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(57) OmmchIBarOTCS CHCTEMBI, CIIOCOOBI W arapa-
Typa AJIsl BHINOJHEHHS MPEHATAIbHOM JMAarHOCTHKH
nmucbananca mocnenosarensHocTei. [Ipu3nakom auc-
OamaHca B HEKOTOPBIX OOCTOATENHECTBAX MOXKET OBITH
caBur (HarpuMep, B CTOPOHY Ooliee y3KOTO pacrpe-
JeneHus mo pasmepam). Hampumep, pacmpenenenue
o pasMepaM (PparMeHTOB HYKJICHHOBBIX KHCIIOT W3
XPOMOCOMBI "B TPYIIIIE prCKa" MOXXHO HCIIOJIH30BATh
UL oTipeneneHus (eTaabHOH XpOMOCOMHON aHeyT-
nouann. PaHXUPOBKy IO pa3sMepy pa3iIHIHBIX XPOMO-
COM MO’KHO HCTIOIb30BAaTh AJIsI OIIPE/IENICHNS OTKJIOHE-
HUI paHXHpa XpOMOCOMBI "B TpyTIIie pucka' OT OXKH-
JTaeMOM paHKUPOBKH. Takxke pa3nuyue Mexay cTaTtu-
CTHYECKHM MOKa3aTesIeM pa3MepoB AJIsl OHON XPOMO-
COMBI MOJKHO CPaBHHTH CO CTaTUCTHYECKUM I1OKa3a-
TeJIeM pa3MepoB APYToi XpOMOCOMBI sl HACHTH (-
KaIluy 3HaYMMOTO CIBUTa B pazMmepe. Takxe MOXKHO
OTIPEAEINTh TEHOTHUN ¥ TAIUIOTHII TUIOZA, HCTIOIB3YS
pacrpezesneHne o pa3Mepam Al OIPEeNCHNs TOTO,
MMEET JIH MECTO aucOanaHc MociIeJ0BaTeIbHOCTEH B
MaTepHUHCKOM 00pa3Ie OTHOCUTEIHHO T€HOTHIIOB HITH
TafuIOTUIIA MaTEPH, IPUYEM ITOCPENCTBOM 3TOTO MOITY-
YJaIOT TeHOTHIT MJIU TalUTOTHII TUTOJA.
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1210683
EHOMHBIIT AHAJIN3 HA OCHOBE PASMEPOB

Hepercpeémme CCBUIKY Ha pOI[CTBCHHLIe 3asBKH

HaCTost;ax 3asiBKa NPUTs3aeT Ha MPUOPUTET M SBILACTCA OKOHYATeIbHEIM BapHaHTOM
IpeBapUTENbHON 3asBKHA Ha MATCHT CHIA Ne 61/259076 03arJIaBICHHON «O6Hapy>1<eHne
XPOMOCOMHOTO JMcOalIaHcay, nonamuoi 6 HoAGPs 2009, 1 IIpeIBapUTEIbHON 3asBKH Ha MATCHT
CIIIA Ne 61/360399, o3arnasneHHO# «I eHOMHBIA AHATM3 HA OCHOBE PasMepOBY», MOJAHHOH 30
wiorst 2010, BKIIOUCHHBIX B JaHHOS OIIMCAHVE B KaYECTBE CCHUIOK I BCEX uenei.

HaCTosnnaﬂ 3asIBKa TAKOKe SBIAETCA POACTBEHHOM 3asiBKE Ha IATCHT CIIA Ne 12/178181,
o3arnaBneHH6171 «JlmarHocTHKa (QETaNbHOH XPOMOCOMHOH aHEYIUIOMIUH C HCIIOIh30BaHUEM
MACCHBHOTO NapajUieIbHOTO CEKBEHMPOBAHUS I'EHOMA», nomansoi 23 wmrons 2008 (Homep B
natenTHOM peectpe Ne 016285- 005220U8S); 3asgBKe Ha MHNaTCHT CILIA Ne 12/614350,
O03aTIABNCHHOM «JIMarHOCTHKA (ETAILHON  XPOMOCOMHOHN aHCYILIOM/HH. C UCIIONB30BaHIEM
MACCHBHOTO NApaJUICIHHOr0 CEeKBCHMPOBAHMA I'CHOMA C oboramesreM» (HOMEp B IATCHTHOM
peectpe Ne 016285- 005221US), # OJHOBPEMEHHO IOJaHHOH 3asBKe Ha narenr CLIA,
ozaraBieHHOM « eHOMHEIH aHalM3 II0/1a U3 MATCPHHCKOrO 6HonoqueCKoro olpasma» (HoMep
B maTeHTHOM peecTpe Ne 016285-006710US), BKIIOUCHHBIX B JAHHOC OINMCAHHC B KA4CCTBC

CCBLIOK JUISl BCEX LISJIEH.

YPpOBEHb TEXHUKH

OTKpBITI/Ie q)eTaJIbHou JIHK B MaTepuUHCKOM IIasMe B 1997 oTKkpbIBacT HOBBIC
BO3IMOIKHOCTH Uil HEMHBAa3MBHOM IpeHaTaIbHOW [UarHOCTHKA (Lo et al., Lancet, 1997, 350:
485-487). Takas TéXHonorI/m' 6BICTPO HEPEMECTIIIACH B KIMHHIECKUE IPUMCHCHHA C IeTeKIuen
[IPOVCXOMSIMX OT TUIOAd YHACIENOBAHHEIX OT OTHA TEHOB WM IIOCIEIOBATEIBHOCTEH,
HampuMep, VI ONpPEIelICHHs T0Ma 042 1 UL OTPENCIICHUA CTaTyca RhD mnoma. OmHako
IpUMEHEHHe B MNpEHaTalbHOH JmarHoche BKIIFOYAIONIEe aHAIN3 TEeHOMHBIX MHIICHEH,
KOTOpEIe MPUCYTCTBYIOT Kak B MATEPUHCKOM ICHOME, Tak ¥ reHoMe IUIOJa, Hampumep, 21
XPOMOCOMBI, SIBJISIETCSA TOPa3no 6oriee MHOTOOOEHIAIOIINM.

HejaBHO MOKA3aHO, YTO METOMBI IOJCYETa OTACIBHBIX MOJIEKYJ ¢ KX HPEeBOCXOIHOH
KOJIMYECTBEHHON TOYHOCTBIO MOTYT OBITH IIEPCIICKTUBHBIM PEIICHACM taxoi mpobmems! (Lo et
al., Proc. Natl. Acad. Sci. USA, 2007, 104: 13116-13121; Fan et al., Anal. Chem., 2007, 79:
7576-7579; 3asska Ha marent CILA 11/701686; Chiu at al., Trends Genet., 2009, 25: 324-331;
Chiu at al., Proc. Natl. Acad. Sci. USA, 2008, 105: 20458-20463; Fan et al., Proc. Natl. Acad.
Sci. USA, 2008, 105: 16266- 16271) B takmx MeTomax mened ;mamocmm IIOCTHTAIOT qepez




Ha6 IIOIeHNEe KOIMIECTBEHHBIX Pasinduil B YHCTIC MOJICKYI M3 BEIOPAHHBIX T€HOMHBIX JIOKAIIHA
MesxIy GOJE3HEHHBIM U 3OPOBLIM cocrosHueM. Hampumep, [ IMarso3a CHHAPOMA HayHa y
ILIO/IA YMCIIO MOJICKYII U3 XPOMOCOMEI 21 6yzeT BO3paCcTaTh, KOIZid IO CTPATAET OT TPHCOMHH
21 (Chiu et al., Proc. Natl. Acad. Sci. USA, 2008, 105: 20458- 20463 Fan et al., Proc. Natl.
Acad. Sci. USA, 2008, 105: 16266-16271).

O[HAKO TaK¥e METOBI TIOJICHETa MdryT CTpajath OT OPAHMYEHHOIO YHCHA MOy ICHHBIX
JAHHBIX WM APYTEX HENOCTaTKoB. I[103TOMY JKENATENBHO MPEeJOCTABUTE HOBRIC METOJIB],
CHCTeMBI ¥ IIPMGOPE VIS BBIIONHEHHS IPEHATAIbHON TUAarHOCTHKH, HMEIOHC OnpeelIeHHBIE
IPEHMYIIECTBA IIEPE] CYIUECTBYIOMMME METOAAMIL.

CymHocTb H300peTeHUS |

HekoTopbie BOIUIOMIEHMs HACTOSIIETO H306peTerrs. MOTYT IPENOCTABUTH CHCTEMBL,
METO[IB! M amIapaTypy, KOTOpble MOXHO HMCIIOIB30BATh B aHAIU3C Ha OCHOBE Pa3MEpOB I
BEIONHEHUs [IPEHATANbHON [HArHOCTHKH [MCOajaHca HOCJIe0BaTeIbHOCTEN (HaIIpI/IMep,
deranbHOM XPOMOCOMHOM aHEeyIUIOWIUH) B 6HOIOTHIECKOM o6pa3ue [IOJY4YEHHOM OT
GepeMeHHOM JKEeHIMHEL HamprmMep, paclpelencHue Mo pasMepaMm (bparMeHTOB MOJIEKYJ
HYKJICHHOBBIX KHCJIOT UL XPOMOCOMBI «B TPYIIIe DHCKa»  MOXHO HCII0JIb30BATh IS
ompenenenus (GeratbHOR XPOMOCOMHOM aHEYIUTOMIMH. HeKOTOpmé BOIUIOIIEHUS TAKKE MOTYT
T03BOUTE OOHAPYKHBATH APYIHE ucGaNaHChl HOCIeI0BATEFHOCTEH, TaK/e KaK IUcOaanc B
6ronornueckoM obpasue (coxepxkamem JHK matepu u 10/1a), TAe JMCOATaHC COOTHOCHTCS C
PEHOTHIIOM, MYTAIMOHHBIM CTaTyCOM HWIM TaIIOTHIIOM MAaTepH. Taxo¥ mucOamaHC MOXHO
OIpeNe/UTh ¢ IIOMOIIBIO. PACTIPEACICHHS 10 pasMepaM (parMeHTOB (MONIEKYN HYKICHHOBBIX
KHCIOT), COOTBETCTBYIOIIMX  ONPENCICHHOM - MOCIENOBATCILHOCTH, COOTHOCHTENBHO €
OIKHIAEMBIM Pacipe/ieIeHIeM [0 Pa3MepaM, Kor/a o0pasell SBIeTcs THCTO MaTEpHHCKHM, 2 He
oT miona u Marepu. Crpur (HanpuMep, K Oonee y3KOMy pacnpeneneﬂnm IO pasMepam) MOXKeT
GLITH IIPU3HAKOM McOaNaHca IPH HEKOTOPBIX 0OCTOATENBCTBAX.

B onpHOM BOIUIOMIEHWH Ul ONpefeneHns Iucbananca WCIIONE3YIOT PAHIKHPOBKY
pacnpe/eNerus 1o pasmepy (Hampumep, CTaTI/ICTI/I‘{CCKOI‘O OKa3aTeNs, NpeJCTaBIIONEro
pacrpezieneHue o pasmMepy) dparMeHToB U3 COOTBeTCTByIOILII/IX XPOMOCOM OTHOCHTEIILHO APYT
mpyra. Hampumep, pamXHpOBKY IO pasMepy (parMeHTOB XPOMOCOMEI «B IDYIIIE PHCKa» B
MCIIBITHIBAEMOM 00pasIie MOXHO CPaBHUTD C DAHKHPOBKOH U XPOMOCOMBI «B IPYIIIE PHACKaY,
KOTOPYIO HOTY9aloT B3 STalOHHOTO GHOJOrMYecKoro obpasua. Ha oCHOBE CpaBHEHHs MOXHO
BBITIOJHUTH JTHArHOCTUKY. Kak ripHMep, eCITH PaHXKUPOBKA M3MEHAETCA (HAampHUMep, TIOKa3biBas
yMeHbIICHHE pa3Mepa (pparMeHTOB HYKIEHHOBBIX KHCJIOT) Ha oﬁpeneneHHylo BETMYMHY, TOTAA

MOJKHO MOCTAaBWTH JAMArHo3, 4TO B XpPOMOCOMEC «W3 I'pyHnsl puUCKa» CYLIECTBYCT @CT&HLH&H




XpPOMOCOMHas aHCYIIOM/INS. B pasnmﬁmx BOIUIOIIEHUAX C KCIIOJIb30BAHHEM TaKOro aHalnsa
PAKIPOBKY MOXHO HCITOIb30BATh BCe 22 ayTOCOMEI U IIOIOBBIE XPOMOCOM HIIH IOIMHOMKECTBO
XPOMOCOM. | _ '

B mpyrom BOIUIONIEHAH UCHONB3YIT Pa3Indue MEeXITy pasMepoM (r.e. cTaTucmqecmM
HOKa3aTesIeM, HpelICTaBH}II-OIHI/IM pacnpeneneHue 1o pasmepam) (bparMeHTOB XPOMOCOMEI «H3
rpj(nnbl pHCKay» U pasMepoM (parMeHToB 3TAJOHHOM XpOMOCOMBL. Hanpumep, eCiti pasiiiue B
pasmepe GoibINe MIM MEHBIIE, YeM [pEeIbHAd BesqmuMHa (Takke HasbplBaeMasd ITOPOTOBOM
BEIWYHUHOMN), TOrZNa MOXHO JIPI&I‘HOCTPIpOBaTB 4TO B XPOMOCOME «M3 TpPYINBl PHUCKa
CyIIECTBYET (eTanbHas XPOMOCOMHA aHeynnon;[pm

CorjacHo OJHOMY HPHMEPY BOIUIOILEHHA I'IpeD;OCTaBJI}ICTCSI CImoco0  BEIMOJIHEHUS
TpeHaTalbHON JMAarHOCTHKY aucOanaHca [OCIIeIOBAaTENLHOCTEH B OMOJIOTHISCKOM obpasue,
[IOJyYeHHOM OT OepeMeHHON JKEHIIHUHBL. Buomorndeckuii obpaserl BKIIIOYAET MOJIEKYJIBI
HYKJIEMHOBBIX KHCIIOT, KOTOPBIE ABIISAIOTCS HaCThIo HYKICOTHIHBIX TOCIIEIOBATEIBHOCTEH.
V3MeparoT pasMep KakIod MOJICKYIIbI HYKIEHHOBOH KHCIIOTBl M3 MHOMKECTBA MOICKYI
HyKIEMHOBBIX KHCIOT B OHOTOTHISCKOM obpasiie, ¥ U3 9TOTO nneHTmQ)Hquy}oT HYKJICOTHIHYIO
[OCJIENOBATebHOCTh, H3  KOTOPOM  MPOMCXOAMT — MOJCKYIa HYKICUHOBOM ~ KHCIOTHI.
KoMIploTepHas cucTeMa ONpEesieT PaclpeleeHue. o pasMepaM MOJIEKYJ HyKJICHHOBBIX
KHCJIOT, COOTBETCTBYIOIIMX IIEPBOH MOCIECAOBATEIBHOCTH. Ha ocHOBaHMH YCTaHOBICHHOTO
pacrpeneneHust [0 pasMepaM IIPOBOZST KIaccUUKayio, CyIMEeCTByeT JHU nucbaranc
[OCIIENOBATEeABHOCTH YIS IEPBO [MOCIEI0BATEIBHOCTH.

CoracHO JpyroMy NpPHMEPY BOIUIOMICHUA MPENOCTABIICTCA criocoG  BBIIOTHEHHS

IpeHaTAIPHON ~JIHArHOCTHKH deTansHOW XPOMOCOMHOW aHCYIUIOWIVH B OHMOTOTHIECCKOM

o6pasne, MONYYEHHOM OT OEpEeMEHHOH JKCHIIMHBL. W3mepsioT paszMep KaXIOH MOIEKYIbI
HYKJICHHOBOH KHCIOTBI W3 MHOXECTBA MOICKYI HyKICHHOBBIX KHCJIOT B OHONOIHYECKOM
o6paslie, W M3 STOr0 HMAECHTHQHUIEPYIOT XPOMOCOMY, H3 KOTOPO# IPOMCXOAUT MOJICKyIa
HYKIEHHOBOM KHCTOTHL. KOMIBIOTGpHAS CHCTEMa BBIMHCIACT CTATHCTHYECKHH I10Ka3aTelb
MCXONS W3 pasMepoB MOJEKYI HYKIEHHOBBIX KHCIIOT, COOTBETCIBYIOIIMX XPOMOCOME.
CraTHCTHYEeCKUH T0KA3aTeNb BEIUUCIIAIOT JIs KaXI0H U3 MHO)KéCTBa xpomocom. Ha ocHoBanun
CTaTHCTUYECKOTO  IOKa3aTelds —ONPENEISIIOT — PAHKHUPOBKY — XPOMOCOM. Y CTaHOBIEHHYIO
PamXUPOBKY: IIGpBOPI XPOMOCOMEI CPaBHHBAIOT C IpYTOi PAmXHUPOBKON MEPBOX XPOMOCOMEL
TOJyYeHHOM M3 JTANOHHOTO GHOTOrMYeckoro obpasna. Ha OCHOBAHKM CPaBHEHHAA HMPOBOIIT
KITaCCH(HUKAMIO, CYMECTBYET JIH " peranbHas XPOMOCOMHAs —aHCYIUIOMAWA UL TIepBO#
MOCIIE0BaTEIBHOCTH. | |

CorfacHO IpYyroMy IIPEMEpY BOILIOMICHHS IPEAOCTABIACTCA cnocol  BBITIOJHEHHS

[IpeHATaNbHON JUATHOCTHKM (eTaibHON XPOMOCOMHOM aHEyIIOHAMM B OHOIOIMIECKOM
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o6pasie, MONyYCHHOM OT OepEeMCHHON KEHIIMHBL H3mepsioT pasmep K@KIOH MOJIEKYJET
HYKIICHHOBOH KHCIOTHL M3 MHOMKECTBA MONEKYJ HyKJICHHOBEIX KHCJIOT B OHOIOTHYECKOM
obpasile, ¥ W3 3TOr0 HACHTADHUIMPYIOT XPOMOCOMY, H3 KOTOPOH IIPOMCXOJHUT MOJIEKyna
HYKJIEMHOBOH KHCIOTEL ~KOMNbrOTepHas CHCTEMa BBIMHCIACT NEPBEI  CTAaTHCTUYECKUM
[OoKa3aTellb MCXOMI M3 PasMepoB MOJEKyJ HyKICHHOBBIX KHCIJIOT, COOTBETCTBYIOMINX TepBOi
xpomocome. KommbroTepHas CHCTEMa BEYHCISET BTOPOH CTATMCTWYECKHI MOKA3aTelb MCXOM
B3 pa3MepoB MOJIEKY] HyKIEMHOBBIX KHCJIOT, COOTBETCTBYIOIIMX OIHOM WM HECKOJIBKHM
apyrEM xpomocomaM. OIpeNeNnsioT M0Ka3aTeNb Pas/eNeHIs MEX/Ty HepBbIM CTATUCTHIECKUM
ITOKa3aTelleM M BTOPHIM CTaTHCTHYeCKMM IokasareleM. [lokasaTenb pasieneHis CpaBHUBAIOT C
ONMHON WM HECKOTHKHMH IIOPOrOBHIME BelquuuHamy. Ha OCHOBaHWMM CPaBHCHHA MPOBOIAT
kIaccu(DHKAMIO, CyIIECTBYeT 1u (eranbHas XpOMOCOMHAs aHCYIIOMIMA UL niepBoi
II0CJIEIOBATEIbHOCTH. |

Jlpyrde BOIUIOMIEHWs H300pETeHHs OTHOCATCA K CHCTEMaMm M MallMHOYHTAaCMBIM
HOCHTEIAM HH(DOPMAIMH, CBS33HHBIM CO CIOCOOaMH, ONMCAHHBIMA B JAHHOM ONHCAHUH. B
OIHOM BOIUIOIICHHM MAINIMHOYHUTACMbBIA HOCHTENh MHMOPMAIMH CONEPKUT KOMAHIBl 10
BOCHPMSTHIO JAHHBIX W aHANM3Y MNAHHBIX, HO OTCYTCTBYIOT KOMAHIBI IO YIpPABICHIIO
MEXaHM3MOM ISl TIOMyYeHHs! JaHHBIX (Hampumep, CEKBCHHPOBAHHIO MOJEKYT HYKJIEHHOBBIX
KHCJIOT). B Ipyrom BOILIOMEHVH MAIIMHOYKTACMBIH HOCHTEb HH_(bopMauHH COJEPXXUT
KOMAHZbl [0 YIPABICHMIO MEXaHH3MOM MNA IMONyYeHWs IaHHBEIX. B OHOM BOILIOLIEHMH
KOMIIBIOTEPHBIH IPOrpaMMHBIA TPOILYKT BKITIOUAET MaNIMHOYHTAEMBIH HOCHTEID uHOpMaIHH,
conepxaruii Habop KOMaHL [0 PEryTMPOBAHMIO IPOLIECCOPa ISl BHIIOIHCHHS OTCPAIMH, UL
cnocoboB, OIMCAHHBIX B JAHHOM OIFCAHHH. BOIIOIMEHNS TAKKE OTHOCATCA K KOMIBIOTSPHEIM
crcTeMaM, cOPMUPOBAHHEIM JUTs BBIIONHEHHS CTamuil mo0oro u3 CrHocobOB, OMMCAHHEIX B
NAaHHOM  OIMCAHMM, BO3MOXKHO, C = Ppas3jMYHBIMH  KOMIIOHCHTaMH,  BBIIOTHAIOIMAMU
COOTBETCTBYIOIILYIO CTAJAIO MY COOTBETCTBYIOILYIO rpynny CTa ui.

O6pamieHse K OCTaNbHBIM YacTAM OIMCAHHS, BKIIOYas WYEPTEKH. U bopmyity
M300peTeHNs, CleNaeT HAIJHEIMU JIpyTHe OCOGSHHOCTH M TIPEUMYIICCTBa BOTLIOILEHH
Hacrosiero m3obperenus. Jpyrie 0COOEHHOCTY M IPSUMYILECTBA, & TAKKE CTPYKTypa 1 paboTa
pA3NIMYHBIX BOILIONEHMAI HACTOSIIEro H300peTeHMs IOXPOOHO OIKCAHBl HWXKE C YYETOM
npunaraeMeix ueprexed. Ha ueprexax cxoxue HOMEpa VI CCBUIKH MOIYT yKa3‘BIBaTB Ha

HJICHTUYHBIC HUJIH q)yHKU;PIOHEUII:HO CXO0XXHE OJICMCHTHL.

Kparkoe omucaHye 4epTexnei
®ur. 1 npencrasisier coboH 610K-cXeMy, HILTIOCTPUPYIOIIYIO croco6 100 BBIMOTHEHHUS

HpeHaTaHLHOﬁ JUarfioCTUKHU )1H06ancha HOCJIGD;OB&T@HBHO'CTGI‘;I B OHOJOrMYeCKOM 06pa3ue,
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HOJXY4YEHHOM OT OepeMEHHOH JXCHIIHHEL, COTIaCHO BOTLTOMEHMSIM HACTOSIIETO H300PETEHILS.

®ur. 2 mnpexacTaBIgeT cob60if rpaduk, IOKa3bBANMMKA CPEAUHHYIO PAHKHUPOBKY
XpOMOCOM PaclpefieieHHyl0 B  COOTBEICTBMM C  pasMCpaMu HOCJIEIOBATEIHHOCTEHN,
BBLIPOBHEHHBIX C HUMH (KOT/I@ UCIIONb3YIOT BAPUAHT 1 mabopa pearcHTOB reHepaL[ﬁH KJIaCTEPOB
Illumina), corTacHO BOILIOLICHUSM HAaCTOAIIET O n300peTeHus. ‘ »

®ur. 3 mpexcrapiseT coboif rpadmK, TMOKA3HBAIOIMM, 9TO aHAIN3 pa3Mep0B
NOCIeI0OBATeIbHOCTEH, MPOUCXOMAMMX OT PpaslMYHbIX XpOMOCOM B MaTEpUHCKOHN IuIa3Me,
COTJIACHO BOIUIOIICHMSAM HACTOSMIEro M300peTeHMU MOKHO FICIIOJIB30BaTh ISl HEHHBA3UBHOIO
IIPEHATAIBHOr0 0OHAPYKEHHUS (PeTaIbHBIX aHeyIIonauit XxpoMocoMsl 21.

dur. 4 npencrasiuser cobod OIOK-CXeMy, HITIOCTPHPYIOLIYIO crioco0 BBITTONHEHHS
IIPEHATANTGHON [IHACHOCTHKH (eTalbHOH XPOMOCOMHO} aHEYIIOUIME B GHOIOTHYECKOM
o0pasie, MOIy4EHHOM OT V6epeM€HHOI71 JKCHIIMHEL, C HCIIONB30BAHMEM PaHKUPOBKH
CTATHCTHYECKOTO ITOKA3aTeNs pa3Mepa, COrlIacHO BOTUIOICHUAM HACTOSIIET0 H300pETEeHNUA.

~ ®ur. 5 npexcrasisier co6oi TabIHIly, WITIOCTPHPYIONIYIO CPABHCHHE XPOMOCOMBI 2l ¢

XpOMOCOMOH 7 M XpoMocoMoi 14 1o pasmepy TOCIENI0BATENBHOCTEH, BEIPOBHEHHBIX ¢ HIMY,
COTJIACHO BOILIOMICHMSAM HACTOSIIETO M300PETCHHS.

dur. 6 mpencraBisier cobol OIOK-Cxemy, WLTIOCTPHPYIONIYIO  CHOCO0  BBIIOTHEHHUS
TIpeHAaTaIbHOM NHACHOCTHKH IucOaaHca HOCIIEIOBATENBHOCTEH B OHOJOTHYECKOM 00pasIle,
IOTy4eHHOM OT OepeMEeHHOM XKEHIIMHbI, COITIACHO BOIUIOIMICHUSIM HACTOAIICIO H3o6peTeHHﬁ, c
JICIIONIF30BAHHEM CPAaBHEHHS CTATHCTHYECKOTO MOKasaTesisi pasmMepa (parMeHToB 11 TEHOMHON
JIOKAITHN. '

dur. 7 nokasesaer rpapux 700 ILOJIH o0miell JUIMHBI, BHOCHMOW KOPOTKHMHU
@parMeHTaMH (F), IpOTHB TOPOrOBOrO 3HAYEHHUs (W), COIVIACHO BOIUIONICHHSM HACTOAIMICTO
M300pEeTEeHUs.

®ur. 8 nokassiBaer rpabux 800 moms oOmeldl IMHBL, BHOCHMON KOPOTKMMH
dparmenTamu (F), mrt xpomocomsr 21 (cromHas JIUHUS) U OTAJOHHBIX XPOMOCOM (Bce
ayTOMOCHI 33 MCKJIFoYeHneM xpomocom 13, 18 u 21) (MyHKTHpPHAs JIMHKS), TPOTHB IOPOrOBOrO
3HaueHHs B CIydYae OYIUIOMIHON OepeMEHHOCTH, COIVIACHO BOILIOWICHUSM HACTOAMICIO
H300peTEHUs.

®ur. 9 nokasbisaer rpadrk 900 senmaus F s xpomocomst 21 (cruronrHas JTMHES) ¥
STAJOHHBIX XPOMOCOM (BCE ayTOCOMBI 33 HCKIIOUCHHEM XPOMOCOM 13, 18 u 21) (nyHKTHpHa;L
JHMHHS) TPOTUB MOPOrOBOTIO 3JHAYEHUS B crydae GepeMEHHOCTH ¢ Tpucomueit 21, cormacHo
BOILIOMIEHUSM HACTOSIIETO U300PETEHHU. }

®ur. 10 moxassBaeT rpadukx 1000 AF@1.rery MEXKIY XpoMocoMOM 21 ¥ 3TalOHHBIMU

XpOMOCOMaMH (BCE ayTOMOCHL 3a MCKITIOUEHHEM XPOMOCOM 13, 18 u 21) npoTHUB HIOPOTOBOrO
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3paueHUS B Clydae JYIUIOMIHON OEpPEeMEHHOCTH H GEpPEeMEHHOCTH C TpucoMHeH 21, COTIacHo
BOTLTOMIEHHMSIM HACTOSIIIErO H306PETEHNS. "
®ur. 11 mokassBaeT Tabmuity 1100 mis aHATOMHYECKOro Ioja 1 xinaccudukanuo 120
6epeMeHHocTeﬁ COrIACHO BOILIOIIEHMAM HACTOSIIEr0 H300pETEeHHS.
®ur. 12 WUIOCTPAPYET PAHKUPOBKY PasiIMIHBIX XPOMOCOM I YETHIPEX o0pa31os ¢
pa3nﬁqHBIMp1 3260MCBaHMSIMY WIM. COCTOSHUN 6e3 3aboneBaHMH COIrTacHO BOILIOLICHUAM
HACTOSIIEr0 U300pETEHHS.
@ur. 13 mOKa3bBaeT PAHKHUPOBKY XPOMOCOMBEL 13y 120 CIIy4aeB JYIUIOMIVH,
tpucomuu 13, Tpucomu 18 u TprcoMuH 21 COTIIACHO BOILIOMECHUSM HACTOAIIETO HU300peTeHUs.
®ur. 14 mnoKa3plBAET PAHKMUPOBKY XpoMocoMbl 18 mist 120 cioy4acB SyIUIOWIHY,
TprIC(;MI/II/I 13; tpucomun 18 u Tpucomun 21 cOrmacHO BOILIOMEHHUAM HACTOSAIICTO Hu300peTeHus.
@ur. 15 mnokasplBaeT PAHKXUPOBKY XpOMOCOMBi 21 s 120 ciaydaeB SYIUIOHIMH,
TpucoMun 13, TpucoMHE 18 ¥ TpECOMHUH 21 COTIACHO BOMIOMEHHAM HACTOALIETO N300peTeHus.
dur. 16 npeacrasisier cobol TabIHIy, HIUTFOCTPUPYIOIIYIO CPABHEHUE XPOMOCOMBL 13 ¢
XPOMOCOMO# 5 M XpOMOCOMO# 6 TI0 pasMepy MOCIEAOBATEIBHOCTEH, BHIPOBHCHHEIX C HUMIL,
COTACHO BOILIOLICHHSM HACTOSIIET0 M306peTenust. CpaBHEHHE XPOMOCOM 5 1 6 ¢ xpOMOCOMoﬁ
13 HCIOIB3YIOT [ OOHAPYKEHHs HU3MEHEHHH B pa3sMepe TIOCIeA0BaTENEHOCTEH XPOMOCOMBI 21
npu GepeMeHHOCTH C TpucoMmueil 13. Pesymbratsl mpu GepeMEHHOCTH ¢ SyILIOUNER U
Tprcomueil 18 BKIIOUEHB! )11 CPaBHEHUS.
®ur. 17 npexacrasmnser coboi TabnMIly, HIUIKOCTPHPYIONIYI0 CPABHEHHE XPOMOCOMBI 18 ¢
xpoMocoMoit 12 u xpomocoMoit 14 1o pasMepy IOCHeNOBAaTENBHOCTEH, BRIPOBHEHHBIX C HUMH,
COTJIaCHO BOILIOLIEHHUAM Hacrosifuero u3obperenusa. PesynsTaTel pu 6epeMeHHoéTH c
SyILIOUIUEH ¥ TPUCOMMEN 13 BKITIOUEHEI JUTSL CPAaBHEHHS COTJIACHO BOILIOMIEHUSIM HACTOSIIETO
‘HU300peTeHMS.
dur. 18 mokasbBaeT pasIMyHe B JONAX OOMmEH JUIMHEL BHOCI/IMBIXV KOPOTKHAMHU
@)parMeH_TaMH, MEXITy XpoMocoMoi 18 u sranoHHBIMEH XpomocoMam# (AF(s-ren) B 150 mo.,
COTJIACHO BOIUIOLIEHUSM HaCTOSIIEro H300pETEHHSL.
®ur. 19 mokasbBacT pasnMyMe B JONAX OOMeH IMHBI, BHOCHMBIX KOPOTKMMH
‘(bpaFMeHTaMI/I, MEXITy XPOMOCOMOH 21 M 3TaJOHHBIMH XPOMOCOMaMH (AF1Rep), B 150 mo.,
COTJIACHO BOIUIOIIEHMAM HACTOSIIEr0 H300DETEHMS. " )
®ur. 20 nokaseBaer GC-cocTaB pasiIUYHBIX XPOMOCOM V(NCBI build 36, Bepcus 48)
COTJIACHO BOILIOMIEHMSM HACTOSIIETO H300PETEHHS. |
@ur. 21 mnokaspBaeT pasanyue B JOMIX OOmIeH IUIMHBL, BHOCHMBIX KOPOTKHMH
(hparMeHTaMH, MEXKIY XPOMOCOMOM 13 W STaJOHHBIMH XPOMOCOMaMH (AF(18ep), B 150 m.o.,

COrJIaCHO BOIJIOLICHHUAM HACTOAMICTO HSOGPGTCHHH.
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®ur. 22 npencrasisier co6oi rpaduK, MOKAsHIBAIOIINI KOPPENAIHIO MEKIY CPEAHHHBIM
pasMepoM IOC/IEOBATENbHOCTEH, BHIPOBHEHHBIX C XpPOMOCOMOH 21, H IPOLEHTOM
nocneJIOBaTenLHocfeﬁ., BRIPOBHEHHBIX ¢ XPOMOCOMO# Y, COTNIaCHO BOTUIOIIEHHSM HACTOSIIEIO
I/I306pl€TeHI/I$I. ' |

dur. 23A-23C mpenctaBiasoT co00HM rpaduky, IOKa3bHIBAIOMIUC KOPPEIALNIO MEKIY
. CPEIMHHBIM pa3MepPOM TI0CTIE/I0BATEIbHOCTEH, BRIPOBHEHHBIX COOTBETCTBEHHO C XPOMOCOMaMH
18, 13 u 21, ¥ IPOIEHTOM HOCIEIOBATEILHOCTEH, BRHIPOBHEHHBIX C XpOMOCOMON Y, COIIacHO
BOILIOIIEHMAM HACTOSIIETO H300PETEHMS. | »

@wur. 24 TOKa3bBIBACT CPaBHEHHE TOYHOCTH BOILIOMICHUS HACTOSIIETO H300PETEHUS H
apyroro crocoba HEHHBA3HBHOTO oOHapy XeHHSA (béTaJILHOI‘/’I ageymiouauu (Tpucomus 13 wu
TpﬁCOMH;I 18)' ¢ ucnonp3oBanueM ananusa JJHK mateprHCKOH I1Ia3MEL

®ur. 25A-25C mOKa3bIBAIOT AUATPAMMEIl PAa3IMYHEIX BAPUAHTOB I'€HOTHIIOB GEpEMEHHON
YKSHIIMHEI ¥ IJI0/Ia COrIACHO BOIUIOLICHUSIM HACTOSIIETO H300pETEHHUSL.

®ur. 26 NOKa3BIBAET IPUMEP, KOITA MaTh SBIAETCS I'€TEPOZHIOTHOM, & OTEIl SBIIACTCS
FOMO3UT'OTHBIM, COTJIACHO BOILIOIICHHUSIM HACTOSIIETO H300pETEHHUS.

®ur. 27 nokaspiBaeT NpUMep, Korga mwiox Hacieayer Hap I or MéTepH, KOTrzIa
PONUTENLCKAN TaIUIOTHII Takoi, KaK IOKa3aHHBIM Ha ¢ur. 26, COINacHO BOIVIOIICHHAM
HACTOSIIETO U300pETCHHUS. |

@ur. 28 nokaspiBaeT TaONHIy, WUIIOCTPUPYIOUIYIO  aHaJIu3 pasMede VTSt
OJHOHYKJIEOTUAHOTO ITojmMopdusMa (SNP) Tura o Ha XpoMocoMe 22 COIVIaCHO BOILIOMICHUAM
HACTOSIIETO U300pETEHHSL.

®ur. 29 nokassIBaeT TabIMIly, WLTIOCTPHPYIONIYIO aHamu3 pasMepos 411 SNP tuma 3 Ha
XpoMocoMe 22 COTTIaCHO BOILIOIIEHHAM HaéTo‘;Imero u300peTeHus.

®ur. 30 nokasbiBaeT Tpaduk AF (paprLmap m A1a SNP Tuna o 1 Tviia 8 Ha xpomocome 22
COTJIACHO BOILIONIEHHSM HACTOMIIET0 H300pETEHHA.

dur. 31A npexcrapiser coboii TaGIMILy, KOTOpas IpecTaBIsgeT anaaus pasmepos JIHK
IUIa3MBI 6€3 060TaIleH s MHUIIEHH COTVIACHO BOILIOIEHHSIM HACTOSIIEr0 H300peTECHNUS.

@wr. 31B npeacrasisieT coboil TabIuIly, KOTOpas MPEACTABIIET aHAITH3 pasmepos JTHK
ILIa3MBI ¢ 00OTaICHHeM MUIIEHH COTTIaCHO BOIUIOIIEHHSIM HACTOSIIEr0 H300PEeTeHH.

®@wur. 32 npexncrasiser coboit rpaduk AF mma T21 m symnounHsix o6pasuos ¢ u 6e3
oboramieHus MAIIEHN COTTIaCHO BOIUIOICHHUSIM HACTOSIIETO H3o6peTeHﬁﬂ.

®ur. 33 npencrasiaser cobod ONOK-cxeMy NpUMeEpa KOMIIBIOTEPHOW ammnapaTypsl,

HpHMCHHMOﬁ ¢ cucreMoil U ciocobaMH COTIIaCHO BOILIOTIEHUSM HACTOAIIEIO I/I306peTeHI'ISL
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Oupenenenus

Tepmun «Ouonormdeckuil 00paser, HCIoNb3yeMBIH B JaHHOM OIMCAHUM, OTHOCHTCH K

mobomy 06pasmy, B3ATOMy y CyOBeKTa (HanpHMep, 4enoBeKa, Takoro kak OepeMeHHas -

)KGHI]II/IHa), H COAcpxKalmeMy OIHY HIH HCCKOJIbKO MOJCKYJI HYKHCHHOBOﬁ KHCJIOTEI,

HPECTaBIAIONINX HHTEPEC.

TepMuH  «HYKIEHHOBas  KHCIOTa»  HMIM  «IHOJUHYKICOTHA»  OTHOCHTCH K
nesokcupubonyknennoBoit xuciore (JJHK) mmm pubonyknemnosoit kuciore (PHK) m mx
NoJMMepaM N B ONHO- WIIM B AByXIeno4eqHo# ¢opme. Ecnu HEeT 0cobbIX OrpaHHYcHHH,
TEpPMHH OXBAaTHIBA€T HYKICHHOBBIE KHCIOTBH, COACpKAIIUE H3BECTHHIE aHAJIOIM IIPHUPOTHBIX
HYKJIEOTHIOB, KOTOPHIE HMEIOT CXOXKHE CBOWCTBA CBSA3BIBAHUSA C HTAJOHHOM HYKIEHHOBOMR
KHCJIOTOM M MeTabOIM3UPYIOTCS CXOXKE C HyKJIEOTHIaMH, BCTpedaromuMucsa B npupone. Eciu
HE YKa3aHO HMHOE, ONpejeieHHas HYKICOTHAHAs MOCIEN0BaTeIbHOCTh TAKKE MOTSHIMAIBHO
OXBaTHIBAET €€ KOHCEPBATHBHO MOAMMDHIMPOBAHHEIE BapnaﬁTm (Hampumep, - 3aMEHBI
BBIPOXKACHHBIX KOJOHOB), ajlIeNd, opTosiory, SNP, BapuaHThl KONUHHOCTH ¥ KOMITJIEMEHTapHBIe
HOCIEeNOBATENBHOCTH, & TakXKe TOYHO YKa3aHHBIE IIOCIEA0BATENBHOCTH. KOHKPETHO, 3aMEHBI
BEIPOXCICHHEIX KOJIOHOB MOXHO JOCTHYb ITyTeM IeHepallid [OCIeI0BATeNHOCTEH, B KOTOPBIX
TPeThbsI NO3UI[MSA OJHOTO WM HECKONBKHX BHIOpPaHHBIX (WM BCEX) KOJOHOB 3aMEHEHa
CMEIaHHBIMK OCHOBHBIME H/HJIH Je30KCHUHOSHHOBBIMH ocTaTkamu (Batzer et al., Nucleic Acid
Res., 19: 5081 (1991); Ohtsuka et al., J. Biol. Chem., 260: 2605-2608 (1985); u Rossolini et al.,
Mol. Cell. Probes, 8: 91-98 (1994)). TepMun «HyKICHHOBas KHUCIOTa» HCIOIb3YIOT Kak
B3aumMozamersembrid ¢ redoM, kIHK, MPHK, neGonpmoit mHekomupyromeit PHK, muxpo-PHK
(MuPHK), B3aumopeiictBytomeit ¢ Piwi PHK wu koporkoit mmmnegnoit PHK (sh-PHK),
KOJMPOBAHHOM F€HOM I JIOKYCOM.

