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(eranpHas XPOMOCOMHAS aHIYTUIOU M, N3 OHOJIOTHYECKOr0o 00pasiia, B3ITOro y 0epeMeHHOM KEHIINHBIL.
MorseKysibl HyKIEHHOBBIX KHCJIOT OHOIOTHYECKOro 00pasia CeKBEHUPYIOT, TAK YTO CEKBEHUPYETCS 4acTh
reHoma. COOTBETCTBYIOLIME KOMMYESCTBA KIMHHYCSCKH PEICBAHTHOH XPOMOCOMBI i (JOHOBBIX XPOMOCOM
OTPENEISIIOT U3 PE3yIBTATOB CeKBEHUPOBaHMUs. [lapaMeTp, MOMyYCHHBII 3 TAKUX KOJIHYECTB (HApumep,
COOTHOIIICHHE), CPABHUBAIOT C OJHHM WM HECKOJIbKAMH MOPOTOBBIMU 3HAYCHHSIMH, HPHYIEM TAKUM
00pa3oM ONPEACISAIOT KIACCH(DUKALIIIO TOTO, HMEETCs JIN (heTanbHas XpOMOCOMHAsT aHDYILTOHIHS.
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JIUATHOCTHKA ®ETAJIbHOU XPOMOCOMHOM AHAYIIOUIUU C
HNCTIOJIb3OBAHMEM ' EHOMHOI'O CEKBEHHPOBAHUW A
IIputsa3aHue Ha NpUOPUTET

Hacrosmas 3asiBka NPUTA3aeT HA NPHOPUTET U SIBISIETCA HENPENBAPUTENIBHON 3asBKOMN
npeaBapuTenpHol 3asBku Ha mareHT CIIIA Ne 60/951438, osarnmasBnenHod «OmnpeneneHue
arcOanaHca HYKJIEOTUAHOHN MOCIEN0BATEIbHOCTHY, 3aperucTpupoBanHoii 23 urons 2007 (nocke
nosepeHHoro Ne 016285-005200US), BKIIFOUEHHOH B TaHHOE ONUCAHHUE B KAYECTBE CCHUIKH.

IlepexpecTHbIE CCBUIKH HA POJCTBEHHBIE 3asIBKU

Hacrosiimass 3asBka Takke sBJISIETCS POJACTBEHHOW OJHOBPEMEHHO HAxXOIsIUENCs Ha
perucTpanyii  HempenBapUTENbHON 3asBKe, o3ariaBileHHON «OmnpeneneHne aucbananca
HYKJICOTUAHOH  mocnenoBaTtedbHOCTH»  (mocke moBepeHHoro Ne  016285-005210U8),
BKJIFOYEHHOU B JAHHOE ONIUCAHUE B KAUYECTBE CCHIIKU.

OO6nacTh TEXHUKH, K KOTOPOH OTHOCUTCSI H300peTeHne

JanHoe wu3o0pereHne BOOOIIE OTHOCUTCS K JHArHOCTHYECKOMY HCCIIENOBAHHIO
¢deranbHON XPOMOCOMHOH aHAYIUIOMAUN TIOCPEACTBOM ONpeAeNieHus aucOanaHca MeEXIy
Pa3NIUYHBIMU HYKJIEOTHUAHBIMH TOCJIEIOBATENbHOCTAMH, U KOHKPETHeE, K HACHTU(UKALIIH
tpucomun 21 (cunapom JlayHa) M APYrUX XPOMOCOMHBIX AHIYIUIOMIWH uepe3 HCCIEAOBAHUE
MaTEPUHCKOTro obpasia (Hampumep, KPOoBH).

YpoBEHDb TEXHUKHU

@deranpHas XPOMOCOMHAsl  aQHAYIUIOUAMS  SIBISIETCS  PE3yJNbTaTOM  NPUCYTCTBUS
AHOPMAJIBHOW(BIX) MTO3BI(JI03) XPOMOCOMBI WJIM XPOMOCOMHOTO ydYacTka. AHOpMaibHasi(bie)
no3a(bl) MoxeT(MOryT) ObITh AaHOPMAJIBHO BBICOKOW(MMU), HAlpUMeEp, MPUCYTCTBHE JIHIIHEH
XPOMOCOMBI 21 MM XPOMOCOMHOTO Y4acTKa IPH TPUCOMUH 21, MM aHOPMAJIbHO HU3KOW(HUMH),
HaIlpuMep, OTCYTCTBUE XPOMOCOMBI X MpU cuHApoMe TepHepa.

OObIuHBIE TIpeHATaJbHBIE JUATHOCTHUECKHE METOAbl (PeTaNbHOW XPOMOCOMHOM
aHSYIUIONINH, HAMpUMep, TPUCOMUU 21, BKIIOHAIOT B3sATHE OOpa3LOB MAaTEePHAIOB ILJIOAA
WHBA3UBHBIMU TIPOLIEAYPAMH, TaKUMH KaK aMHHUOLICHTE3, WJIM B3siTHE O0pa3lLOB XOPHUAIBHOM
BOPCHUHBI, KOTOPBbIE OTPAHUYMBAIOTCS OMACHOCTBIO MOTEPH IUOAA. HenHBa3suBHbBIE MPOLEAYPHL,
TaKWe KaK CKPUHHUHT YJIbTPA3BYKOBOH »Xxorpaduedl M OHOXMMHYECKHE MapKephl, UCIIONB3YIOT
IUIl  YCTPAHEHUs OMACHOCTH JJisi OEpeMEHHOHN JKEHIIMHBI OT XapaKTePHBIX HHBA3UBHBIX
AUArHOCTHYECKUX NMPOLEAYP, OAHAKO TAKHE METObl CKPUHUHIA BMECTO KOPOBON XPOMOCOMHOMN
AaHOPMAJIBHOCTH OOBIMHO ONPEAEISIIOT BTOPHUYHBIE MATOJOTUYECKUE SIBJICHUS, KOTOpBIE
ACCOLIMHUPYIOTCS C XPOMOCOMHOM aH3YIUIOUANEH, HapuMep, Tpucomuei 21, u, Takum o0paszom,

HMCKOT OTPAHUYCHHYIO JUATHOCTUYCCKYHO TOUHOCTh U APYIUC HEAOCTATKHU, TAKUEC KaK CIHUIIKOM



BBICOKO€ BJIMSTHHE MECTallMOHHOTO BO3pacTa.

OtkpeiTHE TUpPKYIUpYIOeH BHeKIeTouHor (eranbHoit JIHK B MarepuHckoill miasme B
1977 npenocTaBuIO HOBBIE BO3MOKHOCTH JIJIsl HEMHBA3WBHOH MpeHaTanbHON nuarHoctuku (Lo
Y MD. and Chiu RWK.,, 2007, Nat. Rev. Genet., 8, 71-77). XoTs HaHHBIA METOH JIETKO
NPUMEHUM JJISl IPEHATAIbHON JUarHOCTUKHU cBsi3aHHBIX ¢ mojioM (Costa J M. et al., N. Engl. J.
Med., 346, 1502) u HEKOTOPBIX OTAENBHBIX reHHbIX paccTpoiicTB (Lo Y.M.D. et al., N. Engl. J.
Med., 339, 1734-1738), ero mpuMeHeHHE IJIsI MPEHATAIBHOW AMATHOCTHKH XPOMOCOMHBIX
aHAyIUIOUaui mpencrasisiercss BecbMa coMHHUTENbHBIM (Lo Y. M.D. and Chiu R W K., 2007,
LUT. BblIe). Bo-mepBbIX, (eranpHble HYKIEHHOBBIE KHUCIOTHI COCYIIECTBYIOT B MAaTEPUHCKOM
IUTa3M€ C BBICOKUM (POHOM HYKJIEMHOBBIX KHCJIOT MAaTEPHUHCKOTO MPOUCXOKIEHHs, KOTOpbIE
94acTO MOTYT MPEMsTCTBOBATh aHAIM3Y (peTalbHBIX HYKIeHHOBBIX kHciaoT (Lo Y.M.D. et al,
1998, Am. J. Hum. Genet., 62, 768-775). Bo-BTOphBIX, (heTaNbHBIE HYKJIEHHOBBIE KHCIOTHI
LUPKYJIUPYIOT B MAaTEPUHCKOH IUla3Me MPEeUMYIIECTBEHHO BO BHEKJIETOYHOW (opme, HTO
3aTPyAHSAET NOJy4YeHre HHPOPMALIUU O KOJUYECTBE I€HOB MIIM XPOMOCOM B '€HOME TLIOJA.

HenaBHO oOCyIIeCTBIEHBI CYLIECTBEHHbIE pa3pabOTKH, MPEOAOJIEBAIOLINE YKa3aHHbIE
comuennst (Benachi A. and Costa J.M., 2007, Lancet, 369, 440-442). B omHoM mnoxpxone
IETEKTUPYIOT (eTanpHOCTIeNn(UIECKHEe HYKIEHHOBBIE KHCIOTBI B MATEPUHCKOW ILIa3Me,
npUYeM TaKuM o0pa3oM MpeojosieBaeTcs nmpodneMa BiusHUS MatepuHckoro ¢ona (Lo Y.M.D.
and Chiu, RWK, 2007, nur. Bemnume). [lody xpomocomsl 21 BBIBOASAT W3 COOTHOIIEHH
nomumopdubx ameneit B monekynax JAHK/PHK, monyuenHbix n3 maaueHTsl. OQHAKO Takou
METOJ] MEHee TOUEH, Koraa o0pasibl CoAepKaT HeOOIbIIOE KOJINIECTBO LIEJIEBOH HYKIEHHOBOM
KUCJIOTBI, WU MOJKET TIPUMEHATHCA TOJBKO K IUIOJAM, TeTEePO3UTOTHBIM ISl  ILIeJIeBbIX
NOJMMOP(H3MOB, KOTOPBIE SBIISFOTCS] TOJBKO TOAMHOKECTBOM TOMYJISILIUY, €CJIA HCIIOJIb3YETCS
OJIUH MOJIUMOPPU3M.

Dhallan et al. (Dhallan R. et al., 2007, mur. Bbime, Dhallan R. et al., 2007, Lancet, 369,
474-481) omnumcanu aNbTePHATHBHYID CTPATerWIO OOOTAINEHUsT JONH IUPKYJIUPYIOIIen
¢deranpuoti JIHK mocpenctBom npobasnenust (opmanbraernma K MaTepUHCKON —IUTa3Me.
IIponopumio MNOCIENOBATENBHOCTEM XPOMOCOMBI 21 B MAaTepHHCKOW IIa3Me, BHOCHMYIO
IUIOZIOM, ONPENeNsIoT TIOCPEICTBOM  OLIGHKM OTHOLIEHHs  HacjleQyeMblX OT OTla
¢derampHOCTIEIHUECKUX — ajuleed K (QeranpHO  HecnmenMHUUECKHMM  aljiensM IS
OHOHYKJIeOTUAHBIX mosuMopdusMoB (SNP) Ha xpomocome 21. IlomoOHeIM o0Opazom
orHowmeHUst SNP BBMHCISIOT U1 STAJOHHOW XPOMOCOMBI. 3aTeéM BBIBOAAT JucOajiaHC
¢eranpHON XpoMocombl 21 MOCpencTBOM OOHAPYKEHUs CTATUCTHYECKH 3HAYUMOTO Pa3JIAYHs
Mexay oTHouleHussMH SNP nns xpoMocoMbl 21 M 3TalOHHOM XPOMOCOMBI, I'ie 3HaAYUMOCTH

OTIPENENIIIOT ¢ UCMOJb30BaHUEM 3alaHHOTO 3HadyeHwst p <0,05. s toro, 4toObl moOUThCS
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BBICOKOTO OXBaTa momyjsinguy, Hamedaror Oosee 500 SNP Ha xpomocomy. OnHako
UMEIOTCA pacXokKIeHws, Kacaromuecss 3¢dexruBHOCTH Qdopmanpaeruna s oOOTrameHus
¢deranprort [IHK no Beicokoit momu (Chung G.T.Y. et al., 2005, Clin. Chem., 51, 655-658), u
MIO3TOMY BOCIPOHM3BOJUMOCTb METO/IA HYXKAETCsl B JAOTMOJHHUTEIBHON OlleHKe. TakxkKe, Tak Kak
KaXAble TUIOJ W MaTh OyayT naBaTh umHGOpManuio o pasnudHoM uucie SNP ams kaxkmou
XPOMOCOMBI, CTENeHb CTATUCTHYECKOrO KPUTEpHs IUIsl CpaBHeHHMs OTHomeHuid SNP mosker
U3MEHSThCS OT citydast K ciy4daro (Lo Y.M.D. and Chiu R W.K., 2007, Lancet, 369, 1997). bonee
TOTO, TaK KaK TaKHe IMOAXOIbI 3aBUCIT OT JIETEKIMHU Te€HETUYECKUX MOJMMOP(U3MOB, OHHU
OTPaHUYEHBI IJIOAAMH, T€TEPO3UTOTHBIMHU ISl YKA3aHHBIX TOJIUMOP(HHU3MOB.

C ucnonp3oBanueM nonuMepasHoil nenHou peaknuu (ITLP, PCR) u xonndyecTBeHHOTO
onpenenenus JIHK nokyca xpomocomel 21 W 3TalOHHOIO JIOKyCa B KyJbTYP€ aMHHOLUTOB,
MOJIY4eHHON M3 IJIOAOB € TpHcOMHeH 21 W 3yIUIOMAHBIX MIonoB, Zimmermann et al. (2002,
Clin. Chem., 48, 362-363) cMornu pa3auyuTh BE TPYMIIBI IIOJOB HA OCHOBaHUH 1,5-KpaTHOrO
yBenuueHuss B nocneposarenbHocTAX JIHK xpomocomer 21 B mepBbix. Tak kak 2-kpaTHoe
pasnuune B koHUeHTpauun Matpuiel JJHK cocraBnser pasmuyme TOJIBKO B OJUH MOPOTOBBIN
mukn (Ct), ycranoBnenue 1,5-kpatHoro pasnuumsi siByisieTcst npeneiom oObranoid IILP B
pearbHOM BpeMeHHu. Jlis Toro utoObl AOOUTHCS Oojiee TOYHON CTENMEHU KOJHYEeCTBEHHOTO
oTpeneeHus, HeOOXOAUMBI IPYTUe CTPATEeTHH.

Pazpadorana umcnennas (digital) TILP 1ms neTeknuu OTKIOHEHHS —aJUICIBHOTO
COOTHOIIEHUs B 00pasiax HykienHoBbix kucioT (Chang H W. et al., 2002, J. Natl. Cancer Inst.,
94, 1697-1703). Yucnennas I[P npencraBnser coboli aMmin@ukanmio Ha OCHOBE METOAA
aHaJIN3a HyKJIEHHOBBIX KHCIIOT, P KOTOPOM TpeOyeTcs pactpeneeHne o0pasna, Coaep Kaiero
HYKJIEHHOBBIE KHCJIOTBI, HA MHOJKECTBO OTJIEJIbHBIX 00pa3LoB, T KKl 00pasel CONEPKUT B
cpenHeM He Oojiee UYeM MPUMEPHO OJHY IOCIEAOBATENbHOCTL-MHUIIEHb Ha oOOpasel.
Crenuduueckue HYKJIEHHOBBIE KHCJIOThI-MHIIEHH aMIUTUPUIHUPYIOT c
MOCIIeIOBATEIbHOCThCIICU(PHUUECKUMHU  TpaiiMepaMu st 0Opa3oBaHUsl  CHELU(PHUECKUX
aMIIMKOHOB uncyieHHON [ILIP. JIokyChl HYKJIEMHOBBIX KHUCJOT, SIBJISIOLIMXCS MHULIEHAMH, U
BUBI WM TaHEJh MOCIEA0BATENbHOCTECIIEN(PHIECKUX MPaiiMEpOB, BKIIOYEHHBIX B PEAKIUH,
OTIPENEISIIOT WM OTOMPAIOT Mepe aHAJIN30M HYKJIEHHOBBIX KHCIIOT.

KnuHnueckn mokasaHa NMPUMEHHMOCTh AETeKIUH yrpathl rereposurorHoctd (LOH) B
obpasuax omyxosessix JIHK (Zhou W. et al., 2002, Lancet, 359, 219-225). lns pe3yibTaToB
aHanu30B MeTonoM uuciaeHHou [P nmocnenoBaTenpHbI KPUTEPUI OTHOLIEHHsI BEPOSITHOCTEN
(SPRT) amanTtupoBaH  MpPEOBAPUTENbHBIMU  HCCIEAOBAHUSAMH  JUISI  KJIACCHU(PUKALIIH
SKCMEPUMEHTAIIBHBIX PE3YJIBTATOB KaK MPUBOIALINX K BBIBOAY O HaNW4uu win orcyrcreun LOH

B obpasue (El Karoui et al., 2006, Stat. Med., 25, 3124-3133).
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B MeTOoJ1ax, UCIIOJb3YEMBbIX B MpPENbIAYIIUX  HCCIENOBAHUAX, KOJHUYECTBO
HOaHHBIX, coOpaHHbIX npu uncieHHou TP, ciumkom mano. Takum oOpa3oM, TOYHOCTh MOMKET
OBITH TOCTaBJIEHA MOJ COMHEHHE M3-32 HeOOJBLIOrO YHCIA MOJYYEHHBIX TOUEK W THUITHYHBIX
CTaTUCTHYECKUX (PIIyKTyaLHH.

IToaTomy kenareapbHO, YTOObI HEMHBA3UBHBIC TECTHI UMENTH BBICOKYIO YYBCTBUTEIBHOCTD
U CrenuGuIHOCTh Uil MHHHUMH3ALUHN  JIO)KHO-OTPHLATENbHBIX U JIOJKHO-TOJOKHUTEIBHBIX
pe3ynbTaToB, cooTBercTBeHHO. OnHako (deranmpHas JIHK B MaTepuHCKOM Mmiia3Me U CHIBOPOTKE
NPUCYTCTBYET B HU3KOHM aOCOJIOTHONW KOHLEHTPALMM M MPEACTABISET HE3HAUYUTENbHYIO YacTb
Bcex mnocienosarenpbHocTern JIHK. IlosToMy Takke »KenaTelbHO HUMEThb METOJbI, KOTOpPBIE
JOIMYCKAOT HEWHBA3WBHYIO NETEKLHUIO (PeTaNbHOW XPOMOCOMHOM aHAYIUIOMAMU IMOCPENCTBOM
MaKCUMH3AIMH KOJHYECTBA TE€HETHYECKOW MH(POPMAIMM, KOTOPYEO MOXKHO TOJYYUTh U3
OTPaHUYEHHOTO KOJMYECTBA (DETANBbHBIX HYKJIEHMHOBBIX KHCJIOT, KOTOPBIE MPHUCYTCTBYIOT Kak
MUHHMaJIbHasl TOMYJSINUA B OMONOrndeckoM obOpaslie, coiepikaieM MaTepUHCKHEe (POHOBbIE
HYKJIEHHOBBIE KHUCJIOTBI.

CyurHocTh u300peTeHust

Bormomenust naHHOTO M300peTeHs] OTHOCATCS K CrocobaM, CHCTeMaM U ammaparype
IUI OTIPEACTICHUs TOTrO, CYIIECTBYET JH IUCOaaHC HYKJIEOTHUOHBIX IOCJIEAOBATENbHOCTEH
(HarpuMep, XpOMOCOMHBIH aucOanmaHc) B OnonornyeckoM oOpasie, B3STOM y OepeMeHHOM
JkeHIIMHbI. Takoe omnpeneneHHe MOXKHO OCYIIECTBUTh C MHCIIOJIB30BAHMEM MapaMerpa
KOJIMYECTBA KJIMHHUYECKH PEJIEBAHTHOTO XPOMOCOMHOIO YYacTKa MO OTHOLIEHUIO K APYTrUM
KJIMHUYECKH HEePEeJIEeBAHTHBIM XPOMOCOMHBIX ydacTKaM ((pOHOBBIE YHACTKH) B OHOJIOTHYECKOM
obpasne. B ogHOM acmekTe KOJUYECTBO XPOMOCOM OMNPEACISIIOT M3 CEKBEHHPOBAHHS MOJIEKYJI
HYKJIEMHOBBIX KHCJIOT B MATEPUHCKOM OHOJOrMYeCKOM OOpasle, TaKOM Kak Moua, IJIa3Ma,
CBIBOPOTKA, W APYTHUX MOAXOMAMHNX OHOJOTHUeCKuX oOpasmax. MOJeKysbl HYKJIEHHOBBIX
KHCJIOT OHOJIOTHUYECKOro o00pasna CEeKBEHUPYIOT, TaK YTO CEKBEHHPYIOT YacThb TIe€HOMA.
BrIOuparoT OOHO MIIM HECKOJIBKO MOPOTOBBIX 3HAYEHHUH ISl ONpENeNIeHHs] TOTO, MMEETCs JIU
U3MEHEHHE TPU CPAaBHEHHHM C OTAJOHHBIM KOJIWYeCTBOM (T.e. aucOanmaHc), HarpuMmep, B
OTHOIIEHUH COOTHOIIEHUS KOJMUYECTB IBYX XPOMOCOMHBIX Y4aCTKOB (MJIN HAOOPOB YYaCTKOB).

CorynacHO mpUMepy OIHOTO BOIUIOUIEHUS OWOJOTHYeCKud oOpaser, B3SITHIH Y
OepeMEeHHON JKEHIIMHBI, AHAJIU3UPYIOT MUl OCYIIECTBICHHMsS NPEHATAbHOW JIHArHOCTUKU
(deTanbHONW XPOMOCOMHOW aHdyIuiouauu. buonorndeckuii oOpaszel] BKJIIOYAEeT MOJIEKYJIbI
HYKJIEMHOBBIX KHUCJIOT. YacTh MOJIEKYJI HYKJIEHHOBBIX KUCJIOT, COAEPIKALIMXCS B OHOJIOTHIECKOM
obOpaslle, CEKBEHUPYIOT. B OIHOM acrekTe KOJUYeCTBO MOJYYEHHOH TeHeTHYeCKU
UHpOpPMALUN SIBISIETCS NOCTATOYHBIM JUII TOYHOTO AWArHo3a, He OyAydd IMOKa Ype3MEepHO

I/136I:;ITOLIHI:;IM, TaK KaK OrpaHU4YMBACTCA LEHAMHU W KOJIUYCCTBOM HCXOAHOIO Tpe6yeMoro



ouonorudeckoro obpasua.

