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B oensn0i nodaemscsi nouamkose ysaeneHHs w000 SUMOKI6 CUCMEMHOL 0IoN02il, BUCBIMIMbC
nepedymosu 0 ii BUOKPeMACHHS 6 CAMOCIINHRY HAYKY, i1 OCHOBHI 3acadu, 0coOaUBOCIE Memo00a02i md 300-
OYmMKU 8 3’9CYBAHHI (PYHKYIOHANLHUX eleMeHmMI8 2eHOMY THOUHU | 3aco0i8, SKI 3a0e3neyyroms ix y3200H4CeHy
i Oughepenyitiogany diro. Hasooumvcs Kopomka Xapaxmepucmuka QYHKYIOHATbHUX eNeMEHMIE 2eHOMY:
npomeinkodyoui nociioosnocmi i mi, siki kooyiome PHK, wo He mpaucioemocs, OiiauKy 2inepuymamueocmi
0o [AHKasu 1 i memunvosani CpG-ocmpisyi, moougixosani 2icmonu i cneyudiuna mpusumipHa cmpykmy-
pa xpomamuny. Haeoosmvcs gioomocmi w000 mononozii mepesici mpanckpunyiunux gaxmopis, ii ocHos-
HUX Momueie, ix iepapxii, komoOinayii i Koacoyiayii, ocobausocmeil ix 36’3V8aAHHA 3 AleNb-CHEYUDIUHUMU

NOCHIO06HOCMAMU.

Kniwouwoei cnoea: cucmemua 6ionoeis, QYyHKYIOHAIbHI eeMEeHmU 2eHOMY, MepeXca 2eHHOIL pe2yisiyil.

Systems biology is a success if it is
widely accepted that there is nothing
more practical than a good theory

Wolkenhauer O., Mesarovic M., 2010

odarok XXI cT. no3HaYMBCs NOSIBOIO HOBOI

ramy3i B Hayli — CHUCTeMHOi Oiosorii.

st pucuuruiiHa BHHHMKIA Ha 3acajax
6iosorii i Teopii cuctem. Ii MeToro cTano BcebiuHe
JOCTIIPKSHHS )KUBUX CUCTEM 1 iX MaTeMaTUu4HE MO-
JICITFOBAHHS SIK 3aCi0 JUIs TITHOIIOro JTOCIIIKSHHS
CUCTEMH Yepe3 CHMYJITFOBAHHS MOJIei Ta 11 mocTiiiHe
YIOCKOHAJICHHSI 3 MaKCHMallbHUM HaOJIMKSHHSIM
0 TPUPORAHOTO TpoToTUIly. OCHOBHUH HayKoO-
BUM MiAX1J HOBOI OMCHUIIIHA — CUCTEMHHH, IO
nepenoavae BU3HAHHS CUCTEMHU SIK L1JIICHOT OJIMHH-
111, iIKa 00 €THY€ B3a€MOIIOB’13aH1 €IIEMEHTH CHUCTe-
MH i Ma€ BJIACTUBOCTI, BI/IMIHHI BiJI CyKYITHOCTI BJIa-
CTUBOCTEH 11 KOMIIOHEHTIB (HOBa BIACTUBICTH, aHTII.
emergence); BOJIHOYAC BOHA € IT1JICUCTEMOIO CUCTEM
BHIIIOT0 TIOPSIAKY; CUCTEMA Ma€ MOAYJIbHY CTPYKTY-
py (MomynbHICTB, aHTa. modularity); € TMHAMIYHUM
YTBOPEHHSIM, SIKE€ 3MIHIOETBhCS B Ipoleci il yTBo-
peHHs 1 B 9aci BOPOAOBXK ii (PYHKIIOHYBaHHS; €
HaJliiHO0, a00 0€3MOMUIIKOBOIO (HaAiHHICTh, aHIJI.
robustness), TO6TO 3a0e3neuye miATpUMaHHS (HEeHO-
TUIy B yMOBaxX FeHETHMYHHUX Bapiamiil i mocTiiHOi
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MIHJIMBOCTI JOBKiyUIs. B apcenani cuctemMHOl
Oiomorii HaWcCydacHIIIi BHCOKOTEXHOJOTIYHI Me-
TOIM  MOJIEKYJSIpHOI  Oioiorii, MaremaTuyHi,
¢isuuni Ta inpopmaruBHi iHCTpyMeHTH. i mma-
HH JaJeKOTJSAIHI — BiJl CTBOPEHHS BipTyallbHUX
OpraHiB J0 CTBOpEHHs BipTyanbHOI mroguau. Cu-
CTEMHOIO 010JI0Ti€10 TIepe0aYaroTHCS PEBOIOMIHI
MpOIIeCH B MEIWIIMHI — TepexiJ BiJ JIKyBaHHS
CepeTHBOCTATUCTUYHOTO XBOPOTO [0 JIIKYBaHHS
KOHKPETHOI 0cO0M 3 0COONHMBOCTAMH ii TeHO- 1 (he-
HOTHTY. MacmTaOHICTh MOCTiKeHb B I[id HOBIii
rajy3i crpusie o0’€THAHHIO HAyKOBOI CITLIBHOTH
CBITY 3apajyl 3araJbHONIOACEKUX IIIHHOCTEH.

Y 1poMy Ormsi mependadyacThCsl BUCBITINTH
MepeyMOBH  JUISI  BHOKPEMJICHHS  CHCTEMHOI
Oiomorii B caMocCTiiiHy HayKy, ii OCHOBHiI 3aca-
M, OCOOTMBOCTI METOAONOTiI Ta 3100yTKH Y
3’sicyBaHHI (YHKIIOHAJIBHUX €JIEMEHTIB TEeHOMY
JIOAMHM 1 3ac00iB, 5SKi 320€31MeUyI0Th 1X y3ro/KeHy
i qudepeHIiiioBany Jifo.

Tpoxu icTopii

Brpomosxx XX cr., ocobnmBo #oro apyroi
HOJIOBHHM, IIOCTYIIOBO CTBOPIOBAJIUCS  IEPEA-
YMOBH JUISi BUOKPEMJICHHSI CHCTEMHOI OioJorii B
caMmocTiliHy HayKy. [T 3aCHOBHMKOM, a TAKOXK OJTHUM
i3 aBTOpIB Teopii cucteM BBaxaerbes JIroaBir Gon
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Beprananddi, axuit y 1950 p. omy6OnikyBaB mpa-
1o «3araipHa Teopis cucteMm y (izumi i Giomoriin
[1]. ¥ 1952 p. nBa Helipodiszionoru, cep Anan Jloiin
XomxkkiH i cep Enapro @inuinr Xakcii, maitOyTHi
naypearn HoOeniBcekoi mpemii 1963 p., crBo-
PIOIOTH MaTeMaTHyHy MOJENb PO3MOBCIOIKCH-
Hs OlOCNIEKTPUYHOrO MOTEHLIady B3JOBXK aKCO-
Ha HEPBOBOI KJIITHHU 1 mepeadadaloTh iCHYBaHHS
ionHux kaHajiB [2]. Koupan YonIuHI TOH, TCHETUK,
MaJICOHTOJIOT, eMOpIOJIor, JIFOJUHA PEHECAHCHOTO
CBITOTJISIAY, TPOPOUO OMUCYE PYHKIIOHY BAHHSI TEHIB
1 KJITHH y BUTJTIAII AMHAMIYHUX MEPEX, IPUBEPTAE
yBary J10 €BOJIOLII iX CTBOPEHHS 1 MPOMOHYE OMU-
CyBaTH MEPEeXi CUCTEMOIO TU(EePEHITIITHIX PIBHSIHB
[3]. Henic HoGu, OpuTaHchkuii iziosor, Ha OCHOBI
MoJiei Xo/KKiHa 1 XaKC CTBOPIOE MOJIEb BOJIIS
cepieBoro putmy [4]. ¥ 2001 p. 3a iioro akTUBHOIO
y4acTio 3ano4yatkoBaHo mpoekt «®Diziom» (IUPS
Physiome Project) [http:/physiomeproject.org], meta
SIKOT'O 3’ICYBATH SIK TIOB’s13aHe (PYHKIIOHYBaHHS re-
HOMY i3 ()YHKI[IOHYBaHHSM BCIX CHCTEM OpraHi3my,
mo0 y BiAJaJieHINNi NepCcreKTUBI CTBOPUTH
BIpTYaJbHY JIIOAMHY. T€OpeTHK y Taly3i CUCTeM
Muxaiino Mecapopuu y 1966 p. nomosijae Ha
MiKHapogHoMy KoHrpeci y Kuinenai (Oraiio,
CIIA) pobory «Systems Theory and Biology» i
MPOTUCTABJISIE IOBIMMH POKAMH iCHYIOUMH B Hay-
KOBUX ITIX0JaX PEIYKI[IOHI3M HOBOMY XOJIi3MOBI
[5]. Po3pobiiseTnest Teopist KOHTPOIIO MeTaboIiZMy
(ynpasmiaHs MeTab0I1i3MOM), SIKa BHKOPHCTOBYE Ma-
TEMaTUYHUH amapar JJIsl JOCHTiJDKSHHS PerysiTop-
HUX BIIACTUBOCTEH MeTabOIIYHUX CUCTEM (Ha TIPO-
TUBAary «By3bKOMY» MicCIto cuctemMu, «bottleneck»)
1 3J1aTHOCTI TX KOOPJMHOBAHO 3MIHIOBATU TMOTOKH 1
KOHIICHTPAIIif0 METAa0OJITiB Y HEMOCTIHHIX YMOBax
CepeloBUIa 3apaj MiATPUMKH CTaIlliOHAPHOTO
CTaHy 3 MIiHIMAJIBHUM BiJIXWJICHHSMH KITFOYO-
BUX MeTabomiTiB Bijg Hopmu. Koedinientamu
YIPaBIiHHS XapaKTEePU3YEThCsS BHECOK OKPEMHUX
€H3WMIB 1 30BHINIHIX METaOONITIiB B yIpaBIiHHS
METa0OJIYHIMHU  IMOTOKAMH 1 KOHIIGHTPAIlIEI0
Mertabonitie [6, 7]. Ctroapt Kaydman mocmimkye
CTPYKTYPY MEpEK TE€HHOI peryJsiiii, eBOJIOIiI0
iX yTBOpeHHs 1 omrTmmizamii [8]. Ame mocTymo-
BO IHTEpeC JI0 TEOPETUYHOI OioJorii, 30KkpeMa ce-
pen OioJyoriB, cmajae uepe3 HEBiJNOBINHICTH i
pe3yNbTaTiB MepeOiabIIeHUM OYiKyBaHHSIM.

