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Niyec uépeg mpiv amréd tnv mapouaciacn NS dIatpIPNg Hou BéAw va
EuxapIoTnow Bepud Toug avBpwTITOUS TTOU LE Bonbnoav, LE TTOIKIAOUS TPOTTOUS Kal
ouvéBalav atnv oAokAnpwor tng.

To 1m0 ueyaAo suxapioTw BéAw va 1o mw arov Kkabnynth uou NikéAao
Moaoxova 1mou ue 0EXTNKE aTnV OUAdA ToU, apXIKA OTa TTAdioia Tou rotation kai oTn
ouvéxela yia 1o master kai 10 OI0AKTOPIKO ou. MITopw va mw 1ToAAG yia Tn
Bonbeia kai Tn ocuuTTapacTach Tou aAAd uou eaivovral Aiyo TeTpiuuéva. Auto mou
VIWBw givar TTEPNPAvIA Tou NEUouV UEAOS TNS ouadag Tou Kai TTou OAOKARpwod TO
OIOAKTOPIKO LIOU EXOVTAC TOV EMIBAETTOVTIA KABnynTH.

Euxapiorw 1diairepa tougs K. MNwpyo MaupoBaAaoaitn kai K. KAgiw
MauaAdkn, péAn tne TpIEAOUS LOU ETITPOTTAG, YIA TO EVOIAQPELOV TOUS yId TNV
mP0O000 pou. Emiong, suxapiotw ta uéAn tng EMTAUEAOUS UOU ETTITPOTTAS! TNV K.
Aéamoiva AAeéavdpakn trou emimAéov ue Bornbnoe orto mreipaua Twv dUo-uBpidiwy,
K. NIk6Aao Avayvou Tou OEXTNKE va CUUNETEXEI OTNV EEETACTIKN ETTITPOTTH, K.
Anuntpio Kapddon, k. KAsiw MauaAakn, k. Nwpyo MaupoBaAaoairn, K. lwane
lNMamrauarBaidkn kai K. [Nwpyo XaAeTTAakn mou KTOC ard UEAOS TNS EMITPOTTAS ATAV
mavra mpoBuuog va ue BonBRael.

Euxapiorw Bepud tov Dr. lMNavayiwrn AsAouka amrd 1o Sanger Center yia
TNV QIAoéevia Tou aTo EpYaaTHPIO TOU KAl YI TNV EUKAIPIa TTOU Uou EOwWOE va
EPYAOTW O€ Eva TTOAU evoiapépov TTepIBAAAov. Emiong suxapiotw tnv Lisa French
yia Tnv Gpoyn ouvepyaoia Lag.

H Mapia KokKivakn €ivai autr UE TNV OTToid TTPWTOOUVEPYAOTNKA OTaV
THya OTO £pYAaTNPIO Kal yI’ auTO HIOUV TTOAU TuxEPn. Bpiokw aéloBauuaatn tnv
utTouoVvr) Kai Tnv SIQKPITIKOTNTA TNG KAl TNV EUXAPIOTW YIA TNV TTETUXNUEVN
TOAUxpovn «ouykaroiknon» pag. Euxapiotw emiong tnv AyyéAa lNaormrapadkn, e
TNV OTToia CUVEPYAOTNKAUE KATA THV KATAOKEUR TOU QUOIKOU XApTn, yia TNV
BonBeId TNS OTIC KUTTAPOKAAAIEQYEIES, yIA TIC ATTEINEC KPUOTOUES AAAG KUpiwC yia
TNV OUVETTEIA Kal TNV EUYEVEIQ TNS. ATTO Ta TTaAQIOTEPa UéAN TS ouddag uag nrav o
AAééavdpoc ApyupokaoTpitng. Oa tov Buuduair Tavia yia Tnv KaAr Tou mpobson
va Bon6naoel, Tnv £ueUTn KOUWOTNTA TOU KAl TO TTNYaio X10UUoP ToU.

2nuavtikn nrav n Bonbeia tou MNwpyou Ppaykiaddkn yia Tnv mapaywyn
avTiowuATwy, TTOU NTAV Kal 0 «EMIBAETTWV» UOU KATA TNV TITUXIAKH JOU Epyacia,
kai Tou Aautpou lNavayr, cuu@oITnNTA OU, OE TTOAAES ATTOPIES TTOU Eixa aTnV
vEUpOQVaTOUia TOU EYKEPAAOU.

2& QPKETG oTddia NS O1aTpIBAC HOU CUVEPYAOTNKA, OTA TTAQICIA TTTUXIQKWV
EPyaoiwyV Kai rotations, pe MoAAG maidid, Ta orroia Kal EUXAPIOTW YIATI QUTES Ol
ouvepyaaies nrav e€ioou SIOAKTIKEC Kal yia uéva. Oa Buuduai Tnv dpioTtn
ouvepyaoia pou ue tTnv Mapia lMNamraddkn, tov INavvn NamraguBuuiou kai Tov AGkn
2KOTTEAITN, KATd TV QUUOIKN XapToypaenon, tnv Aéoroiva ATTooToAoTToUAOU Kai
nv MapkéAAa Karidou mou ouvéBaAav atnv mapaywyn aviiowudTwy Kai o€ oElpd
utrokAwvortroinoewv Kai tnv Eupopgia T{aykapakn kai tov Xpnoro Avdpeadn mou
ouveloépepay onuavtika ora mreipauara twv RNA in situ uBpidorroinoswv.

Ermiong, kai ekto¢ BioAoyiag, BéAw va euxapiotiow tnv FNwra yia tnv @ilia
n¢. Eva ueyado euxapiotw oTic adeA@ES pou Mediva kai Anda trou ue ornpifouv
TTAVTA KAl UE KAVOUV va EKTIUW THV UEYAAN OIKOYEVEIQ KAl OTOV TTATTTTOU KAl Th
yiayia Lou Tou £xouv Tov id1o evBouaiaouo ue uéva. TEAOG, EUXAPIOTW TOUS YOVEIC
pou Anuntpn kai EAévn yia tnv amrépavrn aydrn 1ous Kai TNV utroaTnpiéf Toug oTIC
EMMIAOYES LoU.
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KATAAOIOZ NINAKQN
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Mv.
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1: Ta xpwpoowuarta yia Ta oTroia €xel OAoKANpwOEei N aAAnAouxnon
Kal N avaAuor) Toug

2: Ta yovidia oTa oTroia €xouv TauToTToINBEl HETAAAQYEG OTIG KUPIEG HOPPEG
IOIOTTABWY YEVIKEUMEVWV KAl JEPIKWYV ETTIANYIWV

3: AloAUpata avTIBIOTIKWV

4: O1 ekkivnTéG TWV STSS TNG XPWHUOCWHIKNAG TTEPIoXNS 10923.3-925.3

ka1 10g26.2-qter

: AM\nAouxieg ekkivnTwv

: AVTIOWUATA KOl OUVONKESG EQAPUOYAS

: MpoéAeuon Twv STSs TTOU XPNOIKOTTOINBNKAV OTNV QUOIKA XapToypdepnon

: AtroteAéopara TnG diepelivnong TNG YeEVWUIKAGS BIBAI0Brikng BAC

: NpokaTapKTIKG contigs TTou XapToypa®rndnkav oTIG TTEPIOXES

10923.31-gq25.3 ka1 10926.2-qtel

10: N€a STSs atmréd akpaieg aAAnAouxieg kKAwvwyv BAC atro Tig TTEPIOXES
10923.31-g25.3 ka1 g26.2-qter.

11: MevwpIKOi KAWVOI TOU XpWHOCWHATOS 10 TTOU TTEPIEXOUV TNV
emavainyn CGG.

12: MovoTuTriKA avAAuan yia TNV JEAETN TOU TTOAUPOPQIGHOU TNG
emmavaAnyng (CGG)n.

13: XapakTnpIoTIKA TWV XPWHOCWHATWY

14: ZuykpITIKA avaAuon opoidTnNTag opBoAGYwWY yovidiwv avepwIToU-TPWKTIKWY

O©oo~NOO;

KATAAOI'OZ EIKONQN
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Eik.
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Eik.
Eik.
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Eik.

1: Z1parnyikn TNG KAwvoTtoinong yovidiwv BAcel TNG XPWHOOWWIKAG
ToTToypagiag Toug (avatuttwaon até Schuler GD et al, 1996)

2: EkBeTik) augnaon Tou pubBuou KAwvVOTToINaNG TWV YoVIBiwV TTOU GXETICoVTal
pe voouata (oToixeia armd 1o National Human Genome Research Institute,
NIH, http://www.genome.gov/).

3: H diaknipuén tng Valencia

4: Ta e§weulra Twv TTepiodikwv Nature kai Science Tov PeBpoudpio
Tou 2001, TTOU TTEPIYPAPOUV TNV avAdAuon Tng TTPWTNG £€KOOONG TNG
aAAnAouyiag Tou avBpwTTivou yovidiwpartog atmd To HGP kai Tnv eTaipia
Celera Genomics avTioToixa.

5: lepapyikr) shotgun aAAnAouxnon. Avarutrwaon até Lander ES et al, 2001

6: EvOeIKTIKA NAEKTPO@OPNON € TIAKTWHA ayapoldng TwV TTPOIOVTWV
TEPAXIOPOU Twv KAwvwy BAC.

7: Ta yovidia Tou XpwhoowuaTog 10 TTou €X0UV CUOXETIOTE E YEVETIKA
voonuaTa

8: H eUBpauaoTtn Béon FRAXA

9: ZxnUaTIKN aTTeEIKOVION Tou @opéa pACT2.

10: ZXnuaATIKA aQvoTTapAcTACT) TNG KATOOKEUNG TWV PIBOAVIXVEUTWYV UE
avTidpaon YETaypagng in vitro.

11: IXNUaATIKA avaTTapaoTacT TNG KATOOKEUNG TwV PIBOAVIXVEUTWYV UE
avTidpaaon YeTaypagng in vitro.

12: Apxn Tou ouoThuaTog dU0 URPIBIWY.

13: MNopeia KATAOKEURS TOU QUAIKOU XApTn.

14: Xapteg ToUu Xpwuoowuatog 10 atrd Toug oTroioug eTTIAEXBNKAV Ta
STSs yia v digpeuvnon TG BiBAI0OBrikng BAC.

15: MNpoidvta PCR yia 12 STSs TG XpwpoowpIKAG Trepioxnis 10923.31-g25.3.

16: AidTragn ka1 autopadioypagia TNG YeEVWHIKAG BIBAI0BRAkNnG BAC.

17: EvOEIKTIKI] KOTAXWENON TwV atroTeAeoudTwy TnG dlEpelivnong
TNG YevwuIKAGS BIBAI0Brikng BAC atnv Bdon dedopévwy 10ace.

18: Kataxwpnon Twv atmmoTeAeTUATWY avTioToixnong evog STS pe Ta
BACs 110U TO TTEPIEXOUV.
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NMEPIAHWH

210 TTAQiCIA TOU TTPOYPAUHMATOG TG XApTOYPAPNOoNG TOU YOVIBIWUATOG TOU avOpwITou, 0TO
TTPWTO PEPOG AUTAG TNG dIATPIBAG KATAOKEUATANE TO QUOIKO XAPTN UYWNAAG EUKPIVEIOG TWV
TTAOUCIWYV o€ yovidla, TTeploXwv 23.3-925 kal g26.2-qter Tou xpwpoowuartog 10, yrikoug ~35
Mb 1ToU 1I000UVApET PE TTEPITTOU TO ¥4 TOU PAKOUG TOU XPWHOCWUATOG. IMNa TNV KATOOKEUN TOU
XAPTN, apXIKé diepeuvrioape yia oAk yevwuikr BIBAIOBAKN KAwvwy BAC xpnoIuoTToI0VTAG
Katd ouddeg, ~500 povadiaia Tuuata DNA (STS) atrd Tig avwTépw XPWHOCWHIKES TTEPIOXES
WG avIXVEUTEG, Kal atTopovwoape 3350 d1aKPITOUG XPWHOOWHO-£181KOUG KAWVOUG. O1 KAWVOI
QUTOI, 0€ OUVOUOCUO JE EKEIVOUG TTOU [E TNV idIa TTPOCEYYION EiXav aTTOUOVWOEI aTrd Toug
ouvepydaTeg pag oto Sanger Centre, atreTéAecav TNV XpwHoowdo-€10IKr BIBAI0BAKN Tou 10,
atroteAoUpevn ouvoAiké atrd ~18.000 BACs. H digpetvnon authg NG BIBAIOBAKNG pE KABE éva
a1 Ta TTapaTTrdvw STS, EexwpIoTd, Hag 0drynoe aTny AETTTOUEPN Kal aTTOAUTA agIoTTIoTN
avTioToixion k&Be BAC e pia opdda amo STSs. Ta dedouéva pag, o€ auvOuaoud PE auTd TTou
TTPOEKUYAV ATTO TOV TTPOCBIOPITHS TOU TTPOTUTTOU VCUMIKOU TEPAXIOWOU Twv avTioToixwv BACs
(Sanger Centre UK, Washington University St. Louis US) xpnoigotroiménkav yia Tnv KaTaoKeUn
KAt apxnv, emuépoug contigs (OuAdeC aAANAOETTIKGAUTITOUEVWY KAWVWYV) Ta OTToia, BAcEl Twv
STS 110U TTEPIEIXAV, XAPTOYPAPOUVTAV KATA UNKOG TWY AVWTEPW XPWHOCWUIKWY TTEPIoXWV. MNa
TNV €TTEKTACN KAl 0TABIOKK €voTToinon Twv contigs, kaBopioaue He XPWHOOWHIKO
«TTEPTTaTNUay, TeEPITTou 80 VEOUG POPIaKOUG BEIKTEG ATTO TA AKPA TWV TEAIKWV/EGWTEPIKWV
KAWVWYV TwV contigs pe TEAIKO OTTOTEAEOUA TNV KOTAOKEUR £VOG evidiou, UYNANG EUKPIVEIDG
QUOIKOU XAapTn yia Tnv Treploxr 10q23.3-g25, yAkoug trepitrou 28 Mb. H agloTmoTia TNG OXETIKAG
TOTTOYPAPiag KABe yeVWUIKNAG B€ong TTPOKUTTITEl aTTO TO «BABOG» Tou contig oTn TTEPIOXN, OTTWG
KaBopifeTal atrd ToV apIBPO TwV ETTIKOAUTITOMEVWY KAWVWY TTOU ETTIRERAIWVOUV TN OXETIKA
Béon. Ze KABe TTePITITWON, TOUAGXIOTOV 8 ETTIKOAUTITOMEVA, AETITOPEPWG XapakTnpiopéva BACs,
KaBopifav KGBe XpwuoowuIkA B€éan. Me TTapduola TTPooEyyIoT, CUYKPOTHONKE O QUOIKOG
XAPTNG TNG UTTOTEAOUEPIKNG TTEPIOXHG OTTOTEAOUNEVOG aTTO dUO contigs peyéBoug 4,6Mb kai
2Mb. H oAokAnpwpévn aAAnAouxnon Twv treploxwy 10923.3-g25 kal 10g26.2-qter atrd Toug
ouvepydaTeg pag (epyacThpio autéparng aAAnAouxnong DNA, Sanger Centre UK) €yive Bdoel
TWV TTAPATTAVW XapTwV. Na To okoTré auTd, emIAEXONKE Kal aAAnAouxnBnke pia ogipd KAWvVwWY
BAC (~300), o1 otToiol dIaTPEXOUV TIG £V AOYW XPWHOCWHMIKES TTEPIOXEG KAB’ OAO TO WNKOG TOUG,
eP@aviCouv TNV PEYIOTN AgIOTTIOTIO WG TTPOG TNV TOTTOYPAQia TOUG Kal TrTapouaidlouv Tnv
eAdyioTn duvarth aAAnAoemikdAuywn (minimal tiling path). MA£ov, n TAAPNS aAAnAouxia oTIg
QVTIOTOIXEG TTEPIOXEG, TTOU TTEPIEXOUV 272 aTTd Ta 816 yovidia ToOU XPWHOCWHATOG TTOU
KWOIKOTTOIOUV TTPWTEIVES Kal 6TTou XapToypagouvTtal 40 yeVETIKOI TOTTOI vOONUATWY, €ival
oXedOV eviaia Kal eEAeUBepa TTPOGRATIUN OTO OIAdIKTUO.

2710 OeUTEPO PEPOG TNG BIATPIRAG, AGIOTTOINCANE TOV QUOIKG XAPTN Kal TNV aAAnAouxia

Tou Xpwpoowuartog 10 yia va Trpoodiopicoupe in silico, Tov yovidiakd xapTn NG TTEPIOXAS



10923.3, uAkoug 3Mb pe aTOXO TN TAUTOTTOINGN YOVIBiWV TTOU OXETICOVTal e TTABOAOYIKOUG
QaIvoTuTTOuG. ECTIQOTAKAWPE O€ aUTA TNV UTTOTTEPIOXN AOYW TNG OUVOEDNG TNG, EKTOC AAAWY, HE
Q) TO YEVETIKO TOTTO TG QUTOOWMIKAG ETTIKPATOUG PEPIKAG ETTIANWIAG TOU TTAAYIOU KPOTAQIKOU
AoBou (ADLTE) ka1 B) Tnv ékgpaon Tng eUBpauoTtng XpwuoowiikAg 6éong FRA10A. Metd 10
XOPAKTNPEIONS pIag o€Ipds yovIDiwy TNG TTEPIOXNAG, OTA TTACICIO TOU EUPWTTAIKOU consortium yia
Tnv ADLTE, &¢i¢aue o611 peTaAAayég oTo yovidlo LGI1, euBuvovTal yia Tnv ekOAAWOCN TNG
aoBéveiag. To LGIL padi pe Tpia akdun yovidia, CUyKpoTEi pia d1aoKopTTIouévn OTO Yovidiwua,
OIKOYEVEIQ UE KOIVA XOPAKTNPIOTIKA TIG TTPWTEIVIKES eTTavaAfyelg EPT kal To YepIKwg
ETTIKOAUTITOMEVO TTPOTUTTO €KQPAONG OTOV eyKEQOAO. H yeveTikr eTepoyéveia Tng ADLTE i dAAeg
VEUPOAOYIKEG a0BEveIEg, iIoWG eEnyolvTal attd TNV UTTAPEN QUTWV TwV TTapdAoywyv yovidiwyv LGI.
ETriong, pe in silico digpelvnon Tng aAAnAouxiag Tou XPWHOCWUATOG Yia
TPIVOUKA£OTIOIKES eTTavaAnyelg (CGG)n, TauTotroioapue 10 yovidio FRAL0ACL TTou oxeTiCeTal
ME TNV eUBpauaoTn Béon FRA10A, Kai TTpOXWwPNOAUE OTO XAPAKTNPIOKWO ToU. H KUTTOPOYEVETIKN
ékppaon TnG FRA10A ogeiheTtal otnyv emékTaon Katd ~200 @opEg, TNG TTOAUPOPPIKAG
emavaAnyng (CGG)n 1ng 5’ UTR Tou yovidiou. H etréktaon Tou (CGG)n odnyei otnv
uTTEPUEBUAIWON TNG TTEPIOXNG (aTTOTEAECUATA ATTO CUVEPYALOUEVO EPYQOTHPIO) KAl CUVETTAYETAI
TNV METAYPAPIKH KATAOTOAR Tou yovidiou. To FRAL0ACL cival petaypa@iké evepyd oe OAoUg
TOUG 10TOUG TTAPOUCIAZoVTaG UWNAOTEPQ ETTITTEDD EKPPAOCNG O€ Opyava PE UWNAR METAYPAPIKH
opaoTnpiotnTa. H Utrapén 5 evaAAGKTIKWV PETAYPAPWY OTIG YOVADEG, TNBavVOV va CUVETTAYETAI
avTioTolxo apiBué icopoppwy Tng Tpwreivng FRA10AC1, eTepoyevbv aTo KapBogu-TeAIKO AKpO.
H rpwrTeivn evToTriCeTal aTov TTUPr VA TOU KUTTAPOU Kal EP@avifeTal guvTnpnuévn aToug
TTOAUKUTTOPOUG EUKAPUWTIKOUG OPYAVIOUOUG UTTOBNAWVOVTOG CUUUETOXN O€ HIO BACIKA
AgiIToupyia Tou KUTTdpou. Me oTéxo Tn digpelivnon Tou BloxnUIKoU poAou TnG TTpwTEivNG
FRA10AC1, aglotroijoape To cUOTNUA Twv U0 UBPIBIWY OTO COKXAPONUKNTA TTOU OTTOKAAUWE
TNV aAAnAeTTidpacn TnG ue TIg TTpwTeiveg SAP145 kai DGCR14. O1 TrpwTeivikéEG aAANAeIOpAoEIg
NG FRA10AC1 emBeBaiwBnkav pe Tpooeyyioeig in vitro kal o€ KuTtapokaAAiépyeieg. Kai o1 dUo
TTPWTEIVEG TTOU TAUTOTTOINBNKAY, QAIVETAI VO CUPHETEXOUV O€ KOIVH] BIOAOYIKN AgiToupyia, oTn
oiadikacia ouvapuoyng Tou mRNA. Mpdayuarti, n SAP145 amoteAei uttopovdada Tou TTapdyovTa
ouvapuoyns SF3b, o otmoiog cuppeTéxel oTo oxNUaTiIopo Tou U2 snRNP, cuoTtatikéd Tou
peidovog spliceosome kal n DGCR14 £xel attopovwBei BIOXNUIKA WG TTPWTEIVN-CUCTATIKO TOU
idlou ocupTrAdkou. Kabuwg kai o1 dUo oxeTiCovral pe T diadikaoia Tng ouvappoynig Tou mRNA, Ta
aTTOoTEAEGUATA Pag cuvnyopouv oTnv cuppeToxr TnG FRA10AC1 oe autrjv Tnv diadikaagia n
eVOAAOKTIKA 0€ AAAEG AciToupyikd cuoxeTICOUEVEG, Bladikaaieg auvBeong, eTeCepyaaiag f/kal

dlakivnong Tou mRNA.



ABSTRACT
In the first part of this thesis, we constructed a high resolution, sequence-ready,

physical map of the gene-rich regions q23.3-g25 and q26.2-qgter of human chromosome 10.
These regions comprise about 35 Mb, i.e. about Y2 of the length of the chromosome. For the
map construction, we initially screened a grided human BAC library, using about 500 distinct
sequence tagged sites (STSs) from the above regions as probes, divided in groups, and
isolated 3350 distinct, chromosome 10-specific BACs. Our clones, together with those similarly
isolated by our Sanger Centre collaborators, formed the human chromosome 10 specific library,
consisting of ~18.000 BACs. Screening of this library with each one of the above STSs, led us
to the detailed and highly confident correlation of each one of the BACs with a group of STSs.
We used these data, in combination with those derived from the BAC fingerprinting analysis
(Sanger Center UK, Washington University St. Louis US) for the construction of the preliminary
contigs (groups of overlapping clones) mapped along the above chromosomal regions. For the
extension and progressive merging of the contigs, we determined by chromosome walking,
about 80 new STS-markers, derived from the end-sequences of the most distal clones of each
contig. This task gradually resulted in the construction of a unique, high resolution physical map
of 10923.3-925, with a length of approximately 28 Mb. Contig depth, as defined by the number
of overlapping clones in every map position, confidently supports the relative topography of
each genomic site. In our map, mapping of each position was supported by at least 8
overlapping, well-characterized, BACs. Similarly, in terms of strategy and confidence, the
physical map of the subtelomeric region was constructed, consisting of two contigs, 4.6 Mb and
2 Mb in length. Our mapping data were exploited by the collaborating laboratory of automated
DNA sequencing (Sanger Center, UK), initially for the construction of a minimal tiling path of
about 300 BACs mapped with the highest confidency, and subsequently, for the complete
sequencing of the above regions. The corresponding finished sequence, currently available
freely through the network, has a total size of about 35 Mb, consists of 272 out of 816
chromosome 10 protein coding genes and is associated with 40 disease-related genetic loci.
With the aim to identify disease-related genes, in the second part of this thesis, we
exploited both physical mapping and sequencing data to construct in silico, the genic map of a
10923.3 region, 3 Mb in length. Among others, this area is associated with i) the genetic locus
of the autosomal dominant lateral temporal lobe epilepsy (ADLTE), and ii) the expression of the
cytogenetic fragile site FRA10A. In collaboration with other labs, altogether forming the
European Consortium of ADLTE, we characterized several ADLTE candidate genes. Among
those, LGI1 was determined to be directly associated with the disease, since it was found
mutated in patients of ADLTE families. LGI1 a gene of unknown function, belongs to a novel
gene family consisting of four members (LGI1-4) dispersed in the genome. All LGl genes are

active in the brain displaying a partially overlapping pattern of expression; the encoded proteins



are characterized by a variable number of tandemly linked EPT repeats possibly involved in
protein-protein interactions. It is reasonable to hypothesize that the characteristic genetic
heterogeneity of ADLTE or other neurological diseases may be related with members of the LGI
family.

Finally, by in silico screening of the nucleotide sequence of chromosome 10 for (CGG)n
repeats, we identified a novel gene, FRA10AC1, carrying a polymorphic (CGG)n repeats in its
5 UTR and showed its direct involvement with the manifestation of FRA10A fragile site. Indeed,
FRA10A carriers display expansion of the (CGG)n repeat by approximately 200-fold. This
expansion, as shown by a collaborating group, results in hypermethylation of the region and the
consequent transcriptional silencing of the gene. FRA10AC1 transcripts are detected
ubiquitously in human tissues, being more abundant in organs with highly transcriptional
activity. The presence of FRA10AC1 alternative transcripts in gonads, suggested the existence
of five protein isoforms displaying structural heterogeneity at their carboxy-terminus. FRA10AC1
protein is accumulated in the nucleoplasm and remains well-conserved in multi-cellular
eukaryotes, implying participation of the FRA10AC1 in a fundamental cellular function. In order
to investigate its biochemical role, using the yeast two-hybrid system, we showed that
FRA10AC1 interacts with two proteins, SAP145 and DGCR14 and verified our finding by in vitro
and cell culture assays. According to the recent literature, both interacting proteins are involved
in the process of pre-mRNA splicing. Indeed, SAP145 is a subunit of the SF3b splicing factor
participating in the formation of U2 snRNP, a component of the major spliseosome.
Furthermore, DGCR14 has been repeatedly isolated by biochemical approaches, as a
component of the same complex. Therefore, it is reasonable to believe that our data support a
functional role of FRA10AC1 in the pre-mRNA splicing machinery or, its involvement in
functionally linked procedures, i.e. synthesis, processing and nucleo-cytoplasmic transport of
mRNA.
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1.1. F'svika

H Mopiakn MeveTikh Tou AvBpwTToU PEAETAEI TNV YEVETIKA TTOIKIAOTATA KAl TNV
KANPOVOUIKOTNTA GTOV AvBpWTTO £XOVTaS BAcIké OTOX0 €KTOG Twv AAAWYV, TNV
Karavonorn TnG HOopIaKNG BAong Twv voonudtwy, Tn ouvdeon dnAadn Tou GaivoTuTrou
ME TN YEVETIKA oUCTAON TOU OTOUOU KAl TNV gIOTToinon auTAg TNG YVWong yia Tn
BeATiwon Twv peBOdWY diIdyvwong Kal atToTEAEOUATIKAG BepaTTeiag. Ta yeveTIKA
VOOiUaATa ATTOTEAOUV TIG TTIO EPPAVEIG KA TIG TTIO AKPAIEG EKONAWOEIG TWV YEVETIKWV
TTapeKKAioEwv, 6e0TTOJOVTOG TTAVW O€ Wia eupUTaTn KAl KaB’ OAa QUCIOAOYIKNA
YEVETIKI TTOIKIAOTNTA.

MNa Ta KANPOVOUIKA VOOuaTa TTou gival yvwaoTh n Bloxnuikn Toug Bdon, givai
EQIKTI) OUVNBWG N TaUTOTTOINCN TNG BUCAEITOUPYIKAG TTPWTEIVNG KAI OTN CUVEXEIA O
XOPAKTNPIONOG TOU avTioTolxou utteUBuvou yovidiou. KAaoikd TTAéov TTapadeiyuaTa
gival o1 81aQopeg HopPpéG Balaaoaipiag, N algoppo@iAia A, N AIVUAKETOVOUPIQ K.ATT.
O1 TTepI000TEPEG OUWG a0BEveIEG opeilovTal ae PETAAAAYEG yovISiwy TTOU TO TTPOIdV
TOUG KaI N AgIToupyia Tou gival ayvwaoTn 1, M€ GAAA AOyIa, N KAIVIKE €Ikéva Ogv PTTOPEI
va ouvoeBEi Pe KATToI0 YVWwOoTO BIOXNMIKO JOVOTTATI 1) BIOAOYIKN AsiToupyia. &' auTég
TIG TTEPITITWOEIG OTTOU OEV UTTAPXOUV BIoXNMIKA 1] GAAa dedopéva TTou va odnyouv o€
éva moavo uttown@io yovidlo, n TTpocéyyion TTou akoAouBeiTal gival auTr) Tng
KAWVOTTOINoNG Tou uTreUBuvou yovidiou BAcel TNG TOTTOYPAQPIAg TOU GTO XPWHOCWHA.
H mmpooéyyion auTh €ival TTOAU aTTOTEAEOUATIKN YIO VOOTUATA TTOU EU@AVICOUV
MEVTEAIKO TUTTO KAnPOVOUNONG KOl CUVETTWG OPEIAOVTal WG £TTi TO TTAEiOTOV, O€
METOAAQYEG VOGS YOVIBIOU TTOU TTAPOUCIAgel JeydAn dieioduTIKOTNTA. H dladikaoia
TTEPINAPPBAVEI TNV TOUTOTTOINON TNG KPIOIUNG TTEPIOXNG HEOW AVAAUONG YEVETIKAG
oUVvOEONG O€ OIKOYEVEIEG OBEVWY, TNV TAUTOTTOINCN TWV YoVISiwV TTOU
XOPTOYPOPOUVTAl OTN OUYKEKPIPEVN XPWHUOCWHIKA TTEPIOXH, TNV ETTIAOYI VOGS 1
TEPIOTOTEPWY UTTOWNPIWY yovidiwv Kal Tn digpelvnon HETOAAQYWY O€ aoBeveig
(Eix. 1). Baoikn TpouTtré0eon yrI' autriv Tnv TTopeia gival n Utrapén AETTTOUEPWY
YEVETIKWV KAl QUOIKWY XPWHOOWHIKWY XAPTWV.

Mpiv pia dekaeTia, Ta TTAPATTAVW OTAdIA ATAV TTOAU ETTITTOVA Kal XpovoRopa
KaBwG 01 apXIKOi YEVETIKOI XAPTEG NTAV XAWNAAG EUKPIVEIAS Kal GNPAvTIKG TTOC00TO
TWwV yovidiwv Tou avBpwTTou Ogv €iXe XapaKTNPIoOTE. ZTadIAKA, O dIadIKATieg
dpxioav va emrTaxuvovTal KUpiwg Xapn oTn OUVEICQOPA TwV ATTOTEAECUATWY TOU
Mpoypduuatog Xaptoypdenong kai AvadAuong tou AvBpwTrivou [MoviSIwPaTog
(HGP). Z1a mAgioia autou Tou TTPOYPAUUATOG, KATAOKEUAOTNKAV XPWHOCWHIKOI
XAPTEG ME OTAdIOKA auEavOouevn BIAKPITIKN IKAvOTNTA TTOU GUVEITEPEPAV OTNV
eAax10TOTTOINON TOU EUPOUC TWV KPICIMWY XPWHOCWHMIKWY TTEPIOXWYV. ETTITTAéOV, UE

TNV KAWvOTToinon, TN xaptoypdenon kal aAAnAoUuxnon JeYAAwY XpwWHOCWHIKWY
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TTEPIOXWV Kal TNV AUEDT) DIOXETEUCN TWV TTANPOPOPIWY € dnudOIEC BATEIG
0edopévwy, EMTAXUVONKE KATA TTOAU N TAUTOTTOINCN TWV YoVISiwyV TToU GXETICoOVTal E
MevTeAIKA voouaTa. MAEov, pe diaBéaiun Tnv oAokAnpwpévn €kdoan TG
aAAnAouyiag Tou DNA Tou yovIBIWPaTog Tou avBpwTTou, £va JeydAo PEPOG TNG
EPYAOTNPIOKNG épeuvag HETaQEPBNKE in silico. ‘ETol, 61 pévo gival duvatog o
EVTOTTIOUOG TWV YoVvIdiwv TToU ouvdéovTal e TTaBoAOYIKOUG @aIvoTUTTIouG, aAAd
EMMTTAEOV UTTAPYOUV DIOBETIUES TTANPOYOPIES Yia ToV TNBavVE BIOXNUIKO Toug pdAo, Ta
mlavda opBoAoya kai TTapdAoya yovidia, TOUG GaIvoTUTTIOUG TTOU OUVOEOVTAI JE
METOAAQYEG TOUG, TIG AAANAETTIOPACEIG TWV TTPWTEIVIKWY TTPOIOVTWY TOUG K.ATT. H
OUVEICPOPA TWV YEVETIKWYV KAl YOVISIWHATIKWY TTANPOPOPIWY TTOU TTPOEKUYAV OTT
10 HGP, @aivetal ammd Tnv ekBETIKN augnon Tou aplBuoU Twv yovidiwv TTou £Xouv
OUCXETIOTEl e voorpaTa Ta TeAeuTaia xpovia (Eik. 2). QoT1éo0o, YEXPI OHEPA N
TTAEIOVOTNTA TWV YOVISiWwV TTOU £X0UV CUOXETIOBEI ue vooriuaTa agopd
MovoyovidlakoUg TTaBoAoyIKoUg @aivoTUTTIOUG TTOU N ouxvOTNTA EPPAVIOTG TOUG OTOV
TTANBUGO gival TTOAU pIkpOTEPN (2-3 TAEEIG EYEBOUG) aTTd auTrV TwV OUVABWYV
TTOAUTTAPAYOVTIKWY VOONHATWY OTTWG 0 dIaBATNG, To AoBua, 0 KapKivog, n
oxioPpévela, n TTaxuoapkia K.AT. O eviomouog Twv yovidiwy TTou cuvOEovTal PE
QUTA Ta TTOAUTTAPAYOVTIKA VOoTuaTa gival pia atrod TIG JEYAAUTEPES TTPOKANCEIS OTNV
laTpikr) eveTIKr) KABWG TTEPICTOTEPA TOU £VOG YoVvidla — 1] KAAUTEPA, CUYKEKPIPEVOI
ouvduaaopoi aAAnAouodpPwY —G€ oUVOUAOHO e TTEPIBAAAOVTIKOUG TTAPAYOVTEG,

OUMMETEXOUV OTNV EKORAWGN TOU TTABOAOYIKOU QaIvOTUTIOU.

AvdaAuon YEVETIKAG Tautomroinon Fevwpikoi Ymroyngia Tautomoinon
ouvdeong oe Kpiolung epioxng KAWvol yovidia HeTAAAAYWV o€
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Eik. 1: ZTpaTtnyikf TnG KAwvoTtroinong yovidiwv BAcel TNG XPWHOCWHIKAG
ToTroypa@iag Toug (avarimrwon atd Schuler GD et al, 1996).
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Eik. 2: EkOeTIK ] a0§non Tou puBuoU KAwvoTroinong Twv yovidiwyv Trou oxeTiovral e
voopara (oToixeia ammd 1o National Human Genome Research Institute, NIH,
http://www.genome.gov/).

H avdaAuon Tou avBpwTTivou yoviSIWHaATOG, v OUUBAAAEI yOVO OTOV
TTPOCBIOPICHUS TOU YOVIOIAKOU XAPTN GAAG TTPOCQEPEI OTOIXEIA VIO TRV OPYAVWON Kal
TN PUBMION TNG EvEPYOTNTAG TWV YOVIBiWV OTA TTAQICIAO TG XPWHOCWHIKAG
aAAnAouxiag DNA. MapdAAnAa, pe TNV avAAuon Twv YOVIOIWPATWY OPYQAVICUWV-
MOVTEAWV, N CUYKPITIKA YoVISIWUATIKN avAAucn TTapExEl TTANPOYOPIES yIa BaCIKOUG
KoIvoUg BIoAoyIKoUG unxaviopoUg aAAd Kal yia TIG AETITOUEPEIEG TNG YOVIOIAKAG
O0UNG, AeIToupyiag kal pUBUIONG OTAV N GUYKPITIKI avAAuon yiveTal o€ KOVTIVOUG,
eCENIKTIKA, opyaviouous. EmITTAéov, oTnV PJETO-YOVIOIWUATIKA £TTOXNA avoiyovTal VEES
OuUVaTOTNTEG VIO TN AEITOUPYIKE OIEPEUVNON TWYV YOVIDIWY O€ YEVIKEUUEVN KAIMOKO
(high throughput analysis).

>1a TACiola Tou TTpoypdupatog Xaptoypdenong kai AAAnAouxnong Tou
MoviIdiwpaTog Tou AvBpWIToU, TO EPYACTAPIO PAG TNV TEAEUTAIO OEKAETIA EIXE WG
KUPIO €PEUVNTIKO TTPOYPOUUA TNV YOVISIWUATIKI XapToypd@non Tou XpwWHUOCWHUATOG
10. Z1a eTOMEVA KEPAAQIA, YETE aTTO Wia oUvToun avadpour otnv Tropeia Tou HGP,
TePIYPA@eTal N S10DIKACIA KATAOKEUAG TWV YEVETIKWY KAl QUCIKWYV XOPTWV, N
onuIoupyia TWV XPWHUOCWHIKWY XOPTWY TTOU XPNCIYOTTOINBNKav yia TNV
aAAnAouxnon, Ta Bacikd cuptTepdopaTa atro TNV ek TTapaAAfAou aAAnAouxnon Twv
YOVIOIWUATWY OpYaVICUWV-HOVTEAWY Kal E1I0aywYIK& OTOoIXEI yIa TA yovidia Kal Ta

VOOiuaTa Tou XpwHoowuartog 10.
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1.2. Ioropikni avadpoun

H mpwTn oulnTnon yia 1o evOEXOPEVO TG aAAnAolxnong Tou aveBpwTTivou
yovISIUATOG TTpayuaToTToInenke 1o 1985 o€ emMOTNUOVIKO GUVESPIO TTOU
ouykAnBnke atrd Tov Robert Sinsheimer ammé 1o UCSC (University of California,
Santa Cruz). KaBuwg €ixe mepdoel JOAIG pia dekaeTia atrd TNV avatrtuén NG TEXVIKNG
NS aAAnAoUxnong Tou DNA até Toug Alan Maxam kai Walter Gilbert kai Tov Fredrick
Sanger, n 19€a auTr AVTIETWTTIOTNKE aTTd TTOAAOUG WG akpaia kal TTpwiun. Qotéoo
OTTEKTNOE KAl BEPPOUG UTTOOTNPIKTEG OONYWVTAG £T01 TNV ETTOUEVN XPOVIA TO
uttoupyeio Evépyelag Twv Hvwpévwy MNoAireiwv, va AdBel Tnv ammégacn Tng
XPNHATOdOTNONG AUTOU TOU TTPOYPAUMATOS. ETonRuwg, To 1988 1o Koykpéoo Twv
HIMA knpuée Tnv évapén Tou MNMpoypduuatog Xaptoypdenaong kai AAAnAoUuxnong Tou
AvBpwTmivou MNovidiwpuaTtog Pe TTpoUTtroAoyiopuo 200 ekatopuuplia SoAdpIa £TNCIWG VIO
Ta eTTOMEVA 15 Xpovia. ZUPPwva PE TO apXIko oxEDIo, TO TIPOYPANMa Ba e€eAicooTav
o¢ Tpia oTddIa.

H mmpwTn @don (uéxpl To 1993) TrepIAduBave: 1) TNV KATAOKEUA TwWV
TTPWTAPXIKWY YEVETIKWY KAl QUOIKWY XOPTWYV TTOU Ba eTITAXUVAV ThV TAUTOTToiNoN
yovidiwv TTou OXETICoVTal e VOO UATA, 2) TNV avAAUCH TWV YOVIBIWUATWY
opyaviopwv-povTéAwv (Escherichia coli, Saccharomyces cerevisiae, Caenorhabditis
elegans, Drosophila melanogaster kai Mus musculus), 3) Tnv avaTttuén véwv
TEXVOAOYIWV, QUTOPATOTTOINOT YEBOBWY KAl avATTTUEN AOYIOUIKOU KATAAANAoOU yia TNV
eTTEEEPYATia TWV ATTOTEAETUATWY Kal 4) TNV €EETAON TWV NBIKWYV, VOUIKWY Kal
KOIVWVIKWYV ETTITITWOEWV Tou TTpoypduuatog (Trpoypauua ELSI, Ethical, Legal, and
Social Issues), (http://www.genome.gov/10001477).

MNa TNV emopevn evraet ¢daon (1993-1998) o TTPoyPAPUATIOHOG
mepIAGuBave: 1) TNV altEnon TnG SIAKPITIKAG IKAVOTNTAG TWV XPWHOCWHIKWY XAPTWY,
2) Tnv BeATIoTOTTOINGN TNG TEXVOAOyiag TG aAAnAouxnong DNA kai Tng TautoTroinong
yovidiwyv, 3) Tnv aAAnAouxnaon 80Mb atmé 6Aoug Toug opyaviououg, 4) Tnv
oAokAApwaon TNG aAAnAouxnaong Tou yovidiwuaTtog TnG E.coli kal Tou S.cerevisiae, Tou
MeyaAUuTepou pépouc Tou C. elegans kal TNV £vapén TOU aVTIGTOIXOU TTPOYPAMUATOG
yia Tnv D. melanogaster kai 5) Tnv xapTtoypaenon 10.000 STSs (Sequence Tag
Sites, povadiaieg ahAAnAouyxieg-onuatodoTeg) Tou TTovTikou (Collins F & Galas D,
1993).

MNa 10 TPiTO OTAdIO TOU TTPOYPANPATOG (1998-2003) cixe oxedlaoTei: 1) n
oAOKARpWaonN TNG XapToypd@nong Tou avepwITIivou yovIBIWPATOG, 2) N TTapaywyr] TNg
oAokAnpwpévng aAAnAouxiag yia 1o 1/3 Tou avBpWTTIVOU YOVIBIWPATOG PHEXPI TO TEAOG

Tou 2001 Kai yia To UTTOAOITTO PEXPI TO TEAOG Tou 2003, pe pubusd TTapaywyns 5S00Mb
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€TNCIWG KAl Je KOOTOG HIKPOTEPO atrd 0,25 doAdpia avd Bdaon, 3) n xapToypdenan
100.000 SNPs (Single Nucleotide Polymorphisms, TToOAUpop@IoHOi £VOG
VOUKA£0TIBiou), 4) n ammoudvwaon cDNAs TTAfpoug uAKoug, 5) N oAokARpwan TNG
aAAnAouxnong Tou yovidiwuatog Tou C. elegans péxpl 1o T€EAog Tou 1998 Kal Tng
D. melanogaster éwg 10 2002 kal 6) n TTOpaywyr NG TTPWTNG £€Kdoong TNG
aAAnAouyiag Tou yovidiwpaTtog Tou M. musculus tipiv To 2005 kal 0T cuvéxeia n
oAokAnpwpévn ékdoon (Collins FS et al, 1998a).

MapdAo TTou N Evapén Tou TTpoypduaTog yive oTig HIMA, egiocou onpavtikd
POAO 0TV TTPO0BO Tou £TTaIEE KAl N EupwTraikn ‘Evwon, &ekivwvTag 1o 1990 10
"Human Genome Analysis Programme' (HGAP), n lammwvia aAAd kal GANEG XWpPES
TToU ouvéTTpagav oTnv TTopeia. ‘ETol, To 1988 TTpayuatoTroIfBnke To TTPWTO CUVEDPIO
yla Tov dIEBVA, TTAé0v, ouvTOVIOUO TNG €PEUVAG KAl TNV BECTTION TWV APXWYV TTOU
oi€mouv 10 HGP. Z10 ouvEdpIo, TToU EAafav PEPOG ETTIOTAMOVEG aTTO 24 XWPEG,
OuVTAXBNKE TO KEIPEVO yIa T KABAKOVTA Kal TIG UTTEUBUVOTNTEG TWV ATOUWYV TTOU
OUMMETEXOUV OTO TTPOYPAHUA, YWWOoTO we «Alakupnén Tng Valencia» («Valencia
Declaration», Eik. 3) kal Trpotd8nke opopwvwg 1o HUGO (Human Genome
Organization) wg €MKePAANG opyaviouodg Pe KUpia euBUvVN yia TNV TTIYEAEIT TWV
OTTOTEAEGUATWYV Tou [Npoypduuartog Kai Tnv TPodaoTrion TnG «Alakupnéng Tng
Valenciay. MNpwTtog mpoedpog ekAéxTnke o Victor McKusick (Johns Hopkins
University, Baltimore, Maryland kai «mratépag» Tng OMIM). ‘Eva TToAU onuavTiko
yeyovog, oTa TrAaiaia TTaAl TG deovToAoyiag Tou TTPoYPANPATOC ATAY N oUVTAEN TOU
KEINEVOU TWV «apxwVv TNG Bepuoudag» (Bermuda principles) To 1996 o¢ pia
ouvavtnon €peuvnTIKWY OPAdwY atrd OAO TOV KOOUO. ZUVOTITIKA, AUTEG
mepIAGuBavav: 1) Tnv dueon Kal Xwpig TTEPIOPICUOUG ATTEAEUBEPWOT TWV
ATTOTEAEOPATWY TNG AAANAOUXNONG TTOU Ba TTPOEKUTITAY, EQOCOV Ol AAAnAouXieg ATV
MeyaAuTepeg atrd 1kb, evidg 24 wpwv atrd TNV TTApAywyn Toug, 2) TRV dpvnon
OIKAIWUATWY gupeaITEXVIAG Kal 3) Ta KPITAPIA TTIOTOTNTAG TTPOCBIOPICHOU TWV
aAAnAouxiwv. Katd Ta eTTopeva XpoOvia TTPAYHATOTTOIOUVTAV TTEPIOBIKA TTAPOOIES
OUVOVTHOEIG VIO TOV OUVTOVIOUO TNG CUVEPYAOiag Twy did@opwv opddwy (Guyer M,
1998).

2Ta apXIKG oTAdIa TOU TTPOYPAUMATOC UTTHPEE £vTovn avTITTapdbeon yia 1O av
TpdayuaTi agicel va aAAnAouxnBei oAGkANpo 10 avBpwTivo yovidiwpa. H pia TAsupd
uTTOOTHPICE OTI TO KOOTOG ATAV TTOAU UWNAOG ¢ oxéon Ue To 6@eAOG TToU Ba
TTPOEKUTITE, KABWG TO TTOOOOTO TWV KWOAIKWY TTEPIOKWYV TOU YOVIBIWPATOG gival TTOAU
MIKPO. H eVOAAOKTIKA KOl OIKOVOMIKOTEPN TTPOTACN ATAV N OTOXEUCH HOVO TWV
KWOIKWV TTEPIOXWV ME TN Joper) Twv ESTs kai cDNAs kai n aAAnAouxnaon

MIKPOTEPWY YOVIOIWMPATWY, KATAAANAWY OpYyaVvIOHWV-UOVTEAWY OTTWG Tou Fugu
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rubripes (Brenner S et al, 1993). H aAAn TAcupd Opwg uttooThpPIfe OTI ATAV adUvaTo
VA EVTOTTIOTOUV OAa Ta yovidla oTnpIfOUEVOI JOVO TNV TEXVOAOYIQ TAUTOTTOINONG TWV
cDNAs. ETriong 611 TTOAAEG onuavTIKEG TTANPOQPOPIES Ba TTPOKUWOUV Kal aTrd TIG Jn-
KWOIKEG TTEPIOKEG TOU YOVIDIWUATOG, OTTWG O PUBUIOTIKEG TTEPIOXEG Kal Ta didgopa
GAAa dopikd oToixeia. MapdAAnAa, n TARPNG aAAnAouxnon Ba eTTETPETTE TNV
dlgpelivnon YIog uwnASTEPNG TAENG OPpYAVWONG TOU YOVISIWHKOTOG KABWG Kal TNV
OUYKPITIKI av&dAuon Kal TIG €GEAIKTIKEG OXEOEIG TWV €1I0WV O€ PEYAAN KAipaka. TeAIK&
aTTOQACIOTNKE OTI, TOUAAXIOTOV VIO CUYKEKPIUEVOUG OpYaVIOHOUG,
OUMTTEPIAOUBAVOUEVOU OUWG TOU avBpwTTou, gival atrapaitntn N aAAnAolxnon
OAGKANPOU TOU YoVIBIWPATOG TOUG.

To Xpovodidypaupa ToU TTPOYPANKOTOS AKOAOUBABNKE ATTOTEAEOUATIKG KAl
O€ APKETEG TTEPITITWOEIG TA ATTOTEAETUATA TTAPAXBNoav TaxuTepa atod 10
mpoBAetrépevo (Collins FS, 1995; Collins FS et al, 1998a). To 1993 n mpdodog oTnv
XapTOoypAPnon Tou YOVIOIWKATOG OOAYNOE OTNV avadIauOp@wan Twy CTOXwV. To vEo
oX£010 agopolae TNV EMTAXUVON TwV EMOIWEEWY KUPiwg oTo TTedio TNG avaTTuéng
TNG TEXVOAOYiag yia Tnv Tautotroinan yovidiwv kal NG Xaptoypdaenong (Collins F &
Galas D, 1993). To 1998, éva 1Biaitepa anuUavTiké yeyovog oTnv Tropeia avdAuong
TOU avBpWTTIVOU YoVISIWPOTOG ATav N idpuon TNG IDIWTIKAG eTaipeiag Celera
Genomics amoé Tov Craig Venter, og cuutrpagn pe Tnv Perkin-Elmer Corp. H TTpdTaon
Tou Venter otOxeue 0TV aAAnAouxnon Tou avBpwTTivou yovISIWPATOG o€ 3 Xpovida,
OMWG PE OXETIKA TTEPIOPIOUEVN TTIOTOTNTA KAl HE OKOTTO TNV KATOXUPWOT TNG
aAAnAouxiag wg eupeoITEXVIA KAl TNV EUTTOPIKI) EKUETAAAEUCN TWV TTANPpOPOopIWY. O
TpOTTOG TTPoCEyyiong Tou C.Venter dev TepieAAUBAVE XPWHOCWUIKN/QUOIKA
XapToypaenorn, aAAd TTAREn aAAnAouxnon pikpwy Tepayxiwv DNA (shotgun
aAAnAoUxnon) Kai 0Tn CUVEXEIQ OTOIXION OAWV TwWV AAANAOUXIWY AEIOTTOIWVTOG
Io0Xup& uttoAoYyIOTIKA TTpoypdupaTa. O1 Bacikég avTippnoelg Tou HGP, ekTd¢ TG
OlaQWVIaG yIa TNV EUTTOPIKN EKPMETAANEUCN TNG aAAnAouxiag, ATav 0To KATd TTOCOV
gival @Ikt auTtA N JeBodoAoyia AapBdavovtag utTown 10 TTOAU JEYAAO TTOCOOTO TWV
emavalapBavopevwy aAAnAouxiwy Tou avBpwITIivou YovISIWPATOG. YTIO TNV «TTiEon»
NG Celera, 10 1999 avakoivwBnke ammo 10 HGP 611 o€ TpwTn @Acn Kal TTOAU
ypnyopotepa, péxpl To 2001, Ba TrapayoTav n «mpwTn €kdoon» TNG aAAnAouxiag,
KaAUuTITOVTaG T0 90% TOU YOVISIWHUATOG KOl ME AVWTATO OPIO TTIOTOTATAG
«OIaBAcHaTOG, TIG 4-5 PopEC avd vOUKAEOTIOI0, Aiyo XauNASTEPO ATTd TO APXIKWS
mpoTabtv (7-8 opéc). ‘ETol kal og guvduaoud Pe yevvaia augnaon Tng
XpPNUaTodoTnang, Tn véa yevid avtidpaoTnpiwy (@Bopilouceg XPWOTIKEG,

TTOAUPEPAOEG) KAl QUTOUATWY CUCKEUWY (POMTTOTIKA CUCTHUATA VIO TTAPACKEUN
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OelyMATWY, NAEKTPOPOPNON O TPIXOEION) ETITaXUVONKE KATA TTOAU N atmddoon Tou

HGP.

WORKSHOP ON INTERNATIONAL COOPERATION FOR THE HUMAN GENOME PROJECT

w

VALENCIA DECLARATION ON THE HUMAN GENOME PROJECT

The members of the workshop believe that knowledge gained from mapping
and sequencing the human genome can have great benefit for human health
and wellbeing. Towards these ends, participating scientists acknowledge
their responsibility to help ensure that genetic information be used only to
enhance the dignity of the individual. They also encourage public debate on
ethical, social, legal, and commercial implications of the use of genetic infor-
mation.

The members endorse the concept of international collaboration for the pro-
ject and urge the widest possible participation of countries throughout the
world, within the resources and interests of each country.

The participants strongly encourage parallel studies of genomes of selected
animal, plant and micro-organism models in order to achieve a deeper un-
derstanding of the human genome.

The workshop urges coordination of research and information on complex
genomes among nations and across disciplines and species.

The workshop believes that information resulting from mapping and sequen-
cing of the human genome should be in the public domain and made freely
available to scientists of all countries.

The participants encourage continued effort to develop compatible genomic
data bases and networks and measures to ensure world-wide access to these
resources.

The workshop endorses The Human Genome Organization (HUGO) as the lead
body, in collaboration with other non-governmental and government organiza-
tions, to promote the goals and objectives addressed in this declaration.

October 24-26, 1988
VALENCIA (Spain)

Eik. 3: H diakipuén Tng Valencia
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To amotéAeopa ATav Tov PeBpoudpio Tou 2001 va dnPOCIEUBE N «TTPWTN
€KOOON» TWV XPWHOCWHIKWY XOPTWYV Kal TNG aAAnAouxiag Tou avBpwTrivou
yovidiwpatog (Lander ES et al, 2001; Eik. 4). H aAAnAouyia k&dAutrTe T0 90% TNng
EUXpwuaTivng Kai 1o Yoo «BaBog» diaBacuardg g nTav 4,5 popés. Tautdxpova,
TNV idia nuepopnvia dnuoaoielTnke n avtiotoixn avdAuon atod tnv etaipeia Celera
Genomics (Venter JC et al, 2001; Eik. 4). Qo1600, TO ATTOTEAECUA TNG TTPOCEYYIONG
TNG atTeuBeiag aAAnAouxnong, oTo €TTITTEdO TTOAUTTAOKOTNTAG KAl PEYEBOUG Tou
avlpWTTIVOU YOVISIWMKOTOG, ap@IoBnTABNKE Kal BewprBnke 611 dev Ba ATAV EQIKTO
XWPIG TNV evowpdTtwon Twv dedopévwy Tou HGP (18iwg TwV XPWHOCWHIKWY
XOPTWV) TTOoU ATAV eAUBepa dlaBéaipa oTig dnuooieg Baocig dedopévwy (Waterston
RH et al, 2002a; Myers EW et al, 2002; Green P, 2002). Z1adiakd, n «0OAOKANpwuévn
aAAnAouxiax (finished), TTou TTapéxel KAAUWN TwV TTEPICOOTEPWY XATUATWY TTOU
EMQAVICE N «TTPWTN €KBOCN» KAl TTOU N TTIoTOTNTA TNG uTTEpPaivel To 99,999%, dpxioe
va dnuoaievetal 1o 2004, éva xpovo dOnAadr vwpitepa aTTd ToV apxIKO GTOXO atrd TO
HGP. H ektevig TTEpIYpa@r] TWV XAPOKTNPEICTIKWY TNG TTPAYHOTOTTOIEITAI JEPOVWHEVA
yIa KGBe Xpwuodowua kal péxpl onpepa (louAiog 2005) £xel dnuoacieudei n avadAuon

yla 16 ato 1a 24 xpwpoowpata (Miv. 1).

THE
HUMAN '
GENOME [

Eik. 4: Ta e§w@ulla Twv Trepiodikwv Nature kar Science Tov ®epoudpio Tou 2001, Tou
TEPIYPAPOUV TNV avAAuon TNG TTpwWTNG €Kdoang TG aAAnAouxiag Tou avBpwITivou
yovidiwpaTog atré 1o HGP kai Tnv eTaipia Celera Genomics avTioToixa.
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Mv. 1: Ta XpwWHOCWUATA YIA Ta oTroia £X&l OAokAnpwoOei n aAAnAouxnon Kai n avadAuch

TOUG
# Xpwpoéowua ‘ETog BiAloypagia

2 2005 Hillier LW et al
4 2005 Hillier LW et al
5 2004 Schmutz J et al
6 2003 Mungall AJ et al
7 2003 Hillier LW et al
9 2004 Humphray SJ et al
10 2004 Deloukas P et al
13 2004 Dunham A et al
14 2003 Heilig R et al
16 2004 Martin J et al
19 2004 Grimwood J et al
20 2001 Deloukas P et al
21 2000 Hattori M et al
22 1999 Dunham | et al
X 2005 Ross MT et al
Y 2003 Skaletsky H et al

1.3. Xaproypdenon

H KaTaoKeun XpPWHOCWHMIKWY XOPTWVY ATAV £€va onUavTiké BAPG oTnV
avAaAuaon Tou yovIOIWUATOG KaBwg TTapéxouv évav oupupartd TpOTTo aTTEIKOVIoNG,
TUNMaTOTTOINONG Kai SIATagNG Twv OTOIXEIWV Tou. YTTapyxouv OUO KaTnyopieg
XPWHOCWHMIKWY XOPTWV: Ol YEVETIKOI KAl Ol QUCIKOI TTOU TO KOIVO GTOIXEIO TOUG €ival
611 Kal o1 OU0 avaTTapIoTavouv TN TBavA dIATAgN TWV YEVETIKWV/HOPIAKWY OEIKTWV
KATA UAKOG TOU XPWHOOWHATOG. QOTOC0, 0 YEVETIKOG XAPTNG TTAPEXE! Hid EPUPEDN
EKTIUNON TNG QUOIKAG aTTO0TACNG dUO DEIKTWYV EVW O QUOIKOG ATTEIKOVICEI TNV

TTPAYHATIKI) TOUG ATTOCTAON, JETPNUEVN O€ PAKOG Ceuywv Bdoswv (bp).

» [everikn xaproypaenon

O1 yeveTikoi xapTeg oTnpifovtal oTnV mOavoeTnTa avacuvduaouou PeTagu dUo
OEIKTWV KaTd TNV heiwaon, n otroia, yevikd, ival avdAoyn Tng atréoTaonig Toug. H
Movada pétpnong Tng amoéoTtaong gival 1o cM (centiMorgan) TTou avTITTpOCoWTTEUEl TNV
ouxvotnTa avacuvouaopou. ‘ETal, duo deikteg atréxouv 1cM av og avdAuon 100
MEIWOEWY €XEl TTapaTNENBEi o€ Pia atmd auTég, avaouvOuaouog HETAEU Toug. Ol
aAANAoUXiEG TTOU XPNOIKMOTTOIOUVTAl WG DEIKTEG TTPETTEI VA UTTOPOUV VA
TTPOCBIOPICTOUV APQINOVOCHUAVTA OTO YOVIQIWMA KAl VA €ival TTOAUPOPQPIKEG OTOV
TANBUG O, £TO1 WOTE va gival duvartr) n dIAKPIoN Kal n TTapakoAoubnon Toug atmo
yeved o€ yeved. ‘Eva dtouo yia va gival TTANPo@opIaKko yia CUYKEKPIPEVO OEIKTN,
TIPETTEI VA gival eTEPOCUYO YI' AUTOV.

O 1TepIopIoTIKOG TTAPAYOVTAG VIO TNV KATACKEUN TWV TTPWTWYV YEVETIKWV

XOpTWV ATAV N EAAEIYN pEYAAOU apIBPoU XOPAKTNPICHEVWY TTOAUNOPPIKWY OEIKTWV.
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AuUTO EeTTeEPAOTNKE €V PEPEI PE TNV TauToTToinon Twv RFLPs (restriction fragment
length polymorphisms, Kan YW & Dozy AM, 1978) 1Tou €ival TTOAUJOP@IGHOI OTO
TTPOTUTTO TEMAXIOMOU TOU YeVWUIKOU DNA pe TTEPIOPIOTIKEG EVOOVOUKAEATEG AdYW
VOUKAEOTIBIKAG TTOIKIAGTNTAG 0TAV aAANAouxia avayvwpiong, Kal TTou BswpriBnkav
KAaTtdAANAoI yia TNV KATAOKEUN YEVETIKOU XApTn (Botstein D et al, 1980). 'ETol
KATOOKEUAOTNKE O TTPWTOG YEVETIKOG XAPTNG (Donis-Keller H et al, 1987) trou
oTnpixTnke o€ avaAucon 403 TTOAUPOPPIKWY OEIKTWY €K TwV OTToiwv ol 393 ATav
RFLPs ka1 o1 uttoéAoittol VNTRs (BA. TTapakdtw). Qotdo0, n dIGKPITIKN IKAvOTATA
ATav TTEPIOPICPEVN AdYyw TNG pelwpévng agBoviag Twv RFLPs, TG avopoloyéveiag
OTnNV KATAvOUn TOUG KAl TNG TTEPIOPIOHUEVNG ETEPOCUYWTIOG TTOU EP@AVICOUV (UEYIOTN
TIUA 50%). Ta RFLPs gutTAouTioTnKav pe véoug, Toug UiIvi-dopu@opoug kKai Ta VNTRs
(variable number of tandem repeats, Jeffreys AJ et al, 1985; Nakamura Y et al, 1987)
a1rAG eTTavaAauBavoueva otn ocipd TuRuata DNA, ufikoug 11-60bp, TTou opidovTal
au@iTTAEUpa atrd povadiaieg aAAnAouxieg kal ep@avi¢ouv TTOAATTAG aAANAGUOP@Q
AOYW TTOIKINGTNTOG OTOV TTEPIEXOUEVO apIBud eTTavaAnwewy. H yeydAn wbnon otnv
Xpnon Twv TToAupop@Ikwy deikTwv ATav 10 PCR (Saiki RK et al, 1985) 1Tou
EQAPPOOTNKE EUPEWGS OTNV AVAAUCN MIAG VEAG KATNYOPIag OEIKTWY, TWV HIKPO-
OoPUPOPWYV TTOU, OTTWG KAl Ol JIVI-BoPUPOPOI, ATTOTEAOUV CUVEXOUEVES ETTAVOAAWEIG
OTTAWYV PIKPWYV aAAnAouxiwv 2-4 voukAeoTidiwv (T1.X. GT, GATA). To ouvoAIKd PRKOG
NG eTTavaAauBavouevng TTepIoXAG eival PiIkpoTepo atrd 100bp kal kKabwg pépouv
eKATEPWOEY TV eTTavaAWewv, povadiaieg aAAnAouxieg eival duvaTdg o
TTOANATTAACI00POG TOoug e PCR. O HIKpodopupopol epgpavifouv uwnan
TTOAUOPQIKOTNTA, gival ApBovoI Kal OXETIKA OUOIOPNOPPA KATAVEUNWEVOI OTO
yovidiwpa. H avartuén mng texvoAoyiag palikol TTpoodiopiopol Twv
MIKpodopUPOpwWY ATaV £va BAPA-KAEIDI TTPOG TNV KATAOKEUN TTUKVWYV, UYNANG
EUKPIVEIOG YEVETIKWYV XAPTWV.

Me autd Ta epyaleia, o€ PIKPO XPOVIKS SIA0TNUA KATAOKEUAOTNKE Wi ogIpd
XPWHOOWHIKWY YEVETIKWYV XAPTWY YIa OAO TO yovIdiwpa Je augavopevn TTUKVOTNTA
OEIKTWV KAl CUVETTWG, BIaKPITIKA IkKavoTnTa (T1.X. Weissenbach J et al, 1992; Spurr
NK et al, 1994; Gyapay G et al, 1994; Murray JC et al, 1994; Dib C et al, 1996; Kong
A et al, 2002). MapdAAnAa, KOTAOKEUAOTNKAV YEVETIKOI XAPTES YIA TOV TTOVTIKO
(Dietrich WF et al, 1996; Rhodes M et al, 1998).

O1 xépTeg auToi, EKTOG TOU OTI ATTOTEAOUV OTTAPAITNTA EPYAAELia yia TNV
XOPTOYPAEPNON YEVETIKWYV TOTTWY TTOU CUVOEOVTAI PE MEVTENIKEG QOBEVEIEG HEOW
YOVOTUTTIKAG avAAUONG O€ OIKOYEVEIEG JE TTAOXOVTA PEAN, Xpnoiyeuoav Kal oTnv
KATAOKEUN TWV QUOIKWYV XAPTWYV TWV XPWHOCWHATWY Tou avBpwTtrou. Etriong, Trpiv

a1rd TNV aAAnAoUxnaon Tou yovISIWHATOG XPNCIUOTTOINBnKav TTIKOUPIKA Kal yia TV
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EKTIUNON TOU PeYEBOUG Kal TG QUOIKNAG ATTOCTACNG OTA XpwHoowpaTta. Kabuwg 1o
avBpwTTivo yovidiwpa givar ~3000¢cM kai atroteAcital ammd ~3000Mb, To 1cM
avTIOTOIXEI KaTd TTpocéyyion o€ 1 Mb. BéBaia auTh n avtioToixnon BaacileTal oTnv
TTapadoxr 611 0 avacuvduaopdg gival Tuxaiog, dnA. 0TI n MOavoeTnTa
avaocuvduaopou gival n idla KaB’ OAo To PKOG KABE XpwHOOWHATOG, TTPoUTTO0s0N
TToU &€V I0XUEI yIa OAeG TIG TTEPIOXEG. 'ETO1, uTTdp)XOUV TTEPIOXEG TOU YOVIBIWUATOG
TTOU €U@avifouv TTOAU XauNAG TTOCOCTO avaouvduUaooU, ol «EpNUoi» Kal AAAEG TTOAU
uwnAoG, ol «CoUykAeS» (Yu A et al, 2001) evly To PJEYIOTO TTOCOOTO TTAPATNPEITAI OTIG
uttoTeAopepIkES TTEPIOXEG (Kong A et al, 2002; Jensen-Seaman MI et al, 2004).
‘Evag yeveTIKOG XAPTNG VEAG YEVIAS gival auTOG TToU agloTTolel wg OEiKTEG
SNPs, TToAUpOpP@ICPOUG BNAAdH VOGS VOUKAEOTISIOU 01 OTTOIOI AVTITTIPOCWTTEUOUV TO
90% Twv VOUKAEOTIOIKWY TTOAUpOp@IouWY Tou avBpwTtrou (Collins FS et al, 1998b;

International HapMap Consortium, 2003).

» Quoikn xaproypdaepnon
YTapxouv Tpia €idn QUOIKWY XAPTWYV: Ol KUTTAPOYEVETIKOI, TWV CWHATIKWY
UBpISiwy Kal o1 XapTES AAANAOETTIKAAUTITOMEVWY KAWVWV/aAAnAouxiag TTou
dlapépouv PETAgU TOuG, OoTn OIGKPITIKN IKAVOTNTA TTOU TTAPEXEl O KaBévag. To
TTPOTUTTO WVWONG TWV XPWHOCWHATWY UTTOPEI va BewpnBEi N TTIO TTPWIKN KAl JE
TNV MIKPOTEPN BIAKPITIKA IKAVOTATA, JOPEPA TOU QUOIKOU XAPTN, EVW N TTARPNGS

VOUKAEOTIOIKI aAAnAouxia Tou yovISIWUATOS AVTITIPOOWTTEUEI TO AAAO AKPO.

Kurrapoyevertikn xaproypdenon

H KuTTapoyeveTik XapToypdenon Kai n dnuioupyia KAPUOTUTTIKOU TTPOTUTTOU,
QATTOTEAECE TOV IOTOPIKA TTOAQIOTEPO TPOTTO XOAPAKTNPIOKOU TWV AvOpWITIVWY
XPWHOOWHATWY Kal UTTAPEE N BAon yia TOV apxIKO XapaKTNPIoUO did@opwy
XPWHOCWHIKWY AVWHOAIWY (DITTAACIOOPWY, EAAEIPEWY, JETATOTTIOEWY) TTOU
OXeTiCovTal JE KAIVIKOUG @aIvOTUTTOUG. Kat’ auTAv, TTAPACKEUACHOTA HETAPACIKWY
XPWHOOWHATWY XpwiaTiovtal e Giemsa kal €701 gival opaTto éva TTPOTUTTO
{Wvwaong XapakTnpIoTIKO yia KéBe xpwpoocwua (Craig JM & Bickmore WA, 1993). Ol
avoixToxpwues R (reverse) kai ol ckoUpeg G (Giemsa) (wveg TTou oxnuaTti¢ovTal
eCapTwvTal a1rd TNV VOUKAEOTIBIK 0UCTOCN KAl £XOUV OUCXETIOTEI JE DIAKUPAVOEIG
oTNV YOVIOIOKI] TTUKVOTNTA, TOV XPpOVo avTiypa®ns Tou DNA, Tnv TTUKVOTNTA TWV
emavaAapBavopevwy aAAnAouxiwy Kai TNV GUPTTUKVWGn TNg xpwiativng (Holmquist
GP, 1992; Craig JM & Bickmore WA, 1993). Z¢ eTritredo yovIOIWHATOG, JE QUTAV TNV
Xpwaon, €ival opatég ~850 dIakpITEG CWVEG, TIMN TTOU TTEPIOPICEl KAl TNV OIAKPITIKNA

IKavoTnTa TNG NEBGOOoU oTo 1-5Mb (Bickmore WA & Sumner AT, 1989).
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EtravdoTtaon oTnv KUTTAPOYEVETIKI XOPTOYPAPNOoN aTTOTEAECE N XPrRon
ONUACHEVWY AVIXVEUTWYV KAl N AViXVEUOT] TOUG OTA XPWHUOCWHATA EITE YE
auTopadioypagia €ite e TEXVIKES pBopicuoU (Fluorescent in situ Hybridization,
FISH). EmmAéov n FISH e@papudoTnKe KAl € HECOPATIKOUG TTUPRVES OTToU, TTAPOAO
TTou ¢V gival opath N {wvwon, N AilyéTeEPo CUUTTUKVWUEVN BOUNA TNG XPWHATIVNG
EMTPETTEI AUENUEVN BIAKPITIKA IKAVOTNTA TNG Tagewg Tou 0,1-1Mb, peTagu duo
avixveutwyv (Wilke CM et al, 1994). H diakpITIK] IKavOTATA YiVETAl OKOPN JEYAAUTEPN
étav 10 peco@aoikd DNA utrooTei emITTAEov pnxavikn emegepyaoia (fiber FISH) kai
Tpooeyyicel TIG Skb (Heiskanen M et al, 1994), o1réTe Kau €MIKAAUTITEI TA OpIA THG

QUOIKAG xapToypdenong He kKAwvoTtroinuévo DNA og @opeic Baktnpio@dayou A.

Xaépreg kuTTAPIKWY UBPISIWYV

H kKaTaokeun autwy Twv XapTwy BacioTnke otnv avdamtuén tng uebodoAoyiag
yI0 TNV TTapackeur] uBpidiwv cwuaTIKWY KUTTapwy (Goss SJ & Harris H, 1975) tmou
TTEPIEIXaV OAOKANPO XPWHOCWHATA A TUAHATa XpwHoowudaTwy (Cox DR et al, 1990).
Ta uBpidia TTPOKUTITOUV ATTO TNV oUVTNEN CWHATIKWY KUTTAPWY TOU avOpwITOU
(061eC) TTOU €x0UV aKTIVOBOANBEI e dOCEIC akTivwy X TTou 0dnyouv oTnv Bpalaon Twv
XPWHOCWHATWY PE KUTTAPA TPWKTIKOU (OEKTEC) TTOU PEPOUV EVAV TTPWTEIVIKO OEIKTN
emAoyNA¢ (selection marker).

‘OT1Twg Kal 0ToUG YEVETIKOUG XAPTEG, £T01 KAl 0€ auTOUG, 600 TTANCIECTEPQ Eival
OUO0 OEIKTEC TOGO PIKPATEPN €ival N TBavOTNTA VA dNUIoUPYNBEl XPWHOCWHMIKN
Bpauon PeTagu Toug. ‘ETOI, XpNOIYOTTOIWVTAG Hidt ONAda KUTTAPIKWY UBPISiwY TToU
TTEPIEXEN Mia o€Ipd AAANAOETTIKOAUTITOUEVWV TTEPIOYWV TOU idIOU XPWHOOWHATOG 1)
TOU OUVOAOU TOU YOVIBIWPATOG, EAEYXETAI N TTAPOUCia A n atroucia evég deikTn o€
KAOe KUTTAPIKO KAWVO, KABIOTWVTAG £QIKTA TN SIATALN TWV DEIKTWV KATA YAKOG TOU
XpwHoowpatog. H povada pétpnong eival To 1¢R (centiRay) tmou avtioToixei o€ 1%
meavoTnTa Bpavong peTagl dU0 SEIKTWY, XPNOIUOTIOIWVTAG Hia CUYKEKPIKEVN dOoN
OKTIVOBOAIOG. ZUVETTWG N CUCXETION METASU TWV PovAdwY CR Kal TNG QUOIKAG
atréoTacng o€ bp TTOIKIAAEI HETAEU BIAPOPETIKWY OPGdwY UBPIdiwY Kal KaBopileTal
Katd avaAdoyia. Oco uwnAdTEPN akTivoBoAia xpnoiyoTrolsital TOOO PEYAAUTEPOG gival
0 apIBPOG TwV BpaucudTwy TTou dnuIoupyoUvTal, UE ATTOTEAECUA TNV algnon TnNg
OIOKPITIKAG IKAVOTNTOG.

2€ avTiBeon JE TOV YEVETIKO XAPTN OTOV OTT0i0 £vag YEVETIKOG O€iKTNG, OTAV
gival o opoluywrTia, dev €ival TTANPOPOPIAKOG, 01 OEIKTEG TWV KUTTAPIKWY UBPISIwV
gival iTe BeTIKOI (TTEPIEXOVTAI) €iTE ApVNTIKOI (OEV TTEPIEXOVTAI) VIO £VA CUYKEKPIPEVO
TuAMa DNA. ‘ETol kG0¢ povadiaia aAAnAouyia Tou yovIOIWUATOG TTOU UTTOPE va

moAatTAaciaoTei pe PCR utropei va aglotroinBei oav d¢iktng (STS, EST,
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TTOAUHOPQPIKOG OEIKTNG). ZTNV TEXVIKI QUTA PBAGCIOTNKE N KATOOKEU OUGOwWV
KUTTapIKWV UBpIdiwv yia 6Ao To yovidiwua, T.X. Genebridge4 (GB4, Gyapay G et al,
1996), Stanford G3 panel (Stewart EA et al, 1997), TNG panel (http://www-
shgc.stanford.edu/resources/humanrhmap.html) TTou dia@épouv peTagl Toug oTNV
000N TNG aKTIVOBOAIOG TTOU XPNOILOTTOINONKE YIa TNV KATAOKEUR TOUG KOI CUVETTWG
Kal oTn SIOKPITIKA IKAVOTNTA Toug. BAoel auTwy, KATAOKEUAOTNKAV XAPTEG TOU
yovidiwpatog uwnAng diakpITikhG IkavéTnTag (Hudson TJ et al, 1995; Schuler GD et
al, 1996; Deloukas P et al; 1998, nAekTpoviKA avackoTtnan 1o 1999,
http://www.ncbi.nih.nlm.gov/genemap99). Oi1 xapteg WI-RH kai SHGC-G3
mepIAapBavouy 6.193 kai 11.458 STSs xaptoypagnuéva ota Genebridge4 (GB4) kai
Stanford G3 panel avticToixa. O GeneMap99 tmepiAauBével 41,664 ESTs tTou
avTioToixouv o€ 30181 cDNAs kai ~700 TToAUPOp@IKOUG BEIKTEG BATEI TWV OTTOIWV

YIVETQI N OTOIXION UE TOUG YEVETIKOUG XAPTEG.

XAPTEC YEVWUIKWYV KAWVWV

O xapTtng autdg atroTeAeiTal aTTd pia i TEPICTOTEPES OPADES DIEUBETNUEVWV
AAANAOETTIKAAUTTTOMEVWY KAWVWYV 1] dAANAOUXIWYV, TTOU 0TO OUVOAS TOUG OUVIOTOUV
éva contig, 6pog TTou TTpwToxpnoiyoTroinénke amod Tov R. Staden (Staden R, 1980).
O1 atrooTdoeic ekppalovTal o€ (euyn Baoewv (bp).

O1 guaoikoi XapTeg PeyGAwY yovISIWPATWY, OTTWS TOU avBpwTTou,
KaTtaokeudoTnkav apxika atrd kAwvoug YAC (Burke DT et al, 1987) kail apyoTepa
at1ré PACs (loannou PA et al, 1994) ka1 BACs (Shizuya H et al, 1992).

To KUplo TTAeoVEKTNUA TNG XPong KAwvwy YAC gival To peydAo péyeBog Twv
evBepdTwy TOoug (MEXP! TMb) TToU ETITPETTEI TNV KAAUWN PEYAAWYV TTEPIOXWV UE
OXETIKA AlydTepoug KAwvoug (Chumakov IM et al, 1995). O1 TTpwTol XAPTEG
KATOOKEUAOTNKAV O€ TTEPIOXEG TTOU OXETICOVTAI UE YEVETIKA voorjaTa, OTTwG OThV
meploxr Tou yovidiou CFTR (Green ED & Olson MV, 1990), Tng duoTtpogivng (Coffey
AJ et al, 1992), Tng epatagivng (Wilkes D et al, 1991) kol apyodTEPQ EKTEIVOVTAV O€
OAGKANPA XPWHOOWHATA, OTTWG 0TO Xpwudowua 3 (Gemmill RM et al, 1995), To 7
(Bouffard GG et al, 1997), 1o 16 (Doggett NA et al, 1995), To 21 (Chumakov | et al,
1992; Nizetic D et al 1994), 10 22 (Collins JE et al, 1995), 10 X (Nagaraja R et al,
1997) ka1 T0 Y (Foote S et al, 1992) rj kaGAutiTav 6Ao 1o yovidiwpa (Cohen D et al,
1993; Chumakov IM et al, 1995; Hudson TJ et al, 1995). Qo1é00, o1 kKAwwvol YAC
TTapoucialouv Bacikd PEIOVEKTAATA TTOU gival n OOuIKA aoTdBela (eAAgippaTa Kal
avadiatageig), o xipaipiopog (Green ED et al, 1991; Nagaraja R et al, 1994; Selleri L
et al, 1992) kai n duckoAia aTnv amoudévwon Tou DNA kai gTov SIaxwpIGHO Tou aTTd

10 DNA TOU £EVIOTN (XPWHOCWUATA GAKXAPOUUKNTA).
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Me tnv avamtuén Twv eopéwv PAC kal BAC trou TToAAatTAacidlovrtal o€
BakTrpia, ol TTapatrdvw dUoKOoAieg EeTTepdoTnkayv. To YEGo péyeBOG TwV evBEUATWY
Toug ival ~200kb, dnAadn ~5 @opég peyaAuTepo atmd auTtd Twv Koopidiwy (Collins J
& Hohn B, 1978) kal Twv @oopidiwv (Kim UJ et al, 1992). EmittAéov, o1 diaBéoiueg
BiBAI0BAKeg PAC kal BAC Tou avBWwTTIvou yovISIWHPATOG TTAPEXOUV KAAUWN KaTd
Tepitrou 60 Qopég (http://www.chori.org/bacpac/). £tnv TeAIKA @don Tou
TTPOYPANPATOG XapTOYPAPNOoNG TOU avOPWTTIVOU YOVIBIWUATOS XPNOIKMOTTOINBNKav
wg eTi T0 TTAgioTOoV Ta BACS, Adyw TOU PEYAAUTEPOU PEYEBOUG TWV EVOEUATWY TOUG
o¢ oxéon pe Ta PACs kai Tng auénuévng otaBepdtnTdag Toug. AuTr o@eileTal oTo OTI
T0 ouoTnua Bacifetal otov TTapdyovta F Tng E.coli ye ammoTéAeopa o apiBudg Twyv
avTIypa@wy Tou TTAacpidiou va gival 1-2 avd KUTTapo, YEYOVOS TTOU EAAXICTOTTOIET TNV

ouvaTOTNTA AVACUVOUAOUOU PETAEU TWV EVOEUATWV.

1.4. AAAnAouxnon rou avBpwiivou yoviSiwuarog

H oTtpatnyiki Tou akoAouBriBnke atrdé to HGP Atav n xapTtoypdenon va
TponynBsei TG aAAnAouxnong. H TTpooéyyion autr) ovouddleTal «iepapXikni shotgun
aAAnAouxnony» kai TepIAGURave Tnv dnuioupyia XapTwV AAANAOETTIKAAUTITOPEVWV
KAwvwv BAC, upnAig moTéTNTAG, ATTO TOUG OTTOIOUG ETTIAEyOVTAV
QVTITTPOCWTTEUTIKOI KAWVOI yIa ToV TTPoadIopIouo TG aAAnAouxiag DNA. H
aAAnAouxnon Twv eMAEyUEVWV KAWVWY €yive Pe TN PEBodo shotgun, opoAoyia TTou
TTpwToxPnOIdoTToINBnkKe atrd Tov F. Sanger. Katd autrjv, To DNA evég
OUYKEKPIPEVOU KAWVOU BpaUeTal TUXaia, UTTOKAWVOTTOIEITAI KOl TTPOGdIopICETal N
aAAnAouyia ka0 KAWvou. ATT6 TNV GTOIXION TwV AAANAOUXIWV TWV ETTINEPOUG
KAwWvwyv, avatrapayetal n aAAnAouyia oAdkAnpou Tou BAC (EIk. 5).

AvTiBeTa n aTpaTnyIKN TTOU akoAouBrenke atrod Tnv etaipia Celera Genomics
ATav Tn¢ shotgun aAAnAouxnong oe TiTedo yovIBIWPATOG. IMevIKA, KAT QUTAV
0AOKANPO TO yovIdiwpa BpaleTal Tuxaia o€ PMIKPA KOUUATIA, Ta OTToia
UTTOKAWVOTTOIOUVTAI 0€ TTAACWIdIa. 2Tn cuvéxela TTpoodiopideTal N aAAnAouxia Twv
QVAOUVOUAOPEVWY JOPIWV KAl ATTO TNV OTOIXION TwV ETTINEPOUG AAANAOUXIWY,
TIPOKUTITEI N aAAnAouyia Tou yovIBIWPATOG. AuTH n oTpaTnyIkr €§aAcipel To oTddI0
TNG QUOIKNAG XapToypaenong Trou TrepIAauBavetal otnv péBodo Tou HGP. H shotgun
aAAnAouxnon o€ eTTiTTEdO YOVIDIWUATOG EiXe XPNOIMOTIOINOEN ETTITUXWGS O€ PIKPATEPA
atrAoUoTepa yovIdiwpaTta O0TTwG o€ 100g, Baktiplia kal Tnv D. melanogaster. Qo1600,
TO avBpWTTIVO yovIdiwua Pe pAKog ~3Gb ATav TouAdyioTov Katd 25 gopég

MEYAAUTEPO aTTO OTTOIOOATTOTE AAAO YOVIDIWWA €iXE TTPOCDIOPICTE TTPONYOUUEVWG.
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Fevwpiké DNA

BiBAi0Brikn BAC

XapToypapnuéva
contigs kKAwvwv BAC

EmAeypévo BAC

TTpog aAAnAolxnon

: - -
oo, S Ko WG LB gl R

non Tou A CRPT2 s~ B T O,

BAC (kAwvol shotgun) T i'_ -—
A;‘),‘”mux'e)f)\“;\’v EMHEPOUS | ACCGTAAATGGGCTGATCATGCTTAAR
Kh‘*’t"“"’)(“ NAOUXIEG TGATCATGCTTAAACCCTGTGCATCCTACTG. . .
shotgun

. ACCGTAAATGGCCTGATCATGCTTAAACCCTGTGCATCCTACTG. . .

Eik. 5: lepapxik shotgun aAAnAouxnon. Avatimrwon atré Lander ES et al, 2001

EmimrAéov, TooooTd >50% avTioToIXEi o€ eTTavaAapBavopeveg aAAnNAOUXiEG,
TIUA KaTA TTOAU PeEyaAUTEPN ATTO QUTAV TWV YOVISIWHKATWY TWV BakTnpiwy 6TTou To
avrtioTolxo TmoocooT6 gival 1,5% kai NG D. melanogaster oTnv oTroia ol
emmavalauBavoéueveg ahAnAouxieg katahapBdavouv pOAIg To 3% Tou yovISIWUATOG TNG.
H utrepavTiTpoowTreuon Twv eTavaAauBavouevwy aAAnAouxiwy oTo avBpwITivo
yovidiwpua ATav Kal 0 Baaikdg Adyog mou 1o HGP e1TéAe€e TNV 1EpapXIKA
aAAnAouxnan. TEToleg eTTavalapuBavoueveg aAAnAouxieg gival auTEC TTOU TTPOEPXOVTAI
oT1Td PETOBETA oTOIXEIQ, TA Weudoyovidia, ol aTTAéG eTTavaAapBavoueveg aAAnAouyieg
(SSRs), Ta KevTpopepn, Ta TEAOUEPR Kal OI SITTAACIACUOI, TTOU TTEPIAANBAVOUV
MeyaAa TuAuata, peyéBoug 50-500kb pe TTOAU uwnAr voukAeoTIdIKA TauTtoTNTA (98-
99,9%). OAeg o1 KaTnyopieg Twv eTTavalauBavopevwy aAAnAouxiwy Kai 1I81aiTepa Ol
OITTAACIACHOI TTEPITTAEKOUV TNV OTOIXION TNG YEVWHIKAGS aAAnAouxiag. Me Tnv
TTPOCEYYION TNG IEPAPXIKNG AAANAOUXNONG, N OTOIXION TWV VOUKAEOTIOIKWV
aAANAOUXIWV TTEPIOPIOTNKE OTO ETTITTEOO TOU VOGS KAWVOU, HEIVOVTAG OTO EAAXIOTO
ouvaro, TIg weudeig oToixioelg. EmimTAéov, pe Tnv Tpooéyyion tou HGP ATav duvarh n
emBeRaiwon TNG CWOTAG OTOIXIONG TWV ETTIHEPOUS AAANAoUXIWY, ETTEIBN €ixe ON
KaBopIoTel TO PEYEBOG TWV EVOEPATWY TWV KAWVWY, JEoW TEPAXIOHOU Toug. ETTiong,
MEIWONKE 0TO eAGXIOTO N TTAcovalouaa aAAnAouxnon Kabuwg 0 QUOIKOG XAPTNG

ETTETPEWE TNV ETTIAOY AVTITTPOCWTTEUTIKWY, GEIOTTIOTA XAPTOYPAPNUEVWY KAWVWY UE
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TNV €AGxI0TN €MKAAUYWN. Ocov a@opd To KOOTOG TwV OUO EVAANAKTIKWYV
TTPOCEYYIoEWV EKTIMATAI OTI aUTO gival ouykpioiuo (Lander ES et al, 2001). H
IEPAPXIKN aTPATNYIKN €XEI UPNAGTEPO KOOGTOG OTO OTADIO TNG PUTIKNAG
XapToypaenong evw n shotgun aAAnAouxnon o€ eTTiITTEDO YOVIDIWUATOG OTTAITET
HeyaAUTepn TTPOCTTABEIO Kal ££00a OTO TEAIKO OTADIO, TNG TTAPAYWYNAS TNG
oAokAnpwpévng aAAnAouxiag. TEAOG, n 1EpapXIK aAAnAouxnon gival cupBaTh Pe Eva
EPEUVNTIKO TTPOYPAUMO OTO OTTOI0 CUMMETEXOUV TTOAAG OIOPOPETIKA EpyacThpIa YIOT

KAVEI EUKOAOTEPN TNV KATAVOUN TWV SIAPOpwWYV TTEIPAUATWY KOl UTTEUBUVOTATWV.

» Q@uOIKOS xdpTng ToU avépwirivou yoviSIWwUAToS

H péBodog tmou akoAouBnBnke atrd 1o HGP yia Tnv KATaoKEUr Tou XApTn Twv
KAwvwv BAC yia Ta TTEQIOCOOTEPA XPWHOOWHATA, TTEPIAGUBAVE BUO BIAPOPETIKEG
OAAG CUPTTANPWHATIKEG TTPOCEYYIOEIG: ) TO TIPOTUTIO TEPAXICHOU TOUG O€ ETTITTED0
yovidiwpuaTtog Kai ) Tov KaBopioud Tou TrepiEXoEvou Toug o€ STSs.

To mpdTuTro TEPayIouoU Twv BACs xpnoIUoTToINBnKE yia TOV TTPOCBIOPICHO
Tou BaBuoU aAAnAoeTTiKAAUWNAG Toug. KAwvol TTou TTpoépxovTal atrd Tny idia TTepioxn
TOU YOVIOIWMATOG, TTAPAYOUV TTPOTUTTA TEUAXIOMOU TTOU EU@AVICOUV KoIvd TENAXIA, TO
TTO00O0TO TWV OTToIWV gival EVOEIKTIKO Tou Babuol aAAnAoetmikaAuyng. H
aAANAOETTIKAAUWN KATA PKOG TTOAUAPIBHWY KAWVWY XPNOILOTIOIEITAI OTN OUVEXEIQ,
yia va diataxBouv ol kKAwvol o€ contigs. O padikdg TEMAXIOHOG OAWY TWV KAWVWV
BAC 1n¢ BiBAIoBrikng RPCI-11 (~300.000 kAwvol) Eekivnoe Tov OkTwplo Tou ‘98
(McPherson JD et al, 2001). O Tepgaxiopog yivoTav pe 10 €vquuo Hindlll kan Ta yey€0n
TWV eVOEPATWY TOUG UTTOAOYICOVTAV PETA ATTO NAEKTPOPOPNCN TTNKTWHUATOG
ayapolng (Eik. 6). Bdoel Tou péoou pey€Boug Twv evBEUATWY Kal TOU peyEBoug Tou
avOpWTTIVOU YoVIBIPATOG, O TEPHAXIONGS auToU Tou aplBuoU Twv KAWVWY odnyei o€
KAAuWn Tou yovISIWPaTOG KaTé 15 @opég. O1 TTEPIoTOTEPOI KAWVOI TTPOEPXOVTAV OTTO
Ta TPia TpwTa pEPN TNG BIBAI0BAKNG RPCI-11. H cuAAoyr) cuptTAnpwOnke apyoTepa
Me KAwvoug atro TG BIBAI0BAKeg RPCI-13 kai CalTech D. O puBudg Tepaxiopou Twv
KAwvwyv ATav trepitrou 20.000/dopdda. OAa Ta OedOUEVA TTOU TTPOEKUTITAV
Kataxwpouvtav otnv Baon dedopévwyv FPC. H ouvapuoAdynon Twv contigs ato Ta
OedONEVA TTOU TTPOKUTITOUV ATTO TOV TEPAXIOHO TOUG OTnPiCeTal o€ TTOAUTTAOKN
OTaTIOTIKA avaAuon Kai yivetal pe 1o Tpoypapua FPC (FingerPrinted Contigs,
Soderlund C et al, 2000), TTou yia TV WPA gival TO HOVADIKO QUTOUATOTIOINKEVO

AOYIOUIKO KOTAOKEUNG QUOIKWY XAPTWV.
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Q-

bp
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Eik. 6: EVOEIKTIK ] NAEKTPOPOPNON O€ TTAKTWHA Aydpodng TwV TTPOoidVTWYV TEPAXITHOU
TwWV KAwvwyv BAC. O tepaxiopdg rpayuatomroindnke ye Hindlll, evw avé évre deiypara
TTapePPAAAETaI BEIKTNG MOpIaKWY HeyEBWY (avatuttwon amd McPherson JD et al, 2001).

To TrepiexOuevo Twv KAwWvwy o€ STSs, kabopioTnke pe uBpidoTtroinon
YeEVWHIKWYV BIBAI0BONKWV KAwvwyv BAC (kupiwg Tng RCPI-11) pe opddeg STSs. Autda
ATav TTOAUMOPQIKOI HIKPpOBoPUPOpOI aTrd yeveTikoug XapTeg, ESTs ammod Tov
GeneMap99, didpopa STSs atrd Tnv GDB kal STSs 1Tou TTpoékuyav PETA aTTd
dlaxwpIouo pong (flow sorting) Twv XpWHOCWHATWY. ZTAdIOKA KAl KaBwg
oAokAnpwvovTav ol dAANAOUXIEC TwV KAWVWYV, TO TTEPIEXOUEVO TOUG O€ YVWOTOUG
O€iKTEG yIVOTAV e Auean diepelivnon TNG aAAnAouxiag Toug pe nAekTpovikd PCR (e-
PCR). Auté TrpayuaToTroigital he AoyIoHIKO TTou avixveUel o€ Jia aAAnAouxia, Tnv
UtTapgn evég STS, TAUTOTTOIWVTAG TOUG AVTIOTOIXOUG EKKIVNTEG TOU DEIKTN OTOV
OwOoTO TTPOCAVOTONONO KAl 0€ OWOTA AatréoTaon PeTagu Toug (Schuler GD, 1998).

O1 800 TTpooeyyioEIG TTOU TTEPIYPAPNKAY, TTPAYUATOTTOIOUVTAV TAUTOXPOVA Kal
aAAnAocupTTAnpwvovTav. To TTPOTUTIO TEPAXIOUOU TWV KAWVWY OEV ETTAPKEI YIa va
OTNPEIXTEI O QUOIKAG XAPTNG YIaTi TO avBpWTTIVO YovIDIwHa TTEPIEXEI TTOAAEG
emavoAapBavopeveg aAAnAouxieg TTOU UTTOPEI E TOV TEPMAXIOHO TWV KAWVWVY VO
TTapayouv {WVEG TAUTOONKOU UEYEBOUG 0dNYWVTAG O€ WEUDEIGC AAANAOETTIKOAUYEIG,
TTAPOAO TTOU Ol OTOIXIOEIG TWV KAWVWYV TTPAyUATOTTOIoUVTAl JE HEYAAN auoTnedTNTA.
ATIO TNV GAAN, TO TTEPIEXOUEVO TWV KAWVWYV 0¢ STSs dev ETTAPKE yIATI N KATAVOMN
TWV OEIKTWYV OEV EiVal OPOIOUOPPN KATA HAKOG TWV XPWHOCWHATWY KAl UTTAPXOUV
TTEPIOXEG TTOU XapaKTnei¢ovTal atrd XaunAn TukvotnTa. Me ouvduacouo Kai

emegepyaaia Twv TTANPOPOPIWV TTOU TTPOKUTITOUV aTrd TIG U0 TTPOCEYYIOEIG,
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eAéyxeTal n dIATagn Twv KAWvwy péoa ota contigs kal Twv contigs KATd PRKog Twv
XPWHUOCWHATWY.

MeTd Tov OXNUOTIONO KOl TNV XapToypd@non Twv apXIKwv contigs, autd
ETTEKTAONKAV Kal cuvevwinkav. ApxIKd, auTto TTPAYUATOTTOINONKE PE XPWHOOWUIKO
TTEPTTATANA KATA TO OTTOIO XpnoliyoTroenkav ol aAAnAouxieg Twv akpwv Twv BAC
TTOU XapTOypa®OUVTal OTA AKPaA Twv contigs yia eTTavaAnTITIKA dlEpElivnon TWV
BIBAI0BNKWY Kal TNV TAUTOTTOINON ETTITTAéOV KAWVWV. ZTNV TTEPITITWON AUTH
OUyKpivovTayv Ta TTPOTUTTA TEMAXIOMOU TWV UTTOWNPIWY KAWVWY Kal EpOooV
OUM@WYOUCQAV KAl TO ATTOTEAECUATA TOU TTEPIEXOUEVOU TOUG o€ STSs,
TTPAyHaTOTTOIOUVTAV 01 EVOTTOINCEIG Twy contigs. ApydTepa, e TNV TTPO0B0 TG
aAAnAouxnong, n evotroinon yIvoTav Je TAUTOTToINGN TNG AAANAOETTIKGAUWNG
OKPIAVWY KAWVWV YEITOVIKWY contigs o€ eitredo aAAnAouxiag. Ao Ta contigs
ETTIAEYOVTAV QVTITIPOCWTTEUTIKOI KAWVOI, 01 OTTOI0I CUVIOTOUV TO EAAXIOTO
OAANAOETTIKAAUTITOPEVO HOVOTIATI, YIG TTPOCBIOPICHO TNG aAAnAouxiag Toug. H Béon
auTwyv emmReBaiwvéTav emmimTAéov Kai ue avaAuon FISH.

21nv ékdoon Tou yovidiwpatog Tou 2001 (Lander ES et al, 2001) o QuUOIKOG
XapTng atroteAouvtav atmmod 1246 contigs kai Trepigixe 147821 xaouara. Auté nrav
TPIWV KaTnyopiwv: 1) yéoa ae Eévav KAWVO eTTEIdN Oev £xel OAOKANPWOEI n
aAAnAouxnaon Tou (145514 téT0I0 XAOWOTA EKTINWHEVOU PEyEBoug ~80Mb cuvoAikd A
3% Tng euxpwuarivng), 2) yéoa ato idlo «contig kKAwvwvy (~4076, cuvoAikoU
pey€Boug ~150Mb, 1 5% Tng euxpwpaTivng) Kal 3) Ta XAoPaTa PETAEU SIOPOPETIKWV
«contigs KAwvwv» TTou atroteAoloav ~4% TnNG EUXPWHATIVNG. ZUVOAIKA gixav
aAAnAouxnBei 29298 aAAnAoeTTIKAAUTITOPEVOI KAWVOI, KUpiwg BACS, pe ouvoAikd
pNAKog 4,26Gb. H aA\nAouyia katd 1o Va Atav «ohokAnpwpévny (finished), Baoel Twv
€€NG KpITnpiwv: a) Aiyétepeg armd 1 oTtig 10.000 Baoeig va gival AdBog, B)
TEPIOTOTEPO aTTO 95% TNG euxpwuativng va £xel aAAnAouxnBei kai y) Ta xdouparta va
gival pikpétepa atrd 150kb 1o kKaBéva (Collins FS et al, 1998a). Baoel Tou peyéBoug
TwV contigs, Twv XAOUATWY Kal TNG ETEPOXPWHATIVNG, TO HEYEBOG TOU YOVIOIWUATOG
eKTIUABNKE o€ 3,2Gb Kal Tng euxpwpaTivng o€ 2,9Gb.

H diadikaoia oAokAApwaong Tou XApTn Kai Tng aAAnAouxiag, TTou
TpaydatoTroienke puerd 1o 2001, TrepIAduBave ekToOG atTd TNV emBeRaiwaon Twv
OAANACETTIKAAUWEWV TWV KAWVWY, TV YEQEUPWON TWV XOOUATWYV. AUTH £YIVE UE
XPWHOCWHMIKO TTEPTTATNMA EITE TTEIPAMUATIKA €iTE in silico. Katd Tnv TTEIPAPATIKA
TTPocEyyion yivoTav eEavTANTIKA dlEpelivnon SIAPOPETIKWY YEVWHIKWY BIBAIOBNKWV
MEe STSs atrd Ta dkpa Twv contigs A ue aAAnAouyieg TTou BAvVWG XapToypagouvTav
péoa oTa xaouata (.. STSs, mRNAs kal aAAnAouxieg Tou TTOVTIKOU aTTd

OUVTAIVIKEG TTEPIOXEG). ETTioNGg, TTpayuatotTolouvTav auykpioelg in silico ye Tnv Baon
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0edopévwv Twv aAAnAouxiwy Twv dkpwyv Twv BACs (Zhao S, 2000) yia TautoTroinon
aAAnAosTikaAUWewyv. Katrola xdouarta dev ATav duvatov va KaAu@Bouv eiTe yiarTi
oTAaBnKe aduvaTtn n avixveuan KATTOIOU KAWVOU E€iTe yiaTi TTapoAo TTou
TauToTTolIoUVTAY BIAPOPOI KAWVOI dev ATAV duvaTr] N eEAKPiBwon TNG OXETIKAG TOUG
aAAnAoeTTIKGAUWNG, AOYyw TNG TTOPOUCIAG EKTETAPEVWY, UYNAG eTTavaAapBavéuevwy
aAAnAouxIwv i} oXedOV GPoIWV PETAEU TOUG BITTAOCIACUWY. ZTOV QUOIKO XAPTN
EVOWHATWONKAY KAl Ol TTEPICCOTEPESG TEAOPEPIKEG TTEPIOXESG TWV XPWHOCWHATWV
XPNOIHOTTOIWVTAG éva I0IKO auoTnua KAwvotroinong (‘half-YACs vectors’, Riethman
HC et al, 2001).

2tnv 1eNIKA €kdoaon Tou yovidiwpaTtog (International Human Genome
Sequencing Consortium, 2004), o apIBUOG TwV XAOUATWYV TTEPIOPIoTNKE 0Ta 341 aTTd
Ta otroia Ta 33 AVTIOTOIXOUV O€ ETEPOXPWHATIVN Kal £X0UV CUVOAIKO prikog 198Mb.
Ta utréAoitra 308 xdopaTa TTOU AVTIOTOIXOUV O€ EUXPWHATIVI £€XOUV OUVOAIKO UNKOG
28Mb kai TrepiAapBavouv 35 aTa OpIa EUXPWHATIVNG-ETEPOXPWHATIVNG Kal 273 PEéaa
oTnV euxpwpartivn. Ao Ta TeAeuTaia, Ta 251 cival xdopata petagl Twyv contigs Twv
KAWVWYV. ZNPAvVTIKO TTOC0CTO QUTWY BPICKETAI OE TTEPIOXES TTOU TTEPIEXOUV
TTOAAQTTAOUG DITTAACIACUOUG, OTIG TTEPIKEVTPOUEPIKES KAl OTIG UTTOTEAOUEPIKES
TTEPIOXES. ZUVOAIKA aAAnAouxrBnkav 59208 kAwvol (oAIkd prkog 5,84Gb). To
eNGXI0TO AAANAOETTIKOAUTITOPEVO POVOTTATI atToTEAOUVTAV ATTO 26720 KAWVOUG Kal N
evotroinuévn aAnAouyia atréd 2,851,330,913bp. To péyebog Tou yovISIWPATOG
eKTIUABNKE o€ 3,08Gb, amd Ta otroia Ta 2,88Gb avTioTolXoUV 0€ EUXPWHATIVN.

H moTétnTa TNG aAAnAouyiag kai n KGAuywn Tou yovIBIWPATOG TTOU TTAPEXEI N
oAokAnpwpévn ékdoon civar 1dlaitepa uWnAr (Schmutz J et al, 2004). MA¢ov, £xel
TpocdloploTei N dIATAEN KAl 0 TTPOCAVATOAIOUAOG AAANAOUXIWY TTOU O€ KATTOIEG
TTEPIOXEG TOU YOVIDIWUATOG NTAV AUPIAEYOUEVOG, evid dlopBwenkav dIGYopol TEXVNTOI
OITTAACIAC oI TUNHATWY TTOU gpgavifovtav oTnv TPWTN ¢ékdoan. MNa Tov EAeyxo TNG
MOTOTNTAG TNG OAOKANPWHEVNG aAANAouUXiag epapuooTnKay did@opol EAeyXOl, TTou
£deigav 611 T0 TTooooTd AdBoug NTav WIKpoTEPO atrd 0,001% (1 AdBog avé
100.000bp), pia Tagn peyEOoug KAAUTEPO ATTO Ta TTPOTUTTIA TTOU €iXav BeOTTIOTE yIa
TNV «0AOKANpwévnN» aAAnAouyia To 1997 (Bermuda standards,
http://www.gene.ucl.ac.uk/hugo/bermuda2.htm) kal agopolcav Kupiwg
QVTIKATAOTACEIG €VOG VOUKAEOTISIOU Kl TOV apIBud TwWV CUVEXOUEVWYV aVTIYPAPWY
emavaAfpewv (Schmutz J et al, 2004). O éAeyxog etTiong €5€1Ee OTI Ol OTOIXIOEIG TOU
eAAYI0TA GAANAOETTIKOAUTITOMEVOU HOVOTTATIOU TWV KAWVWYV ATav TTOAU akpIBEig Kai
OTI GUVOAIKG N YEVWHIKN aAAnAouyxia trepi€xel pévo 50-100 mBavd eAAeippaTa péoou
MAKoug 5kb Adyw AaBwv oTn diadikagia Twv GToIXiIoEWV 1 JETAAAQYWY KATA TOV

TTOAQTTAQCIOONO TWV YEVWHIKWY KAWVWYV OTa BakTApla. ETTiTAéov, ekTIUABNKE OTI
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TO TTO000TO TNG EUXPWHATIVIKAS aAANAouxiag TTou AEITTel atrd TNV «OAOKANPWHEVN»

¢kdoaon gival <1%.

1.5. AAAnAouxnon yovidiwudrwv opyaviouwV-HOVTEAwWY

H avdAuon kai n ouykpion yovISIWPATWY atro dIa@opeTIKA €idn cival To
QVTIKEIYEVO TNG ZUYKPITIKAG MovISIWATIKAG. H ouyKpITIKr avdAuon PTTopei va
aTTOKAAUWYEI TA yovidia TTou gival atrapaitnTa yia 1n {wh Kabwg Kal autd TTou
kaBopifouv éva €idog, va SIaAEUKAVEI TOUG €CENIKTIKOUG NXAVIOUOUG KOl TOUG
MNXaviIoPoUg TNG YoVIBIAKAS puBuiong. EmimmAéov, éva peydAo HEPOG TNG yvwong TNG
AeiIroupyiag yovidiwv Tou avBpwTTtou oTnpideTal OTn yvWorn TTou UTTAPXE! YIa Ta
opBoAoya yovidia o€ Evav AAAO ATTAOUCTEPO OPYAVIOUS-HOVTEAO.

MapdAAnAa pe 1o HGP, e€ehicoovtav Kal n yeVWHIKN avdAuon Piag TTOIKIAIOG
OPYQAVIOUWV-POVTEAWY. ApXIKE, avaAlBnkav OXETIKA PIKPE YOVISIWPOTA, TTOU EKTOG
atro TIG TTANPOYOPIEG TTOU ATTOKAAUWAV VIO TNV YEVETIKI GUCTACT TWV AVTIOTOIXWV
OPYQVIOHWYV, TTAPEIXAV KAl TRV OTPATNYIKI KAI TIG TEXVIKEG TTAVW OTIG OTTOIEG
BacioTnke N MEAETN TTOAUTTAOKOTEPWY OPYAVIOHWYV, CUUTTEPIAAUPBAVOUEVOU TOU
avOpwTTou. ZTadIaKd, N avaAuon TTPOXWENOE O€ TTOAUTTAOKOTEPA YOVISIWKATA KAl
€KTOC aTTO TOUG TTEVTE OPYAVIGHOUG-HOVTEAQ TTOU gixav TTpoTadei atrd To HGP,
eMAEXONKaY aTTd TNV ETTICTAMOVIKI KOIVOTNTA ETTITTAEOV OPYQVIGUOI YIa aAAnAouxnon
TWV YoVIOIWHATWY TouG. H €TTIAOYA TOUG BaCIiOTNKE 0€ GUYKEKPIYEVA KPITHPIA OTTWG
TT.X. OTN QUAOYEVETIKI] aTTOOTACN aTTd GAAOUG OpYAVIOUOUG-HOVTEAQ, OTO PEYEDOC TOU
yovIOIUATOG, OTN dUVATOTNTA HETOAAOEOYEVVEONG KOl JETOOXNUATIOUOU, OTN
O1a0eINOTNTA TTEIPANATIKOU UAIKOU K.ATT. KaBwg uttdpyxouv TTAéov diabéoiua
QVTITTPOCWTTEUTIKA YOVISIWMATA ATTO DIAPOPES PUAOYEVETIKEG ONADES WG avagopd, N
TTPOCEYYION TTOU KUPiIWG akoAouBeiTal yia Tnv aAAnAouxnon gival auTr) Tou TTApoug
shotgun. O1 peAETEG TTPAYUATOTTOIOUVTAI HE XPAON UTTOAOYIOTIKWY TTPOYPANPATWY
TTOU OTOoIXiCouV Kal oUYKPivouv TTOAAQTTAEG aAANAOUXiEG.

To TpwTo YovIdiwua TTou aAAnAouxninke ATav Tou Baktnplopdayou ¢X174
(Sanger F et al, 1977; 1978) ka1 akoAoubnoe auTd Tou BakTnpiopdyou A (Sanger F et
al, 1982), oTov OTT0i0 TTPWTOEPAPHOOTNKE N TTPOCEyyion TNG shotgun aAAnAolxnong.
H avaAuon Twv yoviIOIwuAaTwY Twv TTEVTE OpyavIoPWwV-PovTéAwV (S. cerevisiae,

E. coli, C. elegans, D. melanogaster, M. musculus) TTou ATav 0TOUG GTOXOUG TOU
HGP, éxel 1dn oAokAnpwBei. To 1989 cixe Eekivrioel N avaAuon Tou S. cerevisiae,
TOU TTPWTOU EUKOPUWTIKOU OpYavIoHOU pe pHéyeBog yovidiwuaTtog 12,5Mb. Ztnv
avAaAucon CUMETEIXAV 74 eupwTTAIKA EPYQCTAPIA KAl N GTPATNYIKY TTOU
akoAouBnenke, Abyw Tng PeyaAUTeEPNG TTOAUTTAOKOTNTAC TOU YOVIOIWUATOS auToU O€

ox£on Pe autd TTou gixav avaAuBei péxpl 10T, TTEPIAGUBAvVE apXIKE TNV KATAOKEUN

20



Eicaywyn

€VOG QUOIKOU XAPTN YEVWHIKWY KAWVWY @dyou A Kal KatéTtiv Tnv shotgun
aAAnAouxnon emAeyuévwv KAwvwy (Olson MV et al, 1986; Goffeay A et al, 1996).
KaBwg oTov oakxapopuknTa, Jovo 10 4% Twv yovidiwv TToU KWOIKOTTOIoUV
Tpwrteiveg TTEpIEXOUV IVTpovia (Goffeay A et al, 1996), n TauToTroinon TOUG in silico
NTav OXETIKA Gpean Kal odryynoe otov TTpoadiopioud ~5900 yovidiwv. H peAETn Tou
opyaviopou autoU o€ eupeia KAigaka gival o€ TTOAU TTpoxwpnuévo oTddio Kal yr
QUTAV XPNOIPOTIOIEITAI Pia TTOIKIAIa TTpooeyyioewy, OTTWG Tuxaia (Burns N et al, 1994;
Ross-MacDonald P et al, 1999) i kateuBuvouevn (Winzeler EA et al, 1999; Giaever
G et al, 2002) otéxeuon Twv yovidiwv Kal akdAoubn @aIivoTUTTIKr avaAucn Twv
MeTaAayHéVwyY KUTTApwY, avdAuon TnG yovidiakng ékepaong pe SAGE (serial
analysis of gene expression, Velculescu VE et al, 1997) kal Je JIKPOGUOTOIXIEG
(DeRisi JL et al, 1997), TauToTroinon Twv TTPWTEIVWV PE NAEKTPOPOPNON dUo-
diaotdocwv (Futcher B et al, 1999; http://www.ibgc.u-bordeaux2.fr/'YPM/), Tou
UTTOKUTTApPIKOU evTOTTIoWOU Toug (Kumar A et al, 2002; Huh WK et al 2003), Twv
aAAnAemidpdoewy Toug (Uetz P et al, 2000) K.ATT.

To 1997 oAokAnpwBnke N aAAnAoUxnon Tou yovISIWPATOG TOU BaKThpiou
E. coli (Blattner FR et al, 1997) 1Tou, 6TTwG Kal OTOV 0AKXaPOUUKNTA, BacioTnke o€
QUOIKO XapTn To péyebog Tou yovidiwuaTdg Tou gival ~4,6Mb kai TTooooTté ~88%
KaAUTITETAI ATTO Ta 4288 yovidla TTou PEPEI TTOU KWOIKOTTOIOUV TTPWTEIVEG.

O TpWTOC TTOAUKUTTAPOG 0PYaVIOHUOGS TTOU avaAUuBnKe To yoviSiwud Tou ATav
o vnuatwdng C. elegans (C. elegans sequencing consortium, 1998). O opyaviou6g
auTdg gival TTARpwG dlIauyAG o€ OAa Ta 0TAdIA TNG (WG TOU, ETTITPETTOVTAG £TC1 TNV
GuUECN TTAPATAPNON TWV KUTTOPIKWY BIAIPECEWY, TWV HETAVAOTEUOEWYV Kal ThG
dlapopoTroinong. Etiong, TapoAo tTou n avatoyia Tou gival atrAf, Ta 959 cwuatiké
KUTTAPQ TOU £VHAIKOU QVTITTPOCWTTEUOUV TOUG TTEPICTATEPOUG KUPIOUG
d1a@opOTTOINUEVOUG KUTTAPIKOUG TUTTOUG. ETTITTAéOV, €ival TO povadikd {wo yia To
OTTOI0 £XOUV XOPAKTNPIOTEI Ol KUTTAPIKES yeEvEAAOYieG ATTO TO {UYWTO WG TO EVIAIKO
KaBwg Kal To TTARPES veupwviko dikTuo (Wood WB, 1988). To Tpdypapua gekivnoe
ME TNV KaTaokeun evog euoikoU Xaptn (Coulson A et al, 1991; Coulson A et al ; 1988)
KOOMIBIOKWY KAWVWY, TTOU fTav TO0 oUOTAHA JE Ta hJeyaAuTepa evBéuaTa (~40kb)
gkeivn Tnv €1oxn, Kal Tautdxpovn amoudvwon ESTs (Waterston R et al, 1992;
McCombie WR et al, 1992) ka1 cDNAs (Reboul J et al, 2003). To cuvoAIké PriKog Tou
yovidiwpartog givar 97Mb kai n avédAuon Tng aAAnAouxiag, TTou fTav oaQwg
TTOAUTTAOKOTEPN ATTO AUTHV TOU COKXAPOUUKNTA Kal TNG E. coli A\Oyw Tng TTapouaciag
IVTPOViwv, TNG HIKPOTEPNG YOVIBIAKNG TTUKVOTNTAG Kal TNG UTTapENng
emavaAapBavopevwy aAAnAouxiwy, odriynoe otnv Tautotroinon ~19.000 yovidiwv

TTOU KWOIKOTTOIOUV YIO TTPWTEIVEG, TTEPITIOU TPEIG YOPES TTEPITOOTEPA ATTO AUTA TOU
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OOKYXOAPOMUKNTa. ZT1a TTAdioIa emRERaiwong TwV «TTPORAETTOPEVWVY YOVIOIWV HECW
KAwvoTroinong Twv avtioToixwv cDNAs, emBeRaiwbnke, EXPI OTIYUAG, N douR TwvV
12.000 amé autd (ORFeome version 1.1, Reboul J et al, 2003). Ztov C. elegans n
avAaAuan, o€ eTTITTEDO YOVIDIWUATOG EXEl TIPOXWPAOEI APKETA Kal TTEPIAAPBAVEI
ocdopéva atrd PeAETEG TNG YOVIDIOKAG EKPPACNG UE XPron MIKpoouaoTolxiwy (Reinke
V et al, 2000) A pe xprion yovidiwv-avagopdg (Hope IA et al, 1996;
http://129.11.204.86:591/default.htm). Ettiong, £xeI epapuooTei pe eTTITUXIA O€ €upEia
KAipaka (>80% yovidiwv), o€ eTmiTredo opyaviouou, n TTPocyyion TNG YovISIOKAG
oiynong péow RNAI tTou divel Tn duvatoTnTa JEAETNG TOU QAIVOTUTTOU, EAAEIYEI
ouykekpipévou petaypdeou (Fraser AG et al, 2000; Gonczy P et al, 2000; Piano F et
al, 2000; Maeda | et al, 2001; Kamath RS et al, 2003, Simmer F et al, 2003).
EmimmA£ov, uttdpyouv TTANPOPOopieS yia TTANB0G TTPWTEIVIKWY aAAnAemdpdocwy BAoel
meipapdTwy Twv duo uBpIdiwv (Walhout AJ et al, 2000; Li S et al, 2004;
http://vidal.dfci.harvard.edu/).

H D. melanogaster atmroTeAEi QVTIKEIUEVO EPEUVAG VIO OXEDOV Evav AILOVA Kal
ouVvIOTA £va 10aVIKO JOVTEAO VIO YEVETIKEG KOl avaTTTUEIOKES MeAETES. To 2000
OnNUOaCIEUTNKE N TTPWTN €Kd0oON TNG AAANAOUXIOGC TNG EUXPWHATIVIKAG TTEPIOXNAS
(120Mb) Tou yovidiwuatog (180Mb). H Tpooéyyian TTou akoAouBrBnke ATav Kupiwg
auTA Tou TTARpoug shotgun Ge €TTiTTEd0 YOVIOIWWUATOG, TTOU XPNOIUOTIOINONKE €V PEPEI
w¢ atmédeitn TN duvaTtdTNTag aAAnAoUXNoNG Kal TOU avBpwTTIVOU YOVISIWHATOG JE
Tov id10 TpoTTO (Adams MD et al, 2000). QoT1éc0, TO AVBPWTTIVO YoVISiwHa gival
MEYOAUTEPO KATA TOUAAXIOTOV 15 QOopEG, £XEl TTOAU MIKPATEPN YOVIBIAKK) TTUKVOTNTA
Kal TTEPIANAUBAVEI ONUAVTIKOTEPO TTOCOOTO ETTAVAAAUBAVOUEVWY AAANAOUXIWY. ZTO
TPOypappa aAAnhouxnong ocuppeteixav Ta Berkeley, European, kair Canadian
Drosophila Genome Projects TTou TTapeixav £va AETTTOPEPT XPWHOOWHIKG XAPpTN
(Hoskins RA et al, 2000) kai aAAnAouxia prkoug 28Mb evw to uttéAoitTo 75% Tng
aAAnAouyxiag TTaprxen ammoé cuvepyaaoia Tng eTaipiag Celera Genomics kai Tou
Berkeley Drosophila Genome Project. H av&dAuaon Tou yovidiwuaTtog €5€1E€ TNV
utrapén ~13.600 yovidiwv TTou KWAIKOTTOIOUV TTPWTEIVES, apPIBPOG KATA TTOAU
MIKPOTEPOG aTTO QUTOV Tou C. elegans, TTAPOAO TTOU 0 OPIBUOG TWV KUTTAPWY TNG
D. melanogaster cival oxedov dekaTTAACI0G. AUTO dEiXVEl, OTTWG KAl OTNV TTEPITITWON
TOU avBpwWTToU, OTI N TTOAUTTAOKOTNTA £VOG OPYAVIOHOU BeV «XTICETAI» OTTOKAEIOTIKA
a1ré ToVv apiBud Twv yovidiwv. MeTd Tnv oAokAnpwaon TG aAAnAolxnong, £xel
gekivrioel kal n Aeitoupyikr avaAuon o€ eTmiredo yovidiwuaTog. MNMAEov, eKTOG Twv
QPUOIKWV Kal TEXVNTWV PMETAAAQYMEVWY OTEAEXWV TTOU €ixav aTTOPOVWOEI Kal
OnuIoupynBEi atrd TOUG YEVETIOTEG KATA Ta TTPONYOUMEVA XPOVIa, UTTApXEl O1aB£aiun

TTANBWPA GTEAEXWYV TTOU PEPOUV EVOETEIG UETABETWY OTOIXEIWV OE GUYKEKPIPEVES
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B£0€Ig TOU YOVIDIWHATOG, TTOU ATTOTEAOUV UAIKO yIa TN dnUIoupyia XpwHOCWHIKWY
eAAEIPPATWY. YTTOAOYiZeTal OTI Ta OTEAEXN AUTA KAAUTITOUV Ta 2/3 Twv yovidiwyv, aTrd
TNV atroyn duvaroTtntag pyetaragoyéveanc (Thibault ST et al, 2004; Ryder E &
Russell S 2003, Bellen HJ et al 2004; http://flypush.imgen.bcm.tmc.edu/tagbase/). H
01a0e01uOTNTa AuTWY Twv aTeAexwv (atrd Ta Bloomington Drosophila Stock Center,
Szeged Drosophila Stock Center, Baylor College of Medicine kai Harvard Medical
School) o€ ouvduaouo e TN OUVTONN BIAPKEIQ TWV YEVEWY O€ AUTOV TOV OPYAVIOUO,
KGvouv duvaTr TNV avaAucn Twv PJETAAAQYUEVWVY QAIVOTUTTWY OE OXETIKA GUVTONO
XPOVIKO dIdoTnua. ETITTAéOV, OTOV OpYyaVIOHUO AUTOV €XEl EQAPPOOTEI JE ETTITUXIA N
Texvohoyia Tou RNAI ae kuttapokaAAiépyeieg (Pollard TD, 2003). ‘ETol, éxouv
TTPayHaToTToINBEi dIAPOoPES DIEPEUVATEIS (SCreens) e OKOTTO TO XAPAKTNPIOUO
BioAoyikwv @aivoTUTTWV € €TTITTESO KUTTAPOU, OTTWG €ival n KuTokivnon (Somma MP
et al, 2002; Eggert US et al, 2004; Echard A et al, 2004), n KUTTapIKr Jop@oAoyia
(Kiger AA et al, 2003), n avéTtrtugn kai n Biwoipdétnta (Boutros M et al, 2004).

O mrovTIKOG (Mus musculus) atroTelei Tov KUPIO OpYavIOUS-POVTEAO YIa ThV
MEAETN TNG YEVETIKNG KAl TG QUOIoAoyiag Twv BnAacTikKwy. Ta TTAEOVEKTHHATA TOU
EvavTl Twv AAAwV BnAaoTiKwy gival n d1aBscipdtTnTa TTANBWPAG AIJOMIKTIKWY (inbred)
OTEAEXWV, N OXETIK EUXEPEIO OTNV TPOTTOTTOINCN KAl avAAucH Tou yovIdIwuaTdg Tou,
N IKavOTNTA YPAYOPNG aVaTTApaYWYAS HE TauTOXpovn dnuioupyia TTOAAWY atToyovwy
KAl TO OXETIKA XAUNAG KOOTOG OUVTHPNONAG Tou. ATT T TTI0O ONUAVTIKA ETTITEUYHATA
ATav n dnuioupyia diayovidiakwy Kal "knock out" TTOVTIKWY, apKeT& a1Td TA OTTOIO
atroTEAOUV HOVTEAA YIa VOO AT TOU avBpwTTou, KaBWG gu@avifouv Trapduola
TTaBoAoyia. XapakTnpIoTIKA TTapadeiyuaTa gival Ta TTovTiKIa atrd Ta oTToia AEITTEl TO
yovidlo p53, Ta otroia, 6TTwG Kal 0TV AvTIoToIXN KATAoTAON GTOV AvOpwITOo,
eP@avicetal TTPodIGBeoN yIa KapKivoug, Ta TTOVTIKIO TTOU ATTOTEAOUV JOVTEAO yia TO
ouvopouo Down K.ATT. Katd Tnv TTopeia TG avaAuong Tou yovIDIWPATOG auToU TOU
opyaviouou, dnuioupynBnkav didgopol yeveTikoi (Dietrich WF et al, 1996; Rhodes M
et al, 1998) kai puaikoi xapTteg (Nusbaum C et al, 1999; Van Etten WJ et al, 1999;
Gregory SG et al, 2002) peyadAng €ukpivelag Kal atrogovwinke TAnBwpa ESTs
(Marra M et al, 1999) ka1 cDNAs (Carninci P et al, 2003). To 2002 dnuoocielTnKe N
TpWwTN £€kdoon TNG aAAnAouyxia Tou yovidIwPaTog Tou aTeAéxoug C57BL/6J (Black 6)
ME «BABog dlaBacuaTog» ~7 PopEG Kal N TTPOKATAPKTIKA avaAuon Thg aAAnAouxiag
(Waterston RH et al, 2002a). H otparnyikr Tou akoAouBrinke ouvdlaoe Ta
XOPAKTNPIOTIKA TNG 1EPAPXIKAG- BAoel uoikoU xapTtn- shotgun aAAnAouxnong kai TG
shotgun aAAnAouUxnong oe emiTredo YovISIWNPATOG. TO YOVIBIWUA TOU TTOVTIKOU £XEI

TTEPITTOU TO D10 PEYEBOG e TOU avBpwTTOU, TTEPIEXEI TTAPOHOIO ApIBud yovidiwy TTou
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Ta TEPIOOOTEPQ EPPavifouv opBdAoya oTov AvBPwWTTO Kal EUPAvifel EKTETAPEVN
ouvTtavia (ouvtnpnuévn yovidiakn diaragn).

EkT6G Twv opyaviouwy TToU Treplypdenaayv, £xouv oAokAnpwoOei | eival o€
e€ENIEN N aAAnAouxnon TTAABoug GAAwWV opyaviopwv-PovTéEAWY, Adyw BloiaTpikou,
€EENIKTIKOU 1) OIKOVOWIKOU evOIa®EPOVTOG. MEXPI ONPEPQ, £XEI OAOKANPWOEI N
aAANAoUxNoN TwV YOVISIWHATWY TTEPICOOTEPWV TWV 200 TTPOKAPUWTIKWV
OpYQVIOUWYV evw gival o€ e¢ENIEN TouAGyioTov 500 etITTAéov. ATTO TOug
EUKOAPUWTIKOUG OpYavIoUOUG, £xel OAOKANPWOEI N avdAuon oxeTIKA Aiywv Kal o€
e€ENIEN €ival n aAAnAouxnon ~300 yovidiwpudtwy (www.genomesonline.org).

ATTO TOUG ONUAVTIKOTEPOUG OPYAVIGHOUG TTOU N avAAUCT] TOUG TTPOKEITAI VO
OUVEIOQEPEI OTNV KaTavonon Tng BioAoyiag Tou avBpwTTou eival:

a) O apoupaiog (Rattus norvegicus) TTOU ATTOTEAEI TO ONUAVTIKOTEPO POVTEAO YIA TN
YEVETIKN XapToypd@naon TTOAUTTapayovTIKwy gaivoTuTiwy (James MR & Lindpaintner
K, 1997) 6TTwg n apBpitida, n utréptaacn, o IaRATNG Kal 01 KAPSIOAYYEIOKES
TaBdnoelg. Tnv TeAeuTaia dekaeTia £€xouv TautoTroINBei ~ 150 yeveTikoi TOTTOI TTOU
oxeTiCovtal Ye TTOAUTTapayovTIKG xapaktnpioTikd (http://ratmap.gen.gu.se). H mpwTn
£€kdoaon TnG aAAnAouyiag Tou yovidiwuartog dnuooieutnke To 2004 (Gibbs RA et al,
2004) kai emTTA0V, UTTAPXOUV DIABECINOI YEVETIKOI, QUGIKOI KAl JETAYPAPIKOI XAPTES
MeYaANg eukpivelag (Bihoreau MT et al, 1997 & 2001; Watanabe TK et al, 1999;
McCarthy LC et al, 2000; Scheetz TE et al, 2001).

B) O11xB¢ic Fugu rubripes, Tetraodon nigroviridis kou Danio rerio (zebrafish).

To Fugu rubripes TTpo1dOnkKe oav JovTéAO OTTOVOUAWTOU opyaviouou (Brenner S et
al, 1993) Aéyw ToU «oUPTTAYOoUS» YOVIBIWPATOS TOU, TO OTTOI0 TTAPOAO TTOU gival HOvo
365Mb, éxel onuavTiké TTOOOOTO OPOAOYIOG OTO ETTITTESO TWV YOVIBIWV PE TOV
AvBpwTTo. XTNV ETTIAOYA TOU WG PHOVTEAO BOABNOE TTITTAEOV, TO UIKPO PEYEBOG TwV
IVTPOVIWV TOU Kal TO OXETIKA HIKPS TTo000TS (~15%) eTTavalaupavouevwy
aAAnAouxiwv (Brenner S et al, 1993). Ta TTapatrdvw XApaKTNPIOTIKA KABIoTOUV TOV
opyavioud autd dia atTAr Kal OIKOVOUIKY) TTPOCEYYION TTOU UTTopEl, Adyw TNG JeydAng
OXETIKA €CENIKTIKAG aTTOOTAONG ATTO TOV AVBPWTTO, VA CUVEICQEPEI OTNYV TAUTOTTOINGN
onPavTiKwy ouvtnpnpévwy otoixeiwv (Elgar G et al, 1996). H TpwTn £ékdoon Tng
aAAnAouyiag oAokAnpwBnke To 2002 (Aparicio S et al, 2002), evw uttdpxouv
o1a0éoipa TToAANG ESTs (Clark MS et al, 2003) kai évag TTpOo@ATOG YEVETIKOG XAPTNG
(Kai W et al, 2005). To Tetraodon nigroviridis Trou améxel e€eAikTiké 20-30
ekatopupia xpovia atod 1o Fugu rubripes TTpOTABNKE cav PJOVTENO TTou Ba
OUVEICQEPEI OTNV TAUTOTTOINON AEITOUPYIKWY AAANAOUXIWY TTOU EPPAVIOTNKAV PETA
TNV atrékAIon avBpwTrou-TeAedaTewv (Crnogorac-Jurcevic T et al, 1997). H mpwTn

£€kdoaon TnG aAAnAouyiag Tou yovidiwuatog Tou (~350Mb), TTou givai e€icou
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«OUJTTAYEGY ME auTd TOu Fugu rubripes, dnuoaoieutnke To 2004 (Jaillon O et al, 2004).
To Danio rerio (zebrafish), TapdAo 10 peydAo péyebog Tou yoviSIwPaTdS Tou
(~1,7Gb) TTapouacid@lel onuavTIKA TTAEOVEKTHUATA Kal yI' QUTO Kal XPNOIMOTIOIEITAl WG
HovTENO. TO ONUavTIKOTEPO gival OTI TIPOKEITAI yia Slauyr) opyaviouo yeyovog TTou
KAvel duvartr Tnv TTapatpnon in vivo. ETITTAéovV, KABWG N £TTaywWyr VEWV
METOAAQYWV gival OXETIKA EUKOAN, £xEl TTpayuaToTToIinBei peTaAAagoyéveon o€ supeia
KAiJaKa yia TNV TaUTOTToiNON YOVIDIiWY TTOU CUNUETEXOUV O€ OUYKEKPIMEVA BIOAOYIKG
MOVOTTATIA, TT.X. OTNV GVATITUEN TOU VEUPIKOU CUCTHHATOG. ZTa TTAQioIa auToU, €XouV
kataypagei ~4000 gaivoTuTrol eBPUIKAG BvnoiuoTnTag («big screeny», Driever W et
al, 1996; Haffter P et al, 1996). H aAAnAoUxnon Tou yovIiSIWKATOG TOU OpyavIoHoU
QuToU gival o€ EENIEN evw TTAPAAANAQ £XOUV KATOOKEUQOTE Kal gival d1aBéaiyol
YEVETIKOI Kal QUOIKOi XApTEG HEYAANG DIOKPITIKAG IKAVOTNTOG.

y) O xiptmatlng (Pan troglodytes) TTou atTéxel ECEAIKTIKA a1Td TOV AvBpwTTo ~6
EKATOPUUpIa Xpovia, atToTeAEl onuavTIKG pyaAEio yia Tnv KaTavonaon Tng eEEAIENG
TWV TTPWTEUOVTWY. O KUPIOG OTOXOG €ival n TAUTOTTOINCN TWV KPICIHOTEPWV
dlapopwyv PETAEU Twv dUO opyavioPwy TTou 0dnyouUV OTIG TTAPATNPEOUMEVES DIOPOPES
OTn QUGCIOAOYIQ Kal TNV GUUTTEPIPOPA. 2’ auThAv TNV JEAETN Ba BonBriocouv Ta
yoviOiwuaTa AAAWV TTPWTEUOVTWY, TT.X. TOU OUpayKoTaykou (Pongo pygmaeus) TTou
n avaAuaon Tou ival on o€ €€EAIEN. H TTpwTn €kdoan Tng aAAnAouxiag Tou xiuTTartln,
ME «BdaBog dlaBaouaTtog» ~4 eopég, oAokAnpwonke Tpodc@arta (Chimpanzee

Sequencing and Analysis Consortium, 2005).

1.6. To ypwuoowua 10 rou avépwirou

To xpwudowpa 10 gival éva peoaiou pey€BOUG UTTOUETAKEVTPIKG XPWHOCWUA
TTOU QVTICTOIXED TTEPITTOU OTO 4,2% Tou OUVOAIKOU YovIBIWPATOG. To Quaikd Tou
MAKoug TTaAaidTepa ixe ekTIUNBEI o€ 144Mb aAAG TTAéov €xel kaBopioTei oTig ~135Mb
(Deloukas P et al, 2004). Z1a mAaioia Tou HGP, 10 epyacTripid pag tnv TeAeutaia
OeKaeTia E0TIAOTAKE OTNV YOVISIWUATIKA XapToypdenon autou Tou XPWHOOWHATOG.
Méxpr TNV Evapén autig TNG dIATPIBAG €iXaVv KATOOKEUAOTE O YEVETIKOG XAPTNG
(EUROGEM, Marzella R et al, 1997), o xdpTng TWV ONMPEIWV YEIWTIKOU
avacuvduaopou (meiotic breakpoint, Cox SA et al, 1996) kal 0 QUOIKOG XAPTNG
KUTTapIKWV UBpIdiwv avBpwtrou-TpwkTikoU (Marzella R et al, 1997).

2T0 TTPWTO PEPOG AUTAG TNG Epyaciag Ba TTEPIYPAWOUE TNV OUVEICPOPA HOG
OTOV QUOIKO XAPTN TWV YEVWHIKWY KAWVWV TTOU XPNOIKOTToINONKE aTnV
aAAnAoUXNON TOU XPWHOOWHATOS. TO ATTOTEAECUA OAWV AUTWYV TWV XAPTOYPAPIKWYV
TTPOOEYYIOEWV TTPOCYEPEI CNUAVTIKA EPYAAELia yIa TN XapToypd@non voonudaTwy Kal

TNV TauToTTOiNON YOVIdiwY. 2TO dEUTEPO PEPOG TNG EPYATiag Kal PE EQOdIa ToV
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OAOKANPWHEVO QUOIKO XAPTN Kal TRV TTARPN aAAnAouxia Tou XpWHOCWHATOG,
TTPOXWPNOAUE TNV KAwvoTToinan HIag oeipdg véwyv yovidiwv Bdoel TG
XPWHOCWHMIKNAG TOUG TOTTOYpa®iag. ZTdx0l Jag ATav a) n TauToTroinan Tou yovidiou
TTOU OXETICETAI UE TN PEPIKA ETTIANWIA TOU KpoTa@ikou AoBou (ADLTE), TTou epgavidel
QUTOOWWIKG ETTIKPATA TPATTO KANPpOovOUNOoNG Kal xaptoypageital otn {wvn 10923-g24
Kal B) n KAwvoTroinon Tn¢ eUBpauoTtng B8éong FRA1T0A, TTou avAKeEl OTnV KaTnyopia

TWV OTTAVIWV BECEWV TTOU ETTAYOVTAI ATTOUTIA PUAAIKOU 0&£0G (BA. TTOPOKATW).

» Tovidia Tou xpwuoowparog 10 mou oxerifovral us voonuara

Méxpr oAuepa Trepitrou 70 yovidia Tou XpwuoowlaTog 10 £Xouv CUCXETIOTEI
ME TNV EPPAVION YEVETIKWV dIATAPAXWYV, HETAEU TWV OTToIWV cuyKaTtaAéyovTal: 1)
d1d@opol TUTTOI KapKivou (TT.X. N TTOAAOTTAR evOOKPIVAG veEOTTAOTIa TUTTOU 2A,
MEN2A, 10 TToAUuOop@O YAOIOBAGOTWA), 2) avocoaveTTapKelEg (TT.X. N o&eia
avoooavetdpkeia RS-SCID), 3) avamTuiakég avwuaAieg (TT.X. N eKTPwOAKTUAIO
Tutrou Ill, SHFM3, n duotrAacia Tou ouleukTiKoU X6vEpou Twv oTTovOUAwv SEMD),
4) evQUMIKEG QVETTAPKEIES (TTX N AIMOAUTIKA avaipia Adyw aveTTdpKela TNG €oKIvaong,
N UTTEPIVOOUAIVAIUIO KAl UTTEPAMPWVIAIMIa AOyw aVETTAPKEIAS TNG YAOUTAMIKAG
agudpoyovaong), 5) diatapaxég Tou PeTaBoAiopou (T1.X. n vocog Wolman) kai
7) veupOoAOYIKEG OlaTapaXEG (TT.X. N MEPIKA ETIANWIa TTAdyIoU KpoTa@ikoU Aoou
ADLTE, n véoog Charcot-Marie-Tooth tUTTOU |), EIK. 7. ETTITTAéOV, JE HEAETEG
YEVETIKAG OUVOEDNG, ATTWAEIONG ETEPOCUYWTIOG KAl KUTTAPOYEVETIKIG AVAAUCNG, £XOUV
XapToypa®nOei 0T0 XpWHOCWUA AUTO, Ol KPIOIUEG TTEPIOXEG ~35 YEVETIKWV
voonudatwy. Ta PIoA TTEPITTOU aTTO AUTA EP@AVICOUV PeVTEAIKO TUTTO KANpovounong
(TTX. oTTacTIKA TTapaTtrAnyia TUTToU 9 Kal 27) evw Ta UTTOAOITTA €ival TTOAUTTOPAYOVTIKA
voorjuata (oakyxapwdng dIaBATNG, TTaxuoapkia, vooog Alzheimer, oxifoppéveia) A
opeilovTal o€ eAAEiPPATA TUNUATWY TOU XpwHoowHaTog (T1.X. To ouvdpouo DiGeorge
2).

»  KUTTapoysevEeTIKA XApakTnpIoTIKA
Méxpr Twpa éxouv avagepBei 46 onueia Bpalong Tou Xpwuoowpartog 10. 2’
auTd cupTrepIAaPBAVOVTAl XOPOAKTNPIOUEVES XPWHOOWHIKEG PETATOTTIOEI TTOU
0dnyouv o€ dIayovIOIaKEG CUVTALEIC Ol OTTOIEG £XOUV CUOXETIOTEI JE DIAPOPES HOPPES
Aeuxaipiag, m.x. N 1(10;11)(p12;923) TTOU a@opd Tn oUvVTNEN Twv yovidiwv AF10 kai
MMLT10 ka1 ouvdéeTal Je Tnv oeia pueloeidn Asuyaipia kai TNV ogia Aep@oBAacTIKA
Aeuxaipia Twyv T-kuttdpwy (EIK. 7). ETriong, pia avaoTtpo@n Tng Tepioxng 10q11.2q21

OUVOEETAI JE TNV EPPAVION BNA0EIBOUG KAPKIVWHATOS TOU BUpeOEIdoUG.
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. IL2RA (interleukin 2 receptor, a chain), Avoogoavetrdpkeia Adyw £AAeIYng Tou utrodoxéa TnG IviepAeukivng-2 (Y)
. GATA3 (GATA-binding protein 3), Zovdpopo HDR (utroTrapabupeoeidiopds, kWewon kal SuotrAacia ve@pwv) (E)

OPTN (optineurin), Mpwroyevég yAaUkwpa evnAikwy, avoixTig ywviag (E)
PHYH (phytanoyl-CoA-hydroxylase), N6gog Refsum (Y)

. DCLRE1C (DNA cross link repair protein 1C), ZoBapr ouvduaopévn avogoavemdpkela, Tutrou Athabaskan (Y)
. CUBN (cubilin), MeyaAoBAaoTiki avaipia 1 (Y)

AF10-MLLT10 [t(10;11)(p12;923) ], Ofeia puehoeidng Asuxaipia, ogeia Aep@oBAacTiki Asuxaipia T-KUTTdpwWV
AF10-CALM [ t(10;11)(p12;q14) ], Ogeia AeppoBAacTiki Acuxaipia T-kuTTdpwv

. PTF1A, Zakxapwdng S10BATNG VEOYVWV HE UTTOTTAATIN TNG TTAPEYKEQAAISAG, AYEVVEDT TOU TTAyKpEaTOg Kol Suopop@ia (Y)

MYO3A (Myosin IlIA), Kgwan, 30 (DFNB30 ), (Y)

. ABI1-MLL [t(10;11)(p11.2;q23)], O¢eia un-Aep@oPAacTiki Acuyxaipio (ANLL)
. MASTL (microtubule associated serine/threonine kinase-like), @poppokutoTmevia 2 (E)

RET, MoAAatrAR evokpiviig veotrAaoia IIA (MEN2A), MueAwdeg kapkivwua Bupeogidoug (MTC),
MoAAatrAn evBokpiviig veotrAaaia IIB (MEN2B), véoog Hirschsprung (HSCR), (E)

CXCL12 (Chemokine, C-X-C motif, ligand 12), KaBuoTépnon pg@dviong cuptmtwpdrwy AIDS

ERCCS6 (excision repair cross-complementing protein group 6), Zov&popo Cockayne, TGtrou B (Y)

CHAT (choline acetyltransferase), Oikoyeviig Bapeia puacéveia (1) Gravis), epgdavion otnv maidikA nAikia (Y)

NCOA4-RET [inv(10)(g11.2)], ©nAwdeg kapKivwpa Bupsosidoug

MBL2 (mannose-binding lectin 2), Xp6vieg poAUvoeig Kal EAATTWHATIKE oyovivoTroinon

PCDH15 (protocadherin-15), Zov&popo Usher, Tutrou 1F (Y)

{H4-RET [inv(10)(q11.2921)], OnAwdeg kapkivwpa Bupeoidoug

" |H4-PDGFRR [t(5;10)(q33;g21.2], Xpévia puehosidrig Asuxaipia

20.
21.

22,
23.
24.
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.
37.
38.

39.
40.
M.
42.
43.
4.
45,

46.
47.
48.
49.
50.
51.
52.

53.

54.
55.
56.

@

57.
58.
59.
60.
61.
62.
63.
64.

65.
66.
67.
68.
69.

ZNF365, NeppoAiBiaon Aoyw oupikoU oféog
EGR2 (early growth response 2), Zuyyeviig veupoTtrddeia Aoyw utro-eppuéAwong (Y),
Noéoog Charcot-Marie-Tooth TUmou 1D (E), Neupomd@eia Dejerine-Sottas (E)
HK1 (hexokinase), AinoAuTIK avaipia Adyw avemdpkelag Tng egokivaong (Y)
PRF1 (perforin), OIkoyevig aipo@ayoKUTTApIKN Agp@oloTiokuTTdpwon (Y)
PCBD (pterin-4a-carbinolamine dehydratase), Ymep@aivulaAavivaipia pe augnuévn 7-Blomrepivn ota oupa (Y)
CDH23 (cadherin-23), Zuov&popo Usher, Tumrou 1D (Y)
PSAP (prosaponin), MeTaxpwpaTikiy AeukoduoTtpogia (Y)
CHST3 (Carbohydrate sulfotransferase 3), ZrrovduAoemiguoiaki SuotrAaagia, ToTrou Omani (Y)
ANXAT7 (annexin VII), Kapkivog Tou TpooTdrn
DLGS5 , Néoog Crohn
SFTPAT1 , 1510TTaB1g TIVEUHOVIKN ivwon
MAT1A (methionine adenosyltransferase |, alpha), Yrep-pebeiovivaipia (Aoyw avemrdpkeiag Tng adevoouh-
Tpavopepaong I/l Tng pebelovivng, (Y kai E)
RGR (retinal G protein-coupled receptor), MeAayxpwaoTiki ap@iBAnoTpoelditng (Y kai E)
LDB3 (LIM domain binding 3=ZASP) ApuBuoyeviig SuotrAacia Tng 5&8idg kolAiag 7 (ARVD7), (E)
BMPR1A (bone morphogenetic protein receptor 1A), MoAUTodeg eviépou o€ veaviki nAikia (E)
GLUD1 (glutamate dehydrogenase 1), ZUv3pouo utrepIivoouAIvaipiag-uTrepappwviaipiog (E)
MINPP1 (multiple inositol polyphosphate phosphatase 1), @nAakitdng kapkivog Bupsosidolg
PAPSS2 (ATP sulfurylase / APS kinase 2), ZrrovduAoemiguoiakn duotrAacia, Tutou Pakistani (Y)
PTEN (Phosphate and tensin homolog), N6gog Cowden, Zuv&popo Lhermitte-Duclos, Zov&pouo Bannayan-Zonana, (E)
KOPKiVWHO EVEOUNTPiou, TTPooTATH, YAoIoBAdoTWHA

TNFRSF6 (tumor necrosis factor receptor superfamily, member 6), Autodvoco AepgoirepAaaTiké oUvSpopo Tutrou 1A, (E)
LIPA (lipase A, lysosomal acid), Négog Wolman, véoog atmobrikeuong eotépa Tng XoAnotepoAng (Y)
RBP4 (retinol-binding protein 4), Avetrdpkeia peTivoAng (Y)
LGI1 (leucine-rich gene, glioma inactivated 1), Mepiki} emAnyia pe akouaTiké aioBnua Kard Tnv avpa (E), yholoBAdoTwpa
CYP2C19 (cytochrome P-450, subfamily IIC), Meiwpévog petaBoAiopog TG @aivutoivig
CYP2C9 (cytochrome P-450, subfamily IIC, member 9), Apyég petaBoliouég ToABoutauidiou, suaiobnaoia otnv Bapgapivn
PYCS (pyrroline-5-carboxylate synthetase), Ywepappwviaigia He uTTo0pVIBIVAIYiQ, UTTOKITPOUAIVAIHia, UTTOOPYIVIVAIHia,

utrorpoAivaipia (Y)
BLNK (B cell linker protein), Yroo@aipivaipia kai atroucia kuttdpwv B (Y)
HPS1 (Hermansky-Pudlak syndrome protein), ZovSpopo Hermansky-Pudlak (Y)
COX15 (cytochrome C oxidase, subunit 15), YrepTpo@ikn kapdioyuotd8eia, Bavarn@opa, Bpe@ikig nAikiag (Y)
ABCC2 (ATP-binding cassete, subfamily C, member 2), ZovSpopo Dubin-Johnson (Y)
CPN1 (carboxypeptidase 1, polypeptide 1), Averrdpkeia kapBogutreTmiddaong 1 (ayyelooidnua, kvidwan), (Y)
PAX2 (paired box homeotic gene-2), KoA6Bwpa oTrTikoU velpou pe ve@pIki vooo (E)
C100rf2 (=TWINKLE), MpoodeuTikA e§wTepIkn o@BaApotrAnyia pe eAAeippata Tou pitoxovdpiakol DNA (E)

OX11-TRD [t(10;14)(q24;q11)], O%eia AeppoBAacTiki Acuyaipia (ALL) kai Aépgwpa non-Hodgkin (NHL)

OX11-TRB [t(10;7)(q24;q35)], Acp@oBAacTiki Acuxaipia T-kuTTdpwv Katd Tnv TSIk nAikia
DAC (dactylin), Extpw&akTulia T0mou 3 (SHFM3), (E)
HPS6 (HPS syndrome-6 protein), Zov&popo Hermansky-Pudlak (Y)
PITX3 (paired-like homeodomain transcription factor 3), Auoyéveon eyrp6o8iou TUHATOG TOU OPBaApOU

(MeoeyXUpATIKAG TTPOEAEUONG) KAl KATAPPAKTNG (E)
SUFU (suppressor of fused), AcopomAaoTiké pueAoBAdoTwpa
CYP17A1 (cytochrome P-450, subfamily XVIl), YrepmAacia emiveppidiwv Adyw avemdpkelag TngG 17a udpofuAdang (Y)
COL17A1 (collagen XVII, alpha 1), Mop@oAuywdng emdeppoAuaia, YeVIKEUPEVN, aTpOo@IKN (aAwTekia), kahoneng (Y)
MXI1 (MAX-interacting protein), kapkivog TTpooTdTn
TCF7L2 (transcription factor 7-like 2), Kapkivog op8oU
ADRB1 (adrenergic, beta-1, receptor), YynAog/xaunAog kapdiakog pubuog ev npepia
EMX2 (oudAoyo Tou empty spiracles Tng Drosophila), Zxieyke@alia (de novo petaAiayég, E)
FGFR2 (fibroblast growth factor receptor 2), Zov&popa Crouzon, Jack Weiss, depparoAuon Beare-Sti 3
Pfeiffer, Apert ko Saethre-Chotzen (E)

WDR11 (WD repeat-containing protein 11), Oykoi yAoiag
DBMT1 (deleted in malignant brain tumors), MoAUpop@o yAoloBAdoTwpa, pusAoBAdoTwpa
ACADSB (acyl-coenzyme A dehydrogenase, short branched chain), 2-ug8uABoutupuA-yAukivoupia (Y)
OAT (ornithine aminotransferase), Arpo@ia Xxop1o&150Ug kai au@IBANcTpoeIdoUs XITwva e opvidivaipia (Y)
UROS (uroporphyrinogen lll synthase), Zuyyeviig epubpotroinTiki TTop@upivoupia (Y)

Eik. 7: Ta yovidia Tou XpwpoowpaTog 10 TTou £X0UV CUOXETIOTEI HE YEVETIKA VOoouaTa
AtreikoviCovTai:1) Ta yovidia oTa oTroia £Xouv TauToTroINBEei ETAAAQYEG OE HOVOYOVIDIOKA
voonuata (uaupo) pe emkpartr (E) i utroAermrépevo (Y) T01To KAnpovounong, 2) Ta yovidia
TTOU £XOUV QUOXETIOTEI JE TTOAUTTAPAYOVTIKA vooTjuaTa (TTpdaivo), 3) JE KapKivoug Adyw
CWHATIKWV JETOAAQYWYV g€ auTd (KOKKIVO) Kal 4) Ta yovidla TTOU CUUHETEXOUV O€
XPWHUOOWWIKEG peTaToTTioEIg (UTTAE). H XapToypd@non Toug KOTd PAKOG TOU XPWHOCWHUATOG
oTnpixenke oe oToixeia NG Bdong dedopévwyv Ensembl (http://www.ensembl.org/Homo_
sapiens/index.html). Eivai agioonueiwTo 10 yeyovog 611 10 40% Twv yovidiwyv TTou guvdiovTal
pe voorjuarta oto 10, xapTtoypageital otnv eploxh q23-q24 1o p€yebog TnG OTToIaG AVTIOTOIXET
o€ NiyoTepo atrd 10 20% TOU XPWUOOWUATOG. YEYOVOGS TTOU Eival GUVETTEIR TNG UWNANG
YoVIDIAKN G TTUKVOTNTAG TOUG. Ta aTolxeia mpoépxovTal armd TNV avackdtrnon yia 1o
xpwpoowpua (Moschonas NK, 2003) kai Tnv Baon dedopévwv OMIM (http://www.ncbi.nim.nih.
gov/entrez/ query.fcgi?db=0OMIM), (louAiog 2005).
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AKOUn, d1Gpopa eAAEiypaTa TTou TTEPIAAUBAVOUV TURPATA €iTE TOU PIKPOU EiTE TOU
MeyaAou Bpayxiova €xouv TauToTToINBEi o€ yAoiwpuaTta evw n EAAeipn Tou akpaiou 10q
£XEI CUOXETIOTEI PE TOV KApPKivo Tou evoounTpiou (EIk. 7). H éAAelpn TnG TTEPIOXAS
p14-p13 €xel TapatnenOei o€ ATopa pE KAIVIKO @aIVOTUTTO TTAPOOIO UE AUTOV TOU
ouvdpopou DiGeorge kal xapakTtnpidetal wg DiGeorge 2. AKOWN, N HOVOCOWHIa TNG
meploxng 10925-qter £xel cuoxeTioBei e copapr diavonTik KaBuoTépnon Kai
TTOAATTAEG ouyyeveig avwpalieg evw TN 10926-gter pe ATTIC dIAVONTIKNA
KaBuoTépnon Kal dIAaTapaxEéG OTnNV CUPTTEPIPOPA. 'Evag oudETepOg KAIVIKG
TTOAUHOPPIOUOS aQOopPd TNV AVACTPOYr] TNG TTEPIKEVTPOUEPIKAG TTEPIOXNG p11.2-
g21.2. ETriong, éxouv Kataypagei 7 TEPITITWOEIG OXNHATIOHNOU SAKTUAIOEIBOUG
XpwHoowpatog r(10)(p15926) TTou oxeTiCovtal e ATTIA diavonTIKr KabuoTépnon.
TéAog, oTo peydAo Bpaxiova £xouv TauToTToINBEl 7 e0BpauoTeG BETEIG ATTO TIG OTTOIEG
o1 5 aviikouv aTig ouvnBeig (FRA10G, FRA10C, FRA10D, FRA10E, FRA10F) kai o1 2
otig ommavieg (FRA10A, FRA10B).

» Auroowuikn emKparig emAnwia rou kporagikou Aoou (ADLTE)

Or emAnyieg

H emAnwia gival yia veupoAoyikf KaTdoTaon TTou PJTTopEi va gival To
XOPAKTNEIOTIKG HIOG VOOOU A VA OTTOTEAEI XAPAKTNPIOTIKG VOGS CUVOPOOU. 2TNV
ETMANYIA, TO ATOUA EPPAVICOUV KPIOEIG TTOU TTPOKAAOUVTAI aTTd dIaTapaxEG OTNV
NAEKTPIKA OpaCTNPIOTNTA TOU EYKEPAAOU KAl EKONAWVOVTAI HE DIATAPAXES OTIG
al00AocIg, oTn ouveidnon A TNV CUNTTEPIPOPE 01 OTTOIEG TTapouaiGlovTal EaPVIKE Kal
otaparave armmd poéveg toug. Or emAnYieg TagivououvTal: 1) 0€ CUUTITWHATIKEG OTAV N
aITia TToU TIG TTPOKAAET gival SIaKPITH, TT.X. KATToI0 Tpauua | doIKr avwaAia Tou
eYKePAAoU (TT.X. OyKOG, SUCTTAOCIa TwV ayyeiwy), TUXOV JOAUVON K.ATT. AUTEG
uttoAoyigeTal 611 euBuvovTtal yia 10 40% TTEPITIOU TWV TTEPITITWOEWY Kal 2) O€
1010TT00¢IC, 6TAV OTO ATOMO TTOU €U@avilel TN vooo dev TTapaTnEOUVTal
avatopotraBoloyiké BAGReS. Or 1810TTabEIG ETTIANWIES QaiveTal va €X0OUV IOXUPN
YEVETIKI) BACN €VW O TPOTTOG KANPOVOUNGCAG TOUG gival €iTe aTTAOG JEVTEAIKOG €iTE
ouxvoTEPQ, TTOAUTTAPAYOVTIKOG. MepaiTépw, BIAKPIVOVTAI OE YEVIKEUPEVEG KAl O€
MEPIKEG A EOTIAKEG: Ol TTPWTES TTEPIAAUBAVOUV Kal Ta dUO NUICPAipIa TOU EYKEPAAOU
KAl KOTA CUVETTEIO Ol EVOEXOMEVEG KIVNTIKEG dlATAPAXES EPPAviICovTal Kal OTIG dUO
TTAEUPEG TOU OWHATOG. AVTIOETA, Ol EOTIQOUEVEG ETTIANTITIKEG KPIOEIG TTPOEPYOVTAIl ATTO
EVTOTTIOMEVA OnUEia TOU eYKEQAAOU Kal, TNV TTEPITITWAON TTOU EUPAVICOVTAIl KIVATIKEG
dlatapax£g, autég ouVABWG EVTOTTICOVTAI O€ CUYKEKPIYEVN OMAda puwyv. Ta

CUPTITWHATA eppavidovTal pévo Katd Tnv SIAPKEIQ TNG ETTIANTITIKAG KPIONG VW KATA

28



Eicaywyn

Ta HeoOBIOOTAMATA TO ATOMO €ival aTTOAUTA QUOIOAOYIKG. Tnv TEAEUTAIO DEKAETIO
EVTOTTIOTNKAV PETAANQYEC O€ Hia ogipd aTrd yovidla, oI OTToiEG ATTOTEAOUV TNV aAITid
I010TTABWYV ETTIANWIWY TTOU KANPOVONOUVTAI JE JEVTEAIKO TPOTTO. ZXEOOV OAA TA
yovidia TTou TAUTOTTOINBNKAV KWAIKOTTOIOUV Yia KavaAla 10vTwy, dnAadn yia
TTPWTEIVEG TNG KUTTAPIKAG HEUPBPAVNG TTOU puBuifouv TNV IOVTIKI POr| Kal TN
OIEYEPOINOTNTA TWV VEUpWVWV (Miv. 2). O CUOXETIONOG TNG ETTIANWIAG Ye Ta KavaAia

IOVTWV €ival TOoo I0XUPSG TTOU oUXVA Ol ETTIANWIEG ovoualovTal KavaAo-TTA0EIES.

