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cyObeKTa, MPOXO/SIIETr0 CKPUHUHT MJIM MOHUTOPHHT Ha HAaJW4YHE Paka, MOXKHO CPAaBHHUThH C TAaKOBOH B
xoHcTuTyTHBHOU JIHK TOTO ke CyOBeKTa. 113 JaHHBIX 4aCTOT MOXKHO MOJIYYHTh MapaMeTp U IPUMEHSTh
ero Uil Kiaccuukanny ypoBHsI paka. JIOKHOIOJIOKUTEIBHBIE PE3YIBTATHl MOKHO OTCESITh, TPeOysi, 1Mo
MEHBLIEH Mepe, OIPEJIENICHHOTO KOJIMYECTBA CYNTHIBAEMBIX MOCIIE0BATEIBHOCTEH (MapKepoB) B II000M
M3MEHEHHOM JIOKYCe, 4YTO IO3BOJISIET MOJYy4UTh Oosiee TOuHbIH mapamerp. OTHOCHUTENbHBIE YaCTOTHI
pa3sNIUYHBIX H3MEHEHHBIX JIOKYCOB MOYKHO ITPOAHAIIN3UPOBATH JUIsl ONIPEAEIICHHS yPOBHS T€TEPOTEHHOCTH
OIlyXOJeH y MaryeHTa.
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MYTAIIMOHHBINA AHAJIN3 THK B ILTA3ME
JJIA JETEKTHPOBAHHUSA PAKA

Ccbulku Ha POACTBEHHbBIE 3a5BKU
Hacrosimas 3asiBka npencrasisier coOOil HempeaBapUTENIbHYIO 3asBKY W HCIIPALIHBAET
NPUOPUTET MO TpeaBapuTebHONM 3asiBke Ha mateHT CIIIA Ne 61/662878, Ha3BaHHOI

“MUTATIONAL ANALYSIS OF PLASMA DNA FOR CANCER DETECTION”, nogaHHO!
21 wmonsa 2012 r.; npeasaputenbHol 3asiBku Ha mnareHT CIIIA Ne 61/682725, nasBanHo# “
PAKAMUTATIONAL ANALYSIS OF PLASMA DNA FOR CANCER DETECTION 7,
noganHoi 13 aBrycra 2012 r.; mpenBaputenbHO# 3asBku Ha mateHT CIIA Ne 61/695795,
Ha3BaHHON “ MUTATIONAL ANALYSIS OF PLASMA DNA FOR CANCER DETECTION ”,
noganHoi 31 aBrycra 2012 r.; u mpensaputenbHOi 3asBku Ha mateHT CIIA Ne 61/711172,
Ha3BaHHON “ MUTATIONAL ANALYSIS OF PLASMA DNA FOR CANCER DETECTION ”,

nogaHHoU 8 okTsiOpst 2012 T., KOTOpBIE MOJHOCTHIO BKJIFOUEHBI B JAHHYIO 3asBKY MMOCPEICTBOM

CCBIIKH BO BCEX OTHOLICHUAX.

YpoBeHb TEXHUKU

bouto nokasano, yro JIHK onyxoneBoro npoucxoxaeHus: IpUCyTCTBYET B CBOOOIHOMN OT
KJIETOK IUIa3Me/ChIBOPOTKE MalueHToB ¢ pakoBbiMu 3aboneBanusimu (Chen XQ u np. Nat Med
1996; 2: 1033-1035). Haubonee coBpeMeHHbIe CIOCOOBI OCHOBAaHBI HAa HEMOCPEICTBEHHOM
aHAJIM3€ MyTalMi, O KOTOPBbIX M3BECTHO, 4TO OHM cBs3aHbl ¢ pakoM (Diehl F u np. Proc Natl
Acad Sci 2005; 102: 16368-16373; Forshew T u ap. Sci Transl Med 2012; 4. 136ra68). B
APYroM Croco0e MCCIENyOT CBSI3aHHBIE C PAKOM BapHallUU YUCJIa KOMUH, OOHapy KeHHbIE TPU
cny4vaitHoMm cekBeHupoBanuu JIHK B masme (myOnukanus narenta CIIIA 2013/0040824, Lo u
ap.).

H3BecTHO, YTO C TEYeHWEM BpEeMEeHH Ooyiee 4YeM OJHAa pAaKOoBasl KJETKA MOJYYUT
NPEUMYIIECTBO POCTa M JACT HAYaJIO HECKOJbKMM KJIOHAM JOYEPHHUX KJIETOK. B KOHEYHOM
cueTe, pacTylnas OMyXoib W/WIH €€ MEeTacTasbl OyIOyT cCOAep’KaTh KOHIJIOMEpAT W3 TPYIII
KJIOHAJIbHBIX PAKOBBIX KJIETOK. [[aHHOE siBIeHNe OOBIMHO HA3bIBAIOT ME€TEPOTEHHOCTHIO OIMYXOJIH
(Gerlinger M u np. N Engl J Med 2012; 366: 883-892; Yap TA u ap. Sci Transl Med 2012; 4:
127ps10).

H3BecTHO, 4TO pakoBble 3a00JI€BAaHHS BBICOKO FE€TEPOT€HHBL, T.€. MyTallMOHHBII PO UIIH
pPaKOBbIX 3a00NEBaHUN OZHOTO M TOTO K€ THMA TKAHU MOXKET 3HAYUTENIbHO pa3INyaThCs.

CrnenoBarenbHO, HEMOCPEACTBEHHBIH AaHAJIM3 KOHKPETHBIX MyTalMi OOBIYHO IO3BOJISIET
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OOHApY>KUTh JIUIIb MOATPYIIY CIy4aeB C KOHKPETHBIM THUIIOM pPakKa, Il KOTOPBIX HM3BECTHA
B3aUMOCBSI3b C JAaHHBIMU KOHKpeTHbIMH MyTauussMu. Kpome toro, JIHK omyxonesoro
NPOUCXOXKIEHUsT OOBIMHO cocTaBisieT Juib HeOonpinyro uactb JIHK B mmasme uenosexa,
abcomoTHas koHueHTpaimsa JIHK B nnasme Huszka. CrenoBarenbHO, NMPH HENOCPENCTBEHHOM
JETEeKTUPOBAHUU OHOW CBSI3aHHOI C PAKOM MyTaLMH WM HEOOJbIIOW IPYIITbl TAKUX MYTALUH
B IJIa3M€ HJIM ChIBOPOTKE AHAIUTHYECKAsl 4yBCTBUTEIBHOCTb MOXKET OBITh HU3KOH AaXke Cpeau
MALUEHTOB C PAKOBBIMH 3a00JIEBAHUSIME, TIPU KOTOPBIX, KAK M3BECTHO, MPUCYTCTBYIOT LIEJIEBbIE
myTauuu. bonee Toro, ObUIO MOKa3aHO, YTO MMEET MECTO CYINECTBEHHAs BHYTPUOIYXOJEBas
reTepOreHHOCTh MyTalli, Jake B OJHON OmyXoiu. MyTaiuu MOryT OOHAapy KUBAThCSI TOJBKO B
CyOnonyJISIMU OMyXOJIEBBIX KJIETOK. Pa3inyne B MyTalMOHHBIX MPOPUIAX MEKAY NEPBUYHOM
OINYXOJIbK0 M METACTATHUECKUMH MOPAKEHUsIMH erne Oonbie. OAuH NpUMep TeTepOreHHOCTH
MEXIy HMCXOOHOH OMyXOJIbI0 M MEPBUYHBIMH MeTacTa3aMu BkitodaeT reHbl KRAS, BRAF wn
PIK3CA y nmanmieHToB, CTpaaarInux oT KojopekranbHoro paka (Baldus u ap. Clin Pak Research
2010. 16:790-9.).

B cnyuae, korga y maipenTa ectb epBHYHAs ONMyxoJib (Hecymas mytammio KRAS, HO He
myTanmo PIK3CA) n ckpeiToe MeTacTaTHuecKoe noBpexaeHne (Hecymee mytauuto P/K3CA, Ho
He MyTtauuio KRAS), ecnu cocpenoTouuThess Ha OOHapykeHHH myTtauun KRAS B mepBUYHON
OIYXOJIH, TO CKPBITOE METACTATHYECKOEe MOpPakeHHE HEBO3MOXKHO OyneT oOHapykuTh. Tem He
MeHee, €CJIM BKJIOUUTh B aHAJIN3 00€ MYyTalll{, MOKHO OOHAPY>KUTh KaK MEPBUYHYIO OINYXOJb,
TaK M CKPBITOE MeTacTaTHdeckoe mopakeHue. CleoBaTeNbHO, aHAIM3, BKIOYAOMUN 00e
MyTauuy, Oyzer oOnamate Oosblnell YyBCTBUTEIBHOCTBIO B OTHOLIEHHWH OOHApy KeHHs
OCTAaTOYHBIX OIyXOJEBbIX TKaHeill. Takol NpoCTONl MNpUMEpP CWIBHO YCJOXKHSETCS, €CIu
NPOBOIST CKPUHUHTOBOE OOCIENOBaHME Ha TMPUCYTCTBHE paka M €Cld WHPOpPMALMs O THUIIE
MyTAalHii, KOTOPbIe MOTYT BOSHUKHYTh, HE3HAUYUTEJIbHA HJIH OTCYTCTBYET.

CnemoBarenbHO, CyIIEeCTByeT MOTPEOHOCTb B HOBBIX CHOCODAaX —OCYINECTBIICHMS

IUPOKOro CKPpUHUHTA, ACTEKTUPOBAHUA UJIM OLCHKH pakKa.

Kpatkoe onmcanne n3o0pereHus
B BapuaHTax peanusalMu MOTYT HCCJIE€AOBaTh 4YaCTOTY COMATUYECKUX MyTalud B
OuonornueckomM obpasue (Hampumep, B IUTA3ME WM ChIBOPOTKE) M3 CyOBEKTa, MPOXOASIIETO
CKPUHUHI UJIM MOHUTOPUHI HAa HAJIMYUE paKa, MO CPaBHCHHUIO C TAKOBBIMH B KOHCTI/ITYTI/IBHOI\/'I
JHK Toro xe cyObekra. [l ompeneneHus] DaHHBIX 4YacTOT MOKHO NPUMEHSTH CiydaiiHOe
CCKBCHUPOBAHUEC. ITo AaHHBIM 4YaCTOTaAM MOXHO IOJYYUTbh HapaMeTp U NPUMEHATH €ro s
YCTAHOBJICHUSL KJ'IaCCI/I(bI/IKaI_II/II/I YPOBHA paka. JIOKHOIONOKUTETLHBIE peE3yabTaThl MOXHO

OTCesITh, €CJIU BBECTH TpeOOBaHUE, UTO JHOOOI BapHaHTHBIN JIOKYC JOJKEH MO MEHbIIeH mepe



OTPE/IeJICHHOTO KOJHMYEeCTBA CYHUTHIBAEMbBIX MOCJIEAOBATeIbHOCTEHl (MapkepoB) B JHOOOM
MU3MEHEHHOM JIOKyC€, 4YTO IIO3BOJISIET MOJy4duTh Oojiee TOYHBIA mapameTp. MOKHO
NPOAHAIM3UPOBATh OTHOCUTEJIbHBIE YaCTOThl PA3IUYHbIX H3MEHEHHBIX JIOKYCOB, YTOOBI
OTIPE/IeIUTh YPOBEHb IeTePOreHHOCTH OMyXOJIeH y MalfeHTa.

B onHOM BapuaHTe peanu3ali yKa3aHHBIH MapamMeTp MOXKHO CPaBHHTb C TE€M XKe
napamMeTpoM, MOJYYEHHBIM JUIsl TPYIIbI CYOBEKTOB 0€3 pakoBOro 3a00JIeBaHUS WM C HU3KUM
puckoM pa3Butusi paka. CyleCTBEHHOE pa3jiudre MKy DaHHBIM MapamMeTPOM, MOJyYEeHHBIM
ISl TECTUPYEMOTO CyOBbeKTa, U TEM Ke MapaMeTpoM, MOJy4YeHHBIM JJIsl TPYIIbI CyObeKTOB O3
pakoBoro 3a0oJieBaHUSI WK C HU3KUM PUCKOM Pa3BHUTHs paka, MOXKET CBHAETENBCTBOBATH O
MOBBILIEHHOM  PUCKE TOrO, 4YTO TECTHPYEMbIii CyObeKT CTpajaeT pakoM WM
NPen3JOKaYeCTBEHHBIM COCTOSIHUEM, WJIM YTO Yy Hero B OyaylieM pa3oBbercsi pak. Takum
obpa3oM, B omgHOM BapuaHTe peanusaiuu aHann3 JIHK B miasmMe MOXHO OCYIECTBUTh, HE
oOyianmasi mpeaBapuTeIbHON reHOMHOH nH(popmanuel o0 onyxoju. Takoil BapuaHT peasu3aliy,
CJIeIOBATENIHO, OCOOEHHO MPUIOAEH [JIsi CKPUHIHIA HA HAJIMYHE PaKa.

B npyrom BapuaHTe peanM3aldd OMUCAHHBIE BAPUAHTBHI PEATH3aLUN TAKXKE MOKHO
NPUMEHSITh JJIi MOHUTOPHHIA TALMEeHTa C PaKOBbIM 3a00JieBaHMEM IIOCHE JICYEHUs W IS
BBISIBJIEHHSI HAJIMYMSI OCTATOYHOMN OMyXOJM WM pelunuBa omyxosuu. Hampumep, y manueHTa ¢
OCTaTOYHOH OMYyXOJIBI0O WJIM Yy KOTOPOTO ONyXOJb peLuaAuBUpoBaia Oyner HaOmomaThbes
TOBBIIIEHHAS] YaCTOTa COMATHYECKHX MyTAalMH MO CPABHEHUIO C MAIMEHTOM, Y KOTOPOrO HET
OCTaTOYHOM OMyXOJIM WM Y KOTOPOrO He HAOJMIONAETCs PeLUIUB OMyXOIH. MOHUTOPHHT MOKET
BKJIFOYATD MOJTy4eHHe 00pa3LoB U3 MAaIMeHTa C PAKOBBIM 3a00JIeBaHUEM B HECKOJIBKO MOMEHTOB
BPEMEHH MOCJIe JICUEHUsI Uil YCTAHOBJICHUS BPEMEHHBIX W3MEHEHHWH CBSI3aHHBIX C OMYXOJbIO
reHeTHYecKnx abeppauuii B  (PU3HONOTMYECKMX KHOKOCTAX WJIM Jpyrux oOpasumax ¢
BHEKJICTOUHBIMH HYKJICMHOBBIMU KHUCJIOTAMU, HATIPUMED, B IJIA3Me WIIH CHIBOPOTKE.

CornacHo OZHOMY BapHWAHTy peau3aluu Crocod MO3BOJIIET OOHAPYKHUTh PaK WU
npen3oKaueCTBeHHOE u3MeHeHue y cyObekta. [1ony4aoT KOHCTUTYTHBHBIA F€HOM CyOBEKTa.
[Mony4aroT onuH win 0Oojiee MapKepoB MOCIEIOBATENBHOCTH ISl KaKAOTO W3 MHOXKECTBA
¢parmento JIHK B Ouonormdeckom o0pasie CyObekTa, eclii OHOJOTHYeCKHil oOpaser
comepxkutr  BHekserounyro JIHK.  OmpenensioT monokeHuss B T€HOME  MapKepoB
MOCJIEIOBATEIbHOCTH.  MapKkepbl MOCJEN0BATEIbHOCTH CPABHHBAOT C KOHCTUTYTHBHBIM
T€HOMOM, YTOOBI OMpENEeNUTh MEePBOE KOJIMYECTBO MEPBBIX JIOKYCOB. B KakAOM W3 MepBBIX
JIOKYCOB KOJMYECTBO MapKepOB MOCIEAOBATEIbHOCTH C BAPHAHTHOH IMOCIEIOBATEIBHOCTHIO
OTHOCHTEJIbHO KOHCTHTYTUBHOTO F€HOMA BBILIE OPOrOBOr0O 3HAYEHUs], T7Ie TOPOrOBOE 3HAUECHHE
Gonbine enuHUIBI. Ha OCHOBaHMH MOICYETa MAapKEPOB IMOCIEIOBATEIBHOCTH C BapUAHTHON

NOCJIEZIOBATENILHOCTEIO B MEPBBIX JIOKyCax onpenessror napamerp. Ilapamerp cpaBHUBAIOT C
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NOPOTOBBIM 3HAYEHHEM, YTOOBI ONPEAETNTD KJIACCU(UKALIUIO YPOBHS paka y CyObeKTa.

CormacHo ApyromMy BapuaHTy pealM3aliid B CIOCOOE aHAJM3HPYIOT I'€TEPOr€HHOCTh
omHON wmnu Oonee omyxojed y cyOwbekTa. Ilomy4yaroT KOHCTUTYTHBHBIH T'€HOM CyOBEKTa.
ITonywaroT omuH wiu Oojee MapKepoB MOCIENOBATEIBHOCTH JUISi KaKIOTO M3 MHOXECTBA
¢parmentoB JIHK B Ouosnormyeckom oOpasie cyObekTa, eciu OHOJOrHuecKuil obpaserr
cogepxkut  BHekjerounyro JIHK. Omnpenensior mnonoxkeHuss B T'€HOME  MapKepoB
MOCJIEIOBATENIBHOCTH.  Mapkepbl TOCIEeNOBATENbHOCTH CPAaBHUBAIOT C KOHCTHUTYTHUBHBIM
I'€HOMOM, ‘{TO6bI OIIpeaCIuTb MEPBOEC KOJIUYCCTBO ICPBBIX JIOKYCOB. B KaXXaoOM M3 IIE€PBBIX
JIOKyCOB KOJMYECTBO MapKepOB IOCIENOBATENbHOCTH C BAapUAHTHOW IOCJIEN0BATENIbHOCTHIO
OTHOCUTECJIBHO KOHCTUTYTHBHOI'O '€CHOMA BBIIIC TTIOPOTOBOTO 3HAYCHUS, IIIC TOPOTOBOC 3HAYCHHUE
Oospine enuHUIBL. Mepy TeTepOoreHHOCTH ONHOW WM Ooyiee OMyXoJied pPacCUYHUTHIBAIOT Ha
OCHOBAHHWHU COOTBETCTBYHOIIUX MEPBLIX KOJIUYICCTB U3 Ha6opa NEPBLIX MOJ0KEHUH B T€eHOME.

CormacHo fApyroMy BapHaHTy pealu3alidd B CIOCO0e ONpenessiioT (pakIHOHHYIO
koHIeHTpanuio omyxonesoi JIHK B Ouonormueckom oOpasie, comepikameM BHEKJIETOYHYIO
JHK. ITony4aroT onuH win 0ojiee MapKepoB MOCIEAOBATEIbHOCTH JIJIsl KAJKIOTO U3 MHOXKECTBA
¢parmenToB JIHK B Ouonorndyeckom obpasue. OmpenessifoT MOJOXKEHHs B TeHOME MapKepOB
nocienoBaTeNbHOCTH.  Jnst  Kakmoll W3 MHOXKeCTBa 0OnacTeil TeHOMa  ONpenessioT
cooTBeTcTByIoIIee KoamuecTBo ¢parmenTos JJHK, npunaanexamux qanHoi 06JacTH reHoMa, C
MIOMOLIBI0 MapKEPOB TOCNIEI0BATENBHOCTH, PACIIOIOKEHHBIX B FTeHOME BHYTPH JJaHHOH 0o0nacTu
reHoma. COOTBETCTBYIOLEE KOJUYECTBO HOPMHUPYIOT C TMOJYYEHHEM COOTBETCTBYHOLIEH
wI0THOCTH. COOTBETCTBYIOIIYIO IUIOTHOCTh CPABHHUBAIOT C pe(epeHCHON MIOTHOCTHIO, YTOOBI
BBIIBUTH B JAaHHOH oOnacTu reHoma ytpary 1 xomuum wiam npuoOperenue | xomum. Ilepsyro
IJIOTHOCTDH paCCHUUTBIBAOT IO COOTBECTCTBYHOIIUM IIJIOTHOCTAM C BBISIBJIEHHOH yTpaToﬁ 1 xoruu
HiIKn 10 COOTBETCTBYHOIIUM IUIOTHOCTAM C  BBIABJICHHBIM HpI/IO6peTeHI/IeM 1 KOITHH.
DpaKkMOHHYIO KOHLEHTPALUIO PACCUUTHIBAKOT IyTEM CPAaBHEHMsI MEPBON IUIOTHOCTU C IPYromn
IUIOTHOCTBIO C TOJYYEHHEM PAa3HOCTH, MPHU 3TOM PAa3HOCTh HOPMHPYIOT Ha pedepeHCHYIO
INIOTHOCTG.

I[pyme BAPHUAHTHI p€aji3allii HAMIPAaBJICHBI HA CUCTEMbI U MAIIIMHOYHUTAEMbBIC HOCUTECIIN,
CBsI3aHHBIE CO CITOCOOAMH, ONTMCAHHBIMU B TAHHOH 3asIBKE.

Jlydmero MOHMMAaHUsS TNPHPOABI U TNPEUMYIIECTB HACTOSILIETO H300PETEHHS MOXKHO

IOOHUTBCS, OCHOBBIBAsICh HA CIIEAYIOIIEM ITOIPOOHOM OMUCAHUN M COTIPOBOANUTENBHBIX (PHUrypax.

Kparkoe onucanue ¢uryp
Ha ¢ur. 1 mnpencraBnena Onok-cxema crnocoba 100 neTrexkTHpoBaHMS paka MWIH

NpeaA3JIOKAa4YE€CTBEHHOI'O U3MCHCHUA Y CY6"beKTa COIJIaCHO BapHUaHTaM pe€ajin3allui HACTOSLIECTO



M300peTeHMSI.

Ha ¢ur. 2 mokaszana Onok-cxema crocoba HEMOCPEICTBEHHOTO CPaBHEHUS T'€HOMA
obpasua (I'O) ¢ xoncturyTHBHBIM reHoMoM (KI') cornacHo BapuaHTam peannu3alyy HaCTOSIIIEro
n300peTeHMsI.

Ha ¢ur. 3 mnokazana Gmok-cxema crocoba 300 cpaBHenusi renoma obpasua (I'O) ¢
koHcTHTYTUBHBIM reHoMoM (KI') ¢ umcnonmp3oBanmem pedepeHcHoro reHoma (3I7) coriacHo
BapUAHTAM PeaJIM3aluy HACTOSIIETO U300PETeHNsI.

Ha ¢ur. 4 npencrasnena tabmuia 400, B KOTOPO# MOKAa3aHO KOJUYECTBO CBS3AHHBIX C
pPaKkoM OJHOHYKJIEOTUIHBIX MyTalMi, TPaBUIbHO JE€TEKTHPOBAHHBIX C HCIOJB30BAHUEM
BCTPEUAEMOCTH PAa3IMYHBIX UX KOJIMYECTB B KAUECTBE KPHUTEPHs IJIS1 KIACCU(PUKALIUH MYTALUH
KaK MPHUCYTCTBYIOIIEH B 00Opaslie COrIaCHO BapHaHTaM PEeaM3allii HACTOSLIETO M300peTeHus,
korna (pakumonnyro konueHtpaumo JHK onyxoneBoro mnpoucxokaeHuss B obOpasie
NpUHUMAIOT paBHOH 10%.

Ha ¢ur. 5 npencraBneHa TaOnuua, B KOTOPOH IOKa3aHO OXHIAEMOE KOJIUYECTBO
JIO’KHOTIOJIOKUTEIbHBIX JIOKYCOB U OXKHJIa€MO€ KOJIMYECTBO MyTalul, JeTeKTUPOBAHHBIX; KOTJa
¢pakunonnyro koHuentpauuro JIHK omyxoneBoro mpoucxoxkneHus B oOpasne NPHUHUMAIOT
paBHOiI1 5%.

Ha ¢ur. 6A mnpencraBnena pmarpamma 600, Ha KOTOpPOW IOKa3aHa YacTOTa
JETEKTUPOBAHMs CBSI3aHHBIX C PAKOM MyTaluil B IUa3Me ¢ (PpakLMOHHBIMU KOHIIEHTPALUSMU
JIHK omyxoyieBoro mpoucxXokaeHust B miasme, coctasisrommumu 10% u 20%, U npuMeHeHue
BCTpeuaeMocTeil (r), paBHbIX YEThIpEM U IIECTH, B Ka4deCTBE KPUTEPUEB ISl OIpPEeNICHHs
NOTEHLMAJIBHBIX CBSI3aHHBIX C pakoMm myTtarmid. Ha ¢ur. 6B npencrasiena auarpamma 650, Ha
KOTOPOH TIOKAa3aHO OXKUJAEMOE KOJHYECTBO TMOJIOKEHUH HYKJIEOTHIOB, KOTOpble ObUTH
omHOOYHO KJIACCU(UIMPOBAHBI KAaK COAEpIKAIlMe HYKJICOTHIHYIO 3aMEHy C NpPUMEHEHHUEM
KpUTepueB BCTpedaeMocTH (r), paBHbIX 4, 5, 6 m 7, B 3aBHCUMOCTH OT TJIyOHHBI
CEeKBEHHUPOBAHUSL.