Ha 3miny npuxogute OyM y MeTOIOJOTIi
MOJIEKYJISIpHOI Oi0JIOTii: TPUHIIMTIOBO HOBI METO-
Iu  (pecTpUKLisl 1 KJIOHYBaHHS, CEKBCHYBAaHHS,
roJliMepasHa JIAHI[IOTOBAa PEaKIlis) BiJKPUBAIOTh

OUISX JI0 TMPOYUTAHHS TeHOMY IoauHU. lIpoexT
«I'enom mogmam» (Human Genome Project, http://
www.ornl.gov/sci/techresources/Human Genome/
home.shtml) OyB odimiifHO 3amouaTkoBaHUN B
)koBTHI 1990 p., minrpumanuii HamioHambHEM
IHCTUTYTOM 3710pOB’s i MiHICTEPCTBOM €HEPTeTUKHU
CIIA. Bueni monatiMertire 3 18 kpaid mpueHaIucs
0 BUKOHaHHS TpoekTy. Yepes 50 pokiB micms
BiakputTTsa [[xefimcom YorcoHom i1 DpeHcicom
Kpixom nBomanirorosoi crpykrypu JHK y kBiTHI
2003 p. MDKHApOMHWUN KOHCOPIIyM i3 CEKBEHY-
BaHHSI TEHOMY JIFOJIMHU OTOJIOCHB IPO 3aBEpIIeH-
Hs mipoekTy [9]. UucnenHi 3axonu BimOyBaimcs B
Awmepwtii i B ¢BiTi 3 Harogau 10-1 piaHUII 3aKiHUSHHS
npoexty «l'eHoMm nromuHn». Hachigkm BUKOHaHHS
MMPOEKTY TOPKHYIHUCS BCiX cep KUTTS JIFOACTBA.
VY HaykoBiii cepi BUKOHAHHSA TMPOEKTY CIIPHA-
JO CTPIMKOMY PO3BUTKY HOBITHIX TEXHOJIOTIH,
HAKOITMYEHHIO BEJIMYE3HOI KIJBKOCTI JAaHHUX, SK1
moTpe0yBajdy  cHCTeMaTH3alii, MaTeMaTHYHOl
00poOkn 1 iHdopmamiiHMX TexHoyoriid. Ta-
KM YHMHOM, B3a€MOHEOOXIIHICTL CIIEIIaliCTiB
pisHOTO TIpodimto crana Oe3mepedHuM (HaKToM, a
B3a€MOITPOHUKHEHHS PI3HUX AUCIHILIIH IS TOCST-
HEHHs CITUIBHOI METH peaii3yBajioch Y CTBOPEHHI
CUCTEMHOI 010JI0Tii IK OKpEMOi HayKH.

3aBaaHHs, 0 MOCTAJH IicJs
3aBepuieHHs NPoeKTy «[enom
JIIOAUHI, TA IX PO3B’SI3aHHS

OTxe, Ha 3aBeplIAJLHOMY €Tali BHKOHAH-
Hs npoekty «l'enom moguam» 99% reHomy Oyio
OPOYUTAHO 3 BHCOKOI TOUHICTIO — 1 momwuika
Ha 100 000 HyKJIIEOTHAIB; 3’§ICOBAaHO, IO TEHOM
konye 20-25 Ttwc. mpoTeiHiB 1 chopMyIHOBaHO
HANUONMVKY1 3aBAAHHS JIJIS TO/IAJBIIIOTO BUPIIIICHHS.
Bonu Bxirouanu: CHUCTEMaTHYHE BHU3HAUYCHHS
noJiMophi3My B T€HOMI JIFOJUHU 1 WOTO acoriamii
3 XBOpoOaMHW; CHCTEMATHYHY iIeHTH}IKaIi0
BCIX (YHKIIOHAJIBPHUX €JIEMEHTIB y TEeHOMI —
IPOTETHKOAYIOUUX 1 IMPOTEIHHEKOAYIOUMX TI€HIB,
PETYISTOPHUX  €JEeMEHTIB, sKi  BU3HAYalOTh
TPAHCKPHUIILI0, CTPYKTYPY 1 PYHKITIOHYBaHHS XPO-
MaTUHY; 1, HapemTi, CHCTEeMaTUYHE BHU3HAYCHHS
PETYISATOPHUX MOAYIIB (OKpeMuX (hyHKITIOHATHHO
TIOBHOIIIHHUX PETYISATOPIB) eKcIpecii reHis [9].

MoBOIO TEOPETHYHOI CHCTEMHOI 0i0JoTii 3aB-
JMaHHSA (HOPMYITIOBANINCS B TIOHATTSIX: peai3allis —
CTBOPEHHS MOJIeNi, sika O XapaKkTepu3yBaya BXimgHi
CTUMYJTH 1 BIATIOBiI HAa HUX; iMeHTH(]IKAIliS CUCTe-
MU — BU3HA4YC€HHS TapaMeTpiB MOJeNi Ha MifcTaBi
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EKCIIEPUMEHTAJBbHUX JTAHUX 1 JAHUX 31 CUMYJISLIT;
aHalizy KOHTPOJIO — BHU3HAYCHHS XapakTepy
B3a€MOJIIT M’k KOMIIOHEHTaMH CHCTEMH 1 Tiepeoa-
YEeHHS HACIiJKiB 3MiH, BHECEHUX Yy TIEBHI IIISAXH 1
napametpu cuctemu [10].

BukonanHio mepmioro 3aBgaHHsi OyB IpH-
CBSYCHUH MIKHApOIHUH TPOEKT i3 KapTyBaH-
Ha ramnotumniB monuHu (Haplotype Map, mpo-
exT «HapMapy), aKuii MaB Ha METi FeHOTHITYBaTH
3arajbHi SNPs (OZHOHYKJICOTHAHUN MOTIMOPPIi3M,
single nuclotide polymorphism) y mpenctaBHUKIB
pi3HUX JIOACBKUX Tomyisinid. [Ipoext odimiiiHo
po3mouaro Ha  cuMmo3iymi  27-29  KOBTHSA
2002 p., a pe3ynbTaTv HOro TPETHOro eTamy OyiH
omyomikoBani HaBecHi 2009 p. i MicTUIN JaHi PO
3arajibHi 1 pifKi aneni i moniMopdizm 3a SNP 1 unc-
nom komiii [11]. demo mi3wime, B ciuni 2008 p., 3
ypaxyBaHHSIM JOCBily, SIKHMi CTPIMKO HaKOIH4Y-
BaBCsl B MEPIIi POKU HOBOTO CTOPiY4Ysi, OYJ0 po3-
novyaro mpoekT «1000 reHomiB». MeTOI0 TPOEKTY
OyJIO CTBOPUTH TIOBHHUU 1 JIETAJIBHUI KaTaJIOT BCIX
FeHeTUYHMX Bapialliil B reHomi mroguHu. Y 2010 p.
CKIHYMBCSI MUJIOTHUM eTam IPOEKTy, pe3yJibTa-
TH Oyno omyousikoBano y 2010 p. [12] 1 monoBHeH1
y 2012 p. me 92 renomamu [13]. 3aranbHe uwmc-
JIO TpOaHai30BaHUX I1HJUBIyadbHUX TEHOMIB
IJIAHYEThCS HAWOJIMIKYUM 4YacoM 30UIBLIUTH JI0
2500. [Hmuii npoekT — «BcereHoMHe JOCIiKESHHS
acomiamiity  (Genome-wide association  study,
GWAS) — nependavyae MOpiBHSAHHS 3arajbHUX Ie-
HETUYHHX BapiaHTIB y MPAKTUYHO 3I0POBUX JIFOJICH
1 y XBOPHX Ha PO3MOBCIO/IKEHI XBOPOOU 3 METOIO
3’ICYyBaTH YM ICHYE acoIliallis Mi>k XBOPOOO¥O 1 IeB-
HUMU BapiaHTaMH B CTPYKTYpi reHomy [14].

omo BupilIeHHS APYroro i TPEThOro 3aB-
nanas, To B 2002 p. HamioHanbHUH IHCTHUTYT
nociimxenns reaomy moguau (NHGRI, Berecna,
CIIA) 3amporioHyBaB CTBOPUTH I1HTEpAaKTHBHUUL
KOHCOPIIiyM AJIsS TPOBEACHHS MJIOTHOTO MPOEKTY 3
METOI0 3’ICyBaHHS MPUAATHOCTI ICHYIOUHX O0UHC-
JIOBAJIBHUX 1 €KCIIEPUMEHTAJIBHUX METOJIB, pPO3-
pOOKH 1 MepeBipKU HOBUX TEXHOJIOTIH JUIsl aHOTAILi |
(YHKIIOHATBHUX €JIEMEHTIB TEHOMY.

IMpoexT «<ENCODE» (Encyclopedia
of DNA elements)

[Mpomozumisi mpoekty «Encode» Oyna yxBa-
neHa Ha poOouiii Hapaai Comprehensive Extraction
of Biological Information from Genomic Sequence
23-24 nunas 2002 p., a 7 Oepe3ns 2003 p.
IUSITUPIYHUN TIJIOTHUM TPOEKT Oyi10 oditiitHO po3-
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novato. [Hpopmarist mpo MiTOTHUH MPOEKT 1 HOro
pe3yabratu qoctynHi B penosutopii (http:/genome.
ucsc.edu/ENCODE), na caiiti HamionansHoro
IHCTUTYTY JochijpkeHHs reHomy sronunau (http:/
www.genome.gov/26525202) i iHIuX mopranax, a
TakoXK B myOmikamisx >xypHaiiB «Nature» [2007;
447(7146)] i «Genome Research» [2007, 17(6)].
[linoTHUH MPOEKT KOWTYBaB MPHOIM3HO 55 MITH.
JIOJIapiB.