Tepmun «ren» o6osHayaer cermeHT JIHK, BOBIEYECHHOH B HpOIyIIMPOBAHHE
NONUIICITUAHON Lenu wWix TpaHckpubupopaHHoro mnpozykra PHK. On Moxer BxiIrodarhb
YYACTKM, INpENNIECTBYIOIME M CHEAYIOIIHe 3a KOAMPYIOIEM Y4YacTKOM (IMIEpHEE H
TpeWnepHsie), a TakKe BCTABOYHBIE IIOCIEAOBATEIBHOCTH (MHTPOHBI) MEXIY OTIEIbHBIMU
KOJHUPYIOIUME CErMEHTaMH (3K30HAMH).

Tepmun <<KJ1HHﬁquKH peNeBaHTHasA HYKICOTHIHAs =~ IIOCIEHOBATEIbHOCTE? (Tarke
Ha3bIBaeMas IIOCIEI0BATEIbHOCTIO-MHIIEHBI0 HIH XPOMOCOMOM), MCHOJB3YEMEIH B JaHHOM
OIHMCAHHH, MOYeT OTHOCHTBCA K HYKJICOTUIHOM ITOCIeOBAaTEIbHOCTH, COOTBETCTBYIOIICH
cerMeHTy Oosee KpymHOH TGHOMHOHM  II0CJIE/I0BAaTeIBHOCTH, - HOTCHIMAIBHEN ucOananc
KOTOPO# IIPOBEPAIOT, WK K caMO# GoJiee KPYITHOM reHOMHOM mocIefoBaTenbHOCTH. OIHUM M3
NPUMEPOB SIBIIIETCS IIOCIEJOBATEIBHOCTE XpOMOCOMHEl 21. Jlpyrume npuMepEl BKIIOYAIOT

xpomocomy 18, 13, X u Y. Eme apyrue npuMepsl BKIOYAOT MyTHPOBAHHBEIE I€HETHYECKUE
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[OCTIE/IOBATEEHOCTH MM T€HETHIECKHE OIAMOPOU3ME! K BAPHAHTEL KOIHHHOCTH, KOTOPEIE
TLTON MOYKET YHAC/IET0BATh OT OJHOIO MM OOOHMX DOAWMTENICH, MM Kak MyTanuio de novo y
mwiofna. B HEKOTOPEIX BOIUIOIICHMSX HECKONBKO KIMHHYIECKH PEJICBAHTHEIX HYKICOTHHBIX
HoCIeqoBaTeIFHOCTEH WK, PaBHO3HAYHO, HECKOJBKO MApKEpOB KIMHUICCKH peJeBaHTHOM
HyKJICOTH/THOM IOCIIeI0BATENPHOCTA MOrYT OBITh MCTIONB30BAHE! UL MOTYHEHIA NAHHEIX IS
o6Hapyxenus qucbananca. Hanpumep, ZaHHBIE IO ITH HECMEKHBIM II0CJIEIOBATENBPHOCTAM Ha
xpomocozvie 21 MOXHO MCIIOB30BAT B JOTIOHEHHE LIS ONpEeNeH s BOSMOKHOTO quchananca
xpoMocoMsl 21, mprdem 06beM 06pasna HeoOXOAMMBIH 11 aHAIIH3a 3(1)(1)61@1/1;31{0 YMEHBIIAETCS
no 1/5.

Tepmun STANOHHAs «HYKJIEOTHHAS TOCIENOBATEIBHOCTD, HCIONB3YeMEIH B JAHHOM
OIHCAHNM, OTHOCHTCS K HYKJICOTHIHOH IOCIENOBATEILHOCTH, PACIPENCICHHE [0 pasMepaMm
KOTODOH KCIOB3YIOT [ CPAaBHEHHs NPOTUB IOCIE/OBATENBHOCTH-MALICHH. [Tpumepsl
STAJIOHHOH HYKIEOTHIHON IOCIIEI0BATENBHOCTH BKIIOYAIOT XPOMOCOMY, HacTh XPOMOCOMBL,
OlpeleNeHHbIH annens (HAaOpHMep, MaTepw), ONpPEJEeNCHHBIH TallIOTHI, TICHOM M
MCKYCCTBEHHO CHHTE3MPOBAHHYIO HYKJICOTHIHYIO IIOCIENOBAaTeIBHOCTE. Takue 3TalOHHEIE
HyKIEOTHIHBIC IOCIEA0BATEIbHOCTH MOTYT WIH CYyIIECTBOBaTb SHIOIEHHO B obpasue Wi
NOGABIATECS OSK30TEHHO BO Bpems o0paCoTKM HIM aHanusa oOpasna. B HEKOTOpBIX
BOILIOMICHMSX OTANOHHEIE HyKICOTHIHBIC TOCTEHOBATCHBHOCTH JEMOHCTPHPYIOT HPOQUIb
Pa3sMepoB, KOTOPELH XapaKTepeH Uisi 30POBOr0 COCTOSHMSA B OTCY TCTBHC 3aboeBaHus.

TepMHH «OCHOBAH Hay, HCIIONb3yEMBIH B JAHHOM OIMCAHHMH, O3HAYACT «OCHOBaHHEIH, 110
MeHBIIEH Mepe, UACTHYHO, Ha» ¥ OTHOCHICS K OJHOMY TIOKa3aTeldlo (WIM De3yJIbTary),
MCTIONB3YEMOMY TIPH OTIPEIENeH:H JPyroro IOKasarens (BeIMYHMHEI), Kak HPOMCXOUT B
COOTHOIIGHMH BXOJa criocoba M BHIXOHA .yKasaHHoro crioco6a. TepMHH «IPOHUCXOAMTELY,
HCIIONB3YEeMBI B IAHHOM OIIMCAHWH, TAkKe OTHOCHTCA K COOTHOIICHHIO BXOA4 cnocoba U
BBIXOJa YKa3aHHOTO CII0c00a, TaKoro, Kakoe MMEET MECTO, KOTJa NMPOUCXOXICHHS ABJIACTCA
BEIUHCIEHHEM 110 GOPMYIIe. ' '

TepMUH «IapaMeTp», HCIONb3YeMBIH B NAaHHOM ONMCAHMH, O3HATacT YHCIICHHYIO
BEJMUUHY, KOTOpas XapakTepusyeT Ha0Op KOIMYCCTBCHHBIX MNAHHBIX, W/WIM YUCICHHOE
COOTHOLIEHHE MEXIy HaOOpaMy KOJHYECTBEHHBIX JaHHbIX. Hampumep, NapamMmeTpoM sBISCTCS
oTHomenue (Wiv GYHKIHS OTHOLICHUS) MEXIY IEPBHIM KOIMICCTBOM IEPBOM HYKJIEOTHIHOH
ITOC/IEI0BATENHHOCTH ¥ BTOPHIM KOJIMYECTBOM BTOPOH HYKICOTHAHOH IIOCIEA0BATCIBHOCTH.

Hcrons3yeMblit B JAHHOM OIMCAHME TEPMHMH (JIOKYC» HIIH €r0 MHOXCCTBEHHOC HHCIO
| «IOKYCHDY OTOBPaKAET JOKALKIO HIIX MECTOMOIOKEHNAE JH0O0T0 OTPE3Ka HYKIEOTHOB (wnum map
OCHOBaHWMi{), KOTOPHI UMEET BAPHUAIIUIO B TCHOMaX.

TepMI/IH -<<11Hc6anch HOCHCHOB&TCHBHOCTCﬁ)), HCHOHBByeMHﬁ B JaHHOM OIIMCaHWH,
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o3HAYAET JH0GOe 3HAUMMOE OTKIOHEHHE, ONpeNelsieMoe KakK, [0 MCHBIIeH Mepe, OnHa
Oporopas  BEIMYHHA, B  KOIMYECTBE  KIMHUYCCKH peNeBaHTHON  HYKIEOTHUIHOH
[IOCIeIOBATENBPHOCTH OT KOJMYecTBa STaioHa. JlucbanaHc [IOCIIEIOBATEIEHOCTEH  MOXKET
BKIIOYATH JHCOANaHc IO3BI XPOMOCOM, aucOamanc amnenc, mucOaNalc O3Bl MyTallui,
nucOanaHe KOMUHHOCTH, JMCOANAHC O3B! TAIUIOTHIIOB M JAPYrHe MOoRo0Hble HHCOANaHCH. Kak
npuMep, AECOATaHC anlened MM H03bl MyTaluil MOXKET MMETh MECTO, KOTJa ILIOJ MMCCT
FeHOTHII, OTJIHYHBI OT MATEPHHCKOro, IpHIEM nocpezxéTBOM 3TOTO co3Jaercs aucOaaHc B
obpasiie B OIPEJEICHHOM JIOKYyCe.

TepMHH «XPOMOCOMHAsS AHEYTUIOWIHS», HCIIONIB3YEMBIHM B NAHHOM OIMCAHHUH, O3HAYACT
Y3MeHeHHe B KOMMIECTBE XPOMOCOM OT KOJIHYEeCTBa JUILIOUTHOTO reHoMa. H3menenue MOYKET
6BITh yBETHICHHEM WIH yMeHbIIeHreM. OHO MOXET BKIIOYATh OJHY XPOMOCOMY HETMKOM HITH
YYaCTOK XPOMOCOMEL.

TepMHH «TaILIOTHID, HCIONB3yeMbli B JAHHOM ONWMCAHUH, OTHOCHTCH K KOMOMHALUH
aymenaell B HeCKOIBKUX JIOKyCax, KOTOpBIe IEPENaHbl 110 HAaCIEACTBY BMECTE Ha OJHO U TOH ke
XpPOMOCOME HIIM y4acTKe XPOMOCOMSI. 'amioTHIl MOMET OTHOCHUTECH K TaKOMY HeOONBIIOMY
KOJIMYECTBY, KaK OJHA Iapa JIOKYCOB, WIM K y9aCcTKy XpPOMOCOMBI MM KO BCEN XPOMOCOME.
TepMUH «aJUIeIn» OTHOCHTCS K aIbTCPHATHBHBEIM IOCIE/0BATEIRHOCTAM JTHK B 0HOM M TOM
*e (DU3UUECKOM TeHOMHOM JIOKyCe, KOTOPBIe MOTYT HIM HE MOTYT NPHBCCTH K PasiIAeHBIM
(DEHOTHIIMYECKHAM IpH3HakaM. B Jo60M OINpefeneHHOM JUIIOUIHOM OpraHM3Me C IByMi
KOTIVSIME KaXJIOM XpOMOCOMBHI (33 HCKIIFOUEHHEM IT0JIOBEIX XPOMOCOM ¥ My KUMHBI) TCHOTHUIIL JUIs
K@XJIOTO TeHa BKIIOYAET Mapy allelied, NMPHCYTCTBYIOMMX B YKa3aHHOM JIOKYCe, KOTOpBIE
SBJSIFOTCS OJMHAKOBBIMA B TOMO3HTOTAX ¥ Pa3INYHBIME B TET€PO3UIoTax. [IOmyIalus Wi BUL
OpTaHM3MOB THIIMYHO BKIIOYACT HECKONBKO ajlIeNeHl Uil KaKIOTO JIOKyca Y PasimeHBIX
HHIMBUIYYMOB. |'eHOMHBIH JOKYC, B KOTOPOM B TIOIYISIAH Haxo#saT Goyee OIHOTO ajiels,
HA3HIBAIOT [ONTHMOPGHEIM caiitoM. V3sMeHeHne ajlielield B JOKYCE MOMKHO U3MEPUTH KakK HHCII0
npncyfcmyromnx anieneii (T.e. CTeneHb TOMMMOpGU3Ma) HITH JOJIEO T€TEPO3HUTOT (T.€. CTCTICHD
[eTepOSUIOTHOCTH) B  HONyXAluu. MCIons3yeMbld B NaHHOM — OIMCAHMM  TEPMUH
«IOIAMOPGU3M» OTHOCHTCS K JIIOOOMY MEXIMYHOCTHOMY H3MEHEHHMIO B ICHOME HeIOBEKA
HE3aBWCHMO OT ero ImosropsieMocTH. IIpumepsl Takmx H3M¢H'eHm71. BKJIIOYAIOT, HO HE
OTPaHMYMBAIOTCS YKa3aHHBIM, OIHOHYKICOTUIHEIN HOMMMOP(U3M, TOTUMOPOUIMEL npocTLix
TAHJEMHBIX [IOBTOPOB, HHCEPIMOHHBIE-ISIEIUOHHbIE TOIMMOPGUSMBI, MyTaIlHH (koTopEIe

MOTYT BBI3BIBATH 38.6OJICB3HI/I$I) M W3MEHEHMS KOTMMMHOCTH.
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ITogpoGHOE onucaHue

O6napyxeno, 9ro Mosekyns! ¢eransHoi JHK, KoTOpele NPUCYTCTBYIOT B ILIa3Me
OepemMeHHOH )KCHIIII/IHBI; KaK IPaBHUIIO, KOPOYE, YEM MOJIEKYJILI MaTeanCKoro IIPOUCXOKACHHU
(Chan et al., Clin. Chem:, 2004, 50: 88-92; Li et ai., Clin. Chem., 2004, 50: 1002-1011; 3asBKa
Ha mateHt CIIA 20050164241). B HEKOTOPHIX BOILIOMEHUAX HACTOSIIEr0 M300pETEHHs U3
JTHK MaTepuHCKOU IU1a3Mbl 0 M3MEHEHHUIO pazMepa Monekyn JJHK, morydyeHnsix w3 YKa3aHHOU
YaCTM TEHOMa, MOXKHO OIpEJENNuTh, HMMECT JH ILIOJ H30BITOUHOE WM HEJOCTATOYHOE
peICTaBICHNE 5TOM wacTH reHoma. Tak kak ¢eramsHas JHK IIPEICTABIIET MUHOPHYIO
dpaxumio JIHK B MaTepHHCKOH IUIasMme, 06TIas CTENEHs M3MSHEHHs Pa3MEpPOB B MATCPHHCKOR
[U1a3Me IOJDKHA GBITh, BEPOATHO, HEGOMBIION, H TakuM 06pa3oM, MOXKET ObITh OOHapykeHa ¢
TpyZOoM. B HEKOTOPHIX BOILIOIICHMAX DPa3MEPHL pAlida MOJIEKY] M3MEPSIOT UL JTOCTHKCHUA
CTATHCTHYECKH 3HAUMMOTO Pasiudusi MeXTy OOJIE3HBIO U 31 0POBBIM COCTOSTHHEM.

I. Onpenenenne pasmepa dpparmenTa

OnuuM U3 cnoco0oB, KOTOPBIMH MOXHO H3MEpHTb pasMepsl psama Monekyn JHK,
SBJISETCS MACCHBHOE ITapajUICIbHOE CEKBEHHpOBaHHE IeHOMa. Ero MOMXHO OCYIIECTBHTE,
HanpuMep, Ha wiathopme reHomMHOro asanmsartopa Illumina (¢ mcmonb30BaHHEM
ceKBeHHMpoBaHus IMyTeM cuntesa) (Bentley D.R. et al., Nature, 2008, 456: 53-59), ABI SOLID (c
HCIIONB30BaHUEM CEKBEHHPOBaHHMA IyTeM juruposanus) (McKernan et al., Genome Res., 2009,
19: 1527-1541), nnardopme Roche 454 (Marguelis et al., Nature, 2005, 437: 376-380) wu
mwiardopme oxHOMONIeKyIspHOro cekBeruposanus Helicos (Harris et al., Science, 2008, 320:
106-109). Taxxe MNOpeAnoNaraerTcs, 4TO TaKXKe MOXHO MCIONb30BaTh IpPYyrHe ILIATGHOPMBI
MaCCHBHOIO  TIApa/IeIbHOrO  CEKBeHHpoBaHMs,  Hampumep,  Pacific  Biosciences
(OZHOMOJICKYJISIpHAS TEXHOIOTHA B peansHoM BpeMenu (SMRT™)) (Eid et al., Science, 2009,

323: 133-138), cexenuponanue B Hanonopax (Clarke J. et al., Nat. Nanotechnol., 2009, 4: 465-

470), oIy TIPOBOTHUKOBOE CeKBEHNpoBaHue (Hanpumep, ¢ lon Torrent (www.iontorrent.com), u
.1, ‘
OnuuM u3 myTeit monxyueHus nHbopMmanmu o pasMepax JHK u3 Takoro ceKkBeHUpOBaHHA
ABISETCS BBIIOIHEHWE CEKBEHHpPOBaHHs CrapeHHEX KOHIOB (paired-end) (PE), npu koTopom
cexkBeHUpPYIOT o6a koHma Moxekynsl JJHK. 3arem nocienoBaTelbHOCTH, COOTBETCTBYIOIIHE
060MM KOHIIaM MOJIEKYJIBI, MOXHO «00paTHO» KapTUpOBarh B 3TAIOHHOM I'€HOME (HalpuMep,
3TAJIOHHOM I'€HOME YEJIOBEKa MIIM STAIOHHOM I'€HOME JIOMAaAy MM FEHOME JH000ro :KHBOTHOTO,
IpeJCTaBIsIomero uuTepec). B onHOM BoIuUIOmEeHHH 00a KOHIIA CEKBEHHPYIOT, KaXIBIH, Ha
PacCTOSHHE, KOTOPOE SBJIAETCS JOCTATOYHO IPOTSHKEHHBIM I 0OpaTHOTO KapTHPOBAHUS B
3TaJIOHHOM réHOMe' geyioBeka (HampuMmep, npumepHo 10-24 ocHOBaHHS MM 25-36 OCHOBaHMIA).

B ApyroM BOILUIOHNICHHM TOJBKO YacCThb HO_CJICI[OB&TGJIBHOCTGI;'I MOXET OBITh 06paTHO
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kapTHpoBaHa 0e3 ommOOK B yqache TeHoMa 4YeJIOBEKAa He COJepiKalieM IOBTOPHL. B omHOM
aCIIeKTe KAPTHPOBAHKE MOXET OBITh OXHO3HAYHEIM, €CIIH 00€ II0CIIEN0BATCIPHOCTH HCTIONB3Y 0T
py KapTHpoBaHKH BMecTe. IIpu TakoM BapHaHTe, naxe ecan oba KoHIa 6e3 COMHEHHS MOTYT
GBITH  CITHIIKOM KOPOTKAMH I OODAaTHOTO KapTUPOBAHHS, HCIOJIB30BAHUC obenx
nocneQOBaTeJinocTeﬁ MOJKET O0ECHeUnTh OJIHO3HAYHOE Ka,pTHpOBaﬁHe. PazMep MOIEKyJIEI
MOXeET OBITh BHUMCICH ITyTeM BBEIYHTAHUA TEHOMHEIX ~KOOpIWMHAT KOHIIOB ' IBYX
[IOCIEN0BATEILHOCTEH.

B pyroM BOILIOIIEHHH Pa3Mep MOIEKYIbl MOXKHO IOJYHYHTh IyTEM MOJIHOTO HIIA IIOYTH
HIOJTHOTO cekBeHupoBanus Bceil Monekynsl JTHK BMecTO TOMBKO €€ ABYX KOHIIOB. OTO0 MOXKHO
3¢ (HEeKTUBHO OCYIIECTBUTH c' IOMOIIBI0  [IaTQOPM ~COKBEHHPOBAHHA C  OTHOCHTEIBHO
IPOTSKEHHBIMH ~ OTPE3KaMM  CUMTHIBAHWs, TakUMH  Kak miatgopma Roche 454,
ONHOMOJIEKY/ISIpHas TexHomorus B peamsbHoMm. Bpemennm (SMRT™) Pacific Biosciences u

texuonorus lon Torrent (Www.iontorrent.com).

IIpoH3BOAMTENHHOCTE METOJOB CEKBEHHPOBAHHWsS Ha OCHOBE BBIMICYKa3aHHOIO MOXHO
TTOBBICHTE ITyTEM HCIIOJIB30BaHus HHASKCHPOBAHHS MK MTprxoBoro koza (Cronn et al., Nucleic
Acids Res., 2008, 36: e122). Takum o06pa3oM, K (parMeHTaM HYKIEMHOBOW KHCIOTHI B
omnpeneneHHOR OUOINOTEKE CEKBEHHPOBAaHHS Hy'KJI”enHOBLIX KHCJIOT MOXeT OBITh 00aBlIeH
" WHIEKC IIH IITPUXOBOH Kox, crermdudeckuil it o6pasia WM ManMeHTa. 3aTeM s Takux
GUOIMOTEK, KaXIas ¢ MHISKCOM MIIM IITPMXOBEIM KOZOM, crenudrIecKuM [jis obpasna Hid
[aIlMeHTa, CMEIIMBAIOT BMECTe W BMecTe ceKBeHHpyHOT. Ilocne peakumii CeKBEHHPOBaHHSA
MOHO cOBpaTh JaHHBIE CEKBEHHPOBAHMS NI KaKAOro oOpasia MWiM HalUeHTa Ha OCHOBAHUM
KOJIa WK HHAeKca. Takas CTpaTerns MOXKET OBBICHTD IIPOM3BOIUTENLHOCTD M, TAKMM 00pa3oM,
SKOHOMHUYECKYIO 3P (HEXTHBHOCTD JaHHOTO H300pETEHUS.

B IpyroM BOILIOMIEHMH MOJEKYJIB HyKICHHOBBIX KHCIOT B OHOJOTMYeCKOM obpasie
nepesl aHANM30M DPasMepoB MOXHO OTOOpare Wi (pakiiOHMpOBaTh. B omHoM BapmaHTe
MOJIEKYJIBI HYKIEMHOBBIX KHCIOT 00pabaThBAlOT C IIOMONIBIO YCTpOWMCTBa (Hampumep,
MHKPOMATPHIIl KM DPAacTBOPOB, COJNEPXKAIIMX 30HIBI), KOTOPOE MOXKET MPEHMYIIECCTBEHHO
CBSI3BIBATH MOJIEKYJIBL HyKﬂeﬁHOBBIX KHCIIOT M3 BBIOPaHHBIX JIOKYCOB B I'eHOMeE (HaIpHMED,
omHOM m3 xpomocoM 21, 18, 13 mmm X), 3aTeM MOMKHO BBIIIOJHHUTH aHAIU3 Pa3MEPOB Ha
MOJMHOIKECTBE CBA3aHHLIX MOJIEKYJ HYKIEHHOBBIX KHCJIOT. B TakoM BOILIOIICHHH MOXHO
HCIIOJIF30BaTh cucreMy 3axBara mocnefoBaTebHOCTEH Nimblegen

(www.nimblegen.com/products/seqcap/index.html) wm cucremy Aglient SureSelect Target

Enrichment (www.opengenomics.co.SureSelect Target Enrichment System) wiamu nopo6Hbie

m1aThopMEL. B JIPyroM BOIUIOMEHMM MOAMHOXECTBO HECBA3RHHBIX MONEKYJ HYKIEHHOBBIX

KHCJIOT MOKeT ObITh [ (epeHIPOBAaHHO YAAIEHO WK PaspyICHO WK MHAPOIN30BaHO.
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ITo MeHBIiTeld Mepe, 0 HEKOTOPHIM BOILIOMEHUAM MOYKHO paboTaTh ¢ aHAIM30M OJTHOM
MONeKyIsl Ha Jmofoi miargopMe, B KOTOPOM MOMKHO aHAIM3HPOBATE XPOMOCOMHOC
IIPOUCXOXKJICHHE U JJIMHY MOJICKYJIBI, HalpUMep, ¢ 51eKTpodOPe30M, ONTHUECKUMH METOAAMHU
(mampumep, ONTHYECKUM KapTHPOBaHUEM " M ero BapUaHTaMH,
en.wikipedia.org/wiki/Optical_mapping#cite_note—Nanocoding,-3, u Jo et al., Proc. Natl. Acad.
Sci. USA, 2007, 104: 2673-2678), METOZOM Ha OCHOBE ()IyOpEecLEHIMH, METOJJaMH Ha OCHOBC
308108, tudposoi TP (Ha OCHOBE MMKPOXUAKOCTEH MM HA OCHOBE SMYJILCHH, HAPAMED,
BEAMing (Dressman et al., Proc. Natl. Acad. Sci. USA, 2003, 100: 8817-8822), RainDance

‘(www.raindancetech.com/technologv/per-genomic—research.asp)), aMIUInGbHUKaKel 10 THITY

KaTSIerocs KOJbIA, MAacc-CIEeKTPOMETpHeH, aHAaIM30M IUTABICHHI (WIH aHATH30M KpHBOH
IIaBIEHHS), ¢ MONEKY/ApHEIMH CHTAMH M T.X. Kak mpumep, B Cilydac Macc-CHCKTPOMETPHH
Golnee JUTMHHAAS MOJIEKYIIa 6yeT MMeTh GONBITYI0 Maccy (IPUMEp II0Ka3aTeNst pa3mepa).

B omuom mpumepe Monexyisl JIHK ruasMet npon3BOJir>Ho CEKBEHHPYIOT C IOMOIIBIO
cHcTeMbl TeHOMHOro aHammsaropa Illumina c HCTIOTB30BAHMEM IPOTOKOJNIA CEKBEHUPOBAHUS
CIIapeHHbIX KOHIOB. B TakoM 3KCIICpHMEHTe WCTIONB3YIOT BepcHio 1 Habopa pearcHTOB Tllumina
Paired-end (PE) Cluster Generation. Kaxmpri KOHEIl CEKBEHHPYIOT LI 36 m.o. O6a xoHIA
KaXXIOM IOCIIENOBATEIbHOCTH BBIPABHUBAIOT € TEHOMOM YeJloBEKa C MACKUPOBAHHBIMH
mosropamu (NCBI Build 36, Bepcust 48) ¢ HCIOIB30BAHUEM IIPOTPAMMBbI cland pair B maxere
nporpamm GAPipeline-1.0, npesocrasnensom Illumina. Jins 11eJie BEIpaBHUBAHMS MCIIOIB3YIOT
TOJIBKO 32 11.0. 13 36 ¢ KaXI0T0 KOHIIA. |

B HEKOTOPHIX BOILIOMEHHSX JUIA HOCIENAYIOMEro aHau3a MOXHO UCII0IB30BATh JIAHHBIC
PE, y/IOBIETBOPSIONUE CIIEYIOMUM KpUTEPHAM: (1) OTASTBHEIC TICHE] K@KIOH IPEIoKEHHOH
mapsl 002 CEeKBEHHWPOBaHbl HA OJHOM ¥ TOH XKC IO3MIMH Kiacrepa Ha CeKBEHUPYOMIEH
IPOTOYHON KaMepe ¥ MOTYT GHITh BEIPOBHEHBL C OHOM M TOH Ke XPOMOCOMOH C TMPaBHILHON
OpHEHTAIlMEeH, OKHUIAEMOH Iy STAJIOHHOTO I€HOMa YENOBCKa; (2) IDaHHBIE CEKBEHHPOBAHHUS
060MX WICHOB Maphl MOTYT OBITH BBIPOBHEHBI C OTaJOHHBIM TI'€HOMOM genoBeEKa ©
MACKHPOBAHHBIME TOBTOpaME 03 KaKkoH-mu60 OMMOKM 1O HYKIEOTHIAM; (3) nauHEBIE
ceKBeHHpOBaHi/Iﬂ KaK7OTO WIEHa MMapsl HMEIOT MOKa3aTelb OJHO3HAYHOCTH >4; ¥ (4) mapel,
nokassiBajomue pasMep BeraBku MeHee 600 1mo. 3aTeM BBIYHCISIIOT — pasMep KKIOM
BEIPOBHEHHON IOCIIEIOBATEIFHOCTH COITIACHO HOBKIIMH KaXKI0TO U3 IBYX KOHIIOB.

[I. Wcnonp30BaHWE pachlpeleleHus II0 pasMepaM Ul OIPCHCICHUS COCTOAHMA
aHEYIUION N

®ur. 1 npencrasaser cobol  OIOK-CXeMy, HIIIIOCTPHUPYIOLUIYIO croco6 100
OCYLIECTBIEHHs ~ NPEHATANbHOM  JTHATHOCTMKH  JucOanaHCca IIOCJIEIOBATEIBHOCTER B

6HOJTOrMUeCKOM 00pasile, MONYYCHHOM OT GEpEMEHHON JKCHIIHMHEI, COTNAaCHO BOIUIOLICHHMAM
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HacTosmero usobperenus. Xots cmoco6 100 ommcaH, TIaBHEIM 00pa3soM, B CBS3H C aHAM30M
(eTaTpHON XPOMOCOMHOH aHEeyILUTOMINH, APyrHe BOIIomenus cnocoba 100 1 apyrue crocoos!
B JaHHOM OIII/I’CaHI/II/I MOryT OBITh NPHMEHEHB! K AucOamaHcaM IpyTHX TIOCIIe/IOBATEILHOCTEH
(Hanpumep, uueHTHdMKAUMS reHoTuna wim MyTamumif). Cmoco6 100 m apyrwe cmocoOwL,
yKa3aHHBle B JAHHOM OIHCAHHWH, MOTYT OBITH OCYIIECTBIEHBI [IOMHOCTBIO WUIM 9aCTHEHO C
TOMOIIBIO KOMIIBIOTEPHOI CHCTEMB], BKIIOUAIONIEH O/IUH MM HECKOJIBKO IIPOLECCOPOB.

Cno¢o6 100 m moGoi mpyro# crnoco0, ONHUCAHHBIM B JaHHOM OIMCAaHMH, MOXET ObITh
OCYIIECTBIIEH TOJHOCTBIO WM YaCTHYHO ¢ HOMOIIBIO KOMIIBIOTEPHOH CHCTEMBI, BKIIIOYAFOIICH
Tporeccop, KOHGUTYpauust KOTOPOro MOXeT OBITh CO3MaHa JUIS BBIIOJHEHHS CTajui. Takum
00pa3oM, BOILIOIIEHHS OTHOCATCS K KOMITBIOTEPHBIM CHCTEMaM, KOHGHIypaius KOTOPBIX
CO3aHa U BBIUIOJHEHHS CTaguil Jro6oro u3 crmocoboB, ONHCAHHBIX B JAaHHOM OIMCAHHH,
HOTeHLmanLHo, C PasIUYHBIMU KOMIIOHEHTAMH, BBITIOJIHSIOMMMYH COOTBETCTBYIOIIYEO CTA/IHIO
HJIM COOTBETCTBYIOIIYIO TPYMITy CTafui. XOTs CTayH MPEICTABICHE HyMEPOBAaHHBIMH, CTaIUH
crnocofa Mo JaHHOMY H300PETEHHIO MOTYT OBITH BBIIIOIHEHBI BCE OMHOBPEMEHHO HIIM B IPYTOM
nopsiake. Kpome TOro, Bce MIIM YacTH CTaIui MOTYT OBITh HeOOA3aTENbHBIMH. KpOMé TOTO,
mobas M3 cTaguii TFGoro u3 croco00B MOXKET OBITH BHIIOJNHEHA C MOIYJSAMH, CXEMaMH HIH
JIPYTUMHU CPE/ICTBAMH /ISl BBIIIOTHEHMS TAKUX CTaIHH.

Ha cragmm 110 wu3MepsioT pa3Mep, O MEHBIIEM Mepe, HEKOTOPBIX MOJEKYII
HykiaenHoBeix kucior (Hampumep, JHK wmi PHK) B GuonorudeckoMm obOpasue. Moiekyibt
HYKJICHHOBEIX KHCIJIOT TaKKe HA3bIBAIOTCA (PparMEeHTaMH, TaK KaK OHH IPEACTAaBIAIOT coGoﬁ
(bparMeHTHl ITOJHOrO TeHOMA. PazMep MOXKHO M3MEPHUTH NIOOBIM IIOJXOAAIIMM CIIOCOOOM,
HaIpUMep, crrocobamu, ONTMCaHHBIMHU BEIIIIE.

Ha craguu 120 uaeHTHOHUIMPYIOT JOKAIMIO B TEHOME, U3 KOTOPOI'0 HPOUCXOAUT KaKaas
U3 MOJIEKYJI HyKJICHHOBBIX KACIOT. JIoKarmel MoXXeT SBIAThCS JIIo0as 4acTh TeHOMa, KOTOPHIH B
IaHHBIX TIPAMEpax SBISETCS T'€HOMOM YEJIOBEKa, HO MOMKET OBITh YacThIO JIPYTHX TEHOMOB.
Hampumep, JTokaipe MOXET SBISATBCS XPOMOCOMa C OIPEIECNCHHBIM HOMEPOM H3 KOTOPOH
npousomen (GparMeHT, rie 4acTs XpOMOCOMBEI MOXeT OBITh oOIpejeseHa T€HOMHBIMH
KOOpAMHATaMH (HaIpUMep, KOHKPETHOM KOOPAMHATON WM PSIOM KOOPIHHAT), H IaXe MOXET
IIPEICTaBIATE COOOH OJIHY ONpENeIeHHYI0 XPOMOCOMY M3 XPOMOCOMHOM napm»(ncxozm U3 TOTO,
YTO OpraHU3M SYIUIOH) U3 KOTOPOH npou3omen GpparMeHT.

B OIHOM BOIUIOIIEHHH TaKylo Hneﬁrn@nxaunx) MOXHO  BBIIOJHUTE ITyTEM
CEeKBEHHPOBAHMSI U - CpPaBHEHUSA HH(;oopMauHﬁ 0 IOCTENOBAaTEIBHOCTAX C 3TaJOHHOM
ITOCIIEIOBATENBHOCTBIO TEHOMa UeloBeKa. B pyroM BOILIOMEHMY TAKYIO HISHTH(MUKAIIIO
MOJKHO BLInoﬁHHTL IIyTeM TUOpUAM3AIUI ¢ MaHeTBH 30HI0B C HM3BECTHBIM XPOMOCOMHBEIM

TIPOUCXOXKIACHUCM, 30HIBI MOI'yT OBITH TIOMEYECHEI OIHOM WM HECKOJIbKUMH (i)JIyOpeCIlCHTHBIMI/I
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MeTKaMH B T0060M (GopmaTe MHKPOMATpHIl MM B PacTBOPE. B emle OXHOM BOTLIOLICHHH
MOJIEKyJIbl HyKJIEHHOBBIX KHCIOT MOTYT OBITE 3aXBaYEHBI TAHEILIO 30H/IOB MIIK B PACTBOPE HIIH
Ha TBEpHOH IOBCPXHOCTH H, 3aTCM 3axBaueHHble (WIM OCTABIIVECS HE3AXBAYCHHBIMH)
MOJEKYJI5l HYKITEHHOBBIX KHCJIOT CEKBEHUPYIOT. B HEKOTOPEIX BOTUIOMEHHUSAX, T7ie HEOOXONUMO
WIeHTHQUIMPOBaTh Aucbananc [OC/IEIOBATEIBHOCTEN HHOH, YeM XPOMOCOMHAs aHCYIUIOUIHA,
CcTamus WIEHTHMUKAIMA XPOMOCOMBI, U3 KOTOPOH MPOMCXOIHT dbparMent, MOXKeT OHITH
HEOOSM3aTEIBHOM.

Ha crammu 130 OmpemeNsioT pacupelelNeHde [0 pa3MepaMm MOMCKyNl HyKICHHOBBIX
KﬁCHOT, COOTBETCTBYIONUX IIEPBOH JIOKAIUK (Hanpumep, IEpBOM xpOMoche). PaznuaHbIe
BOILIOIIEHYS MOXKHO UCIIOIB30BaTh [UIsl Pa3INnIHBIX pacnpéueJleHHﬁ o pasMepaM. B HEKOTOPHIX
BOIIOMIEHHMSX ~PACHOpEeiicHHe II0 pa3MepaM COOTHOCAT C  PardkKUpOBAHHCM pasMepoB
(HampuMep, ycpe[HEHHBIH (average), cpenuuHbl (median), cpenHUH (mean)) (parMeHTOB
OJ{HOM XPOMOCOMEI OTHOCHTEMBHO (PArMEHTOB JPYTHX XPOMOCOM. B 1pyrux BOILTONICHHSIX
pacrpeieneHue 1o pa3MepaM MOXET = COOTHOCHTBCA CO  CTATHCTHYCCKUM HIOKa3aTeleM
(pakTHIECKHX pasMepoB (bpaI‘MéHTOB XpOMOCOMBEL. B offHOM BOTIIOMIEHNH CTATHCTHYECKHUH
OKA3aTENh MOKET BKIIOYATH YCPEAHCHHBIN, CPEAMHHBIN WM CpeXHUH pasMep (bparMeHToB
XpOMOCOMBI; B IpyroM BOILIOLICHHH CTATHCTHYCCKHH MOKa3aTelb 'MOMET BKJIFOYATh HOJTHYIO
JUIHHY (DParMeHTOB MEHBIIE TIOPOrOBOM BENMIMHbI, KOTOPYIO MOJKHO Pa3IeiIUTh Ha IOJHYIO
JUTHHY BCEX (PArMEHTOB WM, IO MEHBIIEH Mepe, pparMeHTOB MCHBIIC IIOPOTOBOH BEJIMUMHEL

Ha cragus 140 Ha OCHOBaHMH OINpENESICHHOTO pPacCHIpPCCICHHA 1o pasmepam
KIaCCHUIMPYIOT, CyLIECTBYET U AHCOATaHC nocaenoBaTeIbHOCTER (HampuMep, (eTarbHas
XPOMOCOMHAS AHOYIUIOHH/THS) Ui IEePBOH JIOKAIMH. B 0JHOM BOILIOMICHUH DPaHXHUPOBKY
XPOMOCOMBI CPaBHHBAIOT C PAHKHPOBKOH dTanoHHOro ofpasia (HampuMep, PaHYKAPOBKOM
symounHoro obpasua). Ecix M3MEHEHHE 3HAYMMOC (manpuMep, NPEBBIIAIONIEE TOPOrOBOE
3HaueHme), TOTAAa OOpasel] MOXHO KIacCHQHUIMPOBATH Kak aHeyIUIouiHEIA. B npyrom
BOILIONICHUU CPABHUBAIOT CTATHCTHYCCKHE HOKA3aTeIH (paKTUYECKUX Pa3sMEPOB IABYX XPOMOCOM
M rpymn xpomocoM. Hampumep, MOXHO B3ATh PasIHIHe MEXIY COOTBETCTBYIOLIMMH
CTATHCTHYECKMMH TTOKA3aTE/IMU ¥ CPABHUTH C IOPOTOBBIM 3HAYCHHCM.

