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nucbananca rnocienoBareabHocTel. [Ipu3nakoM nucbaianca B HEKOTOPBIX 00CTOSITETBLCTBAX MOYKET ObIThH
C/IBUT (HAmpHUMep, B CTOPOHY OoJiee y3KOro pachpesereHus mno pa3mepam). Hampumep, pacnpenenenue
o pa3MepaM (PparMeHTOB HYKJICHHOBBIX KHUCIIOT M3 XPOMOCOMBI "B TPYIIIE pUCKa" MOKHO UCIIOJIB30BaTh
Juisl ompenencHusl (eTaJbHOW XPOMOCOMHOM aHEyIUIOMIuH. PaHKHUPOBKY MO pa3Mepy pasinvHbIX
XPOMOCOM MOXHO HCIIONIb30BaTh [UIs OMPE/ISNICHNs] OTKJIOHSHU I PaHKUpa XpOMOCOMBI "B rpyIine pucka”
OT OXKUJIacMOW PaHXKHUPOBKHU. Tarxke pasinyve MEXIy CTaTHCTUUYCCKAM IOKA3aTelieM Pa3MEpoB IS
OIIHOM XPOMOCOMBI MOXKHO CPaBHUTH CO CTAaTUCTUUECKUM IOKa3aTeleM pa3MepoB JPYrod XpOMOCOMBI
JUisl UAeHTU(UKALUE 3HAYUMOr0 CIABHra B pa3mepe. Tarkke MOXKHO ONPENSIUTh MEHOTHII U TarlIOTHII
IUIONIA, UCTIONB3Ys PACIIPENCICHUE TIO pa3MepaM JUIs ONpPEACTICHUS TOTO, UMEET JIM MECTO aucOaaHc
MOCJICIOBATEILHOCTEH B MaTCPUHCKOM 00pasile OTHOCHTEIBHO TCHOTHIIOB WJIM TallJIOTHIIA MaTepH,
MIPUYEM MMOCPEICTBOM ITOr0 MONTYYAOT TEHOTHUIT WIIM TarIOTU [UI0/A.
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IlepexpecTHBIE CCHLIKA HA POJACTBEHHBIE 3asIBKH

Hacrosmas 3asiBka NpUTS3aeT HA MPUOPUTET U SBISCTCA OKOHYATCIBHBIM BAPHUAHTOM IPEIBAPHUTEIEHOM
3asBkH Ha TaTeHT CIIA Ne 61/259076, o3armaBnennoi "OOHapyKeHHE XPOMOCOMHOT0 qucbananca", moJaHHOM
6 HOs10pst 2009, u mpenBaputenbHO 3asaBku Ha maTeHT CIIA Ne 61/360399, o3arnasnennoit "['eHOMHBIN aHATN3
Ha ocHOBe pa3mepoB", moganaoi 30 utoHs 2010, BKIIOUSHHBIX B TaHHOE OTIMCAHHUE B KA9€CTBE CCHUIOK IS BCEX
ejei.

Hacrostmast 3asiBka Takke sSBISETCS poACTBeHHOM 3asBke Ha mateHT CIITA Ne 12/178181, o3armaBieHHON
" lmarHoCTHKA (peTaTbHON XPOMOCOMHON aHEYIUIOMINH C WCIOIh30BaHHEM MAaCCHBHOTO MapaUIeIbHOTO CEKBe-
HupoBaHus reHoma", noaanHoit 23 urons 2008 (Homep B nmatenTHOM peectpe Ne 016285-005220US); 3asBke Ha
nareHT CIIA Ne 12/614350, ozarnasiaenHo# "/Inarnoctuka QeraabHOM XpOMOCOMHON aHEYIUIOMIUH C UCTIOJNb-
30BaHHEM MACCHBHOTO MapallIeIbHOTO CCKBCHUPOBAHUS T'eHOMa ¢ oOoramieHreM" (HOMEp B ITATCHTHOM PEeecTpe
Ne 016285-005221US), u omHOBpeMeHHO ToAaHHOM 3asBke Ha mateHT CILIA, o3arnmaBnennoi "I eHOMHBII aHa-
T3 TUI0JAa W3 MAaTEPUHCKOTO OHOJIOTHYecKOoTo oOpasma" (Homep B mareHTHOM peectpe Ne 016285-006710U8),
BKITIOYCHHBIX B JAHHOC OTHCAHKE B KAYECTBE CCHUIOK JUIS BCEX IICTCH.

YpoBeHb TeXHUKH

Ortkpeitue peranpHoi JJHK B Matepunckoii mmasme B 1997 oTKphIBaeT HOBBIE BO3MOXKHOCTH JIJIsl HEWHBA-
3UBHOW TIpeHataipbHOU nuarHoctukw (Lo et al., Lancet, 1997, 350: 485-487). Takas TeXHOJOTHS OBICTPO TIEepe-
MECTHJIACh B KIMHUYCCKIE IPUMEHEHHUS C ACTEKIEH MPONCXOIIIINX OT IJI0Aa YHACICIOBAHHBIX OT OTI[A TCHOB
WM TIOCTIEIOBATEIbHOCTEH, HAPIMED, IS OIIpeaesIeHIs Toja IIoa M s onpeneneHus ctaryca RhD mioxa.
OpHako NIpUMEHEHNE B MMPEHATAIIFHON JHAarHOCTHKE, BKIIOYAIOIIEe aHAJIN3 TCHOMHBIX MHUIICHEH, KOTOpBIE MpH-
CYTCTBYIOT KaK B MAaTEPHHCKOM T€HOME, TaK W TCHOME IUIOJa, Hampumep, 21 XpOMOCOMEBI, SIBIISICTCS TOPa3o
00J1ee MHOTOOOCIIAIOIIIHM.

HepmaBHO moka3aHO, YTO METOIBI MOACYCTAa OTIACIBHBIX MOJICKYN C MX IPEBOCXOIHON KOJIHMYCCTBCHHOM
TOYHOCTBIO MOTYT OBITh NMEPCHEKTUBHBIM penieHueM Takoil mpobnemsl (Lo et al., Proc. Natl. Acad. Sci. USA,
2007, 104: 13116-13121; Fan et al., Anal. Chem., 2007, 79: 7576-7579; 3asBka Ha matent CIIIA 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 Takux MeToaax neieil AMarHoCTUKY JTOCTH-
TaroT Yepe3 HaOJII0JeHNE KOJMMYECTBEHHBIX PA3IMYUil B YHCIIE MOJIEKYI U3 BRIOPAHHBIX TEHOMHBIX JIOKAIIAH Me-
K1y OOJIe3HEHHBIM U 37I0POBBIM cocTossHMeM. Hamprmep, s quarsosa cuaapomMa JlayHa y Ito1a 9uciIo MoJie-
KyJ U3 XpoMocoMbl 21 Oyzaer Bo3pactaTh, korna mion crpagaet ot Tpucomun 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).

OpHaKo TaKWe METOIbI MOJICUeTa MOTYT CTpPajJaTh OT OTPAHHUYCHHOTO YHUCIA MOJYYCHHBIX JAHHBIX WIIH
JIPYTUX HEJOCTaTKOB. [103TOMY JKeNaTebHO MPEIOCTABUTh HOBBIC METOBI, CHCTEMBI U IPUOOPHI JJIS BBIITOTHE-
HUS TPCHATATBHON NTUATHOCTHUKH, UMCIOIIUC OINpPEICIICHHBIC MPEUMYIIECTBA Mepel CYIICCTBYIOINIMMU METOa-
MHU.

CymHocTh n300pereHns

HexoTopbie BOILIOMICHUST HACTOSIIETO H300PETCHHS MOTYT MPEIOCTABUTh CUCTEMBI, METOJIBI M allliapary-
PY, KOTOpbIe MO>KHO HCIIOJIB30BATh B aHAJIM3E HA OCHOBE Pa3MEPOB LIS BEITIOHEHUS IPEHATAIBHON THATHOCTH-
Kku aucOananca mocieaoBareabHoCTel (HanmpuMep, GeTambHO XPOMOCOMHOM aHEYIIOUINH) B OMOJIOTHYECKOM
o0pa3ie, MoIy4eHHOM OT OepeMeHHOH keHIMHbEL. Hanpumep, pacmpeneneHue mo pazMepaM (parMeHToB MoJie-
KyJ HyKJICHHOBBIX KHCIIOT JJISI XPOMOCOMBI "B TpyIIie prUcKa" MOYKHO HCITOJIb30BATh JJISl ONpEeeHNs (eTalb-
HOW XPOMOCOMHOH aHeyIIonAuH. HEeKoTophle BOIUIOMICHHUS TAaK)Ke MOTYT ITO3BOJUTH OOHApY)KHWBaTh IpyTHe
JUcOaaHChl TIOCIIEIOBATEIFHOCTEH, TaKie KakK JaucOanaHc B OnosorudeckoMm obpasie (comepkamem JJHK ma-
TEpH ¥ IUIOMA), TNe TucOaTaHC COOTHOCUTCS C TCHOTUIIOM, MYTAIlMOHHBIM CTATYCOM WIIM TaIlUIOTHIIOM MaTepH.
Taxkoii qucOamaHc MOXKHO OIPEICIUTh C MOMOIIBIO PACHPECIICHHS MO0 pa3MepaM (parMeHTOB (MOJICKYT HYK-
JICMHOBBIX KHCJIOT), COOTBETCTBYIOIIMX OIPEICICHHON MOCICIOBATCIFHOCTH, COOTHOCHTEIEHO C 0KHAIAEMbIM
pacmpesielieHueM o pa3MepaM, Koraa o0paselr sIBISETCS YACTO MAaTCPUHCKUM, a He OT IioAa u Marepu. CIBuT
(HammpuMep, k OoJiee Y3KOMY paclpelleICHUIO IO pa3MepaM) MOXKET OBITh MPU3HAKOM JUcOaTaHca Mpu HEKOTO-
PBIX OOCTOATEHCTBAX.

B oxHOM BomuTOmICHMHN A OIpeneNeHus aucOanaHca HCHIOIB3YIOT PAHXKHUPOBKY pacIpeneNieHus Mo pas-
Mepy (HampuMmep, CTaTUCTHYECKOTO MOKa3aTess, MPEACTABIAIONIECIO paclpeaeseHie mo pa3Mepy) GpparMeHToB
W3 COOTBETCTBYIOIIMX XPOMOCOM OTHOCHTENBHO JApyT apyra. Hampumep, pamXHupOBKY 1o pa3mepy (pparmeHTOB
XPOMOCOMEI "B TpYIITIe pricka" B UCTIHITHIBAEMOM 00pa3iie MOKHO CPaBHHUTD C PAH)KHPOBKOH JIJIST XpOMOCOMEI "B
TpymIe pucka', KOTOPYIO MOJYYal0T U3 dTATOHHOTO OHOJIOTHYECKOTO oOpasma. Ha ocHOBe CpaBHEHHS MOXHO
BBHIMOJIHUTh JUATHOCTHKY. Kak mpumep, eciu paHKXHpPOBKa HU3MEHSCTCS (HAIPUMeEp, TOKa3bIBas YMCHBIICHHE
pasMepa (parMeHTOB HYKICHHOBBIX KHCJIOT) Ha OINPEICIICHHYIO BEIHMYUHY, TOTJa MOKHO IMOCTABUTh JHUATHO3,
YTO B XpOMOCOME "U3 TPYIIBI pHucKa" CYIIECTBYeT (peTarbHas XpOMOCOMHAs aHEYIUTOHIUs. B pa3nuyHbIX BO-
TUTOIIEHUSIX C UCIIOJb30BAaHIEM TAKOT'O aHaJIH3a PAHXKHPOBKH MOXKHO HCIIOJIE30BaTh BCE 22 ayTOCOMBI M MOJO-
BBIC XPOMOCOM HITH ITOJIMHOXKECTBO XPOMOCOM.

B npyrom BOIUIONICHWH HCHOJB3YIOT Pa3idyMe MEXIy pa3sMepoM (T.e. CTATUCTHYCCKHM ITOKa3aTeleM,
MIPEICTABJISIONIMM paclpe/ieliecHne Mo pa3MepaM) (GparMEeHTOB XPOMOCOMBI "H3 TPYIIIBI pHUCKa" U pazMepoM
(hparMeHTOB ATAJIOHHOW XpoMOcOoMBI. Hampumep, eciu pa3nuume B pa3Mepe OOJbIIe WIM MEHBIIE, YeM Ipe-
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JIeNTbHAS BEIMYHMHA (TaKKe Ha3bIBacMasi MOPOTOBOI BEIIMYHUHOM), TOTIa MOXKHO JTUATHOCTHPOBATH, YTO B XPOMO-
coMe "U3 TPyl pucka" CYIIECTBYET (peTabHAas XpOMOCOMHAS aHCYTIIIOUIHS.

CornacHO OJTHOMY TIPUMEPY BOIUIOMICHHUS MPEAOCTABISETCS CIIOCO0 BBITOIHEHUS NMPEHATAIBHOW AUArHO-
CTUKHM JucOaJlaHCca MOCIeIOBATEILHOCTEH B OMOIOTHYECKOM 00pasiie, MOJTydeHHOM OT OepeMeHHON JKeHITHHBI.
Bronormueckuii obpaszer] BKIIIOYaeT MOJIEKYJIB HYKJICHHOBBIX KHCIIOT, KOTOPBIE SBISIOTCS YacTbIO HYKJICOTH-
HBIX MOcleaoBaTeIbHOCTEH. M3MepsroT pa3Mep Kaka0i MOJIEKYJbl HYKJIEMHOBOM KHCJIOTHI U3 MHOXKECTBA MO-
JIEKyJ HYKJIEHHOBBIX KHCIOT B OHMOJOTHYECKOM 00pasle, U M3 3TOr0 MASHTHOUIMPYIOT HYKICOTHAHYIO MOCTe-
JIOBAaTEILHOCTB, U3 KOTOPOH MPOMCXOAUT MOJICKyJla HyKJICHHOBOH KUCJIOTH. KoMmmbroTepHas cuctema orpene-
JSIET paclpeieieHHue o pa3MepaM MOJIEKYJ HYKICHHOBBIX KHCJIOT, COOTBETCTBYIOIIUX TIEPBOM MOCIICIOBATEIb-
HocTH. Ha OCHOBaHMM yCTaHOBJICHHOTO PACIIPEICIICHUS IO pa3MepaM MPOBOAAT KIACCUPHUKAINIO, CYIIECTBYET
T qucOaliaHC MOCIeI0BATEIbHOCTH JJIS TIEPBOY TIOCIIEIOBATEIIEHOCTH.

CornacHo ApyroMy IpUMEPY BOIUIOIICHISI TPEAOCTABISICTCS CIIOCOO BBHITIOTHEHUS MPEHATAIBHOMN AUATHO-
CTHKH (heTaTbHOW XPOMOCOMHOM aHEYILUIOMIUHN B OMOJIOTHYECKOM 00pasIie, MOIyYCHHOM OT OCpeMEHHO KeH-
MIMHBL 3MEpsIoT pa3Mep KaI0H MOJCKYJIbl HYKICHHOBON KHCJIOTHI U3 MHOXKECTBA MOJICKYJ HYKJICHHOBBIX
KHCJIOT B OMOJIOTHIECKOM 00pasIie, M U3 3TOT0 HACHTUPHUIUPYIOT XPOMOCOMY, U3 KOTOPOI MPOMCXOIUT MOJIe-
KyJla HyKJIEHHOBOM KHCIOTEL. KOMITBIOTepHAas! crcTeMa BBIYUCISACT CTATUCTUISCKUN ITOKA3aTeNlb UCXOAS U3 pas-
MEpPOB MOJICKYJ HYKJICHHOBBIX KHCJIOT, COOTBETCTBYIOMINX XpoMocoMme. CTaTUCTHYECKIH TTOKa3aTeNlb BEIYHCIIS-
FOT U KaXKI0H M3 MHOXECTBa XpoMocoM. Ha OCHOBaHMH CTaTHCTHYECKOTO IMOKA3aTelsl ONPENCIITIOT PaHKH-
POBKY XPOMOCOM. Y CTaHOBJIEHHYIO PAaHKHUPOBKY NIEPBOI XpOMOCOMBI CPAaBHHUBAIOT C APYTOW paHKUPOBKOM Tep-
BOM XPOMOCOMBI, MTOJYICHHOW M3 TAJIOHHOTO OMOJOTWYecKoro odpasma. Ha ocHOBaHMM CpaBHEHHS NPOBOMSAT
KJaccu(UKAIUIO, CYIIECTBYET JH (heTabHas XpOMOCOMHAS aHCYIDIOUANS IS TIEPBOU TOCIIEOBATCIIEHOCTH.

CornacHo ApyroMy MpUMEPY BOIUIOIICHHSI TPEAOCTABISCTCS CIIOCOO BBITIOTHEHUS MPEHATAIBHOMN AUATHO-
CTHKH (heTaTbHOW XPOMOCOMHOM aHEYILUIOMIUHN B OMOJIOTHYECKOM 00pasIie, MOIyICHHOM OT OCpeMEHHO XKEH-
MIMHBL 3MEpsIoT pa3Mep KaXI0H MOJCKYJIbl HYKICHHOBON KHCJIOTHI U3 MHOXKECTBA MOJICKYJ HYKJICHHOBBIX
KUCIIOT B OMOJIOTMYECKOM 00paslie, U M3 3TOr0 HACHTH(QUIMPYIOT XPOMOCOMY, U3 KOTOPOH MPOUCXOIUT MOJIe-
KyJla HyKJICHHOBOW KHUCJIOTH. KOMITBIOTepHas cCHCTEMa BRIYHCIIET NEPBBIA CTATUCTHYECKUH MOKA3aTeNb UCXO IS
W3 pa3MepoB MOJIEKYJI HYKIEHHOBBIX KHCIIOT, COOTBETCTBYIOIINX MEepBOi XpoMocome. KommbroTepHas cuctema
BBIYUCIISICT BTOPOH CTATUCTHYECKIH ITOKA3aTeNlb NCXOAS U3 Pa3MEpPOB MOJICKYJ HYKJICHHOBBIX KHCIIOT, COOTBET-
CTBYIOIINX OJHOW WJIM HECKOIBKHM JAPYTUM XpomocoMaM. OIpenensioT MmoKa3aTelb pa3IesieHIs] MeXIy Iep-
BBIM CTATHCTHYECKHM ITOKa3aTeJIeM M BTOPBIM CTAaTUCTHYECKHM ITToKa3zaTeneM. Ilokazarens pazaeneHus cpaBHH-
BAaIOT C OJTHOW WJIM HECKOJIFKMMH MOPOTOBBIMH BeTHYMHaMU. Ha oCHOBaHMYM CpaBHEHHS POBOIAT Kiaccupuka-
U0, CYIIECTBYET JiH (heTarbHask XpOMOCOMHAS aHCYTUIOUAUS JJIS IEPBOM TOCICIOBATCIBHOCTH.

Jpyrue BOIUIOMIEHUS H300PETCHUST OTHOCATCS K CHCTEMaM U MAIIMHOYHTACMBIM HOCHTEISIM HH(pOPMAIIUH,
CBSI3aHHBIM CO CITOCO0AMU, OMMCAHHBIMU B JAHHOM OTNHCAaHUH. B OJHOM BOIUIOMICHUHM MAITHHOYUTACMEIN HOCH-
TeNb HHGOPMAIIMU COJCPKUT KOMAHIIBI IO BOCIIPHUSATHIO JAHHBIX M aHAIHM3Y JaHHBIX, HO OTCYTCTBYIOT KOMaH]IbI
MO YIPABICHHUIO MEXaHW3MOM JUIS TOJYYCHUs JAHHBIX (HAapHMep, CCKBCHHPOBAHUIO MOJICKYJ HYKJICHHOBBIX
KHCJIOT). B pyrom BOIUTONMICHHH MAITHHOYHTACMEIN HOCHUTENIh MH(DOPMAITUH COJCPKUT KOMAHIBI 110 YIpaBie-
HUIO MEXaHW3MOM [UIS TIOJMYYCHHS JaHHBIX. B OTHOM BOIDIOMIEHWM KOMIBIOTEPHBIH IMPOTPaMMHBIN MPOIYKT
BKITIOYAaeT MAIIMHOYUTAEMBIH HOCHTENb MH(YOPMAINH, COACpPIKAINA HA0Op KOMAH[ IO PETYIMPOBAHUIO IIPO-
eccopa Ui BRITIOTHEHUS OTIepanyy, A Coco0O0B, OMMCAHHBIX B JTaHHOM ONKMCAaHWU. Bommomenns Takxke otT-
HOCATCSI K KOMITBIOTEPHBIM CHCTEMaM, C(OPMHUPOBAHHBIM ISl BRIIOTHEHUS CTaAWi JI000TO U3 CIIOCOO0B, OIH-
CaHHBIX B JAHHOM OIIMCaHWH, BO3MOXKHO, C Pa3TMYHBIMH KOMIIOHEHTaMH, BHITIOJHSIOIIMMH COOTBETCTBYIOIIYIO
CTaJIUIO FITH COOTBETCTBYIOIIYO TPYIITY CTaUM.

OO0paleHue K OCTaJbHBIM YaCTSM OMUCAHHMS, BKIIOYAS YEPTSKH U (HOPMYITy H300pCTCHUS, CCIAcT Ha-
TJIATHBIME JPYTUE OCOOCHHOCTH W MPEUMYIIECTBA BOILIONMICHUN HACTOSAIIEr0 M300peTeHus. Jpyrue ocoOeHHO-
CTH W MPEUMYIIECTBA, a TAKKE CTPYKTypa U padoTa pa3IHMYHBIX BOIUIOIICHUA HACTOSIIETO M300PETECHUS ITO-
pOOHO OMHUCAaHBI HIDKE C YYETOM TpHIIaraeMbIX depTekeil. Ha depTexkax cxoxue HOMepa IUIS CCBUIKH MOTYT
YKa3bIBaTh HAa WACHTUYHBIC WU (QYHKIIMOHAIEHO CX0KHE JICMCHTHI.

Kparkoe onucanue ¢puryp

@wur. 1 mpexacraBiseT coboi OJI0K-CXeMy, WILTIOCTPUPYIONIYIO CIIOCO0 BHITIONHEHUS MpEeHATAIBHON auar-
HOCTHKH JqucOaaHca MOCIeIoBaTeILHOCTEH B OMOJIOTHUECKOM 00pasIie, MoJydeHHOM OT OepeMEHHOM JKEHIIH-
HBI, COTJIACHO BOIUTOIIEHISIM HACTOSIIIETO H300pETeHHUS.

®wur. 2 npeacTaBiseT codoi rpaduk, MOKA3bIBAIONINN CPEIUHHYIO PAHKHUPOBKY XPOMOCOM pacrpeeiieH-
HYIO B COOTBETCTBHH C pa3MepaMu MOCIEI0BaTSIFHOCTEH, BRBIPOBHEHHBIX C HUIMH (KOT/Ia HCIIONB3YIOT BapHaHT 1
HabOpa peareHToB reHepanuy kiactepos Illumina), coriaacHo BOIUIONIEHUSIM HACTOSIIETO H300pETECHUS.

@ur. 3 npencTaBiseT co60l rpaduK, MOKA3BIBAIOIINA, YTO aHAIN3 PAa3MEPOB MOCICIOBATEIBHOCTEH, TIPO-
UCXOJAIINX OT Pa3IMIHBIX XPOMOCOM B MaTEPHUHCKOH IUIa3Me, COTJIACHO BOILIONICHHUSM HACTOSIIECTO H300peTe-
HUS MOXXHO HCITONTb30BATh JUISI HEMHBA3MBHOTO MPEHATAIEHOTO OOHAPYKEHUS (PeTaTbHBIX aHCYIUIOMIUI XPOMO-
combl 21.

@ur. 4 npeacTaBiseT co00i OJIOK-CXEMY, WLTIOCTPHPYIONIYIO CIIOCO0 BBIMOJIHEHUS MPEHATAILHON IHAr-
HOCTHKH ()ETATBHONH XPOMOCOMHOW aHEYIUIOWAWA B OHMOJIOTHYECKOM oOpaslle, MOJydeHHOM OT OepeMeHHOH
JKSHIITMHBI, C FCIIOIB30BAHUEM DPAH)KHPOBKH CTAaTUCTHYECKOTO TIOKA3aTelNsl pa3Mepa, COTJACHO BOIUIOUICHHUAM
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HACTOSIIETO H300PETCHUSI.

@ur. 5 npeacrasnser cobol TabNNIY, MILTIOCTPUPYIOUIYIO CPaBHEHHUE XPOMOCOMBI 21 ¢ XpomMocomoit 7 u
XpoMocoMo# 14 mo pasMepy HOCIeIoBaTeNFHOCTEH, BEIPOBHEHHBIX C HUMH, COTJIACHO BOIUIOIICHUSAM HACTOS-
eTo H300pEeTeHNSI.

®ur. 6 pencrasisger coboil OIO0K-CXeMy, HIUTFOCTPUPYIONIYIO CIIOCOO BBITIONIHEHUS TIPEeHATAIbHON JHar-
HOCTHKH JqucOaaHca MocIeJoOBaTeIbHOCTeH B OMOJIOTHIECKOM 00pasIie, MOoJydeHHOM OT OepEeMEHHOM JKEHIIH-
HBI, COTJIACHO BOIUTOIICHHSIM HACTOAIICTO M300PETEHHUS, C UCIOIh30BAaHNEM CPAaBHEHHS CTaTHCTUYECKOTO MOKa-
3arens pa3mepa pparMeHTOB sl TCHOMHOM JIOKAIHH.

®ur. 7 nokaspiBaeT rpaduK 101K o0IIeH AIMHBI, BHOCHMOH KOopoTkuMmu ¢parmentamu (F), mpoTus mopo-
TOBOT0 3HaYEHUS (W), COTJIACHO BOILIOIICHUSM HACTOSIIET0 H300pETCHHSI.

®ur. 8 nokaseiBaeT rpadUK A0IW OOIIEH IMHBI, BHOCUMOW KopoTkuMmu ¢parmentamu (F), amst xpomoco-
MBI 21 (CrIOIIHAs JIMHUS) U 3TAIOHHBIX XpOMOCOM (BCE ayTOMOCHI 3a MCKIIOYeHHeM xpomocoM 13, 18 u 21)
(TyHKTHpHAS JIMHU), IPOTHUB MMOPOTOBOTO 3HAYCHUS B CIIydae DYIUIOMIHOW OCPEMEHHOCTH, COTJIACHO BOILIOIIE-
HUSIM HaCTOSIIIETO U300pETEHMS.

®ur. 9 nokazwiBaeT rpaduk BeawmuuH F mis xpomocoMbl 21 (CIutonHas JIMHUSA) M 9TaJOHHBIX XpPOMOCOM
(Bce ayTocoMBI 3a UCKITIOUeHHEM XpoMmocoM 13, 18 u 21) (myHKTHpHAS JTUHUS) IPOTUB IIOPOTOBOTO 3HAYCHHUS B
cirydae OEpeMEHHOCTH ¢ TpHCOMHUEH 21, COTTIaCHO BOTUTOIIEHUSIM HACTOSIIETO N300pETCHHS.

@ur. 10 nokassiBaeT rpa@uk AF 1.gery MEXAY XpPOMOCOMOI 21 1 3TAIOHHBIMU XPOMOCOMaMH (BCE ayTOMO-
CBI 33 UCKJIFOUeHHEM XpoMocoM 13, 18 u 21) mpoTHB OPOTOBOTO 3HAYECHUSI B CIIy4ae dYIIIOUAHONW OepeMeHHO-
CTH B OEPEMEHHOCTH C TpHCOMUEH 21, COTTIaCHO BOTUIOIIECHHUSM HACTOSIIETO U300pETEHMS.

®ur. 11 moka3pIBaeT TAOIUITY IS aHATOMHYECKOTO ToJia U Kiaccupukaruio 120 6epeMeHHOCTeH corac-
HO BOIUIOLIEHUSIM HACTOSILETO H300peTeHUSL.

@ur. 12 WITIOCTPUPYET PAHKUPOBKY PA3ITUYHBIX XPOMOCOM IS YETHIpEX 00pa3loB ¢ Pa3InYHBIMU 3200-
JIeBaHUSMU WM COCTOSIHUI 0e3 3a00eBaHMit COTIACHO BOIIIOIIEHHSM HACTOSIIIIETO H300pETEHHSI.

@ur. 13 noka3bIBaeT paHXKUPOBKY XpoMocoMsl 13 ams 120 cmydaes symonaun, Tpucomun 13, Tpucomuu
18 u Tprcomuu 21 cOTTacHO BOILTOMICHUSM HACTOSIIETO U300PETCHUSI.

@ur. 14 noka3sIBaeT paHXKUPOBKY XpoMocoMsl 18 ams 120 coydaes symonaun, Tpucomun 13, Tpucomun
18 u Tprucomum 21 COTIACHO BOTUIOIIEHUSM HACTOSIIETO H300PETCHHUS.

®ur. 15 mokaspIBacT PAHKUPOBKY XpoMOcoMBI 21 s 120 cirydaeB 3yIIouauu, TpucoMun 13, TpucoMuun
18 u Tprcomum 21 COTIACHO BOTUIOIIEHUSAM HACTOSIIETO H300PETCHHUS.

®ur. 16 nmpeacrapisgeT cobol TabIUITY, HIUTIOCTPUPYIONTYIO CPAaBHEHHE XPOMOCOMEI 13 ¢ XpomMocomoii 5 u
XpOMOCOMOM 6 10 pa3Mepy MOCIeI0BaTeIbHOCTEH, BRBIPOBHEHHBIX C HIMH, COTJIACHO BOIUIOIMICHUSIM HACTOSIIE-
ro n3oOperenus. CpaBHEHHE XpOMOCOM 5 U 6 ¢ XpOMOCOMOU 13 MCIONB3YIOT JJisi OOHAPYKCHHUS U3MEHEHHUN B
pasMepe rnocienoBaresIbHOCTEH XpoMocoMsl 21 mpu 6epemenHocTH ¢ TpucoMueid 13. PesynbraTel mpu 6epeMen-
HOCTH C DYIUIOUANEH U Tpucomueil 18 BKIIOUEHBI 17151 CpaBHEHUSI.

@ur. 17 npexacrasnsier coboit TabNuUIly, HILUTIOCTPUPYIOIIYIO CpaBHEHHE XPOMOCOMEBI 18 ¢ xpomocomoit 12
U XpOMOCOMO# 14 mo pa3Mepy Mmocie0BaTeIbHOCTEH, BRIPOBHCHHBIX ¢ HUMH, COTJIACHO BOIUIOIICHUSM HACTOSI-
nIero u300peTeHus. Pe3ynbTaThl Mpu OEPEMEHHOCTH C DYIUIOMIUCH M TPUCOMUCH 13 BKITFOUCHBI JUIS CPaBHCHUS
COTJIACHO BOILJIOMICHUSM HACTOAIIECTO N300pETEHS.

®ur. 18 mokaspiBaeT pasnuumMe B JOIAX OOIIEH JIMHBI, BHOCHMBIX KOPOTKUMH (hparMeHTaMHu, MEXIy
xpoMocomoit 18 1 3tanonHEIME XpoMocoMaMH (AF(jg.rer) B 150 11.0., COrTacHO BOMJIOMIEHUSM HACTOSIIETO H30-
OpereHusl.

®ur. 19 mokaspiBaeT pasnuuMe B JOISAX OOIICH JIMHBI, BHOCHMBIX KOPOTKUMH ()parMeHTaMu, MEXIY
xpoMocomoit 21 u aTanoHHEIMH XpomocoMaMH (AF gep), B 150 1m.0., COrnacHo BOMJIOLIEHUSIM HACTOSAIIETO
N300peTeHUS.

®ur. 20 nokazeiBaeT GC-coctaB paznuanbix XxpomocoMm (NCBI build 36, Bepcus 48) cormacHo Borurone-
HUSIM HaCTOSIIIET0 M300peTeHHUSI.

®ur. 21 mokaspIBacT pa3iu4HMe B JOJSAX OOMICH JUIMHBI, BHOCUMBIX KOPOTKUMH (parMEHTaMH, MEKITY
xpomocoMoit 13 u sranoHHbIMH XpoMocoMaMu (AF(jsrep), B 150 m.0., coracHO BOIMIOLIEHHUSAM HACTOSIIETO
M300peTeHMS.

®ur. 22 mpencraBiser co0oi rpaduK, MTOKA3BIBAIOIIMN KOPPEIALUI0 MEXIY CPSAUHHBIM pa3MepoM IO-
CJIEZIOBATEILHOCTEH, BRIPOBHCHHBIX C XPOMOCOMOWM 21, W MPOIEHTOM MOCIICAOBATCIFHOCTEH, BEIPOBHCHHBIX C
XpOMOCOMO# Y, COTITIACHO BOIUIOLIEHHUSIM HACTOSIIETO N300pETCHUS.

®ur. 23A-23C npeacTaBisroT co00i TpaduKy, MOKA3BIBAIONINE KOPPEIIIUI0 MEXKAY CPEAUHHBIM pa3Me-
POM TOCIIEA0BATEIHHOCTEH, BRIPOBHEHHBIX COOTBETCTBEHHO ¢ XpoMocoMmamu 18, 13 u 21, u porieHToM moce-
JIOBAaTEIbHOCTEH, BRIPOBHEHHBIX C XPOMOCOMOH Y, COTJIACHO BOIUIOIIEHHUSIM HACTOSIIET0 H300PETCHHUS.

®ur. 24 moka3pIBaeT CPaBHEHHNE TOYHOCTH BOTLUIOMIEHHUS HACTOSIIETO H300pETEHUS U APYTOTO crocoda He-
WHBa3WBHOTO OOHApYKeHUS (eTANbHON aHeyIIonauH (TprucoMus 13 u Tpucomus 18) ¢ HCIONb30BaHNEM aHAIH-
3a JIHK mMarepuHCKO 11a3mel.

®ur. 25A-25C moka3pIBalOT AWArpaMMbl Pa3IMIHBIX BapHAHTOB T'€HOTHUIIOB OEPEMEHHOH XEHINWHBI U
IUIOJIa COTJIACHO BOIUIOIICHUSIM HACTOSIIEr0 H300peTeHusI.
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®ur. 26 moka3bIBacT MpUMEp, KOTJa MaTh ABJSICTCS TETEPO3UTOTHOM, a OTEI] SBJISICTCS TOMO3UIOTHBIM, CO-
TJIACHO BOIUIOIEHMSIM HACTOSIIIETO H300pETEHHSI.

®ur. 27 mokaspIBaeT MpuUMep, Koraa mioa HacienyeT Hap I ot MmaTepu, korna poauTeNIbCKUid TaIUIOTHIT Ta-
KOH, KaK MOKa3aHHBIN Ha (UT. 26, COTITACHO BOTUIOMIEHUSAM HACTOSIIETO H300PETCHHS.

®ur. 28 moka3bBaeT TaONUITy, WILTIOCTPUPYIOIIYIO aHATIH3 Pa3MEpPOB ISl OAHOHYKICOTHIHOTO ITOJINMOp-
¢uzma (SNP) tuma a Ha Xpomocome 22 COTIIACHO BOTUTOIIEHUSIM HACTOAIIETO N300pETCHHS.

@ur. 29 nokassiBaeT TaONMILy, WLTIOCTPUPYIOIIYIO aHamu3 pa3mepoB st SNP tuna B Ha xpomocome 22
COTJIACHO BOIUJIOIMICHUSM HACTOAIIECTO N300pEeTEHHS.

®ur. 30 nokasbiBaeT rpaduk AF yaprnapmy 278 SNP THNA oL 1 THIA B Ha XpoMocoMme 22 cOrJIacHO BOILIONIE-
HUSIM HaCTOSIIET0 M300peTeHHUS.

®ur. 31A npencrasiser codoi TabIUITy, KOTOpas peacTasiseTr ananu3 pazmepoB JIHK mra3mer 6e3 060-
ranieHus] MUILIEHN COTJIACHO BOIUIOIIEHHUSM HACTOSILIETO H300PETEHHS.

®ur. 31B npeacrasnsier coOoi TabmuIly, KOTOpas npeacTasiser ananu3 pasmepos JJHK ruazmsl ¢ obora-
IIEHUEM MUILIEHH COTIACHO BOIUIOIIEHHUSM HACTOSILETO H300PETEHHS.

@wur. 32 npencrasiseT coboit rpaduk AF mns T21 u symmonaHeix 00pasnoB ¢ u 6e3 00orameHnss MATIEHH
COTJIACHO BOIUTOLICHUSIM HACTOSIIIEr0 H300peTeHUs.

@ur. 33 npexacraBnser coboil GIOK-cXeMy MpUMepa KOMITBIOTEPHOH ammapaTypbl, IPUMEHUMON C CHCTe-
MOH M crtoco0aMH COTIIacHO BOIUIOLIEHHUSIM HACTOSILETO H300PETEHHS.

Onpenenennst

Tepmun "Onomorndeckuii oopasen', NCIOIL3YEMBI B TAHHOM OTHMCAHWW, OTHOCUTCS K JTI0OOMY 00pasiry,
B3STOMY y CyOBeKTa (HampuMep, YeJIoBeKa, TAKOTo Kak OepeMeHHas KCHIIMHA), ¥ COJIepIKaIleMy OHY WA He-
CKOJIBKO MOJICKYJI HYKJICHHOBOW KHCIIOTHI, IPEICTABILIOMINX HHTEPEC.