VY minoTHOMY mpoekTi 35 TPyl HayKOBLiB
npoBesn jpociipkeHHs: 29 998 Tucsau ocHoB abo
O0mu3pko 1% reHoMy Ha KJITHMHaX BOX THUIIIB —
HeLa S3 i GM06990, BUKOpUCTOBYIOUH BEIUKHIA
00CsT eKCIIepUMEHTATBHUX 1 00YMCITIOBAIBHIX Me-
TOJIMK, SIKI HAalYacTille OMOBHIOBAJIMA OJIHA OJIHY,
CTBOPIOIOUM TIAIPYHTS JUIsi BUCOKOI HaJiHHOCTI
pe3yabTatiB, SIKi MOPIBHIOBAIM 3 ICHYIOUMMH Ha
TOM Yac JaHUMHU IHIIUX [POCKTIB (HAIpPUKIAJ,
«HapMap Project», pesynbraramMu eBOJIOLIHHIX
nociimkens). [IpoBenena MacmtabHa podoTa Mana
CBOi HaciIKH. Jly’e KOPOTKO, 3 OTJISIY Ha TIOBHOTY
iHpopmalii, OTpuMaHy B MPOEKTI APYTOro eTamy,
MOKHA MiJICYMYBaTH pe3yJbTaTH Mepioro. Y me-
JKax TOCHTIIKEHOT0 TeHOMY NepeBakHa MOoro 4acTu-
Ha TPAHCKPHUOYETHhCs, 1 HAMOIIbINA YaCTKA TICPBUH-
HUX TPAHCKPHIITIB 3YUTaHA 13 MIPOTETHHEKOAYIOUHX
NOCTIIOBHOCTEH. BUSBIIEHO HEOWiKyBaHO BEIUKY
KUIBKICTB (MPHOJIM3HO HA MOPSIOK BUIIIE 32 paHille
BiJJOMY) CTapTOBUX CaWTiB TPAHCKPHUIIi 1 3B’I30K
iXHBOI aKTHBHOCTI 13 BJIACTUBOCTSIMH XPOMATH-
Hy 1 Moxu(iKali€lo TiCTOHIB;, B3a€MO3B’SI30K MIiX
CTPYKTYPOIO XpOMaTHHY 1 calTamMH perulikamii.
3a JOCTYMHICTIO XpOMaTHHY («open» Vvs. «close»)
i Momudikali€ro TICTOHIB MOXHa IPOTHO3YBa-
TH HasBHICTh 1 AaKTHBHICTb CTapTOBOi TOYKH
Tpanckpunuii. [leBHOMY 4acoBoMy MPOMiXKKY Ipo-
necy perutikanii JIHK Bianoinae neBHa cTpyKTypa
xpomaTtuny. binsg 5% nocninoBHOCTEH TeHOMY 3Ha-
XOSITHCS 1T €BOTIOIIMHUM THUCKOM, 13 HUX 60% —
e GyHKIiOHAIBHI eeMeHTH. B Toii camuii yac He
BCI ()YHKI[IOHAJIbHI €JIEMEHTH 3HAXOSITHCSI TTi]] THUC-
KoM eBoutroItii [15].

OneprkaHi pe3ysibTaTh CTaIU MiAIPYHTIM IS
aMOITHIIIOT0 MPOEKTY — CKJIAAaHHS SHIUKJIONe/ii
(YHKIIOHATBHUX €JIEMEHTIB ISl BCHOTO T'C€HOMY
JMONMHYU, SIKUWA OyB 3alovYaTKOBaHHWH y BEpECHI
2007 p., a 3axinuuBcs y BepecHi 2012 p. 3BiTOM
HayKOBi# ciitbHOT1 y BUrIsiAi 30 crareii B «Naturey,
«Genome Reserach» i «Genome Biology» [http://

www.nature.com/encode/#/threads; http://www.
encodeproject.org/ENCODE/pubs.html],  ornsmy
7
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[16] 1 BuTpaueHUMHU KouiTamu OMU3bKO 185 MuTH.
nomapiB. Ha npyromy erami TpOEKTy CHEKTp
JOCHIIKeHb OyJO 3HAaYHO PO3IIMPEHO — EeKCIe-
PUMEHTH MpOoBOAWIM Ha KiithHax 147 Tumis. Ce-
pel HUX: TEepBUHHI OUQepeHIiiioBaHl KIITHHH,
NEpBUHHI  IMOpTaNi30BaHi, NyXJIUHHI  JIiHIi,
MYJIBTi- 1 TUTIOPUIIOTEHTHI KIITHHU-TIOTIEPETHUKU.
HocmimkyBamu 119 TpaHckpumiiiHux ¢dakTopiB
(T®) i3 1800 Bimomux Ha chOTOHI, 13 MogUdiKatiit
ricroniB i JIHK i3 60 Bimomux [17]. MeToro mpoek-
Ty OyJIO BU3HAUUTH TeNep yXKe B MEXKaxX BChOIO Ie-
Homy (byHKIioHanpHI enemenTn JJHK i mexanizmMu
perymmii  (QyHKIIOHYBaHHS TEHOMY B PI3HUX
KJIITHHAX 1 32 PI3HUX yMOB. BHUKOHaHHS NPOEKTY
€ TIOKA30BUM IIPUKJIATIOM POJIi CUCTEMHOI Oiojorii
B CyYaCHHUX JIOCHIJDKEHHSX, aJKe peastizailis mpo-
eKTy OyJia O HEMOXKIIMBOIO O€3 MPUHIIMIIOBO HOBO-
ro MHCJCHHS W IHTerpaiii MeTOIB MaTeMaTH4YHOI
CTaTHCTUKH, 1HQOPMATHKH, MOJCIIOBaHHSA 1
MOJIEKYJISIpHOT Oioorii.

BHacniiok BHUKOHAaHHS MPOEKTY CTBOpPEHi
HOBI 1 YZOCKOHaJIeHI iCHYIOYi eKCIIepHUMEHTaIbHi
METOAM, HAJIAIITOBAaHI Ha OIEp)KaHHS KiTbKICHUX
JaHUX 3 HAWMIMPIIMM BHKOPHUCTAHHSIM pPIi3HUX
BUJIB  CEKBCHYBAaHHS; PO3MIHUPEHO  apceHall
OioiH(GOpPMATUBHUX TiIXO/IB i3 3ayYCHHSIM MOJIE-
JIIOBaHHS 1 PO3pOOJEHO cCHCTeMH i 30epiraHHs
iH(dopMarttii y BiTbHOMY IOCTYTi; OTPUMAHO BEIH-
Ye3HUH 00CAT JaHUX, AKi CHCTEMaTH30BaHO 3 ypa-
XyBaHHSAM PE3yJIbTaTiB 1HITUX BEITUKUX TPOCKTIB
turry «HapMapy, «1000 reromis», « GWASy Torto.
B ormsaai magaroThes nwIie Aesiki BUCHOBKH TIPO-
€KTY CTOCOBHO (DYHKI[IOHAJbHUX EJIEMEHTIB TIe-
HOMY, KJIiTHHOCHEeNH(MIYHOT perymsuii 1 Tonosorii
TPAHCKPUIIIHHOT PEeryasTOpHOiI Mepexi. 3a IMoB-
HOIO 1H(MOpPMAIIEI0 WIONO PE3YNbTaTiB TPOCKTY
«Encode» unrtau nepeaspecoBy€eThCS Ha BiJIMOBITHI
caliTu (IUB. BUILE).

DYyHKUiOHAJbHI eJIeMeHTH
reHoMYy Ta iX B3aEMojist

OyHKIIOHANBHUM €JIEMEHTOM T'€HOMY BH3-
Ha4YamTh HOro AUCKPETHUH CErMeHT, sKui abo
KoIye MeBHHH mpoaykT — mpotein un PHK, a6o
MICTUTBH CTAapTOBY TOUKY TpaHCKpumuii, abo Hece
MIEBHU BiJTBOPIOBAaHWI pO3Mi3HABAIBHUN 3HAK —
e Mmicuem MmertunyBanHs J{HK, 3B’s3yBamns TO,
rinepuymmBocti g0 JIHKaszu 1 abo HamexuTsh
cnenudivyHid CTPYKTYypi XpOMAaTHHY YW TIiCTOHIB
[17].

3a BumeHaBeneHnM Bu3HadeHHSIM Yy 80,4%
TEHOMY JIIOMWHH 3HAXOASATHCS (PYHKITIOHAJBHI

€JIEMEHTH, OUTBIIICTE 3 SKUX PO3TAIllOBaHA 3a Me-
)KaMH ~ TPOTCTHKOAYIOUHX  TOCHiIOBHOCTEH. Y
LMX IOCIIJOBHOCTSX MICTSATBCI CAMTH, 3 SIKUMHU
3B’3YIOTHCST T 1 BKIIIOYAIOTh a00 BUKIIOYAIOTH
T'eHH; TIOCIIiIOBHOCTI, SIKi 3UUTYIOTHCS 1 TPAaHCKPH-
oyrorbest y Burisani PHK, mo He TpaHCiroeThces;
KOHTPOJIFOIOTh TPAHCKPUIILIIF0 HAWOIMKYUX TEHIB
(mpomoTopw, sikux Oinmpime 70 THc.) abo BIHMBa-
IOTh Ha aKTUBHICTH I'€HIB, 3HAXOASYNCEH HA BEITUKIN
BiJICTaHi B HUX (eHXaHcepwH, Oins 400 Tuc); pery-
JOIOTh TpaHCKpuILito yepe3 merunysanus JHK
1 yucieHHi Moaudikaiii TriCTOHIB; BIIMBAIOTh Ha
ynakoBky JIHK. ToOTo BUKOHYIOTE SIKYCh (DY HKIIIFO
i He € «HenoTpedom» (junk) [17].