II. PacipenencHue o pasMepy (parKHpPOBKa)

B BOIWIOmMEHMAX MOIYT OBITH HCTIONB30BAHBl 3HAYCHHS Da3MEpPOB (parMeHToB
HyKJICHHOBBIX KHCJIOT 0Dpasia Ui TOro, 4yTO0Bl ONPENETUTh CYIISCTBYeT JH xpoMocoMHmﬁ
‘nucbananc. DparMeHTaMH TaKOKe Ha3bIBAIOT [IOCJIEOBATEIEHOCTH  IIOCHE  BBITIOJHCHHUS
CCKBEHMPOBAHHMS. B  OJHOM BOIUIONICHHM ONPENENTIOT ~PACTIPEHCICHUS  TI0 pasmepam
(bparMeHTOB HECKOIBKHMX XPOMOCOM, M XPOMOCOMEI PAcIiOIararor B OIIpEeJIENICHHOM IIOPsIKe Ha

OCHOBaHHH CTATHCTUYECKOTO  IIOKazarensd paclpeneICHUA (HaanMep, YCPEeAHEHHOIO,
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CPEIMHHOrO WK CpeHero). Jlia ynobcTsa TepMHH «PasMep» MOXKHO HCIOJIB30BATE B JTAHHOM
ONVCAHMM KaK CHHOHHM CTATHCTIYECKOTO TOKa3aTels pasMepa. DTo JODKHO OBITh SICHO, KOryia
TEPMHH «PasMep» OTHOCST K pa3Mepy KOHKDETHOro (parMeHra H CTATHCTHIESCKOH OIICHKE
Habopa (parMeHToB. '

A. PamxupoBka

®ur. 2 mpecTaBisAeT co0oi rpadyK, WLTFOCTPUPYIOMIHT H3MEPEHHOE PAaCIIPeACICHUC 1o
pasmepy @parmentos JJHK, mpoHCXOAIMX U3 PasIMIHEIX XPOMOCOM B MaTepUHCKOH ILIa3Me.
Tak Kax M3MepeHHBIT pa3Mep MOXKET OTPaXaTh He TOJBKO pasMep GparMeHToB JTHK in vivo, HO
TaKKe BKJIAJ] aHAIUTHUCCKUX CTaIy, IPEIIIOIaraeTcs, 9T0 pacIpeIeNeH e N0 pasMepaM MOXKeT
M3MEHSATBCA OT IUIaTGOpMEl K riardopme (Hanmpumep, Ans [IATQOPME! A TEHOMHOIO
anamsaropa [llumina u mst wiargopmel ABI SOLID) u iake MOXET M3MEHATBCS, KOria ULl
OlIpeeeHHOM TWIaThOPMBI HCIOIB3YIOT PAsTMYHbie pearcHThl. OJHAKO N0 TeX IOp, MoKa
STATIOHHBIE 0GPA3IEl M HCTHITHIBAEMEIE 00Pa3Lisl aHAM3UPYIOT C MCIONB30BAHHEM OJTHOH H TOM
e TIaThOPMEI WK THIIOB PEAareHTOB, BOILIOMICHMS MOXHO CUMTATh KaK HE3aBHCHMBIC OT
maThopMel/peareHToB. HeKoTopEie BOIIIOMEHMS TAKKe MOXHO HCIOIB30BATh ¢ PasIHIHEIMY
maTopMaMi WM THIAMH DEarcHTOB, HAaIpHUMep, €CIM MOXHO ONpeIeIuTh |
CKOpPEKTHpOBATH THOOBIE ONIMOKH, I €CIM MOXKHO I0Ka3aTh, YTO ILIATQOPMEI ¥/HIIM THITH!
PEeareHTOoB IUIOTHO COOTBETCTBYIOT AHATMTUIECKAM ACHCTBUAM.

Ha ¢wur. 2 cpaBHMBAIOT 22 ayTOCOMBI H XpomocomMy X IO pasMepam
TI0C/EI0BaTeAbHOCTE} BEIPOBHEHHEIX ¢ HEUMH (parMeHToB. IIo ocu Y pamxup HpescTaeT B
nopsiike yOBIBAHHS pasMepa TOCHeNOBATCNBHOCTEH, T.e. XPOMOCOME C CaMoi JUIMHHOH
IOCHENOBATEbHOCTRIO IIPHCBAMBAIOT DAHXHP 1, M XPOMOCOME C C€aMOH KODOTKOM
TIOCTIeI0BATENFHOCTBIO IPHCBAMBAIOT pamkup 23. B oxHoM Bomtomenuu cpapnenue (Kruskal-
Wallis One Way Analysis of Variance on Ranks followed by Bonferroni-corrected pairwaise
comparisons) ocyméCTBJmfoT HellapaMeTPHYeCKH C HCIIOIb30BaHMEM mporpamMmel SigmaStat
(SPSS). CpaBHenme MoxeT OBITH 1O  O0OMY — CTATHCTHYECKOMY  IIOKasaTello,
TIpeCTABJIAIOMEMY DPasMep, BKIIOYAs PaHXMPOBKY KAXKAOTO M3 OTIACIBHBEIX pasMEpoB H
CTaTHCTHYECKUM aHal{3 OTACIBHBIX = PAHKMPOBOK UL TOCHE/I0BATENPHOCTEH  KaKIOMH
XPOMOCOMBL. B OZHOM BOIUIOMIEHMH IIPM HYMEPAlM{ [0 ParKHpPY AOMyCKacTCA HyMEparus
TIETENb U IIPOILYCKOB.

B HEKOTOPHIX ~ BOILUIOIIEHHMSX KaKIyl0 U3 IOCIEIOBATENBHOCTEH KapTHUPYIOT Ha
OIIpeneNeHHON XpoMocoMe. 3aTeM s KXo XPOMOCOMBI ONPEIENIi0oT OfUH MM HECKOIBKO
CTATHCTHYECKHX [OKasaTelel JUIl MOCIEJOBATENBHOCTEH, KapTHPOBAaHHBIX Ha TaKOH
Xpomocome. HIHBIMU clTOBaMH, AUl Pa3sMepoB KaxJIOH XPOMOCOMBI MOTYT OBITH BBEIYHCIICHBI

CTATHCTMUECKHE IIOKA3aTedM = PasIM4YHBIX THIOB (HAPHMEp, YCPEIHEHHBIH, CpeIHMH U
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CpEIMHHBIN). 3aTeM COOTBETCTBYIOIHE CTATHCTHUECKHE MOKA3ATENH MOXKHO DACTIONOYHTS B
ornpeneaeHHOM nopsake. Hanpumep, MOXKHO CPaBHUTE APYT C JPYTrOM YCPEIHEHHBIC pasMephl
JUIA KaXKI0H XpOMOCOMBI. ECii UCTIONB3YIOT GoIee 0OQHOTO CTATHCTHIECKOro MOKa3aTels, Tora
TaKHE CTATHCTHYESCKHE IIOKA3aTeNM MOXHO OOBEOUHHTH (HAIpHUMep, COTJIACHO HEKOTOPOi
dopMyiie, TaKOH KaK yCpeJHEeHHe 10 Macce), 1 MOXKHO PaHKHPOBATh TaKOH KOMOMHUPOBaHHEIH
CTATHCTHYECKHI [TOKa3aTeslb. B 0THOM BOILIOIECHUY PAHKUPOBKU CTaTHCTHYECKUX ITOKa3aTeleH
IV OHpEZETIEHHOH XPOMOCOMBI MOXHO OOBEAMHUTH (HAnpuMmep, Tak, KaK yKasaHO JUIA
CTATHCTHYECKHX MOKa3aTelel BHIIIE), M 3aTeEM KOMOMHUPOBAHHEIE CTATHCTHIECKHE [I0KA3ATEIH
MOXHO CPAaBHHUTE JPYT C JPYTOM.

B npyrux BOIUIOIIEHHSX BCE IOCIEIOBATEIBHOCTH IO OTAEIBHOCTH BBICTPAMBAIOT B
OIIPEJICICHHOM IIOps/IKE COIVIaCHO pasmepy. MHbMu CIIOBAMH, ECIIH CYIHCCTByeTA 1000000
HOCTIefOBaTEIbHOCTEH, TOTJa MIET ParKUpOBKAa C HyMmepauueid oT 1 1o OZHOrO MMIUIMOHA C
BO3MOXXHBIMH METISAMH M IPOITyCKaMH. 3aTeM MOTYT ObITh H0OaBIeHBl PAaH)XXKUPOBKH IJIS BCEX
MIOCIEAOBATENBHOCTEH, KapTUPOBAHHBIX HAa OTHOM M TOH ke xpoMocoMe. CyMMy paHKHpPOBOK
MOJXKHO =~ Da3eNuTh Ha YHCIO II0CIEJ0BATEIbHOCTEH, BBIPOBHEHHBIX C OIpPEIEICHHOR
XpOMOCOMO#, M TIOTYYHMTh CPEHIOK PAHKHPOBKY IOCIEIOBATEIBHOCTEH IS XPOMOCOMEL
XpoMocoMa C caMOM BBICOKOH CpemHEH paHKHpPOBKOM IIOCIENOBAaTENbHOCTEH MOXET OHITh
MapKHpOBaHa Kak camas JJIHHHas (pamxuphl |, HauBeicmue 1Mo ocd Y), U XpoMocoMa C CaMoi
HU3KOH CpeaHel parmXupOBKOH IOCIEIOBATEILHOCTEH MOXKET OBITh CaMOH KOPOTKO#H (pamxupbI
23, camble HHU3KHE IO OCH Y). B JpyroM BOIUIOMIEHHM MOXET OBITH OIpEINeNieH CpeIUHHBIN
pamxup. CpenuHHBIE pPAaHXHPBHl I NAIMEHTOB C SYIUIOMIHBIM IUIOJKOM MYXKCKOI'O II0JIa,
9YIUIOMIHBIM IIIOOM KEHCKOrO I0JIa M IUIOAOM MYXKCKOTO I10J1a ¢ TprcoMuen 21 nokasaHsl Ha
¢ur. 2. |

ITo ocu X XpOMOCOMEI pacriofiaraloT B IOPsIKe YORIBAHUS PA3MEPOB 110 PACTIPENEIICHUIO
o pasmepam Qparmenros JIHK, npbmomez:umx OT K&XKJI0O¥M XpOMOCOMEI (38 UCKIIOUCHHEM
xpomocoMb!l X (cM. parnee)). B ofHOM BOIUIOmMEHMH /IS TaKOTO PACIIOIOKEHUS HCIIOIB3YIOT
TOJBKO CIy4YaH 3yINIOMIMH. XpOMOCOMY CaMoro OONBIIOro M3MEPEHHOTO pasMepa (Hampumep,
JUIMHBI) PacIoNaraioT Ha JeBOi cropore. Xpomocomy X pa;smemarol‘ Ha ,zmarpéMMe Copana,
nocxoﬁLKy €€ paHXKHMpOBKa ONPEAeNAeTCs MOJOM IUIoA.

Kax ykasaHo BBIIlE, HU3MEPEHHBIM pa3Mep MOXET HU3MEHITHCS OT IUIaTHOPMEl K
nnardopme (HaIpuMep, pasMep M3MEHSCTCS NPH IepeXoAe oT cucreMsl Illumina k zipyroﬁ
cucreme). TakuM 006pa3oM, B OJHOM acCHEKTe pasMep MOXKET HasbIBATHCH «HU3MEPEHHEIM)
pasMepoM B OTIMYME OT (GaKTHIECKOro pasmepa. Pasmep ake MONKET H3MEHATHCS NpPH '
HEPEKIIOYEHHH OT OJHOHM Bepcud Habopa Illumina B Apyroil Bepcum, HalpuMep, KOraa pasMep

- M3MEHsAETCA IIPH [IEpexo/ie OT Bepcur 1 Habopa JuId reHepaliuy KIacTepa CIapeHHBIX KOHIOB K
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Bepcuy 2. B 0IHOM BOIUIOIICHUH NI0/Ib30BATENH MoryT'BLIHOJIH;ITL PAIKUPOBKY 1 BHIOPaHHOH
MMM OIPEIeTIeHHON CHCTEMBI. -

U3 ¢ur. 2 MOXKHO BHAETh, YTO CPEAHHUH PAHXHUP XPOMOCOMBI X mmxe (T.e. CTAHOBHUTCS
Goliee CKATHIM) B ILIA3ME 6epeMéHH01>‘1 JKEHIIIMHD], BEIHAIIMBAIOMIEH IUI0/] XKCSHCKOTO 110714, TIPU
CPAaBHEHHMM C JKCHIIMHOMN, BBIHAMIMBAIOMICH IUIOX MYXCKOro IMoja. OGBACHEHHE JAHHOTO
HaGmofeHns TakoBo, uto ¢parmentsl JHK, BEICBOOOXaEMEBIE TLIONOM, 0ojee KOpOTKHUE, YEM
dparmenTs! oT MaTepu. Takum 00pasom, 3a CHET BBICBOOOXKICHYS JBOMHO#M HO3BI XpPOMOCOMEL X
TLIOJ] JKEHCKOTO I0NIa B MAaTepUHCKOM mmasme OyneT yMEHBIIATh o6l U3MEPEHHBIN pasMep
DparMeHToB, MPOMCXOMIIIEX OT XpoMocoMbl X. Hamporus, rmonv MYXCKOrO Iojia Oyner
CcIOCOGEH BRICBOGOXKIATH TOIBKO OJHY H03y XPOMOCOMEI X. |

Takke u3 GUr. 2 MOXHO BHJACTb, YTO PAHXHD XPOMOCOMEI 21 cmwxkaercs (T.e.
CTAHOBHTCS Golee CXKATEIM) B IUIa3Me OEpeMEHHOM JKCHUIMHBI, BBIHAIIMBAIOMEH IIOA C
TpEcoMueit 21, P CPaBHEHUH C XKEHIIIHOM, BLIHAIIMBAIOMIEH yILIOUIHEIH w10/, OObicHeHue
JAaHHOro HaGIONEeHNsS MOXKeT OBITH CHOBa OOPALICHO K M3MEPEHHOMY pasMepy ¢parmeHTOB B
MAaTepUHCKOH IIa3Me, TIPOMCXOMAMMUX OT xpOMOCOMLi 21. Hanporus, syrounausi mwiox Gyaer
crocobel BEICBOGOXKIATH TOIBKO JBE TO3BI XPOMOCOMBI 21 Ha deTanbHyI0 KIETKY.

®ur. 3 npexacrasister coboit rpaguk 300, [IOKa3bIBAIONINN, YTO aHaJIH3 pPasMEPOB
[IOCJIEIOBaTeIbHOCTEH B MAaTEPHHCKON IIa3Me, MPOMCXOMAIIMX OT PasiHYHBIX XpOMOCOM,
COIJIACHO BOTLIOIEHUSM HACTOAIIETO M300pETEHHMsS MOMKHO HCIIOIb30BaTh I HEMHBA3HUBHOIO
TIPEHATATEHOr0 OOHAPYKEHHUS deTanbHBIX aHEYIUIOMAMi XpomocoMbl 21. B TaHHOM IpuMepe
pasMep XPOMOCOMBI IpEJCTABICH DAIKAPOM IO pasMepy IpH CPaBHCHMM C JpyrMH
xpoMocomamu. TakuM oOpasom, Gonbliee 9YHCIO pPAEKHMpa MO pasMepy yKashlBaeT, €IO
XpOMOCOMa B MATEPHHCKOH IIa3Me umMeeT Ooliee KOPOTKHUE I10 pasMepaM dparmentsr JTHK.

I'papur 300 NOKA3BIBAET, 9YTO UMCIO PAHKMpa IO PasMepy XpOMOCOMEIL 21 B
MaTepHHCKOM IasMe Oonplre (ykassiBas, TaKhAM obpazom, Ha Gollee KOPOTKHE (parMeHTHI
JTHK) B ciydae 6epeMEHHOCTH, BKIIOUAIONIEH IO ¢ TPHCOMHEH 21 (pamKupoBKa OT PaHwXuUpa
18 mo 21), yem Korzma rmojl SBISICTCS DYIUTOMIHEIM (PAHXMPOBKA OT parkupa 9 70 18).
O6bsCHEHHE JAHHOTO HaGIIOIeHHs TaKkoBo, uto (peranbas JJTHK xopoue MaTCPHHCKOMH JHK, n
4TO NOMONHWTENbHAS 1033 XpoMocoMel 21 or mmoxa ¢ Tpucomuei 21 MOXET HpPHUBECTH K
0OHIEMY COKPAINEHUIO CTATUCTHYSCKOTO IOKAa3aTelst mocieAoBaTeNbHOoCTe XpoMocoMsl 21 B
MaTEepUHCKOM IIIa3Me. | |

B. MeTo/151 ¢ MCIIOJIL30BAHHECM PaHKHpa

®ur. 4 npencrasisier cobolt GIOK-cxeMmy, HIITIOCTPUPYIOMIYIO crioco0 BBITIOIHEHHUS
IIPEeHATANBHON JMArHOCTHKH (eTaNbHOM XPOMOCOMHOW aHEYIUIOWIHH B OHOJIOTHIECKOM

o6pa3ue, IIOJY4YCHHOM OT 6epCMGHHOfI JKCHINUHBI, C HCIIOJB30BAHHUEM PAHKHPOBOK
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CTATHCTHYECKOTO TOKA3aTeNs Pa3Mepa COIVIAaCHO BOILIOMICHHAM HACTOSIIETO H300PETCHHUA.

Ha cramum 410 U3MepsoT pasMep KaKZI0H U3 MHOXKECTBA MOJIEKYII HYKIICHHOBBIX KHCIIOT
(bparMeHTOB), MOJTYYEHHBIX M3 6uosoruueckoro obpasia. OOpamaer BHHMaHHE, YTO TaKOe
MHOECTBO MOJIEKYJI HYKJICHHOBBIX KHCIIOT MOXCGT-Hpe,I(CTaEEHﬂTB co0oi MOJAMHOXKECTBO BCEX
IIOIYYEHHBIX MOJIEKY)I HYKJICHHOBBIX KACIOT. MHOXKECTBO MOIEKYI HYKICHHOBBIX KUCIIOT AaXe
MOJKET TIPECTaBIATE COOOH TTOZIMHOKECTBO BCEX OTCEKBEHMPOBAHHBIX MOIICKYJ'I’ HYKIEHHOBBIX
KHCJIOT, KOT/a OCYIIECTBIIIOT CEKBEHUPOBAHHUE B IIEILIX M3MEPEHHA Pa3sMEPOB.

- Ha cramuu 420 uueHTHQUIMPYIOT, H3 KaKMX XPOMOCOM IPOHUCXOIMT MHOMKECTBO
MOJIEKYJT HYKJIE€HHOBBIX KHCIOT. B pasiiaHEIX BOTLIOMEHHSX TOPSIOK CTaIii 410 u 420 moxeT
ObITH M3MEHEH Ha MPOTHBOIMOJIOKHEIN, MIH X ocymecﬁmx:toT oguoBpemeHnHo. Hampumep, B
KOHTEKCTE CEKBEHMPOBAHMUS CIIAaPESHHBIX KOHIIOB TEHOMHOE BHIPABHUBAHKE NIOCTIEIOBATENLHOCTH
MOYET IPEeNOCTABHTH €€ XPOMOCOMHYIO JIOKAIMIO IUIIOC ee JUIMHY (IyTeM BBIYHTAHHSA
HAYaIGHBIX M KOHEUHBIX MEeHOMHEBEIX KOOpIMHAT). B OJHOM BOILIONICHMH XPOMOCOMY MOXHO
HICHTUQULIHIPOBATD kax Ha cramuy 120.

Ha cramum 430 it KaXKHOM M3 MHOMKECTBA XPOMOCOM BBIYHCISIOT CTATHCTHYECKHH
[IOKa3aTejb H3 Pa3MepoB MOJEKYI ﬁymenﬁoamx KHCJIOT, COOTBETCTBYIOIIMX XPOMOCOME.
CTaTHCTHUECKHI OKA3aTelh MOYKHO BBRIGHCIHNTE JIIOOBIM M3 CIOCOOOB, OMMCAHHBIX B JAHHOM
omwcanun. HampuMep, CTAaTUCTHYECKHH NOKasarelb MOXET BKIIOHAThH PE3YJIbTAaT HaualbHOH
CTaJMM PAHKUPOBKH, ONHCAHHOH BBINIE. B OHOM BOIUIOLICHHH MOXXHO HMCIIONB30BATH TOJEBKO -
YaCTh MOJIEKYJI HYKJIEMHOBEIX KHCJIOT, COOTBETCTBYIOIIHX 000 ONpeeIeHHO XpPOMOCOME.

Ha cragun 440 pacronoxeHHe XpOMOCOM B ONPEIHETCHHOM IOPSAIKE OIPEACIAIOT Ha
OCHOBAHWM CTATHUCTUYECKHMX IIOKasareleld. B OJHOM BOIIOIICHHM DPAHKXHUPOBKY MOXXHO
ONPENENUTE ¢ HCIOIB30BAHHEM OCHOBHOIO airOpMTMa COPTHHra. B JpyroM BOIIOMIEHHMH
MOYKHO BHIIIOJIHMTH 0OoJiee ClOXHOe cpaBHeHume, Takoe kak mo Kruskal-Wallis — omun us
crIoco00B aHaIM3a AMCIEPCHH II0 PAHXUpaM C HOCIEAYIOLIMMH [IONApHBIMHM CPaBHEHHAMH C
ydeToM monpaBké Io Bonferroni, MiIx ApYrHMM IOAXOISIIMMH crioco6amu. B paszmuyHBIX
BOILIOIIEHHUSAX PAHKHPOBKH MOTYT OBITH ueJILIMH, JaCTSIMH, peaTbHEIMI YHCIaMHU (HallpUMED, B
I/IHTepBaﬁe) WIx  OyKBEHHOIM(POBHIMU  PAH)XHPOBKAMM, OCHOBZHHBIMH ~Ha HHHIHAJIAX
(manpumep, A-X). ' |

Ha cramuu 450 ompefieieHHy 0 PaHKUPOBKY NEPBOI XPOMOCOMEI CPABHUBAIOT C APYTOH
PAHIKIPOBKOH IEPBOH XPOMOCOMBI, IOTYYEHHOH OT 3TalOHHOTO 6roorIIecKoro obpasua. B
OJIHOM Bounomeﬂﬁn CpaBHEHME Mpe/ICTaBiIseT cob0il cpaBHEHME ONPEACICHHON PAHXUPOBKY C
TIOPOTOBEIM 3HAYEHUEM (HAIIPHMED, OXHOH BEIMUMHON MM MHTEPBAJIOM), KOTODEIH ONIPEAEIIIOT
M3 PAamKHPOBOK OJHOTO HIM HECKONBKHX OTAIOHHBIX oumonormdeckux  obpasros. Taxoe

IOPOTOBOE 3HAYEHUE MOXKET OBITh, ecid pamkup 18 (wiu 19) win BEINIE, TaKOH, KaKylO0 MOXHO




20

onpezienuTs U3 ¢ur. 3. B ApyromM BOIIIOMIEHAM MOXHO ONPEJCIUTE PasiHIHe B PAHKXHPOBKAX
IIEPBOM XPOMOCOMEI MEXAy ABYMsS OGPasliaMu, ¥ PasiMuMe MOXKHO CPaBHHTH C LOPOTOBBIM
3HaYEHUEM. B OJHOM BOIUIOMIEHWM aHAIH3UPYIOT STAJOHHBIM OHomormdeckuii obpaser it
TOr0, YTOOBI OIPENENIUTh, YTO OH HE COHEPIKUT 3a60JIeBaHNS, IIPEACTABIMIONMETO ﬁHTepec, 51
JaKe MOXKHO ONPENICIINTE, ﬁTO obpasel He COJEePIKUT KaKoro-mubo peleBaHTHOrOo 3a00JeBaHus,
KOTOPOE€ MOXET BEI3BIBATE IPOOIEMEI C PAHKHPOBKOM.

Ha cragum 460 na OCHOBAHMH CpaBHEHUS KIaCCUUIMPYIOT, CYyLIECTBYET U (eTanbHas
XPOMOCOMHAs! aHEYILIOMIHS IS IIEPBOH XPOMOCOMEL. B OIHOM BOILIOIEHMH KiaccHUKaIus
MOXKET TMIPeACTaBIATh coboif OuHapHyI0 KiaccuUKaIio 3a00NeBaHUS HIH OTCYTCTBHUS
3aboseBanusi. B IpyroM BOIUIOMIEHMM KJIACCU(UKAIUs MOXKET OBITH TPOMHOM, HpH KOTopoﬁ
MOMKET OBITh HCIONB30BaHA IPOMEXYTOYHAs KiacCHUKamusl. B emie oIHOM BOIUIOIICHHH
KIaccu(UKanys MOXKET BKIIOUATh BEPOSTHOCTH YACTHOW KIACCH(UKAIWHU, U TaKUM 00pasoM,
OBITh 3 (PeKTUBHEE, YeM IIPOCTO TPU KIacCH(UKAIHH.

II1. Pacupenenenue mo pasMepaM (CTATUCTHICSCKUE [TOKa3aTeIH pa3Mepa)

B npyrux BdnnomeHHHx pacmpeeseHue o pasMepaM MOXKET BKIIFOYATh CTaTUCTHYECKUE
IoKasaTeiy pasMepa (hparMeHTOB (HAalpuMep, CTaTHCTHYECKHe IOoKa3aTeld (aKTUYECKUX MU
abCONFOTHBIX BEIMYUH IS OIPENENeHHOM TIeHOMHOM JOKalMu) Kak IPOTUBOIIOCTABICHUE
pamKUpOBKaM. B OIHOM BOIUIOMEHHM (PaKTUIECKUE Pa3Mephl IEPBOM XPOMOCOMEI MOMKHO
CpaBHHUTEH C (AKTHUYECKUMMH pa3MepaMH OJHOM WM HECKOJIBKUX OTaJOHHBIX XPOMOCOM  JJ
OJTHOTO W TOTO K€ HMCIBITEIBaeMoro obpasma. Hampumep, mokaszatenb pasfeieHus (HampuMep,
pa3iMyYHe WIM OTHOIICHUE) MEXIY TaKUMH (akTHYECKHUMH pa3MepaMu NEpBOH XPOMOCOMEI H
OIHOH WJIM HECKOJBHKUX 3TAJIOHHBIX XPOMOCOM MOXHO CPaBHHTH C ITOPOTOBHIM 3HaueHHEM. B
OIJHOM BOIUIONIEHHH IIOPOTOBOE 3HAYCHHE MOXHO OIpENENHTh U3 STAJIOHHBIX obpasuos. B
JIpYroM BOIUIOIICHHMU I CpPaBHEHHUS Hapsay C IOPOrOBBIM 3HAYEHUEM MOXHO HCIIOIBL30BATh
ToKa3aTeNlb pasfelicHuss Mexay (PakTHUecKHMH pa3MepaMu (QparMeHTOB prMOCOMLI MEXITY
HCIILITHIBAEMEIM  00pasiioM ¥ 3TalOHHBEIM OuojorumdeckuM oOpasuoMm. B eme oxHOM
BOTUIOIICHUH (PaKTHYECKUE pa3Mephl (pparMeHTOB XpOMOCOMBEI MOKHO CPaBHHTBH C IIOPOI'OBBIM
3HAYECHUEM U MOJyYHUTh HAJIEKHYIO KIACCUPUKAIUIO.

A. ABCOmOTHBIH pasmep , ,

HekoTopele OpHMephl  IIOKA3bIBAIOT, YTO MOXHO JOOHTBCA  HEHUHBA3HBHOIO
IIPEHATANFHOTO OOHAPYKEHHS TPUMOCOMMH 21 HyTeM CpaBHEHHA abCONIOTHBEIX PasMEpOB
(GparMeHTOB, NPOMCXOMAIIMX OT XPOMOCOMEI 21, ¢ alCONIOTHEIMH pasMepaMy ()parMeHTOB,
IIPOUCXOAAINUX OT OJHOHU wIn HECKOJIbKHMX JTAJOHHBIX XPOMOCOM. B 0oIHOM BOILTOIIEHHH B
Ka4ecTBE STAJOHHEIX XPOMOCOM MOXKHO BEIGPAaTh XpOMOCOMEI 7 1 14, Tak Kak OHH MOTYT MMETh

BEMYHMHEl PasMepoB (Hampumep, aGCOMIOTHBIM pasMep WIM DPamXHPOBKH II0 pasMepy) B
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MATepUHCKOH ILTasMe, KOTOPBIE OTHOCHTENBHO ONM3KM K XpOMOCOME 21. Ha npakruke
STANIOHHAS XPOMOCOMA MOXKET IpPEJCTABIATh COOOH MO0y XpOMOCOMY, KOTOpas HMEeT
pa3M€pI>IV (bparMeHTOB, KOTOPEIE COOTHOCSTCS, HANpUMEp, AL KOHKPETHOM AHAIUTHYECKOMH
mwiarhOpMBl  W/HIM TANIA peareHTa, ¢~ Xpomocomoi 21 (nmum )Ipyrof/i XPOMOCOMOH,
IIpe/ICTABIIAIONEN HHTEPEC) LT SYILIOUTHBIX 00pasIoB.

Qwur. 5 npenéTaBJmeT coboii Tabmurry 500, MIUTIOCTPUPYIONIYI0 CPaBHEHHE XPOMOCOMBI
21 ¢ xpoMocomoii 7 U XpoMOCcOMOl 14 mo pazmepam IOCJIEI0BATEIFHOCTEH, BBIDOBHEHHEIX C
COOTBETCTBYIOIMMI XPOMOCOMaMH, COIIACHO ~BOTUIOIICHWSIM  HACTOAIIETO n300peTeHusl.
Haunbie i tabmunsl 500 ndnyqafoT OpH HKCIBITaHUE 16 00pasios. Jlns xaxgoro obpasua
[TOKa3aH CpeIHuit pasMep Ul pparMeHTOB KaXIOH U3 XPOMOCOM 7, 14 u 21. Taxke IPUBOIUTCS
pasIMuue MEXAy CPEIHHMH 3HAYCHUAMH. Benuunna p TTOKa3HBaET BEPOSTHOCTh TOIO, YTO
Ka)KI0€ Pa3IHdHie MOXKET HIMETh MECTO B 06pasiie OT 3/[0POBO KEHIIMHEL.

Kak moxpo BueTs u3 Tabmunsl 500 Ha ¢ur. 5, nHocaeq0BaTEeIbHOCTH, BBIPOBHECHHEIC ©
xpoMocomoli 21, 3HAuUMTENFHO KOpode (HampuMep, IO  CPEIHEMY pasmepy), UeM
IIOCTIEIOBATENbHOCTH, BEIPOBHEHHBIE C XPOMOCOMOM 7 ¥ XpoMOcOoMO# 14, mis BCeX CIydaes
OepeMeHHOCTH ¢ TpucoMHeH 21 (KpuUTepuil CyMMBI PaHXXKMPOB Manna-YUTHH, BEIUYHHA P <
0,001). CokpaleHue IPA TAkoi CTENEHH CTATHCTHYCCKOH 3HAYMMOCTH HE HaOII0al0T MU
symuIonaHON 6epeMeHHOCTH. Takum o0Opasom, Tabauna S00 mokaspIBaeT, 9To I BCEX CIIyvacB
GepeMeHHOCTH ¢ TpucoMuel 21 pasiinyue B CPEHEM pasMepe (bparMeHTOB MEXTY XPOMOCOMOi
21 u xpoMocomoit 7 mpeBbImaeTr 1 1m.0., B TO BpeMs KaK HM OJMH M3 CIyH4acB SyIUIOMIMH HE
NOKa3EIBAeT paznuaus Gombmie 1 11.0.. COOTBETCTBEHHO, 1 I1.0. MOXET JaTh TOYHOE [IOPOroBOE
sHadenwe A ompeneneHms kiaccudukamwd. IlomoGHBIM o0pasoM, Ui BCEX CIydacB
GepeMeHHOCTH ¢ TpucoMueit 21 cpennumit pasmep GparMeHToB M3 XPOMOCOMBI 14 cornacoBaHHO
GoutbIe CpefHero pasMepa GparMeHTOB U3 XPOMOCOMSI 21. [IeHCTBUTENIBHO, ECIIH HénonbsymT
«mopor» B 0,5 1.0. JUis HabGIIOfaeMOro «y[UIMHEHHs» (parMeHTOB XPOMOCOMBEI 14 mpu
CpaBHEHHH ¢ (parMEHTAMH XPOMOCOMSBI 21, BCe CIIydad TPHCOMUH 21 MOXHO OTJIMYHUTE OT
cryuaeB 0e3 TpPUCOMMH 21. Tak, B OJHOM BOILIOIICHHUW IIOPOrOBYI0 BEIHYHHY MOXHO
OTIPEJIEIATE U3 OJJHOT'O MK HECKOJIBKHUX STAIOHHEIX 00pasIioB. |

B. Crioco6Bl ¢ HCITOIh30BaHEEM abCOIIOTHOIO pasMepa

@ur. 6 mnpencrasuser coboil OI0K-CXeMy, Hnnfocrpnpybmyfo CI0CO6  BHITIOTHEHHS
IpeHaTanbHOM NTHArHOCTHKY JucOaraHca TI0C/IeOBATENBHOCTEH B OGHONIOrHIecKoM o00pasIle,
[IOJTy4YE€HHOM OT 6epel\;IeHHOﬁ KEHIMHEL, C MCIIOIb30BaHMEM CpPaBHEHHUS CTAaTUCTHYECKOIO
IoKa3aTens pasMepoB (parMeHTOB I TEHOMHOH JIOKal[HH COTJIACHO = BOIUIOIICHUAM
HéCToxmero nzo6perenns. B omHOM acrekre crnocob 600 MOXeT OTHOCHTECA K ONPEICICHHIO

KJIaCCI/I(i)I/IKaIII/II/I nnc6ancha HOCHGHOB&TCHBHOCTGﬁ Ha OCHOBAHHH IIOKa3aTelld pasAcliCHUs
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(HanpuMep, pasiIMdYUs WM OTHOMICHUS) IS Pa3sMepoB (parMEHTOB HEpBOM XPOMOCOMEI K
pa3MepoB GparMeHTOB OJHOH WM HECKOIBKHUX DTAJIOHHBIX XPOMOCOM.

Ha cragum 610 wu3MepsroT pasMep MHOXKECTBA MOJEKYN HyKIEHHOBBIX KHCIOT,
MONY4EHHBIX W3 GHOTIOrHYecKOoro obpasna. O6palaeT BHEMAaHME, dTO MHOJECTBO MOJIEKY I
HYKJIEUHOBBIX KHCIOT MOXeET ObITh IIOTy4E€HO M MOXET BKIIOYaTh CXOXHE (DparMeHTHI, Kak
OTMeYeHO Ha cragun 410.

Ha cragun 620 uaeHTHGUIUPYIOT PTEHOMHYIO JOKALUI, U3 KOTOPOH nponcxdﬂm Kaxkzaas
U3 MOJIEKYJI HyKJIEMHOBBIX KucloT. Jlokarmiel MoxeT ObITh 1t00as 4acTh T€HOMa, KaK OITHCAHO
A cramud 120 m B gpyrux Mectax. Hampumep, MASHTHQUIMPYIOT, OT KaKOH XPOMOCOMBI
IIPOUCXOMUT KaXKAas U3 MOJEKYIT ﬁyKneHHOBmx KuCIOT. Takoe ompezneneHue MOXHO CHENATh
ITyTeM KapTHPOBaHUS B STANOHHOM TEHOME, KAK OITHCAHO B JTAHHOM OIIMCaHHU.

Ha craguu 630 BEIYMCIISIIOT IIEPBBIN CTATUCTHYECKUH [0KA3aTeIh U3 pPa3MePOB MOJIEKY
HyKJIEHHOBBIX KHCJIOT, COOTBETCTBYIONIIMX MEPBOM TI'eHOMHO# JjoKamuu (HarmpuMmep, IepBOi
XxpomocoMme). B o[HOM BOILIONIEHUH NEPBEIN CTATHUCTHYECKHH TTOKAa3aTellh MOXKET IIPEICTaBIIATE
co0Of yCpenHEHHBIM, CpenHui i CPEIVHHBEIA pasMep (ParMEeHTOB, COOTBETCTBYIOUIHMX
nepBoif XpoMocoMe. B IpyroM BOIUIOIMIGHHH IEpBbIA CTATHCTHYECKHH OKA3aTENb MOKET
BKJIFOYaTh CyMMY JUIMH (DparMeHTOB HIDKE IEPBOTO pasMepa, KOTOpas MOXET IpeJCTABISTH
cobOH IOpOroByI0 BEIWYMHY. Hampumep, MOXHO CYMMHpPOBaTh [UIMHBI KaKIOTO M3
¢dparmenToB, koTopsie MeHbIIe 200 11.0. CyMMy MOXXHO Pa3[eiuTh Ha APYTroe YUCIIO, TAKOE Kak
CyMMa JUIMH BCEX (pParMeHTOB, COOTBETCTBYIOIIMX IEpPBOH XPOMOCOME, WM. CyMMa JUIMH
(dparMeHTOB, NPEBHINAIOMKX [IOPOTOBYIO BEIHYHHY BTOPOIO pasMmepa (KOTOPEIM MOKET OBITH
TaKuM K€, KaK TepBbifi pasmep). Hampumep, HepBBIif CTaTHCTHUECKHiT TOKa3aTeb MOJKET
IpeNCTaBIATE co60if OoTHOEHHE OOmel UIMHBI (parMEHTOB HIDKE NOPOrOBOM BEITHWYHMHEL
nepBoro pasMepa Kk oOmeHd miuHe (GparMeHTOB WM OTHOMICHHE OOMeH IMHBEI MEJIKHX
(parmMenTOB K 06l ITHHE KPYHEIX (ParMEHTOB.

Ha cragum 640 BEIYMCIAIOT BTOPOM CTATHCTUYECKHH ITOKa3aTelnb U3 pa3MEepPOB MOJEKYII
HYKJICHHOBBIX KHCJIOT, COOTBETCTBYIOIIMX BTOPOH I'CHOMHOW JIOKAalWH (HalpuMep, BTOPOH
XpoMocoMe). BTopyro XpoMocoMy MOKHO paccMaTpHBaTh Kak 3TaJOHHYIO XpoMocomy. B oxrom
BOILTOIICHUM MOXXHO BBIYMCIMTh CTATHCTHYECKHMN IIOKAa3aTeNIb Uil MHOXXECTBA DTAIOHHEIX
XpOMOC‘-OM. B onHOM BOIUIOIEHUM CTaTHCTUYECKHE MTOKA3aTEId MOXHO OOBEIUHHTH, TaK 4TO
MOKET UMETh MECTO CTaTHCTquCKﬁﬁ [10Ka3areslb ONHOM MM HECKOIBKHMX BTOPHIX XpOMOCOM. B
/:;pyrdM BOILIONICHUM CTaTUCTHYECKHE ITOKA3aTeNM UL MHOXECTBA STAJOHHBIX XPOMOCOM
MOXHO cpaBHHBéTB II0 OTAEIBHOCTH, KaK yKa3aHO HIDKE.