Miv. 2: Ta yovidia oTa omroia éxouv TauToTroin0ei HeTaAAAyYEG OTIG KUPIEG HOPPES
ISI0TTAOWYV YEVIKEUPEVWY KOl HEPIKWYV ETIANYIWV

TONIAIO ZYNAPOMO BIBAIOTPA®IA
KavdaAia
KavdAia 16vtwv Na
SCN1A GEFS+ & SMEI #1-9
SCN2A BFNIS & GEFS+ #10-11
SCN1B GEFS+ #12-13
KavaAhia 16viwy K
KCNA1 E0TIOKEG KPIOEIG #14
KCNQ2 BFNS & puokupia #15-17
KCNQ3 BFNS #18-19
Kavahia 16viwyv Cl
CLCN2 IGE #20
Ymodoxeic GABA
GABRA1 ADJME #21
GABRG2 CAE, FS & GEFS+ #22-25
NIKoTIVIKOi UTTOBOXEIG TNG OKETUAOXOAIVNG
CHRNA4 ADNFLE #26-31
CHRNB2 ADNFLE #32-33
AAAgg KaTnyopieg yoviSiwv
MASS1 GEFS+ #34
LGI1** ADLTE #35-36

Zny.: Zuvtopoypagies: ADJME (autosomal dominant juvenile myoclonic epilepsy), ADNFLE
(autosomal dominant nocturnal frontal lobe epilepsy), ADLTE (autosomal dominant lateral
temporal lobe epilepsy), BFNIS (benign familial neonatal-infantile seizures), BFNS (benign
familial neonatal seizures), CAE (childhood absence epilepsy), FS (febrile seizures), GEFS+
(generalized epilepsy with febrile seizures plus), IGE (idiopathic generalized epilepsy), SMEI
(severe myoclonic epilepsy of infancy). BiBAloypaeia: Escayg A et al, 2000 (#1) & 2001 (#2),
Wallace RH et al, 2001a (#3), Sugawara T ef al, 2001a (#4) & 2002 (#5), Claes L et al, 2001
(#6) & 2003 (#7), Ohmori | et al, 2002 (#8), Fujiwara T et al, 2003 (#9), Sugawara T et al,
2001b (#10), Heron SE et al, 2002 (#11), Wallace RH et al, 1998 (#12), Wallace RH et al,
2002 (#13), Zuberi SM et al, 1999 (#14), Biervert C et al, 1998 (#15), Singh NA et al, 1998
(#16), Dedek K et al, 2001 (#17), Charlier C et al, 1998 (#18), Hirose S et al, 2000 (#19),
Haug K et al, 2003 (#20), Cossette P et al, 2002 (#21), Baulac S et al, 2001 (#22), Wallace
RH et al, 2001b (#23), Harkin LA et al, 2002 (#24), Kananura C et al, 2002 (#25), Steinlein
OK et al, 1995 (#26) & 1997 (#27), Hirose S et al, 1999 (#28), Saenz A et al, 1999 (#29),
McLellan A et al, 2003 (#30), Phillips HA et al, 2000 (#31), De Fusco M et al, 2000 (#32),
Phillips HA et al, 2001 (#33), Nakayama J et al, 2002 (#34), Morande-Redolat JM et al, 2002
(#35), Kalachikov S et al, 2002 (#36), **BA. ka1 attoTEAEOPOATA.
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HADLTE

H autoowpIKn €MIKPATAG ETTIANWIa TOU TTAGYIOU KPOTAQIKOU AofBoU
(autosomal dominant lateral temporal lobe epilepsy, ADLTE) civai pia 1010TTa6A¢
€OTIOKN ETTIANYIO KATA TAV OTTOIO 01 KPIOEIG EVTOTTICOVTAI OTAV TTAGYIQ TTEPIOXH TOU
KpoTtagikoU AoBou. Méxpl Twpa éxouv Treplypagei ~20 oikoyéveieg (Ottman R et al,
1995; Poza JJ et al, 1999; Michelucci R et al, 2000; Mautner VF et al, 2000; Ikeda A
et al, 2000; Brodtkorb E et al, 2002; Winawer MR et al, 2002; Pizzuti A et al, 2003;
Kanemoto K & Kawasaki J, 2000; Michelucci R et al, 2003) oTig oTT0i€G N
OUYKEKPIPEVN HOP@N ETIANYIO EUPaVICEl AQUTOCWHIKS ETTIKPATA TUTTO KANpovounong,
ME BIEIoBUTIKOTNTA TTOU EKTIMATAI 0TO 70%. Ta CUUTITWHATA TAG SIATAPAXNG
ekdnAwvovTal cuvnBwg oTn delTePN N TPITN dekaeTia TNG (WIS WOTOCO UTTAPXOUV Kal
TEPITITWOEIG TTPWTOEUPAVIONG TNG diatapaxr o€ vATTia (Brodtkorb E et al, 2002) )
o¢ droua péong nAikiag (Mautner VF et al, 2000; Michelucci R et al, 2003). Zuvribwg,
Ol ETMANTITIKEG KPIOEIG EPPaviCovTal JETA ATTO AKOUCTIKA ONUATA, TTOU £XOUV
Tepypagei oav BOPBog f Koudouvicua i TTpokaAoUvTal atrd agviko B0puBo OTTWG
nxo TNAspwvou 1 padiopwvou (Michelucci R et al, 2003). Z10 peyaAUTEPO TTOCOCTO
TWV ATOPWY, N ECTIOKN KPion akoAouBeiTal atrd dEUTEPOYEVEIC YEVIKEUUEVES TOVIKEG-
KAOVIKEG Kpioelg, OnAadn pia puéviun Yuikg ouoTTaon TTou dIAaPKEi TOUAAXIOTOV UEPIKA
OEUTEPOAETTTA | AUPOTEPOTTAEUPA KAOVIKA TIVAyaTa avTioToixa. ETriong,
avagépbnkav atoua TTou ed@avifouv agacia, dnAadn aduvauia Adyou (Brodtkorb E
et al, 2002; Kanemoto K & Kawasaki J, 2000; Ikeda A et al, 2000; Winawer MR et al,
2002; Pizzuti A et al, 2003; Michelucci R et al, 2003). I'evikd, Ta KAIVIK& KPITAPIA TTOU
XPNOIYOTTOIoUVTAl VIO TNV TAEIVOUNON TWV TTEPITITWOEWY OTNV CUYKEKPIUEVN HOPPN
EMANYIag €ival: a) aUTOOWHIKOG ETTIKPATHG TUTTOG KAnpovounong, B) Kpio€Ig TTou n
onpeloloyia Toug deixvel wg TTpoEAeuan Tov TTAAyIo KpoTa@ikd AoBd, y) atrouaia
VEUPOAOYIKWY BIATapaywy Kal 8) atroucia SOMIKWY avwuaAIwy Tou eyke@daiou. H
KataoTaon gival eEAeyxouevn epooov Xopnynoei KATAAANAN avTIETTIANTITIKY aywyr]. Me
avAAuon YEVETIKAG OUVOEDNG, O UTTEUBUVOG YEVETIKOG TOTTOG XOPTOYPaPRonKke oTnv
XpwHoowpikn TTepioxn 10923-924. ApxIKA, N KPIoIUn TTEPIOXA EKTEIVOVTAV O€ PAKOG
~10cM (Ottman R et al, 1995) kai kaTéTTIV TTEPIOPIOTNKE OTA ~3¢cM (Poza JJ et al,
1999).

» Eulpauorn xpwuoowuikn 6éon FRA10A

Or1 e06pPaUOTESC XPWHOOWUIKES BEDEIC
EUBpaucTeg Béoeig ovopdlovTal Ta KEVA ] Ol AOUVEXEIEG OTN XPWHOCWHMIKN

Ooun TToU TTapaATNPOUVTAI KUTTOPOYEVETIKA OE TTAPACKEUATHATA UETAPATIKWY
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KUTTApWV TTOU £Xouv KaAAliEpynBei kaTw atmd ouykekpipéveg ouvonkeg (Eik.8). To
MEyEBOG TWV BECEWY AUTWY TTOIKIAAEI EVWD O€ PEPIKES TTEPITITWOEIG UTTOPOUV VA
odnynoouv o€ XpwuoowHIKA Bpaucon oTnv Treploxn. O1 eUBpaucTeg BETEIC
EKONAWVOVTAI 0€ TTOOOOTO TWV XPWHOCWHATA TWV KUTTAPWY HIAG
KUTTapoKaAAIEpyelag TTou TTOIKIAAEL atTd >90% £wg kal <10% (FRA16B kai FRA3B
avTioToixa). TagivopouvTal oTig CUVABEIG, TTOU UTTAPXOUV OTA XPWHOCWHATA OAWY
OXe0OV TwV aTOPWV Kal ATToTEAOUV cUOTATIKG TNG DOUAG TWV QUOIOAOYIKWYV
XPWHOOWHATWY Kal TIG OTTAVIEG, TTOU gU@avifovTal o€ TTOO0O0TO HIKPOTEPO Tou 5%
TOU TTANBUCPOU Kal KANPOVOUOUVTal hE HEVTEAIKO TpoTTO. MepaiTépw Tagivounon
yivetal Bdoel Tou TPOTTOU ETTAYWYNS TOUug, dNAAdH TWV CUVOENKWY KA&TW aTTd TIG
OTT0iEG KAAAIEPYOUVTOI TA KUTTOPO WOTE VA EPPavIOTOUV 01 B0l auTég. Qg eTTi TO
TTAEIOTOV, O CUVBNKEG KUTTAPOKAANIEPYEIOG Eival TETOIEG TTOU EAATTWVOUV TO pUBUO
avTiypa@rg Tou DNA xwpig Opws va avaoTEAAOUV TNV KUTTAPIKK dIaipeon. ZT0
avOPWTTIVO yoVISiwHa, JEXPI TWPA £XOUV TTEPIYPAPET KUTTApPOYEVETIKA ~80 auvrBeig

kal 31 oTravieg eUBpaucTeG BETEIG.

Eik. 8: H e00pauoTtn 8éon FRAXA, TTwg QaiveTal KUTTAPOYEVETIKA e Xpwaon Giemsa
(apioTepd) Kal pe avaAuan Pe NAEKTPOVIKO PIKPOOKOTTIO odpwaong (6€€id), (avatiTrwon amo
Griffiths MJ & Strachan MC, 1991).

O1 ouvnOsig eU0pauocTeg BEoelg KaTaAauBavouv ueydAn EKTAGN TTOU UTTOPEI
va @Tacel £éwg TG 4,5Mb (FRATE, Zlotorynski E et al, 2003) kai xapToypa@ouvTal o€
TTEPIOXEC TTOU XOPAKTNPICOVTal aTTd YEVWUIKA aoTABeIa (EAAEIMPATA, JETATOTTIOEIG) O€
Kapkivik& KUTTapa. Méxpr Twpa £xouv KAwvoTroinBei 8 B£0€IC auThg TNG KATnyopiag,
ol FRA3B, FRA16D, FRA7G, FRAXB, FRAGF, FRA7H, FRATE (Zlotorynski E et al,
2003) ka1 FRA71 (Ciullo M et al, 2002). Tpeig atré autég, ol FRA3B, FRA16D kai
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FRA7G yaptoypagouvTal péaa ) eplAaufdavouyv moava oyKoKataoTaATIKG yovidia
(Ohta M et al, 1996; Ried K et al, 2000). H Tpéxouca utréBean yia Tnv ekdNAwoN
TOUG €ival OTI ol GUVNBEIG eUBpaUOTEG BETEIG £XOUV EVOOYEVH XAPAKTNPICTIKA TTOU
KaBuoTepouv Tnv avTiypa@r Tou DNA kal KaBwg Adn TTPOKEITAI VI TTEPIOXES TTOU
avTiypagovTal apyd otnv @aon S, TouAdyloTov OTTwG éxel de1xOei yia 1ig¢ FRA3B kai
FRATH, mapapévouv pe ateAwgs avTtiypapupévo DNA 1Tou dev UTTopEi va CUUTTUKVWOET
TARPWG. EQooov, N oupttukvwon dev £xel OAOKANPpwOEi PEXp! Kal TO TEAOG TNG GAoNng
G2, odnyei oTnv ekOAAWON TNG €UBPAUOTNG BE0NG. Z& PUOIOAOYIKA KUTTAPA, N XpHon
avaoToAéwv TnNG avTiypa®nig Tou DNA, etTnpeddel TOavwg TTEPICCOTEPO
OUYKEKPIPEVEG TTEPIOXEG, TTOU €ival KAl AUTEG OTIG OTTOIEG EUPavifovTal Ol EUOPAUCTEG
Béoeig. H digpelvnon Twv aAAnAoUXIWV TwV BECEWV TTOU £X0UV BN KAWVOTTOINOEI,
EKTOG aTTO TO OXETIKA UWPNAO TTEPIEXOUEVO 0 A/T, dev £B€1Ee TNV UTTAPEN KATTOIWV
emavalapBavopevwy aAAnAouxiwy OTTWG OTIG TTEPITITWOEIS TWV CTTAVIWY
eUBpaucTwy Bécewv (BA. TTapakdtw). QoTOCO, He OOMIKEG HEAETEG @AVNKE OTI Ol
TTEPIOXEG QUTEG £XOUV TNV duvaTOTATA, KATA TO EETUAIYHA TNG OITTAAG €AIKAG, va
oxnuatioouv deuTepoTayEig OOES IKavwy va dlaTapdouv Tnv Tpoodo TNG
avTiypa@rg. To TTpwTo KUPIO JOPIOKO POVOTTATI TTOU OXETICETAI UE TOV EAEYXO TNG
ék@paong Twv ouvABwy eUBpaucTwy BETEWY TAUTOTTOINONKE TTPOCPATA KOl
mepIAapBaver Tnv kivaon ATR, évav KUplo puBuIoTA Tou KUTTApPIKOU KUKAou (Bentley
NJ et al, 1996; Cimprich KA et al, 1996). H pyeAéTn o€ BAACTOKUOTEG TTOVTIKWY ATTO TA
otroia atrouaidlel To ATR €0¢1Ee yevikeupévn yevwIKN Bpauon (Brown EJ &
Baltimore D, 2000) evw o€ KUTTApPQ, atroucia Tou ATR, gpgavideTal augnuévo
TTO000TO EUPAVIONS TWV OUVABWY eUBpaucTwy Béoewv (5-20 Qopég) akdua Kal
Xwpi¢ avaoToAeig TG avtiypagris Tou DNA (Casper AM et al, 2002). AuTtég ol
TTaPATNPHOEIG, 0 CUVOUACUO pE TO OTI N ATR gvepyoTToIEiTal KUPIWG ATTO POUPKETEG
QVTIYPOQNG TTOU £€XOUV OTANATACEL, 00 ynoE oTnV UTTéBeon OTI 01 UBpaUOTEG BETEIG
ogeihovTal o€ ateAwg avTiypapuévo DNA Adyw OTAPATNUEVWY QOUPKETWV
avTiypa@ng. O AGyog TTou TO OTAUATNUA CUUBAIVEI OTIG CUYKEKPIPEVES TTEPIOXEG DEV
gival yvwoTég aAAd mBavov va gival B€ua aAAnAouxiag ) SUVAUIKAG TWV TTEPIOXWV
auTwv. Atroudia Tng ATR, akdun Kal Xwpeig XpAon avaoToA£wV TNG avTypa@ng Tou
DNA, o1 eUBpauoTteg B€oeig ekdnAwvovTal yiaTi dev gival duvarTr) n ocwaoTh
emeEepyaania Twv oTAPATNHEVWY QOUPKETWYV TNG avTiypa®ng. EmimmAéov, auénuévo
TTO000TO £KPPACNG TwV ouVvBwY eUBpaucTwy BEcEWV epPavileTal Kal o€ KUTTaPaA
atréd Ta otroia atrouciadel To BRCA1 (Arlt MF et al, 2004) f To SMC1 (structural
maintenance of chromosome), yépia mou atroteAolv oTéxoug TG ATR (Musio A et
al, 2005). O1 Béoeic auTég eival ouvTnpnuéveg ae OAa Ta BNAACTIKA TTOU £EETACTNKAV

(&dAoyo, ayeAdda, xoipog, OKUAOG, yaTa, TTOVTIKOG, apouUpaiog), ETTAYOVTAI JE TOV idIo
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1po6T0 (Elder FF & Robinson TJ, 1989; Stone DM et al, 1991 & 1993; Stone DM &
Stephens KE, 1993; Yang MY & Long SE, 1993; McAllister BF & Greenbaum IF,
1997) evw yia KATTOIEG ATTO AUTEG £XEl OEIXOEi OTI €ival TTIPAYUATI GUVTAIVIKEG Kal
opBoAoyeg pe auTég Tou avBpwTrou (Glover TW et al, 1998; Shiraishi T ef al, 2001;
Krummel KA et al, 2002; Rozier | et al, 2004).

ATIO TIG 31 oTrdvIEG EUBpAUOTEG BECEIG TTOU EXOUV TTEPIYPAPEI
KUTTAPOYEVETIKA, PEXPI TWPA €XOUV KAwvOTTOINBEi 01 7: 4 auToowpikéG (FRA16GA,
FRA11B, FRA10B, FRA16B) kai Tpeig o1o Xpwubdowpa X (FRAXA, FRAXE, FRAXF).
H mTAgiovoTNTa TV OTTAVIWY BE0EwV eTTAYETAI OTAV ATTOUCIALEl ATTO TO BPETTTIKG
KAAAIEPYEIOG TWV KUTTAPWY TO QUAAIKG OEU, TTOU AEITOUPYET WG CUUTTAPAYOVTAS VI TN
ouvBeon TG Buuidivng. H popiakr Baon NG eueaviong Twyv B€cewv auTthg TNG
Katnyopiag ival n dpAaPaTIKA ETTEKTACN TNG TPIVOUKAEOTIOIKAG eTTavadAnyng CGG,
TTOU OTOV QUGIOAOYIKO TTANBUCO gival TTOAUUOPQIKA, AAAG PE TTEPIOPITHEVO PEYEBOG.
H 1o yvwoTA Kal KaAd peAetnuévn cival n FRAXA tTou n eg@avior] Tng cuvOEETal e
TO oUVOpPONO Tou UBpaucToU X, TNV MO CouXVr] aitia dilavonTikKAG KaBuoTépnaong WeTd
10 oUvOpopo Down. H eravaAnwn CGG evromiletal oto 5’UTR Tou yovidiou FMR1
TTou KwdikoTrolei TNV FMRP, n otroia ouvdéetal pe uopia mRNA,
oupTtrepIAauBavopuévou Tou FMR1, Kai AeIToupyei oav KataoToAEaG TNG HETAPPACNGS
(Ashley CT et al, 1993; Jin P & Warren ST, 2003). O apIBudg Twy eTTAVOAAYPEWY OTA
(PUOIOAOYIKG XpWHOCWHATA gival 5-55, 0TnNV KATAOTACN TNG «TTPO-UETAAAAYRC»
METAEU 55 kal 230 evwy oTnv TTANPN PeTaAlayn utrepBaivel Tig 230. Kat’ autrv n
TTEPIOXT] TTOU TTEPIBAAAEI TNV ETTAVAANWN gival UTTEPPEBUAIWPEVN Kal TO yovidio
kataoTéAeTal peTaypa@ikd (Chiurazzi P & Neri G, 2001). H t1péxouca uttéBeon yr
auTo, gival 611 To peBuAiwpEvo DNA avayvwpiletal atrd dIAQopeS TTPWTEIVES (TT.X.
MeCP2, MBD2) 1Tou pe Tn o€1p& TOUG OTPATOAOYOUV OTTAKETUAACEG TWV I0TOVWV
HDACs kal akoAouBwg TTpwTeiveg-kaTaoToAeig (T1.X. ISWI ATPdon) ol otroieg
&ekivouv TOTTIKA TN CUPTTUKVWON TNG XpwpaTivng (Bird AP & Wolffe AP, 1999; Ng HH
& Bird A, 1999). Ta dtopa ue TTpopeTaAAayn gival KAIVIKG QUOIOAOYIKE, EKTOG aTTd
MIKpO TTO000TO TTOU ep@avidel atadia katd Tnv yéon nAikia (Leehey MA et al, 2003;
Hagerman RJ et al, 2004; Hagerman PJ & Hagerman RJ, 2004) | Amia
veupoyuxiatpikf diatapaxn (Steyaert J et al, 2003).

H eTéKTOON TPIVOUKAEOTIOIKWV ETTAVOANWEWY EXEI ETTIONG CUCXETIOTE KAl JE
O1dpopeg AAAEG veupoloyikég diatapaxég (TT.X. vooo Tou Huntington).

O1 TepIo06TEPEG ATTO AUTEG Pavifouv KakA TTPORAewn (anticipation), dnAadn
ETMOEIVIWON TOU KAIVIKOU (aIvOTUTTOU PE TTApAAANAN peiwan TNS nAIKiag ekdNAwong
NG vooou, atrd yevid o€ yevid. TOGO oTnV TTEPITITWON Tou £UBpaucTou X 600 Kal G

GAAEG VEUPOAOYIKEG DlaTapaxEg 1 eUBpauaTeg BECEIC TTOU OPEiAovTal O€ ETTEKTATEIG
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emavaAfpewy, epgavidetal dla@opoTroinan oTnv aoTAabelia Tng eTavainywng avaioya
ME TOV YOVEQ HECW TOU OTTOIOU QUTH) KANPOVOUEITAI. ZUYKEKPIYEVA, EKTOG ATTO TNV
FRAXA T0 pnkog Tng emavaAnyng aufdavetal 6tav n getaBifaon yiveral péow tng
MNTEPAG Kal OTIG TTEPITITWOEIG TNG atagiag Friedreich (FRDA), Tng
vwTioTrapeyke@aAidikng ataiog 8 (SCA8), Tn¢ eUBpauotng 8éong FRA16A, kai Tng
HuoToVvIKng duoTpogias 1 (DM1). AvTiBeTa, TO PKOG TNG ETTAVAANYNG augdaveTal dTav
n petaBiBaon yiveralr yéow Tou TTATEPA, OTA Yovidla yia Tn vooo Tou Huntington, Twv
vwTioTrapeyke@ahidikwy atagiwv SCA1, SCA2, SCA3, SCA7, oTnV VEUPOEKPUAIOTIKNA
vooo DRPLA (dentatorubral-pallidoluysian atrophy), otnv e08pauctn 6éon FRA11B
Kal oTNV TTPO0dEUTIKA HUOKAWVIKN emAnyia Tutou 1 EPM1 (Pearson CE et al, 2005).

Telopepikd kai TAnciov Tng FRAXA xaptoypageital n 8éon FRAXE, tTou
oxeTiCeTal e PN-ouvopouikn diavonTikA KaBuoTtépnon, OnAadr] Pe KabBuoTEpnon TTou
dev ouvodeleTal atmd Katrolov AAAo TTaBoAoyikd @aivéTutio kal n FRAXF tTou dev
£XEI OUOXETIOOE Pe KAIVIKG paivoTuTtro. OTTwg Kai otnv epimTtwon Tng FRAXA, n
ekONAwaOT] Toug oQeileTal o€ eTTEKTACEIG TPIVOUKAEOTIOIWV CGG TTOU UTTGPXOUV GTO 5°
akpo Twv yovidiwv FMR2 kai FAM11A avtioTtoixa (Gecz J et al, 1996; Gu Y et al,
1996; Shaw MA et al, 2002), Ta oTToia KATAGTEAAOVTAI JETAYPAPIKA OTNV TTEPITITWON
NG TTAAPOUC PETAAAQYNG. ATTO TIC AQUTOOWHMIKES OTTAVIEG EUBPAUCTEC BECEIC TTOU
éxouv kKAwvoTtroinBei, o FRA16A kai FRA11B ogeilovTal OTnv €ITEKTACT TNG
emavaAnyng CGG evw o FRA16B kal FRA10B o¢ emmektdoeig AT prikoug 33bp Kai
42bp avtioToixa. H FRA11B cixe TTpooeAKUCEl TO EVOIAQEPOV TWV EPEUVNTWV YIATI
xapTtoypageital 010 5 UTR Tou oykoyovidiou CBL2 kai o€ aoBeveig ye oUvOpouo
Jacobsen €xouv TauTOTTOINGEI XpPWHOOWHIKG EAAEINPOTA KOVTA GTNV TTEPIOXH TNG
FRA11B. EkTevéaTepn PEAETN SUWG £DEICE OTI N TTAEIOVOTNTA TWV QOBEVWV QUTWV
Qépel Ta eAAeippaTa o TeAopepIkd, oto 11g (Michaelis RC et al, 1998). Oi
uTTOAOITTEG OEV €XOUV OUVOEBE e yovidio 1 Pe KAIVIKG paivoTutro. MAAIoTa yia TIG
FRA16B, FRA17A kai FRA10B éxouv TautotroinBei kai opdluya gualoloyikd droua
(Hocking T et al, 1999; Berg JM et al, 1969; Sutherland GR, 1981).

FRA10A

H FRA10A avrkel oTIG OTTAVIEG EUBPAUCTEG XPWHOCWHIKES BECEIC TTOU
avIXveUoVTal KUTTOPOYEVETIKG aTTouaia QUAAIKOU 0ZE0G Kal XapToypagEiTal oTnv
mepioxr 10923.3. Eivail pia atmé 11 auxvoTepa ep@avi(OPEVESG OTTAVIEG BECEIG UE
T0000TO TTou ekTINATal 0TO 1/500. H avdAuon OIKOYEVEIWY OTIG OTTOIEG EKONAWVETAI N
FRA10A, £0¢cife OTI n ékppaar] TNG e€apTdaTtal atmd Tov yovéa JETW TOU OTTOIoU
peTaBiBaderal, aivopevo TTou £xel TTapaTnenOei kal o AAAeg BEaeIg QUTAG TNG

katnyopiag. H diuadeImikdtnTa ATav TAAPNGS 6TaV N JeTaBifacn yivoTav yéow Tng
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MNTEPAG, aAAd poévo 50% péow Tou TTatépa (Sherman SL & Sutherland GR, 1986).
MaAaIdTEPES KUTTAPOYEVETIKEG MEAETES Exouv O¢titel 0TI N FRA10A gival n 1o ouxva
ed@avi(opevn eUBpauOTn auTooWHIKA B€on ae dTtoua Pe dlavonTiKA KaBuaTépnaon
(Petit P et al, 1986). ETtiong, TTpbéogara, ota epyacThpia Twv R. Siebert (Kiel,
Germany) kail J. Gecz (Adelaide, Australia) xapakTnpioTnKav OIKOYEVEIEG
KUTTapoyeveTIKG BeTIKES yia TNV FRAT0A. MéAn Twv olkoyeveiwv-@opeig TNG FRAT0A
ePgaviouv ATTIa dlavonTIKA KaBuoTépnon (duoxépEia OIANIOG, AUTIONO) A
avaTTTuglokEG avwpalieg. QoTdoo, dev gival TeAiwg EekaBapn N cuox£ETion TNG
eUBpauoTtng Béong FRA1T0A pe Tnv ekOAAWON TTaBoA0yYIKOU QaIvOTUTTOU KaBWG éxouv
TAUTOTTOINBEI KAl ATOPA-QOPEIG TTOU £XOUV QUOIOAOYIKO BEIKTN VONUOOUVNG. ZUVETTWG
€iTe TTPOKEITAI YIA JEPOANYIa TNG delyuaToAnwiag €ite TTPAYUATI UTTAPXEI CUCXETION WE

TOV TTABOAOYIKO PaIVOTUTTO AAAQ PE MEIWPEVN BIEICOUTIKOTNTA.

1.7. Avrikegipgvo tn¢ diarpiBng

Katé tnv évapén g diatpifng, n oudda pag, ota mAaicia Tou MNMpoypduuatog
XapTtoypdenong kal AAMAnAouxnong tou MNovidiwpuatog Tou AvBpwTrou, €ixe
KATOOKEUAGTEI TOV YEVETIKO XAPTN Kal TOV XAPTN KUTTAPIKWY URPISiwy Tou
xpwuoowpatog 10. Ta ammoTeAéopaTa QUTAG TNG TTPOCTTABEIOG agloTToInBnkKav
TEPAITEPW KATA TNV dIATPIRA AUTH, yIa TNV KATACOKEUR TOU QUOIKOU XAPTN UWnAng
EUKPIVEIOC 0 OTTOI0C XPNOIMOTIOINONKE yia TNV aAAnAoUxXNnon Tou XPWHOCWHATOS
auTou. O1 TTAnpo@opieg atmd TNV XapToypdenan kal Tnv aAAnAolxnon frav ta
EPYAALIQ HOG VIO VA TTPOXWPACOUUE OTNV KAWVOTTOINON KAl TO XAPAKTAPIOKO VEWV
yovidiwv atré tnv mrepiox 10g23.3 TTou cuoxeTiCovTal pe TTABOAOYIKEG KATAOTACEIG.
EIdIKOTEPA, TO AVTIKEINEVO Pag ATAV:
1. H ouuBoAn otnv Karaokeur Tou QUOIKOU XApTn UWNANG EUKPIVEIAS YEVWUIKWY
KAWVwWY Twv Xpwpoowuikwy mepioxwy 10q23.3-q25.1 kai 10q26.2-qtel, cuvoAikou
unkoug ~35Mb.
2. H aéiorroinon tou QUOIKOU XapTn Kai TNS YeEVWUIKAS aAAnAouyiag yia tnv in silico
KQTAOKEUN TOU YOoVIOIAKOU XAPTN THS KPITIUNG TTEQIOXNS VI TNV QUTOCWIKY ETTIKOATH
UepIkn emAnwia tou kKpotaikoU AoBou (ADLTE) aro 10q23.3 kai n douikry avaAuon
VEWV UtTOWNQiwv yovidiwv TNS TTEPIOXNS AUTHS Kal
3. H kAwvortroinon, o XapakTtnpiouog Kai n AEIToupyIKn avaAuan Tou yovidiou

FRA10AC1 mou xaproypaeirar atnv e06pauatn xpwuoowuikh 6éon FRA10A.
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YAik@ kai MéBodol

YAIKA

2.1. Opermrika

‘OAa 1a BpeTTTIKG UAIKA €yivav e UTTEPKABaPO vePO Kal aTTOOTEIPWONKAY EiTE
o€ KAiBavo artpou ite e dINBnon yéow NBUoU e didueTpo Topwy 0,22um. Kartd
TTEPITITWAN KAl JETA TNV ATTOOTEIPWON TTPOCTIBovTav To KATAAANAO avTIBIOTIKO
(Miv. 3).

Mv. 3: AiaAUpaTta avTifIOTIKWV

AvTii0oTIKO AiaA0TNGg 2TOK TeAIK ) OUYKEVTPWON
QUTTIKIAAIVN H20 10mg/ml 100pg/ml, 50ug/ml (pcDNAI)
KQVauUKivn H20 10mg/ml  [30pg/ml
XAWPAUPAIVIKOAN atréAuTn aiBavoAn 25mg/ml 12,5ug/ml
TETPAKUKAIVN aTTOAUTH C1BaVOAN 5mg/ml 10pg/mi

> KaAAiépysia oakyapouuknra
YEP: 10gr yeast extract, 20 gr bactopeptone, 20gr yAukoln avd Aitpo. PUBuion Tou
pH oto 7-7,5 pe didAupua NaOH

SC: 6,7 gr yeast nitrogen base xwpi¢ apivogéa, 20gr yAukoln, 2gr okévn SC avd
Aitpo. PuBuion tou pH aTto 7-7,5 pe didAupa NaOH. Na tnv TTapaockeun otepeol
BpeTITIKOU TTPOCTIBEVTAI TTPIV TNV atTooTeipwaon 20gr ayap / Aitpo.

2kovn SC: ouoioyevég piyua 18 auivoééwy e€QipOUIEVWVY EKEIVWY TTOU
Tapdyovral amro ToUS POPEIC TOU TUOTAUATOS TwV OUOo UBpPIdiwy, aTN
OUYKEKPIUEVN TTEPITITWON TNS TpUTITOQPAaVNS (PGBT9) Kai TN Asukivng
(PACT2).

M9: lNa tnv Tapaockeun 11t BpeTrTIKoU, avapiyvuovtal 870ml H,O pe 20gr dyap kai
atroaTelpwvovTal. OTav n Bgpuokpacia Tou diaAUpaTog TTpooeyyioel Toug 55°C,
TrpooTiBevTtal 100ml dioAupaTtog aAdTwyv M9, 20ml yAukolng 20% v/v (#), 40ul 2,5M
CaCl, (#), Ta ammapaitnTa SIGAUPATA AUIVOEEWVY KOl VOUKAEOTIBIWV Kal TO KATAAANAO
avTIBIoTIKG. Ta cuoTatik& avapiyviovTal Kai To UAIKS PoipdleTal o€ TpuPAia, OTTou Kal
OTEPEOTTOIEITAL.

AidAuua aAdrwv M9: 6gr Na,HPO4, 0,5gr KH,PO4, 1gr NH,CI avd 100ml.

AlaAUpara apivogéwyv Kal VOuKAeoTISiwv: & 0Aa 1o pH puBpiletal oTo 7 pe apaid
o1dAupa NaOH. XpnaoipoTtroi®nkav diaAtpata adevivng x50 (12,5mM), oupakiAng
x100 (20mM), 1omidivng x300 (100mM) kai TputrTo@davng X100 (55mM, @uAdcaeTal

oToug 4°C ot okoTdd!).
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> Kaldiépyeia Baktnpiwv
LB: 10gr bacto-tryptone, 5gr bacto yeast extract, 10gr NaCl avé Aitpo. PUBuion Tou
pH oT0 7-7,5 pe didAupa NaOH (*). Na Tnv TTapackeur oTepeoU BPETITIKOU

TTPOCTIBevVTAI TTPIV TNV aTTOoTEIpWON 15gr dyap / Aitpo.

» Kaldiépyeia kutt@pwyv nAaoTikwv
OperrTiké péoo DMEM: Dulbecco's Modified Eagle's Medium pe 4 mM L-glutamine,
0.45% glucose, 0.15% sodium bicarconate, 50ug/ml gentamycin (d¢v givai

QTTOPEAITNTO YIA TV AVATITUEN TWV KUTTAPWV).

2.2. BiAi06rikec DNA

. FevwpikA BiIBAI00AKN RPCI-11: Mevwpikn BIBAIOBAKN TTOU XpNOoIUOTTOINBNKE
atré OAQ TA EPYACTAPIA TTOU PETEIXAV OTN XOPTOYPAPNON Kal TNV aAAnAouxnon Tou
avBpwTTivou yovidiwpatog. KataokeudoTnke ammd DNA Aeg@oKuTTapwyY AppeEVOg
oTov gopéa pBACe 3.6 (~8kb) trou cival KatdAANAog yia Ayn peyGAwyv evBeudaTWY,
TTapAayel UWPNAS apIBPo avTiypa@wy Kal TTApEXEI AVOEKTIKOTNTA G€ XAWPAUPAIVIKOAN.
To yéoo péyeBog Twy evBeudTwy ekTidTal o€ ~170kb Kal n avTITpocwITEUGN TOU
avBpwTTivou yovidiwuaTog gival >10 @opéc. XpnaoiyoTtrointnke oTn dleuBeTnUéVN
(gridded) Tng popn, o€ 36 vaihov @iATpa (8x 12cm) TTou TrepIExouv ~220,000
KAwvoug. Ta @iATpa pag TTapaxwpndnkav atrd 1o ocuvepyalouevo Sanger Centre.
MepioodTEPEG TTANPOYPOPIEC UTTAPYOUV DlaBéaiyeg aTo: http://bacpac.chori.org/

hmale11.htm

. FevwpikKA XpwpoowpoeldikA BIBAIOOAKN: H BIBAIOBAKN auTh
KaTaokeudoTnke o1o Sanger Centre pe yevwuikoug KAwvoug kupiwg TG RPCI-11
TTou gu@avioTnkav BeTiKoi, Baoel uBpidoTtroinong, yia STSs Tou XpwuoowuaTtog 10.
XpnoigoTtroifenke otn dieuBeTnUévn TG HOPYN € Tpia vAIAov QiATpa
(SC10BACpoly_B_1, SC10BACpoly_B_2 ka1 SC10BACpoly_K_1, 8 x 12cm) 110U

mepiExouv ~18,000 KAwvoug.

. BiBAio8Akn cDNA Atmrarog avBpwtrou (MATCHMAKER, Clontech
cat#HL4024AH): XpnoiyoTtroindnke aTto Treipapa Twv duo uBpidiwv. O gopéag
KAwvoTtroinong cival 0 pACT2 (Eik. 9) TTou TTapéxel uWnAd eTTiTTeda £KQpaong oTov
OOKXOPOMUKNTA AGYWw Tou cuoTatikou utrokivnT ADH1. O1 XIJaIpIKEG TTPWTEIVES
TTapdyovTal o€ oUvTNEN KE TNV TTEPIOXNA EVEPYOTTOINONG TNG METAYPAPAG TOU
Tapayovia GAL4 (AD, 114 auivo&éa) kal kaTeuBuvovTtal oTov TTupAva Adyw OruaTog

TTUPNVIKOU EVTOTTIGHOU TToU UTTApXEl avodika Tng AD. 'Exel kataokeuaoTeE atrd

37



YAik@ kai MéBodol

polyA+ RNA pe cuvduacuo oAyo-dT Kai Tuxaiwyv ekkIvnTwy. To néoo PEyEBOG Twyv
evBepdTwy gival 1,3kb kal To TOGOOTO TwV avaouvduaouéEVWY KAWVWY ~90%. O

Qopéag avtiypagetal autovoua otnv E. coli kai otov S. cerevisiae. PEpel T0 yovidio
bla (yia avBekTIKOTNTA OTNV QUTTIKIAiv) 0TNV E. coli) kai To LEUZ2 TTou emTPETTEl OTA

METAOXNUATIOMEVA KUTTOPA TOU OAKXOPOMUKNTA VA AVATITUOOOVTOI O€ BPETITIKO YECO
a1Td TO OTTOI0 ATTOUCIACEl N ASUKivn.

B I.' ;_..- Xbal
il __J_ L
-
Amp' ;I_fl‘ Hpﬂ 1
MCS /\'E \ S
*Bgll /ol E1 Y
HA epitope | { o '.I
Mo | | e |- -] FAET! |
Siil
Neol | Il;:a:lul ‘ 81 llh II| Ir- Clal
Emal pevz 4/
Xma | / /
BamH |
Ecofl | ADHI o /{/
Sacl L I

Eik. 9: ZxnuaTtiki ameikévion Tou gopéa pACT2. ZnUEIWVETAI N TTEPIOXT EVEPYOTTOINONG
NG MeTaypang Tou TTapdyovia GAL4 (GAL4 AD) kai Ta yovidia bla (ampr) kai LEU2.

" BiBAio8Akn cDNA gyke@dAou avBpwTtrou (# A900-09, Invitrogen): "Exel
TTapayxBei ammd polyA+ RNA eyke@dAou eviAIKog pe ekkivnTr oAlyo-dT kai
XPNOILOTTOINBNKE O€ Yop@n HETaoXnUaTiopévwy Baktnpiwv (E.coli, MC1061/P3). O
@opéag kKAwvoTtroinong gival o pCDNAI, TTou TTpoo@épel avBEKTIKOTNTA GTNV
auTTIKIAAIVN. To péoo péyebog Twv evBepdTwy civar 1,3kb. Mpiv Tnv digpelivnor Tng,
TTPoodiopioTnKe o TITAOg TS o€ 107 (atroikieg/ml).

2.3. Baoesig dsdouévwy Kai mpoypauuara emeéspyaoiag aAAnAouyiwv
AAAnAouyia xpwpoowparog 10: http://www.sanger.ac.uk/HGP/Chr10/
Kal diepelvnor] Tng http://www.sanger.ac.uk/cgi-bin/blast/submitblast/chr10
Blastn, Blastp: http://www.ncbi.nlm.nih.gov/BLAST/

Blast 2 sequences: http://www.ncbi.nim.nih.gov/blast/bl2seq/wblast2.cgi
CEPH: http://locus.umdnj.edu/nigms/ceph/ceph.html

Clustlw: http://www.ebi.ac.uk/clustalw/index.html

dbEST: http://www.ncbi.nlm.nih.gov/dbEST/index.html

Ensembl: http://www.ensembl.org/

Genbank: http://www.ncbi.nlm.nih.gov/Genbank/index.html

GeneMap99: http://www.ncbi.nim.nih.gov/genemap99/map.cgi?CHR=10
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Genethon: http://www.genlink.wustl.edu/genethon_frame/

Interpro: http://www.ebi.ac.uk/interpro/

Marshfield: http://research.marshfieldclinic.org/genetics/Map_Markers/maps/

IndexMapFrames.html

NetPhos: http://www.cbs.dtu.dk/services/NetPhos/

Pfam: http://www.sanger.ac.uk/Software/Pfam/

ProtParam: http://au.expasy.org/tools/protparam.html

SHGC-G3: http://www-shgc.stanford.edu/resources/humanrhmap.html

SMART: http://smart.embl-heidelberg.de/

PSORT II: http://www.psort.org/

Sanger Centre http://www.sanger.ac.uk/

SUMOplot: http://www.abgent.com/doc/sumoplot

TMpred: http://www.ch.embnet.org/software/TMPRED _form.html

UniSTS: http://www.ncbi.nim.nih.gov/entrez/query.fcgi?db=unists

Duoikog XapTng Xpwpoowpatog 10: hitp://www.sanger.ac.uk/cgi-bin/lhumace/
fpcwebmap.cgi

WI-RH: http://www.broad.mit.edu/cgi-bin/contig/phys_map

2.4. EKKIVNTES

O1 ekkivnTég Twv STSs (MMv. 4) TTou XpNoIPoTToINBNKav KAtd TNV KOTaoKeEUn
TOU QUOIKOU XApTn TTapackeudoTnkav oto Sanger Centre. O1 utréAoitrol ([Miv. 5)
EMAEXONKAV WOTE TO PUAKOG TOUG va utrepPaivel Ta 17 voukAeoTidia, va uttapyel C n
G 010 3’ AKPO TOUG VW) ATTOPEUXOAKAY ETTAVAAARYEIS TOU idI0U VOUKAEOTIBIOU,
TTOAIVOPOUA TUAUATA KAl TTEPIOXEG CUUTTANPWHATIKEG HECO OTOV iBIO EKKIVNTH ) OTO
Ceuyapl Tou. EmimTAéoy, yia Ta Celyn TWV EKKIVNTWYV KAl OTAV UTTHpXE duvaTdtnTa,

emAEXONkav TTapdéuola Tm. H ouvBeor] Toug €yive otnv MWG-Biotech.

2.5. Baktnpiakd oreAéxn

DHS5a: Xpnoiyotroiibnkav ag JETAoXNMUATIONO KaTd TNV KAwvoTtToinon Tepaxiwv DNA
o¢ TTAaouIBIakoUG Qopeic KaBwg N ammdédoon cival upnAn kai uttépxel duvaTdTnTa
ETTIAOYNAG TWV AVAOUVOUQOUEVWY TTAACHIBIWY AGYWw TNG HETAAAQYNG TTOU QEPOUV OTO
yovidlo LacZ 1rou gutrodidel Tnv oUvOECN TWV UTTOPOVAdWY (Kal TNV EVEPYOTNTA) TNG
B-yahakToo1ddong, n otroia WG CUMTTANPWVETAI OTTO POPEIG TTOU TTAPAYOUV TO a-
TToAUTTETTTIOI0. 'ETOI TG N avacuvduacopéva TTAaopidia armmokabioTolv oTa
METAOXNMATIOPEVA BAKTHPIA TNV EVEPYOTNTA TOU vCUMOU, VW AQUTA TTOU £Xouv dexOei

évBepa, Ox1. Kat' €1TéKTaan ol avTioTOIXEC OTTOIKIEG €ival AeUKEG TTapouaia X-gal.
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KC8: Eivai au€dtpoga ae Acukivn, TPUTITOQAVN, OUPaKiAn, 10TIdiv Kal adevivn
K&vovTag duvaTn Tnv €MAOYA Twv TTAACUIBIWY TTOU QEPOUV TA avTioToIXa yovidia,
o6Tav avamTiocovTal o€ EAGXIOTO BPETTTIKO HEGo M9, 1| TuyKeKPIPMEVWY TTAACTUIDIWY
av TpooTeBolV Ta KATGAANAa oucTaTiKG 010 M9. Xpnoiyotroiénkayv yia tnv
eEAAEIYN TOU «OOAWPATOGY», KABWG gixav KAAAIEpYNBEi TTapousia TPUTITOPAvVNG, UETA
aTrd TOV HETAOXNUATIOUO Toug he To DNA Twv BETIKWY KAWVWY TOU TTEIPAUATOS TWV
OUo uBpIdiwv. To DNA TTOU atropovwveTal atmmd autd sival JeBUAIwPEVO yiaTi Ta
KUTTapa @épouv TN petaldayr hsdR. ETtiong epgavifouv avOekTIKOTNTA OTNV

Kavapukivn AOyw Tou PJETABETOU OTOIXEIOU Th5 TTOU TTEPIEXOUV.

BL21 (DE3) CodonPlus: ‘Exouv o€ Auciyovia Tov Baktnplo@dyo DE3 (Trapdywyo
ToU BakTnplio@dayou A) TTou @épel To yovidio TG T7 RNA tmoAupepdong Katw atrd Tov
éAeyyo Tou utrokivnTr lacUV5, o otroiog erayetal pe IPTG. ‘ETol, n mpocBikn IPTG
o€ KUTTAPA PETAOXNMATIOUEVA PE Eva TTAAONIDIO YE uTToKIVNTH T7, 0dnyei oTNV
mapaywyn TN T7 RNA mToAupepdong TTou e TN O€Ipd TNG METAYPAPEI TO YOVIdIO TTOU
£xel KAwvoTtroinBei oto TAaopidio. ETrittAéov, £xouv 1o TTAacpidio RIL tTou TTepIéxEl
yovidia yia Ta tRNAs argU, ileW, leuY kai proL (tTou eival omraviétepa otnv E.coli kai
TTOU MOavOv va aTraITouvTal GUXVOTEPA Yia TNV oUvOean eTEPOAOYWY TTPWTEIVIV) Kal

yovidIo yia avOeKTIKOTNTA 0€ XAWPAPPAIVIKOAN.

2.6. Kurrapikég ocipéc OnAaorikwv

OAgG 01 KUTTOPIKEG OEIPEG TTOU XPNOIYOTTOINCAUE KAANIEpYROnKav og BPETTTIKO
UAIké DMEM pe 10% (CV-1, COS-7, HeLa) 1 20% FCS (CaCO2) r} 8% CS (NIH-3T3)
kai 50ug/ml gentamycin otoug 37°C Trapouadia 5% 1 8% (NIH-3T3) CO,. OAa
avatTuooovTal oxnuariovrag povooToifddeg. XpnoiyoTroiménkav o€ eipduota
UTTOKUTTApPIKOU evTomiopou. EtrimrAéov Ta COS-7 alotroifdnkav yia tnv mapaywyn
TIPWTEIVWV TTOU CUMUETEIXAV 0€ DOKIMEG OUV- KOl VOO O- KATAKPHUVIONG.
CV1 (ATCC #CCL 70): MNMpoépxovTal atod veppd appikavikou TTpdaivou TTiBrikou.
COS-7 (ATCC #CRL 1651): MNMpoépyovTal atmmod Ta CV-1 yetd atmmd yeTacyxnuUaTiouo
TOUG ME ToV 10 SV40 TToU €ival EVOWUATWHEVOG OTO YoVISiWMA Kal £XEI KATACTEN
avevepyog 6oov agopd Tnv avtiypagr Tou. ‘ETtol, Ta COS-7 ekgpdlouv 1o T avTiyévo
TTOU €ival N govn TTPWTEIvVN TTOU aTTaITEITal yia TNV £vapgn TG avTiypagrg Tou SV40.
O 166 dev ptTopei va avTiypagei aAAG o1 TTAAOUIBIAKEG KATOOKEUEG E TIG OTTOIEG
dlapoAuvovTal Ta KUTTAPA auTd, @Epouv T Béon £vapéng TnNG avTiypagpnig Tou Kal €101
TTOMOATIAGCIAZETal 0 APIBUAS TwV avVTIYPaPwY Toug (10* -10° avd kUTTapPO) TToU
OUVETTAYETAI UWNAQ ETTITTEDO £KQPACNG TWV AVTICTOIXWY TTPWTEIVWV.

HeLa (CCL-2): EmOnAiakd kUTTapa avBpwTtrou atrd adevokapkivwua TpaxfiAou
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HepG2 (ATCC #HB-8065): KUtTapa atrd nTaToKapKivwua avepuwTrou
CaCO2 (ATCC #HTB 37): Kuttapa avBpwTrou atrd adevoKapKivwua eVviEPou.
NIH-3T3 (CRL-1658): Eufpuikoi voBAGOTEG TTOVTIKOU.

2.7. Avricwuara
OAa Ta avTiowuata TToU XpNolYoTToIfdnkKav o€ TrelpduaTa avooo@Bopiouou,
Western kal avoooKaTakpAPVvIONG KaBWG Kal 0l CUVBNKEG ETTWAONG Kal 1 TTPOEAEUCH

Toug TTapatiBevral gtov Miv. 6.

2.8. Asiyuara DNA

Katd Tnv Kataokeun Tou yeveTikoU XApTn Tou xpwuoowpaTtog 10 (Moschonas
N.K, 1996) ota mAaicia Tou TTpoypduparog EUROGEM (European Gene Mapping
Project), pag mapaxwpnbnkav armd 1o deiyuata yevwuikou DNA atrd TiG oIKoyEveleg
avagopag CEPH (Centre d'Etude du Polymorphisme Humain). Ztnv epyacia auth, Ta
OciypaTa XpnoIhoTToInOnKav yia TNV YOVvoTuTTIKA avaAuon Tng emavaAnyng CGG Tou

FRA10ACT kai yia Tnv TTapackeun Twv STSs Tou QuaikoU XapTn.

2.9. lMAaouidiakoi gopeic

XpnoipoTtroinénkav gopeig kKAwvoTtroinong Tepaxiwv DNA yia Tpoodiopioud
TNG aAAnAouxiag Toug Kai yia TTpayhaToTroincn avTidpAaoewy YHETAYPAYPNS in Vitro
KaBwg Kal Popeic EKppaong yovidiwv o€ BaKTHPIA, TAKXaPoUUKNTA Kal KUTTapa

BnAQCTIKWV.

» ArmAoi popeic kAwvortroinong
" PGEM-T Easy (Promega, #A3600): MapéxeTal oav ypAPUIKOG GopEAG Kal
gival KatdAANAog yia Tnv kKAwvoTroinon TpoidvTwy PCR kabwg ota 3’ dkpa Tou QEPEI
TTpoeEEXoVTa VOUKAEOTIOIO BuIdivng TTou UBPISOTTOIOUVTAI HE TA TTPOELEXOVTA
VOUKAeoTidIa adevivng TTou TTpooTiBevTal atmd TToAAEG Taq DNA mmoAupepdoeg ota 5
akpa Twv TTPoidvTwy PCR. EmiTTAéov, €£xel TTOAATTAEG TTIAOYEG aTOV polylinker Tou
Kal TrepIAapBavel Toug uttokivnTéG T7 Kail SP6 TTou emITpETTOUV TNV aAAnAouxnon e
TN XPNON TWV AVTIOTOIXWV EKKIVATWY KAl TIG AVTIOPACEIG METAYPAPNG in Vitro PE TIG
avTioToixeg RNA 1ToAupepdaoeg. Ettiong, mepiAauBdvel To yovidio lacZ yia XpwHaTIKA
ETTIAOYI TWV QVACUVOUACHEVWV KAWVWV.
" pBluescript Il KS + (Stratagene, #212207): Xpnoipotroinénke yia Tnv
KAwvoTtroinon evBepdTwy DNA Kabwg £xel TTOANATTAEG TTIAOYEG €vBeong DNA aTtov
polylinker Tou, @€pel To yovidio lacZ, kaBIoTWwVTAG EUKOAN TNV €TTIAOYI TwWV

QvVaoUVOUACPEVWY KAWVWYV Kal TTeEpIAaBavel Toug uttokivnTéG T3 kail T7 TTou
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EMTPETTOUV TNV AAANAOUXNON KE TN XPHON TWV AVTIOTOIXWYV EKKIVATWY KAl TIG

avTIOPACEIC UETAYPAYNG in Vitro.

» Popcic ékppaong os Bakripia
. pPGEX (Amersham Biosciences, #27-4803-01): ®opéag emayouevng
EKQPAoNG XIMaIPIKWV TTPWTEIVWV Pe TNV GST o010 N-TeAIKO Toug dkpo. H ékppaon
TWV TTOAUTTETTTIOIWYV EAEYXETAI ATTO TOV UTTOKIVNTA tac OTOV OTToiO gival
TTPoodedepévog o kataoToAéa lacl?, TTou TTapdyeTal €TioNG aTTd TOV Qopéa. Z€
TTepiTITWon emaywyng pe IPTG, o lacl® ouvdéetal pe auto, atmeAeuBepuwvovTag £T01
ToV uttoKIvnTr). H avacuvduacouévn TTpwreivn avixveveTal ye 1o anti-GST kal

OTTOHOVWVETAI E XPWHATOYPAPIO CUYYEVEIOG PUE OEPAPOLN-yYAOUTABEIOVN.

. PET-26b(+)(Novagen# 69862-3): H ékppaon Twv XIMAIPIKWY TTPWTEIVWV Eival
uTTd TOoV €AEYXO TOU UTTOKIVNTA T7. To TTapayduevo TTOAUTTETTTIOIO @EpEl OTO N-TEAIKO
TOU AKPo TNV aAAnAouxia pelB, TTou gival CANA yIa TOV EVTOTTIONO TOU OTOV

TEPITTAACMIKO XwpOo, Kal aTo C-TeAIKO TOU AKPO TOV ETTITOTTO 6-His, TTOU €mMITPETTEI TNV

avixveuon HPE TO AVTIOTOIXO AVTICWA Kal TV aTTouovwon Je oe@apoln-Ni-NTA.

» Popeic EKppaonc os ocakyapouuknTa
" pGBT9 (BD Bioscience Clontech, #K1605-A): Ta xigaipik& popia TapdyovTal
o€ ouvtnén Pe TNV Treploxn mpoéodeong oto DNA (DNA-BD, 147 auivogéa) Tou
mrapdyovia GAL4 oto N-TeAIKO Toug dkpo. H uBpidikA TTpwTeivn ekppadeTal oTa
KUTTOPA TOU OAKXOPOMUKNTO O€ OXETIKA XAMNAG €TTiTTeda aT1TO TURA TOU CUCTATIKOU
utrokivnt) ADH1 ka1 kateuBUuveTal oTov TTUpfva AGyw OPATog TTUpnVIKoU
eVTOTTIOOU TToU QEpel N aAAnAouxia DNA-BD. O @opéag avTiypa@eTal auTOVOQ
otnv E. coli kai otov S. cerevisiae. PEpel To yovidlo bla (yia avOeKTIKOTNTA OTNV
auTTIKIANivn oTnVv E. coli) kai To TRP1 TTou €mMITPETTEI OTA HETAOXNUATIOPEVA KUTTAPA
TOU OOKXOPOMUKNTA VO avaTiTUoC0VTal 0€ BPETTTIKG HECO ATTO TO OTTOI0 ATTOUCIAZE! N

TPUTITOPAVN.

» opeic Ekppaong og KUTTapa 6nAacTikwv
" PEGFP (BD Bioscience Clontech, #6084-1): O1 XIHQIPIKEG TTPWTEIVEG PEPOUV
Tnv EGFP ¢ite 010 apivoteAIko Toug dkpo (av xpnoiuoTroinBouv oi gopeig C1-3) gite
oT1o KapBoguteAikd Toug dkpo (yia Toug popeic N1-3) emiTpétTovTag £101 TOV
UTTOKUTTOPIKO EVTOTTIONO TOUG KAl TNV QViXVEUOT] TOUG UE TO avTioTolXo avTiowua. H
EGFP civar 1diaitepa oTtaBepr TTpwTeivn Kal o BopIouds TNG diatnpeital yia yeyaia

Xpovikd diaaTtriuata. O gopéag £xel Tov uttokivntr) CMV 110U TTapéxel uwnAd etrireda
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ék@paong kai Tnv B€an évapéng Tng avTiypagng Tou 10U SV40 TTou Tou ETTITPETTEI va

TToAAaTTAacIadeTal o€ KUTTAPA ONAACTIKWY TToU eKQPAlouv To avTiyévo T.

. pcDNA3.1 His (Invitrogen, #V38520): O1 xiuaIpIKEG TTPWTEIVEG EKPPAOVTaI
oe uynAd emmitreda Adyw Tou utrokivntr) CMV o€ ouvTngn PE Toug ETTiITOTTOUG 6-His kal
Xpress 610 apIvoTeAIKO Toug dkpo. ‘ETol gival QIKTOG 0 evTOTTIONAOG TOUG EiTE
UTTOKUTTOPIKA €ITE in Vitro pe Xpron Twv avTioToixwV avTiowudtwy. EmmAéoyv, o
Qopéag £xel TNV Béon Evapéng TnNG avTiypa@ng Tou 100 SV40 kai £T101

TToANaTTAacIadeTal o€ KUTTAPA ONAQCTIKWY TTOU EKQPAZouV To avTiyévo T.

" pcDNA3.1 (+) myc-His (Invitrogen, #V80020): ‘Exel Ta idia XapakTnEIoTIKA pE

Tov pcDNAS3.1 His pe avTikardotaon Tou emTOTTOU Xpress pe 1o Myc.

2.10. NMTAaouidIaKES KATAOKEUES

MapatiBevral Ta avacuvouaopéva TTAaoHidia TTou XpnoidoTroInenkay Kal o

TPOTTOG KATAOKEUNG TOUG, TagIvounuéva avd yovidio TTou avaAUoapeE:

> Lgi1-4

" Lgi1/pBluescript KS+: PCR o¢ 50ng yevwpikoU DNA TTovTIKOU JE TOUG
ekkivnTég mLGI1F-mLGI1R kai kAwvoTtroinon Tou poiévtog (434bp) otn Smal Tou
pBluescript KS+. To £&vBeua avTiaToixei ota voukAgoTidla 1267-1700 Tou cDNA
(NM_020278).

. Lgi2/pBluescript KS+: Tepayxiopog tou kAwvou IMAGE #313745 (W10952)
pe Xmnl, atropudvwon Tou evBéuartog (380bp) kai kAwvoTtroinon Tou otn 6éon Smal
Tou pBluescript KS+. To évBeua avTioToixei ota voukAeoTidla 1463-1844 tou cDNA
(NM_144945).

" Lgi3/pBluescript KS+: PCR o¢ 50ng yevwpikoUu DNA TTOVTIKOU JE TOUG
ekkivnTég mMLGI3F-mLGI3R1 kal kKAwvoTroinon Tou poidvTog (366bp) otn Smal Tou
pBluescript KS+. To €vBeua avtioToixei ota voukAegoTidia 1690-2055 tou cDNA
(NM_145219).

" Lgid4/pBluescript KS+: PCR o¢ 50ng yevwpikoU DNA TTOVTIKOU JE TOUG
ekkivnTég mLGI4F kot mLGI4R. To mrpoidv (733bp) kKAwvoTtroindnke otov pGEM T-
Easy a6 6mou kai €€Ax0n e Sacll kai Sall yia va KAwvoTroinBei oTIG avTioToIXESG
Béoeig Tou pBluescript KS+. To évBepa avtioToixei ota voukAeoTidia 1680-2412 Tou
cDNA (NM_144556).
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» 3077
. 3077/ pcDNA 3.1 Myc.His: PCR ue Toug ekkivnTég MycFnew-MycR, otov
KAWVO TTOU aTTopovwenke atrd Tnv BIBAIOBAKN Kal avTIOTOIXEI OTO METAYPAPO 1
(EIk.11), TEpaxiopd Tou TTpoiovTog pe BamHI kair EcoRI (B€0€IG OTOUG EKKIVATEG) KAl
KAwvoTtroinon oTig avtioToixeg B€oeig Tou pcDNA 3.1 Myc.His. To évBepa avTioToIXE
oTa VOukAeoTidla 234-1373 Tou cDNA (AJ294945).

> AJ312051
" AJ312051/ pBluescript KS+: PCR e Toug ekkivntég F_BamHI ka1 R_Kpn o€
RT a1ré veppd avBpwTtrou (MTC cDNA panels, Clontech), Tepgaxiopd Tou TpoidvTog
pe BamHI kai Kpn (B€0€1G 0TOUG EKKIVNTEG) KAl KAWVOTTOINON OTIG avTioTOIXEG BETEIG
Tou pBluescript KS+. To évBepa avtioToixei ota voukAeoTidla 352-1359 tou cDNA
(AJ312051).
. AJ312051/ pEGFPC1: Tepaxiouég tou kAwvou AJ312051/ pBluescript KS+
pe BamHI kai Kpnl, attTopudvwaon Tou evBEuaTog Kal KAwvVOTToinar Tou OTIG avTiOTOIXEG
Béoeig Tou pEGFPC1. To évBepa avTtioToixei ata voukAeoTidla 352-1359 Tou cDNA
(AJ312051).

» FRA10AC1
. FRA10AC1_pGEM_T_Easy: PCR ue Toug ekkivntég F kal R4 og RT amd
6pxeig avBpwtrou (MTC cDNA panels, Clontech) kal KAwvoTToinon Tou TTpoidvTog
otov pGEM_T_Easy (T1pocavaToAIouoG: 10 5’ 1pog Tov T7). To évBepa avTioToIXE]
oTa VoukAeoTidia 189-1137 Tou cDNA.
. FRA_full_ pGEX_4T_1: tepayiopog tou khwvou FRA10AC1_pGEM_T_Easy
pMe BamHI kai EcoRI kal KAwvOTToinon Tou evBEUATOG OTIG AVTIOTOIXEG BECEIG TOU
pGEX-4T-1. To €vBeua avtioToixei oTa voukAeoTidia 189-1137 tou cDNA.
" FRA_Bglll_EcoRI_pGEX_4T2: tepaxiodog Tou kKAwvou FRAT0AC1_ pcDNA
3.1_His B pe Bglll ka1 EcoRlI, avtidpaon yeuiopaTog Kal KAwvoTtroinon otn Sma tou
pGEX-4T-2. To €vBeua avtioTolxei oTa voukAeoTidia 633-1138 Tou cDNA.
" FRA_Bbsl_Stu_pGEX4T_1: tepaxiopog Tou kAwvou FRA_full_pEGFP_N1
Me Bbsl kai Stul, atroydvwaon Tou evBEUATOG, YEUIOHA TwV AKPWYV Kal KAWVOTToiNoN
Tou 01N Smal Tou pGEX-4T-1. To évBepa avTioToixei ata voukAeoTidia 479-960 Tou
cDNA.
. FRA_full_pET26b+: PCR pe Toug ekkivnTéG F5 kai R5 o1ov KAwvo
FRA10AC1_pGEM-T Easy, Tepaxiopé Tou Trpoidvtog ue BamHI kai EcoRI (B£c¢€ig
OTOUG EKKIVNTEG) Kal KAWVOTTOINON Tou OTIG avTioTolxeg B€aeig Tou pET26b+. To

évBepa avtigToixei oTa voukAeoTidla 197-1138 Tou cDNA.
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. FRA_full pGBT9: Tepaxiouog tou khAwvou FRA10AC1_pGEM_T_Easy ue
EcoRI, atropyévwan Tou evBEUATOC KAl KAWVOTTOINGT) TOU GTNnV avTioToixn 8€on Tou
pGBT9. To évBepa avTioTolxei oTa voukAeoTidla 189-1137 tou cDNA.

" FRA_N-terminal_pGBT9: Tepaxiopog Tou kAwvou FRA_full_pGBT9 pe Pstl,
atmouévwon TOU AvaoUVOUOOUEVOU QPOpEA [E TO TTAPAUEVOVY TuRua Tou FRAT0ACT
(voukAeoTidia: 189-953 Tou cDNA) Kal eTTavOKUKAOTTOINGT| TOu.

. FRA_C-terminal_pGBT9: Tepaxiopog Tou kAwvou FRA_full_pGBT9 pe Pstl,
atTopovwon Tou Bpavopatog 185bp kal kKAwvoTroinch Tou ot Béon Pstl Tou pGBTI.
To €vBepa avTiaToixei aTa voukAeoTidla 953-1137 Tou cDNA.

. FRA_full_pEGFP_N1: Tepaxiouég tou kKhAwvou FRA10AC1_pGEM_T_Easy
pe BamHI kai EcoRI, atropdvwaon Tou evBEéuaTog Kal kKAwvoTtroina Tou o€ Bglll-
EcoRI Tou pEGFP_N1. To évBeua avTigToixei ota voukAeoTidia 189-1137 Tou cDNA.
" FRA_1_Bglll_pEGFP_C1: Tepaxiouog tou kKAwvou FRA_ full_pET26b+ ue
BamH| kai Bglll, atrouévwon tou Bpadopuartog ~450bp (voukAeoTidia 198-636 Tou
cDNA), avTidpaon YEUIOHOTOS TWV TTPOEEEXOVTWY AKPWYV KAl KAWVOTTOINCA TOu oToV
pEGFPC1 1Tou £xel TepayioTei pe Xho kai €xel utrooTei avtidpaon yepiopyaTtog. To
évBepa avTioToixei oTa VoukAeoTidla 197-636 Tou cDNA.

. FRA_Bglll_Pst pEGFP_C1: Tepaxiouog Tou KAWvVOU

FRA Bglll_EcoRIl _pGEX 4T2 pye BamHI ka1 Pstl, atroydévwaon Tou Tepayiou ~320bp
(voukAeoTidia 633-954 Tou cDNA) kai KAwvoTroinon oTi¢ 8éoeig Bglll kai Pstl Tou
pEGFPC1.

" FRA_Bbsl_Stu_pEGFPC1: Tepaxiopdog TOU KAWVOU
FRA_Bbsl_Stu_pGEX_4T1 e Sall, avtidpaon yeHioPaTOG, TEHAXIOPNOG ue BamHI,
QTTOPOVWON Tou eVBEUATOG Kal KAwvoTToinor Tou oTig Béoeig Bglll kar Smal Tou
pEGFPC1. To é&vBepa avTioTolxei ota voukAeoTidia 479-960 Tou cDNA.

. FRA_Bbsl_Bglll_pEGFP_C1: TepaxIOPNOG TOU KAWVOU

FRA _Bbsl_Stu_pEGFPC1 ue Bglll kai BamHI amrouévwon tou Tepayiou ~5kb trou
TepIAapBavel Tov opéa kal To THAKA Tou cDNA TTou avTIoToIXEl OTO VOUKAEOTIOIN
479-636 Kal ETTAVAKUKAOTTOINGT TOU.

" FRA_Pst_end_pEGFP_C1: To petdypa@o «a» tou FRA1T0AC1 1Tou opiceTal
a1rd Toug ekKIvnTéG F3 kal R2 gixe kKAwvotroinBei otov pGEM_T_Easy. Atré ekei
atTopovwenke pe EcoRI kal kKAwvoTtroienke otnyv idia 8¢on Tou pEGFPC1. To évBepa
QVTIOTOIXEI OTA VOUKAEOTIOIO 951-1252 Tou cDNA.

" FRA10AC1_ pcDNA 3.1_His B: Tepaxiouég tou kKhwvou FRA_full_pET26b+
pe BamHI kai EcoRI kal KAwvoTroinon oTig avtioToixes 6éoeig Tou pcDNA 3.1 His B.

To évBepa avTtioToixei oTa voukAeoTidla 197-1138 Tou cDNA.
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. Fra10ac1_pBluescript KS+: PCR pe toug ekkivnTéc mFRAF-mFRAR o¢
50ng DNA BiBAi06AkNng cDNA euBpuou TTovTikoU avatTuiakou otadiou E10.5 kai
KAwVvOTTOiNon Tou TTpoidvToC (494bp) atn Smal Tou pBluescript KS+. To évBepa

avTioToIXEi 0Ta VOUuKAgoTidla 250-743 Tou cDNA Tou TTOVTIKOU (BN000292).

» DGCR14
" DGCR14_pcDNA3.1_HisA: Tepaxiopyog tou kKAwvou DGCR14_pACT2 pe
Hindlll, avTidpaon yepiopaTog, TEHaXIoNog ue BamHI, atmmoydvwaon Tou evBEUATOG Kal
KAwvoTroinor Tou oTig B¢ocig BamHI kai EcoRV tou pcDNA3.1_HisA. To évBepa
avTioToIXei oTa VOoukAgoTidla 83-1422 tou cDNA (Genbank Id: NM_022719).
" DGCR14_pEGFP_C1: Tepoaxiopog Tou kKAwvou DGCR14_pACT2 pe BamHI
kal Bglll, amopdvwaon Tou evBEUATOG, avTidOPAOT YEUIOHATOG Kal KAWvOTToinon oTn
Béon Smal Tou @opéa pEGFPC1. To évBepa avtioToixei ota voukAeoTidia 83-1698
Tou cDNA (Genbank Id: NM_022719).
. DGCR145.472_pGEX 3X: Tepaxiopog Tou kKAwvou DGCR14_pACT2 ue
Hindlll, avTidpaaon yepiopaTog, TEJaxIopog ue BamHI, ammopdvwaon Tou evBEUATOC Kal
KAwvoTroinor] Tou aTig Béoei¢ BamHI ka1 Smal tou pGEX 3X. To évBeua avTioToIxEi
oTa voukAeoTidia 83-1422 tou cDNA (Genbank Id: NM_022719).
] DGCR145.00 pGEX 4T-2: Tepaxiopog Tou kKAwvou DGCR1455.472 pGEX 3X
pe EcoRl, atropdvwon Tou Tepayiou ~600bp kai KAwvoTtroinon Tou otn 6éon EcoRl
Tou pGEX 4T-2. To évBepa avTioToixei aTta voukAeoTidia 83-673 tou cDNA (Genbank
Id: NM_022719).
" DGCR1433.47, pGEX 3X: Tepaxiopog Tou kKAwwvou DGCR1455.472 pGEX 3X
pe EcoRlI, atmmoudvwon Tou Tepayiou ~750bp kal KAwvoTroinon Tou ot 8€on EcoRl
Tou pGEX 3X. To évBepa avtioToixei oTa voukAeoTidla 674-1422 tou cDNA (Genbank
Id: NM_022719).
" DGCR14394.472_pGEX 3X: Tepaxiopog Tou kKAwwvou DGCR1455.472 pGEX 3X
pe Xhol kai Sall, arroudévwaon Tou Tepaxiou ~5,4kb, TTou TrepIAauBdvpl Tov popéa Kai
MEPOG TOU evBEUATOG, avTidpaon yeHiopaTog Kal akdAoubn avtidpaon
ETTAVOKUKAOTTOINONG. To £vBepa avTIoTOIXEI OTa VOUKAEOTIOIa 889-1422 Tou cDNA
(Genbank Id: NM_022719).
. DGCR14345.316_pGEX 3X: PCR XpnOIMOTIOIWVTAG TOUG EKKIVNTEG
DGSI_F1_BamHI ka1 DGSI_R2_EcoRI kai utréotpwua DNA Tng TAACHIBIAKNG
kataokeuric DGCR14,5.472 pGEX 3X. To 1rpoidv, YeTd Tov TEPayIoud Tou pe BamHI
Kal EcoRI (Bé0€Ig 0TOUG €KKIVNTEG) KAWVOTTOINONKE OTIG AVTIOTOIXEG BETEIG TOU Popéa
pGEX 3X. To é&vBeua avTiaToixei oTa voukAgoTidia 679-957 Tou cDNA (Genbank Id:
NM_022719).
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] DGCR1439p.472_pGEX 3X: Tepaxiop6g Tou KAwvou DGCR1445.472 pGEX 3X
Je Sall, avtidpaon yepioyaTog, Tegaxiopog he Stul, ammoudvwon Tou TuAPOTOS ~5,2kb
Kal ETTAVOKUKAOTTOINGHA TOU PE avTidpaon auvdeong. To EvBepua avTioToIXEl OTa
voukAeoTidla 1176-1422 tou cDNA (Genbank Id: NM_022719).

" Dgcr14_pBluescript KS+: Tepayiopég tou kAwvou IMAGE 3708646
(Genbank ID BC013711) pe Pst, ammopdévwaon Tou Tepayiou ~1,1kb kal KAwvoTroinon
TOU OTnV avtioToixn 8éan Tou @opéa pBluescript KS+. To évBeua avTioToIxei oTa
voukAeoTidia 1425-2587 Tou cDNA BC013711.

> SAP145
. SAP145/pcDNA3.1 HisA: Tepaxionog tou KAwvou SAP145 pACT2 pe
BamH|, atropévwaon Tou evBEUaTOG Kal KAwvoTToinc Tou otnv BamH/ Tou pcDNA3.1
HisA. To évBepa avTtioToixei ota voukAeoTidia 508-2484 tou cDNA (Genbank Id:
U41371)
. Sap145_pBluescript KS+: Tepayiouég tou kAwvou IMAGE 3582542
(Genbank ID BC029745) pe Stul kar BamHI, amroudvwon tou tepayiou ~720bp kai
KAwvoTroinor Tou aTig Béoeig EcoRV kal BamHI tou pBluescript KS+. To évBepa
avTIOTOIXEI OTa voukAgoTidla 2345-3069 Tou cDNA BC029745.

2.11. Avridpaornpia

Ta xnMIKG TToU XPeNoIJoTToIRBnKav TTapacKeuaoTnkav amo TI¢ eTaipieg Merck, Sigma

Kal Scharlaw.

47



YAik@ kai MéBodol

Miv. 4: O1 ekkIvnTéG TWV STSS TG XpWHOOWHMIKAG TTEPIOoXNGS 10923.3-g25.3 (A) kal

10q26.2-qter (B)

A. 10923.3-q25.3
1.XAPTHZ GM99-GB4

STS AAAHAOYXIA EKKINHTQN METFEGOX OEZH
FORWARD REVERSE
740596 GGCCATGACTTAATCATAC GAGAGGGAGGAGAGAGA 66 428 51
F09841 CCCATGACTTACCCTAAATCTCC AATGTCCTCATCCATGCACAG 126 428.86
StSG39758 AAAAGCCCACATTTGAGGTG CGGACCCATAGTGGAAATGT 158 428.86
StSG41319 TGTTGAAAGGGATTTTTGAAGG CAGGCTTTATTTCAACCAGACA 154 428.86
stSG32258 CTTGACACAGAGCAACCCAA CACCGTCAACATCAGACACC 168 428.86
stSG21645 CACAACAAACAGAGCCCCTT GCGGGCATACCAAGTGTC 129 428.86
stSG29905 GAGCAGTTGTTTCGCTACAGG GACACGCTGTGGCTCATCT 170 428.86
T92735 CATGCCTGAAGCTATAAGTGAG AATGGTGACTGCCTAACAAC 125 428.86
H84912 CTACAAGACCGTTAGACTAGAGAG ATATTGACTTTTTGCCCTTCATAG 160 428.86
StSGA45558 GCTTTGTTCGAAAGAATGGTG TTCCATGAAGTTGATGCCAA 120 428.86
WI-18437 CAATTTTCAGTGGGTTTTATAATCA GATCTCTCAGGGATATTCCATCC 150 428.86
H92921 AGGTTGCCTCAGTTTACTGG CCCTCCGAGTTTTACAAGAA 177 428.86
R86942 TTCAGCCAAGAGGACTGTAA CCTAAATGAGACATCTGAGGACATA  |198 428.86
StSG3666 AACTTTGTTAAGCAGCTGAGGG GTTTTGTAATCTGTGAGCACCG 166 429.01
StSG30644 GGATAATCAAGTTTTTGGCACA AATTCCTCACACCTTGCACC 154 429.01
stSG16023 CCTTAGAGTATGCAAGCACGC TGTGGCTGTCTCCCAATGT 207 429.18
StSG41741 TCTGACACCTCAACCCATGA TCCCATGCCACAGAATATGA 131 429.18
WI-11734 CATTTATTGAGTGCTTACATTTTGC TCTTTTATAGCCCAAGGTAGATGG 125 429.18
SGC38164 GGTGGGAAGTGGAAGAAACA GATTCTTTTGGGAGCCTTCC 252 430.71
stSG15752 CATCAGAAGCAACATCTCTTGC ATTCTCCCAGGGTCACACAG 214 430.81
WI-17128 TAAGGCCCGTGTCTGTTTTC ACCCATACCTTAAACATTTTGTCC 125 430.81
StSG2551 TCTTTCAATTGACAGAGATGCC GCTAGCTCCTCCCTGGTTG 166 432,51
WI-16578 AAAGTCAAAATTACAGAAAGAAGCA TAAAGAATTATCCGTTTGTTTTTCC 101 432.51
A008Y13 CAGGGAATCTTGTTATATTTTTG CATATCCTCTTTTCCAATATTGT 107 432.54
StSG46580 ATCAACAAAACCAACAACTCCC TGTTGTTGGGGAAAATAATGTG 129 432.65
125676 TATGTGACTTGCATCGTGG AACCCTCTGGGAACCATC 187 432.92
A004R39 TCAAAGAAACTACATTAGAGAAG TAGATACTCCAGGAAGAGTTAA 139 433.13
WI-11615 TAGAGTTTATTTGAGCACAAAGCTT TGCAACCCTGTTTACTGCCT 127 433.13
StSG26781 TTGTCTAAGTGAGAGATTGCGA TGGCTTAGTTCCTGTCTGCA 149 433.33
stSG22113 GCACCCTGATGACCTCAAAT GGAAAATGTTTGCCTGTTGG 186 433.33
W73720 TGCATAGCATTTACACACAGAG ACAAAGTGCCTCGTTTACC 262 433.63
D10S2211 ATCTGGGGACAGGGCTTC TGTCTGTATTTGGCAGATGAGG 208-299 433.63
StSG32004 ATGGGGACTCACTATGTTCCC ATTTGGTATTTTTCACGCACG 164 433.68
116782 GCCAAGTGATTTTAATGGACC ACAGGATGCAAGTTCCAATG 148 433.73
st8G2721 CTTTCACGGCATTTGACAGA TTGGACAATTAGCAACAAGTCA 190 433.83
stSG21644 TGGTACTGAGTGACTTTGGGC CATTCATTGAGGGCCTGTTT 162 433.83
D10S2197 GAATGTTCCTGGCATTTATTCG AGAGAGTCAGAGGCTGTGCC 275276 434.34
stSG12880 GAATGAGTGGGCGAGTGACT TGAGGGAAGAACTGAGTCATCA 112 434.75
stSG8438 AATGAAATATGATGTCTGGGGG AGCCATGCTATCTAATATGGCA 125 434.75
StSGA47193 AAATGTATTTAACCCAGCAGCA AGCCCCCAGAGACAGAAATT 136 436.66
St8G39120 CTGTGGGTGGAGAGGACATT TTCCGGTTGATATTCCGGTA 140 438.37
H10009=stSG55704 TTGTTACTTACGTTGCTTTATTTC CTAACTCCCCATTGACATTG 266 438.68
SHGC-35401 GGCATTTTGAAGGCATGG CCAGATGGATGATCATGAAGG 222 439.09
A007J42 ATAGACTATTGATTTCTAGCTCC TATCTCTACAGTGAAGAAACCT 207 440.02
StSG31377 GGAGGCATTCATTTCAAGGA TCCCGTTGACCTCAGGATAC 136 440.02
N37073 AGTCAGGTCTCCTGGAAGC CTCGGTGGTACAATTTATGC 184 440.02
StSG15491 ATTTAGGATTACCCTTCCCACC GAAGCTTCTTTACTGGCCTCA 191 440.02
stSG8384 GTTTATTGCAGGTTGGAGAAGG GGAGACCCTCTGAGGAGCTT 175 440.02
StSGA48047 TTGAGCAAATTCAATTCTGCA TACCCAAGTGAAGAGAACGTCA 87 240.02
NIB351 GCTCACACACAAGGAAACTT ACCTTAAAGCTCATTCCTGG 193 440.64
WI-16054 TTTTTTTGCAGTTCTAAAACAGATT TTTAAAACACAGCATTTACACTGAA 126 240.85
WI-14114 TTAATATACAACGGGAAATTTGACA TATGTGATTATAATCTGGCTTCTCA 103 441.05
StSG35189 CTGCCAGGATGTTATATTCCC AAATATTGGAAGGAGTGGCC 121 441.26
StSG44990 ACACTGTCATCAATTGCTCCC ATATGTGCCCCTTCAATACCC 160 441.26
StSG31710 TGTTCCATGAACATGGTACATC AGCAAGCAACAAAATCCAGG 124 441.36
StSG50791 TGCCAATCATTCCGTGTTTA GGAGAAGATGCTTGACTTGATG 121 441.36
StSG30011 GTGAGCAAAACATCTCTGTTCG CAACAAATCTTTGTTGCTGAGG 137 441.36
740200 TGCACAGCTCTTTCAG TTGGAAATTGCTAAATAGA 85 14143
StSG51671 CCAGTATGGAGCATGCCC AGGTGCGCTTATGGAGAGAA 161 441.43
StSG12559 TGGAAAAGTTGGAATGTGTGA GCTTCTGAGTGGGAAACAGG 115 441.46
A006X22 ACCAAAATAAAGGCAGAT ACAAATTTCTGAACCTCTTT 207 44146
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STS AAAHAOYXIA EKKINHTQN MEFEGOX OEZH
FORWARD REVERSE
stSG2803 GGACCTGTGTTACCCAGGG TAAATAAATGTGCCCCCCAA 130 441.46
stSG35957 GTACAGCTGAGGTCTCGATGGTTG CATGCCTGTGTGCATACATATG 133 441.56
stSG22466 GGGCCAATAACATTGATAGAGC GGTGAGCCTCTTAGCCTCCT 183 443.37
stSG13323 CAGGTAAGGGAGGGTGGG TCCTAGCCGCAATAGCATG 113 443.37
stSG30492 AAAACCCCCACAGAGGATTC AGTGTGGGAACTCTTCCCCT 173 443.37
WI-16821 TATTGTCAATGGTTTGTTCATGTT TATTTCTGTGGGAATCAAAGTGG 125 443.37
L16499 CCTGTTTGACCAAGGTGTT CCACGGACGGCTTTAT 238 443.37
stSG25928 CCAGTCAATGCAAACACATACA TGCACAATTCAAGCCTGTATT 190 443.37
A006W20 TCCAGAGATGTACATATAATTCT CTTTATCCTCATTGTGGA 238 443.37
stSG9628 CGTAAAAACTTCTAATCATACAG AGCATTACACAGTATTTATCAGT 103 443.37
U37426 TTCTGCTCACGATGAGTTTAG ATGCTGACATCTGATTTTGC 178 443.37
A008Z38 TAAGTAAGAAACAAGGTATCGCT TGTTTGTTTTGTCACCACTATAT 246 445.08
stSG29640 GATTTTTCTGTGCTCTATGCCC TTACTTTCTTGATGATGCTGCC 129 44519
D29519 CATTTAGATGGGTCCAAGCTG CATACTGGCTGTGTCACATGC 164 445.19
stSG50462 GTACCTAAAGCCCATGAACTGC TCTTGGATACAGGCTGATGTG 122 44519
stSG21346 TGGCAGCAAAACCTCTAAGG GCATTTCCCAATGAAGAAGG 148 44519
SGC30793 GCTTGAGGCAAGAAAAGGCT CAAGTTCAAAATCCTTACCAGG 150 445.19
A009B31 TTAAAATGTCACTATTGGGA TCTTGTCCTTTCAAATCAAA 169 445.19
H90420 CATGTAGAATTTTGAGAACTGAAC TACAAATAAGCATTGAAGTTAGCTC 202 445.19
stSG66850=L07093 ACAGATGGTCTGGCTGCT TGGAGGCTGAATGTTCACT 138 445.19
N29485 CCTAGATGGTTCCTTTACAGC AATGGTTATTATCAGAGATTTTCC 123 445.29
stSG15866 AACATGCAGAAAAGAAATGCC CCTCCATTACGGAGAGTTTCC 191 445.29
WI-16274 TATACAGAAGCCTTGAAAGGCA CTTGGACTGAGCCTGATTTC 150 445.29
stSG43195 TCATCACGTAACAGGATCTTCA AAATTGGCACCAAAAATGTACC 144 445.29
stSG45302 TCATCACGTAACAGGATCTTCA AAATTGGCACCAAAAATGTACC 144 445.29
stSG3745 CGCCTTCATTGGAATCTAGC GAACTGGAGGGACATTCTTCC 123 44529
N22119 GGAAACTTGATCTGAAGATTG AAATTAGAAACTTGAAAACCTACAC 121 445.29
A004S47 GAGTTATTCCGATAGTACTTTTC GTAGGATCTTAAGAAAAAGAGTC 156 445.29
H03262 AAATCTGAAATAGCTCATTGGA GGCAGAGACTTTGGTAGGAA 175 445.39
stSG21190 ACCAAAAGAAAAGCAGAGATGC CTACCCAGCAGGACTGAGTTG 150 445.39
stSG22312 TCTGCATAGGACATGCTCTCA TTTGGGTTTTTGGTTTTTGC 177 445.91
A002E05 CTCTCTTGAAAGTTCTCTG GTGTCAGACACGTTATATTTG 243 446.81
stSG35884 GACGGGCAAATTGGTGAGGCATAC TTTTTCAGGGGTGCTTCTTG 160 446.81
stSG57727=1284 CTTAGCCTGAGGTCCGGAAG CTATTCCTGGATACCTGCAG 76 446.96
SGC33162 ATGGTGTACTATAGGGATTACGACA TTGAATTGCCTTGGCAACCT 125 446.96
stSG31812 GAGCAGATCGTAGCACACCA CATTGTCTTGCTGCTCCAAA 179 446.96
stSG35992 GCCAAGGAAGCTTCACACTCGTC ATATGCTGGCTGGAGTGAGG 125 446.96
stSG47335 CAACCCTACCACCTAGAATTGC GGAAGAACCTTTGTCTGAGGG 137 447.69
stSG66857=SGC30780 TAAAAGCATGCCTACTCTACAGC CTACTGAGAATACACAGTGTAGGGC 125 448.35
WI-17750 GTTGTATTGGTAGATTCTTGGTTGC GGATGGTGGTGATGGAAATA 150 448.35
N27530 TGGATGGAGCCTTCACT TATGGGTCTCTTGCCTATCA 159 448.52
WI-16989 TTGACTCGTAATCACACAGCTT CGCCCTTGACACGTAGGG 150 448.52
stSG46053 TTTTTTTGCAAGAAACACATGG CCCCAAACTTTTATCTTTCCA 155 448.63
stSG4 GTGCTGGCCCTCATAGTGTT AGGTTACAGCTGCTCCTGGA 138 448.63
AO06A33 ATACTTGAAAGGTAAAGAAA TCAGGTTATACTACCTGACT 127 448.63
M21941 TCCCTGTCTGAAGAATGCT GCAGTGACCTGAACAACTCTC 177 448.63
N95450 TGAAGTACCTAAAGCCCATGAAC GCCTTACCAAGACAAAGAAGTATCC 196 448.63
N32898 TCTCTGTTTTCATCTAAGGACTG TCTTAATCTATGGGAAATAATGC 126 448.63
H68323 GCGCAAGGATGACATATAC TGGCCCAACATATACAGG 181 448.63
SGC31032 CAGCTCTTTCGGGGAACTG CGCTGTTTGACATAACCTCC 150 449.25
W86789 ACAGTGTTTGACCAGCTCC ATTGGCTTGATCTCCACAG 182 452.37
H95763 CAACTTTATCGGTGTATTCTGG TTCTGAACCCATGTTAGAGG 208 452.37
stSG35515 AGGGCAGTTGTAGGGTCAA TTGGAAGGGACTGTGGC 178 453.69
stSG45548 TCTCTGGTCATGAGCAGGTG TGCTCAGTCTCTCCCATCCT 167 453.90
A004025 TATAAATAATTCAGTAGGTCTGG ATGATAATGTCATCTAGACCTTT 127 454.00
stSG462 TGAGGAGAAAGAACTGCTTTCC TTTGGAACAGAAAACTGCTGG 106 454.00
SHGC-9747 GGTCTTATTGAAATGCAGATTGC TATGCAACAGTCATAAACATGGC 110-111 454.84
AA022645 GCATATGTGAAAAGCAAAAATTACA AGAACCAGAACCACAGCAGC 182 454.84
stSG2844 TGTAAGTTCAGGTCAGGTTTGG CCTGGGGCTATTTCTCCCTA 121 455.67
stSG55875=F10974 AAAGGCAACCCTTGCTCTG CCATGTCTGGGGACAGATAGA 82 455.78
WI-15944 TGAAACTGAAACGTATTTCCTCC AACCATCCTTCAGGTGTGATG 135 455.78
stSG46829 GAAGGCCTGGTGTCTAATTCC TGTTAGGGGTTATTCTGCACG 150 455.99
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StSG2296 AAATGACAGAAATGCTGAACCT GCATGTGACTAAGCCATGTAGC 144 156.09
StSG1032 GTGGGACTCTGTGATIGTGT AGAAACTGCTTAATGGGGAC 134 456.20
A002G19 TAGAAATATGGACTCTTATGTTC ATTACTAACTGTTGAGCCA 133 457.13
SISG38844 AGCTCAGAACTGGCGACG CACCAGCCTGAGTAGAACTGC 124 45744
stSG52092 CAAACTTCAGAGGCACTGAGG GAATTCTGCAGAGCCTGGAC 150 457.75
WI-18064 CAGCTGCCAATCATCTCTCA TTTCTGCCTCCCAGGTACC 138 457.86
StSG2761 CCCCATCCCCACTTTACAC TCTCATACAGGGGACCCGTA 150 458.27
SISG52467 CTGACAAGCCACTGGGCT CCCTCCACACTGCAAGCT 130 260.07
StSG53348 GGAGGGTCACATTTTCTACTCG CATGTGATGGACACTCCAGG 186 460.07
StSGA47398 ATCTCACCTGCGCTGTGTC GATGCTGTGCCCAAATCC 135 260.07
StSGA44050 GAGCATTTGGCTCACTGTAGC GAGGTGGGGGACGTATTTG 135 460.07
AO09E24 AACTTTTTTAAATCCTCCTT ATTTTCTCATGCCATTAACT 148 460.07
R89840 GGCCAAGTCTCCTTAGTGTTTCAG TGCATTCCAGCCACAACG 204 160.07
StSG21208 CTTGAGCCTGGAAGGTTGAG TTACCTTTGGGTGGATGGAG 185 260.07
StSG51949 GCCTCATCTCTGCCAATTGT CTCTGGTTTTCTGCTCAGGG 188 461.29
StSG52273 GTGGGTTCCTTTCTGGTTAGC CACGGAAGAACTGATGAGCA 170 461.29
StSG49136 TTACAAACAAGGAGTGCATTGG AATCTAGGTGGCTTTTGGACTG 129 261.29
StSG45428 CCCTAGTAGGGAACCATGTCA CCCATTTGAAACCAAACCTG 131 461.29
StSG32285 CTCTGACTTGTCCTAGGCCG AGCAGGGGAAAAGACACATG 138 261.29
stSG30920 CTGGGCCTCAGTTAGCTCC AGGGGCCTAATGATAGTGGG 144 461.29
StSG4569 AAACAATGAGGCACATCGGT CCAAGACTACTCTGGGCAGC 153 261.29
WI-15882 TCTTTAATCGTCACATCAGCC AAGAAGTGAAAAGCCTCTGTAGTC 150 461.29
StSG22607 CCTCCTTCTGGTTGTCCTTG TTTGGGCATTTTCTCATGC 142 161.29
WI-13377 GTGACTCAATGTCATGTTCACAT TGGGGGTTTCTGTAGTCGTC 150 461.29
StSG9987 GCCTAACCTAAAGGTAATTTTAT GTTAAGTCCTTATGTGTGAATAA 217 161.29
WI-11858 CTTGATGCAAATGTTTTTATTTGC ATTTCACCACTCATGCTACTAATCA 140 461.46
StSG3077 TGTGAGAAGTGGCAGTGACC TTGGCCACCACCTCTTCTAC 121 161.46
A005C16 CAGAGAATGTACAAAATTCT TTATAGACAGTCTTTGTCAT 119 461.46
StSG4306 CATGTGTGTGGATGCAATGA GTCACAGAGCGGATATTTAGCC 148 461.49
N20191 GTAGAAACCTCTCAGCCCC CATGTGGCACAAGTAATGG 122 461.90
stSG15181 CCACAAAGACGTATCCAGAATG CTGGCCCAAAAGATGTCATT 207 462.62
SGC32394 AAAGGCTGTTAGTTTTGTTTTGTT TTTAGGTGGGTATTCTTCAGCC 150 162.62
A008122 TAATAAGAGCTTTCAAACTGGAC TGATCTAGTCAGAAGCTACTTCA 107 463.66
N35618 GAACTTTGATTTTATTGCCTTTGC GACTGGGAACCTGGATTTG 202 165.29
SISGA46524 ATTTCTTGAGCATTGTGGTGG TGAACCAGCTCTGACCCAG 121 465.39
T40917 AAGTAGAACACAATAGAATGGCTCA TGTGAATGTGGGTGTCGG 256-257 465.39
StSG28313 ACAGCACAGGCCAGAAGC AACCACCCTCCAGAGTTGTG 169 465.39
StSGA40840 GCCTCCAACTCCTGCTCTAA AATTAAACCCAAGGGCCATC 156 465.49
StSG26670 GCACAGGATCAGATGGCC TTCTAGTTCCCCCAGCCC 132 465.49
SGC34176 TTTATCATTAAGCACACTGAAGGA TACCTACGCCACCACAATCA 128 466.30
WI-13735 TTTTTTTTTGCTGAAGACCAG TGGATGATTTCTACGTGGATG 150 466.30
stSG8267 GTGTCACATGGTGAGAGAGAGC GAGGTGGGCCTAGTAGGAGG 176 466.30
StSG30988 TGGGTGATAAAACTGAGGCC GGTTAGTTGTGGCCAGCTGT 167 466.30
SISGA44588 CAGGGGGACAGAGAATTTGA AGCCATCGCATGGTCTGT 163 466.30
WI-16766 CATGAATGAGGAAGTCTGATGC TTATTCAACAGATCTCAGCTTAGGA  |102 467.33
StSG38907 AGTAAGCCCTGTGAGGAGAGC GGCACTGTGGGTTTCAGG 128 467.38
stSG27214 GTGGCAATCGTCACCTCC GATGGGCCCCTCTTGTTTAT 129 467.38
A005X19 AATTTAGACTCAAGATTACAGTG TCATTCCTAGAGATGTTTTATAG 230 467.38
WI-8488 CATTATTTTCTGAAAATGCTGAAA CCTGGTTTTGCTGATCCAAT 226-227 467.38
StSG35096 TGAGACACCATTCCTGGC CAATCTTAGGCCTCTTGCTG 123 467.38
SGC34978 AATAGTCTATGGCTACGGGCC GGACCCCATTTTTICTCCTG 126 167.43
AOO7K11 TTATTATAGTTGAGGAAACTGAG CAATCTAGGATAGTGTTTAAAGG 143 467.43
stSG3691 TTCTCTGAAACCCTTGGGG TGCTGCTTGATGATGAGAGG 145 467.43
StSG1671 GTGGCAATGCGTTGTTTATG TGTGTCCCAGATGCTGTCAT 120 467.43
StSG16199 AATCCTCCACTCAGGCCC GGGGGTGTGCTGAAAACTTA 152 467.43
StSG50801 AATTTCATGGTTTCCCATTCC TGACATTCAAAGCCAGATTCC 137 167.98
H87438 GGAGAACTAAAGAACACAAAATTCA CCCCTGGGCCTTATCCTATA 116 469.37
W37897 TTTGAAAGAGCTACACTTGAGAAGG TGCCAAAGGTTTACTTCCAGC 215 271.99
StSG49129 GGACTTTCACAGAAAAGGAAGG AACATCCTCTCTGGTCCTTTTC 147 471.99
StSG1953 TCAAGCAGGCATCTGATGAC GGCATCCTTGTCTTTTGAGC 147 172.60
StSGA47056 TCTTGGAGAGGCGTGAAGTT TGTGATGAGGGAATCCCTTC 128 47754
M14564 AGCTATTTGCCCTTCGGAG CAGCCTTTAGGTGCTACCC 243 478.42
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A004B36 GCAGTCAGTACTTAAGAGTCTAG TAACAGCTTTCTCAAAGC 163 478.56
A006J02 GTTGAAGTGGTCTACTACAA ATCTTTGAAACCAGAGAAG 229 478.63
StSG27406 ACCATGGAAATGTACCTTTTGG CTTGGAGATAGGCCCTAGGG 180 478.63
StSG48072 AACGAGGCCATAAACCTGG GTTTGAGCTCTGCAGCCTCT 132 478.66
StSG47005 CGAGCTTCTCCTGGGGTAG ATCCAAGGAGTCCCTGGC 125 478.66
StSG50987 GGCGTGGGATGAGACATC CAGCCTCACTGGTACCTICTG 151 478.66
A006D27 TCTCTTAAGAACCTACATCT TCAAATCTCTTTGGGATA 127 478.66
StSG2605 CATGCTCCTGTGGGCAGTCC TGTTTCCCACTCCCATTAGCCCTG 140 478.66
stSG3084 AATCACATTCCCAAGCAAATG AAGTCTGTCATCACTGTGGGG 142 478.66
StSG51013 AGGCAAGGACCCAACTCC TTGCCAATGATAGTGACCACA 147 178.66
StSG43839 TCCAAATAAAATATGGGCTTGG GCTCTCAGAGGTTCCCACTG 143 478.66
StSG46535 TGTGTTTCTCCCCAGCTACC ATCACAGTTCCACCTCCCC 80 478.66
StSGA42773 TCCAAATAAAATATGGGCTTGG GCTCTCAGAGGTTCCCACTG 143 478.66
A004M06 ATCTGTATTTACTTCCTAAGAGC TACTCATGAACAGTGTCG 104 478.66
StSG50235 CATGTGCTATGGTGGTTTGC AATAAGGCCAGGCATGATTG 166 178.66
N39580 GCTTCAACAACTAGCTGGGTC AGAAACCTGGGCTGCTG 151 478.66
WI-16946 CAATGCTTTTTATTACACACCCA TTTCCTGGGCTCCATCAAT 131 478.66
H41409 TTGAACATTTAATAATGTGCTGAGC GGACCATGGACAGTGCTCTT 137 478.66
R01689 CAGTCATCTCACTAGCAGCTC ACCCCAGCACCTGTAAAG 186 478.66
AA034033 TGGTTAAAGACCAACTGCG GTCCATAGGCCCATACTAGAGTTC 221 480.47
StSG38872 AATTGCCCAAGCCAAGATC CTCACGGCTTGACAGCAATA 128 480.47
AO05K38 AATCTTACAGTCTAGAAGCA CTAGCATTTTTAATAGTGGA 177 480.47
N31939 GGACCCCATTCTCTAAGGC AAGGTCTTGATCCCAGCC 158 480.47
H82635 TCCACCCAGAATGCGATG TTCACCAGCAAGGACCCGT 147 480.47
N37090 CGTAGACTCCCAACAAGCTG TAAGAGCATTTTCCAGGGC 132 480,57
R45921 AGAAGCCAGTCTCTGATGC ATCTAAACTTTTCGGGTGGA 132 482.15
W80406 TGTCATTTTCTTGTCATGCCC ATCTAGATGCGCCCACCC 222 482.20
StSG42602 TCCATATGTGGCCAGTACACA TCCAGATTGAAATCATGGCA 122 282.20
Wi-22164 TACACAACTTTTGGGAGGCC CATGCTGCCTGTTTAAAGGA 268 482.20
H19386 CAACTCTAGGATGTCTATACAGA CAGCACAGCTAATTTTTC 195 482.20
stSG2653 CCAGCTAAATTTTATTTTTCGG GTGGTTTCAGGGTTCAGTCTG 158 482.20
StSGA48287 GAGGGTAAGCTAAATGGGACG ATCTACCCAGAGATGCCCCT 132 482.20
StSG22765 GAGACAGGGCTCCACCAG ATGGCAGGATTCTCAGATGG 149 482.20
StSG3501 GTTAACTGCATAGAGTACCATAA ATCAGAAGGGGATTTTTA 168 482.20
StSGA40082 TCCCAAGTCGAAATCACCTC CTCCCCTATTGACCAATGACA 184 482.20
StSG4995 AGAGGCAGTTACATGGAAAACC GTCCACAGCTTTCTGGAAGC 159 482.20
StSG12760 AGCAAACATGATGAAAATTCCA AAGCAGGAAAGGCATCAGAA 105 482.20
A008M23 CGTCTGCTTATTAGAAGTTAACC TATTTTAGTCTTGTTGTTGGGTTAGC  |127 482.20
WI-6938=stSG51146 GATCCTTCACATCCAGCTTTT TTTTCACTGCAGGAATAAAGAGG 155-156 482.20
G26427 AGAGACGTCTAAATTATACATTG CCAGTTCTTACTTCCTTTTATT 169 482.20
U36223 TCACGGAGATTGTGCTG AAGTGGACCTCACGCTG 136 482.20
WI-15962 TTTAGAGGCCGTGTGGGG CTCCGTCCACCCTTCTAGTG 111 482.20
738716 GGTGAGATTCGTGTGACTTTTAA AGTTGCCCCGTCTCTGTTC 212-213 482.20
W86982 AAACGACATCTAAGTGAGTCACCC TCTGGTCTTCCCTTTCTGGC 242 482.20
StSG2699 ATTTGGGCTTCTCACAGTGG GCACGTTACCCTTTGTCAGT 153 482.20
stSG4193 CATGGTCCCAACGCTAGTTT CTCCTGGAAAGGGCTTCTCT 148 482.20
stSG51021 CTCCTGACTTGTAACAGGGACC AGTTGCAAGCAGGGAGAAAA 155 182.26
StSG30235 GCCCGGCCTATTTACTTTTC ACTTTCCCTTCCTCTTTTCCC 135 482.26
D60282 ACCTTTACTGTGCCCATGGA AGATCCCAGAGGGATGCAG 130 482.26
AA917820 CTCCTGACTTGTAACAGGGACC AGTTGCAAGCAGGGAGAAAA 155bp 482.26
WI-9147 AGGTCAGGGGTGACACAGAC TGTTGTAGCTGTTGGCTGTTG 116-117 482.26
StSG46822 TTATATCCTTTGCCTCCCCC AGGAGGGACTGGAGTCCG 188 482.26
StSG26135 TGGCCCATGATTAATGGAAT TTATCGAGTGTTTGGGTGCA 130 482.26
StSG15820 GCCAGGTAAAACAATTGAAAGG CTTCACCAACAACTTGAGATGG 206 182.26
SGC33233 ACCTTTACTGTGCCCATGGA AGATCCCAGAGGGATGCAG 130 482.26
StSG13279 ATTGCTGGCAAATCAGCTCT TCAAGTGATAGCAAGGATGTGG 106 182.26
AA913870 TCTCAGTTTGGGAAGGGATG CGAGTCTCCGGGACATTCT 176 482.26
StSG50971 TCTCAGTTTGGGAAGGGATG CGAGTCTCCGGGACATTCT 176 482.26
StSG44115 ATCTGGCCCTGGTTTGAAC TTCCCCTGTCTGCTTGTTCT 173 482.32
StSG48239 TCTGGTTTTCCTCCAGATGG TGCCAGTCCTTCTCCGAC 187 182.32
StSGA42868 ATCTGGCCCTGGTTTGAAC TTCCCCTGTCTGCTTGTTCT 173 482.32
StSGA7726 TTTATTGAGCTCTCCCTATGCC TGGAACTAATACCAGCATCCTG 89 182.32
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SGC31986 CATGTGTCAATCCCATGATTG GTGCTCCTTCTCTGGTTTGC 127 482.32
T34337=A004R30 TGTATTCACACAGATATAAAGTG TAAAACCTGAGATGAGGA 201 483.85
StSG916=D10S540 CTCACAAGCAAAACAAGCTT CTGCTGAATACCCAATGAAG 169 484.04
SGC30899 ATTCTGTGTGGAACTGGTTGG CCCTATGATTATACCAGAAAACATG  |133 48414
StSGA47299 CCCTCCCATCACATGAGC TTCTCCTCATTGACAATTCCG 178 484.14
StSG31562 CCTGGGAGAGAAAGCTTGTG TTGTTGTTTTAATTGCAGGGC 120 286.37
StSGA7144 AGTTACAGCTGCCCTGCCTA GCACACAGCTGGAATAAGCA 182 486.37
StSG48141 TTTCCATGTTTTTGATCACCA CATGAAACAAAAGTAGCCAGAA 122 286.37
StSG27142 TTTACTGTGCCCATGGAGG CAGCCAGAAAGTACCGCTTC 189 486.47
stSG31529 AAGCCCTACAGTGCAGAGGA CACAGCGTGTTCTGCCAC 162 48647
W69567 AATGTCAAATGCACTTTACTGGG GTTCCCTGCTATGGGAAAGG 239 486.57
SGC31936 CACATCTTAAAAATAGCTCCAGATG ACACAGTGATCAGGGAAGGG 100 486.67
StSG42688 TCCGGGTAGGAGACAAAGG CTCAATAATCCGCTCTTTCCC 179 487.07
R43868 TCAAGTTTTATTTTGCCTCTTGC TCATCACTCTAGGATCATGAAGTG 150 487.10
G27616 GAATCTGCCTAAATTTCTCCCA TTTGAATGTGTGACTTAGAAAAGAA  |132 487.10
StSG26359 CCCACCGAGTTCTGTTGTCT GTTTTGCTTTGAAGAGACCCC 161 487.20
738397 GTGGGGAAAAAGGGTGTTTA TTTTGTAGCTGAGAACGTGGA 221-222 487.48
StSG9207 GTCCTGAGGTAACAGTTTTCCG TGTGGAGGCCAAGAGCTC 124 487.93
StSG34995 CACATTGAAACCTGGCAAA TCTCTTAAGGTTGAAGGCACA 131 488.21
M85683 CTAAGCCTGTGTGTCCTCAG GGGAGATTACCAAACAAAAT 102 488.31
StSG13162 ATAGCAAACGACCCATTGGA ACCTAATGCCAGTTGAACACC 106 488.31
StSG36084 GTACAACATGCCTGAACCAACAG GATTCCAAGTGGGATGGTTGTGG 132 488.42
WI-19473 AGGTAGGATCCATGCCTGC GGGGCTTGCAAATTAGAGAC 204 28842
StSG3345 TGTAGAGAAAGTGGTTAAAAAC AAAATAAGAGGACAGATATGAG 214 488.42
F10278 TGGAAAAGGCTCTATAAAATGTCC GGTTGCTTGGTCATAGAGCC 125 488.42
WI-14107 TCTTGATAATATCATACCACATGGC TTTCGTAGTTATCTAAGGGGTTGG 100 488.42
H40105 TGACTTTACTCAGGAAATATGACCA GAGACTTCAAGGCTTGGCC 131 488.57
StSG35254 CGCACAGAAAGCCTTCC TGAACATCTTTCCGCCC 183 489.05
StSG40669 GGCTGTACAAAGAGCAAGGC TGGCTTGGACAGAGACCAG 181 489.05
StSG48312 TTGGCAGTGAAGATTTGCAG GTCTTTGAAGACAAGGGACCC 145 28958
StSG46999 TTTTTGCAGCTCTTGTGTGG GAGGATCCCACAGTTCTCCA 126 489.58
H05479 CTATGCTGTGGTCTTCAAAATCC ACTCCAAAATCCTGAAAAGGC 104 489.58
StSG42504 CCAGAACTGCCCAAATGACT GGAAGGTATCCCCGATGAAT 146 490.96
738786 TAAGTCGGCAAATGAGAG AGAAGTTCCAAACAGCAAC 103 496.65
SGC31312 AGGTAACGTAGGAGCAATCACC TAGAGCTGGCGGTGTCCAC 150 497.17
W32419 CACCTGGAACATGACCATC GCCAAGAATAAAATTGCTGC 133 499.85
StSG41370 CACAGAGGTTCATTGGCTCA ACCTGTGAACTATGCTTTTCCA 162 501.93
StSG16259 GAGCTTCAGTTTTTAAGGCAAA AAAGTAGAAACCAGCTGTTGGC 229 503.14
WI-16106 AAACTTAGCTGTCGTTCAGTTAAGC AGCTAGATCAATTTTAGAGAATGCC 127 504.45
WI-15620 CATTTTCCAAGTTTTCTATCATGG TTCCATCCACAAAACATTGTC 150 506.37
AA243510 TTACTAGCATTGCAGACCCC TCAGTGGCGTATCATGTCAG 146 506.37
NIB1357 CTGTCATTAGCAACATGTGC AGGGCAGAGACTTTGTGTTT 119 506.37
StSGA49291 AACTCATCCCGGGACTCTG CACCACCTTTCTTTGGTAGTCC 157 506.37
SGC35716 TTTGTAGAAAAATAGATGTCCAGCC TTTAGGGGGTAAAGTTAAGCTGC 215 506.79
SISG26986 TCCCCTTTGTTGAAAAATAAGG CCTGAAGTAACTTTGTTTGCCA 106 506.79
SISG48063 TAATCATGAGGCCCAAGACC ATCCAACTGAAGACAGCTCTCC 120 506.99
SISG8954 CTTGCATAAAGTGTTTGTTGGG TTGTCATTACTGGTGGGATCTG 125 506.99
StSG9160 TGTAATCTTGGGTGCTCAACC CTGCCCCATGGTAGAATGTT 159 506.99
AA284841 TCACATTCACACGGGTCTTAG CGGTGCAAACTGGTTTCC 215 506.99
StSG12737 CATCCATCATCAAACCATTCC TTTAAGGCATCCCTCGGAC 11 507.09
SISG22433 CAAACCCAGGGAAGGGTAAT TTGTTATTCTCATGGCCTICG 163 507.09
StSG42559 TTTCGGAGGTAGTGTCAATGG CCGAGGTGTTGTGAGGATTT 139 508.31
StSG50884 CCCTGACTTTGGCAGTTCAT AAAAGACAAATGGGCCTGC 131 508.31
A005M36 GGTAGAGCTGTAATAAACAA GCTGTAAAACTATTGTAGAT 131 509.27
AA040321 CTTCCAAGTTATCAGGCCACC GGCCCGAACTGGAGGACC 226 512.60
T60418 AGATCTTAGCAACCTCCATATACGA TAGCTGCCTCAGTGACCAGA 221 512.66
T97004 GGGGACTCTGTCTGGTTTGG AAGGCCCTGAAAAGACTTGC 192 514.18
A006C33 AAATCTGAGGTTATACTGAA TCCATCCCAAGTAAGTTA 204 515.11
StSG8843 CTCCCACTGTCTTCTCCAGC GAAAACCTTCCCCCTCTCC 168 515.32
SISG26044 AATTCTGCAACTTCCAAAAAGG CAAAAGGGCTTCTCCAACTG 138 51532
H17634 CTGAGACTTTTTGGCACTTACG CATGAGCCTACCCATGCTG 131 51554
W1-14968 TATGCAAAATAACACTCCAGTTGA AATCCAAAATTCAAAATGCCC 134 515.54
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SISG39063 CATGCATGATCCCTCATCC AAATGCAATCCCTGGATTTG 147 515.54
StSG49550 GAGCTGATAATCAAAATCCCAA TGAGAATGTTTTCCTGCCTATG 93 515.54
SISG31639 ACCTCACTGAAGAGTTTGGCA CCCAGCAGCTGAGTCATGT 124 515.71
SISG12596 TCCAAGAGCTGTTAGTCATTGA CGTGTCTTTACTGAGTCCCTCC 13 515.75
FB3F3 TTAGAAGGCTGATCAATCCA TACGCATTATGGGGAAAGTT 252 515.85
StSG45253 TCATACATTGCATTCCCCAA CAAAGAGCTGCCTGCTTTG 123 515.85
StSGA49455 CCCGAAAATGCTTTTTTCCT GAGTGTGGGTGAAATTGCCT 136 516.07
SGC31141 GACTCTCAACCAAAGAGAAAATCA CCACCATGTTGGTTTGTTIG 150 516.07
StSG29677 GGAGGATGGGGATGGATC ACTGGGGAAGCCAGATTCTT 127 516.25
SISGAT767 GAACATCACAAAACCACTTCCA TGTATCTGCTTTCCAGAGGACA 169 516.25
SISGA7370 CACAGTTTAACTTTTCCCCTGC CATGAGGGATGGATATTGGC 138 516.46
StSG48444 TCACTGTGGTAGCCTGAAACA GACAAGCACACATTTTICTTGC 127 516.46
W1-9487 TCTATTTATTCACTGTGGTAGCCTG AGTTGGTAAACCATGTGCTCTG 249-250 516.46
WI-17804 TAATTTCATAAAATAAAGGGCATGC ATGATGAAACTGCCTAAAGATTCA 132 516.56
A007148 CTAGCTCTAAAGAAGTGTGAA AAAATGCAGACTGTCATATC 254 516.56
A006J06 AGTAGAAACAACATGTGTTA TGAACTTTTCCCAGTAAA 188 516.88
AO08S06 TCTAAATGACACAATGTAGCAGA TAACAATTTATAGGCTCAATGTG 192 516.88
SISG15535 TTCTTTCACATTTCCCGGAG CCCAAACACCTTCCTTAAAGG 206 517.09
T91988 CAGTAGTTAGGCCACATTGAGAGC CTGAGGCACAGTGAAGTTAGCC 107 517.39
SISGA47984 TACCCTCCTTGCCAGCTG CTCCACTGTGCCAGTCCC 85 517.39
AO06F09 TATCCGAACTACATAACAGT AATATGTAGATGAGAGAAGA 119 517.39
S1SG28889 TAACAAGGGCTCCCAACTTG TCTCCTTCCTTCCCTGCC 140 517.39
SISG36024 GCCCTCCAGGTGATACTTGAGC CTAGGGGTTCCCTTACAGCAGT 166 517.39
SHGC-33545 CCCGTAGTGAGAAGGTTGGA CGATTCCCTGGCACTTCTTC 150 517.42
StSG46271 AGCATGTGCTCAGCATTACG CTGTCTAAGCATGGGTGGGT 131 517.52
N38956 GGCACCAGGGGTGTATATG GAAAGTGCTGTTCCTTGGG 139 517.52
StSG42986 ACAAAACATGTTCATCGTAGCG GCCCTGGATCACAAGTGAAT 156 517.52
SISG30264 GTCCAGTGTGGACTTAACCACA AGTGGCAGGTGGTGAAAGAC 139 517.52
StSG36017 TTGGCATTGTTTTAATCCAGGCTT TTGTCTTGTACCCATGGCCGTC 194 517.81
St1SG22417 TTGATAAGCACCCATGCTGA AGGTTTCTACATGCCTTCTTGG 126 517.91
A004M41 ACACTGTAAAATGTTACAACTCT TTGCCTGAATACTTAAGTAGTT 140 519.34
U29690 AGCCCCACCTTGCTTTC CATGTGCAGTAATCTGAACTGTTTC  |262 519.76
AO0BA44 ACTTCTCTTTGCTAGTAAAG AGTGTTTCATGTAGACAGAT 157 519.76
WI-16878 TCACCAAAGTATGAAGCCATATG GTGATCAAGATCCATAGATTTGC 150 519.76
SISGA43429 AGTGAGTGCTGCTGGCAAC ACTGAGCAGGTGTGTGTTGG 132 519.86
St1SG22723 CATGCCAGTTTGCTACATGG AGGATGGAGAGTAAGAGGAGGG 132 521.17
N32594 CATAGCAAGTTCCAAAGTGAAT GTAAAGAATGCGGCTCATAA 126 521.27
SISG45467 CCTTAAAAATGGCCTGACCA GCAGGCCTGAATCAACTGTC 189 521.27
T87905 ACATGCTCTTCTGCAATGA TATATGACACACTGGTGCTTTTT 212 521.37
StSG3554 CTCCTGTATATICTGTACTGTTT TAGTGGTAAAAACTGACTTTATC 206 523.37
2. XAPTHX GM99-G3 Map
STS AAAHAOYXIA EKKINHTQN METEOGOX OEXH
FORWARD REVERSE
stSG57715=SHGC-526 TTCCGTTATGAAACACAGATTGCC TTGAAAATGACCAACCAGACCTCC 192 4246
SHGC-17231 CAGCCTCCCAACTAAAGCTG TACCCTGGTGGTCTTCCAAC 132 4742
SGC33917 TCACTGCATCAAAGACAGTGC GAATGATTCTCTTCCAGCGC 125 4790
SHGC-4169=stSG55997 | GACAGAGGTAATGAGATGATGG ACTGTCCCACTATGGGTCTC 153 4908
3. XAPTHX MARSHFIELD
STS AAAHAOYXIA EKKINHTQN METEOOX OEXH
FORWARD REVERSE
D10S2470 CCTCCTAGCTCCTCAAGCTT CAGGACAGATTTCCTGTGGT 243-271 112.58
D1051240 TCACCTGTCCCAGCTATCTG AAAATTACTGGTACACTTGATAGCT  |197-221 125.41
D10S1429 GCTCGTAATAGCTTTGTCCA ATGAAACCATATATGTGACTTTITG 248-260 130.90
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D10S541 AAGCAAGTGAAGTCTTAGAACCACC CCACAAGTAACAGAAAGCCTGTCTC  |247-273 114.30
D10S1765 ACACTTACATAGTGCTTTCTGCG CAGCCTCCCAAAGTTGC 166-184 114.30
D10S579 CCGATCAATGAGGAGTGCC ATACACCCAGCCAATGCTGC 260-276 114.30
D10S1735 CCTGATTTGGATGCCATGT TGACTCAGTGGGGCCTAGA 173177 114.80
stSG34710=D10S1739 CTGGAAAAACAACAGAGGTG GCTGTCTAAATCAAGGAATGTC 227243 115.50
stSG835=D10S564 TCTCTCCTCTCCATCTCTCC AGCTCTAACATAGAGGCCAGA 125 119.00
D10S1753 CTGCTGCCACCAACCTAA CAAGTGGAGACTCGATGACA 223279 119.00
D10S1755 CCATAGTATCAATGTGAGGGTG TGGCTAATTTTTTAAGGTGTGT 200-311 121.10
D10S583 TCTGACCAAAATACCAAAAGAAC AGAGACTCCAGATGTTTGATGA 201-219 122.00
stSG472=D10S185 CATCCTATGCTTTCATTTGC GCTAGGGTCATATTCCTTATCC 201 123.30
D10S571 CAGTCCTTGCTTTGTCAGAA ATGTACACTGTGTCTGTAATCCCT 187-213 124.20
D10S1736 GGTTCTGACCCTGAGATTG AGACTTGTGAGTGTGCCG 128-146 124.30
D10S1690 CATTCCTGCCATGATGACA TGCTCCCAGGTGACAAAGA 147-165 124.50
D10S1680 AGCCTGAGCAACATATCGAA TCCCGAAGCAGAGAGTACCT 201219 124.60
D10S1758 ATAATGCACACGCTGCC AATTCCCGTGGAGGTTTT 181-197 126.00
D10S577 TTGCACACCAGCCTAAG GCCCAAGAGTTGGAGAC 199-213 126.10
D10S1709 GTGAGTCCAGAATCACCCC CAGTGGAATGGCTCATTTG 158-174 126.80
D10S1726 ACCCTTGCCCATTTTG GTGAGGTGCTAAGCAGGTC 188-208 129.70
stSG575=D10S198 TGGTTCTAGAAATGGAGAAGG CTATTGGCCTTTTCCCTAGA 255 129.80
D10S603 GCTGGATTATCCTCGGTAAC GTTCATCTCCCAAGGCAA 232-256 131.00
stSG538=D10S192 ATGATTATACAGAGAACACAGACAG CCAGGGAAGCCAAAAGATTGAAC 241 131.20
D10S1266 CTCACCTAGTCCAGGAGTTIC CAGCCAACGTATTTCTGC 141-167 131.20
D10S1778 CTTGGTTATGATCTCACATGGTCT CTGCTCTGGATTGAATGTTT 216-226 131.20
D10S1265 TCCATTGCTGACAGGGA GCCAGTACAAACAACCCTAA 253-271 131.20
D10S1268 AGCTACCATGTAGATGCTACAATAT TAAAACCACTCATTCTGATCCT 123-161 131.90
D10S1692 GCTGAGATTGTGCCATTG CCAGGAAAGCCAGATGTT 182-211 131.90
D10S1738 GGTACTGTCCTTATTTGGG TCATCTACATTCACCAGTTG 183-213 131.90
D10S1697 GCTGCTTCGATGGAAAC AACCTGTGTCGGCTGC 167-201 131.90
D10S1267 AGGATGTCAAACATAACTGGGTAG GGAGGCTGGAGGTAAGG 175213 131.90
D10S1668 ATAACATCACCTTCGTGGG TGTTCTTGGAAAGTCAGCAG 216-226 131.90
D10S222 TGGAAACCTACCGAATGGA TCTAACTGTGGATTGAAGCGAC 264-276 131.90
D10S1671 ATGCAATGAGTGCTCCCT TGATGATGCTCAAATGATGG 92-110 135.20
D10S1760 GCGAGACTCCATCTCCATAG CCATATAGTGGGTGGCTTAAA 112-155 136.30
D10S1663 TATCAAGCAATTTACAATCTGTG AGCCATACCATAGTCAAACTG 205-229 136.30
StSG34711=D10S1741 GAGTAGTGTCATGGCTCCCT AGATGTTCAGTTCCTTGGCT 210-254 136.30
D10S597 GAATGAAGACATCCAGAGG GCAAGTATCAGAAACCCAA 206-222 137.60
D10S554 GGAGGACTCATGTCAGACTT CCTACCTTTAATTCAGCCCT 150-162 139.20
D10S1269 CTCAGATCGCGGAGTAGA TGCTGTATTTATTACCAGTGCTTG 222232 14020
D10S1681 AATGCACTGTATGCACATTTG CCAGCAGAGGCTATGGG 227-237 141.80
D10S1748 TGAATTGCTGTTACTCTCCAAG ATAAATCGCCACAAGGTCC 212-266 142.70
D10S1731 TACTAGCAGGAGCAATCAGAC GTTTGTCCTAACAGGTTGTG 173-191 142.70
D10S1773 CTCAGAATGTGACCTTATTCAGAAA ATCTGTGCCTTCATGTTTACCT 170-210 142.70
5. XAPTHZ SHGC-G3
STS AAAHAOYXIA EKKINHTQN METFEGOX OEXH
FORWARD REVERSE

StSG57454=SHGC-14535 |ATTAAGCCATGGACTTAAGAGCC CGTCCTAACTTAGCCATTCCC 196 4226

G17536 CAGTAGCTTATAGCCCTATCCACC CAAGGAATCCCAGAATGGAA 102 4920

G13660 GTACGCGCCATAGTGCAGTA TTCAGCATTTTCCCTAGACTAAGC 192 5019

G13658 TCATTTTTGAAGGACATTTTTGC TTTTTTAACAGAAACTTGCAGGC 148 5040

G13676 TGACAGCCCCAAATAGTTCC ATCCAGGGTAAATTGTGTTTGC 04 5077

G14345 CCTCTCAGAAAGGCTCCATCT GGTGAATCTCTTTTGAGTCACTG 9% 5143

StSG57440=SHGC-14061 |CATAGGCATTTGAAGCCTTACC GGCCAGAATGCTTAGACGAG 106 5174

D10S1207 CGCAGATCTTAAACTGCAAA CTTGGACACCCATACAGAGG 108 5202
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6. XAPTHZ WI-RH

STS AAAHAOYXIA EKKINHTQN MEFEGOX OEXH
FORWARD REVERSE
D10S1242 CAAGCATACTGTATTAGTTAGGGC GGACCCCATGATCATGTATG 139-140 513.9
stSG58057=AFMa348zg9 AATTGCTTGAGCCCAGG TGACGGTGAATAAGTCTCTCG 156bp 531.7
D10S1562 TGCATTGTTGTGAAACTGTTAGA GCATGGTGGTAACAGTTTACTCA 264-265 543.3
D10S1257 CGTTTTCTTCTACATCTTGGGG TTTGGAAAAGACAGCCCATC 256-257 545.7
WI-5915 AATCTTGGTATGCCTTCTGTCTT CATGTTAACACACCTATAGGTCACA 142 549.7
WI-4209 TACATCGACCAAGAGCAACG CAGTAACCCCACTCCTCCCT 259-260 555.3
stSG58023=AFM205tg7 GTCACAGTTACCAGTTTATATCCCA GAAAACAATGGCGGCT 93 558.4
WI-5502 CAGAGTTACCATGTTCCAGGC CCCTTCAGATATTTGTCAGTTTTG 127-128 567.9
stSG58054= AFMa301wf1  |GCAAAAAGTTGGCTACTAGAG ACATACATACATACATACGTGTGTG 254 567.9
WI-4865 TGTTCTCGAGGATGTGCAAG CAGAAGAAAAGGAACAGCATCC 185-186 568.0
stSG58067=AFM183xb12 TTGTCCAGAATTAGAAGTACAGTGG GGTGTGGTGGTTCATACCAA 255 575.5
stSG55936=WI-14791 TTTATTTTACATCATCAACATTGCA AAGCTGCAATTTTATCCCTCC 102 585.9
WI-3109 GGTGGGATGGGTAACATAACC AGGGAATCTGGGAGTGGC 257-258 591.0
WI-4379 GCTGAAGAATGGACTTTGGA CCTCACAACTCCATGGGG 142-143 595.0
D10S1245 GGTGGTCCCCATTATTTCTC GAAGCATTTCAAGAGCCAAA 222-223 595.0
D10S1434 TCCACCTTTAATCCTTGCTT GGGAAGTGAGATTCTGTCTCA 149-150 595.0
WI-1905 CAGGACTGAAATCTCTCATCTGG TTATTTTACCTTTTCTTGCCTTGG 215-216 601.1
stSG58042=AFMa053yg5 TGAGCCTGTTGTTCAAAG CCCTGGTTTCCTATGC 134 604.1
stSG58064=AFMb363xg5 TCCTGCTTTTGGAAGTATCA AATGTGCCTGTATCGTGTG 247 604.1
stSG58043=AFMa071xh1 CACTGGTTGGCTAGTCAGAG TGGAGCCTGATTTCAAATG 274 604.1
W|-4434 GCTCTGGACATCACTCCCTC AGAATGAGTCAATGGGCCTG 185-186 604.1
WI-4132 TTGATGCAAAGGAATTGCTG CTCAGAATGCTGCTTCCTCC 182-183 608.6
WI-5976 TAAACAAGGGCACAAGATTGG TGTCTTAAAACCATTTTCTTATTGG 106-107 619.2
stSG58028=AFM265yc9 CCTGGCCCCAGACAGGTATTATATT CCAAATTGCAGGACTTTTAGCCTC 277 620.4
B. 10926.2-qter
1. XAPTHX = GM99-GB4
STS AAAHAOYXIA EKKINHTQN MEIME@OZX
FORWARD REVERSE

WI-17697 TTTTATGTAATTATCATGGGCTGC ATCTAACTGGCTTTCAAACAAACA 150
WI-17432 GTTTTCACTGACAATGAGAAAAATG CATTTTGGAAAGACAGAAACAGC 126
stSG1460 TCTGTGTCTTGAGCACAGCC CCCCTGTCAACAGTGACATG 194
stSG32124 TCCTGGGCTCAAGTGATCTT GAGTTTCAGAAGGTGGCAGC 186
A008Y06=55747 TACATAAAGGCCTTATTTGACAT TCTATCAGAACAATAATGTGTCC 125
WI-20848 CATTTTATTTTTCGTTGTCAATGA TGAGAACTCCAAAGTCCTGAAA 166
stSG1566 AGACACTGGGGAAACAAACG GTCCTCTCTGTGTTCCCCAA 185
stSG8192 TGTACTGCGTGTGTAAGACGC CAGAAAAAACCAGCTGCCTC 142
stSG48184 GGTTGTGAGTTTAGTTAGGGCG TGTTTCATCAGCAGTGGCTC 122
SGC33916=stSG66860 GGCTGCACCAGCTGTATTTC GGGGGAGCTCTCGATGTC 138
H99205 ACCATTTCTAACAGGAACATAAAA TGTGCTTGAAGCCTCGT 121
stSG4213 GCCACCCATTGACTTTGC GCATCAGAAAAGTTAATGTGGC 127
R96892 CCCATATCTGTTAGTGTGGATCA GGTCCTAGAGCCAGGTGTTTA 130
W15548 TCTACTAGGATTTGTCACGGC GATCTGTTTCGGTTAAGCTG 230
A008M13 GAATTGGTCTATGAATTTCAACT TCCTTAAAATAATGGTTGTTACC 186
D10S1561=WI-6793 GAACCCACCAGGTCCTGTTA GGGATGCAGTTGCCTTTTTA 258
stSG28017 CACCATTTCCAAGGGCAG TGTGCAGGAAAAAAAAATTGC 138
stSG36110 CAGACGCTCCCTTAGAGCCTCC GGGAGGATCAGGTGCTGGATCC 178
stSG47386 CCAGAGAAAGATCTCCAAGTGG CTCCTCCTCCACGTGAAGTC 134
stSG46609 TCATGACACTACCTCGTTCACC GACCTGAGCGGAAAGTTGAG 159
stSG47380 TGGTCACTCGTAGCAGCATC ATTCTTCCCCAGCCCTTG 145
stSG2750 CCAGGGTTGACTAATGCTTAAA CAGTGCCACTTGAGTTCACA 153
stSG47732 TCTCCTGTTCTGCAGGTGTG AAGGTGGCCTACCAGGTTG 135
stSG2795 AGGCCTGTGAATACTGCTTAGC AAAACTAACCGGGCCTGTTT 129
stSG30731 GCACAAATCCCTACCAAGGA AGCTCTCTTGCCAGGGTACA 189
AO009F48=stSG57527 TTGTAGATCACCATACAAACCTA TGCCAGGTAGTGTGTGTA 123
AA036862 GAAAGAGTGTGTAAATAGCCCTGG AGCCTCCTTTCGAATGTTCC 187
stSG41791 AAGGGTCACCTTGTGACGAG ACCTGTGGAGGGCATTTTC 177
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STS AAAHAOYXIA  EKKINHTQN MEFE©OOZ
FORWARD REVERSE
AA010383 ATTTCCTCAAGGGTGAACGC TGGTCTTGCGAATTCTAGCC 238
W67510 AAAGAGCGGTATCTGACAATAAC CACTGCTTCCCAAAAGGT 124
WI-22094 TTTTTGAAACAACCCCACCT AAATTCTGCCCACACTTTGC 257
stSG46145 GAAAAAGAAAAACACCACTGGG GGACACCTGGTATTTCACAGTG 151
SGC32344=stSG66859 GAAATTGGTGCCAGGACG GTATCTAACAGACAGTGCTCAGTGC 126
WI-19193 TTACTCCCATGCCGTTCTTC TTGTCTGTAGCGGAGCAATG 274
stSG45059 CCTGGTGATTTGGCATCAC GAAGAAGCCACGAGGTTCAG 189
T48398 AGGTCTGGGAGCTGCCACT TACGGAAACCTCATCCTCAGGAAG 153
stSG43417 AGAGACTCCCAGCAGCAGAG CTTAGAGGCCAGGGGTCTCT 157
stSG45453 AGAGACTCCCAGCAGCAGAG CTTAGAGGCCAGGGGTCTCT 157
WI-14945 GACGGCGTTCTTTATCAGCT AGAAAACCTTTGCAATGCTG 150
stSG4581 AGCTGCTAATGCCATTTGCT TAGACTCAGAAAAGGAGTGGGG 150
stSG4790 GAGCAGCTTTAACACACAGGC CCTCTTGAGAAATGGATGCTG 138
stSG43280 CTGCAAAGACAGAACACAGAGC ACCCAGGGTCGCAGTCAC 128
stSG42519 ACACAGGGCCAGCTTCAG GATCATGCCCTCTGTGCC 122
AA191340 TTTCCGTCCGAGCACAG AGCCTTCGTCACCCAGC 109
stSG1303 ATCTTGTTTGAAAGCGGGG CCTCAGCCCTATACATATTGGG 115
stSG27915 CTGTCCCGTGTAGGGGTG CTGTCCAATCCTTAACGGTAGC 135
Cda01F10=d10s1328E=stSG55715 |AGCCTACTCTGTTCCACCC GCTTTATGTGTCCAGCATCTCC 217
55725=A007H40 AGGTAGCAGTCACCATTAT GAAGGTTAAACTCCTGCT 253
2. XAPTHX MARSHFIELD
STS AAAHAOYXIA EKKINHTQN MEIE©OZ
FORWARD REVERSE
D1081222 CCACCTTTCAACTGTCCATT CATCACACACCGGGGACT 221-245
D10S1439 TCAGGTCAGGGGACTTAACA TAAAGATCGACCTCTGCCTG 173-193
D10S1134 CAGCCTGGTGACAGAGCCA AAAATGCAGACGTCCTGGAC 326
D10S1248 GGAATAAGTGCAGTGCTTGG ACCAATCTGGTCACAACCAT 241-261
D10S505 GGGCAACACAAGACCCTGC TATTGGGGGCTGGTTCCCC 247
D10S169 GATCTGTGACTGCCTTCCT AAGAGGAGGAGTCCATTCAG 99-117
3. XAPTHXZ GENETHON
STS AAAHAOYXIA EKKINHTQN MEIE©OOZ
FORWARD REVERSE
stSG17459=D10S1703 GTATTCTTCCATTGAAATTCTATGC TGTGGGTACAATAAGCCATTATCT 126-144
D10S186 TTTGAGAATGTGATGAAGGTCTTGG TGCATCTATGAGGACAGGGTGGG 147-167
D10S1782 CATGCAAGGATTCATCTCAA ACATGATGTCTTGTTGCTTTGT 263
stSG17460=D10S1727 TCATGTGATGACAATCTGACAGT ACCAAATGTGGCCTGCT 233-287
stSG725=D10S217 GCAGAGGTTTTCCTTTCATT CTAGGAGGGTGCTCTAACCC 185
D10S1676 CCACCACTCAGAGGTAAGG AATTGTATGATCCCAACTTTGTC 156-168
D10S1655 TGCCAGACTCCATGATGGTATGAAC TAACAAACATCTGAGCACAGCCCC 209-257
D1081770 CATGAGATTTGAGTGGGG AACAGGCTGTGGCCTC 198
D10S1651 TCGATTTGACGCAAGTTT AGCACCCAGGGCTTCT 166-200
D10S1675 AAGAGGCAGTGTCGTCG ACCTGTTGGAGCCACC 205-251
D10S1711 CTATGATGCTGAGGGCAGTG ATGCTACCATGCCTGGCTAC 174
stSG987=D10S555 CTGGATATGGAATGGAGTATCA TTCTCTTCTCCCTCATTTCTG 136
D10S212 GAAGTAAAGCAAGTTCTATCCACG TCTGTGTACGTTGAAAATCCC 189-201
4. XAPTHZ SHGC-G3
STS AAAHAOYXIA EKKINHTQN MEFE©OZ
FORWARD REVERSE
SHGC-14552 ACTCTTACTTCCTGCCTTGGC |GAGGCCCTTTATGAAATGCA | 174
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5. XAPTHz WI-RH

STS AAAHAOYXIA EKKINHTQN MEIFEOOX
FORWARD REVERSE

D10S2229=W1-3219 ACTGGCAAAAAGGATGGTTG TAGAATCTTATCCTGCCTTCCC 126
D10S1593 ATCTTTGTCATTGGTGTACAGGG CAGTGTGTGAGTGTCAGGAGC 99

D10S1256 CCGTGTGATGCAGCTTTG AAGAGGCACAAGAGTAAAACGC 232
D10S1585 GAAACGATGGTTGAAGAAAAGC ATGCCGAAGATTAGATTTTAATCC 138
D10S1408 TTGACTGGAATCTGTTGCTAGA AGCACTGATGCTGTTTACCAC 274
D10S1201 CCCCACCATGCGTACA TAGCACTGATTGATGCCGAG 281
D10S2490 CTCCAAGGGTAACATTGAAC CGTAAACGTTGTGAGATGGT 160
D10S1588 TGCTCAAGACCCCCATTTAT CACCCTGGTGGCAGTAGG 129

Znp.: O1 kwdikoi Twv STSs TpoépyovTal atod Tnv Baon dedopévwy UniSTS. MapaTiBevral o1
aAAnAouyieg Twv eKKIVATWY TToU Xpnaiyotroinnkav otnv PCR, 1o péyeBog Twv Trapaydpevwv

TIPOIGVTWYV KOI Ol GUVTETAYHEVEG TOUG OTOUG BIA@opoug XApTeG. O HOVADEG YIa TOUG YEVETIKOUG XAPTEG
Genethon kai Marshfield gival e cM evw yia Toug XapTeg KUTTAPIKWY URPISiIwy GM99-GB4, GM99-G3,
WI-RH ka1 SHGC-G3 ot cR.

Miv. 5: AAAnAouyieg ekKIVNTWV

lovidio Kwdik6g AAAnAouyia E@apuoyn
3077 1F CCTTAGGGCTTACAGGGC Algpelvnon JeTaAAQY WV
3077 1R CAGAAGACACAGATGCGC Algpelvnon JETAAAQY WV
3077 2F ATTGGCACTGGTCAGTCC Algpelvnon JETOAAQY WV
3077 2R GACATGTCCCTCTGCTCC Algpelvnon JETAAAQY WV
3077 3F GGGAAACTCCGAGTCTCC Algpelvnan peTaAaywyv
3077 3R TACTCTCCCCACTCCTGG Algpelvnan peTaAaywyv
3077 4F TCCTCACAGGAGCACTGG Algpelvnan peTaAaywy
3077 4R CAAGGTTAGGTTTTGCCC Algpelvnan peTaAaywyv
3077 5F ACTGCAGAGCTGGGTTTG Algpelivnan peTalaywv
3077 5R TCCAGTGTTCTCTGCACG Algpelivnan peTaAaywv
3077 6F GTGACTGGAAGCCTGAGG Algpelivnan peTalaywv
3077 6R ACCAGCCCCATTCCTTAG Algpelivnan peTaAaywv
3077 7F GTGCAGAACTTCGGGATG Algpedivnon peTaAAaywv
3077 7R CCCAGATGCCTTAGCAAC Algpelivnon peTaAAaywv
3077 8F TCCTCTGTGGCTTTACCC Aigpelivnon peTaAAaywV
3077 8R AAAGTGCTGGCTCTCTGC Algpelivnon peTaAAQywWV
3077 9F CATGCCTGGCTTCACATC Algpelivnan peTaAAaywV
3077 9R ATGCTTGCCCTAGTCAGC Algpelvnon JETOAAQY WV
3077 10F GTAAACAGAGGCCATGGG Algpelvnon JETaAAQY WV
3077 10R CAGTATTGGCCTCAAGCC Algpelvnon JETAAAQY WV
3077 11F TCATGATTGACACCGAGG Algpedvnan petaAaywv
3077 11R CTTGACCCTGACTTTCCC Algpelvnan peTaAaywv
3077 MycFnew |CGGGATCCTCAGGAACCATGCGAGGC Me Tov MycR yia UTTOKUTTOPIKS EVTOTTIONS TIPWTEIVNG
3077 MycR CCGAATTCCACTGCCATCACAGAGGC Me Tov MycFnew yia UTTOKUTTOPIKS EVTOTTIONO TIPWTEIVIG
AJ312051 F_BamHl |CGGGATCCCCTGCAGAGATGCTGGGTC Me Tov R_Kpn yia Tnv kAwvotroinon Tou cDNA
AJ312051 R_Kpn GGGGTACCATTTTCTGGGAGTCACAAG Me tov F_BamHI yia Tnv kAwvotroinon Tou cDNA
AJ312051 F_Spel |GGACTAGTCCTGCAGAGATGCTGGGTC Me Tov R_Kpn yia RT-PCR
FRA10AC1 F CGGGATCCGAAAGGATGCATGGTCATG Me Tov R4 yia Tnv kAwvotroinon Tou cDNA
FRA10AC1 F1 GCCATTTAGATGTAACACGTG Me Tov R1 yia yovoTtuTrikr) avéAuon
FRA10AC1 F2 TCAGGATTTGTTTCTATGAGACG Me Tov R2 yia mapaokeun avixveutr) Northern
FRA10AC1 F3 GCAGAAGAGGCCTCCAAG Me Tov R2 yia RT-PCR
FRA10AC1 F5 CGGGATCCGCATGGTCATGGAGGCTATG Me Tov R5 yia khwvotroinon atov pET26b+
FRA10AC1 R1 GTCGTCGTTTCCTTCTTTCC Me Tov F1 yia yovoTtuTrikr) avéAuon
FRA10AC1 R2 CCACACAAGCTGTAACTTGCAG Me Tov F2 yia Northern, pe Tov F3 yia RT-PCR
FRA10AC1 R4 CGGAATTCGAAACAAATCCTGAAAATACTC Me Tov F yia Tnv KAwvoTroinan Tou cDNA
FRA10AC1 R5 GGAATTCAGAAACAAATCCTGAAAATACTC Me Tov F5 yia khwvotroinon atov pET26b+
Fra10ac1 mFRAF AGATGAGTTGCTGCTTAC Me Tov mFRAR yia Trapaokeur) avixveuTr) yia RISH
Fra10ac1 mFRAR CGAAGTTGACTTCCCAGC Me Tov mFRAF yia rapaokeur) avixveuTr yia RISH
Lgi1 mLGI1F TGAAATAGCCAGACCAC Me Tov mLGI1R yia Tapaokeur avixveuTn yia RISH
Lgi1 mLGI1R TGGATACGTGTGTGAATG Me Tov mLGI1F yia rapaokeur avixveuTn yia RISH
Lgi3 mLGI3F GCGACAGAAATTTGTAC Me Tov mLGI3R1 yia rapaokeuri avixveuTr) yia RISH
Lgi3 mLGI3R1 |TGGTGCATACGTAGGTG Me Tov mLGI3F yia mapaokeur avixveuTn yia RISH
Lgi4 mLGI4F GAATTGGATCTCAGTGCC Me Tov mLGI4R yia Tapaokeur avixveuTn yia RISH
Lgi4 mLGHK4R AAGCTCCTGCCTTGAGC Me Tov mLGI4F yia Trapaockeun avixveuTn yia RISH
pACT2 pACT2F TACGATGTTCCAGATTAC AANAoOUXNoN BnpapdTwy Treipdpatog dUo uRpIdiwy
pACT2 pACT2R |TTTCAGTATCTACGATTC AANAoOUXNoN BnpapdTwy Treipdpatog dUo uRpIdiwv
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ANTIZQOMA

ZYNOHKEZ

NMPOEAEYZH

A. NPQTOrENH

anti-Xpress (mouse)

W: o/n 4°C, 1/4000, TBSTM I: 1h RT, 1/250

Invitrogen (Cat. No. R910-25)

anti-SAP 145 (rabbit)

W: o/n 4°C, 1/1000, TBSTM, I: 1h RT, 1/250

R. Reed, Harvard Medical School

anti-SAP145 (mouse)

W: 2h, RT, 1/1000, TBSTM

Santa Cruz (Cat.no. sc-14279)

anti-lamin A/C (mouse)

I: 1h RT, 1/500

Santa Cruz (Cat.no. sc-7292)

anti-DIG-AP (sheep)

T: o/n 4°C, 1/1000

Roche (Cat.no. 1 093 274)

anti-FRAT0AC1 (rabbit)

W: o/n 4°C, 1/100, TBSTM, I: 2h RT, 1/10

A. AtrooToAotrouAou, dITTA. Epyacia, Mav. KpRtng

anti-GST (mouse)

W: 1h RT, 1/5000, TBSTM

Santa Cruz (Cat.no. sc-138)

anti-His, C-term (mouse)

W: o/n 4°C, 1/2500, PBSTM

Invitrogen (Cat.no R930-25)

anti-GFP (rabbit )

W: o/n 4°C, 1/5000, PBSTM

Invitrogen (Cat.no R970-01)

anti-GFP (mouse)

W: 1h RT, 1/2500, PBSTM

Santa Cruz (Cat.no.sc-9996 )

B. AEYTEPOIENH

anti-mouse-HRP (donkey)

W: 1-2h RT, 1/2500

Jackson Immunoresearch (Cat.no. 715-035-150)

anti-mouse HRP (goat)

W: 1-2h RT, 1/1000

Chemicon (Cat.no. AP124P)

anti-rabbit-HRP (goat)

W: 1h RT, 1/13000

Jackson Immunoresearch (Cat.no. 111-005-003)

I: Th RT, 1/1000

Molecular Probes (Cat.no. A-11029)

Alexa Fluor 488 goat

anti-mouse

Alexa Fluor 568 goat I: 1h RT, 1/1000 Molecular Probes (Cat.no. A-11031)
anti-mouse

Alexa Fluor 568 goat I: 1h RT, 1/1000 Molecular Probes (Cat.no. A-11036)
anti-rabbit

Iny.: ZTnVv 0euTEPN OTAAN TTapaTiBevTal ol GUVORKEG TTOU XpnaipoTroifenkav o€ avahuan Western (W),
oe avoooBopiouo (1) kai o€ uBpIdoTToinon o€ TOUES IOTWV PE piRoavixveuTh (T).

MEOOAOI
O1 yéBodol Tou TTEPIYPAPOVTAl TTPAYUATOTTOINBNKAY CUUPWVA UE TA

gepyaaTnplakda eyxelpidia Twv Sambrook J et al, 1989 kai Twv Ausubel FM et al, 2000.

2.12. Aroubévwon VOUKAEIKwWY o§éwv
» Amoudévwon mAaouidiakou DNA amé E.coli.

2€ MIKPN KAiuaka

H amropdvwaon Aacuidiokol DNA o€ pikpn KAiJaka TTpayuaToTToIEiTal YE
aAKaAIKA AUon. Movadiaieg atToIKieg JETAOXNHATIOPEVWY BAKTNPIWY avaTTuooovTal
o€ ~3ml LB pe 10 katdAAnAo avTiBioTiké otoug 37°C oAovUkTia utré avddeuon. Ta
KUTTapa cUuAAéyovTal pe guyokévipnon (15min, 3000rpm o€ RT) kail eTavaiwpouvTal
o€ 300l dioAupatog P1 (15mM Tris-Cl pH 8, 10mM EDTA pH 8). AkoAouBei eTTwaon
ME Aucoluun o€ TeAIKA ouykévTpwaon 300 pg/ml yia 15min o€ mayo, mpocdrkn 300ul
diaAupartog atmmodidra&ng P2 (200mM NaOH, 1% SDS), Ama avddsuon Kail ETWaon
o€ RT yia 5-15min (péxpi 1o didAupa va yivel dlauyég). H e€oudeTépwaon yivetal pe
mpocOAkn 300ul diaAupatog P3 (3M o&ikd kaAio pH 5,5), iIoxupn avadeuon Kai
gTTwaaon yia 20min og ayo. To piyha guyokevTpeital oTig 12000rpm oToug 4°C yia
15min, To UTTEPKEIUEVOU CUAAEYETAI KOl AKOAOUBEI ETTAVAANTITIKA QUYOKEVTPNON OTIG

id1ec ouvOnkeg. To TAacuidiakd DNA katakpnuvieTal Ye TTpooBnkn IGoTTpoTTavoAng

58



YAik@ kai MéBodol

(0,8 Tou 6ykou) kal GUAAEyETal HETA aTTd £TTWAON Yia 15min o€ TTAyo Kal
@uyokévtpnan aTig 12000rpm yia 15min oToug 4°C. H mreAAéTa EeTTAéveTtal pe 70%
a18avoAn, oteyvwvel Kai eTravadioAuetal g 50ul TE (10mM Tris.Cl pH 8, 1mM EDTA
pH 8). ZTnv TepiTTwon TTou akoAouBei TepaxIoPos xpnoiyoTrolcital To 1/3-1/10 Tou
DNA.

2¢€ eyaAn kAipaka yia avridpaocn aAAnAouxnong iy o€ mapodikn diaudAuvon

>& QuTAV TNV TTEPITITWON N dladIKaoia £XElI OTTWG TTPIV AUEAVOVTAG OUWG TOV
OyKo TnG BakTnplokAg KaAAIEpyeiag oTa 2It, xpnoipotrolwvtag 200ml Twv SIGAUPETWY
P1, P2 kai P3 kai epapudlovtag TITTAEOV ETTEEEPYATIA. SZUYKEKPIYEVA, HETA TNV
KatakpAuvion Tou TTAaopidiakou DNA akoAouBoUuv ekXUNICEIG JE
PaIvoAn/xAwpo@opuio Kai erravakaTakpuvion e CH3;COONa kai atréAutn
aiBavoin. To DNA cuMAéyeTal pe puyokévipnon aTi¢ 12000rpm yia 15min oTtoug 4°C,
N TeEAAETa EeTTAEVETON pE 70% q1BavOAn Kal JETA TO OTEYVWHA TNG ETTAVASIOAUETAI OE
~3ml TE. To RNA atmropakpuvetal pe eTrwacn pe RNAon o€ TEAIKA OuykEVTpWON
100ug/ml yia 1h atoug 37°C kai akoAouBsi eTTwaacn pe pwTteivaon K og TeAIKA
ouykévipwan 100ug/ml yia 2h atoug 55°C oe katdAAnAo puBpIoTIKS didAupa (1x:
50mM Tris.Cl pH 7,5, 100mM NacCl, 0,02% SDS, 2mM EDTA). AkoAouBei ekxUAIon
ME @aivoAn/xAwpo@oéppuio. H ammopdvwaon Tou DNA yivetal pe TTpocBnikn atréAuTnNG
a10avoAng, wapepa Twv vnuatiwy TTou oxnuarti¢ovral, EEMAupa e 70% aiBavoAn kai
TeAIKA emavadialuon o€ 2-3ml T.E. Mg Tnv péBodo auTtr atmmopovwvovTal 1-3mg

TTAacpidiakoUu DNA.

» Amoudévwon yevwuikou DNA amré mAakouvra

O 1016¢, apéowg PETA TNV aTTOPOVWOT] Tou, TTAEVETAI JE QUOIOAOYIKG 0pd Kal
Siatnpeital aToug -80°C ot Tepdyia dykou 25cm? repitrou. Ma TNV aTTop6vVWon
yevwuikoU DNA o 10T6¢ KoviopToTrolgital Trapouaia uypou No. AkoAouBei TTpooBrikn
diaAupartog TSE (150mM NaCl, 100mM EDTA pH 8, 20mM Tris.Cl pH 8, ~100 ml
avd Tepdyio) kai SDS o€ TeAIK) ouykEVTPwOon 1%. O KOVIOPTOTTOINUEVOG 10TOG
dlaAuToTrolgiTal Ye Bépuavan oToug 65°C. ZTn ouvéxela To deiyua eTTWAZETAI e
mpwteivdon K TeAIKA¢ ouykévipwang 100ug/ml, atoug 65°C oAovUKTIa Kal
EKYXUAICETaI e @aIVOAN, @aivOAn/ XAwpo@opuio, XAwPoPOPUIo/IGOANUAIKT) aAKOOAN
(v/v: 24/1). Ta voukAeikd o&éa katakpnuvi¢ovtal pe CH;COONa (0,25M) kai atrdéAuTn
a18avoAn kal guAAéyovTal he TNV Hop®n IvISiwy. MeTd Tnv €€ATUION TNG UYPAS PAoNS
yivetan emravadidAuon og 20 ml diaAUpatog T.E atoug 4°C e ATTia guveyr avadeuaon
yia OUo pépes. AkoAouBei ere€epyaaia pe uTTEpnyoug. ETTeIpIkd, o 1I8aVIKOG XpOvog

yia Tnv Tapaywyn Tepaxiwv DNA peyéBoug 200 — 1500bp, utroAoyileTal o€ TPEIG
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emmavaAnyeig Twv 10sec n kaBepia (40% cycle actif, 5 microtip limit), ye avauign kai
TTaywpa Tou dlaAuuaTtog Trpiv atd KaBe eravaAnywn. To RNA atmropyakpUveTal Je
emmwaon pe RNAse A atoug 37°C oe TeAikr} ouykévipwan 50ug /ml yia 3h n otroia
OTN CUVEXEIA OTTOPAKPUVETAI PIE EKXUANION PE PiyHa @aivoAng/ xAwpogoppiou. H
TENIKA KOTAKPAUVION KAl ETTavadIdAucon yivetal 6TTwg avagEpBnKe TTapaTravw,
puBpitovtag Tn ouykévipwon Tou DNA ota 10mg/ml. ATt Tnv eTTegepyaoia evog

Tepayxiou 10ToU TTapdayovtal ~100mg DNA-@opéa (carrier-DNA).

» Amoudvwon oAikou RNA amé ioré

MNa tnv ekxUAIon oAikou RNA a11é eyképaio avBpwTTivou euppuou
XPNOIYOTTOIRBNKE TO ATTOBIATAKTIKO JECO I000€I0KUAVIKA youavidivn 6TTwg
mepypdeetal ammd Toug Chomezynski P kair Sacchi N 1987. AvaAuTikd, éva KOPUATI
TOU 10TOU KOVIOPTOTTOINBNKE TTapoucia uypou N, Kal T GUvEXEIa TTPOOTEBNKE
d1dAupa D (4M 1008¢g1okuavikr youavidivn, 25mM kiTpikéd vatpio, 0.5% Sarcosyl kai
0.1M 2-pepkamToaiBavoAn). O dyKog Tou pubpioTnke WoTe TO IEWOES va gival TO
eAdyioTo duvaTo Kal akoAoUuBwg TTpooTédnke didAupa CH3;COONa pH 4.0 o TeAIKN
ouykévipwan 0.2M kai 6§ivn aivoAn icou OyKou e TO OJOYEVOTTOINKA. 2TN
ouvéxela, JeTd atro Ioxupr avadeuan (vortex) yia TouAdyioTov S5min, TTPOCTEBNKE
MiyMa xAwpo@oppiou Kal Ic0aPUAIKNG GAKOOANG (v/v: 24:1), dykou ioou pe 10 1/5 Tou
SeiypaToC Kal akoAouBnaoe 10XUPR avadsuon (5min), emwacn otoug 4°C yia 15min
Kal QUYOKEVTPNon oTi¢ 12000rpm yia 20min otoug 4°C. H udaTtikf aon ekxUAioTnKe
ETTAVEINNUPEVWG PE PiYHa OUBETEPNG PAIVOANG/XAWPOPOPIOU OTIG idIEG OUVORKEG Kal

10 RNA KatakpnuvioTnke pe 2.5 dykoug atréAuTnG aiBavoAng.

2.13. Tepaxiouoés DNA e mrepiopiOTIKESC EVOOVOUKAEAOES

O tepaxiopog Tou DNA e TTEPIOPIOTIKEG EVOOVOUKAEAOEG TTPAYUATOTTOINONKE
Me Trepiooela evfUuou (3-5units/ug DNA) o€ KatdAAnAo puBuIoTIKO SIGAUPA Kal TNV
ouvioTwuevn Bepuokpacia (Bdon Twy odnylwyv Twy eTaipiwv Minotech kair NEB)
TouAdxioTov yia 3h, étav Atav emBOuPNTA N TTANENG TTEWN 1A yia 1h yia d1IayVwWOoTIKEG

TTEYEIG.