I'enom mnromuem komye 20 687 mpoTeiHiB,
BIAMOBIAHI €K30HM cKjamarTb Ouia 1,2% Bceix
nmocnimosaocteit  JIHK.  Ilporeinm  MOxyTh
BapilOBaTH dYepe3 CIUIAHCHHT, M0 3YCTPIYa€eThCs
B CEpeNHbOMY 3 YacTOTOK 6,3 aJbTepHATHBHO
CIITaficOBaHUX TpPAaHCKpHUIIB abo 3,9 BapiaHTIB
MPOTETHKOAYIOUNX TPAHCKPHUINTIB Ha JoKyc. Ilpo-
ektoM «Encode» aHOTOBaHO 13 pO3paxyHKy Ha
ofHy KJITHHY 9640 JOKYCIB JOBTHX HEKOAYIOUHX
PHK (long noncoding RNA, IncRNA) i 8801 manux
(<200 n.) PHK, a takox 11 224 niceBiorenu, 3 IKux
OUIBIIICTh JIMCHO «MEPTBIY», ajie NesKl BUIBJISIOTH
03HaKH (YHKIIOHAIBHOT aKTUBHOCTI 1 TPAHCKPUOY-
1oThes [18].

VY renomi BusBieHo 62 403 ctapToBi TOYKH
TpaHCKpHUILii, 3 sSKkux 44% po3ramoBaHi B Mexkax
100 m.o. Big 5-KiHIIS TPaHCKPHUINTIB, a 1HILI — B Me-
JKaX €K30HIB 1 3'-HEeTPaHCIbOBAHUX JIIJISTHOK.

Haii0inpmy vactuHy OCHOB reHomy (62%)
MpeNCcTaBleHo B ckiaai goBrux (> 200 HYKIL)
PHK, sxi BxmowaroTs iHpopmariiai PHK i
iapopmariitHomonioHi  IncRNA.  JIHK-matpwuii
OCTaHHIX 3HAXOJATHCA B MEKaX MPOTETHKOTYIOUNX
reHiB, IXHIX IHTPOHIB, €K30HIB, 3’-HETpaHCILOBA-
HUX JiJISTHOK, IPOMOTOPIB 1 B MIXKT€HHOMY ITPOCTOPI
(puc. 1). LncRNA TpaHCcKpuOyIOThCS 3a y4acTio
PHK-momimepasu 1l y nBox HampsMkax (mpamuii i
3BopotHui) [19]. Ha mijcraBi nux JaHUX 3BUYHE
YSIBJIIGHHS TIPO T€H SIK PO JIHINHY CTPYKTYpY TeB-
HOr'0 HamnpsiMKy 3miHuiochk [20]. JloBri Hekomy0di
PHK miiiaroThes CITaiiCUHTY, TTOJTiaICHUTFOIOTHCS,
aJie He TPAHCIIIOIOTHCA. IXHi QyHKIiT i MexaHism i
3HAXOAATHCS Ha IMOYATKOBIM cTamil JOCIIIKEHHS.
BBaxkaeTbes, o BoHU OepyTh y4acTb y peryJssuii
eKcrpecii reHiB, y CTPYKTYpHill opranizauii siapa i
KoMmmapTMeHTamizauii. [lopymenns 3 60Ky ITOBrux
Hekonytounx PHK acomiifoBaHi 3 pisHUMH XBOpO-
oamu [21].
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Puc. 1. Bzaemoposmawysanns mpanckpunmis, siki Kooyioms i He kooytoms npomeinu [19]. Cxema intocmpye
K mpanckpunyisi 00620l Hexooyiowoi PHK (aicosmozcapsiuuil Konip) nepemedncogyemocs 3 mpancKpunyiero

eena Pax6 (pionemosuii konip)

[IpoekT Hazmae mepuly KapTy po3Taly-
BarHs 2 890 742 rimepuymmmBux no J{HKaszm 1
ninsaok JIHK (DNA hypersensitive site, DHS),
HaWYUCIEHHIMNX (yHKI[IOHATBHUX EJIEMEHTIB.
Koomneparusne 38’s13yBanHst TD 3i cBoimMm caiita-
MU 3CyBa€ KaHOHIYHI HYKJIEOCOMH, PEMOJEIIOE
XpOMaTHH 1 3YMOBJIIOE B EKCIEPUMEHTI HOro
rinepuyTIMBICT 110 Hykiea3, 3o0kpema JIHK-
asu 1 (puc. 2). 95% DHSs po3ramoBaHo B Auc-
TaJbHUX paloHaX MO BiJAHOLICHHIO 10 CTapTOBUX
TOYOK TPAHCKPHILII, MaiXe MOJOBHHA 3 HUX —
B IHTpOHAaX 1 MDKIE€HHUX IPOMIKKAX, 1 JIHIIE
5% 3HaxoATbCA B palOHAX CTApTOBHX TOUYOK
tpanckpuniii. J{ucraneni DHSs BMimytoTs mMaiixe
Bci (97,4%) yuc-perynaropHi eneMeHTH (€HXaHce-
pH, 1HCYJISATOpH, CalJIeHCepH, PaliOHU JIOKYCHOTO
KoHTpOJI0). Maiixke Bci TO (94,4%) 3B’13y10ThCS B
mexax DHSs. Ogna tperura DHSs 3ycTpivaeThes
TIJIBKM B KJIITHUHAX IEBHOro tumy, ~1,9 miuH. — B
KJITUHAX JBOX 1 OUIBIIE THUINB 1 TIJIBKA HEBE-
nuka Kinekicte DHSs (3 692) mictuthes B ycix
JOCIIJIKEHUX KIIITHHAX 1 HEePEeBaXKHO JIOKAII3yEThHCS
B mpoMoTopax. OCKUIbKY AOCTYIHICTh XPOMaTHHY
IUTSL i1 HyKJieas IOCATAa€ThCs 3aBIsIKA CyMICHIHN il
YUCIIEHHUX (DaKTOPiB, TO HA IiJICTABI XapaKTEPHOTO
natepay DHSs y neBHOMy paiioHi MOXHa Tepes-
0auuTH KIITHHOCTICNU(DIYHY aKTHBHICTH eKCIpecii
rexa [22].

HactymauMu 3a  49ucenbHICTIO  (DyHKITIO-
HaJbHUMHM esieMeHTaMu reHomy € CpG ocTpiBui
(~1,2 man). Ix MeTunyBaHHS B CKIaji IPOMOTOPIB
YacTille MOB’sI3aHe 3 PENPeciclo TPAHCKPHUIIIIi, a B
CKJIaJ[i CaMOro TeHa — 3 1i aKTHUBAIII€I0 1 KOPETIoE 3
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alleTUITIOBAHHM TicTOHiB. [loka3aHo, 1m0 icHy€ 3B0-
pPOTHA 3aJISKHICTh MK 1HTEHCHBHICTIO €KCIpecii
TPAHCKPUNIIHHOTO (aKTopa i piBHEM METHIIYBaH-
Hsl caiiTa 3B’I3yBaHHs, a caMe UMM iHTCHCUBHILIE
ekcrpecyeTbcsi TD, TUM MeHII METUJIbOBAaHUN
HOro cailT 3B’SI3yBaHHs, 1O CIPHUSE 3B’SI3yBAHHIO
(hakTopa, 1 HaBmaku. MertunyBanus CpG
OCTPIBIIIB YaCTIIlle CIIOCTEPITA€ThCS 1 BUSBIAETHCS
HaliBapiaOeNpHIIMM B TIOCTIZOBHOCTAX CaMHUX
TeHIB 1 MIXTEHHHUX JIJITHOK, aHDK Y TPOMOTOpaXx.
MetunyBanus CpG OCTpiBIIiB Bapito€ 3aJI€KHO BiJ
THUITY KJIITHH 1 € anenb-crenupiaanm [23].

Pationn, 30araueHi Ha MOAU(iIKOBaHI TiCTOHH,
3aiimMaioTe 56,1% OCHOB T€HOMY 1 3a IIUM TOKa3-
HUKOM IIOCTYHAIOTHCS TiNBKU MOCIHIOBHOCTSM,
ski konyroTh noBri PHK. I'mo6ansHa Momudikaris
TiCTOHIB 4Yepe3 METHJIyBaHHS 1 aleTHUIIIOBaH-
Hi B PI3HUX [OJOXKEHHSAX JII3MHY BIUIMBAE
Ha JIOCTYIIHICTh XPOMATHHY, I1HTEHCHBHICTh
TPAHCKPHUIMILii i CINIAHCUHTY HACTLIBKY, IO OCTaHHI
MOXYTh OyTH CIIDOTHO30BaHi Ha IMiACTaBi BU3HA-
yennx wonudikamid. Hanpuxmax, momudikamii
H3K27ac, H3K9ac, H3K4me3 i1 H3K4me2 ax-
TUBYIOTh TpaHCKpumiito, Tomi sk H3K27me3 i
H3K9me3 inridyrors ii. MoaudikoBaHuil TicTOH
H3K4me3 € crabiapHIM MapKkepoM CTapTOBOI TOUKHU
TPAHCKPHUIILii 1 HABITH BUKOPUCTOBYETHCS ISl BCE-
TeHOMHOI'0 MOUIYKY HOBHX CTapTOBHUX TOYOK. ba-
naHc Mixk Mogudikamismu H3K79me2 i H3K36me3
y CTPYKTYPi CaMOro reHa peryiroe cruiaiicunr. Me-
TUJTyBaHHS TICTOHIB Ma€ BiJTHOCHO CTaOUIBHHN Xa-
pakTep. 3a IKMM MEXaHi3MOM METHJIbOBaHI TiCTOHU
BIUIMBAIOTh HA TPAHCKPHUIILIIO IOKH 1110 JOCTEMEHHO
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Puc. 2. @ynxyionanvre sHauenns OlIAHOK Xxpomamury, einepuymausux 0o JJHKasu 1 [22]. I3 dinaukamu xpo-
MAMuHY, 8LIHUMU 610 HYKI€OCOM, 36 A3VIOMbCsl MPAHCKPUNYIUHT (hakmopu, NO3HAYEHT 08ANAMU | MATEHbKU-
MU KYIbKamu, Ac — ayemunbo8aHuil 2icmoH, AKUll CNpUse peaakcayii cmpyKkmypu XpoMamuHy siK nepeoymosu

