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wiona. ®parmentsl JJHK n3 marepunckoro o6pasua (AHK marepu u ruiona) moaBepraroTcst aHaNIN3y
IUIsL AACHTU(GUKALUK ajulelied 110 ONpEeieNICHHBIM JIOKycaM. MO)XKHO YCTaHOBHTH OOIIee KOJIHYECTBO
¢parmentoB JITHK coorBeTcTBylomux ajmiened B 3THX JIOKycax IUIsi ONpPEIETICHUS OTHOCHTEIHEHOTO
KOJIMYCCTBA TalUIOTUIIOB IO J3THM JIOKYyCaM W ONpEACIIMTb KaKUC TalVIOTHUIIBI YHACJICIOBAHBI
W3 POAUTENBCKHX TE€HOMOB. MOXHO YCTaHOBHUTBH JIOKYCBI, II0 KOTOPBIM DPOIMTEIH NPEACTABISIOT
oTpezieIeHHbIe KOMOMHAITMH TOMO3HTOT ¥ TETEPO3HTOT AJIsl OTIpEIeNICHNs y9acTKOB reHoMa utofa. Bmecre
¢ anamm3oM ¢parmenroB [IHK u3 marepuHckoro oOpasua ans ONpeneseHUs TeHOMOB MaTepd W OTIa
MO>KHO MICIIOJIB30BATh KOHTPOJILHBIE TAILIOTHUIIBL, PACIIPOCTPAHEHHBIE B IIOMYIISINH. Takke peAcTaBIeHo
orpezaereHne Mytanui, ¢ppaxkunonHoit konuenTpannu JHK mozna B MaTepuHCcKOM 00pasiie U CTeIeHH
0XBaTa CEKBEHHPOBAHHEM MAaTEPUHCKOTO oOpasia.
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AHAJIN3 TEHOMA TIJIOJIA W3 MATEPHHCKOT'O BHOJIOTHYECKOTO
OBPA3IIA

ITepexkpecTHbIE CCHIJIKH HA POACTBEHHBIE 3asIBKH

Hacrosimas 3asBka NpeTeHAyeT Ha MPUOPUTET OT U SIBJISIETCS HENpPEABAPUTENbHBIM
BapHAHTOM TpeaBapuTesbHOM 3asiBku Ha nateHT CIIIA No. 61/258567, o3arnasineHHON “AHanu3
reHoMa Tuofa” M MOAaHHOU 5 Hos0ps 2009 r., mpenBapurenbHoil 3asBku Ha mateHT CLIIA No.
61/259075, o3arnaBineHHOW “AHanu3 TreHOMA IUIONA W3 MATEPUHCKOrO OHOJIOTMYECKOro
oOpasua” u momaHHOW 6 HOsIOpst 2009 r., u npeaBaputenpHOU 3asBkH Ha mareHT CIIIA No.
61/381854, o3arnaBneHHONW “AHanu3 TeHOMA IUIOAa W3 MATEPUHCKOrO OHOJIOTHYECKOro
obpasua” u nonanHo# 10 cenTsiOpst 2010 ., BCe comepkaHNe KOTOPBIX BKIIFOYEHO My TEM CCBUIKH
Ha BCe Clly4au.

Hacrosiimasi 3asiBka Takke cBs3aHa ¢ 3asBkod Ha mateHt CIITA No. 12/178181,
o3arjaBjeHHONl “/lMarHOCTMKAa XPOMOCOMHON aHeyIJIOWJuu Y IJIoja Mpu  IOMOIIH
MaCCHPOBAaHHOTO MApaJJIENIbHOTO CEKBEHHUPOBAHMS T'€HOMAa W TNOoAaHHOW 5 HOosOps 2009 r.
(Attorney Docket No. 016285-005220US); 3asBkoii na marentr CIIA No. 12/614350,
O3arjaBjeHHON “/[MarHOCTMKAa XPOMOCOMHON AaHEyIUIOWJUU Yy IjIofja MpU  IOMOIIH
CeKBEHHpOBaHUs reHoMa ¢ obOoramenuem” (Attorney Docket No. 016285-005221US), wu
NOJAHHOW OJHOBpeMeHHO ¢ Hel 3asBkoi CIIIA, osarnaBneHHON “AHanu3 reHOMa Ha OCHOBE
pasmepa” (Attorney Docket No. 016285-006610US), Bce comepikaHHe KOTOPBIX BKJIOYEHO
IyTEM CCBUIKU Ha BCE CIIy4au.

YpoBeHb TeXHUKH

Hacrosimee wu3o0perenue, B o0meM, KacaeTcsi aHajiM3a IeHOMa IUIOa Ha OCHOBE
MaTEePUHCKOro 00pasiia, B YaCTHOCTHU, ONPEAENICHHs BCETO WM YaCTH FeHOMA IUIOa Ha OCHOBE
aHaJIN3a FreHETUYECKUX (PparMeHTOB B MATEPHUHCKOM oOpasLe.

OtkpbITHE OECKJIETOYHBIX HYKJIEMHOBBIX KHCJIOT 3apOJbIlla B MATEPHHCKOH IUia3Me B
1997 r. OTKpBUIO HOBbIE BO3MOXKHOCTH JUUIsi HEMHBA3MBHOW mpeHaTajdpHON amarHoctuku (Lo
YMD et al., 1997, 350: 485-487; u US Patent 6,285,540). Dta TexHOJOTHs OBICTPO BOIUIOTUIIACH
B KJIMHUYECKHE MPUMEHEHUs C €TeKTHPOBAHUEM IMOJYy4YEHHbIX IMJIOJOM IO OTLIOBCKOH JMHHUU
T€HOB WM MOCJEeA0BATENbHOCTEN, HANpUMep, ISl ONpenesieHMsl Moja y IJI0Ja, ONpeeIeHMUs
craryca RhD y mjiona u yCTaHOBIIEHUS TOTO, YHACIEAOBAJ JIM OH MEPEAAFOINYIOCS MO OTLOBCKOM
muann MyTtanuio (Amicucct P et al., Clin Chem 2000, 46: 301-302; Saito H et al., Lancet 2000,
356: 1170; u Chiu RWK et al., Lancet 2002, 360: 998-1000). HenaBamii mporpecc B 3TOM

o0yacTH crenais BO3MOXKHOM NMPEHaTalbHY0 AHArHOCTHKY XPOMOCOMHON aHEYIUIOUANH Y TUIOJA
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TUNa TpucoMHuH 21 W3 aHaIM3a HyKJIEMHOBBIX KHCJOT B MarepuHckoi muazme (Lo YMD et al,,
Nat Med 2007, 13: 218-223; Tong YK et al., Clin Chem 2006, 52: 2194-2202; US Patent
Publication 2006/0252071; Lo YMD et al., Proc Natl Acad Sci USA 2007, 104: 13116-13121;
Chiu RWK et al., Proc Natl Acad Sci USA 2008, 105: 20458-20463; Fan HC et al., Proc Natl
Acad Sci 2008, 105: 16266-16271; US Patent Publication 2007/0202525; u US Patent
Publication 2009/0029377).

Jlpyrasi 00acTh 3HAYUTEIBHOIO MPOrpecca MOCIEAHEr0 BPEMEHH — 5TO NMPUMEHEHHUE
croco0OB MojAcYeTa OTAEIbHBIX MOJeKyJ tuma imdposoii ITHP ans HewWHBa3MBHOI IpeHa-
TaJIbHON MUATHOCTUKUA MOHOTEHHBIX OOJIE3HEM, MPH KOTOPbIX M MaTh, U OTEL[ HECYT OIHY U Ty
K€ MyTalMKo. JTO JOCTHTaeTcs aHaji30M OTHOCHTENbHOH nmo3bl mytammu (RMD) B
marepuHckoil asme (US Patent Application 2009/0087847; Lun FMF et al., Proc Natl Acad
Sci USA 2008, 105: 19920-19925; u Chiu RWK et al., Trends Genet 2009, 25: 324-331).

OnHako B TaKMX METOAAX MCIOJB3YIOTCS YK€ CYLIECTBYIOLIME 3HAHHS O BO3MOXKHBIX
MyTaLUsIX [JIs aHAJIM33a KOHKPETHBIX YacTell reHOMa, MOSTOMY MU HeJb3s WASHTU(HUIMPOBATD
JIATCHTHBIE WIA pPEAKHe MyTalWU WIM TeHeThdeckue 3aboseBaHus. ClemnoBaTesbHO, HYKHO
NPEIOCTABUTh HOBBIE METOIbI, CUCTEMbI U TPUOOPHI, KOTOPbIMH MOKHO HAEHTH(PHUIIMPOBATH
BECh WJIM YaCTh F€HOMA Y TUIOJA MPH MOMOIIY HEMHBA3HBHBIX METOMOB.

CymHocTb H3o0pereHust

B HEKOTOpBIX BOIUIOLIEHMSX HACTOSLIErO H300pEeTeHHs MpPEeAyCMOTPEHbI CIIOCOOBbL
CHCTEMbI U TIPUOOPBI IS ONPEEeNICHHs] TI0 MEHbIIEell Mepe YaCTH T'€HOMa elle He POXKIEHHOTO
wiona y OepeMeHHOH Marepu. MOXHO COCTaBUTb I€HETHYECKYI0 KapTy BCEro I'€HOMa WM
OTHENbHBIX YYaCTKOB TI€HOMAa IUIOAA 1O POKAEHHs, MCHONb3ysl 00pasubl, COAep Kaline
reHeTHYeCKHi MaTepuas miona u Matepu (Hampumep, oOpasel] KpoBu OepeMEeHHOH MaTepu).
I'eHeTHveckast KapTa MOXKET COAEPIKaTh MOCJIEIOBATEILHOCTH, KOTOPbIE TUIOJ YHACIEIOBAT OT
00OUX pOIUTENEH, UK K€ TOJBKO MOCIENOBATEIBHOCTH OT OJHOrO M3 ponuteneil. Ucxons u3
OITHOM MJIM HECKOJIbKUX TAKUX T'€HETHUECKUX KapT, MOKHO OINPENEIUTh PUCK BO3SHUKHOBEHHS Y
IUI0/Ia TeHETHYECKOTO 3a00JIeBaHs WU MPEAPACION0KEHHOCTH K TeHETUYECKOMY WJIH APYTOMY
3a00NIEBAaHUI0 WJIM TEHeTHYeCKOW ocoOeHHocTH. Takike OmMcaHbl W Jpyrue NPUMEHEHUS
BOILJIOLICHUU.

B 0HOM BOIUIOLIEHHUH MOKHO MOABEPrHYTh aHaau3y gparmentsl JJHK 13 MmaTepuHCKOro
obpasua (comepskamero JJHK marepu u miona) it uaeHTU(PUKALUU aJjieNiell M0 HEKOTOPBIM
3aJlaHHBIM JIOKycaM (OpUEHTHpPaM). 3aTeM MOKHO MPOAaHATM3UPOBAThH 00IIee KOJUIecTBO (par-
menToB JIHK cooTBeTcTByrOIMX ajuieneil B 3TUX JIOKyCax AJisi ONpEeIesieHUs] OTHOCHTEIbHOTO
KOJIMYECTBA TAIUIOTUIIOB IO 3THUM JIOKYyCaM M TE€M CaMbIM ONPENeNUThb, KaKHe TarJIOTHIIBI

yHacleOBaHbl IUIOJIOM W3 MAaTePUHCKOrO W/WIM OTLOBCKOro reHoma. MpeHtuduumpys



TaIruIOTUIbI IJI0/Ia, MOKHO OMpPEAeIHTh TeHOTHI IUIOAAa MO WHAWBHAYyAJbHBIM JIOKyCaMm B
COOTBETCTBYIOLIEM Y4YaCTKe F€HOMa, BKJIIOYAsi 3aJaHHbIE JIOKYChl. B pa3iuyHbIX BOIUIOLICHHUSIX
JIOKYCBI, TI0 KOTOPBIM POAMTEIH MPEACTaBICHbI OMPEAETICHHBIMI KOMONHALIUSIMUA TOMO3UTOTHBIX
Y T€TePO3UIOTHBIX, MOKHO MOABEPTHYTh aHAJIHM3Y TAaKUM 00pa3oM, YTOOBI OMpPEAETHTh YYaCTKU
reHoMa 1jiofa. B ofHOM BOIUIOIIEHUH AJIs ONpeAeeHnss MATEPUHCKOTO U OTLIOBCKOIO FeHOMOB
UCIIOJNIB3YIOTCSI KOHTPOJIbHBIE TaIUIOTHIIbI, MPEACTABISIOIINE PACIPOCTPAHEHHBIEC B ITOMYJISLUH
rarmioTurel, BMecte ¢ aHanmusoMm ¢parmentoB JIHK matepunckoro obpasua. Taxke mpeny-
CMOTPEHBI U JIPYTHe BOIUIOLIEHHS, KaK-TO OMNpeAeeHUe MyTAallHii, ONpeaeieHue JOJU TUIoa B
o0pasie MaTepH U OrnpeesieHIe OXBaTa CEKBEHUPOBAHIEM MAaTEPUHCKOTro o0pasia.

Jlpyrre BOIUIOLICHUS] HM300peTEeHHs KAacalTCsl CUCTEM, NPUOOPOB U CUUTHIBAEMBIX
KOMITBEOTEPOM HOCHTEJIEH, CBSI3aHHBIX C OMHCAHHBIMU 371eCh criocobamu. B onHOM BoMmIOmEeHH!
CUUTBIBAEMbINl KOMITBIOTEPOM HOCHUTEJb CONEPKUT MHCTPYKLHMH [Uis MOJYYEeHHUs JAaHHBIX MU
aHaJM3a MAHHBIX, HO HE MHCTPYKLUUH [y HANpaBIeHHs MAalIMHbI HA CO3[AaHHE JaHHBIX
(HampuMep, CEeKBEHHPOBAHME MOJIEKYJ HYKJIEHHOBBIX KHCJOT). A B JPYyrOM BOIUIOLIEHHH
CUUTBIBAEMbIH KOMITBEOTEPOM HOCUTEINIb CONEPKUT MHCTPYKLMH AJIsl HAMpPABJICHUs] MAIIMHbI HA
CO37aHHE JaHHBIX. B OIHOM BOIUIOIIEHUH KOMITBIOTEPHBIN MPOTrPaMMHBIH MPOAYKT BKJFOUAET
CUUTBIBAEMBIN KOMITBIOTEPOM HOCHTENb, XPAHSIIUI MHOKECTBO MHCTPYKLMH Uil yIpaBJICHHS
IPOLIECCOPOM TPH BBIMIOJHEHUH OMNEpalyii Ui OMUCAHHBIX 371eCh CrIoco0oB. Boruomenus
TaK)K€ KAaCAIOTCSl KOMIBIOTEPHBIX CHCTEM, KOH(UIYPUPOBAHHBIX HA BBIMOJHEHUE CTaauil
moOOro M3 OINHCAHHBIX 371eChb CIOCOOOB, HEOOS3aTENBPHO C PA3JIUYHBIMH KOMIIOHEHTaMH,
BBIMOJTHSIOIMMH COOTBETCTBYOIIYIO CTIMIO WJIM COOTBETCTBYIOILYIO IPYIIY CTaAUM.

IIpu oOpameHnH K OCTaJbHBIM YaCTSAM OIMCAHMS, BKJIOYAs PHUCYHKH H (Hopmylty
u3o0perenns, OyayT peasu30BaHbl JAPYrHe OCOOEHHOCTH M TNPEHMYINECTBA BOIUIOIICHUI
Hacrosimero u3oOpereHust. JlomonHuTeNnbHbIE OCOOEHHOCTH U TPEHMYILIECTBA, a TaKKe
CTPYKTypa U JEHCTBUE Pa3JIMYHBIX BOIUIOIIEHHI HACTOSIIErO H300pETeH s TTOAPOOHO OMUCAHBI
HIDKE C TIPUBJICUEHHEM COMPOBOAMTENBbHBIX PUCYHKOB. Ha pHCyHKax oOfMHAKOBble HOMEpa
0003HaueHHI MOTYT O3HAYATh MACHTHYHbIE WIN (YHKIHOHAIBHO OJIU3KUE JIEMEHTHI.

KpaTtkoe onucanue ¢guryp

Ha ¢ur. 1 npencrasnena Oiok-cxema criocoda ompeneneHust 100 mo MeHblnei mepe
YacTU TeHOMa eIlle He POKACHHOrO IUIofa OepeMEHHOH JKEHIIMHBI COTJIACHO BOIUIOIIEHHUSM
HACTOSIILETO U300PETEHUSI.

Ha ¢ur. 2 nmpencraBieHsl ABa ramioTHra y OTLA M JBa TalUIOTHNA Yy MaTepu UIs
OTPENENIEHHOTO CETMEHTa COOTBETCTBYIOLIET0 UM T€HOMHOTO KOZa COTJIACHO BOIUIOIICHHUSM
HACTOSIILETO U300pPETEHNSI.

Ha ¢ur. 3 npencrasnensl nsa tuma SNP y pomuTenpckux rarmiotunos us ¢ur. 2
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COTJIACHO BOIUIOIIEHUSIM HACTOSALIETO H300PETeHUs.

Ha ¢ur. 4A u ¢ur.4B npencrasneH aHamU3 I ONPENENICHUsS TAIUIOTUIOB IUIOAA IJIs
naByx TUnoB SNP coryacHO BOIUIOIIEHUSIM HACTOALIETO H300pETEHUs.

Ha ¢ur. SA u ¢ur. 5B npexncraBneH CpaBHUTENbHBIA aHAJIN3 OTHOCHUTEJIBHOTO KOJH-
4yecTBa (HANpHMep, BCTPEYAeMOCTH) (PPAarMEHTOB MO KAXKAOMY JIOKYCY M TOTO, YTO PE3yJbTaT
CpaBHEHUs KJIACCHU(ULIMPYET ONpeneNeHHbI MeHOTUN KaK HACJeNyeMbli MM HET, COIJIACHO
BOIUIOIIEHUSM HACTOSIIIETO N300 PeTEeHUs.

Ha ¢ur. 6 npencrasnen >¢dexkr M3MeHEeHUsT OTHOIIEHUS BEPOSTHOCTEH NPU KIIACCH-
¢ukanmu mo SPRT cornacHO BOIJIOMIEHUSIM HACTOSILIETO H300PETEHUSI.

Ha ¢ur. 7 npencrasnena Oyok-cxema criocoba ompernenenust 700 mo MeHbIned mepe
YaCcTH F€HOMA, YHACJIEIOBAaHHOM OT OTIA, y elle He POXKIEHHOTO IUIoia OepeMEeHHON JKeHIUHBI
COTJIACHO BOIUIOIICHUSIM HACTOSIIETrO H300PETEHUSI.

Ha ¢ur.8 npencrasnena 6yok-cxema criocoda onpeznenerus 800 o MeHbIIEH Mepe YacTh
I€HOMa Y eIlle He POKIEHHOTO Iiofa OepeMEeHHOW JKEHIIUMHBI HA YYacTKe, B KOTOPOM OTel U
MaTh reTePO3UTOTHBI, COTIIACHO BOTUIOIIEHHSM HACTOSIIEr0 H300PETEHMS.

Ha ¢wur. 9 npeacraBieHbl raluioTHIIBI OTIIA U MAaTEPH, KOTOpble 00a reTepo3UroTHHI Ha
OTPENEIEHHOM Y4aCTKe T€HOMA COMIACHO BOIUIOLICHUSIM HACTOSIIEr0 N300pETeHNs.

Ha ¢ur. 10 npencrasnena Onok-cxema crnocoda onpenenenuss 1000 ppaxupoHHON KOH-
LIEHTpaLlUK MaTepHaja IUIoJa B MAaTEPUHCKOM 00pa3slie COIJIACHO BOIUIOLIEHHSM HACTOSIIETO
n300peTeHHs.

Ha ¢wur. 11 npeacrasnena 0J0k-cxema crocoba OnpeaeseHust TOro, 4To JIOKYC SIBIISETCS
MH(OPMATHUBHBIM COTJIACHO BOIUIOIIEHUSIM HACTOALIErO H300peTeHHS.

Ha ¢ur. 12A u 12B npencraBieHO MPOrHO3UPYEMOE pacipeesieHUe BCTPEUaeMOCTH ISl
amnenst T (HauMeHee pacIpOCTPAHEHHBIN aJuleb B CLUEHAPHsX (a) U (C)) MO TPeM CLEHApHUsM B
npeanonokeHun, 4to ¢ppakuuonnas konnenrpauus JAHK mnona cocrasnsier 20% u 5%, coort-
BETCTBEHHO, COTJIACHO BOIUIOIIEHHUSIM HACTOSLIETO H300PETEHUSI.

Ha ¢ur. 13A, 13B u 14 npencrasieHo MpOrHO3UPYEMOE pacTpeiesieHne BCTPEYaeMOCTH
IUIE HAMMEHEee PaclpOCTpaHeHHOro ajienst npu (pakunonHod koHueHtpamuu JIHK muona B
20% mpu pa3IUIHOM OOIIEeM YHCIIe MOJIEKYJI, COOTBETCTBYIOINUX SNP, cormacHo BOIJIOMIEHUSM
HACTOSIILETO U300PETeHHSI.

Ha ¢ur. 15A u 15B npexncrasieHbl npuMepbl KOHTPOJIBHBIX TAMNIOTUIIOB, POAUTEIBCKUX
TaIUIOTHIIOB, TTOJYYE€HHBIX OT KOHTPOJIbHBIX TAIUIOTHIIOB, M BOZHUKAIOLIHNE ITPH 3TOM TaIlIOTHITHI
IUTIOJIa COTJIACHO BOIUIOIIEHHUSIM HACTOSIIEr0 H300pEeTEeHUs.

Ha ¢ur. 16 npencraBnena Omnok-cxema criocoba onpenenenust 1600 mo MeHbinel Mepe

qaCTHl I'€HOMaA IIIoA4, KOrjJa H3BCCTCH Ha6op KOHTPOJIbHBIX TAaIUIOTUIIOB, HO HE HU3BCCTHbI



POAMTENBCKHE TAIUIOTHIIBI, COTJIACHO BOIUIOLMIEHUSAM HACTOSIIIEr0 H300peTeHMS.

Ha ¢ur 17 npencrasnen npuMep omnpeneneHust MHGOPMATHBHBIX JOKYCOB MPU aHAJIN3E
¢parmenros  JIHK wu3 wmarepuHckoro oOpasuma COrJJacHO —BOIUIOIIEHUSIM — HACTOSIIIErO
n300peTeHMs.

Ha ¢wur. 18 mpencrasnens! Tpu koHTposbHbIX rarmioruna (Hap A, Hap B u Hap C) u
OTLIOBCKUE AJUIENH.

Ha ¢ur. 19 npencraBneHO ompenesieHHe pPOAUTENbCKOTO TaljIOTUINA O OTLOBCKUM
aJUIeNSIM COTJIACHO BOIUIOLIEHUSM HACTOSIILETO H300PETEeHUsL.

Ha ¢ur. 20 mnpencraBieHO BBbIMUCIEHHE MATEPUHCKUX TE€HOTUIIOB TMPH AHAJIN3E
MaTepUHCKOro 00pasua COriacHO BOILUIOIEHUSIM HACTOSIIIETr0 H300peTeHNs.

Ha ¢ur. 21 npencraBieHO BOIUIOIIEHUE ISl ONpPEAeSIEHUs] MATEPUHCKIX TarIOTUIIOB U3
MaTepUHCKUX TE€HOTUIIOB U KOHTPOJIbHBIX TalJIOTUIIOB COTJIACHO BOIUIOIIEHUSIM HACTOSIIETO
U300peTeHMS.

Ha ¢ur. 22 npencraBieHbl MaTepHHCKHUE TAIUIOTUIIBI M HACJEAyeMble MO OTLIOBCKOH
JIMHUY TAIUIOTHUIIBL, OTIPEeIEHHbIE COTJIACHO BOTUIOIIEHHUSIM HACTOSIIIETO H300PETEHUSI.

Ha ¢ur. 23 npencraBneHsl pa3inmdHbie TUTBI JOKYCOB (anmbda (A) u Oera (B)) mus
MAaTepUHCKHUX TarIOTUIIOB OTHOCHUTEIBHO OTLIOBCKOIO TaruIOTHIA COIJIACHO BOIUIOLIEHUSM
HACTOSIILETO U300pETEeHNsI.

Ha ¢ur. 24 npencrasnena 650k-cxema, WITIOCTpUpYomas crnocod naenrudpukammm 2400
MyTalui de novo B reHoMe ellie He POSKIAEHHOTO IJI0a y OepeMeHHOHN JKeHIUHBI.

Ha ¢ur. 25A npencrasieHo abCOMIOTHOE KOJMYECTBO U MPOLEHTHOE comepykaHue SNP,
NPENCTABISIIOINX PA3INYHble KOMOMHAIIMM TeHOTHUNOB i otua, marepu u riona (CVS)
COTJIACHO BOIUIOIICHUSM HACTOSLIETO N300PETEeHUSI.

Ha ¢ur. 25B npencrasnena tabiuna, B KOTOPOH MPHUBEEHA CTATHCTUKA COBMEIIECHUS 10
nepBbIM 20 IPOTOYHBIM KIOBETAM.

Ha ¢ur. 26 npexncrasnena Tabnuua, B KOTOPOH MNpHBENeHbl (PAKLIMOHHbIE KOHIICH-
tparmu JIHK mona, paccuuranHbie mo SNP aBymsi cnocobaMu COTJIACHO BOTLIOIIEHHUSIM
HACTOSIILETO U300PETeHUSI.

Ha ¢ur. 27A npencrasnen rpaduk, WUTOCTpUPYIOLINHA Habmonaemblid nporeHT SNP B
TOW TOATPYIINE, B KOTOPOH ajuleNb IjioAa HaOMIOAAaeTcss MO JaHHBIM CEKBEHHPOBAHUS TPHU
aHanmu3e nepBbIX 20 MPOTOUHBIX KIOBET, a Ha ¢ur. 27B mpencrasneH rpadguk oxsara OT KOJHU-
4eCTBA MPOYUTAHHBIX OTPE3KOB COTJIACHO BOILIOIIEHUSM HACTOSALIETO H300PETEHUSI.

Ha ¢ur. 28A u 28B npexncrasiensl rpaduku KOPPEIALNN MEKAY OXBATOM HAClEyeMbIX
IO OTLIOBCKOM JIMHUU ajuleNiell U YMCIOM KapTHUPYEMBIX MPOYTEHHUI MOCIEAOBATEIbHOCTU U

KOJIMYECTBOM CCKBCHHUPYEMbBIX IMPOTOYHBIX KIHOBET, COOTBCTCTBCHHO, COIJIACHO BOIUIOLICHUSAM



HACTOSIILETO U300pETEeHNSI.

Ha ¢ur. 29A mnpencraBieHa KOppessiusi MEXKIy IOJIeH JIOMKHO-TOJIOKUTEIBHBIX H
KOJINYECTBOM CEKBEHHPYEMBIX NMPOTOUHBIX KIOBET, a Ha (ur. 29B npencrasneHa koppensuus
MEXIYy AOJEeH JOXKHO-MOJOKUTENbHBIX U KOJIMYECTBOM CEKBEHHUPYEMBIX NPOTOYHBIX KIOBET
COTJIACHO BOIUIOIIEHHSM HACTOSIIErO H300peTeHus.

Ha ¢wur. 30 npencrasnen oxsar cneuuduuHbx s mwiona SNP npu pa3nudHoM yucie
AHAJTM3UPYEMbIX MIPOTOUHBIX KIOBET COTJIACHO BOIUIOIIEHHUSIM HACTOSIIErO H300peTEeHUsI.

Ha ¢ur. 31 npeacrapieHa TOYHOCTb aHAJIN3a TUIA A MPHU UCTIOIB30BAaHUH AaHHBIX OT 10
MPOTOYHBIX KKOBET COTJIACHO BOIUIOIIEHHSIM HACTOSIIErO H300PETEHUSI.

Ha ¢ur. 32 npencrasieHa TOUHOCTh aHAN3a THIA B mpu UCTIOIB30BAaHUM TaHHBIX OT 10
MPOTOYHBIX KFOBET COTJIACHO BOIUIOIIEHHSIM HACTOSIIErO H300PETEHUS.

Ha ¢ur. 33 npencrapieHa TOYHOCTb aHAJIN3a TUTA A MPU UCTIOIB30BAaHUH JaHHBIX OT 20
MPOTOYHBIX KFOBET COTJIACHO BOIUIOIIEHHSIM HACTOSIIErO H300PETEHUS.

Ha ¢ur. 34 npencrasieHa TOUHOCTh aHATN3a THIIA B mpu UCTIONB30BAaHUM TaHHBIX OT 20
MPOTOYHBIX KFOBET COTJIACHO BOIUIOIIEHHSIM HACTOSIIErO H300PETEHUS.

Ha ¢ur. 35 A u 35B mpencraBneHsl OTPE3KH MOCIENOBATENBHOCTEH C MyTalMsIMH U
OTpPE3KH JTUKOTO TUMA MO KOAOHAM 41/42 cornacHO BOIUIOIIEHUSIM HACTOSIIETO N300peTeHNs.

Ha ¢ur. 36 npencrasnena Tadnmuua ananuza RHDO tumna A, a va ¢ur. 37 npencrasiex
ananmu3 RHDO tuna B cornacHo BOIIIOLIEHUAM HACTOSIIIETO U300pETEHNUS.

Ha ¢ur. 38A u 38B mnpencrasnens! pesynbraThl kiaccupukanuu no SPRT ans cnyuas
PW226 B kauecTBe npumepa.

Ha ¢wur. 39 npencrasnena tabmuia, cymMMupyomas pesyisratel aHanmuza RHDO mns
ISITH CJTy4aeB COTJIACHO BOIUIOIIEHUSIM HACTOSIIErO H300peTeHUs!.

Ha ¢wur. 40 npencraBnen rpaduk MOJHOTHI CEKBEHUPOBAHHS OT YUCHA CEKBEHUPYEMbIX
MPOTOYHBIX KFOBET COTJIACHO BOIUIOIIEHHSIM HACTOSIIErO H300PETEHUSI.

Ha ¢ur. 41 mpencraBien rpaduk pasMepa MOCJIEIOBATENILHOCTEH IUIOAa U OOIIMX
NOCJIEIOBATENILHOCTEH Uil BCero reHoma, a Ha ¢ur. 42A-42C npencraBiieHbl aHAJOTHYHbBIE
rpa K MHAWBUAYAIBHO MJISI KaKAOH XPOMOCOMBI COTJIACHO BOIUIOIIEHHUSIM HACTOSIIIETrO
H300peTeHMs.

Ha ¢ur. 43 mnpencraBneHa Onok-cxemMa mpuMmepa KOMIBIOTEpHOH cuctemsl 4300,
NPUMEHSIEMOI ¢ CHCTEMOM U CITOcOOaMH COTJIACHO BOIUIOIIEHHSIM HACTOSIIErO H300pETEHHSL.

Omnpenenenus

Tepmun “Omonorudeckuii oOpaszer’ B HACTOSIIIEM H300PETEHUU OTHOCUTCS K JIFOOBIM
oOpasiam, B3sIThIM Y CyObeKTa (HampuMep, 4esioBeKa, Kak-To0 OepeMeHHOH JKEeHIIMHbBI) U Coaep-

JKauuM OJHY HJIN HECKOJIBKO MPEACTABIIAOIINX NHTECPEC MOJICKY T HYKHeHHOBOﬁ KHUCJIOTBI.
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Tepmun “HykyienHOBash KUCJIOTAa WK “TIONMHYKJIEOTUA OTHOCHUTCS K J1€30KCHUpPUOO-
HyksenHoson kuciore (JJHK) wnn pubonyknennosoii kuciore (PHK) u nx monumepam kak B
OJHOLIETIOYEYHOM, TaK U JBYXLerno4yedyHoM Buze. Eciam He oroBopeHO 0co0o0, TEpMHUH OXBa-
TBIBAE€T HYKJIEMHOBBIE KHCJIOTBI, COZEp’KAIlNe W3BECTHBIE AHAJOIM NMPHUPOAHBIX HYKJIEOTHUIOB,
obnaaroIye TaKUMH XK€ CBOWCTBAMH CBS3BIBAHUS, KaK U CTAHAAPTHASI HYKJIEMHOBAsI KUCJIOTA, U
HOZIBEprafoIuecs MeTaboNnu3My TakuM ke 00pa3oM, Kak M MPUpOAHbIe HyKieoTuabl. Ecimu He
yKa3aHO MHAaue, KOHKPETHAas MOCJIEA0BATEIbHOCTb HYKJIEHMHOBOW KHCJIOTBHI TaK)K€ KOCBEHHBIM
00pa3oM OXBaThIBAET €€ KOHCEPBATUBHO MOAU(UIIMPOBAHHBIC BAPHAHTHI (HAIPUMEp, 3aMEHBI Ha
BBIPOXKJIEHHBIE KOJIOHBI), ajjiesu, opTosiory, SNPs 1 KOMIUIEMEHTapHbIE MTOCIEIOBATEIbHOCTH, &
TaKXKe MMOCIIeIOBATEIbHOCTH, YKa3aHHbIE B SIBHOM BHIE. B 4aCTHOCTH, 3aMEHBI Ha BBIPOKACHHBIE
KOJIOHBI MOTYT OCYIIECTBIISITBCS MyTEM CO3JaHUS TMOCIENOBATEIBHOCTEH, B KOTOPBIX Yy OTHOTO
W HECKOJIbKO OTIENBHBIX (JTNOO BCEX) KOJAOHOB B TPETHEM IOJIOKEHUH MPOHM3BEICHBI 3aMEHbI
Ha CMeIaHHble OCHOBAaHHS W/WJIM OCTaTKu Jae3okcuHosnHa (Batzer et al,, Nucleic Acid Res.
19:5081 (1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608 (1985); u Rossolini et al., Mol.
Cell. Probes 8:91-98 (1994)). TepMuH HyKJIEHHOBAsI KUCJIOTa IPUMEHSIETCS B3aUMO3aMEHSIEMO C
redoM, k/IHK, MPHK, neOonpmumu Hekomupyromumu PHK, mukpoPHK (miRNA), B3aumo-
nevictyromumu ¢ Piwi-PHK u koporkumn mmnunedssivu PHK (shRNA), kogupyeMeiMu reHom
WIN JIOKYCOM.

Tepmun “ren” oOosHauaer cerment JIHK, yuacTByroumuii B BblpaOaThbIBAHUU IIOJIU-
NEeNTUAHON 1enu unu TpaHkpuObupyemoro mnpoxykra PHK. On moxer BkiO4aTh ydacTKy,
NpPEeALIECTBYIOIINE MJIM MOCHEeNyIOIIUe 3a KOAMPYIOLUIMM Y4YacTKOM (JIMIEepHbIE MU
TpeHJIepHBbIe), a TAaKXKe NMPOMEXYTOUHbIE TOCIEA0BATEIbHOCTH (MHTPOHbBI) MEXKAY OTAEIbHBIMU
KOIUPYIOIIMMHU CETMEHTAMH (9K30HAMH).

TepMuH “KIMHUYECKH 3HAUMMAs MOCIENOBATEIBHOCTh HYKJIEHHOBOW KUCIOTHI (TaKikKe
UMEHYETCsl TIOCJIEAOBATEIbBHOCTBI0 MHUIIEHH MM XPOMOCOMOW) B HACTOSIIEM H300pETeHUH
MOXeT 0003HauaTh MOJHHYKJICOTUIHYIO MOCIENOBATEIbHOCTh, COOTBETCTBYIOINYIO CETMEHTY
OosbLIel TeHOMHOH TOCIIENOBATENIbHOCTH, BO3MOXKHBIM AUCOATaHC KOTOPOH MPOBEPSIETCS, WU
caMoii 3Toll Oojbimeli TeHOMHOH mocienoBaredbHOCTH. OOHUM U3 TNPUMEPOB SIBISIETCS
MOCJIEIOBATENBHOCTh XPOMOCOMBI 21. JIpyrue mpumeps! BKIIFOUAOT XpoMocomsl 18, 13, X n Y.
Eme npyrue mpumepsl BKIIOYAIOT MyTHPOBAHHbIE TE€HETHYECKHE IOCJIEIOBATENbHOCTH HWIIH
reHeTHYEeCKHe TNOJMMOP(GU3MBI WJIM BapUallMd YHUCJIA KOMHH, KOTOpBIE IUIOA MOXKET
yHacIe0BaTh OT OJHOTO MJIM OT 0OOMX pOAHTENeH WK B KauecTBe MyTauuu de novo y mioxa. B
HEKOTOPBIX BOIUIOLICHUSX [JIsI TOJNYYEHUS MAHHBIX MUl BbIABJIEHHS JAucOallaHca MOKET
UCTIONIb30BaThCS MHOKECTBO KJIIMHHYECKH 3HAYUMBIX IIOCJIEAOBATENIbHOCTEN HYKJIEHHOBBIX

KHCJIOT WKW K€ MHOXCCTBO MApPKCPOB KIIMHUYCCKU 3HAYUMOM IIOCJIEAOBATEIbHOCTH



HYKJIEMHOBOW KHUCIOTHL. Harmpumep, 1ist onpeneseHus: BO3MOKHOTO HAPYLIEHUS B XPOMOCOME
21 MOXHO aJANTHUBHO HCIONB30BATh JAHHBIE W3 ISITH HECMEKHBIX ITOCJIEAOBATENbHOCTEH Ha
xpomocoMme 21, mpu 3Tom TpeOyemblii 00beM o0pasua 3G peKTUBHO CHIKaeTcs 10 1/5.

TepmuH “Ha OCHOBE” B HAcCTOSIEM M300pPETEHUH O3HAYAET “TIO KpalHel Mepe YaCTUYHO
Ha OCHOBE” W OTHOCUTCS K OJHOW BeNWYMHE (MM Pe3yJbTaTy), KOTOpash WCIONBb3YeTCs IS
OTIpe/ieIeHUs] APYTrOi BENMUMHBI, KaK 3TO MPOUCXOAUT HA BXOAE CIoco0a M Ha BBIXOAE 3TOrO
criocoba. TepmMuH “BBIBOOUTH B HACTOSIIEM H300pPETEHHM TaKKe OTHOCHTCS K B3aUMOOT-
HOIICHUIO MEXAY BXOIHBIMH JAaHHBIMH Crocoba W pe3ysbTaToOM 3TOro crocoda, Kak 3TO
MPOMCXOIUT TOT/IA, KOT/Ia BBIBEICHHE O3HAYAET BBIYUCIIEHHE 1O (hopMyJie.

Tepmun “mapamerp” B HacTosIIeM H300peTeHUH OOO3HAYAET YHCJICHHOE 3HAYCHUE,
XapakTepusyrolee Habop KOJNYECTBEHHBIX TAHHBIX W/HIIN KOJHMYECTBEHHOE B3aMMOOTHOLIEHHE
Mekay HabopaMu YMCIIOBBIX JNaHHBIX. Hampumep, mapaMeTpoM sIBIISIETCS COOTHOLIeHHE (HITN
(YHKUMS OTHOLIEHWs) MEXIy MEPBbIM KOJHMYECTBOM IEPBOH IMOCIENOBATEIBPHOCTH HYKJIEH-
HOBOM KHMCJIOTBI M BTOPBIM KOJIMYECTBOM BTOPOH MOCIIEOBATEIBHOCTH HY KJIIEHHOBOH KHCIIOTHI.

B Hacrosiiem n3o0pereHun TepMHUH “JIOKYC” MJIM €r0 MHOXKECTBEHHast popma “JIOKyChbl
0003Ha4YaeT PacIoNIOKEHHE WM aApec JIF0OOro OTpe3Ka HYKIEOTHAOB (MM Map OCHOBAHHI),
MMEIOIIEr0 BapHAlMU MEKAY T€HOMaMH.

Tepmun “nucOananc MocaeO0BaTENbHOCTH B HACTOSIIEM H300pPETEHUH O3HAaYaeT Jro0oe
3HAYUTEIBHOE OTKJIOHEHHE, ONpenessieMoe 10 MeHbIIE Mepe OHUM 3HaU€HHEeM OTCEYEHUs, 1O
KOJINYECTBY KJIMHUYECKH 3HAYMMOM MOCJENOBATENbHOCTH HYKJIEHMHOBOW KHCIOTHI OT CTaH-
AapTHOro kojudectBa. JlucOanaHC MOCIEAOBATEIBHOCTH MOJKET BKJIIOYATh XPOMOCOMHBIH
aucOanaHC, ajuieNbHbIA AucOanaHC, MyTAaUHMOHHBIA AucOanaHc, AUCcOalaHC MO TaMJIOTUIY U
Apyrue aHajoruvHble nucOajaHchl. B kayecTBe mpuMepa: ajUIeNbHbIA WM MyTalHOHHBIN
aucOanaHCc MPOUCXOAUT TOTAA, KOrJa T€HOTHUI IJIoJA OTJIMYAETCs] OT MAaTEPUHCKOTO, MPU 3TOM
BO3HHUKAET NHCOATaHC TIO OTPEAEIEHHOMY JIOKYCY B oOpasiie.

TepmMuH “XpOMOCOMHAsI aHEYIUIOUINS B HACTOSIIIEM M300PETEHNH O3HAYaeT H3MEHEHUE
YHCIa XPOMOCOM OT AMIUIOWAHOTO Habopa B reHoMme. M3MeHeHne MokeT ObITh MpHOOpeTeHneM
iy notepeil. OHO MOJKET BKITFOYATh LENYI0 XPOMOCOMY HITH YYaCTOK XPOMOCOMBL.

TepmuH “ramaoTun’ B HaCTOSIIEM H300PETEHWH OTHOCUTCA K KOMOWHALIMU aJlJIeiel 1o
MHOKECTBEHHBIM JIOKYCaM, KOTOpBIE MEPEaroTCs BMECTe HAa ONHOW M TOH kK€ XPOMOCOME HITH
YyYaCTKE XPOMOCOMBI. ['arIoTHI MOKET OTHOCHTBLCS BCETO JIMIIb K OAHOHN Mape JIOKyCOB WU K
YYaCTKy XPOMOCOMBI JIUOO KO Bcel Xxpomocome. TepmMuH “amienn” OTHOCHUTCS K aibTep-
HaTUBHBIM mnocienosatenbHOCcTIM JIHK B omHOM M TOM e (U3NYECKOM JIOKyCe T'€HOMA,
KOTOpbIE MOTYT WJH HE MOIYT NPUBOIUTH K PA3JUYHBIM (PEHOTHINHUYECKHM TNpu3Hakam. B

KaKOM-JIHOO OMpeNeIeHHOM AUILIONHOM OpPTaHU3Me C ABYMsI KOTHSIMH Ka)KJIOH XPOMOCOMBI (3a
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UCKJIFOYEHHEM IIOJIOBBIX XPOMOCOM Y MY’KYMH) T€HOTHI JUJIsI KXKIOTO IeHa COAEPIKUT Mapy
anjenel, MPUCYTCTBYIOLINX B TAKOM JIOKYCE, KOTOPBIE SIBJISIOTCSI ONUHAKOBBIMU Y TOMO3UTOT U
pa3HBIMH y reTepo3uroT. llomynsiuss OpraHusMOB WM BUA OOBIYHO CONEPIKUT HECKOJBKO
anjeneil B KaXAOM JIOKyCE€ Yy Ppa3IM4YHBIX HHIWBUAOB. | €HOMHBIM JIOKyC, 1O KOTOPOMY B
nonyJsiLuu  OOHapy’kKuBaeTcsi Oosee OJHOrO ayiessi, Ha3bIBaeTCs MOJUMOP(HBIM CcaiiToM.
AnsenbHble BapHaLUK B JIOKYCE M3MEPSIOTCS YUCIIOM ajulenel (T.e. CTEeNeHblo monmumMopduzmMa)
WIH TIPOMOPLHUEH TreTepo3urorT (T.e. TeTEepPO3UTOTHOCThIO) B TOMYJSIMH. B  Hacrosimem
nU300peTeHnH TePMHUH “TOMMMOP(GU3M~ OTHOCHUTCS K JIFOOBIM BapHALUsSM MEXAy OCOOSIMH B
I€HOME YeJIOBeKa, HE3aBUCUMO OT WX 4YacTOThl [IpuMepnl TakuMx BapualMi BKJIIOYAIOT, Oe3
OTPAaHUYEHUs], TMOJIUMOPPU3M IO OFHOMY HYKJICOTHAY, MOJUMOP(HU3MBI THMA TMPOCTHIX
TaHJIEMHBIX TTOBTOPOB, MOJUMOP(H3MBI THUIA BCTABKH-AEJEIHH, MyTalud (KOTOPBIE MOTYT
BBI3BIBATH OOJIE3HHN) U BAPUALIMH T10 YHCITY KOIHH.

PackpsbiTHE CymHOCTH H300peTeHUs

CocraBneHre 4YacCTHYHOW TE€HETHYECKOM KapThl WM TIOJIHOW TE€HOMHOW TMOCIENo-
BaTEJIbHOCTH €Ile€ HE POKACHHOTO IUIONA MOXKET OCYLIECTBISTHCS Ha OCHOBE TaIUIOTHIIOB
NMOJIUMOP(HBIX TOCJIEOBATEIbHOCTEH ero poaurenedl. TepMuH “ramioTun’ B HACTOSIIEM
n3o0pereHnn O0O3HA4YaeT KOMOHMHALMIO ajuleleldl 1O MHOMKECTBEHHBIM JIOKYCaM, KOTOpBIE
NEPEHOCATCS] BMECTE Ha OAHY M Ty K€ XPOMOCOMY MJIM Y4acTOK Xpomocomsl. Hampumep, B
BOIUJIOLIEHUSAX MOKHO NOABEpPrHyTh aHanusy ¢parmentsl JIHK u3 martepunckoro obpasia
(conepsxamue JIHK marepu u miopa) ans uaeHTUGUKALUN aJjiesied 0 HEKOTOPBIM 3aJaHHBIM
Jokycam (Mapkepam). 3aTeM MOKHO NMpOoaHaJIU3upoBaTh obiiee komuyecTBo pparmento JJTHK
COOTBETCTBYIOLIUX ajuleledl B 3TUX JIOKyCaxX JUIsl OINpENeNIEHUs] OTHOCUTENIBHOTO KOJUYECTBA
TaruIOTHIIOB MO 3THM JIOKyCaM M TE€M CaMbIM OIpPEIENUTh, KaKHe TaIUIOTUITbl YHACJEeIOBAHBI
IUIOIOM M3 MATE€PUHCKOTO W/WJIM OTLOBCKOrO TeHOMa. MpeHTuduuupys ramioTHIbl IUIONA,
MOKHO ONpPEAEIHTbh TeHOTHI IUIoAA IO HHIMBHIAYAJbHBIM JIOKyCaM B COOTBETCTBYIOLIEM
yYacTKe TE€HOMa, BKJIFOUas 3aJaHHble JIOKYChl. B PasJMYHBIX BOIUIOIIEHUSIX JIOKYCHI, IIO
KOTOPBIM POJIUTENN MPEACTABICHBI ONPENEICHHPIMA KOMOMHALIUSIMI TOMO3HIOT U F€TEPO3HIOT,
MOYKHO TIOJIBEPTHYTh aHAJIHM3Y TAaKUM 00pa3oM, YTOOBI OMPEAENUTh YYaCTKH reHoMa riona. B
OJHOM BOIUIOIIEHUH JUIS ONPENETIeHNs] MAaTEPHUHCKOTO M OTLIOBCKOIO T€HOMOB HCIIOJIB3YFOTCS
KOHTPOJIbHBIE TAIUIOTHIIBL, TMPEACTABIIIOMUE PACIIPOCTPAHEHHBIE B MMOMYJISILUN TarIOTHIIBL,
BMecTe ¢ aHanu3oM (pparmenTos JIHK matepunckoro obpasna.

IIpuMepoM mNpHUMEHEHHs OJHOTO BOIUIOLICHHUS AJIS ONPENeeHUs IO MEHbLIeH Mepe
94aCcTH FeHOMa IUIOZIa MOXKET CIY>KUTb OIpeesIeHHe OTLIOBCTBA IyTeM CPAaBHEHHsI BbIBEJEHHOTO
IeHOTHIIA WJIM TaIuIOTHIIA IUIOA C TEHOTHUIIOM WJIM TaIlIOTHIIOM IIPENIojiaraéMoro OTLA.

