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AHAJIM3 TPAHCKPHUIITOMA MATEPUHCKOM IVIA3MBI C IIPUMEHEHHUEM
MACCHUBHOI'O ITAPAJJIEJIBHOI'O CEKBEHMPOBAHMUW A PHK

IlepexpecTHble CCBUIKM HA POACTBEHHBIE 3as1BKU

Hacrosmas 3asBka MCIpPAIIMBAE€T MPUOPUTET IO MNPEABAPUTENILHON 3asiBKE HA MATEHT
CIIIA Ne 61/770985, osarmaenennoii «AHAJIU3 TPAHCKPHUIITOMA MATEPHHCKOU
ITJTA3MbI C ITPUMEHEHWUEM MACCHBHOI'O ITAPAJIJIEJIBHOI'O
CEKBEHMPOBAHHMA PHK» u mnomannoit 28 ¢espans 2013 r., koTopas BKIIOYEHAa B
HACTOSIIIUI JOKYMEHT ITOCPEICTBOM CCBUIKH IS JTFOOBIX LETeH.

Ob6nacTh TEXHUKH

Coobmanocs o0 cymecTBoBaHuM BHeKkiIeTouHbIX Mosekyn PHK, cnemmpuueckux nms
OepemeHHOCTH, B MaTepuHckod miuasme. OHu oOecneymsin HEHMHBA3WBHBIA HHCTPYMEHT
TECTUPOBAHUS ISl OLIEHKU COCTOSTHMS IUIOJIa M MOHUTOPHUHIAa OEPEeMEHHOCTH C HCIOJIb30BAaHHEM
npocto obpasua nepudepuyeckoii kposu marepu. K Hacrosmemy BpemMeHH pa3palboTaH psin
NEePCNEKTUBHBIX BAPUAHTOB NpPEHATalIbHON AuarHocTuku ¢ npumeHeHuem PHK marepunckoit
miasmel. Mcenenosarenu aktuBHO uckanu pononHurenbHble PHK-Mapkeps! ana pacmmpenus
BO3MOKHOCTEM NPUMEHEHUS B Pa3JWYHBIX KOHTEKCTaX HAPYIUEHUH y IUIOJAa M MNAaTOJOTUi
OepeMEeHHOCTH.

Teopernuecku, cambiM TpsiMbiM criocobom uaentudukamu PHK-mapkepoB siBisiercs
npsimoe npoduupoBaHne BHeKeTouHbIX Moyekysnl PHK B marepunckoii mnasme. Opnako
yKa3aHHbBIN CIIOCO0 HE MPOCT, MOCKOJIbKY CTAHAAPTHBIE TEXHOJIOTUH BBICOKOITPOU3BOIUTEILHOTO
CKpUHHHIA, TaKW€ KaK MMKPOMATPUYHBIM aHAIW3 M CEPUMHBIN aHAIN3 3SKCIPECCUU TI'E€HOB
(SAGE) o0OnagaroT OrpaHHYEHHOW CIOCOOHOCTBIO JIETEKTHPOBATh SIBJSIOLIUECS OOBIMHO
HU3KMMU KOHLIEHTpaLMU YaCTUYHO pa3pylueHHbIX BHekJIeTouHbix PHK B MaTepuHCckoll minasme.
[TosTomy OOJBIIMHCTBO OMMUCAaHHBIX crTparernii ckpuHuHra Ha PHK-mapkeper pabortaror
HETPsIMO, 32 CYET CPAaBHEHUs MpOoQuiIel SKCIPECCUU TUIALICHTHI U KJIIETOK MAaTEPUHCKON KPOBH.
Tonpko TPaHCKPUNTHI, YPOBHU SKCIPECCUM KOTOPBIX 3HAUUTENIBHO BBIIE B IJIALIEHTE, Y€M B
KJIETKaX MAaTEPUHCKOW KPOBH, B MOCIEAYIOIIEM HCCIEAYIOTCS B 00pa3ax MaTepUHCKOHN IIa3Ms
C MPUMEHEHHEM BbICOKOUYBCTBUTENbHBIX, HO HU3KONIPOU3BOIUTENbHBIX TEXHOJIOTUHN, TAKUX KaK
I[P B peanbHOM BpemeHu ¢ oOpartHoi Tpanckpunraszoii (OT-IILIP). Yucno PHK-mapkepos
IUIa3Mbl, MACHTU(UIUPYEMBbIX yYKAa3aHHBIM HEMPSMBbIM CIIOCOOOM, A0 CHX TOP OTHOCHTEIBHO
OrPaHUYEHO. JTO, BO3MOXHO, OOYCIIOBJIEHO T€M, YTO B OCHOBAHHOH Ha TKaHIX CTpaTeruu
NOJTYYEHHUS TAHHBIX MOJHOCTBIO HE YUUTHIBAIHNCH BCE OMOJOrHyecKue (HakTOphl, OKA3bIBAIOIINE

BIUsiHHE Ha ypoBHHM IutaneHtapHoi PHK B marepunckoil nmnasme. Kpome TOro, TpaHCKpUNTEL,
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KOTOpbIE SKCIPECCUPYIOTCSI M BBICBOOOXKIAIOTCS HEIIALIGHTAPHBIMU TKAHSIMH B OTBET HA
OepeMeHHOCTb, He MOTYT ObITh WACHTU(HUIMPOBAHBI yKa3aHHbIM criocoboM. Takum oOpazom,
Obut0 OBl OYEHb >KENATENbHBIM IOJYYUT UYBCTBHUTENBHYI0 U BBICOKONPOU3BOAHTEIBHYIO
METOMKY, TIO3BOJSIIOINYI0  OCYLIECTBISATH TNPsIMOE  NPOQUIMPOBAHUE  TPAHCKPUIITOMA
MAaTE€PUHCKOH IJIa3MBbl.

AnanornusnbiM oOpaszoMm, mpsimoe mnpodunuposanve PHK mimasmel MOXeT HaxOguTh
NPUMEHEHUE B JAPYIUX YCIOBMAX, TIAe NpuUCyTCTByeT cMmech Monekya PHK or nByx
UHAUBUIYYMOB, HampuMep, TMpU TpaHCIJIaHTauuu opraHoB. KpoBOTOk  peuunueHTa
TPAHCIUJIAHTALUU COAEPKUT MOJIEKYJIbI HYKJIEHMHOBBIX KHCJIOT KaK JOHOPA, TaK U YKa3aHHOIO
peunnuenrta. Usmenenne orHocurenbHoro npoduinst monekyn PHK, npoucxopsamux ot moHopa
WIN OT PELUIHUEHTa, MOXET IO3BOJATh OOHApy)KeHHE MATOJIOTHH B TPAHCIJIAHTUPOBAHHOM
OpraHe WiH y peLUNUeHTa, HalpuMep, OTTOP>KEHUE TPAHCIIAHTaTa.

Kpartkoe onucanue nzodpereHus

IIpennoxenbl crnocoObl, CUCTEMbl M YCTPOWMCTBA ISl JUArHOCTUKU CBSI3QHHBIX C
OepeMEeHHOCTBIO HapyIIEHWH, ONpeieeH sI OTHOWIEHUH aJUIeNInii, ONpPeaeNeHNs] MaTepUHCKOTO
WIN IJIOAHOTO BKJIaJa B LIMPKYJIHPYIOIINE TPAHCKPUNTHI W/WIN HASHTU(PHUKALUN MATEPUHCKUX
WIN IJIOAHBIX MapKepoB C NMPUMEHeHHeM oOpasla MOJIyueHHOro OT cyObekTa — OepeMeHHOM
eHIHbI. COrNIacCHO HEKOTOPbIM BapHaHTAM peaM3allid yKa3aHHBbIA oOpasel mpencTaBiieH
IU1a3MOM KpOBH, cofepakainei cMech mojekya PHK, npoucxoasmmx oT MaTepu U OT IIIOAA.

Monekynet PHK wuccienyror (Hampumep, CEKBEHHPYIOT) M TOJYHYAKOT COBOKYITHOCTB
pUIOB, ¥  WACHTUQHUUUPYIOT  TOJOXKEHHS  YKa3aHHbIX PHIOB B  pedepeHCHOH
MOCJIEIOBATEIbHOCTH (Hampumep, yTeM BbIPABHUBAHUS MOCJIeIOBATEIBHOCTEN).
UnentnpuimpyoT nHPOPMATUBHBIE JIOKYChl, TOMO3UTOTHBIE 110 TIEPBOMY AJUIEITIO Y MAaTE€PH HUJIH
y IIOAA, U T€TEPO3UTOTHBIE MO MEPBOMY AJIIENII0 M BTOPOMY AJUIEII0 y APYTOrO U3 MAaTepu U
wiona. 3aTteM OTOMpPAOT WH(POPMATHUBHBIC JIOKYChl, M OMOJHUTEIbHO AHAIU3UPYIOT PHUIBIL,
pAacIoNOKeHHbIE B OTOOpPAaHHBIX MH(OPMATHBHBIX JIOKyCax (HAIpUMep, BBIPABHUBAEMbBIE IO
HiM). COrJlacHO HEKOTOPBIM BapHAaHTaM peasu3allil OTHOLIEHHE PUAOB, COOTBETCTBYIOIIMX
NEPBBIM AJUIENIAM U BTOPBIM aJUIEJISIM, BBIYMCISAIOT U CPABHUBAIOT C MOPOTrOBBIM 3HAYEHUEM JIJIS
IMAarHOCTHPOBAHUSL CBSI3AHHOTO C OepeMeHHOCThIO paccTpoiicTBa. COryiacHO HEKOTOPBIM
BapuaHTam peanusauuu yactu PHK B oOpasue, mpoucxomsmmue OT IUIOAA, ONPEACISIOT C
NPUMEHEHHEM PUIOB, PACIIONIOKEHHBIX B OTOOPAaHHBIX HH)OPMATHBHBIX MATEPUHCKUX JIOKYCaX.
CornacHO HEKOTOPBIM BapHaHTaM peaju3allii OTHOLIEHHE PUIOB, COOTBETCTBYIOLIUX MEPBOMY
AJJIESTF0 ¥ BTOPOMY QJUIEITIO, BBIYUCISIOT AJIs1 HHANBUY aJIbHOTO OTOOPaHHOTO MH(OPMATHBHOTO
JIOKyCa, M YKa3aHHO€ OTHOLIEHUE CPAaBHUBAKT C IMOPOTOBBIM 3HAYEHHUEM Uil ONpPENeSICHUs

YKa3aHHOrI'O JIOKyCa KaK MaTCPUHCKOr0O UJIH INIOAHOIO MapKeEpa.
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[IprMeHeHne NpeaIoKeHHBIX CIIOCOOOB HE OTPaHUYEHO NMPEHATATBbHOW THATHOCTUKOM;
OHU MOTYT NPUMEHSITBCS IJIsl JTEOOOro OHMOJOrHYecKOoro oOpasma, KOTOPBIA COAEPKHUT CMECh
mosiexkyn PHK, mpoucxopsimux oT nByX MHAMBUAYyMOB. Hampumep, MOXET HMCIONb30BATHCS
oOpaszeny IUIa3Mbl KPOBH, TIIOJNYYEHHBIH OT pPELUIHEHTAa TPAHCIUIAHTHPOBAHHOIO OpraHa.
TpaHCKpUNTEIL, HKCIIPECCUPYEMbIE B TPAHCIUIAHTUPOBAHHOM OpraHe, OTPakatoT T'€HOTUIT JOHOpa
U TPUCYTCTBYIOT HA JAETEKTHUPYEMBIX YPOBHsSX B KpoBu peuunueHta. Ilpum cuutbiBaHuU
YKa3aHHBIX TPAHCKPHUIITOB MOTYT OBbITh HACHTU(PHUINPOBAHBI HHPOPMATHUBHBIE JJOKYCHI B COCTAaBE
I'€HOB, JSKCIIPECCUPYEMBIX KaK JOHOPOM, TaK M PELUNHEHTOM, U MOIYyT ObITh H3MEPEHbI
OTHOCHUTEJIbHBIE YPOBHU 3KCIPECCUU aJlIeNIel OT KasKAOro MHAWBUAYYMa. AHOMAaNbHbIE YPOBHU
3KCIIPECCUM aJjIeNis, MPOUCXOSINEr0 TOJNbKO OT JOHOPA MM TOJBKO OT PELUIUEHTa, MOTYT
UCITIOJIB30BaThCs AJIs1 AMArHOCTUPOBAHUS CBA3AHHBIX C TPAHCILJIAHTALUEN PacCTPONCTB.

buonornyeckue oOpasLpl, KOTOpblE NOAXONAT Ul NPUMEHEHUS B MPEJIOKEHHBIX
crniocobax, BKJIIOYAIOT KPOBb, TIA3MY, CBIBOPOTKY, MOYY, CIIIOHY U 00pasubl Tkanu. Hanpumep,
IUIOZHbIE HYKJIEMHOBBIE KHCJIOTBI OOHApY>XMBadH B MoOue OepeMeHHbIX >KeHIIuH. Moua
PELMIUEHTOB TPAHCIUIAHTALIMM IO4YeK, Kak ObUIO TI0Ka3aHO, COAEPKUT OeCKIeTOUHbIE
HyKJIEMHOBbIE KHCJIOTBI W KJIETKM M3 TPAHCIUIAHTHPOBAHHOTO OpraHa. B pa3sHooOpasHbIx
YCIOBUSIX HAOMIOAANCs MHUKPOXUMEPH3M. MHUKPOXHMEPU3M OTHOCUTCS K HPUCYTCTBHUIO
UCTOYHMKA KJIETOK WJIM HYKJIEMHOBBIX KHUCJIOT APYrOro MHAWBUAYYMAa B OpraHU3MeE, BKJIHOYAsi
OpraHbl M TKaHH KOHKPETHOrO MHAMBHAyyMa. MUKpOXHMepu3M HalJromaics B Ouonrarax
TKaHEeW IIUTOBUIHOW >KeJe3bl, TIeUEHH, CEJIE3eHKH, KOXH, KOCTHOTO MO3Ta U JAPYTHUX TKaHeM.
MukpoxuMepr3M MOXKET BO3HUKaThb B pe3yjbTaTe MPEAbIAYIIUX OepEeMEHHOCTeH WM
nepeauBaHus KPOBH.

Takoke npenioKeHo MPUMEHEHHE TeHa ISl AUATHOCTHKH CBSI3AHHOTO ¢ OEPEeMEHHOCTHIO
paccTpoiicTBa y cyObekTa — OepeMEeHHOH JKEHIIUHBL YPOBEHb HKCIPECCHH YKAa3aHHOTO T'eHa
CPaBHMUBAIOT C KOHTPOJbHBIM 3HAUE€HHUEM, ONPEIENEHHbIM MO OJHOM WJIU HECKOJbKUM JPYTHUM
CyObeKTaM->KEHIUHAM, Kak[gasi U3 KOTOPBIX OepeMeHHa 310pOBbIM IiofoM. CBsi3aHHBIE C
OepeMEHHOCTBI0 HAapPYyIIEHHUs] COTJIACHO HACTOSILEMY IOKYMEHTY BKJFOUAIOT MPEIKIAMIICHIO,
BHYTPHYTPOOHYIO 3aJepKKy POCTa, MHBA3HBHYIO IUIALICHTALIMIO M TPEXKIEBPEMEHHBIE POJIBL
Jlpyrue cBsi3aHHbIE C OEPEMEHHOCTBIO HAPYIICHHS MOTYT MPENCTAaBJSATE COOOW COCTOSIHHA,
o0ycCJaBIuBarOIINe PUCK THOETH TUIONA, TAKHUE KaK TeMOJIMTHYECKasi 00JIe3Hb HOBOPOXKICHHBIX,
IUIaLleHTapHass HeJOCTaTOYHOCTb, BOJASHKA IUIOZAA, MOPOKM pas3BUTHsl Iuiofa. Takke apyrue
CBsI3aHHBIE C OEpeMEHHOCThIO 3a00NeBaHHs MOTYT OBITh TPENCTABJIEH COCTOSIHHUSMH,
NPUBOIAIIMMU K OCJOXXHEHHSIM BO BpeMsi OepeMeHHOCTH, TakuMu kak cuHapom HELLP,
CHCTEMHasl KpacHasi BOJTYaHKA U IPYTHe UMMYHOJIOTHUECKUE 3a00JIEBAaHMSI MATEPH.

Kpartkoe onucanue ueprexen
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Ha ¢ur. 1 nokasaHa mMONOKHUTENbHAST B3aUMOCBSI3b AJUIENILHOTO OTHOMIeHHWsT B/A u
OTHOCHUTEJIbHBIX YPOBHEH JKCIPECCMH COOTBETCTBYIOIIMX TI€HOB B IUIALEHTE M KIETKax
MaTEPUHCKON KPOBHU.

Ha ¢ur. 2 nokasana B3auMOCBsI3b O0IIEro YPOBHS T€HHOW SKCIPECCHH U OTHOCUTEIIbHBIX
YPOBHEH 3KCIPECCUN T'€HOB B IUIALIEHTE U KJIETKaX MaTEPUHCKON KPOBH.

Ha ¢ur. 3 B rpaduueckom BHIe mpencTaBieHbl COCOOBI JUATHOCTUKU CBSI3aHHOTO C
OepeMEHHOCTBIO Hapy LIEHMSI.

Ha ¢ur. 4 u 5 nokazanel 0000ImEHHbIE PE3YIbTAThl BBIPABHUBAHKS PUIOB ITOJyUYEHHBIX
npu cexksenuposanuu PHK.

Ha ¢ur. 6 npencrasnens! naHHble cekBeHupoBanus PHK u3 mimasmel kpoBu Ui ABYX
unuBuayymoB. Ha ¢ur. 6A mnpencrasneHo mnpoueHtHoe pacnpenenenne GC B pupax
nocienoBarenbHocTed npu cekBenupoBanun PHK-Oubnuorek M9356P (¢ mpenBaputenbHOM
obpabotkoit Ribo-Zero Gold) u M9415P (6e3 npensapurensHoii 00pabotku Ribo-Zero Gold).
Ha ¢ur. 6B nokaszana koppessiuus npoduiieil renHol skcnpeccun M9356P u M9415P.

Ha ¢ur. 7 nokasansl amnenbHble oTtHomeHuss PHK-SNP u 3aBucumocts 00mmx
KOHUeHTpauui pasHbix PHK-TpanckpunToB B MaTE€pUHCKOH IUIa3M€ OT OTHOCHUTEJbHBIX
YPOBHEH 3KCIPECCHH B TKaHsIX (TUIALIEHTA/KJIETKU KPOBH).

Ha ¢ur. 8 nokazans! ayuenbhbie oTHoeHus: PHK-SNP u 3aBucuMocTb 00INX ypOBHEH
B IUIa3Me Pa3HbIX I'€HOB, coaep:kammx uH@popmatuBHbie SNP, OT OTHOCHTENBHOTO YPOBHS
SKCIPECCUU B TKAHSX (KJIETKH KPOBH/TUIALIEHTA).

Ha ¢ur. 9 nokasaner ayuienbabie oTHomeHus: PHK-SNP nnst cneunuyeckux miomHbIX
anneneit SNP u npusenens! ypoHu 3kcnipeccud PHK-TpaHCckpunToB, conepikaiux yKka3aHHbIE
ajuieny, B MaTEpUHCKOH TIa3Me.

Ha ¢ur. 10 mnokasanbl amtenbHble oTHomeHuss PHK-SNP nns cneumgudeckux
MatepuHckux ajuieneit SNP npusenens! yposHu skcnpeccun PHK-tpanckpuntos, copep:kammux
yKa3aHHbIE aJlJIeNIi, B MAaTEPUHCKOM MiazMe.

Ha ¢wur. 11 mpencraBieHsl JaHHbIE AJisT CIEMU(PUISCKUX MaTepuHCKuX ajuteneii SNP y
CyOBEKTOB C MPEdKJIAMIICUEH U KOHTPOJIbHBIX CyOBhekToB. Ha ¢ur. 11A moka3aHbl ajjiebHbIe
orHomennss PHK-SNP nist ciydass 5641 (mpeskiamricusi B TPETbEM TPUMECTPE C MO3IHUM
HauasioM) u cay4ast 7171 (koHTposs) mist uHpopmatuBHeIx SNP, coneprkamux criennudpuieckre
marepunckue amenn SNP. Ha ¢ur. 11B mnpuBeneHa KpaTHOCTb pPas3IM4Msl  aJUIEJIbHBIX
otHommeHni u ypoBHel B masme PHK-SNP mis ciywast 5641 u ciyvast 7171 (kOHTpOib) IJIst
uapopmatusHbeIx SNP, cogeprkammx cneundpudeckne Mmarepuackue amtenn SNP.

Ha ¢wur. 12 mpencrasieHsl JaHHbIE AJIsT CIEHU(PUISCKUX MaTepuHCKuX ajutenieii SNP y

CYyOBEKTOB C MPEdKJIAMIICUEH U KOHTPOJIBbHBIX CyOBekTOoB. Ha ¢ur. 12A moka3aHbl ajjieNibHbIE



5

orHomennss PHK-SNP nust ciydas 5641 (mpeskiamrcusi B TPETbEM TPUMECTPE C MO3IHUM
HayajoM) u caydas 9356 (koHTposb) mist uHpopmatuBHeIx SNP, conmepramux crienudpuieckre
marepunckue amienn SNP. Ha ¢ur. 12B mnpuBeneHa KpaTHOCTb pPas3MYMsl  aJUIEJIBbHBIX
otHomieHnii u ypoBHel B IMasmMe PHK-SNP nna caywas 5641 u caywas 9356 nms
uapopmatusHbix SNP, copeprkammx cneuududeckue Mmarepuackue amtenn SNP.

Ha ¢ur. 13 npencrasnens! nanssie pur. 11 B popme TabmumpL.

Ha ¢ur. 14 npencrasnens! nanubie Gur. 12 B popme Tabmurbl.

Ha ¢ur. 15 B rpaduueckom Buzme mpencTaBiieHbl CIIOCOOBI OmpeneneHus B 00pasle,
NOJY4YEHHOM OT CyOBeKTa — OepeMEeHHOH IUIONOM SKEHINMHBI, TPOUCXOAIIEeH OT IUIoJa YacTh
PHK.

Ha ¢ur. 16 nokasanbl pe3yibraThl aHanm3a uH(popmatuBHbIXx SNP Tpanckpunroma
MaTEPUHCKOH IUIa3MBbl.

Ha ¢ur. 17 npencrasieHpl OTHOCHTENbHBbIE BKJIAAbl IUIOAAa U Marepu Oe3 otOopa mo
ayenecnenudUeckoil SKcrpeccun B 00paslax MAaTEepUHCKOH IUIa3Mbl HAa MO3JHHUX CPOKaxX
OepeMEeHHOCTH.

Ha ¢wur. 18 mpencraBneHs! BKJIagpl IUIOAa U MaTepH B TPAHCKPUITOM MAaTEPUHCKOM
miasmbel. Ha ¢ur. 18A mokaszaHsl [0NMM  TPAaHCKPUNTOB IUIOAHOTO M MATEPHHCKOTO
NPOUCXOKAEHHS B MATEPUHCKOH TUIa3Me Ha PaHHMX U MO3HUX cpokax OepemeHHocTH. Ha ¢ur.
18B mpuBeneHbl NOACYUTAHHOE KOJIMYECTBO AJJIENEW W A0JS IJIOAHBIX ajuleNiell A0 U MOocie
pPOAOB.

Ha ¢ur. 19 npuseneHo cpaBHEHHE yAEIbHBIX BKJIAJOB IUIOA U MaTepu o onnomy PHK-
SNP nyst cityuast OepeMEeHHOCTH C IPE3KJIAMIICHEH U KOHTPOJIBHOTO Cllydast 0epeMEHHOCTH.

Ha ¢ur. 20 B rpadudeckom BHIe MPEACTaBJIEHbI CIIOCOOBI OMPEAENCHHs T'€HOMHOTO
JIOKyCa KaK MaTepUHCKOrO WIHN IJIOJJHOTO Mapkepa.

Ha ¢ur. 21 nmpuBeneH CUCOK CBA3aHHBIX ¢ OEPEMEHHOCTBIO T'€HOB.

Ha ¢ur. 22 nokasansl 60ee HU3KHE YPOBHH SKCIPECCHU CBSI3aHHBIX C OEPEMEHHOCTBIO
T'€HOB y CyOBEKTOB IOCIIE POAOB 110 CPABHEHUIO C JOPOAOBBIM MEPHUOTOM.

Ha ¢ur. 23 nokasanma wuepapxuyeckas Kiactepuzauusi 00pas3LoOB IUIa3Mbl  C
ucnojp3oBanueM 131 cBs3aHHOTO ¢ OePEeMEHHOCTHIO TeHa.

Ha ¢ur. 24 nokasanel ypoBHHU 3kcripeccuu 131 cBsA3aHHOTO ¢ OEpEMEHHOCTBIO T'€HA B
IUTALICHTE, KJIETKaX MATePUHCKOW KPOBH M MaTepHHCKOH ruiasme. Ha ¢ur. 24A mpencrasneHa
KapTa MHTEHCHBHOCTH Te€HHOW skcmpeccuu (log2(ypoBeHb TPAHCKPHITLUH)) Ui IUIALIEHTHI U
KJIETOK MaT€PUHCKON KPOBH, a TAK>K€ JOPOAOBOU U MOCIEPOAOBON MAaTEPUHCKON IJIA3MBI B IBYX
ciydasix OepeMeHHOCTH Ha MO3AHEeM Cpoke. YkazaHHbll 131 CBsi3aHHBIN ¢ OEpEMEHHOCTBIO TeH

MPEeUMYIIeCTBEHHO 3KCIpeccupoBaiicss B IutaneHte. Ha ¢ur. 24B mokaszaHo, 4YTO YpOBHU
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SKCIPECCUH yKa3aHHOro 131 reHa B ruiaLieHTe M B IUIa3Me MOJIOKUTENBHO Koppenuposain (P <
0,05, xoppensauus CrimpmeHa).

Ha ¢ur. 25 npuseneno cpaBHeHue Bkanos miona u matepu B PHK B masme 1uist TeHOB,
UIeHTH(G UL POBAHHBIX CIOCOOAMH HA OCHOBE IUIA3MbI U HA OCHOBE TKaHEH.

Ha ¢ur. 26 nmpusenen cnucok 98 ceszanHbX ¢ npesknamncuern PHK marepunckoit
iasMbl, uaeHTHGUUUpoBaHHBIX ¢ momoublo RNA-Seq. IlokasaHbl ypOBHM 3KCHPECCHH B
Ia3Me, MOJYYEHHOW OT OEepPeMEHHBIX JKEHIIMH, HE HMEBINUX OCJIOKHEHHH, W JKEHIIUH, Y
KOTOPBIX pPa3BUBAJIACH MPEIKIIAMIICHUS.

Ha ¢ur. 27 npuBeneHsl 3HaueHUs KOJUUeCTBa punoB npu cekBeHupoaHun PHK B
caiitax ogHOHykJeoTUAHbIX nonumMopdusmos (SNP) PHK PAPPA nns ciayuas 9415. Annens A
— o0uruii annenp, a ajmens G sBiseTcs CreupUUecKuM JUIs TUI0/a aJJIeNIEM.

Ha ¢ur. 28 npuseneHp! 3HaU€HUsT KOJIUYECTBA KOJMYECTBO PUAOB NPU CEKBEHUPOBAHUU
PHK Ha caiitax ogHOHYKIeoTunHbIX noauMopdusmos (SNP) PHK H19 s cnyqast 9415.

Ha ¢ur. 29 mnokazaHo ompeneneHue cratyca MeTWJIMpOBaHUs MmatepuHckoro H19 ¢
NPUMEHEHHEM YyBCTBUTEIBHOTO K METHIIMPOBAHHIO (PEPMEHTATHBHOTO PACIIEIUICHHUS.

Ha ¢ur. 30 npusenena Onok-mmarpaMma npuMmepa KOMIIBIOTepHOH cuctemsl 3000,
NOAXOASALIeH JJsI NPUMEHEHUs B CHCTEME M CHoco0ax, COOTBETCTBYIOIIUX BapHAHTAM
peanu3anyy HaCTOSINEro N300peTeHHs.

IMonpobHoe onucanue n3o0peTeHus

I. Beenenue

IIpucyrcrBue Oecknerounoii ruonHoit PHK B martepuHCKOW Itasme OBLIO OMHCAHO
Oonee necstum jer Hasanx Ilocne yKa3aHHOTO OTKPBITHUSL OBUIO MPOBEIEHO MHOMXECTBO
UCCNIeIOBaHUN mna  gerekuud uupkyiaupyromux PHK  nnmomgHoro w maneHTapHOro
NPOMCXOXIEHUS] B MATEPUHCKOH Tu1a3Me. MIHTepecHO, 4TO YPOBHU SKCIPECCUU CrelM(pUIeCcKIX
IUIS TUTALIEHTHI TPAHCKPUIITOB B IUIa3Me, Kak ObLIO OOHAPYIKEHO, MOJOKHUTEIBHO KOPPETHPYIOT C
yKa3aHHbIMHU YPOBHIMH B IUIALIEHTAPHBIX TKAHSX, YTO NOJYEPKUBAET KIMHUYECKYIO 3HAYMMOCTh
aHanusa PHK mnasmel kak HEMHBa3MBHOIO MHCTPYMEHTA [J MOHMTOPUHIA COCTOSIHUS
30POBbS U PA3BUTHS TUIALICHTHI WIM IUIOAA. Tak, UCCIeI0BAHUE MATEPUHCKON LIUPKYIUPYOIIEH
PHK Hammno kJIMHUYECKOe NMPHMEHEHHE NPU CBSI3aHHBIX C OEPEMEHHOCTBIO WM TUIALICHTOM
HAPYIIEHHSX, TAKUX KaK MPE3KJIAMIICHs, BHYTPHY TPOOHAs 3a/IePiKKa POCTa U NPEKIEBPEMEHHBIE
POIBI, a TaK)Ke IJIs1 HEMHBA3MBHOIO TECTUPOBAHMUS XPOMOCOMHBIX aHeyImjouani mioga. Takue
pa3paboTKu  MOAUEPKUBAIOT  MOTEHUMANbHYIO  moje3Hocts  PHK-OmomapkepoB — mms
MOJIEKYJIAPHOM OLIEHKHU NPEHATAJIBHBIX PACCTPONCTB.

