0.002452 Zfp395 zinc finger protein 395 

17499251 -1.69 0.27 0.3 0.002906 Gm17023 predicted gene 17023 

17485497 -1.69 0.24 0.37 0.004635 Nlrp12 
NLR family, pyrin domain containing 
12 

17548182 -1.69 0.32 0.38 0.005993     

17277970 -1.69 0.39 0.29 0.007148 D130020L05Rik RIKEN cDNA D130020L05 gene 
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17327815 -1.69 0.27 0.23 0.007186 Cdip1 cell death inducing Trp53 target 1 

17280810 -1.69 0.21 0.47 0.008737 Arl4a ADP-ribosylation factor-like 4A 

17281337 -1.69 0.24 0.41 0.009891 Foxa1 forkhead box A1 

17539271 -1.69 0.3 0.43 0.015515 Gpr64 G protein-coupled receptor 64 

17402846 -1.69 0.37 0.39 0.019544 Bdh2 
3-hydroxybutyrate dehydrogenase, 
type 2 

17344132 -1.69 0.37 0.87 0.027199 Hspa1a heat shock protein 1A 

17236733 -1.69 0.45 0.45 0.030493 5730420D15Rik RIKEN cDNA 5730420D15 gene 

17244661 -1.7 0.18 0.22 0.001034 Tmtc2 
transmembrane and tetratricopeptide 
repeat containing 2 

17358498 -1.7 0.12 0.39 0.001318 1700018L02Rik RIKEN cDNA 1700018L02 gene 

17224125 -1.7 0.31 0.26 0.00258 Mreg melanoregulin 

17495586 -1.7 0.21 0.39 0.003042 Gde1 
glycerophosphodiester 
phosphodiesterase 1 

17285815 -1.7 0.28 0.32 0.009639 Hist1h4m 

histone cluster 1, H4m; histone cluster 
1, H4b; histone cluster 1, H4a; histone 
cluster 4, H4; histone cluster 1, H4n; 
histone cluster 1, H4k; histone cluster 
1, H4j; histone cluster 1, H4i; histone 
cluster 1, H4f; histone cluster 1, H4d; 
histone cluster 1, H4c; histone cluster 
2, H4; histone cluster 1, H4h 

17413054 -1.7 0.33 0.5 0.019104 LOC100861978 c-C motif chemokine 27-like 

17413151 -1.7 0.33 0.5 0.019104 LOC100861978 c-C motif chemokine 27-like 

17434221 -1.7 0.33 0.5 0.019104 LOC100861978 c-C motif chemokine 27-like 

17387246 -1.7 0.46 0.48 0.044746 Cerkl ceramide kinase-like 

17373283 -1.71 0.15 0.1 0.000036 Lrp4 
low density lipoprotein receptor-
related protein 4 

17544939 -1.71 0.14 0.35 0.00122 Tsc22d3 TSC22 domain family, member 3 

17339434 -1.71 0.2 0.27 0.001877 Lpin2 lipin 2 

17224771 -1.71 0.42 0.3 0.006828 Serpine2 
serine (or cysteine) peptidase 
inhibitor, clade E, member 2 

17271891 -1.71 0.32 0.32 0.020807 Atp5h 
ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit D 

17467154 -1.71 0.36 0.41 0.0215 Ppm1k 
protein phosphatase 1K (PP2C domain 
containing) 

17297059 -1.72 0.42 0.32 0.008422 Abhd6 abhydrolase domain containing 6 

17399574 -1.72 0.33 0.36 0.024291 1700094D03Rik RIKEN cDNA 1700094D03 gene 

17514326 -1.72 0.25 0.69 0.031408 Gm10722 predicted gene 10722 

17273562 -1.72 0.41 0.48 0.046404 Gm12590 predicted gene 12590 

17229639 -1.73 0.16 0.29 0.000687 Pcp4l1 Purkinje cell protein 4-like 1 

17211822 -1.73 0.15 0.33 0.001229 Cnnm4 cyclin M4 

17462373 -1.73 0.22 0.25 0.001794 Cecr2 
cat eye syndrome chromosome 
region, candidate 2 

17284439 -1.73 0.17 0.39 0.002656 Ighv11-1 
immunoglobulin heavy variable 11-1; 
immunoglobulin heavy chain (V11 
family) 

17475360 -1.73 0.23 0.51 0.017006 Cyp2b10 
cytochrome P450, family 2, subfamily 
b, polypeptide 10 

17444697 -1.73 0.47 0.4 0.036897 Cyp3a59 
cytochrome P450, family 3, subfamily 
a, polypeptide 59 
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17357004 -1.74 0.12 0.19 0.000024 Macrod1 MACRO domain containing 1 

17329220 -1.74 0.16 0.38 0.001226 Ehhadh 
enoyl-Coenzyme A, hydratase/3-
hydroxyacyl Coenzyme A 
dehydrogenase 

17287170 -1.74 0.46 0.46 0.01612 Omd osteomodulin 

17237784 -1.74 0.13 0.46 0.016572 LOC102640358 
uncharacterized LOC102640358; 
uncharacterized protein B930054O08 

17351282 -1.74 0.36 0.38 0.032954 Nedd4l 
neural precursor cell expressed, 
developmentally down-regulated 
gene 4-like 

17354585 -1.74 0.38 0.28 0.034104     

17361805 -1.74 0.44 0.5 0.036995 Neat1 
nuclear paraspeckle assembly 
transcript 1 (non-protein coding) 

17356741 -1.74 0.56 0.44 0.04183 Mir192 microRNA 192 

17455554 -1.75 0.2 0.2 0.000184 N4bp2l1 NEDD4 binding protein 2-like 1 

17397497 -1.75 0.18 0.22 0.000196 Foxo1 forkhead box O1 

17343461 -1.75 0.23 0.14 0.000396 Zfp871 zinc finger protein 871 

17318179 -1.75 0.16 0.35 0.001132 Mroh6 
maestro heat-like repeat family 
member 6 

17314011 -1.75 0.32 0.19 0.002169 Pim3 proviral integration site 3 

17348840 -1.75 0.38 0.44 0.019568 Rnf125 ring finger protein 125 

17337314 -1.75 0.41 0.44 0.027455 Ppp1r10 
protein phosphatase 1, regulatory 
subunit 10 

17482310 -1.76 0.27 0.1 0.000796 Acsm3 
acyl-CoA synthetase medium-chain 
family member 3 

17539820 -1.76 0.24 0.16 0.001032 Mir501 microRNA 501 

17411020 -1.76 0.3 0.19 0.002196 Dnase2b deoxyribonuclease II beta 

17302329 -1.76 0.2 0.48 0.030509 Gm25415 predicted gene, 25415 

17286344 -1.77 0.19 0.18 0.000138 Wrnip1 Werner helicase interacting protein 1 

17347680 -1.78 0.19 0.19 0.000187 Zfp36l2 zinc finger protein 36, C3H type-like 2 

17452713 -1.78 0.12 0.29 0.000855 Vps37b vacuolar protein sorting 37B (yeast) 

17288105 -1.79 0.08 0.25 0.000052 2010111I01Rik 
RIKEN cDNA 2010111I01 gene; 
microRNA 23b 

17455127 -1.79 0.28 0.2 0.001019 Cyp3a41b 

cytochrome P450, family 3, subfamily 
a, polypeptide 41B; cytochrome P450, 
family 3, subfamily a, polypeptide 
41A; cytochrome P450, family 3, 
subfamily a, polypeptide 11; 
cytochrome P450, family 3, subfamily 
a, polypeptide 16; cytochrome P450, 
family 3, subfamily a, polypeptide 44 

17453030 -1.79 0.24 0.31 0.001048 Slc15a4 solute carrier family 15, member 4 

17472364 -1.79 0.48 0.14 0.007853 Slco1a4 
solute carrier organic anion 
transporter family, member 1a4 

17459591 -1.79 0.4 0.39 0.008883 St3gal5 
ST3 beta-galactoside alpha-2,3-
sialyltransferase 5 

17477347 -1.79 0.5 0.51 0.035382 Klk1b22 kallikrein 1-related peptidase b22 

17437129 -1.8 0.13 0.33 0.000279 Cpeb2 
cytoplasmic polyadenylation element 
binding protein 2 

17278543 -1.8 0.26 0.14 0.00036 Cyp46a1 
cytochrome P450, family 46, 
subfamily a, polypeptide 1 

17462602 -1.8 0.45 0.51 0.01949 Gm10319 murinoglobulin pseudogene 
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17359287 -1.8 0.8 0.24 0.049154 Cyp2c29 
cytochrome P450, family 2, subfamily 
c, polypeptide 29 

17455159 -1.81 0.25 0.25 0.000378 Cyp3a44 
cytochrome P450, family 3, subfamily 
a, polypeptide 44 

17330218 -1.81 0.43 0.41 0.011981 Slc15a2 
solute carrier family 15 (H+/peptide 
transporter), member 2 

17246057 -1.81 0.47 0.21 0.013608 Hsd17b6 
hydroxysteroid (17-beta) 
dehydrogenase 6 

17542021 -1.81 0.26 0.53 0.014176 Mir505 microRNA 505 

17223946 -1.81 0.5 0.38 0.040914 Erbb4 
v-erb-a erythroblastic leukemia viral 
oncogene homolog 4 (avian) 

17439184 -1.82 0.15 0.37 0.000979 Ccng2 cyclin G2 

17266751 -1.82 0.32 0.3 0.001262 Gm17268 predicted gene, 17268 

17384619 -1.82 0.18 0.3 0.002188 Snord90 small nucleolar RNA, C/D box 90 

17528629 -1.82 0.27 0.2 0.002226 Lipc lipase, hepatic 

17252906 -1.82 0.38 0.29 0.002443 Mir22 
microRNA 22; Mir22 host gene (non-
protein coding); TLC domain 
containing 2 

17500694 -1.82 0.35 0.34 0.004653     

17518526 -1.82 0.25 0.52 0.013543 Clpx 
caseinolytic mitochondrial matrix 
peptidase chaperone subunit 

17342868 -1.82 0.52 0.5 0.040502 Fkbp5 FK506 binding protein 5 

17449363 -1.83 0.3 0.13 0.001136 Ugt2a3 
UDP glucuronosyltransferase 2 family, 
polypeptide A3 

17259745 -1.83 0.23 0.27 0.001501 Gm12735 predicted gene 12735 

17221026 -1.83 0.25 0.48 0.0053 A330023F24Rik 
RIKEN cDNA A330023F24 gene; 
microRNA 29c; microRNA 29b-2 

17340099 -1.83 0.41 0.46 0.009272 Abcg8 
ATP-binding cassette, sub-family G 
(WHITE), member 8 

17339460 -1.83 0.91 0.31 0.039796 Lpin2 lipin 2 

17330769 -1.84 0.25 0.31 0.001021 LOC102643284 
adenosylhomocysteinase-like; S-
adenosylhomocysteine hydrolase 

17331284 -1.84 0.37 0.39 0.003282 Crybg3 
beta-gamma crystallin domain 
containing 3 

17290781 -1.84 0.34 0.29 0.005208 Sugct 
succinyl-CoA glutarate-CoA 
transferase 

17407124 -1.85 0.11 0.34 0.000308 Chrnb2 
cholinergic receptor, nicotinic, beta 
polypeptide 2 (neuronal) 

17500996 -1.85 0.25 0.2 0.000319 Acsl1 
acyl-CoA synthetase long-chain family 
member 1 

17316725 -1.85 0.16 0.3 0.000902 Slc25a32 solute carrier family 25, member 32 

17293704 -1.85 0.17 0.68 0.014335 Gm25654 predicted gene, 25654 

17366197 -1.85 0.36 0.63 0.037392     

17354831 -1.86 0.2 0.27 0.000298 Ablim3 
actin binding LIM protein family, 
member 3 

17440974 -1.86 0.21 0.4 0.002662 Fam222a 
family with sequence similarity 222, 
member A 

17364932 -1.86 0.54 0.35 0.022025 Got1 
glutamate oxaloacetate transaminase 
1, soluble 

17467727 -1.87 0.2 0.23 0.000194     

17455143 -1.87 0.26 0.2 0.000695 Cyp3a41b 

cytochrome P450, family 3, subfamily 
a, polypeptide 41B; cytochrome P450, 
family 3, subfamily a, polypeptide 
41A; cytochrome P450, family 3, 
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subfamily a, polypeptide 11; 
cytochrome P450, family 3, subfamily 
a, polypeptide 16; cytochrome P450, 
family 3, subfamily a, polypeptide 44 

17491699 -1.88 0.3 0.51 0.006397 Mir344d-2 microRNA 344d-2 

17421491 -1.88 0.47 0.14 0.006644 Gm13152 predicted gene 13152 

17475536 -1.88 0.24 0.38 0.00951 Mir1191 microRNA 1191 

17291275 -1.88 0.34 0.41 0.021236 Lrrc16a leucine rich repeat containing 16A 

17549456 -1.88 0.5 0.74 0.02186     

17439766 -1.89 0.22 0.29 0.000706     

17393859 -1.89 0.22 0.33 0.000914 Gm826 predicted gene 826 

17467706 -1.89 0.29 0.25 0.001372 Atoh8 atonal homolog 8 (Drosophila) 

17350921 -1.89 0.26 0.32 0.001623 F830016B08Rik RIKEN cDNA F830016B08 gene 

17336013 -1.9 0.22 0.14 0.000066 Cyp4f15 
cytochrome P450, family 4, subfamily 
f, polypeptide 15 

17516921 -1.9 0.14 0.45 0.001938 Zpr1 ZPR1 zinc finger 

17490953 -1.9 0.36 0.38 0.003744     

17324259 -1.9 0.4 0.28 0.007364 Map3k13 
mitogen-activated protein kinase 
kinase kinase 13 

17392022 -1.9 0.71 0.3 0.0097 LOC102633833 
uncharacterized LOC102633833; 
predicted gene 14097 

17244973 -1.9 0.45 0.41 0.02388 Trhde TRH-degrading enzyme 

17307066 -1.91 0.24 0.36 0.000899 LOC102635191 
uncharacterized LOC102635191; 
predicted gene 16573 

17365098 -1.91 0.33 0.16 0.001288 Scd1 stearoyl-Coenzyme A desaturase 1 

17532643 -1.91 0.26 0.36 0.002584 mt-Tc 
mitochondrially encoded tRNA 
cysteine 

17550558 -1.91 0.26 0.36 0.002584 mt-Tc 
mitochondrially encoded tRNA 
cysteine 

17413403 -1.91 0.43 0.2 0.009056 Npr2 natriuretic peptide receptor 2 

17310172 -1.91 0.26 0.69 0.017991 Ranbp3l RAN binding protein 3-like 

17504467 -1.92 0.12 0.25 0.00006 Pdp2 
pyruvate dehyrogenase phosphatase 
catalytic subunit 2 

17366884 -1.92 0.43 0.57 0.019206 Gm26398 predicted gene, 26398 

17494189 -1.93 0.14 0.22 0.000037 Olfr622 olfactory receptor 622 

17364968 -1.93 0.15 0.22 0.000083 Dnmbp dynamin binding protein 

17516251 -1.93 0.51 0.37 0.020891 Gm25032 predicted gene, 25032 

17516915 -1.94 0.46 0.24 0.002136 Apoa5 apolipoprotein A-V 

17272594 -1.94 0.37 0.3 0.00224 Tk1 thymidine kinase 1 

17347729 -1.94 0.46 0.42 0.013693 Abcg5 
ATP-binding cassette, sub-family G 
(WHITE), member 5 

17320474 -1.95 0.09 0.25 0.000065 Sco2 
SCO cytochrome oxidase deficient 
homolog 2 (yeast); thymidine 
phosphorylase 

17449406 -1.95 0.27 0.24 0.000738 Sult1d1 sulfotransferase family 1D, member 1 

17441660 -1.95 0.47 0.52 0.013498 Sds serine dehydratase 

17220018 -1.96 0.3 0.28 0.001927 Cnst consortin, connexin sorting protein 

17230408 -1.96 0.43 0.24 0.005281 Adck3 aarF domain containing kinase 3 
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17500543 -1.96 0.49 0.25 0.021728 Ppp1r3b 
protein phosphatase 1, regulatory 
(inhibitor) subunit 3B 

17550590 -1.96 0.51 0.48 0.025088 mt-Ti 
mitochondrially encoded tRNA 
isoleucine 

17240323 -1.97 0.45 0.29 0.004721 AI317395 expressed sequence AI317395 

17549330 -1.97 0.51 0.77 0.022625     

17280062 -1.97 0.72 0.66 0.035157 Lpin1 lipin 1 

17550592 -1.98 0.11 0.32 0.000152 mt-Tq 
mitochondrially encoded tRNA 
glutamine 

17509976 -1.98 0.16 0.35 0.000314 Slc25a42 solute carrier family 25, member 42 

17479974 -1.98 0.42 0.15 0.011005 Nox4 NADPH oxidase 4 

17443286 -1.99 0.14 0.06 0.000001 Por P450 (cytochrome) oxidoreductase 

17455175 -1.99 0.45 0.22 0.007582 Cyp3a11 
cytochrome P450, family 3, subfamily 
a, polypeptide 11 

17460451 -2 0.41 0.48 0.004237 1600020E01Rik RIKEN cDNA 1600020E01 gene 

17500735 -2 0.21 0.74 0.015321 Pdgfrl 
platelet-derived growth factor 
receptor-like 

17530669 -2.01 0.19 0.07 0.000021 Acy1 aminoacylase 1 

17231461 -2.01 0.32 0.59 0.008229 Esr1 estrogen receptor 1 (alpha) 

17432749 -2.01 0.45 0.59 0.031881     

17492417 -2.02 0.33 0.44 0.002756 Pex11a 
peroxisomal biogenesis factor 11 
alpha 

17331247 -2.02 0.17 0.62 0.003897 Olfr191 olfactory receptor 191 

17349715 -2.02 0.64 0.34 0.018973 Eif4ebp3 
eukaryotic translation initiation factor 
4E binding protein 3 

17298364 -2.04 0.2 0.35 0.00046 Nt5dc2 5-nucleotidase domain containing 2 

17327253 -2.04 0.14 0.56 0.007663 Mir802 microRNA 802 

17417255 -2.04 0.49 0.32 0.00903 Cyp4a32 
cytochrome P450, family 4, subfamily 
a, polypeptide 32 

17399868 -2.05 0.11 0.11 6.83E-07 Sprr2d small proline-rich protein 2D 

17257085 -2.05 0.16 0.21 0.000042 Hexim1 
hexamethylene bis-acetamide 
inducible 1 

17372621 -2.05 0.13 0.53 0.001869 Slc43a1 solute carrier family 43, member 1 

17400023 -2.06 0.21 0.42 0.002181 Them4 thioesterase superfamily member 4 

17521300 -2.06 0.42 0.87 0.040298 Cish 
cytokine inducible SH2-containing 
protein 

17397957 -2.07 0.24 0.25 0.000194 P2ry1 
purinergic receptor P2Y, G-protein 
coupled 1 

17544582 -2.08 0.25 0.13 0.000133 Zmat1 zinc finger, matrin type 1 

17256823 -2.08 0.47 0.19 0.003798 Arl4d ADP-ribosylation factor-like 4D 

17318770 -2.08 0.53 0.5 0.016175 Gm24056 predicted gene, 24056 

17549248 -2.08 0.52 0.75 0.019871     

17353962 -2.09 0.26 0.43 0.002867 Fgf1 fibroblast growth factor 1 

17442780 -2.1 0.16 0.06 0.000001 Glt1d1 
glycosyltransferase 1 domain 
containing 1 

17343628 -2.1 0.27 0.34 0.000526 Angptl4 angiopoietin-like 4 

17342642 -2.12 0.46 0.18 0.001543 Dusp1 dual specificity phosphatase 1 

17393868 -2.13 0.4 0.35 0.008632 Mafb 
v-maf musculoaponeurotic 
fibrosarcoma oncogene family, 
protein B (avian) 
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17416685 -2.13 0.27 0.68 0.010492 Gm23138 predicted gene, 23138 

17271350 -2.13 0.55 0.27 0.010664 Abca8a 
ATP-binding cassette, sub-family A 
(ABC1), member 8a 

17292634 -2.14 0.31 0.32 0.001497 Nfil3 nuclear factor, interleukin 3, regulated 

17291694 -2.14 0.49 0.37 0.003801 Serpinb1a 
serine (or cysteine) peptidase 
inhibitor, clade B, member 1a 

17219053 -2.15 0.36 0.42 0.002488 Ildr2 
immunoglobulin-like domain 
containing receptor 2 

17508134 -2.16 0.14 0.12 0.000002 Agpat6 
1-acylglycerol-3-phosphate O-
acyltransferase 6 (lysophosphatidic 
acid acyltransferase, zeta) 

17424279 -2.16 0.24 0.33 0.000298 Cntfr ciliary neurotrophic factor receptor 

17373754 -2.16 0.4 0.15 0.001825 Abtb2 
ankyrin repeat and BTB (POZ) domain 
containing 2 

17475989 -2.16 0.24 0.6 0.002644 Lgals4 
lectin, galactose binding, soluble 4; 
lectin, galactose binding, soluble 6 

17217136 -2.16 0.38 0.48 0.006083 Slc45a3 solute carrier family 45, member 3 

17508904 -2.16 0.38 0.52 0.007918 Gm26584 predicted gene, 26584 

17459676 -2.17 0.11 0.21 0.000003 Retsat 
retinol saturase (all trans retinol 13,14 
reductase) 

17529557 -2.17 0.21 0.41 0.00096 Gm26135 

predicted gene, 26135; predicted 
gene, 24428; small nucleolar RNA host 
gene 5; uncharacterized 
LOC102632389; predicted gene, 
23017; predicted gene, 25122; 
predicted gene, 24463; RIKEN cDNA 
9430037G07 gene 

17529590 -2.17 0.21 0.41 0.00096 Gm26135 

predicted gene, 26135; predicted 
gene, 24428; small nucleolar RNA host 
gene 5; uncharacterized 
LOC102632389; predicted gene, 
23017; predicted gene, 25122; 
predicted gene, 24463; RIKEN cDNA 
9430037G07 gene 

17511693 -2.18 0.42 0.03 0.000672 Ces1d carboxylesterase 1D 

17532593 -2.18 0.27 0.3 0.000697 mt-Tf 
mitochondrially encoded tRNA 
phenylalanine 

17467782 -2.18 0.34 0.52 0.003807 Elmod3 ELMO/CED-12 domain containing 3 

17286568 -2.19 0.4 0.8 0.030783 Ppp1r3g 
protein phosphatase 1, regulatory 
(inhibitor) subunit 3G 

17443047 -2.2 0.4 0.29 0.000496 Caln1 calneuron 1 

17478296 -2.21 0.27 0.88 0.019769 Gm2788 predicted gene 2788 

17520167 -2.22 0.19 0.46 0.001271 LOC102632389 

uncharacterized LOC102632389; 
predicted gene, 23017; predicted 
gene, 25122; predicted gene, 24463; 
RIKEN cDNA 9430037G07 gene; small 
nucleolar RNA host gene 5; predicted 
gene, 26135; predicted gene, 24428 

17529555 -2.22 0.19 0.46 0.001271 LOC102632389 

uncharacterized LOC102632389; 
predicted gene, 23017; predicted 
gene, 25122; predicted gene, 24463; 
RIKEN cDNA 9430037G07 gene; small 
nucleolar RNA host gene 5; predicted 
gene, 26135; predicted gene, 24428 

17504477 -2.22 0.54 0.32 0.007686 Ces2a carboxylesterase 2A 

17277146 -2.22 0.4 0.44 0.008299 Acot4 acyl-CoA thioesterase 4 
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17532063 -2.23 0.43 0.11 0.000975 Acaa1b acetyl-Coenzyme A acyltransferase 1B 

17398441 -2.24 0.26 0.26 0.000315 Asic5 
acid-sensing (proton-gated) ion 
channel family member 5 

17221676 -2.24 0.44 0.49 0.008452 Gm4956 predicted gene 4956 

17526707 -2.24 0.72 0.28 0.01013 Zbtb16 
zinc finger and BTB domain containing 
16 

17274184 -2.26 0.63 0.55 0.015922 Socs2 
suppressor of cytokine signaling 2; 
predicted pseudogene 9847 

17516938 -2.26 0.1 0.85 0.019759 Bud13 BUD13 homolog (yeast) 

17480214 -2.26 0.65 0.3 0.027958     

17354189 -2.27 0.46 0.36 0.006277 Mcc mutated in colorectal cancers 

17231248 -2.29 0.33 0.46 0.000917 G0s2 G0/G1 switch gene 2 

17550566 -2.32 0.3 0.07 0.000103 mt-Tr 
mitochondrially encoded tRNA 
arginine 

17397645 -2.32 0.33 0.39 0.000671 Smad9 SMAD family member 9 

17335338 -2.33 0.23 0.27 0.000049 Gm22146 predicted gene, 22146 

17532623 -2.33 0.31 0.08 0.000117 mt-Tr 
mitochondrially encoded tRNA 
arginine 

17534074 -2.34 0.38 0.25 0.000493 Lonrf3 
LON peptidase N-terminal domain and 
ring finger 3 

17288112 -2.34 0.27 0.38 0.001301 2010111I01Rik 
RIKEN cDNA 2010111I01 gene; 
microRNA 24-1 

17549260 -2.34 0.39 0.7 0.002789     

17303433 -2.34 0.13 0.99 0.010327 Fam107a 
family with sequence similarity 107, 
member A 

17402140 -2.34 0.51 0.62 0.01268     

17397990 -2.34 0.79 0.22 0.023151 Mme membrane metallo endopeptidase 

17400599 -2.35 0.47 0.38 0.003924 Txnip thioredoxin interacting protein 

17415979 -2.35 0.58 0.42 0.012556 Lepr leptin receptor 

17427992 -2.38 0.51 0.81 0.009424 Gm23354 predicted gene, 23354 

17507374 -2.39 0.41 0.3 0.00081 Irs2 insulin receptor substrate 2 

17463169 -2.4 0.32 0.2 0.000224 Scnn1a 
sodium channel, nonvoltage-gated 1 
alpha 

17222527 -2.4 0.2 0.39 0.000293 Tbc1d8 TBC1 domain family, member 8 

17513590 -2.4 0.3 0.34 0.000807 Fbxo31 F-box protein 31 

17468438 -2.43 0.42 0.74 0.02493 Nat8 
N-acetyltransferase 8 (GCN5-related, 
putative) 

17304794 -2.46 0.43 0.32 0.003867 Hacl1 2-hydroxyacyl-CoA lyase 1 

17424945 -2.47 0.2 0.38 0.000172 Slc25a51 solute carrier family 25, member 51 

17429632 -2.47 0.88 0.39 0.006182 Mfsd2a 
major facilitator superfamily domain 
containing 2A 

17404373 -2.48 0.45 0.16 0.00088 Naaladl2 
N-acetylated alpha-linked acidic 
dipeptidase-like 2 

17480205 -2.49 0.37 0.77 0.006945 Rab30 RAB30, member RAS oncogene family 

17550562 -2.5 0.25 0.12 0.000009 mt-Ts1 
mitochondrially encoded tRNA serine 
1 

17258851 -2.5 0.28 0.23 0.000101 Afmid arylformamidase 

17244085 -2.5 0.44 0.56 0.001431 Slc17a8 
solute carrier family 17 (sodium-
dependent inorganic phosphate 
cotransporter), member 8 
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17218139 -2.5 0.6 0.69 0.021162 C730036E19Rik RIKEN cDNA C730036E19 gene 

17550582 -2.51 0.25 0.2 0.000027 mt-Tp mitochondrially encoded tRNA proline 

17467062 -2.52 0.68 0.36 0.006206 Inmt indolethylamine N-methyltransferase 

17532647 -2.53 0.22 0.13 0.000005 mt-Ts1 
mitochondrially encoded tRNA serine 
1 

17511714 -2.53 0.29 0.29 0.000405 Ces1e carboxylesterase 1E 

17383905 -2.54 0.64 0.3 0.004493 Slc25a25 
solute carrier family 25 (mitochondrial 
carrier, phosphate carrier), member 
25 

17547515 -2.54 0.46 1.25 0.030736     

17236747 -2.56 0.22 0.31 0.000102 4732465J04Rik RIKEN cDNA 4732465J04 gene 

17346125 -2.56 0.45 0.93 0.011313 Plin4 perilipin 4 

17500756 -2.59 0.54 0.5 0.007873 Gm16348 
predicted gene 16348; 
uncharacterized LOC102640962 

17359316 -2.6 0.44 0.09 0.000349 Cyp2c37 
cytochrome P450, family 2. subfamily 
c, polypeptide 37 

17550556 -2.63 0.31 0.37 0.000525 mt-Tf 
mitochondrially encoded tRNA 
phenylalanine 

17379957 -2.63 0.23 0.8 0.004963 Gm14319 predicted gene 14319 

17269866 -2.63 0.92 0.86 0.029537 Gm25593 
predicted gene, 25593; predicted 
gene 11619 

17414520 -2.68 0.97 0.51 0.036285 Gm13775 predicted gene 13775 

17301514 -2.7 0.56 0.27 0.003852 Gm10032 predicted gene 10032 

17400048 -2.73 0.3 0.2 0.00005 Rorc RAR-related orphan receptor gamma 

17532653 -2.74 0.27 0.2 0.000025 mt-Tp mitochondrially encoded tRNA proline 

17418757 -2.83 0.32 0.05 0.000022 1700080G11Rik RIKEN cDNA 1700080G11 gene 

17308714 -2.84 0.47 0.77 0.006624 Slc25a30 solute carrier family 25, member 30 

17229036 -2.97 0.46 0.62 0.001803 Fmo2 flavin containing monooxygenase 2 

17550428 -2.98 0.59 0.67 0.003119 Neat1 
nuclear paraspeckle assembly 
transcript 1 (non-protein coding) 

17529561 -3.05 0.22 0.54 0.000251 9430037G07Rik RIKEN cDNA 9430037G07 gene 

17256707 -3.12 1.08 0.24 0.01622 G6pc glucose-6-phosphatase, catalytic 

17550596 -3.15 0.39 0.33 0.000058 mt-Ta mitochondrially encoded tRNA alanine 

17287361 -3.18 0.42 0.84 0.003804 Gadd45g 
growth arrest and DNA-damage-
inducible 45 gamma 

17481960 -3.19 0.71 0.98 0.03051 Arntl 
aryl hydrocarbon receptor nuclear 
translocator-like 

17532639 -3.2 0.41 0.29 0.000055 mt-Ta mitochondrially encoded tRNA alanine 

17504616 -3.2 0.77 0.48 0.028741 Ces3b carboxylesterase 3B 

17532615 -3.29 0.59 0.27 0.002194 mt-Tk mitochondrially encoded tRNA lysine 

17285631 -3.38 0.74 0.89 0.02032 Gpx6 glutathione peroxidase 6 

17243644 -3.39 0.46 0.32 0.000246 Cry1 cryptochrome 1 (photolyase-like) 

17532627 -3.4 0.51 0.17 0.000125 mt-Th 
mitochondrially encoded tRNA 
histidine 

17550568 -3.41 0.51 0.17 0.000112 mt-Th 
mitochondrially encoded tRNA 
histidine 

17550570 -3.41 0.51 0.17 0.000112 mt-Th 
mitochondrially encoded tRNA 
histidine 

17344126 -3.46 0.7 0.86 0.010778 Hspa1b heat shock protein 1B 
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17298968 -3.5 0.22 0.87 0.001166 Sftpa1 surfactant associated protein A1 

17408067 -3.52 0.33 1.03 0.003468 Gm15441 predicted gene 15441 

17292632 -3.58 0.46 0.99 0.004524 n-R5s54 nuclear encoded rRNA 5S 54 

17504002 -3.62 0.54 0.58 0.002197 Gm15889 predicted gene 15889 

17380211 -3.65 0.4 0.51 0.000325 Ctcflos 
CCCTC-binding factor (zinc finger 
protein)-like, opposite strand 

17417238 -3.74 0.35 0.64 0.001069     

17550172 -3.74 0.35 0.64 0.001069     

17277152 -3.87 0.58 0.53 0.001095 Acot3 acyl-CoA thioesterase 3 

17532635 -4.36 0.72 0.22 0.00037 mt-Tt 
mitochondrially encoded tRNA 
threonine 

17550580 -4.41 0.72 0.25 0.00034 mt-Tt 
mitochondrially encoded tRNA 
threonine 

17464654 -4.42 0.35 1.14 0.002628 Pdk4 
pyruvate dehydrogenase kinase, 
isoenzyme 4 

17404180 -4.53 0.91 0.4 0.005485 Car1 carbonic anhydrase 1 

17330463 -4.83 0.58 0.53 0.000129 Gm19522 predicted gene, 19522 

17291323 -4.86 0.87 1.14 0.013633 Gm23340 predicted gene, 23340 

17348707 -4.99 0.73 0.53 0.003079 Dsg1c desmoglein 1 gamma 

17478819 -5.18 0.85 0.78 0.006021 E030018B13Rik RIKEN cDNA E030018B13 gene 

17277140 -5.19 0.33 1.04 0.000699 Acot1 acyl-CoA thioesterase 1 

17278239 -5.69 1.08 1.12 0.01555 Serpina4-ps1 
serine (or cysteine) peptidase 
inhibitor, clade A, member 4, 
pseudogene 1 

17550576 -5.78 1.46 0.21 0.002785 mt-Tl2 
mitochondrially encoded tRNA leucine 
2 

17532629 -5.87 1.55 0.23 0.004487 mt-Ts2 
mitochondrially encoded tRNA serine 
2; mitochondrially encoded tRNA 
leucine 2 

17550572 -6.35 1.57 0.22 0.00452 mt-Ts2 
mitochondrially encoded tRNA serine 
2 

17489357 -15.63 1.22 0.22 0.000193 Hamp2 hepcidin antimicrobial peptide 2 

17359918 -17.21 1.77 1.38 0.018163 Elovl3 
elongation of very long chain fatty 
acids (FEN1/Elo2, SUR4/Elo3, yeast)-
like 3 
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Table 15 DEGs in the RYGB vs Sham AL comparison group 

Transcript 
Cluster ID 

Fold 
Change 
RYGB vs 
Sham AL 

RYGB 
Standard 
Deviatio

n 

Sham AL 
Standard 
Deviation 

ANOVA 
p-value 

Gene 
Symbol 

Description 

17405082 8.22 0.97 0.4 0.000264 Slc7a11 
solute carrier family 7 (cationic 
amino acid transporter, y+ system), 
member 11 

17311807 6.76 1.04 0.63 0.001846 Sqle squalene epoxidase 

17545899 6.42 0.55 0.64 0.000054 S100g S100 calcium binding protein G 

17229059 5.95 2.58 0.22 0.044673 Fmo3 flavin containing monooxygenase 3 

17353747 4.44 0.93 0.3 0.000768 Cd14 CD14 antigen 

17407412 4.24 0.81 0.64 0.001673 Sprr1a small proline-rich protein 1A 

17414747 3.86 0.98 0.38 0.018174 Orm2 orosomucoid 2 

17417240 3.84 0.66 0.44 0.000256 Cyp4a31 
cytochrome P450, family 4, 
subfamily a, polypeptide 31 

17365410 3.8 1.64 0.49 0.028493 Cyp17a1 
cytochrome P450, family 17, 
subfamily a, polypeptide 1 

17400486 3.77 0.52 0.29 0.000144 Mtmr11 myotubularin related protein 11 

17231033 3.76 0.47 0.49 0.000267 Atf3 activating transcription factor 3 

17438062 3.71 0.39 0.21 0.000005 Nipal1 NIPA-like domain containing 1 

17337816 3.71 0.54 0.42 0.000103 Cyp39a1 
cytochrome P450, family 39, 
subfamily a, polypeptide 1 

17229960 3.43 0.67 0.36 0.000642 Apcs serum amyloid P-component 

17327264 3.33 0.87 0.78 0.015201 Cbr3 carbonyl reductase 3 

17408897 3.29 1.14 0.24 0.044204 Chil3 chitinase-like 3 

17247208 3.28 0.34 0.64 0.000504 Igfbp1 
insulin-like growth factor binding 
protein 1 

17496345 3.14 0.55 0.59 0.001238 Nupr1 
nuclear protein transcription 
regulator 1 

17354157 3.08 0.66 0.11 0.000587 Spink3 
serine peptidase inhibitor, Kazal type 
3 

17503937 3.02 0.54 0.49 0.000641 Mt2 metallothionein 2 

17289717 2.94 0.64 0.62 0.006371 Elovl7 
ELOVL family member 7, elongation 
of long chain fatty acids (yeast) 

17445308 2.93 0.69 0.35 0.002768 Cyp51 cytochrome P450, family 51 

17309420 2.89 0.54 0.63 0.002444 Abcc4 
ATP-binding cassette, sub-family C 
(CFTR/MRP), member 4 

17535434 2.87 0.66 0.4 0.003138 Nsdhl 
NAD(P) dependent steroid 
dehydrogenase-like 

17490899 2.86 0.52 0.21 0.00019 Fgf21 fibroblast growth factor 21 

17464718 2.83 0.42 0.6 0.002672 Asns asparagine synthetase 

17392925 2.79 0.4 0.39 0.000141 Trib3 tribbles homolog 3 (Drosophila) 

17423577 2.71 0.5 0.59 0.009438 Atp6v0d2 
ATPase, H+ transporting, lysosomal 
V0 subunit D2 

17271861 2.69 0.41 0.64 0.004337 Hid1 HID1 domain containing 

17285056 2.69 0.73 0.22 0.004702 Idi1 
isopentenyl-diphosphate delta 
isomerase; predicted gene 13502 

17428457 2.66 0.71 0.66 0.012788 Cyp4a14 
cytochrome P450, family 4, 
subfamily a, polypeptide 14 

17321318 2.65 0.19 0.25 0.000002 Fkbp11 FK506 binding protein 11 
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17338529 2.63 0.31 0.49 0.000358 Btg3 
B cell translocation gene 3; B-cell 
translocation gene 3 pseudogene 

17508609 2.61 0.48 0.43 0.001463 Nrg1 neuregulin 1 

17377144 2.59 0.42 0.78 0.024681 Slc24a3 
solute carrier family 24 
(sodium/potassium/calcium 
exchanger), member 3 

17415979 2.57 0.58 0.55 0.001992 Lepr leptin receptor 

17242578 2.56 0.23 0.25 0.00001 Ppap2c 
phosphatidic acid phosphatase type 
2C 

17284314 2.56 0.76 0.3 0.007523 Igh-VJ558 
immunoglobulin heavy chain (J558 
family); immunoglobulin heavy 
constant alpha 

17417732 2.53 0.52 0.2 0.000547 
9530034E10

Rik RIKEN cDNA 9530034E10 gene 

17520073 2.53 0.73 0.33 0.005497 Nt5e 5 nucleotidase, ecto 

17383892 2.52 0.87 0.29 0.036452 Lcn2 lipocalin 2 

17445565 2.47 0.61 0.54 0.005771 Gm15611 predicted gene 15611 

17528249 2.44 1 0.54 0.016695 Slc51b solute carrier family 51, beta subunit 

17399112 2.43 0.35 0.25 0.000208 Arhgef2 
rho/rac guanine nucleotide 
exchange factor (GEF) 2 

17547965 2.41 0.57 0.06 0.001407 Cbr1 
carbonyl reductase 1; carbonyl 
reductase [NADPH] 1-like 

17503942 2.39 0.4 0.4 0.000446 Mt1 
metallothionein 1; protein-O-
mannosyltransferase 2 

17331589 2.36 0.45 0.49 0.002296 Btg3 
B cell translocation gene 3; B-cell 
translocation gene 3 pseudogene 

17253422 2.36 0.46 0.27 0.002659 Dhrs13 
dehydrogenase/reductase (SDR 
family) member 13 

17371427 2.36 0.8 0.54 0.011495 Dhrs9 
dehydrogenase/reductase (SDR 
family) member 9 

17327255 2.34 0.48 0.05 0.000876 Cbr1 carbonyl reductase 1 

17520905 2.33 0.26 0.45 0.001819 Slco2a1 
solute carrier organic anion 
transporter family, member 2a1 

17505938 2.32 0.32 0.27 0.000081 Bcmo1 
beta-carotene 15,15-
monooxygenase 

17271907 2.32 0.84 0.13 0.022659 
LOC1026347

08 
uncharacterized LOC102634708; 
predicted gene 11695 

17508938 2.3 0.48 0.52 0.004526 Fgl1 fibrinogen-like protein 1 

17237978 2.28 0.67 0.34 0.002214 Ddit3 DNA-damage inducible transcript 3 

17341540 2.27 0.41 0.34 0.002325 Tnfrsf12a 
tumor necrosis factor receptor 
superfamily, member 12a 

17229007 2.24 0.24 0.3 0.000148 Fmo4 flavin containing monooxygenase 4 

17529764 2.23 0.34 0.56 0.008635 Pls1 plastin 1 (I-isoform) 

17214106 2.21 0.43 0.22 0.000594 Igfbp2 
insulin-like growth factor binding 
protein 2 

17456131 2.18 0.64 0.09 0.002923 Tes testis derived transcript 

17363204 2.17 0.43 0.53 0.014783 Psat1 phosphoserine aminotransferase 1 

17377666 2.16 0.47 0.25 0.001 Srxn1 
sulfiredoxin 1 homolog (S. 
cerevisiae) 

17501976 2.16 0.38 0.43 0.004538 Isyna1 
myo-inositol 1-phosphate synthase 
A1 

17332568 2.15 0.39 0.12 0.000205 Tmprss2 transmembrane protease, serine 2 

17344405 2.15 0.41 0.45 0.013124 Ddr1 
discoidin domain receptor family, 
member 1 



276 
 

17406908 2.14 0.61 0.42 0.010952 Fdps farnesyl diphosphate synthetase 

17467489 2.14 0.75 0.38 0.016346 Igkv5-43 
immunoglobulin kappa chain 
variable 5-43 

17335467 2.13 0.6 0.57 0.010485 Cdkn1a 
cyclin-dependent kinase inhibitor 1A 
(P21) 

17216779 2.11 0.57 0.27 0.003748 Acmsd 
amino carboxymuconate 
semialdehyde decarboxylase 

17462729 2.11 0.51 0.42 0.011942 Clec4a1 
C-type lectin domain family 4, 
member a1 

17246091 2.1 0.33 0.22 0.00023 Il23a interleukin 23, alpha subunit p19 

17311846 2.1 0.4 0.29 0.000907 Myc myelocytomatosis oncogene 

17258220 2.1 0.72 0.2 0.021781 Slc16a5 
solute carrier family 16 
(monocarboxylic acid transporters), 
member 5 

17388999 2.09 0.24 0.3 0.000135 Prrg4 
proline rich Gla (G-carboxyglutamic 
acid) 4 (transmembrane) 

17271769 2.07 0.31 0.18 0.000147 Cd300e CD300e antigen 

17259507 2.05 0.19 0.28 0.000097 Hmga1 
high mobility group AT-hook 1; high 
mobility group AT-hook I, related 
sequence 1 

17313998 2.04 0.22 0.18 0.000026 Creld2 
cysteine-rich with EGF-like domains 
2 

17318587 2.04 0.39 0.35 0.001525 Slc39a4 
solute carrier family 39 (zinc 
transporter), member 4 

17482095 2.02 0.47 0.39 0.003769 Nucb2 nucleobindin 2 

17250734 2.01 0.4 0.21 0.001487 
2410006H16

Rik RIKEN cDNA 2410006H16 gene 

17291653 2.01 0.4 0.15 0.002073 Gmds GDP-mannose 4, 6-dehydratase 

17539898 2.01 0.41 0.23 0.003453 Ccdc120 coiled-coil domain containing 120 

17518318 2.01 0.72 0.71 0.038442 Gm22455 predicted gene, 22455 

17433040 2 0.36 0.48 0.026967 Pgd phosphogluconate dehydrogenase 

17357444 2 0.24 0.59 0.037175 Fads3 fatty acid desaturase 3 

17280842 1.99 0.25 0.22 0.0001 Ifrd1 
interferon-related developmental 
regulator 1 

17519673 1.98 0.38 0.35 0.009004 Gm3776 

predicted gene 3776; glutathione S-
transferase, alpha 1 (Ya); predicted 
gene 10639; glutathione S-
transferase, alpha 2 (Yc2) 

17512732 1.97 0.58 0.37 0.007635 Nqo1 NAD(P)H dehydrogenase, quinone 1 

17386396 1.97 0.6 0.31 0.043793 Slc25a12 
solute carrier family 25 
(mitochondrial carrier, Aralar), 
member 12 

17478352 1.96 0.42 0.14 0.001795 Htatip2 
HIV-1 tat interactive protein 2, 
homolog (human) 

17501787 1.96 0.63 0.37 0.010835 Tm6sf2 
transmembrane 6 superfamily 
member 2 

17376124 1.95 0.33 0.19 0.000224 Slc20a1 solute carrier family 20, member 1 

17217440 1.95 0.38 0.18 0.000491 Cyb5r1 cytochrome b5 reductase 1 

17277134 1.95 0.67 0.44 0.00921 Acot2 acyl-CoA thioesterase 2 

17355634 1.93 0.26 0.09 0.000059 Hsbp1l1 
heat shock factor binding protein 1-
like 1 

17310637 1.93 0.46 0.24 0.004447 Fam134b 
family with sequence similarity 134, 
member B 

17486474 1.93 0.72 0.23 0.017475 Zscan4b zinc finger and SCAN domain 
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containing 4B 

17217825 1.92 0.25 0.25 0.000296 Gm19705 predicted gene, 19705 

17306396 1.92 0.36 0.38 0.00636 Ajuba ajuba LIM protein 

17262300 1.9 0.18 0.15 0.000017 Sqstm1 sequestosome 1 

17472406 1.89 0.67 0.29 0.040054 Gm6614 predicted gene 6614 

17220907 1.88 0.09 0.17 0.000002 Irf6 interferon regulatory factor 6 

17519658 1.88 0.34 0.4 0.004881 Gsta1 
glutathione S-transferase, alpha 1 
(Ya); predicted gene 3776 

17327465 1.87 0.27 0.04 0.000141 Ets2 
E26 avian leukemia oncogene 2, 3 
domain 

17506081 1.87 0.38 0.15 0.000389 Osgin1 
oxidative stress induced growth 
inhibitor 1 

17317393 1.86 0.42 0.08 0.002014 Fam84b 
family with sequence similarity 84, 
member B 

17459338 1.84 0.67 0.82 0.026054 Igkv1-110 
immunoglobulin kappa variable 1-
110; immunoglobulin kappa chain 
complex 

17501800 1.84 0.49 0.38 0.037463 Hapln4 
hyaluronan and proteoglycan link 
protein 4 

17362453 1.83 0.34 0.31 0.001838 Slc3a2 
solute carrier family 3 (activators of 
dibasic and neutral amino acid 
transport), member 2 

17310259 1.83 0.34 0.29 0.001878 Prlr prolactin receptor 

17355984 1.83 0.53 0.18 0.005499 Chka choline kinase alpha 

17222834 1.83 0.47 0.17 0.005721 Gm17767 predicted gene, 17767 

17306816 1.83 0.53 0.18 0.010052 Tgm1 transglutaminase 1, K polypeptide 

17317652 1.83 0.19 0.59 0.047598 Ndrg1 
N-myc downstream regulated gene 
1 

17238191 1.82 0.26 0.26 0.000209 BC089597 cDNA sequence BC089597 

17237762 1.81 0.18 0.11 0.000004 Avpr1a arginine vasopressin receptor 1A 

17221186 1.81 0.15 0.22 0.000011 Snhg6 small nucleolar RNA host gene 6 

17487489 1.81 0.24 0.15 0.000044 Pvr poliovirus receptor 

17266952 1.8 0.13 0.15 0.000007 Ccl9 chemokine (C-C motif) ligand 9 

17459294 1.8 0.55 0.32 0.009019 Igkv1-133 
immunoglobulin kappa variable 1-
133 

17229466 1.8 0.52 0.33 0.03539 Hsd17b7 
hydroxysteroid (17-beta) 
dehydrogenase 7 

17524939 1.8 0.28 0.51 0.039452 
1810064F22

Rik RIKEN cDNA 1810064F22 gene 

17393357 1.79 0.32 0.27 0.003009 Eif6 
eukaryotic translation initiation 
factor 6 

17301697 1.79 0.4 0.56 0.020657 Tnfrsf10b 
tumor necrosis factor receptor 
superfamily, member 10b 

17550474 1.79 0.83 0.53 0.049997 
A130040M1

2Rik RIKEN cDNA A130040M12 gene 

17356427 1.78 0.33 0.22 0.00099 Fosl1 fos-like antigen 1 

17529017 1.78 0.2 0.36 0.001859     

17520624 1.78 0.41 0.49 0.028263 Rbp1 retinol binding protein 1, cellular 

17221158 1.77 0.24 0.43 0.002233 Mybl1 myeloblastosis oncogene-like 1 

17234803 1.76 0.32 0.19 0.002571 Cstb cystatin B 

17307588 1.76 0.45 0.26 0.006747 Fdft1 farnesyl diphosphate farnesyl 
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transferase 1 

17446767 1.76 0.39 0.24 0.009601 Cgref1 
cell growth regulator with EF hand 
domain 1 

17381357 1.76 0.62 0.26 0.045696 Camk1d 
calcium/calmodulin-dependent 
protein kinase ID 

17490391 1.75 0.3 0.33 0.001409 Atf5 activating transcription factor 5 

17415850 1.75 0.34 0.44 0.002569 Ube2u 
ubiquitin-conjugating enzyme E2U 
(putative) 

17357150 1.75 0.45 0.16 0.01622 Wdr74 WD repeat domain 74 

17361299 1.75 0.32 0.43 0.017813 
2010003K11

Rik RIKEN cDNA 2010003K11 gene 

17300127 1.74 0.25 0.47 0.021653 Trdj1 
T cell receptor delta joining 1; RIKEN 
cDNA A630038E17 gene; T cell 
receptor alpha variable 14-1 

17476349 1.73 0.2 0.11 0.000013 Syne4 
spectrin repeat containing, nuclear 
envelope family member 4 

17379864 1.73 0.22 0.34 0.001034 
1500012F01

Rik RIKEN cDNA 1500012F01 gene 

17361276 1.73 0.39 0.07 0.004187 Rhod ras homolog gene family, member D 

17300279 1.73 0.26 0.4 0.034356 Mmp14 
matrix metallopeptidase 14 
(membrane-inserted) 

17537003 1.73 0.61 0.21 0.049766 Uprt 
uracil phosphoribosyltransferase 
(FUR1) homolog (S. cerevisiae) 

17404432 1.72 0.23 0.18 0.000223 Fndc3b 
fibronectin type III domain 
containing 3B 

17419890 1.72 0.51 0.38 0.015359 Il22ra1 interleukin 22 receptor, alpha 1 

17475399 1.71 0.46 0.4 0.021093 Cyp2a4 
cytochrome P450, family 2, 
subfamily a, polypeptide 4 

17510772 1.71 0.36 0.32 0.0226 Hhip Hedgehog-interacting protein 

17519682 1.71 0.36 0.31 0.026069 Gm10639 predicted gene 10639 

17366183 1.71 0.64 0.34 0.030294 Ighv1-73 

immunoglobulin heavy variable 1-
73; immunoglobulin heavy variable 
1-53; immunoglobulin heavy 
variable 1-55; immunoglobulin 
heavy chain (J558 family); 
immunoglobulin heavy variable 1-
72; predicted gene, 16710; 
immunoglobulin heavy constant mu; 
IgM variable region; immunoglobulin 
heavy variable 1-47; uncharacterized 
LOC102642252; immunoglobulin 
heavy variable 1-4; immunoglobulin 
heavy variable 1-34; 
immunoglobulin heavy chain (V3660 
family); immunoglobulin heavy 
variable 1-52; immunoglobulin 
heavy variable V1-59; 
immunoglobulin heavy variable 1-
61; immunoglobulin heavy variable 
1-62-3; immunoglobulin heavy 
chain-like; Immunoglobulin heavy 
chain (gamma polypeptide) 

17344242 1.7 0.12 0.12 0.000002 Apom apolipoprotein M 

17412539 1.7 0.23 0.48 0.012015 Rragd Ras-related GTP binding D 

17416212 1.7 0.34 0.36 0.013736 
1700024P16

Rik RIKEN cDNA 1700024P16 gene 
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17321768 1.7 0.5 0.35 0.028023 Bin2 bridging integrator 2 

17464367 1.69 0.13 0.18 0.000074 Ppfibp1 
PTPRF interacting protein, binding 
protein 1 (liprin beta 1) 

17278209 1.69 0.26 0.25 0.000413 Ppp4r4 
protein phosphatase 4, regulatory 
subunit 4 

17458771 1.69 0.18 0.22 0.000564 Gars glycyl-tRNA synthetase 

17500172 1.69 0.3 0.25 0.000673 Ppapdc1b 
phosphatidic acid phosphatase type 
2 domain containing 1B 

17462437 1.69 0.26 0.2 0.001121 Usp18 ubiquitin specific peptidase 18 

17282158 1.69 0.29 0.25 0.001132 Rdh11 retinol dehydrogenase 11 

17419389 1.69 0.19 0.26 0.00194 Snhg12 small nucleolar RNA host gene 12 

17402072 1.69 0.45 0.34 0.028937 Frrs1 ferric-chelate reductase 1 

17542163 1.69 0.36 0.4 0.03023 
4930567H17

Rik 
RIKEN cDNA 4930567H17 gene; 
predicted gene 14725 

17533413 1.68 0.3 0.13 0.002175 Rpl3-ps1 
ribosomal protein L3, pseudogene 1; 
ribosomal protein L3 

17472129 1.68 0.28 0.39 0.005462 Gucy2c guanylate cyclase 2c 

17492314 1.68 0.33 0.46 0.017404 Mfge8 milk fat globule-EGF factor 8 protein 

17265825 1.68 0.26 0.35 0.021685 Rap1gap2 RAP1 GTPase activating protein 2 

17316274 1.67 0.4 0.28 0.023462 Gm23327 predicted gene, 23327 

17271244 1.67 0.42 0.33 0.031925 Slc16a6 
solute carrier family 16 
(monocarboxylic acid transporters), 
member 6 

17443133 1.66 0.27 0.18 0.001013 Wbscr27 
Williams Beuren syndrome 
chromosome region 27 (human) 

17243525 1.66 0.28 0.24 0.001554 Slc41a2 solute carrier family 41, member 2 

17467316 1.66 0.26 0.34 0.006673 Gadd45a 
growth arrest and DNA-damage-
inducible 45 alpha 

17234552 1.65 0.39 0.28 0.007597 Lss lanosterol synthase 

17514482 1.65 0.46 0.19 0.012337 Mmp13 matrix metallopeptidase 13 

17508593 1.65 0.32 0.3 0.02264 Mak16 MAK16 homolog (S. cerevisiae) 

17439367 1.65 0.22 0.56 0.025666 Cxcl13 chemokine (C-X-C motif) ligand 13 

17284605 1.65 0.65 0.19 0.043677 Igh-V3660 

immunoglobulin heavy chain (V3660 
family); immunoglobulin heavy chain 
(J558 family); immunoglobulin heavy 
variable 1-53; immunoglobulin 
heavy variable 1-72; 
immunoglobulin heavy variable 1-
76; immunoglobulin heavy variable 
1-62-1; immunoglobulin heavy 
constant mu; RAS-related C3 
botulinum substrate 1; 
immunoglobulin heavy chain-like; 
immunoglobulin kappa chain 
complex; immunoglobulin heavy 
variable 1-52; immunoglobulin 
heavy variable 1-61; 
immunoglobulin heavy variable 1-
62-2; immunoglobulin heavy 
variable 1-71; immunoglobulin 
heavy variable V1-23; 
immunoglobulin heavy variable 1-
55; immunoglobulin heavy variable 
1-47 
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17522235 1.64 0.18 0.25 0.000768 Cdc25a cell division cycle 25A 

17364521 1.64 0.31 0.13 0.001464 Aldh18a1 
aldehyde dehydrogenase 18 family, 
member A1 

17421390 1.64 0.28 0.4 0.019544 Gm13238 

carnitine deficiency-associated gene 
expressed in ventricle 3 
pseudogene; predicted gene 13241; 
predicted gene 13238; predicted 
gene 13146; predicted gene, 20760 

17320189 1.64 0.5 0.29 0.027139 Alg12 
asparagine-linked glycosylation 12 
(alpha-1,6-mannosyltransferase) 

17397421 1.64 0.39 0.21 0.034249     

17469289 1.64 0.37 0.37 0.035061 Eogt 
EGF domain-specific O-linked N-
acetylglucosamine (GlcNAc) 
transferase 

17308257 1.64 0.42 0.2 0.04389 Sorbs3 sorbin and SH3 domain containing 3 

17364813 1.63 0.25 0.07 0.000528 Avpi1 arginine vasopressin-induced 1 

17501588 1.63 0.22 0.2 0.00077 Sh2d4a SH2 domain containing 4A 

17272437 1.63 0.25 0.25 0.00244 Rhbdf2 rhomboid 5 homolog 2 (Drosophila) 

17548850 1.63 0.3 0.26 0.003294 Arpc1b 
actin related protein 2/3 complex, 
subunit 1B; predicted pseudogene 
5637 

17319554 1.63 0.48 0.34 0.005081 Pmm1 phosphomannomutase 1 

17490599 1.63 0.42 0.21 0.00839 Rps11 ribosomal protein S11 

17454214 1.63 0.38 0.39 0.008637 Gm4963 predicted gene 4963 

17324835 1.63 0.58 0.1 0.009437 Tfrc transferrin receptor 

17417117 1.63 0.28 0.29 0.012873 Stil Scl/Tal1 interrupting locus 

17475458 1.63 0.31 0.44 0.029739 Cyp2g1 
cytochrome P450, family 2, 
subfamily g, polypeptide 1 

17513771 1.62 0.19 0.1 0.000028 Aprt adenine phosphoribosyl transferase 

17359156 1.62 0.29 0.26 0.002883 Slc35g1 solute carrier family 35, member G1 

17462843 1.62 0.34 0.26 0.004438 Cd163 CD163 antigen 

17285000 1.62 0.41 0.33 0.013822 Klf6 Kruppel-like factor 6 

17274184 1.62 0.63 0.5 0.035349 Socs2 
suppressor of cytokine signaling 2; 
predicted pseudogene 9847 

17522369 1.62 0.65 0.26 0.042581 Ngp neutrophilic granule protein 

17272619 1.61 0.31 0.21 0.002589 Socs3 suppressor of cytokine signaling 3 

17344444 1.61 0.28 0.26 0.002986 Tubb5 tubulin, beta 5 class I 

17537081 1.61 0.26 0.27 0.004545 Tlr13 toll-like receptor 13 

17544837 1.61 0.35 0.49 0.016862 Serpina7 

serine (or cysteine) peptidase 
inhibitor, clade A (alpha-1 
antiproteinase, antitrypsin), member 
7 

17357126 1.6 0.26 0.16 0.001076 Snhg1 
small nucleolar RNA host gene (non-
protein coding) 1; small nucleolar 
RNA host gene 1 

17319806 1.6 0.3 0.18 0.001866 Arfgap3 
ADP-ribosylation factor GTPase 
activating protein 3 

17267418 1.6 0.54 0.45 0.037011 
A130040M1

2Rik RIKEN cDNA A130040M12 gene 

17411174 1.6 0.57 0.32 0.042873 Gipc2 
GIPC PDZ domain containing family, 
member 2 
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17295685 1.59 0.12 0.18 0.000036 Marveld2 
MARVEL (membrane-associating) 
domain containing 2 

17233920 1.59 0.19 0.17 0.00027 Dnajc12 
DnaJ (Hsp40) homolog, subfamily C, 
member 12 

17439164 1.59 0.27 0.17 0.001072 Sep-11 septin 11 

17541760 1.59 0.29 0.12 0.001241 Mospd1 motile sperm domain containing 1 

17214197 1.59 0.31 0.24 0.004501 Slc11a1 
solute carrier family 11 (proton-
coupled divalent metal ion 
transporters), member 1 

17517349 1.59 0.31 0.23 0.004888 Slc35f2 solute carrier family 35, member F2 

17460506 1.59 0.24 0.22 0.005663 Gfpt1 
glutamine fructose-6-phosphate 
transaminase 1 

17547454 1.59 0.37 0.22 0.00905     

17237937 1.59 0.29 0.38 0.012099 B4galnt1 
beta-1,4-N-acetyl-galactosaminyl 
transferase 1 

17289497 1.59 0.14 0.29 0.015904 Ccdc125 coiled-coil domain containing 125 

17320652 1.59 0.23 0.62 0.04005 Abcd2 
ATP-binding cassette, sub-family D 
(ALD), member 2 

17364414 1.58 0.24 0.25 0.003298 Cyp2c68 
cytochrome P450, family 2, 
subfamily c, polypeptide 68 

17417872 1.58 0.38 0.16 0.005046 Lepre1 leprecan 1 

17382557 1.58 0.23 0.32 0.005541 Uap1l1 
UDP-N-acteylglucosamine 
pyrophosphorylase 1-like 1 

17405612 1.58 0.32 0.27 0.00706 Vmn2r3 vomeronasal 2, receptor 3 

17481190 1.58 0.23 0.41 0.039369 Olfr597 olfactory receptor 597 

17266960 1.58 0.48 0.41 0.041801 Ccl6 chemokine (C-C motif) ligand 6 

17325651 1.58 0.46 0.32 0.049032 Igsf11 
immunoglobulin superfamily, 
member 11 

17257852 1.57 0.13 0.16 0.000053 Arsg arylsulfatase G 

17409328 1.57 0.16 0.16 0.000309 Sars seryl-aminoacyl-tRNA synthetase 

17328625 1.57 0.21 0.26 0.000497 Sdf2l1 stromal cell-derived factor 2-like 1 

17322125 1.57 0.25 0.2 0.000759     

17335818 1.57 0.19 0.27 0.000836 Slc37a1 
solute carrier family 37 (glycerol-3-
phosphate transporter), member 1 

17515196 1.57 0.1 0.32 0.001171 Qtrt1 queuine tRNA-ribosyltransferase 1 

17339013 1.57 0.11 0.32 0.001322 Emr1 
EGF-like module containing, mucin-
like, hormone receptor-like 
sequence 1 

17440728 1.57 0.22 0.3 0.008989 Aym1 
activator of yeast meiotic promoters 
1 

17362874 1.57 0.35 0.13 0.011524 Ms4a8a 
membrane-spanning 4-domains, 
subfamily A, member 8A 

17259235 1.57 0.29 0.3 0.037538 Baiap2 
brain-specific angiogenesis inhibitor 
1-associated protein 2 

17290173 1.57 0.71 0.3 0.038748 Hmgcs1 
3-hydroxy-3-methylglutaryl-
Coenzyme A synthase 1 

17337984 1.56 0.3 0.1 0.000576 Gtpbp2 GTP binding protein 2 

17530863 1.56 0.18 0.28 0.001829 Mapkapk3 
mitogen-activated protein kinase-
activated protein kinase 3 

17361404 1.56 0.28 0.13 0.002057 Dpp3 dipeptidylpeptidase 3 

17446058 1.56 0.36 0.2 0.005565 Gm24009 predicted gene, 24009 

17328062 1.56 0.26 0.35 0.00773 Emp2 epithelial membrane protein 2 
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17444481 1.56 0.28 0.21 0.011874 Bhlha15 
basic helix-loop-helix family, 
member a15 

17467286 1.56 0.26 0.27 0.012143 Gm23543 predicted gene, 23543 

17447081 1.56 0.29 0.33 0.024976 Spon2 
spondin 2, extracellular matrix 
protein 

17404402 1.56 0.53 0.15 0.025392 Ect2 ect2 oncogene 

17435249 1.56 0.48 0.44 0.04498 Snord93 
small nucleolar RNA, C/D box 93; 
expressed sequence AI506816 

17470187 1.55 0.23 0.24 0.000664 Zfp9 zinc finger protein 9 

17529634 1.55 0.23 0.16 0.001037 Tmed3 
transmembrane emp24 domain 
containing 3 

17263705 1.55 0.2 0.19 0.001438 Map2k3os 
mitogen-activated protein kinase 
kinase 3, opposite strand 

17218186 1.55 0.25 0.34 0.01872 Fam129a 
family with sequence similarity 129, 
member A 

17314556 1.55 0.45 0.25 0.023705 Slc48a1 
solute carrier family 48 (heme 
transporter), member 1 

17378827 1.55 0.54 0.29 0.039898 Lbp lipopolysaccharide binding protein 

17483577 1.55 0.57 0.27 0.043595 Itgam integrin alpha M 

17267601 1.54 0.22 0.22 0.001051 Scpep1 serine carboxypeptidase 1 

17311649 1.54 0.22 0.14 0.001052     

17295670 1.54 0.16 0.22 0.001194 Ocln occludin 

17293706 1.54 0.24 0.24 0.002188 Ctsl cathepsin L 

17385303 1.54 0.25 0.12 0.002811 Stam2 
signal transducing adaptor molecule 
(SH3 domain and ITAM motif) 2 

17519127 1.54 0.3 0.23 0.003384 Rpl15-ps2 
ribosomal protein L15, pseudogene 
2 

17293473 1.54 0.21 0.29 0.004647     

17255232 1.54 0.34 0.22 0.017265 Lrrc59 leucine rich repeat containing 59 

17529014 1.54 0.3 0.31 0.035006 Gm8074 predicted gene 8074 

17475542 1.53 0.2 0.08 0.000063 Adck4 aarF domain containing kinase 4 

17530322 1.53 0.15 0.17 0.00049 Uba5 
ubiquitin-like modifier activating 
enzyme 5 

17409075 1.53 0.27 0.17 0.003994 Csf1 
colony stimulating factor 1 
(macrophage) 

17341276 1.53 0.25 0.37 0.005087 Fpr1 formyl peptide receptor 1 

17304493 1.53 0.25 0.2 0.006055 Gnl3 
guanine nucleotide binding protein-
like 3 (nucleolar) 

17546493 1.53 0.27 0.25 0.006361     

17285922 1.53 0.33 0.39 0.006987 Slc17a1 
solute carrier family 17 (sodium 
phosphate), member 1 

17219581 1.53 0.33 0.28 0.015875 Tagln2 transgelin 2 

17479736 1.53 0.29 0.26 0.018667 Tm6sf1 
transmembrane 6 superfamily 
member 1 

17543284 1.53 0.32 0.13 0.023839 Zxda zinc finger, X-linked, duplicated A 

17238210 1.53 0.49 0.33 0.034756 Prim1 DNA primase, p49 subunit 

17280893 1.52 0.15 0.21 0.00051 Dnajb9 
DnaJ (Hsp40) homolog, subfamily B, 
member 9 