mpancKkpunyii

HEBIJIOMO, Hapa3i BBaXKarOTh, 1[0 BOHH J[IFOTh OIO-
CepeKOBAHO Yepes iHIIi (YHKI[IOHAIbHI eTIeMEHTH.
Moaudikarisi TICTOHIB Ma€ KJIITUHOCTICIUDIUHUIM 1
ajnenp-crienudivyHmit xapakrep [17, 24].
ANeTuiIoBaHHs TICTOHIB — 1€ BHUCOKO-
JUHAMIYHUH TIpOIeC 13 TEPiOIOM HAIIBXKHUTTS
allETUILOBAHOTO 1 JICalleTHIIBOBAHOTO JII3UHY IMPO-
TATOM AEKUIBKOX XBWJIMH. BinmoBigHl aneruiaasu
1 JealleTHIa3d acoLifioBaHl 13 caliTaMM aKTHBHOL
TPaHCKPUIIi i 320e3Meuy0Th 3CyB Ta BiTHOBJICHHS
HYKJICOCOM IIiJT 4aC TPOXOKSHHS MTOJTIMEepa3Hu.
B3aemogis AisHOK T€HOMY, BiJIIaJICHUX OJIHA
BiJ OHOT COTHSIMH, HABITH TUCAYAMU Ki7100a3, € Ta-
KoK (DyHKILIOHAJBHO 3HAKOBOIO i CTBOPIOE HETIOB-
TOpHUH NaHAIAPT XPOMATHHY B KJIITHHAX Pi3HOTO
Tumy. B3aemomiss MK BiJaJICHUMHU y4acTKaMu
BiIOYBA€THCA TIEPEBAKHO B MEXaX OIHIET XpOMO-
comu. CepenHs KibKicTh auctanbHux DHSs, siki
B3aemoxitore 3 DHS mnpomoropa, nopisHioe 3,9,
a cepenHs KilbKicTh mpomoTopHuX DHSs pizamx
TEHIB, 1[0 B3aEMOIIIOTE 3 OAHUM AucTaIbHuM DHS,
nopiBHIo€ 2,5 (puc. 3). YacTora MyIbTHKOMILIEKCIB,
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SIKI BKJIFOUAKOTh CTAPTOBI TOYKH JCKIJIBKOX T'EHIB,
i3 JUCTaJIbHUMHU €JIEMEHTAaMHM BHIA 3a TaKy
KOMIIJICKCIB THITY «OJUH IMPOMOTOP — OJIMH €HXaH-
cepy». Binmaneni DHSs i ciopiHeHuli 3 HUMH 1po-
MOTOp, 3 SIKUM BOHHU B33a€MOJIIFOTh, PETYJIIOKThHCS
cnenudiuHuMu 1 000X eneMeHTiB T, a Takox
MaTh CITUIBHI MOTHBH B CBOIX TOCHIJOBHOCTSX.
[le onHe muTaHHs OyJO MMOCTaBICHE 1 BUPIILICHE —
SIKI TEHU MAalOTh HAWCKJAIHINIY PeryJsilito, ToO-
TO 3 SIKOK KIJBKICTIO JIUCTAJbHUX PETYISTOPHUX
€JICMEHTIB 3B’I3YIOThCsI iXHI TPOMOTOpH. BusiBuio-
csi, IO 1Ie TeHHU KJIITHH IMyHHOI cucTeMu. BeTaHoB-
JICHHSI B3a€MOJIT BIIJIAJICHUX CJIIEMCHTIB TCHOMY 1
KIJbKICHA XapaKTePUCTHKA iX CTaJId MOXKJIMBUMHU
3aBIAKH 3acTocyBaHHIO 3C-MeTomonorii (chromatin
conformation capture) i ii moxigaux (4C, 5C Ta
iH.), IO BIIEpPIIE JaJI0 MOXKJIUBICTh 0e3M0cepeaHbo
JIOCIIJIXKYBaTH TPUBUMIPHY CTPYKTYPY XPOMAaTHHY
[25].

Jinsakamu «BIIKPUTOTO» XpoMarTH-
HY, SIKi JOCTYIHI AJIS B3aEMOIIi 3 PperymisiTop-
HuMU (akropamu 3aifHsATO 15,2% TreHomy, a
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Puc. 3. Cnigsionowenus mixc xinokicmro einepyymaugeux 0o JHKaszu 1 Oinsinox y npomomopax i  ouc-
MAbHUX pecyIAmopHux OLisiHKax 2enie [23]. 3niea: poznodin 3a xinekicmro cinepuymausux oo JHKaszu 1
OUCMATLHUX PecYISIMOPHUX OLISAHOK, WO 36’3aHi 3 8ION0GIOHUMU OLISIHKAMU NPOMOMOPIS, i3 PO3PAXYHKY
Ha o0un npomomop (r > 0,7). Cnpasa: po3noodin 3a KiibKicmo RpOMOMOPHUX PAUOHIE 2INepuymausocmi 00
HHKa3u 1, wo 36’3aHi 3 I0N0GIOHUMU OUCMATGHUMU PE2YAAMOPHUMU OLAHKAMU, 3 PO3PAXVHKY HA OOHY
oucmanvHy eynepuymaugy 0o JHKazu 1 dinanok npomomopy, 3 AKuMU OHU KOPEIOOMb i3 pO3PAXYHKY HA

00UH HENPOMOMOPHULL PAIOH 2INePUyMAUEOCH]

8,1% TrTeHoMy BKpHUTO TpOTEiHAMH, OUIBIIICTD
3 sakux € cukBeHc-crienudiguanmu TO. Caitu
3B’s3yBaHHSA T® po3ramoBaHi K y MPOMOTOpPax —
13 TATA-nocmigoBaocTio 1 B (G+C)-30araueHmnx
nociuigoBHocTax 0Oe3 TATA-guIsiHKHM, Tak 1 B
MDKTeHHUX paiionax. CaliTh B KOXXHOMY 3 paiiOHIB
CEeJICKTUBHO crernudivyHi 10 meBHUX Td. 3a THM, AKi
Td 3B’13aHI B TPOMOTOPi, MOYKHA TPOTHO3YBATH
piBEHB eKCIpecii BiATIOBIIHOTO T'eHA.

TakuM dYWHOM, TPAHCKPHUIMIlSI 1 TPOIECHHT
PHK kinpkicHO 3anekaTh BiI MEpeTideHUX BHUIIEC
pO3ITi3HABAIPHUX 3HAKIB HAXPOMATHHI, BIIITATEPHIB
Monudikamii TICTOHIB 1 METHITyBaHHS IHTO3WHIB,
postramyBanHs T®d, 3B’SI3aHUX 13 TPOMOTOPOM,
TOOTO KOMOIHAIIIS BCIX IMX 3HAKIB € TTPOBICHIKOM
IHTCHCHBHOCTI 1 CIPIMOBAHOCTI TPAHCKPHIIIIi 1
xapakTepy cruraiicuary. KiitnHocnenudiaauii xa-
pakTep eKcIpecii reHiB 3yMOBIICHUH TaK0K TIEBHOIO
KOMOIHAIII€0 Pi3HUX (PYHKITIOHAJTBHUX €JIEMEHTIB.

HaiiGinpma d9acTwHa TOCHIOBHOCTEH B
TeHOMI JIOJWHH HAJSKUTh HE TeHaM, a iXHIM pe-
rynsaTopaMm 1 nporeinHekonyrounm PHK, BuBueH-
Hs QYHKIIA SKUX I0e 9eKa€ Ha TOCHITHUKIB, SK i
¢ynkmii 20% TeHoMy 3 HEBHSABICHUMH TOKH IO
(hyHKITIOHATPHUME eJIeMEHTaMH. BakJmBo, 1110
acoriioBaHWii 13 XBOpoOaMW ONXHOHYKJICOTH-
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HUH TOTIMOpdi3M y OUIBIIOCTI BHMAAKIB PO3Ta-
IIOBAHUN TaKOX 3a MeXaMHU MPOTETHKOAYIOUUX
MTOCTIIOBHOCTEH, 1 (DEHOTHUIT XBOPOOH aCOIIIOETHCS
3 KJIITHHAMH TIEBHOTO THITY 200 crierudigaumu TO.
OneprkaHi pe3ylbTaTH € Y BUTBHOMY IOCTYIII
1 He3aMIiHHI JJIs 1HTEerparii 3 IHIMUMH JaHUMH 3
JIOCITIKeHHS (DyHKITIOHYBaHHS TCHOMY JIFOIIHHU.

TomoJiorist Mmepesxki
TPaHCKpUNUiiiHUX (pakTOpPiB

[IpoTsarom ocTaHHIX aecaTH pokiB XX CT.
YUCJCHHI CHUCTEMHI IOCTIIKCHHS TPUHITUIIIB
perymnsimii TpaHCKpUMIIi TEHOMY, IPOBEACHI Ha
OMHOKIITHHHMX opranizmax (E. coli, mpixmxi),
MOKa3alid, M0 PeryJISATOpHI (aKTOPH yTBOPIOIOTH
MEpeXy, sSKa Ma€ IMEeBHI BIACTUBOCTI, B3aEMOJIIE 3
IHIIAMHA MepeKaMy KIITUHH — IPOTEoMOoM, Gocdo-
pusioMoM Torno. [1i] yac BAKOHAHHSI APYTOTO ETaIy
npoekTy «Encodey Briepiie 3BepHYINCS 10 aHAII3y
Mepexi TO mronwHu, ska Hapasi cKiramgaeThes 3 119
(haxTopiB i3 Bimomux o6mm3pko 1800 [26]. Jlo HEX
BXOJUJIN KAHOHIYHI CHKBEHC-CIIeIudigai GaxkTopu
(88%), 3arampHi T® 1 dakTopu, mo MoaudiKyIOTh
1 peMOIeNoI0Th XpoMaTrH. [IpoBemeHo OiIbIT HiX
450 excriepiMEeHTIB i3 BHKOPHUCTAHHSIM BiJ OmHI€l
0 TUSITH KIITHHHUX JIHIA 1 ITHPOKOTOo HAOOpy