Ha ocHOBaHNU CEKBEHMPOBAHHUS OIpPENESSIIOT MEePBOE KOJUYECTBO NMEPBOIl XPOMOCOMBI
U3 MOCIENOBATEIbHOCTEH, NACHTU(UIIMPOBAHHBIX KaK MPOUCXOAALINE OT MEPBOH XPOMOCOMBL
Btopoe xonndyecTBO OAHONM MM HECKOJBKUX BTOPBIX XPOMOCOM ONPEAENsoT U3
MIOCIIEIOBATEIbHOCTEH, HISHTH(PHULUPOBAHHBIX KaK TMPOHMCXOISIIHE OT ONHOH M3 BTOPBIX
XpPOMOCOM. 3aTeM MapameTp OT IEepPBOr0 KOJHWYECTBAa M BTOPOrO KOJMUYECTBA CPABHUBAIOT C
OJIHUM WJIM HECKOJbKMMU NMOPOTOBBIMU 3HaueHMsAMH. Ha OCHOBaHMM CpaBHEHMs ONPEAeNsIoT,
cymecTByer Jin (eranmbHas XpPOMOCOMHAs aHPYIUIOWAMA JJsl  TMEPBOH  XPOMOCOMBL
CexBeHHNpPOBaHUE BBITOJHO MAaKCUMHU3UPYET KOJUYECTBO T'€HETHUECKOW MH(POPMALIUHU, KOTOPYIO
MOJKHO TIOJIyYUTh M3 OTPAHMYEHHOTO KOJNYECTBA (PETANBHBIX HYKJIEHHOBBIX KHUCJIOT, KOTOpPbIE
CYIIECTBYIOT KaK HE3HAuMUTeNbHAs MOMYyJSAUs B OHOJOrHMYECKOM o0pasle, coaepkalieM
MaTepuHCKHE (POHOBbIE HYKJIEMHOBBIE KHCIIOTHI.

CornacHO OJJTHOMY U3 MPUMEPOB BOTLIOMEHUST OMOJOTHYECKH 00pasel, MOJy4eHHbINH OT
OepeMEeHHON JKEHLIWHBI, AHAIM3HPYIOT JJsl OCYLIECTBJIEHHUS IPEHATAJIBHOTO IHArHO3a
(eTanbHONW XPOMOCOMHOW aHdyIuiouauu. buonorndyeckuii oOpaszel] BKJIIOYAEeT MOJIEKYJIbI
HYKJIEMHOBBIX KHCJIOT. Mpentudunupyror mnpoueHt ¢eranpHeix JHK B Onojormueckom
obpasne. Ha ocHOBaHMHM MPOLIEHTA BBIYUCISIFOT YUCIO N aHATM3UPYEMBIX MOCIEN0BATEIbHOCTEH
C Y4eTOM >kejaTeabHOW TOUHOCTH. CEeKBEHHPYIOT PaHIOMHU3UPOBAHHO, MO MeHblled Mmepe, N
MOJIEKYJI HYKJIEMHOBBIX KHCJIOT, COIEPIKAIINXCS B OMOIOTHYECKOM oOpasLe.

Ha ocHoBaHuu paHIOMU3UPOBAHHOTO CEKBEHHPOBAHUs ONPENEIIAIOT NepBOE KOJIUYECTBO
NEePBOIl XPOMOCOMBI U3 TOCIIEAOBATENbHOCTEH, HAEHTH(PULUUPOBAHHBIX KaK MPOUCXOISIINAE OT
NnepBoi XpOMOCOMbL. BTopoe KkonIM4YecTBO OJHOM WIJIM HECKOJbKHUX BTOPBIX XPOMOCOM
OTIPENEISIIOT U3 MOCJIEA0BATENbHOCTEH, HACHTU(PUIIMPOBAHHBIX KaK MPOUCXOSIINE OT OJHOM U3
BTOPbIX XPOMOCOM. 3aTeM MapamMeTp OT IIepBOro KOJMYeCTBA M BTOPOrOo KOJHYECTBa
CPaBHUBAIOT C OJJHUM HJIM HECKOJIbKMMH MOPOrOBbIMHU 3HaYeHUsIMU. Ha ocHOBaHUM cpaBHEHUs
OTIPENEISIIOT, CYIIECTBYET JIU (peTajbHasi XpOMOCOMHAs aHA3YIUIOUIUS IS MIEPBOH XPOMOCOMBI.
PannomMusnpoBaHHOE CEKBEHHPOBAHHE BBIFTOJHO MAKCUMM3UPYET KOJMYECTBO TIE€HETHYECKOH
uHpOpPMALUY, KOTOPYK) MOXHO TOJNYYUTh W3 OTrPAHMYEHHOTO KOJIMYECTBA (PeTaIbHBIX
HYKJIEMHOBBIX ~ KHCJIOT, KOTOpbl€ CYLIECTBYIOT Kak He3HayuTelbHas IMOMyJslus B
OuonornyeckoM obpaslie, coaeprkalieM MaTepUHCKHE (POHOBBIE HYKJICHHOBBIE KUCIIOTHI.

Jlpyrue BOIUIOIEHHs] U300PETEHUs] OTHOCATCS K CUCTEMaM M HOCUTEISIM, CUUTBIBAEMbIM
Ha KOMITBIOTEPE, CBSI3aHHBIM CO CIIOCOOaMU, OMTMCAHHBIMU B IAHHOM OTIHCAHHH.

Jlydimero NMOHMMAaHHS XapakTepa W MPEUMYLIECTB HACTOSALIETO H300pETEHHs MOXKHO
JIOCTUYb, OOpPAaTHBIINCH K TPUBEACHHOMY Jajiee MOIPOOHOMY OINUCAHHIO MU MPUIIAraeMbIM

yepTexam.



Kparkoe onucanue ueprexei

@ur.1 npexacraensier coboit cxemy crnocoba 100 mnms OCyIIecTBIIEHUS TPEeHATaTbHON
IMarHOCTUKH (eTabHOW XPOMOCOMHOM aHAYIUIOUANN B OHOJIOTHYECKOM 00pasLie, MOJIy4eHHOM
OT OEPEMEHHOM KEHIIMHBI, COTIACHO BOIUIOIIEHUIO HACTOAIIETO H300PETEHUS.

@ur.2 npexacrapiseT coboit cxemy crnocoba 200 ansi OCYIIECTBIIEHUS TPEHATATbHON
JUAarHOCTUKU deranpHON XPOMOCOMHOM AHDYIUIOUAUU c UCIIOJIb30BAHUEM
PaHIOMM3HPOBAHHOTO CEKBEHUPOBAHMS COTJIACHO BOTUIOIIEHHIO HACTOSIIETO H300PETEHMSI.

@ur. 3A mokas3piBaeT rpaduK MPEACTaBICHHOCTH B MPOLIEHTAX IMOCIENOBATENbHOCTEH
xpoMocoMbl 21 B oOpa3liax MaTepUHCKOW IJIa3Mbl, BKJIIOYAIOIIUX TUIOABI ¢ Tpucomuen 21
SYIUIOUAMHBIE MO, COTIACHO BOIUIOIIEHHIO HACTOAIIETO H300PETeHUS.

@ur. 3B nokasbIBaeT KOPPENSLHMI0O MEXy KOHUeHTpauusaMu ¢pakuuu ¢eransroit JJTHK
B MAaTE€PUHCKOW IUIa3Me, ONPENETICHHbIMM MACCUBHBIM MapaljIeIbHbIM CEKBEHUPOBAHUEM H
MUKpOryapoauHamudeckor  yucnennou IIIP, cormacHO  BOIUIOIIEHUID  HACTOALIErO
n300peTeHust.

®dur. 4A mnokas3blBae€T IUarpaMMmy IPEACTABIEHHOCTH B IPOLIEHTaX BbIPOBHEHHBIX
MOCIIEIOBATEIBHOCTEH HA XPOMOCOMY COTJIACHO BOIUIOIIEHUIO HACTOSIIETO H300pETeHHUSI.

@ur. 4A nokaseiBaer rpaduk pasmuuus (%) B NPEACTABICHHOCTH B IPOLIEHTaX Ha
XPOMOCOMY MEXKAY CiiydaeM Tpucomuu 21 U clilydaeM 3yIUIOUINH, MOKAa3aHHBIMU Ha (ur. 4A.

dur. 5 nNOKa3bIBAET CTENEHb KOPPESILUU MEXKIY CBEpPXIPEICTABICHHOCTBIO B
MOCIIEIOBATEIBHOCTIX XpoMocoMbl 21 u koHueHtpaumsimu ¢paxkuun ¢eranpHoit JIHK B
MAaTE€PUHCKON IIa3Me, BKJIIOYasi MJIOAbI C TPUCOMUEH 21, COrIacHO BOIUIOIIEHHUI) HACTOSALIErO
n300peTeHust.

@ur. 6 nokaspiBaeT TaOJIHI YaCTH F€HOMA YEJIOBEKA, KOTOPYIO aHAJIU3UPYIOT COTJIACHO
BOIUIOLIEHUIO ~HacTosAmero m3o0perenns. 121 ormedaer oOpasel, MNOJYYEHHBIH IpH
OepeMEeHHOCTH, BKJIIOYAIOIIeH TUIo/ ¢ TpUcoMuei 21.

@ur.7 nokaspiBaeT TaOIMIY YHCIIA TOCIENOBATEIbHOCTEH, TPEeOYyEeMBbIX IIJIsl TOTO, YTOOBI
OTJIMYUTD 3YIJIOWAHBIA IJIOA OT IJIOAA C TpUcOMHUeH 21 COrjacHO BOIIOLIEHHIO HACTOSALIErO
n300peTeHust.

@ur. 8A nokaspIBaeT TaONHLY BEPXHHUX AECSITH HAYaJIbHBIX MO3ULIHMHA CEKBEHUPOBAHHBIX
METOK, BBIPOBHEHHBIX ¢ XpPOMOCOMOH 21, COrIaCHO BOIUIOIIEHUIO HACTOSILErO H300PETEHMS.

@ur. 8B noka3biBaeT TaONUIy BEPXHUX ACCATH HAYAJIBHBIX MO3ULMHA CEKBEHHPOBAHHBIX
METOK, BBIPOBHEHHBIX ¢ XPOMOCOMOH 22, COTJIACHO BOTUIOLIEHHUIO HACTOSIIErO H300PETEHMS.

@ur. 9 nokaszsiBaeT OJOK-CXeMy NpUMepa KOMIBIOTEPHON amnmapatypsl, TPUMEHUMOH C

CHUCTEMOI U crtocodamMu COrjaacHO BOINIOIICHHAM HACTOALIIECTO I/1306peTeHI/I$I.



Onpenenexust

Tepmun «Obuonorndyeckuii oOpaszewy, UCMOIb3yEeMbIH B TaHHOM ONMCAHHH, OTHOCUTCS K
aroboMy 00pasiy, B3SITOMy y CyObekTa (HampuMmep, 4YelnoBeKa, TaKOro Kak OepeMeHHas
JKEHIMHA), W  COJepXKaleMy OJHY WJIM  HECKOJbKO MOJIEKYJ  HYKJIEHHOBOH(BIX)
KHCJIOTBI(KUCIIOT), TIPEICTABIISIFOLINX HHTEPEC.

TepMuH  «HYKJIEHHOBAas  KHCJIOTa»  WJIM  IOJHMHYKJIEOTHA»  OTHOCHUTCS K
ne3okcupudonykinenHosoi kucnore (JAHK) nmm pubonyknemnosoit xucnore (PHK) u mnx
NOJIUMEPY HJIM B OJHO- WJIM B JABYXLernodeyHou ¢opme. Eciam KOHKpPETHO HE yKa3aHO HMHOE,
TEPMHH OXBAaThIBAET HYKJIEWHOBBIC KHCJIOTBI, COAEPIKAIINE HM3BECTHbIC AHAJOTH MPHUPOIHBIX
HYKJICOTH/IOB, KOTOpbIE HUMEIOT CBOHCTBA CBSI3bIBAHMS, CXOXKHE C STAJOHHON HYKJICHMHOBOU
KUCJIOTOH, U MeTabONM3UPYIOTCSA MOAO0HO HYKJIEOTHIAM, BCTpedaromumMes B mpupone. Ecinu He
yKa3aHO WHOE, OIpENeeHHAs HYKJICOTHIHAs MOCIEeNOBATEeIbHOCTh TaKXKe Oe30roBOPOYHO
OXBAaTBIBAET €€ KOHCEPBATUBHO MOAN(PHIMPOBAHHBIE BapHAHTHl (HANMPUMEpP, 3aMEIlEHHs
BBIPOKIACHHOTO KOJIOHA), ayjieny, opTosiord, SNP 1 KOMIUIeMEHTapHbIe MMOCIEN0BATEIbHOCTH, a
TAK)K€ TOYHO YKAa3aHHYIO MOCIIeN0BaTebHOCTh. KOHKPETHO 3aMeIeHnii BBIPOXKAEHHOTO KOJOHA
MOJKHO JIOCTHYb, T€HEPUPYs MOCIENOBATEIbHOCTH, B KOTOPBIX TPEThsl MO3UIHS OJHOTO HIIH
HECKOJIbKUX BBIOPaHHBIX (MJIM BCEX) KOJOHOB 3aMeIlleHa CMEIIaHHBIMU OCTaTKaMH OCHOBaHHM
u/vumn nesokcuHo3uHOB (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)). Tepmuu
CHYKJIEMHOBas1 KHCJIOTa» UCMOJIb3yeTCs Kak B3aumMo3ameHsemblil ¢ renoM, k/IHK, MPHK, manoii
Hekonupyromeii PHK, mukpoPHK (MuPHK), B3anmopetictyrometi ¢ Piwi PHK u xopotkoi
mmunevHor PHK (shRNA), kogupyemoii TeHOM Wl JIOKYCOM.

Tepmun «ren» ob6o3Hauaer cermenT JAHK, yyacTByromuii B MpoayKUNK MOJUTIENITUAHON
nern. OH MOXET BKJIIOYATh YYAacTKH, MPEIIECTBYIOIIHE H CIENyIIIHe 3a KOAUPYIOIEH
o0JacTei0 (IMOEpHBIC M KOHLIEBBIE), & TAKKE MPOMEKYTOUHBIE MTOCIEN0BATEIbHOCTH (MHTPOHBI)
MEXIY OTIAENbHBIMU KOJUPYIOIIUMH CETMEHTAMHU (SK30HAMH).

TepMuH «peakuus», HUCIOJB3YEMbIH B JaHHOM JITUCAHWUH, OTHOCUTCS K JIEOOOMY
NPOIIECCY, BKIFOUAIOLIEMY XUMHUECKOe, (PePMEHTATHBHOE WIIN (PU3HUYECKOe ACHCTBHE, KOTOPOE
yKa3plBa€T HA MNPHUCYTCTBHE WJIM OTCYTCTBHE  ONPEACNCHHOH  MOJUHYKIECOTUIHON
MOCIIEIOBATEIbHOCTH, NPEACTaBISIOmEel uHTepec. llpuMepom «peakuum» SBISIETCS peakuus
amMruinuKaly, Takas Kak mnojuMepasHas wnenHas peakuus (IILP). pyrum npumepom
«peaxLum» SBISIETCS PEaklysi CCKBEHHMPOBAHMS WM IyTEM CHHTE3a WM IyTeM JIMTHPOBAHUS.
«WHpopMaTHBHAs peakuusy» TpeacTaBisieT co0OH  peakuuro, KOTOpas yKa3blBaeT Ha

MNPUCYTCTBUEC OI[HOfI 50)041 HECKOJIBKUX ONPCACIICHHBIX MOJUHYKJIETUIHBIX



MOCJIeI0OBATEIBHOCTEH, MPEeACTABJSIIOINUX UHTEPEC, U B  OJHOM Ciydae, KOraa
MPUCYTCTBYET TOJBKO OAHA MOCJIENOBATENbHOCTD, MPEACTABIISAOIAs HHTEPeC. TepMHUH «IyHKaY,
UCTIOJIb3YEMBIH B TAaHHOM OINMCAHWU, OTHOCHUTCSI K PEAKLUU B TPEABAPUTEIHLHO O0YCIOBICHHOM
MecTe B Mpezesiax OrpaHUYeHHON CTPYKTYPBI, HAPUMEP, B COCYIE, KIETKE MU Kamepe B popme
JIYHKU B psny onepauuii IILP.

TepMHUH  «KIMHUYECKH  pENEBAaHTHAsT  HYKJICOTHAHAS  MOCJIENOBATENBHOCTBY,
UCIOJIb3yEMBI B JTAHHOM  ONHMCAHUHM, MOXET OTHOCUTBCSI K  IMOJHMHYKJICOTUAHOU
MOCJIeI0BATEIBHOCTH, COOTBETCTBYIOLIEH  cerMeHTy  Oonee  KpPymHOW  T'€HOMHOM
MIOCIIEIOBATEIBHOCTH, BO3MOSKHBIN JUCOATaHC KOTOPOH MPOBEPSIFOT, I CaMOH 0oJjiee KPYIHOM
FeHOMHOIl mnocnenoBareqpHOCTH. OJHUM W3  TIPUMEPOB  SIBJISETCS  IOCJIEAO0BAaTEIbHOCTH
xpoMmocoMsl 21. Jlpyrue npumMepsl BKIIOYAOT XpoMocomel 18, 13, X u Y. Eme npyrue npumepsl
BKJIFOYAIOT ~ MYTUPOBAaHHBIE TE€HETHYECKHE  IOCIEAOBATENBHOCTH  WJIM  T€HETUYECKUe
NOJUMOP(H3MBI WM BapHALMK YHUCJIA KOMHUH, KOTOPBIE TUIOA MOJKET YHACJIEAOBAaTh OT OJHOTO
wi oboux poxurenei. Eme npyrue mpumepbl BKIIOYAIOT IOCIEAOBATEIBHOCTH, KOTOPBIE
MYTHPOBAHBI, EJETHPOBAHBI MJIH aMIUTH(UIHPOBAHBI B 3JI0OKAYECTBEHHOH OIYXOJIH, HalpHMep,
MOCJIeIOBATENBHOCTH, B KOTOPBIX MPOUCXOAUT IMOTEPs FeTEPO3UTOTHOCTU WIH AYIUIMKALUH
reHOB. B HEKOTOpBIX BOIUIOIIEHMSIX HECKOJBKO KJIWHUYECKH PEJIEBAHTHBIX HYKJICOTHIHBIX
MOCJIeIOBATEIbHOCTEH WJIM, PABHO3HAYHO, HECKOJBKO MAapKEPOB KJIMHUYECKH pPEJIeBAHTHOMN
HYKJIEOTHIHONW MOCIEAOBATENBHOCTH MOKHO HCIOJB30BaTh JJIsi MOJIYYE€HHs] OAHHBIX IS
nerekunu aucOananca. Hampumep, maHHbIE O MSTH HE CIEAYIOLINX HOAPSAN APYT 3a APYTrOM
MOCJIeIOBATENBHOCTE Ha XpoMocoMme 21 MOXHO MCHOJIb30BaTb BMECTE Il OINpPEAESICHUs
BO3MOJKHOTO nucbananca XpoMocoMsl 21, mpuuem 3(pQPEeKTUBHO YMEHbIIAETCS MOTPEOHOCTh B
obwveme obpasna o 1/5.

TepmuH «(pOHOBast HYKJIEOTHIHAs MOCIENOBATEIBHOCTDY, HCIOJb3YEMbI B TaHHOM
OIMCAHUU, OTHOCHUTCA K HYKJIEOTUHOMN MOCIEN0BATENIbHOCTH, HOPMAJIbHOE OTHOLIEHHE KOTOPOH
K KJIMHWYECKH pEJIEBAHTHONW HYKJIECOTUAHON MOCIENOBATEIBHOCTH HW3BECTHO, HAIpUMED,
ornomenne 1 x 1. Kak ogue n3 npumepos, (OHOBas HYKJIEOTHUAHAS IOCIENOBATEIBHOCTh H
KJIMHUYECKH pEJIeBAHTHAasE HYKJIEOTHIHAs MOCIEIOBATEIbHOCTh TPEACTABIAIOT COo00i nBa
ajuienss U3 OJHOM U TOM K€ XPOMOCOMBI, Pa3IMYAOIIMeEcs MO IeTepO3UroTHOCTU. B apyrom
npuMepe (POoHOBasE HYKJICOTHIHAs MOCIENOBATENbHOCTh IMPEACTABISAET COOOW OIWH auleib,
reTepPO3UTOTHBIN K IPYroMy aJUIeJII0, KOTOPBIH MpencTaBisieT COO0H KIMHUYECKU PEIeBAHTHYIO
HYKJICOTUAHYIO TOCIIEOBATeNIbHOCTh. bonee Toro, HekoTtopele U3 JHOOBIX - (OHOBOU
HYKJICOTHUIHOW  MOCJIENOBATEIBbHOCTH M KIMHUYECKH  PEJIEBAHTHOM  HYKIECOTUAHOU
MOCJIeI0BATEIBHOCTH MOTYT NPOUCXOAUTD OT Pa3INYHbIX HHANBUAYYMOB.

TepMI/IH «I9TAJIOHHAA HYKJIICOTHAHAsA MOCJICAOBATCIBbHOCTDY, HCHOHBSyeMbeI B JaHHOM
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OMUCAHWH, OTHOCUTCS K  HYKJICOTHUIHOW MOCIENOBATENbHOCTH, CPEAHsS KOHLEHTPALIUs
KOTOPO# Ha PEeaKLHIO U3BECTHA HJIH, YTO PABHO3HAYHO, U3MEPEHa.

