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l. Ilepiinyn

210 gpyaoTNPLO LG EPEVVANE TNV EMOPACT TNG OPYAVAOONS TNG YPOUATIVIG KOl TOV
EMYEVETIKOV TPOTOMOCEMY OTNV  OVATTLUEN  KUTTOPIKAOV — YEVEOAOYUDY  TOV
OVOGOTONTIKOY GLUGTAUATOC TOV TOVTIKOV. Mol ot TG ONUOVTIKOTEPES OOMES YOl TN
YPOUOCOUATIKT] OPYITEKTOVIKT] €ival TO TupNVIKO 1Kpiopa, mlve o610 0moio
npocdévovtar meployéc tov DNA yvwotéc wg matrix attachment regions (MARS)
oynuatiCovioag Ppoyovg pe t Ponbein mpoteivov. H mpwteivn special AT-rich
sequence-binding protein 1 (SATB1), m omoio ekepaleton kvpimg ota T
AepeokOTTOopa, €Yl CNUAVTIKY Opdon otnv opydvoon g ypopativig, kabdg kot
ot pOOwon g petaypaeng yovidiov. H SATBL mpocdévetar oe MARS 6mov 1
aAAniovyia tng pog aivcida xet povo A, T, C vovkdeotiowa Kot ival Emppenng 6to
EetoAypa g dwmAng €Mkag KAt amd vrepelikwon. EmmAéov, petodhayéc ot
SATB1 oyetifovron pe avtoovooieg kor kapkivovg. Amd v GAAN pepid, ot
TPOTOTOM|GEL TOV 1GTOVAV OTOTEAOVV €VO. GNUOVIIKO Unyavicpd pouduiong g
petaypapnc. Ot povo-, o01- ko Tpr-peBvlmoelg ot Avcivng 4 g 1otovng 3
(H3K4mel/2/3) éyovv ovoyetiotel pe evepyd exepaldupeva yovidwa. Toco ota
TovtiKl, 060 Kot 6Tov GvOpwmo Tig tpomomomoels twv totovov H3K4mel/2/3
npaypotonoovy ot mpoteiveg SETIA/B war MLL1/2/3/4 péo® tov cupmhoxov
COMPASS xow COMPASS-like avtictoyo. 1o gpyactipld pog o€ mponyodueva
TEPAUOTO EYIVE OVOCOKATOKPTUVICT Kot avdAvon e pacpatouetpio palog (IP-MS)
oe BupokvtTopo TOVIIKAOV Yoo vo gvtomiotel to mpwteivoua g SATBL. Ta
OMOTEAEGLOTO TOV TEWPAUATOV E0eEaV HETAEDL GAA®MV TNV aAAnAemidpacn g
SATB1 pe 10 obumhoko COMPASS koar COMPASS-like. ‘Etcl dotvmmbnke
vobeon o0t 1 SATB1 alinlemdpd kot odnyelt 1o ovumioko COMPASS oe
GLYKEKPLUEVES TTEPLOYEG TOV YOVISLDUATOG, OGTE Vo peBulimwoet v 1otévn H3K4 ko
VO EMAYEL TN UETOYPAPY CLYKEKPWEVODV  yovdiwv. Edd eAéyyoope v
aAnienidpaon g SATBL pe v SET1A og Qupokdtropo TovIK®V, opyikd LECH
oG  xpooNS avocoeOOpPIGHOV, KoL  OTN] OCULVEXEW UE  TEPAUATO GLV-
avocokatakpruviong pali pe otdnopa katd Western (co-1IP-WB). EmuAéov, yia va
eréyCoupe Tic aAlayég oto mpotumo pebviioong g H3K4, mapovsio kot amovoio
mg SATBI1, yivave TEPAUOTO OVOCOKOTOKPAUVIONG ypopativing pall pe
aArniovyion (ChIP-Seq) yia v tpomomoinon ¢ otovng H3K4me2 oe C57BL/6
kon  CD4.Cre-Satb1™  Qupoxvtrapa. Téloc Smuiovpynoe  po  SradikTvoxm
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OVTOUOTOTOINIEVT POT] EPYUCIOV OV pmopel va avaAdel okatépyacta ChIP-Seq

dedopéval.

I. Abstract

In our lab we study the effects of chromatin dynamics and epigenetic modifications in
the development of immune-related cells. Nuclear matrix is highly involved in the
chromatin architecture as DNA loci, known as matrix attachment regions (MARS),
bind to it with the help of various proteins and form loops. The nuclear protein special
AT-rich sequence-binding protein 1 (SATBL1) is highly expressed in T lymphocytes
and has an important function in the formation of chromatin loops and genome
organization, as well as in the regulation of gene expression. SATB1 has been shown
to bind MARs with a specific sequence in which the one strand consists of mixed A,
T, C nucleotides and have a strong potential for unpairing when subjected to
superhelical strain. Moreover, mutations of SATBL1 lead to autoimmunity and various
cancers. On the other hand histone modifications are one of the most important
mechanisms of transcription regulation. Among the histone modifications mono-, di-
and tri-methylation of lysine 4 of histone 3 (H3K4me1/2/3) have been connected with
positive regulation of gene expression. In both mice and humans the histone
modifications H3K4me1/2/3 are mediated by the proteins SET1A/B and MLL1/2/3
which are the catalytic domains of the COMPASS and COMPASS-like complexes
respectively. Previous work in our lab has utilized immunoprecipitation coupled to
mass spectrometry analysis (IP-MS) in murine thymocytes to identify SATBI1’s
protein interactome. These experiments indicated, among other interactions, an
interaction between SATB1 and COMPASS, as well as COMPASS-like complexes.
Therefore, it was hypothesized that SATB1 interacts and guides the COMPASS
complex to specific loci in order to methylate histone H3K4 and induce the
expression of specific genes. This work tested the interaction of SATB1 with the
histone methyltransferase SET1A in murine thymocytes, first by double
immunofluorescence-sequential staining and then by co-immunoprecipitation coupled
to Western blot (co-IP-WB). Moreover in order to identify changes of the histone
methylation pattern in the absence of SATB1 we performed chromatin
immunoprecipitation coupled with next generation sequencing (ChIP-Seq)
experiments for the histone modification H3K4me2 in C57BL/6 and CD4.Cre-



Satb1™ thymocytes. Finally | created an online automated workflow in order to

analyze raw ChlP-Seq data.



Table of Contents:

VI.

VII.

VIII.

