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o SuquanrHoro o[rroneHTa Ha Ar4 c c eprarlrroHHyro pa6 ory
Branorpagoeoff Cserranrr Bna4uwrupoBHbr

Ha reMy: <llpegcra3aHr4e crpyKTypHbrx oJreMeHToe PHK c r4cnoJrb3oBaHr4eM

SKCnepv MeHTfLJIbHbIX AaHHbIX)>,

rrp eAcraBJreHHyro Ha c or4cKaHr4e yqeHofi creneHra

KaHAr4Aara 6uonorrrecKr{x HayK no crlerlr4aJrbuocru 03.01.09 <uarelrarr{qecKat

6uororu.fl , 6raozuQopMarr{Ka>

Ocuoenofi rleJrbro pa6orrr Bzuorpa4osoft CeerraHrr Bna4ranaupoBHhr 6:"lrra

pa:pa6oma MeroAa Arrfl yqera sKcrlepl4MeHTaJrbHhrx AaHHbrx rpta [peAcKa3aurrr{

nroprauuoft crpyKTypbr PHK. llossreuue rexHoJrornfi BbrcoKorrpor43BoArrreJrbHoro

ceKBeHI4pOBAIlIds. [pI4BeJrO K 3HarInTeJrbHOMy CHr4]KeHI4Io QTOr{MOCTr4 CeKBeHI4pOBaHI4.f,, qTO

B cBolo oqepeAb crzllro npu.ruuofi HaKorlJreuz.fl 6omruoro Korr4qecrBa uHSopnaaqvw o

reHoMax I4 TpaHcKpr4rrroMax )KI4BrIX opraHl43Moe. TaKlrra o6pa:ou MeroAbr, fro3BoJrrroqr4e

HaXOAI4TL (pyHKUlIOHaJIbHbIe gJIeMeHTbI Ha OCHoBe nepBI4r{HbIX AaHHbIX I4 c yqeTOM

I4Meloqr4xcr Ha 4aHuuft MoMeHT AaHHbrx, loryqeHHbrx c noMo[Ibro

BblcoKorlpor43BoAr4TeJrbHbrx gKcrrepr4MeHTaJlbHbrx MeroAoB KaK Hr{KorAa aKTyaurbHbr. C

eroft ro.rKrr 3peHr{r pa6ora Bznorpa4osofi CserraHrr Bna4ravrupoBHrr HaxoAr4Tc.f, B pycne

TeKyIrII4x reHAeHur4fr.vt gsrfl.erc-f, AocraroqHo eaxnoft B [paKTr,rqecKoM cMBIcJre.

OuenIa4no, qro rrpeAcKa3aHr{e rpocrpaHcrBeHHofi crpyKTypbr uonerynrr PHK

llcxoA8 ToJIbKo I43 TIOCJIeAOBaTeJIbHOCTI4 COCTaBI-qrOqI4X ee HyKJTeOTT4IOB flBJIfl.eTCfl B

KaKOM TO CMbrCJre BbrpO)KAeHHOfi Zagaqefr. C MHO)KeCTBOM paBHOBepO{THbrX peUrenUfi.

Tar<utt o6pasou rrcrroJrb3oBaHrre AorroJrHr4TeJrbHofi ran$opMaurrr4 o crpyKType PHK Moxer

Aarb ueo6xo4nurrfi ua6op orpaHrauenvfi, xoroprrfi nogbo,rzr rroBbrcr4Tb rorruocrb
rIpeAcKa3aHI4s. Ho ryr Hyxuo orMerl4Tb, qro cyqecrByroilIr4e 3Kcrrepr4MeHTilJrbuhre

MeroAI4Kr4 He Aaror unQopnraquz AocrarorrHoro KaqecrBa, qro6rr BBecrrr crporr4e

olpaHr4qeHvfllna crpyKTypy. Onnpaxcb Ha Hr4x Mbr Mox{eM ToJrbKo c olpeAeJreuHofi Aoneft

yBepeuHocrr4 roBopraTb o roM B KaKoM cocrorHr4r4 HaxoAr4Tcr ror r4Jrr4 uuoft HyKJreorrrA.