Ha ¢ur. 7A mnpencraBmena nuarpamma 700, Ha KOTOpPOH TIOKAa3aHO KOJUYECTBO
UCTUHHBIX CBS3aHHBIX C PAKOM MYyTHPOBAHHBIX CAMTOB U JIO)KHOMOJIOKUTENBbHBIX CANHTOB IS
Pa3MUYHBIX TIyOMH CEKBEHHPOBaHUS, Koraa ¢ppakunoHHyro koHueHtpanmo JIHK onyxonesoro
MPOUCXOKNIEHUsT B 00pa3Le mpuHuMaroT pasHoi 5%. Ha ¢ur. 7B npencrasnena auarpamma 750,
Ha KOTOpOH IOKa3aHO MPOTHO3UPYEMOE KOJUYECTBO JIOXKHOIOJOXUTEIbHBIX CalTOB IpH
npoBeaeHn: aHaan3a nojxaoro reaoma (I11N) u Bcex HSK30HOB.

Ha ¢ur. 8 mpencrasnena Tabimuma 800, Ha KOTOpOH NOKa3aHbl pe3ynbTaThl i 4
nanueHToB ¢ remarokyierouHor kapumHomon (I'KK) mo w mocnme mnedeHus, BKIIIOYAIOLINE

¢paxuuonnbie koHHeHtpanuun JHK omyxoneBoro mnpoumcxokneHuss B IUla3Me COIJIACHO
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BapUaHTaM PeaJIM3aluy HACTOSLIETO H300PETEeHNS.

Ha ¢ur. 9 mnpencraBnena Ttabmuma 900, Ha KOTOpOW IOKAa3aHO AETEKTUPOBAHHE
ces3aHHbIX ¢ KK omgHonykneoruaneix Bapuaimii (OHB) y 16 370pOBBIX KOHTPOJIBHBIX
CyOBEKTOB COTJIACHO BapHAHTaM pean3alii HACTOSIIEro H300peTeHNs.

Ha ¢wur. 10A nmnoka3aH rpaduk pacrmpeneneHus IJIOTHOCTEH CUUTHIBAEMBIX
nocyieioBaTeNIbHOCTeH o0pasua onyxonu u3 nanuenta ¢ I’ KK cornacHo BapuaHTam peanusalyu
Hactosiero u3ooperenns. Ha ¢ur. 10B nokasan rpaduk pacnpenenenust 1050 z-mokasareseit
st Beex parMeHToB B miazme nauueHTa ¢ ' KK cornacHo BapuaHTaM pean3aly HaCTOSIIEro
U300peTeHHSI.

Ha ¢ur. 11 nokasan rpapux pacnpenenenust 1100 z-mokasarteneil myisi miasmbl U3
nampierta ¢ ' KK cornacHo BapuaHTam peain3alyii HACTOSIIIEro H300peTeH s,

Ha ¢ur. 12 npencraBnena Onok-cxema cmnocoba 1200 ompeneneHus ¢pakUOHHON
koHIeHTpanuu omyxonesoir JIHK B Ouonormueckom obpasiie, comepskameM BHEKJIETOYHYIO
JTHK, cornacHO BapuaHTaM pean3aliy HACTOSIIErO U300PETeHS.

Ha ¢ur. 13A noxkasana tabiuua 1300 aHajm3a MyTaluil B Iia3Me MAalMeHTa C PaKOM
SUYHUKA W PAKOM MOJIOYHON JKele3bl HAa MOMEHT JUAarHOCTHKU COIJIACHO BapHaHTaM
peann3auy HacTOSIIIEr0 N300 peTeHNUsI.

Ha ¢ur. 13B mnokazana tabmmua 1350 aHanmu3a myTanuii B IUIa3Me NAlMEHTa C
ABYCTOPOHHUM pPAaKOM SIMYHMKOB U PAaKOM MOJIOUYHOH Keje3bl MOCJe PEe3eKLUH OMyXOJH
COIJIACHO BapHaHTaM PeaM3alii HaCTOALIETr0 H300PETEeHNUs.

Ha ¢ur. 14A mnpencrasnena tabmmma 1400, Ha KOTOpOH MOKAa3aHO NETEKTUPOBAHHE
onHoHykyeotuaHbx Bapuarmii B JJHK B mnasme s nammenta 1 ¢ KK (I'KK1). Ha ¢ur. 14B
npencrasieHa Tabimua 1450, Ha KOTOPOH MOKA3aHO IETEKTUPOBAHHE OJHOHYKJIEOTHIHBIX
Bapuauuii B /IHK B nmnasme ais naunenta I'KK2.

Ha ¢ur. 15A mnpencrasnena tabmuua 1500, Ha KOTOpPOH MOKAa3aHO IETEKTUPOBAHHE
onHonykyneotunHbix Bapuanwii B JIHK B mnmasme nns mamuwenta ['KK3. Ha ¢ur. 15B
npencrasieHa Tadimua 1550, Ha KOTOPOH MOKAa3aHO IETEKTUPOBAHHE OJHOHYKJIEOTHIHBIX
Bapuauuii B /IHK B mnasme ais naunenra ' KK4.

Ha ¢ur. 16 mpencraBnena Ttabmuma 1600, Ha KOTOpOH IOKa3aHO IETEKTHPOBAHHUE
onHOHyKJeoTuaHbIX Bapuanwii B JIHK B mnasme i nanmeHTa ¢ pakoM sIMIHUKOB (M TPYIN).

Ha ¢ur. 17 npencraBnena Ttabmamma 1700, Ha KOTOpPOW TMOKa3aHbl NPEACKA3aHHbIC
qyBCTBUTEJIBHOCTH PA3JINYHbIX TPEOOBAHMH BCTPEYAEMOCTH U INTyOUH CEKBEHUPOBAHUSI.

Ha ¢ur. 18 mpencraBnena tabmuma 1800, Ha KOTOpOH MOKa3aHbI MPOTHO3HPYEMBbIE
KOJINYECTBA JIO)KHOMOJIOKUTENBHBIX JIOKYCOB JJIsl PA3JIMYHBIX IOPOrOBBIX 3HAYEHUN W

Pa3INYHbIX FJ'Iy6I/IH CCKBCHUPOBAHMUS.



Ha ¢ur. 19 mnokazaHa apeBOBUAHAs JOHArPaMMa, WLUIOCTPUPYIOIAsS KOJHYECTBO
MyTaLUl, 1€TEKTUPOBAHHBIX B PA3JIMYHBIX JIOKAJIU3ALUSAX OMyXOJIH.

Ha ¢ur. 20 mnpencrasnena tabmuma 2000, Ha KOTOpPOH IOKa3aHO KOJUYECTBO
(parMeHTOB, HECYLINX MYyTaLMU OIyXOJIEBOTO MPOUCXOXKIEHHS, B 00pa3Le IIa3Mbl 0 JIeUEHHs
U T0CJIE JICUYEHUSI.

Ha ¢ur. 21 mpencraBnena auarpamma 2100, Ha KOTOpOH MOKa3aHbI PaCpeesICHHs
BCTPEYAEMOCTH B IUIa3Me€ MYTallMi, NETEKTHPOBAHHBIX B OAHON JIOKAJIMU3aUMU OIYXOJU, U
MyTaLUH, TeTeKTUPOBAHHBIX BO BCEX YETHIPEX JIOKATU3ALMSIX OMyXOJIH.

Ha ¢wur. 22 npencrasnena nuarpamma 2200, Ha KOTOPOH MOKa3aHO MPOTHO3HPYEMOE
pacrpeseseHle BCTPEYaeMOCTH B IJIa3Me MyTallMi, IPOUCXOASIIUX OT T€TePOreHHOMN OITyXOJIH.

Ha ¢ur. 23 npomemoHCTpHpoBaHa CHEUU(PUUHOCT BAPUAHTOB peanu3anuu A 16
NPUBJICYEHHBIX 3JOPOBBIX KOHTPOJIbHBIX CyObEKTOB.

Ha ¢ur. 24 npencraBnena Omok-cxema crnocoba 2400 aHanmu3a reTepOreHHOCTH OIHOM
wiu OoJiee onmyxoJiel CyObeKTa COTJIaCHO BapHUAHTAM PEeaTU3alMK HACTOSIIErO N300PETeHHSI.

Ha ¢wur. 25 nokasana Onok-cxemMa THIMYHOH KOMITBIOTEpHOW cucteMel 2500,
NPUMEHNMON C CHCTEMOH M Crocob0aMy COTJIACHO BAapHUAHTAM peaM3allii  HAaCTOSIIETO

U300peTeHMSI.

Ornpenenexus

B nanHO# 3asBKe TepMHMH ‘“IOKYC” WM €ro MHOXECTBeHHas ¢opMma “JOKyChl”
npesiCcTaBysieT CoOOM MOJIOKEHHe WM afpec (parMeHTa HyKJICOTHAOB (MJIM Map OCHOBAHUI)
mMOOOH IJIMHBI, KOTOPBI MOXET COIEepXKaTh BAPHALMM B PA3IMYHBIX reHOMax. “‘@parmeHT”
npeacTaBisier coOOM ydYacTOK 3apaHee OMNpEeAeSeHHOH IJIMHBI B TE€HOMe. Y MHOXKeCTBa
(parMeHTOB MOKET ObITh OJUHAKOBAas TNepBas JIMHA (paspelueHue), TOraa Kak y OTIMYHOTO
MHOXECTBA MOXKET ObITb OJMHAKOBAs BTOpas JJWMHA. B OZHOM BapHaHTe peanu3aLuu
(parMeHThI He MEPEKPBIBAIOTCS APYT C APYTOM.

Tepmun “cayuaitnoe cexéenuposanue” B faHHON 3asBKE OTHOCUTCSI K CEKBEHHPOBAHHUIO,
Ipd  KOTOPOM CEKBEHHUPOBAHHbIE (PParMeHThl HYKJIEHHOBBIX KHCJOT CHEIHAJIbHO He
UIEeHTH(GULIMPOBAIM WJIM 3apaHee HE ONpPeAeisUId Tepel MNpPOLenypold CEKBEHHPOBAHUS.
CrnenuduyHble K MOCIEIOBATENBHOCTH MPaMeps! U HALCTIMBAHUS HA ONPEIE/ICHHbIE JIOKYChI
reHoB He TpeOyrorcsa. TepMmuH “ynusepcanvnoe cexsenupoeanie” OTHOCUTCS K TaKOMY
CEeKBEHHPOBAHUIO, IPH KOTOPOM IIPOLECC CEKBEHHMPOBAHUS MOXKET HA4daTbCs C JHOOOTO
¢parmenta. B omHOM BapmaHTe peanu3zaluy K KOHLY (parMeHTa NOOaBISAIOT aaanTepbl, U
npaiimepel IUIsI CEKBEHHPOBAHUS COENUHSIOTCA C ananTepamu. Takum oOpasoM, Jro0oit

(parMeHT MOJKHO CEKBEHHPOBATH C TIOMOILIBIO OFHOTO U TOTO K€ MpaiiMepa U, TaKuM o0paszom,



CEeKBEHHPOBAHNE MOXKET OBbITh CITy4alHBIM.

Tepmun  “maprep  nocrnedosamensnocmu”  (Takke€  Ha3bIBAEMbIH  CUHTBIBAEMOM
NIOCJIEZIOBATEIbHOCTBIO) B JIAHHOW  3asBK€ OTHOCHTCS K  LENOYKe  HYKJIEOTHIOB,
CEeKBEHHUPOBAHHOH ¢ JIFOOOW YacTH WM 1O BCEH MOJIeKyJie HYKJIEMHOBOH KuciaoThl. Hampumep,
CEKBEHHUPOBAHHBIII MapKep MOXKET MpPeACTaBIATh COOOH KOPOTKYIO LEMOYKYy HYKJIEOTHAOB
(narmpumep, ~ 30), CEKBEHMPOBAHHYK MO (PparMeHTy HYKJIEMHOBOH KHCJIOTBL, KOPOTKYIO
LEeMOYKYy HYKJIEOTHAOB C OOOMX KOHIOB (pparMeHTa HYKJIEHHOBOH KHCIOTHI  HJIH
CEeKBEHHPOBAHUE LEJOro (pparMeHTa HYKJICHMHOBOW KHCJIOTBI, KOTOPBIH TPUCYTCTBYET B
Ouonornueckom obpasue. PparMeHT HYKJIEHMHOBOIH KHUCJIOTHI IIPEACTABISIET CO00M JIFOOYIO 4acTh
Ooynee MIMHHONH MOJIEKYJIbI HYKJIEMHOBOH KHCIOTBHL. @®parmMeHT (Hampumep, TeH) MOXKET
CYyLIECTBOBATh OTAENBHO (T.€. B HE COCOUHEHHOM BHUJE) OT JIPYrHX 4acTed Oonee AITMHHON
MOJIEKYJIbl Hy KIEMHOBOMN KHUCJIOTBL

<

B nanHOi 3asBke “koncmumymusnviii cenom” (Taxke HaspiBaemblii KI') cocrout us
KOHCEHCYCHBIX HYKJIEOTHOB B JIOKYCaxX BHYTPU I€HOMA, U, CJI€I0BATEIBHO, MOXKHO CHUTATh €TI0
KOHCEHCYCHOW mocnenoBarenbHOCTRIO. KIT MOXeT oOxBaTbiBaThb BeChb TI'€HOM CyOBeKkTa
(HampuMmep, reHOM YeJIOBEeKa) WIH TOJIbKO YacTu reHoma. KoncrurytusHsiii reHom (KI') MoxHO
nonyuuth 3 JIHK xnerok, a Ttaxxke u3 BHekjerouHou JIHK (Hampumep, KOTOPYHO MOKHO
OOHapy>KuTh B IU1a3Me). B uneanbHOM cilydae, KOHCEHCYCHbBIE HYKJICOTUABI JOJDKHBI YKa3bIBATh
Ha TO, 4YTO JIOKYC SIBJII€TCS MOMO3UIOTHBIM IO OAHOW aJUIEIH WIM IETEPO3UTOTHBIM IO ABYM
amnensM. ['erepo3uroTHelil JIOKyCc OOBIMHO BKJIOYAET IBE aJUIeNH, KOTOpPbIE COAepKat
reHeTH4ecKnii momumop¢usM. B kauecTBe mnpumepa, KpUTepueM Ui ONPENeNeHHsl TOro,
SIBJISIETCSI JTH JIOKYC T€TEPO3UTOTHBIM, MOXKET OBITh MOPOT MOSIBJIEHHUS KAJKAOH U3 IBYX ajlUiesied B
[0 MEHbIIEH Mepe 3apaHee ONPENENEHHOM MPOLEHTE CUUTHIBAEMBIX IOCJIEI0BATEIbHOCTEN
(mampumep, 30% wmu 40%), BBIPOBHEHHBIX MO JAHHOMY JIOKYCY. ECNM OIMH rOMO3HMTOTHBIM
HYKJICOTHU]T TIOSIBJISIETCS C IOCTATOYHBIM MPOLIEHTOM (Hampumep, 70% witu Ooublie), TOraa JOKyC
MO>KHO CUMTaTh TOMO3UTOTHBIM B KI'. XOTsl reHOM OAHOMN 30pPOBOM KJIETKH MOXKET OTJIMYAThCS
OT TE€HOMa [JpPYyrod 3J0pPOBOM KJIETKHU BCJIEACTBHE CIy4YaWHBIX MyTaLMN, MNPOUCXOASALIUX
CIIOHTAHHO B npouecce aAeneHus kietku, KI' He nomkeH n3MeHAThCs,, KOrjaa UCIONIb3YeTCsl TAKON
KOHCEHCYC. B reHOMax HEKOTOpPBIX KIETOK MOIyT MPOMCXOAUTb TI€HOMHBIE IEPECTPOUKH,
Harpumep, B B- u T-numdounTax, Takue Kak NepecTPONKH, 3aTParuBarOIie TeHbl aHTHTEN U T-
KJIETOUHBIX perentopoB. Takuwe KpymHOMAacIITaOHbIE pa3iIu4Msi BCe ke OyIyT 3aTparuBaTh
OTHOCHUTENIbHO HEOOIBIIYIO MOMYJISIUI0 OT BCEH MOMYJISILIUN SIAPOCOAEPIKAIINUX KIETOK B KPOBH,
U, TAaKUM 00pa3oM, TaKHe NEepecTPOWKH He OyIyT BJIMATH HA ONpENeJeHHE KOHCTHTYTHUBHOTO
reHOMa IPU JOCTATOYHOH BBIOOpKE (Hampumep, riiyOuHE CEKBEHHPOBAHUS) KPOBSHBIX KJIETOK.

I[pyme THUIIBI KJICTOK, BKJIFOYasAa 6YKKaJ'IbeIe KJICTKH, KJICTKH KOXKH, BOJIOCAHBIC (1)OJ'IJ'II/IKyJ'IbI WJIn
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OuonTaThel Pa3MYHBIX HOPMAJbHBIX TKaHEH OPraHW3Ma, TaKKe€ MOTYT CIYXHTbh UCTOYHHKAMH
KT

Tepmun “xkoncmumymusenasn J{HK” otnocurcs k mobomy ucrounuky JIHK, kortopsrit
OTpa’kaeT I'eHETUYECKUH COCTaB, C KOTOPBIM CyOBeKT pomuics. IIpumepbl “KOHCTHTYTHBHBIX
o0pa3noB” cyObekTa, M3 KOTOPbIX MOXHO NOJy4nTh KOHCTHTYTHBHYI JIHK, BKiOHaroT
snoposyto JIHK xmerok kposu, JIHK Oykkanbhbix kinetok U JIHK kopus Bosoca. JIHK wu3
JaHHBIX 310POBBIX KJIeTOK cocTaBysieT KI' cyObpekTa. OnpenennTh, 4TO KIETKH 310POBbI, MOXKHO
MHOKECTBOM CIIOCOOOB, HAmpuMep, KOrAa HM3BECTHO, YTO MHAMBHI HE CTPAJaeT PaKOM, MU
oOpasely MOXHO TMOJIyYUTh W3 TKAHHU, KOTOpPas CKOpPee BCEro HE COAEPIKUT PAKOBBIE HIIH
npensnokadecTBeHHble KieTku (Hampumep, JHK kopHs Bojioca, KOrja IOIO3PEBAIOT pPaK
neueHn). B kauectse npyroro nmpumepa, oOpasen rmia3Mbl MOXKHO TOJYYUTh, KOTJa y MaleHTa
HET paka, W JETeKTHPOBaHHYI0 KOHCTUTyTHBHYIO JIHK cpaBHUTH C pesyibpraTamu IS
MOJIy4EHHOTO BIIOCIENCTBUHM 00pasla Iia3Mbel (HampuMep, Yepe3 roj Wi mnosxe). B apyrom
BapHaHTe pean3ali eIMHUYHBIA Ouonorundeckuii obpasen, comep:xkamuii <50% omyxoJeBoit
JIHK, MOXHO MpPHUMEHSTHh BBIIBICHHS KOHCTUTYTHBHOIO T'€HOMAa W CBSI3AHHBIX C OIMYXOJIBEO
TeHEeTHYECKNX H3MeHeHMd. B TakoM o0pasie KOHLEHTpPAlMH CBSI3aHHBIX C OMYXOJbIO
OJHOHYKJICOTUAHBIX MyTalMi OyAyT HUKE, YEM TAKOBBIE JUISI KAXKOH aJuled TeTepO3UTrOTHBIX
onHoHykJeoTuaHbIX noaumopdusmo OHIT B KI'. Takoii obpasen MoxkeT ObITH TEM 3Ke, 4TO H
Ouosormueckuii 00paser, HCIOIb3yeMbIH s OTpeieIeHusI reHoMa 00pasiia, OMUCAHHOTO HUXKE.

Tepmun "Ouonocuueckuii oopaszey" B HaHHOW 3asiBKE OTHOCUTCS K JroOoMy oOpasity,
KOTOpbIii 3a0uparoT y cyObekra (Hampumep, y 4eJOBEKa, WHAMBHUIA, CTPATAIOIIErO PaKoM,
WHUBHJIA, Y KOTOPOTO MOAO3PEBAIOT HAJHYME paka, WM y IPYTUX OPraHU3MOB), U BKIIIOYAET
OmHy WM 0ojiee MHTEPECYIOUIYI) BHEKJETOYHYI) MOJEKyJIy (MOJEKyJbl) HYKJIEHMHOBOH
KUCJOTHL. buonorudeckuii obpaser; MoxkeT Bkio4YaTh BHekJieTouHyro JIHK, dacte koTopoii
MOIJIa TIPOM3OWTH OT 3JO0POBBIX KJETOK M YacThb - OT ONYXOJIEBBIX KJIeTOK. Hampumep,
onyxoseyro JIHK MOXHO HaliTU B KPOBM WM JPYTUX MKUAKOCTSX, HANpPHUMEpP, B MOUeE,
TUIEBPAITBHON KUIKOCTH, aCLIUTUYECKOHN YKMIKOCTH, IEPUTOHEAbHON JKUIKOCTH, CIIFOHE, CIIe3ax
WIN CIIMHHOMO3TOBOH JKUAKOCTH. He OTHOCSIIUIiCS K KMAKOCTH MPUMEP MPEACTaBIseT coOOH
oOpazer] Kajia, KOTOPbI MOXKET ObIThb CMEIIaH ¢ AWAPEHHON KUIKOCTHIO. J{JIsT HEKOTOPBIX U3
TakuX OOpa3loB Owosornvyecknii oOpaszell MOXKHO TOJYYHTh HEMHBAa3MBHBIM criocodom. B
HEKOTOPBIX BaPHAHTAX PeaTU3aly OMOJIOTHYeCKHi 00pas3en MOJKHO HCIIONb30BaTh B KAUECTBE
KOHCTUTYTHUBHOTO 00pasua.

Tepmur “renom oOpasua” (takke HasbiBaemblii ['0O) mpencraBmsier coGoit Habop
CUNTBIBAEMBIX TIOCJIEOBATENbHOCTEH, KOTOpPbIe BBIPOBHSJIM C TOJOXKEHUSIMH B TI€HOME

(nampumep, reHoMe denoseka). I'enom oOpasuna (I'O) He sBisgeTcs KOHCEHCYCHOM
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NOCJIEI0BATENbHOCTBIO, HO BKJIIOYAET HYKJIEOTHIbI, KOTOpPbIE MOTYT MOSIBUTHCS TOJIBKO IpPH
JIOCTaTOYHOM KOJINYECTBE CUYHTHIBAEMBIX IOCJIEAOBATENBHOCTEN (HampuMep, MpHU MOPOTOBBIX
3HAYEHUSIX, PaBHBIX IO MeHblIeH Mepe 2 wiuu 3, wiu Oonbuie). Ecnu amnens mosiBisercs
IOCTaTOYHOE KOJMYECTBO pa3 U He sBisercs uacTbio KIT (T.e. He sBIsieTcs YacThiO
KOHCEHCYCHOW  NOCJIEIOBATENIbHOCTH),  TOTAAa  3TOT  ajuielb  MOXeT  o0O3Ha4arhb
“OMHOHYKJIEOTHAHYIO MyTauuio’ (Takke HasbiBaemyro OHM). Ilpumensii  Hacrosiee
u300peTeHne, Takke MOKHO OOHApy)KMTb JPYTHe THUIbl MyTalHil, HAampuMmep, MyTalluu,
BKJIIOYAIOIIME JBa WiM Ooyiee HYKJICOTHIOB (TakuWe, KOTOpPbIe BIMSAIOT HA KOJUYECTBO
TaHJIEMHBIX TIOBTOPOB B MHKPOCATEJUINTE, MJIM TaKUE, KaK MOJMMOP(U3M MPOCTOrO TAHIAEMHOTO
MOBTOPA), XPOMOCOMHYKO TPaHCHO3HLHUIO (KOTOpask MOXeT ObITb BHYTPHXPOMOCOMHOW HIIH
MEKXPOMOCOMHON) H HHBEPCHIO TTOCJIEA0BATEIbHOCTH.

Tepmun “pegpepencuuiii 2cenom” (Taxxke HasbiBaeMblii D1') OTHOCHUTCS K TallJIOUIHOMY
WIH JUIUIOUHOMY T€HOMY, C KOTOPbIM MOKHO BBIPOBHSITb U CpPaBHUTb CUYHUTHIBAEMBIE
MOCJIEZIOBATENILHOCTH U3 OHMOJNIOrndeckoro odpasia M KOHCTHTYTHUBHOro oOpasma. B kaxmom
JIOKyC€ TaIUIOWHOTO I'€HOMa MOXeT OBITh TOJIBKO OAMH HYKJIEOTHUA. B AumiongHOM reHome
MOXHO OOHApy KUTh I'€T€PO3UTOTHBIE JIOKYCBHI, IPU 3TOM TAKOH JIOKYC COAEPIKUT IBE aJUIEINH,
rae mrbast ajuieNb MOXKeT 00eCTIeYUTh COBMACHNE ISl BBIPABHUBAHUS C JAHHBIM JIOKYCOM.