2.14. HAekTpog@obpnon
» HAskrpopdpnon DNA os mhikrwua ayapolng
H taxuTtnta pe tnv otroia To DNA peTakiveital Katd Tnv NAEKTPo@SpNaCT) ToU O€

TINKTWHO ayapolng e€apTdral ammd 1o péyeBOS Tou, TNV dIaudPPWar| Tou
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(uttepeAIKwPEVO, nicked, ypauMIKO), TN CUYKEVTPWON TNG ayapdlng, Tnv TAon TTou
epapuoleTal, Tnv TTapoucia Bpwuiouxou aiBidiou (EtBr) kal Tnv oclcTaon kai Tnv
IOVTIKA 10XU TOU SIAAUNATOG NAEKTPOPOPNONG. H CUYKEVTPWON TWV TINKTWHATWY
KupaivoTav petagu 0,8 kal 2%. H nAektpo@dpnon, avaAuTiKr KAl TTAPACKEUAOTIKHA,
TTpaydatoTroIenke o pubpIoTIKG didAupa 1XTAE (50xTAE: 200mM Tris, 200mM
0¢IkO 0Eu, TmM EDTA pH 8.0) pe EtBr o€ ouykévipwon 0,1ug/ml. H didpkeia kai n
Tdon TTOU £QAPUOOTNKE KUPAVONKE peTagu 1-24h kai petagu 1-7V/em avrioToixa.
Mpiv TNV nAekTpo@dPNON, Ta deiyuata BgppaivovTal atoug 65°C yia Smin TTapouadia
d1aAUpartog Orange G (0,25% Orange G, 15% Ficoll o€ T.E).

Arroudvwaon DNA amo mikTwua ayapolng

H atmmopévwon tou DNA atmé TTHKTWHA ayapodng TTpayUaToTTOIEITAl JE
QUTOOXEDIO KATAOKEUN EKXUAIONG. To TEPAXIO TOU TINKTWHATOG KOPBETAI, TTOATOTTOIEITAI
Me KatédAANAo éuBoAo kal TotroBeTeiTal o€ cwAnvakl eppendorf 0,5ml gtov TTéT0 TOU
oTToiou €xel TOTTOBETNOEI uaAoOBAuBaKag Kal EXEl AvOoIXTEl pia pikpry oTTr. AuTA n
o14ragn TotmobeTeiTal o€ cwAnvaki eppendorf 1,5ml. AkoAouBoUv QUYOKEVTPATEIG
didpkelag 2min oTig 10000rpm oToug 4°C katd TIg oTToieg To didAupa Tou DNA
OUAAEyeTal 0TO OWANVAKI UTTOO0XAG EVW N ayapdln CuyKpaTeiTal armo Tov
uoAoBduBaka. To DNA ekyxUAiCeTal pe XAWPOPOPHIO KAl KATAKPNUVIETAI JE
CH3;COONa kai atréAutn aiBavoin. Oco PikpdTepo cival To péyeBog Tou DNA kal 6o
apaIdTEPO gival TO TIAKTWHA, TOCO UWPNASTEPN Eival N aTOGdOCN TG TTAPATTAVW

pEBOBOU, TTou KupaiveTal petagu 20 kal 70%.

» HAskrpopopnon DNA os mrikTwua moAvakpuAauions (PAGE)

Ta TTNKTWHOTA TTOAUAKPUAQMIdNG €ival atTapaitnTa 1AV aTTaITEITAI O
OIaXWPICUOG Hopiwv TTOU dlapépouv KATd £va VOUKAEOTIOIO Kal auTr) N 1ID10TNTA TOUg
aglotroindnke Katé TnNv nAekTpoPoépnon avtidpdoewyv aAAnAouxnong Kal TTPoIoVTWY
PCR 1ng yovoTuTTIKAG avaAuaong. XpnoIKoTroIfonkav atrodIaTaKTIKA TTHKTWHOTA
ouykEvTpwong 8M oupiag, 6% SilaAUpaTog akpuAapidng: dicakpulapidng 38:2, 0,5%
TBE (10xTBE: 0,9M Tris-Cl, 0,9M Bopiké 0w, 20mM EDTA, pH 8.0) Ta oTroia
ToAupepifovtal pe APS kai TEMED o€ TeAikr) ouykévipwon 0,02% kai 0,1%
avTioToixa. H nAektpo@dpnaon Trpayuatotroindnke o pubpioTIKO didAupa 0,5xTBE pe
oTaBepny 10xU TTediou 80W evw gixe TrponynBei Bépuavan Twv delyudtwy atoug 80°C
yla 2min mrapouacia stop mix (6x: 95% Formamide, 20mM EDTA pH 8,
0,05%bromophenol blue, 0,05% xylene cyanol). Metd 1o Tépag TNG NAEKTPOPOPNONG
TA TTNKTWHATA HETAPEPOVTAI o€ OINBNTIKO XapTi Watman 3MM, atmognpaivovTal pe

Bépuavan og Kevo aépog Kal upioTavTal autopadioypagia.
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» HAskTpo@Opnon mpwreivwv o€ amodIATAKTIKO TTHKTWUA
moAuvakpuAauidong (SDS-PAGE)

Katd TNV nAeKTPOPOPNON TWV TTPWTEIVWV OE ATTODIATAKTIKO TTAKTWHO
TTOAUOKPUAQUIdNG, Ta popia diayxwpiovTal BAcel Tou HOPIaKOU ToUG PeyEBoug. Autd
o@eilAeTal OTNV TTAPOUCTia TOU aviovikoU atroppuTravTikoU SDS oTo TTHAKTWHA, OTO
O1dAupa nAekTpo®dpnong kai o1o didAupa Laemnli TTou TpooTiBeTal ota deiypara. Ta
ToAuTTETTTIOIO TTpo0dévouv SDS, og TToodTnTa avaloyn pe 1o pEyeBdG Toug,
QopTiovTal apvnTIKA Kal TTapoucia NAEKTPIKOU TTEdiou PeTakIvouvTal TTPog TNV dvodo.
EmimmAéov, To SDS d1aoTTd TOUG UdPOYOVIKOUG BEGHOUG, TIG USPOPORES
OAANAETTIOPACEIG KOl OUCIAoTIKG aTTodlatdooel TIG TTPWTEIVES. MARPNS atTodidTagn
ETTITUYXAVETAI AQPEVOG E TNV ETTIOPACN TNG HEPKATITONIBAVOANG (CUCTATIKO TOU
dlaAUpatog Laemnli) agetépou ye Tn Béppavon Twy deiypdtwy atoug 100°C. To
TIKTWHGA atroTeAEiTal atrd dU0 QYACEIG: TRV AVWTEPN OTNV OTTOIA TTPAYUATOTTIOIEITAI N
EUBUYPANMION TWV TTPWTEIVWV O€ EVIAIO HETWTTO KAl TNV UTTOKEIPEVN, ONAQdK TO
TAKTWHA dlaxwpiopoU. O GUYKEVTPWOEIG TWV CUCTATIKWY TOU TTNKTWHOTOG
euBuypdupiong eivai: 4,5% akpuAapidn/dicakpuAapion (29:1), 0,125M Tris-Cl pH 6,8,
0,1% SDS, 0,1% APS, 0,2% TEMED kai Tou TTNKTwuaTog diaxwpiaguou 0,375M
Tris.Cl pH 8,8, 0,1% SDS, 0,1% APS, 0,05% TEMED &vw n ouykévipwor Tou o€
akpuAapidn/dicakpuAapidn kupaivetal yetagu 8% kai12% kai emAEyeTal BAoel Twv
MOPIaKWY PEYEBWYV TwV TTOAUTTETITIOIWY. Ta TTpwTEiVIKA deiyuaTa ammodiaTdGoovTal JE
TPooBnkn diaAuparog SxLaemnli (5x: 250mM Tris-Cl pH 6,8, 10% SDS, 50%
YAUKEPOAN, 25% pepkatrToalBavoAn, 0,5% bromophenol blue) kal 8épuavon oToug
100°C yia 10min. OAa Ta TINKTWUATA TTOU XPNOIKOTTIOINONKAV, avAAUTIKA KOl
TTAPAOKEUAOTIKY, gixav Taxog 1,5mm kai diacTtdoelg 8x 7,3cm. H nAekTpo®dpnon
TTpaydatoTTroIenke o pubpIoTIKG didAupa (10x: 250mM Tris, 1,92M yAukivn, 1%
SDS, puBuion tou pH o10 8,3 pe HCI) pe otaBepn] éviaon mediou 35-45mA kai pHeTa

TO TTEPAG TNG AKOAOUBOUCE Xpwon r NAEKTPOUETAPOPA TWV TTOAUTTETTTIOIWY O€

MEMBPAvN.

2.15. AAAnAouxnon DNA

O mrpoacdiopiopdg TNG aAAnAouyiag Twy evBEUATWY TTAACUIBIAKWY
KATAOKEUWV Kal ypauuiKwy TTpoidviwy PCR oTnpixbnke otn pébodo Sanger. Q¢
uTTéoTpWHA Xpnoiyotroidnkav 250ng DNA avd kb peyéBoug kai 25ng
padioonuacpuévou ekkivnTh. O1 avTidpdoeig TTpayuaToTToinbnkav o€
BepuoavakukAwTH pe UAIKA Tou SequiTherm EXCEL™ || DNA Sequencing Kit
ouppwva e TIG 0dnyieg TnG eTaipeiag Epicentre (http://www.epicentre.com/). Ta

TTPOIGVTA avaAUuBnKav o€ TTAKTWHA TTOAUGKPUAQMIONG META aTTd auTopadioypagia.
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Katd tnv aAAnAolxnon Twv BETIKWY KAWVWYV TOU CUCTHHATOS dUo uBpIdiwy,
xpnoigotroiménkav ol ekkivnTég pACT2F 1 pACT2R T1rou uBpidoTroiodvtal oTov
polylinker Tou pACT2 oTi¢ £€¢ ouvBrkeg: 95°C 5min/ 95°C 45sec, 55°C 45sec, 70°C
1min, yia 30 KUKAoug. EVAAAGKTIKE, N aAAnAouxnon éyive 0TO EpYOOTHPIO

MNovidiwpartikrg AvdAuong oto IMBB (PE-ABI377 sequencers).

2.16. Msraoxnuariouog Bakrnpiwv

Me Tov HETAOXNUATIOUO ETTITUYXAVETAI N EI0AYWYH KAl O TTOAATTAQCIAO UGG
mAacpidiaokoU DNA oe BakTApia. Ta BakTApia kaBioTtavtal Ikavd va dexTtouv DNA
eEwyevwg petd atrd €1dIkh KaTepyaoia kal TTAEov ovopadovTal dekTikG. O
METAOXNMATIONOG TOUG YIVETAI €iTE PE EQAPUOYT NAEKTPIKOU TTEDIOU €iTE e BEPUIKS
OOK, META atrd KaTAAANAN XNUIKA eTTegepyacia. H ardédoon Tou peTacxnuUaTtiouou,
400V aQopd TN SEKTIKATNTA TWV KUTTAPWY, KupaiveTal uetagu 10° kar 107 (atroikieg
avd ug utrepeAikwpévou DNA). XpnoiyoTtroindnkav Kuttapa E.coli ateAéxoug DH5a,
BL21 DE3 codon+ ka1 KC8.

» [lapaokeun OeKTIKWV BAKTNPiwV Kdl UETACXNUATIONOC UE BEPUIKO OOK

Me auTtov Tov TpoTTO T BakTAPIO KaBioTavtal OeKTIKA (competent) petd atrd
XNUIKN emegepyaoia. Apxika yivetal eupoAiacudg 100ml LB pe povadiaia atroikia
BakTnpiwv atmmd epECKO ETIOCTPWHEVO TPURAIO Kal ETTWaAc OAOVUKTIO HE avAdEUTN
oToug 37°C. AkoAouBsi eyBoiiacudg 100ml gpéokou BPeTITIKOU pécou LB pe 1mi
aTTd TNV TTPWTN KAANIEPYEIQ KAl ETTWOON OTIG iBIEG OUVONKES MEXPI TNV apXA TNS
eKBeTIKAG @daong avaTrTuéng (O.Dsgonm ~ 0,45). Z& 6Aa Ta Briparta TTou akoAouBouv
1600 Ta KUTTAPA G600 KAl Ta dIoAUpATa dIATNEOUVTAI OE TTAYO KAl O PUYOKEVTPACEIG
TTpayuaTtoTrololvTal otoug 4°C. Ta BakTrpia GUAAEYOVTaI E QUYOKEVTPNON OTIC
2500rpm yia 15min kai eTravaiwpouvtal o€ 20ml dicAupatog TFB1 (100mM RbCl,,
50mM MnCl,, 30mM CH3;COOK, 10mM CaCl,, 15% yAukepoAn, puBuion Tou pH oTo
5,8 pe apaié CH;COOH). Metd atrd Tmapapovr] Toug yia 20min o€ TTayo,
ETTAVOCUAAEYOVTAI UE QUYOKEVTPNON OTIG iBIEC CUVORKES Kal TTavalwpouvTal o€ 3ml
o1aAUpartog TFB2 (10mM MOPS, 10mM RbCl,, 75mM CaCl,, 15% yAukepdAn,
pUBpIoN Tou pH aT1o 7 pe didAupa 1M NaOH). AkoAouBei emwaon yia 20min o€ TTayo,
dlaipeon Tou KUTTapPIKOU diaAUpaTog o€ deiypaTa Twv 150l (o€ eppendorfs TTou
éxouv TTpoYuxOei ye uypd alwTo) Kal TEAIKNA atToBrkeuon oToug -80°C.

Meraoxnuarioudc: ‘Eva deiypa petagépetal améd Toug -80°C oe mrdyo. Metd Tnv THEN

TpocTiBeTal To DNA kal avadeueTal ATTia. AkoAouBei eTTwaon yia 20min o€ Tayo,

katd n o1dpkeia TG omroiag To DNA £pxeTal g€ eTTaQr WE TNV KUTTAPIKA MEMPBPAVN,
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BepuIk6 00K aToug 42°C yia 90sec kal AUean YETAPOPA O€ TTAYO, OTTOU TTOPANEVEI
yia 1min. MpooTiBetal 1ml LB kai petd atmo emwaon yia 1h atoug 37°C, Ta KUTTApPaA
oUAAéyovTal he puyokévtpnon aTig 3000rpm yia 15min oe RT kal €moTpwvovTal o€

TPUBAio.

» [Mapaokeun OeKTIKWV BaKTNPiwv Kal UETACXNUATIONOC UE EQapuoyn

nAekrpikou mrediou

H tTpogToIgacia Twv KUTTApWY CuvioTatal 0TNV PEiwon ThG IOVTIKAG I0XUG Tou
BakTnpiakoU alwpAuaTog P BIadOXIKEG EKTTAUCEIG TOU PE atmoviopévo HoO.
ApXIKd, yiveTal egoAiacuég 100ml LB pe povadiaia atroikia Baktnpiwv atrd pEéoKo
EMOTPWHEVO TPUBAIO Kal eTTWaan oAovukTia pe avadeuan otoug 37°C. AKoAouBei
eMBOAIaoPOG 500mI ppéokou BpeTTTIKOU Péoou LB pe 5Sml atrd Tnv TTpwTn
KAAAIEPYEIDQ KOl ETTWACT OTIG iBIEG OUVORKEG PEXPI TNV EKOETIKA @Aon avaTITuéng
(O.Dsgonm ~0,65). H kaAAiépyeia ToTTOBEeTEITAI 0€ TTAYO Yia 30min kKal OAa Ta eTTOUEVA
BrAuaTa TTPpayuaToTToIoUVTal GTOUS 4°C. Ta KUTTapa CUAAEYOVTQI JE PUYOKEVTPNON
oTig 2500rpm yia 15min kai emavaiwpouvTtal o€ 500ml raywpuévou ddH,O. AkoAouBei
eTTavaAnyn TnG oUAAOYNG Kal TNG eTTavaiwpnong o€ 250, 50 kal 10ml TTaywpuévou
ddH,0 diadoxikd. H TEAIKA €TTavaitpnon Twyv KUTTApwy yivetal o€ 1,5ml maywuévng
YAukepOAng 10% kai 1o deiypa diaipeital og deiypata Twv S50l TTou atrodnkevovTal o€
owAnvakia eppendorfs TTou éxouv TTpoyuxBei og uypd alwTo, aToug -80°C.

Meraoxnuarioudd: H eicaywyr Tou DNA emTiTUyXaveTal EQapuolovTag uywnAo

NAEKTPIKO TTEDIO YIa TTOAU PIKPO XPOVIKO SIAoTANA WOTE va dnuioupyndouv TTapodIKEG
OTTEG OTO TOIXWHA TWV BOKTNPIWVY, HEOW TWV OTTOIWYV EI0EPXETAI TO TTAAOUIBIOKS
DNA. Mg Tnv péBodo auTtr peydAo TTOO00TO TWV KUTTAPWY, TNG TAgEwG Tou 50-70%,
mTeBaivouv, woTOCO N ATTOdOCT TOU PJETAOXNMATIOMOU gival upnAdTEPN OE aXEon ME
TNV TTponyoupevn uéBodo. H diadikacia TTou akoAouBeital £xel we €€Nn¢: 'Eva deiyua
HETAPEPETAI ATTO TOUS -80°C o€ TTdyo OTToU, PMETA TNV TAEN Tou (~10min), TTpooTiBeTal
10 DNA ka1 avadevetal Ata. O dykog Tou deiyaTog TTou TTpoaTiBeTal gival 660 To
duvaTov PIKPATEPOG Kal N aAaToTnTa TEAIKA dev uTtTepPaivel To TmM. Av 1o deiypa
TTPOEPXETAI ATTO avTIOpaan ouvdeong, €iTe TTpooTiBeTal TO 1/10 QUTAG €iTe €XEl
TponynBei kaBapioudg kal eTavadidAuon o€ H,O. Av TTpOKEITal yIA UTTEPEAIKWUEVO
DNA trpoaoTifetal ~1ng. AkoAouBei peTa@opd Tou SeiyuaTog o€ TTaywuEVN KUWEAIdQ
(BTX P/N 610, 1cm x 1cm pe Kevo Xwpo TTaxoug 1mm) Kai uTTooAr Tou o€
nAexTpIKr ekkévwaon (1600 Volts yia 4-6msec) otnv cuckeur| Electro Cell Manipulator
600. Apéowg Ta KUTTAPA peTagépovTtal o 1ml TTaywpévou LB, etwdalovral yia 1h
oToug 37°C, auMéyovtal e guyokévipnon oTig 3000rpm yia 15min og RT Kai

eMoTpwvovTal o€ TPUPRAIo pe aTeped LB tTou Trepiéxel To KATAAANAO avTIBIOTIKO.
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2.17. NMapaockeun TUPAwv AKpwv

H kataokeun TUQAWwY Akpwyv g€ NOPIa TTOU €XOUV 5’ TTpoegéxovta dkpa
TTpaydaToTroienke pe Tnv uttopovada Klenow tng DNA mToAupepdong. Qg
uTTOOoTPpWHA XpnoiyoTrolcital 1,5ug DNA, 1Tou 0 dykog Tou pubBpicetal ota 30l kai
akoAoUBwg tTTpooTiBevTtal 4pl puBuioTikou dilaAupatog 10xEcoPol (NEB, 10x:100mM
Tris-Cl pH 7,5, 50mM MgCl,, 75mM DTT), S5ul dNTPs (1mM) kai 1pl (5units)
evqUpou. AkohouBei eTTwaon 15min oe RT, ekXUMION PE QaIVOAN/XAWPOPOPUIO Kal

katakpruvion ye CH3;COONa kai atréAutn aiBavoAn.

2.18. Avridpaon ouvdesong (ligation)

MNa TN olvdeon ypappikwy popiwv DNA xpnoipotroigital n Aiyaon tou DNA
Tou BakTtnpio@dyou T4. H avtidpacon rpayuaToTtrolcital o€ TEAIKO Oyko 10-20ul kai o€
QUTAV CUMMETEXOUV TO €vBEPQ Kal O QopEag Pe poplakr avaloyia 10:1 avrioToixa, To
puBuIoTIKG didAupa (10x: 300mM Tris-Cl pH 7.8, 100mM MgCl,, 100mM DTT , 10mM
ATP) ka1 6 Weiss units evfUpou. H avTidpaon emtwaletal €ite 2h oe RT €ite oAovUKTIO
oToug 16°C. Mpiv To peTaoxnUaTiopd Baktnpeiwv, N Aiydon atevepyoTrolgital Je

B¢puavon atoug 70°C yia 10min.

2.19. Padioonuavon rou DNA

» Padloonuavon SikAwvwyv popiwv

Me 1 ué6odo Twv TUXAIWY EKKIVNTWV

AuTn n péBodog padiocAuavong xpnoiuoTroinénke yia pépia DNA >500bp.
2TNpPICETal OTN XPrON BUEPWYV EKKIVNTWYV, ETEPOYEVWV OO0V apopd TNV aAAnAouxia
TOUG, yia TNV évapén TnG ouvBeang Tou DNA xpnoIPOoTToIWvVTag wg UTTOCTPWHA
MovOokAwvo DNA. Adyw TNG TEPOYEVEIAG TOUG Ol EKKIVNTEC oxnuaTi(ouv uBpidia pe
OIaPOPETIKEG BECEIC TOU UTTOCTPWHATOG KOl CUVETTWG OTO TEAIKO TTPOidV
avTITTPOCWTTEUOVTAI £€icou OAa axedov Ta TuRuaTta. H TToAupepdan TTou
xpnolipoTroigital eival N uttopovada Klenow tng DNA mmoAupepdong | Tng E.coli, evw
Ta 800 aTTd Ta TECOEPQ VOUKAEOTIOIO TTOU XpNOIKoTToIouvTal Yia T oUvBean Tou
aviIXveuTr ival padloonpaopéva. e kabe avtidpaon xpnoigotroiouvtal 50-100ng
uttooTpwHaTog DNA TOU OoTT0ioU 0 OyKOG puBuideTal ota 7,5ul. To DNA
atrodlaTdooeTal Je Bpacuo yia Smin, TOTTOBETEITAI O€ TTAYO, PUYOKEVTPEITAI OTIYMIaia
Kal TTpooTiBevral o€ autd: 11,5ul diaAupartog 2xLS {25ul Hepes pH 6,6, 25ul DTM2
[0,1mM dGTP, 0,1mM dTTP o TM (250mM Tris.Cl pH 8, 25mM MgCI2, 50mM [3-
MepkatTpoalBavoAn)], 7ul O.L (90units/ml oe 1mM Tris.Cl pH 7,5, 1mM EDTA pH
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7,5)}, 1ul BSA (10mg/ml), 1ul Klenow (5u/pl), 2 pl [0-**P] dATP kai 2 pl [a-*?P] dCTP
TToU avTioToixoUv ag 20uCi To KaBéva, €10IKAG evepyoTnTag 3000Ci/mmole
(Amersham) og ouykévipwan 10mCi/ml. H avtidpaon mpayuatoTroleital atoug 37°C
yia 3h. AkoAouBei KaBapIoPAS TwV TTPOIOVTWY PE XPWHOTOYPOQia Joplaknig difénong
péow Sephadex G-50 kai TTpoadlopIoudg TNG IBIKNAG EVEPYOTNTAG TOU aviXveuTh). MNa
TNV a1TOQUYN TNG PAdIOAUCTG TOU, O PAdIOCNPACUEVOG AVIXVEUTAG XPNOIKOTTOIEITAl,

META TNV aTTodidTagn Tou, dueoa ) @uAdooeTtal oToug —80°C.

Me PCR

O 1pOTTOG AUTOG evOEiKVUTAI VIO POPIa WIKPOU peyEBoug (60-200bp) KaBwg
TTapAyovTal aviXVeUTEG 1IB1AITEPO UWNANG evepydTNTAG. AUTH N HEBODOG eQapudOTNKE
yia Tn padiooripavon 6AwyY Twv avixveutwyv (STSs) Ye TOUG OTTOIOUG £YIVE N
dlgpelivnon: a) NG yevwpuikAg BiBAIoBrRkng RPCI-11 kai B) Tng uttoBiBAIoBrikng Tou
xpwuoowpatog 10. EmimmAéov, pe Tnv péBodo autr] TTapAXBnNoav oI AVIXVEUTEG yia TNV

diepetvnon Tng cDNA BiBAI0BAKNG eyke@daAou Kkal yia Tnv avdAuon Northern.

1) Avixveutéc via Tnv vyevwuikn BiBAIo6nkn RPCI-11

Apxikd, TrpaypaToTroieital PCR pe uttéoTpwpa yevwuiké avBpwtivo DNA A
DNA kuTT@pwv cwuaTIKWV UBRp1diwy avBpwTrou — KpiknToU (hamster), TTou TrepIEXE!
MOvVO To peyalo Bpaxiova Tou Xpwuoowpuatog 10 (uBpidio #175, BA. Marzella R,
Kokkinaki K et al, 1997) kai 6Ao To yovidiwpa Tou TPwKTIKOU. H TeAeuTaia €1TIAoyr)
EYIVE OTIG TTEPITITWOEIG TTOU eP@avigéTav oTa TTpoidévTa PCR TTOAUTTAOKOTNTA
MeyaAUTepN TNG avapevopuevng. H ToooTnTa Tou utrooTpwpatog Atav 50-100ng kai
oTIG BUO TTEPITITWOEIG KAl 0 TEAIKOG Oykog 10ul. Ze kaBe avtidpaon cuppeTeixav
emmAéov 100ng atrd Tov KABe ekkivnTr], 1XpuBuIoTIKG didAupa Taq TToAupepdong
(10x: 100mM Tris.Cl pH 8.5, 500mM KCI, 1% Triton X-100, 15mM MgCl,), 100ug/ml
BSA, 1TmM dNTPs (piyua Twv Tecodpwv) kail 1u Taq TmoAupepdon (Minotech). O1
ouvOnKeg £xouv wg £€N7G: 94°C yia 4min / 94°C yia 45sec, 54°C éwg 62°C yia 45sec
(avaAOywe Twv ekKIvNTWY), 72°C yia 30sec emavaAnyn 35 kUkAwy / 72°C - 5min. Oi
aAAnAouyieg OAWY TwV EKKIVNTWYV TTOU XPNOIYOTTOIRONKAVY, 01 KWOIKOI, Ta HEYEDN TwV
avTioToixwv STSs, oI XAPTES KAl Ol CUVTETAYHEVEG TOUG TTapaTiBevTal aTov Mv. 4.

To Tpoidv TNG apXIKAS avTidPaOoNSG NAEKTPOPOPEITAI O€ TTAKTWHA ayapolng
2% Kkai yeT@ TNV atmmopdvwaor) Tou TotrobeTeiTal o 50-150ul H,O, oAovukTia oTOUG
4°C, 61Tou onuavTIKG TT000aTO ToU eKAoUETal TTABNTIKG aTNV UdATIKA PACT, HEPOC TNG
otroiag (1-5 pl) xpnoigotroicital yia emavaAnTrTiky PCR. ApxIKd yiveTal eTTavaAnTITIKA
dokiyaoTikr) PCR oTIg idl1EG GUVBNKES JE QUTEC TNG ApPXIKAG avTidpaong. To

TTAPAYOUEVO TTPOIOV EAEYXETAI UE NAEKTPOPOPNON WE KPITHAPIO VA EPPAVICETAI WG
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Movadikn {wvn oTo avapevouevo uéyebog. AkoAouBei PCR padiooruavong,
xpnoipotolvTag 0,5ul epéoko [a->2P] dCTP (5uCi), ISIKAS evepydTNTAC
3000Ci/mmole (Amersham) o€ ouykévipwon 10mCi/ml. Ta Tpia utréAoITTa
VOUKAEOTIOIO XpNOIUOTTOIOUVTAI Jn onuacuéva o€ TEAIKA ouykévipwon 0,125mM, to
Kabéva. MNa Tov uttoAoyiopd TNG IBIKNAG evepydTNTAG TOUG AapBdavovtav utr dyiv: 1) n
TocdTNTA Tou [a->P] dCTP Trou TrpoaTiBeTal o€ pia PCR (Trepitou 0,5ng), 2) T0
TTO000TO EVOWNATWONG Tou (TTEPiTTOU 80% OTTWG TTPOKUTITEI JETA ATTO JOPIAKN
0Indnon oe oTAAN Sephadex G-50) kail 3) Ta cpm TTOU PeTpoUvTal PHETA aTTO
katakpAuvion pe TCA oe deiypa 1% Tou padloonuacuévou TTPoidvTog (N ouvhReng
TIPA givan 7-8 x10* cpm). Bdoel Twv Tapammavw n €I0IKA evepyoTnTa EKTIUATAI OTI
uttepBaivel Ta 10° cpm/ug. ZTIC TTEPITITWOEIS TIOU N SOKIJAOTIKA eTTavaAnTTik PCR
EMPAVICE TTOAUTTAOKOTNTA PEYOAUTEPN TNG AVAPEVOUEVNG, EKTOG aTTO TNV
BeATioTOTTOINON TWV CUVBNKWYV, TTPAYHOTOTTOIOUVTAV KAl €AEYXOG TOU TTPOIOVTOG ME
nNAekTpo@dpnon (5% NG ToodTNTAG) OE TIMKTWHA ayapodng Kal akdAoubn

auTopadioypagia.

2) AvixveuTtéc via Tnv uttoBIBAI0BAKN Tou XpwuoowuaTtoc 10

MNa Ta STSs 10U €ixav XpnoipotroinBei kal aTnv dlepelivnon oAOKANPNG NG
BiBAI0BAKNG, Ta uTtoaTpwuata otnv PCR padiochuavong ATav Ta idia pe
Tponyouuévwe. MNa ta kaivoupia STSs 1Tou dnuioupynénkav atmd Ta dkpa Twv BACs
Ta UTTOOTPWHOTA TTapAxenaoav pue PCR o€: a) yevwuikdé DNA avBpwTtrou, B) yevwuiko
DNA kpikntoU kai y) DNA KuTTapikwv uBpIdiwv TTou TrepIEiXE TO Xpwuoowua 10.
KdB¢e avtidpaon mrpaypatoTrololvTav og dU0 SIOPOPETIKEG BEPUOKPATIES
uBpidotroinong (55 kai 60°C). O TeAikdg dyKog TNG avTidpaong ATav 20l kai
mepIAGuBave 100ng atmd Tov KABe exkivnTr, 1x puBuioTikS didAupa Taq
TToAupepdong [10x: 450mM Tris.Cl pH 8,8, 110mM (NH4),S04, 15mM MgCl,,
420ug/ml Cresol Red (atoé didAuua 845ug/ml o€ TO,1E)], 0,25mM dNTPs (uiyua Twv
Te00dpwv), 13mM B-pepkartroaiBavoAn, 12% coukpddn (atd didAupa 34,6%) kai 1u
Taq mmoAupepdong. H ocuppeToxn Tng ooukpddng kal Tng Cresol Red avtikaBioTouoe
TNV TTPo0BnkKkn Tou diaAUpaTog Orange G TTpIv TRV NAeKTpo@Opnon. AkoAoubouoe
NAEKTPOQOPNON (0€ TTKTWHA ayapolng 2,5% o€ didAupa 1XTBE) kai o€ 60€g
avTIOPACEIS TIPOEKUTITE TTPOIOV TOU AVOUEVOUEVOU HEYEBOUG PE TA UTTOOTPWHATA «a»
Kal «y», Ox1 OUWG JE TO «B», ATTOPOVWVOVTAV TO AVTIOTOIXO TEUAXIO TOU TTAKTWHOTOG
TO oTroio ToTroBeTOUVTAVY Ot 50Ul TO,1E é1Tou Kal ekAoUovTav oAovUkTia aToug 4°C.

MNa 6Aa ta STSs n avtidpaon padlocruavong yivoTav ae TEAIKO oyko 10ul kai
mepIAGupBave 100ng atd Tov kABe exkivnTr, 0,6mM dNTPs (xwpigc dCTP),
1xpuBpIoTIKO didAupa Taqg TToAupepdaong (10x: 0,5M KCI, 100mM Tris pH 8,3, 15mM
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MgCl,), 1u Taq oAupepdong, 0,3l [a->*P] dCTP (3uCi), €IBIKAS evEPYOTNTAS
3000Ci/mmole (Amersham) o€ cuykévipwon 10mCi/ml. H TrogétnTa Tou
padievepyou 100TOTTOU avd avTidpacon padlociuavong peiwdnke ata 3uCi avti Twv
5uCi [a*P] dCTP Trou €ixe xpnoigotoindsi otnv Siepelivnan oAGKANPNS TNG
BIBAI0BAKNG, KABwG n uBpidoTtToinon yivéTav os PIKPOTEPO OyKo. H diagopd Twv duo
I0OTOTIWV €ival 0 Xpdvog NUIZWAS (14,3 pépeg Tou *2P évavtl 25,4 pépeg Tou ¥P), n
eUBEAEIG TOUg aTov aépa (790cm Tou *2P évavti 49cm Tou **P) kal n eKTTOTTA Toug
(1,709 MeV Ttou *?P évavti 0,249 MeV Tou **P).

» Padioonuavon oAryovoukAgoriSiwv
Ta oAiyovoukAeoTidia TTou dev gival puoopuliwpéva oTo 5 dkpo Toug (giTe

eTTEION £XOUV ATTOPWOPOPUANIWOEI €iTe £TTEIONA £XOUV CUVTEBEI XNUIKA) JTTOPOUV va
padloonuavBolv av TTpocAdBouv pia padloonuacpévn euwoopikn oudda. MNa 1o
OKOTTO AUTO XPNOIMOTTOIEITAI TO £€VCUNO T4 TTOAUVOUKAEOTIDIKN KIVACN, TTOU PETAPEPEI
™ y-22P Tou [y-**P] ATP 010 USpoEUAIO TTOU UTTAPXEl OTO 5° GKPO TOU
TTOAUVOUKAEOTIOIOU. 2TV avTidpaon XpnoigotrolouvTal 10-20pmoles Tou
oAlyovoukAeoTidiou Kal 0 6ykog puBuileTal ota 15ul. ETriong mpooTiBevrar 2ul 10x
puBpIoTIKOU B1aAUpaTog T4 TToAuvouKkAeoTIOIKAG Kivaang (10x:700 mM Tris-Cl pH 7.6,
100 mM MgCly, 50 mM DTT), 1ul (5units) evqUuou kai 2ul [y-*2P] ATP
(3000Ci/mmole, 10uCi/ul). H avtidpacon emwdaletal atoug 37°C yia 45min.

2.20. EKTiunon tng €1I0IKAS EVEPYOTNTAS AVIXVEUTH UE KAaTakpruvion e TCA

H €18IKA evepydTNTA TOU QVIXVEUTH (CpmM/Ug) TTRETTEI va UTTEPPaivVEl TA 3x10®
Kal gival gia onUavTiKA TTOPAPETPOS TTOU EAEYXETAI KOBWG aTTO AUTH £5aPTATAI N
euaio0naoia Tng uppiIdoTToinong. H PéTpnon yivetal JETA TV ATTOPAKPUVON TWV [N
EVOWUATWHEVWY PadIOCNUACHUEVWY TTPOSPONWY VOUKAEOTIDIWY, HE XpWHATOYPAPIa
Mopiakr dIRBNong. MNa Tov UTTOAOYIoHO TwV Kpouaewv 1l deiypartog, TotrobeTeiTal
o€ @iAtpo Whatman padi pe 10ug DNA - @opéa. ‘ETol, yopia DNA, peyaAuTtepa Twv
50 voukAeoTIdiwv, KaTtakpnuvifovtal oTnV €M@AVEIQ TOU QIATPOU, TO OTTOI0 OTN
ouvéxela getrAéveral dladoxikd pe 10% kpuo TCA yia 10 min, woTe va
OTTOPOKPUVBOUV Ta AEUBepa PadIOCUACHUEVA VOUKAEOTIOIO KOl PE TTAYWHEVN
akeTovn yia 10min. MeTd 10 OTEYVWHA TOU YiVETAI HETPNOT TWV KPOUCEWV UE
omvenpoueTpnTr. MNa TN PETPNON TwWV GUVOAIKWY KPOUCEWV Tou OEiyuaTog
xpnoipoTroieital éva @iATpo Whatman pe 1ul padioonuacuévou Popiou, TToU Oev €XEI

utrooTei katakpruvion TCA. H évdeign Tou petpntr TrToAAatrAacidleTar pe 2,5,
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OUVTEAEOTAG TTOU XPNOIUOTTOIEITAI ETTEIBNA N METPNON YiVETAI ATTOUCIA UYPOU

oTvBnpouéTPNONG (TOAOUEVIO).

2.21. YBpi1domroinon VOUKAEiKwyY oéwv
» YBpidomoinon yevwuikwy BiAiodnkwyv e STSs

lpodBpidorroinon

H mmpoUBpidoTroinon Twv PHePBpavwy, YiveTal yia TV attoQuyr TNG un €18IKAG
oUvdEONG TOU QVIXVEUTH], TOOO oTa idIa Ta QIATPA, 6GO KAl OTA PJOPIA TTOU TTEPIEXOUV
Kal gival TrapaTeTapévn eEaitiag TnG UTTapéng peydAou aplBuou eTTavaiaupavopevwy
aAAnAouxiwv OTo avBPWTTIVO yoVvISiwpa. AUTO ETTITUYXAVETAI APEVOGS UE TA CUOTATIKA
Tou SloAUpaTog, a@’stépou e Tnv TTpooBrikn DNA-@opéa. H ouoTtaon Twyv
OIaAUPATWY TTOU XpNOoIdoTToINOnKav, evOAAAKTIKE, gival: 1) MNa TNV YEVWHIKA
BiBAI0BNKN, TO didAupa A (7% SDS, 100mM NaH,PO,, 50mM Na,sP,07, 10mM
EDTA, 1% BSA) kai 2) yia Tnv uttoBIBAI0OBAKN TOU XpWHOOWHOTOG, TO didAupa B [6x
SSC, 2 mg/ml Ficoll 400-DL, 2 mg/ml polyvinyl pyrrolidone 40, 2 mg/ml BSA (fraction
V), 1% N-lauroyl-sarcosine, 50 mM Tris-HCI (pH 7.4), 10% w/v dextran sulphate]. H
TTPoURpPISOTTOINCN TTPAYUATOTIOINBNKE €iTE 0 YUAAIVOUG KUAivVOpoug cite o€ falcons
15ml 61ToU TTPOaTIBeVTAl ~15ml TTPpoBepuacuévou aToug 65°C SIaAUPATOS TTOU
mepiExel 100ug/ml atrodiaretaypévo DNA-@popéa ammd avBpwTTivo TTAaKoUvVTa Kal GTNV
TEPITITWAN TTOAUMOPPIKWY OeIkTwy 100ng/ml poly (dA-dC)-(dG-dT). H didpkeid tng
KupaivovTav Petagl 3h £éwg oAovukTia oToug 65°C.

YBpidotroinon

MNa tTnv digpetvnon g BIBAI0Brkng RPCI-11 xpnoipotroilénkav opades Twv
3-22 STSs avd uBpidotroinon (pools), evwy 0Tn XpwHoowuoeIdIKn BIBAIOBRAKN k&Be
avixVeuThAg e€eTadovTav pegovwpéva. H ouykévrpwaon kéBe avixveuTr) ATav ~3x10°
cpm/ ml SlaAUpaTOS UBPIBOTIOINCNG KAl N EIBIKA vEPYATNTA Tou UTTEPERaIvE Ta 10°
cpm/ug. To didAupa uBpidoTroinong ivai idlo Ye autd Tng TTPoURpIdoTToiNONG, HE TNV
EMMITTAEOV TTPOCBIKN TOU ATTOBIATETAYHEVOU QVIXVEUTH]. ZTNV TTEPITITWON TTOU OTOUG
QVIXVEUTEG CUMPTTEPIAQUBAVOVTAY TTOAULIOPQIKOI BEIKTES, aUTOI ATTOBIATACCOVTAV
Trapouasia 1ul poly (dA-dC)-(dG-dT) (1mg/ml, Pharmacia) oe 4xSSC kai Yetd amo
eTTwaaon atoug 65°C yia 3h, pooTiBovTav atnv uBpidoTtroinan. H didpkela TN
uBpidoTToinong KupaivovTav Yeragu 16 kai 20h.

lMAUGIuo YiATpou

To TTAUCIYO TV YEPPBPAVWV TTPAYHATOTTOIOUVTAV OTIG TTAPAKATW CUVOAKEG:
1) MNa 1o didhupa uBpidotroinong A: 5% SDS, 0.3M NaCl, 20mM NaH,PO,4, 10mM
NasP,07, 2mM EDTA, aAAayn Tou diaAUuartog ava 20min kai TrapakoAoluBnon Twy
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KpoUuoewv oTnv £m@aveia Twv JepBpavwy. Ta TTAucipata £yivav o€ Bepuokpaaia
dwyariou, pe dlaAUuaTa TTou gixav TTpoBepuavOei aToug 65°C.
2) Na 1o didAupa uBpidoTroinong B: apxikd pe 2x SSC og RT yia 10min, akoAouBwg
ue TpoBepuacpuévo 0,5x SSC, 1% sarcosyl oToug 65 °C yia 30min (2 popég) Kal
TéAOG pe 0,2x SSC oe RT. OAa Ta TAUCipaTa TTPAYPATOTTOIRONKAV PHE OUVEXH
avadeuon.

Auropadioypaia

H €kBeon Twv QiATpwYV e€apTdTal aTTd TNV AVAPEVOUEVN £VTACT TOU OHATOG.
EvOeikTIKd, n didpkeia yia Tnv yevwlikA BIBAI0BRKN Atav 1-2 pépeg TTapouaia €I0IKNAG
0006vn¢ evioxuong oriuaTog o€ Bepuokpaaia -80 °C evw yia TNV XPWHOOWHUOEIBIKA
BIBAIOBAKN 2-6 PEPES (KABWIC O AVIXVEUTAS ATAV padlocnUaopévog e o->°P) oe RT ue
PIAU TTOU €iXE QWTIOTEI OTIYMIQiQL.

‘ExmAuon @iAtpou

Eg@appodetal yia TNV atTopakpuvon TwV JOPIWV TOU QVIXVEUTH aTTd TNV
EM@AvEIQ TWV PEPBpavwv, waoTe va eTavauPpidoTroinBoulyv. MNpayuatotroiRdnke pe
emwaon Twv pepBpavwy ite ae 0.4N NaOH yia 20min kal otn ouvéxeia o€ 5x SSC
yia 10min o€ RT (yevwuikn BiBAI0BNKN) €ite ae 0.4N NaOH yia 30min kai oTn
ouvéxela ag 0,2M Tris.Cl pH 7,4, 0,1xSSC, 0,1% SDS yia 20min atoug 42°C
(BIBAIOBAKN TOU XPWHOCWHATOG), UTTO CUVEXN AVADEUON. ZTN CUVEXEIQ Ol JEMPPAVES

dlatnpouvtal atoug 4°C, Trapouaia eAAXIOTNG UYPACTiag.

> YBpidormroinon amoiKiwv aKivhToTToINUEVWY OE NEUBpAvn
H pébodog autr (Grunstein M & Hogness DS, 1975) e@apuooTnKe yia TNV
TaUTOTTOINCN HOVadIaiwY PAKTNPIOKWY OTTOIKIWY TTOU QPEPOUV AVACUVOUAOHUEVA
TAaopidla. MNepIAauBdvel T HETAPOPE TWV ATTOIKIWY O€ QIATPO VITPOKUTTAPIVNG, TV
A0on Toug, TNV oUvdeon Tou DNA Toug oTn pepBpdvn Kal Tnv akdéAoubn
uBpiIdoTToinoN TWV PEURPAVWY HE KATAAANAOUG, padIOCNUACHEVOUG, AVIXVEUTEG.

MeTa@opd Twv BAKTNPIAKWY ATTOIKIWY O€ QIATPO VITpOKUTTAPIVNG: H pepBpdvn

ToTTOBETEITAI OTO TPUPBAIO HE TIG BAKTNPIOKES ATTOIKIEG HEXPI VO uypavBlei TeAEiwg. lMNa
AOyoug oToixiong 1600 n HEUPPAVN 600 KAl TO UTTOKEIIEVO BPETTTIKO HECO
onpadevovTal acUUUETPa WE BeAdva.

Auon Twv BakTnpiwv kai guvdeon Tou DNA 1oug o1n pepuBpdvn: Or yeufpdveg

OnNKWvovTal atro To BPeTTIKO UAIKO KAl TOTTOBETOUVTAI [E TIG ATTOIKIEG TTPOG TA TTAVW
o€ xapTti Whatman 3MM eutroTiouévo péXpl Kopeouou ue didAupa atrodidragng (1,5M
NaCl, 0,5M NaOH, pH 12-12,5) yia 5min, akoAoUBw¢ o€ dIGAupPa oudeTEPOTTOINONG
(1M Tris, 1,5M NaCl, puBuion tou pH oto 7 pe HCI) yia 7min kai TeAIKG o€ diGAupa

2xSSC yia 15min. TéAog, ol yepPpaveg ToTToBeTOUVTAI O€ OTEYVO XAPTI OTTOU Kal
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TTAPAUEVOUV HEXPI VO OTEYVWOOoUV TeAgiwg (>30 min) kal ugioTavtal akTivoBoAncn e
U.V. waoTe va TTpayuatoTroinei n opolomoAik ouvoeon petagl DNA- peuppdavne. H
UBpIGOTTOINGN TTPAYHATOTTOINBNKE OTTWG KAl GTNV TTEPITITWAN TNG YEVWMIKAG
BiIBAI0BAKNG.

2.22. Xpwon mnKTwUdrwv

H xpwon Kal n govigotroinan Twv TTOAUTTETITIOIWY TTPAYUATOTTOINONKE YE
O1dAupa Coomasie brilliant blue [45% v/v peBavoAn, 10% viv ogiké oEu, 0,25%
XpwoTIKAS Coomasie Brilliant blue R250 (d1aAutr o€ peBavoAn)], TTou avixveuel 30-
100ng TpwrTeivng. MeTd TNV nAekTpoPOPNCN TO TIMKTWHA TOTTOBETEITAI OTO dIGAUUG
NG XPWOTIKAG Kal €iTe avadevetal ATa amo 2h £éwg oAovukTia o€ RT eite BepuaiveTal
0€ POUPVO HIKPOKUNATWYV Yia Aiya sec (3 Qopég, uEXpl Aiyo Tipiv 1o Bpacud). 21n
OUVEXEID TO TINKTWUGO EETTAEVETAI E VEPO KAl HETAPEPETAI OE BIAAUMQ
atroxpwpaTiopou (30% v/iv ueBavoAn, 10% v/v o&Ik6 o&u kai 3% v/v YAUKEPOAN oTnv
TTEPITITWAN TTOU AKOAOUBEI atrognpavaon) 61Tou Kail eTTwadetal ammé 2h £€wg oAovUKTIA,

WOTE VA OTTOPAKPUVOEL N XPWATIKN TTOU eV £XEI DETUEUTEI OTA TTOAUTTETTTIOIA.

2.23. Yypn nAsktpousrapopd

MeTd TNV NAekTpOo@OPNON TWV BEIYUATWY, TO TTOAUTTETITIOI TOU TTNKTWHOTOG
peTagépovtal og PepuBpdvn vitpokuttapivng (PROTRAN, péyeBog mépwv 0,2 pm) pe
epapuoyr NAekTpikou Trediou oTaBepn¢ éviaong 110mA, oe didAupa
NAEKTPOPETAPOPAG (id10 pe To BiIGAUpA NAekTpopopnong TG SDS-PAGE e 20%
ueBavoAn), ohovukTia atoug 4°C. H didtagn mepIAauBavel Tnv ToTToBETNON OTNV
€I0IKNA KAoETa TwV €¢AG: ZTToYYOog, xapTi Whatman 3MM (x2)-TrKTwua-ueuBpdvn-
xapti Whatman 3MM (x2)-o1réyyog Kai TV Epapuoyr| TTEdiou WOTE Ol TTIPWTEIVES va

METAQEPOVTAI TTPOG TNV AVOSO.

2.24. AvdAuon Western

MeTd TNV NAeKTpOPETAPOPA, N HEMPBPAVN ETTWALETAI OE TTAPEUTTOBIOTIKO
O1dAupa TBSTM (20mM Tris-Cl pH 7,6, 137mM NacCl, 0,1% Tween-20, 5% drmaxo
yéAa okoévn) 1 PBSTM (1xPBS, 0,1% Tween-20, 5% dmaxo ydAa okévn) yia
TouAdyxioTov 1h, waoTe va KaAu@BoUv o1 eAeUBepeg BEoelg TNG. AKOAOUBEI eTTwacn pE
TO TTPWTEUOV avTiowua, o€ KATtdAANAn apaiwon o€ TTapeUTTodIOTIKO dIGAUMA. 2TNn
OUVEXEIQ OTTOUAKPUVETAI N TTEPICTEIN TOU AVTICWHATOC WE Tpia OladoxIKA TTAUCipaTa
Me S1aAupa TBST A PBST (TBSTM / PBSTM xwpic yaAa) didpkeiag 10min 1o kabéva
Kal TTpooTiBeTal TO KATAAANAO deuTepeUoV avTiowpa TTou gival ouleuypévo pe HRP.

MeTd TNV atTopdKpPUVON TOU AVTICWHATOG JE TTAUCTUATA OTTWG KAl TTPONYOUUEVWG
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TpoaTiBevTal Ta utTtoaTpwpaTa TNG HRP 1Tou TTapouadia Tou ev{ipou TTapAayouv guwg
TO OTTOIO KOl ATTOTUTTWVETAI € QIAY. XPNGCIUOTTOINBNKE TO CUCTNHO XNUEIOPWTAUYEIOG
NS PIERCE cUpgwva pe 1ig 0dnyieg Tng eTaipiag. OAn n diadikagia
TpaygatoTroleital og RT utrd avadeuon, EKTOG ATTO TNV TTEPITITWOTN TTOU UTTAPXEI
oAovUKTIO eTTWaacn Trou yivetal atoug 4°C. Ta avTICWUATA, Ol APAIWOEIG, N

TTPOEAEUCT TOUG KAl OI CUVBNKEG TTOU £QApUOCTnNKav TrEpIypd@ovtal atov Miv.6.

2.25. Avridpaon avriotpopng ueraypapns

H péBodog autr], o ouvduaoud pe Tnv PCR, XpnoIPoTToINOnKe yia Tov €AeyX0
NG €KPPaoNG yovidiwv o€ eykéParo. MNpiv Tnv avtidpacn avTioTpoPng PHETAYPAPAG,
10 RNA TT0U €£iY€ ammopovwBei amrd 101é eTwdoTnke DNase | (Boehringer Mannheim).
XpnoipoTtroienkav 20 units evfupou/ug RNA, TTapoucia RNasin (40 units) oTto
KatdAAnAo puBuioTiké didAupa (200mM Tris-Cl pH 8.0, 50mM NaCl kar 30mM MgCl.)
oToug 37°C yia 1h. AkoAoUBnaoe ekxUAion Tou RNA pe gaivoAn/xAwpo@dpuio,
KatakpAuvion pe 3.5 dykoug piypartog aibavoAng kail ogikou appwyviou 7.5M
(avahoyia piypaTog 6:1) kai etravadiaAuTtotroinon o€ HO. MNa Tnv avtidpaon
xpnoigotroiménkav wg utréaTpwpa 200ng oAikou RNA atréd eyké@aho euppuou
avOpwTtrou. ApXIKd, To deiyda, YeTA TNV pUBUIoN Tou 6ykou Tou ota 11,5ul,
Bepudvonke yia Smin aToug 65°C kal akoAoUBwC TTpooTiBeTal o autd: 3ul (100ng/l)
eKKIvNTAG oAlyo-dT, 2ul puBuioTiKoU diaAUuatog, 2ul dNTPs (2,5mM 10 KaBéva), 0,5l
avtioTpo®ng peTaypagdaong (Sensiscript RT, Qiagen) kai 1l (10units) RNAsin. H
avTidpaon eMwACTNKE yia 2h aTtoug 37°C kal KaBaApPIOTNKE aTTd T YN EVOWUOTWUEVA
VOUKAEOTIOIO Kal Ta AAaTa e poplakn dinénon uéow Sephadex G-50. 2tnv PCR TT0U

akoAouBnoe xpnoiyoTroindnke wg uTTéoTpWHA T0 5% TnG avtidpaong.

2.26. YBpidomoinon in situ oc touéc ioTwv pe aviyveuri RNA (RISH)

Me tnv p€Bodo auth gival dBuvaTtdg o TTPOCBIOPICHOS TNG HETAYPAPIKAG
evepyoTNTaG £VOG yovidiou og emTiTredo 10ToU. H péBodog TTpWTOTTEPIYPAPNKE HE
oKOTTO ToV evTOTTIONO UBPIBIKWY popiwv DNA:RNA ag KUTTapoAoyIKa
TTapaokeudaopara (Gall & Pardue, 1969). 'EkToTE, TTOPOUCIACTNKAV SIAPOPES
TPOTTOTTOINGCEIG KAl BEATILOEIG TNG. ZNPAVTIKA KAIVOTOMIO ATAV N XPHOoN MOVOKAWVWY
Mopiwv RNA wg avixveutwy, Twv pifoavixveutwy (Cox et al, 1984), ou
ep@avicovTal TTIo €I0IKOI Kal e MEYOAUTEPN euaioBbnoia o€ oxéon We avixveuTég cDNA,
Il OAlYOVOUKAEOTIDIQ.

H péBodog repiAaufavel Tnv TTpoETOIACia TOU I0TOU, TNV OTABEPOTTOINCT TOU
O€ EKJayEio, TOV TEJAXICUO Tou, TNV oUvBEDN TOU aviXVeEUTH, TNV uBpId0TToINCN Kal

TNV avixveuon Tou onuartog. H uBpidotroinon éyive o€ TOPES EYKEPAAOU evnAikou
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TTOVTIKOU Kal eJBpUwYV TTovTIKOU avaTtrTugiakou atadiou E12.5-E14.5. Or 10T0i
MovipoTtroinenkav pe PFA kai Tepayxiotnkav o€ kpuotéuo. O pIBoaviXVveUTEG TTOU
xpnaoigotroiménkav ATav cuptAnpwuatikoi Tou mRNA (antisense probe) kai
TTapAXenoav Ye HETAyPa®n in vitro XpNoIUOTTOIVTAG WG UTTOOTPWHA TTAAOUISIOKN
KATOOKEUN O0€ QOPEQ TTOU €XEl, EKATEPWOEV TwV BECEWV KAWVOTTOINONG, aAAnAouyieg
mpocdeons Tng RNA TToAupepdong (utrokivnthy T7, T3). MMpiv TRV YETAYPO®N N
TTAQOUIBIOKY) KATAOKEUH YPOAUMOTTIOIEITAI EVW KATA TNV avTidpaon XenNOIYOTIOIETal
UTP onpaopévo pe DIG. O onuacpévog avixveuTig UBPIBOTTOIEITAI OTIG TOPEG TWV
I0TWYV OTTOU Kal avayvwpidel To oToxo-mRNA Kal akoAoUBwg evroTrideTal e TO
avTiowpa anti-DIG 10 oTroio gival cufeuypévo Pe TO EVCUPO AAKAAIKT) Quo@aTdon.
‘ETo1, 6Tav yivel ETTWOoN JE TO UTTOOTPWHATA TOU VCUPOU gP@avideTal Xpwaon OTIG

TTEPIOXEG OTTOoU gvToTTiCeTal TO MRNA.

» [lposroiuacia kai govigormoinon 1I0Twv

Me Tnv povigoTtToinon diaTnpEiTal N JOPPOAOYIa TWV ICTWV KAl CUYKPATEITAI TO
MRNA péoa ota KUTTapa. Q¢ povigoTroIinTIKG oo emAEXOnke N PFA kaBwg 1o
TT0000TO TOU 0TOXoU-MRNA TTOU TTayISEUETAI OTA KUTTAPA Eival ONUAVTIKA
MEYOAUTEPO O€ OXEON UE AAAEG HEBOOOUG evw TTAPAAANAa diaTnpeital KaAUTEPA N
KUTTapIKN pop@oloyia (Lawrence JB & Singer RH, 1985). Oco mepiocdTEPO dIapKEi
N JovIJoTToinoN, TO6oO0 KAAUTEPA dIATnNPEITAl N OPPOAOYia TOU I0TOU, TTAPAAANAQ
OHWG Pelwveral N TpooBaciudtnta Tou atéxou- MRNA. Mevikd yia 10ToUg £wg 2cm N
povigoTroinan diapkei OAOVUKTIO Kal TTpaypaTtoTrolital aToug 4°C pe Amia avadeuon.
O 6ykog Tou povipoTtroINTIKoU péoou EeTTEPVA KATA TTOAU (TOUAG)IoTOV X30) ToV OYKO
Tou 10TOU. Apéowg PETE TNV AQYn TwV 1I0TWYV, Ta deiypaTa {eTAévovTal ue 1XPBS
(40mM Na,HPO,4, 5mM NaH,PO,4, 150mM NacCl, pH 7.4) kai eTrwdadovTal o€ dIGAUPa
4% PFA pe oAU Amma avadeuon oTtoug 4°C yia 12-36h. AkoAouBei EETTAUNG Toug e
1xPBS (3x10min) ka1 yia Adyoug KpuoTrpooTaaiag akoAouBei eTrwacon oToug 4°C og
O1dAupa ooukpdlng 30% HEXPI Ta TTAPACKEUAOUATA Va KaBi{avouv aTov TTATO ToU
O1aAUaTOoG (24-36h). AuTO TO BAMA TTPAYUATOTTOIEITAI ETTEIO AKOAOUBEI TOUN TwV

IOTWV O€ KPUOTOO.

» 2TgpEgoroinon Kai TEUAXICUOS TOU ICTOU
MeTa TNV aTTOPGKPUVON TNG TTEPICOEIAG OOUKPOLNG, TA TTAPACTKEUAC AT
ToTTOBETOUVTAI OE TTAACTIKO EKPAYEIO, TTOU TTEPIEXEI TTAYyWHEVO PEoO Polyfreeze-
Tissue Freezing tmou cival KATAAANAO yia TOUEG O€ KPUOOTATN KAl KAAUTITOVTAI
TARPWC PE To UAIKG auTd. H TotroBETnar Toug e€apTdTal atrd Tov dEova KaTd Tov

OTTOIO TTPOKEITAI VA TENAXIOTE TO Ociyua (OTEPAVIAieS, EYKAPOIES, OBEAIIEC TOUEG).
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27N MOP®N QUTHA Ta TTAPACKEUACUATA TTAYWVOUV oToug -80°C &TTou kal HTTopoUlV va
d1atnpnBolv wg Tov TEJAXIOKO Toug. O1 TOPES TTPAYUATOTTOINBNKAYV 0€ KPUOTOUO
(-20°C), eixav Taxog 16um Kail JETA TNV TOTTOBETNOT) TOUG OE AVTIKEIMEVOPOPES
TAGKeg Superfrost/Plus diatnpridnkav atoug -80°C. To TTAEOVEKTNUA TWV

QVTIKEILEVOPOPWY AUTOU Tou TUTTOU gival OTI dEV ATTAITEITAI KATTOIN ETTECEPYATIa TTPIV

TN XPrON TOUG.

» [TMapaokeun aviyveurn
O1 avIXVeUTEG TTOU XPNOIPOTTOINBNKAv €ival CUPTTANPWHATIKOI he TO MRNA

TOU yovIdiou evwy o€ OAA TA TTEIPAUATA XPNOIUOTTOINBNKE WG apvnTIKOG EAEYX0G Kal
avixveuTng idiog ue To MRNA. Ta Tnv TTapackeun Toug KAwvoTroiénkav TuApaTa
Twv cDNAs Twv yovidiwv Lgi1, Lgi2, Lgi3, Lgi4, Fra10ac1, Dgcr14 kai Sap145 Tou
mrovTikoU (Eik. 10, 11) otov @opéa pBluescript || KS +. To Turpa Tou cDNA emmAéyeTal
ouviRBwg atré 1o 3° UTR Tou yovidiou yiaTi n TepIoxr) auTh €ivai n o €18IKA.
EmtAéov, atto@elyovTal aAAnAouxieg JIKPRG TTOAUTTAOKATNTAG, dNAADH CUVEXOUEVEG
eTTavaAAYEIC TOU idlou VOuKAeoTIBiou. To péyeBog Tou TuRpaTog Tou cDNA rtav
MeTagU 300bp kar 1000bp, €0pog TTOU APEVOC ETTITPETTEI ATTOTEAECUATIKA
uBpIGOTTOINCN Kal APETEPOU IKAVOTTOINTIKA TTPOGRacn oTo oTdoxo-mRNA. TéAog,
atropeUyovTal aAAnAouyieg atré Tov polylinker Tou @opéa, KaBws cuyva TTEPIEXOUV
TuRuaTa TTAoucia o GC 1Tou Teivouv va uBpidotrolouvTal pn €10IKéG ue 1o rRNA.

O1 avIXVEUTEG TTAPACKEUAOTNKAV E QvTIOpAON HETAYPAPAG in Vitro
XPNOIYOTTOIWVTAG WG UTTOOoTpWwHA 1ug TTAacuidiakoUu DNA TTou gixe TTponyoupévwg
ypaupotroinBsi TAApwG pe 70 KatdAAnAo éviupo treplopiopou (Eik.10, 11). To
ypauuotroinuévo DNA ekxUAiZeTal ge @aIvOAN/XAwpo@opuIo, KaTaKpNnUVvigeTal pe
CH3;COONa kai atréAutn aiBavoin kai etravadiaAvetal o€ TE. Mpiv Tnv TTpooBrikn
TWV CUCTATIKWY TNG avtidpaong, 0 OYKOG TOU UTTOOTPWHATOG pubpiletal ota 12l Kai
10 deiypa Beppaiveral yia 10min otoug 65°C. AkoAoUBw¢ TTpoaTiBevTal: 2units
RNAsin (2units/ul) TTou dpa cav avacToAéag Twv RNAcwv, 4ul puBuioTiKoU
d1aAlpaTog yetaypa@ng 5x (5x: 400mM Tris-Cl pH 8, 60mM MgCl,, 100mM DTT,
20mM oTtrepuidivn), 2ul piypatog ofuavong (DIG-RNA labeling mix, 10x:10mM ATP,
10mM CTP, 10mM GTP, 6,5mM UTP, 3,5mM DIG-11-UTP, pH 7,5), kai 20units T3
T7 RNA mmoAupepdong (20units /ul). AvaAdywg pe TNV @opd TTou €x€l KAwvoTToINBEi
10 cDNA oTov pBluescript | KS +, xpnoigotroigital n katdAAnAn moAupepaon (T3 1
T7) woTe va TTapaxBei 0 CUPTTANPWHATIKOG KAl O UN CUPTTANPWHATIKOG avIXveuThg. H
avTidpaon emwdadetal yia 2h oToug 37°C Kal HETA ATrd OTIYHIAIO QUYOKEVTPNON
poaTiBevtal 20units DNAse | n otroia dpa yia 15min atoug 37°C woTe va

KataoTpéwel To UTTOOTPpWHA. H avTidpaon otauatdel ge Tnv Tpooonikn 1ul EDTA
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0,5M pH 8 kai To mRNA katakpnuvietal ye TpooBnikn 2,5ul LiCl 4M kai atréAutng
a1BavoAng (2,5 éykoucg). H meAéta Tou mRNA etravadiaAvetal o€ 50ul H,O kai

atroBnkeveTal aToug -80°C

» YBpidorroinon
O1 Topég peTagépovTal atd Toug -80°C oe RT d1ToU Kal oTeyvwvouy (2-3h).

MNa TV uBpIdoTToinaN, TTPOCTIBETAI 0€ KABE AVTIKEINEVOPOPO O aVIXVEUTHG, o€ ~150pl
TpoBepuaauévou atoug 65°C diaAupaTtog uBpidotroinong [50% v/v @opuaidn,
5xSSC (20x: 3M NaCl, 0,3M kitpikd vaTpio, puBuion Tou pH 010 5,5 e KITPIKG 0&L),
5xDenhardts (50x: 1% Ficoll, 1% Polyvinyl pyrollidone, 1% BSA Fraction V)
500ug/ml herring sperm DNA, 250ug/ml tRNA] o€ ouykévipwon 0,2-1ug /ml. Ta
TTapaoKeudopaTa KaAUTITovTal ue parafilm kai erwadovral atoug 65°C, oAovukTia o€

TePIBAANOV KOPETUEVO OE QOPUaion.

Lait mLGI1F mLGI1R A. Napaokeun avixveuTn antisense B. Napaokeur| aviXveuT sense
gl ~
s o mﬁ
pBluescript KSII+] Spel Pstl
Lgi2 : 3 |F - >
.............. R e = % ﬁ T -
BamHI ECTORI
Lgi3 mLGI3R1
[5 Lgi3 3 « >
i — —— [5 Lgi3 3] % ﬁ B Lgi3 3
BamHI 366bp EcoRI T
pBluescript KSII+) EcoRI BamHI
Lgi4

Sacll 733bp Sall Q
pBluescript KSII4] Sacll

Sall

Eik. 10: ZXnpaTik avamrapdoTaon TG KATAOKEURG TwV PIBOAVIXVEUTWY HE avTidpaon
HETAYPAPNAG in vitro. O avacuvouaopévog TTAAoUIBIOKOG QOPEAG YPAUUOTTOIEITAI, UE TEHAXIOUO
ME evdoVoUuKAedaeg TTeplopiooU TTou BpiokovTal aTov polylinker kai 6oov 1o duvatov
TANCIE0TEPA OTO €vBepa. H evdovoukAedon TTAnaciov Tou 5’ Tou cDNA xpnoiyoTroigital yia tnv
KOTOOKEUN TOU UTTOCTPWHATOG YIO TNV TTAPAYWYH TOU CUUTTANPWUATIKOU (antisense) avixveuTn,
Kal QvTIOTPOPWG. AVAAOYQ PE TOV TTPOCAVOATOAIOUO TOU eVOEUATOG, XPNOIUOTTOIEITAl N KATAAANAN
RNA troAupepaaon (T3 ) T7). AmreikovifovTal ol TTAGOUIBIOKEG KAOTOOKEUEG OTOV POPET
pBluescript Twv cDNAs Twv Lgi1-4, 0 TTpocavaTtoAIouoS Kai TO AKOG TwV eVOEUATWY, Ol
€VOOVOUKAEAOEG TTOU XPNOIKOTIOIRBNKAV yia TNV YPAUMOTIOINGN TV avaouvOUAOUEVWV
TAaopIdiwv kal N RNA 1ToAupepdaon e Tnv oTToia £yIve N HETAYPAQN € KABE TTEPITITWON, Yia
TNV TTAPACKEUN TOU CUUTTANPWHATIKOU KAl TOU JN-CUPTTANPWHOTIKOU AVIXVEUTH.
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Fra10ac1

EcoRI 494bp BamHI
pBluescript KSII+

pBluescript KSII+

BamHI 724bp Hindlll
pBluescript KSII+
Hindlll BamHI

Eik. 11: ZXnuaTtikf avatrapdoTaon TnG KATOOKEURG TwV PIBOAVIXVEUTWYV PE avTidpaon
HETAYPAPRAG in vitro. ATreikoviovTal ol TTAACUIBIOKEG KATAOKEUEG OTOV popéa pBluescript
Twv cDNASs Twv yovidiwv Fra10ac1, Dgcr14 kai Sap145, o TTpocavaTtoAIouog Kai TO HAKOG
TWV eVOEPATWY, 01 EVOOVOUKAEAOEG TTOU XPNOIKOTTOIRNBNKAV yia TNV YPAUKOTIoINGN Twy
avacuvouaouévwy TTAaouidiwy kal n RNA TToAupepdan Pe TNV OTToia £yIVE N JETAYpAPn O€
KAO¢g TTEPITITWON, YIA TNV TTOPACKEU] TOU CUUTTANPWHATIKOU KAl TOU JN-CUPTTANPWHATIKOU
QAVIXVEUTH.

» [MAuciuara kair emwaon pe 1o avriowua anti-DIG
ApXIKA, Ta TTAUCIPATA yivovTal o€ €I0IKA YUAAIVa DOXEIQ JE TIG

QVTIKEIJEVOPOPOUG TOTTOBETNHEVES KATAKOPUPA, HE TUVEXT NTTIO avAdEUon OTOUG
65°C. XpnaoipotroioUvTal diadoyika Ta diaAvuara I, 1l kai 1l (kai Ta Tpia TTepIEXOUV
50% v/v @oppuapion, 0,1% v/iv Tween-20 kai SSC o€ pelolpevn OUYKEVTPWON, 5X 0TO
o1dAupa I, 1x oto Il ka1 0,1x aTo 1), kadvovTag 3 eTravaAauBavoueva TTAUGIPATA UE TO
kaBéva didpkelag 30min. AkoAouBei TTAUGCIYO e didAupa 1x MABT (5x: 100mM
MaAgiké o&u, 150mM NaCl, 0,5% Tween-20, pUuBpion Tou pH oT0 7,5 pye NaOH) o¢
RT, pia @opd yia 20min e TIG AvTIKEINEVOQOPEG KABETA Pe TTIa avadeuon Kal dUo
QopEG eTITTAEOV O€ OpICOVTIa BEon WOTE va PEIWBET TO TTOCOOTO ATTOKOAANONG TWV
I0TWV. ATTé TO OTAdIO AUTO Kal PJETA TO TTAPOCKEUAOUATA TOTTOBETOUVTAI OE DOXEIO ME
mePIBAANOV Kopeopévo o€ HoO. AKoAouBei eTTwacon pe TTapeUTTodIoTIKG didAuua B2
(10% FCS ot 1x MABT) yia 2h ue Ta TTapackeudopata o€ opifovTia 8€on Kal
KaAuppéva pe parafilm. Ztov idlo xpdvo TTpayuaToTToIEITAl KAl N ETTWacn Tou anti-
DIG-AP (Roche) og didAupa B2 (apaiwon avtiowuatog:1/1000) To otToio Kal
TTPOCTIOETAI OTN GUVEXEID OTIG TOPES. Ta deiypata eTTwdalovTal oAovUKTIa aToug 4°C

(koAuppéva pe parafilm).

76



YAik@ kai MéBodol

» [MAuciuara kar avridpaon arokaAvywng

MeTd TV €TTWaAcN PE To avTiowua, akoAouBei TTAUCIYO pe didAupa 1x MABT,
Mia @opd yia 30min og RT pe TIG QVTIKEINEVOPOPES TOTTOBETNHUEVES KATAKOPUPA KAl
ATTIa avddeuaorn. ZTn cuvéXEIa Kal EXPI TO TEAOG TOU TTEIPAPATOG, TA
TTAPAOKEUAOPATA TOTTOBETOUVTAI O€ OPICOVTIa Béon Kal TTAEvovTal U0 QOopEG aTTd
30min pe 1x MABT. AkoAouBouv duo tTAucipata, 30min 1o kabéva, pe didAuua B3
(100mM Tris-Cl pH 9,5, 100mM NacCl, 50mM MgCl,) TTou Adyw Tou aAkaAikou pH Tou
TpoeToluddel Ta deiyuaTa yia Tnv avTidpaaon NG aAKAAIKAG pwo@aTtdong. To didAuua
B3 avtikaBiotaral atmd 1o didAupa TnG avTtidpaong ammokdAuywng B4 [B3 pe NBT kai
BCIP o¢ avahoyia oykwv 9/7 (xpnoipotroidnke B4 ue 4,5ul NBT kai 3,5ul BCIP ava
ml)], Ta deiypara kaAUuTrTovtal pe parafilm kai emwddovrtal ohovukTia oToug 4°C. H
£VTAON TOU OAUATOG EAEYXETAI OTO PIKPOOKOTTIO KAI AV ATTAITEITAI TTEPAITEPW XPWOon
TpayudatoTroiciTal EETAUMA e didAupa B3 kal emwaon PEXP! Kal 48h eTTITTAéOV JE
@péoko didAupa B4 (idiag A ditAdoiag ouykévipwaong o€ NBT kai BCIP)
oToug 4°C (evaAAakTika o RT ) atoug 37°C). Kab’ 6An T didpkela TnG avTidpaaong,
Ta TTapackeudopata BpiokovTal o€ TTEPIBAAAOV Kopeopévo o€ HoO kal og okoTAd!.
Otav n évraon Tou oRuaTog KpIBei IkavoTtroInTIKn yiveTal TTAUCIYO he 1XPBS o¢
KaBetn TotmoBéTnon (3 eTravaAnyeig amd 10min), povipotroinon pe 4% PFA yia
30min, EEmAupa pe 1xPBS (2 etravaAfqyeig ammd 10min) kai pe HoO yia 5min. TéAog,
oTa OgiypaTa ToTToBeTOUVTAI KAAUTITPIOES, GTIC OTTOIEG £XEI TTPOOTEDEI MIKPA TTOGOTNTA
Aquamount, Kai JETA aTTd OAOVUKTIO ETTWACH O€ ATTAYWYO £0Tid, OTEYAVOTTOIOUVTAI
KAl TTapaTnEoUVTal 0€ JIKPOOKOTTIO. XpNOIPOTTOINONKE PIKPOOKAOTTIO TUTTOU Leica pe
dlepOueEVO Qwg Kal oTrTikd Nomarski. H gwTtoypd@non £yive e wn@iokr gnxavi

TUTTOU Spot TTPOCAPUOCHEVN OTO UIKPOOKOTTIO.

2.27. 2uotnua &Uo uBpIdiwv Tou oakyapouuknTa

O1 TpwTeiviKEG aANAeTIOpdaoelg cival BeueAIBEIG 0€ OAEG TIG KUTTAPIKEG
AeIToupyieg evy ouxvd gival dSuvaTdv va avTAfoouuE Xproiua 6edouéva yia Tnv
AgIToupyia piog AyvwaoTng TTPWTEIVNG HECW TAUTOTTOINONG TWV TIPWTEIVWYV UE TIG
oTT0iEG AAANAETTIOPA. H TTpOCEyyIOn TTOU XPNOIUOTTOIEITAI EUPEWG YIA TNV PEAETN TWV
TTPWTEIVIKWYV dUadIikwy aAAnAeTIdpdoewyv gival To gUoTnua dUo uBpIdiwv Tou
OaKXapoMUKNTa, Mia euaiocdntn in vivo uéBodog. To KUPIo TTAEOVEKTNUG TNG EvavTl
TWV EVAAANQKTIKWY in Vitro TIpooeyyioewv gival 0TI Ol TTIPWTEIVES TTOU PJEAETWVTAI
BpiokovTtal oe TTEPIBAAAOV TTOU TTPOCOMOIALEI UE TO PUCIOAOYIKO TOUG, YEYOVOG TTOU
ETTITPETTEI TNV TTPAYUATOTTOINON META-UETAPPACTIKWY TPOTTOTTOINCTEWY Kal TV

ATTOKTNON ThG OWOTAG TPICAIACTATNG DOUAG TOU Hopiou.
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To cUoTnua otnpiletal oTnv UTTapEn OUo aveEdPTNTa AEITOUPYIKA TTEPIOXWV
O€ QPKETOUG PETAYPAPIKOUG TTAPAYOVTEG, Miag TTeploxng Tpdadeong oto DNA kai pia
TTEPIOXN EVEPYOTTOINONG TNG METAYPAPNG, HETW aAANAeTTiIOpaong Pe TO CUUTTAOKO
évapéng TG YETaypa®nig. MNa va dpdoouv ol dUO TTaPATTAVW TTEPIOXEG TTPETTEI VA gival
N pia TAnaiov TG GAANG, &ev gival OwWS avaykaio va avAkouv oTtnyv idia
TTOAUTTETITIOIKA) aAUCida. 2XTo cuoTnua dUo UBPIdiWY, Ol BUO BIAPOPETIKEG TTEPIOXES
EVOG METAYPAPIKOU TTapAyovTa YeITVIAZouv 6Tav TTapaxBouv og ouvtnén ue duo
TTPWTEIVEG TTOU AAANAETTIOPOUV KAl JE QUTOV TOV TPOTTO ETTITUYXAVETAI N EKPPACH EVOG
yovidiou-avagopdg. H pwTn ekdoxr TG ueboédou (Fields S & Song O, 1989)
BacioTnke oTnv avacuoTach Tou peTaypagikou Trapdayovia GAL4. Katd ta eTTOueva
XPOvIa TO0 oUCTNPO £EEAIXOBNKE KOl TPOTTOTTOINBNKE, XPNOIUOTTOIVTAG EVOAAOKTIKEG
TeploxEG TPOodeong oto DNA Kail TTEpIOXEG evepyOTTOiNONG TNG HETaypagng (Gyuris
J et al, 1993) evw yia va auénBei n auotnpdTnTa TNG HEBGOOU avatTuxOnkav
Kavoupia oTEAEXN CAKXOAPOMUKNTA TTOU @EPouV didgopa yovidia-avapopdg, To
KaBEva e dIaPopPETIKO UTTOKIVNTH.

2Tnv TTapolca epyacia, XpnoIMOTIoINONKE TO GUCTNHA TOU JETAYPAPIKOU
mapayovra GAL4. ZuvotrTiké, To cDNA Tou FRAT0ACT (86Awua) KAwvoTToINOnke
oTov @opéa pGBT9 oT0o idl10 TTAGigIo avayvwang Je TNV TTEPIOXT TTPOCOECNS GTO
DNA (DNA-BD) tou GAL4. To xigaipiké autd puoépio XpNoIhoTToINBnKeE yia TNV
Oiepelvnon BiBAI0BAKNS cDNA ATTaTog avBpwTTou N OTToIa £X€EI KATAOKEUAOTEI GTOV
@opéa pACT2 1Tou TTEPIEXEI TNV TTEPIOXT EVEPYOTTOINGNG TNG METaypa®ncs (AD) Tou
GAL4 (Bipapa), Eik. 12. O peTaoXNUATIOPNOG £QapudOTNKE O€ KUTTOPA
OAaKXapopUKNTa aTEAEXOUG pJ69-4a OTTOU Kal 01 SUO XIMAIPIKEG TTPWTEIVEG
KateuBuvovTal oTov TTUprva. EKei kal epodaov yivel avaocUuoTaon Tou AEITOUPYIKOU
Tapdyovta, pEow aAAnAemidopaong Tng FRA10AC1 pe pia atmd Tig TTpwTEiveg TNG
BIBAIOBAKNG, evepyOTTOIOUVTAI TA YOVidIa ava@opds. H evepyoTroinor] Toug eAEyxOnke
ME KaANIEpyEIa o€ BPETTTIKA pE€oa eTTIAOYAG. O1 BETIKES ATTOIKIEG CUANEXBNKAV Kal YETA

TNV €§AAEIYN TOU DOAWHATOG, ATTOPOVWONKE KAl TAUTOTTOIRBNKE TO Bripaua.

» 'EAcyxol karaAAnAornrag tng BiBA1o6rnkns cDNA
H BiBAI0Brikn cDNA TTou digpeuvriBnke eAéyxOnke pe PCR yia Tnv
emBePpaiwon Tng TTapouaiag Tou FRAT0ACT. O avrioToixog gopéag pACT2 TrepI€xeEl
TNV TTEPIOXN EveEpyoTTOinOoNG TNG METaypa®nig Tou GAL4 (114 auivo&éa). H uBpidikn
TpwTEivn ekppddleTal oe uwnAd etmireda atrd Tov OUCTATIKO uTTokivnTr) ADH1 Kai
kateuBuvetal aTov TTupriva. O pACT2 @épel To yovidlo LEUZ2 tTou emITPETTEI OTA
KUTTaPQ TOU OOKXAPOMUKNTA va avaTiTUooovTal 0 BPETTTIKG HECO aTTd TO OTTOI0

atrouciddel n Aeukivn.
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FRA10AC1

O

ol ﬂ Fovidio avag@opdg

O¢on
mpoéodeong

X: Mpwrteivn TTou aAAnAemdpd pe Tnv FRA10AC1

O peTaypa@ikég Trapdyovrag GAL4

| oNnaBD [ AD |

DNA-BD: Mepioxn poodeong oto DNA (DNA binding domain)

AD: MepioxA evepyoTroinong TNG METAYPAPAG (activation domain)

Eik. 12: Apxn Tou cuoTijparog d0o uBpi1diwv. Q¢ S6AwPa XPNOIYOTTIOIRONKE N XILAIPIKA
mpwrteivn DNA-BD/FRA10AC1. E@doov authh aAANAETTIOPA pe KATTOIa aTTd TIG TIPWTEIVEG TTOU
KWOIKOTTOI0UVTaI ATTO TOUG KAWVOUG TNG BIBAI0BRKNG (X), TTapaTnpEital evepyoTToinon Twv
YOVIBiWV-OEIKTWY TOU OOKXAPOMUKNTA

» EmiAoyn Tou OTEAEYOUC TOU OaKxapouuKnTa
To oTéAeXOG TTOU XpnoIPoTToINBNnKe RTav To pJ69-4a TTOU TTEPIEXEI TPIO

ETTAYOUEVA YOVIDIA-OEIKTEG KATW ATTO TOV £AEYXO SIOPOPETIKWY UTTOKIVNTWV.
2UYKEKPIYEVA, OTO OTEAEXOG auTO: a) TO yovidio HIS3 utrd Tov EAeyxX0 TOU UTTOKIVNTH)
GAL1, éxel evowpaTwOei oto 3’ Tou yovidiou LYS2, B) 1o yovidio ADE2 utté Tov
éAeyxo Tou utrokivnTr) GAL2, éxel avTiKaTaoToel Tov yeveTikd 10110 ADE2 Kai 3) 10
yovidio lacZ utré Tov éAeyxo Tou uttokivnT GAL7, evowpatwlnke otnv KwoIKA
mepioxr) Tou MET2. ‘ET01, Ta KUTTAPQ YIA VA avaTTTuxBouv xpeldlovtal oTo BPETITIKO
Toug UAIKO His kai Ade. O1 Tpeig TrTapatrévw SIaQOPETIKOI UTTOKIVNTES TTApPOoUGCIalouv
oMOoIOTNTA PETAEU TOUG POVO OTNV TTEPIOXN TWV EKQUAIOHEVWYV BECEWVY TTPOCOECNG
Tou GAL4 e TTAEOVEKTNHA N EVEPYOTTOINCN TWV YoVISiwV ava@opds atrd Weudwg

BeTIKA popIa va pnv e€apTdral atrd £vav Hovo UTTOKIVNTA.

» KAwvomroinon rou cDNA rou FRA10AC1 orov pGBT9
To cDNA (eAAeipgpaTikG Kai TTARpoug uRkoug) Tou FRAT0ACT KAwvoTToIROnke
oTov @opéa pGBT9 oTo id10 avayvwoTiké TTAaiclo pe Tnv DNA-BD (147 apivo&éa) Tou
GAL4. O pGBT9, 61TTw¢ cupPaivel Kal Je TOUG TTEPICOOTEPOUS POPEIG VEQS YEVIAG,
TTAPAYEl TNV XIMAIPIKA TTPWTEIVN O€ OXETIKA XAMNAQ ETTITTEDA, KABWG TTEPIEXEI HOVO

péPOG (410 atd 11 1500bp) Tou utrokivnTh ADH1, yia TV a1TOQUYI QAIVOUEVWV
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To¢IKOTNTAG. ETTiong @épel To yovidlo TRP1 TTou emTPETTEI OTA KUTTAPA TOU

OOKYXAPOMUKNTA VO avaTITUCOOVTAl O BPETTTIKO HECO XWPIG TPUTITOPAVD.

» ‘EAgyxog aurévoung svepyomoinong

To oTAdI0 EAEYXOU TNG AQUTOVONNG EVEPYOTTOINONG Eival ATTAPAiTNTO TIPIV TNV
avdaAuon Twv duo uBpIdiwv (Walhout AJ & Vidal M, 2001). Autévopun evepyoTroinon
gival n ékepaon Twv yovidiwv-avagopds Tou CAaKXapouUKNTa, TTapoudia pévo Tou
0oAwpaTog. Av n autdévoun evepyoTtroinon gival acBevhg Kal TTEPIOPICUEVN HOVO GTO
yovidlo HIS3, To TipéBAnua gival moavov va EETTEPATTEI XPNOIMOTTOIWVTAG
uWnAOTEPEG CUYKEVTPWOEIG 3-AT 01O BPETITIKO (BA. TTOPAKATW). ZTNV TTEPITITWON
TTOU N AQUTOVOUN evepyOTToinon €ival ICXUPHA Kal apopd OAa Ta yovidia-avagopdg,
gival arapaitnTo va agaipedei To THAPA TNG TTPWTEIVNG TTOoU euBUvVETAI I’ AQUTO.

O €Aeyxog €yive Pe peTaoxnuUaTioud Tou oTeAEXOUG pJ69-4a pe To SOGAwUA Kal
Me Tov popéa pACT2 kal KaAAIEpyeia Twy KUTTApwY o€ BPeTTTIKO PHECO ETTIAOYNG.
MapdAAnAa, wg apvnTIKOG EAEYXOG, TTPAYUATOTTOINBNKE HETAOXNUATIONOG HE Hiyua
DNA 1wv 000 @opéwy. Ta yeTaoxnUaTIoPEVO KUTTAPO KaAAIEPYABNKaV apXIKa o€
TTARPES OTEPES BPETITIKO UAIKS (SC pe 1xUra, 1/20xAde, 1xHis) otoug 30°C yia 2
MEPEC KAI OTN OUVEXEIQ aTTOPOVWONKav 6 Ppovadiaieg aTToIKiES TTOU
emavakaAAiepyriBnkav oe aToixion oTig idle¢ ouverKes. ‘ETO1 KATOOKEUAOTNKE TO
TpwToTUTTO TTIATO (Master plate) To otoio Kai avtiypagenke (replicas) o€ TpuBAia TTou
TTepIgixav TTAAPEG BPETTTIKO UAIKO (BETIKOS EAyx0G avaTITuEnG) Kal BpeTITIKO UAIKO
emAoYAG. Xpnoigotromenkav Tpia BpeTrTIKA UAIKA TTIAOYNG Yia va eAeyXOei n

auTévopn evepyoTroinon Twv yovidiwv-avagopdg HIS3, ADE2 kai lacZ, wg €¢AG:

Covidlo-B¢eikTng OpPETTTIKO UAIKO

HIS3 SC+ Ura, Ade, 3/5/10/15/20mM AT

ADE2 SC+ Ura, His

LacZ SC +Ura, Ade, His, 70mM K,PO4, 100ug/ml X-gal

ATTO 6Aa Ta BpeTTTIKA UAIKG atToudialav n TpUTTTOQAvN Kal n AEuKkivn WOTE va
emMAEyovTal Ta DITTAG peTaoxnuaTiopéva KUTTapa. Eriong, ota BpeTiké UAIKG
€MAOYAG yia Tnv evepyoTtroinan Tou HIS3, TpooTédnke 3-AT 0€ CUYKEVTPWOEIG ATTO
3-20mM, TToU dpa CavV CUVAYWVIOTIKOG AVAOTOAEAG TOU EVCUMOU TTOU TTAPAYETAI ATTO

10 yovidio HIS3 kai To otroio TTapouciadel pia Bacikr XaunAf evepyoTnTa.
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Meraoxnuariouds oakxapouuknTa

O peTraoxnuaTiouog €yive pe Tnv PéBodo Tou CH;COOLI. Katd authv Ta
KUTTapa KaBioTavtal SekTIKA pe eTTegepyaaia e 16vta AiBiou kai PEG kai ugioTavTal
BepUIKO OOK KaTd To oTToio €iIocdyouv To DNA. H atrédoaon Tou pyetaoynuaticpou ivai
NG Té€ewg Tou 10° kUTTapa/ug DNA. AvaAuTikdTepa, 50ml BpeTrTikoU pécou YEP
euTTAOUTIONEVOU [E 0,25mM adevivn eBOAIGOTNKE PE Povadiaia aTToIKia KUTTApWY
pJ69-4a kal eTwaoTnke pe avddeuan atoug 30°C ohovukTia. Baoel Tng O.Dssonm, N
KAAAIEpYEIQ apaIwBNKeE Ue PPECKO BPeTITIKO pEoO (MéExP TNV TiUA 0,2) Kal 0 OYKog TNG
pubpioTnke Baaoel Tou apIBPOU Twy ETIBUPNTWY JETAOXNMATIOPWY, AauBdvovTag utr
owIv o611 yia kaBéva atraitouvtal 20ml. H eTTwaon e€akoAouBnoe oTig idlEG GUVBNKES
MéEXpr N O.D. va etacoel Tnv TiuR 0,8. Ta KUTTapa cUAAEXBNKav PE QUYOKEVTPNON
(2500rpm o€ RT yia 15min) EeTAUBnKav e ico éyko ddH,0, eTTavacuAAéxBnkav e
OTIG iD1EG OUVBAKEG Kal TEAIKA eTTavalwpABnkav o€ didAupa ogikou AIBiou 100mM
(300pl/ueTaoxnuaTiopd). To didAupa petd TNV hpeTagopd Tou o€ eppendorf
(GexwploTd yIa KABE HETAOKNUATIONO) QUYOKEVTPHONKE CTIYHIAIO Kal TNV TTEAAETA
TWV KUTTAPWYV TTPOOTEBNKE e TNV akOAoubn oeipd: a) 240 ul diaAupartog 50% PEG
(MW 3350) oo oT1roio eTTavaiwpndnkav Ta KOTTapda, B) 25 pl amodiatetayuévou DNA-
@opéa (2ug/ul), y) 50 ul diaAupaTtog DNA. Xpnoipotroiienke 0,5 ug TrAacuidiakou
DNA yia kaBe petaoxnuaTiond 1o otroio dev cixe emwacTei pe RNAon, kabBwg 10 RNA
OUMBAAAEI oTOV ATTOBOTIKOTEPO PeETAoXNUATIONO, ©) 36 i dlaAupaTog ogikou AiIBiou
1M. AkoAouBnae emrwaaon atoug 30°C yia 30min, avadsuon Kal BgpuIkd GOK GTOUG
42°C yia 25min. ZTn ouvéxeia Ta KUTTAPa JETAQEPONKAY O€ TTAYO OTTOU ETTWACTNKAV
yia 10min ka1 CUAAEXBNKav PE OTIVUIAIa QUYOKEVTPNON. TN CUVEXEID
emavaiwpnenkav ae 100 pl BpettTikou péoou SC kal emoTpwnKav og TpuPAia pe SC
EUTTAOUTIONEVO HE Ta KATAAANAQ apivogéa 1) voukAeoTidIa, avaAoya Pe Tnv TTIAoyr.
(Mpiv TNV KaAAIEpyEIa TV KUTTAPWY, Ta TPURAia ToTToBeTABNKAV O€ atTaywyod yia ~1h
kal akTivoBoAnenkav pe U.V yia 15min). O1 atroikieg Twv KUTTApwy oxnuarti¢ovral
HETA atrd emmwaaon atoug 30°C yia 2 pépeg.

Avriypaen mpwToTuTToU TpUBAiou

2T0 TTPWTOTUTTO TPURAIO OI aTToiKieg £xouv avaTtTuxBei KaTtd TTOAU (SIGUETPO
~3mm) kal gival dlateTaypéveg o€ oToiXion. Kard Tnv avTiypa@r Tou, To TATo
TotroBeTeiTal TTAVW O€ Eva KOUPATI BEAOUdO, TTOU gival TTPOCAPHOCHUEVO OTNV EIDIKNA
OUOKEUN, £T01 WOTE PJEPOG TWV ATTOIKIWV VO HETAPEPBET O€ AUTO. 2T OUVEXEIX
TotroBeTOUVTAI OTO BEAOUBO, BladoXIKA, Ta TPURAIa pe Ta BPeTTTIKG péoa eTTIAOYAG
ETTITUYXAVOVTAG £TO1 TNV PETAPOPA TWV APXIKWY aTTOIKIWY (avTiypaga). H avatTugn

TOUG TTPaYUaTOTIOIEITAI JE €TTWaoN oToug 30°C yia 2-4 pépeq.
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» TirAodornon 1n¢ BiBAIoONkNgS

2KOTTOG TNG TITAOBATNONG €ival 0 TTPOCOIOPICHOS TNG EAAXIOTNG TTOCOTNTAG
Tou DNA TTOU, aVOAOYIKA, £XEI PEYIOTN ATTODOC0N OTO PETACXNMATIONO KUTTAPWY TTOU
TTEPIEXOUV 1 ON TO dOAWA.

APXIKA, TTPAYHATOTTOINBNKE NETAOXNUATIOUOG TOU OTEAEXOUG pJ69-4a e TO
OO0AWMA Kal KAAAIEPYEIA TOU O€ OTEPED BPETTTIKO nEco SC gutrAouTIouéVOU e 1xXAde,
1xHis, 1xUra kai 1xLeu. H 1iTAo®6TNoN TTepIAGUBave Tnv avatTtuén povadiaiog
atroikiog o€ uypo BpeTtTikd péoo SC ue 1/20xAde, 1xHis, 1xUra, 1xLeu kai
METAOXNMATIONS TWV KUTTAPWYV HE Bla@opeTIKEG TToo0TNTEG DNA TnG BIBAIOBAKNG
(0,02-5ug). Ta &ITTAG peTaoxnUaTiIopéva KUTTapa KOAAIEpYNBNKaY o€ OTEPED BPETTTIKG
péoo SC e 1/20xAde, 1xHis, 1xUra, é1Tou Kal KatapeTpndnke o apiBudg Twy

QTTOIKIWV O€ KABE TTEPITITWON Kal ETTIAEXONKE N a1TodoTIKOTEPN TTOOOTNTA TOU DNA.

» Meraoxnuariouog KUTTApwYV Tou mepIExouv 10 O0Awua ue DNA tn¢

BiBAI0ONKNG Kal KaAAIépyeia os OpenmTIKO uéoo mIAOYNS

Katé tnv digpeuvnon tng BIBAIOBAKNG gival KPioIo va uTTépXel KAAN
QVTITTPOCWTTEUON TWV KAWVWY, AKOUA KAl EKEIVWY TTOU AVTIOTOIXOUV O€ yovidia e
XOUNAN METaypa@IKN evepyoTnTa. [Na Tn digpelivnon YEXPI KOPETHOU, APONKE UK
OWIV TO TTOCOGTO TWV W GVACUVOUACHEVWY KAWVWYV Kal TO JECO pEyEBOC Twv
evBepdTwy. Baaoel TNG TITA0OOTNONG €MIAEXONKE N TToodTNTA Tou DNA e Tnv BEATIOTN
a1réd0an avahoyikd, Kal ETTavaAfPOnKe 0 JETAOXNMATIOUOG LE TNV CUYKEKPIMEVN
TTOCOTNTA, TOOEG POPEG IOTE TUVOAIKG va TTPoKUTITouv 5x10° atroikieg. Ta dITTAG
METAOXNUATIOMEVA KUTTOPA KaAAIEpyRBnKav o€ 2 TpuBAia diacTaoewy 23x23cm [e
BpeTTIKG péoo SC eutrAouTiopévou pe 1/20xAde, 1xUra, 3mM AT. H eTrwaon
TpaydaTtoTroiidnke otoug 30°C Kal N cUAAOYRA TWV BETIKWY ATTOIKIWY £YIVE META aTTO

4-7 uépeg.

» EmiBeBaiwon tng evepyomoinons Twv yovidiwv avapopds
O1 atTOIKiEG TTOU avaTTTUXONKAVY, ETTAVOKOAAIEQYABNKAV 0 OTEPED BPETTTIKO
péoo SC e 1/20xAde, 1xUra, 3mM AT kai atmmotéAecav To TTPWTOTUTTO TPUPBAIo. ATTd
auTé dnuIoupyABnkav TIATa-avTiypa@a TTou TTepIEixav €iTe To id10 BPETTTIKO PHECO
(OeTIKOG £AeYXOG QVATITUENG) €iTE BPEeTITIKG Péoa €TTIAOYNAG, WOTE va ETIRERAIWOEI N

EVEPYOTTOINOT TWV YOVIDIWV-avagpopdg. XpnaolyoTroinénkay 1a ££ng BpeTTikK& UAIKA:

[Covidlo-6eikTNg OpPETTIKO UAIKS

HIS3 SC+ 1xUra, 1/20xAde, 3 kai10mM AT

ADE2 SC+ 1xUra, 1xHis

LacZ SC +1xUra, 1/20xAde, 1xHis, 70mM K,PO4, 100ug/ml X-gal

82



YAik@ kai MéBodol

» E&aAsiwn rou SoAwuarog

KdaB¢e atroikia, TTou TTépace Tov EAeyX0 avaTTuéng oTa BPETTTIKA UAIKG
€MAOYNAG, avatrTuxdnke o€ 1,5ml uypou BpeTTIKOU péoou SC eUTTAOUTIOUEVOU JE
Ade, His, Ura ka1 atré Tnv kopeopévn KaAAiépyeia atropovwBnke DNA (piyua
YEVWHIKOU Kal TTAacuidiokou). Atrd autd 1o 1/10 xpnoiyoTroinénke yia
peTaoxnuaTtiopd E. coli otehéxoug KC8 trou, KaBwg @épouv yeTaAAayr oTo yovidlo
trpC, dev PTTOPOUV VA TTAPAYOUV EVOOYEVWGS TPUTITOPAVN. Ta KUTTapA
KaAAiepynBnkav oe oTeped BPeTITIKO HEoo M9 trou Trepieixe Ura, Ade, His, Trp kai
100ug/ml apmikiAivn otoug 37°C yia ~20h. H TTapouadia TN TpUTITOPAvng €ixe wg
OUVETTEIQ TNV £EAAEIYN TOU SOAWMPATOG.

ATtrouodvwaon yevwuikou Kai TAaouidiakou DNA arré oakxapouuknTa
OpeTTIKO Péoo SC (~2ml) pe 0,25mM Ade, 0,33mM His kai 0,2mM Ura
guBONIGLeTaN Ye povadiaia aTTolkia KUTTApwV pd69-4a kail eTwdaleTal atoug 30°C uttd

avadeuon yia 16-20h. Ta kUTtTapa cuAAéyovTal e puyokévtpnon oTig 2000 rpm yia
10min, EemAévovTtal e HoO kai eTTavaguAAéyovTal OTIG idIEG CUVBNKEG. 2TnNV TTEAAETA
TWV KUTTApwV TTpooTiBevtal 200ul dioAupartog didppnéng (2% v/v Triton X-100, 1%
v/v SDS, 100mM NaCl, 10mM Tris-Cl pH 8, 1TmM EDTA pH 8), 200ul yudAivwyv
o@aipidiwv kai 200ul piypatog gaivoAns/xAwpogopuiou. AkoAouBei iIoxupn avadeuan
(vortex) yia 3-4min kai TpocBikn 200ul H,O. To deiyua QuyokevTpEeiTal yia Smin GTIG
12000 rpm o€ RT, To UTTEPKEIPEVO TNG PUYOKEVTPNONG CUAAEYETAI Kal TO deiyua
emmavekyuAiletal. Ta voukAeika oféa katakpnuvi¢ovTal e CH3;COONa kail atrdéAuTn

a18avoAn kai etravadiaAvovtal og 40ul TE.

» Amoudévwon kai raurormroinon Tou npauarog
Mia povadiaia atroikia a1rd KABe yeTaoXNUATIONO Twy KUTTApwY KC8,
KaAAigpynBnke og 2ml BpeTtTikoU péoou LB pe 100ug/ml aptmikiAivn. ATrd kGBe
KaAAEpyela atTopovwOnke TTAacuidiakd DNA pe To OTT0i0 HETAOXNMATIOTNKE TO
o1éAexog DH5a. Atro autéd atmmopovwBnke TAaopidiakd DNA, TTou ere€epydoTnke

waoTe va gival KatTaAANAo yia va XpnoipoTtroindei oe avtidpaon aAAnAouxnong.

2.28. KurrapokaAAiépyeia

O1 kutTapikég oeipég COS7, Hela, CV1, NIH-3T3 xpnoigotroinbnkav yia tnv
TTaPAYWYH TTPWTEIVWIV KAl YIQ TRV JEAETN TOU UTTOKUTTAPIKOU EVTOTTIOHOU £VOOYEVWV
f avacuvduaouEévwy TTPWTEIVWY. Ta KUTTapa avamTiooovTtal oxnuati¢oviag

povoaToIBadeg, aToug 37°C Trapouaia 5% CO,.
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» Aiaripnon KUTTapoKaAAispysiwv
H kuttapokaAAiépyela diatnpeital oe pAdoKkes (T-75 4 T-25) evw ol

TTEIPAUATIKES BIadIKaoieg TTpaypaToTToloUvTal o€ TPURAia diapéTpou 3 4 10cm. Ta
KUTTapa dlaxwpifovtal Kal CUAAEyOVTal O€ EKBETIKN @AON avAaTrTugng, dnAadr otav
£xouv kaAuwel ~70% tng diabéoiung em@dveiag. Katd mpooéyyion, n avavéwaon mng
KaAAIEpyelag TTpaypaToTrolEiTal KABE 3-4 pépeg. H atmokdAAnon Twy KUTTApwy atrd
TNV €mM@AveIa KAANIEPYEIOG YiveTal PE TPUWIVN, wg €¢AG: MeTd Tnv atmroudkpuveon Tou
BpeTTTIKOU Péoou, Ta KOTTapa EETTAEVOVTAI BUO QOPEG WE IKav TTOoOTNTA BIGAUUATOG
1xPBS kai eTrwadovTal pe didAupa Tpuyivng (o 1xPBS) TTpoBeppacpévou aToug
37°C (~4ml yia @idAn T-75). MOAIg apxioel n atmokOAANGN Twv KUTTApwV (2-10min),
TpoaoTifeTal BpeTTIKO Héoo DMEM (TTpoBepuacuévo atoug 37°C) eUTTAOUTIOPEVOU HE
FBS trou avaoTéAAel TNG dpaong Tng Tpuwivng (8-10ml yia @idAn T-75). To 1/6-1/8
TWV ETTAVAIWPNHEVWY KUTTAPWY TTAPAMEVEI OTH QIAAN KAl O OYKOG CUUTTANPWVETAI JE
BpeTtTIKG UAIKO, TO OTTOIO avavewveTal HETA TNV TTPOOKOAANGCN Twv KUTTApwYV (~3-4h).
Eg@doov akoAouBei kaAAiépyeia o€ TPUBAia, JETG TOV UTTOAOYIOHO TOU apiBuoU Twv
KUTTAPWYV (JE QIHOKUTTAPOUETPO) YiveTal N CUAAOYK TOUG PE QuyokévTpnaon (7min,
1200rpm, RT) kai n emavaiwpnon Toug, apxika o€ ~0,5ml kar akoAoUBwg oTov
KatdAAnAo éyko DMEM (+FBS). To KUTTapIKO evalwpnua JETaPEPETAI G€ TPUPRAIa o€

TTOoOTNTA EEAPTWEVN ATTO TOV €MIBUUNTS APIBUS KUTTAPWV.

» Kpuodiaripnon Kurrapwv

Ta kUTTOPA TTPETTEI VA TACOUV OTABIOKA OTN TEAIKA BEpUoKpaTia KaTaywuéng,
WOoTE va TponynBei N agpuddTwon Tou eVOOKUTTAPIKOU GXNUATIOUOU KPUOTAAAWYV. Qg
KPUOTTPOOTATEUTIKO PEoo xpnoigotroleital To DMSO (dimethylsulfoxide, cell culture
grade, Sigma 4 ATCC). H katdyuér Toug yivetal 6Tav Bpiokovtal o€ eKOETIKA ¢Aon
avaTTugng, (~70% kdAuwn TnG dIaBEIUNG £TTIPAVEIAGS YIa KUTTAPA TTOU
avattuooovTal oxnuari¢ovrag povooTolfdda). Metd 1o EETTAUMQA, TNV TpUWIVOAUCH
kal TNV oUAAOYR Toug, eTTavaiwpouvtal o€ DMEM pe FBS og ouykévipwon 10%-107
/ml. Z1n ouvéxeia mpooTiBeTal icog dykog dlaAupatog 20% DMSO (ce DMEM pe 10%
FBS). H mpooBrikn Tou diaAUPaTOg autoU yiveTal oTAydnv £V TO EVAIWPNHA TWV
KUTTApWV TTEPIBIVEITAI CUVEXWG WOTE VO ATTOPEUXOEI TO OOUWTIKO GOK Kal va
eAayioTotroinBei N auénon Tng Bepuokpaaiag TTou TTpokaAeital atrd Tnv diIGAucn Tou
DMSO. AkoAouBei petagopd Tou deiypuaTog o€ KataAANAo @iaAidio TTou, yia Adyoug
MOvVwaonNg, TUAiyeTal pe xapTi Kal eTTwadetal yia 20-30min atoug —20°C. ZTn ouvéxela
10 Seiypa peTa@épetal oToug —80°C dTToU Kal TTapapével OAOVUKTIO Kal TEAIKG

atroBnkeveTal og de€apevr uypou alwTou (-196 °C wg -156 °C).
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» EmavakalAiépysia

Ta KUTTOPA TTOU €XOUV KaTawuyxBei o uypo alwTo Kal TTPOKEITAl vV
eTTavakaAAiepynBoUv, peTagépovTal og udatdloutpo 37°C 61Tou Kal avadsUovTal
ATTIa YEXPI TNV TTAAPN TAEN Tou BpeTtTIKOU péoou (1-2min). H taxeia TAEN eutrodidel
TOV OXNUATIOPO EVOOKUTTAPIKWY KPUOTAAAWY KATA TN d1adIKagia TG evudATWONG
Toug. AkoAouBei peTagopd oTn PIAAN KaAAiEpyelag kal TTpocBhkn DMEM (+FBS).

MeTtd TNV TPooKOAANCN Twv KUTTApwY (3-4h) To BpeTtTikG PHECO avTikaBioTaTal.

2.29. lNapodikn diapoéAuvon KUTTapwyv nAaocTikwyv pue mAaouidiaké DNA

Me Tnv TTapodIkA diapoAuvaon, TTPAYUATOTIOIEITAI EI0AYWYH avTIypd@WVY TOU
DNA oTo KUTTapo Xwpig va yivetal evowudtwaon oT1o yovidiwpa. Me autriv 1n uéBodo
ETTITUYXAVOVTAl UYPNAQ eTTITTEDQ £KQPOONG TOU dlayovidiou, N TTapaywyr OJwS Tou
TTPOIOVTOG gival TTAPOdIKN. QOTOCO, TA ETTTTESA TWV TTPWTEIVWV Eival IKAVOTTOINTIKA
WOTE va XpnolPoTToinBouv o€ BIOXNMIKEG HEAETEG, O€ TTEIPAPATA UTTOKUTTAPIKOU
EVTOTTIOMOU, O€ avixveuon TTPWTEIVIKWY AAANAETTIOPACEWY K.T.A.

H péBodog mapodiknig diaudAuvong TTou akoAouBnBnke oTnpifeTal oTnv
ouvkatakpruvion Tou DNA pe Caz(PO4), (Graham FL & Van der Eb AJ, 1973). Kat&
auTAv, Ta avtioToixa popia cDNA KAwvoTrolouvTal o€ KATAAANAOUG QOpEiG EKppacng
WaoTe va Bpiokovtal UTTO ToV EAEYX0 UTTOKIVATWY TTOU £XOUV duvaTdTNTA I0XUPNG
evepyotroinong (1m.x. CMV, SV40). H pébodog otnpiletal o€ BeTIKA QopTIOPEVA PbPIa-
QopEig TTou oxNUaTiouv CUPTTAOKA-UTTO HOP@r AETTTOKOKKOU I aTog-ue To DNA kai
OTN GUVEXEIQ TTPOOKOAAWVTAI GTNV KUTTAPIKA HEUPPAVN Kal EI0E€pYXOVTAl OTO KUTTAPO
ME EVOOKUTTWOTN. TOo TT0000TO TWV SIAUOAUCHEVWY KUTTAPWY KUMAiveTal JeTaglu 5%
Kal 20% evw n ammédoon eEapTaTal KUpiwg atrd TRV KaBapdTnTa ToUu TTAACHISIOKOU
DNA kail Tnv KaAf katadoTtacn Twv KUTTdpwy. H diaudAuvon mrpayuatotrolcital 12-24h
META TNV ETMIOTPWON TWV KUTTAPWY eV N KAAUWN TNG DIaBETIUNG ETTIPAVEING
KaAAiEpyelag gival ~50% Kail evw) TO BPeTTTIKO PEOO £xEl avavewBei 2-4h TTpoTUTEPQ.
MNa KOTTOpPa TTOU avamTiooovTal e TPuRAio diauétpou 10cm TTpoaTiBevTal 9mli
BpeTtTIKOU péoou. 210 didAupa Tou DNA, agou pubuioTtei ye H,O ata 450ul (TpuBAio
10cm), TrpoaTiBevTal 50ul diaAupaTtog CaCl, 2,5M kai ueTd atrd KaAn avauign
akoAouBei oTtadiakn TTpocBAkn ue Tautdypovn epIdivnon 500ul dioAupatog 2xHEBS
(280mM NaCl, 50mM Hepes, 5mM Na,HPO,, pH 7,12). AkoAhouBei eTTwoaon yia 5-
15min og RT €101 WOTE va OXNPATIOTEI AETITOKOKKO KPUOTAAAIKO iCnua Cas(PO4),-
DNA, 10 oT110i0 KOI TTpOCTIBETAI OTAYDNV OTA KUTTAPA. ETNV TTEPITITWON XPHONG
TPpUPBAiou 3cm, 0 GYKOG TOU BPETTTIKOU PECOU €ival 2,7ml Kal 0 TEAIKOG OYKOG TOU

MiypaTog SiapdAuvong 300ul, SloTnpwvTag TIG avaAOYieEG TWV CUCTATIKWY OTABEPEG.
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MeTtd amd emmwacn 8-14h 1a kOTTapa EeTTAévovTal pe didAupa 1xPBS r HBSS (2

QOopPEG) Kal eTTwalovTal TTepaITépw Yia 24-48h pe véo BpeTtTikG pETO.

2.30. KaBapiouog ouyyéveiag TOAUKAWVIKOU avTiICWHUATOS

O opdég mou AapPaveTtal atrd TO0 avocoTToINUEVO Cwo TTEPIEXEI TTARBOG
TTPWTEIVWYV Kal TTIBavwWg AAAa avTicwpaTa TTANV Tou emBupunTol. EmimmAéov, av n
Qvaocuvouaopévn TTPWTEIVN-avTIyovo ATaV O aUVTNEN KE évav ETTITOTTO, O 0PAG
TTEPIEXEI KAI avTIowHaTa EvavTl autoU. EE aitiag autwyv e@apudoTnke KabBapiouog
OUYYEVEIOG WOTE Va aTTopovwBouv atrd Tov opod Ta I0Ika avTiowaTta (Roth J et al,
1985). Katd autdv 0 opdg emwdadleTal Ie TO avTiydvo, TO OTTOI0 £XEI AKIVNTOTTOINBEI o€
MEMBPAVN VITPOKUTTAPIVNG Kal a@oU atTouakpuvOei OTi Oev £xel DECUEUTEI TNV
MEMBPAvN, yivetal éEkKAouan Tou avTiowuaTog. H diadikacgia epapudoTnKeE yia Tov
kaBapiouo Tou TTOAUKAWVIKOU opou anti-FRA10AC1 kal kaBwg 1o avTiyévo ATav o€
ouvtngn pe Tnv GST (AtrooTtoAotrouAou A., AimAwpartikf Epyacia, MavetmoTrpio
Kpntng 2003), n avacuvduacouévn TTpwTEivn TTOU XpNOIYOTTOINONKE KATA TOV
KaBapIiouo ouyyévelag, £pepe Tov TTITOTTO His (BA. NMAAOIDIOKEG KATAOKEUEG).

>uykekpipéva, yetd Tnv SDS-PAGE 1n¢ avacuvduaopévng His-FRA10AC1
(~1mg), éva PIKPO KOUMATI TOU TINKTWHATOG KOTTNKE KAl XPWHATIOTNKE KE SIGAUMQ
Coomasie brilliant blue eviy 010 UTTOAOITTO £PAPUOOTNKE UYPI NAEKTPOUETAPOPA O€
MEMBPAVN. ZTN CUVEXEIQ KAl BATEI TG XPWONG TOU TINKTWHATOG, N HEUPBPAVN KOTTNKE
WaTE va TTEPIANPOEi uévo n avaocuvduaouévn TTPwTEIvN. AKoOAoUBnoE eTTwaaon,
apXIKA pe TTapeuTTodIoTIKO didAupa 1XTBSM yia 1h oe RT kal 0T ouvéxeia Ye Tov
opo. MNa v emeCepyacia 3ml deiypatog xpnoipotroindnkav d0o TuRuata HePBPavng
TTOU TO KaBEva TTEPIEiXE ~1mg TTPWTEIVNG, EVW N €TTWaoN £yive oAovuxTia aToug 4°C.
O opdb¢ atTopakpuvenke Kail n pepBpdvn EemAUONKe pe didAupa 1XTBS (20mM Tris-Cl
pH 7,6, 137mM NaCl , 3x10min) o€ RT. H ékAouon Tou avTicwuaTog
TTPAYHMATOTTOINBNKE Pe eTTwaon Pe didAupa yAukivng 0,2M pH 1,9 yia 20sec kal 6Tn
ouvéxela yia 3min oe RT. Y16 auTtég TIg cuvBnkeg pH, To avricwua atrodeoueleTal
Kal agéowg aTo diIGAupa ékAouang TTPooTEBNKE icog dykog diaAupaTtog 1M Tris.Cl pH
8. AkoAoUBnae £AeyX0C TNG TTOIGTNTAG KAl TOU TITAOU TOU AvTICWHATOGS. H TTpwTn
£€KAouan XpnoIJOTTOINBNKE yia TNV avixveuan TNg evooyevoug TTPWTEIVNG a€ KUTTapA
BnAaoTIKWV Kal N deUTepn o€ avdAuon Western Kal avoooKaTaKpruvIon.

2.31. AVOOOEVTOTTIONOC TTPWTEIVWYVY UE HIKPOOKOTTIA (pOopioou

O UTTOKUTTAPIKOG EVTOTTIOUOG TWV TIPWTEIVWIV ATTOTEAEI ONUAVTIKY €VOEIEN TOU
BioAoyikoU Toug poAou Kai gival EQIKTOG Pe TTeIpduaTta avooopBopiopou. Kard autd,
QVIXVEUETAI HE TO KATAAANAO TTpWTEUOV AVTICWHA N EVOOYEVNG TTPWTEIVN 1] O

ETTITOTTIOQ -OTNV TTEPITITWON AVACUVOUACHEVNG TTPWTEIVNG pe emicApavon (tag)- kai
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akoAouBei n avayvwpion atrd 10 KAatdAANAo deuTepeUov AvTICWHO TTOU PEPEI
TTPocdedeéves PBopilouces ouaies. EVOAAQKTIKE, O UTTOKUTTOPIKOG EVTOTTIONOG TWV
TIPWTEIVWV TTOU £X0UV TTapaxBei YETA atrd TTapodiKr) SIAUOAUVON KUTTAPIKWY TEIPWY,
MTTOPEI va gival AUETOG av ol TTpwTEiveg TTapayovTal o€ ouvtnén pe Tnv GFP.
EmimrAéov, gival duvath n TauTOXPOoVN, CUYKPITIKA HEAETN TWV TTPOTUTTWY EKPPAONG
TTEPICOOTEPWYV TTPWTEIVWV, EQOCOV XPNOoIKoTToINBoUV Ta KATAAANAQ TTPWTOYEVH Kal
OEUTEPOYEVH QVTICWATA.

H pu€60d0g £@apuOOTNKE YIa TRV JEAETN TOU UTTOKUTTAPIKOU EVTOTTIGHOU
AvaoUVOUOOUEVWY Kal EvOOYEVWY TTPWTEIVWV o€ KUTTapa BnAacTikwv COS7, Hel a,
CV1 kai NIH-3T3 1mou avatrtuxenkav avw o€ KaAuTrTpideg. Kai oTig dUo
TePITTTWOEIG N dladikacia TTepIAduBave Ta €€AG oTAdIA: T KUTTOPA EETTAUBNKAV PE 1X
PBS kai povipotroiménkav pe 2% n 4% PFA (og 1x PBS) yia 5min. OAa ta TAucipata
NG diadikaagiag emavaAapBavovrav TpeEIg QopEG Kal n didpKeIa Tou KaBevog ATav
10min. Metd Tnv ammoudkpuvon Tng PFA akoAouBnoe EEmAupa ue PBS kal eTTwacn
ME SiaAupa 20mM yAukivng (S1laAutng:1x PBS) yia 10min, woTe va deoueuTolv TuXOV
eAelBepeg aAdeudouddeg (quenching). AkoAouBwg Ta KUTTapa EeTTAUONKav pe PBS
eTWAoTNKAV hE TTAPAPTTOdIOTIKO didAupa (0.2% Triton-X, 2mM MgCl,, 1-3% BSA
1% fish gelatin o 1x PBS, Sigma) yia 20min kai oTn CUVEXEIQ PE TO TTPWTEUOV
avTiowpa (o€ TTapePTTodIoTIKG didAupa). H apaiwaon kal o xpdvog eTTwacng Twv
QVTICWHATWY TTOU XpnaigoTroienkav TapaTtifevral agtov MNiv.6. MeTd Tnv
atmoudKpUVON TNG TTEPICOEING TOU AVTICWNATOG e TTAUCIPO UE TTAPEUTTODIOTIKO
O1dAupa, TTPpayHaTOTTOINBNKE N ETTWOCN UE TO deUTEPEUOV PBOPIfOV avTiowud, OTO
id10 diGAupa, oTo OKOTAdI. Ta KUTTapa EeTTAUBNKav pe PBS kal katd TTepitTTwaon, To
DNA Toug BagoTav ue didAupa DAPI (g 1xPBS) o¢ TeAIKr) cuykévipwaon Sug/ml yia
10min. Metd atmd AUoIPo pue PBS n KAAUTITpida HETAQEPONKE, WE TNV TTAEUPA TTOU
ATav TTPOCKOAANPEVA Ta KUTTAPA, OE QVTIKEIUEVOPOPO CTNV OTToIa £iXE TTPOOTEDEI pia
otayova diaAupatog 1% n-propyl-gallate kai 80% yAukepoAng (oe 1xPBS). Ta
deiyparta oTeyavoTroloUvTav Kal QUAGocovTav aToug -20°C. H TTapatipnon Toug £yive
0€ MIKPOOKOTTIO pBOopIoUOU £V OTNV TTEPITITWAN TTOU ATAV EMOUUNTA N ARWn

OTITIKWVY TOPWY, O€ CUVECTIAKO UIKPOOKOTTIO.

2.32. MNapaywyn kai amouovwon mpwreivwy
» [Mapaywyn o< Bakripia Kai aIrouovwaorn JE xpwuaroypagia cuyyéveiag
MNa TV TTapaywyr avacuvOuacpévwy TTPWTEIVWV O€ BaKTrpia
xpnoigotroigital To oTéAexog E.coli BL21 (DE3) CodonPlus. AekTikG KUTTAPA
MeTaoxnuaTiCovTal e TTAAOUIBIOKEG KATAOKEUEC o€ popéa pGEX | pET26b+ kai petd

TNV KAAAIEPYEIG TOUG O€ OTEPED BPETITIKO UAIKO, ATTOUOVWVETAI Hovadiaia aTTolKia Pe
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TNV otroia epBoAIdleTal uypd BPeTITIKO PECO TTOU £TTWALeTal OAOVUKTIO aToug 37°C
uTTé avadeuan. ATTo Tnv Kopeapévn KaAAiEpyela, eNBoAIGleTal PPEOKO BPETITIKO PECO
(apaiwon 1/100) To oTroio Kal ETTWALETAI JEXPI TNV EKOETIKA @AaN avaTITuENg
(O.Dgoonm ~0,6). Z10 0T1adI0 AUTS atropakpuvovTtal 2ml atrd Tnv KaAAiépyeia, Ta
KUTTOPA GUAAEYOVTAI HE PUYOKEVTPNON VIO VO ATTOTEAECOUV TOV ApvNTIKO EAEYXO TOU
TelpduaTog. AkoAouBei TpooBnikn IPTG og ouykévipwon 0,1-1mM kai eTTwaon yia
2-30h o€ Beppokpaaia 20-37°C. Ta KUTTApa GUAAEYOVTAI IE QUYOKEVTPNON OTIG
3000rpm, éva KAAOPaO TOUG EAEYXETAI VIO TNV EKPPACT) TNG TTPWTEIVNG KAl N UTTOAOITTN
BakTtnpiakn TTEAETTA €iTe aToBNKEUETAI 0TOUG -20 °C €iTe XPNOIMOTIOIEITAI AUETA Yia
TNV aTTOPOVWON TNG TTPWTEIVNG. ZuvhBwg akoAouBeital n dladikagia TNG GUEONG
QTTOPOVWONG.

Xpwuaroypagia ouyyévelag ue urréoTpwia aepapoln -yAourabeidvn

H péBodog auTr] epapudoTnKE yia TNV ATTOUOVWON TWY AvAoUVOUACUEVWY
TTPWTEIVWYV TTOU gixav TTapaxBei oe ouvingn ue Tnv GST. E@doov n TTpwTEivn
eVTOTTICETOI OTO BIGAUTO KAGGHQ, N BaAKTNEIaKA TTEAETA ETTAVAIWPEEITAI O SIGAUNO
o0éopeuong (50mM Tris pH 8, 100mM NaCl, 1mM EDTA, 0,1% NP-40, 50ml/It
KaAAIEpyelag) Kai eTTwadeTal ge AucolUuun o€ TeAIKA ouykévtpwon 300ug/ml o€ TTayo
yia 30min. AkoAouBei eTregepyaaia pe uttépnyoug (40% cycle actif, 5 microtip limit)
yia 2-3min (kdB¢ 20sec 10 diGAupa ToTToBETEITAI € TTAYO yIa 1min), QUyoKEVTPNON
oTIg 12000rpm oToug 4°C yia 20min, GUAAOYI| TOU UTTEPKEIUEVOU, ETTAVOANTITIKN
(PUYOKEVTPNON Kal TEAIKA GuAAoyr] Tou deiypaTog. Edv n rpwrTeivn evroTrifeTal 6To
adIdAuTO KAdOopaA, HETA TNV €TTWACN PE Auooluun akoAouBei TTpocBikn DTT 1M o€
TEAIKA ouykévipwon 5SmM kai eTTwacn yia 5min o€ Tédyo. AKoAoUBwg TTpooTiBeTal
sarcosyl o€ TeNIKA ouykévipwon 1,5% (atoé didAupa 10%) TTapoucsia Tou oTToiou TO
ociypa eTwadetal yia 30min o€ TTAYO. TN CUVEXEIQ TTPAYUATOTTOIEITAI ETTEEEPYATIA HE
UTTEPNXOUG KAl QUYOKEVTPNON OTTWG TTEPIYPAPNKE TTAPATTAVW. TO TTPWTEIVIKO
ekxUAIopa TpooTiBetal o o@aipidia Sepharose 4B pe yAoutaBeidvn (Pharmacia)
TToU €xouV e§looppoTTnBei oe didAupa déapcuong (1ml o@aipidiwv/5mg TTpwTEIVNG)
Kal eTTwadovTal oAovUKTIa oToug 4°C e TTEPICTPOPIKI aVAdEUTT). ZTNV TTEPITITWON
TIPWTEIVWV TTOU aTTOOVWONKAV atrd To adIGAUTO KAGOUaA, TIPIV TNV XPpwHaToypagia,
TTpooTiBeTal Triton o€ TeAIKY) ouykévipwon 2% (atré didAupa 10%), (Frangioni JV &
Neel BG, 1993). AkoAouBoUv d1ad0XIKEG EKTTAUCEIG TNG GTAANG ME SIGAUla
0éoueuong Katd TIG OTToieg Ta o@aIpidia ouAAéyovTtal pe puyokévTpnon oTig 1000rpm

yla 1min oToug 4°C kai eTravaiwpoUvTal o TTOAATTAGTI0 OyKOo SIaAUPATOG.
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Xpwuaroypagia ouyyévelag ue urmooTpwia oepapoln-Ni-NTA

H xpwuatoypagia auth e@apudOTNKE yid TNV GTTOPNOVWON ThG
avaouvduaopévng His-FRAT0ACT1 146 (BA. TTAAOMIOIAKEG KATOOKEUEG) QTTO TO
BakTnpIako eKXUAIOUO WOTE va XpNOIWoTToINOEi 0TOV KABAPIGHO TOU TTOAUKAWVIKOU
QvTICWHATOG. Ta BakTAPIa CUAAEXBNKAV E QUYOKEVTPNON KAl OTAV TTEAAETO
mpooTédnke didAupa U (8M oupia, 10mM Tris.Cl pH 8, 100mM Na,PO4 pH 7, 10mM
IndagoAio, 10mM pepkatrToalBavoAn) dykou ioou pe 1o 1/10 TNG ApXIKAG
KaAAiEpyelag. H emmAoyr Twv aTTodIOTAKTIKWY CUVONKWY OTNPIXTNKE OTOV EVTOTTIONO
NG TTPWTEIVNG 0TO adIdAUTO KAGOPa. AKoAoUuBnaoe eTe€epyacia Pe UTTEPNXOUG Kal
@uyokévtpnon oTig 8000rpm yia 20min oTouc4°C. To UTTEPKEIYEVO, JETA TNV
pooBnkn NP-40 o€ TeAIkr) ouykévipwaon 1% trpooTédnke o€ o@aipidia Ni-NTA-
oepapolng CL-6B (Qiagen, 1ml o@aipidiwv/5mg TTpwTEivng), Ta oTToia €iXav
e€looppoTttnOei pe didAupa U. H emwaon £yive oe RT yia 3h pe mepioTpo@ikni

avadeuon Kal akoAouBnaoav d1ad0XIKEG EKTTAUCEISC TNG GTAANG ME TO id10 diIGAupa.

» [Mapaywyn mpwreivng o€ kUTTapa OnAaorikwv
MNa TV TTapaywyn TPWTEIVWY o€ KUTTapa BNAACTIKWY TTpAYyUATOTTOINONKE

TTapodikn diapodAuvon kuttdpwyv COS-7. MeTd Tnv diapdAuvorn, Thv eTTWacn Kal TO
TTAUCIUO TOUG TA KUTTAPA ATTOKOAAOUVTAI INXAVIKA PE TTAAOTIKY EU0TPA Kal
OUMAéyovTal Pe uyokévTpnon yia Smin o1ig 1000rpm og RT. H mmeAAéTa
emmavadialvetal Atma o€ didAupa RIPA (150mM NaCl, 50mM Tris-Cl pH 8, 1% NP-40,
0,5% DOC, 0,1%SDS) kai akohouBei eTrwaaon yia 15min otoug 4°C o€ TpOXIOKO
avadeuTtrpa. Z1n cuvéxela 1o deiyua guyokevTpeital yia 30min oTig 12000rpm oToug
4°C kal ouAAéyeTal To uTtepKeipevo. MNa éva Treipapa avoookatakpripviang rp GST-pull
down XpnOIPMOTTOINBNKE TO TTPWTEIVIKO EKXUAITUO atrd £va TpuPAio diapéTpou 10cm
oTo oT1roio Kal TTpooTifevtal 300-400ul diaAUuuaTtog RIPA. H cuykévipwaon Tou

eKXUAiouaTog o€ TTpwreiveg gival 2-3mg/ml.

2.33. Zuleuyuévn usraypaen-usragppaacn in vitro

H TTapaywyn TpwTEivWV in vitro TIpayuatoTroindnke Ye culeuyuévn
petaypaen/petdepaon (TyT Quick Coupled Transcription/Translation System,
Promega). ¢ kG0¢ avtidpaon cupueTeixav 0,5ug utrepeAiIKwuévou TTAACUISIOKOU
DNA, 20ul Tou piypaTog TTou TTEPIEXEI TO EKXUAITUA TwV JIKTUOEPUBPOKUTTAPWY, TNV
RNA mroAupepdon, Ta voukAeoTidia, Ta apivo&éa kai Tnv RNasin kai 1ul **S-Met
(1,000Ci/mmol, 10mCi/ml) o€ TeAIkd 6yko 25ul. H avTidpaon erwdadetal yia 90min
oToug 30°C kai eAéyxetal ue SDS-PAGE. To TTAKTWUGA JOVILOTIOIEITAI UE ETTWOON O€

O1dAupa atmoxpwpaTtiopou yia 30min kal akohouBei etreéepyaoia pe 1M caAIKuAIKS
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vaTpIo yia 1h TTou dpa wg eVIOXUTIKO Tou afjpaTog. O1 ETTWACEIS TTPAYHATOTTOI0UVTAI
ME ATNIa avddeuon o€ Bepuokpacia dwuaTiou Kal akoAouBei Efpavon Tou
TINKTWHATOGS Kal pBopioypagia. Me autriv Tnv péBodo TTaprxBnoav ol TTpwTEiveg
SAP145 kai DGCR14 w¢ padloonuacuéva popia Kai XpnolyoTroinénkayv o€ doKIuA

OUVKATOKPAMVIONG in vitro.

2.34. Aokiun ouvkarakpnuvions mpwreivwy in vitro (GST pull-down)

H dokiuf ouvkaTakpriuviong givai pia in vitro péBodog yia Tov €AeyXo NG
aueong aAAnAeTTidpaong duo TTpwTeivwy. H pia TpwTteivn TTapdyetal o€ BakTApIa o€
ouvtngn pe Tnv GST evwy n deUTEPN €iTE TTAPAYETAI E PETAYPAPT-HETAPPACT in Vitro
WG PadIOCNUACUEVO HOPIO EiTE TTIPOEPXETAI ATTO TIPWTEIVIKO EKXUANIOHUA KUTTAPWVY
BnAaoTikwv. H Xipaipikn TpwTteivn, néow NG GST cuvdéeTal Pe yAoutabeidvn TTou
gival ouleuyuévn Pe o@aipidla oepapolns, avapiyvUETal JE TNV AGAAN
padloonuacuévn TTPWTEIVN I JE TO TTPWTEIVIKO EKXUAIOHO 0 KATAAANAO puBUIoTIKG
O1dAUpa Kal aTTOPaKPUVETAI ETTIAEKTIKA WOTE va eAeyXBei av ouv-TTapacupel Kal TNV
0elTEPN TTPWTEIVN.

H puéBodog auTr xpnaolhoTroinenke yia va eAeyxBei n aueon aAAnAeTTidopaon
peTagl TnG FRA10AC1, n otroia raprx6n o€ BakTrpia o€ auvtngn ye Tnv GST Kai
Twv SAP145 kai DGCR14 1Tou TTpoékuyay e HETAYPaP-UETAPPATN in Vitro wg
padloonuacuéva popia. Kard tnv dokiun xpnoigoTtroinénkav 2-5ug TG XIMAIPIKAS
GST-mpwrteivng kai 10ul TG avTidpaong peTaypagng/uetdgpacng o€ 200l
dlaAuparog déopeuons (50mM Tris pH 8, 100mM NaCl, 1mM EDTA, 0,1% NP-40). H
€TTWAON TTPAyUaToTTOINONKE 0AOVUKTIO 0TOUG 4°C, UTTé avdadeuon. AkoAoubnoav
ekTTAUOE€IG PE TO iB10 dIdAupa (3 eTTavaAAyelg e 5 dykoug dlaAupaTog KaBe gopd) Kal
EAEYXOG TWV TTPWTEIVWV TTOU gival ouvdedepéveg he Ta o@aipidia. H diadikaoia auTh
mepIAapBavel Tnv SDS-PAGE kail Thv €TTEEEPYATIA TOU TTNKTWHATOG OTTWG KAl TNV
TTEPITITWAN EAEYXOU TWV PABIOCNUACHUEVWY HOPIWV TWV avTIOPACEWYV
peTaypa@ng/ueTd@paong. ETITTAéov, N SOKIKN GUVKATAKPAMVIONG EQAPPOOTNKE OTNV
XOPTOYPAEPNON TWV TTEPIOXWV AAANAETTIOPAONG TWV TTAPATTAVW POpiwV. 2TNV
TePITTTWON auth n TTARpoug uAkoug FRAT10ACT A TuAuatd Tng TTaprixbnoav oe
ouvtngn pe Tnv EGFP o kOTTapa BnAacTIKWVY evw N TTapaywyn THNHATWY Twv
SAP145 kai DGCR14, og ouvtnén ue Tnv GST, mpayuartotroindnke o€ Baktipia. H
dokiuA TTpayuatoTroifenke og didAupa RIPA (150mM NaCl, 50mM Tris-Cl pH 8, 1%
NP-40, 0,5% DOC, 0,1%SDS) oT1o oTroio gixav e§ilcoppoTTnOei kai Ta o@aipidia
yAoutaBeidovng-cepapdlng oTIG GUVBNKES TTou TTpoavagépbnkav. H avixveuon Twv

TPWTEIVWV &yive e avaAuon Western pe 1o avtiowua a-GFP.
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2.35. Zuv-avoooKarakpriuvion mpwreivwy

H péBodog autr epapudleTal yia TNV avixveuon TTPWTEIVIKWY CUPTTAOKWY TTOU
UTTAPXOUV in vivo g€ KUTTapa BNAACTIKWY. Z& KABE dOKIWN XpPNolhoTToindnke ~1mg
TIPWTEIVIKOU EKXUAIOPATOG KUTTAPWY (BA. TTapatTrdvw). & autd TTpooTiBeTal ~1ug
QVTICWHATOG, €I0IKOU YIa TNV TTPWTEIVN TTPOG KATAKPAUVION KAl aKOAOUBEI eTTWaon
yia 2-3h aToug 4°C o€ TpoXIoKO avadeuTrpa. ZTn ouvéxela TrpooTifovTtal 8-15ul
TpwTeivwy A Kal G TTou €ival ouleuypéveg Ue opaipidia ayapdlng (protein A/G Plus
Agarose, Santa Cruz Biotechnology, Cat.no. sc-2003), o1 oTroieg
avayvwpifouv Tnv Teploxr Fc Twv avTiowpdtwy atmd pia peydAn TroikiAia 18wy Kal
0KOAOUBEI OAOVUKTIO ETTWOON OTIG TTAPATTAVW OUVONKES. Ta TTpwWTEIVIKG GUUTTAOKO-
oQaIpidia ayapddng, aTTopovwvovTal HE QuUYokévTpnon yia 20sec oTig 3000rpm
oT1oug 4°C kai EemAévovtal Tpelg popég pe Tml diaAUpatog RIPA oTig idleg ouVOrKeG.
TNV TeAeuTaia QuyokévTpnon 1o SIGAUMA aTTOPaKpUVETAl TTAAPWG. AKOAOUBEI

etTavaiwpnon og ~20ul dlaAUpaTog, NAekTpoPopnon kal avaAuon Western.
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3.1. Karaokeun ToU QUOIKOU XApTn TWV XPWHOOWMIKWYV TTEPIoxwv 10923.31-
q25.3 ka1 10q926.2-qter

>1a TAdiola Tou MpoypdupaTog XapToypdenong Tou AvEpwITivou
YOoVIOIWUATOG, KATAOKEUAOTNKE O PUOIKOG XAPTNG Twv Trepioxwy 10g23.31-g25.3 kai
10926.2-qgter. O1 replox€g auTéG KaTahauBavouv yeveTikr amméotacn ~30¢cM kai
~15¢cM avrioToixa Kal o€ JovAdEG YEVETIKOU XAPTN, atmmoTeAoUv aBpoloTIKG To 1/4 Tou
XPWHOoWWATOG. H avtioToixn QuOIkr amméoTacn yia TNV TTPWTN TTEPIOXT EKTIMATAI
oTIg 25Mb, cUpgpwva pe Tnv avadoyia 1,2cM/1Mb yia 6Ao 10 avBpwTTIvo yovidiwpa.
To UAKOG TNG UTTOTEAOUEPIKNG TTEPIOXAG EKTIMNONKE OTI €ival APKETA PIKPOTEPO ATTO
000 UTTOBNAWVEI 0 YEVETIKOG XAPTNG KABWS TO TTOC0OTO avacuvduaohoU OTIG
TTEPIOXES TTANCIOV TWV TEAOPEPWV €ival UYPNAOTEPO O€ OXECN UE TO UTTOAOITTO
XPWHOCoWHA, OTTWG gixe agioAoynBei TTpIv TNV aAAnAoUxnon Tou avOpwITIVOU
yovidiwpuaTtog Kai emReBaiwbnke katémv (Payseur BA & Nachman MW, 2000; Yu A
et al, 2001; Kong A et al, 2002; Jensen-Seaman Ml et al, 2004).

2UVOTITIKG, N dladikacia (EIk. 13) epiAdupave Tnv TautoTroinon kKAwvwy BAC
TOU XPWHOCWHATOS XPNOIKOTIoIWVTAG OAa Ta uttdpxovta STSs (~500) atrd
O1dpopoug XAPTEG, TNV TTAPACKEUN XPWHOCWHOEISIKAG YEVWHMIKAS BIBAIOBAKNG, TOV
aKOAoUB0 TTPOCdIoPICHO TOU TTEPIEXOMEVOU KABE KAWvVou o€ STSs kal Tov
OuUVOUAC O AUTWY TWV TTANPOPOPIWY UE TA ATTOTEAECUATA TOU TTPOTUTTOU TEUAXIOUOU
TWV KAWVWV. H aAAnAoeTTIKAAUWN KaTd PAKOG TTOAUGPIOUWY KAWVWYV
XpnoigoTroinénke yia va diataxBouv ol kKAwvol o€ contigs Ta oTToia xapToypa@rionkav
Bdaoel Tou TrepiEXOpévou Toug o STSs. ETTTAéov, 01 TTANPOPOPIES TTOU TTPOEKUYAV
atrd Ta STSs agloTroINdnkayv yia Tov EAeyX0 TwV OTTOTEAEOUATWY TWV
QUTOMATOTTOINUEVWY OTOIXIOEWV TWV KAWVWY WOTE VA atToPeuxBoUV Yeudeig
OAANAOETTIKAAUWEIG 1] YIa va evoTToinBoUyv YeIToVIKA contigs. ZTn OuvEXEIa
EMMAEYOVTAV QVTITTPOCWTTEUTIKOI KAWVOI, 01 OTT0i0I guvioToUuoav TO EAdXIOTA
EMMKAAUTITOMEVO PovoTTaT (minimal tiling path), yia Tov TTpoadiopioud TG
aAAnAouyiag Toug. H Trepaitépw €TTEKTACN KAl EVOTTOINCN TWV ETTINEPOUG contigs
TTPAYUATOTTOINONKE PE XPWHUOOWHMIKG TTEPTTATNMA, KATA TO OTT0i0 XpNOIUOTIOINBnKav
o1 akpaieg aAAnAouxieg Twv e€wTepikwy BACs, kabBwg Kai e TautoTToinon
AAANAOETTIKAAUYNG, O€ €TTITTEOO AAANAOUXIAGC TWV OKPAIWY KAWVWY YEITOVIKWV

contigs.
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Eik. 13. Nopeia KATAOKEUNRG TOU QUOIKOU XAPTN.
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» Aigpeguvnon yevwuikng BiBAioBrikng BAC

a. EmAoyn aviyveurwv

MNa tnv digpetvnan g BiBAI0BRAKNG BAC xpnoipotroindnkav 6Aa 1a STSs
TTOU XapToypa@ouvtav oTiG dUO TTEPIoXEG. H eTIAOYN €yive aTTO TOUG YEVETIKOUG
xapteg Genethon (Dib C et al, 1996) kai Marshfield (Broman KW et al, 1998) kai atré
TOUG XAPTEG KUTTAPIKWY UBpIdiwv GeneMap99 (Deloukas P et al, 1998), WI-RH
(Hudson TJ et al, 1995) ka1 SHGC-G3 (Stewart EA et al, 1997). ZuvoAIkd,
emMAEXONKav 506 STSs: 430 atrd tnv Trepioxn 10923.31-g25.3 kal 76 atrd TNV
utroteAopepikn Trepioxn (Mv. 7). H TukvoTnTa Twv SEIKTWV gival 1I81aiTEpa uPnAR Kai
avépxetal o€ 14 deikteg/cM kai 5 deikteg/cM avTioToixa, pe TNV TEAEUTAIa avaloyia va
gival mBavoTaTa UTTOTIMNKEVN AGYW TOU PIKPOTEPOU QUOIKOU PAKOUG TG

UTTOTEAOMEPIKNAG TTEPIOXNAG.

Mv. 7: NMpoéAguon Twv STSs TTOU XPNOINOTTOINONKAV OTNV QUOIKN XapTOoypd@non

Genethon Marshfield GeneMap99 WI-RH SHGC-G3 XYNOAO
Genebridge4 Genebridge3
10923.31-q25.3 42 3 349 4 24 8 430
10g26.2-gter 13 6 48 8 1 76

Znu.: Avaypdaeetal o apiBuog Twv STSs TTou xpnoigotroifdnkav amméd kabe xaptn (opifévTia) yia KA0e
XPWHOOWWIKA TTEPIOYT {eXWPIOTA (k&BeTa). O peTaypaIKOG XapTng Genemap ‘99 mrepiAaufdvel dUo
panels: To Genebridge4 kai To Genebridge3.

Kdrtrola atré ta ESTs 110U XpnoigoTroiénkav rpoépxovtav atmod tnyv idia
opada Unigene. Auto ouvéRn yiati, kKaBwe auTh n fdon dedopuévwy e¢edicoeTal
OuvEXWG, KATTOIEG OUABES TNG evoTrolouvTal. QoTdo0o auTd dev BewpeiTal TTAEOVAOUOG
KABWG O€ APKETEG TTEPITITWOEIG £VA YOVIDIO EKTEIVETAI O€ TTEPICTATEPA TOU EVOG
BACs. ztnv EIK. 14 rapiotévovTtal Ta TUAPATO TWV TTAPATTAVW XOPTWYV TTOU
QVTIOTOIXOUV OTIG OUYKEKPIMEVEG XPWHOOWHIKES TTEPIOXES KAI N XAPTOYPAPNnon Twv

STSs (yia 116 akpiBeic ouvTeTaypéveg Toug BA. Miv. 4).

B. Mapaockeun avixveutwv

MNa 1a 506 emAeypéva STSs TapackeudoTnKav ol KATAAANAOI EKKIVNTEG (01
aAAnAouyieg Toug TTapatiBevtal otov Miv. 4) kal TTpayuartotroi|enke PCR pe
utTTéoTpWHA YeVWHIKO DNA 1) DNA KuTTdpwv cwaTIKwy uBpIdiwy avBpwTrou —
KPIKNTOU TTOU TTEPIEiXE HOVO TO PeydAo Bpayxiova Tou xpwpoowuaTtog 10 (BA.
MeBb6douc). O1 Bepuokpaaieg uBpIdOTTOINONG TWV EKKIVNTWY KUpaivovTav JeTagu

54°-62°C. EvdeIKTIKA, oTnV EIK. 15A @aivovTal Ta TTpoidvta Tng PCR yia 12 STSs.
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A Genethon Marshfield GM99-GB4 WI-RH SHGC-G3 GM99-G3
6 D10S541
Diosg7e 51882519, stsG32258, 15621645, 515629905, T92735, F09841
1 1031765 [109.33- D10s579 \WI-18437, H92921, R86942, H84912, stSG45568, stSG39758 513.97 D10S1242 30421 D10s541 | | 41781 D10S541
, 426,83 S1SG30644, SISG3666
A sres 42851 L SISGTBZD,sISCA1T41, WH11734
[ ~ stSG15752, WI-17128 L SHGC-
D1081739 SR it 0578 a2a6 - SHC
515540580 521,91 D10S541
004R39, WI-11
tSG26781, stSG22113
D1 11,
$1SG32004
. L16782
[l iy SISG2721, stSG21644
D10S2197
_{D1OS1753 stSG12880, stSG8438
D108564 SIS G0 20 W 531.7AFMa348299 | [ 4996 SHGC-
5401 14535
snscamv SISG15491, SSGB384, SISG48047, AD07J42, N37073
v‘{%é“sﬂ%g stSG44990
[P SISCH0701 S1SGA0011, 15631710
StSG51671, Z402(
D10S583 ségﬁos 4158550, Acosx2
[ SISG22466, stSG13323, s1SG30492, WI-16821,
Usrize, sI8G25628, SISG9628, AODGW20, L1649 543,31 D1081562
27603, ssc29640, HO0420, A000831, 020519
T D10s185 SSG50462, stSG21346, SGC30793, Al Eeahei=z=
(CN22119, N29485, s‘scwssss wi- a7 sastos
L D10S571 SISG45302 o sca
[MD10s1736 03262 | P~
L S8 -
<B1681680 "AQ02E0S, SIS
SB33165. 48081812, 15636992, 1284
1SG47335
1(D1051758 WI-17750, SGC30780 —
N27530, WI-16989 L 47427 g
["oss77 SISG46053, SISG4, HE8323, N32898 555.37WI-4209 17231
D1051709 32 “A00GA33, M21941, N95450
H957535}Ig85759 558.41 AFM205tg7 147901SGC33917
548
4025
9747, AAD22645
44
WL 1594;9“0974
W srsims = S1SG2296 WI-5502
=, \ | SHGC-
D10S198 \ AR 5571J{A Fas0 Tt 4908 60
stSG38844 5687
JDﬂ)SEDS stSG52092 | wiagss
-+ 1-180¢
T JBiogize o7
D1051265 'SISG53348, StSG47398, StSGA405!
i i) 15621208, StSG52:
Diosi7as SISG51949, stSG52273, sSGA9136, stSG32285 PO
1081 1SG30920, StSG45428, StSG4569, WI-15882 db G175
DioS1692 SISG22607, WI-13377, 51869987 e e
s WI-11858, st5G3077, A00SC16
D1081668
D10S1697 N20191
01081267 \ §1SG15181, 5GC32394
120417 D10S1240) (Ssgégﬂﬂi T40917, stSG46524 e S
E ) F d
SISGA0840, sISG26670 50407 G13658
L D10s1671 SGC34176 'WI-13735, stSGB8267, stSG30988, stSG44588 5077 G13676
G27214, WI-8488, StSG38907, StSG35096, AQOSX19 585.9TWI-14791
B sISG|6|99 AQO7K11, SGC34978, StSG1671, stSG3691
D10S1663
H87438 51437 G14345
D1081760 W37897, stSG49129 SHGC-
HEges. 591TWI-3109 S1747T 14061
5.3 T D108597 14564 52027 TD10S120
4B36
Se.11 521,27 H006102 <15 C2740 Wi-4379
* e 01630, 1 1ga4e, RODAMOB, Ha1408 s18G42773 stsGs0235 || 596 D10ST245
g R SISG3084, stSG48072, SISG47005 D10S1434
tSG50987, ADOSDT/ 515(351013 s(SG43339 StSG46535
42613 139.21D10s554 4034033, 315638872, AQUSK38, N31939, He2635
2426.2 \R45921
r 738716, W86982, StSG2653, H19386, WI-15962 6011 WI-1905
4263 D1051269 AQDBM23, stSGA0082, StSGA4995, s1SG2699, AFMa053yg5
1SG42602, W1-22164, W80406, SSG48287, G26427 AFMB363as
130.9 TD1051429) SISGI601, U36223, siSG4193, WI-6938, stSG12760 | [ 60414 AEMESS sy
5tSG15820, stSG51021, WI-9147, D60282 Wida34
o b SISG13279, SSG50971, SGC33233, stSG30235 2
3 (SGA25RS. < g(%zé”s%cﬁ%agaznzsemﬁ {5G48239
] D10S1731 ® © * 608.6TWI-4132
AT 8547599, S6C30899
g 3
DICS1Eis 15631552 stSG48141, stSG47144
1SG27142, StSG3 152
SG42688,
R43868, G27616
tSG26359
134,177 D10S1773)
d 1569207 L 626+ D10S1
IR, Mases o2 mesre s oesr ”
1-19473, SISG3345, SSG36084, WI-14107, F10278 G AR
'H40105 4
- e 622.71D10S554.
SISG35254, SSG40669
StSG48312, stSG46999, H05479 —
StSG42504 —15cR 15cR
238786 e
SGC31312
2419
'stSG41370
StSG16259
1-16106
SISGA49291, WI-15620, NIB1357, AA243510
stSG26986, SGC35716
'StSG48063, stSG8954, stSGI160, AA284841
S1SG12737, 5t5G22433
'stSG42559, stSG50884
'A005M36
‘AA040321
0418
e
SR, sisare0as
WEi4068, s1SG15550, 515639063, H17634
96
53, FB3F3
SISG49455, SGC31141
tSG29677, stSGATT
'stSG47370, WI-9487, stSG48444
WI-17804, ADO7148
—1eR AQ06106, 4008506
SISG36024, T91988, ADOGF09, stSG28889, StSG47984
N38956, SISG42986, SISG46271, SSG30264
A004M41
AODBA44 WI-16878, U29690
(SGSZ‘ZS%:Mzg
T081661,515G45467, N32594
87905
SG3554

Eik. 14: XdpTeg TOU XpwpoowpaTtog 10 atrd Toug otroioug emmAéxOnkav Ta STSs yia Tnv
Siepedvnon Tng BiBAI00ARKkNg BAC. AtreikovifovTal ATTOKAEIGTIKA O XPWHOCWHUIKEG TTEPIOXEG
10923.31-925.3 petagl Twv yeveTikwyv OeikTwyv D10S541-D10S1731 (Eik. 14A) kai 10g26.2-
gter teAopepikd Tou deiktn D10S1703 (Eik. 14B). A6 apioTepd TTPOG Ta SECIA: I0EOY PO
TOU XPWHOCWHATOG, Ol YEVETIKOI XapTeG Genethon kai Marshfield kai o1 XGpTeEG KUTTAPIKWY
uBpIdiwv GM99-GB4, WI-RH, SHGC-G3 kai GM99-G3 (uévo atnv 14A). Agv €xouv
OupTTEPIANGOEI 01 KOIVOi BEIKTEG, EKTOG aUTWYV TToU KaBopifouv Ta dpia Twv TTAPATTAVW
TTEPIOXWV (ME KOKKIVO). O akpIeic ouvTeTayuEveS Twv STSS yia Tnv TTpwTN TTEPIOXN
mapatifevtal oTov MNiv. 4 (MéBodol). ETriong, @aivetal n KAipaka 1Tou XpnoipoTtroiénke, oe cM
ylO TOUG YEVETIKOUG Kal o€ CR yla TOUG UTTOAOITTOUG XAPTEG.
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Eik. 14: (ouvéxela)

Genethon Marshfield GM99-GB4 WI-RH
164,8 + D10S1703
1 165,4 1.D105186 51051782 || 552,591 D10S186
165,538]82];33 156,27'&1031222 552,764 WI-17697
165,6 552,8 1-17432
i| 167,2 +D10S217
554,69 1stSG1460, stSG32124
Rl R eTe AQ0BY 06, WI-20848
556,09 | j{stsmssé, StSG8192 662,31 WI-3219
556,19 F stSG48184, SGC33916
170,7 +D10S1655 H99205, R96892, W15548
A008M13, D10S1561 665,31 D10S1593
557 |/]51SG28017, siSG36110
tSG4213, stSG47386 666,91 D10S1256
162,384 D10S1439
' D10S1134 StSG2750, stSG2795
668,71 D10S1585
stSG30731, stSG41791 T
557,8 ) stSG46609, stSG47380 669,51 D1051408
stSG47732. AA010383 670:£3(\D1031201
W67510, WI-22094 670,4 | 'D10S2490
036862, AO09F48
D10S1248
165'27'6108505
559,611 i
220 T Ta593 > 56032344l 577 11 D1os1588
stSG1303, stSG27915
StSG42510, stSG43280
sor05 || ESHEALE Rt
,051< s 'S -
{SGA790, AAT SHGC-G3
T48398, WI-14945,
D10S1328E
1 D10s1770
T D10S1651
6311-SHGC-14552
rD10s1675 ||
-81822,22,1 ,94-+D10S212
ok 563,99+D10S212
173,13+D10s169 || 573427 AQ07H40

E@doov, YeT TNV NAEKTPOPOPNACN TWV TTPOIOVTWY, TIPOEKUTITE Wia {Wvn TOU

QVaPEVOUEVOU PEYEBOUG ATTOPOVWVOVTAV TO AVTIOTOIXO TEMAXIO KOl TOTTOBETOUVTAV

o ~100ul H,O 61mou kai ekAoUovtav oToug 4°C ohovUkTia. AKoAouBoUaoe

emavaAnmTik) PCR, oTIg idle¢ CUVBAKEG, XPNOIMOTIOIWVTAG WG UTTOCTpwHa 1-5 ul

atro Tnv udaTik @don. TNV Eik. 15B @aivovTtal Ta TTpoidvTa TG ETTAVAANTITIKAG

avTidpaong Twyv Tmapamavw STSs. OAa gu@avifovtal atmroKAEIOTIKA oav [ia {Wvn evw

n ammédoon TG avtidpaong gival IKAVOTTOINTIKI. ZTNV TTEPITITWON ENPAVIONG

TTOAATTAWY CWVWV, YIVOTaV BEATIOTOTTOINON TWV OUVONKWYVY, CUVABWG e augnon Tng

Bepuokpaaciag uBpidoTToinong f Je puBuIoN TNG ouykévipwaong Tou MgCls.

AkoAouBouoe PCR padiocripavong (BA. MeBddoug) otnv otroia cuvABwg
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oupueteixav ~10 STSs evw TOUAAXIGTOV yIa £vav ATTO TOUG QVIXVEUTEG
mpoadlopifdTav n I0IKN evepyoTnTa (BA. MeBAOOUG). ZTIG TTEPITITWOEIS TTOU N
emmavaAnmTikr) PCR tmapouaciale SuoKoAieg, To avTioToIXo padiocnUACHEVO TTPOIOV
eAéyxovTav he nAekTpo®dpnon Kal akdAouBn autopadioypagia. O1 avixVeUTEG
XpnoldoTrolouvtay dueca yia uBpidotroincn epOaoV n €10IKN evEpPYOTNTA €iXE

eKTINOET 6T UTTEPBaivel Ta 10° cpm/ug.

298bp
220, 221bp
154bp
75bp

Eik. 15: Mpoiévra PCR yia 12 STSs Tng XpWHOOWHIKAG TTEPIoXAS 10923.31-q25.3.

A. HAektpo@dpnon mpoidvtwy PCR yia 12 STSs. MNapaTtiBevral o1 kwdikoi Toug (TTavw) Kai Ta
MEYEDN Twv TTPoidvTWYV (0Tn Péon). ETriong, onueiwvovTal ol {WVEG TTOU aTTOPovVWONKav aTo
10 TIAKTWUA (UE TeAgiES). H Bepuokpaaia uBpIdoTroinong Twv ekKIVATWY fiTav 57°C.

B. EmravaAnTtTikr) PCR pe uméotpwpua 3ul TNG udaTikig @Aong oTnv OTToia EKAOUGTNKAV TA
mpoidvTa TNG Eik. A. H ogip& Twv delyudTwy Kal ol GUVBNKES TNG avTidpaong gival ol idleg Pe
v Eik. A. O &¢iktng (M) TTou xpnoipotroidnke givar o pBR322/Hinfl (A kai B) Ta peyébn Tou
otroiou avaypdgovTal (aploTepd).

Y- YBpidomoinon kai emAoyn kKAwvwv BAC

H digpeuvnon Tng BIBAIOBAKNG yivoTav o€ opdadeg Twv 3 £wg 22 STSs (pools)
KGBE Popd XPNOINOTIOIVTAS 2 - 4,5x10°cpm avixveuTr avé ml SiaAUuaTog
uBpidotroinong. Ta 36 @iATpa TnS BIBAIOBAKNG TOTTOBETOUVTAV GE TPEIG KUAIVOPOUC
uBpidotroinong pe 15ml dilaAuparog oTtov kaBéva. MeTd Tnv autopadioypagia
akoAouBouaoe n TautoTToinon Twv KAWVWY 0TTWG TTapoucidletal otnv Eik. 16.
ZUvoAIKG TTpayuaTtoTroifenkav 50 uBpidotroinoeig TNG BIBAIOBAKNG Kai Ta
atroTeEAECUATA TTOU TTPOEKUWAY TTapaTiOevtal atov Miv. 8.

Katé péoo 6po kaBe STS avtioToixouoe o€ 11 KAWvoug, avaAoyia TTou
QVTIKATOTITPICEI TO BABOG TG KAAUWNG AUTHG TNG YOVISIWHATIKAG TTEPIOXNG. Ta
povadiaia BACs 1Tou TautoTtroifénkav Arav ~2700 yia Tnv repioxh 10923.31-g25.3
Kal 650 yia Tnv uttoTeAOpEPIKA TTEPIOXH. AauBdvovTag uTT dYIv To PEoO PEYEBOG TwvV
evBepdTwy Twv BACs (~175kb), o1 KAWvoI auToi TTapéxouv péon UTTEPKAAUYN KaTd

~16 QOpPEG Kal TOUAGXIOTOV KOTA 7,5 @OpéEG avTioToiXa.
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OAa 1a atroTeAéopaTa £XOUV KATaTEBEI OTNV XPWHOCWEIDIKN BAon
oedopévwv ACeDB, Tnv 10ace ue Tnv ovouacia pools 1L-50L. EvdeikTika, oTnv EIK.
17 @aiveTal n KaTaxwpenaorn Twv ammoTEAETUATWY TNG diepelvnang TnNG BIBAIOBRAKNG e

Ta STSs ToU pool 30.