17524087 1.52 0.26 0.07 0.000622 Ankrd49 ankyrin repeat domain 49 

17228871 1.52 0.22 0.16 0.000684 Suco 
SUN domain containing ossification 
factor 
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17466906 1.52 0.14 0.21 0.001266     

17550482 1.52 0.22 0.22 0.002307 
1500012F01

Rik RIKEN cDNA 1500012F01 gene 

17421694 1.52 0.22 0.2 0.004984 Srm spermidine synthase 

17532418 1.52 0.22 0.3 0.008219 Ano10 anoctamin 10 

17351053 1.52 0.26 0.34 0.011007 Csf1r colony stimulating factor 1 receptor 

17533498 1.52 0.32 0.13 0.013298 Kdm6a lysine (K)-specific demethylase 6A 

17351465 1.52 0.32 0.4 0.020997 Tubb6 tubulin, beta 6 class V 

17493182 1.52 0.27 0.36 0.022397 Rps13 

ribosomal protein S13; 40S 
ribosomal protein S13-like; 
predicted gene 15483; ribosomal 
protein S13, pseudogene 4; 
ribosomal protein S13, pseudogene 
2 

17514867 1.52 0.23 0.31 0.02595 Gm5611 predicted gene 5611 

17410845 1.52 0.41 0.44 0.044221 Clca1 chloride channel calcium activated 1 

17545051 1.51 0.17 0.18 0.000391 Acsl4 
acyl-CoA synthetase long-chain 
family member 4 

17274766 1.51 0.21 0.15 0.000899 Fam110c 
family with sequence similarity 110, 
member C 

17455534 1.51 0.17 0.21 0.001042     

17417314 1.51 0.22 0.24 0.001575 Mknk1 
MAP kinase-interacting 
serine/threonine kinase 1 

17411420 1.51 0.32 0.14 0.002982 Cth 
cystathionase (cystathionine 
gamma-lyase) 

17412858 1.51 0.23 0.23 0.005714 n-R5s183 nuclear encoded rRNA 5S 183 

17235915 1.51 0.24 0.21 0.005927 Txnrd1 thioredoxin reductase 1 

17315245 1.51 0.32 0.21 0.007018 Krt18 keratin 18 

17498251 1.51 0.52 0.22 0.013675 Phlda2 
pleckstrin homology-like domain, 
family A, member 2 

17344860 1.51 0.46 0.25 0.022376 Olfr99 olfactory receptor 99 

17384322 1.51 0.35 0.32 0.024958 Psmd5 
proteasome (prosome, macropain) 
26S subunit, non-ATPase, 5 

17511540 1.51 0.33 0.17 0.025456 Sall1 sal-like 1 (Drosophila) 

17419553 1.51 0.36 0.43 0.037539 Map3k6 
mitogen-activated protein kinase 
kinase kinase 6 

17391565 1.51 0.46 0.36 0.042643 Il1b interleukin 1 beta 

17383835 -1.51 0.24 0.11 0.000492 Uck1 uridine-cytidine kinase 1 

17257197 -1.51 0.18 0.32 0.002564 Mapt microtubule-associated protein tau 

17291204 -1.51 0.16 0.36 0.0039     

17449363 -1.51 0.3 0.29 0.010846 Ugt2a3 
UDP glucuronosyltransferase 2 
family, polypeptide A3 

17296545 -1.51 0.34 0.2 0.013138 AF067063 cDNA sequence AF067063 

17266415 -1.51 0.2 0.26 0.020235 Gm11192 
predicted gene 11192; RIKEN cDNA 
2610507B11 gene 

17459455 -1.51 0.48 0.14 0.026141 Fabp1 fatty acid binding protein 1, liver 

17263031 -1.51 0.36 0.16 0.046575 Snord1c 

small nucleolar RNA, C/D box 1C; 
predicted gene, 24253; RIKEN cDNA 
1810032O08 gene; small nucleolar 
RNA, C/D box 1B 

17465805 -1.52 0.12 0.4 0.002154 Slc13a4 solute carrier family 13 
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(sodium/sulfate symporters), 
member 4 

17543817 -1.52 0.27 0.2 0.007215 Slc16a2 
solute carrier family 16 
(monocarboxylic acid transporters), 
member 2 

17272591 -1.52 0.37 0.4 0.049975 Gm11724 predicted gene 11724 

17392549 -1.53 0.22 0.34 0.020309 
9030622O22

Rik RIKEN cDNA 9030622O22 gene 

17544870 -1.53 0.26 0.23 0.025854 Ripply1 ripply1 homolog (zebrafish) 

17366940 -1.53 0.29 0.17 0.027753 Gm24806 predicted gene, 24806 

17278814 -1.53 0.33 0.37 0.031447 Mir323 microRNA 323 

17484282 -1.53 0.39 0.17 0.032994 Glrx3 glutaredoxin 3 

17488370 -1.54 0.15 0.2 0.00096 BC089491 cDNA sequence BC089491 

17549370 -1.54 0.22 0.28 0.002233     

17549748 -1.54 0.22 0.28 0.002233     

17333630 -1.54 0.44 0.22 0.015332 BC002059 cDNA sequence BC002059 

17350901 -1.54 0.19 0.52 0.019594 
A730017C20

Rik RIKEN cDNA A730017C20 gene 

17315635 -1.54 0.4 0.18 0.025573 Ghr growth hormone receptor 

17512765 -1.54 0.35 0.44 0.037353 
3010033K07

Rik RIKEN cDNA 3010033K07 gene 

17340917 -1.55 0.21 0.21 0.001124 Pnldc1 
poly(A)-specific ribonuclease 
(PARN)-like domain containing 1 

17394538 -1.55 0.2 0.24 0.002906 Sulf2 sulfatase 2 

17307837 -1.55 0.23 0.13 0.004771 Ephx2 epoxide hydrolase 2, cytoplasmic 

17219639 -1.55 0.24 0.32 0.006439 Olfr418-ps1 
olfactory receptor 418, pseudogene 
1 

17441072 -1.55 0.3 0.32 0.009917 Gm13824 
predicted gene 13824; 
uncharacterized LOC102638537 

17347729 -1.55 0.46 0.23 0.026179 Abcg5 
ATP-binding cassette, sub-family G 
(WHITE), member 5 

17211396 -1.56 0.1 0.31 0.002996 Tmem14a transmembrane protein 14A 

17459014 -1.56 0.3 0.25 0.003089 Abcg2 
ATP-binding cassette, sub-family G 
(WHITE), member 2 

17517690 -1.56 0.14 0.29 0.003516     

17366720 -1.56 0.21 0.24 0.003897 Mir669f microRNA 669f 

17363054 -1.56 0.31 0.31 0.009318 Gm22272 predicted gene, 22272 

17462816 -1.56 0.28 0.2 0.012316 Vmn2r23 vomeronasal 2, receptor 23 

17280184 -1.56 0.46 0.24 0.013485 Zfp125 zinc finger protein 125 

17501516 -1.56 0.25 0.61 0.027427 Gm10663 predicted gene 10663 

17408323 -1.56 0.6 0.32 0.027698 Hsd3b2 
hydroxy-delta-5-steroid 
dehydrogenase, 3 beta- and steroid 
delta-isomerase 2 

17337844 -1.56 0.33 0.17 0.037576 Enpp5 
ectonucleotide 
pyrophosphatase/phosphodiesteras
e 5 

17524156 -1.57 0.15 0.1 0.000025 
4931406C07

Rik RIKEN cDNA 4931406C07 gene 

17245481 -1.57 0.22 0.19 0.001611 Rassf3 
Ras association (RalGDS/AF-6) 
domain family member 3 

17326919 -1.57 0.27 0.25 0.001831 Gm5965 predicted gene 5965 
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17463501 -1.57 0.18 0.34 0.003234 Clec2d 
C-type lectin domain family 2, 
member d 

17238718 -1.57 0.35 0.11 0.006231 
B020014A21

Rik RIKEN cDNA B020014A21 gene 

17471492 -1.57 0.23 0.42 0.04032 
2310001H17

Rik RIKEN cDNA 2310001H17 gene 

17491193 -1.57 0.41 0.51 0.04959 Saa3 serum amyloid A 3 

17353957 -1.58 0.32 0.2 0.001029 Spry4 sprouty homolog 4 (Drosophila) 

17400048 -1.58 0.3 0.24 0.009574 Rorc RAR-related orphan receptor gamma 

17308712 -1.58 0.32 0.32 0.012684 Gm24876 predicted gene, 24876 

17539271 -1.59 0.3 0.4 0.007803 Gpr64 G protein-coupled receptor 64 

17489363 -1.59 0.59 0.13 0.014477 Hamp hepcidin antimicrobial peptide 

17536496 -1.6 0.16 0.27 0.000273 Tmem28 transmembrane protein 28 

17308827 -1.6 0.38 0.51 0.030163 Gm26197 predicted gene, 26197 

17211748 -1.6 0.41 0.28 0.032288 Amer3 APC membrane recruitment 3 

17371847 -1.61 0.18 0.2 0.000462 Pdk1 
pyruvate dehydrogenase kinase, 
isoenzyme 1 

17468425 -1.61 0.42 0.32 0.013894 Gm11128 predicted gene 11128 

17348840 -1.61 0.38 0.33 0.016429 Rnf125 ring finger protein 125 

17421488 -1.61 0.37 0.55 0.04754 Gm13139 predicted gene 13139 

17543290 -1.62 0.27 0.27 0.001348 Arhgef9 
CDC42 guanine nucleotide exchange 
factor (GEF) 9 

17482897 -1.62 0.25 0.32 0.004854 Aqp8 aquaporin 8 

17467727 -1.62 0.2 0.38 0.023937     

17290072 -1.63 0.46 0.33 0.007906 Gm25985 predicted gene, 25985 

17321559 -1.63 0.22 0.4 0.019917 Gm22951 predicted gene, 22951 

17425926 -1.63 0.54 0.3 0.039382     

17231571 -1.64 0.3 0.31 0.006752 
B430219N15

Rik RIKEN cDNA B430219N15 gene 

17250341 -1.64 0.23 0.41 0.012366 Gm12265 predicted gene 12265 

17413403 -1.64 0.43 0.23 0.014992 Npr2 natriuretic peptide receptor 2 

17302074 -1.65 0.38 0.28 0.008542 Tsc22d1 TSC22 domain family, member 1 

17473155 -1.65 0.14 0.54 0.014618 Cacng7 
calcium channel, voltage-dependent, 
gamma subunit 7 

17366884 -1.66 0.43 0.26 0.018472 Gm26398 predicted gene, 26398 

17419411 -1.67 0.22 0.26 0.002444 Snord99 
small nucleolar RNA, C/D box 99; 
small nucleolar RNA host gene 12 

17232162 -1.67 0.27 0.43 0.010765 Vnn1 vanin 1 

17327035 -1.67 0.58 0.23 0.041546 Olig1 
oligodendrocyte transcription factor 
1 

17516251 -1.67 0.51 0.49 0.048453 Gm25032 predicted gene, 25032 

17511731 -1.68 0.21 0.16 0.00006 Ces1f carboxylesterase 1F 

17384619 -1.7 0.18 0.2 0.000223 Snord90 small nucleolar RNA, C/D box 90 

17504541 -1.7 0.3 0.21 0.001132 Ces2e carboxylesterase 2E 

17247064 -1.7 0.26 0.35 0.014384 
LOC1026395

88 
uncharacterized LOC102639588; 
predicted gene 11967 

17516186 -1.7 0.16 0.48 0.016986 Olfr912 olfactory receptor 912 
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17306164 -1.71 0.21 0.29 0.001655 Rnase13 
ribonuclease, RNase A family, 13 
(non-active) 

17368387 -1.71 0.32 0.53 0.011092 Gm23969 predicted gene, 23969 

17462602 -1.71 0.45 0.4 0.030707 Gm10319 murinoglobulin pseudogene 

17449710 -1.71 0.53 0.3 0.034904 Cxcl9 chemokine (C-X-C motif) ligand 9 

17252912 -1.71 0.61 0.33 0.040544 Tlcd2 TLC domain containing 2 

17364192 -1.72 0.52 0.29 0.018074 
1500017E21

Rik RIKEN cDNA 1500017E21 gene 

17429632 -1.72 0.88 0.55 0.036026 Mfsd2a 
major facilitator superfamily domain 
containing 2A 

17547515 -1.72 0.46 0.52 0.049336     

17425954 -1.73 0.54 0.2 0.006574     

17250582 -1.74 0.16 0.22 0.000039     

17243888 -1.74 0.22 0.11 0.000042 Chpt1 choline phosphotransferase 1 

17406482 -1.74 0.14 0.17 0.000062 Cd1d1 CD1d1 antigen 

17357971 -1.75 0.29 0.26 0.000605 Gna14 
guanine nucleotide binding protein, 
alpha 14 

17236366 -1.75 0.13 0.31 0.000783 Sycp3 synaptonemal complex protein 3 

17380211 -1.75 0.4 0.26 0.010266 Ctcflos 
CCCTC-binding factor (zinc finger 
protein)-like, opposite strand 

17399868 -1.75 0.11 0.61 0.013317 Sprr2d small proline-rich protein 2D 

17300177 -1.75 0.28 0.56 0.014075 Traj37 
T cell receptor alpha joining 37; T 
cell receptor alpha variable 7D-4 

17220432 -1.75 0.32 0.43 0.020295 Tlr5 toll-like receptor 5 

17326604 -1.76 0.36 0.43 0.027045 Robo1 roundabout homolog 1 (Drosophila) 

17366768 -1.77 0.31 0.49 0.012277 Gm24315 predicted gene, 24315 

17547493 -1.78 0.39 0.51 0.004751 Gm20262 predicted gene, 20262 

17348276 -1.78 0.29 0.31 0.007917 Fzd8 frizzled homolog 8 (Drosophila) 

17312829 -1.78 0.53 0.52 0.014144 Lgals1 lectin, galactose binding, soluble 1 

17395041 -1.78 0.36 0.62 0.03534 Bmp7 bone morphogenetic protein 7 

17508170 -1.79 0.14 0.3 0.000046 
1810011O10

Rik RIKEN cDNA 1810011O10 gene 

17343976 -1.79 0.45 0.64 0.024479 C4a 
complement component 4A 
(Rodgers blood group) 

17445627 -1.79 0.34 0.58 0.037784 Gm24054 predicted gene, 24054 

17300145 -1.8 0.42 0.3 0.003243 Traj54 T cell receptor alpha joining 54 

17402846 -1.82 0.37 0.27 0.002691 Bdh2 
3-hydroxybutyrate dehydrogenase, 
type 2 

17427928 -1.83 0.59 0.25 0.004606 Dio1 deiodinase, iodothyronine, type I 

17550334 -1.83 0.37 0.56 0.038514 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
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predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17550336 -1.83 0.37 0.56 0.038514 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17550338 -1.83 0.37 0.56 0.038514 Gm20736 
predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
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pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17550340 -1.83 0.37 0.56 0.038514 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
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predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17550344 -1.83 0.37 0.56 0.038514 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17550352 -1.83 0.37 0.56 0.038514 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
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predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17550354 -1.83 0.37 0.56 0.038514 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17550356 -1.83 0.37 0.56 0.038514 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
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LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17550358 -1.83 0.37 0.56 0.038514 Gm20736 

predicted gene, 20736; Sycp3 like Y-
linked; Sycp3 like Y-linked 
pseudogene; X-linked lymphocyte-
regulated protein PM1-like; 
predicted gene, 20897; predicted 
gene, 21409; predicted gene, 21647; 
predicted gene, 21191; predicted 
gene, 21170; uncharacterized 
LOC101056194; predicted gene, 
21650; predicted gene, 21638; 
predicted gene, 21518; predicted 
gene, 21489; predicted gene, 21405; 
predicted gene, 21209; predicted 
gene, 21171; predicted gene, 21117; 
predicted gene, 20937; predicted 
gene, 20923; predicted gene, 20901; 
predicted gene, 20888; predicted 
gene, 20885; predicted gene, 20874; 
predicted gene, 20843; predicted 
gene, 20794; predicted gene, 21627; 
predicted gene, 21497; predicted 
gene, 21488; predicted gene, 21366; 
predicted gene, 21317; predicted 
gene, 21294; predicted gene, 21173; 
predicted gene, 20931; predicted 
gene, 20929; predicted gene, 20916; 
predicted gene, 20908; predicted 
gene, 20906; predicted gene, 20903; 
predicted gene, 20896; predicted 
gene, 20894; predicted gene, 20890; 
predicted gene, 20870; predicted 
gene, 20855; predicted gene, 20850; 
predicted gene, 20817; predicted 
gene, 20814; predicted gene, 21815; 
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predicted gene, 21744; predicted 
gene, 21729; predicted gene, 21853 

17260244 -1.84 0.41 0.31 0.004136 Gck glucokinase 

17292256 -1.84 0.25 0.46 0.012939 Gm24620 predicted gene, 24620 

17450501 -1.84 0.51 0.4 0.015754 Gbp10 guanylate-binding protein 10 

17421444 -1.85 0.37 0.18 0.00213 Gm13248 

predicted gene 13248; predicted 
gene 13139; ZNF41, pseudogene; 
predicted gene 13251; predicted 
gene 13166 

17410672 -1.85 0.38 0.31 0.020276 
0610031O16

Rik RIKEN cDNA 0610031O16 gene 

17449372 -1.85 0.56 0.32 0.039777 Ugt2b38 
UDP glucuronosyltransferase 2 
family, polypeptide B38 

17418211 -1.86 0.11 0.38 0.001566 Gm25788 predicted gene, 25788 

17511693 -1.86 0.42 0.24 0.001863 Ces1d carboxylesterase 1D 

17424656 -1.88 0.11 0.19 0.000004 Tpm2 tropomyosin 2, beta 

17359316 -1.88 0.44 0.4 0.004306 Cyp2c37 
cytochrome P450, family 2. 
subfamily c, polypeptide 37 

17217035 -1.91 0.2 0.48 0.003745 Ctse cathepsin E 

17505851 -1.91 0.73 0.33 0.049243 Nudt7 
nudix (nucleoside diphosphate 
linked moiety X)-type motif 7 

17334302 -1.92 0.45 0.41 0.019835 Gm23519 
predicted gene, 23519; RAB26, 
member RAS oncogene family, 
opposite strand 

17283668 -1.93 0.56 0.2 0.003981 Serpina12 

serine (or cysteine) peptidase 
inhibitor, clade A (alpha-1 
antiproteinase, antitrypsin), member 
12 

17403108 -1.93 0.6 0.32 0.017104 Adh6-ps1 
alcohol dehydrogenase 6 (class V), 
pseudogene 1 

17500543 -1.93 0.49 0.37 0.025743 Ppp1r3b 
protein phosphatase 1, regulatory 
(inhibitor) subunit 3B 

17330463 -1.94 0.58 0.3 0.013726 Gm19522 predicted gene, 19522 

17472271 -1.95 0.26 0.37 0.000651 Slc15a5 solute carrier family 15, member 5 

17455159 -1.97 0.25 0.15 0.000019 Cyp3a44 
cytochrome P450, family 3, 
subfamily a, polypeptide 44 

17214672 -1.98 0.22 0.23 0.000053 Mogat1 
monoacylglycerol O-acyltransferase 
1 

17273348 -1.98 0.42 0.7 0.023178 Fasn fatty acid synthase 

17458110 -1.98 0.29 0.48 0.039605 Rny3 
RNA, Y3 small cytoplasmic 
(associated with Ro protein) 

17405746 -2 0.52 0.43 0.011205 Rarres1 
retinoic acid receptor responder 
(tazarotene induced) 1 

17495651 -2 0.43 0.45 0.026677 Pdilt 
protein disulfide isomerase-like, 
testis expressed 

17231248 -2.03 0.33 0.32 0.000385 G0s2 G0/G1 switch gene 2 

17492417 -2.04 0.33 0.37 0.002982 Pex11a 
peroxisomal biogenesis factor 11 
alpha 

17421432 -2.05 0.38 0.45 0.003128 Gm13251 predicted gene 13251 

17397932 -2.06 0.72 0.35 0.006276 Sucnr1 succinate receptor 1 

17298126 -2.07 0.38 0.32 0.000911 Lrtm1 
leucine-rich repeats and 
transmembrane domains 1 

17468438 -2.08 0.42 0.15 0.000468 Nat8 
N-acetyltransferase 8 (GCN5-related, 
putative) 
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17313583 -2.08 0.63 0.21 0.01048 Cyp2d9 
cytochrome P450, family 2, 
subfamily d, polypeptide 9 

17421511 -2.1 0.36 0.14 0.000075 Gm13145 

predicted gene 13145; zinc finger 
protein 600; reduced expression 2; 
RIKEN cDNA 2610305D13 gene; 
predicted gene 13242 

17263535 -2.1 0.66 0.34 0.007213 Srebf1 
sterol regulatory element binding 
transcription factor 1 

17359274 -2.11 0.43 0.39 0.011886 Cyp2c53-ps 
cytochrome P450, family 2, 
subfamily c, polypeptide 53-ps 

17500548 -2.15 0.27 0.5 0.011609 Gm20359 
predicted gene, 20359; protein 
phosphatase 1, regulatory (inhibitor) 
subunit 3B 

17421491 -2.18 0.47 0.19 0.000961 Gm13152 predicted gene 13152 

17359287 -2.18 0.8 0.19 0.005234 Cyp2c29 
cytochrome P450, family 2, 
subfamily c, polypeptide 29 

17404191 -2.19 0.74 0.29 0.012858     

17272239 -2.2 0.62 0.28 0.005097 Gm26413 predicted gene, 26413 

17504477 -2.2 0.54 0.29 0.00583 Ces2a carboxylesterase 2A 

17365098 -2.21 0.33 0.13 0.000049 Scd1 stearoyl-Coenzyme A desaturase 1 

17363425 -2.22 0.41 0.62 0.003693 
C730002L08

Rik RIKEN cDNA C730002L08 gene 

17351321 -2.22 0.37 0.95 0.049239 Mir122a microRNA 122a 

17223946 -2.26 0.5 0.39 0.006909 Erbb4 
v-erb-a erythroblastic leukemia viral 
oncogene homolog 4 (avian) 

17396152 -2.27 0.61 0.05 0.014428 Car3 carbonic anhydrase 3 

17418757 -2.29 0.32 0.33 0.00035 
1700080G11

Rik RIKEN cDNA 1700080G11 gene 

17455127 -2.3 0.28 0.27 0.000071 Cyp3a41b 

cytochrome P450, family 3, 
subfamily a, polypeptide 41B; 
cytochrome P450, family 3, 
subfamily a, polypeptide 41A; 
cytochrome P450, family 3, 
subfamily a, polypeptide 11; 
cytochrome P450, family 3, 
subfamily a, polypeptide 16; 
cytochrome P450, family 3, 
subfamily a, polypeptide 44 

17325234 -2.3 0.22 0.46 0.000277 Sema5b 

sema domain, seven 
thrombospondin repeats (type 1 and 
type 1-like), transmembrane domain 
(TM) and short cytoplasmic domain, 
(semaphorin) 5B 

17287901 -2.3 0.47 0.21 0.00037 Ntrk2 
neurotrophic tyrosine kinase, 
receptor, type 2 

17402350 -2.3 0.72 0.4 0.004313 Fabp2 
fatty acid binding protein 2, 
intestinal 

17455143 -2.31 0.26 0.26 0.000059 Cyp3a41b 

cytochrome P450, family 3, 
subfamily a, polypeptide 41B; 
cytochrome P450, family 3, 
subfamily a, polypeptide 41A; 
cytochrome P450, family 3, 
subfamily a, polypeptide 11; 
cytochrome P450, family 3, 
subfamily a, polypeptide 16; 
cytochrome P450, family 3, 
subfamily a, polypeptide 44 
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17300544 -2.36 0.78 0.27 0.005575 Fitm1 
fat storage-inducing transmembrane 
protein 1 

17331272 -2.4 0.41 0.31 0.000071 Olfr205 olfactory receptor 205 

17417195 -2.41 1.12 0.2 0.025688 Cyp4a12b 
cytochrome P450, family 4, 
subfamily a, polypeptide 12B 

17221676 -2.42 0.44 0.42 0.00191 Gm4956 predicted gene 4956 

17232394 -2.45 0.68 0.31 0.00164 Themis thymocyte selection associated 

17442719 -2.45 0.64 0.46 0.007679 Aacs acetoacetyl-CoA synthetase 

17408297 -2.46 0.8 0.5 0.03425 Hsd3b4 

hydroxy-delta-5-steroid 
dehydrogenase, 3 beta- and steroid 
delta-isomerase 4; predicted gene 
10681; predicted gene 4450 

17408306 -2.46 0.8 0.5 0.03425 Hsd3b4 

hydroxy-delta-5-steroid 
dehydrogenase, 3 beta- and steroid 
delta-isomerase 4; predicted gene 
10681; predicted gene 4450 

17493432 -2.49 0.63 0.24 0.001131 Thrsp thyroid hormone responsive 

17218139 -2.52 0.6 0.44 0.007207 
C730036E19

Rik RIKEN cDNA C730036E19 gene 

17511714 -2.53 0.29 0.41 0.000635 Ces1e carboxylesterase 1E 

17455175 -2.55 0.45 0.39 0.000424 Cyp3a11 
cytochrome P450, family 3, 
subfamily a, polypeptide 11 

17532063 -2.6 0.43 0.27 0.00026 Acaa1b 
acetyl-Coenzyme A acyltransferase 
1B 

17467062 -2.63 0.68 0.21 0.002654 Inmt 
indolethylamine N-
methyltransferase 

17397990 -2.71 0.79 0.28 0.004375 Mme membrane metallo endopeptidase 

17432749 -2.83 0.45 0.11 0.000072     

17414507 -2.86 0.8 0.41 0.006343 Gm13773 predicted gene 13773 

17244973 -2.87 0.45 0.57 0.002447 Trhde TRH-degrading enzyme 

17416154 -2.98 0.37 0.48 0.000153 Gm12718 predicted gene 12718 

17346125 -3.08 0.45 0.37 0.00005 Plin4 perilipin 4 

17291323 -3.19 0.87 1.26 0.037958 Gm23340 predicted gene, 23340 

17468432 -3.2 0.64 0.24 0.000592 Cml5 camello-like 5 

17348589 -3.34 1.05 0.71 0.01929 Mir1948 microRNA 1948 

17410400 -3.38 1.09 0.5 0.041061 Cyp2u1 
cytochrome P450, family 2, 
subfamily u, polypeptide 1 

17504616 -3.4 0.77 0.49 0.043946 Ces3b carboxylesterase 3B 

17414512 -4.22 0.72 0.6 0.000713 Mup-ps12 
major urinary protein, pseudogene 
12 

17351457 -4.58 0.25 1.9 0.008499 Cidea 
cell death-inducing DNA 
fragmentation factor, alpha subunit-
like effector A 

17414520 -4.59 0.97 0.35 0.000987 Gm13775 predicted gene 13775 

17417180 -4.79 1.25 0.42 0.007239 Cyp4a12a 
cytochrome P450, family 4, 
subfamily a, polypeptide 12a 

17469754 -6.25 0.56 1.03 0.000507 Cidec 
cell death-inducing DFFA-like 
effector c 

17426108 -8.84 2.03 0.59 0.045222 Mup21 major urinary protein 21 

17475373 -8.89 0.84 1 0.002357 Cyp2b13 
cytochrome P450, family 2, 
subfamily b, polypeptide 13 

17489357 -9.06 1.22 0.43 0.000333 Hamp2 hepcidin antimicrobial peptide 2 
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17235018 -9.43 0.38 0.71 0.000005 Cfd complement factor D (adipsin) 

17359918 -14.81 1.77 0.24 0.007015 Elovl3 
elongation of very long chain fatty 
acids (FEN1/Elo2, SUR4/Elo3, yeast)-
like 3 

17408315 -18.75 2.51 0.91 0.049415 Hsd3b5 
hydroxy-delta-5-steroid 
dehydrogenase, 3 beta- and steroid 
delta-isomerase 5 

17278239 -19.3 1.08 1.66 0.000651 
Serpina4-

ps1 

serine (or cysteine) peptidase 
inhibitor, clade A, member 4, 
pseudogene 1 

 

 

Table 16 IPA Categories of DEGs in Rygb vs BWm and Rygb vs Sham AL 

TOP 50 Significant Categories  RYGB vs BWm TOP 50 Significant Categories RYGB vs Sham AL 

Functions & 
Diseases 

p-value 
Ingenuity 
Canonical 
Pathways 

-log 
(p-value) 

Functions & 
Diseases 

p-value 
Ingenuity 
Canonical 
Pathways 

-log 
(p-value) 

Cellular 
Compromise 

3.49E-13-
8.02E-04 

LPS/IL-1 
Mediated 

Inhibition of RXR 
Function 

9.65 
Lipid 

Metabolism 
8.1E-15-
2.06E-03 

Superpathway 
of Cholesterol 
Biosynthesis 

8.73 

Cellular Function 
and 

Maintenance 

3.49E-13-
5.21E-04 

Superpathway 
of Cholesterol 
Biosynthesis 

8.97 
Molecular 
Transport 

8.1E-15-
2.06E-03 

Nicotine 
Degradation II 

8.51 

Lipid 
Metabolism 

5.04E-13-
7.77E-04 

Unfolded 
protein response 

7.86 
Small Molecule 

Biochemistry 
8.1E-15-
2.06E-03 

LPS/IL-1 
Mediated 

Inhibition of RXR 
Function 

7.65 

Small Molecule 
Biochemistry 

5.04E-13-
7.77E-04 

Nicotine 
Degradation II 

6.53 
Vitamin and 

Mineral 
Metabolism 

4.41E-14-
1.22E-03 

Cholesterol 
Biosynthesis I 

6.98 

Cell Death and 
Survival 

4.02E-12-
7.76E-04 

Cholesterol 
Biosynthesis I 

6.16 

Connective 
Tissue 

Development 
and Function 

1.4E-09-
2.06E-03 

Cholesterol 
Biosynthesis II 

(via 24,25-
dihydrolanoster

ol) 

6.98 

Inflammatory 
Response 

6.41E-12-
7.11E-04 

Cholesterol 
Biosynthesis II 

(via 24,25-
dihydrolanoster

ol) 

6.16 
Tissue 

Morphology 
1.4E-09-
2.06E-03 

Cholesterol 
Biosynthesis III 

(via 
Desmosterol) 

6.98 

Organismal 
Injury and 

Abnormalities 

6.41E-12-
8.36E-04 

Cholesterol 
Biosynthesis III 

(via 
Desmosterol) 

6.16 
Inflammatory 

Response 
1.91E-09-
2.06E-03 

Nicotine 
Degradation III 

5.92 

Gastrointestinal 
Disease 

1.57E-11-
8.36E-04 

NRF2-mediated 
Oxidative Stress 

Response 
5.82 

Organismal 
Injury and 

Abnormalities 

1.91E-09-
2.06E-03 

Melatonin 
Degradation I 

5.59 

Hepatic System 
Disease 

1.57E-11-
8.36E-04 

Superpathway 
of Melatonin 
Degradation 

5.66 
Digestive System 

Development 
and Function 

2.04E-09-
1.9E-03 

Bupropion 
Degradation 

5.41 

Metabolic 
Disease 

1.57E-11-
5.61E-04 

Melatonin 
Degradation I 

5.34 
Hepatic System 
Development 
and Function 

2.72E-09-
1.85E-03 

Estrogen 
Biosynthesis 

5.25 

Molecular 
Transport 

2.06E-11-
6.55E-04 

Nicotine 
Degradation III 

4.9 
Organ 

Morphology 
2.72E-09-
1.3E-03 

Superpathway 
of Melatonin 
Degradation 

5.23 
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Dermatological 
Diseases and 
Conditions 

5.11E-10-
2.21E-04 

Stearate 
Biosynthesis I 

(Animals) 
4.9 

Organismal 
Development 

2.72E-09-
1.73E-03 

Acetone 
Degradation I (to 
Methylglyoxal) 

5.17 

Vitamin and 
Mineral 

Metabolism 

7.66E-10-
1.18E-04 

Endoplasmic 
Reticulum Stress 

Pathway 
4.63 

Cell Death and 
Survival 

1.23E-08-
1.96E-03 

LXR/RXR 
Activation 

4.9 

Cancer 
1.12E-08-
8.36E-04 

Colanic Acid 
Building Blocks 

Biosynthesis 
4.62 Cancer 

1.64E-08-
2.06E-03 

Retinol 
Biosynthesis 

4.1 

Energy 
Production 

1.33E-08-
3.31E-04 

FXR/RXR 
Activation 

4.59 
Energy 

Production 
2.62E-08-
1.13E-03 

Zymosterol 
Biosynthesis 

3.8 

Carbohydrate 
Metabolism 

1.48E-08-
7.18E-04 

Xenobiotic 
Metabolism 

Signaling 
4.56 

Hematological 
System 

Development 
and Function 

5.41E-08-
2.13E-03 

Epoxysqualene 
Biosynthesis 

3.38 

Reproductive 
System Disease 

2.06E-08-
7.74E-04 

Aryl 
Hydrocarbon 

Receptor 
Signaling 

4.38 
Nutritional 

Disease 
7.28E-08-
1.83E-04 

STAT3 Pathway 3.15 

Drug 
Metabolism 

2.77E-08-
5.84E-04 

Bupropion 
Degradation 

4.32 
Gastrointestinal 

Disease 
7.89E-08-
1.73E-03 

Glucocorticoid 
Biosynthesis 

3.04 

Protein 
Synthesis 

8.23E-08-
7.01E-04 

PXR/RXR 
Activation 

4.13 
Hepatic System 

Disease 
7.89E-08-
1.45E-03 

PXR/RXR 
Activation 

2.95 

Cardiovascular 
Disease 

1.85E-07-
7.59E-04 

Glutathione-
mediated 

Detoxification 
4.05 

Metabolic 
Disease 

7.89E-08-
1.39E-03 

Stearate 
Biosynthesis I 

(Animals) 
2.9 

Connective 
Tissue Disorders 

1.93E-07-
7.11E-04 

Acetone 
Degradation I (to 
Methylglyoxal) 

4.05 
Dermatological 

Diseases and 
Conditions 

8.64E-08-
2.06E-03 

Triacylglycerol 
Degradation 

2.86 

Inflammatory 
Disease 

1.93E-07-
7.11E-04 

Estrogen 
Biosynthesis 

3.73 
Endocrine 

System 
Disorders 

3.95E-07-
1.39E-03 

Androgen 
Biosynthesis 

2.69 

Skeletal and 
Muscular 
Disorders 

1.93E-07-
7.11E-04 

Retinol 
Biosynthesis 

3.64 
Hematological 

Disease 
3.95E-07-
1.22E-03 

Xenobiotic 
Metabolism 

Signaling 
2.67 

Renal and 
Urological 

Disease 

1.94E-07-
7.18E-04 

LXR/RXR 
Activation 

3.24 
Cell-To-Cell 

Signaling and 
Interaction 

5.13E-07-
1.75E-03 

Trans, trans-
farnesyl 

Diphosphate 
Biosynthesis 

2.62 

Endocrine 
System 

Development 
and Function 

1.97E-07-
8.41E-04 

Triacylglycerol 
Degradation 

3.23 
Immune Cell 
Trafficking 

5.13E-07-
2.06E-03 

Retinoate 
Biosynthesis I 

2.46 

Digestive System 
Development 
and Function 

2.99E-07-
2.82E-04 

Superpathway 
of 

Geranylgeranyldi
phosphate 

Biosynthesis I 
(via Mevalonate) 

3.18 

Endocrine 
System 

Development 
and Function 

7.65E-07-
2.05E-03 

Superpathway 
of 

Geranylgeranyldi
phosphate 

Biosynthesis I 
(via Mevalonate) 

2.41 

Hepatic System 
Development 
and Function 

2.99E-07-
1.94E-04 

Cell Cycle 
Control of 

Chromosomal 
Replication 

2.81 
Carbohydrate 
Metabolism 

1.36E-06-
1.73E-03 

Granulocyte 
Adhesion and 

Diapedesis 
2.4 

Organ 
Development 

2.99E-07-
5.85E-04 

Acyl-CoA 
Hydrolysis 

2.74 
Lymphoid Tissue 

Structure and 
Development 

1.47E-06-
2.13E-03 

Altered T Cell 
and B Cell 

Signaling in 
Rheumatoid 

Arthritis 

2.32 

Hematological 
Disease 

3.22E-07-
7.17E-04 

Mevalonate 
Pathway I 

2.74 Cell Morphology 
1.58E-06-
1.48E-03 

Phosphatidylcho
line Biosynthesis 

I 
2.23 
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Immunological 
Disease 

4.13E-07-
4.3E-04 

Zymosterol 
Biosynthesis 

2.72 
Respiratory 

Disease 
3.35E-06-
1.8E-03 

UDP-N-acetyl-D-
glucosamine 

Biosynthesis II 
2.23 

Infectious 
Diseases 

6.28E-07-
2.99E-04 

GDP-mannose 
Biosynthesis 

2.72 

Skeletal and 
Muscular 
System 

Development 
and Function 

6.62E-06-
1.52E-03 

The Visual Cycle 2.2 

Cell-To-Cell 
Signaling and 
Interaction 

7.99E-07-
6.55E-04 

Epoxysqualene 
Biosynthesis 

2.65 
Tissue 

Development 
6.62E-06-
2.13E-03 

Maturity Onset 
Diabetes of 

Young (MODY) 
Signaling 

2.13 

Organ 
Morphology 

9.04E-07-
8.41E-04 

Activation of IRF 
by Cytosolic 

Pattern 
Recognition 
Receptors 

2.65 
Antigen 

Presentation 
8.37E-06-
4.13E-04 

FXR/RXR 
Activation 

2.06 

Organismal 
Development 

9.04E-07-
8.36E-04 

Fatty Acid β-
oxidation I 

2.53 
Organ 

Development 
8.37E-06-
1.85E-03 

Estrogen-
mediated S-
phase Entry 

1.91 

Cellular 
Movement 

1E-06-
8.04E-04 

Pyrimidine 
Ribonucleotides 

De Novo 
Biosynthesis 

2.48 
Organismal 
Functions 

8.37E-06-
1.83E-03 

Mineralocorticoi
d Biosynthesis 

1.87 

Endocrine 
System 

Disorders 

1.24E-06-
6.89E-04 

Triacylglycerol 
Biosynthesis 

2.42 

Renal and 
Urological 

System 
Development 
and Function 

8.37E-06-
1.22E-03 

Thyroid 
Hormone 

Metabolism II 
(via Conjugation 

and/or 
Degradation) 

1.86 

Nutritional 
Disease 

1.8E-06-
1.91E-04 

Aldosterone 
Signaling in 

Epithelial Cells 
2.38 

Cellular 
Development 

8.64E-06-
2.13E-03 

Ketogenesis 1.78 

Immune Cell 
Trafficking 

2.16E-06-
7.93E-04 

p53 Signaling 2.33 
Cellular Growth 

and Proliferation 
8.64E-06-
2.13E-03 

2-amino-3-
carboxymuconat
e Semialdehyde 
Degradation to 

Glutaryl-CoA 

1.69 

Cellular Growth 
and Proliferation 

2.33E-06-
8.36E-04 

Citrulline 
Biosynthesis 

2.3 
Protein 

Synthesis 
1.07E-05-
2.06E-03 

L-cysteine 
Degradation II 

1.69 

Cell Morphology 
2.71E-06-
5.21E-04 

Granulocyte 
Adhesion and 

Diapedesis 
2.24 

Cellular 
Movement 

1.15E-05-
2.06E-03 

Asparagine 
Biosynthesis I 

1.69 

Connective 
Tissue 

Development 
and Function 

2.71E-06-
8.36E-04 

Glutathione 
Biosynthesis 

2.19 
Neurological 

Disease 
1.33E-05-
1.11E-03 

Lanosterol 
Biosynthesis 

1.69 

Tissue 
Morphology 

2.71E-06-
8.41E-04 

tRNA Charging 2.13 
Organismal 

Survival 
1.65E-05-
1.65E-05 

EIF2 Signaling 1.68 

Neurological 
Disease 

6.24E-06-
7.2E-05 

Adipogenesis 
pathway 

2.06 
Hair and Skin 
Development 
and Function 

1.96E-05-
7.37E-04 

VDR/RXR 
Activation 

1.67 

Cellular 
Development 

9.01E-06-
8.36E-04 

Antigen 
Presentation 

Pathway 
2.03 

Renal and 
Urological 

Disease 

2.29E-05-
1.4E-03 

p38 MAPK 
Signaling 

1.64 

Hematological 
System 

Development 
and Function 

1.2E-05-
8.36E-04 

Agranulocyte 
Adhesion and 

Diapedesis 
1.99 

Amino Acid 
Metabolism 

2.98E-05-
2.06E-03 

Acyl-CoA 
Hydrolysis 

1.62 

Tumor 
Morphology 

1.47E-05-
7.76E-04 

Pyrimidine 
Ribonucleotides 

1.97 
Free Radical 
Scavenging 

3.08E-05-
6.94E-04 

Mevalonate 
Pathway I 

1.62 
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Interconversion 

Organismal 
Functions 

1.8E-05-
7.45E-04 

PPARα/RXRα 
Activation 

1.92 
Drug 

Metabolism 
3.09E-05-
1.52E-03 

Role of JAK2 in 
Hormone-like 

Cytokine 
Signaling 

1.57 

Tissue 
Development 

1.85E-05-
8.36E-04 

Glutathione 
Redox Reactions 

II 
1.9 

Infectious 
Diseases 

3.22E-05-
2.06E-03 

Bladder Cancer 
Signaling 

1.55 

Lymphoid Tissue 
Structure and 
Development 

2.93E-05-
8.36E-04 

Trans, trans-
farnesyl 

Diphosphate 
Biosynthesis 

1.9 
Cardiovascular 

Disease 
4.45E-05-
5.61E-04 

Complement 
System 

1.54 

Organismal 
Survival 

2.98E-05-
2.98E-05 

Fatty Acid 
Activation 

1.77 
Connective 

Tissue Disorders 
4.75E-05-
2.06E-03 

Heparan Sulfate 
Biosynthesis 
(Late Stages) 

1.52 

 

 

Table 17 DEGs 4W in the WAT 

Transcript 
Cluster ID 

Fold 
Change 
HFD 4W 
vs LFD 

4W 

ANOVA 
p-value 

HFD 
Standard 
Deviation 

LFD  
Standard 
Deviation 

Gene Symbol Description 

17364820 14.18 0.00261 0.81 1.22 Sfrp5 
secreted frizzled-related sequence 

protein 5 

17310400 13.58 0.00084 0.66 0.86 1700047G03Rik RIKEN cDNA 1700047G03 gene 

17346018 10.67 0.00141 0.94 0.6 Slc5a7 
solute carrier family 5 (choline 

transporter), member 7 

17306104 6.26 0.00107 0.89 0.28 Rnase2a 
ribonuclease, RNase A family, 2A 

(liver, eosinophil-derived neurotoxin) 

17421074 6.13 0.002 0.7 0.57 Hspb7 
heat shock protein family, member 7 

(cardiovascular) 

17486110 5.65 0.00341 0.35 0.78 Peg3 paternally expressed 3 

17310398 5.12 0.0062 0.83 0.3 Gm24074 predicted gene, 24074 

17473637 4.96 0.02331 0.98 0.87 Peg3os Peg3 opposite strand 

17541926 4.44 0.00225 0.55 0.56 Fgf13 fibroblast growth factor 13 

17456934 4.2 0.00129 0.26 0.57 Mest mesoderm specific transcript 

17534489 4.17 0.00151 0.4 0.58 Prr32 proline rich 32 

17335467 4.16 0.00049 0.49 0.41 Cdkn1a 
cyclin-dependent kinase inhibitor 1A 

(P21) 

17423577 4.15 0.02539 1.07 0.66 Atp6v0d2 
ATPase, H+ transporting, lysosomal V0 

subunit D2 

17285746 4.1 0.00407 0.36 0.85 Hist1h2bn 
histone cluster 1, H2bn; histone 
cluster 1, H2bl; histone cluster 1, 

H2bj; histone cluster 1, H2bf 

17469634 3.95 0.01252 0.47 1.01 Gm23002 predicted gene, 23002 

17285846 3.86 0.00125 0.25 0.63 Hist1h4m 

histone cluster 1, H4m; histone cluster 
1, H4b; histone cluster 1, H4a; histone 
cluster 4, H4; histone cluster 1, H4n; 

histone cluster 1, H4k; histone cluster 
1, H4j; histone cluster 1, H4i; histone 
cluster 1, H4f; histone cluster 1, H4d; 
histone cluster 1, H4c; histone cluster 

2, H4; histone cluster 1, H4h 
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17439535 3.43 0.00603 0.13 0.83 Bmp3 bone morphogenetic protein 3 

17529099 3.4 0.00052 0.29 0.38 Col12a1 collagen, type XII, alpha 1 

17410031 3.23 0.00092 0.32 0.39 Synpo2 synaptopodin 2 

17291019 3.09 0.00723 0.41 0.6 Hist1h4m 

histone cluster 1, H4m; histone cluster 
1, H4b; histone cluster 1, H4a; histone 
cluster 4, H4; histone cluster 1, H4n; 

histone cluster 1, H4k; histone cluster 
1, H4j; histone cluster 1, H4i; histone 
cluster 1, H4f; histone cluster 1, H4d; 
histone cluster 1, H4c; histone cluster 

2, H4; histone cluster 1, H4h 

17325206 3.07 0.00943 0.26 0.77 Adcy5 adenylate cyclase 5 

17284349 3.06 0.00411 0.13 0.7 Ighm 
immunoglobulin heavy constant mu; 

immunoglobulin heavy chain (X24 
family) 

17458439 3.05 0.04394 1.03 0.66 Gpnmb glycoprotein (transmembrane) nmb 

17326541 2.98 0.0014 0.36 0.37 Vgll3 vestigial like 3 (Drosophila) 

17358724 2.92 0.00328 0.55 0.38 Lipf lipase, gastric 

17520881 2.77 0.00035 0.27 0.27 Gm5627 predicted gene 5627 

17337545 2.75 0.00439 0.63 0.18 Ubd ubiquitin D 

17547505 2.73 0.01693 0.58 0.67 
  

17374488 2.68 0.01193 0.33 0.81 Thbs1 thrombospondin 1 

17470119 2.66 0.00148 0.16 0.41 Ret ret proto-oncogene 

17537592 2.66 0.00615 0.34 0.6 Srpx2 
sushi-repeat-containing protein, X-

linked 2 

17469627 2.65 0.015 0.43 0.71 Oxtr oxytocin receptor 

17543141 2.62 0.0031 0.27 0.45 Mageb18 melanoma antigen family B, 18 

17339574 2.57 0.00671 0.14 0.7 Ehd3 EH-domain containing 3 

17322087 2.54 0.00298 0.35 0.32 Krt79 keratin 79 

17390778 2.49 0.00066 0.28 0.25 Duoxa1 dual oxidase maturation factor 1 

17397575 2.41 0.00153 0.24 0.39 Postn periostin, osteoblast specific factor 

17233669 2.4 0.00308 0.34 0.38 Pcbd1 

pterin 4 alpha carbinolamine 
dehydratase/dimerization cofactor of 

hepatocyte nuclear factor 1 alpha 
(TCF1) 1 

17499739 2.4 0.03381 0.93 0.4 Defa22 defensin, alpha, 22 

17486099 2.38 0.02656 0.63 0.53 Zim1 zinc finger, imprinted 1 

17321474 2.37 0.00238 0.13 0.52 Tuba1a tubulin, alpha 1A 

17292071 2.36 0.0034 0.23 0.4 Nedd9 
neural precursor cell expressed, 

developmentally down-regulated 
gene 9 

17491193 2.36 0.03712 0.69 0.55 Saa3 serum amyloid A 3 

17314682 2.34 0.00257 0.33 0.32 
  

17464573 2.31 0.01754 0.52 0.36 Tfpi2 tissue factor pathway inhibitor 2 

17397907 2.3 0.00936 0.6 0.31 Gm9696 
arylacetamide deacetylase-like 2 

pseudogene 

17313860 2.3 0.03116 0.51 0.73 Mirlet7b 
microRNA let7b; MIRLET7B host gene 

(non-protein coding) 

17352710 2.26 0.01176 0.48 0.4 Mir1901 microRNA 1901 

17498323 2.25 0.0046 0.19 0.49 Tnfrsf23 
tumor necrosis factor receptor 

superfamily, member 23 
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17358777 2.23 0.00112 0.27 0.28 Stambpl1 STAM binding protein like 1 

17227077 2.23 0.0041 0.15 0.4 Prelp 
proline arginine-rich end leucine-rich 

repeat 

17314679 2.23 0.03766 0.65 0.33 B020010K11Rik RIKEN cDNA B020010K11 gene 

17527917 2.22 0.00757 0.33 0.42 B930092H01Rik RIKEN cDNA B930092H01 gene 

17323302 2.19 0.00121 0.11 0.33 Pkp2 plakophilin 2 

17533713 2.18 0.01258 0.46 0.47 Timp1 tissue inhibitor of metalloproteinase 1 

17520425 2.17 0.00234 0.38 0.23 Pcolce2 
procollagen C-endopeptidase 

enhancer 2 

17500662 2.16 0.00284 0.21 0.41 Zdhhc2 zinc finger, DHHC domain containing 2 

17395376 2.16 0.00553 0.37 0.38 LOC102640370 
zinc finger protein 700-like; predicted 

gene 14409 

17378348 2.16 0.00954 0.35 0.44 Trp53inp2 
transformation related protein 53 

inducible nuclear protein 2 

17408015 2.15 0.0406 0.67 0.52 Hist2h3b 

histone cluster 2, H3b; histone cluster 
1, H3e; histone cluster 1, H3b; histone 
cluster 1, H3d; histone cluster 1, H3c; 
histone cluster 1, H3f; histone cluster 

2, H3c2; histone cluster 2, H3c1 

17285546 2.13 0.00478 0.24 0.35 Sfrp4 secreted frizzled-related protein 4 

17506808 2.13 0.0088 0.34 0.42 Trim67 tripartite motif-containing 67 

17520416 2.12 0.00811 0.33 0.66 Paqr9 
progestin and adipoQ receptor family 

member IX 

17341080 2.11 0.00292 0.19 0.36 Thbs2 thrombospondin 2 

17278128 2.11 0.00814 0.48 0.3 Unc79 unc-79 homolog (C. elegans) 

17443901 2.11 0.016 0.08 0.84 Fam20c 
family with sequence similarity 20, 

member C 

17264835 2.1 0.02316 0.36 0.42 Cd68 CD68 antigen 

17397774 2.09 0.00049 0.22 0.25 Tsc22d2 TSC22 domain family, member 2 

17459196 2.09 0.04525 0.71 0.38 Tnip3 TNFAIP3 interacting protein 3 

17543315 2.08 0.02198 0.29 0.54 Asb12 
ankyrin repeat and SOCS box-

containing 12 

17265958 2.07 0.00473 0.2 0.41 Serpinf1 
serine (or cysteine) peptidase 
inhibitor, clade F, member 1 

17324787 2.07 0.04398 0.77 0.35 Tm4sf19 
transmembrane 4 L six family member 

19 

17289196 2.05 0.0045 0.08 0.47 Lhfpl2 lipoma HMGIC fusion partner-like 2 

17481960 2.04 0.00887 0.33 0.41 Arntl 
aryl hydrocarbon receptor nuclear 

translocator-like 

17404269 2.03 0.00738 0.35 0.28 Pde7a phosphodiesterase 7A 

17337735 2.02 0.03521 0.62 0.08 Ptchd4 patched domain containing 4 

17290173 2.01 0.00088 0.1 0.3 Hmgcs1 
3-hydroxy-3-methylglutaryl-Coenzyme 

A synthase 1 

17262316 2.01 0.00493 0.3 0.43 Ltc4s leukotriene C4 synthase 

17301768 2.01 0.01652 0.37 0.56 Hr hairless 

17220475 2 0.01476 0.33 0.48 Dusp10 dual specificity phosphatase 10 

17396971 2 0.0265 0.4 0.66 
  

17378827 1.99 0.00262 0.19 0.38 Lbp lipopolysaccharide binding protein 

17548781 1.98 0.04238 0.71 0.35 
  

17315891 1.97 0.03498 0.59 0.25 Il7r interleukin 7 receptor 

17252497 1.96 0.00109 0.26 0.3 Atp2a3 ATPase, Ca++ transporting, ubiquitous 
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17550524 1.96 0.023 0.62 0.3 Trp53cor1 
tumor protein p53 pathway 

corepressor 1 

17291767 1.95 0.00215 0.24 0.29 Tubb2a tubulin, beta 2A class IIA 

17509069 1.95 0.01473 0.24 0.45 Cyp4v3 
cytochrome P450, family 4, subfamily 

v, polypeptide 3 

17498041 1.95 0.01842 0.26 0.48 Dusp8 dual specificity phosphatase 8 

17228293 1.95 0.03868 0.7 0.17 Cacna1e 
calcium channel, voltage-dependent, 

R type, alpha 1E subunit 

17242177 1.94 0.00242 0.1 0.4 Col6a1 collagen, type VI, alpha 1 

17331720 1.93 0.00703 0.22 0.4 Adamts5 

a disintegrin-like and 
metallopeptidase (reprolysin type) 

with thrombospondin type 1 motif, 5 
(aggrecanase-2) 

17278998 1.92 0.02954 0.55 0.38 
  

17321780 1.91 0.00161 0.27 0.12 Cela1 
chymotrypsin-like elastase family, 

member 1 

17265825 1.91 0.00239 0.2 0.32 Rap1gap2 RAP1 GTPase activating protein 2 

17254041 1.91 0.02365 0.74 0.24 Ccl2 chemokine (C-C motif) ligand 2 

17370455 1.89 0.00819 0.31 0.38 Nek6 
NIMA (never in mitosis gene a)-

related expressed kinase 6 

17483615 1.89 0.01113 0.36 0.34 Itgax integrin alpha X 

17363086 1.88 0.00404 0.23 0.26 Dtx4 deltex 4 homolog (Drosophila) 

17257361 1.86 0.02445 0.56 0.21 Mrc2 mannose receptor, C type 2 

17242150 1.84 0.00536 0.1 0.46 Col6a2 collagen, type VI, alpha 2 

17342101 1.83 0.00156 0.22 0.21 Hn1l 
hematological and neurological 

expressed 1-like 

17431588 1.83 0.00859 0.18 0.52 Ephb2 Eph receptor B2 

17301502 1.82 0.00354 0.27 0.22 Adra1a adrenergic receptor, alpha 1a 

17244997 1.82 0.02897 0.2 0.38 Tph2 tryptophan hydroxylase 2 

17300075 1.82 0.04964 0.59 0.22 A430107P09Rik RIKEN cDNA A430107P09 gene 

17371990 1.81 0.0006 0.21 0.13 Gm13703 predicted gene 13703 

17291195 1.81 0.0067 0.14 0.51 Hist1h2be 
histone cluster 1, H2be; histone 

cluster 1, H2bg; histone cluster 1, 
H2bc; histone cluster 1, H1e 

17388733 1.81 0.00782 0.34 0.21 Cd44 CD44 antigen 

17548193 1.81 0.04234 0.5 0.26 
  

17549588 1.8 0.02463 0.41 0.47 
  

17549860 1.8 0.02463 0.41 0.47 
  

17518512 1.8 0.03389 0.24 0.85 Cilp 
cartilage intermediate layer protein, 
nucleotide pyrophosphohydrolase 

17518962 1.79 0.00363 0.15 0.34 Anxa2 annexin A2 

17286707 1.79 0.01079 0.28 0.4 Gcnt2 
glucosaminyl (N-acetyl) transferase 2, 

I-branching enzyme 

17398406 1.79 0.01465 0.4 0.22 Fam198b 
family with sequence similarity 198, 

member B 

17474547 1.79 0.0148 0.3 0.43 Rtn2 
reticulon 2 (Z-band associated 

protein) 

17253885 1.79 0.01693 0.28 0.25 Adap2 ArfGAP with dual PH domains 2 

17546212 1.79 0.03954 0.41 0.5 G530011O06Rik RIKEN cDNA G530011O06 gene 

17215820 1.78 0.00195 0.15 0.3 Gpc1 glypican 1 

17225413 1.78 0.00544 0.21 0.37 Col6a3 collagen, type VI, alpha 3 
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17462663 1.78 0.00927 0.28 0.32 Mfap5 microfibrillar associated protein 5 

17283463 1.78 0.01689 0.25 0.59 Itpk1 inositol 1,3,4-triphosphate 5/6 kinase 

17431607 1.78 0.02329 0.24 0.29 C1qb 
complement component 1, q 

subcomponent, beta polypeptide 

17337580 1.77 0.00555 0.15 0.32 Olfr111 olfactory receptor 111 

17291803 1.76 0.01615 0.31 0.38 Pxdc1 PX domain containing 1 

17271197 1.76 0.02015 0.33 0.25 Gm11670 predicted gene 11670 

17298262 1.76 0.02438 0.29 0.25 Mustn1 
musculoskeletal, embryonic nuclear 

protein 1 

17534110 1.76 0.02531 0.58 0.28 Gm23613 predicted gene, 23613 

17243525 1.76 0.02585 0.4 0.27 Slc41a2 solute carrier family 41, member 2 

17351330 1.75 0.00209 0.18 0.23 Malt1 
mucosa associated lymphoid tissue 

lymphoma translocation gene 1 

17430861 1.75 0.0139 0.3 0.27 Sesn2 sestrin 2 

17456545 1.74 0.00291 0.21 0.25 Lep leptin 

17299329 1.74 0.00644 0.23 0.33 Lgals3 lectin, galactose binding, soluble 3 

17426076 1.74 0.01291 0.29 0.17 Mup5 major urinary protein 5 

17438584 1.74 0.02274 0.49 0.22 Stap1 
signal transducing adaptor family 

member 1 

17407461 1.73 0.01593 0.25 0.32 Lce1h late cornified envelope 1H 

17383905 1.73 0.01782 0.23 0.32 Slc25a25 
solute carrier family 25 (mitochondrial 

carrier, phosphate carrier), member 
25 

17532879 1.73 0.02637 0.45 0.35 Syp synaptophysin 

17497525 1.73 0.04974 0.63 0.17 Adam8 
a disintegrin and metallopeptidase 

domain 8 

17254300 1.72 0.00138 0.15 0.26 Wfdc21 WAP four-disulfide core domain 21 

17231925 1.72 0.00402 0.2 0.22 Map7 microtubule-associated protein 7 

17305034 1.72 0.00608 0.09 0.29 Sncg synuclein, gamma 

17399647 1.72 0.02693 0.22 0.39 Gm24185 predicted gene, 24185 

17535208 1.71 0.00139 0.1 0.26 Fmr1 
fragile X mental retardation syndrome 

1 

17283380 1.71 0.00971 0.18 0.33 Fbln5 fibulin 5 

17509537 1.71 0.01191 0.28 0.46 Palld 
palladin, cytoskeletal associated 

protein 

17230484 1.71 0.016 0.32 0.27 Ephx1 epoxide hydrolase 1, microsomal 

17287866 1.71 0.0229 0.16 0.45 1700066J03Rik RIKEN cDNA 1700066J03 gene 

17546101 1.7 0.01132 0.35 0.21 Tlr8 toll-like receptor 8 

17230725 1.7 0.04326 0.4 0.51 1-Mar 
mitochondrial amidoxime reducing 

component 1 

17219171 1.69 0.00911 0.26 0.34 Sh2d1b1 SH2 domain protein 1B1 

17462451 1.69 0.01473 0.21 0.41 Slc6a13 
solute carrier family 6 

(neurotransmitter transporter, GABA), 
member 13 

17433898 1.69 0.04739 0.44 0.46 
  

17351282 1.68 0.0006 0.18 0.1 Nedd4l 
neural precursor cell expressed, 

developmentally down-regulated 
gene 4-like 

17396638 1.68 0.00098 0.21 0.14 Skil SKI-like 

17310237 1.68 0.01744 0.19 0.43 Ugt3a2 
UDP glycosyltransferases 3 family, 

polypeptide A2 
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17543396 1.68 0.03417 0.47 0.08 Eda2r ectodysplasin A2 receptor 

17548532 1.68 0.03683 0.48 0.34 
  

17233993 1.68 0.03857 0.64 0.11 Egr2 early growth response 2 

17325540 1.67 0.01165 0.31 0.11 Gpr156 G protein-coupled receptor 156 

17369379 1.67 0.02045 0.09 0.42 Hmcn2 hemicentin 2 

17509944 1.67 0.0309 0.23 0.71 Ncan neurocan 

17217116 1.66 0.00428 0.17 0.24 Rab29 RAB29, member RAS oncogene family 

17546244 1.66 0.01925 0.39 0.38 
  

17518278 1.66 0.02708 0.16 0.74 Lctl lactase-like 

17400365 1.66 0.02927 0.41 0.31 Ctsk cathepsin K 

17344064 1.65 0.00629 0.28 0.2 Cfb 
complement factor B; predicted gene 

20547 

17525288 1.65 0.00762 0.04 0.36 Tmem45b transmembrane protein 45b 

17255602 1.65 0.00879 0.34 0.06 Mir10a microRNA 10a 

17229851 1.65 0.01459 0.37 0.18 Casq1 calsequestrin 1 

17284498 1.65 0.03951 0.43 0.34 Ighv10-1 immunoglobulin heavy variable 10-1 

17402305 1.64 0.00608 0.23 0.28 Bcar3 
breast cancer anti-estrogen resistance 

3 

17437529 1.64 0.01168 0.29 0.23 Stim2 stromal interaction molecule 2 

17397932 1.64 0.01337 0.25 0.22 Sucnr1 succinate receptor 1 

17333292 1.64 0.02206 0.11 0.43 Slc22a2 
solute carrier family 22 (organic cation 

transporter), member 2 

17306477 1.64 0.02566 0.11 0.51 Slc7a8 
solute carrier family 7 (cationic amino 
acid transporter, y+ system), member 

8 

17234647 1.64 0.02784 0.29 0.29 Itgb2 integrin beta 2 

17273804 1.63 0.00402 0.19 0.21 Gm6682 tubulin, alpha 1C pseudogene 

17411201 1.63 0.00984 0.33 0.1 Nexn nexilin 

17485609 1.63 0.01205 0.26 0.22 
  

17548750 1.63 0.01311 0.37 0.31 
  

17250775 1.63 0.01943 0.15 0.32 Trim16 tripartite motif-containing 16 

17400549 1.63 0.02122 0.46 0.28 Hist2h3c1 histone cluster 2, H3c1 

17434973 1.62 0.00015 0.07 0.14 Sema3c 
sema domain, immunoglobulin 

domain (Ig), short basic domain, 
secreted, (semaphorin) 3C 

17498360 1.62 0.00075 0.18 0.06 Mrgprg MAS-related GPR, member G 

17287536 1.62 0.00331 0.19 0.23 Tspan17 tetraspanin 17 

17316043 1.62 0.00357 0.05 0.26 Npr3 natriuretic peptide receptor 3 

17474869 1.62 0.01042 0.35 0.08 Vmn1r180 vomeronasal 1 receptor 180 

17539058 1.62 0.02677 0.44 0.2 Gm25257 
predicted gene, 25257; predicted 

gene, 24268 

17242842 1.62 0.02699 0.18 0.68 Gamt guanidinoacetate methyltransferase 

17531181 1.62 0.04342 0.52 0.25 
  

17406482 1.61 0.00129 0.11 0.19 Cd1d1 CD1d1 antigen 

17258738 1.61 0.00453 0.21 0.31 9-Sep septin 9 

17395091 1.61 0.00991 0.22 0.35 Pmepa1 
prostate transmembrane protein, 

androgen induced 1 

17459656 1.61 0.01838 0.27 0.22 Capg capping protein (actin filament), 
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gelsolin-like 

17390879 1.61 0.01881 0.19 0.35 Fbn1 fibrillin 1 

17461807 1.61 0.03421 0.32 0.28 Irak2 
interleukin-1 receptor-associated 

kinase 2 

17229658 1.61 0.04161 0.24 0.34 Fcer1g 
Fc receptor, IgE, high affinity I, gamma 

polypeptide 

17455600 1.61 0.04399 0.58 0.57 D730045B01Rik RIKEN cDNA D730045B01 gene 

17548998 1.6 0.00807 0.21 0.28 
  

17393738 1.6 0.03239 0.36 0.22 
  

17335506 1.6 0.03292 0.38 0.46 Pi16 peptidase inhibitor 16 

17502378 1.59 8.5E-05 0.11 0.07 Tpm4 tropomyosin 4 

17520290 1.59 0.00116 0.1 0.18 Gm5620 predicted gene 5620 

17363407 1.59 0.00225 0.2 0.12 Anxa1 annexin A1 

17311551 1.59 0.00409 0.17 0.27 Col14a1 collagen, type XIV, alpha 1 

17274099 1.59 0.00486 0.11 0.29 Fam49a 
family with sequence similarity 49, 

member A 

17371993 1.59 0.0059 0.1 0.31 LOC102632438 
uncharacterized LOC102632438; 

predicted gene 13709 

17368569 1.59 0.00927 0.15 0.34 Col5a1 collagen, type V, alpha 1 

17503650 1.59 0.01169 0.24 0.51 Nkd1 naked cuticle 1 homolog (Drosophila) 

17535558 1.59 0.01456 0.15 0.31 Bgn biglycan 

17548358 1.59 0.01641 0.32 0.27 
  

17548692 1.59 0.01641 0.32 0.27 
  

17378035 1.58 0.00418 0.25 0.21 Bpifb6 
BPI fold containing family B, member 

6 

17358274 1.58 0.00961 0.33 0.18 Dock8 dedicator of cytokinesis 8 

17250585 1.58 0.0332 0.24 0.4 Mfap4 microfibrillar-associated protein 4 

17391544 1.57 0.00035 0.09 0.16 Ckap2l cytoskeleton associated protein 2-like 

17533223 1.57 0.01841 0.37 0.13 
  

17375244 1.57 0.04523 0.36 0.18 Map1a microtubule-associated protein 1 A 

17291211 1.56 0.00268 0.11 0.21 Hfe hemochromatosis 

17429586 1.56 0.01115 0.2 0.26 
  

17549472 1.56 0.0125 0.36 0.33 
  

17549616 1.56 0.0125 0.36 0.33 
  

17354367 1.56 0.01406 0.27 0.18 Lox lysyl oxidase 

17216458 1.56 0.01447 0.37 0.12 Serpinb2 
serine (or cysteine) peptidase 
inhibitor, clade B, member 2 

17459398 1.56 0.03674 0.48 0.16 Igkv3-7 immunoglobulin kappa variable 3-7 

17400555 1.55 0.00189 0.2 0.14 Hist2h3c1 

histone cluster 2, H3c1; histone 
cluster 2, H3b; histone cluster 1, H3e; 
histone cluster 1, H3b; histone cluster 
1, H3d; histone cluster 1, H3c; histone 
cluster 1, H3f; histone cluster 2, H3c2 

