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(57) PackpeiTel crocoGbl onpenenenust Bapuauuu uucna xommi (BUK), koropas onpeneneHHo win
MPEANONIOKUTEIBHO CBA3aHA C MHOXECTBOM MEAHWIUHCKHX COCTOSHHHA. COrmacHO HEKOTOPBIM
BapHaHTaM peaJH3aldd MPEINIOKECHBl CIIOCOOBI ONpENeICHUS BapHallii YWCIIa KOMUH IUIONOB C
MPUMEHCHAEM MAaTCPUHCKHX O0O0pa3lloB, COMACpPXKAIIMX MaTepuHCKYlo U Oeckierounyro JIHK mmoxa.
CorlacHO HEKOTOPBIM BapHaHTaM pealn3allii MpemasioxKeHbl crocolsr ompenenenust BUK, koropsre
OTIpeIeIIEHHO WM TIPEATIONOKHUTEEHO CBA3aHBI ¢ MHOXKECTBOM MEIUIIMHCKUX COCTOSHUI. B HEKOTOPHIX
BapUaHTaX peajH3allii, PACKPBITHIX B HACTOSIIEM JIOKYMEHTE, MPEIOKCHBI CIIOCOOBI YITy4IICHUS
YYBCTBUTEIBHOCTH W/WIH CHEHU(PUYHOCTH aHAJIW3a IAHHBIX O IIOCJIEAOBATEIBHOCTH TOCPEICTBOM
omperneNieHus Tapamerpa pasmepa ¢parmeHTa. COrTaCHO HEKOTOPHIM BapUaHTaM peaTH3alddl Uil
OIICHKM BapHalMii YMCIIa KOMHA MPUMEHSIOT WHPOPMAIUIO MO (pparMeHTaM pas3aHyHBIX Pa3MepoB.
CortacHO HEKOTOPHIM BapHaHTaM peaTH3alyy JJIS OLEHKH BaphaIlid Yuciia KONUA MPUMEHSIOT OIWH
win Oosiee mapaMeTpoB t-CTaTUCTUKH, TIOTYICHHBIX U3 HHPOPMAIIUH O TIEPEKPBITHH OCIIEI0BATEIFHOCTH,
npezcTaBisoneit uarepec. CoracHO HEKOTOPHIM BapUaHTaM PEaIM3aIlUH JIJIs OTIPEICIICHUS BapHaIui
YHcia KoM OaHY WM Oosiee OIeHOK (ppakiuu oga oObeANHSIOT ¢ OMHUM WK OoJiee mapaMeTpamMu
t-CTaTUCTHUKU.
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IepexpecTHasi cCHLIIKA HA POJACTBEHHBIE 3asIBKH

3asiBKa Ha HACTOSIIUIA MATEHT WCIPAIIUBACT MPHOPHUTET coriacHo pazaeny 35 § 119(e) Coma 3akoHOB
CIIIA Ha ocHOBaHWHW TpeaBapuTenbHOM 3asBkH Ha mateHT CIITA Ne 62/290891, o3zarnasnenHoii "IIpuMenenue
pasmepa ¢parmenta Oeckirerounoit JJHK mns ompenenenus Bapuanmii uucia xomwid", mogaHHoW 3 ¢eBpais
2016 r., u 3asBku Ha mateHT CIIA Ne 15/382508, o3zarnasnennoii "IIpumenenue pazmepa pparmenra Oeckie-
tounoit JIHK mnst onpenenenus Bapuanuii yncina konui'", moganHon 16 mexadpst 2016 T., KOTOpBIE TOTHOCTHIO
BKITIOYEHBI B HACTOSIIEE H300PETEHNE TIOCPEACTBOM CCBUIKH JUTA BCEX IIeIei.

YpoBeHb TeXHUKH

OnHUM W3 BaXHEUIIMX HAYMHAHUI HCCICIOBAHUSIX B OOJACTU MEAWIIMHBI YCIOBEKA SBISCTCS OTKPBITHE
TCHETUYECKUX aHOMAIIUH, BBI3BIBAIONIMX HEOJIArONMPUATHBIC TOCIEIACTBHS IS 30POBbS. Bo MHOTHX ciydasx
ObUTH HICHTU(GUIIMPOBAHBI KOHKPETHBIC TCHBI H/JIH BaXKHBIC TUATHOCTUYCCKUE MApKephl B YaCTSIX TeHOMA, KO-
TOpBIC MPUCYTCTBYIOT B aOHOPMANBHBIX KOJIMYECTBAaX Komuil. Hampumep, B MpeHATAbHON JUATHOCTHUKE 4acTO
BCTPCYAIOIIMMHUCS TeHCTHICCKUMU TMOPAKCHUSIMU SBILSIFOTCS JOTIOJTHUTEIFHBIC HITH OTCYTCTBYIOIIUC KOIIMH TIe-
JBIX XpoMocoM. [Ipu pake 4acThIMU COOBITHUSIME SIBISIOTCS ACTCIHS MIIH YMHOKCHUE KOIUH HENIBIX XPOMOCOM
WIIA CETMEHTOB XpPOMOCOM U 00Jiee BEICOKHH YPOBEHb aMIUTH(UKAIIH OTIPEICIICHHBIX 00J1acTeil reHoMa.

Bonbmras gacte mHGOpMaru o Bapuanun ducia konui (BUK) Oblia momydeHa mocpeacTBOM IIUTOTEHE-
THYECKOTO pa3pemIeHns, KOTOpOoe 00eCIIeumyio paclio3HaBaHNue CTPYKTYPHBIX aHOMAaJHi. B o0menpuHITEIX Tpo-
Heaypax TeHETHYECKOT0 CKPUHUHTA M OMOJIOTHIECKOHN TO3MMETPHUH C LENBI0 MOTYYCHUS KIETOK I KapHOTH-
MIYECKOTO aHaln3a MPUMEHSIIOT WHBAa3WBHBIC IPOIETypHI, HAIPHUMEP, aMHHOLIEHTE3, KOPIOLEHTE3 WIH Ono-
nicuto BopcuH XoproHa (bBX). B ¢cBs3u ¢ oco3HanneM nmoTpeOHOCTH B O0Jiee OBICTPBIX METOJaX MCCIIEIOBaHUS,
JUIL KOTOPBIX HE TpeOyeTcs KyJIbTHBUPOBAHHUE KICTOK, OBLTH pa3paboTaHbl (UIyOpEeClCHTHAS THOpUAM3aNUs in
situ (fluorescence in situ hybridization, FISH), konmmuecrBennas ¢ayopecuentnas TP (K®-IIL[P) u marpukc-
Has CpaBHMTEJIbHAsI TeHOMHasi ruOpunu3anus (array-Comparative Genomic Hybridization, array-CGH) B kaue-
CTBE MOJICKYJIIPHO-IIUTOTCHETUUCCKUX CIIOCOOOB TS aHATN3a BapUAIIMI YUCIIa KOTHH.

[NosiBeHME TEXHOIOTHIA, MO3BOJISIOMINAX MPOBOIUTH CCKBEHHUPOBAHUE LIEIBIX TCHOMOB B TCUYCHHE OTHOCH-
TEJIHHO KOPOTKOTO TIEpHOJa BPEMEHH, W OTKpBITHE IMpKyupytomier Oecknerounor JTHK (cell-free DNA,
ciiJIHK) oGecrnieunsio BO3MOKHOCTh CPaBHUBAThH CPaBHUBAEMBIN M€HETHUECKUIA MaTepHall, TIOIYyIeHHBIH U3 OJI-
HOW XPOMOCOMEI, C APYTHM MaTEepHaJIOM JAPYTOoil XPOMOCOMEBI NIPH OTCYTCTBHU PUCKOB, CBSI3aHHBIX C MHBA3WB-
HBIMH cTioco0aMu 0TOOpa 00pasiia, 9To oOecrieunBaeT HHCTPYMEHT IS THarHOCTUKH Pa3IMIHBIX BUIOB Bapua-
LUMH YUCIIa KOMUN TeHETUUECKUX T0CIeI0BATEILHOCTEH, MPEICTABIAIONINX HHTEPEC.

OrpaHnyeHHs CyIIECTBYIOIINX CIIOCOOOB HEMHBA3MBHOI IpEHATATbHON NTHArHOCTHKH, BKIIOYAIOMIAE He-
JIOCTAaTOYHYI) YyBCTBUTEILHOCTh, KOTOpAsl SIBISETCS CIEACTBHEM orpaHuueHHBIX ypoBHel ci/IHK, u morperni-
HOCTh TEXHOJIOTHI CEKBEHHPOBAHUS, KOTOPAS SBJIACTCS CIICJCTBHEM MPHUPOTHBIX CBOWCTB TCHOMHOMN MH(pOpMa-
1IN, JIEXKAT B OCHOBE COXPAHSIONIEHCs MOTPEOHOCTH B HEMHBA3MBHBIX CIIOCO0aX, KOTOphIe obecriednn Obl BCE
WIA YaCTh W3 CICHU(PUYHOCTH, YYBCTBUTCIBHOCTH U TPUTOJHOCTH JJS HAJCKHOW IMATHOCTUKH U3MCHCHHU
YHCcIia KOMUH B Pa3IHYHBIX KIMHIYECKUX YCIOBUAX. BBLTO MOKa3aHo, 4TO B IIa3Me OCpEeMEHHBIX KCHIIMH CPEeI-
Hue auuHbl pparmentos ci/IHK mmona siBnsrorcst Oonee KopoTkumu, deM ¢parMeHToB MarepuHckoit cii/IHK.
Oty pazauiy mexay matepuackor ci/IHK n cii/IHK mioga ucnons3yioT B MPEAIOKEHHOM B HACTOSIIEM JOKY-
MeHTe penteHnn ais onpeneneHus BUK w/wmm dpakiuu miona. BapuaHTel peanu3aiini, pacKpbIThbie B HACTOS-
IeM JOKYMEHTE, YIOBICTBOPSIOT HEKOTOPHIE W3 yKAa3aHHBIX BHIIIE MOTpeOHOCTEeH. HekoToprie BapHaHTH pea-
JU3aIId MOYKHO OCYIIECTBUTH C MpUMEHeHHueM OmnOimoTeku, noimydenHon [1P, B coueTaHnn ¢ ceKBEeHHPOBa-
HUeM cnapeHHbIX koHIoB JIHK. HekoTopbie BapraHTHI peanu3aliuu 00eCTeYHBAOT BBICOKYIO aHAITUTHYECKYIO
YYBCTBUTEIHHOCTh U CIICHU(PUYHOCTD [T HCHHBA3UBHOM MPEHATANLHON TUATHOCTUKU M JHATHOCTHKH MHOXC-
CTBa 3a00JICBaHUH.

Kpartkoe onucanne n3o0pereHus

CornacHO HEKOTOPHIM BapHaHTaM PEAM3allMU MPEUI0KEHBI CIIOCOOBI OMPECIICHHS BapHAIlUH YHCIa KO-
i (BUK) mo6oit u3 aneyrmonanii miona u BUK, koTopas onpeneneHHO WM MIPEATIONOKNATEIBHO CBA3aHA C
MHO)KECTBOM MEAMIMHCKUX cocTossHii. BUK, koTOpBIe MOXHO ONpeneNnTh COTIacHO HAaCTOSIIEMY CIIOCO0Y,
BKITIOUAIOT TPHCOMHUH ¥ MOHOCOMHH JII000# oxHON mim OoJiee u3 XxpomocoMm 1-22, X u Y, Apyrue moaucoMuu
XPOMOCOM U JICNIEITUU W/WIIH TYTUTUKAINKA CETMEHTOB JIF000H 0MHOW miu Oosee xpoMocoM. COrilacHO HEKOTO-
pPBIM BapHaHTaM peau3aliiy CrocoObl BKIIOUAOT uaeHTudukanmio BUK B mocienoBaTensHOCTH HYKJISHHOBOM
KHCJIOTHI, TIPE/ICTABIIONICH HHTEpEC, HalpUMep, KITMHIYECKH 3HAYNMON ITOCIIEIOBATEIHHOCTH, B UCCIIEAYEMOM
obpasme. Crioco0 MO3BOJSET OLEHUTH BapHAIMIO YHCIa KONMA KOHKPETHOH IMOCIIeNIOBAaTEIbHOCTH, MPEICTaB-
JISAIOIIEeN UHTEpecC.

CornacHO HEKOTOPHIM BapHaHTaM PEalU3allly CIOCO0 PEeaan3yIoT ¢ MPUMEHEHHUEM KOMITBIOTEPHOU CHUC-
TEMBI, KOTOpasi COACPIKUT OJUH WIH 0OJee MPOIECCOPOB M CUCTEMHYIO MaMsTh JUTs OICHKH YHClia KOMUH IMo-
CJIC/IOBATENILHOCTH HYKJICMHOBOW KHCJIOTBI, IPECTaBIISIONIEH HHTEpEC, B UCCIEAyeMOM 00pasiie, coJepiKalieM
HYKJICHHOBBIC KUCJIOTHI OJTHOTO WK 00JIee TCHOMOB.

OOMH acreKT HACTOSAMIETO W300pEeTEHHsI OTHOCHUTCS K CHOCOOy OIMpEeNeNiCHHs BapHalldk YHCiIa KOTIHMA
(BUK) mocnenoBaTeIbHOCTH HYKJICHHOBOW KUCIIOTHI, TIPEACTABISIONICH HHTEpEC, B UCCIEYyeMOM 00paslle, Co-
JieprkarieM GpparMeHThl 0ECKIIETOYHOW HYKJIEHHOBOW KUCIIOTHI, TTOJMyYEeHHBIC U3 IBYX MU Oojee TeHoMoB. Crio-
€00 BKJTIOYAET (a) MpreM PUAOB MOCIISOBATEILHOCTH, TIOJYUYEHHBIX B PE3yJbTaTe CEKBEHUPOBaHUS ()parMeHTOB
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OCCKIICTOYHON HYKJIIEHHOBOM KHCIIOTHI B UCCIieyeMoM o0pasiie; (b) BEIpaBHUBAHHE PHIOB MOCICIOBATEIEHOCTH
(hparMeHTOB OECKICTOYHON HYKJICHHOBON KHCJIOTHI WM BBIPABHUBAaHUE (PParMEHTOB, COACPKAIIUX PUABI TMO-
cienoBaTelbHOCTH, ¢ Omokamu (bins) pedepeHCHOTO reHoMa, COAEPKAIIETro MOCIeI0BaTeILHOCTD, MPEICTaB-
JSIOIIYIO MHTEPEC, C MOMyYeHHEM, TaKuM 00pa3oM, METOK HCCIIECAyeMON MOCIe0BAaTEIEHOCTH, IPHYeM pede-
PEHCHBIN TEHOM paszelieH Ha MHOXKECTBO OJIOKOB; (C) ompenecHue pazMepa GparMeHTOB, 110 MEHBIIIEH Mepe,
HEKOTOPBIX (parMeHTOB OECKIETOYHOW HYKJIEMHOBON KHUCJIOTHI, MPUCYTCTBYIOMIMX B UCciemyeMoM obpasiie; (d)
BBIYUCIICHHIE TIEPEKPHITHIA METOK ITOCIICIOBATEIHHOCTH IS OIIOKOB pepepeHCHOro TeHOMa IS KaKAOTo Oloka
nocpeAcTBOM (i) OTpeIeICHNs KOJIMIECTBA METOK TOCIIEIOBATEIILHOCTH, KOTOPhIE BEIPABHUBAIOTCS C OJIOKOM, U
(i) HOpMUPOBAHUS KOJIMIECTBA METOK TOCIICAOBATEILHOCTH, KOTOPBIC BRIPABHUBAIOTCS C OJIOKOM, TOCPEICTBOM
BBIYUCIICHHUST MEKOJIOKOBBIX BapHAIUii, BBI3BAHHBIX (PAKTOPAMH, OTIIMYHBIMHA OT BapHAIMH YHCIa KOMHI; (€)
OTpeieIICHUE t-CTATUCTUKY JUTSI TOCIICI0BATEIBHOCTH, IPEACTABIISIONICH HHTEPEC, C MPUMEHCHHUEM TePEKPBITHI
OJIOKOB B TIOCJICJIOBATEIIEHOCTH, MPECTABISIONICH HHTEPEC, H IEPEKPBITHIA OJIOKOB B pehepeHCHON 00JIaCTH IS
MOCJIEIOBATEILHOCTH, MpeacTaBsitonied uatepec; u (f) ompenencHue BapHalldy YMCIAa KOMHHA B TMOCIEIOBA-
TENBHOCTH, MPEICTABIAIONICH HHTEPEC, ¢ NPUMCHEHHEM OTHOIICHHS IPaBIOMON00Ms, BBIYUCICHHOTO t-
CTaTHUCTHKE, ¥ HH(OPMAIIMHA OTHOCHUTEIFHO pa3Mepa (pparMeHToB OeCKIeTOUHON HYKJICHHOBOW KHUCIIOTHI.

CorylacHO HEKOTOPBIM BapHaHTaM peallu3alliy CIoco0 BKIIOYAET OCyIecTBIeHHe 3TanoB (d) u (e) aBaxk-
IIBI, OJMH pa3 Jjs pparMeHTOB B MEPBOM JIOMEHE pa3MEpOB M MOBTOPHO A ()parMEHTOB BO BTOPOM JOMEHE
pa3mepoB. CoritacHO HEKOTOPHIM BapHaHTaM peaU3alliy IMEePBBIH JOMEH Pa3MepOoB BKIIOYAET PparMeHTHl Oec-
KJICTOYHOW HYKIEHHOBOH KHCIIOTHI, IO CYIIECTBY, BCEX pa3MepoB B 0Opasiie, ¥ BTOPOIl JOMEH pa3MepOB BKIIIO-
YaeT TONBKO (parMEeHTH OECKIIETOYHON HYKJICHHOBOW KHCJIOTHI, MEHBIIHE, YeM 3adaHHBIA pa3mep. CoriacHO
HCKOTOPBIM BapHaHTaM pealu3alliyd BTOPOI JOMEH pa3MEpoOB BKIIOYAET TOJIBKO ()ParMEHTHI OCCKICTOYHOU
HYKIICHHOBOW KHCJIOTHI, MEHBIIIHE YeM puoIu3uTenbHo 150 m.o. CorllacHO HEKOTOPBIM BapHaHTaM pean3aiii
OTHOIIICHHE MPABIOTOA00HS BEIYHCIISIOT IO MEPBOM t-CTATUCTHKE IS ITOCIICIOBATCIBHOCTH, MPEICTABISIONICH
UHTEpEC, C MPUMEHEHUEM METOK MOCIICI0BATEILHOCTH I (JParMEHTOB B IIEPBOM JHAMA30HE pa3Mepa U U3 BTO-
pO¥i t-CTATHCTUKU s MOCICAOBATCIBHOCTH, TPEACTABIAIONICH WHTEpEeC, ¢ MPUMEHCHUEM METOK IOCIe0Ba-
TENBHOCTH U (PParMeHTOB BO BTOPOM JIMAIa30HE pa3Mepa.

CornacHO HEKOTOPHIM BapHaHTaM peaju3alii OTHOIICHHWE MPaBIOIONO0MS BEIUHCIIOT B BHIE IEPBOTO
MIPaBAONOIO0NS TOTO, YTO UCCIIEMyeMbIi 00pa3ell MpeacTaBiseT co00il aHeYIIIIONTHBIA 00pa3ell, OTHOCUTEIBHO
BTOPOTO MPABIOTIONO0HS TOTO, YTO UCCIEAYEMBI 00paselr MpeacTaBIseT co00H YIIIOUIHBINA oOpa3err.

CornacHO HEKOTOPHIM BapHaHTaM PEaM3alydy OTHOIICHHWE MPaBIAONOJO0MS BBIYHCIIIOT 110 OJHOMY WIIH
Oonee 3HaYeHUAM (DpaKIUU IUI0/A B AOIMOJIHEHHE K t-CTATHCTHKE M WH(GOPMAIIUK OTHOCUTEIBHO pasMepa (par-
MEHTOB OCCKJIETOYHOW HYKJICHHOBOW KUCIIOTHI.

CornacHO HEKOTOPHIM BapHaHTaM peau3alid OMHO Win Oojice 3HAYCHHU (HpaKIHMU IUIO/A BKIFOYAIOT
3HaYCHHE (PPaKIUU IUI0JA, BEIYMACICHHOE C MPUMEHECHHEM WH(POPMALIUU OTHOCUTEIHHO pa3MepoB ()parMEHTOB
OCCKIICTOYHOW HYKJICHHOBOU KHCIOTHL. COTJIACHO HEKOTOPHIM BapHaHTaM pealH3alyd 3HaYCHUE (PpaKIuy ILI0-
Jla BBIYHCIISIFOT IMOCPEACTBOM: MONYUYCHHS PACIPEISIICHUS YacTOThl pa3Mepa (pparMeHTOB; U MPUMECHEHUS pac-
TpeJIeNICHHUs YaCTOTHI B MOJICIIH, YCTAaHABIMBAIOIICH B3aUMOCBSI3b MEKAY (hpaKIMell IIo/1a U YacTOTOH pa3Mepa
(parmenTa, ¢ mOITy4eHHEM 3HaUeHHS (paknuy 1rona. CorlacHO HEKOTOPHIM BapHaHTaM peasn3allid MOJIEIb,
yCTaHaBJIMBAIOIIAs B3aMMOCBSI3b MEXAY (paKureil mIoqa U 9acToToi pa3mepa (pparMeHTa, BKIII0YaeT OOBIIHYIO
JMHEHHYIO0 MOJIENTb, KOTOPasi COACPKUT MHOKECTBO ITAPaMETPOB M KOA(PPHUIINEHTOB IJIsI MHOKECTBA OIIOKOB.

CornacHO HEKOTOPHIM BapHaHTaM peajH3alliid OTHO WM Oojiee 3HaYCHHWH (paKIM{ IUIO/a BKIIOYAIOT
3HaueHWe (PpaKIuy TI0/a, BEIYUCICHHOE C MPUMEHEHHEM WHPOPMAIIUK O TIEPEKPHITHH 111 OJIOKOB pedepeHc-
HOro reHoMa. COrJlacHO HEKOTOPBIM BapHaHTaM peaM3allii 3HaYCHUE (DPaKIUM TUI0/Ia BEIYHCIISIOT OCPEICT-
BOM MPUMCHCHHS 3HAYCHUS TICPEKPBITHSI MHOXKECTBA OJIOKOB B MOJICIIH, YCTAHABIMBAIOMICH B3aHMOCBSI3b MEKIY
(dpaknueit mwioga U NepeKpeITHEM OJI0Ka, ¢ MOTydeHHeM 3HaueHus (pakiwn wrona. CoriacHoO HEKOTOPBIM Ba-
pHaHTaM pean3alui MOJIC)b, YCTaHABIIMBAIOIIAS B3aUMOCBSI3b MEXIy (DpakIueil Iioa ¥ MepeKpeITHEM OJI0Ka,
BKITIOYAeT OOBIYHYIO JIMHCHHYIO MOJENb, KOTOpas COMCPKHUT MHOYKECTBO MapamMeTpoB H KOIDOUIIMCHTOB s
MHOXecTBa 0JI0KOB. COTJIaCHO HEKOTOPHIM BapHaHTaM Peaji3aliid MHOKECTBO OJOKOB XapaKTePH3yeTCs BBICO-
KOH KOoppelsuen Mex Ity QpakIiiei 1mioa 1 MepeKprITHEM B 00ydaroniux oopasnax.

CornacHO HEKOTOPHIM BapHaHTaM peajn3alliid OMHO Wi Oojiee 3HaYCHHWH (paKIHM{ IUIO/Ia BKIIOYAIOT
3Ha4YeHHe (paKIHU TUI0/Ia, BEIYUCICHHOE C MPUMEHEHHEM YacTOT MHOXKECTBA 8-MEpOB, OOHAPYKEHHBIX B PH-
nmax. CorflacHO HEKOTOPEIM BapHaHTaM pEaNHN3aliy 3HadeHHE (PPaKIIUH TUI0/1a BEIYHCIISIOT MOCPEICTBOM: MPH-
MEHEHHS 4acTOT MHOXKECTBA 8-MEPOB B MOJEIH, YCTAHABIMBAIOMICH B3aMMOCBSI3b MEXIy (pakuueil mrona u
4acTOTOH 8-MepoB, C MONydYCHHWEM 3HadeHHs (Qpakiuu 1uioga. CorjjacHO HEKOTOPHIM BapHaHTaM pealu3alliy
MOJIEJb, YCTAHABIHMBAKOMIAs B3aMMOCBSI3b MEXAY (Ppakiuell MIofa W 9acTOTOW 8-Mepa, BKIOYAECT OOBIYHYIO
JUHEHHYI0 MOJENb, KOTOpas COJCPKUT MHOXKECTBO MapaMeTPOB W KOA(PPHUIIMECHTOB I MHOXKECTBA 8-MEpOB.
CorjacHO HEKOTOPBIM BapUaHTaM PEalU3allid MHOXKECTBO 8-MEPOB XapaKTEePH3YeTCs BBICOKOW KOppersiuei
Mexay (ppakiuer Ioaa U 4acToTol §-MepoB.

CornacHO HEKOTOPBHIM BapHaHTaM peai3alid OMHO Wiu Oojice 3HAYCHHWU (HpaKIHMU IUIO/A BKIIOYAIOT
3Ha4YCHHE (DpaKIMK IUI0Ja, BRIYUCICHHOE C MPUMCHEHUEM HH()OPMAIMK O MEPEKPHITUU I OJIOKOB TOJOBOM
XPOMOCOMBI.

CornacHO HEKOTOPBIM BapHaHTaM Peajli3alliy OTHOIICHHE MTPAaBIOTIOI00MS BEIYUCIISIOT O (hPaKIINA III0-
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Jia, t-CTATUCTHKE KOPOTKUX ()ParMEHTOB M t-CTATUCTHKE BCEX (PparMeHTOB, MpHUUEM KOPOTKHE (ParMEeHTHI MPE/I-
CTaBISAIOT COOOH (parMeHTHI OCCKICTOYHON HYKICHHOBOH KUCIIOTHI B TIEPBOM JHAINa3oHE pa3Mepa, MCHBIINE,
4eM pa3Mep-KpUTEpHid, U Bce (PparMeHTHI MPEICTABIAIOT CO00M (parMeHTHl OECKIETOYHOW HYKJIEHHOBOW KH-
CJIOTBI, BKJIFOUAst KOPOTKUE ()parMeHThI U PparMeHThl, O0oJiee JIIMHHBIE, YeM pa3Mep-kKputepuii. CorlacHO HEKO-
TOPBIM BapHaHTaM peaju3allii OTHOIeHUE paBaonoaoous (OB) BEIYHCIAIOT Kak:

OB = focmeapH. q(ffcymmapﬂ.)*pl (Txoporx.. Tacex!| f forr.)

>

Po{(Txoporx. Tocex)

IZIe p; IPEACTABISIET cO00i mpaBIonogooHe TOro, YTO JaHHBIE MOIYYCHBI H3 MHOTOMEPHOTO HOPMAaJIbHOTO
pacnpeeNieHus, IPEeACTaBIAIONIETO 3-KOMMMUHYIO HITH | -KOMMHHYI0 MOJEIh, Py MPEACTABISIET COO0H MpaBaoIo-
JI00HMe TOro, 4TO NAHHBIC IMOJyYeHBI M3 MHOTOMEPHOTO HOPMAJBHOTO PAcCHpeAeCHUs, MPEICTAaBIAIONIETO 2-
KonuitHy10 Mozenb, Tyoporc, Trcex MPEACTABIAIOT cOO0M T-moKa3aTeny, BEIYUCIEHHBIE 110 TEPEKPHITHIO XPOMO-
COM, TIOJyYEHHOMY U3 KOPOTKHX (parMeHToB M Bcex dparMeHToB, U q(ffcyaps) MpeacTaBiIsieT coboi mioT-
HOCTB pacrpeieieHus (PpaKIny IUI0ja.

CornacHO HEKOTOPHIM BapUaHTaM PealH3aldd OTHOIICHUE MPAaBIOMOJO0US BBIYHCISIOT IO OJHOMY WIIH
Ooee 3HAYCHUAM (PpaKIUM IUTOJA B JOMIOTHCHHE K t-CTATHCTUKE U MH(GOPMAIIMKA OTHOCHTEIBHO pa3Mepa ¢par-
MEHTOB OECKJICTOUHON HYKJICHHOBOH KUCIIOTHI.

CornacHO HEKOTOPHIM BapHaHTaM pealn3alliil OTHOIICHHUE MPaBIONOI00US BRIYHCISIOT JUII MOHOCOMUH
X, pucomun X, Tpucomuu 13, Tpucomun 18 wim tpucomuu 21.

CornacHO HEKOTOPHIM BapHaHTaM pPEaH3allid HOPMHUPOBAaHHE KOIWYECTBA METOK ITOCIICAOBATEIHHOCTH
BKITIOUAET HOPMUPOBaHHE ¢ yueToM cojaepxkanus GC B oOpasiie, HOpMUPOBAHHUE C YYETOM TI00ATBHOTO BOJHO-
BOTO MPO(UIIS BapHallK 00YyYaroiero MHOXECTBA W/MIIM HOPMHUPOBAHHUE C YIETOM OJHOHM WM Oojiee KOMIIO-
HEHT, TIOTy9€HHBIX U3 aHAJN3a TI1aBHBIX KOMITOHEHT.

CornacHO HEKOTOPBIM BapUaHTaM pPEalH3alyd OCIeI0BATEIFHOCTD, MPEICTABISIONIAS HHTEPEC, MPE-
CTaBJIIET CO00H XpOMOCOMY YeJIOBeKa, KOTOpasi BRIOpaHa M3 TPYIIII, COCTOSIIEH U3 XpOMOCOMEI 13, XpoMoco-
MBI 18, xpomocoMel 21, xpoMocoMbI X U XpOMOCOMBI Y.

CornacHO HEKOTOPHIM BapuaHTaM pealu3aliy pedepeHcHas o0yacTh MpecTaBisieT coboil Bce ycTonun-
BBIE XPOMOCOMBI, YCTOHYHMBEIE XPOMOCOMBI, HE COJIep KaIllle TOCIIEeI0BATEIBHOCTD, TPECTaBIISIONYI0 HHTEPEC,
M0 MEHBIIEH Mepe, XpOMOCOMY 3a IpeeaMH MOCIeI0BATeIbHOCTH, MIPEACTABISAIONIECH HHTEpEeC, W/WIN TOJ-
MHOYECTBO XpPOMOCOM, BEIOPAHHBIX U3 YCTOWYHMBEIX XpoMocoM. COritacHO HEKOTOPHIM BapHaHTaM peaji3aliu
pedepeHcHas 00JIacTh COACPKUT YCTOMUNBBIE XPOMOCOMBI, KOTOPBIE OBLTH OTIpeNeICHBI IS 00eCTICUeHNs HaH-
Jy4IIed CrocoOHOCTH OOHAPYKEHHS CHUTHAJIA JJIT MHOYKECTBa 00ydJaronux 00pasios.

CornacHO HEKOTOPHIM BapHaHTaM peasu3aliH CII0CO0 TaKke BKIIOYACT BRIYHMCICHHUE 3HAUYCHUN IMapaMerT-
pa pasmepa A OJIOKOB JJII KaKIOro OJIoKa MmocpeAcTBOM (i) OmpenesieHns 3HaUSHHUs IapaMeTpa pa3Mepa Ha
OCHOBAHUHU pa3MepoB (PparMeHTOB OCCKIICTOYHOIN HYKIICHHOBOW KUCIIOTHI B OJ0Ke U (ii) HOpMHPOBaHUs 3HAYe-
HUS MapaMeTpa pa3Mepa MOCPEICTBOM BBIYMCIICHUS MEXOJIOKOBBIX BapHallWil, BEI3BAHHBIX (PaKTOPaMH, OTINY-
HBIMHU OT BapHanuu yucia xomuil. Croco0 Takke BKIIOYACT OMpeeiicHHE t-CTATUCTHKY Ha OCHOBAHHUH pa3Mepa
JUTSL TIOCIICIOBATEIBHOCTH, TIPECTABIISIONICH HHTEpEC, C IPUMCHEHHEM 3HAUCHUI MapaMeTpa pa3mMepa OJIOKOB B
TMIOCJIC/IOBATENILHOCTH, TIPEJICTABIIAIONIEH HHTEpEC, U 3HAYCHUI TapaMeTpa pa3mepa 0J0KOB B pedepeHcHOH 00-
JAcTH Ui MOCICIOBATEIBHOCTH, TpeAcTaBistomeii uarepec. COrmacHO HEKOTOPBHIM BapHaHTaM pealld3alliu
OTHOIIIeHHE MPaBaonogo0us (f) BEIYUCISIOT 1O t-CTATUCTHKE U t-CTATHCTUKE Ha OCHOBaHWU pasmepa. CorimacHo
HEKOTOPBIM BapHaHTaM peajH3aliy OTHOIICHHE TpaBaonoao0us (f) BEIYUCISIOT 1O t-CTaTHCTUKE HA OCHOBAHHUU
pasMepa u ppakiuuy 1Ioaa.

CornacHO HEKOTOPHIM BapHaHTaM PEaTH3alUHU CIIOCO0 TaKKe BKIIOYACT CPABHEHUE OTHOIICHUS IpPaBIO-
MOJO0MS ¢ KPUTEPHEM PEIICHHUS UL ONpEIeIeHUs] BapHUalliy YHCiIa KOTIMHA B TIOCIEOBAaTEIFHOCTH, MIPECTaB-
nsroreit maTepec. CorjlacHO HEKOTOPBIM BapUaHTaM pealiu3alliyl OTHOMICHHS MPaBIOoI00us MpeoOdpa3yioT B
Jorapu(pMUIEcKoe OTHOIICHHE MPABIONOA00US Mepe/l CpaBHEHHEM ¢ KpuTepreM penieHus. CorllacHO HEKOTO-
pHIM BapuaHTaM peallu3allii KPUTCPUU PEIICHUS MMOTYYaroT MOCPESICTBOM MPUMEHEHUS Pa3JIMYHBIX KPUTCPUCB
B OTHOLICHUH O0YYaloOIEero MHOXKECTBA 00ydaronIMx 0OpasloB M BBHIOOpa KpPHUTEpHs, KOTOPbIH obecrednBaeTt
3aJIJaHHYIO YyBCTBUTEIHEHOCTh M 33JJAHHYIO CEJICKTHBHOCTb.

CornacHO HEKOTOPHIM BapHaHTaM PEaTH3alUy CIIOCO0 TaKke BKIIOYACT MOJYYCHHE MHOXKECTBA OTHOIIC-
HHUH MpaBromnoao0us U MpUMEHEHHEe MHOXKECTBAa OTHOIICHHUH MPaBIOIIONO0MS B IepPEBE PEUICHUH sl Ompere-
JICHUS CITydasi INIONTHOCTH I 00pasma.

CornacHO HEKOTOPHIM BapHaHTAM PEaTH3aliy CIIOCco0 Takke BKIIOYACT MOJYyICHHE MHOXKECTBA OTHOIIE-
HHUH MpaBaomoIo0us W OJHOTO TN 0oJiee 3HAYeHUH MEepeKPBITHS MOCIeI0BATEIbHOCTH, MPEICTABIIAIONICH H-
Tepec, ¥ IPUMEHEHHEe MHOKECTBA OTHOLICHHUH MPaBIONOI00Ms U OHOTO WK OoJiee 3HAUCHUH MEePEKPHITUS I10-
CIIeZIOBAaTENIFHOCTH, MPEICTABILIONICH HHTEPEC, B AEPEeBe PEIICHUN IS ONpeAeNICHHs CiIydasi INIOUTHOCTH IS
o0pa3ia.

JIpyro#i acmekT HacTOSIIEr0 M300pETEeHHs OTHOCHUTCA K CIIOCOOYy ONpenesieHHs BapHallMM Yuciia KOTHH
(BUK) mocnenoBaTeIbHOCTH HYKJICHHOBOW KUCIIOTHI, TIPEACTABISIONICH HHTEpEC, B HCCIEIYeMOM 00paslie, Co-
JiepKameM pparMeHThl OECKIICTOYHOI HYKJICHHOBOW KHCIIOTHI, TIOYYCHHBIC U3 BYX WK Oosee reHoMoB. Crio-
co0 BKJIFOUAET (a) IpHEM PUIOB MOCICIOBATEIIEHOCTH, MMOTyYCHHBIX B PE3y/IbTaTe CCKBECHUPOBAHUS (YParMeHTOB
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OCCKIICTOYHOM HYKJIEHHOBOM KHCIOTHI B UCCIieayeMoM o0pasiie; (b) BEIpaBHUBaHHE PHUIOB MOCICIOBATEIEHOCTH
(hparMeHTOB OECKICTOYHON HYKJICHHOBON KHCJIOTHI WM BBIPABHUBAaHUE (PParMEHTOB, COACPKAIIUX PUABI TMO-
CIIEZIOBATENIFHOCTH, ¢ OJIOKaMHU pedepeHCHOTO T€HOMa, COACPIKAIIETO MOCIe0BATEIFHOCTD, IPEACTABIISIONIYIO
MHTEpEC, C TONydeHHEM, TaKuM 00pa3oM, METOK HCCIEAyeMOW MOCIEAOBAaTSIFHOCTH, MpHdeM pedepeHCHBINH
TEHOM pa3JieJieH Ha MHOXKECTBO OJIOKOB; (C) BBIYMCIIEHUE MTEPEKPBHITHI METOK MOCIIC0BATEILHOCTH JIJIsl OJIOKOB
pedepeHCHOTO TeHOMa JIJIsl KaXIoro 0JIoka TmocpeacTBOM (i) ompeneneHns KOJUIecTBa METOK TOCIeI0BATENb-
HOCTH, KOTOPBIE BEIPABHUBAIOTCS C OJIOKOM, U (ii) HOPMHPOBAHUS KOJMUYECTBA METOK IOCIIEIOBATEILHOCTH, KO-
TOpBIC BBIPABHHUBAIOTCS C OJOKOM, MTOCPEICTBOM BBIYMCICHHUS MEKOIOKOBBIX BapHallnii, BRI3BaHHBIX (haKkTopa-
MU, OTJIMYHBIMU OT Bapuanuu yucia komuil. Criocod takxke Biovaet (d) onpenencHue t-CTATHCTHKY TS TO-
CJICZIOBATEIILHOCTH, MPEICTABIAIONICH WHTEpPEC, ¢ MPUMEHCHHEM MEPEKPHITHI OJOKOB B MOCICIOBATEIBHOCTH,
TPEJICTABJISIONICH MHTEpEC, U MEPEKPBITUH OJOKOB B pedepeHCHOI 00NaCTH A MOCIEI0BATEIEHOCTH, TIPE/I-
CTaBIAIONICH WHTEpeC; (€) OLIEHKY OJHOTO WM OoJjiee 3HaYCHHU (Qpakiuu Iuiona (GpparMeHTOB OCCKICTOYHON
HYKIICHHOBOW KUCIIOTHI B UCCIIeAyeMOM oOpasiie; u (f) ompeneieHue BapuaIiy YUCia KOMUI B MOCICIOBATEb-
HOCTH, TPEICTABISIONICH HHTEPEC, C MPUMCHEHUEM t-CTATHCTHUKU M OJHOTO U OoJice 3HAYCHUH (PpakIuu 1mIo-
ma.

CornacHO HEKOTOPHIM BapHaHTaM peaim3anuy 3tan (f) BKIOYaeT BHIYHCICHHE OTHOIICHUS MPAaBIOIIOI0-
Oust 3 t-CTaTUCTUKU M OJHOTO Win OoJiee 3HaUeHUH Ppakmuu 1toaa. CorracHO HEKOTOPBIM BapHaHTaM pealiv-
3aI¥ OTHOIICHHE MPaBAOIIOI00MS BBITUCISIOT UII MOHOCOMUH X, TpucoMuu X, TprucoMuu 13, Tpucomun 18
WM TprucoMuu 21.

CornacHO HEKOTOPHIM BapHaHTaM pPEaH3allMd HOPMHUPOBAaHHE KOIWYECTBA METOK ITOCIICAOBATEIHHOCTH
BKITIOYAaeT HOPMHUPOBAHUE ¢ yueToM cojnepxanus GC B o0Opasiie, HOPMHUPOBAHKE C YIETOM TI00aTBHOTO BOJIHO-
BOTO MPO(WIS BapHaluu 00YJaroIero MHOKECTBA /WM HOPMHUPOBAHHE C YISTOM OJHOM miu OoJjiee KOMIIO-
HCHT, TIOJIYYCHHBIX U3 aHAJIN3a TIIaBHBIX KOMITOHCHT.

CornacHO HEKOTOPHIM BapUaHTaM pPEalH3alyd MOCIEI0BATEIFHOCTD, MPEICTABISIONIAs HHTEPEC, MPEI-
CTaBISET COOOH XpPOMOCOMY YeJIOBEKa, KOTOpasi BRIOpaHa U3 TPYIIIBI, COCTOSAIICH M3 XPOMOCOMEI 13, XpoMoco-
MBI 18, XxpoMocombr 21, XpoMOCOMBI X ¥ XPOMOCOMBI Y.

Crnenyromuii acrekT HaCTOAIIETO N300pETeHUsI OTHOCUTCA K CIOoco0y ONpeneeHns] Baprualiy 9rcia Ko-
it (BUK) nmocnenoBaTelbHOCTH HYKJIEMHOBOW KHUCJIOTHI, MPEACTABIIONIEH HHTEPEC, B UCCIIETyeMOM o0pasIie,
conepxameM (pparMeHTbl OECKJICTOYHON HYKIIEHMHOBOW KHCIIOTHI, MTOJMYyYCHHBIE M3 JBYX WIN Oojiee TEHOMOB.
Crioco6 BKITIOUYaET (@) MpUeM PUIOB TOCIEIOBATEIILHOCTH, MMOJIYICHHBIX B pe3yiIbTaTe CEKBEHHUPOBAHUS ¢par-
MEHTOB OECKJIETOYHON HYKIIEMHOBOW KHCIIOTHI B HcciemyeMoM obpasiie; (b) BeIpaBHUBaHKME PUIOB TOCIEI0BA-
TENBHOCTH (PParMEHTOB OCCKIICTOYHON HYKJICHHOBOHN KHCIOTHI WM BEIpaBHUBaHHE ()PArMCHTOB, COJCPIKAIIUX
PHUABI TIOCIIEIOBATEIEHOCTH, ¢ OJIOKaMH pe)epeHCHOTO TeHOMA, COJICPKAIIETO TOCIE0BATEILHOCTh, IPEACTAB-
JSIOIIYI0 MHTEPEC, C MOMyYCHHEM, TaKUM 00pa30M, METOK HCCIIEIYyEeMOU MOCIIeI0BATEIEHOCTH, MPUYeM pede-
PCSHCHBI TEHOM pa3J/ielicH Ha MHOXECTBO OJIOKOB; (C) ompeneneHue pasMepa GpparMeHToB i (hparMeHTOB Oec-
KJICTOYHOW HYKJICHHOBOW KHCJIOTHI, CYIICCTBYIONINX B HccieayeMoM oOpasie; (d) BBMHCICHHC MEPEKPBITHI
METOK IOCIIEAOBATCILHOCTH ISl OJIOKOB pe(epeHCHOTO TEHOMA C MPUMECHEHUEM METOK IMOCIEIOBATEIBHOCTU
U1 pparMeHToB OECKIETOYHON HYKIEWHOBOM KHCIIOTHI, pa3Mephl KOTOPBIX OTHOCATCS K IIEPBOMY JAOMEHY pas-
MEpOB; (€) BBIYUCIICHNE MMEPEKPHITUH METOK TIOCIICI0BATEIBHOCTH I OJIOKOB PeepPeHCHOTO TeHOMa C MIpUMe-
HEHHEM METOK TIOCIIEIOBAaTSIFHOCTH IS (hparMeHTOB OECKICTOYHON HYKJICHHOBOW KHCIIOTHI, pa3Mephl KOTO-
PBIX OTHOCSITCA KO BTOPOMY JIOMEHY pa3MepoB, IPHIEM BTOPOH JJOMEH pa3MepoOB OTIMYACTCS OT MEPBOTO JOMe-
Ha pa3mepoB; (f) BEIUUCIICHNE XapaKTepUCTHK pa3Mepa sl 0JIOKOB pedepeHCHOTO TeHOMa C MPUMEHEHHUEM pa3-
MepOoB ()parMEeHTOB, ONPEICICHHBIX Ha dTarne (c); u (g) ONpeIeICHUEe BapUalliK YHCIa KOMUH B MOCICIOBATEb-
HOCTH, MIPEJICTABISIONICH HHTEPEC, C MPUMECHEHUEM MTEPEKPBITHI, BEIYNCIICHHBIX Ha 3Tanax (d) u (e), u xapakre-
PHUCTHK pa3Mepa, BEIYUCICHHBIX Ha dTarne (f).

CornacHO HEKOTOPBIM BapHaHTaM pPEANHM3ALUHU TICPBBIA TOMEH Pa3MEpOB BKIIFOUACT (PParMEHTHI OCCKITe-
TOYHOU HYKJICHHOBOW KHUCIIOTHI, TI0 CYIIECTBY, BCEX Pa3MepOB B 00pasiie, U BTOPOU JOMEH Pa3MEpPOB BKIIFOUYACT
TONBKO (PparMeHThl OECKIICTOYHON HYKJICHHOBOI KHCIOTHI, MEHBIIIKE, YeM 3aJaHHbIH pa3mep. COrjacHO HEKO-
TOPBIM BapHaHTaM PEaJH3ally BTOPOH TOMEH pa3MepoB BKIOYAET TOJIBKO (parMeHTH OECKIETOYHON HYKIICH-
HOBOW KHCJIOTBI, MEHBIITHE YeM NpHOIm3uTesbHo 150 1m.0.

CornacHO HEKOTOPHIM BapHaHTaM pPEaTH3alHN IOCIEI0BATENFHOCTD, MPEICTABIAIONIAs WHTEpPEC, Mpel-
CTaBJSIET COOOW XpPOMOCOMY HYeNIOBEeKa, KOTOpas BRIOpaHa U3 TPYIIIEI, COCTOSIICH U3 XpOMOCOMBI 13, Xpomoco-
MBI 18, XxpoMocomsr 21, XpoMOCOMBI X ¥ XPOMOCOMBI Y.

CornacHO HEKOTOPHIM BapHaHTaM PEaM3aluy dTal (g) BKIIOYACT BBEIUMCIICHHUE t-CTaTUCTHUKU IS TTOCTIe-
JIOBATCIILHOCTH, TMPEICTABIIIONICH WHTEpPEC, ¢ MPUMCHCHHEM MEPEKPBITHIA OJIOKOB B IOCIICIOBATCIHFHOCTH,
TPEJICTABJISIONICH MHTEpeC, BEIUMCICHHBIX Ha dTane (d) w/mwin (¢). CoriacHO HEKOTOPHIM BapUaHTaM peayn3a-
IIUH BBIYHCIICHUE t-CTATHCTUKHU JJIS TOCIIEOBATEIIEHOCTH, MPEICTABIMIONICH WHTEPEC, BKIIOYACT MPUMCHCHHE
MEPEKPBITHIA OJIOKOB B TIOCJICIOBATEIIEHOCTH, MIPEICTABISIONICH HHTEPEC, U IEPEKPBITHI OJIOKOB B pedepeHcHOU
001acTH [UIS IOCIIEIOBATEIIEHOCTH, TIPEICTABIAIONICH HHTEPEC.

CornacHO HEKOTOPBIM BapHaHTaM PeajH3aluy 3Tan (g) BKIFOYACT BBHIYUCIICHUE t-CTATUCTHUKU JJIS MOCIIC-
JIOBAaTEIILHOCTH, TPEACTABIIAIONICH WHTEpEC, ¢ NMPUMEHEHHEM XapaKTepUCTHK pa3Mepa OJIOKOB B ITOCIIEHOBA-
TENBHOCTH, TIPEACTABIAIONICH HHTEpec, BRIYUCICHHBIX Ha dTare (f). CorimacHO HEKOTOPHIM BapHaHTaM peali3a-
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IIUH BBIYHCIICHUE t-CTATHCTUKHU JJIS TIOCIIE0BATEIILHOCTH, MPEICTABIIONICH WHTEPEC, BKIIIOYACT MPUMCHCHHE
XapaKTEPUCTHK pa3Mepa OJIOKOB B MOCIEIOBATEIEHOCTH, TIPESACTABISIONICH HHTEPEC, U XapaKTEPUCTHK pa3Mepa
0J10K0B B peepeHCHO 00IaCTH TS TOCICI0BATEILHOCTH, TIPECTABIISIONICH HHTEpEC.

CornacHO HEKOTOPHIM BapHaHTaM peaIH3alii XapaKTepUCTHKa pa3Mepa I OJIOKa BKIIIOYACT OTHOIIICHHE
(parMeHTOB pa3Mepa, MEHBIIINX, YeM 3aJaHHOE 3HAUYCHHE, K 00IIeMy KOJTMYECTBY (PparMeHTOB B OJIOKE.

CornacHO HEKOTOPHIM BapHaHTaM peal3alliy ATall (g) BKIIOYAST BEIYUCIICHIE OTHOIICHHUS MPaBIOIOI0-
0us u3 t-CTaTHCTHKY.

CornacHO HEKOTOPHIM BapHaHTaM peaNn3aIliy ATall (g) BKIIOYAST BEIYUCIICHIE OTHOIICHHUS MPaBIOIOI0-
Ous U3 MEepBOU t-CTATHCTUKY YIS TOCIICIOBATSIFHOCTH, TPEACTABISIONICH HHTEpEC, C MPUMEHEHUEM MEPEKPBI-
TUH, BEIYUCIICHHBIX Ha dTarne (d), ¥ BTOpOil t-CTAaTHCTUKY JJIs IOCIIEIOBATEIIEHOCTH, MPEICTABIIIONICH HHTEpEC,
C IPUMCHEHUEM MEPEKPBITHH, BEIYUCICHHBIX Ha ATare (e).

CornacHO HEKOTOPHIM BapHaHTaM pPEaM3alliuy JTall (g) BKIIOYACT BEIYUCICHIE OTHOIICHHUS MPaBIOIOI0-
Ous U3 MEepBOM t-CTATHCTUKY JUIS TOCIICIOBATSIFHOCTH, TPEACTABISIONICH HHTEpEC, C MPUMEHEHUEM MEPEKPhI-
TUH, BBIYUCICHHBIX Ha 3Tane (d), BTOpoil t-CTATUCTHKY IS TIOCIIE0BATEILHOCTH, MPEICTABISAIONICH HHTEPEC, C
TPUMEHEHNEM TIePEKPHITHH, BEIUYMCICHHBIX Ha 3Tane (€), U TPeTheH t-CTaTUCTUKU JJIS MOCIEeIOBATEIBHOCTH,
MIPEICTABIISIONIEH HHTEpeC, ¢ IPUMEHEHHEM XapaKTepUCTHK pa3Mepa, BEIUHCICHHBIX Ha dTarne (f).

CornacHO HEKOTOPHIM BapHaHTaM PEaM3alldy OTHOIICHHE MPaBIONOJOOMS BBIYHCIIIOT 110 OJHOMY WIIH
Ooee 3HaYCHMAM (DpaKIM IUI0a B JOMOJHEHHE IO MEHBIIEH Mepe K MepBoil 1 BTOpo# t-cratuctuke. Cormac-
HO HEKOTOPHIM BapHaHTaM peaji3alliy CIOCO0 TakKe BKIIOYACT BBHIYMCIICHHE OTHOTO WM Oojiee 3HAYCHHI
(bpakuy mIoaa ¢ MPUMEHEHHEM UHPOPMAITUH OTHOCUTEIHLHO pa3MepoB (PparMeHTOB OECKICTOTHON HYKIEHHO-
BOU KUCIJIOTHI.

CornacHO HEKOTOPBIM BapHaHTaM PEANHM3alUH CIIOCO0 TAKXKE BKIIFOYACT BHIYUCICHUE OJHOTO WM Oojee
3HaYCHUH (ppakiuu mioja ¢ MPUMEHEHHEM WH(OpMAIUM O MEPEKPBITHH IS OJOKOB pe)epeHCHOTO T'eHOMA.
CoriacHO HEKOTOPHIM BapHaHTaM peajH3alldi OJTHO WK Oojiee 3HaYCHHUU (hPaKIMU TUIOAA BKIIFOYAIOT 3HAYCHHE
(hpakmy wIoaa, BEIYUCICHHOE ¢ IPUMEHCHUEM HH(POPMAIIUHU O TICPEKPBITHH IS OJIOKOB ITOJIOBOH XPOMOCOMBI.
CoriacHO HEKOTOPHIM BapHaHTaM pEANH3aldi OTHOIICHHE MPaBAONOIOOWS BBIUMCIAIOT IS MOHOCOMHH X,
TpucoMuu X, Tpucomuu 13, Tpucomun 18 wiam Tpucomun 21.

CorylacHO HEKOTOPBIM BapuaHTaM peanu3aiuu dtan (d) u/wm (e) BKirodaeT (i) onpeaencHe KOIMIecTBa
METOK ITOCJIEIOBATEIILHOCTH, KOTOPHIE BHIPABHUBAIOTCS ¢ OJIOKOM, U (ii) HOpMHpPOBaHUE KOJIMYECTBA METOK TIO-
CJIEZIOBATENIFHOCTH, KOTOPBIE BHIPABHUBAIOTCS C OJIOKOM, TIOCPEACTBOM BBIYHCICHUS MEKOIOKOBBIX BapHAIlHiA,
BBI3BaHHBIX (PaKTOPaMH, OTIMYHBIMH OT BapHaIiy drcia Komuil. CorJacHO HeKOTOPBIM BapHaHTaM peaji3aiii
HOPMHPOBAHUE KOJIUYCCTBA METOK ITOCICAOBATSIFHOCTH BKIIFOUACT HOPMUPOBaHUE ¢ ydeToM coaepxkanus GC B
o0pa3siie, HOPMHUPOBAHKE C YIETOM II0OAITEHOTO BOJIHOBOTO MPO(MIIs BapHalii 00YyYaroIero MHOKECTBA U/ HITH
HOPMHPOBAHHUE C YYCTOM OIHOM Win 00Jiee KOMIIOHEHT, ITOJTyYCHHBIX U3 aHAJIH3a TJIABHBIX KOMIIOHCHT.

CornacHO HEKOTOPHIM BapHaHTaM peanu3armu 3tan (f) BKIFOYaeT BEIYMCICHUE 3HAYCHUH MapamMeTpa pas-
Mepa Ui OJOKOB IS KaXKIOTO OJIOKA IMOCPEACTBOM (1) ONpeecHUs 3HAUCHUS MMapaMeTpa pa3Mepa Ha OCHOBa-
HUM pa3MepoB (pparMeHTOB OCCKIICTOYHON HYKJICHHOBOW KUCIOTHI B OJIOKe, ¥ (ii) HOPMUPOBAHUS 3HAYCHHS T1a-
pameTpa pazMepa MOoCPEeICTBOM BBEIUMCIICHIS MEXKOJIOKOBBIX BapHaIlHii, BEI3BAaHHBIX (DAKTOpaMH, OTIIMYHBIMA OT
BapHalllM YUCia KOMUH.

Hpyroii acmekT HacToAmero n300peTeHNsT OTHOCUTCS K CHCTEME Ul OLEHKH YHcia KOIMHMH IOCIIeaoBa-
TENBHOCTH HYKJICWHOBOH KHCJIOTHI, TIPEACTABIIONICH HMHTEpEC, B HCCIENyeMOM oOpasle, NMpuYeM yKa3zaHHas
CHCTEMa COJEP)KUT: CEKBEHATOP I IpueMa (pparMeHTOB HYKIEWHOBOI KHCIOTHI M3 UCCIIEAYeMOro obpasia u
obecrieueHHsT HHPOPMAIIMH O MTOCICIOBATEIPHOCTH HYKIICHHOBOM KHCIIOTHI UCCIIEAYEMOTo 00pasiia; mpoIeccop;
W OJIMH WK 00Jice MAITMHOYUTACMBIX HOCHUTENCH I XpaHeHUs HHQOPMAIH, Ha KOTOPBIX XPAHATCS HHCTPYK-
IIUH JJIs BEITIOJTHEHUS HAa yKa3aHHOM Tpoiieccope. MHCTPpYKIUHM BKITFOYAOT HHCTPYKIMH IS () mpueMa puIoB
MOCJIEIOBATEIEHOCTH, MOMYYCHHBIX B PE3yNIbTaTe CCKBCHHPOBAHUS (PPArMEHTOB OCCKICTOYHOW HYKICHHOBOM
KHCJIOTHI B UccieayeMoM oOpasiie; (b) BEIpaBHUBAHUS PUIOB MMOCICIOBATEIBHOCTA (PPArMEHTOB OCCKIETOYHON
HYKIICHHOBOW KUCIIOTHI WJIM BRIPABHUBAHUS (PParMEHTOB, COACPIKAIINX PHUJIBI MTOCICAOBATCILHOCTH, ¢ OJIOKaMHU
pedepeHCHOTo TeHOMa, COAEPIKAIIEero MOCIeI0BaTEIbHOCTD, MPEACTABIAIONIYIO HHTEPEC, C MOTYyYCHUEM, TAKIM
00pa3oM, METOK HCCIEAyeMOH IOCIeNOBAaTeIFHOCTH, MpudeM pe(epeHCHBI TEeHOM pa3/ielieH Ha MHOXECTBO
0J10K0B; (C) ompeneNieHns pa3MepoB (parMeHTa, Mo MEHbBIIEH Mepe, HEKOTOPHIX (PparMeHTOB OECKIETOYHON
HYKJICMHOBOW KHCJIOTHI, IPUCYTCTBYIONINX B HCCiIeLyeMoM obOpasiie; i (d) BEIYHCICHUS TEPEKPBITHH METOK TO-
CJIeTOBATEILHOCTH JIJIsI OJIOKOB pedepeHCHOro reHoMa I KakIoro OJioka mocpeacTBoM (i) ompeneseHus Ko-
JTUYECTBa METOK TMOCIIEA0BATEIHLHOCTH, KOTOPHIE BRIPABHUBAIOTCS C OJOKOM, M (ii) HOPMUPOBAHUS KOJIUIECTBA
METOK MOCJEIOBATEIIEHOCTH, KOTOPHIC BBIPABHHUBAIOTCS C OJIOKOM, MOCPEICTBOM BBIYHCICHHS MEKOIIOKOBBIX
BapHaIUii, BEI3BAHHBIX (DAKTOpaMU, OTIIUMYHBIMU OT BapHaluu 4ncia Komuit. Criocod Takke BKIFOYAET (€) ompe-
JICIICHUE t-CTATHCTUKU ISl MOCTCIOBATEIBHOCTH, MPEICTABISIONICH HHTEPEC, ¢ MPUMCHCHUEM NEePEKPBITHIA
OJIOKOB B TIOCJIEJIOBATEIIEHOCTH, MPECTABISIONICH HHTEPEC, H IEPEKPBITHIA OJIOKOB B pehepeHCHON 00JIaCTH IS
MOCJIEIOBATEILHOCTH, MpeacTaBIsitonied natepec; u (f) ompenencHue BapWaldy YUCIa KOMHHA B TMOCIEIOBA-
TENBHOCTH, MPEICTABIIONICH HHTEpEC, ¢ NMPUMEHCHHEM OTHOIICHHUS IMPaBIONOAO0OWS, BBIYHCICHHOTO MO t-
CTaTHUCTHKE, ¥ HH(OPMAIIMHA OTHOCHUTEIFHO pa3Mepa (pparMeHToB OECKIeTOUHON HYKJICHHOBOW KUCIIOTEHI.

CornacHO HEKOTOPHIM BapHaHTaM peanu3aliii CHCTEMa CIPOCKTHPOBaHA IJISi OCYIIECTBICHHUS JII000TO M3
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CIIOCOOO0B, OITMCAHHBIX BHIIIE.

JIOTIOTHUTENBHBIN aCHEeKT HACTOSIIEro M300pEeTeHUs] OTHOCHTCS K KOMITBIOTEPHBIH NPOTpaMMHBIN IIpO-
IYKT, KOTOPBIH CONEPKUT OJWH WIN 0ojiee MAITMHOYHWTAEMBIX HOCHTENEH, NMpeIHa3sHauYeHHBIX IS JOJTOBpe-
MEHHOTO XpaHEHUs MH(POPMAINH, Ha KOTOPHIX XPAHATCS BBIIOJIHIEMBIE KOMIBIOTEPOM HWHCTPYKIIUHU, TIPU BBI-
TIOJTHEHWHU KOTOPBIX OJHUM WM 0oJiee MpoIieccopaMil KOMITBIOTEPHON CHCTEMBI KOMIIBIOTEPHAS CHCTEMA Pean-
3yeT JIF000# 13 Crloco00B, ONMMCAHHBIX BBIIIE.

HecmoTps Ha TO 9TO pUMEpHI B HACTOAIIEM JOKYMEHTE OTHOCSTCS K JIIOISM, M ONIMCAaHUE MPEeUMYIIecT-
BEHHO HAIPaBJICHO HA MPOOJIEMBI YeIOBEeKa, KOHIIEIINH, OMMMCAHHBIE B HACTOALIEM JOKYMEHTE, IPUMEHUMBI K
TEHOMaM JIF0OOTO pacTeHHUs! WM )KUBOTHOTO. JlaHHBIE M Ipyrie OOBEKTHI M CBOMCTBA HACTOSIIETO N300peTCHUS
CTaHyT 0oJiee OUYEBUIHBIMHM HAa OCHOBAHHH CJICIYIOLIETO ONMCAHUS U NpHiIaraeMoi (opMyJibl H300peTeHHs HiIH
MOT'YT OBITH BBISCHEHBI NIPU PEaJIU3alluy HACTOSIIIETO U300pETEeHHs Ha NMPAKTHKE, KaK MPEACTaBICHO HIIKE I10
TEKCTY.

BxiroueHne mocpecTBOM CCBUIKH.

Bce nareHTHl, 3asBKM Ha NATEHT W APYTUe MyOJIMKaIMK, BKIIOYast BCE MOCIIEI0BATEILHOCTH, PACKPBITHIE B
JAHHBIX MCTOYHUKAX, YIOMSHYTHIX B HACTOSAIIEM HOKYMEHTE, SBHBIM 00pa30M BKJIIOUEHBI B HACTOAIIMNA TOKY-
MEHT TTOCPENICTBOM CCBUIKH B TOH )K€ CTETICHH, KaK €CIIH OBl KakJast OT/IeIbHAS ITyOIHKAIHS, TATSHT WITH 3asBKa
Ha TaTeHT OBIIN KOHKPETHO M MHIMBHIYaJhHO yKa3aHBI KaK BKIIFOYCHHBIEC IIOCPEACTBOM CCHUIKH. Bce mporuTu-
POBaHHBIE TOKYMEHTHI B COOTBETCTBYIOIIEH YaCTH MOJHOCTHIO BKIIIOYCHBI B HACTOSIINN JOKYMEHT ITOCPEACTBOM
CCBUIKH JUTA IeJIeH, ONpeAesieMbIX KOHTEKCTOM LUTHPOBAHUS JaHHBIX HCTOYHHKOB B HACTOSIIEM TOKYMEHTE.
OpHako IUTHPOBAaHUE JTIOOOTO JOKYMEHTAa HE CIIeIyeT TOJKOBAaTh KaK MPU3HAHUE TOTO, YTO NAaHHBIH JOKYMEHT
COCTAaBJISET MMPENICCTBYIOMINH YPOBEHb TEXHUKH 110 OTHOLICHHUIO K HACTOSIIIEMY H300pETEHHIO.

Kpartkoe onucanne yepre:xei

@ur. 1 nmpeacrasnser coboit cTpyKTypHYI0 cxemy criocoba 100 s onpeneneHus] IPUCYTCTBUS WU OT-
CYTCTBUSI BapHallly YKcia KON B MCCIIeAyeMOM 00pasIie, COepKaIleM CMECh HYKIEHHOBBIX KUCIIOT.

@ur. 2A TeMaTHYECKH WILTIOCTPUPYET, KaK CEKBEHUPOBAHHE CIIAPEHHBIX KOHIIOB MOXKHO TPHMEHSTH JUIS
OTIpeNieNIeHus KaK pa3Mepa (pparMenTa, Tak M MePEeKPBITHS ITOCIIET0BATEIFHOCTH.

Ha ¢ur. 2B mpezncrasieHa cTpykTypHas cxema Ipolriecca Ui IPUMEHEHHUS MEePeKPHITHS HAa OCHOBAHHH
pa3mepa ¢ IeTbI0 ONpEAeICHUs BapHallli YUCIa KOMHUI MOCIeNOBAaTEIIFHOCTH HYKJIEHHOBOM KHCIIOTHI, TIpea-
CTaBIIAIOIIEH HHTEPEC, B HCCIETyeMOM 0o0pasIie.

Ha ¢ur. 2C npencrasnena cTpykTypHas cxema Impoiiecca Jisl OnpeaeseHus mapaMerpa pa3mepa pparmen-
Ta Ui TIOCIIEIOBATEIHHOCTH HYKJIEWHOBOM KHCIOTHI, HPEACTABILIIONIEH HMHTEpec, KOTOPYIO NMPUMEHSIN I
OLICHKH YHCJIa KOTIHH.

Ha ¢wur. 2D npexacraBnena Gok-cxema JIByX HepeKpPBIBAIONIMXCSI MPOX0A0B pabodero mporecca.

Ha ¢wur. 2E npencraBiena 6J10K-cxeMa TPEXIPOXOIHOTO TIpoLiecca JUIsl OLEHKN Yuciia KOTIHH.

Ha ¢ur. 2F npencraBieHsl BapHaHTHl peajH3alliid, B KOTOPBIX NPHMEHSIOT {-CTaTHCTHKY JAJS aHalHn3a
YHCIa KOITUH C LENbI0 YIIy4YIIeHUsI TOYHOCTH aHalu3a.

Ha ¢wur. 2G npencrasneH npumep npouecca Juis onpenesieHus Gppakiyu 1miojia Ha OCHOBaHMH MH(pOpMa-
IIH O TIEPEKPBITHH COTIIACHO HEKOTOPHIM BapHaHTaM Peajli3aliy HACTOSIIETr0 n300peTeHusl.

Ha ¢wur. 2H npeacrasnen nporecc ais onpeneiaeHus (Gpakiyy 1Io/1a Ha OCHOBaHWU HMH(pOpMAaIH o pac-
TpeIeNICHUH pa3Mepa COTIaCHO HEKOTOPBIM BapHaHTaM pean3ariii.

Ha ¢wur. 21 npeacraBnen nmpumMep nporiecca it onpeaeieHns Gpakiny Iuioa Ha OCHOBaHUH WHGOpMaITUU
0 9acToTe 8§-MEepOB COTIACHO HEKOTOPHIM BapHaHTAM PeaIH3allii HACTOAIIETO N300peTeHUS.

Ha ¢wur. 2J npencrasien pabounii nporecc s 00paboTkn HHGOPMAIMK O pUAaX MOCIEI0BATENHLHOCTH,
KOTOPBIH MOKHO IMTPUMEHSTH [UISl TIOJTYYESHUSI OLIEHOK (hpaKIUHK IUI0AA.

Ha ¢ur. 3A npencrasiena cTpyKTypHas cxeMa IpuMepa Tpoliecca Uil CHIKEHUS IIyMa B JaHHBIX MOCIIe-
JIOBaTEIBHOCTH U3 MCCIIEyeMOro 00pasia.

Ha ¢wur. 3B-3K npezncraBieHpl aHaIU3bl JaHHBIX, HOJIYYSHHBIX Ha Pa3IMYHBIX dTalax Ipolecca, n3oopa-
JKCHHOTO Ha ¢ur. 3A.

Ha ¢wur. 4A npencraBneHa 6J10K-cxeMa mpoliecca MOIydIeHHs] MaCKHU MOCTIeIOBATEIbHOCTH TSI CHIDKEHHS
IIyMa B JaHHBIX ITOCJIEAOBATEIFHOCTH.

®ur. 4B gemoHcTpHpyeT, 4TO MOKa3aTellb Map(Q xapakTepu3yeTcsl yCTOMIMBONH MOHOTOHHOW KOPPEIISIIN-
et ¢ KB (ko3¢ dumuerToM Bapranun) HOPMUPOBAHHBIX KOJIMYECTB MEPEKPBITHU.

®ur. 5 npexacraBnsgeT coOoi OIOK-THArpaMMy IUCTIEPCHOW CHCTEMBI JJIs MpoleccuHra (00paboTKM) HC-
ciexyemMoro odpasna i, B KOHEYHOM CUETe, TOCTAHOBKH THArHO3a.

®ur. 6 cxeMaTHYHO WILTIOCTPHUPYET, KaK pa3lIMuHbIe ONEepanny IPH MPOLECCHHTe HCCIIeyeMbIX 00pas3ioB
MOXHO CTPYNIIUPOBATH JUISl MAHUITYJISIIIMN Pa3IMYHBIMH DJIEMEHTaMH CUCTEMBI.

@ur. 7A u 7B nemoHCTpHUPYIOT AneKTpodoperpamMmbl OnbmnoTeku cekBeHupoBanus ci/IHK, moxydennoi
COTJIACHO COKPALIeHHOMY INPOTOKOIY, OIMCAHHOMY B npuMepe la (¢wur. 7A), ¥ MpOTOKOITY, OIMCAHHOMY B IPH-
Mmepe 1b (dur. 7B).

Ha ¢uwr. 8 npencrasnen odmmii padounii nporecc 1 BpeMeHHbIe paMKu 11t HoBoi Bepcun HUIIT (neun-
Ba3WBHOTO INIPEHATAIEHOTO TECTHPOBAHUS) TI0 CPABHEHUIO CO CTAHAAPTHBIM JaOOpaTOPHBIM pabodmM IpoIiec-
COM.
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Ha ¢ur. 9 npencraBneH BIXoa U3 OMOIMOTEKH CEKBEHUPOBAHUS Kak QyHKIMs sKcTparnpoBanHoi cu/{HK
Ha BXOZIe, KOTOpasl CBUAETEILCTBYET 00 YCTOMYMBOHW JMHEHHOW KOPPEIALNM KOHLIEHTpauuu OMOIHOTEKH H
KOHIICHTPAIIMX Ha BXOJI€ C BHICOKOH 3 (EKTUBHOCTHIO MPEe0Opa3oBaHusI.

Ha ¢wur. 10 npeacrasneno pacnpenenenne pasmepa ¢pparmentos cii/IHK, uamepennoro B 324 obpasuax ot
OGepeMeHHOCTE MII00M MY’KCKOTO TI0Ja.

Ha ¢ur. 11 npexcraBnena oTHOCUTENbHAs (PpaKys TUIOA TI0 00IIEMY TIOJICYUTAHHOMY 3HAYCHUIO KapTH-
POBaHHBIX PHUIOB CIIAPCHHBIX KOHIIOB 10 CPABHEHHUIO C YHCIIOM PHIOB CIIAPEHHBIX KOHIIOB, KOTOPBIE COCTABIIS-
ot Meree 150 m.o.

Ha ¢wur. 12 npencrasiena o0bequHEHHAS t-CTATHCTHKA MOKA3aTeNsl aHEYIIONIUK A1l 0OHapyXeHus 00-
pasuoB Tpucomuu 21 it (A) NOACUMTaHHBIX 3HAYEHHH BcexX (parMeHToB; (B) mopcumTaHHBIX 3HAUYEHHMH HC-
KITIOYMTENBEHO KOPOTKUX (parmenTtoB (<150 1m.0.); (C) ¢ppakium KOPOTKHX (parMeHToB (MOJCYUTAaHHBIC 3HAYC-
Hust oT 80 10 150 m.o./moacunranubie 3HaueHU <250 m.0.); (D) o0beaunenHOI t-cTatucTiku oT (B) u (C); u (E)
Pe3yIBTaTOB JUIA TEX e 00pa3IloB, MOJYYCHHBIX ¢ pUMeHeHUeM taboparopHoro mpomecca CLIA (Chemi Lu-
minescent Immuno Assay, IMMyHOXEMWIIOMHHECIIEHTHBIN ananu3) [llumina, PaaByn-Curh, co cpeaHuM 3Haue-
HUeM 16 M moicuuTaHHBIX 3HaUYEHUH/00paserr.

Ha ¢wur. 13 npencraBneHs! Gpakuu Mmioja, OICHEHHbIE B BEIOPaHHBIX OJIOKaX, M0 CPABHEHHIO C TAKOBBI-
MU, I3MEPEHHBIMH C HOPMHUPOBAaHHBIMH 3HAUEHMSMH XpOMOCOM (pedepeHc, 3TaloH), A1l X-XpoMOCOMEI. MHO-
JKECTBO 1 MpUMEHSUTH [T KaTHOPOBKH 3HaAYEHUS (QPaKIIUU TUIOAA, M HE3aBUCUMOE MHOYKECTBO 2 - JIJIST UCCIIEO-
BaHUS KOPPEIAIIIH.

IMoapo6Hoe onucanne N300peTeHnst

OrnpeneneHus.

Ecnu He ykazaHo oOparHoe, peanu3anys Ha IPaKTHKE CIOco0a M CHCTEMBI, PACKPHITHIX B HACTOSIIEM J0-
KyMEHTE, BKJIIOYAaeT OOLIETTPUHATEIE METOANKHU U amnmaparbl, OOBIYHO NPHMEHSEMBbIE B MOJIEKYJSIpHOH OnoIIo-
THH, MUKPOOHOJIOTHH, OYUCTKE Oeika, OeNKOBOH WHKeHepuH, cekBenupoBanun Oenka u JJHK u B obmactu pe-
komOuHanTHOU /IHK, KOTOpBIC HaXOMATCS B TpeAeiaxX KOMICTCHIINH B JaHHOW 00JacTu TeXHUKHU. Takue MeTo-
VKU 1 anmapaTtsl U3BECTHHI CHEIMAINCTaM B JaHHOW OOJIACTH TEXHHKH U ONMHCAHBI B MHOTOYHCIICHHBIX PYKO-
BOACTBaX W CHpaBo4YHBIX m3maHusax (Cm. Hampumep, Sambrook et al., "Molecular Cloning: A Laboratory
Manual", Third Edition (Cold Spring Harbor), [2001]); u Ausubel et al., "Current Protocols in Molecular Biol-
ogy" [1987)).

UwncinoBsle qUana3oHbl BKIIOYAIOT KOJMYECTBA, ONpeesIonie quamazoH. [Ipeanonaraercs, 9To Kaxmoe
MaKCHUMaJbHOE KOJMYECTBEHHOE OrpaHMYCHHE, NMPHUBEICHHOEC HA BCEM NPOTHKCHUH NAHHOW CIICIM(UKAIINY,
BKJIIOYAET Ka)KJ0€ MEHBIIEe KOJIMYECTBEHHOE OTpaHMUYCHHE, KaK €clM Obl TaKMe MEHBLINE KOJIWYECTBEHHBIC
OTpaHHYeHUs ObUTM SBHBIM 00pa30M yKa3aHbl B HACTOSIIEM JOKyMeHTe. Kaxaoe MUHMManbHOE KOJIWYeCTBEH-
HOE OrpaHHYeHHe, IPUBEJCHHOE Ha BCEM NPOTSDKEHUN AaHHOH clriennUKanyy, BKIIOYAeT Kaxaoe Oosee BBICO-
KO€ KOJIMUYECTBEHHOE OTpaHMYECHHUE, KaKk eclii Obl Takue Oosiee BBHICOKHE KOJMYECTBEHHBIC OTpaHMUYCHUS OBbIIH
SIBHBIM 00pa30M yKa3aHbl B HACTOSIIEM JNOKyMeHTe. Kaxk1blii YucIoBoil nnana3oH, NpUBEICHHBII Ha BCEM IIPO-
TSDKCHUW JTAHHOW crelM(UKaIy, BKIIOYAeT Kax/Ibli Oojee y3KHH YUCIOBOW JAMana3oH, KOTOPHIA NonajxaeTr B
Takoi OoJiee MUPOKUN YWCIOBOW JTUANa30H, Kak eciiu Obl Takue OoJyiee y3KHe YHCIOBBIC JUAIMA30HBI OBLTH SIB-
HBIM 00pa3oM yKa3aHBI B HACTOSIIEM JOKYMEHTE.

3aronoBKH, MPUBEIEHHBIE B HACTOSIIEM IOKYMEHTE, HE MpeTHa3HA4YeHBI Ui OTPaHMYCHHS HACTOSIIETO
N300peTeHUS.

Ecmm He yka3aHo oOpaTHOe, B HACTOSIIEM JOKYMEHTE BCE TEXHHUYECKUE M HAYYHBIC TEPMUHBI, HCTIONb3Ye-
MBI€ B HACTOSIIIIEM JOKYMEHTE, IMEIOT TO )K€ 3HaYCHUE, KOTOPOE OOLIETIPHHSATO IIOHUMAET CPETHUN CIICILIHaINCT
B JJaHHOHM 00JIaCTH TeXHUKH. Pa3MuHble Hay4YHbIE CIOBapH, KOTOPHIE BKIOYAIOT TEPMHUHEI, IPUBEICHHBIC B Ha-
CTOSIIIIEM JOKYMEHTE, XOPOIIO M3BECTHBI U JOCTYIHBI CIIEIHAJINCTaM B JaHHOH o0nacT TexHuku. HecMoTps Ha
TO YTO JIOOBIE CIIOCOOBI M MaTepHajbl, aHAIOTHYHBIEC MJIM SKBHBAJICHTHBIC TAKOBBIM, OIMCAHHBIM B HACTOSILEM
JOKyMEHTE, HaXOAsAT IPUMEHEHHE TP pean3allii Ha MPAKTHKE WIN UCCIEJOBaHWM BapUaHTOB pean3allyy,
PacKpHBITHIX B HACTOSIIIIEM JIOKYMEHTE, OIMCAHBI HEKOTOPBIE CIIOCOOBI M MaTepHaJbl.

TepMuHbl, onpeneneHus] KOTOPHIX MPUBEICHB HEMOCPEACTBEHHO HIKE, O0Jiee MOTHO OMHMCAHBI IIOCPEACT-
BOM CCBHUIKM Ha omnucaHue B mnejoM. CienyeT NOHUMAaTh, 9YTO HACTOSIIEe H300peTeHNEe He OTPaHNYeHO KOHKPET-
HBIMH OTIFICAaHHBIMH METOJOJIOTHEH, MPOTOKOIAaMH M PEaKTUBAMHM, IIOCKOJBKY BCE OHH MOTYT BapbHpOBATH B
3aBHCHMOCTH OT KOHTEKCTa, B KOTOPOM HX NPHMEHSET CHECIHAINCT B JAHHOW 00JIaCTH TEXHHUKH. B HacTosmeM
JOKYMEHTE TePMHHBI B €IWHCTBCHHOM YHCJIEC BKIIIOYAIOT YIIOMHHAHUS OOBEKTOB BO MHOJKECTBCHHOM YHCIIE,
€CJIM B KOHTEKCTE OJTHO3HAYHO HE yKa3aHO 0OpaTHOE.

Ecnu He yxa3aHo oOpaTHOE, HYKJICHHOBBIE KHCJIOTHI IPE/ICTABIICHBI CJIEBa HAIIPAaBO B HANPABJICHUH OT 5'- K
3'-KOHILy, a MOCIeI0BaTeIbHOCTH aMUHOKHUCIIOT IIPE/ICTABIICHBI CIIeBa HAIIPAaBO B OPUEHTAIIMN OT aMHHO- K Kap-
OOKCHKOHITY COOTBETCTBEHHO.

TepmuH "nmapameTp" B HAacTOSIIEM JOKyMEHTE IPEICTaBIAET (pU3NYECKOe CBOMCTBO, 3HAUCHUE WIIH APY-
TYIO XapaKTepUCTUKY, KOTOpast OKa3bIBaeT BIMSHHUE Ha COOTBETCTBYIOIIEE COCTOSHHE, TAKOE KaK BapHaIHs YHC-
na xonuid. B HEKOTOPBIX cioyyasx TepMUH "mapaMmeTp' KUCHONb3YIOT MPUMEHHUTEIBHO K IMEPEMEHHOU, KOTopas
BJIHSET HA MaTEMATHIECKYIO 3aBUCHMOCTH FJTM MOJEIh Ha BBIXOJIE, IPUYEM JaHHAs TEPEeMECHHAS MOXET SBIISTh-
Csl HE3aBUCUMOW TEpEMEHHOU (T.e. BBOAWMOI B MOJEIb) WIH MPOMEKYTOUYHOW NMEPEMEHHOH, OCHOBAaHHOUW Ha
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OoHOW Win 00Jiee HEe3aBUCHMEIX MEPEMCHHBIX. B 3aBHCUMOCTH OT 00beMa MOJCITU JaHHBIC Ha BBIXOJC OJHOU
MOJICJIK MOTYT CTaTh JAHHBIMH HA BXOJIC IPYTOi MOIEIH, MMOCPEACTBOM 3TOT CTaB MapaMeTpoOM I APYroid Mo-
JIeITH.

Tepmun "mapameTp pa3mepa pparMenTa’ o3Ha4aeT mapaMeTp, KOTOPBIA OTHOCHTCS K pa3Mepy WM JJIHHE
(parMeHTa WM COBOKYITHOCTH (PparMeHTOB, TaKUX Kak (hparMeHThl HYKJIEHHOBOW KHCJIOTHI, Hampumep, dpar-
MenThl cI/IHK, momydenHbie u3 GU3N0IOTHYECKON KUAKOCTH. B HacTosimeM TOKyMeHTe mapaMeTp "CMeIlIeH B
CTOpPOHY pasMmepa ¢parMeHTa WM Juarna3oHa pasMepa'’, korma: 1) mapaMmerp OJarompHsTHO B3BEIIMBAETCS ITO
pa3mepy (parMeHTa WIH AWANa30Hy pa3Mepa, HalpuMep, BBIUHCICHHE MMEeT OOJNBIINI Bec, KOTIa CBS3aH C
(hparMeHTaMH pa3Mepa N AUana3oHa pa3Mepa, YeM Ui JPYTUX pa3MEpOB WIH TUANAa30HOB; HIIH 2) mapaMeTp
MOJYYCH U3 3HAUCHUS, KOTOPOE ONarompUsATHO B3BEIIUBACTCS MO pa3Mepy (pparmMeHTa WM IUANa30Hy pa3Mepa,
HaIpUMep, COOTHONICHHE MOyYSHO U3 MOJACYUTAHHOTO 3HAUCHHUS C OOJBIIIMM BECOM, KOTJIa CBs3aH ¢ (hparMeH-
TaMH pa3Mepa UK Iuarna3oHa pa3Mepa. Pasmep ¢parMeHTa Wi quama3oH pa3Mepa MOXKET SBISThCS XapaKTepH-
CTHKOW TeHOMA WJIM €r0 YacTH, KOTJa TeHOM 00pa3yeT ()parMeHThl HYKJICHHOBOW KUCIIOTHI, 0OOTAICHHBIC WA
coJiepxkairie 0oJiee BRICOKYIO KOHIICHTPAIIMIO pa3Mepa WK Auana3oHa pa3Mepa, o CPaBHEHUIO ¢ pparmeHTaMu
HYKJICMHOBOW KHCIIOTHI M3 IPYTOTr0 TeHOMA WIH APYTOW 9acTH TOTO XKe TeHOMA.

TepmuH "B3BemuBanue" 03HaA4aeT MOAU(MHUKAIINIO KOJUIECTBA, TAKOTO KaK MapaMeTp WU MepeMeHHasl, C
MIPUMEHEHUEM OJHOTO WiIH Ooyiee 3HAUCHWH WIH (PYHKIHA, KOTOphle cuuTaroTcs "Becom". CoryiacHo ompeje-
JICHHBIM BapHaHTaM peaji3alui apaMeTp WiIH IepeMEHHYI0 YMHOXKAIOT Ha Bec. COTJIacCHO JpYruM BapHaHTaM
peanu3anyuy napaMeTp WK MepeMeHHYI0 MOTUPUIHUPYIOT IKCIIOHEHIHANbHO. COTfIacCHO HEKOTOPBIM BapHaHTaM
peanmm3anuy QyHKIHS MOXET MPEACTaBIATh COOONM JTUHEHHYI0 M HeJMHEHHYI0 QyHKIUIO. [IpuMepsl mpume-
HUMBIX HEIWHCHHBIX (DYHKIMIA BKIIOYAIOT, 03 OrpaHWYCHHS, CTYNCHUYAThle (YHKIWU XeBHcaina, (GyHKIUU
BaroHa, CTyICHUYAaThle (QYHKIIUHM WM CUTMOMIAIbHBIC (YHKIWU. B3BelIMBaHUE MCXOMHOTO MapaMeTpa WU Iie-
PEMCHHOW MOXET CUCTEMHO YBEIMYHUTh WM YMCHBIIUTH 3HAUCHUE B3BEIICHHOW mepeMeHHO#. CoriacHo pas-
JUYHBIM BapUaHTaM pPEaTH3allid B3BCIIUBAHHEC MOXKCT MPHUBECTH K IOJYYCHHUIO IOJIOKUTEIBHBIX, HEOTpHUIlA-
TENBHBIX WM OTPUIIATEIEHBIX 3HAUCHH.

TepmuH "Bapuanus 9uciia KOMUi" B HACTOSIIEM JOKYMEHTE O3HAYaeT BapHaIldI0 KOJMYECTBA KOTHH 1O-
CIIEZIOBATENIFHOCTH HYKJIEWHOBOHM KHCIIOTHI, IPUCYTCTBYIOIICH B MCCIEIyeMOM 0o0pasiie, 10 CPaBHEHHIO C JHC-
JIOM KOIHH TOCIIEeI0BAaTeNbHOCTH HYKIEHHOBOM KHCIIOTHI, IPUCYTCTBYIOMIEH B pedepeHcHoM obpasue. Cormac-
HO ONpeIeTICHHBIM BapHaHTaM pEaJH3aly JIMHA ITOCIEI0BATEIPHOCTH HYKIEHHOBOIM KHCIIOTHI COCTaBisAeT 1
T.0. (TBICA9y OCHOBaHHMH) WK OoJiee. B HEKOTOPBIX CiTydasx MOCIeI0BATEIHHOCTh HYKJIICMHOBOW KUCIOTHI TIPEA-
cTaBisieT co0O0H MEeMyr0 XpOMOCOMY WJIM 3HAYUTENBHYIO €€ JacTh. "BapuaHTt dmcia Konmuid" 03HAa4YaeT MoCieso-
BaTCIFHOCTh HYKJIICMHOBOW KHCJIOTHI, B KOTOPOW OBUTM OOHAPYKEHBI Pa3NIUYMsl YUCIA KOMUH MOCPEICTBOM
CpaBHECHMUSI [TOCIICIOBATEIBPHOCTH HYKJICHHOBOW KHCIIOTHI, IPEICTABISIONICH HHTEPEC, B UCCIeIyeMOM o0pasiie ¢
OKUJIaCMBIM YPOBHEM IIOCIICIOBATEIBHOCTH HYKJICHHOBOM KHUCIOTHI, MPEACTaBIstomIeld mHTepec. Hampumep,
YPOBEHB IMOCIIEIOBATEIBHOCTH HYKJIEHHOBOM KHUCIIOTHI, MPEICTABISIONICH HWHTEpPEC, B HCCICAYEeMOM 00pasiie
CPaBHHUBAIOT C MPUCYTCTBYIONIMM B KBAIU(UKAITMOHHOM 00pasiie. BapuaHThl/Bapraliuy 4ucia KO BKITFOYA-
FOT JICJICIIUN, B TOM YHCIIC MUKPOJCICIUN, HHCSPIUHU, B TOM YUCIIC MUKPOUHCEPIINH, TYTUTHKAIUN, YMHOXKCHHS
u Tparciokanui. BUK BrirtogaeT aHEYIIIOMINH XPOMOCOM M YaCTUYHBIC aHEYTUIOHTUH.

Tepmun "aneymionaus" B HACTOSIIEM JOKYMEHTE O3HAdaeT MUCOAaHC T€HETHYECKOTO MaTepHualia, BbI-
3BaHHBIN yTPaTOW WK JOOABICHUEM LEJIOW XPOMOCOMBI HJIM YaCTH XPOMOCOMEI.

TepMmuHbI "aHEYIIIIOUIUS XPOMOCOMBI" M "TIOJTHAS aHEYIUTOWIWS XPOMOCOMBI" B HACTOSIIEM IOKYMEHTE
03Ha4aroT ArucOaJaHC TeHeTHYECKOTO MaTepHaa, BEI3BaHHbIN yTpaTol WiH 100aBICHUEM IIETI0H XPOMOCOMBI, U
BKITIOYAIOT aHCYIUTOUIUIO 3apOIBIIICBOI IMHUHA U MO3aUYHYIO aHCYILIOHUTUIO.

TepMuns! "yacTHuHas aHeyIUIOUAUS" U "YaCTHYHAs aHEYIIOMIMSI XPOMOCOMBI" B HACTOALIEM AOKYMEHTE
03HAYAIOT AUCOANaHC TEHETHYCCKOTO MaTepualia, BBI3BAHHBIA YTPaTOW WM JOOABICHUEM YacTH XPOMOCOMEL,
HaNpUMEp, YaCTHYHYI0O MOHOCOMHIO M YACTUYHYIO TPUCOMHIO, W BKIIOYAIOT JMCOANaHC, KOTOPBIH SBISACTCS
CJICJICTBAEM TPAHCIOKAIIUH, ACICIIMA U HHCCPITUH.

Tepmun "MHOXkecTBO" O3Ha4yaeT Ooyiee OAHOTO 3IeMeHTa. Hampumep, TaHHBIA TEpMUH B HACTOSIIEM JO-
KYMEHTE NMPUMEHSIOT K KOJMYECTBY MOJICKYJ HYKIEHHOBOM KHCIOTHI WIIM METOK IOCIIEAOBATCIFHOCTH, OCTa-
TOYHOMY JUISl MICHTH()HUKAINN 3HAYNTENBHBIX PasziIMduil Bapuaryid 4mciia KOMUK B MCCIENYEeMBIX o0paslax u
KBIM()UKAIIMOHHBIX o0pa3iax, ¢ MPUMEHEHHEM CITIOCOOOB, PaCKPHITBIX B HAcTOAIEM AokyMeHTe. CoriacHo
HEKOTOPBIM BapHaHTaM pEalTn3alliil I KaXXIOTO HCCIEeAyeMOoro odpasia MOIydJaloT 10 MEHBIIEeH Mepe IpH-
6nu3uTensHO 3x10° METOK MoCIeI0BaTeIPHOCTH ITHHOM 0T mpuOmm3uTensHo 20 10 40 m.o. COrlacHO HEKOTO-
PBIM BapuaHTaM peaM3alliy KaXKIbIH HCCleayeMblii oOpa3er obecrieunBaeT AaHHBIC IS [0 MEHBIIEH Mepe
IpUOTU3UTEITHHO 5%x10° 8x10°, 10x10° 15x10°, 20x10°, 30x10° 40x10° wax 50x10° MeTOK MOCIIEIOBATEIEHO-
CTH, TIPUYEM KaXKIas METKA TOCIeI0BATEIILHOCTH COACPKUT Mpuban3uTenbao ot 20 a0 40 1.0.

TepmuH "pupl CIIApEHHBIX KOHIIOB" O3HAYaeT PHUIBI U3 CEKBEHHPOBAHMS CHAPEHHBIX KOHIIOB, KOTOPHIE
MOJYYar0T OJUH PHUJI C KAKIOTO KOHIA (pparMeHTa HYKJICHHOBOW KUCIOTH. CEeKBCHUPOBAaHHE CIAPCHHBIX KOH-
OB MOKET BKJIFOYATh (PparMCHTAIMIO IIETICH MOJMHYKICOTHIOB Ha KOPOTKUE TOCIEIOBATCILHOCTH, Ha3bIBaC-
MbIe BCcTaBkamu. DparMeHTaIus SBISCTCS HEOOs3aTeIbHON WM HEIeeco00pa3HO Ui OTHOCUTEIFHO KOPOT-
KUX MTOJUHYKIICOTHIOB, TAKUX KaK MOJICKyJbl Oeckierounoi JTHK.
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TepMmuns! "nonuuykineotua”, "HyKJIeMHOBas KUCAOTA" U '"MOJEKYIbl HYKICMHOBOM KHCIOTHI" UCIONB3Y-
FOTCSL B3aMMO3aMECHSAEMO M O3HAYAIOT KOBAJICHTHBIM CIIOCOOOM CBSI3aHHYIO ITOCIICIOBATEIBHOCTh HYKJICOTHIOB
(1.e. pubonyxneorunoB st PHK u nesoxcupubonykneoruno mist JJHK), B xotopoii 3'-monokeHHe TMEHTO3BI
OJTHOTO HYKJICOTHIA COSAMHEHO ¢ IMOMOIILI0 GochoamdGpupHOM TPYyMITEI ¢ 5'-IT0JI0KEHHEM TICHTO3bI CIICTYOIIIe-
ro Hykneotuaa. HykimeoTuapl BKITIOYAIOT MOCIENIOBATEIBHOCTH JTI000# (GOPMBI HYKJICHHOBOW KHCIIOTHI, BKIIIO-
qas, 0e3 orpanudenus, moiekynsl PHK u JIHK, takwe xak monekynsl cu/IHK. Tepmun "mommaykneotund"
BKITIOYAET, 0e3 OrpaHIMYCHIS, OHO- M ABYXIEIIOYCUHBIH TOTHHYKICOTH].

TepmuH "uccienyeMblii oOpaser’ B HACTOSIIEM TOKYMEHTE O3Ha4aeT 00pasell, Kak MPaBIIo, TTOTYICHHBIH
13 OMOJIOTUYCCKOW KMIKOCTH, KICTKH, TKaHH, OpTaHa WM OPTaHU3Ma, COJACPKALINA HYKICHHOBYIO KHCIIOTY
WA CMECh HYKJICHHOBBIX KUCJIOT, KOTOpasi COJACPIKUT IO MECHBIICH Mepe OJHY MOCICIOBATCIBPHOCTh HYKICHHO-
BOM KHCJIOTBI, CKPUHUHT KOTOPOH MPOBOJAT B OTHOIICHUH BapUalny Yucia konwid. COriacHO ONpeIeIeHHBIM
BapHaHTaM pealu3aliy oopasel] COACPKUT 0 MEHBINEH Mepe OJTHY MOCICIOBATEIBEHOCTh HYKIICHHOBOM KHCIIO-
TBI, YHCIIO KOTIMIA KOTOPOH, KaK 0’KUAACTCS, ITOABEPIIIOCh Bapuauu. Takue oOpa3isl BKIIOYAIOT, 03 OrpaHnye-
HUSI, MOKPOTY/>KUAKOCTh POTOBOM IMOJIOCTH, aMHUOTHYCCKYEO KHUIKOCTh, KPOBB, (DPAKIIMIO KPOBH U 0Opa3IIbl
TOHKOWTOJILHOH OHOTICHY (HAIIpUMep, XUPYPTruIecKod OMOTICUN, TOHKOUTOJILHOW OMOTICUH U T.J.), MOYY, ITepH-
TOHEANBHYIO KUAKOCTB, IJICBPANbHYIO JKUAKOCTH U T.II. HecMoTps Ha To uTo 0Opasern yacTo oTOUparoT oT cy0h-
eKTa-JelioBeka (HampuMep, MarenHTa), aHaJIu3bl MOKHO TIPUMEHSATD JUIS OTICHKH Bapuanuid yucia kormmid (BUK)
B oOpasiax OT JI000T0 MIIEKONHUTAIONIEro, BKItodYas, 0e3 orpaHWYeHHUs, coOak, KOIIEK, JoIaael, K03, OBell,
KPYITHBIH pOTaThlii CKOT, cBHHEH U T.4. OOpa3ern MOXHO MPUMEHATh HEIIOCPEACTBEHHO B TOM BHIE, B KOTOPOM
OH OBLT MOy4YeH U3 OMOJOTHIECKOTO MCTOYHUKA, WM TIOCTIE MPEABAPUTEIBHON 00pabOTKH Isi MOAU(UKAITIN
xapakrtepa oOpasua. Hanpumep, Takas mpeaBapuTeiabHas o0pab0oTKa MOXKET BKIIIOYATH MONyYCHHE IIa3Mbl U3
KPOBH, pa3BeJCHUC BSI3KUX KHUAKOCTEH U T.1. CocoOBl peBapuTEeIbHON 00pabOTKH MOTYT TaK)Ke BKIIIOYATH,
0e3 orpaHuYeHUs, GWIHTPALUIO, MPSIUIHUTAIINIO, Pa3BeICHUE, TUCTIWLILIHIIO, TIEpEeMCIINBAHUE, ICHTPU(YTH-
pOBaHHUE, 3aMOpPAXKUBAHUE, JIMO(UIH3AINIO, KOHIICHTPUPOBAHKE, aMIUTU(UKAINIO, (PAarMCHTAIMIO HYKICHHO-
BOM KHCJIOTBI, HHAKTUBAIIMIO UHTEPQEPUPYIOIINX COCITUHCHUM, T0OABICHUE PEaKTHBOB, TU3UC U T.1. Eciu Ta-
KHE CIIOCOOBI TIPEBAPUTEIHHON 00paOOTKH MPUMEHSIOT B OTHOIIEHUH 00pa3iia, TAKUE CIIOCOOBI MTPeIBAPUTEITb-
HOU 00pabOTKH, KaK IMPABUIIO, SBJISIOTCS TAKOBBIMH, IIPH KOTOPHIX HYKJICHMHOBASI KUCJIOTAa WIIM KUCIOTHI, TIPE-
CTaBIISIOIINE HHTEPEC, OCTAIOTCS B MCCIIETyeMOM 00pasiie, HHOTAA B KOHIICHTPAINH, IPOMOPIIMOHAIHHON TaKo-
BOH B HEoOpaboOTaHHOM HcclieayeMoM obpasiie (HarpuMep, a MIMEHHO, B 00pasile, KOTOPBIH He MOoABEpTain Ka-
KOMY-TTHOO M3 TaKHX CIOCOOOB MpeaBapuTebHON 00paboTku). Takue "oOpaboTanuble" wiau "mpoieccupoBaH-
HbIe" 00pa3Ibl BCE €Ie CYMTAIOT OMOJOTHIECKUMHE "HCcCleayeMbIME" 00pa3iaMu IPUMEHHUTEIBHO K criocobam,
OIHCAHHBIM B HACTOSIIEM JIOKYMEHTE.

Tepmun "kBannpuKanMOHHBIH 00pasel” WK "HenopaXxeHHbII oOpasel" B HACTOSIIEM JOKYMEHTE O3Haya-
eT o0pasell, CoePKAIII CMECh HYKICHHOBBIX KHUCIIOT, KOTOPHIC MPUCYTCTBYIOT B U3BECTHOM YHCIIC KOIHUH, C
KOTOPBIME OYIYT CpaBHHBATh HYKJICHHOBBIC KUCIOTHI B HCCIIEAYeMOM 00pasiie, ¥ MpeCcTaBseT coboii oOpaser,
KOTOPBII SBISICTCS HOPMAIBHBIM, T.C. HE aHCYIUIOWIHBIM, B OTHONICHHH MOCJICIOBATCIEHOCTH HYKJICHHOBOMN
KHCJIOTHI, TIpe/icTaBstoneii nartepec. CoriacHO HEKOTOPHIM BapHaHTaM PEaln3alii KBaIH(pHUKAIMOHHBIC 00-
pasiBl IPUMEHSIOT B Ka4eCTBE HEMOPaKEHHBIX 00yJalomuX 00pa3oB 00yJaoniero MHOKECTBA IS IOy YCHHS
MAacOK ITOCTIeIOBATEIBHOCTH WIIN TIpoduiie mocuenoBarenbHOCTH. COTIIACHO ONpeIeeHHBIM BapHaHTaM peajn-
3aIy KBATH()UKAITMOHHBIE 00pa3Ibl MPUMEHSIOT I WACHTH()HUKAIINY OTHON Wi 0oJiee HOPMHUPYIOIINX XPO-
MOCOM HWJIM CETMEHTOB JISI paccMaTpuBaeMoil XxpoMocoMmbl. Hampumep, kBannukarnoHHBIe 00pa3Ibl MOKHO
MIPUMEHSITD ISl UACHTU(DHUKAIIMH HOPMHUPYIOIIEH XPOMOCOMBI JJTs XpOMOCOMEI 21. B TakoM cirydae kBamuguka-
IUOHHBIN 00pa3el mpeAcTaBiIsieT co0oit 00pasel, OTINYHEIH OT oOpa3ia Tpucomuu 21. [Ipyroi mpumep BKITIO-
YaeT MPUMCHCHHEC B KAYECTBE KBANIM(UKAIMOHHBIX 00pa3IOB I XPOMOCOMBI X HMCKIIOYHTEIHEHO 00pa3IoB
JKeHCKoro mona. KpamudukanuoHHbIe 00pa3ibl MOKHO TaK)KE MPUMEHATH U APYTHX LEJeH, TAKUX KaK OIpe-
JICIICHIE TIOPOTOB JJIS MPUHATHS PEIICHUS O MOPAKCHHBIX 00pa3iax, WACHTU(DUKAIHS TOPOTOB I ONpeiesic-
HUS 00JIacTeld MacoK Ha pe()epeHCHOW IMOCIEIOBATEIBHOCTH, ONPEICICHUE OXHIACMOTO TEPCKPBITHS KOJH-
YeCTB IS pa3IMYHBIX 001acTell reHoMa U T.11.

Tepmun "oOydaroiee MHOKECTBO" B HACTOSIIEM JOKYMEHTE 03Ha4aeT MHOXKECTBO 00yUaIonx 00pasios,
KOTOPOE MOXET COJEePKaTh MOPaKEHHBIC W/IITH HETIOpaKeHHBIE 00pa3ibl M KOTOPOE IMIPUMEHSIOT s pa3paboT-
KA MOJIENH JUIA aHAJIN3a MCCIeAyeMBIX 00pa3noB. CorilacHO HEKOTOPHIM BapHaHTaM peaim3anuy oOydaroriee
MHOYECTBO COJEPKHUT HemopakeHHbIe 00pa3mpl. CornacHO AaHHBIM BapHAHTAM Peajli3ally IIOPOTH I OIpe-
nenennst BUK ycraHaBimnBaioT ¢ mpuMeHeHHEM 00yJarolnX MHOXKECTB 00pa3IoB, KOTOPBIE SBISIOTCS HEIOpa-
JKeHHBIMH B OTHOIIICHUH BapHalldy YHCIa KOIWH, pencTaBsiioneid narepec. Hemopaskenusie oOpasmsl B 00y-
YaroIeM MHOXKECTBE MOXKHO MPUMEHSTh B Ka4eCTBE KBATU(DUKAIMOHHBIX 00pa3IoB I HACHTU(UKAIIUH HOP-
MUPYIOIIUX MTOCIEA0BATEIBLHOCTEH, HATIPUMED, HOPMHUPYIOMINX XPOMOCOM, U JIO3bI XPOMOCOM HEMOPa’KCHHBIX
00pa3IoB MPUMEHSIOT IS YCTAHOBJICHUS TIOPOTOB JUIS KAXIIOW M3 MOCIEA0BATCIBHOCTCH, HAIPUMEP, XPOMO-
COM, TpeacTaBITIONMX HHTepec. COracHO HEKOTOPHIM BapHaHTaM pealHn3alyd 00ydaroliee MHOXKECTBO CO-
JICPXKHUT MOpaKeHHBIC 00pa3ibl. [lopakeHHBIE 00pa3Ibl B 00YJYarONIeM MHOKECTBE MOXKHO MPUMEHSATH IS TIOJI-
TBEPKACHHUS TOTO, YTO MOPAKCHHBIC HCCICIyeMbIe 00pa3ilbl MOXKHO C JISTKOCTHIO OTIMYUTH OT HEMOPAKCHHBIX
00pasIos.

OOyuaromiee MHOXECTBO MPEACTABIAET COOOM TaKKe CTATUCTUYECKHA 0Opasel] B TOIMYJISAINH, TTPEICTaB-
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JISFOINEH MHTEpeC, IPUYeM CTATHCTUYCCKHUN 0Opa3el] He CTOUT MyTaTh ¢ OuMoJormdeckuM obOpasnom. CtaTHCTH-
YECKHI 00pa3el] 4acTo COIACPKUT 00pa3lbl OT HECKOJIBKUX WHIUBUIYYMOB, U AHHBIC OT STHX HHIUBUIYYMOB
TIPUMEHSIOT Ui ONpEeIeNICHHsI OIHOTO WM OoJjiee KONMWYECTBEHHBIX 3HAYCHHUH, MPEICTaBISAIOINX HHTEpEC,
00001maeMbIx Ha MOMYJIAIHI0. CTaTUCTHIECKHUA 00pa3el peCcTaBiIsieT cO00H MOJAMHOKECTBO HHIUBUIYYMOB B
TOIYJISIIINH, TIPEACTABIAIONIeH MHTEepec. MHAMBUIYYMBI MOTYT NPEICTAaBIATh COOOW JIHII, KHUBOTHBIX, TKaHH,
KIIETKH, APyTHE OHOTOTHIECKHE 00pa3Ilhl (T.€. CTATUCTUIECKUI 00pa3er] MOKET BKIIIOYATh HECKOJIBKO OMOIIOTH-
4ecKrUX 00pas3IoB) U APYrUX HHIWBUIYAITBHBIX CYOBEKTOB, 00CCIICUUBAIONINX JaHHbIC HAOIIONEHUH IS CTaTH-
CTHYECKOTO aHAaJIH3a.

OO0BIYHO 00y4aroIee MHOKECTBO TIPUMCHSIIOT B COUYSTAHUH C BATUIAIMOHHBIM MHOXKecTBOM. TepMuH "Ba-
JUTAIIOHHOE MHOXKECTBO" TPUMEHSIOT sl 0003HaYCHHS MHOXXECTBA WHAMBHIYYMOB B CTATUCTHYCCKOM 00-
paslie, MpUYeM JaHHBIC OT ATHX HHIUBHIYYMOB MPUMEHSIOT I BATHUJAINN WM OLICHKU KOJIMYECTBCHHBIX 3HA-
YCHHH, MPECTABIIONINX UHTEPEC, ONMPEACICHHBIX C MPUMEHEHUEM 00yJaromero MuoxecTBa. CorjlacHO HEKO-
TOpPBIM BapUaHTaM peallu3alliy, HalpUMep, 00yJaroliee MHOXKECTBO OOCCIICUUBACT JAaHHBIC IS BBIYUCICHHS
MacCKH JUIsl pepepeHCHOM MOCIeNOBATEIBHOCTH, TOTIa KaK BATHIAIIMOHHOE MHOXKECTBO OOCCIICUMBACT JTaHHBIC
JUTSL OLIEHKU TPaBWIIBHOCTH WIH 3((HEKTUBHOCTH MaCcKH.

"OmeHKy 4rciia KOMUi" HCIONIb3YIOT B HACTOSIIEM TOKYMEHTE MPUMEHUTEIBHO K CTATHCTHYECKOM OLIEHKE
CTaTyca TeHeTHYECKOH MOCIIeI0BATEIbHOCTH B OTHOIIICHUH YMCIIa KOMI mocienoBaTensHocTH. Hanpumep, co-
TJIACHO HEKOTOPBIM BapMaHTaM pealn3alliil OICHKa BKIIOYAET ONpeeSICHIE MPUCYTCTBHUS WIH OTCYTCTBUS Te-
HETHYECKOH mocienoBarenbHOCTH. COTIacHO HEKOTOPBHIM BapHaHTaM Pean3alliil OleHKa BKIFOYAET OIpeiese-
HHUE YaCTUYHOW WIIM TIOJTHOW aHEYIUTOWIUH TeHETHUECKOH mocienoBaTenbHocTH. COTJIacHO IpYTrUM BapHaHTaM
peaM3anuy OICHKA BKIIOYACT YCTAHOBJICHUE OTIMYMHA MEXKIY ABYMs WK Ooyiee oOpasllaMM HAa OCHOBAaHUU
Yyuclia KON TEHETHYCCKOW MmocieaoBaTeabHOCTH. COTNIaCHO HEKOTOPBIM BapHaHTaM pealH3aldd OIICHKA
BKITIOYAET CTATHCTUYCCKUE aHAIM3EI, HATIPUMED, HOPMUPOBAHUE U CpaBHEHHE, HA OCHOBAHWHU YHCIIA KO Te-
HETHYCCKOH TOCIICAOBATEILHOCTH.

Tepmun "kBanu(uKanroOHHas HyKJIEHMHOBAasK KUCJIOTA" MPUMEHSIOT B3aMMO3aMEHAEMO ¢ "KBaTH(UKaAINOH-
HOW TOCJIeIOBATENBHOCTHIO", KOTOpasi MPEACTABISIET COO0H MOCIe0BAaTEIFHOCTh, C KOTOPOH CPaBHUBAIOT KO-
JIMYECTBO ITOCIIETOBATEIHPHOCTH I HYKJIIEMHOBOW KHCIIOTHI, TIpeACTaBILIoONell uarepec. Kpanudpukanmonnas
MOCJIEIOBATEIFHOCTh TPEACTABIIeT COOOH TaKOBYIO, MPHCYTCTBYIOIIYIO B OHOJIOTHYECKOM 00pasIie, mpernod-
TUTENFHO, C W3BECTHON NPEACTaBICHHOCTHIO, T.€. KOJIMYECTBO KBAIM(UKAIIMOHHON MOCIEAOBATCIFHOCTH W3-
BecTHO. Kak mpaBwio, KBamU(HUKAIMOHHAS ITOCIEIOBATEIHHOCTD IIPEACTABISIET COOOW IOCIEeNOBATEIBHOCTB,
MIPUCYTCTBYIOIYIO B "kKBasm(pukanmuoHHOM oOpasie”. "KBanmudukarmoHHas TOCIeI0BaTEIbHOCTh, MPEICTaB-
JroIas wHTepec', MpeACcTaBIsIeT co00M KBaTH(UKAIMOHHYIO IOCICIOBATCIBHOCTh, KOJIHMYECTBO KOTOPOH B
KBaJTH(PHUKAIIMOHHOM 00pa3lie U3BECTHO, U MPEACTABISIET COOOH MOCIIeA0BATEIFHOCTD, KOTOpAs CBsA3aHa C OTIIH-
YHEM MOCJIEIOBATEIIEHOCTH, MPEICTABISIONICH HHTEPEC, MEXKIY KOHTPOIBHBIM CYOBEKTOM M WHAMBHIYYMOM C
MEIUIUTHCKIM COCTOSIHUCM.

TepmuH "mocnenoBaTeabHOCTD, MIPEACTaBIAIONIas HHTepec", WK "MOCIe10BaTENbHOCTh HYKIEMHOBOM K-
CJIOTHI, TIPEACTABISAIONAs WHTEepec", B HACTOSAIIEM TOKYMEHTE O3HAYaeT IMOCICIOBATEIBHOCTh HYKICHHOBOMN
KHCJIOTBHI, KOTOpPasi CBsI3aHa C OTIMYHEM B MPEICTABICHHOCTH ITOCIIEAOBATEIFHOCTH MEXIY 30pPOBBIMHU U 3200-
JIEBIIUMH WHAMBHAYYMaMH. llocienoBaTenbHOCTh, MPEACTABIAIONIAs HWHTEPEC, MOXKET IMPEACTaBIATH CcOOOM
MOCJIEIOBATEIEHOCTE HA XPOMOCOME, KOTOpas IpH 3a00JI€BAHNHN WIIM TEHETHYECKOM COCTOSIHUHM TPEICTaBICHA B
HCKa)KEHHOM BHJIE, T.€. YpE3MEPHO TN HEJTOCTATOYHO MpesacTaBiieHa. I1ocieoBaTelbHOCTD, MIPEACTABIIIONAs
HMHTEpEC, MOXKET MPEICTABIATh COOOH YacTh XPOMOCOMBI, T.€. CETMEHT XPOMOCOMEI, U IENYyI0 XPOMOCOMY.
Hanpumep, mocieoBaTebHOCTD, MPEICTABIAIONIA HHTEPEC, MOKET MPEICTABIATH COO0I XpoMOCOoMYy, KOTOpast
Ype3MEpHO MPECTaBICHA IIPY COCTOSTHUU aHCYIUTOUINH, WIH TeH, KOJAUPYIOUIHA CYIIPECCOp OMyXOJIH, KOTOPHIH
HEIOCTATOYHO MPEICTABIICH MpH pake. [locienoBaTeIbHOCTH, MPEICTABIIONINE HHTEPEC, BKIIFOYAIOT TOCIEI0-
BaTEIFHOCTH, KOTOPBIC YPE3MEPHO HWIIM HEJOCTATOYHO MPEACTABICHBI B OOIICH MOMYJISIIIMA WA CYOTIOMYJISIIHA
KIETOK cyOnekTa. "KBamudukanmoHHas MOCIEI0BaTEIFHOCTD, MPEACTABISIONIAs HHTepec", MPEACTABIACT CO-
00l TOCIIeA0BATEIFHOCTD, MPEICTABISIONIYIO HHTEPEC, B KBANA(UKAITMOHHOM oOpasie. "Hccnenyemas mocie-
JIOBAaTEILHOCTD, MPEACTaBIAIONas MHTEpec”, MPEenCcTaBiIseT coO0il IMOCIeNOBaTENFHOCTD, MPEACTABISIONIYIO
HHTEpEC, B HCCIeTyeMoM o0pasIie.

TepMmuH "HOPMHPYIOIIAs MOCIEIOBATEIHPHOCTL" B HACTOSIIEM JOKYMEHTE O3HAYaeT MOCIIeI0BATEIbHOCTD,
KOTOPYIO IIPUMEHSIOT Ui HOPMUPOBAHMS KOJMYECTBA METOK ITOCIIEIOBATEIHHOCTH, KAPTHPOBAHHBIX Ha TOCIIE-
JIOBAaTEILHOCTH, MPEACTABIIOMICH WHTEpeC, CBA3aHHON ¢ HOPMHpYIOIIEH MociemnoBaTeabHOCThI0. CormacHo
HEKOTOPBIM BapHaHTaM peajH3allid HOPMHPYIOIIAs MOCIeI0BAaTEIbHOCTD COJEPKHUT YCTOMUMBYIO XPOMOCOMY.
"YcroiunBas xpoMocoma" MpEACTaBIsieT COO0H XpOMOCOMY, KOTOpasi C HU3KOM J0JICH BEPOSITHOCTH SIBISIETCS
AHCYIUTONTHOU. B HEKOTOPBIX CIydasx, OTHOCSIIUXCS K XPOMOCOME YeJIOBEKa, YCTOWYHMBAS XPOMOCOMa TPE/-
CTaBISAET CO00IT IIOOYI0 XPOMOCOMY, OTIIMIHYIO OT X-XPOMOCOMEI, Y -XpOMOCOMBI, XPOMOCOMEI 13, XpOMOCOMBI
18 u xpomocomsl 21. CorlacHO HEKOTOPHIM BapHaHTaM pealU3allid HOPMUPYIONIAs MOCIEI0BaTEILHOCTD JIe-
MOHCTPHPYET BapHaOEIbHOCTh B OTHOIICHUH KOJIHYECTBA METOK IOCIEAOBATEIFHOCTH, KOTOPBIC KAPTHPYIOTCS
Ha Hee Cpeau 0Opa3IoB U CepUil CCKBEHUPOBAHUS, KOTOPAsl alpPOKCUMHUPYET BapHaOCIbHOCTh MOCIEI0BATEb-
HOCTH, TIPEJICTABIAIONIEH HHTEpEC, U KOTOPOil ee MPUMEHSIOT B Ka4eCTBe apaMeTpa HopMupoBauus. Hopmu-
pyIomIas MOCIEAOBATEIFHOCTh MOXKET OTJIMYHUTEH MOPaKeHHBIN 00pasell OT OJHOTO WK 0oJee HEemOpa)keHHBIX
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00pa3ioB. CoriacHo HEKOTOPHIM BapHaHTaM peaH3alliii HOPMHUPYIOIIAs MOCIEA0BATEILHOCTD JIydIle Win 00-
nee 3 (EeKTHBHO OTIIMYAET MOPaKEHHBIH 00pa3ell 0T 0JHOTro WK 0ojiee HEMOpaXeHHBIX 00pa3lloB MO CpaBHe-
HUIO C JPYTUMH NOTEHIHATHHBIMA HOPMHUPYIOIIUMH MTOCTIEIOBATEIEHOCTAMH, TAKUMH KaK IPYTHe XPOMOCOMBL.
CoriacHO HEKOTOPHIM BapHaHTaM peaH3ally BapHaOeITbHOCTh HOPMHUPYIOIICH ITOCIEeTOBATEIHHOCTH BBIYHC-
JSIFOT KaK BapHaOeIbHOCTH 036 XPOMOCOMBI JIJIs TTOCIIE0BATEIFHOCTH, PEACTABIISIONIEH HHTEpeC, Cpean 00-
pas3ioB u cepuil cekBeHHpoBaHMU. COrIacHO HEKOTOPHIM BapHaHTaM pealn3alliil HOPMHPYIOIINE ITOCIIeI0Ba-
TENBHOCTH HICHTH(OUITUPYIOT BO MHOKECTBE HETIOPAKEHHBIX 00pa3IIoB.

"Hopmupyromas xpomocoma", "HOpMHpYIOIas XpoMocoMa B 3HaMeHartesne" Wi '"MoCiIeoBaTelIbHOCTD
HOPMUPYIOLIEH XpOMOCOMBI" MpecTaBIsieT co0oi mpuMep "HopMHupyroLiel nocnenosatensHoct". "Ilocneno-
BaTEJIbHOCTh HOPMHUPYIOIIEH XPOMOCOMBI" MOXET COCTOSITh U3 OJJHOM XPOMOCOMBI WM U3 TPYHIIBI XPOMOCOM.
CorylacHO HEKOTOPHIM BapHaHTaM pealn3allii HOPMHUPYIOLIAsl MOCIeI0BATEIbHOCTh COJICPKUT JIBE WM Ooliee
YCTOWYMBBIX XpoMocoM. CorylacHO ONpe/eJICHHBIM BapHaHTaM peasli3aliyi YCTOWYHBBIE XPOMOCOMBI IIPE/ICTaB-
JSIIOT cOOOM BCE ayTOCOMHBIE XPOMOCOMBI, OTIIMYHBIE OT XpoMocoM X, Y, 13, 18 u 21. "Hopmupyromwuii cer-
MeHT" TpenCcTaBiseT coboi Apyrod mpumep "Hopmupyromeid mocienoBatenbHocTh”. "[locnemoBarenbHOCT
HOPMHUPYIOIIETO CETMEHTa" MOXET COCTOSITh M3 OJHOTO CETMEHTa XPOMOCOMBI MJIH MOXET COCTOSITh U3 JIBYX
iy 6ojiee CerMeHTOB OTHON WM TOHM K€ WIIM PAa3MYHBIX XpoMocoM. CoTracHO OIpeaesicHHBIM BapHaHTaM pea-
T3 HOPMHUPYIOIIAs MOCIIeI0BATeIbHOCTD MIpeIHa3HAueHa AJI1 HOPMHPOBAHHUS B OTHOIICHUH BapuabeIbHO-
CTH, TAKOH KaK CBSA3aHHAS C MPOIIECCOM, MEKXPOMOCOMHAA (B OIHOM CepHHr OIpenesieHu) BaprabeIbHOCTh U
BaprabeITbHOCTh MEXKITY CEKBEHUPOBAHUSMH (B HECKOJIBKHUX CEPUSAX OMPEISTICHIMN).

Tepmun "muddepenimpyemMocTs” B HACTOSIIEM JOKYMEHTE O3HA4YaeT XapaKTePUCTHKY HOPMHUPYIOMIEH
XPOMOCOMBI, KOTOpasi MO3BOJISIET OTIMYHUTH OJMH WM 0oJee HEMOpaKCHHBIX, T.€. HOPMaJbHBIX, 00pa3loB OT
OJTHOTO WM OoJiee MOpaKeHHBIX, T.€. aHEeYIIOMIHBIX, 0OpasnoB. Hopmupyomas xpoMocoma, JeMOHCTPHPYIO-
mast HanoonbInyto "muddepeHrpyeMocTs", IpenCcTaBIsIeT cO00H XPOMOCOMY WIIH TPYIIITY XPOMOCOM, KOTOPBIE
o0ecrieynBalOT HauOoIbIIEe CTATHCTHYECKOE PA3IMYNE MEXKITY PacHpe/ielIeHHEM 103 XPOMOCOM JUIsi XpOMOCO-
MBI, TIPEJICTABISIIONICH HHTEPEC, BO MHOXKECTBE KBAIM(HKAIMOHHBIX 00pa3IoB U J03bl XPOMOCOMBI JIJISI TOW e
XPOMOCOMBI, TIPEACTaBIIONIEH HHTEpPEC, B COOTBETCTBYIOIMIEH XpPOMOCOME B OZHOM WM 0OoJjiee MOpPakKeHHBIX
obpasmax.

Tepmun "BapnabenbHOCTH" B HACTOSIIEM JOKYMEHTE O3HAYAET NMPYTYI0 XapaKTEPUCTUKY HOPMHUPYIOMIEH
XPOMOCOMBI, KOTOpasi MO3BOJSICT OTJIMYNTh OJWH WM OoJiee HENOPaKeHHBIX, T.€. HOPMAaIbHBIX, 00pa3loB OT
onHOTO WiH OoJiee MOPaKEHHBIX, T.€. aHSYIUIOMAHBIX, 00pa3noB. BapnabeapHOCTh HOPMUPYIOIIEH XPOMOCOMBI,
KOTOPYIO M3MEPSIOT BO MHOYKECTBE KBATH()HKAIMOHHBIX 00pa3IoB, 03HAYaeT BapHaOeIbHOCTh KOJIMYECTBA Me-
TOK TIOCJIE/IOBATEILHOCTH, KOTOPBIE KAPTUPYIOTCSI Ha Hee, KOTOPOE allpOKCUMHUPYET BapuadelbHOCTh KOJIHMYe-
CTBa METOK IIOCIIEI0BATEILHOCTH, KOTOPBIE KapTUPYIOTCSI HA XPOMOCOMY, IIPEACTABIISIONIYI0 HHTEPEC, IS KO-
TOPOH OHa BBICTYIAET KaK ITapaMeTp HOPMHUPOBAHUSL.

TepMmuH "IIOTHOCTH METKHU TTOCJIEOBATEILHOCTH" B HACTOSIIEM JOKYMEHTE O3HaYaeT KOJIMUECTBO PUJIOB
MIOCJIC/IOBATENILHOCTH, KOTOpPBIE KapTHPYIOTCS Ha IIOCIENIOBaTEIbHOCTh PEPEpPeHCHOr0 T'eHOMa, Harpumep,
TUIOTHOCTb METKH IOCJIEA0BATEILHOCTH JUISI XpPOMOCOMBI 21 mpeacTaBisieT co00l KOIMYECTBO PHIOB MOCIEI0-
BaTEIFHOCTH, MOJIYYCHHBIX IIOCPEICTBOM CII0c00a CEKBEHHPOBAHUS, KOTOPHIE KapTHPYIOTCA Ha XpoMocoMy 21
pedepeHCcHOTO TeHOMa.

TepmuH "COOTHOIIEHNE TNIOTHOCTH METKH TIOCJIEIOBATEIILHOCTH' B HACTOAIIEM JAOKYMEHTE O3HAYAeT CO-
OTHOIIICHUE KOJIMYECTBA METOK IOCIIEJOBATEIFHOCTH, KOTOPhIE KapTHPYIOTCS HAa XpOMOCOMY pedepeHCHOro
TeHOMa, HalpuMep, XpoMocoMy 21, B AITHHBI XpPOMOCOMEBI peepeHCHOTO TeHOMA.

TepmuH "m03a MOCIIEIOBATENBFHOCTH" B HACTOSAIIEM JTOKYMEHTE O3HAYaeT HMapaMeTp, KOTOPBIH COOTHOCHUT
KOJIMYECTBO METOK TIOCIIE/I0BATEILHOCTH HIIH JPYrOH mapameTp, WASHTH(UINPOBAHHBIH JUIS MOCIIEI0BATEIHLHO-
CTH, TIPEJCTaBIIIOICH HHTEPEC, C KOJIMYECTBOM METOK ITOCIIEI0BATEIBHOCTH WM JIPYTUM NapaMeTpoM, HICH-
TU(QUIIMPOBAHHBIM JJIS1 HOPMHPYIOIIEH 10Ce10BaTeIbHOCTH. B HEKOTOPBIX cilydasx 703a Mocie10BaTeIbHOCTH
HPE/ICTaBISIET COOOH COOTHOLICHUE MEPEKPBITHS METKH MOCIEA0BATEIFHOCTH HIIH IPYTOTo IapaMeTpa Al Ho-
CJIC/IOBATENILHOCTH, TIPE/ICTABIIAIONICH HHTEPEC, U MIEPEKPHITHS METKH IT0CIIeI0BATEIBHOCTH WIH JIPYTOro mapa-
MeTpa Ui HOPMHUPYIOMIEH MOCIeI0BaTEIEHOCTH. B HEKOTOPHIX CIydasx [103a MOCIIEIOBAaTEIFHOCTH O3HAYAET
mapameTp, KOTOPBIH COOTHOCHT IUIOTHOCTh METKH IOCIEIOBAaTENFHOCTH AJIS MOCIEIOBATEIbHOCTH, MPEICTAB-
JSFOIEH WHTEpeC, ¢ INIOTHOCTRIO METKH TTOCIIeI0BAaTEIFHOCTH HOPMHUPYIOIIEH mocienoBaTeabHOCTH. ""J{03a nc-
ClIeyeMOr MOCIe0BAaTeIbHOCTH MPENCTABIsAeT OO0 mapaMeTp, KOTOPBIl COOTHOCHUT IDIOTHOCTh METKH IO-
CIIeZIOBAaTEIFHOCTH FUIH IPYTOH HapaMeTp MOCIIeI0BaTeIFHOCTH, MPEICTABIIONICH HHTEpeC, HalpuMep, XpOMo-
coMbl 21, ¢ TaKOBOW HOPMUPYIOIICH MMOCIIEeIOBATEILHOCTH, HAIIPUMEP, XPOMOCOMBI 9, onpeneneHHONl B UCCIIe-
JyeMoM oOpasiie. AHAJOTHYHO, "103a KBaJM()UKALIMOHHON MOCIIEA0BATEIFHOCTH" TIPENCTaBIsIeT co0o0il mapa-
METp, KOTOPBIil COOTHOCHUT IUIOTHOCTh METKH ITOCIIEA0BATEILHOCTH HITH APYTOi ITapaMeTp HOCiIe10BaTeIbHOCTH,
NPE/ICTABISIONICH WHTEPEC, C TAKOBOH HOPMHUPYIOLIEH MOCIEA0BATEILHOCTH, ONPEAEIeHHON B KBaIH(UKaIH-
OHHOM 00pa3Iie.

TepmuH "mepekpbiTHe" O3HauaeT M300MIIE METOK IOCIIE0BATEIbHOCTH, KapTHPOBAaHHBIX Ha 3a/laHHYIO
MIOCJIC/IOBATENILHOCTE. [IepeKphITHE MOXHO KOJIMYECTBEHHO OINpPEJCIUTh Ha OCHOBAHUH IJIOTHOCTH METKH IO-
CIIEZIOBATENFHOCTH (WJIM TIOJICYETAa METOK ITOCIIEIOBATEIHHOCTH), COOTHOIICHUS TUIOTHOCTH METKH IOCIIE0Ba-
TENBHOCTH, KOJIMYECTBa HOPMUPOBAHHOTO TIEPEKPHITHSA, TIOAOTHAHHBIX 3HAYCHUH MEPEKPHITHS U T.JI.
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TepMuH "KONIUYECTBO MEPEKPBITU" 03HAYACT MOAUGDUKAIUIO TICPBUYHOTO MTEPEKPBITUS M YACTO MPEACTaB-
JsieT co00H OTHOCHUTENBHOE KOJIMYECTBO METOK IOCIIEN0BATEIFHOCTH (MHOTAAa Ha3bIBAEMOE Pe3yJIbTaTaMHU I10]1-
cdera) B 00J1acTH TeHOMa, TaKo# Kak 610k. KonmndaecTBo mepekphIThs MOYKHO MOIYIHTh MTOCPEICTBOM HOPMHPO-
BaHUs, MOJATOHKH W/WIH HMCIIPABICHHUS NMEPBUYHOTO MEPEKPBHITHS WM IMOJCYUTAHHOTO 3HAYCHHS IJS 00JacTh
reHomMa. Hampumep, HOpMHUPOBAaHHOE KOJMYECTBO HEPEKPHITHA U 00JIACTH MOXKHO TIONYYUTH IOCPEIACTBOM
JIENICHISI TIOJICYUTAHHOTO 3HAYCHUSI METKH IMOCIEIOBATEIbHOCTH, KapTUPOBAaHHON Ha 00JacTH, HA CyMMapHOE
KOJIMYECTBO METOK ITOCIIEIOBATEILHOCTH, KAPTHPOBAHHBIX Ha IEJIOM TeHoMe. HopMupoBaHHOE KOTUYECTBO TIe-
PEKPBITHS MTO3BOJISET IPOBOIUTH CPABHEHUE MEPEKPHITHS OJI0Ka MEXKAY Pa3IMYHBIMH 00pa3laMu, KOTOPBIE MO-
TYT XapaKTePU30BaThCS PA3THYHBIMU TITYOHMHAMU CEKBCHHPOBaHUsI. HOpMUPOBAaHHOE KOJIHYECTBO TMEPEKPBITHS
OTJIMYAETCs OT J03BI ITOCIIEI0BATEIBHOCTH TEM, YTO MOCJIEAHION0, KaK IIPAaBMIIO, HONYYaroT IIOCPEICTBOM Jele-
HUS HAa BBIYUCIICHHE METOK, KAPTHPOBAHHBIX HA MOJMHOXKECTBO IIeJIOr0 TeHoMa. [ToIMHOXKeCTBO MpeCcTaBsIeT
co0oit oMH WM Ooslee HOPMUPYIOIIMX CETMEHTOB WIIM XpoMocoM. KosmuecTBa mepekpsiTusi, OyAb TO HOPMH-
pOBaHHBIC WJIM HE HOPMHPOBAHHBIC, MOXKHO KOPPEKTHPOBATH C YUETOM TIJI00aTbHOTO MPO(WIS BapHalldU OT
o0nacTy k obyacTu B reHoMe, Bapuanuil ¢ppakuuu G-C, BEIIANAIOMNX MOKa3aTeNel B YCTOWYUBEIX XPOMOCOMAX
U T

Tepmun "cexBennpoBanne Hooro mokosieHus: (CHIT)" B HacTosAmeM MOKyMEHTE O3HAYaeT CIOCOOBI CeK-
BEHUPOBAHNS, TIO3BOJIIONINE MIPOBOIUTH MIMPOKOMACIITa0HOE TapajiebHOE CEKBEHUPOBAHUE KIIOHATIHHO aM-
TAGUITIPOBAHHBIX MOJIEKYJI ¥ OTAEIBHBIX MOJIEKYJ HyKIIEHHOBOUW KHUCIIOTHI.

Heorpanmuusatomue npumepst CHIT BKITIO9aioT CEKBEHHPOBAaHUE MOCPEICTBOM CHHTE3a C MPHUMEHEHUEM
00paTUMBIX KpacuTelneH-TepMHUHATOPOB ¥ CEKBEHUPOBAHHUE TIOCPEACTBOM JIUTHPOBAHHSL.

Tepmun "mapamerp" B HACTOSIIEM JOKYMEHTE O3HA4aeT YMCIOBOE 3HAUYEHHE, KOTOPOE XapaKTepH3yeT
CBOWMCTBO CHUCTEMBI. YacTo mapameTp YUCICHHO XapaKTEPHU3yeT MHOXKECTBO KOJHYCCTBCHHBIX NAHHBIX W/WIA
YHUCIIOBYIO B3aMMOCBSI3b MEXKAY MHOXKECTBAMH KOJUYCCTBCHHBIX NaHHBIX. Hampumep, cooTHomeHue (Wid
(hYHKIHIO COOTHOIICHHUS) MEXKY KOJIHMYSCTBOM METOK IOCIICAOBATEILHOCTH, KAPTUPOBAHHBIX HA XPOMOCOMY, U
JUTMHOW XPOMOCOMBI, Ha KOTOPYIO KaPTHPOBAHBI METKH, MPECTABICT COOOW apamerp.

TepmuHbI "TOporoBoe 3HaYeHHE" M "KBATH(PHUKAITMOHHOE ITOPOrOBOe 3HAUCHUE" B HACTOSIIEM JOKYMEHTE
03HAYaIOT JI000E YUCII0, KOTOPOE MPUMEHSIOT B Ka4eCTBE Mpeneia I XapaKTepH3alund o0pasna, Takoro Kak
HCCIIeTyeMbIi 00paser, coaepkamnii HyKJICHHOBYIO KUCIIOTY W3 OPTaHM3Ma, KOTOPHIH, KaK MOJ03PEBAIOT, CTPa-
JaeT OT MEIUIMHCKOTO cOCTOSHUS. [Topor MOKHO CpaBHHUTH CO 3HAUEHHEM ITapaMeTpa JJIs ONpeAeICHUs TOTo,
crocoOCTByeT JIn 00pa3er; BOSHHKHOBEHHIO TAaKOTO 3HAUCHHS ITapaMeTpa, KOTOPBIi CBHICTEIBCTBYET, YTO Opra-
HHU3M CTPaJaeT OT MEIUIIMHCKOTO cocToAHUA. COTIacHO OTpeIeeHHBIM BapuaHTaM pealTu3alliy KBaTu(pHKaIH-
OHHOE IMOPOTOBOE 3HAYCHUE BHIYHCIIAIOT C MIPUMEHCHUEM MHOXXECTBA KBaTH(DUKAIIMOHHBIX TaHHBIX, U KBTI (-
KaI[MOHHOE MMOPOTOBOE 3HAYCHUE BBICTYIACT B KAYECTBE MpeJieiia JUArHOCTHKY BapHallU YHCIIa KOMUH, HAIIPH-
Mep, aHCYIUIOWIUH, B OpraHu3Me. Eciu pe3ynbTaThl, MONyYeHHBIE B Pe3yJbTaTe CIOCOOOB, PACKPHITHIX B Ha-
CTOSIIEM JOKYMEHTE, MPEBOCXOMAT IIOPOT, Y CyOBhEKTa MOXKHO JUATHOCTUPOBATH BAPHAILMIO YHCIA KOIIWIA, Ha-
npumep, TpucoMuro 21. COOTBETCTBYIOIIUE TOPOTOBBIC 3HAUEHHS ISl CIOCOOOB, OIMMCAHHBIX B HACTOSIIEM JO-
KYMEHTE, MOKHO HICHTH(QUIIMPOBATH OCPEICTBOM aHAIM3a HOPMHUPOBAHHBIX 3HAYCHUH (HAIpUMEp, 03 XPO-
MocoMmbl, NCV (normalized chromosome value, HopMupoBaHHOTO 3HaUeHUs XpoMocoMmbl) Wi NSV (normalized
segment value, HOpMHPOBAaHHOTO 3HAYCHHS CETMEHTA)), BRIYMCICHHBIX I 00ydaroniero MHOKECTBa 00pasIoB.
[Toporosrie 3HAYEHUS MOKHO HIACHTH(HUIIMPOBATH C MPUMEHEHHEM KBATH(HUKAIIMOHHBIX (T.€. HEOPAKEHHBIX)
00pa3noB B 00ydaronieM MHOYKECTBE, KOTOPOE COMEPKUT Kak KBaJHU(PHUKAIIMOHHBIE (T.€. HETIOpaKeHHBIC) 00pa3-
IIbI, TAK U MOpaKEHHBIC 00pa3ipl. OOpas3Ipl B 00yJaromeM MHOKECTBE, KOTOPBIE YCTAHOBIIGHHO COJIEPKAT aHe-
VILUTOUH XPOMOCOM (T.€. TOPaKEHHBIC 00pa3Iibl), MOKHO MPUMCHSTH JUIS MOATBEPKICHUS TOTO, YTO BBIOpaH-
HBIC TIOPOTH SIBIISTIOTCS TIOAXOISIIAMU ISl YCTAHOBJICHUS OTIIMYHS MTOPAKCHHBIX OT HETIOPAXXCHHBIX 00pa3lioB B
HCCIeyeMOM MHOXKECTBE (CM. TIPHMEPHI, MPEJCTaBICHHBIC B HACTOSIEM AOKyMeHTe). Bribop mopora 3aBucur
OT YPOBHS JJOCTOBEPHOCTH, KOTOPBIIl BHIONpPACT I0JIL30BATENb JJIsl poBeaeHust Kinaccupukanuu. CormacHo He-
KOTOPBIM BapHaHTaM pealu3aliu o0ydaromiee MHOKECTBO, IPUMEHSIEMOE [T HICHTH()HUKAUN COOTBETCTBYIO-
MIUX MTOPOTOBBIX 3HAUEHUH, COAEPKUT 1Mo MeHbIuel Mepe 10, mo Mensieit Mepe 20, mo mensmei mepe 30, o
MeHbIei Mepe 40, mo MeHbIei Mmepe 50, mo MeHbIe Mepe 60, mo MeHbiel Mepe 70, mo MeHbIel Mepe 80,
o MeHbIel Mepe 90, mo menbpineit Mepe 100, mo menwIeir mepe 200, mo merbmeit mepe 300, Mo MeHbIIECH Me-
pe 400, mo Mensmieit mepe 500, mo menpmei Mepe 600, mo menbmrel mepe 700, mo menbpmeit mepe 800, o
Menbieir Mmepe 900, mo menbmeit mepe 1000, mo menbieir mepe 2000, mo menbirel mepe 3000, Mo MeHbIIEH
Mepe 4000 wu Gonee KBATHM(DHUKAIIMOHHBIX 00pa3moB. sl yaydieHus: JUarHoCTHYECKON 3HAYUMOCTH TIOPOTO-
BBIX 3HAYCHUI MOXET XapaKTepHU30BaThCS MPEUMYIIIECTBOM IPUMEHEHUE OOJBIINX MHOXKECTB KBaTH(PHUKALINOH-
HBIX 00pas3IoB.

Tepmun "O10K" 03HaYaeT CErMEHT MOCIEIOBATEIbHOCTH MM CErMEHT reHoMa. CorfacHo HEKOTOpPBIM Ba-
pHaHTaM peanu3aluu OJOKH SIBISIOTCS HENPEPHIBHBIMU JPYT OTHOCUTEIBHO JAPYra B IMpeneiax reHoMa MU
XpoMocOMBL. Kaxzplii GJIOKM MOXET OINpEAEeNsiTh IOCIe0BATEIbHOCTh HYKICOTHIOB B pe)EPEHCHOM T'e€HOME.
Pasmepsr 6moka moryt coctaBiats 1, 100 T.0., | MO (Meradbasy) u T.1. B 3aBUCHMOCTH OT aHaJi3a, KOTOPBIH
TpeOyeTcs sl KOHKPETHBIX MPUMEHCHHUH, U INIOTHOCTH METKHU MOCIICIOBATEIBHOCTU. B JOMOTHEHHE K MOJIOXKE-
HUSM B TIpeneniax pedepeHCHON MOCIeNOBATEIBHOCTH OJIOKM MOTYT 00JIafaTh APYTUMH XapaKTePUCTHKAMH,
TaKUMH KaK MEepeKphITHE 00pas3la M CTPYKTYpHBIE XapaKTEPUCTUKH MOCIENOBATEIFHOCTH, Takue Kak (paKius
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G-C.