TepMmuH "HYKIEHHOBAS KUCIOTA" WIH "TIOTMHYKICOTH/T' OTHOCHUTCS K JIE30KCUPHUOOHYKIIENHOBOM KUCIIOTE
(THK) nmu pubonyknennoBoit kuciote (PHK) n ux monmuMepam wiu B OJHO- WIH B ABYXIEMOYECTHON (opMe.
Ecnu HeT 0cOOBIX OrpaHUYCHUIA, TSPMUH OXBATHIBACT HYKJICHHOBBIC KUCIIOTHI, COJICPKAIIUC U3BECTHBIC aHAJIOTH
TMPUPOIHBIX HYKJICOTUIOB, KOTOPHIC UMCIOT CXO0XKHE CBOWCTBA CBSI3BIBAHUS C ITANIOHHOW HYKIICHHOBOHM KHCIIO-
TOW ¥ METaOOJIN3UPYIOTCS CXOKE C HYKIIEOTHAAMH, BCTpEeUaronMucs B pupoje. Eciau He yka3aHo nHoe, orpe-
JICIICHHAsT HYKJICOTHUIHAS MOCICIOBATEIIEHOCTh TAKXKE MOTCHIINAIBHO OXBATHIBACT €¢ KOHCEPBATUBHO MOIU(U-
[IUPOBAHHBIC BApUAHTHI (HAIPUMEDP, 3aMCHBI BRIPOJKICHHBIX KOJIOHOB), ayuienu, opToioru, SNP, BapuaHTHI KO-
MUHHOCTA U KOMILICMECHTApHBIC MOCICIOBATEIBHOCTH, a TAKKE TOYHO yKa3aHHBIC MOCIeaoBaTelbHOCTH. KoH-
KPETHO, 3aMEHBI BBIPOXKIICHHBIX KOJOHOB MOXHO JOCTHYH ITyTE€M T'€HEPAIldH MOCIEI0BATEIIFHOCTEH, B KOTOPBIX
TPEThS TO3UINS OJHOTO MIIM HECKOIBKHUX BBIOPAaHHBIX (MIIN BCEX) KOJOHOB 3aMEHEHA CMEITAHHBIMUA OCHOBHBIMH
W/WM Te30KCUMHO3WHOBBIMU 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 "HyKieu-
HOBas KHCJOTA" HMCIIONB3YIOT Kak B3amMmosameHsemblii ¢ TeHoMm, kJIHK, MPHK, HeGonpmol Hexomupyromei
PHK, mukpo-PHK (MuPHK), B3anmonetictBytomieit ¢ Piwi PHK u kopotkoit mmuneunoii PHK (sh-PHK), koam-
POBaHHOW TE€HOM WJIH JIOKYCOM.

Tepmun "ren" oboznauaer cerment JIHK, BoBneueHHOW B MpOAYyHHMpPOBaHWE TOJUIENTHIHOW LENH HIIH
TpaHcKkpubOupoBanHoro npoaykra PHK. OH MokeT BKIIOYATh YYACTKH, MPEIIICCTBYIOIIUEC H CICAYIOUINE 3a
KOJUPYIOIIMM YYaCTKOM (JIMJCPHBIC W TPEHIICPHBIC), a TAKKE BCTABOYHBIC IMOCICIOBATCIHLHOCTH (MHTPOHBI)
MEXKIy OTICITBHBIMHU KOJUPYIOIUMH CETMEHTAMU (9K30HAMH).

TepMmuH "KITUHUYECKH peeBaHTHAS HYKIJICOTHIHAS TIOCIIEIOBATEIBHOCTE" (TakKe Ha3bIBaeMasi IOCIIeI0Ba-
TENBHOCTHIO-MHIICHBIO WIA XPOMOCOMOH1), CIIONB3YEMBI B TAaHHOM OIHCAHHUH, MOXET OTHOCUTHCSA K HYKJICO-
THIHOU TIOCIIEA0BATEIHLHOCTH, COOTBETCTBYIOMIEH CETMEHTYy OoJiee KPYITHOW T€HOMHOHN TOCJIEeNIOBATEILHOCTH,
MOTEHIMATBHBINA TUCOaTaHC KOTOPOHW TPOBEPSIIOT, MM K camoil Ooyiee KpyImHOW T€HOMHOHM TMOCIIeA0BaTeIbHO-
cti. OTHAM W3 IPIMEPOB ABISAETCA MOCIEI0BATEIFHOCTh XpOMOCOMEI 21. J[pyrue mpuMepsl BKIIIOYAIOT XPOMO-
comy 18, 13, X u Y. Emme nmpyrue npuMeps! BKIIIOYAIOT MyTHPOBaHHBIC TEHETHUECKHE ITOCIIEeIOBATEILHOCTH HITH
TCHETUYECKHUE MOTUMOP(GU3IMBI WIIA BAPUAHTHI KOMTUHHOCTH, KOTOPHIE TUIOJI MOXET YHACIIEIOBATh OT OJHOTO HJIH
o0omx pomuTenel, WM Kak MyTanuioo de novo y miojna. B HEKOTOPHIX BOILIOMICHUSX HECKOIBKO KIMHUYCCKU
PeNeBaHTHBIX HYKJICOTHIHBIX MOCICIOBATEIBHOCTEH I, PABHO3HAYHO, HECKOJIBKO MapKEepPOB KIMHUYECKH pe-
JICBAHTHOW HYKJICOTUIAHOM MOCIICAOBATEIFHOCTH MOTYT OBITh UCIIOIB30BAHBI JUIs MOMYYCHUS JaHHBIX JJIs1 OOHA-
pyxkeHus aucOanmanca. Hampumep, MaHHBIC MO TMATH HECMEXHBIM IOCIIEIOBATEILHOCTAM Ha Xpomocome 21
MOXXHO HCIIOJIb30BaTh B JIOMIOJHEHHE [UISl ONPEEICHNS] BO3MOXKHOT0 AncbanaHca XpoMOCcOMEI 21, mpudeM 00b-
eM 06pasia HeoOXOAUMBIH JUTs aHamm3a 5QPEKTHBHO YMEHBIIACTCS 10 /s,

TepmuH sTamoHHas "HYKICOTHAHAS TOCIECOBATEIIFHOCTD, HCIIOIB3YEMBIA B JAHHOM OTIMCAHUH, OTHOCUTCS
K HYKJICOTHIHON MOCIEIOBATEIBHOCTH, PacHpeAesieHHe M0 pa3MepaM KOTOPOW HCHONB3YIOT U CPaBHEHUS
MPOTHB TIOCIICAOBATEIHLHOCTH-MUIICHH. [IpUMeps! 3TaIOHHOW HYKJICOTHIHON MOCIEeI0BATEIEHOCTH BKIIOYAIOT
XpOMOCOMY, 9aCTh XPOMOCOMBI, OIIPEACTICHHBINA ajulelb (HalpuMep, MaTepH), ONPEACICHHBIN ralIOTUII, TEHOM
WA UCKYCCTBCHHO CUHTE3MPOBAaHHYIO HYKJICOTHIHYIO MOCICOBATEIEHOCTh. TaKue ITAIOHHBIC HYKICOTHIHBIC
MOCJIC/IOBATENILHOCTH MOTYT WM CYIIECTBOBATh AHJOI€HHO B 00pasie WM H00aBISATHCS SK30T€HHO BO BPEMs
00paboTKU WK aHau3a 00pasia. B HEKOTOPBIX BOILIOMICHHUSX 3TAIOHHBIC HYKJICOTHIHBIC MTOCICIOBATEIIEHOCTH
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JEMOHCTPHUPYIOT MPOQHIb pa3MepoB, KOTOPHIH XapaKTepeH ISl 37J0POBOTO COCTOSIHHS B OTCYTCTBHE 3a00JIeBa-
HUSL.

TepmuH "ocHOBaH Ha", UCMOIB3YEMBI B JAHHOM OITMCAaHWH, O3HA4YaeT ""OCHOBAHHBIM, 10 MEHBIIEH Mepe,
YaCTHYHO, HA" W OTHOCHUTCS K OJTHOMY TIOKa3aTelto (WX pe3yibTary), UCTIOIh3yEeMOMY MPH ONPENEICHUH APY-
TOTro TIoKa3aTelis (BETUYHUHBI), KaK TPOUCXOJUT B COOTHOIIIEHUH BXOJIa CIIOC00a W BHIX0J[a YKAa3aHHOTO CIoco0a.
TepmuH "TIPOUCXOANTD", UCTIONL3YEMBINA B JAHHOM OITMCAHUM, TAKXKE OTHOCUTCS K COOTHOIIIEHHUIO BXOJIa CITIOCO-
0a ¥ BBIXOJ1a YKa3aHHOTO CII0C00a, TAKOT0, KaKOe MMEET MECTO, KOT/Ia MIPOUCXOKACHHUE SBISCTCS BEIYHCICHIEM
o Gopmyre.

Tepmun "napamerp", UCMONB3YEMbIH B JaHHOM OIMCAaHUM, O3HAYAeT YUCICHHYIO BEJIMYUHY, KOTOpas Xa-
pakTepu3yeT HabOp KOJIMYCCTBEHHBIX ITAHHBIX, W/WIIM YUCICHHOC COOTHOIICHHE MEXITy HaOOpaMH KOJIMYECT-
BEHHBIX JIaHHBIX. Hampumep, mapameTpoMm sBISCTCS OTHOIICHUE (WU (QYHKIMS OTHOIICHHUS) MEXKIY TEPBBIM
KOJIMYECTBOM IIEPBOY HYKJICOTHIHOHN MOCIEIOBATEIEHOCTH U BTOPHIM KOJTHYECTBOM BTOPOH HYKJICOTHIHOM MO-
CJIC/IOBATEIILHOCTH.

Hcnonp3yemblii B TaHHOM OTNMCaHWU TEPMHH "JIOKYC" WIHM €0 MHOXECTBEHHOE YHCIIO "JIOKYCH" 0TOoOpa-
JKaeT JIOKAIWIO MJIM MECTOIOJIOKEHHE JIF0O0TO OTpe3ka HYyKJICOTHIOB (WM Map OCHOBaHMI), KOTOPHIH HMeeT
BapHaIfIo B rTeHOMaXx.

Tepmun "aucbananc mocieaoBaTeIbHOCTEN", UCITONB3YEMBIH B TAHHOM OINHCAHWH, O3HAYAET JI000e 3Ha-
YHUMO€E OTKJIOHEHHE, OIIpeesieMoe Kak, 0 MEHbBIIEH Mepe, OHa TIOPOTroBas BEJIMYHNHA, B KOJIMYECTBE KIIMHIYC-
CKHU PEJIeBaHTHOM HYKJICOTHIHOM TOCIIEOBATEIIFHOCTH OT KOJMYECTBA dTajoHa. JlucOanaHc MOCIe0BaTeIbHO-
CTEeH MOXKET BKIJIFOYATh MUCOANIAHC O3Bl XPOMOCOM, ITUCOaIaHC ajieNnel, TucOamanc 1036l MyTallui, TucOaanc
KOTIMIHOCTH, TUCOaTaHC 036l TAIUIOTHIIOB U Ipyrue moao0Hble aucOamancel. Kak npumep, nucbanaHc amenei
WIHA T03Bl MyTallUii MOXKET UMETh MECTO, KOTJa IUIOJ MMEET TCHOTHII, OTIMYHBIA OT MAaTePHUHCKOTO, TPUYEM
MIOCPEICTBOM 3TOTO CO3JaeTCsl qucOaIanc B 00paslie B ONPEACICHHOM JIOKYCe.

TepmuH "XpoMocOMHasi aHEYIUIOUAMS'", UCTIOJIb3yeMbI B TAHHOM ONHCAHMM, 03HAYAE€T U3MEHEHUE B KO-
JIMYECTBE XPOMOCOM OT KOJMYECTBA TUILIOMTHOTO TeHOMa. MI3MEHEHUEe MOXKET OBITh YBEIHUCHUEM WM YMCHb-
mreareM. OHO MOXET BKIIFOYATh OJHY XPOMOCOMY LIETMKOM HIIH Y9aCTOK XPOMOCOMBI.

TepmuH "rammoTun", HCIOML3YEMBIA B JAHHOM OMUCAHWH, OTHOCHTCS K KOMOMHAIIMH aJljiesiell B HECKOJIb-
KHX JIOKycax, KOTOpbIC IIepeIaHbl TI0 HACIEICTBY BMECTEe Ha OJHOW M TOH K€ XpPOMOCOME HMJIHM y4acTKEe XPOMO-
coMBI. ["arIoTHIT MOYKET OTHOCHTBECS K TAKOMY HEOOJIBIIOMY KOJIMYECTBY, KaK OJHA Mapa JOKYCOB, FJIH K y4acT-
Ky XpOMOCOMBI WJIH KO Bcel xpomocome. TepmuH "amnenn" OTHOCHUTCS K albTepHATHBHBIM ITOCIIE0BATEIHHO-
ctsim JIHK B ogHOM M TOM ke (U3HYECKOM T€HOMHOM JIOKYCe, KOTOPbIE MOTYT WM HE MOTYT IIPHBECTH K paz-
JUYHBIM (DEHOTHUITUYCCKUM MpH3HAKaM. B J1I000M OmnpeAeNicHHOM AWIUIOUIHOM OPTaHU3ME C IBYMS KOIHSIMHU
Ka)XJTO¥ XpOMOCOMEI (32 UCKITFOUCHHEM IMOJIOBBIX XPOMOCOM Y MYKYHMHBI) TCHOTHIT ISl KaXKIOTO TeHA BKITOYAET
napy ajienei, MPUCYTCTBYIONNX B YKa3aHHOM JIOKYCE, KOTOPBIC SBIIAIOTCS OJAMHAKOBBIMH B TOMO3HIOTaX U
Pa3IMYHBIMU B TeTEPO3UroTaX. [lOMyssIus Wik BUA OPTraHU3MOB THIIMYHO BKIIFOYACT HECKOJBKO ajUIeNIeH st
Ka)XJTOTO JIOKYCa Y Pa3JINYHbIX WHANBHUIYYMOB. | €HOMHBIN JIOKYC, B KOTOPOM B MOITYJISAIIUHM HAXOIAT Ooyiee 0J1-
HOTO aJUTeJis, Ha3bIBAIOT MOJMMOPGHBIM caiitoM. M3MeHeHHe ajuieneld B JIOKYCe MOXKHO M3MEPHUTh KaK YHCIIO
MIPUCYTCTBYIOIINX aJliesiel (T.e. cTeneHb oJuMopdu3Ma) UiTk IOJIO TeTEPO3HUTOT (T.€. CTEIIEHb TeTePO3UTOTHO-
CTH) B MOMYJAIUHU. VICIONb3yeMblii B JAHHOM OINMCAHUU TEPMUH "TOTMMOPPHU3M" OTHOCUTCS K JFOOOMY MEXK-
JMYHOCTHOMY W3MEHEHHIO B TCHOME YeJIOBEKa HE3aBUCHMO OT €T0 MOBTOpsieMocTH. [IpuMeps! Takux W3MEeHEHHH
BKITIIOYAIOT, HO HE OTPAaHUYMBAIOTCS YKa3aHHBIM, OJHOHYKJICOTHIHBIN MOTMMOP(HU3M, TOTUMOPPH3MBI POCTHIX
TaHIEMHBIX TOBTOPOB, MHCEPLIHNOHHBIC-ICICIUOHHBIC MOIUMOPGU3MBI, MyTalliH (KOTOpPBIE MOTYT BBI3HIBATH
3a00JICBaHMs1) M U3MCHCHUS KOTIMHHOCTH.

MMoapo6Hoe onucanue

OO0napyxeHo, uTo Mojekynsl ¢eransHoi JJHK, KoTopble MpHCYTCTBYIOT B Iu1a3Me OepeMEHHO JKEeHIHU-
HBI, KaK MPaBWIIO, KOpOUe, YeM MOJIEKYJIbI MaTepuHcKoro npoucxoxaenus (Chan et al., Clin. Chem., 2004, 50:
88-92; Li et al., Clin. Chem., 2004, 50: 1002-1011; 3asBka Ha matent CIIIA 20050164241). B HEKOTOpHIX BO-
IUIOLIEHUIX HacTosmero n3ooperenns n3 JJHK marepuHckoit rua3msl 1o u3mMeHeHunto pasmepa monekya JHK,
TIOJYYCHHBIX M3 YKa3aHHOHM 4acTH T€HOMa, MOXKHO OIIPENeNUTh, UMEET JIM IO M30BITOYHOE MIIM HEJOCTaTOU-
HOE TIpelcTaBIeHHe dToN JacTu reHoma. Tak kak ¢eranpHas JIHK npencrasiser muHopHyo ¢pakmuto JJTHK B
MaTEepUHCKOH IIa3Me, o0Ias CTereHb N3MEHEHHS Pa3MepOB B MaTEPHHCKOH IIa3Me NOJDKHA OBITh, BEPOSATHO,
HEOOJIBIIIOHN, M TAKMM 00pa30M, MOKET OBITH OOHApYKEHA C TPYJAOM. B HEKOTOPBIX BOIUIOIICHUSX pa3Mephl psa
MOJIEKYJI M3MEPSIOT U AOCTIKCHHUS CTaTUCTHYECKH 3HAYMMOTO PasiHyMs MEXITy OOJEe3HBIO W 3OPOBBIM CO-
CTOSTHHEM.

I. Onpenenenne pa3mepa GpparMeHTa.

OmHEM U3 cIOCO00B, KOTOPBIMH MOKHO U3MEPUTH pa3Mepsl psiaa Mostekyn JIHK, sBisercs MmaccuBHOE ma-
paIenbHOE CEKBEHUpOBaHKME TeHoMa. Ero MOJKHO OCYIIECTBHTH, HATIPUMED, HA IIaT(hopMe TeHOMHOTO aHAJIU-
3aropa Illumina (c ncrons3oBanneM cekBeHHpoBaHHMs MmyTeM cuHTe3a) (Bentley D.R. et al., Nature, 2008, 456:
53-59), ABI SOLID (c ucnons3oBaHreM ceKBeHHpOBaHuUs mmyTeM aurupoBanns) (McKernan et al., Genome Res.,
2009, 19: 1527-1541), mnardpopme Roche 454 (Marguelis et al., Nature, 2005, 437: 376-380) u miatpopme of-
HOMOJIEKYyJIsipHOTO cekBeHupoBanus Helicos (Harris et al., Science, 2008, 320: 106-109). Taxke npenmoaraet-
Csl, 9TO TAaK)Ke MOKHO HCIIOJIb30BaTh APYTHE IIaT(GOPMBI MACCHBHOTO TTapaUICIHFHOTO CEKBEHUPOBAHUS, HATIPH-
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Mmep, Pacific Biosciences (ogHOMONIEKYIsIpHAS TeXHOJOTHS B peaibHoM Bpemenr (SMRT™)) (Eid et al., Science,
2009, 323: 133-138), cexBenupopanue B HaHomopax (Clarke J. et al., Nat. Nanotechnol, 2009, 4: 465-470), mo-
JYIPOBOJHHKOBOE CEKBEHHpOBaHue (Harpumep, ¢ lon Torrent (Www.iontorrent.com), ¥ T.JI.

OpnuM n3 myTeit nonmyyenns: nHpopmarmu o pazmepax JIHK u3 Takoro cekBeHHpOBaHUs SBISIETCS BBINOI-
HEHUE CEKBCHHPOBAHUS criapeHHbIX KOHIOB (paired-end) (PE), mpu koTopoM cekBeHUPYIOT 00a KOHIIA MOJIEKY-
ner JIHK. 3aTem mocnenoBaTenbHOCTH, COOTBETCTBYIONTHE 000MM KOHIIAM MOJIEKYJIBI, MOXKHO "0OpaTHO" KapTH-
pOBaTh B STAIOHHOM T€HOME (HAIpUMEp, ITAJOHHOM I'eHOME YeJOBeKa WM 3TAJOHHOM T'€HOME JIOMIaau WIH
TEeHOME JIF000TO KMBOTHOTO, TPEACTaBIAIONIETO WHTEepec). B omHOM BomomEeHnH 006a KOHIIA CEKBEHUPYIOT,
KaX[Ipli, HA PACCTOSHUE, KOTOPOE SBISETCSA MOCTATOYHO MPOTHKCHHBIM ISl OOpAaTHOTO KapTHPOBAHHSA B 3Ta-
JIOHHOM TE€HOME 4ejioBeka (Hampumep, npuMepHo 10-24 ocHoBanus wnm 25-36 ocHoBaHuWii). B apyrom Bormio-
IIEHUH TOJIBKO YacTh MOCIIE0BATENLHOCTEH MOXKET OBITH 00paTHO KapTHpOBaHa Oe3 OMIMOOK B ydacTKe TeHOMa
YeJIoBeKa He coJiepiKallleM IOBTOPHL. B OIHOM acrnekre KapTHpOBaHHE MOXET OBITH OJHO3HAYHBIM, €CIH 00e
MIOCJIE/IOBATENILHOCTH MCIIONB3YIOT IPH KapTUPOBaHUM BMecTe. [Ipu TakoM BapuaHTe, nake eciu o0a KoHna 6e3
COMHEHUSI MOTYT OBITH CJIIMIIKOM KOPOTKHMH JUIsi 00paTHOTO KapTUPOBAHUsI, UCIIOJIL30BaHIE 00eHX Tocie10Ba-
TENIBHOCTE MOXKET 00eCIeYnTh 0JJHO3HAYHOE KapTHpoBaHue. PasMep MoneKybl MOKET OBITh BHIYUCIICH ITyTEM
BBIYUTAHUS TEHOMHBIX KOOPAMHAT KOHIIOB JABYX ITOCIIEIOBATEIHHOCTEH.

B ngpyrom BoIUTOIIEHUH pa3Mep MOJIEKYIBI MOKHO ITONYyYUTH IYTeM MOJIHOTO WM HOYTH ITOJHOTO CEKBe-
HUpoBaHus Bcell Mosiekynsl JIHK BMecTo TONBKO €€ ABYX KOHIIOB. DTO MOXHO 3(PQPEKTHBHO OCYIIECTBUTH C
TIOMOIIBIO TIAT(OPM CEKBEHHPOBAHHUS C OTHOCHTEIHHO MPOTSHKCHHBIMH OTPE3KaMHU CUHTHIBAHUS, TAKUMH Kak
wiatrdopma Roche 454, onnomonekynsipHast TexHoorus B peansHoM Bpemenu (SMRT™) Pacific Biosciences u
texHosorus lon Torrent (Www.iontorrent.com).

[Tpou3BOANTETFHOCTS METOJOB CEKBEHHMPOBAHMSA HA OCHOBE BEHIMICYKA3aHHOTO MOKHO IMOBBICHTH ITyTeM
WCTIONIb30BaHUsI MHIEKCUPOBaHUS Wi mTpruxoBoro koaa (Cronn et al., Nucleic Acids Res., 2008, 36: el22). Ta-
KUM 00pa3oM, K (parMeHTaM HyKJICHHOBOI KHCIIOTHI B ONpE/IeJICHHON OMOIMOTEKe CEKBEHUPOBAHHS HYKIEHHO-
BBIX KHCJIOT MOXKET OBITh 0OABJIEH MHICKC WM IITPUXOBOH KOJ, CelUpHUIECKUI At 00pasiia WiK MalyueHTa.
3areM psia TakuxX OMOIMOTEK, KaXaast C MHACKCOM HIIM IITPUXOBBIM KOJIOM, CIIEIM(UYECKUM JUI1 00pa3ia Win
ManMeHTa, CMEIINBAIOT BMECTE 1 BMECTE CEKBEHHPYIOT. [locie peakuuii cekBeHMPOBaHMS MOYXKHO cOOpaTh JAaH-
HBle CEKBEHHPOBAHMS JUIsl KQXKJ0ro 00pa3lia WM MalieHTa Ha OCHOBAaHWY KOJIa WJIM MHAEKca. Takast cTpaTerus
MOJKET TIOBBICUTH MPOU3BOAUTEIHHOCTh M, TAKUM 00pa3oM, SKOHOMHUYECKYIO 3QPEKTUBHOCTh JTaHHOTO U300pe-
TEHUS.

B nmpyrom BomuromeHHH MOJEKYJIBl HYKJICHHOBBIX KHCIIOT B OMOJIOTHYECKOM OOpasle mepen aHaIu30M
pa3MepoB MOXKHO 0TOOPaTh WK PPaKIIMOHUPOBATh. B 0IHOM BapHaHTE MOJEKYIIBI HYKJICHHOBBIX KHCIOT 00pa-
0aTBIBAIOT C MTOMOIIBIO YCTPOHCTBA (HAIPUMEP, MEKPOMATPHIIBI MM PACTBOPOB, COAEPIKAIIINX 30HIBI), KOTOPOE
MOJKET IMPEUMYIIECTBEHHO CBSI3BIBATh MOJICKYJBI HYKJICHHOBBIX KHCJIOT W3 BBIOPAHHBIX JIOKYCOB B T€HOME (Ha-
npumep, ogHOoU u3 xpomocoM 21, 18, 13 unn X)), 3aTeM MOXKHO BBIIOTHUThH aHAIU3 Pa3MEPOB HA MOJMHOXKECTBE
CBSI3aHHBIX MOJICKYJ HYKJICHHOBBIX KHCJIOT. B TakoM BOIUIOIIEHHH MOKHO HCIIOJIB30BAaTh CUCTEMY 3aXBaTa MO-
cienoBarensHocTeil Nimblegen (www.nimblegen.com/products/seqcap/index.html) wmu cucremy Aglient Sure-
Select Target Enrichment (www.opengenomics.co.SureSelectTargetEnrichmentSystem) mim momoOHble miaT-
¢opmbl. B npyrom BOIIJIOIIEHWH TTOAMHOXKECTBO HECBSI3aHHBIX MOJIEKYJ HYKJIEHHOBBIX KHCIOT MOXXET OBITH
i hepeHIMpPOBaHHO YAAIEHO WM Pa3pyIICHO MM THAPOIU30BaHO.

[To meHpIIEH Mepe, IO HEKOTOPHIM BOILIOMICHUSM MOXHO paboTaTh C aHAJIM30M OJHOW MOJEKYIIBI Ha JIFO-
601t mratopmMe, B KOTOPOM MOXKHO aHAIM3WPOBATh XPOMOCOMHOE MPOHCXOXKICHHUE H IMHY MOJICKYJBI, Ha-
puMep, ¢ MEKTPOPOPe30M, ONTHISCKIMU METOJaMH (HallpuMep, ONTHYECKIM KapTHPOBAaHHEM M €r0 BapHaH-
tamu, en.wikipedia.org/wiki/Optical mapping#cite note-Nanocoding-3, u Jo et al., Proc. Natl. Acad. Sci. USA,
2007, 104: 2673-2678), MmeTo1oM Ha OCHOBE (hJTyOpECIISHIINHN, METOIaMH Ha OCHOBE 30HIOB, Iudposoii [TIIP (Ha
OCHOBE MHUKPOKHJIKOCTEH MM Ha OCHOBE 3MyJibcuu, Hanpumep, BEAMing (Dressman et al., Proc. Natl. Acad.
Sci. USA, 2003, 100: 8817-8822), RainDance (www.raindancetech.com/technology/per-genomic-research.asp)),
amMIIM(UKanyue 1o TUITY KaTSIIETocs KOJIbIA, Macc-CIIEKTPOMETpHEH, aHaIn30M IUIaBJIeHUS (MM aHaIn30M
KPHMBOW TUIABJICHHS), ¢ MOJEKYJSPHBIMH cUTaMHu M T.0. Kak mpumep, B cilydae Macc-CIIEKTPOMETpPHH Ooiiee
JUTMHHAsI MOJIeKyJa OyIeT UIMeTh OOJIBIIYI0 Maccy (TIpHMep ToKa3aTes pa3Mepa).

B onHOM npumepe mosnexynsl JJHK ma3Mbl mpor3BOIEHO CEKBEHUPYIOT C TIOMOIIBIO CHCTEMBI TEHOMHOTO
ananmu3aTtopa Illumina ¢ ncnoxp30BaHMEM MPOTOKOJIA CEKBEHHPOBAHMUS CIIAPEHHBIX KOHIOB. B TakoM skcmepu-
MEHTE HCIOJIE3YIOT Bepcuio 1 Habopa pearenToB Illumina Paired-end (PE) Cluster Generation. Kaxknprii koHerlr
CEeKBEHHPYIOT Ju1st 36 1m.0. O0a KOHIIa Ka)I0H MOCIIEJ0BaTeILHOCTH BRIPABHUBAIOT C TEHOMOM 4YeJIOBEKa C Mac-
kupoBaHHbIME TIoBTOpamu (NCBI Build 36, Bepcust 48) ¢ ncnonp3oBanueM nporpaMmbl cland pair B makere
nporpamMmm GAPipeline-1.0, mpenocrasiaernrom [llumina. [y meneit BeIpaBHUBAHMS UCTIONB3YIOT TOJBKO 32 11.0.
n3 36 ¢ KaXXI0TO KOHIIA.

B HEKOTOpBIX BOILUIOLICHUSX JUIS TTOCIIEIYIOIIEro aHajlh3a MOXKHO MCIoib30BaTh nanusle PE, ynosnerso-
PSIOIIHE CIIETYIOLUTM KPUTEPHSIM:

(1) oTnenbHBIE WICHBI Ka)KAOM NMPEIOKEHHON Mapbl 00a CEKBEHHPOBAHBI HA OJHOIM M TOW e MO3MLUH
KJIacTepa Ha CEKBEHHPYIOLIEH MPOTOYHON KaMepe M MOTYT OBITb BHIPOBHEHBI C OHOW M TOW YK€ XPOMOCOMOH C
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MPaBUJIBHOM OpUCHTAIIUCH, 0KUTAEMON JITIs TAIOHHOTO TCHOMA YEIIOBEKa;

(2) maHHBIC CEKBCHHPOBAHUS O0OOMX WICHOB Maphl MOTYT OBITH BHIPOBHECHEI C 3TAJTOHHBIM TCHOMOM YEJIO0-
BeKa ¢ MAaCKUPOBAHHBIMH MIOBTOPAMH 0€3 KaKoW-JIH00 OMMOKH 10 HYKIICOTHIAM;

(3) maHHBIE CEKBEHUPOBAHUS KaXKIOTO YJICHA IMaphl UMEIOT MTOKAa3aTeb OAHO3HAYHOCTH >4; 1

(4) maps1, mokaspIBatolue pasmep BctaBku MeHee 600 1m.0.

3aTreM BBIUMCISIOT pa3Mep KaKIOH BBEIPOBHEHHOW ITOCIICAOBATEIHHOCTH COTJIACHO IMO3WIMH KaXKIOTO W3
JIBYX KOHIIOB.

1. Mcnonp30BaHme pactpeeneHus 1Mo pa3MepaM sl OIpeAeICHUS COCTOSHIUS aHSYTUIOUINH.

®ur. 1 npencrasiseT coboii GII0K-CXeMy, HILTIOCTpHUpPYIoIyto criocob 100 ocyriecTBieHns NpeHaTaIbHO
JMarHOCTHKH IHcOanaHca IOCIEI0BaTeIbHOCTEH B OHOJMIOrHYECKOM 0O0pasie, MOIyYeHHOM OT OepeMeHHOM
JKSHIIWHBI, COTJIACHO BOIUIOIIEHHSIM HacTOsIIEro m3ooperenus. Xots cnocod 100 onmcaH, riaaBHBIM 00pa3oM, B
CBSI3M C aHATM30M (peTaIbHOM XPOMOCOMHON aHEYIUIONUINH, IpyTHe BoIomeHus criocoba 100 u npyrue croco-
OBl B JJaHHOM OIKCAaHWUH MOTYT OBITh MPUMEHCHBI K JAUCOaaHCaM JPYTUX MOCICAOBATEIFHOCTEH (Hampumep,
uneHTuUKanus reHoTuna wim myTanuii). Crnoco6 100 u xpyrue crocoObl, yKa3aHHbIE B JIAaHHOM OIMCaHHH,
MOTYT OBITH OCYIIECTBJICHBI MOJTHOCTHIO WIIM YAaCTHYHO C TIOMOIIBI0 KOMIBIOTEPHOH CHCTEMBI, BKJIIOYAIOMICH
OJIMH WJIM HECKOJIBKO MPOIIECCOPOB.

Crioco6 100 u mo6oit apyro#t crmocoO, ONMMCaHHBIA B TAHHOM OTHMCAHWUN, MOXET OBITh OCYIIECTBIICH ITOJI-
HOCTBIO T YaCTUYHO C TIOMOIIBI0 KOMITBIOTEPHON CHCTEMBI, BKIIIOYAIOIIEH Mporieccop, KOHGUTYpaIs KOTo-
pOro MOXeT OBITh CO3/aHa IS BHIIOJHEHUS cTaanil. TakuM o0pa3oM, BOIDIOMIEHUS OTHOCSATCS K KOMIBIOTEp-
HBIM CHCTeMaM, KOH(QUTypaIis KOTOPBIX CO37jaHa JUIsl BBITOHEHHS CTaJANi JII000T0 U3 CIIOCOO0B, OMMMCAHHBIX B
JTAHHOM OITMCAaHWU, MOTCHIIMATIBHO, C Pa3IMYHBIMH KOMIIOHCHTAMH, BBIOJHSIOIIUMHI COOTBETCTBYIOIIYIO CTa-
JIUEO TUTH COOTBETCTBYIOMIYIO TPYIITY CTamuii. XOTS CTaJWU MPEACTABICHB HyMEPOBaHHBIMH, CTaJUU CIIOCO0a
M0 IAaHHOMY HM300pETEHUIO MOTYT OBITh BBIIIOJIHEHBI BCE OJHOBPEMEHHO WM B Apyrom mopsuake. Kpome Toro,
BCE WJIM YacTH CTaAWH MOryT ObITh HeoOs3arenbHbIMH. Kpome Toro, mrobast 3 craauii ;mo0oro u3 crocoOoB
MOJKET OBITh BBITIOJTHEHA C MOYJISIMH, CXEMaMH WU APYTHUMH CPEIACTBAMH JUTS BHIMIOJHCHUS TAKUX CTa U,

Ha cragum 110 u3mepsroT pasmep, 10 MEHBIIEH Mepe, HEKOTOPBIX MOJIEKYJ HYKIEHHOBBIX KHCIOT (Ha-
npumep, JJTHK wmm PHK) B Guomormdeckom obOpasme. MosleKyinbl HYKJICHHOBBIX KHCIOT TaKKe Ha3bIBAIOTCS
(parMeHTaMH, TaK KaK OHH IPEACTABIAIOT CO00# (pparMeHTHI MOTHOTO reHoMa. PazMep MOXKHO M3MEPHTH JII0-
OBIM TIOIXOIATIIAM CITOCOOOM, HAIIPUMEP, CTIOCO0aMH, ONTMCAHHBIMU BBIIIIE.

Ha cragmm 120 uaeHTHOUIUPYIOT JOKALKIO B TEHOME, U3 KOTOPOTO MPOUCXOANUT KakIasi U3 MOJIEKYN HyK-
JICMHOBBIX KHCIOT. JIokanmeit MOXeT SBIATHCS J1t00asi 4aCTh TeHOMAa, KOTOPHIH B TaHHBIX MPUMEpPax SBIACTCS
TCHOMOM YEeJIOBEKa, HO MOXKET OBITh YacThIO APYTHX TeHOMOB. Hampumep, JIOKaIueld MOXET SBISATHCA XPOMO-
coMa ¢ OIpe/IeJICHHBIM HOMEPOM, U3 KOTOPOH Mpou3ouien GpparMeHT, I1ie 9acTh XpOMOCOMBI MOXKET OBITh OIIpe-
JIcicHa TEHOMHBIMU KOOpPJIUHATAMH (HAIpUMEp, KOHKPETHON KOOPIMHATOW WM PSIOM KOOPAMHAT), W Naxe
MOXET MPEACTAaBIATE cOOOH OIHY ONPENENICHHYI0O XPOMOCOMY M3 XPOMOCOMHOW TMaphl (MCXOIS W3 TOTO, 4TO
OPTaHM3M JYIIIOUT) U3 KOTOPOH MPOM30IIeI pparMeHT.

B 0HOM BOIUTONICHUY TaKYIO WIACHTU(MHUKAIIMIO MOXHO BBITIOJIHUTH ITyTEM CEKBEHUPOBAHUS M CPABHCHHS
MHQOPMALUH O IOCIENIOBATEIHHOCTAX C JTAJOHHOM IMOCIEeIOBATEIHHOCTHIO TEHOMa YeloBeKa. B apyrom Bo-
TUTOIIEHUH TaKyI0 HACHTH(UKAIIIIO MOXKHO BBITIOJIHHUTE ITyTEM THOPHIN3AINH C TAHETBIO 30HA0B C U3BECTHBIM
XPOMOCOMHBIM TIPOUCXOKICHUEM. 30HIBI MOTYT OBITH MMOMEUYECHBI OJHOM MIIN HECKOJBKUMH (IIyOpEeCHEHTHBIMH
METKaMH B JI000M (hopMaTe MHUKPOMATpPHI[ MM B pacTBOpe. B ermme ogHOM BOIUTOMIEHUH MOJIEKYJIBl HYKJIEHHO-
BBIX KHCJIOT MOTYT OBITh 3aXBa4€HBI NIAHEJBIO 30HAOB WM B PACTBOPE WM HAa TBEPJIOW MOBEPXHOCTH M, 3aTEM
3axBavyeHHbIC (WM OCTABIIMECS HE3aXBAYCHHBIMHU) MOJICKYJIBI HYKJICHHOBBIX KHCIIOT CEKBEHUPYIOT. B HekoTo-
PBIX BOIUIOLIEHUSX, TA€ HEOOX0UMO HIACHTH(GUIIMPOBATh TUcOalaHC MOCIEA0BATEIILHOCTEH HHOI, YeM XpOMO-
COMHAs aHCYIUIOWANS, CTAHs UACHTU(PHUKAIIMA XPOMOCOMBI, H3 KOTOPOU MPOUCXOAUT (PparMeHT, MOXKET OBITh
Heo0s13aTeIbHOM.

Ha cragun 130 ompenemnstrorT pacrpeneneHue IO pa3MepaM MOJIEKYJ HYKJIEHHOBBIX KHCIIOT, COOTBETCT-
BYIOIIIUX TIEPBO# JIOKAIMK (HApUMeEp, MIEPBOH XpoMocome). Pa3mndHbIe BOILIONMICHUS MOYXHO HCIIOIB30BATh IS
Pa3UYHBIX pachpeeleHni o pa3MepaM. B HEKOTOPHIX BOIUIOIIEHHX pacHpeesieHne 0 pa3MepaM COOTHOCST
C pamXHpPOBAaHUEM pa3MepoB (HalpUMep, YCpPeIHEHHBIH (average), cpeawHHbIN (median), cpemHuii (mean))
(hparMeHTOB OAHOM XPOMOCOMBI OTHOCHTENBEHO (PParMeHToOB APYTHX XpPOMOCOM. B Apyrux BOIIOMIEHHSIX pac-
npeefieHne 10 pa3MepaM MOXKET COOTHOCHTBCS CO CTATHCTHYECKHM IIOKaszaTeseM (aKTHYECKHX pPa3MepoB
(hparMeHTOB XpOMOCOMBI. B 0THOM BOIITONICHUN CTATHCTHYECKHUI ITOKA3aTeNIb MOXKET BKJIIOYATh YCPEIHESHHBIH,
CPEIVHHBIA W CPEeTHUN pa3Mep PparMeHTOB XpOMOCOMEL. B Apyrom BOIUIOIIEHWH CTATUCTHYECKUN IMOKa3a-
TEJIb MOXKET BKJIIOYATH MOJHYIO JUIMHY (hParMEHTOB MEHBIIIEC MOPOTOBOI BETUYHUHBI, KOTOPYIO MOKHO Pa3ieiUTh
Ha MOJIHYIO JUTMHY BCeX (PparMEHTOB WIIH, TI0 MEHBIIEH Mepe, pparMeHTOB MEHBIIIE TOPOTOBOM BETHYUHEI.