JIpyruM NmpUMEpOM SIBJISIETCS BBISIBIIEHHE OJHOM MJIM HECKOJIBKHX MPUOOPETEHHBIX 3apOAbIIEM
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MyTanuii de nOvo WM BBIIBJICHUE CIy4aeB MEHOTUYECKOH peKOMOMHAINM, MPOU3OIIEAIINX BO
BpeMsi 00pa30BaHUs raMeT y €ro poAHTesed. ITO Te TaMeThl, KOTOpPble MOABEPINIUCH OIIOO-
TBOPEHHIO, & U3 TOJyYEHHON 3UTOTHI PA3BUJICS IUIOA.

Kpome Toro, HeKOTOpBIE BOILJIOIIEHHUS TAKKE NAI0T BO3MOXKHOCTD ONPENETUTh TeHOMHYIO
IIOCJIEZIOBATENBHOCTD €Ille HE POKACHHOro Ijoaa ¢ TpedyembiM paspeineHueM. Hampumep, B
HEKOTOPBbIX MPUMEHEHHSX BOIUIOIIEHHS MOXKHO ONPENeNNTh IOJHYI MM OJM3KYI K IOJHOH
T€HOMHYIO TOCJIeIOBATEIbHOCTh €INe€ HE POXKIACHHOTrO IUioAa. B OIHOM  BOILUIOIIEHUH
pasperieHue onpenensieMoll TeHOMHOM MOC/IEI0OBATEIbHOCTH TUI0JA 3aBUCHT OT 3HAHUSI TEHOMOB
OTLAa U MaTepu BMeCTe ¢ MHpOpMAIMEH MO CEKBEHHPOBAHUIO MATEPHHCKOTO OHOJIOTMYECKOTrO
o0pasua, comeprKalero HyKJIEHHOBbIE KUCIIOTHI Iuiofa. B ToM ciydae, koraa U3BECTHBI MOJTHbBIE
WIN TIOYTH MOJIHBIE T€HOMHBIE MOCJIEOBATEIBHOCTH OTLA U MaTEPH, MOXKHO BBIBECTH TIOJIHYIO
WK TIOYTH TIOJIHYEO T€HOMHYO MTOCJIEIOBATEIBbHOCTD €I11e He POKACHHOTO TUIONA.

B apyrux BOIUIOIIEHUSX BBISICHSIIOTCS TOJBKO T€HOMHBIE MOCJIEIOBATEILHOCTH OT-
JENbHBIX YYacTKOB TEHOMA, Hampumep, JJisl TPEHATaJbHOH IHATHOCTHKU BBIOPAHHBIX
TeHeTUYECKHUX, SMUICHETHYECKUX (TaKWX KaK HapyLISHUs UMIPUHTHHTA) WIH XPOMOCOMHBIX
HapymeHudd. [lpumepsl TEeHETUYeCKHUX HAPYLIEHWH, K KOTOPbIM MOXKET MPUMEHSThCS
BOILIOIIEHHE, BKJIFOYAIOT TeMOTJIOOMHOMATHH (Kak-To Oera-tajmaccemus, ajb(a-TaraccemMusl,
CepIOBUIHO-KJIETOYHAsI aHeMusl, Oose3Hb remMorynoonHa E), kuctosublii ¢pudpo3 u CBA3aHHBIE C
nojgoM 3aboneBaHuss (kak-To remodmiaMs M MblmedHas — auctpodus  JlromeHHa).
JlomoTHUTE TbHBIE TIPUMEPBI My TallMi, KOTOPbIE MOKHO OIPENEIUTh MPU MOMOIIN BOILIOIIEHUS,
MO>KHO HaiiTu B Online Mendelian Inheritance in Man
(www.ncbi.nlm.nih.gov/omim/getmorbid.cgi).

HekoTopble BOIUIOIIEHHS] TaKXKe MOTYT MPUMEHSTHCS IJIsl ONpenesieHus: (ppakuOHHOM
xoHueHtpaun JIHK moma, koTopoe MOXKET BBINOJHATHCA O€3 TNpEeNBaPUTETBHOrO 3HAHUS
KOHKPETHBIX T€HOMOB POIUTENEeNH. AHAJOTMYHBbIA aHAN3 TAKXKE MOXKET MPUMEHUTHCS sl
OTpeeNIeHUs] TIOJTHOTHI OXBaTa, HEOOXOAMMOM JJIsl TOYHOTO OINpENeNIeHUs] TeHOMa Iuioaa. Tak,
OTpeNeNIeHNe OXBaTa MOXKET TPUMEHSATbCS JJISI OLEHKH TOrO, CKOJIbKO HYKHO TPOAHAIU-
3UPOBATh NAHHBIX, YTOOBI MOJYYUTh TOUYHBIE PE3YIBTATHI.

L BBeaenue

Korma B kadecTBe Marepuana Uil BbIICHEHUs] TaIUIOTHIIA TUIOAA HCIIONB3YeTCs
MaTEepPUHCKHH oOpaser (HampuMmep, Iiia3Ma UM ChIBOPOTKA), MOTYT BO3HUKHYTD JIB€ OCHOBHBIE
npoOnemsl. IlepBas mpoGieMa COCTOMT B TOM, YTO MAaTE€PHHCKAs IUla3Ma MJIM CBIBOPOTKA
coctout u3 cmecu JAHK muona u marepu, mpuuem JIHK mmona cocTaBisieT HE3HAUYUTENBHYIO
MOMYJISINHIO. Y CTaHOBJIEHO, uTo cpenHsist/menuanHas noss JIHK mnmona cocrasmsier ot 5% 1o

10% ot obweii JIHK B maTepuHCKOl 1u1a3Me B iepBble 1Ba TpuMectpa 6epemernHoctu (Lo YMD
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et al., Am J Hum Genet 1998, 62: 768-775; Lun FMF et al., Clin Chem 2008, 54: 1664-1672).
ITockoneky JIHK BeICBOOOXKTAETCS MAaTEPUHCKUMH KJIETKAMH KPOBHU B IPOLIECCE CBEPTHIBAHUS
KpoBH, ppakunonHas koHueHTpanus JJHK nioga B MaTepUHCKOM CHIBOPOTKH MOXKET OBITh JaXe
MEHbIlle, YeM B MAaTepUHCKOHN muazMe. I103ToMy B HEKOTOpBIX BOIUIOLICHHMSX MaTepUHCKAs
I1a3Ma NMpeAnovYTUTENbHEE, YeM MAaTEPUHCKAs ChIBOPOTKA.

Bropast npobnema 3akmouaercst B ToM, uyro JJHK mona n JIHK matepu B MaTepuHCKOM
iazme coctost u3 kopotkux ¢pparmentos (Chan KCA et al., Clin Chem 2004, 50: 88-92). Tax,
B MatepuHckoii masme JIHK, npoucxopsimas ot mioma, oObraHO Kopode, yem JIHK, mpowuc-
xopsuasa ot Mmarepu. bonpmas vacte JJHK mnoga B MaTepuHCKON mia3Me UMEET AJMHY MEHee
200 mo. ITpu ucnonp3oBaHuU Takux KopoTkux ¢parmenroB JJHK B mnasme camux mo cebe
OyZleT TPyIHO COCTaBUTh TAIIOTUIN TE€HETHYECKHX MOJUMOP(H3MOB Ha JUIMHHBIX OTpe3Kax
reHoMa. Brimeyka3zaHHble TPOOJIEMBI B OTHOIIEHUH MATEPUHCKON IUIA3Mbl U CHIBOPOTKHU TAKKE
npuMeHnMbI 1 K BbisiiieHuio JIHK miona B moue marepu (Botezatu I et al., Clin Chem 2000, 46:
1078-1084). IHK mnoma cocraemsier jumb Hebonpmyto nomo JHK B moue OGepemeHHOM
xkermunbl, 1 JIHK mona B Moue matepu Toxe cocTonuT u3 Kopotkux ¢gparmentos JITHK.

A. CexBeHHPOBaHHE H AHAJIU3 MATEPUHCKOr0 00pa3ua

ITonxon, mMpennpuHATHIA B HEKOTOPHIX BOIUIOLIEHHAX IJII TOTO, YTOOBI CIIPABUTHCS C
nepBoi MpoOJIeMOl, COCTOUT B MPUMEHEHUH COC00a, MO3BOJISIFOIIETO ¢ BBICOKOM TOYHOCTBHIO
KOJIMYECTBEHHO TI€HOTUIIMPOBATh HYKJIEHWHOBBIE KHCJOTHI, IOJYUYEHHblE H3 MaTE€PUHCKOTrO
Ouonoruueckoro obpasia. B o1HOM BOIIIOLIEHUH TAKOTO MOAX0/1Aa TOYHOCTh JOCTUrAETCS My TEM
aHaimu3a OoJpLIoro ymcna (K mpuMepy, MHIJUIMOHOB WJIM MMJUTHAP/OB) MOJIEKYJ HyKJIEHHOBOH
KACIOThL. bosee TOro, TOYHOCTP MOXKHO MOBBICUTH IIyTE€M aHajau3a OTAEIbHBIX MOJIEKYI
HYKJIEHHOBOM KHCJIOTHI MJIM KJIOHAJBHOH aMIUTU(UKALMK OTAEIbHBIX MOJIEKYJ HYKJIEHHOBOH
KUCJIOTHL. B 01HOM BOIUIOIIEHNH MPUMEHSETCS] MAaCCUPOBAHHOE MapajuieIbHOE CEKBEHHPOBAHUE
JIHK Tuna Toro, 4yro BbinojHseTcs Ha matdopme [llumina Genome Analyzer (Bentley DR et
al., Nature 2008, 456: 53-59), mnardpopme Roche 454 (Margulies M et al., Nature 2005, 437:
376-380), mnatpopme ABI SOLID (McKernan KJ et al., Genome Res 2009, 19: 1527-1541),
wiatopMe cekBeHupoBaHus oTnenbHbIX Mosiekys Helicos (Harris TD et al., Science 2008, 320:
106-109), cexkBeHHMpPOBAaHUS B PEATBHOM BPEMEHHM C HCIONB30BAHHEM OTHENBHBIX MOJIEKYJI
noiumepassl (Science 2009, 323: 133-138) u manonoposoro cexksenuposanus (Clarke J et al,,
Nat Nanotechnol. 2009, 4: 265-70). B ogHOM BOIUIOUIEHUH MacCHPOBAHHOE TMapaluIesIbHOE
CEKBEHHUPOBAaHUE BBIMNOJHIETCS HA CIy4YalHOM MOAMHOXECTBE MOJEKYJ HYKJIEHHOBON KHUCJIOTHI
B OHMOJIOTHUeCKOM 00pasLe.

B HEKOTOpBIX BOIUIOLIEHMSIX MOXKET OKa3aTbCsl BBITOJHBIM CUUTBHIBAHME KAK MOKHO

Oonee ANMHHON MOCIENOBATENBHOCTH C KaXAoW MoyeKyspl. OZHUM W3 OTPaHUYEHUI JITUHBI
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CUNTBIBAHHS TIOCJIENOBATEIBHOCTH MOXKET OBITh NMPUPOAA MOJEKYJ] HYKIEHMHOBOW KHCIOTHI B
MaTepUHCKOM Ouoiornueckom odpasne. Hanpumep, n3BecTHO, 4To 601bIuHCTBO MOsieky JJHK
B MaTE€PHHCKOI 11a3me coctosT u3 kopotkux pparmentos (Chan CA et al., Clin Chem 2004, 50:
88-92). bonee Toro, qiMHA CUMTBHIBAHUS JIOJDKHA YPAaBHOBELIMBATHLCS HAJEKHOCTBIO CHCTEMBI
CEKBEHUPOBAHUsSI TPH OOJNBINON JUIMHE CUYMTBHIBAHHA. JIJIs1 HEKOTOPBIX U3 BBILICTIPUBEACHHBIX
CHCTEM MOJKET OKa3aThCsl MPEAIOYTUTEIbHBIM CEKBEHUPOBAHNE ¢ 000X KOHLIOB MOJIEKYJIBI, TaK
Ha3bIBA€MOE CEKBEHHPOBAHHE IO CIIapeHHbIM KOHIIaM. B kauecTBe npumepa: OAWH U3 MOIXOIO0B
COCTOUT B TOM, YTOOBI MPOCEKBEHHPOBaTh MO S50 m.0. ¢ Kaxmoro koHua mosekyns JJHK,
nojyyass B UTOre mnocienosareynbHocTh M3 100 mo. Ha monekyny. B npyrom BomjomeHuu
CEeKBEHHPYIOT 1Mo 75 m.o. ¢ kaxporo koHua moisekysbl JIHK, momywast B wurore mocneno-
BaTeNbHOCTD U3 150 m.0. Ha MOJIeKyTy.

ITocne BBITTOJTHEHHSI CEKBEHHPOBAHUS NIOJTy YeHHbIE NOCJIEIOBATENbHOCTH
BBIPABHHUBAIOTCS € KOHTPOJBHBIM T€HOMOM 4esioBeKa. [IOCKOJIbKY BOIUIOINEHHS BBISBISIFOT
I€HOMHbIC BapHALMH, YHACJIEJAOBAaHHBIE €IIe He pPOXIEHHBIM IUIOAOM OT POAUTENEH, TO
JTOPUTM BBIPABHUBAHUS JOJUKEH YUYWTHIBATH BapHALlMU MocjenoBareiabHOCTed. OmHUM 13
NPUMEPOB TAKOTO IMakeTa MporpaMMHOro obecrieueHus sipnsiercs nporpamma Efficient Large-
Scale Alignment of Nucleotide Databases (ELAND) ¢upmsbr [llumina. Jpyrum npumepom
TAKOTO MakeTa mporpaMmmHoro obecreuenus siBysiroTest mporpammbl SOAP (short oligonucleotide
alignment program, T.e. mporpaMma BbIpaBHUBaHUs KOPOTKUX onuroHykieorunos) u SOAP2 (L1
R et al., Bioinformatics 2008, 24:713-714; Li R et al., Bioinformatics 2009, 25:1966-1967).

Crenenp cexsenupoBanust JIHK, kortopas Moxker moTpeOoBaThbCsl AJSI 3TOrO, MOXKET
3aBHCETb OT pa3pelIeHUs, ¢ KOTOPbIM HY>KHO COCTABUTb TI'€HETHUYECKYI0 KapTy IUIOfAa WU
T€HOMHYIO TOCJIEIOBATENIbHOCTh Iioga. B oOmiem, udem Oosblie MOJIEKYJ TOABEPraeTcs
CEeKBEHHPOBAHHUIO, TEM BbIIE pa3peuieHue. Jpyrum omnpenesromuM (HakTopoMm pasperneHus
TeHEeTHYECKOW KapThl TUIONA FUIH M€HOMHOH MOCJIEAOBATENbHOCTH IUIOAA NMPU JAHHOM YPOBHE
win nojHote cekBenupoBanus JIHK sensercs ¢pakumonnas xonuenrpaums JIHK mmona B
MaTepUHCKOM OuonorudeckoMm oOpasie. B olmiem, yem Oojbie (GpakiMOHHAS KOHIIEHTPALIHSI
JIHK nnona, TeM BbllIE€ pa3pelleHue TeHeTHYECKOW KapThl IUIOAA WJIM F€HOMHOW IMOCHEN0Ba-
TEJIBHOCTH IJIOAA, KOTOPOE MOXKET OBITh MOJIYYEHO NPH JAaHHOM YpoBHE cekBeHupoBanus JJHK.
IMockonbky (pakmmonHas koHueHTtpauus JIHK myiona B MaTepuUHCKOH Iia3Me BBINIE, YeM B
MaTEPUHCKON CBIBOPOTKE, TO IJIsI HEKOTOPBIX BOIUIOIIEHWIH MAaTEpHHCKAs IUIa3Ma SBISIETCS
Oosiee MPEANOYTUTENBHBIM THIIOM MAaTEPHUHCKOrO OMOJIOrHYecKoro oodpasua, 4eM MaTepHuHCKas
CBIBOPOTKA.

ITpon3BOANUTENBHOCTD BBIEYKA3aHHBIX METOJOB HAa OCHOBE CEKBEHHUPOBAHUS MOXKET

OBITDH ITOBBIIIEHA IIpyu MOMOIIU MHACKCUPOBAHUA WUJIN ITPHUX-KOAUPOBAHUS. TaK, K Q)paFMeHTaM
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HY KJIEMHOBBIX KHCJIOT B OMPENeIeHHON OMONMMOoTeKe HY KIIEMHOBBIX KHCJIOT Il CEKBEHUPOBAHUS
MOKHO 100aBUTH crienuu4HbIi a1t o0pasua WM MAalMeHTa WHAEKC WIM IITPUX-KOA. 3aTeM
MO’KHO CMEUIATh U MPOCEKBEHUPOBATh BMECTE HECKOJIbKO TAaKMX OMOIMOTEK, Kakaas CO CBOMM
cremuyHbIM U oOpasua WiIM MalyeHTa WHASKCOM MM wTpux-kopom. Ilocne peakiwn
CEKBEHHPOBAHUSI MOXKHO W3BJI€Yb JaHHbIE 10 CEKBEHHPOBAHMIO OT KaXAOro odpasua WM
NAalMeHTa Ha OCHOBAHMM INTPUX-KOJAA MJIM HMHAEKca. Takas cTpaTerus MOXKET IOBBICHTH
NPOM3BOAUTEIBHOCTh U TEM CAMBIM PEHTA0EIbHOCTD BOILJIOLIEHUH HACTOSLIETO U300PETeHUSI.

B ogHOM BOIJIOLIEHMH MOJIEKYJIbI HYKJIEHHOBOH KHCJIOTBI B OMOJIOTHYECKOM OOpasie
MO’KHO TOJIBEPrHYTh OTOOpY Wi (hPaKLUHOHHUPOBATH €Ie N0 KOJHMYECTBEHHOTO TeHOTHITH-
poBaHus (HanmpuMep, CEKBEHUPOBaHMs1). B OMHOM BapuaHTE MOJIEKYJIbI HYKJIEMHOBOH KHUCJIOTHI
00pabaThIBAIOTCS C MOMOIIBIO YCTPOICTBA (HATPUMED, MUKPOMATPHILIBI), KOTOPOE MOXKET MpPe/-
MOYTHUTEJIBHO CBSI3bIBATH MOJIEKYJIbI HYKJICHMHOBOH KUCJOTHI U3 BBIOPAHHBIX JIOKYCOB B F€HOME
(Hampumep, yuacTka Ha xpomocome 7, copeprkamnero red CFTR). ITocne 3Toro cekBeHUpoBaHUE
MOKET BBITIOJIHATBCS MPEANOYTHTEIbHO Ha MOJIEKYJIaX HYKJIEWHOBOH KHCJIOTBI, 3aXBaY€HHBIX
ycrpoiictBoM. Takasi cxema MO3BOJIIET HALEJIUTb CEKBEHUPOBAHWE Ha MPEACTABISEOIIUI
MHTEpPEeC y4acTOK MeHOMa. B OJTHOM BOIUIOILIEHHH TaKOH CXeMbl MOKHO HCIIOJIB30BaTh CUCTEMY
3axBara mnocienosareapbHocTH Nimblegen (www.nimblegen.com/products/seqcap/index. html)
mbo cucremy ooOoramenuss wmumeHn Agilent SureSelect Target Enrichment System
(www.opengenomics.com/SureSelect Target Enrichment System) wnu moxoxwue miat@opmsbl.
B HEKOTOpBIX BOIUIOIIEHHAX MOJIEKYJIbl HYKJIEMHOBOH KHCJIOTBI M3 BBIOPAHHBIX YYaCTKOB
reHOMa MOJBEPTaOTCs PAHAOMHU3HPOBAHHOMY CEKBEHHPOBAHHMIO.

B npyrom BOIIOLIEHWH MPEACTABISIOINN HHTEPEC YYaCTOK MeHOMa B OMOJIOTHYECKOM
oOpasue CHavajga MOXET IOABEPraThCs aMIUTU(UKALMK MPU TOMOINM OJHOrOo Habopa WIu
HECKOJIbKUX Ha0OpOB aMIUTH(PUKALMOHHBIX MpaiiMepoB. Ilocie 3TOro MOKET MPOBOAUTHCS
KOJIMYECTBEHHOE MeHOTHITUPOBAHHE, K MPUMEpPY, CEKBEHHPOBAHHE MPOAYKTOB aMILTH(DHUKALIUH.
B ogHOM WUCHONHEHUM TakOM CXEMBI MOXKET HCIONb30BaThes cucreMa RainDance
(www .raindancetech.com/technology/pcr-genomics-research.asp). B HEeKOTOpPBIX BOILIOIIEHUSIX
aMIUTU(ULMPOBAHHbBIE MOJIEKYJIbl HYKJIEMHOBOMH KHCJIOTHI MOABEPIatOTCs PaHIOMU3UPOBAHHOMY
CEeKBEHHPOBAHUIO.

Mounekysibl HyKJIEMHOBOH KHCJIOTBI B OMOJIOTHUECKOM O0paslie TakKe MOTYT IOIBEp-
ratecsi PpaKIHMOHUPOBAHUIO 1O pasMepam. [Tockonbky u3BectHo, uto JJHK mimona xopoue JITHK
marepu B MatepuHckoM oOpasme (Li et al.,, Clin Chem 2004, 50: 1002-1011; US Patent
Application 20050164241; US Patent Application 20070202525), MOXkHO OTOOpaTh U 3aTeM
UCIIOJIb30BaTh ISl KOJIMUECTBEHHOTO T'eHOTHITUPOBAHMSI, HATIPUMEP, CEKBEHUPOBAHUS, (PPaKIIHIO

Oosee Menkux mo pasmepam Mojekyis. Takas ¢pakuus Oyner comepskats Oosbiyio goiro JJHK
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IUIOJIA IO CPABHEHMIO C UCXOIHBIM OnoJiormueckum ooOpasnom. Tak, cekBeHHpoBaHUE (paKIHH,
oboramennoit JIHK mnnona, naer BO3MOKHOCTb COCTABUTb I€HETUYECKYIO KapTy IUIOAA HIIU
BBIBECTH T€HOMHYIO IIOCJIE€OBATENbHOCTh C 0OOJiee BBICOKMM pa3pelIeHHeM IpH 33aJaHHOM
ypOBHE aHanM3a (HampuMmep, IOJHOTE CEKBEHMPOBAHUS), YeM IIPH HCIONb30BAHUM HE
oboramenHoro obpasma. Ilpu 3ToM TexHosorusi craner Oosee peHTabenbHOW. B kauecTse
npuMepa CcrnocoOoB (PaKLHMOHHUPOBAHUS MO pa3MepaM MOXKHO HCIONB30BaTh. (1) Teib-
snekTpodope3 ¢ TOCIEAYIOIIMM SKCTPArHPOBAHUEM MOJIEKYJl HYKJIEHHOBOH KHCJIOTBI U3
ompeneNeHHbIX dYacTei rejs; (i) CBS3bIBAIOINME HYKJIEUHOBBIE KHCJIOTBI MATPHUIBI C
middepeHImManbHBIM CPOACTBOM K MOJIEKYJIAaM Hy KJISHHOBBIX KHCJIOT Pa3HOTO pa3mepa; i (iii)
cucteMbl ¢uibTpauuu ¢ AupPepeHUHATbHBIM yAEeP)KAaHUEM MOJIEKYJ] HYKJIEWHOBBIX KHUCJIOT
Pa3HBIX Pa3MEPOB.

A B JIpyroM BOIUIOIIEHUH TMPENNOYTHTEIBHO IIOIBEPTAIOTCS aHAJIHM3Y MOJIEKYJIbI
HYKJIEMHOBOW KHUCJIOTBI ~ ONpPENEJIEHHOrO pa3Mepa WM JAWara3oHa pa3MepoB  IOCTe
CEeKBEHHPOBAHUSI HYKJIEHMHOBOW KHCJOTHL Hampumep, MOKHO NMPOBOAWTH CEKBEHHPOBAHHUE IIO
CHAPEHHbIM KOHIIAM, NPH KOTOPOM CEKBEHHUPOBAHHE MPOUCXOANT ¢ OOOMX KOHIIOB MOJIEKYJIBI
JHK. 3aTteM MOXHO KapTHUpPOBaTb '€HOMHBIE KOOPIMHATHI OOOMX 3THX KOHIIOB MO KOHTPOJb-
HOMY TeHOMy uejoBeka. llocie 3TOro MOXHO BBIMHCIUTBH pPa3Mep MOJEKYJbl BbIYUTAHHUEM
I€HOMHBIX KOOPIMHAT NIBYX KOHIOB. OfMH M3 crocoOOB NMPOBEAECHUS TAKOTO CEKBEHHPOBAHHS
[0 CHApeHHBIM KOHLIAM COCTOUT B IPUMEHEHUH MPOTOKOJA CEKBEHHPOBAHUS IO CIAPEHHBIM
koHuaM Illumina Genome Analyzer. [pyroii crnoco0® BbiBeneHust pazmepa mosekyel JTHK
3aKJIIOYaeTcss B CcekBeHUpoBaHuu Bcel Monekynabl JIHK. Ilpowme Bcero 3to npenaercs mnpu
TIOMOIIN CEeKBEHUPYIOIUX MJIATGOPM C OTHOCUTEIBHO OOJNBIION NMPOTSDKEHHOCTBIO CUUTHIBAHUS
tuna miargopmbl Roche 454 (Marguelis et al., Nature 2005, 437:376-380) u TeXHOJOTHU
OTAENbHBIX MOJIEKYJ B peaiqbHoM BpemeHu (SMRT™) ¢upmbr Pacific Biosciences (Eid et al,,
Science 2009, 323: 133-138). ITocne BBIYHMCICHUS pa3Mepa MOJEKYJ HYKJIEHHOBOW KHCJIOTBI
MOYKHO COCPEIOTOYUTBCS Ha TOCIIEAYOLUIEM aHAIN3€ MOJIEKYJI MEHbIIE ONPENeIEHHOrO peaesa
OTCEUEHUs], IPU 3TOM yBeanuuBaercs ¢ppakunonHas konuenrpanusa JJHK mona. Ananus storo
MOAMHOYKECTBA MOJIEKYJI IO3BOJIIET COCTABUTh T'€HETHUYECKYI0 KapTy IUIOAA WM T'€HOMHBIE
NIOCJIEIOBATENIBHOCTH IIOAA C MEHBIIUM KOJIMYECTBOM aHAJIM3UPYEMBIX MOJIEKYJI TOcye 0TOopa
no pasMmepaMm, deM Oe3 Takoi mpouenypbl. B OZHOM BOIJIOIIEHWH WCIONB3YETCS Mpenes
orcedeHus B 300 m.o. B 1pyrux BOMJIOIIEHUSAX MOKET UCIIOIb30BATHCA Mpeaesa orceueHus B 250
m.o., 200 m.o., 180 m.o., 150 m.o., 125 m.o., 100 m.o. uiu 75 m.o.

B. Hcnonb3oBanue poAuTEe/IbCKHX F€HOMOB B Ka4eCTBE KapKaca

Jlns pemeHust BTOPOH IMpoOieMbl B HEKOTOPBIX BOIUIOLIEHUSX TaIIOTHIIBI XPOMOCOM

MaTepu MOTYT MCIOJNb30BAThCs B KadecTBe ‘Kapkaca’. A TraulOoTHIbl XpOMOCOM OTLA MOTYT
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HCIIOJIb30BAThCSl B KAUE€CTBE APYToro “kapkaca’. DTOT KapKac MOKHO CPABHUTh C T€HETHYECKOM
uH(popManmel miona, MONyuYeHHOH W3 MaTepuHCKoro obpasua, conepskamero JIHK mmona.
Takast reneTndeckast HHGOPMALUS TUIOAA MOXKET HCIOJIb30BATHCS AJISA ONPENENIeHUs] TOro, Kak
Kapkac MaTepu W/WiM OTHA OBLI pa3BepHYT B '€HOME IUIOAA, MCIIONB3Ysl IPU 3TOM COCTABHbIE
4JaCcTH KapKaca JUJIsl ONpeAesIeHHs] BO3HUKAIOIEro reHOMa IUIoJA.

Ponurenbckue ramioTunsl MOTyT ObITh cocTaBiieHsl n3 reHomHol JIHK ortia u Matepu u
APYTHUX YJIEHOB CEMbH, Hampumep, OpaTta WIM CECTphl IUIONa B TeKyLledl OepeMeHHOCTH.
B03MOKHO, 4TO TOCTYITHOCTb POAMTENBCKHUX FAIUIOTUIIOB CTAHET BCe OoJiee OOBIYHBIM SIBIICHHEM
BBUJIy CHIDKEHUsSI CTOMMOCTH CEKBEHHPOBAHHS TeHOMa. B ONHOM CLEHapuu, €ClIi T'€HOMBI
ONHOTO WM OOOMX pPOAWTENCH yKe€ MPOCEKBEHHPOBAHbI M WX TAIUIOTHIIBI HA OIHOM HJIH
HECKOJIBKHX yHYacTKaX XPOMOCOM ONpEeAeNIeHbl, TO 3Ta MHYOPMALUS MOXKET HCIIOJb30BAThCS B
Ka4eCTBE BBILICYKA3aHHOTO KapKaca.

MOKHO HCIIONB30BaTh JIFOOBIE TUIAT(OPMBI TE€HOTHIIMPOBAHUS, H3BECTHbIC B JaHHOW
00J1acTH, KOTOpble CIOCOOHBI BBIABISTH BapHALIMHU IMOCIENOBATEIPHOCTEH B T€HOME, BKIIFOYAs
cexseHnposanue JIHK, Mukpomarpurisl, ruOpuin3aliiOHHbIE 30HABI, (PIIyOpecLeHTHbIE METOIbI,
ONTHUYECKUE METOJbI, MOJIEKYJIIPHBIE IITPUX-KOABI U (POPMHUPOBAHNE M300PAKEHUI OTIEIBHBIX
mosekyn (Geiss GK et al., Nat Biotechnol 2008, 26: 317-325), aHanu3 OTAENbHBIX MOJIEKYJI,
[P, oudposyro ILP, macc-cnekTpometputo (tuma miatgopmbl Sequenom MassARRAY) u
Ip. B xauecTBe 3KCTpEMaNbHOrO MpUMeEpa: MOXKHO onpeaenauTs nociaenosarenbHocts JJHK oTua
U MaTepu INyTeM CEKBEHHPOBAHHUS BCErO N€HOMAa METOJOM MAacCHUPOBAHHOIO IMapauleIbHOTO
cekBeHnpoBanus (Hampumep, Bentley DR et al., Nature 2008, 456: 53-59; McKernan KJ et al ,
Genome Res 2009, 19: 1527-1541). Ilpumepom Bapuanuii ociaea0BaTeIbHOCTH, KOTOPbIE MOTYT
NPE/ICTABJISITh MHTEPEC, SIBJISIOTCS MOJUMOp(HU3MBI O OTHAENbHBIM HykjieoTHaam (SNP).
OCoOeHHO MpPennoYTHTEIbHBIM CITOCOOOM OIpPEAeNIEHUs] POTUTEIBCKUX TCHOTHIIOB SIBJISETCS
aHamu3 SNP Ha MMKpoMaTpuLaX MO BCEMY T€HOMY WJIM MO OTAENbHBIM y4acTKaM T'€HOMA,
HanpUMep, CONEPIKAIUM I'eHbl, MyTaLlUH KOTOPBIX MOTYT BbI3bIBATh T'€HETHUYECKUE 3a00JI€BaHHS
(kak-To reHbl B 0eTa-rIIOOMHOBOM KJIACTEPE WIM BBI3BIBAIOIIMN KHUCTO3HBIH (prOpo3 reH
peryjsitopa TpaHCMeMOpaHHOU MPOBOJIUMOCTH (CFTR)). ITomumo Bapuanun
NOCJIEIOBATENIbHOCTH, MOTYT HCIIONIb30BaThbC M BapHallMd dWCiIa Konwid. Bapwanum
NOCJIEIOBATEILHOCTH M BapHALMKM YHCIA KOMUH UMEHYIOTCS] MOJUMOP(QHBIMH T€HETUUECKUMHU
npusHakamu (PMF).

B oxgHOM acriekTe MaTepUHCKHE T€HOTHUIIBI HA MPEICTABJISIOLUINX WHTEPEC XPOMOCOMAx
WIN Yy4aCTKaX XPOMOCOM MOTYT OBbITh COCTaBJIEHbI B FAIUIOTHIIBL. JTO MOXKET OCYIIECTBISATHCS
NyTEM aHaJIM3a JAPYTHX YIEHOB CeMeICTBA, POACTBEHHBIX MAaTEPH, HAIPUMED, ChIHA WU J0YepU

MaTepH, poxauTeneil, OpaTbeB W cecTep U T.I. [ alulOTUIBI MOKHO COCTaBUTb U JPYTUMHU
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METO/1aMH, KOTOPBIE XOPOLIO U3BECTHBI B JAHHOH 00JIACTH U NPUBENIEHBI BBILIE.

3areM WHPOPMALMIO IO TEHOTUIIAM MOXHO PAacIpOCTPAaHUTh HAa HH(POPMALHUIO IO
raruioTHIIAM POAMTENEeH MyTeM CpaBHEHHMs MH(GOpPMAIMM 0 NeHOTUNAM C APYTUMH YJI€HaMHU
CeMbH, K TpuUMepy, OpaThsMHU U CECTpaMM IUIO[A TeKylleil OepeMEeHHOCTH WM 10 T€HOTUIIAM
nenyuek u 0adymek W T.4. [amoTunbl ponutenaell MOKHO COCTaBHTh U JPYTUMH METOAAMH,
XOPOLIO U3BECTHBIMU crienuanuctam. IIpuMepsl Takux METONOB BKJIIOYAIOT METOJbl HA OCHOBE
aHaJIM3a OTAENbHBIX MOJIEKYJI, kKak-To Meron uudposoii TP (Ding C and Cantor CR, Proc Natl
Acad Sci USA 2003, 100: 7449-7453; Ruano G et al., Proc Natl Acad Sci USA 1990, 87: 6296-
6300), ramorunuposanue ciiepmsl (Lien S et al., Curr Protoc Hum Genet 2002, Chapter 1 :Unit
1.6) u meronsl popmupoBanus uzodpaxkenuii (Xiao M et al., Hum Mutat 2007, 28: 913-921).
Jlpyrue MeToAbl BKIIIOYAIOT METOIBI Ha OCHOBe ajuiese-crenuduaHoi TP (Michalatos-Beloin
S et al., Nucleic Acids Res 1996, 24: 4841-4843; Lo YMD et al., Nucleic Acids Res 1991,
19:3561-3567), KIIOHHPOBAHUS U PACIIETUIEHHs PECTPUKLMOHHBIMU (pepMeHTamu (Smirnova AS
et al., Immunogenetics 2007, 59: 93-8) u np. Eme npyrme MeTonmpl OCHOBBIBAIOTCS Ha
pacripeneNeHn U CTPYKType HEPaBHOBECHOTO CIIETICHHs OJIOKOB TaIUIOTHIIOB B ITOMYJISILHY,
YTO TO3BOJIIET COCTABUTHh MATEPUHCKHI rarutotun no craructuueckum oueHkam (Clark AG,
Mol Biol Evol 1990, 7: 111-22; 10:13-9; Salem RM et al., Hum Genomics 2005; 2:39-66).

C. Hcnoab3oBanue MHPOPMALMH MO TEHOMY H3 MATEPHHCKOro ofpasua aisi
COCTABJICHHSI KapKaca

B oxgHOM BomIoLeHUH AJI TOrO, YTOOBI Y3HATH, KaKas U3 MAaTEPUHCKHX XPOMOCOM ObLia
nepesaHa TUIOAy, MPUMEHSIeTCST MeTOJ OTHOCHTENbHOH no3bl ramioruna (RHDO). OcHoBHoI
NPUHIMIT 3TOrO METOZAA CJEAyeT W3 NpuMepa, KOrja MaTh IeTepO3UrOTHA IO KAKAOMY U3
reHeTHYecKnx nosuMopdmsmoB. Mrak, uMeeTcst [Ba TarjiOTHIA U OTHOCHTENbHAS 1032 ITHX
raruIoTHIOB 10JKHA ObITh 1:1. OgHAKO MPUCYTCTBHE B MATEPUHCKOM OOpasLe HeOObIIOi 10U
JHK nnona MokeT U3MEHUTh OTHOCUTENBbHYIO A03Y TaIlJIoTHUIA. DTO MPOUCXOAUT MOTOMY, YTO
IUTOJ HACJIENyeT MOJOBHUHY CBOErO KOMILJIEKTA TaljIOTHIIOB OT MATEPH, a APYTYIO MOJIOBHHY OT
otua. bornee Toro, mo kaxmaoil XpoMocOoMe IUIO MOT YHAcCJlenoBaTh ‘MO3auKy TaIlJIOTUIIOB,
NPOUCXOMSIIIUX M3 TOW WM JAPYrod TOMOJIOTHYHOW XPOMOCOMBI OT KaKAOTO POAUTENS, B
3aBHCUMOCTH OT HAJIMYHsI MEHOTHYECKOW pekoMOmHauuu. Bce 3Th (akTopel MOTYT BBI3BAThH
OTKJIOHEHHE OTHOCUTEJIBHOWM N103bl TaljIOTUIOB OT COOTHOWIEHHs 1:1 B cocTaBe MaTepUHCKON
JHK. Takum oOpa3zom, it JaHHOH XPOMOCOMBI HJIM Y4acTKa XPOMOCOMBI COCTAaBIISIFOIINE
aJIJIENTN 3THX TAaIIOTUIIOB MOXKHO OTBICKATh U3 aHAJMTUYECKUX NAHHBIX (HAPUMeEp, JaHHBIX I10
CEeKBEHHPOBAHUIO), MOJIy4YE€HHBIX U3 MAaTEPHUHCKOTo odpasLa.

3aTeM MOXKHO BBINOJHHUTH CTATHCTUYECKYIO MPOLEAYPY IJIsl ONpPENEIeHUs] OTHOCUTEINb-

HOM AO03bI I'aIUIOTUIIOB WJIK TOI'O, YTO OAWH M3 IrallJIOTUIIOB MPEACTABJICH CHJIIBHEC, YEM )Iperﬁ.



17

KrnaccupukaumnoHHbINA TOPOT ISt 3TOM CTATUCTHYECKONW MPOLIEAYPbI MOKET OBITh YCTAHOBJIEH B
3aBucuMocTu ot (pakumnonHon konueHtpauuu JJHK mioga. B ofmewm ciydae, 6omnee BbicoKas
¢dpakumonnas xonueHtpauus JIHK mimoma crocoOcTBYeT AOCTHXKEHMIO MOpOra NMPH MEHbIIEM
KonudecTBe Mojekys. KiaccupukannoHHbBIN MOPOr TakKe MOXeET ObITh YCTAHOBJIEH B 3aBU-
CHMOCTH OT KOJIMYECTBA YCIEINHO KJIACCU(PHULUPOBAHHBIX (PParMeHTOB, KOTOPOE HYKHO
MOJIyYUTh MO BCEMY T'€HOMY MJIM IO UCKOMBIM y4acTKaM IeHoma. B OHOM BOIUIOLIEHUH MOXKET
MPUMEHSTHCS TTOCIEOBATEIbHBIN KpUTEepHii OTHOEHUs BepositHocTel (SPRT).

B onmHOM BomoLieHWU AN OMpeAeNeHUss OTHOCUTENBbHON A03bl ajuieNs MO Ompene-
JICHHBIM TOJUMOp(H3MaM MaTepu MOXKHO HCIIOJIb30BaTh OTHOCHTEIBHYIO J103y MyTalui
(RMD), kak ormucano B US Patent Application 2009/0087847. T OTHOCUTEIbHBIE KOJUYECTBA
MOTYT HCIOJIB30BATbCS TPU  ONPEAENeHHH TaluloTHNa Yy Iioga (Hampumep, Korma
NOJMMOP(U3MBI IPUXOIATCS HA CIEAYIOIIHE APYT 32 IPYrOM WM CBsI3aHHbIE JIOKYChI). B omHOM
UCTIOJIHEHUH 3TOrO MPHLETBHOTO MOAXO0A MPUMEHSIETCs oinMepasHas nenHas peaxkuust (ITLP)
s aMIuTU KAy cieuupUIecKuX MOCIeN0BaTeIbHOCTEH U3 OTAENbHBIX YacTel TeHOMa IS
aHaymuza RMD. /15 Toro, 9To0bl 3TOT MOAXOM K OMPEAesIeHUI0 HacaenoBaHus mioqoM mo RMD
pacmpocTpaHsuics Ha OOJBINYI0 00JIACTh T€HOMA WIIH LEJbI TeHOM, TpeOyeTcs: O0bIIoi 00beM
MaTepPHHCKOro odpasia.

B opgHOM BOMIOIIEHMH C MCHOJb30BAHMEM PAaHAOMHU3UPOBAHHOIO CEKBEHHPOBAHMUS
NPECTABJSIIOIME HWHTEPEC Y4YaCTKH T€HOMa He BbIOMparoTCs NpuienpHo. Takum o0pasom,
KOJIMYECTBO MOCJENOBATEIbHOCTEHN, MOJYUYEHHbIX B MHTEPECYIOIIUX y4acTKaxX IeHOMa, MOXKET
ObITb HE CTONb OONBIINM, KaK MPHU MPULETBHOM MOAXONE (€CJIN TOJNbKO HE IMPOBOIUTCS OYEHb
riyOokoe cekBeHupoBaHue). OQHAKO TPU 3TOM MOKHO OOBEIUHUTH WUTOTH IO HECKOJbKUM
CLEIUICHHbIM MOJUMOpPGU3MaM AJisi JOCTH)KEHUS] HEOOXOIUMOW CTaTHCTUYECKOH 3HAYMMOCTH
i auarHoctudeckux uened. IlpakTtudeckoe 3Ha4YeHHE 3TOrO BOIUIOLIEHUS CEKBEHHUPOBAHUS
COCTOUT B TOM, YTO MOXKHO COKOHOMHTH PacXofbl, TaK KaK OTMagaeT HEOOXOOUMOCTh B
CJIMIIKOM TIyOOKOM CeKBEHHUpOBaHMU. K TOMy JK€ HYKHO BHOCHUTh MEHbINEE KOJHYECTBO
MaTEePUHCKOro o0pasiia, 4eM mpu noaxoaax Ha ocHose nudposoit ITLP.

Kpome Toro, Mmoxker ObITh KeJaTeNbHO MpoBeneHHe Takoro aHamu3 RHDO OGmokamm.
WHbIMU ciOBaMHU, KXy XPOMOCOMY MOXHO aHAJIU3UPOBATh B OJJHOM WJIH MPEANOUYTUTEIBHO
Oonbuie yem omHOM Onoke. B omHOM acrekte mociienHee OaeT BO3MOXKHOCTh HaOJIONATh
MeHoTHUecKy0 pekoMOuHanmoo. HanmpuMep, MOXKeT OKa3aThCsl, 4TO TarjIOTHUI OJHOTO CErMEeHTa
OTpeeNIEHHOW XPOMOCOMBI IUIOAA MPOMCXOAMT M3 OJHOM M3 MAaTepUHCKUX TI'OMOJIOTHYHBIX
XPOMOCOM, TOIZa Kak APYrod CErMEHT TOM K€ CaMON XPOMOCOMBI IUIOAA UMEET TaruiOTUIl U3
apyrod romosiorndHoi xpomocombl. AHanu3 1o SPRT Moxker crmocoOCTBOBaTH MPOBEICHHIO

TAKOro CErMCHTHUPOBAaHUS.
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Hanpumep, ananus no SPRT moxHO mpoBecTu Ha cocencTByomux SNP, nposiBiastomux
TpeOyemMyro KOH(PUTypalui POIUTENBCKOTrO reHOTHIa (T.€. TOMO3UIOTHOTO OTLA U TeTepo-
3UTOTHOW MaTepH), HAUMHAasi ¢ OJHOrO KOHIA XPOMOCOMBI. DTO IOJDKHO MPOAOIDKATBHCA A0 TEX
nop, noka aHanu3 SPRT He mokaxer, 4TO B AHAJIUTUYECKUX NAHHBIX MATEPUHCKOH IJIa3MBbI
(HampuMep, DaHHBIX MO CEKBEHHPOBAHMIO) MpeodiafaeT OfWH M3 MATEPUHCKUX TallIOTHIIOB.
3arem anamu3z SPRT MoxHO “mepeHacTpouTh’ W HadyaTh 3aHOBO CO CJIENYIOLIErO COCEIHEro
SNP, nmposiBisiroIero TpedyeMyro KOHQUIYpaLU POIUTEIBCKOTO FeHOTHIIA. ITO MOYKHO OMSThb
MpOAOJDKATh A0 TexX mop, nmoka aHanu3 SPRT He mokaxker eme pas, 4YTO B aHAJUTHYECKUX
JaHHBIX MaTEPUHCKOH M1a3Mbl (HAIIpUMep, JaHHBIX 10 CEKBEHHPOBAHUIO) MpeodIagaeT OUH U3
MAaTE€PUHCKHX TaIIOTUIIOB. DTOT MPOLECC MOXKET MPOAOJDKATHCS A0 IMOCIEIHEro BBIOPAHHOTO
SNP Ha maHHOW XpomMocoMme. 3aTeM 3TU pa3HooOpasHble ycTaHoByeHHble 0 SPRT cermeHTsI
rarjioTUIIOB HA XPOMOCOME MOXKHO CPaBHUTH C TaIuIOTUIIAMH ABYX FOMOJIOTMUYHBIX XPOMOCOM B
reHoMe Martepu. MeHoTndeckass pPEeKOMOMHAIMST OTMEUAaeTcsl TOrJa, KOTAa OKaXeTCs, 4TO
CEerMEHThl TaIJIOTUIIOB Yy IUIOa MEpPEeKIIOYMINCh C OAHONH MATEePUHCKOW TIOMOJOTHYHOM
XPOMOCOMBI Ha APYTYI. JTa cucTeMa cpabaThIBaeT, Jake eCIM MMeeTcs OOJNbIIe 4eM OIHa
rOMOJIOTHYHAs PEKOMOHMHALIMSI HA XPOMOCOMY .

Kax Oyner ommcano mnoske, anamn3 RHDO MoxkeT mpoBOAUTBCA U MO TEM y4acTKaM
reéHOMa, B KOTOPBIX W OTel, W MaTb 00a TeTepO3UTrOTHBI IO BXONALIMM B HX COCTaB
TeHETHYECKUM MOIUMOpdH3MaM. ITOT CIIEHApHil OCOOEHHO MOJIE3€H B T€X CJyyasix, KOrja oTerl
U MaTh COJEPKaT MyTAHTHYIO KOITHIO BBI3BIBAIOLIETO 3a00JIeBaHUE I'€Ha OT OJJHOI'O U TOTO JKe
npenka, Kak-TO KOrja OHU OJM3KOPOACTBEHHBI MJIM KOTAA BbI3bIBAIOIIAs 3a00JI€BAaHUE MyTaLlHs
npeoOagaer BCISNCTBHE CHIIBHOTO 3¢ dekTa ocHoBaTeNs (T.€. OOJIBIIUHCTBO UHAUBUAOB C 3TON
MyTalel YHACISIOBAIN OAMH U TOT K€ TaIUIOTHIT OT OOLIEro MpeKa-OCHOBATENS TIOMYJISIIHH).
Takum 00pa3oM, AJisi BBIYHCICHHS TaljIOTUIA TUIOAA MOXKHO HCIOJIb30BaTh FAruIOTUIIBI OTLA U
MaTepU Ha 5TOM y4acTKe.

IL CocraBiieHHe reHOMA IJIOAA U3 TEHOMA MaTepH

Jlanee OnucaHO COCTAaBJI€HUE IEHETUYECKOM KapThl IUIOAA WM BBISICHEHHWE T€HOMHOHN
MOCJIEA0BATENBHOCTH IJI0/1A IIPU SIBHOM 3HAHUHU POAUTEIBCKUX F€HOMOB.