TepMuH "mopor MacKupoBaHUA" B HACTOSIIEM JOKYMCHTE 03HAYACT KOJHMYECTBO, C KOTOPBIM CPaBHUBAIOT
3HAa4YCHHE, OCHOBAHHOE HA KOJHYECTBE METOK IIOCIIEAOBATEIHHOCTH, B OJOKE IMOCIEIOBATEIBHOCTH, MPHUIEM
OJIOKH, KOTOPBI XapaKTepu3yeTcss 3HaUeHHEM, IPEBOCXOIIIIAM OPOT MAaCKUPOBaHMs, MackKupyroT. CoryiacHO
HEKOTOPBIM BapHaHTaM peaii3ally MOPOT MACKUPOBAHM MOXKET MPEACTABIATE COOOH MPOIEHTIUIFHBIN paHT,
abCOIIIOTHOE KOJIMYECTBO, MOKa3aTeNNb KadyecTBa KapTHPOBAHMS WIIH JIpyTrHe moaxonsdmue 3HadeHus. CoriacHo
HEKOTOPBIM BapHaHTaM pPeai3alliy MOPOT MACKHPOBAHU MOXHO 33/1aTh KaK MPOICHTIIIBHBIN paHT KO3 HHUIm-
€HTa BapHalliH CPeIr MHOXKECTBA HETIOPaXCHHBIX 00pa3roB. CorilacCHO IpYyTUM BapHaHTaM Peajli3aliy IOpoT
MAaCKUPOBAHUS MOXHO 3a/1aTh KaK MOKa3aTellb Ka4ecTBa KapTUPOBAHUS, HAIPUMeEp, Toka3areiab MapQ, KoTophIid
OTHOCHUTCS K HAJIC)KHOCTHU BBIPABHUBAHUSI PUJIOB ITOCIICIOBATEIFHOCTH ¢ pepepeHCHBIM TeHOMOM. OTMETHM, 9TO
MOPOrOBOC 3HAYCHHE MACKUPOBAHUS OTIMYACTCS OT MOPOTOBOTO 3HAYCHUs Bapuarmu yucia konuit (BUK), mpu-
YeM TOCIIeHEe TPEICTABIACT co00 TpeIer, XapaKTepu3YOLIHiA 00pasel, Coaep AUl HYKICHHOBYIO KUCIIO-
Ty W3 OpraHu3Ma, KOTOPBIH, KaK MO03PEBAIOT, CTPalacT OT MEAUIIMHCKOTO cocTosHuUs, csizanHoro ¢ BUK. Co-
TJIACHO HEKOTOPOMY BapHaHTy peanu3aiuu mnoporooe 3HaueHre BUK 3amaroT mo cpaBHEHUIO ¢ HOPMHUPOBaH-
HBIM 3HadeHHeM XpoMmocoMbl (normalized chromosome value, NCV) mwim HOpMHUPOBAaHHBIM 3HAYCHHEM CETMEH-
Ta (normalized segment value, NSV), onmucaHHbpIMH B HACTOSIIEM TOKYMEHTE B JPYTOM MECTE.

TepmuH "HOpMUpOBaHHOE 3HaUeHHWE" B HACTOAIIEM JOKYMEHTE O3HA4daeT YUCJIOBOE 3HAUYEHHE, KOTOpOe
COOTHOCHT KOJIMYECTBO METOK ITOCIIEIOBATEIBHOCTH, HACHTU(GUIIMPOBAHHBIX IJIsI IOCIEOBATENIFHOCTH (HAIIPH-
Mep, XpOMOCOMBI HJIM CETMEHTa XPOMOCOMEI), MPEACTABIAIONIEH HHTEpeC, ¢ KOJIMIECTBOM METOK IOCIIeI0Ba-
TEJNBHOCTH, UACHTU(HUIIMPOBAHHBIX U1 HOPMUPYIOIIEH MOCIE0BAaTEIFHOCTH (HAIpUMep, HOPMHUPYIOIIEH Xpo-
MOCOMBI HJIM HOPMHPYIOIIETO0 CETMEHTa XpOoMOcoMbl). Hampumep, "HOpMHpOBaHHOE 3HA4YCHHE" MOXKET TpE-
CTaBIATH COOOHM J03BI XPOMOCOMBI, OIMUCAHHBIC B HACTOSAIIEM IOKYMCHTE B JIPYrOM MECTE, WIIM MOXKET Tpej-
cTaBiATh coboit NCV, mim MoxxeT npencTtaBiiats coboid NSV, onucanHble B HACTOSILIEM AOKYMEHTE B APYTOM
MecTe.

Tepmun "pun" o3HaYaeT MOCIEAOBATENBLHOCTD, MOJYYEHHYIO M3 4acTH 00pa3la HyKJICHHOBOW KHCIOTHI.
Kak npaBmito, XoTs 11 He 00s3aTeNbHO, PUII IPEACTABISIET CO00M KOPOTKYIO MOCIIENOBATEIHHOCTD HEIPEPHIBHBIX
map OCHOBaHUIl B oOpasne. Pun MokeT OBITH MpenCTaBlICH CHMBOJIMYECKHU TTOCIIEI0BATEILHOCTRIO AP OCHOBA-
auit (B A, T, C umu G) gact oOpasna. Pux MoxkeT XpaHUTHCS Ha 3aIIOMHHAIOIIEM YCTPOMCTBE M 00pabaThiBaTh-
CSl COOTBETCTBYIOIINM 00pa3oM ISl OTIPEIEeNIEHHUs] TOTO, COOTBETCTBYET JM OHO peepeHCHON MOCIeI0BaTENb-
HOCTH WJIM COOTBETCTBYET JIM JPYTUM KPUTEPHUAM. P MOKHO TONYyYUTh HETIOCPEACTBEHHO U3 alliapaTa CeKBe-
HUPOBAHUS WM OMOCPEIOBAHHO M3 XpaHSIIEHCS HH(pOPMAIWK O MOCIEI0BAaTENEHOCTH oOpasia. B HekoTophIx
ciydasix puj mpeicTaBiseT coboil mociemoBarenbHOocTh JJHK mocraTowno# AnmuHEBI (HampuMep, MO MEHBIICH
Mepe MPUOTU3UTENHHO 25 1.0.), KOTOPYIO MOXKHO MPUMEHSATH TSl HACHTU(GUKAIIUH OOJBINEH MOCIe0BATEIFHO-
CTH WK 00JaCTH, HATIPUMED, KOTOPYIO MOXKHO BBIPOBHSATH M CIICIIU(PUIHO OTHECTH K XPOMOCOME HITH TCHOMHOU
00J1acTH WM TCHY.

TepMuH "reHOMHBIH pun" UCTIONB3YIOT MPUMEHHUTENBHO K PUIAM JIFOOBIX CETMCHTOB B I[CJIOM TEHOME HH-
JTUBHUIIyyMa.

TepMmuH "MeTKa MOCIENOBATEIILHOCTH B HACTOSAIIEM TOKYMEHTE HUCIIONB3YETCS B3aUMO3aMEHIEMO C Tep-
MUHOM "METKa KapTHPOBaHHOW IOCIIEIOBATENLHOCTH" W O3HAYAET PUJ TOCIEIOBATEIBHOCTH, KOTOPOE OBLIO
cnenu(UIHO OTHECEHO, T.€. KapTHPOBAHO, K OONBIIEH MOCIeN0BaTEIbHOCTH, HAIIPHIMEp, peQepeHCHOMY Te€HO-
My, IOCPEICTBOM BBIPABHMBAHHUSA. METKH KapTHPOBAHHOH ITOCIIEAOBATEIFHOCTH SBIISIOTCS YHUKAIBHO KapTHPO-
BaHHBIMH Ha pe(epeHCHBII TeHOM, T.€. OHH OTHECEHBI K OJHOMY PacIIOJIOKEHHIO B pedhepeHcHOM reHome. Ecim
HE yKa3aHO 00paTHOE, METKH, KOTOPBIC KapTUPYIOTCS HAa OJHY M Ty K€ IOCJIEIOBAaTEIILHOCTh Ha pedepeHcHOU
MOCJIEIOBATEIEHOCTH, MOJCUYUTHIBAIOT OJUH pa3. MeTKu MOTYT OBITh MPEIIOKCHBI B BUIC CTPYKTYP JaHHBIX
WIN JAPYTUX COBOKYIMHOCTEH AaHHBIX. COTIAaCHO OMpECIICHHBIM BapHAHTAM pPEATH3alMUd METKa COJCPIKHUT IO-
CJIEZIOBATEIFHOCTh PHJA M CBS3aHHYIO HH(GOPMAIIMIO JUTS TaHHOTO PHJIA, TAKYIO KaK PACIOJIOXKECHUE MOCICI0BA-
TEJBHOCTH B TCHOME, HATIPUMED, MOJIOKECHHE Ha XpoMocoMme. COTJIaCHO ONPE/ICICHHBIM BapHaHTaM pealu3alliu
MOJIOXKCHUE YKA3aHO JUIS TIOJOXKHUTEIEHOW OpUCHTAINH Ienn. MOXKHO 3a/1aTh METKY, YTOOBI 00ECICYUTh Orpa-
HUYEHHOE KOJIIMYECTBO HECOOTBETCTBUS IPH BBIPABHUBAHWH C pedepeHCHBIM reHoMOM. COrflacHO HEKOTOPBIM
BapHaHTaM pean3allii METKH, KOTOPBIE MOXKHO KapTHPOBaTh Ha O0Jee YeM OJHO pacIoyioKeHUe Ha pedepenc-
HOM T€HOME, T.€. METKH, KOTOPBIE HEe KapTUPYIOTCS YHUKAJIFHO, MOKHO HE BKJIIOYATh B aHAIN3.

TepMmuH "He TIOBTOPSIIOIIASCS METKA TOCIIEIOBATEILHOCTH" 03HAYaeT METKH TMOCIEA0BATEILHOCTH, KOTO-
pBIe He KapTUPYIOTCSA HA OJUH M TOT XK€ CalT, KOTOPBIC MOJCIUTHIBAIOT C IIETIBI0 ONIPEISICHUS] HOPMHUPOBAaHHBIX
3HaueHnit xpomocoM (NCV) corilacHO HEKOTOPEIM BapHaHTaM pealn3anui. MTHor1a HeCKOIbKO PUIOB MTOCIIEO0-
BaTCIFHOCTH BHIPABHUBAIOTCS C OJJHUMHU U TEMH K€ PACIIOIOKECHUSIMH Ha pe()epEHCHOM TeHOME C MOTyYCHHUEM
MOBTOPSIOIINXCS WIH AYOIUPYIOIUXCSA METOK MociienoBareIbHOCTA. COTJIaCHO HEKOTOPBIM BapHaHTaM Peav-
3alUu AyOJUPYIONUECS METKU MOCICAOBATCIBHOCTH, KOTOPBIC KApTHPYIOTCSA HAa OJHO M TO XKE IOJIOKCHHE,
OITYCKAIOT WM TOACYUTHIBAIOT KaK OJHY "HE MOBTOPSIONIYIOCS METKY IOCIEAOBATCILHOCTH" C IIEIBIO OTpee-
nernss NCV. CortacHO HEKOTOPBIM BapHaHTaM pPEad3allid HE MOBTOPSIONINECS METKU MOCIIEI0BATCIFHOCTH,
BBIPOBHCHHBIC C HCUCKITFOUCHHBIMH CalTaMHM, ITOJICYATHIBAIOT JUIS MOJTYYCHUS "MTOICYNTAHHOTO 3HAYCHUS HEHC-
KITIOYEHHBIX caiiToB" (TmoacunTanHbix 3HadeHuit NES, non-excluded site) mis onpenenenns NCV.

TepmuH "calT" 03HaYaeT YHUKAIHHOE TMOJIOKEHUE (T.€. HISHTU(PUKATOP XPOMOCOMBI, TIOJIOKEHUE U OPH-
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CHTAIIMIO XPOMOCOMEI) Ha pedepeHCHOM reHoMme. COrlIacHO HEKOTOPBIM BapHaHTAM PCaTU3aIldl CAWT MOXKET
00eCTIeYnTh MOJOKCHUE JIIS OCTATKA, METKHU TOCIICAOBATEIFHOCTH WM CETMEHTA Ha MOCIICI0BATCIBHOCTH.

"HckimoueHHBIe CAUTHI" TIPEICTABISIOT cO00# CalThl, 0OHApYKEHHBIE B 001aCTAX peepPeHCHOTO TeHOMA,
KOTOpBIe OBUTH HCKIIOYEHBI M3 MOJCYUTAHHOTO 3HAYEHHUS METOK IOCIIeNOBATEeIbHOCTH. COTIACHO HEKOTOPHIM
BapHaHTaM PEaM3allN MCKIIOYEHHBIE CAWTHl OOHAPYXKEHBI B 00IAaCTIX XPOMOCOM, KOTOPBIE COEpKaT MOBTO-
pSIOIIKECs MOCIeIOBATEIbHOCTH, HAIPUMEDP, IEHTPOMEPH! B TEIOMEPHI, U B 00JIaCTSIX XPOMOCOM, KOTOPEIC SB-
JSFOTCS OOIMMH [T 00JIiee OJHOW XPOMOCOMEI, HAaIlpUMep, B 00NACTIX, IPUCYTCTBYIOMINX Ha Y-XpOMOCOME,
KOTOpBIE TaKXKe MIPUCYTCTBYIOT Ha X-XPOMOCOME.

"Heuckmouennsie caitter" (NES) npencTaBisioT co0oil caldThl, KOTOPBIE HE UCKIIOUCHBI B pehepeHCHOM
TeHOME IIPU MOJCUeTEe METOK MOCIEI0BATENbHOCTH.

"ITogcunTaHHble 3HAYEHUSI HEUCKIIOUEHHBIX cailToB" (moacuutanuble 3HaueHuss NES) npeacrapisior co-
0011 KoIMYeCTBa METOK ITOCIIEI0BATEIBHOCTH, KOTophle KapTtupytorcss Ha NES Ha pedepencHom reHome. Co-
TJIACHO HEKOTOPHIM BapuaHTaM peanu3anuu NES npeactaBisror co00ii KOJM4ecTBa HE MOBTOPSIONINXCS METOK
MOCJIEI0BATENEHOCTH, KapTUpoBaHHBIX Ha NES. CorimacHo HEKOTOPBIM BapHaHTaM peaji3alid MePEKPBITHE U
CBSI3aHHBIE TIApaMETpPHI, TAKHE KaK HOPMHPOBAHHBIC KOJIMYECTBA MEPEKPBITHS, MIOOANBHBIA MPOQUIb ¢ ycTpa-
HEHHEM KOJIMYECTB MEPEKPHITHSA U 032 XPOMOCOMBI, OCHOBAaHBI Ha MOACYUTAHHBIX 3HaueHHsX NES. B omHoM
prUMepe 03y XPOMOCOMBI BBIYHCIIIIOT KaK COOTHOIIEHHE IMOICYMTAHHOTO 3HaueHus NES mis xpomocomsl,
MPEICTABIISIONIEH HHTEPEC, ¥ OACYUTAHHOTO 3HAYCHUS TSI HOPMHUPYIOMIEH XPOMOCOMEI.

HopmupoBannoe 3Hauenne xpomocombl (NCV) mpencrarisier coO00i COOTHOIIEHUE TEPEKPBITHS HCCIIe-
JiyeMoro o0pasija M MEPEeKphITHA MHOKECTBa 00ydJaroNTuX/KBaTU(PUKAITMOHHBIX 00pa3ioB. CoriacHo HEKOTO-
peiM BapuantaMm peanusaiuu NCV ocHOBaHO Ha J103¢ XpoMOCOMBI. COTJIaCHO HEKOTOPHIM BapHaHTaM pealin3a-
uud NCV OTHOCHUTCS K Pa3IMYUI0 MEXKIY 10308 XpOMOCOMBI AJISi XpPOMOCOMBI, IPEICTABISAIOIEH UHTEpEC, B
uccieayeMoM o0pasie U CpeTHUM 3HaYeHHEeM COOTBETCTBYIOIIEH JJ03bI XPOMOCOMBI BO MHOYKECTBE KBasH(pHKa-
IIUOHHBIX 00PA3I0B M MOXKET OBITH BBIYHCICHO KaK

NCV; = "%—’]ﬂf

riae M u Oj npencrapmsior co6oii BEIUMCIEHHOE Cpe/IHee 3HAYCHHE H CTAHAAPTHOE OTKIOHEHHE COOTBETCT-
BEHHO JIJISI TO3BI j-i XPOMOCOMBI BO MHOXECTBE KBATH()UKAIIMOHHBIX 00pa3IoB; U

Xjj IPeJICTaBNIsAET cOO0H HAOII0IaEMOE COOTHOILIEHHE j-I XpOMOCOMBI (JI03BI) LIS HCCIeAyeMOro oopasua i.

CornacHO HEKOTOpBIM BapraHTaM peasm3annd NCV MoxkeT ObITh BBIYHCIICHO "Ha X0/y" IMOCPEICTBOM CO-
OTHECEHHMSI O3Bl XPOMOCOMBI JUISI XPOMOCOMBI, TIPEJICTABIISIOICH HHTEPEC, B HCCIIEyeMOM 00pasIie, K MeJuaHe
COOTBETCTBYIOIIECH O3Bl XPOMOCOMBI B MYJIBTHIDICKCHBIX 00pa3iiax, CCKBEHHPOBAHHBIX B OJHUX H TEX XK€ IIPO-
TOYHBIX STUCHKaX, KaK

NCV;; = x’a—_JMl

rae M;j npescrapiseT coO00l BBIYMCICHHYIO MEIHaHy JUIs 1036l j-i XpPOMOCOMBI BO MHOYKECTBE MYJILTHUII-

JICKCHBIX 00pa3IoB, CCKBCHUPOBAHHBIX B OJTHON M TOW K€ MIPOTOYHOH sTUCHKE;

0j MIPECTaBIIET COO0H CTaHAAPTHOE OTKJIIOHEHHWE IS O3B! j-if XpPOMOCOMBI B OJTHOM HJIH Oojiee MHOXKe-
CTBaX MYJIBTHUILUICKCHBIX 00pa3I0B, CCKBCHUPOBAHHBIX B OJTHOW MK OoJice MIPOTOYHBIX SYCHKAX; U

Xjj IPeJICTaBNIsAET COO0H HAOIIOaEMYIO JI03Y j-i XPOMOCOMBI IS HCCIIETyeMOro oopasna i.

CornacHo TaHHOMY BapHaHTY pealH3aldd HCCICTyeMblid o0pasell i mpeAcTaBisieT CO00H OTUH U3 MYJIb-
THIUIEKCHBIX 00pa31loB, CEKBEHUPOBAHHBIX B OJHOM 1 TOH e MPOTOUHOMH fdelike, U3 KOTOpoii onpenensoT M;.

Hampumep, st XxpoMocoMeI 21, peAcTaBIsIoNniel HHTEpeC, B UCCIeaAyeMoM o0pasiie A, KOTOPBIA CeKBe-
HUPOBaH Kak OJWH u3 64 MyJbTHUIUIEKCHBIX 00pa3loB B OJHOHN mpoTouHol sueiike, NCV mis xpomocoMsl 21 B
HCCIIeTlyeMoM 00pasiie A BBIYHCISIOT KakK 03y XpoMocoMbl 21 B oOpasiie A MEUHYC MeauaHa 036l ISl XPOMO-
combl 21, onpeaeneHHOW B 64 MyJbTHUIUIEKCHBIX 0o0Opa3slax, pa3iejcHHYI0 Ha CTaHAAPTHOE OTKIOHEHHE JIO3bI
JUTSL XpOMOCOMBI 21, onpeieieHHoN i1t 64 MyJIBTHITIEKCHBIX 00pa3IioB B MPOTOYHOH sUeiike | WiIv B TOTIOTHH-
TEJNBHBIX MIPOTOYHBIX SUCHKAX.

B nacrosmeM 10KyMeHTe TEpMUHBI "BBIPOBHEHHBIN" MK "BhIpaBHUBaHUE" 03HAUAIOT MPOLIECC CPABHEHUS
PHIBI WM METKH ¢ pe)epeHCHOH IOCIeJ0BATEIbHOCTHIO U IIOCPEICTBOM JTOTO ONPEJNENICHUSI TOTO, COAEPIKHUT
i pedepeHcHas MOCIeIOBATEIBHOCTh MOCIICI0BATEIFHOCTh pHuaa. Ecmu pedepeHcHas MmocienoBaTeIbHOCTh
COJICPXKHUT PUJI, PUII MOKHO KapTUPOBATh HAa PEeEPEHCHYIO MOCICIOBATEIBHOCTD MM COTJIACHO OTNPEICICHHBIM
BapHaHTaM peaH3allid Ha KOHKPETHOE PACIOJIOKCHHE B peepeHCHON MOCIEI0BATEIFHOCTH. B HEKOTOpPHIX
ClIydasiX BHIPABHHUBAHHE IPOCTO MOKA3BIBACT, SBJSICTCS JIM PUJ WICHOM KOHKPETHOH pedepeHCHON mociemoBa-
TENBHOCTH WJIA HET (T.e. IPUCYTCTBYET MM OTCYTCTBYET PHI B peepeHCHOH mocienoBaTenbHOCTH). Hampu-
Mep, BBIPABHUBAaHHUE PHIBI ¢ peepeHCHOH MOCIeA0BaTeILHOCTRIO UII XPOMOCOMEI denoBeka 13 mpoaemMoHCT-
pHUpyeT, MPUCYTCTBYET JIM pUA B peepeHCHOHN MOCIea0BaTeNIFHOCTH IA XpoMocoMbl 13. MHCTpyMeHT, KOTo-
pBIii oOecnieynBaeT NaHHYIO MH(OPMAIMIO, MOXXHO Ha3BaTh ONPENEIUTENIeM MPHHAMIC)KHOCTH MHOXKECTBY. B
HEKOTOPBIX CIIy4asx BIPAaBHUBAHWE JOTIOIHUTEIHHO YKA3bIBAET HA PACIIONIOKEHHE B pedepeHCHOH mocienoBa-
TENBHOCTH, Ha KOTOpOE KapTHPYyeTCs PHI WiH MeTKa. Hampmmep, ecnu pedepeHCHas MOCIenoBaTeIbHOCTD
TpEeJICTAaBISIET COOO0 MOCIEA0BATEIHFHOCTD IIEJIOr0 TeHOMA YeJI0BEKa, BRIPAaBHIUBAHUE MOXKET YKa3aTh HA TO, YTO
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pHI IPUCYTCTBYET Ha XpoMocoMe 13, M MOXKET TakXKe yKa3aTb Ha TO, YTO PHJ HAXOAWUTCS Ha KOHKPETHOW LeTH
W/UIK caiTe XpoMOCOMBI 13.

BrIpoBHEHHBIE pUIBI WM METKH MPEACTABILIIOT co00i onHy Min Ooiee TOCIeI0BaTeIFHOCTEH, KOTOPhIE
WICHTU(QHUIMPOBAHB KaK COBIAJICHUE MPUMEHHUTEIBHO K TOPSAIKY MX MOJEKYT HYKICHHOBOW KHCIOTHI C H3-
BECTHOH TOCIIEJOBAaTEIFHOCTRIO U3 peepeHCHOTO TeHOMAa. BrIpaBHHBaHME MOKHO BBHIIIOJIHUTH BPYUYHYIO, HE-
CMOTpSI Ha TO, YTO BBIPABHHUBAHHE, KaK IPABHIO, OCYIICCTRISIOT C MOMOIIBI0O KOMIBIOTEPHOTO alTrOPUTMA, I0-
CKOJIBKY IUIS pean3alliil CIOCO0O0B, PACKPBITHIX B HACTOSIIEM JOKYMEHTE, HEBO3MOXKHO BBIPDOBHATH PHIBI B
TEYEeHHE Pa3yMHOTO Iepuoa BpeMeHH. [IpuMepom anroputMa il BEIpaBHHUBAHUS [TOCIICIOBATEIBHOCTEH SBIIS-
ercst kommbloTepHas nporpamma Efficient Local Alignment of Nucleotide Data (ELAND, 3¢dexruBHoe 110-
KaJIbHOE BBIPAaBHHBAaHHWE HYKJICOTHUIHBIX JAaHHBIX), KOTOPYIO PaclpoOCTPaHSIOT KaK 4acTh aCCOPTHMEHTa Ipo-
rpamm Genomics Analysis (I'eHomHbIH ananu3) komnanuu Illumina. B xadecTBe anbTepHATHBEI, U1l BEIPAaBHU-
BaHMS PUIBI C pe)epeHCHBIMH TEHOMaMH MOXHO NPUMEHATHh QUiIbTp Bloom mny aHalOrHMYHBIA ONpeiennuTeNb
NPUHAJIE)KHOCTH MHOXKeCTBY. CM. 3asBKy Ha nmateHT CIIIA Ne 61/552374, nomannyro 27 oktsiops 2011 r., xo-
TOpas MOJHOCTHIO BKIIIOYEHA B HACTOSIIUI TOKYMEHT ITOCPEICTBOM CChUIKK. COBMa/IeHNE TOCIIeI0BaTeIbHOCTH
PHUIBI B BEIpaBHUBaHWN MOXeT cocTaBisATe 100% coBmageHus mocienoBaTensHOCTH win MeHee 100% (Henne-
aJbHOE COBITAJICHUE).

TepmuH "KapTupoBaHHe" B HACTOSIIEM JTOKYMEHTE O3HA4YaeT Crelu(UIHOe OTHECEHUE TTOCIIE0BATEIHHO-
CTH pHJa K OOJIBIIEH TOCIeT0BAaTEIFHOCTH, HaIpIMep, peGepeHCHOMY T€HOMY, IIOCPEACTBOM BEIPAaBHIUBAHMS.

B Hacrtosiem gokymMeHTe TepMHEH "pedepeHCcHBIH reHoM" wiH "pedepeHcHas MOocaeI0BaTebHOCTE" 03HA-
YaeT JI00YI0 N3BECTHYIO KOHKPETHYIO TOCIEI0BAaTEIFHOCTh TEHOMA, OYIbh TO YaCTUYHYIO WIIH MOJHYIO, JTF000T0
OpraHM3Ma WIN BHpPYyca, KOTOPYIO MOXKHO NPHUMEHSTH ISl CPaBHEHUS C WACHTH(QHUIHMPOBAHHBIMH IIOCIIEIOBa-
TENBHOCTSAMH OT cyObekra. Hampumep, pedepeHCHBI IeHOM, MPUMEHSEMBIH B Ciydae CyOBEKTOB-TIONCH, a
TaK)kKe MHOTHX JPYTMX OPraHM3MOB, MOXXKHO HaWTH B HanmoHaisHOM meHTpe OMOTEeXHOJOrndeckoi mHpopma-
mun (National Center for Biotechnology Information) mo axpecy ncbi.nlm.nih.gov. "I'eHom" o3Ha4yaeT mojaHyrO
TEHETHYECKYI0 MH(POPMAIMIO OpraHu3Ma WIN BHPYca, BRIPAKEHHYIO B ITOCIIEI0BATEILHOCTIX HYKICHHOBON KH-
CIIOTEHI.

CornacHO pa3UYHBIM BapHaHTaM peau3aliy pedepeHCHas MOCIeA0BATEIFHOCTD SBISIETCS 3HAYUTEIBHO
Oonpmiei, YeM pHUIBl, KOTOpBIE C HEeW BhIpaBHHBAIOT. Hampumep, pedepeHCHas MOCieZoBaTEIHHOCTh MOXKET
OBITH M0 MEHBIEH Mepe mpudau3uTeabHO B 100 pa3 Oomblnei, Uiau o MeHbIeld Mepe mpubaum3uTesHo B 1000
pa3 Oosbiel, wim 1o MeHbeld Mepe mpuodau3nTenbHo B 10000 pa3 OobIel, WM MO0 MEHBIIEH Mepe TPHOITH-
surensHo B 10° pa3 Goiblueid, wimn o MeHblueil Mepe npubmsutenso B 10° pa3 Goibliei, Him 10 MeHbLeit
Mepe TpUOTH3UTEIBHO B 10 pa3 OoJIBIICH.

B omnom mpumepe pedepeHcHas OCiIeI0BaTeIbHOCTh MIPEJICTABISICT COO0 TaKOBYIO MOJIHOW JJIMHBI Te-
HOMa 4eloBeKa. Takue IMocienoBaTeIbHOCTH MOYKHO Ha3BaTh T€HOMHBIMH peEepEeHCHBIMHU IOCIIEA0BATEIHHO-
cTaMu. B npyrom npumepe pedepeHcHas mocie10BaTeIbHOCTh OTpaHHueHa KOHKPETHOH XpOMOCOMOH 4elioBe-
Ka, Takol kak Xxpomocoma 13. CoriacHO HEKOTOPHIM BapHaHTaM pean3alnny peepeHcHas Y-XxpoMocoMa mpe-
CTaBJIIET COOOM MOCIIEA0BATENHFHOCTE Y -XpOMOCOMEBI M3 TeHOMa yenoBeka Bepcun hgl9. Takue nocnemosarels-
HOCTH MOYXHO Ha3BaTh pe(epeHCHBIMHU IMOCIEIOBATEILHOCTAMI XPOMOCOMEL. Jlpyrie mpuMepsl pedepeHCHBIX
MOCJIEIOBATENFHOCTEH BKIIFOUAIOT TEHOMBI IPYTHUX BHUIIOB, a TAKXKE XPOMOCOMEI, CyOXpOMOCOMHBIE 00JIacTH (Ta-
KM€ KaK IIeTH) U T.J. JII000T0 BHUJA.

CornacHO pa3nWYHBIM BapHaHTaM peaju3aliu pedepeHCHAs MOCIeNOBAaTENFHOCT MPEICTAaBIsIET cO00M
KOHCEHCYCHYIO MOCJIEIOBATEIBHOCT HIN APYTYI0 KOMOWHAIINIO, TIOTY9IEHHYIO OT HECKOJNBKUX WHIWBHIYYMOB.
OnHako B OIpelesieHHBIX BapHaHTaxX NPUMEHEHUs! peepeHCcHas MOCIEA0BATEIILHOCTE MOXKET OBITH MOJydeHa
OT KOHKPETHOTO MHIMBHIYyMa.

TepMmuH "KIMHUYECKH 3HAYMMAs IIOCIIEOBATEIFHOCTE" B HACTOSIIEM JOKYMEHTE O3HAudaeT IT0Ciie/I0Ba-
TENIBHOCTh HYKJICMHOBOW KHCIIOTBI, KOTOpasl, KaK M3BECTHO WIHM KaK IPEIIOoNaralT, CB3aHa C TeHETHYECKUM
COCTOSIHHEM HWIIM COCTOSTHHEM 3a00JICBaHMS WM BOBJICUYEHA B Takoe cocTosiHue. OnpesaeneHie OTCyTCTBHS HITH
NPUCYTCTBHSI KIMHUYECKH 3HAYMMOW IIOCIIEIOBATEIBHOCTH MOXKET SIBIISITHCS MOJXOJSIIMM TP OINpeaeIeHUH
JIUarHO3a WM TIPH MOATBEPIKICHIH THArHO3a METUIIMHCKOTO COCTOSHUS JINOO MIPHU COCTABICHUHU MPOTHO3a Pa3-
BUTHS 3200JICBAHNS.

TepMmuH "MOTydeHHBIH" TIPHU UCIIOJIL30BAHUU B KOHTEKCTE HYKJICHMHOBON KHCIOTBHI MIIU CMECH HYKIEHHO-
BBIX KHCJIOT B HACTOSIIEM JOKYMEHTE O3HAa4aeT CPEACTBA, MMOCPEACTBOM KOTOPHIX HYKJICHHOBYIO KHCIOTY WIIH
KHCJIOTHI IOJTYYalOT U3 UCTOYHHKA, U3 KOTOPOTO OHM NMPOUCX0IAT. Hampumep, corimacHo ogHOMY BapHaHTY pea-
JM3aIMA CMECh HYKJIEWHOBBIX KHCJIOT, KOTOpas MOIyYeHA U3 IBYX Pa3INIHBIX T€HOMOB, O3HAYAET, YTO HYKIJICH-
HOBBIE KHCJIOTHI, HanpuMep, cii/IHK, Obmi mpupoaHeIM 1myTeM BBICBOOOKICHBI KIICTKAMHU B pe3yJIbTaTe BCTpe-
YaloUIMXCs B MPHUPOAE MPOIECCOB, TAKUX KaK HEKpPo3 Wi anonto3. CoracHo IpyroMy BapHaHTy peasld3aliu
CMECh HYKJICMHOBBIX KHCIIOT, KOTOpas IMOJIydeHa W3 JIByX Pa3IM4YHBIX '€HOMOB, O3HA4yaeT, YTO HYKJICHHOBBIC
KUCJIOTHI OBIJIM DKCTPAarupoBaHbl U3 IBYX Pa3IMYHBIX THIIOB KJIETOK OT CyObeKTa.

TepmuH "ocHOBaHO Ha" IIPU WCIIOJIB30BAaHHM B KOHTEKCTE ITOJYYEHHsS KOHKPETHOTO KOJIMYECTBEHHOTO
3HAYEHMs B HACTOSILIEM JOKyMEHTE O3HauaeT IPUMEHEHHE JIPYroro KOJIWYECTBAa B KAaUeCTBE BXOJHBIX JAHHBIX
JUTS BEIYUCIICHUS KOHKPETHOTO KOJIMYECTBEHHOTO 3HAYCHHUS B KAUECTBE BBHIXOIHBIX JTAaHHBIX.

Tepmun "obpaszell oT manueHTa" B HACTOAIIEM NTOKYMEHTE O3HAYaeT OMOJOTHMYECKHH 0Opasell, MoydeH-
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HBIH OT MAIMEHTA, T.C. PEIUIHECHTa MEIUIIMHCKOTO 00CTYKHBaHUs, IIOMOIIH WiH JedeHus. O0pasell oT MmaucH-
Ta MOXET IPEJICTABIIATh CO00# JTH00bIe 00pa3Ibl, OMMCAHHBIC B HACTOSIEM MokyMeHTe. COrlIacHO OmMpeeiicH-
HBIM BapHaHTaM pealn3alii oOpa3el] OT MaIfeHTa [OJIydeH B pe3yIbTaTe HEMHBA3UBHBIX MIPOIIEIypP, HAIPUMED,
obpaser nmepudepudeckoil KpoBr miu oopasen cryna. CrocoObl, OMMcaHHbIE B HACTOSIIEM JTOKYMEHTE, HE Clie-
IyeT OrpaHNYMBATh JTIOIbMH. TakuM 00pa3oM, MPeIyCMOTPEHBI Pa3IuYHbIC BETEPUHAPHBIC BAPHAHTHI IPUMEHE-
HUS, B CIIydae KOTOPBIX 0Opa3er] OT MaIfeHTa MOKET HPEeACTaBIATE CO00i 00pa3er] OT MIICKOIUTAIOMIETO, OT-
JIMYHOTO OT YeJO0BeKa (HampuMep, KOIIeK, CBUHEH, JIomaael, KpyITHOTO poraToro cKoTa U T.11.).

TepmuH "cMemaHHBIH 00pa3er" B HACTOSIIEM JAOKYMEHTE O3Ha4daeT oOpasell, coIep alluid CMeCh HYK-
JICMHOBBIX KHCJIOT, MOJYYCHHBIX U3 Pa3IMIHBIX TEHOMOB.

TepmuH "MaTepuHCKHiT 00pazen” B HACTOSILIEM JOKYMEHTE O3HAa4aeT OMOJIOTMYECKUil oOpasell, mosydyeH-
HBIH OT OEPEMEHHOTO CYOBEKTa, HATIPUMED, KCHIIUHEI.

Tepmun "Ouonorunyeckas KUIKOCTH" B HACTOSIIEM JOKYMECHTE 03HAYACT KUIKOCTh, OTOOPaHHYIO U3 OHO-
JIOTHYECKOTO MCTOYHWKA, W BKJIIOYACT, HAIPUMEP, KPOBb, CHIBOPOTKY, ILIa3My, MOKPOTY, MPOMBIBHYIO JKH-
KOCTb, CIIMHHOMO3TOBYIO HJKOCTh, MOYY, CEMCHHYIO JKUIKOCTh, TIOT, CIE3bl, CIIOHY U T.I. B Hacrosmem mo-
KyMEHTe TepMHHBI "KpoBh", "Mm1azma" 1 "ChIBOPOTKA" OJHO3HAYHO BKIIIOUAIOT (BPAKITUHN WM WX 00paboTaHHBIE
4acTH. AHAJOTUYHO, Korja oOpaser; oTOMparoT w3 OWOICHHU, Ma3ka, cockoba W T.A., "oOpazen" oaHO3HAYHO
BKITIOYAET MPOIIECCHPOBAHHYIO (PPAKIIMIO MM YaCTh, MOTYUYCHHYIO U3 OMOIICHH, Ma3Ka, COCKO0a U T.1.

TepMuHBI "MaTepHHCKHE HYKJICHHOBBIE KHCIOTHI" M "HYKJIEHHOBBIC KUCIIOTHI 10" B HACTOSIIEM JOKY-
MEHTE 03HA4YalOT HYKJICHHOBBIC KHCIOTHI OCpEMEHHOT0 CyOBEKTa >KEHCKOTO TI0JIa M HYKJICHHOBBIE KHCIOTHI
TUTO/1a, BRIHAITBAEMOTO OEpEMEHHBIM CYOBEKTOM JKEHCKOTO TI0J1a COOTBETCTBEHHO.

B HacrosimeMm TOKyMEHTE TEPMHUH '"COOTBETCTBYIOIIUHA" WHOT/IA O3HAYACT MOCIIEOBATEIEHOCTh HYKIICH-
HOBOI KHCJIOTHI, HAIPUMEP, T€H WIH XPOMOCOMY, KOTOpasi MPUCYTCTBYET B TCHOME Pa3lIMYHBIX CYOBEKTOB U
KOTOpasi He00sA3aTEIFHO XapaKTePU3YIOTCS OJMHAKOBOH MOCIEOBATEIIFHOCTHIO BO BCEX TEHOMAaX, HO KOTOpas
BBICTYTACT JJIsI 00CCIICYCHUST UICHTHYHOCTH BMECTO FCHETUYCCKOW MH(GOpPMAIMK MOCICIOBATEIBHOCTH, TIPE-
CTaBIISIONICH MHTEPEC, HAPUMEP, TCHA FIIH XPOMOCOMEI.

B nacrosmeM gokyMeHTe TepMHH "¢pakmus miona" o3HadaeT (QpaKIHi0 HYKJISHHOBBIX KHUCIOT TUIONA,
MPUCYTCTBYIONIYIO B O00pasle, coAaepiKamieM HyKICHHOBBIE KHCIOTHI Iutoa U MaTepu. Dpakmuu mioga 4acTto
MpUMEHAIOT 11 xapakrepuzaiuu cii/[HK B kpoBu matepu.

B HacrosmieM mokyMeHTe TEpMHUH "XpoMocoMa' 03Ha4aeT 00eCIIeYnBaAIONINI HACIIEICTBEHHOCTh HOCHTEIh
TEHOB JKMBOH KIJIETKH, KOTOPBIM MOMydYeH U3 menel xpoMatuHa, coaepkammx JJTHK u 6enxoBbie KOMITOHEHTHI (B
YaCTHOCTH, THCTOHBI). B HacTosmem IOKYMEHTE NMPHMEHSIOT OOIMIETIPHHATYI0 MEXIYHApOJHO MPHU3HAHHYIO
CUCTEMY HyMEpPAalll! OTACIBHBIX XPOMOCOM FeHOMA YEIIOBEKa.

B HacrosmeM TOoKyMeHTE TEPMHH "IUIMHA MOJUHYKICOTHAA" 03HAYACT aOCOMOTHOE KOJHMYECTBO HYKIICO-
TU/IOB B MOCJCIOBATEIBHOCTH WM B 001acTu pedepeHcHoro reHoma. TepMuH "UIMHA XPOMOCOMBI" O3HAYACT
W3BECTHYIO JUIMHY XPOMOCOMBI, NMPUBCACHHYIO B Mapax OCHOBaHHMU, HANPUMEp, MPEICTABICHHYIO B cOOpKe
NCBI36/hgl8 xpoMocoMm denoBeka, KOTOPYIO MOXHO HaWTH B cetd VIHTepHeT 1O  anpecy:
|genome|.Jucsc|.ledu/cgi-bin/hgTracks?hgsid= 167155613 &chromInfoPage=.

TepmuH "cyOBeKT" B HACTOSAIIEM JOKYMEHTE 03HAYAET CYOhEKTa-4eJIOBeKa, a TakkKe CyOBheKTa, OTITUIHOTO
OT dYeJIOBEeKa, TaKOTO KaK MJICKONHTAloIee, OEeCIO3BOHOYHOE JXHBOTHOE, TO3BOHOYHOE >XMBOTHOE, TPHOHI,
JIPOXOKH, OakTepru U BUpyc. HecMOTpsl Ha TO YTO MPUMEPHI B HACTOSIIEM JTOKYMEHTE OTHOCATCS K JIIOIAM, H
OTMCaHWEe TPEUMYIIECTBEHHO HAMPaBIICHO Ha MPOOJIEMBI YeIOBEKa, KOHICTIINH, PACKPHITEIC B HACTOSIIEM JI0-
KYMEHTE, IPUMEHUMBI K TEHOMaM JIF000TO PACTeHHS WM >KHBOTHOTO M SIBIIAIOTCS MOTXOMAIINMHU B O0JIACTSIX
BETCPUHAPHON METUIIMHBL, HAYK O XKHBOTHBIX, B HCCIIEIOBATEIECKUX Ta00PATOPHSIX U T.II.

TepMmun "cocrosiHue" B HACTOAIMIEM NOKYMEHTE O3Ha4daeT "MEIULMHCKOE COCTOSHME" KakK IMIMPOKUI Tep-
MUH, KOTOPBIHA BKJIIOYACT BCe 3a00JICBaHMS M HAPYIICHHS, HO MOXKET BKIIOYAThH MOPAaXCHUS U HOPMAJbHEIC CO-
CTOSIHUS 3JI0POBBS, TAKHE KaK OCPEMEHHOCTh, KOTOPBIC MOTYT OKa3bIBaTh BIHMSHHUC Ha 370POBbE CYOBEKTA, MO-
Jy9aTh MOJB3Y OT MEITUITMHCKOMN TOMOIIIH WK UMETh TIOCICACTBUS ISl MEIUIIMHCKOTO JICUCHHUS.

Tepmun "monHas" TpU UCTOTH30BAHUHM MPUMCHUTEIFHO K aHCYIUIOWIHH XPOMOCOM B HACTOSIIEM JOKY-
MEHTE O3Ha4aeT J00aBICHUE WIIH YTPATY IeTI0H XPOMOCOMEI.

TepmuH "dyacTudHass" TPHU UCTIOJIH30BaHUN NMPUMEHUTEIBHO K aHEYIJIOMIUU XPOMOCOM B HACTOSIIIEM JIO-
KyMEHTE O3HavaeT [00aBIeHNE WM YTPaTy YacTH, T.€. CETMEHTa, XPOMOCOMBL.

Tepmun "Mo3auk" B HACTOSIIEM JOKYMEHTE O3HadaeT MPHCYTCTBHE Yy OJHOTO WHIWBHUIAYYMa, KOTOPBIH
pa3BWICS U3 OTHON OIUIOZOTBOPEHHOW SHIEKIETKH, IBYX MOIYJSAIMH KICTOK C Pa3IHYHBIMH KapHOTHIIAMH.
Mo3annu3M MOXKET SBIATHCS CIEICTBHEM MYTAIMH B IPOIIECCE Pa3BUTH, KOTOpas Mepeaanach HCKIIOUUTEIEHO
MOJIMHOYKECTBY B3POCIBIX KIIETOK.

Tepmun "HeMo3aW4yHBIH" B HACTOSIIEM JOKYMEHTE O3HAa4yaeT OpraHU3M, HampHUMep, IJI0J YellOBeKa, CO-
CTOSIIMN U3 KJIETOK OJTHOTO KAPUOTHIIA.

TepMuH "4yBCTBUTEIHHOCTE" B HACTOSINEM JOKYMEHTE O3HAYaeT BEPOATHOCTH TOTO, YTO PE3yIbTATHI aHA-
nm3a OyIyT MOJIOKUTENFHBIMU, €CIIH TPUCYTCTBYET COCTOSIHHE, MPEICTABIAONICe HHTEepec. UyBCTBUTEIBHOCTD
MOJKHO BBIYUCIUTH KaK KOJUYECTBO UCTHHHO MOJOKHUTEIBHBIX PE3yJIbTATOB, pPa3leICHHOE HA CYMMY HCTUHHO
TIOJIOXKHUTEIBHBIX H JIOKHO OTPUIATEIHHBIX PE3yIbTaTOB.

TepmuH "criermMpUIHOCTE" B HACTOAIIEM JOKYMEHTE 03HAYaeT BEPOSITHOCTH TOTO, UTO PE3yIbTAThl aHAIN-
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3a OyIyT OTpUIATENbHBIMHU, €CIIH OTCYTCTBYET COCTOSIHUE, IpeAcTaBisionee nuTepec. CnennpuaHoCTs MOXKHO
BBIYHCIINTH KaK KOJMYECTBO UCTUHHO OTPUIATENBHBIX PE3yJbTaTOB, Pa3JelICHHOE HA CYMMY MCTHHHO OTpHIA-
TENBHBIX U JIO)KHO MOJIOKUTEIHHBIX PE3yIbTaTOB.

Tepmun "oboramate" B HACTOAIIEM JOKYMEHTE O3Ha4aeT MpoIecc aMIUTH(DUKAIIIN MTOTUMOPQHBIX IIele-
BBIX HYKJICHHOBBIX KHCJIOT, KOTOPBIE COMAEPXKATCSA B YaCTH MAaTEpPUHCKOrO o0pasma, M 0ObeqMHEHU aMInIH(u-
IIUPOBAHHOTO TPOAYKTA C OCTABIIMMCS MAaTEPHHCKHM 00pas3IoMm, u3 KOToporo Obuia oroOpaHa wacts. Hampu-
Mep, OCTABIIANCS MaTEPUHCKHA 00pa3erl MOKET TPEACTABIATE COO0I HCXOMHBIM MaTEPUHCKUI 00pasell.

TepmuH "HUCXOIHBIN MaTepUHCKHIA 00pa3el” B HACTOAIIEM JOKYMEHTE O3HadaeT HeoOoTameHHbIH OHOoI0-
THYeCKuil 0Opasel, oJydYeHHBIH OT O0EPEMEHHOT0 CYOBEeKTa, HaIPUMED, JKCHIINHBI, BHICTYTIAIOIIETO B KAYECTBE
MCTOYHMKA, OT KOTOPOTO OTOMPAIOT YacTh JUIsl aMIUIN(HUKALUH TOJIUMOP(HBIX II€JIEeBBIX HYKJICHHOBBIX KUCIIOT.
"Hcxonublii oOpasel" MOXKeT MpeCcTaBIsiTh co00i r000ii 00pasel, MoIydeHHBIH 0T OepeMEHHOro cyObeKTa, ’
IpoLeccupoBanHble (PaklUK JaHHOTO 00paslia, HanpuMep, ounIneHHbIH odpaszen cu/lHK, skcTparnpoBaHHbIi
n3 00pa3na MaTepHUHCKOMN IIIa3MBbl.

Tepmun "mpaiiMep" B HacTOAIIEM JOKYMEHTE O3HA4aeT BBIJCIEHHBIN OJIMIOHYKJIEOTUH, KOTOPBIN CIIOCOo-
OcH BBICTYHATh B Ka4eCTBE TOUYKM MHUIMALNN CHHTE3a IIPU MOMEIICHNH B YCIIOBHS, BBI3BIBAIONINE CHHTE3 IIPO-
JIyKTa YIJIMHEHUs! (HAIpuUMep, YCJOBWs BKJIIOYAIOT HYKJICOTHIBI, MHIYIHPYIONIMHA areHt, TakoW kak JIHK-
noJmMepasa, u moaxoamue temmeparypy u pH). Ilpafimep npeqnodYTUTeNbHO SBISETCS OTHOLIETOYCYHBIM IS
MaKCUMaJIbHOH 3((EeKTUBHOCTH MPH aMIDTH(HUKALNHU, HO, B KAYeCTBE allbTEPHATHUBBI, MOXKET SIBIIATHCS JBYXIIC-
MoYeyHBIM. B cirydae MByXIiemo4edHoro mpaiMepa mpaiiMep cHadana o0pabaThIBAalOT C HENBIO Pa3IesIeHHUs ero
Hernen nepes NMpUMEHEHHEM IS OJTYYEeHUS IPOXYKTOB ymnHeHus. [IpennoarutensHo, mpaitMep IpeAcTaBiIsIeT
coboit onuronezokcupndonykineorun. IpaiimMep nomkeH OBITH JOCTATOYHO JUIMHHBIM, YTOOBI 3aITyCKaTh CHHTE3
NPOJIYKTOB Y/UIMHEHHS B NPHCYTCTBHH MHAYLHPYIOIIETo areHra. ToYHbIE JIMHBI IpaiiMepoB 3aBUCAT OT MHO-
KecTBa (pakTOpOB, BKIIIOYAsl TEMIlepaTypy, UCTOYHUK MpaiiMepa, NpUMEHEHHe criocoda M MmapamMeTphl, puMe-
HsIeMBIE JUIS pa3padOTKH NpaimMepa.

BBenenne 1 KOHTEKCT.

BUK B reHoMe UesoBeKa B 3HAYUTEIHLHOW CTEIICHU BJIHMAET Ha dTHHYECKOE PazHOOOpas3ue U Mpeapacroo-
JKEHHOCTh 4esoBeka K 3aboneBanusiM (Redon et al., Nature 23:444-454 [2006], Shaikh et al. Genome Res
19:1682-1690 [2009]). Takue 3aboyeBaHUs BKIIIOYAIOT, O€3 OrpaHUYEHUs, pak, HHPEKIMOHHBIE U ayTOMMMYH-
HbIe 3a00JeBaHus, 3a00JICBaHUS HEPBHOW CHCTEMBI, METaOOIMIECKUE W/UITH CEePACYHO-COCYIAUCThIE 3a00eBa-
HUS | T.1I.

N3BectHO, uTo BUK crmocoOCTBYeT TeHeTHIecKuM 3a00JIeBaHUSAM TOCPEICTBOM PA3IMIHBIX MEXaHU3MOB,
KOTOpBIC TIPUBOJSAT B OOJIBIINHCTBE CIIy4aeB K JUcOaIaHCy O3l TeHA WM K Pa3pyIICHHIO r'eHa. M3BecTHO, 4To
B JIOTIOJIHEHHE K TPSIMOM KOppemsiuu ¢ reHeTndeckuMy Hapymenusmu BUK onocpenyror denoTnnuueckue
W3MEHEHHS, KOTOphIE MOTYT OBITh MaryOHbIMH. HenaBHO B HECKOJIBKMX HCCIEAOBaHUSAX OBIIO cOOOIIEHO 00
yBenmdeHHOH Harpyske peaxoid BUK wim BUK de novo mpn KOMIUIEKCHBIX HapyIICHHSX, TAKHX KakK ayTH3M,
CJABT (cunapom neduimra BHUMaHUS IPU TUIIEPAKTUBHOCTH) M MIM30(PEHNUS, TI0 CPABHEHHIO C HOPMAILHBIMH
KOHTPOJISIMH, YTO TOJYEPKHBACT IMOTEHIHAIBHYIO MaTOTeHHOCTh penkoi min yHukansHoi BUK (Sebat et al.,
316:445 - 449 [2007]; Walsh et al., Science 320:539 - 543 [2008]). BUK BO3HHKAIOT B pe3yibTaTe TEHOMHBIX
peapamKHUpOBOK, MPEUMYIIECTBEHHO, BCICACTBUE SBICHUN JEICIUH, AYIUINKAIIUH, BCTaBKH M HecOarTaHCHUPO-
BaHHOW TpaHCJIOKAIUU.

Bbrio mokazano, uto ¢parmenTsl cii/IHK TurogHOTO MPOUCXOXKICHUS B CPEIHEM SBISIOTCS 00jiee KOpOoT-
KHMH, 9€M TaKOBBIE MaTEPUHCKOTO MPpoUcXoxaeHus. Y cnemno npumeHsutn HUIIT (HenHBa3WBHOE MpeHATANb-
HOE TeCTHpOBaHKE), ocHOBaHHOE Ha naHHbIX CHII. B mpuMeHseMbIX Ha CerofHsIMIHUN JeHb METOIOJIOTUSIX HC-
MOJIB3YIOT CEKBEHHPOBAHNE MAaTEPHHCKUX 00pa3IoB C IIPUMEHEHNUEM KOPOTKUX pUAoB (25-36 1.0.), BEIpaBHHUBA-
HHE C T€HOMOM, KOMIIBIOTEPH3UPOBAaHHOE BBIYHMCIICHHE W HOPMHPOBAaHHE CYyOXpPOMOCOMHOTO HEPEKPBITHA H,
HaKOHell, OLICHKY Ype3MEepHOH NpeCcTaBICHHOCTH IeieBbIX xpomocoM (13/18/21/X/Y) no cpaBHEHHIO C 0XKHU-
JTaeéMBIM HOPMHPOBAHHBIM NEPEKPBITHEM, CBSI3aHHBIM C HOPMAJBHBIM JUIUIOMIHBIM TeHOMOM. Takum o0pazom,
TpaauIMOHHBIA aHanmu3 U uccienoBanne HUIIT ocHOBaHBEI HA MOJCYNTAHHBIX 3HAUYCHUSX MIIM IIEPEKPBITHH IS
OIICHKH TPaBAONONO0MS aHSYIUIONINH IIJI0JA.

ITockoybKy 00pasmbl MaTEpPUHCKOW IIa3Mbl MPEICTABIAIOT COOOW CMECh MATEpUHCKOW M TUIOJAHOMN
ciJTHK, ycrrex mo6oro mannoro crioco6a HUIIT 3aBUCHT OT €ro 4yBCTBUTEIBHOCTH AJIsSI OOHAPYKEHUST U3MEHE-
HHUH 9Hcia KOMUH B HE3HAUYNTENBHBIX 00pa3max ¢pakuuu mioga. s cmoco60B, OCHOBaHHBIX Ha IMOJACYUTAHHOM
3HaYEHWH, YYBCTBUTEIBHOCTh OmnpeaeseTcs (a) rryOnHol cekBeHupoBaHus U (b) CIOCOOHOCTHIO HOPMHPOBA-
HUS JaHHBIX CHIDKATh TEXHHYECKYIO IHCTepcrio. B HacTosmmeM n300peTeHu N IpeayioKeHa aHaTUTHIeCKas Me-
togonorust anst HUIT m npyrux BapuaHTOB NPUMEHEHHs MOCPEACTBOM HONYyYEHHS MHPOPMAIMU O pasMepe
(parmenTa u3, HaIIpPUMep, pUABI CIAPEHHBIX KOHIIOB, ¥ TPUMEHEHUE TaHHOW MH(OPMAIMU B aHAJHM3€E aCCOPTHU-
MEHTa. YJydllleHHas aHAINTHYECKash YyBCTBHUTEIBHOCTh OOECIICUMBAET CIOCOOHOCTH INPHMEHSATH CIOCOOBI
HUIIT npu cHMKEHHOM TEPEeKPHITHH (HalpUMeEp, CHIDKCHHOW INTyOMHE CEKBEHUPOBAHUSI), YTO JIENAeT BO3MOX-
HBIM IIPUMEHEHHUE TEXHOJIOTHH JUIsl HEAOPOTOCTOSILETO UCCIIEI0BaHNS CPETHET0 prcKa OepeMeHHOCTEH.

B HacrosiieM TOKyMeHTe PacKpbITHI CIIOCOOBI, anmapaTbl 1 CHCTEMBI JJIs OTIPEIeNICHNs Ynciia KoMK 1 Ba-
puarmii gucia xonuii (BUK) pasnudHbIX TOCTen0BaTeIbHOCTEH, MPEACTABISIONINX WHTEPEC, B HCCICIYEeMOM
o0pasie, KOTOPBIH CONEPKUT CMECh HYKJICHHOBBIX KHCIIOT, TIOJYYEHHYIO U3 IBYX WM Oojiee pa3IHIHBIX TeHO-
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MOB, ¥ KOTOPBIH, KaK M3BECTHO WJIM KaK MPEIIONIararT, OTIMYACTCs KOJMYSCTBOM OJHOW MU OoJiee TOCIen0-
BaTEIFHOCTEH, MPEICTABISIONINX HHTepeCc. Bapuanuy yrcina KOmuid, OnpeaeICHHbIC C MPUMECHCHHEM CITOCOO0B
W amnImapaToB, PaCKPBITHIX B HACTOSIIEM AOKYMEHTE, BKIIOUAIOT JOOABICHUS WIIM yTPATHI IEIBIX XPOMOCOM, H3-
MEHCHHS, 3aTPAruBaIOIINe OYEeHb OONBIINE CErMEHTHl XPOMOCOM, KOTOPBIE SBISIOTCS BHIUMBIMH IIOJ MHKPO-
CKOTIOM, W M300MJIMe CYOMHKPOCKOTTMYECKHX BapHanuid urcia kormuid cerMmentoB JIHK, Bappupyromux mo pas-
Mepy OT OJTHOTO HYKJICOTHJIA 0 THICSY OCHOBaHHH (T.0.) u Merada3 (M0).

CornacHO HEKOTOPHIM BapHaHTaM PEATH3alUH MPEII0KEHBI CTIOCOOB! OINpeeNICHHs BapHaIliy YHCia KO-
muii (BUK) mmomoB ¢ mpuMeHEHWEM MaTepUHCKHAX 00pas3IoB, COAECpPKAIIMX MATEPUHCKYIO M OECKICTOUYHYIO
JHK mnoma. B HEKOTOpHIX BapuaHTax peaju3alud MPUMEHSIOT JUHHY (parMeHTta (Wid pasMep (parMeHTa)
ci/IHK nmst ymydiieHus: 9yBCTBUTEIBHOCTH M CHCIIM(UIHOCTH C ENBI0 OOHAPYKCHUS aHCYIUIOWANH II0a U3
ci/IHK B marepuHckoii tuiazmMe. HekoTopble BapraHTHI peain3alil OCYIIECTBIISIOT C MONyYCHHEM OUOIHOTEK
6e3 npumenenus [11{P B coueranun ¢ cekBeHupoBanueM crapeHHbIX KoHnoB JJHK. CormnacHo HEKOTOPBIM Bapu-
aHTaM peaM3aluy Ul YCHICHUS 00HAPYKEHUS aHCYTUTOMINY IUI0/Ia IPUMEHSIOT KaK pa3Mep (parMeHra, Tak u
nepekpbiTie. COrTacHO HEKOTOPHIM BapHaHTAM PEaH3alMK CIOCOOBI BKIFOYAIOT OOBETUHEHUE HE3aBHCHUMOIO
nojicyeTa 0ojiee KOPOTKUX (PParMEeHTOB C OTHOCHUTENILHOHN (pakipeit 6ojee KOPOTKUX (hparMeHToB B OJOKax B
npezenax TeHOMa.

B HeKoTOpHIX BapWaHTaxX pealM3alrd, PACKPHITBIX B HACTOSIIEM JOKYMEHTE, MPEIJIOKEHBI CIIOCOOBI
YIIy4IIeHUS! YyBCTBUTEIBFHOCTH W/WIIK CHEIM(PUIHOCTH aHAIM30B AAHHBIX IMOCIIEIOBATEIHHOCTH TOCPEACTBOM
yCTpaHeHHUs1 BHYTPUBBIOOPOUHOH morpemrHocTH conaepkanns GC. CoriaacHO HEKOTOPHIM BapHaHTaM peayin3a-
UM yCTpaHEHHE BHYTPUBBHIOOPOYHON MorpermHocTy coaepkanmst GC 0CHOBaHO Ha IAHHBIX MOCIEIOBATENBHO-
CTH, OTKOPPEKTUPOBAHHBIX C YYETOM CHCTEMATHICCKON BapHaIliH, PACIPOCTPAHCHHOW B Tpe/ieax HEIOPaXeH-
HBIX 00y4aromux oopasIos.

B HEKOTOPBIX PACKPBITHIX BApUAHTAX PEANU3AIUH TPEITIOKCHBI CIIOCOOBI TIOTYYCHUS TApaMETPOB C BHICO-
KAM COOTHOIICHUEM CHTHAJ/IIYM U3 ()ParMEHTOB OCCKICTOYHOW HYKJICHMHOBOM KUCIIOTHI JJIsl OTIPENICIICHUS pa3-
JIMYHBIX TCHETUYCCKUX COCTOSHUM, CBA3aHHBIX ¢ yucioM komwii 1 BUK, ¢ ymy4ynieHHOW 9yBCTBUTEIBHOCTEIO,
CEJICKTUBHOCTHIO W/WIH 3PPEKTUBHOCTHIO 1O CPABHEHHIO C OOIMICIPUHATHIMU criocobamMu. [TapameTpsl BKITIO-
4aroT, 63 OrpaHWYCHUS, IEPEKPHITHE, B3BEIICHHOE 10 pa3Mepy (parMeHTa MepeKphITHe, PPaKIIUo W OTHO-
IIeHue (parMeHTOB B 3aJaHHOM AHMAaNa30He, YPOBEHb METHIMPOBAHUS (parMeHTOB, t-CTATHCTUKY, TOTyYCHHYIO
13 TIEPEKPHITHS, OIICHKH (HPaKIMH TUI0/1a, OTyIeHHBIE U3 HHPOPMALNH O MEPEeKPHITHH, U T.1I. BBII0 ycTaHOBIIE-
HO, YTO TIPEJCTABJICHHBII MPOIecC SBIAETCS B 0COOCHHOCTH 3 (MEKTHBHBIM IS yIyUIIEHUS CUTHAIA B 00pa3-
ax, coAepkammux oTHocutenpbHO Hm3kHe (pakmum JIHK u3 paccmatpuBaemoro reHoma (HampuMmep, TeéHOMa
wiona). [Ipumep Takoro oOpasia mpeacTaBiIseT co0oi oOpasel] MaTePHUHCKON KPOBU OT MHIMBHIyyMa, Oepe-
MEHHOTO Pa3HOSHICBBIMHU OJIM3HEIIAMH, TPOWHEH U T.J., MIPH KOTOPOM MPOIECC OICHHBACT BAPHALIUIO YUCIIA
KOMUIT B TEHOME OJTHOTO U3 TIJIOJIOB.

CornacHO HEKOTOPHIM BapUaHTaM pPEalH3aldd BBICOKUX AHATUTHYCCKUX YYBCTBUTCIBHOCTEH W CIICIH-
(bUvHOCTEH MOXHO JOCTHYH IPU MPOCTOM MONyYCHUH OUOIHMOTEKH C MPUMEHEHHEM OYCHb HU3KOT'O KOJIMYCCTBA
ci/IHK Ha Bxope, mist koroporo He Tpedyercs [NIP-ammmdukarus. Crnocob 6e3 mpumenenus 1P ynpomaer
paboumii mporiece, yIydiiaeT BpeMs 000poTa U yCTpaHseT MOTPEITHOCTH, MPUCYIHe criocodaM Ha ocHoBe ITL[P.
CoriacHO HEKOTOPHIM BapHaHTaM pealn3alii OOHapy)KCHHE aHEYIJIOWAWH IUIO/Ia U3 MATEPHHCKOM IIa3Mbl
MOXXHO TIPOBECTH 0o0Jiee HaAECKHBIM U d(PPEKTUBHBIM CITOCOOOM, YeM OOMICTIPHUHSATHIE CIIOCOOBI, C MOTPEOHO-
CTBIO B MEHBIIIEM KOJIMIECTBE YHUKAIBHBIX pparmenToB cii/[HK. B xoMOuHAINN yIyqIIeHHYIO aHATUTHIESCKYIO
YyBCTBUTEIHHOCTh W CIICIU(PUYHOCTh JOCTUTAIOT C OYCHHb OBICTPHIM BpEeMEHEM 00OpOTa MpH 3HAYHUTEIIHHO
MeHbIeM konmdectBe (parmentoB cii/[HK. Dto morenmmansao mo3Bonset npopoauts HUIIT co 3HaunTensHO
MEHBITUMH 3aTPaTaMHU JUIs1 OOJIETUYeHUs IPUMEHEHHS B OOIIEH MOMyJISIuy OepeMEHHBIX.

CornacHo pa3iIMYHBIM BapUaHTaM PEaM3alldd C MOMOIIBI0 PACKPBITHIX CIIOCOOOB BO3MOXHO TOITYYCHUEC
oubnmuoreku 6e3 mpumeHenus [1L[P. HekoToprle BapuaHTHI pealn3alidl YCTPAHSIIOT HOTPEIIHOCTH, MPUCYIINE
cnioco6am [IL[P, cHIKalOT CIOXKHOCTH aHaJIM3a, CHIXKAIOT TpeOyeMylo TiIyOuHy cekBeHHpoBaHHs (B 2,5 pasa),
obecrieynBaroT OoJsiee OBICTpOE BpeMsi 000pOTa, HarpuMmep, 0O0OpOT 3a OAMH JIeHb, AETAI0T BOBMOXKHBIM BHYT-
penHee u3Mepenue (pakuuu mrona (PD), obierdaroT yCTaHOBICHHE OTIMYHUN MEXKIYy MAaTEpPHHCKOHW W TUIOA-
Ho/mmanenTaproi cii/IHK ¢ npuMenennem uHGopMaIuu o pazmepe pparmMenra.

Ornenka BUK.

Crnioco06r1 onpenenennst BUK.

C mpuMeHEeHHEeM 3HAa4eHHS MEPEeKPBITHS MOCIEeI0BAaTEIFHOCTH, TapaMeTPOB pasMepa (pparMeHTOB H/HIH
YPOBHEW METHIMPOBAHMSA, OOECIIEUYCHHBIX B CIIOC00aX, PACKPHITHIX B HACTOSIEM JOKYMEHTE, MOXKHO OIpere-
JUTH pa3IMYHBIC TCHETHYECKUE COCTOSHUS, CBS3aHHbIC ¢ uncioM konwii 1 BUK mocnenoBaTenpHOCTEH, XpOMO-
COM HJTH CETMEHTOB XPOMOCOM C yIyYIICHHOH YyBCTBUTCIHLHOCTHIO, CEIICKTUBHOCTHIO /MK 3()(EKTUBHOCTHIO
MO CPaBHCHHIO C NMPUMCHCHHEM 3HAUCHHIA TEPEKPHITHS IOCIEI0BATCIFHOCTH, MOIYYCHHBIX OONICTIPHHATHIMU
cniocobamu. Hampumep, corilacHO HEKOTOPHIM BapUaHTaM PEaNTU3aIUH JJIs OTPEACICHUS MPUCYTCTBUS WU OT-
CYTCTBHSI JIFOOBIX JBYX WM OOJiee pa3IMYHBIX MMOJHBIX aHCYIUIOWANNA XPOMOCOM ILIOJA B MCCIETyEMOM MaTe-
PUHCKOM 00pasIie, colepKaneM MOJICKYIIBI TUIOTHOW U MATCPUHCKOH HYKICHHOBOW KHCIOTHI, IPUMEHSFOT Mac-
KApOBaHHBIE pedepeHCHBIE TI0CIE0BATEIFHOCTH. B MIDTIOCTPaTUBHEIX CII0c00aX, MPEAIOKEHHBIX HIKE, PUIBI
BBIPAaBHHUBAIOT C pe(epeHCHBIMH TOCIIECIOBATEIBHOCTAMU (BKIIIOUas pedepeHCHbIe TEHOMBI). BripaBHUBaHUE
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MOXHO OCYIIECTBHTh C HEMAaCKUPOBAHHOI MJIM MacKMpOBaHHOU pedepeHCHOH mocie 0BaTeIbHOCThIO, TI0Cpe-
CTBOM 3TOTO IOJIy4yasi METKH IIOCIIEIOBATEIBHOCTH, KapTUPOBAaHHBIE HA Pe(epEeHCHON MOCIIENTOBATEIHLHOCTH.
CoriacHO HEKOTOPHIM BapHaHTaM pEeaTU3aIiy JUIs OTIPEISIICHIS BApHUAIMN YHCIIa KOIMK YIUTHIBAIOT HCKITFOUH-
TEJIEHO METKH IOCJIEeJOBAaTEIIEHOCTH, MOIMAAAI0NINe B HEMaCKHPOBAHHBIE CETMEHTHI peepeHCHOH MocenoBa-
TEJBHOCTH.

CornacHO HEKOTOPBIM BapHaHTaM pEaJM3allid OIEHKa oOpasla HYKJICHHOBOW KHUCIIOTHI B OTHOIICHHH
BUK Bximogaer xapakTepH3aIMIo CTaTyca aHSYIIOMAWHA XPOMOCOM WJIHM AHEYIUIOWIWH CETMEHTAa C MOMOIIBIO
OJIHOTO W3 TPEX THUIIOB PeIleHUH: "HOpMaIbHBIN" WM "HeTOpaXkKeHHBIH", "MopakeHHBIH" 1 "pelIeHne OTCyTCT-
Byer". [loporu Ans MPUHSATHS PEIICHHUS O HOPMAJbHBIX M MOPAXKEHHBIX 00pasliaX, KakK MPaBIIO, YCTAHOBIICHBIL.
B o0pasiie u3MepsIoT mapaMeTp, CBA3aHHBIN C aHCYIIOWANEH WK IPYTOi BapuaIlel Yrcia KOMui, U U3MepeH-
HOE 3HaYeHHUE CPAaBHHUBAIOT ¢ oporamH. J[is aneyruionuii THIa TyTUIMKalMy pelieHne O TIOpaKeHHOM o0pasie
NPUHAMAIOT, €CJIH XPOMOCOMA HITH J103a CeTMEHTa (WM Ipyroe N3MEepeHHOEe 3HauCHHE COZepsKaHus Iocie10Ba-
TEJNEHOCTH) MPEBHIIIACT OTPEACICHHBIN MOPOT, 3aJaHHBIN JUI TOPaKEHHBIX 00pa3ioB. [ TAKUX aHEYILTOU T
peleHne 0 HopMaJbHBIX 00pa3lax MPUHUMAIOT, €CIIH JI03a XPOMOCOMBI WIIM CEIMEHTa HIXKE MOpoTa, 3aJaHHOTO
JUIE HOPMANbHBIX 00pa3moB. HampoTus, ans aHEyIUTOMIUI THIIA JENEIH peIleHre O MOpa)KeHHBIX 00pasnax
MPUHUMAIOT, €CJIM /10332 XPOMOCOMBI MIIH CETMEHTA HIDKE OTIPENIEIEHHOTO Opora I MOpaKeHHBIX 00pa3Ios, U
pelmieHre 0 HOpMaJIbHBIX 00pa3iax MPUHUMAIOT, €CITH 1032 XPOMOCOMEBI FJIM CErMEHTA BBIIIE TIOPOTa, 3aJaHHOTO
JUTSI HOpMaJTbHBIX 00pasnoB. Hampumep, B cilydae MPUCYTCTBHSI TPHCOMUH peIIeHHe "HOPMAJBLHBINA" OTpeness-
0T 3HaYCHHUEM TapaMeTpa, HallpuMep, J03bI UCCIeTyeMOH XpOMOCOMBI, KOTOPBIA HIKE 3aJaHHOTO IO0JIb30BaTe-
JIEM TIOpoTa HAZeKHOCTH, M PElIeHre "MOopaKeHHBIH" OMPENeNIIOT Ha OCHOBAHHUH TTapaMeTpa, HalpuMep, J03bI
HCCIeyeMO XpOMOCOMBI, KOTOPBIH BBIIIE 33JJaHHOTO ITOJIH30BATEIEM IIOpPOra HaJAeKHOCTH. Pesymnprar "permre-
HHE OTCYTCTBYET" ONpENelsIOT Ha OCHOBAaHMU NapaMeTpa, HalpuMep, A03bl UCCIEeTyeMO XpOMOCOMBI, KOTO-
PBIH JISXKUT MEXAY MOpOoraMH AJIs MPUHATUS pelleHHs "HOpManbHbIA" unu "mopaxkeHHsll". TepMmun "pemienne
OTCYTCTBYET" IPUMEHSIOT B3aMMO3aMEHsIEMO C TSPMHHOM "HEKJIaCCU(UINPOBAHHBII".

[TapameTpsl, KOTOpbIE MOKHO IIPUMEHATH aist onpenenenuss BUK, Bkimrouaror, 6e3 orpaHW4eHwus, mepe-
KpBITHE, CMEIICHHOE/B3BEMICHHOE TI0 pa3Mepy dparMeHTa MepeKphITHe, PpaKIuio WK OTHOIIEHHE (parMeHTOB
B 33JJaHHOM JIMalia30He pa3Mepa M ypOBEHb METHIHpOBaHUS (pparmeHToB. Kak oOcykmaeTcst B HACTOSIIEM T0-
KYMEHTE, IEpEKPHITHE TOTyJaloT U3 IMOJACYUTAHHBIX 3HAYCHUH PUIOB, BRIPOBHEHHBIX C 00JIACTHIO pehepeHCHO-
ro TeHOMa M Heo0sA3aTeIbHO HOPMUPOBAHHBIX ISl MOMYYCHUS [TOICIUTAHHBIX 3HAYCHUH METKH ITOCIIEI0BATEIIh-
HocTH. COTJIaCHO HEKOTOPHIM BapHaHTaM peaU3alliH IMOJICYNTAHHBIC 3HAYEHHS METKH IOCIEI0BATEIbHOCTH
MOJKHO B3BECHTH IO pa3Mepy (hparmenra.

CornacHO HEKOTOPBIM BapHaHTaM peau3alliy mapamMeTp pa3Mepa (pparMeHTa CMEIICH B CTOPOHY Xapak-
TEPUCTUKH pazMepa (PparMeHTOB OJTHOTO M3 reHOoMOB. [lapamerp pasmepa ¢parmeHTa mpescrasisier coOoii ma-
pameTp, KOTOpBIi OTHOCHUTCS K pasMepy ¢parmenta. [lapamerp cMelieH B cTOpoHy pasMepa (parmeHTa, Koraa
1) mapameTp ONAarompHATHO B3BEIIMBACTCS MO pa3Mepy (parMeHTa, HapUMEpP, BBIYUCICHUC MMECT OONBIIHN
BEC I10 pa3Mepy, YeM Ul APYTUX Pa3MEpoB; WIX 2) mMapaMeTp IOJIyYeH M3 3HauCHMs, KOTOpOoe OJIarorpusiTHO
B3BEIIMBACTCS 110 pa3Mepy (pparMeHTa, HaIpuMep, COOTHOLIEHHUE MOJTYYEHO U3 MOJICYUTaHHOTO 3HAYEHHE, KOTO-
pBIif UMeeT OOMNBIIHIA Bec 1Mo pa3Mmepy. Pasmep mpencraBiser co0oi XapaKTEpHCTUKY TeHOMa, KOTia TeHOM Xa-
pakTepu3yeTcss 00oTaleHHON WM OoNbIlel KOHIIGHTpaIuell pa3Mepa HyKJICHHOBON KUCIIOTHI TIO CPAaBHEHHIO C
JIPYTUM TEHOMOM WM APYTOH 9acThIO TOTO e TeHOMA.

CornacHO HEKOTOPBIM BapHaHTaM pealii3aliy CIIOCO0 ONpeeNIeHUS IPUCYTCTBHS WIH OTCYTCTBUS JIIOOBIX
TIOJTHBIX aHEYIUIONIUN XPOMOCOM IUIOJIa B MAaTEPHMHCKOM HCCIeIyeMOM 0o0pasiie BKIOYaeT (a) mpueM uHGOP-
Maluy O TOCIEeI0BaTEIBbHOCTH Ul HYKJIEHHOBBIX KHCJIOT IUIOJA M MaTepH B MaTEPHHCKOM HCCIEAyeMoM 00-
pastue; (b) mpuMeHeHre HHPOPMAIIMU O TIOCIIEOBATEIIFHOCTH U CIIOC00a, OMUCAHHOTO BBIIIE, IS HACHTA(UKA-
IIMM KOJIMYECTBA METOK IOCIIEI0BATEIBHOCTH, KOJMUECTBA MEPEKPBITHS TIOCIIEI0BATEILHOCTH, TapaMeTpa pas-
Mepa (parMeHTa WM JPYroro mapaMeTpa s KaKIOoH M3 XpOMOCOM, HPEACTABISIONINX UHTEPEC, BRIOPAHHBIX
u3 xpomocoM 1-22, X u Y, 1 A1 HACHTU(PUKAIIMY KOJTHISCTBA METOK ITOCIICAOBATEIFHOCTH HITH APYTOTO Mapa-
MeTpa Il OJTHOM min OoJjiee Imociej0BaTeNbHOCTEH HOPMUPYIOIIEH XpOMOCOMEI; (C) MPUMEHEHHE KOINYECTBa
METOK ITOCTIeIOBATEIEHOCTH MIIM APYTOT0 MapaMeTpa, HACHTU(DHUIIMPOBAHHOTO IS KAXKIOW U3 XPOMOCOM, TIpeJ-
CTaBISIOMINX HHTEPEC, M KOJIMYECTBA METOK ITOCIIEIOBATEIHHOCTH WIH JPYTOTO IMapaMeTpa, HICHTH()UITUPOBAH-
HOTO ISl KaKAO0H M3 HOPMHPYIOMIMX XPOMOCOM, JJISI BEIYUCICHHUS JO3BI OJHOW XPOMOCOMBI JUIS KaKIOU M3
XpOMOCOM, MPEACTABILIIOMUX HHTEpec; U (d) cpaBHEHHE KaXIOH 03Bl XPOMOCOMEI C TOPOTOBEIM 3HAUYEHHEM H
MOCPENICTBOM 3TOTO OIPEIEICHHE TPUCYTCTBHS HIIH OTCYTCTBHSI JIFOOBIX TIOTHBIX aHEYIUIOMIUI XPOMOCOM ILIO-
Jla B MAaTCpPUHCKOM HCCIeTyeMOM oOpasIie.

CornacHO HEKOTOPBIM BapUaHTaM peajii3alliy dTar (a), OMMCAHHBIA BBIIIE, MOKET BKIIOYAaTh CEKBEHUPO-
BaHME 110 MEHBIIECH Mepe YacTH MOJIEKYJ HyKJICHHOBOH KHCIIOTHI UCCIEAYeMOro oOpasia Ajsl MOJTydYeHHs yKa-
3aHHOI MH(OpMaIMK O TOCIIEeI0BATEIBHOCTH ISl MOJIEKY]T HyKJIEMHOBOM KHCIIOTHI IUTOJIa U MaTEepH HCCIeTye-
Moro obOpasna. CoriaacHO HEKOTOPHIM BapHaHTaM peasi3aluy dTall (C) BKIIOYAET BBIYHMCICHHE J03BI OJHOM
XPOMOCOMBI ISl KaXJIOH M3 XpPOMOCOM, IIPECTABIISIOIINX HHTEPEC, KaK COOTHOLICHHUS KOJINYECTBa METOK MO-
CJIC/IOBATENILHOCTH WJIM APYTOTO IapaMeTpa, WASHTU(UINPOBAHHOTO JJIS KaKIA0H M3 XpOMOCOM, TPEJICTaBIISIO-
MUX MHTEPEC, ¥ KOIMIECTBA METOK MOCIEI0BATEIHHOCTH I JPYTOTO MapaMeTpa, HACHTH(PUINPOBAHHOTO IS
MOCJIEIOBATEIEHOCTH HJIM TOCIIEIOBATEIEHOCTEH HOPMHUPYIOIMEH XpoMocoMbl. COriTacHO HEKOTOPBIM JIPYTHM
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BapHaHTaM pealTU3alliy JJ03a XPOMOCOMBI OCHOBaHA HA KOJUYECTBAX MEPEKPHITHS MPOLECCUPOBAHHON MOCIE0-
BaTCIFHOCTH, ITOJTYYCHHBIX M3 KOJMYECTBA METOK MOCIICIOBATEIBHOCTH HITH APYroro mapaMerpa. CoriacHo He-
KOTOPBIM BapWaHTaM peajM3alyd Ui BBIYUCICHHS KOJMYECTB MEPEKPHITHS IMPOIECCHPOBAHHON MOCIEIOBa-
TENBHOCTH WJIM APYTOTO MapamMeTpa MPUMEHSIOT UCKIIOUUTENFHO YHUKAIBHBIC, HE TIOBTOPSIOMINECS METKH I10-
cienoBaTensHOCTH. COTTacHO HEKOTOPHIM BapHaHTaM PEaTH3alldd KOJIWYECTBO MEPEKPBHITHH MPOLECCHPOBAH-
HOM MOCJIEI0BATENEHOCTH IPEACTABIIET COO0H COOTHOIIEHHE IIIOTHOCTH METKH TOCIIE0BAaTEIFHOCTH, KOTOPOe
MPEACTaBIsIET COOOW KOJMYECTBO METKH IOCIIEIOBAaTENFHOCTH, CTAaHIAPTU3WPOBAHHOE TI0 JJIMHE MOCIeI0Ba-
TenbHOCTH. COTJIacCHO HEKOTOPHIM BapHaHTaM pean3allii KOJMYECTBO MEPEKPHITHS MPOLECCHPOBAHHON TOCTIe-
JIOBATCIILHOCTH WJIM APYTOW TMapaMmeTp MpeACTaBisieT co00i HOPMUPOBAHHYIO METKY MOCIEOBATCIEHOCTH HIIH
JPYTOii HOPMHUPOBAHHBIA MapaMeTp, KOTOPHIA MPeACcTaBIsIeT coOOH KOJMYECTBO METOK IOCIICHOBATCIHLHOCTH
WIH JPYTOd MapaMeTp MOCICIOBATEIbHOCTH, IPEACTABISIONICH HHTEPEC, pa3IcICHHBI Ha TAKOBOH BCETO TEHO-
Ma WM 3HAYUTENBHOW ero yactu. COrTacHO HEeKOTOPHIM BapHaHTaM pPealii3alliy KOJTHISCTBO TIEPEKPBITHS MPO-
[ECCUPOBAHHOM MOCJIEI0BATEIEHOCTH WM JPYTOH MapaMeTp, TAaKOW Kak mapaMeTp pa3Mmepa (pparMeHTa, ImOoAro-
HSIOT B COOTBETCTBUH C TI00ATBHBIM MPOQIIEM MOCIEI0BATEIILHOCTH, MPeACTaBIitonIei naTepec. CoriacHo
HEKOTOPBIM BapHaHTaM pPEaTN3all KOJIMYECTBO TEPEKPBITUS IMPOIECCHPOBAHHOIN IOCIENOBATEIFHOCTH HIIH
JIPYTO# MapaMeTp IMOATOHSIOT B COOTBETCTBUHU C BHYTPHBBIOOPOUHOM Koppemanueit Mmexny conepxkaaneM GC u
MIePEKPHITHEM TOCIEOBATEIFHOCTH ISl 00pasia, MCCleI0BaHne KOTOPOTo MpoBoasAT. COrjlacHO HEKOTOPHIM
BapHaHTaM peaii3aliy KOJMIECTBO MEPEKPHITHS MPOILECCHPOBAHHON MOCIEOBATEIIFHOCTH HITH IPYToil mapa-
METp HOIY4aloT W3 KOMOWHAIMIA JaHHBIX MPOIECCOB, KOTOPHIE IOMOIHUTEIHHO OMHCAHBI B HACTOSIIEM JIOKY-
MEHTE B IPYTOM MECTe.

CornacHO HEKOTOPHIM BapUaHTaM pPEalTU3alfH 03y XPOMOCOMBI BRIYHCIISIOT B BUJC COOTHOIICHHUS TIepe-
KPBITHS TPOIIECCUPOBAHHON MOCIIECOBATEIIFHOCTH WIH JIPYTOTo MapaMeTpa Uil KaKIOW M3 XPOMOCOM, Tpe-
CTaBIIAIONIMX MHTEPEC, U TAKOBOTO JJIsI MOCIICAOBATSIFHOCTH HIIH TOCICAOBATCIFHOCTEH HOPMUPYIOIIEH XPO-
MOCOMBI.

CornacHo MO00OMY W3 BapHaHTOB PEaM3alliy, OMUCAHHBIX BBIMIC, TIOJTHBIC aHCYIUIOMIUU XPOMOCOM BEI-
OpaHbl W3 MOJHBIX TPUCOMHUN XPOMOCOM, MOJHBIX MOHOCOMHH XPOMOCOM U IIOJIHBIX TTOJIMCOMHUI XPOMOCOM.
TTonHbIE aHEYTIIIOUAMH XPOMOCOM BBIOPAHBI U3 MOJHBIX aHEYIUIOUAWH JT000H n3 xpoMmocoM 1-22, X n Y. Ha-
npuMep, YKa3aHHBIC Pa3IMYHbIC TIOTHBIE aHSYIUIOMINH XPOMOCOM ILTO/Ia BEIOPAaHBI U3 TPUCOMUH 2, TPUCOMHH 8,
tpucoMuu 9, Tpucomuu 20, Tpucomun 21, Tpucomun 13, Tpucomum 16, Tpucomun 18, Tpucommm 22, 47, XXX,
47, XYY 1 MOHOCOMHH X.

CoracHo JI0O0MY W3 BapHaHTOB peaM3AllNK, OMUCAHHBIX BBIIIE, dTarbl (2)-(d) MOBTOPSIOT IJIs MCCIIe-
JTyEMBIX 00pa3IOB OT Pa3IMYHBIX MATCPUHCKHUX CYOBEKTOB, U CIIOCOO BKIIFOYACT OMPEICICHUC TPUCYTCTBHS HIH
OTCYTCTBUS JIOOBIX JIBYX WX O0Jice Pa3IMYHBIX IMOJHBIX aHCYIUIOUANHA XPOMOCOM IDIOAA B KaXKJOM M3 HCCIIe-
JTyeMBIX 00pas3IoB.

CornacHo JI000MYy W3 BapHAHTOB PEATHM3alUU, OMUCAHHBIX BHIINIE, CIIOCOO MOXET TAaKKE BKIIOYATH BEI-
YucieHrne HopMHupoBaHHOTO 3HadeHust xpomocoMbl (NCV), rne NCV npencraisieT co0OH OTHOIICHHE J103bI
XPOMOCOMEI K CPEIHEMY 3HAYCHHIO COOTBETCTBYIOIICH 03B XPOMOCOMBI BO MHOXKECTBE KBAIU(UKAITHOHHBIX
00pasioB, BHIYUCIEHHOE KaK:

o

NCV;j = fa—}“f

rae i u 97 npencraBimstior coGoil BBIMUCICHHOE CpE/HEe 3HAUCHHE U CTAHIAPTHOE OTKIOHCHHE COOTBET-
CTBEHHO TSI IO3BI j-H XPOMOCOMBI BO MHOKECTBE KBUTH()UKAITMOHHBIX 00PA3I0B; U

Xjj IPEJCTABJIAET COO0H HAOIIOAaEMYIO 103y j-ii XPOMOCOMEI JUIsl HCCIIEYeMOro o0pasua i.

CorytacHO HEKOTOPHIM BapuaHTaM peanm3anui NCV MokeT ObITh BBIYUCIICHO "Ha X0Iy" IMOCPEICTBOM CO-
OTHECCHHUS JIO3BI XPOMOCOMBI JUISI XpOMOCOMEI, MPEIICTABIAIONICH HHTEPEC, B HCCICTyeMOM 00pasiie K MeIHaHe
COOTBETCTBYIOIICH O3Bl XPOMOCOMBI B MYJIBTHILICKCHBIX 00pa3iax, CCKBEHUPOBAHHBIX B OJHUX M TEX XK€ IPO-
TOYHBIX STYCHKAX, KAK:

Xij—M;

NCVl] =

k)
9j

rae M;j npezctaBiseT coO00l BBIYMCICHHYIO MEIHaHy JUIsl 1036l j-i XpPOMOCOMBI BO MHOYKECTBE MYJILTHUII-
JIEKCHBIX 00Pa3I0B, CEKBEHUPOBAHHBIX B OJTHOM U TOU e MPOTOYHOH SUCHKE;

0j Mpe/CTaBIsIeT OO0 CTaHAapPTHOE OTKIOHEHHE VIS 03Bl j-ii XpPOMOCOMBI B OJTHOM HIIH 00Jiee MHOXe-
CTBaxX MYJIbTUILICKCHBIX 00pa3lOB, CEKBEHHPOBAHHBIX B OJIHOM WIIH O0Jiee MPOTOUHbBIX sSueiiKax; 1

X; IPEACTABIIIET COOOM HAOIOaeMYIO JI03Y j-H XpOMOCOMBI [T HCCIIeIyeMoro oopasia i.

CornacHoO TaHHOMY BapHaHTY pealH3alud HCCIeTyeMblid o0pasell i mpeAcTaBisieT cCo00H OUH U3 MYJIb-
TUIUICKCHBIX 00pa3IoB, CEKBEHUPOBAHHBIX B OJHOW W TOH K€ MPOTOYHOH siueiike, IUIsi KOTOPOTO OMPEACISIOT
M;.

CornacHO HEKOTOPBIM BapHaHTaM pealTU3alliy MPEUIOKEH CIOCO0 ONpeNeICHUs IPUCYTCTBHS HIIH OTCYT-
CTBHSI Pa3IMYHBIX YACTUYHBIX aHCYIUIOMIUH XPOMOCOM IUIOAa B MATCPHUHCKOM HCCIEIyeMOM 00pasIie, couep-
JKalleM HYKICHHOBBIX KUCIIOT IUIoAa u MaTepu. Crioco0 BKITIOYAET HPOIEAYPHI, aHAJOTHYHEBIC CIIOCO0Y 00Hapy-
JKCHUSI TIOJTHOW aHEYIUIOUANH, U3JI0KEeHHOMY Bblie. OHAKO BMECTO aHaIM3a MOJIHOM XPOMOCOMBI aHAITH3HPY-
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IOT CETMEHT XpoMocoMbl. CM. myOnmkanuio 3asBku Ha mateHT CIIIA Ne 2013/0029852, xoTopasi BKIIFOUYCHA B
HACTOSIIEe H300PETCHUE MMOCPEIACTBOM CCHUIKH.

Ha ¢wur. | mpencrasnen croco0 onpeneneHus IPUCYTCTBHS BApHAIINN YHCIIa KOTIMH COTJIACHO HEKOTOPHIM
BapuaHTaM peammzanuu. B mporecce 100, mpowmnmoctpupoBanHoM Ha ¢wur. 1, mis onpeaenenus BUK npume-
HSIOT TIEPEKPHITHE METKH IMTOCIIEI0BATEIFHOCTH, OCHOBAHHOE Ha KOJMYECTBE METOK ITOCIIEAOBATEIHLHOCTH (T.€.
Ha MOJICYUTAHHOM 3HAUYEHUH METKH HOCIeN0BaTeNFHOCTH). OMHAKO aHATOTWYHO ONHMCAHUIO BBIIIE IS ONpere-
neans NCV, BMecTO EpEKPHITHI MOKHO NIPUMEHSATH APYTHe TIEPEeMEHHBIC HIN ITapaMeTpHhl, TaKue Kak pazMep,
COOTHOIIICHHE pa3Mepa U yPOBEHb METHIHpoBaHuA. COTIacCHO HEKOTOPHIM BapHaHTaM peali3aliy Ui oTpese-
neanss BUK o0bemuHsIOT nBe Wi Ooyiee MepeMEHHBIX. boyiee TOro, mepekphITHE U PYTHE MapaMeTpbl MOKHO
B3BECHUThH 110 pa3Mepy (HparMeHTOB, U3 KOTOPBIX OBLIH MOydeHBI MeTKH. J{1s1 ymoOcTBa uyTeHus B mporecce 100,
MPOMUTIOCTPUPOBAHHOM Ha (UT. 1, YIOMSHYTO UCKIFOUUTEIHHO MEPEKPBITHE, HO CICIYeT OTMETUTh, YTO BME-
CTO TMEPEKPHITUS MOKHO MPUMEHATH JPYTUC MapaMeTPhl, TAKHE KaK pa3Mep, COOTHOIICHHUE pa3Mepa M yPOBEHb
METHIMPOBAHUS, MOJICYNTAHHOE 3HAUCHIE, B3BEIIICHHOE TI0 Pa3Mepy, U T.1I.

B onepammsix 130 u 135 onpenensior nmepekphIThs KBaIN(PUKAINOHHON METKH MOCIIEI0BATEILHOCTH (MK
3HAYCHHS APYTOro MapaMeTpa) U MEePEKPHITUS METKH HCCIIEAYyEeMON TOCIeI0BATENbHOCTH (VIIH 3HAYCHHS JIPYTO-
ro mapamMetpa). B HacTosmiem n300peTeHNH MpeI0KEeHBI MPOLIECCH TS ONIPEISIEHUS KOJINIECTB MePEKPHITHS,
KOTOpBIe 00ECTIEYNBAIOT YIIYUIICHHYIO YYBCTBUTEIHHOCTD M CEIEKTUBHOCTH M0 CPAaBHEHHIO C OOMICTIPHHATHIMA
criocobamu. Omneparuu 130 u 135 oTMedeHBI 3BE3I0YKaMH M BBIIEICHBI paMKaMH C XUPHBIMH JIMHUSAMHA IS
yKa3aHH Ha TO, YTO AaHHBIE OTIEpAIM{ CIIOCOOCTBYIOT YIIYUIICHHUIO IO CPaBHEHHIO C IMPEIIIECTBYIOMIAM YPOB-
HeM TeXHUKH. COTIIacHO HEKOTOPHIM BapHaHTaM PEaM3ally KOMUIECTBA IEPEKPHITHS METKH IMOCIIEI0BATENb-
HOCTH HOPMHPYIOT, TOATOHSIOT, ICH3YPUPYIOT U MHBIM CIOCOOOM MPOIECCUPYIOT Ui YIAYYIICHHS YYBCTBH-
TENBHOCTHU U CCJICKTUBHOCTH aHau3a. [laHHBIC MPOIECCHI TOTIOJHUTEIHFHO OMMCAHBI B HACTOSIIEM JOKYMCHTE B
JPYTOM MECTe.

C ToukH 3peHHsI 00IIEeTo MpeAcTaBiIeHus B criocobe mpu onpexaencauun BUK ucciemyeMbix 00pa3mnos npu-
MEHSFOT HOPMHUPVIOIIUE TTOCIE0BATCIFHOCTH KBATA(UKAITUOHHBIX 00y4Jaronmx oopasmnoB. CorllacHO HEKOTO-
PBIM BapHaHTaM pean3alri KBATH()HUKAMOHHBIE 00yJaromne o0pasibl SABISIOTCS HENOPAKEHHBIMHA U Xapak-
TEPU3YIOTCSI HOPMAJIBHBIM YHCIOM Komui. HopMupytomue mocienoBaTeIbHOCTH 00€CIIeUNBAIOT MEXaHU3M IS
HOPMHUPOBAHUS U3MEPEHUH C TENIBIO OTIpeIeTICHIs BApHaOeIbHOCTEH B OJTHOM CepUU ONPENeTICHUI 1 B HECKOIb-
KX Cepusix ompezaencHuil. Hopmupyromne nociieoBaTesHOCTH HASHTHGUIUPYIOT C IpUMEHeHHEM HHpopMa-
TN O TIOCJIEIOBAaTEIFHOCTH M3 MHOXKECTBA KBaNMH(UKAITHOHHBIX 00pa3IoB, MOJYYCHHBIX OT CyOBEKTOB, KOTO-
pBIE YCTAaHOBJIICHHO COIEPIKAT KICTKH, XapaKTEePHU3YIOMIHUECcss HOPMAIBHBIM YHCIOM KOIH JIF000H OXHON moce-
JIOBAaTCIILHOCTH, MPEACTABIISIIOIICH WHTEepeC, HAlpUMEpP, XPOMOCOMEI WK ee cerMeHTa. OnpeiereHne HOpMU-
PYIOIIMX MOCNeaoBaTeNbHOCTEH npeacTaBieHo Ha stanax 110, 120, 130, 145 u 146 BapuanTa peanusaluuu cro-
coba, n3o0paxxeHHoro Ha ¢ur. 1. CormacHO HEKOTOPHIM BapUaHTaM pealM3allii HOPMUPYIOUINE MOCIeI0Ba-
TENBHOCTHU MPUMEHSIOT JUIS BBIYUCICHUS TO3BI MOCICAOBATCIBHOCTH ISl UCCIEAYSMBIX TOCIEI0BATEIFHOCTEH.
Cwm. stan 150. CortacHO HEKOTOPEIM BapHUaHTaM pealii3allid HOPMUPYIOIIUE TOCIE0BATEIIEHOCTH TAKKE MPH-
MEHSIFOT JJIsi BRIYHCIICHUS MOPOTa, C KOTOPBIM CPAaBHHUBAIOT JI03Yy MOCIIEOBATEIIEHOCTH UCCICAYEMBIX TOCIEI0-
BarenpHOCTeH. CM. aTan 150. MHpOopMAaInio 0 mocieJ0BaTeIbHOCTH, IMTOJYICHHYIO H3 HOPMHUPYIOIIEH MoCIeno-
BaTEIFHOCTH W HCCIEAYEeMOU TOCIEAOBATEIFHOCTH, IPUMEHSIOT JJIS ONPEACICHNS CTaTHCTUYECKH 3HAUYNMON
uACHTH()HUKAITNY aHSYTUIONIHA XpOMOCOM B HCCIIeyeMbIX oOpasnax (3tam 160).

[epexoxnst k meTasaM crocoba onpeesleH s MPUCYTCTBUS BapHallly YHciia KO, COTJIaCHO HEKOTOPHIM
BapHaHTaM peanu3anuu Ha ur. 1 mpencraBieHa 61ok-cxema 100 BapruanTa peanu3anuu s onpeaencHus BUK
MOCJIEIOBATEEHOCTH, MPECTABIISIONICH HHTEpEC, HAIPUMEP, XPOMOCOMBI HIIH €€ CeTrMEHTa, B OMOJIOTHYECKOM
oOpasie. CortacHO HEKOTOPHIM BapHaHTaM pealiu3alli OMOJIOTHYCCKH 00pa3ell MolydeH OT CYOBeKTa U CO-
JICPKHUT CMECh HYKJICHHOBBIX KHUCIIOT, IOJYYCHHBIX U3 Pa3]IMYHBIX TCHOMOB. Pa3iauyHbIC TEHOMBI MOTYT OBITH
BHECCHBI B 00pasell ABYMs WHIWBUAYYMaMH, HAIPUMEp, PA3UYHbIC TCHOMBI OBUIH BHECCHBI ILIOJIOM U MaTe-
PhIO, BEIHANIHMBatoMIeH 1o, Takke pa3InvyHbIe TeHOMBI MOTYT OBITH BHECCHBI B 00pa3el] TpeMs WK 0ojiee HH-
JTUBHUIyYMaMHU, HATIPUMEP, Pa3IMIHbIC TCHOMBI OBLIM BHECCHBI JBYMS WU OOJiee IUIOJaMH U MAaTephi0, BhIHA-
MIMBAIOIIEH IO B KauecTBe abTepHATHBEI, TEHOMBI BHECEHBI B 00pa3el aHeyIIONAHBIMHA PAaKOBBIMH KIIET-
KaM{ 1 HOPMAaJIbHBIMH DYIUTOMIHBIMHU KJIETKaMHU OT TOTO K€ CyOBeKTa, HampuMep, 00paser IUIa3Mbl OT MaIieH-
Ta, CTPAJAOIIEeTo OT paKa.

[Tomumo aHanm3a UccieIyeMoro oopasia OT ManyueHTa I KaKJI0W BO3MOXHOW XPOMOCOMBI, MPEICTaB-
JSFOIEH MHTEpeC, BEIOMPAIOT OHY WK 0oJiee HOPMUPYIOMIMX XPOMOCOM HMITH OJMH HJIH 00Jiee CETMEHTOB HOP-
MHUPYIOIIUX XpoMocoM. HopMmupyrommue XpoMOCOMBI WM CETMEHTHl WACHTU(HUIMPYIOT aCHHXPOHHO W3 HOP-
MaJIGHOTO UCCIICAOBaHMS 00pa3IoB OT MAIMEeHTa, KOTOPOE MOXET MPOXOIUTh B KIMHIMYCCKUX yCIOBUsAX. Jpy-
TUMH CJIOBaMU, HOPMHUPYIOIINE XPOMOCOMBI HJIM CETMEHTHI HICHTU(DUITPYIOT MEepe]] UCCIIeT0BaHHEM 00pa3IoB
OT MarueHTa. B3auMocBs3u Mex Iy HOPMUPYIOIMIIMHU XPOMOCOMAaMHU HJIM CETMEHTAMH M XPOMOCOMAaMU WIIU CET-
MEHTaMH, TPEICTABISIONIMMA HHTEPEC, COXPAHSIOT IS UCIIOIB30BaHMS B X0JIc aHanmm3a. Kak 0ObsICHEHO HUKE,
Takas B3aMMOCBsI3b, KaK IPABUIIO, COXPAHSACTCS B TEUCHUE TICPHUOJIOB BPEMCHH, KOTOPBIC OXBATHIBAIOT UCCIICIO-
BaHUEe MHOTHX 00pa3noB. Creayromiee oOCYKICHHUE 3aTpardBacT BapUAHTHI pPeaii3allid IS BhIOOpa HOPMH-
PYIOLINX XPOMOCOM FIJIM CETMEHTOB XPOMOCOMBI JJIsI HHIMBHIYaJbHBIX XPOMOCOM MIJIM CETMEHTOB, IPEICTAB-
JISFOIINX WHTEpEC.
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MHOXeCcTBO KBaTH(PHUKAIMOHHBIX 00pa3I0B MOJYYAOT IS UACHTH()UKAINN KBATU(PUKAIIMOHHBIX HOPMU-
PYIOIIUX MOCIE0BATEIILEHOCTEH U I 00CCIICYCHUST 3HAYCHUH JUCIICPCHU C [EIBI0 MPUMEHEHHUS MIPH OTpeie-
JIEHUW CTaTHCTUYEeCKU 3HauuMon miaeHTudukanuu BUK B uccrenyembrx oopasmax. Ha stame 110 MHOXecTBO
OMOJOTUIECKIX KBATH(PUKAITMOHHBIX 00pa3IOB MOMYYalOT U3 MHOXKECTBA CYOBEKTOB, KOTOPHIE yCTaHOBJICHHO
COIepXKAaT KIIETKH, XapaKTePU3YIONIHecs HOPMAIbHBIM YHCIOM KOMHUH JI000H OIHOM IMOCieT0BaTeIbHOCTH,
npezncTaBistromeii naTepec. CornacHO OJHOMY BapHaHTY peann3aliy KBaTH()UKAIMOHHBIE 00pa3Ibl MOIYyJaloT
OT MaTepeil, OepeMEeHHBIX IUIOIOM, KOTOPHIH, KaK OBIIO TOATBEPXKACHO C NMPHMEHEHHEM ITUTOTCHETHYECKIX
Croco00B, XapaKTepH3yeTcss HOPMAJIBHBIM YHCIIOM KOMHH XpoMocoM. bronornueckne kBaimpuKarmoHHbIe 00-
pasibl MOTYT TIPEACTABIATE COO0I OMOJOTHYECKYO KHUIKOCTh, HAPUMEp, TIa3My, WU JIFOO0H ITOIXO SN
oOpa3selr, onucaHHBIN Hibke. COTTacHO HEKOTOPHIM BapHaHTaM peaTM3allii KBadu(HKAIMOHHBIA 0Opaser] co-
JICPKHUT CMECh MOJICKYJI HyKJIEMHOBOM KHCIOTHI, HarpuMmep, Moiekyn cii/IHK. CortacHo HEKOTOPBIM BapuaHTaM
peam3anuy KBaTH(UKAIUOHHBIA 00pa3el MpeacTaBiseT co00i 00pa3en MaTepUHCKOW IIa3Mbl, KOTOPBIA CO-
JICPXKHUT CMECh TUIOMHBIX U MaTepuHcKux Molnekyn ci/IHK. Mupopmanumio o mociaeqoBaTenbHOCTU A1 HOPMU-
PYIOIIUX XPOMOCOM H/WJIM WX CETMCHTOB MOJYYAlOT B PE3YNIbTATe CEKBCHUPOBAHHS 10 MCHBINCH Mepe 4acTh
HYKJICMHOBBIX KHCIJIOT, HAIIPUMeEP, HyKJIIEHHOBBIX KHCIIOT TUIOJIa U MaTEepH, C MPUMEHEHHEM JIF000TO W3BECTHOTO
cnoco0a cexBeHnpoBaHus. [IpernoYTuTeNnbHO, B OTHOMIECHHUH [TOCTIEIOBATEIHHOCTH HYKJICHHOBBIX KHCIIOT TUI0/1a
¥ MaTepH B Ka4eCTBE OTACIBHBIX WM KIIOHAJIHHO aMIDTH()UIMPOBAHHBIX MOJICKYJ MIPUMEHSIOT JIIO0OH U3 CIIOCO-
060B cexBeHHpoBaHus HOBOTO mokosieHns (CHII), omucaHHBIX B HACTOSIIEM JOKyMeHTe B apyrom mecrte. Co-
TJIACHO Pa3UYHBIM BapHaHTaM peau3aliy KBaTH(QUKAIHOHHBIE 00pa3Iibl IPOIECCHPYIOT, KaK PAaCKPBITO HIXKE,
nepea U B T€UCHHE CeKBEHHpOBaHM. KBamndukanroHHbIE 00pa3isl MOYKHO MPOIECCHPOBATh C MPUMEHECHHEM
amrmapara, CHCTEMBI i Ha0OpOB, PACKPBITHIX B HACTOSIIIEM JTOKYMEHTE.

Ha srane 120 mo MeHbIIEH Mepe YacTh KaXIOH M3 BCeX KBATU(UKAIIMOHHBIX HYKJICHHOBBIX KUCIIOT, CO-
JIepXKAIIUXCsl B KBaTHU(PHUKAIIMOHHBIX 00pa3ax, CEeKBEHUPYIOT IS MOJNyYCHHUS MUUIHOHOB PUAOB IOCIEIOBA-
TEJNBHOCTH, HAPUMEp, PUIOB 36 I1.0., KOTOPBIC BRIPABHUBAIOT C peepeHCHBIM TeHOMOM, Hampumep, hgl8. Co-
TJIACHO HEKOTOPBIM BapHaHTAM peaji3allid PUABI ITOCIEAOBATCIFHOCTH CONepKaT mpuOnmsutensao 20 1.0.,
MPUOIM3UTENBHO 25 11.0., MpUOIU3uTEabHO 30 I1.0., MPHOIU3UTENBHO 35 11.0., Mpubau3uTenbHO 40 11.0., TIPUOITH-
3UTENBHO 45 1.0., MpuOIM3UTENbHO 50 I1.0., MPUOIUZHTEIHHO 55 1.0., IPHOMM3UTENHEHO 60 I1.0., TPUOTUZUTEH-
HO 65 1m.0., MpUOIM3UTENEHO 70 11.0., MPUOTUUTENBHO 75 11.0., TpubM3uTensHO 80 I1.0., MPUOIM3UTENBHO 85
1.0., MpuoOIU3UTEIHHO 90 11.0., MpUOIM3UTENHHO 95 1.0., TpubOIM3UTENHEHO 100 1m.0., mpubmM3uTensHO 110 m.o.,
npubmm3uTesbHo 120 1m.0., mpubmausutensro 130, npubmm3utensao 140 m.o., npubmmsutensao 150 m.o., mpu-
ommmsutensHO 200 1.0., mpuom3uTensHo 250 1.0., npuomm3urensHo 300 1m.0., mpubmmsurensHo 350 1.0., TIpHU-
ommurensHo 400 1.0., npubnuznTensHo 450 m.o. wm npubamsutensHo 500 mo. OXuAaIoT, YTO TEXHOJIOTHYE-
CKHE TPEUMYIIECTBA CACIAI0T BO3MOXHBIM MOJTYYCHHEC PUIOB OJMHOYHBIX KOHIIOB JutHHOM Oonee 500 1m.0., 94TO
cieTaeT BO3MOXKHBIM IMMONTydeHHE PUABI ITHHON Oosee mpubnmsutenbHo 1000 1m.0., KOTJa MONyJaroT PUIBI Clia-
peHHBIX KOHIIOB. COMTacHO OJJHOMY BapUAaHTy pealiu3allii KapTUPOBAHHBIC PHIBI TOCICIOBATCIFHOCTH COMEP-
kat 36 m.o. CorracHO JPyromy BapUaHTy pean3allii KapTUPOBAHHBIC PHUJBI MOCIEIOBATEIBHOCTH COMEPIKAT
25 m.o.

Punpr mociieqoBaTeTFHOCTH BHIPAaBHUBAIOT ¢ pe(epeHCHBIM T€HOMOM, W PHIBI, KOTOPBIE YHUKAIBHO Kap-
TUPYIOTCA Ha peQEepeHCHBIH T€HOM, U3BECTHBI KaK METKH IIOCIIEIOBATEIHLHOCTH. METKH MOCIeI0BaTEIFHOCTH,
TIOTIAAOIIIe HA MaCKUPOBAHHBIE CETMEHTHI MAaCKHPOBAHHOW pe(epeHCHON MOCIeI0BATEIBHOCTH, HE MOICYH-
TeIBatOT M1 aHann3a BUK.

COrIacHO OJHOMY BapHAHTY PEaTH3alMy [0 MEHbIIEH Mepe npuoIH3nTenbHO 3% 10° KBaTH(HKAIIMOHHBIX
METOK TOCIE/I0BATEILHOCTH, 110 MEHbIIei Mepe NpHOIH3uTensHO 5x10° KBaIH(pHKAIMOHHBIX METOK TIOCIEN0-
BATE/ILHOCTH, [0 MEHBIIEH Mepe NpuoIH3nTensHo 8x10° KBaTH(UKAIMOHHBIX METOK TTOCIEI0BATEILHOCTH, IO
MEHBIICH Mepe MPUOTU3UTEITHHO 10x10° KBaJTH()UKAIMOHHBIX METOK IOCIICIOBATEIBHOCTH, TI0 MCHBIIICH Mepe
npuGmmsuTensHo 15x10° kBaTHHUKAIHOHHBIX METOK MOC/IEI0BATENFHOCTH, IO MEHBIIEH Mepe PUOITH3HTETLHO
20x10° KBaTMUKAIMOHHBIX METOK TIOC/IEIOBATEILHOCTH, 10 MEHbIIeH Mepe npubiusuTensHo 30x10° kBamu-
(UKAIHOHHBIX METOK TOCIIEI0BATEILHOCTH, MO0 MEHbIIeH Mepe mpuommnTensro 40x10° kBaTudUKAIHOHHBIX
METOK IOC/IEIOBATENFHOCTH MM TI0 MEHbIIeH Mepe mpuoimsutenso 50x10° KBamunpHKAIMOHHBIX METOK MO-
CJIeIOBATEIILHOCTH, COAEPIKAIUX pUAbl JTnHOHW OT 20 10 40 1.0., TOMYYaroT U3 PUIbI, KOTOPBIH YHUKAIBLHO Kap-
THUpYyeTCcs Ha peepeHCHOM TeHOME.

Ha srane 130 Bce MeTKH, MOJyYCHHBIC U3 CEKBCHHPOBAHMS HYKIEHHOBBIX KHCIOT B KBAJIU(UKAITHOHHBIX
o0pasmax, MoACYUTHIBAIOT IS TIOTYIEHHUS MEPEKPHITHI METKH KBAIN(UKAIIOHHON MOCIeI0BaTeNbHOCTH. AHa-
JIOTHYHO, B omnepanuu 135 Bce METKH, MMOJTydeHHBIE U3 UCCIEAYeMOro o0pasiia, HOACYUTHIBAIOT JJIS [TONyICHHS
MEPEKPHITHSI METKH HCCIEAYeMOH IMOCIeIOBaTeIbHOCTH. B HacTosImeM H300pETeHNH MPEIIOKEHBI TPOIIECCH
JUTSL OTIPEIICIICHUS] KOJUYCECTB MEePEKPHITUS, KOTOPhIE 00CCIICYNBAIOT YIYUIICHHBIC YyBCTBUTCILHOCTh M CEJICK-
TUBHOCTH 10 CPABHEHUIO C 00IIEnpUHATEIMEU criocobamu. Oneparmu 130 u 135 oTMedeHBI 3Be3J0YKaMH U BEI-
JICIICHBI paMKaMU C )KUPHBIMU JIMHUASMU JUJTsL YKa3aHUS HA TO, YTO JIaHHBIC ONCPAIH CIIOCOOCTBYIOT YITYYIICHHIO
M0 CPABHEHUIO C MPEINICCTBYIONIMM YPOBHEM TeXHUKH. COTITaCHO HEKOTOPBIM BapUaHTaM Peaji3aiyu KOJInde-
CTBA MEPEKPHITHS METKHU MOCICIOBATEIEHOCTH HOPMUPYIOT, MOATOHSIOT, ICH3YPUPYIOT M HHBIM CIIOCOOOM TIPO-
[ECCUPYIOT JUIS YIIYUIICHUSI YyBCTBUTECIHLHOCTH M CEJICKTUBHOCTH aHaiM3a. [laHHBIE POIECCH JOTIOIHUTEIHHO
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OIKCAaHBI B HACTOSAIIEM JOKYMEHTE B IPYTOM MECTE.

IMocne Toro kak Bce KBANH()UKAMMOHHBIC METKH MOCIEIOBATEIIEHOCTH OBUIH KAPTHPOBAHBI M TIOICYUTAHBI
B K&XXIOM 3 KBATH()UKAITMOHHBIX 00pa3I0B, ONPEACISIOT IEPEKPHITHE METKH MTOCIICIOBATEIHHOCTH IS TIOCIIe-
JIOBAaTEILHOCTH, IPEACTaBIIIONISH HHTEepeC, HalpUMep, KIIMHIYECKH 3HAYMMOM MOCIIeI0BAaTeIFHOCTH, B KBAJU-
(UKaIMOHHBIX 00pa3max, paBHO KaK M NEPEKPHITHSI METKH ITOCIEIOBATEIHHOCTH IS TOTIOJHUTEIHHBIX TOCIe-
JIOBAaTEIBHOCTEH, N3 KOTOPBIX 3aTeM WACHTUPHINPYIOT HOPMUPYIOIIHE ITOCIIEI0BATEIFHOCTH.

CornacHO HEKOTOPHIM BapHaHTaM pPEaTH3alHN IOCIEIOBATENFHOCTD, NMPEICTABIIONIAs WHTEPEC, Mpel-
CTaBJISIET COOOM XPOMOCOMY, KOTOPAasi CBS3aHA C MOJIHOM aHEYINIONIUEH XpOMOCOM, HAIpUMep, XpoMocoMy 21,
Y KBaJTH(PHUKAIMOHHAS HOPMUPYIOMIAs OCIEOBATEIIEHOCT MPEACTABISICT COOOW MONHYO XPOMOCOMY, KOTOpast
HE CBs3aHA C aHCYIUIOMIUCH XPOMOCOM M BapHallds KOTOPOH B MEPEKPHITHA METKH OCIIEI0BATSIFHOCTH MPH-
OMU3UTENHFHO paBHA TaKOBOM MOCIEIOBATEILHOCTH (T.€. XPOMOCOMBI), MPEJCTABISIIONICH MHTEpeC, HapuMmep,
xpoMocoMbl 21. BeiOpaHHass HOPMHPYIOIIas XpPOMOCOMa WIIM XPOMOCOMBI MOTYT MPEACTABISATH COOOW OIHY
XPOMOCOMY WJTH TPYIIITy XPOMOCOM, KOTOPBIC HAWIYYIINM CIIOCOOOM TPUOIU3UTEIHHO pPaBHBI BapHUAIUH B TIc-
PEKPBITHHA METKHU TOCIIE0BATEIIEHOCTH JIJIS TIOCIIE0BATEIIFHOCTH, MPEICTABIAIONICH nHTepec. JIrodas oqHa wiu
6onee u3 xpomocoM 1-22, X 1 Y MOXET NMPEACTaBIATH COOOH MOCIE0BATEILHOCTD, PEICTABIISIONIYIO HHTEPEC,
1 OIHY Wi 0oJiee XpOMOCOM MOYKHO HIICHTH()UITUPOBATH KaK HOPMHUPYIOIIYIO MTOCIEIOBATEIBHOCTD IS KaX-
noit u3 moboit u3 xpomocom 1-22, X 1 Y B KBaTMPUKAIIMOHHBIX oOpa3iax. Hopmupytomas xpoMmocoMa MOXET
MPEACTABIATE COO0M OTAEITBHYIO XPOMOCOMY HIIH MOKET HPEACTaBIATE COOOU TPYIITY XPOMOCOM, KaK OTHCAHO
B HACTOSIIIIEM JOKYMEHTE B IPYTOM MECTE.

CornacHo ApyroMy BapHaHTY pealU3alliii IOCIeA0BATEIFHOCTD, IPEACTABIIONIas HHTEPEC, PEICTaBIs-
€T cCO0OH CerMEHT XPOMOCOMEI, CBSI3aHHBIA C YAaCTUYHOM aHEYIUIOWINEH, HapUMep, ACICIUCH WU BCTaBKOU
XPOMOCOMBEI, WM HecOaTaHCHPOBAHHOW XPOMOCOMHO TpaHCIIOKAIHeH, 1 HOPMHUPYIOIIAs TOCICIOBATCIbHOCTD
MPEJICTABISIET COOOM CETMEHT XPOMOCOMBI (WIJIH TPYIIITY CETMEHTOB), KOTOPBIA HE CBS3aH C YACTHYHOMN aHECYII-
JOUAMEH W Bapualys KOTOPOTO B MEPEKPHITUU METKHU IMOCICIOBATEIBHOCTY MPHUOIM3UTEIBHO PaBHA TaKOBOM
CErMEHTa XPOMOCOMBI, CBSI3aHHOTO C YaCTUYHOM aHeyruiouaucii. BEIOpaHHBIH CErMEHT WM CErMEHTHI HOPMH-
PYIOIIEH XpOMOCOMBI MOTYT HPEACTaBIATE COOOM OAMH WK 00Jiee CErMEHTOB, KOTOPBIE HAMIYYIIAM CIIOCOO0OM
MPUOTU3UTETFHO PaBHBI BApHAIMK B IEPEKPHITHHA METKH ITOCIICAOBATEIFHOCTH IS [TOCTIEIOBATEIBHOCTH, TIPEJ-
cTaBstroniei uarepec. JIro0o# onuH Win 6ojiee CErMEHTOB JTF000H 0HOHN Mim 6osee u3 xpomocoM 1-22, Xu'Y
MOJKET MPEACTABIATH COOOH MOCIEI0BATENEHOCTD, MIPEICTABIIAIONTYIO HHTEPEC.

CornacHo ApYTHM BapHaHTaM PEajM3alyi MOCIeI0BATEIbHOCTD, IPEICTABIISIIONAsS HHTEPEC, IPEICTABI-
€T CO00I CerMeHT XPOMOCOMBI, CBSI3aHHBIA ¢ YaCTHYHOW aHEYIUIOWANEH, 1 HOPMUPYIOIIAs TOCIeI0BaATEIPHOCTh
MpEeJICTAaBIsIeT COOOM LENYI0 XPOMOCOMY WIIM XPOMOCOMBI. COTJIacHO €IlIe OJHUM BapUaHTaM peajH3aldd Io-
CJICZIOBATEIILHOCTD, MPENICTABIAIONIA WHTEPEC, MPEACTABISACT COOOH HEIYI0 XPOMOCOMY, CBSI3aHHYIO C aHCYII-
JouAneH, ¥ HOPMHUPYIOIIAs MOCICIOBATEIBHOCTh MPECTABISIET COOOM CErMEHT MU CETMEHTHI XPOMOCOMEI,
KOTOPEIC HE CBSI3aHBI C aHCYTUIOUIUCH.

He3zaBucumo oT TOrO, OJIHY MOCIICAOBATEIFHOCT I TPYIITY MOCICIOBATEIBHOCTEH HACHTUPHUIIUPYIOT B
KBaJTH(HUKAIMOHHBIX 00pa3iax KaKk HOPMHUPYOIIYIO ITOCIEA0BATSIFHOCTD HITH TIOCIEIOBATEIIEHOCTH IS JIF0OOU
onHOW WM OoJiee TOCIIeIOBATENFHOCTEH, MPEACTABIAIOMINX HMHTEPEC, MOKHO BHIOPATh KBATHU(HUKAIMOHHYIO
HOPMHPYIOIIYIO ITOCIIEI0BATEIBHOCTD TaK, YTOOBI OHA XapaKTepHU30BaIaCh BapHaIleld MepeKpPBITHS METKH I0-
CJIeTOBATEILHOCTH WJIM TlapaMeTpa pasMepa ¢parMeHTa, KOTOopas HAaWIydIldM Win HauOoisiee 3(PQGEeKTHBHBIM
croco0oM TPUOIM3UTEIHHO PaBHA TAKOBOM MOCIEIOBATEIEHOCTH, MPEACTABIIONICH HHTEpEC, Kak OMpeesiCHO
B KBaJIM(HUKAIIMOHHBIX oOpasnax. Hanmpumep, kBamuduKanroHHAs HOPMHUPYIOIIAS MTOCIEI0BATEIBHOCTD TIPe-
CTaBISET COOOM MOCIEIOBATEIBHOCTD, KOTOPAs BHI3BIBACT HANMCHBIITYIO BApHAOCIBHOCTD CPEIU KBATU(UKAIIH-
OHHBIX 00pa3lOB MPHU MPUMEHCHUH JUIT HOPMHUPOBAHUS TOCICOBATEIILHOCTH, MIPEACTABISIONICH HHTEpEC, T.C.
BapHaOeIbHOCTh HOPMHPYIOIICH ITOCICAOBATCIFHOCTH SBJISICTCS Hanboliee OJU3KOM K TaKOBOU MOCIICIOBATEb-
HOCTH, MPEJCTABISIONICH UHTEPEC, ONMPEISIICHHON B KBaNH(PUKAIMOHHBIX oOpasnax. ['oBops wHave, KBanudu-
KaIl[MOHHAs HOPMHPYIOMIAs MOCICIOBATEIBHOCTh MPEACTABISACT cO00M MOCIe0BATEIIEHOCTh, BEIOPAHHYIO IS
00pa3oBaHMs HAaMMEHBIICH BapUallU B J03¢ MOCICAOBATCIBHOCTH (MU TOCICAOBATCIBLHOCTH, MPEACTABIISIO-
e uHTepec) B Mpeesiax KBamiHUKAIMOHHBIX 00pa3oB. Takum 00pa3oM, B Mporecce BRIOUPAIOT TIOCTIEI0Ba-
TENBHOCTh, KOTOpasl MpH NMPUMEHEHNH B Ka4eCTBE HOPMHPYIOMIEH XpPOMOCOMEI, KaK OKHIAIOT, 00pazyeT Hau-
MEHBIITYI0 BapuabeIbHOCTh B J103€ XPOMOCOMBI OT CEpUHU K CEpHH JJIS ITOCIIEI0BATEIBHOCTH, MTPEICTABISIOMEH
HHTEpEC.

Hopmupyroimas mocienoBareabHOCTh, HACHTH(GUIMPOBAaHHAS B KBAIM(HUKAIIMOHHBIX 00pa3iax I 000
OIIHOY MM 0oJiee TOCIeT0BaTeIbHOCTEH, IPEACTABISIIONINX HHTEPEC, OCTAeTCSI HOPMHUPYIOIIEH MOCIeI0BaTENb-
HOCTBIO, MPEAMOYTHTEIBHON JUIS ONPENCICHUS] MPUCYTCTBHUS WM OTCYTCTBHUS aHCYIUIOWIWH B HCCIEIYEMBIX
o0pa3iax B TEUYCHHUE THEW, HENENb, MECAIICB M, BO3MOXHO, JICT, IPY YCIOBUH, YTO MPOLECAYPHI, HCOOXOIUMBIE
JUTSL TIOTy4eHUs] OMOTHOTEK CCKBEHUPOBAHUS M CCKBEHUPOBAHUS 00PA3IOB, 10 CYIIECCTBY HE MCHSIOTCS C Teue-
HUEeM BpeMeHH. Kak OmucaHo BhIIIE, HOPMHUPYIOIINE MOCICIOBATEIEHOCTH IS OTPEICICHUS MPUCYTCTBUS aHE-
VILUTOUIUHA BRIOMPAIOT s 0OeciedeHrs (BO3MOXKHO, TAKKE CPEeIU APYTHX MPUINH) BApHAOCIFHOCTH KOJITHUYCCT-
Ba MCTOK IOCJICIOBATCIIFHOCTH WU 3HAUCHUI MapameTpa pa3Mepa (parMeHra, KOTOphIe KapTUPYIOTCS Ha TO-
CIIEZIOBAaTENIFHOCTh CpeIu 00pas3IoB, HANPHUMEp, Pa3IMIHBIX 00pas3loB, W CEpHil CEKBEHHPOBAHUS, HANPUMED,
cepuil CeKBEHHPOBAHUS, KOTOPHIE IMPOUCXOIAT B OAWH M TOT XK€ JCHb W/WIHA B pa3INYHBIC JHU, KOTOPHIE HAH-
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JYYIIUM CIIOCOOOM MPUOIM3UTEIBHO PAaBHBI BApUAOCIHHOCTH MOCIICIOBATEIBHOCTH, IPEICTABIIAIONICH HHTEPEC,
JUIL KOTOPO# ee TPUMCHSIOT B KAa4eCTBE HOPMHUpYIoIIero mapamerpa. CylmiecTBeHHbIC M3MCHCHUS B JTAHHBIX
nporeaypax OyayT BIHATh Ha KOJHYECTBO METOK, KOTOPBIE KapTHPYIOTCS Ha BCE MOCIEAOBATEIHHOCTH, UTO, B
CBOIO OuYepenh, OyAeT ONpenensaTh, Kakas OJHa MOCIEIOBATEIFHOCTh MIIU TPYIIA IOCIEI0BaTeIFHOCTEH OyaeT
XapaKTepu30BaThCs BapHaOCeIFHOCTHIO Cper 00pas3IoB B OHON U TOH JKe W/MIIN B PA3INYHBIX CEPUSIX CEKBEHH-
pOBaHUS, B TOT K€ JICHb WM B pa3IMYHbIC JHH, KOTOpas HanOoee TOYHO MPUOIM3UTENHHO PaBHA TAKOBOM ITO-
CJIeZIOBAaTENIFHOCTH HJIM MTOCTICIOBATEIBHOCTEH, MPEACTABISAIONINX HHTEPEC, I 4ero OyaeT TpedoBaThes, 9TOOBI
MHOYXECTBO HOPMHUPYIOIINX MOCIEI0BATENFHOCTEH OBIIIO MOBTOPHO ompezeneHo. CyIiecTBeHHbIC H3MEHEHHS B
IpoIeIypax BKIIOYAIOT U3MCHEHHUS B JIAOOPATOPHOM IPOTOKOJIE, MPUMEHSICMOM JUIsl MOydeHHsI OMOINOTEKA
CEKBCHHPOBAHWUS, KOTOPHIC BKIIFOYAIOT M3MCHCHUS B OTHOILICHHUU MOJTYYCHUs 00Pas3IOB U MYJIbTHILICKCHOTO
CEKBCHUPOBAHUS BMECTO CHHIIITUICKCHOTO CEKBCHUPOBAHHS W U3MCHCHHUS TIaT(HOPM CCKBEHHPOBAHUS, KOTOPBIC
BKITIOYAIOT U3MCHCHUS B XUMUH, IPUMCHICMOM IJIs1 CCKBCHUPOBAHUSL.

CornacHO HEKOTOPBIM BapUaHTAM peaM3allid HOPMHUPYIOIIAS IOCICIOBATEIBHOCTh, BBEIOpaHHAS IS
HOPMHPOBAHUS KOHKPETHOH MOCIEIOBATEIILHOCTH, PEACTABISIONICH HHTEPEC, MPEACTABISACT COOOU MOCIEI0-
BaTENFHOCTh, KOTOpasi HAWIYUIIUM CIIOCOOOM TO3BOJISIET OTIMYUTH OAHWH WIH 0ojee KBATM(HUKAIIMOHHBIX 00-
Pas3IoB OT OJHOTO WK OoJIee MOpaKeHHBIX 00pa3IoB, YTO MOIPa3yMeBAeT, YTO HOPMHUPYIOIIAS ITOCIIEA0BATEIIh-
HOCTB TPEACTaBISIET cO0O0H MMOCIIEAOBATEIHLHOCTD, KOTOPAsl XapaKTepru3yeTcs HauBBICIIEH auddepeHnupyemo-
CTBIO, T.c. AU (HEePeHINPYEMOCTh HOPMHUPYIOIIEH MOCTIEIOBATEILHOCTH SBIIACTCS TAKOBOW, YTO OHA Oo0ecTedn-
BaeT ONTHUMAIFHOE YCTAHOBICHHE OTIMYMUA ITOCIEIOBATEIHHOCTH, MPEICTABISAIONIEH MHTEPEC, B MOPAKEHHOM
HccIiexyeMoM 00pasiie, YTOObI C JIETKOCTRIO OTIMYUTH TOPAXSHHBIA HCCIeAyeMBIii 00pasern OT ApyTruxX Hemopa-
JKCHHBIX 00pa3ioB. COriacHO JPYrUM BapHaHTaM pealii3allid HOPMHUPYIOIIAs MOCICIOBATEIEHOCTh IPE/ICTAB-
nseT co0Oi MOCIEeIOBATENBHOCTD, KOTOPas XapaKTepPU3yeTcsl KOMOWHAIMCH HAUMCHBIICH BapHaOCIbHOCTH H
HanOoIbIIeH MU PEPEHITPYEMOCTH.

YpoBeHb mudGepeHIINPYEMOCTH MOKHO ONPEACTUTh KaK CTATUCTHYCCKOE Pa3IMdue MEXIy T03aMH I10-
CJICZIOBATEIILHOCTH, HATIPUMED, T03aMH XPOMOCOMBI WIIM JI03aMH CETMEHTA, B TOIMYJISIINHA KBaTH(QUKAIIHOHHBIX
00pa3moB U 1030# MM 103aMH XpPOMOCOM B OJHOM HJIM OoJiee HCCIEAyeMBIX 00pa3lax, Kak OMHUCAHO HIXKE U
MoKa3aHo B mpumepax. Hampumep, muddepeHInpyeMocTs MOKHO YHCICHHO INPEICTaBUTh KaK 3HAYCHHE t-
KPHUTEpHS, KOTOPOE TPEACTABIACT CTATUCTUIECKOE PA3IMINE MEXAY JO03aMH XPOMOCOMEI B TOITYJISIIIH KBaJIH-
(hUKaIMOHHBIX 00PAa3IOB W JT030H MM T03aMH XPOMOCOMEBI B OJHOM IJIM 00Jiee HCCIIeIyeMbIX oOpasnax. AHa-
JIOTHYHO, TuddepeHnInpyeMOoCTh MOKET OBITH OCHOBAaHA Ha J103aX CETMEHTa BMECTO /103 XpOMOCOM. B kauecTBe
aNbTepHATHUBEI, AU((HEPEeHIIUPYEMOCTh MOXKHO TPEACTAaBUTh YUCICHHO KaK HOPMHUPOBAaHHOE 3HAUYEHHE XPOMO-
combl (NCV), KoTOopoe TpeICTaBIsIeT CO00M Z-TI0Ka3aTelb s 103 XPOMOCOMBI, IIPH YCIOBHH, YTO paclpe/ieie-
aue it NCV sBisieTcss HOpMaldbHBIM. AHAJOTHYHO, B CJIy4ae, KOTJla CErMEHTHI XPOMOCOMEI SIBIISIFOTCS TTOCTIC-
JIOBATCIILHOCTSMHY, MPEICTABISAIOIIUME HHTEepec, T HEepeHIUPYEMOCTh 103 CETMEHTa MOKHO YHCIICHHO TPE-
CTaBHUTh KaK HOPMHpOBaHHOE 3HaueHue cermMeHTa (NSV), KoTOpoe mpescTaBiseT co00H z-mokas3areib Ui 103
CEerMEHTa XPOMOCOMBI MPH YCIOBUH, UTO pactpeneneHue it NSV sBisercs HopManbHbIM. [Ipu onpenencHun
Z-TI0Ka3aTelsi MOKHO MPUMEHSTh CPEHEE 3HAUCHUE M CTAHIAPTHOE OTKIIOHCHHUE JI03 XPOMOCOMBI HJIH CETMEHTA
BO MHOJKECTBE KBaJTH(PHUKAIIMOHHBIX 00pa3noB. B kauecTBe anmbTepHATHBBI, MOKHO MPUMEHATH CpeaHee 3Hade-
HHUE W CTAaHAApPTHOE OTKJIOHEHHE 03 XPOMOCOMBI MM CerMEHTa B 00yJaroImeM MHOXKECTBE, COAepIKalleM KBa-
TUUKAIMOHHBIE 00pa3Ibl U TIOpakeHHbIe 00pa3ipl. COracHO IPYrUM BapHaHTaM peau3alliid HOPMUPYIOIIast
MOCJIEIOBATEFHOCTE TPEICTABISIET CO00l MOCIeI0BaTEebHOCTD, KOTOpAs XapaKTepru3yeTcs HauMEHBIEH Ba-
prabenbHOCTRIO M HaWBBICIIEH Au(PEpeHITNPYEMOCThIO WIIH ONTUMAIBHONH KOMOMHAIIMEH HHU3KOW BapHadeIb-
HOCTH U BBICOKOU T (HepeHIUPYEMOCTH.

Crioco6 uneHTHGUIUPYET MOCISIOBATEIBPHOCTH, KOTOPEIC TI0 CBOCH MPHPOJE 00NAAAI0T aHATOTUIHBIMU
XapaKTEePUCTHKAMU U KOTOPBIC CKJIOHHBI K aHAJNIOTUYHBIM BapHALUSAM CPEIH OOpas3IOB M CepHil CEKBEHUPOBA-
HUS, U KOTOPHIC SBJSFOTCS MOJIXOMSAIIMMHE JJIST ONMPEICIICHHS JI03 MOCICIOBATEIPHOCTU B UCCICIYEMBIX 00pa3-
ax.

OmnpenencHue 103 MOCIEIOBATEIEHOCTH.

CornacHO HEKOTOPHIM BapHaHTaM Peaj3alMd 03Bl XPOMOCOMBI MIJIM CETMEHTa IUIA OIHOW miu Ooiee
XpOMOCOM HIJI CETMEHTOB, NPEICTABISAIONINX WHTEPEC, OMPENENIIOT BO BCEX KBANM(UKAIIMOHHBIX 00pa3max,
KaK OTHMCaHO Ha dTare 146, mpeacraBieHHOM Ha ¢ur. 1, ¥ MOCIeA0BATEIHPHOCTE HOPMHUPYIOIMIECH XPOMOCOMBI
WIIA CerMeHTa MIeHTH(UIIUPYIOT Ha 3Tane 145. HexoTopblie HOpMHUpYIOIINE MOCIEOBATENEHOCTH MPEIIOKEHBI
JI0 TOTO, KaK BBIYUCISIOT O3Bl IOCIENOBATEIFHOCTH. 3aTeM OTHY WM OoJjiee HOPMHUPYIOMIKX TTOCIIEI0BATEb-
HOCTEH HMISHTHQUIMPYIOT COTIACHO DPA3IHMYHBIM KPHUTEPHUSIM, KOTOPBIE JOMOJHHUTENBHO OIMCAHBI HIKE, CM.
stan 145. CoriacHO HEKOTOPHIM BapHaHTaM pealU3alliy, HApUMEp, WACHTU(PUIMPOBAHHAS HOPMHPYIOIIAs
MOCJIEIOBATEIEHOCTh MPUBOJIUT K HAUMEHBIICH BapraOEIbHOCTH JO3BI MOCICIOBATEIBHOCTH JUIS MOCIEI0BA-
TEJNBHOCTH, MPEIICTABISIONICH HHTEPEC, CPEIU BCeX KBAMU(UKAIMOHHBIX 00pa3IloB.

Ha srtame 146 Ha OCHOBaHWHU BBIYHCICHHBIX IUIOTHOCTCH KBaTH()UKAIMOHHOW METKH OINPEICNSIOT J03Y
KBaJTH(DHUKAIIMOHHONW TOCIECAOBATCIBFHOCTH, T.€. 03y XPOMOCOMBI WIIH JI03Y CErMEHTa, U MOCIICAOBATEIHLHO-
CTH, TIPSJICTABIISAIONICH WHTEPEC, B BUIC COOTHOIICHHUS IMEPEKPHITUS METKH TOCIIEOBATEIIEHOCTH IS TIOCIEI0-
BaTENFHOCTH, MPEACTABILIIONICH HHTEpPEC, M MEPEKPHITHS METKU KBAaNMH(UKAITHOHHON ITOCIEAOBATSIFHOCTH IS
JOTIOTHUTEIBHBIX MOCIIEI0BATEILHOCTEH, U3 KOTOPHIX 3aTeM Ha dtamne 145 mueHTHGUIUPYIOT HOPMHPYIOIIHE
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nocieoBarenbHocTu. [locie Toro naeHTHUUMPOBaHHBIE HOPMHUPYIOLIUE TTOCIECI0BATEIBHOCTH NPUMEHSIOT
JUISL OTIPEJICIICHHS 103 TTOCIIEA0BATEIFHOCTH B HCCIIEIyEMBIX 00pa3Iax.

CornacHO OIHOMY BapHWaHTy pealn3alliyl J03a IOCIEeJA0BATEIHPHOCTH B KBAJMM(HUKAIIMOHHBIX 00pa3nax
TPEICTaBISIET CO00H O3y XPOMOCOMBI, KOTOPYIO BBIYHCIISIFOT KAK COOTHOIIICHHE KOIMYECTBA METOK MOCIE0Ba-
TENBHOCTH WM TapameTpa pa3Mmepa (parMeHTa Al XpOMOCOMBI, MPEICTABIAIONIEH MHTEpeC, W KOJIUYECTBa
METOK IOCJEIOBATEIBHOCTH IS TIOCIE0BATEIFHOCTH HOPMHUPYIOMIEH XPOMOCOMBI B KBAJTU(HUKAIIHOHHOM 00-
pasie. IlocienoBaTeTFHOCTS HOPMHUPYIOMIEH XPOMOCOMBI MOXKET MPEACTABIATH COOOH OHY XPOMOCOMY, TPYII-
Iy XpOMOCOM, CETMEHT OJHOM XPOMOCOMBI WU TPYIIILY CErMEHTOB OT PazIHYHBIX XpoMocoM. COOTBETCTBEHHO,
JI03y XPOMOCOMBI JIJIsl XPOMOCOMBI, TIPEJICTaBIISIONICH HHTEPEC, ONPEAEIAIOT B KBATH(UKAIIMOHHOM 00pasie Kak
COOTHOIIIEHHE KOJMYECTBA METOK JUIl XPOMOCOMBI, TIPE/ICTABIISIONICH HHTEpeC, U KOJIUYEeCTBa METOK A (1) To-
CJIC/IOBATENILHOCTH HOPMHUPYIOIIEH XPOMOCOMBI, COCTOSIIEH M3 OJHOM XpOMOCOMBI, (ii) mMocieqoBaTelbHOCTH
HOPMUPYIOLIEH XpPOMOCOMBI, COCTOSIIIEH U3 IBYX WIIH Oosiee XpoMocoM, (iii) mociaenoBaTenbHOCTH HOPMHUPYIO-
IIEr0 CerMeHTa, COCTOSIIEH U3 OJJHOTO CErMEHTa XPOMOCOMEI, (1V) MOCIIeI0BATENLHOCTH HOPMHUPYIOILETO Cer-
MEHTa, COCTOSIIEH U3 IBYX WM 00Jiee CETMEHTOB M3 OJHOW XPOMOCOMBI, W (V) MOCIIEA0BATEILHOCTH HOPMH-
PYIOIIETO CEeTMEHTA, COCTOSIIEH U3 IBYX HIM 0ojee CErMEHTOB ABYX WK Oojee xpomocoM. [Tpumeps! s on-
peneneHus 1036l XPOMOCOMBI JIUISI XPOMOCOMEI 21, pencTaBisitoneid natepec, cormacHo (i)-(v) SBISIOTCS cie-
IYIOUTMMH: J03bI XPOMOCOM JUISI XPOMOCOMBI, TIPEICTABIIIONICH HHTEpEC, HallpUMep, XpOMOCOMEI 21, ompene-
JSIFOT KaK COOTHOIICHHE TEPEKPBITHS METKU IOCIECAOBATSIFHOCTH XPOMOCOMBI 21 M OTHOTO M3 CIEIyIOIINX
TIEPEKPBITHI METOK TOCIIEIOBATENBHOCTH (1) KaKIash U3 BCEX OCTABIIMXCS XPOMOCOM, T.€. XpoMocoM 1-20, Xpo-
MOCOMBI 22, XpOMOCOMBI X U XpoMOCOMBI Y; (ii) Bce BO3MOKHbIE KOMOMHAIINY JBYX WJIM 00Jiee OCTaBIIUXCS
xpoMocoM; (ii1) CerMEHT APYTroil XpOMOCOMBI, HaIpUMeEp, XpoMocoMbl 9; (iv) 1Ba cerMeHTa ApYroi XpoMOCOMBI,
HarpuMmep, JBa CErMeHTa XpoMOCOMBI 9; (V) IBa CerMeHTa JBYX Pa3IM4HBIX XPOMOCOM, HallpuMep, CETMEHT
XPOMOCOMBI 9 U CETMEHT XPOMOCOMBI 14.