17237937 1.55 0.00371 0.22 0.16 B4galnt1 
beta-1,4-N-acetyl-galactosaminyl 

transferase 1 

17451568 1.55 0.00475 0.22 0.13 Gltp glycolipid transfer protein 

17211286 1.55 0.00843 0.19 0.21 Ly96 lymphocyte antigen 96 

17290695 1.55 0.02023 0.24 0.27 
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17373680 1.55 0.02096 0.17 0.32 Pamr1 
peptidase domain containing 

associated with muscle regeneration 1 

17310395 1.55 0.02919 0.28 0.31 Gm5144 predicted gene 5144 

17538161 1.54 0.00302 0.22 0.14 Prps1 
phosphoribosyl pyrophosphate 

synthetase 1 

17349433 1.54 0.00348 0.17 0.16 Kif20a kinesin family member 20A 

17262887 1.54 0.00559 0.13 0.31 Anxa6 annexin A6 

17257221 1.54 0.00667 0.35 0.15 Myl4 myosin, light polypeptide 4 

17535600 1.54 0.00835 0.17 0.24 Dusp9 dual specificity phosphatase 9 

17547871 1.54 0.01656 0.23 0.19 
  

17466599 1.54 0.0166 0.21 0.23 Rarres2 
retinoic acid receptor responder 

(tazarotene induced) 2 

17549584 1.54 0.01674 0.26 0.15 
  

17549854 1.54 0.01674 0.26 0.15 
  

17460891 1.54 0.02089 0.17 0.32 Fbln2 fibulin 2 

17489304 1.54 0.02982 0.22 0.41 Ffar2 free fatty acid receptor 2 

17254053 1.54 0.03264 0.09 0.4 Ccl11 chemokine (C-C motif) ligand 11 

17255058 1.54 0.03396 0.21 0.24 Tmem100 transmembrane protein 100 

17301968 1.54 0.03528 0.36 0.16 Lcp1 lymphocyte cytosolic protein 1 

17549576 1.54 0.04665 0.37 0.38 
  

17352763 1.53 0.00736 0.16 0.27 Ankrd29 ankyrin repeat domain 29 

17362453 1.53 0.01117 0.08 0.34 Slc3a2 
solute carrier family 3 (activators of 

dibasic and neutral amino acid 
transport), member 2 

17549410 1.53 0.01466 0.17 0.29 
  

17549788 1.53 0.01466 0.17 0.29 
  

17493772 1.53 0.02185 0.24 0.23 Dnajb13 
DnaJ (Hsp40) related, subfamily B, 

member 13 

17297227 1.53 0.02468 0.24 0.3 Slc4a7 
solute carrier family 4, sodium 

bicarbonate cotransporter, member 7 

17528456 1.53 0.02574 0.19 0.4 Tln2 talin 2 

17257651 1.53 0.0274 0.26 0.14 LOC102640379 
uncharacterized LOC102640379; 

predicted gene 11716 

17499447 1.53 0.02953 0.19 0.34 Arhgef10 
Rho guanine nucleotide exchange 

factor (GEF) 10 

17493869 1.53 0.02958 0.33 0.25 P2ry6 
pyrimidinergic receptor P2Y, G-

protein coupled, 6 

17406492 1.53 0.03115 0.26 0.35 Kirrel kin of IRRE like (Drosophila) 

17512611 1.53 0.04759 0.42 0.24 Dpep2 dipeptidase 2 

17544385 1.52 0.00293 0.25 0.08 Tspan6 tetraspanin 6 

17355026 1.52 0.00683 0.18 0.22 Atp8b1 ATPase, class I, type 8B, member 1 

17219554 1.52 0.00917 0.18 0.24 Igsf9 
immunoglobulin superfamily, member 

9 

17492314 1.52 0.01268 0.19 0.41 Mfge8 milk fat globule-EGF factor 8 protein 

17309172 1.52 0.018 0.13 0.24 Mycbp2 MYC binding protein 2 

17541703 1.52 0.01839 0.25 0.15 Mir18b microRNA 18b 

17300177 1.52 0.02062 0.19 0.19 Traj37 
T cell receptor alpha joining 37; T cell 

receptor alpha variable 7D-4 

17431619 1.51 0.00332 0.14 0.17 C1qa 
complement component 1, q 

subcomponent, alpha polypeptide 
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17363559 1.51 0.00682 0.18 0.26 Fam189a2 
family with sequence similarity 189, 

member A2 

17517132 1.51 0.01906 0.24 0.32 Cryab crystallin, alpha B 

17538704 1.51 0.02434 0.15 0.38 Phf8 PHD finger protein 8 

17251303 1.51 0.02591 0.27 0.23 Pik3r5 
phosphoinositide-3-kinase, regulatory 

subunit 5, p101 

17440575 1.51 0.03089 0.3 0.36 Chek2 checkpoint kinase 2 

17531256 1.51 0.03213 0.25 0.25 Gm24259 predicted gene, 24259 

17514255 -1.51 0.00356 0.05 0.25 Gm26397 predicted gene, 26397 

17214672 -1.51 0.00456 0.28 0.19 Mogat1 monoacylglycerol O-acyltransferase 1 

17526881 -1.51 0.00841 0.06 0.31 Dixdc1 DIX domain containing 1 

17380199 -1.51 0.0258 0.22 0.34 Rbm38 RNA binding motif protein 38 

17397550 -1.51 0.03362 0.15 0.3 Gm23675 predicted gene, 23675 

17424054 -1.52 0.00162 0.12 0.16 Gm6297 predicted gene 6297 

17459421 -1.52 0.00188 0.18 0.16 Igkj5 immunoglobulin kappa joining 5 

17517215 -1.52 0.00273 0.19 0.16 LOC102635638 
uncharacterized LOC102635638; 
RIKEN cDNA 2010007H06 gene 

17229020 -1.52 0.0045 0.13 0.27 Fmo1 flavin containing monooxygenase 1 

17278209 -1.52 0.00724 0.25 0.11 Ppp4r4 
protein phosphatase 4, regulatory 

subunit 4 

17519649 -1.52 0.00977 0.27 0.17 Gsta4 glutathione S-transferase, alpha 4 

17413000 -1.52 0.00994 0.17 0.33 Gm3893 

predicted gene 3893; protein 
FAM205A-like; predicted gene 2163; 

predicted gene, 21075; predicted 
gene, 21093; predicted gene 13306; 
predicted gene 3892; predicted gene 
10593; predicted gene 7819; RIKEN 
cDNA 4933409K07 gene; predicted 
gene, 21158; predicted gene 3883; 
chemokine (C-C motif) ligand 27A; 

predicted gene 10600; predicted gene 
10590; predicted pseudogene 5859; 

predicted gene 12429; predicted gene 
2192; predicted gene, 21598; 

predicted gene, 20938; predicted 
gene 13298; predicted gene 13303; 

predicted gene 13302; predicted 
pseudogene 10601; predicted gene 

13301 

17370343 -1.52 0.01242 0.11 0.46 Olfr347 olfactory receptor 347 

17418519 -1.52 0.02039 0.03 0.44 Oscp1 
organic solute carrier partner 1; 
uncharacterized LOC102643079 

17372797 -1.52 0.02475 0.23 0.4 Olfr1034 olfactory receptor 1034 

17265552 -1.52 0.03762 0.36 0.29 Gm22927 predicted gene, 22927 

17485713 -1.52 0.04521 0.36 0.24 Gp6 glycoprotein 6 (platelet) 

17434251 -1.52 0.04567 0.29 0.37 LOC100862324 

protein FAM205A-like; predicted 
gene, 21598; predicted gene, 20938; 

predicted gene 13298; predicted gene 
12429 

17317056 -1.53 0.00019 0.15 0.02 Enpp2 
ectonucleotide 

pyrophosphatase/phosphodiesterase 
2 

17509642 -1.53 0.00045 0.11 0.16 Klhl2 kelch-like 2, Mayven 
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17496354 -1.53 0.00417 0.2 0.14 Sult1a1 
sulfotransferase family 1A, phenol-

preferring, member 1 

17409858 -1.53 0.00862 0.33 0.23 Rwdd3 RWD domain containing 3 

17404750 -1.53 0.01584 0.14 0.3 Mccc1 
methylcrotonoyl-Coenzyme A 

carboxylase 1 (alpha) 

17404935 -1.53 0.01731 0.23 0.28 Gm22899 predicted gene, 22899 

17447825 -1.53 0.02204 0.22 0.31 Gm16015 predicted gene 16015 

17284037 -1.53 0.02372 0.14 0.33 Mpc1 
mitochondrial pyruvate carrier 1; 
mitochondrial pyruvate carrier 1, 

pseudogene 

17339501 -1.53 0.02547 0.31 0.48 Gm22858 predicted gene, 22858 

17411252 -1.53 0.02609 0.19 0.4 St6galnac5 

ST6 (alpha-N-acetyl-neuraminyl-2,3-
beta-galactosyl-1,3)-N-

acetylgalactosaminide alpha-2,6-
sialyltransferase 5 

17252689 -1.53 0.02906 0.28 0.25 Spata22 spermatogenesis associated 22 

17508544 -1.53 0.0423 0.18 0.32 Adrb3 adrenergic receptor, beta 3 

17344086 -1.54 0.00048 0.12 0.13 C2 
complement component 2 (within H-

2S); predicted gene 20547 

17347913 -1.54 0.00328 0.15 0.22 4833418N02Rik RIKEN cDNA 4833418N02 gene 

17319091 -1.54 0.00467 0.15 0.26 Lgals2 lectin, galactose-binding, soluble 2 

17477897 -1.54 0.0056 0.23 0.14 Bcat2 
branched chain aminotransferase 2, 

mitochondrial 

17262250 -1.54 0.00749 0.19 0.16 Tgtp2 
T cell specific GTPase 2; T cell specific 

GTPase 1 

17285907 -1.54 0.00877 0.13 0.24 Slc17a3 
solute carrier family 17 (sodium 

phosphate), member 3 

17434158 -1.54 0.01409 0.19 0.39 Gm3893 

predicted gene 3893; protein 
FAM205A-like; predicted gene 2163; 

predicted gene, 21075; predicted 
gene, 21093; predicted gene 10600; 

predicted gene 13306; predicted gene 
3892; predicted gene 10593; 

predicted gene 7819; predicted 
pseudogene 5859; RIKEN cDNA 

4933409K07 gene; predicted gene, 
21158; predicted gene 3883; 

predicted gene 13303; predicted gene 
13302; predicted pseudogene 10601; 
predicted gene 10590; chemokine (C-
C motif) ligand 27A; predicted gene 

13301 

17441808 -1.54 0.03623 0.07 0.54 Gm26205 predicted gene, 26205 

17461060 -1.55 7.6E-05 0.09 0.09 9530026P05Rik RIKEN cDNA 9530026P05 gene 

17550426 -1.55 0.00033 0.11 0.12 Neat1 
nuclear paraspeckle assembly 

transcript 1 (non-protein coding) 

17433934 -1.55 0.00042 0.14 0.08 Gm16008 
predicted gene 16008; predicted gene 

10560 

17408805 -1.55 0.00062 0.15 0.13 Wnt2b 
wingless-type MMTV integration site 

family, member 2B 

17442413 -1.55 0.0013 0.09 0.19 Ccdc62 coiled-coil domain containing 62 

17302928 -1.55 0.00924 0.14 0.26 AA536875 expressed sequence AA536875 

17299414 -1.55 0.01581 0.31 0.13 Gm6498 
glyceraldehyde-3-phosphate 
dehydrogenase pseudogene 

17495318 -1.55 0.02 0.22 0.18 
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17362984 -1.55 0.02022 0.26 0.25 Gm24599 predicted gene, 24599 

17499946 -1.56 1.2E-05 0.1 0.04 Gm17491 predicted gene, 17491 

17274875 -1.56 0.00036 0.1 0.15 Nampt 
nicotinamide 

phosphoribosyltransferase 

17484587 -1.56 0.0005 0.16 0.04 Cyp2e1 
cytochrome P450, family 2, subfamily 

e, polypeptide 1 

17337142 -1.56 0.00173 0.07 0.22 H2-Q10 histocompatibility 2, Q region locus 10 

17313376 -1.56 0.00352 0.14 0.25 Tef thyrotroph embryonic factor 

17434236 -1.56 0.00912 0.21 0.3 LOC100041536 

protein FAM205A-like; predicted gene 
2163; predicted gene 3892; predicted 

gene 10593; predicted gene 7819; 
predicted gene 3893; predicted gene, 

21158; predicted gene, 21093; 
predicted gene 3883; predicted gene 

12429; RIKEN cDNA 4933409K07 
gene; predicted gene 2192; predicted 
gene, 21075; chemokine (C-C motif) 
ligand 27A; predicted gene, 21598; 
predicted gene, 20938; predicted 

gene 13298; predicted gene 13303; 
predicted gene 10600; predicted gene 
13302; predicted pseudogene 10601; 
predicted gene 13306; predicted gene 

10590; predicted pseudogene 5859 

17351457 -1.56 0.01277 0.22 0.23 Cidea 
cell death-inducing DNA 

fragmentation factor, alpha subunit-
like effector A 

17238912 -1.56 0.01775 0.32 0.08 
  

17310259 -1.56 0.02064 0.23 0.29 Prlr prolactin receptor 

17250530 -1.56 0.03012 0.2 0.23 LOC102639276 
uncharacterized LOC102639276; 

predicted gene, 26534 

17477968 -1.57 0.00178 0.07 0.25 Car11 carbonic anhydrase 11 

17318312 -1.57 0.00489 0.15 0.22 Nrbp2 nuclear receptor binding protein 2 

17374648 -1.57 0.01836 0.29 0.1 Ivd isovaleryl coenzyme A dehydrogenase 

17456772 -1.57 0.02487 0.17 0.4 Strip2 striatin interacting protein 2 

17512153 -1.57 0.0466 0.11 0.45 Cdh11 cadherin 11 

17274021 -1.58 0.00194 0.2 0.11 Osr1 odd-skipped related 1 (Drosophila) 

17396020 -1.58 0.00236 0.23 0.12 LOC102634900 
uncharacterized LOC102634900; 

predicted gene, 16685; 
uncharacterized LOC100036513 

17388454 -1.58 0.01297 0.21 0.17 Cd82 CD82 antigen 

17276660 -1.58 0.02101 0.43 0.13 Gm24775 predicted gene, 24775 

17298155 -1.58 0.02447 0.37 0.1 Chdh choline dehydrogenase 

17282920 -1.58 0.02814 0.22 0.36 Gm16381 predicted gene 16381 

17495309 -1.59 9.9E-05 0.05 0.14 4933406I18Rik RIKEN cDNA 4933406I18 gene 

17231174 -1.59 0.00022 0.14 0.1 Syt14 synaptotagmin XIV 

17449562 -1.59 0.00136 0.15 0.18 Rassf6 
Ras association (RalGDS/AF-6) domain 

family member 6 

17400519 -1.59 0.00244 0.13 0.26 Gm22027 predicted gene, 22027 

17330451 -1.59 0.00268 0.23 0.16 4932412D23Rik RIKEN cDNA 4932412D23 gene 

17428217 -1.59 0.00649 0.03 0.28 Cdkn2c 
cyclin-dependent kinase inhibitor 2C 

(p18, inhibits CDK4) 
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17277146 -1.59 0.01195 0.36 0.18 Acot4 acyl-CoA thioesterase 4 

17430307 -1.59 0.01374 0.28 0.21 Hpca hippocalcin 

17538590 -1.59 0.01601 0.15 0.35 Pfkfb1 
6-phosphofructo-2-kinase/fructose-

2,6-biphosphatase 1 

17237762 -1.59 0.0208 0.25 0.17 Avpr1a arginine vasopressin receptor 1A 

17460826 -1.59 0.02131 0.18 0.33 Klf15 Kruppel-like factor 15 

17536420 -1.59 0.02155 0.27 0.22 Gpr165 G protein-coupled receptor 165 

17273056 -1.59 0.02625 0.27 0.29 2900052L18Rik RIKEN cDNA 2900052L18 gene 

17224878 -1.59 0.03813 0.06 0.37 Irs1 insulin receptor substrate 1 

17284904 -1.6 4.6E-05 0.11 0.08 Gm23084 predicted gene, 23084 

17488117 -1.6 0.0005 0.06 0.19 LOC102632321 
uncharacterized LOC102632321; 

predicted gene 15883 

17239874 -1.6 0.00084 0.06 0.21 Gm26167 predicted gene, 26167 

17375538 -1.6 0.00102 0.18 0.1 Sqrdl sulfide quinone reductase-like (yeast) 

17334147 -1.6 0.00396 0.3 0.16 Mir5125 microRNA 5125 

17331173 -1.6 0.00405 0.18 0.19 St3gal6 
ST3 beta-galactoside alpha-2,3-

sialyltransferase 6 

17413075 -1.6 0.01199 0.18 0.4 Gm3893 

predicted gene 3893; protein 
FAM205A-like; predicted gene 2163; 

predicted gene, 21075; predicted 
gene, 21093; predicted gene 10600; 

predicted gene 13306; predicted gene 
3892; predicted gene 10593; 

predicted gene 7819; predicted 
pseudogene 5859; predicted 

pseudogene 10601; RIKEN cDNA 
4933409K07 gene; predicted gene, 

21158; predicted gene 3883; 
chemokine (C-C motif) ligand 27A; 

predicted gene 13303; predicted gene 
13302; predicted gene 10590 

17303400 -1.6 0.04239 0.15 0.47 Pdhb 
pyruvate dehydrogenase (lipoamide) 

beta 

17361805 -1.61 0.00054 0.13 0.12 Neat1 
nuclear paraspeckle assembly 

transcript 1 (non-protein coding) 

17412962 -1.61 0.01049 0.17 0.39 Gm3893 

predicted gene 3893; protein 
FAM205A-like; predicted gene 2163; 

predicted gene, 21075; predicted 
gene, 21093; predicted gene 10600; 

predicted gene 13306; predicted gene 
3892; predicted gene 10593; 

predicted gene 7819; predicted 
pseudogene 5859; RIKEN cDNA 

4933409K07 gene; predicted gene, 
21158; predicted gene 3883; 

chemokine (C-C motif) ligand 27A; 
predicted gene 13303; predicted gene 
13302; predicted pseudogene 10601; 

predicted gene 10590 

17426563 -1.61 0.01849 0.31 0.16 Gm24170 predicted gene, 24170 

17329622 -1.61 0.04563 0.29 0.37 n-R5s32 nuclear encoded rRNA 5S 32 

17274889 -1.62 0.0002 0.17 0.07 Gdap10 
ganglioside-induced differentiation-

associated-protein 10 

17235018 -1.62 0.00078 0.21 0.06 Cfd complement factor D (adipsin) 

17211405 -1.62 0.0034 0.21 0.14 Gsta3 glutathione S-transferase, alpha 3 
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17260438 -1.62 0.01032 0.24 0.4 Gm24313 predicted gene, 24313 

17311312 -1.62 0.02342 0.29 0.32 Gm17473 predicted gene, 17473 

17415134 -1.63 0.00818 0.28 0.2 Gm26069 predicted gene, 26069 

17530503 -1.63 0.01507 0.24 0.24 Col6a6 collagen, type VI, alpha 6 

17412952 -1.63 0.01976 0.21 0.39 Gm21075 

predicted gene, 21075; protein 
FAM205A-like; predicted gene, 21093; 

predicted gene 13301; RIKEN cDNA 
4933409K07 gene; predicted gene 

3893; predicted gene, 21158; 
predicted gene 2163; predicted gene 
3883; chemokine (C-C motif) ligand 

27A; predicted gene 10600; predicted 
gene 13306; predicted gene 3892; 

predicted gene 10593; predicted gene 
7819; predicted gene 10590; 
predicted pseudogene 5859 

17511693 -1.63 0.0323 0.35 0.22 Ces1d carboxylesterase 1D 

17244705 -1.64 0.00214 0.23 0.06 Acss3 
acyl-CoA synthetase short-chain 

family member 3 

17364208 -1.64 0.00467 0.29 0.16 Ppp1r3c 
protein phosphatase 1, regulatory 

(inhibitor) subunit 3C 

17370334 -1.64 0.00822 0.32 0.22 Olfr342 olfactory receptor 342 

17413158 -1.64 0.00908 0.3 0.23 Gm10590 predicted gene 10590 

17545741 -1.64 0.01142 0.14 0.37 Pdha1 pyruvate dehydrogenase E1 alpha 1 

17234436 -1.64 0.01812 0.11 0.46 Chchd10 
coiled-coil-helix-coiled-coil-helix 

domain containing 10 

17232763 -1.65 0.0012 0.07 0.27 Ddo D-aspartate oxidase 

17216127 -1.65 0.00787 0.23 0.22 
  

17411892 -1.65 0.02187 0.3 0.29 Rbm12b1 RNA binding motif protein 12 B1 

17393752 -1.65 0.02832 0.17 0.34 LOC102637388 
uncharacterized LOC102637388; 

predicted gene 14286 

17303204 -1.65 0.04087 0.36 0.17 
  

17238689 -1.66 0.00557 0.15 0.22 Olfr808 olfactory receptor 808 

17224724 -1.66 0.01018 0.21 0.33 BC035947 cDNA sequence BC035947 

17547658 -1.66 0.01945 0.23 0.34 
  

17330463 -1.67 0.02956 0.39 0.37 Gm19522 predicted gene, 19522 

17541227 -1.67 0.03066 0.25 0.44 Gm26437 predicted gene, 26437 

17543376 -1.67 0.03804 0.25 0.3 Hsf3 heat shock transcription factor 3 

17328842 -1.68 0.00037 0.2 0.08 Prodh proline dehydrogenase 

17309832 -1.68 0.00181 0.11 0.27 C6 complement component 6 

17315002 -1.68 0.00207 0.13 0.22 Mettl7a1 methyltransferase like 7A1 

17404337 -1.68 0.0068 0.19 0.38 Cpa3 carboxypeptidase A3, mast cell 

17450196 -1.68 0.00766 0.32 0.21 Agpat9 
1-acylglycerol-3-phosphate O-
acyltransferase 9; RIKEN cDNA 

4930458D05 gene 

17499748 -1.68 0.00889 0.35 0.22 Gm15293 predicted gene 15293 

17326567 -1.69 0.01996 0.07 0.48 Gbe1 
glucan (1,4-alpha-), branching enzyme 

1 

17515478 -1.71 0.00564 0.34 0.13 Bmper BMP-binding endothelial regulator 

17288014 -1.71 0.00771 0.08 0.31 Gm24594 predicted gene, 24594 
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17436627 -1.71 0.02255 0.45 0.06 Gm22847 predicted gene, 22847 

17520288 -1.71 0.04253 0.65 0.5 Gm22866 predicted gene, 22866 

17396260 -1.72 8.2E-05 0.16 0.08 Cp ceruloplasmin 

17329833 -1.72 0.00046 0.19 0.11 Fbxo45 F-box protein 45 

17211174 -1.72 0.00367 0.22 0.18 A830018L16Rik RIKEN cDNA A830018L16 gene 

17491745 -1.72 0.0104 0.2 0.43 Mir344f microRNA Mir344f 

17409873 -1.72 0.04056 0.2 0.58 Tmem56 transmembrane protein 56 

17413061 -1.73 0.00774 0.17 0.36 LOC102640144 
protein FAM205A-like; predicted gene 

13306 

17230127 -1.73 0.01876 0.32 0.47 Grem2 
gremlin 2 homolog, cysteine knot 

superfamily (Xenopus laevis) 

17334666 -1.74 0.00044 0.09 0.2 Tpsb2 tryptase beta 2 

17249724 -1.76 0.00949 0.39 0.33 Gm24198 predicted gene, 24198 

17298126 -1.76 0.02815 0.22 0.49 Lrtm1 
leucine-rich repeats and 

transmembrane domains 1 

17443185 -1.77 0.00443 0.24 0.28 Mlxipl MLX interacting protein-like 

17306960 -1.77 0.01394 0.45 0.14 Mcpt4 mast cell protease 4 

17433328 -1.78 0.00592 0.29 0.35 Per3 period circadian clock 3 

17320666 -1.79 0.00165 0.2 0.23 Slc2a13 
solute carrier family 2 (facilitated 
glucose transporter), member 13 

17434163 -1.79 0.00239 0.23 0.22 
  

17373594 -1.8 0.0334 0.52 0.18 Gm23487 predicted gene, 23487 

17395368 -1.8 0.04155 0.37 0.46 
  

17392472 -1.81 0.00078 0.19 0.17 Ralgapa2 
Ral GTPase activating protein, alpha 

subunit 2 (catalytic) 

17360863 -1.81 0.00291 0.22 0.18 E330013P04Rik RIKEN cDNA E330013P04 gene 

17442719 -1.81 0.04962 0.18 0.66 Aacs acetoacetyl-CoA synthetase 

17378858 -1.82 0.011 0.42 0.34 Gm25129 predicted gene, 25129 

17500756 -1.82 0.01458 0.42 0.13 Gm16348 
predicted gene 16348; 

uncharacterized LOC102640962 

17298183 -1.85 0.04412 0.11 0.62 Tkt transketolase 

17427970 -1.86 0.00028 0.15 0.16 Podn podocan 

17379606 -1.86 0.0009 0.11 0.23 Mmp9 matrix metallopeptidase 9 

17544687 -1.86 0.00729 0.3 0.32 Mir1970 microRNA 1970 

17482230 -1.87 0.00574 0.26 0.37 Acsm5 
acyl-CoA synthetase medium-chain 

family member 5 

17357460 -1.88 0.00063 0.2 0.2 Fads1 fatty acid desaturase 1 

17278305 -1.9 0.00592 0.25 0.39 Serpina3j 

serine (or cysteine) peptidase 
inhibitor, clade A (alpha-1 

antiproteinase, antitrypsin), member 
3J 

17467062 -1.9 0.0134 0.28 0.44 Inmt indolethylamine N-methyltransferase 

17452562 -1.9 0.01553 0.37 0.17 AI480526 expressed sequence AI480526 

17549612 -1.91 0.0044 0.23 0.28 Gm19537 predicted gene, 19537 

17549474 -1.91 0.00594 0.27 0.27 Gm19537 predicted gene, 19537 

17376805 -1.91 0.00758 0.37 0.2 Ankef1 
ankyrin repeat and EF-hand domain 

containing 1 

17387644 -1.92 0.01767 0.36 0.42 Olfr1044 olfactory receptor 1044 

17439037 -1.92 0.04757 0.18 0.73 Parm1 prostate androgen-regulated mucin-
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like protein 1 

17287066 -1.93 0.00051 0.06 0.28 Rnf144b ring finger protein 144B 

17287414 -1.96 0.0016 0.27 0.16 Sfxn1 sideroflexin 1 

17496763 -1.96 0.02207 0.32 0.38 Stx1b syntaxin 1B 

17473957 -1.97 0.00898 0.35 0.41 Gm24701 predicted gene, 24701 

17511731 -2 0.02037 0.51 0.28 Ces1f carboxylesterase 1F 

17370897 -2 0.04669 0.09 0.68 Gpd2 
glycerol phosphate dehydrogenase 2, 

mitochondrial 

17232152 -2.01 0.00484 0.33 0.22 Vnn3 vanin 3 

17315860 -2.01 0.01181 0.3 0.4 Slc1a3 
solute carrier family 1 (glial high 
affinity glutamate transporter), 

member 3 

17231229 -2.03 0.00137 0.33 0.16 Hsd11b1 
hydroxysteroid 11-beta 

dehydrogenase 1 

17290242 -2.1 0.00075 0.29 0.17 Net1 
neuroepithelial cell transforming gene 

1 

17446793 -2.12 0.01213 0.12 0.56 Slc5a6 
solute carrier family 5 (sodium-

dependent vitamin transporter), 
member 6 

17315686 -2.13 0.01488 0.3 0.44 C7 complement component 7 

17240665 -2.13 0.0212 0.29 0.49 Gm26016 predicted gene, 26016 

17222825 -2.13 0.0243 0.38 0.47 Nabp1 nucleic acid binding protein 1 

17470829 -2.15 0.0282 0.42 0.45 Rnu7 
U7 small nuclear RNA; gene rich 

cluster, C10 gene 

17449417 -2.16 0.00616 0.14 0.7 Sult1e1 sulfotransferase family 1E, member 1 

17530540 -2.17 0.02655 0.38 0.55 Col6a5 collagen, type VI, alpha 5 

17402165 -2.2 0.00241 0.38 0.2 A530020G20Rik RIKEN cDNA A530020G20 gene 

17467474 -2.21 0.01123 0.29 0.55 Igkv5-48 
immunoglobulin kappa variable 5-48; 
immunoglobulin kappa chain complex 

17411492 -2.22 0.00161 0.3 0.31 Gm11783 
predicted gene 11783; expressed 

sequence AI838599 

17220526 -2.24 0.02731 0.64 0.81 Snora36b small nucleolar RNA, H/ACA box 36B 

17400048 -2.32 0.00167 0.24 0.41 Rorc RAR-related orphan receptor gamma 

17250849 -2.4 0.00043 0.32 0.27 B430319H21Rik RIKEN cDNA B430319H21 gene 

17436545 -2.41 0.01838 0.49 0.47 Nat8l N-acetyltransferase 8-like 

17318983 -2.49 0.00054 0.34 0.08 Tst 
thiosulfate sulfurtransferase, 

mitochondrial 

17372621 -2.5 0.02678 0.39 0.53 Slc43a1 solute carrier family 43, member 1 

17290781 -2.54 0.00165 0.23 0.39 Sugct 
succinyl-CoA glutarate-CoA 

transferase 

17501098 -2.58 0.00062 0.29 0.25 Cldn22 claudin 22 

17467209 -2.71 0.00663 0.61 0.29 Fam13a 
family with sequence similarity 13, 

member A 

17450515 -2.72 0.03453 0.6 0.77 Gbp11 guanylate binding protein 11 

17401480 -2.73 0.00242 0.47 0.29 Dennd2d DENN/MADD domain containing 2D 

17284334 -2.89 0.01779 0.39 0.74 Ighg2b 

immunoglobulin heavy constant 
gamma 2B; Immunoglobulin heavy 

chain (gamma polypeptide); 
immunoglobulin heavy constant mu 

17254395 -2.99 0.02304 0.28 0.83 Acaca acetyl-Coenzyme A carboxylase alpha 

17440826 -3.02 0.04799 0.41 0.84 Acacb acetyl-Coenzyme A carboxylase beta 
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17408940 -3.52 0.00285 0.63 0.03 2010016I18Rik RIKEN cDNA 2010016I18 gene 

17316780 -3.57 6.6E-05 0.22 0.3 Angpt1 angiopoietin 1 

17250852 -3.63 0.00238 0.64 0.38 B130011K05Rik RIKEN cDNA B130011K05 gene 

17482310 -4.04 0.00146 0.51 0.31 Acsm3 
acyl-CoA synthetase medium-chain 

family member 3 

17475498 -5.19 0.00076 0.78 0.37 Cyp2f2 
cytochrome P450, family 2, subfamily 

f, polypeptide 2 

 

 

Table 18 DEGs at 8W in the WAT 

Transcript 
Cluster ID 

Fold 
Change 
HFD vs 

LFD 
ANOVA 
p-value  

HFD 
Standard 
Deviation 

LFD 
Standard 
Deviation Gene Symbol Description 

17364820 17.09 1.7E-05 0.56 0.42 Sfrp5 
secreted frizzled-related sequence 
protein 5 

17346018 10.09 0.0002 0.82 0.45 Slc5a7 
solute carrier family 5 (choline 
transporter), member 7 

17310400 9.65 0.00338 0.36 1.08 1700047G03Rik RIKEN cDNA 1700047G03 gene 

17306104 7.21 0.00159 1.1 0.4 Rnase2a 
ribonuclease, RNase A family, 2A 
(liver, eosinophil-derived neurotoxin) 

17486110 5.85 0.00082 0.25 0.93 Peg3 paternally expressed 3 

17514495 5.5 0.00136 0.98 0.5 Mmp12 matrix metallopeptidase 12 

17473637 5.11 9E-06 0.28 0.23 Peg3os Peg3 opposite strand 

17491193 4.76 0.00067 0.35 0.58 Saa3 serum amyloid A 3 

17374488 4.71 0.00108 0.29 0.74 Thbs1 thrombospondin 1 

17337545 4.43 0.00652 1.22 0.15 Ubd ubiquitin D 

17458439 4.38 0.01099 1.55 0.28 Gpnmb glycoprotein (transmembrane) nmb 

17335467 3.94 0.00321 0.37 0.7 Cdkn1a 
cyclin-dependent kinase inhibitor 1A 
(P21) 

17423577 3.81 0.01585 1.57 0.34 Atp6v0d2 
ATPase, H+ transporting, lysosomal V0 
subunit D2 

17421074 3.79 0.00364 0.48 0.62 Hspb7 
heat shock protein family, member 7 
(cardiovascular) 

17410031 3.6 1.3E-05 0.27 0.1 Synpo2 synaptopodin 2 

17534489 3.6 4.1E-05 0.29 0.19 Prr32 proline rich 32 

17325206 3.59 0.00057 0.23 0.55 Adcy5 adenylate cyclase 5 

17284349 3.37 0.0001 0.11 0.32 Ighm 

immunoglobulin heavy constant mu; 
immunoglobulin heavy chain (X24 
family) 

17533713 3.31 0.0057 0.73 0.15 Timp1 tissue inhibitor of metalloproteinase 1 

17228293 3.27 0.00083 0.56 0.1 Cacna1e 
calcium channel, voltage-dependent, 
R type, alpha 1E subunit 

17464573 3.22 0.00536 0.22 0.75 Tfpi2 tissue factor pathway inhibitor 2 

17326541 3.21 0.00126 0.41 0.25 Vgll3 vestigial like 3 (Drosophila) 

17512628 3.13 0.01023 0.75 0.36 Gm22972 predicted gene, 22972; dipeptidase 2 

17529099 3.1 0.00076 0.45 0.26 Col12a1 collagen, type XII, alpha 1 

17456934 2.95 0.00018 0.24 0.31 Mest mesoderm specific transcript 
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17343628 2.95 0.00145 0.25 0.47 Angptl4 angiopoietin-like 4 

17469634 2.94 0.044 0.52 0.76 Gm23002 predicted gene, 23002 

17347558 2.89 0.0106 1.13 0.16 Cdkl4 cyclin-dependent kinase-like 4 

17499212 2.79 0.0035 0.59 0.46 F7 coagulation factor VII 

17315891 2.7 0.02091 1.32 0.05 Il7r interleukin 7 receptor 

17278128 2.69 0.00005 0.27 0.13 Unc79 unc-79 homolog (C. elegans) 

17538161 2.69 0.00051 0.39 0.27 Prps1 
phosphoribosyl pyrophosphate 
synthetase 1 

17404209 2.69 0.00264 0.59 0.26 Sirpb1b signal-regulatory protein beta 1B 

17538096 2.68 0.03283 0.47 0.96 Rnf128 ring finger protein 128 

17390778 2.67 0.00088 0.38 0.26 Duoxa1 dual oxidase maturation factor 1 

17397575 2.67 0.00138 0.51 0.09 Postn periostin, osteoblast specific factor 

17469627 2.67 0.01012 0.51 0.39 Oxtr oxytocin receptor 

17358724 2.65 0.00961 1.04 0.08 Lipf lipase, gastric 

17520425 2.63 6E-06 0.17 0.1 Pcolce2 
procollagen C-endopeptidase 
enhancer 2 

17266946 2.63 0.00285 0.5 0.19 Ccl5 chemokine (C-C motif) ligand 5 

17254041 2.63 0.00395 0.6 0.28 Ccl2 chemokine (C-C motif) ligand 2 

17400375 2.59 0.00503 0.67 0.21 Ctss cathepsin S 

17457787 2.57 0.01037 0.46 0.34 Trbc1 
T cell receptor beta, constant region 
1; T cell receptor beta, joining region 

17254047 2.53 0.00755 0.57 0.31 Ccl7 chemokine (C-C motif) ligand 7 

17483615 2.5 0.00718 0.81 0.23 Itgax integrin alpha X 

17439830 2.45 0.03149 0.09 0.93 Spp1 secreted phosphoprotein 1 

17481960 2.44 0.00066 0.32 0.26 Arntl 
aryl hydrocarbon receptor nuclear 
translocator-like 

17214899 2.41 0.03905 0.74 0.34 Gm7609 

predicted pseudogene 7609; nuclear 
autoantigen Sp-100-like; 
uncharacterized LOC102638355 

17344064 2.4 0.00001 0.08 0.16 Cfb 
complement factor B; predicted gene 
20547 

17357810 2.4 0.00107 0.48 0.17 Mpeg1 macrophage expressed gene 1 

17357597 2.38 0.00454 0.63 0.23 Slc15a3 solute carrier family 15, member 3 

17486099 2.38 0.01132 0.65 0.15 Zim1 zinc finger, imprinted 1 

17450501 2.38 0.01564 0.47 0.4 Gbp10 guanylate-binding protein 10 

17252497 2.33 0.00016 0.21 0.22 Atp2a3 ATPase, Ca++ transporting, ubiquitous 

17233669 2.31 0.01133 0.21 0.66 Pcbd1 

pterin 4 alpha carbinolamine 
dehydratase/dimerization cofactor of 
hepatocyte nuclear factor 1 alpha 
(TCF1) 1 

17541926 2.3 0.00121 0.29 0.37 Fgf13 fibroblast growth factor 13 

17403439 2.29 0.04753 0.31 0.93 Ddah1 
dimethylarginine 
dimethylaminohydrolase 1 

17457773 2.28 0.01006 0.33 0.58 Trbj1-1 

T cell receptor beta joining 1-1; T cell 
receptor beta, joining region; T cell 
receptor beta, variable 13-2 

17283549 2.27 0.00839 0.1 0.5 Ifi27l2a 
interferon, alpha-inducible protein 27 
like 2A 

17520881 2.25 0.01399 0.45 0.22 Gm5627 predicted gene 5627 

17537081 2.24 0.01008 0.78 0.26 Tlr13 toll-like receptor 13 
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17547505 2.23 0.00503 0.35 0.3     

17459196 2.23 0.01175 0.87 0.11 Tnip3 TNFAIP3 interacting protein 3 

17367686 2.22 0.01199 0.69 0.3 Il1rn interleukin 1 receptor antagonist 

17266952 2.21 0.00016 0.29 0.11 Ccl9 chemokine (C-C motif) ligand 9 

17518512 2.21 0.0084 0.48 0.4 Cilp 
cartilage intermediate layer protein, 
nucleotide pyrophosphohydrolase 

17395376 2.2 0.00095 0.18 0.33 LOC102640370 
zinc finger protein 700-like; predicted 
gene 14409 

17254065 2.2 0.03038 0.7 0.24 Ccl8 chemokine (C-C motif) ligand 8 

17494408 2.18 0.00015 0.24 0.11 Trim30d tripartite motif-containing 30D 

17266960 2.18 0.00071 0.33 0.24 Ccl6 chemokine (C-C motif) ligand 6 

17299101 2.18 0.01063 0.51 0.25 Ear2 

eosinophil-associated, ribonuclease A 
family, member 2; eosinophil-
associated, ribonuclease A family, 
member 12; eosinophil-associated, 
ribonuclease A family, member 3 

17399802 2.18 0.01342 0.62 0.1 S100a4 S100 calcium binding protein A4 

17457775 2.17 0.025 0.31 0.42 Trbj1-2 
T cell receptor beta joining 1-2; T cell 
receptor beta, joining region 

17391056 2.16 0.00678 0.54 0.29 Atp8b4 ATPase, class I, type 8B, member 4 

17295136 2.15 0.01008 0.15 0.6 Iqgap2 
IQ motif containing GTPase activating 
protein 2 

17318118 2.15 0.01602 0.49 0.71 9030619P08Rik 
lymphocyte antigen 6 complex 
pseudogene 

17286707 2.13 0.00022 0.2 0.18 Gcnt2 
glucosaminyl (N-acetyl) transferase 2, 
I-branching enzyme 

17233226 2.12 0.01136 0.73 0.28 Lilrb4 
leukocyte immunoglobulin-like 
receptor, subfamily B, member 4 

17537592 2.1 6.9E-05 0.19 0.15 Srpx2 
sushi-repeat-containing protein, X-
linked 2 

17401269 2.1 0.00298 0.47 0.15 Ptpn22 
protein tyrosine phosphatase, non-
receptor type 22 (lymphoid) 

17219199 2.1 0.01095 0.55 0.24 Fcgr4 Fc receptor, IgG, low affinity IV 

17234647 2.09 0.01482 0.67 0.18 Itgb2 integrin beta 2 

17292891 2.08 0.00577 0.39 0.21 Pdlim7 PDZ and LIM domain 7 

17346150 2.08 0.00596 0.29 0.41 Lrg1 leucine-rich alpha-2-glycoprotein 1 

17271724 2.08 0.00829 0.62 0.29 Cd300ld CD300 molecule-like family member d 

17300181 2.07 0.00027 0.15 0.22 Traj35 
T cell receptor alpha joining 35; T cell 
receptor alpha variable 9D-3 

17292071 2.07 0.00041 0.33 0.06 Nedd9 

neural precursor cell expressed, 
developmentally down-regulated 
gene 9 

17342101 2.07 0.0023 0.25 0.29 Hn1l 
hematological and neurological 
expressed 1-like 

17286365 2.07 0.00287 0.27 0.28 Serpinb9 
serine (or cysteine) peptidase 
inhibitor, clade B, member 9 

17532879 2.06 0.00329 0.42 0.12 Syp synaptophysin 

17397774 2.05 8.3E-05 0.18 0.1 Tsc22d2 TSC22 domain family, member 2 

17497334 2.05 0.00881 0.36 0.18 Mki67 
antigen identified by monoclonal 
antibody Ki 67 

17455600 2.04 0.00049 0.29 0.12 D730045B01Rik RIKEN cDNA D730045B01 gene 

17341080 2.04 0.00168 0.36 0.09 Thbs2 thrombospondin 2 

17404217 2.04 0.0039 0.48 0.28 LOC100038947 signal-regulatory protein beta 1-like 
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17262316 2.04 0.00514 0.15 0.36 Ltc4s leukotriene C4 synthase 

17550524 2.04 0.02687 0.2 0.59 Trp53cor1 
tumor protein p53 pathway 
corepressor 1 

17408960 2.03 0.00133 0.42 0.05 Cd53 CD53 antigen 

17253885 2.03 0.00153 0.11 0.33 Adap2 ArfGAP with dual PH domains 2 

17325540 2.03 0.00759 0.2 0.42 Gpr156 G protein-coupled receptor 156 

17338416 2.03 0.02069 0.98 0.08 Trem2 
triggering receptor expressed on 
myeloid cells 2 

17301968 2.02 0.00278 0.46 0.05 Lcp1 lymphocyte cytosolic protein 1 

17549898 2.02 0.00597 0.49 0.22 Ear3 

eosinophil-associated, ribonuclease A 
family, member 3; eosinophil-
associated, ribonuclease A family, 
member 12; eosinophil-associated, 
ribonuclease A family, member 2 

17431174 2.02 0.00662 0.6 0.16 Cd52 CD52 antigen 

17261650 2.02 0.00767 0.51 0.13 Dock2 dedicator of cyto-kinesis 2 

17548055 2.02 0.02415 0.53 0.14 LOC630751 

interferon-inducible GTPase 1-like; 
cDNA sequence BC023105; predicted 
gene 4841 

17343918 2 0.00154 0.2 0.31 C4b 
complement component 4B (Chido 
blood group) 

17404200 2 0.01133 0.56 0.28 Sirpb1a signal-regulatory protein beta 1A 

17364163 2 0.0201 0.2 0.45 Mir107 microRNA 107 

17468961 1.99 0.0004 0.27 0.13 Nup210 nucleoporin 210 

17548965 1.99 0.01222 0.46 0.5 Gm7609 

predicted pseudogene 7609; 
component of Sp100-rs; predicted 
gene 2666; uncharacterized 
LOC100041903; uncharacterized 
LOC100503923; predicted 
pseudogene 15433; predicted 
pseudogene 2635; component of 
Sp100-rs-like 

17548236 1.99 0.01766 0.5 0.58 Gm7609 

predicted pseudogene 7609; 
component of Sp100-rs; predicted 
gene 2666; uncharacterized 
LOC100041903; uncharacterized 
LOC100503923; predicted 
pseudogene 15433; predicted 
pseudogene 2635; component of 
Sp100-rs-like 

17548924 1.99 0.01766 0.5 0.58 Gm7609 

predicted pseudogene 7609; 
component of Sp100-rs; predicted 
gene 2666; uncharacterized 
LOC100041903; uncharacterized 
LOC100503923; predicted 
pseudogene 15433; predicted 
pseudogene 2635; component of 
Sp100-rs-like 

17285746 1.99 0.02541 0.47 0.69 Hist1h2bn 

histone cluster 1, H2bn; histone 
cluster 1, H2bl; histone cluster 1, 
H2bj; histone cluster 1, H2bf 

17497525 1.99 0.04081 1.23 0.07 Adam8 
a disintegrin and metallopeptidase 
domain 8 

17350921 1.98 0.00794 0.33 0.21 F830016B08Rik RIKEN cDNA F830016B08 gene 

17489399 1.98 0.02789 0.49 0.3 Fxyd5 
FXYD domain-containing ion transport 
regulator 5 
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17295588 1.98 0.04855 0.72 0.3 Naip5 
NLR family, apoptosis inhibitory 
protein 5 

17523659 1.97 0.00306 0.37 0.16 Ccr5 chemokine (C-C motif) receptor 5 

17520171 1.97 0.02136 0.55 0.36 Bcl2a1b 

B cell leukemia/lymphoma 2 related 
protein A1b; B cell 
leukemia/lymphoma 2 related protein 
A1a 

17479974 1.97 0.03273 0.12 0.71 Nox4 NADPH oxidase 4 

17439535 1.96 0.00095 0.35 0.17 Bmp3 bone morphogenetic protein 3 

17322087 1.96 0.00131 0.39 0.22 Krt79 keratin 79 

17395079 1.96 0.00849 0.43 0.13 Zbp1 Z-DNA binding protein 1 

17548926 1.96 0.01728 0.49 0.58 Gm7609 

predicted pseudogene 7609; 
component of Sp100-rs; predicted 
gene 2666; uncharacterized 
LOC100041903; uncharacterized 
LOC100503923; predicted 
pseudogene 15433; predicted 
pseudogene 2635; component of 
Sp100-rs-like 

17366355 1.96 0.02145 0.46 0.19 Csprs 

component of Sp100-rs; 
uncharacterized LOC100503923; 
predicted pseudogene 15433; 
uncharacterized LOC100041903; 
predicted gene 2666; predicted 
pseudogene 7609 

17520416 1.96 0.02154 0.09 0.61 Paqr9 
progestin and adipoQ receptor family 
member IX 

17357659 1.95 0.0115 0.44 0.17 Ms4a4b 
membrane-spanning 4-domains, 
subfamily A, member 4B 

17549888 1.94 0.01127 0.47 0.2 Ear12 

eosinophil-associated, ribonuclease A 
family, member 12; eosinophil-
associated, ribonuclease A family, 
member 3; eosinophil-associated, 
ribonuclease A family, member 2 

17339554 1.93 3.7E-05 0.19 0.06 Lbh limb-bud and heart 

17301823 1.93 0.01395 0.42 0.13 Gfra2 
glial cell line derived neurotrophic 
factor family receptor alpha 2 

17301768 1.92 0.00085 0.17 0.25 Hr hairless 

17471541 1.92 0.00497 0.52 0.16 Clec7a 
C-type lectin domain family 7, 
member a 

17546101 1.92 0.00678 0.59 0.14 Tlr8 toll-like receptor 8 

17358274 1.92 0.00793 0.66 0.13 Dock8 dedicator of cytokinesis 8 

17339574 1.92 0.01495 0.44 0.2 Ehd3 EH-domain containing 3 

17251303 1.92 0.01497 0.76 0.18 Pik3r5 
phosphoinositide-3-kinase, regulatory 
subunit 5, p101 

17289527 1.92 0.01736 0.83 0.06 Cd180 CD180 antigen 

17296286 1.91 0.01208 0.31 0.31 Gzma granzyme A 

17219418 1.91 0.01767 0.84 0.07 Cd84 CD84 antigen 

17362973 1.91 0.03491 0.63 0.17 Ms4a6d 
membrane-spanning 4-domains, 
subfamily A, member 6D 

17541875 1.89 0.00096 0.23 0.12 Arhgef6 
Rac/Cdc42 guanine nucleotide 
exchange factor (GEF) 6 

17527917 1.89 0.00489 0.2 0.33 B930092H01Rik RIKEN cDNA B930092H01 gene 

17502573 1.89 0.01689 0.51 0.1 Hmox1 heme oxygenase (decycling) 1 
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17396369 1.89 0.01726 0.68 0.35 Nceh1 neutral cholesterol ester hydrolase 1 

17366275 1.88 0.00152 0.17 0.26     

17456554 1.88 0.00363 0.33 0.11 Hilpda 
hypoxia inducible lipid droplet 
associated 

17458393 1.88 0.00853 0.34 0.29 Tmem176a transmembrane protein 176A 

17310637 1.88 0.02048 0.27 0.41 Fam134b 
family with sequence similarity 134, 
member B 

17388733 1.87 0.00635 0.55 0.11 Cd44 CD44 antigen 

17372307 1.86 0.00105 0.3 0.03 Itga4 integrin alpha 4 

17514435 1.86 0.00509 0.33 0.15 Casp4 
caspase 4, apoptosis-related cysteine 
peptidase 

17543572 1.86 0.00533 0.32 0.13 Il2rg 
interleukin 2 receptor, gamma chain; 
predicted gene 20489 

17217048 1.86 0.02195 0.57 0.29 5430435G22Rik RIKEN cDNA 5430435G22 gene 

17462796 1.86 0.02315 0.55 0.1 Clec4d 
C-type lectin domain family 4, 
member d 

17445713 1.86 0.03059 0.08 0.49     

17351330 1.85 0.0011 0.2 0.19 Malt1 
mucosa associated lymphoid tissue 
lymphoma translocation gene 1 

17227536 1.85 0.00151 0.32 0.06 Ptprc 
protein tyrosine phosphatase, 
receptor type, C 

17448712 1.85 0.00599 0.18 0.37 Tec tec protein tyrosine kinase 

17248380 1.85 0.00606 0.44 0.14 Lcp2 lymphocyte cytosolic protein 2 

17298775 1.85 0.01596 0.53 0.08 Anxa8 annexin A8 

17244949 1.85 0.02217 0.83 0.06 Glipr1 GLI pathogenesis-related 1 (glioma) 

17525839 1.85 0.0384 0.2 0.46 LOC102639005 
uncharacterized LOC102639005; 
predicted gene 16096 

17435769 1.85 0.03978 0.27 0.4 Mir1960 microRNA 1960 

17378827 1.84 0.0011 0.27 0.11 Lbp lipopolysaccharide binding protein 

17540154 1.84 0.01702 0.51 0.12 Cybb cytochrome b-245, beta polypeptide 

17231033 1.84 0.01761 0.74 0.24 Atf3 activating transcription factor 3 

17412563 1.84 0.02492 0.43 0.36 Gabrr2 
gamma-aminobutyric acid (GABA) C 
receptor, subunit rho 2 

17230484 1.83 0.0009 0.19 0.2 Ephx1 epoxide hydrolase 1, microsomal 

17307280 1.83 0.00706 0.42 0.09 Phf11b PHD finger protein 11B 

17257361 1.83 0.01514 0.73 0.04 Mrc2 mannose receptor, C type 2 

17371427 1.83 0.03888 0.93 0.32 Dhrs9 
dehydrogenase/reductase (SDR 
family) member 9 

17296802 1.83 0.04954 0.22 0.54     

17414364 1.82 0.00013 0.11 0.15 Akap2 A kinase (PRKA) anchor protein 2 

17287381 1.82 0.00137 0.36 0.08 Syk spleen tyrosine kinase 

17321768 1.82 0.01534 0.54 0.25 Bin2 bridging integrator 2 

17292569 1.82 0.0187 0.55 0.17 Sema4d 

sema domain, immunoglobulin 
domain (Ig), transmembrane domain 
(TM) and short cytoplasmic domain, 
(semaphorin) 4D 

17402305 1.81 5.6E-05 0.16 0.1 Bcar3 
breast cancer anti-estrogen resistance 
3 

17491378 1.81 0.00125 0.16 0.2 E2f8 E2F transcription factor 8 

17309981 1.81 0.00323 0.34 0.1 Fyb FYN binding protein 
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17322750 1.81 0.00673 0.26 0.33 Abat 4-aminobutyrate aminotransferase 

17286830 1.81 0.01977 0.32 0.29 Edn1 endothelin 1 

17434973 1.81 0.03661 0.2 0.44 Sema3c 

sema domain, immunoglobulin 
domain (Ig), short basic domain, 
secreted, (semaphorin) 3C 

17242177 1.8 0.00075 0.2 0.19 Col6a1 collagen, type VI, alpha 1 

17470060 1.8 0.00157 0.3 0.06 Rassf4 
Ras association (RalGDS/AF-6) domain 
family member 4 

17462738 1.8 0.00367 0.4 0.13 Clec4a3 
C-type lectin domain family 4, 
member a3 

17219662 1.8 0.00878 0.38 0.31 Pyhin1 
pyrin and HIN domain family, member 
1 

17399812 1.8 0.01156 0.41 0.12 S100a6 
S100 calcium binding protein A6 
(calcyclin) 

17408024 1.8 0.0137 0.47 0.24 Fcgr1 Fc receptor, IgG, high affinity I 

17264835 1.8 0.02437 0.83 0.12 Cd68 CD68 antigen 

17341540 1.79 0.00199 0.25 0.18 Tnfrsf12a 
tumor necrosis factor receptor 
superfamily, member 12a 

17450414 1.79 0.00281 0.13 0.24 Abcg3 
ATP-binding cassette, sub-family G 
(WHITE), member 3 

17358266 1.79 0.01137 0.46 0.2 Tmem252 transmembrane protein 252 

17289196 1.78 7.6E-05 0.13 0.11 Lhfpl2 lipoma HMGIC fusion partner-like 2 

17435249 1.78 0.00178 0.28 0.13 Snord93 
small nucleolar RNA, C/D box 93; 
expressed sequence AI506816 

17509069 1.78 0.00276 0.14 0.31 Cyp4v3 
cytochrome P450, family 4, subfamily 
v, polypeptide 3 

17484233 1.78 0.00568 0.34 0.3 Ptpre 
protein tyrosine phosphatase, 
receptor type, E 

17426365 1.78 0.0076 0.29 0.29 Tnc tenascin C 

17434297 1.78 0.00999 0.19 0.28 Cdk6 cyclin-dependent kinase 6 

17315570 1.78 0.02203 0.57 0.19 Nckap1l NCK associated protein 1 like 

17285867 1.78 0.03168 0.55 0.19 Hist1h2ab histone cluster 1, H2ab 

17227077 1.77 5.7E-05 0.14 0.11 Prelp 
proline arginine-rich end leucine-rich 
repeat 

17323302 1.77 0.00042 0.19 0.1 Pkp2 plakophilin 2 

17398406 1.77 0.00181 0.31 0.06 Fam198b 
family with sequence similarity 198, 
member B 

17286587 1.77 0.00271 0.37 0.17 Ly86 lymphocyte antigen 86 

17229533 1.77 0.00682 0.15 0.41 Gm7694 predicted gene 7694 

17279509 1.77 0.01072 0.35 0.21 Crip1 cysteine-rich protein 1 (intestinal) 

17222149 1.77 0.01606 0.29 0.29 Neurl3 
neuralized homolog 3 homolog 
(Drosophila) 

17381357 1.76 0.0002 0.09 0.18 Camk1d 
calcium/calmodulin-dependent 
protein kinase ID 

17265958 1.76 0.00046 0.13 0.18 Serpinf1 
serine (or cysteine) peptidase 
inhibitor, clade F, member 1 

17347619 1.76 0.00233 0.31 0.11 Slc8a1 

solute carrier family 8 
(sodium/calcium exchanger), member 
1 

17506808 1.76 0.00538 0.29 0.14 Trim67 tripartite motif-containing 67 

17229537 1.76 0.00781 0.37 0.12 Nos1ap 
nitric oxide synthase 1 (neuronal) 
adaptor protein 

17543045 1.76 0.00816 0.23 0.36 Gyk glycerol kinase 
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17404402 1.76 0.01172 0.26 0.29 Ect2 ect2 oncogene 

17254300 1.76 0.01201 0.22 0.4 Wfdc21 WAP four-disulfide core domain 21 

17214197 1.76 0.01442 0.64 0.13 Slc11a1 

solute carrier family 11 (proton-
coupled divalent metal ion 
transporters), member 1 

17279131 1.76 0.01459 0.45 0.28 Tnfaip2 
tumor necrosis factor, alpha-induced 
protein 2 

17495839 1.76 0.02338 0.83 0.13 Igsf6 
immunoglobulin superfamily, member 
6 

17258738 1.76 0.02396 0.29 0.43 9-Sep septin 9 

17512611 1.76 0.02655 0.8 0.24 Dpep2 dipeptidase 2 

17318083 1.75 0.00446 0.27 0.23 Ly6a 
lymphocyte antigen 6 complex, locus 
A 

17463509 1.75 0.01504 0.61 0.1 Clec12a 
C-type lectin domain family 12, 
member a 

17318950 1.75 0.03957 0.66 0.3 Csf2rb2 

colony stimulating factor 2 receptor, 
beta 2, low-affinity (granulocyte-
macrophage) 

17304906 1.74 0.00023 0.2 0.05 Wdfy4 
WD repeat and FYVE domain 
containing 4 

17541784 1.74 0.00177 0.27 0.16 AW822252 expressed sequence AW822252 

17431607 1.74 0.00261 0.34 0.09 C1qb 
complement component 1, q 
subcomponent, beta polypeptide 

17350925 1.74 0.00697 0.29 0.28 Iigp1 interferon inducible GTPase 1 

17490978 1.74 0.01403 0.31 0.26 Kcnj14 
potassium inwardly-rectifying 
channel, subfamily J, member 14 

17449645 1.74 0.02349 0.51 0.23 Gm24931 predicted gene, 24931 

17278757 1.74 0.02695 0.66 0.43 Gm24564 predicted gene, 24564 

17443901 1.74 0.0316 0.43 0.39 Fam20c 
family with sequence similarity 20, 
member C 

17278767 1.74 0.03502 0.4 0.24 Gm23600 predicted gene, 23600 

17370455 1.73 0.00051 0.19 0.14 Nek6 
NIMA (never in mitosis gene a)-
related expressed kinase 6 

17485589 1.73 0.00636 0.49 0.04 Pirb paired Ig-like receptor B 

17449989 1.73 0.02774 0.11 0.4 Rasgef1b RasGEF domain family, member 1B 

17530623 1.73 0.03154 0.2 0.4 Glyctk glycerate kinase 

17465597 1.72 0.00104 0.25 0.09 Klf14 Kruppel-like factor 14 

17290890 1.72 0.00106 0.22 0.19 A530099J19Rik RIKEN cDNA A530099J19 gene 

17237937 1.72 0.00182 0.29 0.19 B4galnt1 
beta-1,4-N-acetyl-galactosaminyl 
transferase 1 

17336494 1.72 0.00342 0.26 0.21 H2-Ab1 
histocompatibility 2, class II antigen A, 
beta 1 

17339013 1.72 0.0078 0.5 0.08 Emr1 

EGF-like module containing, mucin-
like, hormone receptor-like sequence 
1 

17237984 1.72 0.01244 0.39 0.23 Arhgap9 Rho GTPase activating protein 9 

17366197 1.72 0.01375 0.55 0.26     

17424608 1.72 0.02216 0.5 0.14 Cd72 CD72 antigen 

17528271 1.72 0.02431 0.46 0.18 Gm17749 
predicted gene, 17749; RIKEN cDNA 
A730067D02 gene 

17400365 1.72 0.03081 0.81 0.08 Ctsk cathepsin K 

17523650 1.71 0.00022 0.15 0.13 Ccr2 chemokine (C-C motif) receptor 2 

17214948 1.71 0.00141 0.24 0.11 Sp100 nuclear antigen Sp100 
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17219546 1.71 0.00368 0.41 0.09 Slamf9 SLAM family member 9 

17445992 1.71 0.01482 0.36 0.2 Gm25459 predicted gene, 25459 

17325861 1.71 0.01992 0.74 0.17 Cd200r1 CD200 receptor 1 

17254166 1.71 0.02549 0.47 0.25 Slfn2 schlafen 2 

17233384 1.71 0.03678 0.71 0.27 Fabp7 fatty acid binding protein 7, brain 

17217116 1.7 0.0001 0.15 0.08 Rab29 RAB29, member RAS oncogene family 

17408648 1.7 0.00149 0.2 0.18 Olfml3 
olfactomedin-like 3; uncharacterized 
LOC269472 

17449718 1.7 0.00155 0.24 0.13 Cxcl10 chemokine (C-X-C motif) ligand 10 

17328625 1.7 0.00402 0.13 0.26 Sdf2l1 stromal cell-derived factor 2-like 1 

17225413 1.7 0.00597 0.3 0.2 Col6a3 collagen, type VI, alpha 3 

17493556 1.7 0.00667 0.31 0.24 Acer3 alkaline ceramidase 3 

17508850 1.7 0.00789 0.36 0.19 Msr1 macrophage scavenger receptor 1 

17480924 1.7 0.01485 0.62 0.28 LOC102638993 
uncharacterized LOC102638993; 
uncharacterized LOC102642603 

17295569 1.7 0.01642 0.14 0.36 Naip2 
NLR family, apoptosis inhibitory 
protein 2 

17492431 1.7 0.02043 0.64 0.22 Anpep alanyl (membrane) aminopeptidase 

17425631 1.7 0.02064 0.56 0.21 Svep1 

sushi, von Willebrand factor type A, 
EGF and pentraxin domain containing 
1 

17271733 1.7 0.02335 0.71 0.18 AF251705 cDNA sequence AF251705 

17227780 1.7 0.0333 0.91 0.12 Rgs1 regulator of G-protein signaling 1 

17290173 1.69 1E-06 0.07 0.05 Hmgcs1 
3-hydroxy-3-methylglutaryl-Coenzyme 
A synthase 1 

17472210 1.69 0.00058 0.18 0.14 Arhgdib 
Rho, GDP dissociation inhibitor (GDI) 
beta 

17463530 1.69 0.00265 0.29 0.09 Clec9a 
C-type lectin domain family 9, 
member a 

17326069 1.69 0.00349 0.27 0.08 Retnla resistin like alpha 

17366241 1.69 0.00428 0.17 0.28 Csprs component of Sp100-rs 

17458372 1.69 0.00702 0.21 0.24 Gimap7 GTPase, IMAP family member 7 

17394297 1.69 0.00871 0.43 0.11 Pltp phospholipid transfer protein 

17336114 1.69 0.02362 0.77 0.13 Myo1f myosin IF 

17535600 1.69 0.03532 0.48 0.26 Dusp9 dual specificity phosphatase 9 

17390879 1.68 0.0036 0.3 0.16 Fbn1 fibrillin 1 

17240621 1.68 0.00432 0.28 0.05 Aim1 absent in melanoma 1 

17357648 1.68 0.00907 0.24 0.31 Ms4a4c 
membrane-spanning 4-domains, 
subfamily A, member 4C 

17483577 1.68 0.01102 0.54 0.09 Itgam integrin alpha M 

17286717 1.68 0.02877 0.1 0.38 Mir5124a microRNA 5124a; microRNA 5124 

17285546 1.68 0.02968 0.5 0.16 Sfrp4 secreted frizzled-related protein 4 

17379314 1.68 0.0327 0.47 0.3 Wisp2 
WNT1 inducible signaling pathway 
protein 2 

17363407 1.67 0.00056 0.18 0.13 Anxa1 annexin A1 

17225080 1.67 0.00136 0.12 0.25 Csprs 

component of Sp100-rs; predicted 
gene 7582; predicted gene 2619; 
predicted pseudogene 7609; nuclear 
antigen Sp100; component of Sp100-
rs-like; nuclear autoantigen Sp-100-
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like 

17382038 1.67 0.00165 0.23 0.11 Pip4k2a 
phosphatidylinositol-5-phosphate 4-
kinase, type II, alpha 

17512666 1.66 0.00147 0.26 0.02 Smpd3 
sphingomyelin phosphodiesterase 3, 
neutral 

17369379 1.66 0.00318 0.23 0.16 Hmcn2 hemicentin 2 

17377793 1.66 0.0114 0.32 0.19 Tpx2 
TPX2, microtubule-associated protein 
homolog (Xenopus laevis) 

17440768 1.66 0.02765 0.45 0.23     

17527934 1.65 0.00166 0.22 0.06 Kif23 kinesin family member 23 

17254171 1.65 0.0021 0.05 0.23 Slfn1 schlafen 1 

17433145 1.65 0.00223 0.2 0.2 Rbp7 retinol binding protein 7, cellular 

17451223 1.65 0.00568 0.32 0.15 Sez6l seizure related 6 homolog like 

17335770 1.65 0.00802 0.24 0.32 Abcg1 
ATP-binding cassette, sub-family G 
(WHITE), member 1 

17277794 1.65 0.01879 0.45 0.22 Gpr65 G-protein coupled receptor 65 

17312759 1.65 0.01981 0.62 0.2 Cyth4 cytohesin 4 

17378348 1.65 0.02469 0.26 0.51 Trp53inp2 
transformation related protein 53 
inducible nuclear protein 2 

17470960 1.65 0.02591 0.39 0.28 Cd4 CD4 antigen 

17455053 1.65 0.03553 0.28 0.33 Gm4871 predicted gene 4871 

17258902 1.64 0.00026 0.19 0.01 C1qtnf1 
C1q and tumor necrosis factor related 
protein 1 

17357815 1.64 0.00034 0.17 0.1 Fam111a 
family with sequence similarity 111, 
member A 

17229607 1.64 0.00069 0.17 0.14 Fcgr2b Fc receptor, IgG, low affinity IIb 

17546119 1.64 0.00069 0.16 0.13 Prps2 
phosphoribosyl pyrophosphate 
synthetase 2 

17493772 1.64 0.00246 0.25 0.19 Dnajb13 
DnaJ (Hsp40) related, subfamily B, 
member 13 

17509537 1.64 0.00529 0.28 0.18 Palld 
palladin, cytoskeletal associated 
protein 

17525240 1.64 0.01593 0.38 0.32 St14 
suppression of tumorigenicity 14 
(colon carcinoma) 

17242306 1.64 0.01759 0.32 0.36     

17302141 1.64 0.0192 0.4 0.17 Epsti1 
epithelial stromal interaction 1 
(breast) 