ADSTFACE ... e 2
A ADSract IN Greek ... 2
B ADSEract IN ENGIISH ..o 3
ACKNOWIEAGEMENTS ... s 6
INEFOAUCTION ..ttt bbbt eneas 7
A SE T L A e 8
B. SATBL oottt 9
Materials and Methods ..........cccveiiiieiieieee e 12
A. ThymOCYtes eXtraCtion .........cccccvevviiieieeie e 12
B Double immunofluorescence-sequential staining ...........c.ccocvevevennne. 12
C. Co-immUNOPreCiPItation .........cccccceieerieie e 13
D WESTEIN DIOT ... et 14

1. WESTEIN DIOT ... 14

2. Harsh Stripping ......coeevciieieee e 15
E. Native chromatin immunoprecipitation ...........ccccceovvereneneniinieeenen, 16

1. Native chromatin immunoprecipitation ..............cccccocevevvenenne. 16

2. Shearing effiCIENCY ......ccooiiiiiiie 18
F. Sequencing data analysisS .........cccoeieeiiiie i 19
RESUILS ..ttt et et e e re e e nneenes 20
A. A novel protein-protein interaction is identified ...........c.c.ccccoeeiieenen. 20

B. Colocalization of SATB1, SET1A and H3K4me DNA binding sites .23

DHSCUSSION ..ot 26
R B I CES .o ————— 29
SUPPIEBMENTAIY ..t sae et re e 34



I1. Acknowledgements

First, 1 would like to sincerely thank the Assistant Professor Charalampos Spilianakis
for all his guidance these four years. He trusted me without any obvious reason, other
than my high ambitions, from the first year of my undergraduate studies and
welcomed me that summer in his lab where | gained my first wet lab experience.
Since then, in my four-year academic journey he has been encouraging and
motivating me in both failures and successes. He taught me that failure is part of the
learning process as “each difficulty is for good, to make us better” and after all with
his assistance | was awarded the Amgen Scholarship. Looking back now I realize that

without his continued support | would not be where | am today.

Secondly, | would like to thank the members of the lab Ms. Manuela Kapsetaki and
Anta Salataj for their assistance in my experiments, as well as the rest of the lab
members: Ms. Despina Tsoukatou, Chryssa Stathopoulou, Petros Tzerpos, Theodor
Savvidis, Tomas Zelenka, Iro Skopa and Dimitris Metaxas-Mariatos for their
academic advices and most importantly | have to thank them for making every day in

the lab enjoyable, even when the experiments were not going as planned.

Finally, I would like to thank my family for supporting me and my dreams. They have
always been there when | needed them and | am forever grateful for everything they

have done for me.



I11. Introduction

During interphase, DNA is non-randomly organized in a cell-type specific manner! in
a way that enables each chromosome to occupy a distinct nuclear territory?>. Within
these territories chromatin is dynamic and as a result many interchromosomal contacts
and intrachromosomal loops are formed®. Some of the major proteins that have been
identified as genome architectural proteins are the CCCTC-binding factor (CTCF)®”’,
the Polycomb repressive complex 1 (PRC)®° nuclear lamina proteins'''?, and the
special AT-rich sequence binding protein 1 (SATB1)'3¢. Although most of these
chromosomal contacts and loops may not have any biological significance and may be
the result of sharing a common nuclear compartment, some of them have been linked
to functional roles!’*°. Numerous data suggest that the nuclear organization and the
genome dynamics have a strong effect in normal cell development and
differentiation®®?!, while in various diseases, such as in cancer, the chromatin
destabilizes and the genome undergoes major conformational changes??2>%, An
example involves the differentiation of mature T lymphocytes (CD4" or CD8") to
various subpopulations, such as from CD4" to Th1, Th2 or Th17%. The CD4" lineage
commitment has been shown to be controlled by the cytokines that are being
expressed at a given time, which are regulated by specific transcription factors, such
as STAT6 and GATAS that regulate the expression of cytokine genes 114, 115 and 1113
in Th2 cell lineage commitment?®-28, Importantly the transcription regulation of these
cytokines is controlled by inter- and intra-chromosomal interactions, as well as by

epigenetic modifications?’3L,

The epigenetic modifications of chromatin have a major contribution to the regulation
of gene expression, as well as to other important biological functions®?33,
Furthermore, genome organization and epigenetic modifications are considered to be
interdependent, although it has not been yet clearly shown whether the epigenetic
modifications cause genome reorganization or/and vice versa®>3*3, One of the most
studied epigenetic modifications is the methylation of histone H3 lysine 4 (H3K4me).
The lysine 4 of histone 3 can be mono-, di- and tri-methylated (H3K4mel, H3K4me2
and H3K4me3 respectively) and all three H3K4me have been correlated with active
transcription of genes. Finally, although they can be located globally in the genome,

they are primarily identified in transcription start sites (TSS) of actively transcribed



genes, inside the coding region of active genes and in active or poised promoters or

enhancers®233,

A.SET1A

SET1A is the catalytic histone methyltransferase protein of the COMPASS complex,
a complex that specifically mono-, di- and tri-methylate’s histone H3K4. COMPASS
complex is composed of eight proteins, namely SET1A or SET1B, WDR5, RBBP5,
ASH2L, CXXC1, HCFC1, WDR82 and DPY30. From them, the three are unique for
COMPASS complex (SET1A or SET1B, CXXC1 and WDR82), while the other five
can also be found in COMPASS-like complexes that have as a catalytic histone
methyltransferase the MLL1, MLL2, MLL3 or MLL4 protein®®3". While
MLL/COMPASS-like complexes have been associated with H3K4 methylation in a
more gene-specific fashion, such as positive regulation of HOX expression® or
activation of nuclear hormone receptors, SET1/COMPASS complex is more likely to
control the majority of the global genome H3K4 methylation®. Moreover, studies
have highlighted the importance of the multisubunit COMPASS complex in the
stability and activity of both SET1A and SET1B histone methyltransferases. More
specifically, the SET1 family is functional and stable only in the presence of the four
highly conserved components, namely, WDR5, RBBP5, ASH2L and DPY30
(WRAD)®"4041 " On the other hand proteins of the complex such as CXXC1, HCFC1
and WDR82 are mostly needed for specific functions, such as the cross-talk between
histone H2B ubiquitination and H3K4 methylation®4243, Qverall, the COMPASS
complex is a sophisticated network of proteins that functions in a way that accurately
mono-, di- and tri- methylate histone H3K4 at specific loci and during defined

developmental stages.