CornacHO IIpyroMy BapHaHTy pealn3alliy J103a IOCIEAO0BATEIFHOCTH B KBAIM(HKAMOHHBIX 00pa3nax
NPE/ICTaBIsIET cOOOH 103y CerMeHTa BMECTO JI03bI XPOMOCOMBI, IIPHYEM 03y CErMEHTa BBIYUCISIOT KaK COOT-
HOIIICHHWE KOJIMYECTBA METOK ITIOCIEIOBATCIFHOCTH JJISI CETMEHTA, MPEACTABIAIONIET0 HWHTEpPEC, KOTOPHIA He
MPEICTaBISIET COO0H METyI0 XPOMOCOMY, W KOJMYECTBA METOK MOCIEIOBATEIEHOCTH Ul MTOCTICIOBATEIBHOCTH
HOPMHPYIOIIIETO CeTMEHTa B KBaTU(pHKAIMOHHOM oOpasie. [locienoBaTeIbHOCTh HOPMHPYIOMIETO CETMEHTA
MOJKET MPEACTABIATH co00H T00YI0 M3 MOCIEA0BATEIHFHOCTEH HOPMHPYIOMICH XPOMOCOMBI MIIM CETMEHTA, KO-
TOpBIE 0OCYKIAAOTCS BBITIIE.

Nnentudukaiums HOpMUPYIONTUX MOCIEA0BATEILHOCTEH.

Ha srane 145 uneHTHQHUIMPYIOT HOPMHUPYIOIIYIO TTOCIIE0BATEIBHOCTD JUIS MOCJIEA0BATEILHOCTH, TIpe/-
craBistomiell uHTepec. CoriacHo HEKOTOPHIM BapHaHTaM pealn3aliy, HalpuMep, HOPMHpPYIOMIas 1Mocje0Ba-
TENIBHOCTh TPEJICTaBIIET cO0OH MOCIeI0BaTeIbHOCT, Ha OCHOBAHMM BBIYMCIICHHBIX JI03 MOCIIEI0BATEIHLHOCTH,
HarpuMmep, KOTopasi NPUBOANUT K HAWMEHBINEH BapHaOeNbHOCTH O3B MOCIEAOBATEILHOCTH IS TOCIIE0Ba-
TENILHOCTH, TPEJICTABIISIONIEH HHTEPEC, CPEH BCeX KBATH(UKALIMOHHBIX 00yyaronux oopa3nos. Crocobd uieH-
TUQUIUPYET MOCIEA0BATEILHOCTH, KOTOPHIE 110 CBOSH MpHpoje 00IaJal0T aHAIOTHYHBIMH XapaKTePUCTHKAMHU
M CKJIOHHBI K aHAJIOTUYHBIM BapHAIlsIM CpEAH 00paslioB U CepHi CEKBECHUPOBAHIUS, 1 KOTOPHIE SBISIFOTCS ITOA-
XOJSIIIAMH TS OTIPEIEIICHUS 103 TTOCIIEI0BATEIHLHOCTH B MCCIIEIyEeMbIX 00pasiax.

Hopmupyrommie mocienoBaTelbHOCTH I OJHOW WM OoJiee IMOCeI0BaTeIbHOCTEH, MPEACTaBIISIOMINX
HHTEpEC, MOYKHO UICHTH(PHUIINPOBATh BO MHOKECTBE KBANH(UKAITHOHHBIX 00pa3I0B, M 3aT€M MOCIE0BATEIEHO-
CTH, KOTOpPBIE UICHTH(PHUIIUPOBAHEI B KBATU(PHKAIIMOHHBIX 00pa3nax, MPIUMEHSIOT IS BEIYUCICHIS 703 TOCie-
JIOBATEIBHOCTEH ISl OZHOW Wi OoJiee MMOCIe0BaTeIbHOCTEH, IPECTABIISIOINX HHTEPEC, B KAXKIOM U3 UCCie-
nyeMbIx oOpasnoB (tam 150) i onpeneseHust MPUCYTCTBHS MM OTCYTCTBHS aHEYIUIOMIUH B KaXKIOM U3 HC-
cielyeMbIX 00pasnoB. Hopmupyromasi mocienoBaTelbHOCTh, HASHTH(OUIIMPOBAHHAS [UISi XPOMOCOM HIIH Cer-
MEHTOB, IIPE/ICTABIISIIONINX HHTEPEC, MOXKET OTINYATHCS, €CIIH IPUMEHSIOT PAa3IMYHbIE MIaTGOPMBI CEKBEHHPO-
BaHMsI, W/WJIM €CJIM CYHNIECTBYIOT OTJIMYUS B OYUCTKE HYKJICMHOBOM KHCIOTHI, KOTOPAs TOJUIC)KUT CEKBEHHPOBA-
HUIO W/WJIM TIOJy4CHUIO OMONMOTEKH CeKBEHHpOBaHMS. [IprMeHeHHEe HOPMHPYIOMINX IOCIeNI0BaTEIbHOCTEH
COTJIaCHO cItoco0aM, ONMMCAHHBIM B HACTOSIIEM JOKYMEHTE, 00ecreunBaeT CHeUU(UIHBIH U TyBCTBUTEIBHBIN
KPUTEpHUH BapHaIliy YHCIa KOIMHMHA XPOMOCOMBI MM €€ CETMEHTa He3aBHCHUMO OT TOJIy4eHHs oOpasia w/wim
IaT(OPMBI CEKBEHHPOBAHHS, KOTOPYIO IIPUMEHSIOT.

CornacHO HEKOTOPHIM BapHaHTaM PeaM3aluy HACHTHOUIUPYIOT Oojee 0JHONH HOPMHUPYIOIMIEH Iocieno-
BaTENFHOCTH, T.€. [UI OJHOM IMOCIIEI0BATEIHHOCTH, PEICTABIAIONICH HHTEPEC, MOXKHO OTIPEIEIIUTh Pa3INIHbIe
HOPMHUPYIOIINE IOCIEAOBATEIFHOCTH, W JUISI OJHON NOCIEeI0BAaTEIIFHOCTH, TPEACTABISIONICH HHTEPEC, MOXKHO
OTIPEJIETINTh HECKOJIBKO /03 TOciieoBaTenbHOCTH. HanpumMep, Bapuanus, HanpuMep, Ko3GGHUIUESHT BapHaLluH
(KB = cranmapTHOe OTKJIOHEHHE/CpeHee 3HaUeHHEe) JO3bI XPOMOCOMBI JUIsSi XpPOMOCOMBI 21, IpeAcTaBIsIomeH
MHTEpEC, SBISCTCS HAaUMEHbIIEH, KOTrja NPUMEHSIOT ePEKPBITHE METKH IOCIEA0BATEIEHOCTH XPOMOCOMBI 14.
OnHaKo MOXXHO MICHTU(QHUIMPOBATH JIBE, TPH, YETHIPE, MSITh, IIECTh, CEMb, BOCEMb WX 00Jiee HOPMHUPYIOMINX
MIOCJIC/IOBATENILHOCTEH Ul IPUMEHEHUS TIPH OTIPEAEICHUH JI03bl MOCIEA0BATEIILHOCTH IS MTOCIIEA0BaTEIHLHO-
CTH, TIPE/ICTABIIAIONIEH HHTEPEC, B HCCIIeayeMOM oOpasiie. B kauecTBe mpumepa, BTOPYIO 03y U XPOMOCOMEI
21 B m0060M mccneayeMoM o0pasiie MOXKHO ONPEIETUTh C TPUMEHEHUEM XPOMOCOMEBI 7, XpOMOCOMBI 9, Xpomo-
combl 11 mmm xpomocoMbl 12 B KauecTBE TOCIEIOBATEIBHOCTH HOPMHPYIOIIEH XPOMOCOMEI, ITOCKOJIBKY BCE
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JTAaHHBIC XPOMOCOMBI XapakTepu3ytorcs KB, OJM3KUM K TAKOBOMY UISI XPOMOCOMBI 14,

CornacHO HEKOTOPHIM BapHaHTaM peald3alliy, KOTAa OJHY XPOMOCOMY BEIOpalld B Ka4ecTBE MOCIICAOBA-
TEIBHOCTH HOPMHPYIOUIEH XPOMOCOMBI UII XPOMOCOMBI, IPEACTABILIONMIEH HHTEpeC, IMOCIeI0BATEIHHOCTD
HOPMHPYIOIIEH XpPOMOCOMBI OyAeT MpPEACTaBIATE co00il XpoMOcoMy, KOTOpas MPHUBOAWUT K IIONYYEHHUIO J03
XPOMOCOMBEI TSI XPOMOCOMBEI, TIPEICTABIIAIONIECH HHTEPEC, KOTOPBIE XapaKTePH3YyIOTCS HAaMMEHbIIeH Bapradesh-
HOCTBIO CPE/IH BCEX HMCCIEIOBAHHBIX 00pa3IoB, HAPUMEp, KBATU(HUKAIIMOHHBIX 00pa3noB. B HEKOTOpPHIX Ciry-
Yasx HaWIydiass HOPMHPYIOIIas XpOMOCOMa MOXET He XapaKTepHu30BaThCsA HAaNMEHBIICH BapHaIieid, HO MOXET
XapaKTepU30BaThCs paclpepeiiCHHeM KBATH(UKAIIOHHBIX 103, KOTOPOE HAWIYYIINM CIOCOOOM TO3BOJIAET OT-
JMYUTh UCCIIETYEMBIN 00pa3ell Wi 00pa3ibl OT KBATH(UKAITMOHHBIX 00pa3IoB, T.. HAMIYYIIas HOPMHUPYIOIIAs
XpOMOCOMa MOXKET HE XapaKTepHU30BAThCS HAUMCHBIICH BapualMell, HO MOXET XapaKTepPH30BaThCcs HAHOOIb-
et 1udhepeHIPyEeMOCTHIO.

CornacHO HEKOTOPHIM BapHaHTaM peallu3allii HOPMUPYIOIIUE TOCIICI0BATSIFHOCTH BKIFOUAIOT OHY WIIH
OoJee MOCIIEAOBATEIFHOCTEH YCTOWYMBEIX ayTOCOM WIIM MX cerMeHTOB. COrlIacHO HEKOTOPHIM BapHaHTaM pea-
JU3alMA YCTOWYMBBIC ayTOCOMBI BKIIFOYAIOT BCC ayTOCOMBI, 32 HCKJIFOUCHHEM XPOMOCOMBI WM XPOMOCOM,
npeAcTaBisromux nHTepec. CormacHo HEKOTOPBIM BapHaHTaM PEaji3alii yCTOWYHBBIE ayTOCOMBI BKIFOUAIOT
BCE ayTOCOMBEI, 3a HCKIoueHneM xpomocoM X, Y, 13, 18 u 21. CorimacHo HEKOTOPHIM BapHaHTaM pealli3aluu
YCTOIYMBBIE ayTOCOMBI BKJIIOYAIOT BCE ayTOCOMEI, 332 MCKIIIOUCHHEM TaKOBBIX, OTIPEICICHHBIX U3 00pasia, Ko-
TOPBIA OTKJIOHAETCS OT HOPMAJIHHOTO AUIUIOMIHOTO COCTOSHUS, M KOTOPBIA MOXKET SBISATHCS MOAXOISIIIAM MPH
OTIpe/ieIeHHHN TEHOMOB PaKa, XapaKTePU3YIOMNUXCS aHOMAIBHBIM YHCIIOM KOIHH 10 CPAaBHEHUIO ¢ HOPMAJIbHBIM
JTUTUIOWTHBIM TEHOMOM.

OmnpeneneHne aHeYINIONANH B UCCIEAyeMbIX 0Opa3nax.

Ha ocHoBaHWYW WACHTHU(PHUKANNN HOPMHUPYIOUICH MOCICIOBATEIBPHOCTH MM MOCICIOBATEILHOCTEH B KBa-
TU(QUKAIMOHHBIX 00pa3lax OMPEACISIIOT 03y MOCICAOBATEIFHOCTH AJIS MOCICIOBATCIBHOCTH, MPEICTABIISIO-
el uHTepec, B UccieayeMoM o0pasiie, CoAepiKalieM CMeCh HYKJIEHMHOBBIX KHCIIOT, TIOJIyYEHHBIX U3 TEHOMOB,
KOTOPBIC OTIUYAIOTCS OJHOM WK O0Jiee TOCIeI0BATEIFHOCTIMHE, PEACTABISIFOIUMEI HHTEPEC.

Ha srane 115 uccnenyemsiii oOpasell Moy4aroT OT CyObeKTa, KOTOPBIH, KaK TOI03PEBAIOT WM KaK H3-
BECTHO, HeceT kiaumHu4ecku 3HaunMmble BUK mocnenoBarensHocTH, Tpeactasistonieit natepec. Uccnemyemsrit
obpaselr MOXKeT MPEACTABIATh COO0H OMOJIOTHIECKYIO KHUAKOCTh, HAITPUMED, TIa3My, WIH JFO00H ITOIXOASIIIAH
oOpazer, kak omnmcaHo Hike. Kak 00BsicHeHO, 00pa3er] MOXKHO TOJIYYHUTh C IPUMEHEHHEM HEMHBA3UBHOHN IIPO-
[EeIypHl, TAKOH Kak MpocToi 3a00p kpoBH. COracHO HEKOTOPHIM BapHaHTaM pean3alliil HCCIeAyeMblIil 0Opa-
3€I] COIEPKUT CMECh MOJIEKYJT HYKJIEMHOBOW KHUCIOTHI, Hampumep, moekyn cii/IHK. CormacHo HEKOTOpHIM Ba-
pUaHTaM pealn3alliil HCCIEIYEeMBId 00pasell IpeAcTaBiIseT co00i oOpa3el] MaTepUHCKOW TUIa3MBI, KOTOPBII
conepxut cmeck Monekyn cu/IHK nnona u matepu.

Ha stame 125 mo MeHbIeH Mepe 4acTh UCCICAYEMBIX HYKICHHOBBIX KHCJIOT B HCCIEIyeMOM 00pasIe CeK-
BEHUPYIOT, KaK OTHCAHO JJIs KBaTHU(QUKAIIMOHHBIX 00pa3IOB, C IEIbI0 MOMYUYCHHS MIJUTHOHOB PHJIOB MOCIEIO-
BaTEIFHOCTH, HATIPUMED, PUAOB JIHHOHN 36 m.0. COrNIacHO pa3NUYHBIM BapHaHTaM peallU3alliy PHUIBI CIAPCH-
HBIX KOHIIOB 2x36 I1.0. IPUMEHSIOT JUIsl CEKBEHUPOBAHUS CIIApeHHBIX KOHIOB. Kak Ha atame 120, puzsl, momy-
YCHHBIC C TIOMOIIBIO0 CCKBCHUPOBAHUS HYKJICHHOBBIX KHCJIOT B HCCIEIyeMOM 00paslie, YHUKAIbHO KapTUPYIOT
WM BBIPABHHUBAIOT C peepeHCHBIM T€HOMOM JUI MojydeHHs MeToK. Kak ommcano Ha stame 120, puasl mo
MeHbIIeiH Mepe mpubam3uTensHo 3x10° KBaTH(pUKALMOHHBIX METOK MOCIIEI0BATEILHOCTH, 110 MEHBIIEH Mepe
npuGIM3HTETLHO 5% 10° KBATH(PHKAIMOHHBIX METOK MOCIEI0BATEIBHOCTH, [0 MEHBIIEH Mepe PUOTH3HTEILHO
8x10° kBaTH(HUKALMOHHBIX METOK T0CTIEIOBATEILHOCTH, IO MeHbIIIeil Mepe npubmusutensHo 10x10° kamudu-
KaIIMOHHBIX METOK ITOCJICIOBATEILHOCTH, 110 MEHBIIIEH Mepe MPUOIU3UTEIHHO 15%10° KBTM()UKAITMOHHBIX Me-
TOK ITOCIICIOBATEIBHOCTH, [0 MEHbIIEH Mepe mpuommsnTensro 20x10° kBanudUKAHOHHBIX METOK MOCTICH0BA-
TENBHOCTH, 10 MEHbIIeH Mepe mpuommsuTensao 30x10° KBamuHUKAIHOHHBIX METOK MOCIIEOBATEIEHOCTH, TI0
MEHBIIICH Mepe MPUOIU3UTEITHHO 40%10° KBUTM(UKAIIMOHHBIX METOK MOCIEA0BATEIHPHOCTH WM TI0 MEHBIICH
Mepe npuoIsnTensHO 50x10° KBanH(HKAIHOHHBIX METOK MOCTIEAO0BATEIEHOCTH, coaepxkanie ot 20 10 40 m.o.,
MOJYYal0T U3 PUAOB, KOTOPBIC YHHKAILHO KapTHPYIOTCS Ha pedepeHCHBIH reHoM. COTriacHO ONpeleiIeHHBIM
BapHaHTaM pEalH3alud PHUIbI, 00pa30BaHHEIC C MMOMOIIBIO amlmapaTra CCKBCHHPOBAHUS, MPEIOKEHBI B AJICK-
TPOHHOM (opmare. BripaBHHBaHUE OCYIIECTBIIIOT C MPUMECHEHUEM KOMIIBIOTEPHOTO ammapara, Kak o0cyxiaa-
ercs HKe. OTIENbHBIE PUIBI CPABHUBAIOT ¢ peepeHCHBIM T€HOMOM, KOTOPBIH YacTO SBIACTCS OOUIIMPHBIM
(MIJUTHOHBI TIAp OCHOBAHW), IS MACHTU(DHUKAIIMNA CaliTOB, B KOTOPBIX PHIBI YHUKAIBHO COOTBETCTBYIOT pede-
percHOMY TeHOoMy. COTJlacHO HEKOTOPHIM BapHaHTaM pealn3alliil NPOLEeAypa BHIPAaBHHUBAHHUA 00eCIedMBacT
OTpaHUYEHHOE HECOOTBETCTBHE MEXIY PHIAMH U pe(epeHCHBIM T€HOMOM. B HEKOTOPBIX CiTydasx IOIycKaeTcs,
4yT0 1, 2 mmu 3 mapsl OCHOBAaHHUH B PHJIE HE COOTBETCTBYIOT COOTBETCTBYIOIIMM ITapaM OCHOBaHHUII B pedepeHc-
HOM T€HOME, ¥ [IPH 3TOM BCE PABHO MPOBOJIAT KapTHPOBAHUE.

Ha stame 135 Bce mim OOJNBIIMHCTBO METOK, MOJYYCHHBIX B PE3YJIbTATe CCKBCHUPOBAHUS HYKJICHHOBBIX
KHCJIOT B UCCIIEAYEMBIX 00paslax, MOJCYUTHIBAIOT JUIS ONPEICICHUS MEPEKPBITUS METKH MCCICIyeMOH mocie-
JIOBATCIILHOCTH C IPUMCHEHHUEM KOMITBIOTEPHOTO alapaTa, Kak onucaHo Huke. COTrTacHO HEKOTOPHIM BapHaH-
TaM peanu3aliy KaXIbld Py BEIPABHHBAIOT ¢ KOHKPETHOW 00JACThIO pedhepeHCHOT0 reHOMa (B OOJBINMHCTBE
CJIy4acB, XPOMOCOMOW HJIM CETMEHTOM), U PHJ IpeoOpa3yloT B METKY MOCPEICTBOM IOOABICHUS K PUIY HH-
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¢opmaru o caiite. ITo Mepe TOro Kak mpoTeKaeT AaHHbIH Mpolecc, KOMIBIOTEPHBIH anmapar MOXXeT ITPOBOANTD
HETIPEPHIBHBINA BBIYUCIICHUE KOJIMYECTBA KApTUPOBAHUS METOK/PUIOB Ha KaXKIyI0 00J1acTh pe)epeHCHOTO TeHO-
Ma (B OOJIBIIMHCTBE CITydaeB, XpOMOCOMY MK cerMeHT). [loncunTannapie 3HAUCHUS XPAaHAT IS KaXKI0H XpoMo-
COMBI WJIM CETMEHTA, MPEICTABIAIONINX HHTEPEC, M IS KaXKJOH COOTBETCTBYIONIEH HOPMHUPYIOIIEH XPOMOCOMBI
WIIA CETMEHTA.

CornacHO ompeneNeHHBIM BapHaHTaM peann3aluil pedepeHCHBI TeHOM COICP)KUAT OAHY MM Oonee Hc-
KIIFOUEHHBIX 00JIacTei, KOTOpPHIE SBISIOTCS YaCTbI0O MCTHHHOTO OMOJIOTHMYECKOrO T€HOMa, HO He BKIIIOYEHBI B
pedepeHcHBI TeHOM. PUIbl, TOTEHIMANEHO BBIPAaBHUBAIOIMINECS C JAHHBIMU HCKIIIOYCHHBIMHA OOJIACTSIMH, HE
MOACUYHTHIBAIOT. [IpHMephl HCKITIOYEHHBIX 00J1acTel BKIIOYAIOT 00JIaCTH JUTMHHBIX TOBTOPSIOIINXCS TT0CIIE0Ba-
TenpHOCTEH, 00nacTi moxobust Mexny X- U Y-xpomocomamu #u T.4. C IMprUMEHEHHEM MacKHpPOBAaHHOH pede-
PCHCHOH TOCIIeI0BAaTEIbHOCTH, TTOJYYEHHOH C TIOMOIIBIO0 METOJIMK MaCKUPOBAHUs, OIIMCAaHHBIX BBIIIE, JUIS aHa-
m3a BUK yunThIBaIOT MCKITIOUNTEIHHO METKH Ha HEMAaCKMPOBAHHBIX CEIMEHTaxX pedepeHCHOM mocienoBareb-
HOCTH.

CornacHO HEKOTOPHIM BapHaHTaM pealii3aluy crocol onpesesser, caeIyeT JIM HOACYUTHIBATh METKY 0o-
Jiee OJHOTO pasa IPHW BHIPAaBHUBAHMH MHOXXECTBEHHBIX PHIOB C OAHHUM M TEM XK€ CaiiTOM Ha pedepeHCHOM Te-
HOME WM TIOCJIeoBaTeNbHOCTH. CyIIECTBYIOT CiTydaH, KOTZIa IBE METKH COJIEpKaT OJHY W Ty )K€ MOCIeIoBa-
TEJNBHOCTH, M BCIEACTBHE ATOTO BEIPABHUBAIOTCS C MACHTUYHBIM CAalTOM Ha peepeHCHOH TOCIeI0BaTeIFHOCTH.
Crioco0, mpuMeHsIeMbIil 71 BEIYUCICHUS METOK, MOXKET MPH ONPEAETICHHBIX OOCTOATENBECTBAX MCKIIOYATh M3
MOJICUeTa UACHTHYHBIE METKH, TIOTy9IeHHBIE U3 OJHOTO M TOTO K€ CEKBEHHPOBaHHOTO oOpasma. Eciim B maHHOM
o0pasie HempoMoPIIOHATEHOE KOIMYECTBO METOK SIBIISIETCS WIACHTUYHBIM, 3TO CBHUAETENBCTBYET O TOM, YTO
CYIIECTBYET 3HaYHMTEJbHAs MOTPEIIHOCTh WM APYroil nedekT mpouenypsl. BemeacTBue aToro coriacHo ompe-
JIETICHHBIM BapHaHTaM pealn3alliy B CIOCO0E TO/CYeTa He YYUTHIBAIOT METKH M3 JaHHOTO oOpasna, UICHTHY-
HBIE METKaM M3 00paslia, KOTOpbIe OBUIN MOJICUUTAHBI paHee.

[l BeIOOpa cuTyaruu, Korja cliefyeT npeHeOpedb MISHTHYHON MEeTKOM M3 ofHOoro o0pasna, MOXHO 3a-
JaTh pa3nuuHble KpuTepun. COriacHO ONpeieIeHHBIM BapUaHTaM peasln3alliy 3aJaHHBIA IPOLEHT METOK, KO-
TOpBIC TOJICUUTHIBAIOT, TOJDKECH SBIATHCS YHHKAJIBHBIM. Ecnm Oorblee, 4eM MaHHBIA MOPOT, YHCIIO METOK HE
SBIISIOTCS] YHUKAJILHBIMHU, UMU TIpeHeOperatoT. Hampumep, ecnu 3a1aHHBIN MPOLIEHT TpeOyeT, YTOOBI M0 MEHb-
meit mepe 50% SABISUIMCH YHUKAITBHBIMH, MICHTHYHBIC METKH HE IMOJICYMTHIBAIOT 0 TEX IOp, MOKa MPOICHT
YHHUKaIBHBIX METOK He mpeBhIcHT 50% mis obpasma. CorflacHO IpyruM BapHaHTaM pealn3alid MOPOTOBOE KO-
JIMYECTBO YHUKAJIBHBIX METOK COCTABIIIET MO0 MEHbIeH Mepe npuomusutensHo 60%. CormacHo OpyruM BapuaH-
TaM peaJM3alydy MOPOTOBBIA TPOLEHT YHUKATBHBIX METOK COCTaBIISIET II0 MEHBIICH Mepe MPHOIM3UTENHEHO
75%, wau mo MeHblIed Mepe npubnuznTensHo 90%, WM 1Mo MeHblel Mepe HmpUONIM3NTENbHO 95%, MM 1O
MeHbIIel Mepe npuoIM3uTensHo 98%, Uiy o MeHbIei Mepe npuoausuTensHO 99%. [lopor MoskeT OBITh 3a/1aH
Ha ypoBHe 90% mis xpomocoMsl 21. Eciu 30M MeTOK BBIpaBHHBAIOTCS C XPOMOCOMOH 21, Toraa mo MeHslIen
Mepe 27M 13 HUX JOJDKHBI OBITh YHUKAIBHBIMH. Eciin 3M 1moacunTaHHBIX METOK HE SIBJISIOTCS YHUKAIBHBIMH, H
nepBas rocie 30 MITH MeTKa He SBISIOTCS YHUKAJIBHOM, e He IT0ICUUTHIBAIOT. BEIOOp KOHKPETHOTO MOpOTa Ml
JIPYroro KpUTEpHs, UCIOIb3YEMOT0 Ul ONpEACNICHHs CUTYyalluH, KOT/ia ClieyeT IpeHeOpeyb MoJICUeTOM cie-
IYIOIINX WACHTUYHBIX METOK, MOYKHO OCYIIECTBHUTD C IPAMEHEHHEM COOTBETCTBYIOIIETO CTATUCTHYECKOTO aHa-
nm3a. OnmHUM U3 (HaKTOPOB, BIMSIONINX HAa JAHHBIA ITOPOT WM APYTOH KPUTEPHH, ABISETCS OTHOCHTEIBHOE KO-
JIMYECTBO CEKBEHHPOBAHHOTO 00pa3iia Mo OTHOIICHUIO K pa3Mepy FeHoMa, C KOTOPBIM MOKHO BBIPDOBHSTH MeET-
Kd. [Ipyrue GpakTopsl BKIIOYAIOT pa3Mep PUIOB M aHAIOTUYHEIE COOOpasKEeHUS.

CornacHO OZHOMY BapHaHTy peaU3aIliH KOJINIECTBO METOK HCCIIEAYeMOH IOCIeI0BAaTEIFHOCTH, KapTH-
POBaHHBIX Ha MOCJIEI0BAaTEIBLHOCTD, MPEACTABIISIONIYI0 HHTEPEC, HOPMUPYIOT K M3BECTHOU JUIMHE MOCNE0Ba-
TEJIbHOCTH, IPEACTaBISIONIEH UHTEpeC, HA KOTOPYIO OHU KapTUPYIOTCS, ISl HOTY4YE€HUS! COOTHOIIEHUS TUIOTHO-
CTH METKH HCCIIeyeMOo mocienoBaTelbHOCTH. Kak omucano a1 KBaIM(pHUKaIHOHHEIX 00pa3ioB, HOpPMHUPOBa-
HHE K U3BECTHOW JUIMHE MOCIIEOBATEIbHOCTH, PEACTABISIONIEH HHTEPEC, HEe TPEOyeTCs, © MOKET OBITH BKIIIO-
YEeHO Kak ATal JUIsl CHIDKCHMS KOJMYecTBa LU(pP B YKCIe AN YNPOIISHHUs MHTEpPIpeTauy desoBekoM. [locie
TOTO KaK B MCCJIeIyeMOM 00paslie NOACYHUTHIBAIOT BCE KAPTUPOBAHHBIE METKHU MCCIIEAYEMOMH MOCIIeI0BaTEIbHO-
CTH, ONPEICIAIOT MIEPEKPHITHE METKH MOCIIEIOBATEIBHOCTH U TIOCIE0BATEIIEHOCTH, IPEACTABIISIONICH HHTE-
pec, HapuMep, KIMHIYECKH 3HAYUMOH TOCIeA0BAaTEIFHOCTH, B UCCIIEAYEMBIX 00pa3iax, paBHO Kak U MEPEeKpPhI-
THS METKH IOCTICIOBATEIBHOCTH [UIS TOTIONHUTEIBHBIX IOCIEOBATEIIFHOCTEH, KOTOPBIE COOTBETCTBYIOT IO
MEHBIIIEH Mepe OIHOW HOPMHPYIOIICH IOCIEIOBATEILHOCTH, WACHTH()HUIIMPOBAHHON B KBATM()HUKAIIMOHHBIX
obpasmax.

Ha stame 150 Ha OCHOBaHMH MIACHTUIHOCTH 10 MEHBINEH Mepe OJHOW HOPMHUPYIOIIEH Mociea0BaTeIbHO-
CTH B KBaJM(HUKAMOHHBIX 00pa3liax ONPEAENSIOT 103y MCCIeIyeMON IT0CIe0BAaTEIbHOCTH ISl TOCIe0Ba-
TENIBHOCTH, IIPEACTABIISIONIEH HHTEpeC, B HccieayeMoM obpasiie. CornacHo pa3IMYHbIM BapHaHTaM peasiu3aliu
JI03Y HMCCIIelyeMOH MOCIIEI0BATEILHOCTH OIIPEAEIISAIOT KOMITBIOTEPHBIM CIIOCOOOM C MPUMEHEHHUEM TTEPEKPHITHI
METKH MOCII€A0BAaTEIbHOCTH Al MOCIEI0BAaTENIbHOCTH, MPEACTABIAIONIEH HHTEPEC, U COOTBETCTBYIOMIEH HOP-
MHPYIOIIEH MOCIeI0BaTEIbHOCTH, KaK OMMCAHO B HACTOSIIEM JT0OKyMeHTe. KOMIbIOTepHBIH anmapar, ciryskKamui
JUISL TAaHHOW TIPOLEIYpPbl, AJICKTPOHHBIM CIIOCOOOM OLICHMBAET B3aMMOCBS3b MEXIy MOCIIEI0BATEILHOCTHIO,
MpEACTABJISIONIE WHTEPEC, U CBA3AHHOW C HEW HOPMHpPYIOILIEH MOCIIeI0BAaTELHOCTRI0, KOTOpash MOXET Xpa-
HUTHCA B 0a3e JaHHBIX, TabiwIe, rpaduke WM MOXKeT ObITh BKITFOYCHA KaK KOl B HHCTPYKIIUH ITPOTPaMMEI.
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Kak onmcaHo B HacTOSIEM AJOKYMEHTE B IPYrOM MECTE, [0 MEHBIIEH Mepe 0JJHa HOpMHUPYIOLas MOoCIea0-
BaTEJIBHOCTh MOXKET MPEACTABIATE cOOOH OHY IMOCIEeI0BAaTEIBHOCTh WM TPYIITY IMOCieaoBarensHocTel. JJo3a
MOCJICI0BATENIFHOCTU AJISI TTOCIEI0BATEIBHOCTH, MPEACTABISIONIEH MHTEpEC, B MCCIEAyeMOM oOpasue mpen-
CTaBJIAET COOOH COOTHOMIEHHE MEPEKPHITUSI METKH MOCIEI0BATENbHOCTH, OMPEAEICHHOE JUIs IOCIEA0BATEILHO-
CTH, TIPEICTAaBIIAIOIIEH HMHTEpeC, B MCCIEIyeMOM o0pasle, M HEpPEeKpPBITHS METKU IOCIEeI0BAaTEIBbHOCTH IO
MEHBIIIEH Mepe OJHOW HOPMHUPYIOIMIEH TMOCIeN0BATEILHOCTH, ONIPECIICHHON B HCCIeyeMOM 00pasiie, mpudemM
HOPMUPYIOIIAs MOCJIEA0BATEIFHOCTD B UCCIEAYEMOM 00paslie COOTBETCTBYET HOPMHUPYIOMIEH MOCIIEA0BATEINb-
HOCTH, MJICHTU(QHUIUPOBAHHON B KBAJIM(HUKAIMOHHBIX 00pa3lax Il KOHKPETHOH IOCIEI0BaTEIbHOCTH, Ipel-
craBisromiell maTepec. Hanpumep, ecimm HOpMHpPYIOIIas MOCIEA0BATENEHOCTD, HACHTH()UIIMPOBAHHAS B KBaJIU-
(bMKanMOHHBIX 00pa3lax sl XpoMOCOMBI 21, Kak onpeesieHo, SIBIIETCS XPOMOCOMOM, HallpiMep, XpOMOCOMO¥
14, Torna mo3y MccieayeMoi MociIe0BaTeIbHOCTH It XpOMOCOMBI 21 (IOCiietoBaTenbHOCTH, MPECTaBIIsIO-
el HHTEepeC) ONpEeAETsIOT B BUAE COOTHOUICHHUS MIEPEKPBITUS METKH TOCIEI0BATENIbHOCTH Al XPOMOCOMBI 21
U NEPEeKPBITUS. METKU MOCIEI0BATENBHOCTH UI XPOMOCOMBI 14, Kax10€ U3 KOTOPBIX OMPEENAIOT B HCCAeTye-
MOM 00pa3siie. AHAJIOTHYHO OTIPEENSIOT 03kl XpoMocoM it XxpomocoM 13, 18, X, Y u apyrux xpomocom, cBs-
3aHHBIX C aHEYIUIOMIOMAMH XpoMocoM. Hopmupyromias mociaeoBaTeIbHOCTh Ui XPOMOCOMBI, TPEACTaBIISIO-
meil MHTepec, MOXKET MPEACTaBIATh COOOH OIHY XpPOMOCOMY WM TPYIILY XPOMOCOM, WM OJWH CETMEHT WIIH
TPYIILY CerMEHTOB XpoMocoMbl. Kak omncaHo paHee, MOCIEIOBATENbHOCTb, IPEACTABIISAIONAsS HHTEPEC, MOXKET
MPEACTABIATE COOOH YacTh XPOMOCOMBI, HAIIPUMED, CETMEHT XpOMOCOMBI. COOTBETCTBEHHO, 103y I CETMEHTA
XPOMOCOMBI MOYKHO OTIPEJICIIUT B BUJIE COOTHOIICHHUS TIEPEKPBITHS METKU TOCIIEI0BATEILHOCTH, ONIPEICICHHO-
TO IJIsl CETMEHTa B HCCIEAyeMOM 00paslie, M NMEPEeKPhITHUsI METKH MOCIECI0BATEIbHOCTH Ul CETMEHTa HOPMH-
pyIoIIeil XpOMOCOMBI B UCCIIElyeMOM 00pasiie, IpHuYeM HOPMHUPYIOIINI CerMeHT B HcCileyeMoM 00pasiie cooT-
BETCTBYET HOPMHPYIOIIEMY CETMEHTY (OZHOMY CErMEHTY WM TpYIIE CETMEHTOB), HACHTH(OUIMPOBAHHOMY B
KBAIN(UKAIMOHHBIX 00pa3nax /sl KOHKPETHOTO CErMEHTa, MPEeJCTaBIISIONIET0 MHTEepec. Pasmep cerMeHToB
XPOMOCOMBI MOXKET BapbUpOBATh OT KMi00a3 (T.0.) 1o meradbas (M6) (Hampumep, npubausurensHo ot 1 go 10
T.0., win npudim3uTensHo ot 10 1o 100 T.0. wmu npubnusurensHo ot 100 T.0. 10 1 MO).

Ha stame 155 u3 3Ha4eHW# cTaHAAPTHOTO OTKJIOHEHUS, YCTAHOBICHHBIX IS 103 KBATM(UKAIIMOHHON TI0-
CJICI0OBATENILHOCTH, OINPEAEICHHBIX BO MHOKECTBE KBaTH(UKAIIMOHHBIX 00pa3LoB, U 103 MOCIEI0BATEILHOCTH,
OTIPEZIETICHHBIX UIs1 00pa3I0B, KOTOPHIE YCTAHOBJICHHO SIBISIOTCS aHEYNIOMIHBIMH Ul MOCJIEA0BATENHLHOCTH,
MPEACTABISIONIEH HHTEPEC, MOIYJaloT MOPOroBbie 3HaueHNA. OTMETHM, YTO JAHHYIO ONEPAIHIO, KaK IPaBHIIO,
OCYIIECTBIITIOT ACHHXPOHHO C aHAJIM30M HCCIEAYEMBIX 00pa3loB OT MalMeHTa. J[aHHYIO0 ONepariio MOXKHO
OCYIIECTBHUTH, HAIPUMED, OXHOBPEMEHHO C BEIOOPOM HOPMHUPYIOLINX MOCIEA0BATENbHOCTEN U3 KBaNMU(pHUKALHU-
OHHBIX 00pa3noB. TouHas kiIaccuUKaIMs 3aBHCUT OT Pa3IMUMil MEXIY paclpeAeIeHIsIMUA BEPOSITHOCTEH JUIs
Pa3NuYHBIX KJIAcCOB, T.€. THIA aHEYIUIOMIUH. B HEKOTOpPHIX MpHMepax MOPOTH BBHIOMPAIOT M3 SMIIMPUYECKOTO
pacmpesneneHus I Kaxa0ro THIIA aHEYIUIOUIUH, HallpuMep, TpucoMuu 21. Bo3MoxHbIE TOPOTOBBIE 3HAUEHUS,
KOTOpBIC OBUIM YCTAHOBJICHBI JUIsl KJIacCH(UKAIUKU aHeyIuonanii Tpucomun 13, tpucomun 18, tpucommu 21 u
MOHOCOMHUH X, OTHCAHBI B IPUMEPax, B KOTOPBIX OMHCAHO MPUMEHEHHE CIOC00a JUI OIpe/IeIeHHs aHeYIUION-
M XpOMOCOM IIocpecTBOM cekBeHupoBanus ci/IHK, sxcrparmpoBaHHON M3 MaTepHHCKOrO 00paslia, cojiep-
JKAIIET0 CMECh HYKIEHHOBBIX KHCIOT IUI0Aa U MaTepu. Iloporosoe 3HaueHHe, KOTOPOE OMPENEISIOT, YTOOBI OT-
JIUYUTH 00pa3Ibl, HOPaXEHHbIE aHEYTUTOUINEH XPOMOCOMBI, MOXKET OBITh TAKUM K€ MIJIM MOXKET OTIMYATHCS OT
nopora [uisi Ipyroi aneyrmionauu. Kak mokasaHo B mpuMepax, IOPOroBO€ 3HAUYEHHE JUIA KaKIOH XpOMOCOMBI,
MPEACTABISIIONICH MHTEPEC, ONPENEIsIoT W3 BapHaOEIbHOCTH 03Bl XPOMOCOMBI, NPEICTaBIIONIEH HHTEpeEC,
cpean oOpa3IoB U cepuil cCeKBeHNpOBaHMA. UeM MeHee BapHabenbHa 1032 XPOMOCOMBI TS TI000H XPOMOCOMBI,
IpeCTaBISIONEN HHTepeC, TeM yXKe PacIpOCTPaHEHHE A03bl XPOMOCOMBI, MPEICTABISIOIEN UHTEpeC, cpean
BCEX HEMOPaXEHHBIX 00pa3I0B, KOTOPHIE IPUMEHSIOT, YTOOBI 33/1aTh MOPOT ISl ONPE/ICJICHHS] PA3IMIHBIX aHeYy-
TUIOU Ui,

BosBparmmasce k IOTOKy Hpoliecca, CBI3aHHOTO C KilacCH(UKAIUel uccieayeMoro oopasia nanuenTa, Ha
stane 160 ompeensoT BapHaliio YUCIa KOMUN NOCIe0BaTeIbHOCTH, IPEACTAaBIAIONIEN HHTEpeC, B UCCIIEaye-
MOM 00pasle MOCPEeICTBOM CPaBHEHMsS J03bI MCCIIEITYyEMOW IOCIEAOBATEILHOCTH JUIS IMOCIIEA0BATEILHOCTH,
MPEACTABISIONICH HHTEPEC, C 10 MEHbLIEH Mepe OJHHM IOPOTOBBIM 3HAUCHHUEM, YCTAHOBICHHBIM M3 103 KBa-
M(UKAIMOHHON MOCIEA0BATENPHOCTH. JJaHHYIO ONEpaIii0 MOKHO OCYIIECTBUTE C MOMOIIBIO TOTO )K€ KOMIIb-
IOTEPHOTO ammapaTa, MPUMEHSBIIErocs Il U3MEPEHUsI MEPEKPBITHH METKH MOCJIEA0BATEIFHOCTH, W/WIN BBI-
YHCIIEHHS 103 CETMEHTA.

Ha stame 160 BBIUMCICHHYIO 03y IS UCCIEMyeMON TOCIeIOBATEIHHOCTH, TIPEICTABIIIIONICH WHTEpeC,
CPaBHMBAIOT C TAaKOBOI{, 33laHHOM B KaueCTBE ITIOPOTOBBIX 3HAUYEHHH, KOTOPBIE BHIOPAHBI COTTIACHO 3aJaHHOMY
MOJIb30BaTeNIeM "TOpPOTyY Halle)KHOCTH" st Kitaccu(uKauy odpasna Kak "HOpMaJbHOTO", "TIOpakeHHOTO" MITH
"pemrenre otrcyrcTByeT". OOpasipl "pelieHHe OTCYTCTBYET" MPEACTaBISIOT cOo0OW 00pasmpl, IS KOTOPBIX
OKOHYATENBHBIN TMarHo3 HE MOXKET OBITh MOCTABJICH C HAJEKHOCTBI0. Kax bl THIT HOpaxkeHHOTO 00pa3ua (Ha-
npumep, TpucoMus 21, yactuynas Tpucomust 21, MoHOcomus X) XapaKTepH3yeTCsl CBOUMH COOCTBEHHBIMH TO-
poraMu, OTHUM - JUIsl IPUHATHUS PEIICHNs] 0 HOPMAJIBHBIX (HENOPaXKEHHbIX) 00pa3nax v APYTuM - AJs IPUHATHS
peleHns 0 MOpaXeHHBIX 00pa3nax (HeCMOTps Ha TO, YTO B HEKOTOPBIX CIIydasX JBa Iopora cosmanaror). Kak
OIIMCAaHO B HACTOSILEM JOKYMEHTE B IPYTOM MECTE, B HEKOTOPBIX OOCTOSITEIbCTBAX PE3YNbTAT ""PEIICHHE OTCYT-
CTByeT" MOXHO TIpeoOpa3oBaTh B pemieHue (MOpaKeHHBIN WM HOPMAJIbHBIN), eCli (ppakius HyKJISHHOBOW K-
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CJIOTHI IUIO/Ia B MCCIIelyeMOM 00paslie SIBIISIeTCSl B TOCTATOYHOM cTereHu Beicokoi. Kiaccudukanus ncenenye-
MOH MOCIJIEI0BATEIILHOCTH MOXKET COOOIIAThCS KOMITBIOTEPHBIM armapaToM, IPUMEHSEMBIM B IPYTHX ONepalu-
X JAHHOTO TMOTOKA Tporiecca. B HEKOTOPHIX CiIydasx KiIacCH(UKAIIMIO COOOMIA0T B 3JIEKTPOHHOM (opMmarte, u
KJaccu(uKaIys MoXeT OBITh BRIBEICHA Ha SKpaH, OTIIPABIICHA IO 3JICKTPOHHOM MOYTE, MPEICTaBICHA B TEKCTO-
BOM BHJIC U T.JI. 3aWHTEPECOBAHHBIM JIUIIAM.

CorilacHO HEKOTOPEIM BapraHTaM peanmsanuu onpeencarne BUK BkimouaeT Beraucienne NCV wiun NSV,
KOTOpBIE TIPEACTABISAIOT cO00I1 OTHOIIEHNE O3B XPOMOCOMBI HIIM CEIMEHTa K CpeIHEMY 3HaUCHHUIO COOTBETCT-
BYIOIIEH 03Bl XPOMOCOMBI MJIM CETMEHTa BO MHOXECTBE KBaTH(PHKAIMOHHBIX 00pa3IOB, KaK OMHCAHO BBIIIE.
3arem moxxHO onpenenuts BUK nocpenctBom cpasHenust NCV/NSV ¢ onpeneneHHBIM paHee IIOPOTOBBIM 3Ha-
YEHUEM JIJIsl OLICHKH YHCIIA KOTIHH.

[Topor amnst oLEHKHM YHCiIa KOMWI MOXHO BBIOpaTh Ui ONTHMH3ALMUK 0N JIOKHO ITOJIOXKHTEIbHBIX H
JI0)KHO OTPHLATEIBHBIX PE3yabTaToB. YeM BbIIIe OPOT OLEHKH YHCIa KOMHMH, TEM MEHEE BEPOSITHO IMOSIBIICHUE
JI0)KHO TIOJIOXKHUTENIBHBIX PE3YJIbTaToB. AHAIOTHYHO, YEM HIDKE MOPOT, TEM MEHEE BEPOSITHO IOSBICHHUE JIOXKHO
OTpHIATENFHBIX Pe3yabTaToB. Takum 00pa3oM, CyIecTByeT KOMIPOMHUCC MEXK/TY ITEPBBIM HJI€aIbHBIM IIOPOTOM,
BBIIIIE KOTOPOTO KIACCH(PHUINPYIOT UCKIIOUUTEIFHO UCTHHHO TOJOKHUTENBHBIE PE3yIbTaThl, U BTOPHIM HACaib-
HBIM TIOPOTOM, HIDKE KOTOPOTO KIACCH(PHUIHPYIOT UCKITIOYNTEIHHO HCTUHHO OTPUIATEIbHBIE PE3yIbTaTHL.

[Toporu 3amaroT, TIaBHEIM 00pa3oM, B 3aBUCHMOCTH OT BapHaOEIbHOCTH 103 XPOMOCOM JJISi KOHKPETHOM
XPOMOCOMBI, IPEACTABIAIONIEH HHTEpeC, KOTOpas OIpeaesieHa BO MHOKECTBE HETIOPAKEHHBIX 00pa3IoB.

BapnabensHOCTh 3aBUCUT OT OOJBINIOrO YHcia ¢GakTopoB, BKIodas ¢pakmmio kJIHK mmonma, mpucyrer-
ByIOIIeH B oOpasiie. BapuadenpHocTh (KB) onpenensior mo cpeHeMy 3HaUSHHUIO WM METUaHe B CTaHAAPTHOMY
OTKJIOHEHHIO ISl 7103 XPOMOCOMBI CPEJIH TIOIYJISIMK HEMOopakeHHBIX 00pasnoB. Takum oOpa3zoM, B mopore (s)
JUISL KiTacCU(UKaUK aHEeyIIIouAnH ncroib3ytoT NCV cornacHo ypaBHEHHUIO

x.._’\.
NCVy = ’ff_;”’

(rne i u 9j mpencraBnsior co60it BRMHUCICHHOE CPe/IHEe 3HAYCHHE W CTAHIAPTHOE OTKIOHEHHE COOTBET-
CTBEHHO ISl JIO3BI j-ii XpOMOCOMBI BO MHOXKECTBE KBaNU(PUKAIMOHHBIX 00pa3loB, U X;j MPEACTaBIsET COO0M
HaOJII01aeMyIo 103y j-H XpOMOCOMBI ISl HCCIIelyeMoro o0pasiia i) co CBs3aHHOW (pakiyeii miona B Buie
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Takum o6pazom, st kaxaoik NCV XpoMOCOMBI, TIPEAICTABIAIONICH HHTEpeC, okuaaemMas Gpakius 1miosa,
CBs3aHHAs ¢ NaHHBIM 3HaueHHeM NCV, moxeT ObITh BbrunciieHa mo KB Ha ocHOBaHMHM cpemHEro 3Ha4YCHHS U
CTaHIAPTHOTO OTKJIOHEHHS COOTHOIICHHS XPOMOCOMSBI JUII XPOMOCOMBI, MPEJICTABIIIONICH HHTEPEC, CPEaH Mo-
MYJIIIAA HeTIOPaXXCHHBIX 00pa3IoB.

3areM Ha OCHOBaHHMHU B3aMMOCBSI3U MEXIy (pakuueii iona u 3HadeHuIMA NCV MOXHO BBIOpaTh rpaHu-
Iy TIPUHSATHUS PEIICHHUSI, BBIIIE KOTOPOU 00pasIlbl OMPEACISIOT KaK MOJIOKUTEIbHBIC (TIOPaXKCHHBIC), HA OCHOBA-
HUM HOPMAaJIbHBIX KBaHTHIICH pacmpeneneHus. Kak omucaHo BBINIE, COTTIACHO HEKOTOPHIM BapHaHTaM peajn3a-
IIMX 33/1a10T MOPOT JJIsl ONITUMAJIBHOTO KOMIPOMHUCCA MEXKY OOHApYKeHHEM NCTHHHO ITOJIOXKUTEIBHBIX U JT0JIeH
JIOXKHO OTPHUIATEIBHBIX PE3yIbTATOB. A UMCHHO, BRIOUPAIOT MOPOT JUIT MAKCHMHU3AIUH CYMMBI HCTHHHO ITOJIO-
JKUTEIBHBIX U UCTHHHO OTPHIATEIHHBIX PE3YJIFTATOB WM MUHHMHU3AIUU CYMMBI JIOXKHO ITOJIOKUTCIBHBIX H
JIOXKHO OTPUIATEIHHBIX PE3YIHTATOB.

B ompeneneHHBIX BapuaHTax pealn3alliil MPEeaokKeH crocod obecreueHns MpeHaTaTbHONW JUAarHOCTHKH
AQHEYIUTONIUN XPOMOCOMEI IUI0OAa B OMOJIOTHIECKOM 00pasile, coaepKaieM MOJICKYJIBl HyKICHHOBOW KHCIOTHI
wIoa U Matepu. JlmarHo3 cTaBAT Ha OCHOBAHHH TIOJTyYEHHSI MH()OPMAITIH O TOCIIEAOBATEIFHOCTH U3 IT0 MEHb-
el Mepe 4acTH CMECH MOJIEKYNI HYKIEWHOBOM KHCJIOTHI IUIOAA M MAaTEPH, IONYYEHHBIX M3 OMOJIOTHIECKOTO
HCCIIeIyeMoTo oOpasiia, HanpuMmep, o0pas3a MaTepHHCKOH Ta3Mbl, KOMIIBIOTEPU3HUPOBAHHOTO BEIYMCICHUS U3
JTAHHBIX CEKBEHHPOBAHUS J03bl HOPMHUPYIOLIEH XPOMOCOMBI ISl OJHOM WM 0OJiee XPOMOCOM, IPEICTaBIISIO-
WX WHTEPEC, H/NIN A03bl HOPMUPYIOLIETO CETMEHTA JUISl OTHOTO HJIK 00Jiee CerMEHTOB, PE/ICTABISIONINX HH-
Tepec, W ONpeJIeNICHNs] CTATUCTUYECKH 3HAYMMOTO Pa3JIMuus MEXIy 1030i1 XpOMOCOMBI ISl XPOMOCOMBI, Mpe-
CTaBJIAIONIEH MHTEpEC, W/WIU JI030H CErMEHTa JUISl CEIMEHTa, NPEICTABISIONIET0 HHTEPEC, COOTBETCTBEHHO, B
ucciIeayeMoM 00pasiie M IMOPOTOBBIM 3HAaUCHHEM, YCTAHOBJIEHHBIM BO MHOXECTBE KBAJIM(HKAIMOHHBIX (HOp-
MAaJIbHBIX) 00pa3IoB, U 00CCICUCHHs MPCHATAIBHOW TUATHOCTUKU HAa OCHOBAHUHU CTATUCTHYCCKOTO Pa3JIMYHSL.
Kaxk onmcano Ha stane 160 criocoba, cTaBAT JUarH03 HOPMAJLHBIX WM TIOPaXKEHHBIX 00pasmnoB. Pe3ynbTar "pe-
IIEHHE OTCYTCTBYET" NMPEIUIOKEH B CIIydae, eClIi AWAarHO3 HOPMAaJbHBIX WM MOPaKEHHBIX 00pa3IloB HE MOXKET
OBITH ITOCTABJICH C YBEPEHHOCTBIO.

CornacHO HEKOTOPHIM BapHaHTaM pealii3allid MOXKHO BHIOpaTh 1Ba mopora. IlepBeIif mopor BEIOHPAIOT
JUTT MUHUMH3AIUHN 0N JIOKHO TOJOXKUTENBHBIX PE3yIbTaTOB, BHIIIE KOTOPOTO 00pa3isl OyAyT KiacCu(HIH-
POBaHHI Kak "MOpakeHHBIC", U BTOPOH MOPOT BHIOMPAOT IJIT MUHHMU3AIIUH IO JIOKHO OTPHUIIATEIBHBIX pe-
3yJIbTaTOB, HIDKE KOTOPOTO 00pa3ubl OyayT KnaccupuuupoBaHsl Kak "HeropaxeHHble". O6pasusl ¢ NCV BbIie
BTOPOTO IOPOT'a, HO HIJKE TIEPBOTO MOPOTra MOKHO KIacCH(pHUIIMPOBaTh Kak 00pasisl "'c TOZ03pEHUEM Ha aHEYTI-
Jounuio" nin "pemeHne OTCYTCTBYeT", ISl KOTOPBIX NMPUCYTCTBUE WM OTCYTCTBHE aHEYIUIOWANN MOXHO IOJI-
TBEPIUTHh HE3aBUCUMBIMU criocobamu. O0IacTh MEXIY MEPBBIM U BTOPBIM IIOPOTaMH MOXHO O0O3HAYHThH KaK
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obacTp "penieHne OTCyTCTBYeT".

CornacHO HEKOTOPBIM BapHaHTaM pealu3alliy IOPOTH MOA03PEHUS U pe3yibTaTa ""peleHue OTCyTCTByeT"
npencrasieHsl B Tabu. 1. Kak BugHO, moporu NCV BapbupYIOT MEXIY pasIUIHBIMU XpoMocoMamu. CoriacHo
HEKOTOPBIM BapuaHTaM pealM3alliy MTOPOTH BapbUPYIOT B 3aBUCHMMOCTH OoT DD mis oOpasia, Kak 00BSICHEHO
BbIIIe. METOMKY MOPOTa, IPUMEHSIEMbIE B HACTOAIIEM JIOKYMEHTE, CIIOCOOCTBYIOT YJIyUIIECHUIO YyBCTBUTEIb-
HOCTH U CENIEKTUBHOCTH COTIIACHO HEKOTOPBIM BAPHAHTaM PEaTH3aLHH.

Tabmuma 1
IToporu NCV moao3peHust 1 mopakeHus,
OIpeieNolIe JUana3oHbl pe3yabTara "peleHne OTCyTCTByeT"

Ilopo3penue IlopasxeHHble

Xp. 13 3,5 4,0

Xp. 18 3,5 4,5

Xp. 21 3,5 4,0

Xp. X (X0, XXX) 4,0 4,0

Xp. Y (XX mo cpaBHenur ¢ XY) 6,0 6,0

AmnHanu3bl pasMepa GparMeHTa U IMepPeKPhITHS TOCIEI0BATEIEHOCTH.

Kax ymomsiHyTO BbIIIE, 115 onieHKH BUK MOXHO MpUMEHSTHh mapaMeTphl pasMepa (GparMeHTOB, a TakkKe
nepekpeITHe. Pazmep ¢parmenTa s ¢pparMeHTa 0€CKISTOYHON HYKJIIEMHOBOW KHUCIIOTHI, HallpUMep, (parMenra
c/IHK, MOXXHO MOJYYIHTH MMOCPEICTBOM CEKBEHHPOBAHUS CIIAPEHHBIX KOHIIOB, NIeKTpodopesa (Hampumep, Ka-
MAUTIPHOTO AJIEKTpodope3a Ha OCHOBE MUKPOUHIIOB) M IPYTUX CIIOCOOOB, M3BECTHBIX B JaHHOW 00JAaCTH TEX-
HukU. Ha ¢ur. 2A TeMaTHYeCKH TMPOHMILTIOCTPUPOBAHO, KaK CCKBEHHUPOBAHUE CIIAPCHHBIX KOHIIOB MOXKHO IPH-
MEHSITB JJIs ONpeICTICHHs Kak pa3Mepa ()parMeHTa, TaKk U MePEKPBITHS MOCIEI0BATEIIEHOCTH.

B Bepxneii monoBuHe ¢ur. 2A npeacrasineHa quarpamMa ¢parmenta 6ecknerounoit JJHK minona u dpar-
MeHTa MaTepuHckoi 0eckieTounoit JJHK, obecrnieurnBaroiero MaTpuiy Ajsl porecca CeKBEHUPOBAHUS CIIapCH-
HBIX KOHIIOB. OOBIYHO JIMHHBIC MOCIICIOBATEIHOCTH HYKJICHHOBOW KHCIOTHI (DparMEHTHPYIOT Ha 0Oojiee KO-
POTKHE TOCIICAOBATCILHOCTH JJIs PUIAa B MPOIECCE CCKBCHUPOBAHHS CITAPCHHBIX KOHIOB. Takue (parMeHTHI
TaKk)Ke Ha3bIBAIOT BcTaBKamMu. dparMeHTanus saBiseTcst Herenecoodpasnoit mis 6eckierounoit JJHK, mockombky
oecknerounas JIHK yxe cymecTByOT B BUAe ()parMeHTOB, 10 OobIIel gacTu O6osee KopoTkux, ueM 300 map
ocHoBaHWH. bbUTO MTOKa3zaHo, uto pparmMents O6eckierounoit JITHK miona B MaTepuHCKOM TIa3Me SIBISIFOTCST 00-
Jiee JUTMHHBIMY, 4eM (pparMeHTsl MaTepuHcKoi Oecknetounoi JIHK. Kak nmokazano B BepxHel dactu ¢ur. 2A,
6ecknerounsie JJHK miomHOro nmponcxoXaeHus XapaKTepu3yIOTCsl CpeaHel TMHON npuoim3uTensHo 167 map
OCHOBaHUH, B TO BpeMs Kak Oeckierounbie JJHK MaTepuHCKOTO MPOUCXOXKACHUS XapaKTEPU3YIOTCS CpeaHen
JUIMHOW TpUONMM3UTENbHO 175 map ocHoBaHuil. [Ipu CEKBEHHPOBAHWU CHAPCHHBIX KOHIIOB Ha OIPEICICHHBIX
wiaTopMax, Takux kak miardopma Illumina ans cekBeHHpPOBAaHUS TMOCPEICTBOM CHHTE3a, KaK OIMHCAHO IOJ-
poOHee HIKE TIO TEKCTY, C IByMs KOHIIAaMU (DparMeHTa JUTUPYIOT aJaNnTepHBIC MOCICIOBATEIFHOCTH, HHICKC-
HBIC MOCTICIOBATEIEHOCTH W/WIIK MpaiMEpHBIC MOCIICIOBATEIBHOCTH (HE TpeicTaBieHo Ha dur. 2A). dparmeHT
CHavaJia TPOYUTHIBAIOT B OJJHOM HAIPaBICHHUH, TONy4Yas puJ 1 ¢ OJHOTO KOHIA (pparMeHTa. 3aTeM HAYHMHAIOT
BTOPOW PHJ C TPOTHBOIOJIOXKHOTO KOHIA ()parMeHTa, Mojrydasl IOCIeoBaTeIbHOCTh puna 2. CoOTBETCTBHE
MEXIy puaoM | U puaoM 2 MOXHO HIACHTH(HUIMPOBATEH MOCPEACTBOM MX KOOPAWHAT B MPOTOYHON sueiike. 3a-
TeM puf 1 u pun 2 KapTHPYIOT Ha peepeHCHYIO ITOCIeI0BAaTeIbHOCTD B BH/IE TAPBI METOK, KOTOPBIC HAXOAATCS
MOOIN30CTH IPYT OT ApyTa, Kak MoKa3aHo B HWKHEH mosioBuHe ¢ur. 2A. CornacHO HEKOTOPHIM BapHaHTaM pea-
JM3aIY, €CIU PUABI SBISAIOTCS JOCTATOYHO JUTMHHBIMH, JIBa PHIA MOTYT HEpEKPHIBAaThCA B CpPelHEH dYacTH
BcTaBKH. [lociie Toro Kak mapy BBIPaBHUBAIOT C pehepeHCHON MOCIIEeI0BATEIBHOCTEIO, OTHOCHTEIIFHOE PacCTOs-
HUE MEXAY ABYMS PHIAMH W JUIMHY (pparMEHTa MOXHO OTPE/ICIUTh HA OCHOBAHWHU TOJOXCHUN IBYX PHUIOB.
ITockoabKy pHUIBI CHIAPCHHBIX KOHIIOB O0OECIICYHMBAIOT B JIBAa pa3a OOJbIe Map OCHOBAaHU, YeM PHIBI OJUHOY-
HBIX KOHIIOB TIPU TOH K¢ JUTHHE PUa, OHU CITIOCOOCTBYIOT YIYUIIICHUIO KAUeCTBA BRIPAaBHUBAHHUS, B OCOOCHHOCTH
JUTSL TIOCJIEJIOBATEIIFHOCTEH CO MHOTHMH TOBTOPaMH WM JIJIsl HEYHHUKAIBHBIX TOCIeA0BaTeNbHOCTeH. CortacHo
MHOTHM BapHaHTaM peanu3anun peepeHCHYIO MOCIeA0BATEIFHOCTD MOIPAa3ISISIIOT Ha OJOKH, TaKue Kak OIo-
ku 1o 100 ThIcs4 map ocHoBaHMit. [locie TOro Kak pumbl CIapeHHBIX KOHIIOB BBIPABHUBAIOT C Pe)epeHCHOMH IMo-
CJIeZIOBATENIFHOCTHIO, MOXKHO OTIPENIENIUTh KOTMIECTBO PUIOB, BRIPOBHEHHBIX ¢ OyokoM. Taroke 1t 6J1oKka MOX-
HO OTIPEAENIUTh KOJUIECTBO, & TakKe JITUHBI BCTaBOK (Hampumep, ¢pparmentos ciiJ[HK). CoriacHO HEKOTOPBIM
BapHaHTaM peali3allliy, eCJIM BCTaBKa OJHOBPEMEHHO TONAaeT B ABa OJ0Ka, IOJOBUHBI BCTABKA MOYKHO OTHE-
CTH K KaXJ10My OJIOKHY.

Ha ¢wur. 2B npencraBiien BapuaHT peanu3aiuu, odecreduBaronuii nporecc 220 st mpuMeHEHHUs Tiepe-
KPBITHS Ha OCHOBaHWHU pa3Mepa C IENbI0 ONMPE/IeIICHIs BapUalliy YMCIIa KOHI MOCICOBATEIIEHOCTH HYKJICH-
HOBOMW KHCIIOTHI, TIPEJICTABIIAIONIEH HHTEpEC, B UCCIIeyeMOM 00pasiie, coaepikaiieM (pparMeHTsl OeCKIETOYHOH
HYKJICHHOBOW KUCIIOTHI, MOJIyYCHHBIC U3 MBYX WK OoJjice TeHOMOB. Kak pacKphITO B HACTOSIIEM TOKYMEHTE,
mapameTp ""CMEIICH B CTOPOHY pa3Mepa parMeHTa Win Auana3oHa pasmepa', korna: 1) mapamerp Oiaaromnpusr-
HO B3BEIIMBACTCS 10 pa3Mepy (pparMeHTa WM JAMANa3oHy pa3Mepa, HampuMep, BRIYUCICHHE MMEET OOJBIIHA
BEC, KOTJla CBsA3aH ¢ ()parMEHTAMH pa3Mepa WM Juara3oHa pa3Mepa, 4eM JUisl APYTUX pa3sMEpoB HIIH JHANa3o-
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HOB; WM 2) mapaMeTp MOJydYeH M3 3HaYCHHS, KOTOpOoe ONaromnpusTHO B3BEIIMBAETCS 10 pa3Mepy (parmeHTa
WY JMala3oHy pa3Mepa, HalpuMep, COOTHOLICHHUE IT0JIydeHO U3 MOJcYeTa, KOTOPBII MMeeT OOJBIINHA Bec, KO-
r/1a CBsi3aH ¢ (hparMeHTaMu pa3Mepa IIH JuamazoHa pasmepa. Pasmep gparmenrta mim nuana3oH pazMepa MOKET
SBIISATHCA XapaKTEPUCTHKONW T€HOMa WM €T0 YacTH, KOT/1a TeHOM 00pa3yeT (pparMeHTH HyKJICHHOBOW KUCIIOTHI,
oOoraIeHHbIe WIN cofiepskalpe 0ojiee BRICOKYI0 KOHIICHTPAIMIO pa3Mepa WM JUara3oHa pa3Mepa Mo cpaBHe-
HUIO ¢ (hparMeHTaMH HyKJIEHHOBOM KHCIIOTHI U3 IPYroro reHoMa TN JPYTOH 9acTH TOTO XK€ TeHoMa.

Ipormece 220 HauMHACTCS C TOIYICHUS PUIOB IIOCIEIOBATEIFHOCTH, TTOJIyYCHHBIX B pe3yJIbTaTe CEKBEHHU-
poBaHus (parMeHTOB OECKIETOYHOW HYKIEMHOBOUW KHCIIOTHI B HcciemyeMoM obpasiie. Cm. Oiok 222. J[Ba nnm
0oJiee TEHOMOB B HCCIIElyeMOM 00pa3siie MOTYT MPEACTAaBIATE cOOOH reHOM OepeMEHHONW MaTepH M T€HOM ILIO-
Jla, BEIHAIIMBAaEeMOro OepeMeHHOI MaTepbio. B Ipyrux BapuanTax nmpuMeHEHHs UCCIe yeMblii 0Opasel] BKIIova-
et Oeckierounyto JIHK n3 omyxoneBbIX KJIETOK M HENOPaKEHHBIX KiIeTOK. COriacHo HEKOTOPHIM BapHaHTaM
peanu3anyy B CBSI3U C BHICOKMM COOTHOIICHHEM CHIHAJ/IIYM, OOECIICYCHHBIM HEPEKPHITHEM Ha OCHOBAaHHMH
pa3Mepa, CeKBeHUpOBaHUe (pparMeHTOB OECKIETOYHONW HYKJICHMHOBOW KHCIIOTHI MPOBOJAT 0e3 HEOOXOIUMOCTH B
amMmnuKanuy GparMeHToB HyKJIEHHOBOM KHCI0Thl ¢ mpuMeHenueM [1LIP. TIponecc 200 Takke BKIIOYAET BBI-
paBHHBAaHHE PUIOB IOCIEAOBATEIHLHOCTH (PParMEeHTOB OCCKIIETOYHON HYKJICHHOBOW KHCIIOTHI C pedepeHCHBIM
TEHOMOM, KOTOPBIA COAEPXKUT ITOCIIEA0BATEIHLHOCTD, NMPEACTABISIONIYI0 HHTEPEC, U pa3lelieH Ha MHOKECTBO
6510KOB. YcCIIeNIHOe BHIPAaBHUBAHHUE MPHUBOANT K MOMYYCHHUIO METOK HCCIEAYyEeMON MOCIeI0BATEIEHOCTH, KOTO-
pBIe BKITIOYAIOT ITOCIIEAOBATEIFHOCTh M €€ paCIIONIOKEHHE Ha pedepeHCHOH mociempoBaTeabHOCTH. CM. OJ0K
224. 3artem nporecc 220 mpoaoDKAETCs OMpEeNIeHHEM pa3MepoB (pparMeHTOB OECKIIETOYHON HYKIECHHOBOMN
KHCJIOTHI, CYIIECTBYIOIINX B HcciIenyeMoM o0Opasie. HekoToprie BapHaHTHI pean3alii, B KOTOPHIX IPAMEHSIOT
CEKBEHUPOBAHME CIIAPEHHBIX KOHIIOB, 0OECIICUNBAIOT UIMHY BCTaBKH, CBSI3aHHON C METKOH IOCIIEI0BATEILHO-
cti. Cm. Onox 226. Tepmuns! "pasmep” M "MHA" HCHONB3YIOTCS B3aUMO3aMEHSIEMO, KOTJAa MX HCHOJIb3YIOT
NPUMEHUTENHHO K MOCIIEI0BATEILHOCTSM WK ()parMeHTaM HyKJICHHOBOM KHUCIOTHL. COrNIacHO BapuUaHTy peau-
3aliH, NPOWLIIOCTPUPOBAHHOMY B HACTOSIIIIEM JIOKYMEHTE, nporecc 220 Takxke BKIIIOUAET B3BEUIMBAHHE METOK
HCCIIeyeMOH TOCIIeIOBATEIbHOCTH HA OCHOBAaHUH pa3MepoB (parMeHTOB OECKICTOUHON HYKJIEHMHOBOW KHCIIO-
ThI, U3 KOTOPBIX MOJTydatoT MeTku. CM. O0siok 228. B HacTosmeM ToKyMeHTe "B3BelMBaHuEe" 03HAYAET MOAU(U-
KaIMI0 KOJMYECTBA C MPUMEHEHUEM OJTHOM WM OoJjiee MepeMeHHbIX Wik GyHKImH. Oqay wim 60jee epeMeH-
HBIX WM QyHKIUN cautaroT "Becom". CorilacCHO MHOTUM BapHaHTaM peaM3alliy IMepEeMEHHYI0 YMHOXKAIOT Ha
Bec. CoriacHO APYruM BapHaHTaM peaH3alyi MEPEeMEHHYI0 MOXXHO MOAH(HUIIMPOBATH SKCIIOHEHIIMAIBEHO HITH
UHBIM crioco0oM. CoritacHO HEKOTOPHIM BapHaHTaM peaM3alliiy B3BEIINBAaHIE METOK HCCIIEIyeMON OCIe0Ba-
TEBHOCTH OCYIIECTBIIAIOT ITOCPEACTBOM CMELICHHS NEPEKPHITHIl B CTOPOHY METOK HMCCIIELyEeMOW ITOCIieI0Ba-
TENIBHOCTH, MOJY4YEHHBIX U3 (pparMeHTOB OECKICTOUHON HYKJICHHOBOM KHCIIOTHI pa3Mepa WM TUana3oHa pasme-
pa, XapakTepHOTo JJIsl OJJHOTO T'eéHOMa B HcciieayeMoM obOpasne. Kak packpbITo B HacTOAIIEM JOKyMEHTE, pa3-
Mep HpeCTaBiIsIeT co00i XapaKTepUCTUKY I'€HOMA, KOTla TEHOM COJEPKUT 000TaICHHYIO HIIH OoJiee BHICOKYIO
KOHIICHTPAIMIO HYKJICHHOBOI KHCIJIOTHI YKa3aHHOTO pa3Mepa II0 CPaBHEHMIO C JPYTUM I€HOMOM MM JAPYTOH
YacThIO TOTO K€ TEHOMA.

CornacHO HEKOTOPHIM BapHaHTaM pea3alid (YHKIHMS B3BCIIMBAHUS MOXKET NPEACTABIATH COOOH JH-
HEHHYIO WM HETMHEHHYI0 QYHKIUIO. [IpuMephl MPUMEHUMBIX HETMHEHHBIX (DYHKINK BKITIOYAIOT, O€3 OrpaHu-
YeHHs, CTyneHdJaTele pyHKimm XeBucaiina, (pyHKINH BaroHa, CTymeHYaThle (YHKIMH WIA CHTMOHMIAIbHBIC
¢ynkimy. CoracHO HEKOTOPHIM BapHaHTaM peau3alliil UCTIONB3YIOT (GYHKIHI0 XeBHcaina Wiu (yHKITHUIO
BaroHa, B pe3yibTaTe Yero METKy B KOHKPETHOM JHaIa30He pa3Mepa YMHOXKAIOT Ha BeC 1, M METKH 3a mpeena-
MU JHarna3oHa yMHOkaroT Ha Bec 0. CormacHO HEKOTOPBHIM BapHaHTaM peanu3anuu ¢parmenTam ot 80 mo 150
nap OCHOBaHMH IPUCBaWBAIOT Bec 1, TOraa Kak (parMeHTaM 3a NpeesaMd JaHHOTO JHana3oHa MPUCBauBaIOT
Bec 0. B maHHBIX mpuMepax B3BEIIMBAHUE SIBIISIETCS! AUCKPETHBIM, NPEACTABISSE cCOOOH HOJb MM €AMHUILY B 3a-
BHUCHMOCTH OT TOTO, IONAJIaeT JIM TTapaMeTp BCETO 3HAUEHHs B IIPEICIIbI WK 32 MpeJeiIbl KOHKPETHOTO JHanas3o-
Ha. B kadecTBe agpTepHATHBEI, BEC BEIYHMCISIOT KaK HENPEPHIBHYIO (QYHKIIHIO pa3Mepa (parMeHTa nin Apyroro
aCIIeKTa CBSI3aHHOT'O 3HAYCHUS IapameTpa.

CoriacHO HEKOTOPBIM BapHaHTaM peaji3alliy BecC ISl ()parMeHTOB B OJHOM JHana3oHe pa3Mmepa sBIIseT-
Csl TIOJIOKUTEIHHBIM, M BEC B JPYTrOM AHWAIAa30HE SBISETCS OTPHLIATEIBFHBIM. JlaHHBINA (akT MOKHO TIPUMEHSTS,
YTOOBI CIIOCOOCTBOBATH YCHIICHUIO CUTHAJIA, KOT/Ia HATIPABIICHUS Pa3IHdis MKy IByMS TeHOMAaMH XapaKTepH-
3YIOTCSI IPOTHBOTIONOXKHBIMU 3HakaMu. HamprmMep, moacYuTaHHBIC 3HAUYEHUS prla UMEIOT BeC | I BCTaBKH
80-150 map ocHoBanwmii u Bec -1 ams BctaBku 160-200 map oCHOBaHHUH.

Bec MoeT OBITh IPUCBOCH MOCUETaM, a TAKXKE JPYTUM ITapaMeTpaM.

Hanpumep, B3BemmBaHne MOXKHO TaK)Ke IPUMEHSITh B OTHOIIICHHH JPOOHBIX TTApaMETPOB WIIH MTapaMEeTPOB
COOTHOIIIEHHS, B KOTOPBIX HCIOJNB3yeTcsi pasmep (parmeHta. Hampumep, cooTHOUIEHHE MOXET NPUCBaMBAThH
(parmMeHTam B OIpeAEICHHbIX TOANANa30Hax OONBIINI Bec, YeM (parMeHTaM U OJIOKaM JIpyroro pasmepa.

3areM BBIUMCIIIOT NMEPEKPHITHS 111 OJJOKOB Ha OCHOBaHHMHM B3BELICHHBIX METOK MCCIENyeMOil mocienoBa-
tenpHOCTH. CM. 0ok 230. Takue mepeKkphITH CYUTAIOT CMELIEHHBIME B CTOPOHY pa3Mepa. Kak oObsicHeHO BBI-
111e, 3HaYeHUE CMEIICHO B CTOPOHY pa3Mepa (pparMeHTa WM uana3oHa pa3Mepa, eciii mapamerp OJIarornpHsTHO
B3BEIIMBACTCS 10 pa3Mepy (parmenTa wim nuana3zony pasmepa. IIporecc 200 Takke BKIIOYaeT MACHTH(HKA-
IO BapHaIly YHcia KOMUH B MOCIENOBAaTEIFHOCTH, MPEACTABIIONICH WHTEPEC, U3 BHIYHUCICHHBIX ITEPEKPHI-
i, CM. 6710k 232. CortacHO HEKOTOPBIM BapHaHTaM pealin3allii, Kak moapooHee 00BICHEHO HIDKE MO TEKCTY
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npuMmeHuTensHo K ¢ur. 2C, 3A-3K u 4, nepekpbITHS MOXKHO ITOJIOTHATh MJIM OTKOPPEKTHPOBATH JUIS YAAICHUS
nrymMa B JaHHBIX, U TIOCPEICTBOM 3TOTO YBEIHYUTH COOTHOIICHUE CUTHA/ITYM. B HEKOTOPHIX BapHaHTax MpH-
MEHEHUS TIEpEeKPhITHE Ha OCHOBAHWHW B3BEIICHHBIX METOK, MOJYYeHHBIX B Tporecce 220, obecreunBaet Ooliee
BBICOKYIO YYBCTBHTEJIBHOCTh W/WIH O0Jiee BBICOKYIO CEJICKTHBHOCTH II0 CPAaBHEHHIO C HEB3BEUICHHBIMU IIEpe-
KPBITHSIMH TIPH ONPEACIICHUH BapHaIliy Ynciia KOIuid. B HEKOTOPHIX BapHaHTax MPUMEHEHHS IMpuMep pabodero
mporiecca, MPeIoKEHHBIH HIKE, MOXET JOTIOJIHATENIFHO yIyUIINTh YyBCTBUTEIBFHOCTh U CEJICKTHBHOCTH aHa-
m3a BUK.

[Tpumep pabouero mporiecca A aHAIHM3a pa3Mepa pparMeHTa W/ i MepeKpPHITHS TOCIeI0BATEIFHOCTH.

B HEKOTOPBIX PaCKPHITHIX BapHaHTAX PEAU3AIUH MPEUI0KEHBI CIIOCOOBI ONPECIICHUS] KOJIHYCCTB Tepe-
KPBITHS TIOCJICIOBATEIIFHOCTH C HU3KUM ITYMOM H/WMJIM BBICOKHUM CHTHAJIOM, KOTOPBIC OOCCIICUMBAIOT JaHHBIC
JUTSL OTIPEMICIICHUS PA3IUYHBIX TEeHCTHYCCKIX COCTOSIHUH, CBS3aHHBIX ¢ uuciioM komuit 1 BUK, ¢ ymydmeHHOM
YYBCTBUTEIHHOCTBIO, CEICKTUBHOCTRIO W/MIK 3()(EKTUBHOCTBHIO MO CPABHCHHIO C KOJMYCCTBAMH TECPEKPBITHS
MOCJIEIOBATEIEHOCTH, MOMYYCHHBIMH OOIEIPUHATEIME criocoOamu. COrIacHO OIpeeICHHBIM BapHaHTaM pea-
JIM3aLiH TT0CIIeJOBATEIbHOCTH M3 HCCIEAYEMOro 00pasia MponecCHPYIOT JUIS TOTYyYEeHHUS! KOJIMYECTB MEPEKPhI-
THS TIOCIICIOBATEIHHOCTH.

B mporecce mpuUMEHSIOT OIpenesieHHYI0 HH()OPMAIINIo, JOCTYIHYI0 W3 APYTUX HUCTOYHHUKOB. COTJIacHO
HEKOTOPBIM BapHaHTaM peajli3aliy BCIO JaHHYI0 MH()OPMAINIO MOTYYaroT U3 00yJaromero MHOKECTBa 00pas-
I[OB, KOTOPHIE YCTAHOBJICHHO SBJISIIOTCS HETIOPaXCHHBIMHU (HaIpuUMep, He aHeyIIOuAHBIME). COTIIacHO OPYTUM
BapHaHTaM peaji3allid HEeKOTOPYIO YacTh WIIM BCIO MHPOPMALNIO TOIYYal0T OT APYTHX HCCIEIYEMBIX 00pas3-
IIOB, KOTOPBIE MOTYT OBITh MPEIIOKEHBI ""Ha X0ay", TIOCKOJIBKY B OJHOM M TOM K€ TPOIECCe aHATU3UPYIOT He-
CKOJIBKO 00pa3IoB.

CornacHo OmpeJIeNICHHBIM BapUaHTaM pealM3alliyl IS CHIDKCHUS IyMa JaHHBIX MPUMCHSIOT MAcKH I10-
cienoBaTenbHOCTH. COTNIACHO HEKOTOPHIM BapUaHTaM peallu3allii Kak MOCIeIOBATEIIBHOCTD, MPEICTABIISIOMAT
UHTEpEC, TaK U €€ HOPMHUPYIOUINE TOCICOBATCIFHOCTH SIBIIIOTCS MAacKUpOBaHHBIMH. COTIACHO HEKOTOPBIM
BapHaHTaM PEaH3aliyd MOXHO MPUMEHATH Pa3IMYHBIC MACKU, KOTJIa pACCMATPHUBAIOT PA3IUYHBIC XPOMOCOMBI
WM CEeTMEHTHI, IpeACTaBIfoNe naTepec. Hanmpumep, oqHy MacKy (WM TPYIMITy MacoOK) MOXHO HMPUMEHSTB,
KoTJa xpomMocoma 13 mpezcraBiseT co00if XpOMOCOMY, MPEACTABISIONIYI0 HHTEPEC, W OTIMIHYIO0 MacKy (WIn
TPYIITy MacOK) MOXHO NPHMEHATH, KOTJa XpomMocoMa 21 mpezacraBiseT coboif XpoMOCOMy, TIPEACTaBISIONTYIO
uaTepec. CorjacHO ONpeeIeHHBIM BapHaHTaM Pealn3alliid MacKH 3aJaioT TP pa3perieHnn 0J0koB. Berenct-
BHE ATOTO B OJHOM TpuMepe pasperienne Macku coctaBisieT 100 1.0. CorflacHO HEKOTOPEIM BapHaHTaM peajli-
3aliU B OTHOLICHUH XPOMOCOMBI Y MOKHO MPHUMEHSTh OTIENbHYI0 MacKy. MacKupoBaHHbBIE 00JIaCTH UCKITIOYe-
HUS MOTYT OBITh MPEIJIOKEHBI JUIT XPOMOCOMBI Y MpH OoJiee BEICOKOM pasperieHud (1 T.0.), 4eM Ui APYTHX
XpOMOCOM, TPEJCTABISAIOIINX HMHTEPEC, KaK OINHCAaHO B MpeaBapuTeNnbHOW 3asBke Ha mateHT CIHIA Ne
61/836057, nonanunoit 17 wrons 2013 r. [Homep mareHtHoro peectpa ARTEPOOSP]. Macku mpemiokeHsl B
(dhopmMe (aitnos, HACHTUUIHPYIONNX UCKITIOYCHHBIC TCHOMHEIC 001aCTH.

CornacHo OIpeJe/ICHHBIM BapUaHTaM PealH3alyy JJIs YCTPaHSHHsS MEXOJIOKOBOW BapHaIlluH B TpOQuie
MIOCJIE/IOBATENILHOCTH, TPEJICTABISIIONICH HHTEPEC, B IPOLiEcCce MPUMEHSIOT 0XKHUAaeMoe 3HaueHHe HOPMUPOBaH-
HOTO TIEPEKPHITHS, TIPUUIEM BapHalds sABJsieTcs HemHpopMaTuBHOU st onpenenenus BUK mns uccmenyemoro
obpasma. [Iporecec moAroHAeT HOPMHUPOBAHHBIE KOJMIECTBA MEPEKPHITHS B COOTBETCTBUH C OKUIAEMBIM 3HAYE-
HHEM HOPMHPOBAHHOTO MEPEKPBITHS IS KaXKI0TO OJIOKA 0 BceMy T'eHOMY FUTH M0 MEHBIIeH Mepe s OJIOKOB
YCTOWYIHUBBIX XPOMOCOM B pedepeHCHOM TeHoMe (IUIsi IpUMEHEeHHs B omepanud 317 Hike). B Xoxe manHOTO
mpoIiecca TakKe MOYKHO YIIYUIINTh TapaMeTphl, OTIUYHBIE OT HepeKphITHa. OkumgaeMoe 3HaUeHHE MOXKHO OII-
penesuTh U3 00yJaromero MHOXKECTBa HEMOPaXXEHHBIX 00pa3ioB. B kauecTBe nmpumMepa, 0XujaeMoe 3HaUCHHE
MOXET IPEJCTaBIISATh COO0H MeIMaHHOE 3HaUCHHE B Ipejiesiax o0pas3noB oOydaroniero MHOkecTBa. O)kugaemble
3HAYCHHUS MTEPEKPBITUS 00PA3IIOB MOXKHO ONPEACTUTh KaK KOJUYCCTBO YHUKAIBHBIX HE MOBTOPSIOIIUXCS METOK,
BBIPOBHCHHBIX C OJOKOM, pa3lelIcHHOE Ha CYMMapHOE KOJHYCCTBO YHUKAIBHBIX HE IOBTOPSIOIIUXCS METOK,
BBIPOBHEHHBIX CO BCEMH OJIOKaMH B YCTOHYHMBBIX XPOMOCOMaX pe()epeHCHOT0 TreHoMa.

Ha ¢wur. 2C npencraBnena crpykTypHast cxema mpouecca 200 st onpeneneHHs IapaMeTpa pasMmepa
(parMenTa A TOCIIEIOBATEIFHOCTH, MPEACTABIIONICH HHTEpEC, IPUYEeM IapaMeTp MPUMEHSIOT Ul OLEHKU
YHUCIIa KOTIMH MOCIIeI0BATEILHOCTH, TPEACTABIISAIONIEH HHTEpEC, B ccleayeMoM obpasiie B Oioke 214. JlaHHbIH
MPOIIECC YCTPaHIET CHCTEMATHIECKYIO BapHaIMIo, OOIIYI0O CPely HEMOPakeHHBIX 00YyYaromux o0pasmoB, MpH-
4eM Bapuallys yBeJIu4uBaeT 1ryM B aHanuze i oueHkn BUK. [laHHbIN nporecc TakyKe yCTpaHsSeT MOTrpenrHo-
ctu GC, mpucymye ucciaeayeMomMy o0pasiry, OCPEACTBOM ATOTO YBEIHYHMBAsi COOTHONICHWE CHTHA/IIYM B
MaHHBIX aHanmm3a. ClexyeTr OTMETHTh, u4To mporiecc 200 MOXHO TakKe MPUMEHSATh B OTHOIICHWH TIEPEKPBITHS
BHE 3aBUCHMOCTH OT TOT'O, CMEILICHO JIM MEPEKPhITHE B CTOPOHY pa3Mepa WM HeT. AHAJIOTHYHO, POLIECCHl Ha
¢wur. 2D, 3 u 4 ABIAIOTCSA B PAaBHOM CTCIICHU NMPUMEHUMBIMU K MEPEKPBITHIO, B3BCIICHHOMY IO pa3Mepy ¢par-
MEHTa TEPEKPHITHIO, pa3Mepy (parMeHTa, (paKIUK WM COOTHOIICHHIO ()ParMCHTOB B 3aJaHHOM JHAIa30HE
pasMepa, YpOBHIO METHIIMPOBaHUS (pparMeHTOB | T.JI.

Ipornece 200 HaumHaeTCsI ¢ 0OECIeUYEeHUs PUAOB MTOCICIOBATEIBEHOCTH UCCIIEAYEMOro 00pasiia, Kak ykas3a-
HO B Oyoke 202. CorilacHO HEKOTOPBIM BapHaHTaM pPEATH3alUN PHUIBI ITOCICAOBATCIHLHOCTH TONYYAlOT B pe-
3ynbpTaTe cekBeHUpoBaHUs cerMeHToB JIHK, momy4eHHbIX U3 KpoBU OepeMeHHOW >KeHIIMHbI, BKIodas ci/I[HK
MaTepH u mioza. [Ipomecc mpomomkaeTcss BRIpaBHUBAHIEM PUAOB ITOCIEAOBATEIHLHOCTH C peepeHCHBIM TE€HO-
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MOM, COJIEp)KaIllM MOCJIE0BATEIILHOCTD, MPEACTaBIIIONIYI0O HHTEpEC, C 0OECcIeYeHHEM METOK HCCIIEAyeMOH
nocyieioBarenbHoCcTU. bitok 204. CortacHo HEKOTOPBIM BapHaHTaM pPean3allii PUAbI, KOTOPHIE BEIPABHUBAIOT-
cs1 ¢ OoJiee OTHUM CaiTOM, UCKITFOYaroT. COTIacHO HEKOTOPHIM BapHAHTaM Pean3alliil HECKOJIBKO PHUIOB, KOTO-
pBIe BBIPAaBHHUBAIOTCS C OJHHM M TEM K€ CaiiTOM, MCKIIFOYAIOT WM CHIDKAIOT 0 MOJCYETa SAMHUIHOTO PUAA.
CoriacHO HEKOTOPHIM BapHaHTaM peai3allid PHUIBI, KOTOPHIE BHIPABHUBAIOTCS C HCKIIOUEHHBIMH CaiTaMHu,
TaKXKe MCKIF0YaloT. BeneacTBre 3TOro CorfacHO HEKOTOPHIM BapHaHTaM pealn3aliyl sl 00ecTiedeHus moacye-
Ta HEHCKIIIOYCHHBIX caiToB (moacdera NES) ¢ menbro onpeneneHus MepeKphITHs WIH IPYTUX ITapaMeTpoB Kaxk-
Joro OJ0Ka IMOACYUTHIBAIOT UCKIIIOYHTEIFHO YHUKAJIHHO BEIPOBHCHHBIE HE IIOBTOPSIOMINECS METKH, BRIPOBHEH-
HBIE C HEUCKIIIOUEHHBIMU CaliTaMHU.

IMpouecc 200 obecrieunBaeT pazmepsl (GpparMeHTOB OECKIETOYHOW HYKICHHOBOH KHCIJIOTHI, CYHIECTBYIO-
KX B UccieryeMoM oOpasiie. CorllacHO HEKOTOPBIM BapHaHTaM peaslM3aliy ¢ IPUMEHEHHEM CEKBEHUPOBaHMS
CIapeHHBIX KOHIIOB MOKHO HOJYYUTh pa3Mep/UTMHY BCTABKH M3 PACIIOJIOKEHUH MMaphl pHIOB Ha KOHIAX BCTaB-
ku. [l onpexpenenus pazMepa ¢pparMeHTa MOXHO IPUMEHSTH Ipyrue Metoauku. Cm. 6iok 205. 3atem B 6110-
Kax pedepeHCHOT0 reHOMa, BKIIFOYasl OJIOKU B TOCIIEOBATEILHOCTH, MPENCTABIAIONICH nHTEepec, mporecc 200
ompeneNnseT 3HAYCHHS IapaMeTpa pasMepa (parMeHTa, CMEHNICHHOTO B CTOPOHY XapaKTCPUCTUKH pPa3MEpoB
(parmMeHnTa oHOTO U3 TEHOMOB. TepMuH "mapamMeTp pa3mepa ¢pparMeHTa" o3HaYaeT rMmapameTp, KOTOPBIH OTHO-
CHUTCS K pa3Mepy WiH JIHHE (parMeHTa WM COBOKYITHOCTH (pparMeHTOB A1 (GparMEeHTOB HYKJIEHHOBOM KHCIIO-
ThI; Hanpumep, pparmentoB ci/IHK, monydeHHBIX W3 HHU3MOIOTHIECKON XKHUAKOCTH. B HAcCTOsAIIEM TOKYMEHTE
napameTp ""CMeIlleH B CTOPOHY pa3Mepa (parMeHTa win quana3ona pasmepa, korga: 1) mapameTp Oraronpusr-
HO B3BEIIMBACTCS 10 pa3Mepy (pparMeHTa Wi AWana3oHy pa3Mepa, HalupuMep, BEIYUCICHHE MMEeT OOIBIIHH
BEC, KOTJIa CBsI3aH C ()parMeHTaMHy pa3Mepa WM Juara3oHa pa3Mepa, 4YeM Ul JPYrHX pa3MepoB WM AHAIa3o-
HOB; WM 2) mapaMeTp MOJydYeH M3 3HaYCHUS, KOTOpoe ONaromnpHsTHO B3BEIIMBAETCS IO pa3Mepy (parmeHTa
WY JMala3oHy pa3Mepa, HalpuMep, COOTHOLICHHUE ITOJIydeHO U3 MOJcYeTa, KOTOPBII MMeeT OOJNBIINHA Bec, KO-
TZia CBs3aH ¢ ()parMeHTaMu pa3Mepa Wi Juara3oHa pasmepa. Pazmep ¢pparmenTa wim quarmna3oH pasMepa MOXKeT
SBJISITHCSI XapaKTEPUCTHKOI IreHOMa MJIM €ro 4acTH, KOTJia TeHOM 00pa3yeT pparMeHThl HyKIEHHOBOW KHCIIOTHI,
oOoraieHHbIe WK cofepxKaniie 0ojiee BEICOKYIO KOHIICHTPALMIO pa3Mepa WK Juara3oHa pa3Mepa, Mo cpaBHe-
HUIO ¢ (hparMeHTaMH HyKJIEHHOBOM KHCIIOTHI U3 IPYroro reHoOMa TN JPYTOH 9acTH TOTO XK€ TeHOMa.

CornacHO HEKOTOPHIM BapHaHTaM peajH3alliy IapaMeTp pasMmepa GparMeHTa IpeAcTaBiIsieT coOoil B3Be-
IIEHHBIN 10 pa3Mepy mojcueT. CorlacHO HEKOTOPHIM BapHaHTaM peanu3anuu GparMeHT BecuT 1 B Auama3zoHe u
0 3a mpenemamu auana3ona. CorigacHO APYrHM BapHMaHTaM peaiu3aliy IapaMeTp pasMepa (gparMeHTa mpen-
CTaBJsIET CO0OU (pakIuio WM OTHOIIEHHE (pparMeHToB B quamna3one pazmepa. Cm. 6ok 206. CormacHO HEKO-
TOPBIM BapHaHTaM peau3aluy 3HaYeHUE apamMeTpa pasMepa (parMeHTa (MM MepeKphITHE, KaK OTMEUCHO BbI-
IIe) KaKA0ro OJIoKa NeNsIT Ha 3HauYCHHE NapaMeTpa HOPMHUPYIOIIEH IOCIeI0BaTeIbHOCTH B OJJHOM M TOM K¢
o0pasiie, oyry4ast HOpMUPOBAHHBII apaMeTp.

[Mocne sToro mponecc 200 obecnieynBaeT II00aIBHBIN PO MOCIEA0BATEILHOCTH, MTPEACTABISIOMIEH
uHTepec. ['06anbHbIN NPOQMIB COAEPKUT 3HAUCHNE 0XKUIAEMOT0 TTapaMeTpa B KaXJ10M OJIOKe, IMOJIy4eHHOE U3
00ydaroIiero MHOXKECTBa HEMOpaKEHHBIX oOydarommx oOpasnoB. biok 208. IIpomecc 200 ycrpansier Bapua-
N0, OOBIUHYIO I oOydaromero oOpasia, MOCPEICTBOM MOATOHKH 3HAUYCHHH HOPMHPOBAHHOTO TapaMeTpa
METOK HCCIIeyeMOH MOCIEeIOBATEIEHOCTH B COOTBETCTBUH C OKUIACMBIMHU 3HAUCHUSAMH IapaMeTpa I Moiy-
YeHHSI OTKOPPEKTHPOBAHHBIX C YUETOM II00ANBHOTO TPOQIIIS 3HAYCHNUN MapaMeTpa It OCIeI0BaTeIFHOCTH,
npencrasisromeii maTepec. biaok 210. CormacHO HEKOTOPHIM BapHaHTaM peali3alid OXHAAeMOE 3HAUCHHE
nmapameTpa, MoJydeHHOe U3 00yJarolero MHOXKeCTBa, obecriedeHHoro B Oyoke 208, mpencTaBiser coboi Me-
JIuaHy cpean oOydaronmx oopasios. CoriacHo HEKOTOPHIM BapHaHTaM peanu3anuu oneparms 2010 noaroHser
HOPMHUPOBAaHHOE 3HAYCHHE TTapaMeTpa MOCPEACTBOM BBIUMTAHHS OXHMIAEMOTO 3HA4YEHUs Mapamerpa U3 HOpPMU-
poBaHHOTO 3HaueHHs NapaMeTpa. CoracHo IpyruM BapHaHTaM peaiu3anuu oneparus 210 gei1uT HopMHpOBaH-
HOE 3HaYeHHE MapaMeTpa Ha OXKHAaeMoe 3HAuUeHHE MapamMeTpa KakKAoro OJoKa JUIs MOJyYEeHUs] OTKOPPEKTHPO-
BAaHHOTO C YYETOM TJI00aIbHOTO PO 3HAYEHUsI TapaMeTpa.

B nonosHeHne K KOPPEKTHPOBKE € y4ETOM II00aIbHOr0 Mpodmiis min BMecto Hee nporecc 200 ycrpans-
et norpemHocTH GC, mpucymue ucciaenyeMomy o0pasily, IOCPEICTBOM ITOATOHKH 3Ha4YeHHs mapameTpa. Kak
MoKa3aHo B Oyioke 212, mporiecc MOATOHSET OTKOPPEKTHPOBAHHOE C YUETOM TI00ATBHOTO MPO(IIs 3HAUYESHUE
mapamMeTpa Ha OCHOBAaHWHM B3aWMOCBS3HM MeXay ypoBHeM conepkanusi GC M OTKOPPEKTHPOBAHHBIM C YUETOM
r100aNbHOTO PO MEPEeKPHITHEM, CYIIECTBYIONIEM B HCCIEAYEMOM 00pasle, IMOCPEACTBOM 3TOTO HOTydas
oTKoppekThpoBanHoe ¢ ydeToM GC B oOpasie 3HaueHHe MapameTpa pasmepa (parmenra. [lociie moAroHKH ¢
Y4E€TOM CHCTEMAaTHYECKOW BapHalMH, OOBIYHOW IS HETOPAKCHHBIX 00YJAIOIHUX 00pa3loB, U BHYTPHCYOBEKT-
HbIX norpemHocteil GC mpornece obecrieunBaeT 3HaYeHNE pa3Mepa pparMenTa, OTKOPPEKTUPOBAHHOE C YUETOM
riobanpHOro mpoduis w/nmin aucnepcun GC, mpudeM 3HaueHHe NMpuMeHsIOT a1 onenkn BUK obpasma c
YIYYIIEHHON YyBCTBUTEIBHOCTBIO U crienuduuHocThi0. COrIacCHO HEKOTOPBIM BapHaHTaM peali3aliy 3Hayue-
HHe pa3Mepa (parMeHTa MOKHO MOAOTHATh C MIPUMEHEHHEM CII0co0a aHajM3a INIaBHBIX KOMITOHEHT JUIsl yCTpa-
HEHUS] KOMIIOHEHTOB JMCIIEPCHH, HE CBS3aHHBIX C BapHallMel 4Yucia KO IOCIeN0BaTeIbHOCTH, IPeICTaB-
JSTIOLIel MHTEepecC, Kak Jajiee OIMCaHo MPUMEHNTENbHO K 010Ky 719 ¢ur. 2F. CornacHo HEKOTOPBIM BapHaHTaM
peanm3anyy 3HaUYE€HUE pa3Mepa (pparMeHTa MOXKHO ITOJ00paTh MOCPEICTBOM YCTPAHEHHS BBINANAIONINX 3HAYC-
HUH OJIOKOB B mpeaesiax o0pasia, Kak OMcaHo MPUMEHHUTEIHHO K 0s1oky 321 dur. 3A.
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MHOTONpPOXOIHBIN MPOLIECC IS OTPEICICHUS YNCIIA KON C MPUMEHCHUEM HECKOJIBKHUX ITapaMeTpOB.

Kak moquepkHyTO BBIIIE, MPOIECCH], PACKPBITHIC B HACTOSIIEM JOKYMCHTE, SBISIOTCS TOIXOIAIIHNMH IS
onpenenenus BUK ¢ npuMeHeHHeM HECKOIBKHX MapaMeTpoB, BKIIOUas, 0€3 orpaHUYEHUs, IEPEKPHITHE, B3BE-
IIEHHOE TI0 pa3Mepy (pparMeHTta mepekpeITHe, pa3mep (parMeHTta, (ppakiuio Wi OTHOIIEHHE (parMeHTOB B
3alaHHOM JHama30He pa3Mepa, ypOBEHb METHIHPOBAHUS (GparMeHTOB U T.1. Kakaplil U3 JaHHBIX mapaMeTpoB
MOJKHO OTIENFHO IPOIECCHPOBATh, YTOOBI MapaMeTp HHAWBHIYaJbHO BHEC BKJIAJ B ONPEACICHHE HTOTOBOMN
BapUallMK YKCia KoUK

CornacHO HEKOTOPBIM BapHaHTaM peai3aliy aHAJIOTUYHBIE MPOIECCH MOXXKHO MPUMEHSITh B OTHOIICHHH
aHaJiM3a B3BCIICHHOTO IO pa3Mepy NMEePEKPHITHS U aHAIH3a pa3Mepa pparMeHTa, 00a U3 KOTOPBIX SBISIOTCS I1a-
pametpamu pa3mepa gparmenToB. Ha ¢ur. 2D npencrarieHa 0J0K-cXeMa JBYX HMEPEKPHIBAIOIINXCS MPOXOIOB
pabouero nporecca 600, mpoxoxa | i B3BEMICHHOTO MO Pa3Mepy NEPEKPBITHS U IMPOXO] 2 s aHAJIKA3a pa3Mepa
¢parmenra. CormacHo IpyroMy BapHaHTy pealU3alliii, HE MOKAa3aHHOMY B HACTOSIIEM JOKYMEHTE, YPOBEHBb
METHIMPOBAHUS MOXHO MPOIIECCUPOBATH B OJHOM JOMOJIHHUTEIBHOM Mpoxoze. J[Ba mpoxoma MOTYT BKIFOYATh
CPaBHUMBIC ONEPALUH IS OTYUCHHUS [TOJOTHAHHOM HH()OPMAIUK O MEPEKPBITUH, HA KOTOPOH OCHOBAHO OIpe-
neaxenne BUK.

HcxonmHas 0IHONIPOXOAHAS YacTh MPOIlecca HAYMHACTCS C TIOTYYEeHHUS JaHHBIX CEKBEHHUPOBAHUS, CM. OJIOK
602, u mpomomKaeTcss KOMIBIOTEPU3UPOBAHHBIM BBIYHCICHUEM TTOJICYNTAHHBIX 3HAUYEHHUH, KaK ONMCAHO BHIIIE,
cM. 610k 612. TToce maHHON TOYKHM M300paKEHHBIN MPOIIECcC pa3aesiieTcs Ha JBa MPOXoa, KaKk OTICAHO BHIIIIE.
BosBpamasce K Ha9aJdbHOM 9acTH mporiecca, pabounii mporecc mpeodpasyeT JaHHbIE CEKBEHHPOBAHUS B PHIIBI
nocienoBaTenbHOCTH. ECiii TaHHBIE CeKBEHMPOBAHUS MOIYYCHBI U3 MYJIBTHUIUIEKCHOTO CEKBEHUPOBAHUS, PHUIHI
MOCJIEIOBATEIIEHOCTH TAKXKE JICMYJbTHILICKCUPYIOT I MACHTU(UKAIMH UCTOYHUKA MaHHBIX. CM. 010k 604.
3areM pHIBI MMOCICAOBATEIHLHOCTH BBIPABHUBAIOT C PEPEPEHCHOM MOCIIE0BATEILHOCTHIO, MPUIEM BBIPOBHCH-
HBIC PHUIIBI TOCIIEIOBATEIBHOCTH MPEIJIOKEHBI B BUIE METOK mocienoBatensHocT. CM. 610k 606. [Tocne sToro
METKH MOCIIEA0BATCILHOCTH (PHIBTPYIOT AJIS MONMYYCHUsT HEHCKITIOUeHHBIX caiiToB (NES), xoTophie mpencras-
JISFOT COOOM OIHO3HAYHO KapTHPOBAHHBIC HEAYOIUPYIOIIHUECS METKH TOCIIE0BATEILHOCTH. METKHU MocieI0Ba-
TEJIHHOCTH OPTaHW30BaHbI B OJIOKM KOHKPETHOH IUTMHBI MOCIEIOBATEIILHOCTH, Tako# kak 1 T.0., 100 T.0. mnm 1
M6. Cm. 610k 610. CorimacHO HEKOTOPHIM BapHaHTaM peau3allii, BKIIOYAIONIAM aHaJIW3 CHHAPOM-
criemupUIHBIX oOnactedl, muHa 6;10k0B coctaBisieT 100 T.0. CorlacHO HEKOTOPHIM BapHaHTaM peallu3alliu
OJIOKH, JEMOHCTPUPYIOIINE BHICOKYIO BapHaOEIbHOCTh, MOKHO MAaCKHPOBATH C MPUMEHEHHEM MAaCKH MOCIeI0-
BaTEIbHOCTH, MOJYICHHON M3 MHOXECTBA HEMOPAXEHHBIX 00pa3IoB CIIOCOOOM, ONMMCAaHHBIM Ha ¢ur. 3A, 610K
313. 3arem Metkn B NES NOJICUNTHIBAIOT AJIS MONYYCHHS TIEPEKPBITHN, TOIISKANTUX HOPMHUPOBAHHUIO U TIOJI-
rouke s ananmsa BUK. Cwm. 6ok 612.

CoracHo MpeAcTaBIeHHOMY BapuaHTy peanusanuu omnepanuu 604, 606, 610 u 612 ocymiecTBAsSIOT OOUH
pa3, 1 OOJNBIIMHCTBO M3 OCTAJIBHBIX OMEPAIMi OCYIIECTBISIOT IBAXK/IbI, OJUH Pa3 ISl aHaJH3a B3BEIICHHOTO IO
pasMepy mepekpsitus (mpoxon 1) U ofauH pa3 ansd aHanu3a pasMepa ¢parmenra (mpoxon 2). CorinacHo APYTrUM
BapHaHTaM peai3alliy OJTHY WM OoJjiee omepanuii, KOTOpPbIC TMOKa3aHbl KaK OCYIIECTBISIEMBIC B IBYX IPOXO-
JlaX, OCYIIECTBIISIFOT UCKITIOYUTEIHHO OJIMH pa3, M Pe3yJIbTaThl UCIOJIB3YIOT B 000MX mporeccax. [Ipumepsr Ta-
KHX COBMECTHO HCITOJIb3yEeMBIX OTepalnii BKIt0UYaroT oneparmu 614, 616 n 618.

CornacHO TpeACTaBICHHBIM BapHaHTaM peai3alliy MOTyIeHHBIE TePEeKPHITHS (B3BEIICHHBIC TI0 pa3Mepy
MOJICYMTAHHbIE 3HAYEHUS) WM TapaMmeTp pasMepa (parmeHta ((hpakiiu WU COOTHOIIEeHWs pasmepa) NES
HOPMHUPYIOT TIOCPEICTBOM, Hanpumep, neieHust 3nadeHust NES Omoka Ha cymmapabie NES reHoMa uimm MHOXKe-
CTBa HOPMHpPYIOINX XpoMocoM. CoriacHO HEKOTOPHIM BapHaHTaM peajH3allid HOPMHUPYIOT UCKIIOYUTEIHHO
MEPEKPHITHE, B TO BpeMs KaK HET HEOOXOIUMOCTH HOPMHUPOBATH MapameTp pasMmepa (pparMeHTa, MOCKOJIBKY
rIyOMHA CEeKBCHHPOBAHUS HE BIUSACT HA HETO TAKHM K¢ 00pa3oM, Kak Ha mepekpbitue. CMm. 010k 614. 3atem
COTJIACHO HEKOTOPHIM BapHaHTaM PEajM3allid YCTPAHSIOT TUCIIEPCHIO, OOIIYIO Ui 00YYarolIero MHOXECTBA,
BKITIOYAasi HEMOpPaKeHHBIC 00pa3Iibl, MpudeM muctepcus He cBszaHa ¢ BUK, mpencrasnsromeii uarepec. Coriac-
HO TIPEJICTABICHHOMY BapHaHTY pealn3aluu oOIIas TUCTICPCHs MPEICTaBICHA KaK rI100aIbHEBIH BOTHOBOM TPO-
(Wb, MOYYCHHBIN W3 HETIOPAXCHHBIX 00pa3I0B 00pa3oM, aHAJIOTHYHBIM MOJTYYCHHUIO TI00aTFHOTO BOJIHOBOTO
npoduas, onucaHHOMY BbIime. COracHO HEKOTOPHIM BapHaHTaM pealu3alliy, KaK MpOUIIOCTPUPOBAHO Ha
¢ur. 6, HETTIOpKEHHBIE 00PA3IIHI, MPUMEHSIEMBIE IS TIOTYyYEHUS TII00ATEHOTO BOJHOBOTO MPOMUIIS, BKIIOYAIOT
00pasibl U3 OHOW M TOW e MPOTOYHOM SYSHKH MM TpolleccupoBanHoi maptur. CM. 0510k 616. Beraucienue
TI00ATLHOM BOJIHBI, CHEMUGUIHON K TPOTOYHON sueiike, moapoOHee OOBSICHEH HIDKE MO TeKCTy. CoriacHo
MPEICTAaBICHHOMY BapHaHTy pealM3aIliy T0CiIe TOT0, Kak OB ycTpaHEeH II00aNbHBIA BOTHOBOW MPOdHIiIb, 1Ie-
PEKPBITHS KOPPEKTHPYIOT ¢ yueToM ypoBHs GC oOpazen-cnenuduaasiM oopazoM. Cum. 6ok 616. HekoTopsie
anroputMel Koppeknuu GC ommcaHbl 0onee MOAPOOHO HMXKE IO TEKCTY B OMHMCAHUH, CBI3aHHOM ¢ Qur. 3A,
omok 319.

CornacHo MpencTaBICHHOMY BapHaHTy pealH3aldy Kak B Ipoxoae | Uit aHamu3a B3BEIICHHOTO EPEKPHI-
TS, TaK U B TIpoxoJie 2 I aHAInu3a pa3Mepa GparMeHTa 3aTeM JaHHBIC MOXKHO OT(QHIBTPOBATH C YUCTOM IIIy-
Ma, CrieIM(pUIHOTO MHIUBUIYaTbHOMY 00pa3ily, HApUMEp, U3 aHaJIH3a MOXKHO YAATHTh PE3KO OTKIOHSIOIIHECS
JTAaHHBIC OJIOKOB, KOTOPHIC XapaKTEPU3YIOTCS MEPEKPBITHAMH, YPE3BBIYANHO OTIMYAIOIIUMUCS OT APYTUX OJIo-
KOB, TIPHUYEM Pa3IMdue HEJIb3s1 OTHECTH K BapHAIlUH YWCIIa KOIHH, TpeacTaBisone narepec. Cm. 610k 622
JlanHast oniepanusi BHyTPHBBIOOPOYHOTO (BMIBTPOBAHUS MOYKET COOTBETCTBOBATH 010Ky 321 Ha dur. 3A.
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CoriacHO HEKOTOPBIM BapHaHTaM peaslM3anuy 1mocie GuIbTPOBaHHUs OHOTO 00pasiia B3BEIICHHbIE 3HaUe-
HUS TCPEKPBITHS MPpoxoJa |1 u mapamerpa pasMepa (parMeHTa Mpoxoaa 2 oOOTaIlaloT B IEICBOM CHUTHAT 10
cpaBHeHHIO ¢ pedepeHcoMm. CM. Omoku 624 u 628. 3aTeM MepeKphITHE W TapaMeTp pasMepa pparMeHTta s
XPOMOCOMBI IPAMEHSIOT 7SI BBIYUCICHUS O3Bl XPOMOCOMBI I HOPMHPOBAHHOTO 3HaUeHHS XpoMocoMbl (NCV),
Kak ommcaHo Bbime. [Tocie 3toro NCV MOXHO CpaBHHTH C KPUTEpHEM UIS OTPEACTICHHS MOKa3aTess, CBUAC-
TeabCcTByIOmEro o BeposatHocTr BUK. Cm. 6moku 626 u 630. 3ateM mokazatenn U3 JByX MPOXOI0B MOKHO 00b-
eNHUTDH C TOyYeHHEM KOMIUIEKCHOTO UTOTOBOTO TIOKA3aTels, KOTOPBIN OMpeAeysieT, CAeIyeT I MPUHATH pe-
menne 00 aHeyrionauu. COrIacHO HEKOTOPHIM BapHaHTaM peali3aluy Moka3atenu 626 u 630 mpeacTaBisioT
co0O¥ CTaTUCTHYECCKHE NaHHBIC t-Kpurepus wind Z-3HadeHus. COINIAaCHO HEKOTOPBIM BapHaHTaM peajH3allid
UTOTOBBIY MMOKA3aTelb MPEACTaBIsIeT co00W 3HaYeHUE XH-KBajapaT. COrlIacCHO APYTUM BapUaHTaM peau3alid
WTOTOBBIH IIOKa3aTesb MPENCTABIsIET COOOH cpelqHee KBaJpaTUYHOE 3HAYCHHE JABYX t-3HAYEHUH WM Z-
nokazatesneil. J[pyroil cnoco0 oObenWHEHUs ABYX MNOKazaTeJed OT JIBYX IPOXOJ0B MOXKHO NPHMEHATH IS
YITy4IIeHUsT O0IIei YyBCTBUTEIFHOCTH U CENICKTUBHOCTH Tipu oOHapykeHnn BUK. B kaduecTBe ampTepHATHBEI,
MOXHO OOBEIMHUTH JIBA MOKa3aTelisl U3 ABYX IPOXOJOB MOCPEACTBOM JIOTHYECKUX OIepaliy, HallpuMmep, orle-
paruu 1 wim onepanmun MIJIW. Hanpumep, xorma s oOecriedeHus HU3KOW JTOJIA JIOKHO OTPHUIATEIHHBIX pe-
3yJIbTATOB MPEATIOYTUTEIHHOM SBISETCS BBICOKAsl TyBCTBUTEIHHOCTD, pernenne 0 BUK MoxHO puHATH, KOrAa
nokasaresb u3 npoxona 1 MJIM npoxoxa 2 cooTBeTCTBYyeT KpuTepuio pemeHus. C Apyroil CTOpoOHBI, €CIU IS
obecriedeHnsT HU3KOW JTOJH JIOKHO TMOJIOXKHUTEIBHBIX PE3yJIbTATOB JKEJIATEIbHOM SBISIETCS BBICOKAs CEIEKTHB-
HOCTB, penrenrne 0 BUK M0XHO MPHHSATH HCKITIOUUTENBHO €CIH ToKa3aTelb npoxona 1 M mpoxoaa 2 cooTBETCT-
BYET KPUTEPHIO PCIICHHUS.

[TpumeyartensHO, YTO CYMIECTBYET KOMIIPOMHICC MEKAY YyBCTBUTEIBHOCTBIO M CEJIEKTHBHOCTBIO C IIPHME-
HCHHEM TaKHX JIOTHYCCKUX OTIepaIiii, OMUCAHHBIX BhIME. COrIaCHO HEKOTOPHIM BapHaHTaM pPEaIU3al[UM MPH-
MEHSIOT ITOJIXO0/]] IByX3TalTHOI'0 CEKBEHHUPOBAHMSI, YTOOBI MIPEO0/I0IETh KOMIIPOMHCC, KaK Jajee OIMMCaHO HIKE I10
TeKcTy. BkpaTue, ucxomaHoe onpezaeneHue moxasareis Uit o0pasna CpaBHUBAIOT C OTHOCUTEIBHO HU3KHM Iep-
BBIM IIOPOTOM, MPEIHA3HAYCHHBIM JJIs YBEIHUCHHS YYBCTBUTEILHOCTH, M, €CIIH TIOKa3aTellb 00pasiia mpeBhIIia-
€T TepPBHIN MOPOT, €r0 HANpaBIIIOT HA BTOPOW payHJA CEKBEHHPOBAHH, KOTOPHINA ABISETCA Ooliee TIyOOKHM,
yeM nepBbId. Takoi oOpa3er 3aTeM MOBTOPHO MPOIECCUPYIOT M aHATTM3UPYIOT B pabodeM mporiecce, aHaJIorHd-
HOM TaKOBOMY, OTIMCAHHOMY BBIIIIE. 3aTeM MOJIYICHHBIA B pe3yIbTaTe MOKa3aTeNlb CPABHUBAIOT C OTHOCUTEIHHO
BBICOKMM BTOPBIM IIOPOTOM, TPEIHA3HAUYEHHBIM [UIS YIIY4IICHUS YyBCTBUTEIHEHOCTH. COTIacHO HEKOTOPHIM Ba-
pHaHTaM pealn3aliui 00paslbl, KOTOPHIE MOIBEPTraloT BTOPOMY pPayHAY CEKBEHHPOBAHHSA, XapaKTCPU3YIOTCA
MOKa3aTeJIeM OTHOCHUTEIFHO Oojiee HM3KUM Cpeau 00pasIoB, MOKa3aTellb KOTOPHIX IPEBHIIIACT IIEPBHIH IMOPOT,
MIOCPE/ICTBOM YET0 CHMYKACTCS! KOJIMYECTBO 00pa3LoB, KOTOPbIE HEOOX0ANMO IIOBTOPHO CEKBEHHPOBATB.

CornacHO HEKOTOPHIM BapUaHTaM PEaTH3allid MOXHO TMPUMEHATH 3-H MPOXOJ C MPUMEHECHHEM 3-TO Ma-
pamerpa. Ilpumepom nanHOTO 3-rO IMPOXOJa SIBJSIETCS METHIIMpOBaHHE. MeTWIIMPOBaHHE MOKHO OINPENEIIHTh
HarpsMylo IOCPEICTBOM H3MEPEHHUs] METWIMPOBAHUS HYKJICHHOBBIX KHCIOT M3 00paslia WM OIOCPEJOBaHHO
KaK mapaMeTp, KOTOPBIH KOPPEIHUPYET C pa3MepoM (parMeHTa OCCKICTOYHBIX HYKICHHOBBIX KHCIIOT.

CornacHO HEKOTOPHIM BapHaHTaM pealn3alliy JaHHBIHA 3-U IapaMeTp MpecTaBisieT co00i 2- mepeKphl-
THE T TIapaMeTp Ha OCHOBAaHHH IIO/ICYETa, IIPUIEM IOJICYNTAHHBIC 3HAYCHU OCHOBAHBI Ha pa3Mepe GparMeH-
TOB 3a IpeAesaMH pa3Mepa NepBUYHOTO (hparMeHTa, KOTOPHIH MCHOIH30BAIHM B IIEPBOM MapaMeTpe Ha OCHOBa-
HuH noacyeta. Koroa s moiydeHns MoACYeTa WK IapaMeTpa MepeKphITHS MPUMEHSIOT (pparMeHTs oT 80 1o
150 map ocHOBaHMH, OHHM MCKIIIOYAIOT TpUOIM3UTENsHO 70% pUIOB U3 CEKBEHUPOBaHUA. B TOil cTemenu, B Ko-
TOpPOH JaHHBIE UCKITIOYCHHBIC PUABI BCE €IIe XapaKTePH3YIOTCA HEKOTOPHIM MOTEHIHATIHHO ITOAXOISIIINM CHT-
HAJIOM, WX MOXHO MPHUMEHSTH B 3-eM mapaMeTpe, KOTOPBIA BKIFOYACT UCKIFOUCHHBIC PHUIIBI HIIM PUABI BO (pak-
IIUM Ha OCHOBaHHH pa3Mepa, KOTopask HaXOIUTCS 3a TMPe/IeIaMu WK MepeKphIBacTCs ¢ (ppakiueid Ha OCHOBAaHUU
pa3Mepa, UCIONIL30BaHHOM B IMEPBOM Mapamerpe. B 3Toi CBSI3W puIaM W CBSA3aHHBIM 3HAYCHUSIM MEPEKPBITHS,
B3SITHIM U3 UCKIFOUCHHBIX (DPArMeHTOB, MOKET OBITH MPHUCBOCH MEHBIINH Bec. J[pyruMu clioBaMH, apameTpy
BapHaIlUK YWCJIa KOIUH, BRIYHCICHHOMY C MPUMCHCHHUEM JaHHBIX PHJIOB, MOXXHO TPUITUCATH MCHBINYIO BaXK-
HOCTh MPY NMPUHSATHHA UTOTOBOT'O PEIICHUS O BapHWallMU YKclia KONWid. B kauecTBe albTepHATHBEI, KaK OIMCAHO
BBIIIIE, METKH 3a MpeJesiaMi Ihara3oHa pa3Mepa B IIepBOM IapamMeTpe MOTYT NMPUHUMATh OTPUIATEIbHOE 3HA-
YeHHe, KOT/1a IBa TCHOMa UMEIOT IPOTHBOIIOIOKHBIE XapaKTePUCTHKH B ABYX JHMAlla30HaX pa3Mepa.

CorylacHO pa3IMYHBIM BapHaHTaM pealln3ainud mepekpoitus B mporeccax 200, 220 u 600 cMmemeHs! B CTO-
POHY METOK M3 (pparMeHTOB Ha OoJiee KOPOTKOM IpaHMIle CreKTpa pazMepa (pparmenta. CoriiacHO HEKOTOPBIM
BapHaHTaM peaii3alliy MEepeKPBITHS CMEIICHB B CTOPOHY METOK M3 (parMEeHTOB pa3MepoB, 0ojiee KOPOTKHUX,
4yeM yKazaHHOe 3HadeHre. COriacHO HEKOTOPHIM BapHaHTaM pean3aliuil NePEKPHITHS CMEIICHB B CTOPOHY Me-
TOK U3 ()ParMCHTOB B JMAMa30HE pa3MEpoOB (parMeHTa, M BEPXHss TPAaHUIIA TUATIA30HA COCTABIICT MPUOIH3U-
TenbHO 150 map ocHOBaHMII HITU MEHEeE.

CornacHo pa3IHYHBIM BapHaHTaM peanu3anun npoueccoB 200, 220 u 600 puasl nocnea0BaTeIbHOCTH MO-
Jy4aloT B pe3yJIbTaTe CEKBCHUPOBAHUS (ParMeHTOB OECKIETOYHON HYKJIEHHOBOH KHCIOTHI O€3 MepBOHAYAIBEHO-
ro npumeneHus [11P mis aMmindukanuy HyKJICHHOBBIX KHCIOT ()ParMEHTOB OCCKICTOYHOW HYKJICHHOBOU KH-
cinoTel. COTrNIacCHO Pa3NUYHBIM BapHAHTAM pCalU3alliH PUIbI CCKBCHUPOBAHUS MOJYYAIOT B PE3YJIbTaTe CEKBE-
HUpOBaHUs (parMeHTOB OECKIICTOYHOW HYKJIECHHOBOW KHCJIOTHI IO TIYyOWMHBI He Oosee 4eM MpUOIM3UTEIHHO 6
M ¢parmentoB Ha oOpazen. CormacHO HEKOTOPHIM BapHaHTaM peaM3alliK TTyOMHA CEKBEHUPOBAHUS COCTAaB-
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asieT He OoJiee yeM mpubnmsuTesnsHo 1 M dparmenToB Ha oOpasen. CorylacHO HEKOTOPBIM BapHaHTaM peajn3a-
IIUH PUIBI CCKBCHUPOBAHUS MOJIYYalOT TOCPEICTBOM MYJIBTHILICKCHOTO CEKBCHUPOBAHUS, H KOJUYCCTBO MYJIb-
THTIICKCUPOBAHHBIX 00PA3I[0B COCTABIISIET ITO MEHBINIEH Mepe IPHOIM3UTEILHO 24.

CorylacHO pa3IUYHBIM BapuaHTaM peanm3anuu mnpormeccoB 200, 220 u 600 uccnexyemsblii oOpaszerr coaep-
JKUT TU1a3My OT HHAMBHIyyMa. COTTacHO HEKOTOPHIM BapHAaHTaM PealH3alli MPOIECChl TaKKe BKIFOYAIOT I10-
JIydeHrne OEeCKICTOYHOW HyKICHHOBOHM KHCIOTHI M3 mcciieayemoro obpasma. CoriaacHO HEKOTOPHIM BapHaHTaM
pean3anyy MPOLECcCH TakKe BKIIOYAIOT CEKBEHUPOBaHUE (hParMEHTOB OECKICTOYHON HYKJICHHOBOW KHCIIOTEHI,
MOJYYCHHBIX U3 JBYX HIIHM 0OJiee TCHOMOB.

CornacHO pa3IM4YHBIM BapHaHTaM peanusaunu npoueccos 200, 220 u 600 aBa nin 6ostee TEHOMOB BKIIIO-
YarOT TeHOMBI MaTepH | 1ioja. CorilacHO HEKOTOPBHIM BapHaHTaM pPealiU3alliy BapHaIlisl YHCIa KOIHA B IOCIe-
JIOBATEIBbHOCTH, TIPECTABIISIONICH HHTEPEC, BKIIOYAET aHEYIUTOUIMIO B TEHOME IO/,

CornacHO HEKOTOPBIM BapuaHTaM peanm3anuu mporecco 200, 220 u 600 aBa umu 6oee reHOMOB BKITFO-
YAIOT TCHOMBI PaKOBBIX M COMATHYCCKHX KICTOK. COTJIaCHO HEKOTOPBIM BapHAaHTAM pPEaTU3aldU TPOIECCHI
BKITIOYAIOT MIPUMCHCHHE BapHALIUH YUCIIA KOTIMIA B PAKOBOM T€HOME IS TMArHOCTHKH paka, KOHTPOJIS IPOrpec-
CHPOBAHHUS paka W/WIIH ONpeneNeHus JiedeHus: paka. CoTJIacHO HEKOTOPBHIM BapHaHTaM peaii3alliy BapHarns
YHcIa KOMUH BBI3BIBAET FTEHETUIECKYIO aHOMAITHIO.

CorylacHO HEKOTOPBIM BapuaHTaM peanu3anuu mporeccoB 200, 220 u 600 mepeKphITHs CMEIIEHB B CTOPO-
HY METOK M3 ()parMeHTOB Ha OoJiee JIMHHOW TpaHHIlEe CIeKTpa pazmepa ¢pparMeHToB. COTIIaCHO HEKOTOPHIM
BapHaHTaM pealM3al[iy MEePEKPHITHS CMEIIECHB B CTOPOHY METOK M3 pa3MepoB (parMeHToB, Ooyiee IITMHHEIX,
4yeM ykazaHHOe 3HadeHre. COriiacHO HEKOTOPHIM BapHaHTaM pean3alii NepEKPHITHS CMEIICHBI B CTOPOHY Me-
TOK 13 ()parMeHTOB B JHaIla30He pa3MepoB (PparMeHToB, IpHUUeM Oosiee HU3Kas TPaHuUIa AUana3oHa COCTaBISIET
npuban3nTensHo 150 map ocHoBaHM#H Wi Oostee.

CoryiacHO HEKOTOpBIM BapuaHTaMm peanuzauuu npoueccoB 200, 220 u 600 mpowLeccsl Takke BKIIOYAIOT:
orpeziesieHue B 0JIokax pedepeHCHOro reHoMa, COoJepIKaIIUX MOCIIeI0BATELHOCTD, IPECTABIISIONYI0 HHTEPEC,
YPOBHEH METUIIUPOBAHHS (PPArMEHTOB OCCKICTOYHON HYKICHHOBOW KHCIIOTHI B YKa3aHHBIX OJIOKaX W MPHMEHE-
HHE YPOBHEH METHIMPOBAHMA B JIOTIOJIHEHHUE K BRIYUCICHHBIM MTEPEKPBITHAM MM 3HAUCHISIM ITapaMeTpa pa3Me-
pa ¢pparmeHTa 1060 BMECTO HUX JUIS HACHTU(GUKAINY BapHaIiu yucia konuit. CorimacHo HEeKOTOPOMY BapHUaHTy
peanu3anuy MPUMEHEHHE yYPOBHEH METHIIMPOBAHUS IS MICHTH(HUKAINN BapHallMH YHCIa KOMUI BKIIOYACT
obecrieyeHne T100aTHHOTO MPOMUIS METHIMPOBAHUS IS OJIOKOB TOCIIEA0BATEIHLHOCTH, MPEACTABISAIONICH HH-
Tepec. [ mobanpHBI MPOGUIP METHIUPOBAHUS BKIIOYACT OKHJAEMBIE YPOBHH METWJIMPOBAHHUS IO MEHBIICH
Mepe B OoKax IMOCIIeZOBAaTEIBHOCTH, MpeAcTaBisiomell naTepec. CoriacHO HEKOTOPHIM BapHaHTaM peain3a-
UM OXKHUJACMBIC YPOBHH METHIHPOBAHUS MOTYYArOT U3 JIIUH (PparMeHTOB OCCKICTOYHON HYKICHHOBOW KHCIIO-
TBl B 00yYarolieM MHOXXECTBE HETOPaKEHHBIX 00YYaIOMNX 00pasloB, COJACPKAIIUX HYKJICHHOBBIC KHCIIOTHI,
CEKBEHUPOBAHHbIC ¥ BHIPOBHEHHBIE 110 CYILECTBY TE€M e CIIoco0OM, 4TO M (parMeHThl HYKJIEHHOBOW KHCIIOTHI
uccieayemMoro o0Opasia, IpuieM 0XXKHAaeMble YPOBHH METHIMPOBAHUS JIEMOHCTPUPYIOT MEKOJIOKOBYIO BapHa-
1uto. CoriacHO HEKOTOPHIM BapHaHTaM peajM3alliy MPOLECCh BKIIOYAIOT OATOHKY 3HAaUeHHs YPOBHEH METH-
JUPOBAHUS C MPUMCHCHHEM OXHIACMBIX YPOBHEH METHIIMPOBAHHS B OJIOKAaX IO MEHBIICH Mepe IMOCIeIoBa-
TENBHOCTH, PEACTABIIIONIEH HHTEpEC, W MOCPEACTBOM ATOTO MOJIYICHHE OTKOPPEKTHPOBAHHBIX C YUETOM TIIO-
6ampHOTO MPOMIIS 3HAYCHNH YPOBHEH METHIMPOBAHUS IS ITOCIIEIOBATEIBHOCTH, TIPEICTABISIONICH HHTEPEC.
[Iporieccrl Takke BKIIOYAIOT HACHTH()UKAIINIO BapHAIIH YHCIIa KOMUI ¢ MPUMEHEHHEM OTKOPPEKTHPOBAHHBIX C
Y4eTOM TJI00aIbHOTO PO IEPEKPHITHIA B OTKOPPEKTHPOBAHHBIX C YUETOM TI00ATBHOTO MPOQHMIIST YPOBHEH
MeTwiarpoBaHus. COTJIacHO HEKOTOPBIM BapHaHTaM peaH3allly HACHTU(UKAIW BapHaIlid YHCiIa KOIHUH C
MPUMEHEHHUEM OTKOPPEKTUPOBAHHBIX C YYETOM TIIOOANBEHOTO MPOGWIS MEPEKPBITHA U OTKOPPEKTUPOBAHHBIX C
Y4eTOM TII00ANTBHOTO MPO(UiIsS YPOBHEH METHIMPOBAHUS TAKKE BKIFOYACT MOJITOHKY OTKOPPEKTHPOBAHHEBIX C
Y4eTOM TII00ANTBHOTO MPO(IIIs MEPEKPHITUH U OTKOPPEKTHPOBAHHBIX C YYETOM TI00aTBFHOTO MPOGUIL YPOBHEH
METWIMPOBaHUsI, OCHOBaHHYIO Ha ypoBHe cojepxanusi GC, n MOCpeACTBOM 3TOr0 MOJIYyYeHHE OTKOPPEKTHPO-
BaHHBIX ¢ yueToM GC mepexprITuil U OTKOPPEKTUPOBaHHBIX ¢ yueToM GC 3HadeHMi ypOBHEW METUIMPOBAHUS
JUTSL TIOCJICJIOBATEIILHOCTH, TIPEACTABISIONICH HHTEpEC; U UACHTU(DUKAIMIO BapHAIIUH YHCTIa KO C IPUMEHE-
HUEM OTKOPPEKTHPOBAHHBIX ¢ ydeToM GC MepekphITHii U OTKOPPEKTUPOBAaHHBIX ¢ ydeToM GC ypoBHEH MeTH-
JIMPOBAHUS.

CorylacHO HEKOTOPBIM BapuaHTaM peaynmzanuu mporeccos 200, 220 u 600 mapameTp pasmepa pparmenra
BKITIOYaeT (pakIHIO WIA COOTHOIIEHHE, BKIOYAs YacTh (parMeHTOB OECKIETOYHON HYKJICHHOBOW KHCIOTHI B
HccieIyeMoM o0pasiie, pazMep GparMeHTOB KOTOPBIX SABJSETCS 00jiee KOPOTKUM Wi OoJiee IUTMHHBIM, YeM T10-
poroBoe 3HadeHHe. COTITaCHO HEKOTOPHIM BapHAaHTAM pealM3alliyl MapaMeTp pasMepa (parMeHTa BKIIOYAeT
¢pakuyro, conepikayro (i) KoJIMuecTBo (pparMeHToB B MCCIEAYEMOM 00paslie B Mpejesiax MepBoro Auana3oHa
pasmepa, conepkarero 110 map ocHoBanuid, u (ii) Koan4ecTBO PparMeHTOB B HCCIeyeMOM 00pasle B Ipese-
Jax BTOPOTO JUara3oHa pa3Mepa, COAEpIKallero MepBblil AUana3oH pa3Mepa U pa3Mepsl 3a MpejeiaMu epBoro
JManasoHa pa3Mepa.

Omnpenenenne yuciaa KOMUil ¢ MPUMEHEHUEM TPEXIPOXOIHOTO Tpoliecca, OTHOIICHHUH MpaBaonongoous, t-
CTaTUCTHKH W/WIX (paKIui IIoja.

Ha ¢wur. 2E npencrarinena 00K-cXxeMa TPEXIPOXOTHOTO TpoIecca Ui ONEHKH 4Yucia Komui. JlaHHBIH
MpoIIecC BKIIIOYAET TPH MEpPEKPHIBAIOIINXCA Ipoxona pabodero mporecca 700, KOTOPHIH BKI0OUaeT mpoxon 1
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(wmm 713A) aHanm3a MEpeKphITUS PHUIOB, CBSA3AHHBIX C ()parMeHTaMH BceX pa3MepoB, npoxoxa 2 (wmu 713B)
aHaIM3a MEPEeKPBITHS PUAOB, CBA3AHHBIX C Oosiee KOPOTKUMH (hparMeHTamu, U npoxon 3 (wm 713C) aHanmza
OTHOCHTEIIFHON 9acTOTHI 60JIee KOPOTKHUX PHUIIOB ITO CPABHEHUIO CO BCEMU PHIAMH.

IIpomecc 700 ananoruden nporeccy 600 mo cBoeit obmieit opranm3aruu. Onepaliy, yka3aHHbIe B 0J0Kax
702, 704, 706, 710, 712, MOXHO OCYIIECTBHTH TEM XK€ WM aHAJIOTHYHBIM CITIOCOOOM, KaK M OTepaIliy, yKa3aH-
HbIe B O10kax 602, 604, 606 u 610 u 612. ITocne mosydeHns MOACUNTAHHBIX 3HAYEHUH PUIOB ONPEIETIIIOT TIe-
PEKpBITHE C IPUMEHEHNEM PHUIOB U3 (PparMEeHTOB Bcex pa3MepoB B mpoxoje 713A. TlepekpeiTre OmpeaeisioT ¢
MIPUMEHEHUEM PHUIOB U3 KOPOTKUX PparMeHTOB B mpoxone 713B. HacToTy pumoB u3 KOPOTKUX (HparMeHToOB IO
CPaBHEHHIO CO BCEMH pHIaMHM omnpeaersoT B npoxozae 713C. OTHOCHTENbHYIO YacTOTy B JIPYrOM MECTe B Ha-
CTOSIIIIEM JIOKYMEHTE TaK)Ke Ha3bIBalOT COOTHOLIEHHEM pasMmepa win (pakuuei pazmepa. OTHOCUTENbHAS Yac-
TOTa TPEJCTaBIsICT cOOOH MpUMEp XapaKTepHCTHKH pa3Mepa ¢parmeHta. CoOriaacHO HEKOTOPHIM BapHaHTaM
peanu3aniy KOpoTKHe (parMeHThl MPEACTAaBISIIOT CO00H (parMeHTsl, 0ojiee KOPOTKUE, YeM MPUOIH3UTEIHLHO
150 map ocHoBauu#. COraacHO pa3IMYHbIM BapHaHTaM pealli3alnud KOPOTKHE (PparMEeHThl MOTYT HaXOANUTHCS B
IuamnasoHax pasmepa npubiamsurenbHo 50-150, 80-150 wmu 110-150 map ocHoBanmii. CornacHO HEKOTOPBIM
BapHaHTaM peAIM3aliy TPETUH TIPOXo, i nmpoxoxa 713C, sBiseTcs HeoOs3aTeILHBIM.

Bce mannbie u3 Tpex mpoxoaos 713A, 713B u 713C nmoxseprarot onepanun HopMmuposanus 714, 716, 718,
719 u 722 nyist ycTpaHEHUS TUCTIEPCHH, HE CBA3aHHOM ¢ YHUCIIOM KOIUH TIOCTIeI0BAaTEIbHOCTH, MPEACTABISIONMEH
nHTepec. J[aHHbIe onepanru HOPMHUPOBAHHS OTpaHWYeHbI B Oyoke 723. Onepanust 714 BKIIIOYaeT HOPMHUPOBa-
HHUE MIPOaHATM3UPOBAHHOTO KOJIWYECTBA TOCICAOBATEIFHOCTH, MPEACTABIIIONICH HHTEPEC, MOCPEACTBOM JeTie-
HUS IPOAHATH3UPOBAHHOTO KOJMYECTBA HA CyMMapHOE 3HaYCHHE KOJIMYECTBA peepeHCHOI MOCIeJ0BATEIbHO-
ct. Ha maHHOM 3Tane HOpMHPOBaHHUS UCIIOIB3YIOT 3HAYCHUS, MTOJMYyYEHHbBIE U3 HCClleyeMoro obpasia. AHaio-
TH4HO, onepanuu 718 u 722 HOpMUPYIOT NPOAHAIU3UPOBAHHOE KOJIMYECTBO C MPUMEHEHUEM 3HAUCHHH, MOITY-
YEeHHBIX M3 ucciexyemMoro obpasua. B onepanmsix 716 u 719 ucnonp3yloT 3HaYeHMs], OTyYEHHBIE 13 00yJaro-
IIEro MHOXECTBA HETTOPaKCHHBIX 00Pa3IIOB.

Omnepanust 716 ycTpaHseT r700a1bHYI0 BOJIHOBYIO JAUCIIEPCHIO, TTOJYYEHHYIO W3 00y4aromero MHOXECTBa
HETIOPaXCHHBIX 00pa3IoB, B KOTOPHIX HCIONB3YIOT T€ K€ WM aHAIOTUYHBIE CIIOCOOBI, OMICAaHHBIC MPUMEHH-
TeIbHO K OnoKy 616. Omeparus 718 ycrpanser mucnepcuio crieniuaHOd WHAMBUAYYyMY mucnepcun GC ¢
MIPUMEHEHHUEM TOTO YK€ WIIM aHATOTHYHBIX CTIOCOO0B, ONMMMCAHHBIX IPUMEHUTENBHO K OJIOKY 618.