Ha cragun 140 Ha ocHOBaHUM OIPEAEIEHHOTO pacHpenesieHus 0 pa3MepaM KiIacCH(UIUPYIOT, CYIIeCT-
BYeT JIU AuCOaNaHC MOCIeA0BaTeIbHOCTEH (Hampumep, GpeTaabHas XpOMOCOMHAS aHIYIUIOMUINS) JUIS TEePBOM
JoKanuy. B 0HOM BOIUIONIEHHH PaH)XKUPOBKY XPOMOCOMBI CPaBHHBAIOT C PAH)KUPOBKOHN 3TaIOHHOTO 0Opasna
(HanpuMep, paHXHPOBKOH dyrmonaHoro obpasua). Ecin n3menenue 3Haunmoe (Hanmpumep, peBbINIaoniee no-
poroBoe 3Ha4YEHHE), TOraa 0Opa3er] MOKHO KIaCCH(HUIMPOBATh KaK aHEYIJIOWAHBIN. B npyrom BoruromeHnn
CPaBHHBAIOT CTATHCTUYECKHE TOKa3aTenn (paKTHIECKUX Pa3MEpPOB IABYX XPOMOCOM WM Tpymn xpomocom. Ha-
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MPUMEP, MOKHO B3SATh Pa3InYMe MEKAY COOTBETCTBYIOIIUMH CTATUCTHYCCKHMHU MOKA3aTEIIMU U CPaBHUTH C
MOPOTOBBIM 3HAUCHHEM.

II. Pactipenenenue mo pasmepy (pamKHAPOBKa).

B BomtomeHnAX MOTyT OBITH MCIOJB30BAHBI 3HAYCHUS Pa3MepOB (ParMEHTOB HYKJIEMHOBBIX KHCIOT 00-
pasima [uIst TOTo, YTOOBI OIPENEeIUTh CYIIECTBYET JIM XPOMOCOMHBIH ancbananc. @parMeHTaMy TakKe Ha3bIBAIOT
TIOCJIEIOBATEIEHOCTH ITOCJIC BHIITOJHEHUS CEKBEHUPOBAaHUS. B 01HOM BOIIIOIICHUH OMIPENEISIOT pacpeieieHne
o pa3MepaM (HparMeHTOB HECKOJIBKHX XPOMOCOM, H XPOMOCOMBI PacroiiaraioT B ONpPEIeIEHHOM MOpsIKe Ha
OCHOBAHMH CTATHCTHYECKOTO ITOKA3aTelsl paclpeeseHus (HalpuMep, YCpeIHEHHOTO, CPSAMHHOTO HITH CpeIHe-
ro). JJns ynoOcTBa TepMuH "pazMep" MOXKHO HCIIOB30BATh B TAHHOM OIMUCAHUU KaK CHHOHHM CTaTHCTHYCCKOTO
MOKa3aTesst pa3Mepa. JTO JTOJDKHO OBITH SICHO, KOT/Ia TepMHH "pa3Mep" OTHOCAT K pa3Mepy KOHKPETHOTo ¢par-
MEHTa U CTAaTUCTUYECKO OIeHKe Habopa (GparMeHTOB.

A. PamxupoBka.

@ur. 2 npencrasnseT coboil rpaguK, WUTIOCTPUPYIOIIMI N3MEPEHHOE pacIipeielieHue o pasmepy ¢par-
MenToB JTHK, mpoucxomsmux u3 pa3IidHbIX XPOMOCOM B MaTePHHCKO# 1uiazMe. Tak kak U3MEpEeHHBIH pa3mep
MOXKET OTpakaTh He TOJIbKO pazmep ¢parmentoB JIHK in vivo, HO Takke BKIQJ aHAIUTHIECKUX CTAIUH, MIPEI-
MOJIATaeTCs, YTO paclpeieieHHe 10 pa3MepaM MOXKET U3MEHSITHCS OT IIAaTGOPMBI K IaTdopme (Harmpumep, Uit
miatopmebl st TeHOMHOTO aHanmu3aropa [llumina n st urardgopmer ABI SOLID) u nake MOXKET U3MEHSTHCS,
KOTJa [UIS OTIPEIeICHHON TIaT(OPMBI UCTIONB3YIOT pa3IuyHbIe peareHThl. OJHAKO 0 TeX MOp, OKa ATaJOHHBIE
00pas3Ipl ¥ UCTIBITEIBAEMbIE 00pa3Ibl aHAIM3UPYIOT C UCTIOB30BAaHIEM OJHOW M TOW K€ IIAT(OPMBI MIIH THIIOB
peareHToB, BOIUIOIIEHHUSI MOXKHO CYHTATh KaK HE3aBHCHMEIE OT IUIaTGopMbl/peareHToB. HexoTopsie Bormomie-
HUS TaK)KE MOXHO HCIIOJIE30BaTh C Pa3IMIHBIME IDIaTGOpMaMu W/WIM TUIAMH PEarcHTOB, HAIPHMEp, CCIU
MOJKHO OTIPENCIHUTh U CKOPPEKTUPOBATH JIFOOBIC OMIMOKH, WIIM €CJIM MOXKHO IOKa3aTh, YTO MIATGOPMBI W/WIA
THUIIBI PEAreHTOB TUIOTHO COOTBETCTBYIOT aHAUTHYCCKUM JICHCTBUSM.

Ha ¢ur. 2 cpaBHuBaroT 22 ayTOCOMBI M XpOMOCOMY X IO pa3Mepam I10CiIeJ0BaTeIbHOCTEH BEIPOBHEHHBIX
¢ HUMH ¢parmenToB. [Io ocn Y pamkup mnpencraeT B MOpsAKe yObIBaHUS pa3Mepa MOCleI0BaTeIbHOCTEH, T.¢.
XPOMOCOME C CaMOM JUIMHHOW MOCIICIOBATEILHOCTRIO TIPUCBANBAIOT PAHKHP 1, 1 XPOMOCOME C CaMOit KOPOTKOM
MOCIIE0BATEIHLHOCTHIO TIPUCBANBAIOT pamkup 23. B omnom Borutomennn cpaBHenue (Kruskal-Wallis One Way
Analysis of Variance on Ranks followed by Bonferroni-corrected pairwaise comparisons) oCyIiecTBJISIOT HeTia-
paMEeTpHUYIECKH ¢ UCTONb30BaHneM Iporpammbl SigmaStat (SPSS). CpaBHeHre MoXkeT OBITh 11O JIIOOOMY CTaTH-
CTHYECKOMY TI0OKA3aTeIto0, MPEACTABIIOMIEMY pa3Mep, BKIII0Uas PAHKUPOBKY KaXKIOTO U3 OTIEIBHBIX pa3MepoOB
U CTATUCTUYECKUI aHAJIU3 OTIENbHBIX PAaH)KMPOBOK IUIS MOCIIEN0BATENBHOCTEN KaKI0M XpoMocoMbl. B ogHOM
BOIUIOIICHUH TIPU HYMEPAIMH 10 PAHXKUPY AOMYCKACTCS HyMepalus IeTeNb U MPOITyCKOB.

B HEKOTOPBIX BOIJIOIIEHHUSAX KaXK/IYIO U3 MOCIIEA0BATEILHOCTEH KAPTUPYIOT Ha ONPEeIeHHONH XpOMOCOME.
3areM JuIsl KaXXJOH XPOMOCOMBI ONIPEEIISIIOT OJIMH MIIM HECKOJIBKO CTATHCTHYECKUX ITOKa3aTelseil uist mocieno-
BaTENPHOCTEH, KapTUPOBAHHBIX HAa TaKOW XpomocoMme. VIHBIMHU CIIOBaMH, Ui pa3MEpPOB KaXIOW XPOMOCOMBI
MOTYT OBITh BEIYUCIICHBI CTATHCTUYCCKUE TIOKA3ATEIH PA3IMYHBIX THITOB (HAIIPUMED, YCPEAHCHHBIHN, CpEeIHUN U
CPEAMHHBIN). 3aTeM COOTBETCTBYIOIIME CTATHCTHUECKHE IOKA3aTEIH MOYKHO PACIOJIOKHUTh B ONPEICICHHOM
nopsiike. HamprMep, MOKHO CpaBHHTB APYT € APYTOM YCPEIHEHHBIE pa3Mephl I KaXIoW XpoMocoMsbl. Ecim
WCTIONB3YIOT 0ojiee OJHOTO CTATHCTUYECKOTO TIOKa3aTels, TOT/Ia TaKWe CTaTUCTHYCCKHE ITOKA3aTed MOXKHO
00BeAMHATD (HATIPUMEp, COTIIACHO HEKOTOPOH (hopMyJie, TaKOW KaK yCpeIHEHHE 110 Macce),  MOXKHO PaHKHUPO-
BaTh TaKOW KOMOMHHUPOBAHHBIN CTATUCTHUECKHH TIOKa3aTeNlb. B 0THOM BOIUIONMIEHUH PAH)KUPOBKH CTATUCTHUE-
CKMX TIOKa3aTelel I ONpeNeeHHOH XPOMOCOMBI MOKHO OOBEIMHUTE (HApUMep, Tak, KaK yKa3aHO IUI CTa-
TUCTHYCCKHX TOKa3aTeliel BHINIC), U 3aTeéM KOMOWHUPOBAHHBIC CTATHCTUYCCKUC ITOKA3aTCIIA MOXKHO CPaBHUTH
JpPYT C APYTOM.

B npyrux BoOILUTOHmIEHMSIX BCE TOCIENOBATEIBHOCTH 110 OTAEIGHOCTH BHICTPAaUBAIOT B ONPEJEICHHOM MO-
psaxe corimacHo pasmepy. MHbsimMu crnoBamu, ecnu cymectsyeT 1000000 mocnenoBaTenbHOCTEH, TOraa MAET
pPaHXXUpPOBKa ¢ HyMepanuei oT 1 10 0THOr0 MIJUTHOHA C BO3MOXKHBIMHU METIISIMA U MPOMYCKaMHU. 3aTeM MOTYT
OBITh JOOABIICHBI PAHXKUPOBKH JIJIS BCEX MOCIICAOBATCIFHOCTEH, KAPTHPOBAHHBIX HA OJTHOU M TOH K€ XpOMOCO-
Me. CyMMy paHXHPOBOK MOYKHO Pa3/IelHTh HAa YHCIIO MOCIEIOBATEIFHOCTEH, BRIPOBHEHHBIX C OIPENeIeHHON
XPOMOCOMOMH, U MOJYYUTh CPEHIO PAaHXHUPOBKY TOCIIEI0BATEILHOCTEH AJIsI XpOMOCOMBI. XpOMOCOoMa C caMoi
BBICOKOW CpeIHeH pamKMPOBKOHM TMOCIEA0BATEIHHOCTEH MOXKET OBITh MapKHpOBaHA Kak camas IMHHas (paH-
JKUpBI 1, HAUBBICIIIHE TIO OCH Y ), U XPOMOCOMA C CaMOd HHM3KOW cpenHel paHKHUPOBKOH IMOCIEeI0BATEILHOCTEH
MOXKET OBITh CaMOW KOPOTKOW (pamkuphl 23, caMble HU3KHE TI0 OCH Y). B Ipyrom BoOIIIOmMEHHUN MOXKET OBITH
oTIpenieNieH CpeANHHBIN pamkup. CpeIuHHbIC PAHKUPHI I TAIMEHTOB C SYIIIOWAHBIM IUIOAOM MY>KCKOTO TI0JIa,
SYIIOUAHBIM TUIOOM JKEHCKOTO TI0JIa U IJIOJI0M MYKCKOTO ToJia ¢ Tprcomuei 21 moka3aHsl Ha ¢ur. 2.

ITo ocu X XpOMOCOMBI pacrojiaraioT B IOps/IKE YOBIBAaHHMS pa3MEpOB MO PACHpEsICICHHIO 10 pa3Mepam
¢parmenros JHK, nponsonieqmux oT Kakaoi XpOMOCOMBI (3a HCKIIOYEHHEM XpoMocoMbl X (cM. paiee)). B
OJTHOM BOIUIOIICHHUH JUISl TAKOTO PACIOJIOKEHHUS! HCIIONB3YIOT TOJIBKO CITyYad DYIUIOWANH. XPOMOCOMY CaMoro
0O0JIBIIOr0 M3MEPEHHOTO pa3Mepa (HampuMep, UIMHBI) pacliojlararoT Ha JIeBoH cTopoHe. XpomocoMy X pasme-
IIAIOT Ha JUarpaMMe CIIpaBa, TIOCKOJBKY €€ PAaHKUPOBKA OMPEIEIIICTCS MOJIOM IUIOJA.

Kak ykazaHo BBIIIE, H3MEPEHHBIA pa3Mep MOXKET M3MEHATHCS OT IUIaTGOpMBI K TuaThopme (Hampumep,
pasMep M3MEHseTCs MpH Tepexoie oT cucteMsl [llumina k apyroit cucteme). Takum 006pa3oM, B OJHOM acIeKTe
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pa3Mep MOXKET Ha3bIBaThCs "M3MEPCHHBIM" pa3MepoM B OTIIMYHE OT (PaKTHYECKOrO pasMepa. Pazmep maxe mMo-
JKET M3MCHATHCS MPU MEPEKIIOYCHUU OT OJHOM Bepcuu HaOopa Illumina B apyroil Bepcuu, Hampumep, KOraa
pa3mep M3MEHseTCs IpH Mepexoae oT Bepcun | Habopa Ui reHepariy KiiacTepa CIapeHHBIX KOHIIOB K BEPCHH
2. B 0gHOM BOIIIOMIEHWH TOJH30BATENN MOTYT BBHIIIONHATH PAH)KUPOBKY Il BEIOPAHHOW MMU OTIpEIeIeHHON
CUCTEMBI.

W3 ¢ur. 2 MOKHO BHIETh, YTO CPEIHUN PAHKHP XPOMOCOMBI X HUXKE (T.e. CTAHOBUTCS 0o0Jiee CIKAThIM) B
TIa3Me OepeMEHHOW JKEHIITMHBI, BRIHAIIUBAIOIIEH IUION KEHCKOTO II0JIa, TIPYU CPAaBHEHHUH C YKCHITHMHOM, BBIHA-
MIMBAIOIICH IO MYy>KCcKoro mosia. OObsICHEHHE JaHHOTO HaOIONCHUs TakoBo, uTo ¢parmeHTs JIHK, BBICBO-
0oxaeMbIe IIOZOM, OoJiee KOPOTKUE, yeM (hparMeHThI OT MaTepH. TakuM oOpa3oM, 3a CUET BBICBOOOXKICHUS
JIBOMHOW JTO3BI XPOMOCOMBI X IUIOJ JKCHCKOTO TOJa B MaTEPHHCKON Iia3Me OyIeT yMEHbIIATh OOIIMUI M3Me-
PEHHEIA pa3Mep (pparMEeHTOB, IPOUCXOAAIINX OT XpoMocoMbl X. HampoTus, miox My»CKoro moia Oyaer cro-
co0eH BBICBOOOK/IATh TOJIBKO OJIHY 103y XPOMOCOMBI X.

Taxxe u3 ¢ur. 2 MOKHO BHIICTD, UYTO PAHKUAP XPOMOCOMEI 21 cHIKaeTcs (T.e. CTAHOBHUTCS 00JIee CHKAThIM)
B IUIa3Me OepeMEHHOM JKCHIIHMHBI, BBIHAINUBAIONICH TUION ¢ TPUCOMHEH 21, Mpu CpaBHEHUH C KCHIIMHOW, BBI-
HaIIMBAIOIICH dYIUIOWAHBIN 110, OOBSCHEHUE NAHHOTO HAONIOJCHUS MOXKET OBITh CHOBAa OOpaIeHO K HU3Me-
pPeHHOMY pa3Mmepy (parMeHTOB B MAaTEPHHCKOH IUIa3Me, MPOUCXOMAMINX OT XpoMocoMsl 2 1. HampoTus, 3ymuto-
WUIHBIA TUT0 OyIeT criocoOeH BEICBOOOXKIATh TOIBKO JIBE A03BI XpOMOCOMBI 21 Ha (eTabHYIO KICTKY.

®ur. 3 npeacraBnseT cob0i rpaduK, TOKA3BIBAIONINMA, YTO aHAIU3 Pa3MEPOB MOCIEIOBATEIILHOCTEH B Ma-
TEPUHCKON IITa3Me, IPOUCXOISIINX OT PA3IUIHBIX XPOMOCOM, COTJIACHO BOIUIOIIEHHUSM HACTOSIIETO H300peTe-
HUS MOXKHO HCIIONIB30BATh JUIS HEMHBA3HUBHOTO MPEHATAIBHOTO O0HAPYKEeHUS (eTaIbHBIX aHEYIUIONIUI XpOMO-
coMmsbl 21. B maHHOM mpuMmepe pa3Mep XpOMOCOMEI TIPEACTABICH PAHKUPOM TIO pa3Mepy IPU CPaBHEHUH C APY-
TUMH XpoMocoMmaMu. Takum 00pa3oM, OOJBIIEe YUCIIO PAHKUPA IO pa3Mepy yKa3bIBaeT, YTO XPOMOCOMa B Ma-
TEpUHCKOM T1a3Me UMeeT Ooliee KopoTkue 1o pasmepam ¢parmentsr JJHK.

I'paduk, mpuBenéHHbIN Ha (UT. 3, MOKA3BIBACT, YTO YUCIO PAHXKKPA IO pa3Mepy XpoMocombl 21 B mare-
pHUHCKOI azme Oombine (ykasbIBas, TakuM oOpa3zom, Ha Ooiee koporkue ¢parments! JIHK) B cmydae Gepe-
MEHHOCTH, BKJIIOUAIOIeH o ¢ Tpucomueii 21 (pamkupoBka oT pamxkupa 18 1o 21), veM Koraa 1o sBIsSeTCs
JYIUIOUIHBIM (pamkHpoBKa oT pamkupa 9 no 18). OObscHEeHNEe TaHHOTO HAOIIOJCHHS TaKOBO, YTO (eTalbHas
JHK kopoue marepunckoit JIHK, 1 9To monosHuTENbHAS 1032 XPOMOCOMEBI 21 OT TT0/1a ¢ TpUCcOMHEH 21 MOXeT
MIPUBECTH K O0IIEMY COKpAIICHNIO CTATHCTHYECKOTO ITOKAa3aTelsl MOCIe0BaTeIbHOCTEH XpoMocoMsl 21 B MaTe-
PHHCKOM I1a3Me.

B. MeTo/1bI ¢ HCTIONB30BaHUEM pPaHKHPA.

@ur. 4 npeacTaBiseT co00i OJOK-CXEMY, WLTIOCTPUPYIONIYIO CIIOCO0 BBIMOJIHEHUS MPEHATAILHON IHAr-
HOCTHKHU ()ETaTbHONH XPOMOCOMHON aHCYILUTOWIUI B OHOJIOTHYECKOM 00pasiie, MOJYYCHHOM OT OepeMEHHOMH
JKCHIIUHBI, C HMCIOJh30BAHUEM DPAH)XKUPOBOK CTATUCTHYCCKOTO MOKA3aTelsl pa3Mepa COMIACHO BOILIONMICHHUSM
HACTOSIIETO H300PETCHUS.

Ha cragun 410 n3mepsoT pasmep KakIoW M3 MHOXKECTBA MOJICKYJT HYKIEHHOBBIX KUCIOT ((parMeHToB),
MOJYYCHHBIX U3 OHonormdeckoro oopasma. Obparraer BHUIMaHUE, YTO TAKOE MHOKECTBO MOJIEKYJI HYKIICHHOBBIX
KHCJIOT MOXXET HPEACTaBIATh COOOM MOIMHOXKECTBO BCEX MOITYYCHHBIX MOJEKYN HYKJIEHHOBBIX KHCIOT. MHO-
JKECTBO MOJIEKYJI HYKIEHHOBBIX KHCIIOT JJa)Ke MOJKET IPEICTAaBISATh COOO0H MOAMHOKECTBO BCEX OTCEKBEHUPO-
BaHHBIX MOJICKYJ HYKJI€HHOBBIX KHCIIOT, KOTJa OCYIIECTBIIIIOT CEKBEHUPOBAHHUE B IEJIIX H3MEPECHHUS pa3MEpOB.

Ha cranun 420 uaeHTHQUIMPYIOT, U3 KAaKAX XPOMOCOM MPOUCXOANT MHOKECTBO MOJIEKYJ HYKJIEHHOBBIX
KHCIIOT. B pa3nuuHbIX BOTUTIOMICHUSX MOPAIoK cTtafawit 410 u 420 MokeT OBITh HU3MEHEH Ha TPOTHBOIIOIOXKHBIH,
WIH UX OCYIIECTBISIOT OAHOBpeMeHHO. Hanmpumep, B KOHTEKCTE CCKBEHUPOBAHMUS CIIAPCHHBIX KOHIIOB TCHOMHOE
BBIPABHUBAHUE MOCIICIOBATEIBHOCTA MOXKET MPEJOCTABUTh €€ XPOMOCOMHYFO JIOKAIHIO TUTIOC €€ [UTHHY (ITyTeM
BBIYUTAHUS HAYaJIbHBIX U KOHCYHBIX TCHOMHBIX KOOPIUHAT). B OTHOM BOILIOIIECHUH XPOMOCOMY MOYHO HJICH-
TUPUIHPOBATH Kak Ha cTamuu 120.

Ha cragun 430 ans kakA0H U3 MHOKECTBA XPOMOCOM BBIYMCIISIIOT CTATUCTHUECKUN MTOKA3aTelb U3 pa3Me-
POB MOJICKYJT HYKJICHHOBBIX KHCJIOT, COOTBETCTBYIOIIUX XpoMocoMe. CTaTHCTUYECKUH TTOKa3aTellb MOXHO BBI-
YUCIUTDH JIOOBIM U3 CHOCOOOB, ONMCAaHHBIX B JaHHOM ONWCaHWH. HampuMep, CTaTHCTHYECKHHA MOKa3aTelb MO-
JKeT BKIIIOYATh Pe3yibTaT HAYaJbHOM CTAIWM PAH)KUPOBKH, ONMUCAHHOW BEIMIE. B OTHOM BOIUTONICHHH MOKHO
HCIIOJIB30BaTh TOJBKO YaCTh MOJEKYJ HYKJICHHOBBIX KHCIIOT, COOTBETCTBYIOIINX JIFOOOH ONpPEAeTICHHON XpOMO-
coMme.

Ha cragum 440 pacrmofioskeHHE XpOMOCOM B ONPEJISIICHHOM TOPSIKE OTPECNISIIOT Ha OCHOBAaHUM CTATH-
CTHYECKHX IOKa3aTeJe. B 0HOM BOILIOMIEHUH paH)XKUPOBKY MOXKHO OTIPENIEIIUTH C UCTIONB30BaHIEM OCHOBHO-
TO aJrOpUTMa COPTUHTA. B ApyroM BOILIOIIECHUH MOXHO BBITIOJTHUTH 0OJIEE CIIOKHOE CPaBHEHHUE, TAKOE KaK IO
Kruskal-Wallis - oquH U3 crioco0oB aHanu3a JUCHEPCHH 10 PAHXKHPaM C MOCICIYIOMINMHE TTOIapHBIMU CpaBHE-
HUSIMH C YYSTOM IOTpaBKu 1o Bonferroni, wim qpyrumMu moaxoasiimuMu criocodamMu. B pa3mmaHBIX BOTLIONICHH-
SIX PAaH)XHPOBKH MOTYT OBITh ICIIBIMHU, YaCTSIMH, PEaIbHBIMH YHCIIaMu (HAIPUMEp, B MHTEPBAJIC) WK OYKBCHHO-
U(PPOBBIMHU PAHKUPOBKAMH, OCHOBAaHHBIMH Ha WHUIIHATAX (Hampumep, A-X).

Ha craguu 450 onpeneneHHyI0 paHXHPOBKY MEPBOM XPOMOCOMBI CPABHUBAIOT C APYrOM paHKUPOBKOU
MIePBOI XPOMOCOMBI, TOTYYEHHON OT ATAJTOHHOTO OMOJOrHIecKoro obpasma. B omHOM BOIUTONIEHNH CpaBHEHNE
MPECTaBIsIET COOON CpaBHEHHE OTIPEEIEHHON PaHXKUPOBKH C TIOPOTOBBIM 3HAUEHHEM (HAIPUMEp, OTHOH Be-
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JMYMHON MITM HHTEPBAJIOM), KOTOPBIH ONPEAENSIOT U3 PAHXUPOBOK OJHOTO MJIM HECKOJIBKMX 3TAIIOHHBIX OHOIIO-
rudeckux oOpasnoB. Takoe MOpOroBoe 3HaYEHHE MOXKET OBIThb, eciu pamwkup 18 (wam 19) wmm Bble, Takow,
KaKyl0 MOXHO OTIpeleNuTh U3 ¢ur. 3. B qpyroM BOIUIOMIEHHH MOKHO ONPEAEIHUTH PAa3IMdre B PAHKHPOBKAX
TIEPBOIl XPOMOCOMBI MEXIYy ABYMS 00paslamu, M pa3indue MOXKHO CPaBHHUTH C IMOPOTOBBIM 3HAYCHHEM. B ox-
HOM BOIUTOIIEHIH aHAIM3UPYIOT 3TANTOHHEIN OHOMOTHIecKuii 00paser Il TOro, YTOOBI ONPEIeNIuTh, 9TO OH HE
COJZICPXKUT 3a00JICBaHNA, MIPEACTABIIONIETO HHTEPEC, W Jake MOXKHO OIPEAETHTh, YTO 00pa3erl He COACPKHUT
KaKoT0-Ti00 pesieBaHTHOTO 3a00JI€BAHNS, KOTOPOE MOKET BBI3BIBATH ITPOOJIEMBI C PAHKHPOBKOM.

Ha cramun 460 Ha OCHOBaHWHM CpaBHEHHS KJIACCH(DHIUPYIOT, CYIMIECTBYET JIH (heTanbHas XpPOMOCOMHAs
aHeYIUIONIUSI JJIsl IepBOH XpOMOCOMBL. B 0HOM BOIJIOIIEHHMH KIaCCU(UKALMS MOXET INPEICTaBIsITh COOOH
OMHapHYyIO KiaccU(UKaIIo 3a00JIeBaHUS WIN OTCYTCTBHS 3a00jeBaHMs. B apyrom BorulomeHnu Kiaccuduka-
IUST MOXKET OBITh TPOIHOM, MPH KOTOPOH MOXKET OBITh MCHOJIb30BaHa MPOMEXyTOouHast Kiaccupukamnus. B emre
OJTHOM BOIUIOIICHNY KJIACCU(HKAIMS MOXKET BKIIIOUaTh BEPOSATHOCTh YAaCTHOM KJIAaCCU(HKAIMH, U TaKuM oOpa-
30M, OBITh 3()(heKTHBHEE, YEM MIPOCTO TPH KiIaccH(UKaImy.

III. Pactipenenenue mo pasmepam (CTATUCTUYECKHE TIOKA3aTEIN pa3Mepa).

B npyrux BOIIOHICHHSAX pacHpeAesicHHe M0 pa3MepaM MOXKET BKIIOYAaTh CTATHCTHYECKHE MOKa3aTelH
pasMepa pparMeHToB (HampUMep, CTATUCTHYECKHE TMoKa3aTenn (PaKTHISCKUX WM aOCOJTIOTHBIX BEIUYHH JJIS
OTIpe/ieIeHHON TeHOMHOM JIOKAIlNH) KaK MPOTHBOMOCTABICHHE paH)XKUpoBKaM. B oqHOM Bomomiennn hakTude-
CKHE pa3MepHl MEPBOil XPOMOCOMBI MOKHO CPABHHUTH € (PaKTHUIECKUMH pPa3MepaMH OJHOH I HECKOIBKHUX dTa-
JIOHHBIX XPOMOCOM JJIsl OTHOTO W TOTO K€ MCHBITBIBaeMoro obpasma. Hampumep, mokaszarens pasneneHus (Ha-
prUMep, pa3iuune WM OTHONICHHE) MEXIY TaKMMHU (PaKTHUECKUMH pa3MepaMi HEePBOW XPOMOCOMBI M OJTHOMN
WJIM HECKOJIBKMX ATAJOHHBIX XPOMOCOM MO>KHO CPaBHHTH C TIOPOTOBBIM 3HAaU€HHEM. B ogHOM Bomomenuny no-
pOTroBOE 3HAYECHUE MOXHO OTIPENEIUTh U3 STAJOHHBIX 00pa3loB. B 1pyroM BOIUTONICHUY ISl CPAaBHEHHUS HAPSTY
C TIOPOTOBBIM 3HAUYEHHEM MOXKHO MCIIOJIB30BATh IOKAa3aTelb pa3lelieHHs MEXKAY (aKTHYeCKUMH pa3MepamMu
(hparMeHTOB XpOMOCOMBI MEXIY HCIIBITHIBAEMBIM 00pa3ioM M ITAIOHHBIM OMOJIOTHYEcKHM oOpasuoM. B emie
OJTHOM BOIUIOIIEHNH (DaKTHUYECKHE pa3Mephl (hparMEeHTOB XPOMOCOMBI MOXKHO CPaBHHUTH C IIOPOTOBBIM 3HAUCHHU-
€M U TOJTYYHTh HaJe)KHYIO KIIaCCH(PHUKAIIUIO.

A. AGCONIOTHBIN pa3mep.

HexoTtopeie mprMephl MOKa3bIBalOT, YTO MOKHO JOOHTHCS HEMHBA3MBHOTO IIPEHATAIIFHOTO OOHAPYKEHHS
TpUMOCOMHUH 21 TIyTeM cpaBHEHHs aOCONIOTHBIX pa3MepoB (PparMeHTOB, IPOUCXOISAIINX OT XPOMOCOMEI 21, ¢
a0COITIOTHBIMHU pa3MepaMu (parMeHTOB, MPOUCXOIAMNX OT OJHOHM FIIM HECKONBKHUX 3TAJOHHBIX XpOMOCOM. B
OJTHOM BOIUIOIICHHUU B Ka4E€CTBE ATAJOHHBIX XPOMOCOM MOKHO BBIOpPAaTh XPOMOCOMEI 7 14, Tak KaK OHA MOTYT
MMETh BEJIMYMHBI pa3MepoB (HanmpuMmep, aOCOMIOTHBIA pa3Mep WINM PaH)KUPOBKH 10 pa3Mepy) B MaTepUHCKOH
I1a3Me, KOTOpble OTHOCHUTENBHO ONn3ku K XpomocoMme 21. Ha mpakTuke 3TajoHHas XpoMocoMa MOXKET Hpej-
CTaBJIATH CO00H T00YI0 XpOMOCOMY, KOTOpast IMEeT pa3Mepsl (pparMeHTOB, KOTOPBIE COOTHOCSTCS, HAIpuMep,
JUISl KOHKPETHOW aHAINTHYECKOH IaT(opMbl W/HIIM THIIA peareHTa, ¢ XpoMocoMmoit 21 (wmu apyroit xpomoco-
MOH, PEACTABISIIONICH HHTEPEC) JUIS SYIIOUIHBIX 00pa3IoB.

®ur. 5 npeacraBnsier cobol TabNNIY, MILTIOCTPUPYIOUIYIO CPaBHEHHUE XPOMOCOMBI 21 ¢ XpomMocomoit 7 u
XpOMOCOMOH 14 1o pazMepam Iociie10BaTeIbHOCTEH, BEIPOBHEHHBIX C COOTBETCTBYIOIIUMH XPOMOCOMaMH, CO-
TJIACHO BOTUIONICHUSM HACTOSIIEr0 n300peTeHus. JlaHHbIe A1 TaONHIbI, TpUBEAEHHOW Ha GUT. 5, MOTydaroT
TIpH UcTbITaHUU 16 oOpasmos. [l kaxkmoro obpasna mokazaH CpelHWN pasMep s (parMeHTOB KaXKIOW U3
xpomocoM 7, 14 u 21. Tarxke MPUBOIUTCS pa3Indre MEXIY CPeIHUMHU 3HAYeHUSAMH. BelnduHa p MOKa3bIBacT
BEPOSATHOCTH TOTO, YTO KaXKI0€ Pa3InIhe MOXKET UMETh MECTO B 00pasIie OT 3J0POBOIl KEHIITIHEI.

Kak MoxHO BHIETh M3 TaOJMUIBI Ha QUr. 5, TOCIEI0BATEILHOCTH, BHIPOBHEHHBIE C XpoMocoMoi 21, 3Ha-
YHUTEJILHO KOpoue (HalpuMep, 1o CpeHEMY pa3Mepy), YeM II0CIEA0BaTEIbHOCTH, BHIPOBHEHHbIE C XPOMOCOMOMN
7 m xpomocomoii 14, s Bcex ciydaeB GepeMEeHHOCTH ¢ TprcoMuer 21 (Kputepuii CyMMBI paHXKHpoB MaHHa-
Yuray, Benmuuuna p<0,001). CokpaiieHne Mpy Tako# CTENEHN CTaTUCTHYECKOW 3HAYMMOCTH HEe HAOJII0At0T IpU
syrutonHoH GepemenHocTH. Takum oOpa3oM, Tabnuna Ha (GUT. 5 OKa3bIBAET, YTO JUIS BCEX CIydacB OepeMeH-
HOCTH ¢ TpUcoMHMeill 21 pasnuuue B cpeqHeM pasMepe (pparMeHTOB MEXIY XpoMocoMoi 21 u xpoMocoMoit 7
mpeBbImaer | 1mo., B TO BpeMs KaKk HA OJWH M3 CIly4aeB 3YIUIOMINH HE MOKAa3bIBACT pa3inudus Oojbime | 1m.o.
CoOTBeTCTBEHHO, | 1.0. MOXKET 1aTh TOYHOE MOPOTOBOE 3HAUEHHWE JUIA OmpeneieHus Kiaccuukammu. [1ogob-
HBIM 00pa3oM, IS BceX ciydaeB OEpEeMEHHOCTH ¢ TpucoMuei 21 cpemHuit pasmep GparMeHTOB U3 XPOMOCOMBI
14 cormacoBaHHO OOJIBIIE CPEAHETO pazMepa GparMeHTOB U3 XPOMOCOMBI 21. JIeCTBUTEIHHO, €CITU UCIIONB3Y-
ot "mopor" B 0,5 m.o. s HabmogaeMoro "ymHeHus" pparMeHTOB XpOMOCOMEI 14 mpu cpaBHeHHHU C (par-
MEHTaMH XpOMOCOMBI 21, Bce cirydan TPUCOMUH 21 MOKHO OTIMYHTH OT cioydaeB 0e3 Tpucomuu 21. Tak, B on1-
HOM BOIUIOIICHHH TIOPOTOBYIO BEJIMUMHY MOKHO OIPENEIIUTH U3 OJHOTO MIIM HECKOJIBKHIX 3TAJIOHHBIX 00pa3LoB.

B. Crioco0#I ¢ ncnons3oBanneM abCOMIOTHOTO pa3Mepa.

@ur. 6 npexacrasiser cobol OJIOK-CXEMy, MILUTIOCTPUPYIOIIYIO CHOCO0 BBHIMOTHEHUs MPEHATAIBLHOM Juar-
HOCTHKH JycOaliaHca MocIieIoBaTeNIbHOCTEl B OHOIOrnueckoM o0paslie, IoJlydeHHOM OT OepeMEeHHOH KEHIIH-
HBI, C HCIOJIb30BaHUEM CPAaBHEHHSI CTATHCTHYECKOTO MOKa3aTel sl pa3MepoB (hparMeHTOB ISl TCHOMHOM JIOKALIUH
COTJIACHO BOIUIOLICHUSIM HACTOSIIEro u300pereHus. B oqHom acriekte criocod 600 MOXKeT OTHOCUTHCS K OIpe-
JIENICHUIO KIacCu(pUKAIMK IucOataHca MOCIe0BaTeIbHOCTEH Ha OCHOBAaHUH IOKAa3aTeNsd paszelieHus (HampH-
Mep, pasIHyus WIH OTHOUICHHS) [UIA Pa3MepoB (parMEeHTOB MEPBOIl XpPOMOCOMBI I pa3MepoB (pparMeHTOB OA-
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HOW MJTH HECKOJIBKHX STAJIOHHBIX XPOMOCOM.

Ha craguu 610 u3aMepsroT pazMep MHOXKECTBA MOJICKYJT HYKICHHOBBIX KHCIIOT, TOJYYCHHBIX U3 OHOJIOTH-
geckoro oopasma. ObpamaeT BHUMaHKE, YTO MHOKECTBO MOJIEKYJI HyKJIEMHOBBIX KHCJIOT MOKET OBITh TOJTy4EHO
1 MOKET BKJTIIOYATh CXOXKHE PparMeHThl, Kak oTMeueHo Ha ctaauu 410.

Ha craguu 620 maeHTH(GUIUPYIOT TEHOMHYIO JIOKAIMIO, U3 KOTOPOW MPOUCXOIWT KaKIas W3 MOJIEKYJI
HYKJICHHOBBIX KUCJIOT. JIoKamueld MOXKeT OBITh JII00ast 9acTh TeHOMa, Kak omucano st ctaauu 120 u B qpyrux
Mectax. Hampumep, uaeHTHOUINPYIOT, OT KaKOW XPOMOCOMBI MTPOUCXOAUT Ka)KAas U3 MOJIEKYT HYyKJIEHHOBBIX
KucinoT. Takoe ompeneneHrne MOKHO CIeaTh IIyTeM KapTHPOBAaHUS B ATAJIOHHOM T'€HOME, KaK OIMHCAHO B JaH-
HOM OTIMCaHHH.