Kax MHe Kamerc.rr nara6omuefi sac,ryrofi aBTopa Aasuofi pa6oru flBils.erefl.

paspa6oranurrft [oAXoA, uosnor.f,rorqltfi c Aocraro.rHofi rz6rocruo, yqecrb

3Konepr4MeHTaJrbHr,re .4aHHbre prAa AocTaTorrHo rrrr4poKo pac[pocTpaHeHHbrx MeToAr4K



SHAPE-Seq 14 PARS npr'I rpeAcKa3aHI4I{ Bropl4'Iuofi crpyKrypbl PHK' llpuueu aBropoM

rrpeAnox(ena yuuouuupoBaHHa{ BeJII4!II4Ha Ha OCHOBe OUeHKI4, KOTOpat B IIpI4HUI4[e

rro3BoJrrlT o6seAr4HSrS pe3ynbrarbr HecKOJrbKr4X rIpI4HIII4rII4aJrbHO pa3HbIX

3KCrIepI4MeHTaJIbHbIX MeroAllK.

B xoAe BbrfroJrHeHUX pa6orrr aBTOpOM 6rUO IIOKa3aHO Ha OCHOBe HaXOA'IIIVXCtr B

orKpbIToM Aocry1le AaHHrIX, qro BTopI4qHat cTpyKrypa PHK in vivo se o6ssarertrHo

HaxoAr4Tc{ B OII'IIIMaJIbHOM C TOqKI'I 3peHl4f, TepMOAIIHaMIIKI4 COCTO',f,HI{[', KOTOpOe

rro3BoJlteT efi srrnolHtTb cBoro $yHrUuouiLJIbHyIo poJlb' Eruo rloKa3aHo' qTO 6eS

r{cnoJrb3oBaHl{t gKcrlepnMeHTanbHblx AaHHbIX AaHHyIo ocofieHHocTb PHK He yAaeTct

yqecrb B rlonHof Mepe.

flracceprarlr4oHHafl p a6 ora B ranorpa4oBofi c. B . I,Inreer Tp aAIIUI4OHHyIO CrpyKrypy'

Oua cocrovrT Lrs o6sopa nl4TepaTypbl, AByX nIaB' coAepll(aUIIX MeToAbI I{ pe3yIIbTaTbI'

B LIB OAbI I4 CTII4C OK I{ C[IOJIb3 O B aHHOfr JII4Tep aTyp 6I'

B rrase <o6sop Jrrrreparypbr)) aBTOpoM rrpr4BoAI4TCq OCHOBHbIe CBeAeHI{t o rlrflax

PHK, BBoA.flTc{ rIoH.f,TI4{ [epBl4rlHofi, eropnuHoft 14 IIpocTpaHcTBeHHoft cTpyKTyp PHK'

,{aerct o63op ocHoBHbIx MeToAoB npeAcKa3aHI{f BTopt{tlHofi crpyKTypbl PHK'

orrrrcbrBarorcr 3Kcrrepr4MeHTaJrbHbre MeroAbr Llr'yrrelufl BToputrHoft crpyrryprr IHK -
PARS, SHAPE, U DMS.

Bropar fJraBa <csoficrBa sKClepr4MeHTaJIbHbIX AaHHbIX)) nocB.slueHa ofII4CaHVlO

ocHoBH6rX oco6eHHocTefi gKcIIepuMeHTaJIbHbIX AaHH6IX. Anropol't 6ulu [poBeAeH

AHarrrrsAaHH6rX, [OnyrreHHbIX C IIoMOIIIbIO 3KcrIepI4MeHTaJIbHbIX MOTOAOB SHAPE' PARS

r4 nMC.llor<asaHrr rrx HeAOCTUTKLT,CAeTTaH BbrBoA O HeBO3MOX{HOCTI4 HelOcpeAcrBgHHOfO

r,rcrroJrb3oB a14fl, [a1Hbrx AJrr BHeoeHI4-tI crporl4x orpaHl4rleHLfir Ha rlpocrpaHcrBeHHyro

cTpyKTypy MoJreKynbr PHK. Ha ocHoBe sTOfO AHaJWr3a aBTOpOM BBOAI4TCS

yHr4Qr4IIr4pOBaHHa{ [nfl BCeX 3KCIIepLIMeHTa'tbHbIX MeTOAI4K KOrtI4qecTBeHHafl Mepa'

xapaKrepr3ylorqaq cTpyKTypHbIe cBoficTBa HyKJIeoTI{Aa Ha ocHoBe norapl4$Ma

orHollreHlrtr [paBAOrI O [06rrL.