34A14 >0

—> 4

—> —> s

—> .

163 1-3-R10409an

Eik. 16: AidTragn kai autopadioypagia Tng yevwiuikng BiAiodAkng BAC.

A. AtTeikOvion evog ek Twv 36 QiIATpwv TG BIBAI0BAKNG. K&Be @iATpo TTepIAaupBdvel 6144
KAwvoug TToU gival diateTayuévol ava 16 (otn poper 4x4) os 16 ocipég (A, B, C...P) kai 24
OTNAEG (1-24). To dvopa KGBe kKAwvou artroTeAeiTal atrd Evav apiBud Tou dnAwvel To PIATPO
OTO OTT0i0 avhKel Kal Tnv Béon Tou 0Tn didTagn 4x4, akoAouBoupevo aTo éva ypduua TTou
Ociyvel TNV o€Ipd Kal Evav TEAIKO apiBud TTou uttodnAwvel TRV OTAAN.

B. Autopadioypagia otnv otroia TautoTtroloUvTal 7 BeTIKOi KAWVOI (BEAN). EVOEIKTIKA, TO Gvoua
TOU KAWVOU TTOU ONMEIWVETaI PE KOKKIVO BEAOG gival 34A14. To TTpdBepa 34 deixvel OTI TO
OUYKEKPIUEVO QIATPO gival To TpiTo TNG BIBAIOBAKNG Kal OTI TTPOKEITAI yIa TOV OEUTEPO KAWVO
otnv diaTtaén 4x4. H didragn oto TTpwTo PiATpo TrEPIAapBavel Toug apiBuoug 1-16, oTo
ETTOUEVO 17-32 K.ATT.

» Karaokeun kai digpeuvnon yevwuikAS BiBAI0BHKNS TOU
Xpwuoowuarog 10
O1 mapatrdvw 3350 d10@QopPETIKOI KAWVOI TTOU TauToTToIRBnKav, oe cuvouaoud
pe Ta BACs 1T0oU e Tnv idia TTpooEyyion XapaKTNPIOTNKAV WG YEVWHMIKOI KAWVOI TOU
Xpwuoowpuatog 10 (atd Tnv opdda Tou 1. AchoUka ato Sanger Center) atrotéAecav
Mia yevwIKA, XpwHoowuoeIdIKA uttoPIBAI0BRKN (BA. MeBbddoug) TTou dlaTaXTNKE O€ 3
@iATpa uwnAAG TTUKVOTNTAG (polygrids).
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Mv. 8: AmoteAéoparta Tng Siepelivnong TG YevwHIKAG BiIBAIoBAkng BAC

POOL
1

10

13

STSs BACs

stSG9207 2F13, 16H23, 31L.23, 26117, 31C2, 37L.21, 34D21, 38F19, 47K14, 47A8, 55P24, 55H24, 63G20, 73121, 68M5, 85J3, 87A18
WI1-9147 92K19, 91E4, 91A6, 105N 15, 124A14, 121B1, 124G18, 121A1, 121B2, 114F1, 13512, 131P16, 131N13, 135G2, 135G3,
238716 147B13, 148E14, 155M3, 161J3, 166D12, 177N16, 190J1, 208K8, 205K9, 217B13, 215H21, 216K21, 239A7, 225G22,
H05479 229H16, 225H22, 277F21, 294B4, 320K6, 308M12, 310C11, 32617, 326J7, 325G20, 345B6, 344B9, 338F22, 364M5,
WI-16946 381E23, 372K16, 372L16, 381N 11, 377N7, 388D6, 390A9, 390A22, 400D18, 399L6, 399P6, 397F 19, 403K22, 416N2,
SGC31986 427G23, 426P21, 418G13, 418E13, 440H6, 462G 17, 450K22, 44918, 474E14, 465A7, 491G 16, 49305, 499D21, 517G4,
SGC30899 514D16, 513A17, 524G 11, 522K10, 539A22, 529110, 544J23, 537L19, 530L13, 560B7, 550H22, 561B19

G27616

\W86982

238397 18114, 31123, 18012, 41D21, 35P4, 38P1, 37L21, 51A7, 4912, 75D10, 68111, 84A2, 92K19, 110K7, 108L7, 110P1,
SGC33233 110M24, 13512, 135G2, 135G3, 133L23,138J24, 138J21, 155M3, 154K6, 154E18, 17043, 173J5, 172G11, 166D12,
SGC31936 167C14, 203B23, 214C13, 223B13, 213C11, 230H19, 229N4, 228C22, 256H10, 252J11, 256P 15, 243120, 263M9,
A006J02 268F5, 271113, 260L13, 277F21, 285D 15, 273N6, 303C5, 29915, 301L10, 298P 19, 302K17, 301F16, 301H14, 299C16,
M85683 317J21, 346A7, 345B6, 353B24, 353117, 363D8, 360E9, 367M7, 382M19, 381N 11, 393G6, 403K22, 412G 16, 416K23,
F10278 426A8, 422K11, 418P17, 446H13, 44221, 446K23, 446K18, 451M19, 474A18, 472D22, 468M23, 471P23, 496G1,
HO05479 482E11, 489E24, 50315, 509115, 497N19, 511021, 520F2, 523M11, 524115, 523F17, 513A17, 541N10, 555A18,
238786 55K2, 559P8, 571M9

W32419

H87438 2M13, 20D13, 20D7, 24H9, 29K18, 34D15, 43F15, 43G4, 46B21, 54N3, 77B12, 80H11, 85A1 100J20, 113J14, 115G22,
SGC33917 116D23, 116E5, 117P24, 12114, 121J23, 133119, 142H5, 15707 159K16, 160111, 16506, 175820, 188N23, 190012,
SGC34176 190013, 190N2, 227A18, 260L2, 27416, 283C24, 285F 16, 287B3, 296C3, 316M21, 325E17, 328F4, 330J1, 338011,
T40917 344E13, 345F3, 352M13, 361J5, 363N 16, 383K22, 395E12, 399H7, 407A10, 411B6, 417D19, 417F17, 420P24, 428K4,
WI-8488 433A14, 436A6, 436E6, 436A7, 438A21, 443A5, 455H10, 460C19, 469H13, 470C8, 478N5, 483F11, 483B11, 490D4,
WI-13735 49402, 504A6, 509A14, 520E2, 539M3, 553H1, 565E10, 565H24, 572B16

WI-16766

stSG1671

stSG3691

A004MO6 18114 18012 29L1, 75D10, 124G18, 119124, 170J3, 200K5, 215H21, 216K21, 229N4, 243G8, 301F 16, 301L10,
stSG27214 369M5, 377N7, 393A6, 393G6, 416K23, 427G23, 426A8, 419K13, 436B8, 452K1, 453H6, 461F9, 465H10, 471P23,
stSG2653 496G 1, 489E24, 501J12, 50818, 550G 18, 573E23

G26427

H19386

WI-15962

D60282
@3 T6123, 6124, 1514, 29L1, 37K12, 73121, 68Mb, 91A6, 87A18, 91E4, 95012, 85J7, B1F 18, 82F 10, 105N15, 131P16,
R43868 148E14, 177N16, 190J1, 239A7, 270D20, 27988, 300111, 293M13, 312F17, 325G20, 349G 14, 356H19, 369M5,
WI-14107 394B24, 390C1, 401G3, 413E5, 41319, 430D8, 438013, 443N17, 438K21, 460P6, 503H15, 503B2, 502B6, 509B9,
H41409 529110, 530L13, 544J23, 537119, 539A22

A004B36

U36223
IT34337=A004R30 37121, 37D18, 34A22, 62C24, 52H22, 88C2, 85A6, 91K19, 107L7, 155M3, 155N10, 155M10, 203B23, 286K 1, 277F21,
R01689 286021, 299C16, 293M13, 242B12, 249E8, 243G8, 321C9, 345B6 360E9 360M7, 370K10, 381N11, 393A6, 396N9,
A006J02 416K23, 419K13, 436B8, 437A23, 461F9, 453H6, 452K1, 465H10, 471P23, 501J12, 513A17, 550H22, 203B23
A008M23

SGC31936

M14564

stSG34995 2A2, 10B18, 16H23, 18114, 18012, 30F 12, 30H12, 29L1, 38P1, 40M1, 70E24, 91A6, 91E4, 99N20, 99020, 117P7,
stSG13162 131N13, 131P16, 162B11, 170J3, 190J1, 207D20, 208K8, 216L6, 229H16, 230H19, 239M11, 250J20, 252J18,
stSG36084 301F16, 301H14, 301L10, 308D20, 313D6, 332C10, 346A7, 346N21, 348N5, 363L19, 363N23, 366K23, 369M5,
stSG16259 371A11, 373N18, 403L6, 409D24, 426A8, 44522, 468J18, 468N18, 468B22, 472D22, 474E6, 475M16, 491K17,
stSG40082 502B19, 501N10, 506E3, 52118, 524115, 525P19, 530A9, 530A20, 530G 15, 530G2, 550G 18, 561B19, 571D14,
stSG27142 572F16, 573E23, 574J10

stSG42868

stSG28313 3L6, 16H23, 17P13, 20D13, 31L23, 37L21, 37G12, 4212, 4612, 60A9, 69F 17, 77F18, 85A1, 92K19, 115D23, 135G2,
stSG40840 135G3, 13512, 129J12, 149A13, 155M3, 15707, 155K9, 159K16, 166D 12, 190012, 190013, 178018, 193B23,
stSG8267 203B23, 235N10, 264B12, 287G8, 277F21, 30104, 357 (358) 115, 370D 14, 381N11, 383K22, 394E12, 407A10, 415K21,
stSG30988 403K22, 418J9, 436E6, 433A14, 441015, 454H10, 469H13, 467N8, 478N5, 482F 11, 514N1, 513A17, 514G 18, 515N17,
stSG38907 515N18, 533014, 550H22, 561B19, 565H24, 573113

stSG27406

AA034033

stSG38872 16H23, 21N23, 24K12, 25P11, 27123, 37L21, 40M1, 55N17, 55D2, 70E24, 75K16, 79C21, 81E5, 86M22, 88C2,
stSG42773 89G15, 92K19, 99N20, 99020, 101J13, 107(108)L7, 123L1, 127L20, 129116, 131N13, 131L.23, 134M6, 135G2,
stSG4995 135G3, 13512, 142K6, 155M10, 155M3, 155N 10, 155E8, 158G3, 162B21, 167D12, 170C16, 186B2, 192G6, 199D9,
stSG2699 203B23, 205K9, 211D4, 229H16, 242B12, 249E8, 250J20, 251D12, 263121, 277F21, 287G20, 289J19, 291K 18,
stSG31529 295H12, 299C16, 302K17, 341G3, 345B6, 366K 1, 366K23, 373N 18, 373D9, 381N11, 382P22, 38702, 388D12,
stSG35254 388(392)C16, 395M 19, 396N9, 403K22, 409D24, 437A23, 459H15, 471P23, 474E6, 475M16, 498G 15, 499K 15, 502B19,
stSG42504 F07GZO, 513A17, 524G 11, 525P 19, 530A9, 530A20, 530G 15, 550H22, 561B19, 565E8, 569F9, 570J10, 572F 16
stSG26359 |

240596 [oC23, 13K2, 21F 19, 22A6, 27D5, 28G22, 3818, 40016, 47K24, 46M17, 51020, 54021, 56N18, 57C13, 62015, 71E2,
T92735 7103, 80H5, 85C14, 112G4, 135H15, 149A14, 159F21, 149123, 161N7, 168010, 18118, 179M9, 204L12, 218E3,
WI1-18437 236H7, 256F2, 249G24, 287B17, 276D24, 300K2, 291L.24 338H11, 338M20, 375N21, 400M3, 388M4, 397M7,
H92921 404P11, 406N15, 409D17, 410C16, 425M17, 425C21, 437M10, 474115, 496G4, 485B24, 502C7, 518A11, 524M7,
[Res942 522P8, 528M22, 523M4, 576H10, 40K13, 40N12, 62B8, 145B5, 148D8, 14919, 151J19, 17515, 186014, 298J5, 349G6,
WI-11734 354E22, 428L9, 473F1, 528P2

WI-17128

SGC38164

WI-16578

A008Y13
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Mv. 8: (ocuvéxeia)

POOL STSs BACs
14  [stSG2605 18114, 18012, 26117, 31C2, 38P1, 47K14, 68M5, 73121, 87A18, 106N15, 124A14, 16113, 177N16, 230H19, 240A7,
H40105 301F 16, 320K6, 3267, 346A7, 426A8, 426P21, 465A7, 472D22, 524L15, 522K10, 529110, 530L13, 537L19, 544423,
N39580 530A22, 148E14, 147813, 32617, 301H14, 411D17
15 [Feao12 T0B9, 10L2, 11K21, 11P23, 2713, 30G13, 27L16, 35C6, 41C12, 43D10, 39E8, 46M17, 71F8, 70C15, 687, 67L13,
SISGA5558 98P 18, 103A2, 106F 14, 98K17, 119F 19, 13088, 157H10, 146116, 149123, 158011, 149019, 168M11, 164M14,168010,
StSG46580 T88C5, 20412, 201M14, 228A3, 239G4, 231118, 239G24, 256F 2, 253L6, 254N8, 245D 15, 249G24, 53N19, 267E5,
WI-11615 262D21, 275G24, 287K24, 303A10, 304L3, 293L10, 320F 15, 319B14, 309B15, 364F9, 36020, 36204, 380G5,
W73720 377E16, 382P 11, 375N21, 388M4, 41012, 401P6, 402D21, 430L14, 440812, 437J2, 441G9, 440F21, 448L14, 443N19,
StSG47193 759118, 460M16, 462N15, 460N21, 474H4, 474115, 478L15, 489D4, 496G4, 496D14, 496H23, 491K20, 481N24, 512J3,
N37073 510824, 505K23, 501M24, 51381, 51708, 542J7, 53405, 53216, 536G 17, 538C20, 539D21, 560G4, 558K13, 567B5,
SISG48047 575C13, 568123, 16A13, 6001, 73L23, 95NO, 98K 15, 98P 18, 124D 13, 123J3, 136P13, 155M6,163J10, 180112, 180113,
SISG44990 192022, 222G3, 223016, 220A6, 265L24, 281C3, 286811, 304E17, 294020, 31507, 311012, 322M19, 34619, 337824,
SISG50791 363810, 379K18, 383L20, 399019, 410H2, 41512, 414M22, 460N22, 524113, 535819, 570H15, 570124, 57105
16  [Wi-i6054 208, 11P23, 25020, 61N7, 61K23, 65C4, 67L13, 71F8, 81C11, 9518, 106M14, 124A3, 139A1, 13782, 13783,
WI-14114 159J10, 171HI4, 168013, 181C9, 184C22, 212N8, 2396, 248114, 251F 13, 252D 12, 266P20, 280C8, 316G19,
A007J42 326117, 34812, 353L10, 36204, 366113, 358119, 360N18, 413E18, 416G 12, 442415, 464B1, 474K16, 481014,
AO06X22 50312, 510824, 539D21, 543N17, 558K 13, 562K6, 17P9, 18F 13, 20A1, 38H10, 50E3, 156M2, 164M14, 229P 13,
SISG22466 202K9, 320F 15, 397018, 413M23, 427B15, 439P3, 438D17, 460114, 481N24, 499K21, 53216, 536G 17, 555D2, 56785,
SISG13323 565P20
SISG30492
WI-16821
AO04S4T
16499
17  [st5G25928 1601, 17P9, 22B1, 2713, 27L16, 28G21, 44124, 55M22, 57F 1, 59F 22, 70C15, 81N7, 88A22, 90J1, 95N9, 98P18,
A008Z38 99P7, 102H21, 108M11, 111H11, 119K6, 119H10, 127J3, 136P15, 149115, 150M17, 159010, 160G7, 161K8, 166H9,
StSG50462 T73C8, 179F1, 189N16, 19205, 208C17, 243021, 266814, 288120, 305E9, 313N18, 316L13, 325D11, 326M8,
SISG21346 329G 11, 341B18, 349110, 3508, 350F 20, 353H23, 360G10, 361K9, 369K 19, 373120, 377824, 404A17, 411AT1,
[SGcao793 216G 12, 419M21, 423F 23, 428L7, 43014, 435N8, 4372, 441G9, 441E11, 450118, 460C14, 460823, 461N7,
N22119 766014, 469C1, 47AK16, 484B9, 492A19, 493H16, 505K23, 507M2, 509E6, 512J3, 515D2, 521L12, 523H23,
[N29485 _ |55001, 550N4, 554E22, 556C2, 556123, 562K6, 562L21, 568123
StSG15866
WI-16274
StSG43195
18 [stsG45302 5M14, 6E23, 161, 16M4, 17P9, 20M23, 2713, 27L16, 31J1, 3787, 44M16, 44D15, 4815, 55L15, 58016, 58E21, 61M17,
StSG21190 63F 3, 64H1, 67K6, 70C15, 76P2, 78819, 79M5, 80124, B1N7, 88A22, 90J1, 9001, 95N9, 98P18, 99P7, 102L6, 10916,
H03262 TT3F 11, 116H10, 119K6, 121A3, 122021, 122N12, 126H3, 127810, 1273, 136P15, 13782, 13783, 130A1, 143017,
AO02E05 T47C3, 149115, 160G7, 160P20, 16289, 162K11, 174E12, 175A5, 179812, 188L18, 189N16, 190H7, 19017, 191L5,
SISG35684 79205, 198K1, 199A10, 199C11, 200M10, 205N7, 207E20, 208C17, 213812, 217C3, 230823, 236E21, 236G12, 237F 10,
SGC33162 241014, 247114, 248123, 25101, 251A15, 266L15, 272G5, 276E20, 280E20, 284A18, 287M10, 288120, 293J1, 300H5,
SISG31812 300015, 301A3, 30188, 303N10, 305E9, 310E22, 313P2, 315C16, 319D1, 31916, 325D11, 326M8, 32988, 34144,
StSG35992 349110, 350H8, 353H23, 355A11, 35506, 35814, 36186, 361K9, 362N20, 36806, 372K18, 373120, 374N23, 375N10,
StSG47335 377824, 380F 23, 391H15, 391J2, 303F 1, 303F22, 306114, 397018, 400G3, 402D21, 404A17, 406M 15, 409N24,
A004025 Z11A1T, 413M23, 414D4, 419M21, 420P15, 423F23, 427815, 42716, 42817, 420G 19, 429H9, 43712, 440D6, 441ET1,
WI-17750 741GO, 447G 19, 450K13, 452815, 460114, 463011, 466114, 466M22, 467D 11, 476E15, 48489, 491P 14, 506K23, G0GF 1,
N27530 51203, 512811, 513F 19, 516019, 521112, 523H23, 530A1, 53382, 534013, 536H2, 551013, 556C2, 557F6, 561123,
[Wi-16989 | 562E21, 566H2, 568123, 570M19, 570D9
SISGA6053
StSG4
M21941
N32898
N95450
168323
[SGcat032
19  [Fo5763 D22, 3N15, 7D5, 127, 12023, 26K19, 30K2, 3131, 31P18, 32P3, 34E5, 41E18, 48D17, 50J11, 50012, 50P12,
W86789 53P16, 61M17, 65P8, 66E6, 81K 15, 83C5, 87A19, 93C15, 105H12, 114020, 116M10, 122H11, 122N12, 123G 19,
StSG45548 125L1, 136021, 141A20, 145P10, 147G3, 164117, 16401, 165A22, 165M16, 168H20, 168122, 169C12, 170019, 171K,
StSG35515 75019, 178P8, 17912, 1907, 191J13, 196N24, 199D 17, 201K4, 205N7, 208M2, 220P4, 225122, 230C8, 246D12,
[siSG2824 | 251C15, 254B23, 265D9, 270N12, 271L15, 272M22, 27884, 280E20, 300H5, 308C11, 309A11, 311D21, 313P2,
StSG55875=F 10974 314112, 315C16, 318M12, 31916, 323121, 328A2, 331E7, 335G20, 336G 18, 342K23, 348C12, 35516, 360H7, 369E13,
WI-15944 369123, 374N23, 375N9, 376N20, 386M4, 387C15, 306K3, 402P 15, 408G 17, 408K20, 409N13, 411E24, 414D4, 414B12,
SISG46829 Z18H18, 425121, 426P1, 42716, 429D 12, 430D21, 43416, 442119, 445123, 45003, 452K12, 453D9, 453D2, 453E2,
StSG2296 45617, 461N22, 470M7, 471M3, 476E15, 477F21, 48102, A83E22, 4BAE21, 48812, 4883, 493C7, 493N 13, 404G 17,
SISG38844 405F 4, 496G 18, 502124, 504P21, 507Kb, 51102, 514123, 514Mb, 516H12, 528811, 536A15, 541P18, 548K23,
S1SG2761 560L16, 561123, 562L13, 569G 1, 570M19
StSG53348
StSG47398
StSG44050
StSG51949
StSG52273
R89840
SISG49136
S1SG21208
SISGA5428
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stSG462 7D5, 16F10, 17M15, 22114, 22K16, 26K19, 29D10, 31M16, 31P18, 44K20, 47D13, 49021, 50K24, 53D22, 54G9,

WI-18064 59D6, 61M16, 61M17, 62P21, 65P8, 70A7, 72D12, 72N20, 74K9, 83C5, 84H9, 85N 18, 85P16, 88L4, 89L.2, 91K3,

stSG32285 101E20, 102D7, 104K10, 105H12, 106B18, 107J10, 110B6, 111L4, 112K3, 114M15, 122N12, 123G 19, 128123,135P6,

stSG30920 14006, 140M12, 141A20, 153014, 153P14, 170019, 172B21, 173C15, 175019, 183H21, 183J3, 183J21,186D15, 198N23,

StSG4569 204110, 207B4, 207C21, 208A8, 208M2, 218F 18, 223M20, 226C16, 228L9, 238F24, 241J4, 24516, 246D12, 248D10,

WI-15882 251C15, 251113, 265D9, 267A2, 270N12, 271124, 275E13, 278B4, 280E20, 28603, 289N4, 292D10, 298J6, 30604,

A002G19 308C11, 315F22, 318M12, 31916, 319P24, 336G 18, 343A14, 348C12, 352010, 362C13, 374N23, 387N22, 388D 13,

WI-11858 390C10, 396H12, 396N 12, 404P18, 408G 17, 408K20, 409N13, 414B12, 414D4, 414P23, 417P24, 418H18, 42204, 424122,

A004025 424P4, 426P1, 42716, 429D12, 431M23, 43416, 441E22, 442C10, 445123, 448N5, 452K12, 453D2, 453E2, 462E18,
466122, 466K21, 468E14, 473J7, 475D20, 479M18, 480H19, 481F6, 486K23, 495114, 499G 18, 499H13, 507K5, 510J14,
510A21, 510E24, 510K9, 51102, 528B11, 529D3, 532K20, 532020, 537M13, 541018, 548K23, 557C11, 561123,
562L13, 569112, 570M19

N20191 2M13, 12B22, 13120, 17B3, 17122, 18121, 19C6, 19K9, 20D13, 22A21, 34A14, 34D15, 36D5, 42K11, 42011, 43F 15, 54124,

stSG15181 58N21, 69A9, 71F4, 80H11, 85A1, 114F7, 116E5, 116D23, 12114, 144B21, 145P11, 15707, 159K 16, 160111, 172M13,

SGC32394 175B20, 178D2, 179L19, 179N20, 189B8, 190012, 190013, 196K8, 202P6, 256E 14, 260L2, 281J21, 285F 16, 291P4,

StSG46524 29917, 30604, 316M21, 325P4, 327C15, 331G8, 348N4, 35915, 361J5, 383K22, 38418, 392H5, 395E 12, 404120, 405D22,

N35618 407A10, 411B6, 411G6, 422N23, 425D3, 433A14, 436E6, 4374, 439D8, 44719, 454C22, 455H10, 458122, 459F 3,

A005X19 460C19, 469H13, 475F 16, 478N5, 47803, 480G19, 483F 11, 483J1, 507P18, 519H9, 520E2, 528M17, 531G10,

A007K11 546122, 550C5, 553C6, 553H1, 565A11, 565H24, 565110, 569B10, 572F2

SGC34978

stSG50801

W37897

stSG49129 2A2, 2P7, 11K21, 12M16, 13F20, 1514, 16A13, 18114, 18012, 21N23, 26117, 29L1, 30F12, 30H12, 31C2, 31L23,

stSG3084 35C8, 37K12, 37L21, 38P1, 40M1, 47K14, 55H24, 55P24, 56D2, 56N17, 58N21, 70E24, 75D 10, 75K16, 76G2, 81E5,

stSG47056 82M1, 86M22, 89G15, 92K19, 9418, 95E22, 99N20, 99020, 101J13, 105F 14, 108L7, 112M13, 119L.24, 124A14, 127120,

stSG48072 130B8, 131P16, 135G2, 135G3, 13512, 136P13, 140N14, 148K21, 148D8, 155E8, 157H10, 158G3, 161J3, 163J10,

stSG47005 165K8, 166D12, 170J3, 176A24, 17982, 181L7, 186B2, 190J1, 195N2, 203823, 208A18, 211D4, 212G21, 212F24,

StSG50987 21616, 223M3, 225G22, 225H22, 226E19, 226C19, 229N4, 230H19, 242812, 249E8, 250J20, 252D 12, 26082, 262D21,

A006D27 267E5, 269N23, 275A16, 277F21, 27988, 28513, 287G20, 293M13, 296A11, 296H12, 298H1, 299H5, 299C16,

N37090 299B22, 300L4, 301L10, 301H14, 301F16, 302K17, 303A10, 303A24, 307E17, 310K2, 311D 11, 319L14, 320K6, 324G3,

|R45921 32617, 326J7, 330M2, 332C10, 334C18, 345B6, 346A7, 352J8, 354F7, 356L5, 360E9, 366K23, 369M5, 371A11,

stSG12760 381N11, 38702, 389D5, 393G6, 393G 12, 395M19, 396N9, 401D 10, 402C8, 403K22, 407C2, 409D24, 409M21, 410C10,
415B23, 416K23, 41807, 422D3, 422H16, 426A8, 426P21, 430M18, 43212, 432F 13, 432H13, 444A13, 447B23, 447F7,
449D20, 456110, 457H4, 459H15, 465A7, 468B22, 468J18, 468N18, 469D8, 471P23, 472D22, 473A22, 474E6, 475M16,
476K 10, 489E24, 492H3, 493P17, 496G 1, 497P24, 502B19, 505A14, 506E3, 507G20, 513A17, 522D 15, 522K10, 523E3,
524115, 525P19, 527G8, 528J4, 530G 15, 532M13, 541N 11, 542J7, 547M21, 550D14, 550G18, 550H22, 551E2, 552C1,
556D1, 556114, 557K9, 558F 14, 565018, 571D 14, 572F16, 573E23, 574J10

WI-16106 TAT, TP 12, 10818, 28176, 42F 3, 4213, 4423, A5A2, A5H3, 46C9, 49023, 6BH 13, 68J11, GOEZT, 76F 6, O0J14,

stSG9160

12,

TASCTZ, 14822, T5TEZT, T54R6, T54E18, 162D 11, 162811, 172G 1T, 17335, 177C23, 182CZ, 182P7, T80H20, TOZH1Z,

AA243510
WI-15620 TI3RE, T93L6, TO5H2Z, 201LT, 207020, ZTTAZ, 21216, ZT5C2T, 225R6, 22580, 239K 17, 226C 1T, 252318, 25207,
SISGA49291 5GP 15, Z6ULT3, 26376, Z6oF 22, Z65L17, 271113, 273NG, 272M2Z, Z80F 23, 2840712, Z6AHZ0, Z87P 16, Z88KS,
stSG26986 ZOZFTT, Z93H15, S00E3, 303C5, 30305, 306113, 308D20, 3U9LTY, 31306, 317321, 318076, 3210716, 324G, 328L2,
SISG48063 331J3, 33134, 340N/, 344ATT, SA6NZT, 34706, 348N5, 353824, 353C 13, 353117, 365417, J63NZ3, 386015, 387F 227,
SGC35716 387L20, 387NZT, 388AZZ, 389817, AU3L6, A07P24, 208B%, 408DZ, 422K 1T, 430P 13, 432ZH1Z, 436N 19, Z43A1Z,
StSG8954 AF2TT7, 34522, 249027, A5TMTY, 465G 12, 27618, 476P 13, 478F 14, 482110, 485K0, 487124, 491J16, 29TK17,
StSG12737 29735, 50315, SUBE TS, 511021,514J6, 52118, 534AT, 538MT0, 54916, 554AZ, 556K 19, HoBF 17, DA 2T, 57223
stSG22433
stSG42559
stSG42602 2A2, 2M16, 13F20, 21N23, 26117, 29L1, 30F 12, 30H12, 37G16, 38P1, 39H10, 40M1, 43P8, 47K14, 4912, 55H24, 55P24,
WI-22164 59C8, 59H20, 5913, 70E24, 75D10, 85J3, 86G10, 9418, 95J 12, 99N20, 99020, 107114, 11786, 119K16, 119L.24,
stSG13279 119018, 119P22, 121B1, 121B2, 123H24, 131P16, 164H18, 16919, 169K8, 186B20, 190J1, 216L6, 217B13,
stSG48239 217G12, 218J13, 220N10, 229N4, 229P4, 230H19, 239M11, 241N 12, 242B12, 245B2, 246K 17, 250J20, 251E22,
stSG50971 252A13, 259N20, 264P19, 268G17, 300111, 310C11, 313B5, 324L3, 32709, 329C7, 332C10, 336L8, 344015, 346A7,
stSG47299 349G14, 353K 14, 357C7, 362B11, 363L19, 364M5, 366K23, 367C4, 369M5, 371A11, 372K16, 372L16, 373N 18, 380K2,
stSG31562 388D6, 390A9, 395A22, 399P6, 399L6, 400D 18, 400F 12, 403G18, 405C3, 407C21, 409D24, 413E5, 416N2, 426A8,
stSG44115 430D8, 438M6, 440H6, 456B4, 459M 17, 462J17, 468B22, 468J18, 468N18, 472D22, 471G17, 474E6, 474E14, 475M16,
479018, 489E24, 490L17, 491G16, 496G1, 501N10, 502B19, 506E3, 507E12, 511F4, 514D16, 515C1, 517G4, 524L15,
525P19, 530G2, 530A9, 530A20, 530G 15, 550G 18, 560B7, 570F 15, 571D14, 571B10, 572F 16, 573E23, 574J10.
stSG1460 1N13, 4K14, 5A13, 7K2, 7J13, 8F 15, 11F17, 14C22, 14010, 17M13, 21M8, 25L8, 26E23, 26F22, 29J6, 30A2, 30E4,
stSG1566 31A20, 31D20, 32H11, 32P21, 33D11, 35C24, 41F7, 48A2, 48E17, 48E18, 48P16, 50E23, 53G11, 58N21, 62N 18,
stSG8192 67B9, 67N15, 76K8, 77F5, 82H11, 85C15, 88B12, 90B19, 90013, 91E2, 96C10, 98H19, 106C7, 108K14, 109A6,
stSG48184 110E23, 112D7, 116J12, 120N8, 122A23, 122E13, 122K13, 124N12, 125H18, 126E16, 126G 14, 128P8, 134G23,
stSG27915 134G24, 134H23, 135J12, 140A10, 14219, 146F20, 151015, 153D15, 156N9, 165K1, 167C6, 168C9, 168K18,
stSG4213 169E24, 170F24, 170G20, 170M2, 176D 10, 180P1, 184D1, 184120, 184L4, 196013, 203B14, 206H3, 213D 18,
stSG2795 210E22, 210N17, 214B10, 215A22, 219N9, 220B11, 223P11, 224A13, 226G7, 226H12, 228A16, 229C15, 234G 16,
stSG30731 240E3, 241112, 248G9, 251P10, 252H16, 253C14, 253D 14, 25816, 265C14, 266H4, 26719, 267110, 267K7,
stSG41791 271P15, 274B7, 27417, 276C12, 283A4, 283G7, 283N21, 288A5, 288F 1, 289A20, 290N 15, 300B2, 301121, 303B24,
stSG46145 30303, 305E21, 305023, 305J13, 306D12, 312B12, 312G12, 317M5, 318M10, 319A15, 319M21, 322B10, 327M9,
stSG43280 328H8, 330A10, 330E16, 331B17, 332P17, 337J4, 337017, 340H11, 341P12, 343120, 350K23, 354M21, 357L4,
stSG45453 357M20, 358B21, 360C11, 365A5, 371J2, 373M15, 373M17, 380E16, 380J17, 381E4, 384J24, 387D6, 388D9,
stSG43417 390D4, 390F8, 393C9, 395A24, 398D5, 400C15, 400F 15, 402D14, 410M10, 413F20, 419N19, 423K12, 425F5,
stSG45353 425G21, 427M8, 430C24, 431G18, 434P18, 435P9, 436N17, 442B6, 443L19, 446E5, 44817, 451B5, 452N9, 453A9,
A008M13 458A5, 463E4, 46314, 465K2, 466F21, 467B2, 479E11, 479H17, 486K3, 483D18, 48315, 487G22, 489J4, 49207,
D10S1561 496121, 500B2, 500G10, 502M15, 507K21, 510F23, 511B10, 516011, 528K3, 532H18, 535A6, 536B18, 536H19,
R96892 534G20, 543G19, 547P11, 55015, 553B4, 554F19, 560J16, 564D 19, 571H21, 576C4
W67510
AA036862
WI-14945
WI-17432
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stSG50884 6B11, 7K1, 8A24, 10B18, 13F9, 17C18, 25C19, 26C3, 30C3, 31B9, 31024, 41L19, 55B17, 58C12, 66H11, 67A18,
A005M36 68F 10, 69J14, 69P21, 77E11, 78N18, 79A18, 81G7, 105G3, 110F10, 110L9, 114119, 114M19, 11819, 124C6,

T97004 129M16, 135E9, 137J2, 137F2, 139K1, 140G2, 14012, 145B17, 145A20, 145J21, 154N23, 15817, 160F2, 165P12,
stSG8843 166G14, 167G10, 170K14, 173D4, 180J12, 181K20, 184J10, 185B1, 187L7, 188A21, 194C21, 196B19, 197013,
stSG26044 200N20, 200M18, 203L6, 204H19, 206G23, 206122, 207E3, 207G2, 208117, 209D 1, 209C2, 214N 15, 219K6, 220M20,
WI-14968 22201, 230P2, 230N1, 238E2, 239E22, 245J24, 250C23, 252A11, 252B10, 255C14, 256J1, 26014, 2659, 273E11,
stSG49550 281E6, 290K19, 297A11, 300N9, 304N 19, 310D11, 311D2, 312P6, 316M11, 317C1, 318F6, 319123, 323N 19, 339P18,
stSG39063 342C13, 348N5, 351G21, 352G2, 352F 16, 354F 10, 354L10, 366J24, 367E10, 369D 14, 373P12, 377L17, 379H3,
H17634 381G3, 389A6, 389E6, 391J18, 395B13, 396N23, 397C11, 398I2, 398M2, 400M13, 406G 10, 406K10, 407E10, 435011,
stSG12596 44111, 443K9, 446A19, 448G4, 450014, 451G7, 451K6, 453B24, 463C8, 463G17, 466119, 467114, 468L8, 479A21,
stSG49455 479821, 483J5, 487121, 492122, 498J9, 513N5, 514M1, 514P11, 514N10, 516B6, 527C19, 530A17, 531J4, 53915,
[sGcatian 540A24, 542114, 542J15, 543013, 546C7, 546112, 547A12, 550D7, 551El, 552C9, 558K 18, 55906, 568M10, 572B12,
stSG29677 573M9, 575B12.

A006J06

WI-17804

stSG57727=1284

2F13, 12M16, 18114, 18012, 30F12, 30H12, 31P18, 38P1, 46D 14, 47A8, 4912, 51A7, 58N21, 63G20, 67K17, 68M5,

stSG22607 69H10, 73121, 83C5, 85J3, 87A18, 90J14, 91A6, 9418, 95J12, 105N 15, 110A14, 110G14, 121B1, 123G 19, 124G18,
stSG3077 127B10, 131P16, 147B13, 148E14, 149N17, 161J3, 165H14, 175019, 177N16, 179B12, 182P7, 190J1, 198K1,
stSG15820 200M10, 213B12, 215C21, 215H21, 216K21, 216L6, 2 17B13, 230H19, 239A7, 246D 12, 247114, 24823, 252A13,
stSG51021 25207, 25601, 264P19, 272G5, 289P19, 294B4, 300111, 300015, 301F 16, 302K17, 303N 10, 306113, 308M12,
W69567 310C11, 318M12, 320K6, 331J4, 324L3, 325G20, 332C10, 336G 18, 344B9, 346A7, 348C12, 349G 14, 361B6, 361F5,
stSG42688 364M5, 369M5, 372K16, 372116, 377N7, 381E23, 387N21, 388D6, 389J6, 399P6, 390A9, 395A22, 400D18, 408K20,
WI-19473 412G 16, 414B12, 426A8, 426P1, 427G23, 42817, 429D12, 429G19, 430P 13, 43416, 43509, 435P 11, 440H86, 445123,
stSG3345 452K12, 453D2, 453E2, 462J17, 468J18, 468N 18, 472D22, 474E14, 483B5, 491G16, 501N10, 506E3, 508E18,
stSG40669 514D16, 517G4, 524115, 529110, 530L13, 530G2, 537L19, 544J23, 550G 18, 560A23, 560B7, 571D14, 573E23.
stSG48312

stSG46999

stSG41370

A008S06 5G2, 6B11, 12B23, 17C18, 20F 16, 21D4, 27110, 2806, 29P5, 31B9, 38117, 41L19, 53A23, 57H14, 86E10, 87N15,
stSG3554 90E14, 96N 16, 9813, 106M7, 108K1, 120N11, 124C6, 129M16,137F2, 137J2, 139K1, 142B2, 143023, 152P20, 158D9,
stSG47370 161N5, 163E8, 163G8, 163L15, 165P12, 167M7, 184J10, 187E5, 187M3, 188A21, 190F19, 195A24, 196115, 197K7,
stSG47767 200N20, 203A7, 206G17, 218G 17, 249K21, 253A7, 255L.20, 255L.21, 256E17, 276N23, 281C5, 288M17, 296E24, 300N9,
A007148 302K2, 304N19, 317C1, 320J17, 324N10, 327A11, 328D18, 328018, 336A8, 336B7, 354F 10, 354L10, 354M20, 361G9,
stSG15535 363M6, 377L17, 385016, 391G21, 393E20, 393G20, 403B19, 413J5, 415G 16, 421C7, 422E6, 446A19, 451L.24, 453824,
stSG36024 460M19, 466119, 467114, 468L8, 481H12, 482G14, 517K7, 518K6, 537G20, 539D 18, 539E17, 540A24, 548K24, 551C2,
N38956 551E14, 556E2, 559H10, 564G1, 566K12, 567B18

stSG42986

stSG46271

A006A44

WI-16878

D10S222 3G2, 30G2, 31115, 37022, 40N8, 58N21, 62G6, 65C4, 67K6, 71N16, 78B19, 79M5, 83C5, 85J3, 86D 19, 87P8, 107A9,
D10S571 126A8, 136021, 147C3, 161J3, 177E2, 186B4, 198021, 205N7, 211E23, 225F22, 225G22, 244A2, 271L15, 300E21,
D10S577 307N12, 310C11, 315C16, 320K6, 326J7, 351P19, 355J6, 362N20, 364M5, 366113, 372K16, 372L16, 375N9, 383E10,
D10S583 390F23, 399P6, 400D18, 400G14, 402N18, 409N24, 414B12, 416N2, 426P1, 439P3, 440H6, 462J17, 463J11, 47208,
D10S597 474C17, 474E14, 476E15, 47611, 491G 16, 506F 1, 514D16, 516J19, 517G4, 550A24, 551013, 560B7, 567P23

stSG575=D10S198

2A10, 2M13, 10G20, 11P23, 34D15, 35H23, 39E8, 43F 15, 46G13, 49H17, 55F23, 5604, 58C10, 58N21, 68J7, 69F17,

stSG835=D10S564

70L24, 71F8, 7IN16, 77F18, 103A2, 144P18, 146116, 148C23, 151118, 160111, 164M14, 168M11, 184C6, 193B23,195F21,

stSG34710=D10S1739

198A9, 223016, 245D15, 247E7, 264B12, 269A20, 283121, 293110, 294C1, 304L3, 320F 15, 323K21, 360H20, 36204,

stSG34711=D10S1741

363H4, 36818, 393N22, 401P6, 415J12, 415K21, 426G23, 433K7, 411015, 450E20, 454C21, 456L15, 460K16, 460M16,

D10S603 460N21, 460N22, 465H6, 473K 12, 474H4, 480L6, 481N24, 482A10, 488C11, 491K20, 492119, 496D 14, 496H23, 510B24,
D10S1681 511116, 514G18, 51708, 523D19, 526M21, 532L6, 533014, 535B2, 536G 17, 539D21, 557J23, 558K13, 560G4, 567B5,
573B17, 573L13

F09841 7K1, 8D20, 12J23, 13F9, 14H22, 17122, 19C6, 19K9, 20F 16, 25C19, 25020, 27B9, 28G21, 30J8, 35J23, 37L21, 41D21,
L25676 44J24, 45G10, 47K24, 53A23, 61K23, 62J15, 65C4, 67A18, 68F 10, 69J14, 7103, 80H5, 81C11, 84A2, 86E10, 86P17,
A006W20 87L9, 90E14, 93C15, 95J18, 101114, 105G3, 108L7, 110M24, 110P1, 111H11, 115P8, 118I9, 119123, 120N11, 143J17,
D29519 145A20, 145B17, 148P19, 151A19, 153P22, 154G4, 16822, 168013, 169C12, 169E12, 172M13, 173C8, 178D2, 179F1,
stSG9628 181C9, 18118, 182A20, 186B4, 189B24, 191J13, 194D 11, 195A3, 196115, 199D17, 200121, 202P6, 211E23, 212N8,
740200 213C11, 216C18, 218E3, 219K6, 22201, 223B13, 228B15, 230N 1, 230P2, 236H7, 245K20, 251F 13, 253A7, 256H10,
A009B31 256J1, 26014, 266B14, 266P20, 268F5, 272M22, 273E11, 280C8, 281J21, 290K19, 297A11, 29915, 300E21, 301B8,
H90420 304C14, 307N12, 311D21, 316L13, 322G22, 324N10, 326117, 327G20, 334D12, 336A8, 336B7, 343P6, 348J12,
D10S2197 348N5, 350F20, 352C22, 353H23, 353L10, 360E9, 366113, 369D14, 369K19, 370K23, 373P12, 382N 12, 391J18,
|sAGc-e7a7 393E20, 393G20, 395813, 396N23, 400G3, 400G 14, 400M3, 411G6, 425C21, 430D21, 439P3, 441119, 442J15, 443K9,
NIB1357 446H13, 451D9, 452B15, 459F 3, 465E22, 466J14, 469C1, 474A18, 475F 16, 476L1, 479A21, 479B21, 481014,
stSG66850=L07093 483E22, 483J5, 492A19, 492120, 492122, 499K21, 509C7, 514M1, 514M10, 515D2, 520F2, 523F 17, 523H23, 523M11,
U29690 531G 10, 533B2, 539D18, 53915, 540G5, 542114, 543N17, 547M11, 548N 18, 550H22, 554E22, 557F6, 558K18, 564G1,
T60418 565110, 572B12, 575B12

T91988

W80406

SGC31312

W1-9487

102




Mv. 8: (ocuvéxeia)

POOL

32

33

34

35

36

37

ArmroreAéouara

STSs BACs
stSG52092 2D2, 2F13, 3H12, 5G5, 7K1, 12J7, 14H13, 1514, 17C21, 18114, 18012, 29L1, 31124, 31L23, 31P18, 34C10, 34E5, 37K12,
AO09E24 37L21, 39D23, 43P6, 47A8, 4912, 50H21, 51A7, 55H24, 55P24, 57E4, 57E5, 58C12, 66H11, 67A18, 67C5, 67K10,
A005C16 68F10, 68L16, 69P21, 73H14, 75D10, 76B23, 81G7, 83C5, 83C14, 83C15, 85J3, 88C2, 92K19, 95J12, 95P8, 100D5,
stSG51013 100D6,100G4, 106M7, 106N20, 107114, 10815, 108L7, 114F1, 116M10, 118J3, 119L.24, 119018, 121B1, 123L1, 131P16,
N31939 134L1, 135G2, 135G3, 13512, 136021, 143H15, 145P10, 146L10, 148C15, 148G20, 150M19, 154M18, 155M3, 156N4,
stSG43839 156M10, 156N 10, 159K22, 160D2, 161N5, 162J6, 162L18, 163D2, 164E11, 166D12, 169119, 1703, 175019, 181E16,
stSG4193 190J1, 200B6, 200K5, 203A7, 203B23, 206G 17, 206124, 208117, 214N15, 215H21, 216K21, 217B13, 220E18, 220P4,
stSG46535 221122, 225G22, 225H22, 225K21, 228K19, 229N4, 230C8, 230N1, 230P2, 233G24, 245E19, 245H16, 246D 12, 247K23,
stSG48287 248P14, 252A13, 258A12, 26014, 26002, 264P19, 268G 17, 271L15, 273C24, 277F21, 27988, 280F22, 293M13, 294B4,
stSG30235 296123, 300111, 301F16, 301H14, 301L10, 304P6, 310C11, 310F23, 310K2, 313B5, 322010, 323P10, 324L3, 328018,
stSG47726 336G 18, 339P18, 342K23, 343C14, 344B9, 344015, 345B6, 348C12, 349G 14, 357H24, 360E9, 364M5, 369D 14, 369M5,
stSG46822 370B4, 372K16, 372L16, 375N9, 377N7, 381E23, 381N11, 381N23, 382113, 385D3, 388D6, 390A9, 391J18, 393A21,
stSG48141 395A22, 396N23, 399L6, 399P6, 400D 18, 403H18, 403K22, 406K1, 408K20, 409L17, 413E5, 414B12, 414J11, 415G16,
AA284841 416K23, 416N2, 417J24, 419G 15, 42418, 426A8, 426E5, 426F8, 426P1, 427G23, 430D8, 430G5, 432G2, 43416, 437A23,
A006C33 438M6, 440H6, 450N3, 450P3, 451E6, 451H23, 451K6, 45107, 452K12, 453D2, 454122, 454P14, 45617, 456124, 459A17,
stSG30264 460M19, 460023, 462J17, 470M7, 471A7, 471P23, 474E14, 47T4M2, 476A4, 487K11, 488G3, 489E24, 490121, 491G 16,
stSG45253 492021, 494G7, 495C3, 495B24, 495F4, 495G 15, 496G 1, 508J18, 513A17, 513G4, 513N5, 514D 16, 514123, 515C1,
stSG48444 524F19, 525A16, 525K18, 527G8, 527G22, 52802, 529D2, 531J4, 538A3, 53915, 542H2, 542H18, 542114, 544D23,
N32594 550G 18, 550H22, 551E2, 551N 13, 558K18, 559E3, 560B7, 560L1, 560L 16, 560P1, 561D21, 566K 12, 572B12, 573E23
AO006F09
D10S579 5J1, 11021, 15N11, 21124, 24A3, 30G13, 41C12, 58N21, 64K2, 66110, 66J10, 77F13, 79A15, 95A18, 98M21, 105A10,
D10S1735 106D15, 110K7, 113H4, 115J15, 115N17, 122D20, 124B18, 125J8, 132P22, 136F21, 137E12, 138J21, 138J24, 141N20,
D10S1753 146P19, 149J19, 155M6, 156C9, 162L12, 164E3, 165M8, 167H16, 169F20, 170019, 176F8, 186B4, 188C5, 195A12,
D10S1755 199A4, 201M14, 204K3, 208M2, 210E13, 211E23, 219J23, 220111, 229C23, 231118, 234L12, 24312, 245A22, 252J11,
D10S1758 253L6, 263M9, 264D5, 264E2, 26417, 268A23, 268P24, 271114, 278B4, 281C3, 284E3, 285D15, 287K24, 300E21,
D10S1765 302E2, 302H1, 302L4, 307N12, 309B15, 315J11, 318H2, 319B14, 325023, 329112, 332A11, 337H16, 338H11, 342N 15,
D10S1778 344015, 348E17, 352E7, 363D8, 364F9, 367M7, 37017, 379G17, 379K18, 382M19, 383D9, 386E23, 399019, 400G 14,
D10S1268 406C13, 408G 17, 413A9, 418H18, 421C21, 428M16, 433G8, 439J3, 442F 10, 442121, 446K18, 446G 11, 447114, 448114,
453D2, 453E2, 454J2, 466H6, 468M23, 468N21, 469M1, 477P1, 481P1, 482E11, 491K20, 497H5, 497N 19, 49816, 509115,
510B16, 513K14, 51708, 524113, 538C20, 541N 10, 545G20, 547J17, 555A18, 558P19, 559D 10, 559P8, 571M9, 574M1
D10S1266 2F13, 3N15, 16E4, 29H7, 34E5, 47A8, 54F15, 58N21, 71N16, 88C2, 96N16, 111D21, 113H17, 116E5, 116M10, 12114,
D10S1663 140L19, 140M21, 145P10, 146P20, 148C15, 152P20, 156M10, 156N10, 156G 16, 163L15, 170116, 183D1, 191C24,
WI-16578 192G22, 196K8, 215H21, 216K21, 226J23, 226119, 230C8, 233L9, 236K20, 247P13, 25219, 256018, 276E9, 281C5,
D10S1692 291P4, 293M13, 294B8, 303J11, 334G1, 342K23, 344B9, 349G2, 353112, 35915, 361J5, 369123, 376P12, 377N7, 389F17,
D10S1726 402P15, 404122, 409L17, 411B6, 427G23, 433D10, 437A23, 454H24, 455M18, 460C19, 470M7, 483J1, 484E13, 491M7,
D10S1731 49109, 514123, 516H 12, 517K7, 517M19, 517M20, 52503, 527G8, 528M17, 530J7, 542C22, 548K24, 550C5, 556E2,
D10S1736 555E13, 558D11, 559H10, 560L.16, 570A6, 570C6, 572E11, 573F20, 576M4
D10S1748
D10S1760 2H2, 3D17, 6B11, 8A4, 8C2, 17P13, 18E7, 20J11, 21N23, 27B9, 31024, 35P4, 38P1, 39A18, 42J22, 57H14, 5718,

stSG58067=AFM183xb12

58N21, 59C8, 59H20, 5913, 69J14, 71N 16, 78N 18, 83A2, 118A12, 11819, 132K21, 13304, 137F2, 137J2, 140N3, 154G4,

stSG58023=AFM205tg7

154K8, 166G 14, 16607, 173D4, 178018, 179B2, 179C23, 180G 19, 186P6, 190E24, 193L19, 197K23, 197L23, 20003,

D10S1265
stSG58028=AFM265yc9

206L1, 208A18, 215P6, 216B24, 218D3, 220M20, 230H19, 238E2, 242B12, 250C23, 252F4, 256018, 265J14, 273N6,

285013, 287G8, 290K19, 290L19, 291F12, 30104, 302K14, 303K17, 306M4, 308824, 309L21, 309N 13, 316M21, 320C9,

D10S1269

320M9, 322012, 328K1, 340K4, 34006, 346A7, 349F9, 353112, 353117, 356L4, 360E9, 362F20, 370K23, 376E11,

D10S1773

376P12, 377L17, 378E5, 383K22, 389P11, 390E10, 395E12, 39812, 398M2, 400M13, 407A10, 407C2, 407C21, 416K23,

stSG58042=AFMa053yg5
stSG58043=AFMa071xh1

418P17, 426A8, 431N8, 436E6, 441L19, 442B7, 446K23, 448G1, 450014, 472D22, 473F13, 474E10, 476B11, 480N 19,

488D23, 491B20, 492122, 494E20, 506D10, 506P9, 510M9, 514M10, 515N17, 515N18, 517C17, 517M22, 523E14,

524115, 526024, 538E15, 540G5, 544022, 546112, 546M19, 547M11, 566F5, 568F21, 569J22, 575K10

stSG57440=SHGC-14061

stSG22312 1A17, 4J3, 4G4, 9M11, 10L13, 17B3, 18121, 26117, 31C2, 36D5, 47K14, 49120, 49N22, 52G13, 5424, 55H24, 55P24,
stSG57715=SHGC-526 56123, 56M3, 62G6, 62P14, 63G20, 67K6, 71N16, 76J6, 78819, 79M5, 81A19, 82G19, 86D19, 90J11, 90J14, 98E23,
G14345 108E7, 110A14, 110G 14, 114P2, 117B16, 124A14, 125P11, 125P13, 127D1, 130E11, 144B21, 159E9, 160P20, 161J3,
G13658 166J24, 182P7, 183J8, 188118, 203J9, 207D11, 215C21, 225G22, 225H22, 229N4, 231L9, 234113, 240N1, 25207,
G13660 257E5, 264C3, 266B24, 276B11, 283E22, 287N2, 29917, 303E22, 306F6, 306113, 308A20, 315C16, 316110, 320K6,
G13676 324123, 326J7, 326N10, 327C15, 328K14, 330A24, 331G8, 331J4, 346G 12, 347D24, 350M21, 351F9, 357J4, 357115,

358P5, 362N20, 36918, 375N10, 378E9, 380M16, 381K7, 384N23, 387N21, 392H5, 393C18, 393G6, 402N 18, 406A12,

G17536

408A7, 409N24, 412H17, 413G23, 413123, 419N22, 420K10, 426P21, 430P13, 434B2, 435020, 437J4, 443C8, 446J3,

stSG57454=SHGC-14535

44TA23, 449F24, 450K13, 455017, 463J11, 465A7, 467N8, 468L18, 474C17, 476E15, 489E24, 490010, 495N22,

SHGC-17231 495P22, 496G1, 506F 1, 508E18, 514B24, 514N1, 516J19, 520A14, 522K10, 525M20, 527D11, 531L10, 532L19,
stSG26135 532N19, 540K12, 542B19, 545017, 551013, 565E5, 56716, 567P23, 570F15

stSG22765

stSG3501

U37426 2A10, 2M13, 3D11, 7022, 10G20, 12J7, 12M16, 13F20, 14H13, 16H23, 26K19, 29H7, 30F12, 30H12, 34D15, 34E5,
stSG29640 36N22, 40M1, 43F15, 46G13, 57H14, 5718, 58C10, 58115, 65P8, 67116, 69P21, 70E24, 76P2, 77B12, 83A2, 84A2,
AA022645 86P17, 89F21, 9418, 95N2, 99N20, 99020, 100A12, 101J13, 110M24, 110P1, 118A12, 122H11, 127120, 132K21,
stSG52467 13304, 134L1, 136M15, 137F2, 137H1, 137J2, 141A20, 142H5, 144P18, 146L10, 146P21, 148C23, 151118, 155E8,
stSG16199 160111, 172J20, 184C6, 186B2, 186B4,187J7, 187P9, 189824, 19017, 199D17, 20003, 203A7, 205K9, 206G 17, 207J24,
stSG50235 209G 13, 211E23, 216C18, 216L6, 220P4, 220M20, 223B13, 238E2, 247K23, 250C23, 250J20, 252D 12, 256018, 260L2,
stSG47144 265D9, 265J14, 270N 12, 273C24, 283C24, 285F 16, 287G20, 296H12, 300E21, 300015, 304C14, 304P6, 307N12,
[FB3F3 308B24, 309N13, 316M21, 320C9, 320M9, 324M2, 32402, 332C10, 340J13, 344E13, 353112, 354N23, 361B6, 363H4,
stSG22417 366K23, 36818, 371A11, 376P12, 383C6, 385D3, 387A2, 393F22, 393N22, 396J13, 397H12, 39812, 398M2, 400G 14,
A004M41 400M13, 409D24, 417D19, 419E10, 426A18, 426E5, 431N8, 433K7, 434N 18, 439P3, 442119, 446H13, 450A14, 45617,
stSG45467 455M18, 461B20, 462K21, 465H6, 468J18, 468N18, 469M11, 472L17, 473K12, 473N24, 474E6, 474E10, 475M16, 476L1,
stSG35096 488C11, 490N12, 495F4, 501N 10, 502B19, 503G 18, 506E3, 506P9, 507G20, 511116, 519F1, 520E2, 520F2, 523D19,
D10S1257 524G11, 525M14, 525P19, 528B11, 528L 11, 530A9, 530A20, 530C3, 530E22, 530G2, 530G 15, 530122, 539M3,
D10S1562 543C2, 544D23, 546112, 546M19, 548K23, 548B6, 548N 18, 557J23, 561B19, 568F21, 571D14, 571N6, 572B16,
WI-5976 572E11, 572F16, 574J10, 576G6

stSG55936=WI-14791

WI-4379

WI-4434

WI-4865

WI-5915

103




Mv. 8: (ocuvéxeia)

POOL
38

39-qtel

40-qtel

41-qtel

42-qtel

ArmroreAéouara

STSs BACs
Im 1A17, 2A10, 9C23, 1014, 11D15, 12B22, 13120, 20D13, 21L23, 2713, 30E16, 30J7, 31P18, 31024, 3219, 34A14, 35017,
stSG43429 37E23, 38117, 42K11, 42011, 46M17, 4912, 53021, 56J20, 57H14, 57N23, 58C10, 59N2, 60P18, 62L.2, 62C21, 63011,
SHGC-4169 64122, 67D22, 70C15, 71F4, 7106, 78N18, 80H11, 83A2, 85A1, 85J3, 89H7, 9309, 9813, 100C1, 10312, 107L7, 107114,
WI-13377 108K1, 114020, 116D23, 119018, 121B1, 121B4, 123F7, 124A14, 126H3, 127J3, 135H15, 137A14, 137F2, 137J2,
stSG66857=SGC30780 145P11, 153G4, 15707, 159K16, 160K16, 161J3, 162B9, 162122, 166G 14, 168010, 170L14, 170N14, 173D4, 174E12,
NIB351 175019, 178P8, 179H24, 179N20, 187E5, 187M3, 190012, 190013, 191N1, 198C20, 198K 1, 204L12, 204N5, 209K21,
A008122 211P20, 215N21, 217B13, 220M20, 223P17, 224N18, 225G22, 225H22, 226018, 230N8, 233G17, 23609, 238E2, 240N1,
WI-1905 241P4, 246A13, 246D 12, 247114, 248J23, 250C23, 251A15, 251C15, 256E14, 257E5, 268G 17, 272G5, 281G 19, 281M10,
WI-3109 282P13, 283C2, 283016, 288G 10, 292G8, 298P3, 298H8, 300015, 303N10, 304L15, 307A13, 308C11, 310C11, 312E1,
WI-4132 312P2, 313B5, 317F20, 318C21, 319P10, 320K6, 320C9, 320J17, 323F7, 325B17, 326J7, 329B8, 329P8, 331E7, 336G18,
WI-4209 339P21, 348C12, 353A20, 355H23, 355019, 364M5, 36806, 372K16, 372L16, 375N21, 376N20, 385H8, 386K9, 387C15,
WI-5502 388M4, 393N22, 394H20, 39812, 399P6, 399M10, 400M13, 400D 18, 402D21, 407F5, 407N7, 408K20, 409K6, 411E24,
stSG47984 412114, 413E5, 415013, 416N2, 420E3, 42215, 422N23, 424D3, 425D3, 428F 14, 428F 15, 430G5, 430D8, 431H7, 431N8,
stSG9987 43416, 435J16, 438M6, 439A24, 440H6, 441G 1, 441G9, 442B7, 447110, 449B2, 450014, 450P1, 453F 3, 453J9, 455H10,
stSG39758 455J5, 455017, 456P10, 458C22, 458D2, 458122, 462J17, 465P12, 467L15, 467024, 469H13, 469M2, 469P8, 471M3,
stSG51671 473018, 474E10, 474E14, 474115, 47803, 478N5, 479A21, 479B21, 483F 11, 483P13, 486017, 487G1, 488C11, 489M10,
stSG36017 491G 16, 491124, 492122, 495D11, 495012, 496P3, 496P21, 499C13, 505K23, 506N5, 507K5, 507P 18, 508118, 511F11,
514M10, 514D16, 515C1, 515E4, 517G4, 520D16, 526124, 530C19, 533H5, 533F 12, 534013, 535D1, 535B11, 539B7, 539N6
540012, 542B19, 542H18, 546112, 546123, 548113, 548K16, 553L4, 554J21, 555F2, 560B7, 562113, 563D6, 565H24, 568123

stSG17459 240E3, 25E1, 377E5, 542E1, 91E2, 1N13, 110E23, 122E13, 26E23, 50E23, 5A13, 126E16, 330E16, 6H1,

stSG32124 7J13, 9N19, 10B10, 17M13, 18M14, 21F 1, 21M8, 26F22, 27F2, 32P21, 35L1, 45A17, 45P6, 52A3, 55019,

stSG2750 56021, 58L14, 58N21, 67N15, 69A11, 69J5, 7IN16, 75C14, 77F5, 82L9, 88P13, 90B19, 90013, 92A10,

stSG28017 96B11, 101K5, 102013, 106C7, 108K14, 109A6, 122K13, 124N12, 125H18, 126G 14, 127G14, 134G23,

stSG47732 134G24, 134H23, 136J21, 139120, 144F 10, 146F20, 149H12, 152N21, 155G 11, 170G20, 178B8, 182H18,

stSG45059 182115, 185G 13, 185K17, 194M18, 196013, 197M1, 198B2, 204C3, 205J9, 21102, 220J19, 229C15,

stSG1303 231J23, 234G16, 241112, 247B17, 253D7, 263B14, 265C14, 266H4, 271P15, 27417, 286H1, 286N21,

stSG4790 289A20, 292B19, 296A18, 298M15, 303B24, 305023, 306D12, 312G12, 317M5, 322B20, 324F1, 326F7,

SHGC-14552 327820, 330A10, 331B17, 337017, 339B9, 357M20, 35707, 358A16, 358B21, 373M15, 373M17, 384J24,

D10S1256 387D6, 390D4, 398D5, 400F 15, 407G17, 410M10, 411014, 413A9, 413F20, 419N19, 425G21,429B1,

WI-17697 431G 18, 435A3, 435H16, 44817, 455A19, 4561, 458C16, 475K23, 489J4, 500G 10, 502M15, 511B10,

WI-20848 52786, 528K3, 532H18, 533P22, 534023, 535A6, 540N6, 543P10, 552L.24, 56315, 571H21

H99205

W15548

AA010383

WI-22094

Cda01F10

D10S2490

D10S2229 463E4, 8E6, 177E10, 224E20, 23E10, 122E13, 50E23, 5A13, 330E16, 17C5, 17M13, 17M15, 29J6, 33G5, 38L2, 41F7,
D10S1585 41G17, 45A17, 48A2, 49M8, 55019, 57018, 6414, 64P19, 67B9, 71N16, 72L6, 75C7, 77F5, 85C15, 96C10, 112C7,
D10S1588 112D7, 116J12, 120N7, 122K13, 125H18, 134G23, 134G24, 134H23, 14219, 154K24, 162J15, 167C6, 173D3,

D10S1593 176L2, 178110, 181P20, 182K 19, 19005, 198118, 208A8, 215A22, 220K7, 224A13, 231017, 235D 14, 241P21,

D10S1408 247113, 248G 18, 252C1, 258L6, 259G 12, 259J10, 273H7, 27417 283A18, 283F16, 284J10, 285C4, 288A5,

AO09F48 288G 11, 289H13, 298L.11, 306D12, 311C17, 317C21, 317M5, 319M21, 331K4, 341M3, 341P12, 343D22,

T48398 358B21, 361G17, 36317, 365A5, 380J17, 387D6, 389H15, 392J15, 400C15, 400F 15, 402D 14, 422D7, 424P4,

AA191340 432J24, 432N6, 442B6, 442018, 44817, 450122, 451B5, 452H13, 455M1, 46314, 466F21, 470M14, 478F9,

A008Y06 486K3, 487G22, 488F19, 489J4, 499J6, 502H20, 509A4, 509B23, 509J2, 510K7, 511B10, 513N19, 516011,

SGC33916 531F13, 540F8, 540N 16, 54414, 546M18, 552A16, 55309, 554F19, 571H21, 572H15, 576C4

WI-19193

AA010383

WI-22094

stSG47380

stSG4581

stSG42519

stSG66859=SGC32344

D10S1201 5J1, 1009, 10L14, 11E21, 15K2, 17E23, 27F2, 30C18, 52K1, 56021, 58L14, 69J5, 74B4, 82N3, 92A10, 108012,
D10S1675 111P12, 113K3, 113121, 12501,130D4, 137C6, 13811, 139120, 151A20, 155P2, 158J6, 165B10,187B3, 197H20, 21102,
D10S1711 220J19, 229C15, 245K 15, 246K3, 272F24, 293018, 293P 15, 308D13, 322117, 339B3, 377E5, 407F 13, 411N16, 417M4,
D10S1770 419B4, 422M14, 427A1, 435A3, 436P1, 455A19, 468N21, 479P10, 480N 19, 48602, 500C8, 513D17, 51817, 525A18,
D10S1651 528M19, 529M22, 539D17, 539012, 539N 19, 540N6, 542E1, 54801, 548P5, 549M19, 552P1, 553N 1, 555N22,
D10S1782 559M23, 562M1, 565F22, 575L1

D10S1676

stSG28017 100C23, 106C7, 108K 14, 109A6, 110E23, 116J12, 11A24, 122E13, 122K13, 123M9, 126E16, 126G14, 127G 14,
stSG36110 134G23, 134G24, 134H23, 136L23, 136P22, 142F3, 14219, 146F20, 151022, 162J15, 167C6, 169E24, 170G20,
stSG55725=AATH40 173C23, 17M13, 182K19, 189A5, 18M14, 194M18, 196013, 197M1, 19901, 1N13, 211P15, 215A22, 220J19,
stSG47732 224A13, 234G 16, 235D 14, 241M19, 246J4, 246123, 248G 18, 251G22, 256F24, 258B5, 2586, 260B18, 263B14,
stSG46609 266H4, 26E23, 26F22, 27417, 274M3, 283A18, 286G 11, 293F 16, 299G9, 2L16, 300E6, 303B24, 304J23, 305023,
stSG32124 309K 14, 312A16, 312G 12, 319M21, 322B20, 330A10, 335E23, 337017, 341P12, 356D1, 358B21, 35C24,
stSG45059 373M15, 376M2, 377E5, 380J17, 383F5, 384J24, 390D4, 390G 18, 400C15, 402D 14, 413F20, 414N24, 419N19,
stSG4581 41F7, 431G18, 435P9, 44817, 451B5, 463E4, 466F21, 468J1, 474A5, 486K3, 487G22, 489J4, 48A2, 502H20,
stSG1303 502M15, 50E23, 516011, 51B10, 528K3, 535A6, 536C3, 540N6, 542E 1, 54K7, 552124, 554F 19, 55019, 561G22,
stSG4790 566G7, 576C4, 58N21, 5A13, 67B9, 67N15, 69J5, 6C2, 77F5, 7J13, 85C15, 90B19, 90013, 91E2, 9N19
55747=A008Y06

stSG42519

stSG66860=SGC33916

stSG47380

Cda01F10=D10S1328E

T48398

AA191340

W 15548

AA010383

SGC32344

WI-22094

WI-17697

WI-20848

WI-19193

104




Mv. 8: (ocuvéxeia)

POOL
43-qtel

44

45

46qtel

47qtel

48
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STSs BACs

stSG4790 2L16, 604, 7J13, 17M13, 26E23, 26F22, 32P21, 46H6, 50E23, 58P3, 67B9, 69J5, 77F5, 91E2, 106C7, 108K14,
stSG4581 110E23, 116J12, 118E15, 122E13, 122K13, 126E16, 134G23, 134G24, 134H23, 139120, 142F3, 165L12, 167C8,
stSG28017 170G20, 183A22, 186G7, 197M1, 201013, 21102, 220J19, 258B5, 263A14, 271P15, 271G22, 27417, 278B1,
stSG36110 305023, 306D12, 312G12, 317M5, 318M10, 319M21, 322B20, 330E16, 337017, 341P12, 354M21, 359121,
stSG45059 390D4, 396E6, 413F20, 419N19, 431G18, 435A3, 435P9, 436M11, 441D21, 447G24, 447E21, 44817, 460G7,
stSG47732 469N13, 487G22, 489J4, 500G 10, 502F 15, 502M15, 506F7, 507C9, 516011, 5267, 528K3, 533020, 540N6,
stSG2750 552124, 554F19

WI-17697

WI-20848

H99205

AA010383

W1-22094

Cda01F10

T48398

AA191340

A008Y06

D10S1207 24A3, 30G13, 50P4, 55F23, 82N7, 94M14, 98M21, 106D 15, 134D17, 137E12, 149J19, 164E3, 173N12, 173N13, 177P2,
D10S1242 181P6, 188C5, 195F21, 232M15, 242P6, 243P14, 246L14, 252A23, 269A20, 284E3, 294C1, 298A12, 315J11, 319B14,
D10S1429 323A21, 352E7, 362P3, 364F9, 366F23, 37017, 386E23, 406C13, 439J3, 439116, 448L14, 454C21, 456L15, 480L6,
D10S1245 482A10, 501D5, 502P5, 511J1, 513K14, 526M21, 535B2, 556116

D10S1240

D10S1434

D10S2470

D10S541 17P9, 26K19, 46G13, 4912, 56A21, 58C10, 58N21, 71N16, 93P 18, 121B1, 137B2, 139A1, 148C23, 151118, 159J10,
D10S554 167C14, 173C23, 182115, 184C6, 193A9, 216K10, 217B13, 229C23, 252J11, 270L24, 306A4, 310C11, 319E5, 335E23,
D10S1709 344A15, 345C24, 345D20, 348J9, 363H4, 364M5, 367M7, 372K16, 372L16, 388D6, 400D 18, 413M23, 416N2, 426L18,
D10S1668 433K7, 446K18, 44618, 458G8, 460114, 462F4, 462M19, 465H6, 468M23, 473K12, 474K16, 482E11, 488G5, 491G 16,
D10S1680 491K2, 497H5, 498K17, 511116, 514D 16, 523D19, 536C3, 548K23, 556N 15, 557J23, 560B7, 560E 12, 562K6
D10S1738

stSG58064=AFMb363xg5

stSG17460 1N13, 21M8, 23N8, 27F2, 31A20, 33B17, 35C24, 42K2, 51K1, 53G11, 55°19, 58N21, 58L14, 69J5, 71N 16, 82L9,
stSG987=D10S555 88B12, 90K8, 92A10, 106L6, 116C8, 136P22, 137C6, 139120, 14218, 146F20, 151015, 156N9, 158J6, 170J5,
stSG725 175F7, 176D10, 178110, 182115, 195E8, 19701, 19901, 21102, 220B11, 220J19, 226G7, 229C15, 245K 15,
D10S1676 246K3, 270L24, 275G4, 283N21, 286H1, 292B19, 312B12, 317113, 318M10, 322117, 327M9, 328H8, 328J8,
D10S1655 339B9, 340L9, 360C11, 365A5, 368P24, 377E5, 400C15, 410M10, 417E15, 435A3, 443L19, 455A19, 467J19,
D10S1651 469C6, 479F1, 479020, 48315, 486K3, 500B2, 513D17, 532H18, 536B1, 540N6, 542E1

D10S1770

D10S1711

D10S212

D10S1201

D10S1675

D10S1782

D10S1222 11A8, 23A10, 2618, 26118, 37A16, 40N2, 40012, 41G17, 51A6, 51A23, 55019, 64A3, 72C14, 75A5, , 75G6, 76A15,
D10S1439 81D6, 82A14, 82J5, 8615, 88C24, 89A22, 94A21, 107K5, 119H22, 134017, 136A3, 138H15, 144A11, 148C1, 149E2,
D10S1248 151E18, 15618, 156E12, 157E12, 159A14, 165N2, 170C12, 171C12, 171P8, 17785, 183P8, 185K19, 187P15,
D10S1134 188J10, 189G 19, 193B2, 194P18, 197B13, 199B23, 200K21, 205A21, 214F17, 215024, 216H22, 221E21, 223P5,
D10S505 224F22, 226P18, 230P21, 231E13, 239N18, 241E22, 246018, 247N 18, 253L4, 255F6, 263C9, 270D1, 271P7,
stSG47386 287B5, 295116, 296H24, 296L5, 302E21, 303E18, 303A22, 307A6, 318H22, 320119, 332P5, 341D12, 342M14,
stSG46609 383B19, 383C23, 384E19, 387D4, 397A19, 401N 14, 407A6, 419F 15, 420P8, 421D3, 445A21, 446A15, 446C12,
D10S186 449E19, 462C5, 464F4, 467C9, 47109, 472G2, 475B2, 479M17, 494G22, 49520, 496G 17, 497A2, 516A22,
D10S169 520A12, 526114, 535A6, 538B5, 538K21, 540E24, 549113, 551A24, 553B19, 572A2, 574E24, 574D4

stSG472=D10S185

2M13, 3N15, 6A14, 12B22, 13120, 14H13, 14P13, 23G14, 27D2, 27124, 33A11, 33P11, 34A14, 34D15, 34E5, 43F15,

stSG538=D10S192

47H17, 57M24, 58N21, 68P15, 77B12, 77A13, 85N8, 87E14, 98K12, 106N20, 106P20, 112J9, 116M10, 122J21,

stSG916 129C16, 129J4, 135P8, 141B2, 141B3, 142H5, 143H15, 145A20, 145P10, 145P11, 146L10, 148C15, 150M19, 156N4,
stSG1032 157A7, 160111, 161N5, 162L18, 163D2, 165P9, 169119, 189B8, 192L3, 203A7, 206G 17, 217C3, 222A1, 225K21,
stSG1953 230C8, 231M20, 236H19, 237F 16, 246F7, 247N16, 248P14, 252D12, 256E14, 256J1, 258A12, 270P10, 273C24,
stSG3745 283C24, 285F 16, 293C18, 299E9, 304P6, 305F 18, 310F23, 318B21, 319C14, 328A18, 337C17, 341B18, 341L11,
stSG4306 342K23, 344E13, 345F3, 348119, 348N4, 348N5, 357H24, 357J17, 359H22, 35915, 367N8, 369123, 370B4, 37416,
stSG22723 375L18, 379A11, 379P10, 385D3, 393A21, 395B13, 405D22, 409L17, 409A21, 411D18, 413M23, 414J11, 417D19,
stSG26670 417F17, 419K19, 422N23, 425D3, 426A9, 427B15, 429H9, 435N8, 437A18, 439D8, 44719, 450N17, 451A7, 458C22,
stSG31639 458122, 459A17, 460C14, 462A12, 469113, 470M7, 476A4, 478A3, 479A21, 479B21, 483J5, 487F 18, 487K11, 488G3,
stSG44588 490121, 494G7, 499L13, 501A15, 501A3, 502112, 507P18, 509N21, 514123, 516H12, 519G9, 519B8, 520E2, 528M17,
SHGC-33545 536H2, 539M3, 551N 13, 553H17, 554P13, 557H1, 560L 16, 561D21, 565A11, 566K 12

AA040321

D10S2211

T87905

D10S1671

D10S1690

stSG58054=AFMa301wf1

stSG58057=AFMa348zg9
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Mv. 8: (ocuvéxeia)

POOL STSs BACs

49 [pi0s222 2F13, 1514, 20L1, 30F 12, 30H12, 18H14, 18012, 31L23, 21N23, 47A8, 37G16, 37L21, 37K12, 40M1, 38P1, 59C8, 4912,
WI-14791 5913, 63G20, 59H20, 55H24, 55P24, 75D10, 70E24, 8503, 86G10, 92K19, 95012, 9418, 107114, 101413, 108L7, 12181,
N37090 T24A14, 124G 18, 11924, 119018, 131P16, 13512, 155E8, 154M18, 155M32, 166D 12, 161J3, 1703, 16919, 1626,
R45921 T69K8, 18682, 19001, 203823, 217813, 220E18, 215H21, 216K21, 217G12, 216L6, 220N10, 230H19, 225G22, 225H22,
SISG12760 250020, 251E22, 252D12, 252A13, 42B12, 268G 17, 264P19, 26002, 27988, 277F21, 287G20, 301F 16, 302K 17, 289P19,
SISGA2602 296H12, 300111, 301L10, 293M13, 31385, 310C11, 310K2, 320K6, 32607, 324L3, 332C10, 346A7, 34586, 34459,
W80406 349G 14, 344015, 367C4, 360EQ, 364Mb, 363K23, 360M5, 377N7, 381N11, 362113, 372K 16, 362L16, 395A22, 400D 18,
07051692 |390A9, 38806, 399P6, 399L6, 38702, 407C21, 413E5, 412G 16, 416N2, 403K22, 416K23, 426A8, 43008, 426F 8,
D10S1267 427G23, 440M6, 438MB, 462017, 474E6, 4TAE14, 4T5M16, 471P23, 472D22, 468822, 496G1, 491G 16, 495G 15, 489E24,
WI-22164 50BE3, 50TN10, 502819, 507G20, 515C1, 517G4, 527G8, 513A17, 514D16, 524L15, 525P19, 530G2, 530A9, 530A20,
SISG13279 56087, 551E2, 550G 18, 55022, 574010, 571D 14, 572F 16, 573E23
SISG15620
ARG13870
ARGT7820
AOO5K38
N31939
S1SG43839
SISGA6535
SISGAB287
S1SG30235
SISGA7726
S1SGA6622

50 [SSG55907=SHGC-4169 2F13, 47AB, 62C24, 52H22, B5A6, BBC2, 95012, 101413, 107114, 12720, 119018, 123L1, 123C1, 124A14, 131P16,
T162635 T35P1, 155E8, 161J3, 175H16, 18682, 200K5, 20622, 206L23, 217813, 215H21, 252A13, 252D12, 243G8, 244M5,
[A00BMZ23 | 268G17, 264P19, 267G20, 27988, 286K1, 283K 10, 288K13, 286K17, 286A21, 206H12, 300111, 31385, 310C11, 310K2,
G26427 311A4, 320K6, 321C0, 32413, 34480, 342124, 360A19, 366K23, 35012, 374A19, 377N7, 360Mb5, 374P24, 393A6,
SISGO16 387A2, 390A19, 395A22, 416N2, 413E5, 430D8, 427G23, 43688, 436M6, 440H6, 44608, 461F9, 452K1, 474E6, 491G 16,
036223 507G20, 508G18, 501012, 514D 16, 515C1, 517G4, 527G8, 542H18, 535D21, 551E2, 56087
S1SG4193
D10S1738
D10S1697
WI-6938

Znu.: TNV TPWTN OTAAN QaiveTal n apiBunan Twv pools OTTwg éxouv KaTaTeBEi aTnV Bdon
dedopévwy 10ace kal GNUEIWVOVTAI QUTA TTOU TTPOEPYOVTal aTTd TNV UTToTEAONEPIKN TTEPIOXA (gtel). ETnv
OeUTepn TTapartiOevral Ta STSs TTou XpnoigoTroinnkav ae KABe uBPIdOTTOINGN KAI OTNV TPITN Ol KAWVOI
TTOU TaUTOTTOIRBNKAV. Ta OVOUATA TWV AVIXVEUTWV gival cupBaTtd pe Tnv Bdon dedouévwy UniSTS. ZTig
TTEPITITWOEIG TTOU O€ KATTola STSs uttdpyouv U0 ovouata, autd pe 1o Tpobeua stSG avTiaToixei aTov
KwdIKO Tou Sanger Centre. Agv £xel cupTTEPIANEOEi TO TTPOBEPa “bA” oToug KAWvoug BACs. H
TTAPaoKEUR 32 avixveuTwy Kai n diepetvnaon g BIBAIOBAKNG pe autd (pools 8, 11 kai 12)
Tpaypatotroidnkav atré Tnv M. Kokkivdakn (AidakTopikr) d1atpifr) kai dev TapaTiBevTal edw. ETTiTAéov
01 76 QVIXVEUTEG TNG UTTOTEAOUEPIKAG TTEPIOXEG Kal oI uBpidoTToInaelg TNG PIBAIOBAKNG YE auToug
TTpayuaToTroifienkav ato tnv A. MNaoTapakn.

0 Avroroixnon kAwvwyv BAC e STSs

To €méuevo BrPaA TNG TAUTOTTOINONG TOU TTEPIEXOUEVOU TwV KAWVWYV o€ STSs,
TTpaydatoTroifenke pe digpeuvnon TnG BIBAIOBAKNG TOU XPWHOOWHATOG, JE KABE
QVIXVEUTN EeXwpPIoTA. TauTdxpova TTPayUaTOTToIoUVTaY TOUAdXIoTOV 24
uBpidoTroinoeig TnG BIBAIOBAKNG, XPNOIHOTTOIWVTAG PASIOCNHACHEVA TTPOTOVTA
PCR evw n diadikaoia TpayuatotroIfenke 0Tiwg Teplypapnke oTigc MeBddoug.

A6 1a 506 STSs 1TOU XpPNnOIPOTIOIRBNKaV OTnNV dlEPEUvVNON OAOKANPNG TNG
BiBAI0BAKNG, Ta 491 avTioToIxNONKav pe ouykekpigéva BACS, 421 atrd Tnv TTepioxn
10923.31-925.3 ka1 70 a1rd TNV uttoteAouePIKn TTEPIoXN. KaTd péoo 6po éva STS
avaAoyouoe og 10 kAwvoug. OAa Ta atmoTeAéopaTta Katatédnkav oTnv Bdaon

oedopévwy 10ace (evoelkTika BA. Eik. 18.).
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g Sanger Centre: Webace
< | Info | HGP | Projects | Database Searches | Software | Teams | Search |
Webace view of acedbll | Configure | Help |

Pool : pool 30L
General Remark hyb data from Sarafidou-04-05-99
Positive Positive BAC[Collapse 78]

bA2A10 bAl144P1B bA36204 bA496D14
ba2M1 3 bA146I16 bA363H4 bA496H23
bAl10G20 bR148C23 bA36818 bA510B24
bAllpP23 bAl151118 bA393N22 bA511I16
bA34D15 bA160I11 bA401P6 bA514G18
bA3SES bAl64M14 ba415J12 ba51708
bA43F15 bAl68M11 bA433K7 bAS523D19
bA46G13 bAlB4CE baA441015 ba526M21
bA49H17 bA193B23 ba454C21 bAS32L6
bAS5F23 bAl195F21 bA460M16 bA533014
bASB8C10 bA223016 bA460N21 bAS535B2
bAS8N21 bA245D15 bA460N22 bA536G17
bA68J7 bA247E7 bA465H6 ba539D21
bAG9F17 bA264B12 bA473K12 bAS57J23
bA70L24 bA269A20 bA4T4H4 bAS58K13
bA71F8 ba293L10 bA481N24 bAS60G4
bA71N16 ba294C1 bA482A10 bAS67BS
bA7TF18 bA304L3 bA488C11 bAS573B17 1
bA103A2 bA320F15 bA491K20 bAS573L13
bA360H20 bA492L19

Positive BAC weak [Collapse 11]
bA35H23
bAS5604 bA426G23
bA198AS bA450E20
bA283121 bA456L15
bA323K21 bA460K16
bA415K21 bA480L6

Contains STS strHB16
stRH1014
StAFMb362yg5
stAFMc005xh5
stAFM350wa5
stAFMa272zdl
Enter search word:

[U Do full search]

Eik. 17: EVOEIKTIKA KATAXWPENOT TWV ATTOTEAETHATWY TNG S1EPEUVNONG TNG YEVWHIKAG
Bi1BAI08AkNg BAC otnv Bdon dedopévwy 10ace. 10 TTAvw PEPOG avaypa@eTal To dvoua
Tou pool (30L) kai akoAouBouv Ta BACs 1Tou TauToTToIRBNKav, Xwpiopéva o€ dU0 oudadeg: o’
auTa TTou £€dwaav IoXupd anua kata tnv uBpidotroinon (Positive_Positive_ BAC) kai o’ autd
pe aoBevéaTepo onfua (Positive BAC_weak) kal TEAog Ta STSs TTOU CUPMETEIXQV TNV
Olepeuvnon. OAa Ta TTapatrdvw oToixeia (Me YTTAE) eival eTIAEE Q.
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Jg Sanger Centre: Webace

| Info | HGP | Projects | Database Searches | Software | Teams | Search |

Webace view of acedbl() [ Configure | Help ]

STS : stSG29640

General RHdb Gb4 RH48066
RHace _name stSG 40
Parent _sequence Em:AA131255
Sequence type 3'cDNA
Class UNIEST
Remark Prime
Order_info Ordered 199
Supplier Genset
PCR 0Oligo 1 GATTTTTCTGTGCTCTATGCCC
Oligo 2 TTACTTTCTTGATGATGCTGCC
Expected product length 129
STS_length 129
Anpealing_ temp time cycle 62C
PCR_buffer SC file7
PRESCREEN Prescreen_status Passed + DP

to Sarafidou-24-11-98

Experiment _prescreen exp 60 stS5G29640 1997-04-28 Passed
exp 5q st5G29640 1997-04-28 Passed

50 _stS 6 1997-04-28 Passed

_62C_stSG29640 1997-05-09 Passed

RH prOJect RH_ASSIGNMENT Experlment a531gnment exp assignl stSG29640
957-05-15 Passed
Chrom_assigned 10
Assignment status Assigned In house
RH_MAPPER Positioned SANGER chromlQ rhmap 26 02 98 P1.01 10:1
Transcript map 98 P1.01 10:1
SANGER chromlO rhmap 03 11 98 P1.01 10:1
RH Links RHalloc SC35152
RHallocation done
Position Map SANGER chromlQ rhmap 26 02 98 Position 438.28

Transcript map 98 Position 438.08
SANG chroml0 rhmap 03 11 98 Position
Chr 106GSC Position |

Chr 10 Position |
Chr 10ctgl5 Position &38
3ACpoly B 64 ls2 1999 8 No pos

3G -0 28

Filter number

14264 1s2 1999—(

Positive Positive BAC bA146P21 SClOBACpoly

[Collapse 9]

K i
bA419E10 SC1O0BACpoly K 1
bA426A18 SCLOBACpoly K 1
bA396J13 SCl0BACpeoly K 1
bA393F22 CIOBACpoly B 2
bA20M23 SCLOBACpoly B 2
bA3D11  SClOBACpoly B 2
bAl190I7 SClOBACpoly B 2

bAT6P2 SC10BACpol

E

Sequence Em:AA384580
In_pool pool 37L
Enter search word:

kil
Do full search])

7

|

Eik. 18: Karaxwpnon Twv amoTeEAEGHATWY avTioToixnong evog STS pe ta BACs mmou 10
mwEPIEXOUV. 2T OcAida anueiwvovTal: 1) o KwdIKOg Tou STS (stSG29640), 2) oTnv KaTnyopia
“General” Ta evaAAGKTIKG TOU ovopaTa Kai 0T avTioToixei o€ EST, 3) otnv TTapdypago “PCR”
ol aAANAoUXiEG TwV EKKIVATWY, TO PHEYEBOG TOU TTPOIOVTOG Kal N Beppokpacia uBpidoTroinong,
4) otnv TTapdypago “Position Map” oI GCUVTETAYUEVEG TOU GTOUG QVTIOTOIXOUG XAPTEG
oupTrepIAauBavouévou Tou Quaikou (ctg15), 5) otnv Tmapdaypago “Positive Positive BAC” ol
KAWVOI TTOU TO TTEPIEXOUV Kal 6) 0 KwdIKOG Tou pool aTo oTToio cuuueTeixe (pool 37L) katd TV
dlgpelivnon oAOKANPNG NG PIBAIOBNAKNG. OAa Ta oToixeia pe UTTAE Xpwua givar eTAECIWA.
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» Xaproypaepnon contigs kai XpwWHOOWMIKO TTEPTTATHA

a. Puoikni xapToypapnon Twv TPOKATAPKTIKWV contigs

O ouoTnuaTikég TEPAXIOHOG OAWY TwV KAWVWYV TNG YEVWHIKAG BIBAIOBAKNG
RPCI-11 pe Hindlll xai 0 utTToAOYIOUAG TWV PEYEBWY TWV ETTINEPOUG TEPAXIWV UETA
atrd NAekTpoPdpnon Trpaypatotroidnke oto Washington University (St. Louis, US)
kal oto Sanger Centre UK, (Marra MA et al, 1997 Soderlund C et al, 2000). Ta
0edopéva ouléyovTav e To TTpoypapua IMAGE, tTou etreepyadeTal TTPOTUTTA
TEPAXIOKOU KAWVWYV Kal kataTiBovTav otnv Bdon dedopévwy FPC (fingerprinting
contig, Soderlund C et al, 1997). KAwvol TTou TTpoEpyovTal atrod Tnyv idia TTePIoXr Tou
yovISIDUATOG TTaPAyouV TTPATUTTA TTOU €U@AviICouV KoIVa TEPAXIA, TO TTOC0OTO TWV
oTToiWV €ival evOEIKTIKO Tou BaBpol aAANAOETTIKAAUWNG. BAoel Twv aTTOTEAECUATWY
TOU TTEPIEXOMEVOU TWV KAWVWY o€ STSs, emMAEyovTav 01 KAWVOI TOU XPWHOCWHATOG
Kal KataxwpouvTav oTnv avtioTtoixn Bdacn dedopévwy. ATTo Tov ouvOuao o Twv
oedopévwy, atadiakd avamticoovTav contigs (EiK. 19) TTou ToTroBeTOUVTAV KATA

MIKOG TOU XPWHOOWHATOG.

[Whols] Zoom:[In] [Cut]20i Hidden [Buried] [Configure Display] Cleones]

[Edie c.:mu.g—l fTra.l.li Clear All] Herge] [Brnalysis]
Lilik CEgL76S

sStUT1729 stWI-16821 SESGLE31274
stbAl48CISPG sStAQOBW20 stSHGC-14703
SESHGC-7202 stbA110H10TY
stSE47056 sStAC0OIH31
stSG4A7982 stbAL4d8CITY
StSG72893 3$tSG13323 =tbA3D17T7

— bA2JOG13

End_secquence pace_ignore pace_ignore Plick_by lace
Pick_buyu bace ends_reg End_sequence End _sequence
Pick_by 6ace End_s=squence End_secuence] ends_regq
ends_req seq pace_ignore seq End_sequence End_sequence
End_sequence End_sequence seq Pick _by {tace

tSG47056
;tSGd?QBE
tWI-16821
tA00BW20
tn009B31 FtSGEEi P74
B SRR

=== B - - — |

Eik. 19: MpokaTapKTIKO contig TTOU XOPTOYPAPEITAI OTNV XPWHOCWHIKH TTEPIOXN
10923.33. O1 opIfOVTIEG YPANPES AVATTAPIGTAVOUV TOUG KAWVOUG TTwG TOTTOBETOUVTAI GTO
contig Bdoel TNG OXETIKAG TOUG AAANAOETTIKAAUWNG. 2TO TTAVW PEPOG QaivovTal Ta STSs TTou
TTEPIEXOVTAl OTO GUYKEKPIPEVO contig. OAa Ta aToIxEia ival TTIAECIUQ, TT.X. ETTIAEYOVTAG TO
STS 10U onuelvETal HE YOAACIO, epgavidovTal Je TO 010 XPWHA Ol KAWVOI TTOU TO TTEPIEXOUV.
To ouykekpipévo contig €xel péyebog 380kb, TrepiExel 21 KAWVOUG aTTO TOUg OTTOIoUG 3
eMAEXONoav yia aAAnAolxnon kai 16 STSs, TTou TTEPICTdTEPA ATTO T PICA TOTTOBETOUVTAI [E
BeBaidtnTa. Ta oTOIKEIQ AUTA ONUEIVOVTAI O€ GEIpd TTAVW aTTd Ta STSs.
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Mia evdidueon €Ikéva Tou QUAOIKOU XAPTN OTTWG SIANOPPWONKE PHETA TNV
oAokAfpwaon NG avTioToixnong KAwvwv/STSs @aivetal otnv Eik. 20 (a1, f1). Ztnv
mepioxn 10923.31-925.3 xaptoypagndnkav ouvoAikd 54 contigs e prikog 140-800kb
TTOU QVTITTPOCWTTEUAV YEVWUIKA aAAnAouyia ~20Mb TTou avTioToixoUoE TOUAAXIOTOV
oTa 2/3 TnG TTEPIOXNG. AvTioToIXa, N UTTOTEAOMEPIKE TTEPIOXT] TTEPIAAMBavE 12 contigs
prAkoug 150-770kb TTou cuvoAIKd KAAUTTTAV QUOIKA atrooTaon 4,25Mb. YuvoAikd, Ta
contigs kai Twv duo TreploXwv TrepINduBavay 465 STSs TotroBeTNUéVA PE HEYAAN
aglomoTia kal 176 e apket) aglomoTia (Miv. 9). £’ autd TrepIAapBavovtav kal STSs
TToU gixav TTpokUYel YeTd atod dialoyn pong (flow sorting) Twv XpWHOCWHATWY, KOTA
TNV o1Toia Ta XpwHoowuata 9, 10, 11 kal 12 cuAAéyovTal wg pia opdda. 21n
OUVEXEIQ PETA ATTO TEPAXIOUO KOl UTTOKAWVOTTOINGT) TOUG, €iXE TTPOCBIOPIOTEI N
aAAnAouyia Twv evBepdTWy, Bdoel TG otToiag oxedidoTnkay véa STSs. H
XPWHOOWHIKN TTpoéAeucn auTwyv Twv STSs kaBopioTnke pe PCR o€
MOVOXPWHOCWHMATIKA KUTTapIKG uPBpidia Tng ouAhoyng Coriell Cell Repositories
(panel 2). H TTapaywyn, n xaptoypdenon kai n digpedvnon Tng BIBAIOBAKNG Ue
QUTOUG TOUG QVIXVEUTEG TTpayaToTToIfenke oto Sanger Centre.

Z’auTAv TNV @Acon KATAaoKEURG Tou XApTn, a1Td Ta apxIkd STSs TTou gixav
xpnoigotroinBei yia tnv diepeuvnon oAOkAnpng NG BIBAI0BRKNG, TToo00Té >60%
gixav ToTo0BeTNO¢Ei 0TA contigs pe peydAn alomoTia. Ta Tapamdvw contigs £épepav
emTTAE0V TTOAAG STSs TTOU OPWG TTEPIEXOVTAV O€ évav HOVO KAWVO. Ta TeAeuTaia
ayvoouvTav oTnV TTEPITITWON TTOU O AVTIOTOIXOG KAWVOG NTAV E0WTEPIKOS Tou contig
ylati katd Tédoa meavoeTnTa TTPoEpXovTav atmo Yeudwg BETIKO oANa KATA TNV
uBpidoTToinon, €iTe atrd TauToTroinon AdBog KAwvou, gite atmé AavBaouévn
TOTTOB£TNON Tou KAWvoU. OTav dpwg ETTPOKEITO YIA aKPAio KAWVO £6eTAJOVTAV N
TEPITITWON AAANAOETTIKAAUWNG Tou contig autou, e GAAa TTou TTepIixav 1o idlo STS
ME ETTAVEEETAON TWV TTPOTUTTWY TEUAXIOUOU.

2’ aQUTAV TNV @ACcN KATAOKEUNG TOU QUOIKOU XApTn gixav emiAeyei ~100
QVTITTPOCWTTEUTIKOI KAWVOI yIa TTpoadiopioud TG aAAnAouyxiag Toug, 83 kai 18 atrd
TIG BUO TTEPIOXEG avTiaTolxa (Mv. 9) TTou avTioToixouoav o€ aAAnAouyia DNA urkoug
17,5Mb. H emAoyr Toug éyive Baael TNG agloTmoTiag TNG BE0NG TOUG, TTOU TTPOEKUTITE
1600 ATTO TO TIPOTUTTO TEPAXICHOU TOUG 000 Kal aTré Ta STSs TTou TTrEpIEixav.
EmimA£ov, auTtoi o1 KAwvol eTTAEXBNKaV £T01 WAOTE va £XOUV TNV MIKPOTEPN duvaTH
aAAnAoemmikdAuwn (minimal tiling path). H aAAnAouxnon Twv KAWvVwV auTwyv Kaduwg
Kal OAWV 60wV ETTIAEXBNKAV OTN CUVEXEIQ, TTPAYUATOTTOINONKE GTO EPYACTAPIO

auTtéuatng aAAnAouxnong DNA, Sanger Centre.
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Miv. 9: MpokaTapKTIKG contigs TTou xaproypapnénkav oTig mepioxés 10923.31-g25.3

(A) ka1 10g26.2-qgtel (B)

A.

Kwdikoég contig

MéyeBog

STSs#1

ctg31

~370Kb

STSs #2

EmiAeypévol kAwvor yia
aAAnAoUxnon

AFM269xf9, stSG26781, stSG15752,
stSG32258, stSG45558, stSG72793

AFMb362yg5, WI-1936

bA399019

ctg1375

~730Kb

stc10-gatal, SHGC-35401, stSG72271,
stA007J42, AFM029xh12 , stN37073,
stSG48047, SHGC-35401, stRH1014,
stH10009, stSG39120, stSG47193,
AFM287ze1, GATA66C04.P17780,
stbA103A2SP6, stbA103A2T7,
stbA15K3T7

stSG72472, ATA115E01.P34519

dJ156B16, bA30G13, dJ23G1

ctg949

~350Kb

stRH2, stN27530, stA006A33, stSG21190,
stSG35189, stSG68316,stUT925
(=D108520), stSG50462, stA008Z38,
stN95450, stSG67985, stbA146P21SP6,
stbA9OP7T7

stSG67985

bA119K6

ctg15

~540Kb

WI1-2054, stSG2761, stA005C16,
stSG1032, stSG4306, AFMb354xe1,
stSG70002, stSG2296, SHGC-9747, WI-
3011

stSG21208

bA34E5, bA53P16, bA35J23

ctg1120

~160kb

stSG16199, AFM350wa5, stSG21522,
stSG35096, stSG1671, stSG27214,
SHGC-34978

stSG1953

bA34D15

ctg881

~360Kb

stA005X19, stSG3691, stSG71105,
SHGC-32598, AFM205tg7, stSG38907,
stSG68655, SHGC-2753, SHGC-5941,
stSG50801, SHGC-17231

stSG21522, stSG27214, stSG35096

bA36D5, bA316M21

ctg35

~360Kb

stSG68573, AFMa132yd9, stW37897,
A007K11, stSG68960, SHGC-30060

stRH627, st68525, stSG50275, WI-5905

bA411B6

ctg34

~800Kb

stSG71846,5tSG42504, stAA034033,
stSG34995, stSG38872, SHGC-31986,
stRH75650, SHGC-4169, AFMa064za5,
stSG31562, stSG47005, stSG71715,
stSG47726, stSG42688, stSG50987,
AFMa217yg5, stN39580, st1265/1266,
StAO05K38, stSG9207, stSG48239,
stSG3501, stSG26135

stSG21180, WI-4865, stN31939,
stSG42602, stSG70050, stSG68435,
stSG70674

bA416N2, bA16H23, bA382M19,
bA225H22, bA541N10

ctg1452

~370Kb

stSG22765, stA006D27, stSG47299,
stSG48287, stSG30899, stU36223,
WI-14063,5tSG36084, stbA91A6T7

stSG46999, stSGC32623,
SHGC-14701

bA229N4, bA91E4

ctg251

~440Kb

AFMa301xe1, AFMb001wb9, stSG51021,
stSG51013, SHGC-4000, stSG71703,
WI-15962, stR45921, stSG2605,
stSG21225, stSG30235, SHGC-14679,
AFM183xb12, stSG13279, stSG40669,
stSG27142, stSGC33233, stSG9369,
stSG72852

stA002G45, stSG2653, stSG68738,
stSG69794

bA18114, bA170J3, bA346A7

ctg1336

~345Kb

stSG916, stSG44115, WI-14791,
stSG42868, stN37090, stSG26359,
stSG31529, stbA40M1A, stbA101J13T7,
stbA2A2SP6

AFM205tg7,stSG13162, stSG38907,
stSG68655, SHGC-2753

bA127L20, bA99N20

ctg2086

~520Kb

stSG72862, AFMa053yg5, stSG48063,
WI-15620, WI-1936

stSG16199, stRH816,

bA271113, bA451M19

ctg27

~500Kb

stSG29640, stSG46053, stN32898,
stSG70045, stH68323, stSG72339,
stbASM14T7, stbA146P21SP6

stc10-gt4, stNIB1686, AFMa302wh1,
stSG69752, stbA146P21SP6

bA121A3, bA76P200, bA162K11

ctg33

~380Kb

SHGC-34176, stA008I22, WI-8488,
stSG72394, stN35618, SHGC-15696,
stSG30988

stSG44588, stSG50801, stSGH8267

bA483F11, bA85A1

ctg893

~410Kb

stSG69764, stSGC31312,
18621/PrG-18622, WI-4379, stCdaOpc11,
stSG68907, stSG70478, stSG71740

bA446H13, bAB6P17

ctg936

~360Kb

stNIB1357, stSG49291, stSG12737,
StAA243510, stSG8954

stAA040321, stAO05M36, stSG50884

bA313D6

ctg1160

~240Kb

SHGC-7202, WI-16821

stA006W 20, stA009B31

bA148C9

ctg927

~530Kb

stSG399, stRH76567, AFM274xf9, WI-
4436, stSG67568, WI-14968, WI-5976,
stSG28889, W1-2469, AFM265yc9,
stSG71828, stSG2378,
LC.ATA1F04.P8234

T97004, stSG36024, WI-7467

bA25C19, bA431N8

ctg1182

~230Kb

stA004R39, WI-17128, stSG39758

R86942, WI-11615, Z40596

bA168010

ctg1049

~240Kb

stA008Y13, stSG2721, stSG70345

AFM282yc1, stSG2551

bA57C13

ctg1427

~560Kb

stSG 15491, stA004S47, stSG22466,
stSG71918, AFMa348zg9, stSG71997,
stSG8384, stNIB351, WI-16054,
SHGC-12255

stSG12559, stSG31710, stSG35957,
stSG44990, stH03262, stSG68001

bA106M14, bA251A15
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Kwdikég contig Méyebog STSs #1 STSs #2 EmiAeypévol kKAwvol yia
aAAnAouyxnon
ctg2088 ~720Kb stSG30011, SHGC-1146, stSG51671, SHGC-11716, stSG72015, stSG472, bA30E16, bA437J2, bA397J18,
stSG70501, SHGC-170, stSG43195 stSG70600 bA562L21
AFMa244vg9, WI-14114, stSG45302,
WI-16989, stN29485, stIB1099, stSG3745,
stSG50791, WI-16274, stSG68723,
stN22119, stZ40200, stSG68212
ctg894 ~300Kb H92921 WI-16578 bA425M17
ctg1320 ~280Kb LO07093, stSG15866, stSG21346 stSGC33162, AFM330va5 bA400G3
ctg987 ~250Kb F09841, stSG16023, stSG41319, stSG68080 bA80OH5
stSG41741, stSG68511, stZ40596,
WI-11734
ctg1370 ~210Kb stSG2699, stSG48141, WI-6938 stA002G45, stSG2653, stSG51013, bA156M10
stSG68738, stM14564, AFMa343yg5
ctg1100 ~140Kb SHGC-32394, WI-9639 bA19C6
ctg1123 ~400Kb stSG46524, stSG72293, WI-4209 stSG15181, stSG26670, WI-9985, bA34A14, bA439D8
stSG72469, stSG71164
ctg1316 ~210Kb AA235311 stSG32285, stSG71013 bA431M23
ctg8 ~580Kb GATA64b01.P17619, stSG4193, WI-9147, |stSG27142, WI-6372, stSG47056, bA108L7, bA324L3, bA179B2,
stSG68457, SHGC-32265, WI-16299, stSG46535, stRH76747 bA107114.
stSG69104, AFM206yb2, stSG50971,
A006J02, stSGC32923, stSG27406,
stSG48072, WI-19473, stSG42773,
stSG67769, stSG43839, A004R30
ctg986 ~260Kb stSG3345, stSG40082, stSG47144, stSG68214, WI-22164, stSG50235 bA30H12
stSG3084
ctg891 ~400Kb stSG4995, stSG49129 stAA243510, stSG8954, stSG12737, bA158G3, bA81ES
stSG16259, stSG49291, stSGC35716
ctg1083 ~330Kb A008M23 StA008Y13, stSG67891, bA34A22
stSG2551,stSG2721, stSG70436,
SGC33428, stSG21644, stSG26026
ctg1195 ~300Kb stSG71719, stSG35992, stSGC30780, stSG71098, AFMb361wb9 bA429G19
stSG72314, st1283/1284, stA004025,
stAA022645, stSG68110
ctg17 ~320Kb stSG76769, stSG2649, A004Q04, WI-17804, stSG67802 bA389E6, bA140G2
stSG29677
ctg1 ~550Kb stSG68999, AFMa051we5, stSG70882 bA219J23
ctg1330 ~390Kb stN32594, stSG42986, stT87905, stSG35058, stSG68795, bA203A7, bA106M7
stA004M41 SHGC-8483
ctg1521 ~290Kb CHLC.ATC3.P10215, stSG68859 stAA284841 bA73H14
ctg1557 ~570Kb AFMa071xh1, GGAA22D12.P17515, AFM331xa9, SHGC-10882, stSG69022, |bA469M11, bA328K1, dJ317G21
WI-4434, stbA16607T7, stc10-gata4, stSG72183
SHGC-8449
ctg10 ~520Kb stSG70628, stSG41412, AFM240yc7, stRH40293, WI-16878, AFMa272zd1, bA411P18, bA317F20
stSG43429, stSG8778, stSG71116, stSG67552, stSG70243
stSG 15535, stSG45467, stSG69054,
stSG36017, stSG71701
ctg20 ~260Kb stRH40293, WI-16878, stAO06A44, bA393E20
AFMb361wb9
ctg91 ~380Kb AO006H32, AFM282yc1 stAA021529, stSG50381, stA009C28 bA165M8, bA77F13
stSG3666, stSG31703, stSG1447,
AFM337xf9, stR42168, stSG47123
ctg210 ~430kb stSG2551, stSG70436, stSG9043, stSG71805, stSG69617, stbA2A2SP6, |bA119F19
stSG26026, stSG67891, stSG3472, stbA101J13T7, stbA40M1A
stSG21644, stSG46580, AO09V47,
stSG49624, A008Y13, W19874,
stSGC33428, stSG70643, stSG49433
ctg1132 ~240Kb W73720
ctg913 ~520Kb stSG8438, stSG12880, WI-4264 stSG70841, stbA15K3T7 bA7F3
ctg1589 ~175Kb AFM289zh5,stSG70637, AFM292vg1,
stH90420, stL16499, stU37426
ctg1379 ~220Kb StAO0B6X22, stSG68762, SHGC-30793  |AFM079ya1
ctg57 ~460Kb stSG70363, stSG25928, stSG73477, stbA16607T7, stSG70780 bA152G7
stSG9628
ctg1206 ~200Kb WI1-6938,AFMb359zg5, stSG12760,
stSG41841, stA006S48, SHGC-9157,
stSG72253
ctg233 ~320Kb stSG22723, stSG58001 AFMb343zc1, stbA103A2SP6 bA87E14
ctg515 ~410Kb stSG68867,W86789, HI5763, stSG67633, | stRH190, stSG45548, WI-17750,
SHGC-15732 st8G22312, stSG47335, SHGC-31032,
AFM269xg9, stSG67673
ctg1221 ~300Kb WI-15944, stSG35355, WI-13377, WI- CHLC.GAAT4C01.P8513, AO09V05, bA175019
5915, stSG69060, stSG72349, stSG22607 |stSG9987, stSG50275
SHGC-17121, stSG72269
ctg1029 ~190Kb StSG1671, stSG1953, stSG16199,

WI-5852
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Kwdikég contig Méyebog STSs #1 STSs #2 EmiAgypévol KAwvol yia
U n

ctg1111 ~280Kb SISGC 32623, STA004B36, W69567, DAGBMS
WI-15144, WI-16946, stSG72304,
stbA91A6T7

ctg1498 ~170Kb N20191, stSG71780, W1-9639, stSG72889|stT85373, SHGC-32394

Kwdikég contig Méyebog STSs #1 STSs #2 EmiAeypévol kAwvol yia
AANAOU

ctg2083 ~ 480 Kb WI-3219, A008Y06, stSG1566, stSG8192, |stSG68773, WI-4342, stSG72409 bA380J17, bA31A20
stSGC33916, stbA31A20A, stSG69976,
stSG68220, stSG70306, stSG48184,
stSG71267, D10S217 stSG69706,
stbA48A2B, stbA48A2A

ctg497 ~150 Kb stSG71885, WI-2006, AA010383, stSG68171, stSG70234 bA45A17
stS8G2750, W67510, WI-22094.

ctg903 ~210 Kb StSG4790, stSG43417, stSG45453, bA108K14
st10QTEL24, stSG1303, stSG27915,
SHGC-10984, WI-14945, stSG70571

ctg910 ~770 Kb stSG36110, D10S1201, WI-3778, stSG69123,stSG67900 bA500G10, bA339B9, bA400F 15,
stSG47386, WI-6793, H99205, bA435P9, bA218C11, bA109A6
stSG41412, D10S505, W15548,
AA036862,5tSG68341, stbA92A10SP6,
stbA165L12T7, stSG72104, stSG4213,

ctg920 ~220Kb D10S169, stSG67569, stSG47732 stSG72427, stSG47909, stbA58L14A  |bA113P9

ctg943 ~750Kb D10S1655, SHGC-7516, A0O07H40, GGAA23C05.P17625, stSG71832, bA343D22, bA396A24, bA231D11
stSG30731, WI-4197, stbA168CIT7, stSG67835
GGAT14G01.P33618, WI-2391

ctg1052 ~350Kb stSG67746, D10S1676, stSG70252, stS8G70252,5tSG 1566, stSG33916,WI-
stbA48A2B 2469, stSG71793, WI-2469, WI-7467

ctg1067 ~250 Kb R96892 bABF15

ctg1078 ~ 380 Kb WI-20848, stSG17460 (D10S1727), WI-4342 bA82L9, bA21M8
stSG1460, D10S1782, stSG32124

ctg1230 ~280 Kb SHGC-2731, WI-17432,5tSG68986, RH1112 bA48E18
stSG71743,stSG71743,

ctg1332 ~240Kb WI-19193, AFM198zb4 AFMb027wc9, stSG71217, stSG46145

ctg1595 ~170Kb stSG2795, stSG41791 StSG12596

Znp.: TNV TPWTN TAAN avaypd@eTal To dvopa Tou contig Kal aTn deuTepn To PKog Tou. O eTTOUEVES
OUo oThAeg TrepIAapuBdvouv Ta STSs TTou €xouv ToTToBETNBEN e peydAn (# 1) ) apkeh (# 2) BefaidtnTa
avrtioToixa. T€Aog, TTapaTiBevTal oI AvTITTPOCWITEUTIKOI KAWVOI TTOU gixav eTIAeyei atmd kaBe contig yia
aAAnAolxnaon, o€ auTrv TNV @Aan Tou QUGIKOU XapTn. To TTpdBeua “bA” avtioToixei oe BACs evw 10 “dJ”
oe PACs 1Tou gixav atmmopovwOei rTaAaidtepa (©. Zapagidou, MeTatrTuxiakdg TiTAOG €1dikeuong, M.
Kokkivakn, AidakTopikr) Aiatpifn).

B. XpwHoowuIKO TEpTTATHHA

KaBwg n katavopr Twv STSs Katd PAKOG TOU XPWHUOCWHATOG, OtV gival

OMOIGHOP®N, NTAV AVAPEVOUEVO OTI HETA TNV dlEpEUVNON TNG YEVWHIKNAG BIBAIOBRAKNG

KAl TOV OXNPATIONO TwV TTPOKATAPKTIKWY contigs, Ba TTapéuevay apkeTd Xaouata

oToV QUOIKS XApTn. H €TTEKTAON KOl N €vOTToinon Twv contigs £yive pe TV dnpioupyia

VEWV DEIKTWYV aTTO TA AKPA TWV EEWTEPIKWY KAWVWY Twv contigs. O1 véol auToi

OciKTEG €iTE TAUTOTTOIOUCAV UTTAPYXOUCEG OAANAOETTIKAAUWEIG JETAEU YEITOVIKWV

contigs &iTe xpnoipotroiRdnkav yia TNV amopovwon €ITTAéOV KAWVWY atro Thv

XPWHOOWHOEIBIKN Kal atrd AAAES yevwlIKES BIBAIOBRKeg (RPC-11, RPC-13).

O1 aAAnAouxieg Twv dkpwv Twv BACs uttdpyouv KaTaxwpnuéveg oTn Baon

0edopévwv Genbank kai n diepelivnor] TOUG YiVETAI PHE TOV XAPAKTNPIOTIKO KWAIKO

apIBuo Tou KAwvou (11.X. 103A2) petd 1o TPpdBepua RPCI-11-. Na Toug KAWvoug TTou

XOPTOYPOPOUVTAV OTA AKPO TWV TTPOKATAPKTIKWY contigs Kal yia TOUG OTTOioug

uttApxav d1008£aiueg TETOIEG AAANAOUXiES, OXEBIAOTNKAY EKKIVNTEG, TTAPACKEUAOTNKAV
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ol avTtiaToixol avixveuTég (BA. MeBbddoucg) kal xpnaoiyoTroinénkav atnv diepedivnan Tng
XPWHOOWHOEIBIKAG BIBAIOBNAKNG. ZUVOAIKA, axedidoTnkayv 96 Celyn eKKIVNTWY Kal
atropovwenkav 78 mpoidvra PCR. Atré autd, Ta 58 avayvwpilav eKTOC TOU TTATPIKOU
Kal emTTpooBeToug KAwvoug (Miv. 10). EmirAéov, apketda poidvia PCR
TauToTTOI0UCAV KAWVOUG TTOU TTpoEpyovTav atrd Katolo dAAo contig, yeyovog TTou
atroTeEAOUOE EVOEIGN AAANAOETTIKAAUWNG. 2 AUTEG TIG TTEPITITWOEIG ETTAVECETACOVTAV
TA TTPOTUTTA TEPAXIOPOU TWV AKPAiwV KAWVWYV TwWV avtioTolXwv contigs. Autd Ta
ATTOTEAECPATA, OE GUVOUAONO HE VEQ TTPOTUTTA TEPAXIOMOU KAWVWY, 0dAynoav atnv
ETTEKTOON KAl EVOTTOINON apKeTWYV contigs. EvdeikTiké, otov Miv.10 @aivovtal Ta STSs
stbA1P12SP6, stbA1P12T7, stbA133L23SP6 kai stbA260L13T7 trou avayvwpifouv
KAWVOUG TTpoepXOpevous atrd Ta ¢tg2086 kai ctg1557 1Tou dev gixav TTponyounévVwGg
KATTo10 Kolvé STS. H etTavagétaon Twv TTPOTUTTWYV TEPAXIOHOU TWV aKPAiwV KAWVWV
Toug Bdaoel Tou vEou dedouévou, 0dAYNOE OTNV EVOTTOINCT) TOUG KOl OTNV TTAPAYWYI)
evog contig pnkoug 1,27Mb. IMA€ov, otnv Treploxh 10923.31-925.3 o xaptng
mepIAGuBave 39 contigs atmd Ta otroia Ta 7 gixav unkog >1 Mb evw 1o peyaAlTepo
ATav pnkoug 2,24Mb. AvTioToixa, oTnv UTTOTEAOUEPIKN TTEPIOXA Ta contigs ueiwdnkav
oTa 9, To yeyaAuTepo €ixe uAkog 1,2Mb (Eik. 20, a2 kal 32) kal TTepIEiXe TOUG
MIKpodopupopikoUg deikteg D10S1782 ka1t D10S1676 1Tou GTOV YEVETIKO XAPTN
atréxouv 4cM. To yeyovog auTto emIReRaiwve TNV EKTiNaN OTI TO QUOIKO PAKOG TNG
UTTOTEAOMEPIKNG TTEPIOXAG NTAV KATA TTOAU HIKPOTEPO aTTd OG0 UTTOOAAWVE O
YEVETIKOG XAPTNG, AdyWw uwnAou TToo00TOU avaoUVOUOCHWV.

2€ aQUTAV TNV @Aon eKTINABNKE OTI N KAAUWN TWV XAoPATWY dev atraiToloe
peyaho TTAABOG eITTA oV KAWVWYV. H UTTGBe0N AUTH OTNPIXTNKE OTNV OANIKI YEVWHIKN
KAAuWn Twv dUO TTEPIOXWV HE Ta eTTINEPOUG contigs (26Mb kai 4,4Mb avTtioToixa)
KaBwg Kal oTnv dIATASA TOUG KATA UKOG TOU XPWHOCWHATOG, OTTWG KaBopioTnKe
Bdoel Twv TTEPIEXOUEVWYV BEIKTWYV. H TTpooéyyion TTou €MIAEXBNKE OTN OUVEXEIQ,
aPevOg AOYw TOU UIKPOU HEYEBOUG TWV XOOUATWY APETEPOU AOYW XPOVIKWV
TTEPIOPICUWY OTNV ETTIAOYT TWV KAWVWV TTPOG aAAnAouxnan, epapuooTnke yia 6Ao To
XPWHOCWHa atrd Tnv opdda Tou Sanger Centre kal TTepIAGuBave Tnv oUyKpPIOH TOU
TTPOTUTTOU TEPAXIOHOU TWV OKPAiWY KAWVWVY TwV ETTIHEPOUG contigs PE auTd TWV
KAWVWV O6AOU TOU YOVISIWMPOTOG €ITE WE T UV ON €iTE PE Aiyo XaUNAOTEPN
auoTnEoTnTa. M’ autdv Tov TPOTTO AuEABNKE N KAAUWN, KUpiwg Xapn o€ KAWVOUG TTOU
TTpoépxovTav aTrd 1o deUTePO PIoO TNG BIBAIOBrKNG BAC (segment 2, plates 289-576)
TO OTT0i0 O¢gv €ixe xpnoiyoTroinBei otn dIkr pag diepeuvnon. ‘ETol 0 apiBudg Twyv
contigs otnv mrepioxn 10923.31-gq25.3 peibnke o€ 10, evw To YeyaAuTepo (TTou
TTpoékuwe atrd Tnv evotroinon Twy ctg91, 29, 987, 894, 53, 52, 60, 57, 1160, 515, 15
kal 1195) épTace o€ pnkog Ta 9,2Mb (Eik. 20, a3). ZTnv UTTOTEAOUEPIKA TTEPIOXT TO
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KUplo TTA€ov contig (TTou TTpoékuye atrd Tnv ouvévwon Twyv ctg1230, ctg1078, ctg943
kai ctg910) €ixe pnkog 3,6Mb kai avTioToixouoe o€ YeVeTIKN atréoTacn 13,5¢cM (EIK.
20, B3). EmrAéov atrd Ta AKPQ TWV VEWV KAWVWY TToU ETTIAEXBNKaV oxedIA0TNKAV
Kaivoupla STSs yia Tnv emavadiepelvnon TnG PIBAIOBRKNG Kal To KAEICIUO KAl TWV
TEANIKWV XaouaTwv. To TEAIKO atroTéAeoa yia Tnv TTeploxn 10923.31-925.3 Atav n
KAAUWA NG a1td €va eviaio contig, TTou exTeiveTal atrd T0 q22.3 WG Kal To q26.2,
peyéBoug 47,4Mb. H @uoikr aréoTaon METAEU TwV aKPaiwVv BEIKTWY TTou Kabdpifav
Ta OpIa TNG TTEPIOXNAG TToU PEAETABNKE ATav ~28Mb. Ooov agopd TNV UTTOTEAOUEPIKN
TEPIOX, éva HIKPO TURAPA TNG (<200kb) TrepihapBavetal oTo TTapaATTavw contig, v n
uTTOAOITTN KOAUTTTETOI aTTé OUO contigs peyéBoug 4,6Mb kal 2Mb avrioToixa (Eik. 20,
o4 kai 34). To péyeBog Twv dUO XOOPATWY, OTTWG eKTIUABNKE he avaAuon FISH oe
ekteTapéva vidia DNA (fiber FISH) pe avixveuTtég TOUG YEVWHIKOUG KAWVOUG
ekatépwBev kKaBe xdouarog, cival 50kb kar 10kb avTioToixa (Deloukas P et al, 2004).

O @uoIkdg XapTng, 6TTwg dlapopewdnke TeAIKE (EIK. 21), utrdpyel d1aBEaipog
070 O1adIKTUO, OTTOU ATTEIKOVICOVTAI O KAWVOI, Ol OXETIKEG TOUG AAANAOETTIKOAAUYEIG,
70 tiling path, Ta STSs pe oxeTIKEG CUVOEDEIC OE TTEPAITEPW TTANPOPOPIES Kal

emTTAE0V I0TOOEAIOES (EIK. 22).

Miv. 10: Néa STSs amé akpaieg aAAnAouyieg kAwvwv BAC amro T1ig repioxég 10g23.31-
q25.3 (A) ka1 g26.2-gter (B).
STS

contig STS contig
[SIbATP12SP6 _ (stSGB0453)  |ctg2086, ctg1567 | StbAT03A2T7 _ (stSG79811) ctg1375
StbA1P12T7  (stSG80452) ctg2086, ctg1557 stbA16607T7  (stSG79834) ctg1557, ctg57
stbA2A2SP6  (stSG80371) ctg1336 stbA146P21SP6  (stSG79823) ctg27
stbA7022SP6  (stSG80455) ctg1330 StbASM14T7  (stSG79855) ctg27, ctg515
StbA7022T7  (stSG80456) ctg1330 stbA108L7SP6  (stSG79819) ctg8
stbA20D13SP6  (stSG80459) ctg33 StbA196115T7  (stSGB0426) ctg20
stbA24HISP6  (stSG81050) ctg1007 stbA142B2SP6  (stSG80420) ctg20
StbA40M1A  (stSG80357) ctg1336
StbA56D2A (stSG80363) ctg891
StbASBN17A  (stSG80362) ctg891 stbA31A20A  (stSG80358) ctg2083
StbA91A6T7  (stSG80372) ctg1452 StbA4BA2A  (stSGB0365) ctg2083
stbA9OP7SP6  (stSG81048) ctg949, ctg515 stbA48A2B  (stSG80366) ctg2083
StbA99P7T7  (stSG80388) ctg949, ctg515 StbA67N15A  (stSG81047) ctg910
stbA101J13T7  (stSG80380) ctg1336 stbA90013SP6 (stSG80373) ctg910
stbA110D19SP6 (stSG80396) ctg38, ctg7 StbA14219SP6  (stSGB0423) ctg2083
stbA111D21T7  (stSG80390) ctg38, ctg7 StbA14219T7  (stSG80424) ctg2083
StbA114F7T7  (stSG80403) ctg33 StbA67TN15A  (stSG81047) ctg910
stbA115J15T7  (stSG80393) ctg31 stbA168C9T7  (stSG79843) ctg943
stbA133L23SP6 (stSG80397) Ctg2086, ctg1557 StbA92A10SP6  (stSG79814) ctg910
stbA16506T7  (stSG80413) ctg1007 stbA165L12T7  (stSG79840) ctg910
stbA170J3SP6  (stSG80425) ctg251 stbA7J13T7 903
StbA179B2SP6  (stSG80427) ctg8 stbA7J13SP6 903
stbA196K8SP6  (stSG81049) ctg35, ctg1120 stbA119L6T7 1078
StbA260L13T7  (stSG80429) ctg2086, ctg1557 stbA21MBT7 1078
stbA15K3T7 (stSG79861) ctg1375, ctg913 stbA165N2T7 910
stbA103A2SP6  (stSG79810) ctg1375 stbA343J20T7 ctg943, ctg1078

Zny.: To évopa k&Be véou STS TTou dnuioupynRdnke atd Ta dkpa Twv BACs, @épel To TTpoBepa stbA,
akoAouBoUpevo atré 1o évoua Tou BAC atrd 1o otroio rpoépxetal (1r.x. 1P12) kai Tnv évdeign SP6 A T7,
TTOU ava@EPETAl aTa OUO AKPA KABE KAWVOU. ZTIG TTAPEVOETEIG avaypd@ovTal T EVAAAQKTIKG OvOUaTA
ToUug (KwdIKOg Sanger Centre). tnv deUTEPN OTAAN @aivovTal Ta contigs OTA OTTOI0 TO CUYKEKPIPEVO
STS TomoBeteital pe peyadAn Bepaidtnta. OAa Ta STSs TTou TTapariBevral avayvwpifav ToV TTATPIKO TOUg
KAWVO. ZTIG TTEPITITWOEIG TTOU aTn €UTEPN GTAAN avaypdPovTal TTEPICTOTEPA TOU £VOG contig,
ETTAVEEETACOVTAV TA TTPOTUTTA TEPAXICHOU TWV AVTIOTOIXWV OKPAiWV KAWVWY TOUG YIa TAUTOTTOINGN
AAANAOETTIKGAUYWNG.
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15
14
10p 13
12 ctg1340 38,7Mb
11
= B2 ¢tg2069 0,3Mb -—
C ctg102 0,2Mb
1 ctg43 3,8Mb .
==\ ctg4000 0.9Mb 3,2Mb
— \ctg3003 0.3Mb
\ctg101 0.2Mb
21 ctg14  1Mb —
ctg15 32,2Mb
22
10qg
23
24 ctg16 47,4Mb
26

B ctg17 4,6Mb
= ctg2493 2Mb

Eik. 21: O @uoikog XapTng Tou XpwHoowpatog 10. O xapTng amoteAcital ammd 12 contigs
(Eyxpwueg KABETEG ypauPEG) TTOU KaAUTITOUV ouvoAikd 136,6Mb kai avTioToixouv 010 99,4%
TNG EUXpWHATIVNG. To AdXIOTA ETTIKAAUTITOMEVO POVOTTATI ouvioTaTal atrd 1144 KAwvoug.

H trepioxh q23.3-g25.3 kaAuTrTeTal atmod éva eviaio contig, 1o ¢ctg16, urikoug 47,4Mb kai n
utroTeAOUEPIKY atrd dUo, ouvoAikoU prkoug 6,6Mb. (Bentley DR et al, 2001).
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84Mb 86Mb

Eik. 22: O @uoikég xapTng Tou Xpwpoowpatog 10 otnv mrepioxr 84-86Mb. EvoeikTiké
arreikoviovtal 2Mb Tou xapTn. Paivovtal 6Aol o1 AAANACETTIKAAUTITOUEVOI KAWVOI (0PICOVTIEG
YPOAMMEG) KOl GNUEIVOVTAI QUTOI (UAUPOI) TTOU GUVIOTOUV TO EAAXIOTA ETTIKOAUTITOUEVO
povortram (tiling path). Eival eppavég To peyaho BaBog Tng kdAuwng Tou yovidiwpaTtog. Etriong
TTapioTavovTal Ta STSs (0pIfOVTIEG YPAUMES, TTAVW) TTOU TTAEOV N TOTTOBETNON Toug BacileTal
otnv aAAnAouxia Twv KAwvwy. OAa Ta aToixeia eival emAEEIUa Kal 0 XApTNG €ival dIab€aiuog
oTo diadikTuo (http://www.sanger.ac.uk/cgi-bin/humace/fpcwebmap.cgi).

3.2. H adiomroinon Tou xpwuoowuikou xdprn 10q23.3 yia tnv rauromoinon kai
avdAuaon yovidiwv mou oxerifovrai e TaboAoyikous @aivoTumous

‘Eva atrd Ta Mo onuavTIKA oQEAN TTOU TTPOEKUWYE ATTO TNV KATOOKEUR
XPWHOCWHMIKWY XApTWV UYPNAAS EUKPIVEIOS Kal TNV aAANAoUXNGn Tou avBpwTTivou
YyovISIWHATOG, €ival N dPAUATIKA ETTITAXUVON TOU XPOVOU TTOU ATTAITEITAI YIA TN
KAWVOTTOINGN yovidiwv TTou oxeTiCovTal ue KANPOVOMIKA VOOTUaTa, Je Baon Tnv
TOTTOYPAPia Tou OoTa XpwUoowuata (positional cloning). H apyikr diadikacia tng
EMAOYAG UTTOWPN®iWV YyoVIBiwY, YIVETAI AKOWN TTIO OTTOTEAECUATIKI, OTIG TTEPITITWOEIG
OTTOU O TTABOAOYIKOG QPAIVOTUTTOG £XEI AON OUCXETIOOE e MIO OUYKEKPIMEVN
XPWHOOWHIKN TTEPIOXN, PE YEVETIKI avaAuon oUvoeong. ALIOTTOIWVTAG TO
XPWHOOWHMIKG XAPTN KAl TA «OPIaKE EpyAAEia» TTOU dnUIOUPYNOAUE Yia Tn TTEPIOXN
10923.3, eoTiIaoTAKOUE OTN HOpPIaKA avaAuon OUO UTTOTTEPIOXWY TTOU cuvdéovTal: 1)
ME TNV QUTOOWMIKY ETTIKPATA MEPIKA ETTIANWIa TTAAyIOU KpoTa®IKOU Aofou (Autosomal
Dominant Lateral Temporal Epilepsy, ADLTE) ka1 2) pe Tnv €08paucTn XpWHOOWHIKNA
Béon FRA10A.
A. Tauromoinon kai yopiakn avdAuon yovidiwv Tou xaproypagouvrai otnv
Kkpiowun mepioxn tn¢ ADLTE

Tov PeBpoudpio Tou 2001 pe TpwToRoulia TnNG dIKAG pag opddag Kal TNG
ouadag Tou Dr. C.Nobile (CNR-Institute of Neurosciences, Section of Padua, Italy),
onuioupynBnke 1o «European Collaborative Consortium for the Study of Autosomal
Dominant Lateral Temporal Epilepsy» pe okotrd Tn GUAAOYIKF avaAucn UTTOWA@IWY
yovidiwv TNG TTEPIOXAS Kal TOV TTPOGOIoPIoHO TOU UTTEUBUVOU yovidiou yia TV

ADLTE. EKT6¢ TwV avwTépw opddwy, To consortium atroTteAgital atrd TIC OuAdES TWV
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Dr. J. Perez-Tur (Institut de Biomedicina de Valencia-CSIC, Valencia, Spain), Dr.
R.Siebert (Institute of Human Genetics, University Hospital Schleswig-Holstein
Campus Kiel, Kiel, Germany), Dr. P. Deloukas (The Wellcome Trust Sanger Institute,
Wellcome Trust Genome Campus, Hinxton, UK) kal apkeTd epyacTApIa KAIVIKAG
veupopioloyiag.

H mmpooéyyion Tou akoAouBrionke rTav auTr] Tou utToywnR@iou yovidiou Kal
oTNPEIXTNKE o€ yovIBIaKS XAPTN UYNANG EUKPIVEIOG TTOU KATOOKEUAOAUE O&IOTTOIWVTAG
6Aa Ta Sl0B£aIua epyaAEia yIa TO XOPAKTNPIOWO TWV YEVWHIKWY aAAnAouxiwy in silico
(BA. MeBbOdoUG). ATTO TNV avaAuon auThV TTPOEKUYE O YoVIBIOKOG XAPTNG TNS KPIoIKUNG
meploxns (Eik. 23). H mrepioxn kaAuTrtetal atmmd 37 kAwvoug BAC, éxel prikog ~3,9Mb
Kal TrepIAapBavel 46 yovidia. O xdpTng autdg avTIoTOIXEI OTN CNUEPIVI HOPYPN Tou,
OTTOU £XElI OAOKANPWOBEI N aAANAoUXNON TWV OXETIKWY YEVWHIKWY KAWVWY Kal gival
TAéov dlaBéaipa oTIg Bacelg dedopévwy TTARBOG, WG eTTi TO TTAEIGTOV TTARPOUG
pnkoug, cDNAs. Otav dpyioe n avaltnon Tou utrelBuvou yovidiou yia Tnv ADLTE,
MOAIG gixe oAokAnpwBei n TpwTn €kdoan TNG aAAnAouxiag Tou Xpwuoowuatog 10
TTou TTEPIAGUBave TTOANG xaouaTa o€ eTTiTtedo aAAnAouxiag, €ite HeTAEU dIABOXIKWV
KAWVWV giTe géoa oTov id10 yevwuikd kKAwvo BAC. EriTAéov, ol diaBéaiuol KAwvol
cDNA 1TAf)poUG UAKOUG TAV TTEPIOPITHEVOI KOBWC Ta KUPIO EPEUVNTIKA TTPOYPAU AT
OTTOPOVWONAG TOUg dev gixav EEKIVAOEI akOUa A ATaV OTA TTPWTA GTAdIA UAOTTOINONG.
EvoeikTikd, atnv apxn Tou 2002 utmpxav katatebeipéveg 2000 TEToiEC aAAnAouxieg
atrd 10 TTPodYpaupa Kazusa (http://www.kazusa.or.jp/huge) kai o1 KaTaxwpAoEeI§ aTTo
Tnv MGC (Mammalian Gene Collection, http://mgc.nci.nih.gov/) Atav Aiyétepeg atmd
700 (PeBpoudplog 2001). Eiong, n yovidiakr) avaAuaon (annotation) TNG YEVWHMIKAG
aAAnAouyiag xTi¢oTav otadiakd. Kabwg n avaluon auth Atav apxIka TTARpWG
QUTOMATOTTOINUEVN EiXE EYYEVEIG TTEPIOPIOUOUG, ONAAdK TTapouciale YeUdwg BETIKEG
Kal Yeudwg apvnTikES TTPORAEWEIS yia e¢ovia. Na GAoug Toug TTapatravw Adyoug, o€
TTOAANEG TTEPITITWOEIG, ATAV ATTaPAITNTA N oToiXIon TTOAAaTTAWY ESTs woTe va
TTpoKUWel TO TTARPOoUG pAkoug cDNA yia k&Be TTpoBAeTTOEVO Yyovidio. Opwg, eTTeIdn
n moTtéTNTa TG aAAnAouxiag Twv ESTs dev gival dpioTtn, ATav atrapaitntn n
TpoBoAf Tou cDNA oTtnv avTioToixn yevwuiKA aAAnAouxia Kal 0 cwoTog KaBopIiouog
TWV OpiwV IVTpoViwv-eEoViwy, WOTE va XpNoIoTToINBEl N yevwiikr TTAéov aAAnAouyia
yI0 TOV KaBopIoPO TOU avoIKTOU TTAQICioU avayvwaong Kal TNV TTpwToTayr dour] Tou
QVTIOTOIXOU TTOAUTTETITIOIOU. TN OUVEXEIQ YIVOTAV N TTPORAEWn TNG MBavng
AgIToupyiag Twv Popiwv auTwv Bacel SOUIKWY OJOAOYIWY Kal JE XPAoN
UTTOAOYIOTIKWY TTPOYPAUMATWY TTPORAEWNCS doung TTpwTeivwv (BA. MeBodoug).

ApxIKd, he Baaon Tov yovidlaKkd XApTn, £yive dlEPEUVNON TNG KPIGIUNG

XPWHOCWHMIKAG TTEPIOXNAG in Silico yia Tov evToTTIoNO yovidiwv e Bdon Ta €€AG
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KpITRpIa: a) yovidia TTou KwOIKOTToIoUV KavaAia 10vTwy, B) uTTodoxEiG
veupodiaBIfacTwv, y) yovidia TTou TTapoucidlouv oJoAoyia e TIG KaTnyopies (a) N
(B), KaBwg péXP! TOTE 01 ETAAAQYEG TTOU €ixav eVTOTTIOTEI O€ IDI0TTABEIC HOpPES
emAnyiag evroTriCovrav o€ TéTolag dourg yovidia. H digpeuvnon £€0¢1e OTI oTNV
TTEPIOXT] QUTH BEV XAPTOYPAPEITO KATTOIO YOVIOIO E TIG AVWTEPW TTPODIAYPAPES TTOU
Ba ATav TTPOPAVWG UTTOWN@IO. TN CUVEXEID agIoTTOINONKE N YVWOTH ] N ouvayouevn
AeiImoupyia Twv yovidiwyv TNG TTEPIOXAG, Yia 6oa auTto fTav duvaTdv, WwoTe va
eTIAeyoUV Ta yovidia TTou Ba uTTopoUcav va CUGXETIOTOUV UE TOV TTABOAOYIKO
QaIVOTUTTO. £TN &eUTEPN Pdon digpelivnong agloAoyrnBnkav yovidia TTou, Je
TTpoypdupaTa TTPORAEWNS SOMNG, EP@avifovTav va KwOIKOTTOIOUV TTOAUTTETTTIOI JE
TTOANEG SIOUEUPBPAVIKEG TTEPIOXEG IKAVA VA BewpnBoUV UTTOWAPIOI KUTTAPIKOI
utrodoxeig. EmirAéov, KaTTOIa YOVidIa XapakTnpioTnkav wg utroyneia Bdoel Tou
TTPOTUTTOU £KQPACNAG TOUG ECTIACOVTAG OE YOVidIa TTOU EKQPACOVTAl OTOV EYKEPAAO,
£€0Tw Kal 61 KaT' atToKAEIOTIKOTNTA. ["ovidia e TTEPIOPICUEVN £KPPACH OTO VEUPIKO
ouoTnpa gival moavov va £Xouv CUUMETOXN O€ BePENIWBEIC VEUPIKES DIdIKAGIES Kal
mOavov ol JeTAAAQYEG TOUG va OXETICovVTal PE TV EKBAAWON VEUPOAOYIKWV
olatapaywy. EvOEIiEeIg yia To TTPOTUTTO £KPPaanG evOg yovidiou avTARBnkav atréd
Baon dedopévwy Unigene (expression profile db), n otroia rapéxel pia xovopIkn
eKTiUNON Twv eMTTESWV EKPPACNG VOGS YovIdiou g€ DIAPOPOUG I0TOUG. Oa TTPETTEI vVa
onMEeIWOE 0TI N MEAETN aUTA €ival JEPOANTITIKA KaBW¢ apkeTd ESTs TpoépyovTal amd
kavovikoTroinuéveg BiBAI0Brkeg cDNA. ETiTTpocBeTa Kal JETA TNV KATAOKEUT TOU
yovIBIoKOU XAPTH, EAEYXONKE N EKPPAC APKETWV YOVIBIWV TNG TTEPIOXNG, OTOV
eyképaho e RT-PCR. H avTtioTpopn petaypar] éyive o€ oAIkd RNA atrd eykE@aio
eUBpUou avBpwtrou pe ekkivnTA oligo-dT kal n PCR pe TOug €KKIVNTEG TWV
avTtioToixwv ESTs (Miv. 5). H dokiun Trpayuartotroidnke yia 10 ESTs 1Tou
TTANpoucav Ta avwTépw KpIthpia. EiBIKOTEPQ, yia OAa UTTAPXAV TTANPOPOpPIES
(expression profile db) 611 ekppdlovtal o€ eykEPAAO evw yia 6 aTTd autd OTI Ta
TTpoidvTa Toug TreEpIAaUBavouv diapeuBpavikég Teploxég (TTpdypaupa TMpred). Ta 5
atd Ta ESTs 1mou g€etdotnkav édwoav BeTiko arjpa (Eik. 23) kai BswpriBnkav
mOavd utToyneia.

MNa 1a yovidia TTou Bewpndnkav uttTownReia Kal BAcel TNG YEVWHMIKAG TOUG
opyavwong, e€eTdoTNKav Ta €EOVIA KOI TO GNMEIA CUVAPPOYAS IVTPOViWV-EEOVIWV YIa
TOV EVIOTTIOUO peTaAAaywV. H peAéTn apxikda £yive oe DNA evég agBevoug atrd
KaBepia atrd TPEIG OIKOYEVEIEG OTIG OTTOIEG KANPOVOEITAI PHE HEVTEAIKO TPOTTO N
ADLTE. 21n ouvéxeia TTapouaiaderal n popiaki avaAuon Tecodpwy uttoyn@iwyv
yovidiwyv Trou atrodeixOnke o1 dgv oxeTiCovrtal ue TNV ADLTE kai TEAOG n JOopIaKN

avaAuon Tou LG/, Tou yovidiou TTou €uBUVETAI YIa TO £V AOYyW vOONa.
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RT-PCR BiBAloypa@ia
cen bA313N18 FER1L3 — (Davis DB., 2000)
A bA30E16 Hs.14559
GPR120 MoAU xaunAn ékepaon (Hirasawa A., 2005
bA437J2 + U XapnAr ékgpaon (Hi Wi )
RBP4
bA512J3
PDE6C
bA397J18 FRA10AC1
bA429H9 LGI1 == AmokAeioTikd (Nobile C, Pitzalis S., 1999)
Hs.437409 =+ (Nobile C, Pitzalis S., 1999)
bA162K11
PLCE1 + (Lopez 1., 2001)
bA391J2 FAD24 _
bA76P2 Hs.500598 4 (Nobile C, Pitzalis S., 1999)
bA146P21 HELLS — (Janis CD., 1996)
CYP2C18
bA119K6
CYP2C19
bA361K9 CYP2C9
bA466J14 CYP2C8
Hs.134229
bA400G3
PDLIM1 == (Nobile C, Pitzalis S., 1999)
bA208C17 SORBS1 = XapnAn ékepaon (Ribon V., 1998)
bA310E22 PYCS < XapnAr ékgpaon (Hu CA., 1999)
bA160P20 Hs.438991 = (Nobile C, Pitzalis S., 1999)
CD39 - == TMoAU xaunAn ékgpaon (Chadwick BP., 1998)
bA476E15
Hs.281348 =+ (Nobile C, Pitzalis S., 1999)
~3,9Mb  ba164117 "y
bA7D5 DNTT
bA429G19 HTMP10 = AmokAeioTika (Nobile C, Pitzalis S., 1999)
TLL2
bA248J23 SMBP =4 (Nobile C, Pitzalis S., 1999)
bAG690P 14 PIK3AP1 +
bA44D15 Hs.523185
LCOR -
bA533B2
Hs.427927
bA35J23 SLIT1 == AmokAeioTika (Nobile C, Pitzalis S., 1999)
bA304C14 Hs.80305 +
bA34ES FRAT!
FRAT2
bA3N15
Hs.434251 —_
bA196N24 PGAM1 = Phosphoglycerate mutase 1 (Sakoda S et al., 1988)
bA153G4 EXOSC1 ZuoTatikd Tou e§oowparog (Raijmakers R. et al, 2002)
Hs.76662 +
bA175019
MMS19L = (Nobile C, Pitzalis S., 1999)
bA453E2 Hs.500724 +
bA375N9 ANKRD2
bA452K12 Hs.180346 -
Hs.217409 +
v bA445123

ter  bA548K23 I
Eik. 23: Novidiak6g XdpTng TnNG Kpiotung mepiloxng tng ADLTE. H mepioxn mepiAauBdvel
37 kKAwvoug BAC (k&BeTeg palpeg ypauuég) Tou TrepiEXouv 46 yovidia (B€AN). MNa kdabe
yovidlo oupBoAifeTal n @opd TNG PETAYPAPAS TOu (TTPOCAVATOAIGHOG TOU BEAOUG) Kail 0/ol
KAWVOI TTOU avTIoTOIXE (OUVOEDTN KAWVWV/YoVIBiWwV UE BIGKEKOPPEVES YpaupEG). Ooa yovidia
£xouv TouhdxioTov pia BiBAIoypa@Ikr) avagopd, GUBOAIfovTal e TO GVOUA TOUG, EVW TA
uttéAoITTa PE ToV KWAIKG TNG opddag Tng Unigene (Hs.) TTou avrkouv (TTpwTn GTAAN TOU
mTivaka). Z1n 6eUTepn OTRAAN Tou TTivaka n €voeign (+) oupBoAilel BeTikd atroTéAeopa otnv RT-
PCR o€ gyképalo, evw oTnv TeEAeUTaia 0TAAN TTapaTiBevral GUVOTITIKA TTANPOQOPIES yia Ta
yovidlia kai n £voeign (+) yia 6ca atmd autd uttdpyouv dedopéva atrd Tnv BiBAIoypagia yia
£KQPOCN OTOV EYKEPAAO.
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» [ovidio #44050
To yovidio auTtd emMAEXONKE WG UTTOWRQIO AOYW TNG EKPPACNHG TOU O€

eyképalo Bdaoel RT-PCR (Eik. 23) kal Twv OJOAOYIWV TTOU EU@AVilEl TO TTPWTEIVIKO
TTPOIOV Tou (BA. TTapakdTw). H peTaypa@Ikr evepydTNTA TOU OE EYKEPAAO
emPBefaiwBdnke pe avaluon Northern katd Tnv oTToia TAUTOTTOIRONKE £va PETAYPAPO
~2,5kb 1TOU £KTOG OTTS TOV EYKEPANO EPPaViCel UWPNAR Ekppacn og Kapdid Kal VeQpd
(Eix. 28). Mg digpetvnon BiBAI0BAKNG cDNA eyke@dAou e puou avBpwTTou pe
avixveuTr) To padloanuacpuévo mpoidv PCR tou EST stSG44050, atropovwbnkav 4
KAWVOI TwV OTToIWV Kal TTpoadiopioTnke N aAAnAouxia Toug. Bdoel auTig, o€
ouvduaopo e avaAuon Twyv avtioToixwv ESTs kai cDNAs (Blast: nr db kai
EST_human db) TrpoodiopioTnKke n yevwuIKA opydvwaon Tou yovidiou Kail Ta Toavda
eVOAAOKTIKA peTdypaga (EIK. 24). Mg in silico pet@d@pacn Tou avoikTou TTAaiciou
avAayvwaong TTPOKUTITEl TTOAUTTETTTIO0 146 apivogEéwy TTou Trepiéxel 4 potifa MORN
(Membrane Occupation and Recognition Nexus, EIk. 24). Ta poTifa autd uttdpxouv
o€ TTOAAQTTAG avTiypa@a o€ TTOAAEG TTPWTEIVESG aTTd Ta BNAACTIKA WG Kal Ta BakTrpia
0AAG 0 péAog Toug dev €xel TTpoadlopioTei. QoTd00, OTOV AVBPWTTO, XAPAKTNPIOUEVES
AcIToupyIka TTpwTeives TTou pépouv poTiBa MORN cival o1 cuvdeTOPIAIVES
(junctophilins) kai n aAaivn (alsin) TTou PHETAAAQYEG TWV AVTIOTOIXWYV YOVIOIWV £X0OUV
TAUTOTTOINOEI O€ VEUPOAOYIKES DIOTAPAXES. ZUYKEKPIMEVA, OTNV OUVOETOPIAIVN-3
(JP-3) TautotroinBnkav eTepdluyeg PETAAAQYEG O€ GTOMA TTOU EUPavifouv dia
aoBéveia rapouola TG Huntington (Huntington disease-like2, HDL2, Holmes SE et
al, 2001). O1 cuvdeTOoQINiVEG ATTOTEAOUV [id OIKOYEVEID TTPWTEIVWV TTOU TTEPIAAUBAVEI
MEXPI TWPA 4 péAn (JP-1, JP-2, JP-3 kai JP-4) Kal CUPPETEXOUV GTO OXNUATIOUO TWV
OUMTTAGKWYV TTOU OUVOEOUV TNV KUTTAPIKI MEMPBPAVN UE TNV PMEUBPAVN TOU
evOOTTAQOUATIKOU/ COPKOTTAACMATIKOU OTa dleyelpOpeva KUTTapA. MECW auTwy Twv
OUMTTAGKWY TTPAYUATOTTOIEITAI N ETTIKOIVWVIA PETAU TWV KAVAAIWY TTOU UTTAPXOUV
oTIG avTioToIxeg JePBpdves. H alaivn kwdikoTroigital atmd 1o yovidio ALS2 1Tou
Ou6Cuyeg HETOANQYEG TOU €XOUV TAUTOTTOINBEI O€ TPEIG DIAKPITEG OIKOYEVEIG
dlaTapax£g, TTou P@aviCouv OPWG KoIVA KAIVIKA CUUTITWHATA, KATA TIG OTTOIEG
eP@aviceTal TTPOOBEUTIKN TTapdAucn eEaitiag dUCAEITOUPYIAG TWV KIVNTIKWV
VEUPWVWV: oTnVv TTAdyia puotpo@ikr) okAfpuvon (ALS, amyotrophic lateral sclerosis),
TNV TTpwToyevr) TTAAyia okAfpuvan kKaTd Tnv TTaidIkA nAikia (JPLS, juvenile primary
lateral screrosis) kai o€ pia pop®r oTracTiKAG TTapatAnyiag (Yang Y et al, 2001;
Eymard-Pierre E et al, 2002). H avacuvduacuévn TTpwTEivn evioTieTal TOGO OTOV
TTUpriva 600 Kal OTO KUTTAPOTTAQCWA Kal TNV KUTTAPIKN hePBpdvn (Oikovouou K.,
ArrAwparTikr epyacia, Mavemotruio Kpntng 2002) evw moava opBoAoya podpia

TauToTToINBNKAV o€ BNAACTIKA, TITNVA, PApIda, EVIOUA Kal QUTA.
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Fevwpikn opydvwon

AH'I:IG TIGA

1 1 I

12 fipfet— d =
EvVaAAGKTIKA HETAYPOAQQA MoAuTTeTITISIO

1 [2l4ls 6 | BC093023

] soomn |
3 |2|4l5l 6 ‘ H7 Em:| 115 aa
| Ak098791 :.:.j 63 aa

Eik. 24: TXnUATIKA AQITEIKOVION TNG YEVWHIKAG OPYAVWONG, TWV EVOAAAKTIKWV
HETAYPAPWYV KAl TNG TTIPWTOTAYOUG SO TWV AVTIOTOIXWV TTOAUTTETTTISiWY TOU
yovidiou 44050. To yovidio TrepIAauBavel 6 £OvIa Kal EKTEIVETAI O€ YEVWMIKA aTTOOTACH
~20kb oTov kKAwvo bA548K23. Baoel avdAuong ESTs kai cDNAs 10 1110 dpBovo gival To
METAYPA®O «1» TTOU TTEPIAAUBAVEl Ta EEOVIA 2-6 KAl KWOIKOTTOIEI TTOAUTTETTTIOI0 146
apivo&éwy, TTou TrepidapBaver 4 portiBa MORN (aa: 14-35, 37-58, 60-81, 83-104). Me
OlEPEUVNON TWV VOUKAEOTIBIKWY BAcewY SeSOUEVWV TAUTOTTOIRBNKE TO EVAAAAKTIKO
peTaypago «2» (BC010230) oTo otroio 10 £€6vIo 1 ouvdéeTal pe Ta e€6via 3-6. Tnv doun auTh
akoAouBouv éva emmimAéov cDNA (BC040015) kai Tpia ESTs (BM453881, BI598383,
B1596911). To peTdypa@o auto €xel TO idIo TTAQICIO avAyvwaong Je TO «1» Kal diapopoTTolEiTal
o1o 5’UTR. O kAwvog H7 atmopovwbnke pe digpetvnon cDNA BiBAI0BRKNG eyke@aAou
€MPBPUOU aAAG Bev €xel KOBOPIOTEN av gival TTANPNG WG TTPOG TO 5’ GKpo Tou. X’ auTdv, TO
€€OVIO 2 cuvdEeTal Pe Ta e€OvIa 4-6 kal auTAv TN doun eEpel Kai To EST BI918954, 10 oTT0i0
etriong TpoépxeTal atd PIBAIOBAKN aTTd eykEPaAo. To TTPoBAETTONEVO TTOAUTTETTTIOIO £X€I 114
apivogéa kail repidapBaver 3 potiBa MORN. TéAoG, TO evOAAOKTIKG PETAYPAPO «4» OoTnpiCeTal
atrokAgloTIKa oto cDNA AK098791, 1rou TrepiAaufdvel Ta e€6via 2-4 o€ cUvOEDN WE TO 6 Kal
KwAIKoTToIEl TTOAUTTETTTIOI0 63 apIvo&Ewy pe 2 poTiBa MORN.

4 [234

(=]

» [lovidio #3077
H emAoyr autou Tou yovidiou BacioTnKe OTNV EKPPACTK) TOU GTOV EYKEPAAO

Baocel RT-PCR (EIK. 23) kai Twv TTpoBAETTOHEVWY TTOAATTAWY SIAUEUBPAVIKWV
TTEPIOXWYV TTOU €XEI TO avTioToIXO TTOAUTTETTTIOI0. AvaAuon Northern £€8¢€ige Tnv UTTAPEN
evOg peTaypdgou ~2kb Kupiwg o€ eyKEPAAO, KapdId, OKEAETIKO PU, VEQPO, ATTAP Kal
mAakouvTa (EIK. 28). Me digpeuvnon BiBAI0BAKNg cDNA gyke@dAou avBpwTTivou
eUBpPUOU pE avixveuTn To padioonuacuévo Trpoidév PCR tou EST stSG3077,
QTTOPOVWONKAV 6 KAWVOI TwV OTToIwV Kal TTpoadiopioTnke n aAAnAouyia. O
MEYOAUTEPOG aTTd auToUG gixe évBepa pAkoug 1,85kb kail Trepicixe GAO TO AVOIKTO
TAdiolo avdyvwong. H aAAnAouyia Tou katatéBnke otnv Bdaon dedopévwyv Genbank
ME KwOIKG TTpdoacng AJ294945. Me ouykpion PE TN YEVWHIKN aAAnAouxia
TTPOCdIoPIoTNKE N OpyAvwWan Tou yovidiou, TTou TTepIAauBavel 12 egovia (Eik. 25) kai
KwOIKOTTOIEI TTOAUTTETTTIOI0 377 apivogéwy. ' auTto, Bacel TTpORAewnS doung He

utToAOYIOTIKG TTpoypdupaTta (SMART, TMpred), eviomioTnke TO cuvTnENUEVO LOTIRO
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zf-DHHC ka1 TouAdyiotov 3 diaueuBpavikég Teploxég (EIK. 25). To poTifo autd
mepiAapBaver 30 Trepitrou apivogéa Kai PgavifeTal TTOAU ouvTnpnUEVO OE TTPWTEIVES
O1dpopwY OpYyaVvICUWY, aTTd TOV OAKXOPOMUKNTA PEXPI TOV AvBpwTro (BA. ZulATtnon).
ATT6 avaAuon Twv dIa@opeTIKWY KAWVwY cDNA TTOoU atTopovwenkav,
TauToTTOINBNKAV BUO EVOAAOKTIKA PETAYPAPA PE PIKPR Dla@opd peyEBOUG HETAEU TOUG
(EIk. 25). H avaouvduaopévn TpwTeivn eVTOTTICETAI OTO KUTTAPOTTAQC A, TTIOAVWG
oT1o evdoTTAaopatikd SikTuo KaBWG Kal oTnV KUTTAPIKN PeUBpdvn (Eik. 29). MNa tnv
avixveuon petalaywv o€ aoBeveig ue ADLTE, oxedidotnkav ekKIVNTEG eKATEPWOEY
KAB¢e egoviou (Miv. 5), €yive BeATioToTToINON TWV CUVONKWY TNG PCR Kal oTaABnkav
oTo gpyaaTrpio Tou Dr. C.Nobile yia diepeUvnon petaAAaywyv aAAd TO ATTOTEAECUA

ATav apvnTiko.

Fevwpikn opydvwon

N
w
IS
o
=)
~

|

EVOaAAGKTIKG pETAYPAPA MoAuTreTTidia
#1 _ ———{ L zf-DHHC l————— 377aa
Egovia 1-12
2 -- ———— i zf-DHHC——W——— 361aa

Egovia 1-7, 9-12

«~ N —  mwm——

Egovia 1-9, 10°, 11-12

Eik. 25: ZXNHATIKA AITEIKOVION TNG YEVWHIKAG OpYAVWONG, TWV EVOAAAKTIKWYV
HETAYPAQPWYV KAl TNG TTPWTOTAYOUG SOUA TWV AVTIOTOIXWYV TTOAUTTETITISiWY TOU
yovidiou 3077. To yovidio TrepihapBavel 12 e€dvia kai ekTeiveTal Trepi Ta ~11kb oTOV KAWVO
bA452K12. To peraypago #3077.1 atropovwdnke petd atrd digpeuvnon cDNA BiBAI06AKNG
eyke@aAou euPpuou, €xel urkog 1851 voukAeotidia, TrepiAapBaver kai Ta 12 €€ovia kai
KwdIKoTTolEl TTOAUTTETTTIOIO 377 auivogéwyv. Bdoel Tou Tpoypdupatog SMART, 10
TTOAUTTETTTIOI0 QPEPEI Tpia dlapepPpavikd (tm) TuAuata (aa: 81-103, 115-137, 251-273) kai 10
potiBo zf-DHHC. Ta evaAAakTikd petaypaga #3077.2 kai #3077.3 Tautotroimnkav PeTd amod
PCR og DNA 1ng TTapatmdvw BiRAI0BrKNG pe Toug ekkivnTéG MycR-3077867 (BA. Miv.5) kai
TP0oadIopIcHS TNG aAAnAouyiag Toug. To yetaypago #3077.2 aoTepeital To €€6vIO 8
(voukAeoTidia 933-980 Tng kataxwpnong AJ294945), diatnpei Ouwg 10O idI0 AvayvwaoTIKO
TAaicI0. 210 petaypago #3077.3 10 €€6vIo 9 cuvdéeTal pe TURAPa Tou g€oviou 10.