Omneparmust 719 ycTpaHseT ZOMOTHUTENBHYIO AUCIEPCHIO C MPUMEHEHHEM CTI0c00a aHajm3a TIaBHBIX KOM-
noreHT (AI'K). Jlucnepcus, yctpansemas merogamu AI'K, oOycioBineHa ¢pakropaMu, He CBI3aHHBIMHU C YUCIIOM
KOTIMH ITOCTIEIOBATEIbHOCTH, NpeACTaBIIomeil naTepec. IIpoanann3upoBaHnHOE KOJIMYECTBO B KaXKIOM OJIOKE
(mepekpbITHE, COOTHOLIEHHE pa3Mepa (parMeHTa u T.11.) odecrieunBaeT He3aBUCHUMYIo nepemennyto 11t AI'K, u
00pa3Ibl HETMOPaKEHHOTO 00YYaIOIIer0 MHOYKECTBA 00ECIICUMBAIOT 3HAYEHUS s JaHHBIX HE3aBHCUMBIX Iepe-
MeHHBIX. Bce 00pasiipl 00yJaroIero MHOKECTBA BKIIFOYAIOT 00pa3Iibl, KOTOPBIE XapaKTepU3YIOTCS TEM K€ HC-
JIOM KOIIMH ITOCJIEZI0OBATEIbHOCTH, MPECTAaBIIIOMIEH HHTEpeC, HallpuMep, ABYMsI KONUSIMH COMAaTHYECKOH Xpo-
MOCOMBI, OJJHOW Kommeil X-XpoMOCOMBI (KOTJia B KauyecTBE HEMOPaXEHHBIX 00pasloB MPUMEHSIOT 00pa3ibl
MY’KCKOTO T10J1a) WJIN ABYMsSI KOIHSIMHU X-XPOMOCOMBI (KOT/Ia B Ka4ECTBE HEIIOPAKEHHBIX 00pa3I0B NPHUMEHSIOT
00pas3Iibl )KeHCKOTo 1mosa). TakuM o0pa3oM, JUcTiepcus B 00pasiax He SBISIETCS CISJACTBHEM aHCYIUIOUINA U
apyroro otinmyus B ymncie komuil. AI'K oOy4aromero MHOXECTBa MO3BOJISET MOMYIUTH TIaBHBIE KOMIIOHEHTEI,
KOTOpPBIE HE CBA3aHBI C YHUCIOM KOIHMU MOCIEI0BATEIFHOCTH, MPEACTABIIONIEH HHTepeC. 3aTeM TJIaBHBIE KOM-
MOHEHTHI MOKHO HCIIOJIB30BaTh Ui YCTPAHCHHS AWUCICPCHH B MCCIETyeMOM 00pasle, He CBA3aHHOW C YHCIIOM
KOIIHUH MOCTIeA0BATEIbHOCTH, MPECTABIAIONIEH HHTEpEC.

CornacHO OmNpeNesIeHHBIM BapUaHTaM pealn3alliy JUCIIEPCUIO OJHOW WM Oojee TIaBHBIX KOMITOHEHT
YCTPaHSIOT U3 JAHHBIX HCCIEIyeMOro oOpaslia ¢ NpHUMEHEHHEM KOI((HUIMEHTOB, BHIYNUCICHHBIX W3 JAHHBIX
HETIOpaKeHHBIX 00pa3IoB B 00JIacTH 3a MpeJesaMu MOCIeA0BaTeIbHOCTH, peAcTaBistomei natepec. Cornac-
HO HEKOTOPBIM BapuaHTaM peajH3allii 00JIacTh MpPEeACTaBIseT CO00i Bce ycToHUMBBEIE XpoMocoMbl. Hampumep,
AT'K ocymecTBisiioT Ha HOPMHPOBAHHBIX JAHHBIX MEPEKPHITHS OJ0Ka 00y4aromMX HOPMAJIBHBIX OOpasloB C
MOJIyYeHHEM, TAKMM 00pa3oM, TTIaBHBIX KOMIIOHEHT, COOTBETCTBYIOIIUX pa3Mepam, IPH KOTOPBIX MOXKET OBITH
3a(UKCHPOBaHa HANOOJBITIAs AUCTIEPCUS B NaHHBIX. Jlucmepcus, 3adukcupoBaHHas TAaKUM 00pa3oM, He CBs3aHA
C BapHaIlfer dncia KOMUi B IMOCIe0BaTeILHOCTH, MIPeACTaBstoneit naTepec. [locie Toro kak u3 o0yJarommx
HOPMAaJTBHBIX O0pa3loB OBUIM ITOJYYEHBI TJIAaBHBIE KOMITOHEHTHI, UX MPUMEHSIOT B OTHOIIEHHH HCCIIETyEeMbIX
TaHHBIX. B mpenmenax O10koB u3 o0yacTw 3a mpenesaMy MOCIeI0BATEIbHOCTH, PEACTABISIONIEH HHTEpPEC I0-
Jy9aroT MOJIENb JTMHEHHOH Perpeccuu ¢ UCCIeyeMbIM 00pa3IoM B KaueCTBE MEPEMEHHOM OTBETA U C TIIaBHBIMH
KOMIIOHCHTAaMH B Ka4eCTBE 3aBHCHMBIX IepeMeHHBIX. llomydeHHBIe B pe3ynpTaTte KOd((UIIHMEHTH perpeccun
NPUMEHSIOT JJIsl HOPMHUPOBAHUS MEPEKPHITUS 0JI0Ka 00JIacTH, MPEICTABISIIONIEH HHTEPEC, MOCPEICTBOM BBIYH-
TaHMs JTMHEHHOW KOMOHMHAIMM TJIaBHBIX KOMIIOHEHT, 33JaHHBIX MTOCPEACTBOM BBIYHMCICHHBIX K03((dUIMEeHTOB
perpeccun. 3TO MO3BOJISIET YCTPAHUTH JUCIEPCHIO, HE cBsizaHHYyI0 ¢ BUK, u3 mocienoBarensHOCTH, MPEACTaB-
msromeld nHTEepec. Cm. 610k 719. [l mocneayromero aHajm3a NPUMEHSIOT OCTaTOYHBIE MaHHBIE. J[omoiaHu-
TENBHO, omepawyst 722 ycTpaHseT pe3Ko OTKIOHSIOMINECS 3HaYEeHHs JaHHBIX HAOMIOJeHUH ¢ IPUMEHEHNEM CIIO-
cO0OB, ONMCAHHBIX TPUMEHHUTENBHO K OJIOKY 622.

ITociie mpoBenmeHust omepanydii HOPMUPOBAHUSA B OJOKe 723 3HAYCHHsI TIEPEKPBITHS BCEX OJIOKOB OBLIH
"HOPMHUPOBAHbI" [UII YCTPAHCHHS MCTOYHHUKOB BapHAIN{, OTIMYHBIX OT aHEYIJIOWAWW WM JAPYTOd BapHanuit
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yucina Konuid. B HeKoTopoM cMbIciie OJI0KHM TOCIeI0BaTeIbHOCTH, TIPEJICTABISIONIEH HHTEpeC, 000TalleHbl W
M3MEHEHBI 110 CPaBHEHHUIO C JPYTHMMHU OJIOKaMH C LeNIblo 00HapyKeHHs BapHaluy ducia kornuit. CM. Giok 724,
KOTOPBIN MPEACTAaBISIET COO0M HE OINEPANHNIo, HO MPECTABIISCT TIOJyICHHBIC B PE3YNbTaTe 3HAUECHHS IEPEKPbI-
Trst. Onepanud HOPMHPOBAHUS B OOJBIIOM OJIOKE 723 MOTYT YBEJIMUUTH CUTHAI W/WJIM CHU3UThH IIIYM JIJIST KOJIH-
YeCTBa, KOTOPOE AHATU3UPYIOT. AHAJIOTUYHO, 3HAUCHUS TMEPEKPBITHS KOPOTKUX (PParMeHTOB AT OJIOKOB HOp-
MHPOBAJIH C LENbI0 YCTPAHEHNSI HICTOYHUKOB BapUaliH, OTINIHON OT aHEYIUIOMINH WIIN IPYTUX BapHallUi drc-
Jla KOTIMH, KaK MOKa3aHo B OJoKe 728, W OTHOCHUTENIbHYIO YaCTOTy KOPOTKUX (PparMeHTOB (MM COOTHOIICHUE
pa3Mepa) [uisi OJIOKOB HOPMHUPOBAIN AHAJIOTHYHBIM CIIOCOOOM ISl YCTPAHEHUS! HCTOYHUKOB BapHallUH, OTIINY-
HBIX OT aHEYIUIOMINH, WIIM APYTHX BapHallUi Yyuciia KOIHUi, Kak moka3aHo B Oyoke 732. Kak u B ciyyae Onoka
724, 6noku 728 n 732 npeacTaBnsAioT coOOH He Olepalyy, HO MPEJCTABIAIOT NEPEKPHITHE U 3HAYEHHUS OTHOCH-
TENBHOM 9acTOTHI 1ocie 00padboTku Gospnioro osioka 723. CiexyeT NOHUMaTh, YTO ONEpalyy B O0JIBIIOM OJI0Ke
723 MOXHO MOIU(HIMPOBATH, PEOPraHU30BATh WIM YAAIWTh. Hampumep, cOrigacHO HEKOTOPHIM BapHaHTaM
peanuzanun onepanuo AI'K 719 ne ocymectistor. CornacHo ApyruM BapUaHTaM pealu3alyy ONepauo Kop-
pextupoBku ¢ yuetomM GC 718 He ocymecTBmstoT. CorinacHo ApyruM BapHaHTaM peaau3aliy HOpsSAOK omepa-
Ui U3MeHeH; Hanpumep, oneparuio AI'K 719 ocymecTBisioT nepes onepaiyeii KOppeKTupoBkHu ¢ yaetom GC
718.

ITepexpeiTie Bcex (pparMeHTOB MOCIE HOPMHUPOBAHMS U yAAJICHHS TUCIEPCHH, MPEACTABICHHOTO B OJIOKE
724, IpUMEHSIOT JJIs TIOJy4YeHHs t-CTATUCTHKH B OJoKe 726. AHAJOTHYHO, MEPEKPHITHE KOPOTKUX (PparMeHToOB
MI0CJIC HOPMHUPOBAHUS M yIAJICHHUS AUCIIEPCUH, IPEICTABICHHOTO B Oyioke 728, MPUMEHSIOT I MOTydYeHHUs t-
CTaTHCTUKH B O10ke 730, 1 OTHOCUTENLHYIO YaCTOTYy KOPOTKHUX (hparMEeHTOB IMOCIIE HOPMHUPOBAHUS U YAAJICHUS
JIMCTIEPCHH, ITPEACTABICHHOTO B OJIOKe 732, MPUMEHSIOT IJIs TOJy4eHHs t-CTaTUCTHKH B Oyloke 734.

Ha ¢wur. 2F npencrasneHo, moyemMy npuMeHEHHE t-CTATUCTUKH B OTHOIICHUY aHAJIN3a YUCIIa KOTIHH MOXKET
CIOCOOCTBOBATH YIYYLICHHIO TOYHOCTH aHanm3a. Ha ¢ur. 2F npeacraBieHsl, Ha KaXI0M YepTeXe, pacupeere-
HHS 9aCTOTHl HOPMHPOBAHHOTO IEPEKPBITHS OJI0Ka IOCIEI0BAaTEIbHOCTH, NPEACTABISIONEe HHTepec, U pede-
PEHCHOI! Mocnen0BaTeIbHOCTH, IPUYEM pacIpeesieHle MOCIeN0BaTeIbHOCTH, IPEACTaBIIONICH HHTepecC, me-
PEKpBIBACT M OTPAaHWYMBACT paclpesaeneHne pedepeHcHON mocienoBarenpHOCTH. Ha BepxHeM deprexe mpen-
CTaBJIEHO MEPEKPBITHE OJI0Ka I 00pa3sia, KOTOPBIN XapaKTepu3yeTcst 0oee BHICOKUM MEPEKPHITHEM U KOTO-
PBIil COAEPKUT CBBIIIE 6 MIIH PHIOB; HA HIDKHEM YEpPTEXkKE MPEICTABICHO MIEPEKPhITHE OI0Ka 171 00pasiia, Ko-
TOPBII XapaKTepu3yeTcs: 6oyee HU3KUM NEPEKPhITHEM M KOTOPBIH COIEpKUT MeHee 2 MiH punos. Ha ropuson-
TaJIbHOM OCH yKa3aHO IEPEKpHITHE, HOPMUPOBAHHOE 110 CPABHEHUIO CO CPEAHUM 3HAUEHHEM MEepPEeKpBITHS pede-
PEHCHOI ImocnenoBaTenbHOCTH. Ha BepTHKAIBHOW OCH yKa3aHa OTHOCHTENbHAs IUIOTHOCTh BEPOSITHOCTH B OT-
HOIICHUH KOJIMYECTB OJIOKOB, KOTOPBIE XapaKTePH3YIOTCs CPEIHIMHU 3HAYEHUSIMU TIEPEKPHITHs. TakuM oOpas3om,
¢wur. 2F mpencrasisier co0o0il pa3HOBHIHOCTh TUCTOTpAaMMEL. Pacripesnernenue aist ociIeoBaTeNbHOCTH, TIpe-
CTaBJIAIONIEH WHTEpeC, MPEACTaBICHO CIIEPEAN, M paclpeieiicHue Uis pedepeHCHOH IociIe0BaTeIbHOCTH
npeacTaBiaeHo c3agu. CpelqHee 3HAUEHUE paclpelieeHusl MOCIeN0BaTeIbHOCTH, NMPEACTaBISAIONIEH HHTEpec,
ABJIsIETCS OoJiee HU3KUM, YE€M TaKOBOE JJIsl pe)epeHCHON IOCIIeI0BAaTEILHOCTH, YTO CBUIETEIBECTBYET O MEHB-
IIeM 4Yuciie KOonmui B oOpasue. CpeaHee 3Ha4€HHE PasHUIBI MEKAY IOCIEI0BATEIBHOCTBIO, MTPEACTaBIIIOMICH
UHTEpeC, U peepeHCHOH MOCIeA0BATEIbHOCTHIO aHAIOTHYHO JUIsl 00pa3na ¢ BHICOKUM MEPEKPHITHEM HA BEPX-
HEM 4epTexe M Uil o0paslia C HU3KUM MEPEKPBITHEM Ha HIDKHEM depTeke. Takum oOpa3oM, COrIacHO HEKOTO-
PBIM BapHaHTaM peaM3ali MOKHO HCIOJIb30BaTh OTIMYNE CPETHEr0 3HAYCHUS I WACHTH(UKALNHU BapHa-
I[M YHCJIa KOMHUH B TIOCIEI0BATENLHOCTH, MIPEACTABIIONIECH nHTepec. OTMETHM, YTO paclpeeneHus oopasna ¢
BBICOKHM HEPEKPBITHEM XapaKTEPU3YIOTCS TUCTIEPCUSIMU, MEHBIINMH, Y€M TaKOBbIE 00pa3lla ¢ HU3KHM Iepe-
KkpbITHEM. [IpyMeHeHNe HCKIIOYUTENbHO CPEAHEro 3HAUCHMs ISl YCTAHOBJIECHUS OTIUYUS MEXIy ABYMs pac-
IpeseieHUAMHI He (PUKCHPYET OTIMYME MEXAY JBYMS pacHpesieleHUsIMH, a TaKkKe IIPUMEHEHHE CPEIHEro 3Ha-
YEHHS U JUCTepCUU. T-CTaTUCTHKA MOXKET OTpakaTh KaK CpelHee 3HaUeHUe, TaK U JUCTIEPCHIO paclpeleIeHus..

CornacHO HEKOTOPBIM BapHaHTaM pealli3aluy onepanus 726 BEIYUCISIET t-CTATUCTUKY CIEAYIONMM 00pa-
30M:

t = X1-X2

Il X, TpelcTaBiIseT coOOH TMepeKphITHe OJIOKAa MOCIIeN0BATENLHOCTH, MPEACTABILSIIONEH HHTEpeC, X,
NpE/ICTaBISIET cOO0W MepeKphITHE 0JI0Ka peepeHCHOH 00IaCTH/TIOCIEA0BATEILHOCTH, S MPEACTABISIET COO0M
CTaHJAPTHOE OTKJIOHEHME MEPEKPHITUH MOCIEJ0BATENIBHOCTH, NMPEICTABISAIONIEN HHTEPEC, S, MPEACTABISLET CO-
0011 cTaHIApPTHOE OTKJIIOHEHHE NMEPEKPHITHH pedepeHcHON 00acTH, Ny IpeaCTaBiIsIeT cO00H KOIMYECTBO OJIOKOB
MIOCJIC/IOBATENILHOCTH, MIPEACTABILIIONIEH MHTEPEC U N, TPENCTABISIET COO0H KOINYECTBO OJIOKOB pedepeHCHOM
obnacru.

CornacHO HEKOTOPHIM BapHaHTaM pealn3aliy peepeHcHas 007IacTh COAEPKUT BCE YCTOHUMBBIE XPOMO-
COMBI (HampuMep, XPOMOCOMBI, OTJIMYHBIE OT XPOMOCOM, KOTOpPBIE, HanOoIee BEPOSITHO, HECYT aHEYTUIOUIHIO).
CorylacHO HEKOTOPBIM BapHaHTaM pealn3aluu pedepeHcHas 00JacTh CONEPKUT MO0 MEHBIIEH Mepe OAHY Xpo-
MOCOMY 3a TIpeJelaMH IOCIIeA0BATEIbHOCTH, MpeacTaBistomeil naTepec. CoracHO HEKOTOPHIM BapHaHTaM
peanuzanuu pedepeHcHas: 001acTb CONEPKUT YCTONUUBBIE XPOMOCOMBI, HE COZIEPKAIINE MOCIEI0BATEILHOCTD,
HpeACTaBISIONIYI0 nHTepec. COTIacHO APYrMM BapuaHTaM pealn3aluu pedepeHcHas 00IacTh COAEPKUT MHO-
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JKECTBO XPOMOCOM (Harpumep, MOAMHOXKECTBO XPOMOCOM, BBHIOPaHHBIX M3 YCTOWYMBBIX XPOMOCOM), KOTOpBIE
ObLTH OIpeeseHbl Ul 00ecreYeHUs] HauTydlIel COCOOHOCTH OOHapy)KEHHsl CHTHAJA Ul MHOXECTBa 00Y-
garonux o6pasnoB. CoriaacHO HEKOTOPHIM BapHaHTaM pEaM3AIK CIIOCOOHOCTh OOHAPYKEHHUsSI CUTHAJA OCHO-
BaHa Ha CIIOCOOHOCTH pedepeHCHOM 00JaCTH yCTaHABIMBATH OTIMYHE MEXITY OJIOKaMH, KOTOPbIE HECYT BapHa-
IIUH 9UCJIa KOHH, ¥ OJOKaMH, KOTOpPBIE HE HECYT BapHalWH Yncia Konwid. COrJIacHO HEKOTOPHIM BapHaHTaM
peammzanuu pedepeHcHy0 001IacTh WACHTHGHUIMPYIOT CIIOCOOOM, aHAJOTHYHBIM TaKOBOMY, KOTOPBIN IpHMe-
HSIOT JJIS1 OTIpeIeNICHHs ""HOPMHPYIOIIEH MOCIeI0BATeILHOCTH WTH "HOPMHUPYIOIIEH XpOMOCOMBI", KaK OIHca-
HO B paszfiele, o3arjaBieHHoM "V neHTuduKaims HOpMUPYIOITUX MOCIeA0BaTeIbHOCTEH" .

Bosppamasics k ¢ur. 2E, onny wiu 6osee oreHok (pakiuu mwioaa (610k 735) MOKHO OOBEIMHUTH C JTIO-
00i1 t-craTrcTHKOH B O10Ke 726, 730 1 734 ¢ 1enbio MoMydeHus OLEHKN MPaBAOIoN00Hs [UIsl CiTydast IUIOHTHO-
ctr. Cm. 0110k 736. CorylacHO HEKOTOPBIM BapHaHTaM peau3aliy OAHy uian Oosee (pakuuii mioxa omoka 740
MOJYYar0T TOCPeaCcTBOM Troboro u3 mporecca 800 Ha ¢dur. 2G, nponecca 900 wa ¢ur. 2H mnmm npouecca 1000
Ha ¢ur. 2]. [Ipomecchl MOXXHO OCYIIECTBIATH MapauIeIbHO ¢ MPUMEHEHHEM pabouero Ipoliecca, Takoro Kak
pabouwnii mporecc 1100 Ha dur. 2J.

Ha ¢ur. 2G npeacrasnen npumep mporecca 800 s onpenenenus Gppakiuu 1miona u3 HHPOPMAIUH O Tie-
PEKPBITHHU COTJIACHO HEKOTOPHIM BapHaHTaM peaM3aliy HacTosIero n3ooperenus. [Ipornecc 800 HaunmHaeTcs ¢
MoJTydeHus: THHOPMAIUK O TIEPEKPHITHH (HAIIPUMep, 3HAYSHHUH 036l TIOCIeI0BATEIILHOCTH) 00yJarommx oopas-
1IoB 13 oOydaromero MHoxkecTBa. CM. 6110k 802. Kaxxapiii oOpasen o0ydaroniero MHOKECTBA TIOJydeH OT Oepe-
MEHHOH JKEHIIMHBI, KOTOPasi yCTAaHOBJICHHO BBIHAIIMBACT IUIOJ MY)KCKOTO OJa. A MIMEHHO, 00pa3er COAep KUT
cii/IHK mnoga myskckoro nona. CorslacHO HEKOTOPBIM BapHaHTaM peaiu3anuu onepanus 802 MOXKET MOJydnuTh
MEePEKPBITHE TOCIIEA0BATEIILHOCTH, HOPMHUPOBAHHOE CIOCO0aMH, OTIMYHBIMH OT J03BI IMOCIIEA0BATEIHLHOCTH,
KaK OIKCAHO B HACTOSAIIEM JOKYMEHTE, HJIH MOXKET MOJMYYUTh APYTUe 3HAYCHUS ICPEKPBITHS.

3arem npouecc 800 BkioyaeT BEIUUCICHUE (Dpakuuii mrona odyyaronmx oopa3nos. CorilacHO HEKOTOPBIM
BapHaHTaM peajr3aluy PPakIuy 102 MOKHO BEIYUCIUTH IO 3HAYCHHUAM JIO3BI IOCIICIOBATCIILHOCTH:

Rxj—meauana(Rx;)
=2 Y
CDBI z meauana(Rx;)

rae Rx; npencrasnsger coboil 103y nocnenoBaTeIbHOCTH Ul 00pasua MyXKCKOro mona, meauana (Rx;)
MpEeICTaBIsIeT COO0H MEIUaHy 103 MOCIIEAOBATEIFHOCTH U 00Pa3IioB KEHCKOTO TOJIa.

CornacHo APYrUM BapHaHTaM peaji3alii MOKHO NMPHMEHATH CpeJHee 3HaUCHHUE WIH IPYToil oKa3aTeib
riaBHOW TeHIeHIMH. CoTTacHO HEKOTOPHIM BapHaHTaM peanu3armu @O MOXHO TONXYYHTh APYTHMH CHOCOOa-
MU, TAKUMH KaK OTHOCUTeNIbHAs 9acToTa X- U Y -XpoMocoMbl. CM. 610k 804.

Ipomece 800 Taxke BKIOYAET pasleiicHUE pedepeHCHON MOCIEeMIOBATEIBEHOCTH HA HECKOJBKO OJIOKOB
cybnocienoBarensHocTed. COTacHO HEKOTOPBHIM BapHaHTaM pealn3alu pedepeHCHas! Mocie0BaTeIbHOCTD
npesacTaBisieT co0oi MmoHbIH reHoM. CorlacHO HEKOTOPHIM BapHaHTaM pean3alii OJIOKH MPEICTaBISIIOT CO-
6011 610ku mmuHOM 100 T.0. COraacHO HEKOTOPHIM BapHaHTaM peaIH3allid T€HOM pa3feisioT Ha NpUOIH3H-
tenbHO 25000 6iokoB. [Tocne 3Toro Mporecc moixyvyaer nepekpsItus 6J10koB. CM. 6510k 806. CorilacHO HEKOTO-
PBIM BapuaHTaM peaji3alliM IIEePEKPHITUs, UCIOIb3yeMble B O10ke 806, MOIy4aroT 1Mociie OCyIEeCTBICHHS Ome-
paruii HOpMUPOBaHUs, MPOJEMOHCTPUPOBAHHBIX B O10ke 1123 ¢dur. 2J. CornacHo apyruM BapwaHTaM peaynsa-
IIUF MOKHO IPUMEHSTH NEPEKPHITHS U3 OTIMYHOTO AWANa30Ha pa3Mepa.

Kaxprii 010Kk CBS3aH ¢ MEPEKPHITHSIMHA 00pas3IoB B 00y4JaronieM MHOKECTBE. BeeIcTBIE 3TOTO I KaxK-
Joro 0J0Ka MOXHO TIONYYUTh KOPPEISIIHIO MEXIY MEePEKPBITHEM 00pas3oB M (pakIUsIMH II0Ja 0O0pas3IoB.
IIpomecc 800 BKiIIOYAET MOTYUSHHE KOPPENANHMA MEXKTY (pakiueil Tioga ¥ MepeKphITHEM I BCeX OJOKOB.
Cwum. 6710k 808. 3aTem mporiecc BEIOUpaeT OJOKH, 3HAUCHHS KOPPENSAINNA KOTOPBIX MPEBHIMA0T mopor. CM. O6JIok
810. CornacHo HEKOTOPHIM BapHaHTaM peaji3alliy BBHIOMpPAIOT ONOKH, KOTOphle Xapakrepusytorcs 6000 Hau-
BBICIIMIMHY 3HAYCHUSIMH Koppessiiuu. L{enbro sBisiercss naeHTuGUKaIys 0JI0KOB, KOTOPBIC TEMOHCTPUPYIOT BBI-
COKYIO KOPPEJLILUIO MEXy TepeKpbITHeM M (pakiuell mioqa B oOydaronmx odpasnax. 3ateM OJIOKH MOXHO
NPUMEHSTD JUIS IPOTHO3UPOBaHUs (hpakIUM IJI0Aa B MccieayeMoM obpasue. HecMoTpst Ha To 4To o0ydaromue
00pa3Ipl MPEACTaBISIOT cO00i 00pa3Ibl MYXKCKOTO I0JIa, MOXHO OOOOLINTH KOPpEsIuio Mexay (paxuuei
IUTO/1a ¥ IEPEKPBITHEM Ha HCCIIEeTyeMbIe 00pa3ibl MY>KCKOTO M )KEHCKOTO ITOoJIa.

C mpuMeHeHHEeM BBIOpaHHBIX OJIOKOB, KOTOPBIE XapaKTEPU3YIOTCS BBICOKMMHU 3HAYCHHSMHU KOPPEIINH,
MPOIIECC MO3BOJISET MONIYUNUTh JIMHEHHYIO MOIENb, YCTaHABIMBAIONIYIO B3aMOCBS3b MEX Iy (Qpakiuei miona u
nepekpbiTieM. CMm. Osok 812. Kaxknpiii BeIOpaHHBIH 00K 0OecTieunBaeT HE3aBUCHUMYIO TIEPEMEHHYIO JUISl JIH-
HEMHOW Mojzenu. BenencTtBue 3TOro moiaydeHHasl JUMHEMHAss MOJEIb TAaKKe BKIKOYAET IapaMeTp WM Bec s
Kaaoro 01oka. Bec GJIOKOB MTOATOHSIOT IS alIPOKCUMAIIMHA MOJENN K JaHHBIM. [locie momydeHus: THHeHHOH
Mozenu npouecc 800 BKIIIOUACT MPUMEHEHHE AaHHBIX EPEKPBITHS UCCIIEIyeMOro odpasna B MOJIEIH IS OlIpe-
JeneHus: ppaknuu ofa sl uccaexyemoro oopasna. Cm. 6mok 814. [IpuMmeHsieMble JaHHBIE TIEPEKPBITHS HC-
cielyeMoro obpasia npeHa3HaueHb! AUl 0JI0KOB, KOTOPBIE XapaKTEepU3YIOTCS BRICOKUMH KOPPEISILUSIMU MEX-
Iy GpaKIUSIMU ILI0A U IEPEKPBITHEM.

Ha ¢wur. 2J npexncraBnen padounii npouece 1100 mist 06paboTKH HHPOPMAIMY O pUAaX MOCIEA0BATEIHHO-
CTH, KOTOPBII MOXKHO NMPUMEHATH JJISI TIOJTy4eHHUS OLEHOK (pakuuu mioxa. Pabounii mpouecc 1100 xapakrepu-
3yeTCsl aHAJIOTUIHBIMHU dTalaMu MPOILECCHHTa, 9TOo W paboumii mporecc 600 na ¢wur. 2D. broku 1102, 1104,
1106, 1110, 1112, 1123, 1114, 1116, 1118 u 1122 COOTBETCTBEHHO COOTBETCTBYIOT OsiokaM 602, 604, 606, 610,
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612, 623, 614, 616, 618 u 622. CornmacHO HEKOTOPHIM BapHaHTaM PEaH3alMU OJHA WM OoJiee oTeparuii Hop-
MHUpoBaHHs B Oyioke 123 sBistrorcst HeoOs3aTenbHbIMU. [Ipoxon 1 obGecrieunBaeT HHGOPMAIHMIO O TIEPEKPHITHH,
KOTOPYIO MOKHO NIpUMEHATHh B Oyioke 806 mpomecca 800, mpencrasiennoro Ha ¢ur. 2G. IIporecc 800 3atem
MO>KET TIO3BOJIUTh MOMYYUTh OLIeHKY ¢pakiuu mona 1150 Ha ¢wur. 27J.

CornacHO HEKOTOPBIM BapHaHTaM pealn3allid MOXXHO OOBEAMHUTH MHOXKECTBO OICHOK (hpaKIMU IUIOAA
(manpumep, 1150 u 1152 Ha dur. 2J) ¢ monydeHrneM KOMIUIEKCHON OLeHKH (pakiuu rmionaa (Hampumep, 1154).
Jis mosrydeHust OIeHOK (PpakIiy IUT01a MOKHO TIPHUMEHATE pa3JIndHbIe criocoObl. HampumMep, dpakiuio mioxa
MO>KHO TIOJTYYUTh U3 HHPopMaIuu o nepekpoitur. Cm. 610k 1150 ¢ur. 2J u mponecc 800 purypsr 2G. Cormac-
HO HEKOTOPBHIM BapHaHTaM pealn3alyy (pakIHIo III0J1a MOKHO TaK)Ke BHIYUCIIMTH 110 paclpeeiCHUIo pa3Mepa
¢parmenroB. Cm. 6mok 1152 ¢ur. 2J u nponecc 900 ¢ur. 2H. CornacHo HEKOTOPBHIM BapHaHTaM peaIH3alliH
(pakIyo 1102 MOYKHO TAaK)KEe BBIYHCIHUTD 0 pacIpeeieHUIo 4acToTel 8-MepoB. CM. Omok 1152 ¢wur. 2J u
npouecc 1000 ¢wur. 21.

B nccnenyemom obpasne, coxepxkamieM ci/IHK mmoma myskckoro mosna, Gpakuuio mioga MOKHO TakKe
paccunTaTh M3 MEPEKPHITHS Y-XPOMOCOMBI W/HIH X-XpoMOcOMBbI. COTacHO HEKOTOPHIM BapHaHTaM peaii3a-
IIUU KOMIUIEKCHYIO OLIEHKY (QpakIuu mioja (cM., Harmpumep, 6ok 1155) ais tutoga mpeanoiokuTeIbHO MYK-
CKOTO TI0JIa TIOJIYJaloT MOCPEICTBOM IMPUMEHEHU MH(OpMAIy, KOTopas BEIOpaHa M3 TPYIIIBI, COCTOAIMICH U3
(dbpakuu 1mIona, MOTyIeHHONH M3 MHOOPMAIMHA O TIEPEKPHITHH OJIOKOB, (ppakuuu TUI0aa, TMOTYICHHONW W3 HH-
dhopmammu o pazmepe GparmMeHTa, GpaKIuK TUI0AA, TOTYISHHON U3 TIEPEKPHITHS Y -XpOMOCOMBI, (DPaKIIH TII0-
J1a, TIOTYIeHHON M3 X-XpPOMOCOMBI, B JJI000H KOMOWHAIIMK YKa3aHHBIX (pakiuii mioga. CoriacHO HEKOTOPBIM
BapHaHTaM peajli3aliy MPEAIIoNaraeMbId MOJ IUI0Ja ONPEAETISIOT MOCPEACTBOM IIPUMEHEHHS MEePeKPHITHS Y -
xpoMocoMEl. [IBe win Gonee dpakuuii miuoxa (Harmpumep, 1150 u 1152) MokHO 00BEAMHUTE Pa3TMYHBIMU CIIO-
co0aMHu ¢ ToJTydeHneM KOMIUIEKCHOM OLleHKH (pakiuy mioa (Hanpumep, 1155).

Hanpumep, MOXHO IPUMEHSTH OAXO CPEAHETO WIIM B3BEIICHHOTO CPEIHETO COTJIACHO HEKOTOPHIM BapH-
aHTaM peaJH3aliy, NPH KOTOPOM B3BEIIMBAHHE MOXET OBITh OCHOBAaHO HAa CTaTUCTHYECKOW JOCTOBEPHOCTH
OLICHKH (PpaKIMH IUIOAA.

CornacHO HEKOTOPHIM BapHaHTaM pean3alii KOMIDIEKCHYIO OIIEHKY (paKIUH IUI0a JJIS TUI0IA TPEeTIo-
JIOKHUTENBHO JKEHCKOTO TOJIa TOJIyYaloT MMOCPEACTBOM NMPUMEHEHH WH(OpMaIWH, BEIOPAaHHOH M3 TPYIIEI, CO-
cTosimed u3 Gpakium 1102, MOJIYICHHON U3 HHQOPMAIMK O TIEPEKPHITHH OJIOKOB, (GPAKIMH IJI0A, ITOJTYICH-
HOW 13 nHOpManmu o0 pazMepe GpparMeHTa, 1 000 KOMOUHAIINY YKa3aHHBIX (PaKIMH 1102,

Ha ¢wur. 2H npencrasnen nporecc s onpeaencHus Gppakiuu miofa u3 HHGOPMAIMKA O pacipeeIeHuH
pasMepa CoriacHO HEKOTOPBIM BapuaHTaM peaymzanud. [Iporiecc 900 HaunHACTCS C MOTydeHUsT HH)OPMAIIHH O
HEePEeKPBITHH (HapuMep, 3HAUEHUH 035l MOCJIEA0BATEIILHOCTH) 00yJaroniX 00pa3oB My>KCKOT0 1oJja u3 00y-
yarouiero MHoXkecTBa. Cm. 0110k 902. ITpouecc 900 3aTeM BKiIOYaeT BeIYMCIEHHE (Qpakuuii mi1oaa o0yJaronmx
00pasIoB C MPUMEHEHNEM CIIOCOO0B, ONMMCAHHBIX BHINIE TPUMEHUTEIBHO K 010Ky 804. CM. 6ok 904.

Iponece 900 mpomomkaeTcss pa3elicHHEM AWana3oHa pa3Mepa Ha MHOXKECTBO OJIOKOB IUTS 0OCCICUCHHS
0JIOKOB Ha OCHOBaHUH pa3Mepa (pparMeHTa U AJsl ONpeeSICHNs 4aCTOT PUAOB JUIsl OJIOKOB HAa OCHOBAHUH pa3Me-
pa ¢pparmenta. Cm. Giok 906. CormacHO HEKOTOPHIM BapHaHTaM PEAN3alMU YacTOTHl OJIOKOB Ha OCHOBAaHHMH
pasMepa QparMeHTa ToJay4daloT 0e3 HOPMUPOBAHUSA C Y4eTOM (aKTOPOB, MPOJIEMOHCTPUPOBAHHBIX B OJIOKE
1123. Cm. iyt 1124 ¢ur. 2J. CormacHo HEKOTOPHIM BapHaHTaM peau3alldil YacTOTHl OJIOKOB HAa OCHOBaHUHU
pa3mepa (parmeHTa moaydyaroT HOCIe He00S3aTeNbHOTO OCYIIECTBICHUS OTIepallil HOPMUPOBAHUS, TPOAECMOH-
ctpupoBaHHoi B Osoke 1123 ¢ur. 2J. CormacHO HEKOTOPHIM BapHaHTaM pealli3alliy Irara3oH pazMepa pasje-
nstoT Ha 40 6;10k0B. COTTacHO HEKOTOPBIM BapHaHTaM peau3aliiyl OJIOK Ha HIDKHEW TpaHMIle COIEpKUT (par-
MEHTHI pa3Mepa, MEHbBIINE YeM MPHOIM3UTENEHO 55 map ocHoBaHMi. CorylacHO HEKOTOPBIM BapHaHTaM pealu-
3anuy OJOK Ha HWD)KHEH TpaHUIe CONepKUT (hparMEeHTHl pa3Mepa B AWarazoHe npudausuressHo 50-55 map oc-
HOBaHMH, 4TO MCKIIOYaeT MH(POPMAIHMIO IS PUAOB Oosiee KOpOTKUX, 4eM 50 1m.0. CoriaacHO HEKOTOPBIM Bapu-
aHTaM peaiu3anuy OJIOK Ha BEPXHEH I'paHuUIlEe COJNEPKUT (parMeHTHl pa3MepoM Oosee 4eM NPUOIM3UTEIHHO
245 map ocHoBaHui. COraacHO HEKOTOPHIM BapHaHTaM peajM3alliy OJIOK Ha BEPXHEH IpaHHIe COAEPKHUT (par-
MEHTHI pa3MepoM B JIHarna3oHe NpuoOIu3uTenbHO 245 - 250 map OCHOBaHMM, YTO UCKIIIOYAET MH(OPMALIUIO IS
pumoB Oomnee MITMHHBIX 4eM 250 11.0.

IIpomecc 900 mpomomkaeTcs MOMYYCHHEM JIMHEHHOW MOJENH, YCTaHABIWBAIOMIEH B3aMMOCBSI3b MEXIY
(hpaxnmeit IoAa ¥ 9aCTOTaMH PHUIOB IS OJIOKOB Ha OCHOBAaHUH pa3Mepa GparMeHTa, ¢ MIPIMEHEHHEM JaHHBIX
obydaromux o6pasnoB. Cm. 6ok 908. [lomydeHHas TWHEWHAs MOJENb BKIIOYAET HE3aBUCHMBIE IMepEeMEHHbBIS
JUT 9acTOT PUAOB OJIOKOB Ha OCHOBAaHHH pa3Mepa. MoJens Takke BKIIOYAeT MapaMeTp MU Bec I KaXKIoTro
O5oKa Ha OCHOBaHHH pa3Mepa. Bec OJI0KOB MOATOHSIOT IS alIIPOKCHMAITMH MoJiend K faHHBIM. [Tocne momy-
YeHus! IMHEeiHOM Moaenu mpouecc 900 BKIIroyaeT NpUMEHEHHE TaHHBIX O YaCTOTE PUJIBI UCCIEeyeMoro obpasna
B MOJIENN JUIsl ONpeAeNeHus (Gpakiuy IIoAa st ucciaeayemoro oopasna. Cm. 6mok 910.

CornacHO HEKOTOPHIM BapHaHTaM peaH3alliy JUIs BHIYUCICHUS (PaKIUK 02 MOXKHO IPUMEHATH Yac-
toty 8-mepoB. Ha ¢wur. 21 npencrasnen npumep npouecca 1000 mis onpexpeneHus ¢ppakuuu mioxa u3 nudop-
Maluy O YacToTe 8-MepoB COTIaCHO HEKOTOPHIM BapHaHTaM pealn3alMu HacTosero nzobperenus. [Ipomecc
1000 HaunHaeTCs ¢ MOJIy4eHUs HHPOPMAIMU O NEPEKPHITUH (HapuMep, 3HAUYCHUH 03Bl MOCIIEA0BATEIILHOCTH)
oOydJarmux o0pa3oB MYKCKOTO Toyia u3 oOydaromero MHokectsa. Cm. 6mox 1002. 3atem mporecc 1000
BKITIOUAET BBIYHCIEHUE (Dpakiuii miIoa o0yJaroniiux o0pas3oB ¢ MPUMEHEHHEM JTF000TO U3 CIIOCOOOB, OTHCAaH-
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HBIX Ui O5oka 804. CM. 6ok 1004.

IMpouecc 1000 Taxke BKIIOYAET MOJyYEHHE YacTOT 8-MepoB (HampuUMep, BCE BO3MOXKHBIE IepMyTanuu 4
HYKJICOTH/IOB B § TOJOXEHHUSIX) U3 PUIOB Kaxaoro odydaromero oopasma. Cm. 6mox 1006. CoriacHO HEKOTO-
pPBIM BapHaHTaM peaM3alliy TOIYYArOT BIIOTH 10 65536 Wiy mpuOIU3UTEIHHO TaHHOE KOJIMYECTBO 8-MEPOB H
nx gacToT. CorlacHO HEKOTOPHIM BapHaHTaM peali3allid YacTOTHl §-MEpOB IMONTydaloT 0e3 HOPMHPOBAaHUS C
y4eToM (GaKkTOpOB, MPOIEMOHCTPUPOBAaHHBIX B Omoke 1123. Cm. myth 1124 ¢ur. 2J. CornacHo HEKOTOPHIM Ba-
pHaHTaM peai3aliy YaCTOTH 8-MEpPOB MOIYYaIOT IOCIe He00A3aTEIFHOTO OCYIIECTBICHHS ONEPAIlii HOPMH-
pOBaHWMsI, TPOJEMOHCTPUPOBaHHOM B Ostoke 1123 dur. 2J.

Kaxprit 8-Mep cBsi3aH ¢ yacTroTaMH 00pas3IoB B 0OydaroneM MHOXKECTBE. BeiencTBue aToro uist Kaxaoro
8-Mepa MOXHO MOJIYYNUTh KOPPEILILUIO MEX/y YacTOTOH §-Mepa 00pas3ioB U ¢ppakiusiMu 1mioaa odpasnos. [Ipo-
necc 1000 BIIIOYAET MoTydeHHE KOPPENSIMN MeX Iy (pakiyel 1I0/1a 1 4aCTOTaMu 8-MepoB IS BceX 8-MepoB.
Cwm. 6ok 1008. 3aTem mporiece NO3BOJISET BHIOPATh §-Mephl, KOTOPBIE XapaKTEePU3yIOTCs 3HAYSHUSIMU KOppeIs-
1 BbIime nopora. Cm. 610k 1010. Lenbio siBnsieTcs uaeHTH(UKALMS 8-MEPOB, KOTOPBIE AEMOHCTPUPYIOT BBI-
COKYIO KOPPEJISILIMIO MEXy YacToTol §-Mepa M ¢pakiueil miona B oOydarommx odpasnax. 3aTeM MOXKHO IPH-
MEHATh OJIOKH JUIsl TPOTHO3UPOBaHU (PpaKiyu MIoAa B UcciearyeMoM obpasie. HecMoTpst Ha To 9TO 00ydaro-
e 00pasibl MPEACTaBISAIOT CO00M 00pa3Ibl MYKCKOTO TI0J1a, KOPPEIAINI0 MeXTy (hpakiyeil miona U 4acTo-
TOH 8-Mepa MOKHO 000OIIMTE Ha HUCCIIEyeMbIe 00pa3Ilbl MY>KCKOTO M )KEHCKOTO ToJIa.

C mpuMeHeHHeM BBIOpaHHBIX 8-MEpOB, KOTOPBIE XapaKTEPU3YIOTCS BBICOKUMH 3HAYCHUSIMH KOPPEIIIINH,
MIPOIIECC TI03BOIIACT MOIYIUTh TMHEHHYIO MOJIENb, YCTAHABIMBAIONIYIO B3aUMOCBS3b (PPAKIIUH IUI0OAA C YACTOTOH
8-mepa. Cm. 6ok 1012. Kaxapiii BEIOpaHHBIH OJOK 00ecrieunBaeT HE3aBUCUMYIO TIEPEMEHHYIO JUIS JIMHCHHOM
MoJienH. BenencTBre 3Toro mostydeHHas JIMHEHHash MOAENb TaKKe BKJIIOYAET MapaMeTp WM Bec Ul KaKIOTo
omoka. ITocne noxy4enus nuHelHON Moaenu nporecc 1000 BKIrOYaeT NPUMEHEHUE JaHHBIX O YacTOTe §8-MEpOB
uccieayeMoro odpasia B MOJENH ISl ONpeAeieHust Gpakiuy Iioaa Uil uccieayeMoro obpasua. Cm. 60K
1014.

Bosepamasce k ¢ur. 2E, corlacHo HEKOTOPEIM BapHaHTaM peanusanuu mnpouecc 700 BKIOYaeT moiyde-
HHE UTOTOBOTO IPAaBAONOA00HS INIONAHOCTH B Onepanny 736 ¢ mpuMEHEHHEM t-CTATHCTUKHA HAa OCHOBAaHHH TIe-
PEKPBITHS BeeX hparMeHTOB, 00SCIIEUEHHBIX Oreparieit 726, OleHKH QpaKIuy 1101a, 00eCIIeYeHHOH orepariy-
et 726, M t-CTATUCTUKH Ha OCHOBAHWH TMEPEKPHITHS KOPOTKUX (PparMeHToB, oOecreueHHbIX onepanuei 730. B
JAHHBIX BapHaHTaX peaM3alliyl COYETAIOT Pe3yIbTaThl MPoxoaa 1 u mpoxoaa 2 ¢ MpUMEHEHHEM MHOTOMEPHBIX
HOpMaJbHBIX Mojenell. CorjaacHO HEKOTOPHIM BapHaHTaM peann3anuu s oneHnkn BUK mpaBaomomobue rmio-
WUIHOCTH TIPENCTABIIIET cOo00# MpaBIoNmogo0ue aHSYIUIOMANH, KOTOPOe MPEICTaBisieT coO00l TpaBmomnoaooue
MOJIEIIH, KOTOpasi XapaKTEepHU3yeTcsl aHEYIJIONIHBIM JONyIIeHHeM (HarpuMep, TPUCOMHUS I MOHOCOMHS) MH-
HYC TIPaBJONOA00NE MOJICNH, KOTOpasi XapaKTepU3yeTcsl SYIUIONIHBIM JOIYIIEHHEM, IPUYEM MOJIENb HCIIOJb-
3yeT Ha BXOJle t-CTaTHCTHKY Ha OCHOBAaHMHM NEPEKPBITHS BCEX (PParMeHTOB, OLEHKY (pakiuy IUona M t-
CTAaTHCTHKY Ha OCHOBaHWH MEPEKPBITHSI KOPOTKUX (PParMEHTOB, M BBIIAET NIPaBIoNogo0ue.

CornacHO HEKOTOPBIM BapHaHTaM peaM3alliy NPaBIONo00Ke TUIOWIHOCTH BBIPAXKAIOT B BHJE OTHOIIIE-
HUA TpaBaononoous. CorilacHo HEKOTOPEIM BapHaHTaM peaM3alliy OTHOIIEHHE MPaBIONOA00US MOIEIUPYIOT
B BUJE:
foCyMMapH. q(ffcyMMapH.) *P1 (Txoporx. Tscex|f fpacca.)

OB =

>

Po(Txopork.. Tacex)

TJIe p; IPEACTABICT COO0H MpaBIONOA00HE TOTO, YTO JAHHBIC MOTYYCHBI H3 MHOTOMEPHOTO HOPMAaJIbHOTO
pacnpeeNieHus, IPEeACTaBIAIONIETO 3-KOMMMUHYIO HITH | -KOMMHHYI0 MOJEIh, Py MPEACTABIISIET COO0H MpaBaoIo-
JIo0HMe TOro, 4TO NAaHHBIC IMOJyYeHBI M3 MHOTOMEPHOTO HOPMAJIBHOTO PACHpeAeiCHUs, MPEICTAaBIAIONIETO 2-
KOnHiHYI0 MOAENb, Tioporc, Tacex TPEACTABIAOT COOOH T-TOKA3aTENM, BEIYHUCIECHHBIE 10 XPOMOCOMHOMY IIEpe-
KPBITHIO, MOJIy4EHHOMY M3 KOPOTKHX M BceX (parmentos, Torga kKak q(ffoymmaps) MpeacTaBiasger cobol mioT-
HOCTP pacrpenencHus Gpakiiiy 1mioa (BEIYUCICHHOTO U3 00YJarOIUX JaHHBIX) C YI€TOM OIIWOKH, CBI3aHHON
C OIICHKOH (ppaKIuy IUI0AA.

Mogens coueTaeT B cebe MepeKphITHE, TOTYICHHOE U3 KOPOTKUX ()ParMEHTOB, C MEPEKPHITUEM, TTOTYYUCH-
HBIM W3 BCeX ()ParMEHTOB, YTO MOMOTACT YAYUIIUTh Pa3ICiICHUC MEXKIYy TOKA3aTeIIMU TEPEKPBITHS TTOPAXKCH-
HBIX M HEMOPaKEHHBIX 00pa31oB. COrjaacHO MPEICTaBICHHOMY BapHaHTy PEealli3allii MOJICIb TAaKXKE HCIOJb3Y-
eT (paKLUIO IUI0/A, B PE3yIbTaTe YETO JOMOIHUTEIHHO YIIYUIIAeTCsS CIIOCOOHOCTh YCTAHABIMBATH OTIMYUC ME-
KTy TIOPaKCHHBIMH M HEMIOPaKEHHBIME o0pasiamu. B HacTosIeM TOKYMEHTE OTHOIICHHUE IPABIOIOA00HS BEI-
YUCJIAIOT C MPUMEHEHHEM {-CTaTUCTUKH, OCHOBAHHOW Ha TIEPEKPBITHH BCeX (GparMeHTOB (726), t-CTATHCTUKH,
OCHOBaHHOW Ha MEPEKPHITHH KOPOTKHX ¢pparmeHToB (730), 1 olleHKH (pakiiu 1I0aa, 00eCIedeHHOH mporec-
camu 800 (wmm 6;0K0oM 726), 900 mmm 1000, kak ommcano Beime. COTIaCHO HEKOTOPHIM BapHaHTaM peaTu3aliiu
JTAaHHOE OTHOIIICHHE TIPABIOINOI00HS MPUMEHSIIOT U1 aHaIu3a XxpomocoM 13, 18 u 21.

CornacHO HEKOTOPOMY BapHaHTy peajH3alliy HPaBIONOA00He MJIOWAHOCTH, IOJyYEeHHAs IOCPEIACTBOM
orepannu 736, UCTIONB3YET UCKIIIOYUTEIBHO t-CTaATUCTHKY, MOTYICHHYIO HA OCHOBAHWH OTHOCHTENBHOM 9acTo-
THI KOPOTKHX (PparMEeHTOB, 00CCIICUCHHBIX onepalnmell 734 mpoxoja 3, U OLUEHKY (paKIMU IIoa, 00ecreueH-
Hyr omneparmei 726 mporeccor 800, 900 wau 1000. OTHOIIEHHE MPABIOMOI00US MOXKHO BEIUYHCIUTH COTJIACHO
CJICAYIONIEMY YPaBHCHHIO:
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_ foCyMMapH. q(ffcyMMapH.)*pl (Tyacr. xoporx.|f Fpaccu.)

OB

>

Po (T'{aCI'.J(O]JOTK)

TJIe p; NpeACTaBIsIeT coO0i MpaBIONoI00He TOTO, YTO AaHHBIEC MOJTYYEHbI M3 MHOTOMEPHOTO HOPMAJILHOTO
pacnpeeNieHus, IPEeACTaBIAIONIETO 3-KOMMMUHYIO HITH | -KOMMHHYI0 MOJEIh, Py MPEACTABIISIET COO0H MpaBaoIo-
Jobue TOro, 4TO JaHHBIE IMOJyYEHBI W3 MHOTOMEPHOTO HOPMAIBHOTO PAaCHpElelCHUs], MPEACTABISIONIEro 2-
KONMIHYI0 MOJENb, Tuacr. wopore. TPEACTABIAET COO0M T-moKa3aTesb, BEIYUCICHHBIA U3 OTHOCHTENIBHON YacTOThI
KOPOTKHMX (pparmMeHTOB, Toraa Kak q(ffeywaps) MpeacTaBiseT coboii pacnpeneneHue MIOTHOCTH (pakLuy MIoaa
(BBIUMCIIEHHOH M3 00yUaIONIUX JaHHBIX) C Y4ETOM OIMOKH, CBA3aHHOM ¢ OIICHKOW (ppakimy rioza.

B Hacrosimem NOKyMEHTE OTHOIIEHHE NPAaBIONOAO0ONS BBIYUCISIIOT C MPUMEHEHHEM t-CTATHCTHUKH, OCHO-
BAaHHOW Ha OTHOCHUTENBHON YacTOTEe KOPOTKHMX (parmeHToB (734), M oueHKH (pakuuu IUioaa, oGecriedeHHOH
npoueccamu 800 (nmm 610k 726), 900 mmm 1000, xak onvcaHo Beire. CorjlacHO HEKOTOPBHIM BapHaHTaM peau-
3aliH JaHHOE OTHOIICHHE IPaBIOII0J00MS IPUMEHSIOT U aHAIM3a XPOMOCOMBI X.

CoriacHO HEKOTOPHIM BapHaHTaM Pean3allii OTHOLICHUE MPABAONION00HS BEIYHUCIISIIOT C IPUMEHEHUEM t-
CTaTHCTHKH, OCHOBAHHOM Ha IEPEKPHITHH BceX (hparMeHTOB (726), t-CTaTHCTHKH, OCHOBAHHOH Ha NMEPEKPHITHH
KopoTkux ¢parmeHToB (730), 1 OTHOCUTEIHHOW YaCTOTHI KOPOTKUX (hparmMeHToB (734). Bonee Toro, dhpakiuio
IUIOJA, MOTYYEHHYI0, KaK ONMCAHO BBIIIE, MOXHO OOBEIUHUTH C t-CTATHCTHKOM [UIS BBIYMCICHHUS OTHOLICHUS
HpaBAONON00H. Pa3nnunTeapHy0 CIOCOOHOCT OLECHKH IUIOMJHOCTH MOXKHO YIYUIIUTh MOCPEACTBOM 00BEeaN-
HeHus nHpopMarmu u3 1r60ro U3 Tpex npoxonaos 713A, 713B u 713C. Cum., Hanpumep, ipumep 2 u ¢ur. 12.
CorylacHO HEKOTOPBIM BapHaHTaM PEAIN3AlNU ISl MOJTyYeHHs OTHOLICHUH NPaBIONOAO0MS VIS XPOMOCOMEI
MOXHO NIPUMEHATH Pa3IndHble KOMOWHALINY, HATIPUMED, t-CTATHCTHKY U3 BCEX TPEX NMPOXOJOB, t-CTATUCTHKY M3
MIEpBOTO U BTOPOTO MPOXOJ0B, (hPaKIHIO IJI0OAa U TPU MapameTpa t-CTaTUCTHUKH, (PPaKIHIO IJI0/1a U OJHH Iapa-
MeTp t-CTaTUCTHKHU M T.J. 3aTeM Ha OCHOBAaHMHU PabOYMX XapaKTEPUCTUK MOJIENICH MOXHO BHIOpATh ONTHMAllb-
HYIO0 KOMOWHAIHUIO.

CornacHO HEKOTOPBIM BapHaHTaM pealn3alliy A OLEHKU ayTOCOM CMOAEIMPOBAHHOE OTHOILEHHUE MpaB-
JIONIOZ00MS TIPECTaBISET MMPAaBIONOoA00MEe CMOJICIMPOBAHHBIX JAaHHBIX, KOTOpBIE OBLIM IMOJydYeHBI M3 oOpasua
TPUCOMHH I MOHOCOMHH, TI0 CPaBHEHHIO C MPABAOION00MEM CMOJIETMPOBAHHBIX TaHHBIX, KOTOPHIE OBUIM
MOTy4YCHBI U3 AUIUIOMIHOro oOpasna. Takoe OTHOIICHNE MPaBAONON00H MOKHO NIPUMEHSATH AJIS ONPEACICHHS
TPUCOMHH HII MOHOCOMHH ayTOCOM COTJIACHO HEKOTOPHIM BapHaHTaM PealIu3alnu.

CornacHO HEKOTOPBIM BapHaHTaM PEaIU3alNH AJIsl OLCHKH MOJIOBOH XPOMOCOMBI OLICHUBAIOT OTHOLICHHUE
MpaBAONON00HS 11 MOHOCOMHHU X M OTHOIIEHHE MpaBaononoous 1 TpucoMun X. bosee Toro, Taxke oneHu-
BalOT U3MEPEHUE TIEPEKPBITHS XpOMOCcOMBI (HanpumMep, BUK nmu z-mokasaresns mepekphIThs) AT XPOMOCOMBI X
U OJHO - A1 XpoMocoMbl Y. COrinacHO HEKOTOPHIM BapHaHTaM PEaIM3alMy IJIsl ONPEIEICHUs Yucia KOIUH
MOJIOBOM XpOMOCOMBI OLIEHMBAIOT YETHIPE 3HAUEHUs C NMPUMEHEHHeM JepeBa pemieHuil. CoriacHoO HEKOTOPBIM
BapHaHTaM pealu3aliy JepeBO PeLIeHuil Mo3BoIAET onpeaenuTs cirydail mronanoctu XX, XY, X, XXY, XXX
wi XYY.

CoriacHO HEKOTOPBIM BapHaHTaM peasM3aldd OTHOILICHWE IPaBIONOA00MS NpeoOpasyroT B Jorapudpm
OTHOIICHHS TPaBJIONOJO0NS, U KPUTEPHUH WIIM TIOPOT ISl IPUHATHS pEeIeHns] 00 aHSYIUTONIUN WM BapHalluu
YycIa KOTUH MOXKHO 3a/aTh SMIUPHUYECKH [UIS TTOJydEHUS] KOHKPETHOH TyBCTBUTEIBHOCTH M CEJIEKTHBHOCTH.
Hampumep, mist IpUHATHS PEIICHUS O TPUCOMUU 13 wiu TpucoMuu 18 MOXHO 3a1aTh JOTapu(M OTHOIICHHUS
npasponofo6us 1,5 Ha OCHOBaHMM YYBCTBHUTEJIBHOCTH M CEJIEKTMBHOCTH MOJETH HPH HCIOJIB30BAHUH B OTHO-
MIeHUH 00YYaIoIero MHOXKECTBa. bojee Toro, HampuMep, B HEKOTOPBIX BAPHAHTAX MPUMEHEHUSI sl TPHCOMUH
XPOMOCOMBI 21 MOXHO 3a7aTh 3HAUCHNUE KPUTEPHUS PEIICHUS 3.

JleTayu WITFOCTPAaTHBHOTO TIPOLECcca IS OTPENEIICHNS TIEPEKPBITHS TTOCIIEI0BATEIBHOCTH.

Ha ¢ur. 3A npencrasnen npumep nporecca 301 a1 cHUKeHUs IIyMa B JaHHBIX ITOCIIEJOBATEIBHOCTH H3
uccienyemoro oopasna. Ha ¢ur. 3B-3J npencrasieHsl JaHHbIE aHAM30B HA pa3lIMuHBIX JTarax mnpouecca. Ha
¢urype mpencraieH NpUMEp IOTOKa Ipolecca, KOTOPBIH MOXKHO NMPHUMEHSATh B MHOTOIIPOXOJHOM IpoLecce,
TaKOM Kak IpecTaBlIeHHbIN Ha (ur. 2D.

B npouecce 301, npomumocTpupoBaHHOM Ha (Gur. 3A, A OLIEHKH Ynciia KOMHHA NPUMEHSIOT NepeKphITHE
METKH TIO0CJIEJ0BaTeIbHOCTH, OCHOBAaHHOE Ha KOJUYECTBE METOK MOcieaoBaTeNbHOCTH. ONHAKO aHAIOTMYHO
OTIFCAaHHUIO, TIPUBEIIEHHOMY BBIIIIE OTHOCUTENLHO Tporiecca 100 ms onpenenenus BUK npuMenurtensHo Kk Qur.
1, s mpomuecca 400 BMECTO MEPEKPHITHS MOKHO MPUMEHATH APYTUE MEPEMEHHbIEC HIIM MapaMeTphl, TAKUE Kak
pa3Mep, COOTHOLIEHHE pa3Mepa U ypOBEeHb METHINpoBaHH. COrllacHO HEKOTOPEIM BapUaHTaM pPEalM3alliy J1BE
wn 0oJiee IEPEMEHHBIX MOYKHO OTAENBHO MOJABEPTaTh OJHOMY IPOLECCY AJS MOJIydCHUs! ABYX IOKa3aTeleH,
CBUJIETEILCTBYIOMMX O BeposaTHocTH BUK, kak moka3aHo BbIle MPUMEHUTENBHO K Gur. 2D. 3areM 1Ba mokasa-
TeNst MOXHO 00benHNTS s onpenenenus BUK. Bosee Toro, nepekpsiTie U Apyrue napamerpbl MOKHO B3Be-
CHUTB TI0 pa3Mepy (parMeHTOB, W3 KOTOPBHIX ObUIM MoiydeHb! MeTkH. [lns ynoOctBa ureHus B mpouecce 300
YIOMSIHYTO HUCKIIOUUTENIBHO MEPEKPBITHE, HO CIelyeT OTMETHTh, YTO BMECTO NMEPEKPBITUS MOXKHO INPUMEHSThH
Jpyrue mapaMeTpsl, Takue Kak pasMep, COOTHOIIEHHE pa3Mepa U yPOBEHb METHIINPOBAHMUS, MIOACYET, B3BEILICH-
HBI 110 pa3mepy, u T.1I.

Kak mpencrasneno Ha ¢ur. 3A, n3o0pakeHHBIH npouecc HaunHaercs ¢ akcrpakuuu ci/IHK u3 oxHoro
nnu 6onee obpasnoB. Cm. 6srok 303. Tlomxozsimue IPoIecChl M anmaparthl I SKCTPAKITAN OTMCAHBI B IPYTOM
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MecTe B HacTosmeM JokyMeHTe. CorllacHO HEKOTOphIM BapuaHTaMm peanusanun cii/J[HK skctparupyrot B mpo-
ecce, onucanHoM B 3asiBke Ha mateHT CIIA Ne 61/801126, nogannoit 15 maprta 2013 T. (OJTHOCTBIO BKITIOUCHA
B HACTOSIIMK JOKYMEHT ITOCPEACTBOM CCHUTKH). COTJIaCHO HEKOTOPHIM BapHaHTaM peajii3aliy ammapaT Ipo-
neccupyeT ci/IHK u3 HeckombkuX 00pasiioB B COBOKYITHOCTH JIIsE 00eCTIeYeHHs] MYJIbTHUILUIEKCHBIX OUOIMOTEK U
JAaHHBIX TocaenoBaTebHOCTH. CM. 610km 305 1 307 Ha ¢ur. 3A. CortacHO HEKOTOPHIM BapHaHTaM Pealli3aiuu
armmapar nporneccupyet ciu/IHK u3 BochMu mim Gosiee mccieayeMbIx 00pasnoB napaisiensbHo. Kak onncano B
HACTOSIIEM JTOKyMEHTE B IPYTOM MecTe, CHCTEMa CEKBEHHPOBAHUS MOKET IPOIECCUPOBATh SKCTPATHPOBAHHYIO
ciIHK s momydenwnst OMOIMOTEKHM KOJUPOBAaHHBIX (HAmpuMep, MTPUXOBBIM KojgoM) (parmentos ci/IHK.
CekBeHaTop cekBeHupyeT oudnanoteky ci/IHK ams moxydeHus oueHb 60IBIIOr0 KOJIMYECTBA PUIOB MOCIEI0BA-
tenpHOCTH. KompoBanue Ha 00pa3el MO3BOJISET JEeMYIbTUIUICKCUPOBATh PHIBI B MYITBTHILICKCHBIX 00pa3nax.
Kaxaprit u3 BocbME WU 00JIee 00pa3IOB MOXKET XapaKTEePU30BaThCS COTHSIMHU THICSY WM MIJUIMOHAMU PHIIOB.
IIpornecc MOKET PUIBTPOBATH PUIBI IIEPE]] JOMOTHUTEIEHBIMA onepanusiMu Ha ¢ur. 3A. CoriacHO HEKOTOPBIM
BapHaHTaM pea3aly GUILTPOBAHUE PHUIA MPEACTABIACT cO00i mporecc GUIBTPOBAHUS Ka4eCTBa, OCYIIECT-
BISIEMBIA MPOTpaMMaMU CHCTEMBI TIPOTPAMMHOI0 00OCCIICYCHUS, BCTPOCHHBIMH B CEKBEHATOP, ISl OT(QHUIBTPO-
BBIBAHUS OIMMOOYHBIX U HU3KOKAaYeCTBEHHBIX pHIoB. Hampumep, mporpammHoe obecnieuenue Sequencing Con-
trol Software (SCS, nmporpammHoe obecriedueHue A1 KOHTpoJisi cekBeHupoBaHus) u Consensus Assessment of
Sequence and Variation (koHCEHCYCHas OIIEHKA IMOCJIEIOBATEILHOCTH U BapHalliK) IporpaMM cructemsl [llumina
OT(UIBTPOBBIBAET OIINOOYHBIE M HU3KOKAYECTBEHHBIC PHIBI IOCPEACTBOM IPEoOpa3oBaHMs HMEPBUIHBIX IaH-
HBIX M300pa)XCHHH, TMOTYYEHHBIX MOCPEICTBOM PEaKUnii CEKBEHHPOBAHMUS, B MOKA3aTeIN MHTEHCHBHOCTH, OC-
HOBHBIE OTKIJIMKH, OIICHEHHBIC IO KAa4eCTBY BHIPAaBHUBAHHSA, W JIOTIOJHUTEIBHBIE (POpMAaTHI s O0OecTedeHus
OHMOJIOTUYECKH 3HAYUMOW HHPOPMAILIUY JUTS TIOCIICTYIOMIETr0 aHAIN3A.

IMocne Toro kak CeKBEHATOP WM APYroW ammapar MmojydaeT puibl A oOpasia, 3JIEMEHT CUCTEMBI KOM-
TBIOTEPHBIM CIIOCOOOM BBIPABHUBACT PHUIBI ¢ pedepeHCHBIM reHoMoM. CM. 6510k 309. BripaBHHUBaHME ONMKUCAaHO B
JPYTOM MECTE B HACTOSIIEM JTOKyMEHTE. BrpaBHUBaHME MO3BOJSIET MOMYYUTh METKH, KOTOPHIC CONEPIKAT PUIIBI
MOCJIEIOBATEILHOCTEH ¢ aHHOTHPOBAHHOW MH(pOpPMAIIMEH O PACIOIOKCHUH, YKa3bIBAIOIICH HA YHUKAIHHEIC TO-
noxeHns B pedeperncHom remome. COrsacHO ONpeAeNICHHBIM BapHaHTaM pean3alliil CHCTeMa MIPOBOIUT IIep-
BBII MTPOXOJ BHIPaBHUBAHUS 03 ydeTa TyONMpyYIOMIMXCS PUAOB - IBYX WIH 0Ojiee PHIOB, KOTOPBIE COAEpXKAaT
WICHTUYHBIE TIOCIEIOBATENFHOCTH, - 4 3aTe€M YCTpPaHACT NyONUpPYIOIIHMECS PUABI WM TIOJCYUTHIBACT TyOIH-
pyromecss puAsl KaKk OJUH PHI IJIS MONyYeHHS HEeTyOIMPYIOUTMXCS METOK IociiefoBaTenbHOCTH. CormacHo
JIPYTUM BapHaHTaM pealn3alliil CICTEMa He yCTpaHsIeT Ayonupyronecs puabl. COriacHO HEKOTOPEIM BapuaH-
TaM pean3aliy IPOIECcC YCTPAHIET U3 PACCMOTPEHHUS PHIBI, KOTOPHIE BRIPABHUBAIOTCS C HECKOIBKIMH PACIIO-
JIOXKCHUAMHU B TCHOME, IS MOJYYCHUS YHHUKAJIbHO BBIPOBHCHHBIX METOK. COTNIaCHO HEKOTOPBIM BapHaHTaM
peaM3anyl YHUKaJIbHO BHIPOBHECHHBIC, HC MOBTOPSIONINECS METKH IOCIEIOBATCIFHOCTH, KapTUPOBAHHBIC HA
HerckitoueHHbIe calThl (NES), MOICYUTHIBAIOT I MONYYEHUs MOJICYETa HEUCKITFOUCHHBIX CAaHTOB (IIOJICYH-
TaHHBIX 3HaueHui NES), KoTopblc 00ecnIeYnBarOT JaHHBIC IS OLICHKHU ITEPEKPHITHUS.

Kak 00BsICHEHO B IpyrOM MecTe, UCKIFOUCHHBIC CAWTHI MPECTABISIOT COOO0M CalThl, 0OHApYKECHHBIC B 00-
JacTAX peepeHCHOTO IeHOMa, KOTOPBIC OBUTH HCKIIOYEHBI C IENBI0 MOJCYETa METOK ITOCIICAOBATCIHHOCTH.
CoriacHO HEKOTOPHIM BapHaHTaM peal3allii MCKIIOUYCHHBIE CAThl 0OHAPY)KEHBI B 007ACTAX XPOMOCOM, KO-
TOpBIC COZIEPIKAT IOBTOPSIOIINECS MOCIEAOBATEIFHOCTH, HAIIPUMEp, IEHTPOMEPH! U TEIOMEPHI, M B 00IacTIX
XpOMOCOM, KOTOpHIE SIBIISIOTCS OOIIMMH [UId Oojiee 9eM OJHOW XPOMOCOMBI, HAaIpuUMep, 00JIacTH, MPUCYTCT-
BYIOIIME Ha Y-XpOMOCOME, KOTOPBIE TakKe MPHUCYTCTBYIOT Ha X-xpomocome. Heuckimrouennsie caiitel (NES)
MPEICTABISIIOT COO0H CalThl, KOTOPBIE HE MCKITIOYEHBI B pe(hepEeHCHOM I'eHOME C IIETIBI0 IT0ACYeTa METOK MoCe-
JIOBATCIEHOCTH.

3areM crucTeMa paszeisieT BRIPOBHEHHBIE METKH Ha OJIOKH B pedepercHoM reHome. CM. 6ok 311. Bioku
pacToIoKeHBI 1o Beel uHe pedepercHoro reHoma. CormacHO HEKOTOPHIM BapHaHTaM pPEalU3alliH BECh pe-
(hepeHCHBII TEHOM pa3/IeISIFOT Ha HEMPEPhIBHBIC OJOKH, KOTOPBIC MOTYT XapaKTepU30BaThCs 3aJaHHBIM PaBHBIM
pasmepom (Hanpumep, 100 T.0.). B kadecTBe anbTepHATUBEI, OJIOKH MOTYT XapaKTepHU30BaThCs [UTMHOM, OTpeie-
JICHHOW NTWHAMHYECKH, BO3MOXKHO, I KaXJI0T0o oOpasna. [yOnHa CEeKBCHHPOBAHUS BIHSCT Ha BBIOOP OINTH-
MaJbHOTO pa3Mepa Oyioka. bioku ¢ quHaMudeckn onpeneeHHBIME pa3MepaMH MOTYT XapaKTepHU30BaThCs pas-
MepoM, OIpeIesieMbIM pa3MepoM OnbIroTekn. Hampumep, MOXKHO ONpenenuTh pazMep 010Ka, KOTOPHIi Ipea-
CTaBJsIeT COO0H NITMHY MOCIEN0BATEILHOCTH, TpEOyeMyIo, B cpeaHeM, g pazmenieans 1000 MeTox.

Kaxnprii 670Kk COmepKUT HEKOTOPOEe KOIMYECTBO METOK M3 paccMaTpuBaeMoro odpasna. JlanHoe Kojmde-
CTBO METOK, KOTOPOE OTpaXKaeT "MepeKphITHe" BBIPOBHEHHOMN IOCIIEIOBATEIIEHOCTH, BBICTYIIAET B KAUECTBE HC-
XOJHOHM TOYKM 7Sl GUIBTPOBAHUS W OYMCTKH JAHHBIX 00pa3ila MHBEIM CIOCOOOM AJISi TOCTOBEPHOTO OIpererie-
HUS Bapualvy 9ucIiia Konuid B oopasue. Ha ¢ur. 3A npencrasieHs! onepanuy o4uCTKH B O10Kkax 313 - 321.

CornacHo BapuaHTy pealn3alnuu, H300paKeHHOMY Ha ¢ur. 3A, B mpoliecce MPUMEHSIIOT MacKy B OTHOIIIC-
HUM OJIOKOB pedepeHcHOro renoma. Cm. 0ok 313. CucteMa MOKET UCKITIOYaTh U3 PACCMOTPEHHS MEPEKPHITUE
B MAacKHPOBAaHHBIX OJIOKaX B HEKOTOPHIX WM BCEX W3 CICAYIOIIMX OIepaluii mpoiecca. Bo MHOTHX ciiydyasx B
JM000# M3 OCTaBIIMXCS omepanuii Ha Gur. 3A He YYHTHIBAIOT 3HAYCHUS MEPEKPHITUS U3 MAaCKHPOBAaHHBIX OJI0-
KOB.

CornacHO pa3MYHBIM BapHaHTaM pealu3aliy IJIsl yCTpaHeHHs OJOKOB M3 oOnacTeil TeHoMa, KOTOpHIE,
Kak ObUTO OOHApYXEHO, JEMOHCTPHPYIOT BBICOKYIO BHYTPHBBHIOOPOUHYIO BapHaOEIbHOCTH, MPUMEHSIOT OIHY
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win Ooynee Macok. Takwe MacK NMPEIUIOKEHBI KaK JUIsi XPOMOCOMEI, MPEICTaBIISIONIEH HHTepec (Hampumep,
xpl3, 18 u 21), Tak u uia Apyrux xpomocoM. Kak oObsICHEHO B IpyroM MecTte, XpoMOCOMa, IPECTaBIIIOMmAs
MHTEpEeC, TMPEACTaBIIeT CO00H XpOMOCOMY, pacCMaTpUBaeMyl0 Kak NOTCHIMAIBHO HECYIYI0 BapHAIlUIO YUCIA
KOTIUH WIIN APYTYIO abeppaiuio.

CornacHO HEKOTOPHIM BapHaHTaM Peajli3allii MacKH UISHTH(GHUIUPYIOT U3 00YJaromero MHOKECTBA KBa-
TUGUKAMOHHBIX 00pasloB C MpUMEHEHWeM cieaytonero moaxona. CHavama KaXaplii oOpasen o0ydJaromero
MHOJKECTBa MPOIECCUPYIOT U (PHIBTPYIOT coryacHo oreparusM ¢ 315 mo 319 Ha ¢ur. 3A. 3aTem HOpMUPOBaH-
HBIE U OTKOPPEKTHPOBAHHBIE KOJMYECTBA MEPEKPHITUS OTMEYAIOT I KaKJOTro OJOKa, M JJ Kaxaoro OJjoka
BBIYUCIIAIOT CTATUCTUKY, TAKYIO KaK CTaHAAPTHOE OTKJIIOHCHHE, MEAHaHa aOCOTIOTHOTO OTKJIOHECHUS W/YIU KO-
a¢¢unuenHT Bapuanuu. Pa3miuansie KoMOWHAIMK (GUIBTPA MOXKHO OLCHHUTH JUIS KaXKI0H XPOMOCOMBI, IIPE/ICTAB-
nsromedt mHTepec. KoMOuHanmu ¢uibTpa oOecreYnBaOT OOUH (QHIBTP A OJOKOB XPOMOCOMBI, IPEICTAB-
JISFOIEH MHTEPEC, W OTIMYHBIN QUIBTP s OJIOKOB BCEX JPYTUX XPOMOCOM.

CornacHO HEKOTOPHIM BapHaHTaM peaj3aliid BIOOP HOPMHPYIOMICH XPOMOCOMBI (WIJIM TPYIIIBI XPOMO-
COM) MEepecCMaTPUBAIOT MOCJE MOTYICHUS MAaCOK (HAIpUMep, MOCPEICTBOM BBIOOpA MPEAEIOB ISl XPOMOCOMBI,
MPEICTaBISIONIEH HHTEepec, Kak OMucaHo BHIMIe). [lociae mpuMeHeHHsI MaCKH MOCTIEeI0BATEIIFHOCTH MOXKHO OCY-
IIECTBUTH IPOIECC BHIOOpa HOPMHPYIOUIEH XPOMOCOMBI WIIM XPOMOCOM, KaK OIMCAHO B IPYrOM MecTe B Ha-
cTosmeM IokyMeHTe. Hamprumep, Bce BO3MOKHBIE KOMOMHAIIMN XPOMOCOM OIICHHBAIOT B KaUeCTBE HOPMHPYIO-
IUX XPOMOCOM H PAHXHPYIOT B 3aBHCHUMOCTH OT MX CHOCOOHOCTH pa3iHyarh MOpakeHHBIC M HEMOpa’keHHBIE
o0pasmpl. B xozme maHHOTO Mpoliecca MOKHO HalTH (MM MOXKHO HE HAXOJHUThH) pa3IMIHBIC ONTHMAalbHBIE HOP-
MHUPYIOIIHE XPOMOCOMBI WIIH Tpymiry xpomocoM. COTjlacHO APYTMM BapHaHTaM pean3alldiil HOPMHPYIOIIHE
XPOMOCOMBEI TIPEJICTABIISIOT COOO0 TaKOBBIC, KOTOPHIC MPUBOJIAT K HAMMEHBIIICH BapHaOeIbHOCTH B JI03€ MOCIIe-
JIOBATCIILHOCTH IS TIOCJIEIOBATEILHOCTH, TPEACTABIISIIONICH HHTEpPEC, CPEAN BCEX KBATA(DUKAITMOHHBIX 00pa3-
1oB. Ecin naeHTHGUIMpYIOT OTIAMYHYI0 HOPMUPYIOIIYIO XpPOMOCOMY HJIH I'PYIIILY XPOMOCOM, Iporecc Heobs13a-
TEJILHO BHIMOJIHSCT BBHIIICONMUCAHHYIO HICHTH(OUKAUIO OJOKOB sl GUiIbTpoBaHUSI. BO3MOKHO, HOBas HOpMHU-
pyroIas XxpoMoCcOMa WM XPOMOCOMEI IIPUBEIYT K OTIIMYHBIM TPEIEIIaM.

CornacHO OmpeAeiIeHHBIM BapHaHTaM pealn3aliyl I XPOMOCOMBI Y TPUMEHSIOT OTIMYHYIO MAacKy.
TIpumep moaxomsmielt Macku Jis XpOMOCOMBI Y ONKCAaH B MpeaBapuUTENbHON 3asBke Ha mareHT CIITA
Ne 61/836057, momannoit 17 wrons 2013 r. [Homep nmatentHoro peectpa ARTEPOO8P], kotopas BkiodeHa B
HACTOSIIUI TOKYMEHT MTOCPEICTBOM CCHUIKHM /ISl BCEX IIEJIEH.

ITocne Toro Kak cucreMa KOMIIBIOTEPHBIM CIIOCOOOM MAacKUpyeT OJI0Ka, OHa KOMIBIOTEPHBIM CHOCOOOM
HOPMHUPYET 3HAYCHUS MEPEKPHITUS B OJ0KaX, KOTOpbIe He MCKIItoueHbl MackaMu. CM. 6ok 315. CormacHo orr-
PEACTICHHBIM BapUaHTaM pealli3alliy CHCTEMa HOPMUPYET 3HAUCHUS MEPEKPBITHS UCCIeIyeMOro o0pasia B Ka-
KJIOM ONoke (Hampumep, moacuuTanHble 3HaueHUs NES Ha 00K) K OOJBIIMHCTBY WIIM BCEM HEPEKPHITHIM B
pedepeHCHOM TeHOME WK €r0 YacTH (HalpuMep, MEPEeKPHITHE B YCTOHUMBBIX XPOMOCOMAax pe)epeHCHOTO Te-
HOMa). B HEKOTOpHIX CIy4asx CHCTeMa HOPMHUPYET 3HAYCHHS IEPEKPBITUS HCCIIEAyeMoro odpasia (Ha OJ0K)
MOCPENICTBOM JICIICHUS MOJICUeTa I pacCMaTPUBAaeMOro OJ0Ka Ha CyMMapHOE KOJHYSCTBO BCEX HEHCKITIOUCH-
HBIX CaliTOB, BEIPOBHCHHBIX CO BCEMH YCTOHYMBBIMH XpOMOCOMaMU B pedepeHcHoM reHome. CoriacHoO HEKOTO-
pBIM BapHaHTaM peaIM3aliH CHCTEMa HOPMHPYET 3HAUYCHUS MEPEKPBITUS HcclieayeMoro obpasma (Ha OJI0K) 1mo-
CPEICTBOM OCYILIECTBIICHHS JMHEHHOHN perpeccun. Hampumep, cucrtema cHa4aia BBEIYUCISET MEPEKPBITHS IS
MOJMHOYKECTBa OJIOKOB B YCTOMYMBBIX XPOMOCOMaxX KaK y, = OTCEKaeMBIH OTPE30K + HAKIOH * gwWp,, T/ Y,
MIPENICTaBIIsIeT COOOM MepeKphITHE s OJI0Ka a, gWp, TPEACTABIIAECT COO0H TITO0ATBHBIN TPOGUIH IS ATOTO Ke
Oyioka. 3areM cucTeMa BBIYUCIISIET HOPMHPOBAHHBIE TEPEKPHITUS Z, KaK Z, = V,/(0OTCEKaeMbId OTpE30K +
HAKJIOH * gwpy) - 1.

Kak 00BsSICHEHO BBIIIE, YCTOMYUBAST XPOMOCOMA TIPEACTABISIET OO0 XpOMOCOMY, KOTOpasi BPSL JIU SIBIISI-
eTcst aHeyrurongHOW. COTNIacCHO OMpPECIICHHBIM BapHaHTaM PEali3allii YCTOWYHUBBIC XPOMOCOMBI MPEICTABIIS-
10T cO00¥ BCE ayTOCOMHBIE XPOMOCOMBI, OTJIMYHBIE OT XpoMocoM 13, 18 u 21. CoriacHo HEKOTOPBIM BapHaHTaM
peau3aiy YCTONYUBBIE XPOMOCOMBI MPEICTABISIOT COOOH BCE ayTOCOMHBIC XPOMOCOMBI, OTJIMYHEIC OT XPO-
MOCOM, KOTOpBIE, KaK ObIJIO ONPEIEIICHO, OTKJIOHSIOTCS OT HOPMaJIBHOTO JTUIIJIONTHOTO TeHOMA.

3HadeHue TpaHCHOPMHUPOBAHHOTO IMOACYETa OJIOKA WIIM MEPEKPHITHS HA3BIBAIOT "HOPMHPOBAHHBIM KOJIH-
YECTBOM IEPEKPHITHA" IS IOCIEAYIOMEero mpoueccuara. HopmupoBanne OCyIIecTBISIIOT ¢ IPUMEHEHHUEM WH-
(hopmanmy, YHUKATBHON IS Kaxmoro odpasna. Kak mpaBuiio, He IPUMEHSIOT HHPOPMAIMIO U3 00ydaroniero
MHOXecTBa. HopMupoBaHue mo3BoJsieT 00eCIeYNTh KOINYEeCTBAa NEPEKPHITHA U3 00pas3IoB, KOTOPHIE XapaKTe-
PHU3YIOTCS pa3IMYHBIMHU pa3MepaMu OHMOIHOTEKH (M, CIEIOBAaTENBHO, PAa3IMYHBIMU KOJIHMYECTBAMHU PHIOB U Me-
TOK), KOTOpBIE TOJIexaT 00paboTKe B PaBHBIX YCIOBHUSAX. B HEKOTOPHIX M3 MOCIEIYIONINX OIEpaIui mporecca
MPUMEHSIOT KOJIMYECTBA TIEPEKPBITHS, TOJTYYCHHBIC U3 00yYaroImuX 00pas3ioB, KOTOPBIE MOTYT OBITh CCKBCHH-
POBaHBI M3 OMOJIMOTEK, KOTOPHIC SABJIAIOTCSA OOJBITUMH MM MCHBIIMMHU, YeM OMOIHOTECKH, MPUMCHSICMBIC IS
paccMmarpuBaeMoro uccieayeMoro oopasna. CorliacHO HEKOTOPEIM BapHaHTaM peaii3aiuy 0¢3 HOPMUPOBAHUS,
OCHOBAHHOTO Ha KOJIMYECTBE PUIOB, BBIPOBHEHHEIX CO BCeM peepeHCHBIM TeHOMOM (MM, IO MEHBIIICH Mepe, ¢
YCTOYUBBIMU XPOMOCOMAaMH), 00paboOTKa ¢ MPUMEHCHHEM ITapaMeTPOB, MOJYYCHHBIX W3 00yJaroIIero MHOXKe-
CTBa, MOJKET OBITh HEHAJISKHOHM MM He moaatoeicst 00001eHuIo.

®ur. 3B mwunocTpupyeT nepekpuiTHe B mpenenax xpomocoM 21, 13 u 18 amsa mHOTHX 00pasios. HekoTo-
pBIe 00pas3IBl MPOIECCHPOBANIN OTIIMYHO APYT OT Apyra. Kak cieacTsue, B 100OM TaHHOM T€HOMHOM ITOJIOXKE-
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HUM HaOJII0J]acTCs IMPOKast BHYTPUBBIOOpOYHAs Bapuanus. HopMupoBaHue yCcTpaHsAeT HEKOTOPYIO YacTh BHYT-
puBBIOOpOYHOIT Bapuanuu. Ha neBom yeptexe ¢ur. 3C mpeacTaBIcHBl HOPMHUPOBAHHBIC KOJHYECTBA MEPEKPHI-
THSI [I0 BCEMY T€HOMY.

CorylacHO BapwaHTy peanu3anuy (ur. 3A cucTeMa YCTpaHsSeT WM CHIDKaeT "TinoOanbHbIi mpoduis” u3
HOPMHUPOBAHHBIX KOJUYECTB IMEPEKPBITHS, TTOTyIeHHBIX B oreparuu 315. Cm. 6110k 317. JlanHast omeparus yct-
paHsieT CHCTEMAaTHYECKHE MOTPEITHOCTA B HOPMHUPOBAHHBIX KOJIMYECTBAX MEPEKPHITHS, BO3HUKAIOIHE BCIIC/CT-
BHE CTPYKTYpPbI T€HOMa, Tpolecca NoTydeHus: OHOIMOTEKH U Tpoliecca ceKBeHnpoBaHus. [loMuMo 3Toro, naH-
Hasl orepalus npeJHa3HaueHa /i KOPPEKTHPOBKU C YUYETOM JIFOOOT0 CHCTEMATHYeCKOro JIMHEHHOro OTKIOHE-
HUS OT 0’KAJAeMOT0 MPOQWIIS B JIFOOOM JaHHOM 00pasIie.

CornacHO HEKOTOPBIM BapHaHTaM pPEATH3AlUU yCTPAHCHHE TIIO0ATBHOTO MPOQIIA BKIIOYACT JCICHHUE
HOPMHPOBAHHOT'O KOJIMYECTBA MEPEKPHITHS KaXKJOT0 OJIOKa Ha COOTBETCTBYIOIICE OKUIAEMOE 3HAUCHUE KaXKII0-
ro Oioka. CoriacHO IPyruMM BapHaHTaM peaH3alldd YCTPaHCHHUE TII00aTbHOTO MPOGUIIS BKIIFOYACT BRIYUTAHHIE
OKU/IAEMOT0 3HAYCHHS KaXIOro OJOKa M3 HOPMHPOBAHHOTO KOJHYCCTBA MEPEKPHITHA KaXIOro Onoka. Oxu-
JaeMOe 3HAYCHUE MOXKET OBITH MOJYYCHO U3 00YJArOIIEr0o MHOXKECTBA HEMOPaXKEHHBIX 00pa3ioB (WK Hemopa-
JKEHHBIX 00pas3IloB JKEHCKOTO IMoJa sl X-XpoMocoMbl). HermopaxkeHHBIE 00pasibl MPeACTaBIsAIOT co00H 00pas-
bl OT UHAUBHYYMOB, KOTOPbIC YCTAHOBICHHO HE XapaKTEPU3YIOTCS aHEYIUIOMIHEH 0 XpOMOCOME, TIPE/ICTaB-
mstrouield uaTepec. COrnacHO HEKOTOPBHIM BapHaHTaM peallu3allii YCTpaHeHHe TI00aibHOr0 MpoduiIs BKIIOYAeT
BBIYUTAHUE OXKHIAEMOTO 3HAYCHHS Ka)x<a0ro OJ0Ka (TMONMYyYeHHOTO M3 00YYaromero MHOXECTBAa) W3 HOPMHPO-
BaHHOTO KOJIMYECTBA MEPEKPHITUS KaxI0ro Oyoka. COrnacHO HEKOTOPHIM BapHaHTaM pealn3allid IIPOIEcC
NpPUMEHSET MeUaHHbIe 3HAYCHHSI HOPMHUPOBAHHBIX KOJIUYECTB MEPEKPBITHS ISl KAXKAOTO OJIOKa, KaK onpeere-
HO C MPUMEHEHHEM OOYYarOIIEro MHOXKECTBA. J[pyruMu clioBaMu, MEAMaHHBIC 3HAYCHUS MPEICTABISIOT COO0U
OKUJTaeMbIC 3HAUCHHUS.

CornacHO HEKOTOPBIM BapUaHTaM pealiu3allii YCTPAHCHHE TII00ATBHOTO MPOQIIIA OCYIISCTBISIOT C TIPH-
MEHCHHEM JIMHCHHON KOPPEKTUPOBKHU JJI 3aBUCUMOCTH IEPEKPHITHs 00pa3ia oT rinodampHOro mpodmist. Kak
YKa3aHO, TII00abHBINA MPOQIITH MPEICTABISICT COO0H 0KUAaEMOe 3HAUCHHE T KaXI0TO OJI0Ka, KaK ompeene-
HO M3 00y4YaroIero MHOXecTBa (HalpuMep, MeIMaHHOe 3HAYCHHUE JUI KaXaoro 0yioka). B maHHBIX BapmaHTax
peanu3aiyu MOXKHO MPUMEHSITh YCTOWYHBYIO JIMHEHHYIO MOJENb, HOIYYSeHHYIO MOCPEACTBOM anpoOKCUMAIuU
HOPMHUPOBAHHBIX KOJIMYECTB MEPEKPBITHS HCCIIEAyeMOro o0pasia K MeJuaHe TJI00aibHOr0 MPOoQHIIs, MOJyIeH-
HOM 715t Kakaoro Gioka. CorinacHO HEKOTOPHIM BapUaHTaM PealiM3alliy JIMHEHHYI0 MOJIENb MOJIy4aloT Iocpe-
CTBOM PETPECCUPOBAaHUsI HAOIIOAEMBbIX HOPMHPOBAHHBIX KOJIMYECTB MEPEKPBITH 00paslia 1Mo CPaBHEHHUIO C
I00ATEHONM MeuaHo| (VITH APYTUM OKHJAEMBIM 3HAYEHUEM ) TTPOQIIIS.

Jluneiinast MOZeTh OCHOBaHA Ha JIOMYIICHHUH, YTO KOJMYCCTBA MEPEKPBITUS 00pa3lia XapaKTepH3yIOTCs JIH-
HCHHOM B3aUMOCBS3BI0 CO 3HAYCHUSMH TI00aTBHOTO PO, MPUIeM JIHHEHHAS B3aUMOCBS3b JIOJDKHA COXpa-
HATBCS KaK I YCTOHYUBBIX XPOMOCOM/00JIACTEH, TaK U JJIs MOCIICIOBATEIBPHOCTH, IPECTABIISIONICH HHTEpEC.
CM. ¢ur. 3D. B TakoMm cimyyae perpeccuss HOPMHPOBAHHBIX KOJIMYECTB MEPEKPBITHS 00pa3ia Ha OKUJacMbIC
KOJIMYECTBA MEPEKPHITHS II100aTHHOTO TPOQUIIS MO3BOIHT MOTYYUTh JTUHHUIO, KOTOPasi XapaKTePU3yeTCs HAKIIO-
HOM ¥ OTCEKacMbIM OTpe3koM. COrTacHO OIMpEeCeICHHBIM BapHaHTaM PEaM3allii HAKJIOH U OTCEKaeMBbIi OTpe-
30K TAKOW JIMHUU MPUMEHSIOT JUIsl BBIYUCICHUS "TPEICKa3aHHOTO" KOJMYECTBA NEPEKPBITHS U3 3HAUCHHS TJI0-
GapHOTO TIpodUis s 6moka. CormacHO HEKOTOPHIM BapHaHTaM pean3allii KOPPEKTHPOBKA C yUETOM TJIO-
6aypHOTO MPOGUIS BKIOYAET MOJACIMPOBAHUE HOPMHUPOBAHHOTO KOJIMYECTBA MEPEKPHITHS KaXI0ro OJoka mo-
CPE/ICTBOM MPEACKA3aHHBIX KOJMYECTB MEePEeKPhITHs it 0J0Ka. COrIacHO HEKOTOPHIM BapHaHTaM pealii3aluu
MEePEKPBITHS METOK HCCIIEAYeMOM MOCIIEeI0BATEILHOCTH MOATOHSIOT TOcpeacTBOM (i) MoJydeHHs MaremMaruye-
CKOM 3aBHCUMOCTH MEXIY MEPEKPBHITHEM METOK HCCICTyeMOH MOCIEeIOBATEIIEHOCTH 110 CPABHEHHUIO C OXKUIAe-
MBIM TIEPEKPBITHEM BO MHOKECTBE OJIOKOB B OJTHOM HMJIM 0OJee YCTOWYHMBEIX XPOMOCOMAX WM 00NacTsX, u (ii)
MPUMEHCHUST MAaTEMAaTHYECKO 3aBUCHMOCTH B OTHOIICHWUHU OJIOKOB B MOCIICAOBATCIFHOCTH, MPEICTABISIONICH
uaTepec. COrllacHO HEKOTOPBIM BapHaHTaM pPEaM3alldi MEPEKPHITHS B HCCICIYEMOM 00paslie SBISIOTCS OT-
KOPPEKTHPOBAaHHBIMU C YYETOM BapHAIlMK C MPUMCHECHHEM JHHEHHON B3aUMOCBS3H MEXKIY OXKHIACMBIMHU 3HA-
YCHHUSMU TEPEKPBITHS U3 HEMIOPAKCHHBIX 00yYaroIIuX 00pa3IoB U 3HAUCHUSMH MTEPEKPBITUS IS HCCIISyeMOTO
o0pasia B yCTOHYMBBIX XPOMOCOMAX HJIHM JPYTUX YCTOWYMBBIX 00JacTsiX reHoMa. [loAroHKa MPUBOAUT K ITOJY-
YECHHUIO MEPEKPBITHI, OTKOPPEKTHPOBAHHBIX C YYETOM III00ATBHOTO MPOoGuiis. B HEKOTOPBIX Cilydasix MOATOHKA
BKJIIOYAET TOyYeHHE TIEPEKPBITHI /ISl KCCIIelyeMOoro o0pasiia Juisi OAMHOXKECTBa OJIOKOB B YCTOHUYHUBBIX XPO-
MOCOMaX FIJTH 00JIACTSAX CIEAYIOMUM 00pa3oM:

Ya = Omcexaemvili Ompe3oK + HaKuon * gwp,,

TJe y, IPeCTaBIsIeT COOOM MepeKphITHe OII0Ka a I MCCIIeLyeMoro obpasua B 0fHOI wiu Ooiee ycToii-
YHUBBIX XPOMOCOMAX MM OOJIACTSAX U WP, IPEACTABIIET co00il roOambHbIA MpodIb Mt OI0Ka a Il HeHo-
paxXeHHBIX 00YJaIOIINX 00Pa3IIoB.

3aTeM HpoIece BEMUCIAET OTKOPPEKTHPOBAHHOE C YIETOM TIIOOAIBHOTO HPOQMIIS EPEKPEITHE Zy, JUIS 110~
CIIE/IOBATEILHOCTH WIIH O0JIACTH, PEACTABIIIOIIeH HHTEpPEC, Kak

zy = yp / (Omcexaemviii ompe30K + HaKIoH * gwpy) — 1,

TJIe Yy TIPEACTaBIsACT COO0H HaOMoIaeMoe TIepekphITHe OJI0Ka b 11 ncciaexyemMoro oopasia B ocie0Ba-
TENBHOCTH, TPECTABISIONIEH HHTepec (KOTOopas MOXKET PacIojarathes 3a MpejeiaMi YCTOHUUBOH XpOMOCOMBI
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WM 00J1aCTH), U gWP, MPEACTaBIsIET cO00H riodanbHEIA npoduie a1t 0yoka b a1 HenopakeHHbBIX 00ydaro-
mux o0pasoB. 3HaMeHaTeNb (OTCEKaeMbIH OTPE30K + HAKIOH * gwpy,) MpeacTaBisieT coOOH MepeKphITHE I
6stoka b, kKoTopoe, Kak ObUIO TIpe/ICKa3aHo, HAOIOIAeTCsl B HEMOPAKEHHBIX HCCIeAyEeMBIX 00pasiax Ha OCHOBa-
HUU B3aHUMOCBSI3H, BEIYUCICHHON M3 YCTOMYMBBIX 00JIacTel reHoMa.

B ciydae mocnenoBaTenbHOCTH, MPEACTABIAIONIEH WHTEpeC, HECYIIer BapHalMio YUCiIa KOTHM, HabIo-
JaeMoe TIEPEKPHITHE U, CIEOBATEIFHO, OTKOPPEKTHPOBAHHOE C YIETOM III0OATBHOTO POQUIII 3HAUSHUE TIepe-
KpBITHS 711 0JIoKa b OyJeT B 3HAYUTEILHON CTETIEHH OTKIIOHSTHCS OT MEPEKPHITHS HEMOPaXEHHOTO 00pasia
Hanpumep, B cirydae TpHCOMHYECKOTO 00pasna OTKOPPEKTHPOBAHHOE MEPEKPBITHE Z, OYIET SBIATHCS MPOIOp-
[IMOHAJBHBIM (D)pPAaKLIUK TUI0AA JUIsl OJIOKOB Ha MOPaXEHHOH XpoMmocoMe. J[aHHBIN mpolecc MPOBOJUT HOPMHPO-
BaHME B Ipenenax oOpasla MOCPEJCTBOM KOMIBIOTEPU3MPOBAHHOTO BBHIYUCIICHUS OTCEKaeMOIo OTpe3Ka M Ha-
KJIOHAa Ha yCTOHYMBBIX XpPOMOCOMAX, a 3aTeM OIIEHMBAET, KaK TCHOMHAsi 00JIacTh, IPEICTABISIONIAas NHTEPEC,
OTKJIOHSIETCSI OT B3aUMOCBSI3H (KOTOpasi OIMCHIBAETCSI HAKJIOHOM M OTCEKAaeMbIM OTPE3KOM), CIIPAaBEIHBOM /IS
YCTOWYMBBIX XPOMOCOM B IIpeZieax 0JHOTo oOpasma.

HaxJioH 1 oTcexaeMblii OTPE30K IOIy4al0T U3 JIMHKUH, Kak npejcrasieHo Ha gur. 3D. [Ipumep ycTpaneHus
robansHOTO Mpodmist npeactasieH Ha ¢ur. 3C. Ha neBoM depTeke MpecTaBlieHa BhICOKas MEKOIOKOBas Ba-
pHanus B HOpPMHUPOBAHHBIX KOJIMYECTBAX MEPEKPHITHS CpEeaN MHOXecTBa oOpa3ioB. Ha mpaBom gepTexe mpen-
CTaBJICHBI T€ K€ HOPMHUPOBAaHHBIE KOTMIECTBA IIEPEKPHITHS MOCIIE YCTPAHESHHUS TII00ATFHOTO PO, KaK OIH-
CaHoO BHIIIIE.

ITocite Toro Kak cucTeMa yCTpaHsIeT WIIM CHUXKAET TII00aIbHBIN pod b Bapualyii B 61oke 317, oHa mpo-
BOJHT KOPPEKTHUPOBKY € yueToM Bapuarwii conaepxkanus GC (ryanuH-1iuTo3uH) B oOpasie. CM. 6ok 319. Kax-
JBI OJIOK XapaKTepu3yeTcsi CBOMM COOCTBEHHBIM OTHOCHTENBHBIM BKJIagoM B GC. dpakuuio onpenensioT no-
CPE/CTBOM JIeNIeHHs KoardecTBa HykieoTH0B G n C B 0J0Ke Ha CyMMapHOE KOJMYECTBO HYKJIICOTHIOB B OJIOKe
(manpumep, 100000). Hexoropsie Onoku OynyT xapakrepusoBatbest Oonmbimmu ¢pakumsmu GC, yem apyrue.
Kak npexacrasneno Ha ¢ur. 3E u 3F, paznnunsie o0pasip! AeMOHCTpUPYIOT pasnuyHble norpemHoctr GC. [lan-
HBIE Pa3INYMs U UX KOPPEKTUPOBKH JOMOJIHHUTENBHO HosicHeHb! Hipke. Ha ¢ur. 3E-G nmpencrasBneHo oTkoppex-
THPOBAHHOE C YIETOM TII00aTHLHOTO MTPO(HIIST HOPMUPOBAHHOE KOJUIECTBO MEPEKPHITH (Ha OJIOK) Kak QyHKIHS
ot ¢pakurm GC (Ha 670K). HeoxkumanHo ObLIO YCTAHOBIICHO, YTO Pa3IMIHBIE 00pa3Ilbl IEMOHCTPUPYIOT pas3-
mmaayio GC-3aBucuMOocTh. HekoTopbie 00pa3Ipl AEMOHCTPUPYIOT MOHOTOHHO yOBIBAIOIIYIO 3aBUCUMOCTH (Kak
Ha ¢wur. 3E), Toraa xak apyrue 1eMOHCTPUPYIOT 3aBUCIMOCTD B BHJIE 3amsaTol (kak Ha ¢ur. 3F u 3G). [Tockoib-
Ky JaHHBIC TPO(HIN MOTYT SBIATHCS YHUKAJIBHBIMH IS KOKIOTO 00pasna, KOPPEKIHIO, OMMMCAHHYIO Ha JaH-
HOM JTalle, OCYIIECTBIIIOT OTACIHHO M YHUKAIHHO JJIS KayKI0T0o 00pasma.

CoriacHO HEKOTOPBIM BapHaHTaM peasli3allii CUCTEMa KOMITBIOTEPHBIM CIIOCOOOM YIIOPSIOYMBACT OJIOKH
B 3aBUcuMocTH oT ¢pakinn GC, kak npowsuttocTpupoBato Ha ¢ur. 3E-G. 3aTeM crcrteMa KOPPEKTHPYET OTKOP-
PEKTHPOBAHHOE C Y4E€TOM II00aJbHOT0 NPO(UIIST HOPMUPOBAHHOE KOJIMYECTBO MEPEKPHITHS OJI0KA C IPUMEHe-
HHEM MH(QOpMAIMU OT APYTHX OJOKOB C aHAJOIM4YHBIM conepxkanueM GC. /laHHYI0 KOPPEKIHIO IPHUMEHSIOT B
OTHOIIICHUHU Ka)KI0TO0 HEMAaCKHMPOBAHHOTO OJI0Ka.

B HekoTophIX mporeccax Kaxplil 070K KOPPEKTUPYIOT ¢ yueToM coxepxanusd GC cienyomum o0pa3oM.
CucreMa KOMIBIOTEPHBIM CITOCOOOM BBEIOMpaeT OJIOKH, KOTOpBIe XapakTepusytorcs ¢pakiusmu GC, aHamorud-
HBIMH TaKOBBIM paccMaTpuBaeMoro OJ0OKa, a 3aTeM OmNpeersieT MmapaMeTp KOPPEeKINH U3 HH()OpMAIH B BBI-
OpaHHbIX O5okax. COTIacHO HEKOTOPHIM BapHaHTaM peau3allii Te OJOKH, KOTOPhIE XapaKTepPU3YIOTCS aHajo-
ruaHbIME (pakiusaMu GC, BRIOUPAIOT ¢ IPUMEHEHUEM MPOM3BOJILHO 33JJaHHOTO 3HAYCHHUS Tpeelia moaoous. B
oIHOM TpuMepe BeIOupaioT 2% Bcex 010koB. [laHHBIE 00KH MpeAcTaBiSIOT coboit 2% OIOKOB, KOTOPHIE Xa-
paxrepusyrorcsi cogepkanneM GC, MakcHMaJIbHO aHAJIOTHYHBIM paccMaTpuBaeMoMy Onoky. Hampumep, BbIOH-
patot 1% OIIOKOB, KOTOpBIE XapaKTEpPHU3YIOTCsl He3HauMTeNbHO OonbminM coxaepxkanueM GC, u 1%, koTopble
XapaKTepU3yIOTCsl He3HAYNTEILHO MEHBIINM cozepskanneMm GC.

C npuMeHeHreM BBIOpaHHBIX OJIOKOB CHCTEMa KOMITBIOTEPHBIM CIIOCOOOM OIpeeNsieT mapaMeTp KOppeK-
K. B ogHOM IpuMepe mapameTp KOppeKIMU MPeACTaBIsIeT COO0H penpe3eHTaTHBHOE 3HaYeHHEe HOPMUPOBaH-
HBIX KOJMYECTB MEPEKpPhITUS (IIOCe yCTpaHEeHUs TII00aibHOro npoduiist) B BEIOpaHHBIX Oi0kax. [Ipumeps! Ta-
KOTO PENpPEe3eHTATHBHOTO 3HAYCHHS BKIIOYAIOT MEAWAHY WM CpeaHee 3HaueHHEe HOPMHPOBAHHBIX KOJIMIECTB
MIePEKPHITHS B BEIOpaHHBIX O10kax. CHCTeMa MPUMEHSeT BBHIYMCICHHBIN MapaMeTp KOPPEKIUH Ul pacCMaTpH-
BaeMOro OJoka B OTHONICHWH HOPMHPOBAaHHOTO KOJIMYECTBA MEPEKPHITHA (IOCIE YCTpaHEHHS TI00aIhHOTO
npoduns) s paccmatpuBaeMoro 0ioka. CorlacHO HEKOTOPHIM BapHWaHTaM pEAM3aliH PErpe3eHTATHBHOE
3Ha4YeHHEe (HampuMep, MEIUaHHOE 3HA4YCHHE) BBIYMTAIOT W3 HOPMUPOBAHHOTO KOJMYECTBA HEPEKPHITHA pac-
cMmarpuBaeMoro 6ijoka. CorigacHO HEKOTOPHIM BapHaHTaM peaiu3allii MEIWaHHOe 3HadeHue (WIN ApYyroe pe-
NPE3CHTAaTHBHOE 3HAYCHNE) HOPMHUPOBAHHBIX KOJMYECTB MEPEKPHITHS BHIOMPAIOT UCKIIOYUTENLHO C IPUMEHE-
HHEM KOJHMYECTB MEPEKPBITUS Ul YCTOHYUBBIX ayTOCOMHBIX XPOMOCOM (BCEX ayTOCOM, OTJIMYHBIX OT XpPOMO-
com 13, 18 m 21).

B oxHOM mpumepe ¢ npuMeHeHneM, Harpumep, 0:10koB uinHOI 100 T.0. KaX bl OJIok OyaeT xapakrepu-
30BaThCsl YHUKAIBHBIM 3HaueHHeM (pakuuu GC, u OJIOKM pa3fessioT Ha TPYMIBl B 3aBUCHMOCTH OT COJiepKa-
Hug B HUX Qpakuun GC. Hanpumep, 6noxu pazaensror Ha 50 rpymr, npudeM TpaHHULBI TPYIIT COOTBETCTBYIOT
0, 2,4, 6, ... u 100) xBautunsam pactpenencans % GC. MeanaHHOe HOPMHUPOBAHHOE KOJIMYECTBO IEPEKPHITHS
BBIYHCIISIOT JJIS1 KQXIOH TPYIIBI OJIOKOB M3 KapTHPOBAHMS YCTOWIUBBIX ayTocoM Ha Ty ke rpymmy GC (B 00-
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paslie), a 3aTeM U3 HOPMUPOBAHHBIX KOJIUYECTB MEPEKPBITHS BEIUUTAIOT MEAUAHHOE 3HAUYCHHUE (I BCEX OJIOKOB
1o BceMy reHomy B Toit xe rpynmne GC). IIpu stom npumenstot koppekunto GC, BBIYUCICHHYIO U3 YCTOHYUBBIX
XpOMOCOM B TIpefieiax JIo00ro JaHHOTO 00pa3iia, B OTHOIIEHHH TOTEHINAIBHO OPAKEHHBIX XPOMOCOM B TIpe-
Jenax Toro ke oOpasua. Hampumep, Bce 6JIOKM Ha yCTOWYIHBBIX XPOMOCOMAX, KOTOPHIE XapaKTEepU3YIOTCS CO-
nepxxanneM GC ot 0,338660 mo 0,344720, rpynmupyrOT, BEIYUCISAIOT MEANAHY JUISl JAHHOW TPYIITEI K BEIYUTAIOT
13 HOPMHUPOBAHHOTO TIEPEKPHITHS OJIOKOB B Mpejaenax JaHHoro auana3zoHa GC, mpudyeM OJIOKH MOTYT OBITh 00-
HapyXeHbl Te-Tu00 B TeHOMe (3a uckimodeHneM xpomocoM 13, 18, 21 u X). CornacHo onpe/eIeHHbIM BapHaH-
TaM peann3aIiy XpoMocoMy Y HCKIIOYAIOT U3 JaHHOTO Tporecca Koppekiun ¢ yaerom GC.

Ha ¢ur. 3G mpeacraBneHo ucnons3oBanue koppekuuu ¢ yuetom GC ¢ npuMEeHeHneM MenaHbl HOpMHPO-
BaHHBIX KOJUYECTB MEPEKPBITUS B KAYECTBE MapaMeTpa KOPPEKIUH, KOTOopas ObLIa TONBKO YTO omucana. Ha
JIEBOM YepTexe MPE/ICTaBICHBl HEOTKOPPEKTUPOBAHHbBIE KOJIMUECTBA TIEPEKPHITHS N0 CPAaBHEHHIO ¢ IpoduiieM
¢pakun GC. Kak nokazano, npopuib xapakTepusyercs: HelmHeiHoi popmoil. Ha mpaBom uepreske npenacras-
JICHBI OTKOPPEKTUPOBAHHEIC KOMM4YecTBa epekpbitus. Ha ¢ur. 3H npeacrasieHs HOpPMUPOBAHHBIC TIEPEKPBITHS
JUISE MHOTHX 00pa3loB a0 Koppeknuu ¢ yuetoMm (pakunu GC (J1eBBIi UepTeX) W MOocie KOPPEKIHU C YUETOM
¢dpaxun GC (mpassiid geprex). Ha ¢ur. 31 npencrasnen kodpdumment Bapuanmu (KB) HOpMUpOBaHHBIX TIepe-
KPBITUH JUISI MHOTHX HCCIIETyeMBIX 00pa3IoB 10 KOppekIuu ¢ yderoM ¢pakimu GC (KpacHBIN) U TOCTIE KOp-
peknuu ¢ yaetoMm ¢pakun GC (3eseHslit), mpudeM Koppekius ¢ yaetoM ¢pakiini GC MpUBOAMT K, 10 CYIIECT-
BY, MEHBIIICH BapHalliil B HOPMHUPOBAHHBIX IIEPEKPBITHAX.

OmnmcaHHBIN BBIIIE MTPOIECC SBISCTCS OTHOCHTEIHHO MMPOCTHIM BapHAaHTOM pea3aliii KOPPEKIUH ¢ yde-
toM GC. B anpTepHaTUBHBIX MOIX0AaX IS KOppekiuu morpentHocTd GC MpUMEHSIOT CIuTaiH-QYHKIWIO HITH
JIPYTYIO HENWHCHHYIO0 METOJUKY allpPOKCHMAIIIH, KOTOPY MOXKHO IMPUMEHSATh B HETIPEPHIBHOM MPOCTPAHCTBE
GC u xoTOpast HE BKIIIOYAET COPTUPOBKY KOJIMYECTB HEepeKphITHs 1o conepxkanuio GC. [Tpumeps! noaxoasmux
METOJMK BKIIOYAIOT HENPEPHIBHYIO KOPPEKIUIO JIOKATBHBIX MOJHHOMHANBHEIX perpeccuid (loess) u riamkyro
CIUTaitH-KOppeKIui. DYHKIUIO anmpoKCUMAIMd MOXKHO MONYYUTh U3 HOPMHPOBAHHOTO OT OJIOKa K OJIOKY KO-
JMYECTBa MEPEKPhITUS 0 CpaBHEHMIO ¢ cozepkanneM GC s paccMaTpuBaeMoro obpasma. Koppekumio s
KKI0ro OJ0Ka BRIYUCIIIIOT MOCPEACTBOM mMpuMeHeHus conepkanus GC s paccMaTpuBaeMoro 0Jioka B OT-
HOIICHUN (PyHKITNH ammpoxcuMarmn. Hampumep, HOpMHUPOBAaHHOE KOJIMYECTBO MEPEKPHITHS MOKHO MOJAOTHATH
MOCPENICTBOM BBIYUTAHUS OKHAAEMOTO 3HAUCHHUS MEPEKPHITHS CIUIaitHa mpu coxepkannu GC paccMarpuBaemMo-
ro Gioka. B xadecTBe anbTepHATHUBEI, HOATOHKY MOYKHO 00ECTICUUTh IMOCPEACTBOM JENICHIS 0KUIaeMOT0 3HaUe-
HUS TIEPEKPBITUS COTIACHO AIMIPOKCHUMAIINH C TOMOIIBIO CIUTAH-()yHKINN.

ITocnie xoppexTupoBku GC-3aBUCHUMOCTH B orepariuu 319 cucteMa KOMITBIOTEPHBIM CIIOCOOOM YCTpaHsET
PE3KO OTKJIOHSIOIIMECS] OJIOKM B paccMaTpuBaeMoM oOpasue - cM. 0sok 321. JlaHHyIO omepario MOKHO Ha-
3BaTh (PMILTPOBAHHMEM HIIH ILICH3yPHPOBAHUEM €TMHUYHOTO oOpasua. dur. 3] reMoHCTpHpYeT, 4To Jake mocie
koppekimn ¢ yueroM GC nepekphIThe Bee elle XapakTepusyeTcs: oOpasen-creliupuaHON BapHaliei B peaenax
HeOoJpIIoit obsnactu. CM., HanpuMep, MEepeKphITHE B TosokeHnH 1.1 e8 Ha xpoMocome 12 ¢ HEOKHIIAaHHO BBHI-
COKUM OTKJIOHEHHEM OT 0’KHUAAEMBbIX PE3yJIbTaTOB 3HAUCHHs. BO3MOKHO, TaHHOE OTKJIIOHEHHE SIBIISETCS CIIEACT-
BHEM HEOOJBIION BapUAIIMU YHCIIa KOMTUI B MATEPUHCKOM IeHOMe. B kadecTBe albTepHATHBEI, OTKIOHCHHUE MO-
JKeT OBITh O0YCIIOBIEHO TEXHHYECKUMH IPUUNHAMH IIPU CEKBEHHUPOBAHNH, HE CBI3aHHBIMHU C BapHallUeH dncia
kommii. Kak mpaBmito, JaHHYIO OIIEpaIuio MIPUMEHSIOT HCKITIOYUTENIFHO B OTHOIICHUH YCTOWYHBEIX XPOMOCOM.

B xadecTBe mpumepa, CHCTEMBI KOMITBIOTEPHBIM CTIOCOO0M (HIIBTPYIOT JItoObIe OJIOKH, KOTOPBIE COMEPIKaT
OTKOppeKTHpoBaHHOE ¢ ydeToM GC HOpPMHUPOBAHHOE KOJMYECTBO IEPEKPHITHS, COCTaBisoniee Ooyiee dem 3
MeIraHbl a0CONIOTHRIX OTKJIOHEHUH OT MEIHaHbl OTKOPPEKTHPOBAaHHOTO ¢ yaeToM GC HOPMHPOBAHHOTO KOJH-
YecTBa MEPEKPHITHS, IO BceM OJ0KaM B XpOMOCOME, HECYIIeH paccMaTpuBaeMbIid OJOK, s GuibTpoBaHus. B
OJTHOM TIpHMepe TIpeJieNIbHOe 3HaYCHUE 3a1af0T Kak 3 MeuaHbl a0COMIOTHBIX OTKIOHEHUH, KOTOPOE MOATOHSIOT
JUISL COOTBETCTBUSI CTAaHIAPTHOMY OTKJIOHEHHIO, T03TOMY (hakTHyecku mpeznen cocrasisieT 1,4826*mennany a0-
COJIFOTHBIX OTKJIOHEHHH OT MeauaHbl. COTNIACHO ONMpENeIICHHBIM BapUaHTaM pPCaU3allid AHHYIO OIEpPaIlUio
NPUMEHSIOT B OTHOIICHHH BCEX XPOMOCOM B 00paslie, BKJIIOYAsl KaK YCTOHYMBBIE XPOMOCOMBI, TaK M XpOMOCO-
MBI, JUIS1 KOTOPBIX IT0JI03PEBAIOT aHEYIIOUAHIO.

CornacHo oIpeaesieHHBIM BapHaHTaM Peajli3alii OCYIIECTBIIOT JOMOIHUTENBHYIO OMEPAIIHI0, KOTOPYIO
MOXKHO OXapaKTepU30BaTh KaK KOHTPOJb KadecTBa. CM. 610k 323. CornacHO HEKOTOPHIM BapHaHTaM peain3a-
UM METPHKa KOHTPOJS KadyecTBa BKIIOYACT OOHApY)KEHHE TOTO, ABJIOTCS JIM KaKHe-THOO MOTEHITMATbHBIE
XPOMOCOMEI B 3HAMEHATEJIE, T.€. "HOPMHUPYIONTHE XPOMOCOMBI" MM "YCTOHYMBBIE XPOMOCOMBI', aHEYTUTOW THbI-
MU HWJIH 110 IPYTOil MPHYMHE HE COOTBETCTBYIOIIMMH JJISI ONPEEIICHHS TOTO, XapaKTEePH3yeTCs I UCCIIETyEeMBIT
obpasel Bapuanuen arciia KO B MOCJISOBATEILHOCTH, TIPECTABISIONICH HHTEpEC.

Korna nporecc onpezenseT, 4To ycToHUNBast XpOMOCOMa SIBJSIETCS] HE COOTBETCTBYIOLIEH, IPOIIECC MOXKET
npeHedpeys uccieayeMbIM 00paslioM U BBIIATh pe3ynbTar ""pemeHne oTcyTcTByeT". B kadecTBe ajabTepHAaTHBHI,
HECOCTOSATENbHOCT NaHHOW MeTpuku KK (KOHTposs KauecTBa) MOXKET CIIOCOOCTBOBATH MPHMEHEHHUIO albTep-
HAaTUBHOTO MHO>KECTBa HOPMHUPYIOIIMX XPOMOCOM ISl IIPUHATHS pemeHus. B oqHoM npumMepe crocod KoHTpo-
JIs1 Ka4eCTBa CpaBHUBAET (DaKTUUECKHE HOPMHPOBAHHBIC 3HAYCHUS TMEPCKPBITHS IS YCTOHUUBBIX XPOMOCOM C
OKUTaCMBIMHU 3HAYCHUSAMU JIT YCTOHUUBBIX ayTOCOMHBIX XpoMocoM. OKumaeMble 3HAYCHUST MOXKHO TIOYYUTh
MOCPEJICTBOM aIMPOKCUMALINH MHOTOMEPHOW HOPMAaJIbHON MOJIENN K HOPMHPOBAHHBIM MPO(HISIM HETIOPaXKEeH-
HBIX 00y4Jaromux o0pas3ioB, BEIOOpa HAWIy4IIeH CTPYKTYPBI MOJEIH COTIACHO IMPaBAOIOMOOHIO TaHHBIX U
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0aiiecOBCKOTO KpuTepus (Hampumep, MOJICTh BHIOpaHa ¢ MPUMEHECHHEM HWH(GOPMAIIMOHHOTO KPHUTEpUs AKauke
WM, BO3MOXKHO, 0aifleCOBCKOTO MH(MOPMAIIMOHHOTO KPHUTEPHs), M (UKCAIIMH HAWTYYIICH MOACTH JJIs IPUMEHE-
Husa B KK. HopManbsHble MOZien yCTOHYUBBIX XPOMOCOM MOKHO TOJYYUTh IOCPEICTBOM, HAlpUMEp, PUMEHE-
HUS IPUEMOB TPYIITUPOBAHIS, UACHTHOUIIUPYIOMNX (QYHKIMIO BEPOSTHOCTH, KOTOpAsk XapaKTepHU3yeTcs Cpea-
HUM 3HAYCHHEM M CTaHAApPTHBIM OTKIIOHEHHEM IS IEPEKPHITHI XpOMOCOMBI B HOPMaJIbHEIX o0Opasnax. Pazyme-
eTCsI, MOKHO IPUMEHATH Ipyrue popmer Monenu. Ipomecc omeHuBaeT npaBaonogodmue HabIr0aeMOT0 HOPMH-
POBaHHOTO TEPEKPHITHA B JIIOOOM HCCIIEIyeMOM 0o0paslie Ha BXOJE, IPHHUMAs BO BHUMAHHE ITapaMeTphl (PHK-
cupoBaHHOW Mozmenu. [Iporiecc MOXKET BBIIOTHATH JAHHYIO (YHKIHIO TMOCPEIACTBOM OIEHKH KaXKJIOTO HCCie-
JlyeMoro o0pasiia Ha BXOJE ¢ MOICIBIO JJIs MOTYyUYCHHS MPABIOIOA00HS U MOCPEACTBOM 3TOTO HICHTH(OUITUPO-
BaTh PE3KO OTKIIOHSIOUINECS MOKA3aTeNH 10 CPABHCHHUIO C MHOXKECTBOM HOPMAJBHBIX 00pa3ioB. OTKIOHEHUE
MPaBIOMOIO0US UCCIEAYeMOro 00pasiia OT TAaKOBOH 00yJarOMMX 00pa3IoB MOKET CBUICTEILCTBOBATH 00 aHO-
MaJIMU B HOPMHUPYIOIIUX XPOMOCOMaX WM apTedakte mpu oOpalieHuu ¢ 00pa3oM/py MOArOTOBKE K aHAJH3Y,
KOTOPBII MOXKET NMPUBECTH K HEMPaBHILHOMY KiaccuduuupoBanuto ooOpasma. Jlanunyro Metpuky KK moxHO
MPUMEHSTD JJIs1 CHHKCHUSL OMIMOOK B KIIACCH(HUKAIIMK, CBA3aHHBIX C JIFOOBIM M3 NAaHHBIX apTe(akToB 00pasia.
Ha ¢wur. 3K, npassiii gepTex, Ha OCH X MPEACTABICHO KOJIMYECTBO XPOMOCOM, a Ha OCH Y TIPEACTaBICHO HOPMHU-
POBaHHOE TIEPEKPHITHE XPOMOCOM, OCHOBaHHOE Ha cpaBHeHHH ¢ Mozenbio KK, momydeHHOH, Kak OMICaHO BBI-
me. 'paduku 1eMOHCTPUPYIOT OOUH 00pa3ell ¢ M30BITOYHBIM MIEPEKPHITHEM IJISI XPOMOCOMEBI 2 U IpYyTroi oOpa-
3eI] ¢ M30BITOYHBIM TIEPEKPBITHEM I XpoMocoMbl 20. JlanHble 00pasmbl OyayT yCTpaHEHBI C MPUMEHEHHEM
metpuku KK, ommcanHo# B HacToOsIIeM JOKYMEHTE, MM OTKJIOHEHBI Ul IPUMEHEHHUS albTepHATHBHOTO MHO-
JKECTBa HOpMHpPYIOMKX XpoMocoM. Ha neBom ueprexe ¢ur. 3K npencrasneHo NCV 1o cpaBHEHHIO ¢ TPaBIO-
NoA00MEM JJIs1 XPOMOCOMBL.

[MocnemoBaTenbHOCTD, IPEACTABICHHYIO HA GUT. 3A, MOXKHO MPUMEHSTH IJI BCEX OJIOKOB BCEX XPOMOCOM
B reHoMe. COTJIacCHO OIpECNICHHBIM BapuaHTaM PEaH3alHy i1 XPOMOCOMBI Y MPHUMEHSIOT OTJIMYHBIA IPO-
necc. /s BeraucneHust 10361 XxpoMocoMbl min cerMeHTa NCV n/mnu NSV npHMeHSIOT OTKOPPEKTUPOBAaHHbIE
HOPMHPOBAHHBIC KOJUYCCTBA MEPEKPHITUS (KaK ompesesicHo Ha ¢ur. 3A) u3 6JI0KOB B XpOMOCOMAaX WU CErMCH-
Tax, WCIOJh30BaHHBIX B BhIpakeHUAX A m03bl, NCV u/mmu NSV. Cum. 6ok 325. CormacHo onpeaeneHHbIM
BapHaHTaM pealu3alli CpeaHee 3HaUYCHHEe HOPMHPOBAHHOTO KOJMYECTBA NEPEKPBITHS BBIUUCISAIOT MO BCEM
OoKaM B XpOMOCOME, IPEACTABISAIONICH WHTEpPEeC, HOPMHUPYIOMIEH XpOMOCOME, CETMEHTE, MpPEeICTaBIIIIOIMEM
WHTEpEeC, W/WIU JUIS BBIYHUCICHUS 1036l mocienoBaTelbHOCTH, NCV w/mn NSV, mpuMeHSIOT HOpMUPYIOIINN
CETMEHT, KaK OIMCAHO B IPYTOM MECTE B HACTOSIIEM TOKYMEHTE.

CoryilacHO Ompe/IeJICHHBIM BapHaHTaM peaM3aii XpoMocoMy Y o0pabaThIBarOT MHBIM CITOCOOOM. Xpo-
MocoMy Y MOXHO (DHMIBTPOBaTH TOCPEIACTBOM MACKHPOBAHHS MHOXKECTBAa OJIOKOB, YHUKAJIBHBIX aiIs Y-
xpoMocoMbl. COTJIaCHO HEKOTOPBIM BapUaHTaM peaian3anud GUIbTp Y-XPOMOCOMBI ONPEIEIISIOT COTIACHO MPO-
1eccy, OMMCAaHHOMY B TpefBapuTenbHOM 3asBke Ha maTeHT CIIIA Ne 61/836057, paHee BKIFOUCHHO! B HACTOS-
MK JTOKYMEHT MOCPEACTBOM CChUTKH. COTMIacCHO HEKOTOPBHIM BapHaHTaM peanu3anuu GUiIbTp MAacKUpyeT OJ0-
KH, KOTOpBIC SIBIISIOTCS MEHBIIIMMH, YeM TaKOBble B (puibTpe Ipyroit xpomocombel. Hampumep, macka Y-
XPOMOCOMEBI MOKET (DPMIIBTPOBATh HA YPOBHE | T.O., TOT/Ia KaK MAaCKH JAPYTOH XPOMOCOMEI MOTYT (hUIILTPOBATH
Ha ypoBHe 100 T.0. HecMoTps Ha 3TO, Y-XpOMOCOMY MOKHO HOPMHUPOBATh B TOM kK€ OJIOKE pa3Mepa, 4To U JIpy-
rue XxpoMocomsl (Harpumep, 100 T.0.).

CornacHO ompeneNieHHBIM BapHaHTaM pealn3alud OT(GHIBTPOBAHHYIO Y-XpOMOCOMY HOPMHPYIOT, Kak
oTFCaHo BhINIe B omneparuu 315 ¢ur. 3A. OgHako, B OTIAMYHE OT yKa3aHHOW OTeparuu, Y -XpoMOCOMY JOTIOJI-
HUTEJIEHO HE KOPPEKTUPYIOT. TakuM 00pazoM, B O710kax Y-XpOMOCOMBI HE YCTPaHSIOT TII00ATBHBINA TPO(OUITE.

AHanorn4Ho, 0J10KH Y -XpOMOCOMEI HE MOJIBEPraroT KoppeKuuu ¢ yueroM GC wiu IpyruM sTamnam QuibT-
pOBaHUs, KOTOPHIC BBITIONHSIOT BIIOCICACTBUH. DTO OOYCJIOBICHO TEM, YTO, KOrJa oOpasell MpOIeCCUPYIOT,
npoleccy He M3BECTHO, SIBISIETCS JIM oOpaser] o0pa3loM MYXKCKOTO WM >keHcKoro mosia. OOpaser )KeHCKOTOo
MoJIa He JIOJDKCH XapaKTePH30BaThCS PUIaMU, BEIPABHUBAOIIUMHUCS ¢ pe)epeHCHOH Y -XpOMOCOMOM.

Co3zgaHne MacKH MOCIEI0BATEIIEHOCTH.

B HekoTOpBIX BapWaHTaX pealn3aldy, PACKPBITHIX B HACTOSINEM TOKYMCHTE, MPUMEHSIOT CTPATETHIO
¢unpTpoBaHUs (WM MAacKMPOBAHHS) HEAUCKPUMUHAHTHBIX PHIOB IOCIEIOBATEIHHOCTH HA MOCJIEIOBATEIBHO-
CTH, TIPEJICTABIIONICH MHTEPEC, ¢ MPUMEHEHHEM MAaCOK ITOCIIEAOBATEIBHOCTH, YTO NMPHUBOJUT K YBEIUICHHUIO
CUTHAJIA ¥ CHIDKCHHIO IIyMa II0 CPAaBHEHHIO CO 3HAYCHHSMH, BBIYMCICHHBIMH OOIICTIPUHATHIMU CIIOCO0aMH, B
3HAYCHHAX TEPEKPHITHA, MpuMeHseMbIx 11t oieHKH BUK. Takue Macku MOKHO HIOCHTH(HUIIMPOBATE MOCPEICT-
BOM Pa3NIUYHBIX MeTOAUK. COTTIaCHO OAHOMY BapHAHTy peajH3alliid MAacKy HACHTU(HUIMPYIOT C MPUMEHEHUEM
METOJIMKH, TIPOHJLTIOCTPUPOBAHHOMN Ha ¢ur. 4A-4B, kKak 00BsICHEHO O0Jiee ToIPOOHO HUXKE.

CornacHO HEKOTOPHIM BapHaHTaM PEANHU3AlUU MACKy HICHTHOUIUPYIOT ¢ MPUMCHEHHEM O0YYaromero
MHOYECTBA PETPE3CHTATUBHBIX 00pa3I0B, KOTOPEIC YCTAHOBJICHHO COJEPIKAT HOPMAaIBHOE YUCIIO KOMHUH TOCe-
JIOBATCIILHOCTH, TPEACTABISIONICH HHTepec. Macku MOKHO HICHTU(GHUIMPOBATH C MPUMCHCHHEM METOIMKH,
KOTOpasi CHavyajia HOPMHPYET 0oOydaroriee MHOXECTBO 00pasIloB, 3aTeM MPOBOINT KOPPEKTHPOBKY C YUCTOM
CHUCTEMATHYCCKOW BapUallK B JHMATMIA30HE TOCIEIOBATCIFHOCTH (HApUMep, Mpoduiis), a 3aTeM KOPPEKTHPYET
ux ¢ yuerom BapuabenpHoctH GC, Kak omucaHo HWKe. HopMHpOBaHUE W KOPPEKIIHIO OCYIIECTBIISIOT B OTHO-
MICHAH 00pa3IioB M3 00yJaroIIero MHOXECTBa, a He MCCIEIyeMbIX 00pa3oB. MacKy HISHTHUPHUIIMPYIOT OJUH
pas, a 3aTeM MPUMEHSIOT B OTHOIICHUH MHOKECTBA HCCIIETyEMBIX 00pa3IIoB.
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Ha ¢ur. 4A npencraBieHa 61ok-cxema mporecca 400 Ui co3IaHus TakOH Macky MOCIIE0BaTEIFHOCTH,
KOTOPYIO MOXKHO MPUMEHSTh B OTHOIICHUU OJTHOTO WK 0OJIee HCCIICAYSMBIX 00pasIoB sl YCTPAHCHHUS U3 pac-
CMOTpEHHUs OJIOKOB Ha IMOCJIEIOBATEIBHOCTH, NPEACTABIIONICH HHTEpeC, MPH OIeHKe ducia kKormmid. Ipomecc
400, mpOWLTFOCTPUPOBAHHEIN Ha GUT. 4, TPUMEHSET NEPEKPHITHE METKU TIOCIIEI0BaTEIFHOCTH, OCHOBAHHOE Ha
KOJINYECTBE METOK MOCIENOBATENbHOCTH, IS TONyYeHUs] MAacKH IocienoBaTelbHOCTH. ONHAKO aHAIOTHIHO
MIPUBEJICHHOMY BBIIIe onucanuio nporecca 100 mst onpenenenns BUK nmpumennTtensHo K ur. 1, s npoiecca
400 B momoyHEHHE K NEPEKPHITHIO WIM BMECTO HETO MOKHO INPHUMEHSTDH JAPYTHe TepEeMEHHBIEC WIIN TTapaMeTphl,
TaKk{e Kak pa3Mep, COOTHOIIEHHE pa3Mepa W ypOBEeHb MeTHIHpoBaHUS. COTIaCHO HEKOTOPHIM BapHaHTaM pea-
JIU3AIMY JUT KaXIO0TO M3 JIBYX WM OoJice MapaMeTpoB MOIYYalOT OJHY MackKy. bosee Toro, mepekpruiTre U JApy-
THE TapaMeTpbl MOKHO B3BECHUTH 110 pa3Mepy (parMeHTOB, U3 KOTOPBIX OBLIH MOJydeHBI METKH. J{Js ymoOcTBa
yTeHus B nporecce 400 yIOMSHYTO UCKITFOYUTEIBHO TIEPEKPHITHE, HO CICTYyEeT OTMETUThD, YTO BMECTO MIEPEKPHI-
THSI MOXKHO MPUMEHATH APYTHE MTapaMeTphl, TAKHE KaK pa3Mep, COOTHOIICHHE pa3Mepa U YPOBEHb METIITUPOBA-
HUSI, TIOJICUCT, B3BCIICHHEIN MO pa3Mepy, u T.JI.

IMpouecc 400 HaumHaeTcst ¢ obecrieueHs 00yUJalomEero MHOKECTBA, COIEPIKAIIEro PHBI MOCIEA0BaTEb-
HOCTH W3 MHOKECTBa HETIOPKEHHBIX oOydaronmux oOpasioB. biok 402. 3areM mpoliecC BHIPABHUBACT PHJIBI
MOCJIEIOBATEIEHOCTH 00YJaIOIIer0 MHOXKECTBA C pe)epeHCHBIM T€HOMOM, COJEPIKAIIUM ITTOCIIeI0BATEIHHOCTD,
TIPEICTABISIIONIYIO HHTEPEC, C IMOyYeHHEeM, TAKUM 00pa3oM, METOK 00yJaloIiel Mmocae10BaTeNbHOCTH A 00y-
garonux o0pasnoB. biok 404. CornmacHO HEKOTOPHIM BapHaHTaM pealli3aldd s MOCIEIYIOIero aHaln3a
MPUMEHSIOT UCKITIOUUTEIHFHO YHHUKAIFHO BBIPOBHEHHBIC HE TIOBTOPSIOIINMECS METKH, KapTHPOBAHHBIC C HEWC-
KIIFOUEHHBIMU caiftamu. IIpomecc BKito9aeT pa3gencHne pedepeHCHOT0 TeHOMa Ha MHOKECTBO OJIOKOB M OTIpe-
JICNICHHE JITsl KaXKIOTO HEMOPAKEHHOT'0 00y4Jaroiero oopasia NepeKphITHs METOK 00yJaroIIel MOCIeI0BaTeIIb-
HOCTH B KXXJIOM OJIOKE JUIs KaXI0To oOydatomiero odpasia. biok 406. [Iporece Taxke onpenensieT s KaxI0-
ro 6JI0Ka 0XHJIaeMoe IEPEKPHITHE METOK 00yUaromeH MMocIe0BaTeIbHOCTH CPEAN BCeX 00yJaromux 00pasios.
Brok 408. CoritacHO HEKOTOPHIM BapHUaHTaM PEATM3aALNHU OXKHUIAEMOEC TIEPEKPBITHE KAXKIOT0 OJI0Ka MPEICTaABIIs-
eT co0oll MeAMaHy WU CpEIHHC 3HAYCHUS B Mpefeiax oOydaromux o0pas3noB. OKumaeMbie MEPEKPBITUS CO-
CTaBJIIIOT TN00aIbHBIA TTPOdHITE. 3aTeM MPOIECC MOATOHAET MEPEKPHITHE METOK 00yJaromeil mocieI0BaTeb-
HOCTH B Ka)JIOM OJIOKE JUTsl Ka)XI0T0 00yJaroIero oopasia mocpeiCTBOM YCTPAaHSHHS BapHALMU B TII00TEHOM
npoduie, ¥ TOCPEICTBOM ITOTO MOIYIaeT OTKOPPEKTUPOBAHHBIE C YIETOM TI00aTBFHOTO MPOGMIIS IEPEKPHITHSL
METOK 00yJaronieil mocaeoBaTeIbHOCTH B OJIOKaX ISl KaXI0To oOydaromero odpasiia. 3aTeM MpoIecc co3aaeT
MacKy IIOCIIEIOBAaTEIHFHOCTH, COACPKAIIyI0 HEMACKHPOBAaHHBIC W MAacKHpPOBAHHBIE OJOKHM B mpeaenax pede-
peHcHoro reHoMa. Kaxaplit MacKHpOBaHHBIH OJIOK 00Ja1aeT XapaKTePUCTHKON pacTpeiesIeHHUs, TIPEBHITIAIOIICH
MOPOT MaCKHPOBaHUs. XapaKTePUCTHUKA PACIpPEICIICHHS MPEII0KEHA IS TOJOTHAHHBIX IEPEKPBITUH METOK
oOyuJarolei mociieIoBaTeILHOCTH B OJIOKE B mpezenax oOydaromux o0pas3noB. CoriacHo HEKOTOPHIM BapHaH-
TaM pealM3aliy MOPOr MACKUPOBAHM MOXKET OTHOCUTHCSA K HAaONIOIAeMOl BapUallid HOPMHPOBAHHOIO Tepe-
KPBITHS B OJIOKE B Mpeneiax oOydaromux oopas3ios. bioku ¢ BeicOkME K0(D(OUITUCHTAMU BapHallud WIH Me-
JIMaHO¥ aOCOIOTHOTO OTKJIOHCHUS HOPMHUPOBAHHOTO MIEPEKPHITHS CPEAH 00pa3oB MOKHO HICHTH(UIIPOBATH
HAa OCHOBaHWH IMITUPHYCCKOTO PACHPEACICHUS COOTBETCTBYIOMIMX METpUK. COrIacHO HEKOTOPBHIM ailbTepHA-
TUBHBIM BapHaHTaM pealii3alliy TOPOT MaCKHPOBAHUS MOXKET OTHOCUTHCS K HAaOJIF0JaeMOoi BapHauu B HOPMHU-
POBaHHOM TIEPEKPBHITHU B OJIOKE B Mpenenax o0ydaronux o0pas3ioB. biioku ¢ BEICOKMME KO3 (UITHEHTAMH Ba-
pHALNU WK MEIUaHOW aOCOTIOTHOTO OTKIIOHEHHSI HOPMHUPOBAHHOTO MEPEKPBITHS CPEIH 00pa3lioB MOYKHO Mac-
KAPOBaTh Ha OCHOBAHWH SMIHPHUIECKOTO PACIIPEIEIICHIS COOTBETCTBYIOIINX METPHK.

CornacHO HEKOTOPBIM BapHaHTaM peaji3allid I XPOMOCOMBI, IIPEACTABIIAIONICH HHTEpeC, U A BCEX
JIPYTUX XPOMOCOM 3aJal0T OTACIbHBIC MPEACibl JIs UACHTH()HUKAIUNA MACKHPOBAHHBIX OJIOKOB, T.e. MOPOTH
MackupoBaHus. Takke MOXKHO 33JaTh OTACIBHBIC MOPOTH MACKHPOBAHUS IS KaXKIOH XPOMOCOMBI, MPEICTaB-
JSFOINEH MHTEpEC, OTACIBHO, U OJIMH MOPOT MACKUPOBAHHUS JIIsI MHOXKECTBA BCEX HETIOPAXKCHHBIX XpOMOCOM. B
Ka4yecTBe MpUMepa sk XPOMOCOMEI 13 3a71ar0T MacKy Ha OCHOBaHHH OTIPEIICIICHHOTO TIOPOTra MACKHPOBAHUS, H C
HENBI0 OMpECIICHUS MAacKH IS JPYTUX XPOMOCOM MPUMEHSIOT APYroi MOpor MackupoBaHus. HemopaxeHHbIC
XPOMOCOMEBI MOTYT TaK)K€ XapaKTePH30BaTHCSI CBOMMH IOPOTaMU MAaCKHPOBAHUS, 3aJaHHBIMH JUIT XPOMOCOMBL.

MOHO OLEHHUTH Pa3NUYHbIE KOMOWHAIIMK MOPOTa MAacKHPOBAaHMS IUIS KaXKIOW XPOMOCOMBI, TpEACTaB-
nsromieit naTepec. KomOuHammm mopora MacKUpOBAHHUSA OOECICUHNBAIOT OJHY MAacKy JJIsi OJIOKOB XPOMOCOMEI,
MIPEICTABISIONIEH HHTEpEC, U OTINYHYIO MAacKy s OJIOKOB BCEX APYTUX XPOMOCOM.