ts rpeTbeft rJIaBe dlor'tctt cTpyKryp[poBaHHbIX yqacrKoB PHK) aBTopoM

orrr4cbrBaeTcf IIoAXOA IIO I4HTeIpauI4I4 3KClep[MeHTaJIbHbIX AaHHbIX B aJIfopI4TM

rrpeAcKa3aHrIfl npocTpaHcrBeHHofi cTpyKTyprr PHK RNA Surface' BeoAlarcq roHqTtae

nceBAocBo6oAnofi 3Hepfr4r4. Ha secrolbKl4x IIpI4Mepax noKa3aHa s0oeKTI4BHOCTb paooTbl

M oAI4 OI4III4p o B aHHo il B ep crrl4 rlp orp aMMrr RNAS urfac e'



O4uar<o, Ar4cceprarl vronnas. p a6 ora He JII4ITIeH a v p fl [a HeAocraTKoB.

ltrx o6oeHaqeHr-f, r43MepreMofi n pesyirbrare SHAPE oKc[epI{MeHTa BeJIkIqtrHbI

aBTop rrcrroJrb3yerrepMr{H ((peaKTr4BHocrbD, qro He Ka)Kerofl AocraroqHo yAaqHbIM. Eolee

rrpr4eMJreM 6rr.n 6u repMI4H (peaKIII4oHHat cloco6nocrr>.

B rercre rryHKTa 1.3.1 uprznoAr4Tcr puc. 1.4 rz ynasrrBaereL qro Ha HeM rIoKa3aH

npr4Mep pacr{era cso6oAHofi eueprzv 4lrfl. crpyKTypbl <<cre6elr - rlerns). Ha ueu

rrpr4BoAtrTcr 3HaqeHr4{ oneprr4fr.Itts.pa3JII{qHbIX yqacrKoB crpyKTypHoro gJIeMeHTa, Ho Her

HI4KaKIrx yxasauIaft KaKI{M o6pa:ou onv 6ruu noJlyqeHbl.

HaseaHrae rryHKTa 1.5.2 <lloJrHoreHoMHbre Kapru PHK> cJIeAoBil,'Io 6rr nasearr

<llonuorpaHcKpr4rrroMHhre Kaprbr PHK), TaK KaK anaJru3 c I4cnoJIb3oBaHIreM

SKcrrepr4MeHTitrbHbrx MeroAoB orrucaHHblx B groM rIyHKTe o6sopa Jll{Teparypbl

rrpoBoAr4TcflHa ypoBHe rloJrHofo rpaHcKplrlToMa, a He feHoMa.

Ha uofi nsrJrrA n o6eope nrrreparypbr HeAocraroqHo no4po6uo paccKa3aHo o

cyuecrByrorqr4x Ha Aasurrft MoMeHT BbrqprcJrr{TeJrbHrrx MeroAax rIpeAcKa3aHI4.t

BTopr4rrHofi crpyrryprr PHK c [crroJrb3oBanl4eM gKcneprrMeHTil]rbHblx IaHHrIX. A ulaeuuo

Ha crp. 36 npuno4rarcr SopuyJra rrJrJrrocrplrpyrcqar rroAXoA, r{crloJlb3yeurrft Beruratlotu,

Ho K coxaJreHr4[o, Her Hr4KaKr,rx o6rxcnesnir BeJrr4qI4H, BxoA-fl[Iux B AaHHyro Qopuyity.
Kar use Kairerc.rr oroMy Borrpocy cJreAoBztrro 6u yAennru 6omrue BHLIMaHITI, TaK KaK

pa6ora nocBrrrleHa KaK pa3 yryrrueHr.rro cyrqecrByrorlll4x MeroAoB I4MeHHo s eroft qacrvr.