17229658 1.64 0.03482 0.64 0.2 Fcer1g 
Fc receptor, IgE, high affinity I, gamma 
polypeptide 

17258107 1.64 0.04094 0.6 0.29 Cd300a CD300A antigen 

17237252 1.63 0.00068 0.09 0.18 Nap1l1 nucleosome assembly protein 1-like 1 

17419437 1.63 0.00773 0.44 0.17 Ptafr platelet-activating factor receptor 

17457472 1.63 0.00898 0.45 0.09 Tbxas1 thromboxane A synthase 1, platelet 

17421476 1.63 0.01736 0.42 0.24     

17316197 1.63 0.01823 0.37 0.25 Fam105a 
family with sequence similarity 105, 
member A 

17228544 1.63 0.02384 0.7 0.13 Soat1 sterol O-acyltransferase 1 

17519058 1.63 0.02467 0.43 0.29 Gm22229 predicted gene, 22229 

17470616 1.63 0.03196 0.75 0.16 C3ar1 
complement component 3a receptor 
1 

17404269 1.62 0.00005 0.11 0.1 Pde7a phosphodiesterase 7A 

17520233 1.62 0.00033 0.11 0.17 Ctsh cathepsin H 
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17421444 1.62 0.00045 0.21 0.12 Gm13248 

predicted gene 13248; predicted gene 
13139; ZNF41, pseudogene; predicted 
gene 13251; predicted gene 13166 

17265268 1.62 0.00048 0.17 0.15 Cxcl16 chemokine (C-X-C motif) ligand 16 

17534555 1.62 0.00219 0.23 0.15 Sash3 SAM and SH3 domain containing 3 

17269985 1.62 0.00253 0.17 0.19 Dusp3 

dual specificity phosphatase 3 
(vaccinia virus phosphatase VH1-
related) 

17364642 1.62 0.01519 0.45 0.32 Pik3ap1 
phosphoinositide-3-kinase adaptor 
protein 1 

17283463 1.62 0.01823 0.13 0.31 Itpk1 inositol 1,3,4-triphosphate 5/6 kinase 

17289372 1.62 0.0273 0.2 0.4 Enc1 ectodermal-neural cortex 1 

17394461 1.61 0.00334 0.17 0.19 Slc13a3 

solute carrier family 13 (sodium-
dependent dicarboxylate transporter), 
member 3 

17360462 1.61 0.00469 0.21 0.19 Acsl5 
acyl-CoA synthetase long-chain family 
member 5 

17241001 1.61 0.00705 0.21 0.19 Oit3 oncoprotein induced transcript 3 

17385405 1.61 0.0084 0.37 0.14 Cytip cytohesin 1 interacting protein 

17219397 1.61 0.01122 0.36 0.17 Cd48 CD48 antigen 

17358777 1.61 0.01399 0.42 0.06 Stambpl1 STAM binding protein like 1 

17519022 1.61 0.02112 0.56 0.23 Myo1e myosin IE 

17544061 1.6 0.00357 0.3 0.07 Cysltr1 cysteinyl leukotriene receptor 1 

17427051 1.6 0.00361 0.22 0.13 Ptplad2 
protein tyrosine phosphatase-like A 
domain containing 2 

17465636 1.6 0.00564 0.24 0.13 Plxna4 plexin A4 

17248288 1.6 0.00795 0.31 0.17 Sh3pxd2b SH3 and PX domains 2B 

17519112 1.6 0.00892 0.23 0.2 Aldh1a2 
aldehyde dehydrogenase family 1, 
subfamily A2 

17529575 1.6 0.00962 0.45 0.09 Bcl2a1d 

B cell leukemia/lymphoma 2 related 
protein A1d; B cell 
leukemia/lymphoma 2 related protein 
A1a; B cell leukemia/lymphoma 2 
related protein A1b 

17217369 1.6 0.01457 0.13 0.31 Gm15851 predicted gene 15851 

17330058 1.6 0.01726 0.31 0.13 Pdia5 
protein disulfide isomerase associated 
5 

17364565 1.6 0.0411 0.85 0.22 Blnk B cell linker 

17512434 1.6 0.04681 0.25 0.34 Tppp3 
tubulin polymerization-promoting 
protein family member 3 

17370551 1.59 0.00125 0.21 0.1 Arhgap15 Rho GTPase activating protein 15 

17387517 1.59 0.00197 0.2 0.21 Serping1 
serine (or cysteine) peptidase 
inhibitor, clade G, member 1 

17217566 1.59 0.00229 0.2 0.17 Ptpn7 
protein tyrosine phosphatase, non-
receptor type 7 

17388332 1.59 0.00272 0.17 0.16 Creb3l1 
cAMP responsive element binding 
protein 3-like 1 

17322842 1.59 0.00298 0.29 0.05 Ciita class II transactivator 

17282226 1.59 0.00429 0.31 0.04 Actn1 actinin, alpha 1 

17251959 1.59 0.00627 0.06 0.32 Mgl2 
macrophage galactose N-acetyl-
galactosamine specific lectin 2 

17396971 1.59 0.0065 0.27 0.19     

17299180 1.59 0.00684 0.24 0.2 Ptger2 prostaglandin E receptor 2 (subtype 
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EP2) 

17368476 1.59 0.01018 0.25 0.14 Adamtsl2 ADAMTS-like 2 

17380211 1.59 0.01111 0.2 0.26 Ctcflos 
CCCTC-binding factor (zinc finger 
protein)-like, opposite strand 

17283445 1.59 0.01142 0.48 0.09 Lgmn legumain 

17218261 1.59 0.01568 0.41 0.18 Ncf2 neutrophil cytosolic factor 2 

17549478 1.59 0.02032 0.23 0.29     

17549624 1.59 0.02032 0.23 0.29     

17271710 1.59 0.02204 0.64 0.1 Cd300lb CD300 antigen like family member B 

17364098 1.59 0.02266 0.19 0.35 Acta2 actin, alpha 2, smooth muscle, aorta 

17219581 1.59 0.03362 0.39 0.22 Tagln2 transgelin 2 

17402319 1.59 0.03627 0.23 0.28 Gm25153 predicted gene, 25153 

17539649 1.58 0.00274 0.19 0.12     

17314693 1.58 0.00328 0.33 0.1 Tuba1c tubulin, alpha 1C 

17291803 1.58 0.00349 0.14 0.26 Pxdc1 PX domain containing 1 

17357688 1.58 0.00658 0.32 0.17 Ms4a6b 
membrane-spanning 4-domains, 
subfamily A, member 6B 

17311551 1.58 0.00926 0.31 0.16 Col14a1 collagen, type XIV, alpha 1 

17493912 1.58 0.01089 0.14 0.31 Art2b ADP-ribosyltransferase 2b 

17296558 1.58 0.01331 0.4 0.18 Gm21188 

predicted gene, 21188; CTD (carboxy-
terminal domain, RNA polymerase II, 
polypeptide A) small phosphatase 1 

17278593 1.58 0.01433 0.47 0.22 Evl 
Ena-vasodilator stimulated 
phosphoprotein 

17229767 1.58 0.01525 0.42 0.07 Ly9 lymphocyte antigen 9 

17550416 1.58 0.02476 0.28 0.34     

17517573 1.58 0.04152 0.55 0.17 Gm26589 
predicted gene, 26589; 
uncharacterized LOC102633516 

17279946 1.58 0.04196 0.26 0.32 Gm23979 predicted gene, 23979 

17466599 1.57 1E-06 0.03 0.06 Rarres2 
retinoic acid receptor responder 
(tazarotene induced) 2 

17388041 1.57 0.00066 0.23 0.04 Ptprj 

protein tyrosine phosphatase, 
receptor type, J; receptor-type 
tyrosine-protein phosphatase eta-like 

17355026 1.57 0.0009 0.07 0.17 Atp8b1 ATPase, class I, type 8B, member 1 

17330099 1.57 0.00323 0.17 0.19 Parp14 
poly (ADP-ribose) polymerase family, 
member 14 

17518962 1.57 0.00341 0.18 0.17 Anxa2 annexin A2 

17300175 1.57 0.00403 0.19 0.25 Traj38 
T cell receptor alpha joining 38; T cell 
receptor alpha variable 6D-6 

17364114 1.57 0.01073 0.44 0.14 Lipa lysosomal acid lipase A 

17319037 1.57 0.01376 0.37 0.16 Rac2 RAS-related C3 botulinum substrate 2 

17229782 1.57 0.02908 0.69 0.15 Slamf7 SLAM family member 7 

17494662 1.57 0.03423 0.36 0.02 Gm17757 
GTPase, very large interferon 
inducible 1 pseudogene 

17219431 1.57 0.04552 0.81 0.1 Gm10521 predicted gene 10521 

17441365 1.56 0.00201 0.19 0.17 Taok3 TAO kinase 3 

17337735 1.56 0.00455 0.3 0.24 Ptchd4 patched domain containing 4 

17323755 1.56 0.00723 0.21 0.31 Cldn5 claudin 5 



325 
 

17213213 1.56 0.01621 0.28 0.16 Casp8 caspase 8 

17406482 1.56 0.01845 0.16 0.34 Cd1d1 CD1d1 antigen 

17542031 1.56 0.02031 0.29 0.25 Sox3 SRY (sex determining region Y)-box 3 

17299559 1.56 0.02067 0.25 0.27 Pnp2 purine-nucleoside phosphorylase 2 

17278268 1.56 0.02574 0.35 0.22 Serpina3f 
serine (or cysteine) peptidase 
inhibitor, clade A, member 3F 

17260369 1.56 0.0283 0.45 0.24 Myo1g myosin IG 

17278769 1.56 0.02835 0.37 0.1 DQ267100 
snoRNA DQ267100; RNA imprinted 
and accumulated in nucleus 

17280310 1.56 0.03028 0.06 0.52 Id2 inhibitor of DNA binding 2 

17501440 1.56 0.03293 0.23 0.26 Ddx60 
DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 60 

17503884 1.56 0.04303 0.49 0.15 Gnao1 
guanine nucleotide binding protein, 
alpha O 

17297227 1.55 0.0007 0.13 0.12 Slc4a7 
solute carrier family 4, sodium 
bicarbonate cotransporter, member 7 

17309172 1.55 0.00103 0.09 0.2 Mycbp2 MYC binding protein 2 

17514447 1.55 0.00163 0.13 0.19 Casp12 caspase 12 

17421384 1.55 0.00185 0.28 0.06 Znf41-ps 

ZNF41, pseudogene; predicted gene 
13139; predicted gene 13251; 
predicted gene 13248 

17254194 1.55 0.00244 0.31 0.09 AI662270 expressed sequence AI662270 

17435055 1.55 0.00279 0.19 0.17 Gsap gamma-secretase activating protein 

17488806 1.55 0.0047 0.18 0.23 Spint2 
serine protease inhibitor, Kunitz type 
2 

17366278 1.55 0.00567 0.14 0.32 Sp100 

nuclear antigen Sp100; nuclear 
autoantigen Sp-100-like; component 
of Sp100-rs-like; component of Sp100-
rs; predicted gene 7582; predicted 
gene 2619; predicted pseudogene 
7609 

17501292 1.55 0.00704 0.28 0.04 Hmgb2 

high mobility group box 2; predicted 
gene 13167; predicted gene 13232; 
predicted gene 13237 

17390810 1.55 0.00938 0.26 0.25 Gatm 
glycine amidinotransferase (L-
arginine:glycine amidinotransferase) 

17320143 1.55 0.01099 0.42 0.11 Cerk ceramide kinase 

17355915 1.55 0.01283 0.08 0.35 Cpt1a carnitine palmitoyltransferase 1a, liver 

17451437 1.55 0.01442 0.48 0.17 Selplg selectin, platelet (p-selectin) ligand 

17421862 1.55 0.01568 0.23 0.24 LOC102636131 
uncharacterized LOC102636131; 
predicted gene 13067 

17410974 1.55 0.0265 0.29 0.45 Cyr61 cysteine rich protein 61 

17357872 1.55 0.0287 0.65 0.2 Lpxn leupaxin 

17308299 1.55 0.03079 0.15 0.4 Slc39a14 
solute carrier family 39 (zinc 
transporter), member 14 

17486864 1.55 0.0362 0.54 0.05 C5ar1 
complement component 5a receptor 
1 

17285819 1.55 0.04092 0.4 0.25 Hist1h2af histone cluster 1, H2af 

17299888 1.55 0.04489 0.38 0.29 Trav16d-dv11 
T cell receptor alpha variable 16D-
DV11 

17358832 1.55 0.04905 0.28 0.23 Ifit1 
interferon-induced protein with 
tetratricopeptide repeats 1 

17262887 1.54 3E-06 0.05 0.06 Anxa6 annexin A6 
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17404796 1.54 9.4E-05 0.1 0.1 Anxa5 annexin A5 

17367102 1.54 0.00021 0.14 0.05 Mrc1 mannose receptor, C type 1 

17242150 1.54 0.00184 0.16 0.19 Col6a2 collagen, type VI, alpha 2 

17548315 1.54 0.00223 0.3 0.09     

17375244 1.54 0.00356 0.27 0.01 Map1a microtubule-associated protein 1 A 

17444961 1.54 0.00525 0.36 0.09 Alox5ap 
arachidonate 5-lipoxygenase 
activating protein 

17265825 1.54 0.00565 0.23 0.19 Rap1gap2 RAP1 GTPase activating protein 2 

17420557 1.54 0.00682 0.18 0.21 Rnf186 ring finger protein 186 

17407969 1.54 0.00933 0.37 0.19 Plekho1 
pleckstrin homology domain 
containing, family O member 1 

17447254 1.54 0.01019 0.33 0.1 Gm15513 predicted gene 15513 

17383905 1.54 0.01224 0.14 0.28 Slc25a25 

solute carrier family 25 (mitochondrial 
carrier, phosphate carrier), member 
25 

17389481 1.54 0.01296 0.28 0.21 Arhgap11a Rho GTPase activating protein 11A 

17244439 1.54 0.01523 0.26 0.27 Plxnc1 plexin C1 

17308345 1.54 0.01968 0.31 0.16 Gm22725 predicted gene, 22725 

17265526 1.54 0.02396 0.37 0.15 Nlrp1c-ps 
NLR family, pyrin domain containing 
1C, pseudogene 

17463482 1.54 0.03744 0.46 0.15 Klrb1f 
killer cell lectin-like receptor subfamily 
B member 1F 

17488105 1.54 0.03829 0.17 0.32 Cyp2a22 
cytochrome P450, family 2, subfamily 
a, polypeptide 22 

17526102 1.54 0.03935 0.11 0.42 Oaf OAF homolog (Drosophila) 

17278799 1.54 0.04763 0.31 0.23 LOC102642047 
uncharacterized LOC102642047; 
predicted gene, 22205 

17421312 1.53 0.0002 0.07 0.12 Dhrs3 
dehydrogenase/reductase (SDR 
family) member 3 

17479183 1.53 0.001 0.18 0.12 Fam174b 
family with sequence similarity 174, 
member B 

17538704 1.53 0.00176 0.14 0.18 Phf8 PHD finger protein 8 

17357671 1.53 0.00249 0.24 0.06 Ms4a6c 
membrane-spanning 4-domains, 
subfamily A, member 6C 

17242232 1.53 0.0029 0.17 0.11 Col18a1 collagen, type XVIII, alpha 1 

17480568 1.53 0.00417 0.13 0.22 Arrb1 arrestin, beta 1 

17273948 1.53 0.02413 0.25 0.26 Sdc1 syndecan 1 

17337796 1.53 0.02893 0.63 0.08 Pla2g7 

phospholipase A2, group VII (platelet-
activating factor acetylhydrolase, 
plasma) 

17381306 1.53 0.02912 0.19 0.33 Mcm10 
minichromosome maintenance 
deficient 10 (S. cerevisiae) 

17339392 1.53 0.02951 0.26 0.29     

17313895 1.53 0.03185 0.19 0.35 Gtse1 G two S phase expressed protein 1 

17220249 1.53 0.03452 0.37 0.29 9130409I23Rik RIKEN cDNA 9130409I23 gene 

17417908 1.53 0.03712 0.35 0.2     

17244057 1.53 0.03781 0.64 0.15 Gas2l3 growth arrest-specific 2 like 3 

17344568 1.52 8E-06 0.06 0.07 H2-T23 
histocompatibility 2, T region locus 
23; RIKEN cDNA C920025E04 gene 

17286354 1.52 0.00073 0.14 0.1 Serpinb6b 
serine (or cysteine) peptidase 
inhibitor, clade B, member 6b 

17336502 1.52 0.00257 0.18 0.15 H2-Eb1 histocompatibility 2, class II antigen E 
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beta 

17533553 1.52 0.00322 0.15 0.2 Jade3 jade family PHD finger 3 

17224180 1.52 0.00352 0.21 0.14 Igfbp5 
insulin-like growth factor binding 
protein 5 

17301502 1.52 0.00354 0.08 0.27 Adra1a adrenergic receptor, alpha 1a 

17343813 1.52 0.00399 0.21 0.2 H2-Aa 
histocompatibility 2, class II antigen A, 
alpha 

17397426 1.52 0.00737 0.23 0.21 Ccrn4l 
CCR4 carbon catabolite repression 4-
like (S. cerevisiae) 

17366980 1.52 0.00777 0.2 0.16 Gm13293 predicted gene 13293 

17304406 1.52 0.00822 0.41 0.1 Prkcd protein kinase C, delta 

17251978 1.52 0.00849 0.23 0.18 Clec10a 
C-type lectin domain family 10, 
member A 

17245223 1.52 0.00888 0.31 0.2 Lyz2 lysozyme 2 

17337122 1.52 0.01777 0.29 0.2 H2-Q6 

histocompatibility 2, Q region locus 6; 
histocompatibility 2, Q region locus 8; 
histocompatibility 2, Q region locus 6-
like 

17278876 1.52 0.0195 0.39 0.07 Mir453 microRNA 453 

17257221 1.52 0.02202 0.15 0.27 Myl4 myosin, light polypeptide 4 

17512852 1.52 0.02237 0.18 0.31 Gm25321 predicted gene, 25321 

17299329 1.52 0.02553 0.53 0.12 Lgals3 lectin, galactose binding, soluble 3 

17324420 1.52 0.02621 0.24 0.2 St6gal1 
beta galactoside alpha 2,6 
sialyltransferase 1 

17493145 1.52 0.04701 0.17 0.46 Folh1 folate hydrolase 1 

17547719 1.52 0.04999 0.55 0.25 Ahnak2 AHNAK nucleoprotein 2 

17439464 1.51 0.00024 0.07 0.13 Anxa3 annexin A3 

17250710 1.51 0.00058 0.16 0.06 Trpv2 
transient receptor potential cation 
channel, subfamily V, member 2 

17481770 1.51 0.00058 0.19 0.08 Adm adrenomedullin 

17260742 1.51 0.00065 0.11 0.13 Gm24714 predicted gene, 24714 

17509101 1.51 0.00227 0.16 0.17 Tlr3 toll-like receptor 3 

17225993 1.51 0.00228 0.17 0.17 Rnf152 ring finger protein 152 

17363086 1.51 0.0023 0.08 0.24 Dtx4 deltex 4 homolog (Drosophila) 

17261107 1.51 0.00376 0.23 0.1 Rel reticuloendotheliosis oncogene 

17544385 1.51 0.0049 0.07 0.24 Tspan6 tetraspanin 6 

17290205 1.51 0.00886 0.21 0.26 BC147527 cDNA sequence BC147527 

17483264 1.51 0.00969 0.16 0.21 Itgal integrin alpha L 

17454627 1.51 0.01185 0.47 0.07 Card11 
caspase recruitment domain family, 
member 11 

17262855 1.51 0.01339 0.31 0.11 Tnip1 TNFAIP3 interacting protein 1 

17313000 1.51 0.01478 0.2 0.17 Kdelr3 
KDEL (Lys-Asp-Glu-Leu) endoplasmic 
reticulum protein retention receptor 3 

17516960 1.51 0.01487 0.46 0.11 Cadm1 cell adhesion molecule 1 

17480740 1.51 0.02016 0.48 0.22 Ucp2 
uncoupling protein 2 (mitochondrial, 
proton carrier) 

17476364 1.51 0.02059 0.51 0.16 Tyrobp 
TYRO protein tyrosine kinase binding 
protein 

17543141 1.51 0.02725 0.48 0.32 Mageb18 melanoma antigen family B, 18 

17464061 1.51 0.02847 0.39 0.14 Gm10400 predicted gene 10400 
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17476036 1.51 0.03467 0.51 0.19 Map4k1 
mitogen-activated protein kinase 
kinase kinase kinase 1 

17312700 1.51 0.04131 0.52 0.28 Ncf4 neutrophil cytosolic factor 4 

17437385 1.51 0.04819 0.32 0.15 Sod3 superoxide dismutase 3, extracellular 

17405005 -1.51 3.6E-05 0.1 0.05 Pgrmc2 
progesterone receptor membrane 
component 2 

17472517 -1.51 0.00014 0.1 0.08 Ldhb lactate dehydrogenase B 

17526813 -1.51 0.0003 0.14 0.12 Pts 6-pyruvoyl-tetrahydropterin synthase 

17393283 -1.51 0.00045 0.16 0.08 Acss2os 
acyl-CoA synthetase short-chain 
family member 2, opposite strand 

17379841 -1.51 0.00117 0.07 0.21 Ddx27 
DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 27 

17323532 -1.51 0.00119 0.13 0.23 P2rx6 
purinergic receptor P2X, ligand-gated 
ion channel, 6 

17466845 -1.51 0.00174 0.15 0.19 Hoxa7 homeobox A7 

17542349 -1.51 0.00184 0.15 0.18 Haus7 HAUS augmin-like complex, subunit 7 

17238890 -1.51 0.00297 0.11 0.22     

17250839 -1.51 0.00474 0.15 0.25 Pmp22 peripheral myelin protein 22 

17323632 -1.51 0.0049 0.2 0.16 Dgcr6 
DiGeorge syndrome critical region 
gene 6 

17252689 -1.51 0.00584 0.27 0.05 Spata22 spermatogenesis associated 22 

17396143 -1.51 0.00739 0.12 0.31 Car13 carbonic anhydrase 13 

17492417 -1.51 0.00911 0.4 0.12 Pex11a 
peroxisomal biogenesis factor 11 
alpha 

17214685 -1.51 0.01003 0.29 0.19 Acsl3 

acyl-CoA synthetase long-chain family 
member 3; UTP14, U3 small nucleolar 
ribonucleoprotein, homolog B (yeast) 

17351196 -1.51 0.01082 0.25 0.14 Apcdd1 
adenomatosis polyposis coli down-
regulated 1 

17484014 -1.51 0.01279 0.33 0.19 Acadsb 
acyl-Coenzyme A dehydrogenase, 
short/branched chain 

17277837 -1.51 0.01535 0.07 0.27 Ttc8 tetratricopeptide repeat domain 8 

17238884 -1.51 0.02211 0.15 0.35     

17426206 -1.51 0.02257 0.39 0.16 Alad aminolevulinate, delta-, dehydratase 

17311807 -1.51 0.0324 0.12 0.69 Sqle squalene epoxidase 

17360599 -1.51 0.03525 0.13 0.43 Adrb1 adrenergic receptor, beta 1 

17309061 -1.51 0.03791 0.15 0.37 Gm25831 predicted gene, 25831 

17288035 -1.51 0.04678 0.18 0.34 Gm3325 predicted gene 3325 

17297100 -1.52 1.7E-05 0.03 0.1 Kctd6 
potassium channel tetramerisation 
domain containing 6 

17309118 -1.52 0.0004 0.15 0.1 Tbc1d4 TBC1 domain family, member 4 

17419995 -1.52 0.00064 0.14 0.14 Gale galactose-4-epimerase, UDP 

17535930 -1.52 0.00109 0.16 0.14 Dkc1 dyskeratosis congenita 1, dyskerin 

17384979 -1.52 0.00605 0.06 0.23 LOC102633065 
uncharacterized LOC102633065; 
predicted gene 13470 

17456176 -1.52 0.00797 0.38 0.14 Met met proto-oncogene 

17362022 -1.52 0.0101 0.17 0.32     

17442046 -1.52 0.01236 0.16 0.42 Hvcn1 hydrogen voltage-gated channel 1 

17302138 -1.52 0.01989 0.2 0.35 D5Ertd579e 
DNA segment, Chr 5, ERATO Doi 579, 
expressed 

17518007 -1.52 0.02077 0.12 0.38 Pkm pyruvate kinase, muscle 
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17283683 -1.52 0.04274 0.21 0.36 Gm24334 predicted gene, 24334 

17220526 -1.52 0.04459 0.42 0.29 Snora36b small nucleolar RNA, H/ACA box 36B 

17232426 -1.53 3.9E-05 0.08 0.09 Echdc1 
enoyl Coenzyme A hydratase domain 
containing 1 

17429476 -1.53 0.00021 0.08 0.14 Kcnq4 
potassium voltage-gated channel, 
subfamily Q, member 4 

17469446 -1.53 0.00031 0.07 0.15 Eif4e3 
eukaryotic translation initiation factor 
4E member 3 

17358482 -1.53 0.00121 0.13 0.19 Ppapdc2 
phosphatidic acid phosphatase type 2 
domain containing 2 

17439622 -1.53 0.00207 0.19 0.19 Agpat9 
1-acylglycerol-3-phosphate O-
acyltransferase 9 

17268120 -1.53 0.00276 0.18 0.16 Pdk2 
pyruvate dehydrogenase kinase, 
isoenzyme 2 

17409858 -1.53 0.00329 0.19 0.22 Rwdd3 RWD domain containing 3 

17399426 -1.53 0.00335 0.18 0.19 Gm15417 predicted gene 15417 

17368171 -1.53 0.00374 0.09 0.3 Bmyc 
brain expressed myelocytomatosis 
oncogene 

17313911 -1.53 0.00449 0.25 0.1 Trmu 
tRNA 5-methylaminomethyl-2-
thiouridylate methyltransferase 

17295987 -1.53 0.00479 0.18 0.25 Rgs7bp 
regulator of G-protein signalling 7 
binding protein 

17275223 -1.53 0.00489 0.3 0.11 Immp2l 
IMP2 inner mitochondrial membrane 
peptidase-like (S. cerevisiae) 

17496352 -1.53 0.00509 0.21 0.21 2510046G10Rik RIKEN cDNA 2510046G10 gene 

17257024 -1.53 0.00666 0.18 0.24 Gm22683 predicted gene, 22683 

17297391 -1.53 0.01126 0.08 0.43 Nid2 nidogen 2 

17309774 -1.53 0.01264 0.24 0.24 Fgf14 fibroblast growth factor 14 

17238850 -1.53 0.01281 0.25 0.23     

17267702 -1.53 0.01363 0.35 0.12 Hlf hepatic leukemia factor 

17420108 -1.53 0.01436 0.12 0.37 9130020K20Rik RIKEN cDNA 9130020K20 gene 

17238846 -1.53 0.01469 0.21 0.19     

17489682 -1.53 0.01727 0.28 0.25 Kctd15 
potassium channel tetramerisation 
domain containing 15 

17281084 -1.53 0.03501 0.43 0.27 Egln3 egl-9 family hypoxia-inducible factor 3 

17280626 -1.53 0.03669 0.01 0.41 4933406C10Rik RIKEN cDNA 4933406C10 gene 

17502233 -1.53 0.04763 0.37 0.25 Slc27a1 
solute carrier family 27 (fatty acid 
transporter), member 1 

17317056 -1.54 0.00038 0.1 0.16 Enpp2 

ectonucleotide 
pyrophosphatase/phosphodiesterase 
2 

17491788 -1.54 0.00039 0.1 0.14 Klf13 Kruppel-like factor 13 

17367738 -1.54 0.00045 0.19 0.07     

17518818 -1.54 0.00079 0.14 0.14 Vps13c vacuolar protein sorting 13C (yeast) 

17527993 -1.54 0.00194 0.12 0.2 LOC102638888 uncharacterized LOC102638888 

17309385 -1.54 0.00202 0.15 0.18 Dct dopachrome tautomerase 

17342483 -1.54 0.00226 0.19 0.19 Fam195a 
family with sequence similarity 195, 
member A 

17498467 -1.54 0.00256 0.23 0.1 Ano1 
anoctamin 1, calcium activated 
chloride channel 

17415815 -1.54 0.00474 0.3 0.14 Pgm2 phosphoglucomutase 2 

17440218 -1.54 0.00534 0.16 0.21 Gm10419 predicted gene 10419 
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17341758 -1.54 0.00795 0.32 0.16 Ntn3 netrin 3 

17388499 -1.54 0.01178 0.12 0.32 Accs 
1-aminocyclopropane-1-carboxylate 
synthase (non-functional) 

17438419 -1.54 0.01343 0.16 0.34 2310040G07Rik RIKEN cDNA 2310040G07 gene 

17354739 -1.54 0.01459 0.28 0.25 Ppargc1b 
peroxisome proliferative activated 
receptor, gamma, coactivator 1 beta 

17277267 -1.54 0.02798 0.44 0.11     

17218955 -1.54 0.02994 0.28 0.33 Mpc2 mitochondrial pyruvate carrier 2 

17547554 -1.54 0.03567 0.45 0.19     

17221932 -1.54 0.04806 0.42 0.34 Gm23785 predicted gene, 23785 

17366428 -1.55 0.00141 0.06 0.22 Cdnf 
cerebral dopamine neurotrophic 
factor 

17400875 -1.55 0.00202 0.12 0.22 Zfp697 zinc finger protein 697 

17315519 -1.55 0.00274 0.12 0.2 Hoxc6 homeobox C6 

17243034 -1.55 0.00394 0.28 0.07 Mknk2 
MAP kinase-interacting 
serine/threonine kinase 2 

17473603 -1.55 0.00446 0.27 0.12 Zfp28 zinc finger protein 28 

17238852 -1.55 0.00499 0.21 0.17     

17519888 -1.55 0.00822 0.06 0.32 Irak1bp1 
interleukin-1 receptor-associated 
kinase 1 binding protein 1 

17372744 -1.55 0.00869 0.06 0.29 Olfr996 olfactory receptor 996 

17411647 -1.55 0.01396 0.27 0.11 Chd7 
chromodomain helicase DNA binding 
protein 7 

17238862 -1.55 0.0164 0.26 0.14     

17306929 -1.55 0.01802 0.15 0.25 Sdr39u1 
short chain dehydrogenase/reductase 
family 39U, member 1 

17448595 -1.55 0.02739 0.3 0.17 Gabra4 
gamma-aminobutyric acid (GABA) A 
receptor, subunit alpha 4 

17350444 -1.55 0.03213 0.19 0.39 LOC102635853 
uncharacterized LOC102635853; 
predicted gene 16283 

17548671 -1.55 0.0369 0.51 0.31 Gm19274 predicted gene, 19274 

17231669 -1.56 0.00045 0.07 0.15 Epm2a 
epilepsy, progressive myoclonic 
epilepsy, type 2 gene alpha 

17453140 -1.56 0.00294 0.24 0.07 Phkg1 phosphorylase kinase gamma 1 

17314564 -1.56 0.00335 0.14 0.16 Tmem106c transmembrane protein 106C 

17467556 -1.56 0.0049 0.03 0.29 Rpia ribose 5-phosphate isomerase A 

17532045 -1.56 0.0059 0.1 0.28 Plcd1 phospholipase C, delta 1 

17502039 -1.56 0.00812 0.24 0.13 Rab3a RAB3A, member RAS oncogene family 

17241921 -1.56 0.01104 0.22 0.2 Gstt3 
glutathione S-transferase, theta 3; 
predicted gene 20441 

17466838 -1.56 0.01277 0.16 0.21 Hoxa6 homeobox A6 

17238864 -1.56 0.01322 0.29 0.17     

17333036 -1.56 0.01391 0.41 0.1 Rsph3a 
radial spoke 3A homolog 
(Chlamydomonas) 

17491636 -1.56 0.01429 0.13 0.29 D7Ertd715e 
DNA segment, Chr 7, ERATO Doi 715, 
expressed 

17548530 -1.56 0.03098 0.24 0.37     

17484907 -1.56 0.03276 0.43 0.22 Snora52 
small nucleolar RNA, H/ACA box 52; 
ribosomal protein, large P2 

17515344 -1.56 0.03881 0.21 0.3 Ccdc159 coiled-coil domain containing 159 

17294402 -1.56 0.04977 0.26 0.31 Zfp72 zinc finger protein 72 
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17233534 -1.57 6E-06 0.07 0.05 Sowahc 
sosondowah ankyrin repeat domain 
family member C 

17388389 -1.57 3.3E-05 0.03 0.11 Cry2 cryptochrome 2 (photolyase-like) 

17384100 -1.57 6.4E-05 0.02 0.13 Garnl3 
GTPase activating RANGAP domain-
like 3 

17522958 -1.57 0.00045 0.06 0.17 Ctdspl 

CTD (carboxy-terminal domain, RNA 
polymerase II, polypeptide A) small 
phosphatase-like 

17469217 -1.57 0.0015 0.21 0.1 Lrig1 
leucine-rich repeats and 
immunoglobulin-like domains 1 

17266335 -1.57 0.00182 0.17 0.28 Traf4 TNF receptor associated factor 4 

17459735 -1.57 0.00545 0.2 0.26 Lrrtm1 
leucine rich repeat transmembrane 
neuronal 1 

17256522 -1.57 0.00636 0.2 0.25 Coasy Coenzyme A synthase 

17464718 -1.57 0.01334 0.21 0.22 Asns asparagine synthetase 

17359796 -1.57 0.01762 0.18 0.31 Lzts2 
leucine zipper, putative tumor 
suppressor 2 

17294664 -1.57 0.03114 0.2 0.3 Polr3g 
polymerase (RNA) III (DNA directed) 
polypeptide G 

17375538 -1.57 0.04133 0.33 0.35 Sqrdl sulfide quinone reductase-like (yeast) 

17221184 -1.57 0.0443 0.34 0.3 Gm22607 predicted gene, 22607 

17399411 -1.58 0.00011 0.02 0.15 Dcst2 DC-STAMP domain containing 2 

17313394 -1.58 0.00028 0.14 0.09 Aco2 aconitase 2, mitochondrial 

17526881 -1.58 0.00031 0.19 0.09 Dixdc1 DIX domain containing 1 

17288903 -1.58 0.00036 0.12 0.11 Mblac2 
metallo-beta-lactamase domain 
containing 2 

17461923 -1.58 0.00068 0.07 0.17 Syn2 synapsin II 

17469636 -1.58 0.00089 0.16 0.11 Rad18 RAD18 homolog (S. cerevisiae) 

17455554 -1.58 0.00109 0.17 0.15 N4bp2l1 NEDD4 binding protein 2-like 1 

17492549 -1.58 0.00194 0.18 0.19 Man2a2 mannosidase 2, alpha 2 

17518911 -1.58 0.00215 0.19 0.09 Rora RAR-related orphan receptor alpha 

17364805 -1.58 0.01308 0.33 0.19 Morn4 MORN repeat containing 4 

17298155 -1.58 0.01579 0.3 0.28 Chdh choline dehydrogenase 

17250500 -1.58 0.01672 0.28 0.21 Mief2 mitochondrial elongation factor 2 

17519644 -1.58 0.01941 0.28 0.3 C920006O11Rik RIKEN cDNA C920006O11 gene 

17424094 -1.58 0.0222 0.24 0.24 Bag1 BCL2-associated athanogene 1 

17381587 -1.58 0.02754 0.3 0.36 Gm23608 predicted gene, 23608 

17376560 -1.58 0.03727 0.23 0.36 AV099323 
expressed sequence AV099323; 
uncharacterized LOC102633666 

17357020 -1.58 0.04945 0.12 0.38 Rcor2 REST corepressor 2 

17383104 -1.59 0.00012 0.08 0.13 Agpat2 

1-acylglycerol-3-phosphate O-
acyltransferase 2 (lysophosphatidic 
acid acyltransferase, beta) 

17491564 -1.59 0.00102 0.14 0.18 Gm22131 predicted gene, 22131 

17263535 -1.59 0.0015 0.26 0.11 Srebf1 
sterol regulatory element binding 
transcription factor 1 

17235018 -1.59 0.0023 0.19 0.21 Cfd complement factor D (adipsin) 

17499932 -1.59 0.003 0.23 0.04 Slc20a2 solute carrier family 20, member 2 

17225506 -1.59 0.00377 0.25 0.25 Per2 period circadian clock 2 

17242416 -1.59 0.00431 0.19 0.18 D10Jhu81e DNA segment, Chr 10, Johns Hopkins 
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University 81 expressed 

17388756 -1.59 0.00798 0.31 0.25 Pdhx 
pyruvate dehydrogenase complex, 
component X 

17312567 -1.59 0.01197 0.19 0.25 Gpt 
glutamic pyruvic transaminase, 
soluble 

17286340 -1.6 1.2E-05 0.08 0.07 Foxc1 forkhead box C1 

17340177 -1.6 5.5E-05 0.07 0.1 Prkce protein kinase C, epsilon 

17260815 -1.6 0.00029 0.07 0.17 Meis1 Meis homeobox 1 

17414767 -1.6 0.00029 0.08 0.14 6330416G13Rik RIKEN cDNA 6330416G13 gene 

17466861 -1.6 0.00048 0.19 0.11 Mira 
mistral long non-coding RNA; 
homeobox A7 

17253461 -1.6 0.00057 0.21 0.1 Tlcd1 TLC domain containing 1 

17340657 -1.6 0.00078 0.18 0.16 Gm9992 predicted gene 9992 

17516112 -1.6 0.0009 0.21 0.09 Olfr875 olfactory receptor 875 

17348400 -1.6 0.00127 0.22 0.12 Gata6 GATA binding protein 6 

17490848 -1.6 0.00145 0.24 0.1 Dhdh dihydrodiol dehydrogenase (dimeric) 

17238525 -1.6 0.00153 0.23 0.13 A430046D13Rik Riken cDNA A430046D13 gene 

17436907 -1.6 0.00684 0.13 0.24 Afap1 actin filament associated protein 1 

17231694 -1.6 0.0113 0.25 0.27 Plagl1 pleiomorphic adenoma gene-like 1 

17333729 -1.6 0.04113 0.22 0.47 Mir125a 
microRNA 125a; sperm acrosome 
associated 6 

17333079 -1.61 8.6E-05 0.1 0.12 Mpc1 mitochondrial pyruvate carrier 1 

17447310 -1.61 0.00014 0.13 0.12 Lrpap1 
low density lipoprotein receptor-
related protein associated protein 1 

17369821 -1.61 0.00017 0.14 0.06 Ptges2 prostaglandin E synthase 2 

17287066 -1.61 0.00072 0.17 0.14 Rnf144b ring finger protein 144B 

17459074 -1.61 0.00173 0.16 0.22 BB365896 expressed sequence BB365896 

17391861 -1.61 0.00282 0.08 0.27 1700037H04Rik RIKEN cDNA 1700037H04 gene 

17483007 -1.61 0.00388 0.07 0.33 Sbk1 SH3-binding kinase 1 

17452231 -1.61 0.00582 0.34 0.09 Aldh2 
aldehyde dehydrogenase 2, 
mitochondrial 

17238870 -1.61 0.00674 0.24 0.19     

17291193 -1.61 0.01104 0.35 0.09     

17238888 -1.61 0.01169 0.3 0.19     

17293534 -1.61 0.04245 0.19 0.69 Gm5665 predicted gene 5665 

17283155 -1.62 0.00039 0.13 0.16 Eml5 
echinoderm microtubule associated 
protein like 5 

17238892 -1.62 0.00996 0.28 0.22     

17234436 -1.62 0.01333 0.37 0.18 Chchd10 
coiled-coil-helix-coiled-coil-helix 
domain containing 10 

17338472 -1.62 0.02104 0.38 0.16 Mocs1 molybdenum cofactor synthesis 1 

17427746 -1.62 0.03454 0.5 0.21 Prkaa2 
protein kinase, AMP-activated, alpha 
2 catalytic subunit 

17301536 -1.63 2.6E-05 0.11 0.06 Ebf2 early B cell factor 2 

17508396 -1.63 0.00068 0.18 0.17 Ddhd2 DDHD domain containing 2 

17317327 -1.63 0.0008 0.15 0.15 Mtss1 metastasis suppressor 1 

17504467 -1.63 0.00098 0.24 0.1 Pdp2 
pyruvate dehyrogenase phosphatase 
catalytic subunit 2 

17246674 -1.63 0.00111 0.18 0.17 Dusp18 dual specificity phosphatase 18 
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17466833 -1.63 0.00115 0.22 0.09 Hoxa5 homeobox A5 

17238876 -1.63 0.00318 0.21 0.18     

17516403 -1.63 0.00947 0.2 0.24 LOC102639429 

uncharacterized LOC102639429; 
RIKEN cDNA 2610203C20 gene; RIKEN 
cDNA 3110039I08 gene; RIKEN cDNA 
D230004N17 gene 

17460728 -1.64 0.00055 0.2 0.12 Txnrd3 thioredoxin reductase 3 

17487982 -1.64 0.00094 0.13 0.16 Bckdha 
branched chain ketoacid 
dehydrogenase E1, alpha polypeptide 

17543290 -1.64 0.00502 0.27 0.2 Arhgef9 
CDC42 guanine nucleotide exchange 
factor (GEF) 9 

17476639 -1.64 0.00715 0.1 0.36 Gm5327 predicted pseudogene 5327 

17285056 -1.64 0.01003 0.19 0.47 Idi1 
isopentenyl-diphosphate delta 
isomerase; predicted gene 13502 

17314577 -1.64 0.01434 0.32 0.28 Pfkm phosphofructokinase, muscle 

17391888 -1.64 0.02372 0.23 0.3 Rnf24 ring finger protein 24 

17493432 -1.65 0.00204 0.32 0.07 Thrsp thyroid hormone responsive 

17326685 -1.65 0.00308 0.1 0.24 2810055G20Rik RIKEN cDNA 2810055G20 gene 

17303400 -1.65 0.00511 0.27 0.34 Pdhb 
pyruvate dehydrogenase (lipoamide) 
beta 

17318428 -1.65 0.00802 0.25 0.21 Oplah 5-oxoprolinase (ATP-hydrolysing) 

17516997 -1.65 0.01238 0.24 0.24 Gm5617 predicted gene 5617 

17492754 -1.66 0.00014 0.01 0.17 Cpeb1 
cytoplasmic polyadenylation element 
binding protein 1 

17475542 -1.66 0.00065 0.1 0.18 Adck4 aarF domain containing kinase 4 

17400759 -1.66 0.00072 0.07 0.24 Acp6 acid phosphatase 6, lysophosphatidic 

17373616 -1.66 0.00147 0.2 0.19 Lrrc4c leucine rich repeat containing 4C 

17238433 -1.66 0.00196 0.17 0.31 Cs citrate synthase 

17484881 -1.66 0.00237 0.15 0.26 Taldo1 transaldolase 1 

17417660 -1.66 0.00475 0.25 0.29 Tmem53 transmembrane protein 53 

17454278 -1.66 0.01475 0.22 0.47 Gm454 predicted gene 454 

17373521 -1.66 0.01697 0.16 0.44 Chst1 
carbohydrate (keratan sulfate Gal-6) 
sulfotransferase 1 

17238848 -1.66 0.0183 0.25 0.21     

17548551 -1.67 0.00011 0.05 0.16     

17352120 -1.67 0.00012 0.09 0.16 Pard6g 
par-6 family cell polarity regulator 
gamma 

17280810 -1.67 0.00193 0.2 0.11 Arl4a ADP-ribosylation factor-like 4A 

17329833 -1.67 0.002 0.22 0.19 Fbxo45 F-box protein 45 

17535434 -1.67 0.00923 0.13 0.5 Nsdhl 
NAD(P) dependent steroid 
dehydrogenase-like 

17517215 -1.67 0.0386 0.2 0.37 LOC102635638 
uncharacterized LOC102635638; 
RIKEN cDNA 2010007H06 gene 

17257642 -1.68 8.9E-05 0.05 0.16 1810010H24Rik RIKEN cDNA 1810010H24 gene 

17496657 -1.68 0.00051 0.15 0.12 Zfp768 zinc finger protein 768 

17244705 -1.68 0.002 0.29 0.11 Acss3 
acyl-CoA synthetase short-chain 
family member 3 

17385840 -1.68 0.00372 0.15 0.26 Fign fidgetin 

17238872 -1.68 0.00581 0.25 0.18     

17268884 -1.68 0.00581 0.12 0.37 Nr1d1 nuclear receptor subfamily 1, group D, 
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member 1 

17274195 -1.68 0.00663 0.07 0.36 Ntsr2 neurotensin receptor 2 

17496713 -1.68 0.00891 0.24 0.29 1700008J07Rik RIKEN cDNA 1700008J07 gene 

17407354 -1.68 0.01005 0.26 0.27 S100a1 S100 calcium binding protein A1 

17251527 -1.68 0.01245 0.4 0.11 Per1 period circadian clock 1 

17238868 -1.68 0.01679 0.34 0.18     

17315860 -1.68 0.01758 0.37 0.46 Slc1a3 

solute carrier family 1 (glial high 
affinity glutamate transporter), 
member 3 

17447504 -1.68 0.02097 0.27 0.34 Gm24878 predicted gene, 24878 

17238828 -1.68 0.03715 0.26 0.3     

17365134 -1.69 0.00027 0.17 0.05 Ndufb8 
NADH dehydrogenase (ubiquinone) 1 
beta subcomplex 8 

17397827 -1.69 0.00063 0.06 0.21 Med12l mediator complex subunit 12-like 

17397129 -1.69 0.00888 0.26 0.28 Fgf2 fibroblast growth factor 2 

17238860 -1.69 0.02123 0.4 0.16     

17542925 -1.69 0.02169 0.33 0.22 5430402E10Rik RIKEN cDNA 5430402E10 gene 

17389635 -1.69 0.04412 0.09 0.44 2700033N17Rik 
RIKEN cDNA 2700033N17 gene; Meis 
homeobox 2 

17482079 -1.69 0.04626 0.24 0.47 Sox6os 
SRY (sex determining region Y)-box 6, 
opposite strand 

17248476 -1.7 0.001 0.21 0.15 Pank3 pantothenate kinase 3 

17295796 -1.7 0.00803 0.21 0.32 Pik3r1 

phosphatidylinositol 3-kinase, 
regulatory subunit, polypeptide 1 (p85 
alpha) 

17238866 -1.7 0.01413 0.34 0.14     

17354784 -1.7 0.02708 0.2 0.41 Mir143hg 
Mir143 and Mir145 host gene (non-
coding RNA) 

17284194 -1.71 0.00016 0.12 0.15 Tmem179 transmembrane protein 179 

17322146 -1.71 0.00068 0.18 0.18 Csad cysteine sulfinic acid decarboxylase 

17361921 -1.71 0.00299 0.1 0.3 Tm7sf2 
transmembrane 7 superfamily 
member 2 

17365728 -1.71 0.00417 0.45 0.15 Gpam 
glycerol-3-phosphate acyltransferase, 
mitochondrial 

17387742 -1.71 0.00879 0.28 0.31 Olfr259 olfactory receptor 259 

17351587 -1.71 0.01082 0.46 0.25 Mc5r melanocortin 5 receptor 

17404997 -1.71 0.01098 0.38 0.2 6430590A07Rik RIKEN cDNA 6430590A07 gene 

17238858 -1.72 0.00102 0.24 0.1     

17238882 -1.72 0.0051 0.27 0.17     

17220182 -1.72 0.02013 0.22 0.33 Gm16067 
predicted gene 16067; RIKEN cDNA 
G370120E05 gene 

17513995 -1.72 0.02303 0.3 0.6 Acta1 actin, alpha 1, skeletal muscle 

17459784 -1.72 0.02679 0.28 0.39 Gm20594 predicted gene, 20594 

17508802 -1.72 0.04092 0.22 0.47 Gm26150 predicted gene, 26150 

17257946 -1.73 0.00631 0.3 0.23 Sox9 SRY (sex determining region Y)-box 9 

17323040 -1.73 0.0069 0.24 0.27 Mir365-1 microRNA 365-1 

17341161 -1.73 0.00748 0.21 0.26 LOC102638562 

uncharacterized LOC102638562; 
uncharacterized LOC102638889; 
predicted gene 3255 

17409277 -1.74 0.00033 0.17 0.1 Gm12523 predicted gene 12523 
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17435503 -1.75 0.00098 0.19 0.29 1700096K18Rik RIKEN cDNA 1700096K18 gene 

17239184 -1.75 0.00148 0.04 0.27 Adgb androglobin 

17327247 -1.75 0.00988 0.28 0.33 LOC102632310 
uncharacterized LOC102632310; 
predicted gene, 26626 

17528079 -1.75 0.01358 0.23 0.33 2300009A05Rik RIKEN cDNA 2300009A05 gene 

17496354 -1.75 0.01613 0.24 0.36 Sult1a1 
sulfotransferase family 1A, phenol-
preferring, member 1 

17248971 -1.75 0.04209 0.53 0.33 Olfr1388 olfactory receptor 1388 

17252912 -1.75 0.04707 0.53 0.89 Tlcd2 TLC domain containing 2 

17479172 -1.76 4.1E-05 0.09 0.11 Rgma 
repulsive guidance molecule family 
member A 

17311643 -1.76 0.00132 0.2 0.16 Zhx2 
zinc fingers and homeoboxes 2; 
uncharacterized LOC102633931 

17303625 -1.76 0.00217 0.24 0.17 Nr1d2 
nuclear receptor subfamily 1, group D, 
member 2 

17274889 -1.76 0.01626 0.32 0.25 Gdap10 
ganglioside-induced differentiation-
associated-protein 10 

17280934 -1.77 1.1E-05 0.07 0.11 Prkd1 protein kinase D1 

17442187 -1.77 0.00014 0.13 0.16 Tmem120b transmembrane protein 120B 

17319554 -1.77 0.00019 0.14 0.14 Pmm1 phosphomannomutase 1 

17388705 -1.77 0.00031 0.15 0.14 Ldlrad3 

low density lipoprotein receptor class 
A domain containing 3; predicted 
gene, 20982 

17406752 -1.77 0.00162 0.26 0.12 Slc25a44 solute carrier family 25, member 44 

17450196 -1.77 0.00406 0.19 0.3 Agpat9 

1-acylglycerol-3-phosphate O-
acyltransferase 9; RIKEN cDNA 
4930458D05 gene 

17394079 -1.77 0.00985 0.16 0.44 Rims4 
regulating synaptic membrane 
exocytosis 4 

17229020 -1.77 0.01397 0.37 0.32 Fmo1 flavin containing monooxygenase 1 

17309141 -1.78 0.00073 0.2 0.19 Gm19422 
predicted gene, 19422; TBC1 domain 
family, member 4 

17290242 -1.79 0.0004 0.09 0.24 Net1 
neuroepithelial cell transforming gene 
1 

17251441 -1.79 0.00062 0.21 0.22 Slc25a35 solute carrier family 25, member 35 

17281843 -1.79 0.00158 0.19 0.31 Dhrs7 
dehydrogenase/reductase (SDR 
family) member 7 

17241687 -1.79 0.00184 0.23 0.25 A930033H14Rik RIKEN cDNA A930033H14 gene 

17230131 -1.79 0.02004 0.29 0.43 Rgs7 regulator of G protein signaling 7 

17428017 -1.79 0.04395 0.27 0.62 Zyg11a 
zyg-11 family member A, cell cycle 
regulator 

17516192 -1.79 0.04576 0.48 0.11 Olfr914 olfactory receptor 914 

17322429 -1.8 2.1E-05 0.09 0.11 Ppp1r1a 
protein phosphatase 1, regulatory 
(inhibitor) subunit 1A 

17232763 -1.8 0.00039 0.23 0.09 Ddo D-aspartate oxidase 

17443797 -1.8 0.00156 0.25 0.19 Mblac1 
metallo-beta-lactamase domain 
containing 1 

17371847 -1.81 0.00041 0.14 0.2 Pdk1 
pyruvate dehydrogenase kinase, 
isoenzyme 1 

17510975 -1.81 0.00088 0.1 0.22 Gm10644 predicted gene 10644 

17392568 -1.81 0.00637 0.37 0.35 Thbd thrombomodulin 

17437801 -1.81 0.01332 0.13 0.34 Gm24399 predicted gene, 24399 

17374648 -1.82 0.00128 0.32 0.14 Ivd isovaleryl coenzyme A dehydrogenase 
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17383712 -1.82 0.00479 0.15 0.44 Ptges prostaglandin E synthase 

17377168 -1.82 0.01094 0.16 0.42 Gm22731 predicted gene, 22731 

17500744 -1.82 0.0124 0.39 0.23 B430010I23Rik RIKEN cDNA B430010I23 gene 

17234552 -1.82 0.02811 0.16 0.9 Lss lanosterol synthase 

17508170 -1.82 0.03311 0.11 0.47 1810011O10Rik RIKEN cDNA 1810011O10 gene 

17220018 -1.83 0.00053 0.21 0.16 Cnst consortin, connexin sorting protein 

17403829 -1.83 0.00177 0.32 0.05 Negr1 neuronal growth regulator 1 

17222825 -1.83 0.00492 0.06 0.49 Nabp1 nucleic acid binding protein 1 

17282158 -1.83 0.00758 0.09 0.51 Rdh11 retinol dehydrogenase 11 

17517592 -1.84 7.4E-05 0.17 0.07 Cspg4 chondroitin sulfate proteoglycan 4 

17259383 -1.84 0.00078 0.1 0.25 Slc25a10 

solute carrier family 25 (mitochondrial 
carrier, dicarboxylate transporter), 
member 10 

17232152 -1.84 0.00091 0.26 0.17 Vnn3 vanin 3 

17518500 -1.84 0.00241 0.31 0.12 Parp16 
poly (ADP-ribose) polymerase family, 
member 16 

17361299 -1.85 0.00083 0.23 0.16 2010003K11Rik RIKEN cDNA 2010003K11 gene 

17238830 -1.85 0.0335 0.19 0.39     

17369721 -1.86 7.6E-05 0.13 0.16 Pomt1 protein-O-mannosyltransferase 1 

17404750 -1.86 0.00027 0.24 0.08 Mccc1 
methylcrotonoyl-Coenzyme A 
carboxylase 1 (alpha) 

17259623 -1.86 0.00084 0.1 0.26 Fn3k fructosamine 3 kinase 

17478044 -1.86 0.00157 0.31 0.11 Tmem143 transmembrane protein 143 

17274875 -1.87 0.00109 0.1 0.25 Nampt 
nicotinamide 
phosphoribosyltransferase 

17244973 -1.87 0.01086 0.45 0.3 Trhde TRH-degrading enzyme 

17349402 -1.88 0.04746 0.22 0.5 Pkd2l2 polycystic kidney disease 2-like 2 

17281880 -1.89 0.00013 0.18 0.11 Six1 sine oculis-related homeobox 1 

17224878 -1.89 0.00015 0.16 0.18 Irs1 insulin receptor substrate 1 

17495586 -1.89 0.00077 0.21 0.21 Gde1 
glycerophosphodiester 
phosphodiesterase 1 

17418540 -1.89 0.00084 0.14 0.27 Stk40 serine/threonine kinase 40 

17351457 -1.89 0.00447 0.29 0.27 Cidea 

cell death-inducing DNA 
fragmentation factor, alpha subunit-
like effector A 

17427181 -1.89 0.02007 0.46 0.16 Gm12669 
glutaredoxin 3 pseudogene; predicted 
gene 12669 

17439669 -1.9 4E-06 0.08 0.08 Arhgap24 Rho GTPase activating protein 24 

17262942 -1.9 0.00033 0.2 0.14 Slc36a2 
solute carrier family 36 (proton/amino 
acid symporter), member 2 

17387276 -1.9 0.00038 0.22 0.14 Pde1a 
phosphodiesterase 1A, calmodulin-
dependent 

17545741 -1.9 0.00073 0.26 0.22 Pdha1 pyruvate dehydrogenase E1 alpha 1 

17508787 -1.9 0.00123 0.2 0.28 Lonrf1 
LON peptidase N-terminal domain and 
ring finger 1 

17529398 -1.9 0.0015 0.11 0.35 Me1 
malic enzyme 1, NADP(+)-dependent, 
cytosolic 

17477897 -1.9 0.0022 0 0.32 Bcat2 
branched chain aminotransferase 2, 
mitochondrial 

17460826 -1.9 0.00281 0.36 0.2 Klf15 Kruppel-like factor 15 
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17287555 -1.9 0.01123 0.23 0.39 Unc5a unc-5 homolog A (C. elegans) 

17238854 -1.9 0.01795 0.29 0.28     

17533170 -1.9 0.0222 0.4 0.29 Gm6592 predicted gene 6592 

17246154 -1.91 0.00319 0.3 0.17 Myl6b myosin, light polypeptide 6B 

17519649 -1.91 0.00851 0.6 0.15 Gsta4 glutathione S-transferase, alpha 4 

17527453 -1.91 0.01226 0.1 0.52 Odf3l1 
outer dense fiber of sperm tails 3-like 
1 

17386569 -1.92 8.9E-05 0.05 0.2 Chn1 chimerin 1 

17303989 -1.92 0.0001 0.06 0.2 Zfp503 zinc finger protein 503 

17263511 -1.92 0.0285 0.46 0.48 Rasd1 RAS, dexamethasone-induced 1 

17477811 -1.93 0.00024 0.22 0.11 Gys1 glycogen synthase 1, muscle 

17377164 -1.93 0.00177 0.13 0.26 Gm14093 predicted gene 14093 

17516397 -1.93 0.00739 0.28 0.22 3110039I08Rik RIKEN cDNA 3110039I08 gene 

17454382 -1.94 0.00012 0.14 0.14 Adap1 ArfGAP with dual PH domains 1 

17539271 -1.94 0.04498 0.5 0.39 Gpr64 G protein-coupled receptor 64 

17326700 -1.95 0.00283 0.32 0.23 Mir99a microRNA 99a 

17403463 -1.95 0.00326 0.32 0.28 Syde2 
synapse defective 1, Rho GTPase, 
homolog 2 (C. elegans) 

17231229 -1.96 0.00029 0.27 0.1 Hsd11b1 
hydroxysteroid 11-beta 
dehydrogenase 1 

17516469 -1.96 0.00136 0.27 0.25 Usp2 ubiquitin specific peptidase 2 

17452378 -1.96 0.02579 0.13 0.5 Rad9b RAD9 homolog B 

17448001 -1.97 3.1E-05 0.14 0.09 Ppargc1a 
peroxisome proliferative activated 
receptor, gamma, coactivator 1 alpha 

17307588 -1.97 7.7E-05 0.16 0.15 Fdft1 
farnesyl diphosphate farnesyl 
transferase 1 

17287414 -1.98 0.00038 0.29 0.13 Sfxn1 sideroflexin 1 

17428217 -1.98 0.00074 0.26 0.16 Cdkn2c 
cyclin-dependent kinase inhibitor 2C 
(p18, inhibits CDK4) 

17363429 -1.98 0.0023 0.27 0.31 Aldh1a7 
aldehyde dehydrogenase family 1, 
subfamily A7 

17278209 -1.99 0.01 0.3 0.36 Ppp4r4 
protein phosphatase 4, regulatory 
subunit 4 

17277134 -2 0.00047 0.19 0.23 Acot2 acyl-CoA thioesterase 2 

17549474 -2 0.00293 0.11 0.39 Gm19537 predicted gene, 19537 

17218965 -2 0.00411 0.1 0.49 Adcy10 adenylate cyclase 10 

17342403 -2 0.01302 0.29 0.43 Rhbdl1 

rhomboid, veinlet-like 1 (Drosophila); 
predicted gene 20683; ras homolog 
gene family, member T2 

17326567 -2.01 0.00316 0.47 0.25 Gbe1 
glucan (1,4-alpha-), branching enzyme 
1 

17313677 -2.01 0.01585 0.34 0.41 Pnpla3 
patatin-like phospholipase domain 
containing 3 

17284037 -2.02 0.00059 0.17 0.21 Mpc1 

mitochondrial pyruvate carrier 1; 
mitochondrial pyruvate carrier 1, 
pseudogene 

17388371 -2.04 2.2E-05 0.06 0.15 Mapk8ip1 
mitogen-activated protein kinase 8 
interacting protein 1 

17428209 -2.04 0.00045 0.05 0.29 9630013D21Rik RIKEN cDNA 9630013D21 gene 

17549612 -2.04 0.00432 0.16 0.39 Gm19537 predicted gene, 19537 

17214672 -2.05 0.00124 0.26 0.27 Mogat1 monoacylglycerol O-acyltransferase 1 
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17248664 -2.05 0.0019 0.37 0.08 Gm22121 predicted gene, 22121 

17281721 -2.05 0.01059 0.5 0.39 Pygl liver glycogen phosphorylase 

17256388 -2.06 0.00659 0.2 0.5 Ttc25 tetratricopeptide repeat domain 25 

17237356 -2.07 0.00063 0.23 0.19 Gm15723 
predicted gene 15723; 
uncharacterized LOC102633245 

17231174 -2.07 0.0033 0.24 0.25 Syt14 synaptotagmin XIV 

17435584 -2.08 0.02573 0.41 0.42 Insig1 insulin induced gene 1 

17265096 -2.09 0.00001 0.16 0.05 Slc2a4 
solute carrier family 2 (facilitated 
glucose transporter), member 4 

17376805 -2.09 0.00053 0.16 0.29 Ankef1 
ankyrin repeat and EF-hand domain 
containing 1 

17380199 -2.09 0.00074 0.17 0.26 Rbm38 RNA binding motif protein 38 

17468018 -2.1 0.00008 0.16 0.16 Hk2 hexokinase 2 

17290016 -2.1 0.00105 0.1 0.31 BC067074 cDNA sequence BC067074 

17408805 -2.1 0.04921 0.78 0.06 Wnt2b 
wingless-type MMTV integration site 
family, member 2B 

17538590 -2.11 0.00013 0.14 0.18 Pfkfb1 
6-phosphofructo-2-kinase/fructose-
2,6-biphosphatase 1 

17531650 -2.11 0.00287 0.18 0.46 Pth1r parathyroid hormone 1 receptor 

17278305 -2.11 0.00773 0.15 0.42 Serpina3j 

serine (or cysteine) peptidase 
inhibitor, clade A (alpha-1 
antiproteinase, antitrypsin), member 
3J 

17256579 -2.12 0.00023 0.18 0.23 Cntnap1 contactin associated protein-like 1 

17497704 -2.12 0.00271 0.43 0.12 Cox8b cytochrome c oxidase subunit VIIIb 

17356216 -2.14 8.7E-05 0.24 0.09 Pcx pyruvate carboxylase 

17443185 -2.14 0.00084 0.25 0.29 Mlxipl MLX interacting protein-like 

17399474 -2.14 0.00365 0.22 0.41 Pmvk phosphomevalonate kinase 

17313376 -2.15 0.00094 0.35 0.18 Tef thyrotroph embryonic factor 

17328829 -2.16 8.88E-07 0.07 0.09 Slc25a1 
solute carrier family 25 (mitochondrial 
carrier, citrate transporter), member 1 

17257801 -2.16 0.00221 0.17 0.34 Axin2 axin2 

17500535 -2.17 0.00029 0.07 0.29 Dusp4 dual specificity phosphatase 4 

17370897 -2.18 0.00102 0.35 0.28 Gpd2 
glycerol phosphate dehydrogenase 2, 
mitochondrial 

17515315 -2.18 0.00202 0.21 0.32 Ldlr low density lipoprotein receptor 

17298126 -2.2 0.00226 0.4 0.19 Lrtm1 
leucine-rich repeats and 
transmembrane domains 1 

17372621 -2.2 0.00236 0.13 0.45 Slc43a1 solute carrier family 43, member 1 

17470597 -2.2 0.02883 0.32 0.63 Slc2a3 
solute carrier family 2 (facilitated 
glucose transporter), member 3 

17508544 -2.21 0.03782 0.69 0.34 Adrb3 adrenergic receptor, beta 3 

17406708 -2.22 4E-06 0.05 0.14 Tmem79 transmembrane protein 79 

17512476 -2.22 3.6E-05 0.16 0.13 LOC102636686 
uncharacterized LOC102636686; 
predicted gene 5914 

17392472 -2.22 5.8E-05 0.19 0.11 Ralgapa2 
Ral GTPase activating protein, alpha 
subunit 2 (catalytic) 

17409284 -2.23 0.03924 0.24 0.63 Celsr2 

cadherin, EGF LAG seven-pass G-type 
receptor 2 (flamingo homolog, 
Drosophila) 

17436545 -2.24 0.00062 0.11 0.4 Nat8l N-acetyltransferase 8-like 
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17533282 -2.24 0.00065 0.15 0.3 Mid1ip1 

Mid1 interacting protein 1 
(gastrulation specific G12-like 
(zebrafish)) 

17364208 -2.24 0.01846 0.53 0.56 Ppp1r3c 
protein phosphatase 1, regulatory 
(inhibitor) subunit 3C 

17357460 -2.25 0.00136 0.33 0.19 Fads1 fatty acid desaturase 1 

17378858 -2.25 0.00192 0.14 0.38 Gm25129 predicted gene, 25129 

17224724 -2.25 0.00359 0.54 0.29 BC035947 cDNA sequence BC035947 

17456772 -2.26 1.4E-05 0.1 0.16 Strip2 striatin interacting protein 2 

17427970 -2.26 0.00261 0.42 0.34 Podn podocan 

17446793 -2.31 0.00069 0.21 0.4 Slc5a6 

solute carrier family 5 (sodium-
dependent vitamin transporter), 
member 6 

17279317 -2.32 2.9E-05 0.16 0.11 A530016L24Rik RIKEN cDNA A530016L24 gene 

17410251 -2.35 0.00097 0.29 0.31 Enpep glutamyl aminopeptidase 

17512765 -2.37 0.00217 0.42 0.27 3010033K07Rik RIKEN cDNA 3010033K07 gene 

17407934 -2.4 0.00101 0.38 0.2 Ciart 
circadian associated repressor of 
transcription 

17273348 -2.41 7.69E-07 0.06 0.1 Fasn fatty acid synthase 

17211174 -2.42 0.00382 0.1 0.51 A830018L16Rik RIKEN cDNA A830018L16 gene 

17421875 -2.46 0.0152 0.44 0.69 Slc2a5 
solute carrier family 2 (facilitated 
glucose transporter), member 5 

17326702 -2.5 0.04403 0.63 0.54 Mirlet7c-1 microRNA let7c-1 

17445308 -2.54 0.00141 0.2 0.45 Cyp51 cytochrome P450, family 51 

17453714 -2.57 9E-06 0.14 0.13 Sh2b2 SH2B adaptor protein 2 

17461414 -2.58 0.00046 0.25 0.31 Bhlhe40 
basic helix-loop-helix family, member 
e40 