TepmuHn “yposensv paxka” MOXKET OTHOCUTHCS K JIFOOOMY M3 NEPEUMCICHHOTO: HAJMYHUIO
paka, CTaguM paka, pa3Mepy OIyXOJH W/HWIN IPYyrMM MepaM TsDKECTH paka. YpPOBEHb paka
MOXKET MPENCTABIATh COO0H KOIMYECTBO MM IPYTYIO XapaKTePUCTHKY. Y POBEHb MOXET ObITh
paBeH HyII0. YPOBEHb paka TAaKK€ BKIIOYAET NPEA3JIOKAY€CTBEHHbIE WU TPEAPaKOBbIE
COCTOsIHUS (CTAaTyChl), ACCOLIMMPOBAHHBIE ¢ MyTalLMsMU WJIM MHOXKECTBOM MyTalMi. YpOBEHb
paka MOXXHO HCIIOJIB30BaTh pPa3JIMuHbIMH criocobamu. Hampumep, B pesysibTaTe CKpUHHHTA
MOYKHO TIPOBEPHUTh HAJIMYHME Paka y KOro-iudo, y KOro panee He ObuT BbIsiBJIeH pak. OueHka
MIOMOJKET HCCIIEeIOBAaTh KOro-JnO0, y KOro ObUT JUATHOCTUPOBAH pak. JleTeKTUpOBAHHE MOXKET
O3Ha4YaTh 'CKPUHUHI' MJIHM MOJKET O3HA4aThb MPOBEPKY TOTO, CTPAAAET JIU PAKOM KTO-THOO, Y
KOTO OBLTH IETEKTHPOBAHBI MPU3HAKH, MMO3BOJISIOIINE MPEAOIOKHITh HATMYHNE paka (Hampumep,

CUMIITOMBI WU JPYTUEC MOJIOKUTECIbHBIC aHaJ'II/ISI:»I).

ITonpoGHoe onucanne n300peTeHus
HpeI[J'IO)KeHbI BAPUAHTBI peau3aliid AJisd ACTCKTUPOBAHHA pPakKa IMyTEM aHajn3a
Ouonorunueckoro obpasua (Hanpumep, odpasla MmIa3Mbl/CbIBOPOTKH KPOBH), KOTOPBI HE OepyT
HEMOCPEACTBCHHO M3 OIMYXOJIM U KOTOprfI COACPKUT BHEKIICTOUYHBIC HYKJICMHOBBLIC KHUCJIOTHI.
Buexnerounsie HYKJICMHOBBIC KHCJIOTbBI MOT'YT HNPOUCXOAUTb H3 PA3JIUYHbIX TUIIOB TKAHHU IO

BCeMy OpraHu3My. Takum oOpa3oM, MOKHO MPOBECTH OOLIUPHBIN aHATU3 AJIs AETEKTHPOBAHUS
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Pa3IMYHBIX PAKOBBIX 3a00JIeBaHUN.

I'enetnueckue aleppanyu  (BKJIHOYAs OAHOHYKJEOTHIHBIE MYTaLUH, JEJIELUH,
aMITMpUKALMY U EPEeCTPONKH) HAKAIIMBAIOTCS B OIMYXOJEBBIX KJIETKAaX B MPOLECCE PA3BUTHUS
pakoBbIX 3a0ojeBaHuil. B BapuaHTax peajuzaliiyd MOXHO NMPUMEHSTh MAaCCOBOE MapaljiesibHOe
CEeKBEHHPOBAaHUE Il JETEKTUPOBAHUS U OINpeNeNeHUs KOJIUYeCTBA OJHOHYKJIEOTHIHBIX
mytauuii (OHM), Takke Ha3bBaeMbIX OJHOHYKJIeoTUAHbIMM Bapuanusmu (OHB), B
OMOJNIOTUYECKUX KUIKOCTSX (HampuMep, Ijia3Me, CBIBOPOTKE, CIFOHE, aCLIUTHYECKOM KUIKOCTH,
TUIEBPAITBHOMN JKUAKOCTH M CTUHHOMO3TOBOM JKUIKOCTH), YTOOBI OOHAPYKHUTh U KOHTPOJIUPOBATH
pakoBble 3aboneBanus. AHanmu3 komumuectBa OHM (mnm npyroro THma MyTauuil) MOXKeET
o0ecreynTh MEXaHHU3M OIpPENEeNICHUs] PAHHUX CTAauil paKka B paMKaxX CKPUHHHIOBBIX TeCTOB. B
pPa3MUYHBIX BapHaHTaxX peanu3auuu  3a00TSATCA O TOM, 9YTOOBI OTJIMYUTH  OIIMOKH
CEeKBEHHPOBAHUSI M OTJIMYUTH CIIOHTAHHBIE MYTAllUH, MPOUCXOISIINE B 3I0POBBIX KJIIETKAX
(Hanpumep, TpeOysl IETEKTHPOBAHUS B KOHKPETHOM JIOKyce Heckonpkux OHM, Hampumep, mo
MeHbLIeH Mepe 3, 4 win 5).

B HEKOTOpBIX BapHaHTaX pealu3alui TAKXKe MPENJIOKEHbl HEMHBA3HUBHBIE CIOCOOBI
aHaJM3a TeTEPOreHHOCTH OIYyXOJH, KOTOPbIE MOTYT BKJIFOUATh KJIETKH M3 OFHOM U TOH Ke
OmnyxoJiH (T.€. BHYTPUOIYXOJIEBasi T€TEPOreHHOCTb) NI KJIETKU U3 PA3NIMUHBIX oryxouneit (inbo
U3 TOro ke caiiTa, JuOO W3 Ppa3NMUYHBIX CANTOB) BHYTPU opraHusma. Hampumep, MOXHO
HEMHBA3UBHO IPOAHAIU3UPOBATh KJIOHAJIBHYIO CTPYKTYPY TaKOHl IeTepPOreHHOCTH OITyXOJIH,
BKJIOYasl OLIEHKY OTHOCHTEJIBHOM MacChl OMyXOJIEBBIX KJIETOK, COAEPIKALIUX KAKAYIO MyTALHUIO.
MyTauuy, KOTOpbIE MPHCYTCTBYIOT B Oojiee BBICOKMX OTHOCHTENIBHBIX KOHLIEHTPALHSIX,
NPUCYTCTBYIOT B OOJIbIIEM KOJHYECTBE 3JIOKAYECTBEHHBIX KJIETOK B OpPTaHU3ME, HATNpuUMep, B
KJIETKaX, KOTOpbIE MOSIBHJINCH paHbIIE B MPOLECCE OHKOTeHE3a IO CPABHEHUIO C IPYyTHMHU
3JI0KAUYECTBEHHBIMU KJIETKAMH, TaKke MpUCyTCcTByrommMu B opranusme (Welch JS u np. Cell
2012; 150: 264-278). Oxupaercs, 4TO TAKUE MyTallUH, BCIEACTBUE UX OOJIbIIEH OTHOCUTENbHOMN
pacmpocTpaHeHHOCTH, ofecredar OOJBIIYI) JAHATHOCTHYECKYH) UYyBCTBUTEJNBHOCTH IS
nerektupoBanuss  pakoBod  JIHK, 4yem  TakoBple ¢  MEHbLIEH  OTHOCUTEJBHOMU
pacupoOCTPaHEHHOCTHIO. Ilepuonuueckuii ~ MOHUTOPUHI  WU3MEHEHUS OTHOCHUTEBbHON
PacIpOCTPAaHEHHOCTH MyTalWi 00eCreunT BO3MOKHOCTh HEMHBA3UBHOTO KOHTPOJSI H3MEHEHHH
B KJIOHAJIbHOM COCTaB€ OITyXOJIeH, JTMOO CIIOHTAHHBIX IO MEpEe MPOrPECCHPOBAHUS 3a00IEeBaHNS,
mbo B OTBET Ha JieueHue. Takas uHpopmauus Oyner mojiesHa Ui OLEHKH MMPOrHO3a WIIN IS
PaHHETO JEeTEeKTUPOBAHUS YCTOWYMBOCTH OITYyXOJIH K JIEUEHUIO.

L BBEJEHHUE
MyTaium MOTyT BO3HUKATh B IIPOLIECCE ACTECHUS KJIETKH U3-3a OMIMOOK MPH PEIUTUKALIIH

JHK w/umn penapanuu JITHK. OguH Tun Takux MyTauil BKIOYAeT U3MEHEHHE OTHEeIbHBIX
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HYKJICOTHZIOB, KOTOPOE€ MOXKET TPOMCXOAUTh B HECKOJIBKHUX IIOCJIEAOBATENIbHOCTIX W3
paznuuHbIX obsacreil renoma. Kak mpasuiio, monararor, 4To pakoBble 3a00/€BaHUs BOZHUKAIOT
BCJICACTBUE KJIOHAJIBHOM 5SKCIAHCHUM OTAEJIBbHOM PAaKOBOM KIJIETKH, KOTOpas MOJy4uiia
NpeuMyIIecTBO pocra. Takas KJIOHaJbHAsE OSKCMaHCUs OyneT NPUBOAUTb K HAKOIUIEHHIO
MyTauUuuid (HarmpuMmep, OZHOHYKJIEOTHUIHBIX MYTAlMii) BO BCEX PAKOBBIX KJIETKaX, KOTOpBIE
NPOU3OLUIN OT MCXOMHOW PAaKOBOH KJIETKH. Y TaKUX BTOPUYHBIX OMYXOJIEBBIX KJIETOK Oyner
OMHAKOBBI HaOOp MyTaluii (HampuMep, OJHOHYKJICOTUIAHBIX MyTauuii). B maHHO! 3asBke
OMHCAHO, YTO ACCOLMHPOBAHHBICE C PAKOM ONHOHYKJICOTHIHbIE MyTalUUd OOHAPY)KMBAKOT B
TUIa3Me/ChIBOPOTKE MALUEHTOB C PAKOBBIMU 3a00JICBAHUSIMHU.

Hekotopble BapuaHThI peaiu3aliy MO3BOJSIOT 3(P(EeKTHBHO OCYLIECTBUTH CKPHHUHT
BCEX MyTalMi B OumosorndeckoM oOpasie (Hampumep, B IUia3Me WIH ChIBOPOTKe). Tak Kak
KOJINYECTBO MyTalUil HEe (UKCUPOBAHO (MOKHO OOHApPY)KUTh COTHH, THICSYM WJIM MIJUITMOHBI
CBSI3aHHBIX C PAKOM MYyTAalMH M3 PAa3NIMYHBIX CyOTOMYJSIIMHA OMyXOJEBBIX KJIETOK), BAPUAHTHI
peanm3amu MOryT obOecrnednTh OOJNBIIYI0 YyBCTBHTENIBHOCTb, Y€M METOIUKH, KOTOPBIE
NO3BOJSIIOT  OOHAPYXKUTh KOHKPETHbIE MyTauuu. Jlns jerekTupoBaHHMsS paka MOXKHO
UCTIOJIb30BaTh MHOKECTBO My TallHH.

Jns Toro 4ToOBI OCYINECTBUTHh TAKOH CKPHMHUHI MHOXKECTBA HWJIM BCEX MyTalMH, B
BApUAHTAX PEATU3ALMU MOTYT MPOBOJAUTH MOUCK (HANpPUMep, CydaiiHbIi MOUCK) FeHETUIECKUX
U3MEHEeHUI B OnojorudeckoM oOpasue (Hampumep, B (PU3MONOTHYECKUX SKUIAKOCTSIX, BKIIFOUAS
IUIa3My M CBIBOPOTKY), KOTOpbI MokerT copepxkath JIHK omyxoneBoro mnpoucxoskaeHus.
ITpumenenne oOpasma, TAakoro Kak IuiasMa, W30aBisieT OT HEOOXOAMMOCTH NPOBEACHUS
MHBA3MBHOH Oworcuu omyxonu wim paka. Kpome TOro, Tak Kak CKpUHMHI MOXKET TOKpPBIBATh
BEChb '€HOM WM OoJiblive (parMEeHThl T€HOMA, TAKOH CKPUHHMHI HE OrpaHH4YeH KaKMMHU-JHOO
NEePEUYUCITUMbIMA U HM3BECTHBIMU MYTALMsSIMU, HO B HEM MOKET HCIOJIb30BATLCS JIHOOast
CyLIeCTBYIOIIasi MyTalus. bonee Toro, moCKONIbKY KOJMYECTBO My TALUil CYMMHPYETCSI IO BCEMY
IreHOMYy WJH 10 OoJbiiuM (parMeHTaM TIeHOMa, MOXKHO TNOJYy4YHTbh Oo0jiee BBICOKYIO
4y BCTBUTEJIBHOCTb.

Tem He MeHee, B T€HOME YeEJOBEKAa CYINECTBYIOT MOJUMOpP(HBbIE CAHTBI, BKIOUAs
onHOHykKJeoTuaHble monuMopdusmel (OHII), kotopele He criepyer cumrath MyTtauusimu. C
NOMOIIBI0 BAPHAHTOB pPEANHM3ALMH MOXHO YCTAHOBHUTH, IIOXOXKE JIM, YTO T'€HETHYECKHUE
U3MEHEHUs], KOTOpPbIe OBbLIH OOHAPY KEHBI, SIBJSIFOTCS CBS3aHHBIMU C PAKOM MYTALMSIMHU, FJTH OHU
NPEACTaBISIIOT co0oi moanmMop¢u3Mbl B reHoMe. Hampumep, B paMKkax BBIIBICHHUS Pa3IHIus
MEKIY CBSI3aHHBIMHU C PAKOM MYyTaLUSIMHU U ITOJIUMOP(PU3MaMH B T€HOME, BAPUAHTHI PEaIn3aLuH
MO3BOJISIIOT ONPEAENTUTh KOHCTUTYTUBHBIA [€HOM, KOTOPBIH MOXET BKJIOYATH MOJUMOP(PHUIMBL

ITonumopdusmel koHCTUTYTHBHOrO reHoma (KI') MOXHO OrpaHuuuTh NOMUMOp(HU3MaMH,
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KOTOpBIE MPEICTABJIEHBI C TOCTATOYHO BBICOKUM IMPOLEHTHBIM cozepkaHueM (Hampumep, 30 -
40%) B pe3yJbTaTax CEKBEHUPOBAHMUS.

ITocnenoBaTenpbHOCTH, TOJNyYEHHBIE M3 OHONOrMYecKoro ooOpasla, MOXKHO 3aTeM
BBIPOBHSITH C KOHCTUTYTHUBHBIM I'€HOMOM M OOHApY>KUThb BapUallM, KOTOPbIE IMPENCTABISIOT
coboit ogHonykeotuaHble MyTauun (OHM), unu npyrue tuns! mytauuii. lanaeie OHM OynyT
NPENCTaBIATh COOOW BapHallM, HE BKJIOUEHHbIE B H3BECTHBbIE MOJIMMOP(U3MBIL, H, TaKUM
00pa3oM, MOKHO OTMETHTb, YTO OHHU CBSI3aHBI C PAKOM M HE OTHOCSTCS K KOHCTUTYTHBHOMY
reHomy. Y 370pOBOro MHAMBUIA MOXKET BCTpedaTbcss HekoTopoe konuuectso OHM Benenctaue
CJIy4aiHbIX MyTallMi B 3J0POBBIX KJIETKAX, HAIIPUMEp, BOSHUKIINUX B MPOLIECCEe ACNEHUS KIETKH,
HO Y MHIUBUAA, CTPAJAIOIIETO PaKoM, X OyaeT ropa3ao OoJiblie.

Hampumep, y ctpanatomero pakoMm uHausuzaa koiuudectso OHM, nerekTupyembiX B
(U3NONOTHYECKOW  JKUAKOCTH, OyZer  BbIle, 4YeM KOJHYECTBO  MNOJIMMOP(HHU3MOB,
NPUCYTCTBYIOIIMX B KOHCTUTYyTUBHOM T€HOME TOro e MWHAUBUAA. MOXKHO CpaBHHUTH
KOJIMYECTBA BapHALUHN, NETEKTHPYEMBIX B 00pasie (YH3HOIOTHIeCKON JKUAKOCTH, COAepKAIIEM
JHK omnyxoneBoro mnpoucxoxkaenus, u B obOpasue JIHK, comepkamem npenmyInecTBEHHO
koHcTuTyTHBHYI0 JIHK. B OonHOM BapwaHTe peaiusaniii TEPMHUH ‘MPEUMYINECTBEHHO OyIeT
o3Hadath Oonee yem 90%. B apyrom mnpenmouyTHTEIHHOM BapHAaHTE pPeATH3aLMUd TEPMUH
‘mpenMyIecTBeHHO Oyner o3Hadath Oonee uem 95, 97%, 98% wumu 99%. Ecnu xomuuecTsBo
Bapuanyil B PU3NOJIOrMIECKON )KUAKOCTH MPEBBIIIAET TAKOBOE B 0Opaslie ¢ MPerMyIeCTBEHHO
xoHcTtutyTuBHON JIHK, cyliecTByer mMOBBILIIEHHAs BEPOSTHOCTb TOTO, YTO (PU3UOJOTHUECKast
JKuAKOCTh MoskeT BkmovaTh JIHK onyxoneBoro npoucxosxxaeHus.

OnHuM 13 cnoco0OB, KOTOPbIE MOKHO NMPUMEHSTD JUIs CIIy4aiHOrO TOMCKa BapHaLuil B
obpasuax JIHK, sBnsiercst ciny4yailHOe CEKBEHHPOBAHHME WJIM CEKBEHHPOBAHHUE METOAOM
“BpICTpeNIa W3 JApOOOBOrO pykbs®  (HampuMmep, TPUMEHssI MacCOBOE MapaJlIeNIbHOEe
CEeKBEHHPOBaHUE). MOXXHO MPUMEHSTHh OOy MIatGopMy Il MacCOBOTrO MapajuIeIbHOTO
CEeKBEHHPOBAHUS, BKIIFOYAsl IUIATGOPMY CEKBEHHPOBAHHUS IyTEM JWUTHPOBaHUsS (Hampumep,
mwiatdopmy Life Technologies SOLiD Platform), Ion Torrent/Ion Proton, moaynpoBomHUKOBOE
cekBeHnpoBanue, Roche 454, mmardopmbl 10 CEKBEHHPOBAHHS ONUHOYHBIX MOJIEKYJI
(marmpumep, Helicos, Pacific Biosciences u Nanopore). Kpome TOro, M3BecTHO, 4TO MOTYT
NPOUCXOANTh OIIMOKH CEKBEHHUPOBAHUS, KOTOPBIE MOTYT HEMPABHIBHO MCTOJKOBBIBATHCS KaK
Bapuauuu B koHcTuTyTHBHON JIHK mnm kaxk myrtaunuu, npoucxomsamue u3 omyxonesoi [JHK.
Taxum oOpaszom, ISt yJIydIIeHus Crieu(pUIHOCTH NPEATIOKEHHOTO HAMH TTOAX0/1A, BEPOSTHOCTD
OMOKN CEKBEHHPOBAHUS WM IPYTMX KOMIIOHEHTOB AHAJIUTHUYECKUX OLIMOOK MOKHO YYeCTb,
HanpuMep, TNPUMEHss MOIXOMIYI0 TJIyOMHY CEKBEHHPOBAaHUS Hapsaay ¢ TpeOoBaHuEM

JETEKTUPOBAHM B JIOKYCE IO MEHbIIEH Mepe ONpeAeIeHHOro KoundecTsa (Harnpumep, 2 uiu 3)
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anjenei, 4roObl cuuTaTh ero cogepxamum OHM.

B nanHHOI 3asBK€ OMMCAHO, YTO B BAPHAHTAX PEATU3ALMH MOTYT OBITh NPEACTABJICHBI
nokasarenbcTBa npucytcerus JJHK omyxoneBoro npoucxoxaeHust B OHOJOTHYECKOM o0pasie
(Harpumep, B (PU3UOJIOrMUYECKON JKUIAKOCTH), KOTAAa KOJMYECTBO CIy4alHO NETEKTHPOBAHHBIX
TeHETUYECKNX M3MEHEHHUH, MPUCYTCTBYIOIKX B 00pasle, MPeBbILIaeT TAKOBOE, OKUAAEMOE IS
xkoHcTutyTUBHON JIHK W 1y Bapmanmii, KOTOpbleé MOTYT OBITH CIy4YaiHO J€TEKTHPOBAHBI
BCJIEAICTBHE AHAJIMTHYECKUX OIIMOOK (Hampumep, OLIMOOK CekBeHHpoBaHusi). I[lonyueHHbIE
CBEIEHMs] MOXHO HCIIOJNb30BaTh JJIsI CKPUHUHIA, JHUArHOCTHKH, NPOTHO3UPOBAHUS M
MOHHUTOPHMHIA PAKOBBIX 3aboseBaHuii. B cienyromux pasgenax Mbl ONMUCAIHA AHAJIUTHUECKUE
STambl, KOTOPbIE MOXHO MPUMEHATh ANl JE€TeKTUPOBAHMsI OAHOHYKJIEOTHIHBIX MyTalUN B
TUIa3Me/ChIBOPOTKE HMJIM JIPYTHX oOpasmax (Hampumep, B (DH3HOJOTMYECKHX JKUIKOCTSIX).
DU3NONOTHYECKHE JKUIKOCTH MOTYT BKJIHOYAaTh IUIa3My, CBHIBOPOTKY, CIHHHOMO3TOBYIO
JKUJIKOCTb, IUJIEBPAJIbHYIO SKMIKOCTb, ACLMTHYIO JKUAKOCTb, BBIJENEHUS W3 COCKa, CJIIOHY,
KUIKOCTh OpOHXOAJBBEONISIPHOTO JIaBa)ka, MOKPOTY, Cle3bl, MOT W Mouy. BpobaBok
(U3UOTIOTHUECKUM KUIAKOCTSIM, YKa3aHHBIH CIIOCO0 TAK)Ke MOYKHO MPUMEHSTH 110 OTHOLIEHHIO K
o0pasuy Kaya, Tak Kak ObLJIO IOKA3aHO, YTO MOCIEIHUH MOKET cozepskarh onyxojiesyro JIHK u3
konopekTanpHoro paka (Berger BM, Ahlquist DA. Pathology 2012; 44: 80-88).

II. OCHOBHOH CHIOCOB CKPHHUHTA

Ha ¢ur. 1 npencraBnena Onok-cxema crnocoda 100 perexkTupoBaHMsS paka MWIH
NPEN3JI0KaYeCTBEHHOTO U3MEHEHHsI Y CyOBbeKTa COrJIACHO BApHAaHTAM PEAIM3ALMH HACTOSIIErO
m3o0pereHns. BapuaHThl peanu3auny IMO3BOJSIIOT aHANM3upoBaTh BHekierounyro JIHK B
Ouonorudeckom obpasie U3 CyObeKkTa AJisi AeTeKTUPOBaHMs Bapualuii Bo BHekyieTouHoi JIHK,
BEPOSATHO TMPOUCXOASIIUX W3 ONyXONW. B yKa3aHHOM aHalu3e MOIYyT HCIOJNb30BaTh
KOHCTUTYTHBHBIH T€HOM CyObeKTa, 4TOObI y4eCTb MOJUMOP(U3IMBL, KOTOPbIE MPUHAIJIEKAT
3I0POBBIM KJIETKaM, ¥ MOHO YYUTBIBAThH OIIMOKU cekBeHuposanus. Crocod 100 u moboii u3
CHoCO0OB, OMHMCAaHHBIX B NMaHHON 3asBKE MOXHO MOJHOCTBEO WJIM YaCTHYHO OCYIIECTBUTH C
TIOMOIIBEO KOMITBIOTEPHOM CUCTEMBI, BKIFOUAIOLIEH OUH HIIH OOJiee MPOLIECCOPOB.

Ha stanme 110, mony4ar0oT KOHCTUTYTUBHBIA reHOM CyObekTa. KOHCTHUTYTHBHBIN T€HOM
(KT') moxno ompenenuts no koHcturyTuBHOU JIHK uccnenyemoro cyOwekra. B pasnudHbIX
BapuaHTax peanuszauud KI' MOXKXHO cUMTAaTh U3 MaMSTH WIH ONPENEIUTb aKTHBHBIM CIIOCOOOM,
HalpuMep, MyTe€M aHajiu3a CUMTBIBAEMBIX MOCheAoBaTenbHOCTeN KoHcTuTyTuBHOW JIHK,
KOTOpasi MOKET HaxXOOUTHCA B KJIETKaX M3 o0Opasua, KOTOpbIi BKIrouaeT BHekseTouHyo JTHK.
Hampumep, ecnu  nogo3peBarOT — HAjJM4YMEe  HEreMaTOJOTMUYECKOro  3JI0KAYeCTBEHHOIO
HOBOOOpA30BaHMs, MOKHO IPOAHAJIM3UPOBATh  KJIETKM  KPOBH, YTOOBI  ONpENesuThb

koHcTutyTHBHYI0 JIHK cyOBexra.



15

B pasnumuseIX BapuaHTax peanu3auuu  aHaou3 koHcturytuBHoW JIHK  moxHO
OCYIECTBHUTD, IPUMEHSISI MACCOBOE MapaljieIbHOE CEKBEHHMPOBAaHUE, THOPUAN3ALIMIO HA YUIIAX,
rHOpUAN3ALINIO B PACTBOPE, COAEPIKALIEM 30HbI, AaHAIM3bI HA OCHOBE JIMTUPOBAHMSI, aHAJIU3bI HA
OCHOBE pEaKUuu YJIUIMHEHUs MpaliMepoB M MacC-CIeKTpoMeTpuro. B oaHOM BapuanTte
peanmuzaimu KI' MOJKHO onpenenuTs B OAUH MOMEHT BPeMEeHH JKH3HH CyObeKTa, Hanpumep, Mpu
POKACHUH WJIHM JJa)ke B MPEHATAJIbHOM Iepuoze (4TO MOXKHO OCYINECTBUTh, MIPUMEHSISI KIETKH
3aponbliia WiIM HUCHoib3ys (parmentsl BHekyerouno JIHK, cm. nyOmukammo CIITA
2011/0105353), a 3aTeM CpaBHUBATh C HUM PE3yJIbTAThl U (PU3UOJOTHUECKUX JKUAKOCTEH WITN
Apyrux 0OpasioB, MOJYYECHHBIX B APYTHe MOMEHTBI BpEMEHH JKU3HU cyObekTa. Takum oOpaszom,
KI" MOXHO mpOCTO CUMTATh U3 NMaMITH KOMIbIOTEpPa. KOHCTUTYTUBHBINA M'€HOM MOKHO CUUTATh B
BUJI€ TIEPEYHS JIOKYCOB, MO KOTOPBIM KOHCTUTYTHBHBII I'€HOM OTJIHYAeTcs OT pedepeHCHOro
reHoma.