Hecmotpss ©Ha wmHoroobemaromue mnepcrnektuBbl aHaimm3a PHK  mmasmer s

MNPEHATAJIBHOIO TECTUPOBAHHM, K HACTOALNEMY BPEMCHH YHUCIO HAACKHO TOATBEPKICHHBIX
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CBSI3aHHBIX C O€PEMEHHOCTBIO WM C IUIAIICHTONW TPAHCKPHUIITOB B MATEPUHCKOM IJIa3Me BCE eIne
orpaHuueHo. B cBsa3u ¢ 3tiM Obuto mposeneHo uccnenosanne PHK-Onomapkepos B miaszme ¢
npumenenueMm I[P c¢ oOpartHoii Tpanckpuntazoii (OT), 4yBCTBUTENBPHOIO METOAA, OOBIYHO
HALEJIEHHOrO Ha OTHOCUTENbHO Manoe yucio BunoB PHK Ha onun ananus. IlpumedarensHo, 4To
yKa3aHHbIE UCCIIEIOBAHNUS B OCHOBHOM C(OKYCHPOBAaHBI HA T'€HAX, YPOBHHU 3KCIPECCHU KOTOPBIX
OTHOCHUTENIbHO BBICOKH B TUIALICHTE 110 CPABHEHUIO C KJIETKAMU MAaTEPUHCKOW KPOBH, UCXOS M3
TOTO, YTO CBSI3aHHBbIE C OEPEMEHHOCTHIO I'€Hbl B OCHOBHOM NPOMCXOIST U3 IUTALeHTHI. Takue
noAXONbl 00eCHeunIn BbISIBIEHHE CBA3aHHBIX ¢ OepeMeHHOCThIO meneBbix PHK ¢ Bbicoknmu

YPOBHAMMU BKCIIPECCHUU B INUIALCHTEC, HO, BO3MOXHO, APYIrHM€ BaXHBIC MUIICHU ObLIH YIOyHICHBI.
15

2

KpoMe TOro, yuuTbhiBasi HHU3KHE KOHLEHTPALMM M HM3KYI ycroiumsocTh PHK mnmasmer
CTaHAAPTHBIE BBICOKOIPOM3BOIUTENbHBIE CIIOCOOBI, TAKUE KaK CEPUIHBIN aHAJIM3 JKCIPECCUU
I€HOB W MHKPOMATPUUHBI aHANIM3, HE SBJSIFOTCS HAOEKHBIMH CIIOCOOAMH  MPSIMOTO
UCCJIEIOBAHNS TPAHCKPUIITOMA TJIA3MBI.

VYkazaHHble TeXHUYeCKUe orpanndenus npu asanuse PHK mia3Mbl noTeHIuanbHO MOTYT
ObITb IPEONOJIEHbI 32 CHYET HCIOJNB30BAHUSI MACCHBHOIO MAapaJUIEIbHOIO CEKBEHHPOBAHHS
(MIIC) nns ananusa PHK, a umenno, ceksenuponanusi PHK (PHK-seq). 3a cyer nmoBbImeHHOMH
YyBCTBUTEJBPHOCTU M IIMPOKOro AMHaMu4yeckoro auamnasoHa PHK-seq mnpumenserca npns
MCCNEIOBAHUs TeHHOM JKCIPECCUM BO MHOTMX TKAHSAX 4YeNOBeKa, BKJIOYas TJaleHTy'’.
[Mpeumymecreo MIIC Takke OBUIO MOATBEPXKIEHO €ro MPUMEHUMOCTBIO TPU  MPSMOM
npodumupoBarnny MUKpoPHK muia3Mbl 310pOBBIX MHAMBHAYYMOB M O€PEMEHHBIX KEHIIHH. Tem
HEe MeHee, MOJIHbIM CIEeKTP TPAHCKPUIITOMA IJIa3Mbl BCE €Ille He ONpeAesieH, BO3MOXHO, BBUY
MeHbLIeH ctabunbHOCTH B TUa3Me niuHHbIX PHK no cpaBHenmto ¢ kopotkumu MUKpoPHK.

B HacTOsleM HcclIenoBaHWU aBTOPHI MOKa3ald, YTO B MAaTEPUHCKON IIa3Meé MOXKHO
ONpeneNuTb TPAHCKPUNTHI IUIOAHOTO U MATEPUHCKOTO TMPOHUCXOXKIAEHHS M YTO UX
OTHOCHUTEJIbHBIE BKJIaZbl MOTYT ObITh OLleHeHbI ¢ nmpuMeneHneM PHK-seq, mytem mucciaenoBanus
crienrpUUeCKrX MIOJHBIX U MATEPUHCKUX OAHOHYKJIEOTHAHbIX nojgumopdusmos (SNP). Kpome
TOro, IO MATePUHCKON  Mja3Me MOXKET IMPOBOAUTHCS  MOHMTOPUHI  IaTTEPHOB
aynjenecnenupuIeckoil SKCIPEeCCHH B IUTALEHTE. ABTOPBI TaKXKe MPOJEMOHCTPUPOBAIH, UTO
CBsI3aHHBIE C OEPEeMEHHOCTBIO TPAHCKPUNTHI MOTYT OBITh HIASHTHQULIUPOBAHBI MyTEM
HETOCPeICTBEHHOr 0 UCCIeA0BAaHNS MATEPUHCKOH TJIa3Mbl 10 U 110CJIE POIOB.

II. Cioco® AMarHOCTHKM CBSI3aHHOTO C OEpEMEHHOCTBIO HAPYLICHHUS C NMPUMEHEHUEM
OTHOIIeHuH annenei SNP

AHamu3 npoduiIs reHHOH SKCIPECCHH MOAXOAWT AJISi MPUMEHEHHs NP ONpeneeHUH
craryca 3a00JeBaHMS HMHOUBUAyyMa. BapwaHThl pealn3alMyd HACTOALIET0 H300pETeHUs

BKJIFOUAIOT CMOCOOBI aHaim3a Npo(uisl 3KCIPECCHMM WHAMBHAyyMa IyTeM aHAIN3a CMECH
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monekyn PHK or nByx pasHeIx WHAMBHAyYMOB. B yka3zaHHBIX crocobax HCIOIB3yeTCs
OTHOCHUTEIIbHAsI PACTIPOCTPAHEHHOCTh aJUieNiel, Crieu(puuecKux Al OAHOTO MHAMBHAyYMa, U
anneneit, o0mux A ABYX ~ MHAUBHAYYMOB. Ha  OCHOBaHMHM  OTHOCHTEJBHBIX
PacIpOCTPaHEHHOCTEN YKa3aHHBIX OOINX U CrIeMU(PUUIECKUX Il HHIAUBUAYYMa aJuiesiell MOXeT
ObITh OmpeneneH NPOo(IIb T€HHOW 3KCIPECCHUU YKA3aHHBIX ABYX HHAUBUAYYMOB. OnmHuUM U3
BO3MOXKHBIX TPUMEHEHHI MPEIVIOKEHHBIX CHOCOOOB SBISIETCS aHAIM3 NPOQHIss TeHHON
sKcnpeccuu mioaa nyreM aHanusa PHK B oOpasie mMateprHCKOH Mmiia3mbl, KOTOPBIA COAEPIKHUT
PHK xak miona, Tak 1 6epeMeHHOM KeHIUHbI. [[pyroe mpruMeHeHue MpeCTaBICHO aHAJIN30M
npoduis reHHOH 3Kcnpeccun npoucxonsuiei ot nonopa PHK B o0pasue miazmel, nmomyueHHOM
OT peUMIIUeHTa TpaHCIulaHTauuy, copepxamero PHK kak noHopa, Tak M yKa3aHHOTO
PELMIHIEHTA.

B cmecn, conepxameit PHK or nByx mHIuBUIYyyMOB, MPOQHIb 3KCIPECCHH KaXAOTO
VHIMBHIYYMa HE MOXKET OBITh ONpenesieH Ha OCHOBAHUH aHAJIHM3a OOIIEro KOJMYeCTBa Pa3HBIX
PHK-TpaHCKpUNTOB B CMECH, TOCKOJIBKY CJIOKHO ONPENEIUTh OTHOCUTENbHbIE BKJIAAbI Ka3KAOTO
uauBuayyma B TotanbHylo PHK. OtHocurenbhas pacmpocrpaHeHHocTh pasHbix PHK-
TPAHCKPUNTOB MOXET OBITh HCIOJNB30BaHA Ui MOHUTOPMHIA COCTOSIHUSL  37IOPOBBS
VHIVBHIYYMa WIIH AJIS1 ONpesiee st OOIe3HEHHOTO COCTOSHHUS.

CornacHo HacTosimeMmy croco0y T€HOTHMIT YKa3aHHBIX IBYX HMHAMBHUAYYMOB MOJKET
CHayasia ObITb ONpEeIeNeH MyTeM MPSMOrO MeHOTHIUPOBAHHS YKA3aHHBIX WHAWBUAYYMOB HIIU
nyTeM ceMeiHOoro aHanusa. Hanpumep, eciau renotunsl ponuteneii — AA u TT, y muiona Oyner
reHotuna AT.

Crenyromuil rTUNIOTETHYECKUH MPUMEP HUTIOCTPUPYET MPUHLMIT YKa3aHHOTO CIocoda.
JUIsl KaKIO0ro M3 MPENCTaBISIOIINX WHTEPEC T'eHOB B COCTABE KOAUPYIOINEH O0NacTH UMeeTCs
SNP, Tak uyro nomumoppusm MokeT HaOmonatbcst B PHK-Tpanckpunrax pasHbIX T€HOB.
JlonycTuM, 4TO TEeHOTHIbI TUIona U OepeMeHHOW skeHIMuHbI — AB m AA, COOTBETCTBEHHO.
CootBercTBeHHO, ajutenb B Oyner cnermduueckum s Toiona, a ajienb A Oyaer oOmmM st
wiofa U marepu. OTHOCUTENbHBIE YPOBHHU SKCIPECCHUU PA3HbIX I'€HOB B IUIALIEHTE U KJETKaX
MaTEePUHCKOH KPOBH COOTBETCTBYIOT NMPHUBEIEHHBIM B TabmuIe 1.

B nanHOM mpuMepe aBTOpbI JOMyCTHJIM, YTO IUIALIEHTA M KJIETKU MAaTepUHCKOI KpOBU
BHOCSIT BKJIaJl B MATEPUHCKYIO IJIJa3My B OTHOCUTEJILHO PaBHOM MPOIMOPLIUH, cocTaBstoLIeit 2%
ot kaxnoro u3 ux PHK-tpanckpunrtos. MHbIMU C10BaMu, €CJIH B IUIALIEHTE YPOBEHb 3KCIPECCUU
rena cocrasyisger 10000, Bknan B MaTepuHCckyr miasMmy cocrasuT 200 PHK-tpanckpunrtos
ykazaHHoro reHa. Kak BugHO u3 ¢wur. 1, HaOMrOmaeTCsl XOPOIIO BBIPAKEHHAS MOJOKHUTEIbHAS
B3aUMOCBSI3b QJJIENIBHOTO OTHOIIEHHss B/A ¢ OTHOCUTENBHBIMH YPOBHSMHU SKCIPECCUU

COOTBETCTBYIOLIUX T'€HOB B IUIALIEHTE M KJIETKAX MaTepUHCKOW KpoBu. Hamportus, Ha oOmuit
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YPOBEHb T€HHON SKCIIPECCUH BIHSIOT (PIYKTYALH SKCIIPECCHU B KJIETKAX MAaTEPUHCKON KPOBH,

MO3TOMY OH XYy K€ KOPPEIUpPYET ¢ 3KCcTpeccueii B maneHTe (¢ur. 2).

Tabmuua 1
OTHOCHTEIBHBII
YPOBCHBb
SKCIIPECCHH OrHOCH- MarepuHckas miazma
TCIIbHAS
Mare- b 3kcmpec- [ OTtHOCH- Konuenrpauu
04~
pHHE- _ B cug (IIa- | TenpHAA 1 PHK
T'en KUK CHO- CICTKAX IICHTA pacmpo- Oomas
I'CHO- B IJIA- /KIETKH CTpaHeH- KOH- OrtHO-
mn | T MATE™ | wemre | ware- HOCT | ueHTpa- | ¢ | menne
piggﬁgn PHHCKOH Mate- s aie- | ae- - pgyp
kpoBu) | pumckoit/ | PHK “zM “EM
ILUIOTHOM
PHK
1 AA AB 8000 20000 2.5 1:1 560 360 200 0,56
2 AA AB 6000 10000 1,67 1:1 320 220 100 0,45
3 AA AB 10000 5000 0,5 1:1 300 250 50 0,2
4 AA AB 14000 1000 0,071 1:1 300 290 10 0,03

Jlpyroe nmpeuMyInecTBO NMPUMEHEHHUS aHAJIHM3a aJJIeJIbHBIX OTHOLICHHH 3aKII0YaeTcs B
TOM, YTO YPOBEHb OKCIPECCHH KOHKPETHOrO T€Ha B IUIALEHTE HOPMUPYIOT IO YPOBHIO
SKCIIPECCHH KJIETOK MaTepUHCKOIN KpoBH. I10CKOIBKY YpOBEHB SKCIIPECCUN MOKET 3HAUUTEIIBHO
BapbUPOBATH JJIsl PA3HBIX T€HOB M Pa3HbIX 0OPA3LOB, yKa3aHHAs HOPMUPOBKA JENIaeT CPABHEHUE
pa3HbIX TeHOB Oo0Jjiee HAAEKHBIM U TO3BOJISIET U30EkKaTh HEOOXOOMMOCTH CPAaBHEHHUS B
pedepeHCHBIM T€HOM, HANpUMeEP, T'€HOM «JIOMAIIHETO XO3sWCTBa». WHBIMH CIIOBaAMH, MPHU
CTAaHIAPTHOM aHaJM3€ TEeHHON OKCIPEeCCHH ypPOBEHb JKCIPECCHH TeHa B oOpasue Jubo
U3MEPSIFOT, COOTHOCSI C TE€HOM «JIOMAINHEro XO3SHUCTBA», JMOO BBIPAXKAKOT B BUAE HOJU
toranbHoi PHK B oOpasue. J{ns uneHTudukanuyu aOeppaHTHOW T'€HHON SKCIPECCHH, 3aTeM
OOBIMHO CpPAaBHHMBAIOT YKa3aHHbIE OTHOCUTEJIbHBIE 3HAYEHUsS Ui TeCTUpPyeMoro odpasia co
3HAYEHUSIMU JIJIs1 KOHTPOJIbHBIX 00Pa3LIOB.

B Hacrosiiem TOKyMeHTe aBTOpaMHU MPEJIOKEH HOBBIH MOAXO/, IJIe B Ka4eCcTBe criocoda
omnpeneneHus TPOPUIST TEHHOH 53KCIPECCUM UCIOJB3YKOTCS OTHOCHTENbHBIE KOJIMYECTBA,
BHECEHHbIE IJIOJJOM, HOPMHPOBAHHBIE MO BKJIANy MaTepu MO TOMY ke camomy reHy. [lpu
MATOJIOTHYECKUX COCTOSIHHSIX, HAMPUMEp, MPEIKJIAMIICHH, TPEKISBPEMEHHBIX PONIAX, TaKHUX
3a00NeBaHMAX MaTepH, KaK CHUCTEMHAash KpacHash BOJYaHKA, MPH KOTOPBIX 3SKCHPECCHUs
YKa3aHHOT'O NeHa B TUIALICHTE WJIH MAaTEPUHCKUX OpPraHax M3MEHEHA, OTHOLIEHUE IUIOA/MaTh AJis
YKa3aHHOTO TeHa OyJeT W3MEHEHO [0 CpPaBHEHHIO ¢ OepeMeHHOCTSMH 03 TaKux
MATOJOTHYECKUX COCTOSIHWH. YKa3aHHBIM TMOJIXOJ MOXET OBbITh peaji30BaH C MPUMEHEHUEM
cnermduueckoro miogHoro amiens SNP orHocutensHo obmero amiens B PHK-Tpanckpunrax
MAaTE€PUHCKOH IJIa3MBbl.

Vka3zaHHBIN noaxoa MOKET TAaKXKE OBITh pcamn3oBaH C HCIOJIb30BAHUEM OTHOIICHUA
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cneunduraeckoro Matepurckoro amtenst SNP u obmux amnenein B PHK-tpanckpunrax u3
MaTEepPUHCKOHN Tuta3Mbl. [latomornueckue COCTOSIHUS MOTYT ObITh HIEHTH()HLHUPOBAHBI B TOM
cilyyae, eCii OJHO WM OOJbllee KOJWYECTBO TAKHX AJUIENIbHBIX OTHOLICHUH Ui OIHOTO WU
Oonbiiero xonmuecTBa reHHbIX PHK-TpaHCKpUNTOB M3MEHEHBI MO CPABHEHHUIO C OXKHIA€MBbIMU
Il HEMATOJIOTUYECKOTO COCTOsAHUA. [1aTTepH TakuxX ajjieNbHbIX OTHOLIEHUN B F€HHOM JIOKyCe
WIN HECKOJNIbKUX TEHHBIX JIOKyCax MOXKET HCIHOJb30BAThCS UIA  HIEHTH(UKALNU
NAaTOJIOTUYECKUX COCTOSTHMHA. Hemaronmornueckue COCTOSHUST MOTYT OBITh IPEACTABICHBI
aNJIeNbHBIMU OTHOLIEHUSMU IPU HOPMAJbHBIX OEPEMEHHOCTSIX, B 00pasuax, MOJY4YeHHBIX IO
WIN TI0CNIe TECTUPOBAHUs, KOraa Ha OepeMEeHHOCTb OoIbllle HE BIMSAET MATOJIOIMYecKoe
COCTOSIHME, WM HMEIOLMMUCS [aHHbIMHM, paHee MOJNYYEHHbIMH JJIsl HOPMAJbHBIX
OepeMeHHOCTeH, T.€. paHee TOJyYeHHbIM peepeHCHBIM THUATIa30HOM.

Casi3aHHbIe ¢ O€PEMEHHOCTBIO HApPYLIEHHUsS, KOTOPbIE MOTYT OBITH AMArHOCTHPOBAHBI C
NPUMEHEHHEM MPEAJIOKEHHBIX CIIOCOOO0B, BKIIIOYAIOT JIFOObIE HAPYIIEHHS, XapaKTepPH3YOIIHeCs
AHOMAJIbHBIMU OTHOCHUTEJIbHBIMU YPOBHSIMU 3KCIIPECCUU T'€HOB B MATEPUHCKOW M IUIOAHON
TKaHW. YKa3aHHbIE HApyLIEHWs BKJIKOYAIOT, HE OrPAaHUYMBASICh MEPEYUCICHHBIMH,
NPESKJIAMIICHIO,  BHYTPHUYTPOOHYIO  3aA€pKKy  POCTa,  WHBA3MBHYK  IUIALIEHTALHUIO,
NPEKACBPEMEHHbIE POJbI, TE€MOJHUTHUYECKYI0 OOJNe3Hb HOBOPOKIAEHHOTO, ILIALIEHTAPHYIO
HE0CTaTOYHOCTb, BOASHKY IUIOAA, NMOPOKM pa3BuTus miona, cu"apom HELLP, cucremnyro
KPAaCHYIO BOJYAaHKY W APYTrHe UMMYHOJOTHYEeCKHe 3a00JieBaHusl MaTepu. Y Ka3aHHbIE CIIOCOOBI
NO3BOJISIIOT paznndath Mosekynbsl PHK, BHOcuMBIe MaTephio U 1ionoM, B oOpasie, KOTOPbIH
COAEPKUT CMeCh Takux Moyekysl. COOTBETCTBEHHO, YKa3aHHbIE CIIOCOOBI IO3BOJISIFOT
UIEeHTUQULMPOBATh M3MEHEHHs BKJaJa OJHOTO WHAMBHAyyMa (T.€. MaTepu WIM IUIOJA) B
YKa3aHHYIO CMeCh B KOHKPETHOM JIOKYCE WJIM JJIsl KOHKPETHOIO I'eHa, 1aXKe €CJIU BKJIaJ APyroro
UHIUBUAYYMa HE MEHSETCS WM U3MEHSIETCS MPOTUBOIOJIOKHBIM oOpazom. Takue M3MeHEeHus
HEBO3MOJKHO JIETKO ONPEAETUTb NMPU U3MEPEHHH OOINEro YPOBHS SKCIPECCUN YKA3aHHOTO T€Ha
0e3 yuera MPOMCXOXKACHUS M3 TKAHU WM OT MHAUBUAyyMa. CBsi3aHHbIE ¢ OE€PEMEHHOCTHIO
HApPYLIEHHs, COTJIACHO OOCY>KACHHWIO B HACTOSINEM JOKYMEHTE, HE XapaKTePH3YIOTCS
XPOMOCOMHBIMH aHOMAJIUSIMU TUIO/1A, TAKUMHU KaK aHeyTUIOUIUS.

IIpemnokeHHble CMOCOOBI MOTYT Takke OBITh pPeaTM30BaHbl 0e3 MpeaBapUTENBbHO
NOJTy4eHHOW MHPOpPMALIMK O FeHOTHIE IUTaneHTel. Hampumep, reHoTHN OepeMEeHHOH KEeHIIIMHBI
MOXeET OBbITh OINpENeNeH MOCPENCTBOM NPSMOTO T'€HOTUITMPOBAHHS KJETOK €€ KPOBH. 3aTem
MoxeT ObITh NpoBeneH aHanu3 PHK-TpaHckpunToB 00pa3LioB miia3mMel, HAPUMEP, € TTOMOIIBO
MaCCHBHOTO TApaJJIEIbHOTO CEKBEHUPOBAHUS, HO HE OrpaHWYMBasCh HM. MoOryt ObITh
uneHTruurposansl PHK-TpaHCKpHUNTEL, B KOTOPBIX HAOMIOJAIOTCS /Ba pasHbIX ayuiens. B

yKa3aHHOM Habope TPaHCKPHIITOB, B TOM CJIy4ae, €CJIM MaTh FTOMO3UIOTHA, 3TO OyAeT yKa3biBaTh
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Ha Te€TePO3UTrOTHOCTD IJIOAA 10 CHenn(pUIECKOMY IJIOAHOMY aJUIEII0 ¥ MATEPHUHCKOMY aJUIEIIO.
B yxazanHOM ciydae anHanu3 atenpHoro otHomenus PHK  moker mnpoBomuthes Oe3
NpeABAPUTENBHO MONyYeHHOH MH(pOpManuu o reHoTune miofa (M raneHTsl). Kpome Toro,
cJlydau, KOT[ja MaTh F€TEPO3UTOTHA, a TUIOA TOMO3HUIOTEH, MOTYT ObITh MIAEHTH(PHIUPOBAHBI IO
OTKJIOHEHMIO OT oTHouleHus 1:1. bonee mogpoOHas nHpOpManMs O TAaKUX TEXHHUKAX MMPUBEIECHA
B natente CIIIA 8467976.

A. Criocob muarHocTuKu

Crioco6 300 mUarHOCTUKU CBSI3AHHOTO ¢ O€PEeMEHHOCTBIO HAPYIIEHHUS B COOTBETCTBUH C
HEKOTOPbIMU BapHaHTbl peanu3alMu IpeacTaBieH Ha ¢ur. 3. B ykaszaHHOM crnocoOe
UCrosb3yeTcss oOpaszel], TMOJNyueHHBbI OT CyObekra — OepeMEeHHOW IUIOAOM SKEHIIHHBI
VYkazaHHBI 00pas3en; MOXeT OBbITh MOJYy4YeH M3 IUIa3Mbl KPOBU MaTe€pPH, OH COIEPKUT CMECh
monekyn PHK, npomcxonmsdmmux OoT Marepu M OT IUIofa. YKa3zaHHbIH oOpaser] MOXeT ObITh
NOJIy4YeH TMOAXOASLIUM CIIOCOOOM OT CyObeKTa-)KeHIIMHbI Ha JII0OOM 3Tare OepeMEeHHOCTH.
Hanpumep, cyOpexTamMmu MOTyT ObITh O€peMeHHbIE JKEHIIMHBI C OHOIUIONHONW O€PEMEHHOCTHIO B
IIEPBOM, BTOPOM U TPEThEM TpUMECTpe. bepeMeHHbIe KEeHIINHBI B IEPBOM U BTOPOM TPUMECTPE
MOTyT OBITh KJIACCH(ULMPOBAHBI KaK «CIy4an OEpeMEHHOCTH Ha PaHHEM CPOKe»; OepeMeHHbIe
JKEHIIUHBI B TPETHEM TPHMECTPE MOTYT ObITh KJIACCU()ULIMPOBAHBI KaK «Clydan OepeMEeHHOCTH
Ha mo3nHeM cpoke». COriacHO HEKOTOPbIM BapHAHTAM peau3alur 00pas3lbl MOTYT TaKKe
cobuparbcst OCIe POXKIASHHS TUIOAA, MM OT OJHOTO M TOTrO jK€ CyObeKTa 10 U MOCie POIOB, U
00pa31oB OT HeOepEMEHHBIX KEHIIUH MOTYT UCIOJIb30BAThCS B Ka4ecTBe KOHTpoJeit. OOpasibl
MOTYT OBITb MOJTy4€HbI B JIFOOOE BpeMsi TIOC]Ie poIoB (Harmpumep, 24 Jaca).

VYkazanHblii 0oOpasenr MOxeT ObITh MoNy4YeH u3 nepudepudeckoi kposu. OOpazerr
MAaTEPHUHCKOH KPOBH MOXeT ObITb 00paboTaH MOAXOMIIIMM CHOCOOOM, Hampumep,
HeHTpu(yTrupoBaHUEM, AT OTACICHUS KJIETOK KPOBH OT IUIa3Mbl. B o0pasen KpoBu WM €ro
4acTH MOTYT ObITh JOOABJIEHbI CTAOUIM3ATOPBI, U 00pa3el] MOKET ObITh OTIPABJICH Ha XPAHEHUE
10 ucnojb3oBanus. COrylaCHO HEKOTOPHIM BapHAaHTAM PEAM3ALUHN TAKXKe TMOJYyHYaroT oOpasiibl
IUTOTHOW TKAaHH, HAIPHMEpP, BOPCUH XOPHOHA, AMHUOTHYECKOW JKHUAKOCTH WM IUIALEHTAPHON
TkaHu. [InogHas TKaHb MOXET WCIOJB30BATHCS JJIsl ONPEAENIEHHs IUIOAHBIX T'€HOTHIIOB,
COTJIAaCHO OMUCaHUI0 Hke. [IoHast TkaHb MOXKeT ObITh MMOJy4YeHa A0 WIIH TIOCIIE POZIOB.

ITocne monmyuenust obpasua PHK mmum JIHK moxer 3atem ObITh 3KCTparupoBaHa H3
KJIETOK MaTEPUHCKOW KPOBHU M IUIA3Mbl, & TAKXKE U3 JIFOOOH TUIOJHON TKAaHH, TAaKOH Kak obpasery
mwianedTbl.  OOpasupl PHK  rmmaneHTBl W KIETOK KPOBH MOTYT OBITh TNPENBapUTEIBHO
obpaboTtanbl, HanpuMep, ¢ npumeHeHueM Habopa Ribo-Zero Gold Kit (Epicentre) nnst ynanenus
pudocomansHol PHK (pPHK) nepen nmosy4yerremM OUOIUOTEKH JJIsl CEKBEHUPOBAHUSI.

Ha stane 301 ykxa3aHHOro croco0a MOJydYarOT COBOKYITHOCTh PHIOB. Y Ka3aHHBIE PHIbI
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NOJy4aloT B pe3ynbTare aHamm3a Mosekyn PHK, momyueHHBIX W3 yKasaHHOro ooOpasna.
CornacHo pa3NUYHBIM BapHaHTAM PEATU3ALMH YKa3aHHbIE PHIABI MOTYT OBITh MOJYyYEHbI MyTEM
cekBenupoBanus, uugposorn TP, OT-IILP u wmacc-cnektpomerpun. XOTs OOCYyKIEHHE
c(pOKyCHPOBaHO Ha CEKBEHHPOBAHHH, ACMEKThl HACTOSIIETO OIMUCAHMS TAKKE NMPHUMEHUMBI K
OpPyTMM  METOOMKAM  Mojy4deHws pupoB. Hampumep, mmdposas IIP  (Bkimrouas
MUKPOKUAKOCTHYIO 1 KanenbHyro [IL[P) moxer obecnieunts nHGOPMALHIO O Pa3HBIX AJUIENSIX B
KOHKPETHOM JIOKyC€ 3a CUeT NPUMEHEHHUs 30HAOB (BKIIIOYAsl IMpaliiMepbl), HALEJEHHBIX Ha
Kbl ajuienb. Y Ka3aHHbIe 30HABI MOTYT COEPKaTh METKH, MO3BOJISIOLINE OTJINYATh UX APYT
OT Apyra, HalpuMmep, OKpallUBAIOLINe UX B pasHble LiBeTa. B Xxozme TOro ke sKCrepuMeHTa Uiu
APYroro 3KCIepuMeHTa (Hampumep, Ha OTAENbHOM CJalje WM YWIle) 30HAbI C Pa3HbIMU
MeTKaMU MOTYT OBbITh HalleJIeHbl Ha pa3Hble JOKychbl. OOHapyKeHHE METOK OTpakaeT
NPUCYTCTBUE W/HUIM KojauuecTBO aMmrumpuuupyembix wmosekyn PHK wmm xIHK wu
coorBercTByeT puaam mosiekyn PHK wmm x/IHK, nmpu sTomM Takume pumbl 00eCrednBarOT
MH(OPMALMIO OTHOCHTENbHO mocienoBarenbHoctu monekyn PHK wmm x/IHK B sokycax,
COOTBETCTBYIOLIUX 30HAaM. OmucaHue, BKIIOYAIOIIEe «PUIbl CEKBEHUPOBAHUS» B PAaBHOM
CTENEHH OTHOCHUTCS K pHUJAM, INOJyYeHHbIM C NPUMEHEHHEM JIF0OOW MOAXOAsAIIel TeXHUKH,
BKJIIOYasl He 3a/IeHCTBYIOIINE CEKBEHUPOBAHNUE TEXHUKH.