11
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METOAIB — IMyHONpELHUIiTalii XpoMaTuHy 3a J0-
MOMOT'0I0 aHTUTLN mpotu Td, BUIiNEHHS 1 CTBO-
peHHs 010J1i0TeK CaiiTiB 3B’13yBaHHS 3 HACTYITHUM
cexBeHyBaHHAM HinsiHOK (ChIP-seq), knock-down-
€KCIIepUMEHTIB 31 Ty YHIM 3MEHIIIEHHSIM eKCTIpecii
T®, Buznauenns npodinto excrpecii reriB (RNA-
seq) Toio. Y poOoTi OYyJO HMIMPOKO BUKOPHCTAHO
nani 3 pisHux 6a3 (1000 reHomis, «Gencode» sk
mianpoekT «Encodey, TargetScan Ta inmii), a Takox
MTOTYXHUK apCeHAT MAaTEMaTHYHHUX IHCTPYMEHTIB —
Teopiss TpadiB, MOJCIIOBAHHS 1 BHUKOPHCTAHHS
TpPeHyBallbHUX MOJEJeH, KapTHh caMoopraHizarii
BelIMKUX HaOopiB manux (self-organizing models,
SOM) Tomo. 3a mpodineM calTiB 3B’I3yBaHHS
Td BuzHauamm xapakTep ix acoriamii, ixX marep-
HU B OPOKCHMalbHUX (B MeXkax 2,5 THC. 1.0) i
TUCTaThHUX (B Mexax 8,0 THC. I1.0.) TUISHKAX Bif
CTapTOBOI TOYKH TPAHCKPHUIILII AHOTOBAHUX T'€HIB,
3MAaTHICTh 3B’SI3yBATHCS 3 alleib-CHeIUDITHIMEI
(MaTepuHCbKMMH YW OaThbKiBCBKUMH) [iJISTHKaMU
TFeHOMY, 3aJIe)KHICTh BiJl EBOJIOLIHHOIO THUCKY,
B3a€MO3B’ 130Kk Mik T® y Burmsaai iepapxiaHoi
CTPYKTYpH 1 OCHOBHMX MOTHBIB iX B3aemozii. Me-
pexy Td anaizyBaiu y 3B’I3Ky 3 SKCIIPECIEIO 1 pe-
TyJasTOpHUME BiacTuBocTsMU MikpoPHK, a Takox
i3 MepexaMH HOPOTEIH-TIPOTEIHOBUX B3AEMOIIN
i dochoprryBaHHs, TAKUM YHHOM CTBOPHWBIIH 1
MpoaHaTi3yBaBIK MeTa-Mepexy. Hikue HaBesieHO
MiICYMKH OJIep’KaHUX PE3yIbTaTiB.

Kombinayii T® 1 ix ¢pynxyionanvie snavenms

T® KOMOIHYIOTBCSI TTO-PI3HOMY 3aJIeKHO BIJI:
KOHTEKCTY B MiCLi 3B’13yBaHHS; POKCUMAIBHOTO
YU JUCTAJIBHOI'O PalOHY BiJHOCHO CTapTOBOi TOY-
KA TPAHCKPHIIIII TEHIB;, PEryIsITOPHOI IIISTHKH
OPOTETHKOAYIOUUX 1 MPOTETHHEKOAYIOUHX TeHIB;
(GyHKLIT perynsTopHOi ANSTHKY (IPOMOTOP, CHXaH-
cep, caiinercep). ['enn, 0ins skux 38’13y10ThCs TD B
OJHIH 1 TiH caMiii KoMOiHaIIii, YacTille BUSBISIOThH
CHUIBHI QYHKIII.

Koacoyiayis T®

TD Bimpi3HAIOTHCSA 32 CXWIBHICTIO JO IIEB-
HUX (aKTOpIB-MAPTHEPIB 3aJICKHO BiJl IUISHKH
TeHOMY, 3 SIKOIO BOHHU 3B’SI3yIOThCs. Jlesiki € maiixke
MOCTIHHUMHU y cBoeMy BuOOpi maptHepa (GATA i
Horo mapTHEpH), 1HIII 3B’I3YIOTHCS 3 OMHUMH TapT-
HEpaMH B MPOKCUMAJIbHUX paiioHaXx 1 3 IHIIUMH — B
nuctanbHuX paiionax (FOS i fioro maptaepn);

I'moGanbawmit anani3z TO Ta IXHIX MapTHEPiB BH-
SIBUB SIK BiJIOMi ()aKTOPH, SKi YTBOPIOIOTH JUMEPH,
TaK 1 paHille HEBiJOMI, ajic Hajayl IiATBEePIIKEHI
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IMYHOIIPELMITITAIIIEI0 1 Mac-CIIEKTPOMETPIENO.
3a xapakTtepom koacorianii T® posmomisieHo Ha
JIEB’ATh KJACiB, SKi YTBOPIOIOTH HYOTHPH TPYyIH:
(dakTopu, sAKi 3B’SI3yIOThCA TUIBKH i3 MPOKCHMAITh-
HUMH 200 TUIBKY 3 TUCTAIBHUMU paiioHamMu, 3 000-
Ma pailoHaMH i 3 JiISHKaMH, SKi BiJTIOBITAIOTh 3a
penpecito rexis.

lepapxia T®

Jist TIOBHOTH YSIBJICHHS NPO B3AEMO3B’30K
Mk T® i mpo iX miclie Ta BaKIUBICTb Y CHCTEMI
cTBOpeHO Mepexky Td, siki 3B’I3yI0ThCS TIIBKH B
MIPOMOTOPHUX JUISHKAX TeHIB. B3aemMo3aneKHICTh
T®D, TOOTO sIKHMH (aKTOp € PEryasiTopoM s
eKCIpecii 1HIIIOro, BU3HAYEHO Ha MijACTaBl Mpodiiro
caiTiB 3B’s13yBaHHs Td BiTHOCHO T'€HIB, IO iX KO-
JyI0Th, 1 iepeBipeHo B knock-down-ekcriepuMenTax
3 ycima 119 obpanmmu TO. JIns KOXXKHOTO 3 HHUX
PO3paxoBaHO TOKa3HMK LEHTPAJIBHOCTI, TOOTO 3
KUIBKOMa 1HIIMMH TPaHCKPUMIIHHUMHU (akTopa-
MU BiH 3B’$13aHHI — CKiTbKH T® perymoTh Horo
eKCrpecito (BXilHA CTYMiHb 3B’3aHOCTI By3ia
rpady, anriI. in-degree centrality) abo ekcrpeciro
aKoi KigpkocTi T BiH perymnioe (BUXigHa CTYMiHb
3B’s13aHOCTI  By3jaa rpady, aHri —out-degree
centrality). Koxuuii 3 akTopiB y mepexi HaBo-
JIUThCS Y BUTIISIL By3Jia rpady, a pedpa mporo rpa-
¢y BIITBOPIOIOTH B3aEMOMII0 ¥ 1i HAIPSIMOK MIiX
By3namu (puc. 4). [ro Mepexy npoanaizoBaHo pa-
30M 3 IHIIIMHU MEPEeKaMmu, a came 3 Mepexero T,
10 3B’SI3YI0ThCS TUCTANIbHO, MepekamMu MikKpoPHK
1 pocdokinas, sKi 3aAisHI B X perysnsiii, a TaKox 3
JMaHUMH IIOMI0 1X MPOTETH—TIPOTETHOBOI B3aEMOIIi.

Tpanckpunuiiini  ¢akTopu  yTBOPIOIOTh
TPUPIBHEBY l€pApXif0 — BUIIHHA a00 yIPaBIIHCHKUI
piBEHB, MPOMINKHUH, SIKAW PETYIIOE 1 peryIIOEThCS,
1 HWXK4YMHA, TEPEeBaXHO pEryibOBaHUN. Bummii
piBeHb 30araueHWN Ha TPAHCKPHUIIIHHI (ak-
TOpH, SAKi MOAYJIIOIOTH XPOMAaTHH, WHOro Mpen-
CTaBHUKHM AaKTHUBHIIIE B3aEMOMIIOTH MIX COOOI
(connectivity), MarOTh OLTBINY KIJIBKICTh MilllEHEH
K MPOTETHKOAYIOUNX, TaK 1 MPOTETHHEKOAYIOUNX
TeHIB TIOPIBHSIHO 3 HIKYUMH piBHAMH. ['eHH, sSKi
€ peryiboBaHMMH MaiKe BHUKIIOYHO (QaKTopa-
MU BHIIOTO piBHS iepapxii, OepyTh y4acTh y Ta-
KUX 3arajbHUX OIOJIOTTYHUX Mpollecax, SIK PO3BU-
TOK, JAudepeHniiroBants, Mopdorenes 1 T.1. Cepen
TPAHCKPHUNIIIHHUX (HaKTOPIB IMPOMIKHOTO PiBHS
yacTille, HiX y BUIOMY PiBHi, IPEACTaBICHO (aK-
TOpH, IO 3B’I3YIOTBCS B IPOMOTOPAX y Mekax
CTapTOBHX TOYOK TpaHCKpHMLii. 'eHu, ki peryio-
10Tbest TD cepeaHbOro 1 HUIKYOro PiBHIB i€papxii,
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Puc. 4. lepapxia npoxcumanvhux mpaHcKpunyiiunux
gaxmopie [26]. Bysau epagy € mpanckpunyitinumu
@axmopamu. Kanoniuni cuxeenc-cneyughiuni gax-
mMopu nO3HA4eHi MPUKYMHUKAMU, A IHWI — KpYaced-
xamu. Pebpa epaghy eidobpasxcaroms 63aem00ito
Midic haxmopamu, wo pe2ynioomy, i pecyibo8anu-
mu. Huzxionuil i eucxionutl Hanpsamku Oii nO3Ha4eHi
BIONOGIOHO 3eNeHUM | YePBOHUM KONbOPOM. Pieenb
3AMIHIOBAHHS  GY3II6  GION0OGI0AE CMYNeHio  ix
6UXiOHOI 36’a3anocmi. Yum yell nokasHuxk suwutl,
mum iHMeHcusHiue 3a0apeieHHs

BIJINOBIZIAIOTh 32 MEHII MaciiTaOHI MpOIecH, iX
eKCIIpecisi Ma€ BUPAKEHHH KIITHHOCHEeNU(IaHUN
xapaktep. T® mnpoMiKHOrO piBHS YTBOPIOIOTH
By3bke Mictie (bottle neck) y cuctemi, OCKiJIbKH ue-
pe3 HUX MPOXOAMThH HAWOIIBIIE YHUCIO HAWUKOPOT-
MIUX IUISAXIB MiXK Pi3HUMH (PakTOpaMH BUIIOTO i
HUXKYOro piBHIB. lle o3Hauae, 1m0 came Lieil piBeHb
peryJsiiii € HaWOUIbII JIIMITYIOUUM, a BIATaK 1
HAUBIPOTi THIIIMM JISI LIJIECIIPSIMOBAHUX BTPYYaHb.