B nynrre 2.1.1 onvcrrBaerc.f, 4na Qlurrpa rro froKpbrrlrro llcrloJlb3yeIurrt .4r.f,

or6opa o6paeqoe c yAoBnerBoprrrenr,HbrM KasecrBoM. lleprrrfi Sumrp yAaJlter re

TpaHcKpr4nrbr, Koropbre noKpbrBaJrr4cb B cpeAHeM MeHblIe qeu I pI4AoM, nropofi Ne

or6upan rpaHcKpr4rrrbr c MlrHr{MaJrbHbrM [oKpbrrr4eM 10. I4s reKcra He.lcHo 3arreM HyxeH

neprufi Sranrrp, TaK KaK nropofi BHocI4T 6olee crporlre olpaHnqeHut.

Ha puc. 2.2 npnveAeHbr pac[peAeJreuras PARS suaqeHzfr. lrls, pa3HbIX KJIaccoB

MoJreKyJr PHK. VIcxo[s. r43 opraHr43arJtrlr pI4cyHKa Mo]KHo 6rrro 6u upe4noJIo)KI4Tb, qro

aBTop xoreJr, qro6rr qr4TareJrb cMor cpaBHI4Tb I4x Apyr c ApyroM, Ho K co)KtLJIeHI4to, oHI4

npr.rBeAeHH B pa3Hbrx uacurra6ax, qro Aenaer cpaBHeHI4e 3arpyAHI4TeJIbHbIM. Ha

Beprr4KaJrbuofi ocvr Bcex [puBeAeHHbIX Ha AaHHoM prrcyHKe rpaQnr<oB orcyrcrByror

fIo.uIIucI4.

Ha pnc. 2.3 rryur,o/tflTcs. ROC Kpr4Bhre lr.q orIeHK[ KarlecrBa KJlaccl4Svxagvw

HyKJreorr4AoB Ha ocHoBe PARS pearrznnocrefi c I4crIoJIb3oBaHI4eM pa3HbIX



$ur<cuponaHHblx [opofoB. 3Ha.reuzs nopofoB 14 rrpr4Hrlrzrrbr r4x nrr6opa B TeKcre

Al4cceprallLrvH.e rIpI4BoI.lITcq. Toxe caMoe orHocr4Tcr xpuc.2.5,n r eu6opy noporon 4irr
xnaccra$rzKarlru Ha ocHoBe SHAPE peaKTr4BHocrr4.

Ha puc. 2.8 u grfl. 5', v rrrfl 3' o6racreft upuee4eHbr rro rpn rpaSuKa, r4cxoA-rr r43

KoHTeKcra coorBercrBytotlll4x pa3HBrM o6pasqanl, uo zusopMaur4ro o Hr4x aBTop He

rrpHBoArrT

Hapwc'2.9 awbupuc.2.l0 apt6no BeprrlKaJrbuoft ocz orJroxeHhr suaveHzx log-
cI{fHiLIIa, xor-f, HI4rAe B TeKcre Arrcceprarlr4r4 He BBoAr{Tc.f, AaHHoe rroH_f,Tue. Ha puc. 2.9 c
He yKa3aHo' qro orJloxteHo rlo Beprl4Kalluofi ocr4, a rarcKe B TeKcre Ar{cceprarlvrar He

yKa3aHo KaKI4M o6paeonr on 6rrrt fIoJIyqeH, yKa3blBaerc.{ ToJrbKo .rro 6rrr [poBeAeH aHalrrr3
nepl4oAl{qHocrl4, no r<ar<ofi I4MeHHo I43 TeKcra Arzcceprallnw ocrae-tcfl He rcHo.

Ha rpa0zrax,vrzolpaxeHHblx Hapva.3.2 o'rcyrcrByror rroArrrzcr4 Ha BeprrrKiurbHbrx
octx.