CexBEHHUPOBAHHE MOKET OCYLIECTBISIThCS MOAXOASIIAM CIIOCOOOM C MpPHMEHEHHEM
moOoil  moCTymHOM TexHonoruu. [IpuMeprl TEXHOJNOTHH H  CrHocOOOB CEKBEHHPOBAHUS
HYKJICMHOBBIX KHCJIOT BKJIFOYAIOT MAaCCHBHOE MapajljieIbHOE CEKBEHUPOBAHUE, CEKBEHHUPOBAHHE
HOBOTO  TOKOJIEHMs,  IIOJHOTE€HOMHOE  CEKBEHHPOBAaHHUE, CEKBEHHPOBaHHE  3K30Ma,
CEeKBEHHPOBaHUE ¢ o0orameHneM 1tk 0e3 00oraleHus o MULICHU, CEKBEHHPOBAHNUE CHHTE30M
(HampuMep, CEKBEHHUpOBaHUE aMIUTU(UKANKeH, KIOHAJIbHAs aMIUIU(QUKALUS, MOCTHKOBYIO
aMIUIU(DUKAIMIO, CEKBEHHPOBaHHE C OOpaTHMbIMU TEPMHUHATOPAMH), CEKBEHHPOBAHUE
JUTUPOBAHHUEM, CEKBEHHpPOBaHWE TrHOpuau3anueid  (Hampumep, CEKBEHUPOBAHME  HA
MHUKPOMATPHIIAX ), OMHOMOJIEKYJIIPHOE CEKBEHHPOBAHHE, CEKBEHUPOBAHNE B PEAJIbHOM BPEMEHH,
HAHOIIOPOBOE CEKBEHUPOBAHUE, NMUPOCEKBEHHPOBAHUE, MOJIYNPOBOJHUKOBOE CEKBEHHUPOBAHUE,
MacC-CIIEKTPOMETPUYECKOE CEKBEHHPOBAHHWE, CEKBEHHPOBAHHE METOIOM JpoOOBHKA U
cekBeHUpoBaHue MetogoM Conrepa. CorjnacHO HEKOTOPBIM —BapHaHTaM peajlu3aluu
CEKBEHHPOBAaHHUE OCYIIECTBJISIETCS C NPUMEHEHHEM MAacCHUBHO-NAPAJUIEIbHBIX TEXHUK Ha
oubmmoreke kJHK, nomyuennoii m3 PHK B oOpasue. bubmmorexn x/JIHK wmoryt ObITh
CHHTE3UPOBAHbI MOAXOIAIINM CIIOCOOOM, HAampuMmep, ¢ MPUMEHEHHeM Hadopa Uit TOJIYYEeHUsS
obopasuoB MPHK mRNA-Seq Sample Preparation Kit (Illumina), cormacHo HHCTpyKUHSIM
NPOM3BOAUTENS WM C HE3HAUYUTENbHBIMH MomudukanusiMu. COrjlacCHO HEKOTOPBIM BapHaHTaM

peanuzauuy ISl 3Tana BOccTaHOBieHUs KOHUOB K/IHK mimasmel ucnonb3yroT S-KkpaTHO
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passenenHslil pparment JJHK-nommmvepassr Knenosa. Habopsr QIAquick PCR Purification Kit u
QIAquick MinElute Kit (Qiagen) MOryT HCHONB30BaTBCS [JIs1 OYHINEHHS TPOAYKTOB C
BOCCTAHOBJICHHBIMH KOHLIAMH W aHAECHWIMPOBAHHBIX MPOIYKTOB, COOTBETCTBEHHO. CoriacHo
HEKOTOpPBhIM BapHaHTaM peanuzauuu ais oopasuoB kIHK mmasmbr ucnonesyrores 10-kpaTHO
pa3BelneHHbIE ananTepbl CHAPEHHBIX KOHLIOB, HJIM TPOBOIATCS ABAa pPayHIA OUYHUINEHUS IS
NPOIYKTOB C JIMTHPOBAHHBIMH anantepamu ¢ npuMmeHeHueMm rpanyn AMPure XP (Agencourt).
bubnmoreka k/JHK moxer ObITh CEeKBEeHHpPOBaHA C JJIMHOW mpouTeHWil 75 1mo. B dopmare
cnapeHHbIXx KOHIOB Ha uHCTpyMmeHTe HiSeq 2000 (Illumina), mnm ¢ nmpuMEHEHHEM JAPYTHX
(dbopMaToOB M1 HHCTPYMEHTOB.

Ha stame 302 ompenensitoT MoyioxkeHHE PUAOB B pedepeHCHOHN IMOC/IeNOBATeIbHOCTH.
IIpu wucnonb3oBanuu MeTonuk Ha ocHoBe III[P pacmonoxeHne MoxeT OBITH OIpeneseHo,
HarpuMep, IO COBMAJAEHMUIO I[BETOB [ETEKTHPYEMOH METKHM Ha 30HAEe WIM mpaiimepe, ¢
HIOCJIEIOBATENbHOCTBIO, JJIs1 KOTOPOH SIBIISIETCS CelU(pUUECKUM YKa3aHHbIN 30HA WM mpaiimMep.
IIpu WCHONB30BAaHMM TEXHUK CEKBEHUPOBAHHS IMOJOXKEHHE MOXKET OBITh ONpeneNeHO II0
BBIPABHUBAHUIO PHUAA  MOCIEAOBATEIbHOCTH €  pedepeHCHOH  IMOCIenOBaTEIbHOCTHIO.
BripaBHUBaHHE 1OCIEAOBATENBHOCTEN MOXKET OCYINECTBIIATHCS C IPUMEHEHUEM KOMITBIOTEPHOM
cucteMbl. /s mpeaBapureabHONH 00pabOTKH HEOOPaOOTaHHBIX JAHHBIX MOXKET HCIIOIb30BATHCS
moOoil OUOMH(POPMALIMOHHBIA aNTrOPUTM (HAMPUMEpP, YyNAJIeHHE BBICOKOAYIUIMIUPOBAHHBIX
PUIOB M PUIOB HU3KOTO KAueCTBA), BbIPABHUBAHUE MAHHBIX W/MJIM HOPMHPOBAHUE AHHBIX.
VYposuu Ttpanckpunuuu PHK B kieTkax MaTepuHCKONW KpOBH, IUIALIEHTApHBIX TKAHAX U
MaTEePHHCKOMH Mj1a3Me MOTyT OBITh PacCUMTaHbl KaK KOIU4eCTBO (pparmeHToB Ha KO Ha MuIHOH
5k30HHBIX punoB (FPKM). [lns onpeneneHus ajuledbHBIX OTHOLIEHHUH MOTYT OCYLIECTBISITHCS
npeaBapuTeNbHas 00pa0OTKa W BBIPABHHUBAHHE JAHHBIX, HO HOPMHPOBAHUE JAaHHBIX HeE
TpeOyercst.  JIis  BbIpaBHMBAaHUS  MOKET  KCIONB30BAThCs — Jirobasi  pedepeHcHas
NIOCJIEIOBATENLHOCTD (Harpumep, pedepeHCHbIN reHoM denioBeka hgl9) u moboii anropurM.

Cornacio oxgHomy mpumepy mnposeneHus s3tanoB 301 u 302 mnocne yaaneHus
AyTUTMIUPOBaHHBIX punoB U punoB pPHK monywamun B cpemHem mo 3 MIUIH NPUTOIHBIX JJIS
aHaJIM3a PUIOB JJIS KAKIOro obpasua mia3Mbl HEOEPEMEHHON JKEHIIUHBL, TIOJIYYalId B CPEIHEM
no 12 MJH TOPUTOAHBIX I aHATW3a PUAOB UL KaXaoro odpasma Iuia3Mbl OepeMEHHBIX
skeHmuH. g PHK-seq Tkanel nonydanu B cpeaHeM no 173 MiH 1 41 MJIH NDPUTOAHBIX AJIs
aHaJM3a pUAOB Ha oOpaser ISl IJIALEHThl U KJIETOK KPOBH, COOTBETCTBEHHO. CTaTHCTHYECKHE
nanHbie 10 BbipaBHUBaHMIO PHK-seq o6o0menst Ha ¢ur. 4 u 5. Comepxkanue GC B pumax

CEeKBEHUPOBAHHUS TAK)KE UCCIIEAOBAIN BO Beex obpasmax (¢ur. 6A u tabnuma 2).
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Tabmuma 2. Jons 6orareix GC punos cekseHupoBanus B Oudmuorexkax PHK-seq

Tun obpaszua O6pasen Oo6paboTka % Hi%?;g;ig{ig}ﬁiﬂ%)a
Mnasma M9356P  |[Mcromenne pPHK 49.28%
M9415P  [Her 0,00%
ITnanenra N9356 Hcromenune pPHK 0,15%
Kretkn xpoBu M9356W  |Mctomenue pPHK 0,30%
a. HeoGpaGoTtanHbie puasl BeIpaBHUBAIH 10 coOpanHO# de novo 6oraroit GC nmocne10BaTeIpHOCTH C
nomotnpio BLAST (NCBI).

Ha srtane 303 uneHTUPUUUPYIOT OAMH WM OOJblIee KOJIHYECTBO HH(POPMATUBHBIX
JIOKYCOB. YKAa3aHHBI OTalm TO3BOJISIET ONPEAeNsiTh TE€HOTHIbI WM JeaTh BbIBOJBI
OTHOCHTEJIbHO TE€HOTHIIOB CyOBEKTa-’KeHIIMHbI M IUIOJA B JIOKyCaX B COCTaBe TIeHOMA, |
CPaBHMBATh yKa3aHHbIe '€HOTHUIBI. JIOKYC CUMTAIOT MH(GOPMATUBHBIM, €CJIU OH TOMO3HIOTEH Y
NepBOro 0OBEKTa MO COOTBETCTBYIOLIEMY NEPBOMY aJutetto (Hanpumep, AA), U T€TepO3UTOTEH Y
BTOPOro OOBEKTa MO COOTBETCTBYIOLIEMY MEPBOMY aJUIETI0O U COOTBETCTBYIOIIEMY BTOPOMY
annento (Hanpumep, AB). Yka3aHHbIi niepBblii 0OBEKT MOKET MPEACTABISTh COOON cyObekTa —
OepeMeHHYI0 JKEHIUHY WIN IUIOJ, a YKa3aHHbIH BTOPOH OOBEKT MpeacTaBisieT coOoi Apyroi
00beKkT U3 cyObekTa — OepeMEeHHON KEeHIUMHBI U IUIoAa. MHbIMU ClioBaMu, OIWH UHIUBHIAYYM
(o math, OO TUIOA) TOMO3WIOTEH, & APYTrOW WHAWBUAYYM TE€TEPO3HIOTEH IO KaXKIOMY
UH(POPMATUBHOMY JIOKYCY.

WUHdpopmaTuBHbIE JIOKYChI MOTYT OBITh JOMOJHHUTEIBHO KJIACCU(UIIMPOBAHBI B
COOTBETCTBUM C TE€M, KAaKOW WHIMWBUAYYM SIBJISIETCS TETEPO3UTOTHBIM U E€IWHCTBEHHBIM
HUCTOYHUKOM OAHOro aijenst. JIOKyc cumTaroT MHPOPMATUBHBIM MATEPUHCKHM JIOKYCOM, HIIH,
YTO TO K€ camoe, CreHUPUUEeCKUM MATEPHHCKUM (CIeHU(pUUECKUM MATEPHHCKHM) JIOKYCOM,
€CITIM TJIOA TOMO3HMIOTEH, a CYObeKT — OepeMeHHasl JKEeHIHHA reTepo3uroTHa. JIoKyc cuuTaroT
UH()OPMATHBHBIM JIOKYCOM ILIOZA, HIIH, YTO TO K€ CaMoe, CreLHU(pUUECKIM AJIs TUIOA JIOKYCOM,
ecu cyOBeKT — OepeMeHHas JKeHIIMHA TOMO3UTOTEH, a Mo rerepo3uroreH. Ha srame 303 Bce
uneHTUGULUMPOBaHHBIE HH(OOPMATHBHBIE JIOKYChI SIBJISTFOTCSL JIMOO CHEUU(PUYECKUMHU ISt
marepH, Jubo crieudUIecKUMH Al 1071, MOCKOJIBKY B KaueCTBE BTOPOro 0ObeKTa Uil BCEX
yKa3aHHBIX JIOKYCOB UCTIONB3YIOT OJHOTO U TOTO e HHIUBHIAYYMa.

UndopmaTuBHBIA ~ JIOKYC  MOXKET  OBITh  TPENCTABICH  OJHOHYKJICOTHIHBIM
nonumopdusmom, i «SNP», korma mepBblii ajieib W BTOPOH ajuielib  OTJIMYAKTCS
€IUHCTBEHHbIM HYyKJI€OTUAOM. HH(OpPMATHBHBIN JIOKYC MOXKET ObITh MPEICTABICH TaKXkKe
KOPOTKOW(MM) BCTaBKOW WJIM yAajJeHHeM, KOrja OJHOTrO WM OOJNBIIEro KOJUYeCTBa
HYKJICOTHIOB TOOABJICHbI WJIH YAJIEHBI B OJJHOM aJljieJie OTHOCHTEIBHO IPYTOro ajuIedsl.

CornacHO HEKOTOPBIM BapHaHTAM peajH3alud TeHOTUN CcyObekTta — OepeMeHHOU
JKEHIIWHBl B OJHOM HJIHM OOJbLIEM KOJHUYECTBE HMH(POPMATHBHBIX JIOKYCOB, HJIH B KaKAOM

UH(POPMATHBHOM JIOKYyCE, ONPENENSIIOT MyTeM cekBeHnpoBanus reHoMHoi JIHK, monyueHHO# 13
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MAaTePUHCKON TKaHM. YKa3aHHAs MaTE€PUHCKAs TKaHb MOKET OBITh MPEACTaBICHA KIETKaMHU
MaTEpPUHCKOH KPOBU WJIHM JIFOOBIM JIpyruM BuAOM TKaHH. COIIACHO HEKOTOPHIM BapHaHTaM
pean3auy reHOTHII TUIOAA B OAHOM MUK OOJbLIEM KOJHYECTBE HH(OPMATHBHBIX JIOKYCOB, HIIH
B KaXIOM HHOOPMATHBHOM JIOKyCE, OMPEAENSIOT MyTeM cekBeHupoBaHus reHomHoi JIHK,
MOJIyYeHHOW W3 IUIONHOM TKAaHHW, TAaKOM Kak IUIALIEHTA, BOPCHUHBI XOPHUOHA, aMHUOTHYECKAasi
JKUAKOCTh. Ecnu  mpenmouTuTeNieH MeHee WHBa3uBHbIN crnocod, tiognas JHK s
CEeKBEHHPOBAHUS MOXET Takke ObITh MOJydeHa u3 oOpasla MaTepuHCKON KpoBH. MICTOYHUKOM
takoil muonHoW JIHK moxer ObITh TOT ke oOpasel, 4To M HCHOJIb3YEMBIH AJS IMOJNy4YeHHs
mosnekyn PHK nnst cexBeHMpoOBaHUs, MM MOXKET HCIOJNb30BaThCs Apyroi obpaseu. Crienyer
UMETb B BHJY, YTO HH(OPMATHUBHBIE JIOKYCHl IUIOAA MOTYT OBITH HAEHTH(PHUIMPOBAHBI 0€3
IpsSIMOTO T€HOTUIHPOBaHUs Iiioaa. Hanpumep, ecnu onpeneneHo, 4rto cyObekT — OepeMeHHas
JKEHIIMHA TOMO3UTOTEH MO IMEepBOMY Q€0 B OJHOM JOKyce, u cekBeHuposanue PHK
YKa3bIBa€T HAa NPUCYTCTBHE BTOPOrO ajuleisl B cMecu MarepuHckod u miogHo PHK, mion
MO>KET CUYUTATHCS FETEPOZUTOTHBIM B YKa3aHHOM JIOKYCE.

CornacHo HEKOTOpPBIM BapHaHTAM peaNu3allMd M MaThb, U IUIOJ T€HOTHUIIHUPYIOT C
NPUMEHEHHEM METOJI0B MACCHBHOIO MapajuIeIbHOTO CEKBEHHPOBAHMS Ul HMIACHTU(PHKALUH
MH(OPMATUBHBIX JIOKYCOB. CEeKBEHHPOBAHHE MOXKET OCYIIECTBIATHCS HAa OOOTAINEHHBIX 10
sk3oMy obpasuax renomuoi JIHK knerok kpoBu marepu u ruiaueHTsl. ['eHomHast JIHK moxer
OBITb JKCTparupoBaHa W3 IUIALICHTAPHBIX TKAHEH M KJIETOK MAaTePUHCKOW KpPOBU C
ucnonb3oBaneM Habopo QIAamp DNA Kit u QIAamp Blood Kit (ob6a or Qiagen),
COOTBETCTBEHHO, C COOJIFOACHHWEM HHCTPYKUUi mnpomsBoguress. OOorameHne mo 3K30My U
noJy4eHue OMONMMOTEK JJisi CEeKBEHUPOBAHH MOXET OCYLIECTBISITBHCS C MPUMEHEHHEM Hadopa
TruSeq Exome Enrichment Kit (Illumina) cormacao mportokoiy mpousBoautesst. bubmuorexu
MOTYT OBITb CEKBEHHPOBAHBI C JAJIMHOHN mpouteHuil 75 m.o. B popmare PE-cexBeHnpoBanus Ha
urcrpymente HiSeq 2000 (Illumina).

Ha stane 304 orOGuparoT oguH min OoJblIee KOJHMYECTBO MH(POPMATUBHBIX JIOKYCOB. B
HACTOSIIIEM JOKYMEHTe «OTOOp» O3Ha4yaeT BbIOOp OMNpeneseHHbIX MHPOPMATUBHBIX JIOKYCOB U3
uneHTUQUIUPOBaHHBIX Ha odtane 303, i jpanpHeimero aHaimmsa.  «OToOpaHHBID
UH(POPMATUBHBIN JIOKYC TPENCTaBisIeT COOOH JIOKyC, BBIOpaHHBIH TakuM oOpazom. Bridop
MO>KET OCYLIECTBIIATHCS Ha OCHOBAHMM OJHOTO WJIM HECKOJIbKUX KpurepueB. OIHUM U3 TaKuX
KPUTEPHEB SIBISIETCS TO, TA€ YKa3aHHbIE HHPOPMATHUBHBIC JIOKYChI PACTIONOXKEHBI B TEHOME TN
Ha pedepeHCHON mocaenoBarenbHOCTH. (COIJAaCHO HEKOTOPBIM BapHaHTaM pean3aliuu
JOMOJHUTENBHO  AHANM3ZUPYKOT  TOJNBKO  JIOKYCBl, pACHOJIOKEHHBIE B  OK30HE WU
JKCIpeccupyemoii odmactu pedepeHCHON MOCIe0BATEIBHOCTH.

Jpyrum kputepueM oTOOpa SIBJISETCS YHCIO PHIOB CEKBEHHUPOBAHHS, KOTOPBIE
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BBIPABHUBAIOTCS C YKa3aHHBIM JIOKYCOM U COAEp:KaT KaXK[blil ajienb, U3 TeX PUAOB, KOTOpHIE
Obln mosTy4deHsl Ha 3tarne 301 ¥ BBIPABHUBAIUCH C pedepEeHCHON MOCIIeNOBATEIbHOCTBIO Ha
sranie 302. CornacHO HEKOTOPBIM BapHUaHTaM peajH3aliyd C OTOOpPaHHBIM HWH(POPMATHBHBIM
JIOKYCOB JIOJDKHO OBITh CBSI3aHO MO MEHBIIEH Mepe MepBOe 3apaHee ONpPeNeIeHHOE YHCIO PUIOB
CEeKBEHHPOBAHUS, COAEPIKAIINX TEPBBIA aJjieNb, W/HIH BTOPOE 3apaHee OINpPENeIeHHOE YHCIO
PUIIOB CEKBEHHPOBAHUS, COAEp KAIIMX BTOPOH ajienb. Y Ka3aHHOE 3apaHee 3aJaHHOE€ YUCIO
MOXET COCTaBJIATH 1, 2 mu Ooee, U MOKET COOTBETCTBOBATh TPeOyeMOMy Ka4eCTBY PHIOB U
rnyOnHe CeKBEeHUpOBaHMA. B pesynbrare orOOpa HMAEHTUUIUPYIOT OAMH MU OoJbliee
KOJINYE€CTBO OTOOPaHHBIX NHPOPMATUBHBIX JIOKYCOB.

CornacHO HEKOTOpPHIM BapHUaHTaM peajM3alluud sl 0TOOpa PacCMaTPUBAIOT TOJIBKO
uH(popmaTuBHbIE JOKYyCBI, npeacrasisomue SNP. CorimacHo OgHOMY U3 IPUMEPOB pean3aluu
yKa3aHHOTO criocoba uccnenosanu npudnusutensHo 1 mian SNP 6a3sr manabix dbSNP NCBI,
Bepcus 135, BCe M3 KOTOPBIX PACIONIOKEHbI B 9K30HAX, U MACHTUGULIUPOBATIH HHPOPMATUBHbIE
u3 ykazaHHelx 1 miH SNP ¢ ucnonp3oBaHMeM MaTE€PUHCKOTO U IJIOAHOTO I'eHOTHIOB. Jlys
wunoctpaimu  uHpopmatuBHbix SNP, «A» 3amaBanu kak oOwmuit amnens, a «B» — kak
cnietrpraecknii MaTepuHCKUH WK crnierduaeckuil ionHeiil annens. MHpopmaTiBable SNP
Brmouanu SNP co cneruduyeckum marepunHckuMm ateneM SNP, a umeHHO, «AA» y miona u
«AB» y matepu B onpeneneHHoM jiokyce, u SNP co cnenmduyueckum amst wiona ajuienem SNP,
a UMeHHO, «AA» y wMarepu u «AB» y muoma, B ONpeneneHHOM JIOKyce. [ eHOTUIIbI
MPOrHO3UPOBAIM ¢ TPUMEHEHHEM COOCTBEHHOTO OHOMH(POPMALMOHHOTO anropurma. Jls
npoBeneHusi 0TO0Opa B aHAJIM3 BKIKOYAJIN TOJNBKO HHGopMaTuBHBIE SNP, B KOTOpPBIX M AJist
amnens «A», u nua amnens «B» umencs mo MeHblneld Mepe OIWH TMONCUUTAHHBIN DU,
COOTBETCTBEHHO.

Ha srtanax 305 u 306 nmoncuuThIBarOT pPUABl CEKBEHHPOBAHUS, BBIPABHUBAOIIUECA C
KaXXJIbIM OTOOpPaHHBIM HMH(pOPMATUBHBIM JIOKYCOM, M COPTHPYIOT MX B 3aBUCHMOCTH OT TOTO,
Kakoi atenb OHHM coxmepkar. Jlnma kaxkzmoro oOTOOpaHHOro WH(POPMATUBHOTO JIOKyCa
ONMpENeNI0T [1Ba YHCJA. MEPBOE YHCIO, KOTOPOE TMPEACTaBIsieT COOOHW YHCIO PUAOB
CEeKBEHHPOBAHHUS,  BBIPABHUBAIOIIUXCA €  YKa3aHHBIM  JIOKYCOM M COAEPIKAIIHNX
COOTBETCTBYIOLIMI TepBbIi amiens (T.e. OOl amuenp),; W BTOPOE UHCIO, KOTOpOe
npeAcTaBysieT COOOH YHCIO PUIOB CEKBEHUPOBAHHUS, BBIPABHUBAIOIINXCS C YKA3aHHBIM JIOKYCOM
U COZIEpKAIlMX COOTBETCTBYIOINMN BTOPOH ajuienb (T.€. crenupUuecKuil MAaTePUHCKUN WU
cneunprIeCKUi TUIOAHBIA ajulelb). YKa3aHHbIE MEPBOE YUCIO M BTOPOE YHUCIO MOTYT OBITh
BBIYUCIIEHBI MMOJXOASIINM CIIOCOOOM. Y Ka3aHHOE MEPBOE YUCIIO TUTIOC YKA3aHHOE BTOPOE YUCIIO
I KQXKIOrO JIOKyca AarT ofliee YUCIO PHUIOB CEKBEHHPOBAHHWS, BBIPABHHBAIOLIUXCS C

YKa3aHHbIM JIOKY COM. OrtHoueHne YKa3aHHOTO MEPBOro 4ncjia U yKa3aHHOrO BTOPOTO HHCIa I
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KOHKPETHOTO OTOOpPaHHOTO HWH(POPMATHUBHOIO JIOKyCa MOXKET HA3bIBATBCSA —«AJJICIBHBIM
OTHOILEHUEM .

Ha stanax 307 u 308 CyMMUPYIOT 4MCJIO NEPBBIX AJJIENEH U BTOPBIX aJLIENEN BO BCEX
oroOpaHHBIX HMH(pOpMaTHBHBIX JIoOKycax. Ha stame 307 BBMUCIAIOT NMEPBYIO CYMMY MEpPBBIX
yncen. IlepBas cymma oTpaxaer oOIiee YHCIO pPHIOB CEKBEHHPOBAHHUS, COAEPIKAIIUX
COOTBETCTBYIOLIME IEpBble ajuienu (T.e. oOlMe aijienu) AN OTOOPaHHBIX WH(POPMATHBHBIX
nokycoB. Ha stane 308 BBMUCIAIOT BTOPYIO CYMMy BTOPBIX 4HCeN. BTopas cyMMa OTpa)kaer
o01ee 4MCIO PUIOB CEKBEHHPOBAHUS, COAEPIKAIIMX COOTBETCTBYIOLIME BTOpbIE ajuienu (T.e.
cneunprUeckue MaTEpUHCKHUE WIHM CrenupuuecKue IUIOAHbIE aJUIeNd) IJIs1 OTOOPaHHBIX
MH(QOPMATUBHBIX JIOKYCOB. YKa3aHHbIE CyMMBbl MOTYT OBITb BBIYHCIEHBI IOAXOASIIUM
crioco0oM c IIPUMEHEHUEM BCEX OTOOPaHHBIX MH()OPMATUBHBIX JIOKYCOB,
uneHTUGUUUpoBaHHbIX Ha dTane 304, unm ux noAacoBOKYMHOCTH. COrnacHO HEKOTOPBIM
BapMaHTAaM peall3allid yKa3aHHble CYMMbl B3BelIMBAKOT. Hampumep, Bkjaabl B yKa3aHHBIE
CYMMBI JIOKyCOB M3 ONPEAEIeHHONH XPOMOCOMBI MOTYT ObITh MacIITAOMPOBAHBL, C YMEHbLICHUEM
WIN YBEJINYEHUEM, ITyTeM YMHOXXEHUsI NIEPBbIX YUCET U BTOPBIX YUCEN AJI YKAa3aHHBIX JIOKYCOB
Ha CKaJisip.

Ha stane 309 BBUMCIAIOT OTHOLIEHWE MEPBONW CYMMbI U BTOPOH CyMMBL Y Ka3aHHOE
OTHOILEHUE OTPAKAE€T OTHOCUTEJIBHOE YHUCJIO PUAOB CEKBEHHPOBAHMs IJIs1 NMEPBBIX aJUIENEH U
BTOPBIX ajiesiel, OOBbEIMHEHHBIX MO OTOOpaHHbIM HHOOPMATUBHBIM JIOKycaMm. (COracHoO
HEKOTOPBbIM BapHaHTaM peajiu3alii yKa3aHHO€ OTHOIIEHHE PACCUUTHIBAIOT MPOCTO JeJIEHHEM
MepBON CyMMbl Ha BTOPYIO CymMMy. Takol pacyer AaeT YuCJIO PUIOB CEKBEHUPOBAHUS s
o0Imux anjeneii B BUIEe MHOXKECTBA PUIOB CEKBEHUPOBAHUS IJISl CIICUPHUUECKUX MATEPHHCKHX
WK criequrUecKux TUIOAHBIX ajuieneil. Kak BapuaHT, yKa3aHHOE OTHOLIEHHE MOXKET OBITh
paccUMTa”HoO MyTeM AEJNEeHHs BTOPONW CyMMBbl HA CyMMYy YKa3aHHBIX NEPBOW CYMMBI U BTOPOU
cyMMbl. B 3TOM ciydyae yka3aHHO€ OTHOIIEHHE HAaeT YHUCJIO PUIOB CEKBEHUPOBAHUS [JIS
cneuruprUIeCKUX MATEPUHCKUX WIH CHeUU(UYECKHX IUIOAHBIX ajUiesied B BHIE JOJU OT BCEX
pUIOB CeKkBeHUpOBaHUs. Jlpyrue crmocoObl BBIYUCIEHHS YKA3aHHOTO OTHOIIEHHs OyayT
OYEBHIIHBI ISl CIIEIMAJIMCTA B JAHHOW OONACTH TEXHUKH. YKa3aHHbBIE TIepBasi CyMMa M BTOpas
CyMMa, Ha OCHOBaHMM KOTODPBIX BBIUUCISIOT YKa3aHHOE OTHOIIEHHE, MOTYT HCIIOJb30BAThCS B
Ka4eCTBE 3aMEHbI MPUCYTCTBYIOMKX B 00pasue koimyects PHK (T.e. TpaHCKpUIITOB), KOTOpBIE
MPOUCXOMAST U3 O0IUX U CrIeUPUISCKUX aJUIeJIeH, At OTOOPaHHBIX WHPOPMATUBHBIX JIOKYCOB.

Ha »rtane 310 BbrucnenHoe Ha stane 309 OTHOLIEHHME CPABHUBAIOT C MOPOrOBBIM
3HAYCHUEM ISl ONpEAeNICHHs TOro, MMEETCsl JIM y IUIoJA, MaTepu MM TPH OepeMEeHHOCTH
CBsI3aHHOE ¢ OepeMeHHOCThIO HapymeHne. COrjacHO pa3IMYHBIM BapHaHTaM peaTn3aluu

IOPOTrOBOE 3HAUEHHE MOXKET OBITh ONpefeNieHO IO OAHOMY WJIN OONbLIEMYy KOJHYECTBY
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00pa3LoB, TMOJyUYEHHBIX OT CYOBEKTOB — OEpEMEHHBIX JKEHIIHMH, Y KOTOPBIX OTCYTCTBYET
CBsI3aHHOE ¢ OEPEeMEHHOCTBIO HapyIIeHHe (T.€. OT KOHTPOJBHBIX CYOBEKTOB) W/HIIN OMPENEICHO
MO OAHOMY WM OOJIbIIEMY KOJIMYECTBY OOpa3LIOB, MOJYYEHHBIX OT CYOBEKTOB — OepeMEHHBIX
JKEHIIHH, Y KOTOPBIX NMEETCs CBA3aHHOE ¢ OepeMEHHOCThIO HapyiueHue. CorjaacHO HEKOTOPBIM
BapUaHTaM Pean3alii IIOPOroBOE 3HAUEHHE ONPEACISIIOT MyTEM PeaM3alii TOro e crocoda
COTJIACHO TPHMBEIEHHOMY BBIIIE€ OMNMCAHMIO HAa 00pas3lax OT KOHTPOJIbHBIX CyOBEKTOB, U
UCCIIENIOBAHMS TOTO K€ MIIH MePeKPhIBAOLIEro Habopa OTOOpaHHBIX MH(POPMATUBHBIX JIOKYCOB.
IToporoBoe 3HaueHME MOXKET OBITh YCTAHOBJIEHO Kak 3HAU€HHE MEXAY OKUAAeMbIMH
3HaYeHUsAMU i1 OepeMeHHOCTeH 0e3 HapyLeHHs M OXHUAAEMbIMH 3HAUEHUAMU IS
OepemeHHocTell ¢ HapywmeHueMm. IloporoBoe 3HaueHHE MOXKET OBITh OCHOBAaHO Ha
CTaTUCTUYECKOM OTJIMYUHU OT HOPMAJIbLHOTO 3HAYEHUS.