TepMmuH «cBepXmnpeACTaBIeHHAS HYKJICOTHIHAS MOCIEA0BATEIbHOCTDY, HCIIOIb3YEeMbIii B
IaHHOM OIHUCAHUKM, OTHOCHTCS K OJHOW M3 JBYX HYKJICOTHIHBIX MOCIEI0BATEIbHOCTENH,
NPEACTAB/SIIOIUMX ~ MHTepec  (Hampumep,  KIMHUYECKH  PEJICBAHTHOH  HYKJICOTHIHOM
MOCJIEAOBATEIbHOCTH U (OHOBOH  HYKJICOTHAHOH MOCIENOBATENIbHOCTH), KOTOPOW B
ounonorudeckomM odpasiie OoJbine, YeM APYroi mocieqoBaTEIbHOCTH.

TepMuH «Ha OCHOBaHHMHU (OCHOBE)», HCIOJb3YEMbIH B JAHHOM OMUCAHUH, OOO3HAYAET
«Ha OCHOBaHHH (OCHOBE), TI0 MEHBLIEH Mepe, YACTUYHO» U OTHOCUTCS K OTHOMY 3HAUEHHIO (UJIH
pe3yJsibTary), HCHOJB3YyEMOMY MpH OMpPEAESeHUH IPYroro 3HAYeHHs, HampUMep, YTO HMeeT
MECTO B COOTHOLIEHHH HAa BXOZ€ MW BbIXOJAE MAHHOTO crocoba. TepMuH «monydeHue»,
UCMOJIb3YeMbIHl B TAHHOM OIMCAHWH, TaKK€ OTHOCUTCS K COOTHOILIEHHIO Ha BXOJE U BBIXOJE
JaHHOTO crocoba, HarmpuMep, KOraa NojyueHne mpeacTasisier coboil pacueT GpopmyJbL.

TepMHH «KOJMYECTBEHHBbIE AaHHBIE», HCIOJB3YEMbIi B JaHHOM ONHCAHWH, O3HAYAET,
YTO JAHHbIE MOJyYE€Hbl W3 ONHOM WJIM HECKOJbKUX pEaKLHi, W 4YTO MOJyYeHbl OJHO WU
HECKOJIbKO YHUCJICHHBIX 3Ha4yeHuil. Hampumep, dYHCIO JYHOK, KOTOpOE MOKa3bIBAaeT
(yopecueHTHbII Mapkep IJisi ONpPEIEJeHHOH MOCIeNOBATEIbHOCTH, MOXKET MPeACTaBIATh
cO0OM KOJINYECTBEHHBIE TAaHHBIE.

TepMuH «mapaMeTpy, HCHOJb3YeMblii B JAHHOM OIMHUCAHUH, OOO3HAYAET YHCJIEHHOE
3HAa4YeHHE, KOTOpOe XapakTepusyeT HaOOp KOJMYECTBEHHBIX NAaHHBIX H/HJIM COOTHOLIEHHE
Mekay HabopamMM KOJMYECTBEHHBIX JaHHbIX. Hampumep, oTHomeHue (win (QyHKIHS
OTHOLIEHUS) MEXKIy MEPBBIM KOJMYECTBOM IMEPBOI HYKJICOTHAHOHN MOCIENOBATEIbHOCTH M
BTOPBIM KOJIMYECTBOM BTOPOH HYKJICOTHIHOW MOCIEIOBATEIbHOCTH SIBJISIETCS TAPAMETPOM.

TepMuH «mOporoBoe 3HaueHHe», OOO3HAYAET YHCICHHOE 3HAYEHHE, KOTOpOe
UCMOJIB3YIOT I TOrO, YTOObI BBIHECTH pEIIEHHE O IBYX HJIM OOJbIIEM YHCJIe COCTOSHHH
(Harpumep, OoJe3HEHHOE WK HEOOJIE3HEHHOE) IS KilacCupuKanuyu OHOIOTHYecKoro odpasia.
Hanpumep, ecnu mapamerp OoJibllie MOPOTOBOTO 3HAYEHHUS, KOJHMYECTBEHHBIM JAHHBIM al0T
MEPBYIO Kiaccu(pUKauio (Hampumep, OOJIE3HEHHOE COCTOSIHUE), WU eCJIM MapaMeTp MEHbINe
MOPOrOBOTO 3HAYEHHsI, KOJIMYECTBEHHBIM JaHHBIM IaIOT BTOPYIO KiacCUPUKALUIO (Harmpumep,
HeOOJIe3HEHHOE COCTOSIHUE).

Tepmun «aucOanaHc», HCMONb3yEeMbIH B JAHHOM OINHCAHWH, O0OO3HAYAET 3HAYUMOE
OTKJIOHEHHE, OTpENeNIeHHOe, MO MeHbLIeH Mepe, MO OJHOMY MOPOTOBOMY 3HAYEHHUIO B
KOJIMYECTBE KJIMHUYECKH PENICBAHTHOW HYKJICOTHUAHOH MOCJEIOBATEIbHOCTH B CPaBHEHHH C
STAJIOHHON MOC/IEA0BATEIbHOCTRIO. Hanpumep, 3TaJOHHOE KOJHYECTBO MOXKET MPEACTABISAThH

coboii otHomeHue 3/5, u, TakuM 00pa3oM, TUCOANAHC MOKET UMETh MECTO, €CITU U3MEPEHHOe
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OTHOLIEHUE paBHO 1:1.

TepMHUH «XpOMOCOMHas aHJYIUIOWAUS», WCHOJB3YEMbII B JAaHHOM OINMCAHUH,
0003HaYaeT OTKIOHEHHE MOIAAIOIIErocs M3MEPEHHI0 KOJIMYECTBA XPOMOCOMBI OT KOJHYECTBA
IUIUIONTHOTO TeHoMma. OTKIIOHEHHE MOXET MPEACTaBIsATh coOol mpupoct mim norepro. OHO
MOXET BKJIFOUATh BCIO OJTHY XPOMOCOMY WJIM Y4aCTOK XPOMOCOMBIL

TepmMuH «paHOOMU3HPOBAHHOE CEKBEHUPOBAHUEY, UCIOJb3YEMBIN B JAHHOM OMHUCAHUH,
OTHOCHTCSl K CEKBEHHPOBAHHUIO, INPH KOTOPOM CEKBEHHpYeMble (PpParMeHThl HYKJIEHHOBOM
KUCJIOTBHl crenuduyeckn He HASHTHQUUUPYIOT WIM HE HAME4arT Iepen MpoLeaypoi
cekBeHHpoBaHMA.  llocnenoBarenpbHOCTECICHU(pUUECKHE  TpaiiMepbl Ui JIOKAJTH3ALHH
cnenn(UIeCKUX TEHHBIX JIOKYCOB He TpeOyroTcsa. CeKBeHMPOBAHHBIC IyJIbl HYKJIEHHOBBIX
KHCJIOT U3MEHSIFOTCA OT o0pasua K o0pasuy W Ja)ke OT aHaJu3a K aHaJHM3y OJHOTO U TOTO XKe
obpasna. aeHTHYHOCTb CEKBEHHPOBAHHBIX HYKJIEMHOBBIX KHUCJIOT OOHAPY)KUBAETCS TOJBKO U3
CEKBEHUPOBAHUS IOJyYEHHOW MNPOAYKUHH. B HEKOTOpPBIX BOIUIOIIEHUSX HACTOALIErO
n300peTeHns] PaHIOMHU3UPOBAHHOMY CEKBEHHPOBAHUIOE MOTYT MPENIIeCTBOBATH MPOLEAYPHI
oborarmeHus: OHoJornuecKkoro odpasia OnpeneIeHHBIMUA NOMYJISIUAMHA MOJIEKYJT HYKJIEHHOBBIX
KHCJIOT, Pa3felNsioIINX HEKOTOpble OOIIre OCOOSHHOCTH. B OIHOM BOIUIOLIEHHWH KaXIbId H3
¢dparMeHTOB B OHOJIOrHUECKOM 00pa3lie UMEET PaBHYIO BEPOSITHOCTb OBITh CEKBEHUPOBAHHBIM.

TepmuH «(ppakiusi reHOMa 4eOBeKa» WM «4acTh F€HOMA YeJIOBEKa», UCTIONb3YEMbIH B
JAHHOM ONMCAaHMM, OTHOCUTCA K MeHee deM 100% HyKJIeOTHIHBIX IMOCJIEeI0BATENbHOCTEN B
F€HOME 4YeJIOBEKA, KOTOPBIA BKJIIOYAOT OKOJIO 3 MUJUIMAPAOB Nap OCHOBAHUHN HYKJIEOTHIOB. B
KOHTEKCTE CEKBEHUPOBAHUS OH OTHOCUTCSI K MEHEe 4eM |-KpaTHOMY OXBaTy HYKIEOTHUIAHBIX
MOCJIeIOBATEIbHOCTE B IE€HOME 4YelOBeKa. TepMHH MOXKET BBIPAXaTbCs B NPOLIEHTAaX OT
abCOJIIOTHOTO YHCIIa HYKJIEOTUAOB/ap ocHOBaHUi. Kak mpuMep nCnosp30BaHus, TEPMUH MOKET
UCTIOJIB30BATHCS KAK OTHOCSINUICS K (PaKTHUECKOMY OOBEMY CEKBEHHPOBAHMA. BorumomeHwus
MOTYT OIpenensaTb TpeOyeMoe MHUHHUMAJbHOE 3HAYCHHE CEKBEHMPOBAHHOW (IpakiuM reHoMa
YeJOBeKa JJIs1 TOro, 4ToObl MOCTaBUTh TOYHBIH aAuarso3. Kak mpyroii mpumep MCHOIb30BaHUS,
TEPMHH MOXXHO OTHECTH K KOJIMYECTBY JAHHBIX IO CEKBEHMPOBAHMIO, MCIOJB3YEMBIX IS
MOJIYYEHHS TTapaMeTpa M BCeH CYMMBI JaHHBIX JUTsI Kilaccuukanny 3a001eBaHus.

TepMuH «CEeKBEHUPOBAHHASI METKa», UCIOJb3YEMbIH B TAHHOM ONUCAHHU, OTHOCHUTCS K
psily CEeKBEHHUPOBAHHBIX HYKJIEOTHUAOB W3 JIOOOH YacTH WM BCEH MOJIEKYJIbl HYKJIEHHOBOM
KUCIIOTEL. Hampumep, CekBeHHPOBaHHAsE METKa MOXKET IMPENCTaBJATh COOOW KOPOTKHH psif
CEeKBEHHMPOBAHHBIX HYKJIEOTHAOB U3 (parmMeHTa HYKJICHHOBOW KHCJIOTBL, KOPOTKHHA pPsin
HYKJICOTHIOB MO0 000MM KOHLIAM (pparMeHTa HyKJIEHHOBOH KHCIIOThI UM CEKBEHUPOBAHUE BCETO
¢parMeHTa HYKJIEWHOBOW KHCJOTBI, KOTOPBIH CYyIIEeCTBYeT B OuonormdeckoMm obOpasie.

@®parMeHT HYKJIEMHOBOH KHCIOThI MpPEACTaBIsieT coOOW o0yl dacTe OoJjiee KPYITHOM
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MOJIEKYJIbl HYKJIEMHOBOW KUCIOTHL. PparMeHT (Hampumep, TeH) MOXKET CYIIeCTBOBATh
OTIENBHO (T.€. He OBITh CBSI3aHHBIM) OT APYI'HX HACTeH OoJiee KPYIMHON MOJIEKYJIbl HYKJIEHHOBOM
KHCJIOTBI.

Ocy1ecTBieHne N300peTeHHs

Bormomenust naHHOTO M300peTeHs] OTHOCATCS K CrocobaM, CHCTeMaM U ammaparype
IUI ONIPEAENICHUs TOrO, UMEETCs JIH YBEJIWYSHUE WIH yMeHblIeHue (00JIe3HEHHOE COCTOSIHUE)
KJIMHUYECKH pEJIEBAHTHOTO XPOMOCOMHOTO Vy4YacTKa II0 CPaBHEHUIO C HEOOJE3HEHHBIM
coctostHueM. Takoe ompeneneHue MOXKHO OCYIIECTBUTh C HCIIOJIb30BAHHEM ITapaMeTpa
KOJINYECTBA KJIMHUYECKH pEJIEBAHTHOTO XPOMOCOMHOIO YYacTKa OTHOCHTEIBHO IPYTUX
KJIMHUYECKH HEPEJIeBAHTHBIX XPOMOCOMHBIX YYacTKOB (()OHOBBIE YHACTKH) B OHOJOTHYECKOM
oOpasne. MoJneKysbl HYKJIEHHOBBIX KHUCJIOT OHMOJIOTHYECKOTO 00pas3la CEeKBEHHPYIOT, TaK YTO
CEeKBEHHPYIOT 4YacTb T'€HOMAa, M KOJUYECTBO MOXKHO OIPEHNeNUTh M3 PE3yJIbTaTOB
CEeKBEHHPOBAHMA. BBIOMPArOT OAHO WM HECKOJBKO MOPOTOBBIX 3HAYEHHH AJIsI ONpeAeIeHUs
TOTO, MMEETCsl JIU M3MEHEHHE MO CPABHEHHIO C STAJOHHBIM KOJMYECTBOM (T.e. AHCOAaHC),
HAIpUMep, B OTHOLIEHUH OTHOIIEHHS KOJMUYECTB IBYX XPOMOCOMHBIX Y4aCTKOB (MM HAOOpOB
YUYaCTKOB).

Usmenenue, oOHApPYy)XKEHHOE B STAJOHHOM KOJIMYECTBE, MOKET MpPEACTABIATH COOOH
moboe OTKIOHeHHe (B OOJBINYI0 WM MEHBIIYI0 CTOPOHY) B OTHOIIEGHWH KIMHHYECKH
pENIEBAaHTHON HYKJICOTHIHOW MOCIENOBATEIbHOCTH K IPYIUM KIMHHYECKH HEPeJeBAaHTHBIM
HYKJICOTUAHBIM TIOCJIEAOBATENbHOCTAM. TakuM 00pa3oM, 3TaJOHHOE COCTOSIHHE MOXKET
NPEACTaBIATh CO0OH 000 OTHOIIEHHE WM APYIYI0 KOJIMYECTBEHHYIO XapaKTEPUCTHKY
(HampuMep, WHOE COOTHOWIEHHe, 4eM 1+1), W Hu3MepeHHOe COCTOsiHue, O0O3Haudarolee
U3MEHEHHE, MOXET NPEACTaBISATh COOOH JF000€ OTHOIIEHHE WM APYIYI KOJUYECTBEHHYIO
XapPaKTEPUCTHKY, OTJIMYAIOIINECS OT 3TaJOHHOW  KOJHYECTBEHHOM  XapaKTEPUCTHKH,
OTIPENIETICHHOM MO OTHOMY UJIM HECKOJIbKMM MOPOTOBBIM 3HAYECHUSIM.

KimHnueckn peneBaHTHBI XPOMOCOMHBIH y4aCTOK (Tak)Ke HAa3bIBAEMbIH KIMHUYECKU
pEeNeBAaHTHON  HYKJIEOTHAHOH  IOCHENOBATENbHOCTBIO) W (OHOBas  HYKJICOTHIHAS
MIOCIIEIOBATEIBHOCTh MOTYT IPOUCXOAWTH OT MEPBOTO THUMA KJIETOK M OT OJIHOTO HWJIH
HECKOJIbKUX  BTOpPBIX ~ THNOB  KieTtok.  Hampumep,  ¢deranpHBlE  HYKICOTHAHBIE
NOCIIEIOBATEIPHOCTH,  TOJYyYeHHbIE W3  KJIETOK IUIOJA/TUIALICHThI, MPUCYTCTBYIOT B
OunonornyeckoM oOpasle, TaKOM Kak MaTepUHCKas IUIa3Ma, KOTOPBIH CONEPKUT (POHOBBIE
MaTEepPUHCKHIE HYKJICOTHIHBIC MMOCIEA0BATENbHOCTH, IPOUCKXOISAIINE OT MATEPHHCKHUX KJIETOK. B
OJTHOM BOIUIOIIEHHH IOPOrOBOE€ 3HAUEHHE OMNPEACISIFOT Ha OCHOBAaHHUH, MO MeEHbIIEH Mepe,
YaCTUYHO, MPOLIEHTA MEPBOTO THUIA KJIETOK B OMoiorndeckoM oOpasue. J[aHHbIe MO MPOLEHTY

MMOCJIEIOBATEIbHOCTEH MIoda B o6pa3ue MOXHO ONpECACIINTL C IMOMOIIBIO JIFOOBIX JIOKYCOB,
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MOJIYYEHHBIX OT IUIONA, M HE OrPAaHUYUBATBHCS H3MEPEHHEM  KJIMHUYECKH  PEJIEBAHTHBIX
HYKJICOTUAHBIX IIOCJIEOBATENIbHOCTEH. B 1mpyroMm BOIUIOIIEHHMHM TIOPOrOBOE 3HAUEHHUE
OTIPENEIISIIOT, 10 MEHbIIEH Mepe, YaCTUYHO, 10 MPOLEHTY OIMYXOJIEBBIX MOCIEIOBATEIbHOCTEN B
OuonornyeckoM oOpasie, TaKOM Kak IIa3Ma, ChIBOPOTKA, CIFOHA FJTH MOYa, KOTOPBIA CONEPIKHUT
(OH HYKJICOTHIHBIX TOCIENOBATENBHOCTEH, MOJMYYEHHBIX W3 HE3JIOKAYEeCTBEHHBIX KIIETOK
OpraHu3Ma.

I. OGmwuit ciocob

@ur.1 npexacrapnsier coboit cxemy crmocoda 100 masi OCyIIecTBISHHsS] MpeHATaIbHOMN
IMAarHOCTUKH (eTabHOW XPOMOCOMHOM aHAYIUIOUANU B OMOJIOTHYECKOM 00pasie, MOJy4eHHOM
OT OEPEMEHHOM KEHIIMHBI, COTIACHO BOIUIOIIEHUIO HACTOAIIETO H300PETEHUS.

Ha cragum 110 nonydaror Owmosormueckuii oOpasenm OT OepeMEHHOH KEHIIWHBI
buonornueckunii oOpasen MOXKET MPEACTaBIATh COOOH IIa3My, MOYY, CBIBOPOTKY WJIH JHOOOH
apyroi noaxonsmuii oopasen. O6paser] cogep kKUT MOJIEKYJIbI HYKJIEHHOBBIX KUCJIOT OT IUIOJA U
OepeMeHHOH >keHIIMHBL. Hampumep, MOJIEKYJbl HYKJIEWHOBBIX KHCIOT MOTYT IPEACTaBIATH
co0oii pparMeHThl XPOMOCOM.

Ha craguun 120 cexkBeHUPYIOT, MO MEHBIIEN Mepe, 4YacTb HECKOJbKHX MOJIEKYJ
HYKJIEMHOBBIX KHCIIOT, COAEpKalInxcst B OuojormueckoM oOpasue. CeKkBEeHHMPOBAHHAS YacTh
NpeACTaBisieT (Ppakiui0 reHOMa YesIoBeKa. B OIHOM BOIUIOIIEHHH MOJIEKYJBI HYKJIEHHOBBIX
KHCJIOT TPEACTABISIOT CO0OH (hparMeHTbl COOTBETCTBYIOLIMX XPOMOCOM. CeKBEHHPOBAHBI
MOTyT OBITh OJTUH KOHeL (Hampumep, 35 map ocHOBaHMH (11.0.)), 00a KOHIA UJIH BeCh (PparMeHt.
MoryT OBITb CEKBEHHPOBAHBI BCE MOJIEKYJIbl HYKJIEHHOBBIX KHCIIOT B 00pasiie, MIIH MOXKET OBbITh
CEeKBEHHMPOBAHO TOJBKO TIOAMHOXKECTBO. Takoe TOAMHOXKECTBO MOXKET ObIThb BBIOpPAaHO
MPOM3BOJIBHO, & TAKXKE KaK OMUCAHO MOAPOOHEE HITKE.

B omHOM BOIUIOIIEHMH CEKBEHUPOBAHHE OCYLIECTBISIOT C  HCIOJb30BAHHEM
MAacCHUPOBAHHOTO  MApajUIeJIbHOTO  CEKBEHHPOBaHMA.  MacCHpOBaHHOE  MapajuieNIbHOE
CEKBEHHUPOBAHHE, TAKOE, KOTOPOTO MOXKHO noctudb Ha miatdopme 454 (Roche) (Margulies M.
et al., 2005, Nature, 437, 376-380), ¢ ananmusatopom Illumina Genome (wnu Ha maatdopme
Solexa) umu ¢ cucremoii SOLID (Applied Biosystems) wim TexHOJOTHEH CEKBEHUPOBAHHUS
Helicon True Single Molecule DNA (Harris T.D. et al., 2008, Science, 320, 106-109),
OJTHOMOJIEKYJISIPHOHN TexHoJorued B peaipbHoM BpeMeHu (SMRT™) or Pacific Biosciences u
HaHOMOPUCThIM cekBeHupoBanneM (Soni G.V. and Meller A., 2007, Clin. Chem., 53: 1996-
2001), mO3BOJIIET MapajIeIbHO CEKBEHUPOBATH MHOKECTBO MOJIEKYJ HYKJIEHHOBBIX KHCJIOT,
BBIJIEJICHHBIX W3 00pasua, MpU BBICOKUX Mopsiakax MynbTuruiekcuposanus (Dear Brief Funct.
Genomic Proteomic, 2003, 1: 397-416). Ha kaxpmoli n3 Takux IUaTGOpM CEKBEHUPYIOT

KJIOHAJIbBHO PA3MHOXKCHHBIC WM JaXKE HeaMHJ'II/I(I)I/IL[I/IpOBaHHbIe OTACJIbHBIC MOJICKYJIbI
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(parMeHTOB HYKJIEHHOBBIX KHCIIOT.