A. Cnocob

Ha ¢ur. 1 mpencrasnena Omok-cxema crniocoba ompeneneHust 100 mo mMeHbIned mepe
YacTH TE€HOMa eIe He POXKIEHHOro Iuiona OepeMEeHHOW >KEHLIMHBI. Y IUIOa €CTh OTel U
OepemeHHas1 skeHIMHA-MaTh. Oten 00Jamaer OTHOBCKUM I'€HOMOM C JABYMS TaIUIOTHIIAMH, a
MaTh O0JaaeT MAaTEPUHCKUM TeHOMOM ¢ nByMs ramiorunamu. Crmocobom 100 mpoBoxutcs
aHaMU3 MOJIeKyJT (pparMeHTOB) HYKJIEMHOBOW KUCJIOTHI U3 OUOJIOrHYeCKOro odpasia, B3sSTOro y

OepeMeHHOM KeHIIUHBL, s onpeaeneHus: reHoma mioga. Crnocod 100 onmcan B OCHOBHOM Ha
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pUMepe, KOraa oTel] FTOMO3UIOTEH, & MaTh F€TEPO3UTOTHA MO HECKOJBKUM JIOKYCaM, TOra Kak
B IPYTUX NpUMeEpax OMUCAHBI APYTHE BOILIOLIECHMUS.

Crioco6 100 u mo0oii M3 OMMCAHHBIX 37€Ch CIIOCOOOB MOXKET LETMKOM MM YaCTUYHO
BBITNOJIHATHCS C IOMOLIBIO KOMITBIOTEPHON CUCTEMBI, BKJIFOUAIOIIEHN MPOLECCOP, KOTOPBINA MOXKET
ObITb HACTpOEH Ha BbIMOJHEeHWe craauii. Takum o0pa3oM, BOIUIOLIEHMS HANpaBlIeHbI Ha
KOMITBIOTEPHBIE CUCTEMBI, HACTPOEHHbIE HA BBIMOJHEHHE CTaauil JEOObIX M3 OMHCAHHBIX 37€Ch
crioco00B, MOTEHIHAIBHO C PA3JIMYHBIMI KOMIIOHEHTAMH, BBIMOJHSIOIIUMHI COOTBETCTBYIOLIY O
CTaJAMI0 WM COOTBETCTBYIOINYIO TPyMIy CTaguid. XOTs OHU M IPEACTABICHbl B BHUAE MNPO-
HYMEpPOBAHHBIX CTaJHH, CTAMU CIIOCOOOB MOTYT BBIMOJHITHCS OTHOBPEMEHHO HIIU B JIPYrOM
nopsinke. Kpome Toro, yactu 3Tux CTaguil MOXHO HCIOJIb30BATb BMECTE C YaCTSIMU JOPYTrUX
craguii U3 apyrux crnocodos. K ToMmy ke BCe CTaANM WM YacTH CTaAHNA MOTYT ObITh HeoOs13a-
TenbHBIMUA. Kpome Toro, moOble craguu JEOOBIX CIOCOOOB MOTYT BBINOJHSTHCS C MOMOIIBIO
MOy JIeH, KOHTYPOB WJIH APYTUX CPEACTB IJIsl BBIMOJHEHUS 3TUX CTAJUMN.

Ha craguu 110 onpenensiercss nepBoe MHOXKECTBO JIOKYCOB, IO KOTOPBIM MAaTEPUHCKUI
F€HOM IeTepO3UroTeH. B OHOM BOIJIOIIEHNUH 3TO ONPENETIECHNUE MOKET BBINOIHATHCSA KaK 4aCcThb
TeHOTUITUPOBAHHUS OTL[A U MAaTEPHU Ha YPOBHE I€HOMA WJIU IO BBIOPAHHBIM I'€HOMHBIM JIOKYCaM.
B npyrux BOMIOLIEHUSX ONPENETIeHUE MEPBOrO MHOKECTBA JIOKYCOB MOKET MPOBOAUTHCS BO
BpEMs aHAJIN3a MATEPUHCKOro 00pasiia, 4TO OMKMCAHO B AAJbHEHIINX pasenax.

Ha craguun 120 onpenensieTcst Ka>kAbld M3 IBYX MAaTEPUHCKUX TaIlIOTUIIOB, OXBATbI-
BAIOIIMUX MEPBOE MHOXKECTBO JIOKYCOB. Kak yka3aHO Bblllle, MATEPUHCKHI T€HOM MOXET OBITh
NOJyYeH IMpU NPSMOM CEKBEHHUPOBAHUH. B Ipyrux BOIUIOLIEHUSX TEHOTUIIHUPOBAHUE MOXKET
MPOBOJUTBLCS II0 MHOXKECTBY JIOKYCOB C IIOCJIEAYIOLIMM HCIOJb30BAHUEM KapTUPOBAHHOTO
r€HOMa JIMLA, Y KOTOPOTO NOJUKEH ObITh MOXOKUH T€HOM, HANpHMEp, YJ€HA CEMbH, WMJIH JKe
KOHTPOJIBHOTO T€HOMa, OOIIEero JJisi TOW e MM CXOJHOH MOMyJISuH. B OZHOM BOIJIOLIEHUH
ctaausi 120 MOKeT BBINOJIHATLCA CHavasa AJi BCEro WIM 4YaCTH MAaTEPUHCKOrO FeHOMA, a 3aTeM
MAaTePUHCKHH T€HOM MOXKET OBITh HCCJEAOBAH JI BBIIBJICHUS JIOKYCOB, MO KOTOPBIM MAaTh
reTepO3UroTHA.

B onHOM acmiekTe coCTaBiieHHE TaluIOTHIIA XPOMOCOM OTLA HE SIBIISIETCS] 00S3aTEIbHBIM.
OpnHako, eclii MOXHO COCTaBUTb OTLIOBCKHE TaIuIOTHIBI, TO U3 PE3yJbTATOB CEKBEHUPOBAHMSI
MOXXHO TOJIYYHTb IOTMOJHHUTENbHYI0 HHpopMauuio. Takas IONOJHUTENbHAas HH(pOpMaLus
BKJIFOYA€T BO3MOXKHOCTb MPOBEEHUSI aHAJIN3a OTHOCHUTEJIBHON AO3BI TaljOTHUIA JJIsl YYaCTKOB,
O KOTOPBIM 00a pPOAUTENsI TeTepO3UroTHBL. Jlpyras HONMOJHHUTENbHAs WH(POpMaLus, KOTopas
MOXeET OBITh MOJIy4YeHa, €CNU AOCTYIEH OTLOBCKMH TaruiOTHN, 3TO MH(OpPMAIHs KacaTeIbHO
MEHOTHYECKOW PEeKOMOMHALIMU C Y4YacTHEM OJIHOW MM HECKOJBKHX OTLIOBCKHX XPOMOCOM,

94TOOBI YCTAHOBHUTb, NEPEAAHbl JIM IJIOAY BBI3BIBAIOIIME 3a00JEBaHUS aNJIeNH, CBA3aHHbIE C
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TAKAMH TTOJIUMOP(HHU3MAMHL.

Ha craguu 130 onpenensercs anienb, yHACI€AOBAHHBIN IJIOAOM OT OTLA MO KAXKIOMY U3
NEPBOr0 MHOXKECTBA JIOKYCOB. B HEKOTOPBIX BOIUIOIIEHUSAX HCIOJB3YKOTCS T€HOMHBIE JIOKYCBI,
10 KOTOPBIM OTELl TOMO3UIOTEH, & MaTh reTepo3uroTHa (kak ykaszaHo Ha craauu 110). Takum
o0pa3oM, eciu OTel] FOMO3UTOTEH IO 3TUM JIOKycaM, TO OyAyT W3BECTHBI aJUIeNd, yHacle-
JOBaHHbIE OT OTUA. [ eHOTMNHMpOBaHWE OTLA IJIs1 ONPENENEeHUs JIOKYyCOB, IO KOTOPBIM OTell
TOMO3UIOTEH, MOJKET OCYINECTBJIATHCS JIIOOBIM M3 OIMHCAHHBIX 3/€Ch CrnocoboB. B omHOM
BOILUIOIIEHUH OIpe/ieJIeHHe MEPBOrO MHOXKECTBA JIOKYCOB MOJKET OCYILECTBJISITBCS, UCXOAS U3
T€HOTUITUPOBAHHUS OTLA U MATEPHU, YTOOBI OOHAPYIKUTH JIOKYChI, IO KOTOPBIM OTELl TOMO3UT'OTEH,
a MaTb reTepO3UTrOTHA.

B npyrom BomioueHun MOKHO MCIIONb30BaTh BTOPOE MHOXKECTBO JIOKYCOB '€HOMa OTLIa,
[0 KOTOPBIM OH Te€TEpO3UTOTEH, JJIsl OIpelesieHHUsl OTLOBCKOrO aruloTUIA, YHACJIEIOBAHHOTO
IUIOZIOM TI0 NIEPBOMY MHOXKECTBY JIOKYCOB, IO KOTOPBIM OTell roMo3uroreH. Hampumep, eciu
MaTE€PUHCKHHA T€HOM TOMO3HTOTE€H 10 BTOPOMY MHOKECTBY JIOKYCOB, TO MOXHO HIEHTH(U-
LIUPOBaTh aJUleNy, NPUCYTCTBYIOLIHME B OTLOBCKOM I'€HOME B COOTBETCTBYIOLIUX JIOKyCaxX W3
BTOPOIO MHOXECTBA JIOKYCOB U OTCYTCTBYIOIME B MAaTEPUHCKOM I'e€HOME. 3aTe€M MOKHO WUJEH-
TU(UIMPOBATh YHACIENOBAHHBIN OT OTLA TAIUIOTUN KaK TarjoTUN ¢ UASHTU(UIIUPOBAHHBIMU
alyeNssMU U MCIOJb30BaThb €ro AJis ONpeAesieHus aijenel, yHacleJOBaHHBIX OT OTLa IO
NIEPBOMY MHOXKECTBY JIOKYCOB. OTH AaCNEKTbl ONpEAeNeHHs] OTLOBCKOTO TaIuIoTHIa 00CyX-
narotcs 6osee noapoOHO HIKE.

Ha craguu 140 mpoBoauTcs aHaiu3 MHOKECTBA MOJEKYJ HYKJIEHHOBOM KHCIIOTHI W3
Ouonorudeckoro oOpasia, B3sTOro y OepemeHHO# keHMHbL OOpasen COAEpKHUT CMECh
HYKJIEMHOBBIX KHCJIOT MaTepH U mioaa. MatepuHckuii Ouonormueckuii oOpaser MoxkeT ObITh
B3AT, a 3aTeM oOpaboTaH i aHaimu3a. B OJHOM BOIUIOIIEHWH MCHOJB3YETCS MAaTEPUHCKAs
IlasMa U ChIBOPOTKA. B Apyrux BOMIOMIEHUSX MOXKHO MCIIOJNB30BaThb MATEPUHCKYIO KPOBb,
MAaTepUHCKYI0 MOYY, MAaT€PUHCKYIO CIIOHY, CMBIBHYIO >KUIKOCTb MATKU HWIH KJIETKH IUIOAA,
NOJIy YeHHbIE U3 KPOBU MaTEpH.

B onHOM BOmIIOILIEHUH aHAN3 MOJIEKYJI HYKJIEMHOBON KUCJIOTBI BKJIIOYAET OIpeneeHNe
JIOKaJIN3allii MOJIEKYJIbl HyKJIEMHOBOM KHCJIOTBHI B TEHOME UeJIOBEeKa U ONpefeNieHue e€ ajuiens
N0 MHIUBUAYAJIBHOMY JIOKYCy. Takum oOpa3oMm, B OJHOM BOIUIOLIEHHH MOYKET BBITOIHATHCS
KOJINYECTBEHHOE T€HOTUIIMPOBAHHUE C HCIOJb30BAHHEM YCTAHOBJEHHBIX ajuleliell MOJeKy
HYKJIEMHOBOM KHMCJIOTBI U3 OJJHOTO U TOTO >Ke JIoKyca. [{ist onpeneneHysi FeHOMHOM JIOKaIu3aLu
u ajutenel (MHGOopMaIuK O T€HOTHUIIE) MOJIEKYJT Hy KJIEHHOBOW KHUCJIOTHI B MATEPUHCKOM 00Opasie
MOXKHO HUCTIOJIB30BaTh JIFOOOH nmoaxoasmuil crocod. Hexoropeie n3 Takux crnocoboB OMHMCaHBI B

3asiBkax CIIIA 12/178,181 u 12/614350 u 3asiBKe monx Ha3BaHHEM “AHalii3 T€HOMa Ha OCHOBE
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pasmepa’.

Ha craguu 150, ucxoast U3 yCTaHOBJIEHHBIX AJIJIEJIEH MOJIEKYJl HYKJIEHMHOBOW KUCJIOTHI,
OTIPEeNeNATC KOJIMUYECTBA COOTBETCTBYIOLIUX ajljiesiell MO KaKAOMy W3 MEPBOrO MHOXKECTBA
JIOKyCOB. B OTHOM BOIUIOIIEHUH 3TH KOJMYECTBA MOTYT COCTABJIATh UUCIO ajlIeNiell Kakgoro
TUMNa B nepBoM Jiokyce. Hanpumep, mects A u yersipe T. B 1pyroM BOIUIOIIEHUN KOJIUYECTBO
MOJKET O3HA4aThb pacHpefeNeHue MO pa3MepaM MOJIEKYJ HYKJIEHMHOBOW KUCIOTBI, COAEPKALIUX
omnpenesneHHble ajenu. Hampumep, OTHOCHUTENbHOE KOJUYECTBO TAKKE MOKET BKIHOYATh
pacrpeneneHue no pasmMepam (HparMeHTOB C ONPENETeHHbIM T€HOTHIIOM, YTO MOXET O3HA4aTh
OTHOCUTENIbHOE KOJIMYECTBO (PparMeHTOB ONpENeNeHHOW JUIMHBL. Takue OTHOCHTEIbHbIE
KOJINYECTBA MOTYT JaTh WH(POPMALMIO U O TOM, KaKOW T'€HOTHI y T€HOMA IUIONA, TaK KakK y
wiona (parMeHTbl OOBIMHO MEHbIIE, YeM (parMeHTbl MaTepr. HekoTopble mpuMepbl KOJHYECTB
u crocoboB omucanel B 3asBkax CIIA 12/178,181 u 12/614350 u 3asiBKe IOJ Ha3BaHUEM
“AHanmu3 reHoMa Ha OCHOBE pa3Mepa’.

B onHOM BOMJIOIIEHMM OTHOCHUTEJbHBIE KOJMYECTBA ajuleNieil B OAHOM JIOKYCE€ MOTYT
nath UHGOPMALMIO O TOM, KAKOW T'€HOTHIT yHACIENOBaH IUIOAOM (HAmpuMep, MOCie TOro, Kak
Ha0Op [aHHBIX JOCTHTHET JOCTaTOYHOM CTaTUCTHYECKOW 3HaunmMocTH). Hampumep,
OTHOCHUTEJIbHBIE KOJIMYECTBA MOTYT MCIONb30BAThCA AJIsl ONPEAENEHUsl TOro, YTO MPOUCXOAUT
aucOanaHC TOCNENOBATENPHOCTH OTHOCHUTENIBHO TE€HOTHUIIA MaTepu IO OJHOMY JIOKyCy. B
NPUBEJIEHHBIX BbIIIE POACTBEHHBIX MMaTEHTHBIX 3as1BKaX MPEIOCTABIEHbI IPUMEPhI BOIJIOLIEHUH
IUIS BBIABJIEHU AMcOaNaHca MOCIeI0BATENbHOCTH IO ONPENEIEHHOMY JIOKYCY HJIM YHaCTKY.

Ha ctanuu 160 npoBogutcst cpaBHEHHE OTHOCHTEIBHBIX KOJHYECTB COOTBETCTBYHOLIUX
aJutesnell MOJIEKyJ1 Hy KJIEMHOBOW KHCIJIOTHI IO OoJee YeM OTHOMY JIOKYCY M3 NEPBOTO MHOXKECTBA
JIOKYCOB. B HEKOTOPBIX BOIUIOIIEHUSX TEPE]] TPOBEIEHNEM CPABHEHUS CYyMMHUPYIOT KOJHMYECTBO
KaXXI0TO aJulelisl 10 BCEM JIOKyCaM IePBOr0 MHOXKECTBA JIOKYCOB, COCTAaBJISOIIMX TaIUIOTHIIBL.
3aTeM CpaBHHUBAIOT CyMMapHbIe KOJINYECTBA POAUTEIBCKUX TaIlJIOTUIIOB AJIs ONPEeIeHUs TOTO,
YTO TAIUIOTHI HK30BITOYHO TMPENCTABJIEH, OAMHAKOBO TMPEIACTABJIEH WJIH HEIOCTATOYHO
npeacTaBiieH. B qpyrux BOIMIIOIIEHUAX CPaBHUBAIOT KOJUYECTBA ajlleliell B JIOKycaxX U MPOBOAST
CpaBHEHHE TII0 MHOXECTBEHHbIM JIOKycamM. Hampumep, MOXHO CyMMHpPOBaTb 3HAYEHMUsI
pasnmeneHusi (HampuMep, Pa3HOCTH WJIM OTHOLIEHHs), KOTOPble MOXXHO HCIIOJNBb30BaTh TMPHU
CPaBHEHHMH C TpenesiioM oTcedeHus. Kakmoe M3 3TUX BOIUIOIIEHWH NMPUMEHHMO K JIFOOBIM H3
OMUCAHHBIX 37IECH ONEPALIUI CPAaBHEHMSI.

B pasnuuHBIX BOIUIOIIEHMSIX OTHOCUTENBHOE KOJIMYECTBO MOKET O3HadaThb BCTpeda-
€MOCTh KaXXI0ro (pparmMeHTa C ONpeneseHHBIM ajuleieM B ONPENeNIEeHHOM JIOKyCe, BCTpeda-
e€MOCTb ()parMeHTOB M3 JIFOOOTO JIOKyCa (K JIFOOBIX JIOKYCOB HA YYacCTKe) IO ONpeaeIeHHOMY

FarjioTUIy W CTAaTHCTHYECKOE 3HAUYeHHWE BCTPEYAeMOCTH (Hampumep, CpegHee) IIo
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OTpeNleJIEHHOMY JIOKYCy WJIM MO OINpeAefeHHOMy rariotuny. Tak, B OJHOM BOIUIOLIEHUH
CPaBHEHHE MOXKET O3HAa4YaTh OIpPEIeJICHHE BENWYMHBbI pasfesieHus (Hampumep, pasHOCTH HIIU
OTHOLIEHHMs1) OHOTO AJUIENS B CPABHEHUH C APYTUM aJUIENIEM 110 KaXKIOMY JIOKYCY.

Ha craguu 170, ucxons u3 cpaBHEHHs, MOXHO ONPEAEIUTD FarljIOTUIl, YHACIEIOBaHHbIN
elle He POXKIAEHHBIM IUIOAOM OT MAaTepU B YACTU NEHOMA, OXBAYE€HHOW NEPBBIM MHOKECTBOM
JOKYCOB. B OZHOM BOIUIOIIEHWH IJIsI TOrO, YTOObI YCTAHOBUTH, Kakas M3 MATEPUHCKUX
XPOMOCOM Tepeluia K IUIoAy, MpUMEHsieTcsi crnocod oTHocurebHbX ramiotunos (RHDO),
HampuMep, Kak yka3zaHo Bbimie. IIoCKOMbKYy MaTh TeTepO3UroTHa MO KaXAOMYy U3 MEpPBBIX
JIOKYCOB, TO TEPBBIE JIOKYChl COOTBETCTBYIOT ABYM TarujiOTHUIIAM JJisi 00JJACTH FeHOMa MEePBBIX
J0KycoB. OTHOCHUTENbHAS 1032 3THX TaIlUIOTHUIIOB JOJUKHA ObITh 1:1, ecnu oOpaserr ObUT TOJNBKO
or Marepu. OTKJIOHEHHE WJIM OTCYTCTBHE OTKJIOHEHHH OT 3TOTO0 COOTHOLIEHMS] MOKHO
UCIIOJIb30BAaTh IS ONPENENICHUs] TalyioTUIAa IJI0AA, YHACJIEAOBAaHHOTO OT MaTepu (M OT OTLa,
9TO U3JI0:kKeHO Oosiee monpoOHo nanee) Takum oOpasom, s JAHHOW XPOMOCOMBI HITH y4acTKa
XPOMOCOMBI aJIJIeNId, COCTABJISAIOLIME 3TU TaIUIOTUIBI, MOXHO OTBHICKaThb W3 aHAJIUTHYECKHUX
TaHHBIX (HAapUMep, NaHHBIX 110 CEKBEHUPOBAHMIO ), TIOYyUYEeHHBIX Ha craguu 130.

ITockonbKy MHOKECTBO JIOKYCOB IOABEPraeTcsl aHalIU3y U CPABHEHUIO C TaljOTUIIOM
MaTepy, TO MOCJIEAOBATEIbHOCTH MEXAY JOKyCaMH MOXKHO OTHECTH K OIpeAesIeHHOMY
ramoTuny. B 0nHOM BOIUIOLIEHUH, €CJIM HECKOJIBKO JIOKYCOB COOTBETCTBYIOT OINPENEIICHHOMY
TaruIOTHITY, TO MOYKHO 3aKJIIOUNTh, YTO CETMEHTHI MOCJIEA0BATENIbHOCTH MEKAY JIOKYyCaMu OyayT
TaKUMH K€, KaK 1 MaTePUHCKUH rarjioTurn. Benencrsue sBneHNst MEHOTUYECKON peKOMOWHAIIMU
OKOHYATEJIbHBIN TaIlIOTHUII, YHACIEIOBAaHHBIN MJI0OM, MOXKET COCTOATh U3 MO3aUKH “‘CETMEHTOB
raruIoTUIIOB”, TPOUCXOASIIUX U3 OJHON U3 3TUX JIBYX FOMOJIOTMYHBIX XpOMOCOM. Bortomenust
MOTYT BBISIBJISITh TAKYI0 PEKOMOMHALUIO.

Paspermenue, ¢ KOTOPBIM MOJKHO BBISIBUTH TaKyK PEKOMOWHALIMIO, 3aBUCUT OT YUCIA U
pacripeneneHusi FeHeTUYECKIX MapKepoB, KOTopbie ObutH onpenesensl B cocrase JIHK marepu u
OTLA, U OT TOPOra, KOTOPBIH MPUMEHSIETCS B MOCIEAYIOIeM OHOMH(POPMALMOHHOM aHau3e (K
npumepy, merogom SPRT). Hampumep, ecinm cpaBHEHHE CBUAETENBLCTBYET O TOM, YTO YHAc-
JI€OBAHHBIA OT MaTepU aJuleNib MO KaKIOMY M3 MEPBOro Hadopa MOCIIENOBATENbHBIX JIOKYCOB
COOTBETCTBY€T IEPBOMY TalUIOTHUIy, TO MEPBbIM TaljoOTHUIl CYUTAETCS YHACJIEeJOBaHHBIM IIO
NOJIOXKEHUIO B T€HOME, COOTBETCTBYIOINEMY NepBOMYy Habopy jokycoB. Ecmu BTOpOi HabOp
MOCJIEI0BATENbHBIX JIOKYCOB CBUJETENBLCTBYET O TOM, UYTO YHACJI€AOBaH BTOPOW TallJIOTHII, TO
BTOPOM raruloTUI CUUTAETCS YHACIEAOBAHHBIM I10 MOJIOKEHUIO B T'€HOME, COOTBETCTBYIOLIEMY
BTOPOMY HabOpY JIOKYCOB.

B onHOM BOMNOIIEHMH, MOCKOJIbKY IOABEPraeTcs aHajJIu3y MHOXKECTBO JIOKYCOB, TO

ramjioOTHII MOKET ObITh OMpEeaAcCICH C OoJIbIIIEH TOYHOCTBIO. Haan/IMep, CTaTUCTHYCCKHUEC NJaHHBIC
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IUIl OIHUX JIOKYCOB MOTYT U He OBITh PEINAIOLINMH, HO B COYETAHHUH CO CTAaTHCTUYECKUMHU
JaHHBIMU IO APYTUM JIOKyCaM MOXKHO yCTaHOBMTb, KaKOH raruioTHI yHacjenosaH. B apyrom
BOIUIOILEHNN MOXHO TNOJBEPTrHYTh AHAJIM3Y KAaKABIA JIOKYC HE3aBHUCHUMO [Jisl COCTaBJICHMS
KJIacCU(pUKALMK, a 3aTEM INPOAHAIU3UPOBATh 3TH KJIacCU(UKALMH, YTOOBI YCTAHOBUTH, KaKON
raruIOTUIl YHACJIENOBAH AJIs JAHHOI'O Y4acTKa.

B ogHOM BomioLieHUH A ONpeneNeHuss OTHOCUTEIbHOM 03Bl raruioTumna (HarpuMmep,
€CIU OAMH W3 TAIUIOTHIIOB H30BITOYHO MPENCTABJIEH Mepel APYTUM TaruIOTUIIOM) MOXKHO
NPOBECTU CTATHCTUUECKYIO mporenypy. KnaccudukaunonHblii mopor 1Jist 3TOH CTaTUCTUYECKON
NpOLEAYPBl MOKET OBITh YCTAaHOBJIEH B 3aBHCUMOCTH OT (ppakunoHHON koHueHtparmu JIHK
wiona. B obmem, Gonee Boicokas ¢pakumonnast koruentpanus JJHK mioxa no3BossieT 1oCTHYb
nopora npy MEHbIIeM KonudecTBe MoJieKyJ. KiaccudukanroHHbIi OpOr Tak:Ke MOXET ObITh
YCTAHOBJIEH B 3aBUCHMOCTH OT KOJIMYECTBA YCIEIIHO KJIACCU(PHUIUPOBAHHBIX CETrMEHTOB,
KOTOPO€ HY>KHO IOJYy4HTb [10 BCEMY T'€HOMY UJIM OTAEJbHBbIM yUacTKaM FeHOMa.

Obpamasice onsth Kk pur. 1, Ha ctanuu 180 MOKHO MOABEPTHYTh AHAINU3Y T€HOM ILIOAA
Ha MyTauuu. Hanmpumep, BOMJIOLIEHHS] MOKHO HUCIIOJIBb30BATh [ TOMCKA Ha MpeAMeT MyTaLuil,
BBI3BIBAIOIINX T€HETHYECKHE 3a00JIeBaHMs B ONpeAeNeHHOH mnomyJsinuu. [lpumepsr MyTanmi,
KOTOpbIE MOJKHO YCTAHOBHTH C IIOMOLIBIO BOIUIOIIEHWH, MOXXHO HalTh Ha caiire Online
Mendelian Inheritance in Man (www.ncbi.nlm.nih.gov/omim/getmorbid.cgl). 3tu myrauuu
MOKHO ITIOMCKaTh Ha cramusx 140-160 unu B BuUIe OTAEIBHONM CTaAuUM, KaK OIMCAaHO Jajee.
Hanpumep, nouck Ha MyTalUuu B CEMBbSIX, B KOTOPBIX OTel] SIBJISIETCS HOCUTENEM OJHON WU
HECKOJIbKMX MyTalul, OTCYTCTBYIOIIUX Yy MaTe€pPH, MOKHO BECTH IO AHAJIUTUYECKUM JJaHHBIM
(HanpuMep, AaHHBIM 10 CEKBEHHPOBAHHUIO) U3 MATEPUHCKOT0 OMOIOrnueckoro obpasuna.

[ToMHMO BBISIBJICHHsI CYLIECTBYIOIIMX MyTallMi, MOXKHO BECTH MOMCK HA MOJIMMOP(HBIE
TeHETUYECKHE MapKephl, CLEIJIEHHbIE C MyTAaHTHBIM aJUIeJIeM WIH aJjieeM AUKOro THMHa y oTha
win Marepu. Hanpumep, npu ananuze RHDO mosker okasaTbes, 4TO IJIOA yHAacleAoBal OT
MaTepy M3BECTHBIM TAIUIOTHII, KOTOPBIH HECeT MYyTAallMI0, BbI3bIBAOINYI0 3a00JeBaHUE.
Bomtomenust m300peTeHnss Takke MOTYT TNPUMEHSTbCS Ui HEWHBA3WBHOW IMPEHATAJbHOU
IMAarHOCTHKH 3a00JIeBaHUH, BBI3BAHHBIX NEICLUSMH YYaCTKOB XPOMOCOM, HAIpUMEp, IeIeLUun
Southeast Asian, BbI3bIBarOIIel aibha-TanacceMuro. B TOM ciydae, Korga W OTel, W MaThb
SIBIIAIOTCS HOCHUTENSIMU JeNleluy, a IUI0J TOMO3UIOTEeH IO JeNeluH, TO NpU MPOBEAECHUU
MacCHPOBAaHHOTO mapasuienpHoro cekBeHuposanus JIHK u3 minasmel marepu noipkHO HabIro-
JaThCsl CHIDKEHUE 4acToThl nocnenosatenbHocTedl JJHK, npoucxondmux us neneTupoBaHHOTO
y4acTKa B MATEPUHCKOU IJIa3Me.

B. IIpumep

B »TOM pasnene onucaH npumep BoIUIomeHui (Hanpumep, criocoda 100), mpuMeHNMbIX
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K OJHOHYKJIeoTURHOMY nonuMmopdusmy (SNP), mpu kotopom Math rereposurorsa. Amenu SNP
Ha ONHOW M TOM e XpOMOcoMe O00pas3yloT TaIjIoTHII, IPUYEM Y MaTe€pH €CThb FOMOJIOTHYHAs
napa KakAoH XpOMOCOMBI, T.€. ABa ramiotuna. Jlns WUIFOCTpalMu TOrO, KaK BBINOJIHSETCS
TaKOe ONpeesIeHHe, PACCMOTPUM CErMEHT Ha XpOMOCOME 3, HallpuMep, Kak Mokas3aHo Ha ¢wur. 2.

Ha ¢ur. 2 npencrasneHbl ABa ramiotuna Ajisi OTHA M ABA TAIUIOTHUNA AJIST MaTepPH IO
OTIpEeNeIECHHOMY CErMEHTY COOTBETCTBYIOIIETO MM I€HOMHOIO Koaa. BHyTpu 3TOro cermenra
obHapy>xeHo msTh SNP, 10 KOTOpBIM OTel] TOMO3HUIOTEH, & MaTh FeTEPO3UTOTHA TI0 BCEM 5 U3
stux SNP. J/IBe roMmosnornyHbie XpOMOCOMBI OTLIAa UMEIOT OJIMH U TOT ke rariorun (Hap), T.e. A-
G-A-A-G (cBepxy BHU3 Ha ¢wur. 2). JIJis IpOCTOTHI OTLOBCKUE TaruIOTHIIBI HasbiBatoTcss Hap I u
Hap II, yuursiBast, uro 006a OHM HMOEHTHYHBI 10 3ToMy Habopy u3 5 SNP. V matepu oTmeueHbI
nsa ramoruna, a umMeHHo Hap III - A-A-A-G-G u Hap IV — G-G-G-A-A.

B srom mpumepe SNPs moxxkHO nmanee kmaccupuuupoBaTh Ha na Tuma. Ha ¢ur. 3
npencrasieHbl aBa THma SNP cornacHO BOIUIOIIEHUSIM Hactosimero uzobperenus. Tum A
coctouT u3 Takux SNP, y KOTOpBIX pOAMUTENbCKUE aJUIeIM T€ K€, YTO U B MaTEPUHCKOM
rariorune III. Tun B cocrout u3 takux SNP, B KOTOPBIX POAUTENbCKUE AJUIENH T€ XK€, UTO U B
MaTEePUHCKOM ramuiorune IV,

Ot nBa Tuna SNP moryT norpe0oBarth cierka pa3anyHONW MaTeMaTH4eCKOi 00paboTKH.
Tak, mo cuenapuro Tuma A HacjenoaHue ropoM raruoruna III mpusener k U30BITOYHOMN
npexacrasieHHocTy ramwioruna 111 mo orHomenuro k ramoruny IV B MaTepuHckoi miasme (¢ur.
4A). Hanpumep, paccmarpuBasi Asis ynpoueHus Toinbko oguH SNP 410, annens A Hacienyercs
OT OTIIa, a ecyiu oT Marepu Hacienyercst Hap III, To y miona Oyner nBa aniens A B oOpasie, 4To
npuBeneT K u30bITOYHON npexncraBieHHocTH A. Ecnu ke muon yHacnenosan ramiorun IV, To
U30BITOYHASI TIPENCTABIEHHOCTh He OyleT HaOMIoaThCs, TaK KakK IUIOA Toxe Oyner rerepo-
3UTOTHBIM IO A 1 G B 3TOM JIOKyCe.

C npyroii cTopoHbI, MO cLeHapuio Tuna B HacienoBanwe tuiogoMm rarutotumna [II
NpuBEAET K paBHOU mpencrtasiaeHHoCcTH ramjporuna Il u rannotuna IV B MarepuHckoil mnasme
(dur. 4B). Hanpumep, paccmatpusas SNP 420, nacinenosanue G ot otia u A B cocrase Hap 11
NpUBEAET K TOMY, YTO y miofa OynyT pasHble kommuectBa A u G mo SNP 420, coBceM Kak y
matepu. Ecnu ske mon yHacienosan ramiotun [V, Ttorma Oyner HabmomaThcsi M3ObITOYHAS
NPEACTaBICHHOCTD, KaK SIBCTBYET U3 BBIIIENPUBEICHHOTO O0CY KIACHUS.

Ha ¢ur. SA u 5B mpencraeneH aHanu3 MyTeM CPaBHEHUS OTHOCHUTEIBHBIX KOJUYECTB
(Hampumep, BCTpedaeMocTH) (ParMeHTOB MJIsi KaXXIOro JIOKyca W OyAer 1M pe3ysbTaT
CpPaBHEHHUsl O3HAYaTh, UTO OMNPEENICHHBIN ralyIOTUIl HacleAyeTcss Wiu HeT. Jljid 3Toro npumMepa
MOYKHO HCIIOJIB30BaTh JIF0O0E€ MECTO B reHOMe, B KOTOpPOoM ecTb SNP, KOTOpBI COOTBETCTBYET

OJHON M3 3THX KOH(UIypalui I'€HOTUIA V OTLA U MaTepu (Hampumep, CLiEHapuu TUna A HiIu
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tuna B). U3 naHHBIX 10 CEKBEHMPOBAHUIO MATEPUHCKOHN IUIA3MbI MOXKHO COCPEIOTOYUTHCS Ha
TOM, KakOe€ KOJMYECTBO IPOCEKBEHUPOBAHHBIX MOJIEKYJ COOTBETCTBYET OIPEAEIEHHOMY
aemo SNP. MokHo ucnonbp3oBaTh aHaimu3 1o SPRT (unm apyroit mMeTon cCpaBHEHHsI) IJIS
YCTAHOBIIEHHSI HATMUUS KaKOro-inbo anjenpHoro aucoananca mexay stumu amtensvu (Lo YD
et al., Proc Natl Acad Sci USA 2007, 104: 13116-13121).

Ha ¢ur. SA mnpencrasnen amamm3 SNP tunma A. Kak Buamm, mis xaxporo SNP
cpaBHeHue wmetogoM SPRT OTHOCHUTENBHBIX KOJUYECTB (HANpPUMEpP, OMPENesIEeHHBIX IO
BEJIMUMHE pA3feNieHUs]) CO 3HAYEHUEM MOpora OTcedeHust odecreurBaeT kjaccudukaimio. B
OHOM BOIUIOIIEHUH, €CJIU AOCTUTHYT KiaccudukanuoHubiii mopor mis SPRT, To MoxkHO
3aKJIIOUUTh, YTO IUIOJ YyHAcle[oBasl omnpeaeseHHbI MaTepuHckui ramorun. Ilocne atoro
MOKHO 3aHOBO HacCTPOUTH mapameTphl st anamuza SPRT. 3atem MOXXHO mepedTH K aHAIU3Y
cocennero SNP, coorBercTByIOLIEro TpedyemMol KOH(UTYpaLuu reHOTHIA, KaK B HANPaBJICHUU
OT TEeJNIOMEPHl K LIEHTPOMEpPEe, TaK M HA0OOPOT, U MOXKHO HauyumHaTh HOBbIM aHaimm3 SPRT mo
stomy SNP.

C npyroii CTOpOHBIL, B OAHOM BoIuIomeHNH, eciu kinaccudukanmst SNP mo SPRT He Opuna
IOCTHTHYTa, TO MOXHO OISATh ke mnepeiith k cocenHemy SNP anajmormuHbM 00pasom, 3a
UCKJIFOYEHHEM TOro, 4to Oaymbl s crnenyromero SNP MokHO 100aBUTE K MpenplAyLIEMy, a
3aTeM CHOBa nposecTu aHaiu3 no SPRT. DTor npouecc MOKeT MpoAOKATECS 10 TEX MOP, MOKa
He OyneT JoCTUrHyT KiaccudukaionHelil nopor. Ha ¢ur. SA u ¢ur. 5B npeacrasieno ucnon-
HEHHe 3TOro mpouecca sl aHaiau3oB Tuna A u tuna B. B ogHOM BomomeHuu Bce Kiaccu-
duKaLMy aHANTM3UPYIOTCS BMECTE ISl MOJYYEHHs] MTOTOBOH KiACCU(PUKALMU IS yYacTKa.
Hanpumep, ecnu nonyuena kimaccuduxanus anst nepBod rpynmbl SNP um s cnepyromeit
rpymmnel SNP, To MOJKHO CpaBHUTH 00€ KilacCu(pUKALUH, YTOOBI y3HATh, COTJIACYIOTCS JIU OHH.

Ha ¢ur. 6 npencrasien 3pexT M3MEHEHUs] OTHOLIEHHSI BEPOSTHOCTEH MpH Kiaccudu-
kauuu o SPRT (Zhou W et al., Nat Biotechnol 2001, 19:78-81; Karoui NE et al., Statist Med
2006, 25:3124-33). B oOmeM, MeHbllee OTHOIIEHHE BEPOSTHOCTEN JUIsl KJIACCHU(UKALIUY,
Harpumep, 8, MOXeT o0JerdyuTh npoeeaeHue kiaaccupukauuu. [Ipu 3TOM MOXKET YBEIUYUTHCS
KOJINYECTBO KJIACCU(PUIIMPOBAHHBIX YYaCTKOB BHYTpH reHoma. ONHaKO CleAyeT OKUAAThb, YTO
HEKOTOpBIE U3 TAKHX YYacCTKOB OyIyT KiacCU(pHUIHMPOBaHbI HenpaBuibHO. C Ipyroil CTOPOHBI,
npu OONbIIEM OTHOLIEHWW BEPOSTHOCTEH s kiaccupukanwu, Hampumep, 1200,
KJaccuuKanusi CTaHeT BO3MOXKHOH TOJBKO MpU ouleHke Oosbinero uyucia SNP. Ilpu stom
MOYET YMEHBIINTHCS KOJMUYECTBO KJIACCU(UIIMPOBAHHBIX y4aCTKOB BHYTpU reHoma. Cremyer
OKHJIaTh, YTO KOJWYECTBO U JOJsI HENPAaBUJIBHO KJIACCH()HLIMPOBAHHBIX YYaCTKOB OyneT
MEHBIIIE 10 CPABHEHHUIO C UCIOJIb30BAHNEM MEHBLIETO KJIACCH(UKALIMOHHOTO MOPOra.

B OJHOM BOIUIOIICHHUH Knaccm(bmcauym 3aCHUTBIBACTCA TOJIBKO B TOM CJiyda€, €CJIk ABE
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nocnenosatenbHele kinaccupukanun no SPRT naroT oguH U TOT e ramiotun (4TO0 UMEHYETCs
AJITOPUTMOM “ZIBYX IOCJIEOBATENIbHBIX OJIOKOB”). B ogHOM acmekTe airoputm “mByX Mociieno-
BaTEJbHBIX OJIOKOB” MOJXKET MOBBICHTH TOYHOCTb KJIACCUPUKALMU. B HEKOTOPBHIX BOIUIOIIEHHSIX,
Ui TIOOBIX OTPE3KOB IMOCJIENOBATEIbHOCTH, CHa4dana MOKET BBIMONHATHCA aHanmu3 SPRT ms
SNP Ttuma A, a 3arem mnposoaurcs npyroi aHaan3z SPRT nmns SNP tuna B. B omHOM
BOILIOILEHUH NPEAYCMOTPEH CLEHApUN AJIsl TAKUX OTPE3KOB IMOCJIEAOBATEIBbHOCTH, B KOTOPBIX
SNP tuna A u tuna B oOpasyroT aBe mepeMeskaroiuecs: rpyIinbl TeHETUYECKUX OPUEHTHPOB
(manpumep, SNP). B BomIoOmeHHAX ¢ MPUMEHEHHEM aJropuTMa “ABYX MOCIENOBATEIbHBIX
6510k0B” 3TH J1Ba OJIOKA MOTYT OBITh PA3JIMYHOTO THIIA.

Pesynpratel ananmuza SPRT nng tuma A u tuna B crienyer mposepuTh Ha cornaco-
BAHHOCTh MJIM HECOTJIACOBAHHOCTb PE3YJIBTATOB KiacCHpUKarmu. J{JIs1 MOBBIIIEHUS TOYHOCTH
KjnaccuuKanuu B OAHOM BOIUIOMIEHUH (“TIepeMeKarouuiicss moaxon’) Kiaccuukarus
3aCUUTBIBAETCA TOJILKO B TOM Cjyd4ae, eciu aHainu3 Tuna A u tuna B nans gaHHOro yuactka
reHoMa JlaeT HeNpOoTHUBOpeuuBble pe3ysbTaTel. Eciu 5Ty 1Ba aHanu3a Jar0T NMPOTUBOPEUUBBIE
pe3yNbTaThl, TO HY)XHO IPOBEPUTH PE3YJBTaThl KJIACCH(YUKALUU ABYX CMEKHBIX YYacCTKOB,
CJIENYIOIINX 33 3TUM, OJJHOTO CO CTOPOHBI LIEHTPOMEPBI U APYTOro CO CTOPOHBI TenoMephl. Eciu
5TH JIBA CMEKHBIX Y4YacTKa AAl0T HENIPOTUBOPEUUBBIE PE3YJbTATHI, TO MEPBbII Y4aCTOK MOXXHO
KJIacCU(pUIMPOBATh KaK UMEIOIIUI OAMHAKOBBIN rarioTUII C STUMHU ABYMs yuacTkamu. Eciu sxe
IBa CMEXHbIX y4acTKa HE€ HAar0T HENPOTHUBOPEYMBBIE PE3yJbTATbl, TO MOXHO MEPEUTH K
CJIEAYIOLIMM JABYM CMEKHBIM y4acTKaM, IOKa He OyneT HaOmoaaThes COriacoBaHHOCTb. OnuH
U3 BAPUAHTOB HTOI TEMbI COCTOUT B TOM, YTOOBI MPOJBUTaThCS TOJIBKO B OJHOM HAIIPABJICHUH U
NPUHUMATh PE3YJIbTaThl KJIACCU(UKAIMU CIENYIOMUX OJHOTO, IBYX MM K€ HECKOJBKUX
CMEKHBIX YYaCTKOB 3a Pe3yJIbTaThl UCXOAHOTO paccMaTpuBaeMoro ydactka. OOmmii mpuHLHUI
3aKJIIOYAETCS B TOM, YTOOBI HMCIOJB30BATH PE3YJIbTaThl KJIACCH(PHKALMUA CMEXHBIX YYaCTKOB
T€HOMa JJIsl IPOBEPKH PE3YJIbTATOB KIACCU(PUKALIH JAHHOTO YUaCTKA.

III. OnpeaeneHue OTHOBCKHX aJlJIejeld, YHACJIEAOBAHHBIX IJI00M

Ha ¢ur. 7 npencraBnena Ojok-cxema criocoba omnpenenenusi 700 mo MeHbIIed Mepe
YaCTH T'€HOMA, YHACJIEJOBAHHON OT OTIIA, y €Ille He POXKIEHHOro Iuioia OepeMeHHOH JKEeHIIUHBL
Crnocobom 700 mpoBomuTcss aHanmu3 MOJEKyd ((PpparMEeHTOB) HYKJIEWHOBOH KHCJIOTBHI W3
Ouonornueckoro o0pasia, B3TOrO y OepeMEeHHOH JKEHIIUHBI, JAJIs ONpPEeNIeHHsI TeHOMa TUIOJA.
OO6pazen conep>KUT CMeCh HYKJIEMHOBBIX KUCJIOT MaTepH | IJIOAA.

Ha craguu 710 mpoBoauTCsi aHaIu3 KaKIOH W3 MHOXKECTBA MOJIEKYJ HYKJIEHHOBBIX
KUCJIOT U3 OMONIOTHYeCKOro odpasua AJisl ONpeneeHns JOKAJIN3alui MOJIEKYJIbl HyKJIEHMHOBON
KUCJIOTBI B T€HOME YeJOBeKa U OINpeAeNieHUs ajlebHOrO THUIA MOJIEKYJbl HYKJIEHHOBOMU

KUCJIOTHL. Takum o6pa30M, B OAHOM BOIUIOIICHUN MOXHO ONPEACTIUTL T'€CHOTUIIBI MOJICKYIJI
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HYKJICHHOBOW KHCJIOTHI B OTPEIeNIEHHOM MecTe (JIoKyce). Jlist Toro aHanmmsa MOKHO IPUMEHSITh
7r00bIe CIOCOOBI, OMUCAHHBIE BBIIIE H MO TEKCTY.

Ha craguun 720 onpenensieTcsi mepBOoe€ MHOXKECTBO JIOKYCOB, MO KOTOPBIM OTLIOBCKUI
T€HOM TeTepO3UrOTeH, a MATEPUHCKUI I€HOM TI'OMO3UIOTeH. B OJHOM BOILIOLIEHUH NEpPBOE
MHOJKECTBO JIOKYCOB MOJIy4YarOT MyTEM ONpPENEIeHUs OTLOBCKOIO U MATEPUHCKOTO I'€HOMOB.
OTH reHOMBI MOKHO ITPOBEPUTDH Ha FEHOMHBIE JIOKYCBI, TI0 KOTOPBIM OT€Ll T'€TEPO3UTOTEH, a MaTh
TOMO3UTOTHA.

Ha craguu 730 onpenensieTcst ranjoTHIl, YHACIEAOBAHHBIN €le He POXKAEHHBIM IIJI0I0OM
OT OTLa B TOM YacTHU I'eHOMa, KOTOpasi OXBauyeHa IEepPBbIM MHOXECTBOM JIOKYCOB, HCXOIs U3
YCTaHOBJIEHHBIX TE€HOTUIIOB IO MEPBOMY MHOKECTBY JIOKYCOB. B OIHOM BOMIOLIEHHH U3
AHAUTUYECKNX JaHHBIX (HAMPUMEpP, AAHHBIX IO CEKBEHHUPOBAHHMIO) MO KAXKIOMY H3 3THX
JIOKyCOB OINpeAeNseTcs ajulellb, KOTOpbIM NpPEeACTaBleH y OTLAa, HO OTCYTCTBYeT B T'€HOME
marepu. KomOuHamms stux ajuienel Oyaer ykasblBaTh HA FATUIOTHUITBI XPOMOCOM, KOTOPBIE TIIOA
yHacJe0Ball OT OTLA.

B npyrom BomioleHun, eciii U3BECTHBI FAIUIOTUIIBI KAKAOW U3 XPOMOCOM MJIM MCKOMBIX
y4acTKOB XPOMOCOM B T'€HOME OTLIA, TO MOKHO OIpeNeNnTh, 1€ BO BPEMsl CIIEpMAaTOreHe3a y
OTL[a MpOM30LLIa MeHWoTndeckass pekomOuHanmsa. Tak, melorndeckas peKOMOMHAIMS y OTLA
oTMevaeTcs torga, korga ramiorun orpeska JAHK B yHacnenoBaHHONM OT OTHAa XpOMOCOME
OTJIMYAETCS MEXY IUIOOM M OTHOM. Brimtouenue Takoi nHpopManuu o peKOMOMHALIMN MOKET
OBITH MOJIE3HBIM NPH HCIIOJNB30BAHIH AHAJIUTUYECKUX JaHHBIX (HAIPUMeEp, JaHHBIX MO CEKBEHU-
POBAaHUIO) U TPEHATAJIBHOH AMArHOCTUKU T€HETHMYeCKMX 3a00JeBaHMi 10 CLEIUICHHIO C
reHeTHYECKUMH OIUMOpdr3Mamu.