Ha cragus 650 mepBBi CTATHCTHYECKUH MOKa3aTelb M BTOPOH CTATHCTHUECKUN

ITOKa3aTeJb CPaBHUBAIOT, W I[IONYYAOT IIOKAa3aTCjlb pas3iciICHHA. B omsom BOIIIOIICHUH
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OTIPEICIISIOT TTOKa3aTeNb Pas/leIeHns, KOTOPEIA MOXKET NPEACTaBIIsITE co0boii paznuaue MEeXIy
MIEPBBIM CTATHCTHYECKHM IIOKA3aTelieM X BTOPOM CTATHCTHYECKMM I[OKas3aTe/IeM. B nmpyrom
BOIVIOLGHMH TIOKa3aTeb pPasieleHHs MOXKET TPEACTaBisTh COOOM OTHOIIEHHE JBYX
CTATHCTMYECKUX TOKa3aTelell. B emle OIHOM BOILUIOIEHHH MOXHO ONPENEIUTh MHOXECTBO
moKaszaTesell paseneHus, HalpuMep, [MOKaszaTelb Ui KaXI0ro | BTOPOTO CTaTHCTHYECKOTO
TIOKa3aTellst, KOTOPBI MOYKHO BBIYHCIIHTE I KaXK IO STAIOHHOH XPOMOCOMBL.

Ha cramue 660 moka3aTens pasielieHHs CPaBHHBAIOT C OJHON MM HECKOIbKMMM
OPOrOBBIMY BEIMIHHAMH. B 0JTHOM BOIUIOLICHHY CPABHEHHE MOXKHO BEIIOJHHUTE s KaXKIOTO
M3 MHOYECTBA TIoKasarenell pasgenenus. Hampumep, Kak YKazaHo BBIIIE, MOXHO OIIPEICINTh
IOpyToi IOKa3aTelb pasnenem/m MEXIy I[IEpBbIM CTATHCTHYECKUM IIOKa3aTelieM H KaKIbIM
BTOPHIM CTATHCTHYECKUM IIOKa3aTeleM. B pasmiYHBIX BOILIOICHHMAX Ka)KIBIH I0Ka3aTelb
pasyieIeHusi MOKHO CPaBHHTh C OJHOM M TOH ke M PasTUIHBIMH MOPOrOBBIMY BEIHIMHAMU.
B ZApyroM BOIUIOIIEHWH ITOKa3aTelb pa3JeleHUs CPaBHHBAIOT € [IBYMS IOPOTOBBIMH
BENMUYMHAME M ONpPEIeIIOT, HAXOJUTCS JM IoKasarelh pPasleCHUI B  ONPEICICHHOM
uHTepBasie. VIHTEpBal MOXET BKIIOYATh OXHY IOPOrOBYIO BEIMUMHY IS ONPENETeHus, eCIH
EMeeT MEeCTO OIVH U3 Pe3y/IhTaToB, OTIMYHEIX OT HOPMANBHOrO (HANpUMED, aHEYILIOWMIHS), 1
MOYKHO WCIOJIB30BaTh IJIs ONPENENEHHS BTOPYIO IOPOTOBYIO BEIMYIMHY, €CIH ONMH M3
pe3yIBTAaTOB BO3MOJKHO BbI3BaH OINMOKON M3MEpeHHMs WIM aHamusa (HampuMep, eciu
oKa3aTeNb Da3feNcHMs BHIIE, YeM MOXHO ObUIO Obl OXHMAATH Aawe it obpasia MpH
3a00JIeBaHUN).

Ha craguu 670 Ha OCHOBaHUY CPaBHEHHMS ONPEICIIIIOT K1acCH(UKALMIO, CYIECTBYeT U
nucOaTaHc moclenoBaTensHocTel (Hanpumep, (QeTaibHAas XPOMOCOMHAS AHEYILIOWIWS) I
IIepBOl TEHOMHOM JIOKamuy. B OJHOM BOIUIOIIEHMH MOXHO MCIOJIB30BaTh MHOXKECTBO
IOPOrOBEIX BeanduH (HarmpumMep, N OPOTOBEIX BEIMYHH) VIS OJHOTO TOKA3aTeNst paslieneﬁnﬂ.
B TakoMm BOILIOHICHHUH MOXHO onpe,uennfb N+1 kmaccubwmkanuii. Hampumep, MOXHO
JICTIOJIB30BATh JIBE IOPOTOBBIE BEIMYMHEL JUIsl OIpPENEeHHUs KIacCHQUKAMK KaK dyIIOMIHOMH
(HopMaJILHoé WM 370DOBOE COCTOSHHE), HEJCTCPMCHHPOBAHHOH W  aHEYIUIOMTHOM
(6one3HeHHOE WIM HEe3NOPOBOE COCTOSHHME). B IpyromM BOIUIOIICHHH, KOTAQ OCYIECCTBILIOT
MHOJKECTBO CpaBHEHHI (HaIpHMep, CPaBHEHME ISl KaKIOTro IIOKa3aTellsd pasz(éneﬂm),
KIacCHQUKANUsI MOXKET OBITb OCHOBaHa HAa KaXIOM cpaBHeﬁnn. Hampumep, cmocob,
OCHOBAHHEIH CHCTEME IPaBWI, MOXKHO PacCMaTpUBaTh NPHM KIACCHQUKAIMSX, SBILTIOMMXCSA
pe3yJbTaTaMK KaXkIOTO M3 CpaBHEHMH. B omHOM BOTUTOMIEHMH OKOHUATEIbHAS KJIacCU(pUKaIHs
ofecricaMBacTCs TOABKO TOLHA, KOraa Bce KiaccuUKAlMM COBMECTHMEL B mpyrom
BOILTOIIEHHH HCIOJB3YIOT KiIacCHMHKaIHio OompMHUHCTBA. B emme oMHOM BOILIOIEHHHM MOXHO

HCIIONB30BATE Goliee CIOXKHEIE (GOPMyJIBI HA OCHOBAHHE TOTO, HACKOIBKO OIM30K KaXKIbA U3
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TokazaTeNell pasieneHHs K COOTBETCTBYIONIEH MOpOTOBOH BeIMYMHE, M TaKHE BEIIMTMHEL
GIM30CTH MOXKHO aHAIM3HpOBATH [Mis ompereineHmHs Kiaccudukaruy. Hampumep, BETHIHHEL
6IM30CTH MOXHO CyMMHpOBaTh (Hapsaxy ¢ APYTMY (aKkToOpaMH, TAaKUMU Kak HOpMATH3aIlHA), ’
pesynbTaT MOXHO CPaBHHTE C JPYToi noporoﬁoﬁ BEJIMIMHOM.

B ﬂpyrﬁx BOILIOMIEHHS TakKe MOYKHO NpUMeHUTs Bapuamuu crocoba 600 A
HeHOCpeJICTBeHﬁOFO ‘CpaBHEHMsI CTaTHCTHYECKOTO IIOKasaTeld IJist IepBOH  XPOMOCOMBI C
IOPOrOBO} BENWYUHOM, KOTOpas MOXET OBITh IOTyYeHa M3 STAJOHHOrO obpasma. Hexoropsie
BOILUIOMEHKS TAKKe MOXHO MCIOJb30BaTh M aHANM3a OHONOTHICCKHX 06pa3u03 oT
HeGepeMEHHBIX keHIMH. Takoi aHamM3 MOXHO PaccMaTPHBaTh HMEHHO NPH CTATHCTHIECKOM
ftokaszaTeJe AjIs pasMepa Beex pparMeHToB obpasua U cpaﬁHeHI/m CTAaTHCTHYESCKOTO ITOKa3aTeIIs
WM TI0KA3aTelIs pas/iesIeHus] ¢ IIOPOTOBBIM 3HaYeHHeM IS TOTO, 4TOOBI OIPENENHTh MOXKET JIH
CymiecTBOBaTh aucOanaHc moclenoBarenbHocTed. Ecmu pucanane HoéneJIOBaTeJILHOCTeﬁ
KIacCHQUIUPYIOT KaK cymecmy}omﬁﬁ, MOKHO BBIIIOJIHUTH JAOIOJHUTENbHBIA aHAN3 JIOKAIUH
nucOanaHca, HaIpUMEp, aHAIM3UPYs CTATUCTHYCCKHE MOKA3aTeIH pasMepoB H/WTHA TIOKa3aTelu
pasjeneHus Ui ONpeeIeHHOH reHOMHOI JIOKaIyy (HalpuMeD, XprOCOMBI).

C. Vcnionp30BaHye 0OMIMX IIMH KOPOTKUX (PParMEHTOB

Kak yKa3bIBaJOCh BBIIIE, B HEKOTOPBIX BOIIOMICHHAX pacnpézxeneﬁne o pasmepam JJHK
[Ia3Mbl TAKKE MOXKET OBITh OTPAKEHO NOJNEH OOIIeH ITHHE! JHK, B KOTOpPYIO BHOCST BKJIaJ
xopotkue ¢pparmenTs! JTHK. Haﬁpmwep, pacmpeneieHue 1o paéMepaM MOYKET BKJIIOYATh OOILLY O
JITEHY (GParMeHTOB MEHBIIE IIOPOrOBOW BENHYHHEL, KOTOPYIO MOXHO pasiCIHMTh Ha oburyro
JUIMHY BceX (BparMeHTOB WM, [0 MEHbIIei Mepe, GparMeHToB Gobe IIOPOTOBO} BENUYMHEL
Hanporus, pacmpenenenue no pasmepam JIHK Iu1asMel Takke MOXKCT OBITH OTpaXkeHO AOJEH
romsoit mmusl JIHK, B Kotopyro BHOcsAT Bkiax mmuHHble (parments JIHK. Hanpumep,
pacrpe/esieHie 110 pasMepaM MOXKET BKJTIOUATh OOIIYIO AIMHY (hparMeHToB GOJIbIIe IIOPOroBoi
BeJTMYMHE], KOTOPYIO MOYKHO Pa3leiuTh Ha OOIIyIO JUIMHY BCEX (ParMEHTOB HIIH, TI0 MEHbIIEH
Mepe, (HparMeHToB MEHbIIE oporoBoif BeqMuMHBL. Kax Ipyrod NpuMep, TAIOKe MOXHO
WCIIOJIb30BATH OTHONICHHE MENKHUX (parMeHTOB K KPYIHBIM. B onxOM BOILIOMEHHAN B KAYECTBE
nopora MCIIONB3YIOT 150 1.0, st ompeselneHus Kopotkux gparmentos JJHK mrasumer. Opnaxo
TaKXKe B KauecTBE IIOPOToB Ui - ONPEACICHUA KprTKI/Ix ¢dparmenrop  JHK MOXHO
HCIIOJIB30BATh JI00YI0 HOPOrOBYIO Benmnﬁy, manpumep, B 130 1.o., 140 mo., 160 m.o. u 170
.0, OTMedaeTcs, 9To, KaK MCIIONB3YeTCs B JAHHOM ONMCAHWH, IIaphl OCHOBAHMH TaKKe MOTYT
HA3LIBATHCS, KAK CHHOHHM, GHCIOM HYKIEOTHIOB (nt) mpum oOpameHud K JUIHHE
OJIHOIIETIOYEYHOT0 (PparMenTa.

B onmoM BoIUIOmeHMH Beruuciende nomu mmmeel JHK, BHOCHMOH KODOTKMMH

¢parmentamu JJHK, MOXHO BBIIONHUTE CJIEXYIOLINM ob6pasom: F = poma mmummer JIHK,
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-BHOCI/IMOI\/JI KOPOTKUAMU Q)parmeHTaMﬁ JIHK; S = cymMa IyimH BeeX KopoTkux @parmentos JTHK

(JUIMHBI, paBHBIE WM MeHbIIe ropora); 1 T = ofmas mmuHa Beex dparmentos J[HK B obpasie
HE3aBHUCHMO OT X IUIMHBL Tak yKa3aHHYIO JOJNI0 MOXHO mpercraButh kak F = S / T, uro
SBIIETCS. OJHEM IPAMEPOM CTATHCTHYECKOTO MOKA3aTelNls pasMepa. BerauciuTs F MOXHO JUIs
Bcex (parMeHTOB M3 o0pasia MiIx st onpeneneﬂﬁoﬁ JIOKallMM B T€HOME, HalpuMep, 'mm
OTIpeETICHHON! XPOMOCOMEL. ‘ -

B omsOM BOHJIOH.ICHI/II&»MO)KHO ornpenenuts o0mIyro AnuHy Bcex ¢parmenTos JTHK.
3aTeM MOXHO BHIOpaTh pasMep mopora (W), MEHBIIE KCTOpOfI ¢parmenTts! JJHK onpenensaror
KaK «KOPOTKHE (parMEeHTED. Pa3sMep mopora MOXKET H3MEHATHCA M OBITh BHIOpAaH Kax
COOTBETCTBYIOIIUH ONpeAEICHHEIM JMATHOCTHYECKAM Lie/sM. OGIIYIO [UTHHY BCeX QPArMeHTOB
JHK MOXHO BBIYHUCIIHTE, dyMMprﬁ naHy Beex (parmento JTHK, koTOphie paBHBI MM
xopoue mopora. Jomo obuie# IIHHBL, BHOCHMYIO KopoTkumu ¢(parmenramu JHK, M0OXHO
BBIUUCIIATE CIEAYIOMKUM 00pa3oM: '

F =3 wmn / =% yw, roe

¥V mmH npexcrapser coboi cymmy mmuH ¢parmertos JJHK ¢ jumHOM, paBHOH HIIM
MEHBbIIIE TIOPOTrOBOH JUIMHBI W (I1.0.); U

%% nnun npexcraBmser cobolt cymmy mmuH Gparmentos JHK ¢ JUIHHOM, paBHOR MM
menbmie 600 mo.

CraTricTHUeCKHi moKaszaresb F  Takke MOXHO HCIOJIb30BATH B BonnomeHn;ix c
YICIIONB3OBAHHMEM PACIIONOKEHHS B OTPEEIEHHOM TopsiiKe. HanpuMep, MOKHO BEIYHCIHTH F
I (GparMeHTOB M3 KaXIOro Habopa COOTBETCTBYIONIMX IE€HOMHBIX JOKalud (Hampumep,
XpOMOCOM).

C nensio MOSACHEHNs, B IPUMEpE, IPUBEICHHOM HIDKE, MOXKHO BBIYHCIHTE OOLIYIO JUIHHY
IyTeM CyMMHpPOBaHus (pparmMenToB kopode 600 m.o. OHaKO 1 BEMUCICHHA «OOMEH JTHHBD
MOXXHO MCIOJIB30BaTh ﬁpyme Ipezensl pasmepa, Hanpumep, 400 m.o., 500 mo. u 700 mo. B
JAHHOM TprMepe OOLIyI0 [UIMHY BBIMHCIIOT, OCHOBBIBAasCh Ha ¢parmentax B 600 m.o. mim
MeHbIIle, TOCKOIBKY CHCTEMa TeHOMHOro aHammsaropa Illumina (Solexa) He sddexTuBHa npH

- aMuauIEpoBaHuK U cekBeHupoBaHuM ¢parmentoB JHK nmmamee 600 m.o. Kpome Toro,
ycTanapuBas npejen anamusa ¢parmenro JHK xopoue 600 1m.o0., Taxke MOXKHO n30exaTh
CMEILICHHUH, TOABIIAIONIMXCS U3 CTPYKTYPHBIX U3MEHEHHH reHoMa. [Ipn HaIMYUU CTPYKTYPHOTO
u3MeHeHus, Harnpumep, nepecranoBok (Kidd J.M. et al.,, Nature, 2008, 453: 56-64), pasmep
¢parmenta JTHK MoxkeT OBITH IHEpEOLEHEH, KOTAa pasMep IOIIGHI/iBaIOT OMOMH(POPMATHUBHO
IIyTeM kapmpOBaHH;I KOHIIOB (bparMeHi‘a JHK B sTanonsom rermome. Kpome Toro, >99,9% secex
¢bparmenToB JJHK, ycrnelmHo ceKBEHHPOBAHHEIX u KapTUPOBAHHBIX B 3TaJIOHHOM I€HOME, MMEIOT

MeHee 600 1m.o., ¥, TakuM 06pa3oM, BKIIOYEHHE BCEX (PparMeHTOB, paBHBIX U kKopode 600 1.o.,
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MOKET 00ECIIEUHNTH PENPE3SHTATUBHYIO OLICHKY PaclpeleiCHus [0 pasMepaM q)parMeHTOB JHK
B oOpasle.

Kak o6cy»Ianoch BBIIE, CABMI PAaclpeleNeHHus [0 pasMepaM K 6osee KOPOTKUM
dparmentam JHK MoxHO Habmromath Ui XPOMOCOMEI, KOTOpast HPEJCTaBlIcHa ¥ Ioaa
H30BITOYHON Komme#. B OJHOM acmekTe HM3MEpPEHHE pasIudMi B JOIX oOmiel IIIUHBL,
BHOCHMEIX KopoTkumu ¢parmenramu JIHK, mexnry XpOMOCOMOM C HOBBINIEHHBIM PHCKOM
AHEYTUION U (xp0M6c0Ma-MHmeHL) M XpOMOCOMamH, He BXONJAIIUMH B TIpymIy C
nosmmeﬁHHM pUCKOM ‘aH'eyl'IJIOI/I)Z[I/II/I (3TaNOHHEIE XPOMOCOMEI), MOXET OBITH OCYIIECTBICHO
KOJMYESCTBEHHO JJIS OIpPEACIeHHs TOro, pa3jiM4acTcs JIM Ppacnpe/icieHue 1o pasMepam
¢parmenTos JTHK, NPOUCXOAAMIUX OT yKa3aHHBIX XPOMOCOM.

B ojgsoM BOIUIOIIEHHH F(ar) M F(re) ONpeEeNAOT KaKk OJIH o01el OIUHBI, BHOCUMEIE
kopotkumu (parmentamu JHK, /i1 XpoMOCOMEI C TOBBIIICHHBIM PHCKOM aHCYIUIOWANH H
3TAJOHHOM XPOMOCOMEI(XPOMOCOM), COOTBETCTBEHHO. Pasmuume B J0ix oOmei JUTHHEL,
BHOCHMBIX KopoTkumH ¢parmerTamu JHK, mexmy XPOMOCOMOM-MHIIEHBIO M 3TAOHHOM
xpOMOCOMoﬁ(xpOMOCOMaMH) (AF (rar-Ref)) MOXKHO BEIAHCTHTE KaK AF(rarrey = Frray — Fren
Hanpuwmep, AF(21.1) IpeaCTaBisieT 0660171 paznuuue Memziy ONSIMH 00Ielt TIMHBI, BHOCUMEBIMH
xopotkumu parmerramu JHK, 11t XpOMOCOMBI 21 u xpomocomst 1. IIpumenenre AF (TarRef) B
npeHaTanﬁ,Hoﬁ JMArHOCTHKE (DETANbHEIX XPOMOCOMHBIX aHEyIIoumud Gyznet o0cyxnarscs B
HOCEAYIOIUX paszfenax. B ApyroM BOILIOIIECHHH OTHOIICHHE Firary / F(rey TAKOKE MOXKET OBITH
HCIIOJIF30BAHO KaK I0KA3aTeNlb pa3JeNeH)s I[yTEM, CXOXKHM C ITyTEM HCIIOJIB30BaHML AF (TarRe)-

Pasnuune Mexay BeTuIUHAMH F XpOMOCOMBI-MUIICHA STAJIOHHOU XPOMOCOMBI MOXHO
HCTIONB30BATh B KAYECTBE MOKa3aTeNs A ONPEHCICHI, SIBJIIETCS JIH TUIOJ{ TPUCOMHUKOM ITO
XpPOMOCOME-MHULICHA MM HET. Korzma Iiof sBASETCA TPUCOMHKOM IIO XPOMOCOME-MHUILEHH,
TPHCOMMYECKas XpoMOcoMa OyJeT BHOCHTh B MAaTEPHHCKYIO INIa3My HOTOJHHUTENbHYIO O3y
xopotkoit deransroit JTHK, NpuBOAs, CIEHOBATENBEHO, K SBHOMY CKATHIO PACIPCACICHHUA IIO
pasmepam nocne)losaTenLHGCTeﬁ XPOMOCOMBI-MHUIIIEHH. Takoe CXKarue paclpefeNicHusa II0
pasMepaM IMOCIIEeAOBaTeNBHOCTEH XPOMOCOMBI-MHILICHH MOKET NIPHBECTA K BO3PACTAHMIO NOJH
JUIMHBL  TOC/EeJOBaTelbHOCTEH, ~BHOCHMOM — KOpoTkumu  (parmentamu  JHK,  mna

nocneoBaTeabHOCTH-MUAIICHN (Fiarger). B pe3yabraTe MOXET HMETh MECTO  BO3pacTaHHe B

pasinuni AF MexIy Fraget ¥ Fref.

®ur. 7 mOKa3HIBACT rpapuk 700 momm oOmeH JIMHE, BHOCHMOH I(OiJOTKI/IMI/I
¢dparmentamu (F), mporus pasmepa mopora (w) Ui oOpaslia MaTepHHCKOM IUIa3MEl ¢ ILIOJIOM
Myxckoro mona. Bemwumner F gms @parmentoB [THK, BEIDOBHEHHBIX C ayToCOMamu U
XpomMocomoil Y, Ha rpaq)HKé HaHEeCEHHl II0 BEPTHUKAIBHOH OCH IIPOTHB pasMmepa Topora,

MCTIONB3YEMOTO JUIS OTIpe/ieNieBnst «KopoTkux ¢parmentos JJHK». Ilpm GepemeHHOCTH C
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IUIOAOM MyXckoro nona monekynsl JIHK, BeIpoBHeHHBIE ¢ XpoMOcoMoM Y, TIPE/CTaBIISIOT
JHK, BeICBOOOXKIEHHYIO M3 IUIOAA MYXCKOro mojia. Tak xak OGONBNIMHCTBO IMPKYIHPYIOIIHX
monexys1 JHK B MaTepHHCKO# TL1a3Me HPOMCXOMAT OT MaTepy, dparmenTsl JJHK, BHPOBHEHHEIE
c ayTOCOMaMy, JOJDKHBI HPEJCTABIATh COOOHM NPEeMMYIIECTBEHHO (pParMeHThl MATEPHHCKOM
JHK. Benrausa F Bo3pacTaer ¢ pasMepoM Iopora u npubimokaeTtcs K Benudguse 1,0, koraa Bce
dparmentsr JJTHK B ofpasme Kopode MIH DPaBHBL IIOPOTOBOMY pasMmepy. Pasmuume B
pacIpe/ieIcHHH 110 pasMepaM Mexny AByMs Bumamu Mmonekysn JHK MoxeT OBITH OTpakeHo
pasimmureM B ux BenmumHax F. Bonee Beicokas Benmmunna F mokaswiBaeT, 9To GONbINas JONS
obmell IIUHBEI BHOCHTCS KOPOTKMMH (parMeHTaMH, ¥, TakuMm 00pa3oM, yKashiBaeT Ha Gosee
CKATOE paclpe/iesieHue 1o pasmepaM ¢pparmentos JTHK. |

Kax BuznHO Ha rpaduxe 700, pacnpeznencHue 1o pasmepam mouekyn JHK u3 xpoMocoMsl
Y Gosee y3koe, 9em pacnpezenernue no pasmepam JHK u3 ayrocom. Koukperno, Benuurna F
JUIL XpPOMOCOMEI Y BO3pacTaeT paHbiie, 9eM LT ayToch, 410 NpUBOAMT K Fy Oosee BEICOKOH,
4eM Fayrocom MeXIy 80 1m.o. m 300 m.o. Pasmudue B Bemraunax F mexay xpomocomoit Y wm
ayrocoMaMi (AF (Y-ayrocoms)) OTKIAIBIBAIOT HA IpadiKe IPOTHE pa3Mepa IIOpora ¥ IPeCTaBIAIOT
IIyHKTUPHOHN JIMHHMEH, KoTopas mnojoxurenbHa Mexnxy 80 mo. um 300 m.o.. MakcumanpHas
BeUYUHA 11 AF (v.ayrocomsy COCTaBIgeT 0,23 1 mmeer Mecto BOmm3n 150 m.0. Kak mosicHseTcs B
HOCHIe Y IONINX MPUMEpax, pasaudue B A0JH oOIeH JIHHE (parMeHTOB, BHOCHMOM KOPOTKHMM
bparmenramu (AF), Mexmy XpoMOCOMOH «B IpyIiie pUCKay H STAJIOHHOH XPOMOCOMOMH(amu),
ABIAETCS INPHUMCHHMBIM IIOKasaTeleM pasleleHds A1 KOJIMYECTBEHHOTO OIlpelesIeHus
Pa3IMYMg B UX Paclpe/ielieHuH o pasmepaM. Takoke, B IOpsiake IpuUMepa, MOXKHO OIpeeIHTh
Benwauiy AF ¢ mo0siM pasmepom nopora, HanpumMep, Mexay 130 m.o. u 170 m.o.

@ur. 8 mokaseBaeT Tpaduk 800 xomm oOWIeH JUIMHEL, BHOCHMMOM KOPOTKHMM
¢parmenramu (F), mis xpomocoms! 21 (CIUTOIIHAS JIMHHS) M 9TaJOHHBIMEH XPOMOCOMaMM (Bce
ayTOCOMEI, 33 HCKIIOYeHHeM xpoMmocoM 13, 18 u 21) (myHKTHpHas JIHMHUS) IIPOTHB pasMepa
nopora Jijist 9ymiouHoN 6epeMeHHocTH. Pasnuame B ABYX BenuumHax F (AF(Z]-Ref) = Fapa1) —
F(ren)) mpezncraBieno mTpuxoBoi muHuel. Tak kak pacnpenenenye mo pasMepam (pparMeHTOB
HAHK m3 xpomocoMsr 21 ¥ 3TaJOHHEIX XPOMOCOM CXOXKE IIPH 3YIUIOMIHON GepeMeHHOCTH,
BennauHa AF(2)1.Rer) OIHM3Ka K HyJTI0 U1 J1060T0 pasmepa mopora. '

@wur. 9 nokaseisaer rpapuk 900 BemmuuHbl F 1 xpomocomst 21 (crutomnas TUAUL) 1
JTAJIOHHBIX XPOMOCOM (BCE ayTOCOMBI, 32 UCKIIOUeHHEM XpoMocoM 13, 18 u 21) (uyHkTupHas
JIMHMS) HPOTHB pasmepa mopora Juia GepeMeHHOCTH ¢ Tpucomuell 21. Pasmmume AF(21ges
NIPEACTaBIEHO LITPUXOBOM JmHHe#d. W3-3a nononnmenﬁﬁoi/i JO3Bl XpOMOCOMHI 21 M3 mionma

pacnpenenenue 1mo pasmepam ¢parmento JIHK B MaTepuHCKO# Iurasme s XpoMOcoMsl 21
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osiee cKaTOe, YeM paciipesieeHHe 1o pasMepaM Il STAIOHHBIX XpoMocoM. Takoe pasnmdue B
pacrpesielenny o pasmepam ¢parmenToB JIHK oToGpaxkaeTcs MOIOKHUTEIBHON BETMIHHOM
AF (21.Ref), KOTOpaSL JOCTHTaeT MakcumyMa B 0,016 mpu IpHOIH3UTENBHO 150 m.o.

@ur. 10 moxaseaer rpapux 1000 AF(iren MeXITy XpoMocoMolt 21 M 3TallOHHEIMU
XpoMocoMaMH (BCE ayTOCOMBI, 3a HCKIIOYEHHEM xpomocoM 13, 18 u-21) mporus pasiwepa
TOpOTa s JYILIOUIHON GepeMEHHOCTH U GepeMEHHOCTH ¢ TpucoMuei 21. B ciydae TpucoMun
21 HabnrogaoT Bo3pocuryio BeTHIHHY AF(21.ref), HO AF(21rer) paBHA MpUOIU3UTENBHO HYIIIO IIPH
KaXIOM pasMepe mopora B ciiydae oymionza. Tak kak MakcuMyM AF(p1.ref) HaOIIONAIOT BOMM3H
150 m.o., paznmyue B 150 1.0, MOXHO HICITONE30BaTh B KA4eCTBE TTOKA3aTeNsd pasielieHus Iyist
onpeneﬁeﬂpm, eclIM B pacHpejeleHHH [0 pa3MepaM [OCIeNOBaTeIbHOCTEH XpOMOCOMEI 21
CYIIECTBYET 060 3HaumMoe cxaTHe. OJHAKO MOXKHO HCIONB30BAaTh OGO pasMep, NpH
KOTOPOM BO3HHKAET PasiIHude MEXIy CIydasMd 3YIUIOMIHM M TPHCOMEM, HAIpuMep, HO 6e3
OTpaHUYCHUs, 140 m.o., 145 1m.0., 155 mo. u 160 mo. B DaHHOM IpHMepe pasIUIUE MEXKIY
momed obmiel IUIMHEI XpoMOcOMEl 21 ¥ 3TaJOHHEIX XpoMocoM, Habmomaemoe mpu 150 mw.o.,
coctasiser 0,016 u -0,002 11 GepeMEHHOCTH ¢ TpHcOMHEH 21 U 3yNIOMIHON GepeMEHHOCTH,
COOTBETCTBEHHO.

Takoe paznuyue B (popMé nomu obmei mmuHEl JJHK, BHOCHMMOM KOPOTKHUMH
dparmenTamu JJTHK, MOXHO HCIONB30BAaTh IUIA TOrO, 9TOOBI DPasiIM4MTh OYIUIOMIHBIH M
aHySIUIOMAHBIM U104, Pasiuyde MOXKHO IPOBEPUTH PA3IMYHBIME crocobamu. B onHOM
BoIUIOmIeHMH BenuuwHy AF 1pu onpeneleHHOM pasMmepe Imopora (npnmep IIOKa3aTes
pasJieleHys) MOXHO CPaBHHUTb C TOPOrOBOM BEIMYMHOM [UIS OIpPEHEeNeHUs KaTeropH3alyy
(knaccudukanuu) obpasua. B apyrom BOIIOIIEHHH MOXHO HaHTH MUKOBYIO BenmuuHy B AF, 1
3Ty BEIWYMHY MOXHO cpaBHni;L c OmHOW WM HECKOJIbKAMHU nopOFOBLIMI/i BEITMUMHAMU
KaTeropH3alldy. B pasiuyuHbIX BOIUIOLIEHVIX [THKOBAas BEIHIMHA MOXET MPEICTAaBIATh COOOM
MaKCHMAJGHYIO MM MHHMMAIBHYIO BEIMYUHY, YCPEIHCHHYIO BEIMYMHY BOIM3HM MAaKC/MUH
BEJIMYUHB] N JPYTyI0 BEIHYUHY, aCCOLMHMPOBAHHYIO C WU TIIPOUCXOJAIIYI0 OT MAKC/MHH
BenuuuHEL. Takke MOXHO MCIIONB30BATh IPYrHE CTATHCTHYCCKHE IIOKAa3aTelH IIOKa3aTels
pasmenenus (Hampumep, AF), Takue Kak MHpHHA [HUKa WIA MECTONONIOXCHHE OIPEACICHHOIO
1opora, COOTBETCTBYIOIIEH MUKY.

B omgHoM BoOmIOMEHWM BeawuuHy F (WM Jpyro#f CTaTHCTHYECKMM IIOKa3aTelb,
ONHKCAHHBLIM BHINIE, TAKOW Kak JIMHA MEJKMX (parMeHTOB, JAeNieHHas Ha JUIMHY KPYITHBIX
(parMeHTOB), MOIYYEHHYIO U3 MHOXECTBa (PParMeHTOB IJI OIPEIEICHHON I€HOMHOM JIOKAIUH
WM 1A [OJHOTO TE€HOMa, MOXKHO HCIOJIB30BATH JUIA onpe,uenéﬁnﬂ TOr0, CYIIECTBYET JH

maToJIOTHA. Hanppmep, €CJIM CTAaTUCTHUECKH 11oKa3aTelb TIPEBHIIIACT BEIMUUHY I1OpOrd, TOrAa
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[IaTOJIOTHIO MOYKHO ONpPEIeNATh KaK CyIECTBYIONIYIO, TaK Kak KOIMIECTBO MEJIKAX (bparMeHTOB
HAXONMTCA BHE HOPMANRHOrO MHTepBaga. Kpome OepeMEHHBIX JKEHIIMH, 3TO MOXHO
OCYIIECTBISATh M I JPYIHX IAlUCHTOB UL HICHTH(UKAIMY WHBIX 3a00JEBaHuH, 4YeM
3a6oeBaHus II0A.

B HEKOTOPHIX BOIUIOMICHHSX MIEPE] aHATH30M pa3MepoB (ParMeHTOB MOKHO BEITOJIHUTE
dusmdgecKoe HpaKLEOHUPOBAHHUE TI0 pasMepaM. B 0HOM BOTUIOIICHIA MOJICKY IRl HYKJICHHOBBIX
KHCIOT MOXHO PasIe/IuTh 110 pasMepam Ha JBe hpakimy (HarpuMep, OJIHY KpyIHee 200 m.o. u
OJIHY, PaBHYIO WJIM MEHBILE 200 11.0.), ¥ 3aTeM MOXHO CPaBHHTH Paclpe/elleHHe II0 pasMepam
BHIOPAHHEIX XpOMOCOM (HAIIpEMEp, XPOMOCOMEI 21) ¢ Ka)KJI0M M3 TakuX (Qpakiyii 1o pasMepam.
IIpy Hamuuuy GpeTansHOM TpucoMun (HalpuMep, TPUCOMHH 21) dpakmus Mo pasMepaM MOJIEKyJI
MEHBILIEr0 pasMepa MOXET YBEIMYHBATBCS B OTHOCHTEJILHOM M30BITKE TPH CPAaBHEHHMH C
dpakimel o pasMepaM MoJIEKy1 OONbIIEero pasMepa.

B [pyrux BOILUIONICHHSIX BMECTO PAaclpeiesieHHs IO pasMepaM MOXHO HCIIOJIB30BaTH
qpci0 (ParMEeHTOB MeHbIIe I[OpOroBOM iwHBL Hampumep, MOXHO CPaBHUTH HHCIIO
(parMeHTOB MEHbIE [OPOrOBOM [UIMHEI (HAIPHUMED, IO PasIMIMI0 KM OTHOUICHUIO) I
XPOMOCOMEI-MHILIEHH  (HAIIPHMED, xpOMOCGMLI 21) OTHOCHTENBHO OIHOM HIIM HECKOJIBKHX
STAIOHHBEIX XpOMOCOM. B OJIHOM BOIUIOIIEHMH YHCIIO (ParMEHTOB MEHBIIE IIOPOTOBOM JJIHHEI
JenaT Ha obree 9ucio (hparMeHTOoB, W MONYYaloT HX JOII0 B IPOLCHTaX, X MOXKHO CPAaBHHTH
TaKWe O B HPOUEHTaX ISl XPOMOCOMBI-MHIIEHM M ONHOW HIM HECKOJBKHMX OTAIOHHBIX
XpOMOCOM U IIOJIyYHTb ‘mapamerp. IlomydeHusif mapamerp (HarmpuMep, pasIHdue HIH
OTHOLIIEHHE) MOXHO CPaBHUTH C [IOPOTOBOHM BEeIMIMHON (Hampumep, 1%). B onHOM acmekre
TIOPOTOBYIO JUIMHY MOKHO BRIOpaTh IpH JUIMHE, e yKasaHHAsd BBINIC JOJS B IMPOLCHTAX
SBISETCA HauOOJBILIEH,

V. IIprMeps! HCIONB30BaHUSA PAHKUPOBKH

Kpome Tprcomud 21 aHammM3 pasMepOB (parMeHTOB B MaTEpHHCKOH ILIa3Me TaKxKe
MOIHO HCIONB30BATh I HEWHBA3MBHOTO MPEHATAIBHOrO OOHAPYXXEHHMS APYruX (eTalbHBIX
XPOMOCOMHEIX aHEYTUIOIHH, TaKiX KaK TPECOMHs 13, TpucoMus 18 i aHEYIIOUIMH MONOBBIX.
XpoMocoM (Takue kak cuaapoM TepHepa, CHHIPOM Knsitadentepa u XYY u T.1.). Borutonienus
TAKXKEe MOMKHO choﬁL3OBaTB, KOTa B XPOMOCOMHYIO aHOPMAIIBHOCTH BOBIICKAETCS TOJBKO
YacTh ONPEENCHHOH XPOMOCOMSI (HAmpuMep, IPH TPHCOMMH 21, BBI3BAHHOM XPOMOCOMHOH
TpaHciokanuel). IIpu Takom BapﬁaHTe pasanmﬁ coOBITHH aHOPMAaJbHOCTH B pa3sMepax
¢dparMeHTOB OyAYT OTMEYATHCA mis  dparverTos JHK H3 MOPaXeHHBIX XPOMOCOMHBIX '
Y4aCTKOB.

@ur. 11 nokaswiaer Tabmumy 1100 nma GuGamorex JHK MaTEpUHCKON ILIA3MEL,

KOTOpble CKOHCTPYMPOBAaHEI C MCIOJIE30BaHMeM Habopa multiplexing sample preparation
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(Illumina) cormacuo HﬁCprKHHXM msrotopuTens. Kaxzasle nBa ofpasna ¢ pasIMYMMBIMU
IITPUXOBEIME KOJAMH BBOJAT B OJHY IHOJNOCY H HOCIEIOBATEIbHO TIOJBEPTalOT CTAHIAPTHOMY
MYJITHILIEKCHOMY CEKBEHUPOBAHHIO CIIAPEHHBIX KOHHOB Ha reHoMHOM aHanuzarope II Illumina.
O6pasubr MOSKHO PasINYHTh Ha OCHOBaHHH IITPUXOBEIX KOJIOB. ’AHaHHBprIOT o6pa3u51 ILIa3MEI
or 120 6epemenHbIX xeHmuH. [Tox u cocTosHMe xpOMOCOMHOvﬁ aHEYIUIOWANH IIJI0A0B IOKa3aHEI
B Tabuure 1100.

@ur. 12 WTIOCTPUPYET PAHKUPOBKY Pa3IHYHBIX XPOMOCOM I YETBIpEX 06pasIioB ﬁpH
pasnM4HBIX OG0JIE3HEHHBIX COCTOSHHSX WIH COCTOSIHHSX B OTCYTCTBHE 3a00J€BaHMM COITIaCHO
BOILIOLIEHUSIM HACTOSIIETO ﬁ306peTeHHH. Pacnionararor 22 ayrocomel BMecTe ¢ xpomocoMoit X
B IIOPSIIKE Pa3MEPOB UX (GParMeHTOB, KaK oﬁncaﬁo panee. Kak MOXXHO BHAETEH, OTHOCHTENIbHAS
PAHXXHPOBKa XPOMOCOM Ha OCHOBE Bepcud 2 HaGopa peareHTOB Uil TEHEpalliHl KIaCTEPOB
INlumina oriugaercs OT PaHKUPOBKH IPH MCIIONB30BaHUK Bepcuu 1 Habopa (¢ur. 2). Kakx
IIOKa3aHO HIDKE, Boﬁnomeﬂnﬂ (manpumep, cnoco® 400) MO3BONMIOT OTAMYHTEL CIyYaid
aHEYIUIOMAMH OT CIIydast OYIUIOUIUH. |

A. Tpucomus 13

B nmanHoM npumepe AEMOHCTPHPYETCS] IPHMEHEHHE BOIUIOLICHHMM Ul MpeHaTanbHOM
AUarHoCTHKA TpucomMuu 13. @ur. 13 nokassiBaeT rpadyK paHXHUPOBKH XPOMOCOMEI 13 ma 120
ciry4aes 6epeMEHHOCTH, HaIlpHMeEpP, KOTOPBIH MOXKHO HOJXYYHTH 10 crocoby 400. Ha ‘rpa(bmce
T13, T18, T21 u Eu orHOCATCA XK 6€peMEeHHOCTH ¢ Tpucomueit 13, tpucomueit 18, TpucoMueii 21
H 9YIUION/(HOH OEpEMEHHOCTH, COOTBETCTBEHHO. B 18 (78,3%) u3 23 ciydyaeB GepeMeHHOCTH ¢
Tpucomuei 13 xpomocome 13 mpUCBaMBArOT parmxup 22 WK HUKE, ia TO BpeMsi KaK TOJBKO B 2
(2,1%) u3 97 ciyyaes GepemenHOCTH 6e3 TprcoMuH 13 xpoMocoMe 13 IpHCBAMBAIOT PAHKHp 22
unu Hioke. ClieoBaTeNbHO, ¢ HCIONB30BaHHEM [TOPOTOBOIO PAHKUpa 22 TyBCTBUTEIIHHOCTD U
CHCIU(DUYIHOCTE aHAIN3a IO PAFKHUPY Pa3MepoB (ParMeHTOB XpPOMOCOM IS IIPEHATATbHOM
JMMAarHOCTHKH (peTaabHON Tpucomuu 13 cocrasisger 87,3% u 97,9%, COOTBETCTBEHHO.