CornacHo HEKOTOPBIM BapHAaHTAM peATM3ALMU JJI OTHOIUIEHHS, BBIYUCISEMOro s
cyObekta — OepeMeHHON >KeHIMHbI (corjacHo dTamy 309), HCIONB3YHOTCS OTOOpaHHBIE
MH(OPMATHUBHBIE JIOKYChl M3 OINPEAEICHHOro Ha0Opa TeHOB, W OTHOLIEHHE (a HMMEHHO,
HIOPOrOBOE 3HAYEHUE) BBIYHCISIIOT AJIST KOHTPOJBHBIX CYOBEKTOB C MPUMEHEHHEM OTOOPaHHBIX
MH(OPMATUBHBIX JIOKYCOB B T'€HaX, HEKOTOpble WIM BCE M3 KOTOPBIX COBHamanT. Ecmu
BBIYMCJIEHHOE OTHOLIEHHWE JUIi CyObekTa — OepeMEeHHOH JKeHIIMHbI OCHOBAaHO Ha
crien(pUIecknX MaTePHHCKUX AaJUIeNsX, TOTZa BBIYHCIEHHOE IOPOroBO€ 3HAYEHHE JUIS
KOHTPOJIBHBIX CYOBEKTOB MOJKET Takke ObITh OCHOBAHO Ha CHEUU(PUUYECKUX MATEPUHCKHX
ayensx. AHaJIOTHYHBIM 00pPa30M, U OTHOLIEHHE, U IOPOrOBOE 3HAUEHHE MOTYT OBITh OCHOBAHbI
Ha Crer(pUYECKIX TUIOJHBIX aJUIENISX.

CpaBHEHHE OTHOLIEHHS C MTOPOTOBBIM 3HAYEHUEM MOKET OCYLIECTBISTHCS MOAXOISIIIUM
cocoboM. Hanpumep, HapyleHne MOXKET TUarHOCTHPOBATHCS B TOM Cllydae, KOrjaa yKa3aHHOe
OTHOLIEHHE TPEBBIIIAET MOPOTOBOE 3HAYCHUE WJIM MEHbIIE MOPOrOBOTO 3HAYEHUS, Ha JIOOYIO
BEJINYMHY WM HA BEJIMYMHY, MPEBBIIIAIOINYI0 OmpeneneHHblil npenen. CpaBHEHHE MOXKET
BKJIFOYATh BBIYHMCJICHUE PA3HOCTH WJIM BBIYHCICHHE IPYTOr0 OTHOIIEHHUS MEXKIY OTHOLICHHUEM
s cyOpekTa — OepeMEeHHOW JKEHIIMHbI M MOPOrOBbIM 3HaueHHeM. COriacHO HEKOTOPBIM
BapUAHTAM pPEaH3alMd CPABHEHHE BKIIFOYAET OLIEHKY TOTO, UMEETCS JIN 3HAUUMOE DPa3JInune
OTHOCUTENIbHBIX YPOBHEHW SKCIPECCHH OOIMUX W HE SBISIOLIMXCS OOMMMM ajutenei aus
OTIPEIEIEHHBIX TE€HOB Y CYObeKTa — OEPEMEHHOM KEHIIMHBI 1 KOHTPOJBHBIX CYOBEKTOB.

IIpn HEOOXOMUMOCTH yKa3aHHBIH COCOO MOXKET TakKe NMPUMEHSATHCS U OLICHKH B
obpasue uwactm PHK, umeromell MaTepwHCKOE WM IUIOJHOE TNPOUCXOXKICHHE. Y Ka3aHHYIO
OLIEHKY MOJIy4aroT MyTe€M YMHOXXEHHS OTHOLICHHUS, PacCUMTAHHOro Ha 3tane 309, Ha cKaysp.
VYKa3aHHBI CKaJsIp OTpakaeT OOIMH yPOBEHb 3KCHPECCHH B OTOOPAHHBIX WH(POPMATHBHBIX

JIOKyCax OTHOCHUTEJIbHO 3KCIPECCUU BTOPBIX ajljIesiell y TeTepO3UrOTHOIO UHANBHUIYYMA.
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Crnenyromuii npuMep WUTIOCTPUPYET NMPUMEHEHHE YKa3aHHOTroO ckajsipa. B Tom ciyuae,
€CIIM BTOpBIE aJUIENH, MOJCUUTAHHBIE YKAa3aHHBIM CIIOCOOOM, SIBISIFOTCS CIEHU(PUUECKUMU IS
IUI0Aa, OTHOLICHHUE, pacCYMTaHHOE Ha 3Tane 309, MOXKeT JaBaTh YUCJIO PUAOB CEKBEHUPOBAHUS
s criennUUecKUX IUIOAHBIX ajuleliel, TNPEACTaBICHHOE B BHUAE AOIH OT BCEX PHUAOB
CEeKBEHHPOBAHUS UII OTOOPAaHHBIX MH(POPMATUBHBIX JIOKYCOB. Cpenu pHIOB CEKBEHHPOBAHUS,
cofiep KalX OOIMMH aljiesib, HEKOTOPble BHECEHBI MATEPbI0O U HEKOTOPbIE BHECEHBI IUIOJOM.
Ecnu oTHOCHUTENBbHBIE YPOBHU 3KCIPECCHH CHENU(UIECKHX TUIOJHBIX U O0IINX ajulesied y 1miioaa
U3BECTHBI, WJIM MOTYT OBbITb OIICHEHBI, OTHOIIEHHE MOXXET OBITh MAaCIITAOMPOBAHO IS
NOJTYYEHUsI OLIEHKH yAETbHOTrO BKJIA/A IJIOAA BO BCE PHUIbI CEKBEHMPOBAHUS JJIsi OTOOPAHHBIX
MH(POPMAaTUBHBIX JIOKYCOB.

CornmacHoO HEKOTOPHIM BapUaHTaM pealM3allud IUIOAHBIE U O0Iue  ajuienu
SKCIPECCUPYIOTCS CUMMETPUYHO B OOJIBIINHCTBE JIOKYCOB, U CKAJIIPy NPUCBANBAETCS 3HAUYEHUE,
Oomuskoe k 2. CorjacHo APYyruM BapUaHTaM pealn3alii yKa3aHHBIH CKajsip HE paBeH 2 U
YUUTBIBAET aCUMMETPUYHYIO TeHHYIO SKcrpeccuto 2! OTHOCHTEeNbHBbIA MaTepUHCKHI BKIaj B
pUIbl CEKBEHUPOBAHUS B TAKOM CJIy4yae IMOJy4aroT BBIMUTAHHEM OTHOCUTENIBHOTO BKJIaja IUIOza
U3 eMHHLBL. AHAJOTUYHbIE PACYETHI MOTYT OBbITh BBIITOJHEHBI B CIy4ae, €CIM BTOPBIE aJUIEIH B
0TOOpaHHBIX MH(POPMATHBHBIX JIOKYCaX SBISIFOTCS CIIEU(DUISCKUMHE AJIST MATEPH.

B. Ilpumepsr:

1. Koppensimust ainenbHbIX OTHOIIEHUH U KOHLIEHTPALUH B IJ1a3Me

AnHanusupoBaiu Npoduib SKCIPECcCH 00paslia MaTEPUHCKON Ta3Mbl (CPOK TeCTalHH
37 2/7) m cpaBHUBAJIU C COOTBETCTBYIOIIUMH OOpa3LiaMH TUIALIEHTbI M KJIETOK MAaTePHUHCKOH
KpOBH y OepeMEeHHOH JKeHIIMHbL MaccuBHOEe TapajiesibHoe cekBeHupoBanue PHK
OCYILECTBJISUTH ISl KQXKIOTO U3 YKa3aHHBIX 00pas3loB ¢ MpUMeHEeHHeM MHCTpymeHTa Illumina
HiSeq 2000. IlnaneHTy M KJIETKH MATEPUHCKOW KPOBHU T€HOTUITUPOBAIM C NPUMEHEHUEM
CEeKBEHHPOBAHUS 5K30Ma MAaCCHBHO-TIAPAJUIEIbHBIM ~ METOAOM. ABTOPBI  HCCIIEIOBAN
npubnmm3utenbHo 1 mutH SNP u3 6a3er dbSNP NCBI, Bepc. 135, pacnonioskeHHBIX B 3K30HAX, U
kiaccudunposanu nHpopmaruaeie SNP, Mo KOTOpbIM MaTh roMo3urotHa (reHotun AA), a
wion rereposuroreH (renotun AB). CooTBercTBeHHO, ayiens A Oyaer mpeacTaBisiTb COOOH
ayyesnb, OOLINA U1 MaTePH U TUIONA, U ajienb B sBisercs crienudmueckum uis 1iioaa.

Comnocrasnsitor ajutenbHeie oTHoueHuss PHK-SNP u ofmme koHULEHTpamuu pasHbIX
PHK-TpaHCKpUNTOB B MaTEpUHCKOW TUIa3M€ C OTHOCHTENBHBIMU TKAHEBBIMH yPOBHIMHU
sKcrpeccu  (IUtaneHTa/kineTku kpoeu) (ur. 7). ABTOpel HaOMIOAANH, YTO aJUIEJBHOE
otHoiienne PHK-SNP B nnazMe xopoio Koppenupyer ¢ OTHOCUTENbHBIM TKAHEBLIM YPOBHEM
skcnpeccuu (koddpdurment Crmpmena R = 0,9731679, P = 1,126e-09) Onnako oOmmii ypoBEHb

B IUIa3ME€ HE KOPpEeNIupoBaJ C TKaHEBOH skcmpeccued (kosppuument Cnmpmena R = -
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0,7285714, P = 0,002927).

ITomMuMo aHamnM3a SKCIPECCUH Y TUIOAA YKa3aHHBIN CIIOCOO MOXKET TaK»Ke NMPUMEHSTHCS
i TpoPUIMPOBAHMSA JKCHOPECCHH Yy MaTepu. B yka3aHHBIX OOCTOATENBbCTBAX MOTYT
UCTIONb30BaThCst nHpopMaTuBHbie SNP, 0 KOTOphIM MaTh rerepo3urotHa (remorun AB), a mmon
romosuroteH (renotun AA). B Takom ciyvae amnenpHoe otHomeHue PHK-SNP moxker ObITh
pacCUMTaHO IyTEeM MAENIeHHs] TOACYUTAHHOIO KOJIMYECTBA CIEU(PHUECKUX MaTePUHCKUX
anjeneil Ha MOJACUYUTAHHOE KONN4ecTBO obmero ayutens. Ha ¢ur. 8 nmpencraBneHa 3aBUCUMOCTD
annenpHbIx oTHOmeHWH PHK-SNP u o0mux ypoBHeH B muia3Me pa3HbIX I€HOB, COAEPIKAIINX
uHpopmatuBHele SNP, U  OTHOCHTENBHOTO YpOBHA TKAHEBOH JKCHpeccHH  (KIETKU
KPOBW/IUTALIEHTa). ABTOPBI HAOIOJAIN BBIPAKEHHYIO TOJOXKUTENBHYIO CBS3b YPOBHS TKAHEBOMH
skcnpeccun u amnenpHoro otHomeHust PHK-SNP B martepunckoil mnasme (kosd¢uiueHt
Cnmpmena R=0,9386, P<22e-16), HO He oOOWMX ypOBHEH TPAHCKPUILMU B IUIa3Me
(xoapdpurment Crimpmena R=0,0574, P=0,7431).

PHK-TpanckpunTsl, anjenpHble oTHOLIeHUs coaepskauxcs: B HUXx PHK-SNP u ypoBHu B
iasMe npeacTaByieHsl B Tadnunax Ha ur. 9 u ¢ur. 10.

2. Cpasuenue amenbHoro otHomeHuss PHK-SNP B mMatepunckoli miasme 1uis ciydaes
OepeMEeHHOCTH € IIPESKIJIAMIICHEeH U KOHTPOJIbHBIX CIIy4YaeB

Jlnst nByX ciydaeB ¢ CyObeKTamMu — OepeMeHHBIMH SKEHIIMHAMH IOJIydYald B CPEIHEM
117 901 334 neobpaboranHbix pparmenToB (Tabmuma 3A). AmnensHoe oTHomenne PHK-SNP
MOZICOBOKYITHOCTH LIMPKYJUPYIOIIUX TPAHCKPHUITOB, HECYLIMX CHEUU(PUIECKHE MATEPHUHCKHE
annenu SNP, cpaBHUBAIM 11 Cllyyast MPE3KIIaMIICUU € TTO3IHUM Ha4yajioM B TPETbeM TPUMECTpE
(PET), 5641, 1 COOTBETCTBYIOIIETO €My IO T'e€CTALIMOHHOMY CPOKY KOHTPOJIbHOTO ciy4vasi, 7171,
Kak BupnOo m3 ¢ur. 11A, amnenbubie oTHomenuss PHK-SNP nnst ykazaHHBIX TPaHCKPHIITOB
orpakaroT ornuvaromuecss npodwim B cnydae PET u B kOHTponbHOM ciydae. BaskHO, 4TO
npodie annenpHbix otHomeHnin PHK-SNP otniuaercs ot nmpoduiist ypoBHEH TPaHCKPHIILIUU B
iasme, kak BugHo u3 ¢ur. 11B. 310 mpennonaraer, 4To aHau3 ajienbHbIX oTHOIeHnd PHK-
SNP B MaTepHUHCKOH IMJIa3Me MOXKET UCIOJIb30BAThCS B KAUECTBE JOMOJHUTEIBHOIO MOKa3aTeNs
s ayqmed nuddepenumanyu  cnydaes PET u  HopmanmpHbIX OepemeHHocTeil. Uwmcio
UH()OPMATUBHBIX TPAHCKPUINITOB MOXKET OBITH JOMOJHUTENBHO YBEIMYEHO MPHU YBEIUYCHUH
yrcia uHpopMmatuBHeIx SNP, kak mokasaHo Ha mpumepe cpaBHeHusi ciaydas PET, 5641, u
APYyTOro KOHTPOJBHOTO Cjy4asi HOpMalibHOUW OepemeHHocTH, 9356 (dur. 12A u 12B).
Annenpnble otHoweHuss PHK-SNP u yposens B miiasme PHK-TpaHckpunToB, npencraBieHHbIE

Ha ¢ur. 11 u ¢pur. 12, npusenens! B popme Tabauusl Ha Gur. 13 u ¢ur. 14, COOTBETCTBEHHO.
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Tabnuma 3A. O600meHHbIe pe3ynbTaThl BeipaBHUBaHus punoB PHK-seq

) IlpenBapurens- Kaprupy-

Tun O6paser Heobpabo HO 06paboTan- (%)° eMBIE (%)*

obpasia TAHHBIC PUIBI A .
HbIC" PHIBI pHIbI

Mare- 5641 . .
PpUHCKad (Mpesiaamnicus) 119902 178 30 106 800 25.11% 4001376 13,29%
niazMa P
Mare- 7171
pUHCKas (KOHTPOI) 115900 490 29 160 920 25,16% 1397 345 4.79%
niazMa P

a. OcraBLmecs puabl MOC/IC YAATICHHS YaCTO MOBTOPSIOIIUXCS PUIOB.
b.% HeobpaboTaHHBIX PUAOB.

¢. Cm. ronomauTenpHyo Tabauny 2B ¢ moapoOHOH paciudpoBKoOH.
d. % npeasapurepHO 06pabOTAHHBIX PHIOB.

Tabmuma 3B. O6006menHbIe pe3ynbTaThl BeipaBHUBaHMUs puaoB PHK-seq

Tun Orobpannsie | [lpuromusie mns | Ox30H HNuTpon Mesxrensas

O6paszen N b o o obnacte

obpasma puabI aHaJIN3a PUIBI (%) (%) (%)

Marepu | 5641

HCKast (Ipesxmamn- 2579163 1422213 44.87% 12,32% 42,80%

miasMa | cust)

Marepu 7171

HCKast 790 735 606 610 37,69% 16,09% 46,22%

(KOHTPOJIB)
IasMa

a. OtoOpaHHBIC PUABI IPEACTABIIOT B OCHOBHOM siiepHbie U MutoxoHapuanbasie pPHK u TPHK
b. [Ipuroansie qyis aHamu3a puabl = 0OLIEE YUCIO KAPTUPYEMBIX PUAOB — OTOOPAHHBIC PHIbI.
¢. % puaoB, BRIPABHUBAIOMIMXCS ¢ 00IACTSIMU BHE SK30HOB M HHTPOHOB PE(hSPECHCHBIX I'CHOB.

1. Criocob omnpeneseHus MIOTHOTO WM MaTepuHCKOro Bkjana PHK

A. Criocod

Ha ¢ur. 15 npencrabnen crnocod 1500 ompeneneHuss B MOJYYEHHOM OT CyOBbeKTa —
OepeMeHHOI TIoNOM >keHIMHbI oOpasue yactu PHK miomHoro mpoucxoskaeHus. YKa3aHHbIN
o0pazern; MOXeT OBbITh TIOJYYEH U MOATOTOBJIEH COTVIACHO MPUBEIEHHOMY BbIlIe AJisi criocoda 300
OMMCAHUIO.

Ha orane 1501 nony4aroT COBOKYNHOCTb PUIOB cekBeHuUpoBaHus. Ha stame 1502
yKa3aHHbIE PUABI CEKBEHUPOBAHHs BBIPABHUBAIOT C pPePEepeHCHON MOCIen0oBaTEIbHOCTHIO.
VYKkasaHHbIE 3Talbl MOTYT OCYLIECTBIATHCA COTJIACHO MPUBEAEHHOMY Bbille A 3Tanos 301 u
302 onucanuo.

Ha stame 1503 wpeHTHUUUPYIOT OOUH WK OOJbIIee KOJUYECTBO HH(POPMATUBHBIX
MaTEePHHCKUX JIOKYCOB. Kaxnblii nHGOpMATHBHBIN MAaTEPHUHCKHNA JIOKYC TOMO3HIOTEH Y IUIOAA
N0 COOTBETCTBYIOIIEMY IE€PBOMY aJUIETI0 M TeTepO3UroTeH y cyObekta — OepeMeHHOH
JKEHIIUHBI [0 COOTBETCTBYIOLIEMY MEPBOMY AJUIETIK U COOTBETCTBYHOILIEMY BTOPOMY AJUIEIIO.
IlepBbIit anenb, COOTBETCTBEHHO, SIBIISIETCS OOIIUM JJIsi MAaTe€PH M IJIOAA, & BTOPOH aJuleib
ABJISIETCS CrielprIecKuM MaTepuHCKUM. MH(OpMaTHBHBIE MaTEPHHCKHE JIOKYCHl MOTYT OBIThH
UIeHTH()ULPOBAHBI COTTIACHO MPUBEICHHOMY BbIIIe 11 3Tana 303 onucaHuio.

Ha stane 1504 orOuparoT nH(pOpMATHBHBIE MATEPHHCKHE JIOKYChI, COTJIACHO 3Tary 304,



22

U WACHTUQUUUPYIOT OOWH WM OOJbIIee KOJMYECTBO OTOOPAaHHBIX HH(POPMATHBHBIX
MaTEePUHCKUX JIOKyCOB. PHIpl cekBeHMpOBaHUs OOpalaThIBAIOT HAa yPOBHE WHIWBUAYAJIbHBIX
oroOpanHelx Ha srtamax 1505-1511 wuHbopmaruBHbIX JoOkycoB. Ha stamax 1505 u 1506
OTIPENENSAIOT MEPBOE YHCIO U BTOPOE HUCIO AN KaXIOro OTOOPaHHOrO HMH(OPMATHBHOTO
MaTEepUHCKOro Jiokyca. Ilepsoe umcno onpepenstor Ha stane 1505 kak 4YUCIO PUAOB
CEKBCHUPOBAHMs,  BBIPABHMBAKOLIUXCS C  YKA3aHHBIM  JIOKYCOM W COJAEpXKALIMUX
COOTBETCTBYIOLUI NEPBBIN ajutenb. Bropoe uncno onpenensaroT Ha stane 1506 kak 4ucio puaos
CEeKBEHUPOBAHMS,  BBIPABHUBAIOLIUXCS  C  YKa3aHHBIM  JIOKYCOM W COJAEpXKaIIMUX
COOTBETCTBYIOIIUN BTOPO amenb. Jtanbl 1505 u 1506 MOryT OCyLIECTBIATHCS aHAJIOTUYHBIM
stanam 305 u 306 06pazom, COrIacCHO ONMUCAHMIO BBIIIE.

Ha stane 1507 BBIYUCIAIOT CyMMy YKa3aHHOIO NEPBOrO 4YUCIAa U YKa3aHHOIO BTOPOrO
YHCIa A KQKI0ro MH(GOPMATHBHOIO MATEPHHCKOTO JIOKyca. YKa3aHHAs CyMMa MOXET ObITbh
SKBUBAJICHTHA OOIIEMy YHCJIy pPHUAOB CEKBEHHPOBAHMS, BBIPABHUBAIOIIUXCS C YKAa3aHHBIM
aokycoM. Ha stane 1508 BBMUCIAIOT MaTEPUHCKOE OTHOLIEHUE IyTEM AEJE€HUs BTOPOro 4UCia
Ha YKa3aHHYI0 CyMMy. MaTepuHCKOE OTHOLIEHHE AAeT JOJI0 OT BCEX PUAOB CEKBEHHUPOBAHUS,
BBIPABHUBAIOLINXCS] C KOHKPETHBIM JIOKYCOM, KOTOPBIE COZIEpIKaT BTOPOH (crneuuduyecKuil s
MaTepy) ajjeb.

Ha srane 1509 ompepenstoT ckansip. YKa3aHHbIH CKajsip OTpakaeT OOIIUI ypOBEHb
SKCIPECCUU B OTOOPAaHHOM MH(OPMATHBHOM MATEPUHCKOM JIOKYCE€ OTHOCUTEIBHO HKCIPECCHH
COOTBETCTBYIOLIIETO BTOPOro ayuielsi y cyObekra — OepemMeHHOW skeHIMHbL CorjacHo
HEKOTOpPbIM BapHaHTaM peanuzauuy, eciu uHpopMamus o0 SKCIpeccHd ABYX ajuleNed y
cyObekta — OEpeMEeHHOW JKEHLIMHbI M3BECTHA WJIM MPEIoJaraeTcsi, 4YTO SKCIPECCHUst
CUMMETPHUYHA, YKa3aHHBbIA CKasAp NpuOIM3uTeapHO paBeH 2. COrjacHO APYyruM BapHaHTaMm
peanu3auMy 3HAYEHHE YKA3aHHOIO CKajsip MOXKET OTJIM4YaTbCsl OT 2 U YUYUTHIBATh
ACHMMETPUYHYI0 T€HHYIO 3KCrpeccuro. I[ToCKoabKy OOJBIIMHCTBO JIOKYCOB 3KCIPECCUPYIOTCS
CUMMETPUYHO, OMYIEHNUE O CAMMETPUN IPUMEHUMO.

Ha »srtame 1510 matepuHCKOE OTHOLIEHHWE YMHOXKAIOT HA CKaAp AJs IOJy4YEHUs
MAaTePUHCKOrO BKJama. MaTepHHCKUH BKJIAaJ OTpakaeT, B OTOOpPaHHOM HH(OPMATHBHOM
MaTEpPHHCKOM JIOKyCe, OO0 PUAOB CEKBEHUPOBaHMs (WM, COOTBETCTBEHHO, nomo PHK B
yKa3aHHOM 00pasiie), BHECEHHYI0 MaTepbl0. BhIUWTaHHE MATEpUHCKOrO BKJAaga W3 CIUHULIBI
JaeT TUIOAHBIN BKJAJ, UJIM AOJI0 PUAOB CEKBEHUPOBAaHMs, BHECEHHYIO IuoaoM. Ha stane 1511
BBIYUCIISIOT TUIOJHBIN BKJIAJ IJIs1 OTOOPAaHHBIX HH(POPMATUBHBIX MATEPUHCKUX JIOKYCOB.

Ha »srtane 1512 B obpasue ompenmemsiror vacte PHK, mpoumcxonmsmyio ot miona.
VYka3aHHast 4acTh MPECTaBIsAeT cOOOl cpenHee 3HaUEHUE IUIOAHBIX BKJIAJOB AU OTOOPAHHBIX

UH(POPMATUBHBIX MATEPUHCKUX JIOKyCOB. COrIacHO HEKOTOPbIM BapHAaHTaM peaNn3aluu
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yKa3aHHOE CpeJHee 3HA4YeHHE B3BELIMBAIOT, HANpUMEpP, O CyMMaM, BBIUHUCIEHHBIM MJis
OTOOpaHHBIX HMH(OPMATHBHBIX MAaTEPHUHCKHX JIOKYCOB. IIpW BBIMUCIEHHH B3BEIIEHHOTO
CpPeAHEero 3HaueHUs omnpeneseHHas Ha stane 1512 4JacTe MOXKET OTpakaTb OTHOCUTEJbHBIE
YPOBHH SKCIPECCHH Pa3HBIX JJOKYCOB MJIM T€HOB B 00pasIie.

Yacte PHK mnogHOro mpoucxoxaeHust B 00pas3ie MOKET OBbITh BBIYHUCICHA JJIST OTHOTO
0TOOpaHHOrO MHYOPMATHBHOIO MAaTEPUHCKOTO JIOKYCa, MHOTHX TaKUX JIOKYCOB HJIM BCEX TAKUX
JIOKYCOB, JJi1 KOTOPBIX IOJyU€Hbl NJaHHblEe CeKBeHHpoBaHUsA. ClenyeT HUMeTb B BHIYy, 4YTO
yKa3aHHasl 4acTb OTPA’KaeT LUPKYJUPYIOIIUN TPAHCKPUIITOM y KOHKPETHOro cyObekTa —
OepeMeHHOM KEHIIMHBI B MOMEHT BPEMEHH, KOoraa Obul MoNyueH yKa3aHHbIM oOpaseu. B Tom
ciyuae, eciu 00pasiipl MOJNYyYaloT OT CyObEeKTa B pa3Hble MOMEHTHI BPEMEHHU Ha NMPOTSHKEHUHU
OepeMeHHOCTH, Habop OTOOpaHHBIX UH()OPMATUBHBIX MaTEPUHCKUX JIOKYCOB,
UIEeHTU(ULUPOBAHHBIX B COOTBETCTBUH €O crmocobom 1500, mMoxeT BapbHpOBaTh B Pa3HBIX
oOpasuax, Tak e kak 1 yactb PHK muonHOro mpouncxosxneHusi, onpenesieHHas B YKa3aHHbIX
nokycax. Hacte PHK monHOro mpouncxoxkaeHust B oOpasle Takke MOXET ObITh Pa3JIMuHON Y
pasHBIX CyOBEKTOB, Jake NPH KOHTPOJE CPOKAa IeCTalUy WM APYTrux (PakTopoB, U MOXKET
OTJINYaThCA Yy CyOBEeKTa, MMEIOINEro CBsI3aHHOE ¢ OepPEeMEHHOCTBIO HapyIIEHHEe, M 30POBOTO
cyOopexTra. COOTBETCTBEHHO, YKa3aHHAs 4acTb MOXKET CPABHUBATBHCS C IOPOTOBBIM 3HAYEHHEM
IUI AUATHOCTUPOBAHUSI TAKOTO HAPy LICHMUS.

CornacHO HEKOTOPBIM BapHaHTaM peasin3alliy OPOroBOE 3HAUEHHE ONPENENIOT MyTeM
ocyuiectBiieHus criocoda 1500 ¢ npuMeHeHHeM 00pa3IOB OT OJHOIO WJIH OOJIbLIETO KOJIUYECTBA
3M0pOBBIX CyOBEKTOB. COIJIACHO HEKOTOPBIM BapUaHTAM pPEaM3alMy JUArHO3 CTaBAT, €CIH
yKa3aHHasl 4acTh IPEBBILIAET MOPOrOBOE 3HAUEHHE WM MEHbIE MOPOroBOr0 3HAUEHHUS Ha
moOyr0 BEIMYUHY MM HAa BEJIMYHHY, NPEBBIMIAIOINIYI0 ONPENEJCHHBbIH IOMyCK. YKa3aHHOe
CpaBHEHHE MOJKET BKJIOYATb BBIYMCIIEHHE PA3HOCTH WM BBIYUCIIEHHUE OTHOIIEHHS MEXIy
yacteto PHK, mpoucxopsmeit ot miona, y cyoObekra — OepeMeHHO! JKEHIIHHBI, U TOPOTOBBIM
3HaueHueM. COoriacHO HEKOTOPBIM BapHaHTaM pealiu3allii CPaBHEHUE BKIIIOUAET OLIEHKY TOrO,
omnyaetcs Jim cymecTBeHHO 4acth PHK, mpouncxonsmas ot miona, y cyobekra — OepeMeHHON
JKEHIIMHbI OT HAONIOAaeMOl y 3I0pPOBBIX OEPEMEHHBIX SKEHINWH B AHAJOTMYHBIE MEPHOIBI
recTaluu.