2 UYKEKPIPEVA, KOTA TRV CUVAPHOYT TOU XPNOIYOTToIEiTaI hia ouvTnenuévn aAAnAouxia “ag”
TTOU UTTAPXEl M€OQA OTO £€0VIO 10, e ATTOTEAEOUA VA UNV CUPTTEPIAAUPBAVOVTAI OTO PHETAYPAPO
Ta 54 TTpWTA VOoukAgoTidIa Tou g¢oviou (voukAgoTidia 1067-1120 Tng kataxwpenong
AJ294945). MapdAo TTou TO avayvwaoTIKO TTAAICIO dIaTnPEITal, TO TTAPAYOUEVO TTOAUTTETTTIOI0
(359 apivo&éwv) aTepeital Tng TPITNG dIAPEPRPAVIKAG TTEPIOXNAG.

» [Tovidio #AJ312051
MNa 10 yovidlo auté n RT-PCR nitav apvntikn (EIK. 23), o€ avtiBeon pe TNV
avaAuon Twv ESTs (Expression profile db, Unigene). Qo1600, 10 yovidlo autd
EMAEXONKE WG uTTOWAPIO AOYW TNG OMOIOTNTAG TTOU EUPAVICEl TO TTAPAYOUEVO

TTOAUTTETTTIOIO e TO évqupo Audion Tou N-OKETUA-VEUPAMIVIKOU 0EE0G, TTOU €ival TO
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TEAIKO €vCUMO TOU KATABOAIGHOU TwV CIOAIKWY 0EEWV KOl OEV £XEI XOPAKTNPIOTEL
akOpa aTov AvBpwTro. H emAoyn oTnpixBnke oTn oUGXETION OIATAPAXWY TOU
METABOAIGHOU TwV CIOAIKWV 0&Ewv PE BIAPOoPES VOOOUG, CUUTTEPIAQNBavouévou Kal
VEUPOAOYIKWY BIATapaywy, OTTWG oTNnV TTEPITITWon TG véoou Salla piag
WUXOKIVNTIKAG SlaTAPaXKG KATA TNV OTToid onUAvTIKO TTOO0O0TO TWV aoBevwy
epgavicel kar emAnyia (Erikson A et al, 2002). To cDNA kataockeudoTnke in silico pe
oTtoixion TToAammAwyv ESTs kal atropovwBnke pe RT-PCR atméd veppd avBpwtrou. H
aAAnAouyxia eTIRBeBaIWONKE Kal KATATEONKE OTN VOUKAEOTIOIKN BACN OEOOUEVWV UE
KwoIKS TTpocBaong AJ312051. To yovidio atroTteAcital atrd 7 €¢ovia, OTTwg
TpocdlopioTnKe in silico Kal eKTOG aTTd TO KUPIO PETAYPAPO, TTapdyel OUO ETTITTAEOV
EVAAAQKTIKA PETAYPAPA, TTOU aTTopovwenkav ye RT-PCR atrd Amap avBpwtrou
(EIk. 26). H avacuvduaopévn TTpwTEivn evroTTideTal 010 KUTTAPOTTAaoua (EIK. 29),
TOTTOAOYIO TTOU €ival o€ oUuuQWVia Pe Tov BewpnTiKO eVTOTTIONO TNG Audong (Bulai T
et al, 2002). H avadAuon Northern €d¢1e OTI ek@pdAleTal KUpiwg O€ ATTAP, VEPPO Kal

OKEAETIKO MU KAl yI' QUTO BEV CUMPTTEPIEANPBEI OTNV avaAucn PETAAAQyWV.

Fevwpikn opydvwon
ATG TGA
———t
EVaAAOKTIKG HETAYP AP MoAuTreTrTidia
# -[ DHDPS-like ) 281aa
#2 m -[ DHDPS-like j 328aa

Eik.26. ZXNMATIKN ATTEIKOVIOT TNG YEVWHIKAG OPYAVWONG, TWV EVAAAAKTIKWV
METAYPAPWYV KAl TNG TIPWTOTAYOUG SOUA TWV AVTIOTOIXWV TTOAUTTETITISIWY TOU
yovidiou AJ372051. To yovidio TrepiAauBavel 7 e€évia Kai ekTeiveTal Trepi Ta ~18kb atov
KAwvo bA548K23. MeTd Tov Tpoadlopiousd TNG dour g Tou yovidiou in silico, oxedidoTnkav
kaTaAAnAol ekkivnTég (F_BamHI-R_Kpn) kai rpayuatotroinénke PCR o€ 5ng avtidpaong
avtioTpong uetaypagng atmo veppo (MTC, cDNA pannels, Clontech). To rpoiov
KAwvoTToINOnke o€ Qopéa pBluescript kal PeTd TOoV TTPOadIOPIGHS TNG aAAnAouxiag Tou,
BpEBnke OTI TrEpIAaBAvel Kal Ta 7 €€6via. To avTioToIXo TTOAUTTETTTIOIO aTToTEAEITAI aTTO 281
apivogéa kail epeavicel onuavTikr opoidtnTa (30% TautdéTnTa, 50% opoloyia) kad' Ao To
MAKOG Tou pe Ta £vupa Audon Tou N-aKETUA-VEUPAUIVIKOU 0E€0G Kal O1USPOBITTIKOAIVIKA
ouvldon.Ta evaAakTIKG petdypagpa #AJ312051.2 kai # AJ312051.3 TautoTroiRBnkav PeTd
amé RT-PCR o¢ Amrap (MTC, cDNA pannels, Clontech) pe Toug ekkivntég F_Spel-R_Kpn,
KAwvoTToinon Toug o€ popéa pBluescript kai TTpoodiopiopd TG aAAnAouyiag Toug. To
peTaypago # AJ312051.2 mrepihaufdvel eTITTAéOV Kal TO IVTPOVIO PETAEU TwV £Eoviwv 6 kal 7,
TTOU PEPEl avoIKTO TTAQIOI0 avAyvwaong, HE ATTOTEAECUA VA TTAPAYETAl TTOAUTTETTTIOI0 328
apivogEwy. 210 peTaypago # AJ312051.3, 1o €€6vIo 3 CUVOEETAI PE TUNUO TOU £Eoviou 4.

2 UYKEKPIPEVA, KATA TRV TUVAPHOYT TOU XPNCIYOTIOIEiTaI hia ouvTnenuévn aAAnAouxia “ag”
TTOU UTTAPXEI MECQ OTO €EOVIO 4, PE ATTOTEAECUA VA UNV CUUTTEPIAANBAVOVTAI OTO JETAYPAPO
Ta 38 TTpwTa voukAeoTidia Tou e€oviou (voukAeoTidla 829-866 Tng katayxwpnong AJ312051).
To atmmoTtéAeapa gival éva TTPWIHO KWAIKOVIO AENG aTo TEAOG Tou e€oviou 4’ TTou odnyei oTnv
TTapaywyr] TTOAUTTETTTIOIOU 187 apIvo&Ewy.
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» [Tovidio TMEM10

To yovidio autd PeAeTABNKE AOYW TNG UWNANG Kail ATTOKAEIGTIKAG TOU
ékppaong otov eyké@aio (Nobile C & Pitzalis S, 1999), cuutrepiAaufavouévou Tou
KpOTa@IKOU Aofou. AtroTeAeiTal atmd 6 e€6via Kal KwOIKOTTOIEl TTpwTEivn 141
auIVOgEWY, TTIBaVWG SIGPENPBPAVIKH, TTOU EPAVICEl TNUAVTIKA AUIVOSIKA TAUTOTNTA
QTTOKAEIOTIKG pE POpIa Twv BnNAaoTIKWY. X& aoBeveig pe ADLTE dev avixveuTnkav
peTOAAQYEG 0TNV KWOIKA TTEPIOXT Tou yovidiou (Nobile C et al, 2002). H dikr} pag
ouvelIoPopd apopouae TNV in Silico HEAETN TwWV DONIKWYV XOPAKTNPIOTIKWY TOU
yovidiou (EIK. 27).

16 kb
ATG TGA
Mpwrteivn TMEM10 NJI ™ | l-C  (141aa)
i 31 53

Eik. 27: ZXNHATIKA ATTEIKOVION TNG YEVWHIKAG Opydvwong Kal TNG TPpwToTayoug Soung
NG pwreivng TMEM10. To yovidio Trepihapfdvel 6 e€dvia kai exTeiveTal Trepi Ta ~16kb oTov
KAwvo bA35J23. To povadikd petdypago tTou éxel avixveuBei (AF367761) €xel urikog 3555nt.
To avrioToixo TToAuTTreTTTIOI0 (AAK62349) atroTeAeital atmd 141 apivoééa kal TrepIEXEl Pia
OlapepBpavikn Tepioxn (TM), ye Baon tnv TpéRAewn Tou TTpoypdupaTog SMART.
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Eik. 28: NMpoodiopiodg Tou TTPOoTUTTOU EKPPaong Twv yovidiwv 44050 kai 3077 pe
avaAuon Northern. Mg Tnv avaAuon avixvelBbnke éva KUpIo peTaypago peyéboug ~1,4kb yia
10 3077 ka1 ~3kb yia 10 44050. O TTOI0TIKOG KaI TTOOOTIKOG €AeyX0G Tou RNA éyive pe
emmavauBpidotroinon TG HePPBPAvNG e B-akTivn (cUpgwva pe Tig 0dnyieg Tng Clontech). Ztnv
auTtopadioypagia TnNG akTivng, oTa deiypaTa TNG KapdIAg Kal TOU OKEAETIKOU pu egavidovTal
OUo {wveg TToU gival TMBavoTaTa attoTEAEGUA UBPISOTTOINGNG TOU QVIXVEUTH HE AAAEG
Ioopop@ég Tou mMRNA, TG a A y akTiveg. Q¢ avixveuTéG Kal yia Ta 600 yovidia
xpnoiygotroindnkav padioonuacpéva Tpoidvta PCR (BA. MeBbdoug) pe ekKIVNTEG auTOUG TWV
avTtioToixwv ESTs (stSG44050, stSG3077, BA. Mv., MeBddoug). H uBpidotroinon
Tpayuarotroidnke ye ~5x105cpm avixveut ava ml diaAupatog uBpidotroinong, oToug 660C
yla 3h perd amd mpouBpidotroincn Tng HEUPBPAvNg yia 30min Trapouacia @opéa-DNA pe 10
O1dAupa uBpidotroinong ExpressHybTM. H 18Ik evepydTnTa TwV aviXveUuTwyY ATAV
~109cpm/ug. Ta TTAuciyaTa NG pePPBpavng Eyivav pe didAupa 2XSSC, 0,05% SDS.
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Eik. 29: YTTOKUTTAPIKOG EVTOTTIOHOG TWV aVAOUVOUAOHEVWY TTpWTEIVWY 3077 (A) Kai
AJ312051 (B) oe kOT1Tapa COS-7. H mpwreivn 3077 cucowpeUeTal OTO KUTTAPOTTAQOUA (UE
KOTAVOWN] TTOU TTIBAvVWG avTIOTOIXEI OTO EVOOTTAACHATIKO BiKTUO) KAl TNV KUTTAPIKA
pepBpavn. H AJ312051 gpgavietal diaxutn 010 KUTTApOTTAaoua. Ta KUTTapa diauoAuvenkav
TTaPOdIKA PE TIG KATAAANAEG TTAACUIBIOKEG KATAOKEUEG TTOU TTEPIAaBAvouv Ta cDNA TTARpoug
prkoug otoug @opeic pcDNA 3.1 Myc.His kai pEGFPC1 (BA. MAaopidiakég KaTtaokeuég). MNa
TNV avixveuon Tng avacuvouaopuévng TTpwTeivng 3077 xpnoiuoTToINONKE TO TIPWTOYEVEG
avtiowpa anti-Myc kai akoAoUBwg 10 deutepoyevég anti-mouse FITC. O1 elkdveg TTpoépxovTal
aTTO OUVESTIOKO PIKPOOKOTTIO pBOpITHOU.

> [ovidio LGI1

To yovidio LGI1 (Leucine-rich gene, Glioma Inactivated 1) gixe kAwvoTroinOei
TTaAQIOTEPA BACEI TNG XPWHOCWHIKAG TOU BEong oTo onueio Bpalong TnNG auoifaiog
XPWHOOWHMIKAG ueTatdtiong t(10;19)(g24;913) atrd pia KUTTAPIKA oLIpd
yAOIOBAOOTWHATOG Kal €iXe TTPOTAOEI WG OyKoKaTaoTAATIKO yovidio (Chernova OB et
al, 1998). Q¢ utroywneio utretBuvo yia Tnv ADLTE BswpnOnke: 1) €1T€10N
XapToypageital oTnv Kpioiun mepioxn (BA. Tapatmavw) Kai 2) e€aitiag TG UWNArG Kai
oXedbV aTTOKAEIOTIKAG £KPpachg Tou oTov eyké@alo (Nobile C & Pitzalis S, 1999). H
mpwrteivn LGI1 repihapBaver éva N-TeAikd tTeTTidlo-oividAo, Tpeig TTAouolieg o€ Leu
emavaAfyeic LRR (leucine-rich repeats) kal 7 guvexoOueVeg, €IOIKES yia TNV TTPWTEIVN,
emmavaAfyeic EPTP (Eik. 30) kar opB6Aoya Tng evroTriCovTal pévo o€ GTTOVOUAWTA
(Gu W et al, 2005).

MeTaAAayég Tou yovidiou LGIT TTou GUYKANPOVOUOUVTal JE TO QAIVOTUTTO TNG
ADLTE TrpocdiopioTnkav aveEdpTnTa Kal oXeO0V TAUTOXPOVA, ATTO TO EUPWTTATKO
consortium yia 1n ADLTE (Morante-Redolat JM et al, 2002) kai Tnv opdda 1ng R.
Ottman (U. of Columbia, US, Kalachikov S et al, 2002). O1 petaAAayég TTou
TAUTOTTOINBNKAV TTPOKAAOUV: 1) TTPOWPO TEPHATIONS TNG PETAPPATNG, 2) AMIVOGIKES
QVTIKATAOTAOEIG KAl 3) VOUKAEOTIBIKEG AANAYEG O ouVTNPNUEVA ONUEIO CUVOPHUOYNG
ecoviwv-ivipoviwy (EIK. 31). O1 peTaAAay€Eg auTég XapToypagouvTal Kab’ 0Ao To
MAKOG TNG TTPWTEIVNG KAl TTAPA TN AETITOUEPR TTEPIYPAPT TWV KAIVIKWV QAIVOTUTTWV
Ocev gival akOUN €QIKTA N CUOXETION YovoTUTToU-@aIvoTuTrou. ETTiong, petd atmd

dlgpelivnon Hiag oe1Ipdg YeVWHIKWY BAoewv dedouévwy Kai in silico avaAuon
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TauToTToINBNKav Tpia eMTTAEOV yovidla, Pe TTapOuola SOUIKA XaPOKTNPIOTIKA TTOU
ovopdaaTtnkav LG/ 2, 3 kai 4, TTou XapToypagouvTtal aTIG TTeploxES 4p15.31, 8p21.3
Kal 19q13.12 avTtioToixa dNUIOUPYWVTAS £TCI TV OIKOYEVEIQ TWV YOVIDIWY E
emavaAnyeig EPT (Eik. 30, Staub E et al, 2002). O1 avTioTOIXEG TTPWTEIVEG
EP@aviCouv PETALU TOUG TAUTOTATA TTOU KUMAIVETAI JETAEU 65% Kal 75%.

MeTd TNV TauTOoTTOINGN PETAAANQYWY OTO Yovidlo LGIT 0€ OIKOYEVEIEG [E
emAnyia ADLTE 10 evdlagépov €0TIAOTNKE 0€ BUO KUPiwG KaTeubuvoelg: 1) otnv
Olgpelivnon Tou BloxnMikou pdAou TnG TTPWTEIVNG Kal T CUOXETIONA TNG JE TOV
TTaBoAoyIkd @aIveTUTIO Kal 2) oTnVv £EETA0N TwV TTAPAAOYwV yovidiwv LGI2-LGl4 wg
TOAVA UTTOWN@IA YIA TNV CUYKEKPIPEVN 1 GAAEG HOPYES ETTIANYIAG.

To LGI1 gival a1l TIG eEAAXIOTEG £QIPETEIG JOPiIWV TTOU OXETICOVTAI UE
ETMANTITIKOUG QAIVOTUTTIOUG XWPIG va gival KavaAl 1I6VTwV 1] uTTodoXEaG
veupodiaBifacTwyv. Ooov agopd TNV apxIKA B£wpnon TOU WG OYKOKATAOTAATIKO
yovidlo TTou oxeTiCeTal e TNV avaTtuén yAolopdTtwy (Chernova OB et al, 1998) dev
uTTdpyouVv eITTAéoV evOEeitelg kal eEAANOU TO yovidIo eK@PACETal KUPIWG O€ VEUPIKA
KUTTapa Kai 6x1 o€ yAoia (Kalachikov S et al, 2002, Morande-Redolat et al, 2002) evw
Oev £XouV avapepBEl TTEPITITWOEIG EPPAVIONS YAOIOBAGCTWHATOG OTIC OIKOYEVEIEG UE
ADLTE (Ottman R et al, 2004, Brodtkorb E et al, 2003). NpdéogaTta Teipduata
ocixvouv o1 mBavwg ol mpwreiveg LGI1-4 gival ekkpivoueves (Senechal KR et al,
2005) kai 611 di1agpopes peTaAhayég Tng LGI1, TTou evroTrioTnKav o€ aoBeveic, Exouv
WG aTTOTEAECHA PEIWON OTNV TTOCOTNTA TNG EKKPIVOUEVNGS TTPWTEIVNG. MapdAo TTou ol
OUYKEKPIPEVEG PEAETEG TTpayaTOTTOINBNKAY O¢ IVOBAAOTEG (KUTTAapa 293T) Kai
ava@épovTal OTa AVOOUVOUOCUEVA POPIA, TO ATTOTEAECUATA TOUG OXETIKA PE TV
ToTroAoyia Tng Tpwteivng LGI1 eival o€ oup@wvia pe TTaAaIdTEPEG TTPOBAEWEIG
(Morande-Redolat et al, 2002).

LRR :  emavaAfyeig EPTP
LRR-NT  |RR-CT

Eik. 30: Aoun Tng Tpwreivng LGI1. H pwreivn @épel o1o apivoteAikéd TG Akpo éva
eTTiIOI0-aIvVIGAO Kai 3 eTTavaAryelg TAouaoleg og Asukivn (LRR) 1Tou ekatépwBév Toug £xouv
Ouo Trepioxég TTAouaieg o€ kKuoTeiveg (LRR-NT, LRR-CT). Z10 KapBoguTeAIKO GKpO TNG
TPWTEIVNG TaUTOTTOINBNKE, O€ 7 avTiypaga, To poTiBo EPTP 1rou mrepiAapfdavel 50 apivogéa.
Tnv idia akpIBwg dour Trapouaialouv Kai ol TTpwrteiveg LGI2, LGI3 kai LGI4.
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893T>C
435C>G  461T->C 91535To_) 1%51 delCA
]gﬂjg 136ToC 611delC 1 ‘?Zsés?rSA
330delC e ot
S 1639|nsA
a. 4
B.
/ R | > ~
LRR-NT LRR-CT  EPTP repeats
DucioAoyiKn TTPWTEivN
557aa
MeTaAAayég AuIVOSIKEG AVTIKATOOTACEIG
y. 124T1->C } v [C42R (Ottman R et al, 2004)
124T -G 1C42G (Berkovic SF et al, 2004)
136T->C Z C46R (Gu W et al, 2002)
330C—~>A A4 A110D (Ottman R et al, 2004)
435C->G 4 S145R (Hedera P et al, 2004)
461T->C - L154P (Pisano T et al, 2005)
598T->C Y C200R (Michelucci R et al, 2003)
893T->C Y 1298T (Ottman R et al, 2004)
953T->G - F318C (Fertig E et al, 2003)
1148A~>C Y E383A (Kalachikov S et al, 2002)
1295T—>A A4 V432E (Michelucci R et al, 2003)
1418C->T Y S473L (Berkovic SF et al, 2004)
EAAgIppaTIKA TTPWTEIVN
S. 330delC = 116aa (109+7 m.), Hedera P et al, 2004
611delC  =———— 238aa (203+35 m.), Kalachikov S et al, 2002)
758delC oo 283aa (252+31 m.), Morante-Redolat JM et al, 2002
1050-1051 delCA 379aa (349+30 m.), Kalachikov S et al, 2002)
1420C->T 473aa, Morante-Redolat JM et al, 2002
1639insA - 553aa (546+7 m.), Kalachikov S et al, 2002

Eik. 31: O1 peraAAayég Tou £xouv TauTotroindei oto yovidio LGI1 o aoBeveig e
ADLTE. AtreikoviCetal n 8éon Twv petaAldaywyv oe emiredo yovidiou (a) kal Tpwrteivng (B). H
apiBunon Tmou akoAouBeital Bswpei wg +1 T0 A Tou KWAIKOVIOU Evapeng TNG JETAPPACNG, EVW
o€ 60¢eG BIBAIOYPAPIKEG ava@opES akoAouBeiTal SIaQopETIKA apiBunan, auth TTPOCAPUOOTNKE
katdAAnAa. Méxpr anuepa (louAiog 2005), €xouv TauTtoTroiNBEi 12 peTaAAayEG TTOU TTPOKAAOUV
AMIVOEIKEG AVTIKATAOTACEIS TNV TTPWTEIVN (Y) Kal 6 peTaAAayEG TTou odnyoUlv oTnv TTapaywyn
eAeIgPaTikoU TpoidvTog (8). EmimmAéov, £xouv evromioTei dUo petaAlayég, ol IVS3(-3)C> A
(Kalachikov S et al, 2002) kai IVS7(-2)A> G (Kobayashi E et al, 2003) o cuvtnpnuéveg
B€o¢€Ig TV ONUEIWY CUVAPUOYNG IVTPOVIWV-£EOVIWY. TNV TTEPITITWON TTOU T AVTIOTOIXA
IVTPOVIO TTOPAUEVOUV OTO WPIKO PETAYPAPO, TIPOKUTITEI EAAEIMUATIKA TTPWTEIVN Adyw
TTPWIKOU TEPUATIONOU ThG HETAPPOAONG.
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Q¢ oupBoAn otnv avdAuaon Tng olkoyévelag Twv TTpwTeivwv EPT, e€etdoape
AETITOPEPWIG TO TTPOTUTTO £KPPACNS TwV 0pBOAoywv yovidiwv LgiT1-4 Tou TTOVTIKOU
(Somerville RP et al, 2000; Staub E et al, 2002; Gu W et al, 2002; Scheel H et al,
2002), ye RNA in situ uBpidoTroinon o€ TOPES eyKEQPAAOU evijAikou TTovTiKoU. H
MEAETN QUTA €iXe OKOTTO TOV EAEYXO TNG EKPPAONG TWV YoVISiwV aUTWYV O€
OUYKEKPIPEVEG TTEPIOYEG TOU EYKEPAAOU TTOU Ba UTTOPOUCAV VO CUOXETIOTOUV HE
KAIVIKOUG QaIVOTUTTOUG ETTIANYIOG KAl 0TNPIXONKE OTIG £€NG TTAPATNPACEIG:

1) 21N yeveTiKA eTepoyévela TTou Tapouaidlel n ADLTE

APKETEG OIKOYEVEIEG TTOU £XOUV TTEPIYPAPET, EVWD £XOUV QAIVOTUTTO KAIVIKG TTAPOUOIO
pe autov TG ADLTE, dev @épouv peTarlayég oto LGIT. TNa apKeTéG aTTd AUTEG TIG
olkoyéveleg dev NTav duvVaTOV va EQAPPOCTEL N avAAuon YEVETIKAG oUvOeong Adyw
TOU MIKPOU peyéBoug Toug. OTToTe, 0° auTd Ta ATOPA, KABWG Kal 0€ OTTOPABIKES
TEPITITWOEIG 1810TTAB0UG ETTIANYWIOG PE TTAPOUOIO CUPTITWHATA, Ta yovidla LGI2-4, Ba
MTTOpOoUCav va BewpnBouv wg uTToWn@Ia Kai va eAeyxBolv TTEpaITEPW YIa
MeTaAAQYEG, e@OOOV TAUTOTTOINDEI OTI €ival JETAYPAPIKA EVEPYE GTOV KPOTAPIKO AORO.
2) Z1n xaptoypdenon Tou LG4

To LGI4 xapToypa@eital oTnV XpWHoowWIKA TTepioxh 19913, TTou €XEl CUGXETIOTEI JUE
Mia popn 1d10TTaBoUg pepIkAg emAnwiag, Tnv BFIC (benign familial infatile
convulsions), Trou 6TTwg Kail N ADLTE eu@avilel auToowpiKO €TTIKPATH TUTTO
KAnpovounong. ETredn o’ autiv Tnv diatapaxr], ol EMANTITIKEG KPIo€IG OXeTiCOVTaAl UE
TTEPIOXEC TOU IVIOKOU Kal TOU BpeyuaTikoU AoBou, OKOTTOC Twy TTEIPAUGTWY ATAV O
EAEYXOG TNG EKPPOAONG TOU Lgi4 o€ auTéG TIG TTEPIOXEG.

H diadikaoia Tng uBpIdOTTOINCNG TTPAYUATOTTOINBNKE OTTWG TTEPIYPAPNKE OTIG
pEBSBouUG. O1 piBoavixveuTég (Eik. 10, MéBodol) TTapAxBnoav Pe petaypagn in vitro
META aTTd YpappoTTOinoN HE KATAAANAQ évqupa, yia TV TTAPACKEUL TOU
OUMTTANPWHATIKOU KAl TOU PN-CUPTTANPWHATIKOU avIXVEUTH. H eTTIAOYR TwV
PIBOAVIXVEUTWV £YIVE £TCI WOTE VA AVTIOTOIXOUV O€ YOVIDIO-EIDIKEG TTEPIOXEG TTOU BEV
TTAPOUCIAZouV CUPTTANPWHATIKOTNTA e Ta MRNAS Twv GAAWV peAwV TNG
utroolikoyéveiag (Eik. 32). Etiong, kabBwg Turpa Tou TeAeuTaiou e€oviou Tou Lgi4
aAAnAoeTTIKAAUTITETAI PE Ta BUO TeAeuTaia E6via Tou yovidiou Fxyd3, To otToio
peTaypdeetal e avtiBeto TrpocavaToAiopo (Eik. 33, Runkel F et al, 2003), o

QVTIOTOIXOG PIBOAVIXVEUTAG OXESIAOTNKE EKTOG TNG TTEPIOXNG GAANAOETTIKGAUWNG.
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ATG STOP

fe mLgi1
() 44kb

Mpwreivn LGI1

STOP
mLgi2
= (,38kb
ATG STOP
< HHHHHHH - mLgi3
= 0,37kb
ATG STOP

mLgi4
m— (),73kb

Eik. 32: ZXNHMATIKA ATTEIKOVION TWV PIBOAVIXVEUTWY TTOU XPNOIMOTTOINONKav otV in
situ uBpidoTroinon. MNapioTdvovTal o1 pIBoaviXVeUTES (OPICOVTIEG JAUPES YPAUMES), TO JIKOG
TOUG KalI N TTEPIOYX] OTNV OTToia AvTIOTOIXOUV, € OXECN KE TNV YEVWHIKA Opydvwaon Twv
yovidiwv Lgi1-4. H yevwuikr) opyadvwaon kabopiotnke pe Bdon TiIg aAAnAouyieg Twv cDNAs
AF246818 (Lgi1), AY841361 tTou KaBuwg trepIAaupBavel pévo 1o avoikTo TTAQicIo avdyvwong,
ETTEKTAONKE in silico (okoUpo TTpAciIvo) Bacel aAAnhouxiwy atté ESTs (Lgi2), NM_145219
(Lgi3) ka1 AJ487521 (Lgi4). ETiTAéov @aiveTal n avTioToixnon Twv PoTiBwy TIG TTPWTEIVNG
LGI1 (oupBoAiCovtal 61w kail otnv Eik.30) pe Ta €¢évia Tou yovidiou atrd Ta oTroia
KwdikoTrolouvTal. H idla avTioToixia 1oxUel Kal yia Ta yovidia Lgi2 kai Lgi3. To yovidio Lgi4 €xel
éva g¢ovio emmTAéov Kal ol eTravaAnyelig EPTP 2-7 Tng mpwreivng LGI4 kwdikoTrolouvTal atmo
Ta OUO TeAeuTaia €EGVIQ.

Lgi4
(10.84 kb)
ATG STOP

(+)
0,73kb
) THH—H—

STOP ATG

<« mFxyd3 — >
(6.14 kb)

Eik. 33: AAAnAosmikdAuyn Twv 3’ dkpwv TwV yovidiwv Lgi4 kai Fxyd3 o1o xpwpoéowpa
7 Tou TTOVTIKOU. 2ZnueiwveTal n 6€on Tou pifoavixveuTn (KOKKIVN YPAUUR) TTOU
XPNoIgoTToINOnKe oTa TTEIpAuaTa in situ uBpidoTroinong.
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ATTO Tn CUYKPITIKA MEAETN TOU TTPOTUTTOU éKPPacnG OIaTTICTWONKE 6Tl Ta yovidia
QUTAG TNG UTTOOIKOYEVEIAG YEVIKA EUPAVICOUV EKTETAPEVN EKPPATN OTOV EYKEPOAAO,
TTapouaialovtag TO00 AAANAOETTIKOAUTITOPEVEG OGO Kal DIOKPITEG

TTEPIOXEG HETAYPAPIKNG EVEQYOTNTOG.

EidIkOTEPQ, TAUTOTTOINBNKAY TTEPIOXEG TOU KPOTAPIKO AoBoU OTTou OAd Ta
yovidla gival petaypa@ikd evepyd. ‘ETol, TTapatnpriOnKe GUVEVTOTTIONOG TWV
peTaypdewy Twv LgiT-4 oTov evOOPIVIKO QAOIO Kal ToV ITTTTOKAUTTO (EIK. 34A). 21OV
TTPWTO, SIOTTIOTWONKE EKPPAON o€ OAEG TIG OTOIBADEG TOU, EKTOG aTTd TO Lgi2, TToU
eP@avicel eI0IKOTEPN UWNAR €K@pacn o€ CUYKEKPIYEVN OTOIRAdA. O evdOPIVIKOG
QAOIOG aTTOTEAET £va oNUAVTIKO KEVTPO TOU EYKEQPAAOU TTOU OXETICETAI UE TNV WVAUN.
ATtroTeAE TNV €i0000 OTOV ITTTTOKAMTTO KAl €ival UTTEUBUVOG yIa TNV TTECEPYATIia TWV
ONMATWY €10000U. ZTOV ITITTOKAUTTIO TTAPOUCIAZETAI CUVEVTOTTIONOG TWV HETAYPAPWY
otnv odovtwTh éAika (dentate gyrus, Eik. 34A). H Trepioxr auth TTepIEXEl KOKKWON
KUTTapa TTou TTPoeKBAaAAouv oTa TTUpapIdIKG KUTTapa Twv (wvwv CA2-4 Tou
ITTTTOKAMTTIOU. Ta KOKKWON KUTTAPA ATTOTEAOUV DIEYEPTIKOUG VEUPWVEG TTOU dEXOVTAI
onuarta atrd mePIoXES Tou veopAolou. H odovTwTtr EAIKa gival atro TIG AiyeG TTEPIOXEG
TOU €YKEPAAOU OTTOU YiVETAI VEUPOYEVEDH. ZUVEKPPOCT KAl TWV TECOAPWY YoVIDiwv
d1aToTWONKE O0TOV CWHATOAITONTIKG PAOIG TOU BpPEyUaTIKOU AoBou kal TNV
Tapeyke@aAida (Eik. 34A). Qatdéco, oTnv TeAeuTaia, evw Ta LgiT1 kai Lgi3 ekgpdlovTal
1600 OTNV POPIAKK 0G0 Kal TNV KOKKOEION OToIRAdA, To Lgi2 cival yeTaypa@Ikda
evePYO KUPiIwG aTnV KOKKOEION aToidda Kkal To Lgi4 atrokAEIGTIKA GTa KUTTAPA
Purkinje.

EmimrAéov, TauToTTOINBNKAV TTEPIOXEG OTTOU CUYKEKPIYEVA HOVO PEAN TNG
UTTOOIKOYEVEIOG eUPaviCouv aAAnAoeTTIKaAUTITOPEVN €kPpacn (EIK. 34B). EidikoTepQ,
OTO UETAIXMIOKO oUOTNUA SIATTIOTWONKE CUVEKPPAON TwV: a) Lgi2, 3, 4 oT0
d1dppayua (septum) Evav TTuprjva TTou OXETICETAI e TO BUPO Kal TV euxapioTnon,
B) Lgi1, 2 xai 4 otov ammogidf) Aoid (piriform cortex), y) Twv Lgi1, 2 kai 3 oTnv
meploxr] CA3 Tou ITTTTOKAPTTOU Kal O€ TTUPAVES ToU BaAdpou. To peTaiXuIakd ouoTnua
TTEPINAPBAvEl TTEPIOXES ATTO OAOUG TOUG AOBOUG TWV EYKEPAAIKWV NUICQAIPIWY Kal
QUAOYEVETIKA aTTOTEAET £va aTTd TA TTI0 TTPWTOYOVA PEPN TOU EYKEPAAOU.
AladpapaTifel KeVTpIKO pOAO GTN YVAMN, TN YABnaon, Ta cuvaliodnuaTa, T
VEUPOEVOOKPIVIKA AEITOUPYIO KAl O QUTOVOUEG OPaCTNPIOTNTES EVW OIAPOPES KAIVIKEG
KATaoTACEIG CUOXETICOVTAI JE DIATAPAXEG AUTOU TOU GUCTHUATOG, OTTWG ETTIANYIEG,
WuxlaTpikEéG diatapax£g, avoia K.ATT. O1 TTapatmdvw douéG TOU CUCTHATOG TTOU
TePIypdgpnkav, TTANV Tou BaAduou, avikouv OAEC GToV KPOTAPIKO AoBo. ETiTAéoy,
OTOV PETWTTIAIO ARG, TAUTOTTOINBNKE TUVEKPPACH Twv yovidiwv Lgi3 kai Lgi4 aTov

KIVNTIKO QAOIO.
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TéAog, TauToTTOINBNKAV BOPEG OTTOU POVO €va YOVidIO TNG UTTOOIKOYEVEIAG
eM@AaviCe upnAn petaypagikr evepyotnta (Eik. 340N). 'ETol, oTov KpoTaQIKO A0S TO
Lgi1 rapouciddlel uwnAd emmitreda €KQPAONG OTOV AKOUGTIKO PAoId, aTnv GToIRAda
Oriens, oTov KolAloké oUvdeapo (ventral commissure) kal 6To uTTdBepa (subicullum)
TOU ITTTTOKAMTTOU, KABwWG Kal oTa apuydaia. ETimTAéov, TTapaTnpABOnKe EKQPaCn Tou
Lgi1 otov oo@pnTikd Kal Tov OTITIKG QA01S. YWnAdQ eTTiTreda peTaypd@wyv Tou Lgi2
EVTOTTIOTNKAV OTOV KATW TTapeYKEPAAIBIKO Wioxo (inferior cerebellar peduncle), pia
MEYAAN OE€oUN IVWV TTOU OUVOEEI TOV TTPOUAKN MUEAS UE TNV TTApEYKEPaAAida. Na To
Lgi3 TautoTroinBnke uwnAn ékepacn oTov @AoIé Tou TTpocaywyiou (cingulated
cortex) Kal o€ alBouoaioug TTUPHVEG VW Yia TO Lgi4 oTnv GUVOETIKY TTEPIOXN
(association area) Tou KPOTAPIKOU PAOIOU.

2UNTTEPOACHATIKG, TO TTPATUTTO EKPPAONG Tou LgiT gival 0€ cup@wvia Ye Tov
KAIVIKO @QIVOTUTTO TNG OUYKEKPIPEVNG MEPIKNG ETTIANYIAG TTOU EKTTOPEUETAI ATTO
OucCAcIToupyia Tou KpoTagikou AoBou Kal Tou TTEPIBAAAOVTOG aKOUOTIKOU QA0IOU.
Etriong, kaBuwg mmapatnenbnkav TePIoXES TOU KpoTagikou AoBou 61Tou Ta yovidia
Lgi2-4 gpgavifouv TTPOTUTTO EKPPACNS TTapdoIo e auTd Tou Lgit, gival duvatov va
BewpnBoUV WG UTTOWAVPIA VIO TTEPITITWOEIG OIKOYEVEIWY, TTOU TTAPOUCIAlouv
TTaPOUOIa GUUTITWHATA KAl OTIS OTToieg dev TauToTToINONKAY peTaAAayéG oTo LG/1. H
ADLTE epgavilel emkpaTA TPOTTO KANPOVOUNONG, YEYOVOS TTOU UTTOPEI VO ONUaiVeEl
OTI oeiAeTal ae kEPDOG AciToupyiag TnG TTpwrTeivng. Etriong, kai ye Baon ta
atroteAéapata Twv Gu W et al (2005) 61Tou didgopa HeTaAAGyuaTa NG
avaouvduaopévng Tpwreivng LGI1 cucowpevovTal o€ peydAo Babuod evookuTTapIKa
QVTi VO EKKPivOVTal, JTTOPOUHE Va UTTOBECoUE OTI JeTaAAAYEG OTa GAANa TTapdAoya
yovidia utropei va odnyouv oTo idI0 aTTOTEAEOUA UE CUVETTEIQ TNV EKOAAWON
TTapoOpoIou KAIVIKOU gaivoTutrou. QoToo0, N avaAuan Twv KwdIKWY aAANAOUXIWY TWV
TTapPaASGywV yovidiwv o€ 12 oikoyéveleg Kal o€ 38 OTTOPAdIKEG TTEPITITWOEIG TTOU
ed@avi¢ouv KAIVIK& cupTITwpaTa TTapouolia pe Tng ADLTE xwpig va @épouv
peTaAAayég oTo LGI1, dev 00riynoe oTnv Tautotroinon HeTaAAaywyv (adnuoacisuta
atmroteAéopaTa Ayerdi-lzquierdo A et al). Ta atmmotéAeopaTta autd dgixvouv OTI Ta
yovidla LGI2-4 dev oxeTiCovTal, TOUAGXIoToV O€ peydAo BaBud, pe Tnv ADLTE av kai
N TEAIKA aTTAVTNON VIO CUPHETOXN TWV TTapaAdywyv oTnv avatTuén tng vooou, atTaiTei
TEPAITEPW WEAETEG O€ PEYaAUTEPO Beiypa. Me Baon Tnv atroucia peTaAAaywy oTa
TTapdAoya yovidia aTnv TTapaTTavw PEAETN KAl JE TO YEYOVOG OTI TO TTPOTUTTO
EKQPAONG TWV TECTAPWY YOVIBIWY QaivETAl VO DIOPOPOTIOIEITAI OE APKETEG TTEPIOXES
TOU €YKEPAAOU, UTTOPOUHE va UTTOBETOUE OTI N AITOUpPYia TOUG £XEl ATTOKAIVEI KATA
TNV €€EAIEN. AuTO eival o€ gupQwvia Pe avtioToixn TTPOa@aTn HEAETN aTo zebrafish

KATA TNV OTTOIa EVTOTTIOTNKAY CNMAVTIKES OIAQOPEG OTIC TTEPIOXES METAYPAPIKAG
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EVEPYOTNTOG METAEU TwV TTAPaAGywV yovidiwv Lgi o€ autdv Tov opyaviopd (Gu W et
al, 2005). Qotd0o0, Kal oTO zebrafish TTaparnPABNKE EKPPaon O€ VEUPIKO 10TO.
AVOIKTO TTapAEVEI TO EPWTNMA GV Ta TTAPAAOya yovidla ITTopoUV VA OUCXETIOTOUV
ME GAAEG Hop@EG 1810TTaB0UG eTIANYIaG. H avdAuon Tou TTpoTUTTOU EKPPACG TOUG
£0€1EE OTI AUTA gival HETAYPAPIKA EVEPYA OTOV £YKEQOANO, aATTAPAITNT TTPOUTTO0E0N
yla va BewpnBouv w¢ uttoywneia. EmmmAéov, onuavTiké gival 6TI HETAEU TWV TTEPIOKWV
OTTOU aviXVeUTNKAV PETAYpa@a Tou Lgi4 cuptrepIAauBAveTal 0 CWHATOAITONTIKOG
PA0IOG, YEYOVOG TTOU 0€ CUVOUACHO JE TRV XapToypdgnon Tou yovidiou autou oTnv
Kpiowun mepioxA NG BFIC, BewpolvTal onuavTikEG evOEiEelg WoTe va digpeuvnBei n

TTapoucia HETAAAQYWYV O auTd, O ATOPA UE TNV OUYKEKPIPEVN dlaTapaxH.

Lgi2

KPOTA®IKOXZ AOBOZX

NAPEFKE®AAIAA BPEMMATIKOZ AOBOZ

ZTEQAVIAIEG TOPEG Eykdpoieg Topég

Eik. 34A: Zuvékppaon Twv yovidiwv Lgi1-4 oTov eyKEQPAAO. H GUYKPITIKA HEAETN TWV
TTPOTUTTWY £KPPacNG £0€IEe OTI OAa Ta yovidla gival JETAYPAPIKA EVEPYA O€ GUYKEKPIMEVES
TTEPIOXEG TOU KPOTAPIKOU AOBOU: aToV £vOOPIVIKO QA0IS (ent, A1-A4) kal oTnv 000VTWTA EAIKQ
(DG:dentate gyrus, B1-B4). Etriong d1a1moTWONKE OUVEKPPACH TWV YOVIBIWV OTOV CWHATO-
aiIgONnTIKG QA0I6 (S, I1-I'4) Tou BpeypaTikoU AoBoU Kal OTNV TTAPEYKEPAAIDA. ZnNUEIWVETAI N
KOKKOEIBNG (gr) Kai n popiakr] (mol) atoiBdada evw oto Lgi4 (A4) To BéNog Beixvel Tn oToIBAdA
TwV KUTTApwv Purkinje, é1rou evromideTal n ékgpaacn. EmAéov, auuBoAifovTal ol OTEQAVIAiESG
(o) kal o1 eyKAPOIEG TOUEG (€).
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Aidgppaypa

.' ATrio€18ig
@Aoi16g

ITTrékapITog

OdAapog

KivnTik6g ¢@Aoiodg

Eik. 34B: MNepioxég upnAig YETAYPAPIKNG EVEPYOTNTAG TWV YoVIdiwv LgiT1-4 oTov
eykEé@alo. Zuvekppaan Twv yovidiwv Lgi2 (A1), Lgi3 (A2) kai Lgi4 (A3) oTo didgpayua
(septum), Twv Lgi1 (B1), Lgi2 (B2) kai Lgi4 (B3) oTov amocidr) ®Aoiod (piriform cortex), Twv
Lgi1 (I'1), Lgi2 (I'2) kau Lgi3 (I'3) atnv mrepioxr] CA3 Tou imrmmokdutrou, Twv Lgi1 (A1), Lgi2 (A2)
kal Lgi3 (A3) oTov BaAapo kai Twv Lgi3 (E1) kai Lgi4 (E2) aTov KIvATIKO @AOIO O€ OTEQAVIAiEG
(o) kal eykaGpaleg TOUEG (€).
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Eik. 34I": 'Ek@paon Twv yoviSiwv Lgi1-4 o€ S1akpITEG TTEPIOXEG TOU EYKEPAAOU. To
yovidio Lgi1 ekppaleTal oTov akouaTIKO (A, AuD), Tov 0o@pnTiké (B, OIf) ki Tov omrmiko (I,
Orb) @Aoi6, otn otoidda Oriens (A, O_L), Tov koihiaké auvdeopo (E, vhe) kal To uttéBepa
(ZT, sub) Tou iITrroKduTTOU, KABWG Kal aTa apuydaAa (Z, amy). YynAnf ékepacn Tou Lgi2
TAUTOTTOINONKE OTOV KATW TTAPEYKEPANIDIKO pioxo (H, icp), Tou Lgi3 oTov @AoI6 Tou
Tpogaywyiou (O, cc) kal o aiBouaaioug TTuprveg (1, K, vn) kai Tou Lgi4 oTnv OUVOETIKN
TEpIOXN (association area) Tou kpoTagikoUu @AoIoU (A, tc-aa). ZupBoAiovTal ol aTepaviaies (O)
Kal Ol EYKAPOIEG TOPEG (€).
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B. Tauromoinon kai xapakrnpiouog Tou yovISiou TToU OUVOEETal [UE THV
gUBpauorn 6éon FRA10A
» [lpoodiopioudgs kai kAwvorroinon rou cDNA rou yovidiou FRA10AC1

H FRA10A avrkel OTIG eUBpauoTeg XPWHOOWHIKEG BETEIG TTOU ETTAYOVTAI HE
KOAAIEPYEIQ TWV KUTTAPWV EAAEIWEI QUAANIKOU 0&E0G. Z& JOPIaKO TTITTEDO £XOUV
xapaktnpiotei 5 atréd TG 24 B€ocig auTthg TG katnyopiag (FRA16A, FRA11B, FRAXA,
FRAXE, FRAXF, BA. Elcaywyn) Kal n éKQPacT] TOUG £XEI CUOXETIOTEI JE TNV ETTEKTAON
NG emavaAnyng CGG. Me mBavr) e€aipean Tnv FRA16A, o1 UuTTOAOITTEG evTOTTICOVTOI
pMéoa o€ yovidia.

Me okoTrd Tov evrotTiopo TG FRA10A kai Tou avrtioToixou mmeavou yovidiou,
O1EpEUVABNKE TO GUVOAO TNG VOUKAEOTIDIKNG aAAnAouyiag Tou xpwuoocwppaTog 10 yia
TNV TauToTroinon etTavaAfyewy TUTTOU (CGG)N. H digpelivnon £YIVE JE QVIXVEUTH TNV
aAAnAouyia (CGG)g xpnoigoTroiwvTag 1o TTpoéypauua blastn, xwpic @IATpdpioua Twy
TTEPIOXWV XAMNANG TTOAUTTAOKOTNTAG Kal TwV eTTavaAauBavouevwy aAAnAouyiwy. Me
QUTOV TOV TPOTTO EVTOTTIOTNKAV OIAQOPOI YEVWHMIKOI KAWVOI Kal diaxwpioTnkav BAacel
Tou apIBuoU Twv eTavaAnwewv TTou Trepigixav (Mv. 11). H mpwTtn opdda KAWvVwY
£pepe TNV aAAniouyia (CGG)sg, n delTEPN opdda Tnv (CGG)7, evd o1 UTTOAOITTOI
KAwvol TTepigixav AiyoTepeg A ateAeig eTTavaAnyelg. AKoAoUBwG, £¢eTA0TNKE N B€oN
TOUG OTO QUOIKO XAPTN TOU XpwHoowuaTog (Mv. 11) pye TTPOTELAIOTNTA TOUG KAWVOUG
TWV dUO TTPWTWV OPEdwWV.

Egpooov n FRA10A cixe xaptoypagndei oto 10923.3, emAEXONKaAV OI KAWVOI
QUTAG TNG TTEPIOXAG YIa TTEpaITépw PEAETN: oI bAT03A2, bA380G5 kai bA165M8 tTou
xapTtoypagouvTtav 010 10923.31 kai 0 bA437J2 o1o 10923.33 (EIK. 35).

O bA103A2 @pépel Tnv aAAnAouyia (CGG)g oTov uTTOKIVNTA TOu Yyovidiou HTR7
(Eix. 35) TTOoU QvrKel 0TNV OIKOYEVEIQ TwV UTTOBOXEWV TNG ogpoTovivng. O HTR7
EVTOTTICETAI TOOO OTOV EYKEPAAO OCO KAl TNV TTEPIPEPEIN KOl £XEI TTPOTABEI OTI
OUMMETEXENI OTN AcIToupyia TNG BepuopUBuIoNg, BAoel HEAETWY O€ TTOVTIKIO knockout
(Hedlund PB, 2003). Mapd tnv 6€0n 6TTOU XOpTOYPAPEITAI AUTH N ETTAVAANY, O
QAIVOTUTTOG TWV TTOVTIKWY UE aTTEVEPYOTTOINUEVO TO HTRY7 gival gualoloyikdg, TO00
Mop@oAoyIK& 600 Kal atrd ArToyn CUNTTEPIPOPAGS KAl CUVETTWG OEV QAiVETAI VO
uTTdpxel ouvdeon TNG AEITOUPYIaG auTOU TOU YOVIBIOU [HE TOV QaIVOTUTTO OIaVONTIKAG
KaBuoTépnong TTou £xel auoxeTioTe ge TNV FRA10A.

O bA380G5 @épel 1ig eTravaAqyelg (CGG)g, (CGG)s kal (CGG)s oto 5’'UTR Tou
yovidiou PTEN (Eik. 35). O1 duo TrpwTeg gival ateleic kabwg TrapepBailovTal ol
aAAnAouyieg CCG kai CAG avTioTolxa, evw yia TNV TTpwTn €&l O€1xOei 6T gival

TTOAUPOPQPIKA YE TTOOOOTO £TEPOCUYWTIag 27% (Wren JD et al, 2000). To PTEN civai
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£va OYKOKATAOTAATIKO YOVidlo Kal JETOAAQYEG TOU €XOUV TAUTOTTOINBEI O€
oTTopadIKoUg KapKivoug yAOIOBAACTWHATOS evOOUNTPIOU Kal TTPOCTATN, KABwWG Kal o€
KAnpovounoiua voonuata (vooog Cowden, auvdpouo Bannayan-Zonana, voéoog
Lhermitte-Duclos) 1Tou xapaktnpi¢ovtal atré TTOAAATTAG auapTWHPATA KAl augnuévn
TPodIdBean eu@aviong kapkivou. H TTpwreivn €xel dpaon ewoeaTdong Kai
OUMMETEXEI O€ ONUATOBOTIKA JOVOTTATIO TTOU pUBUiouv BACIKEG KUTTOPIKEG
A€IToupyieg, OTTWG TOV KUTTAPIKG KUKAO, TNV ATTOTITWON Kal TNV diagopoTtroinon. Ta
ou6luya knockout TTovTikia TTEBAivouv TTOAU VWwPIG KATA TNV EUPPUOYEVEDT, EVWD TO
£TEPOCUYA AvVaTITUOOOUV £va eupU QATUa OYKWV (HaoTou, Bupeocidn, evdounTpiou,
TPOCTATN, T-Aep@okuTTadpwy). H BloxnuikA Asitoupyia Tou PTEN kai 0 @aivoTuTtrog
(utrepTTAacoia, atagia, eTTIANTITIKEG KPIOEIG, TTIPOWPOG BAVATOG) TWV TTOVTIKWY HE
QTTEVEPYOTTOINUEVO TO YOVIDIO €I0IKA 0€ CUYKEKPIPEVEG TTEPIOXEG TOU EYKEQAAOU BeV
MTTOPEI HGAAOV VO CUOXETIOTEI PE TO @aivoTutro Twv Yopéwy TNG FRA10A (Kishimoto
H et al, 2003; Stiles B et al, 2004). O bA165M8 cival aAANAOETTIKAAUTITOPEVOG TOU
bA380G5 kai TrepiExel TG id1eg emavaAnyelg (Eik. 35).

O bA437J2 @épel TNV aAAnAouyia (CGG)g oTo Péco Tou Kal TTepIAauBavel To 5’
Gkpo (Ta duo TTpwTa €6VIA) Tou yovidiou LGIT kai To 3’ dkpo (Ta eTTTé TEAEUTAIO
e€ovia) Tou yovidiou PDE6C (Eik. 35). MNa va Tautotroin®ei o kAwvog BAC 1Tou
mpocdiopilel TNV FRA10A, éyive avdAuon FISH oToug avwTépw KAWVOUG atrd Tnv
ouvepyalouevn opada Tou Dr. R. Seibert. To amoTtéAeopa TG avAAuong UTTEDEICE wg
BeTIKO TOV KAWVO bA437J2 (BA. ZulATnon).

KaBwg dev gixe TauToTroINBEI KATTOIO YOVIdIO TTAPATTAEUPA TNG ETTAVAANYWNG,
aglotroi@nkav o1 d1a0€aipeg aAnAouxieg Twv ESTs yia va e€etaoTei n Uttapén
avoIKTOU TTAQICiOU avAyvwaong oTnV TTEPIOXH. ZUYKEKpIPEva, diepeuvhBnke n Bdaon
0edopévwv dbEST TOU avBpWTTOU XPNOIKOTTOIWVTAG WG AVIXVEUTH TNV dAAnAouyia
TOU KAWVOU eKaTéEPWOEV TNG eTTAVAANWNG UE TO TTPOYPAMPa blastn. To atroTéAsoua
ATav n tautotroinon 9 aAAnAostTikaAuTTTopevwy ESTs (BM272089, AA114024,
BF680539, BF794692, CB266740, BF033688, BI763499, AL702137 ka1 BM545030)
TTOU XPNOIMOTTOINBNKAV yia eTTavaAnTITiké KUKAO diepelvnong. Me autdv Tov 1poTTO
eUTTAOUTIOTNKE N cUAAOYR Twv ESTs Kkal atrd TNV OTOIXIOT TOUG KOTAOKEUAOTNKE €Va
mARpoug pAkoug cDNA (Eik. 36), 1344bp 1Tou TrEpIEXEl Eva avoixXTo TTAaiCIO
avayvwong 945bp. Me Baon Tov kavéva Kozak (Kozak M, 1986) 1o KwdIKOvIO
évapéng Tng MeTa@paong evroticetal oTo nt:195 kai To Kwdikévio AAENG oTo nt:1140
(Eik. 37). H eravadAnwn (CGG), evroTriCetal oto 5’UTR Tou cDNA vy n avdAuon Tng
aAAnAouyiag Twv ESTs utrédeie Tnv mOav TTOAUPOP@IKOTATA TNG. To 5° UTR
TpocdlopioTnke Baael Tou EST BF794692 kal To péyeBog Tou ekTINdTal o€ =2194bp.
To 3’ UTR €xer uéyebog 202bp kai até Tnv aToixion Twv ESTs @aiveral TTwg gépel
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OUO0 AcIToupYIKA EVAAAQKTIKG orjuaTta TToAuadevuliwong, ato nt: 1265 (AATAAA) kal
oT1o nt:1320 (ATTAAA), Eik.36. Ta ESTs 1Tou xpnoigotroioly 1o cApa AATAAA cival
TPITTAACIO AUTWYV TTOU XPNOIKOTTOIOUV TO EVOAAOKTIKO, QAIVOUEVO TTOU EXEI
TTapatnpenOei ota TEpIcodTEPa MRNAS Tou avBpwTToU TTOU QEPOUV TTOANATTAG
ofpata ToAuadevuliwong, YEyovog TTou TTIBAVWG AVTIKATOTITPICEl TNV MEYOAUTEPN
oTaBEPOTNTA i TNV ATTOTEAECUATIKOTEPN WPIMAVOT TWV HOPIWV YE KAVOVIKO OO
(Beaudoing E et al, 2000).

Miv. 11: Mevwyuikoi kKAwvol Tou xpwpoowpaTog 10 Tou mepiEXouv Tnv eravaAnyn CGG.

OMAAA 1 XPQMOZOMIKH OEZH
bA406G10 q26.11

bA96B5 q11.23-g21.1
bA506M13 q22.3

bA567J24 926.11

bA342M3 q22.3

bA19C6 q24.2

bA103A2* q23.31

bA273H7 q26.3

bA437J2* q23.33

bA85A1 q24.2

bA418C1 p12.31

bA14918 p13

bA466G24 p12.1

bA298J20 q26.13

OMAAA 2 XPQMOZOQMIKH OEZH
bA131C15 q22.3

bA36D19 q22.3

bA529C24 q22.3

OMAAA 3 XPQMOZOMIKH OEZH
bA428P16 q22.3

bA380G5* q23.31

bA399K21 q22.2

bABGE10 q25.3

bA165M8* q23.31

bA445K13 p13

bA161K20 p12.33

Zny. :H mpwTn opdda KAWVWY QEPEI TV ETTAVAANWN TOUAAXIOTOV 8 POPEG, N ETTOPEVN OPAdA
7 QOPEG, VW OTOUG KAWVOUG TNG TEAEUTaiag opddag n eTTavaAnwn uttdpyel 6 @opég 1 gival
ateAng. H B6éon Twv kKAwvwv (6€€1d oTAAN) TTpoodiopioTnke BAcel Tou QuaikoU xdapTn. Me
aoTEPIOKO (*) ONUEILVOVTAI Ol KAWVOI TTOU XapToypagouvTal oTnv {wvn q23.3.
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Eik. 35: XapToypd@non Twv YEVWHIKWV KAWVWYVY 010 XpwHoéowua 10 Kal TG
gmavaAnyng (CGG)n oe autolg. A. AtreikovifovTal Tpia TURUATA TOu QUAaIKoOU XapTtn (1, 2,
3,) unkoug 0,5Mb 10 KaBEva, TTou TTEPIEXOUV Toug KAWvoug bA437J2, bA103A2, bA165M8 kai
bA380G5 (ue KOKKIVO). MAvw atrd To KABE TUAPA CNUEILVOVTAI Ol CUVTETAYUEVEG O Mb.
>upBoAiCovTtal pévo ol KAwvol TTou guvioTouv To tiling path. B. Mevwuikn opydvwaon Twyv
yovidiwv PTEN kai HTR7 GToug avTioToixoug KAwvoug Kal Tunudatwy Twv LGI1 kai PDE6C
oTov bA437J2 (ta TTapaAAnAdypapua avtioToixoUv ata e€6via). Me KOKKIVa BEAN onuelwveTal
n emavaAnyn CGG kai Ta voukAeoTidla 1rou evroTrifetal. Ta paupa BEAN dcixvouv TNV @opd

NG HETAYPAPNAG.
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CGG
1 v ATG TGA 1344
L | | |
BE704R07 cDNA
BE680539
AA114024
BM?272089
BI763499 .
BE033688 KAipaka: 100bp
AA375304
AW063796
BF357437
BE667536
BF671718
BG203541
BG202494
BG213501
BG195340
BG213500
BE604249
AWB885957
BF962000
BG201088
BG287064
BF960218
BE670834
AA114025
AlB04930
Al765355
AW317067
RGRR5497
AW172600 polyA**
Al310231
BM?271766
AV750861
A\W612019
AAG52738
DA2864
Al1494064 po|yA*
AW138666 pOlyA**
Al147620/A1147629 polyA**
BF857810
BFE886928
__BEB885988
_RE88A303
D62908
AW611793 pOlyA**
BG193002 polyA**
BG201120 polyA**
BG214751
Al668927 polyA**
—__Al971008
_ R85652
RG218978 polyA**
__Al864742
___BG219979
ernerneeneens.. 3Q345249
AV682434
BF110909 polyA*
AWS572033 s
......... po|yA
..... — BG184001 polyA**
BFE446793 p0|¥A*
AA843806 polyA*

Eik. 36: Kataokeuy Tou cDNA mAfpoug pfRkoug in silico. Mapouoidletal To cDNA
TTA)POUG PNAKOUG (Malpn ypauun) kail Ta ESTs mou xpnoigoTroiénkayv yia TNV KOTAOKEUN ToU
(KOKKIVEG YpaupEG) Ta oTToia £Xouv TOTTOBETNOET BACEI TNG OXETIKAG TOUG AAANAOETTIKAAUWNG.
Aekatéooepa ESTs @épouv oupd polyA kar TrapExouv £voein yia UTTapgn dU0 eVOANAKTIKWY
onuatwv: oto nt:1289 (**) kai o1o nt:1344 (*). Z10 paUpo TTAqicio arreikovi¢ovtal Ta ESTs
AV682434 ka1 BQ345249 1rou mMBavwg avTioToixoUv o€ eVAAAGKTIKG JeTaypaga (BA.
Tap.2.2.6.). Ta ESTs o1o ptAe TTAaialo dev xpnoigotroinénkav oTnv kataokeur] Tou cDNA,
KaBwg BewpriBnkav TTpoidvTa areAols wpipavong Tou TTpodpopou mMRNA.
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MNa Tnv kKAwvoTtroinon Tou cDNA axedidotnkav ol ekkivnTég F kal R4 (Eik. 37)

Kail TTpayuarotroinenke PCR (ouverikeg: 94°C 5min/ 94°C 45sec, 52°C 45sec, 72°C
1min, yia 5 kUkhoug/ 94°C 45sec, 57°C 45sec, 72°C 1min, yia 30 kUkAoug/ 72°C
5min), XpNOIUOTTOIVTAG WG UTTOCTPWHA Sng TTPOIGVTOG avTidpacong HETAYPAPHG
atrd 6pxeig avbpwTtrou (MTC, Clontech). To 1rpoidv eixe péyebog 949bp kai
TepINGPPBave GAo TO avoIKTO TTAQIOI0 avayvwong (TTANV Tou TEAEUTAIOU KwdIKoviou
Kal Tou Kwdikoviou AfjENg). MeTd TNV atmoudvwaor Tou atrd THKTWUa ayapolng,
akoAouBnoe eravaAnTTikl PCR kal kKAwvoTtroinon otov @opéa pGEM-T Easy étrou
Kal TTpoodiopioTnke n aAAnAouyia Tou DNA, 1Tou emmieBaiwoe Tnv TTPORAewnN in silico.
H oToixion Twv dUo aAAnAouxiwv Oeixvel TTEVTE VOUKAEOTIDIKEG aAAQYEG, TTOU TTIBAVWG
QVTIOTOIXOUV 0€ TTOAUPOP@IoHS VoukAeoTIdiou (SNPs), Tig T284C, A869G, G241A,
C427G ka1 G435A (Eik. 37). O1 800 TTpwteg dev 00NYOUV O€ ANIVOSIKN aAAayr evw Ol
uTTOAOITTEG TTPOKAAOUV TIG avTikaTaoTdoelig R16H, T78R kai V811 avticToixa o1 OTroieg
OUVaVTWVTAI TOUAAXIOTOV 0€ £va opBOAoyo popio (BA. TTAPAKATW). ATTO TIG
TTapatrdvw VOUKAEOTIOIKEG aAAayEg, ol T284C, G241A kai C427G utrdpxouv
kataxwpnuéves wg SNPs kal otnv avTioToixn Bdon dedouévwy
(http://www.ncbi.nlm.nih.gov/projects/SNP/) ye kKwdikoUug TTpéofaong rs11187597,
rs726817 kai rs2275438 avTiocToixa.

To cDNA katatétnke otn Bdon dedouévwy Genbank pe Kwdikd Tpéoacng
AJ431721 kai ovopdoTtnke FRATO0ACT, Adyw Tng XapToypagenaorg Tou oTnv
eUBpaucTn Béon FRA10A.

> [1poodiopIoud¢S TNS YEVWMIKIGS opydvwaong tou FRA10AC1
O mrpocdiopioudg TNG YEVWHIKAG opydvwong Tou FRAT0ACT

TTpayuaToTroiNOnke ue oTtoixion Tou cDNA pe Tnv yevwuikr aAAnAouyxia tou bA437J2
(Genbank ID. AL157396) xpnoigotrolwvTag To TTpoypapua Blast 2 sequences. Ao
TNV avaAuon TTpoékuye OTI TO yovidio ekTeiveTal TP Ta 33kb kal 611 TO cDNA
oToIxifeTal Ye Tn yevwuikn aAAnhouyia o€ 14 Tuiuata (Eik. 38) TOoU avTioTOIXOUV OTA
ecovia 1-12 kai 18-19. H apibunon autr xpnoigoTroleital edw yia va gival cuppaTh Pe
Ta emMTA£0V, EVOAAOKTIKG €€Ovia TTou TauToTTOINBNKAV TTEIpapaTiké (BA.TTapakdTw).
To péyebog Twv e€oviwy KupaiveTal yetagu 39 kai 245bp evw Twv IVTPOViwy PETAEU
119 ka1 4788bp. OAa Ta onueia cuvapuoyng e€oviwv-Ivipoviwy @épouv TNV
ouvTnpnuévn ahAnAouyia ag/gt. To KwdIKOVIO EvapEng TNG METAPPACNG EVTOTTICETAI
oTnVv apxn Tou deuTépou e€oviou vy To KWOIKOVIO ARENG BpiokeTal TO TEAEUTAIO
(#19) €€dvio. H eravainun (CGG)n xapToypageital 010 £E6VIO 1 TTOU AVTIOTOIXEI OTO
5 UTR.
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1 GTAGGGAGAGGCGGGTTGCGGGCGGCGGCGGCEGCGGCGGCGGCGGTGGTGGTTGTGGCG
61 AGGCTGTGCGGCAGGGCGCACGGGACCTGTGCTGCAGCGGCTCTCTCAGGCCGTGGGTCG
121 TCGCTGCAGCTGCCGGGAAEGAAGGAAACGACGACTCCGGGGGCGAACTTGGCACACAGG

o

181 GAGGAAGGGAAAGS%TGCATGGTCATGGAGGCTATGATTCTGATTTTAGTGATGATGAAC

M H G H G G Y D S D F S D D E

)\ /
241 GCTGTGGAGAATCCAGCAAAAGGAAAAAAAGGACAGTTGAAGATGACTTACTGCTCCAAA
16 R ¢ G E S S K R K K R TV E D D L L L Q

301 AACCATTTCAGAAAGAAAAACATGGAAAGGTGGCCCATAAACAAGTTGCAGCAGAATTGC
36 K p F 0 K E K H G K V A H K O V A A E L

36l TGGATA&EGAAGAAGCAAGAAATAGAAGGTTTCATCTCATAGCTATGGATGC%&ATCAAA
56 L b R EEAIRNIRWIRUFHIL I AMUD A Y Q

421 GACATACAAAGTTCGTAAATGACTATATTTTATACTATGGTGGCAAAAAAGAAGACTTCA
76 R H T K ¥F v N D Y I L Y Y G G K K E D F

481 AGCGTTTGGdEGAAAATGACAAGACAGACTTGGATGTTATACGAGAAAATCATAGATTCC
96 K R L G E N D K T D L DV I R E N H R F

v
541 TATGGAATGAGGAGGACGAAATGGACATGACTTGGGAGAAGAGACTTGCTAAGAAATACT
116 L w N E E D E M D M T W E K R L A K K Y

\
601 ATGATAAATTATTTAAGGAATACTGCATAGCAGATCTCAGTAAATATAAAGAAAATAAGT
136 Yy b K L ¥ K E Y ¢C I A D L S K Y K E N K

v
661 TTGGATTTAGGTGGCGAGTAGAAAAAGAAGTAATTTCAGGAAAAGGTCAATTTTTCTGTG
156 F G F R WRV EKE V I S G K G Q F F C

721 GAAATAAATATTGTGATAAAAAAGAAGGCTTAAAGAGTTGGGAAGTTAATTTTGGTTATA
176 G N K Yy ¢C b K K E G L K S W E V N F G Y

\
781 TTGAGCATGGTGAGAAGAGAAATGCACTTGTTAAATTAAGGTTATGCCAAGAATGTTCCA
196 I E H G E K RNAILV KL R L C Q E C s

841 TTAAATTAAATTTCCATCACA&EAGAAAAGAAATCAAGTCAAAAAAAAGAAAAGATAAAA
216 I K L. N F H HR R KE I K S K K R K D K

901 CCAAAAAAGACTGTGAAGAGTCATCACATAAAAAATCCAGATTATCTTCTGCAGAAGAGG

236 T K K b ¢C E E S S H K K S R L S S A E E
F3

961 CCTCCAAGAAAAAAGATAAA&EACATTCATCTTCAAAGAAATCTGAAGATTCTCTACTTA’

256 A S K K K D K G H S s s K K S E D S L L

1021 GAAACTCTGATGAGGAAGAAAGTGCTTCAGAATCTGAACTTTGGAAGGGTCCACTACCAG
276 R N S D EE E S A S E S E L W K ﬁi P L P

1081 AGACAGATGAAAAATCACAEGAAGAAGAATTTGATGAGTATTTTCAGGATTTGTTTCTAT

296 E T D E K S ¢ E E E F D E Y F O D L F L

P

1141 GAGACGAGAGAGAGAAGCCTCCGCTCCTTAATGTGAAACTTCATGAAGTTTTAAACTTCA
* P R2

1201 TGCAATTTGAAATTCCATATAAGTTTTTATCTGCAAGTTACAGCTTGTGTGGTTTGTCTT

1261 TGGAAATAAAAATCCAGGTTCTCTCAGAATGTCAGAGGCTTTGGAAGTTCATTAGTTCAA

1321 TTAAAGACTTTCCTGTCCTTTAAA

Eik. 37: H voukAgoTidik} aAAnAouyia (1344bp) Tou cDNA Tou yovidiou FRAT0AC1. To
KWOIKOVIO €vapéng TNG PETAQpaong evroTriCeTal oTo nt:195 kai 1o KwdIKOvIo AREng oTo 1140.
To avoIkTd TTAdiolo avayvwong (Haupa ypdupaTa) KwdIKOTTolEl TTOAUTTETTTIO 315 apivogEwv
Tou oTToiou N aAAnAouyia atreikoviZeTal akpIBwg K&Tw atrd To cDNA. O1 aueTAPPAOTES
TTEPIOXEG GUMPBOAICovTal pe PTTAE ypdupata. ZTnv S’UTR onueiwvetal n eravaAnyn (CGG)s.
Ta 6pia Twv g¢oviwv aupBoAiovTtal pe KOkkIva BEAN. Etriong atreikoviovtal Ta {euyn Twv
ekKIVNTWV (TTpdoiva B€An) F-R4, F2-R2 kai F3-R2 1Tou xpnoiyoTtroménkav yia Tnv
kKAwvoTroinon Tou cDNA, yia Tnv TTapacKEUr Tou avixveuTr] yia Tnv avéAuon Northern kai oTig
avmidpdoeis RT-PCR katd Tn HEAETN TOU TTPOTUTTOU £KPPAcnG. TEAOG, onueiwvovTal Ta
mOava evaAAakKTIKG GApaTa TTOAUAdEVUAIWGNG (UTTOYPOAUUICHEVA) KAl O VOUKAEOTIOIKES
aAAayég TTou TauToTToINONKay, YETA a1rd oUYKPIoN TNG YEVWHIKNG aAAnAouxiag pe To cDNA
(Trpdoivn okiaon).

143



ArmroreAéouara

A.
(CGG)n

X
vf"%

S A0 AN D DA OAARD DD O o oD o P o DR o
P PP S T SN g SRS RS NS S 2

L) ool

194 77 96 46 77 84 85 46 114 43 119 3980 7264 4879 79 é45 bp

ATG TGA

...GGG - E1 - AGGgtgt - 11 =2268bp - acagPATG|- E2 - AAGgtaa - 12 =1633bp -
tcagGAC - E3 - TAGgtat - 13 =119bp - acagGGA - E4 - GCTgtat - 14 =3198bp -
tcagTAT - E5 - GGGgtaa - 15 =2131bp - ccagGGA - E6 - TTGgtaa - 16 = 552bp -
ctagGGA - E7 - AAGgtat - 17 =4559bp - tcagTTT - E8 - AAGgtaa - 18 =2044bp -
gcagGTC - E9 - TAAgtaa - 19 =1147bp - ttagGGT - E10- CAGgtaa - 110=2457bp -
aaagGAG - E11 - AAGgtaa - 111=4788bp - tcagGAC - E12- TTAgtaa - 112= 951bp -
ggagATG - E13 - CAAgtga - 113=1812bp - aaagAGA - El4- AAAgtaa - 114= 361bp -
gtagGAA - E15 - GAGgtga - 115=1223bp - ttagACT - E16- TTTgtga - 116= 137bp -
gaagGTA - E17 - CAGgtaa - 117= 977bp - acagGAA - E18- ACAgtaa - 118= 901bp
atagGGA - E19 - ..‘..TTTGGAAATAAAAATCCA..‘..‘AGTTCAATTAAAGACTTT -

r. PDE6C FRA10AC1 LG

1 128796bp

17957bp  21190bp 54854bp 110207bp

A

v

bA437J2

Eik. 38: Nevwuiki opydvwon Tou yovidiou FRAT0AC1. A. To yovidio Trepihapdvel 19
€€OvIa (KOuTId). 21O KUPIO PETAYPAQO TO ££OVIO 12 cuvdEeTal PE TO €EOVIO 18, evld Ta €¢OvIa
13-17 (naupa) TTepIAauBAavovTal JOVo oTa eVOANAKTIKA YETAYpaAga (TTap. 2.2.6.). H
emavadAnwn CGG xaptoypageital ato S’UTR (utTAg). ETTiong avaypd@eTal To KOG Twv
e€oviwv Kal Ta VOUKAEOTIBIO TNG YeEVWUIKAG aAAnAouyxiag AL157396 (avTioTpopn
CUPTTANPWHATIKA TNG KWAIKAG aAuaidag) ye Ta otroia oToixiCovtal. B. O aAAnAouyieg ota épia
e¢oviwv (E1-E19, kepahaia ypauuata)-ivipoviwv (11-118, HIKpG ypaGuUoTa) €ival guvTnpnuEéVES
(ag-gt). EmiTAéov, avaypd@eTal To PKOG KABE IVTPOVIou Vi) £XOUV UTTOYPAMMICTEN Ta U0
mOavé evaAAakTIKG oApata TToAuadevudiwong. . Xpwpoowpik opydvwaon Tou yovidiou
FRA10AC1 kai Twv yeimovikwy Tou LGI1 kai PDE6C. Ta paupa BEAN deixvouv TNV opd Tng

HETAYPAPNG.

» Tlovorumikn avdAuon tng 1pivoukAgoridikn¢ emavaAnwns CGG os droua

gAéyxou kai os gopeic Tng FRA10A

H mmoAupop@ikétnTa NG emavaAnwng CGG oe yovidia, atroTteAei £vOeign
duvnTIKAG €TéKTAONS TNG. INa 10 yovidio FRATOACT autd eEETACTNKE UE YOVOTUTTIKNA
avaAuon DNA o€ 81 un ouyyevr) atopa atréd 38 oikoyéveieg avagopdas CEPH. H
avdaAuon éyive pe PCR xpnoigotroiwvTag Toug ekkivntég F1 (padloonuacuévog) kal
R1 1mou uBpidotroiotvTal ekatépwBev TNG aAAnAouxiag (CGG)n Tou yovidiou (Eik. 39).
Ta TTpoidvTa TNG avTidpaong diaxwpicTnKav e NAEKTPOQPOPNCT OE ATTODIATAKTIKG

TTAKTWHA 6% akpuAapidng-oupiag kal TautoTroINOnKav pe autopadioypa@ia. ATé TV
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avaAuon TTPoEKUWYE OTI N eTTavaAnyn gival TTpdyuaT TTOAUPOP®IKA OToV TTANBUC O
(Mv. 12) ka1 TautoTrOINBNKav 4 aAAnAduopga (A1-A4) peyéboug 210, 213, 216 kal
228bp, Ta otroia gépouv 8, 9, 10 kai 14 CGG avricToixa (Eik. 40). Bdoel Twv
QTTOTEAEOPATWY, UTTOAOYIOTNKE N ouxvoTnTa K&ABe aAAnAoudpgpou (Eik. 40) kai
TTpocdlopioTnKe OTI TO MO 0UvNBeg gival To A2, TTou @épel TNV aAAnAouyia (CGG)g,
EVW TO TTOO0OTO £TEPOlUYWTIOG avépxetal o€ 47%. H yovoTuTttiki avaAuon Tng
emavaAnyng og @opeic TNg FRA1T0A €6¢1e 611 ota dtopa autd n eravédAnyn (CGG)n
ETTEKTEIVETAI DPAMATIKA, YEYOVOG TTOU 0dNyEi 0TnNV UTTEPPEBUAIWON TNG TTEPIOXAG Kal
TNV METAYPAPIKH KATAOTOAR TOU avTioToIXoUu aAAnAoudp@ou Tou yovidiou
(atroTeAéopata atrd Ta cuvepyaldueva epyacTtipia Twv Dr. R. Seibert kal Jozef
Gecz, Sarafidou T et al, 2004, BA. ZulATnon).

BF794692
F1 R

1 GCCATTTAGA TGTAACACGT GGCCGTGTCG GACCGGAAGT GGTGCCCAGT CGGGACCCGT

61 AGGGAGAGGC GGGTTGCGGG CGGCGGCGGC GGCGGCGGCG GCGGTGGTGG TTGTGGCGAG

121 GCTGTGCGGC AGGGCGCACG GGACCTGTGC TGCAGCGGCT CTCTCAGGCC GTGGGTCGTC
< R1
181 GCTGCAGCTG CCGGGAAAGA AGGAAACGAC

Eik. 39: O¢on uBpidotmroinong Twv ekKivhTwy F1 kai R1 oTto yevwpiké DNA ekatépwbBev
NG emavdaAnyng CGG. H PCR o€ yevwpikd DNA e Toug ekkivntég F1 kar R1 (B€An)
TTapayel Tpoidv pey€Boug 210bp, Bdoel Tou apiBuol Twyv eTTavaAyewy (KiTpivn okiaon) TTou
@Epel N yevwpikA aAAnAouxia AL157396 (EIk. 2). O1 cuvBiKeg TTOU XPNOIUOTTOINONKAY KaTd
TNV avridpaaon givar: 95°C 5min/ 95°C 45sec, 56°C 45sec, 72°C 35sec, yia 35 kUkAoug/ 72°C
3min. Xnueliwvetal n Béon atd otrou Eekivdel To EST BF794692 Bdoel Tou oTroiou
kKaBopioTtnke 10 péyeBog TNG S'UTR (EIK. 2).

A. N - &N < o - 9

© N~ ~ o o [«2) [«2)

< < N~ [Tl Yol N N

ANNASUoppO/ ® ©® o o o o o
uéyebog (bp)

A3/216 —> h
A2/213 —> -

A1/210 —»

B. AAANAGHOpQa Ap1Bpo6g eravaAfpewv CGG  Zuyxvotnta aAAnAopoéppou

A1 8 0,068
A2 9 0,623
A3 10 0,278
A4 14 0,031

Eik. 40: N'ovoTumikn avdAuon oe Seiypara DNA oikoyeveiwv CEPH yia Tnv peAérn Tou
TTOAUHOPQPIOHOU TNG eTTavadAnyng CGG. A. Ztnv autopadioypagia @aivovtal Ta 4
aAAnAéuopea (A1-A4) TTou avixveutnkav (PéyeBog 210, 213, 216 kai 228bp, avtioToixa).
MapatiBevral Ta ammoteAéopata atrd 7 avTITTPOCWTTEUTIKA dTopa (0 KwdIkdG KABE atéuou
OupBoAiCeTal oto TTAvw PEPOG) B. H auyvéTtnTa Twv 4 aAAnAopdp@wy Kal o avTioToixog
apIBu6G, OTTWG TTPOEKUWE ATTO TN YOVOTUTTIKN avaAuon (ouvepyaoia pe M. Kokkivakn).
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Miv. 12: FovoTuTTIKA avdAuon yia TNV JEAETN TOU TTOAUHOP@IOHOU TNG ETTAVAANYNG

(CGG)n.
ATOMO AAAHAOMOPOA ATOMO AAAHAOMOP®A ATOMO AAAHAOMOPO®A
102.1* A2 _ A3 1334.2 A2 ] A2 14211 A4 ] A4
102.2 A2 A2 1340.1 A2 A2 1421.2* A2 A4
104.13 A2 A2 1340.2* A2 A3 1423.11* | A2 A3
104.14 A2 A2 1341.1* | A1 A3 1423.13 | A2 A2
104.15 A2 A2 134113 | A2 A2 1423.14 | A2 A2
104.16 A2 A2 1341.14* | A2 A3 14241 A3 A3
121 A2 A2 1344.1* | A2 A3 1424.2 A2 A2
12.2 A2 A2 1344.2* | A2 A3 171 A1 A1
132911 | A2 A2 1345.1* | A2 A3 17.2* A2 A3
13291.2* | A2 A3 1345.2* A2 A3 2.18* A2 A3
132921 | A2 A2 1346.1* A2 A3 2.2 A2 A2
13292.2 | A2 A2 1346.2* | A1 A2 21.1* A2 A3
132931 | A2 A2 13471 A2 A2 21.2* A2 A3
13293.2 | A2 A2 1347.2* | A2 A3 231 A1 A1
132941 | A2 A2 1350.1* | A3 A4 23.2* A1 A2
13294.2 | A2 A2 1350.2* | A2 A3 28.1* A2 A3
1331.12 | A2 A2 1375.1 A2 A2 28.2* A1 A2
1331.13 | A3 A3 1375.2 A2 A2 35.1 A2 A2
1331.14 | A3 A3 1377.1* | A1 A3 35.2* A2 A3
1331.15 | A2 A2 1377.2* | A2 A3 371 A2 A2
1332.13* | A2 A3 1408.1 A2 A2 37.2* A2 A3
1332.14* | A2 A3 1408.2* | A2 A3 451 A2 A2
1332.15 | A2 A2 1413.2* | A2 A3 45.2* A1 A3
1332.16* | A2 A3 1416.2 A2 A2 66.1* A1 A3
1333.12* | A2 A3 1418.1* A2 A4 66.2 A3 A3
1333.13 | A2 A2 1418.2 A2 A2 884.1 A3 A3
1334.1* | A2 A3 1420.1* | A2 A3 884.2 A3 A3

Zny.: KaBe atopo oupPoAiletal pe duo aplBuoug Tmou xwpifovtal pe TeAgia. O TTpwTog
QAVTIOTOIXEI OTNV OIKOYEVEIQ KAl O BEUTEPOG OE £VA CUYKEKPIPEVO ATOO TNG OIKOYEVEIOG AQUTAG.
AitmAa o€ kaB¢e aTopo @aivovtal Ta aAAnAduopea (A1, A2, A3, A4) TTou @épel. ATTo Ta 81
dropa 10U €€eTAoTNKAY, Ta 37 ATAV £TEPOCUYA (*), TTOU QVTIOTOIXEI O TTOCOOTO 47%).
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» To mpdrurro ékppaong Tou yovidiou FRA10AC1

AvdaAuon Northern

Na TNV TAUTOTTOINCN TWYV ICTWYV OTTOU TO YOVIdIO Eival JETAYPAPIKA EVEPYO Kal
TOV TTAPAAANAO TTPOCBIOPICUO TOU PEYEBOUG TOU PETAYPAPOU, TTPAYUATOTTOINBNKE
avdAuon Northern og deiyparta atrd diIdpopoug 1I0Toug. QG aVIXVEUTHG
XPNOIYOTTOIRBNKE TUAPA Tou TeAeuTaiou goviou (nt: 1124-1252), peyéBoug 129bp,
TTOU KaTé TO peEYaAUTEPO PEPOG Tou avTioTolxei otnv 3° UTR o otroiog TTaprxOel pe
PCR padioorjpavong xpnoIhoTrolwvTag Toug ekkivnTéG F2-R2 (Eik. 37). Ao Tnv
avaAuon TTPoEKUWYE Eva KUPIO PETAYPa®o peyéBoug ~1,4kb, TTOU CUPQWVED E TO
eKTIHWHEVO UEyeBog Tou cDNA (EIK. 41). To peTAypago avixveueTal o€ OAOUG TOUG
I0TOUG, YEYovOG TTou uTTodnAwvel KaBoAIKR ék@paon Tou FRAT0ACT. 1diaitepa
évtovn €K@paan Tou yovidiou TTapatnenidnke oTov eyKEPAAO, TNV Kapdid, Toug
OKEAETIKOUG MUEG, TA VEQPA KAl TO ATTAP EVW XAKNAQ €TTITTEDQ £KQPAONG
gVTOTTiIOTNKAV OTO BUHO, TO OTTARVA, TOV TTAOKOUVTA, TOUG TTVEUMOVEG, TO TTaXU Kal TO
AETTTO €vTEPO. 2TA AEUKOKUTTOPA EPPAVIOTNKE N XAMNASTEPN £KQPACT TOU yovidiou, N

oTToia Kal avixveUTnKe OplaKda We Tn HEBODO auTh.
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Eik. 41: NMpoodiopioudg Tou TpoTiTTou £EKPPaong Tou yovidiou FRA10ACT pe avdAuon
kKatd Northern. A. Mg Tnv avdAuon avixveUTnke éva KUpIo PHETAYpa@o peyéBoug ~1,4kb tTou
ePavilel yeyaAuTepn a@Bovia oe eyKEPAAO, KAPdIA, OKEAETIKO PU, VEQPO Kal ATTAP.
Znueiveral n {wvn peyéboug 1,35kb Tou paptupa. O avixveuTig yia To FRAT0ACT rapnxén
pe PCR pe Toug ekkivntég F2 kai R2 (EIk. 4) ye utréotpwpa 50ng DNA ato BiBAioBrikn cDNA
Amarog avBpwtou (BA. MeBddoug). O1 auverkeg TG avTidpaaong ATav ol akdAoubeg: 95°C
5min/ 95°C 45sec, 56°C 45sec, 72°C 35sec emavaAnyn 35 kUkAwv/ 72°C 3min. To Trpoidv
XPNOIYOTIOINONKE WG UTTOOTPWHA YIO TNV TTAPACKEUR Tou aviXveuTh, ue PCR padiocruavong.
H uBpidotroinon mpaypartotroifBnke ye 5x105¢cpm avixveutr) avé ml diaAUparog
uBpIdoTToinang, aToug 66°C yia 3h PETA aTTé TTPOURPIBOTIOINGN TS YEPPPAVNS Yia 30min
Trapouaia opéa-DNA pe 1o didAupa uBpidotroinong ExpressHybTM (Clontech). H €161k
EVEPYOTNTA TOU QVIXVEUTH EKTINNABNKE O€ 1090pm/ug. Ta TAuciyata TNG HEPRBPAvVNG yivav Ue
d1dAupa 2XSSC, 0,05% SDS. B. lNoloTIkGG Kal TTOOOTIKOG éAeyxog Tou RNA pe
emavauppidotroinon ue B-aktivn (cUpewva pe TIg 0dnyieg Tng Clontech). Z1a deiypata Tng
KapdIAG KOl TOU OKEAETIKOU YU eppavifovTal dUo Cwveg TTou gival TTBavoTata atmoTéAEoua
uBpPId0TTOINONG TOU QVIXVEUTH HE GAAES IcOpOPPEG TOUu MRNA, Tigan y.

FRA10AC1
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lMeipauara RT- PCR

To pdTuTIO éKQPpacng MeAeTBNKE TTepaitépw pe PCR o€ avtidpdoeigc RT,
xpnoigotroiwvtag RNA até yia moikiAia ioTwv avBpwTtrou. H PCR
TTPAYHATOTTOINBNKE KATW ATTO PUN-KOPEOUEVEG OUVOAKEG £TAI LOOTE VA EKTINNBOUV
OUYKPITIKA, KATG TTPOCEYYION, TA £TTITTEdA TwV PeTaypdpwy Tou FRAT0ACT oToug
d1d@opoug 1I0ToUG. Me TNV avdAuon, apevog eTTIBeBaiwbnkav Ta atTroTeAéoPATa TOU
Northern, agetépou dIaTmoTWONKE OTI TO YoVvidIO €ival £TTIONG PHETAYPAPIKA EVEPYO O€
TTAYKPEQG, OPXEIG, WOBNKEG Kal & XaUNASGTEPQ £TTiTTEdA, OTOV TTPOCTATN. ETTioNg,
emPReBaiwBNKe N EKPPAan Tou yovidiou, ae XaunAd etTitreda, oTa AeuKoKUTTAPA
(EIK. 42). ZuptrepaouaTikd, Kal Pe TIg dUo PHeBSdoUG TTou £QapudoTnKay,
TTapaTnPENONKe KABOAIKN) HETAYPAPIKNA evEPYOTNTA TOU Yovidiou. ETTiTAéov, n RT-PCR
odNynoe OTOV EVTOTTIONO, TNV KAWVOTTOINON Kal TNV dOUIKA avaAuon eVOAANAKTIKWY
MeTaypdewy (BA.TTAPAKATW)

MeAérn rou mporumou ékppaconc Tou Fra10Ac1 kard tnv sufpuikn

avamrudn Kai OTov EyKEPAAO TOU TTOVTIKOU

H diepelvnon Tou TTPOTUTTOU £KPPACNG EVOG YOVIDIOU KAl O EVTOTTIONOG TWV
I0TWV OTTOU TTAPATAPOUVTAI UYNAJ ETTITTEDA PETAYPAPWY TTAPEXEI ONUAVTIKEG
TTANPOYOPIEG YIa TNV EVOEXOUEVN CUNMPETOXN TOU OTN AEITOUPYIQ TWV QVTIOTOIXWV
opyA&vwy Kal T CUCXETION Tou PE GAAa auvekppaloueva yovidia. Q¢ JOVTEAO yia T
MEAETN TOU TTPOTUTTOU £KPPaang Tou yovidiou FRAT0ACT, ae ettiredo 10TOU,
eMAEEQUE TOV TTOVTIKO. [Na TNV TTPAYUATOTIOINGT TOU TTEIPAUATOG TAUTOTTOINONKE TO
opBoAoyo yovidio Fra10ac1.

Taurorroinon tou opB6Aou yovidiou Fral0ac1 oTov 1movIiko

Me avixveutri To cDNA tou FRA10AC1T Tou avBpwTTou, dIEPEUVHOANE TNV
VOUKA£OTIBIKA BAon dedopévwy Tou TTovTIKoU (nr kal dbEST) kai TautotToincape
olapopa ESTs kai Tov yevwpikd kKAwvo BAC RP24-93G10 Tou TTOoVTIKOU. ATTO TNV
oTtoixion Twv ESTs kai pe Tnv yeBodoAoyia TTou gixaue akoAouBriael Kal yia To yovidlo
TOU avBpwTTou, Kataokeudoae in silico To cDNA Tou TTovTikoU. To PAKOG Tou gival
1380bp kai n aAAnAouxia Tou Kataxwprdnke atnv paon dedopévwyv Genbank ue
KwodIKS TTpodoBaong BN000292. H yevwpikr opydvwaon KaBopioTnke Pe ouykpion Tou
cDNA pe Tnv aAAnAouxia Tou yeVWHIKOU KAWVOU Kal attd Tnv avaAuaon d1atmoTwonke
OTI Ta dUO opBBAoya yovidia £xouv TTapopoia dopikéd xapakTnpioTIKG (Eik. 43).
EidIkOTEPQ, Ta YeEYEDN TWV e€oviwv gival akpIBwg Ta idia, ekTOS aTtd To £€6VIo 1 yia TO
oTT0i0 dev PTTOPEl va KaBopioTei Ye akpifeia 1o 5° dkpo Tou Kal To TeAeuTaio €€6vIO,
TTOU €ival JIKpOTEPO aTov GvBpwTTo. ETTiong, Ta yovidia £€xouv TTapdPoIo IAKOG KAl
XOPTOYPOPOUVTal 0€ GUVTAIVIKEG TTEPIOXEG (10923 Tou avBpwTrou kal C3 Tou

XpwuoowpaTtog 19 Tou TovTikoU). To kwdikdvio Evapéng Tng HETAPPACNCS Kal GTO
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opBb6Aoyo yovidlo Tou TTOVTIKOU XaPTOYPAPEITAl OTNV apXr] TOU £E0viou 2. ZnNUAVTIK
ouvTHPNON TTAPOTNPEITAI KAl OTA IVTPOVIA TA OTTOId, TTAPOAO TTOU £XOUV DIAPOPETIKO

MNAKOG O0TOUG OUO OpyavIoHoUg, dIaTNPoUV TNV OXETIKI avaloyia pueyebwv.

AeTTTé €vTEPO
Aeukd aipoogaipia

KOAov

456

= :
Al. 268 .
- -
B.

KapdI&
eYKEPAAOG
TTAaKOUVTOG
TveUpovag
Amap
OKEAETIKOG HUG
VEPPOG
TTAYKPEAG
oTTARVa
Bupog
TIPOOTATNG
OpXEIg
WOBNKEG

r.
1 16 ...EDSLLNGVMLFHPGWSAVARSQLTAAPASQVQTNNHYWRGVVC*  (313aa)

Yy 2 . 16 ...EDSLLKTYFVGLLSESNEKTYM* (292aa)

3 15 16 ...EDSLLRRMLEELQMFTWEKSERMGGKRLIIIGEELSANVTTLKL* (315aa)

B 16 ...EDSLLN* (276aa)

a ...EDSLLRNSDEEESASESELWKGPLPETDEKSQEEEEDEYFQDLFL* (315aa)
EZONIO | AAAHAOYXIA
13 1 ATGGAGTCAT GCTCTTTCAC CCAGGTTGGA GTGCAGTGGC GCGATCTCAG CTGACTGCAG CCCCTGCTTC CCAGGTTCAA
14 1 AGACCTACTT CGTTGGATTA TTATCAGAAT CAAATGAGAA AACATACATG TAAAGTATGT GCCTGACGCA AA
15 1 GAAGAATGTT GGAGGAACTG CAGATGTTTA CCTGGGAGAA GAGTGAAAGG ATGGGAGGGA AGAG
16 1 ACTAATAATC ATTATTGGAG AGGAGTTGTC TGCTAATGTA ACTACTTT

Eik. 42: Mpoodiopioudg Tou TpoTUTToU £KPpaong Tou yovidiou FRA10AC1T pe RT-PCR
KOl KAWVOTToinon eVOAAAKTIKWY PeTaypd@wyv. Al: JeTaypa@a Tou yovidiou avixveUuTnkav
o€ 6Aoug Toug 1IaToUG TTou PeAeTHONKav ue RT-PCR. Ztnv PCR xpnoiyotroinénke wg
uTTooTPpWHA 5ng TpoidvTog RT (Multiple Tissue cDNA pannels, Clontech) kai o1 ekkivnTég F3
kal R2 (Eik.4) rou uBpidotroiouvTtal ota e€6via 11 kai 19 avrioTtoixa. O1 ouvBnkeg Tng
avtidpaong ATav: 94°C 5min/ 94°C 45sec, 57°C 45sec, 72°C 30sec emavaAnyn 35 KUKAwV/
720C 5min. AtreikovifovTal ol deikTeg poplakwv peyeBwv pBluescript/Hinfl (M1) kai MEcoRV
(M2). A2. PCR eAéyxou pe ekkivntég (Clontech) yia To cDNA tou G3PDH. H Bepuokpacia
uBpIdoTroinang fTav 55°C kai ekTeAéaTnkav 27 KUKAol TToAatAaciacpoU. B. Zxnuarikr
aTreIkOVIoN TNG EVAAAAKTIKAG ouvappoyng Tou FRAT0ACT. I. ZXNUATIKI OTTEIKOVIOT TWV
EVOAAOKTIKWV PETAYPAQWY a, B, Y1, Y2 Kai y3 (apioTepd), TwV TTPOBAETTOPEVWV ICOUOPPUIV
TOU TTOAUTTETTTIOIOU (DEEIA) KAl TWV IGCONAEKTPIKWY ONUEIWY TWV EVOAAOKTIKWY TUNVATWY. Ta
auIvogEa TToU KwOIKOTToIoUVTal aTTd TO €€OVIO 12, TTOU gival KOIvO o€ OAa Ta JETAYPAPA TOU
yovidiou, gival uttoypappiopéva. H aAAnAouyia Twv evaAAakTIKWV g§oviwy 13-17
TTaPOUCIAZETal OTOV TTIVAKA OTO KATW WYEPOG TNG €IKOVAG.To e€6vio 17, TTapdAo TTou dev
EVTOTTIOTNKE O€ KATTOIO PETAYPAPO, £ixe TTPORAEWOEI in silico, Bacel Tou EST AV682434.
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Homo sapiens

D D> N A A D »

NI I G o m&y Nl 5° & X
o
194 77 9646 77 84 85 46 114 43 119 39 79 245 bp
ATG TGA
< ~33kb »>

Mus musculus

R N & SRS o & &

— o
>196 77 9 46 77 84 85 46 114 43 119 39 79 323 bp
A'er TéA
< ~35kb >

Eik. 43: ZuykpITIKN YEVWHMIKA opydvwon Tou yovidiou FRAT0AC1 oTtov dvBpwiro Kai
TOV TTOVTIKO.

H peAétn Tou TTpoTUTTOU €KPPAcnG Tou Fral0ac1 TTpayUaTOTIONBNKE e
Telpduata uBpidotroinong in situ o€ ofeAiaieg TOPEG OAGKANPWY EURPUWY
avatrtuélokwyv otadiwv E12.5, E13.5 kai E14.5 kai o€ oTe@aviaieg TOPEG EYKEPAAOU
eviiAikou TTovTIKOU. Na TNV TTapacKeur Tou pifoavixveuTr] agiotroifdnke n aAAnAouxia
Tou cDNA kai oxedidoTtnkav or ekkivnTéEg mMFRAF-mFRAR 1Tou uppidotroiotvTal oTa
ecovia 3 kal 9 avrioToixa. Metd amdé PCR oe BiAoBrikn cDNA gufpUou TTovTiKou
avaTtrtu¢lakou otadiou E10.5 To avrtioToixo 1poidv (~500bp) kKAwvoTtroIénke aTov
@opéa pBluescript KS+ (BA. NMAacuidIakéG KATAOKEUEG). H TTAAOIBIOKT KATACOKEUN
(Fra10ac1/Bl.Script) ypauuoTtroindnke KatdAANAa Kal XpnoIUoTToINOnKe wg
UTTOOTPWHA YIa avTidpaon YETAYPAYNS in vitro, UE TNV OTTOIA TTAPACKEUAOTNKE O
OUNTTANPWHATIKOG avixveuTng (antisense) (Eik. 10 ). MNa Tov apvnTikd £AeyX0
TTpaydatoTroimenkav Treipduara pe avixveutr) RNA 1Tou ATav ouyypapikog YE TO
EVOOYEVEG JETAYPOPO KABWG KAl ATTOUCIA AVIXVEUTH.

ATIO TNV PJEAETN TTpoéKUYE OTI TO yovidlo ep@avidel eupuTtaTn £K@pacn TOCO
OTO QVATITUOOOWEVO EUBPUO OO0 Kal OTOV EYKEPAAO TOU evnAiKou, TTapouaidfovTag
WOTOO0 UYPNASTEPN PETAYPAPIKNA EVEPYOTNTA O€ CUYKEKPIYEVA Spyava Kal DOUEG.
2UYKEKPIYEVA, OTO £UPPUO BIATTIOTWONKE UYWNAOTEPN EKPPACTN OTO VEUPIKO 10TO OTTWG
oToV TTPOCHOI0 PAOIO, OTO EYKEPAAIKO OTEAEXOG (TTPOMNKN MUEAD, HECEYKEPAAOG,
yéQupQa), OTO XOPIOEIOES TTAEYHA, OTO TPIGUHO VEUPO, KATA PAKOG TOU VWTIAIOU
MueAoU, aTov KoxAia aAAG Kal o€ 0WTEPIKA Opyava OTTwWG 0€ KApdIaKS 10TO, ATTAP
Kal TTVEUHOVEG (KUPiwG aTo €TTIBAAIO TwV BPOyXwV Kal Twv BpoyxIoAiwy Kal AiyoTepo

OTO EOWTEPIKO TTAPEYXUMA), EIK. 44. ZTOV eyKEPAAO TWV EVAAIKWY TTOVTIKWY, UYPNAQ
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ETTITTEDA PETAYPAPWYV AVIXVEUTNKAV GTOV ATTIOEION KAl TOV KIVATIKO PA0IO, o€ dUOo atrd
TIG BOCIKOTEPEG TTEPIOXEG TOU PETAIXMUIAKOU CUCTANATOG (TTAPUPES TOU ITITTOKAUTTOU
Kal apuydalogIdég owpa), aTov TTPOcBio oUVOETHO, TO HEGOAGRIO Kal To didgpayua
(EIk. 45). H Tapatnpoupevn €KQpacon 0To KEVTPIKG VEUPIKO oUCTNPA Eival EVOEIKTIKA
TNG CUPMETOXAG TOU YOVIBIoU OTNV avdaTrTugn Kai T AsItoupyia Tou eyKe@AAOU v N
€UPUTEPOU PACHATOG HETAYPAPIKY EVEPYOTNTA OTA ECWTEPIKA Opyavad, UTTOBNAWVEI
eVOEXONEVWG €va ONPAVTIKO POAO Tou yovidiou o€ BACIKEG KUTTAPIKEG AEITOUPYiEG

1600 KaTd TNV avAaTTTUgn Tou euPRpUOU GO0 Kal OTO EVAAIKO.

Eik. 44: NMpoodiopiocudg Tou TpoTUTTOU £KPpaong Tou Fra10ac1 pe RNA in situ
uBpidoTroinon o€ oeAlaieg TOpES eBPUWYV TTOVTIKOU nAikiag E12.5, E13.5 kai E14.5.
YwnAf peTaypa@ikr evepyotnta diamaoTwenke aTtov TTpdabio Aoid (fe:frontal cortex, A), aTto
vwTIaio JUeAO (sp:spinal cord, B), otov peaegyképalo (m:midbrain, M), oTOV TTPOWNAKN JUEAD
(mo:medulla oblongata, A), ato xoplo€idég TAEyua (cp : choroid plexus, E kai £T), oTn
yépupa (p:pons, Z), oTo Tpidupo veupo (tg : trigeminal nerve, H), atov koxAia (c:cochlea, ©),
oToug Trvelpoveg (lu:lung, | kai K), oto Amap (liliver, I, A ka1 M) kai atnv kapdid (h:heart, N
Kal =).
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Eik. 45: NMpoodiopioudg Tou TpoTUTrou éKkppaong Tou Fra10ac1 pe RNA in situ
uBpi1doTtToinon oe oTEPAVIaieg TOPEG EYKEPAAOU eVIAIKOU TTOVTIKOU. YWNAOTEPN £KPPAOT
TOU yovidiou TTapaTtnpenonke atov ammoeldn (pc:piriform cortex, A kai B) kai Tov KivnTiké @AoIO
(mc: motor cortex, I'), ota apuydaAa (am: amygdala, A), 6To yegoAdBio (cc: corpus callosum,
E), oto didgpaypa (s: septum pellucidum, E), otov TTp6c6i0 oUvOEGHO TOU eyKePAAOU (ac:
anterior commissure, 2T), oTto paBdwTtd cwua (cp: caudate putamen, Z), € VEUPIKEG iVEG TOU
imrrrokauTTou (th:fibria hippocampus, H) kai ato ommikd veupo (on: optical nerve, ©).

» AvaAuon evaAAakTikwyv peraypdewyv kai icouoppéc tng FRA10AC1
21NV TAcIovOTNTA TWV I0TWV TTou £éeTdoTnkav e RT- PCR, ekTGG TOU Kupiou

TTpoidvToG (Cwvn “a”, EIK. 42A1), aviXxveUTnKe, € HIKPY TTOOOTNTA, KAl VO
EMTTPOCBETO PeEYaAUTEPO TTPOIOV (Cwovn “B”, EiIK. 42A1). ETiTAéov, OTO dEiyPa TWV
OPXEWV EPQAVIOTNKE KAl éva TPITO TTPOIOV, akOun hHeyoAuTepou peyéBoug (Cwvn “y”,
Eik. 42A1). H Tapouacia Twv emmpoobeTwyv 1Tpoidviwy otnv PCR mBavwg
utTodNAWVEI TNV UTTAPEN EVAAAOKTIKWYV PETAYPAPwY. INa va emIRERaIwOEI N
TTapaTTdvw UttdBeon, oI {WVEG a, B Kal Y atTouovwenkav atrd 1o TTAKTWHA Kal
Xpnoigotroiénkav yia Tpoodiopioud TG VOUKAEOTIOIKAG Toug aAAnAouxiag. H
aAAnAouxnon €3eige 611 N Cwvn a, TToU €ival Kal N ETTIKPATEOTEPN, AVTIOTOIXEI OTO
cDNA 110U €iXe KAwvOTTOINGE, GTO OTT0I0 TO £€GVIO 12 CcuvdéeTal APETA E TO EEOVIO
18 (Eik. 42). To 1Tpoiov B @épel éva eTTITTAéoV €€6VIO, TO 16, prikoug 48 bp, peTagl Twv
ecoviwv 12 kai 18 (EIk. 42). To €€6vio auTto TrepiAappaveTal kai oto EST BQ345249
o€ oeIpd e Ta €€ovia 7 £wg 12 kal akoAouBbwg e To 18 é1Tou Kal TaPATAE! N
d1a6€aiun aAAnAouyia Tou (Eik. 36). H aAAnAoUxnon Tng Cwvng y dev ATav duvaTn,

waoT600 aTTd TNV auTopadioypaia eAavnKe OTI TIBAVOTATA AUTO OPEIAOTAV OE
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ETEPOYEVEIQ TOU TTPOIGVTOG. 'ETO1 TO TTpoidV Y KAwvoTTointnke otov opéa pGEM-T
Easy kai emAéxOnNKav d1apOPETIKOI KAWVOI GTOUG OTTOIOUG Kal £YIVE TTPOCDIOPIGHOG
NG aAAnAouxiag Toug. ATé Tnv avaAuaon TTPoEKUYE OTI To TTPoidv y TG PCR
TTPAYHATI €ivVal ETEPOYEVEG, ATTOTEAWVTAG HiyUa TPIWV, TOUAAXIOTOV, EVAANAKTIKWV
peTaypdowy, Twv y1, y2 kai y3 (Eik. 42). Kal Ta Tpia HETAYpA@A TTEPIEXOUV TO £GOVIO
16 ka1 éva emTTPOCOETO £6OVIO: TO PHETAYPAPO Y1 TO €€6VIO 15 (64bp), TO Y2 TO £¢6VIO
14 (72 bp) kai 10 Y3 10 £§6VIO 13 (80bp). O1r aAAnAOUXiEG TwV EVAAAAKTIKWYV ECOViWV
(EIk. 42) kataTéBnkav otnv Bdon dedouévwy Genbank pe Toug KwdIKoUg TTpdcRacng
AJ431725, AJ431724, AJ431723 ka1 AJ431722 yia Ta petaypaga B, y1, y2 kai y3
avTioToixa. Ta TTPoBAETTOPEVA TTOAUTTETTTIOIO TTOU TTAPAYOVTAl ATTO TA TTEVTE
EVOAAOKTIKA PETAYPA®A TTAPOUCIAZOUV QEIOCNMEIWTN ETEPOYEVEID OTO KAPPBOEUTEAIKO
Toug aKkpo (EIK.42) Kal onuavTikr d1a@opd OTA GUOIKOXNUIKA XAPAKTNPIOTIKA TOUG.
‘ET01, evd TO KapPBo&uTeAIKO AKPO Tou KUPIOU TTOAUTTETTTIOIOU €ival IdlaiTepa 6&ivo (pl
3,8), o1 800 ueyaAUTEPEG EVAAAAKTIKEG I00HOPPEG Y1 Kal y3, eupavifovTal BAcIKEG
g€xovtag avrioToixa TiéEG pl 9,5 kai 8,5 avrioToixa. H ammoudévwon Twv eVOANAKTIKWY
MeTaypd@wy aTtd OpxeIg TOavov oxeTICeTal e TNV AETTTA pUBUICN TNG AsIToupyiag
TOU YyoVIOiou Kal GUUQWVEI JeE TTAAIOTEPEG HEAETEG OTTOU DIATTIOTWONKAV TTOAU UWnA&
ETTITTEDQ EVAAAQKTIKWYV UETAYPAPWY GE AUTOV TOV IOTO, TIBavOTaTA ETTEIDN O
TTOAATTAQGCIOaoOUOG Kal N S1a@OPOTToINCN TWV YAMETIKWY KUTTAPWY ATTAITEl OPAPATIKEG
Mop@oAoyIKEG alayEg Kal TTOAAQTTAG puBuioTikG BAdaTta (Xu Q et al, 2002; Yeo G et
al, 2004).

EkT6¢ Twv peTaypd@wy TTOU aTTOPoVWONKav, utrdpyel vOsiEn yia tnv
TTapoucia evég emmiTAéov Bdoel Tou EST AV682434 (Eik. 36) TTou trepIAapfdvel,
EKTOG TWV ggoviwv 16, 18 kai 19, Ta nt:24121-24190 TOU yeEVWHIKOU KAWvVou. AuTd
TMOAVWG AVTIOTOIXOUV GTO eVOAAAKTIKO £6OVIO 17 KABWG Ta onuEia CUVAPPOYAG TOU
@Epouv TRV ouvTnenuévn aAAnAouxia ag/gt. Meavwg To peTdypa®o autd va
TepIAaPBavovTav oe PIKPOTEPN avaloyia OTO Yiyua Twv Popiwv TTou atroTeAoUcav

TNV Wvn y KAl N TAUTOTTOINCT] TOU ATTAITOUCE ATTOPOVWON ETTITTAEOV KAWVWV.

» AouIKka xapakrnpioTikd tng mpwreivng FRA10AC1
21a TAaiola Tng diepelvnong in silico Tng doung Tng TTpwteivng FRA10AC1,
aglomroioapue pia ogipd Baoewy dedOPEVWV KAl UTTOAOYIOTIKWYV TTPOYPANMATWY JUE
OTOXO TNV AdPr TTEPIYPAPH TWV QUOIKOXNUIKWY XAPAKTNPIOTIKWY TNG.
To popiakd Bapog 1ng pwreivng FRA10AC1 civar 37,55 kDa kai 10
I00NAEKTPIKO anueio 8,25, éTtwg TTpocdiopioTnkay aTrd 1o TTPoypaupa ProtParam. To
TTOAUTTETTTIOIO €ival IB1aiTEPa TTAOUCIO 0€ AUGIVES KAl 0€ YAOUTOMIKG OEU JE TTOOOCTA

15,2% ka1 12,7% avrioTtoixa (mpoypaupa ProtParam). H 1o Baoikn 1Tepioxn
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Bpioketal peTall Twv apivoéwv 200-275 (pl 10,0) evwd n C-TeAIKA TTEPIOXN (AMIVOEEQ
271-315) gpavicetar 1diaitepa 6&ivn (pl 3,7). H avaAuon Tng apivogikAg aAAnAouxiag
ME TIG Bdoeig dedopévwy Pfam, SMART kai InterPro dev utrédeiEe ouvtnpnuéva
MoTiBa, woTOCO TAUTOTTOIAONKE £va BINEPEG OUA TTUPNVIKOU evToTTiopou (bipartite
NLS) trou mrepiAapupavel Ta apivogéa 223-238 kail 245-262 (Eik. 46). Z& cup@wvia e
TO avwTépPo gupnua gival kal N TTPORAewn (87% mBavdTNTA) TOU TTPOYPANKATOG

PSORT Il yia Tov TTUpnVIKO €VTOTTIOUO TNG TTPWTEIVNG.

245
1 223 238] 262 315

NLS

Eik. 46: 'pagikn avamrapdoTacn Tng mpwreivng FRA10AC1. H mpwreivn amoTeAcital atmd
315 apivo&éa kai TepiExel Eva dINEPES orfjpa TTupnvikou evrotmiopou (NLS, apivogéa 223-238
Kal 245-262) 1TTou TauToTroIRBnkKe Pe diepelvnon TnG Bdong dedopévwy Interpro.

ETriong, evromrioTnkav apKeTEG BECEIC PWOPOPUAIWONG TwWV ApIVOEEwWV (Ser,
Tyr, Thr) Kupiwg 010 KApPOEUTEANIKO AKpOo Tou popiou (TTpdypaupa NetPhos, EIk. 47).
AUTO TO TTPOTUTTO TWV WO POPUAICEWY QAIVETAI TTWG TPOTTOTTOIEITAI CNUAVTIKA OTIG
EVAAAOKTIKEG I00UOPPES TOU Hopiou. ‘ETal, evd n TTpwTEivn £x€l 6TO KAPPOEUTEAIKO
NG AKpo 5 mMOavég BETEIC puOPOoPUAIWCNG GE OEPivN KAl Pia o€ Tupoaivn, Ta
evaAAakTIKG TToAuTTETTTIOIO Y1 (313aa) kai y3 (315aa) £xouv pia kal dUo moavég
BéoeIc puoopuliwong oe ogpivn avTioToixa. TEAOG, TauToTTOINBNKE Wia TTBavA B€on
ooupoUAiwong otnv Aucivn 91 (Trpoypapua SUMOplot).

EmimAéov, pe ouykpion Tng FRA10AC1 pe Tnv Tpwreivik Bdon dedouévwy
(TTpoypapua Blastp) evromrioTnkav TTOAUTTETITIOIO JE TNUAVTIKA AMIVOEIKN TAUTOTNTA
KaB’ 6AO TO NAKOG TOUG, TTPOEPXOMEVA aTTO €idn Tou (wIKOU aAAd Kal TOU QUTIKOU
BaoiAgiou. O1 opBOAOYES TTPWTEIVES TAUTOTTOINBNKAV ATTOKAEIOTIKA O€ TTOAUKUTTAPOUG
EUKOAPUWTIKOUG opyaviopoug. O1 avTITTpOowTTol Tou {wiKoU BaclAgiou TTpoEpyovTav
TOCO ATTO TO UTTOQUAO TWV OTTOVOUAWTWY G000 Kal Twv aoTTovOUAwWY. H avaAuon
auTh, 6TTWG Kal N avtioToixn avdAuon ot emitredo DNA (TTpdypaupa Blastn) éd1&e o
TO yovidio gival povadiaio kai dev £xel TTapdloya oTov AvBpwTro.

EidIkéTEPQ, OTO UTTOPUAO TWV GTTOVOUAWTWY, 0pBOAOYa EVTOTTIOTNKAV O€
BnAaoTikd, 1x0Ueg, apeifia kail TTnvd. O1 TTpwTeiveg Twv BnAacTikwy (Pan
troglodytes, Canis familiaris, Rattus norvegicus kai Mus musculus) gu@avifouv
apIvogIkn TautoTNTa 99%, 87%, 86% KaI 86% avTioTOIXa. ZTOUG TEAEOOTEOUG IXOUEG
(Fugu rubripes, Danio rerio ka1 Tetraodon nigroviridis) n TautétnTa avépxetal o€ 63%,

65% ka1 62% avrtioToixa. Ta TTOAUTTETTTIOIO TTOU TAUTOTTOINONKAV OTOV EKTTPOCWTTO
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TwV ap@IBiwy (Xenopus laevis) kal Twv TITNvwy (Gallus gallus) Tmapoucidlouv

TAUTOTNTA PE TRV avBpwTTIvn TTpWTEIVN 65% Kai 70% avTtioToixa.

MHetPhos 2.8: predicted phosphorylation sites in Sequence
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Eik. 47: NMpoBAeyn mbavwyv pwopopuliwoswv otnv FRA10AC1 kal 0Tig EVAOAAAKTIKEG
1Icopop@EéS Y1 Kai y3, Baoel Tou rpoypduparog NetPhos. O opidévTiog d€ovag avTioToixei
oTa apIvogiké katdAoitra Kai 0 KABeTog oTnV mBaveTNTA WO POPUAIWGTG TOUG E TOV 0UDO
va aTtreikovigeTal e Tn YKpI opiCovTia ypapur. ®aivovTal ol Toavég QuoPOPUANIWOEIG O
aepivn, Bpeovivn kal TUpoaivn (UTTAE, TTPACIVEG Kal KOKKIVEG Ypaupég avTioToixa). H
TAcIovOTATA TWV TBAVWY BETEWV QWO POPUANIWONG evTOTTICETal 0TO KAPPOEUTEAIKG AKPO TOU
popiou.

Z1a aomrévOuAa, TauToTroINBnKav TTPWTEIVEG O€ €vToua, oTov Caenorhabditis
elegans kai o1o Dictyostelium discoideum. Ta opB6Aoya TTOAUTTETTTIOIO OTN
Drosophila melanogaster ka1 Tov Anopheles gambiae mmapouoidfouv tautotnTa 41%
Kal 45% avTioToixa. H TpwTeEivn Tou vnuatwdn £xel uRKog 755 auivogéa kai n
opoioTnTa NG pe TNV FRA10AC1 (37%) Trepiopiletal 0to N-TEAIKO TUAKA TNG. YWNAN

gival n apIivogikn TautoTnTa PE TNV TTpwTEivn TNG apoiBddag Dictyostelium discoideum
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(36%) 1TOU €ival kKal 0 ATTAOUCTEPOG OPYAVIOUOG OTOV OTT0I0 TAUTOTTOINONKE 0pBOAOYyO
MOpIO. 2TO QUTIKO BaciAeio eviotrioTnkav opBoAoya popia otnv Arabidopsis thaliana
kal Pimpinella brachycarpa pe TautétnTa 34% kai 41% avtioToixa.

>1nv EIK. 48 ouvouyifovTal ol opyavIoWOoi Kal TA TTOAUTTETTTIOIO TTOU
EVTOTTIOTNKAV PE TNV TTAPATTAVW avaAuon. H aToixion 6AwvV Twv popiwv (TTpoypapua
Clustlw, Eik. 49) £€d¢1&e uynAGTEPN CUVTAPNON OTO KEVTPIKO TUAMA TNG TTPWTEIVNG
(apivogéa: 105-220), yeyovog TTou TBavwg UTTOONAWVEL OTI TO CUYKEKPIYEVO TUAUA
evéxetal o€ dia onuavtiki Asitoupyia (Eik. 48). Ao 1a 116 apivo&éa trou
TepIAapBavel n Teplox auth, Ta 22 gival Ta idia og GAOUG TOUG OPYaVIOUOUG TTOU
MEAETABNKaV, evw o€ 31 oI auIvOEIKEG aAAayEg TTou TTapaTtnpouUvTal gival
ouvTnpeNTIKEG. ZT0 C-TEAIKO TUAKA TNG TTPWTEIVNG TTou TTEPIEXEI Kl TO dIEPEG NLS, n
QUIVOEIKN ouvTriipnon gival Katd TTOAU PJIKpOTEPN. AUTO €ival avaPEVOUEVO YIAT
UTTapXEl HEYAAN TTOIKIAIO OTIC aAANAouXieg TTOU AsIToupyouv oav dIPEPR onuarta
TTUPNVIKOU EVTOTTIOMOU, WE KOIVO TTAPOVOUACTH TNV TTapOoUsia BACIKWY auIvogéwy
(Fontes MR et al, 2003).

FRA10AC1 <NLS >

1 105 220 223 262 315aa

i Eido¢ (% TautéTnTa KaB'6A0 T0 uriKoc,
Mpwreivn (GenBank Id) ‘€ % auivogikA TautétnTa > péveBog, TANPOTNTA)

XP_507931 100% Pan troglodytes (99%, 310aa, M)
XP_534970 93% Canis familiaris (87%, 373aa, M)
AAH90036 93% Rattus norvegicus (86%, 315aa, M)
CAE47417 93% Mus musculus (86%, 315aa, M)
NP_001006006 84% Danio rerio (65%, 333aa, M)
SINFRUP00000140472 81% Fugu rubripes (63%, 313aa, A)
CAG12622 81% Tetraodon nigroviridis (62%, 284aa, A)
XP_421674 88% Gallus gallus (70%, 329aa, M)
AAH77789 89% Xenopus laevis (65%, 322aa, M)
NP_609671 63% Drosophila melanogaster (41%, 258aa, 7?)
EAA06997 69% Anopheles gambiae (45%, 252aa, A)
NP_496137 56% Caenorhabditis elegans  (37%, 755aa, M)
NP_193239 47% Arabidopsis thaliana (34%, 179aa, M7?)
AAC31614 62% Pimpinella brachycarpa  (41%, 244aa, 1?)
AAO52107 48% Dictyostelium discoideum (36%, 246aa, N7?)

Eik. 48: NMpofAemropeva op86Aoya popia Tng FRAT10AC1 ot1o Jwikd Kal QUTIKO BaoiAgio.
ZxnuaTtikn atreikovion 1ng FRAT0AC1 kal Tou KevTpikoU TUAPATOS TNGS (YPAUHOOKIGOUEVO,
apivogéa 105-220), étrou TTapaTtneeital Kai N uwnAdTepn auivoéiki TautétnTa. MapariBevrai ol
OPYQVIOUOi OTOUG OTTOIOUG TAUTOTTOINONKAVY TTOAUTTETTTIOIA E ONUAVTIKA AUIVOEIKA OpoIoTnTa,
0 KwdIKGG TTPOCRACNS Toug (apIoTePr GTAAN), TO TTOCOGTO AWPIVOEIKNG TAUTOTNTAG OTO
KEVTPIKO TUAMA TwV TTOAUTTETITISIWY (deUTEPN OTAAN), TO OTTOIO €ival KATA TTOAU UYPNASTEPO
atrd TNV TauTéTATA KATA PKOG 0AGKANPOU Tou popiou (Be€Id aTAAN, oTnV TTapévBean).
EmmAéov @aivetal To péyeBog Twv TToAuTTeETTISIWV Kai n TTAnpdétnTa (M) A éx1 (A) Tou popiou
(oTnv TTapévBeon). H TauTtotToinon 0Awv Twv Popiwv TTpayuatoTroinnke pe diepedvnon TnG
TTPWTEIVIKAG BAong dedopévwy e To TTPoypappa Blastp ekTtdg Tou Fugu rubripes yia To 0TT0i0
n digpelivnon €yive otn Baon dedopévwv Ensembl, (NLS: oividAo TTupnvikoU evToTTIGHOU).
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——————————— MHGHGGYDSDFSDDERCGESSKRKKRTVEDDLLEQKPFQKEKHGKVAHK
——————————— MHGHGGYDSDFSDDEHCGESSKRKKRTVEDDLLEQKPFOKEKHGKVAHK
——————————— MHGHGGYDSDFSDDEQVGESNKRKKRT IEDDLLEKKPFOKEKHGKVAHK
——————————— MHGHGGYDSDFSDDEQGGGSSKKRKKTVEDELLETKPFOKEKY GKVAHK
——————————— MHGHGGYDSDFSDDEQGGGSSKKRKKTVEDELLETKPFQKERHGKVAHK
MVPGQLRLAAAARGQGGYDSDFSDEEN-GEKSVQKTKSTKEDSL PFQKPKQVKVAHR
——————— MTNYARGFGEY¥DSDFSDEDDGKEKDADRSRLKKDEALEKKPFOKDRHVKVAHK
——————————————————————————————————————— EEE-ILOKPFQKDRHSKVAHR
————————————— GGGGYDSDFSDDNEGESSEITLKRKHEEE-ILOKPFOKDRHSKVAHR
—MDKSALDLVKVHGGGGY¥DSDFSDDDGGGHSKDGENRAGQDE -LEQKPFOKGKHTKVAHK

———————— MDPRKIRNPEHGIDDLOSDFGDEPSSSSKPKRKGDFENEDYSSEILKKRKTD
————————————————————————————————————————————————————— MASSLGS
QVAAELLDREEARNRRFHLIAMDAYQRATKFVND¥ILYYGGKKEDFKRLGEND-———- KT
QVAAELLDREEARNRRFHLIAMDAYQRHTKFVNDYILYYGGKKEDFKRLGEND-——-- KT
QVAAELLDREESRYRRFHLIAMDAYQRHTKFVNDYILYYGGKKEDFRRLGEND-——~~ KT
QVAADLLDREEARNRRFHLIAMDAYQRHTKEVNDYILYYGGKREDFKRLGEND-——-- KT
QVAADLLDREEARNRRFHLIAMDAYQRHTKFVNDYILYYGGKREDFKRLGEND-——~- KT
QFAAEEWDREEARKRRFHLISMDAYSRHRKLVNDYILYYGGKMEDFRRSGEND-——-~ KT
KVAADEWDREEARNRRVHL I SMDAFARHOKYVNDY ILYYGGKLODFQHSKESN-——-~ KT
SLHCSELDREEAKNRRAHLISLNAFERHKKFVGDYILYYGGKMADFNRVTAND---—— KT
SLHCSELDREEARNRRAHLISLNAFERHKKFVADYILYYGGNMADFKRATAKD--——— RT
NVAAHEWDREEARNRRQHL I SMNAFERHKKFVSDYILYYGGKMEDLRRSTSKD—~~--~ KT
———————— MSGSQLFPVNLNNLSAKERHNY ILSN¥VLNLPNET-----ESRRH--—--KR
———————————————————— HLNPYELHKHLINE¥MLTKPGATKLLORDTSRD-~----KT
GRGGFEEEHGRMHRRMAKMMSMNAYDRHKEMINLYYLSYPGATKLLNRKIQDE-———~ TT
—————————————————————————————————————— MGRIS--LQKLSLPV-----KT
LKSVIFDRQARKQQYQSHILGLNAYDRAKKFISD¥VDFYGKDV--SAEEKLPV-——-- KT
———————— MEINKEQYELLKKLDAVERHKKLIENYLNQKNNKNNKKNQQQTEDKYKNFKT
BLDVIRENHRELWNEEDEMDMT -~ --—- WEXRLAKKEY DKEFKEYCEABLEK YKENKFGF
LDVIRENHRELWNEEDEMDMT - - ———— KRLAKKYY DKIFKEYCIADLSKYKENKFGF
MDVIRENHRELWNEEDEMDMN - - —— -~ KRLAKKYYDKLFKEYCIADLSRYKENKFGE
LDVIRENHRELWNEEDEADMT -~ -—-—— KRLAKKYYDKLFKEYCIADLSRYKENKFGE
LDVIRENHRELWNEEDEADMT -——-—- KRLAKKYYDKLFKEYCIADLSRYKENKFGE
LDVIRENHRELWREDDEADMN-————— KRLAKKYY DKL FKEYCIADLSRYKENKFGF
LDVIRENHRELWEEEDEDDMT -————— KKLAKKYYDKLFKEYCIADLSRYKENKFGE
YDVLRENHRELWKDEDEEDMT -~ -~~~ KELAKKYYDKLFKEYCIADLSRFKENKFGE
HDVLRENHRELWKDEDEEDMT ~——-—— KELAKKYYDKLFKEYCIADLSRFKENKFGE
LDVVKENHRELWKEEDEEDMT - - ———— KELAKKYY DKIFKEYCIADLSRYKENKFGF
IDVIRENHRELWE-DDELDSDTL---SWEQRLALRYYRKIFKEYCIADLSRYKENKIAL
HDVVRENHRELWD-DETVDS —-~--—~ KQLAKKYY DKLFREYCIADLSRYKENKVAM
LDVLKKHHREVWSEDDEINASQPDKNSWETRMAKKYY DKL FKEYCIVDLSMYKTNKIGM
QDTLREGYREIRSEEDDLDP-----— SWEQRLVKRYYDKIFKEYC KYKTGKMGL
KDTLREGYREIRSEEDDLDP--—---— SWEQRLVKRYYNKIFKEYC QYRTGKIGL
YQVLKENHQELRDENENEDIN---QLTWEEKLAKTYYDREY IPLSRYKSGEIGL
*orliironova HES xx o R R A S S S
KGQFFCGNKY CDKK—-—————=——————- EGLKSWEVNFGYIEHGEKRNA
KGQFFCGNKYCDKK-————==----———- EGLKSWEVNFGYIEHGEKRNA
KGQFFCGNKCCDKK-—=——==-=—-——-~ EDLKSWEVNFGYIEHGEKRNA
KGQFFCGNKCCDEK—--————--—————- EGLKSWEVNFGYTEHGEKRNA
KGQFFCGNKCCNEK—-—————-——————- EGLRSWEVNFGYTEHGEKRNA
KGQFSCGNKHCDGE-—-——==----——~ EGLKSWEVNFGYVEHGEKRNA
KGQFSCGNKRCDEK-————=-=-------~ EGLKSWEVNFGYEEHGEKRNA
KGQFQCGNKRCENQ-—————-—=————- EGLKSWEVNFAYVEQGEKRNA
KGQFQCGNKRCENQ-—————-—=————- EGLKSWEVNFAYVEQGEKRNA
KGQFLCGNKRCESK---——==-----——~ EGLKSWEVNFAYVEQGEKRNA
TGQFQCGSRHCGER-—-——==----——~ DNLRSWEVNFRYIEKGEPLNA
KGQFVCGDRHCEER-————————————- NELRSWEVNFGYQEHGOKKNA
KGQLSCGARKCNET-—————=——————- AHLSSWEVNFTYKEDNRVKST

L e AGEDKQA
KGQFVCGNKHCDEK-————==----—--~ DGLASYEVNFSYFEAGESKQA

RGQFTCANKKCESSSSTSSSTTTNNNKMDDLKSFEVPEFSYNELNENKVA
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Homo sapiens LVKLRLCOECSIKLNFHHRRKEIKSKKRKDKTKKDCEESSHKKSRLSSA-EEASKKKD-- 261

Pan troglodytes LVKLRLEQECSIKLNFHHRRKE IKSKKRKDKTKKDCEESSHKKSRLSSA-EEASKKKD-- 261

Canis familiaris LVKLRLCKECSFKLNFHHRRKEVKSKKRKDKTKKD-EESSHKKSRLSSA-EETSKKKD-- 260

Rattus norvegicus LVKLRLCOECSFKLNFHHRRKEIKSTKKRSKTKTESDESPHKNSRSSSS-EEASQGKD-- 261

Mus musculus LVKLRLCQECSFKLNFHHRRKEIKSTKKKSKTTPECDESPRKKSRSPPS-EEASKGKD-- 261

Gallus gallus LVKLRLCPECSYKLNFHHRRKEVKASKKRGTAVGNSKQPKIKKAKLSHSGKKKSKKKT-- 272

Xenopus laevis LVKLRLCPECSCRLNFHHRRREIQPTTKKRKAKTEREESSRKKKKTSHS-QKNTNTKD-- 265

Tetraodon nigroviridis LVKLRLCPECSFKLNYHHKRKEVKAKAKSQRLSKENEKLSHKKKKRRKSSSSHSKKQKLG 235

Fugu rubripes LVKLRLCPECSFKLNYHHKRKEVKAKPKTQ--GEENEKPSHKKKKRRKSSSSHSKKHK-- 257

Danio rerio LVKLRLCPECSYKLNYHHKRKEVTAKKRRR--SKENLDVSKKSKSSKSRKNKDKRKHK-- 269

Drosophila melanogaster [EVKVRLEPTHTDQLNYRTKKRECKKRRRREKEERRAEKKRKRRKLDVGHESSGEEEEE-- 202

Anopheles gambiae LVKLRLCPKCSDKLNYHSKKREIKRLKKRDRKAKSSSGGRRVSDDAVSSSSVAAPTQEG- 192

Caenorhabditis elegans LVKARLCPKCSEKLNYGTRKRQVVQKKR---AVRKWEKERKRTKKDE-----— EEDDD-- 262

Arabidopsis thaliana LVKLVACERSKSHSEDDTDEE--EKRKEGERSESNEKKKQKRNRSQS—————-—=——-—-— 133

Pimpinella brachycarpa LVKLVTCERCAKKLN-YKKQK--EKLKRNEKEVLRRKRERSESDDDI - ——-———-——-———— 204

Dictyostelium discoideum LVKVVLEPLCSKLLNYSNIKKKKKELKKFLKDEKNKNKNNNKKRKKN-—-——-———-—-——-- 216
* kK * .

Homo sapiens  —-—=—- KGHSSSKKSEDSLLR---NSDEEE---SASESELWKGPLP--ETDEKSQEEEFDE 308

Pan troglodytes = —--—- KGHSSSKKSEDSLLR---NSDEEE---SASESELWKGPLP--ETDEKSREQ---- 304

Canis familiaris = --—--- KGNS-——-————————————— DEE---GTSDSELWKGPLP--ETDEKSQ-—--—-— 287

Rattus norvegicus = —-—-- EGHSSSKRSEDSRNR---NAGEED---SASDSELWKGPLP--ETDEKSQEEEFDD 308

Mus musculus  ——=—= EGHSSSKKSEDSRNR---NAEEED---SASDSELWKGPLP--ETDEKSQEEEFDD 308

Gallus gallus  —-—--—- HGDQVSSEDSDTSDKDSDNSDVQD---GPSDADFWKGPLQ--EPDEKSREEEFDE 322

Xenopus laevis = ——=—= HPTEKHTNSSETDSSDTDGGEGGD---DKTDSEFWKGATH--ETDEKTREEEFDD 315

Tetraodon nigroviridis  RDRDRSSSSCSSDDSQEPDKDAQASDEPE---GQSEADHWRGPAP--VVEEKSR--—-—- 284

Fugu rubripes --RDRSSPS-SSEDSQESDK---AGEEPE---GQSEADHWRGPAP--VVEEKSREEEFDE 306

Danio rerio -KRRKEHSSSSSEESQESDKGSDDDDDDEDADGPSESEHWKGPAP--AVEEKSREEEFDE 326

Drosophila melanogaster =—------ PVEPASESHPEASKEPTDSKDAT----TADEQIWQQQPD-ISREQASREQEFER 251

Anopheles gambiae --—TFVATATQESTVPEEVPEAVGEQDGS----CAPEVAGGSWTKGHEVEEKTREEEFDE 245

Caenorhabditis elegans = --—---- VELNQHEAKNQETKVQPSTSTL----SASTDIWEGPPP--AETEKTVDDEIDE 309

Arabidopsis thaliana ~  —---—---- HSEYDTDEEDRRKGKTRKSK--—-LE——=--——=--——- SADREGKDDENFDE 169

Pimpinella brachycarpa  —---—------ PTEYKGNKDSRKVMKTSTS——-—————-———————-——-- LGDQKAGDTENFDE 237

Dictyostelium discoideum —--—-----—-- KNDNSEDEDEDEDQYKDQE-———=-—==—=—=———————— EEEYEDEDDDN 246

Homo sapiens YFQDLFL--- 315

Pan troglodytes -VONLCI--- 310

Canis familiaris = ———————----

Rattus norvegicus YFQDLFL--- 315

Mus musculus YFQDLFL--- 315

Gallus gallus YFQDLFL--- 329

Xenopus laevis YFQDMFL--- 322

Tetraodon nigroviridis = -—---—------

Fugu rubripes YFEDLFL--- 313

Danio rerio YFEDMFL--- 333

Drosophila melanogaster YLEDLIF--- 258

Anopheles gambiae FLEDLLL--- 252

Caenorhabditis elegans FLDDLFL--- 316

Arabidopsis thaliana YMEGMFPGNG 179

Pimpinella brachycarpa FLEGMFL--- 244

Dictyostelium discoideum —---—--—-----

Eik. 49: ZuykpiTik ) avdAuon Tng aAAnAouyiag Tng mpwreivng FRA10AC1 pe Ta miBava
opB6Aoya poépia. YWnAOGTePn auivoéiki TauTéTNTA ELQAVICETAI OTO KEVTPIKG TUAMA TNG
Tpwreiveg (apivogéa 105-220). Ao Ta 116 apivogéa trou TrepIAapBavel n TepIoxn autr 1a 22
gival arapdAAakTa og 6Aoug Toug opyaviopoug (TTpaaiva), evwy o€ 31 ol apIvogIKEG aAAayEg
TTOU TTapaTnNEOUVTAI €ival CUVTNPNUEVEG (KiTpIva). ZTn aToixion TTapaAneenkav Ta 439 C-
TEAIKAG Kal Ta 76 N-TeAIKG apivogéa Twv TTpwTeivwy Tou C.elegans kai Tou Canis familiaris
avTioToIXA.

Katé 1 oToixion Twv opBoAoywv popiwv (EIk. 48, 49) TTapaAcipOnkav
TUAPATA Twv TTOAUTTETTTIBIWY Tou C. familiaris ka1 Tou C. elegans. X1ov C. familiaris,
TO AvTioTOIXO PHOPIO €xel 373 auIvogéa Kal @Epel 76 apivoééa oto N-TeAIKO Tou dkpo
TTOU aTTOUCIACouV atrd TNV TTPWTEIVN Tou avBpwTtTou. QoTd00, N TTPWTEIVIKN
aAAnAouyia BaoiCetal o€ éva pévo EST (CO590869, 689bp) To otroio dev oTnpicel Ta

emTAEOV apivoééa. 210 C. elegans n TIPWTEIVIKI KATAXWENON aTToTEAEITAI ATTO 755
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auIvogéa Kar £xel TTPOKUWEI aTTd UTTOAOYICTIKA TTpOoYpPAUaTa avaAuong TnG
YEVWMIKAS aAAnAouxiag evw dev otnpicetal og Katrolo uopio cDNA. H peydaAn
dlapopd aTo PEyebog Twv TTOAUTTETITISIWY Tou avBpwTTou Kail Tou C. elegans Ptropei
va o@eileTal €ite o€ Qaivouevo yovidlokAg ouvtnéng (Enright AJ et al, 1999 & 2001)
€ite 0€ AAB0Og OTO XaPAKTNPIOKO TOU avTioTolxou yovidiou in silico (annotation). Y1ép
Tou TeAeuTaiou ouvnyopouv Ta €¢n¢ (EIK. 50): To TrpoAetTduevo yovidio (F26C11.1)
atroTeAgital atrd 12 €€6via, €K TWV OTTOIWY TA 4 TTPWTA KWAIKOTTOIOUV TO TUAUA TNG
TTPpwWTEiVNG TTou gu@avidel opoidTnTa pe TNV FRA10AC1, evw Ta uttdAoiTTa
KWOIKOTTOIOUV TTOAUTTETTTIOI0 TTOU PEPEl POTIRO 6EIvng pwaopatdong 10TIdivng. To
IVTPOVIO 4 éxel péyeBog 1203bp, TToU gival KaTd TTOAU HEYAAUTEPO ATTO TO HECO
MEyEBOG TWV IVTpoviwv Tou vnuatwdn (370bp, Yu J et al, 2002) evw OAa Ta uTTdAOITTO
gival <120bp 1TANV Tou IvTpoviou 3 TTou gival 503bp. Apéows PETA TO TEAOG TOU
ecoviou 4 (o1 TTPWTEG TECOEPIG PATCEIG TOU IVTPOViou 4) €xouv OTO id10 avayvwaoTIKO
TAaiolo, Kwdikévio AAENG TTou, av xpenoiuoTroinBei, TTapdyel TToAuTTETTTIOI0 315
apivo&Ewy, idlou Prkoug Kai Katd 37% Tautéonuo pe autd Tou avBpwtrou. ETTiong,
oTtnv apxn Tou Ivipoviou 4 (nt:19-24 kai nt:313-318, yeTpwvTag amd v apxn Tou
IVTpoviou), uttdpxouv dU0o cuvTnEnNUEVES aAANAouxieg anUATwy TTOAUAdEVUAIWONG
(AATAAA). EmitTAéov, oTa TTAdioIa TTPoaTTABeIag KAWVOTToinoNG Kol CUVETTWG
emBeRaiwaong 12.000 mpoBAeTopevwy cDNA Tou C. elegans (Lamesch P et al,
2004) n PCR ot BiBAIoBrkn cDNA 610U XpnOoIuoTToInOnKe €vag eKKIVNTHG GTO TTPWTO
€€ovIo Tou yovidiou F26C11.1 o€ cuvduaoud Pe EKKIVNTA O0TO €€6VIO 12 ATav
avemtuxng (http://www.wormbase.org/db/seq/pcr?name=mv_F26C11.1;class=
PCR_product). H diepetvnon Twv ESTs Tou C.elegans dev BoriBnoe va egayOei
KATTOI0 CUPTTEPAOA KaBwG dev uttdpyxouv ESTs trpogpyxOueva atrd auto To yovidio,
yeyovog 1rou ouppaivel o€ TTooooTé ~40% Twv TTPORAETTONEVWYV YOVIDiWY TOoU
vnuoTtwdn (Lamesch P et al, 2004).

TéAog, n oUyKpIoN AWV TWV 0PBOASYWY TTPWTEIVWV £DEICE OTI OI ANIVOSGIKES
aAayég R16H, T78R kai V811, Tou rpoépyovTal ammd Ta SNPs 1Tou TautoTroiménkav
OTNV KWOIKN TTEPIOXN TOU yovidiou Tou avBpwTTou, gival GUVTNENUEVES TOUAGXIOTOV
o€ évav dAAo opyaviouod. ‘ETol, To auivoél 16 Tng TTpwTeivng Tou Pan troglodytes
givar 1omidivn, To apivogu 78 Tou Gallus gallus sival apyivivn kai To apivoéu 81 oToug
opyaviououg Anopheles gambiae, Caenorhabditis elegans, Pimpinella brachycarpa
kai Dictyostelium discoideum eivai ivtepAeukivn (Eik. 10).

AtiCel va onueiwBei 611 kavéva atro Ta moava opBdAoya pdpia TTou
TauToTToINONKAV OeVv EXEl HEAETNOEI TTEIPAUATIKA JUE CUVETTEIQ VA NV UTTAPXOUV
O1a0£01uEC TTANPOPOpPIES yia Tov TTBavo Bioxnuikd poAo Tng FRA10AC1. H Utrapén

OPKETWV aTTd auTd GTNPEICETAI ATTOKAEIOTIKA O€ YOVIOIaKEG TTPORAEWEIG
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TTPOYPANMATWY ETTECEPYATiag yeVWHIKWY aAAnAouxiwv. QoTé00, N TTapouasia
0pBoAGYWYV ATTOKAEIOTIKA 0€ TTOAUKUTTAPOUG EUKAPUWTIKOUS OpyavioHoUg
UTTOONAWVEI EVOEXOUEVWG TNV GUMKETOXN TOU popiou o€ BioAoyikéG iadikaaieg TTou

XOPAKTNPICOUV auTOUG TOUG OPYaVICUOUG.

AATAAA
C.elegans 1203bp

4_
F R
?
C.clegans [NNETETTINNNE - -+ e e e et
A
37% T(&JT(’)TI]TG MoAuTtretrtidio pe potifo
i 68Iv wo@artdo
H.sapiens | 31523 | gIvng wogardong
FRA10AC1

Eik. 50: To opB6Aoyo yovidio FRAT0AC1 otov C.elegans (F26C11.1.). AmreikoviCeTal n
YEVWHUIKN opyavwan Tou yovidiou FRA10AC1 atov C. elegans Baaocel in silico xapakTnpiouou
NG YEVWUIKNAG aAAnAouyiag. QoT1éo0, kabwg: 1) n opoidTnTa (37% TAUTOTNTA) PE TNV
mpwrteivn FRAT0AC1 Tou avBpwTrou TrepIopifeTal GTO AUIVOTEAIKO JEPOG TOU TTPORAETTOPEVOU
TTOAUTTETTTIOIOU, 2) uTTdpxEl TTIBave Kwdikévio ARENG (taa) kai orjpaTa TToAuadevuliwong oTnv
apxn Tou Ivtpoviou 4 kai 3) o1 ekkivnTéG F kal R dgv rapdayouv mrpoidv ue PCR og cDNA
BiBAI0BNKN, €ival TTIBavov To TTPORAETTOUEVO YoVvidio Tou C.elegans va avTioToixei o€ dU0
OlaQOPETIKA yovidia.
» 'EAgyxog tng £161kOTNTAS TOU avriowpuarog avri-FRA10AC1

Katd Tov UTTOKUTTaPIKO EVTOTTIONO TNG evdoyevoug TTpwTeivng FRAT0AC1 kai
OTa TTEIPANATO AVOOOKATAKPAUVNONG TTOU TTEPIYPAQPOVTAl TTAPOKATW,
XpnoipoTrointnke 1o €101K6 avriowua yia Tnv FRAT0AC1 TToU atropovwenke atré Tov
TTOAUKAWVIKS 0pd avoooTroinuévou KouveAiou (BA. MeBodoug). H e1dikdétnTa Tou
avTIOWMATOG EAEYXONKe: 1) pe avoooevTotTioud TnG TTpwTeivng FRA10AC1 o€
TTapodIKa dlapgoAucuéva kKUTTapa Hela tmou ekgpdlouv TNV avacuvouaouévn
FRA10AC1-EGFP, 610U TTaparnpeital TTAfpNng TaUTION TNG Y€ TO CAUA TTOU
TTPOKUTITEI ATTO TNV XPnRon Tou avticwuatog (Eik. 51), 2) ye avdAuon Western katd
TNV otToia TO €16IKG avTiCWHA avayvwpilel TNV avaouviuaouévn TTpwTeivn His-
FRA10AC1 TToU £x€1 TTapaxBei oe BakTApIa evw dev avixveUel TTAEOV TNV TTPWTEIVN
GST, amotéAeopa TTou €ival emOuUPNTO KABWG TO AvTIyOVO TTOU €iXE XPNOIUOTTIOINBEI
oTnv avoooTtroinon Atav oe auvtnén pe Tv GST, 3) ye avaAuon Western o¢
TTPWTEIVIKO eKXUAIoHa KuTTdpwy COS-7 katd TNV OTT0ia TO aAvTicCWHa avayvwpilel pia
wvn avapevouevou PeyEBoUG, TTOU aVTIOTOIXEI OTNV evOOYEVA TTPWTEIVN, 4) e

avaihuon Western o€ TTpwTEIVIKO EKXUAMOUA TTAPODIKG SIAPNOAUCHEVWV KUTTAPWYV
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COS-7 1ou ekpdalouv Tnv avacuvouacuévn FRA10AC1-EGFP, 61rou n Tpwreivn
TTOU avayvwpiletal aTrd TO €10IKO avVTIOWPA TAUTICETAI UE AUTAV TTOU avayvwpideTal
a1rd 10 avTiowua avT-GFP kai 5) pye doKIu avoGoKATAKPAUVIONG TNG XIMAIPIKAG
mpwteivng FRAT10AC1-EGFP a11é TTpwTEivIKO KXUAIoUA TTapodIKA SIANOAUCUEVWV
KutTdpwyv COS-7 kal akdAoubn avaluon Western é1rou @aivetal 4TI TO avTiowua

gival IKavd va avOOOKOTOKPNUVIOEl TNV avaouvouaouévn TTPWTEIVN.

» YmoKUTTApIKn TOTTOAOYIK} avdAuon tn¢ avaocuvduaouévng Kai mng

gvooyevoug mpwreivng FRAT0AC1 og KUTTAPIKES OEIPEC OnAaoTiKwy

H e&étaon Tng utToKUTTAPIKNG TOoTToAOYiag TNG TTpwTeivng FRAT10AC1 Kkai
MEOW auTrG 0 £AeYXOG TNG AEITOUPYIKOTNTAG TOU Bewpoupevou NLS,
TTPAYUATOTTOINONKE ApPXIKA& JE TTAPATAPNON ME MIKPOOKOTTIO pBopIouoU o€ KUTTapa
Hela trou €ixav diapoAuvOei TTapodikd pe TTAACUIOIAKA KATAOKEUN TTOU
KwOIKOTToIoUOE XIMaIpIKG TTOAUTTETTTIOI0 aTToTeAoUevo atmo Tnv FRA10AC1 TTArpoug
MAkoug o€ auvtnén pe Tnv EGFP oT1o C-1eAikd TnG Akpo. AlammoTwenke 6T n
XIMQIPIKA TTPWTEIVN aviXveUETal OTOV TTUPAVA TwV KUTTApWY, £EAIPOUMEVOU TOU
TTupnviokou, meavwg odnynuévn atmo 1o diyepé NLS trou diabétel. H katavoun Tng
oTnVv TAgIown@ia Twv KUTTdpwv givail diaxutn (Eik. 53). Qotéo0, o€ ToooaTo 5-10%
TWV KUTTAPWYV, N TTPWTEIVN ouoowpPeUETal O€ OIOKPITEG EOTIEG, MIKPOTEPOU 1
MEYOAUTEPOU PEYEBOUG, dnuIoupywvTag £va oTIKTO TTpoTuTio (EIK. 53). O
OUYKEKPIMEVOG UTTOKUTTAPIKOG EVTOTTIOUOG €ival o0a@wg dIAKPITOS atrd Tov [N €101KO
Kal diayuto evromopud Tng EGFP og 6Ao 10 kUTTOpO (EIK. 55). 10 TTeipdpaTd pag, Ta
6pla Tou TTUprva KaBopIfoTav cite pe TTapAdAANAn avoooavixveuon Tng Aapivng A/C,
TTOU VTOTTICETAI OTNV TTUPNVOTTAACUATIKI TTAEUPd TNG TTUPNVIKAG HEURPAVNG, €iTE PE
xpwaon e DAPI. H Trepiypag@eica UTTOKUTTOPIKEA TOTTOAOYia TTapatnerionke Kal o€
O14@opeg AANAEG KUTTAPIKEG OEIpEG TTOU e€eTAoTNKAY: HepG2 (NTaTiké KapKivwua),
CaCO0O2 (adevokapkivwpa eviépou) KaBwg Kal oTa VEPPIKA KUTTapa 1ornkou CV1 kai
COS-7. Tautoécnuo TTupnviké TTPOTUTTO TTAPATNPABNKE Kal KATa TNV avixveuan TnNg
evdoyevoug TTpwTeEivng (EiK. 54) og diaQopeg KUTTAPIKEG OEIpEG. Katd Tnv avixveuaon
Tou evdoyevoUg Popiou, o€ Kapia TTEPITITwan Ogv TTapatnErénke n oTIKTWONG
TTUPNVIKI] KATAVOWI] TTOU EP@aVIel N avacuvOUAGHEVN TTPWTEIVN, O€ £va PIKPO
TTOO0O0TO TWV KUTTAPWY. AUTO UTTOPEI VO OQEIAETAI OTNV UTTEPEKPPACT] TNG N OTToia
OoTA TTAPODBIKA OIONOAUCHEVA KUTTAPA €iTE OXNUATICEl CUCCWPATWHATA, EITE
«OTTOBNKEUETAI» OE TUYKEKPIPMEVA TTUPNVIKA DlauEPIoUATA TTOU €u@avifouv TTapouola
ooun, 6TTwg T.X. Ta cwudTia PML, Ta speckles, Ta cwpudTia Cajal. Evdiagépov cival

OTI N OTIKTWANG KaTavour] TTapatnpribnke 16co o€ KUTTapa COS-7 600 kal e CV-1
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TTou, KaBwg dev ek@pdlouv To T-avTiyovo, egeavifouv XaunAoTepa eTTiTreda
£KQPAONG TWV AVOOUVOUQTUEVWY TTPWTEIVWIV.

MNa Tov KABoPIGUO TNG TTEPIOXNG TTOU €ival UTTEUBUVN yIa TOV TTUPNVIKO
eviommopo Tng FRA10AC1, TpayuatoTroifdnkayv meipduara dIANOAUVOEWY [E TN
XPNon HIag o€Ipas XINAIPIKWY TTOAUTTETTTIOWY, ATTOTEAOUUEVWY ATTO UTTOTTEPIOXEG TNG
TpwTeEivnG o€ ouvdeon pe Tnv EGFP (EIk. 55). H peAétn €yive o€ kUTTapa HelLa. At
TNV avdAuon @Aavnke 6TI TO AvaouUvOUACOUEVO POPIo TTou TTEPIAAUBAVE! Ta apIvoEEa
147-253 evromileTtal oTov TTUpAva Kal dpa TepIAauBavel Aeitoupyikd NLS. AvTiBeta Ta
THAPOTA TNG TTPWTEIVNG TTOU AvTIoTOIXOUV OTa apivogéa 1-146 kal 257-315
ePaviouv didxuTn Katavoun o€ 0Ao To KUTTapo, TTapduola pe Tng EGFP. To dipepég
NLS 110U €ixe TTpoBAc@BEi a1Td UTTOAOYIOTIKG TTPOYPAPATA TTEPIAGUBAVE TO APIVOEEQ
223-238 kai 245-265. Me 1o TrEipapa Tou TepIypd@nke @Avnke 0TI TO OEUTEPO TUNKA
Oev gival arapaitnTo va UTTdpXEl auToUaIo yia va odnynBei n TTpwTeivn oTov TTuprva.
EmimA£ov, TO eEAAXIOTO TUAPA TNG TTPWTEIVNG TTOU EUPaViICel TTUPNVIKO EVTOTTIONO gival
IKavo Kai yia Tov eviomopo Tng FRA10AC1 oTIg OTIKTWOEIS OOUES TTOU TTEPIYPAPNKAV
TapatTavw. MAAIOTa TO TTOOOOTO TWV KUTTAPWY TTOU EUPAVICAV OTIKTWOES TTUPNVIKO
TTPOTUTTIO KATAVOUAS ATAV CUYKPIOIUO JE QUTO TTOU TTapaTnPnOnKe yia TNV TTARpoug

MAKOUG TTPWTEivN.

Eik. 51. 'EAeyxog Tng £§e1dikeuong Tou avriowparog anti-FRA10AC1. OTITikég TOUEG aTToO
OU0 €VOEIKTIKG KUTTOPA JE OUVECTIOKO UIKPOOKOTTIO @BOPICUOU TToU EKPPACOUV TTAPOdIKG TNV
avaouvouaouévn TTpwreivn FRA10AC1-EGFP (A, A) kal oTa oTToia TTpAyUATOTTOINBNKE
avogoavixveuaon We 1o avriowpa anti-FRA10AC1 (B, E). Qg dsutepoyevég avTiowua
xpnoiyotroindnke 1o anti-rabbit TRITC. Me Tautdxpovn TTPoBoAR Twv EIKOVWY TTapaTnEEiTal
TAPNG aAANAoeTIKAAUWN Twv anudatwy @Bopicuou (I, Z). Ta épia Tou TTUpAva KabopioTnkav
pE xpwaon e DAPI, katd TNV oTroia @Aavnke 6Tl N TTPWTEIVN EVTOTTICETAI ATTOKAEIOTIKA OTOV
TTUpAVA.