Histone H3K4me3 has been linked with the promoters and the TSS of
transcriptionally active genes*. However, it has also been shown that H3K4me3 is
dependent on monoubiquitylated histone H2B, specifically H2BK123ub1l in yeast**4
and H2BK120ub1 in human*’. This cross-talk between the two histone modifications
is probably due to the interaction of COMPASS complex with the H2Bub machinery-
RADG and BREL1 proteins*?*3, Moreover, because the depletion of H3K4me3 causes

minimal transcriptional reduction®, also the recruitment of H2Bub machinery takes
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place after the recruitment of RNA Pol 110 and the indications that COMPASS
complex is recruited by the initiation Pol 11 machinery (Pol 1l CTD S5p)**, it has
been speculated that H3K4me3 does not directly promote activation of transcription®.
As a result the question of the functional role of H3K4me3 has not yet been clarified,
with the general idea being that it regulates downstream processes of transcription®>#’

and/or represents an epigenetic memory transcriptional activity of coding regions?®.

On the other hand, histone H3K4me2 appears to exist in higher levels in gene coding
regions of transcriptionally active genes, rather than in promoters**4%, However,
H3K4 dimethylation too displays the cross-talk with H2Bub and requires the prior
existence of the H2Bub machinery in order for this histone modification to take

place®.

Finally, histone modification H3K4mel marks predominately active (H3K4mel+,
H3K27ac+) and poised (H3K4mel+, H3K27ac—) enhancers, and not promoters or
TSS of transcriptionally active genes®®. An enhancer is characterized as active or
poised based on its ability to activate its linked gene(s)®**2. As a result active
enhancers are linked with actively transcribed genes, while poised enhancers are at an
inactive state that can be rapidly activated upon stimuli, such as lineage
commitment®*52, Another difference between histone H3K4 monomethylation and
H3K4 di-, tri-methylation is that its levels are only partially decreased in cells
defective for H2B monoubiquitination, indicating that COMPASS complex can also
monomethylate histone H3K4 independently of the H2Bub machinery*3.

B. SATB1

SATBL1 is a global genome organizer that is highly expressed in thymocytes, while in
non-stimulated Thl and Th2 cells its expression is significantly reduced. SATB1
expression levels are also detectable in mouse embryonic stem cells (MESCs) where it

has a functional role in cell differentiation.>3>*

L.A. Dickinson et al. suggested that SATBL1 binds in the minor groove of sequences
with significant unwinding potential, high AT content and uneven distribution of
guanine residues in the two strands (ATC sequence), while having little contact to

DNA bases®™. Matrix associated regions (MARs) are DNA sequences with high



binding affinity for the nuclear matrix and although they do not have a consensus
sequence, they are usually highly AT-rich®. Moreover, as some MARs may define
the ends of an active chromatin domain, they are often localized at the edges of
transcription units®®. Furthermore, T.K. Shigematsu et al. have proven that when
subjected to negative superhelical strain, MARs have a great potential for
unwinding®’. Finally they demonstrated that SATB1 is a thymocyte-specific MAR-
binding protein that binds only to double-stranded ATC sequences known as base-
unpairing regions (BURs)®.

T.K. Shigematsu et al. has shown by fluorescence in situ hybridization (FISH)
analysis in Jurkat lymphoblastic cells that SATB1 binding sequences are located in
loci resistant to extensive DNase 1 digestion and salt extraction®®. These genomic
regions are known as DNA “halos” and indicate genomic DNA loops®®. Furthermore,
it was shown by immunofluorescence in thymocytes that SATB1 has a three-
dimensional cage-like pattern, which tightly surrounds heterochromatin'®. As a result,
it has been suggested that SATB1 organizes chromatin by shaping its binding

sequences into the base of chromatin-loops'®%2,

J.D. Alvarez et al. demonstrated that SATBL1 is very important for the regulation of
gene expression during T-cell development. As a consequence, major dysregulation
occurs to the gene expression profile of thymocytes from Satbl-knockout mice, with
genes either being ectopically expressed or repressed®. Moreover, T-cell
development in Satbl-knockout mice is blocked in the CD4"CD8"* double positive
stage, while the few escaped peripheral CD4* T cells undergo apoptosis upon mitogen
stimulation®. More recently, SATB1 has been shown to have a significant role in
both positive and negative selection during T cell maturation, as well as in the
establishment of immune tolerance®. As a consequence, deletion of SATB1 from all
hematopoietic cells is closely linked to autoimmune symptoms®. On the other hand,
strong evidence have connected the overexpression of SATBL1 to poor prognosis of
breast cancer?>!6. The mechanism by which SATB1 has been assumed to advance
tumor progression is by binding to BURs near gene loci and promoting activatory or
repressive epigenetic modifications at metastasis-associated and tumor-suppressor
genes respectively?>!6. More specifically, T.K. Shigematsu et al. have proven that
SATB1 interacts with histone modification enzymes, such as the histone acetylase
p300 and the histone deacetylase HDAC1'%5, As a result, it is possible that SATBI -
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by forming chromatin-loops, provides to transcription complexes specific loci to

attach and to epigenetically regulate the expression of nearby genes'®°.

In this thesis | tried to answer the question that emerged from preliminary data: Does
SATBL1 physically interact with the histone methyltransferase COMPASS complex,
and guides it to specific loci in order to epigenetically modify the transcription of

nearby genes? (Fig.1)

Fig.1 Hypothesis: SATB1 (green) physically interact with the
histone methyltransferase COMPASS complex (blue), and
guides it to specific loci in order to epigenetically modify the
transcription of nearby genes (red).
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IVV. Materials and Methods

A. Thymocytes extraction

Every step of this protocol was done on ice. Mice 4 weeks old were sacrificed and
their thymi were extracted. The thymi were placed in 10mL 1xPBS pH7.1 petri dish
and homogenized with a cell strainer. The suspended thymocytes were poured into a
nylon mesh filter and collected in a 15mL falcon. Then the thymocytes were
centrifuged at 1400rpm for 5min at 4°C and the cell pellet was retained. The cell
pellet was resuspended in 10mL 1xPBS and the process was repeated one more time.
The total number of thymocytes was counted with a Neubauer chamber.