Ha craguu 630 BEIYHCIISIOT IEPBBIA CTATUCTHYSCKUH MMOKA3aTeNh U3 PA3MEPOB MOJICKYJ HyKJICHHOBBIX KH-
CJIOT, COOTBETCTBYIOIIHNX IMEPBOY TEHOMHOM JIOKAIMK (HAallpuMep, IepBOi XpoMocoMe). B ogHOM BoIUTOmICHUA
MEPBBIA CTATUCTUYCCKUN IMOKA3aTeNb MOXKET MPEACTABIATH COOOW YCPETHCHHBIA, CPEIHHUHA WM CPCIMHHBIN
pa3sMep (GparMeHTOB, COOTBETCTBYIOIIUX IIEPBOM XpoMocoMe. B ApyroM BOIUTONICHUH MEPBBINA CTATHCTHYCCKUI
MOKa3aTeib MOXET BKJIIOYATh CYMMY JUTHH (DParMEHTOB HIDKE MIEPBOTO pa3Mepa, KOTopas MOKET MPEACTABIATh
co0o TIOpOTOBYIO BeNMUMHY. Hampumep, MOXKHO CyMMHpPOBATH [UIMHBI KaXIOTO W3 (ParMEHTOB, KOTOPHIE
Mmenbie 200 m.o. CyMMy MOXHO pa3IeluTh Ha IPYroe YHcio, TaKoe Kak CyMMa JIJTMH Bcex (pparMeHToB, COOT-
BETCTBYIOIIMX IIEPBOI XpOMOCOME, WIM CyMMa JUIMH (pparMeHTOB, MPEBHIIAIONINX TOPOTOBYIO BEITMYNHY BTO-
poro pa3Mepa (KOTOPBIH MOXET OBITh TaKUM jkKe, Kak MEepBBIA pasmep). Hampumep, mepBbIii CTaTUCTHYSCKHNA
MOKa3aTe’dh MOXET MPEICTaBIATh cO00H OTHOIIEeHHEe oOmel ITHHBI (ParMeHTOB HIDKE MOPOTOBOM BETMYMHBI
TIEPBOTO pasMepa K oOmiel amnHe GparMeHTOB WIJIM OTHOIICHHE OOIIEH UIMHBI MENKHX ()parMeHToB K oOmei
JUTMHE KPYITHBIX ()parMeHTOB.

Ha ctaguu 640 BEIYHCISIOT BTOPOW CTATUCTHYCCKUI MMOKA3aTeNh U3 Pa3MEPOB MOJICKYIT HYKICUHOBBIX KH-
CJIOT, COOTBETCTBYIOIIUX BTOPOW T'C€HOMHOM JIOKAalWMU (HAmpuUMep, BTOPOH XpoMocome). BTopyro xpomocomy
MOJKHO PacCMaTpHBaTh KaK 3TAJIOHHYIO XPOMOCOMY. B 0JTHOM BOILIOIICHHN MOKHO BBIYHCITUTH CTATHCTUYCCKHUN
MOKa3aTeib JUIS MHOJKECTBA ITATOHHBIX XPOMOCOM. B OJIHOM BOIUTONMICHUH CTATUCTHYECKUE TTOKA3ATECIIA MOXKHO
00BEIMHATD, TAK YTO MOJKET MIMETh MECTO CTATHCTUYECKUH MOKa3aTeNb OJHOW MIM HECKOIBKUX BTOPHIX XPOMO-
coM. B 1pyrom BOIIONIEHHH CTATHCTHYECKUE TIOKA3aTENH UII MHOYKECTBA ATAJIOHHBIX XPOMOCOM MOYKHO CpaB-
HHUBATb MO OTACIHHOCTH, KaK yKa3aHO HIKE.

Ha cragum 650 mepBBIii CTATHCTUYECKHM TTOKAa3aTeNb M BTOPOH CTAaTHCTUYECKUI MMOKa3aTellb CPAaBHUBAIOT,
U TONyYaroT TOKa3aTeNb pa3feficHus. B 0THOM BOIUIONICHWH ONPEACIIOT MOKa3aTelb Pa3/esieHIsI, KOTOPBIN
MOJKET HPEACTABIATH COO0H pa3nuune MeXIy NEepBBIM CTaTUCTHYECKHM ITOKa3aTesieM W BTOPOM CTATHUCTHYE-
CKUM TIOKa3aTeleM. B IpyroM BOIUIOIICHHUH MOKAa3aTeNb Pa3JICICHUS MOXET MPEJCTAaBIATh COOOH OTHOIICHHE
JIByX CTATHCTUYECKUX IMOKa3aTelicil. B erie 0THOM BOIUIOMICHUH MOXKHO ONPEACIUTH MHOXECTBO IMTOKa3aTelei
pa3IencHus, HalpUMeEp, MTOKa3aTelb U KaXKI0T0 BTOPOTO CTATUCTHYCCKOTO IMTOKA3aTelNsl, KOTOPBIH MOXKHO BEI-
YUCITUTB JJIs1 KQXKIOW ITAJOHHONW XPOMOCOMBI.

Ha cramguu 660 mokasartens pa3felcHHs CPABHUBAIOT C OJJHON WJIM HECKOJIBKHMH MOPOTOBBEIMH BEJTMYMHA-
MU. B 0IHOM BOIUTOLICHUW CPAaBHCHHE MOXHO BBITIOJHHTH JUIS KaXKIOTO M3 MHOXKECTBA IOKa3aTelNei pasjeie-
Hus. Hampumep, Kak yka3aHO BBIIIE, MOKHO OIIPEENIUTh APYTOH MOKa3aTelb Pa3IelIeHUusI MEXIy MEepBbIM CTa-
TUCTHYECCKUM ITOKa3aTelleM M KaKIBIM BTOPBIM CTAaTHCTHYECKUM ITOKazaTelleM. B pa3mudHBIX BOIIIOMICHUSIX
Ka)XXIIbIi TIOKA3aTeIb Pa3/IeeHUs] MOKHO CPaBHUTH C OJHOW M TOU K€ FUTH Pa3IWIHBIMH ITOPOTOBBIMH BEIHIH-
HaMH. B 1pyrom BomutonmeHNH mokasareib pa3faeleHuss CPABHUBAIOT C IBYMsI IOPOTOBBIMH BETHUNHAMH U OTIpE-
JIENSAIOT, HAXOUTCA JIU TI0Ka3aTeNb pa3felicHs B ONpeIeIeHHOM HHTepBasie. THTepBasl MOXKET BKITIOYATh OJTHY
MOPOTOBYIO BEIMYHMHY I ONPEICICHHUS, SCIIH HMEET MECTO OJIMH U3 PE3yIbTaTOB, OTIIMYHBIX OT HOPMAIBLHOTO
(HampuMep, aHEYIUIOUIHWA), U MOXKHO HCIOJB30BaTh JJIS ONPEICIICHHUS BTOPYIO HMOPOTOBYIO BEIUYMHY, SCIIU
OJIMH W3 PE3yNIbTATOB BO3MOXKHO BBI3BaH OIMUOKON M3MEPCHHUS WU aHAIn3a (HampuMep, eCId TOKa3aTelb pa3-
JICIICHYSI BEIIIIE, YeM MOXKHO OBLTO OBI OJKUIATh aXKe JJIs 00pasia npu 3a00JICBaHNN).

Ha craguu 670 Ha OCHOBaHWU CpPaBHCHUS OINPEICIIIOT KIacCH(PUKAIMIO, CYIMICCTBYET JH TUCOANaHC TMO0-
ciieioBaTeNbHOCTEl (HanpuMep, (eTallbHas XpPOMOCOMHAs aHEYIUIOMIUs) JUIs MEepPBOH T€HOMHOW Jokanuu. B
OJTHOM BOIUIOLICHUH MOKHO HCIOJB30BAaTh MHOXECTBO TIOPOTOBBIX BEMWYUH (Hampumep, N MOPOTOBBIX BEJH-
YMH) JUISI OJHOTO TOKa3aTels pa3fefieHus. B TakoMm BOIIIONIEHWH MOXKHO ompenenuTsh N+1 kiaccupukariii.
Hanpumep, MOXHO HCHONIB30BATH JIBE IOPOTOBBIC BEIMYWHBI JJIS OINIPEeSICHIs KiIacCH(PUKAIINN KaK dYIIIONA-
HOW (HOpMaJbHOE WIIH 3I0POBOE COCTOSIHHE), HEIETEPMEHUPOBAHHON M aHEYIUIOWIAHON (O0e3HEHHOe WIIH He-
3I0pPOBOE COCTOSIHUE). B Ipyrom BOILIOIMIEHUH, KOTIa OCYIIECTBIISTIOT MHOXKECTBO CpaBHEHHH (HAaIIpuMep, cpas-
HEHHE IS KaKIOTO TOKa3aTeNs pa3lesieHus ), KIacCUPUKAIMsI MOKET OBITh OCHOBaHA Ha Ka)XKIOM CPaBHCHHH.
Hanpumep, crioco0, OCHOBaHHBIN CUCTEME MPABUI, MOKHO PACCMAaTPHUBATH MPU KIACCHU(DHUKALUAK, SBISIOIIAXCS
pe3yiIpTaTaMu KaXkJI0ro U3 CpaBHEHUH. B 0JJHOM BOILIOIIECHUH OKOHYATEIbHAS KIACCH()UKALIUS 00CCIICYHBACTCS
TOJIBKO TOT/Ia, KOTJIa BCE KIacCU(UKAIMM COBMECTHUMEI. B APyroM BOIUIOMIEHUH MCHONB3YIOT KIACCH(UKAIIUIO
OonpmMHCTBA. B elme 0THOM BOILIOIIEHUH MOXHO HCIIOJBh30BaTh 00JIee CIOKHBIC (POPMYIBI HA OCHOBAaHUHU TO-
T0, HACKOJIBKO OJTM30K KaXKIBIN U3 MOKa3aTeNeH pa3AelcHus K COOTBETCTBYIOIICH MOPOTOBOI BETMUNHE, U TAKHE
BEJIMYMHEI OJIM30CTH MOXHO aHATM3HPOBATH JUIS ONPEACICHUs Kiaccuukanuu. Hampumep, BETUYUHBI OJH30-
CTH MOXXHO CyMMHPOBATh (HapsIy ¢ APYTHMH (pakTOpaMH, TaKMMH KaK HOPMAaJIH3alHsA), U PE3ylbTaT MOXKHO
CPaBHHUTH C JIPYroil MIOPOTOBON BETUYHUHOM.
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B npyrux BOIIIOIIEHHUSX TaK)Ke MOXKHO IPUMEHUTH BapHaluy criocoda 600 a1 HemocpeICTBEHHOTO CpaB-
HEHUS CTaTUCTUYECKOTO MOKa3aTessl Uil IIePBOH XpPOMOCOMBI C MOPOTOBOM BEIMYMHOMN, KOTOpask MOXET OBITH
MIOJIy94EHA M3 ATAJOHHOTO 0Opasia. HekoTopsle BOIUIOMEHHS TaK)Ke MOKHO MCIIONIB30BATh IS aHAIn3a OnoJo-
THYECKUX 00pa3loB OT HEOSEPEMEHHBIX KEHITUH. Takoi aHaJTN3 MOXKHO paccCMaTpHBaTh MMEHHO IPH CTATHCTH-
YEeCKOM IIOKa3aTelie Uil pa3Mepa Bcex (hparMeHTOB oOpasia M CpaBHEHHHM CTATUCTHYECKOTO TTOKAa3aTels WM
TIOKa3aTeNsl Pa3leIeHus ¢ TIOPOTOBBIM 3HAUYEHHUEM JUISI TOTO, YTOOBI ONPEAETUTh MOXKET JIH CYIIECTBOBATh IHC-
OayaHc mociiesioBarenbHOCTel. Ecm aucbananc mocinenoBaTeIbHOCTeH KIacCH(PUIMPYIOT KaK CYIIECTBYIOIIHT,
MOJKHO BBIITOJTHHUTH JOTIOMHHUTEIBHBIA aHAJIH3 JIOKAWU TucOaiaHca, HApUMeEp, aHAIN3UPYS CTATHCTUYECKHE
MOKa3aTeIM pa3MepOB HM/MIIN MOKA3aTeNN pa3eieHus ISl ONpEeJICHHONH TeHOMHOH JIOKaluy (Harpumep, Xpo-
MOCOMBI).

C. Hcnone3zoBanue o0IIMX JIHH KOPOTKHUX (PparMeHTOB.

Kak yxa3pIBanoch BblllIe, B HEKOTOPBIX BOILIOMIEHUSX pachpenencHue no pasMepam JJHK mma3Mel Takxke
MOXeT OBITh oTpaskeHo moJieit obmer umubl JJHK, B koTOpyro BHOCAT Bkian kopotkue ¢pparmentsl JJHK. Ha-
HpUMep, pachpeaeieHre Mo pa3sMepaM MOXKET BKIIOYaTh OOIIYyI0 JUIMHY ()parMEHTOB MEHbIIIE TIOPOTOBOW BENH-
YHHBI, KOTOPYIO MOKHO Pa3/IeiHUTh Ha OOLIYIO UIMHY BCeX (pparMEeHTOB WIIH, IO MEHBIIECH Mepe, (parMeHTOB
OompIiie IOpOToBOM BenmuuHbL. HanpoTus, pacnpenenenue mo pazmepam JJHK miazmel Taxke MOXET OBITH OT-
pakeHo noneit nomHoi mmHB JIHK, B KoTOpyIo BHOCAT BKiIaa anuHHbIe Pparmentsl JJHK. Hampumep, pacrpe-
JIeNICHHE TI0 pa3MepaM MOXKET BKJIIOYATh OOMIYIO JIMHY (parMeHTOB OOJNbIIE TOPOTOBOM BEIHMYUHBI, KOTOPYIO
MOJKHO pa3[enuTh Ha OOIIYIO JAIHHY BceX (hparMeHTOB WM, TI0 MEHBIIEH Mepe, (parMEeHTOB MEHBIIE MOPOTro-
BOH BenmumHBL. Kak apyroil mpumep, Takke MOXKHO HCIIOJB30BATh OTHOIICHHE MENKHX (PParMEHTOB K KpYII-
HBIM. B 0/THOM BOIUIOLIEHUM B Ka4eCTBE IMOPOTa UCTIONB3YIOT 150 1m.0. A7t ompeiesieHNs: KOPOTKUX (parMeHTOB
JHK mna3zmer. OmHako Takke B Ka4ecTBE TOPOTOB JUIsl ompeaeiacHus KopoTkux ¢parmentoB JJHK mMoxHO uc-
TMOJIE30BATh JIIOOYIO TIOPOTOBYIO BeNW4nHYy, Hanpumep, B 130 m.o., 140 mo., 160 mo. u 170 m.o. OTmeqaercs,
YTO, KaK UCIIOJIB3YEeTCS B JAaHHOM OIMCAHUY, Tapbl OCHOBAHUH TaKyK€ MOTYT Ha3bIBAaThCS, KAK CHHOHUM, YUCIIOM
HYKJIe0TH10B (nt) mpu oOpanieHuy K AJIHHE OJHOLETIOYeYHOTro GparMeHTa.

B onnom Borutomennn Beraucienue nonu muuHbl JIHK, BHOCHMO# kKopoTknmu dparmenTamu JITHK, mox-
HO BBITIOJIHUTH CIICTYIONTIM 00pa3oM:

F=nons mmner JIHK, BHOCUMOIT KopoTkumu ¢parmentamu JTHK;

S=cymma muH Bcex KopoTkux pparmentoB JTHK (mvHbI, paBHBIE HITH MEHBIIIE TIOPOTA); 1

T=o6mas amuHa Bcex ¢pparmenToB JJHK B 0Opasne He3aBUCHMO OT WX JTHHEI.

Tak yka3zaHHYIO JOJIO MOXHO TIPEICTaBUTh Kak F=S/T, 4To SABIIAETCS OJHUM IPUMEPOM CTATHCTHUECKOTO
nokaszatesst pasmepa. Beraucnnts F MoxxHO 17151 Becex parMeHTOB M3 o0pasiia Uitd JUIsl ONIpeeICHHOH JIOKAIUH
B T€HOME, HaIllpUMep, AJIs ONPEeICHHON XPOMOCOMBI.

B oHOM BOIIIOIIEHHN MOKHO ONpeIeNnTh 0010 ey Beex GpparmentoB JJHK. 3atem MoxkHO BEIOpATh
pasmep nopora (w), MeHbIe koTopoi pparmentsl JTHK onpenensior kak "kopoTkue ¢gparments!”. Pasmep mo-
pora MOKeT M3MEHSThCS M OBITh BBHIOPAH KaK COOTBETCTBYIOIIMI ONpE/IEIICHHBIM IHArHOCTHYECKAM IIEIISIM.
O6myro jumHy Beex GparmentoB JIHK MoxHO BBIUMCINTE, CyMMupyst JuimHy Beex gparmentoB JJHK, xotopsie
paBHBI WM Kopode Topora. Jlomo obimel ATHHBI, BHOCUMYIO KOpoTkuMH Pparmentamu JIHK, MoxHO BBIUHC-
JUTH CIEAYIONUM 00pa3oM:

F =2V nnun / % nnun,

rae XV 1umH npeacTaBisieT coboit cymmy mutuH dparmentoB JHK ¢ niuHOM, paBHOW WITH MEHbIIIE TOPOT0-
BOH ITMHBI W (I1.0.); U

2 nmn npescraBnser co6oii cymmy miuH dparmentos JIHK ¢ ammHoilM, paBHOi miu Merbime 600 I1.0.

Cratuctudecknii okaszarens F Takke MOXKHO HCIOJB30BATh B BOIUIOMICHUSAX C WCIOJIB30BaHHEM PAacIIo-
JIOKEHHs B OMpejesieHHOM ropsiake. Hampumep, MoxHO Beraucantb F s hparMeHTOB M3 Kakaoro Habopa
COOTBETCTBYIOIINX T€HOMHBIX JIOKALUH (HaIIpUMEp, XPOMOCOM).

C 11eJ1p10 TOSICHEHHS], B TIPUMEpE, NTPUBEICHHOM HMXKE, MOKHO BBIUYHCIIUTH OOLIYIO JUTMHY ITyTEM CYMMH-
poBanus pparmeHToB Kopoue 600 nm.o. OmgHaKo /I BBIYKCICHHS "00mel JIMHB" MOKHO MCIIOIb30BaTh APYyTrHe
npezensl pasmepa, Harpumep, 400 m.o., 500 m.o. u 700 m.o. B nanHOM npumepe oOILIyIO ATMHY BBIYUCISIOT, OC-
HOBBIBasICh Ha (parmenTax B 600 11.0. WM MEHbIIIE, MOCKOJIBKY CHCTEMa TeHOMHOTo aHanu3aropa Illumina (So-
lexa) He apdexTuBHA NMPU aMIUTHPHUITMPOBAHUH U cekBeHHpoBaHuH ¢pparmenToB JJHK mmmauee 600 m.o. Kpome
TOTO, ycTaHaBimBas npeaen aHamsa @parmedtoB JIHK kopode 600 1m.0., Takke MOXHO W30€kKaTh CMEIICHHMH,
MOABIISIOMINXCS U3 CTPYKTYPHBIX H3MEHEHUH reHoMa. [Ipn Hamm4uy cTpyKTypHOTO M3MEHEHUsS, HalpuMep, Te-
pectanoBok (Kidd J.M. et al., Nature, 2008, 453: 56-64), pazmep ¢pparmenta JJHK mMoxer ObITh TIEpEOIICHEH,
KOTJ]a pa3Mep OIEHUBAIOT OMOMH(DOPMATHBHO ITyTeM KapTHpOBaHUs KOHIOB ¢parmenTta IHK B 3TanoHHOM Te-
HoMme. Kpome toro, >99,9% Bcex ¢pparmentor JIHK, ycnemHo ceKBeHUPOBaHHBIX M KAPTHUPOBAHHBIX B STAJIOH-
HOM TeHOMe, uMeroT MeHee 600 1m.0., U, TaKUM 00pa30M, BKIIFOUCHUE BceX (PparMeHTOB, paBHBIX U Kopoue 600
1.0., MOKET 00ECIEUNTh PEIPEe3EHTaTHBHYIO OILEHKY pacrpeneseHus mo pasmepam ¢parmenros JJHK B o6pas-
Ie.

Kaxk o0cyxanocs BblllIe, CABHT paclpeeieHus 1Mo pasmMepaM K 6onee kopoTkuM ¢parmenram JJHK mox-
HO HaOMIOaTh ISl XpPOMOCOMBI, KOTOpasi IIpe/ICTaBIeHa Yy tuioia N30k TOYHOM Konmeil. B ogHOM acmiekte m3me-
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peHHE pa3uuus B JOJAX OOMICH MITUHBI, BHOCUMBIX KOpoTkumu ¢parmentamu JJHK, mexmy xpomocomoit ¢
TIOBEIIICHHBIM PUCKOM aHCYIUIOWANU (XPOMOCOMAa-MUIIICHb) U XPOMOCOMAaMH, HE BXOASIIUMH B TPYIIY C TO-
BBIIIICHHBIM PHCKOM aHEYIUIOWANH (ITAIIOHHBIE XPOMOCOMBI), MOXKET OBITH OCYIIECTBICHO KOJIMYECTBEHHO IJIS
OTIpeNIeNICHUs TOTO, pasMyaeTcs JH pacmpenernenue mo pasmepam ¢pparmentoB JHK, mpoucxomsmux oT yka-
3aHHBIX XPOMOCOM.

B oxnom BomnomeHuu Firay U F(gery ONPENensioT Kak 101 00Iel 1IMHBI, BHOCUMbIE KOPOTKUMHU (par-
menTamu JIHK, nist XpoMOCOMBI ¢ TIOBBITIICHHBIM PUCKOM aHEYTUIOWINN W dTATIOHHOW XPOMOCOMBI(XPOMOCOM),
COOTBETCTBEHHO. Pa3nmune B HoisiX oOImei TMHBI, BHOCUMBIX KOpoTkuMH pparmenTamu JTHK, mexmy xpomo-
COMOI{-MHUILIEHBIO U YTANOHHOH XpoMocoMoi(XpoMocoMaMu) (AF (ryr.ref)) MOAKHO BBIYUCIUTD KaK:

AF(Tar-Ref):F(Tar)'F(Ret)-

Hanpumep, AF(y).;) mpencTaBnsger co0oit pasnuyne Mexay A0aIMH oOIIel IIMHBI, BHOCUMBIMH KOPOTKUMHU
¢dparmentamun JIHK, 111 xpomocomsr 21 n xpomocomsl 1. ITpumenenue AF ryrrep B IPEHATAIBHOM ANarHOCTHKE
(heTamTpHBIX XPOMOCOMHBIX aHEYIUIOUINH OyAeT 00CyKIaThcs B MOCIEIYIONNX pasaenax. B apyrom Borore-
HHUU OTHOMIEHHE F(ry/F(rer) TaKkKe MOKET OBITH MCIOJIB30BAHO KaK IOKa3aTesb Pa3felNeHus IyTeM, CXOXKHUM C
IIyTEM MCHOIB30BaHUA AF 1y Ref).

Pazmiune mexay BenmmuuHaMU F XpOMOCOMBI-MHAIIIEHN W 3TATOHHON XPOMOCOMBI MOXXHO HCIOJH30BATh B
Ka4yeCTBE MOKA3aTelsl U ONpPEACIICHHUS, SIBISCTCS JIM IDI0A TPUCOMUKOM TI0 XpOMOCOME-MHUIICHH Wil HeT. Ko-
T/1a TUIOJ SIBJISICTCS TPHCOMHUKOM II0 XPOMOCOME-MUILICHHU, TPUCOMHYECKasi XpoMocoMa OyJieT BHOCUTh B MaTe-
PHUHCKYIO IDTa3My JOMOJIHUTENBHYIO 103y KopoTkoi (etanpHoi JJHK, mpuBoas, ciieqoBaTebHO, K SBHOMY CKa-
TUIO pacllpelieNieHus 1o pa3MepaM MOoCIe0BaTENbHOCTEH XpOMOCOMBI-MUIIIEHH. Takoe ckaTue pachpenencHus
M0 pa3MepaM I0CIeI0BAaTEIbHOCTEH XPOMOCOMBI-MHUIIIEHH! MOXKET IPUBECTH K BO3PACTAHHIO JOJH JUIMHBI T10-
CIIEIOBATENILHOCTEH, BHOCUMOM KOpoTkuMH (pparmentamu JTHK, nns nocnenosarenbHOCTH-MUMIEHH (Fiyrger). B
pe3ylbTaTe MOXKET HMETh MECTO BO3pacTaHue B Pasinuuui AF Mexny Fipger ¥ Frer.

®ur. 7 moka3piBaeT rpaduK M0JM 0OIIeH JITHHBI, BHOCUMOW KOpOTKUMH PparmenTamu (F), mpoTus pazme-
pa mopora (w) mis oOpaslia MaTepHUHCKOW TIa3MbI C TUIOJOM MYXCKOTO Tojia. Benwuunsl F s ¢pparmenToB
JIHK, BBIDOBHEHHBIX C ayTOCOMaMH M XpoMocoMmou Y, Ha rpaduke HaHECEHBI IO BEPTUKAJIHHOW OCH MPOTHB
pasmMepa mopora, UCIoiIb3yeMoro s onpeneiacaus "kopoTkux ¢pparmentoB JJHK". [Ipu 6epemeHHOCTH C TLIO-
JIOM MYy»cKoro mmoa Mosiekyisl JIHK, BeipoBHEHHBIE ¢ XpoMocoMoit Y, peactasisior JIHK, BEICBOOOKICHHYIO
M3 II0JIa MYXKCKOTO Tojia. Tak Kak OONBIIMHCTBO IMpKyHpyromux moisekyn JIHK B marepunckoil miazme
TOPOUCXOIAT OT MaTepH, ¢pparmenTsl [THK, BBIpOBHEHHBIC C ayTOCOMaMH, JOJDKHBI MPEICTABIATH COOOU Mpe-
uMyiecTBeHHO Gparmentsl MarepuHckoi JJHK. Bemmuuna F Bo3zpacTtaer ¢ pazmepoM mopora u mpuoiamKaeTcs
k BenmumHe 1,0, korna Bce ¢pparmentsl JJHK B 0Opa3ue kopode nim paBHBI TIOPOTOBOMY pasMmepy. Pazinnume B
pacmpesielIeHuu 1o pa3MepaM Mexay nByms BumamMu mMoiekyn JJHK MokeT OBITh OTpa)XeHO pa3ludueM B UX
BenmunHax F. Bonee Beicokas BennunHa F mOKa3pIBacT, 94T0 OOJBINAS JOIS OOIIECH TMHBI BHOCHTCS KOPOTKHMU
(bparmMeHnTamu, u, TaKUM 00pa3oM, YKa3bIBaeT Ha 0oJiee CikaToe pactpeesenre o pasmepam gparmenros JTHK.

Kaxk BunHo Ha rpaduke, pacnpeaeneHue mo pazmepam modiekyn JIHK u3 xpomocomsr Y Gostee y3koe, yem
pacnpenenenue no pasmepam JJHK u3 ayrocom. Konkperno, Bennurna F it xpomocoMmbl Y Bo3pacTaeT paHb-
1Ie, 4eM Ul ayTOCOM, YTO NMPUBOAHMT K Fy Gosee BBICOKOH, YeM Fyyrocony MEkIy 80 1m.0. u 300 m.o. Pasnuuue B
BennunHax F mMexay xpomocomoit Y u ayrocoMaMu (AF (y.ayrocoms)) OTKIAABIBAIOT Ha Tpadyke MPOTHB pasMepa
MOpoTa M MPEICTaBIAIOT IMYHKTUPHOW JIMHUEH, KoTopas nojoxuTesbHa Mexay 80 m.o. u 300 m.o. Makcumaib-
Hast BenuuuHa A8 AF (y_ayrocoms) cOCTaBnsieT 0,23 u uMmeer Mecto BOmM3u 150 m.o. Kak noscHsaeTcs B mocnenyo-
HIMX TIpUMeEpax, pa3Indue B O OOIIeH ATHHEI ()parMeHTOB, BHOCUMOM KOPOTKUMH (pparmenTamu (AF), Mex-
Iy XpOMOCOMO# "B rpynme pucka' W 3TaJOHHOW XpOMOCOMOM(aMu), SIBIISIETCS MPUMEHUMBIM TTOKa3aTeJIeM pas-
JIETICHSI [Tl KOJIMYECTBCHHOTO OTIPENIENICHHUS Pa3Indusl B MX PacIpe/ie]ICHUH 1Mo pa3MepaM. Taxke, B OPSAKe
NpUMepa, MO>KHO OnpeenuTh Beimuuny AF ¢ mo0bM pasmMepom nopora, Harpumep, Mexay 130 m.o. u 170 m.o.

®wur. 8 mokaspiBaeT rpaduk 10K 00IIel IITMHBI, BHOCUMOW KOpoTKkuMHU pparmentamu (F), mis xpomoco-
MBI 21 (CrIoImIHas TMHUS) U STAJIOHHBIMH XPOMOCOMaMH (BCE ayTOCOMBI, 32 UCKIIIOUEHHEM XpoMmocoM 13, 18 u
21) (myHKTUpHAS JIMHUS) IPOTHB pa3Mepa Mmopora Il SYIIOWIHON OepeMeHHOCTH. Pasnmudne B IByX BEIMYHHAX
F (AF21-rey=F (xp.21)-F (re)) TpencTaBIEHO mITpHXOBOH NuHMeH. Tak kak pacnpeneneHue 1o pasMepam (pparmeH-
toB JJHK u3 xpomocombl 21 W 3TaJIOHHBIX XPOMOCOM CXOXE IMpPH DYIUIOMIHOW OEpPEeMEHHOCTH, BEIHMYUHA
AF 31.rer) OJIM3KaA K HYJIIO 714 J1I000TO pa3Mepa 1mopora.

®ur. 9 nokaspiBaeT rpaduk BeMu4uHBI F 11 xpoMocoMsr 21 (CIUTONIHAS JTHHUS) U 3TaJOHHBIX XPOMOCOM
(Bce ayTocoMbl, 3a MCKIoueHHeM XxpomocoM 13, 18 u 21) (myHKTHpHAs JMHUS) MPOTHUB pa3Mepa Mopora s
6epemeHHOCTH ¢ Tpucomuei 21. Pasmuune AF ) pep IPEACTABIEHO INTPUXOBOM NuHKEN. M3-3a TOIOJIHUTEIBHON
JI03BI XpoMocoMbI 21 U3 mofa pacmpezneneHue 1mo pasmepam ¢parmentoB JTHK B marepuHckoi mnazme aist
XpOMOCOMEI 21 Goiiee cxxarToe, 4eM paclpeeeHre o pa3Mepam I dTAJOHHBIX XpoMocoM. Takoe paznuuue B
pacnpezenesuu no pasmepam pparmentos JJHK orobpasxaeTcss nonoxkuTeabHON BeIMIUHOM AF (5| gef), KOTOpast
nocruraet Mmakcumyma B 0,016 npu npubimsnTensao 150 m.o.

®ur. 10 nokaseiBaeT rpaduk AF ;) repn MEKITY XpOMOCOMOH 21 M 3TaTOHHBIMH XPOMOCOMaMH (BCE ayTOCO-
MBI, 32 UCKJIIOUeHneM xpomocoM 13, 18 u 21) npoTuB pa3mepa nopora ajst 9yIuIongHoi OepeMeHHOCTH U Oepe-
MEHHOCTH ¢ Tpucomueit 21. B cmyuae Tpucomun 21 HabmI0AAIOT BO3POCIIYIO BEMUUUHY AF (51 reny, HO AF (51 rep)
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paBHa NPUOIM3UTENBHO HYJIIO TIPU KaXKJIOM pa3Mepe Hopora B ciiydae symiaonga. Tak kak MakcuMyM AF ) gef
HaOmroaroT BONMM3K 150 m.o., pasmuuue B 150 mM.0. MOXKHO HCIIONIE30BaTh B KAUECTBE IMOKA3aTeNs pa3/ICiCHUS
JUTSL OTIPENICIICHUS, CCIIH B PACIPEACICHUU TI0 pa3MepaM IOCIeI0BaTeILHOCTEH XPOMOCOMBI 21 CyIIeCTBYET JI0-
00e 3HaunMoOe cxxkaTre. OJTHAKO MOXKHO HCIIOJIL30BATh JIFOOO0H pa3Mep, MPH KOTOPOM BO3HUKACT PA3IUIHC MEK-
Jly CIy4dasiMH 3YTIJIOUIUN B TPUCOMHUM, Harmpumep, Ho 6e3 orpanudenus, 140 m.o., 145 m.o., 155 m.o. u 160 m.o. B
JIAHHOM TIpUMepe pa3Indue MEXIy J0Jei o0mel MTMHBI XpOMOCOMBI 21 M ATaIOHHBIX XpOMOCOM, Habmromae-
Moe mipu 150 m.0., cocraBisier 0,016 u -0,002 mis 6epeMeHHOCTH ¢ TpUcoMuer 21 U dYTUIOUIHONW OepeMeHHO-
CTH, COOTBETCTBEHHO.

Takoe pazmmune B hopme nonu obmieid jmubl JJHK, BHOCMMON KopoTkumu ¢parmentamu JIHK, MoxxHO
WCIIONIB30BaTh I TOTO, YTOOBI PasziIMYUTh SYIUIOMAHBIA M aHY3IUIONIHBIN TUToN. Pasnuane MOXXKHO MPOBEPHUTH
pasnuaHbIME criocobamu. B omHOM Bomomennn Benmnunnay AF mpu ompeneneHHOM pa3smepe mopora (IpuMep
MoKa3areysl pa3JeliCHus) MOKHO CPaBHHUTH C TOPOTOBOM BETUUUHON JUISL OTIPE/ICICHUS KaTeropu3aun (KIaccu-
(ukanum) obpasia. B apyrom BOIIIOMEHNH MOYKHO HAaWTH MHUKOBYIO BeNWYHHY B AF, U 3Ty BeNMYUHY MOYKHO
CPaBHHUTH C OJHOW WJIM HECKOJIBKHUMH MOPOTOBBLIMH BEIHMYMHAMHU KATCTOPH3AIMH. B pasmUUHBIX BOIUIOIICHUSIX
MUKOBAas BEJITMYUHA MOXKET MPEICTABIATh CO00 MaKCHMAIIBHYIO WM MUHHUMAJIbHYIO BEIUYHHY, YCPSIHCHHYIO
BCJIMYMHY BOJU3U MAaKC/MHH BEITHMYUHBI WM APYTYIO BEIHYUHY, ACCOIMUPOBAHHYIO C WA MPOUCXOJAIIYIO OT
MaKC/MHUH BETHUYHHBI. Takke MOXKHO UCIIOJIE30BaTh JIPYTHE CTATUCTHUYCCKUE MOKA3aTEeNU TOKA3aTeNs pas3zeic-
Hus (Hanpumep, AF), Takne kak mupHHA THKA WM MECTOIMOJOKEHHUE OINPEISIEHHOTO TOPOra, COOTBETCTBYIO-
e nuky.

B oanom Bomtomenuu BennuuHy F (Wiin Apyroit craTUCTUYECKU MOKazaTesb, OMUCAHHBIN BBILIE, TAKON
KaK JJIMHAa MEJIKUX (parMeHTOB, NeJIeHHAas Ha JIMHY KPYMHBIX (DParMEeHTOB), MOyUYEHHYIO M3 MHOXECTBa
(hparMeHTOoB I OIPEACTICHHON TeHOMHOH JIOKAIIMX WM JJIS1 IOJTHOTO TeHOMa, MOYKHO HMCITOJIB30BATh IS OIIpe-
JIENICHISI TOTO, CYIIECTBYET JIM MaTtoyorus. HampuMep, ecimu cTaTUCTHYECKUH TOKa3aTeNNb IPEBHIACT BETHINHY
Topora, TOrJa MaToJOTHUIO MOYKHO OTIPENEeNATh KaK CYIIECTBYIOIIYIO, TaK KaK KOJIMYECTBO MEJKHX (pparmMeHTOB
HaXOJIUTCSI BHE HOPMAJIFHOTO MHTepBaita. Kpome OepeMeHHBIX KEHIIHUH, TO MOXKHO OCYIIECTBIIATh U JUIA APY-
TUX MaIUEHTOB ISl HACHTU(UKAIINH WHBIX 3a00JI€BaHNHN, YeM 3a00JIeBaHNS TUTO1A.

B HEKOTOPHIX BOIUIOIICHUSX IIEPE]] aHATU30M pa3MepoB ()ParMEHTOB MOXHO BBITIOJNHUTH (PU3UUCCKOE
(bpaknmoHHpOBaHUE MO pa3MepaM. B 0THOM BOILIOMIEHUHM MOJICKYJIBI HYKJICHHOBBIX KHCIOT MOXKHO Pa3/ICiHTh
1o pa3MepaM Ha 1Be ¢pakiuu (Hanpumep, oy kpymaee 200 m.o. u oy, paBHyto win Menbire 200 mo.), u
3aTeM MOXKHO CPaBHHUTH pacIpelielicHUE MO pa3MepaM BBIOPAaHHBIX XPOMOCOM (HAmpUMep, XpOMOCOMBI 21) ¢
KaXIoH u3 Takux Qpakunii o pasmepam. [Ipu nHammuum QetanpHON Tpucomun (Hampumep, Tpucomuu 21)
(pakmug o pasMepaM MOJIEKYJ MEHBINETO pa3Mepa MOXET YBEIMYMBATHCA B OTHOCHUTEIHHOM HM30BITKE HPH
CpaBHEHHH C (ppakIueil Mo pa3MepaM MOJIEKYJI OOJIBIIEro pa3Mepa.