17243839 -2.62 1.8E-05 0.16 0.15 Ascl1 
achaete-scute complex homolog 1 
(Drosophila) 

17291821 -2.62 0.00102 0.29 0.35 Eci3 enoyl-Coenzyme A delta isomerase 3 

17278236 -2.66 0.00783 0.28 0.6 Serpina1c 

serine (or cysteine) peptidase 
inhibitor, clade A, member 1C; RIKEN 
cDNA B430119L08 gene 

17330463 -2.68 0.00078 0.52 0.14 Gm19522 predicted gene, 19522 

17357981 -2.75 0.01765 0.2 1.13 Prune2 prune homolog 2 (Drosophila) 

17472760 -2.81 0.00194 0.4 0.49 Bhlhe41 
basic helix-loop-helix family, member 
e41 

17331272 -2.82 0.00049 0.34 0.3 Olfr205 olfactory receptor 205 

17231571 -2.85 0.0002 0.09 0.33 B430219N15Rik RIKEN cDNA B430219N15 gene 

17401480 -2.98 0.00067 0.36 0.41 Dennd2d DENN/MADD domain containing 2D 

17378848 -2.98 0.00176 0.33 0.42 Snhg11 small nucleolar RNA host gene 11 

17298183 -2.99 8.9E-05 0.08 0.34 Tkt transketolase 

17433328 -3.07 0.00013 0.17 0.31 Per3 period circadian clock 3 

17418519 -3.08 3.4E-05 0.17 0.22 Oscp1 
organic solute carrier partner 1; 
uncharacterized LOC102643079 

17320666 -3.12 2.2E-05 0.17 0.22 Slc2a13 
solute carrier family 2 (facilitated 
glucose transporter), member 13 

17250849 -3.12 0.00103 0.28 0.47 B430319H21Rik RIKEN cDNA B430319H21 gene 

17442719 -3.26 7.3E-05 0.28 0.25 Aacs acetoacetyl-CoA synthetase 

17515335 -3.28 0.00116 0.21 0.64 Gm6484 predicted gene 6484 
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17364390 -3.32 0.00076 0.08 0.54 Gm23800 predicted gene, 23800 

17525894 -3.4 0.00128 0.12 0.68 Sorl1 
sortilin-related receptor, LDLR class A 
repeats-containing 

17439037 -3.45 0.00315 0.24 0.88 Parm1 
prostate androgen-regulated mucin-
like protein 1 

17316780 -3.65 0.00064 0.4 0.4 Angpt1 angiopoietin 1 

17408940 -3.68 0.00174 0.16 0.72 2010016I18Rik RIKEN cDNA 2010016I18 gene 

17467209 -3.71 0.00027 0.5 0.19 Fam13a 
family with sequence similarity 13, 
member A 

17250852 -3.72 1.9E-05 0.18 0.29 B130011K05Rik RIKEN cDNA B130011K05 gene 

17440826 -3.75 8.92E-07 0.15 0.12 Acacb acetyl-Coenzyme A carboxylase beta 

17477979 -3.77 0.00011 0.28 0.3 Dbp 
D site albumin promoter binding 
protein 

17378359 -3.79 0.00065 0.31 0.58 Acss2 
acyl-CoA synthetase short-chain 
family member 2 

17547610 -3.87 0.00054 0.37 0.44     

17524117 -4.07 0.00805 0.18 1.01 Hephl1 hephaestin-like 1 

17269521 -4.21 0.00016 0.18 0.51 Acly ATP citrate lyase 

17254395 -4.76 1.2E-05 0.29 0.24 Acaca acetyl-Coenzyme A carboxylase alpha 

17501098 -4.82 7.8E-05 0.23 0.41 Cldn22 claudin 22 

17402558 -5.1 0.00023 0.18 0.64 Elovl6 
ELOVL family member 6, elongation of 
long chain fatty acids (yeast) 

 

  

Table 19 DEGs at 12W in the WAT 

Transcript 
Cluster ID 

Fold 
Change 
HFD vs 

LFD 

ANOVA 
p-value 

HFD 
Standard 
Deviatio

n 

LFD 
Standard 
Deviatio

n 

Gene 
Symbol 

Description 

17346018 14.85 0.000091 0.28 0.82 Slc5a7 
solute carrier family 5 (choline 

transporter), member 7 

17423577 10.72 0.000957 0.92 0.62 Atp6v0d2 
ATPase, H+ transporting, lysosomal V0 

subunit D2 

17364820 10.34 0.000999 0.31 1.15 Sfrp5 
secreted frizzled-related sequence 

protein 5 

17458439 8.84 0.000867 0.81 0.7 Gpnmb glycoprotein (transmembrane) nmb 

17347558 7.78 0.001023 0.92 0.37 Cdkl4 cyclin-dependent kinase-like 4 

17337580 7.42 0.003755 1.14 0.29 Olfr111 olfactory receptor 111 

17514495 7.06 0.003035 0.63 0.98 Mmp12 matrix metallopeptidase 12 

17315891 6.99 0.000282 0.69 0.26 Il7r interleukin 7 receptor 

17491193 6.68 0.00345 0.8 0.45 Saa3 serum amyloid A 3 

17284460 6.58 0.025757 1.52 0.36 
LOC54490

5 
Ig heavy chain V region 

17310400 6.56 0.000227 0.12 0.74 
1700047G

03Rik 
RIKEN cDNA 1700047G03 gene 

17324787 6.44 0.000662 0.67 0.46 Tm4sf19 
transmembrane 4 L six family member 

19 

17306104 5.87 0.000878 0.92 0.37 Rnase2a 
ribonuclease, RNase A family, 2A 

(liver, eosinophil-derived neurotoxin) 

17335467 5.8 0.000003 0.18 0.25 Cdkn1a cyclin-dependent kinase inhibitor 1A 
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(P21) 

17459196 5.59 0.000061 0.37 0.31 Tnip3 TNFAIP3 interacting protein 3 

17337545 5.51 0.008369 1.34 0.2 Ubd ubiquitin D 

17486110 5.05 0.000165 0.2 0.44 Peg3 paternally expressed 3 

17497525 5.02 0.000523 0.54 0.45 Adam8 
a disintegrin and metallopeptidase 

domain 8 

17537081 4.8 0.000577 0.49 0.54 Tlr13 toll-like receptor 13 

17459324 4.63 0.021594 0.73 1.29 Igkv1-117 

immunoglobulin kappa variable 1-117; 
immunoglobulin kappa chain 

complex; immunoglobulin kappa 
chain variable 1 (V1) 

17338416 4.6 0.00111 0.67 0.36 Trem2 
triggering receptor expressed on 

myeloid cells 2 

17358724 4.33 0.000593 0.5 0.4 Lipf lipase, gastric 

17495839 4.27 0.00037 0.51 0.19 Igsf6 
immunoglobulin superfamily, member 

6 

17483615 4.27 0.001921 0.75 0.37 Itgax integrin alpha X 

17525578 4.05 0.000021 0.29 0.14 Slc37a2 
solute carrier family 37 (glycerol-3-
phosphate transporter), member 2 

17473637 4.03 0.00031 0.06 0.48 Peg3os Peg3 opposite strand 

17468612 3.94 0.000237 0.45 0.21 Arhgap25 Rho GTPase activating protein 25 

17546101 3.88 0.000635 0.5 0.18 Tlr8 toll-like receptor 8 

17284435 3.78 0.047107 1.55 0.16 Ighv4-1 

immunoglobulin heavy variable 4-1; 
immunoglobulin heavy chain (X24 

family); immunoglobulin heavy chain 
(J558 family) 

17400375 3.68 0.001054 0.57 0.25 Ctss cathepsin S 

17285746 3.67 0.000098 0.13 0.4 Hist1h2bn 
histone cluster 1, H2bn; histone 
cluster 1, H2bl; histone cluster 1, 

H2bj; histone cluster 1, H2bf 

17257361 3.66 0.000095 0.38 0.1 Mrc2 mannose receptor, C type 2 

17234647 3.62 0.00106 0.48 0.39 Itgb2 integrin beta 2 

17219418 3.62 0.00164 0.65 0.23 Cd84 CD84 antigen 

17278128 3.6 0.000744 0.28 0.44 Unc79 unc-79 homolog (C. elegans) 

17459291 3.56 0.006649 0.68 0.28 Igkv1-135 
immunoglobulin kappa variable 1-135; 
immunoglobulin kappa chain complex 

17357810 3.53 0.000452 0.51 0.2 Mpeg1 macrophage expressed gene 1 

17358274 3.52 0.000217 0.39 0.19 Dock8 dedicator of cytokinesis 8 

17228293 3.52 0.006278 0.6 0.45 Cacna1e 
calcium channel, voltage-dependent, 

R type, alpha 1E subunit 

17404209 3.49 0.000024 0.24 0.23 Sirpb1b signal-regulatory protein beta 1B 

17231033 3.46 0.000749 0.44 0.32 Atf3 activating transcription factor 3 

17529099 3.45 0.00001 0.23 0.13 Col12a1 collagen, type XII, alpha 1 

17264835 3.42 0.000833 0.49 0.37 Cd68 CD68 antigen 

17541926 3.4 0.001995 0.25 0.57 Fgf13 fibroblast growth factor 13 

17371427 3.39 0.002351 0.53 0.4 Dhrs9 
dehydrogenase/reductase (SDR 

family) member 9 

17374488 3.36 0.008962 0.58 0.57 Thbs1 thrombospondin 1 

17229782 3.35 0.00047 0.44 0.24 Slamf7 SLAM family member 7 

17512611 3.26 0.000138 0.24 0.36 Dpep2 dipeptidase 2 
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17337796 3.26 0.000843 0.46 0.19 Pla2g7 
phospholipase A2, group VII (platelet-

activating factor acetylhydrolase, 
plasma) 

17244949 3.22 0.00217 0.61 0.39 Glipr1 GLI pathogenesis-related 1 (glioma) 

17289527 3.21 0.0003 0.4 0.21 Cd180 CD180 antigen 

17404200 3.21 0.000379 0.41 0.21 Sirpb1a signal-regulatory protein beta 1A 

17251303 3.2 0.001005 0.45 0.19 Pik3r5 
phosphoinositide-3-kinase, regulatory 

subunit 5, p101 

17533713 3.19 0.002219 0.42 0.37 Timp1 tissue inhibitor of metalloproteinase 1 

17321768 3.19 0.004368 0.5 0.36 Bin2 bridging integrator 2 

17471541 3.16 0.002593 0.55 0.34 Clec7a 
C-type lectin domain family 7, 

member a 

17261650 3.15 0.000131 0.3 0.21 Dock2 dedicator of cyto-kinesis 2 

17520425 3.15 0.000149 0.17 0.35 Pcolce2 
procollagen C-endopeptidase 

enhancer 2 

17228544 3.09 0.000321 0.38 0.19 Soat1 sterol O-acyltransferase 1 

17399802 3.09 0.000334 0.25 0.38 S100a4 S100 calcium binding protein A4 

17401269 3.09 0.0004 0.4 0.21 Ptpn22 
protein tyrosine phosphatase, non-

receptor type 22 (lymphoid) 

17438584 3.06 0.005438 0.71 0.35 Stap1 
signal transducing adaptor family 

member 1 

17400365 3.05 0.001968 0.65 0.25 Ctsk cathepsin K 

17530540 3.03 0.003301 0.63 0.27 Col6a5 collagen, type VI, alpha 5 

17390778 3.02 0.002369 0.38 0.53 Duoxa1 dual oxidase maturation factor 1 

17364565 3.01 0.00042 0.42 0.14 Blnk B cell linker 

17391056 2.98 0.000019 0.21 0.15 Atp8b4 ATPase, class I, type 8B, member 4 

17388733 2.98 0.000109 0.32 0.17 Cd44 CD44 antigen 

17455600 2.98 0.007639 0.52 0.57 
D730045B

01Rik 
RIKEN cDNA D730045B01 gene 

17459344 2.97 0.016616 0.72 0.42 Igkv16-104 
immunoglobulin kappa variable 16-
104; immunoglobulin kappa chain 

complex 

17290083 2.95 0.001985 0.43 0.32 Emb embigin 

17357597 2.93 0.009145 0.77 0.19 Slc15a3 solute carrier family 15, member 3 

17367686 2.92 0.00002 0.2 0.15 Il1rn interleukin 1 receptor antagonist 

17336114 2.92 0.000771 0.39 0.26 Myo1f myosin IF 

17227780 2.91 0.012908 1.19 0.28 Rgs1 regulator of G-protein signaling 1 

17287381 2.9 0.000521 0.36 0.16 Syk spleen tyrosine kinase 

17397575 2.89 0.000186 0.39 0.09 Postn periostin, osteoblast specific factor 

17315570 2.89 0.000356 0.38 0.15 Nckap1l NCK associated protein 1 like 

17346150 2.88 0.000279 0.39 0.11 Lrg1 leucine-rich alpha-2-glycoprotein 1 

17337735 2.87 0.000435 0.23 0.37 Ptchd4 patched domain containing 4 

17398406 2.86 0.000106 0.14 0.31 Fam198b 
family with sequence similarity 198, 

member B 

17431174 2.85 0.002093 0.48 0.34 Cd52 CD52 antigen 

17292569 2.84 0.000088 0.2 0.23 Sema4d 

sema domain, immunoglobulin 
domain (Ig), transmembrane domain 
(TM) and short cytoplasmic domain, 

(semaphorin) 4D 

17266952 2.83 0.000117 0.27 0.13 Ccl9 chemokine (C-C motif) ligand 9 
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17219431 2.83 0.000682 0.46 0.11 Gm10521 predicted gene 10521 

17408960 2.81 0.000811 0.32 0.32 Cd53 CD53 antigen 

17421074 2.79 0.001865 0.34 0.56 Hspb7 
heat shock protein family, member 7 

(cardiovascular) 

17312759 2.78 0.000028 0.23 0.12 Cyth4 cytohesin 4 

17299329 2.78 0.000092 0.29 0.15 Lgals3 lectin, galactose binding, soluble 3 

17358266 2.78 0.00732 0.3 0.53 Tmem252 transmembrane protein 252 

17483577 2.75 0.000085 0.19 0.23 Itgam integrin alpha M 

17233210 2.75 0.004535 0.67 0.14 Gp49a glycoprotein 49 A 

17470616 2.72 0.001719 0.49 0.32 C3ar1 
complement component 3a receptor 

1 

17424608 2.72 0.016825 0.84 0.17 Cd72 CD72 antigen 

17549898 2.72 0.024448 0.64 0.67 Ear3 

eosinophil-associated, ribonuclease A 
family, member 3; eosinophil-

associated, ribonuclease A family, 
member 12; eosinophil-associated, 
ribonuclease A family, member 2 

17299101 2.71 0.001031 0.29 0.37 Ear2 

eosinophil-associated, ribonuclease A 
family, member 2; eosinophil-

associated, ribonuclease A family, 
member 12; eosinophil-associated, 
ribonuclease A family, member 3 

17227536 2.7 0.000436 0.34 0.21 Ptprc 
protein tyrosine phosphatase, 

receptor type, C 

17474941 2.69 0.001149 0.44 0.27 Kcnn4 
potassium intermediate/small 
conductance calcium-activated 

channel, subfamily N, member 4 

17357872 2.67 0.000615 0.41 0.12 Lpxn leupaxin 

17318950 2.67 0.008101 0.57 0.3 Csf2rb2 
colony stimulating factor 2 receptor, 

beta 2, low-affinity (granulocyte-
macrophage) 

17271710 2.66 0.000628 0.4 0.22 Cd300lb CD300 antigen like family member B 

17538161 2.66 0.001182 0.49 0.08 Prps1 
phosphoribosyl pyrophosphate 

synthetase 1 

17519022 2.64 0.000661 0.38 0.16 Myo1e myosin IE 

17463509 2.64 0.007354 0.71 0.42 Clec12a 
C-type lectin domain family 12, 

member a 

17437097 2.62 0.007063 0.57 0.35 Otop1 otopetrin 1 

17252497 2.62 0.008711 0.46 0.57 Atp2a3 ATPase, Ca++ transporting, ubiquitous 

17326541 2.62 0.011512 0.12 0.76 Vgll3 vestigial like 3 (Drosophila) 

17244057 2.6 0.00055 0.36 0.22 Gas2l3 growth arrest-specific 2 like 3 

17278593 2.6 0.001006 0.46 0.16 Evl 
Ena-vasodilator stimulated 

phosphoprotein 

17528405 2.6 0.002624 0.36 0.26 Rab8b RAB8B, member RAS oncogene family 

17366244 2.59 0.018782 0.63 0.41 
LOC10004

1057 
nuclear body protein SP140-like 

17540154 2.55 0.001042 0.35 0.29 Cybb cytochrome b-245, beta polypeptide 

17523659 2.5 0.001652 0.33 0.3 Ccr5 chemokine (C-C motif) receptor 5 

17219662 2.49 0.001295 0.21 0.44 Pyhin1 
pyrin and HIN domain family, member 

1 

17233993 2.49 0.002702 0.43 0.25 Egr2 early growth response 2 

17419437 2.48 0.000056 0.24 0.12 Ptafr platelet-activating factor receptor 
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17543141 2.48 0.047308 0.7 0.52 Mageb18 melanoma antigen family B, 18 

17277387 2.47 0.00009 0.28 0.11 Fos FBJ osteosarcoma oncogene 

17453288 2.47 0.001815 0.34 0.26 Ncf1 neutrophil cytosolic factor 1 

17290890 2.46 0.012599 0.68 0.29 
A530099J1

9Rik 
RIKEN cDNA A530099J19 gene 

17493869 2.45 0.000251 0.21 0.25 P2ry6 
pyrimidinergic receptor P2Y, G-

protein coupled, 6 

17462756 2.45 0.004219 0.48 0.46 Clec4b1 
C-type lectin domain family 4, 

member b1 

17518512 2.45 0.008258 0.45 0.5 Cilp 
cartilage intermediate layer protein, 
nucleotide pyrophosphohydrolase 

17343628 2.45 0.022098 0.24 0.73 Angptl4 angiopoietin-like 4 

17513491 2.43 0.000128 0.24 0.16 Cotl1 coactosin-like 1 (Dictyostelium) 

17425631 2.43 0.026531 0.39 0.58 Svep1 
sushi, von Willebrand factor type A, 

EGF and pentraxin domain containing 
1 

17271724 2.42 0.000901 0.38 0.16 Cd300ld CD300 molecule-like family member d 

17476364 2.42 0.001528 0.53 0.18 Tyrobp 
TYRO protein tyrosine kinase binding 

protein 

17476036 2.41 0.000064 0.12 0.23 Map4k1 
mitogen-activated protein kinase 

kinase kinase kinase 1 

17325861 2.41 0.000544 0.38 0.25 Cd200r1 CD200 receptor 1 

17292071 2.41 0.000807 0.23 0.34 Nedd9 
neural precursor cell expressed, 

developmentally down-regulated 
gene 9 

17529575 2.41 0.002478 0.36 0.25 Bcl2a1d 

B cell leukemia/lymphoma 2 related 
protein A1d; B cell 

leukemia/lymphoma 2 related protein 
A1a; B cell leukemia/lymphoma 2 

related protein A1b 

17513672 2.41 0.003271 0.5 0.2 Cyba cytochrome b-245, alpha polypeptide 

17277794 2.4 0.003108 0.48 0.15 Gpr65 G-protein coupled receptor 65 

17470060 2.39 0.000281 0.25 0.19 Rassf4 
Ras association (RalGDS/AF-6) domain 

family member 4 

17284349 2.39 0.015363 0.1 0.78 Ighm 
immunoglobulin heavy constant mu; 

immunoglobulin heavy chain (X24 
family) 

17214899 2.38 0.000018 0.14 0.15 Gm7609 
predicted pseudogene 7609; nuclear 

autoantigen Sp-100-like; 
uncharacterized LOC102638355 

17219546 2.38 0.000389 0.27 0.27 Slamf9 SLAM family member 9 

17497334 2.38 0.008805 0.31 0.53 Mki67 
antigen identified by monoclonal 

antibody Ki 67 

17320143 2.37 0.000016 0.1 0.16 Cerk ceramide kinase 

17254166 2.37 0.000221 0.25 0.21 Slfn2 schlafen 2 

17372307 2.37 0.002198 0.44 0.15 Itga4 integrin alpha 4 

17533223 2.37 0.004024 0.49 0.06 
  

17380392 2.37 0.01926 0.66 0.44 Gm14444 predicted gene 14444 

17229931 2.36 0.000871 0.36 0.25 Slamf8 SLAM family member 8 

17219199 2.36 0.003656 0.55 0.26 Fcgr4 Fc receptor, IgG, low affinity IV 

17492431 2.36 0.004544 0.51 0.18 Anpep alanyl (membrane) aminopeptidase 

17451437 2.34 0.000286 0.23 0.25 Selplg selectin, platelet (p-selectin) ligand 

17324745 2.34 0.000969 0.25 0.29 Bex6 brain expressed gene 6 
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17453406 2.34 0.006585 0.49 0.26 Lat2 
linker for activation of T cells family, 

member 2 

17520171 2.33 0.00016 0.26 0.06 Bcl2a1b 

B cell leukemia/lymphoma 2 related 
protein A1b; B cell 

leukemia/lymphoma 2 related protein 
A1a 

17410031 2.33 0.00027 0.25 0.25 Synpo2 synaptopodin 2 

17459656 2.33 0.000355 0.24 0.2 Capg 
capping protein (actin filament), 

gelsolin-like 

17394297 2.33 0.00108 0.41 0.17 Pltp phospholipid transfer protein 

17290695 2.33 0.001589 0.31 0.25 
  

17233384 2.33 0.013568 0.42 0.39 Fabp7 fatty acid binding protein 7, brain 

17242150 2.32 0.000046 0.16 0.19 Col6a2 collagen, type VI, alpha 2 

17486099 2.32 0.002837 0.4 0.33 Zim1 zinc finger, imprinted 1 

17451614 2.32 0.005847 0.3 0.54 
2610524H

06Rik 
RIKEN cDNA 2610524H06 gene 

17404230 2.32 0.007222 0.49 0.27 Gm5150 predicted gene 5150 

17214197 2.31 0.001031 0.36 0.24 Slc11a1 
solute carrier family 11 (proton-

coupled divalent metal ion 
transporters), member 1 

17292990 2.29 0.000158 0.29 0.05 Tifab 
TRAF-interacting protein with 

forkhead-associated domain, family 
member B 

17520881 2.29 0.001945 0.32 0.29 Gm5627 predicted gene 5627 

17217048 2.29 0.002153 0.34 0.31 
5430435G

22Rik 
RIKEN cDNA 5430435G22 gene 

17242177 2.28 0.000122 0.09 0.26 Col6a1 collagen, type VI, alpha 1 

17547505 2.28 0.000206 0.32 0.1 
  

17262316 2.28 0.002392 0.31 0.36 Ltc4s leukotriene C4 synthase 

17227797 2.28 0.011932 0.38 0.52 Rgs18 regulator of G-protein signaling 18 

17506808 2.27 0.000085 0.22 0.13 Trim67 tripartite motif-containing 67 

17301968 2.27 0.001137 0.34 0.21 Lcp1 lymphocyte cytosolic protein 1 

17279701 2.26 0.006737 0.35 0.38 Cdca7l cell division cycle associated 7 like 

17229767 2.26 0.008639 0.48 0.26 Ly9 lymphocyte antigen 9 

17248288 2.25 0.00038 0.18 0.29 Sh3pxd2b SH3 and PX domains 2B 

17364098 2.24 0.000012 0.15 0.1 Acta2 actin, alpha 2, smooth muscle, aorta 

17448245 2.24 0.000063 0.18 0.15 Tlr1 toll-like receptor 1 

17325206 2.24 0.00159 0.18 0.48 Adcy5 adenylate cyclase 5 

17480740 2.24 0.001622 0.36 0.23 Ucp2 
uncoupling protein 2 (mitochondrial, 

proton carrier) 

17233226 2.24 0.001753 0.51 0.24 Lilrb4 
leukocyte immunoglobulin-like 

receptor, subfamily B, member 4 

17285867 2.24 0.023448 0.58 0.6 Hist1h2ab histone cluster 1, H2ab 

17548236 2.23 0.000876 0.21 0.27 Gm7609 

predicted pseudogene 7609; 
component of Sp100-rs; predicted 

gene 2666; uncharacterized 
LOC100041903; uncharacterized 

LOC100503923; predicted 
pseudogene 15433; predicted 

pseudogene 2635; component of 
Sp100-rs-like 

17548924 2.23 0.000876 0.21 0.27 Gm7609 predicted pseudogene 7609; 
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component of Sp100-rs; predicted 
gene 2666; uncharacterized 

LOC100041903; uncharacterized 
LOC100503923; predicted 

pseudogene 15433; predicted 
pseudogene 2635; component of 

Sp100-rs-like 

17279759 2.23 0.002413 0.35 0.2 Dnmt3aos 
DNA methyltransferase 3A, opposite 

strand 

17548926 2.22 0.001075 0.18 0.31 Gm7609 

predicted pseudogene 7609; 
component of Sp100-rs; predicted 

gene 2666; uncharacterized 
LOC100041903; uncharacterized 

LOC100503923; predicted 
pseudogene 15433; predicted 

pseudogene 2635; component of 
Sp100-rs-like 

17462796 2.22 0.012041 0.48 0.42 Clec4d 
C-type lectin domain family 4, 

member d 

17219612 2.22 0.037352 0.63 0.07 Vsig8 
V-set and immunoglobulin domain 

containing 8 

17314682 2.21 0.00071 0.23 0.24 
  

17488292 2.21 0.00425 0.5 0.1 Pld3 phospholipase D family, member 3 

17404217 2.21 0.004713 0.35 0.39 
LOC10003

8947 
signal-regulatory protein beta 1-like 

17306477 2.21 0.015196 0.48 0.25 Slc7a8 
solute carrier family 7 (cationic amino 
acid transporter, y+ system), member 

8 

17255260 2.2 0.000018 0.12 0.14 Col1a1 collagen, type I, alpha 1 

17366170 2.2 0.000404 0.31 0.13 Csf2ra 
colony stimulating factor 2 receptor, 

alpha, low-affinity (granulocyte-
macrophage) 

17520416 2.2 0.001236 0.17 0.34 Paqr9 
progestin and adipoQ receptor family 

member IX 

17283445 2.2 0.00128 0.37 0.15 Lgmn legumain 

17548965 2.2 0.005438 0.35 0.29 Gm7609 

predicted pseudogene 7609; 
component of Sp100-rs; predicted 

gene 2666; uncharacterized 
LOC100041903; uncharacterized 

LOC100503923; predicted 
pseudogene 15433; predicted 

pseudogene 2635; component of 
Sp100-rs-like 

17248809 2.2 0.011732 0.62 0.24 Havcr2 hepatitis A virus cellular receptor 2 

17301823 2.19 0.00048 0.25 0.18 Gfra2 
glial cell line derived neurotrophic 

factor family receptor alpha 2 

17266960 2.19 0.001962 0.25 0.3 Ccl6 chemokine (C-C motif) ligand 6 

17254041 2.19 0.009678 0.59 0.46 Ccl2 chemokine (C-C motif) ligand 2 

17258738 2.18 0.000043 0.17 0.11 9-Sep septin 9 

17259679 2.18 0.000119 0.23 0.1 Metrnl 
meteorin, glial cell differentiation 

regulator-like 

17351330 2.18 0.000206 0.19 0.21 Malt1 
mucosa associated lymphoid tissue 

lymphoma translocation gene 1 

17540455 2.18 0.000278 0.27 0.11 
LOC10050

3338 
uncharacterized LOC100503338; 

predicted gene 14636 

17486859 2.18 0.000455 0.28 0.17 C5ar2 
complement component 5a receptor 

2 
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17339013 2.18 0.00174 0.37 0.29 Emr1 
EGF-like module containing, mucin-

like, hormone receptor-like sequence 
1 

17482766 2.18 0.002582 0.34 0.23 Prkcb protein kinase C, beta 

17396369 2.17 0.002171 0.35 0.21 Nceh1 neutral cholesterol ester hydrolase 1 

17510136 2.17 0.002987 0.43 0.2 Ifi30 
interferon gamma inducible protein 

30 

17304406 2.16 0.000246 0.19 0.23 Prkcd protein kinase C, delta 

17302141 2.16 0.001922 0.37 0.17 Epsti1 
epithelial stromal interaction 1 

(breast) 

17534555 2.16 0.002435 0.32 0.31 Sash3 SAM and SH3 domain containing 3 

17278767 2.16 0.002846 0.34 0.2 Gm23600 predicted gene, 23600 

17254065 2.15 0.000204 0.22 0.2 Ccl8 chemokine (C-C motif) ligand 8 

17363533 2.15 0.011116 0.42 0.48 Mamdc2 MAM domain containing 2 

17336494 2.14 0.000396 0.17 0.28 H2-Ab1 
histocompatibility 2, class II antigen A, 

beta 1 

17226593 2.14 0.001465 0.26 0.24 Cxcr4 chemokine (C-X-C motif) receptor 4 

17410974 2.14 0.004235 0.39 0.12 Cyr61 cysteine rich protein 61 

17232453 2.14 0.005607 0.46 0.23 Trdn triadin 

17224738 2.14 0.01536 0.52 0.06 Ap1s3 
adaptor-related protein complex AP-

1, sigma 3; predicted gene 8532 

17510605 2.14 0.026013 0.59 0.38 Gm22532 predicted gene, 22532 

17525240 2.13 0.000109 0.22 0.11 St14 
suppression of tumorigenicity 14 

(colon carcinoma) 

17447544 2.13 0.005381 0.44 0.25 Wfs1 
Wolfram syndrome 1 homolog 

(human) 

17419287 2.12 0.000338 0.29 0.22 Laptm5 
lysosomal-associated protein 

transmembrane 5 

17544517 2.12 0.006671 0.51 0.11 Gla galactosidase, alpha 

17391623 2.12 0.010148 0.55 0.26 Cpxm1 carboxypeptidase X 1 (M14 family) 

17362953 2.12 0.016389 0.68 0.21 Ms4a7 
membrane-spanning 4-domains, 

subfamily A, member 7 

17506279 2.11 0.000658 0.24 0.23 Irf8 interferon regulatory factor 8 

17548532 2.11 0.005035 0.44 0.24 
  

17359212 2.11 0.006426 0.35 0.22 Hells helicase, lymphoid specific 

17539649 2.11 0.007463 0.52 0.17 
  

17457472 2.1 0.000011 0.15 0.07 Tbxas1 thromboxane A synthase 1, platelet 

17539467 2.1 0.001447 0.25 0.24 Ap1s2 
adaptor-related protein complex 1, 

sigma 2 subunit 

17366012 2.1 0.001721 0.33 0.1 
4930506M

07Rik 
RIKEN cDNA 4930506M07 gene 

17431607 2.1 0.002278 0.43 0.13 C1qb 
complement component 1, q 

subcomponent, beta polypeptide 

17407716 2.09 0.000277 0.21 0.2 Tnfaip8l2 
tumor necrosis factor, alpha-induced 

protein 8-like 2 

17408024 2.09 0.00066 0.3 0.15 Fcgr1 Fc receptor, IgG, high affinity I 

17483648 2.09 0.022488 0.68 0.16 Itgad integrin, alpha D 

17388332 2.08 0.000148 0.08 0.26 Creb3l1 
cAMP responsive element binding 

protein 3-like 1 

17462738 2.08 0.000836 0.2 0.33 Clec4a3 
C-type lectin domain family 4, 

member a3 

17278612 2.08 0.00111 0.35 0.21 Mir342 microRNA 342 
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17354269 2.08 0.00421 0.29 0.25 Ticam2 
toll-like receptor adaptor molecule 2; 

transmembrane emp24 protein 
transport domain containing 7 

17247155 2.08 0.011994 0.35 0.36 
  

17463851 2.08 0.017763 0.4 0.34 Ptpro 
protein tyrosine phosphatase, 

receptor type, O 

17260369 2.07 0.000255 0.14 0.24 Myo1g myosin IG 

17378348 2.07 0.000887 0.14 0.3 Trp53inp2 
transformation related protein 53 

inducible nuclear protein 2 

17498514 2.07 0.00096 0.24 0.29 Tpcn2 two pore segment channel 2 

17410332 2.07 0.001188 0.22 0.31 Ccdc109b coiled-coil domain containing 109B 

17296558 2.07 0.001593 0.29 0.19 Gm21188 
predicted gene, 21188; CTD (carboxy-
terminal domain, RNA polymerase II, 
polypeptide A) small phosphatase 1 

17431588 2.07 0.002429 0.32 0.24 Ephb2 Eph receptor B2 

17301108 2.07 0.002464 0.36 0.19 Arl11 ADP-ribosylation factor-like 11 

17452115 2.07 0.004361 0.39 0.17 Oas1g 2-5 oligoadenylate synthetase 1G 

17509537 2.07 0.005155 0.24 0.36 Palld 
palladin, cytoskeletal associated 

protein 

17470119 2.06 0.000037 0.19 0.06 Ret ret proto-oncogene 

17364280 2.06 0.000854 0.28 0.19 Myof myoferlin 

17382038 2.06 0.001413 0.27 0.23 Pip4k2a 
phosphatidylinositol-5-phosphate 4-

kinase, type II, alpha 

17401846 2.06 0.005413 0.37 0.29 Vav3 vav 3 oncogene 

17479183 2.06 0.011034 0.3 0.39 Fam174b 
family with sequence similarity 174, 

member B 

17404821 2.06 0.027641 0.43 0.37 Ccna2 cyclin A2 

17550524 2.05 0.000899 0.35 0.13 Trp53cor1 
tumor protein p53 pathway 

corepressor 1 

17512628 2.05 0.020945 0.95 0.52 Gm22972 predicted gene, 22972; dipeptidase 2 

17339554 2.04 0.000031 0.17 0.1 Lbh limb-bud and heart 

17440768 2.04 0.000101 0.21 0.15 
  

17354219 2.04 0.000448 0.24 0.16 Trim36 tripartite motif-containing 36 

17373177 2.04 0.000736 0.33 0.18 Spi1 
spleen focus forming virus (SFFV) 

proviral integration oncogene; 
uncharacterized LOC100862024 

17397774 2.04 0.001086 0.11 0.34 Tsc22d2 TSC22 domain family, member 2 

17501989 2.04 0.001235 0.24 0.26 Lrrc25 leucine rich repeat containing 25 

17456934 2.03 0.002845 0.11 0.47 Mest mesoderm specific transcript 

17358777 2.03 0.005585 0.36 0.44 Stambpl1 STAM binding protein like 1 

17547719 2.03 0.011899 0.39 0.43 Ahnak2 AHNAK nucleoprotein 2 

17459421 2.03 0.047687 0.64 0.7 Igkj5 immunoglobulin kappa joining 5 

17397708 2.02 0.000204 0.15 0.21 Dclk1 doublecortin-like kinase 1 

17444346 2.02 0.000654 0.28 0.18 Daglb diacylglycerol lipase, beta 

17419277 2.02 0.000885 0.33 0.07 Sdc3 syndecan 3 

17444961 2.02 0.001124 0.32 0.2 Alox5ap 
arachidonate 5-lipoxygenase 

activating protein 

17229658 2.02 0.004198 0.42 0.26 Fcer1g 
Fc receptor, IgE, high affinity I, gamma 

polypeptide 

17431181 2.02 0.008976 0.49 0.23 Sh3bgrl3 
SH3 domain binding glutamic acid-rich 

protein-like 3 
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17492661 2.01 0.000193 0.15 0.16 Iqgap1 
IQ motif containing GTPase activating 

protein 1 

17528274 2.01 0.000443 0.24 0.22 Plekho2 
pleckstrin homology domain 

containing, family O member 2 

17364114 2.01 0.00083 0.3 0.18 Lipa lysosomal acid lipase A 

17271197 2.01 0.003567 0.39 0.18 Gm11670 predicted gene 11670 

17347663 2.01 0.005864 0.27 0.31 
C430042M

11Rik 
RIKEN cDNA C430042M11 gene 

17305520 2.01 0.020577 0.57 0.1 Ear1 

eosinophil-associated, ribonuclease A 
family, member 1; eosinophil-

associated, ribonuclease A family, 
pseudogene 9 

17525868 2 0.000101 0.13 0.17 Ubash3b 
ubiquitin associated and SH3 domain 

containing, B 

17351282 2 0.000396 0.23 0.13 Nedd4l 
neural precursor cell expressed, 

developmentally down-regulated 
gene 4-like 

17389481 2 0.000416 0.06 0.28 Arhgap11a Rho GTPase activating protein 11A 

17229620 2 0.000632 0.29 0.1 Fcgr3 Fc receptor, IgG, low affinity III 

17286587 2 0.001122 0.24 0.27 Ly86 lymphocyte antigen 86 

17286375 2 0.008506 0.43 0.3 Serpinb9b 
serine (or cysteine) peptidase 
inhibitor, clade B, member 9b 

17284437 2 0.017044 0.57 0.14 Ighv3-1 immunoglobulin heavy variable 3-1 

17377793 2 0.023959 0.39 0.4 Tpx2 
TPX2, microtubule-associated protein 

homolog (Xenopus laevis) 

17500662 1.99 0.000106 0.19 0.12 Zdhhc2 zinc finger, DHHC domain containing 2 

17301502 1.99 0.000658 0.23 0.16 Adra1a adrenergic receptor, alpha 1a 

17319738 1.99 0.002563 0.33 0.14 Nfam1 
Nfat activating molecule with ITAM 

motif 1 

17285819 1.99 0.010117 0.44 0.31 Hist1h2af histone cluster 1, H2af 

17362973 1.99 0.015071 0.39 0.41 Ms4a6d 
membrane-spanning 4-domains, 

subfamily A, member 6D 

17527917 1.99 0.020858 0.33 0.38 
B930092H

01Rik 
RIKEN cDNA B930092H01 gene 

17363086 1.98 0.000055 0.15 0.11 Dtx4 deltex 4 homolog (Drosophila) 

17375244 1.98 0.000352 0.23 0.2 Map1a microtubule-associated protein 1 A 

17417117 1.98 0.000541 0.23 0.12 Stil Scl/Tal1 interrupting locus 

17485589 1.98 0.001114 0.29 0.2 Pirb paired Ig-like receptor B 

17421390 1.98 0.002058 0.3 0.15 Gm13238 

carnitine deficiency-associated gene 
expressed in ventricle 3 pseudogene; 
predicted gene 13241; predicted gene 

13238; predicted gene 13146; 
predicted gene, 20760 

17237937 1.98 0.0032 0.25 0.3 B4galnt1 
beta-1,4-N-acetyl-galactosaminyl 

transferase 1 

17309154 1.97 0.000967 0.25 0.14 Kctd12 
potassium channel tetramerisation 

domain containing 12 

17505995 1.97 0.003654 0.34 0.07 Plcg2 phospholipase C, gamma 2 

17547525 1.97 0.005764 0.34 0.24 
  

17219643 1.97 0.008044 0.34 0.26 Aim2 absent in melanoma 2 

17408015 1.97 0.008827 0.09 0.53 Hist2h3b 

histone cluster 2, H3b; histone cluster 
1, H3e; histone cluster 1, H3b; histone 
cluster 1, H3d; histone cluster 1, H3c; 
histone cluster 1, H3f; histone cluster 
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2, H3c2; histone cluster 2, H3c1 

17219581 1.96 0.000123 0.15 0.15 Tagln2 transgelin 2 

17279349 1.96 0.000727 0.24 0.2 Adssl1 adenylosuccinate synthetase like 1 

17217566 1.96 0.002298 0.12 0.4 Ptpn7 
protein tyrosine phosphatase, non-

receptor type 7 

17462764 1.96 0.00568 0.36 0.21 Clec4a2 
C-type lectin domain family 4, 

member a2 

17283463 1.96 0.006579 0.25 0.41 Itpk1 inositol 1,3,4-triphosphate 5/6 kinase 

17225413 1.95 0.00005 0.15 0.12 Col6a3 collagen, type VI, alpha 3 

17322163 1.95 0.000083 0.14 0.15 Itgb7 integrin beta 7 

17312700 1.95 0.000315 0.08 0.26 Ncf4 neutrophil cytosolic factor 4 

17335788 1.95 0.001436 0.25 0.3 Gm25447 predicted gene, 25447 

17322087 1.95 0.006588 0.43 0.33 Krt79 keratin 79 

17532879 1.95 0.010107 0.19 0.42 Syp synaptophysin 

17226847 1.95 0.012524 0.43 0.3 Cdk18 cyclin-dependent kinase 18 

17523650 1.94 0.000279 0.1 0.2 Ccr2 chemokine (C-C motif) receptor 2 

17493556 1.94 0.001141 0.29 0.15 Acer3 alkaline ceramidase 3 

17399812 1.94 0.001384 0.17 0.34 S100a6 
S100 calcium binding protein A6 

(calcyclin) 

17304906 1.94 0.001677 0.33 0.23 Wdfy4 
WD repeat and FYVE domain 

containing 4 

17221375 1.94 0.00252 0.31 0.19 Eya1 eyes absent 1 homolog (Drosophila) 

17286905 1.94 0.006316 0.44 0.11 Cd83 CD83 antigen 

17541404 1.93 0.00006 0.09 0.15 Elf4 
E74-like factor 4 (ets domain 

transcription factor) 

17347619 1.93 0.000307 0.25 0.12 Slc8a1 
solute carrier family 8 

(sodium/calcium exchanger), member 
1 

17332236 1.93 0.002066 0.27 0.26 Runx1 runt related transcription factor 1 

17407969 1.93 0.002793 0.35 0.23 Plekho1 
pleckstrin homology domain 

containing, family O member 1 

17357815 1.93 0.003415 0.3 0.22 Fam111a 
family with sequence similarity 111, 

member A 

17481960 1.93 0.006546 0.4 0.14 Arntl 
aryl hydrocarbon receptor nuclear 

translocator-like 

17544491 1.93 0.006576 0.4 0.19 Btk 
Bruton agammaglobulinemia tyrosine 

kinase 

17517573 1.93 0.01147 0.48 0.41 Gm26589 
predicted gene, 26589; 

uncharacterized LOC102633516 

17289196 1.93 0.017696 0.35 0.29 Lhfpl2 lipoma HMGIC fusion partner-like 2 

17226499 1.93 0.0226 0.64 0.07 Zranb3 
zinc finger, RAN-binding domain 

containing 3 

17247336 1.92 0.000072 0.19 0.08 Ikzf1 IKAROS family zinc finger 1 

17279404 1.92 0.000204 0.13 0.2 Pld4 phospholipase D family, member 4 

17257599 1.92 0.000262 0.2 0.13 Milr1 
mast cell immunoglobulin like 

receptor 1 

17218261 1.92 0.000407 0.16 0.25 Ncf2 neutrophil cytosolic factor 2 

17219324 1.92 0.000476 0.22 0.21 Arhgap30 Rho GTPase activating protein 30 

17368569 1.92 0.001182 0.16 0.24 Col5a1 collagen, type V, alpha 1 

17236811 1.92 0.001599 0.33 0.21 Lum lumican 

17377870 1.92 0.003556 0.37 0.21 Hck hemopoietic cell kinase 
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17268909 1.92 0.007143 0.26 0.4 Top2a topoisomerase (DNA) II alpha 

17331162 1.92 0.012926 0.5 0.17 Col8a1 collagen, type VIII, alpha 1 

17271733 1.92 0.020902 0.57 0.1 AF251705 cDNA sequence AF251705 

17342101 1.92 0.025524 0.34 0.37 Hn1l 
hematological and neurological 

expressed 1-like 

17480216 1.91 0.000128 0.2 0.11 Prcp 
prolylcarboxypeptidase 

(angiotensinase C) 

17470580 1.91 0.001983 0.4 0.19 Apobec1 
apolipoprotein B mRNA editing 
enzyme, catalytic polypeptide 1 

17248380 1.91 0.003094 0.37 0.16 Lcp2 lymphocyte cytosolic protein 2 

17325438 1.91 0.004084 0.36 0.15 Hcls1 
hematopoietic cell specific Lyn 

substrate 1 

17375503 1.91 0.00908 0.4 0.21 AA467197 
expressed sequence AA467197; 

microRNA 147 

17308965 1.91 0.009651 0.47 0.16 Diap3 diaphanous homolog 3 (Drosophila) 

17502874 1.91 0.013837 0.46 0.22 Tbc1d9 TBC1 domain family, member 9 

17322369 1.9 0.001395 0.18 0.26 Itga5 
integrin alpha 5 (fibronectin receptor 

alpha) 

17471608 1.9 0.004755 0.39 0.2 Klri1 
killer cell lectin-like receptor family I 

member 1 

17278757 1.9 0.017844 0.33 0.35 Gm24564 predicted gene, 24564 

17282226 1.89 0.000195 0.21 0.08 Actn1 actinin, alpha 1 

17485226 1.89 0.000249 0.12 0.21 Lsp1 lymphocyte specific 1 

17216339 1.89 0.00213 0.29 0.19 Tnfrsf11a 
tumor necrosis factor receptor 

superfamily, member 11a, NFKB 
activator 

17455319 1.89 0.004275 0.34 0.09 Flt3 FMS-like tyrosine kinase 3 

17397907 1.89 0.006255 0.49 0.11 Gm9696 
arylacetamide deacetylase-like 2 

pseudogene 

17231600 1.89 0.011049 0.36 0.2 Mir5104 microRNA 5104 

17494674 1.89 0.017352 0.21 0.42 Gm8995 predicted gene 8995 

17433265 1.89 0.021754 0.49 0.18 Car6 carbonic anhydrase 6 

17463530 1.89 0.023128 0.24 0.51 Clec9a 
C-type lectin domain family 9, 

member a 

17480044 1.88 0.0003 0.2 0.1 
1700019G

06Rik 
RIKEN cDNA 1700019G06 gene; 

protease, serine 23, opposite strand 

17503616 1.88 0.000822 0.28 0.17 Adcy7 adenylate cyclase 7 

17322842 1.88 0.002556 0.27 0.12 Ciita class II transactivator 

17292775 1.88 0.003659 0.38 0.1 Hk3 hexokinase 3 

17279858 1.88 0.004209 0.24 0.32 Fkbp1b FK506 binding protein 1b 

17362223 1.88 0.00512 0.43 0.17 Fermt3 
fermitin family homolog 3 

(Drosophila) 

17272461 1.88 0.010507 0.41 0.18 Cygb cytoglobin 

17299585 1.88 0.010698 0.19 0.44 Rnase6 ribonuclease, RNase A family, 6 

17321780 1.88 0.022147 0.19 0.41 Cela1 
chymotrypsin-like elastase family, 

member 1 

17381357 1.87 0.000277 0.17 0.15 Camk1d 
calcium/calmodulin-dependent 

protein kinase ID 

17297227 1.87 0.000335 0.12 0.24 Slc4a7 
solute carrier family 4, sodium 

bicarbonate cotransporter, member 7 

17248019 1.87 0.000529 0.18 0.17 Ccdc88a coiled coil domain containing 88A 

17462729 1.87 0.001894 0.26 0.24 Clec4a1 C-type lectin domain family 4, 
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member a1 

17385405 1.87 0.002341 0.32 0.24 Cytip cytohesin 1 interacting protein 

17421432 1.87 0.003667 0.33 0.13 Gm13251 predicted gene 13251 

17379314 1.87 0.007282 0.4 0.21 Wisp2 
WNT1 inducible signaling pathway 

protein 2 

17456692 1.87 0.007735 0.23 0.32 Irf5 interferon regulatory factor 5 

17241692 1.87 0.018182 0.23 0.46 Cdk1 cyclin-dependent kinase 1 

17217116 1.86 0.000684 0.27 0.05 Rab29 RAB29, member RAS oncogene family 

17354367 1.86 0.000798 0.13 0.24 Lox lysyl oxidase 

17319037 1.86 0.00093 0.28 0.14 Rac2 RAS-related C3 botulinum substrate 2 

17215873 1.86 0.001651 0.32 0.07 Gpr35 G protein-coupled receptor 35 

17496887 1.86 0.002406 0.28 0.13 Rgs10 regulator of G-protein signalling 10 

17222566 1.86 0.00427 0.41 0.07 Gm23722 predicted gene, 23722 

17393868 1.86 0.004342 0.34 0.29 Mafb 
v-maf musculoaponeurotic 

fibrosarcoma oncogene family, 
protein B (avian) 

17535600 1.86 0.010696 0.45 0.16 Dusp9 dual specificity phosphatase 9 

17408648 1.85 0.000049 0.16 0.08 Olfml3 
olfactomedin-like 3; uncharacterized 

LOC269472 

17309172 1.85 0.000107 0.18 0.1 Mycbp2 MYC binding protein 2 

17266590 1.85 0.001336 0.25 0.29 Evi2a 

ecotropic viral integration site 2a; 
ecotropic viral integration site 2b; 

Evi2a-Evi2b readthrough; predicted 
gene 21975 

17229537 1.85 0.001469 0.29 0.13 Nos1ap 
nitric oxide synthase 1 (neuronal) 

adaptor protein 

17453160 1.85 0.001497 0.27 0.16 Gusb glucuronidase, beta 

17376167 1.85 0.001578 0.26 0.2 Sirpa signal-regulatory protein alpha 

17239040 1.85 0.002174 0.27 0.28 Ulbp1 UL16 binding protein 1 

17266851 1.85 0.002952 0.32 0.04 Slfn9 schlafen 9 

17508850 1.85 0.004554 0.36 0.23 Msr1 macrophage scavenger receptor 1 

17492314 1.85 0.005817 0.38 0.19 Mfge8 milk fat globule-EGF factor 8 protein 

17404269 1.85 0.006057 0.22 0.37 Pde7a phosphodiesterase 7A 

17548315 1.85 0.008757 0.58 0.11 
  

17361041 1.85 0.014584 0.31 0.37 Aldh3b1 
aldehyde dehydrogenase 3 family, 

member B1 

17528586 1.85 0.016903 0.33 0.46 Ccnb2 cyclin B2 

17291012 1.85 0.018234 0.44 0.25 Hist1h2an 

histone cluster 1, H2an; histone 
cluster 1, H2ao; histone cluster 1, 

H2ai; histone cluster 1, H2ab; histone 
cluster 1, H2ap; histone cluster 1, 

H2ah; histone cluster 1, H2ag; histone 
cluster 1, H2ae; histone cluster 1, 

H2ad; histone cluster 1, H2ac 

17426365 1.85 0.028568 0.36 0.47 Tnc tenascin C 

17423806 1.85 0.043439 0.53 0.2 Spaca1 sperm acrosome associated 1 

17276985 1.84 0.000026 0.12 0.07 Sipa1l1 
signal-induced proliferation-

associated 1 like 1 

17432674 1.84 0.000173 0.2 0.12 Tnfrsf1b 
tumor necrosis factor receptor 

superfamily, member 1b 

17480924 1.84 0.000796 0.13 0.26 LOC10263 uncharacterized LOC102638993; 
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8993 uncharacterized LOC102642603 

17490702 1.84 0.000801 0.23 0.19 Cd37 CD37 antigen 

17404402 1.84 0.002349 0.17 0.26 Ect2 ect2 oncogene 

17454627 1.84 0.002741 0.26 0.27 Card11 
caspase recruitment domain family, 

member 11 

17518780 1.84 0.004252 0.37 0.17 Car12 carbonic anyhydrase 12 

17309981 1.84 0.007222 0.43 0.12 Fyb FYN binding protein 

17237984 1.84 0.013359 0.47 0.15 Arhgap9 Rho GTPase activating protein 9 

17214921 1.84 0.020072 0.51 0.36 Gm16094 predicted gene 16094 

17464503 1.84 0.025108 0.37 0.47 
2810474O

19Rik 
RIKEN cDNA 2810474O19 gene 

17337576 1.84 0.029685 0.41 0.3 Olfr110 olfactory receptor 110 

17373550 1.84 0.036386 0.19 0.5 Trp53i11 
transformation related protein 53 

inducible protein 11 

17544061 1.83 0.000026 0.11 0.12 Cysltr1 cysteinyl leukotriene receptor 1 

17265268 1.83 0.001292 0.3 0.09 Cxcl16 chemokine (C-X-C motif) ligand 16 

17431332 1.83 0.004228 0.35 0.15 Man1c1 
mannosidase, alpha, class 1C, 

member 1 

17245223 1.83 0.004658 0.29 0.24 Lyz2 lysozyme 2 

17539997 1.83 0.00617 0.46 0.16 Was 
Wiskott-Aldrich syndrome homolog 

(human) 

17219397 1.83 0.006998 0.42 0.27 Cd48 CD48 antigen 

17364642 1.83 0.007548 0.45 0.21 Pik3ap1 
phosphoinositide-3-kinase adaptor 

protein 1 

17225815 1.83 0.011448 0.35 0.31 St8sia4 
ST8 alpha-N-acetyl-neuraminide 

alpha-2,8-sialyltransferase 4 

17406363 1.83 0.021526 0.52 0.16 Fhdc1 FH2 domain containing 1 

17366275 1.83 0.027563 0.43 0.18 
  

17509944 1.83 0.034589 0.33 0.41 Ncan neurocan 

17471550 1.82 0.000081 0.13 0.14 Olr1 
oxidized low density lipoprotein 

(lectin-like) receptor 1 

17274310 1.82 0.000108 0.17 0.1 Hpcal1 hippocalcin-like 1 

17430906 1.82 0.000184 0.16 0.14 Themis2 
thymocyte selection associated family 

member 2 

17484233 1.82 0.001005 0.14 0.26 Ptpre 
protein tyrosine phosphatase, 

receptor type, E 

17316197 1.82 0.003098 0.19 0.34 Fam105a 
family with sequence similarity 105, 

member A 

17549576 1.82 0.013013 0.37 0.22 
  

17474974 1.81 0.000122 0.06 0.21 Plaur 
plasminogen activator, urokinase 

receptor 

17526492 1.81 0.000167 0.2 0.15 Il10ra interleukin 10 receptor, alpha 

17468961 1.81 0.000397 0.25 0.16 Nup210 nucleoporin 210 

17471828 1.81 0.015659 0.2 0.36 Klra2 
killer cell lectin-like receptor, 

subfamily A, member 2 

17289544 1.8 0.00015 0.1 0.16 
1700099I0

9Rik 
RIKEN cDNA 1700099I09 gene; 

predicted gene 17160 

17248309 1.8 0.0007 0.1 0.24 Stk10 serine/threonine kinase 10 

17486864 1.8 0.005898 0.43 0.42 C5ar1 
complement component 5a receptor 

1 

17469627 1.8 0.007532 0.38 0.54 Oxtr oxytocin receptor 

17320907 1.8 0.007882 0.27 0.38 Slc38a1 solute carrier family 38, member 1 
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17352330 1.8 0.009441 0.51 0.15 Cd226 CD226 antigen 

17302656 1.8 0.015711 0.37 0.34 Gpc6 glypican 6 

17534110 1.8 0.03956 0.36 0.67 Gm23613 predicted gene, 23613 

17339392 1.79 0.000009 0.09 0.08 
  

17489399 1.79 0.000119 0.18 0.13 Fxyd5 
FXYD domain-containing ion transport 

regulator 5 

17356002 1.79 0.000257 0.15 0.18 Unc93b1 unc-93 homolog B1 (C. elegans) 

17378827 1.79 0.000265 0.14 0.18 Lbp lipopolysaccharide binding protein 

17520364 1.79 0.001211 0.21 0.21 Plod2 
procollagen lysine, 2-oxoglutarate 5-

dioxygenase 2 

17491378 1.79 0.002374 0.18 0.26 E2f8 E2F transcription factor 8 

17432341 1.79 0.002566 0.33 0.17 Efhd2 EF hand domain containing 2 

17518980 1.79 0.007533 0.29 0.41 Mir3109 microRNA 3109 

17257937 1.79 0.009027 0.43 0.23 Kcnj2 
potassium inwardly-rectifying 

channel, subfamily J, member 2 

17254838 1.79 0.014081 0.41 0.23 Mir142 microRNA 142 

17347042 1.79 0.015001 0.19 0.35 Ndc80 
NDC80 homolog, kinetochore complex 

component (S. cerevisiae) 

17498962 1.78 0.000014 0.08 0.1 Col4a2 collagen, type IV, alpha 2 

17394582 1.78 0.000765 0.26 0.1 Prex1 
phosphatidylinositol-3,4,5-

trisphosphate-dependent Rac 
exchange factor 1 

17260761 1.78 0.000809 0.18 0.29 Plek pleckstrin 

17469339 1.78 0.000829 0.19 0.12 Gm26175 predicted gene, 26175 

17346749 1.78 0.000949 0.29 0.07 Rab31 RAB31, member RAS oncogene family 

17513854 1.78 0.005876 0.33 0.19 Gm24445 predicted gene, 24445 

17335770 1.78 0.007985 0.31 0.46 Abcg1 
ATP-binding cassette, sub-family G 

(WHITE), member 1 

17271751 1.78 0.00845 0.41 0.15 Gm11710 
predicted gene 11710; predicted gene 
11711; predicted gene 11709; CD300 

antigen like family member H 

17436607 1.78 0.011564 0.48 0.07 Sh3bp2 SH3-domain binding protein 2 

17366536 1.78 0.013631 0.4 0.4 Ccdc3 coiled-coil domain containing 3 

17548763 1.78 0.014126 0.4 0.2 Gm19279 predicted gene, 19279 

17253885 1.77 0.000001 0.02 0.09 Adap2 ArfGAP with dual PH domains 2 

17290173 1.77 0.000361 0.09 0.24 Hmgcs1 
3-hydroxy-3-methylglutaryl-Coenzyme 

A synthase 1 

17546109 1.77 0.002216 0.31 0.06 Tlr7 toll-like receptor 7 

17309929 1.77 0.005249 0.28 0.16 
5430437J1

0Rik 
RIKEN cDNA 5430437J10 gene 

17497399 1.77 0.00923 0.33 0.1 Tcerg1l 
transcription elongation regulator 1-

like 

17421384 1.77 0.009918 0.36 0.09 Znf41-ps 
ZNF41, pseudogene; predicted gene 

13139; predicted gene 13251; 
predicted gene 13248 

17262241 1.77 0.011343 0.26 0.25 
9930111J2

1Rik2 
RIKEN cDNA 9930111J21 gene 2 

17539004 1.77 0.012555 0.27 0.21 Klf8 Kruppel-like factor 8 

17432227 1.77 0.02833 0.56 0.08 Fblim1 filamin binding LIM protein 1 

17471480 1.77 0.038811 0.63 0.06 Gm15987 predicted gene 15987 

17278769 1.77 0.042834 0.32 0.37 DQ267100 snoRNA DQ267100; RNA imprinted 
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and accumulated in nucleus 

17213548 1.76 0.000113 0.09 0.16 Nrp2 neuropilin 2 

17501652 1.76 0.000143 0.15 0.11 Atp6v1b2 
ATPase, H+ transporting, lysosomal V1 

subunit B2 

17240190 1.76 0.000193 0.09 0.18 Dse dermatan sulfate epimerase 

17239435 1.76 0.001992 0.2 0.21 Gpr126 G protein-coupled receptor 126 

17345865 1.76 0.002481 0.16 0.3 Rftn1 raftlin lipid raft linker 1 

17269911 1.76 0.003724 0.27 0.31 Vat1 
vesicle amine transport protein 1 

homolog (T californica) 

17503825 1.76 0.006257 0.23 0.41 Mmp2 matrix metallopeptidase 2 

17281428 1.76 0.006571 0.34 0.17 Mis18bp1 MIS18 binding protein 1 

17259507 1.76 0.007552 0.36 0.21 Hmga1 
high mobility group AT-hook 1; high 

mobility group AT-hook I, related 
sequence 1 

17389647 1.76 0.007562 0.31 0.14 Rasgrp1 RAS guanyl releasing protein 1 

17307280 1.76 0.008165 0.4 0.08 Phf11b PHD finger protein 11B 

17362941 1.76 0.008981 0.23 0.39 Ms4a14 
membrane-spanning 4-domains, 

subfamily A, member 14 

17284500 1.76 0.009475 0.26 0.33 Ighv1-4 

immunoglobulin heavy variable 1-4; 
uncharacterized LOC102642252; 

Immunoglobulin heavy chain (gamma 
polypeptide); immunoglobulin heavy 
constant mu; immunoglobulin heavy 

chain (J558 family) 

17508591 1.76 0.017757 0.31 0.31 Snord13 small nucleolar RNA, C/D box 13 

17258547 1.76 0.022676 0.27 0.29 Ten1 
TEN1 telomerase capping complex 

subunit 

17302936 1.76 0.0482 0.56 0.23 Itgbl1 integrin, beta-like 1 

17243617 1.75 0.000041 0.1 0.12 Ckap4 cytoskeleton-associated protein 4 

17256473 1.75 0.000428 0.09 0.21 Atp6v0a1 
ATPase, H+ transporting, lysosomal V0 

subunit A1 

17464210 1.75 0.000677 0.24 0.08 Lrmp 
lymphoid-restricted membrane 

protein 

17437385 1.75 0.000777 0.22 0.13 Sod3 superoxide dismutase 3, extracellular 

17491026 1.75 0.001191 0.23 0.18 Emp3 epithelial membrane protein 3 

17548998 1.75 0.002364 0.31 0.07 
  

17338210 1.75 0.002752 0.25 0.14 Trerf1 transcriptional regulating factor 1 

17546762 1.75 0.006263 0.31 0.17 Mid1 midline 1; predicted gene, 21857 

17291008 1.75 0.014481 0.2 0.33 Hist1h3i histone cluster 1, H3i 

17341080 1.75 0.020496 0.45 0.27 Thbs2 thrombospondin 2 

17357671 1.75 0.042818 0.54 0.34 Ms4a6c 
membrane-spanning 4-domains, 

subfamily A, member 6C 

17311251 1.74 0.00007 0.14 0.09 Dcstamp 
dentrocyte expressed seven 

transmembrane protein 

17215309 1.74 0.000427 0.19 0.2 Inpp5d 
inositol polyphosphate-5-phosphatase 

D 

17459207 1.74 0.001302 0.29 0.22 Ndnf neuron-derived neurotrophic factor 

17517554 1.74 0.001574 0.19 0.21 Pstpip1 
proline-serine-threonine 

phosphatase-interacting protein 1 

17321474 1.74 0.004931 0.19 0.36 Tuba1a tubulin, alpha 1A 

17527810 1.74 0.009361 0.22 0.3 Tmem202 transmembrane protein 202 
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17380211 1.74 0.0132 0.21 0.35 Ctcflos 
CCCTC-binding factor (zinc finger 

protein)-like, opposite strand 

17318875 1.74 0.020248 0.45 0.35 Gm22107 
predicted gene, 22107; myosin, heavy 

polypeptide 9, non-muscle 

17241030 1.74 0.031919 0.41 0.25 Gm23803 predicted gene, 23803 

17318713 1.73 0.000215 0.19 0.03 Arhgap39 Rho GTPase activating protein 39 

17402305 1.73 0.0007 0.18 0.18 Bcar3 
breast cancer anti-estrogen resistance 

3 

17479736 1.73 0.000722 0.14 0.24 Tm6sf1 
transmembrane 6 superfamily 

member 1 

17343918 1.73 0.001711 0.26 0.15 C4b 
complement component 4B (Chido 

blood group) 

17366197 1.73 0.001944 0.2 0.2 
  

17350982 1.73 0.00251 0.26 0.18 Cd74 
CD74 antigen (invariant polypeptide 
of major histocompatibility complex, 

class II antigen-associated) 

17401530 1.73 0.002601 0.25 0.12 AI504432 expressed sequence AI504432 

17325514 1.73 0.004 0.33 0.18 Fstl1 follistatin-like 1 

17405463 1.73 0.005324 0.36 0.1 P2ry14 
purinergic receptor P2Y, G-protein 

coupled, 14 

17261107 1.73 0.005621 0.28 0.23 Rel reticuloendotheliosis oncogene 

17413945 1.73 0.011115 0.42 0.09 Nr4a3 
nuclear receptor subfamily 4, group A, 

member 3 

17548002 1.73 0.028161 0.58 0.17 Gm9753 predicted gene 9753 

17437198 1.72 0.000044 0.1 0.1 Bst1 bone marrow stromal cell antigen 1 

17400555 1.72 0.000089 0.12 0.11 Hist2h3c1 

histone cluster 2, H3c1; histone 
cluster 2, H3b; histone cluster 1, H3e; 
histone cluster 1, H3b; histone cluster 
1, H3d; histone cluster 1, H3c; histone 
cluster 1, H3f; histone cluster 2, H3c2 

17326405 1.72 0.000186 0.1 0.16 Dcbld2 
discoidin, CUB and LCCL domain 

containing 2 

17336896 1.72 0.000987 0.28 0.11 Clic1 chloride intracellular channel 1 

17451568 1.72 0.001669 0.21 0.26 Gltp glycolipid transfer protein 

17388041 1.72 0.002067 0.19 0.22 Ptprj 
protein tyrosine phosphatase, 
receptor type, J; receptor-type 

tyrosine-protein phosphatase eta-like 

17234803 1.72 0.002181 0.28 0.17 Cstb cystatin B 

17401357 1.72 0.002234 0.29 0.1 Rhoc ras homolog gene family, member C 

17320019 1.72 0.002366 0.31 0.06 
5031439G

07Rik 
RIKEN cDNA 5031439G07 gene 

17404028 1.72 0.002513 0.3 0.14 Tpd52 tumor protein D52 

17359020 1.72 0.00349 0.19 0.31 Kif11 kinesin family member 11 

17342996 1.72 0.005955 0.27 0.25 Trp53cor1 
tumor protein p53 pathway 

corepressor 1 

17339876 1.72 0.009456 0.33 0.26 Qpct 
glutaminyl-peptide cyclotransferase 

(glutaminyl cyclase) 

17363320 1.72 0.011241 0.32 0.22 Gcnt1 
glucosaminyl (N-acetyl) transferase 1, 

core 2 

17317637 1.72 0.011478 0.3 0.32 Sla src-like adaptor 

17219171 1.72 0.013043 0.28 0.41 Sh2d1b1 SH2 domain protein 1B1 

17421444 1.72 0.013531 0.43 0.08 Gm13248 
predicted gene 13248; predicted gene 
13139; ZNF41, pseudogene; predicted 

gene 13251; predicted gene 13166 
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17286707 1.72 0.017166 0.34 0.24 Gcnt2 
glucosaminyl (N-acetyl) transferase 2, 