IV.  Oren u MaTh reTepo3UroTHbHI HA y4aCTKe reHOMa

Bomnomenus npenycMaTpuBaroT CLIEHAPHi, MPU KOTOPOM OTELl U MaThb reTePO3UTOTHBI
Ha y4acTKe reHOMa. DTOT CIEHAapUil MOXKET ObITh OCOOCHHO BaXKHBIM JJISI CEMEH, B KOTOPBIX
OTell ¥ MaTh SIBJIAIOTCS OJIM3KMMM POACTBEHHUKAMH, a TaKke Korja 3aboieBaHue CBsI3aHO C
npeoOnanaromeil MyTauueil BCiaeacTBre CHiibHOro 3¢ddexra mpenka-ocHoBarens. [lpu Takmx
OOCTOSITENBCTBAX CIIEAYET OKUAATh, YTO €CIM OTell M MaTh elle He POXIEHHOTO IUIona
SIBIIAIOTCA HOCUTENSIMM MYyTAaHTHOTO T€HAa, TO TalIOTUI XPOMOCOMBI, HECylleil MYyTaHTHYIO
KOMMIO TeHa, OyJOeT NpakTU4YeCKH HWIEHTHYHBIM, 32 HCKIIOUYEHHEM CIIy4yaeB MeHOTHYeCKOH
pexomOuHaruu. Takoil THIT aHANINM3a MOXKET OKAa3aThCsl OCOOEHHO IMOJIE3HBIM IMPH ay TOCOMHBIX
peLecCHBHBIX 3a00JIEBAHMSAX, TAKMX KaK KUCTO3HBIA (nOpo3, Oera-Tanaccemmusi, CEPIIOBHIHO-
KJIETOUHAsi aHeMUs1 M OoJe3Hb remMoraoonsa E.

Ha ¢ur. 8 npencrasnena Onok-cxema criocoba ompenenenust 800 mo MeHblIel Mmepe

HaCTHU IreHOMa €LI€ HE POXACHHOIO IJIOAAa Ha y4aCTKE, B KOTOPOM OTECL U MATh I'€TCPO3UTOTHDBI
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COTJIACHO BOIUIOIIEHUSIM HACTOSALIETO H300pETeHUsI.

Ha craguu 810 onpenensercs: nepBoe MHOXKECTBO JIOKYCOB, IO KOTOPBIM U OTEL], U MaTb
reTepO3UTrOTHBL. B OIHOM BOIUIOIIEHHM IIEPBbIE JIOKYChl MOXKHO OIPENENUTh JIOOBIM W3
NPUBEAEHHBIX 37ech criocoboB. Hampumep, MOXXHO NMPOCEKBEHUPOBATh BECh OTLOBCKHMH IM€HOM
WIH ero y4acTKH JIMOO T'€HOTUIHPOBATH PA3JIMYHbIE YaCTH JUIS BBIIBJICHUS MEPBBIX JIOKYCOB.
IIpy 3TOM CTaHYT W3BECTHBI KaKAbIM M3 ABYX OTLIOBCKMX U KAXKIBIH M3 ABYX MaTEPUHCKHUX
FafjIOTUIIOB MO NEPBOMY MHOXKECTBY JIOKYCOB.

B kauecTBe mpumepa Ha ur. 9 mpeAcTaBIeHbI TAIUIOTHIIBI OTLA U MaTepH, KOTOpbIe 00a
TeTEepO3UTOTHBI Ha OINpENeNIeHHOM yuacTke reHoma. Kak Bumum, oba pomutens comepikaT
MyTaHTHBIH T'eH (ayutenb) Ha yuacTke 1. B wactnoctn, Hap I orna u Hap III matepu comepskat
MyTaHTHbIH reH. Takke BHIHO, YTO M OTeL, U MaTb MOTYT COAEpPXkaTb JPYIYyI KOIHIO
XPOMOCOMBI, HECYIIYK) KOMUIO reHa aukoro tuna. B wactnoctu, Hap II orua u Hap IV marepu
cofiep KaT TeH QUKOro Tuma. Takum oOpa3oM, 3TOT MpPUMeEpP OTHOCHTCS K ONPEAENIEHHIO TOro,
YHaCJIe€A0BAJI JIU IJIOA MYTAaHTHBIA FeH. XpOMOCOMBI OT OTL[A U MaTepHu, HECylIUe I'eH AUKOIo
TUIA, UMEIOT OJWHAKOBBIN ralIOTHUI B HEMOCPEACTBEHHOW OJIM30CTU OT reHa, HO MOTYT UMETh
pa3HbIe TrarioTUIIBl Ha OoblIeM ynajeHuu oT reHa. [IocKombKy 3Ta XpoMocoMa CKOpee BCEro
NPOUCXOAUT OT PA3JIMYHBIX NMPENKOB, TO OHA BPSAA JIM OyJeT WUMEeTh WACHTUYHBIE TarIOTHUITBI
MEXAY OTLIOM U MaTEPBIO 10 BCEU JIIMHE XPOMOCOMBI.

Ha craguu 820 ompepensercss BTOPOE MHOKECTBO JIOKYCOB, IIO KOTOPBIM OTeL|
reTepO3UroTeH, a MaTb IOMO3UrotHa. Kak BHAUM, NEPBOE U BTOPOE MHOXKECTBO JIOKYCOB
HaXOASATCS Ha OJHOM M TOM ke xpoMmocoMme. Ha ydactke 2 npencraBiieHbl TaKUe BTOPBIE JIOKYCHI.
Vuactok 2 BbIOMpaercs TakuM 00pa3oM, 4TOOBI OTel ObUl reTepO3UrOTeH IO OJHOMY HJIH
HeckobkUM SNP Ha 3TOM y4acTke, a MaTh Obljla TOMO3UTOTHA HA 3TOM y4acTKe.

Ha cranuu 830 npoBoaurcs aHanu3 pparMeHTOB U3 o0pasia OepeMeHHOH KEHIUHBI IJIs
YCTAaHOBJICHUS JIOKAJIW3allMM B T€HOME 4eJIOBEeKa M reHotuna. Jlokanusauus MOXKET HUCIOJNb30-
BaThCS Uil ONPENENICHUs] TOro, 4To (parMeHT (MOJEKyjia HYKJIEHHOBOW KHCJIOThI) BKJIIOUAET
OJIMH WJIM HECKOJIBKO MEPBBIX JIOKYCOB JIMOO OJMH MJIM HECKOJIBKO BTOPBIX JIOKYCOB. 3aTeM 3Ta
uH(pOpMALIUST MOXKET UCTIOIB30BATHCS ISl ONPENENICHHUs ralIOTHIIA, YHACIEAOBAHHOTO OT OTLA,
Y TaIuIOTUIA, YHACIEAOBAHHOIO OT MaTEPH.

Ha craguu 840 ompenensercs, Kakod H3 JABYX POIUTENBCKUX TaIUIOTHIIOB ObLI
YHACJ€IOBaH IUIOAOM, IyTE€M AaHajiu3a YCTAHOBJICHHBIX TI'€HOTUIIOB MHOXECTBA MOJIEKYJI
HYKJIEMHOBOW KHCJIOTBI M3 OMONIOrHYecKoro obpasia xots Obl IO OIHOMY M3 BTOPBIX JIOKYCOB.
Hanpumep, MoxHO nposecTu nouck amieneid SNP, mpencTaBieHHbIX UCKIIOUUTEIbHO B FEHOME
OTILIa, HO OTCYTCTBYIOIMX B F€HOMe MaTepu, Kak-To ajyens T, o6o3HaueHHOro ~, U anmiens A,

0603HaueHHOro © Ha ur. 9, U3 AHAIUTHYECKUX NAHHBIX (HAPUMED, JIOKAJIU3AIUN U T€HOTHIIA,



29

yCTaHOBIIEHHBIX Ha ctaauu 710) marepuHckoro Ouonormdeckoro odpasma. Tak ke, Kak 3TO
nenaetcs B criocobe 700, eciu B MaTEPHHCKOI IiasMe BhIsBiseTcs amiens T, 0003HaueHHbIH
TO 3TO 3HAYHT, YTO IUIOAOM OT oTua yHacienosaH ramiorun II (Hap II). HaoGopot, ecnu B
MaTEPUHCKON TIJTa3Me OTPENENSeTCs ajieb A, 0D03HAYEHHbIH *, TO 3TO O3HAYAET, YTO MJIOAOM
oT otua yHacaenosaH Hap L.

Ha cragun 850 mpoBoauTCs CpaBHEHHE OTHOCHUTEIBHBIX KOJIMYECTB YCTAHOBJICHHBIX
T€HOTHUIIOB MOJIEKYJI HYKJIEHHOBOW KHCJOTBHI MO 0oJjiee 4YeM OJHOMY W3 MEPBOrO MHOMKECTBA
JIOKyCOB. B OTHOM BOIUIOIIEHHWH CyMMHPYIOT KOJIMYEeCTBa IO BCEM JIOKyCaM M CPaBHHUBAIOT
OTHOCHUTEJIbHBbIE KOJMYECTBA MATEPUHCKUX raruioTUNoB. OTHOCUTEIbHBIE KOJIMYECTBA MOTYT
O3Ha4YaTh BCTPEUYAEMOCTh, PACTIPEEIICHUE M0 Pa3MepaM U JIoOble IpyTrue MapaMmeTphl, JA0IUe
UH(POPMALIUIO O TOM, KaKOW T'€HOTHIT MPEICTABJIEH B T€HOME IIIOJA 1O OMPEAEIICHHOMY JIOKYCY.

Ha cragum 860, mucxoas w3 TOro, Kakoil ramjioTUIl YHACJA€AOBaH IUJIOAOM OT OTLA, U
UCXOJsl U3 CPABHEHHUs OTHOCHUTEJIbHBIX KOJMUYECTB, ONpEeNsieTcs TalljIoTUIl, YHACleA0BaHHbIH
elle He POXIEHHBIM IUIOIOM OT MaTepu B TOH 4YacTH I€HOMa, KOTOpas OXBauye€Ha IEePBBbIM
MHO>KECTBOM JIOKyCOB. Tak, A5 ompeseneHus Toro, Kakoil U3 AByX MAaTEpUHCKUX TalljOTUIIOB
yHacienoBaH rmionom, nposoautcs ananun3 RHDO (Hanpumep, kak ommcano Bbime) SNP Ha
ydacTke 1 MO aHAJIUTHYECKUX MAHHBIM MAaTEPUHCKOro OHMOJIOrHYecKoro odpasua, ¢ y4eToM
OTLIOBCKOT'O TaIjIOTUIA, YHACJIEJOBAHHOIO IUIOAOM HAa yd4acTke 2. B OJHOM BOIJIOLIEHUU
NPEATOoNaraeTcs, YTo MeXAY y4dacTkamu 1 u 2 He ObUIO peKOMOMHAILMM MPU MEPEeXOAe 3THX
y4aCTKOB OT pOJUTENEH K IIJIOAY.

Hanpumep, paccMOTpuUM CLEHapHid, KOTAa MPpU aHAJIN3e y4acTka 2 ObUIO YCTaHOBIIEHO,
yro mion yHacienosan Hap I or orua. Torma nacnemosanme mmomom Hap III (xotopsiit
unentryeH Hap I Ha yuactke 1) ot MmaTepu npusezer k n30bITouHO# npencrasienHocta Hap 111
otHocutenbHO Hap IV B matepunckoii mnasme. HaoGopor, ecnu tion yHacnenosan Hap IV ot
MaTepH, TO B MAaTEPUHCKOW Miazme Oyaer HaOmonaTbes paBHas npeacrasienHocts Hap 111 u
Hap IV.

B kauectBe npyroro mpumepa pacCMOTPUM CLIEHAapuil, KOT[a NpU aHalIU3€ ydacTka 2
ObLIO ycTaHOBNIEHO, 4To ion yHachenosaid Hap II ot orua. Torna HacnenoBanue mmiogom Hap
IV (xotopsrit noertndaen Hap II Ha ydactke 1) oT Marepu npuBeneT K M30BITOUHONW MpPENCTaB-
nenHoctu Hap IV otaocurensrHo Hap III B marepunckoii mnasme. HaobGopor, ecnm mon
yHacnenosan Hap III or marepw, TO B MaTepUHCKOH IJia3Me OyaeT HaOMONaTbCs paBHAs
npenacrasaeHHocTs Hap III u Hap IV.

B npenpinymux pasgenax, Mbl BBIBOAWIN '€HOM IJI0AA M (PPAKIUOHHYIO KOHIIEHTPALIUIO
JHK nnona, ucnons3ys AaHHBIE, NOJMy4YeHHble npu cexseHupoanuu JIHK wu3 marepuHckon

IIa3Mbl, a Takke HMH(POpPMAIMIO O TIeHOTUne poaurtesned mioxa. B cnenyromux paspenax
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OIMCaHbl BOIUIOLICHHUS Uil BbiBeneHUs GppakunonHoi koHueHtpannu JIHK muona u renorumna
iona 6e3 mpeaBapuTeNbHOW HHPOPMALIMK O T€HOTUIIAX/TaIIOTUIIAX MAaTEPU U OTIIA.

V. Onpenenenue ¢ppaxkuuonHoi koHueHTpauuun JAHK nioaa

B HeKOTOpBIX BOIUIOLIEHUAX HEOOA3aTeNbHOM CTanueill sABIAETCS ONpeneseHue
¢dpakuronnoit konuentpauun JHK muoma. B pasnmyHbIX acmekTax 3Ta  (pakLUOHHAS
KOHLEHTPALIMsI MOXET ONpenensiTh o00beM aHaiau3a (Hampumep, HEOOXOOUMBbIH 00BbeM
CEeKBEHHUPOBAHUS) WM OINpPEAeNsATh TOYHOCTb aHalu3a /JI JaHHOTO KOJIMYEeCTBa JaHHBIX
(HampuMep, TOJHOTY OXBara MOCIENOBaTeNbHOCTH reHoma). Omnpenenenue (HpakMOHHON
koHueHtpauuu JIHK miona moxker nmpuMeHSTBCS U 711 ONpeAeNeHus peena OTCeUeHus Mmpu
KJIaCCU(UKALIH TOTO, KAKOH raryIOTUI U/UJIM TeHOTHIT HACIeTy €TCS.

B onHom Bomomenuu (pakuuonnast koHnenrpaus JIHK miona onpenensercs mytem
U3BJICUCHHs AHAIUTUYECKUX NAHHBIX (HAampumep, MoyiyudeHHbIX Ha craguu 140 u 710) nmos
JIOKYCOB, 110 KOTOPbIM U OTell, U MaTb FTOMO3UIOTHBI, HO C Pa3jMYHbIMU anessiMu. Hampumep,
st SNP ¢ neywms amtensimu, A u G, y otua Mmoxet ObiTh AA, a 'y marepu GG, u Haobopor. I1o
TaKUM JIOKycaM Iutox OynerT oOmuraTHOH reTepo3urotoil. B BelIEnpuUBENEHHOM mNpuUMepe y
wiona Oyner reHotun AG, a momst ajutenisi A B MaTepUHCKOM 00pasiie MOXKET HCIIOIb30BAThCS
s onpenenenust ¢ppakuponHo koHuentpanuu JHK moma. B apyrom Boruiomennu uist
ompefesneHusl JOKyca, MO KOTOPOMY MaThb TOMO3WUIOTHA, a IUIOA TI€TE€PO3UTOTEH, MOXKET
NPOBOANTHCS CTAaTUCTHUECKUH aHanu3. IIpu 3Tom He TpebyeTcst Hukakoi HHGOPMaLH O FeHOMe
MaTepU WK FeHOME OTLA.

B kauecTBe ajbTEpHATHUBBI M3BJICUEHHIO AHAIUTHYECKMX JAHHBIX (PAKLUOHHYIO
xoHueHrpauuro JJHK nioga takske MOXKHO ONpeneauTh NpU MOMOLIU APYroro NoAxXoAa, Kak-To
metrogom [P, uuppossiM Meromom I[P wnm MeTomoM Ha OCHOBE MAacCC-CIIEKTPOMETPHH,
UCTIONB3YSl KOMIUIEKT nosuMopdHbix reHerndeckux mapkepo (Lun FMF et al., Clin Chem
2008, 54: 1664-1672). [Ipyroii ambTepHATUBOH SIBJISIETCS UCTIONB30BAHUE OTHOTO WJIM HECKOJb-
KHUX M€HOMHBIX JIOKYCOB, oTinyaroumxcs no merunruposanuto JJHK mexay monom u matepbro
(Poon LLM et al., Clin Chem 2002, 48: 35-41; Chan KCA et al., Clin Chem 2006, 52: 2211-
2218; US Patent 6,927,028). Eme onHO# albTepHATHBOMN SIBJISIETCS] UCTIOJNB30BAHUE MPHUOJIH3U-
TenbHOU (ppakimonHoN koHIeHTparuu JIHK ruiona, onpeneneHHON B KOHTPOJIBHON MOy JISILIUH,
HanpuMep, NMpPU aHAJOTMYHOM TeCTALMOHHOM Bo3pacte. OmHAKO, MOCKONBKY (pakLHMOHHAS
xkoHuenTpauust JIHK mnoga moker orimyarses oT obpasma k o0pasiy, MOKHO OXKHIATh, YTO
3TOT MOCJIEAHUN oAXO0 OyIeT MeHee TOYHBIM, YeM IPU U3MEPEHNH KOHIIEHTPALIUH CIIEIIHAIbHO
1T TECTUPYeMOoro odpasua.

A. Onpenenenue ppakuMOHHON KOHIEHTPALHHU Y 00JIMTATHBIX reTePO3UIoT

B Ttex BOIUIOMICHUAX, B KOTOPBIX TIIIOA SABJISACTCA 0OJIMraTHOM FeTepOBHFOTOﬁ, MOXXHO
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omnpenenuth (¢pakuuoHHy0 KoHueHTpaumio JIHK mioma, wcmone3yst cruenyromue cepuu
pac4eToB (HampuMep, MPU MAaCCUPOBAHHOM MapajuieIbHOM cekBeHupoBaHun). [Iycts p o3HavaeT
KOJIMUECTBO aJUleNisl y TUIOAA, KOTOPBI OTCYTCTBYET B MaTepUHCKOM reHome. Ilycts g o3Hauaer
KOJIMYECTBO PYroro ajuless, a UMEHHO ajieNs, KOTOPbI €CTb B F€HOME U MaTepH, U IUIOJA.
®paxunonHas koHueHTpauus JJHK nnona 3anaercs cieayromuM ypaBHEHUEM:

2p
p+q

B onHOM BOMUIOIIEHHMH TakKoe BBIYHCIEHHE IPOBOAUTCS HA COBOKYIHBIX JAHHBIX [0 BCEM
NOJUMOP(HBIM TE€HETUYECKHM JIOKYCaM WJIM TOJUMOP(HBIM T'€HETHYECKUM MpPU3HAKAM,
COOTBETCTBYIOLIUM KOH(PUTYpaLMl POAMTENbCKUX TeHOTHIOB (HampuMmep, o0a pOoIauTes
TOMO3UTOTHBI, HO 10 Pa3JIMYHBIM AJUIETISIM).

B. Onpenenenue no uHpopmaTuBHbIM SNP

@pakiuonHyro koHneHtpauno JIHK mioga Takke MOXKHO ONpenenuThb Ui JIF0O0TOo
JIOKyca, MO0 KOTOPOMY MaTh I'OMO3MIOTHA, & IUIOJ TNeTEpPO3UrOTEH, a He TOJbKO KOrja MaTh
TOMO3WUIOTHA TO OJHOMY aJUIENIO, a OTEL[ FOMO3UIOTeH Mo apyromy ajemo. Oba cnocoba
NpeyCMaTPUBAIOT, YTO JIOKYC SIBJIsIeTCs MH(pOpMaTUBHbIM. TepMuH “mHpOpMaTuBHBIN SNP”
MOXET NMPUMEHSTHCS B PA3HBIX KOHTEKCTAX B 3aBUCUMOCTH OT TOTO, Kakasl Hy>kKHa HHpopmauus.
B onHOM KOHTEKCTE 3TO MH(pOpPMALHs 00 anjene B T€HOME IUIOAA B ONPENENIEHHOM JIOKyCe, B
KOTOPOM ajjielb He MpEeACTaBleH B MaTepuHCKOM reHome. Tak, monMHoxkectBo SNP, 1o
KOTOPbIM MaThb IOMO3UTOTHA, a IJIOJ TeTePO3UIOTEH, MOXKHO Ha3bIBaTh ‘“UH(POPMATHBHBIMU
SNP” B xonrekcre omnpenenenus: konueHnrpauun JJHK mmona. Cnydau, korma U MaTh, U IUIOL
I€TePO3UTOTHBI, HO OTJIMYAIOTCS XOTS OBl IO OAHOMY AJUIENIIO, TAKXK€ MOTYT HCIIOJIb30BATHCS B
kauectBe uH(popmaTuBHBIX SNP. OpHako TpuamnenbHbie SNP OTHOCHTENBHO PENKO BCTpe-
Yar0TCsl B TEHOME.

Ha ¢ur. 10 npencraBnena Onok-cxema crocoba ompenenerust 1000 ¢pakHOHHOM
KOHLIEHTPALIMH MaTepuaia Iuiozia B MAaTEPUHCKOM 00pasLie COrJIaCHO BOIUIOMICHUSIM HACTOSIIIETO
u3o0perenns. Ha cragum 1010 ¢parments! u3 obpasua OepeMeHHON JKEHIIMHBI MTOJIBEPTarOTCsI
aHAJM3y JJIs1 YCTAHOBJICHMS JIOKAJIM3ALMM B IE€HOME 4YEJIOBEKAa M THIA ajuielied (YTO MOXKET
NPUBECTH K ONPEACTICHUI0 I€HOTHIA Ha 3TOM yd4acTke). B omHOM Bomuomennu (parMeHTsI
MOJIBEPTal0OTCs aHAJIM3Y MyTEM CEKBEHUPOBAHMsI MHOXKECTBA MOJIEKYJl HYKJI€MHOBOM KUCJIOTBI U3
Ouosormueckoro odpasua, B3sITOro y OepeMEeHHOU SKeHIIUHBL B IPyrux BOIUIOMIEHUSX MOXKET
npumensTbes TILP B peanpHOM Bpemenn nin udposoii merox ITLP.

Ha craguu 1020 onpenensercsi, 4TO OAUH WIM HECKOJBKO MEPBBIX JOKYCOB SIBJISIFOTCS
uH(pOpMaTUBHBIMH. B HEKOTOPBIX BOIUIOLIEHHAX MATEPUHCKUH T'€HOM T'OMO3HIOTEH, HO B

oOpasie nmo HMHOOPMATHUBHOMY JIOKYCY BBISIBJISIETCS HE MATepUHCKUN aienb. B ogHOM
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BOIUIOIEHNN T€HOM IIOa MEeTepO3UTOTEH 0 BCEM MEPBBIM JIOKyCaM, & MAaTEPUHCKUI M€HOM
rOMO3UTOTEH MO BCEM MEPBBIM JIOKycaM. Hampumep, B OIHOM IepBOM JIOKyC€ I'€HOM IUIOAa
MOXET COAep>KaTh MEePBBIA U BTOPOH amnenu (Hanpumep, TA), a MaTepUHCKUN T€HOM MOXKET
COZIep KaTh J1Ba COOTBETCTBYIOLIMX BTOPBIX ajuiens (Harmpumep, AA) B nepBoM Jokyce. OnHako
TaKue JIOKyCbl MOTYT U He ObIThb 3apaHee WU3BECTHBI, HANPHMEp, B CUTYaLMsX, KOrJa IUIO] He
SIBJISIETCSI OOJIMTaTHOM reTepO3UrOTOM.

B oxgHOM BOIIIOIIEHHY IS OTnpeesieHus] HHPOPMATHBHOTO JIOKYCa PacCCMATPUBAIOTCS TE
SNP, mo koropbiM MaTh romo3urotHa. [lo rem SNP, mo KOTOphIM MaThb FOMO3WTOTHA, ILIOX
Oynetr nmubO rOMO3UIOTEH MO TOMY JKe ajuieNiro, Jjubdo rereposuroreH. Hampumep, ecnu SNP
nojumopden o A u T, a y marepu renorun AA, To y tiona Oyaer reHorun AA wiu TA. B
3TOM cily4ae Hajmuue auiens T B oOpaslie MaTepUHCKOW IJIa3Mbl O3HAYAET, YTO Yy TUIofa Oyaer
reHotun TA, a He AA. Hekoropble BOIUIOIIEHUSI HalleJI€Hbl HA TO, B KAKOH CTENEeHU Haludue
annenst T o3Hauaer reHotun TA myTeM BBMHUCICHUS HEOOXOOMMOrO IMpenesa OTCEYSHHUs, Kak
OTHUCAHO HUXE.

Ha craguu 1030 nyst xoTs1 661 OHOTO U3 TIEPBBIX JIOKYCOB OMPEIENSIETCs IEPBOE YUCIIO P
ciydaeB (BCTPEUaeMOCTh) COOTBETCTBYIOIIETO MEPBOTrO aJIeNsl U BTOPOE YHCIO ¢ CIy4aes
(BCTpeuaeMoCTh) COOTBETCTBYIOIIETO BTOPOro ajuiesl. B OIHOM BOIUIOIIEHHH YHCIIO CHENH-
¢uunbx ans mwona (amens T) u coBMecTHBIX (amenb A) amienell B MaTePUHCKOHN IuiazMe
OTIpENeNsAeTCs] PAa3UYHBIMH METOAaMH, K mnpumepy, Oe3 orpanudenus, IIL[P B peanbHOM
BpeMeHH, LudposeiM MeTonoM [P u MaccupoBaHHBIM NapajuieIbHbIM CEKBEHUPOBAHUEM.

Ha craguu 1040 Ha OCHOBaHMHU MEPBBIX M BTOPBIX YHUCEN PACCUUTHIBACTCS (PPAKLIMOHHAS
KOHLIEHTpaLyst. B ogHOM BomIomeHn! aiist OepeMeHHOH JKeHIITMHBI ¢ TeHOTHIIOM AA U eé miona
¢ renotunom TA ¢pakunonHas koHuenrpauus JJHK mnona (f) paccuuteiBaeTcst Mo ypaBHEHHIO !
f=2xp/(ptq), rue p 03HaYAET BCTPEUAEMOCTD CrielU(pUIHOTO JJIs rona ajuiens (amiens T), a g
O3HaYaeT BCTPEYAEMOCTh aJUIENIs], BCTPEYAIOIIEroCs Uy MaTepH, Uy Tuiona (aiensb A).

B npyrom Bomuomennn ¢pakunoHHas koHueHtpauus JIHK mmoma B MaTepuHCKOM
IUIa3Me MOJKET OBITh YCTAHOBJIEHA C OOJIbIIEH TOYHOCTBIO MPH HCIIOJb30BAHHH MHOKECTBEHHBIX
uapopmatusHbix SNP. Ilpy nCHonbp30BaHUN BCTPEUAEMOCTH ajlieNiel 0 MHOXKECTBEHHbIM SNP
(obmmee uncio SNP = n) ¢ppakumnonnas konuentpauus JJHK miona (f) moxer ObITh paccunTana

10 YPaBHEHHUIO!

n
f _ Zi:l 2p1
=—=
Zi:l (pz + qz)
r7ie pi O3HA4YaeT BCTPEUAEMOCTh CIELU(PUUHOro A IUiofa ajuiens no napopmarusHomy SNPi;
¢i — BCTPEYaeMOCTb aJUIENIsl, COBMECTHOIO JIsl MaTepH U A rioza rno uadopmatusHomy SNP;;

a n — obmee uymucio uHpopmaruBHbIXx SNP. Mcnonp3oBaHne BCTpeYaeMOCTH ajlIiesiel o
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MHOXeCTBEHHBIM SNP MOKeT MOBBICUTH TOYHOCTb OTNpeNeNeHns] (PPaKLMOHHOW KOHIIEHTPALUU
JIHK nnona.

C. ®pakuuoHHASI KOHUeHTpauusi 0e3 sIBHOH reHeTHYecKol HH{POpPMALHH O
poauTesiX

Tenepr omumem cnocod ompenesnenus (paxiuoHHON koHueHtpauun JHK mioma B
o0pasiie MaTepUHCKOH IUIa3Mbl, IPU KOTOPOM He TpedyeTcs MmpeaBapuTeNbHasi HHPOPMALHS O
TeHOTUIAX IUIoZAa W MaTepu. B OJHOM BOILIOMIEHWH OCYINECTBIISETCS OmpenejeHue HHOp-
MatuBHBIX SNP 1o BcTpeuaeMocTu pasnuyHbIX anjened B jokycax 3Tux SNP B marepuHCKOi
wiazme. [Ipu sTom crocod 1000 MOXKET MPUMEHSTHCSI BMECTE C ONpeesieHHeM HH(POPMATUBHBIX
SNP Ha OCHOBaHMM BOIUIOIIEHUH, OMUCAHHBIX HUke. CHavaja MpeaCcTaBUM ONMCAHUE BEPOST-
HOCTEH i TOro, 4yToOBl OOJIErYUTh MOHMMAHHE pacyeTra Mopora OTCEYEHHUs, MCIIOJIb3yEeMOro
s uneHTudukannu nHGopMaTHBHBIX SNP.

B onmHOM BOIUJIOIIEHWH BEPOSTHOCTh BBIIBIECHHUS CHEM(PUIHOrO UL TUIONA AJUIeNs
noguunsiercss pacnpenenenuto Ilyaccona. BepositHocth (P) BbIsBIEHHS CrnieUU(pUYHOTO s
IUIOZIa AJUTENsI MOKHO BBIMHCIIUTH IO cilenyomeMy ypaBHeHuro: P = 1 — exp(—fxN/2), rae f
o3Havaer (paknuoHHyr koHueHtpauuto JIHK mmona B oOpasue maTepuHCKON Iutasmsl, N —
o0Imee 4YUCIO MOJIEKYJ, COOTBETCTBYIOLIMX JIOKYCy AaHHOro aHammsupyemoro SNP, a exp()
O3Ha4aeT HKCIOHEHINANbHY 0 QyHKIMI0. B omqHOM acnekte P paccmarpuBaercst Kak oxugaemMoe
pacmpesneneHre, Tak KakK 3TO paclpeAeseHue MOoJaydaeTcs He MNpPU U3MEPEHMU KOJIUYeCcTBa
MOJIEKYJl N0 MHOrHUM oOpasuam. B Apyrux BOIUIOLIEHHMSIX MOKHO HCHOJB30BAaTh U ApPYyTHUe
pacnpeneneHusl.

ITpunumas, yto ¢pakimonnas koHuentpauus JHK mona cocrasmser 5% (Tunudnoe
3HAYeHUE JUIs MEPBOrO TpUMecTpa OepeMEeHHOCTH) W moaBepraercst aHamu3y 100 monekyn
(MaTepu + 1IOAA), COOTBETCTBYIOIIUX 3TOMY JIOKYCY SNP (4TO 3KBHUBAJIEHTHO KOJHYECTBY,
comepskauiemMycsi B SO TUIUIONMIHBIX T€HOMAX), BEPOSITHOCTh OOHAPYKEHUsI Crel(PUIHOTrO st
wiona amnens (ajutenst T) pasHa 1 — exp(—0,05%100/2) = 0,92. BeposTHOCTb OOHApPYKEHHUSI
cneuru(pUIHOTO IS TUIONA aJUIeNisi BO3PACTAeT C IMOBBbIMIEHHEM (DPAKIIMOHHOW KOHIEHTPALUU
JIHK moma m ymcna MOJeKyJs, moaBepraemMbix aHanmu3y Ha Jokyc SNP. Hampumep, ecnu
xoHueHtpauus JIHK nnona cocrasisier 10% u ananusupyercs 100 MosekyJs, TO BEPOATHOCTb
oOHapy:keHusl crieluGUIHOTo TS IIoa aiess coctapisiet 0,99.

CnenoBarenbHo, B Jokyce SNP, mo koTopoMy MaTb T'OMO3UIOTHA, NPHUCYTCTBUE B
MAaTepUHCKOH IIa3Me ajieds, OTIMYAoIIErocs OT MaTEepPUHCKOrO, MOXKET O3HadaTb, YTO 3TOT
SNP “mupopmaruser” mis pacuera (ppakiuonHol koHueHtpauun JIHK mnoma. BepositHocTh
npomycka modoro nHpopmaTusHOro SNP MoXeT 3aBHCETh OT YNCJIa aHATU3UPYEMBIX MOJIEKYJI.

WnbiMu ciioBamu, 11t BbisiBieHUss HHpopMaTUBHBIX SNP mpu jr000M KenaTelbHOM ypOBHE
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JIOCTOBEPHOCTH YHCJIO MOJIEKYJI, KOTOPOE HY»KHO MPOAHAIU3UPOBATH AJIsl OJy4eHus TpedyeMoi
TOYHOCTH, MOKHO PAaCCUUTATh 10 BepossTHOCTHON pyHKkuuu [Tyaccona.

IIpumensis BblIEyKa3aHHBIM aHAIU3, B HEKOTOPBIX BOIUIOIIEHUSX MOXKHO OIpPENENUTb,
ABJISIETCSA JIOKYC MH(OPMATHUBHBIM WJIM HET, KOrZJa IeHOTUIl MaTepu HeusBecTeH. B omHOM
BOIUIOILEHUN OMNPEAENSAIOTCA JIOKYCbl, 1O KOTOPbIM B MATEPUHCKON IUIa3Me€ IPOBOAUTCS
BBIABJICHME JIByX pasinuuHbIXx amieneil. Hanpumep, nns nokyca SNP ¢ nBymMs BO3MOKHBIMHU
amnensmu, A u T, B MAaTEpUHCKOM T1a3Me MPOBOAUTCS BbIsiBJieHHe oOoux ayteneii, A u T.

Ha ¢wur. 11 npencraBiena Gnok-cxema crnocoba ompenenenust 1100 Toro, 4To JIOKyC
SABJISIETCST MH()OPMATUBHBIM COMJIACHO BOIUIOLICHUSIM HACTOSIIEro H300peTeHus. B omHOM
BoriomeHnu crnocod 1100 MokeT mpuMeHsIThCs NpU BbIMoJHeHnU craaun 1020 ciocoba 1000.
B npyrom Bomnomenun opHa cramgus crocoda 1100 3akimrodaercss B ONpenesieHHu Mpenena
OTCEYEeHMs] Ha OCHOBE CTaTUCTUYECKOrO paclpe/ieNieHys], a Ha APYToi CTaiuu Mpenen OTCeYeHMUsI
UCTIONIB3YETCS JUIsl OTIPENENIEHUs TOTO, sIBJsieTcs Jin JIOKyC (SNP) uHpopMaTuBHBIM.

Ha craguu 1110 ompenpensercs npenen OTCeYEeHMs A NPEACKA3aHUS BCTPEYAEMOCTH
COOTBETCTBYIOLLErO MEPBOro ajulesisl B ONpeneseHHOM JIOKyce. B ogHOM BomioLieH!n npenen
OTCEYEHMsI MPENICKa3bIBAET, SABJIAETCS JIM MAaTEPUHCKUII F€HOM IOMO3MIOTHBIM, & T€HOM IUIOAA
reTepO3UroTHBIM. B OIHOM BOIUIOLIEHUU TNpeAesl OTCEUEHUs ONpeAeNseTcs Ha OCHOBE CTaTHUC-
TUYECKOTO PACIpENeNIeHUs] BCTPEYAEMOCTH AUl Pa3IMYHbIX KOMOWHAIMNA TOMO3UIOTHOCTH U
reTepO3UroTHOCTH B KOHKPETHOM JIoKyce. Hanpumep, pacnpeneneHune 4acToThl ajuiesieil MOKHO
npesckas3aTh Mo BeposiTHOCTHOH (yHkiuu Ilyaccona.

Ha craguu 1120, ucxons u3 aHanu3a MOJIEKYJT HyKJI€UHOBON KUCJOTHI U3 MAaTEPUHCKOTO
obpasua (Hampumep, Ha craguu 1010), B JOKycCe NMPOBOAUTCS BBISIBJIEHUE MEPBOrO ajlieNis U
BTOpOro ayutessi. Hanpumep, npu KapTHpOBAaHUM HA aHAJM3HPYEMbIH JIOKYC MPUXOAUTCS HAOOP
(bparMeHTOB, B KOTOPBIX ObLI OOHAPY KEH MEPBbIH ajliejb UK BTOpOH ayuienb. [1epBoiii aenb
MO>KET COOTBETCTBOBATH OJHOMY W3 COOTBETCTBYIOIIMX MEpBbIX ajuiened u3 craguu 1020, a
BTOPOH ajielb MOXKET COOTBETCTBOBATh OJHOMY M3 COOTBETCTBYIOIIMX BTOPBIX ajuleneil. B
OHOM BOIUIOIIEHUH, €CJIM He OOHAPY’KUBAIOTCS IBA PA3IMYHBIX aJUIeNs, TO 3TO 3HAYUT, YTO
JIOKYC He SIBJII€TCS] HH)OPMATHBHBIM.

Ha cragum 1130 ompenensercss QakTudeckass BCTPEYAEMOCTb COOTBETCTBYIOINETO
NIEpBOro ajljiesisd B JIOKyCe Ha OCHOBAaHWHU aHaJln3a MOJIEKYJl HyKJIEMHOBON KucioTel. Hanpumep,
MO>KHO TOJACYUTATh Pe3yJIbTaThl CEKBEHUPOBAHUS MHO)KECTBA MOJIEKYJI HYKJIEHHOBON KHUCJIOTHI
Y YCTaHOBHTD, CKOJIBKO Pa3 Ha 3TOT JIOKYC MPUXOAUTCS (PParMeHT ¢ T€HOTUIIOM ITEPBOTO aJlJIeNs.

Ha craguu 1140 nokyc uaeHTHGULIUPYETCS KaK OIMH U3 NEPBBIX JIOKYCOB, MCXOAS U3
CpaBHEHHs (PAKTHUECKOW BCTPEUAEMOCTH C NpenesoM oTcedeHus. B omHOM acrmekTte mpenen

OTCCUCHHsI HUCMOJB3YCTCA Jid pa3IMdCHUsA MEXKAY TpEeMsA BO3MOXKXHOCTIAMU! (a) MAaTb



35

romozurotHa (AA), a muon rereposuroreH (AT), (b) mare rereposurotHa (AT), u miox
rereposuroreH (AT); u (¢) matb rerepozurotHa (AT), a miaox romo3urorer (AA) nmm (TT). o
WUTIOCTPALlUK B TPUBENEHHBIX HIDKE MPHUMEpax MPUHUMAETCS, YTO y IUioAa reHoTun AA mo
cueHapuio (c). OnHako BbIYHCIIEHHE OyIeT TakuM ke, eciu y ruiopa Oymer reHorum TT.
HWH}popMaTUBHOMY JIOKYCY COOTBETCTBYET BapHUAHT ().

B onHOM BOIUIOLIEHUM JIOKYC ONpeAessieTcs Kak OIUH W3 INEPBbIX JIOKYCOB, €CIH €ro
(bakTHUECKas BCTPEYAEMOCTb MEHbIIE Tpeaesa OTCeueHHs. B IpyromM BOIUIOIIEHHH MOXKHO
UCTIOJIb30BaTh M MEHbLIEE 3HAYSHHE TIOPOra, YTOOBI M30€KATh JIOKHOTO KapPTUPOBAHHUSL.

A Temepb omuineM OmNpeAeseHUe mpenena orcedeHus. Mcxons w3 (PU3MOIOTHUECKH
BO3MOKHOH (pakumonHor konueHtpaunu JHK mmoma (3Ta wmHpOpManus OOCTyNHA W3
NpeNbIAYINNX HCCIENOBaHMi) U OOLIEro 4mcia MOJIEKYJ, COOTBETCTBYIOIIUX JIOKyCcy SNP,
MOYKHO TIPEICKa3aTh pacCIpeaesieHHe BCTPEUaeMOCTH aJuIesIel Ul TPEX BO3MOKHBIX CLIEHAPHUEB,
NPUBEACHHBIX BbIIE. MICXOs M3 MpencKa3aHHOTO PaclpeesieHus, MOKHO ONPENeIUTh peaes
OTCEUEHUs JJIsl MHTEPIIPETALH HAOII01aeMON BCTPEUAEMOCTH aJlIeNiell B MAaTEPUHCKOH T1a3Me
st onpeneneHusi Toro, 4ro SNP sBisiercs “uHGOpMaTUBHBIM (T.€. BAPHUAHT (a)) WK HET.

@paxkuonnas koHuentpauus JHK mnona odbruHo coctaBmsieT ot 5% no 20% B Havane
6epemenHoctu u ot 10% 1o 35% B konue 6epemenHoctu (Lun et al. Micro fluidics digital PCR
reveals a higher than expected fraction of fetal DNA in maternal plasma. Clin Chem 2008, 54:
1664-72). Tak, B OTHOM BOIUIOLICHUH OINpPENEJSIN MPOTHO3UPYEeMOe paclpeesieHne BCTpeya-
emMocTH ajuieneit npu ¢ppakiuonHoi koHuentpanuu JJHK nnona B 5% u 20%.

Ha ¢ur. 12A mnpencraBieHO NPOTHO3MPYEMOE paclpenejeHne BCTPEYaeMOCTH ISt
amnenst T (MeHee pacrpOCTPaHEHHBIH ajuieb MO cueHapusiM (a) u (C)) i Tpex CLEHAPHEB C
npenanonaraemoii ¢pakuuonnoi konueHrpauued JIHK mnoma B 20%. Ha ¢ur. 12B mpen-
CTaBJICHO TMPOTHO3UPYEMOE pacrpenesieHne BCTpedaeMocTH aisi ajuiens T (MeHee pacrpo-
CTpaHEHHBI ajjieNib Mo cueHapusM (a) u (C)) IS Tpex CIEeHApUeB C MPEArnojaraeMoi
¢dpakumonnoit konnentpauueit JIHK mnona B 5%. B o0enx mMoznensx mpeamnoiaraercs, 4To s
aHanu3a jokyca SNP 6b010 B3siTO B 11e510M 200 MOJIeKy 1.

Hcrnonp3yst B KauecTBe Mpezesia OTCEYCHUsI BCTPEUAEMOCTh MEHEE PacIpOCTPAHEHHOTO
amnens (amwtenss T), cocrapnsromyro 40 pas, MOXHO CTaTHCTUYECKH OTJIIMYUTH TPU BO3MOXK-
HOCTH. VHBIMH CJIOBaMH, TPU BBIIBJICHHH B MATEPUHCKOH mia3me Jjiokyca SNP ¢ nByms
aJJIeNISIMA ¥ TIPpU aHaimn3e B obmel ciaoxHocTu 200 MOJIEKYJI, €ClTi 4acTOTa BTOPOCTEIIEHHOTO
amnens (MeHee pacmpocTpaHeHHoro ayiensi) oyaer mensme 40, To 3ToT jokyc SNP MoxkHO
cuntath “uHpopmaruBHeM”. Ilpu ¢paxumonHoit konuentrpammu JAHK mmoma B 5% u 20%
pasznmuuenue “uHpopmatuBHbX® SNP (cuenapuii (a)) or tex SNP, mo KOTOpeIM MaTh

rerepo3urotHa (cueHapuu (b) u (c)), 6yner npaBunbHbM Ha 100%.
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Ha IMMPAaKTHUKE o6u1ee YUCJIO BbIABIIIEMBIX MOJIEKYJI MOXKET OBITb pa3iuYHbIM IJIsA
pasnuuHbix SNP. Jlns kaxaoro jgokyca SNP MOKHO COCTaBUTb CBOIO KPUBYIO IPOTHO3UPYEMOTO
pacripenesnieHusi ¢ y4eToM OOILIero 4Yrcia BbIIBISIEMBIX MOJIEKYJ B 0Opaslie MaTepHUHCKOMN
IUIa3Mbl, OXBaThIBAIOIIMUX O3TOT JOKyc SNP. HMHbIMM cioBamu, mpenen OTCEUEeHUs IS
omnpenesnenus: Toro, yto SNP sBisiercst HHPOPMATHBHBIM WIIM HET, MOXET BapbHPOBATH MEXKIY
pasnuuHbiMU SNP 1 3aBHCUT OT TOro, CKOJIBKO pa3 BCTpedasics 3TOT JIokyc SNP.

B cnenyromeii Tabnuiie mpeacTaBieHa BCTPEYAEMOCTDb ajiesiel u3 Tpex JIokycoB SNP B
MaTE€PUHCKOH IIa3Me MpH CEeKBEHHUPOBAHMM OOpaslia MaTepHHCKOHN mia3mbl [1o kaxkaomy u3
Tpex SNP B MaTepUHCKOI T1a3Me OOHAPY KEeHO IBa pasHbX ayuiens. O0inee YuCio BhISIBIEHHBIX

Clly4aeB B MaTEpPUHCKON IUIa3Me, COOTBETCTBYrOIMX 3TUM TpeMm SNP, ornugaercs apyr ot

apyra.
Jlokyc SNP | OGo3HaueHnue Angens (pa3el) | AJutedb (pa3bl) OO0mee yucao
SNP pa3
1 rs3107146 A (10) G (163) 173
2 1s7522344 G (9) T(112) 121
3 152272908 A (72) G (62) 134

IIporuno3upyemMoe pachpeneseHue BCTPEUYaeMOCTH MEHEE PpacCHpOCTPAHEHHOIO ajuless
npu ¢pakunonHor konuentpaunu JAHK miona B 20% u pasnuyHOM 4HCie MOJIEKYJ, COOTBET-
creytomiux SNP, mpencrasneno Ha ¢ur. 13A, 13B u 14. IIporHosupyemoe pacrpenesieHue
coctasisiy, npuHumMas koHuentpauuio JHK nnoga B 20%, Tak kak OHa NpeACTaBiIsieT BEPXHUM
npenen xoHuentpauuu JIHK mona B nmepBoM Tpumectpe. Uem Oonee BbICOKast KOHLIEHTPALHS
JAHK nnozna, Tem Oonbliee 0KUAAETCS MEePEeKPbIBAHUE MEXIY KPUBBIMHU PaCHpeeIeHusi BTOPO-
CTENEHHOT O ajieNs, 0 KOTOPOMY MaTb FOMO3UIOTHA, U TJIABHOTO aJlielisd, MO KOTOPOMY MaTh
rerepo3urora. Takum oOpa3om, Uit mpenckasaHust uHgpopMmatuBHbix SNP Oyner Oonee
YMECTHBIM BBIYUCJICHHE IpeAesia OTCEYEHUs NIl BTOPOCTENEHHOrO ajulelisl C UCIOJIb30BAaHUEM
Oosee Boicokoi koHeHTpauuu JJHK mnona.

Ha ¢ur. 13A mpencraBieHO MPOTHO3UPYEMOE pacrlpeeieHHe BCTPEYaeMOCTH MEHee
pacIpoCTpaHEHHOro ajuiesns npu odmeM uucie 173 monekyn U (QpakMOHHOH KOHLEHTPAaLUU
JHK mmoma B 20%. B ogHOM BOIUIOIIEHWH, UCXOs U3 3TOTO PACMPENEIICHHs], IJi HICH-
tudukaimn uHGopmatuBHelx SNP momxonut kputepuil orcedenuss menee 40 s BCTpeda-
€MOCTH MeHee pacnpocTpaHeHHoro ajuiens. [lockonpky amiens A Bctpedaetcst 10 pas, TO JOKycC
SNP Ne 1 cumraercss “mH(OpPMATUBHBIM Ul BBIYUCIICHUS (ppakunoHHON KoHIeHTpauuu JHK
IUI0AA.

Ha ¢ur. 13B npeacraBieHO MPOTHO3UPYEMOE paclpenesieHne BCTPEYaeMOCTH MEHee
pacrpoCTpaHeHHOro ajuiens npu odmem yucne 121 mMonekynsl U ppakIMOHHON KOHLIEHTPAaLUU

JIHK mnona B 20%. B OgHOM BOIUIOLIEHUH, UCXOAs U3 3TOrO PACIpENEsICHUs, i1 HIEH-
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tudukaimu nHpopmatusHelx SNP momxoauT npenen oTcedeHus MeHee 26 Ui BCTPEYaeMOCTH
MeHee pacnpocTpaHeHHoro amuiens. [lockonbky amnens T BcTpeuaercs 9 pas, To nokyc SNP Ne 2
cunTaercs “MHGOPMATHBHBIM I BbiuucieHus ppakimonHoi konuenTpanun JJHK mnoxa.