Ha stane 120 nmony4aroT oguH uiu 0ojiee MapKepoB MOCIEAOBATEIbHOCTH JUISl KAKIOTO
u3 MHOkecTBa ¢parmentoB JIHK B Ouomornueckom oOpasne cyObekTa, ecinu OHONOruvecKuit
oOpaszen conepxut BHeKyIeTounyo /IHK. B ogHOM BapuaHTe peann3anuyl YKa3aHHbBIA OOMH I
Oosee MapkepoOB MOCIIENOBATENBHOCTH TOJYYAOT B PE3YJbTATE CIYYaHHOTO CEKBEHHUPOBAHHS
¢parmenToB JIHK B OGuonorndeckom obpasne. boyee ueM oguH Mapkep MOCIeIOBATEIBHOCTH
MO’KHO MOJIyUYUTh TNPU OCYINECTBICHUH CEKBEHUPOBAHUs CNApPEHHbIX KOHLOB. OauH Mapkep
OyieT COOTBETCTBOBATh Ka)kaoMy KoHIy ¢parmenra JJHK.

MOo>kHO NPOBECTU aHAJINU3 HAJMYUS T'€HEeTUYEeCKUX M3MeHeHuil Bo BHekneTouHou JIHK B
oOpasue (Hampumep, B IJIa3Me, ChIBOPOTKE WJIM IPYrodl OMOJIOTMYeCKOi KUAKOCTH). MOXKHO
npoBecTH aHanu3 BHekierouHou JIHK, mpumeHsisi Takyro K€ aHAJIUTHYECKYIO ILUaThopmy,
KOTOPYIO MPUMEHSIA 1 aHalin3a koHcTuTyTuBHOU JIHK. B KkauecTBe anbTepHATHBBI, MOKHO
NPUMEHSITh OTJIMYHYIO aHAJIUTUYECKYr0 rardopmy. Hampumep, obpasen Baeknetounoi JITHK
MOKHO CEKBEHHpPOBaTh, NPHUMEHss MacCOBOE IMapajuielbHOE CEKBEHUPOBAHME, WM MOKHO
3aXBaTHTh YaCTH I'€HOMA WJIM O0OTaTUTh MaTepHall YacTSMU reHOMa 10 MPOBEASHUS MaCCOBOTO
NapaJIeIbHOTO CEKBEHUPOBAaHMA. lIpM WCHONB30BaHUMM OOOTalIeHUsT MOXKHO, Harpumep,
NPUMEHSTh KUAKO(A3HBIH WM TBepAOo(da3HbIA 3aXBaT BBIOPAHHBIX YacTel TIeHOMa. 3arem
MOKHO OCYILECTBUTh MaCCOBOE MapasuieibHOE CEKBEeHHpOoBaHue 3axpaueHHoN JIHK.

Ha stane 130 ompenenstoT MONOXKEHUS B I€HOME MAapKEepOB MOCIEAOBATENbHOCTH. B
OHOM BapHaHTE pPEATHM3aLUU MapKephbl MOCIEAOBATENIbHOCTH BBIPABHUBAIOT C peepeHCHBIM
I€HOMOM, KOTOPBIH MOJNYYaIOT U3 OJHOTO WM Oosee Opyrux cyObekToB. B mpyrom BapuaHTe
peanu3zalid MapKepbl I'€HOMHBIX IOCJIENOBATENbHOCTEl BBIPABHUBAIOT C KOHCTUTYTHUBHBIM
I€HOMOM HCClielyeMoro cyObekTa. BripaBHMBaHHE MOJKHO OCYIIECTBHUTD, IPUMEHSISI METOUKH,

W3BECTHBIC CMEIUAINCTY B JAHHOH O0JIacTH, HapuMmep, MPUMEHsIsI OCHOBHOE CPEICTBO TMOUCKA
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nokanbHOro BhipaBHuBaHMs (BLAST).

Ha stane 140 onpenensroT nepBoe KOJUYECTBO JIOKYCOB, B KOTOPBIX IO MEHbLIEH Mepe
N MapkepoB MOCJIENOBATENBHOCTH COAEP:KAT BAPUAHT IOCJIENOBATENbHOCTH MO CPAaBHEHUIO C
koHCTHTYTUBHBIM TreHoMoM (KI'). N paBHO mim Gonbine nByx. Hmwke mogpoGnee obcysknaercs,
YTO OMMOKM CEKBEHHPOBAHWS, a TaKXKe COMATUYEeCKHE MyTalWH, CIy4aiHbIM 00pazom
BO3HUKAIOIME B KJIETKaX (HampuUMep, B pe3yJbTaTe AEJCHUs KJIETKH), MOXKHO YCTPAaHUTb,
TpeOys, utoOpl N ObuTO paBHO 2, 3, 4, 5 wnu Oonbime. JIOKyChl, KOTOpBIE yAOBIETBOPSIOT
OOHOMY WM OoJjiee ONMpeneNeHHbIM KPUTEPUSM, MOXKHO CYHTATh MyTalued (BapHaHTOM) MU
MyTaHTHBIMH JIOKYCaMU (M3MEHEHHBIMH JIOKYCaMH), TOTIa KaK JIOKYC, COAEP KA BAPHUAHT, HO
HE YJIOBJIETBOPSIFOIINN YKAa3aHHOMY OJHOMY MM OoJiee KpUTEPHsIM (HarmpuMep, TOJIbKO OUH
MapKep M3MEHEHHOH MOCIEeNOBATEIBHOCTH), OTHOCAT K MOTEHIHMAIBHONW HMJIM MpPEeAIojaraeMon
MyTallid. B mOCIenoBaTenbHOCTH MOXKET OBbITh W3MEHEH TOJIbKO OAMH HYKJICOTHUH HIIH
MHO>KECTBO HYKJIEOTHUIOB.

N MOXHO OIpenenuTh Kak MPOLIEHT OT BCEX MapKepOB JIJIsl HEKOTOPOTO JIOKYCa, & HE Kak
abcomoTHOe 3HaueHue. Hampumep, W3MEHEHHBIH JIOKYC MOXHO OOHApyKUTh, KOTJa
omnpeneneHHas (pakuuoHHass KoHIeHTpanus omyxosieBolt JIHK, momydenHas B pe3syibrare
BApUAHTOB CYHUTHIBAEMBIX IIOCIIENOBATENbHOCTEH, paBHa miu Oomibme 10% (wnm HEKoTOporo
APYTOro mpoueHTa). JIpyruMu CioBaMH, €CJIM MOKPBITHE JOKyca cocTaBisieT 200 CUUThIBAEMbBIX
NOCJIEIOBATENBbHOCTEH, B KadeCTBe KPUTEpHs IJIsl ONPENENeHUs TOro, YTO JAHHBbIM BAapHAHT
SBJSIETCSl  MyTalMeidl, MOXHO moTpeboBaTh MO MeHbimed Mepe 10  cuUUTHIBaeMBIX
NOCJIENOBATENbHOCTEH, B KOTOPBIX BbIABJIEHA BapuaHTHas ajuiedb. 10 CUUTHIBAEMBIX
MOCJIEIOBATENbHOCTEN BapuaHTHON ajienu U 190 cuuTbiBaeMbIX MOCIEAOBATENBHOCTEN ajlienn
IMKOTO THUIA O3HA4YaeT, uTo (ppakuuoHHAs KoHUeHTparws omyxonesoit JJHK cocrasnser 10%
(2x10/(10+190)).

B onHOM BapuaHTe peamu3ali MapKepbl MOCIEIOBATENbHOCTH (B COBOKYITHOCTH
Ha3bIBa€MbIe TEHOMOM 00pa3iia) MOKHO CpaBHUTH HemocpencTtBeHHO ¢ KI', 4ToObl onpenenutsb
BapuaHThl. B npyrom Bapuanre peanmsaunu renom odpasua (I'O) cpaBauBaroT ¢ KI' ¢ momorsto
pedepencHoro reroma (OI7), utobbl ompenenuth BapuanThl. Hampumep, xak KI', tak u 'O
MOYKHO CPaBHUTH ¢ I, 4T0OBI ONpeAeTUTh COOTBETCTBYIOIINE KOJMUECTBA (Hanpumep, Habopbl)
JIOKYCOB, B KOTOPBIX JETEKTHPOBAHBI BAPUAHTHI, & 3aT€M MOKHO BBIUYUCIHTH Pa3HOCTh, YTOOBI
MOJIyUUThb NEPBOE€ KOJIMYECTBO JIOKYCOB. IlepBoe KOIM4ecTBO MOXKHO MOJNYyYHUTh NIPOCTO B BUIE
KOJIMYECTBA, WJIM OHO MOXKET COOTBETCTBOBATH OIPEIEIIEHHOMY Ha0Opy JIOKYCOB, KOTOpBIE
3aTe€M MOXKHO JIOTIOJIHUTENbHO MPOAaHAIM3UPOBATh, YTOOBI ONPENEIUTh MapaMeTp 1Mo MapKepam
MOCJIEI0BATENBHOCTH B NIEPBBIX JIOKY CaX.

B OJHOM BapHUAHTE peain3ann CpaBHUBAIOT PE3YyJIbTAaThL CCKBCHUPOBAHMU
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koHctutyTHBHOM JIHK w JIHK B masme, d4roObl oOmnpenenwutb, NPUCYTCTBYET JIH
ogHoHykyeotuaHas mytanus B JIHK B mmazme. MoxHO npoaHanu3upoBaTh 00NaCTH, B KOTOPBIX
xoHcTuTyTHBHAs JJHK romosurorsa. C nenpro WLTIOCTPUPOBAHUS MPEANOIOKUM, YTO T€HOTHI
B OIpeneneHHoM Jiokyce koHctutyTHBHOH JIHK romosuroren m mpeacrasisier coboii AA.
Torna mnpucyTcTBHe B IUIa3Me ajulens, OTIMYHOrO OT A, OyZer CBUIETEIbCTBOBATH O
NOTEHLHAJIBHBIM TPUCYTCTBUU ONHOHyKJIeoTHaHOH MyTtaumun (OHM) B nmaHHOM JOKyce.
Jlokychl, B KOTOPBIX BBISIBIEHO MOTeHIHaNbHOE npucyTcTBue OHM, MOryT COCTaBISITH MepBOE
KOJIMYECTBO JIOKYCOB Ha 3tane 140.

B onnOM BapuaHTe peanu3aluy MOKET OKa3aTbCsl MOJE3HBbIM HallEIMBAHME HA 4YacCTU
I€HOMa, KOTOpbIE, KaK U3BECTHO, OCOOEHHO MOJBEPKEHBI My TALIMSIM ITPH KOHKPETHOM THUIIE paKa
WIN B KOHKPETHOW cyOmomyssiuuu. B OTHOLIEHWM MOCHIENHEro M3 YIOMSHYTBIX acleKTOB, B
BAPUAHTAX pEAIN3aLUU MOXHO HCKAaThb THUMIBl MYTalUi, KOTOPbIE OCOOEHHO IIHPOKO
pacnpoCTpaHeHbl B ONPEAENICHHON MOMYyJSIUOHHOW IpyNIe, HampuMep, MyTaluH, KOTOpbIE
0COOEHHO PaCIpPOCTPAHEHbI Y CYOBEKTOB, KOTOPBIE SIBJIAIOTCS HOCUTENSIMU BUpyca rernatura B
(mu1st paka meveHn) WM BHPycCa ManMUIOMBbI YeJIOBEKa (U1 paka IIEHKH MaTKH), WK Y KOTOPBIX
€CTb Ie€HETUYECKas MPEAPACIIONOKEHHOCTh K COMATHYECKUM MYTALWsIM, WJIH Y CyOBEKTOB C
reHepaTUBHBIMU MyTallUsIMU B reHe penapaunu HecoBnaneHuil JIHK. Ykazannblit ciocob Taxske
Oyner mosie3eH JJIsi CKPUHUHTA HAJTMYUS MyTaLU{ MIPH pakax SMYHUKOB M MOJIOYHOH JKeNe3bl y
cyObpekToB ¢ myTtauusimu B reHax BRCAI win BRCA2. Cnocob Takxke Oyner moseseH s
CKPUHUHIa HAJIUYUS MyTalMi NPU KOJIOPEKTAJIbHOM pake y CyOBEKTOB € MyTallUsMU B I€He
APC.

Ha otane 150 mapamerp oOmpenenstoT Ha OCHOBAHMM IIOJACYETAa MapKepOB
MOCJIEIOBATEIPHOCTH C BAapUAHTHON IOCJIENOBATEIbHOCTBIO B IEPBBIX JIOKycax. B omHOM
npuMepe YKa3aHHbBIM MapaMmeTp MPencTaBiIsieT CoOOH MepBoe KOJUYECTBO JIOKYCOB, B KOTOPBIX
no menbineit Mmepe N ¢parmento JIHK comepskaT BapraHT MOCIENOBATEILHOCTU B JIOKYCE TIO
CPAaBHEHHIO C KOHCTUTYTHUBHBIM T€éHOMOM. Takum 00pa3oM, MOXHO HCIIOJIb30BaTh IMOJCYET,
9TOOBI MPOCTO YAOCTOBEPHUTHCS B TOM, YTO B JIOKYCE JIETEKTHPOBaHO Oonee demM N Komui
KOHKPETHOT'O BapHaHTa, YTO OMNPENENSIOT MEpPed €ro BKIIOYEHHEM B NEePBO€ KONIMYeCcTBO. B
APYTrOM BapHaHTE peasn3aliy yKa3aHHbIN MapaMeTp MOXKET MPEACTaBISATh COOON MIIN BKITFOUATh
CyMMapHO€ KOJUYE€CTBO MAapKEpPOB MOCJIEIOBATEIBHOCTH C IMOCJIEAOBATEIBHOCTBIO B IEPBbIX
JIOKYCax, U3MEHEHHOW OTHOCUTEJIBHO KOHCTUTYTUBHOIO T€HOMA.

Ha »tame 160 mapamerp st CcyObeKkTa CpPaBHUBAIOT C TIOPOTOBBIM 3HAYEHUEM
(HampuMep, TMONYYEHHbIM M3 OAHOTO WJM Ooyiee APYrux CyOBEKTOB), YTOOBI ONpPENeIHuTh
KJIaccu(pUKALMIO YPOBHs paka y cyObekra. IIpuMepsl ypoBHS paka BKIIOUAIOT HAJH4YUE paka

UK NpPEeA3JIOKAYECTBEHHOTO COCTOSAHUA Y Cy6"beKTa, WUJIM NOBBIMNICHHYI0 BEPOATHOCTD PA3BUTUA
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paka. B omHOM BapumaHTe peanu3aly IOPOrOBOE 3HAUEHHE MOXKHO ONpENeNHnTb B 00pasle,
TIOJIyY€HHOM U3 JaHHOTO CyOBbeKTa paHee.

B npyrom BapmaHTe peanu3alil MOJKHO YCTAHOBHTBH, UTO OJWUH WJM Oojiee Apyrux
CcyOBEKTOB HE CTPAAIOT PAKOM MM 00JIaal0T HU3KUM PHCKOM pa3BUTHS paka. Takum oOpaszom,
NIOPOrOBOE 3HAUEHHE MOXKET NPENCTaBIsITh COOOW HOPMAlbHOE 3HAY€HUe, HOPMAJIbHbIA
AMAna3oH WM 00O3HAYaTh CTATUCTUYECKH 3HAYMMOE OTKJIOHEHHE OT HOPMAJIbHOTO 3HAUEHUS
win auanasoHa. Hanpumep, konudecTBo MyTanuii o cpaBaeHuio ¢ KI' KOHKpeTHOro cyObekTa,
oOHapy’kuBaeMoe B IUIa3Me CyOBEKTOB, HE CTPaJarOLIMX pPaKOM, WIH C HU3KUM DPHCKOM
Pa3BUTHS paKa, MOXKHO UCIIOJIb30BaTh B KAYECTBE HOPMAJILHOTO THAITA30HA, YTOOBI ONPENEIIHTD,
SBJISIETCS. JIM KOJIMYECTBO MYTALWi, JETEKTHPOBAHHBIX Y HCCIEIOBAHHOTO CYOBEKTa,
HOpMaJibHBIM. B Ipyrom BapuaHTe peaju3alid MOKET ObITh M3BECTHO, YTO JAPYTHE CYyOBEKTHI
CTPAIAIOT PAKOM M, TAaKUM 00Pa30OM, aHAJOTHMYHOE KOJMYECTBO MYyTAaLMH MOXET yKa3blBaTh Ha
HAJIMYHE paKa.

B onHOM BapmaHTe peanM3anMy APYTHUX CYOBEKTOB MOXKHO BBIOPATb TaKUM OOpasom,
9TOObl WX KIMHUYECKHE CBOWCTBA COBMAJANN C TAKOBBIMH Y TECTHPYEMOIO CYOBEKTa,
HarpuMep, IOJI, BO3PACT, PEKUM IHUTAHUS, NMPUBBIYKA K KYPEHHIO, JIEKAPCTBEHHBIN aHAMHES,
npeAlmecTByroee 3a0ojleBaHne, CEeMEWHbI aHAMHE3, I'€HOTHIIbI B BBIOPAHHBIX T€HOMHBIX
JIOKyCax, CTaTyC B OTHOIIEHHH BUPYCHBIX MH(peKIuil (HanmpuMep, MHQEKUUH BUPYCOM renaTura
B nnu C, unu BUpyCOM ManuiuioMbl 4eJIOBEKAa, MIJIM BUPYCOM MMMYHOAE(PHUIINTA YeNIOBeKa, WIN
BUpycoM JmnureiiHa-bapp) wnu unpexuuit Apyrumu MHQEKIMOHHBIMM areHTaMu (TaKMMH Kak
Oaxrepun (Hanpumep, Helicobacter pylori) u napasutsl (Hanpumep, Clonorchis sinensis), u
T.1.). Harmpumep, y cyOBeKTOB, KOTOpbIE SIBISIFOTCS HOCHTEISIMU BHpyca rematura B wmm C,
TIOBBILIEH PUCK PA3BUTHUS MEUEHOYHO-KJIETOUYHON KAPIIMHOMBI. TakuM 00pa3oM, MOKHO CUUTATH,
YTO Y TECTUPYEMBIX CYOBEKTOB, Y KOTOPBIX KOJHYECTBO MYTALMH WIM TATTEPH MyTaLUN
aHAJIOTHYHBI TAKOBOMY y HOocHTens renaruta B unm C, NMOBBIIIEH PUCK Pa3BHTHUSI MEUYEHOYHO-
KJIETOUHOM KapuuHOMBL. C Apyroil CTOpoHbI, y manueHTa ¢ rematutoM B wmm C, y xotoporo
oOHapy>kmin OoJpliee KOJHMYECTBO MyTAalMH, YeM y APYroro MalfeHTa ¢ remaTUTOM, MOXKHO
NPaBWIIBHO KJIACCH(PHULMPOBATh YPOBEHb paka Kak 0ojee BBICOKHH, MOCKOJBKY HCIOIb3YETCs
NOAXOJAINEee HMCXOAHOE COCTOSIHUE (T.€. CPaBHEHHE C IPYTMM MALHEHTOM C TeNaTHTOM).
AHaNOrU4HO, y CyOBEKTOB, KOTOPBIE SIBJISIFOTCS HOCUTESIMA MH()EKIMN BHPYCOM MAIUIUIOMBI
YeJIOBEKa, MOBBIIIEH PUCK paka LIEWKH MAaTKH U paka TroyioBel W meu. MHpekims Bupycom
OmmureiiHa-bapp Obuta cBsi3aHa € KapIMHOMOH HOCOTJIOTKH, PAaKOM JKeNlyaka, JUM(POMOH
XOmKKIMHA U HEXOKKHHCKON numbomoit. Uudexuus Helicobacter pylori Ovina cBs3ana ¢
paxom xenyaka. Uadexuus Clonorchis sinensis Oblia CBsi3aHa ¢ XOJAHTMOKAPIIMHOMOM.

MOHI/ITOpI/IHF U3MEHEeHUH KOJUYeCTBa MYTaL[I/Iﬁ B Pa3JIMYHBICE MOMECHTBI BPEMCHHU MOKHO
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NPUMEHSTh JUIsI KOHTPOJISL MPOTPECCHPOBAHUS paka M OTBETAa Ha JieueHue. Takoi MOHUTOPHHT
TaKXK€ MOKHO TPHMEHSTh Ul TOATBEPXKACHUS MPOTrPECCUPOBAHMS IPEN3JIOKAYECTBEHHOTO
COCTOSIHUSI WJTM U3MEHEHHsI PHCKa TOTO, UTO y CyOBeKTa pa3oOBbETCS Pak.

KonuuecTBo MapkepoB MOCIEAOBATENBHOCTH, B KOTOPBIX BBbISBJIEHBI BapUALUH, TaKxkKe
MOKHO MCHOJIBb30BaTh Uil MOHHTOpUHra. Hampumep, MOXHO NPUMEHSTh (HPaKLIMOHHYIO
KOHLIEHTPALMIO CYUTHIBAEMBIX TOCJIEAOBATENILHOCTEN BapiaHTa B HEKOTOPOM JIOKyce. B ogHOM
BapUAHTE peaM3alMyi TMOBbIMEHHE (PAKIHOHHBIX KOHLIEHTPALUN CBS3aHHBIX C OIMYXOJbIO
reHeTH4YecKnx abeppauuii B oOpasuax Mpu OCYIIECTBIEHHH CEPHUHHOTO MOHHUTOPHUHTA MOXKET
o003Ha4YaTh MpOrpeccUpoBaHUe 3a00NeBaHMA WIM YIPOXKAOMUN peruauB. AHAJOTMYHO,
yMEHbLIeHNEe (PPAKLIMOHHBIX KOHLEHTPAIMH CBSI3aHHBIX C OMyXOJIbI0 TeHETHYECKUX abeppanuii B
o0pasuax nmpu OCYIIECTBICHUU CEPUITHOIO MOHMTOPHUHIA MOKET 0003HAa4aTh OTBET Ha JICYCHHUE,
W/ WA PEMUCCHIO, /WU OTarOnpUsiITHBINA MPOTHO3.

II1. ONPEJAEJEHUE 'EHOMOB

Paznuunble reHOMBI, OOCykmaemble Bbille, Oosee MOAPOOHO OOBSICHEHBI HIIKE.

Hanpumep, obcyxnaroTcst peepeHCHbII reHOM, KOHCTUTYTUBHBIN T€HOM U 'eéHOM 00pasna.
A. Pecgpepencnsiii cenom

Pedepencuriii rerom (DI) OTHOCUTCS K TarUIOMIHOMY WJIM JUIJIOUTHOMY T€HOMY
cyObeKTa WM K KOHCEHCYCY y HomnyJsinuu. PedepeHcHBI TeHOM M3BECTEH U, CIIEN0BATEbHO,
€ro MOXXHO NPUMEHSTb ISl CPaBHEHUS C HUM CUHUTBHIBAEMBIX IIOCJIEAOBATENBHOCTEH Mpu
CEeKBEHHUPOBAHUH F€HOMOB HOBBIX ManneHTOB. CUMThIBaEMbIE ITOCIEIOBATEILHOCTH s 0Opasua
NALMEHTa MOXKHO BBIPDOBHSTb M CPaBHHUTb, 4YTOOBI ONPENENIUTh BapUallMd B JAHHBIX
CUMTBIBAEMBIX IIOCJIEIOBATENPHOCTAX MO CpaBHeHHIo ¢ OI'. B KakaoMm JIOKyce ramiougHOro
I€HOMa MPHUCYTCTBYET TOJBKO OJWUH HYKJICOTHI, M, CJIEJOBATENbHO, KAXABIH JIOKYC MOXHO
CUMTATh F€MU3UTOTHBIM. B IUIJIONAHOM reHOMe MOXKHO OOHApPYy KHTh FeTePO3UTOTHBIE JIOKYCHI,
IPU 3TOM TakKue JIOKYChl COIEpPIKAT JBE JUICIH, W NPU BbIPABHHUBAHMU C JAHHBIM JIOKYCOM
COBIAJICHUE MOXKET OBITH C JIFOOOM aJIeNblO.

PedepeHcHBIi TeHOM MOXeT OBITh OAMHAKOBBIM Y TMONyJSIIUUA CyOBekTOB. Takoii
OIMHAKOBBIH pe(EepeHCHbII TEHOM MOXHO HCIOJIb30BaTh U ONPENEeNeHUs y 3A0POBBIX
CyOBEKTOB MOAXOSIIEro Mopora sl MPUMEHEHUs! s KiacCH( KAy nanueHTa (Hanpumep,
KaK UMEIINEro WM He HMMEILero pak). TeM He MeHee, MOXKHO INPHMEHSTh Pa3INIHbIE
pedepeHCHbIE TEHOMBI IJIsI PA3JIMYHBIX MOMYJLSIIUN, HAPUMED, IUIA PA3IMYHBIX STHHYECKHX
TPYII WJTH JJaXKe IS PA3JIMYHBIX CEMEH.