B npyrux BOIMIJIOMIEHHSX BMECTO PAacHpeAeieHHs MO pa3MepaM MOXKHO HCIIONB30BAaTh YHCIO (ParMEHTOB
MEHBIIIE TOPOTOBOH UTMHEL. Hampumep, MOXKHO CpaBHUTH YHCIO (parMEHTOB MEHBIIE ITOPOTOBON UTHHEI (Ha-
MIPUMeEp, M0 PA3TMYNIO WU OTHOIICHHIO) JJIT XPOMOCOMBI-MHIIIEHHU (HAapuUMep, XpOMOCOMBI 21) OTHOCHTENHHO
OJTHOW WJIM HECKOJBKHX JTAJIOHHBIX XpOMOCOM. B 07fHOM BoOmIIOImIEHNH YHCTIO (GparMEeHTOB MEHBIIIE TIOPOTOBOH
JUTMHBI JACTIAT Ha 00IIee Yuciio pparMeHTOB, U MOAYYAIOT UX JOJTIO B MPOICHTAX, U MOXXHO CPABHHUTH TaKHE JOJTH
B MPOIICHTAX YIS XPOMOCOMBI-MHUIIICHH W OJHOW WJIM HECKOJBKUX STANIOHHBIX XPOMOCOM U MOyYUTh IMapaMeTp.
[MomyueHHBIH apaMeTp (HapuMep, pa3IHdre WK OTHOIICHHE) MOXKHO CPaBHUTH C MOPOTOBOM BEIIMYMHON (Ha-
npumep, 1%). B omHOM acmnekTe MOpOroByIO JUIMHY MOXHO BBIOpATh MpH JJIMHE, TN YKa3aHHAs BEIIIC OIS B
MPOIICHTAX SBJSICTCS HAUOOIBIICH.

V. Ilpumeps! UCTIONB30BaHHS PAHKHPOBKH.

Kpome tpucomuu 21 aHanm3 pasmMepoB (PparMeHTOB B MATEPHUHCKOW TUTa3Me Tak)KE€ MOYKHO HCIOIb30BaTh
JUT HEMHBA3UBHOTO MPEHATATIHHOTO OOHAPYKEHHS IPYTHUX (PeTaTbHBIX XPOMOCOMHBIX aHEYIIIOMANN, TAKIX KaK
TpucoMus 13, Tpucomusi 18 W aHEYIUIOMAMH TOJOBBIX XPOMOCOM (TakWe Kak CHHApoM TepHepa, CHHIPOM
Kusitadentepa u XYY u T.1.). Boruomenus: Takyke MOXHO HCIOJIb30BaTh, KOTJa B XPOMOCOMHYIO aHOpMaJlb-
HOCTBH BOBJICKAETCS TOJNBKO YaCTh ONPEAETICHHON XpPOMOCOMEI (HarpuMep, Ipu TPUCOMHUH 21, BBI3BAHHOW XPO-
MOCOMHO¥H TpaHciokanuei). [Tpu TakoM BapuaHTe pa3BUTHS COOBITHI aHOPMAILHOCTH B pa3Mepax (pparMeHToB
OynyT otmeuatbes s pparmenToB JJHK m3 mopakeHHBIX XpOMOCOMHBIX y4aCTKOB.

@wr. 11 mokaszsiBaeT Tabiuy ams 6udanoTek JJHK MaTepuHCKO# 11a3Mbl, KOTOPhIE CKOHCTPYHPOBAHBI C
Ucrojb30BaHUeM Habopa multiplexing sample preparation (Illumina) cornacHoO MHCTPYKIMSIM W3TOTOBHTEIIS.
Kaxxapie nBa 00pasia ¢ pa3IMYMMBIMU IITPUXOBBIMA KOJJAMH BBOJIAT B OJTHY TIOJIOCY M MOCJEIOBATEILHO MO-
BEPraroT CTAaHJAPTHOMY MYJITHILICKCHOMY CCKBEHHPOBAHHUIO CITAPCHHBIX KOHIIOB HA TeHOMHOM aHaim3arope 11
[llumina. O6pa3nbl MOKHO Pa3TMIUTh HA OCHOBAHWHU INTPHUXOBBIX KOJOB. AHAJIU3UPYIOT 00pa3Ibl IIa3Mbl OT
120 GepemMeHHBIX keHITUH. [0 U cOCTOSTHHEe XPOMOCOMHOW aHEYIIJIOUINH III0IOB TTOKa3aHbl B TaOJHIIe, TIPH-
Ben&HHOU Ha ¢wur. 11.

@ur. 12 WUTIOCTPUPYET PAaHKUPOBKY PA3NHIHBIX XPOMOCOM [UIS YETHIPEX 00pasIoB IPH Pa3INIHBIX 00-
JIE3HEHHBIX COCTOSHUSIX WIHM COCTOSHHUAX B OTCYTCTBHE 3a00JIEBaHHHA COTIIACHO BOIUIOIICHHMSIM HACTOSIIETO U30-
Operenus. Pacronararot 22 ayTOCOMBI BMECTE € XpOMOCOMOM X B TTOPSIKE pa3MepoB X (PparMeHTOB, KaK OIIH-
caHo paHee. Kak MOXXHO BUIETh, OTHOCHTEIIbHAS PAH)KHPOBKA XPOMOCOM Ha OCHOBE BEpCUU 2 HabOpa pearcHToB
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JUIsl TeHepanuu Kiactepos Illumina oTnmygaercst OT paHXKHPOBKY TPH UCTIONB30BaHNK Bepcun 1 Habopa (dur. 2).
Kak moka3aHo Hibke, BOIUIOIICHUs (Hampumep, crocod 400) MO3BONSIOT OTIMYHUTH CIIyYail aHCYIUIOWIHH OT
CITydasi SYIUIOUIUH.

A. Tpucomus 13.

B nmanHOM mpuMepe AEMOHCTPHPYETCS NMPUMEHEHHE BOIUIOIMICHUH U MPEeHaTaIbHOW TUATHOCTUKH TPH-
comun 13. @ur. 13 mokaspiBaeT rpaduk paHXUPOBKH XpoMocoMbl 13 mis 120 cmydaeB OepeMEeHHOCTH, HAIIPH-
Mep, KOTOPBIH MOKHO MOJTyduTh 1o crioco0y 400. Ha rpaduxe T13, T18, T21 u Eu oTHOCATCS K OepeMeHHOCTH
¢ Tpucomueit 13, Tpucomueii 18, Tpucomueit 21 u 3ymIonaHON 6epeMEeHHOCTH, COOTBeTCTBeHHO. B 18 (78,3%)
u3 23 ciryqaeB OepeMeHHOCTH ¢ TprucoMuer 13 xpomocome 13 mprcBanBaOT paHXup 22 WK HIKE, B TO BPEMs
Kak Toibko B 2 (2,1 %) n3 97 cnyuaeB GepemeHHOCTH Oe3 Tpucomuu 13 xpomocome 13 mpHCBaHBAIOT paHKHP
22 wm Hxe. CreaoBaTeNnbHO, C HCHONB30BAaHUEM MTOPOTOBOTO paHKMpa 22 YyBCTBUTEIBHOCTh U CIiCIM(pUY-
HOCTh aHajJM3a M0 PAHXUPY pa3MepoB (parMeHTOB XPOMOCOM JUI NMpPEHATATbHOM JHATHOCTUKH (eTaabHOM
TpucoMuu 13 cocrasiusiet 87,3% u 97,9%, cOOTBETCTBEHHO.

Ha ¢wur. 13 MOXHO BHIETB, YTO PAHXHP XPOMOCOMBI 13 BbIIIE (T.€. C MEHBIIMM YHCIIOM, OTMEYAIOIIUM
pamkup) I dYIUIOUIHOW OEpeMEHHOCTH U OepeMEeHHOCTH ¢ Tpucommer 18 m 21, yem s OepeMEeHHOCTH ¢
Tpucomueit 13. MHBIME cloBaMH, TIPY CPaBHEHUH C IOCIENOBATEIFHOCTIMH APYTHX XPOMOCOM OKa3bIBAETCH,
YTO TMOCJEI0BATEIEHOCTH XPOMOCOMBI 13 Kopoue B ciydasx OepeMeHHOCTH ¢ TpucoMmuer 13, gyem B cirydasx
O6epeMenHocTH 0e3 Tpucomuu 13. SIBHOe ykopadyuBaHUE TOCIIENOBATENBHOCTEH XpoMocoMBl 13 mpu GepeMeHHO-
CTH ¢ TpUcOMHUeH 13 mMeeT MecTo M3-3a TOBBIIIEHHOTO BKiana geransHoi JJHK B xpoMmocomy 13 u3-3a mormot-
HUTEJILHON XpoMocoMmbl 13 mmona.

B. Tpucomus 18.

@ur. 14 noxaspIBaeT pamXUPOBKY XxpoMmocoMbl 18 st 120 cimyuae. B 26 (86,7%) u3 30 ciayuaeB Tpuco-
MuH 18 pamKUpbl XpOMOCOMBI 18 Hipke (T.e. ¢ OONBIIMM YUCIOM, OTMEUYAIOIIAM PAHKHUP), YeM 13, B TO BpeMs
Kak HH B oJHOM u3 90 ciyuaes 6e3 Tpucomun 18 pamxkup He HIXe, yeM 13. CretoBaTenbHO, ¢ HCIOIb30BaHUEM
pamxupa 13 B KadecTBe ITOPOTOBOM BEIMYHMHBI, YYBCTBHTEIHFHOCTH M CHENHU(GUYHOCTH aHAIHM3a IO PAHKHPY
pa3mMepoB GpparMeHTOB XPOMOCOM ISl IIPEHATAIbHON THarHOCTUKHY (eTambHON TpucoMun 18 coctasmser 86,7%
u 100%, cOOTBETCTBEHHO.

B Takom aHanmm3e CpaBHUBAIOT PAHXHPOBKY IO pa3Mepy XpOMOCOMEI 18 mpu 6epeMeHHOCTH ¢ TPHUCOMUEH
18, Tpucommeii 13, Tpucomueii 21 u dymuongHOM GepeMeHHOCTH. B KOHTEeKCTE XpoMocoMbl 18 mocnennue Tpu
TPYIIIBI MOTYT PacCMaTPHUBATHCS KaK "HOPMAIBHBIN" KOHTPOJIb, IIOCKOJIBKY OHU HE HMEIOT "03BI" aHOPMAaJIbHO-
cTel, BKIoYarmux xpomMocomy 18. Kak MoxHO BUAETh U3 QUr. 14, pamXupbl I XpOMOCOMBI 18 B cirydasx
Syniaouauu U Tpucomuu 13 rpynmnupyrorcs Bokpyr 1-3. C qpyroi cTOpoHbI, paHXHUpaMH A XpOMOCOMEI 18 B
ciry4asx Tpucomud 18 sBistorest 13-22, 4To yKa3bIBaeT, YTO pa3Mepsl pparMeHToB XpoMOCOMEI 18 MeHbIIe, yeM
pasMepsl B ciydasix dymuronauu, Tpucomun 21 u tpucomunu 13. CHoBa Takue HaOIIOACHHS OOBSCHSET JOTIOTHH-
TesnbHas Xxpomocoma 18.

C. Tpucomus 21.

®ur. 15 nokaspiBaeT pamKUPOBKY XxpomocoMsl 21 s 120 ciayuaes. B 8 (88,9%) u3 9 ciyuaeB Tpucomun
21 xpoMocome 21 pUCBaMBAIOT paHXUPhI 22 WU HUXKE, B TO BpeMs Kak HU B ogHOM u3 111 cimydaeB 6e3 Tpu-
comum 21 xpomocoma 21 He mmMeeT pamkup 22 win Hiwke. CleIoBaTeNbHO, C HCIIOIB30BAHUEM pamxupa 22 B
KadyecTBE MOPOTOBOH BEIHMYMHBI YyBCTBUTEIBHOCTh U CIICIIU(DHYHOCTh aHAIN3A 10 PAHXKHPY pa3MepoB ¢par-
MEHTOB XPOMOCOM JIJIsI IPEHATANBHOW TUArHOCTHKH (eTanbHoil Tprucommn 21 cocrasmuser 89,9% u 100%, coot-
BETCTBEHHO.

V. [IpuMeps! HCHOIB30BaHUS pa3INyus B pazMepax.

A. Tpucomus 13.

B mocnenyromux nmpumepax AEMOHCTPHPYETCS, YTO MOXKHO JOOWTHCS HEMHBA3UBHOTO MPEHATAIBHOTO 00-
Hapy»XeHHsI TPHCOMUH 13 myTeM cpaBHEHHUS aOCONIOTHBIX pa3MepoB (YParMeHTOB, MPOUCXOIAIINX OT XPOMOCO-
MBI 13, ¢ aOcoMmOTHEIMU pa3MepaMu (parMeHTOB, MPOUCXOAAIIMX OT OJHOW MM HECKOJBKHX ATAIOHHBIX XPO-
MOCOM, HalpuMep, TaK, Kak onucaHo Jurs crnocoba 600. B naHHOM npuMepe HCHoNb3YIOT TOT ke HaOOp JaHHBIX,
YTO U B TPEABIAYIIEM IpuMepe. B mopsake WiumocTpaliuy, Ui 0OHapy KeHUS TpUCOMHUH 13 B KadecTBe 3TaJIO0H-
HBIX XpOMOCOM BBIOHPAIOT XPOMOCOMY 5 ¥ XpOMOCOMY 6.

Kax MoxHO BuAeTh u3 TabmuIel Ha ¢ur. 16, B mpenenax 0HOTO U TOTO ke 00pasiia Mmocie0BaTeIbHOCTH,
BBIPOBHEHHBIE C XPOMOCOMOH 13, CyIIecCTBEHHO KOpOdYe, YeM ITOCIIeA0BATEILHOCTH, BRIPOBHEHHEIE C XPOMOCO-
MO 5 U XpOMOCOMOI1 6, IJIsl BCEX CIIy4aeB OEpEMEHHOCTH C TpUCOMHEH 13 (KpuTepuil CyMMBI paHXUpoB MaH-
Ha-YutHH, BenmanHa p<0,001). B kauecTBe KOHTPOIIS BKIIOYAIOT 3YIIOUIHYIO OEPEMEHHOCTh U OEPEMEHHOCTD
¢ Tpucomueit 18. Kak mpu symmonHo 6epeMeHHOCTH, TaK U MPU OEPEeMEHHOCTH ¢ Tpucomuei 18 mo3a xpomo-
combl 13 HopmanbHas. Kak MOXXHO BHIETH M3 TAaOHIBI, IPHUBICAEHHON Ha ¢ur. 16, aHOpMaIbHOCTEH pa3MepoB
TaKOW CTATHCTHYECKOM 3HAUMMOCTH JJISl TIOCIIEIOBATEIbHOCTEH, MPOUCXOIAIINX OT XPOMOCOMBI 13, mpu symuio-
UIHON GepeMeHHOCTH M OEpEMEHHOCTH C Tpucomuel 18 He BUIHO.

Kpome Toro, st Bcex ciaydaeB O€peMEHHOCTH ¢ TpucoMuer 13 B mpenenax OJHOTO M TOTO e oOpasia
pasnuuue B CpeHEM pazMepe GpparMeHTOB MEX1y XpoMocoMoit 13 1 xpomocomoii 5 6omnbme 0,4 1m.0., B TO Bpe-
Ms KaKk HU OJTUH M3 ciiydaeB Oe3 Tpucomuu 13 He mokassiBaeT paznnums 6osbire 0,4 m.0. [TogoOHBIM 00pa3om,
JUTS BCEX CITydaeB OEpEeMEHHOCTH ¢ TpucoMueii 13 pasmmdane B cpemHeM pasmepe pparMeHTOB MEXIy XpOMOCO-
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Mol 13 u xpomocomoii 6 Gosbie 0,5 1.0., B TO BpeMsi Kak HU OJIMH U3 CllydaeB 0e3 TpucoMuu 13 He mokasbiBaeT
paznuuus 6oxpmre 0,5 1m.o.

B. Tpucomus 18.

B nopsiake wnmroctpanyd, st O0HApY>KeHUsT TPUCOMUHM 18 B KadecTBe 3TaJJOHHON XpOMOCOMBI BEIOMPAIOT
xpomocomy 14. JIns cioydaeB 6epemennoctu 6e3 tpucomuu 18 B Tabmuime 1700 Ha dur. 17 MOKHO BHIETH, YTO
MOCJIEIOBATEIEHOCTH, TIPOUCXOISIINE OT XPOMOCOMBI 18, CTAaTHCTHYECKH 3HAUMMO JJIMHHEE, YeM IOCIeI0Ba-
TEJIHHOCTH, TPOUCXOIANINE OT XPOMOCOMBI 14 (KpuUTepuid CyMMBI paHXUpOB MaHHA-YUTHH, BEITUYIHHA
p<0,005). OnHako s ciay4aeB TpUCOMHUU 18 MOCIIEAOBATENBHOCTH XPOMOCOMEBI 18 HECYIIECTBEHHO AJTUHHEE,
YeM TI0CIIeI0OBATEIbHOCTH, BRIPOBHEHHBIE ¢ XpoMocoMoii 14. Cirydan 3yIUIONINT B TPUCOMHH 18 MOXHO pasiu-
YUTH HA OCHOBaHUH PAa3IMUUs MEXKIY cpeaHuM pasmepom ¢parmenToB JJHK u3 xpomocom 18 u 14 ¢ ucnomns3o-
BaHMEM 1oporoBoii BenuuuHsl 0 1.0. Takue HaOIIOAEHUSI MOKHO OOBSICHATH TeM (PAKTOM, YTO JOIOJHHUTEIbHAS
J103a IPOUCXOSIIUX OT IUIOAA MOCIEA0BAaTEIbHOCTEH XpOMOCOMBI 18, KOTOpBIE KOpode, Y4eM MaTepUHCKUE IO-
CJIC/IOBATENILHOCTH, OyJIeT CHIKATH OOIIMH pa3Mep TaKUX IOCIeI0BaTeIbHOCTEH, KOTAa NIl UMEET TPHCOMHUIO
18. D10 Tarke OymeT MOIBOIUTH OOIIEee paclpeieiCHUe Mo pa3MepaM Ui XpOMOCOMEI 18 Oimke K pacmpese-
JICHHIO AJI1 XPOMOCOMBI 14.

V. IIpumMepsI ¢ UCTIOTE30BaHNEM BKJIaIa B OOIIYIO ITTHHY.

B npumepe, onrcaHHOM HHKE, 3TAIOHHBIE XPOMOCOMBI BKJIIOYAIOT BCE ayTOCOMBI, 32 UCKIIOYCHHEM XPO-
Mocom 13, 18 u 21.

®ur. 18 mokaspiBaeT pasnuumMe B JOIAX OOIIEH JIMHBI, BHOCHMBIX KOPOTKUMH (hparMeHTaMu, MEXIy
xpoMocomoit 18 n 3tanonHeIMH XpoMocoMaMH (AF(jg.ren) B 150 m.o. C Mcnoap30BaHUEM JTHMAaTHOCTHYECKOM T10-
porosoit Benuuunsl 0,0003 st AF (i3 ey O€peMeHHOCTS ¢ TpHucoMueil 18 MOKHO 0OHAPYKHUTH C YyBCTBUTEIBHO-
cthi0 93,3% u crieruuarOoCcTHIO 100%.

®ur. 19 mokaspiBaeT pasnuuMe B JOISAX OOIIEH JIMHBI, BHOCHMBIX KOPOTKUMH (parMeHTaMu, MEXIy
xpoMocomoit 21 n 3TanoHHEIMH XpoMocoMaMH (AF).rep) B 150 m.o. C Mcnonab30BaHUEM JTHAaTHOCTHYECKOM T0-
porosoit BenumuuHbl 0,007 mnst AF (51 pery O6peMEHHOCTB ¢ TpUcOMHEH 21 MOXKHO OOHAPYKHUTH C UyBCTBUTEIBHO-
ctpio 100% u cnennpuanocteo 100%.

VII. OT00p >TATIOHHOK XPOMOCOMBI(XpPOMOCOM).

OpHy WIM HECKOJBKO 3TaJOHHBIX XPOMOCOM JUIsi HEMHBAa3MBHOI'O NPEHATAJIBHOTO OOHApYKeHMs (eTallb-
HOM XpOMOCOMHOH aHEeyIUIOWAnH aHainu3oM pa3mepoB [JHK B mMaTepuHCKOH MmtazMe MOKHO O0TOOpaTh pasiny-
HBIMH crioco0amH, HalpHuMep, ¢ Mcnoib3oBaHueM criocoba 600. B pa3nuyHbIX BOIUIOMIEHHSX MOTYT OBITH OTO-
OpaHbI pa3IMYHBIE 3TAIOHHBIE XPOMOCOMBEI.

[TepBBIM THIIOM 3TaJIOHHBIX XPOMOCOM SIBIISIIOTCS XPOMOCOMBI, B KOTOpBIX (Gparments! JHK, mpoucxons-
IIMe OT HUX, MMOKA3bIBAIOT paclpeelicHHue 10 pa3MepaM Ha crelu(uIecKoll aHaINTHIecKoi miardopme (Hiu
AQHATUTHYECKHX IUIaT(hopMax, KOTOPEIE OJIM3KO COOTBETCTBYIOT aHAIMTHUECKUM JACUCTBHUAM), CX0Kee ¢ pacrpe-
JIeJICHIEM, TIOJTy9eHHBIM /ISl XpOMOCOMEBI B MaTEpHHCKOH ITa3Me, MMOTEHIHAIHHO BOBJICUCHHOH B aHEYTIIIOUAHIO
(manpumep, xpomocomsl 21, 18 nnm 13). B omHOM BOIUIOIIEHNH B aHAJIH3€ TAKOTO TUIA (ETATBHYIO XPOMOCOM-
HYIO0 aHEYIUIOMIUIO OOHAPYKUBAIOT, €CIIM PACHOJIOKEHUE TI0 pa3MepaM WIN aOCOJIOTHBIN pa3Mep XPOMOCOMBI
"M3 TPYIIBI pUCKA" MOKA3bIBAET CTATUCTUIECKU 3HAYMMOE YMEHBIIICHHUE OT 3TAJOHHOW XPOMOCOMBI(XPOMOCOM).
B apyrux BOIUTOMIEHUSX MOKHO M3MEPHUTH PasziIMdue B CPEIHUX MM CPEIMHHBIX pa3Mepax MexIy ¢pparMeHTa-
MH, TIPOUCXOSIIIMMHU OT XPOMOCOMBI "3 TPYMIIBI pUCKa" U ()parMeHTaMH STATIOHHOH XPOMOCOMBI(XPOMOCOM).

BTOpBIM THIIOM 3TaJOHHBIX XPOMOCOM SIBIISIFOTCSI XPOMOCOMBI, B KOTOpbIX (parmentsr JIHK, npoucxons-
e OT HUX, CTATUCTHYECKH KOpoUe, 4eM (hparMeHThl, IPOUCXOJSIINE OT XPOMOCOMEI B MAaTEpUHCKOH IIIa3Me,
MOTEHIMAJIbHO BOBJICYEHHOHW B aHEYIUIOWAWIO (Hampumep, xpoMocoMsl 21, 18 wmm 13), koraa mion sBiseTcs
symtonaHbIM. Takoi BapuaHT pa3BUTHSI COOBITHII MOKET BCTPETHUThCS, KOTZIa XpoMocoMa "H3 rpymnmsl pucka”
SBIISICTCS OJHOW M3 CaMBIX IJIMHHBIX IPH M3MEPEHHUH C WCIOIB30BaHUEM ONpeaeieHHOoN miatdopmel. Hampu-
Mep, Ha ¢ur. 12 ¢pparmenTs! JJHK B MatepuHCKO TU1a3Me, IPOUCXOSIINAE OT XPOMOCOMEBI 18, Tipy m3MepeHnn
SBIISIIOTCSI CaMBIMH JUTHHHBIMH CpeAH ayTocoM. TakmM o0pa3oM, MOXKHO OTOOpaTh STaJOHHBIE XPOMOCOMEI,
(hparMeHTBI KOTOPBIX CTATHCTHYECKH 3HAYMMO KOpoue, ueM xpomocoma 18. B ogHOM BOIUIOIIEHNH B aHAIN3e
TaKoro THMa (GeTaTbHYyI0 XPOMOCOMHYIO aHEYIUIOMINIO OOHApYKHUBAIOT B CITydae, €CIM HENb3sl YBHICTH, UTO
pacmoioKeHue Mo pa3MepaM WK aOCONIOTHBIN pa3Mep XpOMOCOMBI "H3 TPYIIBI pUCKA' CTATUCTHYSCKU 3HAUH-
MO OTJINYAETCs OT ATATOHHOW XpOMOCOMBI(XpoMocoM). Harmpumep, Takylo cTpaTerHio NCTIONB3YIOT JUTS aHAJIN3a,
0TOOpaxeHHOTO Ha (ur. 17, ONMMCAHHOTO BHILIE.

TpeTbUM THUIIOM TAIIOHHBIX XPOMOCOM SIBJSIFOTCSI XPOMOCOMEIL, B KOTOpBIX (parmentsl JJHK B Marepun-
CKOH IJIa3Me, MPOUCXOJSIINE OT HUX, CTATUCTUYECKH JJIMHHEE, YeM (parMeHThl, IPOUCXOIAIINE OT XPOMOCO-
MBI, IOTEHIIMAIFHO BOBJICYCHHOH B aHEYIUIONIHIO (Hanmpumep, XxpoMocoMsl 21, 18 nim 13), xorna miox sBiser-
s DYIUIIOUIHBIM. Takoil BapHaHT MOXKET BCTPETUTHCS, KOT1a XpoMocoMa "U3 IpymIbl pucka sBisieTcs OJHON U3
CaMBIX KOPOTKHUX IIPHU U3MEPEHUH C HCIIOIB30BAHUEM OTIpeIesIeHHOH TaTdopmbl. Takum 00pa3oM, MOKHO OTO-
OpaTh 3TaJOHHBIE XPOMOCOMBI, ()parMeHTHl KOTOPHIX CTATUCTHUYECKH 3HAYMMO JUTHHHEE, YeM XpoMmocoma 'u3
rpynmsl pucka'. B 0JJHOM BOIUIOIIEHHWH B aHAIHM3E TAKOTO THUMA (ETATLHYI0 XPOMOCOMHYIO aHEYIUIOMINIO0 00-
Hapy>KUBAIOT B CIIydae, €CIIM PAHXUPOBKA 110 pa3Mepy, pa3iIMune B PAHKHPOBKE M aOCOIIOTHOM pa3Mmepe Me-
Ky dTATOHHOH XpOMOCOMOM U XpOMOCOMOM "M3 TpyIIBI pUCKa" BO3pacTaeT.
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UYeTBepThIM TUIIOM 3TaJOHHBIX XPOMOCOM SIBISIFOTCS XPOMOCOMBI co cxoxuM conepxanueM GC. Conep-
xkarne GC B XpOMOCOME MOXKET BIHUATHh Ha CUNTHIBAHHE KOJMUYCCTBCHHBIX NAHHBIX MPH PEaKIUU CEKBEHUPOBA-
aus. [1o ogHOMY CTIOCOOY 11 MUHMMHU3AIINH BO3MOKHOW MOTPEITHOCTH, SIBIISIOIICHCS PEe3yIbTaTOM Pa3Inyus B
conepxaanu GC MEXIy XpOMOCOMaMH, CIEAyeT OTOMpPATh COOTBETCTBYIONINE ITAJOHHBIE XPOMOCOMEI CO CXO-
xkum conepxanuem GC. Ha ¢wur. 20 npuBoautces conepkanne GC B pasnuuabix xpomocomax (NCBI build 36,
Bepcus 48). XpoMocoMBI TiepeurcieHbl B mopsake Bo3pactanus conepxkanus GC. Tenepb NpuBOAUTCS TpUMEP
HCIIOJIB30BaHUS STAIOHHBIX XPOMOCOM €O CXOXXUM coaepkanneMm GC.

®ur. 21 mokaspIBacT pasiuuMe B JOJISAX OOIIEH JIMHBI, BHOCHMBIX KOPOTKUMH (parMeHTaMu, MEXIy
xpomocoMoit 13 1 stanonHeIMu XpoMocoMaMH (AF(15.rep) B 150 1.0. B 1anHOM ciyyae B IOpsi/IKe MILTIOCTPAIMU
ans ananusa AF(j3gep B Ka4€CTBE 3TAJOHHBIX XPOMOCOM HCHOJIB3YIOT XpoMOCOMEL 3, 4, 5 u 6. Kak BunHO Ha
¢ur. 20, xpomocomsr 3-6 umerot coaepxkanue GC 36,53-38,79%, aro cxoxe ¢ comepxanuem GC 37,10% mms
xpoMocoMsblI 13. C ucrnonp30BaHuEeM AuarHoctudeckoi moporopoid Benumannsl 0,0038, anamms AF oOHapyxuBaet
ClIydau TpECOMEH 13 ¢ 9yBCTBUTENBHOCTHIO 95,7% u crierudmaHoctsio 99,0%.

[pennonaraercs, uyto mpobiema cmenieHuss GC MOXET BIUATh HA CCKBCHUPOBAHKE HAa PA3IMYHBIX IUIAT-
(dbopMmax B pasnmuuHOU creneHu. Hampumep, ucnonp3oBaHue miathopM, UIs KOTOPBIX He TpeOyeTcs mpenBapu-
TenbHasl aMIUTHUKanus, Takux kak wiathopma Helicos (Harris T.D. et al., Single-molecule DNA sequencing of
a viral genome, Science, 2008, 320: 106-9), nanonopst (Lund J., Parviz B.A., Scanning probe and nanopore
DNA sequencing: core techniques and possibilities, Methods Mol. Biol, 2009, 578: 113-22) win 0fHOMOIEKY-
nsipHAsl cucteMa peanbHoro Bpemenu ot Pacific Biosciences (Eid J. et al., Real-time DNA sequencing from sin-
gle polymerase molecules, Science, 2009, 323: 133-8), MoXkeT A0OIMycKaTh 0oJiee MHUPOKUA BEIOOP TPYIIIBI 3Ta-
JIOHHBIX XPOMOCOM.

IV. Vcnonp3oBanue koHneHTpanuu dperanpaoi JJHK.

IIpu GepemenHocTr ¢ Tpucomueit 13 (umm npyroit Tpucommuei) miaog OyneT BHICBOOOXKIATh B MaTEPHH-
CKYIO TUIa3My JOTIOTHHUTEIHHYIO 703y (parMeHTOB XPOMOCOMBI 21, KOTOpBIe MOTYT OBITH KOpoue, 4yeM (par-
MEHTHI U3 MAaTCPUHCKUX KIIETOK. MOXXHO OXHIAaTh, YTO KOHIICHTPALUS TaKUX 00Jiee KOPOTKUX (pparMeHTOB Oy-
JIeT KOppenmpoBaTh ¢ KoHUeHTpanuel geransHoi JIHK B MaTepuHcko#t mina3me. MHsIMu cioBamu, mpu Gepe-
MEHHOCTH C TPUCOMUEH 21, 4eM BBIIIC TOJIeBasi KOHIICHTPAIMS MOCIEI0BATEIEHOCTEH, TPOUCXOISNIIUX OT XPO-
MOCOMBI Y, TeM MeHbIIIE OyeT U3MEPEHHBIH pa3Mep MOCIeIOBATEILHOCTEH, MPOUCXOSAIINAX OT XPOMOCOMBI 21.

@ur. 22 WLTIOCTPUPYET Pe3yIbTATHI, MOTYUCHHBIC IS CITydacB OEPEMEHHOCTH, BKIFOUYAIOMICH IUIOA MYXK-
cKkoro mona ¢ Tpucomueii 21. Kak MoxxHO BUIETh Ha Qur. 22, TeHCTBUTEIBHO CYIIECTBYET OTPHUIIATEIbHAS KOP-
PeIs MeXIY CPEAUHHBIM pa3MepoM IOCIEI0BaTSIFHOCTEH XpOMOCOMEI 21 U TIPOIIEHTOM IOCTIEI0BATEIBHO-
CTeH, BBIPOBHEHHBIX ¢ XpoMocoMoi Y (r=-0,942, koppeminust mo ITupcony). [TogoOHON TEHASHITMH TaKXKe
MOJKHO OXHJIaTh, €CIM UCHOIB3YIOT PAH)KUPOBKY IO pa3Mepy XpOMOCOMSHI 21, T.e. HOMep 10 PamXHPy XPOMO-
combl 21 OynmeT mOBHITIATHCS, YKa3bIiBasg Ha 0oJiee KOPOTKHE (PparMeHThI, KOTa T0JIeBast KOHIIEHTpaIus GeTalb-
ot JIHK Bo3pacraet. Tak kak KOppemsIUs CYIMIECTBYET, B BOIUIONICHUSIX H3MEpPEHUE KOHICHTPAIUH (eTallb-
Hoit JIHK MOXHO HCITOIh30BaTh B KQUeCTBE MapaMeTpa B II0OOM 3 CIIocO00B, OMMMCAHHBIX B TAHHOM OITHUCAHHH.

B ananmze Takoro Tuma 10jeByio 1 abCOMIOTHYIO KOoHIIeHTpauuio geransHoit JIHK B MaTepunckoii mazme
MOKHO M3MEPHTH JIFOOBIM CITIOCOOOM, U3BECTHBIM CIICIUAIUCTAM B JAHHOW O0JIACTH TeXHHUKH. Eciu mmom Myx-
CKOTro TmoJia, KoHIeHTparui (eransHoi JJHK MOXHO M3MEepuTh MO J0JEBON KOHIICHTPAMU B MATCPUHCKON
TUIa3Me TOCIIEeIOBATEILHOCTEH, MMPOUCKOASAIINX OT XPOMOCOMBI Y. JIpYyrUM MPUMEPOM SIBJISICTCS UCIIOIB30BAHHE
HACIICYEMBIX OT OTI[a TCHETHYCCKHX MAapKEpOB, TAaKUX KaK OJHOHYKJICOTHIHBIC MOTHMOPGOU3MBI WIH TOJH-
MOp(HU3M MPOCTHIX TAaHAEMHBIX IMOBTOPOB WJIM HHCEPIMOHHO-ACICINOHHBIE MOIUMOPGU3MEL. JpyruM mpume-
POM SIBIISIETCS MCTIOIB30BAaHUE SITUTEHETHYECKIX MapKePOB, TAKUX KaK YIaCTKH, KOTOpbIe TH(HepeHIITPOBAHHO
MeTmIHpoBaHbl B peranbHOi n MatepuHckoid JIHK (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; marent CIIIA 6927028). Brimeyka-
3aHHBIE MapKepbl MOXKHO aHAJIM3UPOBATH C WCIOIB30BAHHEM CHOCOOOB, M3BECTHBIX CICIHAIIIICTAM B JaHHOW
0o0nacTh TEXHWKH, B TOM 4HCIIe, moymMepasHoi nenHoi peakiuu (ITLP), uncnennow IT1IP, cexBenupoBanus,
MACCHBHBIM MapaJUICIbHBIM CCKBCHHUPOBAHUECM U HAIICJICHHBIM MaCcCHUBHBIM ITapalIeIbHBIM CEKBEHUPOBAHHUEM.

B o1HOM BOMIIOMICHUH MOXKHO M3MEHSATH TUATHOCTHYCCKUI MOPOT (HAIpUMEp, MOPOTOBYIO BETHYUHY IS
JFO0O0TO CIIoco0a, ONMMCAHHOTO B TAHHOM OIMUCAHUU) JUTsl OOHAPYKEHUS XPOMOCOMHOW aHEYIUTOMIUHN B OTHOIIIC-
HHUH M3MepeHHo# kKoHueHTpamuu ¢eransHoi JJHK B Marepunckoit mazme. Takum 00pa3om, MOXKHO OXHIATh,
YTO JIsi 00pa3I0B MAaTEPHHCKOH MIa3MBI ¢ OTHOCHUTEIFHO BBICOKOW KoHIeHTparmed ¢eranproit THK crenens
ykopauuBauus Mosiekyn JJHK B mia3me, mporUCcXOIMIIUX OT XPOMOCOMBI, TOTCHIIMAIEHO BOBJICUCHHON B aHEYII-
nouanto, Oyxer Ooiee 3HAUYNUTENBHON, YeM IS 00pa3oB MAaTCPUHCKOH IIa3MBI C OTHOCHUTEIIHFHO HU3KOW KOH-
neHTpanueit peranmpaoit JJHK.

Taxk kak AF cooTHOCHTCS ¢ pacnpeaercHueM 1o pa3mepam, AF Takke MOKa3bIBaeT KOPPEIISIIUIO ¢ KOHIICH-
Tparmeint peranpHOM JJHK.

®ur. 23 nokaseiBaeT KOPpeNAnIo MeXIY AF (15 rer (XpoMocoMa 18 MPOTHB 3TAaNOHHBIX XPOMOCOM) U KOH-
nenTpanued getanpaoit JIHK. B mecaru u3 tpuamnaru cinydaeB T18 BEIHAMIWBAIOTCS TUIOABI MY>KCKOTO TI0Ja, U
TakKuM 00pa3oM, 0JIeBYI0 KoHIeHTparuio ¢heranpHor JIHK MOXHO OIICHHUTD IO JJOJIEBOW KOHIICHTPAIMH TTOCIIe-
JI0BaTEJILHOCTEH XpOMOCOMBI Y B yKa3aHHBIX 00pasiax. CylecTByeT 3HaunMas Koppemaius Mexay AF g gep 1
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JIOJIEBOW KOHIIEHTpaLMel rocienoBarensHocTel XpomocoMel Y (1=0,879, xoppermsiuust o Criupmany). Takne
pe3yIbTaThl MPEIoJaraoT, YTo MpH OEPEeMEHHOCTH C TPUCOMHEH 18 cTemeHb CyXeHHs B pacHpeiesIeHHH 0
pasMepaM TOCJIeI0BaTEILHOCTEH XPOMOCOMEI 18 B MaTepUHCKOM IIa3Me KOPPEIUPYET C JOJEBOW KOHIICHTpPA-
et gperanmphoit [IHK B MaTepuHCKO T1a3Me.