CoryiacHO OJHOMY TIOJIXOTy JHara30H 3HaYeHUH g koddduinenTa Bapuanuu (KB) wim kputepuii npe-
JISTIOB paclpeieieHnss o0pasiia 3a7aoT B BHUJC MPOIEHTWIeH (Hampumep, 95, 96, 97, 98, 99) smmupudeckoro
pacnpenenenus 3naueHuit KB Giioka, n maHHBIE 3HAUEHUS Ipeeia MPIUMEHSIOT B OTHOIICHHH BCEX ayTOCOM, 3a
UCKJTFOUYCHHEM XPOMOCOM, MPEICTABIAIONINX HHTepec. TakkKe 3aIal0T IUaa30H MPOICHTHIIA 3HAYCHUH mpeiena
it KB s smmupudeckoro pacnpenencuus KB, n naHHbIe 3HaUCHUS Tpeiea IPUMCHSIOT B OTHOIICHUN XPO-
MOCOMBI, PENICTABIAIONICH HHTEpec (Hampumep, Xp. 21). CorlacHO HEKOTOPBIM BapHAHTaM PEajH3aliy XPOMO-
COMBI, IIPEJICTABIISIIOIINE HHTEPEC, IPEICTABIAIOT c000i X-XpoMocomy 1 xpoMocoMsbl 13, 18 u 21. Pazymeercs,
MOJKHO TIPUHHMATh BO BHHUMAaHHUC NPYTHE MMOAXOJBI; HAIPUMEP, I KaKIOH XPOMOCOMBI MOKHO OCYIIECTBHUTH
OTJICNIPHYI0 ONTHMU3AIUI0. B3sThIe BMECTe, MUana3oHbl, KOTOPHIC MOAJICKAT ONTHMHU3AIUN TTapauieIbHO (Ha-
prMep, OIUH AWANa30H Uil pacCMaTpUBaeMOl XPOMOCOMEI, TIPEICTABIIIONICH HHTEpEC, U APYTOi Iuama3oH
JUTSL BCEX IPYTHUX XPOMOCOM), OTPENEIISIOT ceTh komOnHaiuii npeaena KB. Cum. ¢wur. 4B. Paboune xapakrepu-
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CTHKH CHCTEMBI B OTHOIIICHUH O00YYarOIIEr0 MHOXKECTBA OI[CHUBAIOT B JBYX MpeenaxX (OAUH - UIS HOPMHPYIO-
IIMX XPOMOCOM (HJIH ayTOCOM, OTIMYHBIX OT XPOMOCOMBI, MPECTABIISIONICH HHTEPEC) U BTOPOM - IJIT XPOMO-
COMBI, IPECTABIAIONICH HHTEPEC), M U UTOTOBON KOH(HUTYpaiy BRIOMPAIOT JEMOHCTPHUPYIONIYIO HAMTyYIIIne
paboune XxapakTepuCTUKN KOMOHMHAIMIO. J[aHHast KOMOMHAIINS MOYKET SBIATHCA OTIMYHOM IS KaXKAOH u3 Xpo-
MOCOM, TIpEACTABIAIONNX HHTepec. CorIacHO ONpeAeTICHHBIM BapuaHTaM peaii3aliy padoune XapakTepUCTH-
KM OIICHHWBAIOT HAa BAJIHJAIIMOHHOM MHOXXECTBE BMECTO 00YJaIOIIero MHOKECTBA, & UMEHHO, JUIS OIEHKH pabo-
YUX XapaKTEPUCTUK IPUMEHSIOT IePEKPECTHYIO BATHIAIHIO.

CornacHO HEKOTOPHIM BapHaHTaM pealn3aluy pabodune XapaKTepPHUCTHKH, ONTHUMHU3HPOBAHHBIC /IS OIpe-
JICIICHYSI MAMa30HOB MPEJeia, MPEICTaBIAI0OT co0o0i K03(hQUITMEHT Bapualuy 103 XpOMOCOM (OCHOBAHHBIH Ha
9KCIEPUMEHTAILHOM BBIOOpE HOPMHPYIOIINX XpoMocoM). [Iporiecc BBIOMpaeT KOMOMHAIMIO MIPEAEIIOB, KOTOpast
MuaIME3HpyeT KB 10361 XpoMOCOMEI (HammpuMep, COOTHOIICHUE) TSI XPOMOCOMBI, MIPEACTABISIONICH HHTEpeC,
C NMPUMCHCHHEM BBIOPAHHOM Ha CETOMHSIIHUI JICHb HOPMHUPYIOIIEH XpOMOCOMEI (Wi XxpoMocoM). CorliacHO
OJTHOMY TMOAXOIY MPOLECC HCCIEAYeT padoune XapaKTepUCTUKM Ka)KAO0H KOMOWHAIMYM TPENeNIOB B CETH Clle-
IytomuM oopazom: (1) mpuMeHseT KOMOWHALIMIO MTPEEIOB A ONPENeSICHNS] MacOK ISl BCEX XPOMOCOM U TIpH-
MEHSET NaHHbIe MaCKH I GUIBTPAMH METOK 00YJarolero MHOKeCTBa; (2) BBIUYUCISIET HOPMUPOBAHHEIC TTe-
PEKpBITHSA B IIpeaesiax 00ydJaroniero MHOKEeCTBa HETIOPAKEHHBIX 00pa3IioB OCPEACTBOM IIPUMEHEHHS IIporiecca
¢urypsr 3A B OTHOIICHWH OTQWIBTPOBAHHBIX METOK; (3) OompenelieHrne penpe3eHTaTHBHOTO HOPMUPOBAHHOTO
MEPEKPHITHS Ha XPOMOCOMY IIOCPEICTBOM, HAaIIpUMep, CyMMHPOBAaHUS HOPMUPOBAHHBIX MEPEKPBITHH OJ0Ka IS
paccMaTpruBaeMOi XpOMOCOMBI; (4) BBIYUCIIAET 03Bl XpPOMOCOM C IPUMEHEHHEM BBIOPAHHBIX Ha CETOMHSIITHAN
JIeHb HOpMUpYIOMUX XpoMocoM, U (5) onpenenenne KB mo3 xpomocoM. IIporiecc MokeT olleHHBaTh pabdbouwne
XapaKTEPUCTHKH BBHIOPAHHBIX (PIIBTPOB IMOCPEACTBOM MPUMCHCHHS UX B OTHOLICHUW MCCICIYyEMBIX 00pa3IoB,
OTZEJIEHHBIX OT UCXOJHOM YacTh 00ydaroIiero MHOKecTBa. To ecTh, POLECcC pa3AeisieT HCXOIHOe o0yyarolee
MHO)KECTBO Ha oOydaroliee U uccieayeMoe noaMHoxectsa. OOyyaroriee MoMHOKECTBO IPUMEHSIOT LIS OIl-
peAeneHUs peIeoB MacKH, KaK OIMCAHO BBIIIC.

CornacHO anbTEPHATUBHBIM BapUaHTaM pPEaM3alldd BMECTO OIPEHICICHUS MAacOK, oCHOBaHHOTO Ha KB
MIEPEKPBITHH, MACKH MOXHO 33/1aTh ITOCPEICTBOM PAacIpelesIeHHs ToKa3aTelell KauecTBa KapTHPOBAaHUS U3 pe-
3yJIbTaTOB BBHIPAaBHUBAHUS B Ipenenax o0ydaroummx oOpas3noB B Oiokax. Ilokasarens xadecTBa KapTHPOBAHHS
OTpa’kaeT YHUKAJIBFHOCTh, C KOTOPOH pHI KapTHPYeTCs Ha pedepeHCHBIH reHOM. J[pyruMu clioBaMu, TIOKa3aTeNn
KadgecTBa KapTHPOBAHUS KOJIMYECTBECHHO OIPENENAIOT BEPOATHOCTH TOTO, YTO DPHI HETPABIILHO BBIPOBHEH.
Huzkuit mokazarens kadecTBa KapTHUPOBAHHUS CBSI3aH ¢ HU3KOH YHUKaJIbHOCTHIO (BBICOKOH BEpPOSTHOCTBHIO HE-
MIPaBUJIHHOTO BBIPABHUBAHUS). Y HUKAIBHOCTh COOTBETCTBYET OAHOM MIIM HECKOJIBKUM OIINOKaM B pHIE TOCIHe-
JIOBATEIBHOCTH (IIOJIy4YeHHOW MOCPEACTBOM cekBeHaropa). IlonpoOHoe omucaHue rmokasaTtenei KadecTBa KapTu-
poBaHMsI MOXKHO HaWTH B myonukanuu Li H, Ruan J, Durbin R. (2008) Mapping short DNA sequencing reads
and calling variants using mapping quality scores. Genome Research 18:1851-8, koTopas MOJIHOCTBIO BKIIIOUYEHA
B HACTOSIIHH JOKYMEHT MOCPEICTBOM CCBUIKH. COTIIACHO HEKOTOPOMY BapHaHTy peallu3alliy IMOKa3aTellb Kave-
CTBa KapTHPOBaHUs B HACTOSIIEM JOKYMCHTE HAa3bIBAIOT MokaszateieM MapQ. dur. 4B memoHCTpHpyeT, 4TO
nokasarens Map(Q xapakTepusyeTcs yCTOHUMBOM MOHOTOHHOW koppemsauueil ¢ KB mponeccupoBaHHBIX nepe-
KPBITUH.

Hampumep, 6soxn ¢ KB Bbimie 0,4 mpakTHYeCKH TOTHOCTHIO TPYMITUPYIOTCS B JIEBOW YacTw rpaduka Ha
¢dur. 4B, xapaktepu3ysch mokasaremsiMu MapQ Hrbke npuOim3uTensHo 4. BemencTBue 3T0oro, MacKMpoBaHUE
6mokoB ¢ HeOompmM MapQ MOKET MO3BOJHTH IOYYHUTh MAcKy, BIOJHE aHAJOTHYHYIO TaKOBOW, 3aJaHHON
MOCPEACTBOM MacKUPOBaHHS OJIOKOB ¢ BRICOKMM KB.

OO0pa3usl ¥ MPOIECCHHT 00Pa3IOB.

O0pasIpl.

O0pa3sisl, KOTOpEIC PUMEHSIOT i onpeaeicaus BUK, HanpuMep, aHSYIIOUANNA XPOMOCOM, YaCTHYHBIX
AHCYIUTOWIUH U T.II., MOTYT BKJIIFOUATh 00Pa3Ibl, OTOOpaHHBIC OT JHO00# KIETKH, TKAHU WU OpPraHa, B KOTOPBIX
HEOOXOTUMO OTPEICITUTh BapHAIMK YUCIIa KOMUH I OAHOM WM OoJiee TOCIeJ0BATEIILHOCTEH, TPEICTABIISIO-
mwmx uHTepec. [IpeanodrurensHo, 00pasIpl CoepKAaT HYKICHHOBEIC KUCIOTHI, KOTOPBIC MMPUCYTCTBYIOT B KIICT-
Kax, /WM HYKJIEHHOBBIC KHCIIOTHI, KOTOPEIE SIBIISFOTCS "OeckineTounbiMu’ (Hanpumep, cirJIHK).

CornacHO HEKOTOPBIM BapHaHTaM pPeaTH3alii NPEAIOYTHTEIFHBIM ABJSCTCS MONTydeHHE OeCKIeTOYHBIX
HYKJIEMHOBBIX KHCJIOT, Hampumep, Oeckierounodt JIHK (ci/THK). Beckierounbie HYKICHMHOBBIE KHCIIOTHI,
BKItouast 6eckierounyo JIHK, MOXXHO MOSydWTh Pa3iMIHBIMH CITIOCOOAMH, M3BECTHBIMH B JIaHHOW 00JIaCTH
TEXHWKH, U3 OMOJIOTHYECKUX 00pa3IoB, BKIItoUYas, 0€3 OrpaHUYCHHS, T1a3My, CBIBOPOTKY U MOUY (CM., HaIpH-
Mep, mybnukaruu Fan et al., Proc Natl Acad Sci 105:16266-16271 [2008]; Koide et al., Prenatal Diagnosis
25:604-607 [2005]; Chen et al., Nature Med. 2: 1033-1035 [1996]; Lo et al., Lancet 350: 485-487 [1997]; Bo-
tezatu et al., Clin Chem. 46: 1078-1084, 2000; u Su et al., J. Mol. Diagn. 6: 101-107 [2004]). Ins otnencHus
oecknerounoit JIHK ot ki1eTok B 00pasiie MOXKHO IPUMCHSATH PAa3JIUYHbIC CIOCOOBI, BKITIOYast, 03 OrpaHUYCHUS,
(bpaknroHHpOBaHUE, NECHTPUPYTHPOBAHUE (HATIPUMED, HEHTPUPYTUPOBaHKUE B TpamucHTe mmotHoctH), JTHK-
crnenu(GpUIHYIO TPCIUIUTAIIMIO WM BBICOKOMPOU3BOIUTCIBHYIO COPTHPOBKY KICTOK W/WIIHA JPYTHUE CIIOCOOBI
pasznenenus. CymecTBYIOT KOMMEPUYECKH IOCTYIHBbIE HAOOPHI [UISi PYYHOTO W aBTOMAaTHYECKOTO pPa3JieNIeHUs
ciiJIHK (Roche Diagnostics, Unananamonuc, Muannana, Qiagen, Banencus, Kamudopuus, Macherey-Nagel,
Hropen, [enaBep). buonoruueckue o0pasipl, conepkamue ci/IHK, npuMeHsn B aHAM3ax IS OTPEeIICHUS
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MPUCYTCTBUS MM OTCYTCTBHS aHOMAJIHU XPOMOCOM, HAIpUMEp, TPUCOMUU 21, MOCPENCTBOM aHAJU30B CEKBE-
HUPOBAHUS, KOTOPBIC MOT'YT OOHAPYKHUTh aHCYIUIOUINH W/IITU Pa3IMYHEBIC TOJUMOP(PU3IMBI XPOMOCOM.

CornacHo pa3nuuHBIM BapuaHTaM peammzannu cii/IHK, mpucyrcTByronryro B o0pasue, nepes npuMeHeHH-
€M MOHO 000TaTHTh, crieln(PpuIHO WM HecTienn(GUIHO (HApuUMep, Tepea MoaydeHueM OMOITHOTEeKH CEKBEHHU-
poBanwms). Heciemnduuanoe oboramenune odpasina JJHK o3navaer amrmndukanmro 1neaoro reioma GpparMeHToB
renomuoit JIHK obpasma, koTopyro MOKHO MPUMEHATH I yBeJM4YeHUs ypoBHs oOpasua JIHK mepen momyde-
HueM Ombnmoreku cekBenupoBanus cii/[HK. Hecnenuduanoe odoramenne MOKeT MPEACTABIATL COO0H ceek-
TUBHOE 00OTaIIeHNe OJHOTO U3 IBYX T€HOMOB, IIPUCYTCTBYIOMKX B 00pa3iie, KOTOPBIH COAEPKUT Oosee 0THOTO
reHoma. Hampumep, HecrieruduuHOoe 000TalICHUE MOXKET SBISATHCS CEICKTHBHBIM B OTHOIIICHHH I'¢HOMA IO/
B MaTEPUHCKOM 00pasiie, KOTOPOS MOKHO MOJyYUTh U3BECTHBIMH CIIOCOOAMH ISl YBEITUYCHUSI OTHOCUTEILHON
nmomu JIHK mnona no cpaBaenuto ¢ matepunckoi JIHK B oOpasiie. B kauecTBe aabTepHATHUBBI, HECTICIU(UIHOEC
o0oraieHie MOXKET MPEJCTAaBIATh COOON HECENEKTUBHYIO aMIUTA(UKAIIUI0 000MX T'¢HOMOB, MPHUCYTCTBYIOLIUX
B oOpasue. Hampumep, MoxHO ocymiecTBuTh Hecnenupuunyto ammmndukanuo JJHK mmona m MaTepuHCKoi
JHK B o6pa3sne, conepxamem cmecs JIHK n3 reromoB mrona u marepu. Crioco0bl aMIummpuKanuy 1eaoro re-
HOMa M3BECTHBI B JNaHHOW oOyacTu TexHuWKH. [IIIP ¢ aereHepaTHBHBIMHU OJIUTOHYKICOTHIHBIMH IMpaiMepaMu
(Degenerate oligonucleotide-primed PCR, DOP), meromguka TP ¢ moctpoiikoit mpaiimepa (primer extension
PCR, PEP) u ammumdukanms ¢ MHOKECTBEHHBIM BbhITeCHeHHeM menu (multiple displacement amplification,
MDA) sBASIOTCS TPUMEPaMU CITOCOOO0B aMIUTU(UKAIINY 11e70T0 TeHoMa. CorllacCHO HEKOTOPHIM BapHaHTaM pea-
nmu3anuu odpasetr, coaepxamuii cMech cii/IHK n3 pa3nuaueix reHoMOoB, sBisieTcst HeoborameHnusiM cii/[HK re-
HOMOB, IPUCYTCTBYIOIINX B cMecH. COTJIacHO IPYyrUM BapHaHTaM peajHm3alry oOpaser, comepikKaliunid cMech
ci/IHK u3 pa3nimyHbIX TCHOMOB, HECIICIIM(DUIHO 000TaIIeH JTFOOBIM U3 TEHOMOB, MMPUCYTCTBYIONINX B 00pasIie.

O06pa3zer, copepkaliuii HyKICHHOBYIO KHACIOTY WA KHCIOTHI, B OTHOIICHUH KOTOPBIX MPUMCHSIOT CIIOCO-
ObI, ONMHUCAHHBIC B HACTOAIIEM JOKYMEHTE, KaK MPaBHJIO, BKIOYAeT OHonormyeckuii oopasen ("'mccienyeMbIi
oOpazen'"), HampuMep, Kak omucaHo BbIme. COTJaCHO HEKOTOPHIM BapHUAHTaM PEali3allid HYKICHHOBYIO KH-
CJIOTY WJIM KHCIIOTBI, CKDHHUHT KOTOPBIX MPOBOISAT B OTHOLICHUU OHOW wiu Ooiee BUK, ouniarot unv BhIze-
JISIFOT JIFOOBIM U3 MHOXKECTBA XOPOIIIO M3BECTHBIX CIIOCOOOB.

CoOOTBETCTBEHHO, COTJIACHO OMPEICICHHBIM BapHaHTaM peajii3aluy 00pas3er COAEP)KUT WM COCTOWT W3
OYMINEHHOTO WM BBIIEIEHHOTO TOJUHYKJICOTHIA MIIM MOXKET BKJIIOUATh OOpa3lbl, TakWe Kak oOpasel] TKaHH,
obpaselr OMOIOrHUeCcKO KUIKOCTH, oOpasel KiIeTkh 1 T.1. [Toaxomsaniue oOpa3ipl OMOJOTHIECKON KUIKOCTH
BKITIIOYAIOT, 0€3 OTpaHWYCHHUS, KPOBb, IIa3My, CBIBOPOTKY, IHOT, CJIE3Bl, MOKPOTY, MOYY, CIIIOHY, YIIHYIO KHJI-
KOCTb, UMY, CIIIOHY, CHMHHOMO3TOBYIO JKUAKOCTB, KHUIKOCTH IOCJE JIaBa)ka, CYCIIEH3MI0O KOCTHOTO MO3Ta,
BJIATATUIIHYIO JKUAKOCTD, KHUIKOCTh MOCIIE TPAHCIIEPBUKAIBHOTO JaBaXKa, XKHUIKOCTh TOJIOBHOIO MO3ra, acIfuT,
MOJIOKO, CEKPCTHI JbIXaTCIbHBIX, KUAIICYHBIX W MOYCIONOBBIX MyTeH, aMHUOTUYECKYIO JKHAIKOCTh, MOJIOKO U
o0pasiel neitkadepesa. CorliacHO HEKOTOPBIM BapHaHTaM peaiu3anuu o0pasel mpeacTaBiseT coboi oOpaser,
KOTOPBIH C JISTKOCTBIO TIOJIYYAIOT B PE3yIbTaTe HEMHBA3UBHBIX MPOICTYpP, HAIPUMED, KPOBb, IJIa3My, CBIBOPOT-
Ky, TIOT, CJI€3bI, MOKPOTY, MOUYYy, MOKPOTY, YIIHYIO KHAKOCTb, CIIFOHY WK (Qekanuu. COrIacHO ONpeIeICHHBIM
BapHaHTaM pealu3anuu o0pasell MPeICcTaBIseT co00l 0Opa3el] nepudpepruieckoil KPOBH Wi (BPaKIUIO IIa3Mbl
W/WIH CBIBOPOTKHU 0oOpasmia nepudepudeckoit kpoBu. CoriacHO APYyruM BapHaHTaM pean3aliy ONOJIOTHIeCKUN
oOpaselr mpeAcTaBiIsIeT cO00H Ma30K MM COCKOO, 00paser OMOTICUH WIIH KyJIbTypy KieTok. CorjacHo Ipyromy
BapHaHTy peanu3aru odpasel] MpeacTaBiseT co00i cMech ABYX WM 0ojiee OMOJIOTHIECKUX 00pas3IoB, HATPH-
Mep, OHOTOTHIECKUI 00pa3er] MOKET COJIEpKaTh JABa MM OoJiee 00pa3IioB OMOIIOTHYECKOH KUIKOCTH, 00pas-
IIOB TKaHW U 00pa3IoB KyJIbTYPHI KJIETOK. B HacTosmeM qOKyMeHTe TepMUHBI "KpoBb", "Mrazma" u "ChIBOPOT-
Ka" OJHO3HAYHO BKITIOYAIOT (DpaKIMK WIH MPOIECCCUPOBAHHBIC YACTH YKa3aHHBIX 00pa3IoB. AHAIOTUYHO, KOT A
oOpaser; oTOuparoT n3 OMoINCcHU, Ma3Ka, COCKO0a | T.1., "oOpa3en” 0JHO3HAYHO BKIIOYAET IPOIECCHPOBAHHYIO
(hpaKIHIO WX Y9acTh, MOTYYCHHYIO U3 OMOIICHH, Ma3Ka, COCKO0a U T.1.

CornacHo omnpeAeTICHHBIM BapHaHTaM pealiu3aliii 00pa3ibl MOXKHO MOJYYUTh W3 MCTOYHHUKOB, BKITIOYAS,
0e3 orpaHuueHUs, 00pa3Ibl OT PA3IMYHBIX WHAWBUIYYMOB, 00Pa3Ibl OT Pa3IMYHBIX TANOB Pa3BUTHS OJHOTO U
TOTO KE WU Pa3IMIHBIX HHAUBUAIYYMOB, 00pa3Ibl OT Pa3IMYHBIX CTPANAIONINX OT 3a00JICBaHUS HHIUBHUIYYMOB
(HampuMep, HHANBUIYYMOB, CTPAIAIOIINX OT PaKa, WIM WHANBHAYYMOB, KOTOpPbIE, KaK II003PEBAOT, CTPAIAOT
OT TEHETUYECKOTO HAPYIICHHS), OT HOPMAaJbHBIX WHANBHIAYYMOB, 00pa3Ibl, OITy4YeHHBIEC HA PA3INIHBIX CTaIH-
Ax 3a00J€BaHUS WHANBHAYYMa, 00pa3Ilsl, MOJYICHHBIC OT MHANBHAYYMa, KOTOPBIM MOTyYaeT pa3IndHble BapH-
AHTHI JIeUeHHs 3a00JeBaHMsA, 00pa3lbl OT MHAUBUIYYMOB, KOTOpPHIC MOABEPTarOTCs BO3JCHCTBHIO PAa3IMYHBIX
(hakTOpPOB OKPYKAIOMIEH cpenbl, 00pa3Isl OT HHANBHIYYMOB C IIPEAPACHIOI0KEHHOCTBIO K ITaTOJIOTHH, 00pa3Iibl
OT WHAWBHUIAYYMOB, KOTOPBIE TIOABEPTAIOTCS BO3ACHCTBHIO BO3OyAUTEsI HHMEKITMOHHOTO 3a001eBanus (Hampu-
mep, BUY), u 1.1

CornacHO OJHOMY WILTFOCTPATHBHOMY, HO HEOTPAaHHYMBAIONICEMY BapHAHTy peaiu3aluu oOpaser mpen-
CTaBIsET COOOW MAaTEPHHCKUI 00pa3ell, KOTOPBIA IMONIYYaAlOT OT OCPEMEHHOTO CyOBEKTa JKEHCKOTO T0Ja, Ha-
npuMep, OepeMEHHON XKECHITUHEL. B TaHHOM citydae 00pa3er] MOXKHO aHaJTH3UpOBATh C PUMCHEHHUEM CIIOCO0OB,
OIKCAHHBIX B HACTOSIIEM JOKYMEHTE, C 00CCIICYCHUEM MPEHATATBHON JUArHOCTUKU MOTCHIIUAIBHBIX XPOMO-
COMHBIX aHOMAJIMH y TIoa. MaTepuHCKUI 00pa3el] MOKET HPEACTaBIATEL co00i oOpa3ser] TkaHu, 0Opaser Ouo-
JIOTHYECKON >KUAKOCTH WM oOpasen KiIeTKH. bromorndeckas >KHIOKOCTh BKIIIOYAET, B Ka4eCTBE HEOTPaHHUH-
BAaIOIINX IPHUMEPOB, KPOBb, IUIA3MY, CHIBOPOTKY, IOT, CJIE€3BI, MOKPOTY, MOUY, MOKPOTY, YITHYIO XXHIKOCTb,
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My, CIIOHY, CIIMHHOMO3TOBYIO KHIIKOCTb, *KMAKOCTH IIOCIE JaBaXka, CYyCIICH3MI0 KOCTHOTO MO3ra, Biara-
JIMIIHYIO JKUJIKOCTb, KHJIKOCTh TIOCIIE TPAHCIIEPBUKAIBHOTO JIaBaXa, )KUAKOCTh TOJIOBHOI'O MO3ra, acIUT, MOJIO-
KO, CEKPEThI JBIXaTEIbHBIX, KHIIEYHBIX X MOYETIOJIOBBIX ITyTeH 1 00pa3Iml Jeiikadepesa.

CornacHO JApYroMy HWJUTIOCTPaTHBHOMY, HO HEOTPAHWYMBAIOUIEMY BapHaHTY peaH3aliyd MaTCPHUHCKHA
obpaselr mpeacTaBiseT co00 cMech ABYX WIH Oojiee OMOJOTHYECKHX O0pas3IoB, HaMpUMep, OHOIOTHISCKUH
obpa3selr MOXKEeT CoJiepKaTh JBa WM 0ojiee 00pasioB OMOJOTHYECKON KHUIKOCTH, 00pa3ioB TKaHH U 00pa3IoB
KyJbTYpbl KJIeTOK. COTJIacCHO HEKOTOPHIM BapHaHTaM peaau3aliiuu odpasell mpeacTaBiseT codoit odpaser, KOTo-
PBIH C JIETKOCTBIO MOJYYalOT B PE3yNbTaTe HEHHBA3UBHBIX MPOLEAYP, HAIPUMEP, KPOBb, IUIA3MY, CHIBOPOTKY,
TMIOT, CJIe3bl, MOKPOTY, MOYY, MOJIOKO, MOKPOTY, YIIHYIO )KHAKOCTb, CIIIOHY H (exanuu. CoriacHo HEKOTOPHIM
BapuaHTaM peayi3aluy ONOJOrHYecKUi oOpasen mpeacTaBisieT coboil obpasen nepudepruueckoil KpOBU W/HiH
(pakIuio MIa3Mbl U CHIBOPOTKH yKa3aHHOTO oOpasua. CorjacHo ApYrMM BapHaHTaM pealu3aluy Ouojornde-
CKH 00pasel npecTaBisieT co00i Ma3oK mim cocko0, obpaser Ouorncun uin odpaser KynbTypbl KieTok. Kak
packpsITO BhINIE, "KpoBb", "Tu1a3mMa" u "ChHIBOpOTKA" OJHO3HAYHO BKIIIOYAIOT (DPAKIMH MIIH MPOIECCHPOBAaHHBIC
YaCcTH YKa3aHHBIX 00pa3loB. AHAIOTUYHO, KOT/Ia 00pasel] OTOMparoT U3 OMOIICUH, Ma3Ka, COCKO0a U T.1., ""o0pa-
3e1" OJHO3HAYHO BKIJIIOYAET MPOLIECCUPOBAHHYIO (PAKITUIO WITH YaCTh, TIOJYyYEHHYIO U3 OMOIICHH, Ma3Ka, COCKO-
OauT.I

CornacHO oIpeaeNeHHBIM BapHaHTaM pealn3alii 00pa3ibl TAKKE MOXKHO MOJTYYIHUTh U3 KYIbTUBUPYEMBIX
in vitro TKaHe#, KJIETOK WJIN IPYTHX WCTOYHHUKOB, COMEPIKAIINX MOIMHYKICOTHIH. KynpTuBHpyembie oOpa3iisl
MOTYT OBITh TOJyY€HBI U3 HCTOYHHUKOB, BKIIOYAs, Oe3 OrpaHUYEHUs, KYIbTYpHl (HAapuMep, TKaHH HIIH KJIETOK),
MOJ/ICpP’)KUBAaeMbIe B Pa3UYHBIX CpeAax M YCIOBHMAX (Hampumep, pH, maBieHue wiam Temreparypa), KyJIbTypsl
(HampuMep, TKAHU WM KJIETOK), TOJICPKUBACMBIC B TCUCHUC PA3IMYHBIX MEPHOJOB BPEMEHH, KYJIBTYPHI (Ha-
mpUMep, TKAaHW WIH KIETOK), 00paboTaHHBIC pa3IMYHBIMU (PAKTOpaMU WU pEaKTHBaMU (HAIIpUMeEp, MOTCHIIH-
AIBHBIM JICKAPCTBEHHBIM CPEACTBOM WIIH MOJYISATOPOM), WU KYJIBTYPhI PA3IMYHBIX THITOB TKAHU W/HITH KIICTOK.

Crioco0b! BBIACIEHHS HYKJICHHOBBIX KHCIOT U3 OMOJOTMYECKUX MCTOYHHKOB XOPOIIO M3BECTHHI M OyayT
OTJINYAThCS B 3aBUCHMOCTH OT NPUPOJBI UCTOUHMKA. CIIEIHaNNCT B JAHHON 00NAaCTH TEXHUKH MOXKET C JIETKO-
CTBIO BBIICTINTH HYKJICHHOBYIO KHCJIOTY MJIM KUCIIOTHI M3 UCTOYHHKA, KaKk TpedyeTcs Iy crocoda, OMMCaHHOTO B
HACTOSIIIIEM IOKYMEHTE. B HEKOTOPBIX CIydasx MOXET XapaKTepPH30BaThCS MPEUMYIIECTBOM (pparMeHTarus
MOJICKYJIbl HYKJIGHHOBOM KHCIIOTHI B 00pa3iie HYKJIEHHOBOH KHCIOTHI. DparMeHTauss MOXKET ObITh CITyIaiHON
WIN CTIeUU(UIHONW, KOTOPYIO JOCTUTAIOT, HAIpUMeEp, ¢ IPUMEHEHNEM PaCIIeIUICHUS PECTPUKINOHHBIMU 3HJO-
Hykineazamu. CriocoObl cirydaitHol (hparMeHTaluy XOpoIo W3BECTHBI B TAaHHOHM 001aCTH TEXHUKHU U BKIIIOYAIOT,
HanpuMep, orpanmdeHHoe paciierienue JIHKazoi, o6paboTky menousto U ¢puzndeckoe paspesanue. CoriacHo
OJTHOMY BapHaHTy peaji3aluy 00pa3el HyKJICHHOBBIX KHCIOT nosydaroT n3 cu/IHK, koropyto He moaseprator
(parmMeHTanyy.

[Moxyuenne OMOIMOTEKN CEKBEHUPOBAHUSL.

CoracHO OJJTHOMY BapHaHTy peaM3alliy B CIIOCO0aX, ONMMUCAHHBIX B HACTOAIIEM JOKYMEHTE, MOXKHO NpH-
MEHSTh TEXHOJIOTMHM CeKBeHMpOBaHUsI HoBoro nokosenust (CHII), mo3Bonsiomue ceKBEeHHpPOBATh MHOXKECTBO
00pa3IoB O OTAEIBFHOCTH B BUJIE TEHOMHBIX MOJIEKYJI (T.€. CHHIJIIUIEKCHOE CEKBEHUPOBAHUE) HIIH B BUIE 00be-
JUHEHHBIX 00pa3loB, COACPKAIINX HHICKCHPOBAHHBIE TCHOMHBIE MOJIEKYIbI (HapuMep, MyJIbTHIDIEKCHOE CEK-
BEHUPOBAHNE), B X0 OJHOW CepHr CEKBEHHPOBaHMUS. JJaHHBIE CTTOCOOBI MOTYT ITO3BOJIUTH MOJIYYUTH BILIOTH 10
HECKOJIbKMX COTEH MHJUTHOHOB pHI0B mocienoarensHocTel JJHK. CornmacHo pa3nmudHBEIM BapuaHTaM pean3a-
IIUH TIOCJICOBATSIFHOCTH TEHOMHBIX HYKJICHHOBBIX KHCIJIOT ¥I/MJIH HHACKCUPOBAHHBIX TEHOMHBIX HYKJIEHHOBBIX
KHACJIOT MOJKHO OTPENENIHTh C NPHMEHEHHEM, HallpuMep, TEXHOJOTHHA CEKBEHHPOBAHUS HOBOTO IOKOJCHHUS
(CHII), onmcanHBIX B HacTOsmIeM JOoKyMeHTe. COrIacHO pa3iIMyYHBIM BapHaHTaM peaj3alliy aHAIA3 3HAYH-
TEJILHOTO KOJIMYECTBA JaHHBIX MOCIIEI0BATEIEHOCTH, OIyUeHHBIX ¢ mpuMeneHreM CHII, MOXHO OCyIIEeCTBUTD
C IPUMEHEHHUEM OJIHOTO MJIH OoJiee MPOLECCOPOB, KaK ONMCAHO B HACTOSILEM JOKYMEHTE.

CornacHO pa3MYHBIM BapHaHTaM pEATH3alUU MPUMCHCHHE TAKUX TCXHOIIOTHI CCKBEHUPOBAHUS HE
BKJIIOYAET MOJTydeHHE OMOIMOTEK CEKBCHUPOBAHUSL.

OpHAaKO COTIIacHO OTPEENICHHBIM BapHaHTaM peasM3aliy CIIOCOObl CEKBEHUPOBAHMS, ITPEIYCMOTPECHHBIE
B HACTOSIIEM TOKYMEHTE, BKIIIOYAIOT IOJydeHHe OMOMHOTeK cekBeHHUpoBaHMA. COTIIACHO OJHOMY HILTIOCTpPA-
TUBHOMY ITOJIXOAY TIOJy4eHHE OMONMOTEKH CEKBEHHPOBAHUS BKIIOYACT MOJyUYCHHE CIydaifHOro Habopa MOIH-
¢unmpoBanHbIX amantepamu pparmentoB JJHK (HanpumMep, MOJMHYKICOTHIOB), YKE TOTOBBIX K CEKBEHHPOBa-
HUIO. BUOIMOTEKN CEeKBEHUPOBAHUS TMOJIMHYKICOTHIOB MOXHO nony4uuTh u3 JJHK wimm PHK, Bkmtouas sxBuBa-
nentsl, aHajgorn JHK wnu xAHK, wanpumep, JHK wmn k/IHK, xotopas sBisieTcss KOMIUIEMEHTaApHOW WK
npencrasisier coboit konuto JIHK, momyuennot ¢ matpuriet PHK mon meficTBuem oOpaTHOW TpaHCKPHUMTA3HI.
[onuHyKIEOTHABI MOXKHO TOJYYHUTh B IByXLenodeyHol ¢opme (Harnpumep, acJHK, Takas kak ¢pparMeHTHI Te-
Homuo#t JIHK, x IHK npoxyxts! [MIP-ammindukanyuy u T.1.), WIN COTJIACHO OTIPEJEJICHHBIM BapHaHTaM pea-
JM3alUK TTOJUHYKIJICOTHIBI MOYKHO IOJIyYHTh B opHouenodeuHod ¢opme (Hampumep, ocJHK, PHK u 1.1.) u
MOXHO TpeoOpa3oBats B ¢popmy acIHK. B kauecTBe nmpumepa, COriaacHoO ompeiesieHHBIM BapHaHTaM pean3a-
uuu oaHouenoueynsle Mosiekyisl MPHK Moxkno komupoBats B aByxuenodeunsle k/IHK, moaxopsimue nms
NPUMEHEHHUS TIPU TMOJyYeHNH OMONIMOTEKN CEeKBEHHUpPOBaHMs. TOYHAs IMOCIEAOBATEIHLHOCTD IIEPBUYHBIX MOJIH-
HYKJICOTHIHBIX MOJIEKYII, KaK IPaBMIIO, HE HMEET 3HAYCHHS JJIS CTI0C00a MOMYICHUS ONOINOTEKN B MOKET OBITh
W3BECTHOH min He n3BecTHOH. COTNTaCHO OAHOMY BapHaHTY PEealM3aly MOJIMHYKICOTHIHBIC MOJICKYJIIBI TIpea-
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cTaBIsAOT coboit monekynbl JIHK. Bonee KOHKpETHO, COTTIACHO OTPEACICHHBIM BapHaHTaM PEaH3alliy TOJH-
HYKIICOTHTHBIC MOJICKYIIBI MIPEICTABIIAIOT BECh TCHETHICCKI HA0Op OpraHU3Ma WIIH IO CYIIECTBY BECh T€HETH-
JecKnii Habop OpraHM3Ma W MPEACTaBIAOT coOoil reHoMHBIe MoJekynbl JIHK (Hampumep, kirerounyio JJHK,
oecknerounsie JIHK (ci/THK) u 1.1.), KOTOpEIe, Kak MpaBWIiIO, BKIIOYAIOT KaK IMOCIIEA0BATEILHOCTh HHTPOHA,
TaK W TOCJIE0BATEIFHOCTD AK30HA (KOIMPYIONIYIO TIOCIEOBATEIFHOCTE), a TAK)Ke HEKOAUPYIOMIAE PETyIATOp-
HBIE TIOCJIEIOBATEIHHOCTH, TaKHe KaK TOCIE0BAaTEIFHOCTH IPOMOTOpa 1 dHXaHcepa. CorlacHO onpeneIeHHBIM
BapHaHTaM pealu3alliy IePBIHYHBIC TIOJIMHYKICOTHIHBIE MOJIEKYIIBI coaepkat monekynsl JIHK renoma genose-
Ka, HanpuMep, Mosekyisl cit/IHK, mpucyrcTBytoniue B mepudepruaeckoil KpoBH OEPEMEHHOTO CYObEKTa.

[MomyyeHne OMONMMOTEK CEKBEHUPOBAHUS I HEKOTOPHIX mmatdopm cexBenupoanus CHII obnervaercs
MOCPENICTBOM TPUMEHCHHS TOJHHYKJICOTHIIOB, COJACPKAIIUX KOHKPETHBIN IHANa3oH pa3MepoB (parMeHTOB.
IMomyueHne Takux OMONHMOTEK, KaK MPAaBHJIO, BKIOYAET (pparMeHTANUIO OOJBINUX MOJIHHYKICOTUIOB (HAIPH-
Mep, kierouHoit reHoMHoi# JIHK) s momyueHus: noauHyKI€OTHAOB KeJlaeMoro IMana3zoHa pazmepa.

dparMeHTaro0 MOXHO 00CCIICYUTh JTIOOBIM U3 MHOXKECTBA CIIOCOOOB, M3BECTHBIX CICIMATHCTAM B JIaH-
HOW oOyacTu TexHuKH. Hampumep, pparMeHTalnuo MOKHO 00SCIIEYNTh MEXaHUICCKHMU CIIOCOO0aMU, BKITFOYAS,
0e3 orpaHUYeHUs, MYJIbBEPU3AIHIO0, 00PAOOTKY YIbTPa3ByKOM U THapocaBur. OqHako MexaHudeckas GparMeH-
Tanus, Kak npasmio, pacmerisieT octoB JTHK mo csazsm C-O, P-O u C-C, 94To IpHUBOANT K TIOTYUEHUIO TeTEPO-
TEHHOW CMeCH TYTHIX U 3'- U 5'-BBICTYMAOIMUX KOHIOB ¢ pazopBaHHbIMU cBs3siMu C-O, P-O u C-C (cMm., Hampu-
Mep, myosmkamuu Alnemri and Liwack, J. Biol. Chem 265:17323-17333 [1990]; Richards and Boyer, J. Mol
Biol 11:327-240 [1965]), koTOopbIe, BO3MOXHO, HEOOXOIMMO BOCCTAHOBHUTb, ITOCKOJEKY B HUX MOXKET OTCYTCT-
BOBaTh HEOOXOAUMBIHN TSI TTOCIEAYIOMUX (hepMEHTATHBHBIX peakiuii 5'-gocdar, Hampumep, 11 JIUTHPOBAHUS
aJanTepOB CEKBEHUPOBAHMS, KOTOPhIe HeoOXxomumbl it moarotoBku JTHK k cekBeHHpOBaHHIO.

Hanporus, ci/ITHK, kak nmpaBuiio, CymecTByeT B BUIC pparMeHTOB pa3MepoM MeHee mpuomu3uTensHo 300
map OCHOBAaHWH W, CICIOBATEIBHO, JUIA TOIYYCHUS OMOIMOTEKU CEKBEHHUPOBAHHS C IPUMEHCHHEM O00pa3lioB
ci/IHK ¢parmenranms, kak mpaBuiio, He TpedyeTcsl.

Kak mpaBuiio, BHE 3aBHCHMOCTH OT TOTO, OBLIH JIM TOJHHYKICOTUIBI (pparMeHTHPOBAHBI TIPUHYAUTEIEHO
(manpumep, pparMeHTHPOBAHEI in Vitro), WK CYIIECTBYIOT B IPUPOJIE B BHIE PparMeHTOB, UX MPEeoOpas3yioT B
JHK ¢ TymeiMu KOHIIaMU, coaepkaityio 5'-hocdatsl U 3'-TuApokCcHiIbHY0 Tpynmy. CTaHAapTHBIE MPOTOKOJIBI,
HanpuMep, TMPOTOKOJIBI JUISI CEKBEHUPOBAHUS ¢ NMPUMEHEHWEM, HanmpuMep, miatdopmsl Illumina, onvicanHbie B
JIPYrOM MECTe B HACTOSIIEM JOKyMEHTE, WHCTPYKTHPYIOT MOJB30BaTENel BOCCTAHABIMBATH KOHITBI 0Opasiia
JHK, ouunmarte MpoAyKTHl ¢ BOCCTAHOBJICHHBIMH KOHIIAMH Tiepe] mpucoenuHeHueM dA-"xBocta" W OYHIIAThH
MIPOIYKTHI ¢ mpucoennHenneM dA-"XBocTa" mepes TamaMu JTUTHPOBAHUS aJanTepoB IS TIOTydeHUs: OHOIHOo-
TEKH.

B pasnmuHpIX BapuaHTaX pealu3alliii CIIOCOO0B MOMYYCHUS OMOIHOTEKH IOCIEIOBATCIFHOCTH, OIHCAH-
HBIX B HACTOSIIEM JOKYMEHTE, H30eTratoT HEOOXOJUMOCTH OCYIIECTBIIATH OJIMH WK 00JIee ITAIOB, KaK MMPaBHIIO,
MPE/IITUCHIBAEMBIX CTAHIAPTHBIMH IPOTOKOJIAMH JUIS MONydeHus MoauduiposanHoro npoaykra JTHK, koto-
pHIit MokHO cekBeHHpoBaTh nocpeactsoM CHII. Coxpamennsiii (abbreviated, ABB) crioco6, 1-3tanssiii ciocod
U 2-3TamHEBI Ccroco0 SBISIOTCA MpPUMEpPaMH CIOCOOOB IMONTydeHHsS OHONHOTEKH CEKBEHHPOBAHWS, KOTOPBIC
MO>KHO HaiiTH B 3asBke Ha mateHT 13/555037 momanuoit 20 utons 2012 r., KoTopas MOJHOCTHIO BKITIOYEHA B Ha-
CTOSAIIEeH TOKyMEHT ITOCPEICTBOM CCBIIKH.

MapkepHble HyKJIEHHOBBIC KHCIOTHI IS OTCICKUBAHHS U TIOATBEP)KICHUS IIEIOCTHOCTH 00pasia.

CornacHO pa3IHYHBIM BapHaHTaM pealn3alliil MOATBEPKACHUE IEIOCTHOCTH 00pa3IoB U OTCIC)KUBAHUE
o0pasma MOYKHO OCYIIECTBHTH HOCPEICTBOM CEKBEHHPOBAHHS cMecei 0o0pas3la TeHOMHBIX HYKJICHHOBBIX KH-
ciot, Hanpumep, ci/IHK, 1 comyTcTByrOmMUX MapKepHBIX HYKJICHHOBBIX KHCIIOT, KOTOPBIC OBUIM BBEIICHEI B 00-
Ppasisl, HAIPUMED, TIEPE/T POIICCCUHTOM.

MapkepHbIe HYKJICHHOBBIC KHCIOTHI MOXXKHO OOBEIMHUTH C HUCCICIYEMBIM 00pa3ioM (Hampumep, oOpas-
OM H3 OMOJIOTMYECKOTO MCTOYHHMKA) M MOABEPTHYTH MPOIIECCaM, KOTOPHIC BKIIOYAIOT, HAPUMEpP, OIUH WA
OoJee ATAmoB (PpaKIMOHUPOBAHHS 00pa3Ia 13 OMOJOTHYSCKOTO HCTOYHHKA, HATIPUMED, ITOTy4eHHE, MO CYIIECT-
BY, OECKIICTOYHOW (h)paKIMK TUIa3MbI U3 00paslia eIbHON KPOBH, OYHCTKY HYKJICHHOBBIX KHUCIOT U3 (paKIno-
HUPOBAHHOTO 00pa3Ia, HapHUMep, TUIA3Mbl, WM He(PPaKIIMOHUPOBAHHOTO 00pa3ia U3 OMOJIOTHIECKOTO MCTOY-
HHUKa, HalpuMep, oOpasiia TKaHu, U CeKBeHHpoBaHHe. COTIaCHO HEKOTOPHIM BapHaHTaM peali3allii CEKBEHH-
pOBaHHE BKJIIOYACT MOJydeHHE OMOMMOTEKN cekBeHHpoBaHUs. [locmenoBaTeIbHOCTh WM KOMOWHAIMIO ITOCTIe-
JIOBATEILHOCTEH MapKEPHBIX MOJIEKYJI, KOTOPbIE 00BEINHSIOT ¢ 00pa3IOM U3 UCTOYHHKA, BHIOUPAIOT TaK, YTOOBI
OHa ObUTa YHUKAJIBHOH B OTHOIIEHHH 00pa3ia n3 ncTogHrka. CornacHO HEKOTOPHIM BapHaHTaM peau3alliy Bce
YHHKaIIbHBIE MapKepHBIE MOJIEKYJIBI B 00pa3lie coaepkaT OAHY U Ty )K€ MociIeqoBaTenbHOCTh. COTfIacHO IPYTUM
BapHaHTaM peallu3alliyl YHUKAIFHBIC MapKepHBIC MOJCKYJIBI B 00pasIie MPEACTABIAIOT COO0W MHOXKECTBO TO-
CJIEZIOBATEILHOCTEH, HAIPUMEp, KOMOWHAIIHAIO IBYX, TPEX, YETBIPEX, MSATHU, IIIECTH, CEMH, BOCBMH, JICBITH, JCCS-
TH, MATHAIIATH, ABAJIIATH WU 00JIee Pa3IMYHBIX MTOCICIOBATCIFHOCTCH.

CornacHO OJHOMY BapHaHTy peallU3alliH LEJIOCTHOCTh 00pa3la MOXHO TOATBEPAUTH C HMPUMCHECHUCM
MHOXECTBAa MapKEPHBIX MOJICKYN HYKJICHHOBOW KHCJIOTHI, KOTOPBIE COMCPKAT WACHTHUYHBIC TOCICOBATEIEHO-
ctu. B xauecTBe ambTepHATUBEI, MOMIHHHOCTE 00pa3lia MOKHO TOATBEPAUTH C MPUMEHECHHEM MHOYKECTBA Map-
KEPHBIX MOJICKYJ HyKIEHHOBOM KHCIIOTHI, KOTOPBIE COAEPKAT IO MEHBIIIEH Mepe ABe, 0 MEHBIIEH Mepe TpH, 110
MEHbILIEH Mepe YeThIpe, 10 MEHbIIEH Mepe MATh, IO MEHbIIIEH Mepe IIeCTh, 10 MEHBIIIEH Mepe CeMb, N0 MEHb-

-53-



035148

el Mepe BoceMb, M0 MEHbILIEH Mepe NeBATh, IO MEHbLIEH Mepe AecsTh, 10 MeHbleld Mepe 11, mo mMeHbuIeH
Mepe 12, no menbiiel Mepe 13, mo meHbmiel Mepe 14, mo MeHsineil Mepe 15, o mMeHbiIel Mepe 16, Mo MeHb-
meit mepe 17, mo menbpmeit Mepe 18, mo menpmei Mepe 19, mo menbmiel Mepe 20, Mo MeHbIIEeH Mepe 25, 1o
MeHbIei Mepe 30, o MeHbIIelH Mepe 35, mo MeHsirel mepe 40, mo MeHbmel Mepe S0 WK 6osee Pa3TMIHBIX
nocienoBatenbHocTel. [ moaTBep K ISHIUS ETOCTHOCTH MHOYKECTBA OMOIOTHIECKUX 00pasIoB, T.€. IBYX WIH
Oomnee OMOJIOTHUECKHX 00pasioB, TpeOyeTcs, 9TOObI KaKIABIA M3 ABYX WM Oojiee oOpas3IoB OB MapKHUPOBaH
MapKepHBIMHI HYKJICHHOBBIMH KHCIIOTaMH, KOTOPBIE COAEP)KaT MOCIe0BATEIIFHOCTH, YHUKANBHBIC IS KaXK0T0
13 MHOKECTBA HCCIEAYEMBIX 00pa3IoB, KOTOPHIE SBISIOTCS MapKHPOBaHHBIMH. Hampumep, mepBelii oOpaser
MOJKET OBITh MapPKUPOBAH MapKEPHOW HYKICHHOBOM KUCIIOTOMH, CO/IepIKalleii MOCIeI0OBATEIEHOCTE A, U BTOPOU
o0paselr MOXKET OBITh MAPKUPOBAH MapKEpHOH HYKICHHOBOW KUCIIOTOH, COJCpIKAIICH MOCIECIOBATEILHOCTE B.
B kauecTBe anmbTepHATUBEL, TICPBBIA 00pa3el] MOKET OBITh MAPKUPOBAH MOJCKYJIaMHU MapKEPHOH HYKICHHOBOM
KHCJIOTBI, BCE M3 KOTOPBIX COJCPIKAT MOCIEIOBATEIEHOCTE A, M BTOPOIT 00pa3sel] MOXKeT OBITh MApKUPOBaH CME-
cpi0 mocienoBarenpHocTeit B u C, mpudem nocienoBatensHoctd A, B u C npeactaBisror co0oil MapKepHBIC
MOJICKYJIBI, COCPIKAIINE PA3THYHBIC TIOCICAOBATCILHOCTH.

MapkepHyI0 HyKJIEHHOBYIO KHCJIOTY HMJIF KHCIOTHI MOKHO T0OaBUTH K 00pa3ily Ha JI0O0M 3Tare moiryde-
HUs 00pa3ia, KOTOPHIH MPOUCXOMUT TIepe]] MOTyIeHHEeM OHMOMUOTEekH (eciu HeoOX0UMO MOYIHTh OUOIHOTE-
K1) U ceKBeHUpoBaHMA. COTIACHO OTHOMY BapHaHTy PEeaTH3allii MapKepHBIC MOJIEKYIBl MOKHO OOBEIMHUTH C
HETIPOLIECCHPOBAHHBIM 00pa3loM M3 HCTOYHHMKA. Hampmmep, MapkepHas HyKIEHHOBas KHCJIOTa MOXKET OBITh
obecrieueHa B TpoOUpKe At cOopa 0OpasioB, KOTOPYIO MPUMEHSIOT s 3abopa oOpasma KpoBH. B kadecTse
aNbTEePHATHBEI, MapKepPHbIEe HYKJICHHOBBIE KHCIOTH MOXKHO JT00aBHUTH K 00pasily KpoBH mocie 3abopa KpPOBH.
CoriacHO OJTHOMY BapHaHTy pealu3alliil MapKEepHYI0 HYKJICHHOBYIO KHCIOTY NOOABIISIOT B COCYHA, KOTOPBIA
NPUMEHSIOT [T cOopa 00pa3ia OHOIOTHIeCKOH XUAKOCTH, HAIPUMEP, MAPKEPHYIO HYKICHHOBYIO KUCIIOTY HITH
KHCJIOTHI TI00aBISIOT B MPOOUPKY IS 3a00pa KPOBH, KOTOPYIO IMPUMEHSIOT i 3a00pa oOpa3ma kposu. Coriac-
HO JIPYTOMY BapUaHTy pPeau3allid MapKEPHYIO HYKICHHOBYIO KHCIIOTY HJIM KHUCJIOTHI JOOABISIOT BO (PPAKIIUIO
o0pasma Oouonornveckoit xuakocti. Hampumep, MapkepHYO HYKICHHOBYIO KHCIOTY TOOABISIOT BO (PPAKIIUIO
TTa3Mbl W/HITU CBIBOPOTKH 00pasiia KpoBHU, HApUMep, B oOpas3er] MaTepuHCKO# Tuia3Mbl. COTIIacHO eIie OJTHOMY
BapHaHTY peayn3alliii MapKepHBIE MOJIEKYJIBI TOOABISIIOT B OUMIIEHHBIN 00pasen, Hanpumep, oOpasern HyKJIeH-
HOBBIX KHCJOT, KOTOpBIE OBUIH OYHMINEHBI U3 Omonornieckoro odpasma. Hampumep, MapkepHbIe HYKJICHHOBBIE
KHCIIOTHI T0OaBISIOT B o0Opasel] ounineHHor MaTepuHckoid u mmoanoi ciu/IHK. AnamormaHo, MapKepHbIE HYK-
JIEMHOBBIE KUCIIOTH MOYKHO 0OAaBUTH B 00Opasel] OMorcuu mepea nporeccupoBanreM obpasia. CorsiacHO HEKO-
TOPBIM BapHaHTaM pean3aIlii MapKepHbIe HyKIEHHOBBIE KICIOTH MOKHO OOBEANHUTH C HOCHTEIEM, KOTOPBIHA
JIOCTABIISICT MapKEePHBIC MOJICKYJIBI B KJIETKU OMOIOTHYECKOro oOpa3iia. Hocurenu it TOCTaBKU KIICTOK BKITFO-
4aroT pH-4yBCTBUTEIBHEBIC U KATHOHHBIC JTUTIOCOMBI.

CornacHo pa3IMYHBIM BapHaHTaM PEaTU3allii MaPKEPHBIC MOJICKYIIBI COICPKAT AHTUTCHOMHEBIC ITOCIICIO-
BaTEIFHOCTH, KOTOPBIC MPEACTABIISIFOT COOO MOCIICI0BATEIFHOCTH, OTCYTCTBYIOIIUE B TCHOME 00pasia u3 Ouo-
JIOTHYECKOT0 MUCTOYHHKA. COTJIAaCHO WILTFOCTPATUBHOMY BapHUAHTY peaji3alii MapKepHBIE MOJCKYJIBI, KOTOPHIC
NPUMEHSIOT JJIsl TOATBEPIKACHUS LEIOCTHOCTH 00pasia U3 OMOJIOTHYECKOTO MCTOYHUKA YEIIOBEKA, COJICPIKAT
MOCJIEIOBATEIEHOCTH, OTCYTCTBYIOIIHE B TeHOME denoBeka. CorflacHO allbTepHATHBHOMY BapHaHTY peaji3ain
MapKepHBIE MOJIEKYJIBI COAEPIKAT IMOCIEeT0BATEIHbHOCTH, KOTOPBIE OTCYTCTBYIOT B 00paslie W3 MCTOYHHKA M B
mr000M OTHOM HUTH 0oJiee IPYTHX M3BECTHHIX TeéHOMOB. Hampumep, MapKepHBIEe MOJIEKYJIBI, KOTOPBIE IPUMEHS-
FOT JUTS1 HOATBEPIKICHHA LIEIOCTHOCTH 00pasna U3 OMOIOTHIECKOTO HCTOYHHKA YEJIOBEKa, COEpKaT IMOCIeI0Ba-
TEJNBHOCTH, OTCYTCTBYIOIIIME B TCHOME YEJIOBEKa M B TCHOME MBIITH. AJFTEPHATUBHBIN BapHaHT II03BOJISIET TIOA-
TBEP)KAATH IEJIOCTHOCTh UCCIEAYEMOTO 00pa3iia, KOTOPBIA COACPIKUT JiBa WK Oosiee reHOMOB. Hampumep, 1ie-
JIOCTHOCTH oOpasma Oeckierounoit JJHK denmoBeka, MoIydeHHOTro OT CyOBEKTa, MOPaKCHHOTO MaTOT¢HOM, Ha-
npuMep, OaKTepue, MOXKHO MOJATBEPIAUTH C IPUMCHEHHUEM MapKEPHBIX MOJICKYJ, KOTOPBIC COIEPIKAT TOCIE0-
BaTEIFHOCTH, OTCYTCTBYIOIIUE KaK B TCHOME UCIIOBCKA, TaK U B TEHOME IMopaxkaromiei Oakrepun. [locnemopa-
TEJFHOCTH TCeHOMOB MHOTOYHWCIICHHBIX TAaTOTCHOB, HAmpuMep, OakTepuil, BUPYCOB, APOXOKEH, TpHOOB, MpO-
CTCHIIINX U T..I., SIBITFOTCS OOIIEIOCTYITHBIMU B ceTH MHTepHeT 1o afapecy: ncbi.nlm.nih.gov/genomes. Cornac-
HO JIpyTOMY BapHaHTy pealn3aliil MapKepHbIE MOJEKYJIBI MIPEACTABIIOT COO0H HYKIIEMHOBBIE KHUCIOTHI, KOTO-
pBIE coaepIKaT MOCIeI0BATENBHOCTH, OTCYTCTBYIOIIHE B IIOOOM M3BECTHOM reHoMe. [locienoBaTenHOCTH Map-
KEPHBIX MOJIEKYJI MOKHO MOJIYYIHTh CIIy4aifHBIM 00pa3oM alrOpUTMHYECKH.

CornacHO pa3NIMYHBIM BapHaHTaM Pean3alliil MapKepHBIE MOJIEKYJIBI MOTYT MPEACTABIATh COOOW BCTpe-
qaronirecst B Mpupoze ne3okcupubdonykienHoBsie kuciaoThl (JIHK), puboHyKIeMHOBBIE KUCIOTHI MJIM UCKYCCT-
BEHHBIC aHAJIOTH HYKJIEHHOBOM KHCIOTH (MUMETHKH HYKICHHOBOM KHCJIOTHI), BKIIOYAs MENTHIHBIEC HYKICHHO-
Bbie kucioThl ([THK), MopdoarHOBEIC HYKICHHOBBIC KHCIOTHI, 3alePThIC HYKJIICHHOBBIC KHUCJIOTHI, TIHKOJICBBIC
HYKIJICHHOBBIC KUCIIOTHI U TPCO3HBIC HYKICHHOBBIC KUCIIOTHI, KOTOPBIC OTIMYAIOTCS OT BCTPCYAIOUIMXCS B MPH-
pone AHK wnu PHK m3menenunsimu B ocroBe Mosekysl, win mumetnku JJHK, koTopsie He coneprxkat dochoau-
3¢upHBIA 0cTOB. J[€30KCHPUOOHYKICHHOBBIC KUCIIOTH MOTYT MPOUCXOIUTh U3 BCTPEYAIOIIMXCS B MPHPOJIC Te-
HOMOB WJIX MOTYT OBITH IOJIyYCHBI B JIAOOPATOPUH MOCPEICTBOM MPUMEHEHUS (DEPMEHTOB WU MOCPEICTBOM
TBep0(a3HOTO XUMHUUECKOTO CUHTE3a. XUMHUCCKUE CIIOCOOBI TAK)KE MOXKHO MPUMEHSTh [UIS MTOTyYSHHUS MUME-
trkoB JIHK, He oOHapyxkeHHBIX B mpupoje. JJoctymHsl mpousBoausie JIHK, B koTophix hochonuddpupHas cBs3b
ObLTa 3aMEHEeHa, HO B KOTOPBIX COXpaHEHa e30KCHPH003a, 1 KOTOPBIE BKIIIOYAIOT, 0€3 OTpaHWYCeHUs, MUMETHKH
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JHK, conepxamiue ocToBBI, 00pa3oBaHHbIE TpHO(OpMaNETaIbHON MM KapOOKCaMHTHOM CBS3BIO, KOTOpPbIE, KaK
OBLIO MOKA3aHO, SABJISIOTCS XOpoUIMMH cTpyKTypHbIME MuMeTHKamu JJHK. [Ipyrue mumernku JJHK BritouatoT
MOp(OTMHOBBIE TTPOM3BOAHBIE M NenTuAHbIe HykienHoBBIe KuciaoTsl ([THK), xoTopbie comepikar rmceBmomer-
TAOHBIA OCTOB Ha ocHOBe N-(2-ammuHodTHi)riuimHa (Ann Rev Biophys Biomol Struct 24:167-183 [1995]).
ITHK npencrasiser coboit dpe3BpIYaiiHO Xopomuii cTpyKTypHBIA MuMeTnk JIHK (umm puOoHyKIeMHOBON KH-
ciotel [PHK]), u onmuromepst [THK crocoGHBI 00pa3oBaTh BechMa CTA0MIBHBIC AYIIIIEKCHBIE CTPYKTYPBI C KOM-
TUIEMEHTapHBIMHU coTJIacHO NMpuHIUITY YotcoHa-Kpuka onmmromepamu JIHK u PHK (wm ITHK), 1 MoryT Takxke
CBSI3BIBAaThCA ¢ MumeHsMHU B aymiekcHoi JIHK mocpencTtBom BHenpenus B criupans (Mol. Biotechnol. 26:233-
248 [2004]. [dpyroit xopomuii cTpykTypHbIi MuMeTHk/ananor JJHK, KoTopslii MOXXHO ITPUMEHSTH B KayecTBe
MapKepHOH MOJICKYJIBI, TpeacTaBisieT coooit pocdorroarnyto JJHK, B KOTOpO# 0OMH U3 HEMOCTUKOBBIX KHCIIO-
pOIIOB 3aMeHEeH cepoi. JlaHHas MomuuKaIys CHUKAST NCHCTBHE PHII0- U 3K30HYyKIIea3 2, Bkitovast ot 5'-3' u 3'-
5' IHK POL 1 sx3onykieasy, nykneass! S1 u P1, PHKa3zbl, ceiBopoTOUHBIE HyKII€a3sl U Gocdoanidcrepasy 3me-
MHOTO $1/1a.

JlimHa MapKepHBIX MOJIEKYJT MOJKET SIBISATHCS OTJIIMYHOW MM TAaKOW JKe, KaK JJIMHA HYKJICHHOBBIX KHCIIOT
o0pasma, T.e. [UIMHA MapKEePHBIX MOJIEKYII MOXKET SBISATHCA aHATOTUYHOM TaKOBOI T€HOMHBIX MOJIEKYJ o0pasma
WIIA MOKET OBITH OOJNBIIEH WM MEHBIEH, YeM TaKoBas TeHOMHBIX MOJIEKYJ oOpasna. J[imuHy MapKepHBIX MOJe-
KyJI U3MEpSIOT MO KOJWYECTBY OCHOBAaHMHA HYKIICOTHIOB WM aHAJOTOB HYKIIEOTHIOB, KOTOPHIE COCTAaBIIAIOT
MapKepHYI0 MOJIEKyTy. MapKkepHble MOJIEKYJIIbI, [JUIMHBI KOTOPBIX OTIHNYAIOTCS OT TAKOBBIX TE€HOMHBIX MOJICKYJT
o0pasma, MOKHO OTIIMYUTH OT HYKJIIEMHOBBIX KHCJIOT U3 MCTOYHHKA C MIPIMEHEHHEM CIIOCO00B pa3IeieHus, U3-
BECTHBIX B JaHHOH oOiacTw TexHUWKW. Hampumep, pasziamdus B JTHHE MOJIEKYNI MapKepHBIX HYKJICHHOBBIX KH-
CJIOT ¥ HYKJICMHOBBIX KHCJIOT 00paslia MOKHO OINPEACIUTH MOCPEIACTBOM 3JIEKTPOGOPETHUECKOTO pa3JIesieHus,
HarpuMmep, KaluUIIPHOTO 3JIeKTpodopesa. Y CTaHOBICHHE OTIMYHMI B pa3Mepe MOXKET XapaKTepH30BaThCs Ipe-
MMYILECTBOM JUIsl KOJIMYECTBEHHOTO ONPENENICHNs] U OIIEHKH KauecTBa MapKepa W HYKJICHHOBBIX KHCIIOT 00pas-
na. [IpennoururensHo, MapKepHbIe HYKJIEHMHOBBIE KUCIIOTHI SIBIISIIOTCS 0oJiee KOPOTKUMH, YeM T'€HOMHBIEC HYK-
JICWHOBBIE KUCIIOTHI, U XapaKTEPU3yIOTCS TOCTATOYHOM JUTMHON, YTOOBI UCKIIIOUNTh MX M3 KapTUPOBaHUS HA Te-
HOM oOpasna. Hanpumep, HeoOXoauMa 1mociieJoBaTeIbHOCTh YenoBeka JnHoi 30 ocHOBaHUH, YTOOBI YHHKAITb-
HO KapTHpOBaTh €€ Ha TeHOM dYejoBeka. COOTBETCTBEHHO, COTJIACHO OIPEENICHHBIM BapHaHTaM peai3alun
MapKepHBIE MOJIEKYIIBI, KOTOPEIE MPUMEHSIOT B OMOaHATW3aX CEKBEHHPOBAHWSA OOpA3IIOB YEIIOBEKA, IOJDKHBI
COCTaBIISATH IO MeHbINEH Mepe 30 11.0. B ITHHY.

Br16op AnmiHBI MapKepHOH MOJIEKYIBI ONMPEIEIIOT MPEUMYIIECTBEHHO C IIPUMEHEHHEM TEXHOJIOTHH CEK-
BEHUPOBAHMUS, KOTOPYIO HCIOIB3YIOT AJIS MOATBEPKACHUS EIOCTHOCTH 00pas3na M3 UCTOYHHUKA. TakkKe MOXKHO
NPUHAMATh BO BHUMaHHE JUIMHY T€HOMHBIX HYKJIEMHOBBIX KHCJIOT 00pa3lia, CEKBEHHPOBAHNUE KOTOPOTO MPOBO-
1T, HampuMep, B HEKOTOPBIX TEXHOJIOTHSX CEKBEHUPOBAHUSI IPUMEHSIOT KIOHAIBHYIO aMIUTH(HUKALUIO MOJIH-
HYKJIEOTH/IOB, I KOTOPOH MOXET TpeOOBaThCs, YTOObI T€HOMHBIE HMOJIMHYKICOTHABI, KOTOPble HE0OXOIMMO
KJIOHAJBHO aMIUTH(UIIMPOBATh, XapaKTepU30BAINCh MUHMMAJIbHOHM JumHOH. Hampumep, cekBeHHpoBaHME C
NpUMEHEHHEeM aHanu3aTtopa nocienosarensHocTed [1lumina GAIl BkiIroyaeT KIOHAJbHYIO aMIUIM(GUKALNUIO in
vitro metomom MoctukoBoi ITIP (Taxke M3BECTHA KaK KIIACTEPHAS aMILTU(UKAINS) TOIHHYKICOTUIOB, KOTO-
pBIe XapaKTepU3YIOTCS MUHUMAIbHOH MHON 110 1mM.0., ¢ KOTOPBIMH JIUTHPYIOT aJanTephl ¢ MOIyIeHHEM HYK-
JIEMHOBOM KUCJIOTHI pazMepoM 1o MeHblieil mepe 200 m.o. u meree 600 11.0., KOTOPYIO MOKHO KJIOHAJIBHO aM-
WIA(GUIIPOBATE U CEKBEHHPOBaTh. COTIACHO HEKOTOPHIM BapHaHTaM peau3alliy JINHA JUTHPOBAHHOW C
ajlanTepaMy MapKepHOW MOJIEKYJIBI COCTaBIAET OT mpuoOm3uTeabHo 200 m.o. 1o mpubmausutensao 600 1m.o., OT
npubam3uTebHo 250 1m.0. 10 550 1m.0., oT mpubmusntenpHo 300 m.o. g0 500 m.o. win ot npubIM3UTENHEHO 350
10 450. CornacHo OpyruM BapHaHTaM pealn3aliy JUIMHA JIUTHPOBAHHOW C ajantepaMyd MapKepHOHW MOJIEKYIIbI
coctasisger npubimsntensHo 200 n.o. Hanpumep, npu cexsenuposanun cii/IHK mmona, koTopast npucyTcTBYeT
B MaTepUHCKOM 00paslie, JJIMHY MapKepHOil MOJIEKYJIbI MOXHO BBIOPATh TaK, 4YTOOBI OHA SIBIISUIACH AHAJIOTHYHOM
takoBoi Monekyn cu/IHK miona. Takum o6pa3zoM, cornacHo oHOMY BapHaHTy peanu3aluy JJIHHA MapKepHOH
MOJIEKYJIBl, IPIMEHIEMON B aHaJM3€e, KOTOPBIH BKIIOYAET HIMPOKOMACIITAOHOE MTapaluIeIbHOE CeKBEHUPOBAHHUE
ci/IHK B marepuHckoM o0pasiie Juis OmNpenesieHns] MPUCYTCTBUS MM OTCYTCTBUSI aHEYIUIOMIUN XPOMOCOMBI
TUI0/Ia, MOXKET COCTABIISITH MPUOIM3UTENsHO 150 1m.0., mpubmm3uTensHo 160 m.o., 170 mn.0., npubnusurensHO 180
1.0., puOII3uTeNsHO 190 m.0. mim npubdausnuTenpHo 200 11.0.; TPEANOYTHTEIHHO, JUTHHA MapKEPHOH MOJIEKYITBI
cocTaBisieT mpuoIm3uTeNbHO 170 m.o. B apyrux moaxomax ceKBEeHUPOBaHMS, HAIpUMep, cekBeHnpoBanun SOL-
iD, oTIOHN-CEKBEHNPOBAHUH M CEKBEHUPOBAHUU 454, s KioHamsHOUW amruingukanmu Moiekyn JIHK ¢ nenpro
CEKBEHHPOBAHUS MPHUMEHSIOT dMyiIbcnoHHy0 TP, i kaxmas TEXHOJOTHS AWKTYeT MHHUMAIBHYIO M MaKCH-
MaJbHYIO JUTMHY MOJIEKYJI, KOTOpPBIE HEOOXOIUMO aMIUTU(HUIIMPOBATh. JiMMHAa MapKepHBIX MOJIEKYJI, CEeKBEHHPO-
BaHME KOTOPBIX MPOBOAAT B BUJIE KJIOHAJIBHO aMILTH(HUIIMPOBAHHBIX HYKJICHHOBBIX KHCIIOT, MOKET COCTaBIISITh
BILUIOTH 110 Tpubn3nTensHo 600 m.o. CorlacHO HEKOTOPHIM BapHaHTaM peasi3aliy UIMHA MapKepHBIX MOJe-
KyJl, CCKBEHUPOBAaHHE KOTOPBIX POBOJISIT, MOXKET COCTaBIATH Ooiiee 600 11.0.

B ciiydae TexHOJIOTHH OJHOMOJICKYJIIPHOTO CEKBEHHUPOBAHUS, B KOTOPHIX HE NPUMEHSIOT KIOHAJIBHYIO
aMIDTM(UKAINI0 MOJIEKYJ M KOTOpPBIE CIIOCOOHBI K CEKBEHHPOBAHHMIO HYKJIEHMHOBBIX KHCJIOT B IpEAEiax OYeHb
IIMPOKOT0 AWara3oHa JIMH MaTpHIl, B OOJIBIINHCTBE CUTYallMi He TpeOyeTcs, YTOOBI MOJIEKYJIbl, CEKBEHHPOBa-
HHE KOTOPBIX MPOBOJAT, XapaKTEPU30BAINCH 000 KOHKpeTHOH anmmHON. OIHAKO BBIXOJ MOCIIEIOBATEIBFHO-
CTel Ha €IMHUITY MAcCHI 3aBUCHUT OT KOJTMYECTBA 3'-KOHIIEBBIX THAPOKCIIBHBIX TPYIII U, TAKAM 00pa3oM, HaJH-
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YHE OTHOCHUTEIBHO KOPOTKUAX MATPHIL IJI1 CCKBEHHUPOBAHUS SABISICTCS O0iee 3 PEKTHBHBIM, YeM HATHYHE JTHH-
HBIX MaTpull. Ecii HAYMHATH C HYKJIEHHOBBIX KUCIOT, Ooyiee IMHHBIX 4eM 1000 HyKICOTHIOB, KaK MPaBHIIO,
PEKOMEHAYIOT pa3pe3aTh HYyKJICHHOBBIE KUCIOTHI 0 cpenuedt muHbl 100-200 HyKI€OTHIOB IS TOTO, YTOOBI C
MIOMOIIIBIO TOW K€ MacChl HYKJICHHOBBIX KHCJIOT MOXKHO OBUIO MONYyYUTH OoJbIIe MHGOPMAINH O MOCIeI0Ba-
TenbHOCTH. TakuM 00pa3oM, ITHHA MapKEPHOW MOJIEKYIJIBI MOXKET BapbHPOBAThH OT JIECSITKOB OCHOBAHHM 11O ThHI-
CST9 OCHOBaHMH. J[TMHA MapKepHBIX MOJEKYI, MIPUMEHIEMbIX IS OJHOMOJIEKYIISIPHOTO CEKBEHHMPOBAHMUS, MOXKET
COCTaBIIAITh BIUIOTH N0 MPHOJIM3UTENHEHO 25 1.0., BIUIOTH J0 NpuUOMM3UTEeNsHO 50 11.0., BIIOTH O MPUOJN3H-
TEJIBHO 75 11.0., BIUIOTH 10 TpuOam3uTesbHo 100 11.0., BIUIOTH J0 puban3uTeibHo 200 11.0., BIUIOTH J0 TIPUOIIH-
sutenbHO 300 1m.0., BIUIOTH 10 npubiau3utensHo 400 1.0., BIJIOTH 10 mpubiamsutensHo 500 1m.0., BIUIOTH 10 MPH-
omusutensHO 600 11.0., BIUIOTH 10 mpuOim3uTensHO 700 1.0., BIUTOTH 10 npubnmsutensHo 800 1m.0., BIUIOTH 10
npubnznTensHo 900 1m.0., BIIOTh 10 npubnmsurensHo 1000 m.o. wmu Gostee.

JlnuHa, BEIOpaHHAS T MApKEPHON MOJIEKYJIBI, TAKXKE OMPECIACTCS [UIMHOW TCHOMHON HYKJICHHOBOU K-
CJIOTBI, CEKBEHHPOBaHKE KOTOPO# npoBosiT. Hanpumep, cii/IHK nupkymipyeT B cocytucToM pycie 4eiaoBeKa B
BHUJIe TEHOMHBIX (hparmMeHToB KietouHod reHoMHo# JJHK. Monexynsr ci/IHK mnona, oOHapykeHHBIE B IU1a3Me
OepeMEeHHBIX JKEHIIUH, KaK MpaBmiIo, 0ojiee KOpoTKUe, yeM Mojekynsl MaTtepuackoit cii/[HK (Chan et al., Clin
Chem 50:8892 [2004]). ®pakunonuposanue nupkymupytomei JIHK 1uroma mo pasmepy moaTBEpAMIIO, UTO
cpenusis uymHA (pparmentoB mupkyaupytonieit JIHK mmoma cocramser <300 1m.0., TOrAa Kak JJIMHA MaTEPHUH-
ckoit JIHK, cormacHo omeHnkam, coctapisieT nmpuoimsutensHo oT 0,5 1o 1 1.0. (Li et al., Clin Chem, 50: 1002-
1011 [2004]). Janrable pe3yabTaThl COTIACYIOTCS ¢ TaKOBBIMH Fan et al., KOTOpbIe ONpeaeniuii ¢ IpUMEHEHUEM
CHII, gto mymaa cii/IHK mioga peaxo npesbimaet 340 m.o. (Fan et al., Clin Chem 56:1279-1286 [2010]). IHK,
BBIZICJICHHAs: M3 MOYM CTAHIAPTHBIM CIIOCOOOM Ha OCHOBE JMOKCH/A KPEMHUs, COCTOMT M3 IBYX (ppakuuii, BbI-
cokomoutekyispaoit JJHK, xotopast mpoucXoanuT M3 BBIIEICHHBIX KIETOK, U HU3KOMOJIeKysipHor (150-250 map
ocHoBanni) dpakunu TpancpenanpHoit JJHK (Tr-DNA) (Botezatu et al., Clin Chem. 46: 1078-1084, 2000; u Su
et al., J. Mol. Diagn. 6: 101-107, 2004). IIpuMeHeHre HEAaBHO pa3pabOTaHHOW METOAMKH JUIsl BBIJCICHUS Oec-
KJICTOYHBIX HYKJICHHOBBIX KUCIIOT W3 JKUAKOCTEH JUIS BBIICICHUS TPaHCPCHAIBHBIX HYKICHHOBBIX KHCJIOT MO-
3BOJIMJIO OOHAPYKUTH TpucyTcTBre B Mode ¢parmenToB JJHK m PHK B 3HaunTensHO# cTemeHn Gojee KOpOT-
kux, geM 150 map ocHoBanwmii (mmyOmukarus 3asBky Ha mateHT CIIA Ne 20080139801). CornacHo BapuaHTam
peammzanun, B KoTopbix cii/IHK mpeacraBnseT co0oit TeHOMHYIO HYKJIEHHOBYIO KHCIIOTY, KOTOPYIO CEKBEHHPY-
10T, BEIOpaHHAs JUTMHA MAapKEPHBIX MOJIEKYJ MOXKET COCTaBJIATH BIUIOTH M0 HpHOIm3uTensHO mmuHB! cii/[HK.
Hampumep, amnHa MapKepHBIX MOJICKYJ, NMPUMEHSEMBIX B oOpasnax marepuHckoi cii/IHK, cexkBenmpoBanme
KOTOPBIX MPOBOIAT B BHJIE €ANHUIHBIX MOJIEKYJ HYKIEWHOBOM KHCIOTHI WM B BHJIE KIOHATFHO aMIUTH(HUIIPO-
BaHHBIX HYKJIEMHOBBIX KHCJIOT, MOJKET COCTaBJIATh OT mpubam3utensHo 100 m.o. go 600. CornacHo Apyrum Ba-
pHaHTaM pealn3aliy TeHOMHBIC HYKJIICHHOBBIC KHCIOTBI 00pa3ia MpeICTaBISIIOT co00i (GparMeHThI OOMBIIAX
MoJekys. Hampumep, reHoMHast HyKJIEMHOBasi KHCJIOTa 00pa3iia, KOTOPYI0 CEKBEHUPYIOT, MPEJCTaBIsIET COO0M
(parmentupoBannyto kierounyro JJHK. CormacHo BapuaHTaM peaii3aiiy, B KOTOPBIX CCKBEHUPYIOT (hparMeH-
TUpoBaHHYIO KieTounyro JIHK, nmiHa MapKkepHBIX MOJICKYT MOKET COCTABIISATh BILIOTh 1O JUTMHBI ()ParMEHTOB
JHK. CornacHo HEKOTOPBIM BapHaHTaM pealiu3alliy JITHHA MapKEPHBIX MOJICKYJ COCTABIISCT MO MEHBIICH Mepe
MUHUMAaJIBHYIO JUTHHY, HEOOXOIUMYIO JUII YHUKAIBHOTO KapTUPOBAHMS PUA MTOCIEIOBATEIHPHOCTH HA COOTBET-
cTBytommii pedepercHsiit reHoM. CoTrlnacHO APYTMM BapHaHTaM peaH3alyyd JJIMHA MapKEepHO MOJIEKYIBI CO-
CTaBISICT MUHUMAJIFHYIO JUIMHY, HEOOXOAUMYIO JUISI HCKITIOYEHUS MapKEepPHOI MOJIEKYNbl U3 KapTUPOBaHMS Ha
pedepeHCHbII reHoM 00pasia.

[MomuMmo 3TOTO, MapKEepHBIE MOJEKYIBl MOKHO HNPUMEHSTH IS MOATBEP)KICHHUS 00pasloB, KOTOPHIC HE
AQHAM3UPYIOT TIOCPEJICTBOM CEKBEHHPOBAHMS HYKJICHHOBOI KHCIIOTBHI U KOTOPbIE MOXKHO ITOJITBEPIUTH ITOCPE-
CTBOM OOIICTIPUHSTHIX OMOJIOTHYCCKUX METOIWK, OTIIMYHBIX OT CEKBEHUpPOBaHWs, Hampumep, [1LIP B pexume
peabHOTO BPEMEHH.

KontponpHbie 00pa3mpl (HanpuMmep, BHYTPEHHHIE TMOJIO0KHUTEIBHBIC KOHTPOJIH IJII CCKBCHHPOBAHUS H/WJH
aHau3a).

CornacHo pa3IMYHBIM BapHaHTaM pealiu3allii MapKepHBIC MOCICIOBATEIEHOCTH, BBOJUMBIC B 00pas3IIbI,
HaIpuMep, Kak OIHCAHO BHIIIE, MOTYT BBICTYIIATh B KA4€CTBE MOJIOXKHUTEIBHBIX KOHTPOJICH IS TIOATBEPKACHUS
TOYHOCTH U 3PPEKTUBHOCTH CEKBEHUPOBAHUS M MOCIEIYIONIETO MPOIIECCHHTA U aHAIN3A.

CoOOTBETCTBEHHO, MPEIIOKEHBI KOMITO3UIIMU U CTIOCO0 00EeCTIeYeHNsI BHYTPEHHETO MOJIOKUTEITFHOTO KOH-
tpodst (BIIK) mst cexkBenupoBanus JIHK B oOpasme. CoryiacHO OIpenesIcHHBIM BapHaHTaM pealn3alliy mpe-
JIOXKCHBI TTOJIOKUTETbHBIE KOHTPONH i cekBeHuposanus ci/[HK B oOpasie, comepxameM cMech T€HOMOB.
BIIK M0XHO MPUMEHSTH AJIsl YCTAHOBJICHUS CBS3H CIBHUIOB 0a30BOM JMHUU B MHPOPMAIIUH O TIOCIIECIOBATEb-
HOCTH, TIOJIydEHHON M3 pa3lInYHBIX MHOXECTB 00pa3loB, HampuMep, 00pas3lioB, KOTOPhIE CEKBEHUPYIOT B pas-
JMYHBIC BPEMCHA B PA3JIMYHBIX CEPHUIX CCKBCHUpPOBaHMA. TakuMm oOpa3oM, Hampumep, BIIK moxeT ycraHapmu-
BaTh CBsI3b MH()OPMALMK O IIOCIEI0BATEIBHOCTH, TOJyYEHHOH Ui MaTepHHCKOTO HccieayeMoro obpasia, ¢
nH(popManmeid 0 MoCieN0BaTeILHOCTH, MOIYUYCHHOW M3 MHOXECTBAa KBATM(HKAIMOHHBIX 00pa3LoB, KOTOPHIE
CEKBEHUPOBAIH B OTIMYHOE BPEMSI.

AHanorn4Ho, B ciryvae anaimu3a cermeHToB BITK MokeT ycTaHaBIMBAThH CBA3b MEXKIY HH(pOpMaNuUei o mo-
CIIeZIOBATENIFHOCTH, MOJIYdCHHOH OT CyOBEKTa Ui KOHKPETHOTO CETMEHTa WJIM CETMEHTOB, ¢ MH(pOpMaIuei o
MIOCJIEIOBATEIFHOCTH, MOMYYCHHON W3 MHOXECTBa KBATH(PHKAIMOHHBIX 00pa3IoB (aHAJOTHYHBIX MOCIEI0Ba-
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TENBHOCTEI), KOTOPBIE CEKBEHHPOBAIN B OTJINYHOE BpeMs. COriacHO oIpeaeseHHBIM BapHaHTaM peallu3alu
BIIK MoeTr ycraHaBiIMBaTh CBS3b MH(POPMAIMU O ITTOCIEJOBATEILHOCTH, MOJTYUYECHHOH OT CyOBEeKTa AJisl KOH-
KPETHOTO CBSI3aHHOTO C PaKOM JIOKyca, ¢ WHpOpManueil 0 MOCIe0BaTeIbHOCTH, TOIYIeHHOH M3 MHOXECTBA
KBTM()UKAITMOHHBIX 00Pa3I0B (HAIpUMeEp, U3 U3BECTHOM aMITTU(PUKAITAN/ACIICITAN U T.I1.).

ITomumo 3toro, BITK MOXHO MPUMEHSITh B Ka4eCTBE MapKEePOB IS OTCISKUBAHMS 00pa3ia wid 00pasion
B Te€UEeHHE Tporiecca cekBeHnpoBanus. BIIK MoryTt Takke obecneunTh KaueCTBEHHOE 3HAUCHUE TIOJIOKUTEIbHON
JI03bI TIocienoBaTesibHoCTH, HanpuMmep, NCV, s ogHOH minm 6osee aHeYIUTOUIWH XPOMOCOM, TPEACTAaBIISIO-
MMX WHTEpeC, Hanpumep, TpucoMuu 21, Tpucomun 13, tpucomun 18, mius obecrieueHus HaIJexKarleil HHTEp-
NpeTalyy 1 JJIsl TapaHTUPOBAHUS TOCTOBEPHOCTH W TOYHOCTH JaHHBIX. COTrNIacHO ONpe/eNeHHBIM BapHaHTaM
peanuzanuu MoxHO co3naTh BIIK, koTopsle coaepaxaT HyKIEUHOBBIE KUCIOTHI U3 MY>KCKOTO U KEHCKOTO T€HO-
MOB, C LIEJIBI0 00ecneyeHus 103 I XpoMocoM X ¥ Y B MaTepHHCKOM 00pasie AJIsl OIpeiesICHHs TOT0, SIBIISIET-
Cs1 JIU IJI0J TJI0JJ0M MY’KCKOTI'0 TI0Ja.

Tun 1 KomMyecTBa BHYTPEHHUX KOHTPOJICH 3aBUCST OT THIA WM IIPUPOIBI HeoOXonumoro aHaiausa. Ha-
IpUMep, JUIs aHalu3a, Uil KoToporo Tpedyetcs cekBeHupoBanne JIHK u3 obpasna, coneprkaiiero cMech reHo-
MOB, C LIEJIBI0 ONPEICICHHS MPUCYTCTBUS aHEYIUIOMINN XPOMOCOMBI, BHYTPEHHHUI KOHTPOJIb MOKET COAEPIKATh
JHK, mony4uennyio u3 oOpasna, KOTOPHIM YCTAHOBJICHHO COJEPIKHT TY K€ XPOMOCOMHYIO aHEYIUIOWIUIO, WC-
ciemoBaHNe KOTOPOoH mpoBosaT. CormacHO HEeKOTOphIM BapraHTaM peannsanuu BIIK cogepxut JIHK u3 o6pas-
11a, KOTOPBIH YCTaHOBIICHHO COJCPKHUT AHEYILUIOWIHWIO XPOMOCOMEI, IpeAcTaBisomeii uarepec. Hampumep,
BIIK mns ananm3a ¢ IETbI0 ONpeNeNeHus IPUCYTCTBUS WIIH OTCYTCTBHS TPHCOMEH Y TIJI0OJa, HAIPUMEp, TPHCO-
muu 21, B MatepuHcKoM oOpaste coxepxkut JIHK, monydeHHyto ot mHauBuayyma ¢ Tpucomueii 21. CormacHo
HEKOTOphIM BapuaHTtam peanusanuu BIIK coxepxur cmecs JIHK, nmomyuennolt ot aByx uiam Oosee MHIMBHUIYY-
MOB C pa3JIMYHBIMK aHEYIUTONAusAMU. Hanpumep, Uit aHanmu3a ¢ 1ebio ONpeAeIeHHs IPUCYTCTBUS WIN OTCYT-
ctBust Tpucomuu 13, tpucomun 18, tpucommm 21 m monocomuu X BIIK comepxutr xomMOMHanmio oOpas3nos
JHK, nonyueHHo# OT GepeMEHHBIX JKEHIIWH, Ka)/1asi U3 KOTOPHIX BBIHALIMBACT ILUION C OJHOW W3 TPUCOMMH,
UcclieIoBaHUE KOTOPOIl MpoBOAAT. B mononHeHUe k MOJHBIM aHEYIUIOMAUSAM XPOMOCOM MOXHO co3fate BITK
JUTS 00€CTICUeHUS TTOJIOKUTEITFHBIX KOHTPOJICH /IJIs1 aHAJIH30B C HENbI0 ONPEACTICHUS IPUCYTCTBHUS MIH OTCYTCT-
BUS YACTHYHBIX aHCYIUTOHUIUH.

BIIK, KOTOpPBI BBICTYIIAET B Ka4€CTBE KOHTPOJIS ISl OOHAPYKEHUSI €TMHUIHON aHSYIUTONINH, MOKHO CO-
3/1aTh C IPUMEHEHUEM cMecH KieTouHoi reHoMHou JIHK, momydeHnHo# U3 nBYyX CyOBEKTOB, OAMH U3 KOTOPBIX
SIBJISIETCS ICTOYHUKOM aHeyruioniHoro reHoma. Hampumep, BIIK, koTopsiii co3qatoT B KauecTBe KOHTPOJIS AJIst
aHaliM3a C IIEJBI0 OTPEACICHHS TPHCOMHH Yy IUIOJA, HApUMeEp, TPUCOMUHU 21, MOXKHO CO3/aTh MOCPEICTBOM
o0bemuHeHus reHoMHoi JITHK 13 My>KCKOTO MITH KEHCKOTO CYOBEKTa, HECYIIEr0 TPUCOMUYECKYIO XPOMOCOMY, C
reromMHol JIHK cyObekTa KEHCKOTO IMojia, KOTOPHIA YCTAHOBJIEHHO HE HECET TPUCOMUYECKYIO XpoMocoMmy. ['e-
HoMmHYyI0 JIHK MOXXHO SKCTparupoBaTh U3 KJIETOK 000MX CYOBEKTOB M pa3pe3aTh Ui oOecrieueHus: (parMeHTOB
JUMHOH oT npubmmsnTensHo 100 - 400 m.o., ot npubmusutensHo 150 - 350 m.o. wiu ot npudanznTensao 200 -
300 m.o. It IMUTAIUK DUpKyIupytomux ¢pparmentoB cu/IHK B marepuncknx obpasuax. oo ¢pparmentupo-
BanHoi JIHK u3 cyObekTa, Hecymero aHeyIionanio, HanpuMep, TPUCOMHUIO 21, BEIOMPAIOT /I UMHUTAIMHN JTOIIH
mupkynupytomedt cii/IHK mmoma, oOHapyxeHHOW B MaTepUHCKUX o0pasmnax, ¢ moirydennem BIIK, comepikamiero
cmech pparmentupoBanHor JJHK, koTopas comepxut npubmusutensHo 5%, npubnusutensHo 10%, npubnmsn-
tenbHO 15%, npubnmsurensHo 20%, npubmmsurensao 25%, npubmmsurensao 30% JAHK ot cyobekra, Hecymie-
ro aneymionauio. BITK moxer cogepxatrs JJTHK oT pasnudHbIX CyOBEKTOB, KOKIBIH U3 KOTOPHIX HECET OTINY-
Hyto aneymionanto. Hanpumep, BIIK moxer conepxats mpudimsntensHo 80% HenmopaskeHHOI sxeHckor JTHK,
u octasmmecst 20% moryT npeactasisTe codoit JJHK ot Tpex pa3nnuHbIX cyOBEKTOB, KaXIbIi U3 KOTOPBIX He-
CeT TPUCOMHUECKYI0 XpoMocoMmy 21, TprucomMuueckyro xpomocomy 13 u Tpucomuyeckyto xpomocomy 18. Jlms
CEKBEHUPOBaHMs TOTOBAT cMech (pparmentupoBanHoi JIHK. Ilpomneccunr cmecn ¢parmentuposannoit JJHK
MOXET BKJIIOYATh MOJy4YeHHE OMOIMOTEKN CEKBEHHPOBAHHMS, KOTOPYIO MOXHO CEKBEHHPOBATh C NPUMEHEHHUEM
T000T0 MIMPOKOMACIITAOHOTO MapauIeIbHOTO CIOC00a B CHHIVIIUIEKCHOM WM MYJIBTHIUIEKCHOM pexxnMe. ba-
30BbIe pacTBOpPEI FeHOMHOro BITK M0KHO XpaHHUTh M IPUMEHSTH BO MHOXKECTBE JUATHOCTHUECKUX aHAIU30B.

B kauectBe anpTepHaTHBbI, MOKHO co3aaTh BIIK ¢ npumenennem cu/IHK, momyyennoit ot Mmatrepu, KoTo-
pas yCTaHOBJIEHHO BbIHAIIMBAET IUIOJA C M3BECTHOM aHeymuiouaueit xpomocombl. Hampumep, cu/IHK moxHO
MOJIYYUTh OT OEPEMEHHOH >KeHITUHBI, KOTOpas BeIHAMMUBaET Tuioa ¢ Tpucomueit 21. cii/IHK skctparupyror u3
MaTEepUHCKOTO 00pasia M KIOHHPYIOT B OAKTEPHAIHHOM BEKTOPE W BHIPAIIMBAIOT B OAKTEPHUAX C MOITyYCHHEM
nocrosiaHoro uctounnka BITK. JIHK MokHO 3KCcTparupoBaTh W3 OaKTepHaIbHOTO BEKTOpA C MPUMEHEHHUEM pe-
CTPHUKITMOHHBIX (epPMEHTOB. B KkadecTBe anbTepHATHBHI, KiIoHHpoBaHHYIO0 CIJIHK MOXHO aMImuduIMpoBaTh
nocpenctsoM, Hanpumep, [IIP. THK BIIK moxHO mponeccupoBaTh Ui CEKBEHUPOBaHMS B OJHOH U TOil ke
cepun, uto 1 cu/IHK u3 nccnemyembx 00pasioB, KOTOpbIe aHATM3UPYIOT B OTHOIICHUH TPUCYTCTBUS MJIM OT-
CYTCTBHSI aHEYIUIOUAUN XPOMOCOM.

Hecmotps Ha To uto cozganue BIIK onmcaHo BbIlle IPUMEHUTENBHO K TPUCOMUH, CIE€AyeT IPUHUMATh BO
BHUMaHue, yTo BITK MOXHO co3IaTh IS OTpaKeHHS NPYTUX YaCTUYHBIX aHCYIUIOWAWMA, BKIOYAs, HAIIPUMED,
pa3nuuHble aMIUTM(UKAMY W/WIN eNIeIU cerMeHToB. TakuMm 00pa3oM, HalpuMep, KOrja U3BECTHO, YTO pa3-
JIMYHBIE THITHI PaKa CBA3aHBI ¢ KOHKPETHBIMH aMIUTH(UKAIIAMHA (HalpuMep, paK MOJIOYHOM JKeJIe3bl, CBA3aHHBINA
¢ 20Q13), moxHo co3aatb BIIK, koTopble coaepkaT TaHHbIE N3BECTHBIE aMILTH(UKAIIHH.
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Crioco0bI CEeKBEHHPOBAHHSI.

Kaxk ykazaHo Bblme, nosrydyeHHbIE 00pa3nbl (HanpuMep, OMOINOTEKN CEKBEHUPOBAHUS) CEKBEHHPYIOT KaK
4acTh MPOIERypHl MACHTH(UKAIMYA BapHalM{ WIM BapHalWi drcia Komud. MOXXKHO HPUMEHSATH JI00yI0 u3
MHOYECTBA TEXHOJIOTH CEKBEHHPOBAHUSL.

HexoTopbie TeXHOJIOTHH CEKBEHHPOBAHUS TOCTYITHBI KOMMEpPYECKH, TaKHe Kak Iiar(opMa CeKBEHHPOBa-
HUS TIOCPEICTBOM THOpuam3anuu oT komnanuu Affymetrix Inc. (Cannuseiin, Kanudopuus) u mmatdopmsr s
CEKBCHHPOBAHMSI TIOCPEACTBOM cHHTe3a OoT kommanmii 454 Life Sciences (bpandopn, Konnektukyt), Illu-
mina/Solexa (XeiiBapa, Kamudopuus) u Helicos Biosciences (KemOpumk, Maccadycerc), a Takke 1iatdhopma
JUISl CEKBEHHPOBAHUS MOCPEACTBOM JHUrHpoBaHus oT komnanuu Applied Biosystems (®ocrep Curn, Kamudop-
HUS), OIMCAaHHAas HIDKE. B JONONHEHHE K OJHOMOJICKYJIIPHOMY CEKBEHHPOBAHHUIO, KOTOPOE OCYIIECTBISIOT C
NPUMEHEHNEM CEKBEHMPOBAHUs MOCPEACTBOM cuHTe3a oT komnanuu Helicos Biosciences, apyrue TexHomoruu
OJTHOMOJIEKYJIIPHOTO CEKBEHUPOBAHHUS BKIIOYAIOT, 0€3 orpaHWdYeHus, TexHonoruro SMRT™ ot kommanuu Pa-
cific Biosciences, rexronoruto [ION TORRENT™ u HaHOTIOPOBOE CEKBEHHPOBaHUE, pa3pabOoTaHHOE, HAITPUMED,
xommanueit Oxford Nanopore Technologies.

HecMmoTps Ha TO YTO aBTOMATH3UPOBAaHHBIN crmocod CIHKEpa CUUTAIOT TEXHOJOTHEH "MEepPBOTrO MOKOJIe-
HUA", cekBeHMpoBaHue o CoHpKepy, BKIIOYass aBTOMATU3UPOBAHHOE CEKBEHHpOBaHUE 10 CIHIDKEPY, MOXKHO
TaKKe NPUMEHSTH B Crioco0ax, ONMMCAHHBIX B HACTOAIIEM JOKyMEHTE. JOMOIHNTEIbHBIE MOJXOISIINE CIOCO0bI
CEKBEHHPOBAHMUS BKIIIOYAIOT, 0€3 OrpaHMYCHHS, TEXHOJIOTHH BU3YalU3aIlli HYKJICHHOBON KHCJIOTHI, HAIIpUMep,
ATOMHO-CHJIOBYIO MHKpockonuio (ACM) nuiu TpaHCMHUCCHOHHYIO SJIEKTPOHHYIO MUKpockomuio (TOM). Wmmo-
CTpaTHBHBIC TEXHOJIOTHH CEKBEHUPOBAHUS O0JIee ITOAPOOHO OMMMCAHBI HUXKE.

CornacHO OHOMY HJUTIOCTPATUBHOMY, HO HEOTPAaHMYHMBAIONIEMY BapHaHTY pealn3alliil CHOCOOBI, OIH-
CaHHBIC B HACTOAIIEM TOKYMEHTE, BKIIOYAIOT MOTyYeHHE WHPOPMALNU O TOCIEI0BATEIFHOCTH HYKJIEHHOBBIX
KHCIIOT B MicclieayeMoM obpasiie, Harpumep, cii/IHK B maTepunckom ob6pasie, cii/IHK nmm kmerounoit JTHK y
CyOBEKTa, CKPHHHHT KOTOPOTO IPOBOJAT B OTHOIICHNUH PaKa, U T.II., C TPUMEHEHHEM CEKBEHUPOBAHUS ITOCPEI-
cTBOM cuHTe3a [llumina 1 XMMUU CeKBEHUPOBAHMS Ha OCHOBE OOPAaTUMOTO TEPMHUHATOpPA (HATIPUMED, KaK OTIH-
ca”o B myonukanuu Bentley et al., Nature 6:53-59 [2009]). Matpuna JJHK mMoxer npeactaBisaTe co0oit reHOM-
nyto JTHK, nanpumep, knerounyro JHK nmu cu/IHK. CornacHo HEKOTOPBIM BapHaHTaM peayd3allii B KauecTBe
MaTpHIIBI PUMEHSIOT reHoMHY0 JIHK U3 BBIIENCHHBIX KIETOK, U €€ ()parMEHTUPYIOT HA JUTHHBI B HECKOJBKO
coTeH map ocHoBaHWi. CoriacHo ApyruM BapuaHTaM peanusanuu cii/IHK npuMeHsoT B KauecTBe MaTpPHUIbI, U
(dparmenraust He Tpebyercs, mockonbky ciJIHK cymectByer B BHIe KOpOTKHX (parmMeHTOB. Hampumep,
cii/IHK moga mupKyaupyeT B COCYTUCTOM pyciie B BUae (parMeHTOB JIMHOW TpuOmm3uTensHo 170 map ocHo-
BaHuii (11.0.) (Fan et al., Clin Chem 56:1279-1286 [2010]), u nmepen cekBerupoBanueMm ¢parmenranus JJHK ne
TpebyeTcs. TexHomorus cexkBennpoBanus [llumina ocHoBaHa Ha TpHUCOEAMHEHUH (HpParMEeHTUPOBAHHOW TeHOM-
Ho#t JIHK k 1utockoif, onTH4ecku Mpo3pavyHO MOBEPXHOCTH, C KOTOPOM CBA3BIBAIOT OJIUTOHYKIICOTHUIHBIC SIKOPSI.
B matpune /IHK BoccTaHaBnMBatOT KOHIBI IS TOMy4YeHUs 5'-hochOpHIMPOBAaHHBIX TYIBIX KOHIOB, M MTOJIMMe-
Pa3HyI0 aKTHBHOCTH (hparMeHTa KiieHOBA IPUMEHSIFOT [Tl TOOABJICHUS OJTHOTO OCHOBaHHS A K 3'-KOHITY TYIBIX
tdbochopumupoBannsix pparmentor JJHK. JanHoe nobasnenue noarorasiusaet gparmentsl JJHK k nuruposa-
HHIO C OJIMTOHYKJICOTHIHBIMHU aJanTepaMu, KOTOPBIE COEpKaT BBICTYII OAHOrO OcHOBaHWS T Ha 3'-KoHIE U1
yBennueHus 3QPEeKTUBHOCTH JIMTUPOBaHUS. AJAaNTEPHBIC OJUTOHYKICOTHIBI KOMILICMCHTAPHBI SKOPHBIM OJTHU-
TOHYKJICOTUAAM TPOTOYHON SUYCHKU (HE MyTaTh C SIKOPHBIMU/3aIKOPCHHBIMY PUIAMHU B aHAJU3E SKCIAHCHU T10-
BTOpOB). B yCIIOBHSIX cepuIHBIX pa3BedeHHH MOAW(HUIMPOBAHHYIO aJanTepaMH OIHOICTIOUEYHYIO MAaTPHILY
JIHK mo6aBisitoT B IPOTOYHYIO STYEHKY W IMMOOMIA3YIOT TIOCPEICTBOM THOPHIN3AINHN C SIKOPHBIMH OJTUTOHYK-
neotugamu. [lpucoenunennsie pparmMentsl JJHK yamuHsMIOT 1 aMminUIApyrOT TOCPEACTBOM MOCTHKOBOM aM-
TUIAGUKAIIH TS TIOTYYCeHUS! CEKBEHHPOBAHMS CBEPXBBICOKON IIOTHOCTH MPOTOYHOM SYSHKHU C COTHSAMH MHII-
JIUOHOB KJIACTEPOB, KaXIBIH U3 KOTOPBIX COACPKHUT MpuoOau3nuTenbHo 1000 komuii 0MHON M TOW K€ MATPHIIHL.
CoriacHO OJIHOMY BapHaHTy peajH3aliu CIyYalHbIM 00pa3oM (parMeHTHpoBaHHYIO TeHoMHYIO JTHK amruim-
¢unupyrot ¢ npumeHenueM [11P 1o Toro, kak ee MOIBEPTHYT KIACTCPHOU aMIUTUpUKaImK. B kauecTBe anbTep-
HAaTUBBI, NMPUMEHSIOT IOJydYeHHE I'€HOMHOW OuOimoTrekn 0e3 aMrumdukanuy (Hanpumep, 0e3 NpHMEHEHHS
[ILIP), u cmywaiineiM 0Opa3oM ¢parmMeHTHpoBaHHYyI0 reHoMHyIo JJHK oborammaior ¢ npuMeHeHneM KiiacTepHOi
ammudukamu camoit o cede (Kozarewa et al., Nature Methods 6:291-295 [2009]). MaTpuiibl CEKBEHHPYIOT C
NPUMEHEHNEM YCTOWYMBON YETHIPEXI[BETHON TeXHOJOTHHU cekBeHupoBaHus JJHK mocpencrBom cuHTe3a, B KO-
TOPOH MPUMEHSIOT 00paTUMBIE TEPMHUHATOPHI C YAASIEMBIMH (IIyOPECHICHTHBIMH KPAaCUTEISIMHA. BRICOKOTYBCT-
BUTEJBHOE (IIyOpPECIICHTHOE OOHApY)KeHHE OOSCIeUNBAIOT ¢ MPUMEHEHHUEM BO30YXKIEHHUS JIa3€POM U ONTHKH
MIOJTHOTO BHYTPEHHETO oTpakeHus. KopoTkue puipl mocieaoBaTeIbHOCTH JIMHON MPUOIM3UTEIBHO OT JECSTH
JI0 HECKOJBKUX COTEH Iap OCHOBAHWH BBHIPAaBHUBAIOT C pe(pepeHCHBIM TEHOMOM, W YHUKAJIBFHBIE KapTUPOBAHHS
KOPOTKHX PHIOB MOCIIEIOBATEIHHOCTH Ha peepeHCHBII TeHOM HACHTUPHINPYIOT C IPUMEHEHHEM CIICITHATIFHO
pa3paboTaHHOTO aCCOPTHMEHTA MPOTPAMMHOTO 0OecIieueHHs TS aHaJIi3a JaHHbIX. [lociie 3aBepIeHns IepBoro
pHia MaTpHUIBI MOXKHO PEreHepHpoBaTh in situ, 4TO AeTaeT BO3MOXKHBIM MOJIyYEHHE BTOPOTO pHUia C MPOTHBO-
MOJIOXKHBIX KOHIIOB (pparMeHTOB. TakuM 00pa3oM, MOXKHO IIPUMEHSATh CCKBCHUPOBAHUE OJMHOYHBIX KOHIIOB WU
criapeHHbIX KoHIoB pparmenToB JJHK.

B pa3nmuyHBIX BapHaHTaX pealu3alliy HACTOSIIETO N300pPETEHUS MOYKHO MPUMEHSATh CEKBECHUPOBAHHE TI0-
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CPE/ICTBOM CHHTE3a, MO3BOJISIONIEE MPOBOJUTh CEKBEHHPOBAHHE CHAPEHHBIX KOHIOB. COIJacHO HEKOTOPHIM
BapuaHTaM peanmzanuu miardopma Illumina s cekBeHHpOBaHUS MOCPEACTBOM CHHTE3a BKIIOYAET KIIACTEPH-
3anuio ¢parmenToB. Kimactepuzamus npenctaBisieT co0oi mpormecc, B KOTOPOM KaKAYI0 MOJEKYIy (parmeHTa
M30TePMHUYECKH aMITUGHUIHUPYIOT. COTJIaCHO HEKOTOPHIM BapHaHTaM pealn3allii B KadyecTBE MpHUMeEpa, OIH-
CaHHOTO B HACTOSIIEM JOKyMEHTE, (pparMeHT COAEPKUT JBA PA3IMYHBIX ajanTtepa, MPUCOCTUHEHHBIX K IBYM
KOHIIaM (pparMeHTa, mpuyeM aJanTepsl MO3BOJAIOT (YparMeHTy THOPHUAN30BATHCS C ABYMS PA3IMIHBIMH OJIHTO-
HYKJICOTH/IaMHU Ha TIOBEPXHOCTH TOPOXKKU MPOTOYHON srueiiku. dparMeHT TakKe COASPKUT Ha IBYX CBOUX KOH-
[[ax JIB€ MHJCKCHBIE MOCIEI0BATEIHHOCTH WM MPHCOSANHEH K HUM, IIPHYEM HHICKCHBIE MOCIEI0BATEIbHOCTH
o0ecIeuynBaloT METKH JUISl MACHTH(GHKAIIMN pa3InYHBIX 00pa3loB B MYJIbTUIUIEKCHOM CEKBEHHPOBaHUH. B He-
KOTOpBIX TIaThOopMax CEKBEHHPOBAHHS (PparMeHT, CEKBEHHPOBAHHE KOTOPOTO IPOBOJST, TaK)KE HA3bIBAIOT
BCTaBKOM.

CornacHO HEKOTOPOMY BapHaHTY peaju3allid NpOTOYHAs siueika Jist kinacrtepusauuu B riatdopme [llu-
mina npeacTaBisieT co00H CTEKISIHHYIO TUIACTHHKY C opoXKkaMu. Kaxkias mopoxka mpescTaBiisieT coO00H cTek-
JSTHHBIN KaHaJI, Ha KOTOPBIH HAHECEHO MOKPHITHE U3 BYX TUIIOB OJIMTOHYKJICOTHIOB. | mOpuau3amus obecredn-
BaeTcs Onaromapsi IepBOMY U3 ABYX THIIOB OJWTOHYKJICOTHIOB Ha IOBEPXHOCTH. J[aHHBIH ONUTOHYKICOTHI
KOMIUIEMEHTapeH MEepBOMY aJanTepy Ha OJXHOM KoHIE ¢parmenra. [lommmepasa co3gaeT KOMIUIEMEHTAPHYIO
[eTb THOPHIN3NPOBAHHOTO parMeHTa. [IByXIeTIouedHyI0 MOJICKYIy ACHATYPHPYIOT, U IeTb HCXOAHON MaTpH-
61 CMBIBAtOT. OCTaBIIYyIOCA IIeTb, TAPAIIIETHFHO CO MHOTUMH JIPYTHMHU OCTABIIUMICS IETSIMU, KIOHATIHHO aM-
WIAGUIIPYIOT TOCPEACTBOM MOCTHKOBOH aMIUTH(DUKAIIHH.

ITpu MocTHKOBOH aMIUIM(UKAIINH [IETh CBOPAYMBACTCS, M BTOpas agamnTepHas 00JIACTh HAa BTOPOM KOHIIE
LeNy THOPUIN3YETCS CO BTOPHIM THUIIOM OJIMTOHYKJICOTHAOB Ha TIOBEPXHOCTH NMPOTOYHOW s4eiiku. [Tonmmmepasa
CO3J1aeT KOMIIEMEHTapHYIO IIeTb, 00pa3ys ABYXIENOYEUHYI0 MOCTUKOBYIO MOJEKyIy. JlaHHyI0 AByXIenodyed-
HYIO MOJIEKYJIy JE€HATYypHPYIOT, YTO MPUBOIMT K IOJyYSHHUIO JBYX OJHOLETIOYEYHBIX MOJEKYJ, IIPUCOEANHEH-
HBIX K TIPOTOYHOM STUEHKE MOCPEACTBOM JIBYX PA3JIMYHBIX OJIMTOHYKJICOTH/IOB. 3aTEM MPOIIECC TOBTOPSIIOT CHOBA
Y CHOBA, U OH IIPOUCXOJUT OJJHOBPEMEHHO ISl MHJUIHOHOB KJIaCTEPOB, YTO NPUBOAMT K KJIOHAJIBHOW aMIuIHdu-
Karuu Bcex gparmenToB. [locie MocTHKOBOH aMIuM(UKanuy 0OpaTHBIE IEMH OTIICTUISIOT U CMBIBAIOT, OCTaB-
TSl ICKITIOYUTEIBHO TIPSAMBIE TeH. 3'-KOHIBI OJIOKUPYIOT IJISl PEIOTBPAIICHUS HEXKENaTeIbHOTO MpaiMHpoBa-
HUSL.

[Nocne xmacTepu3aIiiv CEKBEHUPOBAaHUE HAUMHAIOT C yUIMHEHHS IIEPBOTO MpaiiMepa CeKBEHUPOBAHUS IS
noiy4eHus neporo puma. C KaXkIsIM IUKIOM (DIyOpecHeHTHO MEYeHHBIE HYKJICOTHABl KOHKYPHUPYIOT 3a J0-
OaBneHme K pactymiei menud. Ha OcHOBaHWMHW IMOCIENOBATEIBHOCTH MATPHUIIBI BCTPAWBACTCS HCKIIOYUTEIHHO
onuH HykieoTua. [locne no6aBiIeHUs KaXka0ro HyKJIEOTHa KilacTep BO30YKAAIOT UCTOYHUKOM CBETa, U HCITyC-
KaeTcsl XapakTepHbIH (iyopecteHTHbIH curHan. KonndecTBo IUMKIIOB onpenessieT JAIMHY puia. [JTMHa BOJHEI
UCITyCKaHUsS W MHTEHCUBHOCTH CHI'HAJa OINPEACIAIOT OCHOBHOHM OTKIMK. [IJI1 JaHHOTO KilacTepa BCe MIICHTHY-
HBIE IETN MTPOYUTHIBAIOTCS OJHOBpeMEeHHO. COTHH MHJUIMOHOB KJIACTEPOB CEKBEHUPYIOT IIMPOKOMACIITAOHBIM
napauiesIbHBIM criocoboMm. Tlocie 3aBepreHus IEpBOTro pyaa MPOYUTAHHEIA IPOIYKT CMBIBAIOT.

Ha cnenyromem sTarne mpoTOKOJIOB, BKIIIOYAIOIINX J[BA MHJIEKCHBIX IpaiMepa, paiMep uHAEKC | BBOIST
¥ THOPUAN3YIOT ¢ oOmacThio WHACKC | Ha Matpuie. HAekcHbIe 00nacTH 00eCTeunBarOT WACHTH(DHUKAITUIO
(hparMeHTOB, KOTOPBIE SBISIOTCS IMOAXOISAIINUMHE IS IEMYIbTHIDICKCHPOBAHUSA 00pa3IoB B IIpoIiecce MyIbTHII-
JIEKCHOTO CeKBEHHpOBaHUSA. Pun nHaekc 1 momy4aroT aHajgorudao nepBomy puxy. [locne 3aBepmienus puna uH-
JeKkc | mpoYnTaHHBIN MPOAYKT CMBIBAIOT, M C 3'-KOHIIA [T CHUMAIOT 3aIIXTy. 3aTeM IeTh MATPHIIBI CBOPAYH-
BaeTCS U CBSI3BIBAETCS CO BTOPHIM OJIMTOHYKJICOTHIOM Ha MPOTOYHOMH SUeHKe.

[TocnenoBatebHOCTD MHIECKC 2 MPOYUTHIBAIOT TEM K€ CIOCOOOM, YTO W MHAEKC 1. 3aTeM NMpodnTaHHBIH
MPOJIYKT MHAEKC 2 CMBIBAIOT IOCJIE 3aBEPILCHMS JTara.

[Mocne npoynTHIBaHMS IBYX MHAEKCOB HAYMHAIOT PHJ 2 IMOCPEICTBOM IIPUMEHEHHS MOJIMMEpas Julsl yUIn-
HEHUS OJIMTOHYKJICOTHIAMHU BTOPOH MPOTOYHOI sUeiiky ¢ 00pa3oBaHHEM JIBYXIENOYEYHOT0 MOCTHKA. JaHHYTO
nByxuernoueunyto IHK neHatypupytot, u 3'-koHen OJIoKHpYIOT. MICXOHYIO NPSMYIO LIENb OTIIETUISIOT M CMBI-
BAIOT, OCTABJIsIs 0OpaTHYIO 1enb. Pua 2 HauMHAIOT ¢ BBEAEHUS IpaiiMepa ceKBeHMpoBaHus puia 2. Kak u B ciy-
yae puzaa 1, 3Tansl CEKBEHUPOBAHUS MMOBTOPSIOT O JOCTIDKEHUS jKeTaeMoi IiHBL. [IpoayKT puaa 2 cMBIBAIOT.
Becs manHBINA mpoIiecc MO3BOJSAET MOMYYHTh MIJDIHOHBI PHIOB, KOTOPEIE MPEICTABIAIOT Bce pparmeHTHl. [lo-
CIIEZIOBATENIFHOCTH U3 OMONMMOTEK 00BEINHEHHBIX 00pa3IOB Pa3leNsaioT Ha OCHOBAHWN YHUKAIBHBIX WHAEKCOB,
BBEJICHHBIX B IIpOIlecce MOMydeHus: oopasmua. s kaxmoro odpasma puasl aHAJOTHYHBIX MPOTSHKEHHOCTEH OC-
HOBHBIX OTKIJIMKOB JIOKAJBHO KITacTepu3yroT. [IpsiMple M oOpaTHBIE PHIBI PacIofiaraloT MmapaMu, co3gaBasi He-
TIPEpBIBHBIE TTOCIEI0BATENBHOCTH. JJaHHbIE HeTPEepBIBHBIE ITOCIICAOBATEILHOCTH BEIPABHUBAIOT C pehepeHCHBIM
TEeHOMOM JUUIS UACHTU(UKALIMY BapHUaHTa.

[Tpumep cekBeHMPOBaHMS MOCPEACTBOM CHHTE3a, OITMCAHHBIH BEIIIE, BKIIOYACT PUIBI CIAPEHHBIX KOHIIOB,
KOTOpBIC NTPUMEHSIOT BO MHOXXECTBE BapHAHTOB PEAIM3AIMU PACKPBITHIX crtoco0oB. CeKBEHUPOBAaHHUE CIIapeH-
HBIX KOHIIOB BKJIFOUaeT 2 puja ¢ JByX KOHIOB (parmenTa. Korna mapy puaoB KapTHpYIOT Ha peepeHCHYIO HOo-
CJIC/IOBATENILHOCTH, MOXKHO OTIPEJEIUTh PACCTOSHIE MEXIY ITapaMu OCHOBAHUH MEXIy IBYMsI pHUIAMH, U 3aTeM
JTAHHOE PACCTOSIHUE MOXKHO NPHMEHSATH ISl ONPEAEICHHs JIMHBI (PParMEHTOB, M3 KOTOPBIX OBUIM MOITYyYEHBI
punel. B HEKOTOPHIX citydasix y (parMeHTa, pacloyioKEHHOTO B ABYX OJIOKaX, OAHO W3 PHIOB MapHBIX KOHIIOB
OyZeT BBIPOBHEHO C OJTHUM OJIOKOM, a IPYroe - ¢ MPHISKAIIUM OJIOKOM. DTO TIPOUCXOIUT PEXe IO MEpPEe TOTO
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Kak OJIOKM CTaHOBSTCS Oosiee JUTMHHBIMH WIIM PUIBI CTAHOBATCS Oojiee KOPOTKUMHU. [lyisl ompeneneHus mpruHa-
JIKHOCTH JTAHHBIX ()parMEeHTOB K OJIOKaM MOKHO IIPUMEHSTH pasyindHble crocoObl. Hampumep, ¢parmenTs
MOJKHO OITyCTHUTH IIPH ONPEACICHWH YacTOTHI pa3Mepa ¢parMeHra OJ0Ka; MOXHO BBIYHCIHTH AN 000MX U3
TpIIeKAIINX OJIOKOB; MOKHO OTHECTH K OJIOKY, KOTOPBIN 0XBaThIBaeT OOJIbIIEE KOJMIECTBO MTap OCHOBAHHM, U3
JIBYX OJIOKOB; WK (hparMEeHTHI MOXXHO OTHECTH K 000MM OJIOKaM C BECOM B OTHOIIIEHWHW YaCcTH Map OCHOBAHUH B
Ka)kJIOM OJIOKE.

B punax criapeHHBIX KOHIIOB MOXXHO IPUMCEHATH BCTABKHU Pa3MYHBIX JJIHMH (T.€. Pa3ITUYHBINA pa3Mmep ¢par-
MEHTa, CEKBEHHPOBAaHNE KOTOPOTO MPOBOAT). B kadecTBe 3HAYCHHS IO YMOTIAHUIO B HACTOSIIEM H300pETCHUN
NPUMEHSIOT PUABI CIIAPEHHBIX KOHIOB JUIA 0003HAUCHHUSI PUJIOB, ITOJYYEHHBIX OT Pa3JIMUHBIX JJIMH BCTaBOK. B
HEKOTOPBIX CIy4YasiX, 9YTOOBI pa3IMuuTh PHIBI CIAPEHHBIX KOHIIOB KOPOTKOM BCTaBKH OT PHJOB CIIAPEHHBIX KOH-
OB JUTMHHOM BCTaBKH, ITOCJICTHIOIO TaKKe HA3bIBAIOT PHIAMHU CONpPsDKEHHOW mapbl. COrJIacCHO HEKOTOPHIM Ba-
pHaHTaM pealn3aliy, BKIIOYAaONIMM PHIbI CONPSHKEHHOM Mapbl, cHavyala K ABYM KOHI[AM OTHOCHTENBHO JUIMH-
HOHM BCTaBKH (HaIpHMep, HECKOJIBKO T.O.) TIPUCOSAMHSIIOT /1BA COCAUHUTENBHBIX aanTepa Ha OCHOBE OMOTHHA.
[ocne 3TOTO COEMMHMTEIBHBIE aIanTepbl HA OCHOBE OMOTHHA COCIUHSIOT C ABYMs KOHIIAMHU BCTaBKHU C 00pa3o-
BaHUEM IMPKYISIPU30BAaHHON MOJIEKYTBI. 3aTeM MOXKHO HMOJYYHTh cyOdparmMeHT, comepkamuii COeTUHUTENb-
HBIE aJanTepbl Ha OCHOBE OMOTHHA, TOCPEICTBOM IOCIEAYIOMEH (parMeHTAIlH TUPKYIAPU30BAaHHON MOJIEKY-
nel. [Tocne 3TOoro MOKHO CEKBEHHPOBATH CyO(parMeHT, CoAepKamuii 1Ba KOHIIA HCXOJHOTO (pparMeHTa B Mpo-
THBOTIOJIOKHOM TOPSIZIKE MOCIIEIOBATEIHHOCTH, IIOCPEACTBOM TOH K€ MPOIEIyPHl, YTO W IJIsI CEKBEHUPOBAHUSA
CHApeHHBIX KOHIIOB KOPOTKOW BCTAaBKH, OMMMCAHHOTO BHIIIE. J[OTONMHUTENBHBIE TOAPOOHOCTH CEKBEHHUPOBAHMUS
COTIPSDKEHHOW Taphl ¢ MpuMeHeHneM Iatdopmsel [llumina mpencTaBieHbl B OHIAWH-TYOJMKAIIUN TIO CIIEIYIO-
IIEMY DJICKTPOHHOMY aJpecy, KOTopas IMOJHOCTHIO BKJIIOYEHA B HACTOSIIMN JOKYMEHT MOCPEACTBOM CCBHIIKH:
res|.[illuminal.|com/documents/products/technotes/technote nextera matepair data pr ocessing. JlomosHHTENb-
HYI0 HMH(OPMAIMIO OTHOCHTEIIFHO CEKBEHHPOBAHUS CIAPCHHBIX KOHIOB MOXXHO HalTh B martente CILIA
Ne 7601499 u nmy6nukarmn natenra CIIIA Ne 2012/0053063, KoTOpbIe BKJIIOYEHB! B HACTOSIIUH JOKYMEHT I10-
CPE/CTBOM CCBUIKM NPHMEHHUTENIHHO K MaTepuaiaM o criocobax M ammaparax Juisl CeKBEHUPOBAHUS CHAPCHHBIX
KOHIIOB.

ITocne cexBenmpoBanusi GparmenToB JIHK pumbl mocnemoBaTebHOCTH 3apaHee OMPEISICHHOW JJIHHEI,
Hanpumep, 100 1.0., KApTHPYIOT WK BRIPABHUBAIOT C U3BECTHBIM pedepeHCHBIM TeHOMOM. KapTupoBaHHbIe Win
BBIPOBHEHHBIE PHIIBI M UX COOTBETCTBYIOIINE PACIIONOKEHHUS Ha peepeHCHOM MOCIe0BaTEIFHOCTH TakXKe Ha-
3BIBAIOT MeTKaMH. COTIIACHO OJHOMY BapHAHTY Pean3alliil IOCIeJ0BaTEIFHOCTE pehepeHCcHOro reHoMa Tpea-
craBisieT coboit mocnenoBatenbHOCTh NCBI36/hgl8, kotopas moctynHa B cetn MHTEpHET 10 ajapecy: genome
dot ucsc dot edu/cgi-bin/hgGateway?org=Human&db=hg18&hgsid=166260105). B kauecTBe anbTepHATHUBEI,
MOCJIEIOBATENLHOCTE pedepeHcHoro reHoma mpenactaBisieT coboit GRCh37/hgl9, koTopas mocTymHa B CEeTH
Wutepuer mo aapecy: genome dot ucsc dot edu/cgi-bin/hgGateway. JIpyrue MCTOYHHKH OOIICAOCTYITHOH WH-
¢dopmariu o nocnenoBarensHocTH BitodatoT GenBank, dbEST, dbSTS, EMBL (European Molecular Biology
Laboratory, EBponetickas naboparopust no Monexyssipaoi 6uonorun) 1 DDBJ (DNA Databank of Japan, baza
nauubix JJHK fAnonun). /{1 BelpaBHUBaHUS MOCJIEI0BATEIBHOCTEN JOCTYITHO MHOKECTBO KOMIBIOTEPHBIX all-
TOpUTMOB, BKIo4as, 0e3 orpanmdeHusi, BLAST (Altschul et al., 1990), BLITZ (MPsrch) (Sturrock & Collins,
1993), FASTA (Person & Lipman, 1988), BOWTIE (Langmead et al., Genome Biology 10:R25.1-R25.10
[2009]) mmn ELAND (Illumina, Inc., Can-uero, Kanmudopuus, CIIIA). CormacHO omHOMY BapHaHTy peanm3a-
LMY OJIMH KOHEI[ KJIOHAJBHO YJIMHEHHBIX Konuil Mosekyn ci/IHK mia3Mbl ceKBEeHUPYIOT U TPOLIECCUPYIOT TO-
CpPeICTBOM aHanmm3a OMOMH()OPMATHUYECKOTO BBIPABHHBAHWS JJII TeHOMHOTO aHamm3atopa Genome Analyzer
[llumina, B kKoTOpOM HcmoaB3yeTcst mporpammuoe obecneyenue Efficient Large-Scale Alignment of Nucleotide
Databases (3¢ dekTuBHOE KpynHOMacIITaOHOE BEIPaBHUBAHNE HYKJICOTHIHBIX TaHHBIX, ELAND).

CornacHO OZHOMY HJUTIOCTPaTUBHOMY, HO HEOTPAaHMYMBAIOIIEMY BApHAHTY pEaln3alldd CIIOCOOBI, OIH-
CaHHBIC B HACTOSIIIEM JIOKYMEHTE, BKIIIOUAIOT HOIydYeHHEe HH(OpMALUH O ITOCIIeI0BATeIbHOCTH sl HYKIEHHO-
BBIX KHCIIOT B HccCieayeMoM obOpasie, Hampumep, ci/[HK B marepunckoM obpasue, ci/IHK wimm kinerounoit
JHK y cy0bekTa, CKpUHHHT KOTOPOTO IIPOBOJISIT B OTHOIICHHUHU paka, U T.IL., C TPUMEHEHHEM METO/Ia 0JTHOMOJIE-
KYJIIPHOTO CEKBEHHPOBAHHS Ha OCHOBE TEXHOJIOTHH HCTHHHOTO OJHOMOJICKYJSPHOTO cekBeHHpoBaHus (True
Single Molecule Sequencing, tSMS) kommanun Helicos (Hanmpumep, kak onvcaHo B myOsmkamuu Harris T.D. et
al., Science 320:106-109 [2008]). B meTomukax tSMS o6pazen; [IHK paciiermisitor Ha ey JUTMHON MPUOIA3H-
teapHO oT 100 10 200 HykIeoTHa0B, U K 3'-KOoHITY Kaxmoi nenu JIHK mo0GaBnsioT mociemoBaTensHOCTE polyA.
Kaxmyro memp MeTSAT MOCpeAcTBOM T00aBIEHUS (IIyOpECHEHTHO MEUCHHOTO HYKJICOTHIA aJeHO3WHA. 3aTeM
nenu JIHK rubpuan3yror ¢ mpoTOYHON SYEHKOH, KOTOpask COAEPKUT MUJLTHOHBI 3aXBATHIBAIONINX CAHTOB OJIM-
TOHYKJIeOoTUA-T, KOTOpble MMMOOWIN3YIOT Ha TIOBEPXHOCTH NPOTOYHOH stueiiku. COTJIacCHO OINpele/IeHHBIM Ba-
PHAHTAM peaTH3alii MATPHUIIBI MOTYT XapaKTepH30BaThCs IUIOTHOCTHIO NPHOIM3HTENBbHO 100 MIH MaTpHI/cm’.
3aTeM MPOTOYHYIO SYEHKY MOMEMAoT B MpuOop, Hanpumep, cekBeratop HeliScope™, u nmazep ocpemaeT mo-
BEPXHOCTh NMPOTOYHOH SUCHKH, ITO3BOJISISL ONPENETUTH MOJI0XKeHNe Kakaoi marpunpl. Kamepa na I13C (mpubo-
pax ¢ 3apsI0BOH CBS3bI0) MOKET KaPTUPOBATH TIOJIOKEHNE MAaTPHUI] Ha TIOBEPXHOCTU NPOTOYHOH sTeHKH. 3aTeM
(iTyopeceHTHYI0 METKY MaTpHIbl OTIICIUISIOT M CMBIBAIOT. PeakInio CeKBEHHPOBAHUSI HAYMHAIOT MTOCPECT-
BoM BBeneHust JJHK-nonmmepassl u ¢uryopecieHTHO MEYEHHOTO HyKIeoTHAa. HykiiemHOBas KUCIOTa OJIHIO-
HyKJIeoTHA-T BBICTyNaeT B KauecTBe mpaiiMepa. [lonnmepasa BcTpanBaeT MEUEHHBIE HYKJICOTHIBI K TIpaiiMepy
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YIpaBIsIEMBIM MaTpHIei criocoboM. [lonmmepasy U HEBCTPOCHHbBIE HYKJICOTHB! YIAISIOT. MaTpHIlbsl, KOTOpbIE
HaIpaBJsUIM BCTpauBaHUE (IIyOPECHEHTHO MEYEHHOTO HYKJICOTH[A, PAclO3HAIOT MOCPEICTBOM BH3YalH3aLlUH
TIOBEPXHOCTH MPOTOYHOH sueliku. [locnme Bu3yanmm3ammy Ha 3Tane OTIICIUICHHS YAAJSMIOT (IIyOpPECHEHTHYIO
METKY, W TPOIIECC MOBTOPSIOT C APYTHUMH (IIyOPECHEHTHO MEYEHHBIMH HYKJICOTHIAMHU 0 JOCTIDKCHHS JKelae-
Mo [uInHBL puna. MadopMaiio o mocneaoBaTeI-HOCTH COONPAOT T Ka)KIOTo dTana J00aBIeHUS HYKICOTH-
ma. Ilpyu cekBeHHpOBaHHMM IIETIOTO T€HOMA ITOCPEACTBOM TEXHOJIOTHH OXHOMOJEKYISAPHOTO CEKBEHHPOBAHHSA
WCKITIOYAIOT WIIM, KaK MpaBwiIo, u3derator amrumdukanun Ha ocHoBe [TIP mpu moxydeHnn OMOIMOTEK CeKBe-
HUPOBAHUS, U CIIOCOOBI MTO3BOJIIOT IMPOBOANTE MPAMOE M3MepeHne 00pasiia BMECTO H3MEPEHHS KO TaHHOTO
oOpa3ra.

CornacHo JpyroMy WJUTIOCTPaTUBHOMY, HO HEOTPAaHMYMBAIOIIEMY BapHaHTy pean3alid CIIOCOOBI, OIH-
CaHHBIC B HACTOSIIIEM JIOKYMEHTE, BKIIIOUAIOT HOIydYeHHEe HH(OPMALUH O ITOCIIEeI0BATeIbHOCTH sl HYKJIEHHO-
BBIX KHCIIOT B HCCleyeMoM obpasie, Harpumep, cii/IHK B MaTepunckom nccnenyemom obpasue, cu/IHK wnm
kierounoit IHK y cyObexTa, CKpUHHHT KOTOPOTO MPOBOASAT B OTHOIICHHH PakKa, U T.II., C IPUMEHEHNEM CEKBe-
HupoBauus 454 (Roche) (mampumep, kak ommcaHo B myGnumkammn Margulies, M. et al. Nature 437:376-380
[2005]). CexBenunpoBanue 454, xak nmpaBwiIo, BKIItoyaeT ABa dTama. Ha mepBom atame JIHK paspesator Ha dpar-
MEHTHI ITHON npubau3nuTenbHo 300-800 map ocHOBaHUM, TpuYeM (pparMeHThI COMEPKAT TYTbIE KOHIIBL. 3aTeM
OJIUTOHYKJICOTHIHBIC aIalITePhI JUTHPYIOT ¢ KOHIIAMA ()parMeHTOB. AJanTephl BEICTYIAIOT B Ka4eCTBE Tpaiime-
POB [UII aMIDTH(HUKAINN U CEKBEHHPOBaHUS (parMeHTOB. DparMeHTh MOXHO NPUCOCIMHATH K OycHHaMm, 3a-
xBatbiBaromuM JIHK, HanpuMep, OycrHaMm, TOKPBITEIM CTPENTABHINHOM, C IPAMEHEHHEM, HalpuMep, AxarTe-
pa B, kotopeiii comepxuT 5'-OMOTHHOBYIO MeTKy. DparMeHThl, NpUCOeTWHEHHBbIe K OycuHam, [ILP-
aMITIM(GUIMPYIOT B KaIUIIX SMYJIbCHH "'Maciio B Boje". Pe3ynbrar npeacrabisieT coO0H MHOKECTBO KOIHMH KJIO-
HAIILHO aMIUTUGUIPOBaHHBIX PparmenToB JIHK Ha kaxxmoit Oycuue. Ha BTopoM 3Tare OyCHHBI 3aXBaTHIBAIOT B
JYHKH (HampuMep, JyHKH HHKOJUTPOBOro o0beMa). [InpocekBeHHpoBaHNE OCYHIECTBISIOT HAa KaKAOM (Qpar-
menre JIHK nmapamiensno. JlobaBnenne ogHoro mim 0ojiee HYKJICOTHAOB IO3BOJISIET TOJyYUTh CBETOBOM CHr-
HaJl, KOTOpPBIH 3anuceiBaeT kamepa Ha [13C B npubope miist cekBeHupoBanus. Cuila curHaia IporopuuOHalbHA
KOJIMYECTBY BCTPOEHHBIX HYKJIEOTHIOB. [Ipn mupocekBeHUpOoBaHWU MpuMeHSIoT mupodocdar (PPi), xoTopsrit
BBICBOOOXKIAeTCS Tocle jaoOamieHus Hykiaeotwna. PPi mpeobpasyercs B AT® mom naevictBuem ATO-
cynmb(ypuiia3el B cliydae MpUCYTCTBHS aneHo3uH-5'-gochocynndara. JTonudepasa ucnomszyer ATD mst mipe-
o0Opa3oBaHus JIOMU(EPHHA B OKCIITIONU(EPHH, U JaHHAS PEaKIHs IMO3BOJSCT MOTYyYUTh CBET, KOTOPHIH H3Me-
PSIOT U aHATTU3UPYIOT.

CornacHo ApyroMy WLTIOCTPATUBHOMY, HO HEOTPAHHYHBAIOIIEMY BapHAHTy PEAM3AIlH CIIOCOOBI, OIH-
CaHHBIC B HACTOSIIIEM JIOKYMEHTE, BKIIIOUAIOT HOJydYeHHEe HH(OPMALUH O ITOCIIEeI0BAaTeIbHOCTH ISl HYKIEHHO-
BBIX KHCIIOT B HCCIIeyeMoM obOpasie, Harpumep, cii/IHK B maTepunckom nccnenyemom obpasue, cu/IHK unm
kierounoit IHK y cyObekra, CKpHHUHT KOTOPOTO TIPOBOJIST B OTHOLIEHUH pakKa, U T.II., C IPUMEHEHUEM TEXHO-
nmoruu SOLID™ (Applied Biosystems). B cexkBenupoBanuu mocpenctsoMm jgurupoBanus SOLiID™ reHoMHYIO
JHK paspe3zator Ha ¢parMeHTHl, U K 5'- 1 3'-KOHLIAaM (parMeHTOB MPUCOSAWHSIOT aAANTEPhl IS MMOJTyIEeHUs
O6ubmmoTekn gparMeHToB. B KauecTBe anbTepHATHBEI, BHYTPECHHHUE aJlallTepbl MOKHO BBECTH IOCPEICTBOM JIH-
THPOBAHUS afanTepoB ¢ 5'- u 3'-KOHIAaMH (ParMeHTOB, IUPKYIIpU3AHK (PparMEeHTOB, PaCUICIUICHUS IUPKYIIs-
pu30BaHHOTO (hparMeHTa I TOJydeHHs BHYTPEHHETO ajanTepa W MPUCOSAWHEHHS ajantepoB k 5'- m 3'-
KOHI]aM TIOJyYEHHBIX B pe3ysibTaTe (parMeHTOB JJIsl MONyYeHHUs OMOIMOTEKH COMpPSDKEHHOM Taphbl. 3aTeM B
MHUKpPOPEaKTOpax, COAepKalux OYCHHBI, TpaiMepsl, MaTpuly u KommnoHeHTsl I[P, momydaroT momymsiuu
KioHanbHBIX OycuH. [Tocnme mposeaenus TP matpuiel AeHATYpHUPYIOT, U OyCHHBI 00OTaIIal0T OTIACITHHBIMHU
OycrHaMU ¢ yJUTMHCHHBIMH MaTpHUIIaMu. MaTpuIlsl Ha BEIOpAHHBIX OyCHHAX MOABEPTaroT 3'-MOAU(PUKAIINN, KO-
Topast obecrieunBaeT 00pa30BaHUE CBS3EH CO CTEKISTHHOW IUTacTUHKOH. IlociemoBaTenbHOCTE MOYKHO OTpee-
JMTH TIOCPEJICTBOM IOCIEAYIOUIEH THOPUIU3aNU U JIUTHPOBAHUS YaCTUYHO CIIyYalHBIX OJIMTOHYKJIEOTHIIOB C
HEHTPAIBHBIM OTIPEJICJICHHBIM OCHOBAaHHEM (WJIM Mapoi OCHOBAaHWH), KOTOPBIC HICHTH(PHUIUPYIOT C MTOMOLIBIO
cneruduanoro ¢uryopodopa. [locne perucrpanuu 1BeTa JIUTUPOBAHHBIN OJIMTOHYKIJICOTH]] OTLICTUIAIOT U yJa-
JISFOT, @ 3aTE€M MOBTOPSIFOT IPOLIECC.