B. Koncmumymusnuwiit 2enom
Koncrurytusneiii resom (KI') cyOwvekra (Hampumep, uenoBeKa WM APYroro

IWIUIOUAHOTO OpraHU3Ma) OTHOCHUTCS K JUIUIOMJHOMY IeHOMy cyObekTa. B rereposurorHbIx
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aokycax KI' MOXHO TOYHO ONpenenuTh, YTO NepBasi ajuleb NPUHAJIEKUT NEPBOMY TarIOTUITY
U OTJIMYHAsl BTOpas ajulesib NPUHAAJIEKUT BTOpoMy ramioruny. Crneayer OTMETHTb, UTO
CTPYKTYypBl [BYX TaIUIOTUIIOB, KOTOPBIE OXBAaTbIBAIOT JBa TIETEPO3UTOTHBIX JIOKYCa, HeE
00s13aTeNbHO JOJDKHBI OBITh W3BECTHBI, T.€. Kakas ajulelb OJHOTO TeTePO3UTOTHOTIO JIOKyCa
HAXOAMTCA B TOM JK€ TaIJIOTUIIE, YTO U ajulesib JPyroro rerepo3uroTHoro jokyca. IIpocrto
CYINECTBOBAHUS JIBYX aJUIeNIeil B KaXKIOM reTepO3UrOTHOM JIOKYCE MOXKET OBbITh JOCTATOYHO.

KI" moxer ornuvarbes ot DI Onmaromapss nmomumopdusmaMm. Hanpumep, nokyc B OI
MoxeT ObITb romMo3uroTHeiM 1o T, a B KI' oH Moxker ObiTh rereposurotHeiM: T/A. Takum
obpazom, mis KI' Oynmer merektupoBaHa Bapuanusi B AaHHOM Jiokyce. KIT Takxke MOKeT
omin4atbest oT DT Onmaromapst HACIEACTBEHHBIM MyTalUsiM (HApUMep, KOTOPbIe HACIEAYOTCS
YJIEHAMU CEMbH) WJIM MYTaLUsIM de novo (KOTOpble BO3HUKAIOT Y 3apOJbIIIa, HO KOTOPBIX HET Y
ero poxurenei). HacnencTBeHHYI0 MyTauur OOBIYHO HA3bIBAIOT ‘TE€HEPATHBHON MyTal[Uel .
HexoTtopsele 13 Takux MyTalUl CBSI3aHbI C NPEAPACIONOKEHHOCTBIO K PAaKy, TAKUE KaK MyTaLusl
B BRCA 1, xoTopasi Hacnenyercss WieHaMd ceMbU. Takue MyTaliy OTIMYHBI OT ‘COMAaTUYECKHX
MyTaLUi’, KOTOpble MOTYT MPOUCXOAUTL B pe3yJibTaTe AeJIeHUs KJIETOK Ha MPOTSDKEHUU BCei
KHU3HU CyOBEKTa U MOTYT CIIOCOOCTBOBATh TOMY, YTOOBI KJIETKAa M €€ JOYepHUE KIIETKU CTaJIU
PaKOBBIMU.

Llensro onpenenenust KI' siBnsieTcst OTAENIEHNE TAKUX N€HEPATUBHBIX MyTallUd U MyTalUN
de novo or myrtauumii reHoma obpasua (I'O), yToOBI OnpemenuTh COMATHYECKHE MYyTalUH.
KonunuectBo comatnueckux MyTanuil B I'O 3aTeM MOXKHO NPUMEHSATD [JIs1 OLEHKU BEPOSITHOCTU
BO3HUKHOBEHHsI paka y cyOpekTa. JlaHHBIE COMAaTHYECKME MyTallMd MOXKHO ITOJBEPIHYTb
JOTOJIHUTEIBHOMY OTOOpPY, YTOOBI YAAIUTh OIINOKH CEKBEHUPOBAHMS U MIOTEHIHAIBHO YIAIUTh
COMAaTHYECKHE MYTALH, KOTOPbIE PEIKO BCTPEYAOTCs (HAMpUMeEp, BapUAHT OOHAPYIKUBAIOT
TOJIbKO B OJHOHM CYMTBHIBAEMOMW MOCJIEAOBATEILHOCTH), TAK KAK TaKHE€ COMATHYECKHE MyTallHH
BEPOSITHO HE CBS3aHBI C PAKOM.

B onnom Bapuante peanuszauuu KI' MOXHO Ompeaenutrb ¢ HMCHOJBb30BAHUEM KIIETOK
(AHK w3 neiikouurapHoii minenkn). Tem He Menee, KI' Takke MOXKHO ONpEneiIHuTh IO
BHekJieTouHou JIHK (Hampumep, U3 TUia3Mbl WM CBHIBOPOTKH). Y THma oOpasia, B KOTOPOM
OOJNIBLIMHCTBO KJIETOK HE SIBJISFOTCS] 3JIOKAYECTBEHHBIMH, HAIpUMep, B JIEWKOLUTAPHOHN IUIEHKE
U3 37I0POBOTO CyOBeKTa, OOJbIIast HaCTh FEHOMA UJIM KOHCEHCYCHBIH FE€HOM MPENCTaBIIsIET COO0H
KI'. B KI' kaxnplii reHOMHBIN JIOKYC COCTOUT U3 nocnenosarensHocty JAHK, xoTopas coBnagaer
y OONBIIMHCTBA KJIETOK B TKaHU oOpa3ua. [ myOnHa cekBeHUpOBaHUS AOKHA OBITh JOCTATOYHOU
IUIS1 TOTO, YTOOBI BBIIBUTH I€TEPO3UTOTHBIE CANTHI B KOHCTUTYTHBHOM I'€HOME.

B kauectBe apyroro mpumepa aas onpeneneHus KI' MOXHO MCIONb30BaTh IIIa3My B

Ka4yecTBe KOHCTUTYTHBHOro obOpasua. Hanpumep, B ciydasx, korma comepskaHue OmyXoJeBOH
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JHK B mnasme cocrasysier MeHee yeM 50% u OHM HaxoasiTcsi B reTepO3UrOTHOM COCTOSTHUH,
HarpuMep, MyTalus PEICTaBIsieT COOOH BCTaABKY HOBOMW aJuleNy, KOHIEHTPALMST HOBOH aJlIesu
MOJKET COCTaBJIsATb MeHee ueM 25%. Torna kak KOHLeHTpauus rerepo3urotHeix auieneit OHII B
KI' nomxna coctaBimsate g0 mnpudiamsurenbHo 50%. Takum 00pa3soM MOKHO pa3iIu4MTh
comMaTnyeckyro mytauuio u nonmumopdusm KI'. B omHOM BapuaHTe peanusaluy MOIXOAsIIee
HIOPOrOBOE 3HAYEHHE IJISI TOTO, YTOOBI OTJIMYUTH COMATHYECKYI0 MYTALHIO OT MOJMMOpQH3MA,
MOJKET HaxonuThest B auamnasone 30 - 40%, nmpu UCroNb30BAaHUU TUTa3Mbl WJTH IPYTHX CMECeH C
CYLIECTBEHHOU KOHLEHTpauuei onyxonu. M3mepenne koHuentpauuu omnyxonesoit JJHK moxer
OKa3aTbCsl MOJIE3HBIM, YTOOBI YIOCTOBEPUTHCS B TOM, YTO KOHLEHTpanus omyxoseBoi JJHK B
miasme cocrtasisier meHee 50%. Ilpumeps! ompeneneHuss koHueHTpauuu omyxosesoil JIHK
ONMCaHbI B JAHHOU 3asBKE.
C. T'enom obpasya

I'enom obpaszua (I'O) mpencrasisier cobOW HE MPOCTO TAIIOWAHBIA WIIH JUTUIOWIHBIN
renom, kak B ciydae OI' m KI'. T'O mpencraBnsier coOOil COBOKYITHOCTh CUMTBHIBAEMBIX
NOCJIeIOBATENbHOCTEH o0pasia W MOXKET BKJIIOYATh. CUHUTHIBAEMBIE IIOCIIEAOBATENbLHOCTH
xoHcTutyTuBHON JIHK, KoTtOpass coorserctByer KI, cumThIBagMBIE MOCIENIOBATEIBHOCTH
onyxosesor JIHK, cuuTbiBaeMble MOCIENOBATENBHOCTH 3I0POBBIX KIJIETOK, Y KOTOPBIX
oOHapy>keHbl cly4aiiHble MyTauuu mno cpaBHeHHto ¢ KI' (Hampumep, BCIIEACTBHE MyTallUH,
BO3HHKIIUX B pE3yJIbTaTe AEJEHUs KJIETOK), M OWMUOKM CeKkBeHHpoBaHus. [l TOro, 4roObl
TOYHO KOHTPOJIMPOBATb, KAKHE CUUTHIBAEMBIE INOCJIENOBATEIbHOCTU BKIOUeHBl B 'O, MOXHO
NPUMEHATh pasiuyHble napamerpbl. Hampumep, TpeOoBaHue, 4YTOOBI ajuieNb MOSIBIICS IO
MEHbIIEH Mepe B 5 CUHTBIBAEMBIX IIOCJEJOBATENBHOCTSX, MO3BOJUT YMEHBIIUTh OLIMOKH
CEeKBEHHUpOBaHUs, MpucyTcTByromue B [0, a Takke yCTPAaHUTh YacThb CUUTHIBAEMBIX
MOCJIEIOBATEIbHOCTEH, CBSI3aHHBIX CO CIy4YalHbIMU MYTaLMsIMU.

B xadecTBe mpuMmepa, MPEANoIOKUM, YTO CYOBEKT 340pOB, T.€. He cTpanaer pakom. C
uenbto wunoctpuposanusi, JJHK u3 1000 knerok Haxomutcest B 1 mut mia3mer (T.e. 1000 reHom-
skBuBajienToB JIHK), nonydennoit 3 nanHoro cyowekra. JIHK B minasme oOBIYHO COCTOUT U3
dparmenToB JIHK pasmepom mpudnusurtensao 150 m.o. Tak kak reHOM 4elloBeKa COCTOUT M3 3 X
10° m.o., Tam Gyzmer HaxonuThest mpuOMmMsuTENbHO 2 X 107 dparmentos JIHK Ha rammoumHbIi
reHoM. Tak Kak TreHOM uYeJOBeKa JAWIUIOMAHBIH, B 1 M Tuia3Mbl OyZeT HaXOIUTHCS
npubnusutesbHo 4 x 107 pparmentos JJHK.

Tak kak B €OUHHIy BPEMEHHM OT MIJUIMOHOB A0 MIJUIMAPIOB KIETOK BBICBOOOXKIAIOT
JHK B mnasmy, u ¢pparmentsl JJHK u3 maHHBIX KIeTOK OyAyT CMEIIMBATHCS B KPOBOTOKE, 4 X
107 ¢pparmentos JIHK mormnu npousoiitu ot 4 x 107 pasnuuHbIX KIeTOK. Eciu naHHbIE KIETKH

HE IMPOU3OLIIN HEAABHO (B MNPOTHUBOIOJOXKHOCTh YAAJICHHOMY MPOUCXOKACHUIO, HAIIPUMED, OT
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WCXOJHOW 3WUTOTBI) OT OJHOTO KJIOHA (T.€. y HUX HeT oOuieil HemaBHEW MpPEIKOBON KIIETKH),
TOT/Ia CTATUCTUYECKU BEPOSITHO, YTO HU OJJHA MyTallUsl HE BCTPETUTCS OOJiee OJHOTO pas3a cpenu
TaHHBIX (PparMeHTOB.

C npyroii croponsl, eciu cpenu 1000 renom-skBuBajieHToB Ha mu JIHK B mnmasme
IPUCYTCTBY €T HEKOTOPBIH MPOLIEHT KJIETOK, Y KOTOPBIX €CTh 001asi HeJaBHsIsl IPEIKOBAast KJIETKa
(T.e. OHHM KJIOHAJBHO POACTBEHHBI APYT APYTY), TO MOXHO BHUAETh, YTO MYyTaLMH M3 AAHHOTO
KJIoHa OynyT nmpenMyinecTBeHHO npencrasienbl B JJHK B minasme (Hanpumep, npeacTaBisiFOIIne
KJIOHAJIbHBIA MyTallUOHHBIN ipodriie B 1uasme). Takue KIOHAJIBHO POACTBEHHBIE KJIETKH MOTYT
OKa3aTbCsl PAKOBBIMU KJIETKAMM WJIM KIJI€TKaMM, KOTOpPbIE CKOPO CTaHyT PaKOBBIMH, HO ITOKa
TAKOBBIMH HE SIBJITIOTCS (T.€. mpeaHeoruiacTudeckue). Takum obpa3zom, TpeOOBaHHE TOSBICHUS
MyTal# 0oJiee OJHOTO pa3a MO3BOJSIET YCTPAHUTD TAKUE NMPUPOIHBIE BAPHALUH B “MyTaLUsIX
IETEKTUPOBAHHBIX B OOpasle, YTO TMO3BOJSIET OCTABUTh MYTALUH, CBSI3aHHbIE C PAKOBBIMHU
KJIETKAMHA WIH TPEAHEOIUIACTHYECKIMH KJIETKaMH, 4YTO O00eCneunBaeT JEeTEeKTUPOBAHHUE,
0cOOEHHO paHHee NETEKTHOPOBAHHUE, PaKa MITH MPEIPAaKOBBIX COCTOSHUM.

B oxgHOM mpuOmmkeHnn OBLJIO YCTAHOBJIEHO, YTO IOCHE KaXIOTO JEJECHUS KIIETKU B
reHoMe OyJeT HaKalIMBaThCs B CPENHEM OfHA MyTauus. B mpeamecTByromeM HCCieOBaHUU
nokasany, uyto Oonpinas yacts JJHK B rmasme npoucxoauT n3 remaronosTuyeckux kietok (Lui
YY u gp. Clin Chem 2002: 48: 421-427). OueHnny, 9T0O reMaToNO3TUIECKHIE CTBOJIOBBIE KJIETKU
perwtuupytoTces pas B 25 - 50 mexgens (Catlin SN, u gp. Blood 2011; 117: 4460-4466). Takum
o0pa3oM, B Ka4yecTBE YMPOLIEHHOro NpHONMKEHHs, 3A0pOBbIi CyObekT Kk Bo3pacty 40 jer
HaKOMUT npuMepHO oT 40 1o 80 MyTauMii HA TEMaTONOATUYECKYIO CTBOJIOBYIO KJIETKY.

Ecnu B 1 M1 mitazmel janHoro uaausuaa conepkurcst 1000 reHoM-3KBUBaJICHTOB, U €CJTU
KaXk1asi U3 JaHHBIX KJIETOK MPOU30IIJIA OT OTAEIbHON reMaToNo3TUYeCKOW CTBOJOBOM KJIETKH,
TO MOKHO OKHUIATh BhisBIeHHe oT 40000 1o 80000 myTarmii cpemu 4 x 10'° pparmentos JTHK
(T.e. 4 x 107 pparmenTtos JIHK Ha resom u 1000 reHOM-3KBUBAJNIEHTOB Ha MJI Mua3Mbl). TeM He
MEHee, TaK KaK Kakaasi MyTalusi Oy/IeT BCTpeYaThCs JUIIb Pa3, KaKaast MyTalHsl BCE JK€ MOJKET
OBITb HUKE TIpeJieNa IETEKTUPOBaHUS (HapuMep, el Moporopoe 3Haduenue N Oosbine, yem 1),
U, CJIeZIOBaTENIbHO, JaHHbIE MyTALMH MOKHO OTCESTh, UTO MO3BOJISIET CKOHLIEHTPUPOBATh aHAJIN3
Ha MyTaUusX, KOTOpble C OOJbIIEH BEPOATHOCTBID OTHOCATCS K PAKOBBIM COCTOSIHHSIM.
IToporoBoe 3HauYeHHWE MOKET MPEACTABIATb COOOW J0OOe 3HaueHHe (IeJoe WIM Helesoe)
OonblIe enMUHULBI, U MOXKET H3MEHSTHCS Ul PA3IMUHBIX JIOKYCOB M (pparmeHToB. ['nmyOuHa
CEeKBEHHPOBaHUS W (paKkIMOHHAs KOHLeHTpanus omyxonesoit JIHK takke mMoryT BiImMATh Ha
YyBCTBUTEJBHOCTh JETEKTUPOBAHUS MyTauuid (HampuMep, NPOLEHT JeTEeKTHPOBAHHBIX

MyTAalHi) U3 PAaKOBBIX KJIETOK WM MPEAHEOIIACTUIECKHIX KJIETOK.
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IV.  HEHNOCPEJACTBEHHOE CPABHEHHE I'O C KT

B HexoTOpBIX BapuaHTax peaju3aliid MOKHO ONpPEAENUTb MOJIOKEHUsl HYKIEOTUIOB, B
koTopbiXx KI' rOMO3UTOTHBIN, HO B MEHbIIEM uucie MoJyiekyn (T.e. B omyxonesoir JIHK) B 'O
JIAHHbIE TOJIOXKEHUsI reTepo3urotHblie. Ilpu Oonblioi riayOuHe CEeKBEHMPOBAHUS B HEKOTOPOM
HOJIO’KeHHH (Hampumep, nokpsiTie Oonee S0 pas), MOKHO OOHAPYKUTh MPUCYTCTBHE OJHOMN MM
AByX ajuleneil B naHHOM nonoxkeHuun B cmecu JHK 3m0poBeix M pakoBbIx kieTok. Ecim
oOHapyxkuBaroT nBe amenu, To ubo (1) KI' rerepozurorssiii, 160 (2) KI' roMO3UroTHBIH, HO
I'O rereposurorHeiii. JlaHHbIe fABa BapuaHTa MOXKHO pPa3jUYUTh, €CIH IOCMOTPETh Ha
OTHOCUTEJIbHBIE KOJMYECTBA MaKOPHOW M MUHOPHOW amjeneil. B mepBoM U3 yNOMSIHYTBIX
BAPUAHTOB KOJMYECTBA CUYMTAHHBIX ABYX ajuiesiell OyayT aHAJOTHYHBL, HO B IOCIEIHEM H3
YIOMSIHYTBIX BapHUaHTOB Oyner OONbIIOE pasiuyue B KOJHMYECTBAX BAPHUAHTOB CUUTBHIBAHUS
Kaxaoh. Takoe cpaBHEHHE OTHOCUTENBbHBIX KOJMYECTB BApUAHTOB CUMTHIBAHUS aijenell B
TECTHpyeMOM o00pa3lie TNpencTaBisieT COOOH OOWUH BapHAHT peaNu3alid Uil CPaBHEHUS
MapKepOoB MOCJIEA0BATENbHOCTH C KOHCTUTY TUBHBIM F'€HOMOM. MO)KHO OIpeNeNuTh, YTO NepBbIe
JoKychl u3 criocoba 100 mpencTaBistoT COOOH JIOKYChI, B KOTOPBIX KOJWYECTBO aJUIeJeld HIDKE
BEpXHEro mopora (mopora, cooTBercTByroliero mnoiuMmopdusmam B KI') m BeIIe HIDKHETO
nopora (1opora, COOTBETCTBYIOLIEr0 OIHUOKaM U COMAaTHYECKUM MYTALUsM, BCTPEUAIOLINMCS C
IOCTaTOYHO HHU3KOW 4acTOTOH, 4TOOBI HE OBITh CBSI3AaHHBIMHU C PAKOBBIM COCTOSIHHUEM). Takum
00pa3oM, KOHCTUTYTHUBHBINA T'€HOM U MEPBBIE JIOKYChI MOXKHO ONPENETUTh OJJHOBPEMEHHO.

B npyrom BapmaHTe peanuzanuu B Ipolecce UAeHTU(UKALMN MyTaLi MOXKHO CHadaja
onpenenuts KI', a 3aTeM onpeneanTs JIOKYChl, COAEp:Kaliie JOCTATOYHOE KOJIUYECTBO My TaLUi
no cpasHeHutro ¢ KI. KI' mMoxHO ompemenute HO KOHCTHUTYTUBHOMY OOpasily, KOTOPBIH
OTJIMYAETCSI OT TECTUPYEMOTro obpasia.

Ha ¢ur. 2 mokasana 0j0k-cxema crocoba 200 HEMOCPENCTBEHHOTO CPaBHEHMsI T€HOMA
obpasua (I'O) ¢ xorcruryTuBHbIM reHOMOM (KI') cornacHo BapuaHTaM peaji3alii HaCTOSIIIErO
m3o0perennss. B Omoke 210 mony4aroT KOHCTUTYTHBHBIH TeHOM cyObekTa. KOHCTHUTYTHBHBIHI
I'€HOM MOJKHO TOJIyYUTb, HAIPUMep, 13 00pasLa, MOTy4YeHHOrO paHee, UM U3 KOHCTHTY THBHOTO
oOpasua, KOTOPBIH MOJYYalOT M AHATU3UPYIOT HETOCPEACTBEHHO Iepel OCYLIECTBICHUEM
crnioco0a 200.

B Gnoke 220 monydaroT oauH Uiu Oojiee MapKepOB MOCIENOBATEILHOCTH ISl KAKIOTO
u3 MmHOkectBa ¢parmentos JIHK B Owuomormueckom obpasue cyOwpekta. CekBEeHMpOBaHUE
MOKHO OCYILECTBUTb, NPUMEHSs pa3jiuuHble METOAUKH, YIOMSHYTble B JaHHOH 3asBKe.
Mapkepsl NOCJIEIOBATENBHOCTH TPEACTABISIIOT COOOM OLEHKY TOro, KakoH CYHTAIOT
nocyienoBaTeNbHOCTh  pparmeHta. Ho omHo wnm Oomee  OCHOBaHMII B Mapkepe

NnoCJIEA0BATCIIBHOCTH MOT'YT OBITh OMMPEACIICHBI OIIMOOYHO.
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B Gnoke 230 mo MeHblIel Mepe YacTh MapKepOB MMOCIEA0BATENIbHOCTH BBIPABHUBAIOT C
KOHCTUTYTHUBHBIM Te¢HOMOM. IIpw BbIpaBHHBaHHHM MOTYT YyuuTbIBaTh, 4T0 KI' MOXeT ObITH
reTEepPO3UTOTHBIM B PA3JIMYHBbIX JIOKycax. Jlysi BblpaBHUBaHMA HE OyJeT TpeOOBaThCS TOYHOE
COBHAJeHHE, YTOOBI MOXKHO OBUIO OOHAPYKHUTH BAPUAHTHI.

B Onoke 240 oOHapy’»KHBAaIOT MapKepbl MOCIENOBATEIBHOCTH, KOTOpbIE COIEpI AT
U3MEHEHUs] MOCJIEAOBATEIbHOCTU B JIOKYC€ IO CPABHEHHIO C KOHCTUTYTHBHBIM TI'€HOMOM.
Bo3moskHO, uTO Oymer neTeKkTHpoBaH Oosiee YeM OAMH BapUaHT MapKepa MOCIeNOBaTEIbHOCTH.
MoxxHO OTCIeauTbh BapuUaHTBl [JJIs1  KaKAOrO JIOKyca M JAJs  KaKIOOro  Mapkepa
NOCJIEIOBATEIbHOCTA. BapuaHT MOXKeT NpeacTaBisATh OO0 OOy ajuienb, KOTopas He
npencrasieHa B KI'. Hanpumep, KI' Moxxer ObITh rerepo3uroTsiM 1o A/T U BapHaHT MOKET
obiTh G 1tu C.

B Onoke 250 mist Kakmoro JIOKyca C BapHAaHTOM KOMITBEOTEPHAsST CHUCTEMA MOXKET
OTIpeNieNIUTh COOTBETCTBYIOLIEE MEPBOE KOJIMUECTBO MAapKEPOB IMOCIEAOBATEIbHOCTH, KOTOpbIE
BBIPABHUBAIOTCS C JIAHHBIM JIOKYCOM U COJEPKaT M3MEHEHHE IOCJIE0BATEeIbHOCTU B JAHHOM
nokyce. Takum 0Opa3om, ¢ Ka)IbIM JJIOKYCOM MOXKET OBITh CBSI3aHO MOJCYUTAHHOE KOJMYECTBO
BApUAHTOB, HAONIOJaeMbIX B JaHHOM Jiokyce. Kak mpasuio, B Jokyce Oyaer HaOMOmaThCS
MeHbIlIee KOJMYECTBO BAPHAHTOB IO CPABHEHUIO C MapKepamH MOCJe0BAaTENbHOCTH, KOTOpbIE
coorBercTBYOT KI', Hampumep, BCIE€ACTBHE TOro, 4tO KOHUEeHTpauus onyxojnesou JIHK
cocraBysier MmeHee 50%. Tem He MeHee, B HEKOTOPBHIX 00pa3lax KOHLEHTPALHs OIMyXOJeBOH
JAHK moskeT ObiTh Oomblie, uem 50%.