Tak kak mpu Kaxa0OM MPOTrOHE OT KAKAOro odpasiia MoiydaroT OOJIbIIOe YUCITO TAHHBIX
CEKBEHUPOBAHUSI — TOPSANIKA OT COTEH ThHICSY A0 MWIJIJITMOHOB HJIM Jla’ke, BO3MOJKHO, COTHH
MUJUIMOHOB WJIM MWJUIMAPABL, TOJIyYE€HHBIE PE3yJbTaThl CEKBEHHPOBAHHUS  OOpa3yrOT
XapaKTepHbIH NMPOQUIb CMECH BHIOB HYKJIEMHOBBIX KHCJIOT B MUCXOMHOM oOpasue. Hampumep,
TarIOTHI, TPACKPUIITOMA U TPOPUIN METHIHMPOBAHUS 1O JaHHBIM CEKBEHUPOBAHHSI UMEIOT
CXOJCTBO C MOKa3aTesiMu ucxoaHoro obpasua (Brenner et al., Nat. Biotech., 2000, 18: 630-634;
Taylor et al, Cancer Res., 2007, 67: 8511-8518). M3-3a Gonpimoro umciia OTOOPAaHHBIX
MOCJIEOBATEIPHOCTEH U3 KaXIOro oOpasia YHCIO MISHTUYHBIX MOCIENOBATEIBHOCTEH, TaKIX
KaK MOJIyYeHHbIEC TIPU CEKBEHUPOBAHUHU ITyJIa HYKJIEHHOBBIX KHCJIOT IIPU MHOTOKPATHOM OXBaTe
WM BBICOKOUW M30BITOYHOCTH, TAKIKE SIBJIIETCS] XOPOIIEH KOJMYECTBEHHOH MPEeNCTaBIEHHOCTHIO
KOJIMYECTBA ONPENeCHHBIX BUIOB HYKJIEMHOBBIX KUCJIOT WM JIOKyCa B UCXOJTHOM oOpasIie.

Ha cragum 130 Ha OCHOBaHMM CEKBEHHpOBaHMs (HANpPUMeEp, PE3yJIbTATOB
CEKBEHHUPOBAHMSI) OMPENEeNSIFOT TepPBOE KOJMYECTBO IMEPBOM  XPOMOCOMBI  (Hampumep,
KIIMHUYECKH  pPEeJIeBAaHTHOW  XpoMoOcOMbI).  IlepBoe  KONMMYECTBO  OMPEnessiioT U3
MOCJIEAOBATEIbHOCTEH, MACHTH(PUIIMPOBAHHBIX KAaK MPOUCXOMASAIINE OT TMEPBOH XPOMOCOMBI.
Hampumep, 3aTeM MOKHO HCIOJIb30BAaTh MPOLEAYPbl OHOMH(POPMATUKHN AJiT OMpeneIeHHs
MECTOHAXOXKJICHUsSI KaxaoW wu3 Takux mnochnenosarenbHocTein JIHK B reHome denoseka.
Bo3MOKHO, YTO HOJSI TaKUX MOCJIENOBATEIBHOCTEH Oyaer OTOpoIneHa MPU TOCIEAYIOIIeM
aHaJM3€, MOCKOJbKY OHU MPHUCYTCTBYIOT B MOBTOPSIFOLIUXCS] YUYaCTKaX €HOMa 4YeJOBEKa WU B
y4aCTKax, MOJABEPTHYTbIX WHTEPUHAMBUIYAJIbHBIM BapHUaLMsIM, HApPUMEp, BapUaLMsIM YUCIA
koruid. Takum 00pa3oM MOXKHO ONPENENIUTh KOJHYECTBO XPOMOCOMBI, MPEICTABJISIONMEH
WHTEPEC, U OJHOU MJIU HECKOJBbKUX IPYTUX XPOMOCOM.

Ha cragun 140 Ha OCHOBaHUU CEKBEHUPOBAHUS ONPEAEISIIOT BTOPOE KOJUYECTBO OAHOMN
WA HECKOJBKUX BTOPBIX XPOMOCOM U3 MOCJIENOBATELHOCTEH, HIEHTU(UIIUPOBAHHBIX KaK
MPOUCXOASIINE OT OJHON M3 BTOPBIX XPOMOCOM. B OIHOM BOILUIOIIEHUH BTOPBIE XPOMOCOMBI
MPEICTABISIFOT COOOM BCE IPYrHe XpOMOCOMBI, KpOME OHOU MEPBOH (T.€. MCMBITHIBAIOT OJHY).
B npyrom BomJOmEeHWH BTOpas XpOMOCOMa MPEACTABISIET COOOW TOJNBKO OJHY APYTYIO
XPOMOCOMY.

CymecTtByeT psig crmocoOOB OmpenejeHus] KOJIUYeCTB XPOMOCOM, B TOM HHCJE, HO 0e3
OTPAHUYEHUS, MMOACUET YNCIIA CeKBEHUPOBAHHBIX METOK, YHUCJIA CEKBEHUPOBAHHBIX HYKJIEOTHIOB
(map ocHOBaHMil) WM OOIIEH UIMHBI CEKBEHHPOBAHHBIX HYKJIEOTHIOB (Map OCHOBAaHMH),
MPOUCXOISAIINUX OT ONPEAETIECHHOM(BIX) XPOMOCOMBI(XPOMOCOM) HJIM YYACTKOB XPOMOCOMBI.

B npyrom BomiomeHuu MOTyT OBITh YCTAaHOBJIEHBI KPUTEPUH ISl PE3YJIbTATOB

CCKBCHUPOBAHUA IJIA ONPEACIICHUA TOr'0, 4YTO NOACUUTHIBATD. B OJHOM acCIICKTC KOJHNYECCTBO
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MOXHO TMOJYYUTb, OCHOBBIBAasACh Ha JOJI€ CEKBEHMPOBAHHOIO mpoaykra. Hampuwmep,
nociie aHainu3a MeTroJaMu OHOMH(OPMATHKH MOXKHO BbIOpAaTh MPOAYKT CEKBEHHUPOBAHHUS,
COOTBETCTBYIOIIUI (pparMeHTaM HYKJICHHOBOH KHCJIOTbI B OINpPENEJIEHHOM HWHTEpBAaJE IO
pasmepy. [Ipumepamu nHTEpBANOB pazMepa ABIAOTCA npuMmepHO <300 m.o., <200 m.o. unu <100
I.0..

Ha craguu 150 onpenenstoT nmapaMmeTp U3 NepBOro KOJIMYECTBA U BTOPOrO KOJUYECTBA.
ITapameTp MOXeET MPEACTaBIATH COOOH, HANpUMeEp, MPOCTOE OTHOIICHHE MEPBOTO KOJINYECTBA
KO BTOPOMY KOJIMYECTBY WJIM MEPBOrO KOJIMYECTBA KO BTOPOMY KOJIMYECTBY IUIKOC IMEPBOE
KOJINYECTBO. B OIHOM acmekTe Ka)Ioe KOJHMYECTBO MOXKET MpPEACTaBISTh COOOH apryMeHT
(YHKUMH WM OTAENbHBIX (DYHKIUH, Iie 3aTeM M3 TAKUX OTAEIbHBIX (YHKIHHA MOXKET ObITh
B3TO OTHOIIeHHe. CrenuaniucTty B JaHHOW OONacTH TeXHUKU OyIeT MOHSITHO 3HA4YeHHE psiaa
Pa3INYHBIX MOAXOAALINX TAPAMETPOB.

B oxgrOM BOMmIOIIEHNN TTapaMeTp (HanmpuMep, NPEACTaBISHHOCTh (PPAKIII) XPOMOCOMBEI,
MOTEHLHAJIbHO BOBJICYEHHBIM B XPOMOCOMHYIO aH3YIUIOMIHIO, HAPUMEP, XPOMOCOMBI 21 nnu
XpPOMOCOMBI 18 min XpoMOCOMBI 13, 3aT€M MOXKHO BBIMUCIUTH U3 PE3YJbTATOB MPOLIEAYPHI
onoundpopmaruku. IIpencraBneHHOCTh (PPaKIMKU MOXKHO MOJYYUTh HA OCHOBAHHH KOJUYECTBA
BCEX IIOCJIEAOBATENbHOCTEH (HAmpuMep, HEKOTOPOH Mepbl BCEX XPOMOCOM, BKJIFOYAs
KJIMHUYECKH PEJIeBAHTHYID XPOMOCOMY) HJIM ONPEAENCHHOTO TMOAMHOXECTBA XPOMOCOM
(HarpuMep, TOJBKO OJHOM APYTOi XPOMOCOMBI KPOME UCTIBITBIBAEMOK ).

Ha cragum 150 napamerp CpaBHUBAalOT € OJHHUM WJIN HECKOJBKUMHU MOPOTOBBIMU
3HaueHussMH. [1oporoBble 3HAYEHHsT MOKHO ONPENEeNTh JIOOBIM MOAXOIAINM myTeM. Takue
MYTH BKJIFOYAIOT METOJ MPaBIONoaoOus mo 6aeiicOBCKOMY THILY, MOCIEN0BATEIbHBINH KPUTEPHIA
orHoweHnust BepositHoctell  (SPRT), noxaOe oOHapy)XeHHE, OBEPUTENbHBIA HHTEPBAJ,
ornepaTuBHy0 Xxapakrepuctuky nosydatens (ROC). IIpumepsl mpuUMeHEHHH TaKUX METOAOB H
cnennuIeckux sl 0Opa3LoB METOIOB OIMUCAHBI B OAHOBPEMEHHO PACCMATPUBAEMOI 3asBKe
«Ormpenenenne aucbamaHca HYKICOTHIHBIX IMOCIEAOBATENbHOCTEH» (HOChE TMOBEPEHHOro Ne
016285-005210US), BKJIIOYEHHOH B JAHHOE OTIMCAHHE B KAYECTBE CCHUIKH.

B oxnHOM BomuTOmEHNH napamerp (HampuMep, MPEenCcTaBIeHHOCTh (Ppakiui KINHUYECKU
pENIeBAaHTHON XPOMOCOMBI) 3aT€M CPABHUBAIOT C STAJIOHHBIM HHTEPBAJIOM, YCTAHOBJICHHBIM TPU
OepeMEHHOCTSX, BKJIIOYAIOIIUX 3J0POBble (T.€. 3YIUIOMAHBbIE) IUIOAbL BoO3MOXXHO, 4YTO B
HEKOTOPBIX BapHaHTAaX MPOLEAYPHI 3TAJOHHBIH HMHTEPBaJI (T.€. NMOPOrOBbIE 3HAYEHHSI) MOXKHO
peryianpoBaTb B COOTBETCTBUM C KOHUeHTpauuedl ¢pakunu ¢eransaoii JHK (f) B
OTIpEeNIEICHHOM O0pasle MaTepUHCKOHN TurasMmbel. Benmuuny f mokHO ompemenuth u3 Habopa
JAHHBIX CEKBEHUPOBAHHUs, HAIIPUMEP, C UCIOJB30BAHUEM MOCIEAOBATENBHOCTEH, KAPTUPYEMBIX

K XpoMOcoMe Y, €ClHM MOJ IUIoAa MYXKCKOW. BemmuumHy f Takke MOXKHO OINpenenuTh B
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OTAEJIIBHOM aHause, HaIrpumep, C HCNOJIb30BAHUEM 3MUTCHETHYECKUX MAapKepOB
mwiona (Chan K.C.A. et al., 20006, Clin. Chem., 52, 2211-8) uau u3 aHaju3a OTHOHYKJICOTHIHBIX
MOJMMOP(HHU3MOB.

Ha craguu 160 Ha OCHOBaHUU CPaBHEHHSI BBHIMIOJHSIOT KJIACCU(DUKALIHIO - CYLIECTBYET JIN
¢derampHast XPOMOCOMHAsl aHAYIUIOMAMS JUI TIEPBOH XPOMOCOMBI. B OIHOM BOIUIOIIEHHH
KJIaccupUKaLMsl MPENCTABIAET COOOH OMpPENeNeHHOe «1a» WU «HeT». B npyroMm BoruomeHuu
Kjaccuukanus MOKeT ObITh HEMONIAIOIIENCs OMPENeNICHHUIO WM HeompeaesieHHoW. B eme
OJTHOM BOIUIOIIEHUH KJIACCHU(UKALIUS MOMKET MPEACTaBIsATh COOOW OLIEHKY, KOTOpas IOJDKHA
OBITH MHTEPIIPETUPOBAHA MTO3/IHEE, HAIIPUMED, BPAUOM.

II. CexBeHnupoBaHue, BbIpaBHUBAaHUE U OIpeiesieHHe KOJINUeCTB

Kak yka3aHO BblllIe, CEKBEHUPYIOT TOJBKO 4acTh FreHOMA. B OTHOM acnekre, naxke Koraa
CEeKBEHHPYIOT MyJ HYKJIEHHOBBIX KUCJIOT B oOpasue mpu <100% reHOMHOM OXBaTre BMECTO
MHOTOKPATHOTO OXBaTa U M3 YHCIIA 3aXBAUEHHBIX MOJIEKYJI HYKJIEHHOBBIX KHCJIOT, OOJIBIIMHCTBO
KQOKJIOrO BUJA HYKJIEHHOBOW KHUCJOTBI CEKBEHHPYIOT TOJBKO OJHUH pa3. Takke MOXKHO
ompenenuTh TucOaaHC O3Bl ONMPEAEIEHHOH XPOMOCOMBI MM YYaCTKOB XPOMOCOMBI. MHBIME
CJIOBaMH, JUCOANAHC O3Bl OMPEAEICHHON XPOMOCOMBI WJIM Y4aCTKOB XPOMOCOMBI BBIBOIST H3
MPEACTABICHHOCTH B IMPOLEHTAaX YKAa3aHHOTO JIOKyca Cpeau JpPYrMX KapTUPYEMBIX
CEeKBEHHPOBAHHBIX METOK 00pasua.

DTO KOHTPaCTUPYET C CUTYalMUsMM, KOIIa OAWH U TOT K€ IMyJ HYKJIEHHOBBIX KHUCJOT
CEeKBEHHPYIOT HECKOJBKO pa3 il TOTrO, YTOObI AOCTHYb BBICOKOH HM30BITOYHOCTH HIIH
MHOTOKPAaTHOTO OXBAaTa, MOCPEACTBOM Yero Ka>kAblil BU HYKJIEHMHOBOU KUCJIOTHI CEKBEHUPYETCS
HECKOJIBKO pa3. B Takux cuTyanusx 4YuCIO pa3 CEKBEHUPOBAHMS OIPENEIEHHOIO BHUAA
HYKJIEMHOBOHN KHCJIOTBI OTHOCUTENBHO APYTOro BUJA HYKJIEHMHOBOM KUCJIOTBHI KOPPENIHUPYET C UX
OTHOCHTENIbHBIMH KOHLEHTPaMsIMU B HCXOOHOM oOpasme. CTOMMOCTb CEKBEHHUPOBAHUS
BO3PACTAET C YUCJIOM KpaT OXBaTa, TPeOyeMbIM U AOCTH)KEHHS TOYHOU MPENCTaBIEHHOCTH
BHJIa HyKJIEMHOBOM KHUCJIOTBL

B onHOM mpuMmepe Kak MOSICHUTEIBHOM AOJSI TAKUX MOCJIENOBATENbHOCTEH MOYKET OBITh
OT XPOMOCOMBI, BOBJICUEHHON B aHIYIUIOWAMIO, TakoH kKak xpomocoma 21. Moryt ObITh
MOJIY4€HBI elle IPyrue NoCieq0BAaTEeIbHOCTH U3 APYTHX XPOMOCOM IMPU TAKOM OCYILIECTBJICHUH
CEKBEHUPOBAHUsA. Y YUTBIBAsl OTHOCUTENBHBIN pasMep XPOMOCOMBI 21 MO CPaBHEHHIO C APYTUMU
XpOMOCOMaMHM, TPH  TaKOM  OCYLIECTBJIEHHMM  CEKBEHHUPOBAHUSI  MOXHO  IOJIY4HUThb
HOPMAJIM30BAHHYIO 4YaCTOTYy BCTPEYAEMOCTH B 3TAJOHHOM HHTEPBAJIE MOCIENOBATEIBbHOCTEMH,
cneunpuyeckux aisi xpomocomsl 21. Ecnu mnox umeer Tpucomuro 21, Toraa HopManu3oBaHHAS
94acTOTa BCTPEYAEMOCTH IOCJIEAOBATENBbHOCTEH, OOpa30BaHHBIX XPOMOCOMOW 21 mpu Takom

OCYINECTBJICHUU CEKBEHUPOBaHMsI, OyJeT BO3pacTaTh, YTO JAET, TAKUM 0Opa3oM, BO3MOXKHOCTb
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oOHapyxkenuss Tpucomun 21, CreneHb UW3MEHEHHs TPU HOPMAIM3ALMU  YaCTOTHI
BCTPEYaEMOCTH OyIET 3aBUCETh OT KOHIEHTPALH (Ppakiy (PEeTaNTbHBIX HYKJIEHHOBBIX KHCIOT B
aHATM3UpPyeMOM obpasiie.

B onHOM BOMmIIOIIEHNN MCTONB3YIOT aHanmu3arop Illumina Genome aist ceKBEHUPOBAHUS
reaoMuoii JIHK denoseka u obpasuos JJHK mna3mer yenoBeka mo OJHOMY KOHIY. AHAJIH3aTOP
Illumina Genome CeKkBEeHHPYET MOJIEKYJbl KIOHAJIBHO pa3MHOkeHHOH onuoit JIHK,
3aXBa4YC€HHbIC HA TBEPAON MOBEPXHOCTH, HA3BAHHOM NMPOTOYHOU suelikon. Kaxkpas mporounas
siuelika uMeeT 8 TMOJIOC NIl CEKBEHUPOBAHUS 8 OTHEIbHBIX OOpa3LOB WM MYJIOB OOpa3LOB.
Kaxxnas monoca criocobna renHepupoBath ~200 muH.0cH. (Mb) mocienoBaTeNbHOCTH, KOTOpasi
MpencTaBisieT co0ON TOJNBKO (PPAKLUIO MOCIENOBATEILHOCTEH B 3 MUJUIApAa Map OCHOBAHUM B
reHome uenoBeka. Kaxnayro renomuyro JIHK wmmm o6pasen JJHK mmasmbl CEeKBEHHPYIOT ¢
UCIIOJIb30BAHUEM OJHOM TOJIOCBI MNPOTOYHOM siuelku. llodydeHHble KOPOTKHE METKH
MOCJIEZI0BAaTEIbHOCTEN BBIPABHUBAIOT C 3TAJIOHHON MOCIEI0BATENbHOCTBIO T€HOMA U OTMEUAIOT
XpOMOCOMHOe mnpoucxoxnaeHue. OOmee 4YHCIO OTHETbHBIX CEKBEHHPOBAHHBIX METOK,
BBIPOBHEHHBIX C KaXIOW XPOMOCOMOH, TaOyJHUPYIOT U CPABHHUBAIOT C OTHOCHTEJIBHBIM
pa3MepoM KasKOM XpOMOCOMBI, O3KUJAEMOM OT 3TAJJOHHOIO T€HOMa 4YeJIOBEKa UM XapaKTepPHbIX
oOpasnoB 6e3 3a0oneBaHms. 3aTeM HISHTU(OUIUPYIOT IPUPOCT HITH YTPATY XPOMOCOM.

OnucaHHbBI NOJAXOJ sBJSETCA TOJBKO OJHUM MpPUMEPOM OIUCAHHOW B JaHHOM
OTHMCAHUM CTPATeruu NO03bl TeHa/XpoMocoMbl. C Apyrodl CTOPOHBI, MOJKHO OCYLIECTBHTH
CEKBEHUpPOBaHUE [0 TMapHbIM KOHIAM. BMecTo cpaBHEHHs [JIMHBI CEKBEHHPOBAaHHBIX
(bparMeHToB ¢ IJIMHON, OKUIaeMON B STAJIOHHOM T'eHoMe, Kak onucano B Campbell et al. (Nat.
genet., 2008, 40: 722-729), nOACYUTHIBAIOT YUCIO BBIPOBHEHHBIX CEKBEHHPOBAHHBIX METOK U
COPTUPYIOT COIJIACHO MECTOMOJIOXKEHUIO XpoMocoM. IlpupocT unu yTpaTy XpOMOCOMHBIX
y4aCcTKOB WJIM LEJbIX XPOMOCOM ONPENENA0T IyTEM CpaBHEHHUsS IMOJIyYEHHBIX 4YHCEN C
OKHUIa€MBIM Pa3MEpPOM XPOMOCOM B STAJIOHHOM I'€HOME WJIM B XapakTepHbIX obOpas3max Oe3
3aboneBanus. Tak Kak CEKBEHHMPOBAHUE 1O MApPHBIM KOHIAM Ja€T BO3MOJKHOCTb YCTaHOBHUTH
pasMep HCXOOHOTro (pparMeHTa HYKJIEHHOBOH KHCIOTBHI, B OJHOM mpuMepe (POKyCHPYIOTCS Ha
MOJICUETe YHCJIa TAapHBIX CEKBEHUPOBAHHBIX METOK, COOTBETCTBYIOIIUX (pparmMeHTam
HYKJIEMHOBBIX KUCJIOT 00YCIIOBIEHHOTO pa3Mepa, Takoro kak <300 m.o, <200 m.o. mim <100 m.o.