T® Bumoro i mMpoMiKHOTO PIBHIB HacTille
¢hi3nYHO B3aEMOJIIOTH ab0 ACOLIIOIOTHCS MIX CO-
0010 Ha BiAMIHY BiJ (paKTOPiB HIXKYOTO PIBHS; BOHU
TAKOXK O1IIbIIIe B3a€EMOAIIOTH 3 IHITMMH MEPEKaMHu, a
came 3 MepeKero MPOTETH—TIPOTETHOBUX B3aEMOJIIH,
3 nekonytounmu PHK, 3okpema 3 mikpoPHK.
OcTaHHI MOIISIOTHCS HA Ti, 0 perynioTh T, i
Ti, 110 PErYJIIOITHCSI HUMU. B3aemonis 3 KiHazaMu,
10 HaJIeXKaTh A0 Pi3HUX piBHIB iepapxii ¢ochopu-
JIOMY, 3aCBiJJUHJIA, IO KiHA3W BHILOTO PiBHA pery-
motoTh T®, a KiHa3W HIKYOTO PiBHS NEPEBAKHO
perymototses TO.
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3baeaueni momusu ¢ mepesici T

Mepexxa TD BHUPIZHAETHCS HASBHICTIO IIEB-
HUX MOTHBIB — CTATHCTUYHO 3HAYYIIUX CTPYKTYP
y Mepexi, M0 TOBTOPIOKTHCS 1 Bi0OOpakarTh
crienmuiYHUA  XapakTep B3aeMOMAiIl MK By3ia-
MU Mepexi. BUSBICHO THMOBMH JAHIIOT Mps-
moro 3B’s3Ky (feed-forward-loop, FFL) — cTpyk-
Typy 13 TpBOX TpPAaHCKPUMIIHHUX (HaKTOPiB, B
akii oguH T perymroe iHmuMi 1 obuasa pery-
JIOI0Th TPETi — Mimenb. [HmUH MOTHB — T
PI3HOBHAHICTH JAHITIOra IPSIMOTO 3B’I3KY, B SIKOMY
nBa Td BzaemoperymooTees (toggle-switches).
Moro BBaKaloTh BAXIMBHM JUIsl BU3HAUCHHS JIOJI
wiitnam [27]. HacTynHuM TOCUTh MOIMIMPEHUN MO-
TUB y MepexXi — MpOTeTH—IPOTETHOBA B3AaEMOIIs
MK T®D, gKi 3B’SI3yI0ThCA 3 BiJAAJIEHUMH MiX CO-
ooro ginsakamu JIHK, nanpuknazn, guctanbHUMU
1 mIpokcUMaJIbHUMU paiioHamu. Lle criiB3ByuHe imei
mono BunenmioBanHs JIHK mis ¢iznunoro 307u-
JKCHHS TUCTAJIBHOTO 1 MPOKCHMAJIBHOTO PAaHOHIB i
YTBOPEHHSI 3arajlbHOr0 TPAaHCKPHUIILIHHOTO pery-
naTtopHoro komriekcy. CyTTeBo, mo i MikpoPHK
MEPEBAXKHO 3B’SI3yI0ThCs 3 Aumepamu Td, a Takox
13 MPOKCUMAJIbHUMH 1 AUCTATBHUMHU PETYIISTOPAMHU
OJTHOTO 1 TOT'O CaMOTr0 T'eHa, 1, TAKUM YHHOM, OJ[pa-
3y 3a PI3HMMH HampsIMKaM{d BHKJIIOYAIOTh HOTO
ekcrpecito. I, HapemiTi, MOTHUB aBTOperymsmii (y 28
3 119 ¢paxkropiB), ikuii yacTile MOB’sI3aHUM 3 perpe-
CHBHOIO (DyHKIi€I0 1 Mae Oinplue MilleHEeH cepen
nporeinHekoaytounx PHK, mix T, mozbarieni
MOTHBIB aBTOpPErYJISIIil.

Anenv-cneyugiune 36s3y6anns T® i arenv-
cneyugiuna excnpecis eenig-minieHent

Jns Toro, mo6 BU3HAYHUTH SK PETYIIOETHCS
EKCIIpecisi TeHIB 13 TeTePO3UTOTHUM OJIHOHYKJIEO-
TUJTHUM ToiMopdizMom, st kKoskHOro Td okpec-
TUIA HaOlp PEeryJboBaHUX HHUM TETEPO3ZUTOTHUX
T'eHIB, aJIeJIb, 3 KOO BiH 3B’SI3y€ThCA, 1 aJIeITh, 3 IKOTO
BiJI0OyBa€ThCA TPAHCKPHIIIisL. BusBuiocs, mo neski
T® 3B’I3y10THCS IEPEBAYKHO 3 MATEPHHCHKUM a00 3
0aTbKiBCHKUM aJiesieM. BiloBiIHO € TeTepO3UTOTHI
TeHH, 5K perymoroThes Td, Mo 3B’ 13yI0ThCS 3 Of1-
HAKOBOIO YaCTOTOIO SIK 13 0aThbKIBCHKHM, TaK 1 3 Ma-
TepruHChbKUM aseneM. Yum Oinbire T, 3agisHux B
aNeb-CreuGIgHIi PETyAIii IEBHOTO TEeHY, TUM
KOOPJIMHAIIISI MIJK €KCIIPECIEI0 TeHIB 1 3B’S13yBaHHSIM
(akTopiB 13 MaTEPUHCHKUM YU OATHKIBCHKHM aje-
JIeM 3pOCTaE.
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Cenexyisn 6 konmexcmi mepedici T®

I'enn, sIKi PpEryjiIOIOTBCS OUIBIIMM — YHC-
gom T®, 3HaX0OmATbCSA MiA CHIIBHILIOK HETaTHB-
HOI0 CEIEKIli€r0. Y TOM caMui yac, 4uM OiJIbIie
MmiteHei Mae Toi yu iHmui TD, TUM BiH OLIBIIO0
MIpOI0 Mignajae miJ HEraTHUBHY CEJEKIIilo.
dakTopaMH, 3a SIKHMH OL[HIOETHCS  BILJIUB
cellekil, € CHIBBIAHOIIEHHS HECHHOHIMIYHHUX 0
CHHOHIMIYHUX OJHOHYKJICOTUJHUX MOJIIMOP(i3MiB
1 TI'ycTHHAa HECHMHOHIMIYHUX OJHOHYKJICOTHIHHX
noxiMopdizmiB. UnM MeHII i BETUYHHH, THM
OiJbIlIe THCK HETATHBHOI CEJIEKIIi] B €BOJIONII.

[ikaBo, mo micis 38’13yBanHs TD, 110 BUSIB-
JSOTH ajieflbHy crenu(iqHicTh, 3HAXOAATHC Mij
MEHIIUM HETaTUBHUM THUCKOM MOPIBHSHO 3 THMH,
1o i1 He BUSBISAIOTH, TOOTO T'YCTHHA OAHOHYKJICO-
TUIHUX TOTIMOP(}i3MIB y HUX BHIIA 32 1HIII.

Takum 4YMHOM, [JpPYTMil €Tall BHKOHAH-
Ha npoekty «Encode» 3akinueno. OpepikaHo
0e3y1i4 HOBUX JaHHX, PO3POOJICHO YMCIEHHI HOBI
METOAMYHI MiAXOAH 1 cPOPMYJILOBAHO MPUHIIUITH
¢yukuionyBanHs Mmepexi T® paszom i3 Mmepexa-
mu MikpoPHK, npotein—npoTeiHoBUX B3aeMoiil i
¢dochopunomy. BusBiieHo 3arajibHi XapakTepUCTH-
KM MEpexX, sIKi € THIIOBUMHU JIJIsi €BKApIOTiB 1 AJIs
JIOIMHY, 30Kpema. TpeTiil eTan mpoeKTy TpuBae.

[MapanensHo 3 mpoekToM «Encode» BuKO-
nyBaBcs npoext «modEncode». Moro meroro
OyJI0O CTBOPUTH EHIMKJIONEil0 (yHKIIOHATBHUX
enementiB s C. elegans [28] i D. melanogaster
[29]. Horo Buuepmmi pesyasTaTH OMyOGIiKOBaHO
y 2010 p. [muB. Omnor http://blog.modencode.org/
papers].

Bukonanns mnpoekty «Encode» € sckpa-
BUM MPUKIAJOM CIIBPOOITHUITBA MOJIEKYJISIP-
HHUX OiOJIOTiB, MaTeMaTHKiB, OioiH(pOpPMAaTUKIB,
Kl 00’¢aHAIX CBOI METOMOJIOITYHI IIAXOAH OISt
OZIcp>)KaHHA SIKICHO HOBUX pe3yJbTaTiB 1 HaJaHHs
BIJILHOTO JOCTYMY AJIsI KOPUCTYBAaHHSI HUMHU.