B Onoke 260 mnapaMeTp ONpEAENsSOT HAa OCHOBAaHHMHM COOTBETCTBYIOLIMX IEPBBIX
konuuecTB. Eciu B OMHOM BapHaHTe peain3aliil COOTBETCTBYIOIIEE KOJIMYECTBO OOJIbIe, uemM
NOPOroBOe 3Ha4YeHUe (Hampumep, OOJIbIIe, YeM JBa), TO COOTBETCTBYIOINEE KOJHYECTBO MOYKHO
npubaBUTh K CyMMe, KOTOpasi MNpencraBiseT coOOH mapaMeTp WM HCIONB3YeTCs IS
onpeneneHus napaMeTpa. B npyroMm BapuaHTe peanuszaliy B KaueCTBE Mapamerpa MPUMEHSIOT
KOJIMYECTBO JIOKYCOB, COOTBETCTBYIOIIEE KOJMYECTBO JJISI KOTOPBIX OOJIbIIE, YeM MOpPOrOBOE
3Ha4YEHUE.

B Onoke 270 mapameTp CpaBHHBAIOT C T[OPOTOBBIM  3HAYE€HHUEM, YTOOBI
KJIacCU(pUIMPOBATh YPOBEHb paka. Bplle OMMUCaHO, YTO TIOPOrOBOE 3HAYEHHE MOXKHO
OTIPENENUTh MyTEM aHaJn3a 00pa3loB U3 APYTUX CYObEKTOB. B 3aBHCUMOCTH OT TOTO, 3[0POBBI
JU JaHHBIE JPYrHe CyOBEKTHl MM CTPAIAar0T PAKOBBIMH COCTOSIHUSIMH, MOKHO OIPENEIHTh
kinaccudukaipro. Hanpumep, ecnu y apyrux cyObeKTOB BBIABIEHA 4 CTaaus paka, TO €CIH
uccieayeMblii mapamerp Obul ONMU30K (HampuMep, B paMKax OMNPEIEJICHHOTO AHara3oHa) K
3HAYEHMIO NapaMeTpa, MOJTyYEHHOrO sl APYTUX CYOBEKTOB, 3HAUUT MOXKHO KJIaCCU(PHUIIMPOBATH

CTa IO paka HcclenyeMoro cyomekra kak 4 cranuio paka. Tem He MeHee, €ClIM yKa3aHHBIN
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napameTp MepeXOAUT TPaHMIBI MOPOrOBOro 3Ha4eHHUs (T.e. OONblIe WIM MEHbLIE MOPOrOBOTO
3HA4YEeHMs1, B 3aBUCHUMOCTH OT CIIocoda OIpeneneHus mapameTpa), TO MOXKHO KIacCUPHUIIPOBATD
CTaJMI0 PaKa KaK MEHbIIYIO, 4eM 4 cTaaus. AHAJOTMYHbIN aHAJIN3 MOXKHO OCYIECTBUTH, KOTZa
Apyrue cyOBeKThbl HE CTPAJAI0T PAKOM.

Jlnst onpeneneHust KiiacCu(p KAy MOKHO IPUMEHSITh HECKOJIBKO MIOPOTOBBIX 3HAYEHUH,
re KaXaoe MOPOroBO€ 3HAYCHUE OMPENENSIOT Y Pa3IMYHON Tpymmbl CyOBEKTOB. Y Kaxmoit
IPYIIbl CyObEKTOB MOXKET ObITh OIMHAKOBBIN ypOBeHb paka. Takum oOpa3oMm, UCCIenyeMblil
mapameTp MOXHO CPaBHUTh CO 3HAYSHHSIMU TSI K&KAOW IPYMIbl CyOBEKTOB, B PE3yJIbTATE Yero
MOKHO TOJYy4YWUTh COBIIQJIGHHE C OJHOW M3 TPYINI WIM MNONyuYuTh nuana3zoH. Hampuwmep,
nmapamMeTp MOXKET ObITb MPHOJMU3UTENBHO OJUHAKOBBIM C MApaMeTpOM, MOJyYEHHBIM IS
CyOBEKTOB, KOTOpBIE HAXOIATCS HA CTagUM Mpeapaka WIM Ha 2 CTaguu paka. B kaudectse
ApPyroro mpuMepa HCCleAyeMblil NapamMeTp MOKEeT MOMNacTb B AMANa3OH, KOTOPbIH BO3MOKHO
MOXKET MOIXOANUTD JIJIsl HECKOJIbKUX PA3JIMUHBIX yPOBHEH paka. Takum oOpa3oM, KiaccupuKars
MOXET BKJIFOYATh O0Jiee UeM OIFH YPOBEHb PaKa.

V. INPUMEHEHUE PE®GEPEHCHOI'O TEHOMA

I'enomubie nocnepoBarenbHOCTH Kak koHctutytuBHoM JIHK, Tak u JIHK wu3
Onosormueckoro oOpasa MOXKHO CpPaBHUTh € pedepeHCHbIM TeHOMOM deyioBeka. Ecim
BBISIBJICHO OOJIblIIe M3MEHEHHH B 0Opaslie mia3Msbl, 4yeM B koHcTuTyTHBHOH JIHK, mo cpaBHeHMIO
¢ peepeHCHBIM T€HOMOM, TO CYIIECTBYET MOBBILIEHHAs BEPOATHOCTD paka. B ogHOM BapuaHTe
peanu3alid HCCIEAYIOT T'OMO3HIOTHBIE JIOKyChl B pedepeHcHOM reHome. CpaBHUBAIOT
KOJIMYECTBA T'€TePO3UIOTHBIX JIOKycoB B KoHctuTyTHBHOH JIHK m B JIHK 13 Guonorunueckoro
obpasua. Ecnu KOMMUECTBO TeTEepO3UTOTHBIX CalWTOB, aAeTekTHpoBaHHbXx B JIHK wu3
Ouonorndeckoro oOpasua, MpesbilIaeT TakoBoe B koHcTuTyTHBHOHM JIHK, Tornma cymectByeT
MOBBIIIEHHAS BEPOSITHOCTD paka.

MOoXHO Tak)k€ OrpaHUYHUTHCS aHAJIU30M JIOKYCOB, KoTopble romo3urotHsl B KI'. OHM
TaKXK€ MOKHO OIPENEeHTh I TeTePO3UTrOTHBIX JIOKYCOB, HO 3TO, KakK MpPaBHJIO, MoTpedyer
o0Opa3oBaHUs TPEThEro BapuaHTa. JIpyruMu CJIOBaMH, €CIIM TeTePO3UIOTHBIA  JIOKYC
npencrasisier coboii  A/T, To HOBBIH Tpermii Bapuant Oymer smbo C, mubo G.
Unentudummposats OHM B rOMO3UTOTHBIX JIOKYCaX, KaK MPaBUJIO, POIIE.

Crenenb, 1O KOTOpPOIl yBEIMYMBAETCS KOJMYECTBO TE€TEPO3ZUTOTHBIX JIOKYCOB B
ouonormueckom odpasue JIHK no cpaBrenuto ¢ koncrurytusHoi JIHK, Mosker mpenmonarats
HalW4yhe paka WM TNPEeA3JIOKAUeCTBEHHOIO COCTOSIHMA, €CJIM €€ CpPaBHUTb C YPOBHEM
U3MEHEHUH, HaOMomaeMbIM y 310pOBBIX CyObekToB. Hampumep, eciam cremeHb yBeTUUEHUs
KOJIMYECTBA TAKUX CAHTOB INPEBBILIAET TAKOBYIO, HAONIOAAEMYIO Y 370POBBIX CYyOBEKTOB, Ha

HGKOTOprfI opor, ToO MOXXHO CHHUTATD, YTO PE3YJbTATbl CBUACTCIBCTBYIOT O HAJIUYNUU PAKa WA
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NPEeA3JOKAaYeCTBEHHOIO COCTOsiHMs. B OgHOM  BapuaHTe peaju3alii  yCTaHABJIMBAIOT
pacrpenesieHrne MyTaluid y cyObekTOB Oe3 pakoBOro 3a00JieBaHUs, U B KAYECTBE TIOPOra MOKHO
B3ATb HEKOTOPOE KOJIMYECTBO CTAHAAPTHBIX OTKJIOHEHWH (Hampumep, 2 WM 3 CTaHAAPTHBIX
OTKJIOHEHUS ).

B omHOM BapuaHTe peanqn3aliiii MOXKeT HOTPeOOBaThCS IO MEHbLIEH Mepe ONpeesIeHHOe
KOJIMYECTBO BApPUAHTOB B JIOKyCE IO TOrO, Kak JIOKyC OyaeT y4yreH. B japyrom Bapuante
peanuzalii aHAIU3UPYIOT Jake pe3yJIbTaThbl, MOJy4YeHHble Ha OCHOBAHUM OJHOM 3aMEHBI.
Hanpumep, ecmu cymMmapHOe KOJIMYECTBO Bapuarmi (OMMOOK + HCTUHHBIX MyTalHil WM
nojuMoppu3MOB), HAOMIONAEMbIX B IJla3Me, CTATUCTUYECKH 3HAYMMO BBbIIE, YEM B
koHcTuTyTUBHOM JIHK, TO 3TO CBUIETENBCTBYET O HAIMYUHU paKa.

Ha ¢ur. 3 mokaszana Onok-cxema crmocoba 300 cpaBHeHusi reHoma obOpasua (I'O) c
koHcTUTyTHBHBIM reHoMoM (KI') ¢ ucnonb3oBanueM pedepencHoro renoma (OI7) cormacHo
BapHaHTaM pean3aliui HacTosmero uzodperenus. B cnocobe 300 mpenmonararoT, uro 1 yxe
NOJIy4€H, H YTO MapPKePhI MOCIEN0BATEIbHOCTH B OHOIOTHYECKOM 00pasiie yKe MOy YSHBI.

B Gnoke 310 mo MeHblIeH Mepe YacTh MapKepOB IOCJIEAOBATEIbHOCTH BBIPABHUBAIOT C
pedepercHbIM reHOMOM. BrIpaBHHBaHHE MOXKET IMO3BOJSTH HAJMYUE HECOBMAIACHHH, TaK Kak
HEOOX0aUMO OOHapY KuTh Bapuanuu. PedepeHCHBbI reHOM MOXKHO TMOJNYYWUTh U3 TOMYJILUY,
CXONHON ¢ cyOBeKkTOM. BBIpOBHEHHBIE MapKepbl MOCIENOBATENBHOCTH (PAKTUIECKU BKIIOYAOT
rerom obpasua (I'O).

B 6sioxe 320 BBISIBISIFOT EPBOE KOIUYECTBO (A) MOTEHIMAIbHBIX BAPHAHTOB, HAIPUMED,
oxHoHykyeotuaHbix MyTauuii (OHM). Torenunansaeie OHM npencTaBisitoT co0OM JIOKYCHI, B
KOTOPBIX B Mapkepe mnocnuenosareabHOCTU 'O BBIIBIEH HYKJIEOTHI, OTJIMYHBIA OT TAaKOBOTO B
OI'' MOXHO WCHOJB30BATh APYTHE KPUTEPHH, HANPUMEpP, KOJIUYECTBO MAapKEPOB
NIOCJIEZIOBATEIbHOCTH, B KOTOPBIX BBISIBJICHA BapUaLUs, JOJDKHO OBbITh OOJbIIE, YeM MOPOrOBOE
3HA4YCHUE, U sIBJIAEeTCs JU JOKyC B Ol romosurotHeiM. Habop morennmaneasix OHM mMoxHO
NPEICTaBUTh KaKk HAaOOp A, KOrzma OINpeneseHHbIE JIOKYChl OOHAPYKHBAIOT U OTCIEIKUBAIOT
NyTeM XpPaHEHUsI JIOKYCOB B MaMsTH. MOXKHO BbISIBUTH OIPEIEIEHHBbIE JIOKYChI HJIH MOXKHO
NPOCTO onpeAenuTs konudyectso Takux OHM.

B O6moke 330 KOHCTUTYTHUBHBIA T€HOM OIPEIENSIIOT NMyTeM BBIPABHUBAHHS MapKepOB
NOCJIEZIOBATENIbHOCTH, ~ TMOJNIYYEHHBIX IyTeM CcekBeHupoBanus ¢parmenroB JIHK  u3
KOHCTUTYTHBHOTO 00pasia, ¢ peepeHCHbIM TeéHOMOM. J{aHHBIH 3Tarm MOT OBITh OCYINECTBIICH B
mo0Ooii Oosnee paHHUH MOMEHT U C NPUMEHEHHEM KOHCTUTYTHUBHOTO 00paslia, MOJy4YEeHHOrO B
moboii Oosee panHHMiT MoMeHT BpemeHd. KIT MOXKHO TpPOCTO CUYMTATh M3 MMAMSTH, €CIU
BBIPABHMBaHHE ObUIO BBINOJHEHO paHee. B ONHOM BapHaHTe peanu3alliid KOHCTUTYTHBHBIN

o0paszer MOXeT MPEeACTABIATh COOOH KIETKH KPOBH.
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B Onoke 340 obnHapyxuBaroT BrOpoe KomuuecTBO (B) JOKycOB, B KOTOpPBIX
BBIDOBHEHHBIN Mapkep nocienosareiabHoctd KI' comepkur BapuanT (Hampumep, OHM) B
JOKyCe IO CPaBHEHHIO C pedepeHCHbIM reHoMoM. Eciu cnenmanabHO OTCIEKHBAIOT HaOOp
JIOKyCOB, Toraa B MoxeT npexncrasiaTh codoii HAOOp, a He MPOCTO YUCIIO.

B Gnoke 350 HaGop B Berumrarotr u3 Habopa A, utoObl onpenenuts Bapuantsl (OHM),
KOTOpbIE TIPUCYTCTBYIOT B reHOMe oOpasia, Ho He B KI'. B onHOM BapuaHTe peanmuszanuu HabOOp
OHM MOXHO OrpaHHYHThH IMOJOXKEHUSIMH HYyKJIeoTHIOB, B KOTOpbIXx KI' romosurorHbii. [ls
TOTO YTOOBI OCYIIECTBUTH TAKOH OTOOP, OMpeeNeHHbIe JOKYChI, B KOTOPbIX KI' rOMO3UTOTHBIIH,
MOKHO 0003HauuTh kak Habop C. B npyrom BapuaHTe peanusalliil JOKYC HE YYUTHIBACTCS B
nepBoM KoJuuecTBe A miu BTOpoM kosudectBe B, ecnu KI' He sBIsieTcsl TOMO3UTOTHBIM B
TIaHHOM JIOKyce. B npyrom BapuanTte peanm3anmu Jr000i n3BeCTHBINH noauMopdu3M (Hampumep,
Onaromaps ero Hanuuuio B 6a3e nanubix OHIT) MOXHO OTCesATS.

B ongHOM BapuaHTe peanu3anuu BblUMTaHUE B Oyioke 350 MokeT OBITH MPOCTO
BbUUTAHUEM YHCEJ M, CIEelOBaTelbHO, KOHKpeTHble mnoTeHuuanbHble OHM He ynamsor, a
NPOCTO BBMMUTAIOT MX 3Ha4YeHHe. B 1pyrom BapuaHTe peann3alliyd BbIUHUTAHUE JAET Pa3HOCTb
mMexxay Habopom A wum Habopom B (Hampumep, ecnu Habop B mpencraBmser coboit
NOAMHOXKeCTBO Habopa A), uToObl onpenenutb KoHkpeTHble OHM, KOTOpBIE HE MPENCTABICHDI B
HaOope B. B norndecknx nmepeMeHHbIX 3TO MOXKHO BbIpa3uth kak [A U HE(B)]. ITonyueHHsrit
Ha0Op AETEeKTUPOBAHHBIX BAPUAHTOB MOKHO 0003HauMTh C. YKa3aHHBIM MapameTrp MOXHO
onpenenuTh, kak uncio C, wim onpenenuts u3 Habopa C.

B HexoTOpBIX BapuaHTaxX peaau3aluyd MOXKHO TNPUHUMAaTb BO BHHMMAHHE NPUPOAY
MyTalUld M pa3iuYHbIM KjlacCaM MyTalui NPUIMCBIBATb ONperneneHHbll Bec. Hampumep,
MyTalHsIM, KOTOpble OOBIYHO CBSI3aHBI C PAKOM, MOJKHO TNPHUIHMCHIBATH OOJBINUI BeC (Takxke
Ha3bIBAEMbIl YPOBHEM 3HAYUMOCTH B OTHOIIEHHH OTHOCHTENIbHBIX BECOB JIOKyCOB). Takue
MyTalli MOJKHO HaWTH B 0a3ax MAaHHBIX CBS3aHHBIX C ONYXOJIbKD MyTAalUH, HApUMep, B
Karanore COMaTUYECKUX MyTauun npu paxe (COSMIC)
(www.sanger.ac.uk/genetics/CGP/cosmic/). B kadectBe napyroro mpumepa, MyTalusiM,
CBSI3aHHBIM C HECHHOHIMUYHBIMH U3MEHEHHUSIMU, MOKHO TPHUITHCHIBATH OOJBIIHIA BEC.

Takum oOpazom, mepBoe KOJIUIECTBO A MOXKHO ONPENETUTh KaK B3BELICHHYIO CYMMY, B
KOTOPOH BEC KOJMYECTBA MAPKEPOB C BAPHAHTOM B OZHOM JIOKYCE€ MOXKET OBbITh OTJIUYHBIM OT
TAKOBOT'O JJIsl KOJIMYECTBA MapKepOB B ApyroM Jiokyce. IlepBoe konndecTBO A MOKET OTpakaThb
TAaKyl0 B3BELIEHHYIO CyMMy. AHAJOTWYHBIA pacueT MOXXHO OCyLIeCTBUTb ¢ B, u, Takum
obpazom, kommuecTBO C M yKa3aHHBIM MapaMeTp MOTYT OTpa)kaTb Takoe B3BelIMBaHue. B
APYroM BapHaHTe peaju3allid Beca YUMTBHIBAIOT, Koraa omnpenesitoT Habop C KOHKPETHBIX

nokycoB. Hanpumep, B3BeIIEHHYIO CyMMy MOXKHO ONpPEENUThb AJis1 KOJHMYEeCTBA JIOKYCOB Habopa
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C. Takue Beca MOKHO IPUMEHSITH B IPYTUX CHOCO0aX, ONMMCAHHBIX B JAHHOH 3asBKE.

COOTBETCTBEHHO, MapaMeTp, KOTOPBIH CPaBHUBAIOT C IMOPOTOBBIM 3HAYEHHEM, YTOOBI
OTIPENENUTD KIACCU(PHUKALIMIO YPOBHS Paka, MOXKET MPEACTABIATh COOON KOIMYECTBO JIOKYCOB, B
KOTOphIX AerektupoBaHa Bapuaimst B 'O u KI' mo cpasrenuro ¢ OI'. B napyrux BapuaHTax
peanusalii  MOXXKHO COCYMTaThb CyMMapHoe KommuectBo ¢parmenroB JIHK (xoropoe
OIIPEAIEISIIOT C MOMOLIBI0 MApKEPOB MOCIEAOBATEIbHOCTH), COEP AKX Bapualmo. B npyrux
BAPUAHTAX peAM3alii TaKWe KOJHYECTBA MOXKHO HCIIOJNB30BaTh B JPYrod Qopmyne as
TIOJTy YeHHUS YKA3aHHOTO MapaMeTpa.

B onHOM BapuaHTe peajM3alMy KOHLEHTPALMs BapUAHTA B KAXKAOM JIOKYCE MOJKET
NPE/ICTABJISITh COOOW TapamMerp, U €€ MOXKHO CPaBHUTb C TOPOTOBBIM 3Ha4YeHHEM. Takoe
NOPOroBOE 3HAYEHHWE MOXKHO NPUMEHSTh MJISi OINpPEHNENIEHUs] TOTO, SBISIETCS JH  JIOKYC
NOTEHIMAJIBHO H3MEHEHHBIM JIOKYCOM (BIOOABOK K IMOPOTOBOMY 3HAYEHHIO OMNPEIEIIEHHOTO
KOJIMYECTBA CUUTHIBAEMBIX ITOCIIEOBATEIbHOCTEH, B KOTOPBIX BBIIBMIIM YKA3aHHBIA BAPUAHT), &
3aTeM OOCUMTAaTh AAaHHBIA JOKyC. KOHIEHTpalui TakXke MOJKHO HCIOJb30BATH B Ka4eCTBE
¢axTopa B3BemuBanus B cymme OHM.

V. YMEHBHIEHUE KOJMYECTBA JIO)KHOIOJIOKUTEJBbHBIX

PE3YJIBTATOB C HOMOIIBIO IOPOT'OBBIX 3HAUYEHHI

Bple ynoMuHanoch, 9To OJHOHYKJICOTUAHBIE MyTaLlUd MOXKHO HAOIOAATh B OOJBIIOM
KoM4yecTBe BHEKJIeTOUHbIX pparmenTos JJHK (Hanpumep, unpkynupyromeii B masme JIHK) us
Gonp1oii obaacTu reHoMa (HarpuMmep, U3 BCero reHoMa) WM M3 MHOXKECTBa 00JlacTell reHoMa,
4YTOOBl YJIYUIINTh YYyBCTBHTEJBHOCTh AAHHOTO MOAXOAA. TeM He MeHee, aHAJIUTHYECKUe
OmMOKY, Takue Kak OIIMOKM CEKBEHHPOBAHMS, MOIYT BIUSATH Ha OCYIIECTBUMOCTb,
JIOCTOBEPHOCTh M CHEHU(PUYHOCTh JAHHOTO MOAXOAA. 31eCh MbI HCIONB3yeM IIaThopMy AJist
MacCOBOI'O MAPaJUIEIbHOTO CEKBEHUPOBAHUS B KA4E€CTBE MPUMeEPa, YTOOBI MPOUILTFOCTPUPOBATH
3HAYeHHE OLIMOOK CEeKBeHHpOBaHUs. YacTora OMMOOK CEKBEHHUPOBAHHS IJIaTHOPMBI IS
CEeKBEHHPOBaHUs myTeM cuHTe3a ot Illumina cocraBmsier mpubausurensHo ot 0,1% o 0,3% Ha
cekBeHHpoBaHHbIH Hykieotnn (Minoche u ap. Genome Biol 2011, 12:R112). Moxuo
NPUMEHSTh JIFOOYI0 matgopMy Ajii MacCOBOTO MapaylIeIbHOTO CEKBEHHPOBAHHS, BKIFOYAs
wiaTgopMy sl CEKBEHHPOBAHUS MyTeM Jurupoanus (Hanpumep, miatpopmy SOLID ot Life
Technologies), mmarpopmy lon Torrent/Ion Proton, miardopMy s HOIyNpPOBOIHHUKOBOTO
cekBeHHpoBaHusi, Roche 454, mmardopmy sl CEKBEHHMPOBAHUS OJUHOYHBIX MOJIEKYJI
(manmpumep, Helicos, Pacific Biosciences u Nanopore).

B Gonee panHeM HccienoBaHUM MEYEHOYHO-KJIETOYHON KapLMHOMBI MOKA3aJH, YTO BO
BCEM PaKOBOM I'€HOME IPHUCYTCTBYeET NMpuOnu3uTenbHo 3000 ogHOHY KIIeoTHAHBIX MyTanui (Tao

Y u np. 2011 Proc Natl Acad Sci USA; 108: 12042-12047). Honyckas, uto mumb 10% Bceit
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JIHK B KpOBOTOKE MPOM30LLIO U3 OMYyXOJIEBBIX KJIETOK U 4TO Mbl cekBeHuposanu /IHK B mnasme
CO cpenHel riyOMHON CEeKBEHMPOBAHUS, COCTABIISIOIIEH OJHOKPATHOE MOKPHITHE TarljIOUAHOTO
reHoma, Mbl BeTpetum 9 mummuonos (3 x 10° x 0,3%) onHoHykneotuaHbix Bapuanuii (OHB)
BCJISICTBHE OLIMOOK CEKBEHUPOBAHMS. TeM HE MeHee, OXKUOAeTCs, 4YTO OOJNBIIMHCTBO W3
OJTHOHYKJIEOTUAHBIX MyTallUi BCTPETUTCS TOJIBKO HA OJHOM U3 ABYX FOMOJOTMYHBIX XPOMOCOM.
ITpu rnyOuHe CEeKBEHMPOBAHUS, COCTABISIIOLIEH OJHOKPATHOE MOKPHITHE TAIUIOMIHOTO TeHOMa
obpasua co 100% omnyxonesoi JIHK, Mbl oxxumaeM OOHapy KUTh JIMIIb MOJOBHHY u3 3000
myTamwmii, T.e. 1500 mytauuii. [Ipu cexBeHupoBanuu odpasna miasmel, coneprxkammero 10% JIHK
OMyXOJIEBOTO IPOUCXOXKIEHUS Ha OJHO IIOKPBITHE TaIUIOWAHOIO TE€HOMAa, MBI OXHAAeM
oOHapy>kuth Uik 150 (1500 x 10%) CBSA3aHHBIX ¢ PAKOM OJHOHYKJICOTHAHBIX MyTaluil. Takum
o0pa3oM, OTHOIIEHWE CHTHAJ/IIYM JUI JETEKTHPOBAHMS CBSI3aHHBIX C PAaKOM MyTalui
cocraBisier 1 Ha 60000. Takoe OYeHb HH3KOE OTHOLIEHHE CHUTHAJ/IIYM IIO3BOJISIET
NPEATIONOKUTD, YTO TOCTOBEPHOCTh MPUMEHEHHSI JAHHOTO TOAX0/a JUIsl TOTO, YTOOBI Pa3IMYUTh
HOPMaJIbHBIX M PAKOBBIX IMALMEHTOB, OyAeT OYeHb HHU3KOH, €CIM MBI HCIIOJIb3YEM B KaueCTBE
mapameTpa MpoCcTO BCE OJHOHYKJICOTHIHbIE M3MEHEHUs] B OMOJIOrndeckoM obpasue (Hampumep,
B IUIA3Me).