Crnyyan HHMXKE JUarHOCTHYECKOW MOPOTOBOM BETMYMHBI MPEACTABICHBI HE3AMITPUXOBAHHBIMHA KPY>KOUKa-
MH, B TO BpeMs KaK CIy4aW C pa3nuaueM OOJbIle TMOPOTOBOW BEIMYHMHBI HPEACTaBICHBI 3alITPHXOBAHHBIMU
KpyxodkaMmu. J[Ba ciydasi, B KOTOpPBIX BenuunHbl AF MeHblIe auarnoctudeckoil noporosoi Beanuuns! (0,0003)
(IpencTaBieHBl HE3AIITPUXOBAHHBIMU KPY)KOYKAMH), UMEIOT OTHOCHUTEIFHO HU3KHE IOJEBBIE KOHICHTPAIUN
¢eransuoit JIHK npu cpaBHennu co cmywasmu ¢ BeanmunHamu AF, mpessimatommmu 0,0003 (mpeacraBieHsl
3aIITPUXOBAaHHBIMU Kpy)kKoukaMu). Huskue moneBbie koHIeHTpauu ¢etanpHoit JTHK MoryT OBITH IPHYUHOM,
o0 KOTOpoi Ha ¢ur. 18 yka3aHHBIE [Ba Ciydas MPOITYIICHBI IPH BBHITOJIHEHWN aHaiu3a. COOTBETCTBEHHO, B OJI-
HOM BOIUIOIICHNH, €clii (peTanbHasi KOHIEHTpalys B oOpasle HH3Kas, KiacCu(pUKalued MOXXHO NpeHeOpedb
WY IPOBECTU €€ CHOBA.

@ur. 23B noka3plBaeT KOppemsuuio MexXay AF ;) .rer (XpoMocoma 21 npoTuB ped)epeHCHBIX XPOMOCOM) U
KoHueHrpaueit ¢peransHoi JJHK. B maru u3 nessitu ciydaeB T21 BbIHAIIMBAIOTCS MIIOABI My>KcKoro nona. Cy-
IIECTBYET 3HAYMMAs KOPPEIALHUA MEXKIY BETHIMHON AF 5 pep) M JOJICBOM KOHLIEHTPALUEH TIOCIIEI0BATEIBHOCTEH
xpomocoMsl Y (1=0,9, koppemsiiust no CimpMany).

@ur. 23C nokaspIBaeT KOppeAuo Mexay AF (i3 re (XpoMocoMa 13 npotus xpomocom 3, 4, 5 1 6) u KoH-
nenTpanueit geransuoit JJHK. B uetbipHaguaT U3 qaanaTty Tpex cirydyaeB TPUCOMHHM 13 BBIHAIIMBAIOTCS IJIO-
JIBI My>KCKOTO Tona. JJoneByro koHneHTpanuio (eransroit JJHK MOXKHO OLIGHWTH MO J0JE€BOI KOHIICHTPAIMH
H0CJIEI0BaTENBHOCTEN XpoMOocoMbl Y B oOpasiax. CylmecTByeT MOI0KUTeNbHAs Koppessuus Mexay AF (13 rep U
JIOJIEBOW KOHILIEHTpALMel mocienoBarebHocTel XpoMocoMsl Y (1=0,644, koppemsinus no Crnupmany). Ciydai,
korna AF (i3 ger) MEHBIIIE MAarHOCTUYECKON moporoBoit BenuurHbl (0,0038), npeacTaBied He3alITPUXOBAHHBIMH
Kpyxoukamu. Huskue nonessie koHueHTpannu deransaoi JJTHK MoryT ObITh MprunHOH, 0 KOTOPO#t Ha dur. 21
yKa3aHHBIH CITydail MpoIyIeH IPH BHITTOTHEHUH aHAIN3a.

IX. CpaBHeHHe aHAMHM3a Pa3MEPOB U CIIOCO0A C TIOACYSTOM MOJIEKYIT.

®ur. 24 moka3pIBaeT CPaBHEHNE TOYHOCTH BOTUIOMIEHUS HACTOSIIETO H300pETEHUS U APYTOTO crocoda He-
WHBa3WBHOTO OOHApyXeHUs (PeTanbHBIX aHeyIuouani (Tpucomuu 13 u Tpucomuu 18) ¢ UCTIONB30BaHUEM aHA-
nmu3a JIHK matepunckoit mina3mbl. JJaHHbIN IpuMep WILUTIOCTPUPYET CPaBHEHHUE BOIUJIONMIEHUH C MCIIOJIb30BAHUEM
pasMepoB MPOTHB criocoda, OCHOBAaHHOTO Ha mozcudeTe MoJiekyn (3asBka Ha mateHT CIIA 11/701686; Chiu et
al., Trends Genet., 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; myonukarus nareata CLIA 2009/0029377). Bocemb
00pa3IoB MaTePUHCKON IIa3MBI (J1Ba DYIUIOMIHBIX, J1Ba ¢ Tpucomuel 18 u uerbipe ¢ Tpucomueit 13) anannzu-
pPYIOT ¢ ucmnonb3oBaHueM crocoba, omucanHoro Chiu et al. (Proc. Natl. Acad. Sci. USA, 2008, 105: 20458-
20463). Ins kaxI0ro ciiydasi OIUCAHHBIA PaHEe CIIOCO0 ¢ MOICYETOM MOJICKYJI C HCIIOJIh30BAHUEM Z-OIICHKH IO
Chiu et al. cpaBHUBAIOT C pe3y/bTaTaMH BOILUIOLICHUI HAa OCHOBE aHAJIN3a Pa3MEpOB.

s BBIYMCICHUS Z-OIEHKH CHa4ala B KaXIOM CIIydae BBIYUCIIIOT IMPEACTaBICHHOCTh, B IPOIEHTAX,
XPOMOCOMBEI, TTPECTABIIONICH HHTepec. 3aTeM BRIYUCIAIOT CPEHEe U CTAaHIAPTHOE OTKIOHEHHE XPOMOCOMHOM
TIPEICTaBICHHOCTH JIJIS CITydaeB JuIs cpaBHeHMs. B TakoM Habope maHHbIX ciydad 1, 2, 5, 6, 7 1 8 UCTIONb3YIOT B
KadeCcTBE STAJIOHHOW TPYIIBI IS BRIYUCICHUS CPETHETO M CTAHAAPTHOTO OTKIIOHEHUS MPEICTAaBICHHOCTH XPO-
MocoMmsbl 18. Ciaydan 1, 2, 3 1 4 UCTIONB3YIOT B KAUECTBE STATOHHOW I'PYIIIBI ISl BEIYUCICHUS CPEIHETO W CTaH-
JApTHOTO OTKJIOHEHUS MPEICTaBICHHOCTH XPOMOCOMEI 13. Ompenensior z-0neHKy KaKk YUCIIO0 CTaHAAPTHBIX OT-
KJIOHEHUH OT CPEAHEro IPYMIbI Uil CPaBHEHMS. 3HAUUMYIO CBEPXIIPEACTABIEHHOCTh XPOMOCOMBI ONPENEIISIOT
Kak z-olleHKy <3. B ciydasax 3 u 4 BhIHaImIMBaeTcd IUIOJ ¢ TpucoMueil 18, u B UX ma3Me CBEPXIPENCTABICHBI
¢parmentsr xpomocomsl 18. Ciryuau 5, 6, 7 n 8 ABIAIOTCS CiTydassMU BBIHAIIMBAHMS C TPHCOMHUEH 13, HO TOJIBKO
5 1 7 MOKa3bIBAIOT CBEPXIPEICTABICHHOCTh XpOMOCOMBI 13 B ux minazMe. Ciyuau 6 U § He MOKa3bIBAIOT 3HAYU-
MOH CBEpPXIIPECTaBICHHOCTH XPOMOCOMBI 13 B MaTepMHCKOW IU1a3Me, HECMOTPSI Ha BBIHAIIMBAHME IO/ C
Tpucomueii 13.

3HaunMoe yMeHbIeHne pasmepos (parmenToB JJTHK xpomMocoMbl 00HApYXHBAIOT IIyTEM CpaBHEHUS pas-
Mepa BceX (pparMeHTOB, BBIPOBHEHHBIX C OTIPENEICEHHONW XPOMOCOMOM, ¢ pa3MepaMu (h)parMeHTOB, BHIPOBHEH-
HBIX C 3TAJIOHHOW XpoMocoMoi. Mcionb3yIoT Iiisl cpaBHEHUsT KpuTepuii ManHa-YuTHH, 1 BenmmuuHy P<0,0001
OTIpEeNIeNAI0T KaK HAIWYHMe 3HAYMMOTO pa3nnuus. [ ananmsza pasmMepoB (pparMeHTOB XpoMOcoMBl 13 3TaiioH-
HOM XpOMOCOMOI1 siBIsieTCsl XpoMocoma 5. J[J1s BceX citydaeB ¢ 3YIIIOMAHBIM TUIOAOM WIIH TUIOJIOM C TPUCOMUEH
18 pa3smep ¢parMeHTOB XpOMOCOMBI 13 3HAUMMO HE OTJIMYAETCS OT pa3Mepa (parMeHTOB XpOMOCOMBI 5. Jlis
YeThIpeX CIIy4aeB C IUIOAOM C Tpucomued 13 ¢parmMeHTsl 3HaUMMO KOpode, 4YeM (pparMeHThl XPOMOCOMEI 5, 4TO
MOApa3yMeBaeT, YTO pa3Mep pparMeHTOB XPOMOCOMBI 13 MeHbIIe 110 CPaBHEHHIO C pa3MepaMH B CiIydae OTCYT-
ctBusl Tpucomuu 13. Takum oOpa3om, Bce YeThIpe ciydas TPUCOMHH 13 IpaBMIIBHO MACHTH(UIMPYIOTCS II0
HaCTOSIIEMY M300pETEHHUIO TIPH CPABHEHUH C IBYMSI U3 YETHIPEX IO CIIOCO0Y C Z-OLEHKOH.

Jls aHanmm3a pasmMepoB (parMEeHTOB XpOMOCOMEI 18 3TaloOHHOIM XpoMOcoMOH sBiseTcst Xpomocoma 12.
Jltst Bcex cilydaeB BBHIHAIIMBAHMS DYIIOWTHOTO TIIOAA WM TIoJa ¢ Tpucomuer 13 gparMeHTh XpoMOCOMEI 18
3HAYMMO JUTMHHEE, YeM (parMeHThl XpoMocoMbl 12. JIyis IByX cily4yaeB BBIHAITMBAHUS TUIO/NA C TpUCOMHEH 18
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pa3mepsl (parMeHTOB XpOMOCOMBI 18 3HaYMMO HE OTJIMYAIOTCS OT pa3MepoB (parMeHTOB XPOMOCOMEBI 12, 4To
MOJIPa3yMeBaeT, 4To pa3Mep (pParMeHTOB XPOMOCOMBI 18 yMEHBIIAeTCs IPU CPABHEHUH CO CIyYasMU BBIHAIIIH-
BaHUs TUIoAa 6e3 Tprcomuu 18. MIHBIMU crtoBamu, 00a cirydast TpucoMu 18 kiraccupUIIMpoBaHbl MPaBUIIHHO.

X. ObHapykeHue MOIMMOPPU3MOB U TUArHOCTUKA TEHETHIECKUX HAPYIICHUM.

Ananuz pasmepoB JJHK maTepunckoit mia3mbl Takke MOXXHO MCIOJIB30BaTh [ HEMHBA3WBHOIO aHaM3a
TeHOTHIIA TUI0/1a. | eHOTHN TITo/1a MOXHO HMCIIONB30BATh ISl OMPEICNICHUS TOTO, HACIEAyeT JIU IUIOJ MyTHPO-
BaHHBIN I'eH, IMEeT JU aucOaraHC ONpPEeAeTICHHOTO ajlielis WU OpYroi aucOaiaHc MOCIeN0BaTeIbHOCTEH, Mn
UL IpYTHUX Ieneil. B TakuxX BOIUIOIIEHHSX OAWH aJUIeNb MOXKET MPEACTaBIATH COOOH 3TaJOHHYIO T€HOMHYIO
JOKauio (MOCIIEA0BATENFHOCTD), @ OTIAMYAIONINNCS aJUIeIh MOXKET MPEACTAaBIATH COOOW HCIBITHIBACMYIO Te-
HOMHYIO JIoKaruo. TakuM o0pa3zoM, 11000 crocod ¢ NCIOJIb30BaHUEM ITATOHHON MOCIIEI0BATEILHOCTH TaKKe
MOXXHO NPUMEHUTB /IS OTIPEIeTICHUS TCHOTHUIA U UcOaIaHca MociIeI0BaTeIbHOCTEH.

B onHOM BOmuTOmIEHNH qHcOaIaHC IMocae0BaTeIbHOCTEH (M TaKUM 00pa3oM, BO3MOXKHO, T€HOTHIT) MOXHO
OTIPENICIIUTh TI0 TOMY, CYIISCTBYET JIM WK HET pa3lindue B pa3Mepax (IucOaiaHc) MEKIy alIelIIMU B MaTCPHH-
CKOM oOpasue (Harmpumep, KOTAa MaTh SIBISIETCS TE€TEpPO3U30THOM Mo ajutemo). Hanpumep, ecnm paznnuums B
npoduie pa3MepoB MEXKAY aJUICISIMA B 00pasiie He MMEETCs], TOTAa TUI0 MOYKHO OTIPEIESIIUTh KaK HMEIOIHIA TOT
’Ke TeHOTHII, 9T0 y MaTepH. Kak npyroii nmpumep, ecnu paziandue B Mpoduiie pa3MepoB MEXIy aJieisiMi B 00-
pasiie uMeeTcs, TOTAa IUI0A MOKHO OTIPENENIUTh KaK MMEIOIIHA TeHOTHII, OTJIMYAIOIIHIACS OT TEHOTHIIA MaTepH.

B mocneayromux nmpuMepax MaTh SBISETCS TETEPO3UTOTHOH (T.€. ¢ OJHOM Komueit amrens N u OTHOH KO-
nuelt ayutens M, uto o6o3Hadaercss NM) st onpenesieHHoro jJokyca. bykssl N 1 M HOMHUHATIBHO MPEACTABIIS-
OT ayienu nukoro Ttuma (N IjIs HOpMajbHBIX) U MyTaHTHbIE (M Il MyTaHTHBIX), COOTBETCTBeHHO. OMHAKO
aend N 1 M MOTyT COOTBETCTBOBATH JIFOOBIM JIBYM Pa3iMYHBIM AJUICISAM, a HE 00S3aTCIBHO TUKOMY THUILY
W/Wm MyTaHTy. B omHOM BorutomeHnr M MOXHO paccMaTpUBaTh KakK MOCICIOBATEILHOCTh XPOMOCOMBI U3
rpynnsl pucka" U N Kak 3TallOHHAsl MOCJIEAOBATEIbHOCTh. B TaHHOM KOHTEKCTE JUIsl OMPENENICeHUs] TeHOTHIA
MOXHO TIPEIIONIOKUTH IIPUMEHEHHE JII0O0TO U3 BBILIEYKa3aHHBIX CIIOCOOOB € MCIOJIB30BAaHUEM 3TAJIOHHOM MO-
CJI€ZI0BAaTEbHOCTH.

VY HebepeMeHHOH KEHIIMHBl YCPETHEHHBIA pa3Mep MOJICKYJI, COAEpIKaIuX o0a aiens, MOXKeT OBITh OJIU-
HakoBbIM. OJTHAKO B IJIa3Me OEPEeMEHHO KeHITUHBI CyIIecTByeT cMech MoJiekyn JIHK marepu u tutoma. Moute-
kynel JIHK, npoucxondiue ot MaTepu, AJIMHHEE, YEM MPOUCXOAIINE OT Tioja. Ecnu MaTh W miiog UMErOT JBa
aens (T.e. o6a amenst N u M), 00a yka3aHHBIX alijieiss OyIyT UMETh paBHBIN BKJIAJ IJTUHHBIX M KOPOTKUX MO-
nexyn JIHK. Takum oOpa3oM, modydeHHOE pacrpeaesieHue mo pazmepaM amiesned N 1 M OyneT oJuHaKOBBIM.
HanpoTtus, eciii TeHOTHITBI MaTepH H IUTOJA pa3IHyYaloTCs, HApUMep, €ClT MaTh ABIseTcs NM, a miof sBiseT-
cst MM, Torna pacnpenenenne 1o pasmepam ayuresieit N u M Oyzner paznuansiM. VIHBIME citoBaMU, Ha pacnpere-
JIEHHUE 110 pa3MepaM ABYX ajulesied B IIa3Me MOXKET MOBJIHUATH TeHOTHUII IUI0/a.

Our. 25A-25C noka3pIBalOT IUarpaMMBbl IS Pa3IMYHbIX BAPUAHTOB ['€HOTUIIOB OEPEMEHHOMN KEHIUHEI 1
TUIOJIa COTJIACHO BOIUIOIICHHUSIM HACTOSIIEro H300peTeHusI.

Ha ¢ur. 25A mnox umeet rerorun NN, u renorun marepu NM. Jlnnna cronbma 2510 siBisiercs mokasare-
JIeM yCpeIHEHHOro (cpemHero) pasMepa (GpparMeHTOB, KOTOPBIC SIBISIOTCS (parMEHTaMU OJHOTO W3 JIBYX ajle-
JIel MaTepu U oA, COOTBETCTBEHHO. Kak onucaHo BbIlIe, TUI0J] UMEET MEHBIIUM CPeIHHUM pa3Mep, UeM MaTb.
TakuM 00pa3oM, JIMHHBIC CTOJIOIBI MpeAcTaBisAtoT MatepuHcKyo JIHK, u KopoTkue cTONOIBI MPeaCTaBIsSIOT
¢deranpayro JTHK.

ITockonbKy Kak MaTh, TaK W IUIOJ BHOCAT BKJIAZ B ajuiesnb N, B TO BpeMs Kak B ayutedb M BHOCHUT BKIIAJ
TOJIBKO MaTh, paclpeAeeHre 0 pa3MepaM MOJIeKyl ¢ ajuiesieM N Oyaer 6ojiee y3KUM IO CpaBHEHHIO C pacipe-
JICIICHEeM MOJIeKyJ ¢ ajuteaeM M. VHbIME cioBamMH, Yy OepeMEHHOMN KEHIIMHBI, KOTOpas uMeeT reHoTurn NM,
OoJiee y3KOe pacrpelieJieHue Mo pa3MepaM B cirydae ayurens N o cpaBHeHHIO ¢ ayuiesieM M Oyner mpenmnona-
ratb, uro rerHotuil mwiona NN. Takum 00pa3oM, MOKHO HACHTHPHUIIUPOBATH, YTO IUIOJ HMEET JIBA aJUICISI TUKOTO
tuna (N), Korjga pacrpezieseHie 1o pasmepam (Hampumep, cpeanHuil pasmep) N Goinee y3koe, 4eM g M, 1o
OIIpeZIeTIeHHOI TOPOTroBOi BeIMYKHE (HalpUMep, BEIMUMHE B IIPOLIEHTAX WX aOCOJIIOTHOM BEJIMUMHE).

Ha ¢ur. 25B miox umeet rerotunt NM. Kak MaThb, Tak ¥ o BHOCAT Bkiax B ayvienu N u M. B pesynbra-
T€ pacmpeieNIeHHe 1o pa3MepaM I MOJIEKYJT ¢ aiutesiMi M 1 N sSBIsieTcsl OTMHAKOBEIM. Y OepeMeHHOM KeH-
IIUHBI, KOTOpas uMeeT reHoTunn NM, oJIMHaKOBOE pacrpeesieHne o pazMepam s ajureneit M u N Oyzaer yka-
3BIBaTh, YTO TeHOTHI 1oga NM. Takum oOpa3oM, MOXKHO HACHTH(HUIIPOBATH, YTO IUIOA MUMEET OTUH aJIIeNb
mukoro tumna (N) u omuH MyTaHTHBIA (M) amrens, Korma pachpelneieHne Mo pa3MepaM (HarpuMmep, CpeaHuid
pasmep) N mpuMepHO SKBHUBAICHTHO paclpeeieHnio M IIpH olpeie]IeHHON TIOPOToBOM BEMYNHE (HapuMep, B
MIPOIICHTAaX WJIN BEUYNHE).

Ha ¢ur. 25C mnox nmeer rerorun MM. ITockobKy Kak MaTh, Tak | IUIOJ BHOCST BKJIaJ B ajuiesib M, B TO
BpeMs KakK B aJutesib N BHOCHT BKIIaJ TOJBKO MaTh, PacIpeeliCHHE MO pa3MepaM MOJEKYI ¢ ajuiesieM M Oyaer
OoJiee y3KUM 1O cpaBHEHHIO ¢ ajuienieM N. Y GepeMeHHO KeHIIMHEL, KoTopas UMeeT reHoturt NM, Oosee y3koe
pacmpesieneHus o pa3MepaM B cirydae ayuienas M, dem s ayurenst N, MOXKeT yKa3blBaTh, YTO TEHOTHUII ILIOJA
MM. Takum 00pa3oM, MOXKHO UACHTH(PHUIUPOBATH, YTO IUIOJ MMEET JBa MyTaHTHBIX ajuiens (M), korga pac-
IpesieNieHne 1o pa3mMepaM (Hanmpumep, cpefHuii pazmep) M Oosee y3koe, yem Juist N, Ipu onpeiesieHHO! opo-
TOBOI1 BeIMIMHE (HAIIPHMEp, BETMIHHE B IPOLIEHTAX WIIM BEIMYNHE).

Crioco6 Taxke MOXKHO HCIIONB30BaTh Ui aHAINM3a CHTYalWi, KOTJa MaTh SBISAETCS TOMO3WTOTHOW, Ha-
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npumep, NN wi MM. Ecnu miox umeet apyroit reHOTHII, pactpeeieHue 1o pa3MepaM MaTepHHCKOTro o0pas-
Ia Takxke OyJIeT M3MEHSTHCS, U TAKUM 00pa3oM MOJYKHO OIIPEEINTh TeHOTHII Iio/a. Takxke, eciin pacupenese-
HHE TI0 pa3MepaM He U3MEHSCTCs, TOT1a TCHOTHUI MOKHO OIPENENUTh KaK TaKOH ke, KaK y MaTepH, KaK OIHCaHO
BBIIIIE JUTS CITydasi, KOT/Ia MaTh TPeCTaBIsIeT cO00i TOMO3UTOTHBIN CITyda.

B HEKOTOPBIX BOIUIOLICHUSX OMPENCICHNE TOr0, HIMEETCs JIK AnucOanaHc, M WHAa4Ye, OTHOIICHHUE K TE€HO-
THUITy MaTepH (Hampumep, oauH N a7t ofHOro M MOXeT 03HauaTh OTCYTCTBHE AUcOaTaHCca) MOKHO BBITIOJIHHUTS,
UCIIONB3Ys TIOPOTOBbIE BEMMUUHBEL. Harmpumep, eciii uMeeTcsi TOCTaTOYHO OONBIIOE OTKJIOHEHUE (HAaNpHUMep, B
MPOLEHTaX) OT T€HOTHUIIA MAaTEePH, TOTa IJIOA MOXHO ONPEAENNTh KaK HACIEeAyIOUIMH aJulensb ¢ Ooliee y3KUM
pacmpeseneHueM no pazMepaM. B oHOM BOIIOLIEHNU BEIMYUHA OPOTra MOXKET 3aBUCETh OT MPOLEHTHOTO CO-
JepkaHusl (peTalbHBIX HYKJICHMHOBBIX KHCIOT B MAaTepHHCKOM oOpasue. Ecnm mpoueHT ¢eranbHbIX HYKIEHHO-
BBIX KHCIIOT BBIIIE, TOTJIa MOXKHO OXHZIATh OOJblIee OTKIOHEHHWE, W TaKMM 00pa3oM, MOXHO HCIIOJIb30BaTh
OOJIBIIYIO BENMYHMHY Topora (HampuMep, B CIydae pa3iMyus B paclpeleliCHHH MO pa3MepaM OJHOTO ajlIeis
OTHOCHUTEJIFHO Jpyroro. Eciu mpoueHT (eTanabHBIX HYKJIEHHOBBIX KHCJIOT MEHBIIE, TOTJa MOXKHO OXXKHIATh
MEHBIIIET0 OTKJIOHEHUS, U, TAKMM 00pa3oM, MOXHO HCIIOJIb30BaTh MEHBIIIYIO BEIMYMHY ITOpPOTa.

B oxHOM BOIUTOMIEHWH [T OTPENENCHUS TOTO, KaKOH ajuleNns MaTepu MOXKET UMETh paclpeielicHUE I10
pa3Mepam, H3MEHEHHOE M3-3a (heTaNbHBIX HYKJIEHHOBBIX KHCIIOT, MOXKHO HCIIOJIb30BaTh TEHOTUN OTHA. B ciyya-
AX, KOTJa OTell SIBISIETCS] TOMO3UIOTHBIM JJIsI TEHOTHIIA, 3TO MOXKET CO3/aTh BO3MOXKHOCTH JUIS CYXKEGHHUSI BO3-
MOXHOTO I'€HOTHIIA II0J[a IPOCTO [0 aJUIENsl, HacJIeJyeMOro OT MaTepH, TaKk KaK M3BECTHO, KaKOH ajuleNb Mmpu-
men ot otua. Ilocne cyxeHus omnpeeNieHne TeHOMa II0a MOKET OBITh 00Jiee TOUHBIM, TaK KaK MOXET MOTpe-
60BaThLCsI HCIIBITHIBATE TOJBKO JIBE BO3ZMOXHOCTH. B OZTHOM BOIIJIOIIEHUN UCTIONB3YIOT OJHY U TY XK€ BEIHIHHY
Mopora, HECMOTPSI Ha TO, YTO KaKOH I'€HOTHII HACJIEAYETCs OT OTHa. B Apyrom BOIIOMEHHH MOXKHO HCIIOIB30-
BaTh Pa3IMYHBIE TIOPOTOBHIC BETMYUHBL.

B pa3nuuHBIX BOIUIOIIEHHSAX JIIOOOE pacIpeieieHue Mo pa3Mepam, YINOMSHYTOe B JaHHOM OIMCaHMH,
MOXXHO HCIIOJIb30BaTh IPH TaKUX ONPENENICHHUSIX qrcOaIanca 1mocienoBaTelbHOCTed. B HeKOTOpBIX BOILIONEHH-
AX TaKKe MOXXHO O0OECIeUnTh YpOBEHb TOYHOCTH. Hampumep, Takke MOXXHO HCIOJIB30BaTh KJIACCH(PHUKALUIO
"HeomnpeIeIeHHbIN", TOMUMO KiIaccuduKanuu aucbananca u OamaHca. B TakoM ciydae HEKOTOpBIE ompeaerie-
HUS MOXKHO OIPEAEIHUTH C BHICOKON CTETIEHBIO JOCTOBEPHOCTH, B TO BPEMS KaK BEIIMUMHBI B CPETHEM Y4acCTKe
MOTYT TpeOOBaTh JOMOTHUTEIBHBIX SKCIIEPUMEHTAIBHBIX TOUEK.

XI. AHanu3 pa3MepoB JIJIsl OTpeieSICHUs TaIUIOTUIIA, YHACIEI0BAHHOTO TUIOOM.

[TpumeHeHne aHamM3a pa3MEPOB TAKXKE MOKHO PACHIMPUTH A0 ONpPEIEICHUs, KaKOH MaTepHHCKHI ramo-
THII IEPEXOIUT K TUIOAY. ['anmoTu MOXKET OTHOCHTBCS K aJUIeNsIM BO MHOTHX JIoKycax. OnpezaeneHne TepMiHa
"ramnotun" MoXHO HaWTu B pasgene "OnpeneneHusa" HacToALIeH 3asBKU. ['alIOTHUI MIOAA MOXKHO HCIOJIB30-
BaTh JUISl ONPEIEICHUs TOTO, HACIEAyeT JIM IJI0J MyTUPOBAaHHBIM reH, UMEET JIU AucOallaHC ONpeesICHHOTO all-
JIeTISt WK JUTsE ApYTHX neneil. TakuM o0pa3oM, ramioTHI MOJKHO MCIIOJIb30BaTh TaK e, KaK TeHOTHII, HO TaK Kak
CYIIECTBYET OOJIbIIE JOKYCOB, MOKHO HCIIOJIBb30BaTh MEHBIINK 00beM 00pasna KpOBH IS JOCTHXKEHHS TaKOH
Ke, WIM JJaKe Jydlled CTaTUCTUYECKOH JOCTOBEPHOCTH OIpEesICHHUs TalulOTUIIOB Iutoja. B oxHOM acmekrte
JcOaIaHC TOCIeJOBAaTEIbHOCTEH MOXKHO OINPEICINTh OTHOCHTENBHO TallIoTHIIA MaTepH. B maHHOM ciydae
TaIuIOTUI MOXKET OBITh MPEACTABICH KaK Psi MOIMMOpGH3MOB, HanpuMep, SNP, KakI0ro B OMpPEAEIeHHOI J10-
KaIli{ B TEHOME, IIPU KOTOPBIX U3BECTHO N3MEHEHHE ITOCIIEI0BATEIHFHOCTH.

B oxHOM BOIIIOIIEHNHM TpeUIaraeTcsi crocod OMpeAeIeHHs raluloTUIA TUIoJa IMyTeM aHallh3a AucOataH-
COB TIOCIIEOBAaTEIBHOCTEH B MAaTEPUHCKOH I1a3Me. B ogHOM acrekre [yt onpeneneHus aucOaiaHca mocieno-
BaTEIbHOCTEH MCHONB3YIOT TOKAa3aTeNn pa3/iesieHNs (HarpuMmep, pasiandns) B MPoUIsLX pa3MEpOB MEXIy rarl-
notunamy. B ogHoM Bomomenun ramtotunsl Matepu (Harpumep, Hap I u Hap 1) onpenensitor myrem ananmsa
(manpumep, cexBenuposanus (He D. et al., Bioinformatics, 2010, 26: 1183-1190) mumu ogHOMOJEKYIJISIPHOTO Tarl-
noturmpoBanus (Ding C. et al., Proc. Natl. Acad. Sci. USA, 2003, 100: 7449-7453; u Xiao M. et al., Nat. Meth-
ods, 2009, 6: 199-201) maTepuHCcKOoro 0Opasua (HampuMep, 0Opasiia, KOTOPbIH He CONEPKUT (eTarbHbIX HYK-
JICMHOBBIX KUCJIOT). B Apyrom BoIUIONmEHNH raruioTUII(bI) MAaTEPH MOKHO ONPENEIUTh C MCIOJIb30BaHUEM aHa-
7M3a 00pas3LoB OT poauTeNel MaTepH, CHONMHIOB, MPEABLIYIIero pedeHKa WIN JPYrUX POJCTBEHHHUKOB. B erme
OJTHOM BOIUIOLICHUH B CIy4ae HONMMMOP(U3MOB IIPU CHIBHOM HEPABHOBECHOM CLETJICHUH, 3Hasi TEHOTHII MaTe-
pPH B OHOM JIOKYCE€, MOXHO IIPEATOJIOKNTh TEHOTHII B APYTHX JIOKycaX, HAIpUMEp, KOr/ia anjiedn HOpMalbHO
HOSIBIIAIOTCS B OAHON M TOH K€ MOCIENOBATENbHOCTH, T.€. TaIIOTHI. TakuMm o0pa3oM, ramioTHII MaTepH MOXKET
OBITh MOTEHIMATIBHO OMPENENICH U3 TCHOTHUIIA MaTepH. | 'eHoTHIl B Gosiee 4eM OZHOM JIOKYCEe TaKKE MOXKET OBITH
OTIpEZICTICH, T/¢ KaXKABIH ONPEIEeICHHBIN T€HOTHIT MOKET MPEIoaraTb FeHOTUIIBI B APYTHX JIOKYCax, U CIe0-
BaTEJIbHO, YCTAHABIMBACTCS TAILIOTHIL

B o1HOM BOMIIOIIEHHHN TaKXKe ONPEESIOT TeHOTHIT OTHa. Takyto HH()OPMAaIUIo MOKHO MCIOIB30BaTh JUIS
OTIpEZIeTICHUsI, €CITU OTEeIl SIBJISETCS TOMO3WUTOTHBIM HJIM TeTEPO3UTOTHBIM IpU ompezneneHHbIx SNP. MoxHo
OCYILIECTBUTh MPSIMOE OIpeJeNIeHHe OTIIOBCKOTO ajuleNsd B KaXkJIoM JoKyce. COOTBETCTBEHHO, MOXKHO OIpese-
JIMTH, €CJIN OTLOBCKHUH aJlIelb sIBISIETCS TeM ke, uyTo ayutens Hap I wiam Hap 11 marepu, o6o3nadenne SNP tumna
oL TITH TUTA f3.

B npyrom BoImIiomeHHH Takxke ONPEessFoT TaluIOTHIT OTHA. ["alIoTHIT 0TI MOXHO ONPENEIUTh aHaJN-
30M (Hampumep, cekBeHupopanueM (He D. et al., Bioinformatics, 2010, 26: il83-i190) wi ofHOMOIEKYIAPHBIM
ramtotunupoBanueM (Ding C. et al., Proc. Natl. Acad. Sci. USA, 2003, 100: 7449-7453; u Xiao M. et al., Nat.
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Methods, 2009, 6: 199-201) oToBckoro oOpas3ia Win aHATU30M O0OPAa3IOB OT POJUTENCH OTHA, CHOIUHIOB,
TpeBIAYIIEro peOeHKa WK JPYTUX POJICTBCHHUKOB. C IPYTOil CTOPOHEL, B ClIydae MOIMMOP(U3MOB MPU CHITb-
HOM HEpPaBHOBECHOM CIICIUICHHH, 3HAas TEHOTHII OTIIa B OJHOM JIOKYCE, MOXXHO MPEANOI0XHUTh TEHOTHII B APY-
THX JIOKycaX, HaIpuMep, KOTa ajulelIl HOPMAJIFHO MOSBISIOTCS B OJHOW M TOH K€ HOCIENOBAaTEIFHOCTH, T.C.
ramiotun. ['eHoTun B Oojiee YeM OTHOM JIOKyCe TaKXKe MOXKET OBITH ONpeAesieH, I/ie KaXKAbIi OnpeaeleHHBIH
TEHOTHIT MOXET MPEIoIaraTb TeHOTUIIBI B IPYTHX JIOKYCaxX, U, CJI0BATEIHHO, YCTAaHABINBACTCS TaIIOTHII.

Jpyrum npuMeHeHneM TaKUX BOIUIOIMICHUI MOXKET OBITh OIpeesieHre, CYIIECTBYET JIM UM HE CYIIECTBY-
eT nucbayaHc MOCIeqoBaTeNbHOCTEH (HampuMep, MyTeM OOHapY)KeHHUS pas3iIidus B pacUpelelIiCHUH MO pa3Me-
paM) B MaTepUHCKOM 00pasiie, coaepikarieM (eranbHble HYyKICHHOBBIC KUCIOTHI, MyTeM aHanm3a SNP, roe kak
OTell, TaK U MaTh SBJISIOTCS T€TEPO3UTOTHBIMU. [ €HOTHIT OTIa WJIK TaIJIOTUIT IOCPEICTBOM ITOTO BHIBOAUTCS Ha
OCHOBAHUU TOTO, CYIIECTBYET WK HE CYIIECTBYET AUCOAIAHC MTOCICIOBATEIIEHOCTEH.

®ur. 26 moka3bIBaeT MpUMEp, KOra MaTh SIBJISIETCS T€TEPO3UTOTHOM, a OTell ABJISIETCS TOMO3UTOTHBIM B
aHamu3upyeMbIx Jokycax SNP. /Iy Toro 4roObl OCYIIECTBUTH aHAIIU3 Pa3MEPOB, CPEIOTOUCHHUE MOXKET OBITh Ha
noaMHoxkectBe SNP, rie MaTh sIBIsIeTCS TE€TEPO3UTOTHOM, a OTEll SIBJISIETCS TOMO3UTOTHBIM. J[BE TOMOJIOTUYHBIE
xpoMocoMbl MaTepu obo3HadaroT Hap I m Hap II, coorBercTBeHHO. IS Ka)xaoro u3 yka3zaHHBIX SNP MOXHO
OTIPEJICNINTh, KOTOPBIHA ajuIelh U3 IBYX MaTepUHCKUX ayenel pacrnonaraercs B Hap I u kotopsriii B Hap II. SNP
OTIPENIENIAIOT KaK THII O, €CITU OTI[OBCKHE aJUICTH UICHTUYHEI MaTepuHCKOMY amtento B Hap I, u kak tun B, ecu
OTIIOBCKHE aJUIeNId WACHTHYHBI MaTepuHckomy ajuiento B Hap 1. JlonosHuTensHOE Onucanue onpeneseHui re-
HOMa TUTOJIa MOXXHO HaWTH B 3asBKe "' €HOMHBIM aHaIW3 TUI0/a M3 MAaTEPUHCKOTO OMOJIOTHYEecKoro obpasma’,
YIOMSIHYTOH BBIIIIE.

Kak ToybKo TaruioTHIl MaTepu M TeHOTHIIBI FUTH TAIUIOTHIT OTIIA M3BECTHBI, MOXKHO aHAJIM3UPOBAThH pacmpe-
JICICHUE 10 pa3MepaM (parMeHTOB, acCOMUHPOBAHHBIX ¢ SNP, ans ompeneieHus TalUIOTHIA IDIOAA ITyTeM
UICHTU(HKAIINY, CYIIECTBYET JIM qUcOaNaHC MOCIeI0BaTeIbHOCTEH B moaMHOkecTBe SNP. B anprepHaTHBHOM
BOIUIOIICHAW TCHOTHIT WJIM TaIUTOTHI OTIIA HEU3BECTCH HABEPHSKA, HO, TEM HE MCHEE, MOXKET OBITh YCTAHOBJICH
C WCIIONB30BAHUEM, HATIPUMED, CTATUCTUICCKOMN MPOLEAYPHI, KAK BEPOSATHBIN ICHOTHIT WX TAIUIOTHIT OTIA, HA
OCHOBAHUH, HATIPUMEP, MMOBTOPSIEMOCTH M3BECTHBIX TCHOTUIIOB WJIM TAIUIOTUIIOB B MCITBITHIBAEMON TOMYJISIIHH.
3areM ONpenelsoT qucOalaHC MOCICAOBATEIFHOCTEH (OIpeIeIeHHBIN Yepe3 AucOananc pa3MepoB) I KaxkI0-
ro SNP, HanpumMep, Tak, Kak OIMMCaHO B pasnene X.