10xPBS pH7.1: 80g NaCl, 2g KCI, 14.4g Na;HPO4, 2.4g KH,PO,

B. Double immunofluorescence-sequential staining

Every step of this protocol was done on ice, unless otherwise stated. First, coverslips
with thickness No.0 were coated with poly-L-Lysine for exactly 5min. Immediately
after the 5min incubation, poly-L-Lysine was decant and the wells were washed fast
with 1xPBS. Then coverslips were left to dry completely at 65°C. The thymocytes’
extraction protocol was used for one C57BL/6 and one CD4.Cre-Satb1™ conditional
knockout mouse and the cells were divided in order to have 24 million cells in 12mL.
1 million cells were added on top of each coverslip and were let to set for 15min.
After the cells were set at the bottom of the well, they were washed with 1xPBS and
then fixed with 4%PFA/1xPBS for 10min. Immediately after the 10min, the cells
were washed three times with 1xPBS for 5min and then permeabilized with
0.5%Triton/1xPBS for 8min. Immediately after the 8min incubation, the cells were
washed three times with 1xPBS for 5min each and then 1xPBS was added. At this
point the cells can be stored at 4°C and the next steps do not require ice. Blocking
buffer was added on the coverslips for 30min, while keeping them in an incubation
chamber. Then the coverslips were washed three times with 1xPBS for 5 min and
afterwards the two primary antibodies mixture were added on the coverslips for 1h,
while keeping them in the incubation chamber. Again the coverslips were washed
three times with 1xPBS for 5 min and then the two secondary antibodies mixture were

added on the coverslips for 45min while keeping them in dark in the incubation
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chamber. Once more the coverslips were washed two times with 1xPBS for 5 min
while keeping them in dark. Finally, the coverslips were left to dry for a few minutes
on hard paper and then mounted with a drop of DAPI in mounting media. The
coverslips were left overnight at room temperature in dark, before they were scanned

at a laser confocal microscope.
Blocking buffer: 7.5% BSA, 1xPBS.

Primary antibodies mixture: blocking buffer, 1:25 anti-SATB1 antibody (sc-5990),
1:200 anti-SET1A antibody (ab70378).

Secondary antibodies mixture: blocking buffer, 1:500 anti-rabbit 546 antibody,
1:500 anti-goat 488 antibody.

C. Co-Immunoprecipitation

Every step of this protocol was done on ice. The thymocytes’ extraction protocol was
used for two C57BL/6 mice and a total of 200 million thymocytes were extracted. The
thymocytes were centrifuged at 1400rpm for 5min at 4°C, the cell pellet was kept and
was resuspended in 1mL lysis buffer for 35min at room temperature while gently
shaking the tube. Then they were centrifuged at 14.000rpm for 15min at 4°C and the
supernatant was kept in a new tube. The total protein concentration was measured by
the Bradford assay and was found 5,74pg/uL. 1mg was used for each
immunoprecipitation reaction and the rest was kept in aliquots at -80°C. Each of the
1mg protein extracts was diluted in a total volume of 1mL IP buffer and was stored at
4°C until it was used. 50uL of Protein G Sepharose beads were used for 4ug antibody,
as a result 100uL of 50% EtOH/50% Protein G Sepharose beads were used for each
immunoprecipitation. Before using the Protein G Sepharose beads they were washed
three times by centrifuging at 3000g for 2min at 4°C, the supernatant was discarded
and the beads were washed with IP buffer. After the third wash, 500uL of IP buffer
were added to each of the 50uL Protein G Sepharose beads plus 4ug antibody (10uL
SATBL1 isoform from Spilianakis lab 400ng/ul or 10uL rabbit IgG from Santa Cruz
400ng/uL). The mixture of Protein G Sepharose beads with either SATB1 isoform or
IgG was incubated for 4h at 4°C while rotating. After the 4h incubation, the Protein G
Sepharose/Antibody was centrifuged at 3000g for 2min at 4°C, the supernatant was
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discarded and the beads were washed three times with IP buffer. During the 4h
incubation of the Sepharose beads with the antibodies, 100uL of Protein G Sepharose
beads per immunoprecipitation were prepared again as described above in order to
preclear the 1mg protein extracts that were previously stored at 4°C. After the
Sepharose beads were washed, the 1mg protein extracts were precleared for 1h at 4°C
on an end-to-end rotator. Then the Protein G Sepharose/protein extracts were
centrifuged at 3000g for 2min at 4°C and the precleared lysates were transferred to the
Protein G Sepharose/Antibody that was previously washed. The 1mL mixtures
(Sepharose/SATB1/protein extracts & Sepharose/lgG/protein extracts) were left
overnight at 4°C while rotating to immunoprecipitate. The following day the mixtures
were centrifuged at 3000g for 2min at 4°C, the flow through was stored at another
tube and the Sepharose beads were washed with NETN buffer three times and
centrifuged at 3000g for 2min at 4°C. After the washes, the Sepharose beads were

precipitated and the protocol continued with Western blot.

Lysis buffer: 50mM Tris pH8, 170mM NaCl, 0.5% NP-40, 50mM NaF, 1x Complete
Protease Inhibitor, ImM PMSF just prior to use.

IP buffer: 25mM Tris pH7.6, 150mM NaCl

NETN buffer: 10mM Tris pH8, 250mM NaCl, 5mM EDTA, 0.5% NP-40, 1mM
PMSF just prior to use.

D. Western Blot

1. Western Blot

8% acrylamide gel was prepared and submerged in running buffer. Then the beads,
30ug flow-through and 100ug of input-protein extract were resuspended in 12.5uL 5x
loading buffer. Then the four samples were boiled at 95°C for 10min and immediately
loaded on the gel. The gel was electrophoresed at 35Volt until the dye reached the
separation gel and then at 150Volt until the dye reached the bottom of the gel. After
the SDS-PAGE electrophoresis, the gel, PVDF membrane, sponges and papers were
first submerged in cold transfer buffer for 10min and then they were sandwiched in
the following order: sponge, 2x papers, gel, PVDF membrane, 2x papers and sponge.

The sandwich was submerged in transfer buffer and the transfer was done overnight at
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4°C at 40Volts. The next day a quick wash was done to the membrane and
subsequently it was incubated with blocking buffer for 1.5 hours at room-temperature
with agitation. Following the blocking step the blocking buffer was discarded and the
membrane was incubated with the primary antibody for 2 hours at room-temperature
with agitation. Then, three washes were done to the membrane for 10min with TBS-T
under agitation. Following the washes the membrane was incubated with the
secondary antibody for lhour at room-temperature under agitation. Finally, three
washes were done to the membrane for 10min with TBS-T under agitation.

Chemiluminescence followed.

10x Tris-Glycine pH8.3: 250mM Tris, 2M Glycine, no pH adjustment needed.
1x running buffer: 1x Tris-Glycine pH8.3, 0.1% SDS.

Transfer buffer: 0.1% SDS, 1x Tris-Glycine pH8.3, 20% Methanol.

5x loading buffer pH6.8: 10% SDS, 50% Glycerol, 100mM Tris, 80mM j-
mercaptoethanol, 0.05%w/v Bromophenol Blue, 10mM EDTA.