162



ArmroreAéouara

\2)
A o"“'& NG B. COs7 cos7
\Qv‘ '\QV ! .
. & =
00., ‘é‘\e | ——
34kD |
rb
o
-
Kabapiopévo W.B. opod 3
a-FRA10AC1 pos :?Fesgll%lfé?
r. t  unt t unt a )
— — P FAb P
wm LT &G F
66kD ™ w— R iaad
66KD=| e S ——
45kD = i [—— e
- y o
p o=
W.B. a-GFP a-FRA10AC1

Eik. 52: "EAeyxog £€e1dikeuong avriowpatog anti-FRA10AC1. A. O avtiopdg (TTpiv Tov
KaBapIiopd) avayvwpilel, EKTOG atrd TNV avacuvduaopévn Tpwreivn HissFRA10AC11-145 kai
TNV GST, KaBWG TO avTIydVo TToU €iXE XPNOIKMOTTOINBEI KATA TNV AvoooTroinon ATAV O€
ouvtnén pe Tnv GST. MeTd Tov KaBapioud (apioTePA), TO avTiowua Oev avixveUel TTAEOV TNV
GST evw e€akoAouBei va avixveuel Tnv His-FRA10AC11-145 (TroodtnTa 10ng OAIKAG
TPpWTEIVNG). B. Z& TTpwTEivIKA eKxUAiopaTa kutTdpwy COS-7, 0 0pdg avixveuel TOUAGXIOTOV 6
WVEG eV PETA TOV KaBapIoPo gu@avieTal pia kKupia {wvn avapevopevou peyéboug (100ug
TTPWTEIVIKOU ekxUAiopaTog). I'. AvdAuon Western pe avricwpa a-GFP (apiotepd) kai a-
FRA10AC1 (0€€1a) o€ TTPpWTEIVIKA eKxUAiopaTa KUTTapwyv COS-7 TTapodikd diapuoAucuévwy (1)
Kal pn (unt) pe TTAQOMIBIOKN KATAOKEUN TTOU KwdikoTTolEl TNV TTARpoug prikoug FRA10AC1 og
ouvtnén pe tnv EGFP. A6 Tnv avaAluon @aiveral 611 Kai Ta U0 avTICWHATA avayvwpifouv
TNV idla TpwTEivn Kai 611 To a-GFP avixvelel emITTAéOV Kal Wi TIPWTEIVN Ppopiakou Bapoug
~30kD TToU TMBavATaTa avtioToixei otnv EGFP (B£A0g), TTou dev avayvwpiletal atmod 10 a-
FRA10AC1. A. To avriowua a-FRA10AC1 avoookaTakpnuvigel TNV XIMAIPIKN TTPWTEIVN
FRA10AC1-EGFP. H avocokaTtakpAuvion TTPAyUATOTTOINONKE O€ TTPWTEIVIKA EKXUAICUOTA
KuTTapwv COS-7 tTou eixav dlauoAuvOei TTapodikd pe TTAAOHIOIOKE KATOOKEUR TTOU
KwdikoTrolei TNV TTARpoug urikoug FRA10AC1 o€ ouvtnén pe Tnv EGFP kai n avdAuon
Western pe a-GFP. Un=mrpwreiviké ekxUAiopa COS-7 pn diapoAucpévwy (100ug), input= 10
1/10 TOU B€iyuaTog TTou XPNCIUOTTOINBNKE OTNV AVOCOKATAKPAMVION, IP=avoookartakpriuvion
pE ~1ug (a) kai 0,7ug (B) avTiowpaTog, mock=TrapdAAnAo Treipapa oTig idlEg cUVORKeS
artrougia avTiowuatog, Ab=~2ug kai 1ug avTiowuaTog, beads=c@aipidia ayapodlng
ouleuypéva e TIG TpwTEiveg A Kal G TTou XpNnoIoTToInOnKav oTIG AVOOOKATAKPNUVICEIG.
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Eik. 53. H avacuvduaopuévn FRA10AC1-EGFP gvroTri{eTal OTOV TTUPAVA TWV KUTTAPWV
HeLa pe 81axutn | OTIKTH KATAVOMA. A. 3T0 HEYOAUTEPO TTOCOOTO TWV TTAPOSIKA dIAPOAU-
OMEVWV KUTTAPWYV N avaouvOUaCHEV TTPWTEIVN avixveleTal o€ OAO TO TTUpNVOTTAaaHa (1)
e¢aipoupévou Tou TTupnviokou (1T). Ta 6pia Tou TTUPRvVa KaBopioTnKav JE avoooavixveuon TNG
Aapivng A/C (2). H eikéva 3 TrpoépxeTtal atmo Tautdxpovn TTPoRoAR Twv 1 kai 2. B.Ze Too0oT0
5-10% Twv KUTTAPWV N TTPWTEIVN CUCOWPEUETAI O€ PEYAAEG (1, 3) 1 MIKPEG (2) oTIKTWOEIG do-
MEG. OAeg 01 €IKOVEG TTPOEPXOVTAI ATTO OTITIKEG TOUEG GE GUVECTIOKO HIKPOOKOTTIO pB0opIouoU.

Eik. 54. H evdoyeviig FRA10AC1 evroTileTal oTov TrTUpAva. H avixveuon tng Tpwreivng
TTpaypatotroifenke e 1o avriowpa anti-FRA10AC1 kal akoAoUBwg pe anti-rabbit FITC, ot
KUTTapa avBpwtrou (COS-7, A, B) kai Trovtikou (NIH-3T3, I, A). H povipotroinon
Tpayuartotroinonke €ite e 2% (A) eite ye 4% (B) PFA. Ta 6pia Tou TTupriva kaBopioTnkav pe
xpwon pe DAPI.
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Eik. 55. To TuApa Tng FRA10AC1 1ou mrepiAapfdavel Ta apivoééa 147-253 givai
uTTEUBUVO YIa TRV TTUPNVIKI TOTTOAOYid TOU popiou. H eE€Taon Tou UTTOKUTTAPIKOU
EVTOTTIOKOU TNG QvVOCUVOUACHEVNG TTPWTEIVNG KAl TWV ETTIHEPOUG TUNHATWY TNG, £YIVE JETA
até TapodIkn dlaudAuvon KUTTapwv Hela pe pia ocipd TTAAOUIBIOKWY KATAOKEUWY OTOV
popéa pEGFP, Tautdxpovn avogoavixveuan Tng Aauivng A/C kal TTapaTtipnon Je CUVECSTIOKO
MIKPOOKOTTIO @BopIcpoU. Aeid, avaypd@ovTal o TTAACUIDIOKEG KATAOKEUEG TTOU
Xpnoigotroindnkav ae KABe TTEPITTITWON Kal aTTEIKovifovTal GXNUATIKA Ta avTioToIXa TUAMOTA
TNG TTPWTEIVNG TTOU KWOIKOTTOI0UV KaBwg Kai To NLS (TTpdaoivo). ZTig TEAEUTAIES EIKOVEG, TA
KUTTapa €xouv dIapOAUVOEl TTapOodIKA HOVO UE TOV POpEa (APVNTIKOG EAEYXOG).
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» Aigpguvnon mpwreivikwv aAAnAsmidpaocswv tng FRA10AC1

210 KUTTAPQ O1 TIPWTEIVEG HECW TWV AAANAETTIOPATEWY TOUG CUUMETEXOUV O€
EKTETAPEVA TTPWTEIVIKA OiKTUA, TIG TTOAUTTPWTEIVIKEG KUNXAVES», TTOU Eival DUVANIKEG
OouEG TTou cuvapuoAoyoUvTal Kal ATToouvapoAoyoUvTal O avTaTTOKPION O€ £Ew-,
Ola- Kal evOOKUTTapPIKG epeBiouaTta. ‘Eva TTpOKATAPKTIKO BANG OTAV KaTtavonon Tou
BioAoyikoU pdAou piag TTPWTEIVNG Eival N TAUTOTTOINGN TWV TIPWTEIVWV HE TIG OTTOIEG
AAANAETTIOPA, WOTE va gival duvaTn n EVTAgr TNG o€ €va ] TTEPICOOTEPA PIOXNMIKA
povoTTaTia.

a. Mpoadiopiouds aAAnAsmdpdoewy us xprion Tou oUucTANATOS SUO

uBpidiwv TOU CakyapouuknTa

KaBwg otnv FRA10AC1 dev avayvwpileTal KATTOIA yVWOTH AEITOUPYIKI)
TEPIOXN TTOU Ba ptTopoUoe va pag utrodeigel mavr) Asitoupyia Tng kai T€Idn yia
Kavéva ato 1a opBoAoya popia dev gixe TTPOCdIOPIOTEI O BIOXNUIKOG TOU POAOG,
EQAPUOOTNKE TO cUOTNUA U0 UPRPISIWY TOU CAKXAPOWUKNTA WOTE VA TAUTOTTOINB0UV
TTpwTEiveg TTou aAANAeIOpoUv uadi TnG. To oUCoTNUa TTOU XPNOIKOTTOINBNKE
oTnpifeTal oTNV avaouykpdTNaon Tou PETaypagikou TTapdyovia GAL4.

Karaogkeun Kai EAsyxoc Tou doAwuaroc

Q¢ d6Awpa xpnoigotroindnke n mpwrteivn FRA10AC1 TTAfpoug HAKOUG N
TUAMATA TNG TTou TTEpIAaPBAvouv Ta 253 N-TeAikd ) Ta 62 C-TeAikd apivoééa Tng, o€
ouvtnén e Tnv DNA-BD T1oU GAL4 (EIK. 56).

O1 avwTépw TTAAOUIBIAKEG KATAOKEUEG EAEYXBNKAV yIa QUTOVON
EVEPYOTTOINOT TWV YOVIDIWV-BEIKTWY. O EAeyXOG TTPAYHATOTTOINONKE PE
peTaoxnMUaTiopd Tou oTeAéXOUG pd69-4a pe KABe pia atrd TIG TPEIG TTAACUIBIOKEG
KATOOKEUEG 0€ OUVOUOOUO e Tov popéa TG PIBAI0BrKNG pACT2 kai pe eTTak6Aoubn
KAAAIEPYEID TWV KUTTAPWYV O€ BPETTTIKO PHECO £TTIAOYAG. TO TTAPOUG HAKOUG
TTOAUTTETTTIOI0 Kl Ta 62 C-TEAIKA AuIVOEEQ TOU EvEPYOTTOIOUCAY QUTOVOMA Kal Ta TPia
yovidia avagopdg (HIS3, ADE2, lacZ). To yovidio HIS3 evepyotrolouvtav IoxXupdéTtaTa,
KaBwg Ta KUTTAPA avaTTuoooVTaV aKOPA Kal o€ BPETTTIKO Ye cuykéEvTpwon 20mM
AT. Ta yovidia ADE2 kai lacZ gvepyotroloOvTav AlyoTepO aAAG PETA aTTd 5 PépEg
TTaPATAPOUVTAV AVATTTUEN TWV ATTOIKIWY. ZUVETTWG Ol KATOOKEUEG QUTEG KpiBnkav
akaTdAANAeg kai n digpedvnon TpaypaTtotroiidnke pe t1a 253 N-teAikd apivoééa Tou
Hopiou.

To @aIvOPEVO TNG AUTOVOUNG EVEPYOTTOINCNG TTAPATNPEITAI CUXVA. 2TNV
TEPITITWOT Jag PTToPEi va oeileTal oTnv evdoyevh IkavotnTa Tng FRA10AC1 va dpa
WG METAYPOAPIKOG EVEPYOTTOINTAG I N EVEPYOTTOINON Va €ival un €18IKA Kal va

TrpokaAcital e€aitiag Tou 1BIaiTEpa 6¢ivou C-TeAikou dkpou TG FRA10AC1.
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253 314
1 BD-FRA10ACH 5,
2 BD-FRAT0ACT, 45,
Bl GAL4 BD T N BD-FRA10AC1 g 5,

Eik. 56: M'pa@Ikn ATreIKOVION TWV «SOAWHATWY» TTOU Xpnoigotroinénkav oto ouoTnua
600 uBpIdiwv. Qg déAwpa xpnoipotroinBnke 1o TuApa Tng FRA10AC1 1rou TrepIAduBave Ta
253 N-teAika apivogéa (“2”), e auvtnén pe Tnv Trepioxn Tpocdeang ato DNA Tou GAL4.

BD: mrepioxn pdadeong oto DNA

‘EAeyxoc kai riTAoddtnan tnc BiBAIo6AKNC

H cDNA BiBAI0BAKN TTou digpeuvhRBnKe TTpoéPXETal ATTO TTApP avOpwTTOoU,
OTTOU TO YOVidIO gp@avicel uwnAd emmiTreda éKQpaong OTTwG deixBnke Ye avaluon
Northern kai RP-PCR. EmittAéov, n TTapouadia petaypd@wy Tou emIRERaIOONKE YE
PCR, pe uméotpwpua 100ng DNA kai Ta euyn Twv ekkivnTwy F2-R2 kai F3-R2
(Eix. 37). H Beppokpaacia uBpidotroinong Twv eKKIVATWY gival, yia TO TTPWTO Ceuydpl
55°C evw yia 1o deuTepo 52°C yia Toug 5 apxIkoug KUKAouG Kal 56°C yia Toug
emmépevoug 30 KUKAoUG. ATTO TNV avTidpaon TTPoEKUYAY TA AVAUEVOUEVA TTPOIOVTA
MeyéBoug 129bp kai 302bp avrioToixa.

21n ouvéxela n BIBAIOBAKN TITAOSOTABNKE WOTE va KABopIoTEl, avaAoyiKd, n
mmoooTnTa Tou DNA pe Tnv KaAUTtepn ammédoon. ‘ETol, HETA ATTO HETAOXNMATIOUO ME
0.02, 0.2, 0.6, 2.0 ka1 5.0ug DNA 1TpocdiopioTnke OTI Ta 2ug gival N BEATIOTN
TTO06TNTA, ATTé TNV OTToia TTPOKUTITOUV 2x10° aTTOIKiEG.

Aigpeuvnon 1nc BiBAIoBHKNC

Bdaoel Tng TITA0dOTNONG TTpayuaToTToINdnkay 25 JeTaoxnUaTiouoi (o€ KUTTapa
TTOU €ixav on YETAoXNUATIOTEI e TO OOAWHA) dlaTnpwvTag Tnv ToagétTnTa Tou DNA
oTaBEPN OTA 2ug, WOTE va SiepeuvnBouv 5x10° aToikieg, TToU BwPRONKAV APKETEG
WOTE VA UTTAPXEI IKAVOTTOINTIKY QVTITTIPOCWTTEUCT).

Ta kKUTTapa KaAAEpYNONKav g€ BPeTITIKO UAIKO £TTIAOYAG Yyia To yovidio HIS3
Kal eTwaoTtnkav atoug 30°C. ZuvoAikd avamTixdnkav 81 aTToIKieg ol OTToieg
OUAAEXONKaV PETA aTTO 4-8 pépeg. AKoAoUBNoe eTTavaKaAMEPYEIR TOUG O€ TTAPEG
BPETTTIKO UAIKO TTOU OTTOTEAEDE TO TTPWTOTUTTO TTIATO (mMaster plate) atrd To oTroio
dnuIoupynRenkav TTATa-avriypaea yia EAeyXo TnNG avaTtugng Twv aTToIKIWY OTA
BpetrTiké UNIKG eTTIAOYAG. INa TRV £1TIAoyA yia To HIS3 Tmapackeudotnkav dUo
avTtiypaga pe 3mM kai 10mM AT avtioToixa. Katd tnv emmAoyr ammoppigdnkav 7
KAWVOI TTOU BV avaTITUOOOTAV 0TO BPETTTIKO UAIKG éT1ToU atTouciale n Ade. ‘ETol

EMAEXONKAV 74 KAWVOI yIa TTEPAITEPW AVAAUOH.
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Ammoudvwaon, avaiuan kai emaAnBeuan BeTiIKwy KAwvwyv

ATT6 TOUG 74 BETIKOUG KAWVOUG atropovwBnke DNA pe TO OTTOI0 JETOOXNMOTIOTAKAY
KUTTapa E.coli ateAéxoug KC8 woTte va eEalel@pOei To TTAOGUIOIO TTOU KWOAIKOTTOIEI TO
00Awpa. AkoAouBnoe amropdvwon TTAaopidiokou DNA atrd 1o oTéAEXOG aUTO Kal
TEAIKOG peTaoXnuaTiopdg oe oTéAexog DH5a atd 61rou Kal atropovwenke 1o
TTAaopidlo-6rpaua. MNa Tnv €gAAeIPn TwV OPOEIdWY KAWVWYV, AUTOI TEHAXioTNKAV HE
Ta évfupa BamHI kai Xhol, TTou avayvwpifouv B€oeig oTov polylinker Tou popéa. Mg
Baon 1o TTPOTUTTO TEPAXIOKOU, eTTIAEXBNKAV 42 KAWVOI, TTIBAVWG dIAPOPETIKOI KAl
TTapAAANAa TTPOCBIOPICTNKE KATA TTPOCEYYION TO HEYEDOG Twv evBePdTWY TOug (0,5-
2,3kb). Z& 6Aoug Toug eTTIAEYPEVOUG KAWVOUG TTPOCBIoPIoTNKE N aAAnAouyia Twv
evBepdTWY TOUG XpnolpoTTolwvTag Toug ekkIivnTEG pACT2F kai pACT2R (BA.
MeBb6doug). MNa Tnv TautoTToinon Twv aAANAOUXIWY dIEPEUVABNKE N VOUKAEOTIDIKT)
Baon dedopévwy (Blastn). O1 22 kKAwvol atroppigBnkav gite yiati ATav eKTOG TTAQICiou
avAayvwong €iTe YIOTi ixav KaTaypagei atro TTPonyoUEVES KATAXWPENATEIS WG
WeUdWG-OeTIKA pOpIa TTOU gp@aviovTal cuyxva o€ avaloya TreipduaTta diepelivnong
(http://www.uib.no/aasland/two-hybrid.html).

O1 uméAoitror 20 kKAwvol avTiaToixoUuoav o€ 2 yovidia: 2 Glolol KAWVol OTOo
SAP145 (spliceosome-associated protein 145, GDB Id: Q13435) ka1 18, xwpiouévol
o€ dU0 aAANAOETTIKOAUTITOEVEG OUAdeG, oTo DGCR14 (DiGeorge syndrome critical
region protein 14, GDB Id: NP_073210). O1 kAwvol Tou SAP145 kwdIkoTTololV Ta
auivogéa 154-872 tou popiou, TTou €€l CUVOAIKO MNKOG 872 apIvoEEa eV O KAWVOI
Tou DGCR14 diakpivovTal o€ dU0 OPAdEG TTOU AVTIOTOIXOUV OTA AuIVOgEa 25-476 Kal
207-476 atrd Ta 476 cuvoAikd Tou popiou (Eik. 57). O aAANAeTIdpAOoEIG TTOU
TauToTTOINBNKAV ETIRERAIWONKAV PE ETTAVAANTITIKO JETOOXNMATIONS KUTTAPWY WE TO
00 wpa Kal Ta Bnpduarta Kal KAANIEpYEId TouG o€ BPETTTIKA UAIKA €1TIAOYNG. ETTiong
dIaTIoTWONKE OTI 0 PUBPOG AVATITUENG TWV ATTOIKIWY OTTOU EKPPAOTAaV TO (VYOG
FRA10AC1-DGCR14 Atav cagpwg Taxutepog o€ oxéon he To FRAT10AC1- SAP145. H
d1a@opd auTA PTTopPEl va avTtavakAd Tnv 1I0xU TNG aAAnAeTTidpaong 1} To TTOCOOTO TWV
MopiwV TTou CUPPETEXOUV O° auThyv. ETITTAéoV, dev TTapaTtnprOnke dia@opd YeTagu
TWV OUO AAANAOETTIKAAUTITOPEVWYV TUNHATWY TG DGCR14, ammotéAeopa TTou
utrodnAwvel 611 n C-TeAIKN TTEPIOXN TOU Hopiou gival Ikavr yia TNV aAAnAemmidpaon e
Tnv FRA10AC1. Eival evdiag@épov To yeyovog 0TI Kal ol U0 TTPWTEIVES TTOU
TAUTOTTOINBNKAV PAIVETAI VO CUPUETEXOUV O€ KOIVO BIOAOYIKO JOVOTTATI, OTN
diadikacia ouvapuoyng Tou mRNA. Zuykekpiyéva, n SAP145 amoTteAei uttopovdda
Tou TTapdyovTa guvapuoyng SF3b. To TTPWTEIVIKO auTd GUUTIAOKO CUMMETEXEI GTO
oxnuaTiond 1660 Tou U2 snRNP 6c0o kai Tou U11/U12 81-snRNP, cuoTaTikd Tou

MeiCovog kal Tou eAdoowvog spliceosome avtioToixa (Will CL et al, 1999) kai ival
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QTTaPAITNTOG, KABWC aTTAITEITAI YIa TOV oXNUaTIoNO Tou pre-spliceosome (BA.
2ufntnon). H DGCR14 £xel TautoTtroinBei Bioxnuika atrd TPEIS OIOPOPETIKEG OUADES
Kal €xel TTpoTabei wg TTpwTeivn-cuoTaTikd Tou spliceosome (Rappsilber J et al, 2002;
Zhou Z et al, 2002; Makarova OV et al, 2004, BA. Zul\Tnon).

A Aigpedvnaon BIBAIOBAKNG (EAeyx0g avaTITUENG aTTouaia 10TIBIVNG)

v

81 KAwvol

v

‘EAeyx0g ek@paong yovidiwv Ade, LacZ

v

74 KAWvol
v
Tepaxiopog Kal oUYKPIon TTPOTUTTWV
v

42 KAwvol

v

Mpoodiopiop6g aAAnAouyiag, amdppiyn Yeudwg BETIKWYV Kal EKTOG TTAQIGiou avayvwong
v
20 KAwvol

|
v v

SAP145 (2) DGCR14 (18)

B. 1 872 1 476

TTPWTEiVEG
<4 mAjpoug >
unAKoug coiled coil
(357-386aa)

154 872 25 476
KWw3IKoTrol0UVTal

a1rd TOUg
BeTIKOUG 207 476

KAwvoug

Eik. 57. ZXnpaTtiki avatmrapdoTaon Tng 81ad1Kaciag Tou EQapPOoTNKE OTO CUCTNHA
5800 uBpIdiwv Kal TwV popiwv TTou TauTotroiNdnkav. A. Me Tnv digpedvnaon
TauTtoTToIRBnkav 20 BeTIKOI KAWVOI, TTOU avTIOTOIXOUV aTa yovidia SAP145 (2 kAwvol) Kai
DGCR14 (18 kAwvol). B. O1 kAwvol Tou SAP145 (Tautdonuol) avTioToixoUv oTa auivoééa 154-
872 g mpwreivng. Na 1o DGCR14 o1 2 KAwvol avTioTolxoUv aTa auivogéa 25-467 kai ol
UTTOAOITTOI OTa apIvogéa 207-467.

B. EmiBeBaiwon mpwreivikwv aAAnAsmidpdoswy in vitro

O1 aAANAeTTIOPACEIG TTOU TaUTOTTOIRBNKAV PE To oUaTnua OUo uBpPIdiwv
emBepaiwdnkav in vitro e GST pull-down. MNa TN SOKIUr CUVKATAKPAMVIONG, N
FRA10AC1 tTapnx6n emonuacuévn o€ Baktrpla, o€ ouvingn ue Tnv GST evw ol
SAP145 kai DGCR14 mrpoékuyav pe JETaypa@n-ueTa@pacn in vitro wg
padlocnuacuéva Popia.
MNapaywyn kai arroudvwon tn¢ GST kai TnNE xiuaipikNg mpwreivng GST-FRA10AC1

H mmapaywyn Tng GST (26kD) kai Tng xipaipikng GST-FRA10AC1 (~65kD)
TpaydatoTroienke oto otéAexog BL21 (DE3) CodonPlus Tng E.coli. Ta BakThpia
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METaoXNMaTioTNKAV €iTe e Tov Qopéa pGEX-4T1 €ite ye TNV TTAAOUIBIAKK) KATAOKEUN
FRA189-1137/pGEX 4T-1 1Tou TrEPIEXEI OAOKANPN TNV KWAIKY TTEPIOX) Tou FRA10AC1
o710 i610 avayvwoTikO TTAdiolo pe Tnv GST (Eik. 58). H GST traprxén petd amo
emaywyn e TmM IPTG oTtoug 30°C yia 3h o€ kaAAiépyeia 50ml. YTTé auTég Tig
OUVORKEG, apevog dev emITEUXONKE UTTEPEKPPAc TNG XIMaipikhG GST -FRA10AC1
QPETEPOU TO POPIO ATTOIKOSOPOUVTAVY, OTTWG PAVNKE UETA atrd avaAuon Western e
anti-GST. EmirAéov TTapatnprinke TOEIKOTNTA OTTWG QAvVNKE PE BAoN TN dPAUATIKY
peiwon Tng O.D. Tng BakTnpiakAg KaANIEpyelag HETA TNV eTTaywyn. ‘ETol, éyive
BeATioToTrOiNON TWV OUVONKWY 0€ KaAAIEpyEIES MIKPAGS KAipakag (3ml), dokiualovTag
BI1aQOPETIKOUG XPOVOUG Kal BEpUOKPATieg eTTaywyng, TTapouaia ) atrouaia yAukolng
0710 BPeTTIKG KAAMIEPYEIOG, EVW TO ETTITTEDA £KPPACNG KAI N OKEPAIOTNTA TOU
ToAuTTETITIOIOU eAéyXOnkav pe Western. Meta Tov KaBopIouo Twv BEATIOTWY
ouvOnkwv (28°C yia 19h Trapouadia YAUKSZNG), TTPAYHATOTTOINONKE N TTApaywyn Tng
TPWTEIVNG o€ PeydAn KAipaka (200ml). Kabuwcg n xipaipikA TpwTeivn eviomoTav oTo
adIGAUTO KAGoHa Tou BaKTNPIAKOU EKXUAIOHATOG TTPAYUATOTIOINONKE KATAAANAN
emegepyaaia Tou 00ynoe o€ OIGAUTOTTOINCT TOU PHEYAAUTEPOU PEPOUG TNG.

Ta TTOAUTTETTTIOIO aTTOMOVWONKAV atrd To eKXUAIGUA JE XpwHaToypagia
ouyyévelag he oeaipidia oe@apdlng (0,15ml) oulsuypéva pe yhoutaBeidvn Kal
TToooTIKOTTOIRBNKAV BACEI CUYKPIONG PE TTPWTEIVIKO DEIKTN YVWOTWV PEYEBWV Kal
TTooOTATWY WETA atrd SDS-PAGE kai xpwaon pe Coomasie blue.
20vBeon Twv mpwreivwv SAP145 kait DGCR14

O1 avacuvduaopéveg mpwreiveg SAP145 (154-813aa) kai DGCR14 (25-
463aa) maprxbnoav pe ouleuyuévn HeTaypagh/ueTagpacn in vitro. Qg uTrTéoTpWHA

xpnoigotroiénkav ol TAacpidiakés kataokeuég DGCR14/pcDNAS3.1 HisA kai
SAP145/pcDNA3.1 HisA (BA. NMAaopIBIOKEG KOTAOKEUEG) VW N avTidpaaon
TTpayuaToToIenke Tapouaia *°S-Met. Ta TpoiGVTA TS AVTISPACNS EUPAVIOVTAV WG
Mia Cwvn ToUu avauevOEVOoU PeyEBoUG PETA aTTd nAEKTpOPOPNON Kal
auTopadioypagia.
H FRA10AC1 aAAnAemidpd in vitro ue 1€ mpwreive¢ SAP145 kat DGCR14
21NV dOKIYN ouvKkatakprpviong cupueteixav 5ug GST-FRA10AC1

(ouCeuypévng pe yAoutaBeidvn-oe@apodn) kai 10ul (40%) Tng avtidpaong
METAYPAPNG/HETAPPACNGS TwV GAAWY TTpWTEIVWYV. H eTTWaoN TTpayuaToTroinénke o€
200 pl dilaAUpaTog déopeuong, ohovUKTIa oToug 4°C, uttd avadeuan. AkohouBnoav
ekTTAUCE€IG pe TO id10 didAupa, SDS-PAGE kai autopadioypagia. 'a Tov apvnTikod
éAeyxo, akoAouBnenke n idia diadikacia pye TNV GST yévn TnG. Ta atroTéAeouaTa
empBepaiwvouyv TNV dueon aAAnAemidpaon Tng TAApoug prikoug FRA10AC1 e TIg
SAP145 kai DGCR14 (Eik. 58). EmimTAéov, @aiveTal TTwg n aAAnAetidpaon Pe TV
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DGCR14 cival ioxupotepn atré auTrv he Tnv SAP145, @aivéuevo TTou gixe
TTapaTnEnOei kal katd To cuoTnua duo uBpIdiwy. BéBala uttdpyxel N MOavoTnTa AUTO
va oQeiAeTal OTNV EAAEINPATIKOTNTA TOU KAWvVoU Tou SAP 145 TTou TaUTOTTOINBNKE OTO
ouoTnpa duo uBpi1diwy o otToiog oTepeital Ta 153 apIvOTEAIKA apIvogéa, TTou

avTioToIXouv aTo ~15% Tou popiou.

A B.
1 2 1 315
| | | | m FRA10ACT
z Y z Y
DGCR14 [*S]> = ——
_ 25 463
SAP145 [3531—>-- - - -
154 813
1. GST-FRA10AC1 2. GST m

Eik. 58: AAAnAeTridpaon tng FRA10AC1 pe 1ig DGCR14 kau SAP145 in vitro.

A. lNa v dokiur xpnoigoTroinenkav I00uoplakég TToooTnTeg TNG GST kal Tng GST-
FRA10AC1 culeuypévwy pe agaipidia aepapdlns-yAoutabeidvng Kai ol padioCNUACUEVES
mpwteiveg DGCR14 ka1 SAP145 trou TTaprxbnoav pe yetaypa@n/uetdepaan in vitro. O
EAEYXOG TWV TTPWTEIVWV TTOU €ival OUVOEDENEVEG PE Ta a@alpidia £yive petad atmd SDS-PAGE
o€ TMKTWa 10%, otaBepoTroinan, {Apavan Kal autopadioypa@ia Tou PETAE atrd OAOVUKTIO
€kBeon. Z: TpwreEiveg ouvdedepéveg ata oalpidia, Y: uttepkeipevo- To 10% TOoU TUVOAIKOU
B. ZxnuaTikr} atmmeikévion Twv TTOAUTTETITISIWY TTOU CUUUETEIXav aTnv dokiun: n FRA10AC1
TTA)poug pnkoug, n DGCR14 (25-463aa) ka1 n SAP145 (154-813aa).

= Xaproypdenan twv mepioxwyv aAAnAemidpaong twv mpwreivwv FRAT0ACT

kai DGCR14

H aAAnAemidpaon Twv mpwrteivwv FRA10AC1 kai DGCR14 peAetrBnke
TEPAITEPW WOTE VA XapToypapnBouyv ol uTteUBbuveg TTepIoxEG. O €AeyX0g
TTPAYHMATOTTOINBNKE Pe OOKIYA CUVKATAKPRMVIONG KATd TNV OTToia eAéyXBnkav
TuAPaTa Tng DGCR14 1Tou Trapnxbnoav o€ BakTthpia oe ouvtnén pe tnv GST pe
mepioxég TG FRA10AC1 trou Traprxbnoav o€ kuttapa COS7 og ouvtnén Pe TNV
EGFP.

MNapaywyn kai arroudvwon tunudrwy g mpwreivn DGCR14 o€ Bakrinpia

O1 xipaipikég TTpwTeiveg TrTapixdnoav o1o atéAexog BL21 (DE3) CodonPlus
TNG E.coli yeTd@ a1md YETAOYNUATIONO TWV KUTTAPWYV HE TIG TTAOOIDIOKEG KATAOKEUEG:
1) DGCR143547,_ pGEX 3X, 2) DGCR1455 20, pGEX 4T-2, 3) DGCR14 223472 pGEX
3X, 4) DGCR14594.470_ pGEX 3X, 5) DGCR14,15.316_pGEX 3X, 6) DGCR14390.
472_ PGEX 3X ka1 7) pGEX 3X. H etTaywyn NG €KQPaot|G TOUG TIPAYHATOTTOINBNKE e
1mM IPTG aToug 28°C yia 16h fj ye 0,1mM IPTG yia 2h (GST- DGCR1445.472 Kall
GST-DGCR14294.472) A ME TMM IPTG yia 4h (GST- DGCR14,5.522) 0€ KaAIépyeia

200ml. AkoAouBnoe KataAANAn etTe€epyaaia Tou BakTNPIOKOU EKXUAICHATOG WOTE VO
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d1aAuToTToINB0UV o1 XIMaIPIKES TTPWTEIVES. To avTioTolxo ekxUAIopa TNG GST evToTri-

CeTal 01O OI0AUTO KAGOUA. ZTN OUVEXEIQ, TA TTOAUTTETTTIOIO aTTOMOVWONKav Pe

XpwHaToypagia ouyyévelag XpnoIhoTTolwvTag ogaipidia oepapolng (0,15ml)

ouleuypéva pe yhoutaBeldvn. MeTd Tnv TTo00TIKOTTOINCH TOoug (EIK. 59), €l00ppoTTH-

Bnkav oe didAupa RIPA kal xpnoiyoTroifénkav otn SoKIUr GUVKATAKPAMVIONG.
MNapaywyn tunuarwy tng mpwreivn FRA10ACT o€ kKUTTapa BnAaoTikwy
COS-7

O1 xipaipikég Tpwreiveg TaprixBnoav og kUTTapa COS-7 Petd atmo TTapodikn)

olapoAuvaon pe TIG TTAacpidlokég kaTaokeuég FRA10AC _ful/[pEGFPN1,
FRA10AC1_Bbs_Stu/pEGFPC1 kai pEGFPC1 1Tou KwdIKoTToI0UV TO TTAPOUG
MAKOUG TTOAUTTETTTIOIO, TO KEVTPIKO TUARUA Tou (aa:96-253) kai Tnv EGFP, avTtioToixa
(EIk.59). Ta kUTTapa CUANEXBNKav PETA aTro eTTwaon 36h, AUBnkav e didAupa RIPA
Kal TO eKXUAIOHA XpNOIKOTTOINONKE 0T SOKIWI GUVKATAKPAMVIONG.

AOKIuN cuvkarakpenuvionc

MNa TN OOKIUA CUVKATAKPAMVIONG XPNOIKMOTTOINBNKE ~1ug TwV XINAIPIKWV
mpwTteivwvy GST-DGCR14 A 1ng GST (ouleuypévwy pe yAoutaBeidvn-ce@apdln) kai
TO TTPWTEIVIKO ekKXUAIoHa KuTTdpwy COS-7 TTou cixav dIaoAUVOEi TTapodIKA HE TIG
KATAAANAeG TTAAOIBIOKEG KATAOKEUEGS. H eTTwaan TpayuaTtotroindnke o€ 300 pl
dlaAUpaTog RIPA, otoug 4°C utré oAovUkTIa avadeuan. AkoAouBnaav eKTTAUCEIS PE
10 id10 d1GAupa, SDS-PAGE, uypr) NAeKTPOPETAQOPA TwV TTOAUTTETTIOIWY O€
MePBpavn kal Western pe 1o avriowpa a-GFP (Eik. 59). Katd tnv apxikn digpedvnon,
eAéyxOnke n aAAnAemidpaon Tng FRA10AC1T TTApoug PAKOUG e DIAQOPETIKA
TuAuata tng DGCR14. To atrotéAeopa €0€1&e O TO TUAUA TNG TTpwTeivng DGCR14
TTou TTEpIAapBavel Ta apivoééa 294-472 gival IKAVO Kal AvayKaio yia Tnv
TTapatnpoupevn aAAnAeTTidpacn. ETiTAéov, @Avnke OTI U0 UTTOTTEPIOXEG AUTOU TOU
THAPATOG, TTOU QVTIOTOIXOUV OTa apivoééa 218-316 kal 390-472, dev gival IKavEG va
aAAnAemidpdoouv pe TNV FRA10AC1, yeyovog TToU CUVETTAYETAI OTI TO TUAUA TNG
TTPWTEIVNG PeTalU Twyv apivoéwy 317-390 cival atmoAUTwg atrapaitnto (Eik. 59).
Mpétrel va onuelwBei OTI 6° auTd TO TUAKA, KAKOUG ~70 apIvo&Ewy, XapToypagEiTal TO
MoTiBo coiled coil, TTou £x&l CUOXETIOTET PE TTPWTEIVIKEG AAANAETTIOPACEIG. TN
OUVEXEIQ KAl uE OEOOPEVN TNV UWNAR OUVTHENCN TTOU EUPAVICEl N KEVTPIKN TTEPIOXN
NG MpwTeivng FRAT10AC1 ota opBdAoya popia, JeAeTABNKE N aAAnAeTTidpacn autou
TOU TUAPATOG (apIvogéa: 96-253) pe Tnv epioxr) Tng DGCR14 10U TAuUTOTTOINBNKE
TTpoNYyoUHEVWG (apivoéa 294-472). MNpdayuaTi, Je T SOKIWF GUVKATOKPAMVIONG,
@Aavnke o1 N duean aAAnAetTidpacn peTagl Twv Tpwreiviov FRA10AC1 kai DGCR14

ETTITUYXAVETAI HECW TWV OUYKEKPIMEVWY TUNUATWY (EIK. 59).
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A. Xipaipikég Tpwreiveg GST-DGCR14 B. Xipaipikég mpwrEiveg
FRA10AC1-GFP
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Eik. 59: XapToypdenon Twv mepioxwv aAAnAemidpaong Twv mpwreivwv FRA10AC1
kai DGCR14. A. H rpwrteivn TAfpoug prikoug DGCR14 kai TuApaTta TG TTaprxbnoav e
Baktpia e ouvingn pe Tnv GST. O1 avacuvduaouéveg TTpwTEiveS eAEyxOnkav pe SDS-PAGE
(10%) ka1 akdAouBn xpwaon pe Coomasie blue (Trédvw). Ta ToAuTTeTTiIdIO # 1-7 atreikoviovTal
OXNHOTIKA KOl GUYKPIVOVTaAI JE TNV TTARPOUG HAKOUG TTPWTEIVN KABWG Kal e Ta THAUATA TNG
TTOU AVTIOTOIXOUV OTOUG KAWVOUG TTOU TauTOTTOINONnKav aTo Treipapa duo uBpidiwv. B. H
TpwTeivn TTARpoug prikoug FRA10AC1 kai To KevTpIKO TNG THAKA (96-256aa) Traprixbnoav oe
kUTTapa COS-7 og ouvinén pe Tnv EGFP. ®aivetal To amotéAeopa Tng avaAuong Western
TWV avAoUVOUACUEVWV TTPWTEIVWV XPNOIYOTTOIWVTAG To avTiowpa a-GFP (TTdvw) kai n
OXNHOTIKA aTTEIKOVION TwV TTOAUTTETITISIWY. M. AOKIPA GUVKATOKPRAMVIONG HETAEU TwV
OIAQOPETIKWYV TUNUATWY TWV TTPWTEIVWYV. Z€ KABe OOKIPA Xpnoiyotroinénkav ~1ug Twv
XiHaipikwv TTpwreivwv GST-DGCR14. H mpwrteivn FRAT0AC1 TTARpoug pAkoug aAANAETTIOPG
ME Ta TuAuata #1, #2 kai #4 tng DGCR14, 611w @aivetal atrd Tnv availuon Western ue 10 a-
GFP (mravw). O1 apiBuoi 1-7 KaTw atmé 10 QIAY avTioTolXouv oTa TuAuata Tng DGCR14 tTou
xpnoiygotroindnkav oe k&GBe dokiury, Baael TG apibunong otnv Eik. (B) kai 1o | kau Il
avtioToixouv otnv FRA10AC1 mARpoug prkoug kai Tnv EGFP (apvnTikdg éAeyx0g) avTioToixa.
To (+) oupPoAilel Tnv emBePaiwon TG aAnAettidpaong, (AE: dev TTpayuaToTToINONKE). 210
KATW Pépog @aivetal n empeBaiwon NG aAAnAeTTidpaong Petagu Tou TuAPaTog Il Tng
FRA10AC1 kai Twv TunudTtwy 1 kai 2 Tng DGCR14, 61w arreikovi¢ovral oTig Eik. (A) kai (B).
To tunua Il Tng FRAT0AC1 dev aANAemdpd pe TRV GST (apvnTikdg EAeyX0G).
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Y- EmBeBaiwon mpwreivikwv aAAnAsmdpdoswy in vivo
H tautoxpovn Trapoucia Twv TpwTeiviovy FRA10AC1 kait DGCR14 oTo id10

TIPWTEIVIKO GUUTTAOKO EAEYXONKE W€ TTEIpAA OUV-aVOOOKaTaKpPrUvIonS. EidikoTepa,
TTPAYHATOTTOINBNKE avoooKaTakpruvion mng evdoyevols FRA10AC1 pe 1o avTicwpua
anti-FRA10AC1 og ekxuliopyata kuttédpwyv COS-7, ata oTroia eixe emiTeuXOEei
UTTEPEKPPAOT TNG XIMaIpIKAG TTpwTeivng EGFP-DGCR14 (Eik. 60). H uttepékgppaan
TTPayUaATOTTOINONKE PE TTAPODIKN dlauOAuvon UE TNV TTAGOUIBIAKE KATAOKEUN
DGCR14_pEGFP_C1 1rou kwdikoTrolgi axedOv TNV TTAAPOUG JIKOUG TTPWTEIVN
(oTepeital Ta N-teAikd 24 auivoééa). H Trapouacia Tng EGFP-DGCR14 o10
QvOOoOKaTaKPAMUVIoUa eTTIRERaiwBNKe ye avaAuon Western pe 1o avtiowpa a-GFP.
MNa Tov apvnTIKG £Aeyxo, akoAouBrBnke n idla diadikaacia, o€ KUTTAPIKA EKXUAiouaTa

étTou gixe utrepekppaoTei n TpwTeivn EGFP pévn 1ng (Eik. 60).

W.B.: a-GFP N
&

IP mock IP mock \OQ -&Q un

DGCR14-EGFP — |« pam— 661D

MpwTeiv A/ BapiG  — | H— S S —
aAucida avTiowpaTog

= _. - 31kD

EAagpid aAucida
AVTIOCWHOTOG el -

Mpuwreivn G "M

— —
DGCR14-EGFP EGFP

Eik. 60: H evdoyevig rpwTeiv FRA10AC1 GUV-0vOCOKATOKPNMVIETAI UE TNV
avaouvduaopuévn DGCR14-EGFP. H avoookaTtakprpvion TTpayuaToTTolnenke ye ~1ug
avtiowpatog a-FRAT0ACT gg TTpwreiviko ekxUAIoua kutTapwy COS-7 oTa oTroia gixav
ekppaoTei TTapodikd ol Tpwreiveg DGCR14-EGFP kai EGFP (apvnTikog éAeyx0g) Kal
eAéyxOnke pe avahuon Western pe 1o avriowpa a-GFP (8¢€1a). H DGCR14-EGFP avixveuetai
OTO avoooKaTakpruvioua (BEAoG) evw dev avixveuetal n EGFP. IP=cuv-avoocokatakpiuvion,
mock=TrapAdAANAn eravaAnyn Tou TEIpdPaTOS ATToUdia avTiowuaTtog. Etriong onueiwveral n
TTPOEAEUCN TWV ETTITTAEOV (WVWV TTOU TauToTToloUvTal. Ag€Id, QaiveTal TO ATTOTEAETUA
avaAuong Western pe a-GFP o1o 1/10 Tou TTPpWTEIVIKOU EKXUAIOUATOG TTOU XPNOIUOTTOINONKE
OTNV OUV-QVOOOKOTOKPAUVION.
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» Aligpguvnon TnNg UTTOKUTTAPIKAS TOoTToAoyiag Twv mpwreivwv FRA10AC1,

DGCR14 ka1 SAP145

MNa Tnv mpwreivn FRA10AC1 deifaue 611 evToTni{eTal GTOV TTUPAVA EVW VIO TIG
mpwrteiveg SAP145 kai DGCR14 gival yvwaoTd atmd ToAaIOTEPES HEAETEG OTI €ival
TUpNVIKEG oTa BnAaoTikd (Das BK et al, 1999; Lindsay EA et al, 1998). To epwtnua
TTOU TEBNKE KAl TTOU ATTOTEAET CUVEXEID TNG ETTIRERAIWONG TWV PETAEU TOUG
OAANAETIOPATEWY, €ival €AV Ol TPEIG TIPWTEIVEG GUVEVTOTTICOVTAI KOI UTTOKUTTOPIKA.

H ouykpITIKA HEAETN TOU TTPOTUTTOU €KPPACNS TOUG TTPAYHATOTTOINONKE e
MIKpOOKOTTiO (pBopIcUOU o€ KUTTapa Hela oTta otroia avixveloaue Tnv evOoyevh
SAP145 kai Tig xipaipikég FRA10AC1-EGFP kai Xpress-DGCR14 (Eik. 61). Ta
KUTTapa dlauoAuvOnkav TTapodiké Pe TIG TTAAOUIBIAKEG KATOOKEUEG
FRA_full_pEGFP_N1 110U KWAIKOTTOIEI TO TTARPOUG PAKOUG TTOAUTTETTTIOIO KAl
DGCR14_pcDNA3.1_HisA, 1Tou KwdIKOTTOIEi TNV OXEOOV TTARPOUG HNKOUG TTPWTEIVN
(25-472aa). Na Tov EVTOTTIONO TWV TTPWTEIVWV XPNOIKOTTOINBNKAV TO TTOAUKAWVIKO
avTiowpa a-SAP145 (dwpo 1ng Dr. R.Reed) kai 1o povokAwvikd avTticwua a-Xpress
TToU avayvwpilel Tov emmitotro emoAuavong Tng DGCR14.

A6 Tnv avaAuon (EIk. 61) @avnke 611 o1 mpwreiveg FRA10AC1 kait DGCR14
£XOUV TaUuTOONHO TTPOTUTTO KATAVOMNG, TOOO 0€ KUTTAPA OTTOU N CUCCWPEUCT| TOUG
gival oXeTIKG odoIoyEVG 600 Kal o€ KUTTapa OTTOU Ol TIPWTEIVEG EVTOTTIOVTal O€
OTIKTWOEIG dOPEG aTOV TTUPVA. AUTEC OI EvTova DIOKPITEG ECTIEG OEV TTAPATNPNBONKAV
oTnVv TEPITITWOnN TNG TTpwTeivng SAP145, wotdoo cival duvartr n dIdkpIon TTUPNVIKWY
TTEPIOXWV OTTOU N CUCCWPEEUCH TNG €ival JEYOAUTEPN. Z€ QUTEG TIG TTEPIOXEG, OF
onPavTikd TTOo0O0TS TWV KUTTAPWY, TTAPATNPEABNKE Kal augnuévn CUCOWPEUON TWV
mpwTteivwvy FRAT0AC1 kait DGCR14. O mTapatnpoUPeVOG CUVEVTOTTIONOG OTTOTEAEI
BeTIK £vOEIEN IO TN ASITOUPYIKA CUCXETION TWV HOPiWV.

H utréBeon yia Tnv TauTOTNTA TWV OTIKTWY OOUWY €ival OTI €iTE TTPOKEITAI VIO
OUCCWHATWHATA €iTE yIa TTUPNVIKA SIOUEPIOUATO-XWPEOUG CUCOWPEUCNG-
QaTTOBNKEUONG TWV TTPWTEIVWY, TTOU oXNUaTifovTal o€ KaTtdoTaon utrep-agooviag
TOUG, OTTWG oupBaivel Kata Tnv TapodikA diaudAuvon. MBavwg, autdg gival o Adyog
TTou N SAP145 dev gppavilel Evtova OTIKTO TTPOTUTTO KOBWS avIXVEUOUUE TNV
evOoyevr) TTPWTEIVN, TTOU Ta €TTITTEOA TNG €ival CaPwg XapnAdTepa atmd autd Twv
avaouvduaopévwy FRAT0AC1T kai DGCR14.
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FRA10AC1-GFP
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Eik. 61: YITOKUTTAPIKOG OCUVEVTOTTIONOG TwV TTpwTEivwv FRA10AC1, DGCR14 kai
SAP145. Z¢ 6Aa Ta KUTTAPA TTOU EEETATTNKAV, O avaouvOuaopéveg TTpwreiveg FRA10AC1-
EGFP (mpdaoivo) kai DGCR14-Xpress (KOKKIVO) eu@avifouv TAuTOGNUN TTUPNVIKI KATAVOWN
(ouykpion 10-1B, 2a-2f3, 3a-3B), diaxutn (1a-1B) ] oTIKTA (20-2, 3a-3B). ZTnNV TAcIoVOTATA
TwV KUTTApwvV (~90%) Kai o1 TPEIG TTIPWTEIVES EPavifouv OXETIKA SIAXUTN TTUPNVIKI) KOTOVOUN
(1a, 1B, 1y) koI n cUyKpIoN Twv TTPOTUTTWVY TOUG (10) TTaPOUCIAlel GNUAVTIKA GAANAOETTIKAAU-
wn (dotrpo). OAeg o1 EIKOVEG TTPOEPKOVTAI ATTO OTTTIKEG TOUEG OE CUVECTIOKO HIKPOOKOTTIO
@Bopiouou.

» ZUYKPITIKN) MEAETN TOU TTPOTUTTOU EK@PPAaon¢ Twv yovidiwv Fra10Ac1,
Dgcr14 ka1 Sap145 kara tnv suBpuikn avamruén Kai OToV EYKEPAAO Tou
TOoVTIKOU
ATtrapaitnTn TPOUTIO0ECN YIa TNV AEITOUPYIKH CUCXETION TWV TTPWTEIVWIV

FRA10AC1, DGCR14 kai SAP145, ektd¢ atrd tnv emBeRaiwon Twv TTPWTEIVIKWY
AAANAETTIOPACEWY TOUG KOl TOV UTTOKUTTAPIKO CUVEVTOTTIONO TOUG, €ival N
ETTIKAAUTITOMEVN METAYPAPIKA EVEQYOTNTA TWV AVTIOTOIXWV YoVIdiwv o€ TTITTEDO
opyaviopou. ETITTAé0ov, 0 TOTTOAOYIKOG KAl XPOVIKOG TTPOCdIoPIoUOS TNG EKPPAoNnG
TWV YovISiwV TTPOC@PEPOUV TTOAUTIMEG TTANPOPOPIES YIA TNV CUVEICPOPA TOUG OTNV
OVTOYEVECT) TOU OpyaviGuoU.

O ouykpITIKOG EAEYXOG TOU TTPOTUTTOU EKPPACNAG TOUG TTPAYUATOTTOINONKE WE
Teipdauata uBpidotroinong in situ o€ ofeAiaieg TOUEG OAGKANPWY EURPUWY
avatrtuglokwyv otadiwv E12.5, E13.5 kai E14.5 kai og oTe@aviaieg TOPEG EyKEQAAOU
€VAAIKOU TTOVTIKOU Kal HE ava@opd Toug I0TOUG Kal TIG BOUES OTTOU €iXaME
TTapATNPACEl UWPNAR NETAYPAPIKT EVEQPYOTNTA TOU yovidiou Frat0ac1. Ol
piBoavixveuTég oxediaoTnkav pe Bdon Ta opBOAoya yovidia Tou TTOVTIKOU,

QVTIOTOIXOUV KOTA TO JEYAAUTEPO PEPOG TOuG aTIG TTeploxéS 3'UTR kai TTaprixbnoav
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ME HETAYPOA®N in Vitro PETA OTTO YPAUUOTTOINON TWV TTAACUISIOKWY KATATKEUWYV
Fra10ac1_pBluescript KS+, Dgcr14_pBluescript KS+ kair Sap145_pBluescript KS+
(Ex. 11).

A6 TNV avdAuon (EIK. 62) Tpoékuwe OTI Ta yovidla Sap 145 kai Dgcr14 civai
peTaypa@ikd evepyd o€ 0Aoug oxeddV TOUG I0TOUG TTOU EAEyXOBnKav
OUMTTEPIAQUPBAVOUEVOU KAl AUTWY OTTOU Eixaue avixveloel uynAd eTTiTreda
peTaypdpwy Tou Fra10ac1. EIBIKOTEPA, EVTOTTIOTNKE TUVEKPPOON TWV TPIWV YOVIDiwV
T600 OTO VEUPIKO auoTnua [TTpdaBiog @A0I6G, KATA JrKOG TOU VWTIAiou PJueAou,
EYKEQAAIKO OTEAEXOG (UECEYKEPANOG, YEQUPQA), XOPIOEIOES TTAEYHA, TPIdUO vEUPO]
000 KaI 0€ E0WTEPIKA Opyava Tou gPRpUoU (TTvelpoveg, kapdid, ATTap), Eik. 62A.
EmimA€ov, onuavTik aAAnAoeTTIKAAUWN TTapaTnErROnke o€ SOUEG TOU EYKEPAAOU TOU
evnAiKou TToVTIKOU [@A0IOG (aTTIoEIdNG, KIVNTIKOG), auuydaAa, TTpooBiog oUvOET oG
EYKEQAAOU, UEGOAOBIO, SIAPPAYUA, VEUPIKES IVES ITTTTOKAUTTOU, paBdwTd cwua],

Eik. 62B. Etiong, mapatnprnénke upnAdtepn £kppacn Tou Sap 145 Kai GuyKpiciun
Twv Fra10ac1 ka1 Dgcri4.

To CUYKPITIKO TTPOTUTTO £KQPOCNG TWV TPIWV YOVIOIWY CUNQWVEI hE Ta
atroTeAégpaTa TNG avadAuong TnG aAAnAeTTidpacng Twv avTioToixwyv TTpwTeivwyv. Ocoov
a@opd Tov BioAoyikd Toug POAO, UTTOOEIKVUEI TTIPWTEIVES TTOU €ival ATTAPAITNTEG ATTO
TA TTPWIYA avaTITUEIakd oTadIa ae OAOUG TOUG I0TOUG, UTTOBNAWVOVTAG TTPWTEIVES

KYEVIKWV KABNKOVTWV».

177



ArmroreAéopara

A. FRA10AC1 DGCR14 SAP145
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FRA10AC1 DGCR14 SAP145
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Eik. 62: ZuykpITIKF ) HEAETN TOU TTPOTUTTOU £KPPaONG TwV YyoviSiwv Fra10ac1, Dgcr14 kai
Sap145 pe RNA in situ uBpidoTroinon o€ ofeAiaieg Topuég eBPUWYV TTOVTIKOU NAIKiag
E12.5, E13.5 ka1 E14.5 (A) ka1 o€ oTe@aviaieg TOPEG EyKePAAou evijAikou TTovTikoU (B).
210 €UPpua, SIOTTIOTWONKE CUVEKPPACT TWV TPIWV YoVIdiwv aTov TTPpocBio @Aoid (fc:frontal
cortex, A1-A3), To vwrTiaio yueAo (sc:spinal cord, B1-B3), 1o peoeyképaio (m:midbrain, 1-
"3), T0 xopio€idég TTAEypa (cp: choroid plexus, A1-A3), Tn yépupa (p:pons, E1-E3), To Tpidupo
veupo (ig : trigeminal nerve, £11-2T3), Toug Trveupoveg (lu:lung, Z1-Z3), Tnv kapdid (h:heart,
H1-H3) ka1 o Arap (li:liver, ©1-O3). 210V £YKEPAAO CUVEKPAPON TTAPATNPENONKE OTOV
amoeldn (pc:piriform cortex, 11-13), Tov KivnTIKG GA0I6 (Mc: motor cortex, K1-K3), Ta aplydaia
(am: amygdale, A1-A3), Tov TTp60BI0 GUVOETHO TOU EYKEPAAOU (ac: anterior commissure, M1-
M3), To peaoAdBio (cc: corpus callosum, N1-N3), To didgpayua (s: septum pellucidum, N1-
N3), o€ veupikég iveg Tou ImrrrokauTrou (fifibria hippocampus, =1-=3) kai To pafdwTd cwua
(cp: caudate putamen, O1-03).
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4.1. Novidiwpuarikn avdaAuon rou xpwpoowuarog 10

To TpwTo PEPOG TNG Epyaciag GuvéBaAE OTNV KATATKEUR TOU QUOIKOU XAPTN
Twv Tepioxwy 10923.31-g25.3 kai 10926.2-qgter TTou aBpoioTikd atroTeAouv 35Mb,
QVTIOTOIXWVTAG 0TO 25% Tou XpwHOooWHAToG. O XApTNG auTOG atroTEAECE TN BAon
yla TOV TTPOCdIOPICHO TNG AAANAOUXIOG TWV AVTIOTOIXWY XPWHOCWHIKWY TTEPIOXWV.
H teAikr) aAAnAouxia kai o xapaktnpiopdg g in silico ohokAnpwenkav 1o 2004
(Deloukas P et al, 2004), kaBIOTWVTAG IOCTOPIKA TO XPWHOOWHA aAUTO, TO Oyd00 KaTd

XPOVOAOYIKN O€Ipd XPWHOCWHA TTou avaAuetal TTARpwG (EIK. 63).

» Xaprtng kKAwvwv-aAAnAouyiag

To QuOIKS PAKOG TOU XpwHooWHaTOG gival 135Mb tTou avTioToixei 010 4,3%
Tou yovIdiwpaTog (3,08Gb). To eAdxioTa AAANAOETTIKAAUTITOPEVO HOVOTTATI
ouvioTartal atmé 1,144 kAwvoug, wg e1Ti To TTAgioTov BACs (1095). O pikpog
Bpaxiovag KaAUTITETAI OAOKANPOG aTTO €va eviaio contig KAWVWY TTOU TTEPIEXEI TO OPIO
EUXPWHATIVNG-ETEPOXPWHATIVNG, VW TA akpaia 250kb @EpouV TIG TTEPIKEVTPONEPIKES
dopugopikés emavafyelg (EIK. 21, EIk. 63). Z10 pgeydAo Bpaxiova, o QUOIKOS XApTNG
gedaviCel 9 xadouara, 5 atrd Ta OTToI0 XapToypa®ouvTal o€ pia Teploxr ~4Mb, kovtd
oTo KevTpouepég (Eik. 63). H TTapouaia Toug o’ autriv TV B€on ogeileTal oTnv
UTTapEn EKTETAPEVWY DITTAACIOOUWY EVW TO PEYEBOG TOUG, OTTWG eKTIUABNKE pe FISH,
Oev Letmepvd Ta 50kb 1o KaBéva. ZuvoAikd, To PéyeBOG OAWY TWV EUXPWHATIVIKWV
XOOPATWYV gival pikpoTepo atrd 840kb. Ooov agopd Ta TeAoEPR], OTO WIKPO
Bpaxiova, o akpaiog KAwvog atréxel 20kb atrd TIg TEAOUEPIKEG ETTAVOAAWYEIG VWD OTO
MeYAAo Bpaxiova o akpaiog KAWVOG TTEPIEXEI HEPOG QUTWYV TWV TTAvVAAWewv. H
TEAIKA aAAnAouyia gival 131.666.441bp, KaAUTTTEl TO 99,4% TNG EUXPWHATIVNG KAl N
mOoToTNTA TNG EeTTEPVA TO 99,99%. MepIAapBavel OAa Ta yvwoTtd mRNAs kal STSs
TOU XPWHOCWUATOG KAl SIAKOTITETAI ATTO 17 Yovo xaouata (Eik. 63). To peyaAuTtepo
contig aAAnAouxiag €xel pAkog 44,7Mb kal kaAuTrTel TNV TTEpIoxn 10923.1-g26.13
(Eik. 21, Eik. 63). H aAAnAoUxnon moocooTou ~60% auTou Tou contig, OTnPIXTNKE

OTOV QUOIKO XAPTN TTOU TTEPIYPAYAIE.

» ZUYKpIOnN YEVETIKOU-QUOIKOU XdpTn
O avaouvduaoudg cival pia BepeAindng diadikacia Tng e€EAIENG TTou o€
OUVOUOOHO JE TIG HETAAAQYEG EUBUVETAI YIa T TTPOTUTTA TNG YEVETIKAG
TTOIKINOOP®IaG TTOU TTapaTnEoUvVTal 0Toug TTANBUCcPoUG. To TTOC0OTO TwV
avaouvouaouwy uttoAoyileTal pEow OUYKPIONG TOU YEVETIKOU UE TO QUOIKO XAPTN,
TTOU TTAOV QVTITIPOCWTTEUETAI ATTO TNV YEVWHIKA aAAnAouyia. To TToo0oTO AuTO OTO

Xpwuocwpa 10, katd péoo 6po, eival 1,32cM/Mb. QoTd00 Kal 0€ GUUPWVIA PE TO
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Eik. 63: O ydpTh¢ T wddnbouyiog Tou ¥Ypwpoocwparod 10, n ouvTwvic pE TOV TTOVTIKG, TOV

apoupaio Kal Toug 1¥00£¢ koo Ta yovidio Tou kwdikoolody wpwTEive. Atrakovifoval ammd mhvw
Tpog 10 KdTo: 1) o quvteraypeves o Mb, 2 o wdprng g ahhndouyicg 10U ypwpoTwpatag (paiph

YOQPEE) KOl 7O ¥E0pard 1ou gumkad wdpTn kal TR aadndouyias (yepl), 3) o quyTdvIKES TTEpioyss 1oV
TTavTIKd kdl Tov gpoupaio. KdBs ypupdowpa gupforiferar pe diggopenkd ypwpa. Emiong avaypd gerta n

apiBpnTn Twy ypwpoTwPdToY KOl ol TUVTETOYHEVES Ty TUVTOIVIK Ay TTepioy ty o Mb, 4) 1o
Tpophemdpeva vnmidio CpG (kape), 5 ol TeployEs opahoyiag oto Fugu (pTTAg), 10 Zebratish (Tralpo

ptThe] ko 1o Tetrsodon (pol) kon B) 1o yoviBig Trou Kwdikorooly TpoTdved. Ta yvoord yow o

gupfodifovial pe akolpo PTThs KO T8 evEds pe padpo. Avarimmoot amd Deloukas P et 5/ 2004
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utréAoitro yovidiwpa (Yu A et al, 2001), rapoucidlel anuavTiKES DIGKUPAVOEIG KATA
MRAKOG Tou. 'ET01, TO TTOCOOTO avaoUVOUACHWY TNV TTEPIKEVTPOUEPIKY TTEPIOXN
EUQAVICETAI PEIWMEVO UEXPI KAl BUO POPEG AIYOTEPO 0€ OXEON PE AAAEG TTEPIOXEG.
EidIkOTEPQ, METAEU TwV deIKTWY D10S1247-D10S1783 (EIK. 64), TTOU
XOPTOYPOPOUVTAI EKATEPWOEV TOU KEVTPOPEPOUG OTIG Cwvesg 10p11.22 kai 10g11.21
avTioToixa, n avahoyia yeveTikou / guoikou prkoug gival 0,3cM/Mb. XapunAd tmooooTd
avaocuvduaopwy (0,72cM/Mb) TTapaTtnpeital YeEVIKA o€ OAN TV XPWHOOWHIKNA
meploxr) 10q11. AvtiBeta, AAAEG TTEPIOXEG TOU XPWHOOWHATOG XOPAKTNPiCovTal atrd
1I010iTEPA auéNPéVo TTOCOOTO aVACUVOUACHWY. TO UYPNASGTEPO TTOOOOTO TTAPATNPEITAI
OTIG UTTOTEAOMEPIKEG TTEPIOXEG KAl EIDIKOTEPA METAEU TwV deIKTWY D10S1782-
D10S212 (3,4cM/Mb) ka1 D10S1154-D10S552 (4,55cM/Mb) oT1ig {wveg q26.2 —q26.3
kal p15.3-p15.1 avrioToixa (Eik. 64). To @aivépevo autd Trapartnpeital o OAa 1a
xpwuoowpata (Yu A et al, 2001; Kong A et al, 2002; Jensen-Seaman Ml et al, 2004)
Kal gixe emonuavoei kal TTpiv TNV aAAnAoUxnon Tou avBpwITivou yovISIWUATOG
(Payseur BA & Nachman MW, 2000).

15

14 D1OS1154]4 55cMIMb
13 D10s552 1*2°¢
00 1 D10S211
D10S212—,
1 D10S1247 . D1os782—o
}0,30M/Mb s 7/
C3 A
1 D10S1783 = ;
g 150 4
5 T
21 .g r~
D1051783.+" 4
_g 100 D1081247 |J_B$’ Diossrs
22 < P o
5 0108211 7
10q g ; }"".
= 0 i ~—Sex-averaged
2 = Female
Male
B
4 ] 20 40 80 80 100 120 140 160
24 i i
®duoikn aréoTaon (Mb)
25
D10S575
26
D1OS1782]3 4cMMb
D10S212 1%*C

Eik. 64: Z0yKkpion YEVETIKOU-QUOIKOU XAPTN KATA MAKOG TOU XpwuoowpuaTtog 10. 310
O1dypappa atreikoviCeTal n oToixion Tou yeveTikoU xapTtn (deCODE) Twv apoevikwv atopwv
(KiTpIvo), Twv BNAUKWY ATOPWYV (KOKKIVO) KAI TOU GUVOUAGCTIKOU XAPTN Twv dU0 QUAWYV UE TO
QUOIKO XAPTN KATA UKOG TOU XPWHOCWHATOG. ZNUEIVOVTAI Ol YEVETIKOI OEIKTEG TTOU
kaBopifouv Ta 6pia Twv TTEPIOXWV OTTOU TTapaTtneeital IdiaiTepa xaunAo (D10S1247-
D10S1783) rj upnAd ToocoaTéd avacuvduaouou (D10S1154-D10S552, D10S1782-D10S212).
Emiong armreikovideTan n TrEPIOXT METOEU TWV YeVETIKWY BeikTwy D10S211 kai D10S575, katd
MIKOG TNG OTTOIOG TO AVTIOTOIXO TTOC0CTO gival augnuévo aTo XApTn Twv BnAukwy atépwy. H
Béon OAWV TWV TTOPATTAVW YEVETIKWV OEIKTWV PAIVETAI OTO IDEOYPAPMA TOU XPWHOCWHATOG
(apioTePA).
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Algpeuvwvtag Tnv avaioyia cM /Mb atnv Trepioxr 10923.31-g25.3 (Eik. 65),
ME BAON TOUG YEVETIKOUG XAPTES Twv dU0 pUAwV Genethon, IMBB kai Marshfield (Dib
C et al, 1996; Marzella R et al, 1997; Broman KW et al, 1998) Traparnpoupe 6TI TO
TTO00O0TO AVOCUVOUOCUWY TTAPOUCIALEl YEVIKG opoiopop®n KaTavour kad’ 6Ao 1o
MAKOG Twv ~25Mb kai n avaloyia yeVETIKAG/QUOIKNAG aTTOCTAONG €ival, KATA HECO OPO
YIO TOUG TPEIG YEVETIKOUG XApTeG, ~1cM/Mb. ETtiong, n d1atdén Twv KOIVWV YEVETIKWV
OEIKTWV Ol OTTOi0I aTTOTEAOUCAV ONUEia ava@opdg KATd TV KATOOKEUN TOU QUOIKOU
XapTn, €ival cuppath pe Tn iIaTagA Toug oTnv aAAnAouyia Tou XpwHOCWHATOG
(EIk. 65). QoTO600, 0t KATTOIEG TTEPITITWOEIG N OEIPA HEHNOVWHEVWV YEVETIKWV OEIKTWV
gival aveoTpaupévn, 1x. N diaragn tou D10S1269 ot oxéon We Tov D10S554 oTov
xapTtn Marshfield (Eik. 65). To @aivouevo autd oQeiAeTal OTO OTI N KATAOKEUR TWV
yeveTIKwVY xapTwv Genethon kai Marshfield otnpixtnke otn yovoTtuTtikn avdAuon 8
olkoyevelwy avagopds CEPH, apiBuog TTou o€ PJEPIKES TTEPITITWOEIG OEV Eival
OpPKETOG. TEAOG, DIAPOPEG TTAPATNPOUVTAI KOI METAEU TWV YEVETIKWYV XOPTWV Twv dUO
QUAWV. ZTa BNAUKA dTopa TO TTOCOOTO AvacuVOUACHOU gival YEVIKA upnAdTEPO KO’
6Ao TO unRKog Tou Xpwuoowpuatog (D10S211-D10S575, EIk. 64) ANV Twv

TEAOPEPWY, OTTOU GUMBAIVEI TO AvTIOTPOPO.

» EmavaAauBavousves aAAnAouyiss

O1 eravaAapBavopeveg aAAnAouyieg attoteAouv TouldyioTov 10 50% TOU
avBpwTivou yovidiwuartog (Lander ES et al, 2001). Z& auTég avAKOUV TA PETABETA
oToIxEia, Ta weudoyovidia, ol atmAég eTavalaupavoueveg aAAnAouxiec SSRs [simple
sequence repeats 1.X. (A)n, (CA)n, (CGG),], ol dITTAACIACHOI, 01 ETTAVAANYEIG TWV
KEVTPOUEPWV KAl TWV TEAOUEPWYV, OI HIKPOI BPaxioveS TWV OKPOKEVTPIKWV
XPWHOCWHATWY KAl Ol OJABESG TWV PIBOCWUIKWY YovIdiwv. Ta YeTaBeTd oToIxEia
QVTITTPOCWTTEUOUV TO PEYAAUTEPO TTOCOCTO (45%). 210 XpwHOcWHa 10 o1
emavalapBavopeveg ahAnAouyieg avTioToixoUv 010 45% Tou PrKOUG Kal T HETABETA
oToixeia atroteAolv eTTiong TNV PeyaAuTeEPn opdda. Autd SlakpivovTal o€ auTd TTOU
MeTaTiBevTal péow oxnuatiopou evdidueoou RNA (RNA mediated) trou civai Ta
LINES, SINES kai Ta LTRs kai o€ autd TTou uetatiBevral kateuBeiav oav DNA (DNA
mediated) Ta otroia avTioToixouv 0710 2,84% TOU XpWHOOWHATOGS (3% O€ ETTITTEdO
yovidiwpuaTtog). To uAkog Toug kupaiveral petagu 0,1kb (SINES) kai 11kb (LTRs). Ao
TIG TTapaTTadvw Katnyopieg evepya gival Ta LINE1, ta Alu (SINES) kai Ta ERV

(endogenous retroviruses, LTR).
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FTENETIKOI XAPTEZ

Genethon IMBB Marshfield OYZIIKOZ XAPTHZ AAAHAOYXIAZ
Bptich
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Eik. 65: Z0ykpIon YEVETIKOU-QUOIKOU XAPTN OTN XpWHOOWHIKNA TTepioxi 10923.31-
g25.3. AtreikoviCovTal Ta TUAUOTA TwV YEVETIKWV XapTwv Genethon, IMBB kai Marsfield 1rou
QvTIOTOIXOUV 0TV XpwHoowuikA Trepioxn 10923.31-g25.3. TNa Toug Koivoug OEIiKTEG (KOKKIVOI)
TpoadiopioTnke N dIGTagA Toug 0TV aAAnAouxia Tou xpwHoowuaTog (Oe€Id), (avaypdgovTal
Ol oUVTETayUEVEG TouG o€ Mb). H oxeTIKG uwnAf TOTOTNTA KAl TWYV TPIWV YEVETIKWY XOPTWV
TTPOKUTITEI ATTO TO YEYOVOG OTI N SIATAEN TWV KOIVWV OEIKTWY €ival CUPBATA PHETAEU YEVETIKOU-
QPUOIKOU XAPTN (OIOKEKOUMEVES YPAUMEG). ZNUEILVETAI (KOKKIVEG DIAKEKOUUEVES YPAMMES) N
avaoTpo®r METatU Twv deikTwv D10S1269 kai D10S554 otov xapTn Marshfield og oxéon pe
TOV XApTNn aAAnAouyiag.

IS1aitepo evdiagépov TTapouaialel n cucowpeuan Twv Alu (evepyd SINES) oe
TTAOUCIEG O€ YoVidIa TTEPIOXEG TOU XpwHoowpaTtog 10. To @aivouevo autd 1oxUEl yia
6Ao 1o yovidiwua Kal n Tpéxouca uttdéBean yia TNV TTAPATNPOUMPEVN UWNAT TTUKVOTNTA
utTo0TNPiCel 0TI OPOUV TTPOG OPEAOC TOU opyaviouou, gival OnAadr CUPBIWTIKA
oTtoixeia. H Bewpia autr) oTnpixtnke otnv TTaparripenaon ot o€ kamoia €idn, Ta SINES,
0€ KATAOTOON OTPEG, EVEPYOTTOIOUV TNV PETAPPAON. AUTO ETTITUYXAVETOI UE TNV

METAYPAQN TOUG UTTO TETOIEG OUVONKEG Kal PE TNV akdAouBn ouvdeon Twv RNAs Toug
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Me TNV Kivaon PKR, eutrodifovTtdg Tnv €101 va avaoTeilel Tnv petagpacn (Schmid
CW, 1998; Chu WM et al, 1998; Li T et al, 1999; Liu WM et al, 1995). O pdAog Tng
pUBuIoNG TNS peTagpaong Taipiadel ota SINES kaBwg ptropouv va petaypdgovTal
ypryopa o€ TTOAU PJEYAAEG TTOOOTNTEG ATTO XIANIADEG avTiypapd Toug Kal va
Aeiroupyouv o eTriredo RNA. Bdoel autoU ptropei va €g€nynOsi n BeTIKA 1TIAOYT TOUG
o€ TTepIoy€EG TTAOUCIEG O€ Yyovidia.

Qg dITTAACI0CoPOI XapaKTNEIiovTal Ol TTEPIOXEG TTOU BEV gival avTiypaga
METOBETWYV OTOIXEIWY, £XOUV PAKOG >1kb Kal eugavifouv VOUKAEOTIBIKY TaUTOTNTA
>90%, TToU onuaivel 611 0 dITTAACIAoUOG ouvERN Ta TTponyoUueva 40 ekaToupUpIa
xpovia. O1 dirrAaciacpoi diakpivovTal o€ d1a-XpwWHOCWHIKOUG, KATA TOUG OTTOI0UG TO
QVTIOTOIXO THAHO UTTOPET VA PETAPEPBNKE O€ TTEPIOCOOTEPEG ATTO [ia B€0EIG TOU
yovIOIDUATOG, OXI ATTAPAITNTA YEITOVIKEG KAl O€ EVOO-XPWHOCWHIKOUG. Ol
SImAaciacpoi TTapoucidadouv 181aiTEPO evalaPEéPoV aTTd IaTPIKA dTTown Kabwg auxvda
oXeTiCovTal e EAAEIPPATA KAl XPWHOOWHIKES avadiaTAgelg TTou odnyouv o€
QAIVOTUTTIKEG avwaAieg, 6TTwg T1.X. To auvdpouo Williams (7q), DiGeorge (22q),
Charcot—Marie—Tooth (17p). EmmAéov, n yvwaon TnG ¢UONG Kal TNG €KTAOAG TOUG
gival onuAavTIKN yia TNV Katavonaon tng eE€AIENS Tou avBpwTTivou yovidiwpaTtog. H
avAaAuar] Toug, TTou KaTéaTn duvarr] ye Baon Tnv oAokAnpwpuévn aAAnAouyia, £0e1ge
EKTETANEVOUG EVOO-XPWHOCWHIKOUG dITTAACIACHOUG VOGS TURUaTog ~5Mb atrd to
10911 oTig repioxég 10922, 10923.1 kal 10923.2 TToU EKTIMWVTAI OTI
mpayuatoTromenkav piv 30-40 ek. xpovia (Crosier M et al, 2002; Deloukas P et al,
2004). Eriong até dimAaciaopo Twv mrepioXwyv 10g11 kai 10923 kai Tautdxpovn
TTOPOKEVTPOUEPIKA AVOOTPOPN TOUG TTIOTEUETAI OTI £XEI TIPOKUYWEI OAGKANPN N
meploxr] 10q22. X& cup@wvia Pe OAEG TIG TTAPATTAVW XPWHOOWHIKESG avadIaTAEEIG
gival Ta aBpoiopata Twv TTapaAdywv yovidiwv TToU TAUTOTTOINBNKAV OTIG AVTIOTOIXEG
meploxég. ExTog Twyv 3 Tmapaidywv GLUD (Deloukas P et al, 1993) kai Twv 3 CTSLL
(Bryce SD et al, 1994) 110U €ixav XApaKTNPIOTEN TTOAQIOTEPA, TAUTOTTOINBNKAV
emmAéov 3 kal 4 TapdAoya weudoyovidia avTioToixa. Etriong evrotiotnkav 7
TTapdAoya yovidia Tng oikoyévelag BMS1L, 11 1ng CTGLF1, 7 Tng FAM25A ka1 6 Tng
ANXA. O1 TTapatmdvw avadiatagelg QaiveTal TTwG gixav avTikTutio oTnv
KaTayeypapuévn yovidiokn TTUKVOTNTA TOU XPWHOOWHATOG, KaBWS 10 31% Twv

AEITOUPYIKWYV YovIdiwv Tou ouykevTpwveTal oTig TTepIoxés 10911 kai 10923 (Eik. 67).

» ApIBuog yovidiwv
H Tautotroinon Twv yovidiwv ToU XpWHPOCWHATOG TTPAYMATOTIOINONKE in silico
XPNOIMOTTOIWVTAG OUO KUPIEG OUABES UTTOAOYICTIKWY TTPOYPAUMATWY. H TTpwTn

opada avixveuel yovidia BAcel XapaKTNPIOTIKWY TToU TTPoadlopifouv TNV apxr Kai To
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TEAOG TOUG (TTpoypAauuaTa «ab initio») evw n deUTePN PaagileTal 0€ GUYKPICEIG UE
YVWOTA yovidia Kal TTpwTEIVES (CUYKPITIKN avixveuon yovidiwv). ATTo Tnv emegepyaaia
TWV AUTOMATOTTOINUEVWY OToIXIcEWV (€€£TAON TNG YEVWHMIKAG 0pyavwong Twv
yovidiwv, Twv aAAnAouxiwyv Twv ESTs kal cDNASs, K.AT.) TauTtoTroiénkav 1787
yovidia (http://vega.sanger.ac.uk/Homo_sapiens/, Eik. 63). Autd Tagivounénkav
Bdoel Twv KpITNPIWY TTOU XPNOIUOTTOIOUVTAl 0€ OAQ TA XPWHOCWHOTA TTOU £€XOUV
avaAuBei kal atro TIG avTioTolxeG Bdoeig dedopévwyv, we €€n¢ (Eik. 66): a) 816 yovidia
TTOU KWOIKOTTOIOUV TTpWwTEiveG. ATTO auTd, Ta 654 XapakTnEifovTal WG «YVWwoTA»,
avTIOTOIXOUV dnAadn o€ xapaktnpiopéva cDNAS ) TpwTeEiveg Kal Ta 162 wg «vEay,
£xouv dnAadnA avolkTo TTAaiclo avdyvwaong kKal gTtoixi¢ovtal TTAfpwg pe ESTs Tou
avOpPWITTOU Ta OTTOIO ATTOTEAOUVTAI ATTO 2 1} TTEPICOOTEPA £EOVIA Kal / i £€Xouv
opoAoyia Ye yvwoTd yovidla | TTpwTeiveg atrd dAAa €idn, B) 219 «véa peTdypagay, Ta
OTTOIa £€X0OUV Ta XAPAKTNPIOTIKA TWV «VEWV YovIOiwv» aAAd dev utTopei va kaBopioTei
yI' auTa £va OUYKEKPIPEVO aVOIKTO TTAQICIO avayvwong, Y) 322 «TmBavd yovidiay, TTou
gival aAAnAouyieg Tautéonueg ye ESTs Tou avBpwTTou Ta oTroia cuvapuoAoyouvTal
atTd 2 ) TEPICOOTEP £EOVIA OAAA OTEPOUVTAI AVOIKTOU TTAQICiOU avayvwaong Kai d)
430 weudoyovidia, TTou givalr aAAnAouyieg oudAoYES JE YVWOTA yovidia Kal TTPWTEIVES
aAAG dev £xouv avolkTo TTAdioIo avayvwaong. Ta TeAeuTaia dIOKPIVOVTAI TTEPAITEPW OE

emegepyaopéva (371) kar un (59).

162 véa yovidia

654 yvwoTd yovidia

430 yeudoyovidia
219 véa petdypa@a

322 mBavad yovidia

Eik. 66: Ta§ivounon Twv yovidiwv Tou xpwpoowpartog 10 Bdoel Tng oAokAnpwuévng
aAAnAouyiag Tou (Deloukas P et al, 2004).

2NV TTapaTTrdvw Kataragn Kai eEapounévwy Twv Weudoyovidiwy, ival
@avepod o1 uTTapXEl Pia acdgeia 6oov agopd Tov cUVOAIKO apiBud Twy yovidiwy Tou
XPWHOOWHOTOG, KABWG TTO00OTO PeYaAUTEPO Tou 20% TWV YoVIBiwv €XOUV TNV
évoeIgn «mBavay. H idia acdageia 1oxUel Kal aTo uTToAoITTO yovidiwpua. ‘ETol, n
EKTiMNON TOU OUVOAIKOU apIBuoU TwV yovIdiwyv Tou avBpwTTou TToU KwdIKOTToIoUV
TTPWTEIVEG EPaviCel Eva peydAo eUpog diakupavang 5000 yovidiwv. QoTdo0, TTapoAo

TToU &€V gival YVwoTOG 0 AKPIPRG GUVOAIKOG aplBuog Twv yovidiwy Tou avepwIrou, N
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TAUTOTTOINGNA TOUG €£X€l BEATIOTOTTOINOEI KOTA TTOAU KOl 0€ AUTO, EKTOG ATTO TNV
oAokANpwpévn aAAnAouxia, ouvelcépepav Ta TTpoypduuaTa attopovwong cDNAs
TTAAPOUG UAKOUG, N YEVWHIKY aAAnAouXia GAAwV opyavIoUWV-HOVTEAWY Kal N
BeATioTOTTOINON TOU AOYIOUIKOU £TTEEEPYATia TOUG. H Tpéxouoa ekTipnon
(International Human Genome Sequencing Consortium, 2004) givai 611 0 apiBuog
auTédg Kupaivetal yetagu 20.000 kar 25.000, evw yia Ta 19.599 £xel emPBefaiwbei n
utTapgn Toug. O apIBPOG TWV yovidiwy KATETTANEE TTOAAOUG, KABWG BewpriBnKe TTOAU
MIKPOG o€ OUYKPION TOOO e GAAOUG opyaviopoug (T1.X. Je Ta ~19.000 yovidia Tou C.
elegans) 600 Kal PE TIG TTPONYOUNEVEG EKTIMACEIG, Ol OTTOIEG TTOIKIAAAQV KAT& TTOAU Kal
BacioTnkav og didgopa kpitrpid. O ApXIKES EKTIMACEIS OTNPIXTNKAV O€ HENETEG
KIVNTIKAG €TTavadIdTagng Kal Tpoodiopifav Tov apiBud twy yovidiwv oTig 40.000
(Lewin B, 1990). B&oel Tou apiBuol Twv vnoidiwv CpG Kal To TTO000TO AQUTWYV TTOU
oxeTiCovTal e yovidia 0 guVOAIKOG apIBUOG Twv yovidiwy €iXe UTTOAOYIOTEI OTa
~80.000 (Antequera F & Bird A, 1993). AkoAouBnoav ekTINAOEIG BACEl TwWV
opadoTtroifoewy Twv ESTs 1mou kupaivovtav amé 35.000 (Ewing B & Green P, 2000),
) 60.000-70.000 (Fields C et al, 1994) ¢w¢ ka1 120.000 (Liang F et al, 2000). ANAeg
TTPOCEYYIOEIG TTOU TTEPIAGUBavVAY GUYKPITIKEG EAETEG avBpwTTou-Tetraodon
nigroviridis Trpoadidpigav Tov apiBud oTig 28,000-34,000 (Roest Crollius H et al
2000) evw ol kat’” avaAoyia eKTIMACEIG BATEI TOU AVTIOTOIXOU ApIBUOU TwV YovIdiwv
TWV xpwhoowuaTtwy 20, 21 kai 22 Atav 31,500 (Deloukas P et al, 2001), 44.000
(Hattori M et al, 2000) ka1 45.000 (Dunham | et al, 1999), avrtioToixa. AKOua Kai n
eKTiuNON BAoel TNG TTPWTNG €KBOONG TNG AAANAoUXIaG TOU YoVIBIWPATOG €iXE PEYAAN
atrokAion atré mn onuepivh. H avadAuon tou 2001 Bewpouce 611 uttdpyouv 30.000-
40.000 yovidia TTou kwdikoTroloUv TTpwreiveg (Lander ES et al, 2001; Venter JC et al,
2001). H diagpopd petagl NG apXIKAG Kal TG TWPIVAG TTPORAEYNGS OPEIAETAI KUPIWG
OTO QAIVOUEVO TNG TEXVNTAG KATATHNONG TWV YOVIBiwv Adyw aTeAEIwV TwV
UTTOAOYIOTIKWYV TTPOYPaUHATWY TTPORAEWNG, 6TTOU, OTNV TTaAAIOTEPN £KOOOT, éva

yovidlo gpgavifovtav wg duo.

» AOUIKA XapaKTnpIoTIKA TwVv yovISiwv Kal KATavoun Toug
E€aipoupévwy Twy weudoyovidiwy, Ta uttéAoitta 1357 yovidia Tou
XPWHooWPaTog 10, KAAUTITOUV OUVOAIKA ~66Mb, TTou cuveTtdyeTal 6T JeETaYPAPETAI
10 ~50% TnG aAAnAouxiag Tou Xpwpoowpuatog. Eival evdiagépov 6T To TTOC00TO AUTO
gival ueyaAUuTePO atrod OAa oxedOV Ta XPWHOCWHATA TTOU £€X0UV avaAuBei Péxpl Twpa
(Mv. 13). QoT1é00, N yovIdlaKA TTUKVOTNTA TOU TO KATATACCEI OTA JECAIAg YOVIOIOKNG
TTUKVOTNTAG XpwHoowpata (~10 yovidia/Mb) (Mv. 13). Autd e€nyeital atrd 1o yeyovog

OTI TO H€CO PEyeBOG TwV yovidiwy Tou (~51Kb) eival katd TTOAU JeyaAUTEPO GE OXEDN
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ME TO avTioToixo HETO PéyeBOG yia To utToAoITTO Yyovidiwpa (27Kb, Lander ES et al,
2001). QoT1600, TO PéyeBOG HEPHOVWHEVWY YOVISIWV TTAPOUCIAEl GNUAVTIKES
olakupdvaoeig. Ta duo akpaia TTapadeiyuata cival Ta yovidia CTNNA3 kai CALMLS
TTou €xouv pfkog 1,7Mb kai 0,85kb avricToixa. To peydAo péyeBog Twv yovidiwy
OQEiAETaI KUPIWG OTa PeYGAa IvTpOVIA, KOBWG Ta £EGVIA AVTITIPOOWTTEUOUV PHOVO TO
2.3% (Mv.13) ka1 €xouv péoo unkog 313bp, TapdAo TTou TAUTOTTOINBNKAV £5OVIQ
pey€Boug ~9,7kb (yovidio SH3MD1) kai 3bp (CDH23).

Miv. 13: XapaKTNPIGTIKA TWV XPWHOCWHATWV

MooooT6 kaAuywng ovidiakn TTukveTnTa MooooTd kadAuwng Mepiexéuevo Mepiexopevo oe  Nnoidia CpG Mnkog

ME yovidia (%) (yovidia/Mb) pe €§ovia (%) oe GC (%) emavaAqyeig (%) (ava Mb) (Mb)
1 12,8* 245*
2 6,1** 40,2 7 243**
3 5,8** 199,5**
4 4,5 38,2 5,4 191,4**
5 5,4** 39,5 46,3 177
6 42,2 9,2 2,2 40 43,9 13,1 170,9
7 46,5 7,5 1,4 41 45 9,5 158,6**
8 5,4** 146,3**
9 47 10,5 2,5 41,4 46,1 140,3
10 50,6 10 2,3 41,6 43,7 135
11 10,6** 134,4**
12 83" 132,48
13 37 6,5 1,3 38,5 42,3 5,4 114
14 43,6 9,7 2,3 40,9 46,2 20,2 106,3
15 7,6 100,3**
16 10,8** 44,7 47,8 88,2*
17 15,9** 78,8**
18 4,8* 76*
19 50 26 6,4 48 55 28,9 63,8
20 42,4 12,2 2,4 44,1 42 11,1 62,4
21 31 6,7 40,9 40,1 46,9**
22 51 16,3 5 47,8 41,9 16,5 49,5
X 33 7,1 1,7 39 56 5,2 154,9
Y 1,8* 2,9" 57,7
yovidiwua 6,5-8" 41" >50" 10-16" 3090

Zny. :Ta oToixeia TpoépyovTal atrd TNV avaAuon NG apxIkAg () kal TnG oAokAnpwuévng (1)
£€KkdOOoNG TOU YoVIDIWUATOG, TIG AVTIOTOIXEG AVOAUCEIG YIa Ta Xpwuoowuata 2, 4, 5,6, 7, 9, 10,
13, 14, 16, 19, 20, 21, 22, X, Y kai Tig Baceig dedopévwy Vega (*) kai Ensembl (**). MNa éoa
gToixeia 0gv KaTaypdagovTal OToV TTVAKa OEV UTTAPXOUV aKOUN JIGBECIPEG OI QVTIOTOIXES
TTANPOPOPIEG.

H katavoun Twvy yovidiwv Katd PKog TOU XPpWHOCWHATOS €ival AVOUOIOYEVIG
(EIk. 63), 6TTWG GAAWOTE TTapATNPEEITAI KAl aTa UTTOAOITTA XpwHoowuaTta. O peyahog
Bpaxiovag epgaviletal onuavTika TTAOUCIOTEPOG O€ Yyovidla, TTapouaidlovTag
MEYAAUTEPN TTUKVOTNTA O€ OUO KUPIWG TTEPIOXEG, TNV 22 Kal TV 23.3-025.1
(Eik. 67, Eik. 63). EvOekTIKG, oTnV EIK. 67 atreikovileTal £va TUAUA TNG
XPWHoowIKAG TTEpIoXAG 10g24.1, To oTToi0 gu@avidel 1IdIAITEPA UWNARA yovIBIaKH
TTUKvOTNTA. EI8IKOTEPQ, O€ Wia TTEPIOXH PKoug 260kb, n otroia gival cuvTaivikr) oTov
TTOVTIKO, XapToypagouvTal 10 yovidia. Autd Ta yovidia dev gaivovTal va oxeTiCovTal
AEITOUPYIKA, UTTO TNV évvola OTI OEV CUPMETEXOUV O€ KOIVO BIOAOYIKO UOVOTTATI TT.X. O€

auTd cupTrepIAauBavetal To EvQUPO @uOPOoYAUKePIKN poutdon (PGAM1), éva
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ouoTaTIKO Tou eEwowpartog (EXOSC1), yia TTpwTEivn TTOU CUPUETEXEI GTNV
emodI6pBwon Tou DNA (MMS19L) k.ATT. QaT1d00, o1 IBIaITEPA PIKPES BIAYOVIOIOKEG
OTTOOTACEIG TOUG TNIBAVWS UTTOONAWVOUV GUOXETION O€ ETTITTEO0 KOIVAS pUBUIONG. Z€
auTd ouvnNyopEi Kal TO TAUTOONHO TTPATUTTO TWV ETTITTEDWV EKPPACTG OTOUG
O14QOPOUG I0TOUG TWV YEITOVIKWY YovIdiwv Hs.76662 kai MMS19L, 6TTwg deigape
TeipapaTtikd pe avaAuon Northern (Eik. 67). H uttdé8eon auTr) cUP@WVET he
TTPOCEATEG UEAETEG TTOU BeEiXvouv OTI N dIATAEN TWV YOVIBIWY OTOUG EUKAPUWTIKOUG
opyaviopoug &gV gival Tuxaida, aAAG Ta yovidla TTou €Xouv TTapOuoIa TTPOTUTTA
ékppaong Teivouv va opadotroiouvTtal (Hurst LD et al, 2004). ATtotéAeopa NG
augnuévng yoviSIaKnG TTUKVOTNTAG €ival KOl N CUCOWPEUCT TWV YEVETIKWVY TOTTWV
TTOU OXETICOVTal e VOOAMATA OTIG v Adyw TTePIoXEG. 'ETOI, atmd Ta ~70 yovidia Tou
XPWHOOWHATOG TTOU £XOUV OUCXETIOTE HE TV EJPAVION YEVETIKWV SIATAPAXWV,
000076 ~40% autwv xapToypageital otnv Treploxn q23-g24 (Eik. 7). EmimTAéov,
oTnv idia TTeploxn XxapToypa@eital Kal 1o ~30% Twv KPICIJWV TTEPIOXWYV, VOOUATWV

yla Ta oTroia To UTTEUBUVO yovidlo dev £xel akoun TauTtoTroinBei (EIk. 68).

» [epiexouevo os GC - Nnoidia CpG
2 ¢ akoAouBia e Tn yoviOIoKA KATAVOWN €ival Kal TO TTEPIEXOMEVO TOU

XPWHOOWHOTOG 0€ VOUKAEOTIOIO pe GC, TTou KaTd H€GO 6pOo avTioToiXouv 010 41,6%
TwV BAoewy, TIUA TTAPOUOIA UE TO JECO OPO TOU YOoVIBIWHPATOG (41%). QoTO00 KAl O€
OUPQWVIa PE TTAAQIOTEPES EKTIMATEIG, N KATAVOUL TTAPOUCIALEl CNUAVTIKEG
dlakupavaoelg. ‘ETol, o€ eTTITTESO YOVIBIWUATOG, TO TTOCOOTO KUMaiveTal HETAEU 36%
Kal 47% étav egeTdlovTal peydAa TunRuarta dekdadwv Mb, evw n diakupavon gival
EVTOVOTEPN PETAGU TTEPIOXWV MIKPOTEPOU PIKOUG, TT.X. O€ YEITOVIKEG TTEPIOXEG MAKOUG
300kb n Ty petaBdaiAetar atrd 33% oe 59%. Etiong, ye Baon Tnv aAAnAouxia Tou
yovISIuaTog, emReRaiwBNKe n 0TEVA OUCXETION TOu TTEpIEXOPévou o GC pe Tig
Cwveg G Kal R Twv XpwHOCWHATWY: N TTAEIOVOTNTA TWV KAWVWV TTOU
XOPTOYPOPOUVTAI KUTTAPOYEVETIKA OTIG {wveg G, éxouv XapnAo TTooooTtd GC (37%
KATd YEco 6po) Kal avTioTpOPws. EmiTAéov, emBeBaiwBnke N cUCXETION TWY
vno1diwv CpG pe 1a yovidia. Ta vnoidia autd cival un HEBUANIWUEVES TTEPIOXEG TOU
YyoVIOIDUATOG PE AVAHEVOUEVN auxvoTnTa dIVOUKAEOTIOIWY CpG, TTou oxeTiCovTal PE
10 5’ dKkpo Tou ~60% Twv yovidiwv (Bird AP, 1986; Larsen F et al, 1992; Antequera F
& Bird A, 1993). ZTI¢ TTEPIOXEG EKTOG vNOIdiWV, TO BIVOUKAEOTIOIO auTd
uTTOQVTITIPOOWTTEUETAI (KOTA 1/5) Adyw peBUAiwaong otnv C kal auBdpunTNG
aTTadiviwong TTou TNV PeTaTpéTrel o€ T. AvTiBeta, n auBdpunTn atTapiviwon un
MeBUAIwpéEvwY C odnyei o€ U, ol oTToiec aTn ouvéxela avayvwpiovTal Kal

emdlopBwvovTal atTd PNXAVICHOUS TOU KUTTAPOU.
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Eik. 67: Katavopun Twv yoviSiwv KaTd JAKOG TOU XPWHOOWHATOG. A. ATTEIKOVICETAI N
KaTavoun yia Ta yvwoTd (Known) kai Ta véa yovidia (Novel CDS), Ta véa yetaypaga (Novel
trans.), Ta mBava yovidia (Putative) kail Ta weudoyovidia (Pseudo). O1 TepioxEg pE TN
MEYOAUTEPN yovIBIaKK TTUKVOTNTA gival ol q22 kal N q23.3-g25.1 (B€AN). Ta aToixeia
TpoépyovTal atrd Tnv Baon dedouévwy Vega (http://vega.sanger.ac.uk/Homo_sapiens/).

B. EvOeIKTIKO TpRpa TNG TrepIoxg 10924.1 TTou epgaviCel 1Idiaitepa uwnAn yoviSiakr)
TTukvéTNTA. H uTtoTTEPIOXT QUTA €XEl PrKog 260kb kai TrepiAapBaver 10 yovidia. Or attooTtdoeig
gival o€ kKAipaka kal Ta BEAN cupBoAifouv TNV @opd peTaypaPng Twy yovidiwv. Ooa yovidia
OV AVIKOUV OTA «yVWOoTAé», oupBoAifovTtal pe Tov Kwdikd TNG Baong dedouévwy Unigene.

. Tautéonuo TTPATUTTO TWV ETTITTESWY £KOPACNG TWV YoviIdiwv Hs.76662 kat MMS19L, Bdon
avaAuong Northern.
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15 I Adevokapkivwpa TrpooTarn, PAC1(Fukuhara H., 2001)
14 2x100ppéveia (Schwab SC., 2000)
Néoog Alzheimer, AD6 (Zubenko G., 1998)
13 I Z0vdpouo DiGeorge 2, DGS2(Yatsenko SA., 2004)
23 I\ ApuBpoyevig duotrAaaia Tng de€idg Kolhiag, ARVDG (Li D., 2000
|
122 e
121 Aétpa, LPRS (Siddiqui MR., 2001)
Maxuoapkia, OB10P (Hager J., 1998)
112
1 DAeypovwdng vooog Tou eviépou, IBD (Hampe J., 1999)
11,
i 11.1 AuoTtpooia Tou kepaToeidoug, TToAupop@ikn otriaBia, PPCD3 (Moroi SE., 2003)
112
Yakxapwdng d1aprTnG,IvaouAivoeapTwpevog, IDDM10 (Davies JL., 1994)
211 Noéoog Alzheimer, AD6 (Myers A., 2000)
I Mn mrpocaptnuévog ap@iBAnoTpoeidrig, RNANC (Ghiasvand NM., 2000)
212 2uoTnuaTikGG pubnuaTwdng AUkog pe veppitida (Quintero-Del-Rio Al., 2002)
213
Zﬁvépopo Moebius, MBS3 (Verzijl HT., 1999)
2.1 AiaoToAikr kapdiopuotdBeia, CMD1C (Bowles KR., 1996)
izi TyIloppévela Autodvoon vooog Tou Bupeoeldolg (Graves kai Hashimoto), (Tomer Y., 2003)
: (z'f)egg’)‘ K8 SriaoTike TapaTAnyia 27, SPG27 (Meijer 1A., 2004)
231 Maxuoapkia, Olkoyevg KOATTIKI| pappapuyr), ATFB2 (Brugada R., 1997)
Bz 0oB10Q
233 |(DongC, 1 Sovdpopo Ochoa, UFS (Wang CY., 2003)

B NeupoTtrdBeia, KivnTIKWVY Kail aioBnTikwv veupwv, NMSR (Hantke J., 2003)
2003) ‘

241

242 ZmaoTiKr TTapatAnyia 9, SPG9 (Seri M., 1999)

243

251 AuoTpogia Tou kepaToeidoug Tuttou Thiel-Behnke, CDB2 (Yee RW., 1997)
252 Néooc Charcot-Marie-Tooth, emikpaTrc, evdidueon, CMTDI2 (Verhoeven K., 2001 )

549 II\\ Noéoog Alzheimer, AD6 (Bertram L., 2000)
20vdpopo Tapdpolo pe Coffin-Lowry, CLS-like (McCandless SE., 2000)
26.1 2akxapwdng diapnTng,IvoouAivoegapTwpuevog, IDDM17 (Verge CF., 1998)
I\ ArrroAikn diatapayn (paviokatdBAiyn) (Cichon S., 2001)
Kapkivog evdountpiou, DEC (Peiffer-Schneider S., 1998)
AlaTapayr avarveuoTIKig pubuikdTnTag Katd Tov Utrvo (de Gens EJ., 2005)

Méon wrinda (Daly KA., 2004)

262

B NwTiomrapeyke@aMidIki atagia, vnmmaknig eugaviong, IOSCA (Nikali K., 1997)

Eik. 68: NoofjpaTta TTou o1 KPiGIMES TTEPIOXEG TOUG XAPTOYPAPOUVTAI OTO XPWHOCWHA
10 ka1 yia To oTroia dev €€l TAUTOTTOINOEI TO UTTEUBUVO YoVidio. ATTeikovifovTal Ol
KPioIUEG TTEPIOXEG (OPICOVTIEG YPAMMEG): 1) HOVOYOVIBIOKWY VOO T|UATWY TTOU EPPavifouv
MEVTEAIKO TUTTO KANpOovOunaong (KOKKIVO), 2) TTOAUTTOPAYOVTIKWY vOonuaTwy (TTpdaoivo) kai 3)
VOONUATWY TTOU OPEIAOVTAI O XPWHOOWHIKA eAAgiuaTa (UTTAE). Ta oTOIXEIQ TTPOEPYOVTal
atroé TNV avackoTnaon yia 1o Xpwuoéowua (Moschonas NK, 2003) kai Tnv Baon dedouévwv
OMIM (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM) (IouAiog 2005).
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2710 Xpwuoéowua 10 tautotroimBnkav 1.025 mBavda vnoidia Kal n Katavour
TOoug akoAouBei Tnv avTtioToixn Twv yovidiwv (Eik. 63). AvtioToIXn KaTavoun
ep@aviCeTal Kal o€ ETTITTEDO yovIdIWUATOG. 'ETOI, Ta TTEQICCOTEPA XPWHOCWHATA
£xouv 5-15 vnoidia/Mb, 1o xpwudowpa 19, TTou gival To TTAOUCIOTEPO O€ Yovidla, £XEI
KAl TNV JEYOAUTEPN TTUKVOTNTA VNOIBiWV VW TO Y £XEI TV PIKPATEPN TTUKVOTNTA
vnoidiwv (2,9/Mb) kai yovidiwv (EIK. 69). ZuvoAikd, pe avdAuon Tng TTpwTng €kdoong
TNG aAAnAouxiag Tou yoviSIWPATOG 0 apIiBudg Twv vnoIdiwv ekTIuABNKe petagy 29.000
kal 50.000 (pe A xwpig @IANTPAPIoUA TWV eTTAVAAAUBAVOUEVWY AAANAOUXIWY).

251
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Ap1Bu6S vnoidiwv CpG ava Mb

Eik. 69: Zuvdptnon Tou apiBuoU Twv vnoidiwv CpG avda Mb o€ oxéon pe Tov apibuéd
TWV yovidiwv avd Mb, pe Bdon Tov xdptn GeneMap 98, yia Ka0s Xpwpéowua
(avarotrwon amréd Lander ES et al, 2001).

» Xapaktnpiouog yovidiwyv in silico
Ta yovidla TTou TauTOTTOIRBNKAV GTO XpWHOoWPa 10, XapakTnpioTnkay in

silico yia Tnv TTapoudia avayvwpioigwy PoTifwy, cUuewva Je Tn Baon dedopévwy
InterPro (http://www.ebi.ac.uk/interpro/index.html). A6 Tnv avdAuon TTpoékuye OTI TO
Mo oUvnBeg poTifo eival o dakTuAlog weudapyupou (20 yovidia) TTou gival Kal To
OeUTEPO TTIO GUXVA ATTAVTWHEVO OTO Yovidiwua. ETITTAEov, @avnke 4TI TO
XPWHOCWHA €ival EUTTAOUTIOUEVO, O OXEON ME TO UTTOAOITTO yovIdiwa, O€ yovidia
TTOU KWOIKOTTOI0UV AITTACES, aAdO/KETO-avaywydoeg Kal udPOoAdoeS. Ta TTAPATTAvVW
OUXVOTEPO ATTAVTWHEVA POTIRa KWAIKOTToIoUVTal aTTd yovidia TToU XapToypa@ouvTal
o€ aBpoiouara. XapakTnpioTiKG TTapadeiyuata gival autd TTou KwOIKOTToIoUV
TpwTeiveg ye dakTuAioug weudapyupou ato 10p11.21 kar oto 10g11.21 TTOU
atroteAoUvTal ato 4 kai 5 yovidia avTioToixa Kai ol opadeg £€1 yovidiwv oto 10923.31

Kal TEoodpwy yovidiwv o1o 10g25.3, TTou KwdIKOTToIoUV ANITTAoeg. MBavwg, N
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OUYKEKPIMEVN XWPIKK TOTTOBETNON TOUG €ival ATTOTEAETUA SITTAACIACUWY KAl
€EUTINPETEI TNV KOIVA pUBUICN TNG £KPPACNG TOUG.

Mia TTpokaTapKTIK avaAuon Tagivounong Twy yovidiwv TOU XPWHOCWHATOC,
o¢ 10 eupuTEPEG AEITOUPYIKEG KaTNyOpiEsS, BAoel BIBAIOYPAQPIKWY Avapopwy i
MOTiBwV TTou TTEPIEXOUV, 0DYNOE OTNnVv Katnyoplotroinon ~300 yovidiwv (Moschonas
NK, 2003, Eik. 70). H katavopr Toug akoAouBei yevikd auTiv Tou UTTOAOITTOU
yovidiwpartog (Eik. 70), ouppwva pe TNV avdAuon Katd Tnv oTroia Tagivoundnkav
~40% TWV TTPWTEIVIV TOU avOPWTTOU KAl TA TTOCOOTA TOUG OUYKPIBnKav e Ta
avTioToixa Tou S.cerevisiae, Tou C.elegans, Tng D.melanogaster kai Tou A. thaliana.
H olykpion auTth, £€0¢€ige 611 0 AvBpwTTog, 0 oxéon Pe Ta dUO aoTTOVOUAQ, £XEl
TTOAMNEG TTEPICCOTEPEG TTPWTEIVEG TTOU OXETICOVTAI [JE TOV KUTTAPOOKEAETO, TNV
METAYPAQN KAl TNV METAPPAOT KABWG KAl PE AEITOUPYIEG XAPAKTNPIOTIKES TNG

PUOIOAOYIOG TWV OTTOVOUAWTWY, OTTWG N AUUVA Kal N avoaoida.

25%
20% -

15% 4
10%
5% -
0% -

Eik. 70: Ta§ivounon Tou TPpWTEIVWHATOG TOU XPWHOOWHATOG 10 (KOKKIVO) Kali
oUYKPION HE TO GUVOAIKO TTPWTEIVWHA (MTTAE).

O MIKpOG apIBuOS yovidiwy Tou avBpwTTou, G OXECN UE TOV AVAUEVOUEVO,
£0€1EE OTI N YEVETIKI TTOAUTTAOKOTNTA Oev KaBopileTal aTTOKAEIGTIKG aTTd AUTOV TOV
TTaPAYovVTa. ZNUAVTIKEG TTNYEC YEVETIKAG TTOAUTTAOKOTNTAG TOU avOpWTTIVOU
YOVIOIDUATOG TTOU AVTIOTOBUICOUV TOV OXETIKA PIKPO aplBud yovidiwv TTou S10BETel,
gival n evaANaKTIKA ouvapuoyr, N Xpron EVOAAOKTIKWY UTTOKIVNTWY, Ol TTOAUTTANBEIG
METO-PETAPPACTIKEG TPOTTOTTOINCEIG TWV TTPWTEIVWV Kal TTIBavwg n puBbuion Tng
YoVIBIOKAG EKPPAONG HECW AAANAOETTIKOAUTITOUEVWV PETAYPAPWY, WeUdoyovIdiwy,

micro- kal siRNAs.

» EvaAAakrtikn ouvapuoyn
Mep1o0dTEPO PEAETNHEVOG ATTO TOUG TTAPATTAVW UNXAVIOWOUG gival

EVAAAQKTIKF) ouvapuoyr TTou TTAEoV @aiveTal OTI AaTTOTEAEI TOV Kavova Kail oI TNV
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e€aipeon. 1o Xpwuoéowua 10 tautotroiiBnkav 4204 petdypaga TTou avTioToIXoUV
ota 1357 yovidia, xwpig va cuutrepIAn@BoUv auTd TTou TTPOKUTITOUV aTrd Xpron
EVOANQKTIKWYV ONPATWV TToAuadevuAiwong. MocooTtd 73% Twv yovidiwv PE avoikTo
TAQiolo avdyvwaong TTapdyouv TTepICCOTEPA TOU VOGS HETAYPAPA UE HECO OPpO 5,8
peTaypaga/yovidio. ‘Eva akpaio Trapddeiypa ival 1o yovidio ADD3 yia 1o oTroio
EVTOTTIOTNKAV 22 eVAANAKTIKA PETAYpa@a. ETTITTAéov, SIATTOTWONKE OTI N EVOAAOKTIKA
ouvapuoyr odnyei Katd Kavova oTn ouvBean SIAQOPETIKWY TTPWTEIVIKWY ICOUOPPWY,
KaBwg atrd Ta 342 yovidia TOU XPWHOCWHATOG TTOU TTApAyouv TOUAdXIoToV 800
MeTAypaga TTANpous urkoug, Ta 312 (91%) cuvBEéTouv TOUAGXIOTOV OUO DIOPOPETIKA
TTOAUTTETTTIOIO. € ETTITTED0 YOVIOIWMUATOG, DIAPOPEG UEAETEG EKTIIOUV OTI TOUAGXIOTOV
10 40-60% Twv yovidiwv utrékevtal o€ evaAAakTIK ocuvapuoyr] (Modrek B & Lee C,
2002). To TooooTd autd o€ AAAEG PEAETEG, TTOU ouvdUAGlouv dedouéva ESTs kal
MIKpoouOoTOIXIWV Yia TTepiccoTepa atro 10.000 yovidia, avépyetal o€ 73% (Johnson
JM et al, 2003). Mapduoieg PEAETEG yIa TO XpwHoowpaTa 21 kal 22 £€5€1Eav 0TI N

€VOAAQKTIKR) ouvappoyr oupBaivel o€ >80% Twv yovidiwv (Kampa D et al, 2004).

» AAAnAosmikaAumrrousva yovidia

H digpedvnon Tng aAAnAouxiag Tou Xpwuoowuatog 10 £€3€IEe TNV EKTETAUEVN
TTapouaia aAANAOETTIKAAUTITOMEVWYV YovIdiwy. TETola yovidia éxouv TTapatnenBei atmo
ToUuG 100G (Barrell BG et al, 1976) péxpi Ta BnAaocTikd (Williams T & Fried M, 1986;
Adelman JP et al, 1987; Kiyosawa H & Abe K, 2002; Ohinata Y et al, 2002; Zhou C &
Blumberg B, 2003). Ta cUUTTANPWHATIKA HETAYPAPA QAIVETAI TTWG CUPHPETEXOUV OE
d1d@opa eTTiTTedA TNG PUBUIONG TNG YOVIBIAKNG EKPPACNG KOl HEXP! TWPA EXOUV
OIATTIOTWOEI TPEIG UNXAVICUOI: N HETaypPaPIKn TTapePBOAR (transcriptional
interference), n k&GAuwn Tou RNA (RNA masking), Kal unxaviouoi TTou dpouv o€
OikAwva pépia RNA (Lavorgna G et al, 2004). ZuvoAikd evtotrioTnkav 101 Celyn
OAANAOTTIKOAUTITOUEVWYV YoVISiwY Kal o€ 38 TTEPITITWOEIG TO £va aTTd Ta yovidia
TTEPIEXETAI OE €va IVTPOVIO TOU AAAOU VW WG ETTI TO TTAEIOTOV PETAYPAPETAI [E
avTifeTn @opd. Aré Ta uttéAoITTa, TTOC0OTO 34% eu@aviouv AAANAOETTIKAAUWN OTO
5" dkpo Toug. Ze pia peAéTn GAou Tou yovIBIWPATOG, TauToTroIRBnkav 774 TéTola {elyn
yovidiwv (Veeramachaneni V et al, 2004). Qotdéc0, MOavwg auTr n TIKNA €ivai
UTTOEKTIUNON KaBwg dev £xel OAOKANPwWOEi akdun N avaAucn dAwv Twv

XPWHUOCWUATWY.
» Weudoyovidia
ZnMUavTIK CUPBOAN oTn MEAETN TNG £CEAIKTIKAG I0TOPIAG TWV YOVISIWPATWV

TTPOEPXETAI ATTO TNV MEAETN TwV YPeudoyovidiwv. H avaAuor] Toug éxel apxioel va
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TTPOCEAKUEI OAO Kal TTEPIOTOTEPO EVOIAPEPOV, KABWGS TTpodc@aTa dedouéva deixvouv
OTI opicuéva Yeudoyovidia TTaifouv poAo oTnv pUBUIoT TNG YOVISIOKNG EKPPACNG,
ETTAYOVTAG TNV aTToIKodOUNonN Twy Yetaypaewy (RNA decay) Twv avTioToixwv
Aeiroupyikwyv yovidiwv (Hirotsune S et al, 2003; Yano Y et al, 2004). 210 Xpwudowua
10 evroTrioTnkav 430 weudoyovidia. Ta epiocdTepa (86%) éxouv TTpOKUWYEI ATTO
PETPOUETABEDT ETTECEPYAOUEVWV HETAYPAPWY AEITOUPYIKWV YoVISiwV Kal gival
avikava va ekepacTouv AOyw EAAEIYNG TWV ATTAPAITATWY PUBUICTIKWY CTOIXEIWY OTN
véa Toug BEon aAAd Kal Adyw eKQUAIGHOU TNG VOUKAEOTIOIKAG TOUG aAAnAouxiag atréd
ouoowpeuon PeTaAAaywy. AvTiBeTa, Ta PN eTTeEepyacuéva Wyeudoyovidia Exouv
TTPOKUWEl aT1Td SITTAACIACHOUG YoVvIdiwy 1 AviIco avaouvouaoud XPWHOCWUATWY Kal
O€ APKETEG TTEPITITWOEIG DIATNPOUV TNV OpYAVWON £EOVIWV/IVTPOViwY Tou apXIKOU
yovidiou. H atrevepyoTtroinon Toug cupBaivel katd tnv €¢EAIEN e TauTOXpOovn
oucowpeuon peTaAAaywy. H TTapouadia weudoyovidiwy gival TTOAU guxvr) GTO
yovidiwpua Twv BnAacTikwy. Me Baon peAETeS in silico, o aplBudg Toug aTo
avOpwTTIvo yovidiwpa ekTipaTal peTagu 11.000 kai 20.000, avaAloya pe Ta KpITrPIa
TTOU XPNOIKOTTOIOUVTAI VIO TOV EVTOTTIOMO TOUG, KE TO HEYAAUTEPO TTOCOOTO aTTd aAUTA
va givar eTegepyaopéva (Zhang Z & Gerstein M, 2004), evw ekTigdTal 0TI 0 apiBuoég
Toug Ba uTTEPREi TOV APIBUO TWV YoVISiWY TTOU KWAIKOTTOIOUV TTPWTEIVEG

(International Human Genome Sequencing Consortium, 2004).

» microRNAs

Ta microRNAs gival un-kwdikotrold RNAs Pikoug ~22 VOUKAEOTIBIWV TTou
petaypdeovtal atmd v RNA 1ToAupepdon Il (Lee Y et al, 2004) kai kataoTéEAAOUV TnV
METAQPAOT YOVIDIWV-OTOXWV HECW OUVOEDTHG TOUuG WE Ta avTioToixa mMRNAs,
puBpifovtag £101 TNV YovIBlakn ék@pacn. MNa Aiya atmmd autd gival yvwaoToi ol aToXOl
Toug, TT.X. yia Ta yovidia HOX (Yekta S et al, 2004), evw uttdpxouv evoeigeig 6T1 Eva
OoNPavTIKG TTOOOOTO TOUG UTTAPXEI ATTOKAEIOTIKA OTa TTpwTevovTa (Bentwich | et al
2005). Méxpr Twpa (louviog 2005), n Baon dedopévwy Twv microRNAs (miRBase,
http://microrna.sanger.ac.uk/) TrepIAapBavel 321 KataxwpnRoeig yia Tov avepwTro atmo
TIG OTTOiEG 01 223 £xouv eTTIRERAIWBET TTEIPAUATIKA VW Ol UTTOAOITTEG OTNPIoVTal O€
opoAoyieg pe microRNAs 1Tou £xouv KAwvoTroinBei oTov TToVTIKO, TOV apoupaio Kal TO
zebrafish (Griffiths-Jones S, 2004; Ambros V et al, 2003). Z& auTég TrepiAapBdvovTal

6 microRNAs oT1o xpwuoocwpua 10.
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4.2. ZUyKpITIKI) YOVIOIWMATIKN

H oAokAnpwaon NG aAAnAoUxnong Tou avBpwITivou yovISIWPATOG gival TO
TIPWTO BrAMa yia TNV avdAuaon Tng AsiIroupyiag Twv yovidiwyv aAAd Kal Twv UTTOAOITTWY
OUCTATIKWY TOU YovIdiwuaTog. INa auTiv Tnv avaAuon atrapaitntn ivai n
TIPOCEYYION TG OUYKPIONG TTANPOQOPIWY aTTd TV aTTOKAAUWN GAAWYV YoVIDIWUATWY,
TToU oAUEPA €ival BIaBEaIPEG aTTd Wi peYAAN TTOIKIAIO OPYAVIOUWV.

H ouUykpion Twv YoVIOIWNATWY TwV OpYaVIOUWY PTTOPEI va atravTioel o€ [ia
oglIpd atro TTOAU evOIA@EPOVTA EPWTAHATA aVAAOYQ UE TNV ECEAIKTIKA ATTOCTAON TTOU
TOuG Xwpicel. 'ETol, atrd TN oUYKPIon TOU YoVISIWUATOG TOU avBpwITou JE Ta
YOVISIWHATA TWV JOVOKUTTAPWY OPYAVIOHWY, EVTOTTICOVTal yovidia uTreuBuva yia
BOOIKEG KUTTAPIKEG AEITOUPYIEG TTOU TTAPOUCIAZOVTAI CUVTNPNUEVES KATA TNV EENIEN
TwV €1dwV evw JE Ta yovidiwpaTta Tou C. elegans kai Tng D. melanogaster yia 1o
TTOAUTTAOKOUG QVOTITUEIOKOUG UNXaviopougs. H ouykpITikA yoviSiwuaTikr avdAuon pe
OPYQVIOUOUG JE ONUAVTIKEG OUOIOTATEG OTN QUOIOAOYIQ KAl TN CUPTTEPIPOPA, OTTWG O
TTOVTIKOG, OUVEICQPEPEI TOOO GTOV TTPOCOIOPICHO TG OPYAVWONG TwV YoVvIdiwyv 600
Kal OTNV TAUTOTTOINON AEITOUPYIKG ONUAVTIKWY PUBUIOTIKWY OTOIXEIWV. ZTNV
TAUTOTTOINON TWV TEAEUTAIWV CNPAVTIKOTATN €ival N CUUBOAN TWV CUYKPITIKWV
AVOAUCEWY HE TA YOVIDIWHATO TWV IXBUWV, TwV TITAVWY KAl TwV au@IBiwv, Kabwg
gival yeyaAuTepn n €EEAIKTIKI) aTTOOTACH TOUG aTTO TOV AVOPWTTO, 0€ OXECN HE TOV
TTOVTIKO, YEYOVOG TTOU augdvel TNV JIAKPITIKI IKAVOTATA TOU EVTOTTIOHOU AEITOUPYIKWV
OUVTNPNMEVWY TTEPIOXWYV GE OXEON ME CUVTNPNMEVWYV AOYW QAVETTAPKOUG £CEAIKTIKAG
ammoéoTaong. TEANOG, Ol CUYKPICEIG JE YOVIDIWUATA OPYAVICUWY TTOAU KOVTIVWOV
€EENIKTIKA, OTTWG O XIMTTATENG, £XOUV OKOTTO TNV TAUTOTTOINCT TWV £IQ0TTOILV
dlapopwV TTou TTIBavVWGE OXETICOVTAl UE TIG BIAPOPES OTNV JopPoloyia, Tn uaololoyia
Kal TNV CUMTTEPIPOPA.

H okompudtnTa TNG £TMIAOYAG KABE OpyavioPoU-PHoVTEAOU, N OTPATNYIKA TTOU
akoAouBntnke yia TV aAAnAouxnon Twv yoviSIWKATWY TOUG Kal Ol TTPOCEYYIOEIG TTOU
epapudlovTal yia TNV AEITOUPYIKF avaAuon o€ eTTITTEDO YoVIOIWUATOG VIO
OUYKEKPIPEVOUG OpYAVIOHOUG aVOAUBNKAV EKTEVWIG O€ TTPONYOUUEVO KEQAAQIO (BA.
Eicaywyn). ZTn cuvéxeia, TeplypaeovTal Ta Bacikd CUPTTEPAoUATa ATTo TNV
OUYKPITIKF] YOVISIWUATIKI] avAAUCH TOU avBpwTTOU UE Ta YOVISIWPATA AAAWY

BNAQCTIKWYV Kal TwWV aoTTovOUAWV.
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> ZUYKPITIKH) YOVIOIWMATIKY) avdAuon Tou avlpwrrou ps dAAa @nAaorikda

a. 2UYKPITIKA avdAuan yoviolwudTwy avBpwITou Kal TToVIIKoU-apoupaiou

EEENIKTIKA, O KOIVOG TTPOYOVOG TOU avOpWITOU Kal TwV OUO AUTWY TPWKTIKWY
EKTINATAI OTI €CnOE TTPIV ~75 eKaTOPMUPIA XpOvia. H atrdkAion Twv avTioToIXwV
YOVISIWHATWY TTOU OUVERN G’ AUTO TO XPOVIKO SIACTNMA ETTITPETTEI TOOO TNV EUKOAN
oToixion Twv opBdAoywv yovidiwv 600 Kal TV avayvwpIon OPKETWY AEITOUPYIKWG
ONHAVTIKWY JN-KWBAIKWY TTEPIOXWY Adyw Tou uywnAou Babuol cuvTripnong TouG.

2uvraivia

Mapda TNV d10gopd 0TO PAKOG TOU YOVISIWKATOG HETAEU TOU avOpwITTOU
(~2,9Gb) ka1 Tou apoupaiou (2,75Gb, Gibbs RA et al, 2004) r} Tou TTOVTIKOU (~2,6Gb,
NCBI build 32), N XpwWHOCWUIKA 0pyGvwon TwWV TPIWV QUTWY OPYAVICHWY EUQAVICEl
ONUAvVTIKEG OMOIOTNTEG. ATTOTEAEC A AuUTOU, gival n duvaTdTNTA TAUTOTTOINONG
OUVTAIVIKWYV TTEPIOXWYV, ONAADI XPWHOCWHIKWY TUNMATWY TTOU N YOVIDIOK GUCTAOT
kal didragn éxel dilatnpnOei. ‘ETol1, TauToTroINBnkav ~280 CUVTAIVIKEG TTEPIOXEG
avBpwTrou/apoupaiou 1 TTOVTIKOU e HEyeBog >1Mb n KaBepia Kal OTIG OTTOIEG
ekTINGTal 0TI avTioToixei To ~90% Tou yovidiwpartog Tou avBpwTrou (Gibbs RA et al,
2004, Eik. 71).

2uvrhipnon o€ yovidia

H avaAuon Twv yoviOIwuaTIKWY aAANAOUXIWYV TOU avBpwTTOU Kal TwV
TPWKTIKWV £B€IEE OTI TTOOOOTO ~5% TWV YOVISIWUATWY EPPAVICEI TNPAVTIK
ouvtipnon (Waterston RH et al, 2002; Gibbs RA et al, 2004). A1ré auTd, ekTIATAl OTI
10 1,5% avTioToixei o€ yovidia TTou KwdIKoTroloUv TTpwTeEiveg. O aplBudg Twv
yovidiwv Tou avBpwTTou gival TTApOUOIOG PHE AUTOV TWV TPWKTIKWYV EVW TO TTOCOOTO
TWV yovIdiwv TOU avBpwTTou yIa Ta OTToia YEXPI TWPA OEV £XEI EVTOTTIOTEI OpoAoYia YE
KA&TTOI0 YOVidIO OTOV TTOVTIKO, KOl TO AvTIOTPOQO, gival HIKpOTEPO attd 1%. To
TTOC00TO OMOIOTNTAG KATA PHAKOG TWV YOVISIWVY TTOU KWOIKOTTOIOUV TTPWTEIVES
TToIKiAAEL. 'ET0l1, e dedopéva tTou TTpoépxovTtal atmmd ~11.000 yovidia TTou
KWOIKOTTOIOUV TTPWTEIVES BIATTIOTWONKE OTI TO TTOCOOTO OUOIOTNTAG OTIG KWAIKES
TTEPIOXEG TWV YOVIBiIWY, TO OTTOIO ival TTAPOUOIO YETALU avBpWITOU-apoupdaiou Kal
avOPWTTOU-TTOVTIKOU, €ival O€ QUIVOEIKO ETTITTEDO, KATA HECO 6po, 88% Kal KupaiveTal
peTatU 74,4% Kkal 96,4% evw o€ eTTiTTEd0 VOUKAEOTIOIKAG OpoIdTATAG €ival KATA HECO
0po 85,1% ka1 kupaivetal yeta&u 77,4% kai 90% (Gibbs RA et al, 2004, Miv. 14).

O1 repioxég 5’UTR kai 3’'UTR epgavifouv pikpdTtepn ouvThpnon atmo Tig
KWOIKES TTEPIOXES. EIdIKOTEPQ, KATA TN CUYKPITIKA avaAuon 3165 (euywv opBoAdywv
yovIdiwv avBpwTTOU-TTOVTIKOU TO TTOCOGTO VOUKAEOTIOIKAG TAUTOTNTAG GE QUTEC TIG
TTEPIOXEG gival 75% (Waterston RH et al, 2002).
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Eik. 71: ATTEIKOVION TWV GUVTAIVIKWV XPWHOCWHIKWYV TTEPIOXWV METASU avBpwTTOU,
apoupaiou Kal TToVTIKOU. ¢ KAOe didypauua, TToU avTIoTOIXEl O€ £€vav opyaviauo,
aTreikovidovTal Ta XpwpoowpaTta (afovag X) e To pIkpd Bpaxiova va gival TTpog Tn Baon Tou
d1aypaupaTog. 2e KABe XpwPOowWHa avTioTorXoUv dU0 OTHAEG O1 OTTOIEG EivVal XPWUOTIOUEVEG
Bdaoel TG cuvTaviag Pe Ta XpWHOOWHATA Twv dU0 AAAwY opyaviouwv. O id10g xpwHaTIKOG
KWOIKAG I0XUEl yIa KABE XpwHOTWHA Kal yia Ta Tpia €idn (katw). M.x. o1 mpwteg 30 Mb ToU
XPWHOCWHATOG 15 TOU TTOVTIKOU €ival GUVTAIVIKEG JE TUMAHUA TOU XPWHOCWHATOS 5 Tou
avBpwTrou (cuuBoAileTal e KOKKIVO GTNV QpIOTEPR GTAAN) Kal JE TUANA TOU XPWHUOCWHATOG 2
Tou apoupaiou (GuppoAileTal ue Aadi otnv de€id oTAAN), (avaTuTrwaon amd Gibbs RA et al,
2004).

Miv. 14: ZuykpITIKA avdAuon opoidTNTAg 0pBOoASYWYV YoVIdiwv avlpwITOU-TPWKTIKWYV

AvBpwrog-TrovTiKOG  AvOpwITog-apoupaiog

Zg0yn opBoAoywv yovidiwv 11.084 10.066
Méon Tipf apivogikig TautoTnTag (%) 88,0% (74,4-96,3%) 88,3% (75,9-96,4%)
Méon Tiu) VOUKA£OTISIKNAG TAUTOTNTAS (%) 85,1% (77,4-90.0%) 85,1% (77,8-89,9%)
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210 IVTPOVIa BV TTAPATNPABONKE GNUAVTIKA VOUKAEOTIBIK TAUTOTNTA.
EmmmAéov, diamoTwbnke OTI TO Péoo PEYEBOC Twv IVTpoviwy Tou TTovTiKoU (3.9Kb)
eivar pikpéTEPO atré auTd Tou avBpwTrou (4.6Kb), yeyovocg Trou ev pépel dikaloAoyei
Kal TN PIKpRA dla@opd peyéBoug Twv dU0 YoVISIWPATWY. QOTO0O0, QAIVETAI TTWG METAEU
Twv U0 opyaviouWwYV dlaTNPEITAl N avaloyia Twv PEYEBWV TwV dIAPOPETIKWY
IVTPOViwV £vOg yovidiou. ETTiong, gaivetal TTwg diatnpeital Kai n karnyopia Twv
IvTpoviwv. H TTapathpnon auth BacioTnke otnv oUykpion 6352 opBoAoywv IvTpoviwv
avBpwTTou-TTovTIKOU-apoupaiou atmd 976 yovidia (Gibbs RA et al, 2004). Kat’ autrv
Oev VTOTTIOTNKE KAMia HETATPOTTA £VOG IvVTpoviou TUTTOU U2 0¢ U12 kai 1o
avtioTpo@o. EmimTAéov, peTagl Twyv Ivipoviwy T0TToU U12 v TAUTOTTOINONKE KApia
METATPOTT METALU TWV KUPIWV UTTOTUTTWYV (AT-AC kal GT-AG), yeyovog TTou €XEl
TTapatnenBei 6tav eEetddovtal opyaviopoi eCeAIKTIKG pakpivoTepol (Burge CB et al,
1998). AvrifBeTa, TaUTOTTOIRBNKAV PETATPOTTEG METAEU TWV UTTOTUTTWY TWV IVTPOVIWV
TUTTOU U2, Tou Kavovikou GT-AG kai Tou pn-kavovikou GC-AG. Mévo 10 ~70% Twv
ivipoviwv GC-AG cival cuvtnpnuéva Petagl Tou avBpwITou Kal TWV TPWKTIKWY EVW)
METAEU TOU aPOUPAiOU KAl TOU TTOVTIKOU TO avTioToIX0 TToo00TO gival 90%.

ZnUavTIKA cuvTApnon SIATTICTWVETAI Kal GTOV apiBud Twv KWOIKWY ££0Viwv
MeTagU opBOAoywY yovidiwv avBpwTrou-TrovTikoU. EidikéTepa, n auykpion 1506
Ceuywv opBoAoywv yovidiwv (RefSeq db), £de1e 0TI TO 86% Twv euywv £xouv idlo
apIOPS KWAIKWV €EOVIWV EVW TO AVTIOTOIXO TTOOOOTO PEIWVETAI OTO 62% o6Tav
OUMTTEPIANYBOUV oTnV avdAuaon Kal Ta un Kwdika e€dvia (Waterston RH et al, 2002).

O1 TTpwTEIVEG TOU AVOPWTTOU KAl TOU TTOVTIKOU TOIVOUOUVTAl O€ AEITOUPYIKES
OpGdeg cUPPWVA PE TO oUCTNUA Tagivopnong TpwTeivwy ‘Gene Ontology’ (GO,
www.geneontology.org/), katd 1o oTToio AapBaveTal Ut OYIV To KUTTAPIKS Slapépioua
EVTOTTIONOU TNG KABE TTPpWTEIVNG, 0 HopIakdGS TNG POAOG Kai n BioAoyikA AsiToupyia
oTtnv omroia cuppeTéxel (Waterston RH et al, 2002). ZuykpivovTag TNV KATAvounR Twv
TTPWTEIVWV TOU avOPWTTOU KAl TOU TTOVTIKOU O€ QUTEG TIG OPADES DIATTIOTWVOVTAI
oNPavTikéG opoIdTATEG 0TOUG BUO opyaviououg (Eik. 72). AvaAuTikéTepa, Kal oTa U0
€idn TTapaTtnpouvTal uwnAd TooooTd (40-50%) HENPBPAVIKWY TTPWTEIVWV, EVW Ol
TTEPIOCOTEPES TTPWTEIVEG OXeTICOVTaI PE METABOAIKES Dladikaoieg. TEAOG, o1 TTPWTEIVES
TOU avBPWITTOU KaI TOU TTOVTIKOU TTOU TTPOCOEVOUV I ETAPEPOUV HOPIA-CUVOETEG
(ligands) avTtioToixoUv o€ TT0000TO 65% Kal 50% avTioToIXa £VW AUTEG TTOU
eM@avifouv evfuuikn dpdon o€ TTooooTd 40-45% (Waterston RH et al, 2002).
ZNMUAvVTIKA OJOIOTNTA TTOPATNPEITAI ETTIONG KAl OTOV APIOUO TwV JEAWY OTIG
OIKOYEVEIEC TTPWTEIVWV KAl TV AEITOUPYIKWY TTEPIOXWVY (domains) peTagl Twv dUo

€I0WV.
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Eik. 72: ZuykpITIKA Ta§IVOUNON TWV TTPWTEIVWV TOU aVOPWITOU KAl TOU TTOVTIKOU O€
AeIToupyikég opdadeg, avaAoya Pe TO KUTTAPIKO SIOUEPICUO/CUCTATIKO OTO OTTOIO AVAKEL N
TpwTeivn (a), TN HopIakA TNG Asrmroupyia (B) kai TN BioAoyikr] d1adIKagia aTNV OTTOI0 CUPMETEXEI
(y)- H diagopd 1Tou TrTaparnpeital oTig TTPWTEIVEG TTOU aTTOTEAOUV CUCTATIKG TOU PNXaviguoU
TTpwTEivoouUvOeong (0To a), Bewpeital TTAGGUATIKI) AGyw Tou peydAou apiBuou weudoyovidiwv
PIBOCWHIKWY TTPWTEIVWV TOU TTOVTIKOU TTOU €0QOAPEVA CUYKATOAEYOVTAl HETAEU TWV YOVIDiwV
Baoel Twv TTpoypappdaTWyY avixveuong Kwdikwv aAAnAouxiwy (Waterston RH et al, 2002).

Ooov agopd TIg BIaPOPES HETAEU Twv BUO €18WV, OI KUPIOTEPEG EVTOTTICOVTAI

O€ OIKOYEVEIEG TTPWTEIVWV TTOU OXETICOVTAI UE TO AVOCOTTOINTIKG KAl TO

avatrapaywyiké cuoTtnua. EvOEIKTIKA, OTO yovIdiwua TOU TTOVTIKOU EVTOTTIOTNKAV 25
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OIKOYEVEIEC TTPWTEIVWYV, Ol OTTOIEC OTOV AVOPWTTO AVTITTPOCWTTEUOVTAI ATTO éva HOVO
MEAOG. Z€ AQUTEC AVAKOUV 14 OIKOYEVEIEG TTOU CUMMPETEXOUV OTNV avaATTapaywyr] Twv
TPWKTIKWV Kal TTepIAauBavouy pépia mou pubpifovTal petTaypa@ika amd avdpoyova
KAl CUPPETEXOUV OTN BloouvBeon 1) oTov PETAROAIOUS OpHOVWY, GTNV AVATITUEN TOU
TIAGKOUVTA, OTAV WPIihavon Twv yovadwy Kal Twv OTTEpPaTolwapiwy Kal oTnv
onpaToddTnon Ao YEPOUOVEG yIa TNV ETTIAOYI ouVTPOYoU. To yeyovdg 6T Ol
TTEPIOTOTEPEG OIKOYEVEIEG TTPWTEIVWIV TTOU EPPAVICOUV ETTIAEKTIKI ETTEKTACT OTOV
TTOVTIKO OXETICOVTAI PE TNV AvaATTAPAywYr], TTIBAvVOV avTIKATOTITPICE! TIG UCIOAOYIKEG
Slapopég Twv dUOo €1BWV, TTOU £ival TTOAU TTIO EJPAVEIC OTO CUYKEKPIYEVO OUCTNHA KAl
a@OPOUV KUPIiwg TN SON TOU TTAOKOUVTA, Ta HEYEBN TWV VEOYEVVNTWYV Kal TV
TTEPIOdO KUNONG.

Mapd TIG GNPAVTIKEG OPOIOTNTEG TTOU BIATTIOTWONKAV OTA yovidia TTou
KWOIKOTTOIOUV TTPWTEIVEG HETAEU avOPwWTTOU-TTOVTIKOU, SIGPOPES CUYKPITIKES
YOVIOIWMATIKEG JEAETEG £DeICav OTI dia €160-€10IKN TNy TTOAUTTAOKOTNTAG Kal
OIOQPOPETIKOTNTAG ATTOTEAEI N dIAPOPIKN EVOAAAKTIKA CUVOPUOYH TwV JETAYPAPWYV
oTOoUG dUOo opyaviopoug. ‘Etol, Tapd Tn dlakUUavorn oTa TTO000TA €100-EI0IKAG
OUVOPMOYNG TTOU eKTINABNKAV avaAoya pe Tnv peBodoAoyia TTou XpnoIUoTToINBnKE,
@aiveTal 0TI TO TTOOOOTO TNG CUVTNPNHEVNG EVOAAOKTIKAG CUVOPHOYAG Eival XaunAd
(Modrek B & Lee CJ, 2003; Nurtdinov RN et al, 2003).

2uvrhpnon o€ weudoyovidia

ATT6 Ta Weudoyovidia TTou TAuTOTTOINBNKAV 0ToV AvBPWTTO KAl TOV TTOVTIKO
EKTINATAI OTI TTOOOOTO ~60% Twv £TTeEEpyacuévv Weudoyovidiwy gival eIDIKA TNG
K@O¢ yevealoyiag, dnAadn dnuioupyriBnkav PeTd Tov TEAEUTAIO KOIVO TTPOYOVO TOUG.
QoToo0, @aiveral OTI KAl 6Toug dUO OpyaviIoUoUG N TTAEIOVOTNTA TWV ETTECEPYATHEVWV
Weudoyovidiwyv €XOoUV TTPOKUWEI ATTO TTAPOUOIEG KATNYOPIES YOVIBIWY, PE TA yovidia
TWV PIBOCWHIKWY TTPWTEIVWOV va aTToTEAOUV TNV PeyaAuTepn opdda (Zhang Z et al,
2004).

2uvrnpnon o€ Un KWOIKES TTEPIOYES

‘Eva XapaKTnpIoTIKO TWV YOVIOIWUATWY Twv BnNAACTIKWY, TO OTT0i0
avayvwpioTnke POAIG TTpdopaTa, ivail n 1diaitepa UWPnAr] cuvThRENon TTOU
TTOPATNPEITAI OE PIKPEG MN-YOVIDIOKEG TTEPIOXEG TOUG, TTOU OEV AVAKOUV OTIG
emavaAapBavopeveg ahAniouyieg. O Treploxég autég ovopdlovtal ECR
(Evolutionarily Conserved Region) kai evaAAakTikéd CNG (Conserved Nongenic
Sequence) n MCS (Multi-species Conserved Sequence), kal avTioToixoUv o€
000076 1-2% TWV YOoVISIWUATWY TOU avOPWITTOU, TOU OPOUPaiou KAl TOU TTOVTIKOU
(Mallon AM et al, 2000; Dermitzakis ET et al, 2003; Margulies EH et al, 2003).

ExTigarar 61 uttdpyouv ~327.000 trepioxég ECR aTo yovidiwua Tou avBpwTrou atrd
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TIG 0TT0iEG TO 35% XapTOypaAPEiTAl GE IVTPOVIA KAl TO UTTOAOITTO 65% O€ TTEPIOXES
Makpdv Kai ekTOG yovidiwv (Dermitzakis ET et al, 2005). H katavoun Twv TeAeuTaiwyv
givar yevik& opoiduop®n evw @aiveral TTwg 0 apiBUOS Toug eival JeyaAUTeEPOG O€
TTEPIOXEG TOU YOVIDIWUATOG TTOU gival TwxEG o€ yovidia. O1 ECRs éxouv yivel
QVTIKEIPEVO EKTETAPEVNG EPEUVAG TEAEUTAIO KABWG TTIOTEUETAI OTI TTIBAVWIG
AVTIOTOIXOUV O€ AEITOUPYIKEG TTEPIOXEG TOU YoVIBIWWPATOG. KaTtrola atrd autd Ta ECRs
Xapaktnpiovral wg utrep-ouvtnpnuéva (Bejerano G et al, 2004) kaBwg gival evieAwg
idl0 PETALU avBPWTTOU-apOoUPaiou Kal TTOVTIKOU.

MNa kamola atréd 1a Pn-kwdikéd ECRs uttdpyouv evoeiteig 0TI epgavidouv
XapakTnEIoTIKG puBuioTIKWY TTEPIoXWV (Dermitzakis ET et al, 2003), evw €xouv
apxioel va TTPoKUTITOUV TTEIPAPATIKA OedONEVA YIa TNV AEITOUPYIKOTNTA OPICHEVWV.
EidikoTEpa, TauToTTOINBNKAY ECRS TTOU OpOoUV Gav PAKPIVOI EVIOXUTEG TOU yovidiou
DACH (dachshund) (Nobrega MA et al, 2003) kaBwg kal Twv yovidiwv SOX21,
PAX6, HLXB9, ka1 SHH (Woolfe A et al, 2005). EmimTAéov TautoTroiBnkav ECRs
KovTa aT1o yovidio SIM2 (single-minded 2) TTou in vitro, oe cuvbuacoud e Tov
UTTOKIVNTA Tou yovidiou, eugavifouv IKavoTnTa PETAYPAPIKAG evepyoTToinong (Frazer
KA et al 2004). QaTtoao, ¢aivetal 611 Katrola ECRs mBavév atepouvTtal Asitoupyiag.
‘ET01, n €Aeiyn duo Trepioxwyv prikoug 1817 Kb kal 983 Kb ota xpwuoowuarta 3 Kal
19 avTioToIXa GTOV TTOVTIKO, 01 OTToieg TTEPIEXOUV ekaTovTAdeg ECRSs, aAAd aTepolvTal
yovidiwv, a@evog O¢ev €ixe eTTidpaacn oTn BIWCIPOTNTA APETEPOU eV 00NYEi o€ KATTOI0
avixveuaiyo aivoTutio (Nobrega MA et al, 2004). Av kai UTTGpXEl TTEPITITWON TA
TTOVTIKIO QUTA va TTapouciadouv KATTOIEG OAAQYEG O oxéon PE T aypiou TUTTOU, Ol
OTTOIEG BEV avIXVEUTNKAV KATA TNV avAAUCT, TO ATTOTEAEOUATA CUYKAIiVOUV OTnV
utT68eon 611 MBavwg Katmola ECRs aAAd Kal KATTOIEG TTEPIOXEG TOU YOVISIWPATOG
TTou Oev TTEPIEXOUV Yovidia (gene deserts) dev £Xouv AsITOUPYIKO pOAo.

21NV BeATIOTOTTOINON TNG AVAYVWPEIONS TWV TIPAYHATIKA AEITOUPYIKWV
ouvTnNPENHEVWY OAANAOUXIWYV CUVEICQEPEI CNPAVTIKA N CUYKPITIKY YOVISIWMKOTIKA
avaAuon Pe EENIKTIKA PAKPIVOTEPOUG OPYAVIOUOUG, OTTWG ol IXBUES. 2€ auTd Ta
TTAQioIq, pia TTPOaPATN GUYKPITIKH avaAuon Twv YOVISIWPATWY TOU avOpwITTou Kal
Tou zebrafish odrjynoe otnv Tautotroinon ~5000 cuvTnENUEVWY UN-YOVIOIOKWY
TTEPIOX WYV, ONUAVTIKO TTOCOOTO TWV OTTOIWY XAPTOYPAPOUVTAI GE XPWHOCTWHIKES
TTEPIOXEG TOU avOpwWITOU TTou dev TTepIEXOUV yovidia (Shin JT et al, 2005). O
TIPOKATAPKTIKOG EAEYXOG 16 TETOIWY TTEPIOXWV YIa dPACT WG Cis- pUBUIOTIKA GTOIXEIO
in vivo pe xpron diayovidiakwy zebrafish, ¢d€1€e 611 Ta 10 amd autd éxouv Tnv
IKavoTnTa PUBKIONG TN IOTOEIDIKAG £KPPaang yovidiwv-avagopdg (Shin JT et al,
2005).
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B. ZuykpiTikn avaAuon yovidoiwudtwy avBpowirou-yiumrarln (Pan troglodytes)

MoAU Tpéogata (ZemTéuPRpiog 2005) oAokAnpwONKE N TTPWTN €KOOCN TOU
YOVIBIWMATOG TOU XIMTTOTEK) TTOU KOAUTTTEI TO 94% TOU YOoVIBIWMPATOG Kal £XEl BAB0G
dlaBacpaTtog ~3,6 QOPEG VIO TA QUTOCWHIKA Kal ~1,8 QOPES yia Ta QUAETIKG
xpwpoowuata (Chimpanzee Sequencing and Analysis Consortium, 2005).
EmTAéov, o€ TTpoxwpnuévo oTddio gival n aAAnAouxnon Tou yovIDIWKATOG TOU
Rhesus macaque, €vOg avTITIPOCWTTOU TOU KAGOOU TwV TBAKWY Tou TTaAaioU
Koéouou, pia TpwTn €kdoon ToU YOVISIWKATOG TOU OTToiou £yIve DIaBETIUN o€
onuoéoieg Baoeig dedopévwy Tov Mdio 2005 (http://www.genome.gov/

11008262; http://www.hgsc.bcm.tmc.edu/projects/rmacaque), evw
TTpoypappaTideTal OTI Ta TTOPEVA XPOvia Ba oAokAnpwBei N aAAnAolxnon Tou
YOVISIWUATOG TOU OUPAYKOTAYKOU Kal Ba EEKIVIOEI TO aVTIOTOIXO TTPOYPANMA IO TOV
Callithrix jacchus (common marmoset), evog Tmorikou Tou Néou Koopou. Ev Tw
HeTagU utTdpxouv dlaBéaiueg aAAnAouxieg yia apkeTd TpwTelovTa amo ESTs,
cDNAs, 1o Tpéypaupa ENCODE (ENCODE Project Consortium, 2004) kai yia
OIAPOPOUG PEPOVWHEVOUG YEVETIKOUG TOTTOUG.

2€ avTiBeon WE TIG CUYKPIOEIG TOU YOVISIWUATOG TOU aVOPWITOU HE TOV
apoupaio, Tov TTOVTIKO, TOUG IXBUEG Kal TO KOTOTTOUAO KATA TIG OTTOIEG YivETal
TIPOCTIABEIa TAUTOTTOINONG TTEPIOXWYV TTOU €U@aviouv acuvhBIoTa uwnAf ouoIdTNTA,
KaTd Tn oToiXIon TwVv YoVISIWUATWY avBpwTTou Kal XINTTATCh, TTEION N EEAIKTIKA
amoéoTaon gival JOAIG ~6 ek. xpdvia, yiveTal To avTifeto. AnAadr n avdAuon eoTidleTal
oTIG d1aQOopEG TToU TTapoucidlouv Ta OUO yovIOIWUATA TTapd OTIC OPOIOTNTEG, KABWG N
TAEIOVOTNTA TWV BAcewv gival idieg. ‘ETal, ekTIUABNKE OTI 01 VOUKAEOTIOIKES BIAPOPEG
gp@avifovtal Katd p€oo 6po ae TooooTod 1,23% aAAd 6tav AngBouv utréwn Kai ol
TTOAUMOP@IoUOI HEoa o€ KABE €id0G, TO avTioTOIXO TTO00O0TO aTTOKAIoNG YiveTal 1,06%
N ka1 AiyoTepo. H avaAuon Twy TUNUATWY TTou €X0oUV evTeBEi i ekAciwel atTd To éva i
T0 GAAO €idOG Kal Ta oTToia XapakTnpidovTal wg indel (=insertions-deletions), £d¢1Ee 6T
~40Mb aAAnAouxiag uTTdpXouVv aTTOKAEIOTIKA 0TOV AvBpwTTO. ATTé aUTEG 01 ~32Mb
avTIoTOIXOUV o€ TUAMaTa <15kb kai n TTAcIovéTNTA TOug €XEl PAKOG <80bp Kai ol
uttéAoireg ~8Mb (>15kb) TrepidapBdvouv 163 TTepIoXEG, ATTO TIG OTTOIEG OI 34
XapToypagouvTal o€ £E6VIA yvwoTwV yovidiwv (Chimpanzee Sequencing and
Analysis Consortium, 2005). EmmitAéov, emBeBaiwBnkav TTOAQIOTEPES
KUTTOPOYEVETIKEG HEAETEG TTOU APOPOUCAV UEYAAEG XPWHOOWHIKES avadiaTAEI Kal Ol
OTT0iEG €ixav Oeiel OTI TA XPWHOCWHATA TOU AvBPWTTOU Kal TOU XIUTTATEr] dia@épouv
KATA Eva QAIVOUEVO XPWHOCWHIKAG oUVTNENG KAl TOUAAXIOTOV 9 TTEPIKEVTPIKEG

avaoTpo@ég (Yunis JJ et al, 1980). EiIdIkOTEPQ, TO XPWHOCWHA 2 TOU avBpwTToU
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TPoéKUYE atrd TV aUVTNEN dU0 apxaiwv XPWHOCWHATWY, Twv 12 Kai 13, Ta oTToIa
TTaPEPEIVAV DIaXWPIoHEVA OTOV XIMTTATCH.

ATIO TIC TTapaTTdvw SIaQOoPEG TTOU EVTOTTIOTNKAY METAEU Twv U0
YOVISIWHPATWY, QUTEG TTOU €ival KpioIeg atrd Tnv drmoywn 611 odnyouv OTIg
TTAPATNPOUNEVEG BIAQOPES 0T QUOIOAOYIA, TNV HOPPOAOYIa KAl TNV CUPTTEPIPOPA
METOEU TWV dUO OPYAVIOUWYV, ATTOTEAOUV TNV PEIOVOTNTA. SUVETTWG O ETTOUEVOG
OTOXOG TTOU gival Kal 0 SUOKOAOTEPOG €ival N TAUTOTTOINCN TWV AEITOUPYIKA
ONPAVTIKWV SlIaQOopWYV. ZTNV TTPOoTTABeIa auTr, 0 TTARPNG KATAAOYOG OAWY TwV
SIaQOPWV TTOU TTPOEKUWE ATTO TNV aAAnAoUXNon ToU yovISIWUATOS TOU XIUTTATCN,
atroTteAei TN Bdon yia Tnv cuoTnuaTikr dlEpelivnan Kal EVIOTTIONO QUTWY TTOU
KaBopifouv Ta dUo €idn. HON, éxouv CeKIVAOEI TTPOKATAPKTIKEG MEAETEG TOU TTPOTUTTOU
EKQPAONG TWV YoVvIdiwv Twv 0pBOAOYWY XPWHOOWHATWY 0€ dIAPOPOUG I0TOUG
(Khaitovich P et al, 2005) atro Tig o110ieC £€X0UV TTPOKUWEI ONUAVTIKEG EVOEIEEIS yIa
Ol10QOopEG OTa ETTITTEdA EKPPAONG. AUTA T TTPOKATAPKTIKA ATTOTEAEOUATA €ival OE
OUPQWVia Pe TTOAAIOTEPES UTTOBETEIG KATA TIG OTTOIEG N YEVETIKN BACN TWV dIa@opwyv
avBpwTrou-xIuTTaTlA €ival n dla@opoTroincn aTnv yovidiakn éK@paan Kai 6xI Ol
KwOIKES aAAnAouyieg (King MC & Wilson AC, 1975). H oAokAnpwon Twv
YOVISIWMATWY TwV AAAWYV TTPWTEUOVTWY Ba ouvelo@Epel oTn OlEAEUKAVON TWV
OlapopPwWV TTOU TAUTOTTOINBNKAV Kal TToU eV OXETICOVTAI E TO XAPAKTNPIOTIKA TTOU

eMgaviCovtal aTo avBpwTTIvo €id0C.

» ZUYKPITIKH YOVIOIWMATIKI) avdAuon Tou avlpwirou-aomovoUuAwyv

ATTO TN OUYKPION TWV TTPWTEIVWHUATWY Tou avBpwTTou pe Tou C. elegans Kkal
NG D. melanogaster diammoTwveTal 6TI TO 60% TWV TTPWTEIVWV TOU avOpWITOU £XOUV
opBbAoyeg aToug GAAOUG BUO opyaviououg Kal avTioToixXa, T0 61% Twv TTpWTEIVWV
¢ D. melanogaster kai 10 43% Twv TpwTEivwy Tou C. elegans eu@avifouv
opoAoyia e avOpwWTTIVEG TTPWTEIVES. ZTIG 0pBOAOYES TTPWTEIVEG PETAEU TWV TPIWV
€10V OUYKATOAEYOVTAIl OPIa TTOU EAEYXOUV BeUEAMIWSEIS AsIToupyieg, OTTWG
AeiIToupyieg evOOKUTTAPIKAG A SIOKUTTAPIKAG ONUAToddTNONG, BACIKOI avaTTTugIaKol
MNXaVIOUOi, aTTOTITWON Kal JETAYPA@IKA pUBUIoN yovidiwy.

Ta BaoIkd CUPTTIEPACHATA TTOU TTPOEKUWAV ATTO T CUYKPITIKA TTPWTEWMIKN
avaAuon oTTOVOUAWTWV-aoTTOVOUAWY gival OTI:
1) 0 puBPGG avakaAuWNG VEWV TTPWTEIVWY 1 vEwV PoTiBwy (domains) yia kaBe
QUAOYEVETIKN ouada ival xapnAdg ‘Etol n olykpion Twv YOTiBwY Twv TTPWTEIVWY Tou
avBpwTTou PE Tou vnuaTtwdn Kal TnG Opoad@IAag deixvel 0TI To 90% Twv POTIBWY Twv

AVOPWTTIVWV TTPWTEIVWV QVTITTIPOCWTTEUOVTAI Kal oTa GAAa dUo €idn,
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2) n peyaAlTepPN TTOIKIAIG OTNV GPXITEKTOVIKA KOl OTO AEITOUPYIKA XAPOKTNPIOTIKA TWV
TIPWTEIVWV TOU avBpWTToU o@eiAeTal KaTd TTOAU GTOV SIAPOPETIKO TUVOUATHO QUTWYV
Twv poTiBwv. 'ETal, evd UTTGPXEI XaPNAR ouxXvoTnTa ‘VEOEUPAVICOUEVWY TTPWTEIVWV
OTa OTTOVOUAWTA, SIATTIOCTWVETAI UYPNAR CUXVOTNTA TTPWTEIVWV PE Kalvoupla
APXITEKTOVIKA, Ol OTTOIEG EPPAVICOUV VEOUG TUVOUACHOUG TWV TTPOUTTAPYXOVTWY
ouvTnpnUévwy PoTiBwv. AuTr n dia@opd cival TTEPICCOTEPO EPPAVIG OTNV TTPOCPATN
€CENIEN VEWV SlOpEUPBPAVIKWY N EEWKUTTAPIWY SOUWYV OTIG TIPWTEIVEG TOU AVOPWITTOU
KalI TOU TTOVTIKOU,

3) oTa OTTOVOUAWTA UTTAPXEI HEYAAUTEPN TACN ETTEKTAONG YOVIDIAKWY OIKOYEVEIWY,
yeyovog TTou uttodnAwvel OTI 01 SITTAACIAC O TV YOVIBiWV ATTOTEAECAV CNUAVTIKO
€EEAIKTIKO PNXavIouo yia autoUg TOUG OpyavIoUoUg. MOAAEG ATTO TIG OIKOYEVEIEG
TIPWTEIVWV TTOU JE AUTOV TOV PNXAVIOHUO £XOUV OTTOKTHOEI TTEPICTOTEPA PWEAN OTA
OTTOVOUAWTA O€ oX€on ME T Opocd@IAa 1] TOV VNUATWON, CUKUETEXOUV O€
O10QIKATIEG TTOU XaPAKTNPICoUV TN QUOIoAoyia Twv OTTOVOUAWTWY. EVOEIKTIKO
TTapadelypa gival Ta TTOAUAPIOUa PEAN TNG OIKOYEVEIAS TWV TTPWTEIVWYV JE MOTIRO
avocoo@alpivng (Ig) otov AvBpwTTo Kal aTov TTOVTIKG, 0 axéon JE TNV aTToudia TnNG
OUYKEKPIMEVNG OIKOYEVEIOG aTTd TOV OAKXOPOMUKNTA KAl Ta UTA Kal TV TTapouaia
Tou poriBou Ig povo o€ opIouéva POpPIa aTNV ETTIPAVEIA TWV KUTTAPWY TwV
aotrovdUAwyv. ETiTTAéov, oTov avBpwTro Kail Tov TTovTIKG evroTriCovtal ~30 péAn Tng
OIKoy£velag Tou augnTikou Trapdayovta ivoBAacTtwy (Fibroblast Growth Factor, FGF),

o€ avTiBean Pe Ta dU0 PEAN TNG OIKOYEVEIAG AUTHG 0T OPOCOQIAQ KAl TOV VNHMATWON.

» [T1Anpogopisg yia opB6Aoyeg mepioxéS in silico

MARBoG TTANPOYOPIWY YIa Ta 0pBOAoYa yovidia Tou avepwITTou Kal Twv GAAWV
OTTOVOUAWTWYV UTTApXouV d1aBéaipeg otnv Bdon dedouévwy Ensembl
(www.ensembl.org/, EIK. 73). AutA n Bdon dedopévwy divel Tn duvaTdTnTa
TTEPIRYNONG KOTA HAKOG TWV XPWHOOWHATWY KABWG Kal ETTIAOYAG CUYKEKPIPEVWV
XPWHOCWUIKWY TTEPIOXWYV KAl TAUTOXPOVNG TTPOBOARG TOUG HE TIG CUVTAIVIKEG TOUG O€
dAAoug opyaviopoug. Na Ta yvwaoTd yovidia XpnoipoTrololvTal ol KwdIKoi TTpdcRacng
eCwTepIKWY Baoewv dedopévwy (T HUGO, EMBL, Swissprot) aAAd Tautoxpova
TTapateiBevral Kar 0Aa Ta eVAAAAKTIKG ovopaTa Tou yovidiou. Na Ta véa yovidia
XPNOoIPoTToIEiTaI N ovopaTtoAoyia Tng Ensembl.