I-branching enzyme 

17336502 1.72 0.021211 0.42 0.33 H2-Eb1 
histocompatibility 2, class II antigen E 

beta 

17227089 1.72 0.021343 0.25 0.31 Btg2 
B cell translocation gene 2, anti-

proliferative 

17225037 1.72 0.037902 0.34 0.29 Slc16a14 
solute carrier family 16 

(monocarboxylic acid transporters), 
member 14 

17542588 1.71 0.000106 0.07 0.16 Flna filamin, alpha 

17229842 1.71 0.000316 0.14 0.16 Pea15a 
phosphoprotein enriched in 

astrocytes 15A 

17434973 1.71 0.000674 0.09 0.21 Sema3c 
sema domain, immunoglobulin 

domain (Ig), short basic domain, 
secreted, (semaphorin) 3C 

17226550 1.71 0.000814 0.2 0.15 Mcm6 
minichromosome maintenance 

deficient 6 (MIS5 homolog, S. pombe) 
(S. cerevisiae) 

17394694 1.71 0.001641 0.35 0.08 B4galt5 
UDP-Gal:betaGlcNAc beta 1,4-

galactosyltransferase, polypeptide 5 

17262855 1.71 0.002158 0.25 0.13 Tnip1 TNFAIP3 interacting protein 1 

17489304 1.71 0.008977 0.38 0.15 Ffar2 free fatty acid receptor 2 

17536665 1.71 0.010683 0.33 0.18 
  

17536383 1.71 0.013658 0.14 0.37 
F630028O

10Rik 
RIKEN cDNA F630028O10 gene; 

microRNA 223 

17525288 1.71 0.020479 0.4 0.24 Tmem45b transmembrane protein 45b 

17235077 1.7 0.000141 0.14 0.09 Cnn2 calponin 2 

17402797 1.7 0.001055 0.07 0.24 Cenpe centromere protein E 

17343813 1.7 0.001219 0.15 0.3 H2-Aa 
histocompatibility 2, class II antigen A, 

alpha 

17342386 1.7 0.001716 0.13 0.21 Metrn 
meteorin, glial cell differentiation 

regulator 

17232112 1.7 0.001975 0.31 0.13 
C920009B1

8Rik 

RIKEN cDNA C920009B18 gene; RIKEN 
cDNA  C920009B18 gene; 

histocompatibility 60a; 
uncharacterized LOC102642364 

17393008 1.7 0.003361 0.3 0.21 Dusp15 dual specificity phosphatase-like 15 

17373680 1.7 0.007039 0.41 0.06 Pamr1 
peptidase domain containing 

associated with muscle regeneration 1 

17321597 1.69 0.000124 0.12 0.15 Racgap1 Rac GTPase-activating protein 1 

17406066 1.69 0.000255 0.14 0.12 Fnip2 folliculin interacting protein 2 

17363407 1.69 0.000888 0.11 0.24 Anxa1 annexin A1 

17244439 1.69 0.001126 0.15 0.2 Plxnc1 plexin C1 

17470592 1.69 0.002253 0.22 0.18 Gdf3 growth differentiation factor 3 

17258902 1.69 0.00267 0.21 0.22 C1qtnf1 
C1q and tumor necrosis factor related 

protein 1 

17269748 1.69 0.003472 0.28 0.15 Ptrf 
polymerase I and transcript release 

factor 

17304353 1.69 0.003745 0.28 0.15 Cacna1d 
calcium channel, voltage-dependent, L 

type, alpha 1D subunit 

17380119 1.69 0.00418 0.25 0.25 Cass4 
Cas scaffolding protein family member 

4 

17289388 1.69 0.008392 0.39 0.25 Gm5086 predicted gene 5086 

17325608 1.69 0.011423 0.37 0.17 Cd80 CD80 antigen 
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17537592 1.69 0.017776 0.3 0.47 Srpx2 
sushi-repeat-containing protein, X-

linked 2 

17366752 1.69 0.030909 0.36 0.47 Mir466p 

microRNA 466p; predicted gene, 
25943; microRNA 466b-7; microRNA 
466b-8; microRNA 466b-5; microRNA 
466e; microRNA 466b-1; microRNA 

466b-4; predicted gene, 25285; 
microRNA 466c-1; microRNA 466b-6; 

microRNA 466c-2 

17366764 1.69 0.030909 0.36 0.47 Mir466p 

microRNA 466p; predicted gene, 
25943; microRNA 466b-7; microRNA 
466b-8; microRNA 466b-5; microRNA 
466e; microRNA 466b-1; microRNA 

466b-4; predicted gene, 25285; 
microRNA 466c-1; microRNA 466b-6; 

microRNA 466c-2 

17504190 1.69 0.034646 0.46 0.32 Gpr56 G protein-coupled receptor 56 

17485673 1.69 0.036487 0.59 0.38 Lair1 leukocyte-associated Ig-like receptor 1 

17220833 1.68 0.000011 0.02 0.1 Lpgat1 
lysophosphatidylglycerol 

acyltransferase 1 

17502583 1.68 0.000075 0.16 0.07 Mcm5 
minichromosome maintenance 

deficient 5, cell division cycle 46 (S. 
cerevisiae) 

17364521 1.68 0.000448 0.21 0.09 Aldh18a1 
aldehyde dehydrogenase 18 family, 

member A1 

17404796 1.68 0.000481 0.13 0.17 Anxa5 annexin A5 

17495549 1.68 0.003769 0.08 0.32 Itpripl2 
inositol 1,4,5-triphosphate receptor 

interacting protein-like 2 

17348410 1.68 0.00472 0.21 0.17 Rbbp8 retinoblastoma binding protein 8 

17371990 1.68 0.006103 0.32 0.13 Gm13703 predicted gene 13703 

17391834 1.68 0.006531 0.37 0.08 Siglec1 
sialic acid binding Ig-like lectin 1, 

sialoadhesin 

17370455 1.68 0.006682 0.23 0.31 Nek6 
NIMA (never in mitosis gene a)-

related expressed kinase 6 

17480420 1.68 0.007016 0.35 0.17 Pak1 
p21 protein (Cdc42/Rac)-activated 

kinase 1 

17406482 1.68 0.008451 0.21 0.27 Cd1d1 CD1d1 antigen 

17449585 1.68 0.009924 0.4 0.07 Btc 
betacellulin, epidermal growth factor 

family member 

17471565 1.68 0.011334 0.51 0.12 Klrk1 
killer cell lectin-like receptor subfamily 

K, member 1 

17344873 1.68 0.019812 0.39 0.31 H2-M2 histocompatibility 2, M region locus 2 

17222354 1.68 0.023191 0.42 0.15 
4930594C1

1Rik 
G1 to S phase transition pseudogene 

17420162 1.68 0.039601 0.37 0.46 
  

17222719 1.67 0.000106 0.16 0.03 Col5a2 collagen, type V, alpha 2 

17420171 1.67 0.000124 0.14 0.1 Hspg2 
perlecan (heparan sulfate 

proteoglycan 2) 

17402361 1.67 0.000222 0.15 0.11 Sec24d 
Sec24 related gene family, member D 

(S. cerevisiae) 

17313147 1.67 0.000569 0.18 0.13 Grap2 GRB2-related adaptor protein 2 

17542364 1.67 0.000601 0.21 0.1 
  

17227077 1.67 0.000926 0.11 0.27 Prelp 
proline arginine-rich end leucine-rich 

repeat 

17336213 1.67 0.001097 0.2 0.16 Daxx Fas death domain-associated protein 

17437529 1.67 0.00115 0.1 0.24 Stim2 stromal interaction molecule 2 
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17337741 1.67 0.001351 0.25 0.17 Tnfrsf21 
tumor necrosis factor receptor 

superfamily, member 21 

17481770 1.67 0.002285 0.19 0.16 Adm adrenomedullin 

17501520 1.67 0.00372 0.18 0.22 1-Mar 
membrane-associated ring finger 

(C3HC4) 1 

17321467 1.67 0.00415 0.31 0.13 Gm5620 
tubulin, alpha 1B pseudogene; 

tubulin, alpha 1B 

17374692 1.67 0.004413 0.2 0.24 Casc5 cancer susceptibility candidate 5 

17493643 1.67 0.007182 0.27 0.22 Mogat2 monoacylglycerol O-acyltransferase 2 

17284114 1.67 0.008818 0.24 0.22 Ckb creatine kinase, brain 

17472210 1.67 0.008838 0.28 0.13 Arhgdib 
Rho, GDP dissociation inhibitor (GDI) 

beta 

17463401 1.67 0.010119 0.26 0.29 Foxm1 forkhead box M1 

17541745 1.67 0.015219 0.46 0.02 Fam122b 
family with sequence similarity 122, 

member B 

17337276 1.67 0.015949 0.2 0.33 Ppp1r18 
protein phosphatase 1, regulatory 

subunit 18 

17370551 1.67 0.016514 0.44 0.12 Arhgap15 Rho GTPase activating protein 15 

17292598 1.67 0.023188 0.3 0.35 Diras2 DIRAS family, GTP-binding RAS-like 2 

17527934 1.67 0.026382 0.35 0.24 Kif23 kinesin family member 23 

17226420 1.66 0.000599 0.19 0.09 Actr3 
ARP3 actin-related protein 3; 

predicted gene 8822 

17497246 1.66 0.000811 0.19 0.15 Adam12 
a disintegrin and metallopeptidase 

domain 12 (meltrin alpha) 

17274369 1.66 0.002347 0.29 0.03 Gm5784 predicted gene 5784 

17359967 1.66 0.003352 0.28 0.11 Nfkb2 
nuclear factor of kappa light 

polypeptide gene enhancer in B cells 
2, p49/p100 

17414364 1.66 0.008582 0.26 0.27 Akap2 A kinase (PRKA) anchor protein 2 

17431612 1.66 0.009231 0.35 0.17 C1qc 
complement component 1, q 

subcomponent, C chain 

17283096 1.66 0.009412 0.34 0.13 Galc galactosylceramidase 

17433898 1.66 0.011999 0.31 0.23 
  

17493212 1.66 0.012583 0.35 0.15 Prss23 protease, serine 23 

17448251 1.66 0.019322 0.33 0.28 Tlr6 toll-like receptor 6 

17411527 1.65 0.000013 0.09 0.07 Lyn 
Yamaguchi sarcoma viral (v-yes-1) 

oncogene homolog; predicted gene 
11787 

17366451 1.65 0.000678 0.08 0.22 Frmd4a FERM domain containing 4A 

17285703 1.65 0.000705 0.15 0.11 Hist1h2ao 

histone cluster 1, H2ao; histone 
cluster 1, H2ah; histone cluster 1, 

H2ab; histone cluster 1, H2af; histone 
cluster 1, H2ai; histone cluster 1, 

H2an; histone cluster 1, H2ap; histone 
cluster 1, H2ag; histone cluster 1, 

H2ae; histone cluster 1, H2ad; 
predicted gene 11336; histone cluster 

1, H2ac; histone cluster 1, H2aj; 
histone cluster 1, H3d; histone cluster 
1, H2ak; H2A histone family, member 

J 

17291023 1.65 0.000705 0.15 0.11 Hist1h2ao 

histone cluster 1, H2ao; histone 
cluster 1, H2ah; histone cluster 1, 

H2ab; histone cluster 1, H2af; histone 
cluster 1, H2ai; histone cluster 1, 
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H2an; histone cluster 1, H2ap; histone 
cluster 1, H2ag; histone cluster 1, 

H2ae; histone cluster 1, H2ad; 
predicted gene 11336; histone cluster 

1, H2ac; histone cluster 1, H2aj; 
histone cluster 1, H3d; histone cluster 
1, H2ak; H2A histone family, member 

J 

17333222 1.65 0.002768 0.25 0.19 Agpat4 
1-acylglycerol-3-phosphate O-

acyltransferase 4 (lysophosphatidic 
acid acyltransferase, delta) 

17338617 1.65 0.002973 0.28 0.13 Emr4 
EGF-like module containing, mucin-

like, hormone receptor-like sequence 
4 

17537126 1.65 0.003966 0.36 0.18 
A630033H

20Rik 
RIKEN cDNA A630033H20 gene 

17406514 1.65 0.006873 0.26 0.21 Fcrls Fc receptor-like S, scavenger receptor 

17256784 1.65 0.007644 0.31 0.27 Tmem106a transmembrane protein 106A 

17331720 1.65 0.013116 0.17 0.38 Adamts5 

a disintegrin-like and 
metallopeptidase (reprolysin type) 

with thrombospondin type 1 motif, 5 
(aggrecanase-2) 

17357648 1.65 0.028475 0.53 0.19 Ms4a4c 
membrane-spanning 4-domains, 

subfamily A, member 4C 

17499212 1.65 0.04838 0.41 0.82 F7 coagulation factor VII 

17262209 1.65 0.048636 0.37 0.42 Gm5431 predicted gene 5431 

17455801 1.64 0.00017 0.11 0.14 Col1a2 collagen, type I, alpha 2 

17354378 1.64 0.001232 0.22 0.09 Ppic peptidylprolyl isomerase C 

17212252 1.64 0.003902 0.18 0.25 Il18rap 
interleukin 18 receptor accessory 

protein 

17250585 1.64 0.006044 0.2 0.21 Mfap4 microfibrillar-associated protein 4 

17531181 1.64 0.007196 0.09 0.33 
  

17413500 1.64 0.011315 0.33 0.25 Glipr2 GLI pathogenesis-related 2 

17231591 1.64 0.011636 0.19 0.24 Zc3h12d zinc finger CCCH type containing 12D 

17267454 1.64 0.01208 0.32 0.43 Prr11 proline rich 11 

17491941 1.64 0.017898 0.19 0.31 Aldh1a3 
aldehyde dehydrogenase family 1, 

subfamily A3 

17511534 1.64 0.019558 0.3 0.18 Snx20 sorting nexin 20 

17232235 1.64 0.023887 0.39 0.36 Ctgf connective tissue growth factor 

17222149 1.64 0.026679 0.48 0.23 Neurl3 
neuralized homolog 3 homolog 

(Drosophila) 

17512666 1.64 0.026991 0.39 0.38 Smpd3 
sphingomyelin phosphodiesterase 3, 

neutral 

17261575 1.64 0.027942 0.4 0.28 Ranbp17 RAN binding protein 17 

17377459 1.64 0.035046 0.21 0.41 
LOC10263

3750 
zinc finger protein 14-like 

17479575 1.64 0.039835 0.4 0.37 Prc1 protein regulator of cytokinesis 1 

17258107 1.63 0.000222 0.14 0.11 Cd300a CD300A antigen 

17223799 1.63 0.000302 0.1 0.16 Plekhm3 
pleckstrin homology domain 

containing, family M, member 3 

17262836 1.63 0.000391 0.18 0.03 Cdc42se2 CDC42 small effector 2 

17451443 1.63 0.000433 0.15 0.14 Coro1c coronin, actin binding protein 1C 

17395155 1.63 0.000495 0.16 0.1 Ctsz cathepsin Z 
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17496839 1.63 0.001993 0.08 0.24 Pycard PYD and CARD domain containing 

17404429 1.63 0.003595 0.25 0.16 
  

17254194 1.63 0.004664 0.37 0.21 AI662270 expressed sequence AI662270 

17250178 1.63 0.009706 0.23 0.27 Hist3h2a histone cluster 3, H2a 

17378958 1.63 0.011989 0.37 0.31 Fam83d 
family with sequence similarity 83, 

member D 

17356427 1.63 0.013294 0.3 0.19 Fosl1 fos-like antigen 1 

17540465 1.63 0.015803 0.47 0.24 Slc9a7 
solute carrier family 9 

(sodium/hydrogen exchanger), 
member 7 

17283380 1.63 0.018409 0.35 0.23 Fbln5 fibulin 5 

17341540 1.63 0.021953 0.32 0.44 Tnfrsf12a 
tumor necrosis factor receptor 

superfamily, member 12a 

17485649 1.63 0.040061 0.3 0.27 Gm15448 
predicted gene 15448; paired Ig-like 

receptor B; paired-Ig-like receptor A6 

17251959 1.63 0.043837 0.37 0.34 Mgl2 
macrophage galactose N-acetyl-
galactosamine specific lectin 2 

17518962 1.62 0.001064 0.02 0.28 Anxa2 annexin A2 

17494503 1.62 0.00108 0.18 0.14 Prkcdbp protein kinase C, delta binding protein 

17231066 1.62 0.001362 0.21 0.12 Dtl denticleless homolog (Drosophila) 

17475342 1.62 0.002224 0.26 0.13 Tgfb1 transforming growth factor, beta 1 

17351053 1.62 0.002392 0.19 0.23 Csf1r colony stimulating factor 1 receptor 

17531981 1.62 0.00245 0.21 0.11 n-R5s92 nuclear encoded rRNA 5S 92 

17289372 1.62 0.003564 0.26 0.2 Enc1 ectodermal-neural cortex 1 

17456545 1.62 0.009287 0.07 0.37 Lep leptin 

17501721 1.62 0.012273 0.13 0.35 Gmip Gem-interacting protein 

17339574 1.62 0.012585 0.36 0.15 Ehd3 EH-domain containing 3 

17254047 1.62 0.014421 0.38 0.15 Ccl7 chemokine (C-C motif) ligand 7 

17325369 1.62 0.015161 0.42 0.28 Gm22263 predicted gene, 22263 

17364828 1.62 0.017633 0.2 0.31 Crtac1 cartilage acidic protein 1 

17470627 1.62 0.018414 0.33 0.13 Clec4e 
C-type lectin domain family 4, 

member e 

17299477 1.62 0.021888 0.4 0.17 Tlr11 toll-like receptor 11 

17278775 1.62 0.023928 0.32 0.24 AF357355 
snoRNA AF357355; predicted gene, 

26922; RNA imprinted and 
accumulated in nucleus 

17454166 1.62 0.03047 0.36 0.17 Pilra 
paired immunoglobin-like type 2 

receptor alpha 

17533553 1.62 0.039705 0.54 0.18 Jade3 jade family PHD finger 3 

17507377 1.61 0.000055 0.08 0.11 Col4a1 collagen, type IV, alpha 1 

17358422 1.61 0.000326 0.09 0.17 Vldlr very low density lipoprotein receptor 

17212461 1.61 0.000876 0.16 0.16 Col3a1 collagen, type III, alpha 1 

17400418 1.61 0.000928 0.14 0.14 Mcl1 myeloid cell leukemia sequence 1 

17543572 1.61 0.001145 0.21 0.17 Il2rg 
interleukin 2 receptor, gamma chain; 

predicted gene 20489 

17279509 1.61 0.001315 0.19 0.2 Crip1 cysteine-rich protein 1 (intestinal) 

17542501 1.61 0.001792 0.25 0.16 Renbp renin binding protein 

17235663 1.61 0.001905 0.23 0.18 Pip5k1c 
phosphatidylinositol-4-phosphate 5-

kinase, type 1 gamma 
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17528255 1.61 0.00437 0.23 0.29 
A730067D

02Rik 

RIKEN cDNA A730067D02 gene; 
ankyrin repeat and death domain 

containing 1A 

17390066 1.61 0.004685 0.07 0.31 Ehd4 EH-domain containing 4 

17244140 1.61 0.005612 0.19 0.16 Apaf1 
apoptotic peptidase activating factor 

1 

17495821 1.61 0.006297 0.2 0.22 Cdr2 cerebellar degeneration-related 2 

17509462 1.61 0.006435 0.22 0.26 Galnt7 
UDP-N-acetyl-alpha-D-galactosamine: 

polypeptide N-
acetylgalactosaminyltransferase 7 

17547869 1.61 0.006698 0.12 0.28 
  

17431619 1.61 0.008157 0.29 0.18 C1qa 
complement component 1, q 

subcomponent, alpha polypeptide 

17328508 1.61 0.013333 0.4 0.23 Fgd4 
FYVE, RhoGEF and PH domain 

containing 4 

17385767 1.61 0.019376 0.21 0.29 Fap fibroblast activation protein 

17390879 1.61 0.029938 0.51 0.19 Fbn1 fibrillin 1 

17351027 1.61 0.030852 0.31 0.37 Pdgfrb 
platelet derived growth factor 

receptor, beta polypeptide 

17284505 1.61 0.037271 0.9 0.31 Ighv10-3 immunoglobulin heavy variable V10-3 

17433169 1.6 0.000375 0.11 0.16 Pik3cd 
phosphatidylinositol 3-kinase catalytic 

delta polypeptide 

17390810 1.6 0.001089 0.17 0.11 Gatm 
glycine amidinotransferase (L-

arginine:glycine amidinotransferase) 

17414114 1.6 0.001895 0.14 0.22 Smc2 
structural maintenance of 

chromosomes 2 

17503650 1.6 0.002709 0.2 0.25 Nkd1 naked cuticle 1 homolog (Drosophila) 

17545078 1.6 0.006073 0.27 0.21 Ammecr1 
Alport syndrome, mental retardation, 
midface hypoplasia and elliptocytosis 

chromosomal region gene 1 

17215820 1.6 0.007758 0.29 0.24 Gpc1 glypican 1 

17314679 1.6 0.010128 0.23 0.3 
B020010K1

1Rik 
RIKEN cDNA B020010K11 gene 

17508336 1.6 0.011433 0.12 0.31 Plekha2 
pleckstrin homology domain-

containing, family A (phosphoinositide 
binding specific) member 2 

17271757 1.6 0.017143 0.36 0.23 Gm11710 
predicted gene 11710; predicted gene 

11711; CD300 antigen like family 
member H; predicted gene 11709 

17212269 1.6 0.020462 0.33 0.27 Slc9a4 
solute carrier family 9 

(sodium/hydrogen exchanger), 
member 4 

17503023 1.6 0.026555 0.36 0.11 Asf1b 
anti-silencing function 1B histone 

chaperone 

17404462 1.6 0.038527 0.14 0.52 Mir3092 microRNA 3092 

17539658 1.59 0.000136 0.08 0.12 Arhgap6 Rho GTPase activating protein 6 

17549416 1.59 0.000232 0.15 0.07 
  

17274099 1.59 0.000325 0.05 0.17 Fam49a 
family with sequence similarity 49, 

member A 

17441429 1.59 0.000537 0.17 0.08 Ksr2 kinase suppressor of ras 2 

17542899 1.59 0.000556 0.05 0.2 Prkx protein kinase, X-linked 

17439164 1.59 0.00062 0.09 0.22 11-Sep septin 11 

17231003 1.59 0.00073 0.18 0.11 Mfsd7b 
major facilitator superfamily domain 

containing 7B 

17401833 1.59 0.000851 0.13 0.22 Slc25a24 solute carrier family 25 (mitochondrial 



363 
 

carrier, phosphate carrier), member 
24 

17262887 1.59 0.000873 0.18 0.15 Anxa6 annexin A6 

17297537 1.59 0.002211 0.1 0.26 Plau plasminogen activator, urokinase 

17240109 1.59 0.00318 0.22 0.2 Nkain2 
Na+/K+ transporting ATPase 

interacting 2 

17313895 1.59 0.003832 0.26 0.09 Gtse1 G two S phase expressed protein 1 

17531705 1.59 0.004611 0.18 0.24 Ccrl2 chemokine (C-C motif) receptor-like 2 

17520162 1.59 0.004866 0.24 0.26 Bcl2a1a 
B cell leukemia/lymphoma 2 related 

protein A1a 

17513076 1.59 0.006122 0.12 0.25 Mlkl mixed lineage kinase domain-like 

17525803 1.59 0.006409 0.24 0.25 Gramd1b GRAM domain containing 1B 

17344309 1.59 0.008529 0.25 0.17 Tnf tumor necrosis factor 

17538972 1.59 0.011398 0.23 0.17 Gm24687 predicted gene, 24687 

17520233 1.59 0.012639 0.34 0.2 Ctsh cathepsin H 

17507288 1.59 0.015817 0.18 0.29 Shcbp1 Shc SH2-domain binding protein 1 

17285691 1.59 0.016666 0.43 0.14 Hist1h2bn 

histone cluster 1, H2bn; histone 
cluster 1, H2bl; histone cluster 1, 

H2bj; histone cluster 1, H2bf; histone 
cluster 1, H2bq; histone cluster 1 

H2br; histone cluster 1, H2be; histone 
cluster 1, H2bc; histone cluster 1, 

H2bp; histone cluster 1, H2bb; histone 
cluster 1, H2bk; histone cluster 1, 

H2bg; histone cluster 1, H2bh; histone 
cluster 1, H2bm; predicted gene 

12957 

17468143 1.59 0.019176 0.39 0.17 Mthfd2 

methylenetetrahydrofolate 
dehydrogenase (NAD+ dependent), 

methenyltetrahydrofolate 
cyclohydrolase 

17219435 1.59 0.019676 0.29 0.36 Slamf6 SLAM family member 6 

17295607 1.59 0.022414 0.3 0.48 Naip6 
NLR family, apoptosis inhibitory 
protein 6; NLR family, apoptosis 

inhibitory protein 7 

17423711 1.59 0.033957 0.22 0.37 Gm26067 predicted gene, 26067 

17400549 1.59 0.04178 0.24 0.51 Hist2h3c1 histone cluster 2, H3c1 

17218254 1.58 0.000086 0.08 0.11 Arpc5 
actin related protein 2/3 complex, 

subunit 5 

17331669 1.58 0.000102 0.09 0.11 App amyloid beta (A4) precursor protein 

17442128 1.58 0.000121 0.08 0.13 P2rx7 
purinergic receptor P2X, ligand-gated 

ion channel, 7 

17406783 1.58 0.00041 0.13 0.12 Lmna lamin A 

17395016 1.58 0.000509 0.18 0.08 Aurka aurora kinase A 

17480312 1.58 0.001082 0.18 0.13 Gab2 
growth factor receptor bound protein 

2-associated protein 2 

17510586 1.58 0.002014 0.25 0.12 Large like-glycosyltransferase 

17217369 1.58 0.002237 0.22 0.21 Gm15851 predicted gene 15851 

17313000 1.58 0.003224 0.18 0.17 Kdelr3 
KDEL (Lys-Asp-Glu-Leu) endoplasmic 

reticulum protein retention receptor 3 

17469967 1.58 0.003541 0.17 0.22 Plxnd1 plexin D1 

17419483 1.58 0.004418 0.34 0.13 Fgr 
Gardner-Rasheed feline sarcoma viral 

(Fgr) oncogene homolog 
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17249829 1.58 0.006291 0.3 0.26 
  

17225046 1.58 0.008621 0.24 0.42 
  

17403509 1.58 0.015107 0.37 0.14 Lpar3 lysophosphatidic acid receptor 3 

17313158 1.58 0.016664 0.29 0.23 Fam83f 
family with sequence similarity 83, 

member F 

17547684 1.58 0.020225 0.29 0.39 
  

17407947 1.57 0.000091 0.08 0.12 BC028528 cDNA sequence BC028528 

17423622 1.57 0.000092 0.1 0.08 Tstd3 
thiosulfate sulfurtransferase 

(rhodanese)-like domain containing 3 

17273804 1.57 0.000399 0.09 0.19 Gm6682 tubulin, alpha 1C pseudogene 

17233629 1.57 0.000531 0.18 0.07 Psap prosaposin 

17448467 1.57 0.001295 0.18 0.2 Bend4 BEN domain containing 4 

17369379 1.57 0.001349 0.11 0.2 Hmcn2 hemicentin 2 

17233646 1.57 0.002353 0.19 0.16 
4632428N

05Rik 
RIKEN cDNA 4632428N05 gene 

17482095 1.57 0.004019 0.15 0.23 Nucb2 nucleobindin 2 

17267430 1.57 0.00479 0.28 0.08 Gdpd1 
glycerophosphodiester 

phosphodiesterase domain containing 
1 

17367102 1.57 0.008349 0.2 0.3 Mrc1 mannose receptor, C type 1 

17301634 1.57 0.012203 0.32 0.14 Loxl2 
lysyl oxidase-like 2; predicted gene, 

21451 

17222800 1.57 0.020565 0.15 0.29 Slc39a10 
solute carrier family 39 (zinc 

transporter), member 10 

17455401 1.57 0.023371 0.41 0.13 Slc7a1 
solute carrier family 7 (cationic amino 
acid transporter, y+ system), member 

1 

17212211 1.57 0.023958 0.33 0.23 Il1rl1 interleukin 1 receptor-like 1 

17366271 1.56 0.000006 0.08 0.04 
LOC10105

6250 

sp110 nuclear body protein-like; 
predicted gene 15753; Sp110 nuclear 
body protein-like; Sp110 nuclear body 
protein; predicted pseudogene 16026; 

uncharacterized LOC102639428; 
RIKEN cDNA A530040E14 gene 

17347435 1.56 0.000029 0.07 0.09 Cdc42ep3 
CDC42 effector protein (Rho GTPase 

binding) 3 

17431394 1.56 0.000085 0.1 0.1 Clic4 
chloride intracellular channel 4 

(mitochondrial) 

17338701 1.56 0.000377 0.13 0.15 Chaf1a 
chromatin assembly factor 1, subunit 

A (p150) 

17456121 1.56 0.001329 0.13 0.19 Mdfic 
MyoD family inhibitor domain 

containing 

17265825 1.56 0.00254 0.11 0.24 Rap1gap2 RAP1 GTPase activating protein 2 

17319429 1.56 0.002694 0.24 0.08 Mkl1 
MKL (megakaryoblastic 

leukemia)/myocardin-like 1 

17276302 1.56 0.003305 0.17 0.2 Prkch protein kinase C, eta 

17490978 1.56 0.004079 0.25 0.14 Kcnj14 
potassium inwardly-rectifying 

channel, subfamily J, member 14 

17338982 1.56 0.0043 0.23 0.17 Vav1 vav 1 oncogene 

17336407 1.56 0.004924 0.27 0.33 H2-DMa 
histocompatibility 2, class II, locus 

DMa 

17517947 1.56 0.005488 0.24 0.13 Hexa hexosaminidase A 

17300279 1.56 0.005575 0.16 0.26 Mmp14 
matrix metallopeptidase 14 

(membrane-inserted) 
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17243051 1.56 0.005993 0.19 0.19 Mob3a MOB kinase activator 3A 

17468798 1.56 0.006221 0.22 0.22 Mcm2 
minichromosome maintenance 

deficient 2 mitotin (S. cerevisiae) 

17220944 1.56 0.006284 0.39 0.1 Lamb3 laminin, beta 3 

17222549 1.56 0.009393 0.24 0.24 Rnf149 ring finger protein 149 

17375418 1.56 0.011351 0.36 0.15 Duox1 dual oxidase 1 

17421150 1.56 0.011419 0.3 0.08 
4930455G

09Rik 
RIKEN cDNA 4930455G09 gene 

17493658 1.56 0.01765 0.13 0.34 Serpinh1 
serine (or cysteine) peptidase 
inhibitor, clade H, member 1 

17367698 1.56 0.020514 0.39 0.22 Psd4 
pleckstrin and Sec7 domain containing 

4 

17359608 1.56 0.021208 0.26 0.32 Entpd7 
ectonucleoside triphosphate 

diphosphohydrolase 7 

17498360 1.56 0.022581 0.37 0.42 Mrgprg MAS-related GPR, member G 

17301594 1.56 0.025896 0.42 0.19 Stc1 stanniocalcin 1 

17544385 1.56 0.028074 0.2 0.39 Tspan6 tetraspanin 6 

17227348 1.56 0.033185 0.22 0.44 Nav1 neuron navigator 1 

17524233 1.56 0.036853 0.55 0.13 Fat3 
FAT tumor suppressor homolog 3 

(Drosophila) 

17455507 1.56 0.041319 0.32 0.35 Hsph1 heat shock 105kDa/110kDa protein 1 

17482943 1.55 0.000099 0.13 0.05 Il4ra interleukin 4 receptor, alpha 

17243525 1.55 0.001416 0.25 0.1 Slc41a2 solute carrier family 41, member 2 

17360890 1.55 0.001685 0.17 0.12 Grk5 G protein-coupled receptor kinase 5 

17224180 1.55 0.001875 0.21 0.09 Igfbp5 
insulin-like growth factor binding 

protein 5 

17502573 1.55 0.004698 0.36 0.2 Hmox1 heme oxygenase (decycling) 1 

17361008 1.55 0.005231 0.29 0.16 Tcirg1 
T cell, immune regulator 1, ATPase, 

H+ transporting, lysosomal V0 protein 
A3 

17222332 1.55 0.005288 0.25 0.12 Mgat4a 
mannoside 

acetylglucosaminyltransferase 4, 
isoenzyme A 

17238605 1.55 0.005296 0.21 0.25 Itga7 integrin alpha 7 

17344289 1.55 0.005433 0.13 0.27 Aif1 allograft inflammatory factor 1 

17244997 1.55 0.007522 0.14 0.28 Tph2 tryptophan hydroxylase 2 

17439535 1.55 0.007623 0.32 0.12 Bmp3 bone morphogenetic protein 3 

17481863 1.55 0.007674 0.3 0.13 Mical2 
microtubule associated 

monooxygenase, calponin and LIM 
domain containing 2 

17543396 1.55 0.008798 0.17 0.28 Eda2r ectodysplasin A2 receptor 

17382169 1.55 0.012331 0.34 0.05 Mastl 
microtubule associated 

serine/threonine kinase-like 

17358240 1.55 0.012499 0.25 0.14 Apba1 
amyloid beta (A4) precursor protein 

binding, family A, member 1 

17450119 1.55 0.018256 0.2 0.23 Gm23173 predicted gene, 23173 

17460891 1.55 0.022308 0.33 0.19 Fbln2 fibulin 2 

17420911 1.55 0.02232 0.32 0.12 Atp13a2 ATPase type 13A2 

17493772 1.55 0.023017 0.42 0.22 Dnajb13 
DnaJ (Hsp40) related, subfamily B, 

member 13 

17405154 1.55 0.029707 0.37 0.28 Maml3 mastermind like 3 (Drosophila) 
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17548628 1.55 0.032213 0.42 0.13 Gm19514 predicted gene, 19514 

17264863 1.55 0.033897 0.42 0.16 Gm25835 predicted gene, 25835 

17230970 1.55 0.035516 0.17 0.35 Rps6kc1 
ribosomal protein S6 kinase 

polypeptide 1 

17502102 1.54 9.79E-07 0.04 0.05 Myo9b myosin IXb 

17488792 1.54 0.000214 0.13 0.05 Kcnk6 
potassium inwardly-rectifying 

channel, subfamily K, member 6 

17225929 1.54 0.000407 0.16 0.1 Pam 
peptidylglycine alpha-amidating 

monooxygenase 

17407507 1.54 0.001298 0.06 0.21 Tdpoz2 TD and POZ domain containing 2 

17535558 1.54 0.001921 0.25 0.12 Bgn biglycan 

17332050 1.54 0.00234 0.21 0.1 Synj1 synaptojanin 1 

17284660 1.54 0.003352 0.1 0.22 Igh-VJ558 
immunoglobulin heavy chain (J558 

family); immunoglobulin heavy 
constant mu 

17222001 1.54 0.003354 0.26 0.04 Prim2 DNA primase, p58 subunit 

17450414 1.54 0.003371 0.22 0 Abcg3 
ATP-binding cassette, sub-family G 

(WHITE), member 3 

17327830 1.54 0.004125 0.23 0.17 Ubald1 UBA-like domain containing 1 

17392572 1.54 0.005166 0.19 0.23 Cd93 CD93 antigen 

17466932 1.54 0.009994 0.18 0.26 Tril 
TLR4 interactor with leucine-rich 

repeats 

17502280 1.54 0.010401 0.27 0.21 Glt25d1 
glycosyltransferase 25 domain 

containing 1 

17294738 1.54 0.010534 0.17 0.27 Vcan versican 

17311846 1.54 0.011437 0.21 0.26 Myc myelocytomatosis oncogene 

17480485 1.54 0.016555 0.28 0.17 Lrrc32 leucine rich repeat containing 32 

17268661 1.54 0.021014 0.4 0.1 Plxdc1 plexin domain containing 1 

17451223 1.54 0.021371 0.45 0.15 Sez6l seizure related 6 homolog like 

17272509 1.54 0.021512 0.29 0.12 Mxra7 matrix-remodelling associated 7 

17544358 1.54 0.032901 0.3 0.35 Gm26029 predicted gene, 26029 

17466505 1.54 0.041599 0.3 0.25 
Rbpsuh-

rs3 

recombining binding protein 
suppressor of hairless (Drosophila), 
related sequence 3; recombination 

signal binding protein for 
immunoglobulin kappa J region 

17212138 1.53 5.75E-07 0.02 0.05 Map4k4 
mitogen-activated protein kinase 

kinase kinase kinase 4 

17398233 1.53 0.000253 0.11 0.12 Smc4 
structural maintenance of 

chromosomes 4 

17279131 1.53 0.000959 0.23 0.02 Tnfaip2 
tumor necrosis factor, alpha-induced 

protein 2 

17265958 1.53 0.00108 0.16 0.14 Serpinf1 
serine (or cysteine) peptidase 
inhibitor, clade F, member 1 

17410809 1.53 0.00109 0.14 0.16 Lmo4 LIM domain only 4 

17492575 1.53 0.001522 0.19 0.02 Fes feline sarcoma oncogene 

17314693 1.53 0.002337 0.29 0.1 Tuba1c tubulin, alpha 1C 

17425038 1.53 0.002562 0.22 0.1 
  

17454574 1.53 0.002889 0.26 0.07 Ttyh3 tweety homolog 3 (Drosophila) 

17412237 1.53 0.005093 0.26 0.1 Mms22l MMS22-like, DNA repair protein 

17425058 1.53 0.005648 0.2 0.2 Coro2a coronin, actin binding protein 2A 
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17231717 1.53 0.007346 0.24 0.16 Fuca2 fucosidase, alpha-L- 2, plasma 

17514447 1.53 0.010166 0.19 0.2 Casp12 caspase 12 

17323302 1.53 0.011388 0.24 0.26 Pkp2 plakophilin 2 

17221633 1.53 0.012408 0.24 0.15 Mcm3 
minichromosome maintenance 

deficient 3 (S. cerevisiae) 

17471127 1.53 0.015135 0.48 0.13 Cd9 CD9 antigen 

17547877 1.53 0.017222 0.34 0.17 Deptor 
DEP domain containing MTOR-

interacting protein 

17447078 1.53 0.018598 0.26 0.28 
  

17512554 1.53 0.019478 0.32 0.09 Psmb10 
proteasome (prosome, macropain) 

subunit, beta type 10 

17329454 1.53 0.024918 0.31 0.21 Leprel1 leprecan-like 1 

17335936 1.53 0.030389 0.23 0.32 Cyp4f39 
cytochrome P450, family 4, subfamily 

f, polypeptide 39 

17232055 1.53 0.039543 0.24 0.32 Sgk1 
serum/glucocorticoid regulated kinase 

1 

17493875 1.53 0.04086 0.25 0.33 P2ry2 
purinergic receptor P2Y, G-protein 

coupled 2 

17437686 1.52 0.000141 0.07 0.13 Fam114a1 
family with sequence similarity 114, 

member A1 

17405737 1.52 0.00018 0.12 0.1 Lxn latexin 

17218845 1.52 0.000454 0.17 0.05 Selp selectin, platelet 

17439481 1.52 0.000651 0.08 0.14 Bmp2k BMP2 inducible kinase 

17313705 1.52 0.000652 0.16 0.12 Parvb parvin, beta 

17504444 1.52 0.001113 0.08 0.2 Cmtm3 
CKLF-like MARVEL transmembrane 

domain containing 3 

17393658 1.52 0.001443 0.16 0.12 Samhd1 SAM domain and HD domain, 1 

17536191 1.52 0.001882 0.2 0.13 
5430427O

19Rik 
RIKEN cDNA 5430427O19 gene 

17257100 1.52 0.002405 0.15 0.2 Fmnl1 formin-like 1 

17221502 1.52 0.002442 0.18 0.18 Jph1 junctophilin 1 

17503884 1.52 0.002706 0.06 0.24 Gnao1 
guanine nucleotide binding protein, 

alpha O 

17220110 1.52 0.003068 0.12 0.23 Itpkb inositol 1,4,5-trisphosphate 3-kinase B 

17251222 1.52 0.003311 0.21 0.26 Gas7 growth arrest specific 7 

17503397 1.52 0.004047 0.24 0.15 Man2b1 mannosidase 2, alpha B1 

17510338 1.52 0.004339 0.18 0.21 Plvap 
plasmalemma vesicle associated 

protein 

17355026 1.52 0.006128 0.13 0.25 Atp8b1 ATPase, class I, type 8B, member 1 

17267601 1.52 0.006411 0.23 0.08 Scpep1 serine carboxypeptidase 1 

17384484 1.52 0.013159 0.26 0.22 Ggta1 
glycoprotein galactosyltransferase 

alpha 1, 3 

17303504 1.52 0.017715 0.36 0.06 Cadps Ca2+-dependent secretion activator 

17239638 1.52 0.020199 0.28 0.17 Pde7b phosphodiesterase 7B 

17439544 1.52 0.021756 0.23 0.34 Gm25969 predicted gene, 25969 

17345134 1.52 0.032597 0.38 0.26 Runx2 runt related transcription factor 2 

17265719 1.52 0.033237 0.2 0.28 Gm22075 predicted gene, 22075 

17278777 1.52 0.045397 0.29 0.3 DQ267102 snoRNA DQ267102 

17408856 1.51 0.000193 0.12 0.08 
I830077J02

Rik 
RIKEN cDNA I830077J02 gene 
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17245302 1.51 0.001031 0.14 0.15 Rap1b RAS related protein 1b 

17424674 1.51 0.001032 0.16 0.14 Tln1 talin 1 

17512809 1.51 0.003166 0.2 0.21 Hp haptoglobin 

17466687 1.51 0.00349 0.11 0.2 Osbpl3 oxysterol binding protein-like 3 

17516438 1.51 0.005965 0.24 0.12 Trim29 tripartite motif-containing 29 

17292026 1.51 0.007654 0.12 0.31 
A730081D

07Rik 
RIKEN cDNA A730081D07 gene 

17274120 1.51 0.008407 0.2 0.19 Rpl36-ps3 ribosomal protein L36, pseudogene 3 

17291053 1.51 0.009082 0.21 0.25 Hist1h4m 

histone cluster 1, H4m; histone cluster 
1, H4b; histone cluster 1, H4a; histone 
cluster 4, H4; histone cluster 1, H4n; 

histone cluster 1, H4k; histone cluster 
1, H4j; histone cluster 1, H4i; histone 
cluster 1, H4f; histone cluster 1, H4d; 
histone cluster 1, H4c; histone cluster 

2, H4; histone cluster 1, H4h 

17288896 1.51 0.013043 0.23 0.19 Gm8399 

predicted gene 8399; predicted gene, 
25241; actin, gamma, cytoplasmic 1; 

predicted gene 12715; predicted 
gene, 23375; predicted gene, 23419; 

predicted gene, 26217 

17510994 1.51 0.014381 0.27 0.15 Il27ra interleukin 27 receptor, alpha 

17266967 1.51 0.015003 0.29 0.28 Ccl3 chemokine (C-C motif) ligand 3 

17225080 1.51 0.015384 0.2 0.24 Csprs 

component of Sp100-rs; predicted 
gene 7582; predicted gene 2619; 

predicted pseudogene 7609; nuclear 
antigen Sp100; component of Sp100-
rs-like; nuclear autoantigen Sp-100-

like 

17295757 1.51 0.019318 0.24 0.29 Ccnb1 cyclin B1; predicted gene 5593 

17549770 1.51 0.022927 0.44 0.08 
  

17514482 1.51 0.034376 0.46 0.1 Mmp13 matrix metallopeptidase 13 

17234004 1.51 0.037716 0.39 0.12 Gm10797 predicted gene 10797 

17240181 1.51 0.043542 0.28 0.26 Fam26e 
family with sequence similarity 26, 

member E 

17352212 -1.51 0.000146 0.14 0.05 Zadh2 
zinc binding alcohol dehydrogenase, 

domain containing 2 

17509642 -1.51 0.001891 0.17 0.15 Klhl2 kelch-like 2, Mayven 

17452430 -1.51 0.007404 0.2 0.2 Ift81 intraflagellar transport 81 

17318428 -1.51 0.009547 0.28 0.19 Oplah 5-oxoprolinase (ATP-hydrolysing) 

17477897 -1.51 0.011201 0.15 0.24 Bcat2 
branched chain aminotransferase 2, 

mitochondrial 

17484014 -1.51 0.012949 0.28 0.23 Acadsb 
acyl-Coenzyme A dehydrogenase, 

short/branched chain 

17311529 -1.51 0.013491 0.3 0.21 Gm26684 
predicted gene, 26684; 

uncharacterized LOC102638507 

17455554 -1.51 0.015346 0.25 0.28 N4bp2l1 NEDD4 binding protein 2-like 1 

17263087 -1.51 0.019109 0.31 0.23 Gm12247 predicted gene 12247 

17244208 -1.51 0.023864 0.14 0.41 Tmpo thymopoietin 

17452709 -1.51 0.027664 0.42 0.07 Hcar1 hydrocarboxylic acid receptor 1 

17379933 -1.51 0.045959 0.3 0.16 Gm14320 predicted gene 14320 

17379887 -1.51 0.049603 0.47 0.1 
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17548228 -1.52 0.000896 0.08 0.17 Cisd3 
CDGSH iron sulfur domain 3; 

predicted gene, 20267 

17399474 -1.52 0.001554 0.19 0.07 Pmvk phosphomevalonate kinase 

17490848 -1.52 0.003262 0.2 0.18 Dhdh dihydrodiol dehydrogenase (dimeric) 

17355892 -1.52 0.007606 0.22 0.21 Dok6 docking protein 6 

17388196 -1.52 0.008117 0.17 0.19 Ddb2 
damage specific DNA binding protein 

2 

17486474 -1.52 0.009768 0.26 0.21 Zscan4b 
zinc finger and SCAN domain 

containing 4B 

17533269 -1.52 0.016549 0.34 0.12 Tspan7 tetraspanin 7 

17322113 -1.52 0.017487 0.23 0.29 Krt8 keratin 8 

17504005 -1.52 0.01898 0.06 0.3 Herpud1 
homocysteine-inducible, endoplasmic 
reticulum stress-inducible, ubiquitin-

like domain member 1 

17442126 -1.52 0.020728 0.36 0.13 Gm22965 predicted gene, 22965 

17492754 -1.52 0.026317 0.25 0.33 Cpeb1 
cytoplasmic polyadenylation element 

binding protein 1 

17480588 -1.52 0.036248 0.19 0.34 Mir326 microRNA 326 

17281312 -1.52 0.040751 0.3 0.44 Slc25a21 
solute carrier family 25 (mitochondrial 
oxodicarboxylate carrier), member 21 

17550566 -1.52 0.047011 0.18 0.37 mt-Tr 
mitochondrially encoded tRNA 

arginine 

17483420 -1.53 0.00007 0.11 0.03 Ctf1 cardiotrophin 1 

17230153 -1.53 0.000108 0.09 0.1 Fh1 fumarate hydratase 1 

17397475 -1.53 0.000867 0.19 0.04 Mgst2 
microsomal glutathione S-transferase 

2 

17271350 -1.53 0.000976 0.15 0.17 Abca8a 
ATP-binding cassette, sub-family A 

(ABC1), member 8a 

17427757 -1.53 0.00254 0.16 0.14 
  

17250938 -1.53 0.002956 0.24 0.04 Tmem220 transmembrane protein 220 

17286986 -1.53 0.003794 0.24 0.13 
5033430I1

5Rik 
RIKEN cDNA 5033430I15 gene 

17504467 -1.53 0.00478 0.22 0.19 Pdp2 
pyruvate dehyrogenase phosphatase 

catalytic subunit 2 

17346461 -1.53 0.005392 0.33 0.06 Slc25a23 
solute carrier family 25 (mitochondrial 

carrier; phosphate carrier), member 
23 

17235011 -1.53 0.006179 0.14 0.29 Elane elastase, neutrophil expressed 

17381424 -1.53 0.006997 0.29 0.21 Dhtkd1 
dehydrogenase E1 and transketolase 

domain containing 1 

17439669 -1.53 0.007198 0.23 0.21 Arhgap24 Rho GTPase activating protein 24 

17281609 -1.53 0.009894 0.19 0.32 L2hgdh L-2-hydroxyglutarate dehydrogenase 

17276520 -1.53 0.012457 0.12 0.32 Mthfd1 

methylenetetrahydrofolate 
dehydrogenase (NADP+ dependent), 

methenyltetrahydrofolate 
cyclohydrolase, 

formyltetrahydrofolate synthase 

17395707 -1.53 0.013113 0.37 0.18 Nkain4 
Na+/K+ transporting ATPase 

interacting 4 

17288521 -1.53 0.022576 0.31 0.08 Tert telomerase reverse transcriptase 

17442966 -1.53 0.030547 0.33 0.19 Nupr1l 
nuclear protein transcriptional 

regulator 1 like 

17297591 -1.53 0.041573 0.39 0.28 Gm26372 predicted gene, 26372 

17454977 -1.53 0.045651 0.12 0.43 Baiap2l1 BAI1-associated protein 2-like 1 
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17526861 -1.54 0.000258 0.12 0.08 Dlat 
dihydrolipoamide S-acetyltransferase 

(E2 component of pyruvate 
dehydrogenase complex) 

17530243 -1.54 0.000344 0.13 0.13 Trf 
transferrin; signal recognition particle 

receptor, B subunit 

17508907 -1.54 0.000993 0.2 0.07 Mtus1 mitochondrial tumor suppressor 1 

17435503 -1.54 0.003434 0.11 0.2 
1700096K1

8Rik 
RIKEN cDNA 1700096K18 gene 

17461684 -1.54 0.009837 0.28 0.25 Il17re interleukin 17 receptor E 

17265896 -1.54 0.011064 0.26 0.25 Srr serine racemase 

17484907 -1.54 0.012992 0.25 0.13 Snora52 
small nucleolar RNA, H/ACA box 52; 

ribosomal protein, large P2 

17214685 -1.54 0.016928 0.15 0.3 Acsl3 
acyl-CoA synthetase long-chain family 
member 3; UTP14, U3 small nucleolar 
ribonucleoprotein, homolog B (yeast) 

17548053 -1.54 0.01853 0.34 0.08 Gm19939 predicted gene, 19939 

17239349 -1.54 0.020889 0.07 0.39 
B230208H

11Rik 
RIKEN cDNA B230208H11 gene 

17519644 -1.54 0.020979 0.38 0.16 
C920006O

11Rik 
RIKEN cDNA C920006O11 gene 

17343143 -1.54 0.027672 0.28 0.26 Glo1 glyoxalase 1; predicted gene 13443 

17482332 -1.54 0.030058 0.2 0.37 
2610020H

08Rik 
RIKEN cDNA 2610020H08 gene 

17501484 -1.54 0.034903 0.33 0.33 Spock3 
sparc/osteonectin, cwcv and kazal-like 

domains proteoglycan 3 

17449394 -1.54 0.041638 0.48 0.4 Sult1b1 sulfotransferase family 1B, member 1 

17457876 -1.55 0.000388 0.13 0.09 Gstk1 glutathione S-transferase kappa 1 

17241921 -1.55 0.002671 0.24 0.18 Gstt3 
glutathione S-transferase, theta 3; 

predicted gene 20441 

17492506 -1.55 0.003103 0.25 0.14 
6330403N

20Rik 
RIKEN cDNA 6330403N20 gene 

17211004 -1.55 0.00322 0.27 0.04 Adhfe1 
alcohol dehydrogenase, iron 

containing, 1 

17366924 -1.55 0.008903 0.25 0.11 Mir669m-2 microRNA 669m-2 

17370478 -1.55 0.009612 0.29 0.2 Gm13507 
predicted gene 13507; 

uncharacterized LOC102641575 

17214368 -1.55 0.012731 0.23 0.2 Cyp27a1 
cytochrome P450, family 27, 
subfamily a, polypeptide 1 

17334819 -1.55 0.019532 0.26 0.31 
0610011F0

6Rik 
RIKEN cDNA 0610011F06 gene 

17331102 -1.55 0.020723 0.23 0.32 Nit2 nitrilase family, member 2 

17501787 -1.55 0.032049 0.11 0.37 Tm6sf2 
transmembrane 6 superfamily 

member 2 

17497612 -1.56 0.000137 0.09 0.12 Echs1 
enoyl Coenzyme A hydratase, short 

chain, 1, mitochondrial 

17439622 -1.56 0.003283 0.26 0.15 Agpat9 
1-acylglycerol-3-phosphate O-

acyltransferase 9 

17368171 -1.56 0.003401 0.09 0.22 Bmyc 
brain expressed myelocytomatosis 

oncogene 

17387628 -1.56 0.003465 0.11 0.19 Olfr1024 olfactory receptor 1024 

17525329 -1.56 0.003798 0.13 0.25 St3gal4 
ST3 beta-galactoside alpha-2,3-

sialyltransferase 4 

17417702 -1.56 0.005709 0.23 0.19 Slc6a9 
solute carrier family 6 

(neurotransmitter transporter, 
glycine), member 9 

17257642 -1.56 0.010113 0.33 0.1 
1810010H

24Rik 
RIKEN cDNA 1810010H24 gene 
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17550476 -1.56 0.011495 0.23 0.21 Wt1os 
Wilms tumor 1 homolog, opposite 

strand 

17439094 -1.56 0.011706 0.42 0.2 Art3 ADP-ribosyltransferase 3 

17508380 -1.56 0.019435 0.19 0.27 Letm2 
leucine zipper-EF-hand containing 

transmembrane protein 2 

17421006 -1.56 0.020707 0.27 0.21 Arhgef19 
Rho guanine nucleotide exchange 

factor (GEF) 19 

17287066 -1.56 0.021422 0.48 0.14 Rnf144b ring finger protein 144B 

17526881 -1.56 0.021654 0.09 0.43 Dixdc1 DIX domain containing 1 

17526363 -1.56 0.024705 0.2 0.41 Tmem25 transmembrane protein 25 

17288888 -1.56 0.026419 0.23 0.27 
9330111N

05Rik 
RIKEN cDNA 9330111N05 gene; 
uncharacterized LOC102635253 

17445565 -1.56 0.02826 0.13 0.36 Gm15611 predicted gene 15611 

17362342 -1.57 0.000513 0.18 0.1 Lgals12 lectin, galactose binding, soluble 12 

17260916 -1.57 0.000999 0.2 0.14 Ugp2 UDP-glucose pyrophosphorylase 2 

17517592 -1.57 0.002082 0.17 0.18 Cspg4 chondroitin sulfate proteoglycan 4 

17549474 -1.57 0.011629 0.41 0.28 Gm19537 predicted gene, 19537 

17318194 -1.57 0.014391 0.11 0.33 Naprt1 
nicotinate phosphoribosyltransferase 

domain containing 1 

17523682 -1.57 0.020501 0.3 0.24 
4930433N

12Rik 
RIKEN cDNA 4930433N12 gene 

17476671 -1.57 0.037977 0.3 0.55 Gm26443 predicted gene, 26443 

17409099 -1.57 0.042065 0.14 0.35 Gstm7 glutathione S-transferase, mu 7 

17346078 -1.57 0.047685 0.26 0.31 Stap2 
signal transducing adaptor family 

member 2 

17433221 -1.58 0.000354 0.11 0.15 Slc25a33 solute carrier family 25, member 33 

17388371 -1.58 0.002195 0.22 0.17 Mapk8ip1 
mitogen-activated protein kinase 8 

interacting protein 1 

17397467 -1.58 0.006105 0.27 0.23 
5031434O

11Rik 
RIKEN cDNA 5031434O11 gene 

17348400 -1.58 0.006509 0.31 0.15 Gata6 GATA binding protein 6 

17438189 -1.58 0.007414 0.24 0.23 Rasl11b RAS-like, family 11, member B 

17426206 -1.58 0.010033 0.35 0.14 Alad aminolevulinate, delta-, dehydratase 

17220018 -1.58 0.012719 0.21 0.33 Cnst consortin, connexin sorting protein 

17305957 -1.58 0.018624 0.34 0.23 Olfr735 olfactory receptor 735 

17324416 -1.58 0.023964 0.3 0.34 
C730014E0

5Rik 
RIKEN cDNA C730014E05 gene 

17218361 -1.58 0.039627 0.34 0.37 
  

17477322 -1.58 0.043651 0.37 0.21 Klk1b26 
kallikrein 1-related petidase b26; 
epidermal growth factor binding 

protein type B 

17290965 -1.59 0.000017 0.08 0.05 Cox5b 
cytochrome c oxidase subunit Vb; 
cytochrome c oxidase subunit 5B, 

mitochondrial-like 

17404750 -1.59 0.000391 0.06 0.17 Mccc1 
methylcrotonoyl-Coenzyme A 

carboxylase 1 (alpha) 

17460728 -1.59 0.004773 0.28 0.08 Txnrd3 thioredoxin reductase 3 

17231063 -1.59 0.007582 0.29 0.33 Gm20201 predicted gene, 20201 

17453714 -1.59 0.016949 0.3 0.29 Sh2b2 SH2B adaptor protein 2 

17243845 -1.59 0.01746 0.25 0.31 Igf1os 
insulin-like growth factor 1, opposite 

strand 

17474544 -1.59 0.018569 0.35 0.18 1700058P1 RIKEN cDNA 1700058P15 gene 
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5Rik 

17452248 -1.59 0.025123 0.27 0.23 
  

17292262 -1.59 0.03836 0.21 0.29 Tpmt thiopurine methyltransferase 

17546512 -1.59 0.046595 0.3 0.2 Gm5523 

glyceraldehyde-3-phosphate 
dehydrogenase pseudogene; 
glyceraldehyde-3-phosphate 

dehydrogenase 

17246284 -1.59 0.048957 0.14 0.42 Suox sulfite oxidase 

17268120 -1.6 0.000264 0.15 0.1 Pdk2 
pyruvate dehydrogenase kinase, 

isoenzyme 2 

17477811 -1.6 0.004124 0.36 0.09 Gys1 glycogen synthase 1, muscle 

17547949 -1.6 0.006169 0.29 0.15 Gm10808 predicted gene 10808 

17505851 -1.6 0.030027 0.14 0.44 Nudt7 
nudix (nucleoside diphosphate linked 

moiety X)-type motif 7 

17459621 -1.6 0.038095 0.35 0.28 Tmem150a transmembrane protein 150A 

17470597 -1.6 0.039752 0.52 0.18 Slc2a3 
solute carrier family 2 (facilitated 
glucose transporter), member 3 

17298126 -1.6 0.049122 0.39 0.58 Lrtm1 
leucine-rich repeats and 

transmembrane domains 1 

17258220 -1.61 0.010748 0.2 0.24 Slc16a5 
solute carrier family 16 

(monocarboxylic acid transporters), 
member 5 

17335000 -1.61 0.011718 0.27 0.23 Phf1 PHD finger protein 1 

17258708 -1.61 0.021022 0.43 0.17 
2810008D

09Rik 
RIKEN cDNA 2810008D09 gene 

17534095 -1.61 0.033266 0.24 0.34 Pgrmc1 
progesterone receptor membrane 

component 1 

17229178 -1.61 0.04766 0.5 0.25 Atp1b1 
ATPase, Na+/K+ transporting, beta 1 

polypeptide 

17241687 -1.62 0.000252 0.13 0.13 
A930033H

14Rik 
RIKEN cDNA A930033H14 gene 

17340967 -1.62 0.000431 0.13 0.16 Acat2 
acetyl-Coenzyme A acetyltransferase 

2 

17351473 -1.62 0.001323 0.15 0.16 Slmo1 slowmo homolog 1 (Drosophila) 

17367004 -1.62 0.002639 0.22 0.09 Il15ra interleukin 15 receptor, alpha chain 

17307588 -1.62 0.002682 0.28 0.14 Fdft1 
farnesyl diphosphate farnesyl 

transferase 1 

17434254 -1.62 0.003355 0.27 0.13 Gm13306 

predicted gene 13306; chemokine (C-
C motif) ligand 27b; predicted gene 
2506; c-C motif chemokine 27-like; 
chemokine (C-C motif) ligand 27A 

17503446 -1.62 0.003406 0.3 0.17 Gpt2 
glutamic pyruvate transaminase 

(alanine aminotransferase) 2 

17238836 -1.62 0.003627 0.26 0.14 
  

17244705 -1.62 0.004297 0.31 0.17 Acss3 
acyl-CoA synthetase short-chain 

family member 3 

17523058 -1.62 0.03135 0.07 0.48 Xylb xylulokinase homolog (H. influenzae) 

17406752 -1.62 0.037336 0.38 0.24 Slc25a44 solute carrier family 25, member 44 

17229162 -1.62 0.049964 0.48 0.23 Gm16548 predicted gene 16548 

17496713 -1.63 0.000856 0.15 0.17 
1700008J0

7Rik 
RIKEN cDNA 1700008J07 gene 

17538441 -1.63 0.002763 0.17 0.23 Gm15128 predicted gene 15128 

17252574 -1.63 0.005025 0.17 0.27 Itgae integrin alpha E, epithelial-associated 

17316290 -1.63 0.00945 0.07 0.38 Ropn1l ropporin 1-like 
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17349402 -1.63 0.009817 0.21 0.29 Pkd2l2 polycystic kidney disease 2-like 2 

17406323 -1.63 0.022845 0.43 0.36 Mnd1 
meiotic nuclear divisions 1 homolog 

(S. cerevisiae) 

17376805 -1.63 0.026177 0.54 0.37 Ankef1 
ankyrin repeat and EF-hand domain 

containing 1 

17331168 -1.64 0.000417 0.1 0.18 Gm24039 predicted gene, 24039 

17388705 -1.64 0.000507 0.17 0.06 Ldlrad3 
low density lipoprotein receptor class 

A domain containing 3; predicted 
gene, 20982 

17281843 -1.64 0.000601 0.15 0.16 Dhrs7 
dehydrogenase/reductase (SDR 

family) member 7 

17279317 -1.64 0.000825 0.25 0.1 
A530016L2

4Rik 
RIKEN cDNA A530016L24 gene 

17378858 -1.64 0.000906 0.23 0.11 Gm25129 predicted gene, 25129 

17542047 -1.64 0.002461 0.16 0.22 Slitrk4 SLIT and NTRK-like family, member 4 

17333079 -1.64 0.003815 0.14 0.27 Mpc1 mitochondrial pyruvate carrier 1 

17243576 -1.64 0.005203 0.23 0.17 Appl2 
adaptor protein, phosphotyrosine 

interaction, PH domain and leucine 
zipper containing 2 

17274875 -1.64 0.005367 0.24 0.17 Nampt 
nicotinamide 

phosphoribosyltransferase 

17281084 -1.64 0.014958 0.17 0.54 Egln3 egl-9 family hypoxia-inducible factor 3 

17363429 -1.64 0.042688 0.11 0.56 Aldh1a7 
aldehyde dehydrogenase family 1, 

subfamily A7 

17469259 -1.65 0.001121 0.13 0.22 Suclg2 
succinate-Coenzyme A ligase, GDP-

forming, beta subunit 

17265365 -1.65 0.001697 0.22 0.1 Inca1 
inhibitor of CDK, cyclin A1 interacting 

protein 1 

17448001 -1.65 0.002229 0.15 0.3 Ppargc1a 
peroxisome proliferative activated 

receptor, gamma, coactivator 1 alpha 

17420777 -1.65 0.003251 0.16 0.26 Aldh4a1 
aldehyde dehydrogenase 4 family, 
member A1; predicted gene 21969 

17244973 -1.65 0.007228 0.4 0.19 Trhde TRH-degrading enzyme 

17277134 -1.65 0.007592 0.44 0.36 Acot2 acyl-CoA thioesterase 2 

17483383 -1.65 0.015406 0.39 0.2 Snora30 small nucleolar RNA, H/ACA box 30 

17399868 -1.65 0.01547 0.13 0.33 Sprr2d small proline-rich protein 2D 

17341769 -1.65 0.015522 0.22 0.22 
1600002H

07Rik 
RIKEN cDNA 1600002H07 gene 

17413573 -1.65 0.025277 0.25 0.28 Grhpr 
glyoxylate reductase/hydroxypyruvate 

reductase 

17477475 -1.65 0.040261 0.24 0.43 Aspdh 
aspartate dehydrogenase domain 

containing 

17544149 -1.66 0.000017 0.08 0.09 Hmgn5 
high-mobility group nucleosome 

binding domain 5 

17317056 -1.66 0.000623 0.18 0.14 Enpp2 
ectonucleotide 

pyrophosphatase/phosphodiesterase 
2 

17381457 -1.66 0.001313 0.23 0.17 Echdc3 
enoyl Coenzyme A hydratase domain 

containing 3 

17456176 -1.66 0.002884 0.3 0.23 Met met proto-oncogene 

17380199 -1.66 0.003305 0.1 0.36 Rbm38 RNA binding motif protein 38 

17466833 -1.66 0.007668 0.21 0.29 Hoxa5 homeobox A5 

17286540 -1.66 0.009178 0.26 0.3 Gm16984 
predicted gene, 16984; 

uncharacterized LOC102640991 

17461060 -1.66 0.009217 0.32 0.26 9530026P0 RIKEN cDNA 9530026P05 gene 
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5Rik 

17297059 -1.66 0.010108 0.37 0.21 Abhd6 abhydrolase domain containing 6 

17549612 -1.66 0.010319 0.41 0.28 Gm19537 predicted gene, 19537 

17508170 -1.66 0.01203 0.15 0.35 
1810011O

10Rik 
RIKEN cDNA 1810011O10 gene 

17460826 -1.67 0.000002 0.07 0.05 Klf15 Kruppel-like factor 15 

17296483 -1.67 0.003489 0.24 0.16 Gm16263 predicted gene 16263 

17213189 -1.67 0.004854 0.22 0.3 Gm20257 caspase 8 pseudogene 

17450196 -1.67 0.005168 0.32 0.27 Agpat9 
1-acylglycerol-3-phosphate O-
acyltransferase 9; RIKEN cDNA 

4930458D05 gene 

17235018 -1.67 0.008491 0.5 0.16 Cfd complement factor D (adipsin) 

17225506 -1.67 0.010802 0.34 0.18 Per2 period circadian clock 2 

17512476 -1.67 0.013783 0.28 0.25 
LOC10263

6686 
uncharacterized LOC102636686; 

predicted gene 5914 

17364208 -1.67 0.018051 0.4 0.42 Ppp1r3c 
protein phosphatase 1, regulatory 

(inhibitor) subunit 3C 

17541567 -1.67 0.019655 0.47 0.2 Firre 
functional intergenic repeating RNA 

element 

17387890 -1.67 0.02907 0.39 0.08 Olfr1220 olfactory receptor 1220 

17220034 -1.68 0.000678 0.22 0.14 Sccpdh 
saccharopine dehydrogenase 

(putative) 