8% SDS-PAGE gel: Separating gel: 4.5mL H>0, 2.7mL acrylamide 30%/0.8% Bis,
2.6mL 1.5M Tris pH8.8, 100uL 10% SDS,100uL 10%APS, 10uL TEMED. Stacking
gel: 3.0mL H20, 0.67mL acrylamide 30%/0.8% Bis, 1.25mL 0.5M Tris pH6.8, 50uL
10% SDS, 50uL 10% APS, 5uL TEMED.

10x TBS pH7.6: 500mM Tris, 9% NaCl, HCI until pH7.6.

TBS-T: 1x TBS, 0.1% Tween-20.

Blocking buffer: TBS-T, 5% milk.

Primary antibody: TBS-T, 1% milk, 1:1.000 rabbit anti-SET1A antibody (ab70378).

Secondary antibody: TBS-T, 1% milk, 1:20.000 anti-rabbit HRP antibody.

2. Harsh Stripping

First the stripping buffer was warmed at 50°C and then the membrane was incubated
in the stripping buffer for 45min at 50°C under agitation. The stripping buffer was
disposed in the fume hood and the membrane was rinsed under running distilled water

tap for 1min. Then extensive washes were done to the membrane with TBS-T.
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Blocking, incubation of the membrane with primary and secondary antibodies, as well

as washes were done in the same way as in Western blot.

Stripping buffer: 20mL 10% SDS, 12.5mL 0.5M Tris-HCI pH6.8, 67.5mL distilled

water, 0.8mL B-mercaptoethanol under the fume hood.
10x TBS pH7.6: 500mM Tris, 9% NaCl, HCI until pH7.6.
TBS-T: 1x TBS, 0.1% Tween-20.

Blocking buffer: TBS-T, 5% milk.

Primary antibody: TBS-T, 1% milk, 1:1.000 rabbit anti-SATB1 antibody (Lab

isoform).

Secondary antibody: TBS-T, 1% milk, 1:20.000 anti-rabbit HRP antibody.

E. Native chromatin immunoprecipitation

1. Native chromatin immunoprecipitation

This protocol was based on S. Cuddapah, A. Barski, K. Cui et al. protocol®’. Every
step of this protocol was done on ice, unless otherwise stated. The thymocytes’
extraction protocol was used for one C57BL/6 mouse 4 weeks old and a total of 110
million thymocytes were extracted. The thymocytes were divided in new falcons in
order for each falcon to contain 30 million cells and were centrifuged at 1400rpm for
5min at 4°C. Then the 30 million thymocytes were resuspended in 1mL MNase
reaction buffer at room-temperature, 0.2units MNase mix from Sigma were added and
were incubated for 16min at 37°C. In order to stop the reaction, EGTA was added to a
final concentration of 3mM and the tube was centrifuged at 1800rpm for 8min at 4°C.
The supernatant was discarded and the cell pellet was resuspended in 1mL sonication
buffer. After transferring the cells in a 1.5mL tube, they were sonicated three times
for 20sec with 20sec break on ice each time. Then they were centrifuged at 13.000rpm
for 15min at 4°C, the supernatant was kept and 20uL were taken from the 1mL of
sonication buffer in order to check the shearing efficiency. The rest of the sample was
stored in 5% glycerol at -80°C and this sample is from now on going to be called
soluble chromatin solution (SCS). After checking the shearing efficiency the SCS was

defrosted and sonication buffer was added in order for the final volume to be 3mL,
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and also Triton X-100 was added at a 1% final concentration. From the SCS 20uL
were stored at -20°C as an input. Then 10ug of anti-H3K4me2 antibody (stock
0.5ug/uL) were added in the SCS and was left rotating overnight at 4°C. The
following day the Dynabeads protein G were preblocked. First, the Dynabeads were
homogenized and then 50uL of Dynabeads were added in 950uL 1XBSA/ 1%PBS.
The beads were washed 3 times with 1XBSA/ 1%PBS for 3min at 4°C while rotating.
The beads were collected each time with a magnet on ice. After the last wash, the
Dynabeads were incubated for 30min at 4°C. Then the SCS was added to the
Dynabeads and were incubated for 2hours at 4°C while rotating. Following the 2hours
incubation, the beads were washed for 3min at 4°C while rotating the tube with the
order of the following buffers, one for each wash: 1) low salt buffer, 2) high salt
buffer, 3) lithium buffer and 4) TE buffer. The beads were collected each time with a
magnet on ice. Finally, in order to reverse the crosslinks the beads were incubated
overnight in 250uL elution buffer at 65°C. The 20uL input was also incubated
overnight in 250uL elution buffer at 65°C. The next day 250uL elution buffer was
added and then the tubes were incubated for 4hours at 65°C. Afterwards, 100ug of
RNase A (stock 100pg/pL) was added, as well as 250uL TE buffer and the tubes were
incubated for 30min at 37°C. Finally, 20ug of proteinase K (stock 10ug/pL) were
added and the tubes were incubated for lhour at 55°C. At this point the tubes
contained only DNA and in order to recover it Phenol-Chloroform extraction was
conducted. First, 500uL PCI were added, then vortexed for about 1min, centrifuged at
14.000rpm for 5min at 4°C and kept the aqueous phase. This step was done twice.
Then 500uL chloroform were added, again vortexed for about 1min, centrifuged at
14.000rpm for 5min at 4°C and kept the aqueous phase. Then 50uL 3M CH3COONa,
40pg glycogen (20pg/ul) and 1mL 100% EtOH were added and the tubes were stored
for lhour at -80°C. Then they were centrifuged at 14.000rpm for 15min at 4°C, the
supernatant was discarded and the pellet was resuspended in ImL ice cold 80% EtOH.
Finally, the tubes were centrifuged at 14.000rpm for 15min at 4°C, the supernatant
was discarded and the pellet was left to completely dry from the EtOH. Then the
pellet was resuspended in 30pL. dH20 and the DNA concentration was measured with
a Qubit Fluorometer. The DNA was stored at -80°C until it was sent for sequencing.
The ChIP-Seq libraries and analysis for our experiments were done in Dr. Dimitris

Thanos lab at the Biomedical Research Foundation, Athens Academy.
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MNase reaction buffer: 10mM Tris pH7.5, 10mM NaCl, 3mM MgCl,, ImM CaCly,
4% NP-40, ImM PMSF just prior to use.

Sonication buffer: 50mM Hepes pH7.9, 150mM NaCl, 5mM EDTA, 0.5mM EGTA,
0.3% SDS, 0.1% Na-deoxycholate, ImM PMSF just prior to use.

Low salt buffer: 20mM Tris pH8, 150mM NaCl, 2mM EDTA, 0.1%SDS, 1%Triton
X-100, ImM PMSF just prior to use.