Yacte PHK mogHOrO mpOMCXOXKIEHUST B OOpaslle Takke MOKET OBITh OmpereseHa
IyTEM HCCIeNOBaHUA MH(OPMATHBHBIX JIOKYCOB IuIOfa. B KakaoM MH(POPMATHBHOM JIOKyCe
IUIOZIa OLIEHKA YKa3aHHOW YacTH MOXKET OBITh IOJydeHa IyTEeM, BO-TIEPBBIX, BBIUHCICHUS
OTHOLICHMs U1 IUIOZA, KOTOPOE TMPENCTaBlsieT COOOH YHCIIO pPHUAOB CEKBEHHPOBAHUS,
COIIep KAIINX BTOPOH (crieruduuecKuil TUIOAHBIN) aJjieNib, pa3feIeHHOe Ha Oo0lee YHCio PUIOB

CCKBCHUPOBAHUS. B sTom CJIy4dac BKJIaa I10JAa paBE€H IJIOAHOMY OTHOLICHWIO, YMHOXKCHHOMY Ha
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CKaJIsIp, OTPAKAKOLIUI OTHOCUTENbHBIE YPOBHU SKCIPECCUM YKA3aHHBIX ABYX ajUleNed y IIOAa.
CootBercTBeHHO, BapuaHT crocoba 1500 MOXeT OCyINeCTBIATHCS MyTEM HISHTH()UKALUN
MH(POPMATUBHBIX JIOKYCOB IIOAA, OTOOpa YKa3aHHBIX JIOKYCOB, BBIMHCICHUS IUIOAHOTO BKJanga
IS K&KIOTO OTOOPAHHOTO JIOKYCa U yCPEIHEHUs! TUIOIHBIX BKJIAI0B JJIs1 OTOOPAHHBIX JIOKYCOB.
IIpu HeoOxogumocTH npoucxonsamas ot mona yacte PHK, onpenenenHast ¢ momorpto criocoba
1500, moxker ObITh pacIIMpeHa MyTeM YCPEOHEHUs IUIOAHBIX BKJIAJOB, BBIUHCICHHBIX IS
O0TOOpaHHBIX MHQOPMATHUBHBIX MAaTEPUHCKHUX JIOKYCOB U IUIOAHBIX BKJIAZOB, BBIYMCICHHBIX AJIS
O0TOOpaHHBIX MH(POPMATHUBHBIX JIOKYCOB IJIOAA. BBIUNCIIEHHBIE ONMHUCAHHBIM CIIOCOOOM CpenHHe
3HA4YEeHUs1 MOTYT ObITh B3BELICHBI AJI yU€Ta BapUALMH YHCIIa PUIOB CEKBEHUPOBAHMS B PA3HBIX
JIOKyCax, AJIsl YBEIMYEHUs Beca CHelU(pUUECKUX MATEPUHCKUX HIN CHeHM(PUIECKUX IIOAHBIX
JIOKYCOB, | T.II., P HEOOXOAMMOCTH.

B. Ilpumepsnl

1. UnenTudukanust U OLEHKA MPOUCXOSLIEro OT IUIOAA M OT MaTepH TPAHCKPHUNTA B
MaTEepUHCKOH I1a3Me

HHpopmaTHBHBIE I'eHBI, ONPEAeIeHHbIE KaK I'eHbl, COAEpIKalie 10 MEHbIIEH Mepe OIuH
napopmatusHblil SNP, cHauana nneHTH(UIMPOBAIN HA OCHOBAHMU AAHHBIX I'€HOTHITUPOBAHUSL.
B nmByx ciyudasx OepeMEHHOCTH Ha pPaHHHMX CpPOKax ObuIO AOCTYmHO Bcero 6714 u 6753
MH(OPMATUBHBIX T€HOB Ul MCCJIENOBAHMUS OTHOCUTENBHBIX IMPONOPLUI BKJIAAOB IUIOAA H
Matepu, COOTBETCTBEHHO (¢ur. 16 u 17). B aByx ciyuasx OepeMEeHHOCTH Ha MO3JHUX CPOKAX
ObUT0 mocTymHO Beero 7788 u 7761 uH(pOPMATHBHBIX T€HOB ISl HCCIIEIOBAHUSI OTHOCHTEIbHBIX
MPONOPLUI BKJIAIOB IUIOAA U MAaTEPH, COOTBETCTBEHHO. [[1s1 M3MepeHMs1 OTHOCUTENBHON A0IU
IUTOJTHOTO BKJIa/1a B MATEPHHCKOH Mm1a3me aBTopbl orOupann PHK-TpaHCKpUMThI, conepskammecs
B KOTOPBIX criennuyecKue Ui IJI0Aa ajuIeIH MOKPbIBaJ O MeHbinel Mepe onuH pua PHK-seq
B oOpasuax MaTepuHCKOH mia3Mbl. OTHOCHTEIBHOE CONIEPIKaHUE TAKUX TPAHCKPUIITOB IJIOAHOTO
npoucxoxnaeHus cocrasusyio 3,70% u 11,28% Ha paHHUX W MO3JHUX CpPOKax TrecTaluy,
coorBercTBeHHO. C TMpHMEHEHHEM AaHAJOTMYHOrO TMOAXOAa OBUIO yCTAHOBJICEHO, YTO
OTHOCUTEJIbHBIE MPOMNOPLUM MATEPUHCKOIO BKJIaJa B KPOBOTOK, HCCIEAOBAHHBIE C
UCTIONB30BaHueM crenuduuecknx MatepuHckux ajenein SNP, cocrasisiror 76,90% u 78,32%
Ha PAHHUX U TO3JHUX CPOKAX reCTalnu, COOTBETCTBEHHO (ur. 18A).

2. CpaBHEHHE OTHOCUTENbHBIX BKJIaaoB tuioga u matepu B PHK-SNP nns ciyuaes
6epemennoctu ¢ PET u kKoHTpOIBHON OepeMeHHOCTH

ABTOpPBI UCCJIENOBAIA OTHOCUTEJIBHBIC BKJIAAbI MJI0a U MaTepu B TpaHCKpunT GNAS,
nerekTupyemblii B obomx cnyuasx, kak PET, 5641, Tak u B COOTBETCTBYIOIIEM €My IIO
reCTalMOHHOMY CpOKYy KOHTpoJbHOM ciyuae, 7171. B tpanckpuntre GNAS mnpucytcrsoBan

uaopmatusHelii SNP-caiit, conepxamuii cnenuduueckue s miona auteabs SNP B jokyce
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1s7121 B cnyuae 5641; va Tom xe SNP-caiite B cinydae 7171 mpucytcTBoBan crieunpuIecKuii
ansa Matepu amienb SNP. PaccunTaHHble OTHOCHTENBHBI BKJAAbl IUIOAA U MaTepu AJs
ykazaHHoro SNP-caiita B ciydyae 5641 cocraBunu 0,09 u 0,91, coorBercrBeHHo. C apyroit
CTOPOHBI, yAENbHBIC BKJIAAbI IJIONAa U MaTepu AJ1s1 Toro ske SNP-caiita B ciyvae 7171 cocraBunu
0,08 u 0,92, coorBercrBerHo (¢ur. 19). Ilo cpaBHEHHIO C KOHTPOJBHBIM ciaydaem 7171
HaOMroanoce yBennueHne Ha 12,5% OTHOCHUTENBbHOrO IUIOAHOTO BKJIAJA M YMEHBIIEHHE Ha
1,09% OTHOCUTENBPHOrO MAaTEPUHCKOTO BKJIAAa B YKa3aHHbIM TpaHCKpUNT. MHTEpecHO, 4TO B
ciyyae 5641 nna ykasaHHOro TpaHckpunTa paetekTuposBanu ysenundeHune FPKM Ha 21%
oTHOcUTenpHO 7171.

IV. Cniocob onpeneneHns TeHOMHOTO JIOKyCa KaK MaTEPUHCKOTO MJIM TUIOHOTO Mapkepa

A. Cnocob

Crnioco6 2000 onpeneneHHss TOrO, YTO N'€HOMHBIH JIOKYC SIBJISIETCS MATEPUHCKUM WU
IUIOZHBIM MapKepoM, mpezactasieH Ha ¢ur. 20. Yka3aHHbIH cnocod BKIIIOYAET aHaIu3 oOpasua,
MOJIy4Y€HHOTO OT CyObekTa — OepeMEHHOM MI0JIOM JKEHIUHBI. Y Ka3aHHbIH 00pa3elr] MOXKeT ObITh
00pa3LoM MIa3Mbl MAaTEPUHCKOH KPOBHU, M comep:kuT cMech Mojiekysn PHK marepuHckoro wmim
IUIOAHOTO npoucxosxaeHus. OOpasen; MokeT ObITh MOJyYeH M MOATOTOBJIEH KaK OOCYyKAaeTcs
BhILIE T criocoba 300.

Ha srtane 2001 nony4ar0T COBOKYNHOCTb PUIOB cekBeHUpoBaHus. Ha stame 2002
yKa3aHHbIE PUABI CEKBEHUPOBAHHs BBIPABHUBAIOT C pe(epeHCHON MOCIenoBaTeIbHOCTHIO.
VYKa3aHHBIE 5Talbl MOTYT OCYLIECTBIATHCA KaK ONUCAHO Bolle A 3Tanos 301 u 302.

Ha stane 2003 uaeHTUOUUUPYIOT OOUH WM OOJblIee KOJUYECTBO WH(POPMATHUBHBIX
J0KycoB. Kakmplii JJOKyC TOMO3HUTOTEH y TEpPBOro OOBEKTa MO COOTBETCTBYIOLIEMY NEPBOMY
QJJIENII0 U TETEPO3UTOTEH Yy BTOPOrO OOBEKTA MO COOTBETCTBYIOLIEMY IE€PBOMY aJUICTIO U
COOTBETCTBYIOIEMy BTOpoMy ayuiento. [lepBbiii 0OBekT mnpencraBisieTr coboii cyObekra —
OepeMeHHYIO KEHIIMHY WIH IUION, U BTOPOH OOBEKT MpencTaBiisieT coOOi ApPyroi OOBEKT H3
cyObekta — OepeMeHHOH JKeHIIMHbI H IUiofa. MHpopMaTuBHbBIE JIOKyChI MOTYT OBITh
UIeHTH()ULIPOBAHBI COTTIACHO MPUBEICHHOMY BbIIIe st 3Tana 303 OnucaHuio.

Ha stane 2004 otOuparor uHPOpPMATHUBHBIE JIOKYCHI TAKUM K& 00pa3oM, Kak Ha 3Tare
304, u uaeHTHQUUUPYIOT OAWH WM OOJbIIee KOJIUYECTBO OTOOpPAHHBIX WH(POPMATHBHBIX
7okycoB. CoOriacHO HEKOTOPBIM BapHaHTaM peaTH3alvu sl 0TOOpa PacCMaTPUBAIOT TOJIBKO
uH(popMaTuBHBIE JOKYCHI, npeacTasisromue SNP. CorimacHo ogHOMY M3 IPUMEPOB pean3alun
yKa3aHHOTo criocoba, oToOpaHHble HHPOPMATHUBHBIC JIOKYCHI BKIOUanu nHpopmatusHble SNP,
cojiepskallye Mo MeHblIeH Mepe OIUH PUJ MOCIEN0BAaTeNbHOCTU ISl anjens «A» U OAUH puA
MOCJIEA0BATENBHOCTH JUIs ansiens «B» B MaTepuHCKON Iia3me.

3areM puIbl CEKBEHUPOBAHMUs 00padaThIBAIOT HA YPOBHE WHAMBHAYAJIbHBIX OTOOPAHHBIX
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Ha stanax 2005-2008 undopmatuBHbIX JOKycoB. Ha stamax 2005 u 2006 onpenenstoT nepsoe
YHCIIO U BTOPOE YUCIIO ISl KAXKIOTO OTOOpaHHOTrO HH(POPMATHUBHOTO JIOKYCa. Y Ka3aHHOE IEPBOe
YUCJIO ompenesnstoT Ha stane 2005 Kak 4UCIO PUAOB CEKBEHHPOBAHUS, BBIPABHUBAIOLIMXCA C
YKa3aHHBIM JIOKYCOM M COAEP>KALIUX COOTBETCTBYIOLIUI MEPBBbIN ajulesb. Y Ka3aHHOE BTOPOE
YUCJIO ompenessitoT Ha stane 2006 Kak 4UCIO PUAOB CEKBEHHUPOBAHUS, BBIPABHUBAIOLIMXCA C
YKa3aHHBIM JIOKYCOM U COAEPKaIUX COOTBETCTBYIOLIUN BTOpPOH ayenb. Jranbsl 2005 u 2006
MOTYT OCYLIECTBJISITECS aHAJIOTUYHO ONMMCAHHBIM BbIle 3tanam 305 u 306.

Ha stane 2007 BBMHUCISIOT OTHOLIEHHWE YKA3aHHOIO MEPBOrO 4YHUCIAa M YKa3aHHOIO
BTOPOTO YHCJA IJsI KaKAOTO OTOOpaHHOro MH(GOPMATHBHOIO JIOKyca. YKa3aHHOE OTHOLICHHE
OTpaXkaeT OTHOCHTENBbHYIO PAaCHpPOCTPAHEHHOCTh PUIOB CEKBEHHUPOBAaHMA (M, TAaKUM 00OpazoM,
TPAaHCKPUNTOB B 00pasle) coieprkaliue IepBblii auenb W BTOpoi ajuenb. CornacHo
HEKOTOPbIM BapHaHTaM pPeaM3aliy YKa3aHHOE OTHOLIEHHUE PACCUMUTBIBAIOT MPOCTO KakK IEpPBOE
4HCJIO, pa3fielleHHOe Ha BTOopoe 4uucio. Takol pacder gaeTr 4uciao pUAOB CEKBEHUPOBAHMSI IS
o01ero anjesnst B BU€ MHOKECTBA PUIOB CEKBEHHPOBAHMS AJISI CHIEHU(PUUECKIX MATEPUHCKUX
WIN CrielM(pUUeCcKUX IUIOAHBIX ajulesiell. YKa3aHHOE OTHOLICHHE, WM OOpaTHOe €My, MOJKET
CUNTATbCA AJUIEJIbHBIM OTHOLIeHHeM, a A SNP-nokycoB — amienbHbIM oTHoumeHueM PHK-
SNP.

CornacHO HEKOTOPHIM BapuaHTaM peanu3auuu st uHpopMmaTuBHBIX SNP, koTopbie
BKJIIOUAKOT crienududeckue mMatepunckue amnenu SNP, annenbHoe orHoinenne PHK-SNP s
kaxaoro SNP BBIYHCISIFOT Kak OTHOLIEHHE «CHeUU(pUYEeCKUH ANl MaTepu ajuiesb:00Iui
amnenby. C npyroi ctoponsl, 1jsi nHGopMaTiBHBIX SNP, KOTOpbIE BKIIIOUYAIOT CHEU(PUIECKHIE
s mnoga amnenu SNP, amnensHoe otHomeHue PHK-SNP wmoxer ObITh paccuMTaHO Kak
OTHOLICHHE «CTIeUU(PUUECKUH TUIOHBIN aJieNib;00IMi ajienby. B oTinyme oT aHain3a reHHON
SKCIPECCUH, MPU KOTOPOM HOPMHUPOBAHUE JTAHHBIX SIBJISIETCS O0S3aTENIbHBIM YCIOBUEM, aHAJIN3
amnenpHbix oTHomeHud PHK-SNP He TpeOyer HOpMHUpPOBaHHS JaHHBIX, U BHOCUTCS MEHbIIAS
CHUCTeMAaTH4YeCKasl TMOTrpPeliHOCTb. [l  TpaHCKPUNTOB, coxeplkammx — Oojiee  OJHOTO
uaopmarusHoro SNP, moxer ObITh paccunrano amienpbHoe ortHoumeHnue PHK-SNP  ns
Kkaxnaoro caiita umHpopmatBHOrO SNP u MokeT OBITh BBIYHCICHO CpEelHEE aJUIeNIbHOEe
otHoieHue PHK-SNP Ha Tpanckpunt.

Ha »stane 2007 oTHOIIEHHE MOKET, KaK BapHAHT, OBITh PACCYUTAHO KAaK BTOPOE YHUCIIO,
pasfereHHOoe Ha CyMMY YKAa3aHHOTIO NEPBOIO 4YMCJA M YKAa3aHHOrO BTOPOro uucia. B stom
Cy4ae YyKa3aHHOE€ OTHOLIEHHWE MPEACTABJIACT YHCIO PUAOB CEKBEHUPOBAHUS IS
cneunpuIecKoro MaTePUHCKOTO WM CIIEU(UUECKOro A MJIOAA aJlieNisl B BUAE JOJH OT BCEX
pPUIIOB CEKBEHHMPOBAaHHS B YKa3aHHOM JIOKyce. B ciydae amneneii «A» u «B» ykasanHoe

OTHOIIEHHE MOKET OBITh BBIPA’KCHO KakK
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OtHomenne s amens B = mopcunranHoe konudecTBOo amens B / (moxcuwraHHOE
KOJINYECTBO ajuiensi A + MojCYNTaHHOE KOJMYECTBO ayiens B)

Teoperuuecku, AN TPaHCKPUITA B IUIA3Me, BHOCUMOTO HUCKIIIOUUTENBHO IUIOAOM WU
MaTepblo, OTHOWIEHHWe sl ajuiedsi B momkHO ObiTh paBHO 0,5 mpU MpenrnonokeHun 00
annenecrnenupuueckoil skcrpeccun. J[pyrue cnocoObl BBIUHCIEHHS YKAa3aHHOTO OTHOIICHUS
Oy[yT MOHATHBI AJIS1 CIIELIUAINCTA B JAHHOW 00JIaCTH TEXHUKH.

Ha stane 2008 otoOpaHHBII MHQOPMATUBHBIN JIOKYC OINpPEENSIOT KaK MapkKep, €CiH
YKa3aHHOE OTHOLIEHHUE IpeBbIlIaeT NMOporosoe 3HaueHue. COrlacHO HEKOTOPbIM BapHaHTaM
peanu3auy MoporoBoe 3HaueHHe COCTaBisAeT oT npudamsurensHo 0,2 no npubnusutensHo 0,5.
CornacHO HEKOTOPBIM BapHaHTaM pealn3aluu Noporosoe 3HadeHue cocrasyseT 0,4. CornacHo
OJHOMY M3 IPUMEPOB peaM3alUi YKa3aHHOTO croco0a MOpOroBoe 3HaY€HHE ISl OTHOLICHUS
annenss B Obuto ompeneneHo xak > 0,4 nns PHK-Tpanckpunra ¢ BBICOKUM IUIOAHBIM HIIH
MaTepUHCKUM BKJIAJOM. YKa3aHHOE MOPOroBO€e 3HAUEHUE YUUTHIBAJIO pacnpeaenenue Ilyaccona
U paHaomMusupoBaHHblil 0TO0p punoB PHK-seq. CoriacHO HEKOTOPHIM BapUaHTaM peau3aluu
TOBOPUTCS, YTO BKJIAJ ajuiens «By» sABisercs BBICOKUM, €CJIM YKA3aHHOE OTHOLICHUE NIPEBBIIACT
MOPOrOBOE 3HAUEHUE.

Bbicokoe anenbHOE OTHOLIEHHWE B KOHKPETHOM HWH(OPMATHBHOM JIOKYCE MOXKET
yKa3blBaTb Ha TO, 4TO (i) ypOBEHb SKCHOPECCHHM BTOPOro ajuiens, wim amiens «By», y
reTEepPO3UTOTHOTO HMHIMBHIyyMa BBIIIC, Y€M YPOBEHb SKCHpPECCHH ajens «A» (T.e. aujienb
JKCIIpeccupyercst  acummerpudHo), (i) Oomee  3HauyutenbHass jgonst  Bcex  PHK,
BBIPABHUBAIOIUXCS C YKa3aHHBIM JIOKYCOM B MAaTE€PUHCKOMN IUIa3Me, BHOCUTCS I'€T€PO3UTOTHBIM
UHIUBUAYYMOM, WIH cripaBeainBbl u (1), u (i1). BeICOKOe ajuenbHOe OTHOIIEHHE MOXKET TaKKe
yKa3bIBaTh Ha CBS3aHHOE C OEPEMEHHOCTHIO HAPYLICHHE, €CJIM T'€H, CBSI3aHHBI C YKa3aHHBIM
UH(QOPMATUBHBIM  JIOKYCOM, TMAaTOJOTMYECKH CBepxdkcmpeccupyercs. COOTBETCTBEHHO,
HEKOTOpBIE BAPUAHTHI PEATH3ALHMN YKA3aHHOTO CIOCco0a Tak)kKe BKIIOYAIOT AHUATHOCTHPOBAHUE
CBSI3aHHOTO ¢ OEpEeMEHHOCTBIO HAPYLICHHS HAa OCHOBAHHH TOTO, OIMpPENENeH JH OTOOpaHHBIN
UH(POPMATUBHBIN JIOKYC KaK Mapkep BTOPOro o0beKTa (T.€. Te€TepO3HUrOTHOTO MHAMBHIAYYMA).
IIpn mocTaHOBKE TakOro IuMarHo3a MOPOrOBO€ 3HAYEHHE, HCIOJIb3yeMOe Il CpPaBHEHHUsS C
aJJIeTbHBIM OTHOIIEHUEM, MOXKET OBITh OCHOBAaHO Ha YPOBHSX TPAHCKPUINIMH B 00pasmax
TUTIA3MbI, TIOJYYEHHBIX OT 37I0POBBIX O€PEMEHHBIX CYyOBEKTOB.

CornacHo HEKOTOPBIM BapHaHTaM peaju3anuu crnocod 2000 MOXKeT TakKe MPUMEHSThCS
mis oueHkn dyacth PHK MaTepwHCKOro WM TUIOMHOTO MPOWCXOXKACHHUs B oOpasle, B
KOHKPETHOM OTOOpaHHOM MH()OPMATHBHOM JIOKyCe. Y Ka3aHHYIO OLIEHKY OCYLIECTBISIFOT MyTeM
YMHOXEHHUS] YKa3aHHOIO OTHOLIEHUs paccuuTaHHOro Ha stamne 2007 Ha ckamsp. YKa3aHHBIN

CKaJsip OTpaskaeT OOLIHi YPOBEHb SKCIPECCHUH B YKa3aHHOM JIOKYCE OTHOCHUTENIBHO SKCIPECCUH
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BTOPOTO aJUjieNisl Y FeTepO3UrOTHOIO HHAUBUAYYMA.

Hanpumep, ecmu Bropoit («B») mopcuuThiBaeMblii B yKa3aHHOM CrOcoOe ajuiesb
SABJISIETCS CIIEU(UUECKNM IS IJI0AA, TOTAA OTHOLICHHE aiens B, paccunTaHHOE Kak OMHCAHO
BBILLIE, OTPA’kaeT YUCJIO PUIOB CEKBEHHMPOBAHUSA sl YKa3aHHOTO ajulesisl B BUJE JOJIM OT BCEX
PUIOOB  CEKBEHUPOBaHWs Uil OTOOpaHHOro wuH(poOpMaTHBHOrO Jokyca. W3  punmos
CEeKBEHHPOBAHUs, coaepxKamux oOmmid («A») aiienb, HEKOTOpbIE BHECEHbI MAaTephli0 U
HEKOTOpbIE BHECEHbl IJIOJOM. B TOM ciydwae, e€ciu OTHOCUTEJbHbIE YPOBHU 3KCIPECCUU
cneunprIecKUX IMJIOAHBIX M OOLINX ayjieNied y IUIoAa W3BECTHBI, UM MOTYT OBbITh OLIEHEHBI,
oTHouIeHue anens B moxer ObiTh MaciiTaOUpOBAHO AJIS MOJTYYEHUSI OLEHKH OTHOCUTEIBHOTO
BKJIaJa MJIOAA BO BCE PUAbl CEKBEHUPOBAHMSA AJI YKa3aHHOIO JIoKyca. Ecnu annenu «A» u «B»
SKCIPECCUPYIOTCA Y IUIOZAa OJUHAKOBO, CKaJsAp NpHUOIM3UTENbHO paBeH 2. B stom ciydae
BBIYUTAHUE OTHOCUTEJBHOIO IUIOHOTO BKJIAAA U3 €AMHULBI JaeT (pakMOHHBII MaTepPUHCKUN
BKJIaJ] B PU/bl CEKBEHMPOBAHMS B YKA3aHHOM JIOKyCe. AHAJOTHYHBIE PacyeTbl MOTYT OBITH
BBIMIOJIHEHBI B Cily4yae, eciu ajuienb «B» B 0oToOpaHHOM HMH(OPMATHBHOM JIOKYCE SIBISETCS
creupUIecKuM MaTePHHCKUM.

B. Ilpumep: Bricokue Bkaabl ioaa U MaTepu

IIpu ucnonb3zoBanuu noporosoro 3HaueHus 0,4 nns annens B cornacHo npuBeneHHOMY
BBILIIE ONHCAHMIO, BBICOKMM BKJIAJA IUIOAA HAa PAaHHUX CPOKax recrauuu (T.e. B MEPBOM U BO
BTOPOM TpHUMeECTpax), Kak ObUI0 OOHapykeHo, HaOmomaercs misa 0,91% wHMPKYIUPYIOMIMAX
TPAHCKPUIITOB. Y Ka3aHHBIN TMPOLEHT yBeIMUUBAICS 10 2,52% Ha MO3THUX CPOKAX TeCTALUH
(T.e. B TpetbeM TpumecTpe). [Ipu 3TOM BbICOKMI BKjan Matepu HaOmonmancs s 42,58% wu
50,98% TpaHCKPHUNTOB Ha PAHHUX M MO3AHHUX CPOKAX T'eCTAllMH, COOTBETCTBEHHO (ur. 16, 17, u
18A).

V. Ucnonp30BaHMe TEHOB ISl AMATHOCTHKH CBS3aHHBIX C OEPEMEHHOCTBIO Hapy IIEHHI

A. Cesi3aHHbIe ¢ O€PEMEHHOCTHIO T€HbI

Taxke mnpennoxeHn cnocod HASHTH(PUKALUU CBA3aHHBIX C OEPEMEHHOCTHIO TEHOB.
VYka3aHHBIA CMOCO0 BKIIOYAET TOJTYyYEHHE COBOKYIHOCTH TEPBBIX PHIOB CEKBEHHPOBAHUS U
COBOKYITHOCTb BTODPBIX PUIOB CEKBEHUPOBAHHUS. Y Ka3aHHbIE IEpPBble PUAbl CEKBEHUPOBAHMUS
NOJy4aloT Npu cekBeHupoBaHuH Moyekysn PHK, momydeHHbIXx u3 obpasua miia3smbl KpOBH
OepeMeHHOW JKCHILIMHBI. YKa3aHHbIE BTOpPbIE pPHIObl CEKBEHUPOBAHHS IOJYYAKOT TpPHU
cekBeHnpoBaHnnu Mojekynl PHK, momydeHHpix u3 obOpasua mua3Mbl KpoBH HeOepeMeHHOH
JKEHIIMHBI. YKa3aHHble IepBble pPUIbl CEKBEHUPOBAHUS U BTOpbIE PUABI CEKBEHUPOBAHUS
BBIPABHHUBAIOT C pe(pEepEeHCHON IOCIeNOBATEIbHOCTBIO, M ONPENENIOT HAa0Op KaHIMAATHBIX
T'€HOB.

B cootBercTBUU C YKa3aHHbIM crrocobom 3aTeM puabl CCKBEHUPOBAHUA UCIIOJB3YHOT IJIA
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OTIpENeNIeHUs] YPOBHEH SKCIpecCHH il KaKIOro KaHAUIATHOIO TeHa B o0pasmax oT
OepeMeHHO JKeHIIUHBI U HeOePEMEHHON JKEHIIUHBL. B 4aCTHOCTH, Ui KaKIOrO KaHAUIATHOTO
reHa NEePBOE YHCIO TPAaHCKPUINTOB, COOTBETCTBYIOLIEE YKAa3aHHOMY KAaHAMJATHOMY TI€HY,
ONpEeAeNsOT ¢ NIPUMEHEHNEM NEPBbIX PUAOB CEKBEHUPOBAHHUS, U BTOPOE YUCJIO TPAHCKPHUIITOB,
COOTBETCTBYIOLIEE YKA3aHHOMY KAaHAUAATHOMY TIE€Hy, ONPENENAIOT ¢ NPUMEHEHHEM BTOPBIX
PUIOB CEKBEHUPOBAHUs. YKAa3aHHOE MEPBOE YHMCJIO TPAHCKPUIITOB M YKAa3aHHOE BTOPOE YHUCIIO
TPAHCKPHUNTOB MOXKET OBITh HOPMHPOBAHO. 3aT€M BBIYUCISIIOT OTHOLIEHWE TPAHCKPUITOB JJISI
KaHIUJATHOTO I'eHa, IIPU 3TOM YKAa3aHHOE OTHOLIEHUE TPAHCKPUIITOB BKJIKOYAET MEPBOE YUCIIO
TPAHCKPUITOB, pPa3eJIe€HHOE HA BTOPOE YUCJIO TPAHCKpUNTOB. OTHOLIEHUE TPAHCKPUIITOB 3aTEM
CPAaBHUBAIOT C NMOPOTOBbIM 3HAYEHHEM. Y Ka3aHHBIA KaHAWAATHBIA I'€H HAEHTHQULHUPYIOT Kak
CBSI3aHHBI C OEPEMEHHOCTBIO I'€H, €CJIM OTHOLIEHHE TPAHCKPUIITOB IPEBBINAET MOPOrOBOE
3HAYECHHE.

CornacHO HEKOTOPBIM BapHaHTAM peaHM3alUH YKa3aHHOrO Crocoda HOPMHPOBAHHE
NIePBOTO YUCIIAa TPAHCKPUIITOB COOTBETCTBYET MACIITAOMPOBAHHIO MEPBOTO YHCIIA TPAHCKPHUIITOB
no obumeMy 4HCIy HEPBBIX PUAOB CEKBEHHUPOBAHUS. AHAJOTMYHbIM 00pa3oM, HOPMHPOBAHUE
BTOPOrO YHCJIA TPAHCKPHUIITOB MOXKET COOTBETCTBOBATH MAcIITAOMPOBAHMIO BTOPOTO HHCIIA
TPAHCKPUNTOB MO OOIIEeMy 4YHCIy BTOPBIX pPHUIOB CekBeHupoBaHus. COrNacHO Jpyrum
BapMAaHTaM pealu3allud HOPMUPOBAHME MEPBOTO YUCIA TPAHCKPUNTOB JUId  KaXIOTO
KaHAUJATHOTO TeHAa COOTBETCTBYET MACIITAOMPOBAHMIO MEPBOrO YHCJA TPAHCKPUIITOB MJIS
KaHAUJATHOTO TE€Ha MO O0INEeMy YHCITy MEePBbIX TPAHCKPHUITOB U BCEX KaHAMIATHBIX T€HOB.
HopMmupoBanue BTOpPOro uucia TPAHCKPUNTOB MAJIsI KaKAOTO KaHAUAATHOTO TeHAa MOXET
COOTBETCTBOBATh MACIITAOMPOBAHUIO BTOPOTO YMCJIA TPAHCKPHUITOB IJISi KAHIUIATHOTO I'eHa 110
00IIeMy YHCITy BTOPBIX TPAHCKPHUIITOB JJIsl BCEX KAHIHIATHBIX T€HOB.