Hanpumep, eciu oTery sSIBJISIETCS TOMO3UIOTHBIM s ayienst B Hap 1 (tum o), Torna auc6ananca pa3Mepos
He Oynet (tutox HacnexyeT Hap II ot MaTepu u, TakuM 00pa3om, siBJsieTcst reTepo3nroTHeIM st Hap I u Hap 11
MMEHHO KaK MaTh) Wiu Aucbaianc pa3MepoB OyneT uMeTh MecTo, koraa Hap [ umeer Goiree y3koe pacmpenere-
HUE 1o pa3MmepaM (Tutox HacienyeT Hap I ot marepu u, Takum o00pa3oM, sSBISETCS TOMO3UTOTHRIM 1ist Hap 1).
Ecnm oten siBisiercst romosurotHsM jutst Hap 11 (Tun B, kak onmcano Huke), Toraa aucbananca He OyzneT (1o
Hacienyet Hap I ot Mmarepu u, Takum oGpaszom, siBiiseTcst retepo3uroTHsiM it Hap I w Hap IT), nnm nuc6ananc
OyneT umeTh MecTo, koraa Hap 11 umeet Gosee y3koe pacrpeneneHue o pasmepam (turon Hacneayer Hap I ot
MaTepH ", TAKUM 00pa3oM, sSBiseTcst ToMo3uroTHEIM it Hap I). Taxke MOYKHO MCTIONB30BaTh MPOMEKYTOTHYIO
KIacCU(UKAIMIO WIA M3MCHSIONINECS YPOBHHU JOCTOBEPHOCTH MEXIy OamaHcoM W qucOamaHcoM. TUNHYHO
MOJKHO HCIIOJB30BATh CXOKHE MOPOTOBBIC BEJIMYHMHBI ISl JIFOOOTO TUMA. B Pa3smIUYHBIX BOIUIOMICHHUSX MOXHO
HCIIOJIB30BaTh JIFO00E paclpeieieHue 1Mo pa3MepaM, YKa3aHHOE B TJAHHOM OIHCAHUH.

B ogHOM BOIUTONICHHHM MOXKHO aHATH3UPOBATH PACIPEACICHUE MO pa3MepaM (pParMeHTOB KaKIOW W3
MHO>KecTBa Jiokauuid SNP nist onpeneneHus JByX TamjioTUIOB miiona. Hanmpumep, pasnuuue Mexay pacrpene-
JICHWEM TI0 pa3Mmepam (parMeHToB [uIg ajutesneld SNP B rammoTune MOXKHO CpaBHUTH C paclpeieieHHeM 110 pas-
MepaM ¢parmenToB s ayureneid SNP B npyrom ramiotune. CTaTHCTHYECKHE PE3yIbTaThl MOXKHO aHAITH3HPO-
BaTh PA3JIMYHBIMH IYTSAMH, HalpHMep, OCYIIECTBIAA omperaeneHne s kaxmoro SNP u 3atem, nmpurmMas
OonpmmmHCTBO (Oananc, aucOanmanc, U MOXKET OBITh BKJIIOYAS MPOMEKYTOUHOE COCTOSHUE) 3a ramioTun. Kak
IPYTO# IpUMeEp, pa3Mepbl MOKHO arperuposats mo SNP (Hampumep, A7 MOXydeHUs pacIpeaeseHus 1Mo yCpea-
HEHHBIM WJIM CPEIWHHBIM pa3MepaM, KOTOPOe CPaBHUBAIOT C IMOPOTOBO BENWYMHON). Mm MOXHO HMCHONB30-
BaTh KOMOHMHAITUIO IBYX CIOCOOOB. J[pyroe BOILIOIIECHUE MOXKET MPEICTABIATh COO0I MCIOIB30BAHUE IKCTPE-
MyMa YacCTHBIX 3HaUCHUH, HAIpUMEDP, HAUMEHbILIeE pa3Iuyue AJs onpeneaeHHoro SNP.

Our. 27 nokasblBaeT NMpuMep, Koraa mioa HacineayeT Hap I oT maTepu, Korja rarioTHI OTHA TakoH, Kak
noka3zaHHbelid Ha ¢ur. 26. s SNP tnna a (3axiov4eHHbIX B HE3alITPUXOBaHHBIC PSIMOYTOIBHUKH) IO Oy et
HacJIeIoBaTh OT OTLA aJUIeNi, HACHTUYHBIEC aJlJIeNIsIM, PacoioKeHHbIM B MaTepuHckoM Hap 1. CnegoBarensHo,
wioa OyaeT roMO3UroTHBIM it ayuiencii B Hap 1. B pe3ynbpraTe B MaTepHHCKOM M1a3Me paclpeieieHUe 10 pas-
mepam auteneid B Hap I Oyner Gonee y3kum, yem amnens B Hap II. [{ng SNP Tuna B (3akimroueHHBIX B 3aIlITpH-
XOBaHHBIE MPSAMOYTONBHUKH) IUTON OyJeT HaclIeqOBaTh OT OTIA aJUIeTH, WIACHTUYHBIC aJUICIISIM, PAaCIIONIOKEH-
HeIM B MaTepuHckoM Hap II. CnemoBartenbHO, TuIoA OyAeT reTepo3WTOTHBIM. B pesynbTaTe B MaTepHUHCKOH
1a3Me pacrpeneseHue mo pazmepam ayvieneit B Hap I m Hap 11 6ynet onnHakoBBIM.

B oxrom Bormiomernu SNP 0THOTO U TOTO K¢ THMa (THIIA O, WM THMA [3) MOXHO aHAJTU3UPOBATH BMECTE.
Jlist SNP Tuma a pacmpezesieHre o pasmMepam MoJIeKyI, coaepkanux aurenu B Hap I, Oyzaer Gornee y3kuM, dem
pacripeziesieHue 1Mo pasMepam MoJieKkyd, conepxkamunx amienu B Hap II. na SNP Ttuna B pacnpenenenue mo
pasMepam MoJiekyl, conepkanux awtenu B Hap I m Hap 11, Oyner oguHakoBbIM. MIHBIMU CIIOBaMH, €CJIH pac-

-21 -



042606

IpesieNieHe 110 pa3MepaM MOJIEKyJ, coepskamux auienu B Hap I, Oyner Gonee y3kuM, 4eM MOJIEKYII, colep-
skammx ayiend B Hap 11, mion siBisiercs romosurotueiM st Hap 1. Ecniu pacnipenenenue no pasmepam modie-
Ky, conepxxkanux Hap I u Hap II, OyaeT oquHAKOBBIM, TUTOJ SBIISIETCS] TETEPO3UTOTHBIM.

IIpumep

Crnenyromuii SKCTIEpIMEHT HCTIONB3YIOT ISl IPOBEPKH TOYHOCTH aHAIM3a OTIPEIeIeHHUs TalUIOTHIIA, YHAC-
JIEIOBAHHOTO TIIONOM. IpuBIEKIN Mapy, NPUIIESAIIYIO B aKyIIepCKyI0 KIMHUKY, UIA TPOBEICHUS MPEeHATAIIb-
HOM nnarHocTuky B-tanaccemun. OOpasisl KpoBU OepyT y OTHA M MaTepH. Y Marepu oOpaseln KpoBU OepyT re-
pen B3situeM o0pasia xopuanbHeIXx BopcuHOK (CVS) Ha 12 Henene 6epemenHoctr. Yacts oOpaszma CVS xpassaT
JUTS DKCTIEPIMEHTA.

OkcrparupyroT JJHK u3 nefikonurHol mureHkn oTna u Matepu u oopasna CVS. Otu obpasms JTHK mox-
Beprator aHanu3y Ha cucreme Affymetrix Genome-Wide Human SNP Array 6.0 mist onpeneneHus TeHOTHIIOB
0TIa, MaTepH ¥ mioja. B aToM skcnepumente nanubie 10 CVS HCMOMB3YIOT ISl YCTAHOBJICHUS TaIlIOTHITA Ma-
Tepu. ONHAKO B KIMHUYECKOM OCYIICCTBICHHU HWCIBITAHWS TaIDIOTHII MaTEPU MOXKHO YCTAHOBUTH APYTHUMH
criocobami, Kak orucano Beire. Jlanupie 1o CVS Takke UCMOIB3YIOT ISl TOATBEPKACHHS TOUHOCTH OIpee-
JICHUSI C HCTIOJIb30BAHUEM CIIOCO00B, Tt KOTopbix CVS He TpedyeTcs.

B ommceIBaeMoii HIUTFOCTPAITUU COCPEA0TAYNBAIOTCS HAa HH()OPMATHBHOM MoIMHOKecTBe SNP, B KOTOpPBIX
MaTh SABISIETCS TETEPO3UTOTHOM, a OTeIl SIBISAETCS TOMO3UIOTHBIM. B Takom moaMHoxkecTBe SNP reHOTHIIBI Taps
U IDIO/A MCTIONB3YIOT Uil KOHCTPYMPOBAaHUS ramjioTUIOB Matepu. Omnpenensiot, uro ramiotun 1 (Hap I) npex-
CTaBJISIET COOOH SN ajuieNield, KOTOphie MaTh TIepelacT TIoAY, B To Bpems kak rarutotumn I (Hap 1) npencrasis-
€T CO0OM psI aIeNnel, KOTOphIe M0/ HE IMOJIyIaeT OT MaTEPH.

3arem undopmaruBHeie SNP nenar Ha 1Ba MOATHIA, @ IMEHHO, THIT o, ¥ THI 3. JI7s TUIA a OTIOBCKUE aj-
TN WASHTUYHBI MaTepuHCcKoMy autento B Hap 1. B ciydae takux SNP mion Oyzet HacinenoBaTh OT pOIUTENNCH
OJIUH | TOT ke ayutens (aymens B Hap 1), u, cnenoBarensHo, mmox Oyaetr romo3uroTHeM uist SNP B8 Hap 1. s
THNa 3 OTIHOBCKHE aJUIeNId WACHTUYHBI MaTepuHckoMy ayutenio B Hap II. B cmywae Takux SNP mmon Oynet Ha-
cienoBath amienu B Hap 1 ot marepu u npyrue amnenu (uaentuynsle ayuressim B Hap 1) ot oTna, u, cnenosa-
TENBHO, TUIOJ] Oy/IET TeTEPO3UTOTHBIM.

JIHK, sKcTparupoBaHHYIO W3 IUIa3Mbl MaTEPH, MOABEPTalOT MACCUBHOMY MapallIeIbHOMY CEKBCHHPOBa-
HUIO C MCIIONIb30BaHKUEM IIaT(GOPMBI TCHOMHOTO aHanmu3aTopa [llumina. BEIONHSAIOT ceKBEHUPOBAHKE CIIAPCH-
HbIX KOHIIOB Monekyn JIHK u3 mnasmel. Kaxkayro Monekyny ceKBEeHUPYIOT IO KaxaoMy KoHIy Ha 50 m.o., 4To
cocrarisieT 100 m.o. Ha Monekyiy. /IBa KOHIIA Ka)I0# TOCIIEOBATCIIFHOCTH BBIPABHUBAIOT C TCHOMOM YEIIOBE-
Ka, ¢ HemackupoBanHeIME TIoBTOpamu (Hgl8 NCBI.36 downloaded from UCSC genome.ucsc.edu), ¢ HCIIOJIB30-
BanueM nporpamMmmbl SOAP2 ot Beijing Genomics Institute at Shenzhen (soap.genomics.org.cn/) (Li R. et al.,
Bioinformatics, 2009, 25(15): 1966-7).

B oaHOM BOIUIONMIEHWH CTATHCTUYECKHM IMOKa3aTedh OJIM OOIIeH JUTMHBI, BHOCUMOW KOPOTKHMH (hpar-
MEHTaMH ISl TaIIOTUIIOB, UCHOJB3YIOT Ui ONPEAETICHUS TOTO, KaKOW TalyIoTHI MaTepH IepefaeTcs IUIONY.
Kak mpumep, HCHIONB3YIOT XpoMocoMy 22 IJisi WILTIOCTPAIIH TOTO, KaK MOXKHO HCIIOJIB30BaTh aHAJIH3 Pa3MEpOB
JUIL YCTaHOBJICHUS TOTO, KAKOW TaIlUIOTHI MaTepu rnepenaetcs mioxy. CHadama XpoMocoMy 22 JensT Ha He-
CKOJIBKO CETMEHTOB, MPHYEM KaXIbI CErMEHT colepKUT 50 nHpopMaTuBHBIX SNP, B KOTOPEIX MaTh SBISCTCS
TETEPO3UTOTHOM, a OTEI] ABJISICTCS TOMO3UTOTHBIM (XpoMocoMa 22 U CETMEHTHI SBJISIOTCS MMPUMEPaMHU MTOCIIEI0-
BaTeNbHOCTEH). I KaXKIOro cerMeHTa (pparMeHThI (MIPUMEPhl MOJICKYII, KOTOPBIC SBJISIOTCS YaCThIO MOCICIO-
BaTeJIbHOCTEW), TIepeKphIBaronye Takue nHpopmarusueie SNP, nenst Ha aBe rpynmsl, a umenHo, Hap I u Hap
II, coOTBETCTBEHHO, KOTOPOMY M3 [BYX TaIUIOTHIIOB MAaTEPH TaKhue (PParMeHTHl COOTBETCTBYIOT. J{JIs KaXkaoro
CErMEHTa OMpPENEIIAIOT CYMMY OOIIIeH AITUHBI BceX (pparMeHToB, KapTupyromuxcs k Hap I matepu u Hap 11 ma-
TepH. 3aTeM MOA00HBIM 00pa30M B Ka)XIOM CETMEHTE ONpPEACIAIOT CyMMY OOIIeH IITUHBI KOPOTKUX (PparMeH-
TOB, Kaptupytomuxcst k Hap I u Hap II marepu. C 1ienpio WuTioCTpaliy, B TaHHOM MPUMEPE JJIs1 BRIYUCIICHUS
o0mIeit IIMHBI KOPOTKUX (ParMEeHTOB KaK KOPOTKHE OMpenessiioT GparMenTsl B 150 m.o. wim 6osee KOpoTKHE.
W3 mosy4eHHbIX JUIHH B KaxaoM cermente s pparmentoB JIHK, kaprupyromuxcst k Hap I u Hap 11, MmoxHO
BBIYUCIUTH JIOJH, BHOCUMBIC KOPOTKUMH (PparMeHTaMH.

@ur. 28 nokaspiBaeT TaONUILy, WILTIOCTPUPYIONIYIO aHanu3 pasmepoB st SNP tuma a Ha xpomocome 22
COTJIACHO BOILIOIIEHUAM HACTOSMIETO U300peTeHUs. AF yap 1 - Hap 1y TPEACTABIAET COOOH pasznuune Mexay Hap I
u Hap II B nonm oOmie#l AMMHBI, BHOCUMON KOPOTKUMHE (pparMeHTamu. Korma mociemHuil CerMeHT, KOTOPBIU
COCTOMT TOJIBKO U3 28 SNP, uckmouaroT, AF ap 1 - Hap ir) K0s1€01ETCA OT 0,0288 110 0,0701. Ilon0kKTENBHBIE 3HA-
9eHUA AF 1ap 1 - Hap 1y TOKA3BIBAIOT, 4TO BenuunHel F Hap I Bcerna 6onbure, yem Bennunnbl Hap I1. Tak kak Benu-
ynHa F ompenenseTcs kak o oOmiel JUIMHBI, BHOCUMAas KOPOTKHMHU (pparMeHTaMu, 6oJiee BEICOKasi BETHYUHA
F moka3seiBaer, 4to Oosiee BHICOKAS JOJIS OOMICH JITHMHBI BHOCUTCS KOPOTKHMHU (pparmMeHTaMu. VIHBIMU ClIOBaMH,
TaKWe pe3yNbTaThl MOKa3bIBaIOT, uTo pparmentsl JJHK, conepxamnue amrenu B Hap I, kopode, yem gparMeHTEI,
conepxanrue amutenu B Hap 11, nist xaxknoro u3 ydactkos, cocrosmux 50 ananusupyemsix SNP. Oto nokasbia-
€T, U4TO pacmpenenenue mo pasmepam Hap I Gonee y3koe, dyem pacmpenenenue mo pasmepam Hap II. Crnenosa-
TEJIbHO, MOXKHO YCTaHOBHTH, YTO IUIOJ SBJSIETCS TOMO3HTOTHBIM uis auteneit B Hap 1. Kak ykassiBanocs Beimie,
B OIHOM BOIUIOIICHHH MOXXHO MPOBECTH KIACCH(HUKALMIO JUII KaXKIOTO CETMEHTa HAa OCHOBAaHWH ITOKA3aTels
pasnenenus (Hanpumep, AF) mexxny nBymst renoMHbsIME JokatssmMu B Hap I n Hap 11, u 3aTem mMoxHO nipoBecTn
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0011y1o Ki1accu(uKanyio Ha OCHOBaHUM COOTBETCTBYIOLIEH KiacCH(UKAUU CETMEHTOB. B ipyroM BoruromeHun
MOJKHO OTIPEACTUTh OOIIHIA TIOKA3aTelNlb pa3iAeicHus (HaIpuMep, YCPSIHCHHBIN MOKa3aTeNb Pa3/ICiCHuUs) U3 MO-
KazaTeliel pa3fesleHus IS KaKI0ro CeTMEHTa, M TaKOH OOIUil CTAaTUCTHYECKUHN IMOKa3aTellhb MOYKHO HUCITOJIb30-
BaTh I OTIPENIEIICHUS KIIACCH(PHUKAIINH.

B omHOM BOIUTOIIEHMM AJIS ONpEHETCHHUS MOXXHO HCIOJH30BATh IMOPOTOBYIO BenuanHy npumepHo 0,02,
ecn cymecTByeT aucOamaHc. Eciam ucmonb3yloT cpequHHOe WM ycpeaHeHHoe AF, MOXHO HCTONB30BaTh
0O0JBITYIO0 MOPOTOBYIO BEIHMYUHY M COXPAHUTH TOYHOCTH. 110pOTOBBIC BEIMYMHBI TaK)KE€ MOXKHO HCIIOJIB30BATH
JUT TIPOMEKYTOUHBIX Pe3yJIbTaTOB, HAIPUMEp, IIPH HEOOXOIMMOCTH JOTOTHUATENFHOTO aHAN3a IPOMEXYTOU-
HBIM MOeT ObITh uHTEpBan otT 0,015 mo 0,025.

@ur. 29 nokassiBaeT TaOIMILy, WLUTIOCTPUPYIOIIYIO aHanu3 pa3mepoB st SNP tuna B Ha xpoMmocome 22
COTJIACHO BOIUIONIEHHSAM HACTOAIIEro u300peTenHus. AF iy, | - Hap 1) PEACTABIAET COOOM paznauuue B 10IM o0meit
JUIVHBI, BHOCUMOM KOopoTKuMH (parmentamu, 1uist Hap 1 n Hap 1. Benuunasl AF 1 - Hap 1y KONEOTIOTCA OT -
0,0203 mo 0,0207 co cpeanum 0,0003. Hebomnpmas BennurHa AF ) 1 - Hap 11y COBMECTHMA C OMHAKOBBIM PacIIpe-
JISJICHUEM TIO pasMepam (pparmenToB, kaptupytoniuxcs Kk Hap I m Hap II. Takum 06pa3om, MOXKHO yCTaHOBUTb,
YTO TUIOJ sBisieTcs rerepo3uroTHbM 1t Hap I u Hap I1. Tak xax turm SNP 3 onpenensiercst kak SNP, B xoTo-
PBIX OTIIOBCKHE aIUIeNN WIACHTUYHBI MaTepHHCKUM ayuresiM B Hap I, Takoi#l pe3ynbraT o3HadaeT, 4To IUIOJ Ha-
cnenyet Hap I ot marepu.

@ur. 30 nokasbiBaeT rpapuK AF qp 1 - Hap iy 411 SNP Tuma a u tuna 3 Ha Xxpomocome 22 COINIacHO BOILIO-
MIeHUsIM HacTosmero m3ooperenus. st SNP tuna a u pacnpenenenue mo pasmepam ¢pparmentoB Hap 1 Gonee
y3Ko0e, 4eM pacnpejenenue no pasmepam ¢parmentos Hap II, uro BelpaskaeTcs B BeNUUMHAX AF(ap 1 - Hap 11)
6onpme mynsa. s SNP tumna 3 He nmeeTcs pa3nuuns B pacipeaesieHin mo pasmepam ¢parmentos Hap I u Hap
II; cnenoBarensHo, BemMIUHBI AF 1,y | - Hap 11y COOMparoTcst BOmm3u 0. C ucnonb3opanueM nopora B 0,025 ananu-
30M AF (tgap 1 - Hap 1) MOXKHO IIPABUJIBHO YCTAHOBUTH HACJIEJA0BAHHUE IUIOJOM JJIA BeeX 13 cermenToB Tuma a u 21
cerMeHTa Tuma f3.

XII. ITpumep BCcTOaB30BaHUS MTPUIIEIHHOTO CEKBEHUPOBAHMUSI.

Crnenyromuii mpuMep IEMOHCTPUPYET, YTO AUATHOCTHUYECKUHA MOIXO/] Ha OCHOBE pa3MEpoB II0 BOILTOIIE-
HUSM HACTOSIIETO M300PETCHHS MOXHO IMPUMCHUTH B (DOpMaTe MPHIIEITBHOTO CEKBEHUPOBaHUA. B TakoMm dop-
MaTe JJIsl CCKBEHHPOBAHUS CIICIM(PHUCCKN HAMEUYAIOTCS YYaCTKH TCHOMA, TPEICTABISIONINE HHTEPEC IS JTHAT-
HocTHKHU. Takoil (hopMaT MMeeT NPEeUMYIIECTBO B TOM, YTO CEKBEHHUpPOBaHHE (OKYCHUPYETCsl Ha yJ4acTKe, pe-
CTaBIISAIONIEM WHTEPEC, B OTIMYMEC OT CUTYAIlUH, BKIFOYAIOIICH CIydalfHOE CEKBCHHPOBAHKE, KOT/IA YacTh IPO-
M3BOJUTEIILHOCTH CEKBEHHPOBAHMUS UCIIOJIB3YIOT JUISl Y4aCTKOB, KOTOpPBIC HE UMEIOT HEIOCPEICTBEHHOTO OTHO-
IICHUS K MPUMEHCHHIO B TUATHOCTHKE.

Takum 00pa3oM, MOKHO OXHIATh, YTO (GOPMAT MPHUIETHHOTO CEKBEHUPOBAHUS MOBBICUT ITPOU3BOIUTEIh-
HOCTB ¥l CHU3UT 3aTpaThl Ha cUCTeMy. [IpHienpHOe CeKBeHHPOBAHIE MOKHO BEITIONHATE C HCIIOIB30BAHUEM JIIO-
Ooro ¢opMara, U3BECTHOTO CIIEIUAINCTaM B IaHHOW 00JaCTH TEXHUKH, BKIIOYAsl CHUCTEMY 3axBaTa B ¢ase pac-
TBOpa (Hampumep, cuctemy Agilent SureSelect), cucremy 3axBara B TBepaoi (aze (Hanpumep, cuctemy Roche
NimbleGen) wim MuIeHb-crieMpUIECKyro aMIuiiduKanuio (Harpumep, cucreMy RainDance).

O06pa31pl KpoBU OEpyT y BOCBMH O€PEMEHHBIX JKEHIIIMH BO BPEMsI MX ITEPBOTO TpUMeECTpa. B kaxmaom ciy-
yae skcTparupytoT JHK u3 3,2 M mmasmer ¢ momoinkto muarHabopa DSP DNA Blood (Qiagen). Kapuotumu-
pOBaHKE, BBITIOJHEHHOE Ha 00paslax XOpHAIBHBIX BOPCHH (COOpaHHBIX MOCJE B3SATHS 00pa3IOB MaTCPHUHCKOM
KPOBH), MOKAa3bIBAET, 4TO YeThIpe tiona umeror T21 (UK229, UKS510, UK807, PW421), B To BpeMs Kak Ipyrue
YeThIpe SBIISIOTCS 3YILIONAaMH My»ckoro nona (PW226, PW263, PW316, PW370).

B kaxnom cimydae ucnons3ytot 5-30 vr JHK anst koncTpynposanus 6ubanorekn JJHK ¢ nmomormsio HaGo-
pa ais mosrydeHust 00pas3noB crapeHHbIX KoHIOB (I1lumina) cormacHo mpoToxoiy nomydeHust 00pasIoB IS ce-
KBEHHUPOBAHUS C MMMYHONPELUMIHUTAIIUENH C XpOMAaTHHOM, TpeacTaBieHHoro usroropureneMm. JIHK c¢ nurupo-
BaHHBIM /ICTITEPOM OUHIIAIOT HEMOCPEICTBEHHO C HCIIOIB30BAaHUEM CIHH-KOJIOHOK, IPEIOCTaBICHHBIX B HA00-
pe mst ounctku npoaykroB [THP QIAquick (Qiagen), 6e3 momoHUTENHHOTO 0TOOpaA MO pasMepaM. 3aTeM am-
mmdumupyot JHK ¢ murmpoBaHHBIM azentepoM ¢ ucrmosb3oBaHueM 15-mukinoB I[P co cranmapTHBIMU
npaiimepamu. [Ipaiimepsl npexacrasistor coboit mpaitmepsl mist [THP PE 1.0 u 2.0 ot Illumina. bubmmotexu
JHK onpenensioT KOJMYECTBEHHO C HCIMOJb30BaHHMEM crekrpodoromerpa NanoDrop ND-1000 (NanoDrop
Technologies) u ananm3upyrot B 6noananmmzarope 2100 ¢ ucnonp3oBanuem Habopa DNA 1000 (Agilent) mis
KOHTPOJISL 3a pacnpenesieHreM 1o pasmepam. IMoxywaror 0,6-1 mkxr 6ubnmorekn amrummdunuposannoit JTHK
TUTA3MBI JUTS KaXI0To 00pasiia ¢ yCpeIHSHHBIM pa3MepoM mpuMepHo 290 11.o.

bubnunorexa SureSubset Human All Exon nmomy4ennas ot Agilent u conepxxut 37,8 MM yenoBedecknx K-
30HOB (KaTayoxHbIi HOMep 5190-2310). [Ins Bcex BOCBMHM citydaeB B JaHHOM uccienoBannu 500 Hr 6ubnmoTte-
ku ammumduupoBanHor JIHK mma3mMer B kaKaoM citydae HHKYOHPYIOT ¢ 30HIaMH 3axBaTa B TeUeHHe 24 4 mpu
65°C cormacHO MHCTPYKIUSAM HW3roToBUTENS. [locime ruOpumn3anuu 3axBadyeHHBbIE MHUIICHH OTOHMPAIOT IyTEM
cbopa OMOTHHWUIMPOBAHHBIX THOPHUIOB 30HI/MHUINECHb C HCIOJIH30BAHWEM MATHUTHBIX IIAPUKOB, MOKPBITHIX
crpenrtaBuauHoM (Dynal DynaMag-2 Invitrogen), ¥ o4nIaioT B UCTIOJIb30BaHUEM HaOopa aiist oducTkd MinE-
lute PCR (Qiagen). Hakonen, meuensie 6udmuorexn JJHK oGoramaror 12-nmkmamu TP ammmudukamnum c
npaiimepamu SureSelect GA PE ot Agilent. [TpoxykTsr TP ounmmiaroT ¢ ucmonp3oBaHreM Habopa ISl OUUCTKH
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npoayktos [THP QIAquick (Qiagen).

Bocemp nap 6ubiHoTeK, 00OTAICHHBIX U HCOOOTANCHHBIX MHUIICHBIO, 3arPYKaIOT Ha 16 mojoc NBYXIIpo-
TOYHBIX STYEEK M 3aTEM CEKBEHHPYIOT C TIOMOIIbIO TeHOMHOTo aHanmm3aropa lix (Illumina) ¢ ucrons3oBanueM 36
1.0. X2 B popMare crapeHHbIX KOHIOB. Bee nannbie 1o 36 11.0. BBIPaBHUBAIOT C STaJIOHHBIM TEHOMOM YeJIOBEKa
¢ HemackupoBanHbIMU ToBTOpamu (Hgl8) (http://genome.ucsc.edu) ¢ ucmonp30BaHUEM MPOTPaMMBI BhIPaBHU-
BaHUsI KOPOTKUX onuroHykieotunoB 2 (http:/soap.genome.org.cn./). JlaHHble MO pasMepam (pparMeHTOB IO
CIIApPEHHBIM KOHIIAM OTIPENENSIOT Kak kojeomontuecs ot 40 m.o. 1o 600 m.o. Pazmep kakaoro ceKBeHHPOBAHHO-
ro ¢parmenTa JJHK BBIBOAAT M3 KOOPAMHAT CAMBIX JATBHAX HYKJICOTHIOB Ha 000MX KOHIIAX.

AHanu3 pa3MepoB IS IPEeHATATBHOTO OOHapy)eHus Tpucomuu 21 y miofa.

B manHOM mpmMepe moiu oOmiel ITMHBI, BHOCHMBIE KOPOTKUMH (pparMeHTaMH, BBIYHUCIIIIOT UI XPOMO-
COMBI 21 ¥ 3TaTIOHHBIX XPOMOCOM, MpencTaBieHHbIC Fo; U F o, COOTBETCTBEHHO. DTAIOHHBIC XPOMOCOMBI BKITIO-
YaroT BCE ayTOCOMBI 3a UCKIIIOYeHHeM XxpoMmocoM 13, 18 u 21. OOyro JIHMHY BEYHCISIIOT CYMMUPOBAHUEM BCEX
¢parmenro JITHK B 600 m.o. mnm menbme. Pasnuune Mexay XxpomocoMoit 21 ¥ 3TAIOHHBIMH XPOMOCOMaMH B
noJsax THHBI (AF), BHOCHMBIX KOPOTKHMH (PparMeHTaMH, BEIYUCISIOT KakK Fy -Fer.

®ur. 31A npexacraBisier co0oi TabNUIly, KOTOpasi MPEIOCTABISET aHAJIN3 Pa3MEpPOB COTJIACHO BOILIOLIIE-
HUSAM HacTosiero uzooperenus JJHK mna3zmer 6e3 oOoramieHuss MUIICHBI0. B pa3muYHBIX CTONOIAX MPUBOIUTCS
obmas amrHa pparmMenToB <150 m.o. 11 Xpomocomsl 21, obmas amuHa pparmeHToB <600 I1.0. TSI XPOMOCOMBI
21 u ux otHomeHue Kak F,;. B mpyrux crondmax nmpuBogutcs obmiast anuHa ¢pparmMeHToB <150 1m.0. 11 3TanoH-
HBIX XpOMOCOM, o0mas jymHa ¢pparMeHToB <600 I1.0. ISl 3TAJOHHBIX XPOMOCOM M MX OTHOIIIEHHE Kak F . B
MOCJIEeTHEM CTOJIOIE IPUBOIUTCS Pa3iIMune MeXIy IByMs nosiMu AF.

@ur. 31B npexncrasnser coboit TabauIly, KOTOpas MPEIOCTABISET aHAIN3 Pa3MEPOB COTJIACHO BOILIOIIE-
HUSAM Hacrosmero uobperenus JJHK mna3mel ¢ oboramenuem mumeHpr0. CTonOms! Ha ¢ur. 31 UMET TOT ke
(hopMaT naHHBIX, Kak B Tabmuie Ha dur. 31A.

@ur. 32 npexacrasiser coboit rpaduk AF mis T21 u syruiounHsIX 00pas3oB ¢ Wik 6e3 000rameHus MU-
menbpo. s 00pa3os 6e3 o0orameHnss MUIISHBIO C HCITOJIb30BaHueM BenmduHbl iopora 1 AF 0,005 o6pas-
Bl TIa3MBI P OepeMeHHOoCTH ¢ T21 1 AyImIonaHoi 0epeMEHHOCTH MOXHO TU(PPEPUHIIMPOBATH C TOUHOCTHIO
100%. 1nst 0O6pa3uoB ¢ o0oranieHrHeM MHUIIEHBIO ¢ HCIOJIBb30BaHuEeM BeanduHbI opora uist AF 0,004 o6pasusr
wiasMel pu 6epeMeHHocTd ¢ T21 m 9ymnongHO OepeMEHHOCTH MOXKHO AN QEpeHIIUPOBATh C TOYHOCTHIO
100%. [larHBIA TpEMEp AEMOHCTPUPYET, YTO aHAJIN3 HAa OCHOBE Pa3MEPOB MOXKHO BBITIOJIHATH C MCIIOJIE30BAHH-
€M HalleJIeHHOTO ceKBeHHpoBaHus. [ oOnapyxenust T21 MokeT OBITh BBITOAHBIM HCIIOJIB30BAHNE HALIECIEHHO-
TO CEeKBEHHPOBAHUS I XPOMOCOMEBI 21 ¥ 3TaIOHHON XpOMOCOMBI, Tak 4T0 50% CEKBEHHPOBaHHS HAIPaBIICHO
Ha TIEPBYIO XPOMOCOMY M OCTaJIbHOE HAIIPaBICHO Ha MOCIEIHIOI. Takoe UCIONHEHHE MOXKET YMEHBIINTH "pac-
X0[" IPOM3BOIUTEIHHOCTH CEKBEHHUPOBAHUS HAa YYACTKH, KOTOPHIE HE OTHOCATCS HENOCPEICTBEHHO K OOHapy-
xkeruto T21. Takoe MCHIOJTHEHUE MOXKET MO3BOJIUTH CEKBCHHPOBATH 0OpA3Ibl OT HECKOJIHKUX MAIIMEHTOB C UC-
MOJI30BAHUEM MYJIBTHUIUIEKCHOTO CEKBCHUPOBAHUS (HAIPUMED, ITyTEM HCIIOIb30BaHHUS HHICKCHPOBAHHOTO CCK-
BEHUPOBAHUS WIIH CCKBCHUPOBAHUS CO MTPUXOBBIM KOJIOM)

JIroObIc M3 KOMIOHEHTOB MPOTPAMMHOT0 0OCCIICUCHUS WK (DYHKITUI, OIMCAHHBIX B JaHHOW 3asiBKE, MOTYT
OBITh OCYIICCTBIICHBI B BUJIC MIPHUKIIAJHBIX MPOTPAMM, BHIMOJHACMBIX MPOIECCOPOM, C HCIOIB30BAHUEM JIFO0OTO
MOJIXOIAIICTO MAIIMHHOTO SI3BIKA, TAKOTO Kak, Hampumep, Java, C++ wim Perl, ¢ ucrons3oBanuem, Hanpumep,
OOBIYHBIX WM O00BEKTHO-OPHEHTUPOBAHHBIX METOHOB. lIpHKIamHbele MpOrpaMMbl MOTYT XpPaHHUTBCS Kak Habop
MHCTPYKIMH WIM KOMaHJ Ha MAIIMHOYHTAEMBIM HOCHUTEJe MH(OpMAINK [UIS XpaHEHHs W/ Tepeladyn JaH-
HBIX, ITOAXOSAIINE HOCUTENN BKIIOYAIOT 3alIOMUHAIONIEE YCTPOHCTBO C MPOU3BOJILHOM BEIOOpKO#H (3YIIB), mo-
CTOSIHHOE 3armomuHaroriee yctpoicTBo (I13Y), MarHuTHBI HOCHTENh, TaKOW KaK >KECTKHH JHCK WA TUCKETa,
WM ONTHYECKUA HOCHUTEINh, TaKOW Kak KoMmnakTHeI quck (CD) wim DVD (mudpoBoit yHUBEpCAIBHBIN THCK),
(hidII-3arIOMHUHAIOIIEE  YCTPOWCTBO M T.II. MalIMHOYMTAEeMBIH HOCHTENb HH(OPMAIMH MOXET MPEACTaBIATH
€000 JTI00YI0 KOMOWHAIIMIO TAKUX YCTPONCTB IS XpaHEHUS U TIepeiadl HHPOPMAIIUH.

Takue mporpaMMBbl TaK)Ke€ MOTYT KOIHPOBATHCS M IEPENABAThCS C UCMOJIB30BAHUEM HECYIIUX CUTHAJIOB,
aJaNTUPOBAHHBIX IS IEPEHOCA IO MPOBOJHBIM, ONTHYSCKUAM W/UIH OECIIPOBOIHBIM CETSAM, COOTBETCTBYIOIINM
pa3IMYHBIM TIPOTOKONaM, BKItodas MHTepHeT. Kak TakoBOW, MAaITMHOYHATACMBIH HOCHTENb WH(POPMAIUU CO-
TJIACHO BOIUIOIICHUIO HACTOSIICTO W300PETEHHUS MOXKET OBITh CO3MaH C UCIONB30BAHUECM CUTHANA JTAaHHBIX, KO-
JUPOBAHHOTO TAKUMH IIPOTrpaMMaMHu. Y 10009nTaeMble KOMIIBIOTEPHBIE HOCUTEIHN WH(POPMALH, KOINPOBAHHBIC
MPUKIIAIHBIMU TIPOTPaMMaMH, MOTYT OBITH COOpaHBI B ITAKET C COBMECTUMBIM YCTPOHCTBOM WIIH MIPEIOCTABIICHBI
OTHEIBHO OT APYTUX YCTPOUCTB (Hampmmep, depe3 3arpy3ky B MHTteprer). J1000i Takoil MammHOYNTaEMBIH
HOCHTENF HHPOPMALIUK MOXKET OBITh pa3MeIleH Ha MM B PaMKaX OJHOTO KOMITBIOTEPHOTO IIPOrPaMMHOTO TIPO-
IyKTa (HampuMep, KECTKOTO JFCKa I BCeH KOMIBIOTEPHON CHCTEMBI), U MOXKET OBITh MPEACTABICH Ha WU B
paMKax pa3NYHBIX KOMITBIOTEPHBIX MPOTPAMMHBIX IPOIYKTOB B cHCTeMe Wwin ceTH. KoMmbpioTepHas cuctema
MOJKET BKIJIFOYATh MOHHUTOP WM JIPYrod MOAXOISAINUN AWCIUICH ISl MPEIOCTaBICHUS IOJIB30BATEIO JTHOOBIX
Pe3yIbTaTOB, YKA3aHHBIX B JAHHOM OTIMCAHHH.