ETTAé0V, O€ OUYKEKPIPEVN XPWHOOWHMIKA TTEPIOXA €ival duvaTh n ATTEIKOVION:
1) TOU AVTIOTOIXOU KUTTAPOYEVETIKOU TTPOTUTTOU {WVWONG KAl TOU GUCXETIOWOU TOU HE
TN VOUKAE£OTIOIKA aAAnAouyia Kal TOUG YEVWHIKOUG KAWVOUG O€ évav i TTEPICOOTEPOUG

opyaviguoug Tautdxpova, 2) TG YEVWHMIKNAG opyavwang KABe yovidiou Kal Twv

204



2ulntnon

0pBOAGYWYV TOu KOBWG KAl TwV TTIBAVWYV EVOANAKTIKWY PETAYPAPWYV UE KOTAYPAPH

Twv ESTs kai cDNAs 1Tou 10 0TNnpi¢ouv, 3) TnG O0UNS TNG KWAIKOTTOIOUPEVNG

TPWTEIVNG, 4) TwV TTPORAETTOPEVWY PN KWdIKOTToIWY RNAS, 5) Twv TTPoBAETTOMEVWV

vno1diwv CpG, 6) Twv STSs, 7) Twv SNPs k.A1T. ETITTA0v, TTapéxeTal N duvaTtoTnTa

VOUKAEOTIBIKWV A APIVOEIKWY CUYKPIOEWY, PHE XPAON TWV QVTIOTOIXWY OAYOPIBUwWY.

A. Mepioxég ouvrtaiviag (Synteny blocks, ContigView/CytoView)
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Eik. 73: Amreikovioeig atré Tn fdon dedopévwyv Ensembl. MapoucidfovTal EVOEIKTIKG TO
XPWHOCWHA 7 TOU avOpWTTOU KAl N GUVTAIVIA TOU JE XPWHOOWHATA TOU TTOVTIKOU (A), Hia
OUYKEKPIPEVN XPWHOCWHIKA TTEPIOXN UE Ta yovidia, Ta NcRNASs kal Ta STSs TTou TTepIEXE! Kal
0l GUVTAIVIKEG GTOV TTOVTIKO, TOV apoupaio kai Tov XINTTaTdr (B), avaAuTika ol TTANpo@opieg
yla éva yovidlo Je OXETIKEG OUVOETEIG yia Ta TBava opBdAoyd Tou (M) Kal N CUYKPITIKNA
YEVWHIKN opydvwaon evog yovidiou Kal Tou 0pBoAdyou Tou aTov TTOVTIKO (A).
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4.3. Mopiakn Baon tn¢ omaviag auroowuikns eUBpauvorng 0éong FRA10A

21a TACiola TG digpelivnong TNG HOPIAKAS BACNG TNG AUTOOWHIKAG OTTAVIOG
€UBpauoTtng Béong FRA10A kal agloTTolvTag Tov QUOIKS XApTn UYPNAAG EUKPIVEIDG
Kal TNV aAAnAouxia Tou xpwHoowuaTtog 10, TAUTOTTOINCAUE KAl XOPOKTNEICAUE TO
yovidlo FRA1T0AC1. To yovidio emAéxOnKke BAoEl TNG XOPTOYPAPNOHG TOU OTN
XPwHoowIkn Trepiox 10923.3 kal TG TRIVOUKAEOTIBIKAG eTTavaAnyng CGG TTou
@épel 010 SUTR Tou.

H xapTtoypdenon Tou yovidiou oTnv eUBpaucTn Béon FRA10A emBeBaiwbnke
Me avdAuon FISH o€ peTa@aOIKG XPWHOCWHATA TECOAPWY ATOPWV-QOPEWY,
XPNOIUOTTOIWVTAG WG AVIXVEUTA TO YEVWHIKO KAwvo BAC bA437J2 Tou yovidiou. Attd
TNV avaAucn atmodeixBnke OTI 0 KAWVOC auTog avayvwpilel Tnv v Adyw e0BpaucTn
Béon kal ekTeiveTal KATA IAKOG TNG (ATTOTEAECUA ATTO TNV ouveEPyalouevn oudda Tou
Dr. R. Seibert, Sarafidou T et al, 2004, EIk. 74).

Eik. 74: KuttapoyeveTikf Xaptoypdgnon kail avédAuon FISH tng e08pauoTng Béong
FRA10A. MeTa@aoIikd xpwpoowuarta evog atopou-gopéa Tng FRA1T0A petd atmd xpwon Pe
DAPI (apioTtepd) kai petd atréd FISH pe avixveutr| 1o yevwuiké KAwvo Tou yovidiou FRAT0ACT
(BAC 437J2, de€1a). Me KOKKIVO, QAiVETAI TO TAUA EKATEPWOEV TNG ACUVEXEIAG, ATTOTEAEGUQ
TTou O¢gixvel OTI 0 KAWVOG EKTEIVETAI KATA WNKOG TNG UBpauacTng B€ong.

H tpivoukAgoTidikry eravédAnyn CGG trou evroTridetal oto 5S’UTR TOU YovIdiou
FRA10AC1 gival TTOAUPOP@IKA OTOV QUCIOAOYIKO TTANBUCHOG, VW OTOUG POPEIG TNG
FRA10A etrekteivetal dpapatikd, mepioodtepo atrd 200 @opég. O EAeyxog TNG
ETMEKTAONG OTOUG QOpEiG, TTpayuaToTroindnke pe PCR o€ yevwuikd DNA pe ekkivnTég
EKATEPWOEV TNG €TTAVAANWNG Kal e aKOAOUBN avAAucn Twv TTPOIOVTWY KOTd
Southern, xpnoigotrolwvTag wg avixveuTr) oAlyovoukAeoTidia GCC/GGC. ‘ETol
avixvelTnkav, eKTOG TOU GUCIOAOYIKOU aAANAoPOp@oU, TTpoidvTa peyéBoug 600-
800bp TTOU KATASEIKVUOUV TNV ETTEKTACT TNG ETTAVAANYWNGS OTA ATOoMa auTd KaTd 200-
300 gopéc (atroteAéoparta ammod Ta ouvepyaldpeva epyacTrpia Twy Dr. R. Seibert kai
Dr. Jozef Gecz, Sarafidou T et al, 2004, EIk .75). O ouoxeTIONOG TNG ETTEKTACNG TWV

emavaAqpewyv CGG pe TNV KUTTAPOYEVETIKN EQAvIon eUBpauoTng B€ong o€
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OUVONKES KUTTAPOKOAAIEPYEIOG aTTOUGia QUAAIKOU 0EE0G, £xel ATTODEIXOEI KAl OTIG
GAAeG TTEVTE €UBPAUCTEC TIC idIAg KaTnyopiag TTou £xouv KAwvoTtroinBei (FRAXA,
FRAXE, FRAXF, FRA11B, FRA16A). Kar’ eraywyr], mavoTara o idIog unxaviouog
IOXUEI KAl OTIG AAAEG BECEIG QUTOU TOU TUTTOU TTOU £XOUV TTEPIYPAPET KUTTAPOYEVETIKA.
QoT1600, 0 CUVOAIKOG APIBPOG QUTWY TWV £UBPAUCTWY BECEWY, TTOU OV EETTEPVA TIG
30, avTioToIXEl O€ €va PIKPO TTOGOOTO TWV TPIVOUKAEOTIBIKWY eTTavaAipewv CGG Tou
avOPWITIVOU YOVISIWMATOG. Z& Jia YoVISIWHATIKA in silico PeAETN TAUTOTTOIRONKAV
OUVOAIKA o€ OAo TO yovidiwpa 3351 BEoeIg TTou £X0uV 4 1] TTEPICOOTEPEG OUVEXOPEVEG
emavaAqyeig CGG. Ao autég o1 170 avTioToixoUv oTo Xpwudéowpua 10
(Subramanian S et al, 2003). ZTnv PEAETN TTOU TTPAYUATOTTOINCANE 0TV aAAnAouXia
TOU XPWHOOWHATOG AUTOU YIO TOV EVTOTTIONO ETTAVOAAWEWY JEYAAUTEPOU UARKOUG,
TTou gixav 7 f TeploodTepeg TéAcleg eTTavaiyelg CGG, TautotToioape 17 TETOIEG
Béocig (BA. ATroteAéopaTta). QoToé00, POvo pia elBpauaTn BEon TNG KATNyopiag Tou
QUAAIKOU o&€og xapToypageital oTo xpwuocwua 10, n FRA10A. Kar’ avaloyia, kai
ME BAan OTI N TTUKVOTNTA TWV OIGPOPETIKWY XPWHOOWHATWY o€ eTavaAnyelig CGG
gival OXeTIKA OUYKPIoIUN, EKTOG atro oplouéveg eCaipéocig (Subramanian S et al,
2003, EIK. 76) qaiveTal OTI n YEVWHIKA aoTdb<ia TTou 0dnyei aTnv ekdRAwan
eUBpaucTNG BEaNG, eu@aviCeTal O€ CUYKEKPIPEVEG HOVO TTEPIOXEG TOU YOVIOIWHATOG,
XWPIg va gival yvwaoTA N aitia yI' auto.

H emékraon Tng emavaAnwng CGG ouoyeTiCeTal e TNV ETTIVEVETIKI KATAOTOAR
TNG EvEPYOTNTAG TOU yovidiou r)/kal TnG eupUTePNG TTEPIOXNG Adyw uTTEpPEBUAIWONG.
H utreppeBUAiwon Tou aAANAOUOPPOU TTOU QEPEI TNV ETTEKTAOT EAEYXONKE ME
TEPAXIONO yeEVWHIKOU DNA Twv QopEéwyv e dIAQopIKH XPAOT TTEPIOPICTIKWV
€VOOVOUKAEQOWY TTOU avayvwpidouv f éx1 peBuhiwpéva CpG (Mspl kail Hpall
avTtioToixa) kal akoAouBwg PCR pe ekKIvnNTEG ekaTEPWOEY TwV BECEWY avayvwpiong
TWV evCUPWY Kal avaAluon katd Southern pe avixveuTtr] oAlyOVOUKAEOTIOIO
GCC/GGC. To atmrotéAeopa Tav n avixveuon Tou aAANAOUOPPOU TTOU PEPEI TNV
ETTEKTAON ATTOKAEIOTIKG OTO deiyaTa TTOU gixav TepaxIoTel ue Hpall kai ox1 ue Mspl,
YEYOVOG TTOU CUVETTAYETAI OTI TO AAANAGHOPQPO TTOU PEPEI TNV ETTEKTOON €ival
uTTEPUEBUAIWPEVO (aTToTEAETPaTA aTTé Ta cuvepyaloueva epyacTipia Twy Dr. R.
Seibert kai J.Gecz, Sarafidou T et al, 2004, Eik. 75). Na Tov €Aeyxo TnG TMOAVAS
METAYPAPIKNG KATAGTOANG TOU GAANAOUOPPOU TTOU QEPEI TNV ETTEKTACN
aglommoinOnkav Ta SNPs ota nt:284 kai 427 (BA. AttoteAéopaTta) yia Ta OTToia £vag
popéag TnG FRA10A fAtav etepdluyog (yovoTutrog: 284T/C-427C/G). ‘ETol,
mpaydatotroidnke RT-PCR e mRNA atrd KUTTapikr o€ipd autou Tou aTtouou Kal
akoAouBn aAAnAouxnan Tou TTPOIGVTOC TTou £B€IEE OTI ival SUVATA N avixveuan

ATTOKAEIOTIKG TOU €vOG aAAnAo-udp@ou (284C-427G). Bdoel autoU TTPOKUTITEI N
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uTt6Bean 6T TO €va AAANAGHOPPO TOU YOVIOIOU £xEl KATAOTOAEI HETAYPAPIKA AOYW
UTTEPUEBUAILWONG OTNV TTEPIOXT TNG ETTAVAANWNG, TTOU WE TN OEIpd TNG OQEIAETalI OTNV
eméKTAON TNG (aTToTEAEOHA aTTd TO ouvepyalopevo epyaaTrpio Tou Dr. J.Gecz,
Sarafidou T et al, 2004, Ek. 77).

A 1 2 3 45 6A BC 70D
F{ -m =
N—=>| i - -
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E { ' — 3000
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Eik. 75: ETréktaon kai peBuAiwon Tng TpivoukAeoTISIkAG eravdAnyng CGG ot @opeig
NG €UBpauoTng Béong FRA10A. A. Autopadioypagia petd amrd avadAuon Southern kai
uBpidoTroinan, TpoidvTwy PCR pe uméoTpwpua yevwuikd DNA atépwy eAéyxou (diadpouég 1-
7) kair popéwv TG FRA10A (A, B, C kai D) kai ekkivnTéG TTOU UBPISOTTOIOUVTAIl EKATEPWOEV TNG
ETTAVAANYNG. ZTOUG POPEIG, EKTOS aTTO TO YUAIOAOYIKO aAAnNAGpop@o (N) eugpavidovTtal
emmA£ov TTpoidvTa PCR ueyaAutepou pey€Boug (F), yeyovog TTou deixvel ETTEKTAoN TNG
eTavaAnyng. B. MNa va eAeyxBei edv To aAANAOUOPQPO TTOU QEPEI TNV EKTETAPEVN ETTAVAANYN
ugioTatal geBuAiwaon, TTpayuaToTToINOnKe TEHaXIOUOG yevwpikou DNA atépwv ehéyxou (1, 2)
kal popéwv TG FRA10A ue Hpa Il 4 Mspl, 10 oTT0i0 aKOAOUBWG XPNOCIUOTTOINONKE WG
uttooTpwpua o€ PCR e ekkivnTég TTOU uBpidoTrololvTal eKaTEPwOEV TNG eTavaAnwng (BA.
oxnuaTikA atreikévion otnv Eik. IN). MapdAAnAa, paypatotroinke PCR o€ yevwpikd DNA
TTOU O€V €iXe UTTOOTEN TEPAXIONO. 2T TIPOIOVTA TNG avTidpaong, TTPAyHaAToTToINOnKe avaluon
katd Southern kai uppidotroinon Pe avixveutr oAlyovoukAegoTidia GCC/GGC. H
auTtopadioypa@ia deixvel OTI O EKTETAPEVES ETTAVAANYEIS avixveUovTal JOVO GTO Ogiyua Tou
DNA 110U 8¢V €ixe uttoOoTEl TEPAXIOUO Kal 6To yevwuikd DNA TTou €ixe TepaxioTei ye Hpall, v
atrouaidfouv oTa BEiYHATA TWV POPEWV TTOU EiXav TEPAXIOTEN ue Mspl. Z1a aTopa EAEYXOU
TAUTOTTOIEITAI OTTOKAEIOTIKA TO YUCIOAOQIKO aAAnASuop@o. Ta atmmoteAéopata deixvouv OTI N
TreploxA yupw atrd tnv eravaAnyn CGG cival utrepueBuhiwpévn. Ta aAANASuopPa UE TNV
eTTEKTAON OEV eP@avifovTal oav dIAKPITEG {wveg TIBavéTaTa Adyw dUOKOAMIWY KaTd Tov
TTOAATTAQCIAO YO KATA PUKOUG TNG ETTAVAANWNG.
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SSR density (bp/Mb)

Eik. 76: MukvoTNTA TWV SI0QOPETIKWY TUTTWYV TPIVOUKAEOTISIKWY ETTAVAANYPEWY OTA
XPWHOOWHATA TOU avBpwTtrou. ATro 10 dIdypauua @aivetal 6Tl Ol ETTAVAAAYEIG TOU TUTTOU
CGG cival atrd TIG OXETIKA OTTAVIEG OTO AVOPWTTIVO YOVISiwPA KOl N KATavour Toug gival
YEVIKG OPOIOHOP®N.

[CovoTuTiog Qopéa

Egovio 3 Egovio 5
(o} G
i ——
Egovio 3 Egovio 5 Vind fl} ,”I it YEVWLIKS
E (YN DNA
AGANIGAC ATAINIAAA
s0c/T 233610
T C

cDNA

Eik. 77: MeTaypa@IKi] KATAOTOAR ToU £vog aAAnAopdp@ou Tou yovidiou FRAT0AC1
oTOUG Popeig TG eUBpaucTng Béong FRA10A. A. ATtreikovifeTal GXNUATIKA O YOVOTUTTOG
evog gpopéa Tng FRA1T0A, o otroiog gival eTepdluyog ae dUo SNPs Tng Kwdikrg aAAnAouyiag:
10 284C/T oTo €€bvio 3 ka1 T0 427G/C oT1o £€6vio 5 Tou cDNA. B. AttotéAeopa aAAnAouxnong
oTtnv Treploxn Twv SNPs o€ yevwpikd DNA Tou @opéa (Trédvw) kai o€ avtidpaon RT-PCR o€
MRNA a1é KUTTapIKr o€Ipd Tou @opéa (KAaTw). Evwo n yevwpik aAAnAouxia deiyvel
eTepofuywria yia Ta aAAnAduopea T/C kair G/C kai oTig duo B€aeig, n aAAnAouyia Tou cDNA
dEix Vel TNV TTapouaia Tou evOg JOVO aAAnAopdppou.
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> [lpwregiveg mou aAAnAsmdpouv us tnv FRA10AC1
10 TACiola Tng digpelivnong Tou BIoXNMIKOU pOAoU TG TTPWTEIVNG
FRA10AC1 epapudoaue 1o cuoTnua 800 uBpIdiwv Tou oakXapouUknTa Kal
TAUTOTTOINCAUE WG AAANAeTIOpwVTa PopIa, TG TTpwTEiveG SAP145 kait DGCR14. To
YEYOVOG OTI Kal 01 U0 TTPWTEIVEG £XOUV OUOXETIOTEN e TN dladikaoia TNG CUVAPUOYAG
Tou TTPOdpopou MRNA, pag odnyouv otnv uttdBeon 611 TBavwg kai n FRA10AC1

OUMMETEXEI OTO i010 BIOAOYIKO JOVOTTATI.

Avridpaaon cuvapuoyns

H ouvappoyn Tou Tpédpopou mMRNA cival pia kataAuTikr diadikagia TTou
TrepIAapBavel dUo avTIOPATEIS TPAVG-E0TEPOTTOINONG KATA TIG OTTOIEG ATTOUAKPUVOVTAI
Ta IVTPOVIA v TTAPAAANAa cuvdéovTtal Ta dladoXIKd e¢ovia. Katd Tnv TTpwTn
avTtidpaaon, 1o 2’-OH 1ng adevoaivng Tng Béong oxnuaTicpou BnAidg (branch site) Tou
IVTPOViou, CUVOEETAI E TN WO PWPIKT OPAdA TOU VOUKAEOTIBIoOU TNG 5’ Béong
OUVapHOYNAGS (TTPWTO VOUKAEOTIBIO Tou IvTpoviou). ‘ETol dnuioupyouvTal Ta evOIGUECT
MOpIa, dnAadn To eAeUBep0o 5°eEGVIO Kal TO IVTPOVIO O€ HOPPN BPOXOU EVWUEVO JE TO
3’ €€ovio. ZTn deUTEPN avTidpaOT, TTpayuaToTTolEiTal n guvdeon Tou 3’-OH Tou
eAelBepou e€oviou (5’ €€6VIO) Pe TN PLWOPWPIKA OPAdA Tou VOUKAgoTIdIou TnG 3’
B8éong ouvapuoyAG PE aTTOTEAETUA TNV ATTOUAKEUVGOT) TOU IVTPOVIoU Kal Tn oUvOean

TWV eAeUBEpWV TTAEOV AKPpWV Twv dUO efoviwv (EIK. 78).

CU_
G
5' B¢on ) 3’ B¢an ) A AG
ouvappoyng OUVOPHOYAG
l 0 l Cg

Béon
oxnuaTiopou
enAidg

Eik. 78: Ta 800 KaTaAuTIKd BAHATA TG AVTISPACNS CUVAPHOYAS

To spliceosome

H cuvappoyn TpaydaToTrolEiTal atro £va UTTEPUOPIOKO CUUTTAOKO, TO
spliceosome 10U atroTeAeital atrd U snRNAs (uridine-rich small nuclear RNAs) kai
TpwTEiveS. Ta ouoTaTiké autd axnPaTiCouv ETIHEPOUG PIBOVOUKAEOTTPWTEIVIKEG
dopég, Ta U snRNPs, 1Tou ovoudZovtal Baoel Tou avtioTolyou U snRNAs 1Tou
TEPIEXOUV. ZTa ONAACTIKA, o1 TTpwTEiveg Twv U snRNPs Tagivopouvtal o duo

Katnyopieg: a) aTig SNRNPs (UIKpEG TTUPNVIKEG PIBOVOUKAEOTTPWTEIVEG) Kail B) OTIG Un-
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snRNPs 1Tou ovoudlovTtal Kal TTapdyovteg auvapuoyrg. O Trapatmavw diaxwpIouog
BagileTal 0TO KATA TTOCO Ol TIPWTEIVEG AUTES TTAPANEVOUV ) OXI CUVOEDENEVEG HE Eva
ouykekpipévo U snRNA katd T didpkeia Twy BIOXNUIKWY KAAOPATWoEwVY. To
spliceosome diakpiveTal 01O peiCov Kal To eAdooov. To TTPWTO gival utTeUBUVO yia TNV
ATTOPAKPUVON TWV TTEPICOOTEPWY IVTPOViwy, Twv TUTTOU U2, a1rd Ta TTpddpoua
MRNASs evW 10 EAdoooV atTopakpuvel Ta Ivipovia Tutrou U12, TTou atmmavtwvTal
omavia. To peifov spliceosome trepIAaufaver T uttopovadeg snRNP U1, U2, U4, U5

Kal U6 kai To pikpo 1ig U11, U12, U4atac kal Ubatac.

2xnuanouos Twy urmrouovadwy U snRNP

Ta snRNPs oxnuari¢ovral atadiakd atmmoé éva popio U snRNA, 7 Tpwreiveg
Sm kai eTITTAéov TTPWTEIVEG, €10IKEC yia KABe sNRNP (Eik. 79). Ta snRNAs
petaypdgovtal atrd Tnv RNA pol Il, TTAnv Twv U6 kal Ubatac mou petaypd@ovTal atmréd
TNV RNA pol lll. OAa, oxnuartiovtal apXiké wg TTpodpoua HOpIa TToU TTEPIEXOUV
ETMITTAEOV VOUKAEOTIBIO 0TO 3’ TOUG AKPO Kal i povopeBuAiwpévn doun cap,
m7GpppG (M7G). ZTn ouvéxeia, eEEpXOVTal OTO KUTTAPOTTAAOUA, HEOW €VOG
TTOAUTTPWTEIVIKOU GUUTTAOKOU ££0d0U, OTTOU Kal cuvdEovTal Pe TIG TpwTeiveg Sm. O
TeAEUTAIEG, TTOU BpioKOVTAl OTN HOPYPR TPIWV ETEPOPEPWY CUUTTAOKwWY (D1-D2, E-F-G
kal B-D3 i B’-D3) cuvdéovTal o€ pia ToAU cuvtnpnuévn 8éon Twv RNAs, 1Tou
ovopdadetal B€on Sm (PuAU,46GPu). AKkoAouBei n wpipavon Twv Tpoddpouwyv snRNAs
(atmopdkpuvon Twv eTTITTAEOV VOUKAEOTIOIWY 0TO 3’ AKPO TOUG KAl ETATPOTTA THG
doung m7G o¢ 2,2,7 TpiueBuliwpévn youavoaivn, m3G), n €icodog Tou evOIGUETOU
OUMTTAGKOU aTOV TTUPAVA, HECW TwV TTPWTEIVWY Snurportin-1 kal Importin B kal TEAOG

n ouvdean Twv €1I0IKWYV yia K&Be snRNP mTpwrTeivwv.

2xnuarnioudc rou spliceosome

H Baoiki Asitoupyia Twv uttopovadwy U snRNP gival va avayvwpifouv Ta
opl1a eEOViWV-IVTPOVIWVY Kal va OTPATOAOYOUV TOUG TTAPAYOVTEG TTOU KATAAUOUV ThV
ouvapuoyn Tou Tpodpouou MRNA. AuTr) n oTPATOAGYNON VIVETAI UE CUYKEKPIMEVN
akoAouBia Kal CUVETTWG 0 OXNHATICHOG TOu spliceosome eTTITUYXAVETAI PUE TNV
lepapxnMévn aAAnAeTidpacn Twv cuoTaTikwy Tou (EIk. 80). Ta TTOAUTTPWTEIVIKA
OUUTTAOKQ TTOU dnuIoupyoUvTal aTAdIOKA, £XOUV CUYKEKPIMEVN ovouaToAoyia: €10l
oxnuariCetal diadoxikd 1o spliceosome E, A, B kai C. H cuvapuoyr Tou Tpddpopou
MRNA gival pia duvauikr] diadikaoia Katd Tnv oTroia cuuBaivouv TTOAAEG
avakataTagelg oTic aAANAETIOPACEIG TWYV POPIWY TTOU CUMMETEXOUV O€ KABE oTddIo
OXNMATIOPOU Kal aTTooxXnNuUaTIoPoU Tou spliceosome Kai 0Ta KATaAuTIKG BApaTta Tng

oladikaaiag. Ooov agopd 1o Heiov spliceosome, TO TTPWTO PG YIA TOV OXNHUATIONO
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TOU €ival N avayvwpion TnG B€0ng cuvapuoyng 5 Tou IvTpoviou atrdé Tnv uTtTopovada
U1 snRNP. H avayvwpion autr BacileTal aTn GUPTTANPWHATIKOTNTA TwV BACEWY TNG
B8éong ouvappoyng 5’ pe TuAPa Tou U1 snRNA, o€ TpwTeivIKEG aAANAETTIOPACEIC Kal
o€ aAANAeMI®PAoEIG HETALU TTpWTEIVWYV Kal TTpddpopou MRNA 1Tou TeAIKG odnyouv
OTO OXNUATIONO TOU CUMTTAOKOU E. 20p@wva Pe 10 KAATIKO JOoVTENO, aKOAOUBED N
oTpatoAdynon Tng uttopovadag U2 snRNP 1Tou avayvwpidel Tn 8€on oxnuatiopou
BnAiag (branch site) oto TTpddpopo MRNA. H diadikacia auTr) aTraiTei evépyeia Kal
BacileTal 0TN CUPTTANPWHATIKOTNTA TWV BAcewy Twv PJopiwv RNA TTou CUUPETEXOUV
KaBwg Kal og aAANAETIOPAOEIG HETALU TTPWTEIVWV Kal TTpddpopou mMRNA. ZTig
AAANAeTIOPACEIC AQUTEG CUMMPETEXOUV oI uTTodovAdeg SF3a kai SF3b 1Tou avrikouv
oTIg €18IkéG TTpwTEiveEG Tou U2 sNRNP KaBwg Kal TrTapdyovTeg CUVAPUOYG OTTWG O
U2AF kai 0 SF1/BBP. To atrotéAeoua Twv aAANAETIOPACEWY QUTWY Eival O
oxXnuaTiopdg Tou CUPTTAGKOU A TTOU ovoudadeTal Kail pre-spliceosome. To eTépEVO
Brua eival n otparoAéynon Twy uttopovadwy U4, U5 kai U6 snRNP, TTou £€xouv on
ouvoeBei peTalu Toug kal €xouv oxnuaTioel To tri-snRNP U4/U6.U5 kai n
AAANAeTTIOpacn Tou TeAeuTaiou pe To TTPOdPoPo MRNA. H diadikacia autr atraiTei
EVEPYEIA KAl TO ATTOTEAECUA €ival 0 OXNUATIOPNOG Tou cuuTTAGKouU B. Katd Tn didpkeia
OoXNMATIoOPOU auToU Tou GUUTTAGKOU AauBdavouv xwpa TTOAAEG DOUIKEG AAAAYES TT.X.
T0 U6 snRNA tradel va aAAnAeIdpd pe 10 U4 snRNA kal cuvdéetal pe to U2 snRNA
kal Tnv 6éon auvapuoyng 5, To U5 snRNA cuvdéetal ue aAAnAouxieg Tou e€oviou oTn
B8éon ouvappoynig 5’ kal apyotepa pe aAAnAouxies Tou e€oviou otn Béon 3’ K.ATT. OAeg
o1 dopIKEG aANayEG TTou cupaivouv 0dnyouv 0To OXNUATIONO Tou cUPTTAGKoU C Katd
TO OTT0i0 TO TTPOOPOO MRNA UTTOKEITAI TO TTPWTO KATAAUTIKO BAMa. MeTd 1O d€UTEPO
KataAuTiKé Brua, To spliceosome atmocuvapuoAoyEiTal Kal aTTeAEUBEPWVETAI TO

wpiho TAéov MRNA Kail Ta IvTpovia.

lMoAutrAokérnTa Tou spliceosome

AT6 Bloxnuikd TreipduaTa ammoudvwaong Tou spliceosome Kai TautoTToinong
TWV UTTOPOVABWY TOU QAvVNKE OTI TTPOKEITAI YIA €va CUUTTAOKO TTOAU TTIO TTOAUTTAOKO
atod o1 BewpolvTay TTaAaIdTEPA, KaBwe atroTeAeiTal ammd TouAdyioTov 300
Tpwreives. ‘Eva Baoikd epwtnua Kai ue dedouévo OTI n avtidpaan Tng
TPAVOECTEPOTTOINONG YTTOPEI va TTpayuaTtotroinBei kai atroucia mpwrteivwy (Cech TR,
1993), cival n Tautotroinon Tou pOAoU aUTAG TG TTANBWPAGS TWV TTPWTEIVWV OTO
spliceosome. Mia mBavr TTAPAPETPOG TTOU CUVEICPEPEI TNV TTOAUTTAOKOTNTA TOU
oupuTTAGKOU, gival n akpifeia Ye TV OTToia TTPAYUATOTTOIEITAI N guvapuoyr. Kabe
ONPa CUVAPHOYAG EAEYXETAI TTOAUGPIBNES POPEG aTTO SIOPOPETIKOUG TTOPAYOVTES

WOoTe va eTIRERaIWBEI 0 CWOTOG oXNUATIONSG Tou spliceosome TOGO TIPIV OGO Kal
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META TO TTPWTO KATAAUTIKO BAua (Staley JP & Guthrie C, 1998). EmimAéov, n
TTAPATNPOUEVN TTOAUTTAOKOTNTO UTTOPEI va puNVEUTEL Kal ue BAon TN AEITOUPYIKN
ouvdeon TNG OUVOPUOYNAS e AAAa oTAdia TNG YOVIDIAKNAS Ekepaong. MNapdAo TTou
KG6e Brpa TNG yovIBIOKNG EKPPAONG TTPAYHATOTTOIEITAI ATTO SIAQOPETIKA TTPWTEIVIK
«PNXavi», TPOoeATa dedouéva SEIXVOUV OTI O HEJOVWHEVEG TIPWTEIVIKEG «UNXAVEGY
ouvoEéovTal AEITOUPYIKA, SNUIOUPYWVTAG TIPWTEIVIKA «EPYOOTACIAY, KATOXUPWVOVTOG
mMOAVWG £TC1 TNV TMOTOTNTA, TNV ETAVAANYILOTATA KAl TO CUYXPOVIONO TNG 0ANg
dladikaaciag in vivo. EIBIKOTEPA, EKTOG ATTO TN OUZEUEN TNG CUVAPHOYAG ME Ta AAAG
o1ad1a wpigavong Tou Pédpopou MRNA (TTpooBrikn doprg cap oTo 5 dkpo,
TToAUadEVUAIWON), UTTAPXOUV ONUAVTIKEG EVOEICEIS YIa TN AEITOUPYIKA CUOXETION TNG
OUVOPMOYAG PE TN METAYPAPT KABWGS Kal pe TNV €000 Tou wpigou MRNA atrd Tov

TTUprva.

MYPHNAZ KYTTAPOMNAAZMA

oUuTTAOKO £§600U

Béon Sm

Tpédpopo U2 snRNA

U snRNP

Q0
m @.g OH

wpigavon

(E)
—  mG @G@ OH
Q)
&

Eik. 79: ArAoTroinpévo oxfua tng pioyéveong Twv U snRNPs
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U1

XoptrAoko E

ZO0uTTAOKO A

2yumrAoko B

Avrtidpaon 1 Avridpaon 2

—

| £26VIO 1 | £€6VIO 2 | @@.
u2

mRNA

Eik. 80: ZXNMATIONOG evOIAUECWY CUNTTAOKWY KATA TRV AVTidpaon Guvapuoyng

H mpwreivn SAP145

H mpwrteivn SAP145 (Spliceosome Associated Protein, 145kD) atroteAei évav
AEIToupyIKA XOPaKTAPIOUEVO TTAPAYOVTO CUVAPHMOYAG. TO TTOAUTTETTTIOIO aTTOTEAEITAI
atro 895 apivogéa Kal EXEl EKTINWPEVO Poplako Bapog ~100kD. Qotéco, Adyw Tou
NAEKTPOPOPNTIKOU TOU TTPOTUTTOU O€ YEYOAUTEPO PEYEDN, OVOUAOTNKE UTTOUOVADO
145kD. AtroteAei ouoTaTikd Tou cupttAdkou SF3b (Gozani O ef al, 1996) TTou e TN
OEIpd TOU OUMMETEXEI OTO oXNMATIONO6 1600 Tou U2 snRNP éoo kai tou U11/U12
snRNP (Will CL et al, 1999). O SF3b cival éva idiaitepa oTaBepd cUPTTAOKO (Brosi R
et al, 1993), atrapaitnTo yia TO oXNPATIONO Tou pre-spliceosome (Brosi R et al, 1993)

Kal TTapapével oTo spliceosome PéxPI Kal TNV oOAoKAfpwaon TG diadikaoiag TNG
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ouvapuoyng (Champion-Arnaud P & Reed R, 1994). Ex16¢ Tng SAP145, 0 SF3b
TePIAAPBAVEI TOUAGXIOTOV 7 ETTITTAEOV TTPWTEIVEC £XOVTAG OUVOAIKO HOPIaKO BApOog
450kD (Will CL et al 2001 & 2002). H rpwTeivn SAP145 cuuuetéxel otn oUvOean Tou
U2 snRNA pe T 8éon oxnuaTiopgou BnAIdg Tou Ivipoviou Kal dAANAETTIOPE dpeca e
TNV SAP49, lia atmé 11 GAAeg uttopovadeg Tou SF3b (Champion-Arnaud P & Reed

R, 1994). H mpwT€ivn €ival ocuvtnpnuévn 0TOUG EUKAPUWTIKOUG OpyaviouoUg, CwiKoug
Kal QUTIKOUG Kal 0pBOAoYOS TNG UTTAPXEI KAl OTOV OOKXAPONUKNTA. ZnUAVvTIKO gival 6Tl
otnv D. melanogaster kal Tov COKXAPOMUKNTA gival cuvTnenuévn N aAAnAeTTidpaon
NG SAP145 e Tnv SAP49, yeyovdg TTou deixvel Kal TNV AEITOUPYIKA onPagcia TG
(Flygrid db, Igel H et al, 1998).

IS1aiTEPO eVBIAPEPOV TTAPOUCIALEl O PAIVOTUTTOG TOU TTOVTIKOU HE
ATTEVEPYOTTOIRUEVO TO éva AAANAGHOPQO TOU Yovidiou SAP145 (avagépeTal oav
adnuoaicuta atroteAéopara oToug Isono K et al, 2005). Ta tovTikia auTé
TTAPOUCIAZoUV PETAUOPPWON TOU TEAEUTAIOU 00QUIKOU GTTOVOUAOU o€ 1EPO, UE
die1oduTIKOTNTA 71%. H idla avatrTuélakr avwpaAia epgavidetal kal o€ eTepoluya
knockout TTovTiKia yia To yovidio SAP155, To TTpoidv TOU OTToiou aTToTEAE], OTTWG KAl N
SAP145, uttopovada Tou gupttAdkou SF3b. Ta trovTikia auTd gpgavifovral ETITTAEOV
OKEAETIKEG avwuaAieg kaTd uAKog Tou TTpoabio-otrioBiou dEova. EidikéTepQ,
TIAPATNPEITAI HETANOPPWAN TOU £BDOUOU QUXEVIKOU OTTOVOUAOU 0€ BwpPaKIKO, TOU
TIPWTOU BwPAKIKOU 0€ deUTEPO KAl TOU TEAEUTAIOU BwpakikoU o€ ooQuikd. ETTITTAEov,
oT1a TrovTikia SAP155 +/- TTapaTtnpeital EKTOTTIKA £€KQPAan Twv yovidiwv Hoxce,
Hoxb8, Hoxb6 (Isono K et al, 2005), Ta oTroia avAKouv OTNV OIKOYEVEID TWV
OMOIWTIKWYV YOVIDIWV TTOU QUOIOAOYIKA eu®aviouv kaBoplopéva TTPOTUTTa £KQPachSg
Kal TTaidouv Kpioluo pOAo oTnv EUBPUIKN avATITUEN dPWVTAG WG HETAYPAPIKOI
puBuIoTEG. O TTaPATNPOUUEVOS QPAIVOTUTTIOG TWV ETEPOJUYWY TTOVTIKWY SAP155+/-
MoIACel e auTOV TTOU TTPOKUTITEI ATTO ATTEVEPYOTTOINON YOVISiWV TNG OIKOYEVEING
Polycomb. (Akasaka T et al, 1996). O1 rpwT€iveg Polycomb oxnuaTti¢ouv
TTIOAUTTPWTEIVIKA CUPTTAOKQ TTOU YEVIKA KATAOTEAAOUV TA OPOIOTIKG yovidia. O
QAIVOTUTTOG 0€ oUVOUAO UG UE TNV TAUTOTTOINGT TNG dpeong aAAnAeTTidpaong PeTagu
NG TpwTteivng SAP155 kai Twv Zfp144 kai Rnf2, Tou atroteAolv PéEAN NG
olkoyévelag Twv yovidiwv Polycomb, uttodnAwvel Tnv mlavr) cupuetoxi 1ng SAP155
Kal iowg kal TN SAP145, otnv puBuion Twv yovidiwv Hox péow ) cuvepyaTIKG e
MEAN auTAg TNG oikoyévelag. H TpwTeivn SAP155 gixe Kal TTaAaIOTEPA CUOXETIOTEI
éupeca Pe Tnv olkoyévela Polycomb, Adyw Tng aAAnAeTTidpaong Tou TTapdyovta
ouvapuoyns NIPP1, o otroiog ouvdéetal Aueaa pe Tnv SAP155, pe Tnv TTpwrTEivn
EED (embryonic ectoderm development), yéAog Tng rapatavw oikoyéveiag (Jin Q et

al, 2003). H opoluyn éAAeipn Tou yovidiou SAP155 trpokaAegi BAvaTo Twv TTOVTIKWYV
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TIPIV TO OTAdIO TNG EPPUTEUONG, OTO OTADIO TWV 16-32 KUTTAPWY, GAIVOTUTTOG
OUMBaTOC PE Tov KEVTPIKG pOAo TnG TTpwTEivng oTnv d1adIKagia TNG GUVAPHOYNG.
ZUu@WVa JE Ta aTTOTEAEGUATA TWV TTOVTIKWY knockout, Ba utropouce n
SAP155 kai mBavwg kai n SAP145, va atroTeAei pia pwreivn Polycomb n otroia
OUMUETEXEI OTO OXNUATIOUO KATOOTOATIKWY OCUUTTAOKWV Padi pe GAAa pé€AN g idlog
olkoyévelag. Mia evaAAakTIKY uttdBeon gival 0TI n aAAnAetidpaon Tng SAP155 e
MEAN TNG oikoyévelag Polycomb atroTteAsi pépog evog pnxaviopou TTou OToXEUEl 0TV
lIaTAPENON TWV ATTAITOUNEVWY ETITTEOWY TWV PETAYPAQWY Twv yovidiwv Hox. ‘ETol,
Ta MRNAS TTou €Xouv peTaypaPei EKTOTTA UTTOPEI va deopuevuovTal atrd Tnv SAP155,
TTou €ival ouvdedepévn e To CUPTTAOKO Polycomb, woTe va avaoTalei N cuvapuoyn
TOUG. € QUTAV TNV UTTOBEON, oI TTpwTEiveg Polycomb Traifouv Tov poAo Twv
QVIXVEUTWYV TWV ETTITTEOWV TWV HETAYPAPWYV OTIG TTEPIOXEG OTTOU Ta yovidia Hox

duvavTtal va petaypagouv (Isono K et al, 2005).

H mpwreivn DGCR14

To yovidio DGCR14 Tou avBpwTtrou €ixe kKAwvoTtroinBei fdoel TG ToTToypagiog
TOU OTN XPWHOOWHMIKN TTEPIOXN 22911, TTOU £XEI CUCXETIOTEI E TO OUVOPOUO
DiGeorge (Rizzu P et al, 1996; Gong W et al, 1997; OMIM #188400). To ouvdpopo
EKONAWVETAI PE aVATTTUSIOKA avwaAia Tou eUBPUIKOU GapuyyIKoUu CUOTAUATOG, HIOG
TTaPOBIKNAG BOUAG aTTd TRV OTToIa TTPOKUTITOUV BIAPOPOI I0TOI TNG KEPAANG, TOU AdioU
Kal Tou Bwpaka. Ta Kupia KAIVIKA XapaKTnPIoTIKA TOu ouvdpouou ivail ol
KapdioayyelakéG dUoTTAaaieg, N uttoTTAacia i atTAacia Tou BUUOU PE AVETTAPKEID TWV
KUTTApwv T Kal 0 UTTOTTapaBUPEOEIBICHOG EVW GE APKETES TTEPITITWOEIG
TTAPOUCIAZETAI KPAVIOTIPOCWTTIKA dUCHOPQia, avaTtrTugiakr] Kai diavonTIKA

KaBuoTEPNOT, OXICOPPEVEIQ, UTTEPWIOTXIOTIO K.ATT.

@ Images Pagdiatr Cardiol__

Eik. 81: XapaKTnpIOTIKI KPAVIOTTPOCWTTIKK Suopop@ia o€ aoBevi pe ouvdpopo
DiGeorge
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TNV TAEIoVOTNTA TWV a0BeVWYV (~85%) 0 PAIVOTUTTOG OXETICETAI UE
eTEPOLUYO, auVhBwG de novo, éAAEIPa evog TURUaTog ~3Mb Tng Treploxns 22q11.2,
oTnVv oTroia xapTtoypagouvTal Trepitrou 30 yovidia, cuptrepiAapBavouévou Tou
DGCR14 (Eik. 82). ETTTAéov, ~8% Twv aoBevwv, QEPEI Eva PIKPOTEPO EAAEINPO
pAkoug ~1,5Mb, utrotrepiox Twv 3Mb pe koivd 1o 5’ onueio Bpavong. To TuAPa auTd
mrepIhapBavel 24 yovidia, cuptrepihapBavouévou Tou DGCR14 (Lindsay EA et al,
1995; Carlson C et al, 1997; Shaikh TH et al, 2000, Eik. 82). H dnuioupyia Twv
TTOPATTAVW YEVETIKWVY EAAEIMPATWY QAiVETAI TTWG OXETICETAI JE TNV TTAPOUCIa
eTTavVOAaPBavOpevwyY aAANAOUXIWV OTA CNUEIA XPWHOOWHIKAS Bpaloeig auTwyv Twv
Treploxwv (Halford S et al, 1993; Edelmann L et al, 1999a & 1999b), TTou mBavov
odnyouv o€ YeEVWUIKA aoTAaBeia Adyw pn @uaolioAoyikoU oudAoyou avacuvouacuoU Kal
AKOAOUBWGS XpWHOOWUIKG ENAcIua kKaTd Tn peiwon (Saitta SC et al, 2004). Adyw TnG
XPWHOOWIKNAG Tou B€ang, To yovidio DGCR14 BewpnBnke wg mOavo uttown@io yia
T0 oUvdpopo. QaTdo0, atmod TeipduaTta dnuioupyiag knockout TTovTIKWY @aiveTal OTI
MAAAOV Bev OXETICETAI, TOUAAXIOTOV UE TA KUPIA KAIVIKA XOPOKTNEIOTIKA TOU
ouvopouou. EIdikdTepa, KaTa TNV TTopeia dnuioupyiag Tou TpwTtou knockout (DF7)-
MovTéAou (Lindsay E et al, 1999; EIk. 82), TTou £@epe €TepOLUYO EAAEINPA TNG KPIOIUNG
TePIOXNG Twv 1,5Mb, dnuioupynRBnKe Kai £€va TTOVTiIKI GTO OTTOI0 UTTAPYEl MOVO éva
Aeitoupyikd aAANAGpop@o Tou yovidiou Dgcri4. Ta TrovTikia autd dev ep@aviav
duoTtrAacia TnG KapdIdAg, yeyovag TTou deixvel 0TI n eTepofuyn peTaAAayr Tou Dgcr14
Oev apkei yia TNV TTPOKANCT TOU KUPIOU XaPOKTNPIOTIKOU Tou cuvdpouou. QoTdoo, Ta
ou6luya TTOVTIKIO PE ATTEVEPYOTTOINUEVO TO YOVIidIO auTtd dev ETTIRILVOUV TTEPAV TNG
eMBpUIKNG péEpag E,5, yeyovdg TTou Beixvel TNV avavTIKaTAoTaTn AsiIToupyia Tou Katd
TNV TTPWIKN EMPPUIKA avdaTtiTuén. To yeyovdg auTto sival cupBatd Kal e To OTI TO
yovidlo gival povadiaio oTo avepwTTIivo yovIdiwpa, OTTwG eAavnKe: a) e diepelvnon
TNG VOUKAEOTIKAG BAong dedouévwy Tou avBpwTtrou Kai B) ge avdAuon Southern og
vevwpiké DNA kai o€ DNA HOVOXpWHOCWHIKWY KUTTAPIKWY UBPISIwv
XPnoipoTrolwvTag wg avixveut To cDNA (Gong W et al, 1997).

MeTd Tn dnuioupyia TTOAAWY SIAPOPETIKWY OTEAEXWY TTOVTIKWY TA OTTOia €ixav
€TEPOCUYA EAAEiPPATO THNPATWY TNG KPIOIKNG TTEPIOXAG 1) €iXav aTTEVEPYOTTOINUEVA
ouyKekpipéva yovidia (Eik. 82), ¢avnke 6T TO KUPIO UTTEUBUVO yovidIo yia Tov
TTaBoAoyikd @aivoTuTtro ival To TBX-1, TTou KWOIKOTTOIE £vav JETAYPOPIKO
TTaPAyovTa TNG OIKOYEVEING TWV TTpwTEiVWV T-box (Jerome LA & Papaioannou VE,
2001; Lindsay EA et al, 2001; Merscher S et al, 2001). O kpioipgog poAog Tou Tbx-1
oTnPIeTal OTOV QAIVOTUTTO TWYV TTOVTIKWY PE ATTEVEPYOTTOINUEVO TO €va OGAANAGHOPPS
TOU, TO OTTOIa EPPAVICOUV Ta TPIa KUPIA KAIVIKA XAPOKTNPIOTIKA TOU CUVOPOOU UE

di1e106uTIKOTNTA 40-50% KO OTNV TAUTOTTOINON METAAAQYWYV OTAV KWAIKK TTEPIOXH TOU
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yovidiou o€ 5 agBeveic aToug oTToioug dev avixveuTnkav KaBOAoU XpwHOCWHIKA
eMeipyuata (Yagi H et al, 2003).

‘EAAeippa 3Mb

‘EAMeppa 1,5Mb

Amati F et al 1999

Amati F et al 1999

Amati F et al 1999

Yamagishi H et al 1999 O'Donnell H et al 1997 Rauch A et al 1999
—/  ——— —————
Amati F et al 1999 Kurahashi H et al 1997
> ( )

Lindsay EA et al 1999
Saint-Jore B et al 1998
Kimber WL et al 1999

Jerome LA &
Papaioannou VE 2001,
Lindsay EA et al 2001,
Merscher S et al 2001
Lindsay EA et al 2001

Guris DL et al 2001

Puech A et al 2000

Gogos JA et al 1998
Merscher S et al 2001

Lindsay EA et al 2001

Lindsay EA et al 2001

Lindsay EA et al 2001

Eik. 82: Xpwpoowpikd eAAgippara otnv mepioxn 2211 o€ aoOeveig pe oUvdpopo
DiGeorge ka1 o€ rovTikia knockout. ®aivovTai: A) ol kpioipeg Trepioxég 3Mb kai 1,5Mb
KaBWG Kal Ta SIAPOPETIKA XPWHOCWHIKA eAAEippaTa TTou €xouv TauToTroinBei o aoBeveig pe
ouvdpopo DiGeorge. Me poC atreikovifovtal eAAgippaTa TTou dev £xel KABOPIOTE TO TEAOPEPIKO
TOUG OpIo, B) Ta yovidia TTou xapToypagouvTal aTnv Kpioiun tepioxr Twv 1,5Mb oTtov
avBpwTro (TTdvw) Kai n avtioTolXn CUVTAIVIKA TTEPIOXA OTov TTOoVTIKO (KaTw). OAa Ta yovidia,
TANvV Tou CLTCL1 (*) £xouv opBdAoya aTov TTOVTIKO, XWwpig OpwG n dIATagn Toug va eival
TARPWG ouvtnenuévn. H didtagn Tou yovidiou DGCR 14 (KOKKIVO) KAI TWV YEITOVIKWY TOU £XEI
diatnpnBei (pol) evw pia trepioxn TTou TrepIAauBaver 14 yovidia £XEl avaoTPAPEI GTOV TTOVTIKO
(kiTpIvo), IN) Ta eAAgippaTa TTou £xouv dnuioupynBei o€ TTovTikia knockout. MpwTo
armeikovi¢etal To knockout Df1.
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QoT1600 uTTAp)oUV dedouéva TTou deixvouv OTI N HoplakA Baon Tou
OuUVOPOUOU gival APKETA TTIO TTOAUTTAOKN. ZUYKEKPIMEVA, UTTAPXOUV TTEPITITWOEIG
aoBevwy, TToU GUVOAIKA avTioToIXoUV 0TO ~5% Tou OUVOAOU, OTOUG OTTOIOUG
TTOPATNPEITAI AEIOONUEIWTN YEVETIKA £TEPOYEvEIA. 'ETOI, O¢ TETOIOUG a0 BevEiG,
TauToTTOINONKAV JIOPOPETIKA XPWHOOWHMIKA, HUN-ETTIKAAUTITOMEVA EAAEiNUaTa OTAV
mrepioxn 22911 (Amati F et al, 1999; Kurahashi H et al, 1997; Rauch A et al, 1999;
Yamagishi H et al, 1999; O’Donnell H et al, 1997; Eik. 82), katrola atmo 1a otroia dev
mrepIAapBavouv 10 yovidlo TBX-1. Etriong, £€xouv avagepBei Touhdxiotov 200
TTEPITITWOEIG A0BEVWV OTOUG OTTOIOUG BEV AVIXVEUTNKAV KABOAOU XPWHOTWUIKA
eMeigpaTa kal TTou dev £xouv peTalayég oto TBX-1 (Gong W et al, 2001; Lindsay
EA et al, 2001; Chieffo C et al, 1997), kaBw¢ Kal TTEPITITWOEIG JE TTOAAG KOIVA KAIVIKG
XOPAKTNPIOTIKA JE auTA TOU CUVOPOHOU, TTOU PEPOUV OUWG EAAEIUPATA OTO UIKPO
Bpaxiova Tou xpwuoowpatog 10 (10p13-p14, Daw SC et al, 1996) 1 aTnv TTEPIOXN
18q21.33 (Greenberg F et al, 1988). EmritAéov, TToVTiKIa e OMOLUYO EAAEIJUG TOU
yovidiou Crlk (Guris DL et al, 2001), TTou €1TiONG XOPTOYPOQPEITAI OTNV KPITIUN
mrepioxn (Eik. 82), TTapouaidlouv @aIvOTUTTIKEG avwHaAieg TToU POIAdouV E QUTEG TOU
ouvopouou, evw oudluya trovTikia knockout yia 1o yovidio COMT (Gogos JA et al,
1998, Eik. 82) epgavifouv, ueTalu AAAwvV, Kai dlaTapaxéG o BEUATA CUUTTEPIPOPAEG
TTou Ba uTTopoUlcay TTBAVWG Va CUCXETIOTOUV UE TNV OXICOPPEVEIQ TTOU ATTOTEAEI éva
atro Ta XapakTnPIoTIK& Tou ouvdpouou. H TautoTroinon pn EMKAAUTITOMEVWY
XPWHOCWUIKWY EAAEINPATWY O€ acBeveig ye auvopouo DiGeorge Ba ytropoloe
meavov va ogeileTal og atmroTéAeopa Béong (position effect), 6TTw¢ oupPaivel oTnv
TTEPITITWON ToUu yovidiou SOX-9 (Wunderle VM et al, 1998; Pfeifer D et al, 1999;
Velagaleti GV et al, 2005) 1Tou oxeTiCeTal e éva OUVOPOUO OKEAETIKAG dUOTTAQCIAG
(OMIM #114290). ETiTTAé0v, N TTOPATNPOUNEVN YEVETIKI ETEPOYEVEIQ, OE CUVOUACUO
ME TNV aTToudia Twv OEUTEPOYEVWIV XOPAKTNPIOTIKWY TOU GUVOPOUOU OTA TTOVTIKIO JE
ATTEVEPYOTTOINUEVO TO Thx-1, iowg EnyeiTal ue TNV CUPMPETOXH €TTITTA(OV YoVIdiwv-
TPOTTOTTOINTWY TOU QaIvoTUTToU. ‘ETOI, N €AASIYn KATTOIWY GAAWY yovIBiwv T600 TG
KPIoIUNG TTEPIOXNG OO0 Kal AAAWY TTEPIOXWYV, Ba YTTOpoUCE va eTTnNEEAdel To 610
avaTTTUEIoKG OVOTTATI JE ATTOTEAEOHUA O QAIVOTUTTOG TWV TTOVTIKWY Thx-1+/- va
emdeIvwveTal ) N SIEICOUTIKOTNTA KAl N EKPPACTIKOTNTA va aufavetal. Etriong, 1o 6T
N eTEPOCUYN EAAEIPN KATTOIWY YOVIDiWV OTOV TTOVTIKO OEV CUVODEUETAI ATTO TOV
OUYKEKPIPEVO TTABOAOYIKO QaIVOTUTTO, OTTWG OTNV TTEPITITWON Tou Dgcr14, dev
ouveTTayeTal atrapaitnTa OTI TO id10 I0XUEI KAl yIa TOV AvBpwTTo, O OTTOI0G ICWG €XEI
OlaQOPETIKN gualicbnaia ota eTTiTeda diapopwyv TTpwTeivwy. EEGANou, yia Ta
OUYKEKPIMEVA TTOVTIKIO TTOU PEPOUV £va HOVO AEITOUPYIKO aAAnASuop@o Tou Dgcri14,

EKTOG TOU OTI eV eu@avidouv Ta KUpIa KAIVIKA XapaKTNPIOTIKA TOU OUVOPOUOU OEV £XEI
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eAeyx0ei 0 aIvOTUTTOC TOUG GO0V agopd dIATAPAXEG OTN WVAMN, TN 4adbnon Kai Tnv
oupTTEPIPOPA TOUG. OI @aIVOTUTTOI QUTOI, EKTOG TOU OTI CUVAVTIWVTAI O KATTOIO
TT0o00TO Twv acBevwy pe ouvdpopo DiGeorge, Ba ptTopolcayv icwg va
OUOXETIOTOUV KAl JE TOV QAIVOTUTTO TNG ATTIAG SlavonTiKhG KabuoTépnong Twv
ardépwv-eopiwyv TnG FRA10A. AnAadr], TTIBavVWGE 0 TTAPATNPOUNEVOS QAIVOTUTTOG TWV
POPEWYV VA PNV OXETICeTal Aueca Pe TNV ETEPOCUYN atrevepyoTroinon Tou FRAT0AC1T
aAAG pe Tnv TpwTeivn DGCR14 10U YIa va AsiToupyroel cwoTd Ba TTPETTEl va
aAnAemidpdoel ye Tnv FRAT10AC1.

210 TACioIa TNG AEITOUPYIKAGS MEAETNG TOu Dgcr14 wg uTToWA®Io yia TO
ouvopouo DiGeorge TTpoékuyav TTANPOPOPIEG TTOU APOopoUV KUpiwg To TTPOTUTTO
EKQPACNG TOU. ZTOV AvOPWTTO, TO YoVvidIo gival HeTaypa@ikd evepyd g OAOUG TOUG
I0TOUG TTOU €EETAOTNKAV EUPaviICovTag uwnAoTEPN £KPpacn o€ Kapdid, EYKEPAAO Kal
OKEeAETIKG Ju, O6TTwG O¢eixBnke pe avaiuon Northern (Rizzu P et al, 1996; Gong W et
al, 1997; Eik. 83). To TTpOTUTIO €KQPOACTG TOU gival TTapouolo ue autd Tou FRAT0ACT
(Eix. 83), Trou atroTeAei BeTIKN €vOeEIEn yia Tnv AsiToupyikh aAAnAeTTidpach Toug. AT
Tnv avadAucn Northern TautotroiiBnke n mapouacia dUo eTTITTA(OV, TTIBAVWG
EVAANOKTIKWY, METAYPAPWY 0€ KapdId Kal OKEAETIKO Pu, prkoug 5,2kb (Gong W et al,
1997) 1 ~7kb (Rizzu P et al, 1996) Twv oTroiwv OJwS dev TAUTOTTOINBNKE N pUON
Toug. MBavwg, TTPpOKEITAl YIa Ta idia JETAYPAPA Kal n dlapopd aTo YEyeBog Touc,
METAEU TwV BUO BIAPOPETIKWY AVAAUCEWY, OPEIAETAI GTIC OUVORKES NAEKTPOPOPNONG
 TTPOCdIoPICHOU TwV PeyeBwv. MapdAo TTou n avdAuon Twv ESTs Tou avBpwItTou
Oev ouveloEQepPE OTNV TAUTOTTOINON £vOG TMOAVOU eVOAANOKTIKOU PETAYPAQOU, gival
evdlapépov 0TI yia To opBOAoyo yovidio Tou TTovTikoUu (Gong W et al, 1997; Lindsay
EA et al, 1998), TautotroIRBnkav Kal atropovwenkav dUo eVAAAAKTIKG PHETAYpa®a
~2kb kai ~3kb trou diagépouv 010 3'UTR TOUG AOYW XPAONG EVAAAAKTIKWV ONUATWY
ToAuadevuliwong (Lindsay EA et al, 1998). Ztov 1TOVTIKS TO YOVIidIO gival
METAYPAQIKG evePYS aTTO Ta TTPWINA OTASIO TNG EMPPUOYEVECNS, TOUAAXIOTOV ATTO TNV
pépa E7 (Eik. 83), kal 01O eVAAIKO gu@avifel KABOAIKA HETAYPAPIKA EVEQPYOTNTA, TTOU
eivar 1dlaitepa uwnAr otoug 6pxels (Lindsay E et al, 1998; Eik. 83).

To mpdTuTTo ékQpacnc Tou e RNA in situ uBpidoTroinon €ixe peAeTnOei
TTOAQIOTEPA, WOTOCO N MEAETN €ixE TTEPIOPIOTEI O€ EUPPUA KAl EiXE YiVEI HE YVWHOVD TO
av n TapatnEouuevn EKQpaacn cuuBadilel Pe TNV Bewpnor] TOU WG UTTOWNPIO YIa TO
ouvopopuo DiGeorge. To ammoTéAegpa ATAV N TAUTOTTOINCN UWNAWY ETTITTESWV
EKQpPaong o€ eykKEPAAo Kal IDIaITEPA 0T YEPUPA, OTA PAPUYYIKA TOEa, o€ BUWO Kal
VEQPA, Opyava TToU OXETICOVTAI JE TOV QAIVOTUTTO ToU €V Adyw ouvdpouou (Lindsay

EA et al, 1998). Ta atroteAéouaTa QUTA E€ival CUYKPICIPA WE TNV avtioToixn OIKA oG
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avaAuan n oTToia ETTEKTABNKE Kal O EYKEPAAO EVIAIKQ Kal £YIVE GUYKPITIKA JE TV

evepyotnta Tou FRA10ACT.
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Eik. 83: MNMpéTutro ék@paong Tou yovidiou DGCR14 otov AvOpw1Iro Kai TOV TTOVTIKO HE
avdAuon Northern. A. AtreikovieTal To aTTOTEAEOUA TNG avAAuong o€ 10Toug avBpwtrou (A1:
Gong W et al 1997, A2: Rizzu P et al 1996) kai ouykpiTikd n avdAuon Northern Tou yovidiou
FRA10AC1. Kai Ta dUo yovidia ekppdadovTal o€ OAOUG TOUG IGTOUG Kal EJpavifouv uwnAd
EMTTEdA 0€ KAPDIA, EYKEPAAO Kal OKEAETIKO Pu. B. ZTOV TTOVTIKG KATA TNV EUBPUIKA avaTITUEN
(B1) 1o yovidio eival peTaypa@ikd evepyo atmo Tnv nuépa E7 kal rapapével evepyod TIG NUEPES
E11, E15 ka1 E1. Z¢ eviAiko (B2), yet@ypaga avixveuovtal ae 6Aoug Toug 10Toug (Lindsay E et
al 1998) trou peAetnOnkav. Ta BEAN deixvouv Ta U0 EVOAAGKTIKA YETAYPAMA TTOU
TautotroiIenkav.

H mpwteivn DGCR14 atroTteAcital ammd 476 apivogéa, EXEl EKTINWHPEVO HOPIAKO
Bdapog 52,5kD kai iIconAekTpikd onueio 7.06. Z10 C-TeAIKO TNG AKPO PEPEI Hia TTEPIOXN
coiled-coil, TTou £Xel CUOXETIOTEI e TTPWTEIVIKEG AAANAETTIOPACEIG KAl TTOU OTTWG
ocifape ouppeTéxel otnv aAAnAetiopaon pe Tnv FRA10AC1. MBava opBoAoya popia
EVTOTTIOTNKAV ATTOKAEIOTIKA O€ EUKAPUWTIKOUG OpYaVIGHOUG, KUPIWG TTOAUKUTTAPOUG
oTTwg Kai otnv mepimrwon Tng FRA10AC1. ATré Toug Aiyoug JOVOKUTTAPOUG TToU
TauToTroInBnkav €ivalr o Schizosaccharomyces pombe, €vw v TAUTOTTOINONKE
TTOAUTTETTTIOIO JE ONUAVTIKA apIvoik opoAoyia oTtov Saccharomyces cerevisiae. H
TPWTEIVN PEPEI TTOAAEG TTIBaVEG BETEIC pLOPopUAiwong ato C-TeAikd TnG dkpo. Qg

mOavES KIVAOEG UTTopouV va BewpnBouv: a) n MPK-1 Bdosl Tng aAAnAeTTidpaong
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TTOU TauTOTTOINBNKE METAEU TNG 0pBbOAoyng TTpwrTeivng Tou C.elegans (F42H10.7) pe
v MPK-1 g¢ treipapa dUo uBpidiwy (mitogen-activated protein kinase, F43C1.2,
Walhout AJ et al, 2000; Li S et al, 2004; http://vidal.dfci.harvard.edu/) kai B) n kivaon
cyclin-cdk2, Baoel TNG TTapouaciag 10 diITeTmdiwv TP TTou BPicKOVTAl CUYKEVTPWUEVA
o010 C-TeNIKO TUAUA Kal TNG TAuTdXpovNnG TrTapouaciog duo poTiBwv RXL (61Tou X éva
udpd@ofo auivogl). Ta duo TTapaTTdvw POTIRa gival XapakTnPIoTIKA Twv
UTTOOTPWHATWY TWV KIvaowv cyclin-cdk2. EtmirrAéov TautoTtToIfnkav 3 meavég
B¢0¢€1g coupoUAiwoNg TTou TTIBAVWG CUCXETICOVTAI KOl JE TNV AUECT GAANAETTIOpaON
TToU TauToTTOIRBNKE PETAEU TNG opBbAoyng Tng DGCR14 otov Schizosaccharomyces
pombe (Bis1) kai Tou Pli1p, yiag xapaktnpiopévng Asitoupyikd E3-SUMO Aiydong
(Xhemalce B et al, 2004). AuTtég o1 TTIBAVEG PETA-UETAPPATTIKEG TPOTTOTTOINCEIG Ba
HTTOpOUCQAV VO EPUNVEUCOUV TO NAEKTPOPOPNTIKO TTPATUTTO TNG avaouvOuaouévng Kal
TNG evdoyevoug TTpwTEivng (dev TTapaTtiBevTal ammoteAéopaTa) oe SDS-PAGE, é1rou
avixveUETal 0€ PEYEDBN PEYOAUTEPA TOU QVANEVOEVOU.

Mia TToAU onpavTikh TTAnpo@opia yia TO BIOAOYIKO JOVOTTATI OTO OTTO0I0
mBavwg cuppeTExel n TTpwTteivn DGCR14 mmpoépxetal ammd PEAETES BIOXNMIKAG
atmopoévwaong Tou spliceosome. EidIkoTEPQ, N TpwTteiv DGCR14 £xel TauToTrOINOEI
oav ouoTaTIKG Tou spliceosome atrd Tpeic SIaPOpPETIKEG OuadeS (Zhou Z et al, 2002;
Rappsilber J et al, 2002; Makarova O et al, 2004). Z11 U0 TTEPITTTWOEIC N avAAuaon
TTPOYHMATOTTOINBNKE PE ATTONOVWON TOU spliceosome e XpWHOTOYPOPia GUYYEVEIQG
Kdl TAUTOTTOINON TWV UTTOPOVAdWY TOU PE PATHUATOOKOTTIO MAdag. ATTO TNV avaAuon
TauToTroinenkav 145 (Zhou Z et al, 2002) ka1 292 (Rappsilber J et al, 2002)
TpWTEIVEG, oupTTEPIAauBavopévng Kal oTig duo TrepimTwaoelg Tng DGCR14. H
ouoxétion Tng DGCR14 pe tnv diadikaoia TnG ouvappoyng evIoXUETAl ATTd TO
yeyovoég 611 TauToTToINBnKE o€ spliceosome TTou €ixe ouoTaBei in vitro pe uTTOOTPWUA
Ouo diagopeTikd TTpwida MRNAs. O1 Makarova O et al (2004) TauTtotroincav Ta
OuOTaTIKA Tou spliceosome €W avOCOKATAKPAUVIONG KAl GKOAOUBWG e
PACUATOOKOTTIO AZOG TWV TTPWTEIVWV. Z€ QUTHV ThV TTEPITTITWON XPNOIKOTTOIRONKAV
AVTICWHATA EVAVTI CUYKEKPIMEVWV TTAPAYOVTWY TTOU OUVOEOVTAI ITXUPA aAAG
TTaPOdIKA pE TO spliceosome, WOTE va ATTOMOVWOOUV EEXWPIOTA TG CUCTATIKG
KaBevog oTadiou ouvappoyng KabBwg Kal Tou evepyou spliceosome. Ze auThy TNV
MeEAETN N TTpwTeivn DGCR14 TauTtotroinOnke ocav cuoTatikd Tou cuuttAdkou C, evw
Oev ouppeTeixe 010 oUPTTAOKO B 1} To B* (evepyotroinuévo B). ®aiverar dnAadr| 6
ATTOTEAEI UTTOPOVADA TOU KATAAUTIKOU CUCTATIKOU TOU spliceosome, Xwpig autd va
onuaivel 61 Aapavel yépog oTnv KatdAuon KabBwe aTo CUUTTAOKO QUTO GUMMETEXE!
Kal TTANBwpa TTpwTEIVWV TToU oxeTiICovTal HE AAAES O1adIKATiEg, OTTWG TT.X. Ol

mpwreiveg Tou EJC (exon junction complex). E€etadlovTag Ta avwTépw dedopéva,
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Méoa aTrd To TTPIoHa TNG GUPMPETOXNG TNG TTPWTEIVNG oTn O1adIKagia TNG GUVAPHOYNG,
BAETTOUNE OTI QUTA €ival GUPPBATA. ZTNV TTEPITITWON £vOC ATTAPAITNTOU TTAPAYOVTO
OUVAPMOYNG, €ival Aoyiko n EAAEIWPA Tou va unv gival cupBath e Tnv {wn, 0TTwg
TTaPATNPENBNKE OTA TTOVTIKIA TTOU PEPOUV OPGLUYN ATTEVEPYOTTOINON TOU yovidiou
Dgcr14. Etiong, cupfatn cival n kKaBoAIkr} ékgpaacn Tou yovidiou oToug d1dpopoug
I0TOUG Kal N TTUPNVIKI UTTOKUTTOPIKY TOTTOAoyia TNG TTpwTEivng, OTTwg deiaue yia Tnv
avaouvduaouévn DGCR14-Xpress o€ kKUTTapa Hela, atrotéAeoua TTou £TTIRERAILIVEI
TTOAQIOTEPEG PEAETEG EKPPOONG TNG avaouvduaouévng TpwTeivng Dger14-GFP Tou
TrovTiIKoU o€ KUTTapa NIH-3T3 (Lindsay E et al, 1998) aAAd kal Tng opBbAoyng
mpwrteivng Bis1-YFP o¢ kOTTapa Tou S. pombe (Taricani L et al, 2002). ETriong, TTaAI
pe Baon Tnv uttéBeon Tng ouppeToxng TNG DGCR14 oTtnv diadikacia Tng
OUVapHoYnG, n TTapoucia opBdAoyou popiou oTov S. pombe Kai 61 OToV

S. cerevisiae &¢ev TTPOKAAE EKTTANEN, KABWG gival yvwaoTo 0TI éva GNPAVTIKO TTOC0CTO
TWV yovidiwy TTou €xouv Xabei ) £xouv atmokAivel TOOO waoTe dev gival avayvwpioiua
oTtov S. cerevisiae, 0 axéon Je Tov S. pombe, AVTIOTOIXOUV O€ TIPWTEIVEG TTOU
oxetiCovTal pe Tnv emeéepyaoia Tou mRNA (Aravind L et al, 2000), T1.x. n U2AF*
(Abovich N, 1994). Auté mBavwg oxeTi(eTal JE TOV KATA TTOAU MIKPOTEPO TUVOAIKO
apIBuod Twv IvTpoviwy Tou S. cerevisiae, TTou exTIaTal o€ ~260 (Grate L & Ares M. Jr,
2002) o€ oxéon ue TOV avTioToixo aplBuod atov S. pombe, TTou utrepPaivel Ta 4500
(Wood VR et al, 2002), | ye TNV atrOKAION TTOU TTAPATNPEITAI 0TV GUVTNPENUEVN
aAAnAouyia Tng B€ang oxnuatiopou BnAiag, TTou aTtov S. cerevisiae gival UACUAAC
(Berglund JA, 1997) evwy oTov S. pombe civai n 1o ekpuAiopévn CURAY
(R=1roupivn, Zhang MQ & Marr TG, 1994).

TENOG, N AITOUpYIK oNUacia TNG AAANAETTIOPAONG TWV TTPWTEIVWIV
FRA10AC1 ka1t DGCR14 ToviCeTal kal emRefalwvetal ammd 10 yeyovog 6T n opBdAoyn
mpwrteivn TN DGCR14 otnv D. melanogaster (CG1474) aAAnAemidpd pe Tnv
opBbéioyn Tng FRA10AC1 (CG16890) Bdaoel reipdpaTtog dUo uBpidiwv TTou
TTPOYHATOTTOINBNKE OTA TTAQICIO XapTOYPAPNong Twv aAANAETTIOPACEWY O€ ETTITTEDO
TpwTeivWPaTog (Giot L et al, 2003). MaAioTa, n ouykekpipévn aAAnAeTTidpaon
xapaktnpi¢etar cav uwnAAig motétnTog (Flygdid db). AnAadn, gaiveral TTwg N
aAAnAemidpaon Twv TTpwTteiviov FRAT0AC1-DGCR14 cival eEeAIKTIKG cuvTnenuévn,
yeyovog Tou KabioTtd Tnv D. melanogaster éva epapuOoIo JOVTEAO EAEYXOU TNG

CUMUETOXNG TWV TTPWTEIVWV QUTWYV oTn diadikagia Tng GUVAPHOYAG in vivo.
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» H mpwreivn FRA10AC1 kal n cupPETOXA TG OTO spliceosome

MapoAo mou n mpwTteiv FRAT0AC1 aAANAeTIOpaG dueoa e TiS SAP145 kai
DGCR14 ka1 yaAioTa pe 1I01aitepa JeyGAn auyyévela he Tnv OeUTePrn, Oev EXEI
aTToPOVWOEL BloXNUIKA, TOUAGXIOTOV PEXPI TWPA, WG CUOTATIKO Tou spliceosome.

H atmmoucia Tng FRA10AC1 atré 1o atmoyovwuévo oUPTTAOKO dEv onuaivel amrapaitnTa
OTI dev evéxeTal Aeitoupyikd o€ kdtolo o1ddio Tng dladikaaiag TNG ouvapuoyng. ‘ETol,
pE Bdon didgopa oToIXEia, TTOU avaAUovTal EKTEVECTEPA OTN CUVEXEIA, UTTOPOUUE Va
utroBéooupe 61 n FRA10ACT: a) atroTeAei ev ouoTaTikd Tou spliceosome cuvoéeTal
OUWG a0BevWIG PE auTo, B) éxel e¢eidikeupévn dpdon oTn CuvapPoyr UTTOoUVOAOU
Twv MRNAs 1] oThV eVOANOGKTIKI) GUVOPHOYH, Y) AEITOUPYED WG TUZEUKTIKOG
TTAPAYOVTAG TNG CUVAPHOYAG HE TNV PETAYPA®A A hE TNV £€000 Twv wpihwv MRNAS
aToé TOV TTUpPrva.

Acbevn¢ auvdean aro spliceosome

ZUP@WVa JE TNV TTPWTN UTTOBECT Jag UTTAPXEl TTEPITITWON, KAt Tn didpKeia
TNG BIOXNMIKNAG ATTOPOVWONG Tou spliceosome, Adyw acBevolg oUvOECAS TNG
FRA10AC1, va atrodeoueletal auTr) attd To GUPTTAOKO. AUTO QaiveTal va IoxUEl OTNV
TEPITITWON TNG TTPWTEIVNG Prp18. H Prp18 evw ival évag atrapaitnTog mapdyovrag
Tou deUTEPOU BANUATOG TNG CUVAPUOYAS OTTWG deiXBnke KATd TNV in vitro avtidpacn e
eKxUAiopata Kuttdpwyv Hela atrd Ta otroia cixe apaipedei £101K& n TTpwTEiVN, OV
avixvelTnKe 0TO atmmopovwuévo oUuuTTAoko C Tou spliceosome ouUTe ue
XpwuaToypagia pafag oute pue avahuon Western (Horowitz DS & Krainer AR, 1997;
Jurica MS et al, 2002).

EvaAAakTIKd, Ba ptropouoe n ouvdeon Tng FRA10AC1 ue 1i¢ SAP145 kai
DGCR14 va e€aptdral o€ yeydAo Babud ammd ¢uwo@opuMWOEIG TV HopPiwy Kal
KaBwg dev XPNOIUOTTOIOUVTAI AVOAOTOAEIG pUOPATACWY KaTd ThV dladikacia Tng
atmopovwong Tou spliceosome, N FRA10AC1 va atrodeopevetal amrd 1o oUutTAoKo. H
uTT0Be0on autr Baocietal oTnv TauToTToiNON TTOAAATTAWY TTIBAVWY Bé0EWV
PwaoeopuAiwong, Téco otnv FRA10AC1 600 kai oTig TpwTeiveg DGCR14 kai
SAP145 kaBwg kal Adyw TnG TTapouciag TNG TEAEUTAIOG OTO i8I0 TTPWTEIVIKO
OUUTTAOKO pE TNV pwoatacn PP1 g€ TTupnvikd eKXUAICHATA NTTATIKWY KUTTAPWYV
(Tran HT et al, 2004). Eival xapakTnpioTIKO To TTapddelypa Tng mpwTeivng NIPP1
TTOU, EVW ATTOTEAEI ATTAPAITNTO TTAPAYOVTA CUVOPHUOYAG KAl AAANAETTIOPA IDIKG PE
TNV pwo@opuliwpévn SAP155, uttopovada Tou SF3b, dev €xel ammouovwoei
Bioxnuika atmd mapackeudopara Tou spliceosome, Adyw TmBavwv

ATTOPWOPOPUAIWTEWY KATA TNV aTToOvwon Toug (Boudrez A et al, 2002).
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Eéecidikeuuévn dpaon

EvaAAakTikd, n ammouadia Tng FRA10AC1 atrd 1o atropovwpuévo spliceosome
Ba ptropolace va epunveuBei Bacel TNG TTBAVAC GUUMPETOXAG TNG TTPWTEIVNG OTN
OuUVapHOoYr CUYKEKPIUEVWY HOVo TTpOdpopwy mMRNAs. EvaAAakTIKé, Ba utropoloe va
OupueTéXEl o€ spliceosomes eVOANOKTIKAG CUVAPUOYAG KAl OXI OTO «CUOTATIKO»
spliceosome, Bdoel TG uTTOBeong 0TI Ta MRNAS TTOU UPIoTAVTAI EVAAAQKTIKN
ouvapuoyn £Xouv dIAQOPETIKEG A ETTITTPOCOETEG AVAYKES YIO pUBUIOTIKOUG
TTaPAYOVTEG CUVAPHOYAG.

YTrdapyouv evoeiCeIg yia dIaQopIKES ATTAITACEIG TWV TTPOdpouwy MRNAS yia
TTAPAYOVTEG CUVAPHOYAG in vivo. MIBavwg auTég ol avaykeg eEapTwVTal aTTd T doun
TWV IVTpoViwV Twv yovidiwv. O1 evdeitelg auTég TTpoépxovTal aTTO YOVIOIWUATIKEG
MEAETEG OTOV OOAKXAPOPUKNTA, OTTOU CUOXETICETAI N pUBJION ThG CUVAPHOYNG
OUYKEKPIPEVWY YOVIDIWV HE DIAQOPETIKOUG TTAPAYOVTEG, UE TN XPNON KATAAANAWY
MIKPOGUGOTOIXIWV TTOU QVIXVEUOUV TNV aTToTEAEOHATIKOTNTA TNG auvapuoyng (Clark TA
et al, 2002). H peAéTn auth TTPAyHOTOTTOINONKE OTOV CAKXOGPOUUKNTA ETTEION O
XOPAKTNPIoHOGS (annotation) Tou yoviSIWPATOG TOU Kal IDIAITEPA TV AlyOOTWV
IVTPOViWV Tou €ival TTOAU akpIBG. ZT0 OOKYXOAPOMUKNTA, TA yoVidla TTOU TTEPIEXOUV
IVTPOVvIa gival AiyoTepa atrd 250, pe PoAIS Trepitrou 10 aTTd auTd, va TTEPIEXOUV
TEPIOTOTEPA ATTO £Va IVIPOVIA. EISIKOTEPA, EAEYXONKE N ATTOTEAECUATIKOTATA TNG
OUVApPHOYNS OAWV TwV yovIdiwyv TTOU TTEPIEXOUV IVTPOVIA, aTToudia kabevog atrd 18
TTaPAYOVTEG CUVAPHOYNAG TTOU BEV gival aTTapaitnTol yia TNV PIWCINOTNTA TOU
OpYaVIOPOU. ZUVOTITIKA, EVTOTTIOTNKE Mia opdda yovidiwv TTou €TTNPEeAdovTal Atrd TNV
ENeIYn SAwv oxeddV TWV TTapaydvTwy, Aiya oxeTIKA yovidia TTou eEapTwvTal aTrd
duo povo trapdyovteg (Prp17, Prp18) kai pia opdda yovidiwyv TTou evw dev
eTTNPEAZeTAl ATTO TOUG TTAPATTAVW TTAPAYOVTEG, £CapTaTAl aTTd TPEIS GAAOUG (Snu66,
Brr1, Ms11). EmiTAéov, @AvnKe OTI TA IVTPOVIA TTOU €TTNPEAGJOVTAI ATTO TOV TTAPdyovTa
ouvapuoyng Prp17 éxouv otnv TTAciovéTNTA TOoug péyeBog >200bp evw avTiBeTa, dev
emnpeddovTal IVIpévIa oTa oTroia n atréoTacn PETAgUu TG 3° B€0NG cUVaPUOYNG Kal
TNG B€0NG oXNMUATIOPOU BnAIdg gival pikpoTEPN attd 14 voukAcoTidia (Sapra AK et al,
2004). Méxp1 Twpa, dev UTTAPXOUV TTAPOUOIEG HENETEG O€ ETTITTEDO YOVIOIWUATWY
AAAWV opyavioPwy ouTe TTANPOYOPIES atrd Ta in vitro cuoTAPaTa. ‘ETol, Katd Tnv in
vitro avacuoTaon Tou spliceosome pe dla@opeTikG TTpOdpoua MRNAS-UTTOOTPpWHATA,
gival mlavov va UTTAPYXOUV UEV KOIVEG TTPWTEIVEG TTOU ATTOTEAOUV TOV KATOAUTIKO
TTUPAVA TOU GUPTTAOKOU, OHWGS TTAPAAANAQ, va TTEPIEXETAI DIAPOPETIKOG TUVOUAT OGS
BonBnTikwv TTapayovtwy. To BEéua autd dev £xel HeAETNOE yiaTi povo évag
TTEPIOPITHUEVOG apIBUOG TTPOdpopwv MRNAS AsiToupyei IKavoTToINTIKG O€ TTEIpANaTa

OUVApPHOYNG in vitro. 'ETOI, Ol TTEPICTOTEPES EPEUVNTIKEG OUADES TTOU TTPAYMATOTTOIOUV
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in vitro avacUoTaon Tou spliceosome 1] ETTIUEPOUG GUUTTAOKWY TOU, XPNCIUOTTOIoUV
TTapdywya Tou Ivipoviou 1 Tou AdML (Adenovirus Major Late). Me Bdoel Ta
TTapATTdvw, yTropoupe va Bswpriocoupe TNV FRAT10AC1 wg mBavé pubuioTr Tng
OUVOPHOYNG CUYKEKPIMEVWY PETAYPAPWY, Bewpia TTOU OUWG XPEIAZeTal va eAeyXBei
ME TTEIpAPATIKA TTpooEyyion avaioyn pe autrv Twv Clark TA et al (2002).

2UCXETION UE EVAAATKTIK ouvapuoyn

21a idia TAaiola, n FRA10AC1 8a ptropouoe va puBuicel TNV eVAANAKTIKA
ouvapuoyr, MNXaviouo TTou TTAEOV @aiveTal OTI ATTOTEAEI TOV Kavova oTa yovidia Tou
avBpwTtrou, cUPBAAAOVTAG OTNV TTOAUTTAOKOTNTA TOU TTPWTEIVWUATOS Tou (Modrek B
& Lee C, 2002; Johnson JM et al, 2003; Kampa D et al, 2004). lNMapdAo 10U n
pPUBUIoN TNG EVOAAOKTIKAG CUVAPHOYNG eV £XEl KON HEAETNOEI eKTEVWDG, QaiveTal OTI
Ol Baoikoi cuvTeAEOTEG TNG €ival trans-puBUIOTIKOI TTAPAYOVTEG KAl CiS-OTOIXEIO TWV
MeETaypd@wy aTa oTroia auToi dpouv. Ta evaAAaKTIKG eEGvia ouvABwG gival pIKpd Kal
€XOUV Un ouvTnpenuéveg Béocig ouvappoyng. QoTdoo, eaivetal 0TI, CUVABWG, £XOUvV
BonBnTIkéG cis-aAAnAouxieg TTou BEATIOTOTTOIOUV TNV AVAYVWPION TWV BECEWV
OUVapPHOYNG Kal puBpiouv Tnv €AoY TOUuG. AUTA Ta Cis-OTOIXEia gival JIKPA O€
MAKOG, EKQUAIOHEVA KAl UTTAPYXOUV O€ TTOAAGTTAG avTiypaga kabwg oTav ival
Mepovwéva, n 0pdon Toug gival aoBeving. ZuvhABwg, ival ouvTnpnUEVa EEAIKTIKA Kal
mMOavwg TTapouola YeTagu yovidiwv TTou pubuifovTal he TTapatTAfoio TPOTTO.
XapTtoypagouvTal T6oo g€ £§ovia 600 Kal ae IvTpovia. Bpiokovtal avodikd, KaBodikd
I KAl EKATEPWOEV TOU eVAAAAKTIKOU £€oviou, ouvnBwg o€ JIKpR aTTdoTAaCN aTTd auTo.
TéNOG, Ta cis-oTOIXEia PTTOPET VO UTTOB0oNBOUV 1} va KATAGTEAAOUV TNV ETTIAOY
OUYKEKPIPEVWV BEcewv ouvappoyig. Me Bdon Tnv XapToypdgenar| Toug Kail To
ATTOTEAECUA TTOU £XOUV, OVOPALOVTAI EEOVIAKOI / IVTPOVIAKOI EVIOXUTEG / KATAOTOAEIG
NG ouvapuoyng (ESE, ISE, ESS, ISS), avrioToixa (Ladd AN & Cooper TA, 2002;
Fairbrother WG et al, 2002).

Ooov agopd Toug trans-TTapdyovTeg, PEXPI TTPOCPATA, WG PUBUIOTESG TNG
EVOAAOKTIKNG OUVOPUOYNG €iXaV XAPAKTNPIOTEN ATTOKAEIOTIKA JEAN TWV OIKOYEVEIWV
Twv TTpwTEiVWV SR (serine and arginine-rich proteins) kai hnRNP (heterogenous
nuclear ribonucleoproteins). Z0p@wva Ue 10 yeVIKO JOVTEAO dpAaNG TOUG, Ol
TpwrTeiveg SR ouvdéovTal pe aAAnAouxieg-evIOXUTEG TNG TUVAPHOYNG uTToonBwvTag
£TO1 TOV OXNMATIOPNO GUPTTAOKWY TTOU BIEUKOAUVOUV TNV avayvwpion Twv £€oviwy Kal
TNV €mAoyn Twv Béoewv ouvappoyns (Bourgeois CF et al, 2004; Zheng ZM, 2004).
AvtiBeta, o1 TpwTteiveg hnRNP BewpouvTal yevikd wg KATaoToAEIG dpwvTag
avTaywVICTIKA OTIC TTpwTEiveG SR 1} / Kal o€ ouoTaTIKOUG TTAPAYOVTEG CUVAPHOYAG
(Chabot B et al, 2003; Eperon IC et al, 2000). H Tpéxouca Bewpia yia Tnv pubuion

TNG EVOAAOKTIKAG CUVOPHOYAG HECW TWV TTOPATTAVW TTAPAYOVTWY gival Tl auTh
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TIPAYMOATOTIOIEITAI HECW TOU AVTaYWVICHOU TOUG YIa OUVOEG O€ PUBUIOTIKES
aAAnAouyieg f/kal yia aAAnAeTTidpacn e ouoTaTikoug TTapdyovTeg. ‘ETol, yeyovoTa
OTTWG N CUPHETOXN 1 OXI evOg e€oviou aTo wpigo MRNA, e€aptdTal atrd TNV 1Io0XU Twv
AAANAETIOPACEWY PETAGU TWV TTPWTEIVWV SR Kal Twv aAANAOUXIWV-0TOXWV KABWG
KAl TWV CUCTATIKWY TTapayovTiwy ouvappoyng. Qotdéoo, TTpdoeaTta TauToTroIenkav
KAl TTPWTEIVEG-PUBNIOTEG TNG EVAAAAKTIKAG OCUVOPUOYAG TTOU OEV AVAKOUV OTIG
TTOPATTAVW OIKOYEVEIEG. EIDIKOTEPA, EAEYXONKE N EVOAAOKTIKY CUVAPUOYHA TPIWV
yovidiwv, TTou dev OXeETICOVTAl AEITOUPYIKA, TA OTTOIa TTAPAYOUV OUVOAIKA 19
EVOANOKTIKA €EOVIA, aTTouaia 250 TTpwTeivwv-TTIBavwy pubuioTwy Tng diadikaaiag. Ol
TIPWTEIVEG AUTEG ETTIAEXOBNKAV WOTE va €Xouv PoTiBo ouvdeong yia RNA 1) emeidnl
atroteAoUV ouoTaTIKa Tou spliceosome TnNG D. melanogaster. O €éAeyXog éyive pe RT-
PCR o¢ kutTapa S2 petd amd RNAI yia ka6 rapdyovta (Park JW et al, 2004). ‘ETol
TautoTToINONKAY 47 TTPWTEIVEG TTOU £TTNPEACOUV TNV EVOAAOKTIKI] GUVOPHOYH
TOUAGXIOTOV €vOG £€0OVIOU EVW O€ Kapia TTEPITITwON dev TTNPEACTNKE N CUVOPHOYN
Tou GAPDH mRNA, atmmotéAeoua TTou deixvel 0TI N EAAEIYN QUTWV TwV TTPWTEIVWV dev
ETTNPEQCEI TN YEVIKN-OUOTATIKN ouvapuoyn. Idlaitepa evolapEpov gival TO ATTOTEAECUA
OTI JETAEU TWV TTPWTEIVWIV AUTWYV TTEPIAAUBAVOVTAI KAl JOpIa TTOU eV £XOUV UOTIo
ouvoeong pe RNA kaBwg kal TTpwTEiveg TTou atroTeAOUV BacIKoUg TTapAyovTEG TOU
spliceosome, 61mw¢ cuoTtatikd Tou U1 snRNP, o1 U0 UTToOpovAdES TOU TTAPAYOVTO
U2AF, éva guoTatiké Tou U2 snRNP kai pia rpwreivn Tou U4/U6 snRNP. Ol
TTOPATTAVW YEVIKOI TTAPAYOVTEG OEV TTNPEACOUV TAUTOXPOVA KAl Ta TPia yovidla TTou
eAEyxOnkav, ouTe eTnpedlouv Tnv cuvappuoyr) Tou GAPDH mRNA, yeyovog Tou
Ociyvel 6T N peiwon Twv emmédwv Toug, Jéow RNAI, puBuicel e¢eidikeupéva Tnv
EVOANOKTIKI) GUVOPUOYI OUYKEKPIMEVWY £EOVIWV. AUTEG OI DIAPOPEG OTIG OXETIKEG
OUYKEVTPWOEIG TWV CUCTATIKWYV Tou spliceosome ptropei va aAAG{ouv TNV KIVNTIK
TNG avaoUoTaoNG TOU CUUTTAOKOU 1 Thv £TTIAOYA TwV Bécewv ouvappoyng. ‘ETol ol
OIAKUUAVOEIG OTIG CUYKEVTPWOEIG ] OTNV EVEPYOTNTA TWV BACIKWY TTAPAYOVTWV TOU
spliceosome ptTopei va atroTeAei Evav KoIvo unxaviopo pubuiong TG CUVOPUOYNG.
2TNV TTAPATTAvVW PEAETN Oev GUPTTEPIANPONKE N TTpwTEivn SAP145, TTapoAo 6Ti
amroteAei faoikéd TTapdyovTa ouvappoyng oute N DGCR14 wg cuoTaTiko Tou
spliceosome.

QoT1600 Kal he Baon ot 1) TpwTEiveg Xwpig poTiRa ouvdeong oto RNA
MTTOPOUV va puBuiouv TNV eVOAAGKTIKY ouvapuoyh SpwvTag, TTPOPAvWG, EUPECA Kal
2) dev avixvevovTal opBoAoya poépia Twv TTpwrteiviov FRAT10AC1 kait DGCR14 aTtov
OOKXOPOMUKNTA OTOV OTT0I0 N EVOAAAKTIKA CUVAPMOYH €ival €va TTOAU OTTAvIo
YEYOVvOG, UTTopoUE va dIaTtuTryooupe TNV uttéBeon 61 n FRA10AC1 kai n DGCR14

OUMMETEXOUV OTNV EVAAAQKTIKF) OCUVAPHOYI CUYKEKPIMEVWYV UETAYPAPWV.

228



2ugntnon

H mpwreivn FRA10AC1T w¢ mBavog mapdyovrag oUleuéng ThG ouvapuoyng

ue dAAeg diadikaoieg

ATT6 pia GAAN oTrTikA ywvia, n FRA10AC1 Ba utropoUloe va Pnv atmoTeAEi
OuUOTaTIKO TOU KATOAUTIKOU spliceosome aAAd va CUPUETEXEI OTN oUCeuén TNG
OUVApPHOYNG PE AAAeG Bladikaoices eTTegepyaaiag Tou mMRNA, 6TTwG n peTaypaeni A n
£€000¢ Tou wpihou MRNA atréd Tov TTUPAVA.

O 2UOaxETion UE UETaypa@n

MNa Tnv uméBeon NG cuppeToxng TNG TTpwTteivng FRA10AC1 otnv oUdeugn Tng
OUVOPHOYAG UE TNV JETAypagr], ouvadouv: 1) n TTapathpnon TNG autovoung
EVEPYOTTOINONG TWV YoVISiwV ava@opds TOU GOKXAPONUKNTA, KaTé To TTEipaua duo
uBpIdiwv pe TV TTpwTeivn FRAT0AC1T (BA. AttoteAéopata). To @aivouevo g
auTtévoung evepyoTToinong TTapaTnEEiTal cuxva o€ JOPIa TTOU QUOIOAOYIKA
AEITOUPYOUV OOV UETAYPAPIKOI EVEQYOTTOINTEG DIATNPWVTAG TNV 1IB1IGTNTA AUTHV KAl
oTov ooKyxapopuknTa (1r.X. Du W et al, 1996) ka1 2) H Tautotroinon dueong
aAAnAemidpaong Tng Tpwreivng DGCR14 tng D. melanogaster Kal Twv TTPWTEIVWV
AdaZ2b kai Bap60, cuoTaTIKWV TwV CUPTTAGKWY avadiauop@waong NS XpwuaTivng
SAGA kal Brahma avTioToixa, KaBwg Kal TpIWV TTPWTEIVWV TToU PEPOUV
XOPAKTNPICTIKA PoTiBa peTaypagikwy TTapayovtwy (homeobox kai helix-loop-helix,
Flygrid db).

EmrekTeivovrag Toug Trapatmdvw GUAAOYIOHOUG, UTTopoUHE va uTToBéaoupe OT
n FRA10AC1 evéxetal oTnv diadikaagia TnNg HETAypa@AS JETW TNG AAANAETTIOPACNS
NG pe TNV Tpwteivn DGCR14 kai cuppeTéxel otnv atpatoAdynon Tou spliceosome
oT1o TTpddpopo MRNA. IMA¢éov, uTTdpxouv TTOAAG dedopéva TTOU UTTOOTNPICOUV TNV
AeIToupyIkf oUvOEDN TNG METAYPAPHG WE TNV ouvapuoyh. ‘ETol, kTG atrd TNV PETA-
HETaypa@IKr) ouvapuoyr Tou TTpodpopou MRNA, o€ TTOAEG TTEPITITWOEIG N
OUVOPHOYN TTPAYUATOTTOIEITAI EVW aKOua N peTaypagn sival oe e¢€EMIEN (Beyer AL &
Osheim YN, 1988). QoT1600, yia TNV TTAEIOVOTATA TWV IVTPOViwy dev gival yvwoTd
TT0I0 JOVTEAO aKOAOUBOUV oUTE €AV £Va CUYKEKPIYEVO IVTPOVIO aKOAOUBE TTavTa TO
i010 TTPOTUTTO. 2€ OUYKEKPIPEVEG TTEPITITWOEIG QAiveTal OTI TO TTPOTUTTO ATTOUAKPUVONG
€VOG IvTpoviou atrod 1o TTpddpopo mMRNA, e¢aptaTal atd mn 8éon Tou. ‘ET0o1, yia
Tapddelyua, oto yovidio BR1 (Balbiani ring 1), 1o ivipdvio 3 mou Bpioketal 3kb atrd
10 5* Gkpo Tou TTPddpopou MRNA (~40kb), atropakpuveral katd Tn didpkeia TNG
METAYPOAYRG, EVW TO IVIPOVIO 4 TTou xapToypageital 0,6kb avodikd Tng Béoewg
TTOAUQBEVUAIWONG, ATTOPOKPUVETAI, OTNV TTAEIOVOTNTA TWV POPIWV, HETA-UETAYPAPIKA
(Bauren G & Wieslander L, 1994). H a0lcuén Twv dUo diadikaciwyv BonBdel atnv
€0TIOON TNG TTOAUTTPWTEIVIKNAG UNXAVAG TNG GUVOPHOYNG OTNV TTEPIOXT] TTOU BpicKETal

T0 TTPOGdPOoo MRNA KaTd Tnv TTapaywyn Tou, dIEUKOAUVOVTAG TBavwg TNV
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avayvwplion Twv egoviwy, JE aTToTEAECHA TNV PEIWaN TNG KIVATIKAS TNG
aAAnAeTTidpaong METAEU Tou spliceosome kai Tou TTpddpopou MRNA. H @uoikn
ouvoeon Twy dUOo O1adIKACIWYV BEiXBNKe apXIKa UE CuvavoooKaTakpriuvion TG RNA
Pol Il, Twv snRNPs kai Twv gvdidpeowv popiwv mRNA tng cuvappuoyng (Chabot B et
al, 1995; Vincent M et al, 1996). H emBefaiwon TNG ASITOUPYIKAG CUCYETIONG TOUG
TIPOEépXETAI ATTO ETTITTAEOV OedOPEVA TTOU OTNPICOVTAI O€ in Vitro Kal in vivo BIOXNMHIKAE,
KUTTOPOAOYIKA KAl AEITOUPYIKA TTEIpAUATA. ZNPavTikd poAo aTn oulsuén diadpaparTidel
N KapPBo&uTeAIKr TTEPIOXN TNG HEYaAUTeEPNG utTopovadag TnG Pol Il (CTD), Adyw Tng
ouvatoTnTdg TNG va cuvdéeTal A va uecoAafei oTn oluvoeon dIa@OpwWV PUBUICTIKWY
TTapayovIwy. H tTepioxh autr TepIAapBavel 52 f 26 eTTavaAqyelg evog
ETTTATIETITIOOU OTA ONAQOTIKA KAl TOV OAKXAPOUUKNTA AVTIOTOIXO KOl ugioTaTal
TTOAAQTTAEG QWO POPUAIWGEIG. TO TTPOTUTTO QUTWY TWV QUOPOPUAIWCEWY AANACE!
KaTa TNV €€ENIEN TNG HETAYPAPAGS KAl QAiVETal TTWG £XEl PUBUIOTIKG pdAo oTnV
emegepyaoia Tou MRNA, cuptrepidapBavouévng kal TnG cuvapuoyng. ‘Etol, oe
TeIpduaTa in vitro Kai in vivo, n TpooBnkn tng pwao@opuliwuévng Pol Il evioyuel
OoNPavTIKA TNV atmoTeAeoaTikOTNTA TNG cuvapuoyng (Hirose Y et al, 1999; Corden JL
& Patturajan M, 1997) evw ouykekpipéva eAAeippaTa Tng mepioxng CTD €xouv TO
avtifeTo ammotéAeopa (McCracken S et al, 1997). EmimmAéov, n Pol [l aAAnAemdpd
dueoa pe dIAPOPOUG TTAPAYOVTEG CUVAPHOYAG, TT.X. Tov Prp40 (Morris DP &
Greenleaf AL, 2000). H cuoxéTion Twv dUo dIadIKaciwyv QAavnKe Kal atod Tnv cUaTaon
TOU QTTOMOVWEVOU spliceosome, GTO OTT0I0 CUMMETEXOUV Kal UETAYPOQIKOI
TTOPAYOVTEG TT.X. O METAYPAPIKOG cupuTTapdyovTag TAT-SF1 kal ol pETaypa@IKoi
Tapdyovteg CA150, XAB2, and SKIP. EI8IkOTEPQ, UTTAPXOUV CNUAVTIKEG EVOEIEEIS VIO
TNV CUOXETION TNG CUVAPPOYAG ME TNV £vapén Kal TNV ETTINAKUVON TG JETAYPOPNG.
‘ET01, 0 TFIIH, éva TTOAUTTpWTEIVIKG CUUTTAOKO TTOU OXETICETAI YE TNV EVAPEN TNG
peTaypa@rc aAAnAemdpd €1dikd pe To U1snRNA (Kwek KY et al 2002). ETriong,
TauToTTOINONKAY AAANAETTIOPAOEIG HETAEU TOU CUUTTAOKOU £vapEng TNG HETAYPAPNG
Kal TTPWTEIVWV SR evw UTTAPYXOUV TTapadEiyUaTA UETAYPAPIKWY TTAPAYOVTWY TTOU
oTpatoAoyouv TTpwTeEiveg SR oTnV TTPWTEIVIKA pnxavr Tng uetaypa@ng (Ge H et al,
1998). EmitrAéov, TautoTToINONKayv aAANAETIOPAOEIGC HETALU TOU TTAPAyovVTa
EMPAKUVONG TNG peTaypa@rg TAT-SF1 kal TTapayévTwyv Guvapuoyng Kail deixdBnke
OT1, in vitro, N gnxavr TN cuvapuoyAg TTou aTpaTtoAoyeital ammd Tov TAT-SF1
EVEPYOTTOIET IOXUPA TNV €TTINAKUVON TNG heTaypans (Fong YW & Zhou Q, 2001).
ETriong, évag dAAog TTapdyovTag eTMINAKUVONG TNG JETaypa@rig, o TFIIS,
TAUTOTTOINONKE G€ TTOAUTTPWTEIVIKO TUUTTAOKO TToU €KTOC atrd TNV RNA pol Il Trepiéxel
kal didgopouc TTapdyovTteg cuvapuoyng (Robert F et al, 2002). TéAog, o€ TTeipduaTa

BIOXNUIKAG ATTONOVWONACS TOU TTOAUTTPWTEIVIKOU guuTTAOKOoU STAGA Tou avBpwTrou,
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TToU €ival To AIToupyIké oudAoyo Tou ouPTTAGKoU SAGA ToUu CaKXapopUKNTa Kal dpa
WG EVEPYOTTOINTAG TNG METAYPAPAG HECW AKETUAIWONG TWV ICTOVWY, TAUTOTTOINONKE
METAEU TwV GAAWV uTTOdOVAdWY, N TTpwTeiv SAP130, TTou atroTeAei uTTOHOVAda TOU
TTapdyovTa ocuvapuoyrg SF3b (Martinez E et al, 2001). MBavwg, n SAP130
AeiIToupyei oav TpwTeivn-ouvdETNG TTou BonBdel oTn aTpaTtoAdynan Tou spliceosome
o€ JeTaypa@ikd evepyd yovidia, utrdBeon TTou eVIOXUETAI ATTO TO YEYOVOGS OTI €ival N
MOvn uttopovada Tou SF3b 1Tou dev ouvdéeTal pe To TTPOdpoo MRNA peTd aTmd
emidpaon utrepiwdoug akTivopBoAiag (Martinez E et al, 2001).

‘ET01, N peTaypa@IKn evepyodTnTa TTOU £uPavifel n FRA10AC1 oTtov
OOKXOPOMUKNTO Kal €pooov auTh eIReBaiwdei kal e GAAa cuaTtriuaTta, Ba uTropouce
Va OTNPIGEI TNV EVOEXOPEVN CUPUETOXN TNG TTPWTEIVNG 0TNV oUZeuén TNG HETAYPAPNAS
Me TNV ouvappoyn. Mbavwg kai n mpwteivn DGCR14 Trailel TTapoOuolo ouleUKTIKO
POA0, KaBWG aAANAETIOPA e BIGPOPOUG TTAPAYOVTEG TTOU EVEXOVTAI OTNV OladIKagia
NG METAYPAPNAG.

0 2uaoxérion ue uerapopd rou mRNA oro kutrapdmAacua

H umréBeon tng ocuppetoxns TnG FRA10AC1T oTn AIToupyikr) CUCXETION TNG
Ouvapuoyng pe TV €€000 atrd Tov TTUpva givar méavh Adyw Tng 1I0XUprs TNG
ouvdeong pe Tnv TpwTteivn DGCR14 kai Adyw TNG TTapoudiag Tng TEAEUTAIAC aTa
TeEAIKG oTddIa TN cuvapuoyng (cuuttAdko C), (Makarova O et al, 2004). 'Eva dAAo
OTOIXEIO TTOU oUVNYOpPEI UTTEP AUTHG TNG UTTOBEONG €ival O1 TTPWTEIVIKES
AAANAETTIOPACEIC TTOU TAUTOTTOINONKAV O€ opyaviouoUc-JovTéAa. EidikéTepa, n Bis1,
n opBoAoyn pwrteivn Tng DGCR14 atov S. pombe aAAnAemIdpd dueca e TIg
SPCC162.08C ka1 SPBC14F5.03c o1 0TT0ieG PEPOUV XAPAKTNPIOTIKA POTIRaA TNG
OIKOYEVEIOG TWV KAPUOPEPIVWV KAl TTOPOUCIAZOUV OnNUAvTIKr) opoldtnTa KaB’ 6Ao 1o
MAKOG Toug Pe PéEAN TNG ev Adyw olkoyévelag (Taricani L et al, 2002). EmittAéov, oTa
TTAQiola yovISIwpaTikhG avdAuong Twv TTPWTEIVIKWY aAANAemdpdoewy oTnv
D. melanogaster TautotroINOnke N dueon aAAnAeTTidpaon g opBdAoyng TnG
DGCR14 (CG1474) pe tnv voukAeotropivn Nup170 (Flygrid db, Lutzmann M et al,
2005). O1 rapatravw aAAnAemdpdocig Tng DGCR14 mBavwg oxeTiCovtal Je TNV
TTUpNvOTTAAO HaTIKA HETa@opd Twv MRNAs KaBwg €xel aTTodEIXOEI N CUPPETOXN TWV
KApUOPEPIVWV Kal OUYKEKpIYEVa TnNG Kap2b, otnv £€£0do Twv wpinwyv mMRNAs atmo

Tov Trupfva (Shamsher MK et al, 2002).

4.4. [1pooTTTIKES
H oAokAnpwaon NG aAAnAoUxnong Tou yoviSIWUaTog TOU avBpWTTOU aTTOTEAEI
TO TTPWTO BAMA OTNV TTOPEIA YIA TNV KATAVONGN TWV YEVETIKWY TTANPOQOPIWY KAl TNG

BioAoyiag Tou opyaviopou. MNMapdAo TTou o TTAPNS KATAAOYOG TwV YovIdiwy Tou
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2ugntnon

avBpwtrou dev €xel TEAEIOTTOINBEI, €ival TTpO@AVAG N dPAUATIKI CUVEITEPOPA TNG
O1aBéo1ung aAAnAouxiag oTnv mMTAXUVON TNG KAWVOTTOINONG yovidiwy TTou
oxetiCovtal ye voorparta BAacel TNV XpwHOCWHIKA ToTToypagia Toug. Méxpl onuepa, n
TTAEIOVOTNTA AUTWV TWV YoVIBiwv agopd PevTeAIKA KAnpovounoiya voohuata (1700
yovidia) TTou gival otrdvia otov TTANBUo S (1:10.000-1:100.000). QoTdoo, TTioTeUETAl
OTI oT0 PéANOV Ba onpEIWBE oNUAVTIKA TTPO0BOG OTNV £EOKPIBWON TWV YEVETIKWV
TTOPAUETPWY Kal 0T TTOAU TTIO OUXVA TTOAUTTAPAYOVTIKG VOO UATA. Z€ AUTA TO
TTAQiola, &ekivnoe 1o 2002 Kal N TPWTN @ACGn OAOKANPWONKE POAIG TTpdoPaTa
(OkTwRpI0G 2005), To Mpdypaupa Xaptoypdenong AtmAotuTwy (International
HapMap Project) Tou dnuioupynce Tov KATAAOYo TNG YEVETIKNG TTOIKIAOTNTAG GTO
yovISiwpa, Kataypd@ovTag TTEPICOOTEPOUS ATTO VA EKATOUUUPIO TTOAUNOPQPICOUG
€vOg voukAeoTidiou (SNPs). AuToi gival IDiaiTepa XPACIHOI O& HEAETEG YEVETIKEG
OUOXETIONG TWV TTOAUTTOPAYOVTIKWYV VOONUATWY, KATA TIG OTTOIEG EAEYXETAI KATA
600 £va SNP utrepavTiTTpoocwTtTeleTal G€ £va deiyua aoBevwv o€ OXEON WE
KaTAAANAa eTTIAEYpEVA ATOMA EAEYXOU.

Z1nv Tapouca diaTpiBn, afloTToINCANE TO QUOIKO XAPTN Kai TN dlaBEaiun
aAAnAouyia Tou xpwuoowpuaTtog 10 Kal KAwvoTroinoape BAcel TNG TOTTOYypAPiag Tou
10 Yyovidlo FRA10ACT trou cuvdéeTal he TNV eUBpaucTn XpwHoowuik 6éon FRA10A.
H ep@dvion Tng eUBpauoTng auTrg BE€ang €XEl CUOXETIOTEN YE TNV EKONAWGON ATTIAG
Mop@rg dlavonTiKAG kabBuaTtépnong. QoTd00, N CUGXETION auTr) dev €Xel ETTOANBEUTEI
KaBwg Oev £xel Yivel EAEYXOC yIa TAUTOTTOINGN WETAAAQYWY O€ GTOMA UE IAVONTIKN
KaBuoTEpnon Kal o1 JEAETEG Bev TTEPIAANPBAVOUV PeyAAo aplBus derypdtwy. MNa va
eCakpIBwooupe TNV MOaAvr cUoXETION TOU yovidiou e ToV TTABOAOYIKO QaIvOTUTTO,
gival Adn o €¢€NIEN atrd TV opdda pag n dnuioupyia TTovTIKWY knockout Ta oTroia Ba
eAeyxBouv o dIaQopeg BOKIPEG CUUTTEPIPOPAG, HABNONG Kal WVANNG.

21a TACiola TG digpelivnong Tou BloxnHIkou poAou TG TTPWTEIVNG
FRA10AC1 kai yia va eAéygoupe Tnv mBav cuox£TIon TnG Je TN diadikaaia Tng
ouvappoyng Tou mRNA gival atrapaitnTa TepAITépw PIOXNMIKA TTEIpAUATA, OTTOoU B0
eAeyxBei: a) n in vivo aAAnAettidpaon Tng TTpwreivng FRA10AC1 pe ta snRNPs kai
meavov e emmTAéov TTpwrEiveg, B) N mOavr) ouvdeon TG FRAT0AC1 pe k&tTolo/a
até Ta CUPTTAOKGO Tou spliceosome, y) N TTAPEUTTOBION TNG TTOPEIAG TNG CUVAPUOYNG
in vitro a6 Ta €10IKG avtiowpaTa TNG FRAT10AC1T kai €) n avaykaidtnta NG

FRA10AC1 otnv cuvapuoyn in vitro i n €mmidpacr] TNG oTnNV KIVNTIKA TNG avtidpaong.
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Abstract

Fragile sites appear visually as nonstaining gaps on chromosomes that are inducible by specific cell culture conditions. Expansion of CGG/
CCQG repeats has been shown to be the molecular basis of all five folate-sensitive fragile sites characterized molecularly so far, i.e., FRAXA,
FRAXE, FRAXF, FRA11B, and FRA16A. In the present study we have refined the localization of the FRA10A folate-sensitive fragile site by
fluorescence in situ hybridization. Sequence analysis of a BAC clone spanning F'R410A identified a single, imperfect, but polymorphic CGG
repeat that is part of a CpG island in the SUTR of a novel gene named FRA10ACI. The number of CGG repeats varied in the population from
8 to 13. Expansions exceeding 200 repeat units were methylated in all FRA70A fragile site carriers tested. The FRA10AC1 gene consists of 19
exons and is transcribed in the centromeric direction from the FRA10A repeat. The major transcript of ~ 1450 nt is ubiquitously expressed and
codes for a highly conserved protein, FRA10ACI, of unknown function. Several splice variants leading to alternative 3’ends were identified
(particularly in testis). These give rise to FRA10AC1 proteins with altered COOH-termini. Immunofluorescence analysis of full-length,
recombinant EGFP-tagged FRA10AC]1 protein showed that it was present exclusively in the nucleoplasm. We show that the expression of
FRA104, in parallel to the other cloned folate-sensitive fragile sites, is caused by an expansion and subsequent methylation of an unstable CGG
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trinucleotide repeat. Taking advantage of three cSNPs within the FRA104C1 gene we demonstrate that one allele of the gene is not transcribed
in a FRA10A carrier. Our data also suggest that in the heterozygous state FRA10A is likely a benign folate-sensitive fragile site.

© 2004 Elsevier Inc. All rights reserved.
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Chromosomal fragile sites are loci that show gaps or
breaks in metaphase spreads of cells grown under specific
cell culture conditions. In general, common and rare fragile
sites are distinguished. To date, more than 80 common
fragile sites have been identified in the human genome
[1]. Some of these, like the most frequently seen fragile
site, FRA3B in 3p14.2, have been proposed to be regions of
genomic instability implicated in, e.g., breakage events
leading to recurrent chromosomal aberrations in cancer cells
[for review see 2 and 3]. Although some of these common
fragile sites were sequenced, no recognizable sequence
elements have been identified that would be sufficient to
confer fragility to these chromosomal sites.

According to the culture conditions under which
fragile sites are induced, rare fragile sites are classified
into folate-sensitive and distamycin A- or BrdU-requiring
fragile sites. Twenty-two folate-sensitive fragile sites have
been cytogenetically described, the best known being
FRAXA in Xq27.3. Expression of FRAXA is associated
with the fragile X syndrome (MIM309550), the most
frequent familial form of mental retardation [4]. Similarly,
expression of another rare gonosomal folate-sensitive
fragile site, FRAXE, leads to mild to borderline mental
retardation (MIM309548) [5]. To date, two autosomal
folate-sensitive fragile sites, FRA/IB and FRAI6A4, have
been cloned [6,7], but only the former has been associ-

ated with a human disease, Jacobsen syndrome, which is
caused by terminal deletion of part of the long arm of
chromosome 11 [8].

The common molecular basis of the currently charac-
terized rare fragile sites is the expansion of repetitive DNA
elements. Expression of the distamycin A-inducible
FRA16B site in 16922 and of the BrdU-requiring FRA10B
site in 10925 is caused by expansion of 33- and 42-bp AT-
rich minisatellite repeats, respectively [9,10]. In contrast,
expression of all five folate-sensitive rare fragile sites
cloned so far, i.e., FRAXA, FRAXE, and FRAXF on the
X chromosome as well as FRAI6A in 16pl13.11 and
FRAIIB in 11q23.3, is uniformly based on expansion of
CCG/CGG-trinucleotide repeats. The majority of charac-
terized folate-sensitive fragile site repeats are located in the
regulatory or 5" untranslated regions (UTRs) of transcribed
genes, probably with the exception of FRA16A for which
an associated gene has not yet been reported [7]. All of
these repeats follow the paradigm of expansion and hyper-
methylation with subsequent gene silencing as a result [for
review see 11]. The CGG-repeat expansion is the only
known molecular mechanism underlying expression of
folate-sensitive fragile sites. It is yet unknown why this
kind of genomic instability leading to chromosomal fragil-
ity affects only a very limited subset of all CGG-repeats
within the human genome.

Fig. 1. Cytogenetic and FISH-mapping of the FRA10A4 site. (A) Fluorescence R-banded metaphase of case I expressing the FRA10A as a clear gap (arrow) in
chromosomal band 10q23.3. (B) Partial metaphase of case I stained with DAPI (left) and hybridized with YAC 912C7 (right). The red signal from the YAC
probe is split due to expression of the FRA10A site (arrow) and can be seen on both the centromeric and the telomeric fragment, indicating that YAC 912C7
spans the fragile site. (C) Partial metaphase of case III stained with DAPI (left) and hybridized with BAC 437J2 (right), which produces a signal proximal and

distal to the gap, indicating that this clone is spanning the FRA10A4 site (arrow).
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To learn more about the molecular basis of rare fragile
site expression, we have characterized FRA104 in 10g23.3,
the most prevalent among the rare folate-sensitive autoso-
mal fragile sites in the human genome [12]. It has been
estimated that about 1 in 500 individuals manifest
FRAI0A. Similar to the other autosomal folate-sensitive
fragile sites, no distinct phenotype has been associated
with expression of FRAI0A. Nevertheless, some studies
have proposed that fragile site expression in 10q23—q24
might be associated with mental retardation [12,13], tu-
morigenesis [14,15], or neurological disorders, including
schizophrenia [16]. It is likely that these associations can
be attributed to ascertainment bias. The 10q23—q24 chro-
mosomal region has also been shown to contain tumor
suppressor genes [17,18]; however their relation to the
FRA104 is not clear.

In the present work we have refined the localization of
the FRAI0A fragile site and identified its molecular basis.
We show that expression of FRAI0OA is caused by an

FRA10AC1

expansion of a polymorphic CGG repeat within the SUTR
of a ubiquitously expressed gene, FRAI0ACI, encoding a
novel nuclear protein.

Results

Fluorescence in situ hybridization (FISH) mapping of the
FRAI0A site

To narrow down the locus containing FRAI0A, a se-
quential FISH approach was applied to metaphase spreads
of the index patient (case I). In this patient, cytogenetic
expression of FRAI0A resulted in chromosomal breakage
on one homolog at 10g23.3 in two-thirds of cells (Fig. 1A).
In a first step, double-color FISH was performed with YAC
clones from a recently established contig of 10q23—q24
using YAC 790H10 as an internal control that hybridizes to
the MXII gene in 10925 ([18,19] and R.S., unpublished
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Fig. 2. Mapping of the FRA104 locus and genomic organization of the FRAI0AC! gene. (A) Schematic representation of the genomic region containing the
genes FRAI0ACI1, PDE6C, and LGII as well as two microsatellite markers. Genes are indicated by large arrows. The 5 — 3’orientation of each gene is given
by the orientation of the arrow. BAC clones are represented by black lines. (B) Exon—intron structure of #RA10AC!. In the upper part, the genomic structure of
FRAI0ACI is shown schematically (not drawn to scale). Exons are indicated by boxes. Coding regions of exons are shown in black, whereas noncoding
regions are in gray. The number of each exon is depicted above and the size below the exon. Start as well as stop codons and the (CGG), repeat are indicated. In
the lower part, partial sequences of the exon—intron boundaries and the intron sizes are given. Exon sequences are given in uppercase letters and intron
sequences in lowercase. Exon is abbreviated by “E” and intron by “I”’. The ATG and TGA codons are shown in black boxes. The conserved “ag” and “gt”
bases at the intron boundaries are underlined. The polyadenylation signal ATTAAA is in bold and underlined.
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data). YAC clones 905F4 and 912C7 showed signals distal
and proximal to the fragile site, indicating that these clones
span the fragile site in the index case (Fig. 1B and
Supplementary Table S1).

Based on the available physical map of 10q23—q24 that is
partially covered by the inserts of the breakpoint-spanning
YACs 905F4 and 912C7, contiguous BAC clones of the
chromosome 10 sequence tile path [12] were selected to
delineate the fragile site more precisely. FISH analysis
showed that BAC clones RP11-341B18 and RP11-30E16
hybridized proximally, whereas RP11-562K6, -237M6,
-76P2, -121A3, -162K11, and -397J18 were distal to the
fragile site. Clones RP11-568123, -437J2, -512]3, -306010,
and -367C3 spanned the fragile site in the index case
(Supplementary Table S2).

To verify mapping of the FRAI0A fragile site, meta-
phase spreads of three additional FRAI0A carriers (cases
II-1V) were analyzed by FISH (Supplementary Table S3).
As in the index case, BAC 437J2 was shown to span the
fragile site in all of them (Fig. 1C and Supplementary
Table S3).

A

Sequence analysis of the FRA10A4 locus

FISH mapping refined the FRA10A locus to an ~ 50-
kb region. Interestingly, BAC clone RP11-437J2 spans
the entire FRAI0A site (EMBL Accession No.
AL157396). The total length of the RP11-437J2 clone
insert is 162,840 bp. The true right end of this clone is at
position 128,796 in the reported sequence (AL157396).
The true left end of RP11-437J2 is at position 129,920 of
AL356214 (RP11-30E16). Database searches identified
the 3’ end of the PDE6C gene encoding phosphodiester-
ase 6C as well as the first two 5 exons of the gene
encoding the leucine-rich, glioma inactivated 1 protein,
LGII (Fig. 2), within this FRAIOA spanning BAC. A
single (CGG)g repeat was identified in the very central
part of the sequence (kb 54.809-54.832 of AL157396).
Adjacent to it lies an incomplete and invariable CCA
repeat. Both repeats are part of a CpG island of a novel
gene, named FRAIOACI (fragile site, folic acid type,
rare, fra(10) (q23.3) candidate 1), encoding a protein
with unknown function (see below).
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Fig. 3. CGG-repeat polymorphism in FRA10A carriers and controls. (A) Analysis of the CGG polymorphism in the SUTR of FRA10AC! in individuals of the
CEPH families. Autoradiogram showing the four alleles (A1—A4) of the repeat detected by PCR. Seven representative genotypes are shown. (B) Allele
distribution of the polymorphic FRAI0ACI repeats in 81 unrelated individuals of the CEPH families. (C) Analysis of the (CGG)n trinucleotide repeat in
controls (lanes 1—7) and individuals expressing the FRA104 site (cases I, II, 111, IV, and V). In addition to a normal allele (labeled with “N*) individuals who
cytogenetically express the fragile site show PCR fragments of larger size (labeled with “F””), indicating repeat expansion. (D) Methylation analysis of the
FRA10A4 CGG repeats. DNA from FRA10A heterozygous individuals (cases III, IV, and V) and controls (1 and 2) were digested with Hpall or Mspl restriction
enzyme, prior to PCR. The (CGG)n repeat was then PCR-amplified from the restricted and unrestricted genomic DNA (uncut). Hybridization signals were
obtained only for the expanded (CGG)n repeats in individuals expressing FRA10A after digestion with Hpall, indicating that the region around the (CGG)n
repeat is hypermethylated. Approximate sizes of DNA marker bands are indicated on the right.
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Analysis of the CGG repeat in controls and carriers of the
FRAI0A site

PCR-based amplification of the identified CGG repeat in
the S5UTR of FRA10ACI in various individuals revealed this
repeat to be polymorphic. Testing of 81 unrelated individ-
uals from 40 CEPH families identified four alleles (A1—A4)
with repeat size n = 8, 9, 10, and 14. The most common
allele, A2, contained nine CGG repeats (Figs. 3A and 3B).
In contrast, individuals cytogenetically expressing the frag-
ile site showed much larger PCR fragments (detected as a
smear of higher molecular weight products), indicating
expansion of the repeat (Fig. 3C). One normal CGG allele
was detected in all FRAI0A carriers, which is consistent
with the heterozygous status of the repeat expansion. To test
whether this expanded CGG repeat is subject to methylation
(as is the case for the other cloned folate-sensitive fragile
sites), we digested genomic DNA from FRA10A carriers and
controls with a methylation-sensitive (Hpall) or -insensitive
(Mspl) restriction enzyme. Following digestion, PCR,
Southern blot, and hybridization with a GCC/GGC probe,
the expanded CGG repeats were detected only from the
undigested or Hpall-digested genomic DNA and not from
the Mspl-digested DNA of FRA10A carriers (cases III, IV,
and V in Fig. 3D). These data indicate that the expanded
CGQG repeat is hypermethylated. Control individuals showed
the presence of normal allele only. In all experiments, the
expanded alleles presented as a smear rather as a distinct
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band, suggesting some difficulties for the 7aq polymerase to
amplify across the expanded CGG repeat. The size of the
expanded alleles in FRAI0A carriers exceeded that of the
normal alleles by at least 600—800 bp (up to several kilo-
bases). Thus, the number of CGG repeat units in FRA104
can be estimated to be at least 200.

Full-length ¢cDNA sequence and genomic organization of
the FRAI0ACI gene

By combining in silico data with results obtained from
RT-PCRs, we assembled the full-length FRA410AC1 cDNA
sequence of 1344 bp that contains an open reading frame
encoding a protein of 315 amino acids (GenBank Accession
No. AJ431721). The genomic organization of FRAIOACI
was established by BLASTN searches of the complete
cDNA sequence with the genomic sequence of clone
RP11-437J2 (GenBank Accession No. AL157396). In total,
this novel gene consists of 19 exons (Fig. 2B). Nonetheless,
4 exons (exons 13, 14, 15, and 16) are alternatively spliced
in (see below), and exon 17 has been identified at least once,
e.g., in the EST clone GKBABEO7 (GenBank Accession
No. AV682434). FRA10AC] spans a region of 33 kb and is
transcribed from telomere to centromere (Fig. 2A). All
intron boundaries follow the AG/GT rule of the consensus
splice site. The (CGG)n repeat is embedded in exon 1,
within the putative SUTR of the FRAI0ACI gene, and is
part of the CpG island. The ATG codon at position 195 (in
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FRA10AC1-3.3 .. EDSLLNGVMLFHPGWSAVARSQLTAAPASQVQTNNHYWRGVVC (313 aa)
c FRA10AC1-3.2 ..EDSLLKTYFVGLLSESNEKTYM (292 aa)

FRA10AC1-3.1 .. EDSLLRRMLEELQMFTWEKSERMGGKRLIIIIGEELSANVTTLKL (315 aa)
b FRA10AC1-2 ..EDSLLN (276 aa)
a FRA10AC1-1 ..EDSLLRNSDEEESASESELWKGPLPETDEKSQEEEEDEYFQDLFL (315 aa)

Fig. 4. Expression pattern of FRA10AC! in various human tissues and identification of alternative splicing variants. (A) Northern blot analysis of FRA10ACI.
Hybridization of a FRA10AC! exon 19-containing probe to a human multiple-tissue Northern blot containing total RNA. A single transcript of approximately
1450 nt was detectable in numerous tissues (top). The 1.35-kb band of the marker is indicated. The same blot was reprobed with a [3-actin probe as control
(bottom). (B) RT-PCRs with human MTC ¢cDNA panels. FRA10AC1-specific PCR product spanning exons 11 to 19 was amplified from all tissues tested (top).

White and black dots indicate the three different transcript variants “a”, “b”, and

“c”. pBluescript/Hinfl (M1) and NEcoRV (M2) were used as DNA size

markers; sizes of marker bands are indicated. Control RT-PCR amplification of a G3PDH product was done from the same cDNA samples (bottom). (C)
Identification of alternative splice variants of the FRA10ACI gene. Schematic representation of the alternatively spliced FRA10AC! variants a, b, and c (left)
and their derived amino acid sequences (right). Exons are indicated by dark gray boxes and are numbered. Introns are depicted as thick gray lines. Amino acids

encoded by exon 12, common to all FRA10AC] variants, are underlined.
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exon 2) was considered the most likely translation start site
conforming to the Kozak rule. The translation termination
codon, TGA, was identified in-frame with this start codon at
position 1140 bp in the cDNA sequence (in exon 19). By
using the ExPASy proteomics tools, the encoded protein
was calculated to have a theoretical pl of 8.25 and a
calculated molecular mass of 37.548 kDa. Its most basic
region lies between amino acids 200 and 275 (theoretical pl
~10.0), whereas the carboxy-terminus (aa 280—315) rep-
resents the most acidic region (pI ~ 3.70). Various serine
residues, particularly at the C-terminus (aa 250—-313), are
potential sites for phosphorylation [20]. By database
searches using the Pfam and Smart software tools, we found
no significant similarities of FRA10AC1 to any known
protein domains or repeats. However, a bipartite nuclear
localization signal (NLS; at aa positions 223238 and 245—
262), which is embedded within a larger lysine-rich region
(aa 129-269), was identified.

Expression analysis of FRAI0AC1

For Northern blot analysis, we used a FRAI0ACI-spe-
cific probe containing the first 616 bp of the 5'coding region
and a probe covering part of exon 19. We obtained identical
hybridization patterns for both probes. A single transcript of
approximately 1450 bp, which corresponds well to the
estimated ¢cDNA size, was detected in all adult tissues
analyzed (Fig. 4A), indicating ubiquitous expression of
FRAI0ACI. Strong expression of FRAIOACI was found
in brain, heart, skeletal muscle, kidney, and liver, whereas
low expression was found in colon, thymus, spleen, small
intestine, placenta, and lung. In leukocytes, the transcript is
barely detectable (Fig. 4A). To investigate further the
expression profile of the FRAI0ACI gene, we employed
RT-PCR on normalized first-strand cDNAs of a panel of
human tissues using primers spanning exons 11 to 19.
Amplification was done under nonsaturating conditions
allowing semiquantitative estimation of the relative
FRAI0ACI transcript levels. In general, ubiquitous expres-
sion of FRA10ACI was confirmed (Fig. 4B).

In addition to the tissues tested by Northern blot,
FRA10AC1-specific transcripts were detected in pancreas,
testis, ovary, and, at lower levels, prostate and leukocytes
(Fig. 4B). In the majority of the tissues examined, a fainter
and larger band (“b” in Fig. 4B) was found in addition to
the abundant FRAI0ACI transcript (“a” in Fig. 4B) indi-
cating the presence of a splice variant. Moreover, in ovarian
and particularly in testicular tissue, a third band with slower
mobility (variant “c” in Fig. 4B) appeared. Sequence
analysis showed that these transcript variants are due to an
alternative splicing of exons 13—-16 (Fig. 4C). In the
abundant variant a, exon 12 is spliced directly to exon 18
(GenBank Accession No. AJ431721). The ubiquitously
expressed larger transcript variant b contains the 48-bp exon
16 spliced between exons 12 and 18 (GenBank Accession
No. AJ431725). The largest amplicon, c, turned out to be a

mixture of three different FRA10ACI transcript variants, in
which exon 13, 14, or 15 is individually spliced in, in
addition to exon 16 (GenBank Accession Nos. AJ431722,
AJ431723, and AJ431724). Comparison of the derived
amino acid sequences of the five splicing variants showed
that the encoded C-terminal regions are different (Fig. 4C).

¢SNP/RT-PCR analysis of FRAIOACI in a FRA10A carrier
individual

To investigate that one allele of the FRA10ACI gene is
transcriptionally silenced by the methylation at the
FRAI0A fragile site, we performed cSNP/RT-PCR on
cDNA from one FRAI0A carrier (case I, Fig. 3). First, at
least three cSNPs were detected within the FRAI0ACI
open reading frame by analysis of available ESTs
(Hs.303727): one at position 47 in exon 2 (c47G — A,
17 ESTs with the G and 11 with the A allele), the second
at position 90 in exon 3 (c.90T — C, 22 ESTs with T and
8 with C), and the third at position 233 in exon 5 (¢.233G
— C, 21 ESTs with G and 9 with C). Second, FRA10A4
carriers for whom we had cell lines available were tested
for these three cSNPs and one was found informative with
genotype g.47A—-g.90T/C—g.233C/G (case I). When the
exon 2/5 RT-PCR product (primers available upon request)
of this FRA10A carrier was sequenced, only one allele was
detected: ¢.47A—c.90C—c.233G (see Fig. 5). This result
demonstrated that one FRAI0ACI allele (c.47A—c.90T—
¢.233C in this case) was not transcribed. That the silenced
allele is the one with the FRAI0A4 fragile site is highly
likely but was not formally established (due to the lack of
available family material).

exon 3 exon 5
€.90T>C cSNP ¢.233G>C cSNP
v v

AGACGAC ATAGAAA - consensus
N

\ /\N\ - genomic sequence

AGAN|GAC ATAIN n-AJ _

90C/T 233G/C N
- cDNA sequence

/

90C 233G

Fig. 5. ¢SNP/RT-PCR on FRA10A carrier individual. Partial genomic and
c¢DNA sequence of exon 3 (¢.90T — C) and exon 5 (¢.233G — C) cSNPs
of the FRA10ACI gene of a FRA10A carrier individual (case I) is shown.
While the genomic sequence shows heterozygosity for T/C and G/C alleles
at both positions, the cDNA sequence clearly shows the presence of only
one allele, ¢.90C—c.233G. This individual was not informative for the
c47G — A cSNP. The consensus FRAIOACI sequence (GenBank
Accession No. AJ431721) is also shown.
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The FRAI0ACI protein is located to the nucleus

To examine the subcellular localization of the
FRAI10ACI protein and, thereby, the functional potential
of the predicted NLS, COS-7 cells were transiently trans-
fected with an enhanced green fluorescent protein
(EGFP)-FRAI10AC1 expression plasmid. The cloned
FRA10ACI cDNA corresponds to the most abundant splice
variant a (Fig. 4C). Upon transient transfection the green
fluorescence was diffusely detected in the nucleus (Figs.
6A and B-a). However, in about 10% of the transfected
cells a punctate pattern was found (Fig. 6B-d). Coimmu-
nostaining of cells with lamin A/C antibody, which marks

the nuclear envelope, suggested that FRA10ACI is located
exclusively in the nucleoplasm (Fig. 6B-f).

FRAI0ACI is a conserved protein

We used the human FRAIOACI cDNA sequence to
search for ortholog ESTs in the databases. Several over-
lapping ESTs were found. Three of them (GenBank
Accession Nos. BQ939866, AA840143, and BE946023)
were selected for the assembly of the mouse FRAIOACI
ortholog (size 1380 bp; GenBank Accession No.
BN000292). FralOAcl maps to mouse chromosome
19C2—-C3, between the genes Pde6c and Lgil, in a

Fig. 6. Subcellular localization of FRAT0ACI1. (A) Subcellular localization of the EGFP-tagged FRA10AC1 fusion protein (GATEWAY compatible) detected
by fluorescence microscopy. Representative COS-7 cells from transient transfections were photographed. More than 95% of transfected cells showed identical
patterns of subcellular localization. (B) The EGFP-tagged FRA10AC1 protein is exclusively detected in the nucleoplasm of transfected COS-7 cells. (a) and (d)
show fluorescence photomicrographs of nuclei with the green signal of FRA10ACI. (b) Propidium iodide staining of the same cell as shown in (a). (c) Merge
of (a) and (b). (e) Labeling of the nuclear envelope of the same cell as shown in (d) with a lamin A/C antibody. (f) Merge of (d) and (e).
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region syntenic to human chromosome 10q23—q24.
FralOAcl encodes a protein of the same size (315 aa)
compared to human and both proteins share a sequence
identity of 86% and similarity of 92% (Fig. 7A).
BLASTP analysis revealed that numerous FRA10ACI
orthologs exist, in both animal and plant species (Fig.
7B). The FRA10ACI1 proteins identified in plants (A4ra-
abidopsis thaliana and Pimpinella brachycarpa) and
Caenorhabditis elegans show about 35% identity to the
human protein compared to 58% in insects (Anopheles
gambiae) (Fig. 7B). These data suggest that a common
ancestor gene had existed before plants and animals
diverged. It is interesting to note that the central portion
(aa 105-240 of human FRAI10ACI; Fig. 7B) of the
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protein is 45—-67% identical among all orthologs ana-
lyzed, suggesting a highly conserved domain with an
important function.

Discussion

In the present study we have elucidated the molecular
basis of the most prevalent autosomal folate-sensitive
fragile site, FRA10A4 [12], to be an unstable CGG repeat.
The FRAI0OA repeat is similar to those identified at the
other five folate-sensitive fragile sites, FRAXA [21,22],
FRAXE [23], FRAXF [24,25], FRAIIB [8], and FRAI64
[7], that have been cloned so far. Overall, the FRAI0A

1 MHGHGGYDSDFSDDEHCGESSKRKKRTVEDDLLLQKPFQKEKHGKVAHKQVAAELLDREE
1 MHGHGGYDSDFSDDEQGGGSSKKRKKTVEDELLLTKPFQKERHGKVAHKQVAADLLDREE

ARNRRFHLIAMDAYQRHTKFVNDYILYYGGKKEDFKRLGENDKTDLDVIRENHRFLWNEE
ARNRRFHLIAMDAYQRHTKFVNDYILYYGGKREDFKRLGENDKTDLDVIRENHRFLWNEE

DEMDMTWEKRLAKKYYDKLFKEYCIADLSKYKENKFGFRWRVEKEVISGKGQFFCGNKYC
DEADMTWEKRLAKKYYDKLFKEYCIADLSRYKENKFGFRWGIEKEVISGKGQFFCGNKCC

DKKEGLKSWEVNFGYIEHGEKRNALVKLRLCQECSIKLNFHHRRKEIKSKKRKDKTKKDC
NEKEGLRSWEVNFGYTEHGEKRNALVKLRLCQECSFKLNFHHRRKEIKSTKKKSKTTPEC

FRAL1Q0ACl: 241 EESSHKKSRLSSAEEASKKKDKGHSSSKKSEDSLLRNSDEEESASESELWKGPLPETDEK
FralOacl: 241 DESPRKKSRSPPSEEASKGKDEGHSSSKKSEDSRNRNAEEEDSASDSELWKGPLPETDEK
FRA10ACl: 301 SQEEEFDEYFQDLFL 315
FralOacl: 301 SQEEEFDDYFQDLFL 315
B FRA10AC1
NLS

1 105 24 315 aa
GenBank Id *—09 aaidentity =P Species Overall aaidentity in (%)
BN000292 92 M. musculus (86)
AE003416, AAAB01008848 57/ 67 D. melanogaster (40) / A. gambiae (58)
T19118, Q09549 51 C. elegans (36)
AC116955 45 D. discoideum (42)
AL161540, AF082024 49/58 A. thaliana (34) / P. brachycarpa (44)

Fig. 7. Conservation of the FRA10ACI protein. (A) Amino acid sequence alignment of the predicted human and mouse FRA10AC]1 polypeptides. Amino
acids that differ between human and mouse are highlighted in gray. The bipartite nuclear localization signals (NLS) are underlined. Numbers at the left and
right indicate amino acid positions. (B) Schematic representation and conservation of the human FRA10AC! protein. Top: The central conserved region (aa
105-240) is depicted as a gray box. The bipartite NLS (aa 223238 and 245—-262) is indicated by two black bars. Bottom: On the left, GenBank accession
numbers of the orthologs are given. Amino acid identity within the conserved central part of FRA10ACI is given in the middle, whereas the overall protein

identity is shown on the right.
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CGG repeat does not differ from the other known folate-
sensitive fragile site-associated CCG/CGG repeats. The
repeat is normally polymorphic with four alleles of §, 9,
10, and 14 repeat units. In FRAI0A carriers the repeat
expands beyond 200 repeats (600—800 bp) and in that
size it becomes also methylated. It appears to be somat-
ically stable, although this was not rigorously tested.
Among the 81 individuals (162 chromosomes) tested so
far we have not seen any premutations.

Similar to the other folate-sensitive fragile sites, per-
haps with the exception of FRAI6A [7], FRAIOA is
associated with a transcription unit. To investigate that
the expansion and methylation of the CGG repeat in the
SUTR of the FRAI0ACI gene results in the loss of its
expression we tested RNA of one FRAIOA carrier. For
this purpose we took advantage of the presence of three
cSNPs in the FRAI0ACI mRNA. While genomic PCR
showed heterozygosity for ¢cSNPs at positions 90 (c.90T
— C) and 233 (c.233G — C), only one FRAI0ACI
mRNA allele (c.90C and ¢.233G) has been detected by
RT-PCR. This result clearly demonstrated that one allele
of the FRAI0ACI gene is not transcribed in this individ-
uval. It is highly likely that this FRAI0ACI allele is
transcriptionally silenced as a direct consequence of the
presence of the FRAI0A fragile site on this chromosome.
To our knowledge this region of chromosome 10 is not
imprinted. Whether the lack of one FRAI0ACI mRNA
allele expression is compensated for at the posttranscrip-
tional level was not investigated.

While for the three X-linked folate-sensitive fragile sites
the association with a particular phenotype is more (FRAXA
and FRAXE) or less (FRAXF) resolved, the situation is not
clear-cut for the two autosomal sites, FRA11B and FRAI6A.
Jones et al. [26] characterized an additional eight CCG
repeats from the 40-Mb region of Jacobsen patient deletion
breakpoints. These authors concluded that the nonrandom
clustering of chromosome deletion breakpoints with CCG
repeats suggests that they may play an important role in a
common mechanism of chromosome breakage, perhaps
including also the FRA11B CCG repeat. The great majority
of Jacobsen syndrome patients, however, do not have their
chromosome 11 deletion breakpoint at or near FRA11B [27].
As for the FRA 164 site [28], there is no phenotype associated
with this fragile site reported yet.

Carrier individuals of FRA10A analyzed as part of this
study do have a clinical phenotype broadly defined as
learning difficulties or developmental delay. However,
this phenotype most likely cannot be attributed to the
expression of the fragile site and likely haploinsufficiency
of the FRAIOACI gene expression, but rather to an
ascertainment bias (these individuals would have been
primarily screened for FRAXA). Additional evidence sup-
porting ascertainment bias as a likely cause comes (where
available) from the evaluation of the parents of FRAI0A
carriers who did carry the fragile site, but did not display
any clinical phenotype similar to that found in their

offspring. On the other hand it is intriguing that lack
of one copy of the FRAI0ACI gene does not give any
obvious phenotype. The FRAI0ACI gene is highly con-
served and widely expressed and has no obvious paral-
ogs, which could indicate some redundancy of its
function. Recently, Shaw et al. [29] identified the
FAMI114 gene, whose expression was silenced as a
consequence of the presence of the FRAXF fragile site.
Only one individual with FRAXF was analyzed for
FAMI11A4 expression, which was extinguished. Although
this individual did not present with any obvious FRAXF-
related phenotype it is too early to speculate that the lack
of FAMIIA does not cause any discernible phenotype
[29]. This also applies for FRA10A for which additional
cases together with further functional studies of the
FRA10ACI gene will probably help to resolve this issue.
Similar early controversy about the existence of an
associated phenotype, debated for the FRAXE site and
mental retardation, has later been resolved by postulating
a minor and/or partly redundant function for the FMR2
gene [for review see 5]. For FRAIOACI it is not clear
yet whether haploinsufficiency would have any patholog-
ic consequences in tissues where the gene is expressed. It
is interesting to observe that the highest FRAI0ACI
expression is seen in metabolically active tissues like
heart, skeletal muscle, brain, kidney, and liver. Whether
the single copy of the FRAIOACI gene in FRAI0A
carriers can be sufficiently up-regulated in times of high
demand needs to be addressed.

Contrary to the fact that FRA/0A is one of the most
frequently seen folate-sensitive fragile sites so far, to our
knowledge, there is no FRAIOA homozygote reported.
Such a case would be very desirable (if not in utero
lethal) in addressing the function and associated pheno-
type (if any) of the FRA10ACI gene. However, this could
be achieved by manipulating FRAI0ACI expression in
any of the model organisms with FRAIOACI orthologs,
including fly, worm, or mouse.

The FRA10A fragile site lies about 50 kb from the 5’ end
of the LGII gene, which was recently implicated in auto-
somal-dominant partial epilepsy with auditory features
[30,31]. Moreover, down-regulation of LGI! has been
shown during malignant progression of astrocytic gliomas
due to a hitherto unknown mechanism [32]. Although the
presence of some long-range regulatory elements of the
LGII gene affected by the expression of the FRA10A fragile
site can be speculated, such hypothesis has not been tested.
Neither an increased incidence of tumors nor such type of
epilepsy has been noticed in FRA10A carriers. There does
not seem to be any other gene present in the 50-kb region
containing FRAI0ACI and LGII (Fig. 2A).

In conclusion, FRAI0A represents another unstable
CCG trinucleotide repeat-triggered folate-sensitive fragile
site. Although no phenotype can be associated with the
fragile site as yet, it is intriguing that the FRA10A4-
associated FRAI0ACI gene is highly conserved and, thus,
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should serve an important function. Identification and
characterization of the FRAI0A site and its associated
gene will allow the elucidation of any possible geno-
type—phenotype correlation in the future.

Materials and methods
Chromosome analysis

All cytogenetic studies were performed after obtaining
informed consent as part of a diagnostic workup. In the
index patient (case I), chromosome analysis was initiated
because of speech delay and autistic features and revealed
expression of FRAI0A in 66% of the cells. The expres-
sion of the fragile site in 10q23 resulted in chromosomal
breakage in the majority of the patient’s cells, leading to
an acentric fragment of the distal part of 10q, which was
gained or lost in part of the metaphases. Another patient
(case II), a l1-week-old boy, who presented with mildly
dysmorphic features, expressed FRAI0A in 5 of 20
metaphases. Three other unrelated FRA/0A-positive indi-
viduals (cases III, IV, and V) were detected when tested
for the cause of their developmental delay (case V) or
developmental delay in another family member (cases III
and IV). In two instances the index case (case III and
case IV) did not present with FRA10A4, while one of the
parents did. Follow-up studies on the parents and/or
siblings of the remaining FRAI0A-positive patients
showed that the FRAI0A site was inherited from one of
the parents, in each case, who was not affected. Chro-
mosome analyses from peripheral blood cells suitable for
the demonstration of folate-sensitive fragile sites as well
as harvesting, slide preparation, and G or R banding were
performed according to standard methods.

YAC and BAC clones

YAC clones were derived from the CEPH-mega-YAC
library. A detailed STS-based map of 10g23—q24 contain-
ing the YAC clones used in the present study has been
published previously [19,33]. BAC clones were derived
from the RPCI-11 library (http://www.chori.org/bacpac/
home.htm). They were part of the BAC contig covering
chromosome region 10q23—q24, which was assembled by
means of STS-content mapping and fingerprinting (http://
www.sanger.ac.uk/cgi-bin/humace/fpcwebmap.cgi?mode =
map&map = bac.10.1.html) [34,35]. Shotgun sequencing
and finishing of clones from this contig including the clone
RP11-437J2 (GenBank Accession No. AL157396) was
performed as described previously [36].

FISH

BAC and YAC DNA was prepared using the Perfect-
prep Plasmid Maxi Kit (Eppendorf) or the Nucleon MiY

kit (Amersham Pharmacia). Indirect or direct labeling of
BAC DNA and Alu-PCR products from YACs was
performed with the BioPrime DNA Ilabeling system
(Invitrogen) or by nick translation. Indirect and direct
FISH to metaphase spreads was performed as described
previously [37]. Chromosomes were counterstained with
DAPL

Northern blot and RT-PCR analyses

The expression pattern of FRA/0AC! in human tissues
was studied using multiple-tissue Northern blots (BD
Biosciences Clontech). The probes used were a 129-bp
PCR product representing bp 1124—1252 of exon 19 and a
617-bp PCR product flanking the ATG start codon. The
exon 19 probe was radiolabeled directly by addition of
[a->*P]dCTP (Amersham) into the PCR. Fifty nanograms
of DNA from a human fetal liver cDNA library (Invitro-
gen) was amplified using primers F2 (5-TCAG-
GATTTGTTTCTATGAGAC-3) and R2 (5-
CCACACAAGCTGTAACTTGCAGA-3). The 5 coding
region probe was amplified with primers N19F (5-GATG-
CATGGTCATGGAGGCTATG-3) and NI9R
(5-CAAGTGCATTTCTCTTCTCACCATG-3/) and radiola-
beled by random priming with hexanucleotides (Invitro-
gen; Amersham Biosciences) and [c-**P]dCTP (Amersham
Biosciences). Blots were hybridized according to the
manufacturer’s instructions, washed at high stringency,
and exposed to X-ray film. To control for RNA integrity
and loading amount, the blots were rehybridized with an
a->?P-labeled P-actin probe as described in the protocol
provided. For the analysis of the FRAI0ACI expression
profile, primers F3 (5“~GCAGAAGAGGCCTCCAA-3) and
R2 were employed in PCRs using cDNA samples (1 ng)
from a multiple-tissue panel of normalized first-strand
cDNAs (MTC, BD Biosciences Clontech). PCR products
were separated by 1.5% agarose gel electrophoresis, visu-
alized using ethidium bromide, and sequence analyzed
either by direct sequencing or after subcloning into vector
pGEM-T Easy (Promega).

¢SNP/RT-PCR analysis of FRAI0ACI in a FRAI0A carrier
individual

Putative ¢SNPs within the FRAI0ACI open reading
frame were identified by sequence comparison of available
ESTs (Hs.303727). The presence of cSNPs in FRAI0A
carriers was tested by sequencing of their genomic DNA.
The following primers were used: for c.47G — A cSNP,
E2Fi, 5“CCTGGACAATTGGCAACATAG-3/, and E2Ri, 5-
CATTCACTAGAGCAATTGTCTTC-3, 254-bp amplicon;
for ¢.90T — C c¢SNP, E3Fi, 5"ATCTCATTAAAGATCAGT-
GAGTC-3), and E3RI, 5~ AATCCGAAGCAACT-TAAAC-
CAAG-3) 283-bp amplicon; and for ¢.233G — C cSNP,
E5Fi, S“GACACCAAACAGCTCCTAAGAG-3, and E5Ri,
5LCATAACCCACATTCCCTTCTATG-3!, 170-bp ampli-
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con. cDNA was prepared from EBV-transformed lympho-
blastoid cell lines of FRAI0A carriers using standard tech-
niques and tested for the presence of the cSNPs by direct
sequencing of an RT-PCR product encompassing exons 2—
5. The following primers were used: E2F, 5~ ATGCATGGT-
CATGGAGGCTATG-3, and E5R, 5-CCCAAACGCTT-
GAAGTCTTCT-3), 296-bp amplicon. Dye terminator (Big
Dye Terminator) sequencing was performed according to
the instructions of the supplier of the kit (Perkin—Elmer).
Exon PCR products were purified using the UltraClean PCR
Clean-up DNA purification kit (MoBio Laboratories, Inc.).
All PCR products were sequenced in both forward and
reverse directions.

Construction of green fluorescence protein-tagged
FRAI0ACI ¢cDNA expression plasmids

A cDNA fragment corresponding to the 315-aa-long
FRA10ACI protein was obtained by PCR using as template
1 ng of human testis first-strand cDNA (MTC, BD Bioscien-
ces Clontech) with primers F, 5:CGGGATCC
GAAAGGATG CATGGTCATG-3' (BamHI site and ATG
start codon underlined), and R4, 5“*CGGAATTC GAAA-
CAAATCCTGAAAATACTC-3' (EcoRI site underlined).
The 964-bp agarose gel-purified PCR product was cloned
into pGEM-T Easy (Promega), sequence verified, excised as
a BamHI/EcoRI fragment, and ligated to pEGFP-N1 (BD
Biosciences Clontech) digested with the same enzymes. The
resulting pEGFP construct encoded a GFP-tagged
FRA10ACI polypeptide. In an alternative approach, an
amplicon of the FRAI0ACI ORF compatible with the
GATEWAY cloning system (Invitrogen) was generated from
fetal brain ¢cDNA with primers N19C3F (5-GGGGA-
CAAGTTTGTACAAAAAAGCAGGCTTGCATGGT-
CATGGAGGCTATGATTC-3) and N19C3R
(5-GGGGACCACTTTGTACAAGAAAGCTGGGTGT-
TACTATAGAAACAAATCCTGAAAATACTCATC-3) us-
ing cDNA Advantage polymerase (BD Biosciences
Clontech). PCR products were purified according to the
instructions. Plasmid pEGFP-C3 (BD Biosciences Clontech)
was digested with Smal and purified, and 5’ phosphates were
removed by alkaline phosphatase. After a second purification
step by phenol/chloroform extraction, the plasmid was ligat-
ed to the GATEWAY Reading Frame Cassette C (RfC.1) of
the GATEWAY Vector Conversion System (Invitrogen)
according to the manufacturer’s instructions. The clones
obtained represent GATEWAY-compatible “destination vec-
tors” that were sequenced for integrity and correct orientation
of the cassette with primers 54ttR1 (5“CACATTATAC-
GAGCCGGAAGCAT-3) and 34attR2 (5*
CAGTGTGCCGGTCTCCGTTATCG-3). These vectors
were propagated in Escherichia coli host DB3.1 (Invitrogen)
to compensate for expression of the ccdB gene present on the
cassette. Construction of the EGFP-FRA10AC!1 plasmid
with the GATEWAY system expressing EGFP fused to the
N-terminus was carried out as previously described [38].

Cell culture, transfection, and immunocytochemistry

COS-7 cells were grown in DMEM containing 10%
fetal calf serum and gentamycin. About 3 x 10* cells
grown on glass coverslips were transfected with 0.5-1.0
ng of GFP-tagged FRAIOACI plasmid DNA using the
calcium phosphate coprecipitation method [39]. Thirty-six
hours after transfection, cells were washed with 1X
phosphate-buffered saline (PBS) and fixed for 10 min
with 4% paraformaldehyde followed by three washes
with PBS. After fixation, cells were treated for 5 min
with 20 mM glycine followed by three washes with PBS.
Cells were permeabilized with blocking buffer (0.2%
Triton X, 2 mM MgCl,, 1% fish gelatin in PBS) for 5
min and incubated with a lamin A/C mouse monoclonal
antibody (Santa Cruz Biotechnology) for 1 h at room
temperature, then washed three times in blocking buffer,
and incubated for 1 h with fluorescence-conjugated sec-
ondary antibody, Alexa Fluor 568 goat anti-mouse IgG
conjugate (Molecular Probes). Primary and secondary
antibodies were used at dilutions of 1:500 and 1:1000,
respectively. After incubation, cells were washed three
times with blocking buffer and once with PBS. Cell
staining with propidium iodide was accomplished after
treatment of the cells with RNase A for 30 min at room
temperature. Processed cells were visualized with a Leica
SP confocal microscope.

For transient expression of the EGFP-FRAI0ACI
GATEWAY-compatible plasmid, COS-7 cells were trans-
fected and analyzed as described in Martinez-Garay et al.
[38].

PCR analysis of the FRA10AC1 CGG repeat

Genotyping of the FRAI0ACI CGG repeat in 81 unre-
lated individuals, parents, or grandparents of the 40 CEPH
families was performed by amplification of 100 ng of
genomic DNA using 1 U of 7ag polymerase (Minotech)
with primers F1 (S*CCATTTAGATGTAACACGTG-3) and
R1 (5-GTCGTTTCCTTCTTTCCC-3). Primer F1 was added
to the reaction after 5’ end-labeling with [a->*P]dATP. PCR
products were separated on a denaturing acrylamide—urea
DNA sequencing gel and visualized by X-ray autoradiogra-
phy.

To amplify across the CGG repeat in FRAI0A carriers,
primers 5-“TCGGACCGGAAGTGGTGCCC-3’ and 5-
TCCCTGTGTGCCAAGTTCGC-3' were applied in a 20-
ul reaction containing 100 ng of genomic DNA; 1X buffer
(Expand Long Template Buffer 2; Roche); 200 uM each
dCTP, dTTP, and dATP; 500 uM 7-deaza dGTP; 10% (v/v)
DMSO; 20 pmol of each oligonucleotide; and 0.4 pl enzyme
mix (Expand Long Template; Roche). Ten microliters of
each PCR was run on a 1.5% agarose gel with 1x TBE.
The gel was then blotted on a nylon membrane (Amer-
sham) and hybridized with a GCC/GGC oligonucleotide
probe.
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Labeling and hybridization using the GCC/GGC probe

This was done essentially as described for the poly(AC),/
(GT),, probe by Thompson et al. [40]. Briefly, reagents as for
random priming were used; however, the random hexamers
were omitted. Instead, two complementary synthetic CCG
oligonucleotides (30-mers; 10 copies of the CGG/CCG
repeat) were used. They prime off of each other to generate
the probe. Fifty nanograms of each oligonucleotide was used
in the labeling reaction followed by conventional hybridiza-
tion at 65°C and washing at 42—65°C. After a final stringent
wash (0.1x SSC at 65°C for 20 min), the X-ray films were
developed after an overnight exposure at room temperature.
For the PCR studies to assess the methylation status of the
expanded FRAI0ACI CGG repeat, 1 pg of genomic DNA
was digested with Hpall or Mspl restriction enzyme before
PCR amplification. Undigested and digested DNA was PCR-
amplified using FRA10ACI flanking oligonucleotides (see
above), run on a 1.5% agarose gel, blotted, and hybridized
using the GCC/GGC probe.

Sequence analysis

Analysis of DNA and protein sequences was performed
using BLAST (http://www.ncbi.nlm.nih.gov/blast/),
SMART (http://smart.embl-heidelberg.de/), http://www.
ebi.ac.uk/interpro/scan.html, Pfam (http://www.sanger.
ac.uk/Software/Pfam/search.shtml), Ensembl (http://www.
ensembl.org/), GoldenPath (http://genome.ucsc.edu/), Net-
Phos (www.cbs.dtu.dk/services/NetPhos), and ExPASy
(http://us.expasy.org/tools/#proteome) servers.
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The finished sequence of human chromosome 10 comprises a total of 131,666,441 base pairs. It represents 99.4% of the
euchromatic DNA and includes one megabase of heterochromatic sequence within the pericentromeric region of the short and long
arm of the chromosome. Sequence annotation revealed 1,357 genes, of which 816 are protein coding, and 430 are pseudogenes.
We observed widespread occurrence of overlapping coding genes (either strand) and identified 67 antisense transcripts. Our
analysis suggests that both inter- and intrachromosomal segmental duplications have impacted on the gene count on
chromosome 10. Multispecies comparative analysis indicated that we can readily annotate the protein-coding genes with current
resources. We estimate that over 95% of all coding exons were identified in this study. Assessment of single base changes between
the human chromosome 10 and chimpanzee sequence revealed nonsense mutations in only 21 coding genes with respect to the

human sequence.