CornacHo JpyroMy WJUTIOCTPaTUBHOMY, HO HEOTPAaHMYMBAIOIIEMY BapHaHTy pean3alid CIIOCOOBI, OIH-
CaHHBIC B HACTOSIIIEM JIOKYMEHTE, BKIIIOUAIOT HOJydYeHHEe HH(OPMANUH O ITOCIIEeI0BAaTeIbHOCTH sl HYKIEHHO-
BBIX KHCJIOT B HicClieAyeMoM oOpasiie, Hanpumep, cii/I[HK B MatepunckoM ucciemyemom obpasie, cii/I[HK wmmu
knetouHoi JIHK y cyObekTa, CKpHHUHT KOTOPOTO TIPOBOJISAT B OTHOIIEHUH PaKa, ¥ T.II., C MPUMEHEHHEM TEXHO-
JIOTUW OJHOMOJIEKYJISIPHOTO CEKBEHHPOBAHMS B pEeXHME peanbHOro BpemeHm (single molecule, real-time,
SMRT™) ot kommanuu Pacific Biosciences. B cekBennpoBannn SMRT HenpepbIBHOE BCTpanBaHHE MEYEHHBIX
KpacuTelleM HYKJICOTHIOB BU3yaTH3UpYyIOT B TeueHne cuate3a JJHK. Omnny monekyny JIHK-nomumepassl npu-
COEIMHSAIOT KO JTHY HOBEPXHOCTH OTAENBHBIX IETEKTOPOB JJIMHEI BOIHBEI HOMb-peknMa (ZMW, zero-mode wave-
length), koTopbie mMmony4aroT WHGOPMAIMIO O IOCIENOBATENHLHOCTH, KOTHa (HOCHOCBI3aHHBIE HYKICOTHIBI
BCTPaMBAIOTCS B PACTYILYIO Lienb npaiimepa. Jlerekrop ZMW comepKUT pa3rpaHH4YeHHbBIE CTPYKTYpBI, KOTOPBIE
TMIO3BOJISIIOT TIPOBOJUTH HAOIIOAEHHE 32 BCTpauBaHUeM oTAeibpHoro Hykieornaa JJTHK-nonmumepasoit o cpasne-
HHIO ¢ ()OHOM (PITyOpPECLEHTHBIX HYKJIEOTHAOB, KOTOphle ObicTpo muddyHaupytor B ZMW u u3 Hero (Harpu-
Mep, 32 MUKpOceKyHIbl). Kak mpaBuio, /i BcTpauBaHus HYKJICOTH/IA B PACTYIIYIO IENb TpeOyeTcs HECKOIBKO
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MWUIMCEKYH]. B TeueHne naHHOTO BpeMeHH (IiyopeclieHTHas MeTKa B0o30yKnaeTcsi u oopasyer (iyopeceHt-
HBII CHTHAJI, ¥ (IIyOPECLCHTHYIO METKY OTIIEIUISIIOT. Mi3MepeHue cooTBeTcTBYOLIeH (IIyopeceHIny KpacuTe-
JIs1 yKa3bIBaeT Ha TO, KaKoe OCHOBaHKE OBUIO BCTpOeHO. IIpomecc MOBTOPSIOT ¢ MOTyYeHHEM ITOCIIeI0BATEIHHO-
CTH.

CornacHo ApyroMy WLTIOCTPATUBHOMY, HO HEOTPAHHUYHMBAIOIIEMY BapHAHTy PEAM3AIlH CIIOCOOBI, OIH-
CaHHBIC B HACTOSAIIEM JOKyMEHTE, BKIIOYAIOT MOTydYeHHEe HH()OPMAIMX O ITOCIEAOBATEIFHOCTH A HYKIEHHO-
BBIX KHCJIOT B HicclieAyeMoM oOpasiie, Hanpumep, cii/I[HK B MatepunckoM ucciemyemom obpasie, cii/IHK wmmu
knetouHoi JIHK y cyObekTa, CKpHHHHT KOTOPOTO MPOBOJAT B OTHOIICHWH paka, U T.II., C MPUMEHEHHEM HaHO-
MIOPOBOTO CEKBEHUpPOBaHUS (HampuMep, Kak omucaHo B myOmukanuu Soni GV and Meller A. Clin Chem 53:
1996-2001 [2007]). MeToauku aHanu3a HaHONOpoBoro cekBeHuposanust JJHK pazpaboTansl MHOKECTBOM KOM-
naHuii, BKmoyvas, Hanpumep, Oxford Nanopore Technologies (Oxcdopn, Benmmkoopuranust), Sequenom, NAB-
sys ¥ T.1. HaHOTIOpOBOE CEKBEHMPOBAHUE MPEACTABISET COOOI TEXHOJIOTHIO OJHOMOJIEKYISIPHOTO CEKBEHHPO-
BaHMs1, IOCPEICTBOM KOTOpOit ogHy Monekyiry JJHK cexBeHnpyroT HampsiMyro 1o Mepe TOTO Kak OHa MPOXOAUT
yepe3 HaHonopy. Hanomopa npencrasiser coboii HeOOIIbIIOE OTBEPCTHE, KaK IPaBUIIo, Mopsiika | HaHOMEeTpa B
muamerpe. [lorpyxeHne HAaHOTIOPHI B MPOBOAAIIYIO KUAKOCTh M HAJIOKECHHE HAa Hee MOTCHIMANa (HaIpsDKEHIS)
MPUBOJUT K TOSIBICHUIO HEOOIBIIOTO IEKTPHYECKOT0 TOKa Oiarosaps MpOBOAMMOCTH HOHOB Yepe3 HaHOIOoPY.
KommgectBo Toka, KOTOpoe MPOTEKAET, TYyBCTBUTEIHHO K pa3Mepy U (opme HaHOMOpPHL. [lo Mepe Toro xak Mo-
nexkyna JJHK mpoxoaut uepe3 HaHomopy, kaxaplid HykieoTtun Ha moJekyne [JHK B pasnuunoit crenenu mpe-
TpaXkIaeT HaHOMOPY, B Pa3IMYHON CTENICHH W3MEHSS MarHUTYTy TOKa depe3 HaHOTmopy. Takum oO6pa3om, JaHHOE
M3MEHEHHE TOKa 1Mo Mepe Toro kak mojekyia JJHK mpoxomut depe3 HaHOMOpPY 0OecreunBaeT MPOYNTHIBAHNE
nocnenosareiabHocTu JJTHK.

CornacHo JpyroMy WUTIOCTPaTUBHOMY, HO HEOTPAaHMYMBAIOIIEMY BapHaHTy pean3aly CIIOCOOBI, OIH-
CaHHBIC B HACTOSIIIEM JIOKYMEHTE, BKIIIOUAIOT HOIydYeHHEe HH(OPMALUH O ITOCIeI0BATeIbHOCTH sl HYKIEHHO-
BBIX KHCIIOT B HCCIIeyeMoM obOpasie, Hanpumep, cii/IHK B MaTepunckom nccnenyemom obpasue, cu/IHK unm
kieroynoit JIHK y cyObekTa, CKpHHHHT KOTOPOTO MPOBOAST B OTHOLICHUH pakKa, U T.I1., C IPUMEHEHHEM MaTpH-
bl XUMUYECKU-UYyBCTBUTEILHOTO TIOJIEBOTO TpaH3ucTopa (chemical-sensitive field effect transistor, chemFET)
(Hampumep, Kak omMcaHo B myonukamuu 3asBku Ha ateHT CIIIA Ne 2009/0026082). B ogHOM mpuiMepe JaHHOK
MeTtoauku MoJaekyis! JJHK M0oXHO MOMECTHTh B peakIMOHHBIE KaMepHl, U MOJIEKYIIBI MaTPHUIIBI MOKHO THOpH-
IN30BaTh C MpaiiMepoM CEeKBEHHPOBAHMS, CBSA3aHHBIM C IOJIMMEpa3oil. BeTpamBanme omnHoro mim Gojee TpH-
(dhocdaToB B HOBYIO IIeTIh HYKJICHMHOBOM KHCIIOTHI Ha 3'-KOHIIE MpaiiMepa CEKBEHHUPOBAHUS MOYXHO BBISBUTH C
nomonisio chemFET kak m3amMeHenne Toka. MaTpuiia MOXeT cojepaTh MHOXeCTBO ceHcopoB chemFET. B npy-
TOM IIpUMepe OTAEIbHbIC HYKIEHMHOBBIE KHCIOTHI MOXHO NPUCOEIUHUTH K OyCHHaM, U HYKJICHHOBBIE KHCIOTHI
MOXHO aMIUTM(HUINPOBATh HA OYCHHE, M OT/AENbHBIC OYCHHBI MOKHO NEPEHECTH B OT/CIbHBIC PEaKIMOHHBIC
kameps! Ha matpunie chemFET, npudem kaxnas xamepa conepxut cencop chemFET, n Mo)HO cekBeHMpOBATH
HYKJIEHHOBBIE KHCJIOTEHI.

CornacHO JpyroMy BapHaHTY peajHM3allii HACTOSIIMI CIOCO0 BKIIOYAET MOJydeHHe MH(OpManuy O To-
CJIC/IOBATENILHOCTH JJIsl HYKJIIEMHOBBIX KHCIIOT B McclieyeMoM obpasue, Hanpumep, ci/IHK B marepunckom mc-
ciexyeMoM o0pasiie, ¢ MPUMEHEHHEM CIoco0a TPAaHCMUCCHOHHOM 3J1eKTpOHHOM MuUKpockonuu (TOM). Croco0,
Ha3bIBAEMBIi OBICTPHIM HAaHOTIEPEHOCOM TOJIOXeHHs oTaenbHoi Moiekynbl (Individual Molecule Placement
Rapid Nano Transfer, IMPRNT), BkimtogaeT BU3yaIH3aIfio ¢ MPUMEHEHHEM TPAaHCMUCCHOHHOTO 3JIEKTPOHHOTO
MHUKPOCKOIIa ¢ OJHOATOMHBIM pa3pelieHreM BBICOKOMOJeKysipHor (150 T.0. mmu 6onee) JTHK, cenexrtuBHO
MEYEeHHON MapKepaMH TSDKEIBIX METAIUIOB, M YIOPAJOYMBAHUE JAHHBIX MOJEKYJ Ha YIBTPATOHKHUX IUICHKaX B
CBEPXIUIOTHBIX (PACCTOSIHUE OT LEMH A0 LeNnu 3 HM) MapajuieSbHBIX MaTPHLAX C IOCIeI0BaTeIbHBIM PacIoo-
JKEHHEM OT OCHOBaHHsI K OCHOBaHMIO. J[Js1 BU3yanmu3ay MOJIEKyYJI Ha IJICHKAX C LENbIO ONPEACIICHHS MMOJI0XKe-
HHSI MapKepOB TSDKEJBIX aTOMOB M M3BJICUCHHSI HHPOPMAIMU O HociienoBaTenbHocT ocHoBanuid u3 JJHK mpu-
MEHSIOT 9JIEKTPOHHBIH MHKpockorn. Crioco0 [MONMOJHHUTENBHO onMcaH B nyOmukanuu mnareHta PCT
WO 2009/046445. Crioco0 mo3BoIsIeT CCKBCHHPOBATH ITOJIHBIC TEHOMEI YelIOBeKa MeHee 4eM 3a 10 MuH.

CornacHo IpyroMy BapHaHTy peasM3aliy TeXHoorus cekBennposanust JJHK npencrasnser coboii oHO-
MOJIEKYyJIsipHOE cekBeHupoBaHue lon Torrent, koTopoe 0OBEAWHSACT MONXYIPOBOAHUKOBYIO TEXHOJIOTHIO C IIPO-
CTOH XHMHEH CEKBEHHUPOBAHMS, YTOOBI HATIPAMYIO TPAHCIMPOBATH 3aKOJUPOBAHHYI0 XHMHUYECKHUM CIIOCOOOM
napopmanmio (A, C, G, T) B mudposyro unpopmaruio (0, 1) Ha MOTYIPOBOAHUKOBOM UuIle. B mpupose, korma
HYKJICOTHJI BCTpanuBaeTcsl moaumepasoit B nenb JJHK, B kagecTBe moOOYHOTO MPOIYyKTa BHICBOOOXKIACTCS MOH
Bozmopona. B texnomormm lon Torrent st ocymiecTBIEHHS AaHHOTO OHOXMMHUYECKOTO IpoIiecca MHUPOKOMac-
MTAa0HBIM TapaJIeTBHBIM CIOCOOOM NMPUMEHSIOT MAaTPHUILy MHKPOOOpPaOOTaHHBIX JIYHOK BBICOKOH IUIOTHOCTH.
Kaxnasa nynka cogepxut otnnunyro Moaekyny JHK. Huxe nyHOk pacnonoskeH HOH-4yBCTBUTEIbHBIH CIOMH, a
HIDKe Hero - HoHHBIH cencop. Korna x marpune IHK no6asmstor Hykieotun, HanpuMep, C, a 3aTeM HYKIEOTH
BcTpanBaercs B 1ens [IHK, BoicBoOOkmaeTcss HOH Bogopoa. 3apsia AaHHOTO MoHa m3MeHHuT pH pacTBopa, 4to
MOXeT 00HapyXHUTb HOHHBIH ceHcop lon Torrent. CekBeHAaTOP-TIO CyIIECTBY, HAMMEHBIINH B MHpeE TBepaodas-
HBIII pH-MeTp-Ha3pIBaeT OCHOBaHME, MEPEXO/sl HEMOCPEACTBEHHO OT XMMHYECKOW MH(OpMalUH K HUPPOBOM
nHpopManuu. 3arem cexBeHatop lon personal Genome Machine (PGM™) mocnenoBaTenbHO 3aMBaeT YWII
HYKJIEOTUAAMH APYT 3a Apyrom. Ecin cienyromuii HyKiIeoTH I, KOTOPBIH 3aIMBAIOT HA YMII, HE COOTBETCTBYET,
He OyneT 3aMKCUpOBAaHO KAaKOTO-THO0 M3MEHEHUS HANIPSDKEHUS, U KaKoe-TH00 OCHOBaHME HE OyIeT ompesesne-
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Ho. Ecmu Ha mermm JIHK mpucyTCTBYIOT 1Ba MACHTUYHBIX OCHOBAHUS, HANPSDKCHUE YBEIUYHUTCS BIBOC, M YHUIT
3aUKCHPYET OmpeelicHre ABYX HICHTHYHBIX OCHOBaHUU. [IpsmMoe oOHapyKeHHE MO3BOJSCT PETUCTPUPOBATH
BCTpaMBaHHE HYKJICOTHIA B TCUCHNE CEKYH/I.

CornacHo IpyroMy BapMaHTy peau3allii HACTOSIIUI CII0cOO BKIFOYAET MOJydeHHe WHPOPMAUH O I10-
CIIEZIOBATENIFHOCTH JJIsl HyKJIEMHOBBIX KHCIIOT B HcclieayeMoM oOpasie, Hanpumep, cii/IHK B matepuHckoM mc-
ciexyemMoM obOpasiie, ¢ IpUMEHEHHEM CEeKBEHHPOBAHUS ITOCPEACTBOM rudpunn3anin. CeKBeHHpOBaHHE ITOCPEI-
CTBOM THOPHIN3AIINH BKIIOYAET OCYIIECTBICHHE KOHTAKTa MHOXKECTBA MOJIMHYKICOTHIHBIX MOCIEOBATEIEHO-
CTEeH C MHOXXECTBOM MOJHHYKJICOTHIHBIX 30HIIOB, IPUYEM KaXKIbIH M3 MHOXECTBA ITOJIMHYKICOTHAHBIX 30HAOB
MOXeT OBITh He0Os3aTeNbHO MPUCOSANHEH K cyOcTpaTy. CyOcTpaT MOKET MPEACTABISATE CO00I MIOCKYIO TO-
BEPXHOCTb, COJICPIKAIIYIO MATPHUILy U3BECTHBIX HYKJICOTUIAHBIX MOCICAOBATEIFHOCTEH. XapakTep THOpUAN3aIUN
C MaTpuIleld MOXKHO HCIOJB30BATH IS OMPEHCICHUS MOJIHHYKJICOTHIHBIX IMOCICIOBATEIBHOCTEH, TPUCYTCT-
ByIOIIUX B 0Opasie. CoriacHo MpyruM BapHaHTaM pealiu3alliy KaXKIbId 30H]] MPUCOCINHCH K OYCHHE, HAIpH-
Mep, MAarHUTHOH OycuHe wid T.1. ['uOpunu3anuio kK 0yCHHAM MOXHO ONPEICNIUTh U UCIIOJIE30BaTh ISl HIICHTH-
(buKaIy MHOXECTBa TIOJIHHYKICOTHIHBIX MOCIEI0BATEIFHOCTEH B 00pasIie.

CornacHO HEKOTOPBIM BapHaHTaM pEaM3aIliH CII0COO0B, OMMMCAHHBIX B HACTOSIIEM JOKYMEHTE, KapTHPO-
BaHHBIE METKH ITOCIICIOBATEIFHOCTH COAEP)KAT PHUIBI MOCIEIOBATENBHOCTH UIMHON mpubim3nTensHo 20 1m.o.,
MPUOIM3UTENBHO 25 11.0., MpUOIU3HTEIbHO 30 I1.0., MPHOIU3UTEIHHO 35 11.0., MpuOIU3uTeNbHO 40 11.0., IPUOITH-
3UTENBHO 45 1.0., MpuOIM3UTENbHO 50 I1.0., MPUOIUZUTEIBHO 55 1.0., IPHOMM3UTENHLHO 60 I1.0., TPUOTUZUTETH-
HO 65 1m.0., MpUOIM3UTENBEHO 70 11.0., MPUOTUUTENBHO 75 11.0., TpubmM3uTensHO 80 I1.0., MPUOIM3UTEIBHO 85
1.0., MpuoOIU3uTEIHHO 90 11.0., MpUOIM3UTENLHO 95 1.0., TpubOIM3UTENHEHO 100 Mm.0., mpubmM3uTensHO 110 m.0.,
npubmsnTensHo 120 m.o., mpubnusurensHo 130, npubmmsntensio 140 m.o., npubmusurensHo 150 m.o., mpu-
ommurensHo 200 1.0., npudamsuTensHo 250 1m.0., npubmmsutensHo 300 m.o0., npubausurensHo 350 m.o., mpu-
ommurensHo 400 1.0., npubnmuznTensHo 450 m.o. wm npubamsutensHo 500 m.o. OXuAAIOT, YTO TEXHOJIOTHYE-
CKHE MPEenMYIIECTBa CAENAIOT BO3MOKHBIMU PHIBI OJMHOYHBIX KOHIOB JuIMHOH Oonee 500 1m.o., 4To chemaer
BO3MOXKHBIMH PUABI JITUHON Oosee npubmmsutenbHo 1000 1m.0. Ipu MOTYYCHUU PUIOB CIapeHHBIX KOHIOB. Co-
TJIACHO OJHOMY BapHaHTY peayM3alliil KapTHPOBAHHBIC METKH IIOCIEIOBATCIFHOCTH COICPKAT ITOCIEI0BATEIb-
HOCTH PHIIOB, KOTOPBIE COCTAaBISIIOT 36 1m.0. KapTupoBaHMs METOK MOCIEIO0BATEIBHOCTH JOCTUTAIOT TOCPECT-
BOM CpPaBHEHHS MTOCIIEIOBATEIHFHOCTH METKH C MOCIIEIOBATEIBHOCTRIO pedepeHca sl ONpeaeIeHIsI XPOMOCOM-
HOTO TPOUCXOKICHHS MOJIEKYJIbI CEeKBEHUPOBAHHOW HYKICMHOBOH KUCIOTHI (Hanpumep, cii/IHK), u koHKpeTHas
TeHeTHIecKast MH(pOPMAITs O TTOCIIeAOBATEILHOCTH HE SIBIIIETCS HEOOX0ANMOH. MOXKHO TOITYCTUTH HEOOIBITYIO
cTenieHb HecooTBeTcTBHA (0-2 HECOBMAJCHUS HA METKY TOCIEIOBATEIIPHOCTH), KOTOpask MPUXOIATCS HA MHHH-
MaJIbHBIC TOTUMOP(GU3MBL, KOTOPBIE MOTYT CYIIECTBOBATh MEKAY pEEPECHCHBIM FCHOMOM U T'€HOMAaMH B CMe-
IIAaHHOM 00pa3IIe.

Ha o0Opa3ern, kak mpaBuIiIo, TOJIYYa0T MHOKECTBO METOK MOCIEA0BaTeIbHOCTH. COrNIaCHO HEKOTOPEIM Ba-
pHaHTaM pean3alud U3 KapTUPOBAHUS PUIOB C peePECHCHBIM TEHOMOM IOJIyYaroT IO MEHBIICH Mepe MpHOIIn-
sutenbHo 3x10° MeTox MOCIIEZIOBATEIHLHOCTH, TI0 MEHBIIIEH Mepe TPUOIH3UTEIHLHO 5%x10° merTok IOCIEN0BA-
TEJIHHOCTH, TI0 MEHBIIIEH Mepe MPUOTU3UTEILHO 8x10° METOK TOCIIEI0BATEIBHOCTH, TI0 MCHBIIICH Mepe mpuoIn-
surensHo 10x10° METOK MOCIIEN0BATENEHOCTH, T0 MEHbIICH Mepe mpubam3uTensHo 15x10° Metok mocienoBa-
TEJIHHOCTH, TI0 MEHBIIIEH Mepe MPUOTU3UTEITHHO 20x10° METOK MOC/IEOBATEIFHOCTH, 10 MEHBIIEH Mepe IpHu-
GmmsuTensHo 30x10° MeToK mociIe10BaTeIBHOCTH, TI0 MEHbIIeH Mepe mpubmsnTensHo 40x10° MeTok mocneno-
BATENEHOCTH HIIH 110 MEHbIIEH Mepe mpuousuTensHo 50x10° METOK MOCIeI0BaTePHOCTH, COAEPIKAIIMX PUIBI
mmHO# ot 20 1o 40 m.o., HanpuMep, 36 1.0., Ha oOpaser. CornacHo OAHOMY BapHaHTY peali3aluy BCE PUJIBI
MIOCJIC/IOBATENILHOCTH KapTHPYIOT Ha Bce obaacTu pedeperHcHoro reoma. CoriaacHO OZHOMY BapHaHTy peau-
3alKU TOJCYUTHIBAIOT METKH, KOTOPBIC OBUTM KapTUPOBAHBI HA BCE OOJIACTH, HATIPUMED, BCE XPOMOCOMBI, pede-
peHcHoro reroma, u onpenessitor BUK, T.e. upe3MepHyIo WM HEOCTATOYHYIO MPEACTaBICHHOCTh MOCIIEI0BA-
TENBHOCTH, MPECTABILIONICH MHTEpeC, HapUMep, XPOMOCOMBI MM €¢ 4acTd, B cMemaHHoM oOpasne JJHK.
Crioco0y He TpeOyeTcst yCTaHOBIICHHE OTIIMIUN MEXTy TBYMS TEHOMaMH.

TodHOCTH, HEOOXOAMMASI TS TIPABUILHOTO OTPEACIICHUSI TOTO, MPUCYTCTBYET MK oTcyTcTByeT BUK, Ha-
prUMep, aHEYIUIONIUS, B 00pas3Iie, OCHOBBIBAETCS HAa BapHAIlMH KOJIMYECTBA METOK IOCIIE0BAaTEIFHOCTH, KOTO-
pBIe KapTHPYIOTCA Ha peepeHCHBIH TEeHOM, CpeAr 00pa3loB B MpeesiaX CepUH CEeKBCHUPOBAHMS (BHYTPHUXPO-
MOCOMHAsI BapHaOeIbHOCTh) M BapHaIlH KOJMYECTBA METOK IOCIIEOBATEIFHOCTH, KOTOPhIE KapTHPYIOTCSA Ha
pedepeHCHBII TeHOM, B Pa3lIMYHBIX CEPUAX CEKBEHHPOBAaHWS (BapHaOCILHOCTh MEXIY CEKBECHHPOBAHHSIMHU).
Hanpumep, Bapuanmu MOryT OBITH B OCOOCHHOCTH SIPKO BBIPAXKCHHBIMH JIJISI METOK, KOTOPBIC KaAPTHPYIOTCS HA
GC-oboramennsie nmn GC-o0enHeHHbIE pedepeHCHBIE TOCIEI0BATENIFHOCTH. JIpyrie Bapualiiu MOTYT SBJISTh-
Csl CIICICTBHEM MPUMEHCHUS PA3IUYHBIX MPOTOKOJIOB JJIs SKCTPAKIIUU U OYHCTKU HYKJIEHHOBBIX KHCIIOT, MOJY-
YeHHs1 OMOTMOTCK CCKBEHUPOBAHUS U MIPUMCHCHHS Pa3IMYHBIX IaT(GOpM CeKBEHUpOBaHHs. B HacTosieM cro-
co0e NMPUMEHSIOT O3Bl MOCIEI0BaTEIFHOCTEN (1036 XpPOMOCOMBI MIJIM JTO3Bl CEIMEHTa) Ha OCHOBaHWHU 3HAHUS
HOPMHPYIOIINX TOCIEJOBATEIFHOCTEH (ITOCIEI0BATENEHOCTEH HOPMHUPYIOIIEH XPOMOCOMBI WM MOCIENOBa-
TENBHOCTEHl HOPMHUPYIOIIETO CErMEHTa), 9TOOBI B JEHCTBUTENHHOCTH YYECTh HAKOIUIEHHYIO BapHaOeIhHOCTH,
KOTOpast SBIACTCS CICICTBHEM MEXXPOMOCOMHON BapmaOelbHOCTH (B OJHOW CEpHM OIpeNeNeHuil) U BapHa-
OCITbHOCTH MEXIY CEKBEHHPOBAHHMSIMHU (B HECKOJBKUX CEPHSIX OMpeAeNieHHi) U 3aBUCUMON OT TIaT(opmbl Ba-
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puadenbHOCTH. Jl03bI XpOMOCOM OCHOBAHBI Ha 3HAHWH I10CIIEI0BATEIHHOCTH HOPMHUPYIOIIEH XPOMOCOMBI, KOTO-
past MOXKET COCTOSATh U3 OJJHOM XpOMOCOMBI MJIH JBYX MJIM 00jiee XpOMOCOM, BBIOpaHHBIX U3 XpoMocoM 1-22, X
u Y. B kauecTBe anbTepHATHBEI, MOCIEI0BATENILHOCTH HOPMHUPYIOIEH XPOMOCOMBI MOTYT COCTOSITh M3 OJHOTO
CETMEHTa XpPOMOCOMBI MJIM ABYX MM OOJice CErMEHTOB OJHON XPOMOCOMBI MO0 ABYX HIH 0OJEe XPOMOCOM.
Jl03bI cerMeHTa OCHOBAaHbI Ha 3HAHUH IOCIEI0BATEILHOCTH HOPMHUPYIOIIETO CETMEHTa, KOTOPasi MOXKET COCTO-
STh U3 OJTHOTO CETMEHTA JI000W OJHOW XpOMOCOMBI JTHOO IBYX WIJIM 00Jee CErMEHTOB JIFOOBIX ABYX WM OoJiee
n3 xpomocoMm 1-22, X n Y.

BYK u npenaranbHas 1MarHOCTHKA.

Becknerounyro IHK u PHK mnona, nupkynupyromiyro B MaTepUHCKOM KPOBH, MOXHO NPUMEHSTH IS
paHHeld HeWHBa3MBHOW NpeHaTtanbHOM amarHoctuku (HIIJ]) yBennumBaromerocs KOJIMYECTBa TI'€HETHYECKUX
COCTOSIHMHF Kak JUIsl BelleHHs1 OEPEMEHHOCTH, TaK W JUI CHOCOOCTBOBAHMS NMPUHATHIO PELICHUH B o0iacTh pe-
nponykuun. O npucyrctBun 6eckierounoit JJHK, mupkynupyromeit B cocyaucToM pycie, cTalo U3BeCTHO 0o-
nee 50 yrer Hazan. CoBceM HEJaBHO B MaTEPHHCKOM COCYIHCTOM pYCile B TeUeHHE OEpeMEHHOCTH ObUIO OOHa-
pyXeHo mpucyTcTBHE HeOoipmmx kosmmuecTs mupkKynupytomeit JTHK rurona (Lo et al., Lancet 350:485-487
[1997]). beuto mokazano, uro 6eckierounas JJHK mroxa (cu/IHK), kak cunrarot, mpoucxoasmias u3 THOHYITUX
TUTAIIGHTAPHBIX KIETOK, COCTOUT U3 KOPOTKUX (parMeHTOB, Kak mpasmiio, MeHee 200 m.o. B ymHy (Chan et al.,
Clin Chem 50:88-92 [2004]), koTOpBIe MOXHO BBISIBHTH eile Ha 4 Heaene rectanuu (Illanes et al., Early Human
Dev 83:563-566 [2007]) 1 KOTOpbIe YCTAHOBJICHHO BBIBOIATCS M3 MAaTEPHHCKOT'O COCYIHUCTOTO PYCiia B TEUCHHE
HECKOJIbKMX 4YacoB mocie mossieHus (Lo et al., Am J. Hum Genet 64:218-224 [1999]). B momonHeHne &
cii/IHK, B MaTeprHCKOM COCYIHCTOM pPYyCIIe TaKXe MOXXKHO pacrio3HaTh GparmeHTsl O6eckierouno PHK mmonma
(cfRNA), mony4eHHbIE U3 TEHOB, KOTOPbIE TPAaHCKPHOMPYIOTCS B IUIOJE WM IUTAllEHTE. DKCTPAKIUS M MOCIe-
YoM aHaJdW3 JaHHBIX TEHETHYCCKHX AJIEMEHTOB IUIO/a M3 MAaTepHHCKOro o0Opaslia KpOBH IPEIOCTaBISIET
HOBBIE BO3MOKHOCTH it HITJT.

Hacrosmuii cioco6 npezncrasisier co0oi HE3aBUCUMBIH OT nonmMopdu3ma crocod, KOTOpBIil perHa3Ha-
yeH aist npumenenns B HITJL u o kotoporo He TpeOyetcs ycranosnenus otmuuid cii/IHK miona ot matepun-
ckoit ciu/IHK, uTo memaeT BO3MOXHBIM OIpENEICHUE aHESYIUIOUINH Tioga. CorjlacHO HEKOTOPBHIM BapHaHTaM
peanu3ayy aHEYIIIOUAUS MPEACTABIAET CO00M MONHYI0 TPUCOMHIO MM MOHOCOMHIO XPOMOCOMBI OO Hac-
THYHYIO TPUCOMHIO HIIM MOHOCOMHIO. YacTH4HbIE aHEYINIOUANH BBI3BAHBI YTPATON MM MPHOOPETCHUEM YacTH
XPOMOCOMBI M BKJIFOYAIOT XPOMOCOMHBIM IucOamaHc, KOTOPBIH SIBISICTCS CIEACTBHEM HecOalaHCHPOBAHHOMN
TpaHCIIOKAIlMH, HecOATaHCHPOBAHHBIX WHBEPCHH, Nenennid W wHcepuuid. besycimoBHo, Hanbosee pacrpocTpa-
HEHHasl U3BECTHAS aHEYIUIOMINsI, COBMECTUMAs C )KM3HBIO, MPEACTaBIsICT coO0OH Tpucommio 21, T.e. CHHAPOM
Hayna (C/1), BBI3BaHHBIN NPUCYTCTBHEM YacTH MK Beeit xpomocoMsbl 21. Peaxo CJ] MoxkeT OBITh BBI3BaH BPOX-
JICHHBIM WJIH CTIOPaJMueCcKUM Ae(EKTOM, B pe3ybTaTe KOTOPOTo K Apyroit xpoMocoMe (00bIYHO XpoMocome 14)
MPUCOETUHSCTCS JOIOIHUTENbHAS KOIHS BCEH MIIM 9acTH XpOMOCOMEI 21 ¢ o0pa3oBaHHeM OJHOW abeppaHTHOM
xpoMocoMbl. CJ1 CBs3aH ¢ YMCTBEHHBIM PAacCTPOHCTBOM, CEPhE3HBIMHU 3aTPYIHEHHSIMHU B yueOe W MOBBIIICHHOMH
CMEPTHOCTBIO, BHI3BAHHOW JUIMTENILHBIMI HAPYIICHUSIMH COCTOSIHUS 3/I0POBBSI, TAKUMH Kak 3a0oJieBaHUE cepl-
na. Jlpyrue aHeymiouauu ¢ U3BECTHON KIMHUYECKON 3HAaUMMOCTBIO BKJIIOUAIOT CUHAPOM DABapAca (TPUCOMUIO
18) u cunapom Ilaray (Tpuicomuto 13), KOTOpBIE YACTO SBISIOTCS CMEPTEIHHBIMU B TECUCHHUE TEPBBIX HECKOJIb-
KHX MECALEB )KU3HH. AHOMAJINN, CBSI3aHHBIE C KOJIMYECTBAMH ITOJIOBBIX XPOMOCOM, TaK)K€ U3BECTHBI M BKIIFOYa-
FOT MOHOCOMUIO X, HanpuMep, cuaIpoM TepHepa (XO) u curmpom TpoitHo# X (XXX) y HOBOPOKICHHBIX JKEH-
ckoro mosia u cuaapom Knaitadensrepa (XXY) u cuaapom XYY y HOBOPOKICHHBIX MYXKCKOTO ToJia, BCE U3
KOTOPBIX CBS3aHBI C Pa3INYHBIMU ()CHOTUIIAMH, BKIIOYas OECIIOANE U CHIDKCHHUE MHTEIUIEKTYaIbHBIX CIIOCO0-
Hoctedl. MoHocomus X [45, X] sBisieTcst 4acToil MPUYMHON paHHeW MoTepu OEpEeMEHHOCTH, HAa KOTOPYIO MpH-
XOAUTCS NPUONMM3NTENbHO 7% CaMOIPOU3BOJILHBIX abopTOB. Ha OCHOBaHMM YacTOTHI KMBOPOKAEHHBIX ¢ 45,X
(Taxxe HasbIBaeTcs cuHapoMoM Teprepa) 1 - 2/10000, cornmacHo oneHkaM, MeHee 1% OIUIOOTBOPEHHBIX siflie-
Ki1eToK 45,X BBUKUBYT K cpoKy. [IpunOnn3utensno 30% manueHToB ¢ cuHApoMoM TepHepa MpeAcTaBIsIoT CO00i
MoO3auKH ¢ JuHuel knetok 45,X u nuHuel kiaerok 46,XX unu ogHoN AMHUEH KIETOK, CoAepKalleil peopranu-
3oBaHHyl0 X-xpomocomy (Hook and Warburton 1983). ®enotun y »KHBOPOXICHHBIX MJIA/ICHIEB SBISETCS OT-
HOCHTEJIbHO YMEPEHHBIM, YYUTHIBAsI BEICOKYIO CMEPTHOCTb IUIOJIOB, M OBLIO BBICKA3aHO IIPEATIONIOXKEHHE, UTO,
BO3MOJKHO, BCE KHMBOPOXKICHHBIE MIIAJICHIIBI )KCHCKOTO 110JIa ¢ CHHAPOMOM TepHepa HecyT JIMHHIO KIETOK, CO-
JeprKaIiX J[BE MOJIOBBIE XPOMOCOMBL. MoHOCOMUSI X MOXKET BO3HHKHYTh Y CyOBEKTOB JKCHCKOTO I10J1a B BHIE
45,X wmu B Bune 45,X/46XX, v y cyOBEKTOB MY>KCKOTO TI0Ja - B BHIE 45,X/46XY. AyToCOMHBIE MOHOCOMUH Y
YeJIOBEeKa, KaK MPaBUIIO, CIMTAIOT HECOBMECTHMBIMH C JKH3HBIO; OJHAKO CYIIECTBYET JOCTATOYHO MHOTO LIHUTO-
TEHETHIECKUX COOOIIEHNH, B KOTOPBIX OMHCaHa MOJHAs MOHOCOMUS OJJHOM XpOMOCOMBI 21 y KHBOPOXKICHHBIX
nereii (Vosranova let al., Molecular Cytogen. 1:13 [2008]; Joosten et al., Prenatal Diagn. 17:271-5 [1997]. Cmo-
€00, ONMCAaHHBI B HACTOSIIEM JOKYMEHTE, MOXXHO MPUMEHSTH JUIsl TMATrHOCTHKH JAHHBIX U JPYTUX aHOMaJIUH
XPOMOCOM IPEHATAIBHBIM CIIOCOOOM.

CornacHO HEKOTOPBIM BapuUaHTaM peajn3alliy CIOCOObI, PACKPHITHIE B HACTOSIIEM JOKYMEHTE, MOTYT OII-
peneNUTh NPUCYTCTBHE I OTCYTCTBHE TPUCOMHUI XpOMOCOM 000 ogHON U3 xpoMmocoM 1-22, X u Y. [Ipume-
PBI TPUCOMHI XPOMOCOM, KOTOpPBIE MOKHO OOHApYXHUTh COTJIACHO HACTOSIIEMY cIloco0y, BKIIOYAIOT, 0e3 orpa-
HudeHus, Tpucomuto 21 (T21; cunapom Jlayna), tpucomuto 18 (T18; cuaapom DnaBapaca), pucomuro 16 (T16),
tpucomuto 20 (T20), Tpucomuro 22 (T22; curmpoM Komadbero riasa), tpucomuto 15 (T15; cunapom Ipanepa-
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Bunnm), tpucomuto 13 (T13; cunnpom Ilaray), tpucomuro 8 (T8; cungpom Bapkanm), tpucomuro 9 u XXY
(cunnpom Kiaitagpensrepa), pucomuto XYY umu XXX. ITosHbIe TPHCOMUY APYTHUX ayTOCOM, CYLIECTBYIOIIUE
B HEMO3aHMYHOM COCTOSIHHH, SBISIFOTCS CMEPTEIbHBIMH, HO MOTYT OBITHh COBMECTHMEI C )KM3HBIO, KOT/Ia TIPHUCYT-
CTBYIOT B MO3aW9HOM cOCTOsSHUH. ClleAyeT MPUHIMAaTh BO BHUMAHUE, YTO pa3IMYHbIC MOJIHBIE TPUCOMUH, Oy b
TO CYIIECTBYIOIINE B MO3AHMIHOM WIIM HEMO3aWYHOM COCTOSIHUH, U YaCTHYHBIC TPUCOMHUH MOXHO OIIPENEIUTh B
c/IHK mtonia B COOTBETCTBHM C WAESMH, IPEICTABICHHBIMH B HACTOSIIIEM TOKYMEHTE.

HeorpanmunBatomue mpuMepbl YaCTHYHBIX TPHUCOMHMA, KOTOPBIE MOXHO OIPENESIUTh HACTOSIINM CIIOCO-
0oM, BKITIOUAIOT, 0€3 OrpaHUYCHHS, YACTHUHYIO Tpucomuio 1q32-44, tpucomuto 9p, TpUCOMUIO 4 ¢ MO3aUIU3-
MOM, TpucoMuto 17p, 4acTHuHyl0 TpucoMuio 4q26-qter, YaCTUUHYIO TPUCOMHIO 2p, YACTHUHYIO TPUCOMHUIO 1q
W/MITM YaCTHYHYIO TPUCOMHIO 6P/MOHOCOMHIO 64.

Crioco0bl, pacKpBITHIE B HACTOSILEM JOKYMEHTE, TAKKe MOKHO ITPUMEHSTH JUIS OTPeeNICHUsI MOHOCOMUH
XpOMOCOMBI X, MOHOCOMUHU XPOMOCOMBI 21 M 4acTUYHOH MOHOCOMHH, TaKOH Kak MOHOcoMus 13, MOHOCOMUS
15, morocomus 16, MmoHOCcOMHsS 21 M MOHOCOMUS 22, KOTOPBIC YCTAHOBICHHO CBSI3aHBI C BBIKUIBIIIEM TP Oe-
pemMeHHOCTH. YacTHYHYI0O MOHOCOMHIO XPOMOCOM, KOTOpasi, KaK MPaBUIIO, IIPHYAcTHA K ITOJTHOM aHEYyTIJIONIUH,
MOJKHO TaKKe ONPEACIHTh CIIOCOOOM, OMHMCAHHBEIM B HACTOSIIEM IOKyMEHTEe. HeorpaHMYuBaromue MpuMepHI
CHHIIPOMOB JICJICIIUH, KOTOPBIC MOXKHO OIPENENUTH COTJIACHO HACTOSIIEMY CHOCOOY, BKITIOYAlOT CHHAPOMEL,
BBI3BAaHHBIC YaCTHYHBIMHU JENICIISIMA XPOMOCOM. [IpuMepsl YaCTHIHBIX JeNennii, KOTOpbIE MOXHO ONPEICIUTh
COTJIaCHO croco0am, ONMHMCAaHHBIM B HACTOSINEM JOKYMEHTE, BKIIOYAIOT, 0€3 OrpaHUYeHHs, YaCTHIHBIC ACTICIIHN
xpomocom 1,4,5,7, 11,18, 15, 13, 17,22 u 10, KOTOpBIC OMMCAHBI HIKE.

Cunnpom generuu 1q21.1 wmu mukpoaeneruu 1q21.1 (peuauBUPYIOMNN) MPEACTABISET COO0H PEAKYIO
abeppanuro xpomocomsl 1. Hapsay ¢ cuHapoMoM nenenyu, CyIIECTBYeT TakKe CHHAPOM ayrumkanuu 1g21.1.
Xota cymectByeT yacth JJHK, He comepxkamias CHHIPOM AeNeLUU B KOHKPETHOH TOYKE, CYLIECTBYET ABE WU
TpH Konuu aHanoruyHoi yactu JIHK B ToM ke Touke ¢ CHHAPOMOM IyIUIMKauuu. JIuTepaTypa OTHOCUT Kak Je-
JIEUIo, TaK U TYIUIMKanuio K BapuanusiM uucia xonuid (BUK) 1q21.1. Jeneuunst 1q21.1 Moker OBbITH CBsi3aHa C
cuaapomoM TAR (Thrombocytopenia with Absent radius, TpoMOOLIUTONIEHHS C OTCYTCTBUEM JIy4EBOM KOCTH).

Cunnpom Bombga-Xupmxopaa (Wolf-Hirschhorn syndrome, WHS) (OMIN (Online Mendelian Inheri-
tance in Man, oHJIaliH-KaTaJIOT ()eHETHUECKUX MapKepoB y denoBeka) Nel194190) npepcraBiseT coboit CHHAPOM
CIUTOITHON JENICIIMH TeHa, CBA3aHHBIA C TEeMH3UTOTHOW jenenuedt xpomocombl 4p16.3. Cunapom Boinbda-
XupixopHa IpeAcTaBsieT co00i CHHAPOM BPOKICHHOTO MOPOKa Pa3BUTHS, KOTOPBIH XapaKTepU3yeTcs Mpe- ’
MOCTHATAIBHON HEJOCTATOYHOCTHIO POCTA, PACCTPOMCTBOM Pa3BUTHS PA3NUIHON CTENEHH TSKECTH, XapaKTep-
HBIMH 9EepPEITHO-MO3TOBBIMHU UepTaMu (BHEIIHUK BHJ HOCA IO THITY "TIeMa rpedeckoro BowHA'", BEICOKH J100,
BBIJIAIOINECS T1a0eIlIbl, THUIIEPTEIOPU3M, BEICOKHE AyrooOpasHble OpOBH, BBIMYKIJBIE IJla3a, SMHUKaHTAJIbHbIC
CKJIQJIKH, KOPOTKHH TOJHOCOBOH KEIOOOK, YETKO OYEPUEHHBIH POT C OMYIICHHBIMH BHU3 YrOJIKAMH U MHKpO-
THaTHA) U STUIICTICHEH.

YacTruHas Jienenyst XpoMOCOMBI 5, TakKe U3BECTHAs KaK Sp- WM Sp MUHYC UM Ha3BaHHas cuHApoMoM Cris
du Chat (OMINNe 123450), BeI3BaHa Jesieniueil KOPOTKOTo Iieda (p-mieda) XxpomMocomsl 5 (5pl15.3-p15.2). V
MJIQ/ICHIIEB C JITAHHBIM COCTOSIHHEM YacTO HaOJI0aeTcst MPOH3UTEIbHBINH KPHUK, KOTOPBIH 9acTO MOXOXK Ha KPHK
KOIIKHU. PacCTpoiCTBO XapakTepru3yeTcsi YMCTBEHHON OTCTANIOCTRIO M 3aJIeP)KKON Pa3BUTHS, HEOOJIBIIUM pa3Me-
POM ToJIOBBI (MUKpoLedamus), HU3KOW MacCOW Tena MpH POKICHUHM U CIa0bIM TOHYCOM MBIIII] (TUTIOTOHWMS) B
MITaJICHIECKOM BO3PACTe, XapaKTEPHBIMH YePTaMH JINIA W, BO3MOYKHO, TOPOKAMH CEp/La.

CunnmpoM YwunbsiMca-boiipeHa, Takke W3BECTHBIM Kak CHHAPOM jaeneru xpomocombl 7q11.23 (OMIN
194050), mpencraiser co0OW CHHIPOM CILIONTHOW eI TeHa, KOTOPHIH MPUBOAUT K MYJIBTHCHCTEMHOMY
HapyIICHHUIO, BEI3BAHHOMY T'€MHU3UTOTHOM nenenueit pazmepom ot 1,5 o 1,8 M6 Ha xpomocome 7q11.23, xoTo-
past COIEP>KUT NPUOIN3UTENHHO 28 TEHOB.

Cunnpom SkoOceHa, TakyKe U3BECTHBIN Kak HapylleHue, BbI3BaHHOE jaeienuei 11q, mpencrasiser coboi
penkuii BpoXKJICHHBIH MOPOK Pa3BUTHS, KOTOPBIN SBISIETCS CIEACTBHEM JICNICIIMM KOHIIEBOW 00JIaCTH XpOMOCO-
Mel 11, copepaxameii nonocy 11q24.1. JlaHHBIN CHHAPOM MOXET BBI3BIBATh YMCTBEHHYIO OTCTAJIOCTh, XapaKTep-
HBIE YEePTHI JINIA M MHOXECTBO (PU3MUECKHUX HApYLICHHUH, BKIIIOYast TOPOKHU CEp/Iia U HapyIICHUE CBEPTHIBAEMO-
CTH KPOBH.

YactrnyHasi MOHOCOMHSI XpOMOCOMBI 18, mM3BecTHast kKak MOHOcoMmusl 18p, mpencTaBisier coOol peakoe
XPOMOCOMHOE HapylIeHHe, IIPH KOTOPOM BCS XpoMocoMma 18 mim gacTe ee KOPOTKOro 1mieda (p) JeIeTHPOBaHBI
(MoHOCOMMUecKHUit). PaccTpolicTBO, Kak MPaBUIIO, XapaKTEPU3YETCs] HU3KAM POCTOM, PA3IMYHOM CTENCHBIO 3a-
JEPKKU YMCTBEHHOTO PAa3BHUTHSA, 3a7CPKKON Pa3BUTHA peyud, BPOXKICHHBIMH TIOPOKAaMH Yepera u 00JacTy Jima
(depenHO-MHIIEBOH 00JACTH) W/WIW JOTOJHUTEILHBIME (pu3ndeckuMu aHoMalusMu. CBs3aHHBIE YeperHO-
JMLeBble Ne(eKTH MOTYT B 3HAYUTEIILHOM CTENICHN BaAPbUPOBATh OT CIIydast K CJIydaro MO JNalla30Hy U TSKECTH.

CocTosiHUS, BBI3BaHHBIE M3MEHEHHMSMH CTPYKTYPBlI WM KOJMYECTBAa KOMHWI XpOMOCOMBI 15, BKIIOUAroT
CHHIpPOM DHHIDKeIMeHa u cuHapoM Ilpanepa-Buim, KoTopble BKIIOUAIOT YyTpaTy akTHBHOCTH T'€Ha B OJJHOW H
TOW >Xe YacTh XpomocoMmbl 15, obmactu 15ql1-ql13. Cnenyer mpuHMMATh BO BHHMaHHE, YTO Yy POJHTEIS-
HOCHTEJISl HECKOJIBKO TPAHCIIOKAIMH 1 MUKPOJIENEINI MOTYT SIBIATHCSI OECCUMIITOMHBIMHM, U TIPH 3TOM OHHU MO-
TYT BBI3BAaTh 3HAUHUTEIHHOE T'€HETHYECKOE 3a00IeBaHue y moToMcTBa. Hanpumep, 310poBast MaTh, KOTOpast He-
ceT mukpoaeneruio 15q11-ql13, Moxet poauth pebeHka ¢ CHHAPOMOM DWHDKEIMEHa, TSHKEIBIM HeHpoIereHe-
paTHBHBIM HapymreHHeM. Takum 00pazoM, cIIocoObl, anmapaTsl U CHCTEMBI, OIIMCAHHBIE B HACTOAIIEM TOKYMEH-

-65 -



035148

TE, MOYXHO NPUMEHSTD ISl HACHTH(UKAINY TaKOH YaCTUYHOH JeJICHUH U IPYTUX JeJIeIHH Y IUI0/a.

Yactrunas Mmonocomust 13q mpezcrasisieT co00OH pekoe XpOMOCOMHOE HapylIeHHE, KOTOPOEe BO3HUKAET,
KOTJIa YTPaunWBaeTCs YacTh JUIMHHOTO Iieda () XpoMocoMbl 13 (MOHOCOMUYECKHit). MIaeHIIbl, POXKICHHBIE C
YacTHYHON MoHOcoMuer 13q, MOTYT J€MOHCTPHPOBATh HU3KYIO MaccCy Tela MPH POXKICHUH, BPOXKICHHBIE MO-
POKH TOJIOBBI 1 JIMIA (YEPETTHO-JIUIIEBON 00JIaCTH), aHOMAJIUU CKeneTa (B 0COOCHHOCTH, PYK U CTOI) U APYTHE
¢usmueckre aHoManuy. st JaHHOTO COCTOSIHUS XapaKTEPHbI 3aA€PKKH YMCTBEHHOTO pa3Butusa. Cpeau uHAN-
BUJLyyMOB, POXICHHBIX C JJAHHBIM HapyIICHHUEM, BBICOK YPOBEHb CMEPTHOCTH B MiajfieHuecTBe. [IpakTiuuecku
BCE CIIyJan YaCTHYHON MOHOCOMHHM 13 BO3HHKAIOT CIy4ailHBIM 00pa3oM IO HESICHBIM IIPUYMHAM (CTIOpaande-
CKH).

Cungpom Cmura-Marenuca (Smith-Magenis syndrome, SMS — OMIM Ne182290) BbI3BaH Aenenueii win
yTpaToil TEHETUUECKOTO MaTepHanga Ha OJHON KOMUM XPOMOCOMBI 17. JIaHHBIM XOpOIIO M3BECTHBIM CHUHAPOM
CBSI3aH C 33JIEP’KKON B Pa3BUTHH, 3aJIePKKOH YMCTBEHHOTO Pa3BHUTHS, BPOKACHHBIMU ITOPOKAMH PAa3BUTHS, Ta-
KUMH KaK TIOPOKH Cepla U IOYeK, U HEHPOIOBEAEHYECKUMI aHOMAINSIMH, TAKUMH KaK TsDKEJIbIe HapyIICHUs
CHa U caMoTpaBMupyroriee noseaenne. Cunapom Cmura-Marennca (SMS) B 6onbinHcTBe ciydaes (90%) BbI-
3BaH BHYTpPEHHEH nenenueit pasmepom 3,7 M6 B xpomocome 17p11.2.

Cunnmpom nenenun 22q11.2, Taxke n3BecTHBIN Kak cuHapoM Jlu ['eopre, npenctasiser coboil CHHAPOM,
BBI3BaHHBIN Jienereid Hebopmoro ¢pparmenTa xpomocomsl 22. lemerus (22q11.2) BO3HUKAET BO3JI€ CePEAMHBI
XPOMOCOMBI Ha JUTMHHOM IUI€Ye OJHOHM U3 mapsl XpoMocoM. [Ipu3Haku JaHHOTO CHHAPOMA IIHPOKO BapbUPYIOT
Jake CpeIy WICHOB OJHOW CEMbHU M 3aTPAaruBalOT MHOTHE YacTU Teld. XapaKTEePHbIC YEPTHl U CUMIITOMBI MOTYT
BKJIIOYaTh BPOXKACHHBIE TOPOKU PA3BUTHS, TAKHE KaK BPOXKACHHBIE 3a00/IeBaHNE CEeP/Ia, TaTOJIOrnu HEOA, Hau-
OoJsiee 4acTo, B OTHOLICHWH HEHPOMBIIICYHBIX HAPYLUICHUH CMBIKaHHS (HEOHO-TIIOTOYHAs HEJIOCTAaTOYHOCTH),
HapylIeHHe 00y4aeMOCTH, He3HAUNTEIbHBIC OTIMYHS YepT JMLA U peHuAnBUpYIomre nHpEeKnnn. Mukpoese-
IIMM B XpoMocoMHOH obmactu 22q11.2 cBsizansl ¢ B 20 - 30 pa3 yBeIM4eHHBIM PUCKOM IIH30(PEHHH.

Jlenenuy B KOPOTKOM Tuiede XpoMocoMsl 10 cBs3ansl ¢ heHoTHnOM, oJo00HEIM cuHapomy Ju I'eopre. Ua-
CTHYHAsI MOHOCOMHS XpoMocoMbI 10p sIBIsieTCsl pelkoi, HO CBOWCTBEHHOH YacTH IAlMEHTOB, Y KOTOPBIX Ha-
Osmromanuch yepThl cuHapoma u ['eopre.

CornacHO OHOMY BapHaHTY pealM3aliy CIIOCOOBI, anmapaTbl U CUCTEMBI, ONMCAHHBIE B HACTOSILEM J0-
KyMEHTE, IPUMEHSIOT Ul ONpPEACIeHHs YaCTUIHOW MOHOCOMHH, BKIIIO4asi, 6€3 OrpaHUYCHUs], YACTUIHYIO MO-
HOCOMUIO XpomocoMm 1, 4, 5,7, 11, 18, 15, 13, 17, 22 u 10, Hanpumep, 4acTHIHYIO MOHOCcOoMHIO 1g21.11, wac-
THIHYI0O MOHOCOMUIO 4pl16.3, yacTmuHyr0 MOHOCOMHIO Sp15.3-p15.2, wactuunyio mMonocommrto 7q11.23, gac-
THIHYI0 MOHOcoMmuio 11g24.1, gactuuryto MoHOCOMHIO 18p, YaCTHYHYIO MOHOCOMHUIO XpoMocoMbl 15 (15q11-
ql3), vactuunyro MmoHocomuo 13q, yacTuyHyr0 MoHOCOMUIO 17pl1.2, YaCTUYHYI0O MOHOCOMHIO XPOMOCOMBI 22
(22q11.2), n yactnuHyto MoHOcOMHIO 10p Taxke MO>KHO OIPEIEIUTD C IPUMEHEHHEM JJAaHHOTO Ccrioco0a.

Jlpyrue 4acTW4HBIE MOHOCOMHH, KOTOPBIE MOXKHO OIPEIENMTh COIJIacHO crioco0aM, ONMMCAHHBIM B Ha-
CTOSIIEM JOKYMEHTE, BKIIOYAIOT HecOalaHCHpOBaHHYI0 TpaHcmokarmro t(8;11)(p23.2;p15.5); Mukpoaenenuio
11923; nenenuro 17pl11.2; nenenuro 22q13.3; muxponenenuto Xp22.3; nenenuto 10pl4; muxponenemnuro 20p,
[del(22)(q11.2q11.23)], neneunto 7q11.23 u 7q36; nenemmio 1p36; MuUKpoaenenuio 2p; HelpoprOpoMaTo3 THIA
1 (muxpogenernuio 17q11.2), menemmto Yq; mukpoaenennto 4pl6.3; mukponenenuto 1p36.2; nenermro 11q14;
mukponenenmio 19q13.2; cunapom PybOmnmreitna-Taiton (Mukponmenenuro 16p13.3); mukpomenenuto 7p21;
cuaapom Mwumnepa-Jlukepa (17p13.3); u mukpozaenenuio 2q37. YacTudHple ASIEIUU MOTYT MPEACTABIATH CO-
6011 HEOOMBIIYIO IENEIHI0 YaCTH XPOMOCOMBI MJIM MOTYT IPEACTABIATH COOOH MHKPOAEIECLUH XPOMOCOMBI,
KOT/1a MO>KET BO3HUKHYTh JEJICUS OJHOTO I'CHa.

B0 maeHTHGUINPOBAHO HECKOIBKO CHHAPOMOB IYIUTMKALMH, BBI3BAHHBIX MYIUTMKAIUSMH YacTH IUIEH
xpomocoMbl (cM. OMIN [Online Mendelian Inheritance in Man, onnaifH-katanor (eHEeTHUYECKHX MapKepoB y
YeJIoBeKa, JOCTYNHBIN OHJIaWH 1o ajpecy: ncbi.nlm.nih.gov/omim]). CoriiacHO 0oHOMY BapuaHTy pealu3alnu
HACTOSIINI CHOCOO0 MOXHO NPHUMEHATH Ul ONpEAEICHHs NPUCYTCTBHUS WM OTCYTCTBHS AYIUIMKALUHM /I
YMHOXEHHS CETMEHTOB 110001 n3 xpomocoMm 1 -22, X u Y. Heorpannumsarommue npumMeps! CHHAPOMOB JTyTUIH-
Kall1, KOTOPbIe MOKHO OIPEJEIIUTh COTIaCHO HACTOSIIEMY CIIOCO0Y, BKIIOUAIOT TYIUIMKAIIMK YacTH XPOMOCOM
8, 15, 12 u 17, KoTOpBIC OMMICAHBI HIDKE.

CunnmpoM nyrumakamuu 8p23.1 mpeacraBiseT coboil penkoe reHeTHYecKoe HapyIIeHHEe, BHI3BAHHOE YTI-
TUKalnyel o0acTh XpoMocoMbl 8 denoBeka. JIaHHBIM CHHAPOM NYIUIMKAIIMHA XapaKTePU3YeTCs OICHUBACMON
pacnpocTtpaneHHOCThI0O 1 Ha 64000 poXaeHWA W TMPOTHBOIIONOXKEH CHHApOMY Aeneruu 8p23.1. Jlymmukanus
8p23.1 cBsA3aHa ¢ pa3sTUIHBIMU (EHOTHUIIAMH, BKJIIOYAs OJWH WK 0ojee (heHOTHIIOB, KOTOPBIC BHIOPAHBI U3 3a-
JEP)KKU Pa3BUTHUS PEUH, 3aJE€PKKH B Pa3BUTHH, YMEPEHHOTO AU3MOP(H3Ma C BBITYKIBIM JOOM M H30THYTBIMHU
OpoBsiMH U BpOXKJIeHHOTO 3a00seBanus cepana (B3C).

Cunnpom aymiaukanuu xpomocomsl 15q (Dupl5q) mpeacraBisier co0oi maeHTHGUINPYEMBIH KIIMHUYE-
CKUM CIIOCOOOM CHHIPOM, KOTOPBIH SIBJISICTCS CIEICTBHEM IYIUIMKAIMK XpoMmocoMbl 15q11-13.1 Mnanens! ¢
Dupl5q 00bIYHO XapaKTepHU3yIOTCSl TUIIOTOHHEH (C1a0bIM TOHYCOM MBIIII), OTCTAaBAaHHEM B POCTE; OHH MOTYT
POIMTBCS C paclierUIeHHOH Iy0oi n/mumu HEOOM MO0 ¢ BPOXKICHHBIMH NMOPOKaMHU CEpJlla, MOYeK WIN JIPYTrux
OpTaHoOB; y HUX HaOJIIOJaeTcs HEKOTOpasl CTEIEHb 3aJCpP)KKU Pa3sBUTHS KOTHUTHBHBIX (DYHKIMH/OrpaHHYCHUE
KOTHUTUBHBIX (pyHKIUMil (3aA€PKKH yMCTBEHHOTO Pa3BHUTHS), 3aJICPKKH Pa3BUTHSA PEYd U MOHUMAHMS SI3bIKA H
JUC(HYHKIUS CEHCOPHOM MHTETPALHH.
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Cunnpowm [Tannucrepa-Kunnuana siBiasieTcst ClieICTBUEM JOMOJHUTEIBHOIO MaTeprana XpoMocoMbl Ne 12,
OOBIYHO CYIIECTBYET CMECh KJIETOK (MO3AHIIN3M), HEKOTOPBIC M3 KOTOPBIX COACPIKAT JHOTOTHUTEIBHBIN MaTepH-
ai Ne 12, a HEKOTOpBIE SABISAIOTCS HOPMaIbHBIMU (46 XpoMocoM 0Oe3 ToToHUTeIpHOro Mareprana Ne 12). Mua-
JICHIIBI C TaHHBIM CHHAPOMOM XapaKTePU3yIOTCS MHOTUMH HapYIICHUSIMH, BKIIOUYAs TSHKEIBIC 3aCPKKH YMCT-
BEHHOTO Pa3BUTHsI, cIaObIii TOHYC MBI, "TpyObie" YepThl JUIA W BBHITYKJIBINA 100. Y HUX HaOIrogaeTcs TeH-
JISHITNS] IMETh OYCHb TOHKYIO BEPXHIOIO TYOy ¢ 0oJjiee TOJCTOW HIDKHEH Iy0oil M KOpOTKHM HocoM. Jlpyrue Ha-
PYIICHUS 30POBBS BKJIIOYAIOT SIMJICIICHIO, TIOXOE YCBaWBaHWE MHUTAHMS, OHEMEHHE CYCTaBOB, KaTapakTy BO
B3pOCJIOM BO3pacTe, MOTEPI0 ciiyxa W Mopoku cepana. Jluma ¢ cuaapomom INammmcrepa-Kumrmana xapakrepu-
3YI0TCSI YKOPOUEHHOH MPOIOJKUTENBHOCTHIO KU3HU.

NuauBUAyyMBI ¢ TEHETHYSCKUM COCTOsTHUEM, 0003HavaembIM kak dup(17)(pl1.2p11.2) wru dup 17p, He-
CYT JOMOTHUTEIbHYIO TCHETHYCCKYIO HHPOPMANHUIO (M3BECTHA KaK AYIUIAKAIUS) HAa KOPOTKOM IUIEYE XPOMOCO-
Ml 17. dynmnukanus xpomocomsl 17pl1.2 nexwur B ocHoBe cuaapoma [lorouku-JIyncku (Potocki-Lupski syn-
drome, PTLS), koTopslii npencraBiser codoi HelaBHO OOHAPY)KEHHOE ICHETHYECKOE COCTOSHHE C HCKIIOYH-
TEJNBHO HECKOJIBKUMH JCCATKAMH CIY4aeB, O KOTOPBIX COOOMIANOCh B MEIUIIMHCKOW uTepaType. [lanueHTsl, y
KOTOPBIX MIPUCYTCTBYET AaHHAS AYIUIMKAIHS, YaCTO XapaKTEPU3YIOTCS HU3KUM TOHYCOM MBIIII], ITIOXUM YCBaH-
BaHUEM IUTAHHUA U OTCYTCTBHEM IPHUOABKHU B BeCce B MIIAJICHUCCTBE, a TAKXKE XapaKTEePHU3YIOTCS 3aAePKKOI paz-
BUTHSI MOTOPHBIX M BepOalIbHBIX MOKa3aTenel pa3BuTusa. MHorue nHAMBUAYyMBbI ¢ PTLS cTpamaior oT TpyaHO-
CTeH ¢ TIPOM3HOIICHHEM U ¢ 00pabOTKOH JIMHTBUCTHUECKOH WH(OpMarmu. [IoMUMO 3TOTO, TAMEeHThl MOTYT
XapaKTepU30BaThCsl MOBEICHUCCKUMH XapaKTEPHUCTHKAMH, aHAJIOTHYHBIMH TaKOBBIM, HAOJIOZaeMBIM y JHI C
ayTH3MOM WJIM HapyIIeHUSMHU ayTHdeckoro crekrpa. MamuBuayymer ¢ PTLS Moryt xapakrepu3oBaThCsi TIOPO-
KaMU cepjlia U amHod Bo cHe. Jlyrumkarus OoJbplioi odnactu B xpomocoMe 17pl2, koTopast COIEPKUT TEH
PMP22, xak u3BecTHO, BhI3bIBacT 3a0oneBanue lllapko-Mapu-Tyra.

BUK cBsi3aHa ¢ poxaeHHEM MepTBOro miofa. OMHAKO B CBSA3U C OTPAHHYCHHUSMU, IPUCYIIIMHA OOLICTIPH-
HATOM mutorenetuke, Bkiaag BUK B poxkneHue MepTBOro Imioja, Kak CUMTAIOT, SIBJISETCS HEAOCTATOYHO IMpe.-
crapneHHBIM (Harris et al., Prenatal Diagn 31:932-944 [2011]). Kak nokazano B mpuMepax M OMHCAHO B APYTOM
MECT€ B HACTOAIIEM TOKYMEHTE, HACTOSIINI CIOCO0 MO3BOJISIET ONPENeNIATh MPUCYTCTBUE YaCTHUHBIX aHEYII-
JIOWIWH, HATIPUMEP, AN 1 YMHOKCHUH CETMEHTOB XpPOMOCOMBI, M JAHHBIN CITOCO0 MOYKHO MPUMEHSTH IS
UACHTU(QHUKAINN ¥ OTIpEACTICHNS NPUCYTCTBHS Win oTcyTcTBUs BUK, KOTOpBIE CBA3aHBI C pOXKICHIEM MEPTBOTO
Io/a.

Onpenenenre BUK mpu KIMHAYECKUX HAPYIICHUSX.

B nomonHeHne K paHHEMY OINpENeNeHHI0 BPOXKICHHBIX ITOPOKOB Pa3BUTHS CIIOCOOBI, ONMMCAaHHBIE B Ha-
CTOSIIEM NOKYMEHTE, MOKHO MPUMEHSTH JJIsl ONPEICICHUS JTIOOBIX aHOMATHU MPEICTABICHHUS TCHETHYCCKUX
nocJyieIoBaTeIbHOCTEN B TeHOMe. MHOKEeCTBO aHOMaJIHM MpeACcTaBIeHUs TeHETUUECKHUX TTOCIe0BaTEIbHOCTEH B
TCHOME CBSI3aHBI C PA3IMIHBIMU MATOJNOTUAMHU. Takue MaTOJOTHH BKITIOYAIOT, O€3 OTpaHUYCHUS, paK, HHPCKIU-
OHHBIC U ayTOMMMYHHBIC 3a00JICBaHUs, 3a00JICBaHIs HEPBHON CHCTEMBI, META0OJIMYECKHE U/UITH CePACYHOCO-
CYJIUCTBIC 3200JICBaHUSA U T.II.

COOTBETCTBEHHO, COTJIACHO Pa3IMYHBIM BapUaHTaM pead3aliy MPEeIyCMOTPEHO MPUMEHEHHUE CIIOCOOOB,
OTIMCaHHBIX B HACTOSIIEM JOKYMEHTE, IPH THATHOCTHUKE W/MIIM MOHUTOPHUHTE W/WIH JICUYCHUH TaKUX MATOJIOTHH.
Hanpumep, cmoco0sl MOXHO TPUMEHSATH ISl ONpPEACNCHUS MPUCYTCTBUS WM OTCYTCTBHS 3a00JIE€BaHUS, IUIA
KOHTPOJIS TIPOTPECCUPOBAHUS 3a00eBaHus /WK d()PEKTUBHOCTH PEKUMA JICUCHHUS, TS ONPEIETICHHS TPUCYT-
CTBHISI FUTH OTCYTCTBHS HYKJICHHOBBIX KHCIJIOT TTaTOT€HA, HApUMeEp, BUPYCa; ISl OMpPEeNICHHsT XPOMOCOMHBIX
aHOMAJIMH, CBSI3aHHBIX C peakiueit "Tpancrutantat npoTtus xo3suHa" (PTIIX), u i onpeneneHus mMpudacTHO-
CTH WHIWBUAYYMOB B KpUMUHATMCTUYCCKUAX aHAIN3aX.

BUK npu pake.

brno nokazano, yto JIHK miia3mbl U CBIBOPOTKH KPOBH OT MALIMEHTOB, CTPAJAIOIIUX OT pakKa, CONEPKUT
MoAJaloINecss U3MEepeHuIo KonnyecTBa onyxosieBoil JJTHK, koTopyto MOXKHO BOCCTAaHOBUTH U MPUMEHATH B Ka-
4yecTBE 3aMeHUTeNsl uctouHuka omyxoneBod JIHK, u omyxonu xapakTepusyroTcsl aHEYIJIOUIUEH WM HECOOT-
BETCTBYIOIIMMHU KOJHMYCCTBAMH MOCJICOBATEILHOCTEH IeHa WM JaKe IEJbIX XpoMocoM. Takum oOpazom, of-
peneneHue OTIMYHS KOJMYECTBAa NAaHHOM IOCIENOBAaTENBHOCTH, T.€. TOCIIEIOBATEIFHOCTH, MPEICTABISIONICH
HHTEpeC, B 00pa3ne OT WHAMBHAYYMa MOXKHO NPHMEHATh IPH HMPOTHO3UPOBAHUH WM ITHATHOCTHUKE MEIUIMH-
ckoro coctosiHuA. CorTacHO HEKOTOPHIM BapHaHTAM peaN3allii HACTOSAIINH CIOCO0 MOXKHO NMPHUMEHSTH IS
OTIpeNIeNIeHHUs] IPUCYTCTBUS WM OTCYTCTBHS aHEYIUIOMINH XpPOMOCOM Y TMAIleHTa, KOTOPHIH, KaK IM0I03PEBa0T
W KaK U3BECTHO, CTPAZaeT OT paka.

CornacHO HEKOTOPHIM BapHaHTaM peaM3alliil B HACTOAIMIEM HOKYMEHTE MPeNIokKeHBI CIIocOObI 0OHapy-
JKCHHS paKa, OTCIIC)KUBAHUS TEPANICBTHYCCKOTO OTBETA U MUHHMAIBHOTO OCTATOYHOTO 3a00JIcBaHHS HA OCHOBA-
HUM 00pasnoB mupkynupyromei ci/[HK ¢ npumeneHneM HerryOOKOro CeKBEHUPOBAHHS 00Pa3IlOB ¢ TOMOIIBIO
METOOJIOTUU CIIAPEHHBIX KOHIIOB U C MMPUMEHEHHEM HH(pOPMAIUU 0 pa3Mepe GpparMeHTa, JOCTYITHON U3 PUIOB
CHapCHHBIX KOHIIOB, IS HICHTU(UKAIIUH MPUCYTCTBUSA N30MpaTEIHhHO METHIMPOBaHHON anonTotudeckoit JJHK
U3 PaKOBBIX KJIETOK Ha (DOHE HOPMATBHBIX KJIETOK. BBIIO MOKa3aHO, YTO MPU HEKOTOPBIX TUIIAX pPaka MOIYYCH-
Has u3 omyxonu ci/IHK sBnsiercs 6onee kopoTkoi, ueM cii/IHK, monydyennas He u3 omyxonu. Benencteue ato-
To crrocob Ha OCHOBAaHWH pa3Mepa, ONMCAHHBIA B HACTOSIIEM JOKYMEHTE, MOKHO IPUMEHSTh I ONpeIeTICHHS
BUK, Bkimto4yas aHEeYIUIOWANMH, CBS3aHHBIE C JAaHHBIMH THUTIAMHU paka, KOTOPBIM JeJacT BO3MOXHBIM (a) oOHapy-
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JKEHHUE OITYXOJIH, IPUCYTCTBYIOIIEH B YCIOBHAX CKPHHMHIA WJIM IUarHOCTUKH; (b) KOHTPOJIb OTBETa Ha Tepa-
HI0; (C) KOHTPOJIb MUHHUMAJIEHOTO OCTaTOYHOTO 3a00JIeBaHUS.

CornacHO OIpEAENEeHHBIM BapHaHTaM peali3aliull AHCYIUIOWANS SIBIAETCA XapaKTEpPHOW i TeHOMa
CyOBEKTa U IPUBOIMT, KaK MPABUIIO, K YBEIIMUEHHON MPEAPACIION0KEHHOCTH K paKy. COriIacHO OIpeAeIeHHbIM
BapUaHTaM PEaN3alNU aHEYIUIOUANS SIBIISIETCS] XapaKTEPHON I KOHKPETHBIX KIETOK (HalpUMeEp, OMyXOJIEBBIX
KJIETOK, NMPEJOIYXO0JIEBBIX HEOITACTHIECKUX KJIETOK M T.H.), KOTOPBIEC SBISIOTCS MM XapaKTePU3YIOTCS yBEJHU-
YEHHOH NpepacloORKEHHOCTBIO K HeoIula3ui. KOHKpEeTHbIE aHEYIUIOMNN CBSI3aHBl ¢ KOHKPETHBIMH THUIIAMH
paka WM C IIPEAPaclo0KEeHHOCThI0 K KOHKPETHBIM THIIAM pPaka, Kak onucaHo Hivke. COrsIacHO HEKOTOPBIM
BapuaHTaM peajn3alliy Il 0OHAPY>KCHHS/KOHTPOJIS TIPUCYTCTBUS paka SIKOHOMHYECKH BBITOIHBIM CIIOCOOOM
MOXXHO NPUMEHSTH IOAXO0 OYEHb HErNTyOOKOTO CEKBEHHPOBAHHS CIIaPEHHBIX KOHIIOB.

COOTBETCTBEHHO, pa3JIMuHbIC BapHaHTHl PEAM3alldU CIIOCOOOB, ONMCAHHBIX B HACTOSIIEM JOKYMEHTE,
00ecIeynBaloOT OINpeeeHNe BapHalliy YHCJa KOMUI 1OCIIeI0BaTeIbHOCTH M IOCIIEI0BaTENbHOCTEH, pe-
CTaBJIAIONINX MHTEPEC, HapUMep, KIMHUYECKH 3HAYMMOH IOCIIeI0BATEIbHOCTH WM MOCIIEA0BATEILHOCTEH, B
uccieayeMoM o0pasie oT cyObekTa, IpUUeM OIpe/Ie/ICHHbIC BapHAIlMH YHCIIA KOITMH 00eCTIeunBarOT CBHETEIb-
CTBO NPHUCYTCTBUS /WM TPEAPACIIOIOKEHHOCTH K paky. COINIaCHO ONpEIENICHHBIM BapHaHTaM pealu3allin
o0paser COEpKUT CMECh HyKJICHHOBBIX KHCIIOT, MOJIYYEHHBIX U3 ABYX WM Oojee THUIOB KieToK. CormacHo on-
HOMY BapHaHTy pealn3aliil CMECh HYKIEHHOBBIX KHCIIOT TIOJydeHa W3 HOPMAJIbHBIX M PAKOBBIX KJIETOK, IOy~
YEHHBIX OT CyOBEKTa, CTPAAIOIIETO OT MEAUIIMHCKOTO COCTOSIHUS, HAIIPUMED, paKa.

Pa3BuTne paka 4acTo COINPOBOXKAAETCS W3MEHEHHEM KOJHMUYECTBA IIETBIX XPOMOCOM, T.€. TIOJHOM aHeyIl-
JOUIUEH XPOMOCOM, W/WIIM M3MEHEHHEM KOJIMYECTBA CETMEHTOB XPOMOCOM, T.€. JaCTUYHOW aHEYIIOHIHEH,
BBI3BAHHOI IPOIIECCOM, M3BECTHBIM Kak HecTaOmibHOCTH XpomocoM (HX) (Thoma et al., Swiss Med Weekly
2011:141:w13170). Cuurator, 4T0 MHOTHE COJHMIHbIC OMYXOJIM, TAKHE KaK PaK MOJIOYHOH KeJIe3bl, IPOTPECCH-
PYIOT OT BO3HHUKHOBEHHS K METaCTa3MPOBAHMIO BCJIEICTBHE HAKOIJICHUSI HECKOIBKHUX I'CHETHYECKUX abeppariuid.
[Sato et al., Cancer Res., 50: 7184-7189 [1990]; Jongsma et al., J. Clin Pathol: Mol Path 55:305-309 [2002])].
Taxue reHeTHyeckne abepparyy, 1o Mepe TOro KaKk OHM HaKarIMBAIOTCs, MOTYT 00ECIIEYHUTh NPONU(epaTuBHbIE
MPEUMYIIECTBA, TCHETHIECKYI0O HECTAOMIBHOCTh U COILYTCTBYIOUIYIO CIIOCOOHOCTH OBICTPO pa3BUBATh yCTONYH-
BOCTb K JIGKAPCTBEHHBIM CPEICTBAM U YCHJICHHBIN aHIHMOTEHE3, IPOTEOIN3 U METACTa3upoBaHue. I eHeTnIeckue
abeppaliii MOTYT 3aTParuBaTh PEIECCHBHBIE '"TEHBI-OHKOCYMPECCOPHI" MM JOMUHAHTHO ()YHKITMOHHUPYIOIIHE
OHKOTCHBI. Jlenenmu 1 peKkoMOHHAIMs, IPUBOAIINE K noTepe rerepo3uroTHocty (I1I7), kak cumraroT, HrparoT
OCHOBHYIO POJIb B IPOTPECCUPOBAHUY OIYXOJIH B PE3YJIbTaTe BBISIBICHUS MyTHPOBAHHBIX ajjeel OHKOCYyTpec-
copa.

ci/IHK Oblna oOHapyskeHa B COCYANCTOM pYyCJIe TMAIMEHTOB, Y KOTOPHIX OBUIN ANarHOCTHPOBAHBI 3JI0Kaye-
CTBEHHBIC HOBOOOpa30BaHMs, BKIIoUas, 0e3 orpanndeHus, pak yerkux (Pathak et al. Clin Chem 52:1833-1842
[2006]), pak mpencraTenpHOI xene3sl (Schwartzenbach et al. Clin Cancer Res 15:1032-8 [2009]) u pak mMonou-
HOM okene3bl (Schwartzenbach et al, mnyOmukanmst pocTynmHa OHJIAMH 1O ajpecy: breast-cancer-
research.com/content/11/5/R71 [2009]). NneHTudukanys reHOMHBIX HECTAOMIBHOCTEH, CBSI3aHHBIX C THUIAMH
paxa, KOTOpble MOXHO OINpENeinTh B upKyaupytomeit ci/[HK y mannenros, crpagalomumx oT paka, sSBISETCS
MEPCIIEKTUBHBIM AUATHOCTHYECKUM M MPOTHOCTHYECKUM MHCTPYMEHTOM. COrslacHO OTHOMY BapHaHTy peajn3a-
IIUU CIOCOOBI, ONIMCAHHBIE B HACTOSIIEM JTOKYMEHTE, MPUMEHSIOT utst onpeaeneHuss BUK oxHol nimu 6omee mo-
CJICI0BATENFHOCTEH, TPEICTABIAIONINX HHTEPEC, B 00paslie, HapuMmep, o0pasle, CoAepKalieM CMeCh HYKIICH-
HOBBIX KHCIIOT, MOJTYYEHHBIX OT CyOBEKTa, KOTOPBIH, KaK MPEIIoaraloT WK Kak H3BECTHO, CTPAJacT OT paka,
HarpuMmep, KapIHHOMBI, CAPKOMBI, JIUM(OMBI, JIEHK03a, TepPMUHOTCHHBIX OIMyXoJel u Onacromsl. CormacHo o-
HOMY BapHaHTy peajH3alii oOpasel MpeacTaBiseT co0ol oOpasel IIa3Mbl, TOJy4eHHBIH (IpolecCHpoBaH-
HBIIT) U3 mepudeprudecKkoil KpoBU, KOTOPBIH MOXeT cozepkarb cMech ci/IHK, moiaydeHHOH M3 HOpMalbHBIX H
paxoBbIX KileToK. CoriacHoO IpYroMy BapHaHTy peajn3alliii OMOJIOrHYecKuii oOpasel, HeoOXOJUMBIN /IS OTpe-
nenenus npucyrcteus BUK, momydeH u3 KIIeToK, KOTOpbIE B Cllydae MPUCYTCTBHS paKa, BKIIOYAIOT CMECh paKo-
BBIX M HEPAKOBBIX KIIETOK OT JAPYTMX OHMOJOTMYECKHMX TKaHEH, BKIOYasi, 0e3 OrpaHW4eHHs, OMOJOrHYecKue
JKUJKOCTH, TaKWe KaK CBIBOPOTKA, IOT, CJE3bl, MOKPOTa, MOYa, MOKpPOTA, yIIHAs >KHIKOCTb, JUM{da, CIIOHA,
CIIMHHOMO3TOBasl )KUAKOCTb, XKUIKOCTh IMOCIJIE JIaBaXa, CYCIICH3HMs KOCTHOTO MO3Ta, BIIATaJHIIHAS JKHIKOCTb,
KHUJIKOCTH IIOCJIE TPAHCIIEPBUKAIBHOTO JIaBaXka, KHUIKOCTh TOJOBHOTO MO3Ta, aCIUT, MOJIOKO, CEKPETHI JIbIXa-
TENBHBIX, KUIICYHBIX ¥ MOYETIONOBBIX ITyTel U 00pas3ipl eiikadepesa, Win B OHONCUSIX TKaHH, Ma3Kax WU CO-
ckoOax. CoryacHo IPyruM BapuaHTaM peanu3anui OHOJOTHIECKUi oOpaselr mpeacTaBiseT co0oi oOpaser] CTy-
na (pexanmii).

Crioco0bl, ONMCaHHbIE B HACTOSIIEM JAOKYMEHTe, He orpanuueHsl aHaanzoM ci/IHK. Crnexyer moHumars,
YTO aHaJIOTMYHBIE aHAJIN3BI MOKHO IIPOBOJIUTE B OTHOLIEHUH 00pa3ioB kinetounoi JJHK.

CornacHO pa3nuYHBIM BapHaHTaM PeaIU3alny M0CIIeI0BATEIbHOCTD HIIH MOCIIEA0BATEILHOCTH, IPEICTAB-
JSTFOLIIME MHTEPEC, COJepIKaT MOCIIeI0BaTeIbHOCTh HYKIENHOBOW KHUCIIOTHI MIIM KHCJIOT, KOTOPBIE, KAK H3BECTHO
WY KaK MPEAIoJIaratoT, UIPaoT PoJib B Pa3BUTUH W/ ITPOTPECCUPOBaHNH paka. IIpiuMeps! rmocienoBaTesbHO-
CTH, TIPEACTABISIONIEH MHTEPEC, BKJIIOYAIOT IOCIEAOBATEIbHOCTH HYKJICHHOBBIX KHCIOT, HAallpUMep, MOJHBIX
XPOMOCOM H/WIIK CETMEHTOB XPOMOCOM, KOTOPBbIE aMIUTN(UINPOBAHBI WM JICICTHPOBAHBI B PAKOBBIX KJIETKaX,
KaK OIHCaHO HUXKE.

CymMmapHoe konmdecTBo BUK u prck pa3Butus paka.
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Kaxnapsie n3 o6umx OHIT (onHOHYKIIEOTHAHBIX TOJIMMOP(HU3MOB) paka, 1 1o aHanoruu oommx BUK paka,
MOTYT BBI3BIBATh UCKIFOUUTEIFHO HE3HAYUTEIBHOE TOBBIIICHUE PUCKA pa3BUTHS 3a0ojeBanus. OTHAKO B COBO-
kyrmHOocTH OHIT 1 BUK MoryT BBI3BIBATH, IO CYIIECTBY, MOBBIIIEHHBIA PUCK TUITOB paka. B 3Toi cBs3m criemyeT
OTMETHUTH, YTO JT0OABJICHUS W yTpaThl Oonbiux cermeHToB JIHK 3aponpleBoi TUHUM, Kak COOOMAIOCH, SBIIS-
I0TCSL (paKTOpaMH, MpeapacIoaraloiiMy HHANBUAYYMOB K HeHpoOacToMe, paKy MpeaCTaTeIbHOW KeJe3bl U
TOJICTOW M TIPSIMOW KHIIOK, paky Moio4dHOH kene3sl 1 BRCAl-accoruupoBaHHOMY paKy SUIHUKOB (CM., Ha-
npumep, myonukanuu Krepischi et al. Breast Cancer Res., 14: R24 [2012]; Diskin et al. Nature 2009, 459:987-
991; Liu et al. Cancer Res 2009, 69: 2176-2179; Lucito et al. Cancer Biol Ther 2007, 6:1592-1599; Thean et al.
Genes Chromosomes Cancer 2010, 49:99-106; Venkatachalam et al. Int J. Cancer 2011, 129:1635-1642; u Yo-
shihara et al. Genes Chromosomes Cancer 2011, 50:167-177). Cnenyer ormetuts, uto BUK, wacto oOHapyxu-
BaeMbIe B 310poBoii monyisnuu (oomue BUK), kak cuuTaroT, UrparoT poib B 3THOJOTHU paka (CM., HampuMmep,
nyomukanuio Shlien and Malkin (2009) Genome Medicine, 1(6): 62). B oqHOM Hcclief0BaHNH, B KOTOPOM H3Y-
Yany npenmnoioxenue, urto obmme BUK cBs3aHbl co 3m0KauecTBEeHHBIM HOBOoOOpa3zoBanueM (Shlien et al. Proc
Natl Acad Sci USA 2008, 105:11264-11269), monmyunnu kapty kaxnoit n3sectoir BUK, nokyc koTopoii coma-
JTaeT C TAKOBBIM IOJUTMHHBIX CBA3aHHBIX C PAaKOM I'€HOB (KaTaJIoT KOTOPHIX cOocTaBieH B mybnmkannu Higgins et
al. Nucleic Acids Res 2007, 35:D721-726). Jlanusie BUK Opumn HazBausl "BUK paka". B ncxogHoM anamuse
(Shlien et al. Proc Natl Acad Sci USA 2008, 105:11264-11269) 770 3mopoBbIX TCHOMOB OIICHUBAIHU C IPUMEHE-
HueM Habopa matpur Affymetrix S00K, koTopble XapakTepu3yroTcs CPETHUM PaCCTOSTHAEM MEXIy 30HIaMu 5,8
T.0. [Tockonpky cumrator, yto BUK, kak mpaBuio, ucromensl B obmactsax reHoB (Redon et al. (2006) Nature
2006, 444:444-454), ObUIO0 HEOXKUIAHHO OOHAPYKUTH 49 pPaKOBBIX T'€HOB, KOTOPHIE OBLTH HEMOCPEIACTBEHHO
BkitoueHsl B BUK mm nepekpriBanucy BUK, y Oonee ogHOro nuia B 60ukinoi pedepencHoi nomymsiun. Cpe-
Jt1 TIepBEIX Aecsaty reHoB BUK paka M0kHO OBUTO OOHAPYKHUTH Y YETHIPEX HITH 0OJICe YESTIOBEK.

Takum o0pa3om, cumurtaroT, uto yactoTy BUK MOXHO HMpUMEHSTH B KaueCTBE KPUTCPHUS PHUCKA Pa3BUTHS
paxa (cM., Harpumep, nmyosmkanuio narenra CHIA Ne 2010/0261183 Al). Yactory BUK MokHO ompenenutsb
MPOCTBIM CIIOCOOOM Ha OCHOBAaHMH KOHCTHTYTHBHOTO T€HOMAa OpPTraHHM3Ma, WM OHA MOXKET MPEICTaBIATh (Ppak-
IIUIO, TTOJTYYCHHYIO U3 OJHOM MM OoJiee OmyxoJeH (HeOIIaCTHIECKUX KIETOK), €CIH TaKOBBIC IPHCYTCTBYIOT.

CornacHo ompeesleHHBIM BapuaHTaM peanu3anuu koimdectBo BUK B nccnexyemom obpasie (Hanpumep,
o0pasie, coaepkaieM KOHCTUTYTUBHBIE (3apOIBIIICBOM JINHUH) HYKJICHHOBBIE KUCIOTHI) M CMECH HYKJIEHHO-
BBIX KHCJIOT (HallpuMep, HyKJIEHHOBAas KHCJIOTAa 3apOABIIIEBON JTMHUN W HYKIEWHOBAs KUCIOTa WIN KHCIOTHI,
MOJYYCHHBIE U3 HEOIUTACTHYECKUX KIIETOK) OMPEACIISIIOT ¢ MPUMEHEHHEM CIIOCOOOB, ONMMCAHHBIX B HACTOSIIEM
JIOKyMEHTE IIJIsl Bapuaruii urcia konuid. Mnentudukamnus yseamdenHoro konmdectBa BUK B uccnemyemom o0-
paslie, HaImpUMep, MO CPAaBHCHHIO C PEPEPCHCHBIM 3HAYCHUECM, CBHJICTEIBCTBYET O PHCKE WM MPEIPACIIOo-
JKCHHOCTH K PaKy y cyObekra. CrleayeT MpUHUMATh BO BHUMaHKE, YTO pedepeHCHOe 3HAUCHHUE B TAHHOU ITOITY-
JSIIIAA MOXKET BapbUPOBaTh. Takxke CleAyeT MPUHIMATh BO BHUIMAaHHE, YTO a0COFOTHOE 3HAUYCHUC YBEIHMUCHHUS
yactoTel BUK Oyzmer BapbUpOBaTh B 3aBHCUMOCTH OT pa3pelIcHHs Coco0a, MPUMEHSAEMOT0 IS OMpPeICIICHHS
yactotel BUK, n npyrux napamerpos. Kak npasuio, yBennuenue yactotrsl BUK mo mensieit Mmepe npuoinzu-
TensHO B 1,2 pasza Mo cpaBHEHHIO ¢ pe)epeHCHBIM 3HaYCHHEM OYAET ONpEAEICHO KaK CBHICTENBCTBYIOIIEE O
pHUCKe pa3BHUTHSA paka (cM., HanmpuMep, myoaukanuto marenta CIIIA Ne 2010/0261183 Al), Hanpumep, yBende-
Hue yactotel BUK mo MeHbIe# Mepe wim nmpubIu3uTeNbHO B 1,5 pa3a mo cpaBHEHHIO ¢ peepeHCHBIM 3HAUCHHU-
eM mwin OoJiee, Takoe Kak yBeJnmdeHue B 2-4 pa3a 1Mo CpaBHEHUIO C peepPEHCHBIM 3HAUCHUEM, SBJIICTCS CBHUJIC-
TEJIbCTBOM IOBBIIIEHHOTO PHCKA Pa3BHUTHS paka (HaIpuUMep, 0 CPAaBHEHHIO C HOPMAaJbHOM 3I0pOBOH pede-
PEHCHOM TIOITYJISIIINEH).

CUnTaroT, 4YTO ONpEACICHUE CTPYKTYPHON BapHallii B TCHOME MIICKOIMTAIOIIETO 10 CPaBHEHUIO ¢ pede-
PCHCHBIM 3HAYECHUECM TAaK)Ke CBHUICTEIBCTBYCT O PHCKE Pa3BUTHUS paka. B TaHHOM KOHTEKCTE COTJIACHO OJHOMY
BapUaHTy peajn3aliil TEPMHH "CTPYKTypHas Bapuaunus' MOXHO 0003HauuTh Kak yactoty BUK y muexonu-
TaIOMIECr0, YMHOKEHHYI0 Ha cpenuuid pasmep BUK (B m.0.) y Mmiiekonmuraromiero. TakuM o0pa3oM, BEICOKHE T10-
Ka3aTelld CTPYKTYPHOU Bapualiy OYyAyT SBIATHCS CIICACTBHEM yBeJndeHUs dyacToThl BUK w/mimm BO3HUKHOBE-
HUS OOJBIINX JEICUUH WM AYIUTUKAIINH TeHOMHON HYKICHHOBOW KUCIOTHL. COOTBETCTBEHHO, COTIIACHO OIpe-
JIeICHHBIM BapHaHTaM peanu3anuu konmaectBo BUK B nccnegyemom obpasue (Hampumep, oOpasie, conepika-
eM KOHCTUTYTHBHYIO (3apOJBIIICBON JIMHAN) HYKJIEHHOBYIO KUCJIOTY) ONIPENEISIIOT C IPUMEHEHHUEM CTIOCO00B,
OTIMCAaHHBIX B HACTOSIIEM JOKYMEHTE AJIS ONpeNeeHus pasMepa W KoIWdecTBa Bapwanuii umcia xomuit. Co-
TJIACHO OTIPECICHHBIM BapHaHTaM peaTH3alliid CyMMAapHBIH IMOKa3aTeNlb CTPYKTYPHOH Bapualid B TEHOMHOW
JIHK 6ostee mpubnuzutenpHo 1 Meradassl, wim Oosiee nmpubau3uTenabHo 1,1 Meradas, wim 6osiee MPUOIU3UTEb-
HO 1,2 Mera6a3, wim Oosiee mpubim3uTensHo 1,3 Merabas, win Oosiee mpudnuzutenbHo 1,4 Merabas, win Golee
npubmu3uTensHo 1,5 Merabas, wim 6onee mpudam3uTeNnbHO 1,8 Meradas wiu 6osee mpuOIU3UTENEHO 2 Merabas
JHK cBuaeTensCTBYET O pUCKE pa3BUTHUS PaKa.

CUHTaOT, 4TO JaHHBIC CIOCOOBI 0OECICUNBAIOT KPUTEPHIA PUCKA Pa3BUTHS JII0OOOTO paka, BKJIrOUas, 0e3
OTPAaHUYCHUS, OCTPHI U XPOHHYCCKHH JICHKO3BI, TUM()OMBI, MHOTOYUCIICHHBIC COJHIHBIC OMYXOJIH ME3CHXH-
MaJIbHOW WIIM SMUTEIUATbHON TKaHU, paK TOJOBHOTO MO3ra, MOJOYHOW KeJe3bl, MEUYCHHU, JKEIYAKA, TOJCTOU
KUIIKY, B-KieTounyro muMpomy, pak JETKUX, pak OPOHXOB, paK TOJCTOH M MPSAMOW KHUIIOK, paK MPEICTaTeb-
HOM JKeJIe3bl, paK MOJIOYHOH JKeJIe3bl, paK MOPKEITYA0THON KeJe3bl, paK KellyIKa, pak SHIHUKOB, paK MOYEBOTO
My3BIpsI, pak TOJOBHOT'O MO3Ta WM EHTPATBLHOW HEPBHOW CHUCTEMBI, pakK MepudepuIecKol HEPBHOW CUCTEMBI,
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pax NMHUIIEBO/A, PaK IEHKH MaTKH, METaHOMY, PaK MaTK{ WM SHIOMETPHS, paK POTOBOH MOJIOCTH MM FOPTaHH,
pak He4YeHu, paK MOYeK, PaK JKEIYHBIX IyTeH, paKk TOHKOTO KUIICYHHKA WM allleHANKCa, PaK CIIOHHBIX JKele3,
paK IIUTOBHIHOM JKENE3bl, PaKk HAAMNOYETHHKOB, OCTEOCAPKOMY, XOHIPOCAPKOMY, JTHIIOCAPKOMY, PaK SHUCK U
3JI0Ka4ECTBEHHYIO (PHOPO3HYIO THCTHOLUTOMY, a TAKXKE APYTUE TUIIBI paKa.

AHeynnounum Heabx XpoMOoCoM.

Kak ykazaHo BblIlle, IpH pake HAOIIONAETCs] BBICOKAs YacTOTa aHEYIUIOWAMHU. B ompeneneHHbIX ucciaeno-
BaHMAX, B KOTOPBIX M3YyYaJll PACIpPOCTPAHEHHOCTh M3MEHEHMI COMATHUYECKOTO 4HciIa KOmMi (somatic copy
number alterations, SCNA) npu paxe, ObUT0 00HAPYKEHO, UTO OJTHA YETBEPTh FT€HOMA THITMIHOW PaKOBOH KIIET-
ku nopakeHa SCNA nenoro mieva win aneymionaueii SCNA nenoil XxpoMocomsl (M., Harpumep, mmyOnmka-
mto Beroukhim et al. Nature 463: 899-905 [2010]). MI3MeHeHuUs 1en0i XpOMOCOMBI IEPUOANIECKH HAOIIONAIOT
IPU HECKOJIBKUX THMax paka. Hampumep, B 10-20% cirygaeB octporo muenongHoro seiikoza (OMJI), a Taxke
HEKOTOPBIX COJIMIHBIX OIMYXOJIeH, BKiIo4ast capkoMy FOuHTra m necMonaHble onmyxoiu, HaOmonaercst 1ooase-
HHUE XpOMOCOMEI 8 (cM., Harpumep, mybnukanuu Barnard et al. Leukemia 10: 5-12 [1996]; Maurici et al. Cancer
Genet. Cytogenet. 100: 106-110 [1998]; Qi et al. Cancer Genet. Cytogenet. 92: 147-149 [1996]; Barnard, D. R.
et al. Blood 100: 427-434 [2002]; u T.m. MmumrocTpaTUBHBIN, HO HEOTPAaHUYMBAIOIINN TIepeueHb NO0ABICHUNA U
yTpaT XpOMOCOM IIPU TUIIAX PaKa YeI0BEKa MPECTABICH B Ta0II. 2.

Tab6muma 2
WnmroctpaTuBHBIE clienn(UIHBIE PELUANBUPYIOIINE JOOABICHUS U YTPAThl XPOMOCOM TIPH PaKe YeJIOBEKa
(cm., Hanpumep, myosmkanuio Gordon et al. (2012) Nature Rev. Genetics, 13: 189-203)

Xpomocoma | loGaBnenust Yr1parsl
Tun paka Tun paka

1 MHoKecTBEHHas] MHU€EJIOMa AneHokapruHoma (TI04eK)
AneHokapuHOMAa (MOJIOUHOMH
JKEJIe3bl)

2 I'enmarobnacroma
Capxoma IOunra

3 MHOeCTBEHHAsI MHEIOMa Menanoma
HuddysHas B-kpynnokaerounas | AgeHokapLuHOMA (IIOUEK)
aumMpoma

4 Ocrpsiit mumpodnacTHbIA A reHoxapiiHOMa (IOUEK)
JIeHKO3

5 MHOX€eCTBEHHAs: MUEIOMA
AneHokapumHOMa (TI0UeK)
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6 Ocrpbiii TuM(pOOIACTHBIN AneHokapIHOMa (TI0YEK)
netiko3 Omyxons Brbmca
7 A TeHOKapIIHOMA (IT0UeK) OcTpbIii MUeTONIHBII 1eHK03
AneHokaprHoMa (kumneyHuka) | HOBeHmbHBII
MHEITOMOHOLIMTAPHBII JIEHKO3
8 OctpbIit MUeTOUIHBIIH Teiiko3 A leHOKapIHOMA (ITOYEK)
XpoHu4eckuii MUETON AHBIH
neiKo3
Capkoma FOunra
9 MHOKeCTBEHHAS MUEIOMA
HcrunHas TOTUIMTeMus
10 Ocrpbiii tuMpoOIacTHBIN Acrtpouuroma
JIeHKo3 AZIEHOKapIHMHOMA MHoxecTBEHHAS MUEIOMA
(Markm)
11 MHOXECTBEHHas] MHEIIOMA
12 Xponuyecknii muMdonuTapHeii | MHOXECTBEHHAs! MHEIOMA
JIeHKo3
Onyxomb Buibmca
13 OcTpblii MHEIIOUTHBIIT JIEHKO3 MHoxecTBEHHAS MUETIOMA
Onyxomb Buibmca
14 Ocrpbiit tuM(poOIacTHBII AneHokapiuHoMa (TI04eK)
JIeHKOo3 Menunruoma
15 MHOXEeCTBEHHas] MHEIIOMA
16 A eHoKapLrHOMa (TI0UEK) MHOKECTBEHHAS MUEJIOMA
17 AfeHokapiHoOMa (TI0UEK)
Ocrppiit tuMdodnacTHbIi
JIeHKo3
18 Ocrpbiit tuMdodnacTHeIi A ieHOKapLIHOMA (TIOUEK)
neiiko3 Omyxons Brmbmca
19 MHO:xecTBEHHas! MUENIOMa A ieHOKapLITHOMA (MOIOUHOMN
XpOHHUECKHI MIETONTHBIH JKeJe3bl)
JIeHKO3 Menunrnoma
20 I'enarobnacroma
A eHoKapIHOMa (TIOUeK)
21 Ocrpbiit tuMdodIacTHRIH
netiko3 OcTpeiii
MerakaproOIacTHEIH Neiko3
22 Ocrpbiit tuMdodnacTHeIi MenuHroma
JIeHKO3
X Ocrpbiit muMdodnacTHRIH
neiiko3 PomTuKyIIpHas
aunMdoma
Y

CorylacHO pa3MMYHBIM BapHaHTaM peau3allid CIIOCOObI, OTIMCAHHBIE B HACTOSIIEM IOKYMEHTE, MOXKHO
MIPUMEHSITD TSI OOHAPYKSHUS W/MITH KOJMYSCTBEHHOTO ONPEIEICHNS aHSYTUIONANN 1EJI0H XPOMOCOMBI, KOTO-
pBI€ CBSI3aHBI C PAKOM B IIEJIOM H/HITH KOTOPBIC CBSI3aHBI ¢ KOHKPETHBIMH THUTIAMU paka. Takum oOpa3om, HaIpH-
Mep, COTJIACHO ONPEJICIICHHBIM BapHaHTaM PEeaIM3aliH MPEAYCMOTPEHO OOHApPY)KEHHUE W/WUIN KOJINISCTBEHHOE
oTIpeJieNieHHe aHEeYIUTOUINH IO XPOMOCOMBI, KOTOPhIE XapaKTePU3YIOTCS T00aBIEHUEM WIIN YTPATOH, Mpe-
CTaBJICHHOH B Ta0J. 2.

Bapuanuu yucna Komnuii CErMEHTOB XPOMOCOMBI Ha YPOBHE IUICYA.

Bo MHOTUX HCCIeIOBaHUSIX COOOIIANOCH O MATTEPHAX BapHAIlMi YUCIa KOIH Ha YPOBHE IUIeYa B Ipejie-
nax 6oJbIIoro koiamdecTBa oopasios paka (Lin et al. Cancer Res 68, 664-673 (2008); George et al. PLoS ONE
2, €255 (2007); Demichelis et al. Genes Chromosomes Cancer 48: 366-380 (2009); Beroukhim et al. Nature.
463(7283): 899-905 [2010]). JdonmoaHUTENEHO HAOIIOAATH, YTO YaCTOTA BapHUAIMA YUCIIa KO Ha YPOBHE ILIC-
4a CHMYKAETCS C YMEHBIIICHHEM JUTUHBI TI1ed XpoMocoM. C y4eToM NTaHHOHM TEHACHIIMH JJIsi OOJBITHHCTBA TIIeY
XPOMOCOM HaOJI0JaeTCsl BECOMOE JI0Ka3aTeIbCTBO MPEUMYIIIECTBEHHOTO JO0ABICHHS WM YTPAThl, HO PEAKO U
TOTO, M IPYroro, B Mpeneaax MHOXKECTBA JTMHHUKA paka (cM., HampumMep, myonukarmio Beroukhim et al. Nature.
463(7283): 899-905 [2010]).

COOTBETCTBEHHO, COTIACHO OJJHOMY BapHAHTY peau3allii CIIOCOOBI, ONTMCAHHBIE B HACTOSIIEM JOKYMEH-
Te, mpuMeHstoT At onpenenenus BUK na yposne mieua (BUK, Brimrouaromuye 04HO MI€40 XPOMOCOMBI MITH TIO
CYIIECTBY OJTHO TIEY0 XPOMOCOMEI) B oOpasie. BUK moxuo onpenenuts B BUK B necnenyemom obpasie, co-
JiepKameM KOHCTUTYTUBHYIO (3apOJBIIICBON JTMHUN) HYKJICHHOBYIO kucioTy, 1 BUK Ha ypoBHE Iieya MOKHO
UICHTU(QHUIMPOBATh B TAKMX KOHCTUTYTHBHBIX HYKIICMHOBBIX KUCJIOTaX. COTNIACHO ONpPENeICHHBIM BapHUaHTaM
peanmzanuu BUK Ha ypoBHe mieua uaeHTHGUIUPYIOT (B CIyYae HAIWYKs) B 00pasiie, CoAepiKalieM CMeCh HyK-
JICMHOBBIX KHCJIOT (HAIpUMEp, HYKICUHOBEIC KHCIIOTHI, IIOIYYCHHBIC W3 HOPMAIBHBIX, U HYKJICHHOBBIC KUCIIOTHI,
MOJTyYeHHBIE W3 HEOIIACTHUECKUX KJIeTOK). COrJIacHO OINMpeNeiIeHHBIM BapHaHTaM peaiM3aliK 00pasell Mmory-
4aloT OT CyOheKTa, KOTOPBIH, KaK MPEAIoIaraloT Wik Kak U3BECTHO, CTPaJaeT OT paka, HalpuMep, KapIHHOMBI,
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CapKOMBI, TUM(OMBI, JICHK03a, TEPMUHOTCHHBIX OMyX0JeH, O1acToMbl U T.1. COTJIaCHO OJIHOMY BapHaHTy pea-
nm3amy o0pasel mpeacTaBiseT coboi o0pasell IIa3Mbl, MONTYUYSHHBIN (IIPOICCCUPOBAHHEIN) U3 mepudepude-
CKOM KpOBH, KOTOPBI MOXKeT coaepkath cMech cil/IHK, monydeHHOM U3 HOpMaJIbHBIX M PAKOBBIX KIIETOK.

CornacHo ApyroMy BapHaHTy pealn3aluy OMOIOTHIecKUil 0Opaser, KOTOPBIH MPUMEHSIOT IS Olpeerie-
Hus npucyretBus BUK, momydaroT U3 KI€TOK, KOTOPBIE, €CIIM PaK MPHUCYTCTBYET, COACPHKAT CMECh PAKOBBIX U
HEPaKOBBIX KJIETOK U3 JPYruX OMOJOTHYECKUX TKAaHEH, BKIItovasi, 0e3 orpaHHYeHUs, OMOIOTHIECKHE KHUIKOCTH,
TakHe KaK CBIBOPOTKA, MOT, CJIe3bI, MOKPOTa, MOYa, MOKPOTA, YITHAS )KUIKOCTh, TiM(a, CIIfoHa, CIIMHHOMO3TO0-
Basl )KUIKOCTH, JKUAKOCTH ITOCIIE JIaBaXka, CYCHEH3MI KOCTHOTO MO3Ta, BIIaralHIIHAs KUIKOCTb, )KUIKOCTh TIOCIIe
TPaHCICPBUKATIBHOTO JIABAXKA, KUIKOCTh FOJIOBHOTO MO3Ta, aCIUT, MOJIOKO, CEKPETHI IbIXaTCIbHBIX, KHIICYHBIX
Y MOYCTIOJIOBBIX ITyTEH U 00pa3iibl Niciikadepesa, I B OMOTICHAX TKaHU, Ma3KaX Win cockobax. CormacHo apy-
THM BapHaHTaM peaj3aluy OMOIOTHUSCKUI 00pa3el] MpeacTaBIseT coboi oopaser cryna ((ekaii).

CornacHo paznmyHbIM BapuaHTam peanusanu BUK, uneHTHOUIIMPOBaHHBIC KaK CBUICTEIHCTBYIOIINE O
MPUCYTCTBHS paka WK O MOBBIIICHHOM PHCKE Pa3BUTHUS paka, BKIOYAKOT, 0e3 orpanmdcHus, BUK Ha ypoBHe
Tuieya, repevrcieHnslie B Tabdi. 3. Kax npomuttoctpupoBano B tabin. 3, onpenenennsie BUK, xoTopsle Britoya-
IOT CYIIECTBCHHOE H0OaBIICHHE Ha YPOBHE IIICUa, CBUACTEIHCTBYIOT O MPHUCYTCTBUH PaKa WIH O MOBBIIICHHOM
PHICKE pa3BHUTHS ONPEACICHHBIX TUIIOB paka. Takum o0pa3oM, HampuMep, oOaBiIeHUE B 1q CBHAETEIBCTBYET O
MIPUCYTCTBUYU WJIM TIOBBIIIICHHOM PHUCKE pa3BHTHs ocTporo numdobiacTHoro netikosza (OJIJ), paka MonouHON
)kenessl, JKKCO (kemymodHO-KUIIeuyHOW cTpoMainbHOU omyxonn), [TKK (nedeHOoYHOKIeTOUHOW KapIIuHOMBEI ),
HITK (HeTIOCKOKIETOYHON KapIIMHOMBI) JIETKUX, Meayiuto0aactomMel, menanombl, MIIC (MuenonponudepaTus-
HOTO CHHJIPOMA), paKka SMYHUKOB /WM paka IMpeIcTaTebHOHN kene3bl. JloOaBieHne B 3q CBUACTEILCTBYET O
MPUCYTCTBUY WM TOBBIIICHHOM PUCKE Pa3BHTHUS IUIOCKOKICTOYHOTO paka muineBona, [1K (miockokineTouyHon
KapuuHOMEI) Jerkux w/wnu MIIC. [loGaBnenre B 7 CBHICTEIBCTBYET O MPUCYTCTBUH MU TOBBIICHHOM PUCKE
pa3BUTHS paka TOJCTON ¥ mpsiMoii kumok, riauomsl, [IKK, HITK nerkux, Menymio0IacToOMbl, MEITaHOMEI, paka
MpeJICTaTeILHON JKeJIe3bl W/ pEeHATBHOTO paka. JlobaBieHUE B 7p CBHIACTEIBCTBYET O MPUCYTCTBHH FUIH TO-
BBIIIICHHOM PUCKE Pa3BHUTHUS paka MOJIOYHOH JKeJIe3bl, paka TOJICTOW U MPSIMOI KUIIIOK, a[CHOKAPIIMHOMBI ITHIIIC-
Boxa, rimoMbl, [TIKK, HITK nerkux, Mmemymno6aacToMbl, MeIaHOMBI W/HIH peHanbHOTo paka. JlobaBnenue B 20q
CBUJICTENIECTBYET O MPHUCYTCTBUHU WJIM MOBBLIIIEHHOM PHCKE Pa3BUTHS paka MOJOYHOW JKeJe3bl, paka TOJCTOH u
OpAMOM KHIIOK, neandepeHIInpOBaHHON JTHUIIOCApKOMBI, aJeHOKAPIIMHOMBI MHIIEBOJA, IIOCKOKIETOYHOTO
paka mumeBofa, paka ramuomsl, [IKK, HITK nerkux, MenaHoMbl, paka SHIHUKOB /MM PEHATLHOTO paka ! T.1I.

AHaJOTUYHO, KaK MPOWUTIOCTPUPOBAHO B Ta0i. 3, onpenenernbie BUK, KoTophle BKIIOYAIOT CYIIECTBEH-
HYIO yTpaTy Ha YpOBHE IUIe4a, CBHACTEIBCTBYIOT O IPHUCYTCTBUH H/HUJIH O TOBBIIICHHOM PHUCKE Pa3BUTHS OIpe-
JICIICHHBIX TUIOB paka. Takum oOpa3om, Hampumep, yrpata B lp CBUACTENHCTBYET O MPUCYTCTBUH WM MOBEI-
IICHHOM PUCKE PAa3BHTHUS KEIyTOYHO-KUIIICYHON CTPOMANBHOM OIyX0oH. Y Tpara B 4q CBHICTEIBCTBYET O MPH-
CYTCTBHH WJIH MOBHIIICHHOM PUCKE Pa3BHUTHUS paKa TOJICTOW U MPSAMOW KHIIIOK, alcHOKAPIIMHOMEBI HiieBoa, [TK
JICTKUX, MEJIaHOMBI, paka SUYHUKOB W/WIN PCHAIBHOTO paka. YTpaTa B 17p CBHUICTENBCTBYET O MPUCYTCTBHUH
WM TIOBBHIIIICHHOM PHCKE Pa3BUTHS Paka MOJIOYHOW KEJIE3bl, paKa TOJICTON U MPSAMON KUIIOK, aIeHOKAPITHHOMBI
numesona, [TKK, HITK nerkux, 1K (TrockokneTouHON KapIMHOMBI) JIETKUX W/WIIN paKa SHYHUKOB H T.II.

Tabu1. 3: 3HaYUTENbHBIC U3MEHEHHS YHCIIa KOMMMH CErMEHTOB XpOMOCOM Ha YpOBHE IjIeua B KaxaoM u3 16
MIOATHIIOB paka (pak MOJIOYHOW JKeNe3bl, TOJICTOW M MPAMOM KHUIIOK, NenudepeHIIMpOoBaHHAs JTHIIOCAPKOMA,
aJICHOKapIIMHOMA TIHIIEBOAA, TUIOCKOKICTOUHbIH pak numeBona, JKKCO (kxemyqodHO-KUIIeYHasT CTpOMabHas
omyxonb), rmoma, TTIKK (meueHounoxierounas kapuumnoma), HIIK merkux, ITK nerxkux, memymiobiacToma,
Memnarnoma, MIIC (muenonposdepaTUBHBIN CHHAPOM), pak SUIHUKOB, MPEACTATEIHLHON JKeTe3bl, OCTPBIN JINM-
¢obnactuslit neiko3 (OJIJ) u penanbHbIi pak) (cM., HanpuMep, myOnukanuio Beroukhim et al. Nature (2010)
463(7283): 899-905).

Tabnuna 3
ILne4yo | Tunsl paka Tunel paka H3BecTHBIH
3HaunTeNIBHOE 3HAYNTEIbHAS YTPATA B | OHKOIEH/TeH-
ao0aBjeHHne B OHKOCYNpeccop
1p o KKCO
1q OJIJL, MOTOYHOM JKeJIe3Bl, -
JKKCO, ITKK, HIIK
JIETKHX,
MeayJuiodaacToma,
mesanoma, MIIC,
SIMYHUKOB,
MPECTATENbHON JKeNe3bl
3p - IInockokneTouHbIit VHL
nuiesoaa, HIIK nerkux,
IIK nerkux, peHaJbHbli
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3q ITnockoxneToqHbII -
numesoaa, I1K nerkux,
MIIC
4p OJIJ1 Mono4Hoit xenessl,
a/IeHOKapLIMHOMA
MHUIIEBOAA, PEHAJIBHBII
4q OJI1 Toxncroii u npsiMoit
KHIIIOK, aJIeHOKAPI[ITHOMA
nuiesoaa, [1K nerkux,
MeJIaHOMA, SITIHUKOB,
pEeHaJIbHBIH
S5p IInockoxneTouHBIH - TERT
muiesoaa, [TKK, HITK
nerkux, I1IK nerkux,
pEHANbHBII
5q TIKK, peHanbHBII AneHOKapIrHOMAa APC
nuiesona, HITK nerkux
6p OJIJI, ITKK, HIIK -
JIETKHX, MEJTAaHOMa
6q OJIJ1 MenaHoMa, peHaJIbHbIN
Tp Mono4Hoil xenessl, - LGIR
TOJICTOH U NPsIMOI
KHILOK, 8€HOKapILMHOMA
MHIIEBOJA, [IHOMA,
TIKK, HIIK merkux,
MeayJuiobnacToma,
MeJIAHOMA, PEHAJIbHBbII
7q Toncroii u npsiMoit - BRAF, MET
KuImok, riauoma, TTKK,
HIIK nerxux,
MenyiiodnacToma,
MeJIaHOMa,
TIPENICTATEIbHOM JKeJe3bl,
peHaJbHBIN
8p OJUI, MIIC Mono4YHOH KeJe3bl,
TIKK, HIIK nerkux,
MenyJIo01acToMa,
TIPENCTaTEeNIbHOM XKee3bl,
pEeHANBHBIH
8q OJIJ1, mosouHoi skenessl, | Menymnobaactoma MYC
TOJICTON U MpsIMOi
KHILOK, 8eHOKapLMHOMA
TMIHUIIEBOAA,
IIOCKOKJIETOUHBILI
nummesoaa, ITKK, HITK
nerkux, MIIC, su4HUKOB,
MIPEACTaTeIbHOM JKeIe3bl
9p MIIC OJIJI, MOJIOUHOI1 XKeJe3bl, CDKN2A/B

aJIeHOKapLITHOMA
mmesona, HITK nerkux,
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MEJIaHOMA, IUYHHUKOB,
pEeHAJIbHBIH

9q OJIJI, MIIC HIIK nerkux, Menanoma,
SIMYHUKOB, peHaﬂthlﬁ
10p OJI1 ['maoma, T1K merkux,
MeJIAaHOMaA
10q OJI1 T'nuoma, IK nerkux, PTEN
MenyJuiodiacToma,
MeJIaHOMa
11p -—-- Menymiobnacroma WTl1
11q -— HenuddepenumpoBanuas ATM
JIMIIOCAPKOMA,
MenyJuo01acToma,
MeJlaHOMa
12p Toncroii u npsamoi e KRAS
KHUIOK, pEeHAJIbHBIH
12q PenanbHblit -
13q Torncroii 1 npsiMOi Moo4uHO XKemne3sl, RB1/BRCA2
KHUIIOK nenudepeHLpoBaHHas
JIUIOCApKOMa, TIIHOMA,
HIIK nerkux, sSM4HIKOB
14q OJIJI, HIIK nerxux, ITK | )KKCO, menaHoma,
JIETKHX, MPEACTATENbHON | PEHAJbHbIN
JKeJIe3bl
15q -—-- JKKCO, HIIK nerkux, TTK
JIETKUX, THYHHUKOB
16p MonouHo# xKene3bl —
16q - Mono4HOi1 Kenessl,
IIKK, menymnodnacroma,
AWYHUKOB,
MIPECTATEIbHOMN JKeJIe3bl
17p OJI1 Moo4HOi1 Kenessl, P53
TOJICTOH U IPsIMOi1
KHIIOK, a/IEHOKAPL{HOMA
nuiesoza, [TKK, HITK
nerkux, I1IK nerkux,
ANYHUKOB
17q OJIJL, TIKK, HITK MonouHo# Kene3sl, FERBB2,
JIETKUX, SIUYHUKOB NI'1/BRCAI
MeaysodnacroMa
18p OJUT, menymnobaacroma | ToncTol u npaMoi
kuiok, HITK nerkux
18q OJIL, menymnobnacroma | ToscToii u npamoit SMAD?2,
KHUIIOK, aJJEHOKAPIIITHOMA SMAD4
nuimesona, HITK merkmx
19p I'muoma AJleHOKapIMHOMA

mumeBoAa, HIIK jerkmx,
MEJIaHOMA, SIMYHUKOB
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19q T'muoma, TIK nerxkux AneHOKapIuHOMAa
numesoaa, HITK nerxux
20p MomnouHoii xenessl, -

TOJICTOH U npsiMOii
KHIIOK, aA€CHOKapLUUuHOMA
TUIIEBOAA,
IUIOCKOKJIETOYHbIH
nuiteBoaa, XKKCO,
rmuoma, ITKK, HITK
JIETKUX, MEAHOMA,
peHaJIbHBIN

20q Mono4Hoil xenessl, -—-
TOJICTOH U NpAMOI
KHUUIOK,
nenuddepeHInpOBaHHAS
JUIOCAPKOMA,
aJIeHOKapLUHOMA
NUIIEBOAA,
TIJIOCKOKJIETOUHBIH
MUIIEBOAA, TIIUOMa,
TIKK, HIIK nerkux,
MENAHOMAa, SUYHUKOB,
pEeHaJIbHbIN

21q OJIJL, )KKCO, MIIC
22q Menanoma MosouHoit xene3sl, NEF2
TOJICTOH U IpsIMOIL
KHIIOK,
nenubpepeHIpOBaHHAS
JIMIIOCAPKOMA,
aJIEHOKAPLIUHOMA
numiesona, KKCO, HITK
nerkux, I1IK merkmx,
SAUYHUKOB,
MPEACTATEIbHOM XKee3bl

[Tpumeps! B3aNMOCBS3M MEXKAY BapHaIMsIM{ YHCIAa KOIHMHA Ha YPOBHE IUIeYa SBISIOTCS WIUTIOCTPAaTHUBHEI-
MH, a He orpaHHYMBaomuMi. CrenuanucTaM B JTaHHON OOJIACTH TEXHWKH M3BECTHHI JAPYTHE BapHalldl YUCIa
KOMUI Ha ypOBHE IUIeYa U UX B3aUMOCBSI3U C PAKOM.

Memebime, HanpuMmep QOKaIbHEBIC, BApUAIMH YHCIa KOTIHIA.

Kak yka3aHoO BHIIIIe, COTJIACHO OTPE/ICICHHBIM BapUaHTaM PEaH3aliu CIIOCOObI, OMICAHHBIC B HACTOSIICM
JIOKYMECHTE, MOXKHO TPHUMEHATH Ul OTPEACICHUS MPUCYTCTBHS WM OTCYTCTBUS aMIUTH(HKAIUUA XPOMOCOM.
CoriacHO HEKOTOPHIM BapHaHTaM peallu3allil aMIUTH(UKAKS XPOMOCOM MPEICTABISACT COOOH H00aBICHHE
omHOW wim Ooryee IenmbIXx XpoMocoM. COTNIacHO OPYTUM BapHaHTaM peaU3alliil aMIDIH(QHUKANUS XPOMOCOM
npencraBisieT coboit moOaBieHNe OJHOTO WM 00Jiee CETMEHTOB XpOMOCOMBI. COTJIaCHO TPEThUM BapHaHTaM
peanmn3anuy aMIuTHQUKAIHAS XPOMOCOM TIPEICTABIISIET cO00H nMobOaBiIeHe ABYX WK 00jiee CETMEHTOB JIBYX WIIH
6oee xpomocoMm. CorylaCHO paszIHMYHBIM BapHaHTaM PEaTH3alldd aMIDTH(HUKANI XPOMOCOM MOXET BKIIFOYATh
no0aBiIeHNE OQHOTO M 00JIE€ OHKOTEHOB.

JlomMrHaHTHO (YHKIMOHUPYIOMIKE TCHBI, CBSI3aHHBIC C COJHMIHBIMHU OITYXOJISIMH YeJIOBEKa, KaK MpPaBUIIO,
OKa3bIBAIOT CBOC BIHMSHHC MOCPEICTBOM CBEPXIKCIIPECCUU I M3MCHEHUS DKCIpPEcCHU. AMILTU(HKALNS TeHa
SIBIIIETCSL YaCThIM MEXaHU3MOM, MPUBOASAIIMM K MOBBIMIAIONIEH PEryisiliuM dKCIpeccuu reHa. JlokazaTenbcTsa,
MOJYYCHHBIC B IUTOICHETHYECKUX HCCIICIOBAHUSIX, YKA3bIBAOT HA TO, YTO mpu Oonee 50% THUIOB paka MOJIOY-
HOW KeJIe3bl YeIOBeKa HAOIIF0JacTCsl 3HAUNTENbHAS aMILTUUKaIys. [ TaBHBIM 00pa3oM, aMIUTH(UKAIHS TIPOTO-
OHKOT€HA pelenTopa muaepManbHoro ¢aktopa pocta 2 (HER2) dyenoBeka, pacroiioKeHHOTO HA XPOMOCOME
17(17(17921-q22)), npuBomut Kk cBepxdkcnpeccun pernentopos HER2 Ha moBepXHOCTH KIIETOK, MPUBOASIIEH K
Ype3MEpHOI M HeyNpaBJIsIeMON Mepeaade CHTHAJIOB MPH pake MOJOYHOIH jKele3bl M APYTHX 3J0KaYeCTBEHHBIX
HOoBooOpasoBanusx (Park et al., Clinical Breast Cancer 8:392-401 [2008]). bbuto 06Hapyk€HO, YTO MHOKECTBO
OHKOT€HOB aMIUTH(QHUIHPYIOTCS IPH APYTUX 3JI0KAUYECTBEHHBIX HOBOOOPA30BaHMAX YeJoBeka. [Ipumepsr aMInim-
(hUKaIH KIETOYHBIX OHKOTCHOB B OIYXOJISIX YENOBEKa BKIIOYAIOT aMIUTH(HUKAIINH C-MYyC B JIUHUH KJIETOK TIPO-
MUENOIUTAPHOTO Jieliko3a HL60 u B TUHHUSAX KIIETOK MEIKOKJICTOYHON KapIIMHOMBI JIETKHX, N-mycC B TIEpBHY-
HBIX HerpobnactoMax (ctamuu 11 u V), TUHESIX KIETOK HEHPOOIACTOMBI, TUHUAX KIETOK PETHHOOIACTOMBI U
MCPBUYHBIX OMYXOJICH U JTUHHUSX U OIMYXOJIIX MEIKOKICTOYHON KapI[MHOMBI JIETKUX, L-myc B JTHMHUAX KICTOK U
OIYXOJIAX MENKOKJICTOYHOW KapIUHOMBI JIETKUX, C-myb B JHHHUSAX KJIETOK OCTPOTO MHUEIOMIHOTO JiciiKo3a U
KapIIMHOMEI TOJICTOM KUIIKH, c-erbb B KJIETKaxX 3MHUICPMOHMIHON KAPIIMHOMBI U MIEPBUYHBIX TIHOMax, c-K-ras-2
B IICPBUYHBIX KapPIUHOMAX JIETKUX, TOJICTOW KHIIIKH, MOYEBOTO ITY3bIPS U MPSMOU KUIIKH, N-ras B IMHHH KICTOK
KapIMHOMEI MoJiouHOH skene3bl (Varmus H., Ann Rev Genetics 18: 553-612(1984) [mo manusiM Watson et al.,
Molecular Biology of the Gene (4th ed.; Benjamin/Cummings Publishing Co. 1987)].
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JlyIumikanuy OHKOTEHOB SIBIISIIOTCS PaclpOCTPAaHEHHON NPUYMHOM MHOTHX THIIOB paka, Kak M B CiIydae
ammnpukannu P70-S6 kuHa3s! 1 1 paka MOJIOYHOH jkese3bl. B Takux ciydasx reHeTHYecKas AyTIHKaIis BO3-
HUKAaeT B COMAaTHYECKOW KIIETKE M IMOpakaeT MCKIIIOYNTEIHHO T€HOM PaKOBBIX KJIETOK CaMHX Mo cede, HO He
BCETO OpraHm3Ma, a TeM OoJiee KaKoro-1u00 MOCIEeYIOMEero MOTOMCTBRA. J[pyrue npuMepbl OHKOTEHOB, KOTOPBIE
aMIUTHPUIMPYIOTCS MPHU TUTAaX paka denoBeka, BkimodaroT MYC, ERBB2 (EFGR), CCNDI1 (mukmua D1),
FGFR1 u FGFR2 npu pake momounoii xene3sl, MYC n ERBB2 nipu pake meiikn matkn, HRAS, KRAS 1 MYB
pu pake Tosictoi u npsimoit kumok, MYC, CCND1 u MDM2 npu pake numeBoga, CCNE, KRAS u MET mpu
ractpudeckom pake, ERBB1 u CDK4 npu riamo6mactome, CCND1, ERBB1 1 MYC mnipu pake TOJOBBI U IIEH,
CCND1 npu neuenounokaerouyHoM pake, MYCB npu nefipo6nacrome, MYC, ERBB2 u AKT2 npu pake sinu-
HukoB, MDM?2 u CDK4 npu capkome 1 MY C npu MeIKOKJIETOYHOM pake jerkux. CornacHo OAHOMY BapHUaHTY
peanu3aniy HaCTOSIIIUN CIIOCO0 MOKHO NPUMEHSTD JUIsl ONIPECIICHUs! TIPUCYTCTBHS WIIM OTCYTCTBUS aMIUTH(H-
Kallii OHKOTEHA, CBA3aHHOTO ¢ pakoM. CoriacHO HEKOTOPHIM BapHaHTaM pealn3aliy aMIUTH(UIHIPYETCS] OHKO-
TeH, CBSI3aHHBIM C PaKOM MOJIOYHOW JKeJIe3bl, paKOM IIEHKH MaTKH, PaKOM TOJICTOH M NPSIMOM KHILIOK, paKoM
MHIIEBO/A, TACTPUUECKUM PAaKOM, TIINOOJIACTOMOM, paKOM TOJIOBBI U IIIEH, TEYEHOYHOKIETOYHBIM PAKOM, Hel-
pobIIacTOMOM, pakOM SIHYHHUKOB, CAPKOMOM M METIKOKIICTOYHBIM PAKOM JICTKHX.

CornacHO OTHOMY BapHaHTy peau3allH HACTOSIINN CIOCO0 MOXXHO NMPUMEHSTH IS OTIPEACTICHUS TPH-
CYTCTBHSI WM OTCYTCTBHUS JEJCHUH XpoMOcoMBI. COTIIacCHO HEKOTOPHIM BapHaHTaM pealU3aIliy JACTeIHs Xpo-
MOCOMBI TIPE/ICTAaBIISIET cO00i yTpaTy 0aHOM mitu OoJee menbx XpoMocoM. CorflacHO IPYTHM BapHaHTaM peajlv-
3auu JeNeHs XPOMOCOMBI MIPEACTaBIsIeT cO00H yTpaTy OJHOTO MK 00Jiee CETMEHTOB XpOMOCOMBL. CoriacHo
TPETHUM BapHaHTaM peaH3alHy ACJeIHsI XPOMOCOMBI MPEICTABISAET COO0H yTpaTy IBYX WX 00Jee CerMEeHTOB
IBYX MM Ooyiee XpoMocoM. Jlemerys XpOMOCOMBI MOXET BKJIIOYaTh YTpaTy OJHOTO WM Ooyiee T€HOB-
OHKOCYIIPECCOPOB.

Jlenenuu XpoMOCOM, B KOTOPBIX Y4acTBYIOT T€HBI-OHKOCYIIPECCOPHI, KaK CUUTAIOT, HI'PAIOT BAXKHYIO POJIb
B Pa3BUTHU M MPOTPECCUPOBAHUM COJIMIHBIX OMyXoJiel. I'eH-oHkocynpeccop perruHobmacromsl (Rb-1), pacno-
JOXCHHBI B Xxpomocome 13ql4, mperncraBiser coOoi Hamboiee WOTHO OXapaKTEPH30BaHHBINA T'CH-
onkocympeccop. [IpoxykT rena Rb-1, snepusrit pocdonporenn 105 k/la, mo-BUANMOMY, UTPAET BAKHYIO POJIH B
perymsmun kiaetodroro nukina (Howe et al., Proc Natl Acad Sci (USA) 87:5883-5887 [1990]). Msmenenue i
yTpaTy a3kcmupeccun 6enmka Rb BRI3bIBaeT nHakTHBanMsA 0OOWX ajuleiel reHa B pe3yibTaTe TOYCYHONW MyTalliH
WM JCTIEIUU XpOMOCOMEI. BBUTo 00HapyKeHO, UTO M3MEHEHHS TeHa Rb-i HabmoJar0TCs He TOIBKO B PETHHOO-
JIACTOMAX, HO TaKXe B JPYTUX 3JI0KAYeCTBEHHBIX HOBOOOPA30BAHUAX, TAKUX KaK OCTEOCAPKOMEBI, MEITKOKIETOY-
HBIA pak Jerkux (Rygaard et al., Cancer Res 50: 5312-5317 [1990)]) u pak MonouHoO# keje3sl. B uccnenoBanm-
AX noauMopdusmMa JunHbl pparmentoB pectpukiun (Restriction fragment length polymorphism, RFLP) Gsuto
YCTaHOBIICHO, YTO TaKHE TUIIBI OMTYXOJICH YacTO yTPaTHIIU IeTepO3UrOTHOCT MO 13(; 3TO CBUAETEIBCTBYET, YTO
oIvH u3 ayuteneil rena Rb-1 Obut yTpadeH B cBs3M ¢ KpymHOHU aenernuel xpomocomsl (Bowcock et al., Am J.
Hum Genet, 46: 12 [1990]). AHOManuu XpOMOCOMBI 1, BKITFOYAst TYTUTHKALUH, EICIUN U HecOaTaHCUPOBAHHBIC
TPaHCJIOKAIMH, C Y4acTHEM XPOMOCOMBI 6 M JPYrod XpOMOCOMBI-IIapTHEPa, CBUACTEIbCTBYIOT, YTO 00JIaCTH
xpomocoMsl 1, B wactHocTH, 1q21-1g32 u 1p11-13, MOTyT HECTH OHKOTEHBI WIIM T€HBI-OHKOCYIIPECCOPHI, KOTO-
pBIe SABISAIOTCS 3HAYUMBIMHU C TTATOTCHETHYECKON TOYKHM 3pEHHS KaK Ha XPOHHMYECKOW, TaK M Ha HMPOTPECCUPYIO-
el CTamusx MUEIoNnpoiaudepaTuBHBIX HOBooOpasoBaHuit (Caramazza et al.,, Eur J. Hematol 84:191-200
[2010]). MuenomnponudepaTiBHbIE HOBOOOPAa30BaHUS TaKXKe CBSI3aHBI C JIENECIUSIMHA XpOMOCcOMBI 5. [TomHas yT-
pata Wik BHYTpEHHHE JCIICIIH XPOMOCOMEI 5 SBJISIOTCA HanOoJiee YaCTHIMU aHOMAIHSAMHU KapHOTHIIA TP MHUe-
nomuctutactudeckux cuaapomax (MJIC). TTamments! ¢ BeiaenenasiM del(5q)/5q- MIC xapaktepusytorcst 6oee
ONaronpUATHBIM NIPOTHO30M, YEM TAKOBBIE C TOIOJHUTEIBHBIME Ae(EKTaMi KapHOTHIIA, Y KOTOPBIX HaOIo/1a-
eTcsl TeHJCHIMS K Pa3BUTHIO MHENONpOSUdepaTHBHEIX HOBooOpazoBanmii (MIIH) u octporo mmuenounmHoro
neiiko3a. Yacrora HecOamaHCHPOBAHHBIX JEJEHUl XpPOMOCOMBI 5 TpUBETa K BO3ZHHMKHOBEHHIO MHEHHMS, 4TO 5q
HECeT OJIMH WK 0oJiee CYIPeccopoB OIyX0JIEBBIX T€HOB, KOTOPHIE UIPalOT (yHIaMEHTAIBHBIE POJIX B KOHTPOJIC
pocTa TeMaTOMOITHYSCKUX CTBOJOBBIX KIeTOK/KieTok mnpenmectBeHHukoB (I'CK/I'KII). lluroreHernueckoe
KapTHPOBaHKE YacTo JeJICTHPOBaHHBIX obOnacteit (commonly deleted regions, CDR) cocpenorouninocs Ha HIeH-
TA(UIUPOBAHHBIX KaHAuIaTax 5931 1 5q32 cympeccopoB OMyXoJIeBBIX TEHOB, BKIIOYas pHOOCOMAaIbHYIO CyOh-
equany RPS14, dakrop Tpanckpurmnun Egrl/Krox20 u 06elok peMoaenupoBaHUs ITUTOCKeNeTa, aibda-
karenuH (Eisenmann et al., Oncogene 28:3429-3441 [2009]). [luToreHeTHYeCKHe UCCIIETOBAHUSI W HCCIIEI0BA-
HUS TI0 AJIICTICTUITUPOBAHNIO CBEXKHX OITyXOJIEH M OIyXOJIEBBIX JIMHUH KJIETOK MPOJEMOHCTPUPOBAJIH, YTO yTpa-
Ta ajuieNne U3 HECKOJIbKHUX PAa3IMIHBIX o0acTell Ha XpoMocome 3p, BKiIrodast 3p25, 3p21-22, 3p21.3, 3p12-13 u
3pl4, npeacraBnseT coboil caMble paHHUE W HanOOJIee YacThle T€HOMHBIE aHOMAJTUH, BOBJICUEHHBIC B IITUPOKUH
CIEKTp OOJIBIIMHCTBA AMUTEIHAIBHBIX THIIOB PaKa JIETKUX, MOJIOYHOM JKEJIE3bl, II0YEK, TOJOBHI U IIEeH, SHYHHU-
KOB, IICHKH MAaTKH, TOJCTOM KHIIKH, HOKEIYIOUYHON >KEJIe3bl, IUIIEBOa, MOYEBOTO My3bIpsl U APYTHX Opra-
HOB. HeckoJbKO T'eHOB-OHKOCYIIPECCOPOB OBLIO KapTHPOBAaHO HAa 00JAaCTH 3p XPOMOCOMBI, M CUHMTAIOT, 4TO
BHYTPEHHHE JIEJICIIMU WIIM TUIIEPMETHIMPOBAHNE TIPOMOTOPA MPEALIECTBYIOT YTpaTe 3p MIIH LEI0H XPOMOCOMEI
3 npu pasButun kapuuHoM (Angeloni D., Briefings Functional Genomics 6:19-39 [2007]).

Y HOBOpOXIEHHBIX U AeTel ¢ cuHapomoM Jlayna (C/I) yacto HaGmomaeTcs BpOXKICHHBIH TPaH3UTOPHBIH
JIEWKO3, ¥ TaKue HOBOPOXKICHHBIC U JETH XapaKTEePHU3YIOTCS IOBBIIICHHBIM PHCKOM Pa3BHUTHS OCTPOTO MHUEIO-
WIHOTO JIeliKo3a U ocTporo JmM@ obiacTHOTO Jieliko3a. Xpomocoma 21, Hecymas npubdmusutenbao 300 TeHoB,
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MOJKET OBITH BOBJCUYCHA B MHOTOYHCIICHHBIC CTPYKTYPHBEIC aOeppaluu, HapuMmep, TPAHCIOKALUH, JCICHUd U
aMIUTU(UKAIY, TIPH JIeHKo3aX, TuM(OoMax U CONMAHBIX OMyXOJIaX. boiee TOro, ObUTH HACHTU(UIIPOBAHEI Te-
HBI, PAacIIOJIOKEHHBIE Ha XpOMOcoMe 21, KOTOpbIe UTrPaloT BXHYIO POJIb B OHKOreHe3e. CoMaTHiecKre YHCIeH-
HBIE, a TaKXKe CTPYKTYpHBIE abeppannuy XpoMocoMBI 21 CBS3aHBI ¢ JEWKO3aMH, U KOHKPETHBIC TEHBI, BKIIOYas
RUNXI1, TMPRSS2, u TFF, xotopsle pacmonoxensl B 21q, urpatot ponb B oHkorenese (Fonatsch C Gene
Chromosomes Cancer 49:497-508 [2010]).

C y4eToM BBIIIEH3II0KEHHOT0, COTIIACHO Pa3IMYHBIM BapHaHTaM PEaH3aldy CIIOCOObI, OMMMCAHHBIC B Ha-
CTOSIIIIEM JIOKYMEHTE, MOKHO NpUMEHsTh 1715 onpeenenuss BUK cermenTa, KOTOpBIN, Kak U3BECTHO, COIAEPIKUT
OIIMH WK 00Jiee OHKOTCHOB HJIM T€HOB-OHKOCYIPECCOPOB, W/IITH, KaK U3BECTHO, CBS3aH C PaKOM WU C yBEIH-
YCHHBIM PUCKOM pa3BHUTHs paka. COTJIacHO OIpeelicHHBIM BapuaHTaM peanu3aiui BUK MoxHO onpenenuTs B
UCCIIeIyeMOM 00paslie, ColepkKameM KOHCTUTYTUBHYIO (3apOBIINICBON JIMHUK) HYKICHHOBYIO KHCIIOTY, H CET-
MEHT MOXKHO HJCHTH()HUIMPOBATh B TAHHBIX KOHCTUTYTHUBHBIX HYKJICHHOBBIX KUCIOTaX. COTJIACHO OMpeieiicH-
HBIM BapuaHTaMm peanuzaiu BUK cermenTa nmaeHTUGHUIHPYIOT (B Cllyyae HaJW4us) B 0Opasie, coaepiKaiieM
CMECh HYKJICHHOBBIX KHCJIOT (HampuMep, HYKJICHHOBBIC KUCIOTHI, MONyYCHHBIC W3 HOPMATBHBIX, B HYKJICHHO-
BBI€ KHUCJIOTHI, TTOJTy4YeHHBIE U3 HEOIIACTUYECKHUX KJIeTOK). COrJIacCHO ONpe/leleHHBIM BapHaHTaM peaH3aluu
o0paszer moy4aroT 0T CyOBeKTa, KOTOPHIH, Kak MPeAnoaraioT WX Kak U3BECTHO, CTpagaeT OT paka, HalmpuMmep,
KapIMHOMEI, CapKOMBI, TUM(OMBI, JIeiK03a, TepMUHOTEHHBIX OIyXoJyiedl, 6iacToMbl U T.1I. COTJIACHO OIJHOMY
BapHAHTy pealln3aliu 00pasel MpeACTaBiIsIeT co0ol oOpasel mia3Mbl, TOTydeHHBIH (ITPOIeCCHPOBAHHBIN) U3
nepudepruaeckoil KpOBH, KOTOPBIH MOXET coaepxarh cmech Ci/IHK, momydeHHOW U3 HOPMAITLHBIX B PAKOBBIX
kieToK. CormacHO ApyroMy BapHaHTy pealn3alii ONOJIOTHYeCKUi 00pa3er], KOTOPBIH IPUMEHSIOT IS OTIpesie-
nenus npucytcTBus BUK, momyJaroT U3 KIIETOK, KOTOPEIC, €CIIH PaK MPUCYTCTBYET, CONEPIKAT CMECh PAKOBBIX U
HEPAKOBBIX KJIETOK U3 JPYTrUX OMOJOTHYCCKUX TKAHCH, BKIItoYasi, 0€3 OrpaHHYCHUS, OMOJIOTHICCKUC KHUIKOCTH,
TaKWe KaK ChIBOPOTKA, TOT, CJIE3bI, MOKPOTa, MOYa, MOKPOTA, YIITHASI )KHUJKOCTh, JTuM(Da, CIIFoHa, CIIMHHOMO3TO0-
Bast )KHIKOCTh, JKUAKOCTh ITOCIIE JIABaXKa, CYCIICH3HsI KOCTHOTO MO3Ta, BIATAIHIIHAS KHUIKOCTb, )KUIKOCTh TIOCIIC
TPaHCICPBUKATIBHOTO JIABAXKA, XKUIKOCTH FOJIOBHOTO MO3Ta, aCIUT, MOJIOKO, CEKPETHI IbIXaTeIbHBIX, KHIICUYHBIX
Y MOYETIOJIOBBIX ITyTeH M 00pa3ipl Jieikadepesa, Wi B OHOTICHIX TKaHW, Ma3Kkax WM cockobax. CoriacHo Ipy-
TUM BapHaHTaM peaau3aiuu OHoIoTHdecKruii oOpaser] mpeacTaBisieT codoi odpaszer cTymna (pekannii).