[Tpumep KoMIBIOTEpHOI cucTeMbI ITokazaH Ha ¢ur. 33. [Toxgcucremsl, mokasanHele Ha (ur. 33, B3aMMOCBs-
3aHbl Yepe3 CUCTeMHYI0 Maructpaib 3375. [loka3zaHbl TOMOJIHUTENbHBIE TOACUCTEMBI, TaKHe Kak npuHTep 3374,
kiaBuarypa 3378, ¢ukcupoBanssii auck 3379, morntop 3376, KOTOpHIE MOJCOETMHEHBI K aanTepy ANUCIUICS
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3382, u npyrue noxacucreMsl. [lepudepuiinsie ycTpoiicTBa 1 ycTpoiicTBa BBoa/BeiBoAa (1/0), koTopsle coenn-
HEHBI ¢ KOHTposuiepoM 1/O, MOTyT OBITH COEMHEHBI C KOMITBIOTEPHOH CHCTEMOH JIOOBIMH crioco0aMu, U3BECT-
HBIMH B TEXHHUKE, TAKUMH KakK IocienoBarensHbiid mopt 3377. Hampumep, nocienoBaTenbHbIi opT 3377 wiun
BHemTHUN uHTepdeiic 3381 MOXKHO HCIIOJIB30BATh IS COSAMHEHHS KOMIIBIOTEPA C TIIOOATLHOM CEThIO, TaKOH
kKak MHTepHEeT, BBOJHBIM YCTPOHCTBOM "MBIIBIO" WM CKaHEpOM. B3aMMOCBS3b Hepe3 MarucTpaib MO3BOJISET
HEHTpaTbHOMY Tporeccopy 3373 B3aUMOIEHCTBOBATH C KaXIOH IMOACHCTEMOMN U YIIPABIIATH BBHITIOJTHEHHUEM KO-
MaHJ 13 mamsATu cucteMbl 3372 wmm ¢ pukcupoBanHoro mucka 3379, a Tarke oOMeH HMH(DOpMAITHEH MexmTy
noacucteMamu. [TamMats cuctemsr 3372 n/unm GuKCUpoBaHHBIA AUCK 3379 MOTYyT 3aKiIi0YaTh B cebe ManImHO-
YUTAECMBIH HOCUTEIb HH(POPMAIIUH.

KomnbproTepHass cucreMa MOXKET BKJIFOYATh HECKOJBKO OJWHAKOBBIX KOMIIOHCHTOB WJIM TMOJCHCTEM, Ha-
NpUMep, COeIMHEHHBIX BMECTE Hapy)XHbIM HHTepdeticom 3381 nmnm BHyTpeHHHM HHTepdelicom. B HeKoTopbix
BOIUTOIICHUSIX KOMITBIOTEPHBIE CHCTEMBI, ITOJICHCTEMA MIIM IPHOOPHI MOTYT B3aMMOJIEHCTBOBATH 110 Beeil cetn. B
TaKUX CIy4asX OJMH KOMITBIOTEP MOXKET PacCMATPUBATHCS KaK IMOJB30BATElb, a APYroil KOMIBIOTED Kak 00-
CIJTy)KHMBAIOIIEe YCTPOUCTBO, I/Ie KX/l MOXKET MPEJCTaBIATh COO0H YacTh KOMIBIOTEPHOH cucTeMsbl. [Toib30-
BaTeNb U 0OCTYKHUBAIOIIEE YCTPOICTBO MOTYT BKIIIOYATh, KAXK/IBIH, HECKOJIBKO CHCTEM, IOJCHCTEM HIIH KOMIIO-
HEHTOB.

Crnenduyueckne IeTaiy ONpeaeIeHHBIX BOILIOMEHNH MOKHO KOMOMHHPOBATH JIFOOBIM TTOIXOISIIIM CIIO-
cobom 0e3 0TX0a OT CYIIHOCTH U 00beMa BOIUIONeHHH n300peTerns. OMHAKO IpYyTrue BOTUIOIMIEHUS H300peTe-
HHUSL MOTYT OTHOCHTBHCS K CHENH(UIECKHM BOIUIOMICHUSIM, KACAIOMIMMCS Ka)XIOTO OTIENbHOTO ACTEKTa, WIIN
cnenn(puIecKkuM KOMOMHALINSAM TaKUX OTIEIBHBIX aCIIEKTOB.

[TpuBeneHHOE BHINIE ONMCAHHE MPUMEPOB BOILUIONICHUI N300pETEHUS MPECTaBICHO B LENSIX HIUIFOCTpa-
1y 1 onrcanus. OHO He mpefHa3HAa4YeHO IS TOTO, YTOOBI N300peTeHNE TOYHO MCUEPITBIBAIOCH WIIN OTPaHUYH-
BaJIOCh ONMCAHHBIM, M B CBETE BBIIICH3II0KEHHOTO BO3MOKHBI MHOTHE MOJIU(UKAIIMK U H3MCHEHUs. Bormiomie-
HUS BBEIOPAaHBI W ONKCAHBI C LENBI0 HAMIYYIIETO MOSICHEHUS MPHUHITUIIOB H300PETCHUS M €ro MPaKTHYCCKOTO
MPUMEHCHUS, TTOCPEACTBOM KOTOPBIX JAPYTHE CICHUAIUCTHI B JAHHOW O0NACTH TEXHWKH CMOTYT HAWITYYIIAM
00pa3oM HCIOIB30BATh N300PETEHNE B PA3IMYHBIX BOIUIOMICHUSIX M C PA3IMYHBIMA MOAN(DUKAIIUSIMHE, KOTOPBIE
TMOIXOMAT TS OTIPEICTICHHOTO PacCMaTPpUBAEMOT0 IIPUMEHEHHSL.

Bce myOnukanny, maTeHTH ¥ 3asBKH HA MATCHTHI, IUTHPOBAHHBIC B TaHHOM ONMCAHWH, BKIIOYECHBI B HETO
B KQ4ECTBE CCBHIIOK.

DOOPMYVYIJIA N30BPETEHUA

1. Cnoco0 BHINMONTHEHHS MPEHATANBHOW THATHOCTUKU KOJIMYECTBEHHOTO JrcOallaHCca IMOCIIeI0BATeIbHOCTH
HYKJICHHOBOM KHUCIJIOTHI B OHMOJIOTHYECKOM 00pasiie, MOIYYCHHOM OT CyOBEKTa KEHCKOro Toia, OepeMeHHOTo
TUIOJIOM, TipudeM Owosiornueckuid oopaser BkiarouaeT pparmentsl JJHK or mmona u cyOBeKTa HKEHCKOTO II0JIa,
MIpUYEeM CIIOCcO0 BKITFOYACT:

JUTSL KaKToTo M3 MHOXKecTBa ¢pparmenToB JIHK B Gmonorudeckom odpasiie:

n3Mepenue pazmepa ¢pparmenta JJHK n uaeHTHUKAINIO MECTOIONOXKEHUS B TEHOME, U3 KOTOPOTO TOTY-
geH pparment [JTHK, mpudem mo MeHbIIei Mepe dacTh MHOXecTBa pparmentoB JJHK umenTudumposana xak
MPOMCXOAIIAs M3 OAHOTO WM HECKOJIBKUX MECTOTIONIOKEHHUH B MOCIIEIOBATEIEHOCTH TEHOMA;

BBIUMCIICHHE C MOMOIIBI0 KOMIBIOTEPHONH CHCTEMBI MEPBOTO CTATUCTHYCCKOTO 3HAYCHHSA H3 Pa3MEpOB
¢dparmenros JJHK, uaeHTU(UIMPOBAHHBIX KaK MMOTYYCHHBIC U3 YKa3aHHOH MOCIICIOBATEIBHOCTH;

UACHTU(DUKAIIMIO OJHOHN MM HECKOJBKUX STAJIOHHBIX TOCIIEIOBATEILHOCTEH, KOTOPBIC UMCIOT COJCpIKa-
Hue GC, KOTOpoe HAaXOAUTCS B Mpeeiax onpeAesicHHOro mopora conepxanus GC yka3aHHOM MOCIeI0BATEb-
HOCTH;

BBIUUCIICHUE C MOMOINBI0 KOMITBIOTCPHOW CHCTEMBI BTOPOTO CTATUCTUYCCKOTO 3HAYCHUS W3 Pa3MEpOB
¢dparmenToB JIHK u3 ogHOM MM HECKOTBKUX ATAJOHHBIX TOCIIEI0BATEIILHOCTEMH;

OTIpe/ielIeHre TapaMeTpa ¢ HCIOIB30BAHUEM IIEPBOTO CTATHCTHYECKOTO 3HAUYEHHUS U BTOPOTO CTaTHCTHYE-
CKOTO 3HAYCHUS, MPHUYEM ITapaMeTp MPEeACTaBIAeT co00il pa3HOCTh WM OTHOIICHHE TIEPBOTO CTATUCTHYECKOTO
3HAYCHHS ¥ BTOPOTO CTATHCTHYECKOTO 3HAUCHHUS,

CpaBHEHHE MapaMeTpa ¢ MOPOTOBBIM 3HAYCHHUEM, PACKPBITHIM B OITMCAHUN H300PETCHHUS; a TAKXKE

OTIpe/IeICHNE TOTO, CYIIECTBYET JIM KOMMYECTBEHHBIH ArcOaraHC MOCIeI0BaTeIbHOCTH HYKJICHHOBON KH-
CJIOTHI JUTSl YKa3aHHOH MMOCIICIOBATEIbHOCTH HA OCHOBAHUH YKa3aHHOTO CPaBHEHUSI.

2. Cnoco0 1o 1.1, B KOTOpOoM H3MepeHre pa3Mepa KakJoro W3 MHOXKECTBa ykazaHHBIX ¢parmenToB JJHK
BKITIOYACT:

MOJTyYeHHEe OMOJIOTHYECKOTO 00pasia; u

CCKBECHUPOBAHME IO MEHbIICH Mepe yacTu MHOXkecTBa ¢parmentoB JHK, comepkammxcs B Onomormye-
CKOM o0pasie, MpuYeM CEKBECHHPOBaHHAs 4acTh Kaxaoro ¢parmenra JJHK Brirouaer o06a KOHIIA COOTBETCT-
Bytomiero ¢parmenra JJHK.

3. Cnoco6 1o 1.1, B KOTOPOM MEePBOE CTATHCTUIECKOE 3HAUCHHE BKIIOYACT MEIUAHHBIA MM CPEIHUIN pa3-
Mep U3MEPEHHBIX pa3mMepoB s ¢pparmenToB JIHK n3 ykazanHO# mociae10BaTeIbHOCTH.

4. Cnoco6 mo 1.1, B KOTOpOM HU3MEpPEHHBIH pa3Mep MpeACTaBIsIeT cCOO0W NIMHY WM U3MEPEHHBIN Tapa-
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METp, KOTOPBIH CBSI3aH C JIUHOM.

5. Crioco0 1o 1.1, B KOTOpOM M3MEPEHHBIH pa3Mep MpeaCTaBIsieT CO00H MOJIEKYIISIPHYIO Maccy.

6. Cnoco6 1o 1.1, B KOTOpOM M3MEPEHHBIN pa3Mep MpeAcTaBIseT cO00H HHTEHCUBHOCTH (hIyOpeCIIeHITNH,
KOTOpPast COOTBETCTBYET JITHHE

7. Crioco0 1o 1.1, B KOTOPOM yKa3aHHas MOCIEA0BATEIHLHOCTh MPEACTABIAET COO0M XpOMOCOMY, a KOJIH-
YeCTBEHHBIN ArcOalaHC MOCIIEI0BATEIFHOCTH HYKJICHHOBON KHUCIOTHI MIPECTaBIsIET cO00 XPOMOCOMHYIO aHe-
YIUTOUIHIO TIIOJA.

8. Croco6 1o 1.7, B KOTOPOM OJ[HA FJITM HECKOJBKO 3TATOHHBIX IOCIIEI0BATSIFHOCTEH MPEICTaBICHBI O-
HOM XpOMOCOMOH.

9. Crioco0 1o 1.7, B KOTOPOM OJIHa MJIM HECKOJIbKO 3TaJOHHBIX MOCIEA0BATENEHOCTEH MPECTaBISIOT CO-
6011 MHO’)KECTBO XPOMOCOM.

10. Cioco6 1o 1.1, JONOTHUTEEHO COCPKATIUIHA:

BeIyHcieHue copepkannsi GC 0JHOM MITM HECKOJIBKHX ATAIOHHBIX MOCJIEA0BATEIILHOCTEH; 1

BeIUKciIeHue copepkanus GC B yka3aHHOW TOCIIEI0BATEIILHOCTH.

11. Crioco6 1o 1.1, B KOTOpOM OIpeielieHne MEeCTOTIOI0XKEHHUS B TEHOME, U3 KOTOPOTO TOMydeH pparMeHT
JIHK, Bxirogaer:

CEKBEHHpOBaHHE 10 MeHbIel Mepe yacTu pparmenrta JTHK mist momydeHus mociaenoBaTeIbHOCTH; H

BEIPAaBHUBAHKE YKa3aHHOW MOCIEOBATEIEHOCTH C TECHOMOM YEJIOBEKa.

12. Crioco6 mo m.11, B koTopom coaepxanne GC 0THON WIIM HECKOJIBKHX 3TAJIOHHBIX MOCIIEI0BATEIHHO-
creil u cogepkanue GC B yKa3aHHOH TOCIENOBATENFHOCTH MOTYYalOT IJIsI KOHKPETHOM IIaT(OPMBI CEKBEHH-
poBaHUA

13. Cnoco6 mo 1.1, B KoTopoM OHONIOTHYecKuii 00paser BKIIOYAET KPOBb, IJIa3MY, CHIBOPOTKY, MaTepHH-
CKYyIO0 KpPOBb, COAEPIKAIyl0 KIETKU IUIOJA, KJICTKH IIJI0/a, TOIyYeHHBIE U3 KPOBU Marepu, MO4y, CIIOHY WM
MaTOYHYIO POMBIBHYIO KHKOCTb.

14. Crioco6 1o 1.1, B KOTOPOM yKa3aHHBIH MOpor cocTaBisieT 2,54%.

15. MammHOYHTaEMbI HOCUTENh WH()OPMAIINH, CONEPIKANTU MHOXECTBO WHCTPYKIIMH TSI KOMITBIOTEP-
HOW CHCTEMBI, 3aIIPOTPAMMHUPOBAHHON IS BBITIOJTHEHHS criocoba 1o 1. 1.

110
W3mepeHune pasmepa ¢parmenToB JHK

120
\ MaeHTuuKaLms nokauum B reHome,
13 KOTOPOrO NPOMCXOANT KaX bl (pparMeHT

A

130 \ Onpepenexve pacnpeaeneHus no pasmepam
(hparMeHTOB, COOTBETCTBYIOLIMX NEPBON NIOKALMN
(HanpvMep, NepBoii XPOMOCOME)

\

140 Ha ocHoBaHUM pacnpeneneHus no pamMepam
\ onpe/eneHme Knaccudukaumm CyLecTsyeT im

AancbanaHc nocieoBaTeNbHOCTEN B NEPBOM NOKaLmm

(Hanpumep, CywecTByeT N1 deTanbHas XpoMOCOMHas
aH3YNnonans 41 NepBO XpOMOCOMbI)

®wur. 1
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MeamnaHHbIi paHxup no pasmepy cparmeHTos JHK

(OT caMoro KopoTKOro 10 CaMOro J/IMHHOIO)
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410 M3MepeHWe pa3mMepoB Kaxaoro U3 hparMeHToB,
MOJTy4eHHbIX M3 Bronornyeckoro o6pasua

420 ——— | MaeHTdmMKaums Toro, U3 Kakoi XpoMOCOMBbI
NPOVICXOAMUT Kaxabli U3 pparMeHToB

430 \‘ BuluncneHue An1s KaXAOH N3 MHOXECTBa XPOMOCOM
CTaTUCTUHECKOro NOKa3aTens MCXOAs U3 pa3Mepos
(hparMeHToB, COOTBETCTBYIOLLMX XPOMOCOME

A

440
\ OnpeseneHne paHX1MPOBKKM XPOMOCOM Ha OCHOBaHUM
CTaTUCTMYECKOro noKasaresns

A 4

450
\ CpaBHeHWe paHXWPOBKM NEPBOI XPOMOCOMbI C ZIPYTon
PaHXMPOBKOMN NEPBOI XPOMOCOMbI, NMOJTYHEHHON U3
3Ta/IOHHOro 6ronoruyeckoro obpasua

4

460 —~ OnpeseneHne Ha OCHOBaHWUN CPaBHEHMS
CYLLECTBYET Nn peTansHasi XpOMOCOMHas
aH3YNNIOWANS ANS NepBOii XPOMOCOMBI

Our. 4
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CpenHuit CpenHuii Pff;ﬁ';';'e BenuunHa* P CpeaHuii Pi?;;\?e Benuunna* P
HozgsBaHme Tpumectp deTanbHbIi pasmep pasmep cpeaHnMn (xpom. 7 pasmep cpeaHnMn (xpom. 14
pasua kapmotun  (parMeHToB  (parMeHTOB  xpoMm. 7 n npoTMB  (pparmMeHTOB XpoM. 14 npoTus
XpoM. 21 XpOM. 7 XpoM. 21 XpoM. 21)  xpom. 14 XpoM. 21 XpoM. 21)
M4800 Myxckoi non  3-ui DynnouaHbIA 156.2 157.0 0.8 0.08 156.1 -0.1 0.822
M4801-MyXckod oA 3-uit DynnonaHsIi 151.2 151.7 0.5 0.085 151.5 0.3 0.564
M4814- xeHckuii non 3-uit SynnonaHsIi 157.8 157.3 -0.5 0.106 156.8 -0.9 0.022
PWO006-Eu-mysxckoit non 1-bia SynnouaHsIin 146.0 146.1 0.0 0.527 145.9 -0.1 0.988
PWOO7-Eu-MyXCKoi non 1-biii  SYNNOUAHBIA 152.1 152.7 0.6 0.033 152.3 0.2 0.679
PWO008 Eu-Myxcxoit mon 1-biit  yniouaHsiit 147.2 147.3 0.1 0.538 147.0 -0.2 0.688
PW012- Eu-mysckoid non 1-biit 3ynnouaHbIn 146.7 146.8 0.1 0.333 146.7 0.1 0.68
PWO020- Eu-myxckoi non 1-blit JynnouaHsIA 139.7 140.0 0.3 0.174 139.7 0.0 0.741
PWO00S-Eu+ xemckuii non  1-biid SynouaHbIi 151.9 152.2 0.3 0.068 152.1 0.2 0.405
PWO10-Eu-KEHCKMIA MON 1-piif SynnouaHbIil 148.3 148.5 0.2 0.101 148.4 0.1 0.286
Pwote. Eu- ol Synowesi 1415 141.1 -04 0.782 1412 -0.3 0.842
P02z, Eu- e Symowmsit 1408 140.7 -0.1 0.362 140.5 -04 0.94
M2849- T21-MyxcKoit non 1-biit T21 145.9 147.0 1.1 <0.001 146.8 0.8 <0.001
M4386- T21-Myxckoit non 1-biit T21 144.3 146.3 2.0 <0.001 145.9 1.6 <0.001
M4467-T21- MyxcCKoit non 1-bid T21 141.0 142.7 1.7 <0.001 142.3 1.3 <0.001
M4620-T21- mysckoit mon 1-biit T21 149.7 151.3 16 <0.001 150.9 1.2 <0.001
®ur. 5
610 N3mepeHve pasmepos (parmMeHToB,

650 ~

640 ——

NoAyYeHHbIX U3 6ronornyeckoro obpasua

A 4

620 % NaeHTUAWKALMS FEHOMHBIX JIOKaLWiA

| ANS KaXA0ro U3 MHOXeCTBa deaI'MEHTOB

Y

630 ﬁ

BbluncneHune nepsoro CTaTUCTUYECKOro NoKasaTes nexoas

13 pa3MepoB (hparMeHToB,
rEHOMHOM JIoKauum (HanpuMep, NEPBON XPOMOCOME)

COOTBETCTBYIOLMX NEPBOM

BbluMC/IEHME BTOPOrO CTATUCTUHECKOrO MoKasaTenst UCXOAS U3
pasMepoB (hparMEeHTOB, COOTBETCTBYIOLMX BTOPOW Fr€HOMHOW
foKauum (HanpuMep, BTOPON XPOMOCOME)

A

OnpepaeneHve nokasaTens pasAeneHns (Hanpumep, pasnuuns)
MEXy NepBbIM CTaTUCTUYECKUM MOK33aTeNeM U BTOPbIM
CTaTUCTMYECKUM MOKa3aTesieM

670

A 4

660 ’ﬂ

CpaBHeHMe nokasaTens pasfeseHus ¢

OAHOIZ WK HECKON

A

bKMMU MOPOroBbIMU
BENNYNHAMU

CYIECTBYET M Anc6anaHc NoCiea0BaTeIbHOCTelM

OnpepaeneHvie Ha OCHOBAHUN CPABHEHUS

B NEPBOI reHOMHOW JToKaLuu

dur. 6
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Jlons o6weit ANMHbLI, BHOCMMas

[Hons obwen aAnnHbI, BHOCUMas

Jons obluelt ANvHbI, BHOCMMas

KopoTkuMK pparmeHTamu (F)

KkopoTkumMn dparmeHTamu (F)

kopoTkumu ¢pparmMeHTamu (F)

042606
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MeauaHHbIV paHXup no pasmepy ¢dparmeHTos [1HK

(0T CamMoro KOpOTKOro A0 Camoro ASIMHHOMO)

042606

0.016 - .
.5{ synnona
1y veeses TpuCOMMS 21
iz -
0.012 - 4
= HEE
) P
% 0.008 - P
N SN
L. N H
< ;ool
0.004 - : P
0.000 -
0 100 200 300 400 500 600
MoporoBblit pasmep (w) (n.0.)
®wur. 10
Yncno cnyyaes
XeHckuid non | Myxkckoii non Obuwee
Tpucomus 13 (T13) 9 14 03
Tpucommsa 18 (T18) 120 10 30
Tpucommsi 21 (T21) |4 5 0
synnovg 23 35 58
Obuiee 56 64 120
®ur. 11
1 4 Xoh
sy ;
31 A
& v v v
5 xR K . x
A
7 1 v v iv . .
9 1 A x R x : L X
v
11 1 4 & A v x
x % L
13 1 R 5wV N
& @ v v A
15 1 x v
17 4 | v & A
% BepeMeHHOCTb ¢ EU-NnoaoM MyxcKkoro nonag ® ’(;E AV
(R Bty xa .
& Bep emMeHHOCTL € NN0AOM MYXCKOro nona ¢ T13 Ay v N
214 V BepeMeHHOCTb C MI0A0M )KEHCKDI"D nona ¢ T13 o 5‘:‘
23 A%y
18 2 10 5 15 8 6 21 11 4 7 9 13 3 20 14 1 12 16 22 17 19 X
N2 xpoMoCoMbI
Our. 12

23] -




042606

OaviHHbie
MNopor : >=22
mo2 UyecTeuT.: 18/23 (78.3%)
g 4 Cneumd. : 95/97(97.9%)
S 2n v vV
o
z 6 -
3 v
X g a vV
0
o 23 v
I 1041 ® 2A v
(7]
b v
rIE 12 4 AAVARAAVA V]
3 0000 vV
> 14 1 0000 v IV
53 00 vy
% 16 1 ® a v
g o 00 VWV VY
o 18 - L4 A VY IV
g_ [o1<] ©OCO A N2 AANANE
S 20 A =] 000 v
§ (-] ©0¢ A vV VvV
& DY -dimimm BEOEEEO0OO0000BED - - - - T P s
o
24 T T T T
Kopotkue T13 T18 T21 Eu
Tunbl 06pasLoB
®wr. 13
OmnvHHbIE
©00 00 AA
o0 2 4 © 0 o0 0 020 o0 DAN g T IRV VA
; o0 a TV TNV
= 4 A vwv
g ] L4 A
= 61 v
g ° °
>< 8 .
o
<) e
':|-: 10 1 v
g °
§ 12
g | mmm e m ] -
- 14 1 ©00
<)
2
5 16 X2
8 oo Mopor : >=13
o 181 00 Yyscrsur. : 26/30 (86.7%)
s N Crewnd. : 90/90(100%)
s 20 1 00
§ 0000000
S 22 1 o
Kopotkue 24 ' ' ' '
T13 T18 T21 Eu

Tunbl 06pasuos
®wr. 14

-32 -



042606

[nuHHbIE
N 2 Nopor: >=22
5 YyBCTBUT.: 8/9 (88.9%)
Z 4 o oeCrieumd.: 111111(100%)
8 °
= 6 1 00 ¢ vV
o
% w
" 8 VYW
o vy
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x 10+ ®
g ® vvv
5 124 ° ® WY v
3 ©00 VWV V Vv
- 14 - 1] 000 WYV Vv
a ° © 0000 wv
g 16 1 oce (24 wvv
g 000 ) vV v
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8 0000 X VYV ¥
a 20 - 000 °0 A A
§ =) ® A v
P -9 - s AAAALA === mmmmmimimimmmmimn e
©
o AA
24 T T T T
Kopotkue T13 T18 T21 Eu
Tunbl o6pasuos
®wr. 15
CpenHuii CpeaHwi Pf::;;Ie BenuuvHa* P CpenHni Pa;:)r;; € BenuuvHa* P
HassaHue Kapuomn pasmep pasvep CpeaHIMI (xpom. 5 pasmep cpeaHuMA (xpom. 6
obpasua p! (parmeHToB (parmeHTOB XpoM. 5 1 npoTus (parmenToB XpoM. 6 1 npoTus
xpom. 13 XpoM. 5 Xpom. 13 XpoM. 13) XpoM. 6 XDOM‘. 13 XpoMm. 13)
87164 - EU -mpccxoimon  ynnowaeeii 154,969 155.198 0.229 0.159 155.037 0.068 0.732
87213 - EU -mpxaciinon  Jynouarsii 154,965 155.294 0.329 0.09 155.339 0.374 0.256
94358 - T8~ Tpwcowns 18 163.908 164.11 0.202 0.035 164.143 0.235 0.276
96233 - T8~ tpucowns 18 163.751 164.074 0.323 0.356 163.623 0.128 0.371
92394- 13- toucown 13 165.15 165.754 0.604 <0.001 165.901 0.751 <0.001
B8 - T3 fowows13  156.165 156.581 0416 <0.001 156.696 0.531 <0.001
98342 - T13- 1 omma 13 157.064 158.127 1.063 <0.001 158.301 1.237 <0.001
PWO93-T13- o 13 159.038 159.846 0.808 <0.001 159.679 0.641 0.001
dur. 16
HassaHue Kapio ?:ﬁ:;ﬁ C;:;i',,”;;aﬁ Paznunuve Mexay ; Benw;gua* P
MoTIN CPeaHNMMA XPOM. xpom. 18 npoTus
obpasua "’5;;“;?“{8"“ q’g;g’;’f”ffs 18 v xpom, 14 XpoM. 14)
87164- Eu-myxckoii non  SynnouwaHbiit 155.595 154.614 0.981 <0.001
87213- Eu-myxckoi mon  dynnouaHbiii 155.977 155.142 0.835 <0.001
94355- T18-myxckoii non  Tpucomws 18 163.637 163.914 -0.277 0.541
96233- T18-myxcxoiinon  Tpucomns 18 163.897 164.378 -0.481 0.393
92394~ T13-myxckoitnon  Tpucomus 13 166.163 165.715 0.448 <0.001
61175- T13-Myxckoiinon  Tpucomws 13 157.186 156.606 0.58 <0.001
96342- T13-xeHckuid non Tpucomna 13 158.326 158.013 0.313 0.003
PW093- T13-xeHckmii non  Tpucomms13 160.469 159.503 0.966 <0.001
®ur. 17
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AF(21-Reﬂ
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AF

(13-Ref)

042606

Xpom. CopepxaHue GC (%)
) 36.53
13 37.10
6 38.60
5 38.61
3 38.79
X 38.96
18 39.07
3 39.45
2 39.67
12 39.80
7 39.94
21 40.00
14 40.33
9 41.03
10 41.41
1 41.52
11 41.89
15 42.35
20 44.65
16 45.22
17 6.05
22 49.89
19 50.65
®wr. 20
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0.000 + i 8
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MenvaHHbii pasMep dparMenTos xpom. 21 (n.0.)
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Koppensiums Mexay CpeAMHHbIM pa3MepoM (pparMeHToB
XPOMOCOMbI 21 U NPOLIEHTOM NOCNEA0BaTENLHOCTEH,
BbIPOBHEHHbIX C XpoMocoMon Y

160 T
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148 f i t f t I 1
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®ur. 22
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0.012

0.010

0.008

0.006

0.004
o]
0.002 T T T . T :
0.006  0.009 0.012 0015 0.018 0.021 0.024 0.027
XpoMm. Y%
®ur. 23C
O6HapyxeHHoe O6HapyxeHHoe
3HauuMoe 3HauMMoe
ID o6pasua  KapuoTun Z-oueHka Z-0UeHKA  |yianauMBaHue | yKopaunBaHue
AnA XpoM. 18 - pnsi xpoM. 13 | gyparmenTor | (parMeHToB
OHK xpom. 18 | AHK xpom. 13
1 DynnonaHbIi 1.07 0.84 He umeeTca He umeeTca
2 SynnovaHbIi -0.64 0.08 He UMEETCA | He nmeeTca
3 Tpucomusi 18 362 -1.43 umeeTcs He umeeTcs
4 Tpncomus 18 607 0.51 hMeeTca He uMeeTcs
5 Tpucomusi 13 0.61 355 HE nmeerca MeeTcst
6 Tpucomus 13 -1.04 2.06 He nMeeTca | umeetca
7 Tpucomusi 13 2.67 572 He uMmeeTca nMeeTcs
8 Tpucommsi 13 -1.39 1.55 He uMmeercs | VMEETCA
®ur. 24
FeHoTMN 2510
MaTepuHckas
nna3ma

dur. 25A
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Matb

[eHOTUN

MaTepuHckas
nnasma

i : o]

MaTepuHckas
nnasma

®Dur. 25C

[annoTunel Matepu

OTLOBCKMIA
reHoTUn

€I
[z} o LzFedal-o-» ol > {oHol o 3] 2

CpepHuin pasmep

Cpeanwii pasmep

Tun SNP a

OTuUOBCKMIt annenb
UZIEHTUYEH annento
B Hap I maTepun

Tun SNP 8

OTUOBCKMI annenb
VOEHTUYEH annento
B Hap II matepu
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rannoTvnel Matepu
[annotvnet nnoaa
Hap |

Hap 1l

— 0O ®

MaTepuHcKas nnasma

Tun SNP a

Mnoa saenseTcs
FOMO3UIrOTHbIM ANst
annenei B Hap I.

CnepoBaTesibHO,
pacnpeaenexue no
pa3Mepam annenevi B Hap I
6onee y3koe, 4em

anneneii B Hap II.

Mnop aBnseTca
reTepo3nroTHbIM.
CnepoBaTebHo,
annerm B Hap I m II
MMEIOT OAMHKOBOE
pacnpenenexve
no pasmepam.

Our. 27
Tun SNP
[ons obLeit
SNP L/MHbI, BHOCUMaS
B cermeHTe | MicxoaHsiii SNP | KoHeuHbi SNP KOPOTKMMU AF (Hap 1- Hap 1D
OTCYTCTBYIOT parmeHTamu
HapI Hap II
50 rs2027649 rs5993883 0.2595 0.2096 0.0499
50 rs2239395 rs1002286 |0.2648 | 0.2219 0.0429
50 rs4822458 rs3747134 1 0.2905| 0.2204 0.0701
50 rs5761557 rs4410 0.2659 | 0.2037 0.0623
50 rs134784 rs4822998 |0.2569 | 0.2221 0.0348
50 rs$5762936 rs5998473 0.2882 | 0.2302 0.0580
50 rs5754086 rs8140669 0.2599 | 0.2311 0.0288
50 rs5999854 rs5756540 102659 | 0.2249 0.0411
50 rs229535 rs2413637 | 0.2953 | 0.2425 0.0528
50 rs4820431 rs11090087 [0.2793 | 0.2199 0.0594
50 rs1023469 rs1972489 10.2884 | 0.2438 0.0445
50 rs5764858 rs5769218 | 0.2644| 0.2001 0.0643
50 rs6009043 rs5769452 | 0.2481 02118 0.0363
28 rs17825762 rs131815 0.2648 | 0.2407 0.0241
®ur. 28
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Tun SNPB
SNP [Lons obluei annHbl,
B CerMeHTe | [icxopHbiii SNP | KoHeuHblii SNP BHogggar?,lgsfg;ﬁmw AP 121 - 1ap )
OTCYTCTBYIOT
Hap I Hap II
50 rs2159071 rs873387 0.2565 02414 0.0151
50 rs11917 rs78908 0.2548 0.2577 -0.0029
50 rs589089 rs7288450 0.2495 0.2589 -0.0093
50 rs5759868 rs2301492 0.2431 0.2477 -0.0046
50 rs2301497 rs713911 0.2411 0.2204 0.0207
50 rs4820740 rs5752850 0.2181 0.2195 -0.0014
50 rs5752851 rs5752964 0.2344 0.2372 -0.0028
50 rs1894473 rs135472 0.2603 0.2510 0.0093
50 rs135475 rs5754558 0.2324 0.2457 -0.0133
50 rs4821148 rs11705488 0.2381 0.2380 0.0001
50 rs390647 rs362246 0.2270 0.2224 0.0046
50 rs362214 rs6000130 0.2404 0.2401 0.0003
50 rs739206 rs12628179 0.2341 0.2193 0.0148
50 rs17298479 rs2143921 0.2597 0.2643 -0.0047
50 rs5758913 1rs926542 0.2655 0.2582 0.0073
50 rs7291629 rs133761 0.2156 0.2360 -0.0203
50 rs133755 rs6007919 0.2359 0.2332 0.0027
50 rs135570 rs136646 0.2496 0.2466 0.0030
50 rs80454 rs8136986 0.2354 0.2372 -0.0018
50 rs5768117 rs133662 0.2339 0.2330 0.0009
49 rs6007851 1s739365 0.2376 0.2372 0.0004
®ur. 29
AHanu3 COBOKYMHOW ANMHbI
0.08
@
0.06 - s
8
0.04 - 8
= @
kS [
= 0.02 4
§
%
0.00 4 e
-0.02
-0.04 T T
Tun anetha Tun 6eTa
Tun SNP
®wr. 30
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Obwas anvHa, | Obas AnvHa, O6was AnvHa, | Obllast AnnHa,
BHOCHMast BHOCMMas BHOCUMas BHOCUMas!
parmeHTamMm | parmentamm pparmeHTamn JHK  dparmerTamMm
Kon obpaaua  (000rauenAq CTane | MK <150 no.,| AHK <6000, B | <1500, ams | AHK <6000, |  Fi AF
A XPOMOCOMbI | A5l XPOMOCOMbI 3TANOHHbIX AN STANOHHBIX
21 (MAnmMoHbI | 21 (MUANMOHBI XPOMOCOM XPOMOCOM
n.0.) n.0.) (MUANMOHBI 1.0.)| (MWAAMOHBI N.0.)
uk 99229 HET 121 10.2 36.0 0.283 653.1 24222 0.270 0.013
pw 421 HeT T21 10.6 35.6 0.299 651.2 2315.5 0.281 0.018
uk 99510 Het T21 9.8 32.0 0.307 607.1 2082.2 0292 0.016
uk 99807 HeT T21 12.6 30.1 0417 745.2 1905.8 0.391 0.026
pw 226 HeT ynnona 10.4 33.7 0.310 734.7 2368.4 0.310 0.000
pw 316 HeT dynnova 10.9 38.4 0.284 765.2 2691.8 0.284 0.000
pw 263 HET Synnona 1.7 259 0.297 537.5 1810.8 0.297 0.001
pw 370 HET 3ynnova 5.9 239 0.247 411.8 1671.0 0.246 0.000
Owur. 31A
Obuwas gnmea, | O6was anvnHa, Obwasn anvHa, Obwas anvHa,
BHOCUMas BHOCHMMas BHOCUMas BHOCKMMas
dparmeHTamMmn (parMeHTamMu PparmeHTamm (parmeHTamMu
Kon o6pasua |OBorauerue Cratyc | nuye <1500, | AHK <600 n.o., F» | OHK <150 no., | AHK <600 n.o., Fret AF
MULUEHN nnoaa LISl XPOMOCOMb | SISt XPOMOCOMbI ANA 3TANOHHbLIX | AN 3TANOHHbIX
21 (MunAmoHbl | 21 (MWAAMOHBI XPOMOCOM XPOMOCOM
n.0.) n.0.) (MUNMOHBI N.0.){  (MWIMOHBI 1N.0.)
uk 99229 Aa T21 5.7 24.9 0.231 434.1 1938.3 0.224 0.007
pw 421 Aa T21 5.1 22.4 0.226 362.4 1685.0 0.215 0.011
uk 99510 Aa T21 4.4 19.0 0.229 3144 1435.1 0219 0.010
uk 99807 Aa T21 6.6 213 0312 455.1 1553.2 0.293 0.019
pw 226 Aa Synnoua 5.1 21.4 0.237 413.2 1720.2 0.240 -0.004
pw 316 Aa Synnova 4.9 22.6 0.215 3949 1811.5 0.218 -0.003
pw 263 Aa Synnova 4.1 19.3 0.211 327.0 1526.6 0214 -0.004
pw 370 Aa Jynnoug 3.7 20.4 0.180 296.9 1621.0 0.183 -0.003
®wur. 31B
0.030
[ ]
0.025
0.020 4
PY [ J
0.015 - g
[ J
[ J
L 0.010 4 °
[}
0.005 4
0.000 - |
-0.005 +
'001 O T T T T H
T21 Synnouna T21 Synnoua
bez oboralweHns MULEHN C oboralieHneMm MuLeHU
®uwur. 32
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KoHTponnep Cuctema LleHTpanbHbli
1/0 namaT npoueccop MpurTep
3371 3372 3373 3374
X y 3375
- v A 4 A4 v -
- A A A A A d
Y A A4 A4 Y
MNocnenosa- DUKCUPOBAHHBIA o
Apantep o Knaeuatypa BHeLLHMit
- TenbHbIA NOpT [NCK nHTepGeiic
3382 3377 3378 3379 3381
A
A 4
MoHuTop
3376
®uwr. 33
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