Ha ¢wur. 12 npexncraBieHO NPOrHO3UpPyEMOE pacrpenesieHne BCTPEYaeMOCTH MEHee
pacnpocTpaHeHHOro ajuienst mpu obmeM uucie 134 Monekyn M (ppakUHMOHHON KOHLIEHTPALUH
JHHK moma B 20%. B onHOM BOIUIOLIEHWH, MCXOHAS W3 STOTO pacIlpenesieHus, sl HIOeH-
tudukaun nHGopmatusHeix SNP momxonut mpenen oTcedeHus: MeHee 25 Uil BCTPE4aeMOCTH
MeHee pacrnpocTpaHeHHoro amens. [lockonbky amnens T BcTpedaercs: 62 pasza, To nokyc SNP
Ne 3 cumraercss “He MHPOPMATHBHBIM M HE JNOJUKEH HCTIONB30BATBHCS JJISI BBIYUCIEHHS (Ppak-
nnoHHOM koHueHTpauuu JIHK nnona.

B Hekorophix BomIomeHMsx (pakuuonHyro koHueHtpamuiro JIHK mmoma moskHO
paccuutath 1o gopmyie f = 2xp/(p+q), ucnonb3ys BcTpeuaeMocThb ajuiesen st SNP Ne 1 u No 2

u O6’beI[I/IH$[$I Hx. PCSY.]'II:;TaTbI NMPEACTABICHBI HUXKE.

Jlokyc SNP, ucnoab3yembiii 1 ®paxkuuonnasi konnentpauus JAHK nioaa
BbIYHCJICHHS
1 10x2/(10 +163) = 11,6%
2 9x2/(9 +112) =14,9%
lu2 (10+9)x2/(10+9+163 +112) =12,9%
D. Onpenenenue NoTHOTHI 0XBATA FTEHOMA IJIOAA

ITomumo nosnydenus: GpakIMOHHON KOHIIEHTPALIMH, B BOIIJIOLIEHUSAX MOXHO OINPENENINUTh
CTENeHb OXBaTa I'eHOMa IUJIOAA MPU BBIMOJHEHMM AaHAJUTUYECKON Mpoueaypbl (Hampumep,
cekBeHUpoBaHus) Ha ctaauu 1010. B HEKOTOPBIX BOIUJIOLIEHUSX AJI ONpenesieHHs] CTeNeHH
OXBaTa MOXHO HCIIOJB30BATH I/IH(I)OpMaTI/IBHbIe JIOKYCBI. Haan/IMep, MOKHO HCIIOJB30BAaTh
0001 13 BBIIICIIPUBENCHHBIX ITPUMEPOB. B OOHOM BOIIJIOIICHUN MOXKHO HCITIOJIB30BATH JIOKYChI,
MO0 KOTOPBIM IUIOH SABJIACTCA 00IMraTHOM FeTepOSHFOTOﬁ. B APYroM BOIUIOIIEHHUU MOXKHO
UCIIOJIb30BaTh JIOKYChI, 110 KOTOPBIM IUIOA OKAa3aJiCsl I'eTepO3UTrOTHBIM, & MaTb I'OMO3HIOTHA
(Hanmpumep, uctonb3ys crocod 1100).

JUnst ompeneneHusi CTENEeHW OXBaTa MOYKHO HCIIOJIb30BaTh (DPArMeHTHI, KOTOPBIE IPH
KapTUPOBAaHUH TOMAJAT Ha WHPOPMATUBHBIE JIOKYChl. B OZHOM BOIUIOLIEHHH OIpPENeNseTcs
701 TeX JIOKYCOB W3 IEPBOTO MHOXECTBA JIOKYCOB, B KOTOPBIX IO PE3yJbTaTaM CEKBEHU-
pPOBaHUs BBISIBJISIETCS] COOTBETCTBYOLIUI NepBbI ajuieas. Hanpumep, eciu o oqHOMY JIOKYCY Y
wiona Oyner TA, a y marepu AA, TO 1o pe3yJibTaTaM CEKBEHHPOBAHUS JOJIKEH BbISIBJISITHCS
amnens T, eciu 3TOT JIOKyC MOABEPrajics CEKBEHUPOBAHMIO. TakuM 0Opa3oM, MOXKHO pacCyH-
TaTh, Kakas AOJA F€HOMA IUIOZa B OHONOrHYeckoM oOpaslie MOABEprajach CEeKBEHHUPOBAHUIO,

HCxXoasa n3 5TOro COOTHOLICHUSA. B OJHOM BOIUIOIICHHH B Ka4C€CTBEC CTCIICHHM OXBaTa I'€CHOMaA



38

IUIOZIa IPUHUMAETCS JIOJISl T€X MEPBBIX JIOKYCOB, B KOTOPBIX OTMeUeH Crelu(puHbIN Ui Toaa
anienb. B Ipyrux BOIUIOIIEHUSIX 3Ta JOJS MOXKET MOABEPraThCs MOAM(UKAINN B 3aBUCUMOCTH
OT TOro, I7le HAaXOAATCA 3TH JIOKYChbl. Hampumep, MOXHO ONpenenuTb CTENEHb OXBaTa I
KXo xpomocoMbl. C APyroi CTOPOHBI, MOXKHO CUHUTATh, YTO CTENEHb OXBaTa MEHbIIE, YeM
3Ta AOJI, €CJIH MEePBbIE JIOKYChI HE SIBJIAIOTCS] XOPOLIeH penpe3eHTaTuBHON BBIOOPKOi reHoma. C
APYroi CTOPOHBI, MOKHO MPEACTaBUTh AUAINA30H, B KOTOPOM 3Ta JOJIsl COCTAaBIsIET OAUH KOHEL]
auarna3oHa. B To Bpemsi, Kak BBICOKAsi CTENEHb OxBaTa, T.e. Onm3kas k 100%, o3HavaeT mouTu
NOJIHBIM OXBAaT T'€HOMA IUIOAA, OOJBIIMHCTBO T'€HETHYECKUX 3a00JIEeBAHUNM MOKHO IHArHOC-
TUPOBATh MPU 3HAUUTETIPHOM MeHbIleM oxBate, ueM 100%, Hanpumep, 80% wunu 50% wunu emre
MEHBIIE.

VI.  OrcyrcTBHe npeaBapuTe/bHONH HH(OPMALINH 0 TeHOMEe MaTePH U 0TLA

B mpempioymux pasgenax, B HEKOTOPBIX BOIUIOMICHHUSX OMNPENEISUIH TeHETUYECKYIO
KapTy miona (MM 9acTu reHoMa TUToa), Korja ObUTH M3BECTHBI FATUIOTUITBI MATEPH U T€HOTHIIBI
otua. B apyrux BoruomeHusx ObLIO MOKa3aHo, YTo (pakipoHHyo koHueHTpauuto JJHK mnona
MOXHO onpenenuth nyteM aHanmmsa JJHK B martepuHckod masme 0e3 NpenBapHTENIBHOTO
3HAHUS O FeHOTHIIAX MaTepH, OTLa WK 1ofa. Eime B APpyrux BOIUIOMIEHUSX MBI TENEPh TaKKe
OMUIIEM Croco0 OmpeAeNeHus] TeHETUYeCKOW KapThl IJIoAa (MM YacTH T€HOMa IUIOAA) IpH
nomouy ananuza RHDO 6e3 npeasapurenpHoi nHGOpMAMK O T€HOTUIAX/TaINIOTUIIAX MaTepu
U OTIIA.

B onHOM BoOmOLIEHMM UCMONB3yeTCs HHPOpPMaLMs O KOHTPOJBHBIX (HAINpPUMED,
PacIpOCTPAaHEHHBIX WM HM3BECTHBIX) TaIUIOTHIAX TOW MOMYJSIIMM, K KOTOPOH NpUHAAJIEKaT
pomuTenn. Jta MHPOPMALMS MOXKET HCIOJIb30BAThCS AJIST BBIBEACHHS TaIUIOTHIIOB MaTepu M
orua. IlokakeM NPUHLMII 3TOrO METOAa HAa OAHOM mpumepe. MHpopmaumo 1O TakuM
KOHTPOJIBHBIM TaIJIOTUNIAM MOJKHO TOJy4HTh, K NpuUMepy, U3 BeOcaliTa MeKIyHapOIHOTO
npoekta International HapMap Project (hapmap.ncbi.nlm.nih.gov/).

JUnist mpuMepa MpenroioKuM, YTO B MOMYJBILAN €CTh TPU KOHTPOJbHBIX rartorumna (Hap
A, Hap B u Hap C, xak moka3aHo Ha ¢wur. 15A). Kaxxaplii U3 3THX TpeX raruioTHIIOB COCTOUT U3
14 nokycoB SNP, mpudeM B KaKIOM JIOKyCE€ €CTh JIBa BO3MOXKHBIX ajuielis. B 3ToM mpumepe
orer; obnagaer Hap B u Hap C, a mars obnanaer Hap A u Hap B, xak nokaszano Ha ¢ur. 15B. B
3TOM NpuMepe MpUHUMaeTcs, uTo miox HacnenyeT Hap A or marepu u Hap C ot otua. IlosTomy
y ona 6yaer Hap A u Hap C, kak noka3aHo Ha ¢ur. 15B.

Ha ¢ur. 16 npencrasnena 6mok-cxema criocoba onpenenenust 1600 mo mMeHbInel Mepe
4acTH TE€HOMAa IUIONA, KOrZa HW3BECTEeH HAOOp KOHTPOJIbHBIX TaIUIOTHUIIOB, HO HEU3BECTHBI
POAMTENBCKHE TAIUIOTHIIBI, COTJIACHO BOIUIOLIEHUAM HACTOSIIIETO H300peTeHMS.

Ha cragumn 1610 maTepuHckuii oOpasel noasepraercsi aHajausy AJs BeisgBieHus TeX SNP,
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MO0 KOTOPBIM MaTh 'OMO3UIOTHA, & IJIOJ TeTepO3UroTeH. Takoil aHalu3 MPOBOAUTCS TAKUM XKe
oOpa3zom, Kak M ompeneneHne MHQOPMATUBHBIX JOKYCOB, KaK ONMUCAHO BhImle. Tak, B OIHOM
BOIUJIOLIEHUH MOXKHO HCIONb30BaTh crocod 1000 w/mmm 1100. B napyrux BOIIOLIEHHSX,
OIMCAHHBIX BBILIE, TIOABEPralOTCs AHAJIN3y T'€HOMBI MAaTepPH M OTL@A, YTOOBI MOJYYUTh JaHHbIE
11 KapTUPOBAHUS T€HOMA IO/,

Ha ¢ur 17 npencrasneH npumep omnpeneaeHnss HHPOPMATUBHBIX JIOKYCOB NMPU aHAJIN3E
¢parmentoB JIHK u3 matepunckoro obpasua. st kaxmoro u3 14 JIOKyCOB OIpenessieTcs
BCTPEUAEMOCTh JBYX ajUleJied MO KaXAOMYy JOKyCy. BcTpedaeMoCTb 3TuX ajuieedl MOKHO
OMpeneNuTh, K mpuMepy, 0e3 orpanuueHus, meronom IILIP B peanbHOM BpemeHH, 1H(pPOBBIM
MerogoM III[P u mMaccupoBaHHBIM THapajieNibHbIM CekBeHupoBaHueM. [lo kaxaomy U3 3THX
JIOKYCOB HY>KHO BBISIBUTH J]BA Pa3HbIX ajulelisl B MaTepuHCKOH miasme. B ornuuune ot tex SNP,
10 KOTOPBIM MaTh I'€TEPO3UTOTHA, AOJS 3THUX JIBYX ajulelied OyIeT CyIIeCTBEHHO OTJINYAThCS.
CrenmuduaHblil 11 TUIOAA aJUIeNb (TOT, KOTOPBIN IUIOJ HACIEAyeT OT OTHa) Oy/IeT BCTpedaThes
ropaszio pexe, 4eM MaTepuHckuii aienb. Mapopmarueablie nokycel 1710 ormeuens! Ha ¢ur. 17.

Ha crangun 1620 onpenensiercss OAMH WIH HECKOJIBKO AJIJIENIEH U3 OTLIOBCKOrO raruioTUIA,
YHaCJI€IOBAHHBIX IUIOAOM. B OgHOM BOmIOmEHNH KaXablid U3 JOKYCOB 1710 mMoxeT ucnosb-
30BaThCs AJI OINpEeNEesIeHHs] YHACAeAOBAaHHOIO OTLOBCKOro ramioruna. Hanmpumep, oTLHOBCKUM
ayjenb, YHACIEAOBAHHBIN IJIOAOM, MOXKHO MAEHTU(UIMPOBATh KaK CreU(pUUHBINA I TUiona
ajuienb 1o Jiokycam 1720, mOCKOJIbKY B MAaTEPUHCKOM 0oOpa3iie cCrieru(puuHbIN TSI TUI0N1a ajlieib
BCTPEYAETCsI FOpa3fio pexke, 4eM MaTEPUHCKUI ajuienb.

Ha craguu 1630 oTHOBCKHE ajjieiay CPaBHUBAIOT C KOHTPOJIbHBIMU IAIUIOTUIIAMHU, YTOOBI
OTIpPENENUTh TaIlJIOTUI, YHACIEAOBAHHBIN OT OTLA. B HEKOTOPBIX BOIUIOLIEHUSIX MOKHO BBIBECTH
LEJIBII Psii BO3MOJKHBIX TaIlUIOTUIIOB TUIOAA, KAXIbIH CO CBOEH BEPOATHOCTBIO. 3aT€M OIUH WJIH
HECKOJIbKO M3 Hambojiee BEPOSITHBIX TAIIOTHUIIOB IJIOAA MOXKHO HCIIOJIb30BAaTh ISl TIOCJENY -
IOLIEro aHalln3a WK JUIsl KIMHUYECKOW JUarHOCTHKU.

B mpuBenenHoMm Ha ¢ur. 18 mpumepe B MONyJSIIMM €CTh TPU BO3MOMKHBIX TaIUIOTHIIA
(Hap A, Hap B u Hap C). Ilpu ananmu3e marepuHckol ma3mbl derbipe SNPs okasanuce
TFOMO3UTOTHBIMU JJII MaTepu U TETEPO3UTOTHBIMM JUIsl IJIOAA, MO3TOMY OHHU MPEACTaBISIOT
OTLIOBCKHE aJuleNiy, YHacjaeloBaHHble ofoM. I'eHotumnsl o 3TuM 4derbipeM SNPs cooTBerct-
BytoT npodmmo Hap C. CnenosatensHo, mon yHacnenosaid Hap C or oTma, Kak Moka3aHO Ha
¢ur. 19. Uusimu cnoBamu, asist Bcex SNPs B mpenenax OgHOrO M TOro ke OJI0Ka TraruiOTHUIIOB
MO>KHO BBIYHMCIIUTD OTLIOBCKHE aJIJIENH, YHACIIEIOBAHHbBIE TIOAOM.

Ha craguu 1640 moxHO ompenenuts JOKychl (Hanpumep, SNPs), Mo KOTOpbIM Mathb
rerepo3urota. B ogaom Bomutomenuu te SNPS, o KOTOPBIM MaTh IeT€PO3UTrOTHA, MOJYYaroT

NPy aHalu3e MaTepuHCKoro odpasua. Hampumep, nmo xaxxnomy us stux SNPs BeisiBisiercs nsa
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pasHbIx amnens. B ornuume ot Tex SNPSs, mo KOTOpbIM MaTb I'OMO3UIOTHA, a IUIOA TeTepo-
3UrOTeH, KOrAa Crieu(UUHbIe IS IJI0Aa aJJIeNTH COCTABIISAIOT JIUIIb HEOONBIIYIO TOJO OT BCEX
anjeneil B MaTePUHCKOHN IUla3Me, BCTPEUAEMOCThb JABYX ajulelield OyJaeT OAMHAKOBOM Ui TeX
SNPs, 10 KOTOpBIM MaTh rerepo3urotHa. Takum oOpa3oM, IpU aHAJIN3€ MATEPUHCKOH IJI1a3Mbl
MOKHO YCTaHOBUTb TTOJIHBIN T'€HOTHUIT MaTepH 1o BceM Jiokycam SNP B mpenenax omHoro 0yoka
raruIOTHIIOB, HAMIPUMED, KaK Moka3aHo Ha ¢ur. 20.

Ha craguu 1650 cocTaBisiOTCST MAaTEPUHCKHUE TalIOTHIBl U3 TE€HOTUIIOB MaTepu Ha
cragun 1640 myTeM CpaBHEHHUs T€HOTHIIOB IO JIOKyCaM ¢ WH(pOpManMed O raruioTUIax B
cootBeTcTBytOUIeld monyJsinuu. Ha ¢ur. 21 mpeacTaBieHO BOIUIOLICHHE JUIS OIpEesICHUsI
MaTepUHCKHUX TaIUIOTUIIOB M3 T€HOTUIIOB MaTepu W KOHTPOJBHBIX raruioTunoB. B nanHOM
npuMepe MaThb roMo3UroTHA o amemo G B TpeTbeM JIokyce SNP. ITockonpky Tonpko Hap A u
Hap B coOTBETCTBYIOT 3TOMY KPHUTEPHUIO, TO 3TO 3HAYUT, YTO Y MATE€PHU NOJKHA OBITH OHA U3
Tpex KOMOWHALMI ramioTurios, a umeHHo Hap A/HapA, Hap A/Hap B wiu Hap B/HapB. Kpome
TOr0, MOCKOJIbKY MaTh rereposurotHa no A u C ana neporo SNP, MOXHO 3aKJIIOYUTh, YTO Y
MaTepH OJDKHA ObITh KoMOMHaums ramiotuno Hap A/Hap B. B ogHOM BomiomeHnn MOKET
BO3HHMKHYTh OOJie€ YeM OJJHa BO3MOKHOCTb, IMIPHYEM KAKAYI0 BO3MOXKHOCTh MOKHO TPOBEPHUTH
Ha crienyroomei craauu. M3 BhIIENPUBENEHHOIO aHAIM3a OBUIM YCTAHOBJIEHBI TaIUIOTHIIBI
MaTepu W TAIUIOTHUII, YHACIEAOBAHHbIN TIogoM oT otua. Ha ¢wur. 22 mpeacraBiieHbl yCTaHOB-
JICHHbIE TaIJIOTUIIBl MATEPU U YHACJIEIOBAHHBIN OT OTLA FaTIOTHIL

Ha craguu 1660 omnpenensercss MAaTepUHCKUI TaIIOTUII, YHACIEAOBAHHBIN IIJIONOM, U3
rafjoOTUIIOB MaTePH, YCTAHOBJIEHHBIX Ha cTaauu 1650, 1 yHAaCIE€AO0BaHHOIO OT OTLA raruloTUIA,
ycTaHoBIeHHOro Ha ctaguu 1630. Mcnonb3yst 3Ty uHGOpPMALHIO, B OJHOM BOIUIOLICHHU MJIS
orpeneNeHus] TOro, KakoW MaTepUHCKUH TraruloTHN Mepelen K IUIOAY, NMPUMEHSIeTCs aHallu3
RHDO. Anamnz RHDO MoskeT mpoBOIUThCS MO JF0OOMY M3 OMHUCAHHBIX 371€Ch BOIUIOLICHUH.

B ognowm Bomomenun st ananuza RHDO te SNPs, mo KoTopbIM MaTh reTepo3uroTHa,
MOXKHO pa3fesuTh Ha JABa THUIMA, TUM ajib(a U Tun Oera (Harmpumep, Kak MokasaHo Ha ¢wur. 23 u
ormmcano Bbie). K SNPs tuna anba OTHOCATCS T€ JIOKYCBHI, B KOTOPBIX OTLIOBCKHH aJlJIelib,
nepeleNuil K oAy, UAEeHTHYEH MaTepuHCKoMy amjento B coctaBe Hap A. Jlna SNPs tuna
anb(a, ecnu miox OT Martepu yHacienyer Hap A, To amnenu w3 Hap A Oynyt u3OBITOUHO
NpeACTaBJIeHbl B MaTepUHCKON Mmia3me. C Apyroil CTOpPOHEBIL, €ClU IUIOA OT MaTepu yHacienyeT
Hap B, To 1Ba MaTepuHCKHX ayutesst Oy Iy T OJUHAKOBO MPEICTABJIEHBI B MATEPHHCKOM IJIa3Me.

K SNPs tuma 6eta OTHOCSTCS T€ JIOKYChI, B KOTOPBIX OTLOBCKHH aJUIeNb, NepeIIemuil K
IUIONy, UIGHTHYEH MaTepuHCKOoMy ajuieno B coctaBe Hap B. Jlns SNPs tuma Gera, ecnu mion
or Marepu yHacnenyer Hap B, to amnenn u3 Hap B OyayT u30BITOYHO mIpencTaBieHbI B

MaTepUHCKOH miasMe. OaHako, eciu Mo OT Matepu yHacyueayer Hap A, To aBa MaTepUHCKHX
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annenst OyAyT OIMHAKOBO MPEICTABICHBI B MATEPHHCKOHN miazMe. BO3MOXKHYIO H30BITOUHYIO
MpencTaBJIeHHOCTh aeneit u3 Hap A uin Hap B mMoxHO onpenenuTs mpu mOMOIIM aHAIW3a
RHDO.

B HekoropbIx BoOmoOwWEHUsX npu npuMmeHeHun ananuza RHDO k onpenenenHomy
yudacTKy Oe3 mpeaBapHUTeNbHON MH(POPMALUH O TAaIUIOTUIAX MAaTepH M MeHOTHUIAX OTLA MOKET
noTpeOOBaThCSl CPAaBHUTENILHO MHOTOKparHeli oxBaT SNPs B mpenenax OJoka ramioTHIIOB, K
NPUMEPY, B OJHOM BOIUIOLIEHUH HY>KHO NpoaHaIu3upoBaTh 200 MOJEKyJ, COOTBETCTBYIOIIUX
aokycy SNP. Takas unpopmaims MOXeT ObITb IMOJyueHa, K NpUMepy, 0e3 OrpaHuveHus,
meronom IIIIP B peampHOM Bpemenu, mudpobiM MeTozoMm I[P u MacCHpOBaHHBIM mapal-
JeNbHBIM CEKBEHHPOBaHHMEM. B OJHOM BOIUIOLIEHUM Il NOJYYEHUs] PENPE3eHTATUBHOW U
OOBEKTUBHOW KOJIMYECTBEHHOH HMH(GOpPMAIMU 1O Pa3IMYHBbIM aJulesiM Ha HUCKOMOM YYacTKe
MOKHO HCHOJB30BaTh MPULIEIbHOE CEKBEHHPOBAHUE (HAIPUMEpP, COUYETaHHEM OOOTaIleHHUs
MHIIEHH U MaCCHPOBAHHOTO MapajUIeIbHOTO CEKBEHHPOBaHUs). [IpuiienbHOe CEKBEHHPOBAHUE
OMUCAHO B MPUBEAEHHOM Hrnke npumepe. Takum obpasom, aHanmus RHDO moskeT npuMeHsIThCs
K JAHHBIM IO NpuueasHoMy cexkBenuposanuio JIHK B maTepuHCKON miasme Ajisi ONpeaesieHys
TOrO, KakWe MATepUHCKHE aJJIeNW/TAIUIOTHIIBI MEePenarTcs IUony, Oe3 MpeaBapUTeNbHON
MH(pOPMALIMN O F€HOTHUIAX/TAIUIOTHIIAX POAUTEIEH.

VII. BeisBaenue myrtauuii de novo

B HEKOTOpBIX BOIUIOIIEHHSX MOXKHO BBIIBUTH MYyTallMM, NPHOOPETEHHBIE ILIOAOM.
MyTaiuu de novo — 3TO Takue MyTalM, KOTOpbIE HE MEPeNarTCsl OTLOM WJIM MaTepbio, a
BO3HUKAIOT, K IPUMEPY, NPH TraMEeTOreHe3e y OTLA WIH Y MaTepu win y odoux. BriiBienne nx
UMeeT KIMHMYEeCKOe 3HaYeHHe, TaK Kak MyTanuuud de Novo UIparoT BaXKHYIO POJIb, BBI3bIBAS
LEJIbIN PsiZi TEHETUYECKUX 3a00JIEBAHMIA, HAPUMED, FeMOPUITHIO0 A B XOHAPOIUCTPODHIO.

Ha ¢ur. 24 npencrasnena 6J10k-cxemMa, WLTIOCTpUpYoas cnocod naentudukampm 2400
MyTalui de novo B TEHOME €ellle He POXKASHHOIO Tioaa y OepeMeHHOM KeHIIUHBIL. Y TJI01a eCTh
orel] U OepeMeHHasi JKEHIIWHA-MaTh, MPUYEM OTel O0JamaeT OTLOBCKUM T'€HOMOM C JBYMsI
rafuioTHIAMH, a MaTh O0JIaaeT MAaTEPHUHCKUM T€HOMOM C IBYMs TalUIOTUIIAMH, TPU 3TOM
CrIoco0 BKJIIOYAET:

Ha cragun 2410 npoBOOMUTCA CEKBEHUPOBAHME MHOXKECTBA MOJIEKYJ HYKIEHHOBOHN
KUCJIOTBI M3 Omosorndeckoro odpasia, B3ATOro y OepeMeHHOH >keHIMHbL. OTMETHM, 4TO
o0paszer CoIep KUT CMECh HYKJICMHOBBIX KHCJIOT MaTePH U TUIOJA.

Ha cragun 2420 ycraHaBiMBaeTCsl JIOKAIU3aLMs KaKAOM U3 MNPOCEKBEHHUPOBAHHBIX
MOJIEKYJI HYKJIEMHOBOW KHCJIOTBI B F€HOME 4elIOBeKa. B OAHOM BOIUIOLIEHHH KAapTUPOBAHHE
NIOCJIEZIOBATENILHOCTEH OCYIIECTBISIETCS MyTEM CEKBEHHPOBAHHS C OJHOTO KOHLA WJIM C 00OMX

KOHLIOB. B omHOM acriekte KapTUpPOBaHUEC JId JIOKAJIW3allK B IF'CHOME YCJIOBECKA HE Tpe6yeT
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TOYHOT'O COBMAJECHUs KaXXA0rO U3 HYKJIEOTUAOB MPH BbIABJICHUH JIOKATU3ALUM.

Ha craguu 2430 s xaXkgoro U3 mo KpalHEW Mepe 4acTH MECTOIOJIOXKEHUN OIpe-
JENsIeTCsl MaTEePUHCKAasi MOCIEAOBATENbHOCTh U OTLIOBCKAsl IOCJIEIOBATEIbHOCT B IJAHHOM
nosioxkenun. Hanpumep, ecau Ha craguu 2420 ycranossaeHO 100 MECTONMONOXKEHUH, TO MOXKHO
ONIpeneuTh MAaTEPUHCKUE M OTLOBCKUE reHoMbl B 3THX 100 nmonokeHussx. B omHom Bomio-
IIEHUH OTLIOBCKHE MOCJIENOBATEIBHOCTH ONPENEIIOTCS U3 B3STOrO y OTHA 00pasia, B OTIMYHE
OT HMCHOJIb30BAHMUSI KOHTPOJIbHBIX TaIUIOTUIIOB, KAaK 3TO onucaHo Bbime. [Ipu 3TOM MOXKHO
BBISIBUTh MyTallMM, HE NMPEACTABJICHHBIE B KOHTPOJBHOM I'eHOME. B pa3inyHBIX BOIJIOLIEHUSIX
MAaTE€PUHCKHE TOCIEIOBATEIbHOCTH MOXKHO TOJNYYUTh U3 00pasna, COAEpIKaILIero TOJBKO
matepunckyro JIHK, wiu ke moay4duTh U3 OHOJOru4eckoro odpasiia, HampuMep, ¢ MOMOIIBIO
OMNMCAHHBIX 371€Ch METO/OB.

Ha cragun 2440 ycranaBiuBaeTcs nepBasi MOCIE0BATEIbHOCTD BO MHOKECTBE MOJIEKY T
HYKJIEMHOBOM KHCJIOTBI, KOTOpPasi OTCYTCTBYE€T Yy BBIABICHHBIX MATEPUHCKUX MU OTLIOBCKUX
MOCJIEIOBATENbHOCTE. B OQHOM BOIUIOIIEHWM CPAaBHEHUE IEPBONM MOCIEAOBATENBHOCTH C
BBISIBJICHHBIMH MATEPUHCKUMH HJIM OTLOBCKUMHU MOCJEIOBATEIBHOCTAMU TpPeOYyeT TOYHOTO
coBmaseHus. Tak, ecnu COBMaAeHHWE He OyIeT TOYHBIM, TO CUMTAETCS, YTO IMepBasi MMOCIEeNo-
BaTEJIbHOCTb OTCYTCTBYET Y BBbIABJICHHBIX MATEPUHCKUX MU OTLIOBCKUX IMOCJIEIOBATEIbHOCTEN.
IIpn 5TOM MOXHO HAEHTUPHUIMPOBATH AK€ HE3HAUYMTENbHblE MyTauuu de novo, Tak Kak
MmyTanys de novo MOKET MPEACTaBNIATh COOOH M3MEHEHHe BCEro JIMIIb OAHOTO HykjieoTHaa. B
APYTOoM BOIUIOILIEHUH Uil TOTO, YTOOBI MOCJIE0BATENBHOCTD pacCMaTpUBaiach Kak MyTauus de
novo, HeoOXomuMO ormpexeneHHoe koiudecTBo ¢parmentoB [IHK, mposBisommx He mare-
PHHCKYIO M HE OTLIOBCKYIO IOCJIENOBATEIbHOCTb. Hampumep, MOXKHO HCHONIB30BaTh Mpenedn
orceuenusi B 3 ¢parmenta JIHK nns ompeneneHust TOro, 4ro B TOCJEAOBATEIHHOCTH €CTh
MyTarus de novo WU HET eé.

Ha cragum 2450 onpepensiercss mepBasi (ppakLMOHHAs KOHLEHTpAaLMs TMEPBOH MOCIe-
JOBATEJILHOCTH B OHosorndeckoM obpasue. Hampumep, xonudectBo ¢pparmentos JIHK, mposis-
JSIOIUX TEPBYIO TOCIIENOBATENLHOCTh, MOXKHO BBIPA3HTh B BUJAE AOJIH OT BCeX (hparMeHTOB
JIHK, BBISBJIEHHBIX 10 3TOMY JIOKYCY.

Ha cragum 2460 ompenensiercss Bropass (ppakuMOHHAs KOHIEHTPALUS HYKJICHHOBOH
KUCJIOTHI TUIOa B OMONOrMYeckoM oOpasie, HUCHOJNb3ysl MOJEKYJy HYKJIEWHOBOH KHCIIOTBHI,
YHACJIEIOBAHHYIO IJIOAOM OT OTLA, KOTOpas MPUCYTCTBYET B OTLOBCKOM I€HOME, HO OTCYT-
CTBYeT B MAaTE€PUHCKOM reHome. Takas MOJEKyJa HYKJIEMHOBOW KHCJIOTBI MOXKET COHEPKATh
NEPBBIN AJIJIENb B TAKOM JIOKYCE, IO KOTOPOMY OT€L] TOMO3UTOTEH, @ MaTh TO>KE€ FTOMO3UTIOTHA, HO
10 APYTOMY aJUIEJIIO, MOSTOMY IIof OyneT oONUraTHOW reTepo3uroTo. [[ist BBISICHEHMS TOTO,

KaKyl0 MOJIEKYJly HYKJIEHHOBON KHCIOTBI CJIEAYeT HCIONb30BaTh [Jis1 ONpeAesieHHs] BTOPOM



43

(bpakIMOHHON KOHLEHTPALMH, MOXHO HCIOJb30BaTh HMH(GOPMATHBHBIE JIOKYCBHI, OIHCAHHbIE
BBILIE.

B npyrux BomomeHusIx BTOpas (PpakLMOHHAs KOHLEHTpalMs OINpenesseTcss Npu
MOMOIIU JIPYTUX MOAXOA0B, Kak-To MetonoMm 1P, uudpossim meronom IIP wiu meronom Ha
OCHOBE MAaCC-CIIEKTPOMETPHUH, MO Y-XpOMOCOME, MO KOMIUIEKTy TE€HHETHYECKHX MOJUMOp-
¢u3mMoB, T.e. MOTUMOPPHU3MOB MO OAHOMY HYKJICOTHAY WIN NOJIUMOP(HU3MOB THUMA BCTABKH-
neneuuu (Lun FMF et al., Clin Chem 2008, 54: 1664-1672). [Ipyras ajabTepHaTHBa COCTOWT B
UCTIOJIb30BAaHUU OJHOTO WJIM HECKOJBbKHUX T€HOMHBIX JIOKYCOB, MPOSIBISIIOIIMX PA3JIMYUs IO
metmnuposanuto JIHK mesxxny miogom u marepwto (Poon LLM et al., Clin Chem 2002, 48: 35-
41; Chan KCA et al,, Clin Chem 2006, 52: 2211-2218; US Patent 6,927,028).

B onHOM BOmIOIIEHUN pa3IuyMsl B SIIUTEHETUYECKOM CTaTyCe OTPAXKArOTCs Pa3audusiMU
no metunuposanuto JAHK. Pasznuuusa no merunuposanuro JJHK moryT 3atparusats resH 1A us
cemeiicta nomeHoB acconmannu ¢ RAS (RASSF1A) winu reH jurasbel CHMHTETa3bl TOJOKap-
6okcunaspl  (OuotuH-(mpormmoHna-CoA-kapbokcunasel  (AT®-runponmsupyromeii)) (HLCS).
Komnuectso ¢pparmentos JIHK co cnemmnduunsiM mis mopa npodunem merunmuposanust JJHK
MOYKHO BBIPa3uTh B BUJE A0NH OT BceX (pparmentos /IHK, BOZHMKAIOIUX MO 3TOMY JIOKYCY C
i depeHInaTBHBIM METHITUPOBAHUEM.

Ha cragumn 2470 nepsasi moCien0BaTEIbHOCTD KiIaCCUPUIIPYeTCs KaKk MyTarusi de novo,
€CIIu TiepBasi ¥ BTOpasi PpakLIMOHHAS KOHIIEHTpaLUs NMPUMEPHO OfAMHAKOBBL. He MaTepuHCckue u
HE OTLIOBCKHE IIOCIIENOBATEIbHOCTH, BO3HMKAIOLIME H3-32 OLIMOOK B IpOLECCE aHAIN3a,
Harpumep, OIMUOOK IPH CEKBEHUPOBAHUH, SIBJISIOTCS CIYYaiHBIMH SIBICHUSIMH U MOTYT
CIyYUTBCSI C MAaJOH BeposSTHOCTHIO. [losToMy MHOkecTBeHHble (parmentsl JIHK,
NPOSIBJISIFOIIINE OAHY M Ty K€ HE MAaTePUHCKYK0 M HE OTLIOBCKYHO IIOCJIENOBATENbHOCTh B
KOJIN4ecTBe, ONM3KOM K u3MepeHHOoW (pakumonHoi konueHtparmu JJHK mmona B obOpasue,
CKOpee BCEro MPeNCTaBIIIOT MyTaluio de novo, MPUCYTCTBYIOLIYIO B T€HOME IUIONA, a He
BO3HHKJIM M3-32 OLIMOKH NPU CEKBEHUPOBAHUH. B OZHOM BOIUIOIIEHHH AJISI ONPEAETIeHHs TOrO,
9TO (PPAKIMOHHBIE KOHIEHTPALWH OJIWHAKOBBI, MOJKHO HCIIOJIb30BaTh MpPEAENl OTCEYCHHS.
Hanpumep, ecnu KOHLIEHTpaLMU OTJIMYAKOTCS APYT OT APYyTa Ha 3alaHHyI0 BEJIMYUHY, TO NepBast
NIOCJIEZIOBATENBHOCTD KJIACCUPUIHMPYETCsT Kak MyTauuss de novo. B pa3nuuHBIX BOIUIOIIEHHSIX
3aJJaHHasl BEJINUMHA MOXKET COCTaBJIATh 5%, 10% mnn 15%.

MHNPUMEPBI

Ipumep 1

JUIs WIUTFOCTpPALM BOIUIOIIEHUI HACTOALIEr0 HM300peTeHHs NMPOAHAIU3UPYEM CIeay-
oM ciaydail. beuta mpuBiedeHa mnapa, MOCELIArOINas aKyLIEePCKYK KIMHUKY Ui Ipe-

HaTaJIbHOM AMArHOCTUKHU Oera-tanaccemuu. Oren ObLT HOCHTENEM JAenenud 4 map OCHOBAaHHMH
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-CTTT wu3 komonoB 41/42 rena Oeta-rjnoOuHa uesnoBeka. bepeMeHHass MaTh ObLla HOCHUTEJIEM
myTtaimn A—G mo Hykieornny —28 reHa Oera-rioOuHa uenoBeka. Y OTLA M MaTepu Opaiu
oOpasibl KpoBH. Y MaTepu oOpasel] KpoBU Opaiiu mepen B3siTueM o0pasiia XOPUaJIbHBIX BOPCUH
(CVS) nocne 12 nenenp Oepemennoctu. Yacth obpasua CVS coxpansuu A 3KCIEPUMEHTa.
Ienbro 5KCIIepUMeHTa OBLIIO COCTABIIEHHE F€HETHYECKOM KapThl BCEr0 FreHOMa WIIN ONpe/ieIeHue
MOJIHOM WJIM YaCTUYHON T€HOMHOW MOCIENOBATENbHOCTH IUIOAA IyTEM MAaCCUPOBAHHOIO
napaJjuienbHoro cekBennposanusi JIHK MarepuHCkol miasmbl.

1. OnpenesieHne poaAUTEIbLCKUX FT€HOTHIIOB

JIHK skctparupoBaiv U3 JIEHKOIUTHOMN MJIEHKH OTLA U Matepu u u3 obpasna CVS. Otu
obpazusl JIHK moneepramu ananmusy Ha ycraHoBke Affymetrix Genome-Wide Human SNP
Array 6.0 system. DTa cucrema comep>xut 1,8 MJIH reHeTHYeCKUX MapkepoB, Bkirodast ~900 000
nojiumoppusmMoB 1o oxHomy Hykyeotuny (SNP) u OGomee 950 000 30HIOB AU BBISIBJICHUS
BapUalMil 4ucia Komuil. AOCONOTHOE KOMWYeCTBO M mpoueHThl SNPs, mposBisiommx pas-
JMYHbIE KOMOWHAIIMK T€HOTUIOB 1Jisi oTua, Matepu u wiona (CVS), npuBeneHsl B Tabiuie HA
¢ur. 25A.

XoTs B 3TOM NpuUMepe HCIoJp3oBaiach cucremMa Affymetrix, Ha TpakTUKe MOXKHO
UCIIONIb30BaTh JIIOOYI0 TUIaTGOpMy T€HOTHUIIMPOBAHMS, W3BECTHYIO B AaHHOW obmactu. Tak,
noMuMmo resHorunuposanus, JIHK u3 neHkOLUMTHON IMJIEHKHM OTHA U MATePU TAKXKE MOKHO
NOABEPIHYTh CEKBEHHUPOBAHUIO, KaK IO BCEMY I'€HOMY, TaK U IO OTJEJNbHBIM y4aCcTKaM reHOMa.
bonee Toro, nyis yCTaHOBIEHUS T€HOTUIIOB POAUTENIEH MOKHO HCIIOJIb30BaTh JIFOOOH MCTOYHHK
JHK (wanpumep, JAHK Oykkanphbix kietok, JIHK BojocsHbix (OIMKYJIOB M T.O.) U3
OpraHu3Ma OTILa U MaTepH.

Obpaszen CVS mnoxpsepranu aHaimuzy, 4ToObl MOJYYUTh CTAHAAPT MJII CPABHEHUS C
TeHETUYECKON KapTOW IUIOAA, COCTABJIEHHOMN NPU aHAIW3€ MAaTEPUHCKOH Iua3Mbl. Kpome Toro,
IUISL 3TOTO SKCIepuMeHTa reHoTun odpasua CVS Takke MOKHO UCIIOJIb30BaTh JJIsl COCTABJICHUS
rarmotuna marepu ana aHanuza RHDO. Ilpu stom ncnonb3oBanue reoruna CVS ¢ menbro
COCTABJICHHsI TAIJIOTUIA MAaTE€PH NMPUMEHSIIOCHh TOJIbKO U WILTIOCTpauuu. Ilpu KiIMHUYecKoM
NPUMEHEHHUH BOIUIOIIEHUI TaruIOTHUIT MaTePH MOKHO COCTABUTH IMOCPEACTBOM aHAJIM3a IPYTUX
YJIEHOB CEMbH, K TMPUMEpY, MPENbIOyLINX AeTed, OpaTbeB U CecTep, pPOAUTENel WIN IPYyTrHx
POACTBEHHHKOB MaTepH. | arioTUN MaTepu MO MCKOMBIM Y4YacTKaM XPOMOCOM TaKK€ MOYKHO
COCTaBHUTb U JPYTMMHU METOJAMHU, XOPOIIO U3BECTHBIMHU CIIELIUAINCTAM, U3 KOTOPBIX HEKOTOPbIE
NPUBEACHBI 371ECh.

B oTmenpHBIX BOIUIOMIEHHUAX TAK)KE ONPENENSsieTCsl TaIuIOTHII OTIA €Il HE POXKIEHHOIO
iona. Takas nHpopmauus MoxkeT ObITh OCOOEHHO MOJIE3HOM MPH OIpeeNIeHHH OTHOCUTEIBHOM

AO3bI TAIUIOTHUIIA ITO TEM YHaCTKaAM XPOMOCOM, ITIO KOTOPBIM U OTCL, U MaTbhb IT€TCPO3UTOTHBI.
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2. MaccupoBanHoe napajjeabHoe cekBeHupoBanue JJHK maTtepunckoi niiazmbi

JIHK u3 mia3mbl, NOJy4eHHOH OT MaTepu, MOABEpPrajyd MacCUPOBAHHOMY Mapasijielib-
HOMY cekBeHupoBaHMIO Ha ruatdopme Illumina Genome Analyzer. CexBeHHpOBaHNE MOJEKYJ
JHK u3 mnazmel npoBOAUIN ¢ ABYX KOHLOB. Kaknyr0 MOJEKYIy CEKBEHUPOBAIU IO KAXAOMY
koHLy Ha 50 m.0., B o0wieii cinoxHocTH 100 m.o. Ha Mosiekyny. Oba KOHIIAa MOCIen0BaTeIbHOCTH
BBIPABHUBAJIIHN C I€MAaCKUPOBAHHBIM MO MoBTOpaM reHomoM uenoseka (Hgl18 NCBI.36 u3 caiita
UCSC http://genome.ucsc.edu) ¢ nomompro nporpamMmmbl SOAP2 u3 TIeKHHCKOrO MHCTUTYTA
renomukH B [llenpuxene (Beijing Genomics Institute at Shenzhen; soap.genomics.org.cn) (Li R
et al., Bioinformatics 2009, 25(15): 1966-7). B Tabnuue Ha ¢ur. 25B npuBeneHa CTaTUCTHKA
BbIpaBHUBaHUsA U1 nepBbIX 20 mporouHbIX KrOBeT. Tak, nmpu 20 NPOTOYHBIX KIOBETaX C
KOHTPOJIBHBIM T€HOMOM 4YeJIOBeKa ObLIO BBIPOBHEHO CBbIIE 3,932 MIIpA. TPOYHUTAHHBIX
OTPE3KOB.

3. Beruncienne ¢ppakunonHoi konuenrpauuu JHK niaoga

Kak ykazano Beie, ¢ppakuuonnyto konuerTpauuto JJHK mmona B oOpasue MaTepuHCKOH
IUIa3Mbl MOKHO BBIUUCJIUTH IO JaHHBIM CEKBEHHPOBaHMA. Tak, MOXKHO NMPOAHAIU3UPOBATH TeE
SNPs, 110 KOTOPBIM U OT€ll, U MaTb FOMO3UTOTHBI, HO MO pa3auuHbIM amnensM. [1o Takum SNPs
wion Oyner oOMUraTHON TreTepO3UroTON MO OAHOMY OTLOBCKOMY M OJHOMY MAaTEPHHCKOMY
anjeno. B OIHOM BOIUIOLIEHWH MOXKHO HCHOJIB30BaTh JIOOOH M3 CrOCOOOB BBIYUCIECHUS,
OMUCAHHBIX B pazzaenie V. A B 3TOM NpUMeEpPE BbIYMCIEHUS NPOBOIMINCH MO KyMYJSATUBHBIM
TAHHBIM W3 PAa3JIMYHBbIX IMOJUMOP(HBIX TN€HETUYECKHX JIOKYCOB, COOTBETCTBYIOIIMX KOH(DU-
Typaluy POIMTENBCKUX TE€HOTHIOB (T.e. 00a pPOXUTENs] TOMO3UIOTHBI, HO IO Pa3JIM4YHbIM
anjensiM) Ha pasHbIX xpomocomax. @paxkunonssle koHueHTpauuu JIHK mnopa, paccuuraHHble
no SNPs, TOKaJTM30BaHHBIM Ha Pa3HbIX XPOMOCOMAaX, MPUBEACHBI B CAMOM MPAaBOM CTOJIONE Ha
¢ur. 26. Kak BumHO u3 TaOmuubl, (QpakUOHHBIE KOHLEHTpPALUH, paccyuTaHHble 1O SNPs,
JIOKAJIM30BAaHHBIM HA Pa3HBIX XPOMOCOMAX, OU€Hb XOPOLIO KOPPEIUPYIOT APYT C APYTOM.

B xadecTBe skCcriepuMeHTa 110 KOHTPOJIIO KadyecTsa uccienosaiu U Te SNPs, mo koTopeim
MaTh FOMO3UI'OTHA, & OTell FeTePO3UIOTEeH, MyTeM aHainu3a OOpa3lOoB U3 JIEHKOLWUTHON TUIEHKH
meronoMm Affymetrix SNP 6.0 (cpennuii cronben Ha ¢ur. 26). BugHo, 4TO IpU JOCTATOYHOM
noiHoTe cekBeHnposanus [IHK m3mepenHble mpu 3ToM ¢pakiuoHHble KoHHEeHTpauun JIHK
IUIOZIa OKA3QJIMCh OYeHb OJM3KHUMH TeM, KOTOpble m3Mepsin nmo SNPS, 1Mo KOTOpeIM U OTel, U
MaTh FTOMO3UT'OTHBI, HO MO Pa3JIUYHbIM aJIENSIM.

B onmHom Bomnomenuu, ecnu mo >tuM aByM tHnaM SNPs HaOmomaroTcs modTH
oauHakoBble (pakuuoHHble KoHUeHTpauun JIHK moma, To MOXHO 3aKIIFOYUTh, YTO T'€HOM
wiofa ObUT MOYTH MOJHOCTBIO OXBAa4deH CEKBEHUpPOBaHHEM. B omHOM acriekre, rmpu MeHbIIeH

nojiHoTe oxBata ¢pakuuonHsie kKoHIeHTpanuu JJHK mnona, usmepennsie no SNPs, mo koTopeim
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MaThb FOMO3HUI'OTHA, a OTELl FeTePO3UTOTeH, OyAyT Oosiee BBICOKUMH, YeM IPH U3MEPEHUH 10 TEM
SNPs, no KOTOpbIM M OTeL, ¥ MaTb FOMO3UIOTHBI, HO MO pa3iuy4HbIM anjensM. IIpu menbluei
NOJJHOTE OXBaTa OTCYTCTBHE YHUKAJIBHOIO IO OTLOBCKOH JIMHUM aJJIeNsi MOXKET OBITh BBI3BAHO
IBYMS1 BO3MOXHBIMH (pakTopaMu: (1) T€M, UTO IUIOA HE YHACJIEAOBAJ 3TOT aJUlelb OT OTLA; W/WIn
(ii) Tem, 4TO MJIOJ yHACJIENOBaJ 3TOT ajuiejib OT OTLA, HO 3aTeM OH ObLI yTepsiH MPH CEKBEHU-
POBaHUH, IOTOMY YTO MOJHOTA CEKBEHUPOBAHHSI ObLIa HEAOCTATOYHOM.