Osxupaercsi, 4TO € MPOrPeCCHPOBAHUEM TEXHOJIOTUH CEKBEHMPOBAHHUS 4aCTOTA OLIMOOK
CEeKBEHHPOBaHUs OyI€T MOCTOSHHO YMEHbIIAThCS. Takke MOKHO IMPOAHAIU3HUPOBATh OAUH U TOT
ke oOpasen, mpuMmeHsisi Oojiee 4eM OAHY IUIAT(GOPMY CEKBEHHPOBAHUS, U IIOCPEICTBOM
CPaBHEHMsI pe3yJbTaTOB CEKBEHUPOBAHMA HAa pasHbIX IU1aThopMax TOYHO OIPENENUTh
CUUTBIBAEMbIE TIOCJIEIOBATENILHOCTH, BEPOSITHO CONEPIKALHe OINOKH CeKBeHHpoBaHus. Jpyroit
IIOAXOZ COCTOMT B aHAJM3€ JIBYX O0Opas3LOB, B3ATBIX B Pa3IMYHbIE MOMEHTBI BPEMEHU U3 OTHOTO
U TOro e cyObpekTa. Tem He MeHee, Takue Moaxobl TPeOYOT OONBIINX 3aTPaT BPEMEHH.

B opHOM BapuaHTe peajM3alMHd ONHUM U3 CHOCOOOB YBEJNUYEHHUS] OTHOLISHHS
CHUTHAJI/IIyM TPH JETEKTHPOBAHMM OJHOHYKJECOTHIHBIX MyTaLUil B IUIa3Me€ MAaIMEHTOB C
PaKOBBIMH 3a0OJIEBAHUSIMHU SIBJIIETCSI YYE€T TOJBKO TAaKOW MYyTallMH, KOTOpas BCTPEYaeTCsl B
oOpasue HecKoNbKo pa3. B BeIOpaHHBIX UIaTGopMax CEKBEHUPOBAHHUS MOTYT ObITh HamOolee
pacrpoCTpaHeHbl  OMMOKM  CEKBEHHPOBAHUS,  BKJIOYAIOIIME  OINpPEIEJICHHbIE  3aMEHbI
HYKJICOTHZIOB, © OHH OyIyT BIUSTH HA Pe3yJbTAThl CEKBEHUPOBAHMS TECTHPYEMOro obpasua u
koHCcTUTyTHBHOTO OOpasua /IHK kak tectupyemoro cyObeKkTa, TaKk ¥ KOHTPOJBHBIX CYOBEKTOB.
Tem He MeHee, Kak MMPABHJIO, OIIMOKH CEKBEHHPOBAHHUS IPOUCXOAST CITyHYalHBIM 00pa3oM.

BeposiTHOCTP  OIIMOKM  CEKBEHMPOBAHUSI HKCIIOHEHIMAJIBPHO YMEHBINAETCs, KOTAa
HaOJIONAIOT OJHY U Ty K€ 3aMEHY B OZHOM H TOM JK€ IMOJIOKEHUH HYKJIEOTHAA B HECKOJIbKHX
¢parmenrax JIHK. C pgpyroit cTopoHBl, Ha BEpPOATHOCTb JAETEKTHPOBAHHS HCTUHHOTO

CBsA3aHHOI'O ¢ pakKOM MYTALlUOHHOI'O U3MCHCHUS B o6pa3ue BJIMACT FJ'IY6I/IHa CCKBCHHUPOBAHUS U
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¢bpakuuonHass koHueHTpausi omyxonesoli JJHK B obpasue. BeposiTHOCTH AeTeKTHPOBAHHS
MyTalMu B Heckonbkux (parmentax JIHK Oyner noBelmaTbCsi C yBeNUYEHHEM TIJyOHHBI
CEeKBEHHPOBaHUs U (pakiMOHHON KoHUeHTpauuu onyxojiesoi JIHK. B paznuunbix BapuaHTax
peanu3anyy ¢ MpUMEHEHHeM 00pa3LoB, COAePKAIIUX BHEKIeTOUHY0 onyxojesyro JJHK (takux
Kak 1iasma), ppakruOHHasE KOHLIEHTPALUS MOKET cocTaBisATh 5%, 10%, 20% u 30%. B ogHom
BapUAHTE pean3aliy PPaKLNOHHAS KOHLEHTPALUs COCTaBIsieT MeHee dyeM 50%.

Ha ¢ur. 4 npencrasnena tabmuia 400, B KOTOPO# MOKAa3aHO KOJUYECTBO CBS3AHHBIX C
pPaKkoM OJHOHYKJIEOTUAHBIX MyTalMil, NPaBUJIbHO MAETEKTHUPOBAHHBIX C TMPUMEHEHUEM
BCTPEYAEMOCTH PA3JIMYHBIX UX KOJIMYECTB B KAYECTBE KPUTEPHs JUIA KJIACCU(PUKALUU MyTalUU
KaK MPHUCYTCTBYIOIIEH B 0Opaslie COrIaCHO BapHaHTAM Peasu3allfi HACTOSIIEr0 N300PETeHUsI.
Takke MOKa3aHbl KOJIMYECTBA TMOJIOKEHUIH HYKJIEOTHUIOB, B KOTOPBIX OMIMOOYHO OOHAPY KIIIH
MyTalMIO BCJIEACTBUE OIIMOKH CEKBEHHPOBAHHS, OCHOBBIBASICH HA TEX K€ KPHUTEPHSX
kiaccudpukaun. Yactory ommOok cekBeHupoBaHHUs mpuHuUMaroT paBHOH 0,1% (Minoche u ap.
Genome Bio 2011, 12:R112). ®pakmuonnyto konueHrpamo JIHK onyxonesoro
NPOUCXOXKIEHUs B 00pasiie MpuHUMAaroT paBHOH 10%.

Ha ¢ur. 4 moka3ano, 4TO OTHOIIEHHE MEXIYy KOJHYECTBOM CBSI3aHHBIX C PAKOM
MyTalWi, J€TEKTUPOBAHHBIX B IIa3Me, U KOJMYECTBOM JIOKHOTIOJIOKUTENIbHBIX CUTHAJIOB Oy 1eT
SKCIIOHEHIIMAJIbHO BO3PAacTaTh C YBEJIMYEHUEM KOJHYeCTBa HAOMIOASHHWA ONHOW W TOH Ke
3aMeHbl B 00paslie, B KOTOPOM BBIABIISIIOT MyTalUIO, Korna GpakiuoHHyo koHueHTpauuto JJHK
OIyXOJIEBOTO MPOHCXOXKACHUST B oOpasue mpuHUMarT paBHOH 10%. JlpyruMu cioBamu, Kak
4y BCTBUTEJIBHOCTD, TAK M CHENU(PUIHOCTD NETEKTHPOBAHUS CBSI3AHHOM C PAKOM MyTauuu Oyner
yay4dmaTecsi. KpoMe Toro, Ha 4yBCTBUTENBHOCTh AETEKTUPOBAHMS CBSI3aHHBIX C PAKOM MyTaLUN
Oynmer BiusATh ryOuHa cexBeHupoBaHus. [Ipu cekBeHupoBaHuHM €O 100-KpaTHBIM MOKPBITHEM
rafuIONIHOTO TeHOMa MOXKHO OOHapyxuth 2205 (73,5%) u3 3000 wmyrtauwmii, naxe c
NPUMEHEHUEM KPUTEPUsl BCTPEYAEMOCTH KOHKPETHOM MyTalMM B 10 MeHblIell Mepe 4
¢parmenrax JIHK B oOpasume. MOXKHO HCIIONB30BaTh JAPYrHe€ 3HAYEHUS MHUHUMAJIBHOTO
Konm4yecTBa (pparMeHToB, Takue Kak 3, 5, 8, 10 u 6ombiue 10.

Ha ¢ur. 5 npencrasnena tabmuna 500, B KOTOPOH MOKAa3aHO OKUIAEMOE KOJIUYECTBO
JIO’KHOTIOJIOKUTENBHBIX JIOKYCOB U OXKHJIa€MO€ KOJIMYECTBO MyTalul, JeTeKTUPOBAHHBIX; KO
¢pakunonnyro koHuentpauuto JIHK omnyxonmeBoro mpoucxoxkneHuss B oOpasue NPHHUMAIOT
paBaoit 5%. Ilpu Oonee Huskoit ¢pakumonHoit konnentpaunn JHK onyxonesoro
NPOUCXOKNEeHUs1 B obOpasue, Oynmer HeoOxommma Oojbimasi TyOWHA CEKBEHHUPOBAHUS IS
JOCTUKEHMsI TAKOH K€ 4yBCTBUTEJIbHOCTU €TEKTUPOBAHUs CBA3AHHBIX C PaKOM MyTauui. s
COXpaHeHMs1 CrielU(pUIHOCTH Takke Oyaer HeoOxomuM Oonee crporuii kpurepuii. Hanpumep,

notpeOyeTcsi UCIOJIb30BaTh KPUTEPUH BCTPEHaeMOCTH B 0Opaslie OTAENbHONH MyTallidl B IIO
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MmeHblIel Mepe 5 ¢parmentax [IHK, BMecTo kpuTepusi BCTPEYa€MOCTH B IO MEHbILIEH Mepe 4
¢dparmenTax B cnydae ¢ppakuuu omyxojuesoit [IHK, cocrasisromeii 10%. B tadmumax 400 u 500
NPEIIOKEHO PYKOBOZCTBO MO BBIOOPY MOPOTrOBOIO 3HAYEHUSI C YYETOM KPATHOCTH MOKPBITUS U
koHUeHTpauuu onyxonesoi JHK, koTopeie MOKHO NPEANIONOKUTD WIH U3MEPUTD, KaK OMHUCAHO
B JaHHOMH 3asiBKe.

JIpyruM  NpeuMyInecTBOM IPUMEHEHHUs KpUTepueB Oojee ueM  OIHOKPATHOIO
JNETeKTHUPOBAHUsI OAHOHYKJIEOTUIHON 3aMeHbl JJIsl ONpeAesieHHs] MyTaluH SIBJISETCS TO, UYTO B
pesyJpTaTe 3TOr0  OXHAAT MHUHUMM3ALMIO JAETeKTHPOBAHUS  JIOXKHOIIOJOXKHUTEIbHBIX
pe3yJIbTaTOB, KOTOPbIE NAIOT OJHOHYKJIEOTHUAHbIE M3MEHEHHs] B HE3JIOKaYECTBEHHBIX TKAaHSX.
Tax kak HyKJIEOTHIHbIE M3MEHEHHs] MOTYT IMPOHMCXOIUTh B MpPOLIECCE MUTO3a HOPMAJbHBIX
KJIETOK, Kaxjas 370poBas KJIeTKa B OpraHu3Me MOXeT CcOfepXaTb MHOXKECTBO
OJTHOHYKJIEOTUAHBIX W3MEHEeHUN. JlaHHble H3MEHEHHUs MNOTEHLMAJbHO MOTYT MPUBOAUTH K
JIO)KHOTIOJIO)KUTENBHBIM pe3ysbTaTaM. TeM He MeHee, U3MEHEeHUs] U3 KJIETKU OyayT Momnaaath B
IUIa3MY/CBIBOPOTKY TIOCJIE THOENW KIETKH. XOT OKUAATCS, YTO pa3jMYHble HOPMaJIbHbIE
KJIETKH HECYT pa3fIMyHble HaOOPBI MyTaLlUi, MaJOBEPOSATHO, YTO MYyTALUH, BCTPEUAIOLINECS B
ONHOW KJIeTKe, OyAyT MPUCYTCTBOBAaTH B MHOXKECTBE KOMUH B IUIa3Me/CBIBOPOTKE. B
NPOTHUBOIOJIOXHOCTh 3TOMY, B IUIa3Me/CBIBOPOTKE OXHIOAIOT OOHAPYKUTh MHOXKECTBO KOIHH
MyTaLUl W3 OMyXOJEBBIX KIJIETOK, TaK KaK POCT ONYXOJM MO MpUPOAe KIOHAIbHbIA. Takum
00pa3oM, MHOXECTBO KJIETOK M3 OJHOro KijoHa OyayT moruGath u BeIcBOOOXmath JIHK c
XapaKTePHbIMU MY TALUsMHU, TUITMYHBIMU 17151 JAHHBIX KJIOHOB.

B opgnom BapuaHTe peanusauuu Ieped NPOBEACHUEM CEKBEHHUPOBAHUS MOKHO
OCYIIECTBUTh LieJieBOe OOOTralieHue OMNpeAeSeHHbIMH O0nacTsiMu TeHoma. JlaHHbIA 3Tan
LIeJIEBOrO0 O0OTAaIEHUs] MOXKET YBEJIUUUTh TIyOHHY CEeKBEHHPOBAHUSI HHTEPECYIOIuX objactei
IPU TAKOM K€ CyMMapHOM KOJINYEeCTBE MPOBEICHHBIX CEKBEHUPOBaHUM. B elie oqHOM BapuaHTe
pean3ayy CHavasa MOKHO OCYINEeCTBUTh PayH A CEKBEHUPOBAHUS C OTHOCUTENbHO HEOOIbILION
ryOMHON CEKBEHHUPOBAHHS. 3aTeéM MaTepuajl MOXKHO O0OraTuTh OONACTSIMH, B KOTOPBIX
BBISIBJIEHA 10 MEHbIIEH Mepe OfHa OAHOHYKJICOTHAHAsI 3aMeHa, a 3aTeM IIPOBECTU BTOPOI payH.
CEeKBEHHPOBAHUS C OOJbIIEH KPATHOCTBIO MOKPBITHA. 3aT€M K Pe3yJibTaTaM CEKBEHHPOBAHUS C
LIEJIEBBIM OOOTaIEHHeM MOXKHO MPUMEHHTb KPUTEPHH MHOXECTBEHHOW BCTPEYAEMOCTH IS
oTpesieNIeH!s] My Tal|H.

VII. JUHAMHYECKUE ITOPOT'OBBIE 3HAYEHUA

Bpime ommcaHo, YTO MOXXHO MpPHUMEHATb IOPOroBoe 3HaudeHHe N Uil KOJIUYecTBa
CUNTBIBAEMBIX MOCJIENOBATENLHOCTEH, B KOTOPBIX AETEKTUPOBAH BapUaHT (TIOTEHLMAIbHAsS
MyTal¥st), YTOOBI OMPEAETUTb, MOXHO JIM MIPU3HATH, YTO JIOKYC COAEPIKUT MyTaLHIO (Hanpumep,

comepxkutr OHM), koropyro HeoOXoaumMo yuecTb. lIpuMeHeHue Takoro Iopora MOXKeT
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YMEHBUINTh KOJIMYECTBO JIOXKHOMOJOXKHUTEIBHBIX pPe3yJbTaToB. B oOcyxneHunm Hmke
IPeIIOKEHbI CIIOCOOBI BHIOOpA MOPOrOBOrO 3HAUEHUS IS PA3JIMYHBIX JIOKYCOB. B cnenyrommx
BAPUAHTAX PEeATU3aL[M Mbl MPEATNONAraeM, YTO CYIIECTBYET OAMH MPpeoONafaroIuil paKoBbIi
KJIOH. AHAJOTHMYHBIA aHAJINW3 MOXHO OCYINECTBHUTH Ul CJIy4aeB, BKIFOYAIOLINX HECKOJBKO
KJIOHOB DPAKOBBIX KJIETOK, BBICBOOOKAAIOIIMX pa3iIu4Hble KonudectBa omyxosnesod JTHK B
IIasmy.

A.  Konuuecmso cea3anuvix ¢ paxom mymayuii, 0emekmuposaHHbsIX 6 niasme

Ha xonmu4ecTBO CBSI3aHHBIX C PaKOM MYTAallUi, AETEKTUPOBAHHBIX B IUIA3ME, MOXKET
BJIMSATH MHOKECTBO MapaMeTpoB, Harpumep: (1) konudecTBo MyTauuii B onyxojieBor Tkauu (NT)
- CyMMapHO€ KOJHMYECTBO MyTalMi, NMPUCYTCTBYIOIIMX B OIYyXOJIEBOH TKaHH, MPEICTABJISET
co00H MaKCUMAaJIbHOE KOJIMYECTBO CBSI3AHHBIX C OMYXOJIBIO MYTALUH, NETEKTHPYEMbIX B IJIa3Me
nauueHTa; (2) ¢pakunonHas konuentpauus JIHK omyxonesoro mpoucxosxnenus B miasme (f) —
yeM Oosbine ¢pakimonHas koHneHTpauusi JJHK omyxoneBoro nmpoucxokaeHus: B Ijia3sMe, TeM
BbIlIe OyJIET BEPOSITHOCTh NETEKTHPOBAHUS B IJIa3ME CBSI3aHHBIX C OMyXOJIbIO MyTauuid; (3)
rnyOonHa cexBeHupoBaHusi (D) - riyOuHa CEKBEHHPOBAHHUS OTHOCHTCS K KOJWYECTBY pas,
KOTOPO€ CUMTBHIBAIOT MOCJIENOBATENIbHOCTh NPU CeKBeHHpoBaHUU obnactu. Hampumep, cpenssis
ryOnHa CEKBEHHPOBaHUs, cocTaBisromas 10 pa3, O3HavaeT, YTO KaXIbli HYKJICOTHI B
CEKBEHUPOBAHHOMN obnactu MMOKPBIBAETCS B cpenHeM 10 CUUTBIBAEMBIMHU
NIOCJIEZIOBATENBHOCTAMU. BepOsATHOCTh JETEKTUPOBAHUS CBS3aHHOW C PakOM MyTauuu OyneT
BO3pACTaTh MpPU YBEJIMYCHUH IJIyOHMHBI CEKBEHHPOBAHUS, U (4) MUHUMAJIbHOE KOJMYECTBO Pas,
KOTOpPOE€ HYKJICOTHUAHYIO 3aMeHy OOHapy)KHMBAIOT B IUIa3Me, 4YTOObI ONpeneNuTh, YTO OHA
SIBJISIETCS. TIOTEHLIMAJbHO CBSI3AHHOW C pakoM MyTanmed (r), KOTOpoe MPencTaBiisieT coOoi
MIOPOrOBOE 3HAUEHHE, MCIOIb3YyEeMOe ISl TOrO, YTOObI OTIIMYUTh OMIMOKU CEKBEHUPOBAHMS OT
peabHBIX CBSI3AHHBIX C PAKOM MY TaLUH.

B onmHOM BapumaHTe peanu3zaluu Ui TOTO, 4YTOOBI MPOTHO3UPOBATH KOJUYECTBO
CBSI3aHHBIX C PAKOM MYyTalWMl, JETEKTUPOBAHHBIX B IUIa3Me, HCIIONB3YIOT MyaCCOHOBCKOE
pactipenenenue. Jlonmyckasi, 4TO MyTalUsl IPUCYTCTBYET B HEKOTOPOM TIOJOKEHUU HYKJICOTHIA
Ha OJTHOM M3 ABYX TOMOJIOTHYHBIX XPOMOCOM, IMpH TNyOMHE CekBeHupoBaHus D, oxumaemoe
KOJIMYECTBO pa3, KOTOPOe MyTalus MPUCYTCTBYET B TutasMe (Mp), paccunTthiBaroT kak: Mp = D x
172.

BeposiTHOCTE merexkTupoBaHMs MyTanuu B 1uiasme (Pb) B oTmenpHOM caifte MyTanuu

paCCLII/ITbIBaIOT KaK:
-1
Pb = 1- ) Ilyaccon(i, Mp)
i=0

rie r (IOporoBoe 3HAYEHHWE) MpPEACTABIAET COOOH KOJNMYECTBO pas, KOTOpPOe



33

HYKJICOTH/IHAsl 3aME€Ha JEeTeKTHPOBaHA B IUIa3Me, JJIsi TOrO 4YTOOBI ONPEAENHTb, YTO OHA
NpeACTaBsieT COOOH IMOTEHLHMANIbHO CBS3aHHYIO C OIMyxonbpto MyTaumio; Ilyaccon(i,Mp)
npeacTaBisieT coOON IMyacCOHOBCKOE paclpenieNleHne BEPOSITHOCTU BCTPEYaeMOCTU I pa3 Ipu
cpenHeM konndectse Mp.

CyMMapHOe KOJIMUECTBO CBSI3AHHBIX C PAKOM MyTaLUi, KOTOPbIE OXKUAAIOT OOHAPYKHUTh
B a3me (NP), moxxno paccuntath kak: Np = Nt x Pb, rone Nt npencrasisier co00it KOIMIECTBO
MyTalWl, MPUCYTCTBYIOLIMX B OMyXOJeBOoW TkaHU. Ha cremyromux auarpamMmax NOKa3aHBI
NPOLICHTHI CBSI3aHHBIX C OINYXOJIbID MyTalUil, KOTOpbIE OXHIAIOT OOHAPYXXHTb B IUIA3ME,
NPUMEHSISI pa3JIMYHbIE KPUTEPUU BCTPEYAEMOCTH (T) AJISl ONIpeeIeHUs] TOTEHIUAIBbHON My Talluu
U pa3JIM4IHble TTyOHHBI CEKBEHUPOBAHMS.

Ha ®ur. 6A mpencraBnena npauarpamMmma 600, Ha KOTOpOH IOKa3aHa dYacToOTa
JETEKTUPOBAHMS CBSI3aHHBIX C PAKOM MyTalWil B Tula3Me ¢ (PPaKkLHMOHHBIMH KOHLEHTPALMUIMHU
JJHK omnyxoneBoro mnpoucxoxaeHusi, coctrapsiromumu 10% u 20%, u ¢ npuMeHEHuEM
BCTpedaeMocTeil (r), paBHBIX YETHIPEM U INECTH, B Ka4eCTBE KPUTEPUEB ISl OIpPEIEIICHHS
NOTEHIMAJBHBIX CBS3aHHBIX C pakoM Myrtauuil. Ilpm omHON W TO# ke r, Ooyee BbICOKas
¢pakunonnass xonueHtrpanus JIHK omyxomeBoro mnpoucxokneHusi B IUIa3Me€ NPUBENET K
JIETEKTUPOBAHMIO B IUIa3Me OOJIBIIEro KOJUYEeCTBA CBSI3aHHBIX C pakoM MyTtauuil. [lpu ogHoll n
Tol ke (ppakimonHON koHueHTpauuu JIHK omyxomeBoro mpomcxoxaeHus B 1uiasme, Oosee

BBICOKaAs I IPUBEACT K ACTCKTUPOBAHUIO MEHBIIICTO KOJINMYECTBA MYTaHHﬁ.

B. Konuvecmso — 1021cHONONONCUMENbHBIX — OOHOHYKICOMUOHBIX — U3MEHEHUl,
0emeKmupOBaAnHbIX 6CIEOCMEUe OULOKU
OnuonyxkieornaHble u3mMenenus B JIHK ma3mbl B pe3ysibTatax CEKBEHUPOBAHHS MOTYT
BCTPEYATHCS BCJIEACTBHE OLIMOOK CEKBEHMPOBAHUS M BhIpaBHMBaHUs. KOJIM4YecTBO MONOKEHUH
HYKJICOTUIOB C  JIOXKHOIIOJIOKUTENIbHBIMH ~ OJHOHYKJICOTUAHBIMH ~ M3MEHEHUSIMH ~ MOYKHO
npescKa3aTh MaTEeMAaTUYeCKH Ha OCHOBAHWM OWHOMMAJBHOTO pacmpeneieHus. llapamerpsi,
BIIMSTFOLINE HAa KOJMYECTBO JIOKHOIOJIOKUTENBHBIX caiiToB (NFp), MOTYT BKItOUaTh: (1) 9acrory
omnOok cekBeHHpoBaHusi (E) - wacToTy OmMMOOK CEKBEHWPOBAHUS ONPENENSIOT KakK OO
HETIPaBHJIbHO OTIPENIEJICHHBIX MPU CEKBEHUPOBAHUH HYKJICOTHIOB; (2) riIyONHY CEeKBEHUPOBAHHUS
(D) — uem Oompine rayOMHA CEKBEHHPOBAaHHUS, T€M OoJblIe OyAeT KOJNUYECTBO MOJOXKEHUH
HYKJICOTHJIOB, B KOTOPBIX BBISIBUTCS OIIMOKA CEKBEHHUPOBAHHS, (3) MUHHMAJIbHOE KOJUYECTBO
IETEKTUPOBAHUNA OIHOW M TOW XK€ HYKJICOTHIHOW 3aMeHbl, 4TOOBI ONpENeNNTb, YTO OHA
SIBJIIETCSl TOTEHLMAJIBbHO CBSI3AHHOW C pakoM MyTamnuei (r), u (4) CyMMapHOE KOJUYECTBO
TMIOJIO’KEHUH HyKJIEOTHIOB BHYTPH UHTEpecyroero gpparmenta (Ni).