17547658 -1.68 0.000973 0.19 0.16 
  

17495309 -1.68 0.002031 0.19 0.2 
4933406I1

8Rik 
RIKEN cDNA 4933406I18 gene 

17328842 -1.68 0.004164 0.26 0.24 Prodh proline dehydrogenase 

17399411 -1.68 0.004344 0.27 0.15 Dcst2 DC-STAMP domain containing 2 

17278209 -1.68 0.006427 0.38 0.13 Ppp4r4 
protein phosphatase 4, regulatory 

subunit 4 

17352680 -1.68 0.008097 0.23 0.35 Abhd3 abhydrolase domain containing 3 

17327524 -1.68 0.018393 0.24 0.29 Igsf5 
immunoglobulin superfamily, member 

5 

17340657 -1.68 0.030081 0.37 0.64 Gm9992 predicted gene 9992 

17508396 -1.69 0.000264 0.12 0.18 Ddhd2 DDHD domain containing 2 

17443286 -1.69 0.000293 0.19 0.02 Por P450 (cytochrome) oxidoreductase 

17295796 -1.69 0.000362 0.04 0.24 Pik3r1 
phosphatidylinositol 3-kinase, 

regulatory subunit, polypeptide 1 (p85 
alpha) 

17291821 -1.69 0.003954 0.41 0.22 Eci3 enoyl-Coenzyme A delta isomerase 3 

17382203 -1.69 0.004535 0.31 0.18 Hnmt histamine N-methyltransferase 

17454278 -1.69 0.011914 0.5 0.26 Gm454 predicted gene 454 

17343735 -1.69 0.013371 0.26 0.17 H2-Ke6 
H2-K region expressed gene 6; 

predicted gene 20427 

17224133 -1.69 0.018076 0.17 0.39 Pecr 
peroxisomal trans-2-enoyl-CoA 

reductase 

17252912 -1.69 0.020989 0.11 0.43 Tlcd2 TLC domain containing 2 

17263535 -1.69 0.025871 0.26 0.46 Srebf1 
sterol regulatory element binding 

transcription factor 1 

17387906 -1.69 0.033563 0.36 0.38 
Olfr1224-

ps1 
olfactory receptor 1224, pseudogene 

1 

17355460 -1.7 0.003067 0.26 0.25 Gm20544 
predicted gene 20544; 

uncharacterized LOC102636262 
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17277267 -1.7 0.003152 0.22 0.23 
  

17274195 -1.7 0.00343 0.1 0.33 Ntsr2 neurotensin receptor 2 

17406399 -1.7 0.010227 0.29 0.18 Gm3740 
predicted gene 3740; predicted gene 

15535 

17290016 -1.7 0.018414 0.44 0.05 BC067074 cDNA sequence BC067074 

17224395 -1.7 0.023286 0.5 0.1 Mir375 microRNA 375 

17326756 -1.7 0.037991 0.22 0.44 Ncam2 neural cell adhesion molecule 2 

17451900 -1.7 0.03935 0.5 0.2 Gm26411 predicted gene, 26411 

17286487 -1.71 0.000407 0.1 0.18 Bphl 
biphenyl hydrolase-like (serine 

hydrolase, breast epithelial mucin-
associated antigen) 

17427367 -1.71 0.001006 0.15 0.21 Cyp2j11 
cytochrome P450, family 2, subfamily 

j, polypeptide 11 

17361299 -1.71 0.002469 0.11 0.28 
2010003K1

1Rik 
RIKEN cDNA 2010003K11 gene 

17211174 -1.71 0.005898 0.13 0.45 
A830018L1

6Rik 
RIKEN cDNA A830018L16 gene 

17521211 -1.71 0.008907 0.35 0.15 Abhd14b abhydrolase domain containing 14b 

17417146 -1.71 0.02157 0.1 0.5 Pdzk1ip1 PDZK1 interacting protein 1 

17269250 -1.71 0.026396 0.52 0.26 Gm11564 predicted gene 11564 

17447310 -1.72 0.000263 0.08 0.19 Lrpap1 
low density lipoprotein receptor-

related protein associated protein 1 

17358482 -1.72 0.000567 0.2 0.07 Ppapdc2 
phosphatidic acid phosphatase type 2 

domain containing 2 

17319625 -1.72 0.002439 0.2 0.21 Cyp2d22 
cytochrome P450, family 2, subfamily 

d, polypeptide 22 

17296881 -1.72 0.012538 0.35 0.18 
  

17463169 -1.72 0.041355 0.39 0.31 Scnn1a 
sodium channel, nonvoltage-gated 1 

alpha 

17416893 -1.73 0.000518 0.12 0.18 Gm12811 predicted gene 12811 

17404373 -1.73 0.006145 0.15 0.33 Naaladl2 
N-acetylated alpha-linked acidic 

dipeptidase-like 2 

17500756 -1.73 0.043038 0.55 0.38 Gm16348 
predicted gene 16348; 

uncharacterized LOC102640962 

17375538 -1.74 0.000123 0.15 0.1 Sqrdl sulfide quinone reductase-like (yeast) 

17409837 -1.74 0.00083 0.19 0.16 Gm23432 predicted gene, 23432 

17409575 -1.74 0.001092 0.24 0.1 Amy1 amylase 1, salivary 

17385393 -1.74 0.006544 0.21 0.32 
A930012O

16Rik 
RIKEN cDNA A930012O16 gene 

17526917 -1.74 0.007058 0.19 0.28 
2310030G

06Rik 
RIKEN cDNA 2310030G06 gene 

17327247 -1.74 0.012071 0.25 0.37 
LOC10263

2310 
uncharacterized LOC102632310; 

predicted gene, 26626 

17315002 -1.74 0.012343 0.34 0.23 Mettl7a1 methyltransferase like 7A1 

17372153 -1.74 0.021704 0.29 0.32 
E030042O

20Rik 
RIKEN cDNA E030042O20 gene 

17405908 -1.75 0.001588 0.27 0.13 Bche butyrylcholinesterase 

17426942 -1.75 0.001852 0.17 0.24 Gm25811 predicted gene, 25811 

17407354 -1.75 0.003976 0.34 0.05 S100a1 S100 calcium binding protein A1 

17313376 -1.75 0.010989 0.43 0.23 Tef thyrotroph embryonic factor 

17409893 -1.75 0.013679 0.54 0.13 Slc44a3 solute carrier family 44, member 3 

17354434 -1.75 0.014415 0.13 0.36 Aldh7a1 aldehyde dehydrogenase family 7, 
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member A1 

17354071 -1.75 0.014761 0.33 0.16 Gm4013 
predicted gene 4013; RIKEN cDNA 

8430416G17 gene 

17502376 -1.75 0.025629 0.05 0.54 
  

17460831 -1.76 0.000713 0.02 0.24 Aldh1l1 
aldehyde dehydrogenase 1 family, 

member L1 

17364341 -1.76 0.000812 0.23 0.14 Rbp4 retinol binding protein 4, plasma 

17513135 -1.76 0.003154 0.24 0.19 Ldhd lactate dehydrogenase D 

17369131 -1.76 0.003793 0.24 0.24 Phyhd1 
phytanoyl-CoA dioxygenase domain 

containing 1; leucine rich repeat 
containing 8A 

17240665 -1.76 0.01411 0.1 0.45 Gm26016 predicted gene, 26016 

17342403 -1.76 0.027248 0.65 0.05 Rhbdl1 
rhomboid, veinlet-like 1 (Drosophila); 
predicted gene 20683; ras homolog 

gene family, member T2 

17477968 -1.77 0.000279 0.09 0.19 Car11 carbonic anhydrase 11 

17364805 -1.77 0.000301 0.05 0.18 Morn4 MORN repeat containing 4 

17218965 -1.77 0.000716 0.2 0.18 Adcy10 adenylate cyclase 10 

17238914 -1.77 0.002506 0.18 0.26 
  

17372810 -1.77 0.003774 0.18 0.28 Olfr1076 olfactory receptor 1076 

17413054 -1.77 0.004795 0.3 0.12 
LOC10086

1978 
c-C motif chemokine 27-like 

17413151 -1.77 0.004795 0.3 0.12 
LOC10086

1978 
c-C motif chemokine 27-like 

17434221 -1.77 0.004795 0.3 0.12 
LOC10086

1978 
c-C motif chemokine 27-like 

17473402 -1.77 0.004828 0.31 0.09 Isoc2a isochorismatase domain containing 2a 

17229007 -1.77 0.015072 0.11 0.46 Fmo4 flavin containing monooxygenase 4 

17354784 -1.77 0.021495 0.41 0.33 Mir143hg 
Mir143 and Mir145 host gene (non-

coding RNA) 

17309832 -1.77 0.038362 0.27 0.5 C6 complement component 6 

17427746 -1.78 0.001667 0.31 0.13 Prkaa2 
protein kinase, AMP-activated, alpha 

2 catalytic subunit 

17438882 -1.78 0.004012 0.34 0.08 Gm9958 predicted gene 9958 

17414032 -1.78 0.016829 0.3 0.36 Murc muscle-related coiled-coil protein 

17215539 -1.78 0.046607 0.35 0.67 Spp2 secreted phosphoprotein 2 

17442187 -1.79 0.000563 0.17 0.23 
Tmem120

b 
transmembrane protein 120B 

17531650 -1.8 0.000056 0.1 0.14 Pth1r parathyroid hormone 1 receptor 

17365728 -1.81 0.001089 0.25 0.17 Gpam 
glycerol-3-phosphate acyltransferase, 

mitochondrial 

17391861 -1.81 0.003577 0.22 0.3 
1700037H

04Rik 
RIKEN cDNA 1700037H04 gene 

17383712 -1.81 0.007627 0.2 0.36 Ptges prostaglandin E synthase 

17527332 -1.81 0.010252 0.54 0.09 Nrg4 neuregulin 4 

17508787 -1.81 0.015359 0.24 0.28 Lonrf1 
LON peptidase N-terminal domain and 

ring finger 1 

17358020 -1.81 0.017867 0.29 0.35 Nmrk1 nicotinamide riboside kinase 1 

17224724 -1.82 0.000095 0.14 0.16 BC035947 cDNA sequence BC035947 

17284037 -1.82 0.000197 0.17 0.14 Mpc1 
mitochondrial pyruvate carrier 1; 
mitochondrial pyruvate carrier 1, 

pseudogene 
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17214672 -1.82 0.000271 0.24 0.08 Mogat1 monoacylglycerol O-acyltransferase 1 

17496763 -1.82 0.000783 0.13 0.21 Stx1b syntaxin 1B 

17499932 -1.82 0.003098 0.37 0.07 Slc20a2 solute carrier family 20, member 2 

17387276 -1.82 0.004249 0.41 0.19 Pde1a 
phosphodiesterase 1A, calmodulin-

dependent 

17309099 -1.82 0.016735 0.26 0.41 Klf12 Kruppel-like factor 12 

17310349 -1.82 0.036306 0.13 0.49 Amacr alpha-methylacyl-CoA racemase 

17469406 -1.82 0.038453 0.62 0.36 Gm765 predicted gene 765 

17492417 -1.83 0.000064 0.13 0.1 Pex11a 
peroxisomal biogenesis factor 11 

alpha 

17379606 -1.83 0.000423 0.11 0.18 Mmp9 matrix metallopeptidase 9 

17453140 -1.83 0.004545 0.27 0.4 Phkg1 phosphorylase kinase gamma 1 

17249524 -1.83 0.006569 0.28 0.24 Shroom1 shroom family member 1 

17235320 -1.83 0.007831 0.12 0.38 Reep6 receptor accessory protein 6 

17231174 -1.83 0.01084 0.28 0.32 Syt14 synaptotagmin XIV 

17403829 -1.83 0.015028 0.65 0.23 Negr1 neuronal growth regulator 1 

17466397 -1.83 0.024399 0.3 0.35 Epha1 Eph receptor A1 

17529398 -1.84 0.000053 0.13 0.11 Me1 
malic enzyme 1, NADP(+)-dependent, 

cytosolic 

17511693 -1.84 0.000219 0.14 0.21 Ces1d carboxylesterase 1D 

17231694 -1.84 0.023205 0.57 0.21 Plagl1 pleiomorphic adenoma gene-like 1 

17223946 -1.85 0.033676 0.53 0.34 Erbb4 
v-erb-a erythroblastic leukemia viral 

oncogene homolog 4 (avian) 

17545741 -1.86 0.000052 0.09 0.13 Pdha1 pyruvate dehydrogenase E1 alpha 1 

17307837 -1.86 0.002488 0.28 0.11 Ephx2 epoxide hydrolase 2, cytoplasmic 

17421875 -1.86 0.004134 0.22 0.39 Slc2a5 
solute carrier family 2 (facilitated 
glucose transporter), member 5 

17366511 -1.86 0.018066 0.32 0.47 Phyh phytanoyl-CoA hydroxylase 

17515344 -1.86 0.03417 0.58 0.28 Ccdc159 coiled-coil domain containing 159 

17417240 -1.86 0.045292 0.54 0.37 Cyp4a31 
cytochrome P450, family 4, subfamily 

a, polypeptide 31 

17329220 -1.87 0.012904 0.17 0.42 Ehhadh 
enoyl-Coenzyme A, hydratase/3-

hydroxyacyl Coenzyme A 
dehydrogenase 

17477377 -1.87 0.029511 0.38 0.5 Klk1b4 kallikrein 1-related pepidase b4 

17373521 -1.88 0.007084 0.36 0.2 Chst1 
carbohydrate (keratan sulfate Gal-6) 

sulfotransferase 1 

17237356 -1.88 0.007151 0.18 0.4 Gm15723 
predicted gene 15723; 

uncharacterized LOC102633245 

17361921 -1.88 0.010273 0.05 0.51 Tm7sf2 
transmembrane 7 superfamily 

member 2 

17310259 -1.88 0.012696 0.22 0.56 Prlr prolactin receptor 

17392472 -1.89 0.001299 0.33 0.13 Ralgapa2 
Ral GTPase activating protein, alpha 

subunit 2 (catalytic) 

17283155 -1.89 0.003774 0.31 0.25 Eml5 
echinoderm microtubule associated 

protein like 5 

17485339 -1.89 0.008941 0.33 0.25 Slc22a18 
solute carrier family 22 (organic cation 

transporter), member 18 

17483471 -1.89 0.010144 0.28 0.24 Hsd3b7 
hydroxy-delta-5-steroid 

dehydrogenase, 3 beta- and steroid 
delta-isomerase 7 

17527453 -1.89 0.017749 0.23 0.43 Odf3l1 outer dense fiber of sperm tails 3-like 
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1 

17538590 -1.9 0.001387 0.23 0.24 Pfkfb1 
6-phosphofructo-2-kinase/fructose-

2,6-biphosphatase 1 

17265096 -1.9 0.003526 0.42 0.21 Slc2a4 
solute carrier family 2 (facilitated 
glucose transporter), member 4 

17241934 -1.9 0.005674 0.4 0.16 Gstt1 glutathione S-transferase, theta 1 

17275223 -1.91 0.000024 0.14 0.09 Immp2l 
IMP2 inner mitochondrial membrane 

peptidase-like (S. cerevisiae) 

17374648 -1.91 0.000449 0.23 0.11 Ivd isovaleryl coenzyme A dehydrogenase 

17288269 -1.91 0.008002 0.4 0.16 Gm10767 predicted gene 10767 

17500744 -1.91 0.01075 0.33 0.33 
B430010I2

3Rik 
RIKEN cDNA B430010I23 gene 

17328829 -1.92 0.000136 0.14 0.16 Slc25a1 
solute carrier family 25 (mitochondrial 
carrier, citrate transporter), member 1 

17273200 -1.92 0.014995 0.3 0.34 Pcyt2 
phosphate cytidylyltransferase 2, 

ethanolamine 

17216751 -1.93 0.002352 0.42 0.16 
  

17496354 -1.94 0.000958 0.13 0.27 Sult1a1 
sulfotransferase family 1A, phenol-

preferring, member 1 

17315860 -1.94 0.001772 0.36 0.19 Slc1a3 
solute carrier family 1 (glial high 
affinity glutamate transporter), 

member 3 

17484587 -1.94 0.002269 0.38 0.16 Cyp2e1 
cytochrome P450, family 2, subfamily 

e, polypeptide 1 

17495586 -1.95 0.000196 0.17 0.17 Gde1 
glycerophosphodiester 
phosphodiesterase 1 

17463150 -1.95 0.000619 0.27 0.13 Vamp1 
vesicle-associated membrane protein 

1 

17238884 -1.95 0.002951 0.38 0.16 
  

17529014 -1.95 0.022135 0.58 0.32 Gm8074 predicted gene 8074 

17251441 -1.96 0.000518 0.26 0.1 Slc25a35 solute carrier family 25, member 35 

17253461 -1.96 0.001035 0.26 0.09 Tlcd1 TLC domain containing 1 

17303400 -1.97 0.00036 0.24 0.11 Pdhb 
pyruvate dehydrogenase (lipoamide) 

beta 

17356216 -1.97 0.000582 0.28 0.07 Pcx pyruvate carboxylase 

17424054 -1.97 0.02358 0.31 0.34 Gm6297 predicted gene 6297 

17361073 -1.97 0.029489 0.32 0.43 Gstp1 glutathione S-transferase, pi 1 

17540378 -1.98 0.002933 0.23 0.31 Maob monoamine oxidase B 

17348899 -1.98 0.007365 0.35 0.49 Dtna dystrobrevin alpha 

17492826 -1.99 0.010955 0.41 0.45 Homer2 homer homolog 2 (Drosophila) 

17407934 -2 0.000772 0.23 0.22 Ciart 
circadian associated repressor of 

transcription 

17401610 -2 0.012106 0.28 0.3 Gstm5 glutathione S-transferase, mu 5 

17493432 -2.02 0.000535 0.3 0.04 Thrsp thyroid hormone responsive 

17231611 -2.02 0.043397 0.83 0.44 Gm25682 predicted gene, 25682 

17416616 -2.03 0.00169 0.36 0.15 Echdc2 
enoyl Coenzyme A hydratase domain 

containing 2 

17428209 -2.04 0.00664 0.31 0.41 
9630013D

21Rik 
RIKEN cDNA 9630013D21 gene 

17437598 -2.04 0.030499 0.3 0.47 
0610040J0

1Rik 
RIKEN cDNA 0610040J01 gene 

17313677 -2.05 0.00144 0.33 0.12 Pnpla3 
patatin-like phospholipase domain 

containing 3 
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17450989 -2.05 0.002431 0.32 0.17 Pxmp2 peroxisomal membrane protein 2 

17250849 -2.05 0.021471 0.56 0.57 
B430319H

21Rik 
RIKEN cDNA B430319H21 gene 

17290781 -2.06 0.002093 0.13 0.38 Sugct 
succinyl-CoA glutarate-CoA 

transferase 

17329167 -2.06 0.003176 0.31 0.19 Clcn2 chloride channel 2 

17452562 -2.06 0.00448 0.39 0.17 AI480526 expressed sequence AI480526 

17500548 -2.06 0.005843 0.35 0.45 Gm20359 
predicted gene, 20359; protein 

phosphatase 1, regulatory (inhibitor) 
subunit 3B 

17357981 -2.07 0.000863 0.12 0.32 Prune2 prune homolog 2 (Drosophila) 

17277146 -2.07 0.003814 0.19 0.38 Acot4 acyl-CoA thioesterase 4 

17428017 -2.08 0.002267 0.4 0.23 Zyg11a 
zyg-11 family member A, cell cycle 

regulator 

17406708 -2.09 0.003322 0.18 0.43 Tmem79 transmembrane protein 79 

17351587 -2.09 0.007119 0.3 0.45 Mc5r melanocortin 5 receptor 

17411492 -2.09 0.031501 0.35 0.7 Gm11783 
predicted gene 11783; expressed 

sequence AI838599 

17241954 -2.1 0.002399 0.33 0.15 Gstt2 glutathione S-transferase, theta 2 

17452378 -2.1 0.007711 0.45 0.29 Rad9b RAD9 homolog B 

17262942 -2.11 0.000028 0.12 0.13 Slc36a2 
solute carrier family 36 (proton/amino 

acid symporter), member 2 

17287414 -2.11 0.000966 0.4 0.13 Sfxn1 sideroflexin 1 

17409284 -2.11 0.011627 0.41 0.2 Celsr2 
cadherin, EGF LAG seven-pass G-type 

receptor 2 (flamingo homolog, 
Drosophila) 

17496651 -2.12 0.021412 0.25 0.6 Sephs2 selenophosphate synthetase 2 

17392568 -2.12 0.031356 0.63 0.4 Thbd thrombomodulin 

17512765 -2.13 0.000546 0.17 0.27 
3010033K0

7Rik 
RIKEN cDNA 3010033K07 gene 

17232152 -2.13 0.000889 0.13 0.4 Vnn3 vanin 3 

17231571 -2.15 0.00009 0.17 0.19 
B430219N

15Rik 
RIKEN cDNA B430219N15 gene 

17477979 -2.15 0.001579 0.39 0.14 Dbp 
D site albumin promoter binding 

protein 

17443185 -2.15 0.002956 0.48 0.13 Mlxipl MLX interacting protein-like 

17239184 -2.16 0.000233 0.1 0.26 Adgb androglobin 

17224540 -2.16 0.005075 0.22 0.42 Tuba4a tubulin, alpha 4A 

17519673 -2.16 0.024425 0.69 0.54 Gm3776 

predicted gene 3776; glutathione S-
transferase, alpha 1 (Ya); predicted 

gene 10639; glutathione S-
transferase, alpha 2 (Yc2) 

17524117 -2.17 0.025147 0.32 0.98 Hephl1 hephaestin-like 1 

17370897 -2.18 0.001009 0.29 0.28 Gpd2 
glycerol phosphate dehydrogenase 2, 

mitochondrial 

17502951 -2.18 0.002556 0.23 0.47 
D830024N

08Rik 
RIKEN cDNA D830024N08 gene 

17433328 -2.19 0.001493 0.38 0.12 Per3 period circadian clock 3 

17449562 -2.21 0.015906 0.49 0.4 Rassf6 
Ras association (RalGDS/AF-6) domain 

family member 6 

17229020 -2.23 0.001089 0.38 0.14 Fmo1 flavin containing monooxygenase 1 

17233873 -2.23 0.031795 0.29 0.66 Pbld1 
phenazine biosynthesis-like protein 

domain containing 1 



380 
 

17402113 -2.23 0.040935 0.37 0.66 Dpyd dihydropyrimidine dehydrogenase 

17326567 -2.24 0.000052 0.2 0.1 Gbe1 
glucan (1,4-alpha-), branching enzyme 

1 

17331272 -2.24 0.000502 0.31 0.16 Olfr205 olfactory receptor 205 

17446793 -2.26 0.001883 0.44 0.1 Slc5a6 
solute carrier family 5 (sodium-

dependent vitamin transporter), 
member 6 

17329403 -2.27 0.040787 0.74 0.77 Masp1 
mannan-binding lectin serine 

peptidase 1 

17281721 -2.28 0.000043 0.14 0.16 Pygl liver glycogen phosphorylase 

17318312 -2.28 0.004303 0.42 0.15 Nrbp2 nuclear receptor binding protein 2 

17234436 -2.29 0.003518 0.32 0.31 Chchd10 
coiled-coil-helix-coiled-coil-helix 

domain containing 10 

17482230 -2.3 0.012341 0.46 0.65 Acsm5 
acyl-CoA synthetase medium-chain 

family member 5 

17550572 -2.3 0.02639 0.7 0.48 mt-Ts2 
mitochondrially encoded tRNA serine 

2 

17357460 -2.31 0.000641 0.26 0.32 Fads1 fatty acid desaturase 1 

17252065 -2.31 0.033989 0.53 0.67 Gltpd2 
glycolipid transfer protein domain 

containing 2 

17371847 -2.33 0.000053 0.12 0.21 Pdk1 
pyruvate dehydrogenase kinase, 

isoenzyme 1 

17500543 -2.33 0.00239 0.41 0.53 Ppp1r3b 
protein phosphatase 1, regulatory 

(inhibitor) subunit 3B 

17230127 -2.34 0.000231 0.12 0.29 Grem2 
gremlin 2 homolog, cysteine knot 

superfamily (Xenopus laevis) 

17232763 -2.36 0.000624 0.21 0.25 Ddo D-aspartate oxidase 

17532629 -2.36 0.026126 0.7 0.46 mt-Ts2 
mitochondrially encoded tRNA serine 

2; mitochondrially encoded tRNA 
leucine 2 

17290242 -2.37 0.000357 0.19 0.28 Net1 
neuroepithelial cell transforming gene 

1 

17320666 -2.37 0.000456 0.3 0.26 Slc2a13 
solute carrier family 2 (facilitated 
glucose transporter), member 13 

17211405 -2.38 0.005499 0.34 0.49 Gsta3 glutathione S-transferase, alpha 3 

17418519 -2.4 0.004765 0.46 0.37 Oscp1 
organic solute carrier partner 1; 
uncharacterized LOC102643079 

17372621 -2.41 0.002551 0.43 0.26 Slc43a1 solute carrier family 43, member 1 

17427970 -2.41 0.006137 0.59 0.23 Podn podocan 

17396260 -2.42 0.00075 0.26 0.33 Cp ceruloplasmin 

17550568 -2.44 0.033527 0.65 0.34 mt-Th 
mitochondrially encoded tRNA 

histidine 

17550570 -2.44 0.033527 0.65 0.34 mt-Th 
mitochondrially encoded tRNA 

histidine 

17273348 -2.46 0.000008 0.16 0.07 Fasn fatty acid synthase 

17231229 -2.46 0.000279 0.28 0.27 Hsd11b1 
hydroxysteroid 11-beta 

dehydrogenase 1 

17532627 -2.46 0.028498 0.65 0.32 mt-Th 
mitochondrially encoded tRNA 

histidine 

17550576 -2.5 0.013822 0.36 0.56 mt-Tl2 
mitochondrially encoded tRNA leucine 

2 

17539271 -2.51 0.006154 0.61 0.3 Gpr64 G protein-coupled receptor 64 

17436545 -2.51 0.00785 0.6 0.26 Nat8l N-acetyltransferase 8-like 

17508544 -2.52 0.000216 0.32 0.13 Adrb3 adrenergic receptor, beta 3 
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17298183 -2.54 0.000169 0.17 0.28 Tkt transketolase 

17414738 -2.54 0.002047 0.49 0.26 Orm3 orosomucoid 3 

17246231 -2.59 0.022335 0.19 0.69 Erbb3 
v-erb-b2 erythroblastic leukemia viral 

oncogene homolog 3 (avian) 

17410251 -2.62 0.000023 0.18 0.14 Enpep glutamyl aminopeptidase 

17516469 -2.65 0.000017 0.17 0.15 Usp2 ubiquitin specific peptidase 2 

17417195 -2.66 0.046221 0.86 0.63 Cyp4a12b 
cytochrome P450, family 4, subfamily 

a, polypeptide 12B 

17222825 -2.68 0.003004 0.36 0.37 Nabp1 nucleic acid binding protein 1 

17278236 -2.69 0.021165 0.53 0.54 Serpina1c 
serine (or cysteine) peptidase 

inhibitor, clade A, member 1C; RIKEN 
cDNA B430119L08 gene 

17516699 -2.78 0.003133 0.38 0.44 Mpzl2 myelin protein zero-like 2 

17318983 -2.79 0.00362 0.28 0.53 Tst 
thiosulfate sulfurtransferase, 

mitochondrial 

17378848 -2.89 0.001801 0.49 0.38 Snhg11 small nucleolar RNA host gene 11 

17519649 -2.9 0.00005 0.18 0.24 Gsta4 glutathione S-transferase, alpha 4 

17378359 -2.91 0.000002 0.09 0.15 Acss2 
acyl-CoA synthetase short-chain 

family member 2 

17364390 -2.91 0.00007 0.24 0.22 Gm23800 predicted gene, 23800 

17525894 -2.97 0.000036 0.24 0.09 Sorl1 
sortilin-related receptor, LDLR class A 

repeats-containing 

17442719 -3.06 0.000021 0.23 0.14 Aacs acetoacetyl-CoA synthetase 

17547610 -3.1 0.000038 0.26 0.11 
  

17401480 -3.12 0.000701 0.44 0.37 Dennd2d DENN/MADD domain containing 2D 

17330463 -3.12 0.001002 0.43 0.42 Gm19522 predicted gene, 19522 

17439037 -3.12 0.001743 0.38 0.46 Parm1 
prostate androgen-regulated mucin-

like protein 1 

17475498 -3.12 0.048441 1.68 1 Cyp2f2 
cytochrome P450, family 2, subfamily 

f, polypeptide 2 

17263511 -3.16 0.006715 0.51 0.51 Rasd1 RAS, dexamethasone-induced 1 

17511731 -3.17 0.000111 0.16 0.3 Ces1f carboxylesterase 1F 

17316780 -3.25 0.006954 0.25 0.8 Angpt1 angiopoietin 1 

17408940 -3.52 0.00264 0.67 0.42 
2010016I1

8Rik 
RIKEN cDNA 2010016I18 gene 

17400048 -3.55 0.000066 0.25 0.25 Rorc RAR-related orphan receptor gamma 

17501098 -3.56 0.000624 0.38 0.47 Cldn22 claudin 22 

17402165 -3.57 0.000831 0.51 0.32 
A530020G

20Rik 
RIKEN cDNA A530020G20 gene 

17269521 -3.67 0.000645 0.19 0.56 Acly ATP citrate lyase 

17515335 -3.8 0.049045 0.64 1.46 Gm6484 predicted gene 6484 

17250852 -3.84 0.000581 0.2 0.54 
B130011K0

5Rik 
RIKEN cDNA B130011K05 gene 

17440826 -3.85 0.000318 0.51 0.16 Acacb acetyl-Coenzyme A carboxylase beta 

17467209 -4.11 0.001856 0.75 0.25 Fam13a 
family with sequence similarity 13, 

member A 

17482310 -4.62 0.000147 0.33 0.4 Acsm3 
acyl-CoA synthetase medium-chain 

family member 3 

17254395 -5.18 0.000002 0.17 0.19 Acaca acetyl-Coenzyme A carboxylase alpha 

17402558 -5.36 0.000007 0.17 0.29 Elovl6 
ELOVL family member 6, elongation of 

long chain fatty acids (yeast) 
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Table 20 Statistically significant TAC pathways in the WAT at 4, 8 and 12W 

TAC PATHWAYS at 4W TAC PATHWAYS at 8W TAC PATHWAYS at 12W 

Pathway 
#Total 
Genes 

p-value Pathway 
#Total 
Genes 

p-value Pathway 
#Total 
Genes 

p-value 

Complement 
Activation, 

Classical Pathway 
5 0.000004 

Microglia 
Pathogen 

Phagocytosis 
Pathway 

14 0 
Microglia Pathogen 

Phagocytosis 
Pathway 

24 0 

Complement 
Activation, 

Classical Pathway 
5 0.000004 

TYROBP Causal 
Network 

15 0 
TYROBP Causal 

Network 
27 0 

Focal Adhesion-
PI3K-Akt-mTOR-

signaling pathway 
15 0.000139 

Prostaglandin 
Synthesis and 

Regulation 
11 0 Focal Adhesion 38 0 

Metapathway 
biotransformation 

9 0.000339 
Cholesterol 
Biosynthesis 

8 0 
B Cell Receptor 

Signaling Pathway 
34 0 

Prostaglandin 
Synthesis and 

Regulation 
4 0.001138 

B Cell Receptor 
Signaling 
Pathway 

21 0 
Chemokine 

signaling pathway 
34 0 

TYROBP Causal 
Network 

5 0.001767 
Fatty Acid 

Biosynthesis 
9 0 

Focal Adhesion-
PI3K-Akt-mTOR-

signaling pathway 
45 0 

Complement and 
Coagulation 

Cascades 
5 0.002377 

Focal Adhesion-
PI3K-Akt-mTOR-

signaling 
pathway 

31 0 

XPodNet - protein-
protein 

interactions in the 
podocyte 

expanded by 
STRING 

82 0 

Microglia 
Pathogen 

Phagocytosis 
Pathway 

4 0.003256 Glycolysis 11 0 
T Cell Receptor 

Signaling Pathway 
27 0 

Oxidative Damage 4 0.003256 

Cholesterol 
metabolism 

(includes both 
Bloch and 

Kandutsch-
Russell 

pathways) 

15 0 
Fatty Acid 

Biosynthesis 
11 0 

p53 signaling 5 0.003559 
T Cell Receptor 

Signaling 
Pathway 

17 0 
MAPK signaling 

pathway 
26 0 

Adipogenesis 
genes 

7 0.004015 
Exercise-induced 

Circadian 
Regulation 

10 0.000001 Glycolysis 11 0 

Amino Acid 
metabolism 

3 0.004478 
Glycolysis and 

Gluconeogenesis 
10 0.000001 

Macrophage 
markers 

6 0.000001 

Calcium 
Regulation in the 

Cardiac Cell 
7 0.006402 TCA Cycle 8 0.000002 Spinal Cord Injury 17 0.000002 

Calcium 
Regulation in the 

Cardiac Cell 
7 0.009711 

Adar1 editing 
defficiency 

immune 
response 

11 0.000005 
IL-3 Signaling 

Pathway 
16 0.000006 

mRNA processing 1 0.011983 

Myometrial 
Relaxation and 

Contraction 
Pathways 

16 0.000006 
IL-5 Signaling 

Pathway 
13 0.000007 

XPodNet - 
protein-protein 

interactions in the 
22 0.013149 

Calcium 
Regulation in 

the Cardiac Cell 
15 0.000016 

Dysregulated 
miRNA Targeting in 

Insulin/PI3K-AKT 
8 0.00001 
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podocyte 
expanded by 

STRING 

Signaling 

Estrogen 
metabolism 

2 0.015674 

XPodNet - 
protein-protein 
interactions in 
the podocyte 
expanded by 

STRING 

46 0.000019 mRNA processing 4 0.000012 

Focal Adhesion 7 0.020349 
Chemokine 

signaling 
pathway 

17 0.000024 
Metapathway 

biotransformation 
19 0.000016 

Oxidation by 
Cytochrome P450 

3 0.021939 
Omega-9 FA 

synthesis 
5 0.000028 

Integrin-mediated 
Cell Adhesion 

15 0.00003 

Tryptophan 
metabolism 

3 0.028154 
Calcium 

Regulation in 
the Cardiac Cell 

15 0.00004 
Inflammatory 

Response Pathway 
8 0.000031 

Serotonin and 
anxiety 

2 0.029269 
Fatty Acid Beta 

Oxidation 
7 0.000046 TCA Cycle 8 0.00004 

Exercise-induced 
Circadian 

Regulation 
3 0.037095 

Diurnally 
Regulated Genes 

with Circadian 
Orthologs 

8 0.000053 
Complement 

Activation, 
Classical Pathway 

6 0.000054 

LOX Pathway 2 0.042494 
Macrophage 

markers 
4 0.000115 

Complement 
Activation, 

Classical Pathway 
6 0.000054 

Fatty Acid 
Biosynthesis 

2 0.042494 
Eicosanoid 
Synthesis 

5 0.000147 
Calcium Regulation 
in the Cardiac Cell 

18 0.00006 

Triacylglyceride 
Synthesis 

2 0.04609 
circadian 

clock_thakx 
3 0.000213 

Toll-like receptor 
signaling pathway 

14 0.000076 

   
Focal Adhesion 15 0.000214 

Myometrial 
Relaxation and 

Contraction 
Pathways 

18 0.000094 

   

SREBF and 
miR33 in 

cholesterol and 
lipid 

homeostasis 

4 0.000365 
Kit Receptor 

Signaling Pathway 
11 0.000136 

   
Triacylglyceride 

Synthesis 
5 0.000387 

PodNet: protein-
protein 

interactions in the 
podocyte 

29 0.000139 

   
Circadian clock 3 0.000418 

Calcium Regulation 
in the Cardiac Cell 

18 0.000168 

   
Circadian clock 

tutorial_CJ 
3 0.000418 

Matrix 
Metalloproteinases 

7 0.000192 

   
PPAR signaling 

pathway 
9 0.0005 

Diurnally 
Regulated Genes 

with Circadian 
Orthologs 

9 0.000193 

   
Spinal Cord 

Injury 
10 0.00057 

Omega-9 FA 
synthesis 

5 0.00022 

   

Pentose 
Phosphate 
Pathway 

3 0.000716 
Glycolysis and 

Gluconeogenesis 
9 0.000266 

   

Toll-like 
receptor 
signaling 
pathway 

9 0.001681 
Prostaglandin 
Synthesis and 

Regulation 
7 0.0003 

   

PodNet: protein-
protein 

interactions in 
the podocyte 

19 0.00179 
MAPK signaling 

pathway 
17 0.000532 
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Fatty Acid Beta 
Oxidation 

(streamlined) 
5 0.001877 

Non-odorant 
GPCRs 

24 0.000776 

   
Non-odorant 

GPCRs 
17 0.002149 

Regulation of Actin 
Cytoskeleton 

16 0.000903 

   
Glycogen 

Metabolism 
5 0.002476 

Primary Focal 
Segmental 

Glomerulosclerosis 
FSGS 

10 0.00106 

   
IL-5 Signaling 

Pathway 
7 0.003257 

IL-6 signaling 
Pathway 

12 0.001204 

   

G Protein 
Signaling 
Pathways 

8 0.004173 
Complement and 

Coagulation 
Cascades 

9 0.001355 

   
Wnt Signaling 

Pathway 
6 0.006752 

Endochondral 
Ossification 

9 0.001355 

   
Lung fibrosis 6 0.009204 Lung fibrosis 9 0.001703 

   

Omega-
3/Omega-6 FA 

synthesis 
3 0.011272 Oxidative Damage 7 0.001756 

   
Adipogenesis 

genes 
9 0.013186 

Amino Acid 
metabolism 

9 0.0025 

   
Peptide GPCRs 6 0.013984 p53 signaling 9 0.002612 

   

Type II 
interferon 

signaling (IFNG) 
4 0.01482 

Triacylglyceride 
Synthesis 

5 0.00267 

   
Insulin Signaling 10 0.015534 

PPAR signaling 
pathway 

10 0.002866 

   
GPCRs, Class A 
Rhodopsin-like 

13 0.015766 
ErbB signaling 

pathway 
7 0.003464 

   
Statin Pathway 3 0.017753 

IL-4 signaling 
Pathway 

8 0.004699 

   

Wnt Signaling 
Pathway and 
Pluripotency 

7 0.019844 Cell cycle 10 0.004793 

   
GPCRs, Class B 
Secretin-like 

3 0.023008 

Cholesterol 
metabolism 

(includes both 
Bloch and 

Kandutsch-Russell 
pathways) 

11 0.004834 

   
Retinol 

metabolism 
4 0.023552 

Exercise-induced 
Circadian 

Regulation 
7 0.004969 

   
Odorant GPCRs 1 0.023898 

FAS pathway and 
Stress induction of 

HSP regulation 
6 0.005534 

   

Integrin-
mediated Cell 

Adhesion 
7 0.024165 

IL-2 Signaling 
Pathway 

9 0.005553 

   
Neural Crest 

Differentiation 
7 0.024165 

G Protein Signaling 
Pathways 

10 0.006077 

   
IL-9 Signaling 

Pathway 
3 0.029015 

Serotonin and 
anxiety 

4 0.006626 

   

Complement 
and Coagulation 

Cascades 
5 0.030337 Oxidative Stress 5 0.0076 

   
Endochondral 
Ossification 

5 0.030337 Apoptosis 9 0.007756 

   
IL-7 Signaling 

Pathway 
4 0.034853 

Eicosanoid 
Synthesis 

4 0.008108 

   

Dysregulated 
miRNA Targeting 
in Insulin/PI3K-

3 0.035768 
Glutathione 
metabolism 

4 0.008108 
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AKT Signaling 

   
EPO Receptor 

Signaling 
3 0.035768 

IL-7 Signaling 
Pathway 

6 0.011362 

   

Alpha6-Beta4 
Integrin 
Signaling 
Pathway 

5 0.040448 LOX Pathway 4 0.013804 

   

Regulation of 
Actin 

Cytoskeleton 
9 0.040829 

Glycogen 
Metabolism 

5 0.014905 

   
p53 signaling 5 0.042687 

Signaling of 
Hepatocyte 

Growth Factor 
Receptor 

5 0.014905 

   

Alanine and 
aspartate 

metabolism 
2 0.043368 

Adipogenesis 
genes 

12 0.015864 

      
Fatty Acid Beta 

Oxidation 
5 0.016783 

      

SREBF and miR33 
in cholesterol and 
lipid homeostasis 

3 0.01681 

      
G1 to S cell cycle 

control 
7 0.017545 

      
Odorant GPCRs 3 0.020507 

      
Keap1-Nrf2 3 0.020715 

      
Eicosanoid COX 

Pathway 
4 0.021547 

      
G13 Signaling 

Pathway 
5 0.02334 

      
Cholesterol 
Biosynthesis 

3 0.025074 

      

Alpha6-Beta4 
Integrin Signaling 

Pathway 
7 0.025801 

      
Oxidation by 

Cytochrome P450 
5 0.028515 

      

Mitochondrial LC-
Fatty Acid Beta-

Oxidation 
3 0.029886 

      
DNA Replication 5 0.031354 

      
Peptide GPCRs 7 0.031853 

      
GPCRs, Class A 
Rhodopsin-like 

17 0.033154 

      
Omega-3/Omega-6 

FA synthesis 
3 0.035148 

      

Wnt Signaling 
Pathway and 
Pluripotency 

9 0.038509 

      
GPCRs, Other 3 0.038563 

      
Wnt Signaling 

Pathway 
6 0.045199 
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Table 21 DEGs in the liver of sh-FOXO1 vs sc-Control mice that are common in the analysis of 

CuffDiff, Deseq2, EdgeR and MetaseqR algorithms with specific criteria (p and q-value ˂ 0.05 and 

absolute fold change > 0.5). 

Gene 
Symbol Biotype 

Metaseq 
FCH Cuffdiff Desq2 EdgeR 

Fold 
change 
average 

standard 
deviation meta_FDR 

Sult2a7 protein_coding 4.16 4.20 4.19 4.17 4.18 0.01661 4.966E-12 

Gdf15 protein_coding 1.72 1.99 2.03 2.00 1.93 0.12566 0.0120437 

Arrdc3 protein_coding 1.82 1.68 1.87 1.87 1.81 0.07650 2.917E-08 

Meg3 lincRNA 1.76 1.68 1.84 1.83 1.78 0.06502 0.0001765 

Npm3-ps1 
processed_pseudo
gene 1.44 1.55 1.74 1.72 1.61 0.12274 0.0158203 

Qpct protein_coding 1.40 1.72 1.59 1.58 1.57 0.11243 0.0117385 

Rnf138 protein_coding 1.45 1.56 1.58 1.57 1.54 0.05313 0.0001628 

1700007L15R
ik 

bidirectional_pro
moter_lncRNA 1.44 1.47 1.57 1.56 1.51 0.05946 0.0071895 

Apoo protein_coding 0.76 1.65 1.79 1.76 1.49 0.42537 0.0350327 

Pigp protein_coding 1.41 1.48 1.54 1.53 1.49 0.05152 0.0001801 

Tank protein_coding 1.24 1.28 1.34 1.33 1.30 0.04121 0.0040948 

Gadd45a protein_coding 1.23 1.28 1.32 1.31 1.29 0.03313 0.0291048 

Magoh protein_coding 1.23 1.36 1.28 1.27 1.28 0.04685 0.0012594 

Snx7 protein_coding 1.25 1.32 1.24 1.23 1.26 0.03357 0.001057 

Eif3e protein_coding 1.14 1.37 1.26 1.26 1.26 0.08250 0.0007631 

Rps12 protein_coding 1.25 1.26 1.24 1.24 1.25 0.00687 3.258E-07 

Eef1e1 protein_coding 1.17 1.36 1.24 1.23 1.25 0.06723 0.0037311 

Rab9 protein_coding 1.15 1.21 1.26 1.26 1.22 0.04334 0.0029169 

Bloc1s2 protein_coding 1.04 1.37 1.23 1.23 1.22 0.11511 0.0187447 

Nudt2 protein_coding 1.12 1.20 1.27 1.26 1.21 0.06054 0.0210094 

Ndufa4 protein_coding 1.19 1.20 1.23 1.22 1.21 0.01710 3.484E-06 

Fam174a protein_coding 1.15 1.19 1.22 1.22 1.20 0.02679 0.0023202 

Med31 protein_coding 1.08 1.27 1.23 1.20 1.20 0.07101 0.0369978 

Rpl22l1 protein_coding 1.17 1.15 1.22 1.21 1.19 0.02700 0.0018226 

Sat1 protein_coding 1.16 1.18 1.20 1.20 1.19 0.01505 0.0002227 

Rps15a protein_coding 1.17 1.27 1.13 1.12 1.17 0.05974 0.0001555 

Znhit3 protein_coding 1.11 1.09 1.25 1.24 1.17 0.07343 0.0300854 

Cd9 protein_coding 1.11 1.18 1.20 1.19 1.17 0.03320 0.0119727 

Pfn2 protein_coding 1.11 1.06 1.25 1.23 1.16 0.07847 0.0374792 

Spryd7 protein_coding 0.84 1.07 1.37 1.37 1.16 0.22440 0.0206546 

Polr2k protein_coding 1.02 1.10 1.26 1.25 1.16 0.10181 0.0047608 

Med10 protein_coding 1.09 1.18 1.18 1.17 1.16 0.03578 0.0034902 

Cyr61 protein_coding 1.05 1.22 1.18 1.16 1.15 0.06324 0.0349883 

Acer3 protein_coding 0.85 1.45 1.15 1.14 1.15 0.21154 0.0172449 

Krt10 protein_coding 1.09 1.14 1.19 1.18 1.15 0.04003 0.0092403 

1110004F10R
ik 

protein_coding 
0.84 1.76 0.97 0.97 1.14 0.36295 0.0112353 

Rpl5 protein_coding 1.13 1.08 1.17 1.16 1.13 0.03587 0.0029418 
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Etfa protein_coding 1.09 1.16 1.14 1.13 1.13 0.02449 0.0009444 

Sult1d1 protein_coding 1.14 1.13 1.12 1.11 1.12 0.01245 6.681E-07 

Chac2 protein_coding 1.11 1.09 1.14 1.14 1.12 0.01936 0.0032932 

Myct1 protein_coding 1.05 1.10 1.17 1.15 1.12 0.04437 0.0431056 

Plscr2 protein_coding 0.96 1.17 1.16 1.16 1.11 0.08659 0.0082455 

Mtfr1 protein_coding 1.08 1.09 1.13 1.13 1.11 0.02215 3.721E-07 

Gnpnat1 protein_coding 1.07 1.12 1.12 1.12 1.11 0.02367 9.045E-05 

Pex2 protein_coding 1.06 1.09 1.14 1.13 1.11 0.03035 0.0059434 

Hopx protein_coding 1.07 1.08 1.13 1.12 1.10 0.02402 0.0040427 

Pdcd10 protein_coding 0.98 1.31 1.06 1.05 1.10 0.12805 0.0079121 

Nat2 protein_coding 1.08 1.01 1.15 1.15 1.10 0.05546 0.0054399 

Eif2s3x protein_coding 1.04 1.15 1.10 1.09 1.09 0.03929 0.0020643 

Avpr1a protein_coding 1.08 1.02 1.14 1.13 1.09 0.04607 0.007261 

Krcc1 protein_coding 1.02 1.10 1.13 1.12 1.09 0.04357 1.081E-06 

Med21 protein_coding 0.97 1.18 1.11 1.10 1.09 0.07729 0.0114184 

Sucnr1 protein_coding 1.05 1.06 1.11 1.11 1.08 0.02559 0.0047641 

Rmdn1 protein_coding 1.06 1.13 1.07 1.07 1.08 0.02829 0.004829 

Cul2 protein_coding 0.92 1.11 1.14 1.13 1.07 0.08746 0.0057436 

Mzt1 protein_coding 0.99 1.08 1.11 1.10 1.07 0.04502 0.0052547 

Aacs protein_coding 1.08 0.94 1.13 1.13 1.07 0.07806 0.0114553 

Cmpk1 protein_coding 0.98 1.11 1.09 1.09 1.07 0.04882 0.0025246 

Cfhr2 protein_coding 0.99 1.02 1.11 1.10 1.05 0.05086 9.731E-07 

Mgst1 protein_coding 1.02 1.07 1.06 1.05 1.05 0.01595 8.915E-07 

Smim11 protein_coding 1.02 0.99 1.08 1.08 1.05 0.03792 0.0125101 

Cebpzos protein_coding 0.98 1.10 1.05 1.05 1.04 0.04339 0.007398 

Rpl13a protein_coding 1.01 1.04 1.06 1.05 1.04 0.01769 0.0043027 

Cmbl protein_coding 1.01 1.03 1.06 1.06 1.04 0.01951 0.0001555 

Akr1c20 protein_coding 1.03 1.04 1.05 1.04 1.04 0.00501 0.0037311 

Lyrm2 protein_coding 0.99 1.03 1.07 1.07 1.04 0.03302 0.0173524 

Taf1b protein_coding 0.92 1.06 1.09 1.08 1.03 0.06936 0.0471118 

Chchd1 protein_coding 1.00 1.02 1.05 1.05 1.03 0.01902 0.0045746 

Tmco1 protein_coding 1.11 0.99 1.01 1.01 1.03 0.04736 6.681E-07 

Rps27l protein_coding 1.00 1.02 1.05 1.04 1.03 0.02012 2.395E-06 

Aasdhppt protein_coding 1.03 1.01 1.04 1.03 1.03 0.00776 0.0035325 

H3f3a protein_coding 0.76 1.13 1.11 1.11 1.03 0.15653 0.0153438 

Gmnn protein_coding 0.98 1.03 1.05 1.05 1.03 0.02814 0.0182641 

Ormdl1 protein_coding 0.93 1.11 1.03 1.02 1.02 0.06442 0.0120598 

Clec7a 
polymorphic_pseu
dogene 0.96 1.04 1.05 1.04 1.02 0.03720 0.0385554 

Ttc32 protein_coding 0.97 1.04 1.04 1.04 1.02 0.03218 0.0247917 

Rps25 protein_coding 1.06 0.96 1.04 1.03 1.02 0.03556 0.005544 

Hes1 protein_coding 1.00 0.99 1.05 1.04 1.02 0.02644 0.0282323 

Ccng1 protein_coding 1.03 1.01 1.02 1.01 1.02 0.00812 0.0072667 

Nipsnap3b protein_coding 0.98 1.03 1.03 1.03 1.02 0.02213 8.745E-05 
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Snrpb2 protein_coding 0.99 1.00 1.03 1.02 1.01 0.01248 0.0009923 

Lage3 protein_coding 0.98 1.00 1.03 1.03 1.01 0.02152 0.0117385 

Snrpe protein_coding 1.03 0.97 1.02 1.01 1.01 0.02140 0.0089475 

Fbxl5 protein_coding 0.97 1.03 1.02 1.01 1.01 0.02050 0.0047338 

Rps7 protein_coding 0.98 0.98 1.03 1.02 1.00 0.02177 0.0092403 

Fabp7 protein_coding 0.94 0.97 1.04 1.03 1.00 0.04072 0.0304055 

Immp1l protein_coding 0.97 0.96 1.02 1.02 0.99 0.02776 0.0067353 

Mrto4 protein_coding 0.95 0.95 1.03 1.03 0.99 0.03942 0.0174596 

Ugt2b36 protein_coding 0.98 0.92 1.03 1.03 0.99 0.04494 9.591E-07 

Rpl35 protein_coding 0.84 1.08 1.02 1.02 0.99 0.09174 0.0178271 

Ndufb6 protein_coding 1.04 0.88 1.02 1.01 0.99 0.06350 0.0032237 

Dusp6 protein_coding 0.97 0.95 1.01 1.01 0.99 0.02508 0.0089822 

C1d protein_coding 0.92 1.01 1.01 1.01 0.99 0.03876 0.0059072 

Rap1a protein_coding 0.92 1.00 1.00 1.00 0.98 0.03360 1.999E-06 

Mir703 miRNA 0.95 0.98 1.00 1.00 0.98 0.02050 0.0118679 

Fam136a protein_coding 0.93 1.01 0.98 0.98 0.97 0.02611 0.0030235 

Dpy30 protein_coding 0.96 0.98 0.98 0.98 0.97 0.01046 0.0077671 

Rnf7 protein_coding 0.94 0.95 1.00 1.00 0.97 0.02796 0.0029706 

Tex30 protein_coding 0.89 0.98 1.01 1.01 0.97 0.05175 0.0351935 

Eef1b2 protein_coding 0.95 0.95 0.99 0.99 0.97 0.02097 0.0059017 

Ift20 protein_coding 0.93 0.73 1.12 1.11 0.97 0.15932 0.0098046 

Ccnc protein_coding 1.04 0.64 1.10 1.10 0.97 0.19358 0.0030072 

Tmem70 protein_coding 0.94 0.96 0.99 0.99 0.97 0.02142 0.0076315 

Rnft1 protein_coding 0.92 0.97 1.00 0.99 0.97 0.02922 0.0182641 

Eny2 protein_coding 0.87 0.99 1.01 1.00 0.97 0.05610 0.0014634 

Uba3 protein_coding 0.73 1.03 1.05 1.05 0.96 0.13751 0.0252759 

Fundc2 protein_coding 0.92 1.01 0.97 0.96 0.96 0.03131 0.0115899 

Ndufaf2 protein_coding 0.89 1.01 0.98 0.97 0.96 0.04566 0.0456833 

Snhg6 lincRNA 0.93 0.93 0.99 0.99 0.96 0.03231 0.0119781 

Cfhr1 protein_coding 1.01 0.95 0.94 0.93 0.96 0.02972 0.0007995 

Cox17 protein_coding 0.97 0.91 0.97 0.97 0.96 0.02594 0.0047153 

Rps9 protein_coding 0.92 0.94 0.98 0.98 0.95 0.02331 0.0069253 

Akr1c14 protein_coding 0.95 0.96 0.95 0.95 0.95 0.00436 0.004087 

Sult2a8 protein_coding 0.88 0.96 0.98 0.98 0.95 0.03960 2.924E-06 

Zfand4 protein_coding 0.94 1.04 0.91 0.90 0.95 0.05496 0.0253778 

1110059E24R
ik 

protein_coding 
0.91 0.94 0.97 0.96 0.94 0.02301 0.007907 

Slc35b3 protein_coding 0.79 0.97 1.01 1.01 0.94 0.09278 0.0384436 

H2afz protein_coding 0.92 0.94 0.96 0.95 0.94 0.01340 1.174E-05 

Rpl17 protein_coding 0.72 0.99 1.03 1.03 0.94 0.12901 0.0389962 

Serf1 protein_coding 0.90 0.90 0.98 0.98 0.94 0.04050 0.0457642 

Hspe1 protein_coding 0.92 0.90 0.97 0.97 0.94 0.03341 0.008829 

Ccdc90b protein_coding 0.91 0.98 0.94 0.93 0.94 0.02395 0.0354826 

Xkr9 protein_coding 0.87 0.97 0.96 0.95 0.94 0.03923 0.0398767 



389 
 

Fam45a protein_coding 0.88 0.66 1.10 1.10 0.93 0.18315 0.0390583 

Abracl protein_coding 0.85 0.94 0.97 0.96 0.93 0.04593 0.0459214 

Slco1b2 protein_coding 0.91 0.92 0.95 0.95 0.93 0.01710 3.067E-06 

Mrps33 protein_coding 0.79 1.06 0.93 0.93 0.93 0.09560 0.0200646 

L3hypdh protein_coding 0.84 0.92 0.98 0.97 0.93 0.05461 0.0204399 

Pex13 protein_coding 0.84 1.03 0.92 0.92 0.93 0.06849 0.0108837 

Gng10 protein_coding 0.93 0.78 1.00 1.00 0.93 0.08893 0.0178915 

Coa6 protein_coding 0.88 0.89 0.97 0.96 0.93 0.03771 0.0176002 

Tmsb4x protein_coding 0.90 0.92 0.95 0.94 0.93 0.02008 0.0148124 

Hist1h2bc protein_coding 0.91 0.90 0.95 0.94 0.92 0.01880 0.0013156 

Akr1c6 protein_coding 0.91 0.91 0.94 0.94 0.92 0.01566 0.0069162 

Ap3s1 protein_coding 0.95 0.91 0.92 0.91 0.92 0.01884 0.005666 

Eif2s2 protein_coding 0.90 0.96 0.92 0.91 0.92 0.02211 0.0044479 

Mettl2 protein_coding 0.78 1.06 0.92 0.92 0.92 0.09724 0.0462223 

C1galt1c1 protein_coding 0.89 0.90 0.94 0.94 0.92 0.02319 0.012726 

Cox7c protein_coding 0.90 0.92 0.93 0.92 0.92 0.00906 0.0010748 

Zfp655 protein_coding 0.87 0.87 0.96 0.96 0.91 0.04671 0.0202599 

Sugct protein_coding 0.75 0.97 0.97 0.96 0.91 0.09581 0.0167877 

Nip7 protein_coding 0.86 0.91 0.94 0.93 0.91 0.03057 0.0074364 

Rps21 protein_coding 0.88 0.91 0.92 0.92 0.91 0.01676 0.0140703 

Vti1b protein_coding 0.83 0.91 0.94 0.94 0.90 0.04457 0.0194395 

Ndufb3 protein_coding 0.88 0.89 0.93 0.92 0.90 0.01978 0.0002903 

Mageh1 protein_coding 0.85 0.90 0.93 0.93 0.90 0.03108 0.0303331 

Lypla1 protein_coding 0.84 0.91 0.93 0.93 0.90 0.03505 0.0080139 

Cript protein_coding 0.82 0.93 0.93 0.92 0.90 0.04419 0.019851 

Hprt protein_coding 0.83 1.02 0.88 0.88 0.90 0.07036 0.0169466 

Psmc6 protein_coding 0.81 0.94 0.93 0.92 0.90 0.05390 0.0115899 

Snx1 protein_coding 0.87 0.87 0.93 0.93 0.90 0.03031 0.0110525 

Tbca protein_coding 0.86 0.88 0.92 0.92 0.90 0.02715 3.484E-06 

Mrpl21 protein_coding 0.68 0.55 1.18 1.17 0.90 0.28513 0.0301704 

Usp38 protein_coding 0.85 0.92 0.90 0.90 0.89 0.02650 0.0206498 

Cyp2r1 protein_coding 0.81 0.94 0.92 0.91 0.89 0.04884 0.0445857 

Rpl27 protein_coding 0.85 0.87 0.93 0.92 0.89 0.03244 0.0140703 

Bcl10 protein_coding 0.76 0.91 0.95 0.95 0.89 0.07853 0.0314466 

Ssr3 protein_coding 0.92 0.74 0.96 0.95 0.89 0.08828 0.0001755 

Fam96a protein_coding 0.89 0.79 0.95 0.94 0.89 0.06328 0.0188317 

Fas protein_coding 0.83 0.97 0.88 0.87 0.89 0.05004 0.0250262 

Dtymk protein_coding 0.82 0.87 0.93 0.93 0.89 0.04411 0.0365345 

Pdcl3 protein_coding 0.88 0.89 0.90 0.89 0.89 0.00648 0.0293606 

Bccip protein_coding 0.90 0.81 0.92 0.92 0.89 0.04649 0.0076438 

Stard3nl protein_coding 0.83 0.88 0.92 0.92 0.89 0.03773 0.0351243 

Ssbp1 protein_coding 0.88 0.86 0.90 0.90 0.89 0.01656 0.0173524 

Echs1 protein_coding 0.83 0.89 0.91 0.91 0.88 0.03101 0.0138893 
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Tfpi2 protein_coding 0.85 0.85 0.92 0.92 0.88 0.03381 0.0144624 

Tiam2 protein_coding 0.86 0.77 0.95 0.95 0.88 0.07338 0.0214947 

Ccdc32 protein_coding 0.77 0.89 0.94 0.93 0.88 0.06782 0.0493149 

Nudcd2 protein_coding 0.92 0.66 0.97 0.97 0.88 0.13088 0.0072688 

Rpl9 protein_coding 0.84 0.89 0.89 0.89 0.88 0.02262 0.0113027 

Spcs1 protein_coding 0.83 0.87 0.90 0.90 0.88 0.02652 0.0116557 

Atp6v1g1 protein_coding 0.82 0.88 0.90 0.90 0.87 0.03440 0.0209903 

Yrdc protein_coding 0.85 0.83 0.91 0.90 0.87 0.03394 0.0173524 

Tmem29 protein_coding 0.81 0.86 0.91 0.91 0.87 0.03987 0.0346796 

Pno1 protein_coding 0.85 0.82 0.90 0.90 0.87 0.03213 0.0059645 

Pfdn5 protein_coding 0.84 0.89 0.87 0.87 0.87 0.01613 0.0330386 

Mrpl32 protein_coding 0.75 0.91 0.91 0.91 0.87 0.07052 0.0243754 

Adprm protein_coding 0.87 0.85 0.88 0.87 0.87 0.00991 0.0310118 

Crls1 protein_coding 0.84 0.85 0.90 0.89 0.87 0.02681 0.0361134 

Nudt7 protein_coding 0.81 0.92 0.87 0.87 0.87 0.03813 4.766E-05 

Rps19 protein_coding 0.86 0.86 0.88 0.87 0.87 0.00868 0.0124853 

Crbn protein_coding 1.16 0.87 0.71 0.71 0.86 0.18477 0.0033841 

Abhd3 protein_coding 0.84 0.85 0.88 0.88 0.86 0.01700 0.0092403 

Trappc6b protein_coding 0.75 0.88 0.91 0.90 0.86 0.06196 0.0240051 

Tmx3 protein_coding 0.82 0.84 0.89 0.89 0.86 0.02988 0.0148136 

Manea protein_coding 0.80 0.91 0.87 0.86 0.86 0.03941 0.0438414 

Rsl24d1 protein_coding 0.85 0.74 0.92 0.92 0.86 0.07221 0.0253794 

Apip protein_coding 0.81 0.81 0.91 0.91 0.86 0.04849 0.0136594 

Cetn3 protein_coding 1.07 0.80 0.78 0.78 0.86 0.12333 0.0010895 

Rps13 protein_coding 0.83 0.86 0.86 0.86 0.85 0.01444 0.0131261 

Mob4 protein_coding 0.83 0.84 0.87 0.87 0.85 0.01991 0.0055104 

Nr1d2 protein_coding 0.83 0.84 0.87 0.87 0.85 0.01831 0.0083108 

Akr1c13 protein_coding 0.84 0.83 0.87 0.86 0.85 0.01652 0.0004839 

Ndufaf6 protein_coding 0.78 0.93 0.85 0.84 0.85 0.05543 0.0300854 

Mpc2 protein_coding 0.86 0.80 0.86 0.86 0.85 0.02714 0.0040427 

Bet1 protein_coding 0.79 0.90 0.85 0.85 0.85 0.03792 0.0219396 

Commd5 protein_coding 0.79 0.82 0.89 0.88 0.84 0.04106 0.0391087 

Mpc1 protein_coding 0.81 0.86 0.85 0.85 0.84 0.01718 3.058E-06 

Pnpt1 protein_coding 0.79 0.85 0.87 0.86 0.84 0.03050 0.0259681 

Ran protein_coding 0.80 0.83 0.87 0.87 0.84 0.02878 0.0098046 

Tm2d1 protein_coding 0.79 0.84 0.87 0.87 0.84 0.03118 0.0224487 

Lsm8 protein_coding 0.79 0.88 0.85 0.85 0.84 0.03288 0.0247917 

Rps3 protein_coding 0.82 0.82 0.87 0.86 0.84 0.02175 0.0245474 

Yme1l1 protein_coding 0.83 0.84 0.85 0.84 0.84 0.00636 0.009883 

Gtf2a2 protein_coding 0.70 0.87 0.90 0.90 0.84 0.08504 0.0367728 

2610001J05R
ik 

protein_coding 
0.82 0.83 0.86 0.86 0.84 0.01745 0.0078562 

Ppp1cb protein_coding 0.80 0.84 0.86 0.86 0.84 0.02442 0.0153511 

S100a10 protein_coding 0.80 0.83 0.86 0.85 0.84 0.02197 0.030515 
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Slc33a1 protein_coding 0.81 0.84 0.85 0.84 0.84 0.01508 3.672E-06 

Psma5 protein_coding 0.86 0.70 0.89 0.89 0.83 0.08142 0.0157762 

Umad1 protein_coding 0.82 0.74 0.89 0.89 0.83 0.05964 0.0199835 

Tmem60 protein_coding 0.78 0.81 0.87 0.87 0.83 0.03813 0.0482882 

Mcfd2 protein_coding 0.80 0.86 0.84 0.84 0.83 0.02128 4.23E-06 

Slc25a16 protein_coding 0.81 0.83 0.85 0.85 0.83 0.01768 0.0155856 

Eif4e protein_coding 0.80 0.83 0.86 0.85 0.83 0.02392 0.0140183 

Mtx2 protein_coding 0.80 0.83 0.85 0.85 0.83 0.01969 0.011323 

Rnf13 protein_coding 0.78 0.84 0.85 0.85 0.83 0.03063 0.0138528 

Apcs protein_coding 0.79 0.82 0.85 0.85 0.83 0.02495 0.0365345 

Tmem167 protein_coding 0.81 0.81 0.85 0.85 0.83 0.01963 0.0167877 

Gabarapl2 protein_coding 0.78 0.81 0.86 0.85 0.83 0.03142 0.0135844 

Fbxo8 protein_coding 0.74 0.83 0.87 0.87 0.83 0.05006 0.023511 

Rpl10a protein_coding 0.78 0.72 0.90 0.90 0.82 0.07859 0.0188477 

Gm12338 
processed_pseudo
gene 0.81 0.77 0.86 0.85 0.82 0.03395 0.0130302 

Rpl32 protein_coding 0.77 0.88 0.82 0.82 0.82 0.03848 0.0194438 

Commd1 protein_coding 0.79 0.83 0.84 0.84 0.82 0.02055 0.0349724 

Atg12 protein_coding 0.80 0.79 0.85 0.85 0.82 0.02798 0.0170382 

Pigc protein_coding 0.83 0.84 0.81 0.80 0.82 0.01397 0.0155935 

Spp2 protein_coding 0.83 0.77 0.84 0.84 0.82 0.02778 0.0149435 

Sh3bgrl protein_coding 0.80 0.79 0.84 0.83 0.82 0.02133 0.0091414 

Unc50 protein_coding 0.80 0.79 0.83 0.83 0.81 0.01815 0.0142505 

Skp1a protein_coding 0.78 0.80 0.84 0.83 0.81 0.02360 0.0174596 

Zfp639 protein_coding 0.78 0.80 0.84 0.84 0.81 0.02580 0.0317971 

Tm4sf4 protein_coding 0.78 0.83 0.82 0.82 0.81 0.02139 0.0283019 

Cnbp protein_coding 0.75 0.89 0.80 0.80 0.81 0.04909 0.0167877 

Actr10 protein_coding 0.76 0.81 0.84 0.84 0.81 0.03284 0.0206985 

Snap23 protein_coding 0.75 0.85 0.82 0.81 0.81 0.03570 0.0184165 

Atp5f1 protein_coding 0.78 0.79 0.83 0.83 0.81 0.02136 0.0058121 

Cops3 protein_coding 0.73 0.82 0.84 0.84 0.81 0.04630 0.0465586 

Psma3 protein_coding 0.79 0.73 0.85 0.85 0.81 0.04978 0.0111191 

Csrp3 protein_coding 0.75 0.81 0.84 0.83 0.81 0.03436 0.0493769 

Nampt protein_coding 0.78 0.80 0.82 0.82 0.81 0.01618 6.582E-06 

Mrpl33 protein_coding 0.79 0.75 0.84 0.84 0.81 0.03600 0.0311519 

Snx2 protein_coding 0.80 0.70 0.86 0.86 0.80 0.06219 0.0383655 

Mthfs protein_coding 0.70 0.82 0.85 0.85 0.80 0.06013 0.0365345 

Serp1 protein_coding 0.78 0.80 0.82 0.82 0.80 0.01662 0.0048995 

Dcun1d5 protein_coding 0.72 0.80 0.84 0.84 0.80 0.05032 0.04142 

Naca protein_coding 0.80 0.77 0.82 0.81 0.80 0.01915 0.0152877 

Hibch protein_coding 0.79 0.64 0.89 0.88 0.80 0.09960 0.0150388 

Snhg1 
processed_transcr
ipt 0.74 1.00 0.73 0.73 0.80 0.11466 0.0404989 

Adh4 protein_coding 0.77 0.76 0.83 0.82 0.80 0.02918 0.0181474 
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Vta1 protein_coding 0.72 0.81 0.83 0.82 0.80 0.04189 0.0362387 