BUK, KOTOPYIO HCHOJB3YIOT ISl OTIPENEIEeHU MPUCYTCTBHUS paKa W/WJIM MOBBIIICHHOTO PHCKA Pa3BUTHSA
paka, MOKeT BKIIFOYATh aMILTU(HUKAINIO WIH ACTICIHH.

CornacHo paznmyHBIM BapuaHTaMm peanusanuu BUK, mneHTndumpoBanaeie Kak CBHIETEIHCTBYIOMINE O
MPUCYTCTBUH PaKa WM O TOBHIICHHOM PHCKE Pa3BUTHA paKa, BKIIOYAIOT OAHY WM Oojee aMIUTH(pUKAINH,
MPEJICTaBJICHHBIX B Ta0I. 4.

Tabnuna 4: WUTIOCTPAaTUBHBIC, HO HEOTPAHHYMBAIOIIUE CETMEHTHI XPOMOCOM, KOTOPBIC XapaKTePU3YIOTCS
aMIUTU(UKAIMSIMY, CBA3aHHBIMU C TUIIAMHU paka. [lepeunciieHHbIC THUIBI paka MPEICTaBISIOT cO0O0W TaKOBBIC,
uneHTnuIMpoBanHele B myoaukamun Beroukhim et al. Nature 18: 463: 899-905.
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Tabiuma 4

MakcumanbHas Hmuna (M6) | Tunel paka, naeHTHGHIHPOBAHHBIE B

obaacTb JAHHOM AHAJIN3E, HO HE B
NpeAecTBYOIHX My0JIMKALHAX

chr1:119996566- 0,228 Monounoii xxenessl, 1K nerkux,

120303234 MeJIaHOMAa

chr1:148661965- 0,35 MornouHoil xene3sl,

149063439 nenudepeHIpOBaHHAs JTMITOCAPKOMA,
aJIeHOKapLIMHOMA MHILIEBOA,
nedeHOYHOKIIeTOUHBIH, [TK merkmx,
MEJIaHOMA, SUYHUKOB, Hpel[CTaTe.]'[bHOﬁ
JKeJe3bl, peHaJIbHbIN

chrl:1-5160566 4416 AJIeHOKapUMHOMA MUILIEBOJA, SUYHUKOB

chr1:158317017- 1,627 HenuddepeHUnpOBaHHAS TUITOCAPKOMA,

159953843 aJl€HOKapLUHOMA MHUIIEBOA,
MPEACTATEIbHOM KeJIe3bl, PEHAJIbHBII

chr1:169549478- 0,889 Toncroii 1 NpsIMO KUIIOK,

170484405 nenuddepeHLnpOBaHHAS JTUMOCAPKOMA,
TIPEeNICTaTEeNIbHOM Kelle3bl, peHaJIbHbIN

chr1:201678483- 1,471 IIpencraTenbHOi JKenessl

203358272

chr1:241364021- 5,678 HIIK nerkmx, Menanoma, SH9HHKOB

247249719

chr1:39907605- 0,319 Ocrpblii tMdpoOnacTHBIi NeiKos,

40263248 mogounoit skenessl, HITK nerxmx, ITK
JIETKHX

chr1:58658784- 1,544 Mono4uHOH Kee3sl,

60221344 nenudepeHIpOBaHHAs JTMITOCAPKOMA,
TTK nerxmx

chr3:170024984- 3,496 MonouHoit jxenesbl, afeHoKapLUuHOMA

173604597 TUITIEBOA, TIIHOMA

chr3:178149984- 21,123 ITnockoknerounsrid nuimesona, HITK

199501827 JIETKUX

chr3:86250885- 8,795 TIK nerkmx, MmenaHoma

95164178

chr4:54471680- 1,449 HIIK nerxux

55980061

chr5:1212750- 0,115 HenuddepeHrpoBaHHAS TUIOCAPKOMA

1378766

chr5:174477192- 6,124 Monounoii skene3nr, HIIK merxmx

180857866

chr5:45312870- 4,206 TIK nerkux

49697231

chr6:1-23628840 23,516 AJleHOKapLMHOMA MULIEBOJA

chr6:135561194- 0,092 Mono4Hoi xene3sl, aAeHOKapLUHOMA

135665525 MULIEBOAA

chr6:43556800- 0,72 AZICHOKapIMHOMA ITHIIEBONA,

44361368 TIeYeHOYHOKJIETOYHBIN, SIMIHUKOB

chr6:63255006- 1,988 AnenoxkapruHoMa nimiesona, HITK

65243766 JIETKUX

chr7:115981465- 0,69 AnenoxapuuHomMa numesofa, HITK

116676953 JICTKUX, MEJIaHOMA, SINYHUKOB

chr7:54899301- 0,363 AJleHOKapL1HOMA MULIEBOJA,

55275419 TJIOCKOKJIETOYHBIH MULIEBOAA
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chr7:89924533- 9,068 MornouHoit jkene3pl, aneHokapLUuHOMA

98997268 MUIIEBOAA, MJIOCKOKJIETOYHbBIH
MHULIEBOJA, SIMYHUKOB

chr8:101163387- 2,516 HIIK nerkux, MenaHoMa, SIMUHUKOB

103693879

chr8:116186189- 4.4 MornouHoil xene3sl,

120600761 nedeHouHOKIIeTOUHBIH, HITK merkux,
SIMYHUKOB

chr8:128774432- 0,009 AJleHOKapLUHOMA MULIEBOJA,

128849112 TUIOCKOKJIETOUHBIN MUIIEBOAA,
ne4eHouHOoKeTouHbli, [1K nerkux,
MenyJIo01acToMa,
MHeIONpoNn(epaTHBHOE HAPYILEHHE,
SAUYHUKOB

chr8:140458177- 5,784 HIIK nerxux, menyuiobnactoma,

146274826 MEJIAHOMA, SIMYHHUKOB

chr8:38252951- 0,167 TosncToii u nNpsiIMOH KUILIOK,

38460772 aJl€HOKapLUHOMA MHUIIEBOA,
MJIOCKOKJIETOUHbIN MUIIEBOIA

chr8:42006632- 0,257 AnenokapruHoMa niminesona, HIIK

42404492 serkux, [TK nerkux, suuHUKOB,
NIPEACTaTeIbHOM JKele3bl

chr8:81242335- 0,717 MornouHoii jxene3pl, MeaHOMa

81979194

chr9:137859478- 2,29 ToncTol u NpsAMON KHIIOK,

140273252 nemuepeHIpoBaHHas JIMITOCAPKOMA

chr10:74560456- 7,455 MonouHO# Kene3bl, AMYHUKOB,

82020637 MPENCTATEeJIbHOM JKeJle3bl

chr11:101433436- 0,683 HIIK nerxux, ITK nerkux

102134907

chr11:32027116- 5,744 MornouHoil xene3sl,

37799354 nenudepeHIpOBaHHAs JTMITOCAPKOMA,
HIIK nerkux, ITK nerkux

chr11:69098089- 0,161 HenuddepeHUnpOBaHHAS TUITOCAPKOMA,

69278404 aJl€HOKapLUHOMA MHUIIEBOA,
ne4eHouHOoKeTouHbli, [1K nerkux,
SIMYHUKOB

chr11:76699529- 1,286 HenuddepeHUnpOBaHHAS TUITOCAPKOMA,

78005085 aneHokapiHoMa nuiesona, ITK
JICTKUX, ANYHUKOB

chr12:1-1311104 1,271 HIIK nerkmnx

chr12:25189655- 0,112 Ocrpotii TM(pOOIACTHDIN JEHKO3,

25352305 aJIeHOKapLIMHOMA MUILIEBOJA,
TUIOCKOKJIETOUHBIN MTUIIEBOAA,
SIMIHUKOB

chr12:30999223- 1,577 Ocrpotii TM(pOOIACTHDIN JEHKO3,

32594050

TOJICTON M TIPSAMOM KMIIOK,
aIcHOKapIIMHOMA IMINEBONA,
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TJIOCKOKJIeTOUHbIH nuuiesoaa, HITK
serkux, [TK nerkux

chr12:38788913- 3,779 Mono4HOI XKene3bl, TOJACTON U NPsIMOH

42596599 KHIIOK, nenuddepeHnnpoBanHas
JIUIIOCAPKOMA, TUTOCKOKJIETOYHBIN
nuiesoaa, HITK nerkux, ITK nerkux

chr12:56419524- 0,021 HenuddepeHunpoBaHHast TUNOCAPKOMA,

56488685 MENaHOMA, PEHAJIbHBII

chr12:64461446- 0,041 HenuddepeHrpoBaHHAS TUIOCAPKOMA,

64607139 peHaJbHBIN

chr12:66458200- 0,058 HennddepeHirpoBaHHas TUTIOCAPKOMA,

66543552 MJIOCKOKJIETOYHBIN MUINEBOAA,
peHaJIbHBIN

chr12:67440273- 0,067 MonouHoil xene3sl,

67566002 nemuepeHIpOBaHHAS TMITOCAPKOMA,
TJIOCKOKJIETOYHBIN MUINEBOAA,
MeJIaHOMa, peHaJIbHBIN

chr12:68249634- 0,06 MonouHoil xene3sl,

68327233 nenubdepeHpOBaHHas JTUITOCAPKOMA,
JIOCKOKJIETOYHBIH MULIEBOAA,
peHaJIbHBIH

chr12:70849987- 0,036 HenuddepeHrpoBaHHAS TUTIOCAPKOMA,

70966467 PEeHANbHBIH

chr12:72596017- 0,23 PenanbHbIH

73080626

chr12:76852527- 0,158 HenuddepeHunpoBaHHast TUTOCAPKOMA

77064746

chr12:85072329- 0,272 HenuddepeHrpoBaHHAs TUTIOCAPKOMA

85674601

chr12:95089777- 0,161 HennddepenirpoBaHHas TUIOCAPKOMA

95350380

chr13:108477140- 1,6 MonouHoit jxenespl, afeHoKapLUuHOMA

110084607 numeBona, HITK nerkmx, I1IK nmerkux

chr13:1-40829685 22,732 Ocrpotii TUM(pOOIACTHBIHN JIEHKO3,
a/IeHOKAPIIMHOMA TIHIIEBOAA

chr13:89500014- 3,597 Mosno4HOI Xkene3bl, aieHOKapLIUHOMA

93206506 MUIIEBOAA, MeAYLI00acTOMa

chr14:106074644- 0,203 TT/I0CKOKIETOYHBIN MULLEBOA

106368585

chr14:1-23145193 3,635 Ocrpslii TM(pOOIACTHBIN JIEHKO3,
IJIOCKOKJIETOUHBIH MUIIEBOA,
ne4eHouHoKeTouHbi, [1K nerkux

chr14:35708407- 0,383 MonouHoii xenessl, aAeHOKapLUHOMA

36097605 MHAIIEBOAA, TUIOCKOKJIETOUHBII
MAIIEBOAA, TIEYEHOUHOKIIETOUHBIH,
MPECTaTeNbHOM KeNe3bl

chr15:96891354- 0,778 MonouHoi jxene3sl, TONCTON U NpsSMON

97698742

KUIIOK, aJICHOKAPLIMHOMA MUIIEBOJA,
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HIIK nerkux, Menyuiodyiactoma,
MeJaHOMa
chr17:18837023- 0,815 Mo0YHOM Kene3bl,
19933105 TEYEHOYHOKJICTOYHBIN
chr17:22479313- 0,382 Monounoii sxenessl, HITK nerkux
22877776
chr17:24112056- 0,114 Monounoii kene3nr, HITK merxmx
24310787
chr17:35067383- 0,149 Toncroii 1 npsIMO KUIIOK,
35272328 aJICHOKapLUHOMA MUIIEBOA,
TJIOCKOKJIETOUHBIH MUIIIEBOIA
chr17:44673157- 0,351 Menanoma
45060263
chr17:55144989- 0,31 HIIK nerkux, meaysoGnacroma,
55540417 MEJAHOMA, SIMYHUKOB
chr17:62318152- 1,519 Monousoii sxenessl, HITK nerkux,
63890591 MeJaHOMa, STHYHUKOB
chr17:70767943- 0,537 Monounoii sxenessl, HIIK nerxux,
71305641 MeJIaHOMa, SIMYHUKOB
chr18:17749667- 5,029 ToncTol 1 NpsAMON KHIIOK,
22797232 aJICHOKapLMHOMA MHINEBOAA, SMYHUKOB
chr19:34975531- 0,096 MonouHoit jkesnespl, aneHokapLUuHOMA
35098303 THUIEBOAA, TNIOCKOKIETOUHBIH
MULIEBOAA
chr19:43177306- 2,17 HIIK nerkux, SMMHUKOB
45393020
chr19:59066340- 0,321 Monousoii sxenessl, HITK nerkux,
59471027 SINUHUKOB
chr2:15977811- 0,056 TIK nerxmx
16073001
chr20:29526118- 0,246 SnIHUIKOB
29834552
chr20:51603033- 0,371 TTeuenounoknerounsiii, HITK nerkux,
51989829 STHITHUKOB
chr20:61329497- 0,935 ITeuenounoknerounsiii, HITK nerxmx
62435964
chr22:19172385- 0,487 ToncTol u NpsIMON KUILIOK, METaHOMa,
19746441 STMTHUKOB
chrX:152729030- 1,748 Monounoti ;kene3nl, HIIK nerkux,
154913754 pEeHaJIbHBIH
chrX:66436234- 0,267 SMYHUKOB, MPENCTATEIbHON JKeNne3bl
67090514

CornacHo OIIPCACIICHHBIM BapuaHTaM p€aln3alii B COYCTaHUU C aMHHI/Id)I/IKaI_II/I}IMI/I, OIIMCaHHBIMHU BBIIIC
(B HaCTOAIICM L[OKyMeHTe), WiIn OTACJIBHO OT HHUX BqK, I/I,HGHTI/I(I)I/IHI/IpOBaHHLIe KaK CBUACTCILCTBYIOIIUEC O
MPpUCYTCTBUU PaKa WX O MOBLIIICHHOM PUCKEC PA3BUTHA paKa, BKIIIOYAOT OAHY WIN Ooiee aeneunﬁ, npeacraBs-

JIEHHBIX B Ta0I. 5.

Ta6n1/1ua 5: WTIOCTPATUBHBIC, HO HCOTPAHUYNBAIOIINE CCTMCHTBI XPOMOCOM, KOTOPBIC XapPaKTCPU3YIOTCA
JACJICHUAMU, CBA3aHHBIMU C TUIIAMU paKa. HepeqncneHHHe THUIIBI paKa IpEeACTaBJIAIOT coboit TAKOBBIC, HICHTH-

¢unuposanHsle B myonukanuu Beroukhim et al. Nature 18: 463: 899-905.
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Tabnuna 5
MaxkcumanbHas Hmuna (M6) | Tunel paka, naeHTHGUIHPOBAHHDBIC B
obnacTh JAHHOM AHAJIM3E, HO HE B
NpeANIeCTBYOMHNX My0JIHKAINAX
chr1:110339388- 1p13.2 Ocrtpelii MM(pOOIACTHBIN JTeHKO3,
119426489 aneHokapuuHoma nuiesoaa, HITK
nerkux, [1K nerkux, menaHoma,
SINUHUKOB, MPECTATeIbHON JKkeJe3bl
chr1:223876038- 1q43 Ocrtpelii MM(pOOIACTHBIN JTeHKO3,
247249719 MoJouHoit xkene3bl, I1IK nerkmx,
MEJIAHOMA, TIPEJICTATENbHOMN JKeNe3bl
chr1:26377344- 1p36.11 Mono4Hoii xeje3bl, aleHOKapLUHOMA
27532551 MHIIEBOAA, TNIOCKOKJIETOYHBIN MUIIEBOAA,
HIIK nerxux, I1K merkux,
Meaysiobnacroma,
MHEeJIONpoH(epaTuBHOE HAPYIIEHHE,
SIMYHYKOB, NIPEACTATEIbHON JKeNIe3bl
chr1:3756302- 1p36.31 Ocrperit mM(pOOTACTHBIN TeHKO3,
6867390 MOJIOUHOM JKeJe3bl, MJIOCKOKJIETOYHbIN
MHUIIEBOAA, IeUeHOUHOKIIeTOuHbIH, HITK
nerkux, [1K nerknx, menyniaoOnacroma,
MHEJIONPONU(EepaTHBHOE HAPYILICHUE,
SIMIHUAKOB, NPE/ICTATEIbHOHN JKeNe3bl,
PEeHAJIbHBIH
chr1:71284749- 1p31.1 Mono4Hoii xeje3bl, aleHOKapLUHOMA
74440273 NULIEBOAA, TJIMOMA,
nedeHouHokeTouHb, HITK merkmx, ITK
JIETKUX, MEIIAHOMA, SIUYHUKOB,
peHaJIBbHbIH
chr2:1-15244284 2p25.3 HIIK nerkux, SU4HUKOB
chr2:138479322- 2q22.1 Mono4uHOM >kene3bl, TOJCTON U NpsiIMON
143365272 KHUIIOK, aJl€HOKapLIMHOMA MUIIEBOAA,
TJIOCKOKJIETOYHBIN MUINEBOA,
neyeHouHoknerounblid, HITK nerkux,
SIMIHUAKOB, NPE/ICTATEIbHOHN JKeNe3bl,
PEeHAJIbHBIH
chr2:204533830- 2q33.2 AJIeHOKapIIMHOMA MUIEBOA,
206266883 neyeHouHoknerounblid, HITK nerkux,
MeayJio0iacToMa, peHaJIbHBIH
chr2:241477619- 2q37.3 Mono4HOH XkKeTe3bl,
242951149 nenudepeHIPOBaHHAS TUITOCAPKOMA,

aJIeHOKAPLIMHOMA MUILEBOAA,
MJIOCKOKJIETOYHBIH MUIIEBOAA,
neyenouHokerounbii, HIIK nerkux, ITK
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JIETKHX, MEAYJUI00IaCTOMA, METAHOMA,
AWYHUKOB, peHaanbe/'I

chr3:116900556-
120107320

3q13.31

HenuddepeHmpoBaHHas IMITOCAPKOMA,
a/IeHOKAapLIMHOMA THUIIEBO/IA,
neueHouHokneTouHbli, HITK nerxux,
MeJlaHOMa, MUeIonponn(epaTHBHOE
HapyILIeHHE, PEACTATSIbHOM JKeJe3bl

chr3:1-2121282

3p26.3

Toncroli u NpsIMO¥ KHIIOK,
neanddepeHIrpoBaHHAs TUIOCAPKOMA,
aneHokapruHoma nuiesona, HITK
JIETKHX, MENaHOMa,
MHUEIOnpoH(epaTHBHOE HapyIIeHUe

chr3:175446835-
178263192

392631

Ocrpolii TuM(OOIACTHBIIH JIeHK03,
nenub depeHIPOBAHHAS TUITOCAPKOMA,
aneHokapuuHoMa nuuiesoga, HITK
JIETKUX, MEJIAaHOMa,
MEETONpospePaTUBHOE HAPYILIEHHE,
NIPEACTATENbHON XKee3bl

chr3:58626894-
61524607

3pl42

MonouHO¥ xenes3bl, TOJNCTONH U NPsMON
KHUIIOK, nenuddepeHnpoBaHHas
JIATIOCApKOMa, afeHOKapIIMHOMA
MHUIIEBO/A, MIIOCKOKJIETOYHBIN MULIEBO/A,
neueHouHokerounbld, HITK nerxux, ITK
JIETKHX, MeAlyJIo0nacToMa, MellaHoMa,
MuesonponudepaTuBHOE HapyICHHE,
SIMYHUKOB, MPEICTATENbHON JKeIe3bl,
peHaIbHBIN

chr4:1-435793

4p16.3

MuenonponudepaTuBHOe HapyLIeHHe

chr4:186684565-
191273063

4935.2

MonouHoi1 Jxene3bl, aneHoKapLHHOMa
MTHIIEBOAA, TUIOCKOKJIETOUHBIH IMUIIEBOIA,
HIIK nerkux, Menysuio0nacToma,
MEJIAHOMA, IPENCTAaTEIbHON JKEeNEe3Bl,
PEHAJNBHBII

chr4:91089383-
93486891

4q22.1

Ocrtperii MM(pOOIACTHBIN JTeHKO3,
aJIeHOKaPLIMHOMA MUIIEBOAA,
neueHouHokneTouHbli, HITK nerxux,
peHaIbHBIN

chr5:177541057-
180857866

54353

Monounoii xkene3sr, HIIK merkux,
MuesonponudepaTiBHOe HapyILIeHHE,
SIMYHUKOB

chr5:57754754-
59053198

5q11.2

Mono4HOH Kese3bl, TOACTON U MpAMOH
KUIIOK, nenuddepeHurpoBanHas
JIUNOCAPKOMa, afIeHOKapLITHOMA
MHIIEBO/A, IUIOCKOKIJIETOUHBIH MHIIEBO/A,
TIK nerkux, MenaHoma,
MuenonponrpepaTiBHOE HapyIeHHe,
SAUYHUKOB, HpeZlCTaTeJleOi/'l JKEJIC3bI

chr5:85837489-
133480433

5q21.1

Toncroli u NpsIMOl KHIIIOK,
nenud hepeHIPOBAHHAS IUITOCAPKOMA,
HIIK nerxux, IIK nerkux,
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MuenonporbepaTuBHOE HapyLIeHHE,
SAMYHUKOB

chr6:101000242- 6q22.1 Toncroit u npsmoit kumok, HITK nerxux,

121511318 TIK nerkux

chr6:1543157- 6p25.3 Torncroli u NpsIMOi KHIIIOK,

2570302 nenud epeHIPOBAHHAS IUITOCAPKOMA,
aneHokapuuHoma nuiesoaa, HITK
nerkux, [TK nerkux, sudHUKOB,
MIPEACTaTENbHON JKeTIe3bl

chr6:161612277- 6q26 Toncroli u npsAMOl KUIIOK,

163134099 aZIeHOKapLIMHOMA MULIEBOAA,
IJIOCKOKJIeTO4HbIH nuinesoaa, HITK
nerkux, [1K jgerkux, suaHuKoB,
TIPE/ICTATENbHOMN KeNe3bl

chr6:76630464- 6ql6.1 Torncroli u NpsIMOi KHIIIOK,

105342994 neueHouHoknerouHbli, HITK nerkux

chr7:141592807- 7q34 Mono4HOH Kese3bl, TOACTON U NpAMOH

142264966 KHUIIOK, aJ€HOKapLIMHOMA MUIIEBOAA,
TJIOCKOKJIETOYHBIN MUINEBOA,
neueHouHoknerounblit, HITK nerkux,
SIMIHUKOB, NPE/ICTATEIbHON JKeNe3bl,
PEeHAJIbHBIH

chr7:144118814- 7935 Mono4Hoii xeje3bl, aleHOKapLUHOMA

148066271 MULIEBOAA, IVIOCKOKJIETOUHBIN MUIIEBO/A,
HIIK nerxux, MemaHoma,
MuesonponudepaTrBHOe HapyIIeHHE,
SIMYHUKOB

chr7:156893473- 7q36.3 Moso4HO Xkese3bl, aleHOKapLUHOMA

158821424 MHUITEBOA, TIIOCKOKIETOUHBIN MMHIEeBOAA,
HIIK nerkux, menaHoma,
MuenonporbepaTuBHOE HapyLIeHHE,
SIMYHYKOB, NPEACTATEIbHON JKeNIe3bl

chr7:3046420- 7p22.2 Menanoma, MuenonponudepaTHBHOE

4279470 HApyLIEHUE, SUMHUKOB

chr7:65877239- 7q21.11 MornouHoii kenessl, MeayuodnacToma,

79629882 MeJlaHOMa, MUEIONPOH(epaTHBHOE
HapylIeHHe, SHIHIKOB

chr8:1-392555 8p23.3 Ocrpolii TuMpoOIaCTHBIIH JIeHKO3,
MOJIOUHOM JKeNe3bl,
MuesonposndepaTuBHOE HapyIICHHE

chr8:2053441- 8p23.2 Ocrtpelii MM(pOOIACTHBIN JTeHKO3,

6259545 nenubdepeHIPOBAHHAS TUTOCAPKOMA,
aJIeHOKapPLIMHOMA MHUINEBOAA,
TJIOCKOKJIETOYHBIN MUIIEBOAA,
nedeHouHOKIeTouHbIH, HITK nmerkmx,
MuesonposndepaTuBHOe HapyIICHHE

chr8:22125332- 8p21.2 Ocrpolii impoOIacTHbIH Jielikos,

30139123

nenud hepeHIIPOBAHHAS IMITOCAPKOMA,
TIeYeHOYHOKJIETOUHBIM,
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muenonposrbepaTuBHOE HapyIIEHHE,
AWYHUKOB, peHaJ’IbeIﬁ

chr8:39008109- 8pl1.22 Ocrpblii TuM(OOIACTHBIH JIeHKO3,

41238710 MOJIOYHOM KeJe3bl,
neauddepeHrpoBaHHas IUIOCAPKOMA,
MJIOCKOKJIETOUYHBII MUILEBOAA,
neueHouHokseTounbll, HITK nerxmx,
MuesonponudepaTrBHOe HapyILIEHHE,
PpEeHaJIbHbIH

chr8:42971602- 8q11.22 MonouHoii xenessl,

72924037 nenuddepeHIrpPOBAHHAS JTUMOCAPKOMA,
IUIOCKOKJIETOYHBII NMUIIEBOAA,
nedeHouHOKIeTouHBIN, HITK merkmx,
MuesonponudepaTuBHOE HapyICHHE,
PpeHaJIbHbIH

chr9:1-708871 9p24.3 Ocrtpelii TM(pOOIACTHBIN JeHKO3,
monouHoM kene3bl, HIIK nerkux,
MuenonponrpepaTuBHOE HapyIeHHe,
AUYHUKOB, l'lpel[CTaTe.]'leOﬁ JKEJIE3bI

chr9:21489625- 9p21.3 Toncroit u npsmMoi KUIIOK,

22474701 aJIeHOKapLHOMA MHILEBOAA,
MJIOCKOKJIETOUHBIH MUILEBOAA,
MuenonponnpepaTuBHOE HapyIIeHHe,
AUYHUKOB

chr9:36365710- 9pl13.2 MuenonponudepaTnBHOe HapyLIeHHEe

37139941

chr9:7161607- 9p24.1 Ocrtperit mM(pOOTACTHBIHN TEHKO3,

12713130 MOJIOYHOH KeJIe3bl, TOJICTON 1 MpsAMOH
KHIIOK, aJIeHOKapLIHOMA MUIIEBOA,
neueHouHoKIeTouHbIH, [TK nerkux,
Meaysio0iacToMa, MeTaHoMa,
MuesonponudepaTiBHOE HapyIIeHHeE,
SIMYHUKOB, PEICTATENIbHON JKEeJIe3bl,
peHaJIBHbIH

chr10:1-1042949 10p15.3 Toncroli u mpamoit kumok, HIIK nerkux,
IIK nerxux, sMMHUKOB, MPENCTaTeNbHON
JKeJIe3bl, PEHAJIBbHBIN

chr10:129812260- 10q26.3 MonouHO kene3bl, TOJNCTON U MPsMOH

135374737 kuok, riuoma, HITK nerkumx, ITK
JIETKUX, MEJIAHOMA, IMYHUKOB,
peHATBHBIN

chr10:52313829- 10q11.23 Toncroit u npsmoit kumok, HITK nerkux,

53768264 ITK nerxkux, sM4HUKOB, PEHAJbHBbIN

chr10:89467202- 10g23.31 Monounoii xenessl, ITIK nerkux,

90419015 SINUHUKOB, peHaJIbHbIN

chr11:107086196- 11g23.1 ArneHOKapLHOMA ITHIIEBO/AA,

116175885 MEIyJI001acTOMA, PeHAJIBbHBIH

chr11:1-1391954 11p15.5 Mono4Hoi xKene3sl,

nennb b epeHIIPOBAHHAS TMITOCAPKOMA,
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aneHokapiuHoMa numesoga, HITK
JICTKUX, MeI[yJ'IJ'IO6.]'IaCTOMa, SAUYHHUKOB

chr11:130280899- 11925 AZeHOKapIIMHOMA MUINEBOA,

134452384 TJIOCKOKJIETOUHBIN MUINEBOAA,
neueHouHokneTouHbli, HITK nerxux,
Meys1001acTOMa, PEeHAJIbHbIH

chr11:82612034- 11q14.1 Menanoma, peHambHbIH

85091467

chr12:11410696- 12p13.2 Mosno4Ho xKese3bl,

12118386 MEeYEeHOYHOKIIETOUHBIH,
MuesonponudepaTrBHOe HapyIIeHHE,
MIpeACTaTeNbHON XKeTe3bl

chr12:131913408- 12q24.33 HenuddepeHunpoBaHHas JUMIOCAPKOMA,

132349534 HIIK nerkux, muenonponudepaTusHOe
HapyIlIeHHue

chr12:97551177- 12q23.1 Mono4HoOi Jkene3bl, TOJNCTON U MPsMOH

99047626 KHIIOK, MJIOCKOKJICTOYHBIN MULIEBOAA,
HIIK nerkux, muenonponudepaTusHOe
HapyIlIeHHue

chr13:111767404- 13q34 MonouHoi kenessl,

114142980 neueHouHoknerouHbli, HITK nerkux

chr13:1-23902184 13q12.11 Moumnounoii xenessl, 1K nerkux,
SIMYHUKOB

chr13:46362859- 13q14.2 ITeuenounoknerounsiii, ITK nerkux,

48209064 MuesonponudepaTiBHOE HAPYIIEHHE,
TIPE/ICTATENbHOMN KeNe3bl

chr13:92308911- 13q31.3 MonouHoii xenessl,

94031607 neyeHouHoknerounblid, HITK nerkux,
peHaJIbHBIH

chr14:1-29140968 14q11.2 Ocrperii TM(pOOTACTHBIHN JTeHKO3,
aJIeHOKapPLIMHOMA MHUINEBOAA,
MuenonporpepaTHBHOE HapyLICHHE

chr14:65275722- 14q23.3 HenuddepeHunpoBaHHas JUMIOCAPKOMA,

67085224 MuesonponudepaTnBHOE HapyIIEHHe

chr14:80741860- 14q32.12 Ocrpolii TuMpOOIACTHBIH JIeHK03,

106368585 nenudepeHIPOBaHHAS TUITOCAPKOMA,
MeJIaHOMa, MUeJIonponudepaTuBHOS
HapylLIeHHe

chr15:1-24740084 15q11.2 Ocrpolii TuMpoOIaCTHBIIH JIeHKO3,
MOJIOYHOH KeJIe3bl, aIeHOKapLITHOMA
numesoza, HITK nerkux,
MuesonponudepaTuBHOE HApYIICHUE,
SIMYHUKOB

chr15:35140533- 15q15.1 AnenokapunHoma nmeBoaa, HITK

43473382 JIETKHX, MUENONpondepaTHBHOE
HapylIeHUe

chr16:1-359092 16p13.3 AEHOKapIIMHOMA MUIIEBOA,

neyeHouHoknerounbiit, HITK nerxkux,
PEHAJNBHBII
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chr16:31854743- 16q11.2 Mono4HOH XkKeTe3bl,

53525739 neyeHouHoknerounsblit, HITK nerkux,
MEJIaHOMa, PEHAJIbHbIN

chr16:5062786- 16p13.3 ITeuenounoknerounsiii, HITK nerkux,

7709383 MenyJuio0IacToMa, MeJTaHOMa,
MuesonponudepaTrBHOe HapyIIeHHE,
SIMYHUKOB, PEHANIbHbII

chr16:76685816- 16q23.1 Mono4HOH Kese3bl, TOJACTON U NpAMOH

78205652 KHUIIOK, aJl€HOKapLIMHOMA MUIIEBOAA,
neyenouHokerounbii, HIIK nerxux, ITK
JIETKHX, MEAYJUI00JaCTOMA, peHAIbHBII

chr16:80759878- 16q23.3 Toncroli u npsAMOi KUIIOK,

82408573 NE€YeHOYHOKJIETOUHBIN, peHAJIbHBIHN

chr16:88436931- 16q24.3 Toxcroli u mpsAMOl KUILIOK,

88827254 neyeHouHoknerounsblit, HITK nerkux,
MIPEACTATENbHON KeNe3bl, PeHAIbHbII

chr17:10675416- 17p12 HIIK nerkux, IIK nerkux,

12635879 MEeJonpondepaTnBHOE HAPYIIEHHE

chr17:26185485- 17q11.2 Momno4HOH kKeJe3bl, TOACTON U MPAMON

27216066 KUIIOK, nenuddepeHunpoBanHas
nunocapkoma, HIIK nerxux, ITK nerxux,
MeJIaHOMa, MUEJIONpoNn(epaTHBHOS
HApyLIEHHUE, SIHYHUKOB

chr17:37319013- 17q21.2 Mono4HoOi kene3bl, TOJACTON U MPsMOH

37988602 KHLIOK, nenuddepeHunpoBaHHas
nunocapkoMa, ITK nerkux, meaanoma,
MuesonponudepaTrBHOe HapyIIeHHE,
SIMYHUKOB

chr17:7471230- 17p13.1 IIK nerkux, MuenonponudepaTuBHOe

7717938 HapylIeHUe

chr17:78087533- 17q25.3 Toxcroli u mpsAMOl KUILIOK,

78774742 MuesonponudepaTnBHOE HapyIIEHHe

chr18:1-587750 18p11.32 MuenonponudepaTnBHOe HApyLIeHHE

chr18:46172638- 18q21.2 AnenokapuuHoMa nuiesona, HITK

49935241 JIETKHUX

chr18:75796373- 18q23 Torncroli u NpsIMOi KHIIIOK,

76117153 aJIeHOKapLHOMA NHILEBOAA,
MJIOCKOKJIETOYHBII MUIIEBOAA, SUIHUKOB,
TIPE/ICTATENbHOMN KeNe3bl

chr19:1-526082 19p13.3 ITeuenounoknerounsiit, HITK nerkux,
PpeHaJIbHbIH

chr19:21788507- 19p12 ITeuenounoknerounsiii, HITK nerkux,

34401877 PpeHaIbHBIH

chr19:52031294- 19q13.32 Mono4HOH XkKeTe3bl,

53331283 nedeHouHOKIeTouHbIH, HITK nmerkmx,
MenyJUI001acTOMa, SIMYHUKOB,
peHaJIBbHbIH

chr19:63402921- 19q13.43 Momno4HOH kKeJe3bl, TOJICTON U MpAMON

63811651

KUIIOK, nenuddepeHpoBanHas
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JIUTIOCAPKOMA, MeUeHOUHOKJIETOUHBIH,
HIIK snerkux, MenysuiodiacToma,
SIMYHIKOB, PEeHANbHBIIT

chr20:1-325978 20p13 MonouHoi kenessl,
neauddepeHrpoBaHHas IUTIOCAPKOMA,
HIIK nerxux

chr20:14210829- 20pl2.1 AneHokapuuHoma rumiesona, HITK

15988895 JIETKHX, MeAyJUT06IacTOMa, MeTaHOMa,

MuesonponudepaTrBHOe HapyIIeHHE,
TIPEICTATENbHOI JKeNe3bl, peHAIBHBIN

chr21:38584860- 21q22.2 Mono4HOH XxKee3bl

42033506

chr22:20517661- 22q11.22 Ocrperit mM(pOOTACTHBIN TeHKO3,

21169423 aJICHOKAapLIMHOMA MULIEBOAA

chr22:45488286- 22q13.33 Mono4Hoii xene3sl,

49691432 neyeHouHokerounbd, HIIK nerxux, ITK
JICTKUX

chrX:1-3243111 Xp22.33 AnenokapurHoMa nuiesoza, HITK
nerkux, [1IK merxmx

chrX:31041721- Xp21.2 Ocrperii MM(pOOIACTHBIN JEHKO3,

34564697 aJICHOKapLMHOMA MUIIEBOAA, IIHMOMa

AHeymonany, UACHTU(PHUIIMPOBAHHBIC KaK XapaKTepHBIC IS PA3UYHBIX THUIOB paka (HampuMmep, aHeyII-
JIOUNH, UICHTU(DUIMPOBAHHBIC B Ta0I. 4 U 5), MOTYT COAEPIKATh T'CHBI, KOTOPhIC, KAK U3BECTHO, BOBJICUCHEI B
STHOJIOTHIO paka (HalpuMep, OHKOCYIIPECCOPEI, OHKOTEHEI U T.1.). JlaHHBIC aHEYIIIOUINHA MOXKHO TaK)Ke aHAHU-
3UPOBATH JUIS UACHTU(DUKAINH 3HAYHMBIX, HO paHee HE U3BECTHBIX TCHOB.

Hanpumep, B myOnukanuu Beroukhim et al., ccpuika Bhlllie, OIIEHUBAINA TOTCHIMAIBLHBIC BBI3BIBAIOIINC PaK
TeHBI NMPU W3MEHEHMAX 4ucia kormmid ¢ mpuMmeHeHnem anroputMa GRAIL (Gene Relationships Among Impli-
cated Lociy), B3aMMOCBSI3b T€HOB CpeId BOBIICYCHHOTO JIOKYCay)), KOTOPHIH HPOBOJWUT ITOWCK B OTHOLICHHUH
(OYHKITHOHATLHBIX B3aMMOCBs3el cpenu reHOMHBIX oOacteil. GRAIL mojcuuThiBaeT KaXKIblii TeH B COBOKYII-
HOCTH TEHOMHBIX 00JlacTeli B OTHOIICHHH €ro "CBA3aHHOCTH'" C TeHaMH B APYroil 0OJIACTH Ha OCHOBAHHWH TEK-
CTOBOTO TOAOOHS MEXAY OIyOIMKOBAaHHBIMHU TE3UCAMHU BCEX HAYUHBIX CTAaTeH, B KOTOPBIX YIOMHUHAIOTCSA T€HBI,
Ha OCHOBAHHHM TOTO, YTO HEKOTOPHIE IeJIeBBIE TeHBI OYAYT (PyHKIIMOHUPOBATH B OOMNX MyTsAX. JlaHHBIE CTIOCOOBI
MO3BOJISIFOT MPOBOAUTH MICHTH()UKALINIO/XapaKTePU3AIMIO TCHOB, PAHEE HE CBA3aHHBIX C KOHKPETHBIMU THITAMHU
paka, 0 KOTOPBIX UAET peub. Tabi. 6 WLTIOCTPUPYET LETCBbIE TEHBI, KOTOPBIC, KaK H3BECTHO, HAXOIITCS B IIpe-
JieNax UACHTH(GHUIMPOBAHHOTO aMILTH(UITUPOBAHHOTO CETMEHTA M MPOTHO3UPOBAHHBIX TCHOB, a Tald. 7 WILIO-
CTpUPYET IICTICBBIC I'CHBI, KOTOPhIC, KaK W3BECTHO, HAXOMATCS B INpeIeinax WACHTH(QUIMPOBAHHOTO ICIETHPO-
BaHHOTO CETMCHTA M MPOTHO3UPOBAHHBIX TCHOB.

Tabnuna 6: WUTIOCTPAaTHBHEIC, HO HEOTPAHHMYUBAIOIINE CETMEHTHI XPOMOCOM M T'CHBI, KOTOpPHIC, KaK W3-
BECTHO WJIM KaK IPOTHO3ZHUPYIOT, MPUCYTCTBYIOT B 00JACTAX, KOTOPHIC XapaKTepU3YIOTCA aMIUTH(UKAIIEeH Ipu
pa3IUYHBIX THUMAX paka (cM., Hampumep, myomukaiuio Beroukhim et al. ccpitka BeIe).
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Tabnuma 6
Xpomocoma | MakcumanabHas Koa-so | U3Becrnast | [Ipuopurernas
U noJjoca obaacTb TeHOB MHIIEHb MHIIEeHb
GRAIL

8q24.21 chr8:128774432- 1 MrYce Myc
128849112

11q13.2 chr11:69098089- 3 CCND1 ORAOV1
69278404

17q12 chr17:35067383- 6 LERBB2 ERBB2,
35272328 Cl7orf37

12q14.1 chr12:56419524- 7 CDK4 TSPAN31
56488685

14q13.3 chr14:35708407- 3 NKX2-1 NKX2-1
36097605

12q15 chr12:67440273- 1 MDM?2 MDM?2
67566002

7pll.2 chr7:54899301- 1 EGFR EGFR
55275419

1q21.2 chr1:148661965- 9 MCLI MCLI
149063439

8pl2 chr8:38252951- 3 FGIRI FGFRI
38460772

12p12.1 chr12:25189655- 2 KRAS KRAS
25352305

19q12 chr19:34975531- 1 CCNEI CCNEI
35098303

22ql11.21 chr22:19172385- 11 CRKL CRKL
19746441

12q15 chr12:68249634- 2 LRRC10
68327233

12q14.3 chr12:64461446- 1 HMGA?2 HMGA?2
64607139

Xq28 chrX:152729030- 53 SPRY3
154913754

5p15.33 chr5:1212750- 3 TERT TERT
1378766

3q26.2 chr3:170024984- 22 PRKCI PRKCI
173604597

15q26.3 chr15:96891354- 4 IGFIR IGFIR
97698742
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20q13.2 chr20:51603033- 1 ZNF217
51989829

8pll.21 chr8:42006632- 6 PLAT
42404492

1p34.2 chr1:39907605- 7 MYCLI MYCLI
40263248

17q21.33 chr17:44673157- 4 NGFR, PHB
45060263

2p24.3 chr2:15977811- 1 MYCN MYCN
16073001

7q21.3 chr7:89924533- 62 CDK6 CDK6
98997268

13q34 chr13:108477140- 4 IRS2
110084607

11q14.1 chr11:76699529- 14 GAB2
78005085

20q13.33 chr20:61329497- 38 BIRC7
62435964

17q23.1 chr17:55144989- 5 RPS6KB1
55540417

1p12 chr1:119996566- 5 REGH
120303234

8q21.13 chr8:81242335- 3 ZNF704,
81979194 ZBTB10

6p21.1 chr6:43556800- 18 VEGFA
44361368

S5pll chr5:45312870- 0
49697231

20q11.21 chr20:29526118- 5 BCL2L1 BCL2L1, ID1
29834552

6q23.3 chr6:135561194- 1 MYB hsa-mir-548a-2
135665525

1q44 chr1:241364021- 71 AKT3
247249719

5q35.3 chr5:174477192- 92 FLT4
180857866

7q31.2 chr7:115981465- 3 MET MET
116676953

18q11.2 chr18:17749667- 21 CABLES!
22797232

17q25.1 chr17:70767943- 13 GRB2, ITGB4
71305641

1p32.1 chr1:58658784- 7 JUN JUN
60221344

17q11.2 chr17:24112056- 5 DHRS13,
24310787 FLOT2, ERALI,

PHF12
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17p11.2 chr17:18837023- 12 MAPK7
19933105

8q24.11 chr8:116186189- 13 NOV
120600761

12q15 chr12:66458200- 0
66543552

19q13.2 chr19:43177306- 60 LGALS?7,
45393020 DYRKIB

11q22.2 chr11:101433436- 8 BIRC?2, BIRC2
102134907 YAP1

4q12 chr4:54471680- 7 PDGFRA, KDR, KIT
55980061 KIT

12p11.21 chr12:30999223- 9 DDX11,
32594050 FAMG60A

3q28 chr3:178149984- 143 PIK3CA PIK3CA
199501827

1p36.33 chrl:1-5160566 77 P73

17q24.2 chr17:62318152- 12 BPTF
63890591

1q23.3 chr1:158317017- 52 PEALS
159953843

19243 chr1:169549478- 6 BAT2D1,
170484405 MYocC

8q22.3 chr8:101163387- 14 RRM2B
103693879

13g31.3 chr13:89500014- 3 GPC5
932065006

12q21.1 chr12:70849987- 0
70966467

12p13.33 chr12:1-1311104 10 WNK 1

12q21.2 chr12:76852527- 0
77064746

1q32.1 chr1:201678483- 21 MDM4 MDM4
203358272

19q13.42 chr19:59066340- 19 PRKCG,
59471027 TSEN34

12q12 chr12:38788913- 12 ADAMTS20
42596599

12923.1 chr12:95089777- 2 ELK3
95350380

12q21.32 chr12:85072329- 0
85674601

10g22.3 chr10:74560456- 46 SFTPAIB
82020637

3pll.l chr3:86250885- 8 POUIFI
95164178

17q11.1 chr17:22479313- 1 WSB1
22877776
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8q24.3 chr8:140458177- 97 PTP443,
146274826 MAFA,
PARPI0
Xql2 chrX:66436234- 1 AR AR
67090514
6ql2 chr6:63255006- 3 PTP4A1
65243766
14q11.2 chr14:1-23145193 95 BCL2L.2
9q34.3 chr9:137859478- 76 NRARP,
140273252 MRPL41,
TRAF2, LHX3
6p24.1 chr6:1-23628840 95 E2F3
13ql2.2 chr13:1-40829685 110 FOXO1
12g21.1 chr12:72596017- 0
73080626
14q32.33 chr14:106074644- 0
106368585
11p13 chr11:32027116- 35 Wil
37799354

Tabmuna 7. WninroctpaTUBHBIE, HO HEOTPaHWYHMBAIOIINE CETMEHTHI XPOMOCOM M T'€HBI, KOTOpHIE, KaK W3-
BECTHO WJIHM KaK MPOTHO3UPYIOT, MPUCYTCTBYIOT B 00JIACTSIX, KOTOPBIC XapaKTEpU3YIOTCSl aMIUTU(UKAINEN TpH
pa3NuYHBIX THIIAX paka (CM., HanpuMep, myonukaruio Beroukhim et al., ccpuika Beime).

Tabmuna 7
Xpomocoma | MakcumaabHast Koa-so | U3sectHas | llpuopureTH
U noJioca 00J1aCTh reHoOB MHIIEHb asi MMIIEHb
GRAIL

9p21.3 chr9:21489625- 5 CDKN2A CDKN2A
22474701 /B

3pl4.2 chr3:58626894- 2 FHIT FHIT
61524607

16q23.1 chr16:76685816- 2 Wwox wwox
78205652

9p24.1 chr9:7161607- 3 PTPRD PTPRD
12713130

20p12.1 chr20:14210829- 2 MACRO FLRT3
15988895 D2

6q26 chr6:161612277- 1 PARK?2 PARK2
163134099

13q14.2 chr13:46362859- 8 RBI RBI
48209064

2q22.1 chr2:138479322- 3 LRPIB LRPIB
143365272

4q35.2 chr4:186684565- 15 FRG2,
191273063 TUBB4Q

5ql11.2 chr5:57754754- 5 PDE4D PLK2,
59053198 PDE4D
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16p13.3 chrl6:5062786- 2 A2BP1 A2BP1
7709383
7q34 chr7:141592807- 3 TRB PRSS1
142264966
2q37.3 chr2:241477619- 19 TMEM16G
242951149 , INGS
19p13.3 chr19:1-526082 10 GZMM,
THEG,
PPAP2C,
C19orf20
10g23.31 chr10:89467202- 4 PTEN PTEN
90419015
8p23.2 chr8:2053441- 1 CSMD1 CSMD1
6259545
1p36.31 chr1:3756302- 23 DFFB,
6867390 ZBTB48,
AJAPI
4q22.1 chr4:91089383- 2 MGC4862
93486891 8
18q23 chr18:75796373- 4 PARD6G
76117153
6p25.3 chr6:1543157- 2 Foxc?
2570302
19q13.43 chr19:63402921- 17 ZNF324
63811651
Xp21.2 chrX:31041721- 2 DMD DMD
34564697
11925 chr11:130280899- 12 OPCML, HNT
134452384 HNT
13q12.11 chr13:1-23902184 29 LATS?2
22q13.33 chr22:45488286- 38 TUBGCP6
49691432
15q11.2 chr15:1-24740084 20 A26B1
22q11.22 chr22:20517661- 3 VPREBI
21169423
10q26.3 chr10:129812260- 35 MGMT,
135374737 SYCE!
12p13.2 chr12:11410696- 2 ETV6 ETV6
12118386
8p23.3 chr8:1-392555 2 ZNF596
1p36.11 chr1:26377344- 24 SEN
27532551
11p15.5 chr11:1-1391954 49 RASSF7
17q11.2 chr17:26185485- 10 NF1 NF1
27216066
11923.1 chr11:107086196- 61 ATM CADM1
116175885
9p24.3 chr9:1-708871 5 FOXD4
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10q11.23 chr10:52313829- 4 PRKG1 DKK1,
53768264 PRKG1

15q15.1 chr15:35140533- 109 TUBGCP4
43473382

1p13.2 chr1:110339388- 81 MAGI3
119426489

Xp22.33 chrX:1-3243111 21 SHOX

3p26.3 chr3:1-2121282 2 CHLI

9pl13.2 chr9:36365710- 2 PAXS5 MELK
37139941

17p13.1 chr17:7471230- 10 TP53 ATPIB2
7717938

12q24.33 chr12:131913408- 7 CHFR
132349534

7q36.3 chr7:156893473- 7 PTPRN2 NCAPG?2
158821424

6ql6.1 chr6:76630464- 76 FUTY,
105342994 Céorfl165,

Céorfl62,
GJAIL0

5q21.1 chr5:85837489- 142 APC APC
133480433

8pl1.22 chr8:39008109- 7 C8orf4,
41238710 ZMATY

19q13.32 chr19:52031294- 25 BBC3
53331283

10p15.3 chr10:1-1042949 4 TUBBS

1p31.1 chr1:71284749- 4 NEGRI NEGRI
74440273

13q31.3 chr13:92308911- 2 GPC6 GPC6,
94031607 DCT

16q11.2 chr16:31854743- 37 RBL2
53525739

20p13 chr20:1-325978 10 SOX12

5q35.3 chr5:177541057- 43 SCGB3A41
180857866

1q43 chr1:223876038- 173 RYR2 FH,
247249719 ZNF678

16p13.3 chr16:1-359092 16 HBZ

17q21.2 chr17:37319013- 22 CNP
37988602

2p25.3 chr2:1-15244284 51 MYTIL

3q13.31 chr3:116900556- 1 LSAMP
120107320

7q21.11 chr7:65877239- 73 MAGI2 CLDN4
79629882

7q35 chr7:144118814- 3 CNTNAP CNINAP2
148066271 2
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14q32.12 chr14:80741860- 154 PRIMA1
106368585
16q24.3 chr16:88436931- 9 Cl6orf3
88827254
3q26.31 chr3:175446835- 1 NAALAD NAALADL
178263192 L2 2
179253 chr17:78087533- 8 ZNF750
78774742
19p12 chr19:21788507- 12 ZNI492,
34401877 ZNF99
12q23.1 chr12:97551177- 3 ANKSIB ANKSIB
99047626
4p16.3 chr4:1-435793 4 ZNF141
18p11.32 chr18:1-587750 4 COLECI2
2q33.2 chr2:204533830- 1 PARD3B PARD3B
206266883
8p21.2 chr8:22125332- 63 DPYSL2,
30139123 STMN4
8ql1.22 chr8:42971602- 86 SNTG1 FLJ23356,
72924037 ST18,
RBICCI
16q23.3 chr16:80759878- 2 CDH13 CDH13
82408573
11q14.1 chr11:82612034- 6 DLG2 CCDC89,
85091467 CCDC90B,
TMEM126
A
14q23.3 chr14:65275722- 7 GPHN,
67085224 MPP5
7p22.2 chr7:3046420- 1 SDK1 SDK1
4279470
13q34 chr13:111767404- 25 TUBGCP3
114142980
17p12 chr17:10675416- 5 MAP2K4 MAP2KA4,
12635879 ZNFIS8
21q22.2 chr21:38584860- 19 DSCAM, DSCAM
42033506 TMPRSS
2/ERG
18q21.2 chr18:46172638- 7 SMADA, DCC
49935241 DCC
6q22.1 chr6:101000242- 87 GTF3C6,
121511318 TUBE],
ROS1
14q11.2 chr14:1-29140968 140 ZNF219,
NDRG?2

CoriacHO pa3iMYHBIM BapHAHTaM PealU3aliy IPEeIyCMOTPEHO MPUMEHEHHE CIIOCO00B, PACCMOTPEHHBIX B
HAcTOsIIEM JOKyMeHTe, Juisi uaeHtudukanun BUK cermMeHTOB, copepKauux amimm@uIUpOBaHHbIE 00IacTH
WM T€HBI, YKa3aHHbIC B Ta0J. 6, W/WIN IPUMEHEHUE CITOCOOOB, PACCMOTPEHHBIX B HACTOSIIEM JTOKYMEHTE, IS
unenrudukanun BUK cerMeHToB, copepkKalux JelIeTHPOBAaHHbBIE 00JIACTH WIIM T€HBI, HICHTU(QHUIUPOBAHHbIC B
Tabm. 7.

CoriacHO OJJHOMY BapHaHTy peaji3alliy CIIOCOObI, OMHCAHHBIC B HACTOSILIEM JOKYMEHTE, 00eCIeunBaroT
CpEeICTBa JUISA OICHKH B3aMMOCBSI3U MEXKIY aMIDTH()UKALUEH IeHa W CTEICHBIO pa3BUTHUS omyxoiu. Koppensmus
MEXITy aMIUTH(UKaIued W/Win AeJeruei U CTaauel WIN CTEICHBIO 3JJ0KAYeCTBEHHOCTH PaKa MOXKET SBISATHCS
Ba)XKHOH C MPOTHOCTHYECKOW TOYKH 3PCHHS, MIOCKOJBKY Takas HH(GOpPMAIHSI MOXKET CIIOCOOCTBOBATh OMpe/Ieie-
HUIO CTCIICHU 3JI0KAYECTBCHHOCTH OIYXOJIM Ha TCHETUYECKON OCHOBE, KOTOpas JY4IIe MPEICKaKeT Oymyriee
TeueHue 3a00JIeBaHMs, IPUIEeM 00JIee IPOTPECCUPYIOMIHNE OIMYXOJIH OYAYT XapaKTepU30BaThCS HAUXYIIIUM MPO-
rHo30M. [ToMuMoO 3TOTO, MH(pOPMALKA OTHOCUTEIBHO COOBITHH paHHEH aMILTU(UKAIIMA W/WITU JEICIIUH MOXKET
OBITh OAXOASIICH PH COOTHECCHUH JAHHBIX COOBITHH Kak MPEIBECTHUKOB MOCIEIYIOIETO POrpecCUPOBaHHUS
3a00JeBaHUS.

Ammndukanys 1 Ienenuu rena, naeHTHOUIMPOBAHHbIE JaHHBIM CIOCOOOM, MOTYT OBITH CBSI3aHBI C APY-
TMMH M3BECTHBIMH MapaMeTpaMH, TAKUMHU KaK CTEIeHb 3J0KAaYeCTBEHHOCTH OIMYXOJIM, THCTOJOTHS, YPOBEHb
BKitoueHus: MeTkn Brd/Urd, TopMoHanbHBIN CTaTyc, MOpakeHne JTUMQOY3I0B, pa3Mep OIyXOJH, MPOIODKH-
TENBHOCTh BBDKHMBAHHS U JAPYTHE CBOMCTBA OMYXOJIH, JOCTYITHBIC U3 JMUAEMHOJIIOTHYECKUX W OMOCTATUCTHYE-
ckux uccnenoBannii. Hanpumep, JJHK omyxonu, KOTOPYIO UCCIACIYIOT AaHHBIM CIIOCOOOM, MOXKET BKIFOYATh
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ATUIMAYECKYIO THIICPIUTA3HI0, MPOTOKOBYIO KapIIHOMY in situ, pak [-III ctanuu u MetactaTuueckue muMdarnde-
CKHE Y3JIBI ISl TOTO, YTOOBI 00ECIICUNTh UICHTH(DUKALINIO B3aMMOCBSI3CH MEKAY aMIUTU(DUKAIMSIMA U JCIICIIHsI-
MH WM CTaguel. YCTaHOBJICHHBIE B3aUMOCBS3M MOTYT CHENaTh BO3MOXKHBIM I(PQPEKTHBHOE TEPaNCBTHYECKOE
BMeIIaTeNsCTBO. Hampumep, ciucremMaTndecku aMImIH(pUIMPOBaHHBIE 00JIACTH MOTYT COIEP)KaTh CBEPXIKCIIPEC-
CHUPOBAHHBIA T€H, Ha MPOAYKT KOTOPOTO MOXKHO BO3JCHCTBOBATH TEPANIEBTUIECKUM CIOCOOOM (Hampumep, pe-
LIENITOPHOI THPO3HHKMHA30H (akropa pocta, p1857ER%).

CornacHO pa3NIWYHBIM BapHaHTaM pPEaTH3allld CIIOCOOBI, ONMCAaHHBIE B HACTOSIIEM JOKYMEHTE, MOKHO
MPUMEHSTD IS UACHTH()HUKAINN COOBITHI aMITTU(UKAIIMN W/HIH EIEIIUH, CBSI3aHHBIX C YCTOHYHMBOCTBIO K JIe-
KapCTBEHHBIM CPEACTBaM, IOCPEACTBOM ONPEACICHHS BapHAallMU YUCIA KOHU MOCICIOBATEIEHOCTEH HYKIICH-
HOBOI KHCIIOTHI U3 TIEPBUYHBIX THUIIOB PaKa B OTHOIICHHU TAKHX KJIETOK, KOTOPHIC METACTAa3UPOBAIIU B IPYTHUE
yuacTku. Ecmu aMmrmumukanus w/win Aeienus reHa MPeICTaBIseT co0oW MaHU(ECTANUIO KapHUOTUITHYCCKON
HECTAaOMIFHOCTH, 00CCICUMBAIONIYIO OBICTPOE Pa3BUTUEC YCTOWYMBOCTH K JICKAPCTBCHHBIM CPEICTBAM, MOXKHO
OKHU/IaTh OOJbIIIC aMITTH(DUKANNN W/WIH ACNCIUHA B MEPBUYHBIX OMYXOJISAX OT HE BOCHPUUMYHUBBIX K XHMHOTE-
panvy MalUeHTOB, YeM B OMYXOJISX BOCIPUUMYHBBIX K XHMHOTEpANuu nanueHToB. Hanpumep, ecnu amruagu-
KaIisi KOHKPETHBIX T€HOB OTBEYAET 32 PAa3BUTHE YCTOMYMBOCTH K JICKAPCTBECHHBIM CPEIICTBAM, OOJIACTH, OKPY-
JKaroIue JTaHHBIE TeHBI, KaK 0XHIaeTcs, OyAyT CHCTEMAaTHIEeCKHA aMIUTH(HUIIIPOBAHBI B OITyXOJIEBBIX KIIETKaX OT
TUIEBPAJIFHOTO BBHITIOTAa HE BOCTIIPHMMYHBEIX K XUMHOTEpPAINH MAIIEHTOB, HO HE B MEPBUYHBIX OMyXoiix. Ot-
KpPBITHE B3aUMOCBSI3€H MEXIy aMIUTM(UKAIIMEeH W/UIU JeNielueil TeHa U Pa3BUTHEM YCTOMYHMBOCTH K JIEKapCT-
BEHHBIM CPEIICTBAM MOXCET IO3BOJINTh WACHTU(QHUIMPOBATH MAIMIEHTOB, KOTOPHIE TONyYaT WIM HE MOIydar
MOJIB3Y OT aABIOBAHTHOH TEpaIui.

[o aHanmoruu ¢ OMHUCAHHBIMU TSI ONPEACICHUS TPUCYTCTBHS MIIH OTCYTCTBHUS IOJIHBIX W/WIA YaCTHIHBIX
AHCYIUTONIUN XPOMOCOM IUIOJIa B MaTEPHHCKOM 00paslle, CIOCOOBI, anmapaThl U CUCTEMBI, OMMCAHHBIC B Ha-
CTOSIIEM JOKYMEHTE, MOKHO MPUMCHSTE ISl OMPEACIICHUS MPUCYTCTBUS MM OTCYTCTBUS TIOJHBIX H/WIH Yac-
TUYHBIX aHCYIUIOUIWN XPOMOCOM B JIOOOM oOpasiie OT MAaIMeHTa, COACpKalleM HYKICHHOBBIC KHCIOTHI, Ha-
npumep, JJHK i ci/IHK (Brimouast 0Opasiusl nmanuenTa, KOTOpble He MPEACTaBIIIOT co00i MaTepuHCKue 00-
pasipl). OOpaser oT MmanueHTa MOKET MPEACTABIATE OO0 000 THTT OMOJIOTHIECKOTo 00pasIia, Kak OIUCAHO
B IPYTrOM MECTE B HACTOSIIEM JAOKyMeHTe. [IpennmoururensHo, oOpa3el morydaloT B pe3yIbTaTe HeMHBAa3UBHBIX
npoueayp. Hampumep, obpaserr MOXKET MpeAcTaBisATh co00i 00pasen KpoBH WM (PPaKIIMi0 CBIBOPOTKH U IIIa3-
MBI KpOBH. B KadecTBe albTepHATHUBBI, 00pa3ell MOKET TPEJICTABIATh COO0M 00pa3er; MouH Wik oOpaserr Geka-
muii. CorslacHO TPEThbHM BapHaHTaM peall3aliuyd o0pasel] MpeAcTaBlsieT coO0or oOpaser; Ouorncuu TKaHu. Bo
BCEX CJIydasx oOpasell CONEpKUT HYKIEHMHOBBIE KUCIOTHI, Hanmpumep, cii/IHK wmm renomuyro THK, koTopyro
OYUINAIOT M CEKBEHUPYIOT C IIPUMEHEHUEM JTF000T0 U3 criocoboB cekBenupoBanus CHII, onrcanHbIX paHee.

CornacHo HaCTOAIIEMY CIIOCO0Y MOXHO OIPEICIIUTh KaK MOJTHBIC, TAK U YACTHYHBIC aHCYTUIOUINHA XPOMO-
COM, CBSI3aHHBIC C BOSHHKHOBCHHEM U MPOTPECCHUPOBAHUECM PaKa.

CornacHo pa3IHMYHBIM BapHaHTaM peanu3aluy NPy MPUMCHCHUU CIIOCOOOB, OMMCAHHBIX B HACTOSIIEM JO-
KYMCHTE, JJIs ONpPENeICHUS MPUCYTCTBHUS W/WIM TOBBIIICHHOTO PHCKAa Pa3BUTHS paka MOXKHO OCYIICCTBHTH
HOPMHPOBAHHUE JAHHBIX B OTHOLICHUU XPOMOCOMBI HIIH XPOMOCOM, Ut KoTopsix ompenensstor BUK. Cormacao
OTIpe/IeIeHHBIM BapHaHTaM pealn3alliil HOPMHAPOBAaHHE TaHHBIX MOKHO OCYIIECTBUTH B OTHOIICHHH IIIeYa WIIH
TIed XpOMOCOMBI, st KoTopoi onpeaensitor BUK. CornacHo omnpezeleHHbIM BapHaHTaM pean3aiii HOPMH-
pOBaHHE TaHHBIX MOYKHO OCYIIECTBUTH B OTHOIICHHH KOHKPETHOTO CETMEHTA MM CETMEHTOB, JJIST KOTOPBIX OII-
penemnsitor BUK.

B nononuenune x ponn BUK npu pake BUK cBs3aHbI ¢ yBeTHUMBAIOMIMMCS KOJIMYECTBOM PaclpOCTpaHEH-
HBIX KOMITJICKCHBIX 3a00JICBaHMH, BKIFOUas BUPYC UMMyHoedunuTa yenoseka (BUY), ayronmmyHHBIe 3a0051€-
BaHUS U CIICKTP HEHPOIICUXUATPHYCCKUX HAPYIIICHUH.

BUK npu nHOEKITMOHHBIX U ayTOMMMYHHBIX 3a00JICBAaHHSX.

Ha ceromusimauii 1eHh BO MHOTHX MCCICIOBAaHUAX COOOIIANIOCH O B3auMocBs3u Mexny BUK B reHax, cBs-
3aHHBIX C BOCITAJICHHEM M HIMMYHHBIM OTBeTOoM, 1 B, acTmoii, Oone3npio KpoHa u ApyrumMu ayTOMMMYHHBIMH
HapymeHusmu (Fanciulli et al., Clin Genet 77:201-213 [2010]). Hanpumep, BUK B CCL3L1 Oputa BoBiicueHa B
npenpacnonoxeHHocts kK BUY/CITU 1y (CCL3L1, nenemmst 17q11.2), peBmaronanomy aptputy (CCL3L1, me-
nerust 17q11.2) u 6oneznn Kaacaku (CCL3L1, nymmukanus 17q11.2); BUK 8 HBD-2, xak coobmianocs, npen-
pacnonaraet k 6ose3an Kpona toncroro kumeunnka (HDB-2, nemernus 8p23.1) u nmcopuaszy (HDB-2, nenenus
8p23.1); BUK B FCGR3B, kak mokaszaHo, mpeapacrojyiaract K rioMepyJoHeQpUTy MPH CHCTEMHOW KpacHOM
Bouanke (FCGR3B, aenernus 1q23, mymmukanus 19g23), BACKyJTUTY, aCCOIMUPOBAHHOMY C aHTHTENIAMH TIPOTUB
UTOIIa3Mbl HeHTpodminoB (anti-neutrophil cytoplasmic antibody, ANCA) (FCGR3B, aenerus 1g23), u oBbI-
IIAeT PUCK Pa3BUTHS PEBMATOMIHOTO apTpura. CyImIecTBYET IO MECHBIICH Mepe Ba BOCIAIUTEIHHBIX WU ayTO-
UMMYHHBIX 3a00JICBaHUs, KOTOPBIC, KaK OBLIO MOKa3aHo, cBsi3aHbl ¢ BUK B pa3nuyHbIX JOKycax reHa. Hampu-
Mep, Oone3np Kpona cBsizaHa ¢ Hu3kuM uyuciioM koruii B HDB-2, HO Takxke ¢ 0OIIMM JENCIIUOHHBIM TOTUMOP-
¢u3MoM BEIIIe MO0 TedeHUro oT reHa IGRM, KoTOphI KOJUPYET WiCHAa CEMEUCTBA CBS3aHHBIX C MMMYHHTETOM
p47 I'Tda3. B momonmuenue k B3aumocBs3u ¢ uuciaoM komuii FCGR3B Taxke cooOmianock 0 B 3HAYUTEIBHOM
CTETICHHU MOBHIIICHHOH mpeapacnonoxenHoctd k CKB (cucTeMHON KpacHO# BOYaHKE) cpeau CyObEeKTOB ¢ 00-
Jiee HU3KAM KOJMYECTBOM KOTIHI KOMITOHEHTa KomIutemenTa C4.

Bo MHOTHX HE3aBHCHMBIX HUCCIIEIOBAHHUAX COOOIIAIOCH O B3aUMOCBS3AX MEKIY TCHOMHBIMH JICJICIISIMH B
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nokycax GSTM1 (GSTMI, nenenust 1q23) u GSTT1 (GSTT1, menerus 22q11.2) v MOBBIIIEHHBIM PHCKOM pas-
BUTHSI aTOTMYCCKON OpOHXMabHON acTMbl. COTJIaCHO HEKOTOPHIM BapUaHTaM pPEad3alldil CIIOCOOBI, OMUCaH-
HBIE B HACTOAIIEM JOKYMEHTE, MOKHO IPUMEHSTh JJIS ONpeAelieHus NpucyTcTBUs nin otcyrcTBus BUK, cBs-
3aHHOW C BOCITIAJICHHEM W/MIIM ayTOMMMYHHBIMH 3a0oJeBaHusIMHU. Hanmpumep, qJaHHBIE CIIOCOOBI MOKHO TIpHUMe-
HATH 11 onipeenienus npucytctBuss BUK y marmenTa, koTopbIi, Kak moao3peBatoT, crpanaetr or BUY, actmbr
nnm 6one3nn Kpona. ITpumepsr BUK, cBs3anHO# ¢ TakuMu 3a00JeBaHUSMU, BKIIIOUAIOT, 0€3 OrpaHUYCHUs, Jie-
neruu B 17q11.2, 8p23.1, 1923 u 22q11.2 u nymmkamuu B 17q11.2 u 1923. CornacHo HEKOTOPBIM BapHaHTaM
pean3anuy HaCTOSIINN CIIOCO0 MOXKHO IPUMEHSTH [T onpenenenus nmpucytcTsus BUK B renax, Bkirodasi, 6e3
orpannuenust, CCL3L1, HBD-2, FCGR3B, GSTM, GSTT1, C4 nu IRGM.

3aboneBannst BUK HepBHOI cuctemsl.

Coo0bmanoch 0 B3anMocBs3sx Mexay de novo u BpoxkaeHHoH BUK 1 HeckoJIbKMMH pacripocTpaHeHHBIMH
HEBPOJIOTUYCCKAMU U TICHXUATPHUCCKUMHE 3a00JICBAaHUSIMH TIPH ayTU3ME, IMU30(QPEHUH U SMIICTICUA  HEKOTO-
PBIX CIyYasx HEHpOJEreHEPAaTUBHBIX 3a00JCBaHUMN, TAKUX Kak Ooyie3Hb [lapkuHCOHA, aMHOTPO(PUUICCKUIA J1aTe-
panbnblid ckiepo3 (AJIC) u ayrocomuast momuHaHTHast GonesHb Ambureiimepa (Fanciulli et al., Clin Genet
77:201-213 [2010]). [luroreHeTn4IecKre aHOMAITMK HAOIOAAUCH Y MAIIUEHTOB C AyTU3MOM H PacCTPOHUCTBAMHU
ayruueckoro criekrpa (PAC) ¢ pymmukanusamu B 15q11-q13. Cornacao Koncopumymy I'eHOMHOTO TIpoeKTa ay-
ti3ma (Autism Genome project Consortium) 154 BUK, Bxirodass Heckonbpko perunuBupyromux BUK, Ha xpo-
Mocome 15q11-q13 wim B HOBOM TEHOMHOM PacIOJIOKEHUH, BKIItodast xpomocomy 2pl6, 1g21 u B 17p12, B 00-
JIACTH, CBSI3aHHOH ¢ cuHapoMoMm Cmmurta-Marenuca, nepekpboiBatorcs ¢ PAC. PeruauBupyromiyie MUKPO SN
WM MUKPOAYIUTHKAIIMK Ha XpoMmocome 16pl1.2 moguepkuynu Habmoaerune o ToMm, uto BUK de novo obHapy-
JKEHBI B JIOKycax reHoB, Takux kak SHANK3 (menemms 22q13.3), veitpekcnna 1 (NRXN1, nenenns 2p16.3) u
HeliporimnHoB (NLGN4, neneumst Xp22.33), KOTOphIe, KaK U3BECTHO, PETYJIMUPYIOT CHHANTHYeCKyIo nuddepen-
[UALMIO U PEryJIUPYIOT BHICBOOOXKICHUE ITyTaMHHAIPTUUECKOTO HelpoTpaHcMuTTepa. [lInzodpenns Takxe cBs-
3aHa ¢ MHOkecTBoM BUK de novo. Mukpozenenyyn 1 MUKPOIYTUIMKAIMK, CBSI3aHHBIE C MIN30(peHUEH, BKIIO-
YarOT YPE3MEPHYIO MPEACTABICHHOCTh TCHOB, MPUHAICKANUX K HEHPOOHTOTCHETHICCKOMY U TIyTaMHHIPTH-
YECKOMY IIyTSIM; 3TO CBHIETEIBCTBYET, 4YTO MHOKecTB0 BUK, mopakatomux maHHBIE T€HBI, MOTYT HANPSMYIO
crocoOCTBOBaTh martoreHe3y mm3odpenun, Hanpumep, ERBB4, nemenms 2q34, SLC1A3, nemeuus 5pl3.3;
RAPEGF4, nenerus 2q31.1; CIT, nenemus 12.24; u mHO)ecTBO TeHOB ¢ BUK de novo. BUK Takxke OblTH CBsI-
3aHBl C APYTHMMH HEBPOJIOTHIECKUMHU HapymeHusMHu, Bimrodas smwiencuto (CHRNA7, mnenerus 15q13.3), 6o-
ne3np [lapkuncona (SNCA, nymmukarus 4q22) nu AJIC (SMNI1, menemus 5q12.2.-q13.3; u nenemms SMN2).
CoriacHO HEKOTOPBIM BapHaHTaM PEajI3aliy CIIOCOObI, OMMMCAHHBIC B HACTOSIIEM JOKYMEHTE, MOXKHO TIPHMeE-
HATH JUIS OTIPEIeNICHUs MpUCyTCTBHs Wiu orcyTcTBUs BUK, cBs3aHHOI ¢ 3a00JicBaHUSIMA HEPBHOM CHCTEMBI.
Hanpumep, nanHble CIOCOOBI MOXKHO HMPUMEHSTH IS onpenesieHus npucyrctBus BUK y manuenTa, KOTOpBIiA,
KakK MO03pEeBalOT, CTpasacT OT ayTH3Ma, IN30(PEHUH, SIMIICTICHH, HEHpOJIereHepaTHBHBIX 3a00IeBaHNH, Ta-
KuX Kak 0ose3ss [lapkuHcoHa, amuoTpoduieckuii natepanbHbli cxiiepo3 (AJIC) mim ayrocoMHast JOMHHAHTHAs
6ousie3Hp Asplreiimepa. JlaHHBIE CIOCOOBI MOYKHO MPUMEHATSH Ut onpenencHus BUK reHos, cBs3aHHBIX ¢ 3200-
JIeBaHUSIMHU HEPBHOW CHCTEMBI, BKJIIOYas, Oe3 OrpaHHYeHMs, JI000e M3 PacCTPOHCTB ayTHYECKOTO CIIEKTpa
(PAC), mmzodpenuto u smmerncuio, 1 BUK reHoB, CBA3aHHBIX ¢ HEWPOIETeHEPATUBHBIMUA HAPYIICHHISIMH, Ta-
kuMHu Kak Oosie3Hb [Tapkuncona. I[Mpumepsr BUK, cBsA3aHHBIX ¢ TAKUMU 3a00J€BaHUSIMH, BKJIIOYAOT, O€3 orpa-
HUYeHHS, Oyrmukanuud B 15q11-ql13, 2pl6, 121, 17pl2, 16pll.2 u 4922 u gemenmu B 22q13.3, 2pl6.3,
Xp22.33, 2q34, 5pl13.3, 2q31.1, 12.24, 15q13.3 u 5q12.2. CormacHo HEKOTOPHIM BapHaHTaM peallu3alid JTaH-
HBIE CIOCOOBI MOXKHO TIPUMEHATH Ui ompexaencHus npucyrctBus BUK B renax, Bximouas, 0e3 orpaHn4eHus,
SHANK3, NLGN4, NRXN1, ERBB4, SLC1A3, RAPGEF4, CIT, CHRNA7, SNCA, SMN1 u SMN2.

BUK u MeTabosimyeckue WM cepaedHO-COCYUCTHIE 3a00JICBaHMSI.

Bo MHOrmx wuccienoBaHMsAX COOOIIAIOCH O B3aMMOCBSA3M MEXKIY METaOOJMYECKMMH W CepledHO-
COCYIMCTBIMH XapaKTepUCTUKAaMHM, TAKUMH Kak ceMeiiHas runepxonecrepunemus (CI'), atepockiiepos u 3adosre-
BaHue kopoHapHoi aprepun, u BUK (Fanciulli et al., Clin Genet 77:201-213 [2010]). Hampumep, peapanxkupoB-
KA 3apONBIIICBON JUHHWM, TJIaBHBIM o00pa3oM, paenenuu, HaOmomamuce B reme LDLR (LDLR, nene-
st/ myrmakanus 19p13.2) y sHexoropsix namueHToB ¢ CIT, koTopeie He Hecnu apyrue myrtaruun LDLR. [pyroi
TIpUMep MpencTaBiseT coboii red LPA, kogupyromuii armoymmonpoTenH(a) (Amno(a)), KOHIIEHTpaIus KOTOPOro B
T1a3Me CBsI3aHa ¢ PUCKOM 3a00JeBaHUs KOpOHApHOH apTepun, nHpapkTa Muokapaa (MM) n uncynsta. Konien-
Tparmu Ano(a), comepikariero JumnonpotenH Lp(a), B mnazme ommmyatorcs B 1000 pa3 cpeny HHANBUIYYMOB, U
90% naHHO¥ BapHaOENFHOCTH T'€HETHYECKH OmperesieHo B Jokyce LPA, mpudeM KOHIEHTpamus B IDiasMe U
pa3mep uzodopm Lp(a) mponoprroHaIbHEI B BEICOKOH CTEIIEHH BAPHHPYIOMIEMY KOJMIECTBY MOCIIEIOBATEIHHO-
creit moBTopa "kringle 4" (nmanazon 5-50). 3T naHHBIE CBHAETENLCTBYIOT, uTo BUK B 1o MeHb1Iel Mepe IBYX
TeHaX MOXXET OBITH CBsI3aHA C PUCKOM Pa3BUTHS CEPACYHO-COCYIHUCTHIX 3aboneBaHui. CrIocoObl, ONMMCaHHbBIEC B
HACTOSIIEM JOKYMEHTE, MOKHO MPUMEHATh B KPYITHBIX HCCICIOBAHUSX IS CIICIIM(DUIHOTO TIOUCKA B3aUMOCBSI-
3u BUK ¢ cepaeuHo-cocyaucThiMu HapymieHuSMA. COTIIACHO HEKOTOPHIM BapUaHTaM PEaTM3aldU HACTOSIIHIA
CIoco0 MOKHO MPUMEHSTDH JUIsl ONpenesieHnst npucyTcTBust win otcyrcTBus BUK, cBszanHON ¢ MeTabonnye-
CKUM WJIM CepACYHO-COCYIMCTHIM 3a0oieBanneM. Hanpumep, HacTosmumil criocod MOXHO TIPUMEHSITh IS OTIpe-
nenenus npucyrcrBus BUK y manuenTta, KoTopbli, Kak MOI03pEBAIOT, CTPAAAET OT CEMEUHON TUIepX0JecTepu-
Hemur. CriocoOBl, OMCaHHBIE B HACTOAIIEM JOKYMEHTE, MOXXHO IIPUMEHATH 1 onpenenenus BUK renos, cBs-
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3aHHBIX C METa0OJMYECKHM WM CEpICYHO-COCYIUCTHIM 3a00JIeBaHHUEM, HAIlpUMEp, THIIEPXOJIECTEPUHEMUEH.
Ipumepsr BUK, cBs3aHHOW ¢ TakuMH 3a00JICBAaHUSAMH, BKJIIOYAIOT, 03 OTPAHUYCHUS, ICICIHIO/TYTUTHKAIIAIO
19p13.2 rera LDLR u ymHoxxeHus B rene LPA.

Anmapatsl u cuctemsbl ais onpeaenenus BUK.

AHanmm3 JaHHBIX CEKBEHUPOBAHMS W JUArHO3a, MOCTAaBICHHOTO HA OCHOBAHMH ATHX JAAaHHBIX, KaK MPaBUIIO,
MPOBOIAT C MPUMEHEHHEM DPAa3IHUYHBIX BBITIOTHIEMBIX KOMIIBIOTEPOM alTOPUTMOB W Iporpamm. Bceiemcrtsue
STOTO B ONpPENENCHHBIX BapHaHTAX PEaM3ally NMPUMEHSIOT MPOIECCHl C WCIOIb30BAaHHEM MAaHHBIX, KOTOPHIC
XPaHAT B OAHON WK 00Jiee KOMITBIOTEPHBIX CHCTEMAaX WM APYTUX CUCTEMaX 00pabOTKM MH(OPMAIMH WU TIe-
PeAaT MOCPEACTBOM IAaHHBIX CUCTEM. BapuaHTBI peanu3aliy, PacKpBITHIC B HACTOSINEM JTOKYMCHTE, TAKXKE
OTHOCSATCS K ammapary Ui OCYIIECTBICHHUS JaHHBIX omeparuid. JIaHHBIN ammapaT MOXeT OBITh CIICI[HABHO
CKOHCTPYHPOBaH JUIsl TPEOYEMBIX Il MM OH MOXKET MPEACTAaBIATH COO0H KOMIBbIOTEp OOIIEro Ha3HaYEeHUs
(WTy TpyNIy KOMITBIOTEPOB), M30MPATEIHHO AKTHBHPYEMBIH WM PEKOHPUTYPUPYEMBIH KOMIBIOTEPHOH Mpo-
TpaMMOW /WA CTPYKTYpPOU NAHHBIX, KOTOPBIC XPAHAT Ha KOMIboTepe. COrlacHO HEKOTOPHIM BapHaHTaM pea-
JM3aliK TPYIIIA MPOLIECCOPOB OCYLIESCTBISICT HEKOTOPHIE WIIM BCE U3 MEPEYNCICHHBIX aHAJTUTHYECKHX OIllepa-
U COBMECTHO (HAIpHUMEp, TOCPEICTBOM CETH MM KOMITBIOTEPU3UPOBAHHOTO BBIYUCIICHUS B 00JIaKe) W/HIIN
napaensHo. [Ipomeccop wim rpymma mpoIeccopoB U OCYIIECTBICHHS CIIOCOOO0B, OIMMMCAHHBIX B HACTOSIIEM
JOKYMEHTE, MOTYT OTHOCUTBHCS K Pa3IMYHBIM THUIIAM, BKIIOYass MUKPOKOHTPOJUICPEI M MUKPOIIPOIIECCOPHI, TAKHE
Kak TporpaMMupyeMble ycrpoiicta (Harmpumep, CPLD, Complex Programmable Logic Devices, clioxHbIE yCT-
poiicTBa ¢ mporpamMmmupyemoii orukoi, 1 FPGA, Field Programmable Gate Array, mporpamMmmupyemas Jlorude-
CKasi MHTETpaJbHAsI CXeMa) U HePOorpaMMHUpyeMble YCTPOHCTBa, Takue Kak Jiormdeckas matpuiia ASIC (Appli-
cation Specific Integrated Circuit, cnenuaa3upoBaHHas 3aKa3Has MHTETpajIbHas CXeMa), WM MUKPOIIPOIIECCO-
PBI O0IIETO Ha3HAYCHHSI.

IMomuMO 3TOTO, ONpEeICHHBIC BAPUAHTHI PEallU3allii OTHOCATCS K MaTCpUATEHOMY /WU SHEPTOHE3aBU-
CUMOMY MAIIMHOYMTACMOMY HOCHTEII0 WH(POPMALUHN WM MPOAYKTAM KOMIBIOTEPHON IPOrPaMMBI, KOTOPHIC
BKITIOYAIOT MHCTPYKIMH W/WIU JaHHBIC MPOrpaMMBbl (BKITIOYAs CTPYKTYPBI JAHHBIX) JUIS OCYIICCTBICHHS pPa3-
JMYHBIX KOMITBIOTEPU3NPOBAHHBIX omnepanuid. [IpruMepbl ManITMHOYNTAEMBIX HOCHTENeH MH(pOpMaIy BKIIOYa-
10T, 0€3 OTrpaHNYEHUs, IOIYIPOBOIHIKOBEIC 3aIIOMUHAIONINE YCTPOHCTBA, MATHUTHBIE HOCHTENH HH()OPMAIIHH,
Takye KakK JUCKOBBIC HAKOIIUTENN, MAarHUTHYIO JICHTY, ONTHYECKHE HOCUTENH HH(opMariy, Takue kak CD, mar-
HUTOONITHYECKNE HOCUTEIHN HH(POPMALINHU 1 SJICKTPOHHBIE YCTPOHCTBA, KOTOPHIEC CIIEIHATBHBIM 00pa3oM KOH(H-
TYPHPOBAHBI JJISI XpaHEHHUS M BBIIOJHEHHS IPOTPAMMHBIX WHCTPYKIHH, TAKAX KaK IOCTOSHHO 3aIIOMHHAIOIITIE
ycrpoiictBa (Read-Only Memory Devices, ROM) u 3amomMuHaoIee yCTpoHCTBO ¢ TMPOU3BOIBHBIM TOPSAKOM
BeIOOpKH (Random Access Memory, RAM). KoneuHslil onb30BaTens MOKET KOHTPOJIMPOBATH MallIMHOYUTAC-
MBI HOCHTEIb UHPOPMALMU HATIPAMYIO OO KOHEYHBIH MOJB30BATEIb MOXKET KOHTPOJIHPOBATH HOCHTEIb MH-
¢dopmaru onocpenoBaHHO. [Ipumepsl HocuTeneld MHGOPMALMK C MPSIMBIM KOHTPOJEM BKJIIOYAIOT HOCHUTEIb
HHPOPMALIUY, PACTIOI0KECHHBIA HAa TOJH30BATEIHCKOM 000pYIOBAHUY, /MM HOCUTEIh UHPOPMALIUH, KOTOPBIA
HE SIBIIIETCS OOIIMM C IPYTHMHU CTPYKTypamu. [IpuMmepbl HOCUTENS HHPOPMAILIUHU C OTOCPEAOBAHHBIM KOHTPO-
JIeM BKJIFOYAIOT HOCHUTENh HH(OPMAIIMU, KOTOPBIH SBISIETCS OMOCPEAOBAHHO JOCTYITHBIM UIS ITOJIE30BATEIS Ye-
pe3 BHEIIHIOK CETh W/WIM TOCPEACTBOM OOECTIEUYMBAIONINX CEPBHC OOIIMX PECYpPCOB, TaKUX Kak "oOiako'.
TIpumepsl POTpaMMHBIX MHCTPYKITUH BKITIOYAIOT KaK MAITUHHBIA KOJ, TAaKOH KaK 0Opa30BaHHBIN C ITOMOIIBIO
KOMITHJIAITOPA, TaK U (ailiisl, coepxKaniie Koj 6oyee BEICOKOTO YPOBHS, KOTOPBIH MOXET OBITh BHITIOJTHEH KOM-
TIBIOTEPOM C IPUMEHEHHEM HHTEPIPETATOPA.

CornacHO pa3NMYHBIM BapHaHTAM pEaTH3alud JaHHbIE WM HH()OpMAIHs, IpUMEHIeMbIe B PAaCKPBITHIX
cnoco0ax | ammaparax, MpeUIoKeHbI B JJICKTPOHHOM (opMmaTe. Takue JaHHBIC WM WH(POPMALUS MOTYT BKIIIO-
YaTh PUIBI U METKH, MOTYYCHHBIC W3 00pa3iia HyKICHHOBON KUCIIOTHI, TOICYUTAHHBIC 3HAUCHHS WIH IIOTHOCTH
TaKUX METOK, KOTOPHIC BBIPABHHUBAIOTCS C KOHKPETHBIMU 00JAacTAMU peepeHCHON MOCIeI0BaTeIbHOCTH (Ha-
HpUMep, KOTOPBIE BBIPAaBHUBAIOTCS C XPOMOCOMOM MJIM CETMEHTOM XPOMOCOMBI), pe(epeHCHBIE MOCIIEA0BATEIb-
HOCTH (BKMIOYasi pe)epeHCHBIE MOCIIEI0BATENLHOCTH, 00ECIEYHBAIOIINE MCKIIOUUTEIBHO WM MPEHMYIIECT-
BEHHO MOJMMOP(U3MBI), T03BI XPOMOCOMBI U CErMEHTa, PEIICHHs, TAKUE KaK pEIIeHUsI 00 aHEyIIONINH, HOp-
MHUpPOBAHHBIE 3HAYCHUS XPOMOCOMBI M CETMEHTOB, Mapbl XPOMOCOM WJIM CETMEHTOB M COOTBETCTBYIOIIHUX HOP-
MHUPYIOIINX XPOMOCOM HWIJIM CETMEHTOB, KOHCYJBTAllMOHHBIC PEKOMEHIAINH, AMATHO3BI W T.II. B Hacrosmem
JOKYMEHTE JaHHBIE WIH Apyras WHpopManus, MpeIoCTaBIeHHas B dJIEKTPOHHOM (hopMaTe, TOCTYIHA IS Xpa-
HEHHS B MaIlMHE W JJIS TIepenadyn Mexxy MammnHaMi. OOBIYHO JaHHBIE B 3JICKTPOHHOM (hopMaTe MpeiosKeHbI B
U poBoi GopMe U MOTYT XPAHUTLCS B BHJIIE OWTOB W/WIKM OAHTOB B PasiMYHBIX CTPYKTYpax AaHHBIX, Meped-
HX, 6a3ax JaHHBIX U T.JA. JJaHHBIE MOXKHO PEai30BaTh 3JCKTPOHHBIM, ONTHYECKUM CIIOCOOOM U T.1.

B omHOM BapmaHTe peanu3anuy 00ecredeH MPOAYKT KOMIBIOTEPHON MPOTPaMMBI JUTS TTOTYYICHUS BBIXO/I-
HOTO CHTHaJa, CBUICTEIHCTBYIOMIETO O MPUCYTCTBUH WM OTCYTCTBHU aHCYIUIOUANHU, HAIPUMED, aHCYIIOUINU
IUIOJ]a WK pakKa, B HccieayeMoM oOpasie. KoMIbIOTepHBIH TPOIYKT MOXKET COJEpKaTh HHCTPYKIMU [UISl OCY-
IIECTBJICHUS JIIOOOTO OJHOTO WM OoJiee BBILICONMCAHHBIX CIIOCOOOB JISl ONpE/IeIeHHs XPOMOCOMHON aHOMa-
nnn. Kak 00BsICHEHO, KOMIIBIOTEPHBIH MPOAYKT MOXET COJICPkKATh YHEPTOHE3aBUCUMBINA W/WITH MaTEpPHUATbHBINH
MAIIMHOYUTAECMBIA HOCHUTEIb, COJACPIKAIIMIA BBITIOTHACMYIO WIH KOMIIHIHPYEMYI KOMITBIOTEPOM JIOTHYECKYIO
cxeMy (HampuMep, WHCTPYKIIMHU), 3alMCAHHYIO Ha HEM JUIA BKIIIOYEHHUS TPOIECCOpa UL ONPENCSICHUS 03B
XpOMOCOM |, B HEKOTOPBIX CIy4asx, MPUCYTCTBHUS WM OTCYTCTBHS aHEYIUIOWIWH Tutona. B omHOM mpumepe
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KOMITBIOTEPHBIA MPOJYKT CONCPKUT MAIIHHOYUTACMBIH HOCHTEIb, COMCPKAIIUN BBHITIOTHICMYHO WIH KOMITHIH-
PYyEMYI0 KOMIBIOTEPOM JIOTHYCCKYIO CXeMy (HallpuMep, MHCTPYKIIUH), 3alACAaHHYI0 Ha HEM, JUIS BKJIFOUCHUS
mporieccopa sl AMATHOCTHKY aHEYIUIOWANH TUI0/a, BKIIOYAONIEH PoLeAypy NOITyIeHUS IS OMyUCHAS JaH-
HBIX CEKBEHHPOBAHU M3 TI0 MEHBIIEH Mepe YaCTH MOJIEKYJI HyKJIIEHHOBOM KHCIIOTHI U3 MaTEPUHCKOTO OMOJIOTH-
YecKoro oOpasiia, MpHYeM yKa3aHHBIE TaHHBIC CEKBEHHPOBAHHS COICPIKAT BBIYUCICHHYIO 03y XPOMOCOMEI
W/WIIA CETMEHTA; KOMITBIOTEPU3UPOBAHHYIO JIOTHIECKYIO CXEeMY IS aHAJIH3a aHSYTUIOMANH TUT0/1a Ha OCHOBAHHUHN
yYKa3aHHBIX MTOJTyYEHHBIX JTAaHHBIX; U MPOLEAYPHI Ha BBIXOJE JUISA IOJyUYEHHS BBIXOIHOTO CHUTHAJIA, CBUICTEIBCT-
BYIOIIIETO O TIPUCYTCTBHH, OTCYTCTBHH FJTH THIIE YKAa3aHHOH aHEYIIOWANH IUIOJA.

Wudopmanuio o mocne0BaTeIbHOCTH M3 paccMaTpHUBaeMoro o0pasiia MOKHO KapTHpOBaTh Ha pedepeHc-
HBIC MOCTICIOBATEIBHOCTHA XPOMOCOMBI JIIsI HACHTH()HUKAIINY KOJTMYECTBA METOK MTOCIICIOBATCIBHOCTH [T KaX-
JIOW W3 000U OJHOW WU 00Jee XpPOMOCOM, MPEICTABISIONINX MHTEPEC, U Uil HACHTU(UKAIIUH KOJIUYCCTBA
METOK TOCIICAOBATCIFHOCTH ISl MTOCIICIOBATCIBHOCTH HOPMHUPYIOIIETO CErMEHTA I KaXIOW M3 yKa3aHHBIX
000 OHO# MK 6oJiee XPOMOCOM, TPEACTABITIONINX HHTepec. COrTacHO Pa3InYHBIM BapHaHTAM pealTu3alliu
pedepeHCHEBIC MOCIeI0BATCIPHOCTH XPaHIT B 0a3¢ JaHHBIX, TAKOH Kak, HAPUMEp, PEIIAIUOHHAS I OOBCKT-
Has 0a3a JaHHBIX.

CrnenyeT MOHUMATh, YTO B OOJIBIIMHCTBE CITy4aeB JJIS YeJIOBEKa HENPAKTUYHO WM JaKe HEBO3MOXKHO 0e3
MOCTOPOHHEH TTOMOIITH OCYIIECTBUTH KOMITBIOTEPHBIE ONEPAIIH CIIOCOO0B, PACKPHITHIX B HACTOSIIEM JOKYMEH-
te. Hammpumep, u1st kapTupoBaHus ogHoro puna mmHoi 30 1m.0. u3 oOpasia Ha T00YI0 U3 XPOMOCOM YeIOBEKa
0e3 MoMOIIM KOMITBIOTEPHOTO aIapara MOTYT MOTpeOOBaThCs TOAbI yeuiuii. Pazymeercs, mpobiema ycyryois-
eTCs TeM, YTO JUIS NPHUHATHSA HAICKHBIX PEHIeHHH 00 aHEYIIOMAWH, KaK IpaBWIIO, TpeOyeTcs KapTHPOBAHUE
TBICSY (HaIpHUMep, 0 MeHbIIel Mepe npuonu3nTensao 10000) mim nake MIITTMOHOB PHJIOB Ha OJTHY HJIH OoJiee
XPOMOCOM.

Crioco0bl, pacKpbIThIE B HACTOAIIEM JOKYMEHTE, MOXKHO OCYIIECTBUTH C NPUMEHEHHEM CHCTEMBI JUIA
OLICHKH YHMCJIa KONMHMH TeHETHYECKOH MOCIeA0BaTEIbHOCTH, MPECTaBIISIOICH HHTEpEC, B HCCIIEayeMOM o0pas-
ne. Cucrema collepKuT (@) CEKBEHATOp ISl TTOJYyYEHUs] HyKJIICHHOBBIX KUCIIOT U3 MCClIeayeMoro obpasna, KoTo-
phIii oOecrieunBaeT HHGHOPMAIIHIO O IMOCIEIOBATEILHOCTH HYKIEHHOBON KUCIOTHI U3 00pa3ina; (b) mpomeccop; u
(c) omuH nm GoJee MAIIMHOYUTAEMBIX HOCHTENEH MH(OPMAIINH, Ha KOTOPBIX XPAHATCS WHCTPYKIMH IJIS BBI-
TIOJTHEHUS Ha YKa3aHHOM IIPOIIECCOPE C MEIbI0 OCYIIECTBICHHsI criocoba nis naeHrudukamuu todoii BUK, Ha-
pUMep, aHEYTTIOUANHA XPOMOCOM FIJIH YaCTUYHBIX aHEYTIIIOUIHH.

CornacHO HEKOTOPHIM BapHaHTaM pPeaji3alM{ CIIOCOOBI MHCTPYKTHPYIOTCS MAITMHOYWTAEMBIM HOCHTE-
JieM, Ha KOTOPOM XpaHATCS MAaIIMHOYUTAEMbIe HHCTPYKIIMH TSI OCYIIECTBICHUS CII0C00a ¢ IeIbI0 HICHTU(H-
kaiuu Jo6oit BUK, Hampumep, aHeymionanii XpoMOCOM WJIM YacTHYHBIX aHeymounuil. Takum oOpasoM, B
OJTHOM BapHaHTE PEaTH3AIMU MPEIUI0KEH MPOAYKT KOMIBIOTCPHON MPOTPaMMBI, COJICPKAIIIA OIMH WU Ooee
MAIIMHOYUTAECMBIX HOCUTEIICH, peHA3HAYCHHBIX JJIs TOJTOBPEMEHHOTO XpaHCHHS MH()OPMAIUK, Ha KOTOPBIX
XpaHATCS BBIMOJIHIACMBIC KOMIIBIOTEPOM HHCTPYKITHH, KOTOPHIC TPU BEITIOHEHUH OJHUM WK 00JIee MPOoIecco-
paMHu KOMITBIOTEPHOU CHCTEMBI 3aCTaBIIIOT KOMITBIOTEPHYIO CHCTEMY PEalH30BaTh CIIOCOO IUIS OICHKH YHCIa
KOMUIT MOCJIEI0BATENLHOCTH, NMPEACTABISIONICH HHTEPEC, B MCCIEAYEMOM 00paslle, COACpIKalleM IUIOIHbIE H
MaTepHHCKHE OECKIIETOYHbIC HYKJICHMHOBBIE KUCIOTHL. Croco0 BKIIOYaeT (a) MpHeM PHIIOB IOCIEA0BATEIHHO-
CTH, TIOJTYYCHHBIX B pe3yJbTaTe CEKBEHHPOBAHUS (PparMeHTOB OECKIETOYHOW HYKICHHOBOW KHCIOTHI B HCCIE-
nyemoM oOpasiie; (b) BeIpaBHHBaHWE PHAOB IOCIEIOBATEILHOCTH (PparMeHTOB OECKIECTOYHOW HYKJICHHOBOW
KHCJIOTHI C peepeHCHBIM TEHOMOM, COJEP KaIliM IIOCIEA0BATEIFHOCTD, MIPEICTABIAIONIYI0 HHTEPEC, C MOTyde-
HHEM, TaKUM 00pa3oM, METOK HCCIIENyeMOU IMOCIeI0BATEeIbHOCTH, IPUYEM pedepeHCHBI TeHOM pa3ZelieH Ha
MHOXXECTBO OJIOKOB; (C) oImpeesicHue pa3MepoB (parMEeHTOB OECKIICTOUYHON HYKJIEHHOBOW KHCIIOTHI, CYIIECT-
BYIOIIMX B HccieayeMoM obOpasiie; (d) B3BeIIMBaHHE METOK MCCIIENyeMOil MOCIIeI0BATEIbHOCTH Ha OCHOBAHUH
pa3MepoB (HparMeHTOB OCCKICTOYHON HYKJIEWHOBOM KHCIOTHI, U3 KOTOPBHIX TOJTYYalOT METKH, (€) BBIYHACICHUC
MEPEKPBITHIA I OJIOKOB HA OCHOBAaHHUHM B3BelIeHHBIX MeToK (d); u (f) maeHTHhUKAIIO BapyaIluy Yrca KON
B TIOCJICJIOBATCIIEHOCTH, MPEICTABISIONICH HHTEPEC, U3 BBIYHCICHHBIX MEpeKphITHil. COTTIaCHO HEKOTOPHIM Ba-
pHaHTaM pealu3alliy B3BCITHBAHUE METOK HCCICAYEMOM MOCIICAOBATCIFHOCTH BKIFOYAET CMEIICHUE MEPEKPBI-
THAW B CTOPOHY METOK HCCIIEyeMOH MOCIe0BaTEIHbHOCTH, TIOMYYeHHOW 13 ()ParMeHTOB OECKIETOYHON HYKJICH-
HOBOI1 KHCIIOTHI pa3Mepa WM JUara3oHa pa3Mepa, XapaKTepHOTO U OJHOTO TeHOMa B UCCIeAyeMoM oOpasiie.
CoriacHO HEKOTOPHIM BapHaHTAM PEaM3alldi B3BEIINBAHHE METOK MCCIEIyeMOH MOCIEeI0BATEIIEHOCTH BKIIO-
YyaeT MPHUCBOCHME 3HAYEHUS | MeTKaM, MONyYeHHBIM U3 (hparMeHTOB OECKIETOYHOW HYKICHHOBOW KHCIIOTHI
pa3mepa Wi Iuara3oHa pa3mepa, u mprucBoeHune 3HadeHns 0 npyrum MetkaM. CoritacHO HEKOTOPHIM BapHaHTaM
peanu3anuy crocod Takke BKIIIOYAET ONpeAeieHne B OJIOKax pedepeHCHOro TeHOMa, COAePIKAIIIX MOCIIeI0Ba-
TENBHOCTH, TPEACTABIISIONIYI0 HHTEPEC, 3HAUCHUH mapaMeTpa pa3Mepa (parMeHTa, BKIIOYas KOJIUISCTBO (par-
MEHTOB OECKJICTOYHON HYKJICMHOBOI KHCJIOTHI B HCCIIEAYEMOM 00pasiie, pa3Mep (parMeHTOB KOTOPBIX SIBISIETCS
Ooyiee KOPOTKUM WIIK 0OJIee UIMHHBIM, YeM MOPOTOBOE 3HAUEHHWE. B HacTosIeM HOKYMEHTEe MICHTH(HUKAIUS
BapHaIlUK YKciia KOMHUIA B TOCIEOBATEIILHOCTH, MPEACTABISIONICH HHTEPEC, BKIIIOYaeT IPUMCHEHUE 3HAYCHUI
mapameTpa pasMepa (hparMeHTa, a TaKKe MePEKPHITHIA, BEIYUCICHHBIX Ha dTarne (¢). CorlracHO HEeKOTOPBIM BapH-
aHTaM peau3alliy CUCTeMa CIPOCKTHPOBAHA JJIsl OIICHKY YKCIa KOMUH B UCCIEAYEMOM 00pa3Ile ¢ MPUMEHEHH-
€M pa3IMYHBIX CTIOCOOO0B U MPOIIECCOB, KOTOPHIE OOCYKIAIOTCS BEIIIIE.

CornacHO HEKOTOPHIM BapHaHTaM PEATH3AlUN HHCTPYKIIMH MOTYT TAaK)Ke COAEP)KaTh aBTOMATHYECKH pe-
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THCTPUPYEMYIO0 MH(OPMALIUIO, OTHOCSIIYIOCS K croco0y, TaKyr0 KaK JO3bI XpPOMOCOM W NPHUCYTCTBHE HMJIH OT-
CYTCTBHE aHEYIUIOMIHH XPOMOCOMBI IUIOJa B MEIMIIMHCKOM KapTe MalueHTa JIsl CyObeKTa-uelloBeKa, 0T KOTO-
poro ObUT MoNTydyeH MaTepUHCKHH HCCIeXyeMblii oOpasen. MeanmHcKas KapTa IMaldeHTa MOXET XPaHHUTHCS,
HampuMep, B JlabopaTopuu, kKabuHeTe Bpada, O0JBHUIIE, OPraHU3aIUH METUITTHCKOTO 00€CTIeYeHsI, CTPaXxOBOH
KOMITaHWUH WJIM Ha BeO-caiiTe ¢ MepCOHAIBHBIMU MEIUIIMHCKAMH KapTaMu. Takke Ha OCHOBAHUH PE3yJIHTaTOB
OCYILECTBIIIEMOT0 TIPOIIECCOPOM aHANK3a CIIOCO0 MOKET JOTOHUTENFHO BKIIOYAaTh Ha3HAUYEHHE, HAdalo W/Win
M3MEHEHHE JICUCHUs] CyOBEeKTa-deloBeKa, OT KOTOPOTo OBUI MOJTYYeH MAaTEepUHCKHI HCCIleayeMblii oOpaser.
Crioco6 MOKeT BKIIIOYATh OCYIIECTBICHHE OIHOTO MM O0Jiee MOTONMHUTEIBHBIX HCCIICOBAHUHN WM aHAIH30B
JIOTIOJTHUTENBHBIX 00pa3IoB, 0TOOPaHHBIX OT CyObeKTa.

PackprIThIe cIOCOOBI MOXHO TaK)Ke OCYIIECTBIATH C MPUMEHEHHEM CHCTEMBI KOMIIBIOTEPHOH 00paboTKH
nH(opManuy, KOTopasi NpucrocoOIeHa Wik KOHPUIYpUpOBaHa JJIsl OCYIIECTBIICHUS CIIOC00a C LeNIbI0 U/ICHTH-
¢uxannu moboit BUK, Hanpumep, aHeymionanii XpoMOCOM WIIM YaCTHYHBIX aHEYIUIONIuid. B omHOM BapuanTe
peanu3anyy NpeaIokeHa CHcTeMa KOMIBIOTEpPHOH 00paOoTKM HMH(OpManuu, KOTopasl MpUCIIOCcOOIeHa WIN
KOH(UTypHpOBaHa /ISl OCYLIECTBICHHS CIIOC00a, KaK ONHCAHO B HACTOSIIEM JoKyMeHTe. COoriiacHO OIHOMY
BapHaHTY peayM3alliyl allapar COICPKUT YCTPOWCTBO IJISI CEKBEHUPOBAHMS, IIPUCIIOCOOJICHHOE WITH KOH(HTY-
PUpPOBAaHHOE ISl CEKBEHUPOBAHUS 10 MEHBINEH Mepe YacTH MOJEKYJ HYKJIECHHOBOW KHCIIOTHI B oOpasie s
MOJYYEHUS THIIA HHOOPMAIHH O MOCIICIOBATEIbHOCTH, ONMCAHHON B IPYyTOM MECTE B HACTOSIIEM JOKYMEHTE.
AmmapaT MOXET TaKKe COoAep)KaTh KOMIIOHEHTHI JJIS MpOIlecCHHTa oOpasma. Takue KOMIIOHEHTHI OIMCAHBI B
JIPYTOM MECTE B HACTOSIIEM JOKYMEHTE.

[TocnenoBaTenbHOCTD WM IPYTHE JAHHBIE MOXHO BBOJIWTH B KOMIBIOTEP MM XPaHUTh HA MAIIHHOYHTAE-
MOM HOCHUTEJIE HanpsIMYIO MM onocpenoBaHHO. COracHO OJHOMY BapHaHTY peajH3allii KOMIBIOTepHas CHC-
TeMa HampsiIMyl0 COCJMHEHA C YCTPOWCTBOM JUIsl CEKBEHHPOBAHMUS, KOTOPOE MPOYHMTHIBACT W/MIIM aHAIU3UPYET
MIOCJIC/IOBATENILHOCTH HYKJIEMHOBBIX KHCIOT M3 00pasioB. [locienoBarenbHOCTH WM APYTYIO MH(OpManuio ot
TaKUX MHCTPYMEHTOB IOJIy4yaroT 4yepe3 MHTep(eiic KOMIBIOTEPHOI CHCTeMBl. B KkadecTBe anbTepHATHBBHI, MO-
CJIC/IOBATENILHOCTH, MTPOLIECCHPOBAHHBIE CUCTEMOH, MOJTYyYaloT U3 MCTOYHMKA XPAaHEHUs MOCIIEI0BaTEILHOCTEH,
TaKoTo Kak 0a3a MaHHBIX WU Ipyroi perno3utopuil. [Tociie TOro kak 3amoMHHAIONIEe YCTPOWCTBO MU YCTPO-
CTBO TIaMATH OOJIBIION €MKOCTH CTaHOBHUTCS TOCTYITHBIM ammapaty it 00pabdoTKku MHPOpMAITUH, 3aIIOMHUHAIO0-
IIee yCTPOMCTBO XpaHHUT B Oydepe WM XpaHWUT 110 MEHBIIEH Mepe BPEMEHHO MOCIE0BATEIFHOCTH HYKICHHO-
BBIX KHCJIOT. [IoMHMO 3TOTO, 3alIOMUHAIOIIEE YCTPOHCTBO MOYKET XPAHUTH MOJCUYNTAHHBIC 3HAYCHHUS METOK IS
Pa3IUIHBIX XPOMOCOM WJIM T€HOMOB W T.A. I1aMATh MOXKET TakKe XpaHHUTh PaszIHYHBIC ITOCIEIOBATEIHHOCTH
KOMAaH]{ W/WJIM TIPOTpaMMBI JJIs aHAJIM3a MPEICTaBICHHON IOCIeA0BATEIFHOCTH WM KapTHPOBAHHBIX JTAaHHBIX.
Taxue mporpaMMbl/IIOCIeI0BaTEIFHOCTH KOMaH I MOTYT BKJIIOUATh IPOTPaMMBI JUIS OCYIIECTBICHUS! CTATUCTHU-
YEeCKUX aHaJIM30B U T.JI.

B onHOM mpumepe mosb3oBaTens BHOCHT 00pasell B almapar Jjs CeKBEHMPOBAaHUs. AmIapaT I CeKBe-
HUPOBAHMS, KOTOPHIH NPHCOEIMHEH K KOMIBIOTEPY, COOMpaeT W/MiIM aHaIM3UpyeT AaHHbIE. [IporpamMmHoOe
obecrieueHre Ha KOMIIBIOTEpE MO3BOJISIET cOOMpaTh W/WIIM aHAJIM3MPOBAaTh JaHHBIC. JlaHHBIC MOXXHO XpaHHTH,
JIEMOHCTPHPOBATH (C MOMOIIBI0 MOHHTOPA WM APYroro aHaJOTMYHOTO YCTPOMCTBA) W/WJIM HAINPABIAThH B IPY-
roe MecropacroyioxeHne. KoMmpiotep MoXeT ObITh IPUCOEIMHEH K HHTEPHETY, KOTOPHIH MPUMEHSIOT LIS Tie-
penavyn JaHHBIX Ha KapMaHHOE yCTPOICTBO, MCIIONB3yeMOE YHAJCHHBIM IOJb30BaTeieM (HampHUMep, BpadoM,
HCCcIiefoBaTeNeM WK aHanuTHKOoM). ClieIyeT MOHNMATh, 9TO Tepe] repeaadcii JaHHbIe MOYKHO XPaHUTh W/WIH
aHanmu3upoBath. COrJIacHO HEKOTOPHIM BapHaHTaM peaM3alliyl IIePBUYHBIC JAHHBIE COOMPAIOT W OTIPABISIOT
yIaJCHHOMY ITOJIB30BATENIO WM ammapary, KOTOPEIA OyneT aHaTU3UpoBaTh W/IIIK XpaHUTh AaHHBE. [lepenaay
MOXHO OCYILIECTBUTD 4epe3 VIHTepHeT, HO MOKHO TaK)kKe OCYIIECTBHUTH Yepe3 CITyTHHUK MIIH JPYroe COCIHUHEHHE.
B xauecTBe anbTepHATHBEI, JaHHBIE MOJKHO XpaHUTh Ha MAallMHOYMTAEMOM HOCHUTEJE, U HOCUTEIh MOXKHO JI0C-
TaBUTh KOHEYHOMY IOJIb30BATENIO (HAIIPUMEp, 10 10YTe). Y JaJeHHBIH 10JIb30BaTENb MOXKET HAXOIUTHCS B TOM
K€ WM B OTJIMYHOM TeorpauieckoM MECTOpacIioioKEeHHUH, BKIIo4ast, 0e3 OrpaHuueHHUs, 3[[aHue, TOpOoJI, IITaT,
CTpaHy WJIM KOHTHHEHT.

CornacHO HEKOTOPHIM BapHaHTaM pealli3ally JaHHbIE CIIOCOOBI TaKKe BKIIOYAIOT COOpP AHHBIX OTHOCH-
TEJBHO MHOJKECTBA MOJMHYKJICOTHIHBIX ITOCIEIOBATEIHHOCTEH (HAaIpUMep, PUIOB, METOK W/IIIH IIOCIIEIOBa-
TeNbHOCTEH pe)epeHCHBIX XPOMOCOM) U OTIIPABKY JAHHBIX HA KOMIBIOTEP WU APYTYI0 KOMITBIOTEPHYIO CHCTE-
My. Hampumep, KOMITBIOTEp MOXKET OBITh MPHUCOEANHEH K JIAbopaTopHOMY 000pyIOBaHHUIO, HATIPHMED, alllapaTy
Ut cOopa oOpasma, anmapary Ui aMIUTH(UKAIIIE HYKJISOTHIOB, alliapaTy AJsS CeKBEHHPOBAHUS HYKICOTHIOB
WIN amnmapary Uil THOPHIN3aliy. 3aTeM KOMITBIOTEp MOXET coOMpaTh NMPUMEHHMBIC JaHHBIC, TOJTYy4YCHHBIC
71a00paTOPHBIM YCTPOUCTBOM. J{aHHBIE MOYKHO XpaHUTh Ha KOMIIBIOTEPE HA JIFOOOM 3Tare, HallpuMep, B TCUCHHE
cOopa B peXxMMe peaslbHOr0 BPEMEHH, Iepe]l OTIIPAaBKOH, B TEUYEHNE WIIM B COUYETAHUH C OTIPABKOW WM TOCIE
oTnpaBky. /laHHBIE MOXKHO XPaHUTh HA MalTMHOYMTAEMOM HOCHUTEJE, KOTOPBIH MOKHO OTAEIHUTH OT KOMIIbIOTE-
pa. CoOpaHHBIE WIIM XpaHUMBIE JaHHBIE MOXKHO IeperaTbh 0T KOMIBIOTEpa B YAAIEHHOE MECTOPACIOIOXKEHHE,
HarpuMmep, 4epes JOKAIBHYIO CeTh WIIM CETh CBSI3H JUIsl OOLIMPHOI 00slacTy, Takyto kak ViHTepHet. B ynanennom
MECTOPACHOJIOKEHUH MOXHO OCYLIECTBHThH PA3JIMYHbIEC ONEpalyy C MepelaHHbIMU JaHHBIMH, KaK OMUCAaHO HU-
Ke.

Cpenn TUTIOB (OPMATHPOBAHHBIX 3JEKTPOHHBIM CIIOCOOOM JaHHBIX, KOTOPHIE MOKHO XPaHUTh, Tepena-
BaTh, aHAIM3UPOBATH W/ ¢ KOTOPBIMHA MOKHO MaHHITYJINPOBATh B CUCTEMaX, allapaTax M Cliocodax, pacKphl-
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TBHIX B HACTOSIIEM JOKYMEHTE, IPUCYTCTBYIOT CICAYIOIIHE:

PUIBL, IOTYYCHHBIC B PE3YJIbTATe CCKBCHUPOBAHUS HYKJICHHOBBIX KHCIIOT B HCCIIEAYEMOM 00pasIie;

METKH, MOJyYCHHBIE MOCPEICTBOM BBIPABHHBAHUS PUIOB C pedepeHCHBIM T€HOMOM WIHM APYrou pede-
PEHCHOM TOCIEeI0BATENEHOCTHIO WIIH TIOCIIEI0BATEIFHOCTIMI,

pedepeHCHBIN TEHOM WIIH TOCIE0BAaTEILHOCTE;

IUTOTHOCTH METKH TTOCIICAOBATEIFHOCTH - TOACYNUTAHHBIC 3HAUCHUS UM KOJMYECTBA METOK VIS KaXIOH 13
NIByX WiH Oojee obnacTeil (Kak MpaBHIIO, XPOMOCOM HJIM CETMEHTOB XpOMOCOM) pedepeHCHOT0 TeHOMa WIIH
IpYTUX peepeHCHBIX MOCIeI0BATEIHLHOCTEH;

UACHTUYHOCTH HOPMHPYIOMINX XPOMOCOM HIIH CETMEHTOB XPOMOCOM JUIsi KOHKPETHBIX XPOMOCOM HIIH
CETMEHTOB XPOMOCOM, TIPECTABISIONINX HHTEPEC;

JTO3BI XPOMOCOM HJIM CETMEHTOB XPOMOCOM (WJIM IPYTHX 00JacTeil), MONTydeHHBIC U3 XPOMOCOM HIIH CET-
MEHTOB, MIPEJICTABISAIONINX HHTEPEC, U COOTBETCTBYIOIINE HOPMHUPYIOIIHE XPOMOCOMBI WIIH CETMEHTHL,

MIOPOTH JIJISl IPUHATHS PEIICHUS O J03aX XPOMOCOM KaK IMOPaKCHHBIX, HEITOPAXKECHHBIX MU "pEIICHHIE OT-
CyTCTBYET";

(haKTHUECKHUE PEIICHHS O 03aX XPOMOCOM;

JIUArHO3HI (KITMHIYECKOE COCTOSHUE, CBA3aHHOE C MMPUHATHIM PEIICHUEM);

PEKOMEH/IAITNH OTHOCHTENBHO MOCTIECTYIONINX UCCIICIOBAHNMN, TTOJTydYeHHBIE U3 PEIICHUN 1/¥ITH TUArHO30B;

TUTaHBI JICYCHHS W/WITN HaOJTIOICHUS, TIOTy9ICHHBIC U3 PEIICHUI W/UIH AUAarHO30B.

OTH pa3iauyHbIE THITHI TaHHBIX MOXKHO MOJTyYUTh, XpPaHHUTh, IEpeIaBaTh, AaHATM3UPOBATE W/WITH MaHUITYIIH-
pOBaTh C HUMH B OJHOM MK O0Jiee MECTOPACIIONOKECHHUAX C MPUMEHEHHEM pa3IMIHbIX amlmapaTtoB. BapuaHTsl
00pabOTKU JAHHBIX OXBATHIBAIOT MIMPOKHIA CIICKTP. Ha 0THOM KOHIIE CIICKTpa BCIO MITH OOJBIIYIO YacTh JaHHON
UHPOPMALUYU XPAHAT U MPUMCHSIOT B MECTOPACIIOIOKEHHUH, B KOTOPOM TPOLIECCHPYIOT UCCICAYEMbIH 00paserl,
HanpUMep, B KaOMHETe Bpada WU IPYTHX KIMHHYCCKUX YCIOBUSIX. B Ipyrom MpOTHBOIMOJIOXHOM BapHaHTE
o0pa3zelr Mosy4aroT B OJJHOM MECTOPACIOIOKCHUH, IIPOLIECCUPYIOT U HEO00A3aTEIFHO CEKBECHUPYIOT B OTIHYHOM
MECTOPACIIOJI0KCHUY, PUIIBI BRIPABHUBAIOT M PCIICHHUS MPUHUMAIOT B OJHOM WM 0O0Jice OTIUYHBIX MECTOpac-
TIOJIOXKCHHUSAX, W JUATHO3bI, PEKOMEHIAIINN W/WIIN TUTAaHBI TOTOBST B TPETHEM MECTOPACIIOTIONKEHNHN (KOTOPOE MO-
JKET MPEACTABIATH COO0M MEeCTOPAaCIIONIOKEeHNE, B KOTOPOM OBLIT IOJIYy4IeH 00pasern).

CornacHO pa3IMYHBIM BapHaHTaM PEaM3alldil PUIBI TOIYJaloT ¢ TIOMOIIBIO anmapaTa sl CeKBEeHHPOBa-
HUS, a 3aTeM NepefaloT B yOAJCHHBIH MYHKT, B KOTOPOM HX MPOIECCUPYIOT JJIS MIPHUHATHS peuieHnit 00 aHey-
nouand. B maHHOM yIaneHHOM MECTOPacIIONIOKEHHH, B KaUeCTBE MIPUMEpPa, PUABI BRIPABHUBAIOT C peepeHCHOM
MIOCJIEIOBATENEHOCTRIO JUIS MTOTyYSHHST METOK, KOTOPBIE TOACYNTHIBAIOT M OTHOCIT K XpOMOCOMaM HJIM CErMEH-
TaM, MPEICTABIAIONIMM HHTepec. Takke B YIAJICHHOM MECTOPACIIOIOKEHIH MTOICYUTAHHBIC 3HAUCHHS MPeodpa-
3YIOT B JI03bI C MPUMCHCHHUEM CBSI3aHHBIX HOPMHUPYIOIIUX XPOMOCOM WIJIA CETMEHTOB. B emie Oosee ymnajieHHOM
MECTOPACIOI0KESHUH JTO3BI UCIIONB3YIOT JUIS PUHATHS PEUICHUN 00 aHCYTUIOUINH.

Cpenu omepaiuii MpoIecCHHTa, KOTOPhIe MOKHO MPUMCHATH B Pa3IMYHBIX MECTOPACIOIOKCHUSX, BhIJIC-
JSTIOT CIIEAYIOIINe:

cbop obOpa3sia;

MIPOIIECCHHT 00pa3ia J0 CEKBEHUPOBAHUS;

CEKBEHHPOBAHNE;

aHaJIN3 JaHHBIX [TOCTICIOBATEIHHOCTH U MIPUHATHE PEIICHUH 00 aHESYTIOUIHH;

JTMarHOCTHKA,;

MIPEJOCTABIICHUE OTYETa O JUArHO3€ M/ PEIICHIH NAUeHTyY M MEIUIMHCKOMY pabOTHHKY;

pa3paboTka miIaHa MOCICIYIOIIETO JICYCHUS, UCCIICAOBAHS U/ HaOIFOICHUS,

BBITTOJTHCHHE TUIAHA;

KOHCYJIbTUPOBAHHE.

JIroOyro oqHy mim OoJiee M3 NaHHBIX ONEpaIiii MOXKHO aBTOMAaTH3UPOBAaTh, KAK OMUCAHO B IPYTOM MECTE B
HACTOSIIEM JOoKyMeHTe. Kak mpaBuilo, CCKBEHHPOBAHUEC W aHAIM3 JAaHHBIX MOCICIOBATEIBHOCTH U TPUHSITHE
pelieHui 00 aHeyIIOuANK OYIyT OCYIIECTBIIATH KOMITBIOTEPHBIM CIIOCOO0OM. J[pyrue omepamnuu MOXHO OCYIIle-
CTBJIAITh BPYYHYIO WJIH aBTOMaTHUYECKH.

[Tpumepsl MeCTOPacHONOKEHUH, B KOTOPBIX MOKHO OCYIIECTBIATE cOOp 00pasima, BKIIOYAIOT KaOMHETHI
MIPAKTUKYIONINX Bpadel, KIMHUKH, TOMa TAIlMeHTOB (B KOTOPBIX 00ecIiedeH HHCTPYMEHT Wi Habop mist cOopa
obpasna) U MOOWJILHBIM MEIAWIIMHCKHA aBTOTPAHCTIOPT. [IpuMepsl MecTOPACIONOKEHUH, B KOTOPBIX MOXKHO
OCYILECTBIIAITh MPOIECCHHT 00pa3ia mepen CEeKBeHHPOBAaHHEM, BKIIOYAIOT KaOWHETHl MPAaKTUKYIOIINX BpadeH,
KITMHUKH, J0Ma TIAIUEHTOB (B KOTOPBIX 00ecIeueH anmapaT Wik Habop s MPOIECCUHTa 00pasia), MOOWIbHBIH
MEIUIUHCKIIA aBTOTPAHCIIOPT M MOMEUICHUS IMOCTABIIMKOB YCIIYT 10 aHAIW3Y aHEeyIutonaun. [Ipumepsr mecto-
PACTIOJIOKEHUH, B KOTOPBIX MOYKHO OCYIIECTBIISTH CEKBEHUPOBAHKE, BKIIOUAIOT KAOMHETHI MIPAKTUKYIOIIUX Bpa-
Yel, KIMHUKY, KAOMHETHI MPAKTUKYIOIIUX BpadyeH, KIMHUKH, TOMa MAUCHTOB (B KOTOPHIX 00ECIICUeH ammapar
Wi HaOOp JUI CEKBEHUPOBaHHS 00pa3ia), MOOUIBHBIH MEAUIUHCKUA aBTOTPAHCIIOPT U TOMEIICHHS TTOCTaB-
IIMKOB YCIYT 0 aHAJU3Yy aHeyIuonauu. MoxeT OBITh MPEINIOKCHO MECTOPACIIOIOKECHUE, B KOTOPOM IPOBOMIST
CEKBECHUPOBAHUE, COCAMHECHHOE C BBIICIICHHON CEThIO JJIS MEepeadd JaHHBIX MOCIEOBATEIFHOCTH (KaK MMpaBH-
JI0, PUIIOB) B 3JIEKTPOHHOM (opMmaTte. Takoe cCoeTMHEHE MOKET OBITh TPOBOAHBIM WIIH OECTIPOBOIHBIM H MOYKET
OBITH KOH(MUTYPUPOBAHO JIJISI OTIIPABKH JAHHBIX B IMTyHKT, B KOTOPOM JTaHHBIE MOKHO 00pabaThiBaTh W/WIIK arpe-
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THPOBATh Nepe] nepeaadeil B MyHKT MPOLECCHHTa. ATperayio JaHHBIX MOTYT IIPOBOJHUTH OpraHU3alyy 3/1pa-
BOOXPaHEHU, TAKHE KaK OpraHu3aluy MeIunnHcKoro obecrieuenus (OMO).

Omneparyu aHaaN3a W/WIK MOJTYYeHNS MOKHO OCYIIECTBUTH B JFOOOM M3 BBIIICYIIOMSHYTBHIX MECTOPACIIO-
JIOXKCHUN WM, B KaUeCTBE aJbTEPHATHUBHI, B €IIC OJHOM YIAJICHHOM y4YacTKe, IIPeIHA3HAYEHHOM U BBIYHCIIC-
HUS W/WIU TPOBEICHHUS aHAIN3a JAaHHBIX O MOCIENOBAaTENIFHOCTH HYKJICHHOBOW KHCIOTHL. Takwme MecTopacio-
JIOXKCHHUS BKITIOYAIOT, HATIPUMeEp, KIaCTEPhl, TaKUe KaK MMapKH CEPBEPOB OOIIEro Ha3HAYCHHSA, TOMEIICHUS Tpea-
MPUATHI-IOCTABIIMKOB YCIYT [0 aHANW3Y aHEYIIOnANH U T.N. COryIacCHO HEKOTOPBIM BapHaHTaM peaH3alid
KOMIIBIOTEPHBIA amnmapar, MpUMEHSIeMBIH I OCYIIEeCTBICHUS aHAlN3a, OepyT BO BPEMEHHOE IOJIb30BAaHUE WITH
apeHny. KoMmbroTepHbIe pecypchl MOTYT SIBIISITHCSL HaCThIO JOCTYITHOW yepe3 MIHTepHeT COBOKYITHOCTH Ipoliec-
COPOB, TaKHe pecypcsl It 00paboTkM MH(OPMALUK B pa3roBOPHON pedr M3BECTHHI Kak "obnako". B HekoTo-
PBIX CITydasX BBIYHMCIICHHS OCYILECTBIISIOT C TIOMOILBIO TapauleNIbHOM MM IIMPOKOMACIITa0HOH MapauieIbHON
TPYIIHI IPOIIECCOPOB, KOTOPHIE CBSI3aHbl MIIM HE CBSI3aHBI APYT ¢ ApyroM. OOpaboTKy TaHHBIX MOXKHO OCYIIECT-
BJIITH C NMIPUMEHEHHEM paclpeJiefieHHOH 00paboTKM JaHHBIX, TAKOW KaK KJACTEpPHOE KOMIBIOTEPU3UPOBAHHOE
BBIYHCIICHHE, CETEBOE KOMITBIOTEPU3UPOBAHHOE BBIUMCICHHE U T.I. COTJacHO TaKUM BapHaHTaM peah3alliuu
KJIaCTep WM CETh KOMIBIOTEPHBIX PECYPCOB B COBOKYITHOCTH 0Opa3ylOT BHPTYAIBHBIH CYIIEPKOMITBIOTEDP, CO-
CTOSIIHAN U3 MHOKECTBA MPOLIECCOPOB HIIM KOMITBIOTEPOB, KOTOPHIE COBMECTHO (DYHKIIHOHUPYIOT IJISI OCYIIECT-
BJICHHUS aHAJIN3a W/WIIH TIOJTyYEHHsI, OMFCaHHBIX B HACTOSIIEM JOKyMeHTe. J[aHHbIe TeXHOJIOTHH, a Takxke Ooiee
OOIIETIPUHATHIE CYNEPKOMITBIOTEPHI, MOKHO HPUMEHATH A 0O0paOOTKHM IAaHHBIX ITOCIEIOBATEIBHOCTH, Kak
OIIHCaHO B HACTOAIMIEM JOKyMeHTe. KaxIplii U3 HUX IpeACTaBiIsIeT co0oi (opMy mapaieIbHOTO KOMITBIOTEPH-
3UPOBAHHOT'O BEIYUCIICHISI, OCHOBAHHOTO Ha IPOIECCOpax WM KOMIBbIOTepax. B cirydae ceTeBoro KOMIBIOTEPH-
3MPOBAHHOTO BBEIYHMCIICHUS JaHHbBIC IPOLECCOPHI (4acTO Ieble KOMITBIOTEPHI) COSTMHEHBI CEThI0 (4YacTHOM, 00-
IIECTBEHHOHM min MHTepHET) ¢ MOMOIIBIO OOIIENPUHATOIO CETEBOTO NMPOTOKOa, Takoro kak Ethernet. Hampo-
THUB, CYIEPKOMIIBIOTEPHI COJEpPKAaT MHOXKECTBO IIPOLECCOPOB, COEAWHEHHBIX JIOKATBHONH BBICOKOCKOPOCTHOM
KOMIBIOTEPHOI IMHOIA.

CoracHO onpeaesieHHBIM BapHaHTaM pealiM3alliy JUarfo3 (HalpuMep, 4To IUIOJ CTpajgaeT OT CHHApOMa
JlayHa WM 9TO MAIlMEeHT CTPagaeT OT KOHKPETHOTO THIA paka) CTaBAT B TOM XKE MECTOPACIIONIOKEHHH, T1Ie TIPO-
BOJIAT omeparuio aaim3a. CoracHO IpyruM BapHaHTaM PEaji3aliy JUAarHO3 CTABIT B OTIUYHOM MECTOPACIIO-
JIOXKCHUU. B HEKOTOPBIX MpUMepax MPeOCTaBICHHE O0TYETa O AUATHO3E OCYIIECTBIIIOT B MECTOPACIIONOKEHHH,
B KOTOPOM OBLI MOJy4eH 00pasell, HeCMOTpPSI Ha TO, YTO 3TO HE BCErja JOJDKHO 00S3aTeNbHO BBHITIONHATHCS Ha
npaktuke. [IpuMepsl MecTopaconokeHu, B KOTOPBIX MOKHO IIOCTaBUTh WM NPEIOCTABUTHh OTYET O AMArHO3e
W/WIIA B KOTOPBIX OCYIIECTBIAIOT Pa3paboTKy IUIaHa, BKIIOYAIOT KAOMHETH MPaKTUKYIONUX BpayeH, KIMHUKY,
MHTEPHET-CalThl, TOCTYITHbIE Ha KOMIBIOTEPE, M KapMaHHbBIC YCTPOHCTBA, TaKHe KaK MOOWJIBHBIC TeJe(OHBI,
IUIAHIIETHBIE YCTPOHCTBA, CMapT(QOHBI U T.I., KOTOPhIE UMEIOT MPOBOAHOE WIN OCCIPOBOAHOE COCAWHEHHUE C
ceThlo. [IpuMepsl MecTOpacloIoKeHHH, B KOTOPBIX OCYIIECTBISIOT KOHCYJIbTHPOBAHUE, BKIIFOYAIOT KaOMHETHI
NPaKTHKYIOIUX BpaueH, KIMHUKH, HHTEPHET-CAUTHI, JOCTYITHbIE Ha KOMIBIOTEPE, KAPMaHHbIE YCTPOHCTBA H T.1I.

CornacHO HEKOTOPHIM BapHaHTaM peasiu3anny cOop o0pasia, MpoIecCHHT 00pasla 1 ONepanyuy CeKBeHHU-
POBaHMS OCYILECTBIISIIOT B IIEPBOM MECTOPACIIONI0KEHHH, ¥ ONepalliyi aHaJIn3a U TOJIyYSHHUS] OCYLIECTBISIOT BO
BTOPOM MecCTOpacnoioxeHnu. OTHAKO B HEKOTOPHIX CIy4asx cOop oOpasma OCYIIECTBISIOT B OJHOM MeCTOpac-
MIOJIOXKECHNH (HarpuMep, KaOMHeTe MPaKTUKYIOMIETO Bpaya WM B KIMHUKE), a MPOIECCHHT U CEKBEHHUPOBAHHE
00pasia OCyIIECTBISAIOT B OTIIMYHOM MECTOPACIIONOKEHUH, KOTOPOe HE0OS3aTeNbHO MPENCTaBIsAeT co00il To ke
MECTOPACHOJI0KEHUE, B KOTOPOM IIPOUCXOAUT AaHAIN3 U IPUHATHE PEIICHUS.

CornacHO pa3MUYHBIM BapHaHTaM peai3alliy II0CIIEA0BATEIHFHOCTh BBIMICTIEPCUUCICHHBIX ONEpaIliii
MOXET 3aIyCKaThCsl TI0JIb30BaTENIEM WM CYOBEKTOM, HAaUMHAIOINM cOOp 00pasia, MPOLECCHHT W/MIN CEKBEHHU-
poBanue obpasua. [Tocie Toro kak oxHa nim Gojee M3 JaHHBIX ONepaunii ObUIM HavaThl, BHIIOJIHEHHUE IPYron
OTIepaIii MOXKET MOCJIEA0BATh ECTECTBEHHBIM 00pa3oM. Hampumep, onepanusi CCKBEeHHPOBaHUS MOKET BBI3BATh
aBTOMATHYECKHH cOOp PUAOB M MX OTIPABKY B aImapar Jjis o0paboTky MH(POpPMaIH, KOTOPHIH 3aTeM MIPOBO-
JINT, 4aCTO aBTOMATHYECKH M, BO3MOXKHO, 0€3 JOTOJHUTEIHLHOTO BMEIIATEIbCTBA TI0JIb30BATENsl, aHAIN3 TTOCTIe-
JIOBATEJIBHOCTH M OIEPALMIO NPUHATHS pemeHus 00 aHeymionanu. CoriaacHO HEKOTOPHIM BapHaHTaM pean3a-
IIUH pe3yIbTaT JaHHOM omepariii 00pabOoTKHM TaHHBIX 3aT€M aBTOMAaTHUECKH IepeialoT, BO3SMOXHO, C mepedop-
MaTHPOBaHUEM B BUJE JUAarHO3a, B KOMIOHEHT CHCTEMEI MM yUpeXIeHHe, KoTopoe o0padaTeiBaeT U coodmaer
MHPOPMALII0 MEIUITUHCKOMY CIICIUAINCTY W/WiH manueHTy. Kak o0bscHeHO, Takas HHQOPMAIU TaKKe MO-
JKeT OBITh aBTOMATHYECKH 00paboTaHa Uil MOMyUYCHHS IJIaHa JICUCHHS, NCCIICTOBAaHNS W/ WM HAOIOACHHNS, BO3-
MO>KHO, BMECTE C KOHCYJIbTAITMOHHOHN MHpopMaIrueit. Takum o0pa3oM, Hadajo onepaldy paHHeH CTaIud MOXKET
3aIyCTUTh HETPEPBIBHYIO ITOCIEAOBATEIFHOCTh, B KOTOPOH MEAUIIMHCKOMY CIEIHAIICTy, MAIMEeHTy WIH JpY-
TOH 3aMHTEPECOBAHHON CTOPOHE OyAeT oOeclieueH TUarHo3, IiaH, KOHCYJIbTUPOBaHUE W/WIH Ipyrast HHpopMa-
I¥sL, OAXOMSIIast Ul BO3/IeHCTBUS Ha (hpu3ndeckoe coctosHue. [Iporecc oCyIecTBIsIoT, JaXe eciiu 4YacTH 00-
el cucteMbl PU3NYECcKH pas3/ieNieHbl U, BO3MOXKHO, YAAIEHBI OT MECTOPACIIOI0KEHHS, HAIPUMED, armapara JuIs
o0pasiia 1 1ocie0BaTeIbHOCTH.

Ha ¢wur. 5 npencrasieH oluH BapuaHT peajM3alliy AUCIIEPCHON CHCTEMBI JUIS HOJIYYCHHUS PEICHUS HIIH
JIMarHOCTHKH UccienyemMoro obpasia. Mecropacnonoxenue s coopa obpasua 01 ucrionb3yroT Uis TOJTydeHUs
HCCIIeIyeMOTo 00pa3iia OT MaleHTa, TAKOTO KaK OSpeMEHHBIH CyOBEeKT KEHCKOTO TOJIa WIH HPEeAIoiaraeMbIi
MAIMEHT, CTPAJAONINIA OT paka. 3aTeM 00pasIlbl HAIIPABISIOT B MECTOPACIIONOXKECHHE JIJISl IPOIIECCHHTA U CEK-
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BeHupoBanus 03, e uccieayeMblii 00pas3er; MOKeT OBITh IPOLIECCUPOBAH M CEKBEHUPOBAH, KaK OIMCAHO BBIIIE.
Mecropacnonoxxerne 03 copep HT anmapat JUIi IpoIecCHHra o0pasia, a TakkKe annapaT Uil CeKBEHHPOBaHUS
TIPOIIECCHPOBAHHOTO 00pa3ma. Pe3ynpTaToM ceKBeHHpOBAaHMS, KaK OMHCAHO B JPYTOM MECTE B HACTOSIIEM I0-
KYMEHTE, SIBJISIETCSI COBOKYITHOCTh PHAOB, KOTOPHIE, KaK IMPABHUJIIO, MIPEIIOKEHBI B JIEKTPOHHOM (hopMaTe M KO-
TOpBIC HANIPABIIAIOT B CETh, TAKYIO Kak VIHTepHET, 0OTMEYeHHYIO y4eTHBIM HoMepoM 05 Ha ¢ur. 5.

JlaHHBIE O TTOCTIEIOBATEIHPHOCTH HANPABIIOT B yIAJIEHHOE MecTopacmosioxkerne 07, B KOTOpOM OCYIIeCT-
BILSIIOT QHAJIN3 U IPHHATHE pereHns. J[aHHoe MecTOpacIookeHIEe MOKET COIepKaTh OJTHO MII O0Jiee MOIITHBIX
KOMITBIOTEPHBIX YCTPONUCTB, TAKMX KaK KOMITBIOTEPHI MU Mporieccophl. [locme Toro Kak KOMITBIOTEPHBIC pecyp-
CBI B MecTopacIojoxeHuy 07 3aBepIInig aHaIu3 U MOJyYHIIN U3 ITOJydeHHOH MH(OpMAaLUK O MOCIIeA0BaTeIb-
HOCTH pelleHue, pelieHne nepenarot Hazaa B cetb 05. CormacHo HEKOTOPHIM BapHaHTaM peajH3alliid B MECTO-
pacrionoxxeHnr 07 MOJIyYalOT HE TOJIBKO PELIeHHEe, HO TAaK)Ke CTaBAT CBA3AHHBIM AMArHo3. 3aTeM pelleHue H/nin
JIMarHo3 MepenaroT 10 CeTH HazajJ B MECTOpacIojIokeHue sl coopa obpasua 01, kak NMpoMIUTIOCTPHPOBAHO HA
¢wur. 5. Kak 00bsicHeHO, onMcaHHast MPOLEAypa SABJISETCS JIMIIb OJHAM M3 MHOXKECTBA BAPHAHTOB TOTO, KaK pas-
JWYHBIE Ollepalny, CBSI3aHHBIC C MOJYYEHNEM PEIICHHs WIN JHarHo3a, MOTyT OBITh pa3jeleHbl Ha pa3IndHbIe
MecTopacnoioxeHus. OQUH pacrpoCTpaHCHHBIH BapuaHT BKIIOYAaeT MpoBeaeHHE cOopa M MPOIECCHHTa U CeK-
BEHUPOBAHHUS 00pa3iia B OJJHOM MECTOPACIIONIOKeHNH. [[pyroii BapuaHT BKIIIOYAET MPOBEICHHUE MPOLIECCHHTA U
CEKBEHHPOBAHHUS B OTHOM H TOM )K€ MECTOPACTIONIOKEHHUH, YTO U aHAJIHN3 U MIPUHATHE PEIICHHUS.