Ha ¢wr. 13 MOKHO BHJIETh, YTO PAHXXHUP XPOMOCOMEI 13 BeIe (T.€. ¢ MEHBIIUM YHCIIOM,
OTMEYAIOLIUM PAHXKHD) JUIA JYILIONAHOH OepeMeHHOCTH U GepeMeHHOCTH ¢ TpucoMueit 18 u 21,
yeM i OEpeMEeHHOCTH ¢ Tpucomumed 13. MHBIME  clOBam#, TNpH  CPaBHEHHH C
IIOCIE0BATEIBHOCTAMHU APYTHX XPOMOCOM OKa3hIBAETCS, YTO IOCIEIOBATEIEHOCTH XPOMOCOMEI |
13 xopoue B cmydasx OepeMEHHOCTH ¢ TpHCOMEeH 13, uem B Cilydasx GepeMeHHOCTH 6e3
TpucOMHH 13. SIBHOE yKOpauMBaHME IIOCIIETOBATENBHOCTEH XPOMOCOME! 13 mpu GepeMeHHOCTH
¢ TprcoMHeii 13 mmeeT MeCcTO U3-3a HOBBIMIEHHOTO BKIaxa deransrol JHK B xpomocomy 13
H3-3a JIOIIOJIHUTEIBHOU XpOMOCOMEI 13 miona.

B. Tpucomus 18

®ur. 14 TIOKa3bIBAET PAHIKHPOBKY XPOMOCOMBI 18 st 120 cmydaes. B 26 (86,7%) m3 30
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CIlyuaeB TPHCOMEH 18 PAamXHPE XpOMOCOMEI 18 Hike (T.e. ¢ OOJIBIIUM YHCIIOM, O’fMe‘{aIOHIHM
pamKup), 4eM 13, B TO BpeMs Kak HH B ofHOM u3 90 ciydacs 6e3 Tpucomuu 18 pamxup He
arke, geM 13. CrenioBaTelbHO, C MCIONB30BAHMEM Damkupa 13 B KauecTse [IOPOTOBOM
BEJIMIMHEL, YyBCTBUTEIHPHOCTh M CHENU(DUIHOCTE aHalM3a 0 PaHXUPY pasMepoB (bparMeHToB
XpOMOCOM JUIS TIPEHATAIbHONW IHArHOCTHKH (EeTalbHOH TPHCOMHH 18 cocraBiser 86,7% u
100%, cOOTBETCTBEHHO.

B TakoM aHal{3e CPAaBHHBAIOT DAMKAPOBKY [0 pasMepy XpomocoMmel 18 mpu
GepeMEHHOCTH C TpUcOMHEH 18, TPHCOMHeI‘/'I 13, Tpucomueii 21 u symmongHo# 6epemennocTy. B |
KOHTEKCTe XPOMOCOMEI 18 MociefHHe TPY IPYIIIEl MOIYT PacCMaTpPUBATECS KakK «HOPMATBHBIN
KOHTPOIIb, IOCKONBLKY OHM HE MMEIOT «I03bD) aHOPMAIIbHOCTEH, BKIFOYAIOMIMX XPOMOCOMY 18.
Kax MOxHO BﬁILCTB u3 Gur. 14, pamKkupsl U1 XpOMOCOMEI 18 B ciydasx SYIUIOHIMH H
Tprucomuu 13 rpymnupyroTes Bokpyr 1-3. C Ipyroi CTOPOHBI, PAHKHUPAMH JUISL XPOMOCOMEI 188
ciIydaix TpHCOMI/II/i 18 sterstroTest 13-22, 9TO YKa3BIBAET, YTO PasMepsl PParMEHTOB XPOMOCOMEI
18 MeHblle, YeM pasMephl B CIIydasx dyIuionmu, tpucomuu 21 u tpucomuu 13. CrHOBa Takue
HaGIIoNeHNS 00BACHIET JOIOMHUTEIbHAsS XpoMocoma 18. ‘

C. Tpucomus 21

®ur. 15 mokasbiBaeT PAmKUPOBKY xpomocomsl 21 i 120 cirygaes. B 8 (88,9%) u3s 9
ciydaeB TpucoMuH 21 xpoMocoMe 21 IPHCBAMBAIOT PAHXKUPEI 22 WK HIDKE, B TO BpeMsi KaKk HU
B oguoMm u3 111 cirydaeB Oe3 TppICOMHI/i 21 xpomocoma 21 He MMeeT pamxup 22 HIH HIDKE.
CrienoBaTelbHO, C HUCHONB30BaHMEM pamkupa 22 B KadeCTBe IOPOrOBOW  BEIHYMHEI
YyBCTBUTENBHOCTh U CHELU(UYHOCT aHaIN3a M0 PAHXUPY PasMepoB (parMeHTOB XpOMOCOM
JUIS TpeHaTalbHOH JUArHOCTHKM (eTanpHOM Tpucommu 21 cocrasisier 89,9% u 100%,
COOTBETCTBEHHO.

V. Ilpumepel JCTIOTB30BaHMs pasaMyys B pasMepax

A. Tpucomus 13

‘ ‘B moclefyonux IpuMepax JEMOHCTPHPYETCH, YTO MOXHO HOOUTHCS HEHHBA3HBHOIO
IpeHaTaNbHOTO OGHAPYXEHHMS TPHCOMHH 13 MyTem CpaBHeHMs aOCONIOTHBIX pa3MEpOB
(bparMeHTOB, IPOUCXOIAIIUX OT XpOMOCOME! 13, ¢ aBCONIOTHEIME pa3sMepamu @parMeHTOB,
IIPOMCXOISIIHAX OT OJIHOH I HECKONBKHX STATOHHEIX XPOMOCOM, HaPHMEP, Tak, KaK OIMCAHO
s crioco6a 600. B JaHHOM IpUMEpe HCIONB3YIOT TOT K€ HabOop JAHHBIX, YTO U B IPEABIIYINEM
npuMepe. B mopsike WUTIOCTPAIUH, JUIs oOHApyeHHs TPUCOMUM 13 B KauecTBE ITaOHHBIX
XpOMocoM BEIOMPAIOT XPOMOCOMY 5 M XpoMocoMmy 6.

Kax MOxHO BuneTh u3 Tabmumsl 1600 Ha ¢ur. 16, B mpenenax OfHOIO M TOro ke obpasina
OCIeIOBATENBHOCTH, BHIPOBHEHHBIE C XPOMOCOMOH 13, CyIIECTBEHHO KOpode, UeM

[IOCJIEI0BATEILHOCTH, BEIDOBHEHHEIE C XPOMOCOMOH 5 M XpOMOCOMOH 6, JULs BCEX CIyd4acB




32

bepeMeHHOCTH ¢ Tpucomueil 13 (kpurepuii CyMME! pamXupoB Manua-YUTHH, BETWYUHE P <
0,001). B xauecte Komponz BKIIIOYAIOT DJYIJIOUAHYI OepeMEeHHOCTh M OepeMEeHHOCTh C
tpucomueii 18. Kak npu symiongHoi 6epeMEeHHOCTH, TaK U IpH 6epeMEHHOCTH ¢ TPHCOMHUEH 18
- mo3a xpomocomsl 13 HopManbHas. Kak moxHO Bumers u3 Tabmumst 1600, aHopManbHOCTEH
PasMepoB TaKOH CTaTHCTHYECKON 3HAYMMOCTH VI MOCIEROBATENBHOCTEH, MPOUCXOMSAMHUX OT
XpOoMOCOMEI 13, mpu synongHol 6epeMeHHOCTH 1 OEpEMEHHOCTH ¢ Tpucomuei 18 He BumHO.

Kpome Toro, s Beex cimydaeB OepeMEHHOCTH ¢ Tpucomueil 13 B mpezenax OJHOTO H
TOro e obpasna pasiudre B CpeHeM pasMmepe (parMeHTOB MeEXOy XpoMocomoi 13 u
xpOMochOﬁ 5 Gomsme 0,4 T.O., B TO BpeMs Kak HH OJUH H3 CIydaeB Ge3 TpucoMun 13 ne
noKaseBaeT pasnuuus 6oneme 0,4 m.o. [Togo6HEIM 06pasoM, A BceX CirydaeB GepeMEHHOCTH C
TpHCOMI/Ieﬁ 13 pasmpame B cpepHeM pasmepe (parMeHTOB MeXIy XpomocoMod 13 wm
xpomocomolt 6 6onpme 0,5 1m.0., B TO BpeMsi Kak HH OJWH M3 Ciy4aeB 6e3 TpucoMuHu 13 He
IT0Ka3bIBaeT pasnuuus donsme 0,5 1m.0.

B. Tpucomus 18

B IOPSIIKE HIUTIOCTPALMH, U1 OOHapy»KeHHs TPHCOMHE 18 B KauecTBe 3TAIOHHOM
XpOMOCOMBI BBIOMpaloT xpomocoMy 14. Jlms ciydaeB OepemeHHOCTH Ge3 TpucomMuM 18 B
Tabmune 1700 ma ¢ur. 17 MOXHO BHIETh, YTO IIQCJIGI[OBaTeJIBHOCTI/I, IIPOMCXOMSIINE OT
XPOMOCOMBI 18, CTATHCTHYECKH 3HAYMMO JJIMHHEE, 9eM HOCIeNOBATENBHOCTH, IPOUCXO/ISIIHE
OT XpOMOCOMEI 14 (KpuTepuii CyMMBl partkupoB Manra-YuTHu, Bemuunna p < 0,005). OxHaxo
AJIS CIIy4aeB TPHCOMHH 18 IOCIEN0BaTENFHOCTH XPOMOCOMEI 18 HeCyIECTBEHHO NIMHHEE, YeM
TOCIeIOBATETEHOCTH, BBIDOBHEHHEIE ¢ XpoMocomol 14. Ciyuan SyIUIOHAMH H TpucoMun 18
MOXXHO Pa3IMYUTh Ha OCHOBAaHHH PasiM4Md MEXIY CpeqHuUM pasMepom ¢parmentos JTHK us3
xpomocoM 18 u 14 ¢ ucnons3zoBanueM moporosoii BenmuuuHsl 0 11.0. Takue HAGTIONEHHS MOKHO
OOBACHUTE TeM (aKTOM, Yro [ONONHWTENbHAsA 1033 IPOMCXONSIMX OT  IUIOJA
IIOCNIEAOBATENBHOCTE ~ XpOMOCOMEI - 18,  KOTOpEIE  KOpOdYe, 4eM  MaTepUHCKHE
IIOCIIENOBATENEHOCTH, OyIET CHIXKATh OOIMi pasMep Takux MocIe0BaTeIbHOCTEH, KOra IOz
uMeeT TpucoMuio 18. Jto Taroke OyneT MOABOXWTH ObIiee paclipelelieHue 10 pasMepaM UL
XpOMOCOMEI 18 OirnKe K pacipeieleHuo 1is XpOMOCOMEL 14.

V. IIpuMepE! ¢ HCTIONB30BaHUEM BKJIJa B OGIIYIO MITHHY

B npumepe, omMCaHHOM HIDKE, 3TAJIOHHBIE XPOMOCOMEI BKJIIOYAIOT BCE ayTOCOMEL, 32
HCKJIIOUYCHUEM XpoMocoM 13, 18 m 21, .

@ur. 18 mnokasblBaeT pasNMYMe B J0IAX OOmIEH IIHHBL, BHOCHMEIX KOPOTKUMH
bparMeHTaM#, MEXITY XpomocoMo# 18 u aTanoHHBIME Xpomocomami (AF(jg.gen) B 150 mo. C
HCTIOB30BAaHUEM JTHArHOCTHIECKOH ITOPOroBoi BéquHHLI 0,0003 mms AF(15-rer) G€peMEHHOCTD C

TpHUCOMHUEH 18 MOKHO 0OHAPYXHTE C TyBCTBUTEIBHOCTEIO 93,3% u criemuduuroctsio 100%.
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dur. 19 mnokaseBaeT pasMuMe B HOIAX OOmIeH ,IIJ'II/IHI:VI,‘ BHOCHMBIX KOPOTKUMHU
dparMeHTaMH, MEXIY XpOMOCOMOH 21 u yTanoHHBEIMK XpoMocoMaMH (AF(1gen) B 150 mo. C
JICTIONB30BAHKEM JUarHoCTHUecKol roporoBoil BemrauHs! 0,007 st AF(21-gef) OepeMEHHOCTE C
TprEcoMuel 21 MOXKHO OGHAPYKHUTE C IYBCTBUTENLHOCTEI0 100% 1 criermrarocThio 100%.

VIL OT60p 5TaIOHHON XPOMOCOMBI(XPOMOCOM)

OnHy HMIH HECKOJBKO STAIOHHBIX XPOMOCOM [Vl HEHHBaSMBHOIO IPEHATATLHOTO
oGHapyXeHHs (eTambHOM XpOMOCOMHOI aHeyroumuu aHanusom pasmepoB JIHK B
MaTEPUHCKOM ILIa3Me MOXKHO OTOOPAaTh pasIMIHbIMU crioco6aMu, HapUMep, ¢ NCHOIBE30BAHUEM
cocoba 600. B pasIMYHEIX BOILIOMIEHHMAX MOIYT OBITH OTOOpaHBl pasIM4HBIE 3TAIOHHEIE
XPOMOCOMEL

IlepBEIM THIIOM STAIOHHBIX XPOMOCOM SBJISIOTCS XPOMOCOMBI, B KOTOPBIX (DparMeHTEI
JTHK, mpoHCXOJsIIHe OT HUX, OKa3blBAIOT paclpe/ielleHue o pasMepaM Ha CHelipHUIecKon
aHANUTHYECKOM IaTdopMe (WM AHANMTHYECKHX  IIAThOpMax, KOTOpble  ONH3KO
COOTBETCTBYIOT aHATHTHIECKUM JCHCTBHSM), CXOXKee C PacipelelieHUeM, HOTYICHHBIM UL
XPOMOCOMBI B MaTEPUHCKO} ILIa3Me, IOTEHIUANEHO BOBJICUEHHOH B aHEYIUIOHHIO (HalpUMED,
xpomocombl 21, 18 unm 13). B oxHOM BOIUIOIICHHH B AHAIH3C TaKoro THIIA (I)eTanLﬁon
XPOMOCOMHYI0 aHEYILUIOWAHIO OOHApyKMBAIOT, €CIM DAaCHOJIOKCHHE TII0 pasMepam HiH
a6GCOMIOTHEIA pasMep XPOMOCOMBI «H3 TPYIIIBI PHCKa) MOKA3bIBACT CTATUCTUYECKM 3HAYMMOC
YMEHBIIIEHHE OT STAIOHHON XPOMOCOMBI(XPOMOCOM). B IpYTHX BOILIOIEHUAX MOXKHO U3MECPHUTH
pasiuuMe B CPEIHHMX WIM CPSIMHHEIX PasMepax MEexAy (parMeHTaMy, NPOMCXOIANIMMH OT
XPOMOCOMEI «H3 TPYIITIBI pUCKa» ¥ (hparMeHTaMH STaJJOHHOH XPOMOCOMBI(XpOMOCOM).

BTOpPBIM THIIOM STAJIOHHBIX XPOMOCOM SBILTIOTCS XPOMOCOMEI, B KOTODPHIX (DparMeHTHL
JTHK, npoucxonsiue OT HHX, CTAaTHCTHYECKH KOpode, 4eM (parMeHTH, NPOHCXOJSIIME OT
XpOMOCOMEI B MaTEpPHHCKOM IUia3Me, [OTCHIUATLHO BOBJICUEHHO! B aHEYIUIOUIMIO (HalpuMep,
xpomocomel 21, 18 mnm 13), xorma miofn ABISETCS 3YIUIOWAHBIM. Taxoit BapHaHT Pa3BUTHsI
COGBITHI MOYKET BCTPETHTELCS, KOTA XpPOMOCOMa «M3 TPYIINBI PUCKay ABISETCS OTHON M3 CaMbIX
JUTMHHEIX TIPH M3MEPEHHH C UCIIOJIB30BAHHUEM OIpPEIEICHHON rUIaT(I)opri. Hampumep, Ha dur.
12 ¢parmentst JIHK B MaTepuHCKOM IUIasMe, NPOHCXOSIIME OT XpoMocomsi 18, mpu
M3MEpEHHH SBJIIOTCS CaMBIMH JUIMHHEIME cpeH ayTocoM. Takum o6pasoM, MOXHO 0TOOpaTh
STAJOHHBIE XPOMOCOMEI, (PAarMEHTHl KOTOPHIX CTATHCTUYECKHM 3HAUHUMO KOpOYe, YeM
xpoMocoma 18. B 0HOM BOIUIOLICHHH B @HAIM3€ TAKOrO THUIA (ETalbHy0 XPOMOCOMHYIO
QHEYIUIONIUI0 OOHAPYXUBAIOT B cjlyqae, €CIIM HEeNb3s YBHACTh, 4YTO pacnonomeHHe o
pasmepaM Wi abCOTIOTHEIN pasMep XpOMOCOMBI «H3 TPYIIIEI PUCKa» CTATHCTHUECKH 3HATHMO
OTJIMYAETCS OT STAJIOHHON XpOMOCcOMBI(xpomocom). Hanpumep, Takyro CTPATETHIO HCIOMB3YHOT

JUIS aHaJIM3a, 0TOOpa)keHHOro Ha ¢ur. 17, OMMCaHHOTO BBIIIE.
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TpeTsrM THIIOM 3TaJIOHHEIX XPOMOCOM SABISTOTCA XpOMOCOMBI, B KOTODHIX (DparMeHTEl
JIHK B MaTepUHCKOH IUIa3Me, IPOHMCXOJSIIME OT HHMX, CTAaTHCTHHCCKA IMHHCE, geM
dparMeHThl, POMCXOISIHE OT XPOMOCOMEI, TOTEeHIMAILHO BOBJCUCHHOH B aHCYTUIOWIHIO
(HanpﬁMep, xpomocomst 21, 18 mmm 13), xorza IIOA ABIIETCS 3yriJ10HJ1HBIM. Tako#t BapHaHT
MOXET BCTPETHTHCS, KOIZla XPOMOCOMa «H3 TPYHNIBI PHCKa)» ABIACTCHA OIHOM M3 CaMbIX
KOPOTKHX IIPH H3MEPEHHH C HCIOIB30BAHUEM onpenenenuoi mwrargopmel. TaxuM o6pa30M,
MOYKHO OTOGpaTh OTAJOHHBEIE XPOMOCOMBI, (parMeHTHI KOTOPHIX CTAaTHCTAYECKH 3HATHMO
JUTHHHEe, geM XPOMOCOMa «H3 IPYIIIEI pUCKa». B 0/IHOM BOIUIOMEHNY B aHATH3E TAKOTO THIA
deTaNbHYI0 XPOMOCOMHYIO AHEYIUIOWIMIO OOHAPYKMBAIOT B CITydae, €CIH DParDKHpoBKa o
pasMmepy, pasuuye B PAHKHPOBKE I aDCOMIOTHOM pasMepe MEx Ly 3TAJIOHHOU XPOMOCOMO#H U
XPOMOCOMOH «H3 TPYIIIbI PHCKa) BO3PACTacT.

UerpepThiM THIOM OTANOHHBIX XPOMOCOM SBIIOTCS ~XPOMOCOMBI €O CXOMKHMM
comepsxapmem GC. Copmepxanne GC B XpoMOCOME MOXCT BIMATH Ha CYUTHIBAHHE
KONMUECTBEHHBIX [AHHBIX IPH peakuuu cekBeHmposaHus. [lo onHOMY cnocoly s
MUHHIMH3ALANA BO3MOXKHOMN MOIPEIIHOCTH, SBIAIOMIEHC] Pe3yIbTaTOM pasiniuius B COACPKAHMH
GC MeXIy XpOMOCOMaMH, CIEHyeT OTOMpaTh COOTBETCTBYIOIIHC 3TAJIOHHBIE XPOMOCOMEI CO
cxoxuM cogepkanueM GC. Ha dur. 20 npuBoguTCs COACPKEHNC GC B pa3mH4YHBIX XpPOMOCOMaX
(NCBI build 36, Bepcust 48). XpoMOCOMBL [IEPEUHCIICHB! B IOPAAKE BO3PACTAHUA COACPIKAHHIA
GC. Temeps NPUBONMTICS IPUMED HCIONB30BAHMA STATOHHBIX XPOMOCOM CO  CXOXHM
comepxanueM GC. |

®ur. 21 moxasplBaeT pasziuuMe B JOMAX OOWe# [UIMHBEL, BHOCHMBIX KOPOTKHMH
dbparMenTaMH, MEXIY XPOMOCOMOH 13 M 3TajlOHHBIMH XPOMOCOMaMH (AF3Rren) B 150 mo. B
JAHHOM Clydae B TODSAKE WLIOCTpaluu i anamusa AF(3Ren B KadeCTBE OTATOHHBIX
XPOMOCOM HCIIOIB3YIOT XpOMOCOMEL 3, 4, 5 1 6. Kax ugro Ha dur. 20, XpoMOCOMEI 3-6 UMEIOT
copepxanue GC 36,53%-38,79%, 4TO CXO0XKe C CONEPKAHUEM GC 39,07% mist xpomMocoMsl 13.
C WMCIIOJIb30BAHNEM JTHArHOCTHYECKO#H moporosoi Benmauss 0,0038, anamus AF 06Hapy‘>KHBaeT
cnyqaﬁ TpEcoMuH 13 ¢ 4yBCTBHTENBHOCTBIO 95,7% 1 cnenubuaHOCTEI0 99,0%.

HpennonéraeTca, uTO TIpobnema cmemerns GC MOKET BIMATH HA CEKBEHUPOBAHUC Ha
pasIHYHEIX WiaThopMax B pasmudHON cremeHu. Hampumep, MCIOIB30BAHHE wiatdopm, I
KOTOPHIX He TpeOyeTcs MpeiBapHTENbHAS AMIUIM(HKAINM, TAKHX Kak nnarpopma Helicos
(Harris T.D. et al.; Single-molecule DNA sequencing of a viral genome, Science, 2008, 320:
106-9), manonops: (Lund J., Parviz B.A., Scanning probe and nanopore DNA sequencing: core
techniques and possibilities, Methods Mol. Biol., 2009, 578: 113-22) unu OJHOMONEKYIISIPHASL
crcTeMa peainbHoro Bpemenu ot Pacific Biosciences (Eid J. et al., Real-time DNA sequencing

from single polymerase molecules, Science, 2009, 323: 133-8), moxer JOIycKaTh Goiee
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ITHPOKHEE BEIGOP FPYTIIIE! 3TATOHHEIX XPOMOCOM.

IV. Ucnonp3oBanue KOHueHipaunn deranpnoit THK

IIpn Gepemennoctu ¢ Tpucomued 13 (wnm gapyroit Tpucommei) minox Oyxer
_BBICBOOOXaTh B MaTEPUHCKYIO ILIa3My JOMOJHUTEIBHYIO I[03Y Q)parMeHTOB XPOMOCOMEI 21,
* KOTOPBIE MOTYT GBITh KOpOYE, YeM (GDPArMEHTHI U3 MATEPHHCKUX KIETOK. MoxHO OXKHJATh, 4TO
KOHIICHTpalys TakuxX Ooliee KOPOTKHX (parMeHTOB OyAeT KOppPEIHpOBaTh C KOHIEHTpAIMeH
¢eranpnoit THK B MarepuHCKOH IutazMme. VIHEIME clioBaMH, Npu OEPEMEHHOCTH C TPHCOMHEH
21, uem BhIIIE JONEBast KOHIEHTPAIMA IIOCHIENOBATEIBHOCTEH, IPOUCXOASAIIMX OT XPOMOCOMEI
Y, TeM MeHpe OyIeT M3MEpEHHBIM pasMep IIOCIeZOBATENHHOCTEH, MPOMCXOMAIINX OT
XpOMOCOMEI 21.

@ur. 22 WIIOCTPUPYET pes3ylbTaThl, IONyY4eHHBIe [UI1 CiIy4acB OepeMEHHOCTH,
BKJTFOYAIOIMIEH IUION MYXCKOro mnomga ¢ tpucomuei 21. Kak MoxHO BuHumerh Ha ¢ur. 22,
JEACTBUTENBHO CYIIECTBYET OTPMIIATENbHAs KOPPEILHUS MEXIY CPeOUHHEIM pasMepoM
HOCIIEIOBATEILHOCTEH XpOMOCOMBI 21 M IPOIEHTOM IOCIEI0BATEIbHOCTEM, BEIPOBHEHHEIX C
xpomocomoit Y (r = -0,942, xoppensmus o ITupcony). IToxo6GHON TEHISHIMN TakKe MOIKHO
0XHJaTh, €CIIU UCIOJb3YIOT PAHXXKUPOBKY II0 pasMepy XpOMOCOMEI 21, T.e. HOMep MO PaHXUpY
XpoMOCOMEI 2] GyzeT MOBBIIATHCSA, YKa3bIBas Ha Gojee KOPOTKHE (parMeHTHl, KOraa JojeBas
KOHIeHTpauus deransrol JJHK BospaCTaeT. Tak Kak KOppelsIus CyIecTBYeT, B BOILTOMEHHIX
u3MepeHue KoHueHTpaupn ¢eramshol JIHK MOXHO KCIOIB30BaTh B KauecTBE [MapaMerpa B
J060M H3 CrIOcOO0B, OITICAHHEIX B JAHHOM OITUCAHHH.

B aHanuse Takoro THIa JONEBYIO M aGCOMIOTHYIO KOHUEHTpamuio deramsHoit JHK B
MaTepUHCKOH IIJIa3Me MOKHO H3MEPHUTH JIFOOBIM CIIOCOO0M, 3BECTHRIM CIENUAINCTAM B JaHHOH
obmacTu TexHuKH. ECIH INIOX MyXCKOro moia, KoHUeHrpaumio ¢eramsHoli JHK MoxHO
PIBMepI/ITBV II0 JI0J€BOM KOHIEHTpAalMd B MAaTEpPHHCKOH IUIa3Me MOCIEN0BaTeIbHOCTEH,
IPOUCXOIIIMX OT XPOMOCOME! Y. JIpyrHiM IMPHMEpPOM SBISAETCS MCIIONB30BaHHE HACIIELYEMBIX
OT OTHAa TEHETHYECKMX MapKepoB, TAKMX KaK OJHOHYKJICOTHAHBIE MNOJHMOPOU3MEl HIH
MOJMMOPGM3M  DIPOCTHIX  TAaHAEMHBIX  I[IOBTOPOB WM  HHCEPIHOHHO-CIEI[HOHHEIE
nonumMop¢GusmsL. J[pyruM IIpHEMEpPOM SBISICTCS HCHONB30BAHHE SIMIEHETHYECKUX MApKEPOB,
TaKUX KaK y4acCTKH, KOTOphie Iub(EepeHINPOBAHHO METHIHPOBAHEl B (ETATLHOH U
marepunckoit JTHK (Poon et al., Clin. Chem., 2002, 48: 35-41; Chi et al., Am. J. Pathol., 2007,
170: 941-950; Chan et al,, Clin. Chem., 2006, 52: 2211-2218; matenr CIIA 6927028).
BLILueyKas.aHﬁme MapKepel MOXXHO aHAJIM3UPOBaTh C HCIOIB30BAHUEM CIIOCOOOB, M3BECTHBIX
CIELMATICTaM B JaHHOH 0GNacTH TEXHHMKH, B TOM YHCIE, NOJMMEPAsHON IEmHOH peaKIiu
(I1P), gwmcnennoit ITIP, cexBeHWpOBAHMS, MACCHBHEIM NApaUIe/bHEIM CEKBEHHPOBAHHEM H

HAIICJICHHBIM MACCHBHEIM NMapaIeIbHBIM CCKBCHHUPOBAHHUCM,
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B omHOM BOIUIONIEHHH MOXHO HM3MCHATH JMATHOCTHYECKMH TOpOT (Hanpumep,
JIOPOTOBYIO BENMYHMHY I Ioboro crocoba, ONMCAHHOTO B JNAHHOM OIMCAHMH) JUIS
0GHApYXKEHHs XPOMOCOMHOM aHEYIUIOMIMM B OTHOINEHHA M3MCPCHHOM KOHIEHTpaIWH
deranproi JJHK B MaTepHHCKOH m1azMe. Takum 06pasoM, MOXKHO OXHJIATh, 4TO UL obpasios
'MaTepHHCKOH IUIasMbl C OTHOCHTEIBHO BEICOKOH KOHICHTpaLMeH ¢eramsrol JJHK crenens
ykopaumsanust Monekyl JHK B 1uiasme, NPOUCXONANIMX OT XPOMOCOMSBI, NOTCHIHMATBHO
BOBJICUEHHON B aHEyIUIOMIMIO, OyjeT Golee 3HAYUTENIBHOM, JeM s o6pasloB MaTepUHCKOH
IIa3MBI C OTHOCHTENBHO HM3KOM KoHueHTparwme# ¢peranpron JJHK. |

Tax kak AF COOTHOCHTCS C pacrhpeiescHieM o pasmepaMm, AF Taxke IOKasbIBacT
KOPPEIAIHMIO ¢ KOHIEHTpaluell (eraabHOM I{HK.v @ur. 23 moKa3bpIBACT KOPPEJAIHIO MEKITY
AF 15.Refy (XpoMOCOMa 18 IPOTHB 3TANOHHBIX XPOMOCOM) U KoHNeHTpamueit deramsuoi JHK. B
JIECSATH U3 TPUILATH cnyqaeB‘ T18 BHIHAIIKBAIOTCS ILIOABI MYXCKOr'O II0JNa, ¥ TakkuM 06pa3oMm,
moneByro KoHmentpauuio (eransHoit JIHK MOXHO ONECHATH IO JIOJIEBOH KOHICHTPAIMH
mocienoBarenbHoCTelf  XpomMocomsl Y B ykasaHHBIX oOpasiax. CymuectByeT —3HauMMas
Koppessius MeXTy AF(18Re) B J0TICBOM KOHIICHTpaIeH nocnenOBaTeJI_BHOCTeﬁ XpOMOCOMBI Y
(r = 0,879, xoppemsimuss mo Cnmpmany). Takue pe3ynbTaTel NPEANONAraroT, 9TO IpH
GepeMEHHOCTH C TpuUcoMMeH 18 cTemeHb CyXeHWs B PacIpelieNeHMM II0  pasMepam
TIOCIIEOBATEIBHOCTE XPOMOCOMBI 18 B MarepHHCKOM IIa3Me KOppelupyer ¢ IOJNEeBOH
xoHneHTpanuel deransaoil JJHK B MaTepHHCKOM I1a3Me.

Cnydau  HuXKe JMarHOCTMYEeCKOM  [OPOTOBOM  BENMYMHEI  IPEICTABICHEI
HE3alITPUXOBAHHEIMM KPY)KOYKAMH, B TO BPEMS KaK CIydau C pasiuiueM GoJbIIe MOPOroBOM
BEJTMYMHBI IIPEJCTABIEHb! 3alITPHXOBaHHEIMH Kpy»KOuUKaMu. [[Ba ciydas, B KOTOPBIX BEIMIHHBI
AF  MeHbme JuarHOCTHYeckod  moporosoit  Bemmumesl  (0,0003)  (mpemcraBieHs!
HE3aMITPUXOBAHHBIMH KPY)KOYKaMH), HMEIOT OTHOCUTENLHO HHU3KHE NOJIEBBIE KOHIIEHTPaluu
deramproii JIHK mpe CpaBHEHHH CO CIy4asMu C BemuuuvHamyu AF, NpeBBINAONUME
0,0003(TpecTaBIEHBl 3AIITPUXOBAaHHBIMM Kpy)XKOukamu). HuUskue IoJieBble KOHIEHTPAIUH
dberameroit JHK moryr GbITh IPHUMHOHN, IO KOTOpoM Ha ¢ur. 18 ykasaHHBIE IBa Ciydas
IpOIYIIEHEl IIPY BHIMONHEHMM aHanmu3a. COOTBETCTBEHHO, B OJHOM BOILIOMEHNH, €CIH
(beTalpHAs KOHIEHTpamus B oOpasiie HH3Kas, KiaccHduKanued MOXKHO NpeHeOpeds WK
IIPOBECTH €€ CHOBA. | 7

®ur. 23B mnokaspiBaer Koppemammio Mexay AFeiren (xpomocoma 21 mpoTus
pebepeHCHEX XpoMOCcoM) U KoHueHTparue# deransroi JJHK. B msiru u3 meBstu ciiydaeB T21
BBIHAIIMBAIOTCA [UIOJEI MYXKCKOro mojia. CyliecTByeT 3HauuMas KOPPEIIALHA MEXTY BEIMIHHOMH

AF 21.Ref) ¥ IOTEBOH KOHIEHTpaIHeil mocieaosareabHocTel XxpoMocoMst Y (r = 0,9, xoppensus
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o Coupmany).

@ur. 23C nokaspiBacT Koppelrsanuio Mexny AF(13.rer (XpoMocoma 13 mpoTuB XpoMocom
3, 4, 5 u 6) u xonnenTpanuell dperanproi JHK. B deTelpHaanaTé U3 ABaqUATH TPEX CIIydacB
TPUCOMMH 13 BBIHANIMBAIOTCS IUIONBI MYXCKOTO moja. JIONeByro KOHIEHTpaIuio (heTalbHOM
JIHK MOXHO OIEHHTH TMO JOJEBOM KOHLEHTPALHH IOCIe0BATEIEHOCTEH xpomocombl Y B
obpasuax. CymlecTBYeT HONOKHTENbHAs Koppemsmus Mexay AFqsrey ©  Jomesoit
KOHICHTpAIMEH IOCIeI0BATENLHOCTEN XpoMocoMbl Y (r = 0,644, xoppessius no Cnupmany).
Ciyuqaii, xorma AF(s.Rery MCHBIIC JHATHOCTHYECKONW IIOPOrOBOM  BENHYMHEI (0,0038),
IpeACTaBIeH HE3aIITPHXOBaHHEIMU Kpyxoukamu. HusKkue oNeBble KOBIEHTpauy (GeTalbHOMN
JAHK MoryT OBITE HpHYHHOM, MO KOTOpoM Ha ¢ur. 21 ykasaHHBI Ciy4ail OpOMyIIEH MpH
BBITIOJIHCHUH aHAIIN3A.

IX. ‘CpaBHeHHe aHaJu3a pa3MepOB | Crocoba ¢ MoJCIETOM MOJIEKYIT

®ur. 24 Moxa3sIBacT CPaBHEHHE TOYHOCTH BOIIJ'Z[OIIIGHI/IH HACTOSAILETO M300pETeHHS U
Apyroro cmocoba HEMHBAa3HBHOTO OOHapy)XKeHUs (eTalnbHBIX aHeymwiowmuit (Tpucommu 13 u
TpucomMun 18) ¢ mcnons3oBanmeM anammsa JIHK marepurckod mmasMel. J[aHHBINH IpEMep
HJIJI}OCTpnpyeT CpaBHEHHE BOIUIOIUEHUH C MCHONB30BaHHEM pa3sMEpOB MPOTHUB CIOCO0a,
OCHOBAaHHOTO Ha IOZACYeTe MONeKy (3asBka Ha mareHT CIIIA 11/701686; Chiu et al., Trends
Genét., 2009, 25: 324-331; Chiu et al., Proc. Natl. Acad. Sci. USA, 2008, 105: 20458-20463;
Fan et al., Proc. Natl. Acad. Sci. USA; 2008, 105: 16266-16271; nybmukanus narenra CLIA
2009/0029377). Bocems 06pasiioB MaTepHHCKOH IIa3Mbl (J[Ba SYILIOWIHEIX, JBA C TPHCOMHEH
18 u ueTkipe ¢ TpucoMueil 13) aHANMM3UPYIOT ¢ MCIONB30BaHKEM criocoba, omucanHoro Chiu et
al. (Proc. Natl. Acad. Sci. USA, 2008, 105: 20458-20463). ',HJIH KaXIOI0 ciiydas OIIHCAHHBIH
panee c1ocob ¢ II0JCYETOM MOJIEKYJI C HCIIOTB30BAHHEM z-oneHku 1o Chiu et al. cpaBHEBarOT ¢
pe3ynbTaTaMy BOIUIOIIEHHH Ha OCHOBE aHaJIH3a Pa3MepOB.

JUTst BEIYUCIICHHS Z-OEHKH CHAyYala B KaXKIOM CIIydae BEUHCISIOT PEACTABICHHOCTb, B
TIPOIIEHTAX, XPOMOCOMEI, [PEACTABILIIOIEH HATEPEC. 3aTEM BEIYHCIISIOT CPENHES I CTaHIapTHOE
OTKJIOHEHHE XPOMOCOMHO# MpPeICTABNEHHOCTH IS CIyd4aeB s cpaBHenusd. B Takom Habope
AaHHBIX ciydad 1, 2, 5, 6, 7 1 8 HCHOIB3YIOT B KA4ECTBE STAIOHHOM IPYIIIBI A BEYUCICHHS
CPEHETO M CTaHJApTHOI'0 OTKIOHEHHS IIPEACTABIEHHOCTH XpoMocoMs! 18. Ciyyau 1, 2, 3 u 4
WCIONB3YIOT B Ka4eCTBE O3TAJOHHOHW TPYNIBI JUI BBEIYKMCICHHSA CPEAHEr0 M CTaHIapTHOIO
OTKJIOHEHHs TPENCTABAEHHOCTH ~XpoMocoMmbl 13. Omnpenensior z-OoNEHKY KaK YHCIO
CTaH,Z[apTHLIXV OTKIOHCHHA  OT  CPEAHEro TIPYNIBl U CPaBHEHHS.  3HAYAMYIO
CBEPXIIPE/ICTABICHHOCTh XPOMOCOMBI onpezxémnof KaK Z-OLEHKY <3. B caygasx 3 wu 4
BBIHAIIMBAETCSA IUIOA C TpucoMHed 18, m B ux ILIasme CBEPXIIPE/ICTABICHEL (parmMeHTHI

XpOMOCOMBI 18. Ciryqanm 5, 6, 7 ¥ 8 ABIAIOTCS CIIy4asMu BLIHAITHBAHUS C Tpucomueii 13, HO
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TONBKO 5 U 7 MOKa3BIBAIOT CBEPXIIPEICTABICHHOCTE XPOMOCOME! 13 B ux mnasme. Cirydan 6 u 8
HE MOKA3BIBAIOT 3HAYMMOM, CBEPXIPE/ICTABICHHOCTH XPOMOCOMB! 13 B MaTepHHCKOH IuIasme,
HECMOTpsI Ha BRIHAIIMBaHUE IIJI0Ja C TpHcoMueit 13.