B npyrom BorutomeHn# Qpakiuio Mmyjia HYKIEUHOBBIX KHCIIOT, KOTOPYK CEKBEHUPYIOT
3a TPOTOH, TOABEPTAIT IOIMOJHUTEIPHOMY OTOOpY mepen CekBeHHpoBaHHeM. Hampumep,
MOKHO HCIOJIB30BaTh METOABI Ha OCHOBE THOPHUAM3ALNY, TAaKHE KaK OJHTOHYKJICOTHIHAS
MaTpula, A MEepBOTO Moadopa HYKJIEOTHIHBIX MOCIENOBATENBHOCTEH W3 ONpenesIeHHOM
XPOMOCOMBI, HAampuMep, XPOMOCOMBI, TIOTEHLHAJIbHO AaHAYIUIOMAHOW, ®  apyras(ue)

XpoMocoMa(bl) HE YYaCTBYIOT B UCIIBITAHHS HA AHAYILIOUIUIO. J[pyruM MpUMeEpOM SIBJISIETCS TO,
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YTO Tepel CEKBEHHPOBAaHMEM W3 IMyJia OO0pasloB JOTOJHUTENbHO BbIOUPAIOT WIH
oforammaroT onpeneneHHoe MOJAMHOMXKECTBO HYKJICOTHIHBIX MocienoBaTenpbHocTe. Hampumep,
Kak 00CYKIaJloCh BBILIE, MMEETCs1 CooOIIeHne, 4To MoJiekysl ¢eranpHoi JIHK B MaTtepuHckoit
IUTa3Me CPaBHHUBAIOT C OoJiee KOPOTKUMH (PparMEeHTaMH, YeM MOJIEKYJIbl MAaTePUHCKON (POHOBOM
JHK (Chan et al., Clin. Chem., 2004, 50: 88-92). Takum o0pa3oM, CHEUATHCTHI B JTaHHOM
o0JacTH TEXHUKH MOIYT UCIOJb30BATh OAMH WM HECKOJbKO H3BECTHBIX CHOCOOOB
(pakUMOHUPOBAHUS HYKJIEOTHIHBIX IOCJIEAOBATENbHOCTEH B 00Opasle B COOTBETCTBHH C
pasMepoM MOJIEKYJ, HarpuMep, 3JeKTpodope3 B Teje MM KOJOHKH Ui HCKIIOYEHHUS I10
pasMepy WM MOJIXOA Ha OCHOBE MUKPOTHAPOAMHAMUKU. Takxke, ¢ IPyroil CTOPOHBI, B MIPUMEpPE
aHanmu3a BHekJerouHo ¢eranpHoit JIHK B MarepuHckofl 1uiasMe 4YacTh (peTalbHBIX
HYKJIEHMHOBBIX KHCJIOT MOJKHO OOOTaTHUTh METOIOM, MPH KOTOPOM IOAABISIETCS MATEPUHCKHIMA
¢don, TakuMm kak nobaenenue popmanbpaeruaa (Dhallan et al,, JAMA, 2004, 291: 1114-9). B
OJTHOM BOIUIOIIEHUH HYacTh MOJMHOXKECTBA MPEIBAPUTENIBHO OTOOPAHHOTO IyJia HYKJIEHHOBBIX
KHCJIOT CEKBEHHUPYIOT PAaHIOMH3UPOBAHHO.

Jlpyrue crpateruy CeKBEHHPOBAHUS OTIENbHBIX MOJIEKYJI, TAKHe Kak Ha ratdopme 454
Roche, mmargpopme Applied Biosystems SOLiID, Texnonorusi cexkBenupoanusi Helicon True
Single Molecule DNA, omHOoMonekynspHast TexHosorusi B peajgpbHoM Bpemenu (SMRT ) ot
Pacific Biosciences W HaHOMOPUCTOE CEKBEHHUPOBAHHME, MOXKHO TOAOOHBIM 00pazom
UCTIOJIb30BATh B TAHHOH 3asIBKE.

III. Ompenesnenue KOJIMUECTB XPOMOCOM U3 POAYKTA CEKBEHUPOBAHUS

ITocne MacCHBHOTO MapaJlIEIbHOTO CEKBEHHPOBAHHSI OCYIIECTBISIFOT aHAJIH3 METOAAMHU
OMoMH(pOPMATUKH IJIS1 YCTAHOBIICHUSI MECTa XPOMOCOMHOTO TMPOUCXOKIIEHHSI CEKBEHUPOBAHHBIX
metok. Ilocne Takoil mpouemypbl METKH, HISHTHQULHUPOBAHHBIE KaK MPOUCXOIAIIHE OT
MOTECHLMAJIbHO ay>HOIUIOMAHOM XPOMOCOMBI, T.€. XpOMOCOMBI 21 B JaHHOM HCCIIEIOBAaHUH,
CPAaBHUBAIOT KOJIMYECTBEHHO CO BCEMH CEKBEHHPOBAHHBIMM METKAMH WJIH METKaMH,
NPOUCXOIIIIUMU OT OJHOM WJIM HECKOJIbKHX XPOMOCOM, HE BOBJICUEHHBIX B aHDYIUIOUIHIO.
CooTHoleHne MexXay MPOAYKTOM CEKBEHHPOBaHMs U3 XpoMocoMbl 21 u apyrux He-21
XPOMOCOM B UCTIBITBIBAEMOM 00paslie CPAaBHUBAIOT C MOPOTOBBIMU 3HAYEHHSIMH, TTOJTyYEHHBIMU
METOJaMHM, ONMHCAHHBIMU B paslene, NMPUBEIEHHOM BBIIE, ISl ONPENETIEHUS TOTO, MOJy4YeH
obpasen mpu OepeMEHHOCTH, BKIJTIOUYAIOIIESH SYIUTOWIHBIN TUIO WJIH IO ¢ Tpucomuei 21.

Uwncno pa3nuvHbIX KOJHMYECTB BKIIOYAET, HO HE OTPAaHMYMBAETCS, NIEPEUHCICHHOE aee,
YTO MOXHO ObIO OBl TOJMY4YUTh U3 CEKBEHHPOBAHHBIX MeTOK. Hampumep, umcio
CEeKBEHHMPOBAHHBIX METOK, T.€. MOJCYUTAHHBIX A0OCOJIOTHO, BBIPOBHEHHBIX C OIPENEICHHOU
XPOMOCOMOH, MOXXHO ObUIO ObI CPaBHUTH C AOCOJIOTHBIM UYHCJIOM CEKBEHHMPOBAHHBIX METOK,

BBIPOBHEHHBIX € IpyruMu xpomMocomMamu. C Apyroi CTOPOHBI, MOACYET (PPaKLIUU KOJHUECTBA
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CEKBEHUPOBAHHBIX METOK M3 XPOMOCOMBI 21 OTHOCHUTENBHO BCEX WM HEKOTOPBIX IPYrUX
CEeKBEHHMPOBAHHBIX METOK MOJKHO ObUIO OBl CPaBHUTH C COOTBETCTBYIOIIUM 3HAUYECHUEM IS
APYTUX HEaHSYIUIOUAHBIX XpPOMOCOM. B NmaHHOM 3KclepUMEHTe, MOCKOJbKY CEKBEHUPYIOT 36
n.o. m3 kaxporo gparmenta JAHK, 4ncno cexBeHMPOBAHHBIX HYKJICOTHIOB W3 OINpPENeeHHON
XPOMOCOMBI MOXKHO JIETKO MOJIYYHUTh U3 36 I.0. YMHOKEHHEM Ha YHCJIO CEKBEHUPOBAHHBIX
METOK.

Kpome Toro, Tak kak Kaknelii oOpasen; MaTepHHCKOH IJIa3Mbl CEKBEHUPYIOT TOJIBKO C
HCIIOJIb30BAHHEM OJIHOM NPOTOYHOM siuelKM, KOTOpas MOXKET CEKBEHHUPOBATb TOJBKO 4YacThb
reHOMa 4YeJOBeKa, IO CTaTHCTUKE, OOoNbIIMHCTBO BHAOB (parmentoB JHK wmarepuHcKoit
TUTA3MBI MOTYT OBITh CEKBEHHPOBAHBI C OOPa30BaHUEM TOJBKO OJHOTO YHCIIA CEKBEHUPOBAHHBIX
MeTok. WHbIMH clioBamHu, (parMeHThl HYKJIEHHOBBIX KHCIOT, MPHUCYTCTBYIOIIHE B OOpasme
MaTepUHCKON IUIa3Mbl, CEKBEHHPYIOT MeHee, 4eM C |-KpaTHbIM OXBaToM. Takum oOpasom,
ofI1ee YnCIO CEeKBEHHPOBAHHBIX HYKJIEOTHIOB IS JIFOOOW OMpeneNeHHOW XpOMOCOMBI Oyaer
MIPEUMYILECTBEHHO COOTBETCTBOBATb KOJHMYECTBY, J0J€ WIH [JIMHE 4YacTH YyKa3aHHOMU
XPOMOCOMBI, KOTOpasi CcekBeHupoBaHa. (le0BaTeNbHO, KOJMUYECTBEHHOE OIpesesieHue
NPEACTABICHHOCTH TOTEHIHAIBHO AH3YIUIOUIHOW XPOMOCOMBI MOJKHO TOJYYUTh U3 (pakmuu
YuCla WIM 3KBUBAJEHTHONW MAJMHBI CEKBEHUPOBAHHBIX HYKJIEOTHUAOB W3 TAaKOH XPOMOCOMBI
OTHOCHTEJIBHO TOJIYY€HHOTO TTIOAOOHBIM 00pa30oM KOJIMYECTBA AJISl IPYTUX XPOMOCOM.

IV. OGorauienne my10B HYKJIEHHOBBIX KUCJIOT Uil CEKBEHUPOBAHMS

Kax yka3aHO Bblllle U yCTAHOBJIEHO B pasjielie NIPUMEpPOB HUXKE, TOJbKO 4acTb M€HOMa
qesoBeKa TpeOyeTcst Uil CeKBEHUPOBAHUS I TOTO, YTOOBI OTJIMYHUTE CIIy4an TpUcoMuu 21 oT
symnouauu. Takum oOpa3oMm, BO3MOXHO U 3(P(PEKTHBHO MO CTOMMOCTH OOOramarh My
HYKJIEMHOBBIX KHCJIOT AJii CEKBEHHUPOBAaHHUS Iepesl PaHAOMU3HPOBAHHBIM CEKBEHHPOBaHHUEM
¢bpaxuu oboramenHoro myia. Hanpumep, monekysl peransuoit JIHK B MaTepuHCKOl miazme
COCTOAT U3 OoJiee KOPOTKUX (PparMeHTOB, 4eM MoJieKybl MarepuHckoi ¢orosoi JIHK (Chan et
al., Clin. Chem., 2004, 50: 88-92). Takum 00pa3oM, CHEIUAIUCTHI MOTYT HUCIOJb30BATh OJIUH
WIA  HECKOJIbKO  HW3BECTHBIX  CIIOCOOOB Ui (PPakUMOHMPOBAHUS  HYKJICOTHIHBIX
MOCIIeIOBATEIBHOCTEH B 00pa3lie B COOTBETCTBHH C Pa3MEPOM MOJIEKYJI, HAIIPUMEp, C IOMOIIBIO
snekTpodopesa B reye WM KOJOHOK U MCKJIIOUEHHS 10 pa3MepaM MM MOAXOJa Ha OCHOBE
MHUKPOTUAPOAUHAMUKH.

Takxke, ¢ Apyroil CTOPOHBI, B TpHMepe aHajau3a BHekJeTouHou (QerampHoit JJHK B
MaTEePUHCKOHN TUTa3Me JOJ0 (PeTaIbHBIX HYKIEHHOBBIX KUCIOT MOJKHO 000OTaTUTh METOZIOM, IPH
KOTOPOM TIOAABIISIETCS MAaTEPUHCKUH (OH, TakuM Kak nodasieHue gopmanbaernna (Dhallan et
al., JAMA, 2004, 291: 1114-9). Jlons nojy4eHHBIX (peTabHBIX MOCIEAOBATEILHOCTEH MOXKET

ObITh OOoraimieHa B IMyJjie HYKJIEHMHOBBIX KHCJIOT, BKJIIOYANOIIUX 0oJjiee KOPOTKHE (PparMeHTHL
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CornmacHo ¢ur.7 YHCIO CEKBEHUPOBAHHBIX METOK, TpeOyemoe Al TOro, YTOOBI OTIMYHUTH
ciydan TpucoMuu 21 OT syruionanu, OyAeT yMEeHbIIAThCS, TaK KaK IMOBBIIIAETCS KOHLIEHTPALIHS
¢bpakuun peranprol JJHK.

C npyrofi CTOpOHBI, MOCIEAOBATEIbHOCTH, MPOUCXOJAIINE OT MOTEHLHUAIbHO
AHAYIUIOUHOM XpOMOCOMBI M OT OJHOM WM HECKOJbKHUX XpPOMOCOM, HE BOBJIEYEHHBIX B
AHSYIUIONIUII0,  MOXHO  o0oratuth  MeTomaMu  ruOpUAM3alldK,  Hampumep,  Ha
OJINTOHYKJICOTHIHBIX MHKPOMATpPHUIaX. 3aTeM OOOramieHHble IyJbl HYKJIEUHOBBIX KHCIOT
MOXKHO TOABEPTrHYTb PaHAOMHM3HUPOBAHHOMY CEKBEHHPOBAaHHIO. JTO MOXET CO3/aTh
BO3MOXKHOCTb /JIl YMEHBLIEHHs] CTOUMOCTU CEKBEHUPOBAHUS.

V. PannoMHU3UpOBaHHOE CEKBEHUPOBAHUE

@ur.2 mnpexacrasiser codoii cxemy cmocoba 200 OCyImECTBICHHs MpeHATaIbHON
JUAarHOCTUKU deranpHON XPOMOCOMHOM AHDYIUIOUIUU c HCIIOJIb30BAHUEM
PaHIOMM3HPOBAHHOTO CEKBEHHPOBAHMSI COTJIACHO BOIUIOIIEHHIO HACTOSIIEro usooOpereHus. B
OJIHOM AacleKkTe B clydae I[OAX0Aa C MAacCCHUBHBIM MapajyleIbHbIM CEKBEHHPOBAHUEM
OJIHOBPEMEHHO MOKHO IOJIyYUThb MPEACTaBUTENIbHbBIE PE3YJIbTAThI OT BCEX XpPOMOCOM. McTOUHUK
ompenereHHoro (QparmeHta 3apaHee He BbiOMparOT. CeKBEHHPOBAHHME OCYIIECTBIIIOT
PaHIOMM3HMPOBAHHO, M 3aT€M MOXKHO OCYIIECTBHTb NMOUCK B 0a3e MaHHBIX IUISI TOTO, YTOOBI
YBUZIETh, OTKYy/Ia TOSBHJICS OIPENeNIEHHBINA (PparMeHT. ITO MPOTUBOIIOJIOKHO CUTYALHSIM, KOTIa
aMIuUUIIPYIOT cnenuduyecknii gparMeHT u3 xpomocoMmsl 21 u apyroil ¢parmeHT u3
XPOMOCOMBI 1.

Ha cragum 210 monydator Ouosormueckuil obpasenr oT OepeMeHHOMN »keHIuHbL Ha
cragun 220 BBMUCIAIOT 4YHUCI0 N MOCIENOBATENbHOCTEM MJId aHANIM3a JJIs JKeJaTeNbHOU
TOYHOCTU. B OmHOM BOmOmeHMH CHavdana HUAeHTUGUUHUPYIOT npoueHT ¢erampHol JIHK B
Oononorndeckom obpasie. DTO MOKHO OCYIIECTBUTH JIFOOBIM MOJXOJSIINM  CIIOCOOOM,
U3BECTHBIM CIIELMAIUCTAM B JAaHHOW OO0NacTH TexHUKH. MpeHTHuKanmus MOXKET MpOoCTO
3apEruCTPUPOBATh BEIMYMHY, KOTOpas H3MepeHa C MOMOINbI ApPyroro oObekra. B naHHOM
BOIUIOLIEHUU BbIUMCIeHue yrciaa N rmocieaoBaTeIbHOCTe! s aHalli3a OCHOBaHa Ha MPOLEHTE.
Hanpumep, 4rcno nocnenoBaTeabHOCTEH, HEOOXOIUMOE IS aHAJIN3a, MOXKET BO3PacTaTh, KOTa
nagaer npoueHT ¢eranproi JHK, u Moxker moHmxkarhcs, korma mnporeHt ¢eranpHoit JJTHK
pacrer. Yucno N MokeT ObITh (PUKCHPOBAHHBIM YHCIJIOM HJIM OTHOCHUTENIbHBIM YHCIIOM, TaKHM
KaK MPOLEHT. B ApyroM BOIIIOLIEHNH MOKET OBITH M3BECTHO HYUCIO TOCIEAOBaTeNbHOCTEH N,
aIeKBaTHOE Uil TOYHOTO IMarHo3a 3aboseBanus. MOKHO MOJYYHUTh JOCTATOYHOE YHCIO N naxe
npu OepeMeHHOCTSIX ¢ KOHueHTpauusmu ¢eranpHol JJHK Ha HIDKHEM mpenene HOPMaJbHOTO
UHTEpBaa.

Ha cragun 230 paHIOMU3HMPOBAHHO CEKBEHUPYIOT, IO MEHbIIEH Mepe, N MOJeKyJl u3
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MHOJKECTBA MOJIEKYJl HYKJIEWHOBBIX KHCJIOT, COIEpKaIlUXcs B OHOJOrHUEcCKOM obpasle.
OCoOeHHOCTBIO TAKOTO ONMHMCAHHOTO TMOJXOAA SIBIIETCS TO, UYTO CEKBEHHPYEMble HYKJIEHHOBBIE
KHCJIOTBI CIIELUANIbHO HEe MACHTU(UILIUPYIOT WK HE JIOKATU3YIOT Tepes aHaJIn30M 0o0pasna, T.e.
cekBeHHpoBaHHeM. IlocnenoBarenbHOCThCIELMpUUECKHE TpadMepbl A JIOKATH3ALHH
cnenu(UIeCKUX TIeHHBIX JIOKYCOB  JUIi  CEKBEHUpOBaHWs He  Tpelyrorcsa.  Ilynsl
CEeKBEHHMPOBAHHBIX HYKJIEHMHOBBIX KHCIOT U3MEHSIOTCS OT 0oOpas3ia K o0pasiy U Jaxke OT aHAJIH3a
K aHaIM3y OJHOTO M TOro ke oOpasma. bomee Toro, m3 mocienyromero omnucanus (¢ur.6)
CJIEAYET, YTO KOJHMYECTBO NMPOAYKTa CEKBEHHPOBAHUS, HEOOXOOMMOE B CiIydae IUArHOCTHKH,
MOJKET HM3MEHSATHCS MEXKAY MCIBITBIBAEMBIME O0pa3laMH W 3TAJOHHOW mnomyisinuei. Taxue
aCTIEeKThI 3aMETHO KOHTPACTHPYIOT ¢ OOJBLUIMHCTBOM TUATHOCTUYECKHUX IMOAXOIOB, TAKUX Kak
OCHOBaHHbIE Ha (IYOpPECUEHINH THOpHOU3alUKU In Situ, KOJUYECTBEHHOUW (hIIyOpeCceHTHON
[IL1P, xonuyectBenHoi IILIP B peanbHOM Bpemenu, uncaeHHol [P, cpaBHUTENbHON Fr€HOMHOMN
rHOpUAN3ANH, MHKPOMAaTPUYHOH CPAaBHUTEIBHON T€HOMHOH THOpUAM3alMUd U T.O., TOE
TpeOyeTcs JIOKAIU3aLusl TeHHBIX JIOKYCOB 10 MPEABAPUTENBHOIO OTNPEACTICHUs, IPUYEeM TaKUM
0o0pa3oM HEOOXOIUMO HCIOJIB30BaTh JIOKyCCIeuduueckue npaiiMepsl UM HAOOP 30HIOB HIIH
UX TIAHEJIH.

B onHOM BOMIOIIEHWH pPaHAOMH3HUPOBAHHOE CEKBEHHPOBAHHE OCYIIECTBIIIOT HA
¢parmenrax JHK, koTOopble NMPUCYTCTBYIOT B IIa3Me OEPEMEHHOH JKEHIIHMHBL, M MOJYYaroT
T€HOMHBIE TOCJIEAOBATENIbHOCTH, KOTOPbIE MOTYT MPOUCXOIUTh HIIM OT IJIOAA WJIH OT MaTepH.
PanmomMu3supoBaHHOE CEKBEHHPOBAHWE BKIIIOYAET IMOJydeHHe OO0pa3loB (CEeKBEHHUPOBAHHE)
NIPOM3BOJIbHOW YacTU MOJIEKYJl HYKJIEWHOBOW KHCJIOTBL, MPUCYTCTBYIOIIUX B OHOJIOTHYECKOM
obpasue. Tak Kak CEKBEHMPOBAaHHE PAHAOMM3MPOBAHHOE, B KAKIOM aHAJHM3€ MOTYT OBITh
CEeKBEHHPOBAHBI PA3JIMYHBIE TMOIMHOXECTBA ((PpPaKUUU) MOJIEKYJT HYKJIEHHOBBIX KHCIOT (M,
TaknuM oOpaszom, reHoma). Bomomenuss OynyT paboTaTh maxke KOTJa TaKoe MOIMHOKECTBO
u3MeHsieTcss oT obpas3ia K o0pasiy U OT aHAIHM3a K aHAHN3Y, YTO MOJXKET MPOUCXOAUTH JaXe C
HCIOJIb30BAHNEM OJHOTO M TOTO ke obpasua. I[Ipumeps! ¢pakiuu cocrapisitor npumepso 0,1%,
0,5%, 1%, 5%, 10%, 20% unu 30% reroma. B npyrux BOMIOmMeEHUs X (pakiusi COCTABJISIET, TIO
MeHbIIEeH Mepe, TO0YI0 U3 YKa3aHHBIX BEJTHYHH.

Ocranbnble cragnu 240-270 MOryT npoTekaTh NoJ0OHO cragusM B criocode 100.

VI. OT60p nynoB CEKBEHUPOBAHHBIX METOK IMOCIIE CEKBEHUPOBAHHS

Kak ommcano nmwke B npumepax II u III, mOAMHOKECTBO NAHHBIX CEKBEHUPOBAHMS
SIBJIIETCSI JTOCTATOYHBIM JJIsl TOTO, 4YTOOBI OTJIMYUTH Ciydaw TpuUcoMuu 21 OT ciy4aes
symonann. [TOAMHOKECTBO IAHHBIX CEKBEHHUPOBAHHUS MOXKET NPEACTaBIsITH COOOH HOJIFO
CEeKBEHHPOBAHHBIX METOK, KOTOPBIE BBIXOAAT 3a NPEAENbl HEKOTOPBIX Ka4eCTBEHHBIX

napamerpoB. Hampumep, B npumepe II UCHONB3yIOT CEKBEHUPOBAHHBICE METKH, KOTOpPBIE
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YHUKAJIbHO BBIPABHUBAIOTCS C OTAJOHHBIM TE€HOMOM  4YellOBEKa, 3aMacKUpPOBaHHOTO
nosropamu. C JApYyroil CTOPOHBI, MOKHO CEKBEHHPOBATb XapaKTEPHbIH Iyl (pparMeHTOB
HYKJIEHHOBBIX KUCJIOT U3 BCEX XPOMOCOM, HO COCPEOTOUYUTHCS Ha CPABHEHUHN MEXY JaHHBIMH,
OTHOCSILIMMHCS K MOTEHLHUAJIbHO aHAYIUIOMJHON XpOMOCOME, U AAaHHBIMH, OTHOCSIIUMUCS K
Py HEaHDYIUIOUAHBIX XPOMOCOM.