®ur. 6 KOHKPETH3UPYET BaPHAHTHI I OCYIICCTBICHUS PA3IMIHBIX OIIepaii B pa3IMIHBIX MECTOPACIIO-
JOXeHUAX. B Hanbonee meTamu3npoBaHHOM CiIydae, IIPEACTaBICHHOM Ha (ur. 6, KaXKIyIo CIEAYIOMYIO omepa-
IO OCYIIECTBILIOT B OTAEIHHOM MECTOPACIIONOKEHUH: cOop 00pasia, MpoLecCHHT 00pasiia, CEKBeHHPOBaHHE,
BBIPABHUBAHUE PHUIIOB, IPUHITHE PELICHUS, IUAarHOCTHKY U TPEJOCTaBICHUE OTYETa W/UIIH pa3paboTKy IUIaHa.

CornacHO OZIHOMY BapHaHTy pealn3alii, KOTOPHIH 00beANHIET HEKOTOPBIC M3 JaHHBIX ONEpallid, Mpo-
IIECCHHT M CEKBEHHPOBaHME 00pa3slia OCYIIECTBISIOT B OJHOM MECTOPACIHOJIOKEHNH, a BHIPAaBHUBAHHE PHIOB,
NPUHATHE PELICHHUs M JUAarHOCTHKY OCYIIECTBISIIOT B OTJAEIBHOM MecTopacnosnokeHnu. CMm. gactb ¢wur. 6, or-
MEUYCHHYIO YCJIOBHBIM 0o0o3HadeHHeM A. CorjiacHO JpyroMy BapHaHTy peali3aldy, KOTOPHI 00O3HaueH Ha
¢ur. 6 cumBosoM B, c6op 00pasiia, mpoIecCHHT U CEKBEHHPOBaHKE 00pa3Iia OCYIIECTBISIOT B OJJHOM H TOM XKe
MecTopacnoioxeHnd. CorlacHO JaHHOMY BapHaHTy pealn3allidil BEIPABHUBAHHE PUIOB M NPHHATHE PEIICHUS
OCYILECTBIISIIOT BO BTOPOM MECTOPACIOIOXKEeHNN. HakoHeI], AMarHOCTHKY M PEAOCTAaBICHUE OTYETa W/HIIH pa3-
paboTKy IJIaHa OCYIIECTBISIOT B TPETHEM MecTopacioioxeHnd. COrjlacHO BapHaHTy peaju3alni, 0003HaueH-
HOMY Ha ¢ur. 6 cumBosioMm C, c6op oOpasia OCyImECTBISIIOT B IEPBOM MECTOPACIIONOKEHNH, TIPOIIECCHHT 00-
pasia, CeKBeHHPOBaHNE, BEIPABHUBAHNE PUIOB, IPUHATHE PEUICHUS U IUATHOCTUKY OCYIIECTBIIIIOT COBMECTHO
BO BTOPOM MECTOPACIIOIOKEHHH, M IPEIOCTaBICHNE OTYETa H/WIN Pa3paboTKy IUIaHa OCYIIECTBISIOT B TPETHEM
MecTopacnoyiokeHnd. HakoHen, coriacHoO BapuaHTy peann3aiuy, 0003HaueHHOMY Ha ¢ur. 6 cuMBoisioM D, coop
o0pasiia OCYIIECTBIAIOT B MEPBOM MECTOPACIOI0KEHNUH, MPOLECCHHT 00pa3na, CeKBEHMPOBaHNE, BHIPAaBHHUBA-
HHE PUIOB U NPUHITHE PEIICHUS! OCYIIECTBISIIOT BO BTOPOM MECTOPACIIOJIOKEHUH, M JTHATHOCTHKY M IIPEJoC-
TaBJICHUE OTYETA W/WIIN YIPaBIICHHE IIAHOM OCYIIECTBIISIOT B TPETHEM MECTOPACIIONOKEHHUH.

B omHOM BapmaHTe peanuzanuy NMpeayiokKeHa CUCTEMa Ul TIPUMEHEHUsSI TIPH ONpPEICICHIH TPUCYTCTBHS
WA OTCYTCTBHSA JII000# oHON mim OoJiee pa3MTUYHBIX MOJHBIX aHEYIDIOUIANHA XPOMOCOM IIIOJa B MAaTEPHHCKOM
HCCIIeIyeMoM o0paslie, coepikalieM HyKJICHHOBBIX KHCJIOT IUIOJa M MaTepH, MPHYeM yKa3aHHas CHCTeMa CO-
JEPXKHUT CEKBEHATOP [UIS MOJXy4eHHUS 00pa3iia HyKICHHOBOW KHUCIIOTHI U oOecreueHus] HHPOPMALUH O MTOCTIeI0-
BaTEIFHOCTH HYKJIEWHOBOM KHCJIOTHI TUIOJAa M MaTepu W3 oOpasiia; MpoIeccop; W MAITHHOYUTACMBIl HOCUTEINb
U XpaHeHHS MHPOPMAIIUH, CONEPIKAIIUil MHCTPYKIIMH ISl BRITOTHEHHS Ha YKa3aHHOM IPOIECCOpe, MpUIeM
yKa3aHHbIE HHCTPYKIMU COJIEPXKaT:

(a) Koz [u1st MosTy4eHUs! HH(OPMAIMK O TOCIIeIOBATEILHOCTH JUISl YKa3aHHBIX HYKJIEHHOBBIX KUCIIOT IJI0AA
U MaTepH B o0pase;

(b) xox 1 MpUMeHEHHs YKa3aHHOW WH(OpPMaIUH O MMOCIE0BATEIbHOCTH IS HACHTH(UKAIINN KOMITHIO-
TEPHBIM COCOOOM KOJIMYECTBA METOK ITOCIIE0BATEIbHOCTH W3 HYKJIEHHOBBIX KHUCIIOT TUIOJa U MaTepH JUIs KaX-
JIOH 1100011 oTHOW MM GoJiee XpOMOCOM, MPEJCTaBISIOIINX HHTEPEC, KOTOphIe BEIOpaHbl U3 XpoMocoM 1-22, X
Y, ¥ Ui HOCHTU(HUKAINH KOJIHYIECTBa METOK ITOCIIET0BATEIHLHOCTH JUIS TT0 MEHBIIEH Mepe OHON MociIenoBa-
TEIBHOCTH HOPMHPYIOMIEH XPOMOCOMBI MIIM MOCIEIOBATEIEHOCTH HOPMHPYIOMIETO CETMEHTa XPOMOCOMBI UIS
KOKIOW U3 yKa3aHHOU JIT000M 0HOH MIIH 00JIee XpOMOCOM, TIPEJICTABIISIONINX HHTEPEC;

(c) xox Ans MPUMEHEHUS YKa3aHHOT'O KOJIMYECTBAa METOK ITOCIIEAOBATCIHLHOCTH, MACHTHU(PHINPOBAHHBIX
JUT KOKION M3 yKa3aHHBIX 000 0HOHN mim 6ojiee XpOMOCOM, MPEACTABIIIONINX HHTEPEC, U YKa3aHHOTO KO-
JIMYECTBA METOK MOCJIENOBATENbHOCTH, UACHTH(GUIIMPOBAHHBIX U KaKIOH IOCIIEIOBATEIHHOCTH HOPMHUPYIO-
el XpOMOCOMBI WITH TIOCJICA0BATEILHOCTH HOPMHPYIOIIETO CETMEHTa XPOMOCOMBI, JUISl BHIYUCIICHUS €AMHIY-
HOHM JT03bI XPOMOCOMBI JIIsL KQXKJ0H 13 J11000# 011HOI nitn 6oJiee XpoMOCOM, NPEACTABISIONINX HHTEPEC; U

(d) ko s cpaBHEHUS KaXIOW M3 €IMHMYHBIX 03 XPOMOCOM JUIS KaKIOH M3 JIt00o# oxHOI min Goiee
XPOMOCOM, TPEJCTABIISIOIINX HHTEPEC, C COOTBETCTBYIOLIMM OPOTOBBIM 3HAUCHUEM ISl KaXKI0W U3 OHOM MITN
0oJiee XpOMOCOM, TIPEJICTABISIONINX MHTEPEC, U IMTOCPEACTBOM ITOTO OIpE/CICHUE MPUCYTCTBUS WA OTCYTCT-
BUsI TIFO0OH OZTHOM WITH O0JIee MOJTHBIX Pa3MYHbIX aHEYIUTOMINHA XpOMOCOM IUIo/a B 00pasIie.

CornacHO HEKOTOPBIM BapHaHTaM pPeaTH3alyd KO ISl BRIYMCICHHUS CIUHUIHON 03Bl XPOMOCOMBI UISA
KaXIoW U3 000 omHON min 06ojee XpOMOCOM, MPEACTABIAIONINX WHTEPEC, CONEPKUT KO ISl BRIYMCICHUS
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JI03bI XpPOMOCOMBI ISl BEIOPaHHOM OJTHOM M3 XpOMOCOM, ITPEACTABIIIONINX WHTEPEC, B BUAE COOTHOIICHHUS KO-
JIMYECTBA METOK IMOCIICAOBATCIFHOCTH, HACHTU(UITUPOBAHHBIX IS BBIOPAHHONH XPOMOCOMBI, TPEACTABIISIONICH
WHTEpEC, U KOJIMYECTBA METOK ITOCIIEIOBATEIHHOCTH, MICHTH()UIIMPOBAHHBIX JJISI COOTBETCTBYIOMIEH MOCIEI0-
BaTEJIFHOCTH M0 MEHBIIEH Mepe OJHOW HOPMHUPYIOIIEH XPOMOCOMBI HIIH MTOCIIEIOBATEIFHOCTH HOPMHUPYIOIIETO
CETMEHTa XPOMOCOMBI JJIs1 BRIOPAHHOI XpOMOCOMBI, TIPEICTABIAIONICH HHTEepEC.

CornacHO HEKOTOPHIM BapHaHTaM pean3aIliil CUCTEMa TaKKe COAEPIKUT KOJ JJIS TIOBTOPSIIOIIETOCS BEI-
YUCIICHHUS T03BI XPOMOCOMEI JJIS1 KaXKI0TO M3 JIOOBIX OCTABIIUXCS CEIMEHTOB XPOMOCOMEI JTI0O0OTO OTHOTO HIIH
Oomee cerMeHTOB JIO00H 0JTHOM MK O0JIee XpOMOCOM, MPEACTABIISIONINX HHTEPEC.

CornacHO HEKOTOPHIM BapHaHTaM peaJM3allid OJHA WK 0ojee XpOMOCOM, NMPEICTaBISIOIINX WHTEPEC,
BBIOpaHHBIX M3 XpoMocoM 1-22, X n Y, coepKuT 1o MEHbIIEeH Mepe JABaALAaTh XpPOMOCOM, BBIOPaHHBIX U3 XPO-
MocoM 1-22, X u Y, ¥ mpudeM HHCTPYKIIMU COJICPKAT MHCTPYKIIUH JJIs OTIPEICICHUS IPUCYTCTBUS UIIH OTCYT-
CTBHSI ITO MEHBIIICH Mepe IBAJLATH PA3JIMYHBIX ITOJHBIX aHCYIUIOUINA XPOMOCOM ILIOJA.

CornacHO HEKOTOPHIM BapHaHTaM peallu3alliy 10 MEHBIICH Mepe OllHA MOCIE0BATEIEHOCTE HOPMUPYIO-
el XpPOMOCOMBI TIPEJCTABIISICT OO0 TPYIITy XPOMOCOM, BBIOpaHHBIX M3 XxpoMocoM 1-22, X u Y. CoryacHo
JIPYTHM BapHaHTaM pEalH3alydy 10 MEHbBIICH Mepe OJIHa MOCIENOBATEIEHOCTE HOPMHUPYIOIIEH XPOMOCOMEI
MIPEeNICTaBIsIeT COO0H OTHY XpOMOCOMY, KOTopast BeIOpaHa u3 xpoMocom 1-22, Xu Y.

CornacHo IpyromMy BapHaHTy peai3aluy MpeUIo’keHa CUCTeMa [T IPUMEHEHHS [IPH OTpeAeTICHUHN TIpH-
CYTCTBHSI MJIM OTCYTCTBHUS JIFOOOH OJHOM WM OoJiee PasIMYHBIX YACTHYHBIX aHEYIUIOMIWH XpPOMOCOM IUIO/A B
MaTEepHUHCKOM HCCcIieyeMoM o0pasie, coepKameM HyKJICHHOBBIX KHCIIOT IJI0Ja M MaTepH, MIPHYeM yKa3aHHAsS
CHCTEMa CONEP)KHUT: CEKBEHATOP JAJI MOJMYUYeHHs 00pa3iia HyKJIEHHOBOM KHCIOTH U oOecriedeHus: nHpopMaun
0 TMOCTICIOBATEIFHOCTH HYKJICHHOBON KUCIOTHI TUIO/Ia M MaTepu M3 00pasiia; mporeccop; ¥ MallnHOYUTaEMbIN
HOCHUTEIb JUI XPaHCHHS, CONCPKAIINN WHCTPYKIMH JJIs BRIIOJHEHUS HA YKa3aHHOM TPOIIECCope, IPUYEM yKa-
3aHHBIC HHCTPYKIIMHU COJIEPIKAT:

(a) xox s MOTy4eHus: HHQOPMAITUH O TTOCIICAOBATEIFHOCTH IS YKa3aHHBIX HYKJIICHHOBBIX KUCIIOT TUIO/IA
Y MaTepH B YKa3aHHOM 00paslie;

(b) xon I MpUMEHEHUs YKa3aHHOK MH(DOpPMAIMK O TOCIeI0BATSILHOCTH IS HISHTU(DUKAIINA KOMITHIO-
TEPHBIM CIIOCOOOM KOJIMYECTBAa METOK IOCTICIOBATEIHHOCTH U3 HYKJICHHOBBIX KHCIIOT TUIO/a M MAaTepH IS Kax-
JIOTO ¥3 JIF0OOTO OJTHOTO MIIN 0OJiee CETrMEHTOB JIF00O0U OHON MiTH 00JIee XpOMOCOM, TIPEACTABIISIONINX HHTEPEC,
BBIOpaHHBIX U3 XpoMocoM 1-22, X u Y, ¥ 11 HASHTU(PUKAIIUN KOJIMIECTBA METOK TIOCIIE0BATEIFHOCTH IS TT0
MEHBIICH Mepe OJHOHM ITOCIIeAOBATEIHFHOCTH HOPMHPYIOUIETO CErMEHTa U KaXKIOTO M3 YKa3aHHBIX JIOO0TO
OJTHOTO WJIH 00Jiee CerMEeHTOB JTI000H OJTHOW MK 00Jiee XpOMOCOM, MPEACTABIAIONINX HHTEPEC;

() Ko ¢ MPUMEHEHHUEM YKAa3aHHOTO KOJMYECTBA METOK MOCIICIOBATEIBHOCTH, UICHTH(PHUIINPOBAHHBIX IS
Ka)XJIOTO M3 yKa3aHHBIX JII0OOro OJHOTO WM Oojiee CErMEHTOB JI000H OHON Wil Goiee XpOMOCOM, IPE/ICTaB-
JSFOIMX MHTEPEC, U YKA3aHHOTO KOJMYSCTBA METOK ITOCIICIOBATEIBHOCTH, HACHTU(DUIIMPOBAHHBIX JJIs YKa3aH-
HOH TI0CIIeI0BaTEIbHOCTH HOPMHUPYIOIIET0 CErMEHTA, /ISl BBIYUCICHUS €IUHUYHON O3Bl CETMEHTa XPOMOCOMEI
JUTSL KQXXJIOT0 M3 YKa3aHHBIX JIFOOOTO OJHOTO WM 00JIee CETMEHTOB JIF000M OJTHOM min 0oJiee XpOMOCOM, TPe/-
CTaBIISIONINX HHTEPEC; U

(d) xom st cpaBHEHHMSA KaXKIOW M3 yKa3aHHBIX €IMHWYHBIX 03 CETMEHTa XPOMOCOMBI IUISI KaXKIAOTO W3
YKa3aHHOTO JIF0O0OOTO OJHOTO MU 0oJiee CErMEHTOB JIt000# OHOMN MM 0oJiee XPOMOCOM, MIPEACTABISIONINX HH-
Tepec, C COOTBETCTBYIONINM TIOPOTOBBIM 3HAYCHHEM IS KaXKIOTO M3 YKa3aHHOTO JI0O0T0 OgHOTO Min Oojee
CETMEHTOB XpPOMOCOMBI JIF000# 0THON MM 0oJiee XpPOMOCOM, TPEICTABISIONNX HHTEPEC, U MMOCPEICTBOM 3TOTO
OTIpeNieNIeHUs IPUCYTCTBHS WIIM OTCYTCTBUS OJHON MM OoJiee pa3IMIHBIX YACTHYHBIX aHEYIIOUINHA XPOMOCOM
U102 B yKa3aHHOM oOpasrie.

CornacHO HEKOTOPEIM BapHaHTaM peallu3alliyl KO JUTS BBIYMCICHUS CTUHHYHON O3Bl CETMEHTa XPOMO-
COMBI COZIEPKHUT KOJI JJISl BBIYUCIICHHUS 03Bl CETMEHTAa XPOMOCOMBI JUISl BBIOPAHHOTO OZIHOTO U3 CETMEHTOB XpO-
MOCOMBI KaK COOTHOIICHHE KOJIMYECTBA METOK IOCIEIOBATCILHOCTH, UICHTH(GHUIMPOBAHHEIX JJIs BRIOPAHHOTO
CErMEHTa XPOMOCOMEI, ¥ KOJIMYECTBA METOK TIOCIICIOBATEIIEHOCTH, HICHTH(UITUPOBAHHBIX IS ITOCIICIOBATEb-
HOCTH COOTBETCTBYIOILIETO HOPMUPYIOLIETO CErMEHTa JUISl BBIOPAaHHOTO CErMEHTa XPOMOCOMBI.

CornacHO HEKOTOPHIM BapHaHTaM PEATHM3AINN CHCTEMa TAaKKe COAEPIKUT KOJ JUIA TIOBTOPEHHS BBIYHUCIIC-
HUS O3Bl CErMEHTa XPOMOCOMBI JUISI KaXIOTO M3 JIFOOBIX OCTaBIIMXCS CETMEHTOB XPOMOCOMEI JIFOOOTO OTHOTO
nim 0oJiee CErMEHTOB JIF000M OHOHM Wi 60JIee XpOMOCOM, MPEACTABIISIONINX HHTEPEC.

CorylacHO HEKOTOPBIM BapHaHTaM peau3allii CHCTEMa TaKKe COIMEPKHUT (i) KOJ IJIsl IOBTOPEHUS ITAIoB
(a)-(d) mms mccnemyeMbIX 00pa3IoB OT PA3IMYHBIX MATEPUHCKUX CYOBEKTOB, | (ii) KOJ JUIsl ONpeIeIeHUs TIPH-
CYTCTBHSI MJIM OTCYTCTBHUS JIFOOON OJHOM WM OoJiee PasIMYHBIX YaCTHYHBIX aHEYIUIOMIWH XpPOMOCOM IUIO/A B
Ka)XJIOM U3 yKa3aHHBIX 00pa3IoB.

CornacHo IpyruM BapHaHTaM peajH3alyy JIF0OOW U3 CHCTEM, MPEITIOKCHHBIX B HACTOSAIICM JOKYMCHTE,
KOJI TAaKXKE COJCPKUT KO JJIsI aBTOMATHYCCKON PETUCTPAIIMU MPUCYTCTBUS WA OTCYTCTBUS aHCYIUIOMIUU XPO-
MOCOMBI III0/1a, KOTOPYIO ONpeelsioT Ha dtane (d), B MEIUIMHCKOHM KapTe MaleHTa Al CyObeKTa-uesioBeKa,
OT KOTOPOTO OBUI MOJy4eH MaTePUHCKUHN UCCIIeqyeMbli 00pasel, MpuYeM yKa3aHHYIO PErHCTPAIMIO OCYILECTB-
JSTFOT C PUMEHEHHEM poLeccopa.

CornacHO HEKOTOPHIM BapHaHTaM peajM3alyy JTI000H U3 CHCTEM, IPEAJIOKEHHBIX B HACTOSIIEM JOKyMEH-
T€, CEKBEHATOp CIPOEKTUPOBAH ISl OCYIIECTBICHHUS CeKBeHUpoBaHUs HoBoro mokosienus (CHIT). CormacHo
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HEKOTOPHIM BapHaHTaM peaJM3aliil CEKBEHATOp CIPOEKTHPOBAH Ul OCYIIECTBICHHS IIHPOKOMACIITaAOHOTO
HapauleJIbHOrO CEKBEHUPOBAHUS C MPUMEHEHHEM CEKBEHHPOBAHUS MOCPEICTBOM CHHTE3a C OOpaTUMBIMH Kpa-
curensMu-TepMuHaTopamu. CorylacCHO APYTHUM BapHaHTaM peaji3alii CEKBEHATOP CIIPOSKTHUPOBAH IS OCYIIe-
CTBJICHUS CEKBEHHPOBAHIS IIOCPEACTBOM JIUTHpoBaHusa. COTIacHO TPEThUM BapuaHTaM pealn3allii CEKBEHATOP
CIPOEKTHPOBAH ISl OCYIIECTBICHHUS OJHOMOJIEKYISIPHOTO CEKBEHUPOBAHUS.

IIpuMmepbI

ITpumep 1.

[Tomy4yeHne 1 ceKBEeHUPOBAHNE TICPBUYHBIX M 00OTAIIEHHBIX OMOINOTEK CeKBEHNPOBAHUSI.

a. [Tomydenne OnOIMOTEK CEKBEHMPOBAHMS - COKpAIIEHHBIH poTokos (ABB).

Bce OMONMOTEKH CEKBEHHPOBAHUS, T.€. MIEPBUYHBIC M 00OTAIICHHBIC OMOIMOTEKH, MONTYyJaTd U3 IpUOIH-
3uTenbHO 2 Hr ouniieHHo# cii/IHK, koTopyto skcTparupoBaim n3 MaTepuHCKOH Iiasmel. [lomyyenne 6ubmmo-
TEKH OCYIIECTBISUTH ¢ IpuMeHeHrneM HaOopa peakTnBoB NEBNext™ DNA Sample Prep DNA Reagent Set 1
(momep o katasory E6000L; New England Biolabs, Uniceru, Maccauaycerc) mis [llumina® criemyrormmm o6pa-
30M. ITockonbky Oecknerounast JTHK mua3msl B mpupose siBisieTcs: pparMeHTHPOBAHHOM, KaKylO-JIMOO IOMOoII-
HUTENBHYIO (parmeHTanuio oopasnos JHK mma3mel mocpeacTBoM MmysbBepH3allK MM 00pabOTKU yIbTpas3By-
KOM HE NpOBOAMIIM. BricTynaronme KOHIBI MPUOIM3UTENBHO 2 HI' ouuIIeHHBIX (parmenTos cii/IHK B 40 Mk
npeoOpazoBeIBaM B GochoprmnpoBaHHbie Tymble KOHIBI cormacHo Moayinio NEBNext® End Repair Module
nocpeacTBoM uHKy6anmu ciu/IHK B MukporenTpudyx ol npodupke oosemom 1,5 mit ¢ 5 M 10X Oydepa mis
(dhochopunmpoBaHus, 2 MKI CMECH JIE30KCHHYKICOTHI0B B pactBope (10 MM kaxkaoro nHT®), 1 mxn JHK-
nmosumepassl 1 B passenennu 1:5, 1 mxn JIHK-monmmmepassr T4 u 1 MK TOMMHYKIEOTHAKUHA3H T4 u3 Habopa
peaktuBoB NEBNext™ DNA Sample Prep DNA Reagent Set 1 B Teuenne 15 mun npu temneparype 20°C. 3a-
TeM (hepMEeHTH HHAKTUBHUPOBAIN HATPEBAHUEM ITOCPEACTBOM MHKYOAIIMH PEaKIIMOHHON CMECH TPH TEMIIepary-
pe 75°C B Teuenune 5 muH. CMech oXJaxxaanu 0 TeMreparypsl 4°C, u npoBoauiau npucoennnenune dA-"xsocra"
k TynbeiM kKoHIaMm JIHK ¢ nmpumenennem 10 Mk Mactep-Muke 1yt npucoeanHenmst dA-"xBocra", comepxameit
¢parment Knenona (ot 3'- k 5'-9x30 munyc) (NEBNext™ DNA Sample Prep DNA Reagent Set 1), 1 naky6arun
B TedeHue 15 mun mpu temmneparype 37°C. 3atem ¢parmenT KiieHoBa HHAKTHBUPOBAIHM HarpeBaHUEM TIOCPEII-
CTBOM HMHKYOAITMU peaKIMOHHOW cMecu mipu Temieparype 75°C B teuenne 5 muH. [locine nHakTuBanmu par-
menTra Kinenosa 1 Mxn cmecn Genomic Adaptor Oligo Mix (Homep no xaramory 1000521; Illumina Inc., Xe#-
Bapa, Kamudopuus) Illumina B pasBexenun 1:5 npumensuu st auruposanus agantepos Illumina (Hemnaekc-
Hele Y-ananrepsr) ¢ JJHK ¢ npucoenunenasiM dA-"xBocroM" ¢ npumenenuem 4 mMkn JJHK-nurassr T4 u3 Ha6o-
pa peaktrBoB NEBNext™ DNA Sample Prep DNA Reagent Set 1 mocpencTBoM HHKyOaIuu peakIMOHHON cMe-
cu B TeueHue 15 mun npu temmepatype 25°C. Cmech oxnaxaanu o Temnepatypsl 4°C, U JUTHPOBAHHYIO C
amanrepamu ci/IHK ounmany ot HeMMrMpOBaHHBIX aJanTepoB, ITMMEPOB analTepoOB M APYTHX PEaKTHBOB C
NPUMEHEHNEM MarHUTHBIX OYCHH U3 CHCTEMBI 11l ouncTky npoaykros ITIP Agencourt AMPure XP (Homep mo
karaiory A63881; Beckman Coulter Genomics, JlenBepc, Maccauycetc). st CEEKTHBHOTO 00OTAIIEHUS JIN-
rupoBaHHoi ¢ amantepamu cii/IHK (25 mxir) mpoogwmm BocemHamath nukioB [P ¢ mpuMeHneHnem mMacrep-
mukc Phusion® High-Fidelity Master Mix (25 mxi; Finnzymes, Yob6epH, Maccauycerc) u npaiimepos i [TLIP
[lumina (0,5 MKM KaI0T0), KOMITIEMEHTApHBIX aaantepam (Homep mo kataiory 1000537 u 1000537). [Iposo-
v TP nmuruposannoit ¢ agantepamu JJHK (98°C B Teuenue 30 c; 18 mukinoB 98°C B Teuenue 10 ¢, 65°C B
teyerne 30 ¢ m 72°C B Teuenne 30 c; KOHEUHAs dJIOHTANMS TpU Temmieparype 72°C B TedueHue 5 MUH, XpaHCHHE
npu Temrieparype 4°C) ¢ npumenerremM npaitmepoB Genomic PCR Primers (Ne mo katanory 100537 u 1000538)
[llumina u mactep-mukc Phusion HF PCR Master Mix u3 Habopa peaktnBoB NEBNext™ DNA Sample Prep
DNA Reagent Set 1 B COOTBETCTBHY ¢ HHCTPYKIHSIMH IPOU3BOAUTENS. AMILTH(UITUPOBAHHBIN MPOIYKT OUHIIIA-
JIM C IPUMEHEHNEM CHCTEeMBI 11 ouncTky npoaykToB I[P Agencourt AMPure XP (Agencourt Bioscience Cor-
poration, beBepnn, Maccauycerc) B COOTBETCTBUH C HHCTPYKIMSIMH ITPOM3BOANUTENS, JOCTYITHBIMH MO aJIpecy:
www.beckmangenomics.com/products/AMPureXPProtocol 000387v001.pdf. Ounmennsii ammmpUIAPOBaH-
HBII TpoykT amoupoBany B 40 Mk Oydepa EB Qiagen, n KOHIEHTpaIMIO ¥ pa3Mep pachpeaeieHus aMIutdu-
[IMPOBAHHBIX OMOJIMOTEK aHAIN3UPOBAIM C IpUMeHeHneM Habopa Agilent DNA 1000 Kit st 6noananmsaropa
2100 Bioanalyzer (Agilent technologies Inc., Canrta-Knapa, Kanudopuus).

b. ITomydeHune OUOINOTEK CEKBEHUPOBAHUS - TIOJTHBIN TIPOTOKO.

[TosHBI TPOTOKOJI, OTIMCAHHBIN B HACTOSIIEM JOKYMEHTE, MPEICTaBiIseT co00i, 0 CYIIECTBY, CTaHAAPT-
HBIA TIPOTOKOJI, MPeIOKEeHHBI Kommanuei I[llumina, n otaudaercss ot npotokona Illumina HCKITIOYUTENBHO
OYHCTKOH aMIuuduIupoBanHoit 6udmmoreku. I[Iporokon Illumina nHpOpMHUPYET, UTO OUUCTKY aMIUTH(DHUITUPO-
BaHHOH OMONHMOTEKH MPOBOJAT C MPUMEHEHHEM Telb-JIeKTpodopesa, B TO BpeMs KaK B IIPOTOKOJIE, OMHCAHHOM
B HACTOAIIEM IOKYMEHTE, Ul JaHHOTO 3Tala OYHUCTKH MPUMEHSIOT MarHUTHBIE OyCHHBI. [y momydeHus mep-
BUYHOW OMOJIMOTEKU CEKBEHUPOBaHMS ¢ MpuMeHeHneM Habopa peaktnBoB NEBNext™ DNA Sample Prep DNA
Reagent Set 1 (Homep mo karanmory E6000L; New England Biolabs, MncBu4, Maccauycerc) mist [llumina®, o
CYIIECTBY, B COOTBETCTBHH C MHCTPYKLIHUSMH MPOM3BOIUTENS MPUMEHSIM NPUOIU3UTEIHHO 2 HI' OYHIIEHHON
cuJIHK, sxcTparupoBaHHON M3 MaTepUHCKOM iia3Mbl. Bce aTarbl, 3a UCKIIIOUEHWEM UTOTOBOW OYMCTKU JIUTH-
POBaHHBIX C aJanTepamy MPOIYKTOB, KOTOPYIO OCYIIECTBIISUIA ¢ IPUMEHEHUEM MAarHUTHBIX OYCHH M PEaKTHBOB
Agencourt BMECTO KOJIOHKH JUISI OYHMCTKH, NPOBOJMIM COTJACHO IPOTOKOJY, COIYTCTBYIOLIEMY pPEaKTHBaM
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NEBNext™ Reagents for Sample Preparation mis 6ubnunoreku reaomuoin JIHK, koTopyro ceKBEHHUPYIOT ¢ TIpH-
meHnenueM GAII Illumina®. TTpotokon NEBNext™, mo cyImecTBy, COOTBETCTBYET TAKOBOMY, MPEIJIOKEHHOMY
[llumina, koTopsIit moctymeH o axpecy: gref.jhml.edu/hts/protocols/11257047 ChIP_Sample Prep.pdf.

BricTynaroniue KOHIBI IPHOIN3UTENBHO 2 HT ounIeHHbIX (parmenToB cii/[HK B 40 Mk npeoOpa3oBsiBa-
1 B GochoprmupoBaHHbIe TyIbIe KOHIBI coraacHo Moayito NEBNext® End Repair Module mocpenctBom uH-
kybammu 40 mMxn ci/IHK ¢ 5 mxin 10X Oydepa ans pochoprnupoBanus, 2 MKJI CMECH JE€30KCHHYKIJICOTHIIOB B
pactBope (10 MM kaxgoro tHT®), 1 mxn JHK-monmmepassr I B pasBenenun 1:5, 1 mxn JJHK-nonumepassr T4
u 1 Mxu nonmmHykineotuakrHassl T4 u3 Habopa peaktiBoB NEBNext™ DNA Sample Prep DNA Reagent Set 1 B
MHUKPOTIEHTpUQYKHOU mpobdupke odobemom 200 MK B TepMonukiiepe B TedeHre 30 MuH mpu temmeparype 20°C.
Ob6pazen oxnaxknanu 1m0 Temreparypbl 4°C u ounmanu ¢ npuMeHeHueM koloHKH QIAQuick m3 Habopa QI-
AQuick PCR Purification Kit (QIAGEN Inc., Banencus, Kamudopuus) cienyrommm obpazom. 50 MK peaxiu-
OHHOW CMECH TIEPEHOCWIH B MUKPOLCHTPU(PYKHYIO MPoOUpKy obdbeMom 1,5 Mt u mobasisimu 250 Mk Oydepa
PB Qiagen. ITomyuennsie B pesynbrate 300 MK niepeHocii Ha KOJIOHKY QIAquick, koTopyro neHTpudyrupo-
Banu B MukporeHrpudyre npu 13000 06/mMuH. B Teuenue 1 mun. Kononky nmpomsiBanu 750 mxn 6ydepa PE Qi-
agen M MOBTOPHO LEeHTpU]yruposaan. OCTaTOYHBINA 3TaHOJ YAAISIIM TIOCPEICTBOM JOIIOJHUTEIHLHOTO EHTPHU-
¢yrupoBanus B TeueHue 5 MuH nipu 13000 o6/mun. JTHK amouposamu B 39 mxin Oydepa EB Qiagen mocpenct-
BOM 1eHTpudyruposanus. [Ipucoequnenue dA-"xBocra" k 34 mxn JJHK ¢ TynpIMU KOHIITaMH TPOBOAWIIH C TIPH-
MEHEHHEM 16 MKJI MacTep-MHKc 1yl pucoeanHenust dA-"xBocra", conepxarueii gpparment Kienosa (ot 3'- k
5'-s3x30 munyc) (NEBNext™ DNA Sample Prep DNA Reagent Set 1), u uakyOaruu B Tedenne 30 MUH TIpH TEM-
neparype 37°C corytacHo HHCTPYKIUH Tipon3BoauTesst Moayast NEBNext® dA-Tailing Module. O6pazen oxia-
xnam 1o Temneparypsl 4°C 1 ounmmany ¢ npuMeHeHHeM KosoHkH u3 Habopa MinElute PCR Purification Kit
(QIAGEN Inc., Banencus, Kanmudopaus) ciaenyromunm oo6pazoM. 50 MK peakIMOHHONH CMeCH INEPEHOCHIH B
MHUKPOLEHTPUDYKHYIO TPOOHUPKY o0beMoM 1,5 Mt n godasisim 250 mxn 6ydepa PB Qiagen. 300 Mk epeHo-
cui Ha KoJloHKYy MinElute, koTopyto nenTpudyruposanu B MukpoteHTpudyre mpu 13000 o6/MuH. B TeueHue 1
muH. Kononky npomeiBanin 750 mkn O0ydepa PE Qiagen u moBTopHO neHTpudyrupoBanmn. OCTaTOIHBIN dTaHOI
YA TIOCPEACTBOM JOTIOTHUTEIHHOTO TeHTpUyrupoBanus B Teuenne 5 mMuH mpu 13000 o6/mmu. JTHK
smroupoBaiu B 15 Mk 6ydepa EB Qiagen mocpenctsom nienrpudyrupoanms. 10 mxi amoata JITHK nakyOHpo-
Banu ¢ 1 Mk cmecu Genomic Adapter Oligo Mix (Homep mo katanory 1000521) Illumina B pa3zsenenuu 1:5, 15
Mka 2X 6ydepa Quick Ligation Reaction Buffer u 4 mxn JIHK-nuraser Quick T4 DNA Ligase B Teuenne 15 MuH
npu Temriepatype 25°C cormacao nHCTpyKiuy Mmoayisi NEBNext® Quick Ligation Module. O6pazerr oxnaxma-
mm 1o Temneparypsl 4°C u ouniany ¢ npuMeHeHueM koonku MinElute cexyromm oopaszom. K 30 Mk peak-
IIMOHHOW cMecH nobasismu 150 mxn Oydepa PE Qiagen, n Bech 00beM nepeHocwin Ha KosnoHKY MinElute me-
peHocuin Ha kostoHKy MinElute, koTopyro nenrpugyrupoBanmm B MukporeHtpudyre npu 13000 o6/mMuH B Tede-
Hue 1 muH. Kononky npomsiBanu 750 Mk Oydepa PE Qiagen m moBropHO nieHTpudyruposamn. OctaToyHbIH
9TaHOJ YAAJSUIH TOCPEICTBOM JOMOJHUTENHHOTO neHTpudyrupoBanus B Tedenue 5 mMuH mnpu 13000 o6/muH.
JHK smouposanu B 28 Mk Oydpepa EB Qiagen mocpenctBoM neHTpudyrupoBanus. 23 MKI 3Jr0arta JUTHPO-
BaHHO#M ¢ amantepamu JJHK nmonsepramm 18 mukmam TP (98°C B teuenue 30 c; 18 nukmo 98°C B Teuenue 10
¢, 65°C B Teuenue 30 ¢ m 72°C B Teuenue 30; KOHEUHAs dJIOHTANMs NP Temmeparype 72°C B TedeHHne 5 MUH,
xpaHeHue npu Temneparype 4°C) ¢ npumenenuem npaiimepoB Genomic PCR Primers Illumina (Ne mo karamory
100537 u 1000538) u mactep-mukc Phusion HF PCR Master Mix u3 nabopa peaktuBoB NEBNext™ DNA Sam-
ple Prep DNA Reagent Set 1 B cOOTBeTCTBHM ¢ WHCTPYKITHUSAMH TPOU3BOIUTEINSA. AMIDTUPHUITMPOBAHHBIA MPO-
IYKT OYMINAIH C TPUMEHEHUEM CHUCTEMBI Ui o4uCTKH TpoaykroB IIIIP Agencourt AMPure XP (Agencourt
Bioscience Corporation, beBepau, Maccadycerc) B COOTBETCTBHH C HHCTPYKITUSMH MTPOU3BOIUTEINS, TOCTYITHBI-
MU 1o aapecy www.beckmangenomics.com/products/ AMPureXPProtocol 000387v001.pdf. Cuctema ans oun-
ctku npoaykTos [P Agencourt AMPure XP ynanser nesctpoennsle tHT®, npaiimepsl, 1umMepsl npaiMepos,
COJIM M JIpyTHE 3arps3HAIONINE BEIIECTBAa M BOCCTaHABIMBACT aMIUIMKOHBI pazmepoM Oonee 100 m.o. Ounmien-
HBII aMIUIMUIMPOBaHHBIN TPOIYKT AmonupoBanu ¢ Oycun Agencourt B 40 Mk Oydepa EB Qiagen, n pacmpe-
JieJIeHre pa3Mepa OMOINOTeK aHAIM3UPOBaM ¢ MpuMeHeHneM Habopa Agilent DNA 1000 Kit mis Gnoananmn3za-
Topa 2100 Bioanalyzer (Agilent technologies Inc., Canra-Knapa, Kanmudopaus).

¢. AHanu3 OMOIMOTEK CEKBEHWPOBAHMUS, ITOJIYICHHBIX COTJIACHO COKpaIeHHOMY (a) u moHoMy (b) mpoTo-
KOJIaM.

DnexTpodoperpamMmbl, TOTYICHHBIE ¢ TIOMOIIBIO Tpubopa Bioanalyzer, mpeacraBnensr Ha ¢ur. 7A u 7B.
Ha ¢wur. 7A npencrasnena snekrpodoperpamma oubnmorekn JIHK, momydennoit n3 cu/IHK, ouwmmenHoi u3
obpasna mia3Mel M24228 ¢ nmpuMeHeHHeM TIOJTHOTO TIPOTOKOJIa, OTMCAHHOTO B MyHKTE (a), n Ha ¢ur. 7B npen-
ctaBieHa anekTpodoperpamma ombamorekn JTHK, momydennoit u3 ci/IHK, ounmenHol u3 obpasma mia3mbl
M24228, ¢ npuMEHEHUEM TIOJTHOTO MPOTOKOIIA, onucaHHoro B myHKTe (b). Ha o0eux ¢urypax nuku 1 u 4 npen-
CTaBISIOT HIDKHUM Mapkep 15 m.o. u Bepxuuil Mapkep 1500 COOTBETCTBEHHO; YMCNIAa HAJ NMUKAMU yKa3bIBAIOT
BpeMeHa MUrpany GpparMeHTOB OMOIMOTEKH; ¥ TOPU30HTAIBHBIC JINHUN YKa3bIBAIOT 3aJJaHHBIH MOPOT LISl MH-
terpupoBanus. Ha snexrpodoperpamme na ¢ur. 7B npencraBieH BTOpOCTENEHHBIH NHK (parMeHTOB U3 187
1.0. ¥ OCHOBHOM IUK ()parMeHToB U3 263 11.0., Torna Kak anekrpodoperpamma Ha Gur. 7A 1eMOHCTPHPYET HC-
KITIOYUTENBPHO OAMH MUK IpH 265 m.o. VHTerpupoBanne miomanaeii MIKOB MO3BOJIHMIO PAacCUNTaTh KOHILCHTpA-
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o 0,40 mr/min st JJHK nuka 187 m.o. Ha dur. 7B, konnentpamuto 7,34 ar/min ansg JHK nuka 263 m.o. Ha
¢wur. 7B n xonnentpauuto 14,72 ur/min qus JJHK nrka 265 n.o. Ha ¢ur. 7A. Ananrepsr [llumina, kotopsie nu-
rupoBaiu ¢ ciiJIHK, kak u3BecTHO, COCTABIAIOT 92 1.0. B JJIUHY, YTO TOCJE BRIYUTAHUS U3 265 11.0. TO3BOJIAIIO
oTpeIeNnTh, 9To pazMep nuka ciJIHK cocraBnser 173 m.0. Bo3aMoXxHO, 9TO BTOpOCTENIeHHBIN UK 1pu 187 11.0.
MIpeNCTaBIsIeT cO00H (parMeHTHl ABYX MpaiiMepoB, KOTOphIC OBLIM JUTHPOBAHBI KOHEI K KOHIY. JInHEitHbIe
(parMeHTHI IBYX MpaliMEpOB yOAJSUTH W3 HTOTOBOM OMONHMOTEKH MPOAYKTa, KOT/Ia MPUMEHSUIH COKpAIIEHHBIN
MPOTOKOJI. B COKpameHHOM MTPOTOKONIE TakXKe yNasIi APYTHEe MEHBIINE (PparMeHTHl, JUIHHA KOTOPBIX COCTaB-
nsima Meree 187 mo. B manHOM mpuMepe KOHIIEHTpAIUs OYHMIEHHONW JTUTHpoBaHHOW ¢ amantepamu cii/[HK B
JIBa pasa MPEBBIIIAET TaKOBYIO JHUTUpoBaHHOH ¢ amantepamu cu/IHK, nmomydeHHol ¢ mpuMeHEHHEM MOJIHOTO
MPOTOKOJIAa. BBIIO OTMEYeHO, YTO KOHICHTpAIMs JIMTHPOBAHHBIX ¢ amantepamu ¢parmentoB ci/[HK Bcerma
MpeBbILIalia TAKOBYIO, IOJIYYEHHYIO C IPUMEHEHUEM IOJHOT0 MIPOTOKOJIA (JaHHbIE HE TIOKa3aHbl).

Takum 00pa3oM, IPEUMYIIECTBO MOTYUYCHHUS OMOIMOTEKHA CEKBEHUPOBAHUS C IPUMCHEHUEM COKpAIICHHO-
ro MPOTOKOJIA 3aKIFOYAETCS B TOM, YTO MONyUYeHHAss OMOTHOTEKa CHCTEMATHYECKH COJEPIKUT HCKIFOUHUTEIIEHO
OJIMH OCHOBHOW MUK B AHana3oHe 262-267 1.0., B TO BpeMs KaK Ka4eCTBO OMOIHOTEKH, MOTYYCHHON ¢ IpUMEHE-
HHEM IIOJIHOTO TPOTOKOJIA, BAPBUPYET, YTO OTPAKEHO KOIMYECTBAMHU M MOABIKHOCTHIO ITHKOB, OTIMYHBIX OT
TakoBbIX, TpeacTaBistomux cuIHK. IIpoaykTel, otnuunsie ot cii/[HK, 3aiimyT mpocTpaHCTBO B MPOTOYHOM
sTYeHKe M CHU3ST Ka4eCTBO KJIACTEPHON aMITU(PUKAIINN U TTOCIEAYIONIeH BU3yalu3allii peakiiuii CEKBEHHPOBa-
HHUSI, YTO JIS)KHUT B OCHOBE OOIIeH OIIEHKH cTaTyca aHeyIuronaui. COKpameHHbIH MTPOTOKOI, Kak OBLIO IOKa3aHo,
HE BIUSET HA CEKBEHUPOBAHHUE OMOINOTEKH.

Jpyroe mpenMyIecTBO MorydeHust OMOINOTEKH CEKBEHUPOBAHMS C IPUMEHEHHUEM COKPAIIEHHOTO MPOTO-
KOJIa 3aKIJIF0YaeTCsl B TOM, YTO TPH (PEPMCHTATHBHEIX dTama - JOOABJICHUS TYIBIX KOHIIOB, pUcoeanHeHus d-A-
"xBocTa" W JIMTUPOBAHUSI C aJaNTepaMy, - 3aBEPIIAIOTCSI B TCUCHUE MEHEE Yaca, YTO CIIOCOOCTBYET BAHIAIINN U
BHEJIPEHHIO OBICTPOTO CEPBHCA 110 JUATHOCTHKE aHEYTIIIOHTUH.

Jpyroe mpenMymiecTBO 3aKIF0YaeTCs B TOM, YTO TPU (PCPMEHTATUBHBIX ITama - JOOABICHHS TYIBIX KOH-
0B, npucoeanHeHus d-A-"XxBocra" M JMIMpOBaHUS C aJanTepaMy, - OCYIIECTBISIOT B OJHOM PEaKIHMOHHOH
MpoOHupKe, TakuM 00pa3oM, m3deras MHOTOYHCICHHBIX TEPEHOCOB 00pa3iia, KOTOPhIe MOTEHIIHATBHO MOTYT
MPUBECTH K TOTEpe MaTepuaa 1, 9Tto OoJjiee BaXKHO, K BO3SMOKHOMY IEPETyTHIBAHNIO 00pa3I0B U 3arpI3HEHUIO
obpasra.

[Ipumep 2.

HewnnBasuBHOE npeHaTaNbHOE TECTUPOBaHKE C IPIMEHEHHEM pa3Mepa (pparmenra.

Baenenue.

C MoMmeHTa kKoMMepdeckoro BHeapeHus B koHue 2011-navane 2012 r. HeMHBa3uBHOE MpEHATAIBHOE TeC-
tupoBanue (HUIIT) 6ecrierounoit THK (cu/lIHK) B MaTepuHCKOM MmIa3Me OBICTPO CTANO CIOCOOOM, TPEAoy-
TUTEIBHBIM JUIS CKPUHUHTa OCPEMCHHBIX JKCHIIUH, IOJBCPKCHHBIX BBICOKOMY PHCKY aHCYIUIOMAHMU ILIOJA.
Crioco0Obl TIPEUMYIIICCTBEHHO OCHOBaHBI Ha BBIICICHUU W cekBeHupoBaHuu ci/IHK B mmasme OepeMeHHBIX
JKCHIIUH U ToJicueTe konmdectBa pparmentoB ciu/[HK, koTopbie BRIpaBHUBAIOTCS ¢ KOHKPETHOM 00JACThIO pe-
(epeHcHOTO TeHOMa YenoBeka (uctounukw: Fan et al., Lo et al.). Jlanasle cnocoOwl cekBenupoBanus JHK u
MOJICKYJISIPHOTO TTO/ICYeTa 00ECIIEYNBAIOT BEICOKOTOYHOE ONPEACTICHNE OTHOCHTEIIFHOTO YHCIa KOTHH AT Kax-
JIOW M3 XpOMOCOM B IIpeJiesiaXx TeHOMa. BEICOKIE TyBCTBUTEIHHOCTH U CIICITU(PIIHOCTH 0OHAPYKSHHUS TPHCOMUIH
21, 18 u 13 ObITM BOCTIPOM3BOAMMBIM 00pPa30M JOCTUTHYTHI BO MHOTHX KIIMHMYECKUX HUCCIICIOBAHUSIX (CCBIIIKH,
nutata Metaananmm3 Gil/Nicolaides).

CoBceM HEJaBHO JOMOJHHUTEIBHBIC KIMHIYECKHE UCCICIOBAHNS MTPOAEMOHCTPUPOBAIH, YTO JAHHBIN MO~
XOJI MOKHO PacIpOCTPaHUTh Ha OOIIYIO MOMYJISIUI OepeMEHHBIX. MeX Ty MOMYIISIUSIME BEICOKOTO H CPETHETO
pHCKa TOMAIOIIHECS O0OHAPYKCHHUIO PA3IUdusi BO (PaKIUAX IUI0OJA OTCYTCTBYIOT (CCBUIKH). Pe3ympTathl Kin-
HUYECKHUX HccienoBaHuil neMoHcTpupytot, uro HUIIT ¢ npumeneHnemM MOJIeKyIIpHOro MojAcueTa NoCpeiCTBOM
cekBeHupoBanus cu/IlHK ocymiecTBisieTcss OAMHAKOBO B 00CHX MOMYNIANUAX. BBUIO MPOJAEMOHCTPUPOBAHO CTa-
TUCTHYCCKH 3HAYUMOE YIYYIIICHHUE MOJIOKUTESIHHON MPOTHOCTHYECKOW 3HaunMMocTH (positive predictive value,
PPV) o cpaBHEHHIO CO CTAaHIAPTHBIM CKPUHHHIOM CHIBOPOTKH (CCBUTKH). bollee HU3Kas OIS JTOKHO MOJIOKH-
TENBHBIX PE3YIbTATOB aHAINM3A IO CPABHEHHUIO C OMOXUMHYECKUM aHAJIN30M CHIBOPOTKH W W3MEPEHHUEM TOJIIIH-
HBI BOPOTHHKOBOTO TIPOCTPAHCTBA B 3HAYUTEIHHOIN CTENECHNW CHHU3MIA MOTPEOHOCTh B MHBA3MUBHBIX JHATHOCTH-
YeCKUX mporeaypax (cM. myommkanuro Larion et al., ccputku u3 rpynmsl Abuhamad).

YuurteiBas xopome padoune xapakrepuctuku HUIIT B oOmmiedt monmynsaiuu 6epeMeHHBIX, Ha CETOHSIIII-
HHUH J€Hb MPOCTOTa U CTOMMOCTH pab0vero mporecca CTaIi OCHOBHBIM COOOpa)KeHHEM /ISl BHEIAPEHHS CEKBe-
auposanus ciiJIHK c 1ienbro oOHapyXKeHHS aHSYTUTOUANH IIeJI0H XpOMOCOMBI B OOIIIEH MOMYJISAINN OepeMEHHBIX
(ccpika: ISPD Debate 1, Brisbane). B 6ompmmHcTBe mabopatopusix criocoboB HUIIT npumensitor sram am-
TUIM(UKALIY TIOCPEJICTBOM ToMMepa3Hor nenHoi peakunu (I11[P) mocne momaydeHus OMOIMOTEKH U CEKBEHHU-
pOBaHME OJMHOYHBIX KOHIIOB, JIsi KoToporo Tpedyercst 10-20 muH yHHKanbHBIX ¢parmentoB ci/IHK mst moc-
THYKCHUS TIPUEMIICMOH YyBCTBUTEIEHOCTH C LIEIBI0 0OHApYkeHus aHeymuonanu. CI0KHOCT pabodero mporec-
ca Ha ocHoBe [IL[P u moTrpeOHOCTH B OoJice TIyOOKOM CEKBEHUPOBAHWU OTPAaHMYMBAIIM TOTCHIMAN aHAIU3a
HUIIT u npuBenu x yBeIUYEHUIO 3aTparT.

B macrosmeM ZOKyMEHTE MPOAEMOHCTPHPOBAHO, YTO BBICOKHMX AHATUTHYCCKUX YYBCTBHTEIHHOCTEH H
cnenr(UIHOCTEH MOXKHO JOCTHYH IIPH MPOCTOM MOIYUCHUN OMOINOTEKH C IPUMEHEHHEM OYeHb HU3KOTO KOJIH-
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yectBa cu/IHK Ha Bxonme, mns kotoporo He Tpebyercs [MI[P-ammndukanus. Crocob 6e3 npumenenus [11P
yIpoIaeT pado4nii mporece, yIydIiaeT BpeMsi 000poTa U yCTpaHsAET IOTPEIIHOCTH, MPUCYIIUE crocodaM Ha
ocHoBe [1I1P. Pabounii mpornecc 6e3 aMITUpUKAIINA MOXHO COYETATh C CEKBEHUPOBAaHUEM CITAPESHHBIX KOHIIOB
JUTsL oOecrieueH sl OINpeeNICHIs JIINHbI (PparMeHTa I KaXXI0W METKH W JUII CYMMapHOH (paKkIuy 1ioaa B Ka-
)kaoM obpaste. [Tockonmsky dparmentsl cii/IHK mmona sBistores 6oslee KOPOTKMMH, YeM MaTepuHCKHE (par-
MeHTHI [cebutka Quake 2010, takke crneayeT nmporutupoBath cTaThio Lo Science Clin Translation], o6Hapysxe-
HHUE aHEYIUTOMINH IUI0/Ia U3 MAaTEPHHCKOM IIa3Mbl MOKHO OCYIIECTBUTH 3HAYHTEIBHO 00Jee HaJeKHBIM H (-
(heKTHBHBIM CTIOCOOOM, JJISl 4ero MoTpedyeTcsl MEeHbIee KOJUIeCTBO YHUKAILHBIX ¢parmenToB cii/IHK. B co-
YeTaHWW yIyYIIeHHas aHaJIUTHYECKash YyBCTBHTEIBHOCTh W CHENU(GUYHOCTH JOCTHIAIOTCS C OYEHb OBICTPBIM
BpeMEHEM 000poTa NpH B 3HAYMTENILHOM CTeleHH MeHblIeM KonmdectBe parmentoB ci/[HK. Dto morenuu-
anpHO mo3Bosrsier npoBoauTe HUIIT co 3HaYMTENbHO MEHBIIMMH 3aTpaTaMM JUIs OOJErdeHHs] IPUMEHEHHS B
o01eH nomy Ay 6epeMeHHBIX.

Crioco0Bl.

O6pa3sis! nepudepudeckoit kporu nomemanu B mpooupku BCT (Streck, Omaxa, Hebpacka, CIIIA) u me-
peso3mm B naboparopuro CLIA Illumina B Paaya-Cutu miast kommepueckoro uccnempoBanus HUIIT. Tloamm-
caHHbIC (OPMBI COTJIACHS MAMEHTAa ITO3BOJISUTH IeUACHTH(UIINPOBATh BTOPHIC ATMKBOTHI INIa3MBI M IIPUMEHSTh
U KIIMHAYECKOTO HCCIICAOBAHMS, 32 WCKIIOUYEHHEM OOpasloB OT MAIMeHTa, OTHPAaBJICHHBIX W3 mTaTta Hbro-
opk. OBpasie! MIa3MBl LTS TaHHOH paGoThl BEIOHPATN TAK, YTOOBI OHH BKIIOYATH KAK HEMOPAKEHHBIC, TAK H
aHEYIUIONTHBIC TIIOJIBI ¢ Anara3oHoM KoHmeHTpanuii ci/IHK u ¢ppaxmuii mona.

YrpornieHne nmpoeccuHra OuoINOTeK .

ci/IHK skerparupoBamu n3 900 MK MaTepHHCKOW IUIa3Mbl ¢ IPUMEHEHHEM 96-TyHOYHOTo Habopa Ui
ounctky kKpoBH NucleoSpin (Macherey-Nagel, {ropen, 'epmannst) ¢ He3HAUUTETLHBIMA U3MEHEHUSIMU UISL HC-
MOJIE30BaHUs OOJIBIIETO KOJIMYECTBa Jin3aTa Ha BXoxe. Brinenennyto ci/IHK HemocpencTBeHHO momernanu B
npouecc OMOINOTEKN ceKBeHUpoBaHUs Oe3 kakoro-imbo Hopmuposanus ciu/IHK Ha Bxone. bubnmoreku cexse-
HUPOBAHMS TOTOBWIM ¢ TIoMolbio Habopa mra 6ubmmorexn TruSeq PCR Free DNA (Illumina, Can-/{uero, Ka-
mudopuus, CIIIA) ¢ mBoiHBIMU HHICKCAMU I MTpUX-KoaupoBanus pparmentos cii/IHK ¢ nenpio naeHTndu-
Kauu o0pasnoB. Cieayromnue N3MEHEHHS B POTOKOJIe OMOIMOTEKN MCTIONBb30BAIN TSI YITyUIIICHHS] COBMECTH-
MOCTH TOJTy4eHHUs1 OubmmoTeku ¢ Hu3Kkou koHneHtpamueit cii/IHK Ha Bxome. OObeM MaTpHIlBl HA BXOJE YBEJIH-
YUBAJIH, TOTAa KaK 00beM MacTep-MHUKC JJIT BOCCTAHOBJICHHS KOHIIA, IPUCOSANHEHMS A-"XBOCTa" M JTUTHPOBA-
HUS ¥ KOHIIEHTPAINH aJanTepa CHIDKaIH. [|OMOTHUTEIRHO, TTIOCIIe BOCCTAHOBIICHHSI KOHI[OB BBOJIUIH 3TAIl YHH-
YTOXKEHUS HarpeBaHUEM IS IeaKTUBAINH (PePMEHTOB, YAAJSIIN 3TAll OYMCTKU TIOCIIe BOCCTAHOBJICHHUS KOHIIOB C
nomompto 0ycun SPRI (mocTaBomK yciyr), ¥ 9II0MpOBaHNE B TE€USHHUE dTara OYHCTKH I10CIIe JIUTHPOBAHUS OY-
cuH SPRI npoBonunu ¢ npumenenuem o0ydepa HT1 (Illumina).

Omun xxunkoctHed ManumyssaTop MICROLAB® STAR (Hamilton, Puno, Hesaga, CIIIA), kordurypu-
PpOBaHHEIN ¢ 96-KaHAIBHOM TOJIOBKOHM M 8 KaHaJaMH JUIS MUIETHPOBAaHKS 00beMOM | MJI, MPUMEHSUH 71t 00pa-
60TKH 96 00pa3IOB MIa3Mbl MAPTHSMH B TeUeHHE BpeMEHH. JKUIKOCTHBIH MaHHITYJISITOP MPOLECCHPOBA KaXK-
JbI MHIMBUOYAIBHBIN 00Opasel] ria3msl mocpeactBoM skcrpakiuun JJHK, momydenus 6nbaroTekn cekBeHHPO-
BaHMS M KOJIMUECTBEHHOTO OIpeieeHust. BUONMOTeKH HHANBUIYyalbHBIX 00pa3I0B KOJMYECTBEHHO ONPEACIISIIN
¢ momornrsio AccuClear (Biotium, XeiBapn, Kamudopuus, CIIIA) u monydanu obseaunHeHHble 48 00pasmnos ¢
HOPMHPOBAHHBIMH KOJIMYECTBAMH Ha BXOJE, YTO MPHUBOIIIIO K IOIydCHHIO KOHEYHON KOHIEHTpauuu 32 mM
JUTSI CEKBEHHPOBAHUS.

CeKkBeHHPOBaHHE CIIAPEHHBIX KOHIIOB.

CexBenupoanne JIHK nposoaunm na npubdope NextSeq 500 Dlumina ¢ nmpuMeHeHHEM CEKBEHHUPOBAHUS
CIapeHHBIX KOHIOB 2x36 1.0., IUIIOC JONOJHHUTENbHbIE 16 IUKIIOB Il CEKBEHHMPOBAHMS IITPUX-KOJOB 00pas-
1I0B. B cymMe B 8 HE3aBUCHMBIX MAPTHSIX CEKBEHUPOBAHMS aHATU3UPOBau 364 obpasia.

[Mapusie nocnenoBatensuoctd JAHK nemynprumnexkcupoBanu ¢ npuMenenueM bel2fastq (Illumina) u xap-
THUpOBaNN Ha pedepeHcHbIN reHoM denoBeka (hgl9) c mpuMeHeHNeM anropuTMa BeIpaBHUBaHUS bowtie2 [ccbul-
ka Landmead]. [TapHble puabl TOKHBI OBLIM COOTBETCTBOBATH MPSMON M 0OpaTHOM LEMsM ISl X IMOJCYeTa.
Bce moncunraHHble KapTUPOBaHHBIE Maphbl, IPEBHILAIONINE TTOKa3aTeNs kadecTBa kaptupoBanus 10 (Ruan et
al.), ¢ T100aJIPHO YHHUKAJIBHBIMU MEPBBIMU PHJIAMH OTHOCWIIM K HENEPEKPBIBAIOIIUMCS T10CIIEI0BATEIILHBIM Te-
HOMHBIM 0JIoOKaM (MKCHpOBaHHOHN IUPpUHEI pazmepoM 100 1.0. [TpubnusurensHo 2% reHoMa IpoaeMOHCTPHPO-
BaJI0 B BBICOKOH CTEIIEHU BapbUPYIOIIEe MEPEKPBITHE CPEN HE3aBUCHMOTO MHOXKecTBa oOpaznoB HUIIT, n ux
WCKITIOYAITH U3 TTOCIIEAYIOIIETO aHaJIH3a.

C npumeHeHrneM HHGOpPMauK 0 TEHOMHOM PAacCIOIOKEHNH U pa3Mepe ¢pparMeHTa, JOCTYIHOM W3 KapTu-
POBAHHBIX PACTIOJOKEHUH KaXKIIOTO M3 JBYX KOHIIOB CEKBEHHpOBAaHHBIX (pparmentoB ci/IHK, momydamm nse
TepeMeHHbIe T Kaxaoro okaa 100 T.0.: (a) oOmue mojacYuTaHHBIC 3HAYCHHUS KOPOTKUX ()parMeHTOB MEHee
150 map ocHoBaHuii B uymnHY, U (b) ¢pakmuro pparmentoB ot 80 mo 150 map ocHOBaHHH B TpeeTax MHOKECTBA
Bcex (parMeHTOB [uIMHOM Menee 250 map ocHoBanuid. OrpanuueHne pasmepa gpparmentoB menee 150 map oc-
HOBaHMH oOoramaer parMeHTamMu, MOJy4YeHHBIMH U3 IIALCHTHI, KOTOphIe sBIstoTest 3aMenuTeneM JJHK mio-
na. Opaknus KOpOTKHX (parMeHTOB XapaKTepu3yeT OTHOcHTeNbHbIe KonmuecTBa cii/[HK rutona B cmecn mmas-
me. CfDNA u3 TpHCOMHUYECKOTO IJI0Aa, KaK OKUIAeTcs, OyAeT conepikaTh OONBIIYI0 (PPAKLIUI0 KOPOTKHUX PH-
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JIOB, KapTHPYIOIINXCSI HA TPHCOMUYECKYIO XPOMOCOMY, 110 CPaBHEHHIO C DYIUIOMIAHBIM ILUIOIOM, KOTOPBIH SIBIISI-
€TCsl IMCOMHYECKUM I10 JaHHOH XpOMOCOME.

IMoacunranHsle 3HaUEHUA U QPAKIUN KOPOTKHUX (parMEHTOB HE3aBHCHMO HOPMHPOBAIH AJISI yCTPAHEHHS
CHCTEMaTHYECKUX MOTPELIHOCTEH aHann3a U obpaseln-crenn(UIHBIX BapHaLlUH, MPUCYIINX TEHOMHOMY COJEp-
JkaHUIo TyannHa u nuro3uHa (GC), ¢ mpuMeHeHneM Ipoliecca, mpencTaBieHHoro Ha ¢ur. 2D. HopmupoBaHHbIe
3HAYEHH LICH3YPUPOBAIH [TOCPEICTBOM yJaleHUS OJIOKOB, OTKIOHSBIIMXCS OT MEANAHBI IEIOH XPOMOCOMBI Ha
Gosiee ueM 3 yCTOWYIMBBIX M3MEPECHUS CTAHAAPTHOTO OTKIOHEHWs. HakoHem, Ui KaXXIOH U3 IBYX MEPEMEHHBIX
[ICH3ypUPOBAaHHbIE HOPMHUPOBAHHBIC 3HAUCHHMS, CBSI3aHHBIE C LIEJICBOM XPOMOCOMOM, CPaBHUBAIN C TAKOBBIMH
HOPMUPYIOIIHX peepeHCHBIX XPOMOCOM JUISI COCTABJICHHS t-CTATUCTUKH.

JlaHHBIE OT Ka)XIOH CepUM CEKBEHHPOBAHHMS CIIAPCHHBIX KOHIIOB MPOXOAMIM YEThIpE JTarna aHamusa: 1)
npeoOpa3oBaHue puna, 2) paseieHue XapakTepUCTUK Ha OJoku mpu paspemienun 100 T.0., 3) HOpMHUpOBaHHUE
Ka)XIOH XapaKTepUCTHKHU (IIOJCYMTaHHbBIE 3HaYeHUS U (pakuus) npu pazpemenun 100 T.0. 1 4) oObenuHEHUE
XapaKTEepUCTHK M OIpeAesIeHHe ToKas3aresed Uil oOHapyxeHus aHeymionauu. Ha stame 1 manHble oOpasua
JEMYJIbTUIUICKCUPOBAJIM M3 MHAWBUAYAJBbHBIX IITPUX-KOJOB, BHIPABHUBAJIM C TCHOMOM M (DMIIBTPOBANN IS
KadecTBa IociiejoparebHOCTH. Ha 3tarne 2 npoBoawim oOIIHiA BEIYHUCICHHE KOPOTKUX (parMeHToB MeHee 150
Tap OCHOBAHWH B IJTMHY U OTpeaesiu Gppakiuu gparmeHToB oT 80 10 150 map ocHOBaHWH B Tipeeaax MHOXKeE-
CTBa Bcex (parMeHTOB JIMHON MeHee 250 map oCHOBaHWH I Kaknoro Osioka. I[TorpemHocTn ananu3a u oopa-
3en-crennuIHbIe BapHanuy yCTpaHsIN Ha sTane 3. HakoHer, onpeaersuiin o0oraeHne o CPaBHEHHIO C pe-
(hepeHCOM U OTpeseNsIN MT0Ka3aTeNb ¢ MPUMEHEHHEM t-KpUTEpHUs Ul KaXI0TO U3 TTOACUYUTAHHBIX 3HAYCHUH U
(pakiuy 1 00BEIUHSIIN JUIS TOTyYSHUS] NTOTOBOTO MTOKA3aTelIs C IENbI0 00HAPYKEHHS aHEYTIIIOH IHH.

OOHapyXeHHE aHEYITIOUINH IETI0H XPOMOCOMBI Y TUIOJIA.

ABTOpPBI HACTOSIIIETO M300pETEHHs MPOBEIH HCCIECIOBAHHE, MOXKHO JIN OOBEANHHUTH TIOACUUTAHHBIC 3HA-
YeHUs] M (QpaKIMIo JaHHBIX JUI YCWIEHHS CIIOCOOHOCTH oOHapyxkeHHs: Tpucomuu 21 y moxa. llectHanuats
00pa3sIoB IuIa3Mbl OT OEPEMEHHBIX JKCHIIWH, BBHIHAIIMBAIOIIUX IUIOABI C KapHOTHITMYECKH ITOJTBEPKACHHOM
Tpucomuelt 21, u 294 06pa3noB OT HEMOPaKEHHBIX OepeMEeHHOCTEH CiTydalfHbIM 00pa3oM pacrpenessuia B nap-
THH TPOLECCUHTA, YTO TO3BOJMIO MOIYYHUTh AEBATH MPOTOUHBIX SUEEK I CeKBEHMpoBaHWA. Kaxnipril stan
JITOPUTMA HMCCIIEIOBAIN OTAENIBHO JUIS ONPEAEIEHH CIIOCOOHOCTH Ka)KAOTo 3Tana ¥ KOMOMHAIMH 3TaroB 00-
HapyXXMBaTh aHeymonauto. MToroBelii mokaszarenb Al OOHApYKCHUS aHEYNIOUIUH IJI0Aa B 0OBEIMHEHHOM
cilydyae 3aJaBalM Kak KBaJpaTHBIH KOPEHb M3 CyMMBI KBaJpaTOB ABYX MHIMBHIYaJIbHBIX t-CTATHCTHK, U €IHU-
HUYHBIN TIOPOT MIPUMEHSITN TS TTOJTYICHUS PENICHUS ""aHeYTIION Ul oOHapy)eHa" 1Mo CpaBHEHHIO ¢ "aHeyIIon-
Iist He oOHapyskeHa'.

Brruncienue ¢paknuu mioza.

Jis kaxxnoro odpasna ¢pakuuio mioja ONEHUBAIN C MPUMEHEHHEM COOTHOLIEHHs OOLIEro KOJMYecTBa
¢parmenroB pasmepa [111136 m.o.] k obmeMy konmyecTBY (parmMeHToB pazmepa [165175 m.o.] B mpenenax
MOZMHOXECTBa TeHOMHBIX 0yokoB 100 T.0. C mpuMeHeHneM 00pa3IoB OT JKCHIIHMH, BEIHAIIUBAIONINX IO W3-
BECTHOT'O MY’KCKOTO I10J1a, onpeaessui nepsbie 10% reHoMHBIX 0JIOKOB, KOTOPbIE XapaKTepH30BaJIHCh HAUBBIC-
UMK KOPPEJLSIIUAMHU ¢ (pakiyel Ioa, NOJTyYeHHOH M3 KoJMuecTBa KOMUH X-XpoMOcOMBI [cchlika Raval.
Koppemsuro Mexay oleHKaMn (pakiuy IUI0[a Ha OCHOBAHUH pa3Mepa (hparMeHTa U TaKOBBIMHU, HOTYyYCHHBI-
MH 13 X-XpOMOCOMBI B IUIOJIaX M3BECTHOTO MY’>KCKOTO TI0JIa, BEIYHCIISIIM KOMIBIOTEPHBIM CIIOCOOOM C TIpHMe-
HEHUEM aHaJIn3a MEePEeKPECTHON BaJMAAIMU C UCKIIOUCHHEM 10 OJHOMY [CCBIIKA], KOTOPBIH BKJIIOYAT KaK BbI-
Oop 0JioKa, Tak M OIEHKY MapaMeTpa PerpecCHOHHON MOJENN. 3aTeM BBIYUCICHHYIO (DPAKIIHMIO TUTO/A IOy
13 COOTHOIIIEHUH pa3Mepa (parMeHTa ¢ MPUMEHEHHEM MOJIEITH JIMHEHHOM PerpecCrm.

Pesynbratsl.

YnpoieHue nporeccuHra OnOIUOTEKH.

Ha ¢wur. 8 npencrasien odmmii pabounii mpouecc ¥ BpeMeHHbIe paMKH gaHHo# HoBoi Bepcun HUIIT mo
CPaBHEHHIO CO CTaHJAPTHHIM JJa0OpaTOpHBIM pabouyuM mporeccoM. Beck paboumii mpouecc noiaydeHus 96 oo-
PpasuoB A BIAEIEHUS TU1a3Mbl, okcTpakunu cii/IHK, koHcTpynpoBanust GMOIHMOTEKH, KOJMYECTBEHHOTO OTIpe-
JIeTICHUS] 1 00beIMHEHHS TTO3BOJIMII TIPOLIECCHPOBATh 00pa3Ibl B TEUEHNE OOLIET0 BpEMEHN MeHee 6 4 Ha OJTHOM
cucteme Hamilton STAR. D10 3HaunTEeNBHO OTIWYaeTcs OT 9 1 Ha AByX cucreMax Hamilton STAR ¢ npumene-
HUEeM crioco0oB Ha ocHoBe I[P, koTopsie ncnons3zoBanmu B Jaboparopun CLIA. Konmuectso cu/IHK, akcTpa-
TUPOBaHHOW Ha oOpasel, B cpeHeM cOoCTaBmiIO 60 MI/MKII, ¥ BBIXOJ OMOIMOTEKH CEKBEHUPOBAHMS Ha BBIXOJE
JIEMOHCTPHPOBAII JIMHelHyo koppemsimuio (R?=0,94) ¢ ci/IHK Ha Bxoze, Kak mpeacTaBieHo Ha ¢ur. 9. Cpennee
BOCCTaHOBJICHHE cocTaBmwio Oonee 70% (moOaBHUTH TUamma3oH), YTO CBHICTEIBCTBYET O BBICOKOI()(HEKTHBHOM
BoccTanoBneHnn ci/IHK mocne ounctkm Ha Oycmuax SPRI. B kaxmoit cepun cekBEHHUpPOBaHUS MPUMEHSUTH
HOPMHUPOBAHHbIE KoJM4yecTBa 48 MyJIbTHUINIEKCUPOBAHHBIX 00paslOB, W JUIS 3aBEPIUCHUSI CEPUHM TPeOOBAJIOCH
npuOIM3UTENHHO 14 1.

CeKkBEeHHPOBaHUE CITAPEHHBIX KOHIIOB.

O01ee BpeMst CeKBeHUpOBaHHS NapTuu U3 48 00pasnoB Ha cexBeHaTope NextSeq 500 cocraBuiio meHee 14
4. D10 3HauuTeNBHO oTan4aeTcs oT 40 1 (1 mpoTouHas srueiika, 96 06pasioB) win 50 9 (2 MPOTOUHBIX STYEHKH,
192 o6pa3uos) mst maboparopHoro mnporecca Ha cekBeHatope HiSeq 2500. KaptupoBanHble TeHOMHBIE pacHo-
noxxeHus1 0bonx koHoB PparmentoB ciu/IHK obecneunnm mHpopmarmio o pazmepe @parmentos cu/IHK. Ha
¢ur. 10 mpencrarieHo pacnpeneneHue pasmepa pparmenra cu/IHK, nzamepenHoro u3 324 obpasios ot Oepe-
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MEHHOCTEH II0JIOM MYKCKOTO moyia. Pasmep (parMeHTOB, KOTOpEIC KaPTUPOBAIUCH HA ayTOCOMHBIE XPOMOCO-
MBI, KOTOPHIC YCTAHOBJICHHO SIBISIOTCS JYIUIOMIHBIMU M MPCUMYIICCTBEHHO MPEICTABISIOT MATCPUHCKHE XPO-
MOCOMEI, IPECTaBICH TOHKOH KpuBoi. CpenHuil pasmMep BCTaBKHU cocTaBistl 175 mo. mpudem XX% ¢parmen-
ToB ObUTH M3MepeHbl oT 100 1o 200 m.o. ToncTast KpuBasi MPEACTABIISET pa3Mep (pparMenTa, KOTOPBI BOZHUKAET
WCKITIOYUTEILHO M3 Y-XpOMOCOMBI, TpeacTaBisas coboit Tompko (parmentsl cii/IHK mmoma. Pacmpenenenue
pasMepa crielupUIHBIX Y -XpOMOCOME MOCIIEA0BaTEeILHOCTEH OBLIO MEHBIITNM, B CPEIHEM COCTABISLIO 167 1m.0.
C IEpUOIMIHOCTHI0 OcHOBaHMM 10 mpu Oostee KOPOTKUX pa3Mepax pparMenra.

ITockonbky 6onee kopotkue Gparmentsl cii/IHK oboramenst JIHK mionga, ceneKTUBHBIN aHAIM3 C TIPUMeE-
HCHHEM UCKITFOUUTEIFHO 00Jiee KOPOTKUX (PparMeHTOB, KaK 0XKHIACTCS, YBEIHMYUT OTHOCUTEIHHOE TIPEACTaBIIC-
HUE IUIOAA B CBS3H C MPEUMYIIIECTBEHHBIM BRIOOpOM puioB mwioga. Ha ¢ur. 11 mpencraBieHa OTHOCHTENBHAS
(dpakus wrona w3 00IIero MocUYeTa KapTUPOBAHHBIX PHIIOB CIIAPCHHBIX KOHIIOB IO CPABHEHUIO C MOJCYCTOM
OT PHUJIOB CIIAPCHHBIX KOHIIOB, KOTOPHIC COCTABISIIOT MeHee 150 m.o. B menom, Menuana dpakiwm mioja yBeiu-
YUBAETCS B 2 pa3a Mo CPAaBHEHHIO C OOLIUM IOJICYECTOM, XOTh H C HEKOTOPHIM YBEIUYCHUEM JHUCICPCUH. BbL1o
YCTaHOBJIICHO, YTO mpenent pasmepa 150 m.o. odecrieynBal ONTUMAIBHBI KOMIIPOMUCC JUIS BBIYUCICHUS C YBE-
JIIYEHUEM TIPEACTaBICHHOCTH IO [0 CPABHEHUIO C AUCIIEPCHEH B IOACUETAX.

OO6HapyXeHHEe aHEYTUIONIUH TS0 XPOMOCOMBI Y TUTOAA.

Kaxmyro w3 JDOCTYIMHBIX METPHK, OOIIWH TOJCYET, MOJCYUTAHHbIC 3HadYeHus MeHee 150 m.o., dpakiuun
MOJICYMTAHHBIX 3HaueHud, oboramennbix cu/IHK mmoma (moacumrtannele 3HadeHus ot 80 mo 150
11.0./TI0ICYMUTaHHbBIE 3HaUeHUsA <250 11.0.), 1 KOMOMHAIIMIO TTOJICYNTAHHBIX 3HAYCHHUH 00Jiee KOPOTKUX (pparMeH-
TOB ¢ (hpakmmelt UCCIe0Bad B OTHOIIEHUH CIIOCOOHOCTH yCTaHABIMBATh OTJIMYHUS 00pa3IoB ¢ Tpucomuen 21
0T 00pa3uoB, 3yIIOUIHBIX TT0 XpoMocoMe 21. Ha ¢ur. 12 npencraBieHsl pe3ysnbTaThl IS KQKI0H U3 JTaHHBIX
MeTpuk. Kak BugHO w3 ¢dur. 12A u 12B, MeHbIIMe TOACYNTAHHBIC 3HAYCHHS MPOJCMOHCTPUPOBAIN JTydIliece
pasaencHue Mexay TpucoMuel 21 u 3ymionuei, MpeuMyIeCTBEHHO, TOCKOJIBKY TaHHAas METPHKa oOorameHa
ci/IHK mioma. @pakius cama mo cebe SBISIACh MPHOIM3UTENBHO TaK ke dPQPEKTHBHOM, Kak M 00Ul ToA-
cuet, i1 ommuns aHeyrwtonauu (gur. 12C), HO PU NPUMEHECHUH B KOMOWHAIIUH C MOJCYCTAMH KOPOTKHX
(dbparmenToB (¢ur. 12D) obecnieunBana yinydIIeHHOE YCTAHOBICHHE OTIMYNI 110 CPABHEHHIO C TOJCUYETaMHU KO-
POTKHX (parMeHTOB CaMHUMH T0 cebe. DTO yka3blBaeT Ha TO, 4TO (pakius oOecrednBacT HE3aBHCUMYIO HH-
(hopmarmio, KoTopas yrmydimaeT ooHapyxeHue Tpucomu 21. I1o cpaBHEHHIO ¢ UCTIONB3YEMBIM Ha CErOHAIIHAN
JeHb pabounmMm mpomeccom nadopatopun CLIA ¢ mnpumeHeHuem mnonydeHuss OuOnworexku ¢ ITL[P-
aMrurduKanueil u Mmenauansl 16 M moacunTaHHBIX 3HAYCHMI/00paserr, pabodnii mporecc Ha OCHOBE CEKBEHHUPO-
BaHUs 0e3 npumeHenus 1P capeHHBIX KOHIIOB IEMOHCTPHUPYET SKBUBAJICHTHBIE Pa00UHe XapaKTePUCTHUKH C B
3HAYUTEIBHOM CTEIEHN MCHBIINM KOJHYSCTBOM ITOJICYMTAHHBIX 3HAYCHHUI/00pasen (Hampumep, 6 M moacuu-
TaHHBIX 3HAYCHUI/00pa3eln Wiu MeHee) U Oosee MpocTol, Ooliee KOPOTKUN PabOUMid MPOLECC MOTyUeHUs 00-
pasua.

Brrunciienue paknuu miojaa.

C nmpuMeHEHUEM Pe3yNIbTaTOB IS X-XPOMOCOMBI OT OEPEMEHHOCTEH TUIOJIOM MY’KCKOTO TOJa MOXHO HC-
MOJH30BaTh HOPMHUPOBAHHBIC 3HAUCHHS XPOMOCOM C IIEIBI0 OTpeAeiICHUs (Ppakiuil mioa Ui MOJCUUTAHHBIX
3HaueHuni (ccputka ClinChem) u mpoBOIUTE cpaBHEHHUE TS Pa3iMIHBIX pazMepoB ¢parmenToB cii/[HK. dpak-
IIUH U0/, TIOTyYeHHBIE U3 X-XPOMOCOMBI, HCIOJI30BATH ISl KaTHOPOBKH COOTHOIICHUH TSI MHOXECTBA M3
140 o0pa31oB u olcHUBAIN paboune XapaKTePUCTHKHU ¢ MPUMEHEHUEM MEePEKPECTHON BaJMIalluN C UCKITIOYe-
HUEM 10 ogHOMY. Ha ¢ur. 13 mpeacraBiieHsl pe3yabTaThl MEPEKPECTHO BATUIUPOBAHHBIX MpeacKa3zaHuil ppak-
UM IUTOA W KOPPEJLIIHS MEXKAY OBYMS JaHHBIMH MHOXKECTBaMHU, KOTOPas CBHUICTECIBCTBYET, UTO OLCHKH
(hpakmy 1mIoaa MOXHO MOJIYYUTH U3 JTFOOBIX 00pa3IoB, BKIIFOYAst TAKOBEIC OT JKCHIUH, BRIHAIIUBAIOIIUX TLIO
JKEHCKOTO TI0JIa, TTOCIIE TOTO KaK OBLIO U3MEPEHO KaTHOPOBOYHOE MHOKECTRO.

OO6cyxacHue.

BBuTO IPOAEMOHCTPHUPOBAHO, YTO MOXHO JOCTHYh BHICOKOH aHAIMTHYCCKOW YYBCTBHTEIBHOCTH H CIICLHU-
¢uvHOCTH OOHApy)eHus aHeyruionauu mioaa u3 ci/I[HK B MaTtepuHCKoOW mia3mMe mpy MONTyYeHUH OUOIMOTEKA
6e3 npumenenust I[P B coueTanuu ¢ cekBeHHpoBaHueM criapeHHbIX KoHIoB JJHK. JlanHbIH criocod ynpomiaer
paboumii mporecc, ymydmaeTr Bpemsi obopota ((ur. 8) U J0KEH YCTPaHUTh HEKOTOPBIC MOTPEITHOCTH, TIPUCY-
mue criocobam Ha ocHoBe ITL[P. CekBeHMpoBaHKE CIIAPEHHBIX KOHIIOB MO3BOJIIET ONPEICTUTh pa3Mephl JTHHEI
(parmenTa u (HpaKIUIo IUI0/a, KOTOPBIE 3aTEM MOXKHO INPUMEHATH IS YCHIICHHS 0OHApy>KEHHUS aHSYIUIOUINN
MIPY 3HAYUTEIHHO MEHBIIIEM ITOJICYETE METKH 110 CPaBHEHHIO C MPUMEHSEMBIMU Ha CETONHSIIIHINA IeHb KOMMeEp-
YeCKHMMH criocobamu. Pabodune XapaKTEpHCTHKH BapHaHTa pealn3alliil CIapEeHHBIX KOHIIOB 0e3 MpUMEHEHHS
[P, xak mpeacTaBiseTCs, aHAJTOTHYIHBI CIIOCO0aM CEKBEHHPOBAHUS ONWHOYHBIX KOHIIOB, B KOTOPBIX IpHUMe-
HSIOT BIUIOTH JIO B TPH pa3a 0OJbIIee KOJIUISCTBO METOK.

YnpoieHue nporeccuHra OnOINOTEKH.

Pabouwnit nponecc 6e3 npumenenus [11[P xapakTepu3yercs HECKOJIBKHMHU MPESUMYIIIECTBAMH IS KITHHIYC-
CKuX Jlaboparopuil. brarogapss BEICOKOMY BBIXOAY W JIMHCHHBIM 3aKOHAM TOJYYCHHUS OHOTHOTCKH HOPMHPO-
BaHHBIC ITYJIBI 00Pa3IOB JJIsi CCKBCHUPOBAHMUS MOXKHO MOJYYHTh HEMOCPEACTBEHHO M3 KOHIECHTpAIMUA OUOIIHO-
TEKM WHIMBHUIYaJIbHOTO o0Opa3ma. B pesymbTaTe 5TOro YCTpaHSIOTCS NOTrpeIHOCTH, mpucymme [11IP-
aMIUTHQUKAIIIN TIporiecca MoJiydeHuss 0nbmuorekn. [ToMrUMO 3TOr0, OTCYTCTBYET MOTPEOHOCTHh B BBIJCICHUN
OTIENBHBIX KUAKOCTHBIX MaHUIYJISITOPOB IS akTUBHOCTEH 10 U nocne [1L[P, uro cHmkaeT MaTepranbHyIo Ha-
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Tpy3Ky Ha JlabopaTtopuro. DTo ynpouiaeT pabouuii mporecc, Mo3BoIIeT TOTOBUTh NAPTHU 00pa3OB B KIIMHUYE-
CKOH 1abopaToOpuy B OIHY CMEHY, a 3aTeM CEKBEHUPOBATh M aHAIM3UPOBATh B TeUEHHE HOUYM. B menom, cHmke-
HUE KalUTAT3UPYEMBIX PACX0JI0B, YMEHbBIIICHHE BpeMeHH "paboThl pykaMu" U OBICTPBI 000POT MOTEHITHAIBHO
MO3BOJISIIOT B 3HAYUTEIILHOM CTENEHN CHU3UTH CTOMMOCTD U, B 11e710M, yctouuBocTs HUTIIT.

CeKkBeHHPOBaHHE CIIAPEHHBIX KOHIIOB.

[IpumMeHeHne ceKBEHMPOBAHUS CHAPEHHBIX KOHIOB Ha cucteMe NextSeq 500 xapakrepusyeTcs HECKOIb-
KHMH TIperuMyIiecTBaMu pu nojacdere pparmenton cii/[HK. Bo-nepBeiX, ¢ mpuMeHeHHEM ABOWHBIX WHACKCHBIX
IITPUX-KOJOB 00Pa3Ibl MOKHO MYJbTHUIUIEKCHPOBATH HAa BBICOKOM YPOBHE, YTO TO3BOJIIET IMPOBOAUTH HOPMH-
pOBaHME M KOPPEKLMIO Bapuallld OT CEPUHM K CEPUH C BBICOKOI CTATHCTHYECKOH IocToBepHOCTHIO. [ToMumo
9TOT0, OCKOJIBKY Ha CEPUI0 MYJBTHIUIEKCHPYIOT 48 00pa3loB, U KOJIWYECTBO, HEOOX0ANMOE JUIsl KiIacTepu3a-
IIMM Ha MIPOTOYHOM sYelike, orpaHuueHO, TpeOoBaHUE K 00pa3ily Ha BXOJIC B 3HAUNTEIHHON CTEIICHN CHIKACTCS,
YTO TO3BOJISIET UCIIOIB30BaTh paboumii mpouecc 6ubnmorexn 0e3 npumenenus [11P. IIpu TunmugHOM BBIXOIE
ci/IHK npubnmsutensHo 5 Hr Ha oOpasel HCciueIoBaTeNsIM yIajIoCh MOIXYYUTh 2-3 CepUU CEKBEHUPOBAHUS Ha
obpazern; naxe Oe3 mpumenenus [11[P-ammmmdukanun. OTo B 3HAYNTEIBHOW CTENEHH OTIMYACTCS OT APYTHX
MOJIXO/IOB, JUIA KOTOPBIX TPEOYIOTCS 3HAUMUTENIFHBIE KOJIMIECTBA IIa3MBl Ha BXOJI€ U3 MHOXECTBA IPOOUPOK A1
cbopa KpOBH C IENBI0 NOJIYYCHUS BBIXOAA AocTatouHoro kommdectBa ci/IHK s ompenenenus aneymionanu
(ccputka). HakoHen, ceKBeHHpOBaHNE CIIAPEHHBIX KOHIIOB MO3BOJISIET MPOBOIUTH OIpEAETCHHE pa3mepa ¢par-
MeHTa cii/IHK u ananuruaeckoe oboramenue cu/IHK miona.

OO6HapyXeHHe aHEYTUIONIUH TS0 XPOMOCOMBI Y TUTOAA.

Pesynbrathl, mosyueHHBIE aBTOpaMU HACTOSIIETO HM300pETCHHS, JAEMOHCTPUPYIOT, YTO IIOJCUYUTAHHEIC
3naveHus ¢pparmenToB cu/IHK menee 150 1m.0. criocoOHEI Jrydille YCTaHOBUTD OTIMYHS aHEYIUIOWANH OT 3YILIO-
UJTHBIX XpPOMOCOM, YeM OOIIMe IOoICUNTaHHble 3HaueHNs. JlaHHOe HaOIroIeHne OTIINYaeTCs OT pe3ynnbTaroB Fan
et al., KOTOpbIE MPEAIIOIOKUIN, YTO TIPH IPUMEHEHHN 00Jiee KOPOTKHUX (PParMEHTOB TOUHOCTH CTATHCTHKH IO
cuera Oyner cumwkena (Fan et al.) BciiencTBHe CHIDKEHHSI KOJIMYECTBA JOCTYIHBIX MOACYMTAHHBIX 3HAYCHUH.
@paxunst KOPOTKUX (ParMEHTOB TaKKe 00ECHEYMBAET YCTAHOBJIEHHE HEKOTOPBIX OTJIMYMI JUI1 0OHApYKEeHHS
TpucoMuH 21, Kak OBUIO yCTAaHOBIEHO YU et al., XOTSA ¥ ¢ MCHBIIIMM TUHAMUYECKUM IHAa30HOM, YeM IOACUH-
TaHHBIe 3HaueHUA. OHaKko oObeAWHEHHE IMOJICUeTa U METPUK (PaKIUK MPUBOIUT K HAWIYYIIEMY OTACICHUIO
00pa3moB TpucoMHUM 21 OT SYIIIONAHBIX U MOAPA3yMEBAET, UYTO JABE JaHHBIC METPUKH SBISIOTCS KOMIUIEMEHTAP-
HBIMH M3MEPEHMSMH U TIPEICTaBICHHOCTH XPOMOCOMEI. Jlpyrue Ouosorndeckne METPUKH, HalpHUMEp, METH-
JMPOBAHUE, MOTYT TaK)Ke O0ECIIEYNTh OPTOTOHAIBHYI0O MH(OPMAIIO, KOTOPast MOKET YCHINTh COOTHOILICHHE
CUTHAJI/TITYM JJIs1 OOHAPYKESHHS aHEYTUIOUTHH.

Brruncienue ¢paknun mioza.

Crioco0bl, Ipe/ICTaBICHHBIE B HACTOSIIEM JOKYMEHTE, TaK)Ke MO3BOJIIIOT OLCHUTH (DPaKIMIO IJI0Aa B Ka-
XKIIOM o0Opasiie 06e3 IMpoBeAeHHs AOTIOIHUTENBHOH JabopaTtopHoi paboTel. C MpUMEHEHHEM MHOXeCTBa 00pas-
IIOB B K&KJOH NMPOTOYHOHU suelike, MPUOIN3UTEIBHO ITOJIOBHHA M3 KOTOPBIX SIBISIFOTCS 00pasliaMy MYMKCKOTO
T0JIa, MOYKHO TOJYYUTh TOUHYIO OLEHKY (DpakIUM IUI0Aa AJIsl BceX 00pas3lioB MOCPEICTBOM KaJIHOPOBKH M3Me-
pennst ¢ppakuu mioaa u3 HHGOPMaLMK 0 pazMepe (GparMeHTa ¢ TaKOBOW, ONPEETICHHON Al My»XCKHUX 00pa3-
1I0B. B KOMMepUecKux yCIOBHSIX KIMHUYECKHN OIBIT MCCIIENOBaTENeH MPOIEMOHCTPUPOBAJ, YTO CTaHIApTHBIE
cHocoO0BI TTOJICUeTa ¢ MPUMEHEHHEM OOJIBIIIETO KOJMYECTBA METOK OAMHOYHBIX KOHIIOB MPUBEIH K OY€Hb HU3KOU
JIOJIe JIO)KHO OTPHIATENFHBIX PE3YIbTAaTOB JaXXe MPU OTCYTCTBHUH CHEIM(PHUHBIX M3MEpEeHHH (pakuuy IUIoAa
(ccpimka). C yueToM aHAJOTHYHOTO Tpejaesia oOHapyXeHMsI, HaOII0AaeMOro B HACTOSIIEM TOKYMEHTE, BBIUHC-
JISIFOT TTOJTYYUTh SKBUBAJICHTHBIE paboune XapaKTepPUCTHKH TECTUPOBAHMSL.

3axyro4eHue.

Bbu10 MpOIeMOHCTPUPOBAHO, YTO BHICOKOH aHAIMTHYECKOW YYBCTBUTEIBHOCTH M CHEUU(HYHOCTH OOHA-
pyxenust aneyrionaun 1ona u3 ci/IHK B MaTepuHCKOl m1asMe MOYKHO JOCTHYD C HOJNydeHHEM OMOIMOTEKH
6e3 npumeHenus [1LIP B couerannu ¢ cekBeHMpoBaHHEM crapeHHbIX KoHIOB JIHK. JlaHHBIH ynpomeHHbIH pa-
6ounii mporecc XxapakTepu3yeTcsi OYeHb OBICTPBIM BpeMeHeM 000poTa, KOTOPOE NOTEHIHAIBHO MTO3BOJISIET IIPO-
Boauts HUIIT co 3HauMTeNIbHO MEHBIIMMH (PMHAHCOBBIMH 3aTpaTaMHM ISl IPUMEHEHHUS B OOILIEH MOMYJISIUH
6epemMeHHBIX. [IOMHMO 3TOTO, METOIMKH CEKBEHHPOBAHMUS CHAPEHHBIX KOHIIOB XapaKTEPHU3YIOTCS MOTEHIHAIOM
MU3MEPATH IpYroi omuosornueckuii heHOMeH, a Takke 00ecleunBaTh APyrue KIMHUICCKUE BApHAHTHI IIPUMEHE-
Hus. Hanpumep, wmHpOpMaIms o pa3Mepe M3 METHIIMPOBAHHBIX KOHKPETHBIX oOnactedt renoma wm CpG-
OCTPOBKOB MOKET O0ECTICUHUTD IPYTYI0 OPTOTOHAIBHYIO METPHUKY IS YCHIICHUS 0OHApyKEHHS BApUAHTOB UIHC-
J1a KON B Mpejieyiax reHoma.

Hacrosmiee n3o0peTeHre MOKHO peaTi30BaTh B APYTrUX KOHKPETHBIX (pOpMax, He BRIXOS 3a IpeAeisl dy-
Xa WIN CYIIECTBEHHBIX XapaKTEPHUCTHK M300peTeHus. OnrcaHHble BAPHAHTHI PeaM3alliy CIeITyeT CUUTATh BO
BCEX OTHOLICHUSX HMCKIIOYMTENHHO WIUTIOCTPATUBHBIMHU, @ HE OrpaHMYMBAIONIMMHU. BenenctBue sToro oobem
HACTOSIIIEr0 M300peTeHns onpeaeNeH npuiaraeMoid (GopMmysiol M300peTeHNs, a He BBILICYITOMSHYTHIM OIHCa-
HHeM. Bce u3MeHeHns1, KOTopble MONa aoT B 3HAYCHNUE W JHana30H SKBUBAJICHTHOCTH (hOPMYIIBI H300peTeHNS,
MOJJIEKAT OXBATy ee 00bEMOM.
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OOPMVIIA U30BPETEHUA

1. PeanusyeMslii ¢ MprMeHEHHEM KOMIIBIOTEpPa CIIOCO0 ompeneneHns Bapuanun yncia konuid (BUK) no-
CIIEZIOBAaTEIFHOCTH HYKJIEHHOBOW KHCIJIOTHI, TIPEACTABIIONIEH HHTEpEC, B UCCIEIyeMOM 00pasiie, CoaeprKarieM
(parMeHTHI OECKICTOYHON HYKJICHHOBOW KUCIIOTHI, IPOUCXOIAIINE U3 OBYX WM Oojiee TEHOMOB, IPUYEM yKa-
3aHHBIA CIIOCOO BKIIIOYACT:

(2) mpueM pUIOB MOCIENOBATEIILHOCTH, TIOTYISHHBIX B PE3yIbTaTe CEKBEHUPOBaHUsS (PparMeHTOB Oeckiie-
TOYHOUN HYKJIEMHOBOW KHCJIOTHI B HCCIIEAYEMOM 00pasIie;

(b) BEIpaBHHBaAHHE PHUIIOB MOCIEIOBATEILHOCTH (PParMEHTOB OCCKIETOYHON HYKICHHOBOW KHCIIOTHI WJIH
BBIPAaBHUBAaHUE ()PAarMEHTOB, COIEPIKAIINX PHIBI TIOCIIEI0BATEIBHOCTH, C OJIOKaMu pedepeHCHOro reHoMa, Co-
JIepIKaIlero MoCIeJ0BaTeIbHOCTD, MPEACTABIIONIYI0 HHTEPEC, ¢ MOJIyYeHHEM, TaKUM 0Opa3oM, METOK Hccile-
JyeMOH IOCIIeI0BaTeIbHOCTH, TPUYeM pedepeHCHBI TeHOM pa3JielieH Ha MHOXKECTBO OJIOKOB;

(c) onpenenenne pa3mMepoB (parMeHTa, o0 MEHBILICH Mepe, HEKOTOPhIX (parMeHTOB OECKICTOYHON HYK-
JIENHOBOW KHMCJIOTHI, HPUCYTCTBYIOIINX B HCCIIETyEMOM 00pasiie;

(d) BEIUMCIIEHNE TEPEKPBHITHH METOK MOCIIEI0BATEILHOCTH JUIs OJIOKOB pehepeHCHOro reHoMa MoCpeacT-
BOM BBITIOJTHEHUS, IS KQXKI0TO OJIoKa:

(i) onpeneneHus Yrciia METOK IOCIISI0BATEIILHOCTH, KOTOPBIE BEIPABHUBAIOTCS C ATHUM OJIOKOM, U

(il) HOpMHPOBAHUS 3TOTO YKCIIAa METOK TIOCIIEIOBATEIILHOCTH, KOTOPhIE BBIPABHUBAIOTCS C 3TUM OJIOKOM,
MOCPENICTBOM TOJCUETa MEXOJIOKOBBIX BapHaIWid, BRI3BAHHBIX (PaKTOpaMH, OTIMYHBIMH OT BapHaIlUH YHUCIA
KOIIH;

(e) ompenenenue t-CTATUCTUKH IS TIOCIIEIOBATEILHOCTH, MIPEICTABISAIONICH HHTEPEC, C TPUMEHEHHEM IIe-
PEKpHITHH OJIOKOB B TOCIIEIOBATEILHOCTH, MPEACTABISIONIEH HHTEpEC, M MEPEKPHITHH OJIOKOB B pedepeHCHON
o0J1acTy JUIs TIOCIeI0BaTeIbHOCTH, PEACTABIIIONICH HHTEPEC; U

(f) onpenenenue Bapuanyy 4rcia KONUK B IMOCIIEOBATEIBHOCTH, MTPECTABISIONICH HHTEpEC, ¢ IPUMEHe-
HHEM t-CTaTHCTHKH M MH(OpManny OTHOCHTEIHFHO pa3MepoB (parMeHTOB OECKIICTOUHON HYKJIEHMHOBOW KHCIIO-
THI,

MIpUYeM YKa3aHHBIN CIIOcOo0 BKITIOYAET OCyIlecTBIeHHE 3TarnoB (d) u (€) ABakabl, OOUH pa3 il (parMeH-
TOB B MIEPBOM JIOMEHE pa3MepoB ¢ IPUMEHEHHEM METOK ITOCIEIOBATEIBHOCTH IS (PparMeHTOB OECKIETOTHOM
HYKJICMHOBOW KHUCIJIOTHI, IMEIOIINX Pa3MepHl B IIEPBOM JIOMEHE pa3MepoB, M MOBTOPHO - Ui (parMEeHTOB BO
BTOPOM JIOMEHE Pa3MepOB C MPUMEHEHHEM METOK ITOCIIeNOBATEIBHOCTH Ui (pparMeHTOB OCCKICTOYHOH HYyK-
JICMHOBOW KHCJIOTHI, MMEIOIINX pa3Mephl BO BTOPOM JOMEHE pa3MepoB, IPUIEM yKa3aHHBIH BTOPOW TOMEH pas-
MEpPOB OTJIMYAETCS OT YKA3aHHOTO IIEPBOT0 JOMEHA Pa3MEPOB, M YKa3aHHBIH ITEPBHIi TOMEH pa3MepOB COICPIKUT
(parMeHTHI OECKIETOYHON HYKJICHHOBOM KHCIIOTHI, 10 CYIIECTBY, BCEX pa3MepoOB B 00pasle, U yKa3aHHBIH BTO-
poli TOMEH pa3MepoB CONEPKHUT TOIBKO (PparMeHThl OECKIETOYHOW HYKJIEMHOBOI KHCIIOTHI, MEHBIINE, YEM 3a-
JaHHBIN pa3Mmep, ¢ MOJIyYeHHEM, TaKUM 00pa3oM, HEepBOH t-CTATUCTUKHU IJISl MOCIEI0BATEILHOCTH, TPEICTaB-
JsTFoIIel MHTepec, C MPUMEHEHHEM METOK IOCIIeI0BATENILHOCTH JUIsl ()parMEeHTOB B IEPBOM JOMEHE Pa3MepoB, U
BTOPOH t-CTATHCTHKH IS TIOCIIE0BATEIBHOCTH, PEICTABISIONICH HHTEPEC, C IPIMEHEHUEM METOK I10CIIeI0Ba-
TENBHOCTH JUIsl )parMeHTOB BO BTOPOM JOMEHE Pa3MepoB,

npudeM (f) BKIIOYaeT BBIYHMCICHHWE OTHOIICHHS IPABIOIOAOOWS IO TEPBOH t-CTATHCTHKE M BTOPOH t-
CTaTUCTHKE U OIpEeNICHIe BapHalliy YHCIa KOMUI B MMOCIEI0BATEIBHOCTH, PEICTABIIIONIEH HHTEpEC, ¢ MPH-
MEHEHHEM YKa3aHHOTO OTHOIICHHUS IPaBAOTION00HS,

U TIpU 3TOM YKa3aHHOE OTHOIICHHE MPaBAONOIOOWS BEIUHCIAIOT MO MEpPBOH t-CTATUCTHKE W BTOPOH t-
CTaTHUCTHKE, W BBIYHCIIIOT KaK IePBOE MPaBIOIIOI00ME TOTO, YTO HUCCIEIyeMbI 00pasell ABISICTCS aHSYTIIONI-
HBIM 00pa3loM, OTHOCHTEIBHO BTOPOTO IPAaBIONOA0OUS TOTO, YTO MCCIEAYEMBIH 00pasel SBJISETCS IYIIIONI-
HBIM 00pa3IoM.

2. Crioco0 1o 1.1, XapakTepHU3YIOLIMICS TeM, YTO yKa3aHHBIH BTOPOW JOMEH pa3MepoOB COJCPIKUT TOJIBKO
(parMeHThI OECKIETOYHON HYKJIEHHOBOH KHMCIIOTHI, MEHBIIINE YeM NpHOmu3uTesnsHo 150 m.o.

3. Crioco6 1o 1.1, XapakTepu3yIOMHuics TeM, YTO YKa3aHHOE OTHOLIEHHUE IPaBIONOI00Us BEIYUCISIOT 10
OJTHOMY WM OoJiee 3HaUeHMSIM (PpaKInH IUI0/1a B JOTIOJIHEHUE K NIEPBOM t-CTATHCTHKE U BTOPOH t-CTaTHCTHKE.

4. Cnoco0 1o 1.3, XapaKTepu3yIONIHIiCs TeM, UTO:

(i) ykazaHHbIe OHO WIH OoJiee 3HAUYCHUH (PAKIMH 10 BKIIOYAIOT 3HAYCHHE (QPAKIAU TUTO/Ia, BBIUHC-
JICHHOE C MPUMEHEHHEM MH(OPMAaU OTHOCHUTEIHHO pPa3MepoB (parMeHTOB OECKICTOYHOW HYKIEHHOBOH KH-
CIIOTEHI;

(i1) ykazaHHBIE OJTHO WJIM OOJiee 3HAYEHUH (DpaKINy TUT0Ia BKIIOYAIOT 3HaUYeHHEe (PpaKIuK TUI0a, BBIYHC-
JIEHHOE C TIPUMEHEHUEM HH(DOPMAITH O TIEPEKPBITHH T OJIOKOB peepeHCHOTO TEHOMA;

(iii) ykazaHHbBIE O/IHO WM OoJiee 3HAYEHUH (DpPaKLIMK IJI0a BKIIIOYAIOT 3HaYeHHE (YPAKLUK 111012, BHIYUC-
JICHHOE ¢ TIPIMEHEHHEM MH(OPMAaLUK O IEPEKPBITHH /I OJIOKOB ITOJIOBOH XPOMOCOMBI;

(iv) ykazaHHOE OTHOIICHHE IPABIONOAOOMS BBIYHCISIOT 1O (PpakuuM IUIOAA, t-CTATUCTHUKE KOPOTKUX
(parMeHTOoB U t-CTaTUCTHKE BCEX (parMeHTOB, IPUYEM yKa3aHHBIE KOPOTKHE (parMeHThl IPEICTABIAIOT COO0H
(parmMeHTHl OECKJIETOYHON HYKJIEMHOBOM KHCIIOTHI B IIEPBOM JOMEHE pa3MepoB, MEHBIIEM, YeM pa3Mmep-
KPHUTEPHH, 1 BCe (hparMEHTHI MIPEACTABIIIOT CO00# (hparMeHTHl OECKIETOYHOH HYKIENHOBON KHCIIOTHI, BKITIOYAst
yKa3aHHBIE KOPOTKHE (pparMeHTsl U (parMeHTsl, OoJiee UIMHHBIE, YeM pa3Mep-KpUTepHit.
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5. Croco6 mo 1.4(i), XapaKTepH3YIOIIUIACS TEM, YTO YKa3aHHOE 3HaYCHHE (DPAKIMH II0a BEIYHACIISIOT I10-
CPEACTBOM

MOJYYeHHs PaCTIPEeIICHHUS YaCTOThI pa3MepOB (PpParMeHToB 1

MPUMEHEHHUs] Pacpe/ieNieHHs] YaCTOThl B MOJICIIH, YCTAHABIIMBAIOIIEH B3aUMOCBSI3b MEeXAy (paxiueit mio-
Jla ¥ 4acTOTOM pa3mepa (pparMeHra, ¢ mojydeHHueM 3Ha4eHus PPaKIuK [II0/1a.

6. Crioco6 mo m.4(ii), XapakTepu3yIOIIUICsS TeM, 4TO yKa3zaHHOE 3HadeHHWe (HpPaKIUW IUI0/a BBIYUCIISIOT
MOCPE/ICTBOM TPUMEHEHUs 3HAYCHUH MEPEKPHITUSI MHOXKECTBA OJIOKOB B MOJIEJIH, YCTAHABJIMBAIOIICH B3aUMO-
CBsI3b MEXY (ppakiuueil mioa v nepekpoITHeM 0JI0Ka, C TOJTyYeHHEeM 3HaYeHUsT (PPaKINH III0/1a.

7. Crioco6 no m.4(iv), XapaKTepU3YIOIIUICS TeM, YTO YKa3aHHOES OTHOIICHHE MPABIONOI00US BEIYUCIISIOT
1o gopmyie

_ foCyMMapH. q(ffcyMMapH.)*pl(TKopOTK.vTBcexlffBqu.)

pO(TKOpOTK.'TBCGX)

IJIe p; IPEACTABIACT COO0H MpaBIONIOA00HEe TOTO, YTO JAHHBIC MOTYYCHBI H3 MHOTOMEPHOTO HOPMAaJIbHOTO
pactpeieneHus, IPEACTABISIONIET0 3-KOMUAHYO WU |-KOMIHYI0 MOJICITh, Py MPEJCTaBIsIeT cO00 mpaBaomno-
JOOME TOTo, YTO NAHHEBIC MONyYCHBI U3 MHOTOMEPHOTO HOPMAJBHOTO pPACHpEACICHUS, MPEICTABIAIONICTO 2-
KonuitHy1o Moaenb, Toporc, Trcex TPEACTABIAIOT cOO0M T-mMOKa3aTenM, BEIYUCIEHHBIE IO XPOMOCOMHOMY TIepe-
KPBITHIO, TIOJYYEHHOMY C MOMOLIBIO KOPOTKHUX (parMeHToB U BceX (parMeHToB, U q(ffeyyapn) MpeaCTaBIsAET
c000¥1 MIIOTHOCTH pactpeeneHus Gppakinuy IIoaa.

8. Cnoco6 1o 1.1, XapakTepu3yoImuiAcsS TeM, YTO YKa3aHHOE OTHOIICHUE TIPABAOTION00NS BEIYUCIISIOT TSt
MOHOcOMUH X, TpucoMuu X, TpucoMuu 13, Tpucomun 18 wim tpucomuu 21.

9. Crioco0 1o 1.1, XapakTepu3yroIHACs TEM, UTO:

(i) ykazaHHOE HOPMHPOBAHHE KOJMYECTBA METOK MOCJIECIOBATEIHHOCTH BKIIOYA€T HOPMHPOBAHUE C yUe-
ToM coxaepxkanus GC B oOpasiie, HOpPMHPOBAHUE C YYETOM IIIOOATBHOTO BOJHOBOTO MpOQHis Bapuamuu 00y-
YArOIIEro MHOXKECTBA W/WJIM HOPMHPOBAHUE C YYETOM OIHOM mim 0ojiee KOMIIOHEHT, ITOJyYCHHBIX U3 aHaIH3a
TJIABHBIX KOMIIOHCHT; HJIH

(1) ykazaHHas pedepeHcHast 001acTh BHIOpaHa M3 IPYMIBI, COCTOAIIEH M3 BCEX YCTOWYHMBBIX XPOMOCOM,
YCTOMYUBBIX XPOMOCOM, HE COACPIKAIIMNX ITOCICIOBATCIFHOCTD, MPEICTABISIONIYIO HHTEPEC, IO MEHBIIEH Mepe,
XPOMOCOMBEI 32 IpeJieslaMi TIOCIIe0BAaTeIFHOCTH, PEACTABIAIONICH HHTEPEC, U MTOJIMHOXKECTBA XPOMOCOM, BEI-
OpaHHBIX U3 YCTOWYMBBIX XpPOMOCOM, M TPH 3TOM HeoOs3aTeNbHO yKa3aHHas pedepeHCHass 00JIaCTh CONEPIKUT
YCTOWYIUBBIE XPOMOCOMBI, KOTOPBIE OBUIN ONpeneeHb I 00eCTieueHNsT HAaMTydIeil crmocoOHOCTH oOHapyxe-
HUS CUTHAJA JUTsl MHOXKECTBA 00YJaroIIuX 00pa3IioB.

10. Crioco0 1o 1.1, JOImOIHUTEIBLHO BKIIOYAIOIIMI

BBIUMCIICHUE 3HAYCHUH IMapaMeTpa pa3Mepa Uil OJ0KOB IS KaKIOTO 0JI0Ka ITOCPEICTBOM:

(i) ompenencHus 3HAYCHUS TapaMeTpa pa3Mepa Ha OCHOBaHUH Pa3MepoB (PparMeHTOB OCCKIICTOYHON HYK-
JICMHOBOM KUCIIOTHI B OJIOKE, U

(i) HOpMHUpOBaHUS 3HAYCHUS TapaMeTpa pa3Mepa MOCPEICTBOM IOJICYETa MEKOIIOKOBEIX BapHAIUil, BbI-
3BaHHBIX (P)AKTOPAMH, OTITUYHBIMA OT BapUAIMX YHCITa KOTIHIA; U

OTIpe/ieICHUE t-CTAaTUCTUKY Ha OCHOBAHHMHU pa3Mepa IS MOCIEeIOBATEIIEHOCTH, PEACTABISIONICH HHTEpEC,
C MPUMCHECHUEM 3HAYCHUH Mmapamerpa pa3Mmepa OJIOKOB B ITOCIICAOBATCIBLHOCTH, MPEACTABIIONICH UHTEpEC, U
3HAaYCHHUH MapaMeTpa pa3Mepa OJIOKOB B pedepeHCHOW 00IacTH IS IOCIEAOBATEIFHOCTH, IPEACTAaBIIONICH
HHTEpEC.

11. Crioco6 1o 1.10, XxapakTepu3yIOIIHIACs TeM, 9TO:

(i) ykazaHHOE OTHOIICHHE MPaBaONOA00us (f) BEIYHUCIAIOT O TIEPBOH t-CTATUCTHKE, BTOPOH t-CTATHCTHUKE
1 t-CTATHCTHKE HA OCHOBAaHUH pa3Mepa; Wil

(1) yka3aHHOE OTHOIIEHHE TPaBIoo00us (f) BEIYHUCIAIOT 110 NEPBOH t-CTAaTUCTHKE, BTOPOH t-CTaTHCTHKE,
t-CTaTUCTHKE HA OCHOBAHUM pa3Mepa u (HpaKIuy oA,

12. Crioco6 1o 1.1, TOMOJHUTEIBHO BKIIOYAFOIIHN:

(i) cpaBHEHHE YKa3aHHOTO OTHOIICHUS MPABIOMOIO0MS ¢ KPUTEPHEM PELICHUS AJIs ONpPECIICHIUs Bapua-
IIUH Y¥CIIa KOMUH B TIOCIIEIOBATEILHOCTH, PEICTABISIONICH HHTEPEC.

13. Cucrema nsi OLEHKM YHUCJA KOMHM MOCJIEI0BAaTEIbHOCTH HYKIEMHOBOM KUCIIOTHI, MPEACTaBISIOMEH
UHTEpEC, B HCCiIeTyeMoM 00pasiie, IpUIeM yKa3aHHas CHCTeMa COICPKHUT

CEKBEHATOp UIA MpueMa (parMeHTOB HYKJIEWHOBOH KHCIIOTHI M3 HCCIELyeMoro obpasia u obecreueHus
MHPOPMALIH O TTOCIIEAOBATEIFHOCTH HYKJIIEMHOBOH KHCIOTHI HCCIIEIyeMOTo 00pasia;

mporeccop u

onuH unu 0ojiee MAITMHOYUTACMBIX HOCHTENEH JUIA XpaHEeHUsI HHPOPMALNH, Ha KOTOPBIX XPAHITCS HHCT-
PYKITUH ISl HCTIOJTHEHUS Ha YKa3aHHOM IIPOIIECCOpe IS BBITIOTHEHHS CIToco0a 1o JTrodomMy u3 mir. 1-12.

14. MamHOYHTACMBIH HOCUTENb NAHHBIX IUTS JTOJTOBPEMEHHOTO XpaHCHUS WH(POPMAIIHUH, COICPIKAIIHMA
MPOTPAMMHBINA KOJI B BHJIC WHCTPYKIMHU TSI KOMIIBFOTEPHO!N CHCTEMBI, 3alIpOTPaMMHUPOBAHHEIH I OCYIIECTB-
JIeHHs crioco0a 1o arodomy u3 mir.1-12.

OB
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100 \\

OueHUTb Bapuaumio Ymcna
konuia (BYUK)

rnocnegoBaTtesibHOCTU

110 \\
Mony4uTb KBanUdUKaLMOHHbIe/
obyuatoLmne oBpasLbl, cogepxalume
HYKINENHOBYIO KUCIOTY

120~ l

CeKBEeHMPOBATH MO MeHbLLEH Mepe
4acTb KBaNMMUKALIMOHHBIX
HYKITEMHOBbIX KUCNOT

130

™ OnpefenuTb NepeKpbITUS METKM
kBanudukaLMoHHOM!
nocnefosarensHocT/

145 3
—\\ WpeHTuduumposatb
KBanUMUKaLMOHHYI0 HOPMUPYIOLLYIO
nocnenoBaTenbHOCTb

14()'\ +

OnpenenuTb A03bl KBANUGUKALUOHHOM
nocnenoBaTensHocTn

155 v

OnpepenuTb NOPOr Bapuauumn Yucna
konwuin (BUK)

s ‘-\
MonyunTb nccnepyemblii 06pased,
cofiepXalluil HyKNenHOBYI0 KNCIOTY

125~ I

CexBeHUpPOBATL NO MEHbLUSH Mepe
YaCThb NCCNOAYOMbIX HYKITIOMHOBLIX
KucnoT

OnpeaeniTs NepekpbITUS METKN
MccriepyeMoit NoCHeAoBaTenbHOCTH

150

L 4

OnpepenuTb 103y UcCneayemoi
nocnegoBaTenbHOCTY Ha OCHOBaHUU
nepekpbITUA MeTKM
nocnenosarensHOCTV Ans
nocneaoBaTenbHOCTH,
npefcTaensioLLen nHTepec, n
COOTBETCTBYIOLLEN HOPMUPYIOLLIEH
nocnefoBaTensHoCcTH

%
i60"\\. Onpepenutb BUK ¢ npumeHeHvem
N [03bl MCcCriefyemo

5

nocnefosaTensHoCcTH 1 nopora BYK

Omwr. 1

CuutbiBanme 1

CuuTbiBaHue 2

CuuntbiBanue 1

MaTepuHckas

CunTbiBaHUe 2

I

CpepnHsis anuHa: 167 n.o.

CpepgHsisi gnuHa: 175 n.o.

Cexrop 1

Cexrop 2

®ur. 2A
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220
OnpepenyTs Bapuaumio Yicna
KOMWiA C NPUMEHEHNeM

222 ~

CMELLEHHOTo Mo pasmepy
nepeKpbITUs

MoNy4nTL CYATLIBAHUA NOCeA0BaTeNbHOCTU OT (pparMeHToB
GeckneToMHON HyKIEMHOBOI KUCTOThI B UccriedyeMoM ofpasue

224

4

BbIPOBHATE CHUTLIBAHWSA NOCNENOBATENLHOCTY C pedepeHCHbIM
reHOMOM, CofiepXalLiMM rocneoBaTenbHOCTb, NPeACTaBNAIOLLYI0
MHTepec, Ans obecneyeHns METOK UCCrieAyemMoi NocneaoBaTenb-

HOCTU, NMpu4em pechepeHCHbI reHOM pasfeneH Ha MHOXeCTBO 6rokoB

v

OnpepenuTb pasMepbl (hparMeHTOB GECKIIETOHHOIN HYKITIENHOBOM
KACNOTbI, CYLLEECTBYIOLLMX B Mccnepyemom obpasLie

A 4

B3BeCcUTL MeTKU 1ccrefyemoit NocrneaoBaTenbHOCTY Ha OCHOBaHWUN
pa3mepoB chparMeHToB GeckneTo4YHoH HyKIeMHOBOM KUCTOThI

A 4

PaccunTaTs NepekpbITUs Ans GOKOB Ha OCHOBaHWM B3BELUEHHbIX

MeTOK

A A

232\

WpeHTnduuvposaTte Bapmaumio Yvcna Konui B NoCneaoBaTenbHOCTH,
npeacTaBnsAloLLei MHTEpEeC, Ha OCHOBaHWUN PACCYUTaHHBIX
nepekpbITUiA

®ur. 2B
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200 OnpepenuTb BYK ¢ npume-
HeHueM napameTpa pasmepa
dhparmeHTa ¢ KoppeKkuuer ¢

y4eToM rnobanbHoro
npoduns 1 Koppekumeii ¢
yyeTtom GC

202 ‘\

MonyynTb CYNTLIBAHUA NOCNeAOBATENLHOCTM OT (hparMeHToB BeckreToYHON HYKITEeMHOBON KMCIOTLI B
nccnegyemom obpasie

204~ ,&

BbIPOBHATL CYMTbIBaHMS NOCNeA0BaTENIbHOCTU C pedpepeHCHEIM reHOMOM, COAepXaLLuM
nocneaoBaTenbHOCTb, NMPeACTaBSALLYI0 UHTEpeC, Ans obecneveHnst METOK UCCIeayemMoit
nocnenoBaTensHOCTH, NpuyeM pedepeHcHbI reHOM pasaerneH Ha MHOXECTBO 6riokos

205~ l

OnpepenuTb pasmepbl hparmeHToB BECKNeTOYHOM HYKINEMHOBOI KMCMOThI, CYLLECTBYIOLLMUX B
uccnegyemom obpasue

206 = v

OnpepenuTb B ceKTopax pedepeHCHOro reHoma, BKrioyasi Griokv B nocrieqoBaTensHOCTH,
npeAcTaensioLLel UHTepec, 3Ha4eHUs NapaMeTpa paamepa parMeHTa, CMeLLEHHbIe B CTOPOHY
pa3mMepoB (PParMeHTa, XapaKTEPHLIX Ansi OAHOTO U3 reHOMOB

208~ i

O6ecneunTtb rnobanbHbiin Npodunb Ansi GroKoB MocrefoBaTenbLHOCTM, NPeACTaBNsIoLEeNn UHTEPEC,
npuyeM rrobanbHbii NPodUrb BKIIOYAET OXUAAEMbIe 3HaYeHUs! NapaMeTpa B CekTopax
nocrneaoBaTensHOCTU, NPEACTABNALEA UHTEPEC, U NPUYEM OXUOAEMOE 3HaYeHVe NapaMeTpa
nosny4aoT 13 06y4aloLLero MHOXeCTBa Hernopa)eHHbIX 0ByvatoLmx o6pa3sLos

210~ i

CKOppeKTMpoBaTh 3Ha4YeHWs napamMeTpa C NpUMEeHeHUeM OXWAAEMOro 3Ha4eHUs NapameTpa B ceKTopax
o MeHbLUE#H Mepe nocnefoBaTenbHOCTH, NPEACTABNSIOLEN UHTEPEC, NOCPEACTBOM 3TOTO MOMy4MB
OTKOPPEKTUPOBAHHBIE C YY4eTOM rnoGanbHOro NPOgUns 3Ha4eHUs napameTpa pa3mepa cparmeHTa anis
nocriefioBaTenbHOCTM, NPEACTaBNSIOLLEN UHTepec

212~ ,‘

CKOPPEeKTMPOBaTh 3HaYeHWs napameTpa C NpYMEeHEHUEM COOTHOLLEHUS MEXAY YPOBHSIMW COfiepKaHus
GC M 3Ha4eHusIMU NapameTpa B UccreayeMoM obpasLie, NOCPEACTBOM 3TOrO Nony4mB
OTKOPPEKTUPOBaHHLIE C y4eToM GC 3HaueHusi napameTpa pasmepa parmeHTa Ans
nocriefjoBaTenLHOCTH, NPeACTaBnsioLLen HTepec

214~ ‘lr

OLEHUTB YKCrIO KOMWI NOCMeA0BaTENLHOCTM, MPEACTABNNIOLLEN MHTEPEC, B UccriedyemMom obpa3Lie Ha
OCHOBaHMM OTKOPPEKTUPOBAHHBIX C YHETOM rrio6arnbHOro NpoguIis M OTKOPPEKTUPOBAHHBIX C yHETOM
GC 3HayeHuin napameTpa

®ur. 2C
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Mpoxoa 1 ans Mpoxog 2 ans
e /\ £0z nepeKkpLITUs pasmepa
- hparMeHToB

HaHHble cek-
< BEHNPOBaHUS > 623

604 L (/
e []
Mpeobpa3soBaHue u 3
AemynbTUnnekcupo-
BaHue (ecnu HopmupoBaTh pasgeneHHbli Ha 514
NPUMEHMMO) GrOKM CalT K OBLLEMY 3HAUSHUID b b
NES
* 506 T
v 816
BblpaBHVBaH1e YcTpanuTh rnobanbHyto BOSHy,
crneLnmU4Hyo NPoTOYHON ™
fivelike/napTum
610
¥ _ ' J
dunbTpaumsa MeTok U 8 : 818
pasgeneHme Ha Gnoku OTKOPPEKTUPOBATb C Y46TOM YPOBHS
GC
$ 812 ‘; T
KomnbloTepuanposaH- L :
HOe BbluKCrieH e o . &2
&
noac4eToB 4
OTunbTpOBaThL €ONHUYHBIA o
obpaseL,
;
: |
B
: .
MpoxoA 1 ANs NepeKpLITHS E. %I‘Ipoxo,u, 2 gns pasmepa parMeHToB
? ¥
624 OG6oralleHre O6oralleHne 528
uenesoro curHana LieneBoro curHana
no cpaBHeHuio ¢ Nno CPaBHEHMIO C
pedepeHcom pethbepeHcom

5 i
626 % ¥
N

630

OnpepeneHue Onpepenexve __//
rnokasaTens nokasarens

Mpoxopn 1 ansi aHanusa
B3BELUEHHOTO N0

reases

pasmepy nepeKkpbITUsA %
/\J 832
Mpoxop 2 ans aHanuaa < VITOroBbIf Nokasa- y
pasmepa pparmeHtos . . . W»

®ur. 2D
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700 702 17134 i713E5 V 713C
‘ﬂ/\'/ o
aHHbIe CeK- _ nepekpbITHe — THOCUTENbHas
BEHWpPOBaHWA > NepexpbITie KopoTK1e yacTtota 723
BCE (pparmMeHThI 3
parmMeHTbl KOPOTKUX
dparmeHTOB
704
Mpeo6pasoBaHue n “ !
LeMynbTMnexcupo- i 71
BaHue (ecnm )
NPMMEHUMO) HopmupoBath pasfeneHHbii Ha 6noku caint k obLiemy
3HaueHuo NES
& 708 : i
" ; . 716
Boipasrmsane YcTpaHuTh rnobanbHyio BOMHY, CneunduyHyo NPOTOYHOI
fAveike/napTum
H Y
v | ! L e
DUnbTpaLs METok 1 OTKOPPEKTNPOBATD C YYETOM YPOBHA
paspenexve Ha 6noku GC
. [ .
71p 719
KomnbloTepnanposaH- - AHanWa rnaeHbLIX KOMNOHEHTOB
Hoe BbluncneHne .
nopc4eTos : i 797
| I OTunbTpOBaTh €ANHNYHBIN )
o6pasel,
728 7 32
724 O6oralleHne OGoralleHne (\ O6oraweHve
LieneBoro curHana LieneBoro curHana LierieBoro curHana
MO CPaBHEHMIO C Mo CpaBHEHUIO C Mo CPaBHEHMIO C
735 pedepeHcoM pechepeHcoM pedbepeHcom
73
726 ! ’ ( v

OpHa unm Gonee
pakuuin am6proHa

\

t-cTaTucTUKa

t-cratuctuka

t-cratuctuka

Mpoxog 1:
nepekpbITUe — BCe (pparMeHThl

Mpoxop 2:

nepekpbITUe — KOPOTKME bparMeHTbI

Mpoxog 3:
4acToTa KOpPOTKMX hparMeHToB

Mpaeponogobue
aHeynnouaum

®ur. 2E
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PacnpepneneHue nepekpbiTvsi 6riokos

ons o6pasua C BbICOKAM NepeKkpbITuem
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SO(\
OnpegenuTb pakumio

3MGPUOHa C NPUMEHEHVIeM
nepeKpbITMA Uccriegyemoro
obpasua

802\

MonyunTb 06yvaiowme obpasubl, kaxablid U3 KOTOpbIx cogepxuT cfDNA
nnoaa MyXckoro nona

804\’

PaccuutaTh dppakummn smbpuoHa oby4atoLmx obpasuos

206 L

808

PasgenuTb peepeHCHyH0 nocnefoBaTenbHOCTb Ha Brioku
cybnocnenoBaTtenbHOCTER U NOMy4UTb NepeKpbITUsA GrokoB

v

MonyunTb Koppenauum mexay dpakunelit 3M6puoHa 1 NepexkpbiTeM ans
6nokos

TN .

BbiOpaTh 6r10KU C BbICOKMMU 3HAUEHUSIMU KOPPENSILIK

i :

MonyunTb NUHENHY MOAENb, YCTaHaBINMBAKOLLYH B3aUMOCBSI3b MEXAY
dhpakumeil aMEGp1oHa U NEPEKPLITUEM C MPUMEHEHUEM AaHHbIX
BbIGpaHHbIX 6110KkoB 06y4atoLLmx o6pa3Los

814,

MpuMeHUTL AaHHbIE O NEePeKpbITUM UcCrenyemoro obpasLa B OTHOLLEHUM
Mopenu Ans onpeaerneHvst opaxkumm ambpuoHa nccriegyemoro obpasua

®ur. 2G
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?9()()\

Onpepenutb dpakumio
amMBpuroHa ¢ NpuMeHeHuem
pasmepa cparmeHTa
nccnenyemoro oGpaaua

902\

MonyunTte 06yyatowme obpasLibl, Kaxablil U3 KOTOPbIX coaepxuT CDNA
Nnoga MyXcKoro nona

904\

k4
PaccunTaTth dpakuum smbpuoHa oby4aioLyx o6pa3Los

A 2

906™

Pa3penuTb gnanasoH pasmepa Ha 6noku anst obecneveHuns 6nokoe Ha
OCHOBaHUM pa3mepa parMeHTa v onpeaesMTb HacToTkl CYUTLIBAHWIA Ans
6nokoB Ha ocHOBaHWK pa3mepa cparMeHTa

908,

.

Mony4nTb NMHENHYIO MOdENb, YCTaHABNUBAIOLLYIO B3aUMOCBA3b MeXay
hpakumnei aMGPMOHa M 4acTOTOM C NPUMEHEHNEM AaHHbIX GIOKOB Ha
OCHOBaHMW pasmepa dpparMeHTa obyqaroLmx obpasLos

910

MpUMEHNTb faHHbIe 0 HacToTe Mccneayemoro obpasua B OTHOLIEHUM
MOAENM Ans onpefenexus cpakuum aMGproHa nccriegyemoro obpasua

®ur. 2H
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lOOﬁ\

OnpepenuTb pakuuo
9aMBpHoHa C NpUMeHeHVeM
YyacToTbl 8-Mepa

1 002\\

Mony4uTts o6y4atowme obpasubl, Kaxapslil 3 KOTOpbIx copepxuT ciDNA
nrioaa My»ckoro nona

1004\

3F
Paccuntath dpakummn sm6puoHa obyqaroLumx obpasuos

10067 k 4
|_|OJ'Iy'~lI/ITb YacTOTbl BCEX BO3MOXXHbIX 8-MepOB Anga Kaxgoro oﬁyqarou.l,ero

obpasua

1008, &

Mony4unTb KOppensuun Mexay dpakumein am6proHa n YactoTon 8-mepa
ONA KaXXO0ro BO3MOXHOro 8-mepa

1016y s

Bbi6paTh 8-Mepbl C BLICOKAMM 3HAYEHUSIMW KOPPEenaLum

1012 I
I'IonyHVITb nVlHelele MoAenb, yCTaHaBMBaIOLYO B3aMMOCBA3b Mexay

dpakumein aMGproHa 1 YacToToi 8-mepa C NPUMEHEHWEM AaHHbIX
BbIGpaHHbIX 6nokoB 0Byvarowmx obpasLos

1014 v

MpUMeHNTb faHHbIE O NepekpbLITUM Uccredyemoro obpasua B OTHOLWEHWN
mMogenu ans onpegenexHns opakuum ambpuoHa uccnegyemoro obpasua

®ur. 21
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.:U..Q.Q 4 Mpoxog 1 gns Mpoxop 2 ans
1102 nepekpbITUs paamepa
7 bparmeHTOB Unn

[aHHble cek-

8-mepa
BEHMPOBaHWs

£1124

| 1123 |
1104 ki ¥
7 5 B
Mpeo6paasosanuve 1 : i
LeMyrnbTUNNeKenpo- E
BaHue HopmuposaThb pasaeneHHbli Ha Groku 1114 .
(ecnv NpUMEHNMO) caiT k oblwemy 3HauyeHuio NES - E
] 1106 v ; .
e . 1118
BbipaBHuBaHue YerpanuTe rnobarnksHyto BonHy, ﬂ
crneumnduyHyi0 NPOTOYHOM AYerKe/napTum 3" .
v 1110 ; . !
H B
OunbTPaLMs METOK 1 : ; 1118
pasfieneHue Ha Gnoku OTKOPPEKTUPOBATL C Y4eTOM ypoBHs GC v E
8
1112 v |
¥ i .
KomnbloTepranpoBaH- : I N
Hoe BblYMCIIeHNe 11
nopAcHeToB H 1122 E
OThunbTPOBaTH EANHUHHBIA e N
oGpasew
: : |
: .
: I
: i
¥
Moxon 1 o N H *  Tpoxop 2 ans pasmepa
POXOA 1 ANs nepekpeITUs : chparmeHToB nnm 8-mepa
: t E
1150 * - .
OueHka dpakuum OueHka tpakumn
ambpuoHa ambpuoHa VIR |
; ; 152
8
[] .
H 1154
v . Av
n

ToroBas oUeHKa chpakuun
amb6puoHa

Mpoxop 1 AnsA nepekpbITUs

Mpoxog 2 ans paamepa
cparmeHTOB Unu 8-mepa e wmmmm s smmmm s

Our. 2]
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Konui B uccnegyemom obpasue

301
\ ( Pabounit npouecc Ans oLeHKU yucna }

JkcTparnposatk 6ecknetouHyto AHK u3 nccnegyemoro o6pasua

Co3gaTb GUBNVOTEKY LUTPUX-KOOUPOBAHHBIX CHUTLIBAHWIA 4NA Kaxgoro obpasua

!

CexBeHMpoOBAaThL LITPUX-KOAMPOBaHHbIE o6pasLibl MYJbTUNJIEKCHbIM o6Gpasom gns
nony4yeHuns CYMTBIBAHWIA NOCNEAOBATENLHOCTN

¥

BbIPOBHATL CHUTBIBAHWS OT Kaxcaoro obpasua ¢ petepeHCHbIM reHOMOM Ars
nony4YeHusl HemcKnouYeHHbIX caiToB (NES), koTopble NpefcTaBnsioT co6on
O[JHO3HAYHO KapTUPOBaHHbIE HeayGnMpyloLMecs MeTKU NOCNeA0BaTENbHOCTU

v

Pasgenutb BbipoBHeHHbIe NES Ha 6rnoku pedrepeHCHOro reHoma

¥

MackupoBaTtb 6oKW, eMOHCTPUPYIOLLIME BbICOKYIO BapuabensHOCTb NepeKpbITUs, C
NpUMeHeHeM Macku nocnefoBaTerIbHOCTH, NOMYyYeHHOW U3 MHOXEeCTBa
HenopakeHHbIx obpasuos

v

Hopmu1poBaTh nepekpbiTUe C NMPUMEHEHNEM NMEpeKpLITUS pedPepeHCHOro reHoma

¥

YeTpanuTs rnobanbHbii Npodunb B Npeaenax reHomMa ua HOpMUMPOBAHHOIO NepeKpbITUS

¥

OTKOPPEKTUPOBATH C Y4ETOM BHYTPMBLIGOPO4HON NorpewHocTn GC

v

Ll,eHsprposaTb Ype3mMepHO OTKIMOHAKLWeCcs 3HaveHUA nepekpbiTua

v

n poLecc KOHTpONA Ka4yecTsa

OUEHWUTb YUCIIO KOMWIt NOCNEeAoBaTEeNbLHOCTHU, MPEACTABNAIOWLEN UHTEPEC, B
ncenegyeMoM obpaalie Ha OCHOBaHMN LIEH3YPUPOBaHHOTO NepeKpLITUS

Owr. 3A
b
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¥
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FeHomHoe nonoxeHue Xp 21
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Oxvgaemoe nepekpbiTve rnobansHoro npoduns
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QOcTaTouH. No cpaBHEHMIo ¢ % GC [0 KOPPEKTUPOBKA

]
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400
\\ Mony4nTb Macky

402 \\

404

nocnegoBaTenbHOCTU

Ob6ecneynTb reHOMHbIE CYUTLIBAHWS! MHOXECTBA HenopaXeHHbIX
obyyaiowmx obpasuos

v

BblpOBHATL FEHOMHbIE CHUTLIBAHUA € pePepeHCHLIM FEHOMOM,
cofepXallyM nocrnefoBaTensHOCTb, MPeACcTaBnsoLLYI0 MHTepec, Ans
nony4eHust MeTok o6y4aloLLei NocreaoBaTensHOCTY AN 06yyalowmx

obpasLoB

v

406\\ OnpepenuTs Ans kaxaoro obyyatoliero obpasla 3HaueHue napameTpa

408

MEeTOK 0ByHaloLLel NocneaoBaTenbHOCTU, PACMONOXEHHBIX B KXAOM 13
MHOXeCTBa GNOKOB , Ha KOTOpPbIE pasfeneH pedepeHCHbI reHoM

¥

OnpepennTb OXUAaeMoe 3HauyeHne napameTpa cpeau 0byyaioLmx
o6pa3LoB Ans KaXOoro cekropa

:

410 ~ CroppeKTpoBaTh 3HaueH\e NapameTpa B KaXA0M CEeKTOpe AMs KaXaoro

obyuatoLiero o6pasLia B COOTBETCTBUMU C OXMAAEMBIM NEPEKPLITUEM B
K2)KOOM CEeKTope, NOCPEeACTBOM 3TOMO MOMNy4uB 3Ha4YeHUe napaMeTpa ¢
yCTpaHeHHbIM rnobanbHbiM Npodunem Ans kaxgoro obyyatolero
obpaaua

3

412“\ CKOppEKTUPOBATh NePEKPLITUSA C YCTPaHEHHbIM rnobankbHsIM npodunem

Ans kaxaoro oby4atowero obpasua Ha OCHOBaHUM B3aUMOCBSA3W MeXay
ypoBHeM cofepxaHusi GC 1 nepekpbiTUeM C YCTPaHEHHbIM FnobanbHbIM
npodunem, CyLLECTBYIOLMM B Kaxxaom oby4qatoLem obpasue,
nocpeacTBOM 3TOMO NOJTy4MB NEPEKPLITUS, OTKOPPEKTUPOBAHHbBIE C YHETOM
GC B o6pasLie, MeToKk oBy4aloLLeit nocnefoBaTenbHOCTU AN KaXOoro
oby4aiowero obpasua

%

Cospatb Macky nocnegosartefibHOCTU, cogepxaLlylo HeMaCKMpoBaHHbIE U
MackupoBaHHble 6ok, npuyeM KaxkaoMy MacknpoBaHHOMY CEKTOPY
CBOWCTBEHHA XapaKTepucTuKa pacrnpeaeneHuns, npesbiwaoLas nopor
MacKnpoBaHua

O@ur. 4A
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CpaBHeHve pacnpeaeneHusi paamepa MaTepUHCKON 1 aMBPUOHATLHOM
HYKMEMHOBOM KNCIOTbI

e OMOpUOHanNbHas (Y-xpomocoma)
. MaTepuHekan + aMOproOHanLHas
(ycToi4mMBbLIEC ayTOCOMbI)

8 100 00 300 400
Pasmep scTaeku

®ur. 10

®pakuus ambpuoHa no pasmepy hparmMeHTa

—

324 o6pasua (166 M) 6e3 MLIP, NO SS +/- T21

N=

i

Bce ¢parmenTbl cfDNA Kopotkue cparmeHTbl cfDNA

Gur. 11
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PaspeneHve ana T21 no Bcem cnocobam

121 -+ SS ON ‘d1LI €39 :0L€=N

Bt

57

Bl

YET

A 2
< [ER]
w e o
%
“
e
+ o
i @© H 54
=5 oo,
b o
g5 Q
ge 5t
e’ 2
a 7
x x 2 :HNM
35
W.MMC
D.D.n_mi.\ &
082 Tz
& %
@ -
e=zg 0
ggsg . 2
_HK.m. m
_ g ot
2 o
° x5
MMF A ]
o © oo .
e g %
8 4
% % i
19 |17 4 £ qualeeevol|

®ur. 12

=063

MO KB, 6nokn 1 M6, kopp.

[t %40 410 @0 o040

[gz1go1Ll/9cL L1 L] Bodoug xi9HHedgIqa en seHHeeeMoTadu ‘€]

E=]

.10
©D n3 X-XxpoOMOCOMbI

8.05

@ur. 13

@ EBpa3uiickas naTeHTHast opraHusaums, EAMB

Poccusi, 109012, MockBa, Manbliii Yepkacckuii nep., 2

- 133 -



	Bibliographic data
	Abstract
	Description
	Claims
	Drawings