3HauNMO€e YMCHBIICHHE pa3Mep0B ¢parmenTos JJHK XxpoMocoMbl 0GHAPYKHBAKOT ITyTEM
CpaBHEHHA pasMepa BceX (parMeHTOB, BBIPOBHEHHBIX C OIPEHENCHHOM XPOMOCOMOM, C
pasMepaMH  (DparMeHTos, BRIDOBHEHHBIX C JTaJlOHHOM XpoMocomoi. Mcmomesyror mis
CpaBHeHHs KpuTepuii Manna-YutHu, u BemmuuHy P <0,0001 ompenmensior Kak Haapdue
BHAYMMOTO pasznmuusd. /s aHamu3a pasMepoB (parMeHTOB XpOMOCOMBI‘ 13 sTamoHHO
XpOMOCOMOIf ABIsIeTcs XpoMocomMa 5. [ BeceX Cirydaes ¢ ByHJIOHI[HLIM ILTOZIOM HJTH IUIOZOM C
Tprucomueil 18 pasmep (parMeHTOB XpOoMOCOMBI 13 3HAYMMO He OTJIMYAeTcs OT pasMepa
()parMeHTOB XPOMOCOMEI 5. Jlnsa dersipex ciydaeB ¢ IUIONOM ¢ Tpucomuedt 13 ¢parMeHTsI
3HaYHUMO KOpOdYe, YeM (parMeHTs XpPOMOCOMEI 5, Y4TO IIOAPa3yMEBAaeT, 4TO pasMep GparMeHTOB
XpOMOCOMBI 13 MeHBIIIE 10 CPaBHEHHUIO C Pa3MepaMH B CIydae OTCYTCTBHS TpucoMud 13. Takum
00pasoM, BCe YETHIPE CiTydas TPHCOMHH 13 IpaBHILHO MACHTHQUIUPYIOTCS 110 HACTOSIIEMY
H300PETEHUIO TIPY CPABHEHUH C JBYMS H3 YETHIPEX M0 CIIOCO0Y ¢ Z-ONEeHKO.

Jist aHanm3a pasmepoB (GparMEeHTOB XPOMOCOMEI 18 3TalOHHON XpOMOCOMOIt SBIAETCS
xpomocoma 12. Jlns Beex cilyqaes BHIHAIIMBAHKS SYILUIOMAHOTO IUIOAA MM IUIOAA C TPUCOMHEEH
13 dparmentsr xpomocoMs! 18 3HauMMO [IMHHEE, YeM (parMeHTH XpoMocoMs! 12. Jls JBYX
CIyJaeB BBIHaH_II/IBaHI/I}IkHJIOJla ¢ Tpucomuei 18 pasmepsl (parMeHTOB XpOMOCOMEI 18 3HawHMO
HE OTIMYAIOTCA OT Pa3MepoB (PParMEHTOB XPOMOCOMEI 12, , 4TO IOAPAa3yMEBAaEeT, YTO pasMep
(hparmMeHToB XpOMOCOMBI 18 yMeHbLIAETCS PU CPABHEHHH CO CIyYasMH BEIHAIIABAHHUA TLIONA
6e3 Tpucomuu 18. upivMu CJIOBaMﬁ, oba cirygas TpucoMuH 18 KiaccuGUIMpPOBaHE! IPABHIIBHO.

X. ObnapyxeHue MoMUMOpGU3MOB B JUATHOCTHKA MeHETHIECKHUX HapyILLIeHUH

Anamis pasmepoB JTHK MaTeprHCKOM MIasMBl TakKe MOXHO MCIOIB30BATh JUIS
HCHHBA3UBHOTO aHalM3a TICHOTHNA IUIoZa. I['€HOTHMH Inoja MOXHO MCHOJIB30BATH LIS
OIpCNCJICHUA TOTO, HAclHeAyeT JIM IUIOJ MYTHPOBAaHHBIM TI€H, HMeeT Ju aucOaIaHc
ONPENENICHHOrO anyells WK APYrod Jucbalanc mocueoBaTebHOCTeH, WK UL APYTHX Ielei.
B Takux BOIVIOIIEHWSX OIMH AlUICNb MOXKET NPEICTABIATE COGOM ITANOHHYIO TeHOMHYIO
JMOKAIMIO (IIOCIENOBATENBHOCTE), & OTIMYAIOIIMHCS alles MOXET INPEICTABIATh coboit
HCTIBITBIBAEMYIO T€HOMHYIO JIOKalnuro. Takum oOpasoM, J1r000# criocod ¢ HCHONB30BaHHEM
9TaJIOHHOM IIOCIEIOBAaTEIFHOCTH TAKXKe MOMKHO anMeHHfB JUIA ONpENENCHHA IEeHOTHIIA H
avcbananca NOCIe[0BaTENLHOCTEH.

B onxom Bomnomenny auc6anaHe HOCIEN0BATENBHOCTEH (M TAKUM 06pa30M, BO3MOXHO,
TCHOTHII) MOXHO ONpENENMTH IO TOMY, CYIIECTBYeT JM MIH HET pasiHide B pasMepax

(mucbananc) MexTy alIemsIMH B MaTepHHCKOM oOpasle (HaIpuMep, KOTIa MaTh SBISETCS
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reTEPO3U30THOM No annemo). Hampumep, ecmu pasmuaus B Hpoduie pasMeEpOB MEXIY
aueasaMi B. o0pasie He MMEETCs, TOTZa IUIOZ MOXHO ONPENENUTh KaK HMEIOIHM TOT xKe
IeHOTHII, 4TO0 y Marepu. Kak Ipyroit mpumep, ecim pazinume B NpOoQHIE PasMEPOB MEKILY
ajulelIIMM B 00pasie HMeeTcs, TOrha IUION MOXHO OIPEEINTh KaK MMEIONME Te€HOTHII,
OTIMYAIOIIKICS OT M'eHOTHIIA MATEPH. '

B mocnenyromux mnpuMepax MaTh SBISETCS I'eTEPO3UTOTHOM (T.e. ¢ OmHOM Komwme
amrens N u omHo¥ Komwel amienst M, uto o6osnavaercs NM) A1 ompesieeHHOTO JIOKYca.
Bykssi N 1 M HOMHHAIBHO MpEACTAaBIMOT amleny mukoro tuma (N U1 HOpMAIBHBIX) U
MyTanTHele (M I8 MyTaHTHBIX), COOTBeTCTBeHHO. Opmako amwiemn N u M Moryr
COOTBETCTBOBATh JIIOOBIM JBYM Da3iIMYHBEIM ajUIelsiM, a HE 00A3aTeNbHO JUKOMY THITY W/WIIH
MyTaHTy. B omHOM Bonnoﬁlelmn M MOXHO paccMaTpuBaTh Kak IIOCIEIOBATEILHOCTE
xpomochBI «M3 TpyNIEl pucka» U N Kak 3TaJIOHHAas I10CIeI0BaTeIbHOCTE. B JIAHHOM KOHTEKCTe
JUISL OTIPEJENICHUS TCHOTHIIA MOXHO IIPEANIONOXKHUTE IIPUMEHEHHE JII000r0 U3 BHIIEYKA3AHHEIX
CIIOCOBOB C MCHOMB30BAHHEM STAIOHHOM II0CIE0BATETbHOCTH.

YV neGepeMeHHOM KEHIIMHBl YCPSIHCHHBIH pa3Mep MOJIEKYII, COAEp X aipx oba ajiens,
MOXET OBITh OAMHAKOBRIM. OIHAKO B INasMe OCPEMEHHOH JKEHIIMHBI CyIIECTBYET CMECh
monekyn [THK matepu u mnoma. Monekynsr THK, npoucxopsinye oT Marepw, JIMHHEE, YeM
IPOHCXOIIME OT IIoAa. Ecnu MaTe U mion uMeror nsa ayuens (t.e. 06a amwiens N u M), ob6a
yKa3aHHBIX ajuiejs OyXyT MMETh PaBHBIM BKJIaJ IUIMHHBIX M KOpoTkux mojekyn JJHK. Taxum
00pa3om, IMOIyYEeHHOE paclpeieleHHe M0 pasmepam amiened N u M Gy[eT OoIMHAKOBEIM.
Hanpotus, eciii reHOTHIIB MaTepH | IUI0/Ia Pa3inyaloTCs, HaPUMED, €CIIM MaTh SBISETCS NM,
a 1uiox sensercst MM, torna pacnpezaeneHue 1o pasMepam awreneit N u M Oyner pasiugHbIM.
WueiMu croBaMu, Ha paclpeeleHHe 10 pasMepaM ABYX ajllejeil B Ima3sMe MOXET HOBIIHSTEH
regoru 1woaa. dur. 25A-25C n0oKa3kBAIOT JUArPaMMBI I Pa3IMYHEIX BAPUAHTOB F'EHOTUIIOB
OepeMeHHOM JKEHIITMHBI | ILI0J[a COIVIACHO BOILIOMIEHHSAM HACTOSIIETO H300PETEHHS.

Ha (bnr.' 25A mnox umeet reHotunt NN, u renorun marepu NM. Jlnunaa cronbua 2510
ABIIETCS IOKa3areleM ycpez(HeHHoro (cpemmero) pasMmepa (parMeHTOB, KOTOPHIE SBILTFOTCS
(parmMeHTaMH OJHOTO M3 JBYX ajUleilell MaTepu M IUIOJa, COOTBETCTBEHHO. Kak omucano Bhe,
IJIO[, MMeET MEHbIIMIl cpemHuil pasmep, weM Marb. TakuM o0pa3’oM, JIHHHBIE CTONGIEI
npencraBisiioT MarepuHckyio JIHK, n kopotkue cronbusr npezactasisior petansnyo JTHK.

ITockonbky Kak MaTh, TaK U ILIOA BHOCAT BKJIaZ B ajuieas N, B TO BpeMs KaK B ajuieas M
BHOCHT BKJIaJ TOMBKO Marth, pacmpeeIeH)e N0 pasMepaM MolleKynd ¢ auieneM N Oyxer 6oiee
Y3KHM II0 CPaBHCHHIO C paclpeleieHHeM MOJIEKya c amiereM M. HHeMu cioBamu, y
OepeMeHHOW JKEHIIMHBL, KOTOpas HMeeT IeHOTHII NM, Goiee y3Koe pacmpesieeHHe II0

pasMepaM B cilydae ajuens N [0 cpaBHEHHIO ¢ ajureneM M GyAeT NIpeanonarars, 9To FeHOTHII
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mwioga NN. Takum 06pa3zoM, MOXKHO MAEHTHQHIIMPOBATE, YTO IUIOA UMEET ABa eI TUKOIo
tuma (N), KOTJIa pacHpeeNeHue o pasMepaM (Harpumep, cpenuit pasmep) N 6onee y3koe, qeM
i M, 1o onpelereHHOM nopor0136171 BeIUIUHE (HAIpUMep, BeIMYHHE B IPOLCHTAX MM
abCONMOTHOM BENUYUHE).

Ha ¢wur. 25B mlon nmeeT regotunn NM. Kak MaTe, Tak M IUIOJ BHOCSAT BKJIAA B ajuiend N
1 M. B pesynprare pacrpeneieHue 0o pasMepam It MoJeKydl ¢ amiensmd M u N sBisercs
OIMHAKOBBIM. Y OepeMeHHOM JKeHIIMHBL, KOTOpas uMeeT reHotun NM, OAMHAaKOBOE
pacmpeseneHue 1o pasmepam s awiereit M u N GyJer ykasbiBaTe, 9T0 TeHOTHI 1oga NM.
Taxum 06pa3som, MOXKHO H,uequ;HﬁnpOBan,, 9TO TLTOJ| MMEET OMH aiutells aukoro tuma (N) u
OIVH MyTaHTHBIA (M) ammens, xorjga pacmpesielieHie MO pasMepaM (HAIPHMED, CpeZHMH
pasmep) N NpHUMEPHO OKBHBAIEHTHO paclpefeleHMio M Ipu ONpENeNeHHOM MOpOroBOH
BeJIMYMHE (HAprMep, B IPOLICHTaX WX BEIMIHHE).

Ha ¢wur. 25C miox umeet resotrn MM. IIockolsKy Kak Marh, TaK U IUIOJ{ BHOCAT BKJIaz
B aieJb M, B TO BpeMsi Kak B aiedb N BHOCHT BKJIaJ TOJBKO MaTh, PAcClpeNCIICHHE IO
pasmepam MoJiekyn ¢ aureseM M Oynmer Goxee y3KuM IO cpaBHeHMIO ¢ amreneM N. YV
GepeMeHHON JKEHIIMHBI, KoTopas uMeeT TeHoTunm NM, 6omee y3koe paclpeleneHus II0
pasMepam B cirydae amiens M, gem ans amnens N, MOXKeT yKasslBaTh, YTO reHoTuI mwiona MM,
TakuM 06pa3oM, MOXXHO HAEHTH(QHMIMPOBATH, YTO IUIOL MMEeT JBa MyTaHTHBIX amwieni (M),
KOTJIa pacpesielIeHue 110 pasMepaM (HalpuMep, cpeiuunii pasmep) M Goiee y3koe, deM st N,
IpH OIPEAEIEHHOM [TOPOroBoi BelnyYrHe (HapUMep, BEIMIHNHE B IPOLIEHTAX MM BEIMYHHE).

Croco6 Taioke MOXKHO HCITOJB30BaThH IS aHaIM3a CUTyalWH, KOTAa MaTh SIBJISETCH
roMo3uroTHo#, Hanpumep, NN mwrun MM. Ecnu miion uMeer Apyrod reHOTHIL, paclpeaeeHue o
pasMepaM MaTEepHUHCKOIO ‘o6pasua Tamke OyZeT M3MEHATECA, M TaKAM O6pasoM MOJKHO
OIIPeNeNuTh I'eHOTHUI uioja. Taxke, ecliu paclpefeleHue 10 pasMepaM He M3MEHAETCs, TOraa
TEHOTHII MOXKHO OIPEJENNTh KaK Takod e, Kak y MarepH, KaK OIMCAHO BEINIE IUIA CIIydad,
KOTIa MaTh IpeICTaBiIieT coO0 TOMO3UIOTHBIN CIy4ai. _

B HEKOTOpPHIX BOIUIOMIEHUAX ONpPEREICHUE TOTO, MMEETCA JNM AucOanaHC, WM HHAYe,
OTHOIIEHME K TeHOTHITY MaTepu (Hanpumep, oaus N st oxgroro M MOYET O3HA4aTh OTCYTCTBHE
mucbananca) MOXHO BBHITONHHUTH, UCIOJB3Ys IIOPOroBbIe BenndMHbl. Hanpumep, ecian umeercs
JOCTaTOYHO OOJNBIIOe OTKIOHEHKE (HalpHuMep, B npoueHTax) OT I€HOTHIIa MaTE€pH, TOI1a IO,
MOJKHO OTIPENENHUTH KaK HaCIeIy Oy aielb ¢ GoJiee y3KUM paciipefie/IeHHeM o pazMepam. B
OJTHOM BOIUIOIIEHHHM BEIWYNHA IIOpOra MO}KéT 3aBHCETH OT HPOIECHTHOTO COAEPIKaHUA
(beTabHBIX HYKJIEHHOBBIX KI/ICJIO”T B MarepuHCcKoM oOpasue. Ecmu ’HpOHCH"VF (DeTaIBHEIX
HyKJIEHHOBEIX KUCJOT BBIIIE, TOTAA MOXHO OXMIATh OONbIlee OTKIOHEHHUE, M TaKUM 00pasoM,

MOXXHO MCIIOIb30BaTh OONBIIYI0 BEIMUMHY Iopora (HampumMep, B ClydYae pasiudus B
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pachpelleNieHUy 10 pa3MepaM OIHOro ajulels OTHOCUTEIBHO Ipyroro. Ecmi  mponeHt
(eTATBHEIX HYKICHHOBBIX KHCIOT MEHBINE, TOrAa MOXKHO OXHIATh MEHBLIETO OTKIOHCHU, H,
TaKuM 00pa3soM, MOXKHO HCIIOJIB30BATh MEHBIIYIO BEIMYMHY 110pOTa.

B 0fHOM BOIUIOIICHMH JUIA ONpENEICHHS TOro, KaKod ajliellb MaTepy MOXKET HMETh
pacrpesie/ieHne 1Mo pasMepaM, M3MEHEHHOE H3-32 (eTalbHBIX HYKICHHOBBIX KHCIOT, MOXKHO
MCIIOIF30BaTh TEHOTHUI OTI@. B ciryyasx, KOrAa OTell ABJACTCS TOMO3UTOTHBIM Ul T€HOTHIIA,
9TO MOJKET CO34aTh BO3MOXHOCTB JUIS CY)KEHHs BO3MOXHOIO T€HOTHIA IIIOJAa IIPOCTO A0
aIUTeNs, HACIeyeMOro OT MaTepH, Tak KaK M3BECTHO, Kakoif amnens mpumien or otua. Ilocme
CY’KEHHS ONpeJeleHHe T'eHOMa ILoJa MOXKET ObTh 0Goiee TOYHBIM, Tak KaK MOXKeT
1oTpe6OBaTECSl UCIHBITHIBATE TOJBKO /B BO3MOJKHOCTH. B OIHOM BOILIONIEHHH HCIIONB3YIOT
OJHY U Ty K€ BEIMYUHY [10POra, HECMOTPs Ha TO, YTO KAKOW TCHOTHUII HACIEQyETCs OT OTLa. B
JPYroM BOIUTOMICHHH MOXKHO MCIIONB30BaTh Pa3iNIHbie TOPOTOBBIC BETMIHHEL.

B pasnuuHBIX BOIUIOIIEHMAX J000€ paclpeleleHHe II0 pasMepaM, YIOMAHYTOC B
JAaHHOM OIPCAHHME, MOXHO NCIIONB30BaTh IpPM TakMX ONIpENeNeHUAX —aucOananca
TI0CIIEHOBATENBHOCTEH. B HEKOTOPHIX BOIUIOMIEHMSAX TaKkKe MOXHO OOECHedYuTh YPOBEHH
TouHOCTH. HampuMep, TakkKe MOXHO FCIIONB30BaTh KIACCHDHMKAIMIO «HCONPCACICHHBIN),
nomMmMoO Kiaccubukanmu aucOanaHca u OanaHca. B TakoMm ciiydae HEKOTOPBIC OIPEACICHHUA
MOKHO OIIPEIEIUTH C BEICOKOH CTENEHBIO0 JOCTOBEPHOCTH, B TO BPEMs KaK BEJIMYHHEI B CPEAHEM
y4acTKe MOI'yT TpeOOBaTh JOMOIHUTENBHEIX IKCIIEPUMEHTAIBHBIX TOUEK.

XI. AHanu3 pa3MepoB ISl ONPEASICHHA TallIOTHIIA, YHACIEIOBAHHOTO II0IOM

IIpuMeHeHHe aHATM3a Pa3sMEPOB TAKXKE MOXHO PACIIHPUTh JO ONPENEeNCHUs, KaKoH
MAaTepPUHCKUM TaIUIOTHI IEPEXOMUT K ILIOAY. IalioTHI MOXET OTHOCHTBCA K allIeisiM BO
MHOTHX JT0KycaxX. OIpesieieHne TePMUHA «TaIlIOTHIDY MOXHO HaliTH B pasnene «OnpepeneHs
HacToseld 3agBKu. ["alIOTHIT IUI0Aa MOXHO HCITIOJIB30BATh AJIA ONPEACICHHUs TOro, HaclIeIyeT
JU TUIOJ MYTUPOBAHHEBIA I'eH, MMEeT IM IUCOaNaHC ONPEICIICHHOro ajulels WIH Ui JPYTHX
nenei. TaxuMm 00pa3oM, TalUIOTHII MOXKHO HCIIOJIB30BAaTh TaK IXKe, KaK TeHOTHI, HO TaK Kak
cymeCTByéT GONbIIE JIOKYCOB, MOYKHO HCIIONB30BAaTh MeHbIIHMH 00beM obpasua KpOBH IUisL
JOCTHIKCHUS TAKOM JKe, WIM HaXe JIydilled CTaTHCTHYECKOH IOCTOBEPHOCTH OIPENCICHYS
ralwIoTHIIOB IUioga. B omHOM acmekTe aucOaiaHc nocneJ:LOBaTeJIBHOCTéI‘/’I MOXHO oﬁpeneJmTL
OTHOCHTENIBHO TaILIOTUIIZ MaTepy. B HaHHOM cnyqaé TarIoTHUIIl MO)KGT‘ OBITH HPEICTABICH KaK
psn monumMopdusmMoB, Hampumep, SNP, KaXmoro B ONpeNeNCHHOH JIOKAallMM B T€HOME, IIpH
KOTOPBIX H3BECTHO H3MEHEHHE ITOCIEI0BATEIEHOCTH.

| B oxHOM BOIUIONIEHHM MpEeAJiaraercs crocod ONpeNelIeHMs raloTHIA IUIoJa IyTeM
aHaIM3a (UCOAAHCOB TIOCHIEOBATEIBHOCTEH B MaTepHHCKOHM IuIaszMe. B oHOM acmekre s

OIpeneIICHUA ,unc6ancha HOCJIC,Z{OB&TCJ'ILHOCTCI;'I HCIIOJIB3YIOT IIOKasaTelid pasACICHUs
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(HanprMep, pasiMyMsa) B HPOOHILX PasMeEpOB MEXy TalIOTHIAMH. B OJHOM BOIUIONICHHH
ramioTHIsl Matepu (Hampumep, Hap I m Hap II) ompepemsiror myrem amanmsa (Hampumep,
cexsenuposanus (He D. et al., Bioinformatics, 2010, 26: 1183-i190) win ogHOMONEKyISPHOrO
rarorumposanus (Ding C. et al., Proc. Natl. Acad. Sci. USA, 2003, 100: 7449-7453; u Xiao
M. et al., Nat. Methods, 2009, 6: 199-201) marepumckoro o6pasua (Hampumep, oGpasia,
KOTOPBIH HE COINEPXKHT (ETalbHEIX HYKICMHOBHIX KHCJIOT). B ,upnyM BOILIONICHUH
TaIUIOTAII(BI) MaTEPH MOXHO OTIPENETHTh C HCIIOIb30BaHIEM AHATH3A 00pasnoB oT poauTene
Marepd, CHUOJIMHIOB, NpPEABLIYIIEro peOeHKa WM IPYyruX POACTBEHHHKOB. B eme onmom
BOIUIOMEHWH B CIy4a¢ IONUMOP(HU3MOB IIPM CHJIBHOM HEPaBHOBECHOM CLEILICHUH, 3HAS
TCHOTHNl MaTepH B OIHOM JIOKYCE, MOXHO IIPETONOXKMTH TI'CHOTHI B [PYTHX JIOKycax,
HaIpHMEp, KOrza ajieiyd HOPMAIBHO IOSBJIAIOTCS B OXHON M TOM e IMOCIEN0BaTENLHOCTH, T.€.
- ramioTun. TakuMm o6pasom, TAILTOTHIT MaTepy MOXeT ObITh MOTEHIHATBHO OHpPEJENICH H3
TeHOTHIA MaTepH. I'eHOTHII B GOee YeM OIHOM JIOKYCE TAKXKE MOXKET OBITH OHpeneleH, Iie
KQK/IBIA ONpPENENCHHBIH T'€HOTHI MOXET IPEAoJaraTh Ie€HOTHIIHI B IpyTuX JOKycaxX, U
CIIEOBATENIBHO, YCTAHABIUBACTCS TaILIOTHIL

B oznHOM BOIIOMEHNH TakoKe ONPEIEIIOT FeHOTHII OTHa. TaKyo HHDOPMAIHIO MOXHO
HCIIOJIB30BATE VI ONPEJIENICHNUS, SCIY OTell ABIAETCS FOMO3UIOTHEIM HITH T€TePO3UTOTHEIM TIPH
onpeneneHHsx SNP. MOXXHO OCyIIecTBUTS pIMOe onpeneheH‘He OTLIOBCKOTO aJUIENS B KAXKIOM
nokyce. COOTBETCTBEHHO, MOXKHO OIPEAEIUTH, ECIIM OTHOBCKHI 4IUIeNb ABISETCS TEM XKe, U4TO
amnens Hap I wnu Hap II marepn, o6oznagenne SNP Tvna o, wim Tuma P.

B nmpyrom BomjomeHHM Takke ONPENENSIOT TalUIOTHI OTIA. [ al/IOTHI OTIA MOIXKHO
OIPENENUTh aHAIW30M (Hampumep, cekBenupoBanueM (He D. et al., Bioinformatics, 2010, 26:
1183-i190) wmu ogHOMONEKYIIPHEIM ramtotamuposarueM (Ding C. et al., Proc. Natl. Acad. Sci.
USA, 2003, 100: 7449-7453; n Xiao M. et al., Nat. Methods, 2009, 6: 199-201) 'OTI_IOBCKOFO
o0pasia Wik aHaTH30M 06pasIioB OT POAHTENEH OTIA, CHONMHTOB, IPEBIIYIIEro PeGEHKa WK
-)lpymx poncreeHHHKOB. C 1pyroll CTOpPOHBI, B Cilydae NOIMMOP(GHU3MOB MPH CHILHOM
HCDABHOBECHOM CIICTIICHUHM, 3HAas IEHOTUINI OTHa B OJHOM JIOKYCE, MOXXHO HPENIOIONKHUTE
FEHOTHII B APYTHX JIOKyCax, HAaIpHMep, KOTJa aliesli HOPMaIbHO NOSBILIIOTCS B ONHOM ¥ TOM
xKe HOCJIGVIIOBaTCJILHOCTI/I,. T.¢. ramiotui. [eHOTHH B Goliee WeM OHOM JIOKYCE TAKKE MOMKET
OBITH OmpeneneH, rie KakXIblil ONPECNENEHHEBIA T€HOTHI MOXET IpPEAIOJaraTs reHdTHnLI B
OpyTHX JIOKyCax, U, CIeJOBATEIHO, YCTAHABIMBACTCS FAILIOTHIL

HpyruM NpUMEHEHHEM TaKuX BOIUIOMCHHHA MOXKET GBITE OTpEe/IEIeHHE, CYIIECTBYET JIK
WA He cymeCTByeT IHUCOaNaHC TOCEeNOBaTeNFHOCTe! (HAaIpHUMep, IyTeM OGHApYKeHHs
PasIuyMA B PacIpele/ICHHH 110 pa3Mepam) B MaTEPHHCKOM 00paslie, colepKanieM (heTatbHEIe

HYKICHHOBBIC KHUCJIOTHI, IIYTEM aHajlu3a SNP, rae KakK - OTCIl, TaKk M MaThb SABJISIOTCS
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TeTepO3UTOTHEIMY. ['@HOTHII OTIA WIIH TAIUIOTHII HOCPEICTBOM 3TOr0 BRIBOJUTCS Ha OCHOBAaHUH
TOT0, CYIIECTBYET WIH HE CYIIECTBYET AucOataHe [OCJIEIOBATENFHOCTEH.

dur. 26 NOKa3HBACT IPUMEp, KOTJa MaTh SBJACTCS reTepO3UrOTHOM, a OTEIl SIBIACTCH
FOMO3HTOTHEIM B AHAIM3HPYeMBIX Jokycax SNP. Jlns TOro 9roGH OCYIIECTBHTH aHAJIM3
pa3MepoB, CPEIOTOUEHHE MOXeT ObTh Ha moAMHOXKecTBe SNP, riae MaTbh  SBIAETCA
TETEePO3UTOTHOH, @ OTel| SBIACTCA TOMO3SHIOTHBIM. [[BE IOMOJOTMYHBIE XPOMOCOMBI MaTepu
o6oznagaror Hap I u Hap II, coorBercrBeHHO. J{ns KaJOro M3 yKasaHHEIX SNP MOXHO
OIIpeleNHTh, KOTODEI allelh W3 [ByX MATEPHHCKHX ayened pacromaraercs B Hap I u
xoropeii B Hap II. SNP ompenensioT Kak THII O, €CIH OTHOBCKHE alIeiy HACHTHIHBI
maTepurckoMy awtemo B Hap I, m xak Tum [3, ecniu OTIOBCKHE aAUICIH HWICHTHIHBL
marepuHckoMy amiemo B Hap II. JlOmOJHHTENbHOE ONMCAHHE OIpPEEICHHUH IeHOMA ILIOAA
MOYKHO HaliTy B 3asiBke « SHOMHBIH aHAIM3 [LI0Ja U3 MaTEPHHCKOI0 OHoorHIeckoro obpasiay,
YHOMSIHYTOH BBIIIIE.

Kak TONBKO TaIUIOTHII MaTepd W TE€HOTHIBI WM TaIUIOTHII OTIA W3BECTHBI, MOXXHO
AHAJIM3HPOBATh pPACIpEeieHre N0 pasMepaM (parMeHTOB, acCOMMMpOBamHBEIX ¢ SNP, mis
OHpeNelNeHHs TAIoTMNa IUIOfa IyTeM HACHTAGHKAIMM, CYIMECTBYeT JH JucbanaHc
nocaenoBaTeabHOCTER B moaMHOkecTBe SNP. B anbrepHaTMBHOM BOILTOINCHUM I'€HOTHIT WM
TaIUIOTHIT OTHA HEW3BECTCH HABEPHAKA, HO, TEM HE MEHEE, MOXeT OBITH YCTAaHOBIEH C
UCTIONB30BAHUEM, HAIPUMEp, CTATUCTHYECKOH NpONIeAypHl, KaK BEPOATHHIM TCHOTHUI HIH
TalUIOTHI OTLiA, Ha OCHOBAHWHM, HAIpUMEp, IOBTOPAEMOCTH H3BECTHBIX TCHOTHUIIOB WU
FAUIOTHIIOB B HCIEITHIBAEMOM — NONYNAIMH.  3aTeM  ONpelessioT  AucOamaHe
TI0C/IeOBATeIbHOCTEN  (ONpeeneHHbI depe3 aucbamanc pa3sMepoB) mma Kaxaoro SNP,
HaNpUMep, TakK, KaK OIKUCaHo B paszene X.

Hanpumep, ecmu oTel] ABISETCS I'OMO3MIOTHBIM ISl aJlIeis B Hap I (tum o), Torma
nucbananca pasmepos He 6yaer (twiox Hacieayer Hap IT oT MaTepu 1, TaKuM 00pasom, sSBISETCS
rereposuroTabiM it Hap I u Hap I umenHO Kak MaTh) win mucbananc pasmMepoB OyaeT UMeTh
mecto, korga Hap I HMégT GoJee y3Koe pacupeneneHue mo pasmepam (o Hacneayet Hap I ot
MaTepd H, TakkuMm o0pasoM, sBisiercs romosurorHsiM mnsa Hap I). Ecmm oten sBisercs
roMo3uroTHsM 111 Hap II (Tum B, kak ommcaHO HIDKE), TOraa jucOananca He Oyner (mwiox
Hacnexyer Hap I or matepu u, TaxuM o6pasom, sBidercs rereposurotHsiM 4y Hap 1w Hap 1),
unu gucbananc Oymer mMmerh Mecto, xorxa Hap II mmeer Gonee yskoe pacmpenesieHue Mo
pasmepam (1wiox wacuenyet Hap II ot Marepy u, Takum 00pa3soM, SBIIAETCS TOMO3UIOTHEIM JULA
Hap I). Takke MOXHO HCIIOJIB30BaTh IPOMEXYTOUHYIO KIACCH(DUKALMIO MM M3MEHSIOMUECS
YPOBHH JIOCTOBEPHOCTH MEXITy OamaHcoM M aucOanaHcoM. THIIMIHO MOXHO "HCIOIb30BATH

CXO0XHE IOPOT'OBBIC BEIUYUHBL OJIA aoboro Thma. B Pa3JIMYHBIX BOIUIOIICHHUAX MOXKHO

o
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HCII0JIE30BAaTh II000€E paclpeeleHue 10 pa3sMepaM, YKa3aHHOE B JaHHOM OIMCAHHUH.

B OZHOM BOIUIOMIEHMH MOXHO aHAIM3HPOBATh DACIHPENEICHHE IO pasmepam
(parMenTOB Kax 0¥ M3 MHOXeCTBa JoKauui SNP s onpesielleHus ABYX TaIUIOTHIIOB ILIOJA.
Hamprmep, pasnvdre Mexy paclpeleieHHeM 10 pasMepaM (parMeHToB st annener SNP B
TaIJIOTUIIE MOXHO cpaBHHTB C pacrpesieleHueM 110 pa3MepaM QparMeHTOB IS anneneii SNP B
Apyrom raruiorune. CTaTUCTHYECKHE PE3yIIHTATEl MOXKHO aHATM3HPOBATE PA3IHYHBIMY ITYTSMI,
HaIpUMep, OCYIIECTBIISIS onpeneﬂeﬁﬁe st kaxnoro SNP u 3ateM, mpuHuMas GOJNBITHHCTBO
(bananc, mucGanamc, M MOXKET OHITH BKIHOUAs IIPOMEXKYTOYHOE COCTOsHKE) 3a Tamnotun. Kak
ApYTOH IpHMep, pa3Mepsl MOXHO arpermpoBatb 1mo SNP (wanpumep, Aid HOTydeHHS
Paclpe/ecHus . 0  yCPEJHECHHBIM MM CDEJUHHBEIM pasMepaM, KOTOpOE CPaBHHBAIOT C
TIOPOTOBOY BENMYMHOK). MM MOXHO HCIIONB30BaTh KOMOWHALMIO IBYX Croco0oB. JIpyroe
BOIUTOTIEHHE MOXET IIPEACTABIAT: COBOH MCIONB30BAHME SKCTPEMyMa YACTHEIX 3HAYCHHI,
HanpuMep, HauMEHbIIee pasinyre Uit onpeaeaeHsoro SNP.

ur. 27 nokaseBaeT NpUMep, KOraa o Hacuexyer Hap I or MaTepy, Korna rarioTH
OTIa faKoﬁ, KaKk 1nokasaHHbId Ha Gur. 26. Ins SNP Tuma o (3aKIIOY9€HHBIX B
HE3aMITPUXOBAHHEIE IPAMOYIOIBHUKY) IIOA OYAST HACIENOBaTh OT OTHA AUICTH, HICHTHIHEIC
QUIEIAM, PacroloXKEeHHBIM B MaTepuHckoM Hap 1. CienoBarensHo, mion OyAeT roMO3HUTOTHBIM
ans amneneit B Hap 1. B pesympraTe B MaTepHHCKOM IIasMe pacrpefielieHHe IO pa3MépaM
amnenei B Hap I Gyner Gonee y3kum, yem aens B Hap II. Jlns SNP Tuma B (3aKII0YEHHBIX B
3aIITPHUXOBAaHHEIC MPSMOYTONBHKMKH) IUIOK OyZeT HacleNoBaTh OT OTIHA alIeNH, WICHTHUHBIE
aIeIsM, —PacloNoXKeHHBIM B - MarepuHckomM Hap II.  CnemoBartensHo, mwiox 6Gyner
TETEPO3UTOTHBIM. B pesyibrare B MaTepHHCKOH ILIa3Me pacipesieieHre o pasMepaM auieneii B
Hap I u Hap II 6yzner oguHaKoBEIM.

B onnoMm Bommomernun SNP OHHOTO M TOro e THIA (Tuma o wim THoa ) MOXHO
aHaJM3upoBaTh BMecTe. [lna SNP THIa o pacmpeseneHue 110 pasMepaMm MOJIEKYJI, COAEPIKAIIHX
ALIENH B Hap 1, 6yner Gonee y3kum, 4eM paclpesielIeH e 110 PasMepaM MOJIEKY; CONEPIKAIIIX
amneny B Hap I1. [ina SNP tuma B pacnpenencuue né pasMepaM MOJIEKYJI, COAEPIKAIHX aLIe/IH
B Hap I u Hap II, Gyner oxvHakoBbiM. MIHEIMH CIIOBaMH, €CITH pacﬁpenenenne 10 pasMepaM
MOJIeKylI, conxepxamux awrens B Hap I, Oymer Gomee y3kum, uem Mounekyi, cd/:[epxcanmx
amneny B Hap II, muion sestercss romosurorseM st Hap I Ecnu pacnpenenenve o pasmepam

MouneKyi, conepxkammux Hap I Hap II, GyaeT oXMHaKOBEIM, ILTOM ABISETCS FeTEPO3UrOTHEIM,

IIpumep
Crenyromuit 9KCIEPUMEHT MCTIONB3YIOT I IIPOBEPKH TOYHOCTH AHATH3A OLNPEACICHNAS

TallIOTHIR, YHACIENOBAHHOTO ILIofoM. Ilpuemexiy mapy, NpHIIEANIYI0 B aKyMIEpCKYIO
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KJIHHHKY, JUIS IPOBEJICHNS IPEeHATAIbHOM quarnocTuky B-ranaccemun. O6pasisl KpoBu 6epyT y
oTha 1 MaTeph. Y Marepu obpaser KpoBH GepyT epe] B3ITHeM 00pa3siia XOpHATbHBIX BOPCHHOK
(CVS) na 12 ueznene 6epemennocty. Yacts obpasua CVS XpaHaT 1yt 9KCIepUMCHTA.

. Dxcrparupytor JHK u3 nefikormrHON IUICHKH oTma M Marepd u obpasma CVS. Otu
o6pasie JHK mogseprafor ananusy Ha cucreMe Affymetrix Genome-Wide Human SNP Array
6.0 s ompezesIeHAs TEHOTHUIIOB OTLIA, Mai‘cpn ¥ 1oaa. B aToM skcriepuMeHTe ;[aHHLIe mo CVS
UCIIONB3YIOT JUIA YCTAHOBJIEHUS raruioTHna Marepd. OIHAKO B KIMHHYECKOM OCYIIECTBICHUN
HCTIBITaHUs TAILUIOTHII MaTePd MOXKHO YCTAHOBHTH APYTHMH CIOCOOaMHM, KaK OIMCAHO BHIIIC.
Haruple mo CVS Takke HCIHONB3YIOT U ITONTBEPXKACHHSA TOYHOCTH OIPEACHACHHA C
HICTIONE30BaHUEM CII0Co60B, st KoTopeix CVS He Tpebyercs. ”

B onuceIBaEMOM WILTIOCTPAITHY COCPEIOTAIUBAIOTCS Ha HH(MOPMATUBHOM IIOJIMHOKECTBE
SNP, B KOTopmx MaTh SBJISETCS I€TEPO3UTOTHOM, a OTeI[ SIBJSICTCS TOMO3MIOTHBIM. B TakoM
moaMHOoKecTBe SNP reHOTHITH Maphl ¥ IUI0Ja HCIOIb3YIOT Ui KOHCTPYHPOBAHUS IallIOTHIIOB
marepu. Onpeaensior, yro rarmwtorum I (Hap I) npeacrasiser coboil psaz amienel, KOTOpEE MaTh
nepenaer wioxy, B To Bpems kak rammorun II (Hap II) mpencraBiser coboi psax aiienei,
KOTOpEIE ILJIOJ] He NOIy4aeT OT MaTEpH.