Takxe ¢ Ipyroil CTOpOHBL, MOAMHOXKECTBO MPOJIYKTa CEKBEHHPOBAHUS, OXBAaThIBAIOLIEE
CEeKBEHHPOBAHHbIE  METKH, OOpa3oBaHHble H3 (PArMEHTOB  HYKJIEHHOBBIX  KHCIOT,
COOTBETCTBYIOLIUX OKHY OIpPEIENIEHHOrO pa3Mepa B MCXOAHOM o0pasle, MOXKHO pa3odparh BO
BpeMsl aHajin3a MocCje CeKBeHUpoBaHus. Hampumep, ¢ ucnonb3oBanueM aHanusaropa lllumina
Genome MOKHO HCIOJB30BAaTh CEKBEHHWPOBAHUE IO MapHBIM KOHLAM, KOTOPO€ OTHOCHUTCA K
CEeKBEHHMPOBAHUIO OOOHMX KOHIIOB ()parMeHTOB HYKJIEHHOBBIX KHCJIOT. [[aHHbIE CEKBEHUPOBAHMS
KaXXJOW mapbl KOHILOB 3aT€M BBbIPABHMBAIOT C 3TAJOHHON IOCJIEN0BATENbHOCTBIO TIE€HOMa
4esoBeKa. 3aTeM MOKHO YCTaHOBHUTb PACCTOSHHUE WJIM YUCJIO HYKJIEOTHAOB, 3aKJIIOYAIOLINXCS
MEXIy ABYMsI KOHLAMH. Takke MOXXHO YCTAaHOBHUTH MOJHYIO JUIMHY HCXOIHOTO (hparMeHTa
HYKJIEMHOBON kucnoTel. C apyrod CTOpOHBI, MIarGopMbl CEKBEHHPOBAHUS, TaKHE Kak
mwiarpopma 454, W BO3MOXKHO, HEKOTOpble JPyru€ METOIbl  OJHOMOJIEKYJISIPHOTO
CEeKBEHHPOBAHMS, IAaOT BO3MOJKHOCTb CEKBEHHPOBATh IMOJIHYIO JUIMHY KOPOTKHX (PparMeHTOB
HYKJIEMHOBBIX KHCJIOT, Hampumep, 200 mo. TakuMm cnocoOOM W3 JaHHBIX CEKBEHHUPOBAHUS
MOJKHO Cpa3y K€ y3HaTh (PAKTHYECKYIO UIMHY (parMeHTa HyKJIEHHOBOMN KHCIOTHL

Taxoii aHaM3 MapHBIX KOHIIOB TaKXKe BO3MOJKEH C MCIOJB30BAHUEM JIPYTHX miatdopm
CeKkBeHUpOBaHUs, Hampumep, cuctembl Applied Biosystems SOLiD. B cnydae mmatgopmsl
Roche 454 u3-3a NOBBILIEHHON PETUCTPUPYEMOI IUIMHBI MO CPABHEHUIO C APYTUMH CUCTEMaMHU
MaCCHBHOTO NMapauIeIbHOTO CEKBEHUPOBAHUS TAKKE BO3MOJKHO OIPENENINUTh JJINHY (PparMeHTa
U3 €ro MOJIHOM MOC/IeN0BaTeIbHOCTH.

IIpenmymecTBo (POKYCHPOBAHMS NAHHBIX aHAJN3a HA TMOJAMHOMKECTBE CEKBEHHPOBAHHBIX
METOK, COOTBETCTBYIOLTNX KOPOTKUM (pparMeHTaM HYKJIEHWHOBBIX KHCJIOT B UCXOIHOM OOpasie
MaTepUHCKON IUIa3Mbl, UMEET MECTO H3-3a TOro, 4ro Habop naHHbIX Oynmer 3QdexTHBHO
oboramen mnocnenoBarenbHocTsMU JIHK, monydeHHBIMH OT mioma. JTO Tak, IOCKOJBKY
mouekyibl peranpHON JJHK B MaTepuHCKOM IutasMe COCTaBIJISIIOT Oojiee KOPOTKHE (hparMeHThI,
yem mosekyibl porosoit JIHK (Chan et al., Clin. Chem., 2004, 50: 88-92). CornacHo ¢ur.7,
YHCIIO CEKBEHHPOBAAAHBIX METOK, TPEOyeMOe I TOrO, YTOOBI OTJIMYHUTE CIIy4a 3YIUIOUAUU OT
ciydaeB TPUCOMHH 21, MOXKeT OBITh YMEHBIIEHO, TaK KaK BO3pacTaeT KOHLEHTpaLys (eTanbHOMl
JHK.

OT100p MOIMHOXKECTB MYJIOB HYKJIEWHOBBIX KHUCJIOT TOCJE CEKBEHUPOBAHMS OTIIMYAETCS

OT JAPYrHX CTpaTeruii oOOrameHus HYKJIEHMHOBBIX KHCIOT, KOTOpPbIE OCYIIECTBIISIOT IEpen
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aHamu30M oOpa3lla, TakuX Kak NpUMEHeHHe »syekTpodopesa B Tele WMIM  KOJOHOK C
UCKJIFOYEHHEM M0 pa3Mmepam, Uil OTOOpa HYKJIEHMHOBBIX KHCJIOT OIPENEeNIEHHOTO pa3Mmepa,
KOTOpble TpeOyIOT (HU3NUECKOro OTAENeHHs OOOTAIleHHOro mysia oOT (OHOBOrO IyJja
HYKJIEMHOBBIX KHCJIOT. Pu3nueckue npouenypbl OyAyT BBOAUTH OOJbIIE SKCIEPUMEHTAIBHBIX
CTaguil M MOTYT TPUBECTH K mpolsieMam, TakuM Kak 3arpssHenue. OrtOop in silico mocne
CEeKBEHHPOBAHMS MMOJMHOKECTB U3 MPOAYKTA CEKBEHUPOBAHMSI TAKXKE MOXKET AOMYyCKaTh OTOOD B
3aBUCHMOCTH OT YYBCTBUTEIIPHOCTH U CHEHUPUYHOCTH, TpeOyeMbIX Uil OIpeneseHHs
3aboseBaHusl.

buonHpopMaTUBHbIE, BBIYUCIUTENBHBIE M CTATUCTHYECKHE MOIXOMABI, HCIOIb3yeMble
IUI ONIPEAENICHUsT TOTO, TOJyYeH oOpasel MaTepHUHCKON IJIa3Mbl OT OEpEeMEHHOH JKEHIIHMHBI C
IVIOAOM € Tpucomueil 21 uiau SyMIOUAHBIM IUIOAOM, MOKHO MCIOJHUTH B KOMIIBIOTEPHOM
MIPOrpaMMHOM NPOAYKTE, HCIOJb3YEMOM MJi ONIpEeNeNeHUs [apaMeTpoB M3 pe3yJbTaToB
CEeKBEHHpPOBaHMUA. PadoTa KOMIIBIOTEPHOW TPOrpaMMBl MOJKET BKIIHOYATh OIpEIesIeHUE
MOJJAIOIIEr0oCs] U3MEPEHHIO KOJIMYEeCTBA MOTEHIMAIbHO aHAYIJIOMIHON XPOMOCOMBI, a TaKke
KOJINYeCTBA(KOJMYECTB) OAHON WIIM HECKOJNBKHX JPYrux XpomocoM. Ilapamerp MoxHO
ONpEeNeNNUTh U CPABHUTH C COOTBETCTBYIOLIUMHU MOPOTrOBBIMU 3HAYEHUSIMU Il OIPEIENIeHUs, B
cilydae TOTEHIMAIbHO AHIYIUIOMIHOW XPOMOCOMBI, HMeEeTCsl Jii (heTanpbHash XPOMOCOMHas
AHAYIUIOUUS.

IIpumepsnr

IlpuBenennsie nanee MpuUMepbl NPUBOAATCS AJS MOSCHEHWs, HO HE U1 OrpaHUYEeHMUs
3asIBJIGHHOTO U300pETEHUsL.

I. IIpenaranbHas fUarHOCTHKA (eTaNIbHON TpucoMuu 21

OtbuparoT 111 HCCIAENOBaHUS BOCEMb OEpeMeHHBbIX KeHIIWH. Bce OepeMeHHbIE
JKEHIIUHBI HaXOIATCS Ha 1-OM MM 2-OM TpUMeCTpe OEpEeMEHHOCTH U UMEIOT OJHOILIOIHYIO
OepeMeHHOCTb. Y 4eThIpeX U3 HHUX IUIOABI ¢ TpucoMueil 21, a y APyrux 4eTblpex 3YIUIOHUAHBIE
wionsl. Y kaxnoil OepyT IBaAnaTh MWUIIIIMTPOB TNepU(epUdeckoll BEHO3HOH KpPOBH.
MarepuHcKylo miazMy coOuparoT mocne mnentpudyruposanus npu 1600 x g B teuenue 10
MUHYT U 3aTeM LeHTpudyrupyotr npu 16000 x g B Teuerne 10 MUHYT. 3aTeM SKCTPArupyroT
JIHK w3 5-10 mn kaxkmoro oOpasma miasmel. 3atem JIHK maTepuHCKOH MIa3Mbl HCTOJIB3YIOT
IUTST MACCHBHOTO TapajlIeIbHOTO CeKBEHUPOBAHUS ¢ MOMOINbI0 aHanmu3aropa [llumina Genome
COTJIACHO MHCTPYKLUSIM U3rOTOBUTENS. PaOOTHHUKH, BBIMIOJHSIOIINE CEKBEHUPOBAHUE, BO BPEMsI
CEKBEHUPOBAHUS U aHAJIN3a JAHHBIX O MOCJIENOBATENBHOCTSIX HE 3HAIOT O TUArHO3€ IUIOAA.

Kopotko, npubnmsurensHo 50 wr JIHK wmarepuHCKON TU1a3Mbl HUCTONB3YIOT ISt
nonyuenus: oubnmorekn JIHK. MoskHo HaumHaTh ¢ MeHbImuX konudectB JIHK martepuHCkoM

maasmbl, Takux Kak 15 Hr unu 10 Hr. @parmentsl [IHK matepuHCKON miia3Mbl 3aTYIUISIFOT IO
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KOHIIaM, JIUTHPYIOT ¢ anmantepamu Solexa, u otOuparor ¢parmentsl B 150-300 m.o.
ounctkoil B rene. C Apyroil CTOpOHBI, 3aTyIUIeHHbIE MO KOHLAM M aJanTepUrHpOBaHHbIE
¢parmentsl JIHK marepuHCKOW mMmiia3Mbl MOXKHO TIPOIMYCTUTh 4Yepe3 KOJIOHKH (Harpumep,
AMPure, Agencourt) Ui yaJeHUs] HEIUTHPOBAHHBIX alanTepoB Oe3 oTOopa 1Mo pasMepy nepen
noJydeHueM kinacrepa. Apanrepauruposannyro JHK ruOpuamsupyroT ¢ HOBEPXHOCTBHIO
MPOTOYHBIX siYeek, U nojydaroT kiactepbl JAHK ¢ ucnosb3oBaHHEM KJIaCTEPHOU CHCTEMBI
[lumina, u 3atem cinenyrOT 36 NUKIOB CeKBeHHPOBaHUs Ha aHanmu3atope [llumina Genome. JTHK
U3 Kaxaoro odpasa MaTepUHCKON TUIa3Mbl CEKBEHUPYIOT TOJIBKO B OAHOM NMPOTOYHOH siueiike.
CunTaHHBIE NaHHBIE CEKBEHHPOBAHHUS COOMPAIOT C WCIOJIB30BAHHWEM KOHBeWepa Ul aHaIn3a
Solexa Analysis Pipeline. 3atem Bce cuuTaHHbIE MAAaHHbIE BBIPABHUBAIOT C 3TAJOHHOHN
MOCJIEZIOBATENIbHOCTBIO M€HOMA 4eJIOBEKa, MAacCKUPOBaHHON mMoBTOpamu, komiuiekT 36 NCBI
(GenBank, nnBenTapueie Homepa NC 000001 — NC_000024), ¢ UCTIOIB30BAHUEM TPOTPAMMBI
Eland.

B naHHOM wuccnenoBaHUM U1l YMEHBIIEGHMsI CJIOKHOCTH aHAjIu3a JAAaHHBIX Jajee
pPaccMaTpPUBAIOT TOJIBKO MOCJENOBATENBHOCTH, KAPTUPOBAHHBIE K €IWHCTBEHHOMY Y4YaCTKY
STajOHAa TIeHOMa 4YelOBeKa, MacKupoBaHHOro nosTopamu. C 1pyroil CTOPOHBI, MOXKHO
UCTIOJNB30BATh  JIPYTHE TOAMHOXKECTBA MJIM BeCb HAaOOp JaHHBIX CEKBEHUPOBAHUSL
[TopcunThIBaOT OO0IIEe YMCIIO YHUKAIBHO KapTHUPYEMBIX MOCIENOBATEIBbHOCTEH I KasKIOTro
obpasma. Yucno moOCIenoBaTEIbHOCTEH, VHHKAJIbHO BBIPOBHEHHBIX C XpoMocomon 21,
BBIPAKAIOT JUIA  KaXAoro obOpasua B BUAE JAOAM OT OOIIEro 4YWCiIa BBIPOBHEHHBIX
nocnenoBareiabHOCTe. Tak kak MartepuHcKas miazma comepxut ¢ertanpHyro JHK cpenn
¢oHopori JIHK MaTepuHCKOrO NPOUCXOKIEHUS, IIOA C Tpucomueir 21 Oymer BHOCUTH
JOTNOJIHUTEIbHBIE CEKBEHUPOBAHHBIE METKH, MPOUCXOAsIIME OT XpPOMOCOMBI 21, wu3-3a
NPUCYTCTBUS JAOTIOJHUTEIBPHONH KOmuM XpoMocoMbl 21 B ¢deranbHoM rernome. CienoBaresbHO,
MPOLIEHT MOCIEAOBATEIbHOCTEH XPOMOCOMBI 21 B MaTepHMHCKOH mia3Me mpu OepeMeHHOCTH C
wionoM ¢ Tpucomued 21 Oyner BbIle, YeM MNPOLIEHT NPU OEPEMEHHOCTH C BYIUIOUAHBIM
wionoM. AHanm3 He Tpedyer JoKanu3zauuu (eTarbHOCTIEHU(PIUECKUX MMOCIEA0BATENIbHOCTEN.
Taxke He TpeOyeTcst mpenBapuTesbHOE (QHU3MUECKOE OTAeNeHHe (DEeTANbHBIX HYKJIEHHOBBIX
KHCJIOT OT MAaTepUHCKUX. Taxke HET HEOOXOAMMOCTH OTJIMYaTh WIH HIASHTHQULIHUPOBATH
(eTanbHBIE 1 MATEPUHCKUE MTOCIIEA0BATEIHOCTH MTOCIIE CEKBEHUPOBAHUS.

®ur.3A nmoka3bpIBaeT MPOLECHT MOCAEAOBATENILHOCTEN, KAPTUPOBAHHBIX K XpoMocome 21
(IpencTaBiIeHHOCTh B TNPOLEHTax XpoMocombl 21) st kaxkmoro w3 8 obOpasuos JIHK
MAaTE€PUHCKON Ma3Mel. lIpencTaBieHHOCTh B MIPOLIEHTAX XPOMOCOMBI 21 CyIIECTBEHHO BBILLIE B
MaTepUHCKON IUIa3Me NMpHu OepeMEeHHOCTH C TpucoMueil 21, 4yem B 1uia3mMe Npu 3YIUIOUAHOM

6epeMeHHOCTI/I. Takue AAHHBIC MPCANOJIararoT, 4YTO MOXKHO OCYIIECCTBUTb HCUHBA3UBHYIO
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NPEHATAIbHYK0 ~ JAMArHOCTHKY  (DETANbHOW AHAYIUIOMIWH, OMPEAeysisl MPeNCTaABICHHOCTb
B IPOLIEHTaX aHA3YIJIOUJHON XPOMOCOMBbI B CpPaBHEHUHU C 3TajloHHON nonynsuuei. C apyroi
CTOPOHBI, CBEPXIPEACTABICHHOCTb XPOMOCOMBI 21 MOXHO JE€TEeKTHPOBATb, CpPAaBHUBAs
MPEACTABICHHOCTh B NPOLIEHTaX XPOMOCOMBI 21, MOJYYEHHYX0 3KCIEPUMEHTANBHO, C
MPEACTABICHHOCTBIO B MPOLIEHTAX MOCIEI0BATEIbHOCTEH XPOMOCOMBI 21, 03kMIaeMOH B ciiydae
SYIUIOMJHOTO TE€HOMAa 4YeJOBeKa. JTO MOKHO OCYIEeCTBUTb MAaCKUPYys HJIM HE MacKHUpys
MOBTOPHBIE YY4ACTKU B F€HOME YEJIOBEKA.

Y nsaTi 13 BOChMH OepeMEeHHBIX JKEHIIMH I0JI IUIoAa MyKCkoi. IlocnenoBarensHOCTH,
KapTUpPOBaHHBIE K XpoMmocoMe Y, MoryT ObiTh QeranpHOCTIeUnpuIeckumMu. IlpomeHr
MOCJIeIOBATENBHOCTEH, KapTHUPOBAHHBIX K XPOMOCOME Y, HCHOJB3YKOT JJsI BBIYUCIEHUS
koHIeHTpaunu ¢pakunu peranpHol JIHK B ncxomnom oOpasne MaTepuHCKOH Imia3mel. bornee
TOro, KoHHeHTpauuto ¢pakuun ¢eranpHoii  JHK Takke omnpenensror, HCIONB3Ys
MHUKpOruapoanHaMudeckyro uncieHnyro I[P ¢ yyactuem napasorudHbix reHOB X-CBSI3aHHOTO
nuHKonanbuesoro oenka (ZFX) u Y-cBsizanHOTO 1IHKONANbLeBOro Oenka (ZFY).

®ur.3B mokaspiBaeT KOppeNsLHI0 KOHIeHTpauuil ¢pakumu  QeransHoit  JTHK,
BBIBEJICHHBIX [0 MPEACTABIEHHOCTH B IPOLIEHTaX XPOMOOMBI Y MyTEM CEKBEHUPOBAHUsA, U
KOHIIEHTpaLUWH, ONpeAeNeHHbIX MUKporuapoanHamuueckoii uucnenHon [P ZFY/ZFX.
HmeeTcst mONOKUTENbHAS KOPPENSLHS MEXKIy KOHUeHTpauusMu ¢paxuun ¢eranpHon JHK B
MAaTepUHCKON Iula3Me, TMOJIyYeHHbIMH yKa3aHHbIMH JAByMsi crocobamu. Kosddumuent
koppensuu (r) cocrasister 0,917 npu koppensiroHHOM ananmmse [TupcoHa.

IIpouents! nocnenosarensHocTedt JJHK MatepuHCKON Mua3Mbl, BBIDOBHEHHBIX C KaXKAOHN
u3 24 xpomocoM (22 ayrocombl U xpomMocoMmbl X H Y), AN ABYX XapakTepPHBIX CIy4YaeB
nokaszaHsl Ha ¢Gur.4A. Y ogHoi mu3 OepeMeHHBIX JKEHIIWH IO ¢ Tpucomuen 21, a y apyroi
SymnouaHbIi 1o, [IpenctaBieHHOCTs B MPOLIEHTAX MOCIEN0BATEIBHOCTEN, KAPTUPOBAHHBIX K
xpoMocome 21, Beille y OepeMeHHON KEHIOUHBI ¢ MJIOJOM ¢ TpucoMueil 21 mo CpaBHEHHIO C
OepeMeHHO KEHITUHOHN C SYIUIOUAHBIM IIJIOAOM.

Paznnuus (%) B NpeACTaBIEHHOCTH B TPOLIEHTAX HA XPOMOCOMY MeEkIy oOpasuamMu
MaTePUHCKON IJIa3Mbl B BBIIIEYKA3aHHBIX IBYX CIy4asx IoKa3zaHel Ha ¢ur.4B. Pazmiuue B
MPOLICHTAX [JIs1 ONPEAENICHHOW XPOMOCOMBI BBIYUCISIOT C HCIOJb30BAHUEM CIEAYHOLIEH
bopMyIbI:

Paznnuue B npouenrax (%) = (P21 — Pe)/Pe x 100%, rae

P21 = nmpouent nocnenoBarensHocTed JIHK mia3smbl, BBIPOBHEHHBIX C ONpPEACICHHOH
XPOMOCOMOH, y OepeMeHHOM KEeHIUHBI ¢ TUIOAOM ¢ Tpucomuei 21, u

Pe = mpouent nocnenosarenbHocTer JIHK ma3mbl, BBIPOBHEHHBIX C OMNpPEAEICHHON

XPOMOCOMOH, y OEpeMEHHO JKEHIINHBI C SYTIIIOUIHBIM TLIOJIOM.
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Kak BugHo Ha ¢ur.4B, cymecTByeT CBEpXIpPenCTaBICHHOCTD - Ha 11%
MOCJIeOBATEIbHOCTEH XpOMOCOMBI 21 B TiasMe OepeMeHHOH KEeHIUHBI ¢ IJIOJIOM C TPUCOMHUEH
21 B cpaBHeHMH C OepeMEeHHOH KEHIIMHOH C J3YIUIOMIHBIM IUIOAOM. B ciydae
MOCJIeIOBATENbHOCTEH, BBIPOBHEHHBIX C JPYTMMHM XPOMOCOMAaMHM, Pa3IMUUs MEXAY ABYMs
ciydasMM HaxonsaTcs B mpenenax 5%. Tak kak npeacTaBleHHOCTb B IMPOLIEHTAX JJIsl XPOMOCOMBI
21 npu tpucomuu 21 BO3pacTaer MpH CpaBHEHHH C OOpasLaMu SYIJIOMTHOW MAaTepPHUHCKOHN
mwia3mel, pazmuuue (%) MOXKHO, € JPYrodl CTOpOHBL, OOO3HAYUTh KaK CTENEHb
CBEPXIIPENCTABICHHOCTH B MOCIENOBATENbHOCTIX xpomocombl 21. Kpome pasmuuunii (%) u
aOCOJTFOTHBIX Pa3IMYUi MEKIY MPENCTABICHHOCTHIO B MPOLIEHTAX XPOMOCOMBI 21 Takke MOXKHO
BBIUHCJIUTh OTHOIIEHHUS TIIOJICYETOB ONBITHBIX M 3TAJOHHBIX O00pa3LOB, KOTOPBIE MOTYT
YKa3bIBaTh CTENEHb CBEPXIPEICTABICHHOCTH XpOMOCOMEI 21 npu Tpucomuu 21 npu cpaBHEHUHU
C 3YIUIONIHBIMU 0Opa3Lamu.