High salt buffer: 20mM Tris pH8, 500mM NaCl, 2mM EDTA, 0.1% SDS, 1%
Triton X-100, ImM PMSF just prior to use.

Lithium buffer: 10mM Tris pH8, 250mM LiCIl, 2mM EDTA, 1% NP-40, 1mM
PMSF just prior to use.

TE buffer: 10mM Tris pH8, 1ImM EDTA, 50mM NaCl.

Elution buffer: 50mM Tris pH8, 10mM EDTA, 1% SDS.

2. Shearing efficiency

20uL of chromatin were taken, lysis buffer was added until final a volume of 250uL
and then incubated for 4hours at 65°C. Afterwards, 100ug of RNase A (stock
100ug/pL) was added, as well as 250uL TE buffer and incubated the tube for 30min
at 37°C. Finally, 20ug of proteinase K (stock 10ug/uL) were added and were
incubated for 1hour at 55°C. At this point the tube contained only DNA and in order
to recover it Phenol-Chloroform extraction was conducted the same way it was done
for the ChlIP. In the end, the pellet was resuspended in 20uL ddH-O, where 1uL was
used for quantitation, while the rest 19uL were loaded on a 2% agarose gel in order to
visualize the shearing efficiency. We expected mono-di-tri-nucleosomes (170-340-
520bp respectively) in order to have a good resolution in the sequencing.

Lysis buffer: 50mM Tris pH8, 10mM EDTA pH8, 0.2M NacCl, 1% SDS.
TE buffer: 10mM Tris pH8, 1ImM EDTA.

PCI: Phenol:Chloroform:lsoamyl Alcohol (25:24:1, v/v)
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F. Sequencing data analysis

The chromatin immunoprecipitation coupled with Sequencing (ChlIP-Seq) workflow

can be obtained from the following link:

https://usegalaxy.org/u/klaourakis/w/copy-of-chip-seg-analysis-1

The IP.fastq and input.fastq files were zipped with 7zip to .fastq.gz files and then
uploaded to usegalaxy.org with the free FTP client, FileZilla. They were uploaded in
usegalaxy.org by selecting in the Tools box: Get_Data -> Upload_File -> Choose FTP
file. Finally, in Step_1 and Step_2 the IP and input files were imported respectively
and then at the bottom of the page “run workflow” was clicked. The output files are:
four FastQC files for the quality check of the IP and input sequencing before and after
the trimming, two Flagstat files for the quality check of the IP and input mapping,
MACS?2 callpeaks in BED format for the summits and in tabular format for the peaks,
bigWig for both the IP and input for visualization in genome browsers, a histogram
for frequency statistics of MACS2 summits and finally a .bed file with the MACS2
peaks filtered for fold_enrichment>=5, plus a window of 500bp at both sides of the
peak. The visualization of the bigWig files was done in the IGB and IGV genome

browsers. Intersects were found from BedTools, with WindowBed.

GSE52071%2 , GSE66248% | GSE4984754
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V. Results

A. A novel protein-protein interaction is identified

Previous immunoprecipitation experiments for SATB1 followed by mass-
spectrometry analysis in our lab have identified about 290 proteins that potentially
have a physical interaction with SATB1 (data not shown). Among the proteins that
were identified, there were also six (SET1A, WDR5, RBBP5, ASH2L, CXXC1 and
HCFC1) out of eight (WDR82 and DPY30) proteins from the SETIA COMPASS
complex, a complex that mono-di-tri-methylate histone 3 at lysine 4 (H3K4mel,
H3K4me2, H3K4me3).

In order to validate these data and prove that SATB1 has a physical interaction with
SET1A we performed a series of experiments in C57BL/6 and CD4.Cre-Satb1™"
conditional knockout thymocytes. First we visualized this interaction in vivo by
conducting double sequential immunofluorescence- these experiments were done in
close collaboration with the PhD candidate Eralda Salataj. Although we did not
conduct any quantification for the colocalization of the two signals, it was visible that
the colocalization was significant and was a second indication that SATB1 and
SET1A are found in close proximity inside the nucleus (Fig.2 and Sup.Fig.1). It was
also clear that SET1A in thymocytes nuclei has a cage-like pattern circumscribing
heterochromatin, similar to the published SATB1 distribution. Interestingly, in
CD4.Cre-Satb1™ conditional knockout thymocytes SET1A retained its cage-like
pattern and did not collapse (Fig.3 and Sup.Fig.2). One possible explanation for which
SET1A maintained this distribution could be that other proteins that interact with
SET1A or one of the other seven proteins of the COMPASS complex has a cage-like
pattern and are able to substitute SATB1 in this role. The immunofluorescence
experiments are considered low resolution and cannot prove a direct physical

interaction between the two proteins.

20



Fig.2 Double sequential immunofluorescence. C57BL/6 thymocytes
stained for SATBL1 (green), SET1A (red) and DAPI (blue). Both SATB1 and
SET1A have a cage-like pattern that surrounds heterochromatin and
colocalize. DAPI bright regions mark heterochromatin and faint areas

euchromatin.

Fig.3 Double sequential immunofluorescence. CD4.Cre-Satb1™M conditional knockout
thymocytes stained for SATBL1 (green), SET1A (red) and DAPI (blue). SET1A maintains
the cage-like pattern even if SATBL is not present. DAPI bright regions mark
heterochromatin and faint areas euchromatin.
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Next we wanted to prove with biochemical experiments that SATB1 and SET1A have

a physical interaction. In order to do so we performed co-immunoprecipitation

experiments for SATBL1 followed by Western blot for SET1A. However, we were not
able to precipitate SET1A together with SATB1, as SET1A was constantly observed

in the flow-through (Fig.4). Moreover, when the membrane was stripped and we did
Western blot for SATB1, SATB1 band was visible in the IP and not in the flow-

through, indicating that the immunoprecipitation of SATB1 was successful

(Sup.Fig.3). Although the result of this experiment cannot prove whether SATB1 and
COMPASS complex interact or not, it indicates that SATB1 and SET1A probably do

not have a direct physical interaction.

IP
Lys SATB1 IgG Fl. thr.