We report here the final clone map and sequence assembly of human
chromosome 10. This metacentric chromosome accounts for 4.5%
of the genome and is best known for harbouring the PTEN tumour
suppressor gene and the RET proto-oncogene.

With the human genome sequence in hand, the task ahead is to
identify the different units of genetic information embedded in the
sequence and understand their function both at the molecular and
cellular level. In this study we address the former by reporting a
comprehensive annotation of manually inspected gene structures
and their correlation to sequence variation and other features of the
genomic sequence. The annotation process is assessed by compara-
tive analysis to the genome sequence of two rodents, Mus musculus
and Rattus norvegicus, and three fishes, Tetraodon nigroviridis, Fugu
rubripes and Danio rerio. Finally, we report our preliminary findings
on the distribution of single base differences along human chromo-
some 10 in comparison to the chimpanzee genome.

The clone map and finished sequence

A clone map spanning the euchromatic regions of the short (p) and
long (q) arm of human chromosome 10 was assembled by restric-
tion fingerprint and sequence-tagged site (STS) content analysis'.
We identified clones by screening approximately 85 genomic
equivalents of P1-derived artificial chromosome (PAC), bacterial
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artificial chromosome (BAC), yeast artificial chromosome (YAC),
cosmid and fosmid libraries. The tiling path consists of 1,144
minimally overlapping clones (Supplementary Table S1) organized
into 12 contigs (Table 1). Contig-1340 spans the entire p arm and
harbours the boundary between euchromatin and heterochromatin
with the proximal 250 kilobases (kb) extending into pericentro-
meric satellite repeats. In a detailed study of this region two further
clones carrying satellite 3 sequences, contig-2069, were identified
and mapped by pulse field gel electrophoresis (PFGE) ~50kb
proximal to contig-1340 (ref. 2). Similarly, contig-43 harbours the
g-arm boundary with the proximal 240kb composed of satellite
repeats’. In addition, clone RP11-745D9, 94% of which consists of
a-satellite repeats, was arbitrarily placed proximal to contig-43 as it
was suggested to map to human chromosome 10 (E. Eichler,
personal communication). A 9.75-megabase (Mb) PFGE map
spanning the chromosome 10 centromere* places the core a-satellite
block (D10Z1) ~0.2 Mb distal to contig-102 and 1 Mb proximal to
contig-43.

In contrast with the p arm, nine gaps remain in the clone map
of the q arm. Five of them are clustered within a ~4-Mb region
(Table 1 and Fig. 1 (rollfold); see also Supplementary Fig. S1 for a
detailed view). Our inability to walk across these five gaps was due
to the extensive segmental duplications in this region (Fig. 2);
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however, we obtained a size estimate by fluorescent in situ hybrid-
ization (FISH) of RP11-172C24 (AL512595) and RP11-13E1
(AC013284) on metaphase chromosomes. We sized the remaining
four gaps by FISH with clones immediately flanking each gap to
extended DNA fibres. No gap was estimated to be larger than 50 kb
in size. Altogether the euchromatic gaps account for no more than
840 kb (Table 1). Finally, we defined the location of both telomeres.
Clone RP11-631M1 (AL713922) ends ~20kb away from the
telomeric repeats of the p arm based on the telomeric half-YAC
XX-YAC2203 (http://www.wistar.upenn.edu/Riethman/). At the
end of the q arm (qtel), clone XX-YAC2136 (BX322534) contains
part of the telomeric repeat block.

Each clone of the tiling path was subjected to random subcloning
and sequencing at either the Genome Therapeutics Corporation
(GENE) or the Sanger Institute—the initial draft sequence of a few
clones was carried out by other centres that are credited in the
corresponding submissions to the EMBL/GenBank/DDBJ data-
bases. We finished clones according to the international finishing
standard (http://genome.wustl.edu/Overview/gl6stand.php). Of
the 1,144 clones in the human chromosome 10 tiling path, 221
and 913 were finished at GENE and the Sanger Institute, respect-
ively, and three elsewhere (Supplementary Fig. S1). The remaining
seven clones show persistent deletion of internal fragments. In total,
we finished 131,666,441 base pairs (bp) in 18 sequence contigs;
euchromatic coverage is estimated at 99.4%. Sequence accuracy was
estimated as described in ref. 5 and found to exceed 99.99%. The
sequence assembly comprises all known chromosome 10 messenger
RNAs (RefSeq set) and STS markers from available radiation
hybrid® and genetic maps”® (T. Furey, personal communication).
In addition, the integrity of the sequence map was independently
assessed at the University of California, Santa Cruz, by alignment of
fosmid and BAC paired end sequences (http://genome.cse.ucsc.edu/).
Table 1 lists the size of each sequence contig, with the largest one
spanning 44,693,577 bp.

Table 1 Clone and sequence contigs on chromosome 10

Clone contig Sequence contig Size Gap size
(op) estimate (bp)
Telomere - - 20,000
1340 BX32259-BX276080 5,574,992 10,000
AL365356-BX255924 12,337,510 10,000
AL928729-AL133216 20,793,917 -
Gap - - 50,000
2069 AL133173-AL590623 286,100 -
Gap - - 50,000
Centromere - - 2,380,000
Gap - - 50,000
102 BX322613 191,752 -
Gap - - 50,000
43 ALO31601-AC012044 3,830,268 -
Gap* - - ND*
4000 AL831769-BX649215 952,201 -
Gap* - - ND*
3003 AL450388-AL603965 263,307 -
Gap* - - ND*
101 AL954360 163,321 -
Gap* - - ND*
14 BX547991-AL731733 989,826 -
Gap* - - ND*
15 ALB03966-AL731572 1,941,839 10,000
AL672187 211,435 10,000
AL589822-AL132656 30,068,948 -
Gap - - 10,000
16 AC068139-AL731667 44,693,577 10,000
AL606510-AL772134 2,696,534 -
Gap - - 50,000
17 BX470155-AL607044 4,615,046 -
Gap - - 10,000
2493 (includes telomere) BX294094-BX511297 246,123 10,000
AL732395-BX322534 1,809,745 -

*Cumulative gap size estimate of 750,000 for all five of the indicated gaps together. ND, not
determined.
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The gene and protein index

The Sanger Institute has established a standardized annotation
pipeline (outlined at http://vega.sanger.ac.uk/) in which gene struc-
tures are drawn on the basis of human interpretation of the
combined supportive evidence generated during sequence analysis.
Annotation of the human chromosome 10 sequence resulted in a
total of 1,787 gene structures that we then classified, as described in
ref. 9, into: (1) 654 ‘known’ genes; (2) 162 ‘novel genes’; (3) 219
‘novel transcripts’; (4) 322 ‘putative genes’; and (5) 430 ‘pseudo-
genes. Pseudogenes were further subdivided into processed (371)
and unprocessed (59).

Excluding the pseudogenes, human chromosome 10 is a chromo-
some with an average gene density (10.4 genes Mb™'). The 1,357
genes span 66,309,730bp in total (mean 51,335bp per gene).
Therefore, 50.6% of the analysed sequence is transcribed, matching
the figure reported for chromosome 22 (51%), which is gene-rich,
but appearing elevated in comparison with chromosomes 6, 7, 14
and 20 (42.2%, 46.5%, 43.6% and 42.4%, respectively), which have
gene densities similar to chromosome 10. The latter suggests that
the human chromosome 10 genes have on average a larger genomic
span than those on chromosomes 6, 7, 14 and 20. Gene size along
human chromosome 10 varies enormously, with the two extremes
being CTNNA3 (1,776,209bp) and CALMLS5 (859 bp). Exons
account for only 2.3% of the sequence and the mean exon size is
313 bp. The longest and shortest exons annotated in this study have
a length of 9,763 (SH3MDI) and 3bp (CDH23), respectively.
CDH23 is also the gene with most exons (69) on this chromosome.
Table 2 summarizes the features of each gene class.

Alternative splicing is a major contributor to the complexity of
the human transcriptome. We annotated a total of 4,204 transcripts
for 1,357 gene structures (Table 2). No splice variants were anno-
tated on the basis of alternative polyadenylation sites. Approxi-
mately 73% of the protein-coding genes have more than one
transcript and 5.8 on average. For ADD3 we annotated 22 variants.
Note that the use of partial expressed sequences (for example,
expressed sequence tags (ESTs)) may result in the annotation of
more than one transcript per splice variant. Given this caveat, our
analysis suggests a significantly higher level of alternative splicing
compared with previous estimates'®. Approximately 50% of the
3,456 transcripts (known and novel) do not seem to encode a
protein. Annotation of these transcripts is largely based on ESTs,
many of which may correspond to aberrant transcripts. Their
precise role is largely unknown but they may be part of the
machinery of transcriptional regulation (for example, via non-
sense-mediated decay). Nevertheless, there are 1,837 transcripts
with an open reading frame (ORF). Of the 342 genes with at least
two transcripts having a complete ORF (that is, possess both a 5’
and a 3' untranslated region (UTR)), 312 encode at least two
distinct peptides.

Identification of transcription start sites and promoter regions
remains a challenge in the annotation process. First, we scanned the
human chromosome 10 unmasked sequence and predicted a total of

Figure 1 The sequence map of chromosome 10 and its features (see rollfold). The current
sequence assembly (v1.1) and that used in the analysis presented in this study (v1.0)
are available at http://www.sanger.ac.uk/HGP/Chr10. Tracks from top to bottom are:
(1) the scale bar (in Mby); (2) the sequence map of human chromosome 10 represented by
a black solid bar interrupted by clone and sequence gaps (grey); (3) syntenic blocks in the
mouse (top track) and the rat (bottom track) where blocks are colour-coded per
chromosome and labelled with the chromosome number and coordinates (Mb) (for
example, 2: 3.1-11.3 Mb; unordered sequence contigs are tagged as random);

(4) predicted CpG islands (brown); (5) regions of sequence homology to Fugu (blue),
zebrafish (dark blue) and Tetraodon (dark pink); and (6) protein-coding genes. Gene
names are in dark blue for the known and black for the novel CDS.
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Figure 2 Chromosome 10 inter- and intrasegmental duplications. a, Interchromosomal
duplications across chromosome 10 showing blocks of 10 kb or greater. Duplicated
regions are colour-coded per chromosome and indicated as lines (thickness is
proportional to physical distance). Each chromosome other than 10 is represented by an
open black rectangle with a black line representing the centromere.

b, 10011:10922:10923.1:10g23.3 intrasegmental duplications. Top row, ideogram of
chromosome 10; second row, positions of members of the six main gene families outside
10q11 (colour-coded per gene class; arrows indicate transcription); third row,
intrachromosomal duplications across the whole chromosome showing blocks of 10 kb or
greater; bottom row, enlarged view of the 10q11 region. Yellow bars represent sequence
(bottom row for sequences submitted in reverse orientation) contigs between AL358394
and AL589794 (complete clone list in Supplementary Fig. S1). From left to right the
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members (where parentheses indicate members only appearing in the enlarged section)
of each family are: GLUD family, GLUDP5, (GLUDP7, GLUDPS, GLUDP6, GLUDP?),
GLUDP3, GLUDT; CTSLL family, (CTSLLS, CTSLL7, CTSLL2, CTSLL3, CTSLL4), CTSLL6,
CTSLLT; ANXA family, (ANXASL1, ANXASL2, ANXA8), ANXA2P3, ANXA7, ANXATT,
CTGLF family, (CTGLF10P, CTGLF1, CTGLF13P, CTGLF7, CTGLF11P, CTGLF®6,
CTGLFIP, CTGLF12P, CTGLF5, CTGLF4, CTGLF3), CTGLF2; BMS1L family, BMSTL,
(BMSILP1, BMSILP2, BMSILP6, BMSILP5, BMSILP7), BMSILP4, BMSILP3; FAM25
family, (FAM25E, FAM25B, FAM25HP, FAM25G, FAM25C, FAM25D), FAM25A. ANXA7
and ANXAT1 were included owing to their proximity to the 10922 and 10g23.1 locus,
respectively. Seven CTGLF1 paralogues (Supplementary Table S3) were annotated as
novel genes for consistency but probably represent expressed pseudogenes.
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Table 2 Structural characteristics of annotated gene structures on chromosome 10

Gene structure Number of Total transcribed Mean gene Mean exon Mean transcripts Mean exons
class genes length (bp) length (bp) length (bp) per gene per gene
Known genes 654 56,312,218 86,870 316 4.76 11.02
Novel CDS 162 3,615,155 22,435 344 2.12 4.96
Total protein coding 816 59,482,121 74,078 320 4.24 9.81
Novel transcript 219 6,123,588 29,166 272 1.77 4.06
Putative genes 322 2,798,239 8,780 287 1.12 2.15
Processed pseudogenes 371 328,131 887 638 1.00 1.19
Unprocessed 59 982,662 16,655 176 1.00 6.95
Total structures 1,787 67,353,917 39,717 322 2.59 5.84

Note that transcribed length is not additive because some genes overlap. CDS, coding sequence.

1,025 CpG islands (Fig. 1), which are known to be associated with
the 5" end of an estimated 60% of human genes''.We then used
Eponine'® to predict transcription start sites and FirstEF"? to predict
regions that encompass the promoter and 5’ exon. In total, FirstEF
and Eponine predicted 1,801 (rank = 1, score =0.8) and 2,800
features, respectively (Supplementary Fig. S1). Notably, 62% of
FirstEF and 96% of Eponine features directly overlapped CpG
islands, suggesting a heavy bias towards this feature in both
algorithms. The distribution of CpG islands, FirstEF and Eponine
hits was also assessed relative to the first exon of each of the 4,635
annotated transcripts using a window of 5,000 bp upstream and
1,000 bp downstream of the exon. Table 3 summarizes the results
obtained per gene class. For example, in the ‘known’ class, 1,544
(49.6%) and 1,124 (36.1%) transcripts had a FirstEF and Eponine
feature, respectively. Not surprisingly, 89.9% of FirstEF and 96.7%
of Eponine transcripts were also associated with a CpG island. Note
that Eponine predicts multiple transcription start sites per tran-
script (4.24 on average).

Regulation of gene expression by antisense transcription is a
recognized mechanism with examples reported in species ranging
from bacteria to mammals'* %, We observed widespread occurrence
of overlapping coding genes (either strand) in human chromosome
10 (101 pairs in total). In 38 cases one of the genes is fully contained
within an intron of the other, typically on the opposite strand (34).
For example, the second intron of the splice variant LIPA-004
encompasses four members of the IFIT gene cluster (Supplementary
Table S3 and Fig. S2) and appears to be transcribed from the same
bidirectional promoter as IFIT5 (IFIT cluster member). Interest-
ingly, the LIPA-001 and -002 variants do not overlap any IFIT gene,
whereas LIPA-003 and LIPA-005 both overlap with IFIT2 and IFIT4
(Supplementary Fig. S2). Mutations in LIPA can cause Wolman and
cholesteryl ester storage disease (Online Mendelian Inheritance in
Man (OMIM) 278000). Among partially overlapping pairs (oppo-
site strands), 34% involve the respective 5' exons, which is indicative
in each case of a bidirectional promoter. We also searched for non-
coding transcripts located on the opposite strand of coding genes.
There are 67 antisense transcripts overlapping 63 coding genes. The
two most common patterns observed were intragenic with partial
overlap of one exon, and partial overlap with the most 5" exon of the
coding gene. For ZNF32, we found two antisense transcripts
(ZNF320S1 and ZNF320S2).

Finally, we looked at the distribution of known protein domains

in both human chromosome 10 (this study) and the whole genome
(Ensembl v.17.33.1) proteome using InterProScan. At the gene level,
70.6% of the human chromosome 10 peptides have at least one
InterPro match with a Pfam domain and 32% are multidomain
(1.37 distinct InterPros on average). Supplementary Table S2 shows
the top 24 domains in chromosome 10 alongside their genome-
wide ranking, suggesting that this chromosome is enriched in
peptides with a lipase (IPR000734), aldo/keto reductase
(IPR001395) or alpha/beta hydrolase (IPR000073) domain.
BLASTP analysis (e-values <10~ '®) showed that all six genes
encoding the peptides carrying the IPR001395 domain are clustered
(AKRIC cluster) at position 4.8-5.3 Mb, whereas there are two
lipase clusters, LIP (90.0-91.0 Mb; six members) and PNLIP
(117.9-118.1 Mb; four members). In total, we found 42 gene
clusters along human chromosome 10 (Supplementary Table S3).

Genomic landscape

The average G+C and repeat content of human chromosome 10
are 41.58% and 43.66%, respectively. The distribution of the main
classes of repeats (Supplementary Table S4), the G+C and CpG
density plots all seem to follow the known genome-wide trends.
For example, the G4C content fluctuates along the chromosome,
peaks at the qtel and is positively correlated to gene density
(Supplementary Fig. S1). Large genes tend to be located adjacent
to or within gene-poor regions, for example PRKGI and PCDH15
(interval 52.0-59.0 Mb), whereas regions of high gene density seem
enriched in short interspersed elements (SINEs).

Segmental duplications are an important feature of the genomic
landscape, being an integral part of the evolutionary machinery.
Figure 2a illustrates the interchromosomal duplications along
human chromosome 10 (see also ref. 17 and http://humanparalo-
gy.cwru.edu/SDD). Figure 2b shows the extensive segmental dupli-
cations within a 5Mb region at 10ql1 with sequences further
dispersed at 10922, 10q23.1 and 10q23.2. Using the draft genome
sequence Crosier and colleagues' reported that 10q11 has been
subject to multiple rounds of local duplications in at least the last
30—40 million years (Myr); they also showed that a 10q11:10q23
paracentric inversion occurred after the divergence of orang-utan
from other great apes and hypothesized that the 10g22 locus
resulted from chromosome-specific duplicative transposition.
Bryce and colleagues' characterized three cathepsin-L-like para-
logues, which are expressed pseudogenes, and reported FISH signals

Table 3 Correlation of CpG island, FirstEF and Eponine features with annotated transcripts

Gene class All Transcripts FirstEF transcripts Eponine transcripts
Complete Incomplete Complete Incomplete Complete Incomplete
Known 1,490 (580) 1,623 (1,018) 593 (531) 951 (877) 421 (412) 703 (682)
Novel CDS 130 (57) 213 (75) 45 (43) 62 (57) 38 (39) 43 (41)
Novel transcript 388 (119) 0(0) 120 (105) 0(0) 83 (79) 0(0)
Processed pseudogene 371 (32) 0(0) 29 (22) 0(0) 21 (19 00
Unprocessed pseudogene 59 (11) 1(2) 14 (10) 1(1) 9(8) 0(0)
Putative 360 (74) 0(0) 87 (64) 0(0) 57 (50) 0(0)

Values in parentheses are for transcripts associated with a CpG island.
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at 10q11, 10q22 and 10q23, a pattern previously seen with the
GLUD paralogues® (Fig. 2b). The duplication of the CTSL locus
between chromosomes 9 and 10 was estimated to have occurred
some 40 Myr ago'®. We identified four and three additional CTSLL
and GLUD pseudogenes, respectively (Fig. 2b), consistent with the
local duplication events involving BMSIL (known as KIAA0187)"®
and CTGLFI (this study). In total, we annotated 7 BMSIL and 11
CTGLFI paralogues (Fig. 2b; functional genes in dark blue). Retro-
position of a truncated KIAA1099 (CENTG2; chromosome 2)
mRNA gave rise to a processed pseudogene on chromosome 10
(ref. 18). However, this pseudogene forms the 3’ exon of CTGLF]I,
suggesting that this gene resulted from a fusion between an ancestral
gene and the CENTG2 pseudogene, and the retroposition event
predated all segmental duplications. Note that there is also evidence
of transcripts combining exons of CTGLFI and BMSIL paralogues.
Interestingly, we predicted a novel gene, FAM25A (based on mouse
complementary DNA AK008614 and without similarity to any
known protein), with seven human chromosome 10 paralogues
(Fig. 2b) that follow the pattern of GLUD, BMSIL, CTGLF and
CTSLL. In addition to these five types of low copy repeats, the
segmental duplications in 10q11:10q22:10q23 seem to have
impacted on the number of genes on this chromosome. Notably,
31% of all the functionally related gene clusters are located within
10q11 and 10923 (Supplementary Fig. S1 and Table S3).

The average recombination rate across the chromosome is
1.32cMMb ™! (Fig. 3, sex average). Note that ref. 7 used the draft
human chromosome 10 sequence (inflated by ~8%) and thus
obtained a lower figure (1.21 cM Mb™"). The rate of male recombi-
nation is higher than the female rate near the telomeres, whereas
between D10S211 and D10S575 the female rate is higher (Fig. 3).
This comparison also indicates the presence of two female-specific
recombination hotspots (Fig. 3, arrows). As expected, pericentro-
meric regions display a low rate of recombination, more than
twofold below the chromosome average. In particular, the region
between D10S1247 and D10S1783 has a rate of 0.3cM Mb ™" and
contains the only human chromosome 10 recombination ‘desert’.
The region of extensive segmental duplications at 10q11 shows a low
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100 D10s1247°] 05178 '31 0575
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Cumulative genetic distance (cM)
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Physical distance on chromosome 10 (Mb)

Figure 3 Alignment of the deCODE genetic map of chromosome 10 to the physical map
from the telomeric end of the short arm to the telomeric end of the long arm. The position
of each genetic marker on the female, male and sex-averaged genetic map is
indicated. Female-specific recombination hotspots are indicated by thick arrows (left,
D10S1732-D10S208; right, D10S599-D10S676). The location of markers flanking
recombination deserts (blue arrows) and jungles (black arrows) is shown. The asterisk
indicates the location of the refuted jungle (D10S189-D10S1728).
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rate of recombination (0.72¢cM Mb ™). Thus, meiotic recombina-
tion is unlikely to have been the driving force in generating these
duplications. Our analysis confirmed the recombination ‘jungle’
between D10S1782-D10S1651, which we extended to D10S212
(3.4cMMb ™ Y); we refuted the one between D10S189 and
D10S1728 (2.3cMMb ™ !), and identified a new one between
D10S1154 and D10S552 (4.55cM Mb ™).

Comparative sequence analysis

Many of the functional units in present-day vertebrate genomes
have been conserved through evolution. Coding regions are highly
conserved across all vertebrates, whereas non-coding regions are
conserved among more closely related species. The genome
sequences of three fishes (Tetraodon, Fugu and zebrafish) and two
rodents (mouse and rat) were publicly available at the time of
analysis. We compared the sequence of human chromosome 10 to
each of the above species and searched for conserved regions with
coding potential—distinguishing functional non-coding elements
above background sequence conservation requires the use of
additional genomes®. We then correlated the obtained hits in
each species with the annotated genes. As expected, each of the
fish genomes showed higher specificity (>0.82; that is, 82% of
sequences conserved in fish overlapped human annotated exons)
than the rodents (>0.29), whereas the highest specificity was
obtained using all genomes together (0.96). Sensitivity was higher
using a rodent genome (0.7; that is, 70% of all annotated exons had
matches in rodent) than a fish genome (0.4).

Of the 1,787 gene structures (16,765 exons), 84% (78% of exons)
had at least one exon supported by a conserved region in one of the
other genomes and 52% (32% of exons) in all genomes. Note that
the figures given for exons are underestimated owing to lower
sequence conservation in the untranslated regions. Protein-coding
genes are highly conserved (98.5%; 85% of exons). In contrast, 61%
(29% of exons) and 45% (27% of exons) of novel transcripts and
putative genes, respectively, have at least one match. Furthermore,
only 21% of novel transcripts and 8% of putative genes show
conservation with a fish (91% for protein-coding genes). Typically,
novel transcripts were annotated on the basis of solid experimental
evidence (that is, human mRNA) and may represent either genes
that have evolved more rapidly or non-coding RNAs.

On the basis of specificity, regions conserved in all six species can
serve as a measure of completeness of the gene annotation process
that occurred independently of the comparative analysis. We found
5,604 such evolutionarily conserved regions (ECRs) of which 5,292
mapped inside annotated exons (including pseudogenes). Of the
remaining 312 ECRs, 142 were intergenic and 170 intragenic. On
inspection, we found 79 of these ECRs with supportive evidence to
annotate a missed exon, most of which were part of a pseudogene
(79%). The remaining 233 ECRs provide the basis to estimate that
we have annotated at least 95.8% of all conserved coding exons on
human chromosome 10. This is a conservative estimate as 131 of
these ECRs are located in introns and may represent conserved non-
exonic sequences. Interestingly, 54 (41%) of them are associated
with just four genes: C10orf11 (26; also known as CDA017), EBF3
(20), TCF7L2 (5) and PAX2 (3). All but CIOorfl1 (unknown
function) are transcription factors. Figure 4 shows a MultiPip-
Maker* alignment of the orthologous EBF3 loci and the relative
position of ECRs in the human gene. Note that sequence identity is
often higher in ECRs than in exons.

Sequence variation

During the human chromosome 10 project we discovered 35,882
single nucleotide polymorphisms (SNPs) by sequence alignment in
regions of clone overlaps. In total, we mapped 143,364 SNPs
(dbSNP release 115) to the chromosome 10 sequence. Supplemen-
tary Fig. S1 shows the density plots for randomly discovered® and
all SNPs across the chromosome.

379




articles

There are 5,864 (4.1%) exonic and 65,973 (46%) intronic SNPs.
Of the 1,821 SNPs in coding exons 984 are non-synonymous.
MSMB has the most polymorphic coding region with 43 SNPskb™";
it encodes a protein with inhibin-like activity and its expression is
decreased in prostate cancer®.

We also considered 729,553 human—chimpanzee single base
differences (SBDs) remapped on the current assembly of human
chromosome 10. These were high-confidence sequence differences
originally identified by aligning 14 million shotgun reads of the
chimpanzee genome, generated jointly by the Whitehead Institute
and Washington University Genome Centers, to the human genome
sequence assembly (NCBI build 31). We first removed all human—
chimpanzee SBDs that co-localized with known human SNPs.
Supplementary Fig. S1 shows the density plot of the remaining
703,338 SBDs. Of those, 55.3% are intergenic, 42.9% intronic and
1.8% exonic. The highest density of human—chimpanzee SBDs,
fourfold greater than the average level, was observed in a 200-kb
gene-poor region at 19.43-19.63 Mb. We then examined the 12,710
human—chimpanzee SBDs that lie in exons of the 816 human coding
genes. Of those, 3,972 were in coding regions and can be subdivided
further into 2,273 synonymous, 1,678 non-synonymous and 21
nonsense with respect to the human sequence. For each gene we
calculated the rate of evolution of non-synonymous (K,) and
synonymous (K;) changes, and the ratio K,/K, which provides a
measure of evolutionary selection. Supplementary Table S5 lists the
1,413 transcripts with at least one coding human—chimpanzee SBD
sorted on the K,/K value. There are only 29 transcripts (21 genes)
that have a K,/K value =1, whereas there are 484 without non-
synonymous SBDs. Note that several caveats apply in this type of
analysis owing to the incomplete nature of both the chimpanzee
data and the list of human SNPs; we used the number of intronic
human—chimpanzee SBDs per base in comparison to the chromo-
some average of 0.005 as a possible estimate of coverage. The gene
with most non-synonymous human—chimpanzee SBDs is MKI67,
an antigen identified by monoclonal antibody Ki-67, which appears
to be fast evolving in humans (K,/K = 1.038507; SNP data). The
expression pattern of MKI67 in gastric and other cancers is under
investigation as this gene is expressed in proliferating cells. Inter-
estingly, a nonsense human—chimpanzee SBD is present in both of
its coding transcripts. Among the 21 genes with nonsense human-
chimpanzee SBDs notable examples are the serotonin receptor
HTR7 (the neurotransmitter serotonin is thought to be involved

in cognition and behaviour), PSAP (prosaposin; involved in variant
Gaucher’s disease and metachromatic leukodystrophy) and the
developmental gene NODAL.

Medical implications

At the time of writing there were 85 disease loci reported on
human chromosome 10 (http://www.ncbi.nlm.nih.gov/omim/), a
47% increase since 1999 (ref. 26). Several of these loci account for
multiple disease phenotypes caused by mutations in the same gene;
notable examples are FGFR2 (OMIM 176943), PTEN (OMIM
601728) and the proto-oncogene RET (OMIM 164761). Since
PTEN was first shown to be mutated in brain, breast and prostate
cancers”, there has been an explosion of reported mutations (110
germline and 332 somatic mutations)®® and disease phenotypes®’.
Human chromosome 10 harbours several other genes involved in
tumorigenesis; for example, deregulation of TLX1, NFKB2 or BMI1
caused by chromosomal translocations or amplifications has been
detected in lymphatic neoplasms. Mapping of allelic imbalances and
functional studies suggest the presence of additional tumour-
related genes. The finished and annotated sequence is key in the
process of cloning these and other hitherto unidentified disease-
associated genes.

The prompt release of both the clone and sequence map resources
throughout the project has accelerated the cloning of many disease-
causing genes. To this end we recently showed as part of the
European ADLTE consortium that mutations in the LGII gene
cause autosomal dominant lateral temporal epilepsy®®. Notably, we
found that the FRA10A folate-sensitive fragile site is located close to
LGII and its expression is associated with the expansion of a
polymorphic CGG repeat located at the 5 UTR of FRA10ACI, a
gene encoding a novel nuclear protein®'. There are seven fragile sites
mapping to human chromosome 10 (ref. 32).

The challenge ahead is to unravel the molecular basis of common
disease. An increasing number of susceptibility loci for complex
diseases is being mapped to human chromosome 10, including
metabolic diseases such as type I diabetes (IDDM10 and IDDM17),
psychiatric disorders such as schizophrenia, or neurodegenerative
illnesses such as Alzheimer’s disease*>*>. In a case control study of
morbidly obese and healthy individuals Boutin and colleagues™
identified a SNP in the GAD?2 gene that increases the risk for obesity
as well as a protective haplotype. Studies so far have mainly focused
on candidate genes. The construction of a comprehensive haplotype
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Figure 4 Multispecies alignment of orthologous £BF3 loci. The human early B-cell factor
3 (EBF3) gene is represented by the arrow at the top. Alignments are displayed using
MultiPipMaker?. In the top panel, the first track shows the location of the ECRs (blue lines)
across the human locus, whereas the following four tracks show regions conserved in
mouse, rat, Fugu and zebrafish, respectively (green, aligned regions; orange, aligned
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regions with at least 70% nucleotide identity and no gap over 100 bp). The bottom panel
shows a detailed view of the three regions with the highest number of ECRs. Vertical
black and grey numbered boxes represent coding and UTR exons, respectively. The scale
at the right indicates the percentage of sequence identity. Physical distance is given in
kilobases (kb).
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map of the human genome is well underway**, making it possible to
undertake a systematic approach to scanning the genome for
associations to disease-related and other phenotypes. O

Methods

The mapping and sequencing methods used in the assembly of the bacterial clone and
sequence map of chromosome 10, respectively, as well as the tools of the gene annotation
pipeline are described in refs 1 and 35 (see ref. 36 for detailed protocols). Manual
annotation of gene structures followed the guidelines agreed in the human annotation
workshop (HAWK; http://www.sanger.ac.uk/HGP/havana/hawk.shtml), whereas gene
symbols were approved where possible by the HUGO Gene Nomenclature Committee.
Protein translations were analysed with InterProScan (http://www.ebi.ac.uk/interpro/
scan.html), which was run via the Ensembl protein annotation pipeline, to obtain Pfam,
Prosite, Prints and Profiles domain matches.

Alignments for inter- and intrachromosomal duplications were performed with
WU-BLASTN (http://blast.wustl.edu) using the current sequence assembly of
chromosome 10 and the NCBI34 build for the rest of the genome. All sequences were
repeat masked with RepeatMasker (http://repeatmasker.genome.washington.edu) and
low-quality alignments (e-value >10"", sequence identity <90%, length <80 bp) were
discarded. For intrachromosomal duplications, self matches were discarded. For
interchromosomal duplications, the sequence was split into 400-kb segments. Adjacent
matches in the same orientation were joined together as described by ref. 38. Only blocks
of 10kb or greater were retained.

The following sequence assemblies were used for comparative analysis: M. musculus
NCBI build 30 (Mouse Genome Sequencing Consortium; http://www.ensembl.org/
Mus_musculus/resources.html); R. norvegicus version 2.0 (Rat Genome Sequencing
Consortium; http://www.hgsc.bcm.tmc.edu/projects/rat); D. rerio Assembly version 1
(Sanger Institute; http://www.sanger.ac.uk/Projects/D_rerio); F. rubripes version 2
(International Fugu Genome Consortium; http://www.fugu-sg.org/project/info.html);
and T. nigroviridis version 6 (Genoscope and Whitehead Institute for Genome Research;
http://www.genoscope.cns.fr/externe/tetraodon/Ressource.html). The repeat-masked
sequence of chromosome 10 was aligned to the mouse and rat genome sequences using
BLASTZ* and the resulting matches were post-processed by axtBest and subsetAxt
(W. J. Kent; http://www.soe.ucsc.edu/~kent/src) as described elsewhere®. Alignment of
the three fish genome sequences to chromosome 10 was performed with WU-TBLASTX
using the scoring matrix, parameters and filtering strategy applied by Exofish*.
Overlapping alignments to different sequences were merged to produce contiguous
regions of sequence conservation, analogous to the ECRs or ‘Ecores’, reported by Exofish.

SNPs in sequence overlaps were identified using a modification of the SSAHA
software*!. The chromosome 10 SNPs (dbSNP release 115) were mapped to the
sequence assembly of this chromosome (this study) first with SSAHA and then Cross-
Match. Of the approximately 14 million chimpanzee reads (http://www.genome.gov/
11008056) mapped onto the human sequence assembly (NCBI build 31), those mapping
to chromosome 10 were remapped to our sequence assembly and used to identify human—
chimpanzee SBDs.
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We constructed maps for eight chromosomes (1, 6, 9, 10, 13, 20, X
and (previously) 22), representing one-third of the genome, by
building landmark maps, isolating bacterial clones and assembling
contigs. By this approach, we could establish the long-range
organization of the maps early in the project, and all contig
extension, gap closure and problem-solving was simplified by
containment within local regions. The maps currently represent
more than 94% of the euchromatic (gene-containing) regions of
these chromosomes in 176 contigs, and contain 96% of the
chromosome-specific markers in the human gene map. By mea-
suring the remaining gaps, we can assess chromosome length and
coverage in sequenced clones.

The task of sequencing the 3,200 megabase (Mb) human genome

can be subdivided into individual chromosome projects ranging in
size from 263 Mb (chromosome 1) to about 35 Mb (chromosomes
21q and 22q)*’. Our strategy, in common with other groups*™, was
to map selected chromosomes individually, and then to combine
the results with those of whole-genome mapping studies into a
single map of the human genome’. Chromosome maps were
constructed as follows (see Supplementary Information). First, we
constructed a landmark map for each chromosome. Second, we
identified bacterial clones (bacterial- or P1-derived artificial chro-
mosomes (BACs or PACs)) from genomic libraries using the
chromosome-specific landmarks, and assembled them into contigs
on the basis of shared restriction enzyme fingerprints and landmark
content. Third, contigs were extended and joined by chromosome
walking. Walking was carried out using BAC end sequences gener-
ated in house from clones selected at the ends of contigs, or from the
publicly available resources; joins were also made by identification
of overlaps using genomic sequence data.

Clones that were representative of each contig were selected
regularly for inclusion in the ‘tiling path’ (a set of minimally
overlapping clones) for genomic sequencing®. Clones from the
tiling path of each chromosome were deposited in the ‘HumanMap’
database at the Genome Sequencing Centre’ (http://genome.wustl.
edu/gsc/human/mapping/), for integration with the data obtained
by whole-genome fingerprinting. New clones were identified from
this integrated dataset to assist the extension and closure of the
chromosome maps (Table 1). A detailed description of tiling paths
and the underlying clone contigs is available as Supplementary
Information and will continue to be updated at www.sanger.ac.uk;
all clones are publicly available.

A key question is the extent of coverage of each chromosome in
the map. We analysed the coverage of the euchromatic regions on
the basis of the assumptions given below and the approximate
estimates that were available for chromosome length. Heterochro-
matic regions, which are estimated to comprise 3-15% of each
chromosome (Table 1), are absent from the contigs analysed here.
On the basis of the fingerprint bands in the maps (converted to Mb
as described in Supplementary Information), 176 contigs represent
927 Mb, or 94% of the estimated total of 981 Mb euchromatin. Half
of this (485 MD) is in fifteen contigs of 22—62 Mb, that illustrates the
extent of continuity obtained. We also analysed the representation
of human gene markers in the map. The clone map contained 96%
of the unique markers that were previously mapped to these
chromosomes in GeneMap99 (ref. 9), and 90% were present in
the genome sequence. As expected, this figure is higher for individ-
ual chromosomes 20 (99%) and 22q (98%), which are nearly or
completely finished (Table 1).

Independent corroboration of the coverage of each chromosome
required identification of the boundaries between euchromatic
sequence and the centromeric, telomeric, and other heterochro-
matic repeat sequences, as well as measurement of the remaining
gaps in the map. We have measured 52 of the 57 remaining gaps in

Table 1 Status of chromosome maps

Estimated length Physical map Gene map

Total Euchromatin Contigs Euchromatin Markers analysed Markers in contigs Markers in

covered sequence
Chromosome (Mb) (Mb) (n) (Mb) (%) (n) (%) (%)
1 263 238 78 226 95 4,769 94 87
6 183 178 13 170 96 2,942 96 92
9 145 123 21 113 92 1,771 98 90
10 144 139 14 124 89 2,022 99 91
13 114 98 7 102 105 1,028 98 90
20 72 67 6 61 91 1,159 99 99
22(q12-tel) 255 255 8 24.8 97 777 98 98
X(p21-q27) 115 112 29 106 94 925 93 88
Total 1,062 981 176 927 94 15,393 96 90

See methods in Supplementary Information for details.
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the maps of chromosomes 6, 9, 10, 13 and 20 by fluorescent in situ
hybridization (FISH), in addition to the gaps previously measured
on chromosome 22. Clones immediately flanking each gap were
hybridized to extended DNA fibres, interphase nuclei or metaphase
chromosome spreads.

An example of this analysis is given for chromosome 10 (Fig. 1).
Fourteen contigs account for 124.4Mb of DNA. They contain
pericentromeric satellite sequences, and also a subtelomeric
sequence on the short arm which is <0.1Mb from the
telomere; the most distal clone on the long arm is <0.15Mb from
the telomere'”. From FISH analysis, the total extent of euchromatic
gaps is = 4.2 Mb. From these measurements, the estimated coverage
of euchromatin in the map can be revised from 89% (based on
Morton’s previous estimate; Table 1) to 96.7% (124.4 of 128.6 Mb).
A 9.75-MD restriction map that spans the centromere has been
constructed for chromosome 10 (ref. 11). By anchoring this to the
clone maps on both chromosome arms, we estimate that the size of
the gap across the centromeric region is around 4.5Mb. This
analysis provides a new estimate of 133 Mb for the total length of
the chromosome (Fig. 1), compared with the previous value of
144 Mb. In a similar analysis of chromosome 13, seven contigs span
102 Mb and the remaining gaps in the euchromatic region total a
maximum of 5 Mb. This leads to a new, increased estimate of the size
of the euchromatic region of 107 Mb, and the current coverage in
the map is 95%.

Our strategy may form the basis for finishing the map and
sequence of every human chromosome. Accurate measurement of
all gap sizes assists our continued efforts to bridge the remaining
gaps in clones, using other cloning systems (for example yeast
artificial chromosomes (YACs), plasmids and bacteriophage
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Figure 1 Physical map of chromosome 10. Clone contigs cover 124.4 Mb, euchromatic
gaps cover 4.2 Mb, and the gap across centromeric satellites is 4.5 Mb'". The separation
between contigs 43 and 16 was determined as ~4 Mb on the basis of FISH of metaphase
chromosome spreads, from which the sum of contigs 3000—-3003 (1.6 Mb) was
subtracted for a net gap coverage of 2.4 Mb in this region of 10q11.

NATURE|VOL 40915 FEBRUARY 2001 |www.nature.com

%4 © 2001 Macmillan Magazines Ltd

letters to nature

lambda), and characterization of the centromeric satellites and
the remaining heterochromatic regions, including the short arms
of the acrocentric chromosomes (13, 14, 15, 21 and 22), will enable
us to determine the true physical extent of DNA in the human
genome. U

Received 28 November; accepted 21 December 2000.

1. Morton, N. E. Parameters of the human genome. Proc. Natl Acad. Sci. USA 88, 7474—7476 (1991).
2. The chromosome 21 mapping and sequencing consortium. The DNA sequence of human chromo-
some 21. Nature 405, 311-319 (2000).
3. Dunham, L. et al. The DNA sequence of human chromosome 22. Nature 402, 489-495 (1999).
4. Tilford, C. A. et al. A physical map of the human Y chromosome. Nature 409, 943-945 (2001).
5. Montgomery, K. T. A high-resolution map of human chromosome 12. Nature 409, 945-946 (2001).
6. Bruls, T. et al. A physical map of human chromosome 14. Nature 409, 947-948 (2001).
7. The International Human Genome Mapping Consortium. A physical map of the human genome.
Nature 409, 934—941 (2001).
8. International Human Genome Sequencing Consortium. Initial sequencing and analysis of the human
genome. Nature 409, 860—921 (2001).
9. Deloukas, P. et al. A physical map of 30,000 human genes. Science 282, 744—746 (1998).
. Riethman, H. C. et al. Integration of telomere sequences with the draft human genome sequence.
Nature 409, 948951 (2001).
. Jackson, M. S., See, C. G., Mulligan, L. M. & Lauffart, B. F. A 9.75-Mb map across the centromere of
human chromosome 10. Genomics 33, 258270 (1996).

o

Supplementary information is available on Nature’s World-Wide Web site
(http://www.nature.com) or as paper copy from the London editorial office of Nature.

Acknowledgements

We thank M. Sekhon, A. Chinwalla, J. McPherson and staff of the Genome Sequencing
Centre, St. Louis for their assistance; the many collaborators who have contributed
reagents and information to assist map construction on individual chromosomes;

M. Jackson for helpful discussion; T. Cox, R. Pettett and the web team; and the Wellcome
Trust for support.

Correspondence and requests for material should be addressed to D.R.B
(e.mail: drb@sanger.ac.uk).

A physical map of the human Y
chromosome

Charles A. Tilford*, Tomoko Kuroda-Kawaguchi*, Helen Skaletsky*,
Steve Rozen*, Laura G. Brown*, Michael Rosenberg*,

John D. McPhersont, Kristine Wyliet, Mandeep Sekhont,

Tamara A. Kucabat, Robert H. Waterstoni & David C. Page*

* Howard Hughes Medical Institute, Whitehead Institute, and Department of
Biology, Massachusetts Institute of Technology, 9 Cambridge Center, Cambridge,
Massachusetts 02142, USA

T Genome Sequencing Center, Department of Genetics, Washington University
School of Medicine, 4444 Forest Park Boulevard, St. Louis, Missouri 63108, USA

The non-recombining region of the human Y chromosome (NRY),
which comprises 95% of the chromosome, does not undergo
sexual recombination and is present only in males. An under-
standing of its biological functions has begun to emerge from
DNA studies of individuals with partial Y chromosomes, coupled
with molecular characterization of genes implicated in gonadal
sex reversal, Turner syndrome, graft rejection and spermatogenic
failure'”. But mapping strategies applied successfully elsewhere in
the genome have faltered in the NRY, where there is no meiotic
recombination map and intrachromosomal repetitive sequences
are abundant’. Here we report a high-resolution physical map of
the euchromatic, centromeric and heterochromatic regions of the
NRY and its construction by unusual methods, including genomic
clone subtraction® and dissection of sequence family variants. Of
the map’s 758 DNA markers, 136 have multiple locations in the
NRY, reflecting its unusually repetitive sequence composition.
The markers anchor 1,038 bacterial artificial chromosome clones,
199 of which form a tiling path for sequencing.
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Autosomal dominant lateral temporal epilepsy (EPT; OMIM 600512) is a form of epilepsy characterized by
partial seizures, usually preceded by auditory signs. The gene for this disorder has been mapped by linkage
studies to chromosomal region 10g24. Here we show that mutations in the LG/7 gene segregate with EPT in
two families affected by this disorder. Both mutations introduce premature stop codons and thus prevent the
production of the full-length protein from the affected allele. By immunohistochemical studies, we
demonstrate that the LGI1 protein, which contains several leucine-rich repeats, is expressed ubiquitously
in the neuronal cell compartment of the brain. Moreover, we provide evidence for genetic heterogeneity
within this disorder, since several other families with a phenotype consistent with this type of epilepsy lack
mutations in the LGIT gene.

INTRODUCTION

Autosomal dominant lateral temporal epilepsy (EPT) refers to
an epileptic syndrome characterized by focal seizures located in
the lateral area of the temporal lobe, and is also termed lateral
temporal epilepsy with acoustic aura or autosomal dominant
partial epilepsy with auditory features. Ottman and colleagues

(1) provided the first description of this disorder. Clinically, this
epileptic syndrome is characterized, in part, by auditory
hallucinations, although the extent of patients experiencing
these varies amongst the reported pedigrees (1,2). Other sensory
symptoms are also present, such as visual hallucinations. The
onset of the disease is quite variable even within pedigrees,
although it usually affects young individuals. Seizures are
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scarce, usually occur during sleep periods and are well
controlled with standard anti-epileptic treatments.

In 1995, a kindred with this type of focal epilepsy was linked
to a 10cM interval on 10923-g24 (1), this linkage was later
confirmed, in 1999, by our group in a second large pedigree
(2), further refining the linked area to a 3cM interval between
markers D10S185 and D10S577. In this paper, we report the
identification of mutations in a gene, LGI1, that segregate with
the disease in two different pedigrees affected by EPT. In light
of the proposed relationship between this gene and EPT, we
propose a new, more descriptive, name for this gene: LGI1/
Epitempin (approved by the HUGO Nomenclature Committee;
symbol LGI1).

RESULTS

After further defining the region linked with EPT to a 3¢cM
interval, our group undertook both a positional cloning strategy

and a candidate gene approach to identify the gene responsible
of this form of focal epilepsy (3,4). Our candidate gene strategy
took into account, in addition to the known or inferred function
of a gene, the expression pattern of the genes mapped to this
region. Thus we were interested in genes expressed (exclusively
or not) in the brain and, within the central nervous system, at
least in the lateral part of the temporal lobe. One of these genes
selected for screening was LGI1, described previously by
Chernova and colleagues (5).

Mutation screening of LGI1

In silico analysis of public databases showed that LGI1 consists
of 8 coding exons that were analyzed by direct sequencing of
PCR products. In family ADLTEOQ1, we found a 1 bp deletion
in position 758 in exon 7 (c758delC, numbering from the start
codon). This deletion changes the reading frame after its
occurrence and introduces a new mutant-specific sequence of
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Figure 1. Mutations found in LGI1. (A) 758delC in family ADLTEOL. Electropherograms from healthy (top) and affected (bottom, in both senses) individuals
showing the deletion. The normal and mutated sequences are shown below the electropherograms. (B) Segregation analysis of 758delC with the disease within
ADLTEOQ1,; only a nuclear family of the pedigree is shown. An RFLP assay was developed and applied to the complete pedigree. Mutant alleles are detected by the
destruction of the Ddel site that remains intact in wild-type alleles (see the Materials and Methods section). (C) C1320T transition in family ADLTEOQ3. Electro-
pherograms from healthy (top) and an affected (bottom) individuals from family ADLTEO3 and segregation analysis of the disease with an RFLP created by the
presence of the mutation in the family (the complete pedigree tree is shown; see the Materials and Methods section for further details).



31 amino acids before the first in-frame stop codon is found.
The change in the reading frame of the protein occurs at
positions 862-927 of the cDNA, counting from the first codon.
If translated, the mutated allele would produce a soluble protein
of 283 amino acids instead of the 557 amino acids in the
normal allele. This change segregated with the disease in all
affected and obligate carriers of this family, whereas it was
absent in 120 chromosomes from a healthy population with the
same ethnic background (Fig. 1A, B). A second mutation was
identified in family ADLTEO03: a C—T transition found in
position 1320 in exon 8. This change introduced a premature
stop codon deleting the last 80 amino acids of the protein. In
this nuclear family, the change also segregated with the disease
and was not found in a population of similar ethnic background
(Fig. 1C), strongly supporting LGI1 as the gene causing the
disease. We did not find evidence suggesting the existence of
other mutations in the remaining families analyzed (see the
Materials and Methods section for a description of the families
collected).
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Alternative splicing of LGI1

As previously reported, LGI1 is mainly expressed in brain
tissue, with no particular differences amongst different areas
within the central nervous system (5). In contrast with
Chernova and co-workers (5), we observed three different
species by northern blot (Fig. 2A): the main form of about
2.4kb and two additional species — one of 1.6kb and an
additional band at about 3.2 kb. By PCR amplification from a
cDNA library, we cloned the two major species and
characterized them as alternatively spliced isoforms of the
gene arising from the usage of a splicing site located within
exon 8 (Fig. 2B; GenBank accession no. AF473548). This
splicing event seems to be highly regulated, since the relative
intensity of the two mRNA species in the northern (5) (Fig. 2A)
is different in brain and in skeletal muscle. The spliced protein
is 292 amino acids long, and the usage of the alternative
splicing site changes the reading frame of the C-terminal part
of the protein, modifying the last 12 amino acids prior to the

@ 3 ]
B, o8 cs
: [ =
c 3T o 220 = a
§ 8 £ 358 F o
o ¥ ww J 30 m I
EXON 7 EXON 8
/ .ATTATGACAACATTACAG| gtatgaaaag. . . ... cttttcceag |GCACATCCACTG. . . . TGCTTCCAG TTTTAAGGGAAATACACAGAT. . .
135 - EXON 7 EXON R spliced out EXON 8
. ATTATGACAACATTACAG| gtatgasaag. . .. .. cr.l‘.l:t.cccaql WACATUCACTG . L TGOTTOCAG | TTTTAAGGGAAATACACAGAT . . .
"
~795bp
— wild type
ill I 111 1 J D Coding exon
m Signal peptide

- Splice form specific sequence

Mutant ADLTE specific
amino acld sequence

| Mutation in ADLTEO3

Figure 2. Alternative splicing of LGI1. (A) Northern blot of several tissues using IMAGE clone 178022. A strong signal is only observed in brain tissue, whereas a
much weaker labeling of skeletal muscle can also be observed. (B) Alternative usage of a splicing site within exon 8. Capital letters represent exonic sequences,
lower-case letters denote intronic sequences. Gray letters indicate the spliced-out portion of exon 8. (C) A graphical representation of LGI1 and the effect of muta-
tions in the translated protein. P01C258 and P03C262 indicate the epitopes of the polyclonal antibodies raised in rabbit (see the Materials and Methods section for

further details).
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LGI1l-Repl 226 FAKSQDLPYQSLSIDTFSYLNDEYVVIAQPFTGKCIFLEWDHVEKTFRNYDNITGTSTVV 285
F Q LPYQS+S+DTF+ ND YV IAQP C+ LEWDH+E FR+YDNITG S V
KIAA-Repl 220 FVVHQTLPYQSVSVDTFNSKNDVYVAIAQPSMENCMVLEWDHIEMNFRSYDNITGQSIVG 279

LGI1l-Repl 286 CKPIVIETQLYVIVAQLFGGSHIYKRDSFANKFIKIQDIEI 101
CK I+I+ Q++V+VAQLFGGSHIYK D KF+K QDIE+
KIAA-Repl 280 CEKAILIDDQVFVVVAQLFGGSHIYKYDESWTKFVKFQDIEV 101

LGI1-Rep2 420 FTNQTDIPNMEDVYAVKHFSVKGDVY ICLTRFIGDSKVMKWGGSSFQDIQRMPSRGSMVF 479
F DIPNMEDV AVK F ++ +Y+ LTRFIGDS+VM+W F +IQ +PSRG+M
KIAA-Rep2 408 FVPHGDIPNMEDVLAVKSFRMONTLYLSLTRFIGDSRVMRWNSKQFVEIQALPSRGAMTL 467

LGIl1-Rep2 480 QPLQINNYQYAILGSDYSFTQVYNWDAEKAKFVKFQELNV 519
QP + Y LGSDY+F+Q+Y WD EK F KF+E+ V
KIAA-Rep2 468 QPFSFKDNHYLALGSDYTFSQIYQWDKEKQLFEKKFKEIYV 507

Figure 3. Domain structure of LGI1 and KIAA1916. (A) Schematic representation of the domain structures of LGI1 and KIAA1916, showing the similarities in
domain composition and organisation. Black boxes, signal peptide; Gray circles, N-terminal and C-terminal Cys-rich domains; light gray squares, LRR domains;
white boxes, internal repeats 1 and 2. (B) Alignment of the two internal repeats found in LGI1, with their homologous counterparts in KIAA1916.

I
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Figure 4. Expression of Lgil in adult mouse brain. Antibodies P01C258, which recognizes both the full-length and the spliced isoforms, and PO3C262, which only
recognizes the full-length isoform, were used to stain coronal sections of adult mouse brain (for further details, see the Materials and Methods section). (A) Coronal
image of half brain showing staining with P01C258 in all areas. (B) A representative image of cortical staining (inset in A) with P01C258 in the cortex of adult
mouse brain. All cortical layers show staining of neuronal bodies. (C) Close-up images of representative sections from hippocampus stained with antibodies
P01C258 (top panel) and P03C262 (bottom panel). Note that only a few interneurons are labeled in the molecular layer. The same images were obtained for
the equivalent antibodies raised in different animals against the same epitopes (see the Materials and Methods section). Scale bars indicate magnification.



first stop codon in frame. The nature of the largest band
remains to be elucidated, although it might be due to the usage
of alternative transcription or a polyadenylation signal.

Domain architecture of LGI1

In order to provide further insight into the putative function of
LGI1, we performed an analysis of the primary structure of the
protein using the SMART web-tool. In addition to the described
signal peptide and the three leucine-rich repeats and flanking
cysteine-rich domains (5), within the SMART web-tool,
PROSPERO identified two copies of an internal repeated
sequence of 136 and 130 amino acids at positions 226-361 and
420-549 respectively. Interestingly, the first of these repeats
includes the region previously identified as encoding a
transmembrane domain (5). To ascertain whether this repeated
sequence was an exclusive feature of LGI1 or whether it was
also found in other human proteins as well, we performed a
similarity search using the Advanced BLAST?2 Search Service
(see the Materials and Methods section) and identified a
putative paralogue of LGI1 encoded by KIAA1916 (GenBank
accession no. AB067503) mapped to chromosome 4p15.1
(Fig. 3). In silico analysis of the currently available human
genomic and EST sequences (Golden Path website, http://
genome.ucsc.edu) suggested that the KIAA1916 gene is
organized in 8 exons and that the corresponding putative
polypeptide is 545 amino acids long. It has a similar size to
LGI1, and shares significant similarity in domain architecture,
exhibiting an identity of 57% and a similarity of 73% extended
throughout the polypeptide molecule (Fig. 3).

Expression of LGI1

LGI1 cDNA was initially cloned based on its rearrangements in
malignant brain tumors (5). In order to obtain further insight on
the physiology of the gene product, we raised antibodies
against regions of LGI1 conserved between human and
mouse (6).

Immunohistochemistry performed on adult mouse brain
sections showed Lgil to be widely expressed throughout the
adult brain, mainly in neuronal cells, with little expression in
glial cells (Fig. 4A). In this respect, there is an apparent higher
level of expression of Lgil in several areas of the brain, such as
the hippocampus and the piriform cortex, although this is likely
caused by the higher density of cell bodies located in those
areas in contrast with the neocortex. Apparently, not all neurons
are labeled; projection neurons are readily stained by both
antibodies, whereas interneurons are infrequent (Fig. 4C). On
the other hand, little labeling of glial cells can be observed
throughout the brain — only in the white matter and other regions
poor in neurons can a few cells be observed. Antibodies
directed against the N-terminal part of LGI1 and against the
C-terminal end of LGI1 yielded the same pattern of staining. In
addition, polyclonal antibodies raised against the same antigens
in different rabbits yielded comparable results (data not
shown).

In mouse brain sections, in addition to cell bodies, we also
observed punctuated staining characteristic of synaptic term-
inals (Fig. 5A). We also performed immunocytochemistry
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Figure 5. Lgil in synaptic terminals. (A) Adult mouse brain section stained
with antibody P01C258, showing a typical pattern of staining in synaptic term-
inals throughout the neuropil. (B) A composite immunostaining image of
primary cultures from embryonic neurons with P01C258 (red), anti-map2
(green) and DAPI (blue). DAPI staining shows the localization of the nucleus,
whereas anti-map-2 staining is used to reveal the cell body. (C) Composite
image of P01C258 (red) with DAPI (left panel) and of anti-rab3 (green) with
DAPI (right panel). P01C258 shows the punctuated pattern of staining typical
of vesicle labelling within cell bodies and neurites, very similar to what is found
with the anti-rab3 antibody. Scale bars indicate magnification.
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experiments in primary cultures of embryonic cortical neurons.
Cultured neurons show Lgil to be present in terminals, in cell
bodies and in growing neurites (Fig. 5B). The pattern of
staining resembles that obtained with antibodies recognizing
synaptic proteins such as rab3 (Fig. 5C). Taken together, our
results on cell culture indicates that the pattern of expression of
LGI1 is consistent with it being a vesicle protein.

DISCUSSION

EPT is a mild form of epilepsy with an early onset, mild and
scarce seizures, and excellent response to treatment. This
genetic form of focal epilepsy, in the reported pedigrees,
reaches penetrances of 70-80% (1,2). Here we report the
identification of mutations in LGI1 in two unrelated Spanish
families and provide further insight in the biology of this gene.
Chernova and colleagues (5) previously identified LGI1 in
glioblastoma cell lines as a tumor suppressor gene with a role
in malignant brain tumors. Several candidate genes have been
proposed in 10g23-g26 to account for some glioblastoma
multiforme tumors (5). In the mutation carriers of the families
analyzed here, neither the appearance of malignant glioblasto-
ma nor an otherwise increased incidence of malignancies has
been observed.

A signal peptide (positions 1-34), susceptible to direct LGI1
to the plasma membrane, and a single transmembrane domain
have also been previously proposed by Chernova and
collaborators (5). Although the prediction of a LGI1 trans-
membrane domain was obtained using computer programs that
were state-of-the-art at the time they were employed (5), it
was recently shown that they produce a rather high level of
false-positive predictions (7). When we re-analyzed LGI1 using
different computer programs shown to offer a lower false-
positive rate (7), the significance values for the predicted
transmembrane domain did not pass the program threshold.
This suggests that LGI1 may enter the secretory pathway
merely because of the presence of the signal peptide. The most
remarkable feature of the protein is the presence of three
leucine-rich repeats (LRR) in the predicted N-terminal domain
of the protein, flanked by conserved cysteine-rich clusters. This
type of repeat is the signature of a superfamily of proteins
characterized by the presence of a relatively conserved
sequence of 20-40 amino acids repeated a variable number
of times. The functions of LRR-containing proteins are
variable, and include signal transduction, cell adhesion and
DNA repair, as well as extracellular matrix attachment (8) and
plant steroid binding (9).

Recently, the mouse orthologue has been identified (6),
although no other orthologues have been found in public
databases in other model organisms, more distant in the
evolutionary tree, such as Drosophila and Caenorhabditis
elegans. Only weak similarities are found with other proteins
harboring LRRs.

On the other hand, the presence of internal repeats also found
in one other protein indicates that LGI1 could from part of a
new family of proteins, with at least two members, combining
both the LRR domains and the new type of repeats. The
functional relationships between the two genes remains to be

elucidated. The new type of repeat was submitted to Pfam, and
will appear in the next release under the name EPT.

The observed mutations in EPT families introduce premature
stop codons in LGI1 by generating a frameshift in the protein
or by a genomic transition translated into a nonsense change in
the amino acid sequence. Surprisingly, these remarkable
alternations in the protein sequence are not accompanied by a
severe phenotype, as is the case in other genetic disorders with
similar genetic mutations (see for example 10). This might
reflect the fact that the mutated alleles, if translated, will
produce proteins that are only slightly different from their
normal counterparts. The mutation observed in ADLTEOQ1
introduces a premature stop codon in exon 7 that generates a
protein closely resembling the naturally occurring spliced
isoform of LGI1 (Fig. 2C). This mutation could exert its effect
by altering the isoform ratio in the brain. As shown in
Figure 2A, the abundance of each isoform is not the same in
brain as it appears to be in skeletal muscle. The appearance of a
premature stop codon in the mRNA encoding LGI1 could
either deviate the mutant allele towards the RNA degradation
machinery or produce a truncated protein closely resembling
the spliced isoform. In any of those cases, the regulated ratio
between both isoforms in the brain would be distorted. On the
other hand, the second pedigree bears a mutation that also
truncates the protein — though near its C-terminal end. In both
cases, the functional relevance of the mutations is subtle
enough for the disease to be relatively mild but important
enough, with respect to its function, to account for the high
penetrance in families with mutations.

Despite this ubiquitous presence of LGI1 throughout the
brain, the staining pattern shown by the antibodies indicates
that the labeling is mainly due to projection neurons, such as
pyramidal neurons from the cortex, hippocampal neurons and
Purkinje cells (data not shown), whereas little labeling is seen
in other neuronal types, such as interneurons (Fig. 4C). The
fact that not all neurons seem to express LGI1 brings up the
question of which subpopulations are involved and how this
relates to the disease process. In addition to this, although some
labelling of glial cells is also observed, especially in white
matter, these cell types do not seem to express LGIL in
significant numbers. This finding might be responsible for the
obvious but hitherto unexplained lack of LGI1 expression in
malignant glioblastomas, which consist predominantly of glial
cells rather than neuronal cells. We have also shown that the
protein is located in synaptic terminals (Fig. 5), suggesting a
role in synaptic development, integrity or maintenance.
In addition, in the absence of a putative transmembrane
domain, LGI1 appears to be a protein associated with
soluble compartments in neurons — the punctuate staining
of the synaptic terminals and of cell bodies supporting this
interpretation.

No other families show definite linkage to 10g24. Even
though a few pedigrees provide some evidence for the genetic
involvement of this region (11,12), linkage data are not
conclusive in most cases. Our mutation-detection strategy by
direct sequencing does not detect all coding mutations in the
gene; for example, deletions of coding exons could not be
detected. Nevertheless, it is also possible that another gene or
genes account for the familial aggregation of lateral temporal
epilepsy, especially in those kindreds responding to the



‘atypical’ form of the disorder, with a heterogeneous phenotype
or reduced penetrance (J.J. Poza, R. Michelucci and
collaborators, in preparation).

Most of the genes described to date as causing autosomal
dominant focal or generalized epilepsies are directly implicated
in neuronal transmission: several subunits of ion channels as
well as of neurotransmitter receptors are mutated in genetic
forms of generalized epilepsy (for a review, see 13). In
contrast, the gene product responsible for EPT does not seem
to have such a clear role, suggesting that a new mechanism
leading to an epileptic phenotype is taking place in our
families. The presence of the LRR domains points towards a
role in protein—protein interaction, possibly mediating either
cell adhesion or interactions with the extracellular matrix.
Nevertheless, we cannot rule out the possibility of LGI1
forming complexes with membrane components and interact-
ing with membrane receptors or channels, somehow modulat-
ing their function or acting downstream in the transmission of
the nervous impulse.

In this paper, we have described the finding of mutations in
LGIL1 in two pedigrees and provided further insight in the
biology of this gene. Despite its ubiquitous neuronal expres-
sion, the phenotype caused by mutations in this gene is mainly
observed in the lateral temporal lobe, where seizures start. How
this regional specificity is achieved, the way in which the
variation in the ratio between isoforms affects LGI1 function,
and the influence of KIAA1916 in EPT are open questions that
require further investigation. The identification of the interact-
ing partners of LGI1 is likely to provide valuable information
as to the pathogenic mechanism involved in EPT as well as to
its localized effect.

After submission of our manuscript, Kalachikov and
co-workers described similar findings in five families with
EPT (14).

MATERIALS AND METHODS

Human samples

We have analyzed a total of six index cases from Spanish
pedigrees (ADLTEQ01-06), one German family (family G) and
four pedigrees of Italian origin (pedigrees 11-14). The index

Table 1. Primers and PCR conditions used for the mutation screening of LGI1
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cases were clinically studied by at least one of us (J.J.P, J.G.,
JEM.M. or A.L.M. in Spain, V.-E.M. or L.K. in Germany, and
D.P,R.M., C. AT, S.B.or G.A. in Italy). Details on ADLTEOQ1,
family G and I1 are available elsewhere (2,11,12). Clinical
phenotypes were consistent with lateral temporal epilepsy with
auditory features, with the exception of family 14, which shows
a clinical picture consistent with a mesial origin of the disease.
Informed consent for genetic analysis was obtained for all
samples, and the ethical committees from the respective
institutions involved in sample collection approved all the
protocols. Family ADLTEQ2 corresponds to the ‘atypical’ form
of EPT (J.J. Poza, R. Michelucci and collaborators, in
preparation). Most of the collected pedigrees consist of small
families with a reduced number of affected individuals, and
showed a pattern of inheritance consistent with an autosomal
dominant trait. When available, genetic analysis of 10q24
showed results that could not rule out this locus as causative for
the disorder.

Sequencing of LGI1

The genomic structure of LGI1 was obtained from information
derived from the human genome project. LGI1 cDNA sequence
(GenBank accession no. AF055636) was blasted against the
human genome sequence draft and a finished BAC
(AL358154) was identified that contained the genomic
sequence of LGI1. The intron/exon boundaries were deduced
in silico from the alignment of those two sequences, and
intronic primers were designed to amplify and sequence the
coding exons. Primer sequences and PCR conditions used are
shown in Table 1.

Mutation screening

PCR products were purified (Concert nucleic acid purification
system, Invitrogen) and subjected to cycle sequencing using the
BigDye v2.0 dye terminator kit and an ABIPrism 3100 Genetic
Analyzer (Applied Biosystems).

Segregation and population analysis of mutations

In order to ascertain segregation of the mutations within each
family, we designed an RFLP assay for each one. The mutation

Exon Forward Reverse Size (bp) Annealing temperature®
1 GGTGGACTCCTATGTGACCTG TCTCTCTCCATGCCCTTCTAC 438 60°C

2 GCTAAACCGGATTAACATAAGG GGCTTATCCAAATATATGCC 219 48°Cc®

3 ACAATCTGTCAGTTTCACC TTGAGAGTACTTGTCCTGAATC 171 48°C

4 CAGGACAAGTACTCTCAAGTTC ACAGGTGATCAAACTGCATTG 197 60TD50

5 TCACTACAGTTTACATCACC AGGCTTCCTTGTTAATGA 172 50°C

6 CGTGGGTAGGGTCCTTGTAC TTTGAGGTGGAATGATGATG 249 60TD50

7 GGAAAGAGGTATTAGCTCAC CACTCATCTTTCCTTGTTGC 287 50°C

8 TGGCCACACAACTAATCTCTCC TCATCCGGGTCATGTACTG 929 60TD50°

2After the initial denaturation step, all PCR profiles were performed with 35 cycles, with 30's at 94°C; 30's at the indicated temperature and a 45 s elongation step,
followed by 5 min of final elongation at 72°C. 60TD50 denotes a touchdown protocol where, after 4 cycles at 60°C, the annealing temperature decreases by 0.5°C/
cycle until it reaches 50°C. Then the remaining cycles up to a total of 35 are performed at this lowest temperature. All PCR reactions were performed with a Taq

Eolymerase from Qiagen.

The PCR requires the usage of the Q additive, which is part of the polymerase system.
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in the ADLTEO1 family, a 1 bp deletion, destroyed a Ddel site.
Digestion of the amplified exon 7 with this enzyme at 37°C
according to the manufacturer’s instructions (MBI Fermentas)
yields two fragments from the wild-type allele at 180 and
185bp, whereas a single band at 365bp appeared when the
mutation is present.

On the other hand, the C—T transition in family ADLTE03
destroyed a Nrul site. Digestion of the wild-type allele with
Nrul (MBI Fermentas) yields two fragments of 618 and 311 bp,
whereas the undigested mutant allele yields a fragment of
929 bp.

To ascertain whether the changes found in the coding
sequence of LGI1 were pathogenic mutations or polymorph-
isms, we analyzed two populations of about 120 chromosomes
each of similar ethnic background as each of the families on
which the mutations were found. ADLTEOL is a family of
Basque descent, and 60 unrelated healthy individuals were
typed for the presence of the 1 bp deletion in exon 7. Similarly,
ADLTEO3 is a family originally from southern Spain, and we
analyzed a sample of 60 healthy individuals from the south-east
part of Spain when looking for the C—T transition in exon 8
of LGI1.

Northern blot analysis

A nylon membrane containing mRNA from the tissues
expressed was purchased from Clontech and hybridized with
a probe obtained by random primer labeling of IMAGE clone
178022. Clone 178022 contains a 770 bp insert with sequence
homologous to the 5" end of LGI1. The same probe was used to
detect expression of LGIL in different brain areas (data not
shown).

Sequence analysis

The primary sequence of LGI1 was analyzed using the SMART
server (Simple Modular Architecture Research Tool; http:/
smart.embl-heidelberg.de) for the annotation of the sequence
(15,16). Analysis of the sequence to predict transmembrane
domains was performed by TMHMM v2.0 (http://www.
cbs.dtu.dk/servicess TMHMMY/). A search for possible para-
logues was performed using the internal repeats detected by
PROSPERO as query with the assistance of the Advanced
BLAST2 Search Service of EMBL. In silico analysis of human
genomic sequences using GoldenPath (http://genome.ucsc.edu)
allowed us to identify a putative start codon upstream from the
publicly available KIAA1916 sequence.

Antibody production

Polyclonal antibodies P0O1C258 and P03C262 were raised in
rabbits against synthetic peptides coupled to KLH (DiverDrugs
SL). Antibody P01C258 was raised against the peptide
sequence found in the N-terminal region of LGI1 (positions
201-220), EGPPEYKKRKINSLSSKDFD. On the other hand,
antibody P03C262 was raised against the peptide DAE-
KAKFVKFQELNVQAPR (positions 505-522) located in the
C-terminal domain of LGI1. Of these antibodies, P01C258
recognizes both the full-length protein and the spliced isoform,
whereas P03C262 only recognizes the full-length isoform,

since this epitope is located in the spliced-out region in the
shorter isoform. Two animals were immunized with each
peptide, and the results of the experiments shown here are
equivalent with the antibodies obtained in the corresponding
animals (data not shown). After taking preimmune serum from
each animal, rabbits were immunized every three weeks with
Freund’s adjuvant (complete or incomplete, Sigma-Aldrich);
after the third injection, the immunization level of the animals
was assayed using the same immunogens in an ELISA assay.
Three more immunizations took place before the animals were
bled. Immune sera were then obtained for each rabbit and the
IgGs were purified by chromatography on a ProtA-Sepharose
column (Amersham Biosciences).

Immunohistochemistry

Adult CD1 mice were anesthetized with chloral hydrate and
transcardially perfused with 4% paraformaldehyde in 0.1m
phosphate buffer (pH 7.3; PB). Coronal sections of thickness
30 um through the brain were obtained with a vibratome,
quenched in 3% hydrogen peroxide in PB, and blocked with
10% normal goat serum in PB (blocking buffer). Sections were
incubated overnight with primary antibodies P01C258 and
P03C262, and diluted at 1:400-1:1000 in blocking buffer,
and detection was performed using the ABC-peroxidase
method (Pierce) following the manufacturer’s instructions.
Preadsorption of primary antibodies with an excess of the
corresponding non-KLH-coupled peptide prior to their addition
to the sections resulted in complete absence of all labeling (data
not shown).

Cell culture and immunocytochemistry

Neurons dissociated from cortices of E15.5 embryos were
plated on poly-L-lysine and cultured for three days in BME
supplemented with 5% horse serum and 5% fetal bovine serum.
Cultures were fixed with 4% paraformaldehyde in PB and
incubated with either mouse anti-MAP2 (1 : 100; Chemicon) or
mouse anti-rab3 (1:200; Synaptic systems) and rabbit
P01C258 antibody (1:400) in blocking buffer, followed
by Cy2-conjugated anti-mouse, Cy3-conjugated anti-rabbit
(Jackson Immunochemicals) and DAPI (Sigma).
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Abstract

We describe the structure, genomic organization, and some transcription features of a human brain-specific gene previously localized to
the genomic region involved in temporal lobe epilepsy and spastic paraplegia on chromosome 10q24. The gene, which consists of six exons
disseminated over 16 kb of genomic DNA, is highly homologous to the porcine tmp83.5 gene and encodes a putative transmembrane protein
of 141 amino acids. Unlike its porcine homolog, from which two mRNAs with different 5'-sequences are transcribed, the human gene
apparently encodes three mRNA species with 3'-untranslated regions of different sizes. Mutation analysis of its coding sequence in families
affected with temporal lobe epilepsy or spastic paraplegia linked to 10g24 do not support the involvement of this gene in either diseases.
© 2002 Elsevier Science B.V. All rights reserved.

Keywords: Conserved gene; Brain expression; Transmembrane domain; Partial epilepsy

1. Introduction

Abbreviations: bp, base pair(s); cDNA, DNA complementary to RNA;
dNTP, deoxyribonucleoside triphosphate; kb, kilobase(s) or 1000 bp; EST,
expressed sequence tag; UTR, untranslated region; PCR, polymerase chain
reaction; RACE, rapid amplification cDNA ends; ORF, open reading
frame; poly-A tail, polyadenylation tail; ADLTE, autosomal dominant
lateral temporal epilepsy; SPG9Y, spastic paraplegia type 9; tmp83.5, trans-
membrane protein 83.5 (S. scrofa); MEMP, membrane protein (S. scrofa);
sp83.5, small protein 83.5 (S. scofa); TLL2, tolloid-like 2 gene; DNTT,
deoxynucleotidyltransferase gene; HTMPI0, human transmembrane
protein 10 gene

* Corresponding author. Tel.: +39-49-827-6214; fax: +39-49-827-6209.
E-mail address: carlo@telethon.bio.unipd.it (C. Nobile).

Genes selectively expressed in only one tissue or organ
presumably encode proteins with specialized functions. In
particular, brain-specific genes are likely to play a role in
fundamental neurological processes and their mutations
may cause or predispose to cerebral disorders.

Autosomal dominant temporal lobe epilepsy has recently
been recognized as a distinct form of idiopathic partial
epilepsy (Berkovic et al., 1996), though it appears to be
heterogeneous, both clinically and genetically. A clinical
subtype (EPT; OMIM No. 600512) characterized by sensory

0378-1119/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.
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(auditory or visual) symptoms has been mapped to chromo-
some band 10g24 in two large pedigrees (Ottman et al.,
1995; Poza et al., 1999). Because the characterizing sensory
symptoms suggest that seizures originate from the lateral
area of the temporal lobe cortex, this subtype is also
named autosomal dominant lateral temporal epilepsy
(ADLTE; Poza et al., 1999). On the other hand, partial
epilepsy of probable mesial temporal (limbic) origin was
not found to link to 10g24 in several families (Berkovic et
al., 1996).

The 10q24 critical region for EPT/ADLTE spans about 3
cM, between markers D10S185 and D10S577 (Ottman et
al., 1995; Poza et al., 1999). It overlaps the larger genomic
region, spanning 12 cM at 10q23.3—q24.2, recently linked to
a form of autosomal dominant spastic paraplegia (SPGY;
Seri et al., 1999). To identify candidate genes for these
diseases, we constructed a YAC map of the 10q24 region
(Gray et al., 1997; Siebert et al., unpublished) and placed on
it numerous brain expressed sequence tags (ESTs; Nobile et
al., 1998; Lo Nigro et al., 2000). Subsequent expression
analysis of these ESTs led to the identification of several
putative genes selectively or predominantly expressed in the
brain (Nobile and Pitzalis, 1999), which may be involved in
neurological disorders. In this paper, we describe the struc-
ture, genomic organization, and some expression features of
one of these genes.

2. Materials and methods
2.1. Sequencing

Sequencing of the IMAGE cDNA clone 31056, PCR and
RACE PCR products was performed using the dye termi-
nator chemistry (Big Dye Terminator Cycle Sequencing kit
— ABI Prism Perkin Elmer, Noewalk, CT, USA) following
the user manual instructions. The electrophoresis of the
cycle-sequencing products was carried out in an ABI 377
automatic sequencer (Applied Biosystems, Foster City, CA,
USA).

2.2. Similarity searches, EST alignments and protein
prediction

BLAST searches in dbEST (Boguski et al., 1993), assem-
bly of ESTs and automatic extension of consensus sequence
was performed by using the program AUTEX (Schmitt et
al., 1999) until no additional matching ESTs could be
detected. Genomic similarity searches were performed at
http://www.sanger.ac.uk/HGP/blast_server.shtml  against
the chromosome 10 database. Exon prediction from geno-
mic sequences was obtained by Genscan (Burge and Karlin,
1997) and MZEF (Zhang, 1997) programs. The trace file
resource of the mouse shotgun genome sequencing project
(http://trace.ensembl.org/) was used to correct and extend
mouse EST consensus sequences. Analysis of coding
sequences was performed by using the ORF Finder program

(http://www.ncbi.nlm.nih.gov/gorf/gorf.html). Protein
sequence similarity searches were performed at NCBI
(http://www.ncbi.nlm.nih.gov/BLAST/) against non-redun-
dant protein databases. Prediction of transmembrane
domains in deduced amino acid sequences was accom-
plished by TMpred (Persson and Argos, 1994).

2.3. RACE PCR analysis and Northern hybridization

5'-RACE PCR experiments were performed using the
human brain Marathon cDNA amplification kit (Clontech,
Palo Alto, CA, USA), according to the manufacturer’s
instructions, and the following primers: 5R: 5'-CATG-
GCCTCAATGCTGCTTCTTCTTC-3'; 5RN (nested): 5'-
GTATGCCCGCCGCTAATCCAAGAGA-3’. PCR ampli-
fications were performed in a thermal cycler (MJ Research,
Waltham, MA, USA) under the following conditions: 1 min
at 94°C, followed by 30 s at 94°C and 2 min at 72°C (five
cycles), 30 s at 94°C and 2 min at 70°C (five cycles), and 20
s at 94°C and 2 min at 68°C (25 or 20 cycles with primers SR
and 5RN, respectively). Amplification products were frac-
tionated on a 2% agarose gel, gel-eluted, and sequenced.

Northern blots Human Brain II (Clontech, Palo Alto, CA,
USA) were probed with PCR fragments amplified from
human brain Marathon cDNA (Clontech, Palo Alto, CA,
USA) across the putative coding sequence (probe A, primer
L: AAATGAAAGACACAAGCCAATAAAG; R: CTT-
TCCTCTCCAAGTACAAAACC) and a portion of the 3'-
untranslated region (probe B, primer L: AACCAAGGGT-
TTTGTACTTGGAG; R: CACATGGTTCCTACCCTGA-
GA) of the gene under study and with the insert of the
IMAGE cDNA 31056. DNA fragments were *“P-labeled
and Northern-hybridized according to standard protocols.
Following hybridization, membranes were exposed under
X-ray films at —70°C for 2-4 days.

2.4. Mutation analysis

PCR amplification of DNA fragments containing each
individual exon from patient and control DNAs were
performed in 10 pl 1X PCR buffer, 10 pmol primers, 200
mM dNTPs, and 0.5 units Taq polymerase in a thermal
cycler (MJ Research, Waltham, MA, USA). PCR amplifica-
tion conditions were as follows: 5 min at 94°C, followed by
33 cycles (1 min at 94°C, 1 min at 58°C, 1 min at 72°C).
PCR products were fractionated by electrophoresis on a 2%
agarose gel, gel-eluted and sequenced. The following exon-
specific primer pairs were used (5'— > 3'): EIL: GAGATG-
GAGGTATAGCCAAGAAAG; E1R: GAAAGGGAACA-
TAGGTGAAACATC; E2L: TTCAACAGTTTTCTGTC-
TCAAAGG; E2R: GTGAGGGGTTTATGTGAGTTCTG;
E3L: CCTAATTCTTTTCTCCTTGTAGCC; E3R: ATC-
TGTGATTTTGCATGTTCTCC; E4L: ACGTTTATGAT-
CCATGCAGATTTT; E4R: GTTACCCCAAATACCAT-
CTTTGTC; E5L: ATTTCTTGGCTTAGGTATGGGTTT;
E5R: CTCATACTGTGCTTCTTTTGGTGA; E6L: CTC-
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CTTGCCTGTTGTCTAGTGTCT; E6R: TCTTTCCTC-
TCCAAGTACAAAACC.

The same primers were used to perform semiquantitative
PCR analysis of patient and control DNAs. The most appro-
priate number of replication rounds was determined preli-
minarily by amplifying 50 and 100 ng of genomic DNA for
a number of cycles varying from 17 to 21 under the condi-
tions described above. We then chose to PCR amplify 100
ng of DNA from one patient and one healthy member of
each family for 18 cycles. PCR products were fractionated
by electrophoresis on a 8% acrylamide gel and visualized by
silver staining.

3. Results
3.1. Transcript analysis

Among the 10q24 brain ESTs previously analyzed at the
expression level, one, stSG2296, showed selective and
abundant expression in the brain (Nobile and Pitzalis,
1999). To isolate the corresponding full-length transcript,
we first sequenced the insert of the IMAGE cDNA clone
31056, containing the stSG2296 marker. BLASTN searches
in dbEST (Boguski et al., 1993) were initially performed
with this sequence. Several significantly matching human
EST sequences were detected and subsequently assembled
by using the GAP program (Bonfield et al., 1995). The
resulting new consensus sequence was then analyzed by
the automatic iterative BLAST search and assembly proce-
dure (AUTEX; Schmitt et al., 1999) until no additional
matching ESTs could be detected. The resulting assembly
contained two IMAGE cDNA clones, 23653 and c-3ma02,
at the 3’ end, the 5'-readings of which were available in
dbEST and had the same 5'-start sequence. We sequenced
the complete 2.8-kb insert of clone 23653. A BLASTX
search of the resulting consensus versus the non-redundant
protein database GenBank (http://www.ncbi.nlm.nih.-
gov:80/BLASTY/) revealed striking homology to two porcine
proteins (see below, this section) in the first 45 bp. BLASTN

search versus the chromosome-10 genomic sequence data-
base showed that the human transcript was located on BACs
RP11-35J23 (accession no. AL136181) and RP11-304C14
(AL391136), the sequences of which were then subjected to
further investigation. The exon-prediction programs
Genscan (Burge and Karlin, 1997) and MZEF (Zhang,
1997) predicted together five exons in a region where also
a TBLASTN search of the porcine peptide sequences gave
significant hits, allowing us to establish a gene model. Thus,
by combining EST analysis with exon prediction and
homology searches, we assembled a consensus sequence
of 3235 bp, incorporating EST yc93b02.r1 (AOO8W15),
the 5’ portion of which was confirmed by sequencing PCR
products amplified from human brain cDNA. We further
extended this transcript sequence towards its 5’-end by
PCR analysis of human brain cDNA. Several alternative
PCR forward primers designed from the genomic sequence
adjacent to our putative first exon were used with the same
reverse primer specific for a putative internal exon. Some
PCR reactions yielded amplification products, the
sequences of which enabled us to extend the size of the
transcript to 3554 bp (sequence deposited in the EMBL/
DDBJ/GenBank databases under the accession no.
AF367761). Part of this transcript sequence is shown in
Fig. 1.

BLAST analysis of the 3554-bp transcript sequence
against nucleotide databases revealed high similarity to
two porcine mRNAs: the region from nucleotide 317-994
showed 82% identity to MEMP (GenBank accession No.
X89480); and the region from nucleotide 480-994 showed
identical degree of similarity to sp83.5 (accession No.
Y11026). Both these transcripts derive from the recently
identified S. scrofa gene tmp83.5 (accession No. X99893),
but they have different 5'-sequences that are generated by
alternative promoters (Bangsow et al., 1998). In addition, a
similar degree of sequence homology was shown between a
5’-portion of the human transcript and several mouse brain
ESTs (for example, accession no. AUO035253 and
BE651315). By using trace data from the mouse shotgun
genome sequencing project (http://trace.ensembl.org/), we

ccagcctcagectcatgtaacccattgtttccaaagggctgcaggectgcagaagcccccaagctctcaggecagetgtggettetttgetgagatggaggtatageccaagaaagcagect
gaaaagtaagaaggacagaaaatcaaggcaaagagggtgggtgaaccaggccatacacgtcggccatgcagcagcagcccatctttccegagggatggactgagggecttggetactceeee
tgaccataaatggcttggccagggttctcttggagccacctctcagectgectetgecagetttgtcagttaactgttectacaaatgaaagacacaagccaataaagccagtgagaaagg
agcttaccaaaggcagtgtacgaagaaggttcctgggagactgtcagaaATGAGTTTTTCACTGAACTTCACCCTGCCGGCGAACACAACGTCCTCTCCTGTCACAGGTGGGAAAGAAAC
M $S F $S L N F T L P ANTTS S P V T G G KE T
GGACTGTGGGCCCTCTCTTGGATTAGCGGCGGGCATACCATTGCTGGTGGCCACAGCCCTGCTGGTGGCTTTACTATTTACTTTGATTCACCGAAGAAGAAGCAGCATTGAGGCCATGGA
p ¢cG6G?pPp S$L GLAAGIUPLULUVATALILVATLTLU FTILTIHIRIRIRSS I EA AME
GGAAAGTGACAGACCATGTGAAATTTCAGAAATTGATGACAATCCCAAGATATCTGAGAATCCTAGGAGATCACCCACACATGAGAAGAATACGATGGGAGCACAAGAGGCCCACATATA
E S DR P CE I S E I DDNU®PI KIS ENUZPIRI RS SU?PTHEI KNTMGA AU QEM AHTISZY
TGTGAAGACTGTAGCAGGAAGCGAGGAACCTGTGCATGACCGTTACCGTCCTACTATAGAAATGGAAAGAAGGAGGGGATTGTGGTGGATTGTGCCCAGACTGAGCCTGGAATGAggCcag
VXK TV A G S EE PV HDU RYUR®PTTIEMMEZ RI RIRGTLWWTIUV?PRTUILSTLE *
cgcagtcaaggagcagcagacctggcactggaacagggttgaaaaccaagggttttgtacttggagaggaaagatgccaagctgecttecttaatcaatccaaatttcatttacagctectgg
aacactttggggctgatttgtctctttaggggacatccccaacatggttaattccaactctcagatcttgtgctttagttagtacatgtgactcaccagatggggtccttagatectatt
cctgctcccagtgggaatttgecttttectttgtcattttgggaaaggggettggtttctgagtgtettgecttctcatetttttttttcatatecctttttctcaaaaaagccatcagatet
gactttcatggaagtgttgctgaggtcagecctggtgcaagttgggatacaaatgaaacttatgcaggatgtgtgagaggaagcagttaattgtttetgaatatctcagggtaggaaccat
gtggagccacacattccctgaccacagggaagcacctggctcaatcatgtcacacagcagtggaaagaatacggactcttaagtcacactaccactgagcagctgtacgactttggagaa
gttgtttaacattttcaagcctcagtttttgcttgtttaaaggaggggaaatatttgcctcatgtcataattgaaaagattaaataagaaataaagggaagtgtctgctacttagttgee
agtcaaaatgttagttctctctctctaccaccttectectacctctteccatattgettgectgataaaacagctaatcaccagcatttgttccccatagtcacagggccacacaaggga
acatttaggacaaactttctccatggcctatgatccaaattgttatctaaagatgattctaggtgttgctggtagtatgtgaatcttccaatctaggtgtgatcgtgtcectcatatgaat
caggaaaaggcagtttcttacaagttccgaattccaaatacagagactggtggtgttacatttaaccttaaagatgttaatgttgatggaaattcatgtttcatattaaaacaacacttt
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1920

Fig. 1. Partial cDNA sequence (from nucleotide 1-1920) and predicted amino acid sequence of HTMP10. The poly(A) signals at positions 1535 and 1910 are
underlined.
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agctggtgccctacaaatgggagacaaagacctgcagtgccagtgagagagaagcctgccaagggggcctgtcagaaATGAGTTTTTCACTGAACTTTACACTGCCATCGAATACGACAT
M S F S L N F T L P S N T T S
CCTCTCCAGTTGTCACGAGTGCCAAAGCCACAGACTGTGGTCCCTCTATTGGACTGGCAGCCGGAATCCCATCCCTGCTGGCCACAGCCCTGCTGGTGGCTTTGCTGTTTACCTTGATCC
s p VVTSAI KATT DT CG®P S I GLAAGTIUPSLLATA ATLULUVATULTLTFTTILTI Q
AGCGAAGAAGAACCATCGATGATGAGCCCGTAGAGGAGACTGAGATACCATGTGAAATTTCAGAACTCTATGACAATCCCAAAATATCTGAGAATCCTAGGCGGTCACCCACACATGAAA
R R R T I DDE PV EETETIUPCETI S ETLYDNU®PI KIS ENUZPI R RSUPTHEM
TGAACCCACGGGGCAGCCAAGAAGGGCACATATATGTGAAGACTGTCTCGGGAAGCGAGGAGCCCCTGCCGGACACCTACCGTCCTCCTGAAGAACTAGAAAGGAGAAGAGGACTTTGGT
N P R G S Q E G H I Y V KT V S G S EE P L PDTYRUPUPEJETLEUIRI BRI RGTLWW
GGCTTGTACCCAGCCTGAGCCTAGAATGAtgtcaccgcatcagggagcagacccagagctggatcagggctgaaaacctggaatctgtgectcagggttcatgettggagaggecgaggagt
L v P S L S L E *
cagctgcctctcactcaacatcaatttcatttatagatccaagacacatctggctgecttgeccctttaggggatggttgcaggcaggttcattcgatctcagaccttgcagggtaatca
gcaaggcgacccaggtgagtcgactatgtgtccagatgagcccegtatttectgtttctgaatcgagagaagtctgectttgggaaacggettggeteccgagtgtectgecttetecte
tacctgctccaaatgttatcatttaaaaaataataaagctttgagagttggcttttttggggggtgcattgaccaaggccagettggcacaagttaggacaggcataaaacctaaccaaa
gacatgtgacagaagccatttcttccttttgaatatctcaggataaagctcgcatggagecgtccatgeccccgacacaaggaagtatgtggectgatttgtgtcatacagectgagaatgag
ctaggcactccctagtcagacgtgctgctgagcactttgagaagtcagatgagctcatctaccctccccgagectgttttgggttetgtgettectttggeccactggaaaaattacagea
ggaataaaggaagcaatttccacttagtagacactagagatatcaatcctcttcacccagttcttcccacatcttcccatectacttatcatccatccagagtcacaaagtcgacaagga
aatctaaaccttctctgtggcctgtaatctgaatttttgacatttaaaaataactctagtggtcactggcagtctectcacttcgactetgcacaccatttttttecccecttgggtgtcaa
ccaagttccaaatcacaagtacagagatctgtgttacacattacatattaacctttaggatgctcgagtcctggatggttaatcttcactgtcaactcaatgggattgagaatcaccaag
gagacacacctccagaaagatttaactgagtaagaagatccacctgaatgtggcccagcatcattccatagecctggggttectgggaattcaagttgagcatgcagaactcatcactatece
ttcctgacgacagataaagtgtttggccagctaccccacactectgectgecacacctttecttggactgaaccaaaataaatacctccacccttaagttgactttatcataacactgagag
aagtaagctaatataaaactgatattcatgttttaatgacttttctttgtaatgagccatttgectttgaagtaccataaagaaaagatgtttgtgagggagaggcatcaagaggaccaaa

Fig. 2. Partial cDNA sequence (from nucleotide 1-1920) and predicted amino acid sequence of Mtmp.
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480

were able to assemble the genomic sequence bearing the
mouse ortholog of our gene. The use of all available ESTs
covering our genomic sequence allowed us to assemble a
cDNA with a consensus length of 2602 bp, partially shown
in Fig. 2, with an open reading frame (ORF) of 429 nucleo-
tides (sequence deposited in the GenBank third party data-
bases (TPA) under the accession no. BK0O00002).

The largest ORF detected in the human 3554-bp tran-
script sequence spans 426 bp, between the AUG initiation
codon at position 410 and the stop codon at position 833,
resulting in a predicted protein of 141 amino acids (Fig. 1).
As shown in Fig. 3, this amino acid sequence is only 1-
residue shorter than the porcine protein encoded by the
MEMP mRNA, the overall amino acid identity being
80.3%, and is highly homologous (76% identity) also to
the predicted mouse protein shown in Fig. 2. The porcine
protein contains an internal hydrophobic region (positions
31-54; Fig. 3), which may represent a single-spanning
membrane domain (see Bangsow et al., 1998). Applying
the program TMpred (Persson and Argos, 1994), both the
human and mouse protein sequences show a strong trans-
membrane prediction at the positions 30-53 and 31-54,

respectively, with scores above 2000 where 500 is regarded
as the significance threshold. The N-terminus is predicted to
be outside the cell, which is in good concordance to Bang-
sow et al. (1998). The region of the human protein homo-
logous to the smaller porcine isoform sp83.5 is confined to
the C-terminus (amino acids 96—141). Thus, based on these
nucleotide and amino acid similarities, the human gene
under study, here referred to as HTMPI0, appears to be
homologous to the porcine tmp83.5 gene described by
Bangsow et al. (1998) and is likely to have a murine homo-
log (Mtmp).

3.2. Exon-intron organization of HTMP10

BLASTN searches in the chromosome 10 database
(http://www.sanger.ac.uk) with the HTMPIO transcript
sequence identified fully matching genomic sequences in
the BAC clones RP11-35J23 (AL136181) and RPI11-
304C14 (AL391136). Compared with the cDNA sequence,
the genomic organization of HTMP10 consists of six exons
(>412, 36, 33, 120, 57 and 2897 bp) and five introns (3603,
3845, 1550, 1359 and 2170 bp), encompassing together 16

1 MSFSLNFTLP ANTTSSPVVT SGKGADCGPS
1 MSFSLNFTLP ANTTSSPVTG -GKETDCGPS
1 MSFSLNFTLP SNTTSSPVVT SAKATDCGPS
51 LILIHRRRRS S-ESTEEIER PCEISEIYDN
50 FTLIHRRRSS I-EAMEESDR PCEISEIDDN
51 FTLIQRRRTI DDEPVEETEI PCEISELYDN
100 EEAHIYVKTV SGSQEPMRDT YRPAVEMERR
99 QEAHIYVKTV AGSEEPVHDR YRPTIEMERR
101 QEGHIYVKTV SGSQEPLPDT YRPPEELERR

Fig. 3. Sequence comparison of human (htmp10), mouse (mtmp) and porcine (tmp83.5) putative transmembrane proteins. The deduced human amino acid
sequence is aligned with the homologous proteins. Residues conserved in all three species are shown in bold; (—) indicates a gap.

LGLAAGIPSL VATALLVALL 50 tmp83.5
LGLAAGIPLL VATALLVALL 49 htmpl0
IGLAAGIPSL LATALLVVLL 50 mtmp
PRVAENPRRS PTHEKNIMGA 99 tmp83.5
PKISENPRRS PTHEKNTMGA 98 htmpl0
PKISENPRRS PTHEMNPRGS 100 mtmp
RGLWWLIPRL SLE 142 tmp83.5
RGLWWLVPRL SLE 141 htmplo0
RGLWWLVPSL SLE 143 mtmp
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TLL2

3’ UTR

HTMP 10

DNTT

3’ UTR

B 31056

Fig. 4. Exon-intron organization of HTMP10. Exons are shown as solid bars and numbered consecutively, introns are shown as thin segments. Brackets on both
sides, represent the terminal portions of the 3’-UTR regions of the flanking genes TLL2 and DNTT. Segments A, B, and 31056 correspond to the gene fragments

used as probes in Northern experiments.

kb (Fig. 4). All exon-intron boundaries follow the GT/AG
rule concerning intronic consensus sequences necessary for
splicing (Table 1). We confirmed the presence and size of
each intron by PCR analysis of human DNA with primers
designed from flanking exon sequences (data not shown).
The overall genomic organizations of the human and
porcine (MEMP-encoding) homologous genes appear to
be precisely conserved. The initiation codon corresponds
to the last nucleotide triplet of exon 1, and all exon-intron
borders occur at identical positions. Exon sizes are therefore
identical in the two species with the exceptions of exon 3,
which is 3-bp shorter in the human gene, and exon 6, which
is considerably larger in humans (2897 versus 1816 bp).
There is an alternate polyadenylation site (AGUAAA) at
position —20 upstream from the cDNA end (see EMBL/
DDBJ/GenBank accession no. AF367761). Recent investi-
gations (Beaudoing et al., 2000) show that this hexamer has
the highest prevalence after the well known AAUAAA and
AUUAAA. All three ESTs (yy60b0l1.s1, yc93b02.s1, and
yg02g05.s1) where trace files could be inspected (ftp://
genome.wustl.edu/pub/gscl) show a clear poly-A tail, thus
defining the precise 3’ end of the HTMPI10 gene. At the
genomic level, the deoxynucleotidyltransferase (DNTT)
gene ends approximately 5 kb downstream in a tail to tail
orientation (Fig. 4), whereas only 7.2 kb upstream of our
putative 5’-end the Tolloid-like 2 (7LL2) gene has its 3'-

Table 1
Exon-intron boundaries and sizes of exons and introns of HTMP10

end. Based on the results of our PCR analysis of the geno-
mic region adjacent to HTMP10 on the 5-side (see Section
3.1), the precise start of exon 1 is likely to lie within 100 bp
upstream of the first nucleotide of the 3554-bp transcript
sequence.

3.3. Expression analysis

The porcine MEMP and sp83.5 transcript isoforms differ
in their 5'-regions, the common downstream region starting
from the first nucleotide of exon 3 (see Bangsow et al., 1998).
To determine whether mRNA isoforms generated by alter-
native promoters are expressed in humans, we performed 5'-
RACE PCR experiments with primers designed from the
HTMPI0 transcript sequence. An antisense PCR primer
lying within exon 4 (from nucleotide 518-494) amplified a
single product of about 200 bp from brain mRNA (data not
shown), the sequence of which precisely matched the 5'-
coding region and part of the 5'-untranslated region (5'-
UTR) of the transcript sequence shown in Fig. 1. Thus,
expression of a human sp83.5-like mRNA is not supported
by 5'-RACE as well as EST analysis.

To further characterize the expression features of
HTMP10 we performed Northern analysis of specific cere-
bral regions with cDNA probes spanning different portions
of the 3554-bp transcript sequence, as schematically shown

Exon number Exon size(bp) 5’-boundary 3’-boundary Intron number Intron size(bp)
1 >412 N.D.? AAATGgtgag 1 3603

2 36 tgcagAGTTT ACACAgtaag 2 3845

3 33 tacagACGTC AAACGgtaac 3 1550

4 120 gccagGACTG TGGAGgtgat 4 1359

5 57 tttagGAAAG CTGAGgtaag 5 2170

6 2897 ttaagAATCC AACCTaaaaa

* N.D., not determined.
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Fig. 5. Northern blot hybridization analysis of HTMP10. Northern blot membranes were probed with cDNA fragments spanning the coding sequence (probe A,
left), and part of the 3/-UTR (probe B, right). Lanes 1, cerebellum; 2, cerebral cortex; 3, medulla; 4, spinal cord; 5, occipital lobe; 6, frontal lobe; 7, temporal
lobe; and 8, putamen. The approximate positions of RNA size markers are indicated on the left. Hybridization signals detected by the human actin probe on the

same filter are shown at the bottom of the left panel.

in Fig. 4. A cDNA fragment spanning the predicted coding
sequence (probe A, nucleotide 323-913) hybridized with
four mRNAs, approximately 3.7, 1.9, 1.5 and 1.0 kb in
length (Fig. 5, left). As shown in the right panel of Fig. 5,
the three larger bands, 3.7, 1.9 and 1.5 kb, were also
detected by the downstream probe B (nucleotide 884—
1323). Finally, the insert of the IMAGE cDNA 31056,
corresponding to nucleotide 1857 to 3’-end, hybridized
only with the 3.7-kb mRNA, as previously shown (Nobile
and Pitzalis, 1999). The three isoforms detected by probe B
very likely result from alternative 3'-UTR terminations. The
1.5-kb isoform presumably terminates at the canonical
AAUAAA site at position 1535 (Fig. 1). Another polyade-
nylation site at position 1910 (AUUAAA; see Fig. 1) likely
serves as termination site for the transcript form of about 1.9
kb, in agreement with the finding of an EST (qy72c10.x1)
with a poly-A tail beginning at position 1932. The distance
of 21 bp between the hexamer end and the beginning of the
poly-A tail is in good conformity to the results of Beaudoing
et al. (2000). As indicated in Section 3.2, the third polyade-
nylation site (AGUAAA) ends at position 3534, exactly 20
bp upstream of the end of the largest transcript. Altogether,
these three mRNA isoforms show lower expression levels in
cerebellum and, particularly, spinal cord than in other brain
regions (Fig. 5). The smaller and weaker mRNA band
(about 1.0 kb) detected only by probe A may result from
cross-hybridization with a transcript moderately homolo-
gous to the HTMP10 coding sequence.

3.4. Mutation analysis

Because of its brain-specific expression, HTMP10 can be
regarded as a candidate for neurological disorders. We
designed exon-specific primer pairs from neighboring intron
sequences (see Section 2.4) and amplified each exon from
one patient and one healthy member of a large family affected
with temporal lobe epilepsy with auditory and/or visual

symptoms linked to 10g24 (Poza et al., 1999). One affected
and one unaffected individuals from a smaller family present-
ing only auditory features (Michelucci et al., 2000) were also
tested. In both families, sequence analysis of exon-contain-
ing PCR fragments did not reveal any disease-associated
mutations in the coding sequence, nor at splice junctions
(data not shown). In addition, semiquantitative PCR analysis
failed to reveal disease-causing deletions of the HTMP10
coding region in these families (Fig. 6).

Finally, mutation analysis performed in individuals from
two families affected with complicated spastic paraplegia
(SPGY) linked to 10924 (Seri et al. 1999; Lo Nigro et al.
2000) also failed to detect disease-associated mutations.

4. Discussion

We identified a novel human brain-specific gene,
HTMP10, while searching for genes of neurological interest
in the chromosome 10q24 region. This gene is homologous
to the S. scrofa tmp83.5 gene (Bangsow et al., 1998), based

P N P N

Fig. 6. Example of semiquantitative PCR analysis. DNAs from a patient (P)
and a healthy member (N) of the chromosome 10q24-linked temporal
epilepsy family described by Poza et al. (1999) were tested with primers
specific for individual exons (2-5) or exon coding portions (1 and 6).
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on conserved coding sequence and exon-intron organiza-
tion. The two homologous genes, however, appear to differ
at the transcription level. The porcine tmp83.5 expresses
two transcript forms, MEMP, 2674 bp, and sp83.5, 2374
bp, which are generated by alternative promoters and
encode proteins of different sizes, the smaller (sp83.5)
corresponding to the C-terminal portion of the larger one,
encoded by MEMP (Bangsow et al., 1998). On the other
hand, HTMPI0 encodes three mRNA isoforms with 3'-
UTRs of different sizes, the largest of which, >3554 bp,
corresponds to MEMP. Expression of a human sp83.5-like
isoform generated by an alternative promoter was not
supported by 5-RACE PCR experiments as well as EST
analysis.

The function of the porcine MEMP-encoded protein has
not yet been elucidated. Based on the features of its amino
acid sequence, Bangsow et al. (1998) suggested that it may
be an integral membrane protein composed of a N-terminal
extracellular domain (amino acids 1-30), followed by a
single transmembrane anchor (amino acids 31-54) and a
C-terminal cytoplasmic region of 87 amino acids. Because
it is expressed mainly in neurons (Bangsow et al., 1998), the
MEMP protein might therefore be a receptor molecule, or
subunit of receptor complex, involved in the control of
neuronal activity or development. The same structural
features, including the putative transmembrane domain,
are conserved in the HTMPI10-encoded protein (Fig. 3),
suggesting that it may also be anchored to the neuronal
membrane. Such structural similarity may imply similar
functions for the human and porcine transmembrane
proteins, though expression of the cytoplasmic sp83.5
protein in S. scrofa suggests that the tmp83.5 gene may
exert more complex functions than HTMP10.

Similarly to the porcine transcripts, the largest HTPM10
mRNA has an unusually long 3’-UTR, whereas additional
transcript forms with shorter 3'-UTRs are encoded by this
gene. 3'-UTRs are known to contain signals that control
the translation, stability, and location of mRNA within the
cell. Therefore, transcription of several mRNA forms with
3'-UTRs of various lengths may represent a way to modu-
late expression of HTMPIO by post-transcriptional
mechanisms.

Because of its brain specificity, HTMP10 can be regarded
as a candidate for 10q24-linked neurological disorders.
Mutation analysis performed in two families affected with
ADLTE (Poza et al., 1999; Michelucci et al., 2000) failed to
detect disease-associated mutations in the coding sequence
of HTMP10. Mutations affecting the coding sequence of this
gene, however, might occur in other ADLTE families linked
to 10g24 (Ottman et al., 1995; Mautner et al., 2000), not
analyzed in this work. Moreover, because the 5’-regulatory
region of the gene has not yet been investigated, the occur-
rence of mutations in the promoter region cannot be
excluded. Identification of the transcriptional control region
will make it possible to understand the regulation of this
gene and complete mutation analysis.
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Abstract

We have identified a novel zinc finger gene, ZNF232, mapped to human chromosome 17p12. The coding region of the gene is organized in
three exons corresponding to a 417 amino acid long polypeptide containing a SCAN/LeR domain and five C;H,-type zinc fingers. ZNF232
is possibly a nuclear protein, as suggested by expression analysis of GFP/ZNF232 chimeric constructs. ZNF232 transcripts were detected in
a wide collection of adult human tissues. The gene is possibly subjected to tissue-specific post-transcriptional regulation by means of

alternative splicing. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: Zinc finger protein; SCAN/LeR domain; Human erythroleukemia K562 cell; Normalized cDNA library; Chromosome 17; Nucleus

During the past decade, partial cDNA sequences (ex-
pressed sequence tags, ESTs) corresponding to novel hu-
man genes, obtained through systematic library screening,
have been rapidly accumulated and exploited for the con-
struction of an integrated framework genome map [1,2]. In
addition to ordinary cDNA libraries, screening of normal-
ized libraries greatly facilitated the identification of rela-
tively rare transcripts and significantly contributed to the
enrichment of the EST database [3]. Currently, determina-
tion of novel full-length cDNAs and sequence compari-
sons with already characterized genes frequently reveal
well-known protein motifs, thus enabling essential gene
annotation, i.e. classification of novel genes to various
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2 Present address: Clinical Genetics Group, Institute of Molecular
Medicine, John Radcliffe Hospital, Oxford OX3 9DS, UK.

3 Present address: Institute of Molecular Evolutionary Genetics, De-
partment of Biology, Pennsylvania State University, University Park, PA
16802, USA.

gene/protein families [4,5] and incorporation of analyzed
genes to the emerging high resolution human genic map.

Human erythroleukemia K562 cells, considered as plu-
ripotent hematopoietic progenitors, have been proven to
be useful in studying regulated gene expression. Numerous
studies on important biological functions such as develop-
mental stage-specific gene switching, signal transduction
and transcriptional regulation have been based on the
analysis of genes active in K562 cells [6-9]. In order to
systematically search for novel genes expressed in these
cells, we generated a normalized cDNA library [10] and
isolated a number of partial cDNA clones. Among several
ESTs of unknown nature, EST HSIMBB246 (GenBank
accession No. X93860), displaying similarities to genes
coding for CyHj,-type zinc finger proteins, was considered
for further analysis. In order to obtain a full-length cDNA
and avoid possible sequence ambiguities due to normal-
ization, we screened the corresponding native K562 library
[10]. A 114 bp 3?P-labeled PCR product, synthesized by
using a pair of EST-deduced primers (5'-AGATGGGGT-
GCTCATCTTG-3" and 5'-CCGATGCTGACTTAGA-
TATG-3', nucleotide (nt) positions 1149-1167 and 1243-
1262, respectively), was applied as a probe. PCR condi-
tions included 35 cycles with denaturation at 94°C (1 min),
annealing at 57°C (1 min) and extension at 72°C (2 min).

0167-4781/01/% — see front matter © 2001 Elsevier Science B.V. All rights reserved.
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Fig. 1. Nt and aa sequences derived from the analysis of three largely overlapping ZNF232 cDNA clones, i.e. No. 3a (nt 1-1473), No. 6a (nt 131-1445)
and No. 7b (nt 370-1473). The proposed translation start codon (nt 126), the corresponding stop codon (nt 1376) and the SCAN/LeR domain (aa 49—
130) are indicated in bold. The five consecutive Cys,His, zinc finger repeats (numbered / to 5) and the unique polyadenylation signal are underlined.
An internal nine amino acid long peptide (aa 182-190) corresponding to a region of ZNF232 transcript that is subjected to alternative splicing and the
putative nuclear localization signal (RHRR) are framed. Vertical arrows on the cDNA sequence denote the exon/intron boundaries.

Five positive clones with insert sizes ranging from 1.1 to
1.35 kb were isolated, subcloned into pBluescript II KS+
(Stratagene), sequenced (Sequenase V.2 kit, Amersham)
and evaluated in silico. A 1473 bp long cDNA correspond-
ing to a novel human zinc finger gene, designated
ZNF232, was assembled (Fig. 1). An internal 27 bp long
coding sequence, nt positions 670-696, corresponding to
nine amino acid (aa) residues, was absent in two of the
analyzed clones, possibly reflecting an alternative splicing
event (Figs. 1 and 2). ZNF232 cDNA and genomic DNA
(a ZNF232-specific PAC No. 202L17, see below) sequenc-
ing revealed the presence of three potential translation
start codons at the 5" end of the gene. AUG at nt position
126 (Fig. 1) was considered the most suitable, as being in
optimum accordance to the Kozak rule [11], whereas the
others, located 81 (Fig. 1) and 390 bp (not shown) up-
stream from it, were considered less possible. In addition,
an in frame translation stop codon was determined 504 bp
upstream from the putative translation start codon (not
shown). Moreover, our sequence data combined with re-
cent data from GenBank (No. AC074339) and EST data-
base (EST No. AI344299; EST No. AW952625), sug-
gested a ZNF232 transcription unit of at least 2.0 kb
with a proposed 5" untranslated region of about 0.5 kb.
The actual size of the transcript was confirmed by North-
ern analysis (see below). The putative 417 aa long poly-
peptide has a predicted molecular mass of 47.6 kDa and
may be divided into two distinct regions (Figs. 1 and 2A):

the amino terminal, where a finger associated motif, the o-
helical leucine-rich SCAN/LeR domain [12,13] is recog-
nized (aa 49-130), and the carboxy terminal zinc finger
region, characterized by five consecutive repeats of the
C,H, type (aa 278-410). A putative nucleus localization
signal (NLS; aa sequence: -RHRR-) [14] is embedded in
the fifth repeat (Fig. 1).

The C,H; zinc finger protein family exemplified by the
Drosophila melanogaster Kriippel gene product [15], the
Xenopus laevis TFIIIA [16,17] and the human transcrip-
tion factor Spl [18], constitutes one of the largest protein
families in the mammalian genomes [19]. The ZNF232
zinc finger motifs are closely related; they fit the Kriip-
pel-type consensus [20] and are joined by the conserved
S/ITGEKPY/FX linker peptide. Application of the pro-
posed DNA-zinc finger recognition rules [21] suggests
that all ZNF232 fingers, and especially the second, the
fourth and the fifth, can, in principle, participate in opti-
mal DNA binding. The SCAN/LeR domain placed about
50 aa downstream from the amino terminus, lies in a re-
gion which is conserved in the majority of the members
belonging to the respective subfamily. This domain, ini-
tially identified in human pl8 [12] and ZNF174 [13] pro-
teins, is shared by a rapidly growing number of mamma-
lian C,H; zinc finger proteins. Although ZNF232 appears
to be overall neutral (deduced p/=6.73), the non-finger
portion is markedly acidic (p/=4.85; aspartate and gluta-
mate content: 17.3%), reminiscent of several transcription
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regulators [22]. However, transient expression experiments
in COS-7 cells, designed to test the possible influence of a
GAL4-ZNF232 chimeric protein on the transcriptional
activity of a chloramphenicol acetyltransferase (CAT) re-
porter gene driven by a thymidine kinase (tk) promoter
containing a GAL4 binding site [23], did not result in
any significant change of CAT activity (data not shown).
Since the presence of the zinc fingers may interfere with
chimeric protein folding, thus making a potentially
ZNF232 activation domain inaccessible to the transcrip-
tional machinery, we also designed a zinc finger deletion
construct, by omitting 614 bp from the 3’ end of ZNF232
cDNA. Similarly, no significant change in CAT activity
was observed. Moreover, transfection in mouse NIH-3T3
cells, under optimized conditions [13], also demonstrated
no significant effects. Our results are in agreement with
previous observations [12,13] and may indicate that
ZNF232 is a weak transcriptional regulator or that the
SCAN/LeR domain cannot act on a heterologous DNA
binding site [12,13], suggesting that it is not an independ-
ent transcriptional regulatory element. Interestingly, a hu-
man gene encoding an isolated SCAN/LeR domain was
reported recently [24]. Although the function of the do-
main is still unknown in depth, it was demonstrated that
SCAN/LeR mediates hetero- and/or homotypic protein

A

associations and thus modulates the function of transcrip-
tional factors [24-26].

In order to investigate whether ZNF232 exists in a sin-
gle or multiple copies in the human genome, we performed
genomic DNA blot hybridization analysis. The simple hy-
bridization pattern detected in several restriction digests
(data not shown) is consistent with the existence of a
unique ZNF232 gene. To elucidate the exon/intron orga-
nization of ZNF232, we screened the gridded RPCI-1 hu-
man genomic PAC library (a generous gift of UK HGMP-
Resource Centre, Hinxton, UK). This was performed by
probing with a 3?P-labeled 730 bp EcoRI fragment derived
from the 5’ end of a ZNF232 cDNA clone spanning nt
positions 370-1100. A positive clone, No. 202L17, was
isolated. Structural integrity of the clone was confirmed
by DNA blot hybridization analysis in parallel with a
human genomic DNA sample (data not shown). Subclon-
ing of appropriate PAC clone fragments, sequencing, and
PCR using a series of ZNF232 cDNA-specific primers,
enabled us to elucidate the genomic organization of the
gene (Fig. 2). Our analysis suggested that ZNF232 encom-
passes a genomic region of at least 6 kb and the translated
portion of the gene spans three exons, encoding 139, 42
and 236 amino acids, respectively (Figs. 1 and 2). The
putative 5" UTR of the gene is interrupted by an intron

— 100 bp
ATG TGA
1 1
Exon: 1 2 3 4
Intron sizes (kb): ~2.0 0.34 ~2.1
SCAN/LeR domain
- Alternatively spliced coding region
Zn finger repeat
.. CTGGGGTGAG -- Exonl -- GTCCTGTGAGgtgagtgttg ..
. Intronl[~2.0kb] ..
. tatgttacagGGGGCCCTTG -- Exon2 -- AGAGCCGCAGgtgggaagng ..
.. Intron2[342bp] ..
.. tcacctccagGTCCCAGGCC -- Exon3 -- CCAAAGAGTGgtgagnagca ..
. Intron3[~2.1kb] ..
.. atacatccagAACAGGTATATTTACATTTTCTGTCAGTTGTTACAGA -- Exond --

.. CCCATAAAAGTTATAAGTTCCTTCAAGATTTTTCCTGTGTCTTTTCCTTCT ..

Fig. 2. Exon/intron organization and genomic sequence of ZNF232. (A) Schematic illustration of ZNF232 exon/intron organization. Boxes represent
ZNF232 exons. Relative exon sizes are on scale, while the approximate intron sizes are indicated in kb. The SCAN/LeR and the zinc finger domains as
well as the alternatively spliced part of exon 4 are depicted by filled boxes. The translation start and the stop codon are marked on exon 2 and 4, re-
spectively. (B) Genomic sequences flanking ZNF232 exons. Exons are indicated by uppercase letters; lowercase letters denote intron sequences. The
splice sites, all complying with the GT/AG consensus, and the alternative acceptor site in exon 4, are in bold. Intron sizes were estimated by either
PCR using primer pairs corresponding to exon sequences (introns 2 and 3), or by Southern analysis exploiting appropriate cDNA fragments as probes

(intron 1). Intron 2 was sequenced to its entity.
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Fig. 3. Expression pattern of ZNF232 in human tissues. (A) Each of the indicated MTC panel cDNA was used as a PCR template with a ZNF232-spe-
cific primer pair (see text). After 35 amplification cycles (annealing at 55°C), samples were subjected to 2.2% agarose/EtBr electrophoresis. Lanes: 1-8,
heart, brain, placenta, lung, liver, skeletal muscle, kidney, pancreas, respectively; 9-16, spleen, thymus, prostate, testis, ovary, small intestine, colon, leu-
kocytes, respectively; a, PCR product from a ZNF232 cDNA containing the 27 bp region at nt positions 670-696; b, PCR product from a ZNF232
cDNA lacking the 27 bp region at nt positions 670-696; a/b, co-electrophoresis of a mixture of the PCR products of lanes a and b. (B) The same as

above cDNA samples (lanes 1-8 and 9-16) used as PCR templates with a control glyceraldehyde-3-phosphate dehydrogenase gene (G3PDH) primer
pair (Clontech) after 27 amplification cycles (annealing at 55°C). Lanes M (both A and B panels), pBluescript/Hinfl size marker.

of about 2.0 kb. The sequence encoding for the SCAN/
LeR domain covers the second half of exon 2, while all
five zinc finger repeats are clustered in exon 4. An AG
dinucleotide located 27 bp downstream from the 5’ end
of exon 4 (nt position 696, Figs. 1 and 2B), may represent
an appropriate alternative acceptor site, able to be utilized
interchangeably by the splicing machinery in vivo. This
observation correlates perfectly with the absence of a 27
bp long coding sequence (nt positions 670-696) deter-
mined in two of the analyzed ZNF232 cDNA clones.
RNA blot hybridization analysis using 2-3 ug of poly-
(A)*RNA from K562 cells, detected a single ZNF232-spe-
cific transcript of about 2.1 kb (data not shown). This is
comparable with the size of the suggested ZNF232 overall
cDNA sequence. Furthermore, in order to explore the
ZNF232 expression profile in various human tissues and
simultaneously investigate the possibility of ZNF232 in

LI

{ 17p12 >,

.

17p12 . |

vivo alternative splicing, we employed a multiple tissue
panel of normalized first-strand cDNAs (MTC, Clontech)
in PCR experiments using a pair of primers (5'-
ACTGTGCTGGAGGATTTAGAG-3" and 5'-ATGAA-
CTCTCTGGTGGACAAC-3") flanking cDNA nt posi-
tions 670-696. PCR performed under non-saturating con-
ditions (Clontech MTC manual) permitted semi-
quantitative estimation of relative ZNF232 transcript lev-
els. The gene is expressed in all tissues tested (Fig. 3);
however, slightly higher expression was observed in liver,
testis and ovary. Furthermore, two transcript variants
with a size difference comparable to the PCR products
obtained by two ZNF232 cDNA templates differing inter-
nally by 27 bp at nucleotide positions 670-696, were de-
tected in all samples (Fig. 3). This suggests that ZNF232 is
subjected to alternative splicing in vivo, a feature shared
by other members of the SCAN/LeR subfamily [27-29].

Fig. 4. Fluorescence in situ hybridization on human male metaphase spreads using PAC clone RPCI-1 No. 202L17 as a probe. The unique signal at

17p12 is denoted by an arrow.
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Interestingly, the relative abundance of the two splice var-
iants differed among tested samples (Fig. 3), indicating a
tissue-specific post-transcriptional control for ZNF232. Tt
remains to be seen whether these alternatively spliced tran-
scripts suggesting two ZNF232 isoforms, differing inter-
nally by nine amino acids, are of functional significance.

Chromosomal assignment of ZNF232 was initially per-
formed using a monochromosomal human-rodent somatic
cell hybrid panel (Coriell Institute of Medical Research).
DNA samples (50-250 ng) from each hybrid and compa-
rable amounts from the respective human and rodent pa-
rental cell lines were used as templates in PCR amplifica-
tions with a ZNF232-specific primer pair. The experiment
suggested that ZNF232 maps to chromosome 17 (data not
shown). Subsequent FISH analysis with fluorescence la-
beled PAC No. 202L17 as a probe, performed to normal
metaphase chromosome spreads according to standard
high resolution procedures [30,31], resulted in a strong
hybridization signal at 17p12 (Fig. 4). Database searches
revealed that a partially sequenced BAC clone (GenBank
accession No. AC012146) roughly mapped to chromosome
17, encompasses ZNF232. Our FISH data place this BAC
to 17p12. The chromosomal distribution of human genes
encoding for zinc finger proteins is clearly non-random
[32,33]. A disproportionate density characterizes chromo-
somes 1, 3, 6, 7, 10, 11, 22 and an excessive abundance
marks chromosome 19 (Genome Database;
www.gdb.org). Moreover, available mapping data for
members of the human SCAN/LeR group reveal an ap-
parently clustered genomic organization. The majority of
the reported members are mapped to certain chromosomal
regions, i.e. 3p21-22, 6p21-22 and 16pl13 [34-37]. Apart
from ZNF232, at least four other zinc finger genes of
the C,H, type map to 17pl2-pl3, i.e. ZNFIS8/KOXII,
ZNF29IKOX26, ZNF62 and ZFP3, thus pinpointing an-
other zinc finger gene-rich region in the human genome.
Structural abnormalities of C,H, zinc finger genes have
been found in a variety of genetic diseases. In particular,
deletions at 17p12-13 have been associated with gliomas,
astrocytomas, colon, and lung tumors [32,38].

Finally, in order to investigate experimentally the sub-

cellular localization of the ZNF232 polypeptide and the
functional role of the predicted NLS, we proceeded in
transient expression of a green fluorescent protein-
ZNF232 chimera, in african green monkey COS-7 cells.
The construct, pEGFP/ZNF232, contained the enhanced
green fluorescent protein (GFP) open reading frame com-
bined with the ZNF232 coding region. This was prepared
by co-ligation of the linearized pEGFP-C1 vector (Clon-
tech) with a PCR product (primers: 5'-AGGATGGCTG-
TATCACTAAC-3" and 5'-GATCCAGTCCTAAAGTA-
GATTAGAC-3’, nt positions 123-142 and 1418-1444,
respectively) representing the entire ZNF232 translated re-
gion; the amplified DNA was inserted into the blunt-
ended HindIIl site of the vector polylinker. A deletion
derivative, pEGFP/delZNF232, lacking the NLS region
was prepared by excision of a Kpnl fragment defined by
the unique internal (nt position 830, Fig. 1) and the vector
Kpnl sites (expressed ZNF232 polypeptide: 1-235 aa).
About 10® COS-7 cells were transfected with 2 pg of either
pEGFP/ZNF232 or pEGFP/delZNF232 DNA using the
calcium phosphate co-precipitation method [39]. Twenty-
four to 36 h after transfection, the cells were examined
with fluorescence microscopy. The chimeric GFP/
ZNF232 polypeptide was detected specifically in the nu-
cleus; on the contrary, expression of pEGFP/delZNF232
resulted in the exclusion of the truncated polypeptide from
the nucleus (Fig. 5). These findings suggest that ZNF232 is
a nuclear protein and demonstrate the role of the pre-
dicted NLS.

To summarize, this study reports the detailed analysis of
a novel chromosome 17pl2 zinc finger gene, ZNF232,
member of the SCAN/LeR subfamily. ZNF232 is widely
expressed in man, encodes a nuclear protein and is sub-
jected to tissue-specific post-transcriptional regulation.
The latter may lead to two structural variants differing
in relative abundance among tissues. Like other members
of the group, ZNF232 may be associated with the tran-
scriptional machinery in a wide variety of human tissues.
It would be interesting to investigate the potential of
ZNF232 as a transcriptional modulator as well as to ex-
plore its interaction repertoire.

C

Fig. 5. Fluorescence photomicrographs showing the subcellular localization of GFP-ZNF232 chimeras in transiently transfected COS-7 cells. Plasmid
DNA used: (A) pEGFP-C1 vector (control); the GFP product exhibited passive nucleocytoplasmic diffusion, as expected [40]; (B) pEGFP/ZNF232;

(C) pEGFP/delZNF232.
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Abstract. Well-characterized. chromosome-specific somat-
ic cell hybrid panels are powerful tools for the analysis of the
human genome. We have characterized a panel of human x
hamster somatic cell hybrids retaining fragments of human
chromosome 10 by fluorescence in situ hybridization and asso-
ciated them to genetic markers. Most of the hybrids were gener-
ated by the radiation-reduction method. starting from a chro-
mosome 10-specific monochromosomal hybrid. whereas some
were collected from hybrids retaining chromosome 10-specific
fragments as a result of spontaneous in vitro rearrangements.
PCR was used to score the retention of 57 microsatellite mark-
ers evenly distributed along a well-supported framework genet-

ic map containing 149 loci uniquely placed at 69 anchor points
(odds exceeding 1,000:1), with an average spacing of 2.8 cM. As
an additional resource for genomic studies involving human
chromosome 10, we report the cytogenetic localization of a
series of YAC and PAC clones recognized by at least one genet-
ic marker. Somatic cell hybrids provide a powerful source of
partial chromosome paints useful for detailed clinical cytogen-
ctic and primate chromosome evolution investigations. Fur-
thermore, correlation of the above physical, genetic, and cyto-
genetic data contribute to an emerging consensus map of
human chromosome 10.

Human chromosome 10 is a medium-size, submetacentric
chromosome corresponding to about 4.6% of the length of the
autosomes. To date, more than 40 genctic diseases have been
associated with chromosome 10 loci; about 165 genes and more
than 880 partial and full-length ¢cDNAs (http:/www.ncbi.nim.
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gov./SCIENCE96/) have been mapped to this chromosome.
Several disease-causing genes have been identified on chromo-
some 10 and are under intensive investigation, including the
RET proto-oncogene responsible for multiple endocrine neo-
plasia and Hirschsprung disecase (see, e.g., Eng et al., 1997) and
fibroblast growth factor receptor 2, which has been associated
with Apert, Jackson-Weiss, Pfeiffer, Crouzon, and Beare-Stev-
enson cutis gyrata syndromes (Jabs et al., 1994; Reardon et al.,
1994; Rutland et al., 1995; Wilkie et al., 1995; Przvlepa et al.,
1996). However, a number of other disease-related loci on
chromosome 10, including several involved in developmental
abnormalities, cancer, and neurological disecases (c.g.. split
hand/foot malformation type 3 [Nunes et al., 1995], DiGeorge
Il and velocardiofacial syndromes [Daw et al., 1996], endome-
trial carcinoma [Nagase et al., 1997], and infantile onset of spi-

This article is also accessible online at:
hitp:// BioMedNet.com/ karger



nocerebellar atrophy [Nikali et al., 1997]), still remain uniden-
tified.

Positional cloning of disease-related genes and advanced
molecular and cvtogenetic diagnostic tools depend upon de-
tailed integrated chromosome maps and the availability of
well-characterized probes with precisely defined genetic, cyto-
genetic. and physical locations. Such resources. recently used
for the construction of high-density, whole genome genetic and
physical maps, include collections of microsatellite markers
(Dib et al., 1996), YAC clones (Chumakov et al., 1995). and
radiation hybrids (c.g.. Hudson et al., 1995; Gyapay et al.,
1996). To date. available chromosome 10-specific resources
include A phage (Deaven ct al., 1986) and cosmid flow-sorted
libraries (Ma et al.. 1996) and a large collection of cyvtogeneti-
cally mapped YAC and PAC clones (Moschonas et al., 1996;
Meitinger et al., 1997).

The radiation hybnd technique (Goss and Harris, 1975) was
designed initially as a tool for physical mapping by ordering
genetic markers according to the frequency of radiation-
induced breakages between them. The numerous highly mfor-
mative genetic markers available today permit detailed charac-
terization of radiation hvbrids, leading to adequate integration
of the genetic and physical maps of human chromosomes.
Some laboratories have produced chromosome-specific radia-
tion hybrids derived from a lethally irradiated human x rodent
monochromosomal hvbrid and fused to a second rodent cell
line (Francke et al., 1994). In the present study, we report the
construction of a well-supported genetic linkage map of human
chromosome 10 and the detailed cytogenetic and molecular
characterization of a chromosome 10-specific panel of 21
somatic cell hybrids retaining specific fragments of chromo-
some 10 by fluorescence in situ hvbridization (FISH) and by
the use of a set of microsatellite markers evenly distributed
along the genetic map. As an example of the applications that
such a panel may have in cytogenctic studies. we report the
characterization of a paracentric inversion that differentiates
human chromosome 10 and its corresponding homolog in the
orangutan.

Materials and methods

Characterization of novel microsatellites and YAC library screening

Two Charon 21A-phage libraries (LAIONSOI and LLIONSOI). con-
structed from a chromosome 10-specific human x hamster somatic cell
hybrid (ATCC), were screened with 5-32P-labeled (GATA),p, (AAAT)yy, or
(CA)z oligonucleotides. A monochromosomal somatic cell hybrid panel
(Corriel Cell Repositories Mapping Panel #2) was used in Southern blots to
confirm the chromosomal origin of the positive clones. DNA sequencing was
performed with either universal primers or complementary primers corre-
sponding to the repeat, using conventional methodologies. Primers flanking
each repeat were designed and emploved in PCRs using as templates 80
Centre d'Etude du Polymorphisme Humain (CEPH) parental DNA samples.
Genotyping of the 40 CEPH families was performed either manually or by
using a Pharmacia A.L.F. DNA sequencer. Genotypic data evaluation was
performed using ALP version 1.00 software (A. Wright and A, Brown, per-
sonal communication). DNA sequencing and genotypic data for nine mark-
ers were submitted 10 EMBL/GenBank database and GDB, respectively.
Primer pairs corresponding to each marker were used for PCR screening of
the ICI YAC library (supplied by the United Kingdom Human Gene Map-
ping Project [UK HGMP] Resource Center) in three successive sieps.
according 10 the instructions of the Resource Center,
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Genetic linkage analysis

Genotypic data generated locally for 36 markers (D105249, D10S92,
D10S33. D10S2314, D10S179, DI10S189, D10S547, D10S191, D10S211,
DI0SE9, D10S197, DI10S193, GLUDPS, D10S141, ZNF22, GLUDP2,
D10S220, DI0S589, D10S210, D10S335. DI0S109. D10S201, D10S608,
DI10S2311, DI0S2316, DI10S192, DI10S597, DI10S2330, DI10S2312,
DIOS190, D10S186, DI0S212, DI0S2318. DI10S2309, D10S2317, and
D10S2310) by screening the 40 CEPH families (Kapsetaki et al., 1994; Cox
et al., 1996: this study) were submitted clectronically 1o the European Gene
Mapping (EUROGEM) ftp server (Cox et al., 1996) and subsequently passed
on to CEPH. For the construction of a genetic map of human chromosome
10, our genotypic data were combined with data (for 117 markers) retrieved
from the CEPH version 6 and CHLC version 2 databases, as described by
Cox et al. (1996). Linkage analvsis was performed by the CRI-MAP version
2.4 program essentially as described by Spurr et al. (1994}, using a criterion
of at least 1.000:1 odds. Error checking was performed by the CROMPIC
option of the program, and potential data errors for markers genotyped local-
Iy were checked by retyping or removed from the analysis according to cer-
tain guidelines (Cox et al., 1996).

Cell lines

The normal human x hamster somatic cell hybrids retaining fragments of
human chromosome 10 were first reported by Antonacci et al. (1995).
Hybrid GM10926D, which retained this chromosome as the onlv human
contribution, was obtained from the Coriell Institute. The orangutan (Pongo
pygmaeus pygmaeus, PPY) lymphoblastoid cell line was kindly donated by
Dr. R.E. Bontrop (The Netherlands).

Radiation hvbrids

A 75-cm” Nask containing a subconfluent culture of the GM 109261 cell
hvbrid was gamma-irradiated at low dosage (5,000 rad) to obtain hybrids
with medium-to-large fragments that would be particularly suited 1o cytogen-
ctic analysis, After exposure, the cell line was fused to a thvmidine kinase-
deficient hamster cell line (B14-150, Flow Laboratories) and selected in HAT
medium. The hybrid clones were transferred to 24-well plates and subjected
to trypsinization at near confluence. An aliquot was seeded in an eight-well
chamber slide (Nunc), and the remaining cells were kept in the well. The
chamber shides were harvested and hybridized in situ with biotin-labeled
total human DNA. The signal was detected using Cy3-conjugated avidin
(Amersham). FISH analysis provided information on the presence of human
material, on its approximate size, and, particularly, on the homogeneity of
the clone. Clones with less than 50% positive nuclei were discarded. Each
positive clone was then expanded in a 75-¢cm? flask for liquid nitrogen storage
and in a 1 50-cm? flask for DNA extraction. Hybrid PCP3B10 was a gift from
P. Goodfellow (Cambridge).

Alu-PCR probes

PCR amplification of cell hybrid DNA templates was performed using
the following Al primers: 5-GGA TTA CAG GYR TGA GCC A-3 and
F-RCCAYT GCACTC CAG CCT G-3 (where Y = C/T and R = A/G) (Liu
et al., 1993). From 50 to 100 ng of DNA was amplified in a volume of 50 pl.
Following an initial denaturation step of 5 min at 95°C, 30 cycles of amplifi-
cation (I min at 953°C, 1 min at 63°C, and 4 min at 72°C) were performed,
with a final extension step of 10 min at 72°C. A series of conventional Afu
primers was used for the preparation of YAC-specific probes (Nelson et al.,
1989). A mixture of A/u-PCR products corresponding to 1CI YAC-specific
sequences were used as probes for filter hybridization screening of a gridded
PAC library (loannou ct al.. 1994), supplied by the UK HGMP Resource
Center, Interpretation of the hybridization results was performed according
to the scheme provided by the Resource Center.

FISH analysis of the hybrids and the YAC clones

Human metaphase spreads were obtained from PHA-stimulated periph-
eral blood lymphocytes from a normal human donor, hybridized in situ with
Ale-PCR products biotinylated by nick translation and detected by Cy3-con-
jugated avidin. Hybridization was performed essentially as described by
Archidiacono et al. (1994). Briefly, 400 ng of labeled DNA from each hyvbrid
were used for each slide; hybridization was performed at 37°C in 2 x S8C,
509% (v/v) formamide, 10% (w/v) dextran sulfate, 5 pg Cot-1 DNA (Boehrin-
ger Mannheim), and 3 pg sonicated salmon sperm DNA, in a volume of
10 pl. Posthybridization washing was carried out at 42°C in 2 x §SC, 50 %



formamide (three washes), followed by three additional washes in 0.1 = S5C
at 60°C. In situ hyvbridization of YAC probes was performed similarly, using
300-500 ng of biotin-labeled yeast DNA. Alternatively, chromosome spreads
banded with 4' 6-diamidino-2-phenylindole (DAPI) were hybridized to bio-
tin-labeled veast DNA or 4/-PCR products of the clones. essentially as
described by Knapp et al. {1993). The signal was detected with FITC-conju-
gated avidin. Chromosome 10 was identified by cytological banding using
DAPI and by cohybridization to a control plasmid clone, D10Z1, which
detected chromosome 10-specific repetitive centromeric sequences (ATCC).

Digital imaging

Digital images were obtained using a Leica DMRXA epifluorescence
microscope equipped with a CCD camera (Princeton Instruments). The fluo-
rescent Cy3, FITC. and DAPI signals, detected with specific filters, were
recorded separately as grayscale images. Pseudocoloring and merging of
images were performed using Adobe Photoshop software.

Results

Isolation, characterization, and FISH mapping of novel

human chromosome 10 microsatellite markers

To isolate novel polymorphic microsatellites of human
chromosome 10, we screened two chromosome 10-specific
phage libraries. Screening of about 100,000 plaques, yielded 36
candidate marker loci of the relatively frequent (CA), and the
rare (GATA), and (AAAT), repeat type (26, 7, and 3 clones,
respectively). The human origin of the positives was tested by
differential hybridization to human vs. hamster genomic DNA
and their human chromosome 10 origin, by Southern analysis
of a somatic cell hybrid panel. Nine microsatellites, viz.,
D10S2311, D10S2312, D10S2314, and D10S2330 of the (GA-
TA), repeat type, D10S2309 and D10S2310 of the (AAAT),
type. and D10S2316, D10S2317, and D1082318 of the (GT),
repeat type, were selected for further analysis. To evaluate their
genetic informativeness, we genotyped the 80 CEPH parental
DNA samples. Allele numbers ranged from 5 to 11. The
observed heterozygosities varied from 0.19 to 0.81. Codomi-
nant segregation was observed in all CEPH families genotyped.
To determine the cvtogenetic localization of the markers, ICI
YACSs corresponding to each of the markers, were 1solated by
PCR screening (a total of 21 YACs), and the corresponding A /-
PCR products were used in FISH experiments (Table 1). One
marker (D10S2314) was mapped to the subtelomeric region of
10p, another one (D10S2318) to 10pl2, and the rest to
10923 - q25.

Construction of a genetic map of human chromosome 10

A chromosomelQ genetic linkage map (Fig. 1) was con-
structed by emploving 153 polymorphic loci with an average
heterozygosity of 0.7. Genotypic data retrieved from the CEPH
and CHLC databases (for 32 and 835 markers, respectively),
were combined with data (for 36 markers) generated locally.
The map (EUROGEM map) has a total sex-average length of
194.7 ¢cM (male length,148.2 cM; female length, 243.3 cM) and
consists of 69 framework markers (viz., 40 haplotype systems
and 29 individual markers) ordered with a likelihood support
of at least 1,000:1 (Fig. 1). The average marker spacing on the
sex-average map is 2.8 ¢M. The map extends from D10S249
(pter) to D10S6 (qter). Increased recombination was observed
on the distal long arm of chromosome 10 in females and on the

distal short arm in males (Fig. 1). This finding is not unusual
for several human chromosomes (Spurr et al., 1994); however,
the molecular and biological etiology of this phenomenon
remains to be resolved. Four markers which could not be
ordered uniquely with odds of greater than 1,000:1 (D10S2318,
D1082309, D10S2317, and D10S2310) were positioned ap-
proximately.

FISH and molecular characterization of the somatic cefl

hybrid panel

Figure 2 summarizes the results of the cytogenetic and
molecular characterization of a set of somatic cell hybrids
retaining fragments of human chromosome 10. Since the distri-
bution of 4/i repeats along the human chromosomes correlates
with G-negative bands (Korenberg and Rykowski, 1988), inter-
Alu PCR products do not produce a homogeneous staining but,
rather, an R-banding pattern (Baldini and Ward, 1991). Conse-
quently, FISH characterization of fragments with breakpoints
occurring in very pale regions could be inaccurate. In addition,
small chromosomal deletions are not detectable by FISH be-
cause of the chromatin condensation in metaphase chromeo-
somes. Thus, in order to characterize the hybrids at the molecu-
lar level and to overcome the limits of the FISH method, we
employed 57 microsatellite markers chosen from those used for
the construction of the genetic map. Selection of the markers
was based on their informativeness and their nearly even distri-
bution on the genetic map. A relatively larger number of mark-
ers mapped to the disease-gene-rich region 10923 —q25 was
employed. PCR screening of 21 hybrid DNA samples was per-
formed at least twice. In parallel, a positive (human DNA) and
a negative (hamster DNA) control was always used. Some
regions detected by the markers were not detected by FISH and
vice versa, as indicated in Fig. 2. To enrich the physical and
cytogenetic mapping resources available for human chromo-
some 10, we also characterized by FISH a set of CEPH YACs,
in addition to those from the ICI library (Table 1). Table 1 also
meludes markers found by PCR to recognize these YACs, so
that linkage and physical mapping data can be correlated. All
but one YAC (886-F-3) recognized at least one human chromo-
some 10 marker. In addition, for YACs mapped to the disease-
gene-rich 10q23-—q25 region, we 1solated several PAC clones
recognized by at least one marker participating in our genetic
map.

A paradigm of partial chromosome paints use in primate

cytogenetic evolition

Partial chromosome paints (PCPs) generated from these
hybrids are a powerful tool for cvtogenetic investigations, par-
ticular for investigating the cytogenetic evolution of primates
(Muller et al., 1996). Figure 3 presents an example of the com-
bined use of PCPs and YACs in the fine characterization of a
paracentric inversion present in orangutan species. It has been
shown that the long arm of orangutan chromosome 7, which is
syntenic to human chromosome 10, exhibits a banding pattern
different from that of human 10q, suggesting the existence of a
paracentric inversion (Yunis and Prakash, 1982). For a de-
tailed characterization of this inversion, we performed cohy-
bridization experiments, using appropriate human chromo-
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Table 1. Regional assignment of human chromosome 10-specific YAC and PAC clones and the corresponding markers/STSs

YACs Markers Chromosome YACs Markers Chromosome  PACs

location location?
912-B-3 D10S249 10pter 821-D-2 D10S541 10g23
946-G-12  D10S533 10p15 12HA1 D10S2309  10q23
D10S559 D10S1753 181-E18. 109-L90. 31-]24. 48-P11
D10S602 24DE9 D10S2309  10q23
D1081745 D10S1753
D1051716 647-G-1 D10S564 10q23
D10S1706 8EH2 D10S2311  10g23.3>q24
10GA2 D10S2314  10pter D10S564
10GAT D10S2314  10pter 10BA1 D1052311 10g23.3—>q24  172-M13, 63-024, 27-H17. 241-011
8IE1 D1052314  10pter DI1051753 23-G1. 135-E5
B09-F-9 D1051729  10pl5s D105564 27-H17, 241-011, 82-C17, 105-N10. 216-P14. 74-P12
DI10S591 32GE7 D10S2311 10923 3—q24
D105552 D10S504
851-H-9 D10S547 10pl4 37IF9 D1082311 10g23 3»q24
T47-H-8 D10S347 10pl14 D10S564
D10S585 DI10§1753
BOB-A-2 D108223 10pi4 11DG4 D10S2316  10g23
D10S1725 22FGS D10S82316 10923
886-F-3 10pl3 3HH7 D10S2317  10g23
959-G-10 DI105191 10p12 BTB-F-11 D10S566 10g24
958-C-9 D105191 10pl2 D108530
33GB2 DI0S2318  10pl2 27BCY D10S597 30-C6
36HC3 DI0S2318  10pl2 D10S2330 10g24 30-C6, 171-A21, 171-F5, 75-B20. 119-113. 317-G21
940-F-9  DI10S548 10p12 I5GE1 D10S597 30-C6
934-E-11 DI10S1660  10pl2 DI10S2330 10924 30-C6. 171-A21, 171-F5, 75-B20, 119-113, 317-G21
D1081747 27DD2 DI0S2312  10g24—»qg25.1  32-B12, 320-F13, 59-14, 241-L17, 84-E23
D1081749 14CBS  DI0S2312  10q24—>g25.1
875-B-4 D105197 10p12 19FC12 D10S2312  10g24—q25.1
DI10S1775 24AC1 D10S2312  10g24-q25.1
751-D-5 D10581771 10p11.23—»pl2.1 22DC2 DI0S2310 10g25.1
D10S588 966-H-9  DI10S543 10925
953-E-3 D1051732  10pll 935-F-11 DI0S1748  10q25
D10S1684 D10S1657
D10S204 D10S544
D105213 D108545
D105224 937-A-6  DI105209 10q25
686-D-11 DI10S224 10pl1 934-C-4 D108575 10g26
945-A-12  DI10S224 10p11 D10S214
D10S193 932-F-11 D1081727  10q26
DI10S1674 D10S217
754-D-100 DIOS1781  10pll T99-E-5 1gl1.2/
T98-C-7 D10S208 10g22-—>q23
837-B-5 D10S578 10pl1 738-B-12 DI10S1687  10g23/10g11.2
895-D-3 D10S1783 10g11 B89-C-10 DI108S538 10p15/5pl5
D108S604 D10S594
933-A-3  DI10S196  10gll 764-E-4  DI10S203  10pl2/8p23
D10S223 D108593  10pl1.2/1q33/
D10S1724 19p13.1

B85-D-10 DI10S568 10g11
905-G-8  D108599 10g21
T81-F-5 D10S210 10g21

DI0S1767  10q21/12q217
DI0SS56  10q22/7q34
DI0S60T  10q23/Y¥qll.22

T79-E-7 DI10SI6EE  10g2] H68-E-6 D10S8541 10q23/6q21
876-B-5 D10S218 10g22 24DE4 D10S2309  10q23/Chr 6
DI10S18% 9CHY DI0S2316  10g23/Chr 4
8(14-H-2 D10s202 10gq22 649-H-1 10q24/
BO7-D-4 D108551 10g23 29354363
D1051686 10AE2 DI0S2330 10g24/
D10S1689 centromeres
IBHGS D10S2312 10g24—+q25.1/
Chr2
771-A-11 10q26.1/

multiple sites

*  Fifteen YACs (shown underscored in the lower right half of the table) mapped to more than one chromosome and possibly represent chimernic
clones. FISH images of most of the YACs can be viewed at http://bioserver.uniba.it/fish/rocchi/welcome. html
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Fig. 1. A framework genetic linkage map of
human chromosome 10. The sex-average map
and the telomeric regions of the female and male
maps, where significantly skewed recombination
distances were determined, are presented. The
distances between markers are shown to scale.
The support intervals of four markers that were
placed approximately are indicated by vertical
lines. Markers haplotyped together are shown on
the same line or as framed groups. The thin verti-
cal lines to the left of framed markers indicate
groups of loci for which the order could not be
resolved with odds exceeding 1,000:1. The dia-
gram at the left is an idiogram of chromosome 10
showing the cytogenetic localization of 13 of the
markers used (Deloukas et al., 1993; Tzimagiorgis
et al., 1993; this study). An earlier version of this
map is presented in GDB (GDB No. 4584969).
The male and female maps are accessible at:
http://www .imbb forth.gr/papers/malemap.jpg
and http://www .imbb . forth . gr/ papers/female-
map.jpg, respectively.
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Fig. 2. FISH analysis and molecular characterization of 21 somatic cell
hybrids retaining fragments of human chromosome 10, based on the use of
57 microsatellite markers. Shaded boxes indicate retention of the respec-
tive marker and detection of chromosomal segments by FISH. Information
on the discrepancies between molecular characterization and FISH analy-
si5 18 also included. Chromosome 10 segments recognized by the markers
only are indicated by an asterisk (*), a segment detected only by FISH is
marked by a small filled square, and molecularly characterized microdele-
tions which do not produce a FISH signal are marked by a dot. (a) Radia-
tion hybrids. (b) Somatic cell hvbrids with spontaneous chromosomal rear-
rangements containing additional human cytogenetic material, The dia-
gram at the left is an idiogram of chromosome 10 showing the cytogenetic
localization of 25 of the markers.



some 10 PCPsand YACs. Shown in Fig. 3a is the result of cohy-
bridization of PCP 167, specific for 10q22 - qter, with PCP
3B10. specific for 10g11.2 and 10g21.3. The pattern observed
in the orangutan clearly indicates the presence of a paracentric
nversion with breakpoints at 10922.1 and 10g11.23. The
result of cohybridization of PCP 3B10 and YAC 928B3. which
maps to 10g21.1. confirmed the previous observation (Fig. 3b).
Several YACs were used to refine the breakpoints. The most
informative result was obtained when YAC 933A3 was applied
(Fig. 3¢). This YAC was clearly disrupted by the inversion,
thereby allowing a very precise identification of the rearrange-
ment.

Discussion

[n this work. we characterized a somatic cell hybrid panel
retaining fragments of human chromosome 10. Hybrids were

mapped by FISH and subsequently screened with a group of

microsatellite markers distributed along a well-supported ge-
netic map of this chromosome. The map consists of a mixture
of novel as well as previously emploved microsatellite and frag-
ment length polymorphic markers, thus providing a useful
resource for comparisons of genetic distances and marker
order. In regard to the Généthon chromosome 10 map (Db et
al., 1996), our genetic map contains 66 markers in common
(43% of the markers we employed). With a few minor excep-
tions, the order of the markers is the same in both maps. This
observation confirms the location of the markers along chro-
mosome 10 and supports the credibility of our map. Only a
small number of minor order conflicts, within short genetic dis-
tances, were observed. For example, within a comparable 3-cM
interval, we have placed D10S190 and D10S209 distal to
D105542 (Fig. 1), whereas in the Généthon map, D10S209 is
placed distal to D10S542 and D10S190. Similarly, D10S578
and D10S604 are separated by 2 ¢cM in the Généthon map.
whereas in our map they co-localize with D10S141 and
D10S176. These conflicts may be due to (1) differences in the
approach to map construction. (2) the relative amount of geno-
typic data used. (3) the overall marker content of the two maps,
or (4) unchecked genotyping errors. Three reference markers
(D10S33, D10S1214, and D10S12) mapped to more than one
nterval on the Généthon map have been placed at unique posi-
tions on our map. Within a map segment of comparable genetic
distance (~ 33 cM) in both maps framed by markers D10S541
and D10S187 at 10923.35g25, we have placed seven novel
markers, viz., D10S2311, D10S2316, D10S2330. D10S2312.

D10§2309, D10S2317, and D10S2310. [nterestingly, five of

these markers are of the rare tetranucleotide repeat type.
Although the sample is small. this could indicate a nonrandom
distribution of such markers along the chromosomes. Alterna-
tively, it could indicate a biased representation of the libraries
employed for their isolation. Within the disease-gene-rich
10923 — @25 region, still unidentified discase-related genes ex-
ist (Meitinger et al. 1997). The high density of markers in the
region may be useful for the positional cloning of, as vet,
unknown disease-causing genes. The largest gap (11.3 ¢cM) on
the genetic map is between D10S186 and D10S169 on the dis-

Fig. 3. Conclusive co-hybridization experiments 1o mvestigate the rear-
rangement differentiating the long arm of human chromosome 10 (HSA 10)
and its orangutan counterpart (PPY 7). (a) Cohybridization of partial chro-
mosome paint (PCP) 167 (red signal) with PCP 3BIO (green signal).
(b, ¢) Co-hybridization of PCP 3B10 with YAC 928B3 (b) and YAC 933A3
(e). The DAPI-banded chromosomes are shown without hvbridization sig-
nals (upper row) to display their morphology better. Additional information
on the cytogenetic applications of PCPs may be found at hitp://bioserver.uni-
ba.it/Tish/rocchi/welcome. itml.

tal portion of 10g. D10S186 maps to 1026 (MIT database.
Fig. 2). Since D10S169 is distal to D10S186. we conclude that
it also maps to 10g26. The observed distance gap could be due
to the fact that 10g26 is a subtelomeric region exhibiting a high
rate of recombination. However, it should be mentioned that
these markers were found to be physically separated in two
hybrids (54 and 166), as suggested by both FISH and molecular
analysis (Fig. 2).

Highly informative microsatellite markers are the most use-
ful STSs involved in linkage analysis and in somatic cell hybnid
characterization. Linkage analysis and molecular screening of
the hybrid panel, permitted the dissection of chromosome 10
into 49 regions at an average genetic distance of about 3.9 ¢M.
reflecting an average physical distance of about 2.9 Mb (size of
HC10: 144 Mb). A combination of the two approaches pro-
vided better resolution for subregional mapping of sequences
located on chromosome 10. Accordingly, markers D10S19]
and D10S674, positioned together by linkage analysis, were
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found physically to be separated in five hybrids, viz., 173, 183,
171, 172, and 167 (Fig. 2). In contrast, other markers grouped
together at the genetic map, viz., D10S211/D108553, D10S89/
D10S197, and D10S608/D10S215, were found to be retained
together in all hybrids scored, possibly suggesting their close
physical linkage. Furthermore, molecular analysis of the hy-
brids permitted more precise mapping of the markers posi-
tioned approximately by linkage analysis. Thus, D1082310,
mapped to an 18.6-cM interval between D10S254 and
D10S209 (Fig. 1), was found to be closely linked to D10S1156,
as deduced from hybrids 176, 166, and 54 (Fig. 2). Similarly,
the marker pattern of hybrids 222 and 171 suggested a close
physical linkage of D10S2318 with D10S548.

FISH and molecular characterization of the hybrids re-
vealed complementary and mutually supporting mapping in-
formation. FISH is inadequate for detecting microdeletions
(present, as expected, mainly in radiation hybrids) because of
chromatin condensation and because spreading of the fluores-
cent signals tends to fill small gaps: however, it is very efficient
in detecting small chromosomal fragments. In contrast, the
molecular approach offers a more detailed profile of the hybrid.
In fact, several microdeletions that were not obvious in the
FISH studies were detected by scoring for microsatellite mark-
ers. For example, hvbrid 222, mapped by FISH to 10p12—
pl1.2, showed an internal microdeletion between D10S5353
and D10S1214. When comparing FISH and PCR screening
results, it should be taken into account that the ability of the
molecular approach to detect small deletions or remote frag-
ments depends upon both the number and spacing of the mark-
ers used for the analysis and the degree of representation of the
particular sequence in the hybrid. Chromosome fragments pro-
duced by spontancous rearrangements in cell hybrids are con-
sidered as having been created by a single breakage event, thus
consisting of an uninterrupted chromosomal segment. Indeed,
such hybrids in our panel appear with a considerably smaller
number of internal microdeletions (Fig. 2b). These hybrids
may be particularly useful in mapping studies, especially when
radiation hybrid experiments produce conflicting results. Fur-
thermore, they can be used for generating PCPs via A/u-PCR.
PCPs offer an alternative approach for basic or clinical research
and for diagnostic studies. They are useful for detecting chro-
mosome rearrangements in tumors (Mitelman et al.. 1997).
where the classical techniques frequently fail due to the poor
morphology of cancer cell chromosomes, or in studies of mam-
malian and, particularly., primate chromosome evolution
(Muller et al.. 1996). A combination of appropriate human
chromosome 10 hybrids and YAC clones were employed for
the refinement of cytogenetic and physical mapping of the
paracentric inversion distinguishing the orangutan chromo-
some homolog from human chromosome 10.

As an additional resource for high-resolution map integra-
tion and cytogenetic investigations, we characterized 57 human
chromosome 10-specific YACs. The physical order of the YAC
clones, as determined by FISH, was found to correlate well with
the MIT and the EUROGEM genetic linkage map data (results
not shown). The majority of the YACs were recognized by
markers used for the analysis of the cell hybrid panel. thus
enabling the integrated use of YACs and PCPs derived from
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the hybrids. In some cases, groups of YACs were recognized by
the same marker, e.g., l0GA2, 10GA7, and 8IEl by D10S2314
and 27DD2, 14CB8, 19FC12, and 24AC1 by D10S2312., Alu-
PCR fingerprinting and pulsed-field gel electrophoresis restric-
tion analysis revealed that these genomic clones comprise con-
tigs with sizes ranging from 500 to 800 kb (M.A. Kokkinaki et
al.. unpublished data). Furthermore, markers grouped together
in the genetic map turned out to be located, in fact, within short
phvsical distances. Thus, D10S2311 and D10S564 (Fig. 1)
were identified on a single YAC (10BAl). YACs 12HA1 and
371F9, overlapping with 10BAI, contained two additional
markers. D10S1753 and D10S2309, suggesting the close physi-
cal linkage of all four markers. To improve the resolution of the
determined contig, several PAC clones were 1solated. A/u-PCR
fingerprinting and restriction analysis resulted in the selection
of 16 PACs (Table 1) consisting a well-defined contig of about
700 kb 1n size, at a resolution of 50-80 kb (M.A. Kokkinaki et
al., unpublished results). In another case, two YACs (27BC9
and 35GEI) and two PACs (171-A21 and 30-C6) revealed the
close physical linkage of D1082330 and D10S597, thus invali-
dating the estimated genetic distance (1.9 ¢M) of the two mark-
ers (Fig. 1). Approaches as those described, upgrade the integra-
tion of the genetic. cytogenetic, and physical maps of human
chromosome 10. The molecular analysis of the panel facilitates
the choice of appropriate genomic sequences to be used as addi-
tional tools for refining the molecular structure of cytogenetic
rearrangements. This analysis, combined with the characteriza-
tion of chromosome 1 0-specific genomic clones, permit the pre-
cise placement of the hybrids to the integrated chromosome 10
map, contribute to resources available for mapping this chro-
mosome, and provide a powerful tool for various analytical
cytogenetic methodologies and positional cloning procedures.
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