B yxkazanHoM crnocobe TeHbl OOBMHO HMIASHTU(QUIUPYIOT KaK CBS3aHHBIE C
OepeMEeHHOCTBIO, €CJIM YPOBHU X SKCIPECCUU BBILIEC Y OEPEMEHHON JKEHIUHBI IO CPABHEHUIO C
HeOepeMeHHON JKeHIUHON, MPHU MPOYUX PABHBIX YCIOBHSAX. bepeMeHHass W HeOepeMeHHas
JKEHITMHA MOXXET OBITh OJHUM U TE€M € HWHAWBUAYYMOM, T.€. OOpasLpl, IMOJyYeHHBIE OT
UHIUBUYYMA JI0 U MOCJIE POAOB, MOTYT ObITh HCTOUHHUKAMH MEPBBIX PUIOB CEKBEHUPOBAHUS U
BTOPBIX PUJIOB CEKBEHUPOBAHUS, COOTBETCTBEHHO.

ABTOpBI TOKa3aly, 4YTO MOJACOBOKYMHOCTb Lupkynupyromux PHK-Tpanckpunros,
HEeCyIIUX creunpuueckue IJIOAHBIE aJUIeNH, TOJHOCTBIO HCYe3ala M3 MATePUHCKOW IUIa3Mbl
nocyie ponos (¢ur. 18B). YkazaHHble TPAHCKPUNTHI CUUTAIH CIEUU(PUISCKUMU JJIsl TUIOAA B
MaTepuHCKOH tasme. C apyroil CTOPOHBI, YacTh CEUU(PUIECKUX MATEPHUHCKUX aJJIeNiei TakKe
He BbIABJsLIach mociie poaoB. COOTBETCTBEHHO, aBTOPbI MCCIEAOBAIN TEHbI, Ha3blBaeMble

CBA3aHHBIMU C 6epeMeHHOCTbI-O r€éHaMu, MOBBIIIAKOIIAA PETYJIALUA KOTOPBIX Ha6m0):[ana05 BO
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BpeMsi OEpeMEHHOCTH, IyTeM HEMOCPEICTBEHHOIO CpPAaBHEHUs HUX MPENCTaBIEHHOCTH B
MAaTePUHCKON TIUla3Me [0 pOXOB M TOCJIE POAOB. ABTOpPHI ONPEAENWIA CBS3aHHBIE C
OepeMEeHHOCTBIO T'€HbI KaK MeHbl, KOTOpPbIe OOHAPY KUBAJIHCh B IJIa3Me O€PEMEHHBIX JKEHIIUH 10
POIOB B TPETHEM TPUMECTPE, YPOBEHb KOTOPBIX B INIA3Me MOCJE POIOB CHIDKAJICS > 2-KPaTHO B
oboux caydasx. C mnpuMeHeHHeM OHOMH(POPMALMOHHOTO aJrOpUTMa Uil HOPMHPOBAHUS
JaHHBIX U aHanmu3a Jud¢epeHInanIbHOl TeHHOH 3KCIPECCHH aBTOPbI COCTaBWIIM CITHCOK,
BKrovaromuii 131 cesi3anHbIi ¢ OepeMeHHOCTRIO reH (¢ur. 21). M3 ykazaHHbIX reHoB 15 Obutn
paHee ommcaHbl Kak crenuduueckue ansd  OepeMEeHHOCTH B MaTepuHCKoW mmazme. C
npumeHeHueM onaHoctaauiiHoit OT-IILIP B peanbHOM BpeMEHH aBTOPbI JIOMOJHUTENBHO
NOATBEPAMIN CBsi3b € OEpEeMEHHOCTBIO JJs1 ISTH  BIEPBble  HUASHTU(UIIMPOBAHHBIX
TPAHCKPHUITOB, KOTOPbIE MPUCYTCTBOBAJIN B OOJBIIOM KOJMYECTBE B MATEPUHCKOM IUIa3Me 10
ponos, a umenHo, STATI, GBP1 u HSD17B1 B 10 pomomHHUTENbHBIX OOpa3liax Iia3Mbl
OepeMeHHBIX JKeHIINH B TpeTbeM Tpumectpe, a Takke KRT18 u GADD45G B 10 obpasuax
IUTa3Mbl M3 APYTOH KOropThl O€PEMEHHBIX JKEHIIHMH B TPEeTheM TpumecTpe (¢ur. 22).

JAnsg oOueHKH CBs3M ykazaHHOrO 131 reHa ¢ OepeMEHHOCTBIO OCYIIECTBIISLIH
MEePapXUUECKYI0 KJIACTEPU3ALUIO st BCeX 00pa3LoB miiasMbl. Habmonanock siBHOE pas3ziesneHue
00pas3uoB Iu1a3Mbl OT OEepeMEHHbIX JKEHINWH (a4 MMEHHO, Ha pPAaHHUX M MO3JHHX CPOKax
OepeMeHHOCTH) W OOpa3lOB, HE CBSA3aHHBIX C TEKyIleld OepeMEeHHOCThIO (2 HMEHHO, OT
HeOepeMeHHBIX KOHTPOJIel u nocie poaos) (¢ur. 23).

HnrepecHO, 4TO Npu CpaBHEHUM MATTEPHOB SKCIPECCHUU ykKazaHHOro 131 rena B
oOpasuax mia3mbl B ABYX CJy4asx OEpeMEHHOCTH Ha TO3HEM CPOKE U COOTBETCTBYIOLIUX UM
IUIAlEHTaX M KJIeTKaX MaTePUHCKOH KpoBH, Oojiee OJNIM3KOE CXOACTBO HAOJIOMATIOCH MEKITY
IUIALIEHTOM W o0pasuamMu Iia3Mbl IO POJAOB, U MEXAY KJIETKAMH MATEPUHCKOW KPOBH U
obpaszuamu miasmel nocie ponoB (ur. 24A). YkasanHoe HaOMOAEHUE MOANEPKUBAET TE3UC O

TOM

2

yro OOJBLUIMHCTBO CBSI3aHHBIX C OEPEMEHHOCTBIO T€HOB  IPEUMYLIECTBEHHO
SKCIPECCUPYIOTCS B IUIALIGHTE, a HE B KJIETKAX MATEPHHCKON kpoBu. Kpome Toro, ypoBHH
SKCIPECCUN YKA3aHHBIX CBSI3aHHBIX C OEPEeMEHHOCTBIO TPAHCKPUNTOB B IUIALEHTE M
MaTEepPHHCKOH IU1a3Me MONOKHUTENbHO Koppenuposanu (P < 0,05, koppensuus Criupmena) (¢ur.
24B).

B. luddpeperunanbras reHHast SKCIPECCHs B IJIALICHTE U B MATEPUHCKOI KPOBH

Hapsiny ¢ TeMm, 4TO aBTOpaM yZIajloCh KaTaJIOTU3UPOBATh IMAHENb CBSI3aHHBIX C
OepeMEHHOCTBI0 TE€HOB IIyTeM HEMOCPEICTBEHHOIO HCCIEeNOBaHUsA OOpas3sLioB JOPOAOBOH H
NOCJIEPOJOBOIl MAaTEPHHCKOHN IUIa3Mbl, aBTOPbHI Takke mNpoaHanmsupoBanu nanHele PHK-seq
IUTALIEHTbl M KJIETOK KPOBU C LEJBIO CpaBHEHWs. [IpW Npennono’keHWH, YTO CBSI3aHHBIE C

6epeMeHHOCTbI-O I'CHbI JOJIKHBI OBITD NnpeaACTaBJICHbI TE€HAMWU C BbICOKMMU YPOBHIAMU
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HKCIPECCUU B TUIALICHTE M HU3KHMH YPOBHSIMH SKCIPECCHU B KJIETKaX MAaTEPUHCKON KPOBH, Kak
co00IIanoch paHee, aBTOPbI YCTAHOBWIM YCIOBHBIA 20-KpaTHbIN YPOBEHb PA3IMUUs B KAUECTBE
MHHMMAJIBHOTO TOpOTa IPH aHAJIN3€, OCHOBAHHOM Ha TKAHSIX. YKa3aHHbIM OCHOBAHHBIN Ha
TKAHSIX aHAJIN3 AaJl BCero 798 moTeHIMaIbHbIX KaHAWAATHBIX T€HOB, ISl KOTOPBIX BBIYUCIISIIHCH
IOJAM BKJIQJOB TIUIOJA M MaTepd B MATEPUHCKOW IuiasMe. beuta wmaentudunmposaHa
OTHOCUTENIPHO BBICOKas OOJsI Te€HOB ¢ mpeoliajmaroiuM BkiIanoMm mioga (¢ur. 25) mo
CPaBHEHMIO C TOJIHBIM TpaHcKkpunTomoM (¢ur. 18A). OnHako OCHOBaHHAs Ha IIa3Me CTPATEerus
NPEBOCXOAMIIA YKA3aHHYI0 OCHOBAHHYIO Ha TKAaHAX CTPATETrHIO, MO3BOJISAS HAEHTU(PHUIMPOBATH
OOJIBIIYO TOJIO TeHOB C MpeodaaHueM TUIOIHOTO BKIaaa (¢ur. 25).

C. I'ensl, cBsA3aHHBIE ¢ 3a00J1€BAaHUEM WIN HAPYIIEHHEM

Taxke B HacTosAlleM M300pETEHUH TMPEUIOKEH Crnoco0 HAEHTU(PUKALMM T'EHOB,
CBSI3AHHBIX CO CBSI3aHHBIM C OEpPEeMEHHOCTBIO HapyIIeHHeM. YKa3aHHbIH Croco0 BKIFOUAeT
NOJIyYeHHe COBOKYITHOCTH MEPBBIX PHIOB CEKBEHHUPOBAHUS M COBOKYIHOCTb BTOPBIX PHIOB
CEeKBEHHPOBAaHUA.  YKa3aHHblE IIE€PBble  PHUJbl  CEKBEHUPOBAHUS  MOJY4YAIOT  MyTeEM
cekBeHupoBanun Moisekynl PHK, mnomydenHplx wu3 oOpasma IutasMbl KPOBH  30pPOBOM
OepeMEeHHOH KEHINMHBI. YKa3aHHbIE BTOPble pPHUABl CEKBEHHUPOBAHUS IOJNYYAOT IPH
cekBeHnpoBanun Mosekyn PHK, mnonydeHHpix u3 oOpas3ma muia3mMbl KpOBH OepeMeHHOMH
JKEHIIMHBI, CTPaJaroIleil CBA3aHHBIM C OEPEeMEHHOCTHIO HApPyIIEHHEM, I BbIHAIIWBAIOIIEH
IUIOJI, CTPAJAIOIIUN CBSI3aHHBIM C OEPEeMEHHOCTBIO HAPYILICHHWEM. YKa3aHHbIC TEPBbIC PUIbI
CEeKBEHHPOBAHHUSI U yKa3aHHbIE BTOPbIE PUAbI CEKBEHHPOBAHMs BBIPABHUBAIOT C pedepeHCHOI
MIOCJIEIOBATEIBHOCTBIO, M OMPEASISIIOT HA0Op KaHAMIATHBIX T€HOB.

B cooTBeTCTBHM C yKa3aHHBIM CITOCOOOM PHIbI CEKBEHUPOBAHHS 3aTEM HCIIOJIB3YIOT IS
ONpENEeNICHUs] YPOBHEH OHKCIPECCUM Ui KaKIOro KaHAMOATHOrO reHa B 00pas3max JByX
OepeMeHHBbIX JKEHIIMH. B 4YacTHOCTH, M KaKAOrO KaHAMJATHOTO T€HA TMEePBOE YHCIO
TPAHCKPHUITOB, COOTBETCTBYIOINEE VKA3aHHOMY KAHOUIATHOMY Te€Hy ONpPEAeNsIoT ¢
NpUMEHEHHEM TIePBbIX PHIOB CEKBEHHPOBAHMs, W BTOPOE YHCIO TPAHCKPHUIITOB,
COOTBETCTBYIOLIEE YKAa3aHHOMY KaHAMIATHOMY T€Hy, OMNpPENENSIOT C NMPUMEHEHHEM BTOPBIX
PHUIOB CEKBEHHPOBAHUS. YKa3aHHOE MEPBOE YMCIO TPAHCKPUNTOB U YKA3aHHOE BTOPOE YHCIIO
TPAHCKPUIITOB MOXET OBbITh HOPMHPOBAHO. 3aT€M BBIYUCISIFOT OTHOIICHHE TPAHCKPUIITOB MAJIS
KaHAUJATHOTO T'eHa, MPH 3TOM YKa3aHHOE OTHOLICHHE TPAHCKPUIITOB BKIJIIOYAET MEPBOE YHUCIO
TPAHCKPHUITOB, pPAa3/eJIeHHOE Ha BTOPOE YHCIO TPAHCKPHUIITOB. YKAa3aHHOE OTHOIIEHHE
TPAaHCKPUNTOB 3aT€M CPaBHUBAIOT C pedepeHCHbIM 3HaueHueM. KaHaupaTHelii reH
UISHTU(PULHPYIOT KaK CBS3aHHBII C HAPYLIEHHEM, €CIH YKa3aHHOE OTHOILIEHHE TPAHCKPHUIITOB
OTKJIOHSIETCSI OT pepepeHCHOT0 3HAYESHHSI.

CornacHo HEKOTOPBIM BapHUaHTaM peajnu3alliid YKa3aHHOIO criocoba HOPMHPOBAHUEC
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NEPBOTO YHCJIAa TPAHCKPHIITOB COOTBETCTBYET MACIITAOMPOBAHUIO YKA3aHHOTO MEPBOTO YHCIA
TPAHCKPHUNTOB MO OOIIEMy YHCIY TNEPBbIX PHIOB CEKBEHHUPOBAHMS. AHAJIOTUYHBIM 00pazoMm,
HOPMHPOBAaHHE BTOPOTO YHCIA TPAHCKPUNTOB MOXET COOTBETCTBOBATH MAcCIITAOMPOBAHHIO
YKa3aHHOTO BTOPOTO YHCJAa TPAHCKPUIITOB IO OOIIEMY YHCITy BTOPBIX PHIOB CEKBEHHUPOBAHMSIL.
CornacHo ApyruM BapHaHTaM peaju3aliid HOPMHPOBaHHE MEPBOI0O YWCJAa TPAHCKPUIITOB IS
KaXXJIOTO KaHAWAATHOTO I'éHa COOTBETCTBYET MACIITAOMPOBAHMIO YKA3aHHOTO IEPBOIO YHCIA
TPAHCKPHUNTOB Uil KaHJUAATHOIO I'eHa MO OOILIeMy YHCIY INEpBBIX TPAHCKPUIITOB IS BCEX
KaHIUJATHBIX reHOB. HopMupoBaHUE BTOPOro 4KCiIa TPAHCKPUNTOB IJIs1 KAXKIOTO KAHAUJATHOTO
reHa MOJKET COOTBETCTBOBATh MACIITAOHMPOBAHHMIO YKAa3aHHOTO BTOPOTO YHCJIAa TPAHCKPHUITOB
IUIl KaHIWAATHOTO Te€HA IO OOILIeMy YHCIy BTOPBIX TPAHCKPHUNTOB IS BCEX KaHAMIATHBIX
TeHOB.

B coorBerctBHM €O crocoOOM HIEHTHU(UKALUU TE€HOB, CBA3aHHBIX CO CBSI3aHHBIM C
OepeMEeHHOCTBIO HApYLIEHHEM, COIJIACHO HEKOTOPbIM BAapHaHTaM peanusanuu pedepeHCHOe
3HadeHue coctasisgeT 1. CornacHO HEKOTOPHIM BapHaHTaM peajn3alui YKa3aHHOE OTHOLIEHHE
TPAHCKPUNTOB OTKJIOHSETCS OT pe(epeHCHOr0 3HAYeHUs, €CIH OTHOIIEHHE YKa3aHHOTO
OTHOIIEHHs TPAHCKPUNTOB M peepeHCHOro 3Ha4eHUs BBIIIE MOPOrOBOrO 3HAYEHUS WIIU HIKE
noporosoro 3HadeHus. COrlacHO HEKOTOPHIM BapHaHTaM pealn3aliil YKa3aHHOE OTHOLIEHHE
TPAHCKPUITOB OTKJIOHSIETCS OT pedepeHCHOro 3HAUeHMs, €CIHM PAa3HUIA MEXAY OTHOIIEHHEM
TPAHCKPHUNTOB U pe(hepeHCHBIM 3HAYCHHUEM MPEBBILIAET TOPOrOBOE 3HAUYCHUE.

B ykazanHOM cniocoOe OOBIMHO TeH MISHTH(GULUUPYIOT KaK CBSI3AHHBINH CO CBSI3AHHBIM C
OepeMEeHHOCTbIO HAapyIIEHHEM, €CJIM YPOBEHb OSKCIPECCHU YKA3aHHOTO TI'eHa CYIIEeCTBEHHO
OTIMYAETCS PU OEPEMEHHOCTSIX C YKA3aHHBIM HapyIIeHUeM U 0e3 YKa3aHHOTO HaPYLICHUs, PU
MIPOYUX PABHBIX YCIOBUSAX.

JIMarHOCTHKa W MOHHMTOPUHI HAPYLIEHWH Yy IUIOAa W TATOJOTUd OepeMEeHHOCTH
MPOBOAWINCh paHee ¢ wucnojab3oBaHueM PHK wmatepuHCKOWl ma3smbl, CBSI3aHHBIX C
3aboneBanussMu. Hampumep, ObUIO MOKa3aHO, YTO YpOBEHb B MaTepwHCKOH mua3me MPHK
KOPTUKOTPONUH-pIU3UHT-ropMona (CRH) MOKHO MCTIONB30BaTh /U1l HEMHBA3HBHON JAETEKLIUU
u npenckasanus npesknamncun. Jerekuuss MPHK momoGHoro penenropy wuHTepeikuHa- 1
6enxa (IL1RL1) B MaTepuHCKOI m1a3me, Kak ObUIO MPOIEMOHCTPUPOBAHO, MOKET MPUMEHSATHCS
JUIsl BBISIBJIEHUsl SKCHILWH, MPEAPACHONOKEHHBIX K CIOHTAHHBIM MPEKIEBPEMEHHBIM POJAM.
Taxoxe Obuta UccnenoBaHa MaHeNb CBsi3aHHBIX ¢ pocTtoM PHK-MapkepoB MaTepuHCKON Iia3Mbl
IUIl HEMHBA3UBHOM OIIGHKHM POCTa IUIONA M BHYTPUYTPOOHOH 3anmepkku pocta. B Hacrosmem
UCCIICIOBAHUN aBTOPbl TPUXOAAT K BBIBOAY, YTO HOBBIE CBsS3aHHbIE C 3a00JEBaHUSIMHU
pkynupytomue PHK-mapkepsr MoryT ObITh HOEHTHGULIMPOBAHBI MyTEM HPSMOTO CPaBHEHUS

TPAHCKPHUIITOMOB MaTepI/IHCKOfI IjasmMbl 3J0POBBIX 6epeMeHHbIX JKCHIIMH MW JKCHIOIMH C
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OCJIOXKHEHUSIMH O€pEeMEHHOCTH, TAKIMH KaK MPE3KJIAMIICHs, BHYTPUYTPOOHAs 3aepiKKa pOCTa,
NpeXIeBPEMEHHbIE POl U aHEYIUIOUANHU TuIofa. YToOBl MPOAEMOHCTPUPOBATh MPUMEHUMOCTD
yKa3zaHHOro mnoaxoxa, aBTopel mpoBomwiu RNA-Seq Ha oOpasmax MaTepHHCKON IUIa3MBbI,
NOJYYEHHBIX OT TPeX OEpPEeMEHHBIX JKEHIIWH, Y KOTOPBIX Pa3BUIIACH NPESKIAMIICHS, U CEMHU
OepeMeHHBIX JKEHIIUH, He HMEIOIUX OCJOXXHEHWH, C COBIMAJAIOLINMH CPOKAMH T€CTALUH.
ABTOpB! HneHTH(GULMPOBANIU 98 TPAHCKPHUIITOB, CYLIECTBEHHOE MOBBIIIEHHE YPOBHS KOTOPBIX
HaOMIONaJoCh B IJIa3Me OEpEeMEHHBIX JKEHLIMH C mnpesknamrcue (¢ur. 26). Bnepsbie
UIeHTU(QULMPOBAHHBIE CBSI3aHHBIE C MPESKJIAMIICHEH TPAHCKPUITHI MOTEHIMAJIBHO MOTYT
NPUMEHSTHCS IS IPEICKAa3aHUs, POTHO3UPOBAHUS 1 MOHUTOPHHIA YKA3aHHOTO 3a00JI€BaHNS.

VYka3aHHas METOAMKA MOKET TaKXe MPUMEHATHCS AJs NMPEeACKa3aHus U MOHMTOPUHIA
NPEXACBPEMEHHBIX POJOB. Y Ka3aHHAsi METOAMKA MOKET TaKXKe MPUMEHSTBCS AJIs MIPECKa3aHus
pucka rubenu mnijoxa. YKa3aHHash METOAMKA MOXKET TaKKe IMPUMEHSTbCA Ui BBIABJICHUS
3a005ieBaHNi, BbI3bIBAEMBIX I'€HHBIMH MYTALUSMH, NPH YCIOBUH, YTO 3aJ€HCTBOBAHHBIA I'eH
TPAHCKpUOUPYETCs] B IUIOAHBIX WM TUIALIGHTAPHBIX TKAHSAX, U TPAHCKPHUNTHI JETEKTHPYIOTCS B
MaTEepUHCKOH IJIa3Me.

RNA-Seq nnasmbl MOXKET IPUMEHSTHCS B IPYIMX KIMHM4YECKHX ycioBusx. Hampumep,
texHosoruss RNA-Seq mmasmel, pa3paboTaHHas B YKa3aHHOM HCCJIE€AOBAHUH, IOTEHIHAIBHO
MOJKET MOAXOAUTD JUJISl UCCIENOBAHNUS IPYTUX MATOJOTHYECKUX COCTOSIHUM, TAKUX KaK pax, JJis
KOTOpBIX onucaHbl abeppantHble koHIeHTpauun PHK B minasme. Hanpumep, mytem cpaBHEeHuUs
TPAHCKPUITOMOB IUIA3Mbl CTPAJAIOIIErO PAKOBBIM 3a00JieBAHMEM MAlMEHTa 1O U TOCHe
TEPAIruy, MOTYT ObITh UACHTHU(PHUIMPOBAHBI OMYXO0JIEACCOLMUPOBAaHHbIE UPKyIupyromue PHK-
MapKepbl PU MPUMEHEHUH JIJIs1 HEMHBa3UBHOM TUarHOCTHUKU.

VI. [TatTepHbI 3KCIpeccUu ayieneil crenuduueckux reHOB

CexBennpoBanne PHK mnpumensiercst st m3ydeHusl MaTTEpPHA SKCIPECCUH aJUIeNeH.
ABTOpBI MOCTYJIUPOBAJIH, YTO NMATTEPH 3KCIPECCUHU ajliesiel ONpPEeAeNIeHHOrO reHa COXpaHsaeTcs
npu  BbicBOOOXeHUNn PHK-TpaHCKpUNITOB M3 TKaHEH B KPOBOTOK, CIIEIOBATENbHO, W,
COOTBETCTBEHHO, €r0 MOXKHO ONpeAeNsaTh B IiazMe. B HacTosemM HccaenoBaHUU aBTOPbI
UCCJIENOBAIM TMOACUYUTAHHOE KonudecTBOo ayenedl B aByx PHK-tpanckpunrtax, a HMeEHHO,
PAPPA, cneuuduyeckoro mist OepemeHHOCTH TeHa, W HI19, HUMIPUHTUHIOBOTO TeHA,
3KCIPECCUPY EMOTO MATEPBIO.

B cnyuae rena PAPPA aBrtopsl ananusupoBanu SNP, rs386088, xoToprelil cOAEp>KUT
cneunduraeckuil rioaneli aymuens SNP (¢ur. 27). Orcyrereue punos PHK-seq nnst PAPPA B
oOpasmax Tmia3Mbl IOCI€ POJOB VYKa3bIBAET HAa TO, YTO OH JEHCTBUTEIBHO SIBISETCS
cneuuduaeckuM st OepeMeHHOCTH. OTMETHM, YTO OTCYTCTBOBAJIO CTATHCTHYECKU 3HAYUMOE

pa3nuuue TPOMOPILUI TMOACUYUTAHHBIX pUAOB misi miogHoro amiens B PHK w3 obpasuos
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MaTepHHCKON MiIa3Mbl 10 POAOB M MialeHTapHbIX obpasuos (P = 0,320, kputepuii x*), uTo
yKa3bIBa€T HA TO, YTO JAHHBbIC Ui MAaTEPUHCKON IUIA3Mbl OTPAXKAIOT OWAIIeNbHBIA MAaTTEPH
skcripeccun PAPPA B nnanienTe.

HenaBno aBTOpamm Obuta OmrcaHa BO3MOKHOCTB ONPENENICHUS MyTeM OUCYIb(PUTHOTO
cexkpeHuposanust  JIHK  marepunckon  mmasmbl  natrepHa  metwimpoBanus — JIHK
UMIIPUHTUHIOBOIO 3KCIpeccupyemoro ¢ aienss marepu reHa H19 B mnmauneHte n kinetkax
MaTEepPUHCKOI KpoBHU. B HacTosel paboTe aBTOPHI OMOJIHUTENBHO UCCIIEN0BANIN, BO3MOXKHO JIN
HCCJENIOBaHNE CcTaTyca reHoMHoro umnpuHtusra resa H19 na yposue PHK. Chavana aBTopbl
cocpenorounnu BHuManue Ha SNP-calite B 3x30He 1 rena H19, rs2839698, koTopelii cogepkut
cneunuUeckuil Ui MaTepu ajuienb, a uMeHHO, AA y mona u AG y marepu. Kak BuaHo u3
¢ur. 28, B mocnepoaoBoil MaTEpPUHCKOH I1a3Me ObLI IeTeKTHPOBaH TOJIbKO auienb G (dur. 28).
Taxoil MOHOANNENbHBIN NATTEPH COOTBETCTBOBAJ CBSI3U C HEMETUJIMPOBAaHHBIM anjeneMm G Ha
SNP-caiite rs4930098 B obnactu KOHTpOJst uMnpuHTHHTA (pur. 29). B marepuHckoi miasme 10
POAOB, MOMUMO MPUCYTCTBUS ajuiens G, NeTeKTUPOBAIN U MPUCYTCTBUE ajuiessd A, BHECEHHOTO
wianeHToit (¢ur. 28). B Tpex ampyrux SNP-caiitax, a umenHo, rs2839701, rs2839702 wu
1s3741219, mecymux cneuuduyueckre MaTepUHCKHE ajuleNd, ObLT OOHApY)KE€H aHAJIOTHYHbIH
aNJIeNbHBIA TATTEPH, a HWMEHHO, OWaJUIeNIbHbli B MATEPUHCKOW IJIa3Me [0 pOIOB U
MOHOAJUIEJIBHBIA B MOCIEPONOBON MaTepuHCKoi mia3me (¢ur. 28). BosmoxHo, cieuudpuieckne
MaTepUHCKUE ajulenn B ykazaHHbIX SNP-caiitax pacronarajuch B TOM K€ MaTEPUHCKOM
raruioTHIE, KOTOPBIM He ObUT METHJIMPOBAH U, TakuM 00pa3oM, TPaHCKPUOUPOBAICS.
[Ipumeuarensro, uto PHK H19 He skcnpeccupoBaics B KJIETKaX MATEPUHCKON KpoBH (¢ur. 28),
YTO MO3BOJIIET MPEAnoiaoxkuth, yto Mosekyssl PHK H19 B mnasme mpoucxopst He U3 KIETOK
KpPOBH, a M3 JPYTHMX MATEPUHCKUX TKaHEW/OpraHoB. HemaneHTapHble W HE OTHOCSALIMECS K
IUIONTy TKaHH, B KOTOPBIX COOOINAJIOCh, 4TO B HUX HaOmronmaercs skcrnpeccus H19, BmouaroT
HAJIMOYEYHUKH, CKEJIETHbIE MBIIILIbI, MAaTKa, aAUMOLUTHL, IIEUYE€Hb U MOKEIy IOUHYIO JKelle3y.

VII. Obcyxnenne

Ienbro nanHOM paboThl ObUTa pa3paboTKa TEXHOJOTHH MOJNyUYeHUs MI00ATbHON KapTHHBI
TPAHCKPUNITOMHON aKTUBHOCTU B MaTepuHCKONW masMe ¢ npumenennem PHK-seq
(cexBenupoBanusi PHK). Panee aBTopamu Obuto mokazaHo, 4to pojs miomnoit JIHK B
MAaTEPUHCKON TUIa3M€ MOXKET OBbITh BBIYHMCICHA IO OJHOMY WJIM HECKOJBKHM LIEJIEBBIM
cneunpUUecCKUM ISl TUIOZA JIOKyCaM, IIOCKOJIbKY B MATEPHHCKOH IUIa3Me pPaBHOMEPHO
MPENCTABICH BEChb IUIOAHBII TeHOM. B ornmume ot wm3mepenus uupkynaupyromux JHK,
msMmepenne noau PHK-TpaHCKpUNTOB MJIOAHOrO NMPOUCXOXKIECHHUS B MATEPUHCKOHN IIa3Me He
SBIISIETCA  CTOJb K€ TMPOCTBIM, TIOCKOJIbKY OCJIOXHseTcs: auddepeHnnaibHOil TreHHOM

3Kcnpeccnel‘/'1 B TKaHAX MJIoga U MAaT€PHU U UX BO3MOKHBIM BbICBO60}KI[eHI/IeM B KPOBOTOK. 3a
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cuet npoBenenust PHK-seq Ha MaTepuHCKOM mia3Me U MCCIIEeNOBaHUS MOJUMOPQHBIX pa3IHInit
IUIOZA U MAaTE€pPU aBTOPaM yAAJIOCh OLEHUTD JOJII0 TPAHCKPUNTOB, BHOCUMBIX ILIOAOM, B ILIa3Me.
Hecmotpst Ha TO, 4TO B TPAHCKPUNTOME IUIA3MbI, KaK M CJIEAOBAJO OXUAATH, Mpeodiamaiu
MaTepu TPAaHCKPUIITBl MaTepUHCKOro mnpoucxoxaenus, 3,70% wu 11,28% uupkynupyomux
TPAaHCKPUNTOB B MAaTePUHCKONW TIUIa3M€ Ha pAHHUX M TNO3JHUX CpPOKax OepeMEeHHOCTH,
COOTBETCTBEHHO, HMMENHM IUIOAHOE NPOUCXOXXIAEHHE. YKA3aHHbIE TPAHCKPUITHI IJIOJHOTO
MIPOUCXOXKJIEHNs1 BKIKOYar0T MoOjeKkysabl PHK, BHeCEHHBIE COBMECTHO IUIOAOM M MAaTEphIO, a
TaK)K€ BHECEHHbIE HCKJIOUYHUTENBHO IJIOAOM. ABTOpPBI OOHApPYKWIM, UTO IMOCIENHEe 3HAUCHHE
cocraBisier 0,90% wu 2,52% MaTepUHCKUX LUPKYJUPYIOLIMX TPAHCKPUITOB HA PAHHUX U
MO3JTHUX CPOKax OepeMEeHHOCTH, COOTBETCTBEHHO. boee BbIpaskeHHast MPENCTaBIEHHOCTh TAKUX
cneunpruIecKUx IJIOAHBIX N'€HOB HAa IO3[AHUX CPOKaX OEpeMEHHOCTH, BO3MOKHO, CBsi3aHa C
YBEJIMUYSHUEM Pa3MepOB IUIOAA U IUIALEHTHI IO Mepe Pa3BUTHs OEPEMEHHOCTH.