B cnyuae yerpipex OepeMEHHBIX JKEHIIUH ¢ 3YIUIOUIHBIMU TUIOAaMH B cpenHeM 1,345%
nocinenosarenbHocTedl JIHK B mx mmasme BrpIpaBHHMBANOTCA C XpoMocomoul 21. YV uersipex
OepeMeHHBIX JKEHIIWH C IUIogaMu ¢ Tpucommed 21 Tpu IUoga MYXKCKOTO —IOJia.
IIpencTaBneHHOCTb B MPOLIEHTAX XPOMOCOMBI 2] BBIMUCIAIOT ISl KAXKAOTO U3 TPEX YKa3aHHBIX
ciyyaeB. Paznmumne (%) B NMpeaCTaBIEHHOCTH B MPOLIEHTAX XPOMOCOMBI 21 Ui KaXKmaoro u3
YVKa3aHHBIX TpeX Ciy4aeB TpucoMuu 21 €O CpeaHell NpPenCTAaBICHHOCTBIO B IMPOLIEHTaX
XPOMOCOMBI 21, MONy4eHHON U3 3HAYEHUH I YEThIPEX CIIy4aeB dYIUIOUINUH, ONPEAEISIOT Tak,
KaK ONMMCaHo Bblle. MHBIMU CI0BaMH, CpeHee U3 YeThIPEX CIIy4aeB ¢ 3YIIOWAHBIMU ILUIOAAMHU
UCTIOJIB3YIOT B Ka4eCTBE HTAJIOHA JUIsI TAKOTrO BbiuucieHs. Konuenrpammu ¢pakiun ¢eranbHOM
JHK 1715 yka3aHHBIX TpeX Cy4aeB MYXKCKOW TPUCOMHUHU 21 BBIBOJAT U3 UX COOTBETCTBYIOLIEH
MPEACTABICHHOCTH NTOCIEN0BATEIBHOCTEN XPOMOCOMBI Y.

Koppensauus Mexay CTENEHBH  CBEPXIPEACTABICHHOCTH  IMOCIEN0BATEIbHOCTEN
xpoMmocombl 21 u koHueHTpauusMu ¢pakunu deransuoit JIHK mokasana na ¢ur.5. Mexny
IBYMSl TapaMeTpaMy CYyLIECTBYeT 3aMeTHas NOJIOXKHUTeNnbHast Koppesinus. Koaddumment
koppessinuu (r) cocrasinsier 0,898 npu koppensinronHoM aHanuse [Tupcona. Takue pe3yabraThbl
MOKAa3bIBAKOT, YTO CTENEHb CBEPXIPEIACTABICHHOCTH MOCIENOBATENBHOCTEH XPOMOCOMBI 21 B
MaTEPUHCKOW TuTa3Me CBs3aHa ¢ koHHeHTpauueid deranpHoit JIHK B 0Opasne MaTepuHCKOM
wiasMel. TakuMm oOpasoMm, s UAeHTHPHUKAINH OEpEeMEHHOCTH C IUIOJOM ¢ Tpucomueit 21
MOXHO OIPeneNuThb MOPOTrOBBIE 3HAYECHUS CTEeNeHu CBEPXIMPEACTABIEHHOCTU
MIOCIIEIOBATEIBbHOCTEH XPOMOCOMBI 21, peneBaHTHbIE KOHLEHTpamusM (pakuuu (eranbHOMI
JHK.

Onpenenenue koHueHTpauuu ¢pakauu Geranproit JIHK B MaTepuHCKOH Mia3Me Takxke

MOXHO OCYLIECTBUTH OTAEJIBHO OT MPOroHa cekBeHuposanus. Hanpumep, xoHuentpanuro JJHK



26

XPOMOCOMBI Y MOXKHO ONpeneNuTs MpeABapuTeapbHO ¢ ucnonb3oBanueM lIIP B
peanbHOM BpeMeHH, MukporuapoanHamudeckon [P unu macc-cnekrpomerpun. Hanpumep, Ha
¢ur.3B BHOHO, YTO CYIIECTBYEeT XOpOIIAas KOPPEISUHUA MEXKAY KOHLEHTpauusMH (Hpakmuu
¢eranpHOl JIHK, ycTaHOBIEHHBIMH Ha OCHOBE JaHHBIX IJISI XPOMOCOMBI Y, TIOJYYEHHBIX B
NPOTOHE CEKBEHHpPOBaHUs, U OTHomeHueM ZFY/ZFX, mony4eHHBIM OTAEIBHO OT MPOTOHA
cexkpeHupoBaHus. JleicTeuTenpHo, kKoHUeHTpanuo JJHK MOXHO onpenenuTs ¢ UCMOIb30BAHUEM
UHBIX JIOKYCOB, Y€M XpOMOCOMa Y, M MPUMEHHUMBIX K IUI0Ay keHckoro nosa. Hampumep, Chan
et al. mokasajnw, YTO MPOHCXOIAIIHE OT IUIOJa METHJIMPOBAHHBIE IOCIEIOBATEIBHOCTH
RASSFIA moxHO onpenenuthb B Iua3Me OepeMEeHHON KEHIIHHBI Ha (JOHE HEMETHIIMPOBAHHBIX
nocnenosarenpHocTeli RASSFIA martepunckoro mpoucxokaenuss (Chan et al, Clin. Chem,,
2006, 52: 2211-8). IIpu 3toM koHHeHTpauuto (pakuun ¢eranpHoi JJHK MoxHO onpenenuts
MyTeM JIeJIeHHs] KOJIMYecTBa METHINPOBaHHbIX nocienosaTenbHocTeil RASSFIA Ha xonndecTso
Bcex nocnenosarenbHocTeit RASSFIA (MeTHIMpOBaHHBIX U HEMETHIINPOBAHHBIX).

Oskupaercsi, 9TO MaTEPUHCKAs IJIa3Ma MOXET ObITh NMPEANOYTUTENIbHEE MaTEePUHCKOM
CBIBOPOTKH  JJIsI  TPAKTUYECKOTO  OCYILIeCTBIeHMs  u300pereHus, mnockosnbky JIHK
BBICBOOOXKIAETCA M3 MATEPUHCKHX KJIETOK KPOBHU BO BpEMsl CBEPThIBaHUS KpOBH. Tak, eciu
UCIIOJIB30BaTh CHIBOPOTKY, OYKHUAAETCs, 4TO KOHUeHTpauus ¢pakumnu (eransuoit JJHK Oyzer
HIDKE€ B MATEPUHCKOW IIasMe, 4€M B MAaTepHHCKOH CbIBOPOTKE. HMHBIMU ClIOBaMH, €CiH
UCIIOJIB30BAaTh MATEPHHCKYIO CBIBOPOTKY, OXKHMIAETCS, YTO MOTPeOyeTcsl MONyYuTh OoJblie
NOCIIEIOBATEIPHOCTEH Ui TMAarHOCTUKH  (PeTanbHOM XPOMOCOMHOH —aH3YIUIOMOUH  TIO
CpPaBHEHHUIO ¢ OOpa3lOM IUIa3Mbl, TIOJYYEHHBIM OT TOH e OEpeMEHHOW JKEHIIUHBI B TO XKe
BpeMsl.

Eme onHuUM anbTepHATUBHBIM IyTEM OMpPENeIeHNsT KOHLEHTpalus Gpakiuun (eTarpHON
JIHK mMo3keT ObITh KOJTMYECTBEHHOE OMpeneseHre MOTUMOP(HBIX pa3inunil Mexay OepeMeHHON
skeHmmHON u mionoMm (Dhallan R. et al, 2007, Lancet, 369, 474-481). IlpumepoMm Takoro
criocoda MOXKeT OBITh JIOKAIU3aLUs TOJMMOP(HBIX CAHTOB, IPH KOTOPOH OepeMeHHas KEeHITUHA
SIBJISIETCS TOMO3UTOTHOM, a 107 SIBJIAETCS reTepO3UTOTHBIM. Konuuectso
¢erampHOCTIEUPUUECKOrO aJiesisi MOXKHO CPaBHUTh C KOJMYECTBOM OOBIMHOTO aJjIess IS
omnpeneneHus KoHIeHTpaus ¢ppakaun peranproit JJTHK.

B ornanume oT CymecTBYHOIIUX METONOB OOHApy)KEHHS XPOMOCOMHBIX abepparvid,
BKJIFOYAOLTUX CPABHHUTENBHYIO T€HOMHYIO TMOPHIN3ALNI0, MUKPOMATPUYHYIO CPaBHHUTEIBHYIO
TE€HOMHYIO THOPHIU3ALNI0, KOJWYECTBEHHYIO MOJIMMEPA3HYI0 LEMHYI PEaKLHI0 B PEalbHOM
BPEMEHH, KOTOpble MAETEKTHPYIOT U KOJMUYECTBEHHO OIpPENessIIoT OAHY MM HECKOJBKO
cnenn(PUIECKUX MOCIEOBATEIbHOCTEH, MACCHBHOE MapaJuIeIbHOE CEKBEHHPOBAHNE HE 3aBUCUT

OT JACTCKIMU HWJIIM  aHaJi3a MPEABAPUTEIIBHO  OIPCACIICHHOTO WKW MNPEABAPUTEIIBHO
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UACHTU(DUIIIPOBAHHOTO Habopa mnocnenosarenpHocTelt JIHK. CexBeHupyrot
MPOU3BOJILHO TpeAcTaBieHHyo ¢pakuuio mosekya JJHK uz myna obpasnos. Uucio pa3audHbIX
CEKBEHUPOBAHHBIX METOK, BBIPOBHEHHBIX C PAa3JIMUYHBIMU y4aCTKAMHU XPOMOCOM, CPaBHHUBAIOT
Mexay oOpasuamu, conxepkamumMu win Hecopepskammmu Bunel JIHK, mnpencrasmsroriue
uHTEepec. XpOMOCOMHbIE abeppaliii OyAyT BBISBJISATHCS MO PA3IHUUUAM B 4UCHe (TN MPOLICHTE)
MOCIIEIOBATEIBHOCTEH, BBIPOBHEHHBIX C JIFOOBIM 33/IaHHBIM Y4aCTKOM XPOMOCOMBI B 00pasiax.

B npyrom npumepe meroa cekBeHupoBaHus BHekserouHoi JIHK B minasme moxHO
UCTIOJIB30BaTh JJIsl JETeKIMU XpoMOcoMHbIX abeppauuii B JIHK mnasmer ans oOHapy:keHuUs
cneunpuyeckoro paka. Pa3nudnabie oHK03a00JI€BaHUS UMEIOT HA0OP TUITUYHBIX XPOMOCOMHBIX
abeppanmii. MOXHO HCHONB30BaTh M3MEHEHUS (aMIUIM(UKALMN WK JEJIEeLHUH) B HECKOJbKUX
ydacTKax XpoMmocoMbl. Tak, MOXET HMeTbCs NOBBILIEHHAs JO0Js IOCJIeN0BaTeIbHOCTEH,
BBIDPOBHEHHBIX ~ C  aMIUTM(UIMPOBAHHBIMUA  yYaCTKaMH, U TOHWXEHHas  JoJis
MOCJIEZIOBATEIbHOCTEH, BBIPOBHEHHBIX C COKpPAllEHHBIMM ydacTkaMu. IIpeacTaBieHHOCTb B
MIPOLIEHTaX Ha XPOMOCOMY MOSKHO CPaBHUTb C pPa3sMepoOM il KaKAOM COOTBETCTBYHOLIEH
XPOMOCOMBI B 3TaJIOHHOM TI'€HOME, BBIPAKEHHYIO KaK MPOLIEHT F'€HOMHOMN IpeACTaBIEHHOCTH
10001 JaHHOHM XPOMOCOMBI B OTHOLIEHHH BCETO reHoMa. Takke MOXKHO HCIOJIBb30BATh MPSIMbIE
CPaBHEHHUsI WJI CPABHEHUs C STAJTOHHON XPOMOCOMOM.

II. CexBeHnpoBaHUE TOJNBKO (PPaKLK T€HOMA YEIOBEKA

B skcnepumente, ommcannoMm Bbimie B npumepe I, JIHK marepunckoll mnasmel u3
KQXXJIOTO OTAETBHOrO 00pasla CEeKBEHHUPYIOT C HCIOJIb30BAHHEM TOJIBKO OOHOH MPOTOYHOM
KIOBETBbl. UMCIIO CEKBEHHPOBAHHBIX METOK, IOJYYEHHBIX CEKBEHHPOBAHHEM M3 KaXIOro U3
UCTIBITBIBAEMBIX 00pa3LoB, moka3zaHo Ha ¢ur.6. T21 ormedaer oOpasen, NOJyYeHHBIH OT
OepeMeHHO KEHIITUHBI C TUIO0M C TprcoMuei 21.

CexBenupyror 36 1moO. W3 KaKIOrO M3 CeKBeHUpOBaHHbIX ¢parmentos JIHK
MaTePUHCKON IUIa3Mbl, YHCJIO CEKBEHHUPOBAHHBIX HYKJIEOTHUAOB/TIAD OCHOBAHUH M3 Ka)IOTO
o0pasia MOXKHO OTNpeNeNnuTh, YMHOXKast 36 11.0. HA YUCJIO CEKBEHUPOBAHHBIX METOK, UYTO TaKXKe
nokaszano Ha ¢ur.6. Tak kak B reHOMe YeJIOBeKa MMEeETCsl MPUOIU3UTENBHO 3 MUJUTHApaa map
OCHOBAHMH, KOJIMYECTBO JIAaHHBIX CEKBEHHPOBAHMSA, MOJYYEHHOE OT KakOaoro oodpasna
MaTEPUHCKON IJIa3Mbl, MPEACTABISET TOJBKO YacTh, KoJeOmromyrocs ot mpumepno 10% nmo
13%.

bonee TOro, mnpum TakoM HCCIENOBAHWHU TOJIBKO YHUKAJIBbHO KapTHPOBAHHBIE
CEeKBEHHpPOBaHHblE MeTkH, oOOo3HaueHHble UO B HOMeHKmatype wu3 mnporpammsl Eland,
UCTIOJNB3YIOT Ui TOTO, YTOOBI MMOKa3aTh HAJUYHE CBEPXIPEACTABICHHOCTH B KOJUYECTBE
MIOCIIEIOBATEIBHOCTEH XpOMOCOMBI 21 B 0Opa3iax MaTepUHCKOH TIa3Mbl TPU OEPEMEHHOCTSIX C

wiogamMu ¢ Tpucomueil 21, kak ommcaHo Beime B npumepe . Kak BumHo Ha ¢ur.6,
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nocienosarenbHocTd U0 IPeAcTaBisIOT  TOJIBKO MOJAMHO>KECTBO BCEX
CEeKBEHHMPOBAHHBIX METOK, TMOJYYEHHBIX M3 KaXKAOro oOpasia, M TaKkKe MPENCTaBJISIOT JaKe
MEHBUIYI0 4acThb — npuMmepHo 2% reHoMa 4ejoBeka. Takue aHHbIE MOKa3bIBAIOT, 4YTO AJS
YCIICIIHOTO BBIMOJHEHHUS] TUATHOCTUKU (PeTaTbHON aHSYIIIOUINHN TOCTATOYHO CEKBEHHPOBAHUS
TOJIBKO YaCTH MOCJIEAOBATEIbHOCTEN IN'€HOMA 4€JOBEKA, IMPUCYTCTBYIOLIUX B HCHBITBIBAEMOM
obpaste.

III. Onpenenenne yncna TpeOyeMbIX MOCIEOBATEILHOCTEH

Pesynbrar cexBenuposanus JIHK mia3smbl oT OepeMEHHOH KEHIMUHBI C 3YIUIOUIHBIM
IJIOZIOM MY3KCKOTO MOJIa MCHOJB3YIOT JUIsi TAKOro aHanus3a. UYMCI0 CEeKBEHHPOBAHHBIX METOK,
KOTOpbIE MOXKHO KapTHPOBAaTh K STAJOHHOW MOCIEAOBATENbHOCTH TIeHOMa 4YeloBeKa Oe3
HecOoOTBeTCTBUN, coctasyster 1990000. ITogmHOXXECTBA MOCIENOBATEIBHOCTEN MNPOU3BOJIBHO
BbIOMpaoT M3 Takux 1990000 MeTOK, W B Ka)XIOM IOIMHOXECTE BBIYHCISIOT MPOLEHT
MOCJE0BATENIBHOCTEN, BBIPOBHEHHBIX C XpoMocoMon 21. Uucno mnocinenoBaTeNbHOCTER B
noaMHokecTBax wu3Mmensiercss or 60000 go 540000 nocaenoBatenbHOCTEN. Jlsi Kaxaoro
pasMepa IOAMHOXECTBA COCTABJIAIOT HECKOJBKO TMOAMHOXECTB € TEM K€ YHCIOM
CEeKBEHHMPOBAHHBIX METOK CIIydalfHbIM OTOOPOM CEKBEHHMPOBAHHBIX METOK M3 OOIIEro myja 1o
TeX TOp, TOKa Apyras KOMOWHAIHMS CTAHET HEBO3MOXKHON. 3aTeM M3 HECKOJbKUX MOAMHOYKECTB
B Ipenenax  MNOAMHOXECTB  KaXAONO  pa3Mepa  BBIYMCISIOT  CPEJHUN  IPOLIEHT
NOCIIEIOBATEIBHOCTEH, BEHIPOBHEHHBIX C XPOMOCOMOM 21, 1 ero crannaptHoe oTkiIoHeHue (SD).
IlonyueHHble [aHHBIE CPABHUBAIOT IO BCEM IOJMHOXKECTBAM pA3JIUYHOIO pasMepa st
OnpeneNeHuss  BIWAHMS ~ pa3Mepa  MOAMHOXKECTBA  Ha  pacopenejieHue  IpOLeHTa
MOCJIEZIOBAaTEIbHOCTEH, BBIPOBHEHHBIX C XpoMocoMmoi 21. 3areM BBIUUCISIOT S5-ple U 95-ble
MPOLIEHTHJIN COTJIACHO cpefHeMy U SD.

Korma y OepeMeHHOW >KEHIIMHBI IJIOA C Tpucomued 21, CEKBEHUPOBAHHbBIE METKH,
BBIPOBHEHHBIE C XPOMOCOMOH 21, HOJKHBI OBITH CBEPXIPEACTABICHHBIMH B MAaTEPHHCKOM
IUIa3Me H3-3a U30BITOYHOH 1036l XpoMocoMbl 21 u3 muoga. CTeneHb CBEPXIIPENCTaBIEHHOCTH
3aBucHuT OT npouenTa ¢peranphoit JJTHK B 00pasue JIHK marepuHCKoii mia3mMbl B COOTBETCTBUU C
MIPUBEEHHBIM HIUXKE YPABHEHUEM

Perty1 = Pergy X (l + f/2),

rae

Perrz1 mpenacrasiseT NPOLIEHT NMOCIEAOBATENBHOCTEN, BBIPOBHEHHBIX C XPOMOCOMOH 21,
y OepeMeHHOMN KEeHIIUHBI ¢ TIOAOM C Tpucomuen 21; u

Perey mpeacTasisieT NPOLIEHT NOCAEA0BATENBHOCTEN, BBIPOBHEHHBIX C XPOMOCOMOH 21, y
OepeMeHHO KEHITUHBI C SYIUIOUIHBIM TUIOIOM; H

f npencrasnser mpouenT ¢peransuoit JIHK B JIHK maTepuHCKO# T1a3MBbl.
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Kak BumHno Ha ¢ur.7, SD ansd mnpoueHToB MOCJIEAOBATENbHOCTEM,
BBIPOBHEHHBIX C XPOMOCOMOM 21, yMeHbIIAeTCs ¢ BO3PACTAHUEM YHCJIA NTOCIEN0BATEIBHOCTEN B
KaXA0M MnoAMHOXkecTBe. (CleoBaTeNbHO, KOTAAa YHCJIO IMOCHEA0BAaTENbHOCTEN B KaXXAOM
MOAMHOKECTBE BO3PACTAET, UHTEPBAJI MEXAY S-bIMU U 95-BIMH MPOLIEHTUJISIMA YMEHBIIAETCH.
Korga untepBan 5%-95% nns cnydaeB symuiouauu U TpucoMuu 21 He mepekpbIBaeTcs, TOraa
middepeHumaus MEXIy ABYMS TPYMIAMH CIIy4aeB MOXKET OBITh BO3MOXKHA C TOYHOCTBIO
>95%.