4a. BoluncjieHHe CTeNeHH 0XBATA N'eHOMA ILJI0AA

Taxke, KaKk yKa3aHO BBILIE, MOXKHO OMpPEIENUTh, KAKOW MPOLEHT reHoMa Iuiofa ObLI
npoa”anu3uposad npu cekeHuporanuu JJHK u3 mMaTepuHCKON mia3Mbl, €CIM MOCMOTPETh Ha
noarpynmny SNPs, Mo KOTOpeIM M OTeL, U MaTb FOMO3UIOTHBI, HO MO Pa3JIMYHbIM ajuiensim. B
sToli cembe 45 900 SNPs Ha marpuue Affymetrix SNP 6.0 npunHamiexanu K 3TOH MOArpymIe.
CreneHp oxBaTa reHOMa IJI0/1a MO>KHO BBIUHCIIMTD ITyTEM aHaN3a JAHHbBIX 110 CEKBEHHPOBAHUIO
JHK u3 mutasmel, 9ToObl y3HATh, y Kakoro mporenta SNPs u3 3ToH MOArpyNIbl BBISBISETCS
aJuIenb I10AA NPU CEKBEHUPOBAHUU.

Ha rpaduke u3 ¢ur. 27A npencrasneH Habmonaemeiii nporeHt SNP B 310l moarpymme,
B KOTOPOH ajutelNib TUIofa HaOMIOAeTCs MO AaHHBIM CEKBEHUPOBAHMS NPH aHAIH3e MepBbIX 20
NPOTOUHBIX KiOBeT. Tak, amnens ruoga HaOmomaerca y 94% rtakux SNPs. Takas creneHb
CEeKBEHUPOBAHUSI COOTBETCTBYeT Ooiyiee 3,932 muipA. MPOYUTAHHBIX OTPE3KOB MPHU TOCIEI0Ba-
tenbHOCTH B 100 m.o. Ha rpaduke u3 ¢ur. 27B npencrapieH oxBaT B 3aBUCHMOCTH OT YHCIIA
NPOYUTAHHBIX OTPE3KOB BMECTO KOJMYECTBA MPOTOYHBIX KIOBeT. C yBeJIUYEeHHEM IMPOU3BOAU-
TEJIbHOCTH PA3M4YHbIX IUIATGOPM CEKBEHHPOBAHHS CJIEAYET OKHIAATh, YTO KOJHYECTBO
NPOTOYHBIX KIOBET WJIM 3aIyCKOB, HCIIOJB3YEMbIX MM HEOOXOAMMBIX AJISI MOJYYEHUsS] TaKOTrO
KOJIMYECTBA NPOYMUTAHHBIX I[OCIEAOBATEIbHOCTEH WM OTPE3KOB IOCIENOBATENbHOCTEHN, B
OyayIeM yMeHbIIUTCS.

B HEKOTOpBIX BOIUIOLIEHUSIX, TOCKOJIBKY B KaKIOM Y4YacTKE XPOMOCOMBI HJIM XPOMOCOM
BBISIBIISIETCST HECKOJIBKO SNPS, To OXBaT reHoMa Ijioma CocTaBUT MeHee 94% u TeM He MeHee
o0ecreynT MpaBUIBPHOE KAPTUPOBaHME T'eHOMa. Hampumep, MpennojioKuM, YTO Ha Y4YacTKe
xpomMocombl umeercst 30 uadopmaruBHbix SNPs, HO ajutesnb MIoa BBISBIISETCS TOJBKO ¥ 20 13
stix 30 SNPs. Tem He MeHee, y4aCTOK XPOMOCOMBI MOKHO TPAaBHJIBHO WACHTU(PUIIPOBATH U
npu 20 SNPs. Tak, B 0lHOM BOIUIOLIEHUHM pPaBHO3HAa4HAas TOYHOCTb AOCTUIAETCs NPU OXBAaTe,
cocTaBJisiolIeM MeHee 94%.

4b. OXxBAT reHeTHYECKOIl KAPTOil ajjieeil, yHACJIEeAOBAHHBIX MJIOAOM OT 0TLA

B sToM npumepe ananusza uzydanu Te ajuienan SNPs, o KOTOpeIM OTel| reTepO3UroTeH, a
Math romMo3urotaa. B sroii cempe 131 037 SNPs na marpune Affymetrix SNP 6.0 orHoCHIHCH K

stoit kareropuu. [loarpynna takux SNPs coctosina u3 65 875 SNPs, no kOTOpbIM MaTh rOMO-
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3UIrOTHA, a OTel W MIoA rerepo3urotHel. Ilpu ucnonb3oBaHuu 20 MPOTOYHBIX KKOBET AJUIEIH,
HaclielyeMble 10 OTLOBCKOH JuHuH, Habmonanuce y 61 875 takux SNPs, uTo 03Ha4aeT oxBar B
93,9%. DTOT MPOLEHT XOpOIIO COOTBETCTBYET NAaHHBIM IO CTENEHU OXBAaTa, MOJy4YEHHBIM B
npenbiayieM naparpade. Koppensauum mesxay OXBaTOM HacleAyeMbIX IO OTLOBCKOH JIMHUH
ajenel U KOJIMYeCTBOM MOAJAKOLINXCS KaPTUPOBAHHUIO MPOUYUTAHHBIX MOCJIEAOBATEIbHOCTEN U
KOJIMYECTBOM TOCJIEIOBATEILHOCTEH M3 MPOTOYHBIX KIOBET NMpHBeAeHb! Ha ¢ur. 28 A u ¢ur. 28B,
COOTBETCTBEHHO.

JUnisi BBISICHEHUsI CIEMU(PUYHOCTH TAKOTO TOAXONA K BbIIBJIEHHIO WCTHHHBIX Haclie-
AyeMBbIX TIO OTLOBCKOH JIMHUU ajuieNiell y ruiofa moxaeepraiu anamusy 65 162 (t.e. 131037 —
65 875) SNPs, mo KOTOpPbIM IO YHACJIEAOBAT T€ XK€ CaMble aJUIeNH, YTO U MaTh. Ui Takmx
SNPs kakylieecs BbIABJIECHHE ajUlesiel, OTINYAOIIMXCS OT ajulesiell MaTepy, JOJIKHO O3HAa4aThb
JIOKHO-TIOJIOKUTENbHBIE pe3ynbTaTel. Tak, u3 atux 65 162 SNPs npu anamusze 20 npoTOYHBIX
KIOBET OTMEUYEHO TOJIbKO 3 225 JOXKHO-TOJOKHUTENbHBIX (4,95%).2TH J0KHO-TIONOKUTETbHBIE
pe3yIbTaThl MOTJIM BO3HUKHYTh B PE3yJIbTaTe OMHUOOK MPU CEKBEHUPOBAHUU WJIM OLIMOOK MPHU
reHorunuposannu JIHK otma nnm matepu mubo myTanuii de novo y ruiona. Koppemsiuus mexy
JOJIEH JIO>KHO-TIOJIOXKUTENBHBIX U KOJWYECTBOM MMPOCEKBEHUPOBAHHBIX NPOTOYHBIX KIOBET
npencrasieHa Ha ¢ur. 29A.

JIOJIX0 JIOKHO-TIOJIO>KUTENIBHBIX MOKHO OIpPENENUTh W MPU PACCMOTPEHHU MOATPYIIIbI
SNPs, 1m0 KOTOpBIM M OTell, U MaTb TOMO3UIOTHBI IO OJHOMY U TOMYy ke ajmjento. Hammuune
JM000r0 albTEePHATUBHOIO AJJIENsl B ONPEAEICHHOM JIOKYCE CYMTAIOCh JIOXKHO-TTOJOKUTEIbHBIM
pe3yJIbTaToOM. DTH JIOKHO-TIOJIOKUTEIbHBIE MOIJIM BO3SHHKHYTh B pe3yJibTaTe OMIMOOK IpH
CEeKBEHHPOBAHUH WK OmKOOK rpu renorunuposannu JJHK orna mim marepu mibo myTtaumii de
novo y mioga. B aroit moarpymnmne Obuto 500 673 SNPs. Ilo maHHbIM cekBeHUpOBaHus u3 20
MPOTOYHBIX KIOBET JIOKHO-TIOJIOKUTENbHBIE Pe3yJibTaThl oTMedaanch v 48 396 SNPs (9,67%).
Koppemsius Mexay nO0ne JIOXKHO-TIOJOKUTEIbHBIX U KOJMYECTBOM IPOCEKBEHUPOBAHHBIX
NPOTOYHBIX KIOBET NpezcTaBieHa Ha ¢ur. 29B. Jlojst T0KHO-TIOJIOXKHUTENBHBIX PU 3TOM ObLIa
BBILLIE, YE€M IIPH OLieHKe 1o noarpynne SNPs, mo KOTOpbIM U MaThb, U IJI0J] TOMO3UTOTHBI, & OTell
reTepO3UroTeH. DTO BBI3BAHO TeM, YTO B nocienHeil noarpynne SNPs 10XKHO-MON0KUTENbHBIM
CUMTAETCs] TOJIBKO HAJW4Me€ B MATEPUHCKOM IJa3Me HacleAyeMbIX MO OTLIOBCKOW JIMHUU
ajulened, Torga Kak B MEPBOH MOATPYINE JIOKHO-NOJIOXKUTENBbHBIM PEe3yJbTaTOM CUMUTAETCS
moO0M ajieNb, OTIINYAIIUICS OT OOIKX JIJIsl OTHA U MaTEPHU aJljIesieH.

Ha ¢ur. 30 npencrasnen oxsat cnenuuuHbx s mioga SNPs npu pa3nuaHOM ducie
aHAJIU3UPYEMbIX POTOYHBIX KIOBET. B 3TOT aHanu3 BkimodeHsl Te SNPs, 1o KOTOpBIM U OTeLl, U
MaTb TOMO3WMIOTHBL, HO IO pa3juduHbiM aimensam. Ilo ocu X mpeacrasieHa CTENEHb OXBAaTa

cneunduunbix 1 mwiona SNPs, a mo ocu Y — nponeHt SNPs ¢ 3a1aHHON CTENEHBIO OXBAaTa.
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Ilpy noOBBIIEHHH YHCNAa AHAIU3UPYEMbIX MPOTOUYHBIX KIOBET BO3PACTAET CPEAHssl CTENEeHb
oxBara cneruduunbix 1A mioga SNPs. Hanmpumep, mpu onHOW aHanu3upyeMol MPOTOYHOM
KIOBeTe cpenHss creneHb oxsBata SNPs cocrasmser 0,23 pa3. A npu ananuse 20 NpOTOYHBIX
KIOBET CPENIHsIs CTENEeHb OXBaTa Bo3pacTaer A0 4,52 pas.

S. IlpaBUIBHOCTDL FTeHETHYECKOH KapThl, YHACJIeJ0BAHHOI OT MaTepH

Ha ¢wur. 31 npencraBieHa TOYHOCTb aHANIM3a TUTA A TIPU UCTIONB30BAHUH JAHHBIX U3 10
npoTO4YHBIX KioBeT. B pasnene II.B ommcanbl Boruomenus aHanusa tuna A u tuna B (Takxke
UMeHyrTcs aibda u Oera). TOYHOCTH OTHOCHTCSI K MPABHJIBHOMY OMNPEAEJCHHIO TaruIOTHUIIA,
YHACJI€ZJOBAHHOTO OT MaTepu. TOYHOCTh MpeACTaBIeHa OTAENBHO AJIS KaXKI0H XPOMOCOMBI.

Ucnonw3yst cootHomenne npasronopodbus = 1200 npu ananuze SPRT (Zhou W et al,,
Nat Biotechnol 2001, 19:78-81; Karoui NE et al., Statist Med 2006, 25:3124-33), TO4HOCTb
coctaisiia oT 96% no 100%. Kak Bugum, nake mpu TaKOM BBICOKOM COOTHOILEHUH IpaBoO-
nopobust st knaccudukarmu o SPRT, B obmelt cnoxkHocTn kiaccudunmposamun 2760
CErMEHTOB IO BCeMy reHoMy. Takast cTeneHb pa3pelieHns JOCTaTOuHA Al OONBIIMHCTBA 33434,
€CIIM y4eCTb, YTO MEHOTHYeCKass PEeKOMOMHAIMS MPOUCXOOUT C YaCTOTOH OT OIHOrO [0
HECKOJIbKMX pPa3 Ha OAHO IUIEYO XPOMOCOMBI 3a MokojeHue. Kpome Toro, BHAHO, 4TO BCe
omnOOYHbIe  KJIacCU(pUKAIUK  MOXXKHO  ObUIO  NPEeNoTBPaTHTh IpPHU  HCHOJIb30BAHUHU
nepemeskaromerocss noaxona (cnpasa Ha ¢ur. 31). Kak onmcaHo BbIe, B MepeMeKaroIEeMCs
NOAXOZ€e MPUMEHSIETCs aHalu3 U Thna A, u tuna B.

Ha ¢ur. 32 npencrasiena TouHOCTh aHaIM3a THNA B mpyu MCHonp30BaHUM JaHHBIX U3 10
NPOTOYHBbIX KioBeT. Mcmonb3ysi cooTHomenue npaspononodbus = 1200 mpu anamuze SPRT,
TOYHOCTh cocTaBisiia oT 94,1% no 100%. Bce ommbounble kimaccupuKaUE MOXHO OBLIO
NPEOTBPATUTh NPU UCTIOIB30BAHUH MEPEMEKAOLIErocs moaxoa (cmpasa Ha ¢ur. 32), Kak 3T0
oTMeuasoch u Ha dur. 31.

Ha ¢ur. 33 npeacrapieHa TOYHOCTb aHAJIN3a THUIMA A MPU UCTIOIB30BAHUU JaHHBIX U3 20
NPOTOUHBIX KOBeT. Mcmonp3yst cooTHouenune npasaononodus = 1200 mpu ananmuze SPRT u
aNTOPUTM “NIIBYX TIOCJENOBATENbHBIX OJIOKOB”, B 0Omed cioxHOCTH ObUIO caenaHo 3780
kiaccudukammii, u Tonbko 3 (0,1%) xinaccudukamm okaszanuch HempaBwibHbIMUA. Ha ¢ur. 34
MpECTaBJICeHa TOYHOCTh aHAINW3a TUNAa B npu ncnonp3oBaHuy faHHBIX U3 20 NPOTOYHBIX KIOBET.
Ucnone3yst cootHomenue mnpaspornonoduss = 1200 mpu anammze SPRT um anroput™m “nByx
NIOCJIEZIOBATENBHBIX OJIOKOB”, B OOIIeH CJIOXKHOCTH Obuio cuenmaHo 3355 knaccupukanuii, u
Tosbko 6 (0,2%) knaccupukaunii OKa3anuch HEMPaBUIbHBIMHA. B 3THX npumepax ananms SPRT
MPOBOJMJICS TIO LIEJIOMY Psily T€HEeTHYeCKUX MapkepoB Tuna SNPs.

Ipumep 2. llpenaTanbHOe onpeae/ieHUe pucKa 6eTa-TajJacceMun

B onHOM BOIUIOIIEHUH [T ONIpeieieHns: pucka Oera-TajacceMut y ioaa (AyTOCOMHOTO
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peLeccuBHOTO 3a00JIEBaHUsI) MOKHO OINPENENUTh, YHACIENOBAJl JIM IUIOJ MYTaHTHBIE aJUIeNy,
NEPEHOCHMbIE €r0 OTLIOM U MaTepbio. B n1aHHOM ciydae, NPUBEAEHHOM BbIIIE, OTEL] SIBISIETCS
HocuteneM aeneryu 4 map ocHoBaHui -CTTT n3 xomonoB 41/42 rena Gera-rno0OnHa YenoBeKa.
bepemenHnas matb sBisieTcs HocureneM Mytauuu A—G no Hykieoruay —28 reHa 6era-riaobuHa
YEJIOBEKa.

Jlist TOrO, Y4TOOBI ONPENENUTDb, YHACIEAOBAI JIU IO OTLOBCKYIO MYTALMIO IO KOJOHAM
41/42, npoBoawIu MOUCK cpenu naHHbIX cekBeHupoBaHus JJHK u3 mMaTepuHCKON Ma3mbl €
UCTIOJIb30BaHHEM MepBbIX 10 MPOTOYHBIX KIOBET HAa MPEAMET 3TOH MyTauuu. Beero oOHapykimm
10 curHanoB ¢ 3toit myTtarmei (¢pur. 35A). Takum oOpa3oMm, IJIOA YHACIEIOBAJ OTIOBCKYIO
myTauuro. Kpome Toro, 62 curnana conepkaiu MOCIeI0BATEIbHOCTb JUKOTO THUIA IO KOAOHAM
41/42 (¢ur. 35B). CrenoBaTeNbHO, HA 3TOM y4YacTKe MPOLEHT CHTHAJIOB, COIEPIKAIINX 3Ty
myTanuro, paseH 0,1389. Jra mudpa odenp Onm3ka PppakunonnHoit konuentpauuu JJHK mnona,
yCTaHOBIIEHHOH Ha ¢ur. 26. B ogHOM BOIUIOIIEHWH PUCK HACIEAOBAHMS IUIOAOM OTLIOBCKOH
MyTalld MOXXHO OTPENENUTh M MO HACIENOBAHUIO MM TI€HETHYECKUX MOJMMOP(PHU3MOB, CLEII-
JICHHBIX C OTLIOBCKON MyTaLUEH.

B onHOM BomjOLIEHUM AN ONpeneNeHUs] PUCKA TOro, 4YTO IUIOJ YHAacjenoBaj MaTe-
puHCKyr0 MyTauuto —28, mpooaunu aHanus RHDO. B 3Toii cembe MyTanus —28 nokanu3oBaHa
Ha rarmtotune IV, Toraa kak anienbs IUKOro Tumna Jokanu3oBaH Ha rarutorune III. PesynbraThbl
aHamm3a RHDO Ttuma A mpencrasnensl Ha ¢ur. 36, a pesyaprarsl aHamuza RHDO tuna B
npexacrasieHbl Ha ¢ur. 37. IIpu oOoux Tumax aHajgu3a yCTaHOBJEHO HACIENOBaHUE IUIOAOM
rariotuna Il ot marepu. MHbIMU clioBaMu, IJIOJ YHACAEAOBAJ OT MAaTEPH aJuleNib TUKOTO THIA.
OxoHuaTeNbHbIN AUATrHO3 Y IMJIOAA COCTOUT B TOM, YTO OH YHACJENOBaJI MYTAaLUIO 10 KOJOHAM
41/42 ot oTua W ajieNnb AMKOrO TUMAa OT MaTepu. TakuMm oOpa3oMm, IUIOA SIBIISIETCS TeTepO3U-
TOTHBIM HOCHUTEJIEM O€Ta-TaIaCCeMHH U MIO3TOMY JOJIKEH OBITh KIMHUYECKU 310POBBIM.

IIpumep 3. ObGoramenue MUIIEHH U NPHLEJbHOE CEKBEHUPOBAHUE

Kak m37105k€HO B MpEpIAyIIMX paszenaxX, TOYHOCTh OnpeaeieHust (pakHOHHONW KOH-
uentpaunu /IHK nnona v paspereHue reHeTH4ecKoil KapThl, coctaBieHHoM no aHanusy JIHK B
MaTEepUHCKOM IJ1a3Me, MOXKET 3aBHCETh OT IMOJHOTHI OXBaTa HUCKOMBIX JIOKycoB. Hampumep, MbI
NOKA3aJlk, YTO JISi ONPENEJIeHUs] C BBICOKOW TOYHOCTBIO (ppakumoHHOW koHueHTpauuu JJHK
wiona Oe3 mpenBapuTeNbHOW HWHOOpPMAIMK O TEHOTUIIE MaTepw AOLKHO XBaTuth u 200
MOJIEKYJI, COOTBETCTBYIOIUX JIOKyCcy SNP. Bcerpewaemocts amneneii nns SNP B matepuHCKO#
IU1a3Me MOXKHO IOJIY4YUTh, K TpuMepy, O0e3 orpanndenusi, merogom I1LP B peanbHOM BpemeHH,
dpossiM MeTonoM TP 1 MaccupoBaHHBIM NapaielbHbIM CEKBEHHPOBAHUEM.

ITockonpky nmpu MacCUPOBAHHOM MapaJsuiebHOM cekBeHuposanun JIHK u3 marepunckoii

IU1a3Mbl MOXKHO OZIHOBPEMEHHO ONPEAENUTh BCTPEUYaeMOCTb ajjenel st MuuinoHoB SNP o
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BCEMy T'€HOMy, TO 3TO HAealbHas IuargopMa JUis aHaiu3a BCEro IeHOMa IO Pa3JInYHbIM
nokycam. OCHOBHOH (hopMaT MacCCHPOBAHHOTO NAPaJJIENIbHOTO CEKBEHHPOBAHUS ITO3BOJISET
OXBATUTh PA3JNIUYHbIE YYACTKU IN€HOMA C AHAJOTHYHOW MONHOTOH. OIHAKO IJIsl TOTrO, YTOOBI
IPOCEKBEHUPOBATh OIPEENEHHbIH YYaCTOK C BBICOKOW ITOJIHOTOM CEKBEHUPOBAHHUS METOIOM
CJIy4alfHOrO MacCHpPOBAHHOIO MAapajuIEIbHOTO CEKBEHMPOBAHUS, HYKHO B TaKOHM K€ CTENeHU
IPOCEKBEHUPOBATh U OCTAJIbHBIE YaCTH I'eHOMa (HE NpeAHa3HaueHHbIE Ui aHainu3a). Tak 4To
STOT MOJXOJA MOXKET OKa3aThCsl JOPOrocTosiiuM. st yaydineHus peHTaOeNbHOCTH MOIAXOna
MaCcCHUPOBAHHOTO MAPAJUIEIbHOTO CEKBEHUPOBAHHSI MOKHO TOABEPTHYTh OOOTAEHUIO UCKOMBII
YyYaCTOK Mepe] MPOBENCHUEM CeKBEHHpOBaHUs. [IpUIebHOE CEKBEHHPOBAHUE MOXKET MPOBO-
IOUTBHCS TIPU MOMOIIM 3axBaTa B pactBopuMoii ¢asze (Gnirke A et al. Solution hybrid selection
with ultra-long oligonucleotides for massively parallel targeted sequencing. Nat Biotechnol
2009, 27:182-9), 3axBaTa Ha MHKpomatpuue (Hampumep, Ha amardopme NimbleGen) wmm
npunensHoi ammumngukanuu (Tewhey R et al. Microdroplet-based PCR enrichment for large-
scale targeted sequencing. Nat Biotechnol 2009, 27: 1025-31).

[IpunenpHOE CEKBEHHUPOBAHME CHa4alla MPUMEHSJIOCH UII T€HETHYECKUX Bapualiid B
NOMYJISILAN, HalpuMep, NP UCCIEAOBAaHIM T'eHeTHYeCKOH accoranuu. [TosTtomMy ero tekyuiee
NPUMEHEHNE B HCCIIEIOBAHMSIX 10 T'€HOMHKE HANpPABJICHO HA pELIeHHEe KAa4eCTBEHHBIX 3a/1ad
(HampuMep, reHOTUNMHPOBAHUE WM BbIsBICHHE MyTaunii). OnHAKO MPUMEHEHHE MPULIETBHOTO
cexpeHuposanust JIHK w3 MarepuHCKkOM 1uiasMbl 11 HEWHBA3WBHOM IPEHATaJbHOU
JAMAarHOCTHKH BKJIIOYAET U KOJINYECTBEHHbIE COOOPAKEHHs], OCYLIECTBUMOCTh KOTOPBIX OCTAETCs
HescHOW. Hampumep, mnpuMeHeHHe MNpPHULETbHOIO CEKBEHHPOBAHUS MOXKET BHOCHUTH
KoJuecTBeHHbIe ommOku npu BbiiBieHnu JIHK mioma m marepu B MaTepHHCKOH IUta3me.
Kpowme Toro, B npenmectByomux padorax Obuto nokasano, uro JJHK mnona kopoue, yem JTHK
matepu (Chan KCA et al. Size distributions of maternal and fetal DNA in maternal plasma. Clin
Chem 2004, 50: 88-92). Takas pasHUIIAa B pa3Mepax TaKKe MOXET BHOCUTb KOJINYECTBEHHBIC
omnOku win pa3nmius B dddexruBnoctu npu 3axsare JJHK mona u marepu B MaTepHHCKOM
wiazme. K ToMy ke HeT yBEepEeHHOCTH B TOM, C KaKOH 3((EKTUBHOCTBIO MOTYT 3aXBaThIBATHCS
Takue ¢pparmeHTrpoBaHHble MoJiekyJibl JIHK. B HinkecnenyromeM OnmrucaHuy Mbl TIOKAKEM, YTO
NPULENBPHOE CEKBEHHUPOBAHHE MOXKET OCYINECTBIIATHCS MOCPEACTBOM OOOTAINEHUS MHUIIEHU C
MOCJIEYIOINM MAaCCHPOBAHHBIM MapajUIeIbHbIM CEKBEHHUPOBAHHEM. MBI TakKe MOKaXKEM, YTO
oQoraieHne MUIIEHHU SBIsIETCS 3P PEKTHBHBIM CIIOCOOOM OIIEHKH (PPAKIIMOHHON KOHIEHTPALUU
JIHK miona mo cpaBHEHHUIO C CEKBEHHPOBAHHUEM LIEJIOT0 FEHOMA.

A. Onpenenenne (ppakuHOHHON KOHIEHTPALMH ¢ 000rameHHeM MHUIIEHU

1. Marepuabl ¥ METOABI

b npusneuens! 4 OGepemenHsle keHMHbI (M6011, M6028, M6029 u M6043) ¢
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€IMHCTBEHHbIMU IUTOAMHU >keHckoro moja. OOpasupl mnepudepuueckoil KpoBH MaTepeit
cobupamu B npobupku ¢ DATA mnepen usbupaTeapbHBIM KECapeBbIM CEUEHHEM B TPETbEM
TpuMecTpe, a o0pasubl IUIaLleHThl Opanu mocie u3dupaTenpHOro kecapesa cedenus. [locne
LEeHTpU(yTrUpoBaHus U3 KIETOK nepudepuueckoit kposu skctparuposain JIHK ¢ momorbto
Habopa Blood Mini Kit (Qiagen). THK u3 2,4 M mia3Mbl 3KCTParupoBajy ¢ MOMOLIbIO Habopa
DSP DNA Blood Mini Kit (Qiagen). 'enomuyto JIHK maTepu skcTparupoBaiv U3 JIEHKOLUTHOM
mwieHky, a reHoMuyro JIHK mnoma skcTparupoBanu U3 TKaHW IUIaleHTbl. B 3TOoM mpumepe
oOpasupl Opajiii B TPETbeM TPUMECTPE TOJBKO IJIsl WILIIOCTpauud. PaBHBIM 00pa3oM MOXKHO
UCTIOJIb30BaTh 0OPa3Ibl U3 MEPBOrO WM BTOPOTO TPUMECTPA.

I'enotunbl MaTepu U Tuioza onpenessuin Ha Matpuue Affymetrix Genome-Wide Human
SNP Array 6.0. B xaxaom ciygae 5-30 ur JJHK u3 mnasmel ucnonb3oBaiu aJisi KOHCTPYHUPO-
BaHust 6ubnmorexn /JIHK ¢ momompsro Habopa Paired-end Sample Preparation kit (Illumina) mo
METOIMKE HM3TOTOBUTENS C MPHUroToBJIeHHeM oOpasuoB tuma Chromatin Immunoprecipitation
Sequencing. Jluruposannyto ¢ amantepom JJHK ouniany npsiMo Ha neHTpUQYKHBIX KOJOHKaX
u3 Habopa QIAquick PCR Purification kit (Qiagen) 6e3 mampHeiimero otdopa Mo pasmepam.
3arem nuruposanHyio ¢ amantepom JIHK monsepramm ammumdukammm 3a 15 mukmos ITHP ¢
MOMOIIBIO CTAHAAPTHBIX mHpaiimepos, koTopbiMu cayxmiu PCR Primer PE 1.0 u 2.0 ¢pupmsl
[Mlumina. bubmuorekn JJHK noxgsepranu KOJIWYECTBEHHOMY OIpPENEICHHIO C MOMOIIBIO CIEKT-
podoromerpa NanoDrop ND-1000 (NanoDrop Technologies) u npomyckanu uepe3 aHaIH3aTOP
2100 Bioanalyzer, ucnonszyst Habop DNA 1000 kit (Agilent) nist npoBepku pacrnpeneneHus 1o
pasmepam. Ilo kaxxnomy obpasuy nosyvanu 0,6-1 Mxr amrmuugurpoantoi oudbmuorexku JJTHK
U3 IUIa3Mbl CO CPEIHHUM pasMepoM okouso 290 1m.0. 3aXBaThIBAIOILYI OMOIMOTEKY MOJNyYald OT
Agilent, ona oxBatbiBasia 85% 5k30HOB Ha Xpomocome chrX denoseka (kat. Ne 5190-1993). Bo
BCeX 4 cly4asix B JaHHOM HccienoBanuu mo S00 Hr ammuuduippoannoi oudmuoreku JJHK u3
IUIa3Mbl MHKYOMpPOBAJIM € 3aXBaTHIBAOIIUMH 30HIAMH B TeueHne 24 4 mpu 65°C cornacHo
UHCTPYKUMHU TpousBonuTens. Ilociae ruOpuam3anyuy 3axBa4eHHbIE MHILICHH OTOMpAU MyTeM
NPUTSTUBAHUS TUOPUAOB THIA OHMOTHHIIMPOBAHHBIN 30HI/MHIIEHb C TOMOIIBIO TOKPBITHIX
CTPENTAaBUAMHOM MarHUTHBIX mapukoB (Dynal DynaMag-2, Invitrogen) u o4HInany ¢ MoMOIIbIO
HaOopa MinElute PCR Purification Kit (Qiagen). Hakoneu, uckombie Oubmmorexkn JIHK
noaseprany oboramenno nytem IIIP-ammmpukanmy 3a 12 UUKIOB ¢ MOMOIIBIO NpaliMepoB
SureSelect GA PE ¢upmbr Agilent. ITponykrer ITLP ounmanu ¢ nmomommsto Habopa QIAquick
PCR Purification Kit (Qiagen). ITocne storo oubmuorexkn JAHK, momy4ueHHsle ¢ oboramernem
MUIIEHH WM Oe3 Hero, MojBeprayju CIy4aiHOMYy MAacCCHPOBAHHOMY IapajuIeIbHOMY CEKBEHH-
poBanmo Ha aHanuzatope Illumina Genome Analyzer IIx. Ilpu cexBeHMpOBaHMM HCIIONB30BAIN

OIIHY JOPOXKKY Ha CTAHAAPTHOW MPOTOYHOM KIOBETE JIsi CEKBEHHUPOBAHUS ONHOW OMONMOTEKH
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JTHK.

2. ®paxiwmonnas koauentpanys JJHK ninona 6e3 oboraledust MULLEHH

@pakiuonHass koHueHtpaumus JHK mmoma moker ObITh paccyuTaHa Ha OCHOBE
BcTpedaeMoctu aneneit naupopmatuBHbix SNP (T.e. SNPS, Mo KOTOpBIM MaTh rOMO3UTOTHA, a
OTell reTepo3uroTeH). M3 HipkenpuBEeNeHHOW TaONUIBI BHOHO, YTO U1 4 CilydaeB IO BCEMY
reHomy upeHtudunmponano 120 184, 110 730, 107 362 u 110 321 undopmarusueix SNP, Torna
KaK Ha MCKOMBIH y4aCTOK XPOMOCOMBbI X mpuxoautcst 63, 61, 69 u 65 (B TakoM ke MOpsiAKe
MepEeYHCIIeHNUs, COOTBETCTBEHHO). be3 oboramnenust muieHu GpakimuonHbie koHeHTpauu JJHK
wiona coctaBuwim 33,4%, 31,3%, 29,2% u 34,4%, UCX0Oas U3 NAHHBIX MO BCEM WH(POPMATHBHBIM

SNP B rerHome.

Obpazen | Odbora- Hudgopmatus- | CoBmectHbie | Cneunduu- | DpaxkunoHHas
HeHUe Hbie SNP no ajen HbIE 151 koHu. JJHK
MHIIEHH | BCEMY reHOMY IJI0JA AJLJIETH J10a
M6011 HET 120 184 15309 3 064 33,4%
M6028 HET 110 730 16 778 3114 31,3%
M6029 HET 107 362 19 889 3 404 29.2%
M6043 HET 110 321 21 070 4369 34,4%

3. CpaBHenue o0pa3Los ¢ oboraleHueM MULIEHU U 0e3 Hero

B HeKOTOpBIX BOIUIOIIEHUSAX [OJIHOTa OXBaTa IOCJIEAOBATENbHOCTH IIPENCTaBJIeHA
CPEAHHUM YHCIIOM pPa3, KOTAa KaXX10e OCHOBaHME ObUIO MPOCEKBEHHPOBAHO HAa ONPEAETICHHOM
ydacTke. B 5TOM BOIUIOIIEHHMM TMOJHOTA OXBaTa MOCJIEA0BATEIbHOCTH PAaCCUUTHIBAETCS
AeJeHueM OOIIero 4Hcia MPOCEKBEHHPOBAHHBIX OCHOBAHHI HA HMCKOMOM Y4acTKe Ha JUIMHY
uckomoro yvactka (3,05 Mb). JIns ydacTKOB, OXBaThiBaeMbIX HAOOpOM st OOOralieHus,
CpeAHUI OXBAaT MOCJEA0BaTENILHOCTH coctaBmi 0,19 pa3 mist HeoborameHHbIX 00pa3Luos u 54,9
paza ansi oOoraleHHbIX 00paslioB, 4TO O3Ha4YaeT B cpenHeM 289-kpaTHoe oboramenue. [Ipu
TaKOH TOJIHOT€ CEKBEHHPOBAHUsS HAa MCKOMOM YYacTKe mepen OOOralieHHeM MHIIEHH BBISB-
JSI0CH TOJBKO 4,0% cneunuyHbIX Ut TUIoa ajutenen (cM. tabmuiy BHHU3Y). i cpaBHEHUS,
nocie o0oraeHus MUIIEHH BhIABISUIOCHh 95,8% u3 Hux. CnenoBareabHO, 0OOTralIeHHe MUIIEHN
CIJIbHO TIOBBIIIAET IMOKA3aTeNb BBUIBJICHUS CHeNMPUUHBIX IUIS TUIONA ajuiesiell Ha 3aJaHHOM
y4acTKe.

ITocne sToro mbl cpaBHWIN (pakuroHHbie KoHIeHTpauuu JIHK mmoma Ha ocHOBe
BCTpedaeMoCTH Bcex HH(popmaTuBHBIX SNP Ha 3a7aHHOM ydYacTKe MO KaXAOMy oOpasiy, C
oboramennemM u 06e3 Hero. bes oborameHust MUIIEHN YUCIIO CenU(UIHBIX IS IJIOAA ayjiesneit
coctaBmiio ot 0 10 6 s yeThIpex oOpasuos (cM. Tadnuuy BHU3Y). BenencTsiue HU3KOro oxsarta
NIOCJIEZIOBATENBHOCTH HeanekBaTHbIN oTOop Mosekyn JJHK mona Oyner memars ToUHOMY ompe-
nenennto ppakunonHor koHuentpaunu JIHK mnona. Ilpu oborameHun MUuineHu Ha 3alaHHOM

y4acTke HabJoanocy ropasao OoJbpiuee Yucio crenuduaHbx 1 miona amienei (511-776) u
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COBMeCTHBIX ajutenieit (2570-3922) (cm. Tabmuny BamM3y). Conmep:xanne JIHK mimonma coctaBmiio
35,4%, 33,2%, 26,1% u 33,0%, uto cornacyercs ¢ cogepxkanuem JIHK mnona, yctaHOBIEHHBIM

MO JaHHBIM M3 BCEr0 IeHOMa B HeoOorameHHbIX oOpasuax (cMm. Tabiuiy BHH3Y). OTH

pe3yabpTaThl O3HA4arT, 4YTO HAa 3aJaHHOM ydacTtke wMosekyasl JIHK wmarepu u nmona
MOABEPraIuCh OOOTAIIEHUIO B PABHOW CTETEHH.
Oopaseun | OGora- | YUucso un- | Boiseiaeno | Ilpouent | Yucsio cos- Yucso ®paku,.
menue | popmatus- | cnenud. cnenud. MECTHBIX creuud. KOHIL.
mumeHn | HeIx SNP | aag noioga | aast nuiopa aJiee JIJIS TUI0AA JHK
HA yYacTKe | aJjJjeqei ajJjiesei ajiesiex 10aa
M6011 HET 63 6 9,5% 13 6 63,2%
M6028 HET 61 2 3.3% 6 2 50,0%
M6029 HET 69 2 2,.9% 11 2 30,8%
M6043 HET 65 0 0,0% 15 0 0,00%
M6011 12 63 60 95,2% 3072 661 35,4%
M6028 1a 61 60 98,4% 2570 511 33,2%
M6029 1a 69 66 95,7% 3835 575 26,1%
M6043 12 65 61 93,9% 3922 776 33,0%

B. Onpenenenne renoma mioaa ¢ 00oranmeHueM MHIIEHH

Opgnum u3 npumeneHuidt meroga RHDO sBnsercs HeuHBa3uBHAasi NpeHaTalbHAs
IMAarHOCTHKA HACJIEyEeMBbIX 110 MAaTEPUHCKOHN JIMHUM reHeTHYecKux 3a0oneBaHnid. C MOMOLIBIO
MaCcCHPOBAaHHOTO TMAapaJUIENIbHOTO CEKBEHHPOBAHUS MATEPUHCKOW IUia3Mbl Oe3 oOorameHus
mumeHn npu aHanuze RHDO MOXXHO NpaBHJIBHO ONpeNeNuThb, KaKOW TaruloTHII MaTepu ObLI
nepenaH miony, B cpenHeM no 17 SNPs, ecnu nonHora cexkseHuposanust JIHK martepunckoi
IUIa3Mbl COCTAaBJIsIET NPUMEPHO O5-KpaTHBIN OXBAT T€HOMA uenoBeka. [l yiaydlueHus peHTa-
6ebHOCTH 3TOTO MOAXO0/a MOKHO H30MpaTEIbHO HAIPABUTh CEKBEHUPOBAHUE HA ONpPEeICHHbIE
y4acTKU TeHoMa, a 3areM mnpumeHuTh aHanu3 RHDO k naHHBIM 1O cekBeHHpOBaHHIO. B
npUMepa Mbl POBEPHIIN 3Ty KOHLEMIUIO MIPH MPULIEIbHOM ceKBeHUpoBaHuu U aHanuze RHDO
xpoMocombl X. OnHako mpulenbHoe cekBeHnpoBanue u aHanu3 RHDO moxer npumMeHsAThCS KO
BCEM XpOMOcCOMaMm, Harpumep, ayrocomam. B onnom Bomnomenuu asanuz RHDO, kak onucano
BBILLIE, MOXET MPUMEHSITBCS IS PULIETbHBIX BOIIJIOLIEHHH.

b0 npuBiedeno S 6epemMeHHbIx skeHIUH (PW226, PW263, PW316, PW370 u PW421)
C €OUHCTBEHHBIMH IUIOJAMH My>kckoro mosa. OOpasubl mepudepudeckoil KpoBH MaTepei
cobupanu B npobupku ¢ IATA nepen B3situem odOpasua xopuanbHeix BopcuH (CVS) B mepsom
Tpumectpe. Ilocne neHTpudyrupoBaHus W3 KIETOK Nepr(pepruuecKkoil KpOBH 3KCTPArupoBaU
JHK ¢ nomomsto Habopa Blood Mini Kit (Qiagen). JIHK u3 3,2 mu mia3Mbl 3KCTparupoBaiu ¢
nomompo Hadbopa DSP DNA Blood Mini Kit (Qiagen). I'enomuyro JIHK martepu sxcrparu-

pOBany U3 JICMKOUMUTHOW IUIeHKH, a reHoMHyro JIHK mioga sxcrparupoBanu U3 XOpHAJIbHBIX
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BopcuH. OOpasipl rOTOBWIIM M AHAJIM3UPOBAJIH, KAaK OMHCAHO BBINIE. 3aTeM KaKablil oOpasen
CEeKBEHHPOBAJIH CIy4YailHbIM 00pa3oM, HCIOJBb3Ys OHY AOPOXKKY Ha IMPOTOYHOHN KIOBETE (PUPMBI
[llumina.

B sTOM mpumepe 15 BbIBEAEHHMs MAaTEPUHCKHUX FaIJIOTUIIOB JUJII XPOMOCOMBI X U TOTO,
KaKOW TamyIOTHII yHACIEAOBaH OT MaTepH, HCIMOJb30BAJIM I'€HOTHUN IUIOJA BMecTe ¢ HH(Op-
Mauuel 1o CeKBEHUPOBAHUIO HYKJIEMHOBBIX KHCJIOT Marepu. [{na kaxnoro SNP Ha xpomocome
X, MO KOTOpOMY MaTh reTepo3urotHa (T.e. 370 uHpopmatuBHbie SNP), Hacienyemblid mIoaoM
aJJIeNb OTPeNeNsieTCs KaK MpOoUCXonsuuidi u3 mMatepuHckoro ramtoruna 1 (Hap 1), Torma kax
MaTepUHCKUN ajliesib, KOTOPbIN He Mepelles K IJIOAY, ONpenenseTcs Kak MPOUCXOASINUN U3
marepuHckoro ramtotuna 2 (Hap II). B HEKOTOpBIX BOIUIOIIEHUSX AJISI KIMHHYECKOTO MpHUMe-
HEHUsI TEHOTHI IUIO/Ia MOXKET OBbITh HEW3BECTEH 3apaHee, a raluIOTHITI MaTepPH MOXHO Ompe-
JENUTh UM YCTAaHOBUTb METOJaMH, XOPOLIO M3BECTHBIMM CIEIMAUCTaM, a TaKXKe METOJaMu,
onucaHHbIMU 37iech. IIpu 3TOM Xpomocoma X HCHONB3YETCsl TOJNBKO i WiurocTpaimu. Ilpu
TAKOM aHaJli3e MO>KHO MCIOJIb30BaTh U APYyTHe XPOMOCOMBI, HAIIPUMEP, ayTOCOMBIL.

Bo Bcex 5 cny4asix, ONMCaHHBIX 371€Ch, Y HUX ObUIO MO OJHOMY IUIOAY MY>KCKOTO IOJIA.
ITockonbky My»KCKOM IUIOA HacleAyeT TOJBKO OAHY XpPOMOCOMYy X OT MaTepu, HO HUKaKOH
XPOMOCOMBI X OT OTIIa, TO Meperieamas K oAy MaTepruHcKast XpoMocoma X OyaeT n30bITOYHO
npeacTaBiieHa B MatepuHckoil minasme. Ananus RHDO nposoaunu ot pter 1o qter XpoMOCOMBI
X. Hauunas ¢ SNP, 6Gmmkaiimero k pter xpomocomsl X, ananuzoM SPRT moxHO ompenenuts,
yro ayutens u3 Hap I wnu Hap II cratuctiueckn 3Ha4uMMbIM 00pa3oM M30BITOUHO MPECTABIEH B
MaTepuHCKOi masme. Eciu HU OAMH M3 OBYX TaIUIOTUIIOB HE MPEACTaBIeH H30bITOYHO CTATHC-
THYECKH 3HAYUMBIM O0pa3oM, TO MOJKHO CIIOJKHTb BCTPEUAEMOCTb aJUIeNeH MO CIEeNyIOLIeMy
SNP nnist maneHeiimero ananuza merogoM SPRT. MoxHO oObennHATh nonoaHuTenbHbIe SNPS
Iy aHanmu3a 10 Tex mop, moka B mpouecce SPRT He Oyper ycTaHOBIEHO, YTO OOUH U3
TafuIOTHIIOB HM30BITOYHO TPEACTABICH CTATUCTHYECKU 3HAYMMBIM 00pa3oM. 3aTeM mpouecc
KJIacCU(PUKAIIMN MOXKHO HA4aTh 3aHOBO MO cieayroimeMy SNP.

Ha ¢ur. 38A u 38B mnpencrasnens! pesynbraThl kiaccudpukanun no SPRT ans ciydas
PW226 B kauectBe mpumepa. B 3ToM ciydae Bcero Obuto 9 ycmemHbIX KiaccupUKaLUi 1o
SPRT nns xpomocomsl X. IIpu kaxknoit knaccudukaunu no SPRT annenu u3 Hap I okazanmch
U30BITOYHO TPEICTABICHHBIMH B OOpaslie MaTEPUHCKOH IUIa3Mbl, yKa3blBas Ha TO, YTO ILIOA
yHacsenosas ot Mmarepu Hap I. ITockonbky mbl onpenenwnn Hap I kak ramnorun, coaepskaiuii
aJJIeNy, Tepeliene K TUIOAy, TO pe3yJibTaThl BceX 3Thx kiaccudpukaumii mo SPRT Obuim
NPaBUJIbHBIMH.

Ha ¢ur. 39 npusenens! pesdynbrarsl aHanuza RHDO nis stux 5 cnyuaes. Konmuuectso

ycnemHbix knaccudukanuii mo SPRT cocraensno or 1 mo 9. Bee wnaccupukanmu nmo SPRT
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Obun mpaBuUIbHBIMH. bonee Bbicokas ¢paxkumonnHas koHuentpauus JHK mnmona cesizana c
OONBLIMM YHCIIOM KIacCU(UKALIUK, TOTOMY YTO aJUIeIbHbIN nucOaianc, oOyCIOBIEHHBINH NpU-
cyrcrBueM JIHK miona, serde BoisiByisieTCsl pu Oojiee BBICOKOHN (PPaKIIMOHHOW KOHLIEHTPALNH
JHK mnona. ITosromy ans nmonydenus ycnemHoi kinaccudukarun RHDO tpebyercs mMeHblne
SNPs. IIpu 3TOM OmnpeneseHHble YUYaCTKU XPOMOCOMBI MOXKHO PasfeliTh Ha OOJbIIEe YHCIIO
6mokoB RHDO. Hamu pe3ynpTathl NOATBEPKIAtOT, uTo anaan3 RHDO MokeT mpoBOIUTHCS 1O
JaHHBIM MaCCHPOBAHHOTO CEKBEHHPOBAHUS, MOy YEHHBIM TIOCJIE€ O0OTAIEHHUs] MUIIECHH.

Hamm nanHbIe TakKe MOKA3bIBAIOT, YTO MPHLEIbHBIN MOAXOM SIBJIAETCS Ooyiee peHTa-
OenpHBIM criocobom mpoBenenus: aHammza RHDO. be3 oborameHusi MHUIIEHH TPU CEKBEHU-
poBaHuH 00pa3uoB ¢ Omu3kuMu koHueHTpauusmu JIHK miona HyKHO mpuUMEpHO 5 MPOTOYHBIX
kioBeT (T.e. 40 moposkek s cekBeHupoBanusi) (¢ur. 40), yTOOBI AOCTHYL TAaKOH k€ CpenHei
NOJTHOTBI, Kak y o0pa3loB, mpencraBieHHbIX Ha ¢ur. 39. A y Hac nmpu 0OOrameHud MHUIIEHH
CEKBEHHPOBaHNE BCErO JIULIb 10 OJHOM JOPOKKE NAeT CPEAHIOK MOJHOTY CEKBEHHPOBAHUS OT
15 o 19 xpar ans yenewmno# kinaccudukam RHDO.

C npyroii CTOPOHBI, MOKHO TOCTHYB e11e 00j1ee MHOTOKPATHOTO OXBaTa CEKBEHUPOBAHUS
IPU CPABHUTEIBHO HEOOJNBIINX JOTOJHUTENBHBIX 3aTpaTax, €CIM HCIONb30BaTh OOOTalleHue
muieHu. bonee BBICOKMI OXBaT CEKBEHUPOBAHUS MOJKET CYLIECTBEHHO YMEHBIIUTH pa3Mep
y4acTKa T€HOMa, KOTOphId HeoOxomum aiisi ycnemmHol knaccudpukaunn RHDO, u tem cambiM
yJIy4YILINUTD pa3peLieHne pyu aHaIHu3e.