B nacrosmem ucciaenoBaHuu aBTOPBI IPOAEMOHCTPUPOBAJIH, YTO B MATEPUHCKOMN IIa3Me
HaOmonaercss cOanaHcupoBaHHasi amnenbHas okcnpeccuss PHK  cnenuduueckoro st
OepemenHoctn reHa PAPPA B mianeHTe M MOHOAJUIENbHAsl SKCIPECCHS HWMIPUHTHHIOBOTO
sKcnpeccupyeMoro ¢ ajuiens marepu reHa HI19. VkazanHble naHHblE NPEANoararoT, 4TO
MaTepuHCKash IUIa3Ma MOXKET HCIIONb30BATECS B KAayecTBE HMCTOYHMKA OOpasLoB JuIs
HEMHBA3UBHOI'O UCCJIEAOBAHUS MATTEPHOB AJIJIEIbHON SKCIIPECCHUH.

Ha ocHoBanuu kommuecTBeHHOro cpaBHeHus PHK-TpanckpunToB B oOpasiax A0pOAoOBOit
Y TIOCJIEPOOBOM MAaTEPUHCKOMN IJIa3Mbl aBTOPbI COCTABWIIM CIUCOK M3 131 reHa, moBwlmaroas
peryJsiiusi KOTOPOrO MPOHMCXOAWT BO BpeMsi OEpPeMEHHOCTH, YTO OYEBHIHO CJEoyeT U3
CHIDKEHHsI TIPEACTaBJICHHOCTH yKa3aHHBIX T'€HOB B 0O0Opa3lax MociepomoBoi miua3mel. Kak u
OKHJIAJIOCh, TPO(IIb YKA3aHHBIX T'€HOB MOXKET HCIIONb30BaThCs sl AuddepeHmanun
00pa3LoB 1a3Mbl OEpEMEHHBIX KEHIIHMH U 00pa3LoB IUIa3Mbl HEOEPEMEHHBIX JKEeHIIHMH. Takoe
npsSIMOE CpaBHEHHE OOPa3OB MATEPUHCKOW IJIa3Mbl O POJOB M TOCJIE POAOB IO3BOJIIO
aBTOpPaM C BBICOKOH NPOM3BOAMTEIBHOCTBIO OTOMPATh CBS3aHHbIE C OEPEMEHHOCTBIO TEHBI,
YPOBHH 3KCIPECCHH KOTOPBIX B IUIALIEHTE HE O0s3aTENIbHO 3HAYUTENIbHO BBIIIE, YEM B KJIETKAX
MaTePHHCKON KPOBH, Kak OBUIO NPONEMOHCTPUPOBAHO B MpPEAbIAyINEM HCCiIenoBaHUH. B
CYLIHOCTH, YKa3aHHBIH CIIOCO0 MPSIMOTO MUCCIEIOBAHMS TIA3MBbI TPEICTABIISIET HOBBIN MOAXOM K
OOHApY’KEHHIO LUPKYJIUPYIOIINX CBsI3aHHbIX C OepemeHHocTbio PHK-TpaHckpunToB B
OTCYTCTBHE alpUOPHOH MH(POPMALMH O TPAHCKPUNITOMHBIX MPOQHIISIX IUIALIGHTAPHBIX TKAHEH U
KJIETOK KPOBHU.

Xotsa asropel mokasaimu, uyto PHK-seq mnpencraBmsier coboii moaxonsammii crnocod
npopIMPOBaHKS TPAHCKPHUIITOMA IUIA3MblL, HEKOTOPBHIE TEXHHYECKHE MOMEHTBI MOTYT OBITh

JOTIOJTHATEBHO YCOBEPLICHCTBOBAaHbL. Bo-nepBbix, 00beM mnomydaemoil npu PHK-seq mmazmer
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uHpOpMaIMK MOXET OBITh YBENHYEH 32 CUET AONOJHHUTEIbHOM ONTHMHU3ALWH MPOTOKOJA
CEeKBEHHPOBAHUS, B YaCTHOCTH, B OTHOWIEHMM  HUCTOIICHUS  IUIa3Mbl IO
BeICOKOTpaHcKkpuOupyemsiM pPHK 1 rimoduHoBsIM reHam. Bo-BTOpBIX, BHUMaHHE aBTOPOB OBLIO
COCPENOTOUYEHO TOJBKO Ha pehePEHCHBIX TPAHCKPUNTAX, U NHAUBHIYAJbHbBIE H30(OPMBI eIlle He
Obutn uccnenoBanbl. byayiiue ncciaenoBanus MOTYT BKIFOYATh AETEKIUIO HOBBIX TPAHCKPUIITOB
u nuddepeHranbHbIl aHAIN3 BAapPUAHTOB CIUIAMCHHIA M UX H30(OPM 32 CUET YBEJNIWYECHUS
ryOMHBI CYUTHIBAHUSA NPU CEKBEHMPOBAHMHU. B-TpeTpux, aBTOpbI HMCKIOUMIM oTOOp mo ASE
NP aHanu3e J0Jel TPAHCKPHUNTOB IUIOJHOTO M MATEPUHCKOTO MPOUCXOXKAEHUs Al 00pasLoB,
NOJYYEHHBIX Ha PAHHUX CPOKax OEpEeMEHHOCTH, TaK KaK BOPCHHBI XOPMOHA U aMHHOTHYECKAs
KUJIKOCTh OBLIM M3pAacXOOBaHbl NPU TE€HOTUIIHMYECKOM aHaiu3e. TeM He MeHee, aBTOphHI
NOKAa3aJiy, YTO Ha IMO3IHUX Cpokax OepemeHHOCTH ASE He OKa3bIBa€T 3aMETHOTO BJIMSHUS Ha
UIEHTU(UKALNIO B MATEPHUHCKOH IJIa3Me FeHOB C MPeodIaaroIliiMHK IJIOAHBIM U MaTePHHCKUM
BKiagamu (¢ur. 16 u 17).

Hakonen, aBsTopbl npoaemMoHcTpupoBanu, uto TexHosmorus PHK-seq moxer
UCTIONIb30BAThCS JIs1 U3MEPEHUs] MPONOPLUU MPOMCXOAIUX OT IUIOAA TPAHCKPUNTOB U AJIS
UIEeHTU(UKALNY LUPKYJIUPYIOIUX CBSI3aHHBIX ¢ O€PEMEHHOCTBIO T€HOB B MATEPUHCKOM ILIa3Me.
Hacrositnee uccnenoBaHue co31aeT NPEANOChUIKY K JIy4dlIeMy MOHHMMAHUIO TPAHCKPUIITOMHOTO
JaHAmadTa MATEPUHCKOHW IIa3Mbl, obyerdas MAeHTH(UKALUI KaHAWIATHBIX OHOMapKepoB,
BOBJICYCHHBIX B CBSI3aHHbIE ¢ OEPEMEHHOCTBIO 3a00JeBaHUsA. ABTOPBI CUUTAIOT, YTO yKa3aHHAs
TEXHOJIOTHSI TPHUBENET K HOBBIM IOAXOJAaM K MOJIEKYJSIDHOW JHAarHOCTUKE CBS3aHHBIX C
OepeMEeHHOCTBIO MJIH C MIJIALEHTOH 3a00eBaHNH, a Tak)Ke APYTHX 3a00JIeBaHUM, TAKUX KaK PaK.

VIII. Tpancnnanranus

Kak ye ynoMHuHanOCh BbIIIE, ONMHUCAHHBIE B HACTOSIIEM AOKYMEHTE CHOCOOBI MOTYT
TaKXKe MPUMEHSATHCS MPH TpaHCIutaHTauuyd. CrocoObl Al MPUMEHEHHUsS] TPU TPAHCILIAHTALUH
MOTYT OCYLIECTBIISIThCS TAKUM K€ 00pa3oM, Kak MpH UCCIEAOBAaHUM iona. Hampumep, Moxer
OBITH TOJNyYeH T'€HOTHIl TPAHCIUIAHTUPOBAHHOW TKaHHW. BapuaHTBl peasn3anuu IMO3BOJSIOT
UIEHTU(QULUPOBATE JIOKYCBI, TA€ TPAHCIUIAHTHPOBAHHAS TKAHb I'€TEPO3UTOTHA, a OpPTaHHU3M-
XO3sMH (HampuMep, MY’>KCKOrO WJIM JKEHCKOrO TI0Jla) TOMO3WTOTeH. Takke BapHaHTBhI
peann3alMy TO3BOJISIIOT HMASHTU(QUIUPOBATh JIOKYCHI, TJ€ TPAHCIUIAHTHPOBAHHAS TKaHb
TOMO3UI'OTHA, & OPTAaHU3M-XO35IMH (HampuMep, My>KCKOTO HJIM JKEHCKOTO T0JIa) TeTEPO3UTOTEH.
MoryT OBITh BBIUHCIIEHBI T€ K€ OTHOIIEHUS U MPOBEIEHO CPABHEHHE C MOPOTOBBIM 3HAUYEHUEM
IUISL OTIPEIENICHUS] HAJTMY S HAPy LICHUSI.

IX. KoMnbroTepHBbIE CUCTEMBI

B nmro0BIX M3 KOMITBIOTEPHBIX CHCTEM, YIIOMHHAEMbBIX B HACTOSIIEM IOKYMEHTE, MOKET

OBITh UCIIOJIL30BAHO JHOO0E noaXoaAIee KOJIUICCTBO ITOACUCTEM. HpI/IMepr TaKuX MNOACHCTEM
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npencrasiaensl Ha ¢ur. 30 B kommbroTepHOM ycTpoiictBe 3000. CormacHO HEKOTOPBIM
BAPUAHTaM pean3alii KOMIBIOTEpPHAsl CUCTEMA BKJIIOYAET OJHO KOMIBIOTEPHOE yCTPOUCTBO,
IPU 3TOM TOACHCTEMBI MOTYT MPEACTABIATh COO0H KOMITOHEHTB! YKa3aHHOTO KOMITBIOTEPHOTO
ycTpoiictBa. CornacHoO ApYyTMM BapHaHTaM peanu3alii KOMIBIOTEpPHas CUCTEMAa MOXKET
BKJIFOYaTh MHO>KECTBO KOMITBIOTEPHBIX YCTPONCTB, KaX10€ U3 KOTOPBIX SIBJIIETCS NMOICUCTEMOM,
C BHYTPEHHUMU KOMITIOHEHTaMHU.

IToncucremsbl, mpencraBneHHble Ha ¢ur. 30, coemuHEeHbl cUCTeMHOH muHONU 3075,
IlokasaHbl AOMOJMHUTENbHBIE MNOACUCTEMBI, Takue kak npuHrep 3074, xkmaBuarypa 3078,
ycTpoiictBo(a) XpaHeHus: naHHbix 3079, monutop 3076, KOTOPBIM COEOUHEH C ananTepoM
mucrines 3082, u npyrue. Ilepudepuiinpie ycrpolicTBa U ycrpoiictBa BBoAa/Beiopa (1/0),
CBsI3aHHBIE C KOHTPOJUIEPOM BBOnA/BbiBOAA 3071, MOTyT OBITh NMOCOETUHEHBI K KOMITBIOTEPHOMN
cucteMe JIIOOBIMH CIIOCOOAMH, M3BECTHBIMH B JAHHOW OOJIACTH TEXHHUKH, HANpHMeEp, udepes
nocnenoBarenbHblil opT 3077, Tak, mocnenosatenbHblid mopT 3077 win BHEIIHUN HUHTEpGETic
3081 (manpumep, Ethernet, Wi-Fi u T.m.) MOXeT WHCHOMB30BATBCA MJISI COEOUHEHUS
KOMIbIOTEpHOMN cucteMbl 3000 ¢ CeThrO IMPOKOTO OXBaTa, Takou kak MHTepHET, ¢ yCTpONHCTBOM
BBOJA TUMA «MbIIb» WA cO ckaHepoM. CoenuHeHue dvepe3 cHCTeMHyH ImuHy 3075
obecneunBaeT cooOlLieHne LeHTpajbHOro mnpoueccopa 3073 ¢ Kakaod MOACHCTEMOH WU
yIpaBJIeHHE BBITOJHEHUEM HMHCTPYKLUH CUCTeMHON mamsiTi 3072 win yCTpOHCTB(a) XpaHeHHsI
naHHbIX 3079 (Hanpumep, CTALMOHAPHOIO JUCKA, TAKOrO KaK KECTKUH MUCK MU ONTHYECKUN
IUCK), a Takke oOMeH uH(popMaimeit Mexay noacucremMamu. CucremHass namsite 3072 w/wnu
ycTpoiictBo(a) xpaHeHusi HOaHHbIX 3079 MOryT MpencTaBisiTh COOOW MAIIMHOYUTAEMbIN
HocuTtenb. JIIoOble TaHHbBIE, YIOMUHAEMbIE B HACTOSIIIIEM JTOKYMEHTE, MOTYT ObITh BBIBEACHBI U3
OJHOTO KOMITOHEHTa B APYTrOM KOMIIOHEHT, M MOTYT OBbITb BBIBEICHBI ISl MPEIOCTABJICHUS
MOJIb30BATEJIO.

KommnerorepHass cucteMa MOXET BKJIKYAaThb COBOKYIHOCTb T€X K€ KOMIIOHEHTOB WIIH
NOACHCTEM, HAlpHMep, COENMHEHHbIX BHEIIHHMM wuHTepdericom 3081 wimum BHYTPEHHUM
uaTepdeiicom. COraacHO HEKOTOPBIM BapHAHTAM PEATN3ALUH  KOMIBIOTEPHBIE CHCTEMBI,
MOACHCTEMA HJIM amlmaparypa MOTYT COOOIIaThCsi Mexay coboil uepes ceTb. B Takux ciydasx
OJIMH KOMIIBIOTEP MOKET PaCCMATPUBATHCS KAK KJIMEHT, a IPYTrOil KOMIIBIOTEP — KaK CepBep, NpU
5TOM KQKJbIA U3 HUX MOXKET BXOJUTb B COCTaB OAHOW M TOW K€ KOMIIBIOTEPHOMN cucTtembl. U
KJIUEHT, U CEPBEP MOIYT BKJIKOYAaTh MHOKECTBO CUCTEM, MTOJCUCTEM WJIM KOMIIOHEHTOB.

Crnenyer moHUMATh, 4TO JIOObIE W3 BAPUAHTOB PEAJIM3ALMH HACTOSIIETO M300pETeHUs
MOTyT OBITh peajn30BaHbl B (OpME YCTPONCTBA JIOTHYECKOTO YIIPABJIEHUS C NMPUMEHEHHUEM
obopynoBaHus (Hammpumep, CHeIMATU3UPOBAHHON WHTETPabHOMN CXEMBbI WA

NepenporpaMMUpPyeMON  JIOTHYECKOH MAaTpUIpl) W/HIKM € TNPUMEHEHHEM KOMIIBIOTEPHOTO
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NPOTPaMMHOTO  OOECTIeYeHHs] C TMOMOINBI OOBIYHOTO IPOrPaAaMMHPYEMOro mporeccopa
MOZYJIbHBIM HJIM MHTETPUPOBAHHBIM 00pa3oM. B HacTosieM MOKyMEHTe MpOLecCOop BKIFOYAET
MHOTOSIIEPHBIN TPOLECCOP Ha OXHON HMHTETPAIbHON CXeMe WIJIM MHOKECTBO 00padaThIBAIOIINX
MOAyJEH Ha OAHOIUIATHOM CXE€Me WM B CeTeBOM CTpykType. Ha ocHOBaHMM HacTosiero
PACKPBITUSI M HM3JIOKEHHBIX B HACTOSILIEM JOKYMEHTE NPHHLMUIIOB CPEAHEMY CHELHAIHNCTY B
JAHHOM O0NacTH TEeXHUKH OyAyT IMOHATHBI M OYEBHMIHBI APYTHE€ MOAXOIbI H/MIH CIIOCOOBI
BOIUJIOLICHNS] BAPUAHTOB PEAM3allUN HACTOSIIEro N300pETeHNs ¢ MPUMEHEHHEM 00OPYIOBaHUS
¥ KOMOMHAIMHN 000pyIOBaHHS U POTrPAMMHOTO O0ECTIEHEHHUSI.

JIroOble KOMIOHEHTBl WM (PYHKUMH IPOrPAaMMHOIO OO€CHeueHus, ONNCAHHBIE B
yKa3aHHOHN 3asBKe, MOTYT OBbITh pealn30BaHbl B BUJE NPOrPAMMHOIO KOJA JJsl BBIOJHEHHUS
NPOLIECCOPOM € TPUMEHEHHEM JIIOOOro IMOAXOASINEr0 KOMIBIOTEPHOIO s3bIKA, TAKOIO Kak,
Harpumep, Java, C++ wmn Perl, ¢ npuMeHeHuem, Hampumep, TPAAULHMOHHBIX WIH OOBEKTHO-
OPUEHTUPOBAHHBIX TEXHUK. YKa3aHHbI NPOrpaMMHBIH KOJI MOXKET XpPaHUTbCS B BHIE
NIOCJIEIOBATEIbHOCTH MHCTPYKLUMI WJIM KOMaHJ Ha MAaIlMHOYUTAEMOM HOCHUTENE JJIi XPaHEHUs
WWUIM TIepefayyl AAaHHBIX, MOAXOSINNE HOCHTENN BKJIIOYAIOT ONEPATHBHOE 3alOMUHAIOLIEe
ycrpoiictBo (O3VY), mocrosiHHoe 3amomuHaromee yctporcTBo (II3Y), MarHUTHBIM HOCHUTEIb,
TAKON KaK JKECTKUH JUCK WU AUCKETA, WIM ONTHYECKUH HOCUTENb, TAKOW KaK KOMIIAKT-TUCK
(CD) unu DVD (yHuBepcanbHblii L1uppoBO AUCK), (eu-naMsiTh W T.M. MalluHOYHTAEMbIH
HOCHUTEJIb MOXKET MPENCTaBNIATh COO0H MIOOYyH0 KOMOMHALMIO TAKMX YCTPOWCTB I XPAHEHUs
WU Tepeiavyy JaHHBIX.

Takme nporpaMMbl MOTYT TaKkK€ KOAUPOBATBCS M MEPENaBaTbCs C MPUMEHEHHEM
HECYIIMUX CHTHAJIOB, MPEIHA3HAYEHHBIX IJIsI Mepefayd uepe3 MPOBOIHbBIE, ONTHYECKUE W/HIN
OecrpoBOIHBIE CETH B COOTBETCTBHHU C PA3JIMYHBIMU MPOTOKOJIaMH, BKito4ast MuTrepHer. Takum
00pazoM, MaITMHOYUTAEMbI HOCHTEIb B COOTBETCTBHH C BAPHAHTOM PEAJM3ALMH HACTOSIIEro
U300peTeHNsT MOKET OBITh MOJyYeH C MPUMEHEHHEM CHrHajla JaHHBIX, KOAHUPYEMOTO TaKUMHU
nporpaMMaMi. MaIlMHOYUTAEMbId HOCHUTEJNb, COAECPIKALIUA MPOTPAMMHBIN KO, MOXKET OBITh
yIaKOBaH C COBMECTHMBIM yCTPOWCTBOM WIIM TPEAOCTABIIEH OTAEIBHO OT JIPYTHX YCTPOMCTB
(Hampumep, myTeM 3arpy3ku yepe3 cetb MuTepHet). JIr000i Takol MalTUHOYUTAEMbIH HOCHTEITh
MOKET HAXOAMTBHCS HA OJHOM KOMITBIOTEPHOM IMPOAYKTE HJIM BXOAHWTH B COCTaB OJHOTO
KOMITBIOTEPHOTO TpOAyKTa (Hampumep, skecTkoro amcka, CD-mucka wiM KOMIBIOTEPHOH
CHCTEMBl TOJHOCTBIO), U MOXKET HAXOOUTBHCS HA PA3HbIX KOMITBIOTEPHBIX MPONYKTAaX WU
BXOINTh B COCTAaB pAa3HBIX KOMIIBIOTEPHBIX IPOAYKTOB B COCTABE CHUCTEMbl HIIM CETH.
KomneroTepHast cucremMa MOXKET BKJIIOYaTh MOHUTOP, MPUHTEP WM APYroe MOAXOnsIIee
YCTPOWUCTBO OTOOpaKEHHUs Ui NPEAOCTABIEHHS IOJIb30BATENIO JIFOOBIX PE3YJBTATOB U3

YIOMHUHACMbIX B HACTOAIICM OOKYMEHTE.
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JIroObie n3 crocoOOB, OMMCAHHBIX B HACTOALIEM JOKYMEHTE, MOTYT OBbITh IOJHOCTBHIO
WK 4aCTUYHO PEaiM30BaHbl C TTOMOIIBIO KOMHBIOTepHOﬁ CHUCTCMBI, BK.]'II'OLIaI'OH_[eﬁ OOHH HJIN
Oonbliiee KOJMYECTBO MPOLIECCOPOB, KOTOpPbIE MOTYT OBITh CKOH(QUIYpUPOBaHBI IS
ocyuiecTBieHuss 3TanoB. COOTBETCTBEHHO, BapHAHTbI peaJH3aLUH MOTYT OTHOCHTBCS K
KOMITBIOTEPHBIM CHCTEMaM, CKOH(UIYPHUPOBAHHBIM JJIsi OCYINECTBJICHHS 3TAloOB JIHOOBIX W3
CHOCO6OB, ONMUCAHHBIX B HACTOALIEM AOKYMCHTE, NOTCHIHAJBHO, C PaA3HBIMU KOMIIOHCHTAMU,
OCYLIECTBJISIIOIIMMH  COOTBETCTBYIOLIME JTANbl MM COOTBETCTBYIOLIYIO TPYINY OTAIOB.
HeCMOTpﬂ Ha TO, 4TO 3Talbl NPECACTABIICHHBIX B HACTOAILICM JOKYMCHTC croco0OB B ONMMCAHUU
NPpOHYMEPOBAHbI, OHU MOT'YT OCYLICCTBJIATbCA OAHOBPEMCHHO WJIM B APYIOM IMOPSAAKE. KpOMe
TOrQ, 4aCTH YKAa3aHHbBIX 3TAallOB MOT'YT MPUMECHATHCA C HaCTAMU APYTHUX 3TAIIOB, OTHOCAIIUXCS K
ApPpyrum crmocobam. Taxske sTam MOKET OBITH ITOJHOCTBIO MM YACTHYHO HEOOSI3aTENIbHBIM.
Kpome Toro, mo0ble 3Tambl JIFOOBIX CIIOCOO0B MOTYT OCYIIECTBIISTHCS IPH MOMOINU MOZIYJIEH,
CXE€M WJIN IPYTUX CIIOCOOOB BBIMOJIHEHUS YKA3aHHBIX STAIOB.

KoHkpeTHble neTany 4acTHBIX BAapUAHTOB PEATM3ALUH MOTYT ObITh CKOMOMHHUPOBAHBI
moOBIM moxmxonAmuM obpasoM 0e3 OTCTYIJIeHHs OT CYIIHOCTH MU 00beéMa BapuUaHTOB
peann3aliy HacTosero uzodpereHus. IIpu 3TOM Apyrue BapUAHTHI PeATM3ALMU HACTOSLIETO
M300pETEeHNsI MOT'YT OTHOCUTBCS K KOHKPETHBIM BAapHAaHTaM pEaN3alMi, MPUMEHHUTENIBHO K
KOKIOMY HWHAMBUIYaJlbHOMY ACIEKTy WIM KOHKDPETHbIM KOMOWHALMSAM  yKa3aHHBIX
WHAWBUAYAJbHBIX aCIICKTOB.

[IpencraBneHHOe BbIIE OMUCAHUE MPUMEPOB peaM3ALUK HACTOSIIErO H300peTeHUsI
MPUBCACHO C WIIIIOCTPATUBHBIMHU W OIIUCATCJIbHBIMU LECJIAMHA. He npeanojgara€rcsa, 410 OHO
ABJIACTCA UCUEPIBIBAIOIINUM WKW OrPpaHUYNBAO UM HACTOALICE I/I306peTeHI/Ie TOYHO OIMCAHHOU
q)OpMOfI, U BO3MOXHBI MHOI'ME MOL[I/I(bI/IKaLII/II/I U BapHUAaHTbl B CBETC BbIIICU3JIOXKCHHDBIX
TMPUHLUIIOB. BapI/IaHTbI peann3anuun ObLTH BbI6paHbI 1 OMUCAaHbI IJIA HAWJTYUHIETO Ppa3bACHEHUA
NPUHIUIOB HACTOSIIErO M300PETeHUS] U €ro MPAaKTHYECKOro MPUMEHEHHs], 4TOObl 00eCneunTh
ApyruMm cneuuajnucram B I[aHHOfI 00J1aCTH TEXHUKU BO3MOKHOCTD HaWJIy4qlIero UCroJb30BaHUsA
HACTOSIIEro M300peTeHHs] COTVIACHO Pa3MYHbIM BapHAHTAM peaM3alud U C Pa3UYHBIMU
MOI[I/I(l)I/IKaL[I/IHMI/I, NOAXOAAIMMU OJIA KOHKPETHOIO IPEANojiaracMoro NIpuMEeHCHUA.

Hpe):[nonaraeTcsl, dTO BCE TEPMHHBI, NPUBEACHHBIC B €AWHCTBCHHOM YUCJIE, BKJIKOYUAA
AOIIOJIHCHHBIC ONIPCACIICHUEM ((y1(a321HHbeI», O3HA4YarT «OAHUH WU Oosbliee KOJIMYECTBO», €CJIN
KOHKPETHBIM 00pa30M He yKa3aHO HHOE.

Bce NAaTCHTDLI, 3asBKHU HA INATCHTDI, HY6J'II/IKaL[I/II/I " OMUCAHUA, YIIOMSAHYTBIC B HACTOALIEM
JIOKYMEHTEe, BKJIOYEHbI TMOCPEICTBOM CCBHUIKM BO BCEH HMX TMOJHOTE W AJsl JIOOBIX LeJeH.