Rpl22 protein_coding 0.76 0.81 0.80 0.80 0.79 0.01761 0.0301913 

Ube2d3 protein_coding 0.76 0.78 0.81 0.81 0.79 0.02145 7.736E-06 

Ufm1 protein_coding 0.74 1.02 0.71 0.70 0.79 0.13361 0.0201588 

Pak1ip1 protein_coding 0.74 0.79 0.82 0.81 0.79 0.02836 0.0148124 

Ghitm protein_coding 0.75 0.83 0.79 0.79 0.79 0.02611 8.102E-06 

Ostf1 protein_coding 0.67 1.01 0.74 0.73 0.79 0.13188 0.0381103 

Fancl protein_coding 0.75 0.67 0.87 0.87 0.79 0.08273 0.0445695 

Sec11c protein_coding 0.77 0.73 0.82 0.82 0.78 0.03955 0.0163683 

Rbm34 protein_coding 0.71 0.86 0.79 0.79 0.78 0.05381 0.0374792 

Fbxl3 protein_coding 0.74 0.77 0.81 0.81 0.78 0.02846 0.0232642 

Pmpcb protein_coding 0.76 0.78 0.80 0.79 0.78 0.01423 0.0173524 

Timm8b protein_coding 0.76 0.74 0.81 0.81 0.78 0.03143 0.0202599 

Mrps18c protein_coding 0.74 0.81 0.79 0.79 0.78 0.02529 0.0251039 

Sec61b protein_coding 0.78 0.73 0.80 0.80 0.78 0.02807 4.779E-06 

Fabp2 protein_coding 0.76 0.76 0.80 0.80 0.78 0.01896 0.0246668 

Vps35 protein_coding 0.79 0.82 0.76 0.75 0.78 0.02686 0.0215771 

Ptma protein_coding 0.68 0.81 0.81 0.81 0.78 0.05727 0.0001788 

Usmg5 protein_coding 0.72 0.85 0.76 0.76 0.77 0.04573 0.0151002 

Auh protein_coding 0.70 0.77 0.81 0.81 0.77 0.04408 0.0243754 

Mycbp protein_coding 0.71 0.78 0.81 0.80 0.77 0.03939 0.0334121 

Mkks protein_coding 0.74 0.76 0.80 0.79 0.77 0.02508 0.0363212 

Nsmce4a protein_coding 0.71 0.76 0.81 0.81 0.77 0.04251 0.0245701 

Igbp1 protein_coding 0.75 0.76 0.79 0.79 0.77 0.01807 0.0333525 

Phospho2 protein_coding 0.72 0.97 0.70 0.70 0.77 0.11347 0.0192128 

Rps3a1 protein_coding 0.79 0.76 0.77 0.77 0.77 0.00992 0.0278087 

Pomp protein_coding 0.74 0.78 0.78 0.78 0.77 0.01911 0.0187024 

Ccdc115 protein_coding 0.74 0.77 0.79 0.79 0.77 0.01773 0.0137191 

Bcas2 protein_coding 0.74 0.77 0.78 0.78 0.77 0.01830 0.0312675 

Tmem33 protein_coding 0.74 0.76 0.78 0.78 0.76 0.01499 0.0034902 

Srp19 protein_coding 0.72 0.75 0.80 0.79 0.76 0.03145 0.0254088 

Memo1 protein_coding 0.68 0.77 0.81 0.80 0.76 0.05084 0.0382071 

Mocs2 protein_coding 0.68 0.77 0.80 0.79 0.76 0.04575 0.0242928 

Npm1 protein_coding 0.77 0.75 0.76 0.76 0.76 0.00862 0.0010895 

Rps6 protein_coding 0.74 0.75 0.78 0.77 0.76 0.01713 0.0197415 

Rps14 protein_coding 0.74 0.74 0.78 0.78 0.76 0.01933 0.03056 

Rpl12 protein_coding 0.75 0.75 0.77 0.77 0.76 0.00720 0.019851 

Uqcrb protein_coding 0.74 0.75 0.78 0.78 0.76 0.01832 0.0033159 

Cdkn2aip protein_coding 0.70 0.75 0.79 0.79 0.76 0.03690 0.0456833 

Fau protein_coding 0.75 0.73 0.78 0.78 0.76 0.02198 0.0227327 

Hmgcl protein_coding 0.73 0.75 0.78 0.77 0.76 0.01716 0.0250262 

Rpl36a protein_coding 0.74 0.72 0.78 0.78 0.76 0.02741 0.0013062 

Rps16 protein_coding 0.66 0.71 0.82 0.82 0.75 0.06967 0.0411378 
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Atp5l protein_coding 0.79 0.74 0.74 0.73 0.75 0.02507 7.337E-06 

Tmed7 protein_coding 0.71 0.79 0.74 0.74 0.75 0.02846 0.0346361 

Nop10 protein_coding 0.72 0.73 0.77 0.76 0.75 0.02038 0.0434397 

Rnf130 protein_coding 0.72 0.86 0.71 0.70 0.75 0.06769 0.040693 

Nxt2 protein_coding 0.71 0.73 0.77 0.77 0.74 0.02686 0.044147 

Smim15 protein_coding 0.71 0.74 0.77 0.76 0.74 0.02104 0.0263841 

Calm2 protein_coding 0.75 0.75 0.74 0.74 0.74 0.00616 0.0087431 

Cisd2 protein_coding 0.70 0.70 0.79 0.78 0.74 0.04082 0.0194395 

Rpl13 protein_coding 0.70 0.75 0.76 0.76 0.74 0.02620 0.0302538 

Psma4 protein_coding 0.71 0.75 0.75 0.75 0.74 0.01599 0.0229913 

Atp5c1 protein_coding 0.63 0.85 0.75 0.74 0.74 0.07718 0.0185651 

Mettl7a1 protein_coding 0.74 0.63 0.80 0.79 0.74 0.06718 0.0034902 

Srek1ip1 protein_coding 0.76 0.72 0.74 0.74 0.74 0.01370 0.0271571 

Katnbl1 protein_coding 0.69 0.73 0.77 0.77 0.74 0.03192 0.0376878 

Dnajc19 protein_coding 0.65 0.75 0.78 0.77 0.74 0.05273 0.0253794 

Ppcs protein_coding 0.70 0.75 0.75 0.75 0.74 0.01972 0.0289777 

Ugt2b35 protein_coding 0.70 0.75 0.74 0.74 0.73 0.01868 0.0214878 

Rps23 protein_coding 0.71 0.81 0.71 0.71 0.73 0.04133 0.000958 

Tomm7 protein_coding 0.72 0.71 0.75 0.75 0.73 0.01629 0.0288663 

Tspan12 protein_coding 0.67 0.79 0.74 0.73 0.73 0.04178 0.01432 

Mff protein_coding 0.70 0.69 0.77 0.77 0.73 0.03632 0.0385097 

Txn1 protein_coding 0.73 0.67 0.77 0.76 0.73 0.03972 0.0014728 

Yipf4 protein_coding 0.69 0.73 0.75 0.75 0.73 0.02451 0.0294684 

Uqcrfs1 protein_coding 0.71 0.70 0.75 0.75 0.73 0.02334 1.283E-05 

Rtn4 protein_coding 0.71 0.72 0.74 0.73 0.73 0.00911 0.0202599 

Katna1 protein_coding 0.70 0.69 0.76 0.76 0.72 0.03380 0.043243 

Dut protein_coding 0.69 0.70 0.75 0.75 0.72 0.02625 0.0318554 

Polr3k protein_coding 0.68 0.71 0.75 0.75 0.72 0.02900 0.0328424 

Rps18 protein_coding 0.69 0.72 0.74 0.73 0.72 0.01968 0.0365611 

Fbxo9 protein_coding 0.69 0.72 0.73 0.73 0.72 0.01460 0.0169775 

Mcts1 protein_coding 0.68 0.71 0.74 0.74 0.72 0.02716 0.0324125 

Rab32 protein_coding 0.69 0.71 0.74 0.74 0.72 0.02210 0.0301704 

Scrn3 protein_coding 0.65 0.72 0.75 0.75 0.72 0.04198 0.0270315 

Rpl7 protein_coding 0.72 0.60 0.78 0.77 0.72 0.07162 0.0210513 

Mrpl20 protein_coding 0.70 0.68 0.75 0.74 0.72 0.03133 0.0374792 

Slc22a30 protein_coding 0.82 0.88 0.58 0.57 0.71 0.13974 0.0066262 

Rpl35a protein_coding 0.70 0.66 0.75 0.74 0.71 0.03575 0.0247917 

Ebag9 protein_coding 0.75 0.68 0.71 0.71 0.71 0.02475 0.0399687 

Cd59a protein_coding 0.69 0.68 0.73 0.73 0.71 0.02213 0.0246021 

Hebp1 protein_coding 0.69 0.65 0.74 0.74 0.71 0.03607 0.0242726 

Tmem30a protein_coding 0.64 0.71 0.74 0.73 0.70 0.03924 1.652E-05 

E2f6 protein_coding 0.67 0.62 0.76 0.76 0.70 0.05816 0.0356996 

Tmem256 protein_coding 0.68 0.69 0.73 0.72 0.70 0.02167 0.0365345 



394 
 

Aadac protein_coding 0.68 0.69 0.72 0.71 0.70 0.01434 0.0021623 

Mal2 protein_coding 0.70 0.63 0.74 0.74 0.70 0.04605 0.0400101 

Srsf10 protein_coding 0.66 0.80 0.68 0.67 0.70 0.05819 0.0376878 

Psmd14 protein_coding 0.68 0.68 0.73 0.72 0.70 0.02314 0.0354123 

Aga protein_coding 0.68 0.58 0.77 0.77 0.70 0.08103 0.0373458 

Rnf11 protein_coding 0.76 0.81 0.61 0.61 0.70 0.08923 0.0184165 

Ostc protein_coding 0.67 0.68 0.71 0.71 0.69 0.01885 0.0268319 

Zfand6 protein_coding 0.67 0.70 0.70 0.70 0.69 0.01353 0.021377 

Txnl1 protein_coding 0.70 0.63 0.72 0.71 0.69 0.03699 0.0301704 

Jkamp protein_coding 0.67 0.68 0.70 0.70 0.69 0.01281 0.0344545 

Ndufb2 protein_coding 0.68 0.71 0.68 0.68 0.69 0.01574 1.651E-05 

Ube2a protein_coding 0.66 0.67 0.71 0.71 0.69 0.02392 0.0401693 

Txndc17 protein_coding 0.66 0.68 0.71 0.70 0.69 0.01873 0.0474743 

Adtrp protein_coding 0.65 0.69 0.70 0.70 0.69 0.02196 0.0374428 

Cct4 protein_coding 0.65 0.68 0.71 0.70 0.69 0.02196 0.0495481 

Cyp2c67 protein_coding 0.67 0.66 0.71 0.71 0.68 0.02160 0.0433989 

Tpt1 protein_coding 0.61 0.67 0.73 0.73 0.68 0.05008 1.798E-05 

Rpl6 protein_coding 0.67 0.64 0.72 0.71 0.68 0.03081 0.0259681 

Slirp protein_coding 0.67 0.64 0.71 0.71 0.68 0.03207 0.0251039 

Nfu1 protein_coding 0.68 0.66 0.69 0.69 0.68 0.01144 0.0242756 

Idh3a protein_coding 0.67 0.68 0.69 0.69 0.68 0.01115 0.0437806 

Sarnp protein_coding 0.69 0.63 0.71 0.70 0.68 0.03280 0.0439586 

Pla2g12b protein_coding 0.63 0.71 0.68 0.68 0.68 0.02958 0.0462386 

Hmgb3 protein_coding 0.66 0.60 0.72 0.72 0.68 0.04939 0.0462957 

Cct6a 
processed_transcr
ipt 0.65 0.67 0.69 0.69 0.68 0.01556 0.0178915 

Emg1 protein_coding 0.67 0.61 0.72 0.71 0.68 0.04391 0.0301704 

Rpl24 protein_coding 0.66 0.61 0.72 0.71 0.68 0.04542 0.0351935 

Cldn12 protein_coding 0.64 0.66 0.70 0.69 0.67 0.02223 0.0462934 

Otc protein_coding 0.60 0.78 0.66 0.65 0.67 0.06364 1.798E-05 

Cox7a2l protein_coding 0.64 0.66 0.70 0.69 0.67 0.02284 0.0427894 

Rpl37a protein_coding 0.64 0.59 0.73 0.73 0.67 0.06204 0.0456414 

Slc35a1 protein_coding 0.65 0.64 0.70 0.70 0.67 0.02614 0.0496726 

Chmp2b protein_coding 0.62 0.73 0.67 0.66 0.67 0.03741 0.0410555 

Wdr61 protein_coding 0.72 0.71 0.63 0.62 0.67 0.04628 0.0301704 

Armc1 protein_coding 0.64 0.66 0.69 0.68 0.67 0.01834 0.0372188 

Hint1 protein_coding 0.65 0.65 0.69 0.69 0.67 0.02053 0.0178915 

Nap1l1 protein_coding 0.65 0.62 0.70 0.69 0.66 0.03077 0.0408159 

Cth protein_coding 0.64 0.63 0.69 0.69 0.66 0.02495 0.0376878 

Atp6v1h protein_coding 0.64 0.65 0.68 0.67 0.66 0.01471 0.0296887 

Spcs3 protein_coding 0.63 0.65 0.68 0.68 0.66 0.01951 0.0431161 

Blvrb protein_coding 0.59 0.66 0.68 0.68 0.66 0.03661 0.0493149 

Eif4g2 protein_coding 0.63 0.68 0.66 0.65 0.66 0.02095 2.604E-05 

Arl4a protein_coding 0.62 0.68 0.66 0.66 0.66 0.02321 0.0439586 



395 
 

Emc2 protein_coding 0.63 0.66 0.66 0.66 0.65 0.01137 0.0416439 

Dld protein_coding 0.63 0.67 0.66 0.65 0.65 0.01671 0.0287033 

Aldh1a1 protein_coding 0.62 0.69 0.65 0.64 0.65 0.02713 2.813E-05 

Aagab protein_coding 0.58 0.74 0.64 0.64 0.65 0.05741 0.0488775 

Uqcrq protein_coding 0.62 0.66 0.66 0.66 0.65 0.01537 0.0378834 

Rpl3 protein_coding 0.57 0.67 0.67 0.67 0.65 0.04372 0.044959 

Rheb protein_coding 0.62 0.64 0.67 0.66 0.64 0.01917 0.0457073 

Cyp3a25 protein_coding 0.59 0.65 0.67 0.67 0.64 0.03464 0.0409578 

Ugt3a2 protein_coding 0.64 0.58 0.67 0.66 0.64 0.03253 0.0311102 

Acp1 protein_coding 0.63 0.62 0.65 0.65 0.64 0.01417 0.0286353 

Rps11 protein_coding 0.68 0.59 0.64 0.64 0.64 0.02947 0.0374428 

Mrps14 protein_coding 0.61 0.63 0.65 0.65 0.64 0.01469 0.0375206 

Ier3ip1 protein_coding 0.63 0.61 0.65 0.65 0.64 0.01632 0.0391087 

Pnpla8 protein_coding 0.57 0.64 0.67 0.66 0.64 0.03692 0.0405131 

Cycs protein_coding 0.58 0.62 0.67 0.66 0.63 0.03672 0.0398077 

Rpl31 protein_coding 0.59 0.58 0.68 0.67 0.63 0.04501 0.0362387 

Rpl37 protein_coding 0.62 0.57 0.67 0.66 0.63 0.03709 0.0231304 

Arf4 protein_coding 0.61 0.62 0.65 0.64 0.63 0.01595 0.0132366 

Glrx5 protein_coding 0.59 0.67 0.63 0.63 0.63 0.02781 4.618E-05 

Chmp5 protein_coding 0.62 0.60 0.65 0.65 0.63 0.02116 0.0177677 

Yipf5 protein_coding 0.60 0.63 0.64 0.63 0.63 0.01271 0.0444493 

Tle1 protein_coding 0.60 0.66 0.62 0.62 0.62 0.01960 0.0401625 

Mtch2 protein_coding 0.58 0.63 0.65 0.64 0.62 0.02838 0.0418953 

Zfp207 protein_coding 0.59 0.60 0.66 0.65 0.62 0.03129 0.0493619 

Atp5j protein_coding 0.59 0.60 0.65 0.65 0.62 0.02824 0.0078293 

Mreg protein_coding 0.59 0.60 0.63 0.63 0.61 0.01932 0.0405759 

Fdx1 protein_coding 0.57 0.61 0.61 0.61 0.60 0.01775 0.0390462 

Eif1ax protein_coding 0.69 0.55 0.59 0.58 0.60 0.05087 0.0246999 

Mmadhc protein_coding 0.58 0.58 0.62 0.62 0.60 0.01953 0.0338033 

Denr protein_coding 0.58 0.63 0.59 0.59 0.60 0.01865 0.0351243 

Zfand5 protein_coding 0.56 0.60 0.61 0.61 0.59 0.02093 0.0430363 

Ube2d2a protein_coding 0.56 0.59 0.60 0.59 0.59 0.01521 0.0485072 

Gas5 
processed_transcr
ipt 0.61 0.55 0.58 0.58 0.58 0.01990 0.0485693 

Suclg1 protein_coding 0.57 0.53 0.61 0.60 0.58 0.03070 3.989E-05 

Creg1 protein_coding 0.56 0.56 0.60 0.59 0.58 0.01897 0.0488775 

Ywhae protein_coding 0.47 0.78 0.51 0.51 0.57 0.12390 0.0395519 

Ndufa1 protein_coding 0.57 0.51 0.59 0.58 0.56 0.02912 0.0447951 

Ces1d protein_coding 0.54 0.55 0.58 0.57 0.56 0.01574 5.468E-05 

Dnajb9 protein_coding 0.56 0.55 0.57 0.56 0.56 0.00559 0.0485693 

Rpl23 protein_coding 0.54 0.55 0.57 0.56 0.56 0.01038 5.209E-05 

Ndufc1 protein_coding 0.54 0.66 0.51 0.51 0.55 0.06268 0.0474592 

C4bp protein_coding 0.53 0.53 0.57 0.56 0.55 0.01672 0.0308594 

Bnip3l protein_coding 0.57 0.53 0.54 0.54 0.55 0.01279 0.0422186 
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Tmem59 protein_coding 0.51 0.54 0.56 0.55 0.54 0.01807 3.206E-05 

Rpl21 protein_coding 0.52 0.49 0.57 0.56 0.54 0.03117 0.0446113 

Rpl27a protein_coding 0.50 0.51 0.55 0.55 0.53 0.02185 0.0391112 

Psmd8 protein_coding 0.51 0.51 0.55 0.54 0.53 0.01825 0.0116557 

Slc48a1 protein_coding -0.52 -0.53 -0.49 -0.49 -0.51 0.01983 0.0427089 

Tfr2 protein_coding -0.53 -0.53 -0.49 -0.49 -0.51 0.02000 0.0498947 

Itih3 protein_coding -0.53 -0.53 -0.50 -0.50 -0.51 0.01374 7.102E-05 

Itih4 protein_coding -0.55 -0.55 -0.52 -0.52 -0.53 0.01683 4.217E-05 

Cpt1a protein_coding -0.58 -0.58 -0.54 -0.54 -0.56 0.01834 0.0322769 

Sec31a protein_coding -0.58 -0.55 -0.56 -0.57 -0.56 0.00808 0.0390462 

Ptprf protein_coding -0.59 -0.58 -0.55 -0.56 -0.57 0.01416 0.0031147 

Ddah1 protein_coding -0.59 -0.56 -0.57 -0.57 -0.57 0.00946 0.0385097 

Phf3 protein_coding -0.70 -0.53 -0.55 -0.55 -0.58 0.07141 0.0449077 

Igfbp4 protein_coding -0.59 -0.62 -0.56 -0.57 -0.59 0.02401 0.033311 

Vtn protein_coding -0.60 -0.62 -0.57 -0.57 -0.59 0.01991 0.0400265 

Sel1l protein_coding -0.60 -0.65 -0.55 -0.56 -0.59 0.04064 0.0362387 

Sfxn5 protein_coding -0.69 -0.59 -0.55 -0.55 -0.59 0.05627 0.0256274 

Afg3l1 protein_coding -0.61 -0.62 -0.59 -0.59 -0.60 0.01576 0.0403654 

Mafg protein_coding -0.66 -0.60 -0.58 -0.58 -0.60 0.03313 0.0418788 

Etnk2 protein_coding -0.57 -0.89 -0.49 -0.49 -0.61 0.16419 0.0259681 

Pnpla2 protein_coding -0.62 -0.62 -0.59 -0.59 -0.61 0.01526 0.0481273 

Cyp2d22 protein_coding -0.63 -0.67 -0.57 -0.57 -0.61 0.04329 0.0286867 

Rad54l2 protein_coding -0.79 -0.58 -0.54 -0.54 -0.61 0.10528 0.0256274 

Snrnp70 protein_coding -0.59 -0.73 -0.57 -0.57 -0.62 0.06818 0.0407646 

F7 protein_coding -0.67 -0.57 -0.61 -0.62 -0.62 0.03464 0.03635 

Tmem176b protein_coding -0.62 -0.66 -0.60 -0.61 -0.62 0.02135 0.0337327 

Hpn protein_coding -0.63 -0.65 -0.61 -0.62 -0.63 0.01552 0.0301704 

Abca8a protein_coding -0.65 -0.64 -0.61 -0.61 -0.63 0.01642 0.0445857 

Actn1 protein_coding -0.65 -0.65 -0.62 -0.62 -0.63 0.01764 0.0372188 

Zbtb7a protein_coding -0.69 -0.56 -0.64 -0.65 -0.64 0.05023 0.0393028 

Slc29a1 protein_coding -0.68 -0.63 -0.61 -0.62 -0.64 0.02899 0.0283019 

Aldh1l1 protein_coding -0.63 -0.69 -0.62 -0.62 -0.64 0.02751 0.0242382 

Atp1a1 protein_coding -0.65 -0.68 -0.62 -0.62 -0.64 0.02578 0.0142212 

Cyp2d26 protein_coding -0.65 -0.67 -0.63 -0.63 -0.65 0.01526 0.0081406 

Shroom1 protein_coding -0.69 -0.66 -0.62 -0.63 -0.65 0.02638 0.0459562 

Tgm2 protein_coding -0.67 -0.66 -0.63 -0.64 -0.65 0.01577 0.0301704 

Vwa8 protein_coding -0.67 -0.62 -0.66 -0.67 -0.66 0.01873 0.0406026 

Sft2d2 protein_coding -0.65 -0.77 -0.61 -0.61 -0.66 0.06560 0.0324952 

Fam120a protein_coding -0.68 -0.68 -0.65 -0.65 -0.66 0.01390 1.247E-05 

Usp7 protein_coding -0.73 -0.64 -0.66 -0.66 -0.67 0.03464 0.025627 

Rbm25 protein_coding -0.74 -0.62 -0.66 -0.66 -0.67 0.04137 0.0344378 

Pigq protein_coding -0.73 -0.68 -0.65 -0.65 -0.68 0.03324 0.0390462 

Kpnb1 protein_coding -0.68 -0.69 -0.67 -0.67 -0.68 0.00960 0.0403244 
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Itpr1 protein_coding -0.64 -1.10 -0.48 -0.48 -0.68 0.25324 0.0445695 

Naa60 protein_coding -0.72 -0.59 -0.70 -0.70 -0.68 0.05050 0.0362387 

Reln protein_coding -0.72 -0.66 -0.68 -0.68 -0.69 0.02188 0.0494151 

Mpzl2 protein_coding -0.67 -0.80 -0.64 -0.64 -0.69 0.06721 0.014067 

Uba1 protein_coding -0.70 -0.70 -0.68 -0.68 -0.69 0.01073 0.0231241 

Lmo7 protein_coding -0.69 -0.65 -0.72 -0.72 -0.69 0.02645 0.0402644 

Fam20c protein_coding -0.74 -0.68 -0.68 -0.68 -0.70 0.02620 0.0493149 

Scamp2 protein_coding -0.73 -0.68 -0.68 -0.69 -0.70 0.02152 0.0398767 

Jak1 protein_coding -0.71 -0.75 -0.67 -0.67 -0.70 0.03402 0.0005695 

Sf1 protein_coding -0.70 -0.72 -0.69 -0.70 -0.70 0.01217 0.0253778 

Fam160b1 protein_coding -0.73 -0.69 -0.70 -0.70 -0.71 0.01705 0.0351682 

Phf21a protein_coding -0.78 -0.64 -0.70 -0.71 -0.71 0.04627 0.0261269 

Ccdc6 protein_coding -0.70 -0.79 -0.67 -0.68 -0.71 0.04653 0.0397394 

Ccnk protein_coding -0.71 -0.75 -0.69 -0.69 -0.71 0.02710 0.0325923 

Ubr5 protein_coding -0.65 -0.72 -0.73 -0.74 -0.71 0.03413 0.0475916 

Deptor protein_coding -0.71 -0.83 -0.67 -0.67 -0.72 0.06495 0.0046965 

Ppme1 protein_coding -0.73 -0.74 -0.70 -0.71 -0.72 0.01642 0.0357643 

Wbp1l protein_coding -0.76 -0.68 -0.72 -0.73 -0.72 0.02668 0.0029169 

Lrp10 protein_coding -0.75 -0.69 -0.72 -0.73 -0.72 0.02226 0.0420553 

Sardh protein_coding -0.74 -0.74 -0.71 -0.71 -0.72 0.01528 0.0030346 

Cebpb protein_coding -0.77 -0.68 -0.73 -0.73 -0.73 0.03222 0.0399687 

Pgm2 protein_coding -0.76 -0.71 -0.72 -0.73 -0.73 0.01891 0.0026589 

Vezf1 protein_coding -0.79 -0.76 -0.69 -0.69 -0.73 0.04523 0.0351935 

Klf9 protein_coding -0.75 -0.74 -0.72 -0.72 -0.73 0.01448 1.619E-05 

Palld protein_coding -0.74 -0.75 -0.72 -0.73 -0.73 0.01044 0.0311102 

Smarca4 protein_coding -0.76 -0.73 -0.72 -0.73 -0.73 0.01426 0.0495659 

Rhbdd2 protein_coding -0.78 -0.74 -0.72 -0.72 -0.74 0.02451 0.0336211 

Slc4a2 protein_coding -0.78 -0.77 -0.70 -0.70 -0.74 0.03462 0.0451088 

Extl3 protein_coding -0.78 -0.75 -0.71 -0.72 -0.74 0.02525 0.0414305 

Scap protein_coding -0.78 -0.71 -0.73 -0.73 -0.74 0.02500 0.011323 

Slc16a2 protein_coding -0.77 -0.72 -0.74 -0.74 -0.75 0.01733 0.0026611 

Insr protein_coding -0.77 -0.76 -0.73 -0.73 -0.75 0.01976 0.0186654 

C8a protein_coding -0.76 -0.77 -0.73 -0.73 -0.75 0.01971 0.0178271 

Cpn2 protein_coding -0.75 -0.81 -0.71 -0.72 -0.75 0.03814 0.0200646 

Hpcal1 protein_coding -0.80 -0.72 -0.73 -0.73 -0.75 0.03194 0.0373248 

Sec14l4 protein_coding -0.76 -0.77 -0.74 -0.74 -0.75 0.01223 0.0028781 

Cherp protein_coding -0.74 -0.76 -0.75 -0.76 -0.75 0.00724 0.0348243 

Zmiz2 protein_coding -1.19 0.54 -1.18 -1.18 -0.75 0.74466 0.009513 

Xpo6 protein_coding -0.76 -0.79 -0.73 -0.73 -0.75 0.02300 0.0369611 

Hsph1 protein_coding -0.77 -0.73 -0.76 -0.76 -0.75 0.01484 0.0492014 

Tom1l2 protein_coding -0.77 -0.77 -0.74 -0.75 -0.76 0.01141 0.0367859 

Llgl2 protein_coding -0.83 -0.76 -0.72 -0.72 -0.76 0.04598 0.0260804 

Aggf1 protein_coding -0.76 -0.76 -0.75 -0.75 -0.76 0.00596 0.045334 
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Rnf152 protein_coding -0.77 -0.81 -0.73 -0.74 -0.76 0.02991 0.038441 

Foxn3 protein_coding -0.83 -0.70 -0.76 -0.76 -0.76 0.04676 0.0150321 

Lrrc3 protein_coding -0.79 -0.74 -0.76 -0.77 -0.77 0.01759 0.0193211 

Slc6a13 protein_coding -0.77 -0.79 -0.76 -0.76 -0.77 0.01314 0.0296345 

Clu protein_coding -0.79 -0.79 -0.76 -0.76 -0.77 0.01632 0.0020467 

Anxa6 protein_coding -0.81 -0.74 -0.77 -0.77 -0.77 0.02176 0.0377904 

Nacc2 protein_coding -0.80 -0.77 -0.76 -0.76 -0.77 0.01736 0.0268384 

Phka2 protein_coding -0.82 -0.78 -0.75 -0.76 -0.78 0.02713 0.0439586 

Itgb5 protein_coding -0.80 -0.81 -0.75 -0.75 -0.78 0.02698 0.0250942 

1810055G02
Rik 

protein_coding 
-0.80 -0.81 -0.76 -0.76 -0.78 0.02135 0.0326425 

Emc1 protein_coding -0.80 -0.80 -0.77 -0.77 -0.78 0.01499 0.0291048 

Acaca protein_coding -0.85 -0.70 -0.79 -0.79 -0.78 0.05176 0.0296326 

Macf1 protein_coding -0.84 -0.76 -0.77 -0.77 -0.78 0.03037 0.0163683 

Cry2 protein_coding -0.84 -0.77 -0.77 -0.77 -0.79 0.03099 0.0322871 

Epas1 protein_coding -0.79 -0.83 -0.76 -0.77 -0.79 0.02829 0.0351809 

Lmf1 protein_coding -0.92 -0.76 -0.74 -0.75 -0.79 0.07444 0.0257046 

5830417I10Ri
k 

unprocessed_pseu
dogene -0.88 -0.78 -0.75 -0.76 -0.79 0.05028 0.0446078 

Sdc3 protein_coding -0.84 -0.75 -0.79 -0.79 -0.79 0.02882 0.011684 

Ttc7 protein_coding -0.85 -0.67 -0.82 -0.82 -0.79 0.07117 0.0117385 

Nlrp6 protein_coding -0.83 -0.79 -0.77 -0.77 -0.79 0.02486 0.009513 

Ncl protein_coding -0.79 -0.89 -0.74 -0.75 -0.79 0.06037 0.0008494 

Papss2 protein_coding -0.83 -0.75 -0.80 -0.80 -0.79 0.02860 0.0005994 

Eif4g1 protein_coding -0.90 -0.71 -0.78 -0.79 -0.80 0.06993 7.142E-06 

Bms1 protein_coding -0.83 -0.81 -0.77 -0.77 -0.80 0.02544 0.0212522 

Psap protein_coding -0.79 -0.80 -0.80 -0.80 -0.80 0.00128 0.0033866 

Mylk protein_coding -0.82 -0.80 -0.78 -0.78 -0.80 0.01613 7.297E-06 

Rbbp5 protein_coding -0.84 -0.76 -0.79 -0.80 -0.80 0.03015 0.0373458 

Mia3 protein_coding -0.79 -0.80 -0.80 -0.80 -0.80 0.00353 7.051E-06 

Ncoa6 protein_coding -0.84 -0.81 -0.78 -0.78 -0.80 0.02521 0.0298515 

Agrn protein_coding -0.82 -0.80 -0.79 -0.79 -0.80 0.01379 0.0270743 

Klf2 protein_coding -0.84 -0.81 -0.78 -0.78 -0.80 0.02368 0.0450893 

C3 protein_coding -0.82 -0.82 -0.79 -0.79 -0.80 0.01206 0.0028717 

Bgn protein_coding -0.83 -0.84 -0.79 -0.80 -0.82 0.02007 0.0178271 

Nrbp2 protein_coding -0.77 -1.05 -0.72 -0.72 -0.82 0.13751 0.0376527 

Fam102a protein_coding -0.89 -0.74 -0.83 -0.83 -0.82 0.05193 0.0118144 

Por protein_coding -0.94 -0.76 -0.79 -0.80 -0.82 0.07004 0.0001033 

Lclat1 protein_coding -0.88 -0.74 -0.84 -0.84 -0.83 0.05206 0.0118599 

Lmna protein_coding -0.87 -0.86 -0.81 -0.81 -0.84 0.03099 0.0437873 

Arhgef10l protein_coding -0.84 -0.86 -0.82 -0.83 -0.84 0.01512 0.0245241 

Lgals3bp protein_coding -0.85 -0.84 -0.83 -0.83 -0.84 0.01016 0.0277664 

Rxra protein_coding -0.87 -0.81 -0.84 -0.84 -0.84 0.02158 0.0006036 

Tm6sf2 protein_coding -0.86 -0.85 -0.82 -0.82 -0.84 0.01625 0.0420149 
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Abcc6 protein_coding -0.85 -0.98 -0.77 -0.77 -0.84 0.08487 0.0164431 

Cobll1 protein_coding -0.87 -0.83 -0.83 -0.83 -0.84 0.01861 0.0138903 

Trak1 protein_coding -0.77 -0.80 -0.90 -0.90 -0.84 0.06093 0.0201269 

Wdtc1 protein_coding -0.87 -0.86 -0.82 -0.82 -0.84 0.02173 0.0219406 

Tmem63a protein_coding -0.97 -0.55 -0.93 -0.93 -0.84 0.16869 0.0138528 

Pabpc1 protein_coding -0.64 -1.13 -0.80 -0.80 -0.85 0.17869 0.0272206 

Mospd3 protein_coding -0.85 -0.92 -0.81 -0.81 -0.85 0.04511 0.0236473 

Zcchc24 protein_coding -0.87 -0.86 -0.83 -0.83 -0.85 0.01568 0.0092078 

Plxnb2 protein_coding -0.88 -0.87 -0.82 -0.83 -0.85 0.02598 0.0119727 

Add1 protein_coding -0.90 -0.80 -0.85 -0.85 -0.85 0.03694 0.0108034 

Ssh2 protein_coding -0.90 -0.78 -0.87 -0.87 -0.85 0.04523 0.0068904 

Atp9a protein_coding -0.87 -0.88 -0.83 -0.84 -0.85 0.02048 0.0135403 

Usp2 protein_coding -0.88 -0.86 -0.84 -0.85 -0.86 0.01494 0.0173524 

Sptbn1 protein_coding -0.92 -0.86 -0.83 -0.83 -0.86 0.03841 0.0068327 

Gns protein_coding -0.89 -0.85 -0.86 -0.86 -0.86 0.01553 0.0001788 

Rfng protein_coding -0.89 -0.85 -0.86 -0.86 -0.87 0.01586 0.0463826 

Serpina3n protein_coding -0.91 -0.78 -0.89 -0.89 -0.87 0.05173 0.0233489 

Upf3b protein_coding -0.90 -0.94 -0.82 -0.82 -0.87 0.05281 0.0447241 

Sod3 protein_coding -0.91 -0.87 -0.85 -0.85 -0.87 0.02354 0.0155761 

Tmem248 protein_coding -0.88 -0.88 -0.86 -0.87 -0.87 0.00905 0.0163744 

Os9 protein_coding -0.88 -0.81 -0.90 -0.90 -0.87 0.03474 0.0310854 

Cgn protein_coding -0.90 -0.87 -0.86 -0.86 -0.87 0.01782 0.0301704 

Atp13a1 protein_coding -0.88 -0.94 -0.84 -0.84 -0.87 0.04414 0.0192012 

Smarca2 protein_coding -0.85 -0.91 -0.87 -0.87 -0.88 0.02185 0.011684 

Tpcn1 protein_coding -0.92 -0.86 -0.86 -0.87 -0.88 0.02687 0.0303486 

Mfsd2a protein_coding -0.89 -0.90 -0.86 -0.87 -0.88 0.01558 0.0299021 

Stxbp2 protein_coding -0.92 -0.88 -0.86 -0.86 -0.88 0.02517 0.0251039 

Bscl2 protein_coding -0.88 -0.89 -0.88 -0.88 -0.88 0.00504 0.0120249 

Pcdh1 protein_coding -0.96 -0.85 -0.86 -0.86 -0.88 0.04370 0.0181474 

Brpf3 protein_coding -0.90 -0.89 -0.87 -0.87 -0.89 0.01497 0.0197999 

Dag1 protein_coding -0.90 -0.90 -0.87 -0.88 -0.89 0.01104 0.0185437 

Fto protein_coding -1.05 -0.72 -0.89 -0.90 -0.89 0.11938 0.0094194 

Pdk2 protein_coding -0.90 -0.93 -0.87 -0.87 -0.89 0.02427 0.0092403 

Trp53inp2 protein_coding -0.89 -0.94 -0.86 -0.87 -0.89 0.02992 0.0001255 

Upf1 protein_coding -0.90 -0.93 -0.88 -0.88 -0.90 0.02112 0.0192628 

F5 protein_coding -0.90 -0.92 -0.89 -0.89 -0.90 0.01400 2.076E-06 

Zfp574 protein_coding -0.94 -0.93 -0.87 -0.87 -0.90 0.03208 0.0382173 

Atxn2 protein_coding -0.90 -1.06 -0.83 -0.83 -0.90 0.09358 0.0203884 

Larp1b protein_coding -0.91 -1.06 -0.84 -0.84 -0.91 0.08854 5.225E-06 

Gne protein_coding -0.94 -0.90 -0.90 -0.90 -0.91 0.01870 0.0170382 

Huwe1 protein_coding -0.94 -0.91 -0.90 -0.90 -0.91 0.01838 0.0069602 

Rasgef1b protein_coding -0.95 -0.89 -0.90 -0.91 -0.91 0.02273 0.0455663 

Raph1 protein_coding -0.91 -0.98 -0.88 -0.89 -0.92 0.03761 0.0074774 
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Smap2 protein_coding -0.93 -0.97 -0.88 -0.88 -0.92 0.03882 0.0164431 

5031439G07
Rik 

protein_coding 
-0.78 -0.98 -0.96 -0.96 -0.92 0.08356 0.0263841 

Gpld1 protein_coding -0.95 -0.93 -0.90 -0.91 -0.92 0.01793 1.712E-06 

Fus protein_coding -0.94 -0.94 -0.90 -0.90 -0.92 0.01956 0.0111434 

Golga4 protein_coding -0.96 -1.02 -0.86 -0.86 -0.93 0.06812 0.0169775 

Atg7 protein_coding -0.96 -0.91 -0.92 -0.92 -0.93 0.01908 0.0173524 

Nprl3 protein_coding -0.91 -0.93 -0.93 -0.94 -0.93 0.00922 0.048432 

Arid1a protein_coding -0.95 -0.93 -0.92 -0.92 -0.93 0.01330 0.023859 

2310022B05
Rik 

protein_coding 
-0.96 -0.94 -0.92 -0.92 -0.93 0.01713 0.0194218 

Zfp219 protein_coding -0.94 -1.04 -0.88 -0.88 -0.94 0.06577 0.0341815 

Esyt1 protein_coding -0.95 -0.98 -0.91 -0.91 -0.94 0.03210 0.0131914 

Ube4b protein_coding -0.97 -0.97 -0.91 -0.91 -0.94 0.03162 0.0083108 

Arhgef19 protein_coding -0.90 -0.89 -0.98 -0.99 -0.94 0.04614 0.0187024 

Psen1 protein_coding -0.96 -0.94 -0.93 -0.93 -0.94 0.01451 0.0317971 

Helz2 protein_coding -0.96 -0.95 -0.93 -0.93 -0.94 0.01574 0.0043969 

Ap3d1 protein_coding -0.98 -0.87 -0.97 -0.97 -0.95 0.04382 0.0026202 

Atoh8 protein_coding -0.95 -1.03 -0.91 -0.91 -0.95 0.04757 0.0251039 

Map7d1 protein_coding -0.98 -0.96 -0.93 -0.93 -0.95 0.02253 0.0225306 

Prpf8 protein_coding -0.98 -0.90 -0.96 -0.96 -0.95 0.02911 0.0126991 

Arap1 protein_coding -0.98 -0.96 -0.93 -0.93 -0.95 0.02129 0.0045746 

Erc1 protein_coding -1.05 -0.95 -0.91 -0.91 -0.95 0.05500 0.0131261 

Tcf7l2 protein_coding -0.97 -1.01 -0.93 -0.93 -0.96 0.03424 0.0063844 

Man2b1 protein_coding -0.96 -1.00 -0.94 -0.94 -0.96 0.02409 0.0118685 

Tgfbrap1 protein_coding -1.00 -0.95 -0.94 -0.95 -0.96 0.02276 0.0050766 

Phactr4 protein_coding -1.01 -0.89 -0.98 -0.98 -0.97 0.04382 0.0087995 

Jarid2 protein_coding -0.98 -1.04 -0.92 -0.92 -0.97 0.04843 0.0153438 

Rrbp1 protein_coding -1.17 -0.84 -0.93 -0.93 -0.97 0.12222 1.376E-05 

Samd4b protein_coding -1.01 -0.94 -0.97 -0.97 -0.97 0.02214 0.0394531 

Smc1a protein_coding -0.87 -1.10 -0.97 -0.97 -0.97 0.08241 0.0362057 

Onecut2 protein_coding -0.98 -1.03 -0.95 -0.95 -0.98 0.03398 0.0087995 

Lasp1 protein_coding -0.97 -1.03 -0.96 -0.96 -0.98 0.03140 0.0103561 

Pxylp1 protein_coding -1.00 -0.94 -1.00 -1.00 -0.98 0.02565 0.0147261 

Col18a1 protein_coding -1.00 -1.00 -0.96 -0.96 -0.98 0.02037 4.85E-05 

Epn1 protein_coding -1.00 -0.99 -0.97 -0.97 -0.98 0.01162 0.0069602 

Pcsk6 protein_coding -0.99 -1.04 -0.96 -0.97 -0.99 0.03241 0.0074774 

Ptpn1 protein_coding -1.02 -0.95 -1.00 -1.00 -0.99 0.02447 0.0187024 

Trim44 protein_coding -0.96 -1.20 -0.92 -0.92 -1.00 0.11851 0.0247853 

Dot1l protein_coding -1.07 -0.86 -1.05 -1.05 -1.01 0.08562 0.010333 

Msl1 protein_coding -0.91 -1.06 -1.03 -1.04 -1.01 0.05849 0.0092403 

Ube3b protein_coding -1.02 -1.14 -0.94 -0.94 -1.01 0.08186 0.0039031 

Sema4a protein_coding -1.06 -0.94 -1.02 -1.03 -1.01 0.04215 0.0037786 

Myadm protein_coding -0.99 -1.11 -0.98 -0.98 -1.01 0.05558 0.0494428 
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Gpc1 protein_coding -1.00 -1.15 -0.96 -0.96 -1.02 0.07564 0.0247917 

Luzp1 protein_coding -0.98 -1.23 -0.93 -0.94 -1.02 0.12438 0.0374076 

Inf2 protein_coding -1.09 -0.91 -1.05 -1.05 -1.02 0.06788 0.0014479 

Lims2 protein_coding -1.06 -1.03 -1.00 -1.01 -1.03 0.02502 0.0069602 

Dlgap4 protein_coding -1.03 -1.02 -1.03 -1.04 -1.03 0.00661 0.0140703 

Rnf169 protein_coding -1.08 -1.04 -1.00 -1.00 -1.03 0.03344 0.0022173 

Vars2 protein_coding -1.09 -1.21 -0.92 -0.92 -1.03 0.12389 0.012229 

Nfia protein_coding -1.04 -1.05 -1.02 -1.02 -1.03 0.01399 3.223E-05 

Rere protein_coding -1.02 -1.06 -1.03 -1.03 -1.03 0.01627 0.0053954 

Slc35c1 protein_coding -1.01 -1.17 -0.98 -0.98 -1.03 0.07933 0.0173524 

Atp6v0a1 protein_coding -0.99 -1.12 -1.02 -1.02 -1.04 0.05191 0.0089315 

Trak2 protein_coding -1.05 -1.05 -1.02 -1.02 -1.04 0.01804 0.0044705 

Pip4k2c protein_coding -1.08 -1.04 -1.01 -1.02 -1.04 0.02718 0.0036286 

Slc13a3 protein_coding -1.07 -1.05 -1.03 -1.03 -1.04 0.01612 0.0124544 

Dlc1 protein_coding -1.06 -1.05 -1.03 -1.04 -1.04 0.01079 1.712E-06 

Grn protein_coding -1.10 -0.94 -1.07 -1.07 -1.04 0.06468 3.76E-06 

Csf1 protein_coding -1.01 -1.14 -1.01 -1.02 -1.05 0.05537 0.0383655 

Stat3 protein_coding -0.98 -1.44 -0.88 -0.89 -1.05 0.23029 0.0051511 

Zyx protein_coding -1.15 -0.93 -1.05 -1.06 -1.05 0.08089 0.0142505 

Plekha6 protein_coding -1.11 -1.07 -1.01 -1.01 -1.05 0.04356 0.0135271 

Prelp protein_coding -1.07 -1.05 -1.04 -1.04 -1.05 0.01489 0.0171852 

Per2 protein_coding -1.08 -1.07 -1.05 -1.05 -1.06 0.01483 0.0001733 

Ceacam1 protein_coding -1.01 -1.09 -1.07 -1.08 -1.06 0.03049 0.0059072 

Rnpepl1 protein_coding -1.07 -1.16 -1.02 -1.02 -1.07 0.05579 0.0013347 

Larp1 protein_coding -1.04 -1.19 -1.02 -1.03 -1.07 0.07136 0.0029024 

Ralgapa2 protein_coding -1.04 -1.21 -1.02 -1.02 -1.07 0.08046 0.0090881 

Anks1 protein_coding -1.10 -1.05 -1.07 -1.07 -1.07 0.02010 0.0036286 

Tacc2 protein_coding -1.24 -1.06 -1.02 -1.02 -1.08 0.08993 0.0050766 

Crtc2 protein_coding -1.13 -1.03 -1.09 -1.09 -1.09 0.03267 0.0249128 

Nfic protein_coding -1.01 -1.32 -1.01 -1.01 -1.09 0.13242 0.0176828 

Syt1 protein_coding -1.08 -1.19 -1.06 -1.06 -1.10 0.05331 0.0052547 

Sptan1 protein_coding -1.14 -1.10 -1.08 -1.08 -1.10 0.02497 0.0010895 

C4b protein_coding -1.14 -1.17 -1.05 -1.05 -1.10 0.05511 6.681E-07 

Stk40 protein_coding -1.08 -1.24 -1.05 -1.05 -1.10 0.08087 0.0047681 

Slc36a1 protein_coding -1.18 -0.99 -1.14 -1.14 -1.12 0.07260 0.0004343 

Tnk2 protein_coding -1.16 -1.11 -1.12 -1.12 -1.13 0.01725 0.0099534 

Slc22a7 protein_coding -1.04 -1.13 -1.19 -1.19 -1.14 0.06309 0.0322288 

Tbc1d30 protein_coding -1.11 -1.37 -1.03 -1.03 -1.14 0.13948 0.0189367 

Ly6e protein_coding -1.14 -1.16 -1.12 -1.13 -1.14 0.01441 0.0037021 

Rexo1 protein_coding -0.97 -1.18 -1.20 -1.21 -1.14 0.09661 0.0488775 

Ski protein_coding -1.15 -1.14 -1.14 -1.15 -1.14 0.00454 0.0048133 

Prox1 protein_coding -1.21 -1.23 -1.07 -1.07 -1.15 0.07469 0.0047356 

Slc12a7 protein_coding -1.14 -1.25 -1.10 -1.10 -1.15 0.06333 0.0006018 
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Vopp1 protein_coding -1.21 -1.16 -1.14 -1.13 -1.16 0.02921 0.0124263 

Col27a1 protein_coding -1.17 -1.16 -1.15 -1.16 -1.16 0.00832 0.0027196 

Smad3 protein_coding -1.17 -1.30 -1.10 -1.10 -1.17 0.08265 0.0163683 

Ddit4 protein_coding -1.11 -1.43 -1.07 -1.07 -1.17 0.14788 0.0398714 

Sema4g protein_coding -1.28 -0.92 -1.24 -1.25 -1.17 0.14363 7.13E-07 

Chac1 protein_coding -1.22 -1.21 -1.13 -1.13 -1.17 0.04291 0.0317971 

2900026A02
Rik 

protein_coding 
-1.19 -1.18 -1.17 -1.17 -1.18 0.01049 0.0011225 

Ulk1 protein_coding -1.19 -1.19 -1.17 -1.17 -1.18 0.01257 7.118E-06 

Rapgef1 protein_coding -1.25 -1.17 -1.16 -1.16 -1.18 0.04024 0.0033866 

Cbs protein_coding -1.20 -1.20 -1.18 -1.18 -1.19 0.01056 6.681E-07 

Nisch protein_coding -1.00 -1.27 -1.24 -1.24 -1.19 0.11139 0.0016431 

Mfhas1 protein_coding -1.23 -1.22 -1.19 -1.19 -1.21 0.01697 0.0025246 

Ubr4 protein_coding -1.20 -1.24 -1.19 -1.20 -1.21 0.01954 4.126E-07 

Ptgs1 protein_coding -1.23 -1.27 -1.17 -1.17 -1.21 0.04347 0.005666 

Klf13 protein_coding -1.25 -1.23 -1.22 -1.22 -1.23 0.01257 7.801E-05 

Clmn protein_coding -1.18 -1.38 -1.19 -1.19 -1.23 0.08244 2.895E-07 

Prrc2b protein_coding -1.24 -1.28 -1.21 -1.22 -1.24 0.02807 0.0003875 

Cnnm3 protein_coding -1.25 -1.26 -1.23 -1.23 -1.24 0.01232 0.0005146 

Iqsec1 protein_coding -1.28 -1.24 -1.23 -1.23 -1.25 0.02177 0.0013745 

Ptk2b protein_coding -1.26 -1.24 -1.25 -1.26 -1.25 0.00581 0.0043027 

Nr6a1 protein_coding -1.24 -1.28 -1.26 -1.26 -1.26 0.01338 0.0062488 

Heatr5b protein_coding -1.32 -1.28 -1.24 -1.24 -1.27 0.03359 0.0073864 

Arid5b protein_coding -1.14 -1.24 -1.37 -1.37 -1.28 0.09872 0.0068844 

Scn1b protein_coding -1.40 -1.27 -1.27 -1.26 -1.30 0.05883 0.0495659 

Taok3 protein_coding -1.29 -1.34 -1.30 -1.30 -1.31 0.01936 0.0003161 

Hcls1 protein_coding -1.27 -1.44 -1.26 -1.26 -1.31 0.07477 0.0104481 

Foxo1 protein_coding -1.39 -1.21 -1.32 -1.32 -1.31 0.06168 4.897E-07 

Tnfrsf1b protein_coding -1.34 -1.31 -1.29 -1.30 -1.31 0.01691 0.0012687 

Brd4 protein_coding -1.16 -1.48 -1.31 -1.31 -1.32 0.11421 0.0026532 

Pfkfb3 protein_coding -1.36 -1.34 -1.30 -1.30 -1.33 0.02340 0.0006938 

Nfix protein_coding -1.44 -1.22 -1.32 -1.32 -1.33 0.07663 7.13E-07 

Baz2a protein_coding -1.33 -1.40 -1.29 -1.29 -1.33 0.04649 0.004657 

Ccdc9 protein_coding -1.32 -1.36 -1.32 -1.32 -1.33 0.01643 0.0169775 

Ndst1 protein_coding -1.35 -1.35 -1.33 -1.33 -1.34 0.00808 0.001628 

Tbc1d9b protein_coding -1.41 -1.38 -1.36 -1.36 -1.37 0.02088 0.0008405 

Tns1 protein_coding -1.37 -1.59 -1.27 -1.28 -1.38 0.13086 0.0002382 

Rac2 protein_coding -1.49 -1.33 -1.37 -1.37 -1.39 0.05834 0.0218746 

Csf1r protein_coding -1.43 -1.40 -1.40 -1.40 -1.41 0.01158 3.621E-08 

Ankrd11 protein_coding -0.60 -1.68 -1.69 -1.69 -1.42 0.46904 0.0492645 

Foxq1 protein_coding -1.41 -1.63 -1.37 -1.38 -1.45 0.10560 0.0012594 

Calcoco1 protein_coding -1.39 -1.50 -1.47 -1.47 -1.46 0.04072 0.0149313 

Ppargc1b protein_coding -1.50 -1.44 -1.45 -1.45 -1.46 0.02439 0.0011187 

St3gal1 protein_coding -1.48 -1.49 -1.44 -1.44 -1.46 0.02205 0.0002355 
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Gja4 protein_coding -1.51 -1.51 -1.44 -1.43 -1.48 0.03812 0.0184165 

Il6ra protein_coding -1.17 -1.60 -1.60 -1.60 -1.49 0.18737 0.0045108 

Bcl9l protein_coding -1.56 -1.43 -1.49 -1.50 -1.49 0.04569 0.001963 

Zbtb20 protein_coding -1.36 -1.67 -1.62 -1.62 -1.57 0.11949 5.214E-06 

Mafb protein_coding -1.62 -1.60 -1.58 -1.58 -1.60 0.01658 1.147E-07 

Trim56 protein_coding -1.67 -1.54 -1.69 -1.69 -1.65 0.06466 3.032E-05 

Cyp26b1 protein_coding -2.07 -2.06 -2.05 -2.06 -2.06 0.00657 1.712E-06 

Gadd45g protein_coding -2.85 -2.75 -2.74 -2.73 -2.77 0.04642 2.997E-06 

 

 

Table 22 DEGs in skeletal muscles of sh-FOXO1 vs sc-Control mice in the analysis of Deseq, 

Noiseqr and Edger, p˂0.01 

Gene 
Symbol 

Biotype Fold change p-value 
Gene 

Symbol 
Biotype Fold change p-value 

Kap protein_coding 5.27 1.517E-31 Krt77 protein_coding -4.07 1.967E-06 

Akap14 protein_coding 5.24 5.616E-27 Lce1m protein_coding -3.67 2.128E-05 

Slc34a1 protein_coding 4.88 3.681E-16 Krt15 protein_coding -3.17 0.0003597 

Acsm2 protein_coding 3.84 9.123E-12 Flg2 protein_coding -3.13 0.000457 

Ggt1 protein_coding 3.68 1.305E-05 Mir677 snoRNA -2.88 1.093E-05 

Spink1 protein_coding 3.55 2.531E-09 Mir677 miRNA -2.88 1.093E-05 

Dnase1 protein_coding 3.45 4.013E-06 Tubb4b-ps2 
processed_pseud
ogene -2.73 1.582E-07 

Aldob protein_coding 3.09 2.672E-08 Gm43721 TEC -2.39 0.0001775 

Akr1c21 protein_coding 3.07 0.0007935 Rex1bd protein_coding -2.33 9.766E-18 

Myh8 protein_coding 3.00 3.036E-23 Cd2 protein_coding -2.32 0.0010713 

Cyp2j5 protein_coding 2.90 9.058E-05 Apol11b protein_coding -2.32 0.0057534 

Keg1 protein_coding 2.88 0.0012614 Ccna2 protein_coding -2.13 0.0044878 

Slc27a2 protein_coding 2.82 0.0010563 Cd244 protein_coding -2.04 0.0039715 

Mep1a protein_coding 2.82 0.0023737 Lck protein_coding -1.99 0.0065242 

Lrp2 protein_coding 2.79 0.0013259 Chtf18 protein_coding -1.99 0.0050118 

Tmem27 protein_coding 2.77 0.0007977 Mir145a miRNA -1.77 0.0013839 

Tmem174 protein_coding 2.57 0.0044149 Xlr3a protein_coding -1.77 0.0017626 

Ugt3a2 protein_coding 2.54 0.0018447 
2900009J06Ri
k antisense -1.75 0.0060477 

Slc5a8 protein_coding 2.43 0.0076748 Slamf7 protein_coding -1.68 0.0055304 

Slc17a1 protein_coding 2.38 0.0080057 Gm6291 
processed_pseud
ogene -1.68 0.0033314 

Nat8 protein_coding 2.36 0.008775 Gm3699 
processed_pseud
ogene -1.65 0.0005458 

Cyp4a12a protein_coding 2.32 0.0054408 Igkc IG_C_gene -1.63 0.004608 

Guca2b protein_coding 2.26 0.0099529 Rinl protein_coding -1.63 0.0056879 

Pah protein_coding 2.16 0.0047464 Mir100 miRNA -1.62 0.0097513 

Ces2d-ps 
unprocessed_pse
udogene 1.98 0.0060705 Il1rl1 protein_coding -1.61 0.0007982 

Ces2c protein_coding 1.98 0.0060709 Gm37060 TEC -1.61 0.0038144 
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2810408A11R
ik protein_coding 1.88 0.0021008 Pet117 protein_coding -1.58 0.0084333 

Gm24596 snRNA 1.77 0.000484 Adap2 protein_coding -1.52 0.0002145 

Alb protein_coding 1.46 0.0001266 Myo1g protein_coding -1.50 0.005127 

Mup15 protein_coding 1.45 0.0026648 Gm7265 TEC -1.49 2.688E-06 

Mup7 protein_coding 1.42 0.0023688 Gm47283 protein_coding -1.39 0.0049886 

Mup1 protein_coding 1.38 0.0052467 Ciita protein_coding -1.32 0.0016369 

Cyp4b1 protein_coding 0.95 0.0030746 Coro1a protein_coding -1.29 0.00202 

Sit1 protein_coding 0.90 0.0006482 Gtf3a protein_coding -1.29 7.151E-05 

Gm7730 
processed_pseud
ogene 0.89 0.0032447 Saa3 protein_coding -1.27 0.0015001 

Snora21 snoRNA 0.87 0.0061136 Sec31b protein_coding -1.26 0.0027482 

Gm20304 
processed_pseud
ogene 0.80 0.0012993 Gm9701 

processed_pseud
ogene -1.26 5.29E-06 

Rida protein_coding 0.79 0.0017041 
8430408G22
Rik protein_coding -1.26 3.38E-06 

Gm11266 antisense 0.71 0.0080913 Aif1 protein_coding -1.26 0.0001359 

Chchd2-ps 
processed_pseud
ogene 0.69 0.0061492 

D430019H16
Rik protein_coding -1.25 0.0031168 

Myh1 protein_coding 0.36 0.0019769 Tmem45b protein_coding -1.21 0.0010453 

Myh4 protein_coding 0.28 0.0014526 Ms4a4a protein_coding -1.21 0.000785 

Rtn4 protein_coding 0.25 3.572E-06 Gsdmd protein_coding -1.20 0.0092663 

Rab10 protein_coding 0.25 2.732E-06 Cd52 protein_coding -1.19 0.0018249 

    
Trim30d protein_coding -1.18 0.0032216 

    
Ptprc protein_coding -1.18 0.0034123 

    
Kcnj12 protein_coding -1.18 1.563E-05 

    
Ms4a6b protein_coding -1.13 0.0003039 

    
Cd163 protein_coding -1.13 6.691E-05 

    
Ddit4 protein_coding -1.11 7.467E-05 

    
Ms4a6c protein_coding -1.11 0.0014947 

    
Mier2 protein_coding -1.10 0.0001098 

    
Arrdc2 protein_coding -1.09 0.0001589 

    
Ccl6 protein_coding -1.09 8.656E-05 

    
Shbg protein_coding -1.08 0.0004807 

    
Ccl8 protein_coding -1.07 0.0025382 

    
Baiap2 protein_coding -1.06 0.0029102 

    
Opn3 protein_coding -1.02 0.0046556 

    
Ccr2 protein_coding -1.01 0.0072066 

    
Fcgr3 protein_coding -1.00 0.0003291 

    
Lat2 protein_coding -1.00 0.0071756 

    
Arrdc1 protein_coding -0.99 0.0030442 

    
Cyp2f2 protein_coding -0.98 0.0055734 

    
Wfdc21 protein_coding -0.97 0.0029158 

    
Folr2 protein_coding -0.93 0.0031416 

    
C2 protein_coding -0.93 0.0045238 



405 
 

    
Ccdc25 protein_coding -0.93 8.945E-05 

    
Cebpa protein_coding -0.92 0.003906 

    
Aoc3 protein_coding -0.92 0.0001849 

    
Ccl9 protein_coding -0.91 0.0077829 

    
Pla2g2d protein_coding -0.90 0.0032579 

    
Gm1866 

processed_pseud
ogene -0.90 0.0003095 

    
Hmg20b protein_coding -0.90 0.0005604 

    
Slc25a25 protein_coding -0.89 0.0027742 

    
H2-Q4 protein_coding -0.88 0.0019863 

    
Nceh1 protein_coding -0.87 5.9E-05 

    
Cfb protein_coding -0.86 0.0001044 

    
C1qb protein_coding -0.86 0.0025109 

    
Zfp36 protein_coding -0.86 0.0066958 

    
Trim30a protein_coding -0.85 0.0017263 

    
H2-Eb1 protein_coding -0.85 2.058E-05 

    
H2-Ab1 protein_coding -0.85 0.0002103 

    
Gm20547 protein_coding -0.83 0.0013162 

    
C1qa protein_coding -0.83 0.0002095 

    
Mir5107 miRNA -0.83 0.0013921 

    
Cd74 protein_coding -0.83 0.0013927 

    
Clec10a protein_coding -0.83 0.0001093 

    
Parp10 protein_coding -0.82 0.0042642 

    
Laptm5 protein_coding -0.81 0.0003346 

    
Krt10 protein_coding -0.81 0.006407 

    
Pnp protein_coding -0.80 0.0053637 

    
Ctss protein_coding -0.78 0.0021647 

    
Plekhg3 protein_coding -0.77 0.006688 

    
Cd209f protein_coding -0.77 0.000504 

    
Cd44 protein_coding -0.76 0.0066051 

    
Trim54 protein_coding -0.75 0.0001584 

    
Pid1 protein_coding -0.75 0.0013222 

    
Nnat protein_coding -0.75 0.0002041 

    
Hdac5 protein_coding -0.73 0.0006363 

    
Ctdspl protein_coding -0.73 0.0006293 

    
Ctgf protein_coding -0.72 0.0009551 

    
Ppp1r9b protein_coding -0.71 0.0097119 

    
Hp protein_coding -0.70 0.0005598 

    
Gm27694 misc_RNA -0.70 0.0007236 

    
H2-Aa protein_coding -0.70 0.0003304 

    
Camta2 protein_coding -0.70 0.0031999 

    
Gadd45g protein_coding -0.69 0.002379 



406 
 

    
Pltp protein_coding -0.68 0.0065358 

    
Rplp1 protein_coding -0.67 0.0002869 

    
Dazap1 protein_coding -0.67 0.0016507 

    
Chst1 protein_coding -0.67 0.0012689 

    
H2-Q7 protein_coding -0.67 0.0063474 

    
Nfkbia protein_coding -0.67 5.373E-05 

    
Grn protein_coding -0.66 0.0004096 

    
Ly6e protein_coding -0.65 0.0037595 

    
C1qc protein_coding -0.65 0.0051652 

    
Ctsh protein_coding -0.65 0.0069165 

    
C4b protein_coding -0.64 0.0012825 

    
Synj1 protein_coding -0.64 0.0072926 

    
Slc1a5 protein_coding -0.64 0.0013471 

    
Emp3 protein_coding -0.62 0.0048856 

    
Pmp22 protein_coding -0.61 0.0015495 

    
Plin1 protein_coding -0.61 0.0019989 

    
AC161763.1 lincRNA -0.60 0.0026531 

    
Tcim protein_coding -0.60 0.0042806 

    
Csf1r protein_coding -0.60 0.006018 

    
Fus protein_coding -0.59 1.323E-05 

    
Ifi27l2a protein_coding -0.59 0.0025515 

    
Klf2 protein_coding -0.58 0.00994 

    
Lyz2 protein_coding -0.55 0.0035187 

    
Bgn protein_coding -0.55 0.0018019 

    
Trf protein_coding -0.55 0.0015723 

    
Scd1 protein_coding -0.54 0.0037522 

    
Apoe protein_coding -0.53 0.0020968 

    
C3 protein_coding -0.53 0.0034854 

    
Aifm2 protein_coding -0.53 0.0044985 

    
Tob2 protein_coding -0.52 0.0027776 

    
Mfap5 protein_coding -0.52 0.0066988 

    
Tagln2 protein_coding -0.52 0.0031245 

    
Cdo1 protein_coding -0.51 0.0061768 

    
Gpx4 protein_coding -0.51 0.0058031 

    
Adipoq protein_coding -0.51 0.0040525 

    
Ifitm3 protein_coding -0.48 0.0041342 

    
Smarcd3 protein_coding -0.47 0.0092158 

    
Bcl6 protein_coding -0.47 0.0078616 

    
Pea15a protein_coding -0.47 0.0086844 

    
Ftl2 

processed_pseud
ogene -0.47 0.005671 

    
Mir692-2 miRNA -0.47 0.0056714 



407 
 

    
Mir692-1 miRNA -0.45 0.006263 

    
Npc2 protein_coding -0.45 0.0070076 

    
Acta1 protein_coding -0.42 1.568E-06 

 

 

 

 

 