Fig.4 Co-immunoprecipitation for
SATBI1 followed by Western blot
for SET1A. Lys: 100pug whole cell
extract, SATB1: IP 1mg protein
extract, IgG: IP 1mg protein extract,
Flow through: 30ug protein extract
after IP. Arrow with dashes: SET1A
(260kDa). Solid arrow: antibody’s
heavy chain (50kDa). SET1A did
not immunoprecipitate with SATB1
and can be clearly seen in the flow-
through. This does not necessarily
mean that SATB1 does not
physically interact with SET1A.
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B. Colocalization of SATB1, SET1A and H3K4me DNA binding sites

Even though we could not establish the physical interaction between SATB1 and
SET1A with the co-IP followed by Western blot experiments, we were able to
identify a colocalization in SATB1 and COMPASS complex DNA binding sites.
More specifically we analyzed published raw ChlIP-Seq data for SATB1, CXXC1,
ASH2L and two histone modifications of the COMPASS complex, namely H3K4mel
and H3K4me3. CXXC1 is a protein found exclusively in the SET1A and SET1B
COMPASS complexes®’, whereas ASH2L is a component found in all six COMPASS
(SET1A, SET1B) and COMPASS-like (MLL1, MLL2, MLL3 and MLL4)
complexes®. This analysis had low biological significance as the experiments for
SATBI1 and the two histone modifications were done in murine thymocytes®®* while
for the CXXC1 and ASH2L in mouse embryonic stem cells (mESCs)®2. Although
SATBL is expressed in mESCs and it is known to have a functional role in their
differentiation®4, the comparison that we made can only give partial information
regarding the colocalization of their DNA binding sites, as we compared different cell
types. The data analysis was done using a publicly available workflow that we
developed and is explained in the methods section. In table 1 we see the number of
peaks that our analysis generated from the published ChIP-Seq data, as well as the
number of peaks that colocalize between each protein, with a window of 1000 base
pairs upstream and downstream of each peak’s summit. There is a critical
colocalization of the binding sites between SATB1 and the two histone modifications,
and a relatively important colocalization between SATB1 and CXXC1 or ASH2L.
However, we cannot claim that the two proteins bind simultaneously to the same
DNA site, or that the one protein guides the other at these sites. Moreover, we see that
the colocalization is not complete and this can be probably attributed to the difference
of cell types that were used in the ChIP-Seq experiments. Finally, in table 2 are
presented the number of peaks that colocalize between SATB1, CXXC1 and ASH2L
(Fig.5), as well as SATB1, CXXC1, ASH2L and either H3K4mel or H3K4me3.
These results indicate that SATB1 and COMPASS complex might bind to the same
DNA loci. However, this hypothesis has to be further explored with ChIP-Seq
experiments in the same cell type, as well as with ChIP-MS approaches in order to

confirm that the DNA binding occurs simultaneously at the same cell lineage.
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proteins SATB1 CXXC1 ASH2L H3K4mel | H3K4me3
SATB1 21,074 4,536 2,522 15,620 16,181
CXXC1 - 6,617 3,215 5,772 10,657
ASH2L - - 6,799 3,707 5,404
H3K4mel - - - 39,804 26,219
H3K4me3 - - - - 26,513

Table.1 Peaks colocalization between SATB1, CXXC1, ASH2L, H3K4mel, H3K4me3.
The numbers represent the number of intersects of the summit peaks plus 1000 base pairs

upstream and downstream.

Table.2 Peaks colocalization of SATB1, CXXC1, ASH2L and either H3K4mel or
H3K4me3. The numbers represent the number of intersects of the summit peaks plus 1000
base pairs upstream and downstream.

SATB1 CXXC1 ASH2L 2,056
SATB1 CXXC1 ASH2L H3K4mel 1,374
SATB1 CXXC1 ASH2L H3K4me3 2,046

Fig. 5 Venn diagram showing
the number of peaks that
correlate between SATB1,
CXXC1 and ASH2L.. Although
the CXXC1 and ASH2L ChlIP-
Seq experiments were done in
different cell type from the
SATBL1 experiments, we can
still see a major correlation of
the peaks. This is an indicator
that SATB1 and possibly the
whole COMPASS complex,
bind on the same DNA sites.

As a result of this analysis, the IP-MS and the double sequential IF experiments we
wanted to test the hypothesis that SATB1, SET1A and the three histone H3K4

methylations have a statistical significant colocalization in their DNA binding sites

inside the nucleus of murine thymocytes and whether the histone modification pattern
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changes in SATB1-depleted thymocytes. Following this direction we performed
ChlIP-Seq for SATB1 and the histone modification H3K4me2 in C57BL/6 and
CD4.Cre-Satb1™ conditional knockout thymocytes, and at the time this thesis was
being written additional ChIP-Seq experiments were being conducted in the lab. The
ChlP-Seq analysis indicated that the reads were ambiguously mapped to repetitive
and low complexity regions, as a result the libraries and the results that derived from
them were considered problematic and unreliable (Sup.tablel & Sup.Fig.4). As a
consequence more biological replicates have to be done in order to be able to produce

statistical significant results.
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V1. Discussion

In this thesis evidence have been provided for the interaction of the genome organizer
SATB1 and the histone methyltransferase COMPASS complex, in murine
thymocytes. Although the biochemical experiments failed to prove the physical
interaction of SATB1 and the catalytic protein of the COMPASS complex- SET1A,
they provided valuable information for future experiments.

First of all, as it was previously described, SATBL1 in thymocytes has a three-
dimensional cage-like pattern, which tightly surrounds heterochromatin®®. Here we
have shown that SET1A has the same cage-like pattern in thymocytes that colocalize
with SATB1. What is more, SET1A cage-like pattern does not collapse in SATB1
conditional knock-out thymocytes. This suggests that SATB1 does not contribute to
the nuclear distribution of SET1A, and if they indeed physically interact the function
of this interaction may play a different role. Moreover, these results indicate that
either SET1A is able- on its own or inside the COMPASS complex, to maintain the
characteristic pattern, or it may interact with other proteins or transcription factors
that also exhibit this nuclear distribution. There has been indication that other
transcription factors also display the cage-like pattern that engulfs only euchromatin.
One such example is the transcription factor BACH1°® that was shown in our lab to
have the aforementioned pattern and to possibly interact with SATB1 in murine

thymocytes (Sup.Fig.5, data from Spilianakis lab).

Secondly, as it was mentioned before, the inability of the co-IP coupled with Western
blot experiments to prove the existence of a physical interaction between SATB1 and
SET1A does not prove that SATB1 and COMPASS complex do not indeed interact.
The data that support this interaction are solid, as IP-MS for SATB1 precipitated six
out of the eight proteins of the COMPASS complex, the co-IF indicated
colocalization of SATB1 and SET1A and finally the ChlP-Seq analysis produced a
good colocalization of peaks between SATB1, CXXC1 and ASH2L- two proteins of
the COMPASS complex. As a result, we cannot yet conclude with confidence
whether SATB1 interacts or not with the COMPASS complex, although a direct
physical interaction with its catalytic protein- SET1A, is mostly improbable. It is also
important to keep in mind that maybe SATBL1 interacts directly with another protein
of the COMPASS complex, and the precipitation of the SET1A and the other four
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proteins is an indirect consequence of the complex. In the same context the ChlP-Seq
and ChIP-MS experiments need to be conducted for SATB1 and SET1A in order to
test if they bind simultaneously to the same DNA loci. These two types of
experiments are going to provide novel and valuable information regarding this thesis
hypothesis, as they will confirm or disprove the interaction and indicate if a common

DNA localization pattern exists.