Post Scriptum

Cucremna Oiororist B YKpaiHi SK HOBHIl Ha-
MPSIM JOCIIDKEHHS TiTBKH-HO TIOYHMHAE BHOKPEM-
moBatucs. Y depsHi 2009 p. y Binaiiai MexaHI3MiB
TpaHcisAii  reHetndHoi  iHopmamii  (3aB.
Bimimom akan. HAHY I. B. €nncpka) [ncTHTYTY
MOJIEKYJISIpHOI Oiojorii 1 reHeTuku HarioHamsHOT
akagemii Hayk YKpainm Oyjo opraHizoBaHO Tep-
my B YKpaini jaGoparopito crucTteMHOi Oiojorii.
3a yac iCHyBaHHS KOJIEKTHBY CTBOPEHO IIpO-
TpaMHHH TPOAYKT BCETCHOMHOTO TOIIYKY CaMTiB

14

3p’si3yBanHss T® Cotrasif (http:/biomed.org.ua/
COTRASIF/), Bnockonanenui Ensembl-meTon
PEKOHCTPYKIIIT MEpeXk TEeHHOI peryisiii, peKoH-
CTPYHOBaHO CTEXiOMETPUUYHY MOJENb (OIaTHOTO
UKy B IUIALEHTI JIFOJUHU, BU3HAYCHO MPOQiib
TeHHOI eKcIipecii B MEpBUHHUX TelaTonUTaxX Iypa
I1J1 BIUTUBOM KBa3i(i3ioioriuHux 103 iHTeppepony
anppa MeToooM TiOpuam3amii 3 MiKkpoapeeMm
onmironykaeotuaiB. I[IpomoBxkyerbesi poboTa 3
EKCIIePUMEHTAIBHOI MEPEBIPKU TEOPETUUHHX TIie-
pendadens [30]. [cTOTHHI MOWITOBX ISl PO3BUTKY
B YKpaiHi cucTeMHOI OioJorii, GioiHpopMaTUKH i
ii 3a0poBaJPKEHHS B MENMLUHY JaJI0 BUKOHAHHS
Jlep>kaBHOI 1iTbOBOT HAYKOBO-TEXHIYHOT IPOTrpamMu
13 BIPOBAJKEHHSI 1 3aCTOCYBaHHS I'PiJI-TEXHOJIOTIH
Ha 20092013 poku. IIporpama cmpusiza yaocko-
HaJICHHIO METOJIB PEKOHCTPYKIi Mepex T'€HHOI
perynsuii, 00poOKH 1 30epiraHHs B NEeKTPOHHOMY
BUJISIAI 1HAMBIAYaJIbHUX IAHUX MEIUYHOTrO 00CTe-
JKCHHSL.

Hes3Baxkaroum Ha BiACYTHICTH B YKpaiHi
MPHUIIAJIIB IS MIPOBEACHHS MacHITaOHUX
EKCIIEPHMEHTIB, 1CHY€ MOXKJIUBICTH IpAalOBaTH 3
YHUCJICHHUMHU 0a3aMu JaHWX, MPOBOIUTH TaKi eKc-
MEPUMEHTH B CIIBIpali 3 1HO3EMHUMH KOJIETaMH,
BUMTHCH aHAJI3yBaTH 1 00OpOOIISITH TaKi pe3yJbTaTh
1, HapeITi, BUBYUTH CIEIH(PIYHY MOBY CHCTEMHO]
Oiosorii, 0e3 3HaHHS SKOI HABITh CBITOBI 3100yTKHU
He € 3po3yminuMu. Bee 1ie motpelye yacy, 3ycuiib
1 aKTUBHOI CHiBOpali 3 MPeJCTaBHUKAMH TOYHHUX
Hayk. ¥ Kuesi QpyHKUIOHYIOTH [HCTUTYT BHCOKHX
TEXHOJIOTiH 1 (QakynbreT OiOMEeIUYHOro 00JaI-
HaHHs B [lomiTexHIYHOMY IHCTHUTYTI, SIKi MOXYTb
OyTH 3aJy4YeHUMH JIO TaKMX MounHaHb. [loTpiOHO
TOpPYBATH TOHM LUISIX, SKUH MPOUIIIN 1HIIT KpaTHH —
BUXOBYBATH KaJpH, BBOAUTH AUCLHUIUIIHY Yy BHILI
HAyKOBI 3aKiajg, acmipantypy (auB. JlomoBinb
KopoutiBchkoi akaiemii TeXHIYHUX HAyK i AKajeMii
MenuYHuX Hayk, Benuka Bputanis, 2007; http:/
www3.imperial.ac.uk/pls/ portallive/docs/1/
23357696.PDF), abu He 3aiUIIMTHCS HaBIK Ha Ja-
JIEKOMY y30i94i.

CBIT pyXaeThCsl BEpel BEICTEHCHbKIMH KPO-
kamu. Tak,y HimeduunHizanigTpuMku MinicTepcTBa
OCBITH 1 HAyKH BUKOHYEThCsl TpoeKT «Virtual Liver
Networky». Floro MeTa — CTBOpUTH IHHAMi4HY MO-
JeNb TEYiHKH, siKa O BigTBOproBana Mop(ooriio,
(GYHKIIOHYBaHHS OpraHa IJISIXOM  iHTerpanmii
KUIBKICHUX JaHUX 3 YCiX piBHIB HOro opraizarii
[http:/www.virtual-liver.de/wordpress/en/2010/06/].
B Amepuui B mtati Oraiio BUKOHYETHCS MIJIOTHUN
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npoekt «4P medicine» — Predictive, Preventive,
Personalized and Participatory, mo 3anpoBaaxeHui
3 METOIO IPOTHO3YBAaTH 1 MOMEPE/IKYBAaTH 3aXBOPIO-
BaHHS Y KOHKPETHOI JIFOJMHU 3a CHIBYyYacTi camoi
JIOIMHU Y 30epekeHH1 BIacHOro 310poB’s. [IpoekT
peanizyeThCs 32 BUKOPUCTAHHS I'eHO- 1 (peHOTHITy-
BaHHS KOXXHOTO iHAMBiAyyma. Lls mporpama 3a-
npornoHoBana noktopoM Jlepoem Xymom (Leroy
Hood, MD, PhD), npe3usieHTOM i ClliB3aCHOBHUKOM
Incruryty cucremnoi OGiomorii (Cietn, CIIA),
BHHAX1THUKOM aBTOMAaTH30BaHOT'O CEKBEHYBaHHS i
cunresy [JHK. BapricTe reHOTHNYBaHHS CTPIMKO
najiae i BKe HUHI MOKHA BU3HAYUTH YUCIICHHI PH-
3MKHU PO3MOBCIOIKEHUX 3aXBOPIOBAHb, HAIPUKIIA,
paKy MOJIOUHOI 3aJio3M, XBOpoOHM AubLreimepa
torro sutie 3a 100$ (kommanist 23andMe - Mountain
View, California). CymicHuii aHaini3 pe3yibTaTiB
KiJIbKOX BCET€HOMHHMX TMPOEKTIB 1 JOCIIIKEeHb, 110
MPOBOISITHCS. HA CHOT'OJIHI, HAa/Ia€ BEJIMKI HAIT JJIst
inenTudikanii (QyHKIIOHATBHUX EJIEMEHTIB Te-
HOMY, Ha SIKi MpUNaAaloTh BapiaOenbHi NINSHKH,
MOB’3aHi 13 3araJlbHUMHU XBOpOoOaMu 1 BU3HAYEHI
y BCET€HOMHOMY JAOCIIiJKEeHHI acomianiii (Genome
Wide Association Study, GWAS). Lle Tinbku KopoT-
KUH, JTOBUTBHUI MEpeTiK NesIKUX MEPCIESKTHB PO3-
BUTKY CHCTEMHOI Oiosorii, i yKpaiHChKi HayKOBIIi
HE MalOTh 3aJIUIIATUCS OCTOPOHb.

CUCTEMHAS BUOJIOT' U
N IMPOEKT «ENCODE»

M. IO. Obonenckas

WHCTUTYT MONICKYIISIpHOM OHOJIOTHH
u renetuku HAH Ykpaunsl, Kues;
e-mail: m.obolenska@gmail.com

B 0030pe naercs nepBoHavyanbHOE IMPEACTAB-
JICHHE OTHOCUTEJIBHO MCTOKOB CHCTEMHOH OmoIIo-
UM, NPEINOCHIIOK ISl €€ BBIJICJICHUS B OTACIb-
HYI0 HayKy, OCBEIIAIOTCS OCHOBHBIC IPHUHLIHUIIBI
CHCTEMHOH OMOJIOTHH, 0COOEHHOCTH METOJOJIOTUU
1 JOCTHXKEHUS B UCCIIEIOBAaHNN (DyHKLIMOHAIBHBIX
3JIEMEHTOB I'€HOMA YeJIOBEKa M CIIOCOO0B UX KOOP-
JUHUPOBAHHOM M nudepeHInpoBaHHON peryss-
uun. IlpuBoguTcs Kparkasi xapakTepucTuka (GyHk-
LUOHAJIBHBIX BJIEMEHTOB: NPOTEHHKOAUPYIOLINE
MOCJIEIOBATEIBHOCTH U TE€, KOTOpPbIE KOAHUPYIOT
PHK, HO He TpaHCIUPYIOTCS, TUIEPUYBCTBUTEb-
sble kK JIHKa3ze 1 yuactku, metunuposanneie CpG-
OCTPOBKH, MOAU(PHULIHPOBAHHBIE THCTOHBI U CIICIIH-
¢udeckas TpexMepHas CTPYKTypa XpOMaTHHA.
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IIpuBonsTCca CBEAEHUS OTHOCUTENBHO TOIOJIOTUU
CETU TPAHCKPUIIIIUOHHBIX (DAKTOPOB, €€ OCHOBHBIX
MOTHBOB, UEPApXHH, KOMOMHAIIMH, UX KOACCOIHa-
LU A OCOOEHHOCTEW HMX CBS3BIBAHUS C aJIE€Nb-
Crenu(pUIESCKUMHU MOCIIEI0BATEIIBHOCTIMHU.

KnioueBble cloBa: cucreMHas OHOJIO-
Ty, (I)YHKLII/IOHaJ'IBHI:IQ OJIEMCHTBI T'€HOMa, CCTb
TeHHOH peryiadanuu.

SYSTEM BIOLOGY AND THE PROJECT
ENCODE

M. Yu. Obolenskaya

Institute of Molecular Biology and Genetics,
National Academy of Sciences of Ukraine, Kyiv;
e-mail: m.obolenska@gmail.com

The goal of this review is to give an incipient
knowledge on the background of system biology,
the premises to its assignment as a new branch of
biology, its principles, methodology and its great
achievements in identification of functional elements
of human genome and regulation of their concordant
and differential activity. The short characteristics
of functional elements including the protein-cod-
ing sequences and those coding noncoding RNAs,
the DNAse 1 hypersensitivity sites and methyl-
ated CpG islets, modified histones and specific 3D
structure of chromatin, are represented. The topol-
ogy of transcription factors network with its main
motifs, hierarchy, combination and association of
transcription factors and their allelic specificity are
highlighted.

Key words: system biology, functional ele-
ments of genome, network of transcription factors.
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