Hwukakne n3 HuX He MPU3HAKOTCA NPCAMICCTBYOILIUM YPOBHEM TCXHUKH.
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OOPMYVYJIA U30BPETEHHUA

1. Crioco0 uaeHTHUKALIME MapKepa IJisi POTHO3UPOBAHUST PACCTPONCTBA, CBSI3aHHOTO C
OepEeMEHHOCTBIO, Y CyObeKTa-KEHIIUHBI, OEPEMEHHOTO IIOIOM, BKJITFOUAFOIIIUHI:

CpaBHEHHE YPOBHS 3KCIPECCHUM TeHa y TMepPBOro CyObeKTa->KeHIUHBI, OepeMeHHOM
NIEPBBIM TIOJIOM, MTPUYEM H3BECTHO O HAJMUYUHU PACCTPOMCTBA, CBSI3AHHOTO ¢ OEPEMEHHOCTHIO, ¥
NepBOro  CyObeKTa->KEHIMUHBI WM Yy TMEPBOrO IUIOAA, C KOHTPOJIbHBIM 3HAYEHHEM,
OTpEeJEIEHHbIM Y OIHON WJIM HECKOJbKHX APYTHX CyOBEKTOB-XKEHIIWMH, KaXAas U3 KOTOPBIX
OepeMeHHa 3I0POBBIM IUIOJIOM, MTPH 3TOM:

reH npencrasisier coboit ASAH1, CSH1, KISS1, STATI1, CGA, CSH2, TFPI2, GBPI,
PLAC4, HSD17B1, CSHL1, KRTS8, KRT18, HPGD, GADD45G, LGALS14, HSD3B1, KRT19,
SERPINE1, GDF15, CYP19A1, PSG4, PSG3, CRYAB, HSPBS, PKIB, PGF, CYP11A1, PSGS,
PSGI1, PAPPA, ADAMI12, PSG2, VGLL3, KRT7, TMEMS54, PRKCZ, SDCI1, LGALSI13,
EFHD1, CAPN6, XAGE3, EBI3, GH2, PAGE4, ALPP, INHBA, LOC100505659, FBLNI,
SEMA3B, GPC3, PLAC2, PSG9, FNI1, NOS3, LOC100506655, PSG11, SPTLC3, EXPHS,
HSPA2, PSG6, PLACI1, TACC2, PRPF40B, LOC388948, SERPINB2, CRH, GBP1P1, CLDN4,
C2orf72, PAPPA2, HIS2H3A, HIST2H3C, TCL6, MFSD2A, ZFAT-AS1, INSL4, DHRS2,
HES2, WLS, PLCXD3, LOC100505483, Clorf130, FOSB, GCM1, TRPV6, TFAP2A, MMP11,
TUSC3, HMGCR, CCK, LOC100129935, C8orf39, GLDN, PGAP3, MSX2P1, GH1, SVEPI,
PPP1R32, PSG8, ENDOU, EGFR, DUSP4, PHYHIPL, CTSF, TRIM29, RCN3, SPIRE2,
LOC100216001, FAM176A, SCIN, ZNF500, PRR16, LOC100128054, OLRI1, SLC30A2,
LOC285972, HESX1, TMEMI139, ZNF727, TM4SF19, EFS, TIMD4, ALDH3B2, KRT8I,
MUCI15, PRSS8, SH2DS5, LOC728175, GRHL2, PABPNIL, CORO6, ADAM9, AGBLS,
APOBR, APOL2, APP, ATPSI, ATP6VOE1, B2M, BCAP31, BRKI1, C12o0rf76, C190rf59,
C190rf79, Clorf151-NBL1, C2lorf7, C70rf53, CARDI16, CD97, CEBPD, CTSA, CYB5RI,
DDX11L10, DUSP1, DYNLRBI1, EMP3, ENKUR, GALM, GDI1, HISTIH2AC, HIST1H3H,
HIST1H4A, HIST1H4B, HISTIH4E, HIST1H4H, HISTIH4L, HLA-C, HLA-L, HRC,
HSPATA, IF16, ISG20, JAM3, KLF6, LEPR, LEPROT, LILRAS, LOC146336, LRRC32, LY6E,
MEIS1, MLH3, MYADM, NCFI1, NCF1B, NDUFAI1, NES, NFAMI, NGFRAP1, NPTN,
NT5C3, OST4, PARK7, PARP10, PDGFA, PF4, PGRMCI1, PRIC285, PSMB9, RAB32,
RABAC1, RBXI1, RNF213, RPPHI, S100P, S1PR3, SATI1, SEPT3, SERF2, SHISAS,
SIGLEC1, SIGLEC14, SNN, SOD2, SPARC, TIMP1, TMEM140, TMEM185A, TMEMS50A,
TRIM22, TSC22D3, UBE2L6, VKORCIL1, VTRNAI-1, YIF1B, YPEL3, YWHAH wumu
ZNF485,

pacCTpOMCTBOM,  CBS3aHHBIM €  OEPEMEHHOCTBIO,  SIBISIETCS  TPEIKJIAMIICHS,

BHYTPHYTPOOHAsl 3aJe€p’KKa pPOCTa, WHBA3WBHAs IUIALICHTALWS, MPEKACBPEMEHHbIE POJIbI,
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reMOJIUTHYECKast O0JIe3Hb HOBOPOJKACHHOTO, IJIALIEHTapHAsi HEAOCTATOYHOCTD, BOJSHKA TUIONA,
MOpOKM pa3BuTuA Iuoga, cuHapom HELLP, cucreMHas kpacHas BOJYaHKA U Jpyrue
UMMYHOJIOTHYECKHE 3a00JIeBaHNS MaTePH, a

YPOBEHb HKCIPECCUH I'€HA Y IEPBOTO CyOBEKTa-KEHIIMHBI H3MEPSIFOT Iy TEM:

NOJTy4eHUs1 OMOIOTHYECKOro obpasiia OT 3TOro NePBOro CyObeKTa-KEHIIUHBI,

cekBeHHpoBaHus OeckieTouHbix Mojekya PHK B 3tom oOpasue miasmMel 111 IOy YeHUS
MHO’KECTBA PUIOB MOCIE0BATENBHOCTH,

I/II[eHTI/I(I)I/IKaLII/II-O ¢ IIOMOILIBIO KOMHBIOTepHOﬁ CHUCTEMBI MECTOMNOJIOKEHUH puaoB
NIOCJIEZIOBATENILHOCTH B pepepEeHCHOMN MOCIEN0BATENbHOCTH, U

MOJICYET PUIIOB, PACIIOIOKEHHBIX B I'€HE.

2. Cnocob mo m. 1, B KOTOPOM PacCTPOHCTBO, CBSI3AHHOE ¢ OEPEeMEHHOCTBIO, CBSI3AHO C
CyOBEKTOM->KEHIIMHOM.

3. Crocob mo m. 1, B KOTOPOM PacCTPONCTBO, CBSA3aHHOE ¢ OEPEMEHHOCTBIO, CBSI3aHO C
IUIOIOM.

4. Cnoco6 mo m. 1, rae paccCTpOCTBOM, CBSI3aHHBIM C OEPEMEHHOCTBIO, SIBIISIETCSI
NPE3KIaMIICHSL.

5. Cnocob mo m. 1, rme pacCTpONCTBOM, CBS3aHHBIM C OEPEMEHHOCTBIO, SIBILIFOTCS
MPEXAEBPEMEHHBIE POJIBL.

6. Cnocod mo m. 1, B KOTOPOM T€H COOTHOCST C pAcCCTPOWCTBOM, CBSI3aHHBIM C
OepeMEeHHOCTBIO, €CITH YPOBEHb SKCIPECCHH MPEBINAET KOHTPOJIBbHOE 3HAUCHUE.

7. Cnocob6 mo m. 1, B KOTOPOM T€H COOTHOCST C pAcCCTPOWCTBOM, CBSI3AHHBIM C
OepeMEeHHOCTBIO, €CITH YPOBEHb SKCIPECCHH HI)KE KOHTPOJIBHOTO 3HAYEHHUS.

8. Cmocob mo m. 1, rae ren npencrasisier coboit CSHI1, KISS1, STAT1, CGA, CSH2,
TFPI2, GBP1, PLAC4, HSD17B1, CSHL1, KRTS8, KRT18, HPGD, GADD45G, LGALS14,
HSD3B1, KRT19, SERPINEI1, GDF15, CYP19A1, PSG4, PSG3, CRYAB, HSPBS8, PKIB, PGF,
CYP11A1, PSGS, PSGI1, PAPPA, ADAMI12, PSG2, VGLL3, KRT7, TMEMS54, PRKCZ, SDCI,
LGALSI13, EFHDI1, CAPN6, XAGE3, EBI3, GH2, PAGE4, ALPP, INHBA, LOC100505659,
FBLNI1, SEMA3B, GPC3, PLAC2, PSG9, FNI1, NOS3, LOC100506655, PSG11, SPTLC3,
EXPHS, HSPA2, PSG6, PLACI1, TACC2, PRPF40B, LOC388948, SERPINB2, CRH, GBPIPI,
CLDN4, C2orf72, PAPPA2, HIS2H3A, HIST2H3C, TCL6, MFSD2A, ZFAT-AS1, INSL4,
DHRS2, HES2, WLS, PLCXD3, LOC100505483, Clorf130, FOSB, GCM1, TRPV6, TFAP2A,
MMP11, TUSC3, HMGCR, CCK, LOC100129935, C80rf39, GLDN, PGAP3, MSX2P1, GHI1,
SVEP1, PPP1R32, PSG8, ENDOU, EGFR, DUSP4, PHYHIPL, CTSF, TRIM29, RCN3,
SPIRE2, LOC100216001, FAMI176A, SCIN, ZNF500, PRR16, LOC100128054, OLRI,
SLC30A2, LOC285972, HESX1, TMEM139, ZNF727, TM4SF19, EFS, TIMD4, ALDH3B2,
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KRT81, MUCI1S5, PRSS8, SH2DS, LOC728175, GRHL2, PABPNI1L unu CORO6.

9. Cnocob mo m. 1, rme ren mpencrasisier cobori ADAMY, AGBLS, APOBR, APOL2,
APP, ASAHI1, ATPSI, ATP6VOE1, B2M, BCAP31, BRK1, Cl12o0rf76, C190rf59, C190rf79,
Clorf151-NBL1, C2lorf7, C7orf53, CARD16, CD97, CEBPD, CTSA, CYB5R1, DDX11L10,
DUSPI1, DYNLRBI1, EMP3, ENKUR, GALM, GDI1, HISTIH2AC, HISTIH3H, HIST1H4A,
HIST1H4B, HISTIH4E, HIST1H4H, HIST1H4L, HLA-C, HLA-L, HRC, HSPAIA, IFIo6,
ISG20, JAM3, KLF6, LEPR, LEPROT, LILRAS, LOC146336, LRRC32, LY6E, MEISI,
MLH3, MYADM, NCF1, NCF1B, NDUFAI1, NES, NFAMI, NGFRAPI, NPTN, NT5C3,
OST4, PARK7, PARP10, PDGFA, PF4, PGRMCI1, PRIC285, PSMB9, RAB32, RABACI,
RBX1, RNF213, RPPHI1, S100P, S1PR3, SATI1, SEPT3, SERF2, SHISAS, SIGLECI,
SIGLEC14, SNN, SOD2, SPARC, TIMP1, TMEM140, TMEM185A, TMEMS50A, TRIM22,
TSC22D3, UBE2L6, VKORCIL1, VTRNAI-1, YIF1B, YPEL3, YWHAH unu ZNF485.

10. Cnioco6 mo 1. 1, rae ren npezacrasisier codoit ASAHI.

11. Coco6 mo . 1, rae ren mpeacrasisier codoit TSC22D3.

12. Cnoco6 mo 1. 1, rae ren mpeacrasisier codboit MY ADM.

13. Cnioco6 mo 1. 1, rae ren npeacrasisier codoit C7orfS3.

14. Cnoco6 mo m. 1, B koTopoMm OHosiorudeckuii odpasen mpeacrasisier codoit odpaser
IJ1a3MBlI.

15. Cnocod mo n. 1, rme Ouonoruyeckuii oOpaser] MpencTaBisieT coOoil oOpaser
CBIBOPOTKH.

16. Crioco6 mo mrodomy u3 mi. 1-15, TONOJTHUTENBHO BKITFOYAOIIUII:

noJjiyueHue OUOJIOrMYecKOro 00pasia OT MePBOro CyObEKTa-KEHIIMHBI,

cekBeHHpoBaHue OeckierouHbix Mojekysl PHK B oOpasue minasmel s mojydeHUs
MHOKECTBa PUAOB MOCIEI0BATEIBHOCTHY,

UEeHTH()UKALTIIO KOMITBIOTEPHOU CHUCTEMOU MECTOINOJIOKEHUN pUnOB
NIOCJIEZIOBATEILHOCTU B pehepEeHCHOHN MOCIEA0BATEIbHOCTH, U

MOAICUET PUIIOB, PACTIONIOKEHHBIX HA FeHE.

17. Cuctema, conmepskainasi OAMH WM HECKOJBKO MPOLIECCOPOB, CKOH(PUTYPUPOBAHHBIX
IS BBITTOJTHEHHS JTIF000T0 U3 crioco0oB o . 1-15.

18. Cucrema no n. 18, HOMONHUTENBHO coAeprKallasl yCTPOICTBO CEKBEHUPOBAHMSI.

19. KoMnbroTepHBIN NPOAYKT, COAEPKALUNA MALUIMHOYHUTAEMbIH HOCHUTENb, XPaHALIUN
MHOKE€CTBO MHCTPYKLMH JJIs1 YIIPABJICHUS] MIPOLIECCOPOM ISl BBIIIOJHEHHS CIIoco0a 1o Jro0oMy

u3 . 1-15.
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AnnenbHoe oTHoweHue (B/A) B maTepuHCKOM
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06wmii ypoBeHb PHK pa3Hbix reHoB
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Twun obpasua Obpaszeu |HeobpaboTaHHble| [lpegBapuTencHo (%) |KapTupyemble (%)
puabl obpaboTaHHbIe pugbl? puabl©

Mnasma CTR0O81 180 080 810 23012332 12,78%| 7708011 33,50%
HebepemeHHOM KeHWMHbI CTRO82 132 567 446 20559 146 15,51%| 6848249 33,31%
M9600P 367 301939 45 255199 12,32%| 16849461 37,23%
Jopoaosas M9549P 597 724 438 151243 195 25,30%| 34627313 22,90%
MaTepUHCKas nsiasma M9O356P 820742404 190 030 278 23,15%| 14091631 7,42%
M9415P 970 145 241 143 615 377 14,80%| 41517504 28,91%
MNocnepoposas M9356BP| 587 698 232 132012632 22,46%| 7828124 5,93%
MaTepUHCKas nsiasma M9415BP| 853401 365 101 070496 11,84%| 26707 674 26,42%
MraveHTa N9356 202711 386 169 500 629 83,62%| 160417 620 94,64%
N9415 257 219381 203094 642 78,96%| 193 126555 95,09%
M9600W 163 832 386 38 707 658 23,63%| 11348398 29,32%
KneTkn matepuHcKom M9O549W| 240 383043 83922150 34,91%| 73117147 87,12%
KpOBM M9356W| 208 400902 60 851 642 29,20%| 54974158 90,34%
M9415W| 265 636 207 49943628 18,80%| 42670781 85,44%

a. OcTaBwMecs pMAapl Nocae yaaieHMA YacTo NOBTOPSIOWMXCA PULOB.
b. % HeobpaboTaHHbIX pUAOB.
c. CM. gonoaHuTenbHyo Tabanuy 2B ¢ nogpobHol pacimdpoBKom.
d. % npeapaputenbHo 06paboTaHHbIX pUOOB.

dur. 4
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Tun obpasuya O6pasey, OTOPGMP:::'b'e I'Ipurop,m:z::f anam3a 5 som (%) UnTpOH (%) 2’;’::::;2;
E:g:,;ﬂ:meHHon CTROS1 | 4 186990 3521021 64,00%  6,47% 29,53%
JKEHLLMHbI CTR082 3594 966 3 253 283 61,93% 7,29% 30,78%
Tlopoaosas M9O600P | 7711430 9138 031 64,42% 6,47% 29,10%
MaTEpUHCKaR MO549P | 20481 388 14 145 925 41,84% 13,16% 45,00%
13303 MO356P | 1683896 12407 735 56,80% 30,76% 12,45%
MO415P | 23164 778 18 352726 53,61% 10,80% 35,59%
Mocnepopnosaa M9356BP| 988 066 6 840 058 50,41% 38,15% 11,44%
';"j;:;:'””‘a” M9415BP| 15 853 377 10 854 297 50,12%  13,68%  36,19%
MhavekTa N9356 3204 907 157212713 31,18% 55,89% 12,93%
N9415 4186711 188939 844 26,51% 59,59% 13,90%
K etk M9o600W 854 869 10493529 69,71% 23,50% 6,79%

. M9549W| 8120 655 64 996 492 66,98% 26,67% 6,36%
MaTepPUHCKOM . . .
KpOBH M9O356W| 4 255081 50719077 69,13% 24,70% 6,16%

Mo415W| 5318314 37 352467 85,68% 10,74% 3,58%
a. OTobpaHHble pnabl B OCHOBHOM MpeacTaBAsaloT AAepHble M MUToXoHApUaabHble pPHK 1 TPHK.
MpuroaHble Ana aHaAn3a puabl = obLLee YMCI0 KapTUPYEMbIX PUAOB MUHYC OTOBpaHHble puabl.
c. % pWOOB, BblpaBHMUBAIOLWIMXCA C 061aCTAMM BHE 3K30HOB M MHTPOHOB pedepeHCHbIX reHOoB.

dur. 5
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Cﬁ'ﬁé‘;ﬁ":ﬁﬁgmesﬂﬁ" SNP ?1T11Hoou:|izﬁule offfuﬁ:ﬁﬁe FPKM FPKM knetok | KpaTHoCTb pasnuuua FPKM
(matb: AA, nnoa: AB) gml;l-éﬂl; PHK-er:IIP Ha naaueHTbl KpoBu (nnayeHTa/KneTkn Kposm) naasmbl
AFF1 SNP 7:rs342462 0,28 0,52 149,731 16,1598 9,27 16,7037
SNP 8:rs342459 1
SNP 9:rs10029915 0,29
SH3BGRL2 SNP 13151507 0,07 0,07 24,7477 40,3078 0,61 128,2908
SLC38A1 SNP 3:rs3742058 017 0,58 1428723 15,1123 9,45 9,0209
SNP 4:rs3742059 1
PTTG1IP SNP 6:rs873317 04 04 1528104 564153 2,71 37,1191
GIMAP1-GIMAPS SNP 14151046355 0,04 0,04 159771 39,9271 0,4 77,4282
CTSS SNP 1:rs3754212 0,01 0,01 11,0084 382,8589 0,03 79,3012
RHOBTB3 SNP 10rs34896 1 0.8 3385763 21,5841 15,69 15,4046
SNP 11.rs34898 0,56
SNP 12:rs34899 0,8
ARHGEF12 SNP 2:rs192718576 0,09 0,09 88,5256 110,1833 0,8 63,7037
TXNRD1 SNP 51511111879 0,2 0,2 65,9309 35,795 1,84 23,6787
HPCAL1 SNP 117s2270302 0,08 0,06 17.2498 42 5469 0,41 25,2768
RAB4A SNP Zrs15452 0,08 0,08 12,7741 22,2066 0,58 72,2382
PGM2 SNP 13rs3752683 022 0,22 33,0576 23,045 1,43 13,4293
PSMB3 SNP 10rs228274 0,05 0,05 85.0883 1175188 0,55 127.3262
ADIPOR2 SNP 4:rs12342 0,08 0,08 18,1942 18,7699 0,97 16,5717
SNP 5:rs1044471 0,08
CHFR SNP 9:rs35011845 0,22 0,22 21,9501 15,0583 1,46 10,3748

dur. 9
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Cneuuduueckue ans

OTHOLWeHUe

CpeaHee

matepu aanenm SNP MaTepPUHCKUIA | OTHOLIEeHUE FPKM FPKM Rparnocts FPKM
(MaTb: AB, SNP annenb/o6wmii |RNA-SNP Ha | nnaueHTbI KneToK pasaums (knetku naasmbol
Mnoa: AA) annens ren KpoBM Kposu/MnauyeHTa)
AKAP10 SNP 18:rs2108978 1,33 1,33 22,414 18,1324 1,24 11,7168
EIF2S2 SNP 37:rs4911406 1,25 1,25 39,3008 35,9748 1,09 65,1988
JHDM1D SNP 51:rs76676651 1,4 1,4 43,0656 26,1836 1,64 28,1734
SNP5:rsl1022079 0,5 0,5 10,735 36,1867 0,3 10,3945
USP47 SNP 6: rs 148238084 0,5
PPPAR2 SNP40:rs61188513 1,09 1,09 80,3628 69,563 1,16 47,4149
SNP 15:rs4779520 0,78 1,64 22,9283 10,6869 2,15 19,3486
KLF13 SNP 16: rs 6493629 2,5
FAM107B SNP4:rsl1259151 2 2 24,1097 15,1776 1,59 30,5864
APOL2 SNP 39:rs 132759 1,33 1,33 17,9996 12,0226 1,5 28,1601
SNP 10:rs2389910 1,56 1,11 27,2282 29,7396 0,92 31,7672
RAP2A SNP ll:rsl2873919 0,67
SNP l:rsll7963129 4 3,37 48,3896 11,7589 4,11 35,3443
SNP 2:rs 1055184 5
RIT1 SNP 3:rs493446 1,12
STK17A SNP48:rs56286238 1,33 1,33 61,0052 36,447 1,67 30,0074
SNP 23:rs14031 0,5 0,62 11,0432 32,3155 0,34 8,3988
C190rf63 SNP24:r51046246 0,75
SMEK1 SNP 14:rs10135595 1 1 27,1212 33,0441 0,82 26,8366
SNP 42:rs3797341 1,5 1,02 26,837 30,3427 0,88 45,4491
SNP43:rs3203922 0,78
TNFAIP8 SNP44:rs1045242 0,79
CPEB4 SNP46:r512659398 1 1 28,4523 40,5723 0,7 28,802
PTPRJ SNP7:rsl17902837 2 2 59,7568 20,5437 2,91 19,0642
RPL36 SNP22:rs3810220 1,7 1,7| 152,2501 65,9528 2,31 921,8925
SNP25:rs1137288 1,62 1,88| 114,7107 41,6213 2,76] 176,8333
SNP 26:rs3087895 2,17
SNP 27:rs3768670 1,86
YPELS SNP28:rs3768671 1,86
SNP53:rs114261839 1 1,33 51,7974 43,9599 1,18 30,1847
SNP 54:rs208753 1,4
SNP55:r517635381 2,27
PCM1 SNP 56:rs6991775 0,67
UBR2 SNP47:rs6916713 2,25 2,25 102,9892 23,2007 4,44 43,5569
SNP 32:rs3747 1,22 1,97 50,467 37,5349 1,34 96,8859
SNP 33:rs9579 2,17
SNP 34:rs3088214 2,89
TNS1 SNP35:r51063281 1,62
EIF4A1 SNP 17:rsl057086 0,93 0,93 70,1974| 132,2932 0,53| 161,6599
BACH1 SNP 38:rs 15092 2,5 2,5 112,4409 34,6219 3,25 26,4284
SNP 49:rs6850 1,11 1,05 66,7742 62,9202 1,06 220,7639
PPIA SNP 50:rs6904 1
TMX1 SNP 12:rs7160810 1 1 11,8758 12,8978 0,92 6,7127
ANKRD44 SNP 29:rs3731569 3,67 3,67 65,5013 14,0504 4,66 16,412
SNP 57:rs3398 0,33 1,51 43,1289 37,048 1,16 37,6685
ZFAND5S SNP 58:rs969 2,69
SNP 19:rs 12327477 0,67 3,89 171,6269 29,4281 5,83 25,153
SNP 20:rs2304859 7
SMCHD1 SNP 21:rs7238459 4
NR3C1 SNP 45:rs6191 1 1 28,0561 36,5516 0,77 11,2138
CRNKL1 SNP 36:rs2255255 1,5 1,5 15,8244 13,148 1,2 10,1897
CALM1 SNP 13:rs5871 1,1 1,1 76,0647 89,0949 0,85| 181,3474
FDFT1 SNP 52:rs79708434 1,56 1,56 83,9629 34,6215 2,43 44,9826
SNP 30:rsl051677 1 1,17 74,6452 75,2029 0,99 55,8144
XRCC5 SNP 31X52440 1,33
SNP 8:rs3741380 2,75 1,81 29,7293 14,0146 2,12 90,3776
EHBP1L1 SNP 9:rs6591182 0,88
OPAl SNP 41:rs7643844 1,5 1,5 49,1647 22,7367 2,16 34,8335

dwur. 10
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5641 (PET) (GA: 36 6/7) 7171 (Hopma) (GA: 36 6/7) KpaTtHocTb YpoBeHb IKCnpeccuu B naasme
U3MeHeHua
OTHOLWEHUA
Cneunduueckue OTHOWeHue OTHOWeHue CpeaHee | RNA-SNP gnsa KpatHocTb
AJIA MaTepy MaTepUHCKUA Cpeatee MaTePUHCKUIA | OTHOLLEHME | yask 5641 7171 | usmeHeHua
annenn SNP SNP . oTHoweHune RNA- SNP . AOro rexa
(Marb: AB, annenb/o6wmii SNP Ha rem annenn/o6wmii |RNA-SNP Ha (5641 n 7171) FPKM FPKM | FPKM (5641
annenb annenb reH n7171)
Mnog: AA)
ANXA4 SNP 1:kgp9682337 2 2| SNP 9:rs6546548 0,5 0,5 4| 12,1379 4,7565| 2,551855356
RAC2 SNP 3:rs6572 0,75 0,75]| SNP 8:rs2239774 8 8 0,09375| 319,973(288,0231| 1,110928255
P53 SNP 2:rs17879353 0,5 1,25| SNP 4:rs1042522 0,5 0,5 2,5 28,9503| 13,1548| 2,200740414
SNP 4:rs1042522 2
SLC4A1 SNP 5:rs5035 1,8 1,8| SNP 7:rs2072081 1 1 1,8(165,1352]192,3307| 0,858600317
ARHGDIB SNP 6:kgp6869929 0,76 0,76 | SNP 6:kgp686992 0,71 0,71| 1,070422535|665,6615(640,9633| 1,038532939

dur. 13
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5641 (PET) (GA: 36 6/7) 9356 (Hopma) (GA37 2/7) KpaTtHocTb YpoBeHb 3KCNPEccUU B niasme
OTHoLeHH CpepiHe M3MEHEHNA
Cneynduueck OTHOLUEHUA
ue gna € Cpepnee OtHowenue e RNA-SNP gns KpaTtHocTb
MaTepPUHCK|OTHOLLEH MaTepUHCKU |oTHoule
maTtepu SNPs it we RNA- |snp p e Kaxkgoro 5641 9356| wuameHeHun
annenn SNP reHa (5641 n FPKM FPKM| FPKM (5641
(Marb: AB, ann:enb/oﬁ SNP Ha a1‘1'11e11|>/06u.|I RNA- 7171) w7171)
Mnoa: AA) WM reH Wil annennb SNP Ha
annenb reH
SNP 62:rs11898629 0,8
TRAK2 SNP2:kgp14544935 1 1|SNP 63:rs3795966 1,47 1,11| 0,900900901| 95,0691|618,1783| 0,153789125
SNP 64:rs13022344 1,04
PCSK6 SNP26:kgp8258505 0,33 0,33 |SNP 48:rs1058260 1,54 1,54| 0,214285714| 22,3438| 15,3949] 1,451376755
LAPTM5 SNP 7:kgp15703090 0,12 0,12 | SNP 38:rs8048 1,43 1,43] 0,083916084|215,8869]|117,3578]| 1,83956158
ASAH1 SNP 3:kgp3689333 0,67 0,67 | SNP 85:rs71526182 1 1 0,67] 35,6956| 78,8371| 0,452776675
SNP 5:rs17310286 1,09
BNIP3L SNP 5:rs17310286 2,5 2,5 SNP 86:r51042997 0,78 0,94 2,659574468|139,6533|783,6419( 0,178210609
SNP 11:rs1049606 1,07
CCND2 SNP 11 :rs1049606 1 1 SNP 42753217925 7 2,54 0,393700787| 39,864 22,9748| 1,735118478
DAZAP2 SNP 25:kgp1918624 1,67 1,67 | SNP 43:rs1049467 1,43 1,43] 1,167832168]|104,3778| 84,1193] 1,240830582
SNP49:rs14383 0,25
GAS7 SNP31:rs2240739 0,67 0,67 SNP 501516958968 15 0,88| 0,761363636| 12,6931 7,2272| 1,756295661
LASP1 SNP 29:kgp8909974 1,33 1,33 |SNP 53:rs11539845 0,38 0,38 3,5| 72,976] 39,5819] 1,843670971
SLC4A1 SNP 4:rs5035 1,8 1,8| SNP 54:rs13306788 0,83 0,83]| 2,168674699|165,1352|726,2616| 0,227377022
SH2D3C SNP 17:rs514024 2,5 2,5 |SNP 87:rs35019975 5 5 0,5| 31,7735| 5,1573] 6,160878754
SNP 21 SNP 82:rs72645704 1,6
IKZF1 kgp5028738 3 3 SNP 8371572645705 0.8 1,2 2,5| 45,9371| 28,2684 1,625033606
SNP 79:rs2640 0,8
EIF2AK1 SNP 22:rs2639 0,25 0,25 SNP 22752639 0,71 0,75| 0,333333333| 69,0985(133,6252| 0,517106803
ANXA4 SNP1:kgp9682337 2 2 |SNP 61 :rs2228203 0,91 0,91 2,197802198| 12,1379| 24,8486 0,4884742
CNPPD1 SNP8:rs1043160 2 2|SNP 65:rs11236 1,1 1,04| 1,923076923| 26,7431|163,7143| 0,163352255
SNP 66:rs1127102 1,08
SNP8:rs1043160 1,36
SNP 67:rs1127101 0,61
UACA SNP 16:rs934005 1,5 1,5|SNP 16:rs934005 1,6 0,9| 1,666666667| 12,9841| 23,1721| 0,560333332
SNP 47:rs4776525 0,2
SNP 47:rs4776525 0,2
BSG SNP 10:rs2229664 1,1 1,1|SNP 56:rs4682 1.2 1,16| 0,948275862|151,0873|867,8964| 0,174084488
' ! SNP 57:rs8637 1,32 ’ ! ! ! !
SNP 58:rs8259 0,96
NEAT1 SNP 32:rs680413 1,67 1,67 |SNP 32:rs680413 1,12 2,81 0,59430605| 83,9749| 20,5134| 4,093660729
SNP41:rs2239895 4,5
BCL2 SNP 36:rs1564483 2 2 | SNP 55:rs4987857 0,29 0,29]| 6,896551724| 13,6149 11,001| 1,237605672
MAX SNP 18:rs4902359 0,75 0,75 | SNP 44:rs4902357 0,62 0,69 1,086956522|186,4324(117,3962| 1,588061624
SNP 45:rs1957949 0,75
SNP 46:rs1957948 0,74
SNP 18:rs4902359 0,64
FAMG65B SNP 12:rs12183109 0,5 0,5 |[SNP 77:rs11285 1 1 0,5| 38,6914| 39,9277] 0,969036534
CAPN2 SNP6:rs17598 0,33 0,27 [SNP 39:rs3738383 0,92 0,77| 0,350649351| 59,5279| 47,4986| 1,253255885
SNP 13:kgp4535923 0,2 SNP 6:rs17598 0,48
SNP 40:rs10961 0,93
HLA-DPB1 SNP 27:kgp4559778 0,25 0,25|SNP 78:rs41558014 0,12 0,12]| 2,083333333| 62,8314| 90,6768| 0,692915939
SMCRS8 SNP 35:rs3829956 0,5 0,5[SNP 51 :rs1563632 1 0,83| 0,602409639| 4,3801| 5,1181| 0,855805865
SNP 52:rs921985 0,67
ST6GAL1 SNP 19:rs2284749 1 1|SNP 19:rs2284749 1,27 2,04] 0,490196078| 15,0179| 12,2028| 1,230692956
SNP 73:rs4686848 2
SNP74:rs1801380 4,5
SNP 75:rs7559 0,4
RAB8A SNP 9:rs3745314 0,71 SNP 59:rs3745313 1,86 1,02| 0,852941176|150,8067| 67,5592| 2,232215598
SNP 20:rs17722795 1,33 0,87 [SNP 9:rs3745314 0,92
SNP 30:rs10409364 0,44 SNP 20:rs17722795 1,17
SNP 37:rs1043346 1 SNP 37:rs1043346 0,38
SNP 60:rs1043407 0,78
MYHI SNP28:kgp7015684 1,25 1,25|SNP 68:rs2481 1,39 0,93| 1,344086022|547,5822|125,4471| 4,365044708
SNP 69:rs7078 0,48
SNP 70:rs12107 0,47
SNP 71 :rs11089787 1,38
ARLG6IP5 SNP 33:rs7038 2 2 |SNP 72:rs60050966 0,5 0,5 4| 57,8305| 77,8228] 0,743104848
CTSB SNP 34:kgp8442325 0,2 0,2 [SNP 84:rs138489258 0,21 0,21| 0,952380952| 40,7539|124,8545| 0,326411143
DAXX SNP 23:rs1059231 4 4|SNP 23:rs1059231 1 1 4| 33,1412| 14,2532] 2,325176101
) SNP 80:rs702829 0,67 0,89 3,370786517| 87,1367| 86,8271| 1,003565707
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