Moreover, during this thesis an easy-to-use without prior computational knowledge,
publicly available workflow has been developed for ChIP-Seq analysis. Although this
workflow has standard parameters that will work well with most ChIP-Seq data
(Sup.Fig.6), it can be customized to match each experiment needs. However, if the
sequencing quality is poor this workflow may not work at all, due to some strict

parameters that poor sequencings do not fulfill.

In an expansion of the current hypothesis, it would be tempting to imagine that by
organizing chromatin into loops, SATBL1 is able to produce also clustering of non-
coding loci, such as micro-RNA loci. Then, SATB1 could guide the methyltransferase
COMPASS complex to the clustered micro-RNA loci in order to co-regulate their
transcription. This could be a valid hypothesis, as it takes into account the functions of
SATBI as a chromatin organizer and transcription regulator?*® and the clustering of
the micro-RNA loci that has been shown by our, as well as other, labs®” (Sup.Fig.7,

data from Spilianakis lab).

Finally, a question that is currently in the forefront of research and could also arise in
the future of this research project is whether the genome organization guides the
epigenetic modifications, or the epigenetic modifications control the genome
organization, or maybe there is a combination of both. In our hypothesis context- and
only if it is proven correct, we would have to ask whether SATB1 guides COMPASS
complex to specific loci in order to methylate the histones, or the histone methylation
produced by the COMPASS complex makes SATBL create loops at specific loci in
order to activate transcription of nearby genes. To address this interesting research
endeavor we would have to conduct chromatin interaction analysis by paired-end tag
sequencing (ChlA-PET) for SATB1 in order to locate the chromatin interactions in
which SATBL1 is involved and then perform one of the chromosome conformation

capture techniques in C57BL/6 and CD4.Cre-Satb1™ thymocytes in order to uncover
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the chromatin interactions that are formed specifically by SATB1. Last, by utilizing a
catalytically inactive Cas9 (dCas9) fused with the catalytic site of a histone H3K4
demethylase- such as the LSD2, to demethylate histone H3K4 at specific sites and
then conducting again one of the chromosome conformation capture techniques we

could elucidate which modification is the cause and which the effect.

In summary, this work in combination with the preliminary data and the data that are
currently being produced in our lab could uncover a novel regulatory mechanism of
thymocyte maturation, which combines genome organization along with epigenetic

modifications.
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VI1IIl. Supplementary

Sup.Fig.1 Double sequential immunofluorescence. C57BL/6 thymocytes
stained for SATB1 (green), SET1A (red) and DAPI (blue). Both SATB1 and
SET1A have a cage-like pattern that surrounds heterochromatin and
colocalization. DAPI bright regions mark heterochromatin and faint areas

euchromatin.

Sup.Fig.2 Double
sequential
immunofluorescence.
CDA4.Cre-Satb1
conditional knockout
thymocytes stained for
SATBL1 (green), SET1A
(red) and DAPI (blue).
SET1A maintains the
cage-like pattern even if
SATBL is not present.
DAPI bright regions mark
heterochromatin and faint
areas euchromatin.
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Sup.Fig.3 IP with SATB1 and Western blot with SET1A (left), stripping of the membrane and Western blot
with SATBL (right). SET1A appears in the flow-through. However, after membrane stripping and Western blot for
SATBL1, SATBL1 band was visible in the IP and not in the flow-through, indicating that the immunoprecipitation of
SATBI1 was successful. Although there is a lot of background that gives more intense bands in the IgG than in the
IP, we can see the opposite happening in the 100kD of SATB1 Western blot, proving that SATB1 has been

precipitated.
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Sup.Fig.4 FastQC Report on
H3K4me2 ChIP-Seq in murine
thymocytes. This report shows that there
are problems with the library. More
specifically there are overrepresented
sequences and the duplication levels are
high, while the per base and GC content
do not follow the predicted distribution.
As a result the libraries were considered
problematic and unreliable and further
experiments need to be conducted in
order to obtain statistical significant
results.
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Info Number of | Number of | Percentage of | Number of | Percentage of | Number of
Reads Reads Aligned Unique Unique Reads | Peaks
Sequenced | Aligned Reads Reads

ChipP 20265741 | 541270 2,670862121 | 409127 75,58649103 | 587

H3K4me?2

Input 10270610 | 650507 6,333674436 | 586035 90,08896138

Sup.Table.1 H3K4me2 ChlIP-Seq analysis. The low percentage of aligned reads and the also low

final number of peaks provide an indication that the libraries are problematic and the analysis cannot
be trusted. As a result more experiments should be done in order to provide statistical significant and
unbiased results.

Sup.Fig.5 BACHL1 cage-like pattern in C57BL/6 thymocytes. Unpublished data from Spilianakis
lab. Transcription factor BACHL displays the same cage-like pattern as SATB1 and SET1A in murine
thymocytes. If SATBL1 interacts with SET1A, could BACHL also interact with SET1A and be the reason
that SET1A holds the cage-like pattern even in the depletion of SATB1?
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Sup.Fig.6 Example of comparison between published ChIP-Seq analysis®% and in lab analysis of the same data using our
own online workflow. Although the workflow will work well with most ChIP-Seq raw data, the user is able to customize most of
the parameters. One example is to run first the FastQC alone in order to identify the encoding format and sequence length and then
to optimize the settings of trimmomatic for trimming. Also, as this is a generalized easy-to-use online workflow it may produce
errors if the library is problematic and the FastQC indicates poor quality of the sequences. As a result it must be used with caution
from researches with no bioinformatics background. https://usegalaxy.org/u/klaourakis/w/copy-of-chip-seg-analysis-1

Sup.Fig.7 Clustering of the micro-RNA loci. Unpublished data from Spilianakis lab. Recent
publications have correlated the spatial coordination of micro-RNAs to their expression and
function. Moreover, our lab as well as others have noticed a special interaction of micro-RNA
loci. Could this micro-RNA loci clustering be controlled by SATB1, and their co-expression
related with epigenetic modifications, such as histone methylation?
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