IIpumep 4. ObGoramenue MHIIeHH

C 2004 r. ObO W3BECTHO, 4TO LUpKyJaupyromue mojekynsl JJHK mmona B obmem
kopoue, yem JIHK marepu B matepunckoii mnazme (Chan KCA et al., Clin Chem 2004, 50: 88-
92; Li et al., Clin Chem 2004). OgHako MOJIeKyJIsipHasE OCHOBA 3TOro HaOJIIOJIEHUS] OCTaBaJach
HEM3BECTHOI. B HacTosIEM HcCeoBaHUU MbI pounTtanu 3,931x10° oTpeskos B UccaenyeMoM
oOpasie miaa3Mbl U UCIOJB30Baau pa3duenune B 1 mo. mpu OMOMH(POPMATHYECKOM aHAJH3E.
Pasmep kaknoii mpocekBeHupoBaHHONU Mosekyjabl JIHK W3 miasmMbl BBIBOAMJIU U3 T€HOMHBIX
KOOPAMHAT KOHIIOB ITPOYUTAHHBIX C ABYX KOHIIOB OTPE3KOB.

JUist 3TOro aHajm3a Mbl COCPEIOTOUYMIIMCE Ha MOJUMOPQU3MAX MO OAHOMY HYKIJIEOTHIY
(SNPs), 10 KOTOPBIM U OTEL], U MaTh FTOMO3UT'OTHBI, HO MO pa3nu4HbIM ajuiessiM. [1o Takum SNPs
VIO SIBJISIETCSl OOJHMraTHOW reTeposuroroit. Asmenu mo kaxkaomy SNP, yHaciemoBaHHOMY
IUIOJOM OT OTLA, MOXKHO HCIIONIb30BaTh B KadeCTBE CHELM(UYHOTO IUIA IUIOAA MapKepa.
Omnpenensiin pa3Mepbl MMOCIENOBATEIPHOCTEH TUIOA (MCIIONB3YsI HACIEAYEMbIE TIO OTLIOBCKOM
JUHUU crienuuyHbe U TUIONA aJUTeIM) M OOIIMX MOCIEeNOBATEIbHOCTEH NIl BCErOo reéHOMa
(dur. 41) u ornenpHO AN KaxAOH XpomMocombl (pur. 42A-42C).

Kax okaszanoch, Hambonee 3ameTHbIM oTinuneM Mexnay JHK mmoma u marepu B
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MaTE€PHHCKOHN Tua3Me ObUIO YMEHbIIEHHe NMUKa B 166 m.0. MO CpaBHEHHIO C MHUKOM B 143 m.o.
(¢ur. 41). Camble pacripocTpaHeHHbIE OOIINME TOCIEAOBATENLHOCTH (TJIaBHBIM 00pa3oM mare-
puHCKMEe) uMenu AnuHy B 166 mo. Hambonee 3aMeTHBIM OTIMYHEM B DPACIPEENIEHHH II0
pasmepam mexxay JIHK mnopa u obwmeit JIHK Obuto To, 4TO y mioga nposiBisiIoCh YMEHbLIEHNE
muka JIHK B 166 m.o. (¢pur. 41) u oTHOCHTENnbHAS 3aMeTHOCTh muka B 143 m.o. Ilocnenuuii,
BUJIMIMO, COOTBETCTBYET OTLICIJICHUIO COEAMHUTENbHOro (parmenra (mHkepa) B ~20 m.o. u3
HYKJIEOCOMBI ¢ 00pa3oBaHueM sipa HykjeocoMmbl B ~146 m.o. (Lewin B., in Gene IX, Jones and
Bartlett, Sudbury, 2008, pp. 757-795).

Haunnas npumepno co 143 m.o. u Huxke, B pacnpenenennu JJHK miona u obmeit JTHK
NpOSIBIsIACh MEPUOAUYHOCTh B 10 M.0., Kak NMpHU pacLIelUVIeHUHd HYKJIEOCOM HyKJea3od. JTo
CBUETENBCTBYET O ToM, 4To (parmentsl JIHK B mjaa3Me BO3HHMKAKOT MPH BO3ACHCTBHUU
anonTo3HbIx (epmeHToB. HampoTuB, TakoH HYKIEOCOMHBbIH NPO(QHIbL HE MPOSIBISUICS TIPH
aHaJM3e 10 pa3MepaM MPOUYUTAHHBIX OTPE3KOB, COOTBETCTBYIOLINX HE CBSA3AHHOMY C TMCTOHAMMU
reHoMy MUTOXOHApHH (dur. 41). DTu pe3ynbTaThl HAIOT paHEe HEW3BECTHOE MOJIEKYJISIPHOE
00BsSICHEHNE N3BECTHBIM OTJINYHSIM 10 pazmepam mexay JJHK miona u marepu mo xpomocome Y
U oTAenbHbIM noauMopdubM reHeTndeckuM MapkepaMm (Chan KCA et al., Clin Chem 2004, 50:
88-92; Li et al., Clin Chem 2004, 50: 1002-1011; US Patent Application 2005/0164241; US
Patent Application 2007/0202525) 1 CBUAETENBCTBYIOT O TOM, YTO TAaKUE OTIMYUS MO pa3Mepam
CYLIECTBYIOT IO BceMy reHomy. HamnOonee BepossTHOEe OOBSICHEHHE TaKUX PA3IMYUIl COCTOHUT B
TOM, YTO cpeau nupKyaupyromux monekya JHK nnoga copepskutcst Gonblire TaKMX MOJIEKYJI, ¥
KOTOPBIX U3 HYKJIEOCOMBI ObUT OTIIEIUICH COeANHUTENbHBIN (pparmeHT B ~20 11.0.

VuuTeIBast 3TH HAOMIOAEHUS], CYIIECTBYET Psii CIOCOOOB, KOTOPBIMH MOXKHO NPOBECTH
oboramenne obpasua JIHK mymoma. B omHOM BOIJIOUIEHHMM MOKHO HCIIOJB30BATh PEAreHThI,
KOTOpble OynyT MPEATNOYTUTENIbHO CBS3bIBATHCS C (PparMEeHTOM JIMHKepa. Takue peareHThI
JOJUKHBI TpeanoututesbHo cBsizbiBaThest ¢ JIHK martepu mo cpasuenuro ¢ JIHK mnona B
MaTepuHCcKoil asme. OIHUM U3 MPUMEPOB TAaKUX PEAreHTOB SIBJLIIOTCS aHTuTena. OnHa u3
MHINIEHEN TaKUX aHTUTEJ IOJLKHA CBs3bIBaThCs ¢ ructoHoM HI1. Kakx m3sectHo, rmcroH HI
CBSI3bIBAETCS C JIMHKEPHBIM (parmMeHToM. OHO U3 NMPUMEHEHHH TaKUX aHTUTEN 3aKJIF0YAeTCs B
oboramennn JIHK miona myrem oTpumarenpHoro ordopa, T.€. MyTeM HMMYHOIPELUITHTALIH
conepxaineit tuakep JJHK matepu B maTepunckoil mnasme sMecte ¢ ructonom H1. Kpowme Toro,
W3BECTHO, YTO CYINECTBYET Lieblii psia BapuaHToB HI1, mpuuem HekOTOpble U3 HUX MPOSIBISIIOT
TKaHecnenupuIHbie Baprannn B sxcipeccuu (Sancho M et al., PLoS Genet 2008, 4: el 000227).
DT BapuaHTBl MOXHO ObUIO OBl Takke wucmonb3oBaTh mnsa ornumueHuss JIHK mmona
(mpenmy1necTBeHHO u3 maneHTsl) ot JJHK matepu (mpenmymecrBeHHo remomnostuueckoi) (Lui

YYN et al,, Clin Chem 2002, 48: 421-427). Hanpumep, MOXKHO HALlEIUTHCS HA BAPHAHT THCTOHA
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H1, xoTopslil MpenMyIecTBEHHO 3KCIIPECCUPYETCs B KileTKaxX TpodoOi1acToB, 4ToObI MPOBOANUTH
usbuparensHblii U monoxkurenbHbll oTO0p JHK mnoga B martepuHckoid mmasme. Takas
CTpaTerusi MOXET TPUMEHSATbCA M K JPYI'MM TUCTOHOBBIM O€NKaM, MpOSIBIISIOLIUM
TKaHecneunupuIHbINA, 0cCOOeHHO crienupuIHbIN K Tpododiactam, NpoduiIb SKCIIPECCHH.

VuutsiBast pe3kuii muk B 166 mo. y JJHK marepu, npyrast BO3SMOKHOCTh OOOTaIleHUsI
JIHK mona cocTouT B pa3paboTke CHCTEMBI OTpHLaTeIbHOro otbopa pparmenros JIHK nmunoiM
B 166 £ 2 m.o. Hanpumep, crcreMa Ha OCHOBE KAaNWIISIPHOIO 3JIEKTPOdope3a UIH BBICOKO-
3¢ PEeKTUBHON JKUAKOCTHOW XpoMaTorpaduu Mo3Bojmia Obl TOYHOE H3MEpPEHHE pPa3MepOB U
paznenenue mojekyn JJHK. JIpyrum crocobom oTpHUIaTeTbHOrO 0TOOpa SIBJISIETCS MPOBENEHUE
ero in silico Bo Bpemst OMOMH(POPMATHIECKOTO aHAIN3A JAHHBIX TI0 CEKBEHUPOBAHUIO.

ITockonbky u gpyrue pasHosuanHoct JIHK B mmasme, nampumep, IHK onyxonen
(Vlassov VV et al., Curr Mol Med 2010, 10: 142-165) u JJHK TpaHCTIIIaHTHPOBAHHBIX OPTaHOB
(Lo YMD et al,, Lancet 1998, 351: 1329-1330), ROJKHBI UMETh TaKHE JK€ XaPaKTEPUCTUKH, KaK
u JIHK muiona B MaTepuHCKOH IU1a3Me, TO CTpaTeruy, NpUBEACHHBIE Bbie B MyHKTax (1) u (2),
MOYKHO MICTIONIb30BaTh U JJIs oboramienus 3tux pasHosuanocrei JJHK.

B cooTrBercTBMM C OHMM BOIUIOLICHWEM MPEAyCMOTpPEH crocod nuddepeHnanibHoro
oboramenus pasHouaHocted JJHK B miasme niam ChIBOPOTKE 4ellOBeKa depe3 BO3NEHCTBHE Ha
JMHKEPHBIN (pparMeHT HyksieocoM. B omHOM BorutomeHnu oboraiieHne OCyIecTBIAeTCS MyTeM
yaaneHust onHoro u3 ciaeayrouiero: JIHK marepu win JIHK u3 remonostuueckux kietok. B
APYroM BOIUIOLIEHMM BO3AEHCTBHE BKIJIIOYAET PEareHT (Kak-TO aHTUTENO WM OeJNoK Apyroro
THUIA), KOTOpbIH OyJeT MpennouTHUTENIbHO CBSI3BIBATBHCSA C KOMIIOHEHTOM OejKa MM HyKJIeu-
HOBOW KHCJIOTBI JITHKEPHOTO (pparmMeHTa HyKJIEOCOM. B npyrom BOIIIOIIEHHM peareHT NOJDKEeH
u30UpaTeabHO CBS3BIBATBCS € THUCTOHOM HI1 wmiam apyrum  OenkoM, CBSI3BIBAIOLIUMCS C
JIMHKEPHBIM (PparMEeHTOM HYKJIEOCOM. B IpyroM BOIJIOLIEHUH PEareHT JIOJIKEH CBSI3bIBATHCS C
MAaTePUHCKMMHU WJIM Te€MaTOJOIMYeCKUMH BapuaHtamu ructroHa H1 wim ppyroro Oenka,
CBSI3bIBAIOILETOCS C JIMHKEPHBIM (PPAarMEHTOM HYKJIEOCOM. B OJHOM BOIUIOIIEHUH YIaJeHUE
JIHK npoBoauTcs METOOM UMMY HOTIPELIMITUTALIMY WJIN CBA3BIBAHUS HA TBEPOM MOBEPXHOCTH.

B coorBercTBUU ¢ ApyruM BomiouieHneM crnocod auddeperumnaspHoro odorameHus
JIHK mona B MaTepUHCKOM IJla3Me HJIH ChIBOPOTKE BKJIFOYAET: (@) MCIMOJIb30BAHUE AHTHUTENA,
CBSI3bIBAIOINETOCS] C OJHUM WJIM HECKOJIBKUMH KOMIIOHEHTAMH JIMHKEPHOTO (pparMeHra
HyksieocoM; (b) ynaneHue cBs3aBIIeics Gpakiuu METOAOM UMMYHOIPELHUITUTALINN UJTH 3aXBaTa
Ha TBEPIOW MOBEPXHOCTH, W (C) W3BJICUeHUE HecBs3aBlueilics (pakuuu, conmepskameit JHK
IUIOJIA C MOBBIIEHHON (PPAKIIMOHHON KOHLIEHTpaLnei.

JIroOble KOMITOHEHTB! MJIH (PYHKIIMH MPOrPaMMHOIO 0OecIieueHus], ONMCaHHbIE B JaHHOM

3asiBK€, MOTYT BBINOJIHATBCS B BUAE CHUCTEMHOW IPOrPaMMBbl, UCIOJHAEMOW IMPOLIECCOPOM C
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MOMOIIBIO JIFOOOT0 MOAXOAAIIEr0 KOMIBIOTEPHOIO S3bIKa, TAKOTO, K mpumepy, kak Java, C++
win Perl, ¢ umcnonb3oBanmeM, K NpUMepy, CTAHAAPTHBIX WM OOBEKTHO-OPUEHTHPOBAHHBIX
MeTton0B. CHUCTEMHasl MpOrpamMMa MOXKET XPaHUTbCA B BUAE psfa MHCTPYKLUHI WM KOMaHA Ha
CUNTBIBAEMOM KOMIIBIOTEPOM HOCUTENE Il XpaHeHWUs W/WINM Tepefadd, a IOAXOASIUMU
HOCHUTEJIIMU  SIBJSIFOTCSL  3aIIOMUHAIOLINE YCTPOWCTBA C MPOM3BONIbHOW BbIOOpKOH (RAM),
HIOCTOSIHHBIE 3anoMuHaromue ycrpoiictsa (ROM), MarHUTHbIE HOCHTENN TUIA JKECTKOTO AHCKA
WIN JUCKEThI, WIN XK€ TaKkue ONTHYeckue Hocutenu, kak kommnakr-nuck (CD) umum DVD
(yHHBepcanbHbIH 1} poBOH AKUCK), GudIn-namaTh U Ap. CUUTHIBAEMbIH KOMITBIOTEPOM HOCHUTEIb
MOXKET TPENCTaBIATh CO00H JIOOYH0 KOMOMHALMIO TAaKUX YCTPOHCTB JJISi XPAHEHUS WM
nepenavu JaHHBIX.

Takne nporpaMMbl MOTYT KOAMPOBATbCS M IEPEAABaThCs C IMOMOLIBK) CHUTHAJIOB-
NEPEHOCUYHMKOB, aJaNTHPOBAHHBIX [UI TEpelavyd dYepe3 IPOBOAHBIC, ONTHYECKUE H/HIIH
OecnpoBOIHBIE CETH, COOTBETCTBYIOIINE PA3IMYHBIM MPOTOKOJIAM, B ToM uncie UnrtepHer. [Ipu
5TOM CUHUTBIBAEMBIH KOMIIBIOTEPOM HOCHUTEIb B COOTBETCTBMM C BOIUIOLIEHUEM HACTOSILIErO
M300peTeHNst MOXKET OBITh CO3/1aH C MOMOINBIO CUTHAJIA TIepeNadyn JaHHBIX, KOAHPYEMOTro TaKOH
nporpaMmMoil. CUUTBIBA€MbIII KOMIIBIOTEPOM HOCUTEJb, KOAUPYEMBIN yIpaBisiiollel mporpam-
MOM, MOKET MOMELIATbCsl B OJHOW YMNAKOBKE C COBMECTHMMBIM yCTPOWCTBOM WJIH NPEAOCTaB-
JATbCS OTHENBHO OT JPYIUX YCTPOHCTB (Hampumep, 3arpyxarbcsi yepe3 Murepner). JlroOoi
TAKOW CYUTBHIBAEMBI KOMIIBIOTEPOM HOCHUTENIb MOXET HAaXOAUTbCS HAa HUIM B OJHOM
KOMITBIOTEPHOM  INIPOrPaMMHOM  NPOAYKTe (Hampumep, KECTKOM JAMCKE WM  LeJoH
KOMITBIOTEPHOI CHCTEME), a MOXKET HaXOAUTbCS Ha WIM B pAa3JIMYHBIX KOMIIBIOTEPHBIX
NPOrPaMMHBIX MPOAYKTaX BHYTPH CHCTeMbl UM ceTH. KommproTepHas cucTeMa MOXET
BKJIIOYAaTb MOHUTOp, MPUHTEP WM JPYrol MNOAXOASAIIMN AUCIIEH IUIsl MPEAOCTaBIICHUS
THIOJIb30BATEIIO JIFOOBIX U3 MIPUBEACHHBIX 371€Ch PE3YJIETATOB.

[Tpumep KOMIBIOTEPHOU cucTeMbl npencrasieH Ha ¢ur. 43. [IpuBenennsie Ha ¢ur. 43
MOJICUCTEMBI CBSI3aHBI IPYT C APYrom uepes cuctemuyro mmuHy 4375. Ilpencrasnens! u apyrue
MOJICUCTEMBI, Kak-TO npuHrep 4374, knasuatypa 4378, HeCbEMHBIN xeCTKUH Auck 4379,
MOHUTOp 4376, KOTOpBIA MONKIIOYEH K anmanrepy nucruiest 4382, u np. Ilepudepuueckue u
ycrpotictBa BBoaa/BeiBona (I/0), mopkimroueHHbIE K KOHTPOJJIEPY BBOAa-BeiBoaa 4371, moryt
COEAMHATHCSI C KOMIBIOTEPHOH CHCTEMOH IJIFOOBIMH H3BECTHBIMH CIIOCO0AMH, KaK-TO Hepes3
nocyuenosaTenpHelii nopt 4377. Hanpumep, nocnenosarenbHblil nopT 4377 wnu BHEUIHUN
uaTepdeiic 4381 MOXKET UCIOMB30BATHCS AJII COCOUHEHUSI CAaMOTO KOMIBIOTEPa C III00ATBHOM
ceTpr0 TUna MHTEpHET, yCTPONWCTBOM BBOJAA C MBIIIU WM CKaHEpOM. BHyTpeHHee coenrHEeHue
4yepe3 CUCTEMHYIO LIHHY JaeT BO3MOXHOCTb LIEHTpajIbHOMY mpoueccopy 4373 coeauHsTbes C

Ka)KJIOM MOJCUCTEMON U KOHTPOJIIMPOBATH UCIIOJITHEHUE UHCTPYKLUN U3 CUCTEMHOMN namsitu 4372
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WIN HECHEMHOTO JKeCTKOro nucka 4379, a Taxxke oOMeH MHPOPMALUU MEXKAY MOACHCTEMAMHU.
CuctemHass mamsth 4372 u/unu HECHEMHBIM SKECTKUH AUCK 4379 MOryT BOIUIOIIATH CUUTHI-
BaeMbIll KOMITBIOTEPOM HOCHUTENb. J[f00as M3 MPUBENEHHBIX 31€Ch BEIHMYUH MOXET O3HAa4daTh
BBIBOJ JAHHBIX U3 OJTHOIO KOMIIOHEHTA Ha APYTrOl KOMIIOHEHT UJIH JK€ Ha MOJIb30BATEJIs.

KommnbroTepHas cucteMa MOXKET BKJIIOYaTh HECKOJBKO OAMHAKOBBIX KOMIIOHEHTOB WU
HIOZICUCTEM, HAIlPUMep, COeTUHEHHBIX Yepe3 BHemHu nHrepdetic 4381 unm uepe3 BHyTpeHHUN
uHTepdeiic. B HEKOTOPBIX BOILUIOLIEHUSIX KOMIBIOTEPHBIE CUCTEMBI, TOJCUCTEMbI WIIN MAIIUHBI
MOryT oOMeHMBAThCs MH(pOpMarueil depe3 ceTb. B Takux Cly4asx OIUH KOMITBIOTED MOKET
paccMaTpuBaTbCsl KaK KJIUEHT, a APYrol — Kak CcepBep, INPHU 3TOM KaXXAbli MOXET BXOAUTH B
COCTaB OJHOM M TOW XK€ KOMIBIOTEPHON cuctembl. M KIMEHT, U cepBep MOKET BKIIOYaThb
MHO>KE€CTBEHHBIE CUCTEMBI, TOACUCTEMBI NI KOMIIOHEHTHI.

KoHKpeTHbIE neTany OnpeneNeHHbIX BOIUIOIIEHUH MOTYT COYETaThCs JIFOOBIM TOAXO-
ISIIUM 00pa3oM HIIM OTJIMYAThCA OT TEX, YTO NMPEIACTABIEHBI U OMUCAHBI 3716Ch, HE OTXOAS OT
CYLIHOCTH M HE BBIXOIS 32 PAMKH BOIUIOIIEHUI H300pETEeHNS.

BrnuenpuseneHHoe onucaHWe TUITUYHBIX BOIUIOLIEHUH H300pETeHHs MPENCTABICHO B
LEJSIX WIUTIOCTpauuu U onucanusi. OHO HE MOXKET OBITh MCUEPIBIBAIOIIUM WJIM OrPAaHHUYUBATH
n300peTeHne B TOYHOCTH ONMHCAHHON (OpPMOH, MpUYeM BO3MOXKHBI MHOTHE MOAW(UKALUHN H
BapUaLH B CBETE BBILIETPUBEACHHBIX MOJOXKEeHUN. Boruomennst Oputn BBIOpaHBI U ONHCAHBI C
TeM, YTOOBI HAMJIYYIIUM OOpa3oM pa3bsICHUTb MPUHLUIBI U300pPETEHHs] M €ro MPaKTUYeCKOoe
NPUMEHEHHE M T€M CaMbIM JaTh BO3MOXKHOCTb JPYTMM CHEIMaJNCTaM HauIydIIuM oOpazom
UCIIONIb30BaTh M300pEeTeHHe B PA3IMYHBIX BOILIOMIEHHUSX M C PA3JIUYHBIMH MOAU(DHUKALUSIMH,
MOAXOAALMMH JJIs1 €10 KOHKPETHOIO NMpeAHa3HAYEHUs].

Bce mpuBeneHHble 3mech MyOJHKalM{, TATEHThl W TATEHTHBIE 3asBKU HACTOSIIHM

BKJIFOYUEHBI MyTEM CCBIJIKH BO BCEM ITOJIHOTE Ha BCE Cliy4au.
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DOOPMVIJIA NU30BPETEHHA
1. Cnoco0  ompenenenusi  ¢pakumonHod  konuentpauuu JHK mnoma B
Ouonornueckom odpaslie, B3ATOM y OepeMEHHON JKEHIUHBI, PUYEM y IUIOJIA €CTh OTEll U MaTh,
KOTOpasi sIBJIIETCSl JaHHOW OepeMeHHOW JKEHIIMHOH, INpu 3TOM Ouojoruueckuii obpaszers
COJIEPKUT CMECh HYKJIEMHOBBIX KHCJIOT MAaTEPH U IIOAA, KOTOPBIH BKJIIOYAET
aHAJM3 MHOXKECTBA MOJIEKYJl HYKJIEMHOBOW KHCJIOTHI M3 OHonormueckoro obpasia,
NPUYEM aHAJIN3 MOJIEKYJI HYKJIEMHOBON KHMCJIOThI BKJIFOYAET:
ONpeNeeHUe JOKATN3ALUN MOJIEKYJIbl Hy KIEUHOBON KUCJIOTBI B TEHOME Y€JIOBEKA U
onpeneaeHre COOTBETCTBYIOIIETO AJIJIENSI MOJIEKYJIbI HY KIIEMHOBOH KHUCJIOTBI,
omnpefeNeHne KOMIBIOTEPHON CHUCTEMOW OAHOIO WM HECKOJIBKUX IEPBBIX JIOKYCOB,
IPUYEM I'€HOM IUIOAA F€TEPO3UTIOTEH MO KAXKAOMY U3 MEPBBIX JIOKYCOB C T€M, YTO '€HOM ILIOAA
COZCPKUT COOTBETCTBYIOLIMHI MEPBBIN U BTOPOI aJyieNib B 3TOM MEPBOM JIOKYCE, a TEHOM MaTepu
FOMO3UIOTEH MO KaXAOMYy H3 MEPBBIX JIOKYCOB C T€M, YTO I€HOM MaTepu COAEPKUT [Ba
COOTBETCTBYIOIIMX BTOPBIX AJIJIENsI B 5TOM MEPBOM JIOKYCE, IPUYEM MEPBBIA ajuleslb OTINYAETC
OT BTOPOrO ajulesis, IPU 3TOM OIpPEAEIEHHE KOHKPETHOIO JIOKyCa KaK OAHOIO U3 MEPBBIX
JIOKYCOB BKJIOYAET:
onpeAeseHue npeaena OTCeYeHus A1 MPEACKa3aHUs BCTPEYaeMOCTH COOTBETCTBYIOILETO
NEPBOroO ajuiesl B JaHHOM JIOKyCe, NMPUYEM MpPeAes OTCEYEHHs! MPENCKa3bIBAET, SBJISIETCS JIU
FeHOM MaTepu OMO3UIOTHBIM, & I€HOM IIJI0JIa F€TEPO3UTOTHBIM, MPU 3TOM MPEAES OTCEUECHUs
ONpEAENsieTCs] HA OCHOBAHUU CTATUCTHYECKOIO PaCHpeneseHus] BCTPEYaeMOCTH Ul Pa3IMYHbIX
KOMOMHAIMH TOMO3HTOTHOCTH M F€TEPO3UTOTHOCTH B JAHHOM JIOKYCE,
UCXOZs U3 aHAIN3a MHOXKECTBA MOJIEKYJ HYKJIEHMHOBOH KHCJOTBI, BBISIBJICHHE COOTBET-
CTBYIOLIErO MEPBOT0 ajuleNsl U COOTBETCTBYIOILETO BTOPOTO ajuiesisl B JAHHOM JIOKYCE;
omnpeneneHne (HakTUIeCKOH BCTPEUaeMOCTH COOTBETCTBYIOIIETO MEPBOTO AJUIENS, UCXOIS
U3 aHAJIM3a MHOKECTBA MOJIEKYJT HYKJICHHOBOW KHUCJIOTBI H3 OHOJIOTHUYECKOro 00pasina;
OTpeeNIeHNe TAaHHOTO JIOKYyCa KaK OZHOTO M3 MEPBBIX JIOKYCOB, €CIU (paKTHUECKas
BCTPEYAEMOCTh OyI€T MEHbIIE Mperesia OTCEUEHHST, U
N0 MEHBILEN Mepe Uil OJHOIO U3 MEPBBIX JIOKYCOB:
onpeneneHue nepeoro uncyia P BCTpeuaeMoCTH COOTBETCTBYHOLIErO NEPBOrO aJIIeNs
1 BTOporo yucna (Q BCTpe4aeMOCTH COOTBETCTBYIOLIErO BTOPOro ajuiess; U
BBIYHCIIEHHE (PPAKIIMOHHON KOHLEHTPALNHY, UCXOASI U3 MEPBOTr0 M BTOPOTO YHCE.
2. Crocob mo m. 1, B KOTOPOM aHAJIM3 MOJIEKYJ] HYKJIEMHOBOW KHCJIOTBHI BKIIFOYAET
BBINIOJIHEHUE O KpalWHEW Mepe Ha 4acTU MOJIEKYJ HYKJIEMHOBOW KHMCIJIOTBI IIO MEHbIUEH Mepe
OHOTO METONa, BBIOPAHHOTO W3 TPYIIbI, COCTOSIIEH W3 MAacCCUPOBAHHOIO TMapalIeIbHOTO

CEeKBEHHPOBaHUsA, MeToAa Mukpomarpuu, rudpunusanuy, [P, mudposoit TP u wmacc-
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CHEKTPOMETPHUU.

3. MamuHOUYUTaeMBIi  HOCUTEJb, XpPaHAL(UNA WHCTPYKUUU Uil YIPABJIEHUS
IPOLIECCOPOM TP BBITIOJITHEHUH criocoda 1o 1. 1.

4. Cnoco0  ompenenenusi  ¢pakunoHHod  koHueHtpauuu JHK minoma B
Ouonornyeckom obpasue, B3SITOM y OEpeMEHHOI JKeHIIMHBI, PUYEM Y IUIOJA €CTh OTell U MaTb,
KOTOpast SIBJIETCSI JAHHOH OepeMEeHHOH >KeHILIMHOW, Npu 3TOM Ouonormdeckuil obpasen
COZIEP>KUT CMECh HYKJIEMHOBBIX KHCJIOT MaTePH U TUIOAA, KOTOPBIH BKJIFOUAET

oboramenne OHONOrHYeckoro ooOpasua, B3ATOrO y OepeMEeHHOH JKEHINUHBI, IO
HYKJIEHHOBBIM KHCJIOTAM U3 HCKOMOTO y4acTKa;

CEeKBEHHPOBAHHE MHOXKECTBA MOJIEKYJ HYKJICHHOBOH KHCJIOTHI M3 OOOTraIeHHOro
Ouonorndeckoro obpasua, MpUUeM CEKBEHHPOBAHHUE CHEUU(UIHO IJIsT UCKOMOTO y4acTKa, TpU
5TOM PEe3yJIbTaThl CEKBEHUPOBAHMSI [IOABEPTAIOTCS aHAIN3Y IS

oTpesieNIeH!s JIOKaIU3aluil MOJIEKYJIbl HYKJIEHMHOBOM KHMCJIOTHI Ha HCKOMOM y4YacTKe B
reHOMeE 4eJIOBeKa;, U

OTIpe/ieNIEeHNs] COOTBETCTBYIOLIETO aljieisl MOJIEKYJIbl HY KJIEMHOBOM KUCJIOTBI,

OlpesieJieHNe OJHOIO WM HECKOJNBKUX IEpBbIX JIOKYCOB, IpPHYEM TIE€HOM IUIOAA
reTepO3UroTeH IO KaXAOMY M3 MEpBBIX JIOKYCOB C TE€M, YTO TI€HOM IUIOA COAEPKUT
COOTBETCTBYIOIMM MEPBbII M BTOPOH ajulelb B 3TOM IEPBOM JIOKyCE, a T€HOM MaTepu
TOMO3UTOTEH MO KaXJOMy M3 MEPBBbIX JIOKYCOB C TE€M, YTO I€HOM MaTepu COAEPKUT J1Ba
COOTBETCTBYIOLUX BTOPBIX aJUIeJsl B 3TOM IEPBOM JIOKYCe, IPUYEM MEPBbIN aljiesb OTINYaeTCs
OT BTOPOTO aJLIEeNIs,

110 MEHbLIEH Mepe JJIs1 ONHOTO U3 NMEPBBIX JIOKYCOB:

orpeseNeHue MepBoro uucia P BCTpeyaeMOCTH COOTBETCTBYIOIIETO NIEPBOTO aJljieNs
U BTOpOro yucna (Q BCTpe4aeMOCTH COOTBETCTBYIOLIErO BTOPOTO ajuiess; U

omnpeneneHne HPaKMOHHON KOHLEHTPALMH, HCXOs U3 MIEPBOrO U BTOPOTO YUCEIT.

5. Cmnocob mo m. 1 wim 4, B KOTOPOM ONpeeIeHre OTHOTO MM HECKOJIbKUX MEePBBIX
JIOKyCOB BKJIFOYAET:

onpeneNieHue TOro, YTO OTLOBCKUII T€HOM TOMO3MIOTEH II0 COOTBETCTBYHOLIEMY
NEpBOMY aJUIENII0 B KaXIOM JIOKYC€ W3 TMEpBOr0 MHOXECTBA, & MATEPUHCKUI TIe€HOM
TOMO3UTOTEH 110 COOTBETCTBYIOLEMY BTOPOMY aJUIEJIIO B TOM K€ CaMOM JIOKYCe.

6. Crnoco® mo m. 4, B KOTOPOM OIpeneeHne KOHKPETHOrO JIOKyCa KaK OJHOTO M3
NIEPBbIX JIOKYCOB BKJIFOYAET:

oTpezieNieHne Mpefaea OTCeUeHUs JIsl MPEACKa3aHusl BCTPEUaeMOCTH COOTBETCTBYIOILErO
NIEpBOrO ajuieNisi B aHHOM JIOKyCe, MpUYeM MpeAes OTCEYeHMsl MPEACKAa3bIBAET, SBIAETCS JIH

F€HOM MaTCepu OMO3UIOTHBIM, a4 I'CHOM ILIOAA T'€TCPO3UTOTHBIM, IMPHU 3TOM HNPEACT OTCCUCHUSA
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OTIpeNieNIsieTCs] HA OCHOBAHUU CTATUCTHUYECKOIO pacIpenesieHusi BCTPEUaeMOCTH Al Pa3INYHbIX
KOMOMHAIMH TOMO3UTOTHOCTH U T€TEPO3UTOTHOCTU B IAHHOM JIOKYCE;

HUCXOOsd U3 aHau3a pe3yJibTaTOB CCKBCHUPOBAHUA, BbIABJICHHUE COOTBETCTBYIOLICTO
IIEpPBOT0 ¥ BTOPOTO aJuIeNsl B JAHHOM JIOKYCE;

omnpenesneHue GaKTHIECKOIH BCTPEYaeMOCTH COOTBETCTBYIOLIETO EPBOTO aJUIeNis, HCXO
U3 CeKBEHHPOBAHMS MHOXKECTBA MOJIEKYJI HYKJIEHMHOBOI KHUCJIOTHI U3 OHOJIOrHuecKoro odpasia;
u

Onpe€AcCICHUE TOro, 4TO I[aHHbeI JIOKYyC SABJIFACTCA OOHUM H3 TMECPBLIX JIOKYCOB, €CJIN
(pakTHUECKast BCTPEUaeMOCTh OyI€T MEHbIIE Npeaesa OTCEYCHHUSI.

7. Crnocob mo n. 1 uimu 6 B KOTOPOM ONpeesieHre MpeeNia OTCEUeHUsT BKJIFYaeT
ONpEeNeNICHNE CTAaTUCTUYECKOrO pACOpeAesieHus Ui MaKCUMajJbHOM M MHUHHUMAJbHOMU

(paKIMOHHON KOHILIEHTPALIUH.

8. Cnocob no 1. 7, rae CTaTUCTUYECKOe paclpeesieHne sSBJSIETCS PacpeieleHIeM
Ilyaccona.
9. Crnocod mo m. 7, rae MakCUMajbHas W MHHHMAaJbHblE (PPAKIMOHHBIC

KOHIIEHTPALIUH 3aBUCAT OT MPOJOJDKUTENIbHOCTH O€PEMEHHOCTH.

10. Cnoco6 mo m. 4, roe oboramenue OwojOrHUecKoro obpasma BKIFOYAET
NpOBEeHHE 3axBaTa Ha TBepAoW (ase, 3axBara Ha MHPOIPpee, WIN TPHLETHHYIO
aMIUTU(UKALHIO.

1. Cnoco6 1o 1. 4, rie CeKBeHUPOBAHUE MHOXKECTBA MOJIEKYJI HYKJIEHHOBBIX KHUCIIOT
IpenyCMaTpUBAET CEKBEHHPOBaHHE OOOMX KOHLIOB Ka)KAON MOJIEKYJIbl HYKJIEUHOBOWH KHCIIOTHI
BO MHOKECTBE MOJIEKYJI HyKJIEUHOBBIX KUCIIOT.

12. Criocob 1o 1. 4, rae CeKBeHMPOBAHUE MHOYKECTBA MOJIEKYJI HYKJIEMHOBBIX KUCJIOT
NpeayCcMaTPUBAET PAHIOMHOE CEKBEHHPOBAaHUE 0OOTaIEeHHOrO OUOJIOrHYeCKoro odpasua.

13. Croco0 mo 1.1 unu 4, nanee BKIOYAFOLIHN:

OTpefieNieHne KOJIMYeCTBA MOJIEKYJ, KOTOpble ClellyeT MpOaHalu3upoBaTh B IEPBOM
JOKyCe W3 OJHOrO WM OoJiee TEpPBBbIX JIOKYCOB HCHOJB3Ys MPENnojiaraeMoe 3HaYeHUe
¢dpakumonHoit  koHmentpanun JIHK mjnoma w 1eneByrd  BEpPOSTHOCTh  OETEKIUU
COOTBETCTBYIOLIEH MEPBOI aJJIeSId B IEPBOM JIOKYCE.

14. Cnoco0 o 1.1 unu 4, najiee BKIKYAROLIUN:

1151 KOHKPETHOTO JIOKYCa!

CpPpaBHCHHUE BCTPECUACMOCTH COOTBETCTBYIOLICTO MEPBOTO aJlICIid ¢ IPEACIIOM OTCCUCHUS,

OMpPEACIICHUE KAaTCTOPUH JIOKYyCad, UCIIOJIb3ysl CpaBHCHUE BCTPCUHACMOCTH C HPCACTIOM

OTCCUCHU:, KaK JIOKyCa rI€ MaThb OMO3UTOTHA IO IECPBOMY AJJICJIKO, a IJIOA TE€TCPO3UTOTCH,
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MaTh FeTepO3UroTHA, U MJIOJ NeTEPO3UTOTEH; U MaTh FeTEPO3UTOTHA, & MJI0] TOMO3UTOTEH.

15. Crioco6 mo m. 1 unu 4, B KOTOpOM (ppaKIMOHHAS KOHLIEHTPALUsl ONpPEeAessieTcs
Kak 2xp/(p+q).

16. Crnoco0 no 1. 15, B koropom P u Q onpenenstorcs 151 MHOXKECTBA IEPBBIX JIOKYCOB,

npuueM (QpakLuOHHAsE KOHLeHTpauus f onpenessieTcs Kak:

i=l 2p;
Z:?:l (pl + qz)

T7ie pi — MepBasi BCTPEUAEeMOCTD ISl i-0Oro MepBOro JIOKYCa, a ¢i — BTOpasi BCTPEYaeMOCThb

f=

IUIS 1-OT0 MEePBOTO JIOKYCa.

17. KomnproTepHblii  HNPOAYKT, BKIIOYAOIIMN  MAIIWHOYUTAEMBI  HOCHUTED,
NpeHA3HAYCHHBIH JJIs1 TOJTOBPEMEHHOIO XPaHEHUs WH(GOpPMAIMH, XPAHALIMA HWHCTPYKLHUU
KOTOpbIE TPU OCYLIECTBICHUU MO3BOJIIIOT KOMITBIOTEPHOH CHCTEME ONPEAETHTh (PPAKIUOHHYIO
koHuentpauuo JIHK mona B Omonormueckom oOpasne, B3ATOM y OepeMeHHOH >KEHIIUHBI,
NpUYeM Y IUIOAA €CTh OTELl U MaTh, KOTOpas SIBJSIETCS NAHHON OepeMEeHHOW JKEHIIMHOW, MpHU
3TOM OHONOrndeckuii 00pasen CONEP>KUT CMECh HyKJEHHOBBIX KHCIOT MaTepu W IUIOAA, TAe
WUHCTPYKLUH BKJIFOYAOT:

NOJIy YE€HHE Pe3yJIbTaTOB CEKBEHUPOBAHUSI MHOKECTBA MOJIEKYJI HYKJIEMHOBBIX KUCJIOT U3
oOoraleHHOro Ouoyioruyeckoro oOpasia, rae oborameHHbl Ouonormueckuii  odpasen
oOoraieH MOJIEKyJIaMH HYKJIE€HHOBBIX KHCJIOT MCKOMOIO y4acTKa, I'/le CEKBEHHPOBAaHHE OBLIO
crielp)MIHO K HCKOMOMY Y4acTKy, TJIe Pe3yJIbTaThl CEKBEHUPOBAHUS AHAIU3UPYIOT AJIST:

OTIpeAeNICHUE JIOKAIU3ALUN MOJIEKYJIbl HYyKJIE€MHOBON KHUCJIOTHI B UCKOMOM YYacCTKe
reHOMa 4€eJI0BeKa U
OTpesieNIeHue COOTBETCTBYIOIIETO ajljIesisi MOJIEKYJIbl HY KIIEHHOBOW KHUCJIOTHI,
onpeneNieHne OJHOIO WM HECKOJNBKHX IEpPBbIX JIOKYCOB, IpHYEM TI€HOM ILIONA
reTepO3UroTeH M0 KaXAOMY M3 IMEpBBIX JIOKYCOB C TE€M, YTO TI€HOM IUIOZAa COAEPIKUT
COOTBETCTBYIOIIMI MEPBbIII M BTOPOH ajuleNb B 3TOM IEPBOM JIOKyCE, a TI€HOM MaTepu
TFOMO3UTOTEH MO KaXJOMy M3 IEPBBIX JIOKYCOB C TE€M, YTO I€HOM MaTepu COAEPKUT J1Ba
COOTBETCTBYIOIUX BTOPBIX aJulelisi B 5TOM IEPBOM JIOKyCe, IPUYeM MepBbIil ajiesb OTINYaeTCs]
OT BTOPOTO aJIJIeNs,
10 MEHbIIEH Mepe JJIsl OJHOTO U3 MEPBBIX JIOKYCOB!
oTpezieNieHue MepBoro unucia P BcTpedaeMoCTH COOTBETCTBYIOLIETO NEPBOTO ajens
1 BTOpoOro yucna (Q BCTpe4aeMOCTH COOTBETCTBYIOLIErO BTOPOro ajuiess; U
BBIYHCIIEHHE (PPAKIIMOHHON KOHLIEHTPALNUHY, UCXOAS U3 MEPBOr0 M BTOPOTO YHCE.

18. Cucrema, conepsxaias:
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KOMITBIOTEPHBIN NPOAYKT O 1. 17; u

OVH WJIM HECKOJIbKO MPOLIECCOPOB IJIsI OCYINECTBICHUS WHCTPYKIUH, XPaHUMBIX Ha
MaIIMHOYUTAEMOM HOCHUTEIIE.

19. Cucrema, conepsxaias:

cucteMy sl oboramieHus, CKOHQUrypupoBaHHas Ui OOOralieHus OHOJOTHYECKOro
oOpa3lia MOJIEKyJJAMH HYKJIEMHOBBIX KHCJIOT W3 HCKOMOIO y4acTKa, Ui IOJy4eHUs
oboraliieHHOro OMOJIOrHYeCKOro oopasia;

YCTPOWCTBO JJISi CEKBEHMPOBAHUS, CKOH(PUIYPUPOBAHHOE JUISI CEKBEHHUPOBAHHSI
MHOKECTBA MOJIEKYJI HYyKJIEMHOBBIX KUCJIOT B 00OTaIeHHOM OUOJIOTHYECKOM 00pasLie;

u

KOMITBIOTEPHYIO CHCTEMY, COIEPIKALIY 0!

KOMITBIOTEPHBIN IIPOAYKT, BKJIFOYAOIIU I MaIlIUHOYUTAEMBbIN HOCHUTEIIb,
npenHa3HAYeHHbIH Il JOJrOBPEMEHHOIro XpaHeHHs HH(OpMALUH, XPAHSIIUHA HHCTPY KUK
KOTOpbIE NPU OCYIIECTBICHUHU MO3BOJISIIOT KOMITBIOTEPHOH CHCTEME ONPENeInTh (PPaKLHOHHYIO
xkoHueHTpauuo JIHK moma B OuonormueckoMm oOpasme, B3STOM Y OEpEeMEHHOH JKEHIIUHBI,
NpUYeM Y IJIOAA €CTh OTell M MaTh, KOTOpas SIBJISAETCS NaHHOH OepeMEeHHOH JKEHLIMHOW, MpH
5TOM OHoONOrn4Yecknii o0paszen CONEp’KUT CMECh HYKJIEHMHOBBIX KHCIOT MaTepu W IUIOAA, Ine
MUHCTPYKLHHU BKJIFOYAIOT:

NOJTyYEeHHE Pe3yJIbTATOB CEKBEHUPOBAHHS MHOKECTBA MOJIEKYJI HYKJIEMHOBBIX KHCJIOT U3
oboraieHHOro Ouonormyeckoro oOpasuma, C yCTpoHcTBa Uil CEKBEHHPOBAHHS, TIAe
oboramieHHbIil Ononormueckuii  oOpasery obOoraimeH MOJIEKyJaMHd HYKJIEHHOBBIX —KHCIIOT
UCKOMOI'O yd4acTKa, I7leé CEKBEHHpPOBaHHME ObUIO CHeLU(PHYHO K HCKOMOMY YYacTKy, TIAe
pe3yJIbTaThl CEKBEHUPOBAHUS aHATM3UPYIOT IJIS:

OTpeNeNIeHUE JIOKAINU3ALUN MOJIEKYJIbl HYKJIEHHOBOW KHCJIOThI B ICKOMOM YYacCTKe
r€HOMa YeJIOBEKa U
OTpeNeNIeHHe COOTBETCTBYOIIETrO aJUIeNIsl MOJIEKYJIbI Hy KIIEMHOBOH KHCIIOTBI,

OTpeNeNIeHHe OJHOTO WJIM HECKOJNbKUX NEpPBbIX JIOKYCOB, NPHUYEM TIE€HOM IUIOAA
IeTEPO3UTOTEH MO KAKAOMY H3 TMEPBBIX JIOKYCOB € TEM, YTO TE€HOM IUIOAA CONEPIKUT
COOTBETCTBYIOIIMI MEPBbII M BTOPOH ajjleNb B 3TOM NEPBOM JIOKyCE, a I€HOM MaTepu
TOMO3UTOTEH MO KaXKAOMY M3 TEPBBIX JIOKYCOB C TEM, YTO T'€HOM MAaTeph COAEPKHUT IBa
COOTBETCTBYIOILIUX BTOPBIX AJIJIEIS] B STOM IIEPBOM JIOKYCE, MPHUYEM NEPBbIA aJUIeNb OTINYAETCS
OT BTOPOT'O aJUIeIs,

IO MEHbLIEH Mepe AJIsi OAHOTO U3 MEPBBIX JOKYCOB:

OIpeieNIeHne NepBOro ynucia P BCTpe4aeMoCcTH COOTBETCTBYIOINETO MEPBOro aJuiess

1 BTOpOro yucna (Q BCTpe4aeMOCTH COOTBETCTBYIOLIErO BTOPOTO aJliess; U
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BBIYUCJICHUC (l)paKI_II/IOHHOfI KOHLCHTpAaLWH, UCXOA U3 IEPBOIr0 U BTOPOI0 YUCEIT, U
OAWH HJIK HECKOJIbKO IMPOoHeCCOPOB MJisd OCYHICCTBIICHUA HHCTPYKHHﬁ, XPaHUMBIX Ha

MalllIMHOYHUTACMOM HOCHUTEIIC.