B pa6ore aBTop yKa3blBaer Ha HaJrurntre 3aBucr4Mocrr4 rrceBao-MC3 or MC3 z
rIoKpbITI4rI. laHnoe 3aMerlauue HaBoAI{T Ha MrIcJIL, rrro Irfl 3KcrIepI4MeHTaJIbHbrx
MeroAI4K' paccMarpl4BaeMblx n pa6ore Mo)Ker uMerb Mecro 3aBrrcr4Mocrb rroKpbrrprfl, or
MC3, I4Hr,IMII cJroBaMI4 oT rlpocrpaHcTBeHHoft crpyrryprr PHK. Onpe4enenue rarofi
3aBl4cl4Mocrn 6ruo 6rt ranrepecHo c [paKTl4qecKof ro.rnr4 3pe:azfl 14 rro3BoJrr4ro 6rr s
[epcrIeKTI4Be OIIeHI4Barb IpI{MeHI,IMOCTb rOfO r4Jrr4 r4HOrO SKclepr4MeHTilJrbHoro MeroAa K
pa3ubrM KJraccaM PHK.

HagsaHze [yHKTa 3.1.4 <llonuoreHoMnrrfi uoncK Ha ocHoBe oKcrreptaMeHTrlJrbHbrx

AaHHEID) HaBOAI4T Ha MEIOJIb o6 I4crIoJIb3oBaHLrvr paspa6oraHHoro rrpolpaMMHoro
odecneqeHLrfl rlrflrrolrcKa crpyKTypr4poBaHHbrx oJreMeHToB HerrocpeAcrBeHHo e reHoN4uofi
rIocJIeAoBareJIbHocrLI. Xorq I43 TeKcra AaHHoro pa3AeJra cKopee cJreAyer, rrro aBTopoM
6ru np ou3B eAeH aHaJr r43 -rracrtr rp aHcKpr4rrroM a.

He4ocrarKl4, rlpl4BeA€ngrre B or3brBe, 3arpyAH.rrrcT rrreHr4e r4 rloHr4Manne pa6orrr.
-O{uano, onvt HIrKorrM o6pasou He craB.rrr noA coMHeHr4e ee errcoKt4fi uayuurrfi ypoBeHb r4

He cHI4)KarcT 3HaqI'IMocTb [oJTyr{eHHhIX pe3yJ]braToB. IIwrlrr$tft BKJIaA cor4cKareJrt
HecoMHeHeH, a coAeplraHl4e orpaxeHo B AByx ny6lraxaqr4-flx rro reMe Ar4cceprarlr4rr.
Anrope$epar TIoJIHoIIeHHo orpalraer coAep)KaHr4e rvccryTa1trl^, .{racceprarlr4oHHat
pa6ora Buuorpa4onoft Cserraurr BragnuzpoBHbr "llpe4cxa^:aHrae crpyKTypHhrx
3JIeMeHToB PHK c I4cnoJIb3oBaHI4eM oKcrrepr4MeHTiurbHbrx 4aHHbrx" rBJr-f,erc.rr



3aKoHqeHHbIM HayrrHo-KBarI4QuuI4poBaHHbIM I4ccJreAoBaHveM 14 coorBercrByer BceM
rpe6onaHuxM "lloro)KeHrrr o [oprlKe [pr4cyixAeHr4rr yrreHbrx crerreHeft", yrnepxAeHHoro
flocraHouleHl4eM llpanzrelrcrBa P@ or 24 cesrx6pn2013 r. Ns842. Apop 3acrryl*r'Baer
trpI4cPKAeHI'It yqeHofi crenenr4 Ka:r.!.vr\ara 6uororr4qecKr4x HayK rro c[euvrlJrbHocrr4
0 3 . 0 1 . 0 9 - "naareMarrlqecKa-f, 6[oror wx, 6uottw@ opnaarura?,.

KaHAr4Aar Qra:zr<o-naareMarr,rqecKlrx HayK,

Hayuurrft corpyAHr{K
I a6 op aropl{I4 cl4creMu ofi 6uono rr4vr v Bbrqr4 c Jrr4Temuofi reHerr4Kr4

o e4ep zumHoro rocyAap crB eHHoro 6ro4xerHo ro yqp exAeH vfl r,ay r<rr

Irlncrzryra o6rqefi reHerr4Kr4 nu. H. LLBanutola
Po c cu ft cr<ofi ara4eu nw nay x(IAOf eu pAH)
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