Kak BumHO Ha (¢ur.7, MUHUMAIbHBIA pasMep MOAMHOXecTBa i auddepeHnmanum
ciydaeB Tpucomuu 21 W CliydaeB SYIUIOMOWW 3aBUCHT OT mpoueHTa ¢erampHoit JHK.
MuHNManbHbIE Pa3Mepsl OAMHOXKECTB s AudpepeHnInanuy ciyyaeB TpucoMun 21 u ciyyaes
symouauu coctaeysitor 120000, 180000 u 540000 nocnenoBaTeapbHOCTENH Il MPOLIEHTOB
¢eramprori  JJTHK 20%, 10% wu 5%, cooTrBercTBeHHO. VIHBIMH CJIOBaMM, HHCIIO
MIOCIIEIOBATEIbHOCTEH, TpeOyeMbIX Uil aHaiW3a Ui ONPEACTICHHUs TOro, UMEET JH IUIOA
Tpucomuio 21, 6yzer cocraisars 120000, korna obpazen JJHK maTeprHCKON T1a3Mbl COAEPIKUT
20% ¢erampHoit JIHK. Yucno mnocnemoBaTenbHOCTEH, TpeOyembIx JUisi aHajau3a, Oyner
BO3pactarh 10 540000, korna npoueHT deranpraoit JJHK magaer no 5%.

Tak Kak AaHHBIE MOJYYAIOT C UCMOJb30BaHUEM CeKBeHUpBaHu:A 36 m.o., 120000, 180000
u 540000 mocnegoBatenbHOCTEH cOOTBETCTBYIOT 0,14%, 0,22% wu 0,65% reHoma uenoBexa,
COOTBETCTBEHHO. Tak Kak HIKHHWHA WHTepBaj KoHUeHTpauwii ¢eransuoit JJHK B marepuHckoit
mia3Me, MOJyYEHHOW Ha paHHUX CpoKax OepeMeHHOCTH, Kak coobmaercsi, mpumepHo 5% (Lo
Y MD. et al, 1998, Am. J. Hum. Genet., 62, 768-775), cexkperupoBanue npumepro 0,6%
reHOMa YeJIOBeKa MOYKET MPEACTABIISITh MUHUMAJIbHBIH 00beM CEKBEHHUPOBAHUS, TPEOyEeMbIi 115
OUATHOCTHKH C TOYHOCTBIO, MO MeHbIel mMepe, 95% mnpu nerekunu peraapbHON XPOMOCOMHOM
AHAYIUIONIUH MPH JFOOBIX CpOKax OEPEeMEHHOCTH.

IV. PannoMu3upoBaHHOE CEKBEHUPOBAHUE

Jnsg Toro droObl TMOSICHUTh, 4YTO CekBeHHpoBaHHble ¢parmentel JIHK B xozme
CEeKBEHHPOBAHHUA OTOHMPAIOT PAHAOMHM3HPOBAHHO, TOJYYAOT CEKBEHHPOBAHHBIE METKH,
oOpa3oBaHHBIE U3 BOCBMU OOPA3I0OB MATEPUHCKOW IUIA3MBbl, aHAIU3MPOBAHHBIX B mpumepe L
Jns xaskaoro oOpasna MaTeprHCKOH IJIa3Mbl ONPEASISIFOT UCXOMHbIE MO3UIMH B OTHOIIEHHUH K
STAJIOHHOHN MOCJENOBaTENbHOCTH TIeHOoMa uesoBeka komrmuiekty 36 NCBI kaxnolt wu3
CEeKBEHHMPOBHHBIX METOK B 36 1.0., KOTOpPbI€ BBIPABHMBAIOT YHHKAJIBHO C XpoMocomoi 21 Ge3
HECOOTBETCTBUH. 3aTeM OMNpenessitoT YWUCIO MO3ULUH A IyJOB  BBIPOBHEHHBIX
CEeKBEHHMPOBHHBIX METOK M3 KaXaoro obOpasma B mopsake Bo3pacTaHus. OCyIIECTBISIOT
nonoOHBIA aHANMM3 IS XPOMOCOMBI 22. B Lensix MOsICHEHUsT BEpPXHUE AECATh HCXOIHBIX

NO3UIMHA JJIs1 XpOMOCOMBI 21 B XpOMOCOMBI 22 il KaKOoro oOpasna MaTepUHCKON IIa3Mbl
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nokaszansl Ha ¢ur. 8A u 8B, coorBercTBeHHO. Kak MOXHO TNpeACTaBUTh W3 TNPUBENEHHBIX
Tabnui, cekBeHUpoBaHHble Tyl (parmento JHK wmexay oOpasnamu He SBISIOTCS
UAECHTUYHBIMU.

JIroOble M3 KOMITOHEHTOB WM (PYHKLUH POTPaMM, ONMCAHHBIX B JAHHOH 3asiBKE, MOYKHO
BBIIIOJIHUTh B BHJE NPOrPAMMHOIO KOJA, BBIOJHIEMOrO MNPOLECCOPOM C HCIOJIB30BAHHEM
T000T0 MOIXOMAIIEr0 MALIMHHOTO SI3bIKA, TAaKOro kak, Hampumep, Java, C++ wmm Perl, ¢
UCTIOJIb30BAHUEM, HANpPUMEP, TPAAULMOHHBIX WM OPUEHTHPOBAHHBIX HAa OOBEKT METOIOB.
IIporpaMMHBI KOA MOXKET COXPAaHATbCA KAk pPsij HMHCTPYKLUUH WJIM KOMaHJ Ha cpene,
CUHTBHIBAEMON KOMITBIOTEPOM, Ul XPAHEHUS WHWIN MepeNayd, MOIXOASIINE CPEAbl BKIKOYAIOT
3aMIOMHHAIOIIEE YCTPOMCTBO ¢ MPOU3BOJIBHON BBIOOPKOH (RAM), MOCTOSIHHOE 3alOMUHAIOIIEe
ycrpoiicteo (I13Y, ROM), MarHuTHyIO cpeny, >KEeCTKUH MAWCKOBOJN WM JUCKETY, WIH
ONTHUYECKYIO Cpeny, Takyr kak koMmakT-guck (CD) wnmu DVD (uudposoli yHHBepCalbHBINA
muck), pmm-namare u T.0. Cpena, cUUTBIBaeMasi KOMITBIOTEPOM, MOXKET MPEACTaBIATh COOOM
Tr00yI0 KOMOMHALIMIO TAKUX YCTPONCTB XpaHEHHS WM Nepenavu HHpOopMaIm.

Takue mporpammbl Takk€ MOTYT KOAMPOBATBbCS U MEPENABATBCS € HCMOJIb30BAHUEM
CHUTHAJIOB HOCHUTENS, aanTUPOBAHHBIX AJIS Tepefayvd IO MPOBOIHBIM, ONTHYECKHUM H/HJIH
OecrpoOBOIHBIM CETSIM, COOTBETCTBYIOLIUM MpOTOKOJaM, Bkirodas HMurepner. Kak TakoBas,
cpena, CuuThIBaeMasi KOMIBIOTEPOM, COTJIACHO BOIUIOLICHUIO HACTOSINEro M300PETEHUS! MOXKET
OBITH CO3MaHA C WCIIOJIb30BAHMEM CHIHAJA JAHHBIX, KOAMPOBAHHOTO TAKUMH IPOTPAMMAaMHU.
Cpena, cuutbiBaeMasi KOMIIBIOTEPOM, KOAMPOBAHHAS MPOTPAMMHBIM KOJOM, MOXET ObITh B
MAKeTe C COBMECTHUMBIM YCTPOWCTBOM WJM MPEAOCTABJIEHA OTAENBHO OT APYIHX YCTPOMHCTB
(marmpumep, nepeceuiatbes yepe3 MHTepuet). JltoOas Takas cuuThiBaeMasi KOMIIBIOTEPOM Cpena
MOKeT ObIThb pa3MellleHa Ha WIM B Tpeneiax OTHAENbHOrO KOMIBIOTEPHOTO IPOTPAMMHOIO
npoaykTa (Hampumep, SKeCTKUI JTUCKOBOJA WJIH LeNas KOMITBIOTEPHAs CUCTEMA), 1 MOXKET OBITh
NpeACTaBJIeHa Ha WJIM B paMKax Ppas3JIUYHBIX KOMIBIOTEPHBIX MPOrPaMMHBIX NPOAYKTOB B
cucreMe niau cetd. KoMmproTepHast CUCTEMa MOKET BKJIIOYAaTh MOHUTOpP, NPUHTEP WU APYrOu
MOJXOASALINI TUCTUIEH Ui PEAOCTABIIEHHS MOJIB30BATEIIO JIIOOBIX PE3YJIbTATOB, YKa3aHHBIX B
JAHHOM OIMCAHUU.

IIpumep KOMIBIOTEPHOH cucTeMbl mokazaH Ha ¢ur.9. Ilomcucrembl, MoOKa3aHHBIE HA
¢ur.9, coenuHsOTCS MeXay cobol cucremMHoi muHONW 975. IlokasaHbl AOMOJHHUTEIbHBIE
MOJICUCTEMBI, Takue Kak npuHTep 974, knaBuarypa 978, ¢uxkcupoBaHHbBIA TUCK 979, MOHHUTOD
976, KOTOpBIN coenuHeH ¢ anantepoM nucties 982, u apyrue. [lepudepudeckue yCcTponcTBa U
ycrpoiictBa BBOma/BeiBoAa (I/O), koTopwle coemuHeHbl ¢ KOHTposuiepoM /O, Moryr ObITh
COEIMHEHbI C KOMITBIOTEPHOI CHCTEMON JIFOOBIMU CPEACTBAMH, U3BECTHBIMH B TEXHUKE, TAKIMH

KaK TocjenoBarebHbli nopt 977. Hanpumep, U1 IpUCOSAMHEHUST KOMITBIOTEPA K TNI0OANIBbHOM
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ceTH, TakoHl kak MHTepHeT, yCTpONCTBY BBOJA [AHHBIX WJIM CKaHEPY MOXHO HCIOJIb30BaTh
noclenoBaTeIbHblil mopT 977 wnu BHewHN uHTepdetic 981. CoennHeHne yepe3 CHCTEMHYIO
LIMHY [O3BOJIIET KOMMYTHPOBATh LIEHTPAJIbHBIN mpoueccop 973 ¢ KakIOW MOACUCTEMON M
KOHTPOJIMPOBATb  BBINOJHEHHE HWHCTPYKLUM M3 3alOMHUHAKOIIEN cucremel 972 wunn
¢ukcupoBaHHOro gmucka 979, a Takke oOMeH wuHpOpMaLMeHd MeXKIy MOJCUCTEMAaMH.
3anomuHaromas cucrtemMa 972 w/mnm (QUKCHUPOBAHHBIM AUCK 979 MOTYT COCTaBISATH YacTh
CUUTBIBAEMON KOMIIBIOTEPOM CPEBIL.

IIpuBeneHHOE BBILIE ONMHCAHHE MPUMEPOB BOIUIOLIEHUS] M300pETEHHs MPEACTABICHO B
LeJsIX NOosicHeHus U onucaHusa. He mpennosaraercsi, 4TO OHO SIBJSE€TCS UCUEPIBIBAIOIIUM HIIH
OTrpaHUYMBaeT H300pEeTeHHE TOYHO ONMHMCAHHOW (OPMOH, M B CBET€ ONHCAHHOIO BBIIIE
BO3MOJKHBI MHOTHE MoAu(uKanuu M Bapuauud. BomomeHus BbIOpaHBl M ONHMCAHBI IS
HAMJTYYIIero MOHNMAaHUs MIPUHIIUIIOB H300PETEHNS U €r0 MPAKTUYECKUX NPUMEHEHUH, KOTOpbIe
MO3BOJIIT JIPYTMM CIIELHAUCTaM B JAaHHOW OOJAacTH TEXHUKH MPHUMEHSATh H300peTeHue
HAMITYy4YIIuM 00pa3oM B PAa3IMUHBIX BOIUIOLICHUSX M PA3IMYHBIX MOAU(DHUKAIMIX, KOTOpPbIE
MOAXOAAT AJISL ONIPENEEHHOTO MPEANOaraeMoro NpUMeHEeHHsI.

Bce nybOnukanmu, maTeHTHl U 3asIBKU HA MATEHT, [IUTUPOBAHHBIC B JAHHOM OIHCAHUH,

BXOZAT B HErO B Ka4UE€CTBE CCBIJIOK.
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DOOPMVIJIA U30BPETEHHMA

1. Crnoco0 BBINOJHEHUS TIPEHATANIbHON IUATHOCTUKU (PEeTabHOH XPOMOCOMHOMN
AHAYIUIONIUN B OHMOJIOTHYECKOM o00paslie, MOJIYYeHHOM OT OEpeMEHHOHW >KEHIIWHBI, TIe
Ouonornyecknii 0Opasel BKIIFOYAET MOJIEKYJIbl HYKJIEHHOBBIX KHCIOT, BKIFOYAOIINN

noJiy4eHrne ONoIOrnIeckoro odpasia,

CEKBEHHUPOBaHUE, N0 MeHbIIEH Mepe, YaCTH MHOKECTBA MOJIEKYJI HyKJIEHMHOBBIX KUCJIOT,
comepamuxcss B OuoyorndeckoM oOpasne, TIJe CeKBEHHPOBAaHHAs 4YacTb MPEACTaBISIET
(dpakIuro TeHOMa YeJIOBEKa,

Ha OCHOBE CEKBEHHUPOBAHMUSI

ONpefieNieHne MEepBOro KOJUYeCTBa IEepPBOH XPOMOCOMBI U3 IOCJENOBATEIbHOCTEH,
UICHTU(QUIMPOBAHHBIX KaK MPOUCXOISIINE OT MEPBOH XPOMOCOMBI,

OmpefieieHHe BTOPOro KOJMYECTBA OJHON MM HECKOJbKUX BTOPBIX XPOMOCOM U3
MIOCIIEIOBATEIbHOCTEH, HISHTH()ULMPOBAHHBIX KaK IPOUCXOAAIINE OT ONHOH M3 BTOPBIX
XPOMOCOM;

ompefieNieHre napaMeTpa U3 NepBoro KOJIM4ecTBa U BTOPOTrO KOJIUYECTBA,

CpaBHEHMeE NapameTpa ¢ OAHUM UM HECKOJBKUMHU NTOPOrOBbIMHU 3HAUYEHUSMU, U

HA OCHOBaHHM CPaBHEHHs OIpenesieHHe KilacCH(HMKALWUU TOTro, UMeeTCsl U (eTambHast

XPOMOCOMHAsl aH3YIUIOUMS B CiIydae NepBOH XPOMOCOMBI.
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knaccudukaumio Toro, MMeeTcs 1 deTaibHas XpoMo-
COMHasi aH3yNnoWans B cryyae nepsoi XpPOMOCOMb!

I dur. 2
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Tpucomua 21
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our. 3A

cnennon NMUP ZFY/ZFX (%)
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MpoueHT detansHol AHK, onpeaenerHbli aHanmsamm

MUKPOrnapPOanNHaMN4ecKkon Hu

(%) BMHEgOdUHDEND OloHALBULRdRL OJOHENIDIRW
WOMHREOEGLOLIOU D A 19W0D0WOdX UB1I0HILR1e80TaLI0U
ALHanodu ou uigHHaLRTaduUo “WHT noHaueLad LHatod|]

dur. 3B
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dur. 4A

Paznnume B npoueHTax mexay npeacTaBNeHHOCTLIO

xpomocoM B [IHK rnasmbi 8 ABYX Cnyyasx

PR UL U N
S N I = Y
1

A
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Pasnnuue B NpoLeHTax B NpeacTaBeHHOCTN XpoMocoM (%)

3]
e
WK

123 4586 7 89 101112131415 1617 18 192021 22

Xpomocoma

dur. 4B
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13

(@] o ©o ~ © w <

(%) aweewu noxMdHudaLew g
12 1AW0D0WOdX YDLO0HGLRLRE0TaLI0U
W1D0HHauaedTaduxdead gHaUaL)

KoHueHTpauus dpakumm dpetansHon AHK (%)

dur. 5



Obuwee

Obuiiee UNCNO Cex- Lons Yucno cekpe-  Jons UO
YUCNO CEKBE- BeHUPOBaH- reHoma Yucno HUPOBaHHbIX reHomad
Obpaszey HUPOBAHHbLIX  HbIX Nap yenoseka Yucno UO UO/obuiee nap ocHoBaHwii  UesioBeka
MEeTOK OCHOBaHUM (%) yucno (%) uo (%)
06*;3231‘3‘4 1 112E+07  4.02E+08 13.4 1,.93E+06 17.3 6.94E+07 2.31
06‘?2313” 2 1.04E+07  3.73E+08 12.4 1.80E+06 17.4 6.50E+07 247
06132319” 3 8.90E+06  3.20E+08 10.7 2.09E+06 23.4 7.51E+07 2.50
Oﬁﬁa;f” 4 1.02E+07  3.69E+08 12.3 2.23E+06 21.7 8.02E+07 2.67
Obpaseu5 4 06E+07  3.835:08 12.8 2.12E+06 19.9 7.62E+07 2.54
3ynanﬂHbIM
Obpasel 6 g 58E+06  3.45E+08 11.5 1.91E+06 20.0 6.88E+07 2.29
3YIIOMAHbBIN
Obpaseu7 g 55E+06  3.44E+08 11.5 2.01E+06 21.0 7.22E+07 2.41
3YTUIONAHBIN
O6paseu8 g 09E+06 3.27E+08 10.9 2.09E+06 23.0 7.53E+07 2.51
3YTIOUAHBIA

dur. 6
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Yucno nocnenosarenuHocTen
B KKA0M NOAMHOXECTBE

60,008
120,665
100,608
240,856
330,608
360,606
426,000
480,000
$40.000

Cpegree
1.322%
1.32%
1.322%
1.322%
1.322%
1.322%
132%
1.322%
130%

DynnouaHbIA

5D
0.036%
0.0202%
0.016%
0.013%
0.011%
0.010%
0.085%
0.009%
0.008%

SnpoueHtunbH5 npoteHtnnb Cpeanes

1250%
1277%
1291%
1.285%
1301%
1302%
1303%
1305%
1 306%

1.395%
1.357%
1.3593%
1.349%
1.344%
1343%
1.341%
1.38%
138%

1355%
1.355%
1.355%
1355%
1.355%
1.355%
1.355%
1355%
1355%

T21 5%}
SnpotieHTnns §5npoueHTns
1283% 1.428%
1I3N% 1.400%
13204% 1.385%
1328% 1.382%
1334% 1.377%
1.335% 1.376%
133%6% 1.374%
1338% 1.372%
1330% 1.372%

HNo
fo
Mo
Na
HNo
He
Na
Ves

Cpensee
{.388%
1.383%
1.388%
1.388%
1.388%
1.388%
1.388%
1.388%
1.3058%

dur. /

T21 {10%)
SnpoyeHTib 858 npoyeHune
1316% 1.451%
1344% 1.433%
1357% 1.420%
1361% 1.418%
1367% 1.410%
1368% 1.48%
1369% 1.407 %
13711% 1.405%
1372% 1.405%

No
No
Yer
Yes
Yex
Yes
Yes
Yex
Yex

Cpeatee
1.454%
1.454%
1.454%
1.454%
1.454%
1.454%
1.454%
1.454%
1.454%

£npoueHTUL 9§ NPoUEHTWIL

1.282%
1.410%
1.423%
1A%,
1.433%
1.434%
1.435%
1.437%
1.438%

T21 26%)

1527%
1.499%
1.486%
1.481%
1.476%
1.476%
1.473%
1.411%
1.471%

No
Yex
Yax
Yes
Yes
Yex
Yex
Yax
Yex
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CexsenmpoBaH-| OBpasey | O6pasey Obpasey | O6pasey | O6pasey O6pasey | Obpasey | O6pasey
Has MeTKa, 1 2 3 4 5 6 o
no nopsaky T21 T21 T21 T24  PYNIOWNAHBIASYNNOMAHBIABYNIONAHBINA | 3YNNOUAHBIA
1 9796394] 9798087| 9798123| 9795700 9797841| 9795972 9796536 9795601
2 9797424, 9798402 9798250, 9797860 9798176| 9796549 9795863 9797404
3 9797438 9798708| 9798715 9797864 9798835 9797359 9798161 9798117
4 9798112] 9799733| 9799467\ 9798106] 9800315 9797418 9798401 9798175
5 9798394 9799852 9799730] 9799209 9800385 9797446 9798722| 9798387
6 9798729 9800362 9799788, 9799440 9800554] 9797860/ 9799752 9798816
7 9798768 9800914 9799834 9799440 9800820| 9798062 9800317 9799732
8 9798816] 9801528| 9800332 9799741| 9800829| 9798135 9800800 9800144
9 9799421| 9801779 9800869 9799812 9800832] 9798707 9801380 9800421
10 9799464] 9803801| 9800881 9799833 9800866| 9798715 9801699 9800827
dur. 8A
Cexsenmposaran |  O6pasey 1 O6pasey 3 O6pasey J O6paseu 4 Opasey § O6pasey § Obpasey 7 Obpasey 8
METKa, N0 NOPSAKY T21 T21 T21 T21 BYNIOVAHBINA| 3YFRAOMAHDINA | 3YMTONMAHBIA | 3YNIOUAHLIN
1 14469232 14510976] 14510792 14510867 14434681! 14510711 14512069 14510996
2 14503781] 14511307| 14510807 14511312 14506660, 14510835 14512407 14522947
3 14510805 14511512 14510886] 14511983 14511219 14511308 14522879 14530478
4 14510824 14511755 14511816] 14522914] 14511328 14511354 14609732 14565255
5 14510965 14511774] 14512410 14522978 14511377] 14511703 14628248 14609733
6 14511369 "14512067] 14522944] 14523028 14511432] 14511703] 14675246] 14628261
7 145117020 14512190 14523047| 14565245 14511597 14512184l 14675250, 14668784
8 14511738 14522891] 14564769 14628257 14511755 14512204 14680184 14680163
9 14523000, 14539630, 14565205 14635374] 14512204 14524806] 14692539 14689547
10 14524823 14541260 14565251 14665101] 14512204 14565230, 1469411 14689592

dur. 8B
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4 4 Y 4 4
MNocn - - %
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