1/45

dur. 1

NpeHTudnkaumsa nepsoro MHOXeCTBa NOKYCOB, 100
MO KOTOPBLIM rEHOM MaTepn rOMO3UrOTEH

r

120 —__| Onpegenenue Kkaxaoro 13 iBYX MaTepuHCKUX
rannoTunoB ANst NEPBOrO MHOXECTBA NOKYCOB

A 4

130 ——. Onpeaenexve annenei, yHacneaoBaHHbIX NNOAOM
OT OTUa NO KaXgomy 13 nepebiX JTOKYCOB

A 4

Ananu3 dparmentos [1HK B MaTepuHckom obpasLie

140 ANA NeNy4YeHA reHotuna CbpaFMEHTOB M0 NePBLIM NOKYCaM

3
Vicxooa u3 YyCTaHOBNEHHbIX anneneu MONEeKyn

150 — OHK, onpegenexune konuyectsa COOTBETCTBYHOLLMX
annenen B KaXnom W3 nepsoro MHOXEeCTBa NoKyCcoB

L

CpaBHEHUE OTHOCUTENbBHBIX KOMMYECTB COOTBETCTBYIOLLIMX
180 ~ annenen monekyn AHK no Gonee yem ogHomy
NIOKYCY 13 NepBOro MHOXECTBA MOKYCOB

k

170 — Ncxoasa us cpaBHeHus, onpegeneHue rannotuna,
yHacnenoBaHHOro NnogoM oT MaTepu

180 .
) AHanua reHoMa nnosia Ha npeamet MyTauui




2/45

dur. 2

OTey Matb
Hap | Hap li Hap Nl Hap IV
A G
A G
A G
A G A
G G A




3/45

dwur. 3

OTey, Matb
Hap | Hap I Hap 1l Hap IV
-i Sl 310
i
A A A G
G G A
Tun A <—| A A A
A L+ A G
G G G A +—




4/45

dur. 4A

Hap | Hap Il Hap 1) Hap IV AHanma tuna A
! {OTey i i i i Matb i i
e :"T'—: - :,—,—: 410
[A A T A s 1
G G A G 1
Mnop yHacnegoean
A A A G Hap Il ot maTepu
A A G A
G G G A
\ | o /
= =
G A Annenn n3 Hap lll n30biTo4HO
n TaBleHbl B MATEPUHCKOW
= r |/ pegcraene aTePUHCKON NNa3me
A G
= ) ®ur. 4B
Hap | Hap il Hap 1 Hap IV
.. - . o AHanus Tuna B
: :0Tey : ¢ : { Matb: :
420 A A 4 A G
;ué ...... sckreskrre (:;\: un.'n_.r:u/.‘ nnnnnnnnnnn A:u.-.!x --------- éonmu -a::: I-IHO'D' yHaCneﬂOBan
PRESAIVEUNSFRARRNFP IO FPFESCEsER NN pAREasnennsronsonafonshrroanconsniew ¢>‘h El Hap III OT MaTepM
A A A G
R e e T A.,
e 1T 6 G 1+ A4
. Mnop i
A A T
:::: G Tt A 1Tt P O6a rannoTuna oaMHaKoBO
A A npeacTaeneHbl B MaTEPUHCKON Nnasme
LA T G
¢ T 6 1T



9/45

dur. 5A
AHanu3 no SPRT Ha RHDO

AHann3 tuna A: oTyoBckune annenun ngeHtuyHol Hap |l

HakonnexHas Hakonnexnas
Xpopnoqoma BCTPe1aemMoCTb BCTPEYaEMOCTb Knaccucprkanus

T ans Hap 1l ans Hap IV no SPRT
SNPs i 0 0 He knaccud.
e L 8 4 He knaccud.
20 10 He Knaccuad.
29 16 He Knaccud.
34 20 He Knaccua.

47 (saroB0) 25 (sanoeo) Hap
6 4 He Knaccud.
16 10 He knaccuad.
Mpwuanad Hap I, Tak kak Hap 1l 25 16 He knaccnd.
N3IBBITOYHO NPECTABNEH 30 24 HE knaccud.

B MaTEPWHCKOW Nnnaame

40 27 He Knaccudg.
48 31 He Knaccua.

dur. 5B
AHanuns no SPRT Ha RHDO

AHanui Tuna B: oTuoBckmMe annenu ngeHTndHel Hap 1V

HakonneHHas Hakonnexnas
oM Ma BCTPEY3EEMOCTb BCTPEYaEMOCTb Knaccndmkauus

Xp : GG:O ans Hap Il ana Hap IV no SPRT
SNPs 0 0 He Knaccuad.
8 10 He Knaccud.
20 21 He Knaccuag.
29 28 He knaccud.
34 33 He Knaccudg.

47 (3aH0BO) 43 (3aHoR0) Hap 11
Mpuanar Hap 1lI, Tax kak Hap IV 86 4 He knaccud.

He NpeAcTaBneH U3bLITOMHO
B MaTePUHCKOI MNasie, HeCMOTPS 16 14 He knaccud.
Ha Hanvyue yHacneaoBaHHbLIX OT oTLa He Knacond
annenei NNoja B MaTepuUHckoi Nnasme. 25 2 '
WHbIMK cnoBamu, ofa rannoTuna 30 34 He knaccud.
NPUCYTCTBYIOT B MaTEPUHCKOW Nnasme
B CTATUCTUHECKU OfIMHAKOBOW 40 43 He Knaccud.
OTHOCUTENBHOW KOHLIEHTPaLMM

- i 48 54 He knaccudg.

54 56 Hap i




dur. 6

Ah P eKkT usMeHeHUA KnaccupukaumoHHOro

nopora Ha kpuBbix SPRT

OTuoBckMe annenu naeHTu4Hol Hap Il

noa HacnegyeT OOVH U
TOT Xe annenb (M30LITOYHO
npegcTasneHHbIn) OT oTua

N OT matepu
(T.€. OH rOMO3UroTEH)

‘Mnon HacneayeT ABa pazHbiX annens
OT OTLA W OT MaTtepu
(T.€. OH reTepo3nroTEH)

Hona oTpeskoB, OTHECEHHbIX

0 500 1000 1500
K-BO OTpe3koB

KnaccmndmnkauMoHHbIA
nopor

Sv/9



7145

dur. 7

700

Ananuna pparmerToB [HK 13 matepuHckoro
obpasua ans: (1) yctaHoBneHWs
710 N nokanusaumm Monexkyn HyKnemHoOBOK
KUCNOTbI B reHOME YenoBeka; )
n (2) onpeneneHnsa Tvna annenen

v
| OnpepeneHve NepPBOro MHOXeECTBa
720 i NOKYCOB, N0 KOTOPbIM FeHOM OTLa
reTepo3nroTeH, a reHom
mMaTtepy roMO3UroTeH

\ 4

OnpeneneHue rannotuna,
730 ——~ yHacnegoBaHHOro OT 0TLa, Ucxoas
U3 onpeaernedns reHoTunoB
no NnepBoMYy MHOXECTBY NOKYCOB




8/45

dur. 8

800

810 —_— OnpepeneHue NepBOro MHOXECTBa NOKYCOB,
No KOTOPbLIM M OTeL,, U MaTb FETEPO3UTOTHBI

820 \ OnpefeneHve BTOPOrO MHOXECTBA NOKYCOB,
Mo KOTOPbIM OTeL| reTEPO3UrOTEH,
a MaTb rOMO3UroTHAa

A 4

AHanuz cparmeHTos JHK

830 13 maTepuHckoro obpasua

Ans ycTaHOBNEHWA noKanuaauuu
B reHOME 4YenoBeKka U reHoTUna

OnpeaeneHue rannoTuna, yHacneaoBaHHoOro

840 ~__| oToTua, NyTem aHan3a ycTaHOBMNEHHbIX

FEHOTUMNOB (hPArMEHTOB NO MeHbLUEN Mepe
no OgHOMY N3 BTOPLIX NOKYyCOB

h 4

850 \ CpaBHeHVe OTHOCUTEMNBHLIX KONMUYEeCcTB
YCTAHOBMNEHHLIX reHOTHUNOB Monekyn OHK
no 6onee YemM 04HOMY NOKYyCYy

Mecxoas M3 oTUOBCKOIO rannotuna u CpaBHEHUA OTHOCUTENbHLIX
860 - KOnu4ecTs, onpeaeneHue rannoTtruna, yHacnegoBaHHOrO 0T Matepu,
B TO 4acCTW reHoMa, KOTOpasa oxBayeHa nepsbiMA NOKyCaMK




9/45

Orteu MaTb
Hap | Hap i Hap 1! Hap IV

L - - L] » - L] "
LW — = et

YyacTtok 1 {

Mut T WT - Mut +1 Wt

LA T A 4l T

LT c L1 c
A T T

YvyacTok 2 {

Mut = myTauna

WT = gukmn tmn



10/45

dwur. 10

1010 —

AHanus pparmenTos 1HK ns MmatepuHckoro
obpasLa Ans yCTaHOBMEHNU: NoKanu3aumm
B reHOMe 4enoBeKa 1 Tuna anneneun

A 4

1020 ——

OnpeneneHue 0AHOMO UN HECKOMLKAX NepBbIX
NOKYCOB, ABNSKLWMUXCA UHGOPMAaTUBHLIMM
(reHoM mMarepu roMo3nroTeH, Ho B obpasue

BbIABMAIOTCA HE MATEPUHCKWUE annenu)

Y

1030 ~__| onpeaeneHue nepeoro Yucna crnyvaes P (BCTpe4aeMocTy)

Mo meHbLIEeH Mepe AN OAHOTO U3 NePBLIX JTOKYCOB —

nepsoro annena u BToporo Ynucna cny4yaes

Q (BcTpe4yaeMocTH) BTOPOro anmens y nnoaa B 3ToM Nokyce

Y

1040
—

Bblyucnenne dopakLMOHHOM KOHUEHTPaUWN,
UcxXoasa U3 Nepeoro U BTOPOro Ynucen

1000



1110

11/45

dur. 11

OnpepeneHue npepena oTce4YeHUA

ANA NpeackasaHus BCTpeYaeMocTH

COOTBETCTBYIOLLIEro NepBOro annens
B ONpeaeneHHoM NoKyce

Y

1120 —

Ucxona na ananusa cpparmeHtos JHK
n3 matepuHckoro obpasua, BbiSBNeEHWE
nepBoro annena 1 BTOPOro annens B 3ToM NoKyce

Y

1130 —

OnpeaeneHne (hakT4Yeckon BCTpe4aeMoCTH
COOTBETCTBYIOLLENO NEPBOro annens B 3TOM Nnokyce,
ucxoas n3 aHanusa pparmeHtos JAHK

A 4

VI,EI,eHTI/ICbVIKaLLI/IFI NOKyCa KakK OAHOro 3 nepBbliX NOKYCOB,

ecnmn (baKTVI‘-IeCKaﬂ BCTpE4aeMoOCTb
6y.qe'r MCHbLUE npeacna oTCce4CeHNA

1100



MporHosnpyemasn yactoTta

o1

I'IporHosmpyemaﬂ YacToTa

12/45

dur. 12A

8.4 -

013
.16 -
8.14 -
6,12

&1

go04 -

0.02

0.09 - ,
'
008 [ - - a.Martb AA, nnog AT
08 \
0.07 | ~—— b. Mate AT, nnog AT
) b
: i
' [SEYT IS . M
0.06 ' ¢. Matb AT, nnoag AA
' i
0.05 M
f i
0.04 - . ¢
_ ! }
0.03 t i
S '
0.02 - t A
: H N ¢
i
0 el s l
¢ 20 40 &0 80 100 120
BcTpeyaemocTtb annena T
o
N ;'
s}
sl' -« a. Matbk AA, nnoa AT
]
o e D. MaTb AT, nnog AT
y 1
e c. Matb AT, nnog AA
-
;H
y f
i 1
;1 ¢
3 3
1 i
H 3
i i
1} ]
1 E
t i
H ]
o 20 40 60 80 160 120

BcTtpeywaemocTtb annena T



13/45

dur. 13A

MporHosnpyemas 4yactoTta

G.12

0.1

0.08

0.06

0.04

~ ~ a. MaTb romMo3uroTHa, nNnog, reTepo3nroTeH
—— b. MaTb reTepo3nroTHa, Nnog reTepo3uroTeH
""" + ¢. Matb reteposunroTHa, nnog roMo3uroTeH

o*
Ll

I'IporHoampyemaﬂ YacToTa

0.14
0.12

0.1

©
o
&

©
o
&

20 40 60 80 100 120
BcTpeuaeMocTb MeHee pacnpocTp. annens

 our. 13B

~ - a. Matk romosuroTHa, nnog reteposunroTeH
) —— b. MaTb retepo3nroTHa, Nnoa reTepo3uroTeH

------- C. Matb reTeposnroTHa, nnog roMmo3nroTeH

20 40 60 230G
BcTpeuaemMocTb MeHee pacnpocTp. annens




dur. 14

[MporHosmnpyemasn 4acToTa

012

0.1

0.08

0.06 -

A = = a. MaTb romo3vroTHa, nnog reTepo3nroTeH
1 —— D. MaTb reTepo3unroTHa, Nnog reTepo3nroTeH

~~~~~~~ ¢. Matb reTepo3nroTHa, nnog roMo3nroTeH

20 40 60 80
BcTpevyaemMocTb MeHee pacnpocTp. annens

1744"



SMBproHansHbIe ranioTunbt

FannoTuns: matepu

Fannorune: oTya

BosmoxHbie rannoTuns 8 nonynauni

Hap A

HapC

Hap B

Hap A

Hap B Hap C Hap 8 Hap C

HapA

15/45

L

AT D L B e b W e B U s D e s e e O

Mnog ysacnegosan
HapC ot otua u HapA
OT marepu

2 D o A e o e A el U e e e e L e e e R e R e

=D e A e U e o o R e AT e A e A B e o e o G e o R 4D

B L I G e S e . (o

dur. 15B

dur. 15A



16/45

dur. 16

1600

1610 — AHanus maTtepuHckoro obpasua aAna uaeHTUduKauun
Tex SNP, no koTopbiM MaTb FOMO3UIOTHA, a NNoJ, reTepoanuroTeH

YCTaHOBNEHUE OAHOMO UMW HECKONbKWX annenei
1620 — 13 oTLOBCKOrO rannoT1NA, YHACNeaoBaHHbIX NNOAOM

Y

1630 N CpaBHeHW1e OTLOBCKUX annenei ¢ KOHTPONbHbIMU
rannoTmnamu, 4Tobbl cNpeaennTb rannoTun,
yHacneaoBaHHbIA 0T oTua

OnpegeneHne NOKyCoB,

/"\
1640 MO KOTOPbIM MaTb reTepo3nroTHa

\ 4
1650 YcTaHoBNeHNe MaTepUHCKMX rannoTunos
\ no reHoTUNam Matepu 13 ctaguun 1640
W CpaBHEHWe reHoTUNOoB
C KOHTPO/IbHLIMU rannotunamu

A4

1660 OnpeneneHue rannotuna MaTepy, yHacrneqoBaHHOMO
_\ NNOAOM, U3 ABYX MATEPUHCKUX rannoTunos
W YHacneaoBaHHOro OT OTLa rannotuna




Mannotunbl nnoaa FannotTunbl mMaTepu

Hap C Hap A Hap A Hap 8
C A A c
C

g
-t

1710 7
T T T A
G A A G
o k¢ !

W
o

dur. 17

AHanu3 maTtepuHCKOW Nnasmbl

Te SNP, no kOoTOpbIM MaTb
roMO3UroTHa, a nNnog yHacneposan
OT OTUa ApYron anners,

Yyem annenke MaTepu.

Takne SNP MOXHO
naeHTUUUnpoBaThb

npu aHanuse MaTrepuHCKOM
nnasmbl NyTeMm:

1. BbiiBNeHus cneundm4Hore ans
nnoaa annens B MaTepUHCKOW

. Mnasme; npuyem

2. cneunduyHbIiA Ansa nnoga
annesnb COCTaBMsEeT NALIb
HeDOMbLLYI0 AOMK0 OT BCEX
annesien, OTHOCALLNXCSH

K 3TOMY NOKYCY.

. Hanpotus, no tem nokycam SNP,

MO KOTOPbIM MaTb reTEPO3UrOTHA,
BCTPEYAEMOCTb OBYX MATePUHCKUX
annernen B MaTEPUHCKON nnasme
BygeT 6nuakon.

Syv/iLL



Annenun nnoaa,
yHacnegoBaHHbIe OT OTLA

CpaBHeHue
: : YCTaHOBNEHHbIX
3KCNEPUMEHTANBHO
OTUOBCKUX annenew,
yHacneaoBaHHbIX
nnoaom (TonbKo ons
O[IHOrO NMOJMHOXecTBa
nokycos SNP),
C U3BECTHbIMU
rannotTunamm
B COOTBETCTBYHOLLEW
j nonynaumMn

Gv/8lL



OTuoBCKMe annenu, Hap A TR e )
nepeaanmie nnoay ® TRRE repe nepermanneih nnagy

!
MC
t

C

N :

YctaHoBReHne
OTLIOBCKOrO
rannoTuna,
yHacnegoBaHHOro
NNoAOM, NCNONb3YA
CYLEeCTBYHOLYH
MHdopMaLUIO

O rannorunax

B NONynsuumn

G/61



FannoTuns Marepu
Bl MaTep YCTaHOBMEHNE MaTepUHCKIUX

Hap A Hap B FeHOTUNOB
SR T AHanNM3 MaTepUHCKON Nnasmbi
A c | anms P A/C
| | | ‘
c G \ /6
1 i .
G G N Te SNP, 1o KOTOpbIM M G/G
e 5 retepoaurotHa. Takue A
A T MOMKHO MASHTUCHULM
| 1 npy aHanuse mare i
T A \ | fnasmbi nyTem: /
? : . 1. BbiIBNEHNs OBYX
A G annenei B Matepu AlG
| *
' . Mfiasme; npudem
‘: ¢ * 2. BCTpeuaeMocThb e
o annenen 6yger 6n i 7 G/C
L O e =" Kak M3NoxeHo B Np
I t paspenax, te SNP, AT
A T /. MaTb reTepO3UroTH
; }'_ /" HeTKO OTIMYUTL OT T T
, | / 10 KOTOPbLIM MaTh ro
N i a Nnnod rerepoaurorte T/A
T ’?‘ N0 COOTHOLLIEHUIO
X - BCTPE4aAEMOCTM STHX AT
ABYX annerneu.
i | ]
A o A/C
- 4 "
G G G/G
i 1

dur, 20

Sv/0C



Onpeaeneﬁue MaTepuHCKUX rariotunoe no reHotunam marepu

21/45

dur. 21
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MannoTnnel mMaTepH

Fannotun nnopa,

-Hap A Hap B  yHacnegoBaHHbIN OT OTua
A C c
| i ! i
¢ G c \\
G G A
- i |
A T T
i i ! ;
T A T R
] : | -
A G G
C C T
R £ S DN
G C C o
| ?E ! -~
A T A
T T G
£ i ; § .
T A T
! ! J /
A T T '
i | H
A C C
G G A
; i z

dwur, 22

OnpepeneHune T0r0,
... KaKOW MaTEPUHCKUI
rannoTvn nepewuen

. knnogy, nytem aHanusa

" OTHOCUTENbHOW 403bI

/, rannotuna (RHDO).

G¥icc



Fannotunbl Matepu

HapA

e LT

o y - ‘(_';-3 s

S T

HapB

-Gy — b i R R o B o T
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MannoTun nnopaa,
yHacneaoBaHHbIA OT OTUa
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dwur, 23

SNPs tuna anbda
Te SNP, no KoTopbIM OTUOBCKUE
annenu, yHacnegosaHHble Nrnogom,
WAEHTUYHbI MAaTEPUHCKUM annensam
13 Hap A. Mo atum SNP, ecnun nnog
yHacnenyet Hap A oT matepm,
TO annenu u3z Hap A 6yayT n3bbITOUHO
NpeacTaBneHbl B MAaTEPUHCKON Mnasme.
Ecnn xe nnog yHacneayeT Hap B ot matepw,
TO ABa MaTepuHCKMX annens 6yayT oaguHakoBoO
NpeacTaBreHbl B MATEPUHCKON nnasme.

SNPs Tuna 6eta
Te SNP, no KOTOpbIM OTLOBCKME annenu,
yHacneaoBaHHble NNOAOM, UAEHTUYHDI
mMaTepuHcKuM annenam 13 Hap B.
Mo atnm SNP, ecnn nnog yHacnegyet
Hap B ot maTtepu, To annenv n3 Hap B
OyayT n3bbITOMHO NpeacTaBneHbl
B MaTepPUHCKOW Nnasme.
Ecnn ke nnog yHacnegyet Hap A ot matepw,
TO iBa MaTEPUHCKUX annens byayT oaMHAKOBO
npeacTaBneHbl B MaTepPUHCKOM Nnasme.

Gyice



2410 ——— CexBeHpoBaHe MHOXECTBA monekyn

24/45

dur. 24

HYKNEMHOBOIA KUCNOTHI U3 MATEpUHCKOro o6pasLa

) 4

2420 —

Onpepenenune nNokanuaauuy Kaxaomn
13 NPOCEKBEHUPOBAHHbBIX MOIEKYN
HYKMNEWHOBOW KUCMNOTLI B TeHOME YenoBeka

2430

Y

OnpegeneHne MaTepUHCKoOM
nocneaoBaTensHOCTU U OTLIOBCKON
nocnefoBaTeNbHOCTU ANA KaXaoro

13 Mo KpamHewn Mmepe YacTu NONOXEeHU

\ 4

OnpeneneHuWe NepBoi NocrneaAoBaTenbLHOCTH
B MOMeKynax HyKNeuHOROI KACMNOTEI, KoTopas
OTCYTCTBYET Y BbISABIEHHbLIX MaTEPUHCKNX
UNK OTLIOBCKMX NOCNEeA0BaTeNbHOCTEN

2450 ——u_ KOHLIEHTPALMK NepBoit NOCNea0BaTeNLHOCTH

\ 4

OnpepneneHne NepBoit (bpakLMOHHON

B Buonoruyeckom obpasue

h A

2460 OnpepeneHve BTOpo hpakUMOHHOW KOHLEHTpaLUum
\ HYKNeWHOBON KMCNOTLI NNoaa B buonornyeckom obpasue,
NCNonb3ys yHacneaoBaHHYH OT OTLA HYKNEWUHOBY KUCMOTY,

KOTOpadA OTCYTCTBYET B TCHOME MaTepU

v

2470 \ Knaccudmkaums nepeor nocneaoBaTenbHOCTH Kak MyTauuy

npuMepHO OAMHaAKOBbI

de novo, ecnu nepeasi u BTopas hpakUMOHHasA KOHLEHTpaUms

2400



25/45

dur. 25A

KomOuHauus reHotuna K-Bo SNPs CopepxaHue (%)
[noa reteposuroteH 220,296 24.57
MaTb romo3uroTHa, oTel reTepo3uroTeH ' 131,037 14.61
MaTb roMo3uroTHa, Nnog reTeposuroTeH 111,775 12.46
MaTb romMo3uroTHa, oTeL reTepo3uroTeH, 65,875 7.35
nnof reTeposnroTeH
MaTb roMo3uroTHa, oTeL reTepoanroTeH, 65,162 7.27
nnog roMo3UroTeH
MaTb roMo3uroTHa, otel roMO3UroTeH, 45,900 5.12
HO Mo ApYrum annenam
WToro 896,756 100

dur. 258

MpoTouHas O6Wee k-80  K-B0 BLIDOBHEHHIX lpOLEHT BLIDOBHEHHLIX

KioBeTa OTPe3KoB (MNH) OTpe3koB (MNH) otpe3kos %)
1 265 200 75.29
2 274 206 7822
3 268 204 7686
4 254 193 76.10
5 258 196 76.02
6 280 215 1680
7 272 207 1597
8 253 192 7680
9 260 165 1517

10 268 208 7811
11 245 188 7568
12 248 180 718.22
13 250 188 7532
14 257 192 74.79
15 250 187 7514
16 243 187 76.93
17 270 200 14.25
18 258 197 76.48
19 258 193 74.98

20 253 193 76.31




26/45

dur. 26

-|{OTey reTepo, MaTb roMo,

" OTeL| roMo, MaTh roMo,

Xp. |~ nnop retepo (%) . - |HONO ApYrUM annensm (%)
chri 11.83 11.92
chr2 12.15 11.99
chr3 11.80 11.92
chrd 11.89 11.84
chrs 12.01 12.10
chré 12.00 11.80
chr7 12.14 11.75
chr8 12.04 11.95
chr9 11.70 11.82
chr10 11.57 11.75
chrit 11.88 11.80
chri2 12.09 11.80
chri3 12.39 11.94
chri4 11.90 11.84
chri5 11.75 11.81
chrié 11.93 11.36
chr17 1177 11.49
chr18 11.99 11.74
chr19 11.77 12.02
chr20 11.74 11.56
chr2 1 11.74 11.37
chr22 11.81 11.34
chrX 12.03

Xp.: Xpomocoma
roMo: romosurora

reTepo: reTeposnuroTa
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dur. 27A

HDonsa SNPs, oxBa4yeHHbIX cneunpuyHbIMU ANA NnoAa oTpe3KkamMm
(MaTb K OTel roMO3UroTHLI, HO NO Pa3HbLIM annensm)
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dur. 27/B

Honsa SNPs, oxBayeHHbIX cneunpuyHbIMU ANA Nfoaa oTpesKkamm
(MaTb 1 oTel roMO3UrOTHbI, HO MO Pa3HbIM annensam)
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dur, 28A

Koppenauusa mexxgy oXBaToM HacrnegyeMblX OT oTUa anneneu
M KONMMYECTBOM NPOYUTAHHbIX OTPE3KOB
(MaTb roMO3UroTHa, OTeL reTepo3uroTeH, Nnog reTepo3nroTeH)
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‘Our. 288

Koppensauus Mexay oXxBaToM Hacneayembix OT OTua annenewu
M KOJTMYECTBOM CE€KBEHUPYEMbIX NPOTOYHbLIX KHOBET
(MaTb roMO3UroTHa, OTEL, reTEPO3UTrOTEH, NNOA reTEPO3UTOTEH)
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[onsa noxHo-nonoxutenbHblx (%)

29/45

dur. 29A

Koppensiuusa mexay A0onen noXxHo-nonoXuTenbHbIX U KOMTMYECTBOM
CEKBEHMPYEMbIX NMPOTOYHLIX KIOBET

~ Ll At o A
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K-Bo ce KBEHUPYEMbIX KHOBET

dur. 29B

Koppenauua mexay Aonen NoXXHO-NONOXNTENbHbLIX N KONTMYECTBOM
CEeKBEHMpPYEeMbIX NPOTOYHbIX KHOBET
(MaTb roMo3uUroTHa, oTeL roMO3UroTeH Mo TeM Xe annensam)
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dur. 30

NonHota oxBaTta SNPs npu pasnnyHom Konu4yecTtee CeKBEHUPYEMbIX KIOBET

K-Bo cekBeHuMpyembix CpeaHUIl oxBaT BCex
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dur. 31

TouHocTk knaccudukaumum Tuna A (10 NPOTOYHLIX KIOBET)

MpaBunbHaA  HenpasBunbHasn HenpaBunsHas npu
Knaccucukaumns knaccudukaums “nepemeskaloLeMca” aHann3e

- Xp. K-so MpoueHT K-eo  TlpoueHT K-so MpoueHT Bcero
Chr 1 224 89.1% 2 ' 0.8% V 0 .0.0% 226

- Chr2 215 96.8% 7 3.2% o 0.0% 222
Chr 3 176 87.2% 5 2.8% 0 0.0% 181
Chr4 162 88.8% 2 1.2% 0 0.0% 164
Chr5 139 89.3% 1 0.7% 0 0.0% 140
Chr 6 : 170 - 98.4% 1 0.6% 0 - 0.0% 171
Chr7 134 98.3% 1 0.7% Y 0.0% 135
Chr B ‘ 164 - 88.7% 2 - 1.3% 0 0.0% 156
Chr9 134 - 99.3% 1 0.7% 0 0.0% _ 135
Chr10 154 98.4% M 0.6% 0 0.0% _ 155
Chr11 151 88.7% 2 1.3% 0 0.0% 153
Chr 12 136 99.3% 1 0.7% 0 0.0% 137
Chr 13 85 100.0% 0 - 0.0% 0 0.0% _ 85
Chr 14 91 100.0% 0 - 0.0% 0 0.0% 91
Chr 15 76 100.0% 0 0.0% 0 0.0% 76
Chr 16 85 98.0% 1 1.0% Q. 0.0% 26

Chr 17 82 1000% o 0.0% 0 00% 82

Chr 18 67 100.0% 0 0.0% 0 - 0.0% 67

chris 48 100.0% 0 0.0% 0 0.0% 46
Chr 20 79 97.56% 2 2.5%. 0 0.0% , 81
Chr 21 45 100.0% 0 0.0% 0 0.0% 45
Chr 22 32 - 100.0% 0 0.0% 0 - 0.0% 32
Chr X 103 86.3% 4 3.7% 0 0.0% 107
Utoro 2760 98.8% 33 1.2% 0 0.0% 2793

G¥/le



Chr 1
Chr 2
Chr 3

_Chr4

Chr 5
~ Chrg

chr7

Chr 8
Chr 8
Chr 10
Chr 11
_ Chr 12

Chr 13
Chr 14
Chr 15

Chr16

Chr 17

‘ Chr 18‘ -

Chr 19

Chr 20

Chr 21
Chr 22
Chr X

WUtoro

MpasvncHan

Knaccudmkaumn
K-Bo MNpoueHT
210 87.2%
230 87.9%

- 183 99.4%

127 100.0%

- 182 98.9%

‘ ,155, .
115 97.5%
160 98.8%

....... 123 1 984%

130 - 97, O%
128 9? 7% ,
118 100. 0%
90 97.8%
83 97.6%
75 898.7%
80 94.1%
50 100 0%
71 87.3%
48
80 100.0%
27 100.0%
44 87.8%
118 97. 5%

96 Q% d el

1000%

98. 2%

dur. 32

ToyHocTb Knaccudcpukauum Tuna B (10 NpoToOYHbIX KIOBET)

HenpaBunbHas
Kknaccudpukaums

K-8o
6
5
1
0
2
5
3
2
2

3
0
2
2
1
5
0‘
2
0
0
0
1
3

49

NpoueHT
2.8%
2.1%

06%
0.0%
1.1%

3%

' 5%
1.2%
1.6%

: 3 pog

23%
0.0%
2.2%
2.4%
1.3%
5.9%

0.0%

27%
0.0%

0.0%

0.0%

2.2%
- 25%
- 1.8%

HenpaBunbHaa npu
“nepemMexarowieMcs” aHanuse

K-Bo

OO OOOOODORO

FeReR=R=oReR=-R-R=H=R=

MpoueHT
0.0%
0.0%

- 0.0%
,0 0%
0.0%

- 0.0%

- 0.0%
0.0%
0.0%

L00%
00%

- 0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

- 0.0%
0.0%

Bcero
218
235
164

127

184
160
118

162

125

134
132

118
92
85
76

85
50
48
80
27
45

121
2657

av/ce



TouHocTe aHanuaa no SPRT tuna A

Knaceuduraums no eguHomy 6noxy

AMropuT™M ABYX NOCNEA0BATENbHEIX BNOKOB

Xp. MpasunsHas (%) Henpaeunshan(%)  Beero (%) MpasunsHas (%) Henpasunenasn(%) Beero (%)
1 314 (99.1%) 3 (0.9%) 37 309 (100%) 0 (0.0%) 309
2 305 (99.3%) 2 (0.7%) 307 301 (100%) 0(0.0%) 301
3 240 (99.6%) 1(0.4%) 241 237 (100%) 0(0.0%) 237
4 218 (99.5%) 1 (0.5%) 219 215 (100%) 0(0.0%) 215
5 203.(100%) 0 (0.0%) 203 201 (100%) 0 (0.0%) 201
6 240 (98,0%]) 5(2.0%) 245 237 {98.8%) 3(1.3%) 240
7 182 (98.9%) 2:(1.1%) 184 179 (100%) 0(0.0%) 178
8 217 (99.5%) 1{0.5%) 218 214 {100%) 01{0:0%) 214
9 177 (89.4%) 1{0.68%) 178 174 (100%) 0{0.0%) 174

10 217(99:1%) 210.9%] 219 213 {100%) 0 {0:0%) 213
11 205 (100%) 0(0.0%) 205 203 {100%}) 0{0.0%) 203
12 193 (85.5%) 1(0.5%) 194 190 (100%) 0 {(0.0%) 180
13 133 (100%) 0 {0:0%) 133 132 (100%) 0{0:0%) 132
14 125 {100%) 0.(0.0%) 125 124 (100%) 0 {0.0%) 124
15 103 (100%) 0 (0.0%) 163 102 (100%) 0 (0:0%) 162
16 133 (98.5%) 21.5%) 135 129 (100%:;} 0 (0.0%) 149
17 104 (100%) 0 (0.0%) 104 102 (100%) 0 (0:.0%) 162
18 95 (97.8%) 2(2.1%) 97 91 (106%) 0 (0.0%) g1

18 87 {100%) 0(0.0%) 67 85 (100%) 0 {0.0%) 65

20 112 (100%) 0.(0.0%) 112 110 (100%) 0{0.0%) 110

21 860 (100%) 0.(0.0%) 60 59:(100%) 0 (0.0%) 59

22 39 (100%) 0:(0.0%) 39 38(100%) 0 (0.0%) 38
X 156 (98.7%) 2 (1.3%) 158 152 (100%) G (0.0%;) 152

Wroro: 3838 (99.4%) 25 (0.8%) 3863 3777 (99.9%) 3(0.1%) 3780

dur, 33

Sy/ee



TouHoCTb aHanusa no SPRT tuna B

Knaccudmkauua no eguHomy Gnoky

AnropuTm ABYX NocneaosarensHibIX Bnokos

p. Mpasunexan (%) Henpasunewan(%) Beero (%) | [pasunsHas (%) HenpasuneHan(%) Beero (%)
] 267 (98.2%) 5(1.8%) 272 262 (100%) 0(0.0%) 262
2 283 (99.0%) 3 {1.0%) 286 278 (100%) 0 (0.0%} 278
3 222 (98.2%:) 4(1.8%) 226 216 (100%) 0 (0.0%) 216
4 175 (98.9%) 2 (1.1%) 177 171 (100%) 0(0.0%) 171
3 255 (99.6%:) 1 (0.4%) 256 252.(100%) 0 (0.0%) 252
6 195 (99.0%) 201.0%) 197 192-{100%) 0{0.0%) 192
7 155(97.5%) 4.(2.5%) 159 150.{100%) 0 {D.0%) 150
8 211 {100%) {1 (0.0%) 211 209 (100%) 0{0.0%) 209
9 1621(99.4%) 1(0.6%) 163 160 (100%) 0(0.0%) 160
10 172.196.6%:) 6:43.4%) 178 167{98.2%) 3(1L8%) 17
E| 171(99:4%) 1 (0.6%) 172 168 (100%) 34{0.0%) 168
12 156 (99.4%) 1 {0h6%:) 157 153 (100%;) 34{0.5%%) 153
13 119 (98.3%) 20L.7%; 121 117 (99.2%) 1{0:8%) 118
i4 116:(98.3%) 2{1.7%) 118 115199.1%) 1{0.9%;) 116
i3 107 (100%; 0 (0.0%) 10 100-(100%) O{I0%) 190
16 115(94.3%) T15:7%) 122 107 {99.1%; T{0.9%) HI8
17 67.(98.5%) F{1.5%) 68 65 (100%) 0(0.0%;) 65
18 92 (100%) 0:(0.0%) 92 96 (100%) 0{0.0%) 90
19 STLI00%:) 0 (0.0%) 57 53{100%) 0{0.0%) 55
20 95 {100%) 0:{0.0%) 95 93 (100%) 0 {0.0%) 93
21 39 (100%:) 00.0%) 39 38 (100%) 0{0.0%) 38
22 59.(100%) 0 (0.0%) 39 58 (100%) 00.0%) 58
X 142 {99.3%) 1€0.7%) 143 139 (100%) 0{0.0%;) 139
Wroro: 3426 (98.8%) 43 (1.2%) 3469 3355(99.8%) 6(0.2%;) 3361

dur. 34

Svive
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dur. 35A

OTtpeskn ¢ Hacnedyemon oT oTua mytauuein CD41/42

Cyer =10

COGETATTGTCGTAGTCCTCACCTGTCTAGGGGTTTCCTGAGTTGGAGAL
CGGGTATIGTCOTAGTCCTCACCTGTCTAGGEGTTTCCTOAGTIGGAGAL
GGGTATTGTCGTAGTCLCTCACCTGTCTAGGGGTTTCCTGAGTTGGAGACC
GGETATTGTCOTAGTCCTCACCTOTCTAGEGGT T TCCTGAGTTGGAGACCC
COTAGTCCTCACCTGTCTAGGGGTTTCLTGAGT TGGAGACCCAGGTTCLC
GTAGTCCTCACCTGTCTAGGGGTTTCCTGAGTTGGAGACCTAGGTTCCCA
CTGTCTAGGGGTTTCCTGAGTTGGAGACCCAGGTTCCCATCTGGTGGTLG
TGTCTAGGGGTTTCCTGAGTTGGAGACCCAGGTTCCCATCTGGTGGTIGT
TTCCTGAGTGGGAGACCCAGOTTCCCATCTGOTGGTCGTCGGATTCCCAL
GTGGGAGACCCAGGTTCCCATCTGOTGGTCOTCGOATTCCCACCLTTTIA

dur. 35B

STATTGTCCTAGTCCTCACCTGTCTAGGGGTTTCCTGAGT

STATTGTCOTAGTCCTCACCYOTCTAGREOTTTCCTOAL

STATTGTCOTAGTCUTCACCTGTC TAGGGOITTLLTGAG:
FTATIGTCOTAGTCCTCACCTOTCTAGGLGTTTOLTGAL
TATTGTCGTAGTCCTCACCTGTCTAGGOGT Y TCCTOAL!
TATTGICOTAGTCCTCACCTOTCTAGOGGTTTCCTGAGT

TTGTLGTAGTCCTCACCTOTCTAGGGUTTT X TOAG
TCETAGTCCTCACCTGICTAGGGGTTTCCTGAG!
TCOGASTCLTCACCTGTCTAGCEGTYTCLTCACTTTCTTGRAGACCIAGS

CGTAGTCCTCALCTGTCYAGOLGTTTCCTOAGTT TCTTGGAGATLTAGET
GTAGTCCYCACCTOTCTAGGEGTI TCLTOAGT T T TTGOAGACCCAGRTT
TAGTCCTCALCTGTCTAGGGGTYTLCTCAGT T T TTGOAGACLLAGGTTC

AGTCCTCACCTGYCTAGGGGTTTICCTOAG] TIGGAGACCCAGOTTCL

AGTCLTCACCTGTCTAGGGGTITLLTCRGTTTCTTHGAGACLTAGHTTCL
GICCT(ACCTGTCTAGBBETTTCCTGAS TYGGAGACCLAGHTTILL
GICCTCACCIGTCTAGGEETTTCLTGA TTGGAGACLIASGYTCC
GTOCTCRCCTGTCTAGGGGTTTLLTGAL TIBCAGACCCAGGTICCC
GICCTCACCIGTLTAGGGET TTLLTGAG
SCCCTCRCCIGTCTAGGOGTTTLCTOAGTT
CCYCACCIGTCTAGGOGTTTLLTOAGTT
LCTCALCTGTCTAGBRGGTTTLLTOALT ¢
TCACCTETCTAGEGOTTTCOTGACTY
ACGTGTCTAGGEGTTTCCTOAS
ACCTETCYAGEOET TTLLTGAL
ACCTSTCTAGRGLITTCCTEAG
CCIBTCTAGGLOTITCLTGAG

TTCOAGACCOALOTTCCCATCY
TIGGAGACCCAGETYICCCATCTEG
TTHOAGACCCAGHTTCCLATITOR

CCTBTCIAGSGCT TTCCTRATT YT CTIGACACCCAGBTTCCCATCTERT
0 GTCTAGEGETTTCCTEAGT T TTGOAACCLAGTICCEATCTLGTGAT
CTAGEGETTTLCTEACT T 7% TTGGABACCCABGTTE CLATC TEG TOOTCS
TPE3KK € NoCneaoBaTeNnbHOCTbIO AGCACTTTCLTOACTTTCTTOOACACEC AGOTTE CCATCTEGTGOTCETE
AGGGCTTTCCTGALT T TTE0AGACELAGGTTCLCATCTEGTGETCOTL
OUKOIro Tuna B CD41/42 ACCCETTTCCTOACTTT CTROGAGACCCAGCTTCCCATC TERGRGTERTE
GOGETTTCCTRAGTT L TTOOACALCCAGGTTC COATCTEGTGGTCRTCG

GOOTTTCCTGAG YT CTTGRAGALCCAGGTTUCCATCTOEIGETCRTCGG
GRITTCCTCAG T T IUTTO0AGALTCAGGTTCCCATE TOGTGRTCGTCHGA
C‘-IET - 62 GGTTTCCTGAGT T T TTGGAGACCCAGGT TLCCATCTRGTGETCHTCGEA
GITTCTOATY T I TTOGACACCCAGRGTCCCAT LT GG TRRTCETEGOAT
CTTTLCTOAGTTTLTTGGAGACCCAGGT TCCCAT CTSGIGETCETUSGAT
TYCLTOAS TTTC TTOOAGACCL AGCTTCLOATCTORTGOTCRTLOGATTC
o COTRAGTTTETTCOAGACCE AGGTTE CORTUTSOTOOTCGTEAGATTCLL
- - LLTGAGTT T, TTGGAGACCCAGGTTCCCATCT6GTGOTCOTLAGATTCCC
TaKV'M 06pa30M, /0 MYTaHTH bIX = 10/ 72 - 051 389 CCTGAGTTTCTTGGAGACCCAGGTTCECATCFORTORTCOTCEGATTCLL
TGAGTTTC TTEOAGALLC AGGT TCCCATCFEGTGGTCRTCRGATTCCCAD
TGAGYVCE TTOGAGACCLABGT TCCCATL TOGEGOTCGTCEBATICLCAL
GATGTTCTTGGRGACCCAGETTCCCATCEGBTOOTCOTUOBATICCCACL
GAGTTTLTTEGAGACCCAGRTTCCUATUTSGTAOTURTUGBATICLCALC




dur. 36

AHanus Tuna A no knacrepy f3-rno6buHa Ha xpomocome 11

MeHoTUN . _ Haronnenas  Haronnemkas
Bcero Bcero sipeyaguocts BCTpeyaeMocTs

Xp. db SNPid INokyc Otey Matb [Mnoa Hapm Hapiv Haplll HaplV  Hyll Hall - Knaccudpukauman
chr 11 5204905 MyTauuna: Tanaccemuns, 6eta-rnobuH, HT. -28
chrt rs10742583 5205217 1T cT 7 T c 22 26 22 26 He Knaccudg.
chr11 rs10742584 5205346 T cT TT T c 21 12 43 38 He Knaccudg.
chr11 rs1003586 5205946 GG AG GG G A 24 11 67 49 He knaccud.
chrid rsB8578588 5208827 GG AG GG G A 43 38 110 87 He Knaccud.
chr11 183759076 5213785 CcC cT cc c T 28 0 138 87 He Knaccua.
chr11 1510837643 5214614 AL AT AA A T 23 11 162 98 HEe KJ'IaCCVch.
chr11 rs4283007 5215066 T AT TT T A 53 36 215 134 Hap

Gy/o€



dur, 37

AHanu3 Tuna B no knacrtepy B-rno6mHa Ha xpomocome 11

Havonnensas  Haxonnenxad
Bcero Bcero nrpeuaemocts BCTPEYaeMoCT:

Xp. dbSNPid  Jlokyc Oteu Mate [Mnoa Hap il Hap v Haplll HaplV  Hyll Hyll  Knmaccudomkauns

chr 11 5204905 MyTauua: TanaccemMus, 6eTa-rmoOuH, HT. -28

chr11 rs12275403 5286913 ce cG CG G C 19 23 19 23 He knaccud.
chri1 rs7926089 5289019 cc CT CcT T C 13 21 32 44 He Knaccud.
chri1 rs12365420 5289330 GG GT GT T G 5 12 37 56 He knaccud.
chr1 rs4910747 5294746 cC AC AC A C 27 36 64 92 He knaccua.
chri1 rs6578604 5299185 AA AG AG G A 15 18 79 110 He Knaccud.
chri1 rs10837814 5301704 GG AG AG A G 39 45 118 155 He knaccud.
chrii rs4910550 5302436 GG AG AG A G 15 22 133 177 He Knaccud.
chr11 rs2723381 5304451 7 CT CcT C T 38 34 171 21 He knaccud.
chri1 rs6578606 5306671 GG CG CcG C G 40 31 211 242 He Knaccud.
chri rs3824850 5588548 CC cT cT T C 58 66 270 308 He knaccud.
chr11 rs10838441 5601579 GG CcG CG C G 20 10 290 318 He Knaccuo.
chr11 rs11038628 5645516 cc cT cT T c 85 5 355 323 Hap 1lI

Gv/LE
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dur. 38A

HakonneHHas
" N'eHOMHble BCTPEe4YaemMoCTb
koopavHaTbl SNP - Marepuckie annenm ua: Bcero anneneit 13 annenen us: Knaccundumkaums

the SNP Hapl Hap II Hap I Hap 11 Hap I Hap 11 no SPRT
3251050 A G 22 15 22 15 He knaccud.
3251284 G A 14 10 36 25 He Krnaccud.
3251791 A G 18 11 54 36 HapI
9865342 A G 5 3 5 3 He knaccud.
9872792 A G 7 5 12 3 He Knaccudg.
9874947 G C ! 3 13 1 He Knaccud.
15242479 G A 17 5 30 16 Hap |
15710521 G A ! 2 1 2 He Knaccud.
15710672 A G 13 13 14 15 he knaccnd.
21895385 C T i5 3 29 18 ue knaccud.
22149641 T C 5 3 34 21 Hapl
22201527 A C 11 10 11 10 He knaccud.
23806924 C T 20 Y 31 19 He Knaccug.
31134605 A G 2 ] 33 20 HapI
32413115 C T g 6 8 He knaccud.
32473184 G A 8 14 17 He knaccud.
35730716 A G 17 14 31 31 He knaccud.
35903375 C T 7 38 40 He knaccud.
35903407 G A 6 44 42 He knaccud.
35917535 T G 6 7 50 49 He Knaccud.
43475980 T G 7 16 57 65 He Knaccud.
47351305 A G 7 6 64 71 He Kknaccud.
48561783 A G 5 ] 69 72 He Knaccud.
50676020 C T 19 15 88 87 He knaccud.
53601143 A G 8 10 96 97  He knaccud.
54854802 T C § 3 105 100 He Knaccuad.
74921254 C A 3 108 103 He Kknaccud.
78102680 A C 5 3 113 106 HE Knaccua.
78313644 C T 40 24 153 130 Hap 1



39/45

dur. 38B

HakonneHHas
[eHOMHble BCTPEYaEemMOCTb
KOOPANHATbI MarepuHckae annenu ua, Bcero annenei us. annenei ua: Knaccudpukaums
SNP Hap | Hap N Hapl Haphl Hapl — Hapl no SPRT
CORANBRRE A G 3 R 3 a He Knaccud.
R42A0TY6 4 a 79 12 V) 12 Hap 1
100273993 T C 16 0 16 I He knaccud.
. 100494847 , A I 13 § o 15 Fapl .
I0R2RI068 G A 5 H 5 3 Hexnaccud.
LH0RZ8RTL G A 13 12 , 1R 7 He Knaccud.
_I0728%14 G A 10 4 28 24 . He knaccud.
L I00s T G 5 | w0 He knaccud.
14785655 r T i 7 4 . % Heknaccud.
B AR TS S £ A R 7 s . % ... .. Hapl.
118471031 T c 3 5 . 3 g He Knaccmp_
_VIRARRAA4 C T 5 15 8 .M He knaccud.
110474541 A T 5 4 13 24 He knaccud.
I3ITIR C A 17 17 30 36 . He knaccud.
o J2RE0AT ¢ (i 4 3 4 1 .. He Knaccud.
130047404 ¢ T 4 i R 4 He knaccud.
. 130743499 C T 3 19 §1 %9 He knaccud.
134814366 c T 12 ] . 83 7. . He Knaccud.
134R1 9744 G A 7 18 90 & He knaccud.
13421671 C T 5 9 95 % . He Knaccud.
138807378 A T 7 3 02 97 He knaccud.
1384973 A G 10 3 112 ) W0 He Knaccmd)_
144713436 I T 0 %o b7 14 He knacond.
 MORTNIAL. A G 1 5 193 121 He Knaccud.
_ISNRRER3S ¢ A i 1 o4 BRkY; He Knaccud.
I57381340 T e H] 3 157, LY Han 1
157694738 C T i n ! n He Knaccud.
_ 157R4R587 a A 4 f 5 & He knaccud.
| dur. 39
CpegHaa nonHoTta
Bcero CeKBeHWpOoBaHuA dpakL,. Bcero
UHOPMATABHBIX AN7 KSKA0To KOHUeHTpaumsi  Knacondnkaumia K80 NpaBuiibHbIX K-B0 HenpaBun:Hbix
Cnyuaii SNP SNP (passl) [HK nnoaa (%) no SPRT KNacCUEpAKaLi - Knacoupukani
P26 57 176 19.4 v 9 B
P63 82 158 184 4 1 0
PW316 50 185 174 , 2 , 2 6

PW3T0 4 189 1S 1 ) 3 8

PwAll 6 19,6 B3 2 2 0
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