3arem mHbopMaruBusie SNP nenst Ha JBa HNOATHIIA, a UMEHHO, THI o ¥ TN P. Jus
THUIIA O OTI[OBCKHE AJUICIH MICHTHYHEI MaTepuHckoMy avteno B Hap I. B ciyuae Takux SNP
mwroy OyJaeT HacuemoBaTh OT POAUTENEH OAMH W TOT e amwiens (awmens B Hap 1), m,
CJICOBATEBHO, ILIO) 6y)1eT romo3uroTHeM 11t SNP B Hap 1. J[nsa Tuma B oTHOBCKHE aiurenu
I/II[GHTI/I‘IHBI matepunckomy awtemo B Hap II. B cioygae Takux SNP miox Oyner HacienoBaTh
asmeny B Hap I ot mMaTepu u )ipyme aJIeH (HﬁequHHe atersiv B Hap II) ot otua, #,
CJIENIOBATENBHO, TLI0J] 6YIeT reTepO3UTOTHBIM. '

HHK, skcTparupoBaHHyo U3 ITa3MEL MaTtepH, IOBEPral0T MACCHBHOMY TapajlIeIbHOMY
CEKBCHHPOBAHUIO C HCIHONB30BaHHWEM IIaTOpMbl TeHOMHOro aHanmmsaropa Illumina.
BBINOJHSIOT CEKBEHHpPOBaHHE CIapeHHBIX KoHIOB Mosekya JIHK wu3 mmasmer. Kaxayro
MOJIEKYJTY CEKBEHHPYIOT IO Kak oMy KoHITy Ha 50 11.0., 9T0 cocTapisgeT 100 1m.o. Ha MOJIEKyTy.
JIBa KOHIAa Ka@XIOH MOCIENOBATENPHOCTH ~BEIPABHMBAIOT C T€HOMOM 4elOBeKa, ¢
- HeMackupoBaHabME rToBTopamu (Hgl8 NCBI.36 downloaded from UCSC genome.ucsc.edu), ¢
ucrons3oBanueM - nporpamMmbl  SOAP2  or Beijing Genomics Institute at Shenzhen
(soap.genomics.org.cn/) (LiR. et al., Bioinformétics, 2009, 25(15): 1966-7).

B oxHOM BOIIIOMIEHHH CTATHCTHYCCKHH TOKA3ATEND nony oOmel INUHB], BHOCHMOM
KOPOTKHMH (parMeHTaMH s TaIUIOTHIIOB, HCIOIB3YIOT VIS ONPENENEHHs TOro, Kakoi
FaIjIoTHII Marepu nepeﬁae"rcz wioxy. Kak mpumep, HCIONB3YIOT XpOMOCOMY 22 IIA

WITIOCTpaluy TOro, KaK MOXXHO MCIIOJIB30BATh aHAJIU3 PasMEPOB JJIA YCTaHOBJICHHUS TOTO, Kakoi
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rafIoTUII MaTepu nepegaercs mioxy. CHagana XpoMocoMy 22 AeNAT Ha HECKOIBKO CErMEHTOB,
IprYeM KaKIBIH cerMeHT cozep uT 50 mHpopMatduBHBIX SNP, B KOTOPHIX MaTb SBILSETCS
re’repoéuromoﬁ, a oTel sBISETCS TOMO3UTOTHEIM (XpoMocoMa 22 M CEIrMEHTH ABJIAIOTCSA |
IpUMepaMH IIocIeoBaTenpHOCTe ). [ KaXIoro cerMenta GparMeHTs (IPHMEphl MOIEKY,
KOTOpBIE SIBISIOTCS YacTBIO IOCIEN0BATEIBHOCTEN), nepercpﬁmammne Takue HHGOpPMaTUBHEIE
SNP, nmenst Ha JiBe TPYIIEL, a MMEHHO, Hap I u Hap II, cOOTBETCTBEHHO, KOTOPOMY M3 ABYX
TaIyIOTUIIOB MaTepy Takue (hparMeHThl COOTBETCTBYIOT. [l Kamﬁoro CErMEHTa OIpPENeNIsIOT
cymmy obmieil ITHHEL BceX (parMeHToB, Kaprupyromuxcs k Hap I matepu u Hap II matepu.
3arem momoGHBIM 06pa3’oM B Kax[OM CETMEHTC ONPELEILIIOT CyMMy oOmiell JIMHBI KOPOTKHX
¢dparmenToB, kaprupyromuxcs kK Hap I u Hap II matepu. C nenpio mumocTpanyu, B JaHHOM
OpuUMepe U BEIYUCICHHS OOIIeH JUIMHBI KOPOTKHX (PParMeHTOB KaK KOPOTKHE OIPEAECIAIOT
dbparmenTsl B 150 m.o. wim 6onee kopoTkue. V3 MOIydeHHBIX JJIMH B KaKIOM CEIMEHTE IS
dparmenToB JTHK, xaptupyromuxcs k Hap I u Hap II, MOXXHO BBIYHCINTE IOJIH, BHOCHMEIE
KOPOTKHMH (pparMeHTaMn.

Our. 28 moka3siBaeT TabNHIy, WIITIOCTPUPYIONIYIO aHaIu3 pa3mepos uit SNP tuna o Ha
xpoMocoMe 22 COIIacHO BOIUIOIICHMAM HacTosmero u3ooperenus. AF Hap 1 - Hap ) IPEACTABIIAET
coboit paszmuume Mmexxy Hap I m Hap II B monm obmieit niawHBI, BHOCHMOH KOPOTKUMHU
¢parmentamu. Korza nmocnennuii cerMeHT, KOTOPBIH COCTOMT TObKO M3 28 SNP, mckmrodaror,
AF(Hap 1 - Hap 1) XKOn€OIETCH OT 0,0288 1o 0,0701. ITomoxwurensHsle 3Ha4YCHUA AF(rap 1 - Hap m)
rokaseBaroT, 4yTo BenuuuHel F Hap I Bcerzna Gonbrure, yem BenuuuHbl Hap II. Tak xak BenuuuHa
F ompenensercsa Kak nois oOmEH JUIMHEL, BHOCHMAs KOPOTKHMH (parMeHTamu, 6oee BBICOKast
BenvynHa F mokasbiBaeT, 4To Oosee BBICOKAas JodsS OOHIeH MIMHBI BHOCUTCA KOPOTKUMH
‘(pparmenTamu. MHBEIME cIOBaMH, Takue pe3ynbTaThl IOKa3pBalOT, 4To (parmentsr JHK,
coaepxanue ayuiend B Hap I, xopoue, ueM ¢parmeHTsl, coaepxamnme awienn B Hap II, mus
KaXIOr0 M3 YYacTKOB, cocTosmmX 50 amammsupyeMeix SNP. DrTo mokasbiBaer, dro
pacnipenenenue no pasMepam Hap I Gonee yskoe, ueMm pacnpenenenue 1o pasMepam Hap 1L
CnenoBaTeiabHO, MOXKHO YCTAaHOBHTD, UTO IUIOJ SBJISETCS TOMO3UTOTHBIM Ais ayieneit B Hap L.
Kax yKassBaIOCH BHINIe, B OZHOM BOILIOIGHWHM MOXKHO HPOBECTH KIACCHMUKALMIO st
KaXXJIOTO CErMEeHTa Ha OCHOBaHMM IloKasaTellss pasjencHus (Hampumep, AF) M'exo:(y IBYMS
resoMHeIMH JIoKarmsamMu B Hap I mw Hap I, n 3aTEM MOJKHO IIPOBECTH OOMIYIO KJIaCCH(PUKAIIHIO
Ha OCHOBAaHHHU COOTBETCTBYIOMIEH KIAaCCH(UKAIMU CETMEHTOB. B IpyroM BOIUIOIIEHHMHM MOXXHO
OIpPENEIUTh OO [TOKa3aTeNb pasieaeHUs (HallpUuMeD, yCPEHEHHBIH 0Ka3aTelb Pas/ieeHus)
U3 TOKaszaTelell pasmeneHHs I KaXkAOr0 CerMeHTa, H Takoi oOmui CcTaTHCTHYecKHi
II0Ka3aTeJIb MOXKHO HCIIONIb30BaTh UL ONpEeAEIeHHs KIacCupUKaIyy.

B OJHOM BOIUIOIMCHUM IJIA OIIPEACICHHA MOJXHO HCIIONB30BaTh ITOPOT'OBYIO BCIUYIUHY
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npuMepHo 0,02, ecnu cymectByeT nucbananc. ECIH HCHONBIYIOT CPeIUHHOE WIH YCPEIHEHHOE
AF, MOXHO HCHOIB30BaTH OOIBLIYIO IIOPOIOBYIO BequpIHy U COXPaHUTH TOYHOCTE. [ToporoBeie
BENIMYMHE] TAKKe MOXKHO HCIIONB3OBATH IS npOMexcyTquBIX pe3yIbTaToB, HANpUMeEp, IIpU
HEOOXOMMOCTH JOTIOHUTEIBHOTO aHAIM3a IPOMEKYTOUHEIM MOXKET OBITh HHTEpBan oT 0,015
1o 0,025.

®ur. 29 nokaseiBaeT TabaHILy, ﬁﬂﬂ}OCTpprmnrym aganu3 pasmepos 1t SNP tumna § Ha
XpOMOCOME 22 COrIaCHO BOILTOMIEHMSM HACTOAIEro n300peTenus. AF Hap 1~ Hap Ir) IPEACTABIACT
coboi paznu4re B 10K OOIIeH IHMHBI, BHOCUMOH KOpoTKHMHU (parmenTamu, mis Hap I u Hap
II. Bemmuunsl AF gap 1 - Hap m KONe6mI0TCA 0T -0,0203 10 0,0207 co cpearmm 0,0003. HeGoupmast
BenuduHa AF(ap 1 - mHep ) COBMECTHMA C OJMHAKOBHIM pacCIpelelieHHeM II0 pa3Mepam

 (pparmenToB, kaprupytomuxcs k Hap I u Hap II. TakuM 06pa3oM, MOXHO YCTaHOBHTE, YTO ILIOX
sBisieTcs: rereposuroTHeM i Hap I u Hap 11 Tak xax tun SNP B onpenensercs xax SNP, B
KOTOPBIX OTI[OBCKHE aJJIeNH HICHTHYHBI MATEPHHCKUAM AlUIeNIsIM B Hap’ I, Taxoit pesymbraT
03HavaerT, 4To o Hacaenayet Hap I ot marepn.

@ur. 30 mokaseiBaeT rpaduk AF (gap 1 - Hap m A7 SNP THIIA 00 ¥ THHA B HA Xpomocome 22
COIJIaCHO BOILIOINEHMAM HacTosmiero usobperenus. Jms SNP tuma o wm pacupeneneHde mo
pasmepam dparmenTos Hap I Gosee y3koe, uem pacnpenenenue o pasmepam ¢parmenros Hap
II, yTo BEIpaxaeTcd B BeMHMYMHAX AF(wap 1 - Hap m O0mbIme Hysst. s SNP Tuna B we umeercs
pasiuyus B paclpeleleHHM MO pasMepaM (pparMeHToﬁ ‘Hap I u Hap II; crnemoBaTemsHo,
BelUIUHBl AF (1Hap 1 - Hap my coOuparotes BOmu3u 0. C mcnonszoBanueM nopora B 0,025 ananuszoM
AF (t1ap 1 - Hap 1) MOXKHO IPAaBHJIBHO YCTAHOBHTH HACIIeJOBAHKE IUTOJOM /UL BCeX 13 CerMeHTOB
TUNA oL ¥ 21 cermeHTa Tuna f.

XII. TprMep KCTIOIB30BAHHS IPHIENBHOTO CEKBEHHPOBAHHMS

Crnenyromuii npumep IEMOHCTPHPYET, YTO JUACHOCTHYECKHM MOAXOH Ha OCHOBE
pasMepoB MO BOIUIOICHHAM HACTOAIIEr0 H300PETEHHS MOXHO IPUMEHHTH B  (dopmare
IPHUIIEIBGHOIO CEKBEHMPOBaHMsA. B TakoM Qopmare 11 CEKBEHHPOBaHHS CHELH(DUIECKH

HaMC4alOTCs yJacTKH I'CHOMAa, IPEACTaBIAXOIINC HWHTEPEC A AUArHOCTHKHU. Taxoi (l)OpMaT

HMCCT IIPCHMYIIECTBO B TOM,  YTO CEKBEHHPOBAHHC Q)OK}’CpreTCﬂ Ha YYacTKe,

TIPEICTABIIIOIEM UHTEpEC, B OTIMYHE OT CHTyallUd, BKIIOYalomel cryuaifHoe

CCKBCHHPOBAHME, KOIZIda YacTb IIPOM3BOJUTENBHOCTH CEKBEHHPOBAHHS HCIONB3YIOT IS
Y4aCTKOB, KOTODBIC HE HMEIOT HETOCPEACTBEHHOTO OTHONIEHHS K IIPHMEHEHUIO B JHATHOCTHKE.
TakuMm o6pa3soM, MOXHO OXKAATh, YTO (OpPMAT MNPHLEIBHOTO CEKBEHHUPOBAHUS IIOBBICHT
MPOM3BOMUTENBHOCT: M CHH3MT 3aTpaThl Ha CHCTeMY. IIpHIEIBHOe CCKBEHMPOBAaHUE MOXHO

‘BBITIOJIHATD C HCIIOJIB30BAHHEM JIIOO0r0 (bopMaTa, HU3BECTHOTO CHEIUAINCTaM B HaHHOM oGmacTa
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TEXHUKH, BKIIOUas CHCTEMy 3aXBaTa B hase pactsopa (Hanpumep, cucteMy Agilent SureSelect),
cucTeMy 3axBaTa B TBepioi ¢ase (Hampumep, cuctemy Roche NimbleGen) mim MHIIEHB-
cenubuIecKyto aMmuadukanyo (Hanpuamep, cucreMy RainDance).

O06pasuel KpOBI/Iv OepyT y BOCBMH O€pEeMEHHBIX JEHIMH BO BPEMS HMX IIEPBOTO
TpuMecTpa. B kaxzom ciaydae skerparupyroT JHK u3 3,2 Mir miasMel ¢ OMOIIBIO MHUHHHa00pa
DSP DNA Blood (Qiagen). KapumotunupoBakue, BHIONHEHHOE Ha 00pasuax XOPHANBHBIX
BOpCHH (COBPaHHBIX [OCIE B3ATHS 0OpA3lOB MaTEPHUHCKOH KPOBH), IOKA3BIBAET, — JeThIpe
wroxa umerot T21 (UK229, UK510, UK807, PW421), B T0 BpeMs KaK APYTUe YETHIPE SBIIOTCL
SyILIOHIaME Mysxckoro rona (PW226, PW263, PW316, PW370).

B KaIoM ciIydae UCIoNb3yloT 5-30 Hr I[HK I71a KoHcTpyupoBanus 6ubnmorexu JTHK ¢
OMOIIEI0 Habopa Mg IOIyYeHHs o6pa3u013 cnapennbix KoHNOB (Illumina) cormacHo
POTOKOIY MOMydeHHs OOpasUoB s CEKBCHHPOBAHMS C HMMYHONDCLMIHTAIMEH ¢
XpOMaTHHOM, npecrasieHHoro msroropurenem. JJHK ¢ JIMrHpOBaHHEIM afeNTEPOM OUHINAIOT
HeHOCpCI[C’fBCHHO C HCIIOJIB30BaHUEM CITUH-KOJIIOHOK, npenécTaBﬂeHme B HabOpe ISl OUUCTKH
npoxykro TP QIAquick (Qiagen), Ges ndnonnmenmoro orbopa o pasMepam. 3areM
ammméoumupytor JIHK ¢ JMMHpOBaHHBIM aJeNTePOM C MCIONIb30BaHHEM 15-IMKI0B TP co
CTaHApTHBEIMK mpaiiMepaMu. IIpa¥iMepsl IpeACTaBIAIOT éofioi’x npaiiveps! i [P PE 1.0 u
2.0 or Illumina. Bu6Gmmorekn JIHK omnpenensioT KOJIMYECTBEHHO C MCHONbB30BaHUEM
ciextpodoromerpa NanoDrop ND-1000 (NanoDrop Technologies) u aHalnusupywoT B
6uoanamsarope 2100 ¢ mcmonbsosanueM HaGopa DNA 1000 (Agilent) mnst KoHTpoii 3a
pacnpelelleHHeM 0 pasMepam. HonyqaloT 0,6-1 Mxr 6uGnuoTexu ammuubunuposanso# JTHK
TLIA3MBI JUIs KaXKI0ro o6pasiia ¢ yCpeIHEHHBIM pasMepoM npaMepHo 290 1w.o.

Bu6motexa SureSubset Human All Exon nomydennas ot Agilent u cogepxut 37,8 Mm
YEIOBEUCCKUX HK30HOB (KaTanokHeiid Homep 5190-2310). Jlnga BceX BOCBMH CITy4daeB B JAHHOM
uccienoBarnyd 500 Hr 6Gubnmorekm ammmbnuposarHoi JIHK mnasMel B KaxAOM cﬂyqae
MHKYyOHUpPYIOT ¢ 30HAaMH 3aXBara B TeUeHHE 24 YacoB IpH 65°C cormacHO HHCTPYKIHSIM
msroroBuTexss. Ilocie TMOpUOW3AIMM 3aXBa4eHHBIE MUIICHH OTOMPAIOT IyTeM éGopa
OMOTHHIINPOBAHHEIX THOPHIOB 30HI/MHINEHb C HCIIOIH30BAaHUEM MAarHUTHBEIX IIapHKOB,
ITOKPBITBIX CTpenTaBH/:[HHOM (Dynal DynaMag-2 Invitrogen), ¥ OYHMINAIOT B HCIOIB30BAHUEM
Habopa mis oumctkn MinElute PCR (Qiagen). Haxkoner, Meuensle O6ubmmorexku JTHK
oboramaror 12-muxtamu TP ammmdukaum ¢ npaiivepamu SureSelect GA PE ot Agilent.
IIpoxykter I[P 04HINAOT C UCIIONE30BaHMEM Habopa JUIs OYMCTKH IPOXYKTOB ‘IILIP QIAquick
(Qiagen). '

Bocems map 6uGIHOTEK, 0GOTAIEHHEIX ¥ HeOOOTalleHHEX MUIIEHBIO, 3arpyKaroT Ha 16

TI0I0C JBYXOPOTOYHEIX SIMEeK U 3aTeM CEKBEHHPYIOT ¢ HOMOIIBI0 M'eHOMHOTO aHAlM3aTopa Tix
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(Illumina) ¢ ucmoabp30BaHKUEM 36 11.0. X 2 B popMaTe CapeHHBIX KOHIIOB. Bee nanusie mo 36 1.o.
BEIPDABHHMBAIOT C O3TAJOHHBIM TEHOMOM YeJOBEKa ¢ HEMaCKUpOBaHHBIMH IoBTOopamu (Hgl8)

(http://genome.ucsc.edu) ¢  HCHOJB30BAaHHEM  IPOrpaMMBI  BHEIPABHHBAaHUS  KOPOTKUX

omuronykineotuoB 2 (http:/soap.genome.org.cn./). [laHHBIe 1O pasMepaM (QpParMEHTOB IIO

CIIapEHHBIM KOHIAM OIpenessiioT Kak kojebmonmmecs oT 40 mo. g0 600 n.o. Pazmep kaxmoro
cexBeHHpoBaHHOro (parmenTa /[HK BeIBOIIT M3 KOOpIMHAT CaMBIX JATbHHX HYKICOTHIOB Ha
o0oux KOHIax.

AHajTi3 pa3MepOB 1 IPEHATAIbHOT0 00HAPYKeHHUs TPHCOMHUH 21 y rioxa

B pmamHOM mnpumepe nonu ob6miedl UIMHBI, BHOCHMBIE -KOPOTKUMH (bparMéHTaMn,
BEIYUCHAIOT JUIsI XPOMOCOMEI 21 ¥ 3TaJOHHBIX XPOMOCOM, npeL[CTaBﬁeHHLIe Fa1 m Fre
COOTBETCTBEHHO. OTAJIOHHBIC XPOMOCOMBI BKIIOYAIOT BCE ayTOCOMBI 3a HCKIIOYECHHEM
xpomocoM 13, 18 u 21. Oburyto JuivHy BEYHCISAIOT cyMMupoBaHHeM Beex gparmentoB JJHK B
600 11.0. mnu MeHbIIE. Pazaudaue Mex Iy XpoMOcoMoH 21 U 9TaJOHHBEIMU XPOMOCOMaMH B JTOJISIX
IHEI (AF), BHOCUMBIX KOPOTKAME (hparMEeHTaMH, BEIYUCISIIOT KakK Fp; — Frer.

Qur. 31A npencrasisier coboi Ta6J1Hi1y, KOTOpasi NPENOCTaBIsAeT aHAIU3 DPA3MEPOB
COIJIACHO BOIUIOIIEHUAM HacTosmero u3o6pererus JHK mmiasmel 6e3 o6orameHus MAIeHbo. B
PasnMYHBIX CTOJIOIAX IIpUBOAMTCS o0mas JiuHa GpparMeHToB < 150 1.0. I XpOMOCOMEI 21,
obmas qrHa $pparmMeHToB < 600 1.0, I XpOMOCOMBI 21 ¥ MX OTHOILIEHHE KaK le. B npyrux
cToNIOLax NpUBOAUTCS o0mas [iuHa pparMenToB < 150 11.0. I STAJOHHBIX XPOMOCOM, 00IIast
miuHa GparMeHToB < 600 m.o. I STAJOHHBEIX XpOMOCOM H WX OTHOIIeHHE Kak F.r B
HoceqHeM CTONOIE IPUBOAUTCS pas3InIne MeXIy ABYMs goyisimu AF.

®ur 31B npeacTaBiaseTr cobod TabnMIly, KOTOpas NpPEeJOCTAaBIAET aHaIM3 pa3MepoB
COIVIACHO BOIUIOIIEHHMAM HacTosmero usobperenus JHK mimasmer ¢ oboramieHneM MHIIEHBIO.
Cron6ipt Ha dur. 31 EMeroT ToT ke GOpPMAaT JaHHEIX, KaK B Ta0uIe Ha (ur, 31A.

| @uwr. 32 npencrasigeT coboit rpadpux AF mig T21 u symnouaHsix o0pasioB ¢ win 6e3
oborameHus Mumedbplo. s oOpa3uoB 06e3 o6OramieHHA MHIIEHBIO C HCIOIB30BAHHEM |
BenuuuHEl nopora st AF 0,005 o6pasis! miasmel npu 6epemensoct ¢ 121 u syrurongHoM
6epeMERHOCTH MOXHO Nu(HEpPHHIEPOBATE ¢ TOUHOCTHI0 100%. T 06pasoB ¢ 0GoraleHHeM
MHIIEHBIO C HCIONB30BAHUEM BEIUYUHBI IOpOra IS AF 0,004 of6pasme!l mIa3MB TIpU
6epemennoctu ¢ T21 u 3ymmonaHOH GepeMEHHOCTH MOXKHO AU((HEPEHIHPOBATE ¢ TOYHOCTHIO
100%. JJanHbIi npuMep TeMOHCTPUPYET, YTO aHAIMU3 HA OCHOBe Pa3sMepoB MOXKHO BBILIONHATE C
HCIOJB30BAHUEM HAICIIEHHOTO CeKBeHUpoBaHMA. [lina obHapyxenus T21 Moxer OBITH
BBITOJIHBIM HCIIONB30BAHUE HALENCHHOIO CEKBEHHPOBAHMSA JUII XPOMOCOMEI 21 W 3TaJOHHOM
XpOMOCOMEI, Tak 4T0 50% CEeKBEHHMpOBaHHA HaIPaBICHO Ha IEPBYIO XPOMOCOMY H OCTAIBHOE

HalIpaBJICHO Ha  IIOCJICIHIOIO. Taxkoe HCIIOJTHCHHC MOXKET YMCHBIIUTH «pacxom»
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IIPOM3BOIUTEIFHOCTH CEKBEHHPOBAaHHS Ha YYaCTKH, KOTOPEIE HE OTHOCATCS HEIOCPEICTBEHHO K
obHapyxenuto T21. Takoe MCHONHEHWE MOXKET IIO3BOJIMTL CEKBEHMPOBATh OOpasibl OT
HECKOJIBKHAX TALMEHTOB C HKCIIOJB30BaHUEM MYJBTHUILUICKCHOI'O CEKBEHHPOBaHHsA (HaIpHUMED,
IIyTeM WCIIOJB30BaHUS WHACKCHPOBAHHOI'O CEKBEHHPOBZHMS WIM CEKBEHHUPOBAaHMA CO
IMITPUXOBBIM KOIOM). '

JIro6ble M3 KOMIIOHEHTOB IPOrpaMMHOro obecrmedeHus WM (QyHKOWH, ONMHMCAaHHBIX B
IaHHOU 3asBKE, MOTYT OBITh OCYIICCTBICHBI B BHUAE NPUKIAJHBIX IIPOrPaMM, BHINOIHIEMBIX
IPOIIECCOPOM, C MCIONB30BAHUEM JIOOOTr0 MOJXONANIEr0 MAIUMHHOIO A3bIKA, TaKOro Kak,
manpuMmep, Java, C++ mmm Perl, ¢ MCIONB30BaHHEM, HAIPHMeEp, OOBIYHBIX WU OOBEKTHO-
opHeHmpOBaHme' MetonoB. IlpukiamHele mHporpaMMbl MOI'YT XpaHHTBCS Kak Habop
MHCTPYKIMH MM KOMaH[ Ha MalIMHOYUTAaEMBIM HOCHTENE MHQOpMalUU A1 XpaHEHUS W/HIU
nepeaady - JaHHbIX, IIOAXOLAMHNC HOCHUTCIIM BKIHOYAIOT BaHOMI/IHaIOH.Ieé ycmOﬁCTBO C
pou3BoNbHON BEIGOpKoH (3VIIB), mocTosHHOE 3amoMmHaromee ycrpoicteo (TI3Y),
MarHuTHBI HOCHUTENb, TaKOM KaK JKECTKHH MMCK WIM JHCKETa, WM ONTWYECKHUH HOCHTENb,
Tako# kak KommakTHeA muck (CD) mmi DVD (uudpoBoil yHHBEpCanbHEIH AHUCK), (IaImI-
3allOMMHAIoNee yCTpOMCTBO ¥ T.I. MamMHOYMTAaeMBI HOCUTENb HHGOPMAIUU MOXET
IpeNCcTaBiIsITh co00# J0OYI0 KOMOMHAIMIO TaKUX YCTPOMCTB Il XpaHEHHS U Iepeaadu
HH(bOpMAIIHH.

Takue OpOrpPaMMEI TAKKe MOTYT KOAMPOBATHCS U HepefaBaThcsl C HCIOIb30BAHHEM
HECYIIUX CHUTHAJOB, aJallTUPOBAaHHBIX IS IMEpeHOoca IO IIPOBOJHBIM, ONTHYECKHUM W/WIH
6eCIIPOBOIHBIM CETSM, COOTBETCTBYIOIIMM Pa3lIMYHBIM [IPOTOKONaM, Bkirouas WurepHer. Kak
TAaKOBOM, MAIIMHOYMTAEMBIH HOCHTENs HH(OPMALME COITIACHO BOILIOMICHHIO HACTOSILIIETO
n3006peTeHUs MOXKET OBITh CO3/aH C UCIIONH30BaHUEM CHTHANA JAHHBIX, KOJTUPOBAHHOTO TaKUMH
nporpaMmaMi. Yo0o4yuTaeMble KOMIIBIOTEPHBIE HOCHTENH HHOGOpPMAalUH, KOAUPOBaHHEBIE
IPUKJIaJHEIMA npofpaMMaMH, MOT'YT OBITh COOpaHbl B IAKET C COBMECTHMBIM YCTPOMCTBOM FUIH
IPEOCTaBIEeHB OTAENBHO OT JIPYTHX YCTPOMCTB (Hampumep, depe3 3arpy3ky B HHTepHeT).
JIrobo¥ Takoll MalIMHOYUTAEMBIH HOCHTENh MH(POpPMAIMM MOXKET OBITh pa3MEIeH Ha WIH B
paMKax OJHOTO KOMIIBIOTEPHOTO MPOrpaMMHOIC HpPOLYKTa (Halpumep, JKECTKOTO IICKa WITH
BCEH KOMIIBIOTEPHOW CHCTEMEI), M MOXET OBITH NPEICTaBICH Ha WIU B pPaMKaxX pa3IUdHBIX
KOMIIBIOTEPHBIX IIPOrPaMMHBIX IIPOTYKTOB B CHUCTEME MK ceTd. KOoMIIBIOTepHAsI CHCTEMa MOXKET
BKJIIOYaTh MOHHUTOP MJIM IPYyTrod HOAXOMSMIMH AWCILICH Ui MPEJOCTABICHUS IOJB30BATEIIIO
TI0OBIX pE3yNIbTaTOB, YKa3aHHBIX B JIAHHOM OITMCaHHH.

IIpumep KOMIIBIOTEpHOM cucTeMBbl MokasaH Ha ¢ur. 33. IlomcucTeMsl, MOKa3aHHBIE Ha
¢wur. 33, B3aHMOCBA3aHbl 9epe3 CHCTEMHyI0 Maructpans 3375. IlokasaHEl [ONOIHATEIBHEIC

IIOZCHCTeMEB], Takue Kak mpuHrep 3374, xmaBuatypa 3378, QukcHpoBaHHEIH jmck 3379,
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MOHHTOp 3376, KOTOpbIE IOACOSAMHEHE! K ajanrtepy Aucivies 3382, u Jpyrue NOICHCTEMEL
Tepudepunitnpie ycrpoiicTBa u ycrpoiictBa BBoAa/BeiBosa (I/O), KOTOpHIE COSIUHEHEI C
KOHTPOJLIEpoM [/O, MOTYT GHIThH COEIMHEHBI ¢ KOMITBIOTEPHOM CHCTEMOM JIFo0bIMU criocobamy,
 M3BECTHBIMH B TeXHHKe, TakKUMM Kak IociaemoBarensHeid  mopr 3377. Hanpuwmep,
nocienoBarelbueii mopt 3377 wiu BHemHuMHA uHTepdeidc 3381 MOXHO KCIONB30BATH LA
COCIMHEHHS KOMITBIOTEPA ¢ TIIOOATBHON CEThIO, TaKol Kak HTepHEeT, BBOIHEIM YCTPOHCTBOM
GMBILIBIO» MK CKaHepoM. B3amMOCBI3b dYepe3 MAarucTpalb IO3BOJSET ICHTPAJIbHOMY
nporeccopy 3373 B3auMOZEHCTBOBATh € KaXKAOH IIOJCHCTEMOH M YNPABIATH BHITOIHECHUEM
KOMaHJ H3 NaMITH cHcTeMbl 3372 wim ¢ QukcuposaHHoro mucka 3379, a takke oOMeH
uHboOpManmell Mexxy moacucTeMaMmu. Ilamare cucteMsl 3372 w/minu (PUKCHPOBAHHBIA JHCK
3379 MOryT 3aKJII0YaTh B cebe ManIMHOYUTAeMBIil HOCHTENb HH(QOPMaLUH.

KOMIIbIOTEpHAas CHCTEMa MOXKET BKJIKOYaTh HECKOJIBKO OJMHAKOBHIX KOMIIOHEHTOB HIIH
IIOJICUICTEM, HallpiMep, COeIMHEHHBIX BMECTe HapyXHEIM HHETepdeiicom 3381 mIn BHYTpEHHUM
unrepdeiicom. B HEKOTOPHIX BOIUIOMIEHHSX KOMIIBIOTEPHBIE CHCTEMEI, INOJICHCTEMAa MK
pubOpPE MOTYT B3aMMOZeHCTBOBATH 110 Beeii ceTr. B Takux CllyyasX OJWH KOMIIBIOTED MOXKET
PaccMaTpHMBATLCSA KaK IOJIB30BATeNb, a APYroif KOMIBIOTEp Kak 0OCIyXMBaIoliee yCTpOHCTBO,
rae KaKIObi MOXET IMpeACTaBIsITh co0OH 9acTh KOMIBIOTEpHOHM cucreMsbl. IlomssoBarents u
00CITy>XHMBaIOIllee YCTPOHCTBO MOTYT BKIIFOUATh, KaXIbIM, HECKOIBKO CHCTEM, IOJCHCTEM HIIH
KOMITOHEHTOB.

Crenpduyeckue JeTaau ONPEAeTeHHBIX BOILTOMIEHHH MOXHO KOMOMHHPOBAThH JIIOOBIM
HOIXOMAIMMM criocoboM 6e3 0TXofla OT CYIIHOCTH M 00bemMa BOIUIOIIECHUH H300pEeTeHUSL.
OnHako  Ipyrue BOIUIONMICHHS H300DETEHHMs MOTYT OTHOCHTBCS K  CHeHU(bHICCKUM
BOIUIOWIEHHSM,  KACAIOMIIMCS  KaXIOrO OTHEABHOTO AacleKTa, WIM  CHelHdHYECKUM
KOMOWHAIMSIM TaKUX OTJICIbHBIX aCIIEKTOB.

IMpuBeeHHOe BHINIE OIMCAHWE IIPHMEPOB BOILIOIIEHMH H300pETEHHs IPEACTABICHO B
HeNnsX WLIFoCTpaIuy u omucanus, OHO He NPeIHa3HA4YeHo IS TOTo, 9YTOOH N300peTeHHe TOIHO
MCYEPIBIBAIOCH MIIM OTPaHAYUBAIIOCH OIHCAHHBIM, X B CBETE BBIIIEH3/I0KCHEOr0 BO3MOYKHEI
MHOT'HE ‘Moz(mbmcaunn M U3MeHeHHs. BONIOMmeH s BEIOPAHE! ¥ OMKCAHEI ¢ IENbI0 HAWITYYLIEro
HOSICHEHHS TPUHITATIOB H300PETEHNs U €r0 MPaKTUIECKOro NPUMEHEHH, TOCPENACTBOM KOTOPKIX
JpyTHe CIENHaIUCTH B JaHHON O0IaCTH TEXHUKHM CMOTYT HaWIydIIHM o0pa3oM HCIONIB30BATH
H300peTeHrHe B PAa3IMYHBIX BOIUIOMICHUSX U C Pa3sIUYHBIMM MOTUHUKAIMAMY, KOTOPHIC
MOAXOIAT ISl OTIPEAEIICHHOTO0 PacCMAaTPUBAEMOr0 IIPUMEHEHHMS.

Bce myGmnukanuy, NaTeHTH ¥ 3asBKU Ha ITATEHTHI, IUTUPOBAHHEIE B JaHHOM ONMCAHMUH,

BKIIIOYCHEI B HETO B Ka4€CTBE CCHIIIOK.
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©®OPMYJIA U3OBPETEHUA

1. Crioco6 BEIOMHEHHS PEHATAILHON JUarHOCTHKH AUCOaIaHCa TIOCIeN0BaTEIbHOCTE !
B GMONIOTrHYecKOM 06pasiie, IIOILyYEHHOM OT GepeMEHHOM KEeHIIHHEL, IPH 3TOM GHOOrIaecKuit
obpaszel; BKIIOYAE€T  MOJEKYIIBI HyKﬁeHHOBmx KHCIIOT, KOTOpHIE SBJISIOTCS  YacTHIO
HYKJICOTAIHBIX IIOCIIEIOBATEILHOCTEH, BKIIOYAFOIIHIA:
JUTS Ka)XKTOM U3 MHOXKECTBA MOJIEKY I HyKJICHHOBBIX KHCIIOT B OHOIOMHYECKOM 00pasIe:
H3MEpEHHe pasMepa MOJIEKYJIBI HYKJICHHOBOH KUCIOTE,
HACHTADUKAIMIO TOro, M3 KaKo# HYKJICOTHRHOH TIOCIIEIOBATENLHOCTH
HPOHMCXOIUT MOJIEKYJIa HYKJICHHOBOM KHCIIOTEI,
paclpeneneH e mo pasMepaM MOJIEKYJI HyKJI€HHOBBIX KHCIOT, COOTBETCTBYIOIHX
IIEPBOU ITOCIEI0BATEIEHOCTH C ITOMOILLIO KoMnLIorepHoﬁ CHUCTEMEI; U
oTpeliclIeHue Ha OCHOBAHHUH IOIyYEeHHOI0 pPacHpesielieHus II0 pasMepam,
CYIIECTBYET JIx JucOanaHc MOCIe[0BaTeNbHOCTEH [Jist IIEPBOM MOCIIEN0BATEIFHOCTH.
2. Crioco0 1o 1.1, Taxke BKIFOYArOLMiL:
ONpPENENCHHe MATEPHHCKOrO TIeHOTHNA OEpeMEHHOI JKSHNIWHEI, IPH 3TOM IIEpBas
[IOCIIEZIOBATENIFHOCTE COMIEPIKUT, IT0 MEHBIIEH Mepe, 9acTh MaTepHHCKOr0 I'eHOTHIIA; 1
ONPCACICHUE HA OCHOBAHHWM MATEPUHCKOrO TeHOTHIa OepeMEeHHON JKEHINMHBl H
YCTaHOBJICHHOI'O ~ DacHOpefeNeHus 10  pasMepam, CylmiecTByeT N aucOalaHc
TIOCTIe/IOBATEIBHOCTEH JUIs [IEPBOH IIOCIENOBATEILHOCTH B OHOJOTHYECKOM 00pasie, IIo
CPaBHEHHIO C MaTEPHHCKHM MEHOTHUIIOM.
3. Criocob 1o 1.2, Takxe BKIFOYAIONIHI:
UCIOJIb30BaHKE PE3YIBTATOB JUISl ONPEACIICHIS TeHOTHIIA ILI0A.
4. Crioco6 o 1.1, Taxoke Bicmoqalomnﬁz
OIpPENEICHAE MaTEPUHCKOrO TIaiioTHna OepeMEHHON JKEHINMHBI, IPH 3TOM IiepBas
IIOCJIEJOBATENEHOCTE COJIEPIKHT, [0 MEHbIIEH Mepe, 4acTh MAaTEPUHCKOTO IallIOTHIIA;, K
OIIpE/e]ICHHEe Ha OCHOBAHMHM MATEPHHCKOTO TIalUIOTHIZ OEPEMEHHOH JKEHIIMHBI |
YCTaHOBICHHOTO  paclpelelicHHss 110  pa3MepaM,  CYIIeCTBYeT M  mgucHaiaHc
HocneJIOBaTeﬂLHocfeﬁ JUIL TIEPBOH MOCIENOBATENEHOCTH B GHOJOTHYECKOM obpasme, o
CPaBHEHHIO C MATEPUHCKUM TAILJIOTHUIIOM.
5. Crioco6 1o 1.4, Téme BKJIIOYAIOIIIHI:
OIIpENIEJICHHE OTLOBCKOIO I'€HOTHIIA OTIA IIJIOAA; U
HCIIO/Nb30BAHAE OTHOBCKOTO IeHOTHIIA JUIS OTpEeNieICHHS, gBJI;ieTc;[ J¥ aHAIU3UPYEMBIH
AucOananc mocaenoBaTebHOCTEH CBEPXIIPEICTABICHHOCTHIO MM HEJONPE/ICTABICHHOCTEIO 110

CpaBHeHI/IIO € MaTCPUHCKHM IallJIOTHIIOM.
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6. Crioco6 1o 1.4, TakKe BKIIOYAIONTHN:

HCIIONIB30BAHHE PE3yJIBTAaTOB JUIs ONPEACICHHS IallIOTHIIA IUTOIA.

7. Cnoco6 1o 1.1, rie neppas Mociea0BaTelbHOCT NIPECTaBIsIeT COO0H XpOMOCoMy, U
auc6aTaHc IMOCIEN0BATEILHOCTEH ABISETCS (eTaNbHOH XPOMOCOMHOM aHEYIIOMINEH.

8. Croco6 mo m.7, Tie MHOXECTBO MOJIEKYJ HYKIEHHOBBIX KHCJIOT NPEABAPUTEIHHO
otobpaHO Ha OCHOBaHHUH pa3zMepa. |

9. Cmocob6 1o 1.8, I/ie MHOXECTBO MOJIEKYJ HYKICHHOBBIX KHCJIOT HMPEBAPUTEIHHO
0TOOpaHO Kak MOIEKyIbl, mMeronme MeHee 200 I.0., HIH IIpeIBapHTEIBHO OTOOpPAaHO Kak
MOJIEKYJIBL, HMéIomHe menee 150 m.o.

10. Cmoco6 mo n.g, IJIe MHOXKECTBO MOJIEKYJ HYKJIEMHOBBIX KHCJIOT NpeABAPUTEIHHO
pasjeleHo, 10 MEHbHICH Mepe, Ha JBe IPYIIEL, IIPUYEM KaXzas MMEET PasIuYHbBIN HHTEpBAI
pasMepoB, IPH HTOM CIIOCO0 TaKKe BKIIOYAET:

OTIpeNieNICHHEe PacIpelesieHds HO pasMepaM MOJEKYJd HyKICHHOBBIX  KHCIIOT,
COOTBETCTBYIOIIHX IEPBOH XPOMOCOME, [Ist KA 101 TPYIIIIEL; ’

| CpaBHEHHe PaclpeeIeHHH 110 pasMepam K,

ompejelicHre Ha OCHOBAaHHUHM CpaBHEHHS CYIIECTBYeT 1M (eTandbHas XPOMOCOMHAS
aHEYIUIOUIUS AT IIEPBOH XPOMOCOMBI.

11. Cooco6 mo 1.7, TOe OmpeAelcHUE pacIpelelieHMs [0 pasMepaM MOJEKY.
HYKJICHHOBBIX KHCJIOT, COOTBETCTRBYIONIMX MEPBOil XPOMOCOME, BKIIIOYAET:

BLIYMCIICHHE IS KaKIOM M3 MHOXECTBA XPOMOCOM CTaTHCTHYECKOIO I10Ka3aTess

cho;m U3 pa3MepoB MOJIEKYJI HyKICHHOBEIX KHCIIOT, C/OOTBeTCTByIOIIH/IX XpOMOCOMe %4
TJie ONpe/IeIeHHe Ha OCHOBAHUM YCTaHOBICHHOI'O PaclpeieICHUs 10 pa3MepaM, CyIeCTBYET JIH
¢beTanpHag XpOMOCOMHAs aHEYIUIONANS AJIA IIEPBOM XPOMOCOMEI, BKJIFOYAET:

OIIpEe/IEIICHNE PAKHPOBKH XPOMOCOM Ha OCHOBéHHI/I CTaTUCTUYECKOTrO [10Ka3aTes,

CpaBHEHUE YCTAHOBJIECHHOH PaHXUPOBKM IIEPBOH XPOMOCOMEI C JIPYrOM PaH)KUPOBKOH
IIEPBOM XPOMOCOMBEI, IOJYYECHHOM U3 3TAIOHHOTO GHOIOTHYECKOro 00pasia, ’ ’

ompelie/icHe Ha OCHOBaHWH CpaBHEHHS CYHIECTBYET JM (eTaJbHas XpOMOCOMHas
aHeyIUIOW/IUs sl IIEPBOX XPOMOCOMBL.

12, Cmoco6 mno 1.7, TAe ONpeAciieHUE pacHpelesIeHuss II0 pa3MepaM MOJIEKY.I
HYKJIEMHOBBIX KUCJIOT, COOTBETCTBYIOLIMX IEPBOM XPOMOCOME, BKIIIOYAET:

BBIYHCIICHHE IIEPBOTO CTATUCTHYECKOIO IIOKA3aTeNs U3 Pa3MEPOB MOJIEKYJI HyKJIEHHOBEIX
KHCJIOT, COOTBETCTBYIOMIKX IIEPBOHM XPOMOCOME,

BEIYHCIICHHE BTOPOTO CTATHCTHYECKOTO MOKA3aTeNIs U3 Pa3MEPOB MOJIEKYIT HyKJIeI/IHOBLIX
KHUCJIOT, COOTBETCTBYIOIIHX OJHON MIIM HECKOJIBKUM IPYIHMM XpOMOCOMaM; U

TJI¢ OIpEICICHHE Ha OCHOBAHWHM YCTAaHOBJICHHOI'O DpPacCHpe€iCIiCHUs II0 pasMepam,
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CYLIECTBYET JIM (peTalbHask XpOMOCOMHAS aHEYTUIOWAUS IS [IEPBOH XPOMOCOMEI, BKIIFOYAET:

opesieIeHMe TIOKA3aTe s PaseNe s MEXTy EPBBIM CTATHCTHYECKHM [I0KasaTeneM U
BTOPBIM CTaTHCTHYECKUM IIOKA3aTeIEM,

CpaBHEHME [OKa3aTelsd pasieleHus C OIHOM WM HECKONBKHMH - IIOPOTOBEIMU
BEIMYUHAMH, U v

OIpeJieNeHHe Ha OCHOBAHMM CDaBHEHMs CyIIeCIBYeT 1 (eranbHas XPOMOCOMHas
AHEYIUIOMINSA AJIS IIEPBOU XPOMOCOMEI.

13. Croco6 o n.12, rae nokasaTens pa3fAeiaeHHs [IpeCcTaBIsIeT coboi pasnnﬁne MEXTY
nepBLiM CTaTHCTHUYECKUM IIOKa3aTelleM U BTOPBIM CTaTHCTHYECKUM IIOKa3aTeIeM WM Pe3ybTaT,
nonyquHHﬁ W3 pasiinyusl. |

14. Crioco6 1o 1.12, rue nepBblif cTaTHCTUYECKUI NTOKA3aTENb U BTOPOA CTATHCTUYECKUM
II0Ka3aTelb BKIIOYAIOT yCPEIHEHHBIM pasMep OT H3MEPEHHBIX Pa3MEPOB MOJIEKYJI HYKJIEHHOBBIX
KHCJIOT, COOTBETCTBYIOIIHX COOTBETCTBYIOLIEH XPOMOCOME.

15. Coco6 no 11.12, rae nepBelii CTATHCTUYECKUN TOKa3aTeIb U BTOPOM CTaTUCTHYECKUH
I10Ka3aTejlb, COOTBETCTBEHHO, BKIIFOYAIOT IIEPBYIO CYMMY Pa3MEPOB COOTBETCTBYIOIUX MOJIEKYJI
HYKJIEMHOBEIX KHCJIOT, KOTOPHIE HMEIOT pa3sMep HUXKE [IEPBOTO TOPOTOBOTO pa3Mepa.

16. Croco6 mo 1m.15, rae IIEPBBIM CTATUCTUYECKUAN ITOKA3aTelb BKIIIOYAET [IEPBYIO CYMMY,
NEeJIEHHYI0 Ha BTOPYIO CYMMY, ¥ IIPH 3TOM BTOpasi CyMMa IIPeJCTaBiIsgeT co00i CyMMy pa3MepoB
BCEX COOTBETCTBYIOIIMX MOJEKYJ] HYKICHHOBBIX KHCIOT MIHM IpEACTaBisieT COOOH CymMMy
Pa3sMEpPOB COOTBETCTBYIOMMX MOIEKYN HYKICHHOBEIX KHCIOT, KOTODHIE HMEIOT pasMep HmXe
BTOPOI'0 IIOPOrOBOIO paszMepa, IpHUYeM BTOPOH IOPOTOBBIM paszMep Oonblle, YeM IIepBEIM
IIOPOTOBBIN pazMep.

17. Crioco6 1o .15, riae nepBbIi CTaTHCTHYECKHUIH [TOKA3aTellb BKIIOYALT [IEPBYIO CYMMY,
JEIICHHYIO Ha BTOPYIO CYMMY, M IIDH 3TOM BTOpas CyMMa IpeICTaBIsieT co00i CyMMy pa3mMepoB
COOTBCTCTByIOIIII/IX. MOJIEKYJI HYKJIECHHOBBIX KHCJIOT, KOTOpBEIE OOJBIIE BTOPOI'O IOPOrOBOTO
pasmepa.

18. Croco6 mo m.17, re BTOpOM IIOPOTOBHIA pasMep pPaBeH IEPBOMY ‘HOPOI‘OBOMY
‘pasmepy, ¥ IIpH 3TOM BTOpas CyMMa Pa3MEpOB SBIIIETCA CYMMOH pa3sMepoB, KOTOPBIE HIDKE
TPETBEr0 IIOPOrOBOTO pasMepa, NpWUYeM TPETUH IIOpPOroBhId pasmep Goinblie, YeM BTOPOH
TIOPOTr'OBEIH pazMep. |

19. Criocob mo 11.15, Takke BKIIOYAOIIHIHA:

ﬁOBTopeHHe BBIYMCIIGHHUS MEPBOTO  CTATUCTHYECKOrO0 [MOKasaTelds ©  BTOPOIO
CTaTUCTHYECKOIO NOKAa3aTels A1 MHOXKECTBA MEPBBIX IOPOTOBBIX PasMEpOB M ONPEICIICHHE
TOKA3aTeNA pa3IeeHuUs MEXTy IEPBBIM M BTOPBIM CTATUCTHYECKUMH HOKa3aTEILIMHU >JIJI}I

KaXxXnoro mepsoro noporosoro pasmMepa; u
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HUACHTH(OUKAINIO SKCTPEMyMa [I0Ka3aTelIeH pasIeICHHus.

20. Crnoco6 mo .16, Takxke BKJnoqa}omﬁﬁ:

CpaBHEHHE KCTpeMyMa ¢ OAHOH WM HECKOIBKIMU I‘IOpOI‘OBI;IMI/I BEJIMYMHAMHU.

21. Croco6 1o 11.16, Takxke BKIIOYAIONIHN:

UICHTU(PUKAIHIO IEPBOTO IOPOTrOBOr0 paéMepa, COOTBETCTBYIOIIETO SKCTPEMYMY; U

CpaBHEHHE [IEPBOT0 [OPOTOBOTO pa3Mepa, COOTBETCTBYIONIEH SKCTPEMYMY, C OJTHON I
HECKOJBKMMHU ITOPOTrOBEIMM BETHIHHAMHU.

22. Crocob 1o 1.7, rae Guosorudeckuit odpasel BKIFOYaeT KPOBb, ILIa3My, CEIBOPOTKY,
MaTEepUHCKYI0 KpOBb, COICPKAllyl0 KIETKM IUIOJA, KIETKM IUIOAa, IOTyYeHHEIE W3
MAaTEPUHCKON KPOBH, MOYY, CIIIOHY ¥ MATOYHYIO IIPOMBIBHYIO JKHMIKOCT.

23. KoMIbIOTepHBI MpOrpaMMHEIM TPOAYKT, BKIIOYAIOMMH MAaIIHHOYUTAEMEIA
HocuTeNb WHGOPMAUWH, XPaHAMHUNA MHOXKECTBO KOMaHHA JJs YIPaBICHHS IPOLIECCOPOM,
BBIIIONHSAIONIAM ~ONEPALHIO IS BBINONHEHHs IPEHaTANbHOM JMAarHOCTHKH AWcOamaHca
HOCJIENOBATENBHOCTEH B OGHOJOrHIecKoM 00pasiie, OITy4YeHHOM OT OepeMEHHOM KEHILMHBL, IIPU
3TOM GMOJIOTHYECKHil 06pa3ell BKIIYAET MOJIEKYIIE HYKJIEHHOBBIX KHUCIOT, KOTOPHIE SIBILTIOTCS
YaCTHIO HYKJICOTHIHBIX ﬁOCHeJIOBaTeHBHOCTeﬁ, IpUYeM KOMaHAbl BKIIIOYAIOT criocob 1o 1.1.

24. Cnoco6 BEIIOJHEHHS TPEHATAJILHOM JMArHOCTHKKM (ETaNnbHOM XPOMOCOMHOM
AQHEYIUIOUINN B GHOIIOTHYECKOM 00paslle, MOIYYeHHOM OT OEpeMEHHOH JKEHIIWHBI, IIPH 3TOM
OroIOrHYecKrit 00paser BKIIOYAET MOJICKY Bl HYKJISHHOBBIX KHUCJIOT, BKIIOYAFOIIMA:

IUIS KaXKIOM M3 MHOKECTBA MOJIEKYJI HYKICHHOBEIX KUCIOT B OHONIOTHYECKOM 0Opasie:

HU3MEpeHHe pa3Mepa MOJIEKYJIbl HyKJIEHHOBOH KUCIIOTEL,

UACHTU(QUKALUIO TOTO, W3 KAakOM XpOMOCOMEI IIPOHMCXOIUT MOJIEKyna
HYKJIEHHOBOW KHCIIOTEI,

BBIUHCICHHE CTATHCTHYECKOTO TOKa3aTeNs A KaXKI0M M3 MHOXKECTBA XpOMOCOM
UCXONs M3 Pa3MEPOB MOJIEKYJ HYKJICHHOBBIX KHCIIOT, COOTBETCTBYIOIIMX XPOMOCOME C
HCIIOJh30BaHNEM KOMIBIOTEPHOH CUCTEMEI;

OTIIpelielIeHHEe PAaHXXUPOBKM XpOMOCOM Ha OCHOBAaHHH CTaTHCTHYECKOTO
[oKa3aTeIs;

CpaBHEHHE OIIPEHENICeHHON paHXMpPOBKM IIEPBOM XpPOMOCOMBI C Jpyroi
paH)I(I/IPOBKvOI‘/'I IEpBOHl XPOMOCOMEI, anIyquHof/'I U3 STAJIOHHOTO OHOJOTMYECKOTO
oOpasiia; u

onpejleﬂeHHe_Ha OCHOBaHMH CPaBHEHUA CYIIECTBYET JIH (peTalbHass XpOMOCOMHAs
aHEeYIUTOUIUS IS IEpBOit XPOMOCOMEI.

25. Croco6 mo 11.24, rie cpaBHEHHE OIPEAEICHHON PaHXXKMPOBKH IIEPBOH XPOMOCOMEI €

JPYTO# PAmKHUPOBKOH [EpBOH XPOMOCOMBI, MOJIYYCHHOM H3 OTAIOHHOTO OHONOIHIECKOro
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o0pasIia, BKIKYaCT:
ONpeleNeHHe IEPBOIO ~ Pasiiyis MEXAy ONpPENENCHHOW — PaHXHUPOBKOMH

XPOMOCOMBI ¥ PAHKMPOBKOM STANOHHOM XPOMOCOMEI JUIs GHOJIOTHIECKOr0 00pasia;

OIIpeNeNIEHHEe BTOPOIO pasnﬁqwl MEXIy OPYrod paHXHUPOBKOM XPOMOCOMBEI U

PAHKHPOBKON 3TATOHHON XPOMOCOMBI IS STANOHHOTO OmonoruyecKoro obpasua; u

CpaBHEHHE Pa3/IHIHH.

26. Croco6 mo m.24, rae H3MEpeHHe pasMepa Kaxmoro (parMeHTa M3 MHOXKECTBA
(hparMeHTOB BKIIIOYAET:

noTydeHue GHOIOrHIecKoro 00pasna; u

CEKBEHHPOBaHME, 10 MEHBIIECH Mepe, YaCTH MHO)KECTBA MOJIEKYJI HYKICHHOBBIX KHCJIOT,

coflepKaIuxcs B GHOJIOTHIECKOM 00pasie.

27. Crioco6 mo 1m.26, Tie CEKBEHMpPOBAHHAs YaCTh KaXXJOH MOIEKYJBl HyKIEHHOBOM
KHCIIOTHI BKJIIOYaeT 00a KOHI[A COOTBETCTBYIOIIEH MOIEKYJIB HYKICHHOBOM KHACIOTHL.

28. Cnoco6 1o 1m.24, rie CTaTHCTHYECKM [MoKa3aTesh BKIIIOYAeT CPEIUHHBINA pasMep U3
U3MEPEHHBIX ~ Pa3MEepoB  JUIs  MOJEKYJ]  HyKICHHOBBIX  KHCJIOT, COOTBETCTBYIOLIHMX
COOTBETCTBYIOIIEH XPOMOCOME.

29. Crioco6 1o 1.24, Iie CTATHCTHYCCKHH OKa3aTelh BKIIOYAeT yCpeIHEHHBIH pasMep
U3 U3MEPEHHBIX pa3MepPoB JUIA - MOJEKYl HYKIEMHOBEIX KHCIOT, COOTBETCTBYIOIIMX
COOTBETCTBYIOIIEH XPOMOCOME.

30. Crooco6 mo 1m.24, rae W3MEpeHHbI pasMep MpeACTaBIsieT coOod [IMHY MM
MOJEKYJIAPHYIO MacCy WM M3MEPUMBIH TapaMeTp, KOTOPEIH COOTHOCHTCS ¢ JIMHOM.

31. Conoco6 mo 1m.30, rae M3MepeHHBIH pa3Mep NPeICTaBiieT coOOM HMHTEHCHBHOCTH
duryopeceHIy, KOTopasi COOTBETCTBYET JUIMHE.

132, Crioco6 1o .24, rne pamKHpOBKa HAET OT HAWUMEHBIIEro JO HaMBBHICIICTO
CTaTHUCTHYECKOTO MOKa3aTels.

33. Cnoco6‘ 1o n.24; r7ie pamKUpOBKa MIET OT HAMBBICHIETO [0 HAMMEHBIIETO
CTaTHCTHYECKOTO MI0Ka3aTEeNIs.

34. KOMIBIOTEPHBIA MpPOrpaMMHBIA HPOLYKT, BKIIOYAOMMH MalIMHOYUTAEMBIA
HOCHTEIb WHOGOPMAIUM, XpaHAMMH MHOXECTBO KOMaHI JUIs YIpPABICHUS IPOLECCOPOM,
BHIMOJHSIONMM ONEPALMIO JUIS BBHIIONHEHHA IPEHATATbHOH JMArHOCTHKH (eTanbHOH
XPOMOCOMHOM aHEYIUIOMIMH B OHOJOTHIeckoM o0pasie, IOIy4eHHOM OT OepeMeHHOH
XKCHIUHBI, [PU 3TOM 6Honomqecmﬁ obpasen] BKIIOYAET MOJEKYJIHl HYKIEHHOBBIX KHCIIOT,
IpUYeM KOMaHB! BKIIOYAIOT cr1ocob 1o 1m.24.

35. Cnoco6 BBIMOJIHEHHMS IIPEHATAIFHOM JUarHOCTHKU (eTanbHOHM XPOMOCOMHOM

AHEYIUIOWAUH B GHOJIOrMYecKoM 00pasle, MONYYECHHOM OT OEPEMEHHOM JKEHIIUHEI, [PU 3TOM
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Guonornueckuii o6paser BKIKYAET MOJIEKYIIbl HyKICHHOBBIX KHCIIOT, BKIIOYaOIIM:
IS KQXKTOH M3 MHOXECTBA MOJIEKYJI HYKIIEHHOBBIX KHCIOT B GHOJOTHYECKOM 0o6pasiie:
H3MEpEHHE Pa3Mepa MOJICKY B HyKIICHHOBO! KHCIIOTEL,
HIeHTHQUKAIMIO - TOTO, K3 KaKOH XPOMOCOMBI IPOHMCXOIHUT — MOJEKyna

HYKJICHHOBO# KHCIIOTHI;

BBEIYHC/ICHHS IIEPBOTO CTaTHCTHYECKOrO IOKasaTellsi HCXOOI U3 PasMepoB

MOJIEKYN] ~HYKJSHHOBBIX KHCJOT, COOTBETCTBYIOIIMX ~IEPBOM  XpoMOcoMe, ¢

HCIIOJB30BaHUEM KOMIIBIOTEPHON CUCTEMEI,

BBIYMCIEHHS BTOPOTO - CTATUCTHYECKOTO IIOKa3aTels HMCXOId U3 pPasMepoB

MOJIEKYJ] HyKJIEMHOBBIX KHCJIOT, COOTBETCTBYIOIIMX OIHOW HIM HECKOJBKMM JPYTHM

XPOMOCOMAM, C MCTIONb30BAHAEM KOMIIBIOTEPHOM cﬁm.‘emm;

| ONpefie/IeHHe  OKA3aTells . PAsAENeHHs MEXAy ICePBBIM  CTaTHCTHYCCKHM

[1oKa3arejaeM U BTOPBIM CTaTUCTUYECKHUM II0Ka3aTelIEM;

CpaBHEHME IIOKa3aTelsl pas3/ielleHus C OIHOW MM HECKOIBKMMH IOPOTOBBEIMHU

BEITHYHHAMU; U | ‘

onpejeeHre Ha OCHOBaHUY CPaBHEHHS CYLIECTBYET M (ETaIbHas XpOMOCOMHAs

QHEYILUTOUIHUS IS IEPBOH XPOMOCOMBI.

36. Crmoco6 mo 1m.35, rae nokasaTeisb pa3feIcHUs NIPEACTaBIIsIET co6oﬁ_ pasiingue Mexny
NEPBEIM CTATHCTHIECKUM I10Ka3aTEIEM U BTOPHIM CTATHCTHYECKUM II0KA3aTENIEM HITH PE3yIIbTAT,
IIOJTy4EHHBIH U3 pasingHs.

37. Cnoco6 mo m.35, rie moKasarenb pasleleHHs MpeACTaBIsieT co0oif oTHOImeHHe
[IEPBOr0 CTATHCTHYECKOro IOKa3aTelsi KO BTOPOMY CTaTHCTHYECKOMY ITOKa3aTelio WM
pe3yJIbTaT, IOJXY4YCHHbIN U3 OTHOIICHHUS.

38. Crioco6 mo 1m.35, rie mepBbIi CTATUCTHYECKUH T0Ka3aTellb ¥ BTOPOH CTaTHCTHHCCKHH
[IOKa3aTeNlb BKJIIOYAIOT YCPETHEHHBIH pa3Mep M3MEPEHHBIX PasMEPOB MOJIEKYJ HYKJIEHHOBBIX
KHCJIOT, COOTBETCTBYIOMIUX COOTBETCTBYIOLIEH XPOMOCOME. .

39. Croco6 1o .35, T/ie epBhIi CTATUCTUIECKUH 1TOKa3aTellb ¥ BTOPOH CTaTHCTHYECKUI
IT0Ka3aTellb COOTBETCTBCHHO BKJIIOYAIOT IEPBYIO CYMMY PasMEpPOB COOTBETCTBYIOMIMX MOJIEKYII
HYKJIEHHOBBIX KHCJIOT, KOTOPEIE UMEIOT pasMep HIKe MIEPBOTO IIOPOrOBOTO pasMepa.

40. Croco6 1o 11.39, rzie IIEPBBIN CTaTHCTﬁquKHﬁ MIOKA3aTeNb BKIIIOYAET [IEPBYIO CYMMY,
IeJIEHHY0 Ha BTOPYIO CyMMYy, ¥ IIDH 9TOM BTOpas CyMMa IIPEJCTaBIAET COO0H CyMMy pasMEpOB
BCEX COOTBETCTBYIOIIMX MOJIEKYII HyKJIeHHOBi,Ix KHCIIOT WM TPEACTaBIAET coboii quMy
pasMepoB COOTBETCTBYIOIIMX. MOJIEKYJ HYKIEMHOBBIX KHCIOT, KOTOPHIE HMEKOT pasMep HIKe
BTOPOTO nopormaoro pasMepa, IpHYEeM BTOpOHM IOpOrOBBEIM pasmep OGonbmie, YeM IIEPBEHIH

IIOPOTOBBIA pasMep.
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41. Crioco6 1o 1.39, rie IepBEIi CTaTHCTHYECKHH ITOKa3aTeNb BKIIIOYAeT [IEPBYIO CyMMY,
IETEHHYI0 Ha BTOPYIO CyMMY, ¥ IIPH 3TOM BTOpas CyMMa IIPEICTaBJIAET COO0H CyMMy pa3sMepoB
COOTBETCTBYIOIIMX MOJEKY] HyKICHHOBBIX KHCIOT, KOTOphle GOjblIe BTOPOTO noporoxsoro'
pasmepa.

42. Crnoco6 no 11.39, Takke BKIIOYarOIIIH:

IIOBTOPEHME BHIYHCICHMS MEPBOr0  CTATUCTHYECKOrO MOKasaTeld W BTOPOro
CTAaTUCTHYECKOTO IIOKa3aTeNs Il MHOXKECTBa IEPBOIO IIOPOrOBOIO pasMepa U ONpPEACIICHUEC
II0OKa3aTelss pasjJeleHus MeXIy HEPBEIM M BTOPEIM CTAaTUCTHYECKMMH IOKa3aTesIIMM ,im;r

" K&XIOM IEpPBOro IIOPOrOBOTO PasMepa; 1

UACHTH(UKALHIO SKCTpeMyMa [I0Ka3aTeeH pa3aeicHus.

43, Crioco6 1o .42, TaxKe BKIIOYAFOIIMI:

CpaBHEHME SKCTPEMYMa C OJHOH MIIM HECKOJIBKHMH NMOPOTOBBIMU BE/MYMHAM.

44, Criocob 1o 11.42, Taxke BKIFOYAIOMMI:

UACHTH(GHUKALKIO IIEPBOTO IIOPOrOBOTO pasMepa, COOTBETCTBYIOIICTO BKCTpeMyMy; "

CpaBHEHHE IIEPBOTO [IOPOrOBOTO Pa3Mepa, COOTBETCTBYIOMIETO SKCTPEMYMY, C OHOM MK
HECKOJIBKAMH [TOPOr'OBEIMH BETUYHHAMH.

45. Cnoco6 mo m.35, e omHa JIM HECKOJIBKO IIOPOTOBEIX BEJIWYHH OCHOBAHBI Ha
M3MepeHHH NPOLeHTHOro comepxanus peranproi THK B 6ronormdaeckom obpase.

46. KOMIBIOTEPHBI IPOTpaMMHBIH HPOXYKT, BKIIOYAIOMMA MaIMMHOYMTACMEBIH
HOCHTENL MHGOPMALNM, XpPAHSIIMHA MHOXECTBO KOMaHI JUIs YIPAaBJICHHS IIPOIECCOPOM,
BBITTOTHSIOIIIM onepaunm IVl  BBIOOJHEHMS IIPEHATANBHOM JIHAarHOCTUKH (eTaabHOU
XPOMOCOMHOM ~aHEYIUIOWIMM B OHOJOTHYeCKOM o06pasie, IOJTYyJ4EeHHOM OT OepeMeHHOM
JKEHIIUHBL, [IPU 3TOM OHONOrMYecKui obOpasel] BKIIOYAeT MOJEKYJB HYKICHHOBBIX KHCIOT,

npu4YeM KOMaHIbl BKIIIOYAOT cmocob mo 1m.35.
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, ' ' Paznnune - Pasnuuve
, , , N CpenHuit Cpennuii Mexqy ~ BeMumHa* P Cpesumit Mexay Benmunta* p
HassaHue Tpumectp deTanbHbIiA pasmep pasmep cpeaHmMi (xpom. 7 pasmep cpenHIMI {(xpom. 14
obpazua » KapuoTmn (parmMeHTOB  (bparmeHToB XpoM. 7 1 npotTuB  (pparMeHToB xpom. 14 npoTuB
- xpom, 21 XpoM. 7 xpom, 21 Xpom. 21)  xpom. 14 1 xpom. 21 XpoM. 21)
M4800-mywckoh mon ~ 3-uid  Synnowgruin 1562 157.0 0.8 008 1561 -0.1 0.822
M4801-MyxcKOM MOAT  3-uit  DyronaHbiil 151.2 151.7 05 0.085 151.5 0.3 0.564
M4814- Kenokwi Mon — 3wii  SymonaHeii  157.8 157.3 -05 0106 1568 -0.9 0.022
PWOOS-Eu-myxckoit non 1o Synnoumasii  146.0 146.1 0.0 0.527 145.9 -0.1 0.988
PWOO?—Eu-MYMCKoﬁ non 1-biii  JYTUIONAHLIA 1521 152.7 0.6 0.033 152.3 0.2 0.679
PWOO8-Eu- Myxckoit non 1-biii SynnouaHbiii 147.2 147.3 0.1 0.538 147.0 -0.2 $ 0.688
PWO012- Eu-myxckoit non 1-biit 3ynnonaHbiii 146.7 146.8 0.1 0:333 1486.7 0.1 0.68 %
PWO020- Eu-myxckoi non 1-bii1  Synnowgsbii 139.7 140.0 0.3 0.174 139.7 0.0 0.741 “
PWOOS-Etk-skeHckuii ron 4-biii  JYTionaHbii 151.9 152.2 0.3 0.068 152.1 0.2 0.405
PWO10-Ey-KEHCKAR MO {-piit -~ SYMnouaHbiA - 448 3 148.5 0.2 0.101 148.4 0.1 0.286
igg:ﬁi r%;j; 1-biiA SynAonaHbii 141.5 141.1 -0.4 0.782. 141.2 -0.3 0.842
i\éngfm Eﬁ' T-biii - SynnowaHeid  140.8 140.7 -0.1 0.362 1405 04 0.94
M2849- T21-MyXCKoii rion 1 -bi T21 145.9 147.0 1.1 <0.001 146.8 0.8 <0.001
M4386- T21=mMyxckoit non 4-blit T21 144.3 146.3 2.0 <0.001 145.9. 1.6 <0.001
M4467-T21- myxcKoi non 4-biit T21 141.0 142.7 1.7 <0.001 142.3 1.3 <0.001
‘M4620-T21- Mysckoit non 1-biit T21 149.7 151.3 1.6 <0.001 150.9 1.2 <0.001
®ur. 5 500
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Pasnmine

Cpem-mﬁ CpenHuit Mexay BenuunHa* P CpepnHwit Pe:dag)?;«;ne BenmunHa* P
HasBsaHne KapuoTvn pasMep pasmep CpeaHuMH (xpom. 5 pasMep CperHAMM (xpoM. 6
ofpasua Rap (hparmeHTOB (parmeHToB XpoM. 5 1 npoTus (bparmeHToB XPOM. 6 1 npoTva
» ) _ » xpom. 13 | xpom. 5 xp_c)M-. 13 xpoM. 13) " XpoMm. 6 XDOMI. 13 XpoM. 13)
87164~ EU -mooinon  SynnowpHeii 154,969 155.198. 0.229 0.159 155.037 0.068 - 0.732
| 87213 - Eu -wpacinon  Synnowawsiii 154,965 165.294 0.329 009 155339 0.374 0.256
94355 -T18-  rpicomn18  163.908 164.11 0.202 0.035 164.143 0.235 0.276
W2 1B Towows18 163751 164.074 0.323 0.356 163.623 -0.128 0371 &
923013 Tonownn 13 16515 165.754 0.604 <0.007 165.901 0.751 <0.001 ©
BITS-T13-  focowm13 156,165  156.581 0.416 <0.001 156.696 0531  <0.001
B34 13 Tpucomns 13 157.064 158.127 1.063 <0.001 158.301 1.237 <0.001
PWOS3-T13~ ) comn13  159.038 159,846 0.808 <0.001 159.679 0.641 0.001

dur. 16 -




Tpucomms 13

 CpepHui CpeaHwit *
HassaHve pasmep pasmep Paznnuune mexay BenuuuHa* P
o6pasua Kapnotun hparMeHToB cparMenTos CpefHUMM XPOM. (xpom. 18 npotus

xpoM. 18 XpoM. 14 18 u xpom. 14 _ Xpom. 14)

87164~ EU-myxckoiinon  SyrnowHsii 155.595 154.614 0.981 <0.001
87213~ Eu-myxckoiinon  Synionassii 155.977 155,142 0.835 <0.001
04355~ T18-myxckoii non  Tpucommus 18 163.637 163.914 -0.277 0.541
96233- T18-myxcroit non  Tpucomns 18 163.897 164.378 - 0.481 -0.393
92394~ T13-myxckoition  Tpucomus 13 166.163 165.715 0.448 <0.001
61175- T13-myxckoii non — Tpucomms 13 157.186 156.606 0.58 <0.001
'96342- T13-xeHckuii non Tpucomun 13 158.326 158.013 0.313 0.003
PW093- T13-xenciuit ron - 160.469 159.503 0.966 <0.001

dur. 17
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D6HapyxeHHoe|OBHapyXeHHOe
, : 3HaUMMOe | 3HauYMMoe
ID o6pasua  Kapuotun Z-oueHka Z-OUeHKa  lyiopaynBaHUe | yKopaumBaHue|
Ansi XpoM. 18 ans XpoM. 13 " gnarmentos | dparMeHTos |
IHK xpom. 18 | BHK xpom. 13|
1 SynnonzH.lit 1.07 0,84 HEe UMEEeTCH | He MMEeeTCs
2 SynnounaHbIn’ <0.64 0.08 HEe UMEETCH | He MMeeTcH
3 Tpucomus 18 3.62 -1.43 nMeercs He UMeeTcs
4 Tpucommsi 18 6.07 0.51 | vmeercs He umeeTcs
5 Tpucommsi 13 0.61 355 He UMEeTCs | ymeetcs
5 Toucomns 13 -1.04 2.06 | HeumeeTca | umeercs
7 Tpucomusi 13 2.67 572 | He uMeeTcs | UMEETCH
8 Tpucomus 13 -1.39. 1.55 He umeetcs | VMMEeTCa

our. 24
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[annoTurel MaTepu

FannoTvrel A0AA

Hap | Hap Il MaTepuHCcKas niasma

A A _ A G : ~
W o ' Turi SNP a

Mnopa siBAAETCS
FOMO3WIOTHBIM 15
anneneit B Hap 1.

CnepoBaTenbHo,

; . pacrnpefeneHue no.
‘pasvepam aneneit B Hap I
6ornee y3Koe, 4em

annenei B Hap II.
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Tun SNP.a
| ~ Pons obuieit
SNP ' : | AnMHbI, BHOCUMAS
B cerMeHTe | UcxoaHsiit SNP | KoneuHbiit SNP KOPOTKNMU AR gtap 1 - tiap 1)
OTCYTCTBYIOT : hparmeHTamu
Hapl | Hapll

50 2027649 | rs5993883 02595 | 0.2096 0.0499
50 152239395 rs1002286 | 0.2648 | 0.2219 0.0429
50 rs4822458 | rs3747134 |0.2905| 0.2204 0.0701
50 155761557 14410 {02659 | 02037 0.0623
50 rs134784 154822998 | 0.2569 | 02221 0.0348
50 155762936 rs5998473 | 0.2882| 02302 0.0580
50 155754086 8140669 |02599| 02311 0.0288
50 155999854 15756540 | 0.2659 | 0.2249 0.0411
50 1s229535 rs2413637 {02953 | 0.2425 0.0528
50 rs4820431 | rs11090087 |0.2793| 0.2199 0.0594
50 r$1023469 £s1972489 |0.2884 | 0.2438 0.0445
50 ' 1s5764858 | 1s5769218 |0.2644| 02001 0.0643
50 16009043 rs5769452 | 0.2481 | 02118 0.0363
28 7517825762 | rsi31815 |0.2648 | 02407 0.0241

CDI/IF.

28
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— SNPB ~ :

{ [ons obiweit fnHb,

SNP " y BHOCMMast KOPOTKUMM |
B CErMEHTE | YcxoaHbili SNP | KoreuHsiin SNP | dparventamn | AFgupt-ampn
OTCYTCTBYIOT B e
| , ‘ Hap I HapIl

50 152159071 rs873387 0.2565 | 0.2414 0.0151
50 511917 1578908 0.2548 | 0.2577 -0.0029
50 15589089 rs7288450 0.2495 | 0.2589 -0,0093
50 155759868 152301492 02431 | 0.2477 -0.0046
50 152301497 15713911 0.2411 | 0.2204 | 0.0207
50 rs4820740. 155752850 0.2181 | 0.2195 -0.0014
50 155752851 15752964 0.2344 | 02372 |  -0.0028
50 rs1894473 rs135472 0.2603 0.2510 0.0093
50 15135475 rs5754558 | 02324 | 0.2457 |  -0.0133
50 154821148 rs11705488 | 0.2381 | 0.2380 0.0001
50 rs390647 15362246 0.2270 | 0.2224 0.0046
50 15362214 1s6000130 0.2404 | 0.2401 0.0003
50 15739206 | rs12628179 | 0.2341 | 0.2193 0.0148
50 rs17298479 152143921 0.2597 | 0.2643 -0.0047
50 1s5758913 1s926542 02655 | 0.2582 0.0073
50 157291629 rs133761 0.2156 | 0.2360 -0.0203
50 15133755 16007919 | 0.2359 | 0.2332 0.0027
50 15135570 15136646 0.2496 | 0.2466 0.0030
30 rs80454 158136986 02354 | 0.2372 -0.0018
50 rs5768117 15133662 0.2339 | 0.2330 0.0009
49 - 156007851 rs739365 02376 | 0.2372 0.0004

dur. 29
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AHa/13 COBOKYIMHOM [/NHBI
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Obwas pmna, | Oblias anvHa, Obuwwast anvHa, | Obwas anHa,
: BHOCKMMas BHOCKUMas BHOCKHMas! BHOCHMasi
o : ' armeHTamu | (parmeHTamm (pparmeHTammn JHK arMeHTaMu
Kon ofpasua  (Oborauetiug Craryc, | ﬂ?ii?( <150 n.o., | AHK <600 rn.o., Py b’?<_150 n.o., 4ns [1?1?( <600 r1.0., Frer AF
' HiLtien rvioaa - ANs XpOMOCOMbI | A1 XPOMOCOMbI 3TaNIOHHbLIX L7151 3TANOHHbBIX
- 21 (muaavodst | 21 (MWIIMOHBI XpOMOCOM XPOMOCOM
: : : o) n.0.) o |(MWIWMOHBI N.0.)| (MWUIMOHBI M.0.)
_uk99229 |  Her 121 10:2 36.0 0.283 653.1 24222 0.270 0.013
pwd2l | HeT 1 "T21 10,6 35.6 0.299 651.2 2315.5 0281 0.018
uk 99510 HeT 121 9.8 32.0 0.307 607.1 2082.2 0292 | 0.016
uk'99807 HeT T21 12.6 30.1 0.417 745.2 1905.8 0391 0.026
pw226 HeTt Synnova 104 33.7 0.310 134.7 236_8'.'4; 0.310._ 0.000
pw3le HeT  |Jymnowa| 109 38.4 0.284 765.2 2691.8 0.284 0.000
pw 263 HeT | Bynovg 7.7 259 0297 537.5 1810.8 0297 0.001
pw 370 HeT Synrong 5.9 23.9 0.247 411.8 _1671.0 0.246_ _0.000
dur. 31A
O6iuas anvHa, | Obuwas gnvHa, | Obwwas anvHa, O6iuan anmHa,
BHOCKMaSs! BHOCUMaSA BHOCUMast BHOCMMas!
(pparmeHTamu hparmeHTamm | bparMeHTamMu ¢parmeHTamMm
Koa obpasua |Oborauerne Cratye | nnc’ qe0 0 | HK <600 n.o., Fy | OHK <150 no.,| [AHK <600 m.o., Fie AF
Muliesm - nnona | [U711 XpOMOCOMBb!I | AS1s1 XPOMOCOMb ANS 3TANOHHbIX | [7151 STANOHHBIX | ,
21 (Munnvonbt | 21 (MUAOHBI XpOMOCOM XPOMOCOM
. .0.) _ n.0.) _(MmMAmmoHsb! 1.0.)|  (MUNAMOHDBI N.0.) .
uk:99229 Aa T21 5.7 249 0.231 4341 19383 1 0224 0.007
pw 421 Aa T21 5.1 22.4 0226 362.4 1685.0_ 0215 0.011
uk99510 Aa T21 44 19.0 0.229 314.4 1435.1 0:219 0.010
uk 99807 Aa T21 6.6 21.3 0312 455.1 1553.2 0.293 0.019
pw 226 - Aa | Synnoua 5.1 21.4 0.237 4132 1720.2 0.240 -0.004
pw 316 fa Synnoua 4.9 22.6 0.215 394.9 1811.5 0.218 -0.003
PW 263 Aa | Synnowng 4.1 193 0,211 327.0 1526.6 0.214 ~0.004
pw:370 4a | Synnova 3.7 20.4 0.180 296.9 1621.0 v 0.183 ~0.003

‘®ur. 31B
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