Bo3HukHOBEHHME  MyTaLMi, Kak @PAaBWIO, CUMUTAIOT CIYy4YalHBIM  MPOLIECCOM.
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CnenoBarenbHO, C YBEJIMYCHUEM KPHTEPUEB BCTPEUASMOCTHU I ONPEAEICHUs] MOTEHIMATbHON
MyTaLUH,  KOJMYECTBO  JIOKHOMOJOXKUTENbHbIX  TOJIOXKEHUH  HYKJICOTHIOB  Oynaer
HKCIIOHEHIMAJIbHO YMEHBIIATHCS. B HEKOTOPBIX M3 CYIIECTBYIOLIMX MIATHOPM CEKBEHUPOBAHUSI
OTpe/ieJICHHOE OKPY’KEHUE IOCIEeNOBATEIbHOCTH B OOJNBIIEH CTENEeHH MOABEPKEHO OIMNOKaM
cekBeHHpoBaHus. [IpuMepsl TaKOro OKpy>KeHHs MOcieaoBaTeNbHOCTH BKIouaroT MmotuB GGC,
romonionumeps! (Harpumep, AAAAAAA) u npocteie nosropsl (Hanpumep, ATATATATAT).
Takue OKkpy>KeHHsI MOCeN0BATEIHHOCTH 110 CYLIECTBY OYIyT yBEIUYHNBATD KOJHYECTBO JIOMKHBIX
OTHOHYKJICOTUAHBIX 3aMeH win BcTaBok/menenuii (Nakamura K wu gp. Nucleic Acids Res
2011;39,e90 u Minoche AE wu gap. Genome Biol 2011;12,R112). Kpome Toro,
MIOCJIEIOBATEIbHOCTH TOBTOPOB, TaKHe KaK TOMOIOJMMEpPbl W TMPOCTbie TMOBTOPBI, MpPHU
BBIYHCJIEHHUAX OYIyT BbI3bIBATh HEOJHO3HAUYHOCTh BbIPABHUBAHMUS U, CJI€OBATEIbHO, IPUBOIHUTH
K JIO>KHOTIOJIOJKUTEJIbHBIM Pe3yJIbTaTaM JAJisi OHOHYKJICOTHIHBIX BapUALIUL.

Uem  Oomblle  MHTEPECYIOLIUI  Y4YacTOK, TeM Oonbluee KOJIUYECTBO
JIO’KHOTIOJIOKUTENTbHBIX MOJIOKEHUH HYKJIeOTHAOB OyayT HaOmonath. Ecin HeoOXoauMo HalTH
MyTallid BO BCEM T€HOME, TOTJla MHTepecyromas o0nacte Oyaer MpencTaBisiTh COOOH Bech
I'€HOM U KOJIMYECTBO HCCIENYEeMbIX HYKJICOTHAOB Oyaer cocTaBisiTh 3 muwuinapna. C apyroi
CTOpPOHBI, €ciii C(POKYyCHpOBaTh BHMMAaHME HAa 3K30HAX, TO HMHTepecymoomas obnactb Oyaer
COCTOSITb W3 HYKJICOTHAOB, KOIAMPYIOIIMX 3K30HBI, KOJHUYECTBO KOTOPBIX MPUOIH3HTENBHO
COCTaBJIAET 45 MUJUIMOHOB.

Konn4uecTBo JI0’KHOMOIOKUTEBHBIX TOJI0KEHHH HYKJIEOTHIOB, CBSI3AHHBIX ¢ OIIHOKaMH
CEKBEHHPOBAHUSI, MOKHO OIPEAEIUTh HA OCHOBAHHHM CIEAYIOMX pacueToB. BepostHocTh (PEr)
TOTO, YTO OJHA M Ta K€ HYKJIEOTHIHAs 3aMEHAa BCTPETUTCS B OJHOM U TOM JK€ IOJIOKEHHUH

BCJIECOCTBUEC OLHI/I6OK CEKBCHUPOBAHUSA, MOKHO PaCCHUTATh KaK:
E r—1
Ps. = C(D,1T)E (g)

rae C(D.7) mpencrapnser coboif KONMYECTBO BO3MOKHBIX KOMOMHAIMH BBIOOPKH T
3JIEMEHTOB U3 OOIIEero KOJIWYeCTBa JJIEMEHTOB D; r mpencrasiser coOoif  3Ha4deHHe
BCTPEYAEMOCTH JJISl ONpEAeNIeHHs] MOTeHUHaNbHOW MyTaunu;, D mpencrasiser cooil riayonny
cexBeHuposanus; u E mpencrasnser coboit wactory ommbok ceksennpopannus. C(D.7) moxmHo

pacCunuTaTh Kak:
Dt

cC,r)=——r
Fr(D—rh

KonuuaectBo monoskeHudt HykJeoTunoB (NFp), JIOXKHOIMOJOKHUTENBHBIX IO MYyTaLlUsM,
MO>KHO PacCUUTATh KaK:

Ngp = NiPg,



35

rae Ni mpeacraBisieT coOOW CyMMapHOe KOJMYECTBO TIOJIOKEHUH HYKJIEOTHUIOB B
UHTEpECYIoIeii o0nacTu.

Ha ¢ur. 6B mnpencraBnena auarpamma 650, Ha KOTOpOH IIOKAa3aHO OKHUAAEMOE
KOJIMYECTBO TIOJIOXKEHUH HYKJIEOTHJOB, KOTOpble OLIMOOYHO KJIACCU(UIUMPOBAIN KAk
coieprKalife HyKJICOTHIHYIO 3aMeHy ¢ IPUMEHEHHEeM Kputepues BcTpeuaeMoctu (r) 4, 5, 6 u 7
B 3aBUCHMOCTH OT TJIyOWHBI CEKBEHUPOBAaHUS. B maHHOM pacueTe 3a MHTEPECYIOIUH y4acTOK
NPUHUMAIOT LeJblii reHoM (3 MuuMapaa TOJOKEeHUH HykieotuaoB). Yactory ommbok
CEKBEHHUPOBaHUs NMPUHUMAIOT paBHON 0,3% OT CeKBEHHPOBAHHBIX HYKJIEOTHUAOB. BumHo, uTO
3HAQYEHHE /' OKA3BIBAET CYILECTBEHHOE BJIMSIHUE HA JIOKHOIOJIOKUTEIbHBIE pe3ysbTaThl. Ho no
¢ur. 6A MOXHO YBHAETb, YTO MpH OONBLIEM 3HAYEHUH 7 TAK)KE YMEHBLIAETCS KOJHYECTBO
JIETEKTUPOBAHHBIX MYyTallMi, IO MEHBLIEH Mepe N0 TeX IOop, MOoKa He OyAyT MPUMEHSTHCS
3HAYUTEIBHO OOJbIINE TIyOHHBI CEKBEHUPOBAHUSI.

B. Bov16op munumansnoit ecmpeuaemocmu (r)

Belime o0cyXnanock, YTO KOJHMUECTBO HUCTUHHBIX CBS3aHHBIX C PAKOM MYTHPOBAHHBIX
CaiTOB W JIOXKHOMOJIOXKUTEJBHBIX CAWTOB BCJIEACTBHE OMIMOOK CEKBEHHUPOBAHUS OyneT
YBEJIMYUBATLCS C YBEJIMYEHHEM TINyOMHBI CEKBEHHPOBaHUS. TeM He MeHee, YPOBHH HX
yBenuueHus: OyayT pasnuuHbl.  ClenoBaTeNnbHO, MOXKHO —HCIIONB30BaTh BHIOOP TIyOWHBI
CEeKBEHHPOBAHUS M 3HAYEHUS I ISl TOrO, YTOOBI MAKCUMHU3UPOBATh NETEKTHPOBAHHE MCTHHHBIX
CBSI3aHHBIX C PAKOM MYyTaLUH, IPU 3TOM COXPaHsisl KOJIUYECTBO JOKHOIMOJIOKHUTENbHBIX CAUTOB
Ha HU3KOM YPOBHE.

Ha ¢ur. 7A mnpencraBnena numarpamma 700, Ha KOTOPOH IIOKa3aHO KOJHYECTBO
UCTHHHBIX CBA3aHHBIX C PAKOM MYTHPOBAHHBIX CAWTOB U JIO)KHOMOJIOKUTEJIbHBIX CAHTOB IS
pa3MUUYHBIX TIyOUH cexkBeHupoBaHusa. CyMMapHOe KOJUYECTBO CBSI3AHHBIX C PAKOM MyTallMi B
OMyXOJIEBOW TKAaHU TNPUHUMAKOT paBHbIM 3000 u ¢pakmuoHHyro KoHneHtpauuro JIHK
OIMyXOJIEBOTO TMPOUCXOXKIAEHHUsT B IUIa3Me NpuHUMaroT paBHoW 10%. Yacroty ommbok
CeKBEHHpOBaHUsl nMpuHUMArOT paBHOH 0,3%. Ha mogmucu x ¢urype MII obo3HavaeT HCTHHHO
MOJIOKUTENIbHBIE CANTBIL, B KOTOPBIX COOTBETCTBYIOLIAs MYyTAalLUsl MPUCYTCTBYET B OIMyXOJIEBOU
TkaHu, JIIT o0o3HauaeT JOKHOMOJIOKUTENbHBIE CANTBI, B KOTOPBIX B OIYXOJEBOW TKaHU
MPUCYTCTBYET HE COOTBETCTBYIOLIASI MyTalusi U U3MEHEHUs] HYKJIEOTHIOB, MPUCYTCTBYIOILNE B
pe3yJbTaTax CeKBEHHPOBAHUS, BBIIBJICHBI BCIEICTBHE OIIMOOK CEKBEHUPOBAHUSI.

ITo pmarpamme 700 BumHO, uyto mpu 110-kpaTHOH TIIyOMHE CEKBEHHPOBAHUS MBI
oOHapy>kuM npuOIM3uTEeNbHO 1410 MCTUHHBIX CBA3aHHBIX C PAKOM MyTalWH, €CIIH B KaueCTBe
KPHUTEPHUSI MBI HCIIOJIb3YE€M MUHHMAJIbHYI0 BCTPEYaeMOCTb, PaBHYIO 6 (r = 6), 4TOOBI ONpeneIuTh
NOTEHLIMAIBHBIN CAHT MyTaluy B riiasme. Mcronbe3yst TaHHBIN KpUTEPHiA, Mbl OOHAPY KHUM JIIIb

npubnausutensHo 20 JIOXKHOMOJOXKUTENBHBIX caiiToB. Ecnm B kadecTBe KpUTEpUS MBI
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UCTIOJIb3YEM MHHUMAJBHYIO BCTPEYaeMOCTb, paBHYr0 7 (r = 7), 4TOOBI OIpenenuThb
MNOTCHLUAIBHYI0 MyTaLHIO, KOJMYECTBO CBSI3aHHBIX C PaKOM MyTalMil, KOTOPBIE MOXKHO
o0OHapy>kuTh, yMeHbIIUTCS Ha 470 (1o npubnmusurensHo 940). CnenoBaTenbHO, KpUTEPUI I = 6
MIO3BOJIUT C OOJIBIIEH YYBCTBUTENBHOCTBIO OOHAPY KUTD B IJIa3M€ CBSI3aHHBIE C PAKOM MYTaLUH.

C nmpyroit croponel, npu 200-kpaTHOH riIyOMHE CEKBEHMPOBAHMS KOJIUYECTBO
JETEeKTUPOBAHHBIX UCTUHHBIX CBSI3AHHBIX C PAKOM MyTalHi OyAeT COCTABISTh MPUOIU3UTEIBHO
2800 u 2600, ecnu MBI MCHOJB3YE€M JIs1 ONpPENENIEHUs] MOTEHLUHUANIbHBIX MyTaLUd KPUTEPUU
MHUHHUMAJIbHON BCTpeuaeMocTu (r), paBHble 6 U 7, COOTBETCTBEHHO. MCmonb3ys IBa HaHHBIX
3HAYEHHUS 7, MBI TIOJYYHM KOJHYECTBA JIOMKHOIOJOXKHUTEIbHBIX CAHTOB MpHOIM3UTENbHO 740 M
20, coorBercTBeHHO. CrienoBatenbHo, mpu 200-KpaTHOH riyOMHEe CEKBEHUPOBAHUS IPUMEHEHNE
Oomee cTpororo Kpurepws r = 7 NI ONpPEAeNeHHs NOTEHLHAJIbHOW MYyTAallMd ITO3BOJIUT
CYLECTBEHHO YMEHBIINTh KOJUYECTBO JIOKHOMOJOKHUTENBHBIX CANTOB, MPU 3TOM HE OKa3bIBas
3HAYUTENBHOIO OTPHULATEIbHOIO BIMSHUS Ha 4YyBCTBUTEJIBHOCTb AETEKTHUPOBAHMSI MCTUHHBIX
CBSI3aHHBIX C PAKOM MYTaLHMH.

C. Junamuueckoe nopocoeoe 3nauenue O pe3yIbMAmMOE CeKGeHUPOSAHUS OJisl
O0emeKmupo6anss NOMEHYUATLHLIX MyMAYUil 6 niazme

I'myOuHa CekBEeHMPOBAHUSI KaXXIOro HYKJIEOTHIAa B HHTepecyrouied obmactu Oyner
pasnmuuHa. Ecmum  mbl OyneM npuMeHsATb (PUKCHPOBAHHOE IOPOrOBOE 3HAYEHHME IS
BCTPEYAEMOCTH HYKJICOTUIHON 3aMEHbI, YTOOBI OMNpPENEeNUTh IOTEHLUANbHYI0 MYTALUI0 B
iasMe, Ui HyKJIEOTHAOB, KOTOPbIE TIIOKPBITHI OOJBIIMM KOJHWYECTBOM CUUTBHIBAEMBIX
TIOCJIEIOBATENIbHOCTEH (T.€. CeKBEHUPOBaHbI ¢ OosbIneil ryOnHOI), OyayT BbIIE BEPOSTHOCTH
OLMOOYHOrO JETEKTUPOBAHUS B HUX BapUAllMU BCIEACTBHE OIMIMOKH CEKBEHHPOBAHUS, INPH
OTCYTCTBUU TAKOT'O U3MEHEHUs B OMyXOJIEBOM TKaHH, 10 CPABHEHHUIO C HYKJIEOTHAAMH, KOTOPBIE
CEeKBEHHPOBAHbI C MeHbIIeH ryOMHOH. B OonHOM BapuaHTe peanu3aluu Ui MPEOAOJICHHUS
JaHHOW TPOOJIEeMbl MPUMEHSIOT TUHAMHUYECKOE TIOPOTrOBOE 3HAUeHHe F K Pa3IMYHbIM
MOJIOXKEHUSIM HYKJIEOTHZIOB, B COOTBETCTBHHM C (DAaKTUYECKOH TIIyOMHOH CEKBEHHPOBAHUS
KOHKPETHOI'O MOJIOKEHMsI HYKJIEOTHA U B COOTBETCTBUU C JKEJATEJIbHBIM BEPXHUM IPENEIOM
BEPOSITHOCTH ONPENENICHHUs JIOKHOMONOXKUTENBHBIX BApHUALIUH.

B ommoM  BapumaHTe = peanm3alMM = MAaKCHUMalbHO  JIONYCTHMBIM  YpPOBEHb
JIO’KHOTIONOKUTENbHBIX BapHaluil Mo:xHO 3adukcupoBath kak 1 Ha 1,5 x 10® monoskenmuii
HykjaeoTnaoB. Ilpum paHHOM MakCMMajlbHO JONYCTHUMOM YPOBHE JIOKHOIOJIOXKHUTEIBHBIX
BapUalii CyMMapHOE€ KOJIMYECTBO JIOXKHOMNOJOXHUTEJIbHBIX CAaWTOB, KOTOpble OyayT
oOHapy>KuBaTbCcsl BO BCeM reHoMme, Oymer MeHee 20. 3HaueHue 7 1IJs1 PA3NUYHBIX TIyOWH
CEeKBEHHPOBAHUS MOXKHO OIPENEeNUTh IO KPHBBIM, IOKa3aHHbIM Ha ¢ur. 6B, u naHHbIE

NOPOroBble 3HAYEHMsl MOKa3aHbl B Tabmuue 1. B npyrux BapmaHTax peanuszaludl MOXKHO
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NPUMEHSITh APYTUe Pa3HuHble MaKCHMaIbHO JOMYCTHMbIE YPOBHH JIOKHOMOJOKHTEIbHbIX
Bapuanmii, Hanpumep, 1 Ha 3 x 10°, 1 na 10® uu 1 Ha 6 x 107, CooTBETCTBYIOIIEE CyMMapHOe

KOJIMYECTBO JIOJKHOIIOJIOKUTENbHBIX CalTOB Oyamer cocraBisath MeHee udem 10, 30 u 50,

COOTBETCTBEHHO.
I'nyOuHa ceKBEHHPOBAHMS MuHHUMaIBPHOE KOJIMYECTBO pPa3, KOTOPOE
KOHKPETHOT'O MOJIOKEHUS HYKJICOTUAHYIO 3aMeHy OOHapy»KHBAalOT B
HYKJIEOTHA pesyapratax cexkBeHupoBanHus JHK B
jiasme, LITO6I:;I onpeacinTb, 4YTO OHa
SIBJISIETCSI TOTEHLMAJIbHON MyTanuei (1)
<50 5
50-110 6
111 —200 7
201 - 310 8
311 —450 9
451 - 620 10
621 — 800 11

Tabmuma 1. MwuHHUManbHOE KOJUYECTBO pa3, KOTOPOE HYKJIEOTHAHYIO 3aMeHY
OOHapy>KUBAIOT B TUIA3Me, YTOOBI OMPENENIUTh, YTO OHA SIBJISIETCS TIOTEHIMAJIbHON MyTarumei (1),
e pas3iM4YHBIX ~TIyOMH  CEKBEHHUPOBAHMUS  KOHKPETHOTO  IOJIOKEHHsI  HYKJIEOTHAA.
MakcuMaJIbHBIH YPOBEHb JIOKHOMOJIOKUTENbHBIX Bapualuii 3adpukcuposan kak 1 na 1,5 x 10®
HYKJIEOTHOB.

D. Cexeenuposaniue ¢ yeiesvim 0bo2ayenuem

Ha ¢ur. 7A mnokaszano, uto Oounbinasi riyOMHa CEKBEHHUPOBAHUS MOXKET MPUBECTH K
Jy4lIed 4yBCTBUTEIBHOCTH OOHAPYKEHUS! CBSI3AHHBIX C PAKOM MYTALUH, IPU 3TOM KOJHYECTBO
JIO’)KHOTIOJIO)KUTENIPHBIX CAWTOB COXPAaHSETCS HA HH3KOM YpOBHE Osaromapss BO3MOXKHOCTH
npuMeHeHus: Oosnee BbICOKOro 3HaueHus r». Hampumep, mnpu 110-kpatHoit riyOune
CEKBEHUPOBAHMSI MOKHO [ETEKTHUPOBaTh B IasMe 1410 HCTUHHBIX CBS3AHHBIX C PAKOM
MyTAalHi, MPUMEHssI 3HAYeHUE 7, paBHOE O, TOrNna KaK KOJUYECTBO OOHAPYKEHHBIX MCTHHHBIX
CBSI3aHHBIX C pakoM MyTtamuid Oynmer coctaBisaTe 2600, ecnmu TiIyOMHY CEKBEHHUPOBAHHS
yBenuauTh 10 200 pa3s ¥ NpUMEHHUTD 3HaUEHHUe 7, paBHOe 7. J[Ba yka3aHHbIX HaOopa pe3yJIbTaToB
IanyT OKUIAEMOE KOJIMYECTBO JIOXKHOMOJIOKHUTENBHBIX CAWTOB, MPUOIHU3UTENBHO paBHOE 20.

XoTsl CcekBeHHpOBaHHE Bcero reHomMa a0 200-kpaTHOW TIyOMHBI OTHOCHUTENIBHO
JOPOrOCTOSIIIE B HACTOSIIIEE BPEMSI, ONHUM BO3MOXKHBIM CITIOCOOOM TOCTHIKEHHUS TAKOH Ty OMHBI
CEeKBEHHPOBAHUS SBJsIETCS (POKYCHPOBKA HA MEHbLIEH WHTepecyrome obnactu. AHamm3
1eNIeBO 00JIACTH MOKHO OCYIIECTBUTh, HANPUMEpP, HO HE OrPaHUYHMBASICH MEPEUNUCIECHHBIMH
cnocobamu, mytem npumeHenus 3arpaBok JIHK wmm PHK nns 3axBata umHTEpecyrommx
oOyacteli TeHOMa MOCPEACTBOM THOpUAM3AIMHU. 3axBaueHHbIe OOJACTH 3aTeM OCAKAAIOT,

Hanpumep, ¢ NOMOIIbIO MAarHHUTHBIX CPCACTB, a 3aTCM IIOABEPIrarOT CECKBCHUPOBAHMUIO. Taxkoit
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LIEJIEBON 3aXBAaT MOKHO OCYIIECTBHTb, HANPHMEp, NPUMEHSS CHCTEMY LEeJeBOro oOOralieHus
Agilent SureSelect, cuctemy nenesoro oboramenuss Roche Nimblegen u cucremy wnenesoro
pecekBenupoBanusi Illumina. Jlpyrum mnoaxomom sBisieTCss TPOBEACHHE aMILTH(PUKALNU
neneBbIx obnacteii ¢ momousto [1LP, a 3arem nmposeneHne cekBeHUpoBaHus. B ogHOM BapuaHTe
peanusalu HWHTEpecyromas o0JacTh mnpeacraBisieT coboil sk3oM. B Takom BapuanTe
peanusalUd MOXHO OCYINECTBUTH LEJIeBON 3axBaT Bcex ok30HOB JIHK B mnasme, u
oborammeHHy 3k30HHbIME oOtacTsimu JIHK 13 ma3mel 3aTeM MOKHO CEKBEHUPOBATb.
BnoGaBok k BO3MOXHOCTH OoJblieil TyOWHBI CEKBEHUPOBaHUs, (OKYCHPOBKA Ha
OMpeIeNIeHHbIX O0JIACTSAX BMECTO aHaJHM3a BCEr0 N€HOMA MO3BOJHUT 3HAYUTEIBHO YMEHBIIHTH
KOJIMYECTBO TIOJIOKEHUH HYKJIEOTHIOB B OONACTH TIOMCKAa W TPUBEAET K YMEHBIICHHIO
KOJIMYECTBA JIOJKHOTOJIOKUTEIBHBIX CAHTOB MPHU TAKOH K€ YacTOTE OITMOOK CEKBEHUPOBAHUSI.
Ha ¢ur. 7B npencraenena nuarpamma 750, Ha KOTOpPOH MOKa3aHO MPOTHO3HPYEMOE
KOJIMYECTBO JIOXKHOTIOJIOKHUTENBHBIX CAHTOB NPU MPOBENEHNH aHaimu3a nosHoro renoma (I1IN) u
BCEX SK30HOB. JlJI Ka)K0ro TUIA aHAJIM3a UCIOIb30BAIN [1BA PA3JIMUHBIX 3HAYEHMUsI 7, PaBHbIE 5
u 6. IIpu 200-kpaTHOH riayOMHE CEKBEHHUPOBAHHS, €CIIM JJISI ONpEeNeNieHns] MyTalui B TUla3Me
UCTOJB3YIOT 7 = 5, MPOTHO3UPYEMOE KOJUUYECTBO JIOXKHOIOJIOKUTEIbHBIX CAHTOB COCTaBJISIET
npubausuTensHo 23000 u 230 1yt BCEro reHoMa M BCEX HK30HOB, COOTBETCTBEHHO. Ecmm st

ompefeeHus MyTauud B IUIa3ME€ HUCHONB3YKT F = 6, IPOTrHO3UPYEMOE KOJIUYECTBO

>
JIOKHOTIOJIOKUTEBHBIX CaMTOB cocTtaBiasier 750 um 7, coorBeTcTBeHHO. Cleq0BaTEIbHO,
OTpaHUYEHHE KOJMYECTBA HYKJIEOTHAOB B HWHTEpECyrollell 00JacTu MOXET 3HAYUTENIbHO
YMEHBILIUTh KOJUYECTBO JIOKHOIOJIOKHUTENBHBIX CAWTOB NpU aHaiu3e Hannuus myTanuii B JITHK
TJ1a3MBl.

Ilpu cekBeHMPOBaHMU C 3aXBAaTOM HK30HA HWJIM JaXe 3aXBaTOM 3K30Ma KOJUYECTBO
HYKJIEOTHIIOB B 00J1aCTU NOKCKa yMeHbIinaercs. ClienoBaTesIbHO, 1aXe eCJIH MbI TO3BOJIUM OoJiee
BBICOKUH YPOBEHb JIOKHOIOJIOKUTEIBHBIX BapUALUN JJIsI TETEKTUPOBAHUS CBSI3AHHBIX C PAKOM
MyTalui, aOCOJIOTHOE KOJUYECTBO JIOKHOIOJOKUTEIBHBIX CAHTOB MOMKHO COXPAaHHTh Ha
OTHOCHUTEJIbHO HU3KOM ypoBHe. Jlonymenue Oojiee BBICOKOTO YPOBHS JIOXKHOIOJIOKUTETHHBIX
BapUALMil MMO3BOJUT NMPHUMEHSATh MEHEE CTPOTHil KpUTepUil MHUHUMAJIbHOW BCTpedaeMocTH (7)
IUTSL IETEKTUPOBAHMSI OJHOHYKJICOTUAHBIX BapHALMi B TIa3Me. ITO MpHUBENET K Oojiee BBICOKOH
YyBCTBUTEJbHOCTH I€TEKTHPOBAHUS HCTHHHBIX CBS3aHHBIX C PAKOM MY TaLIH.

B onHoM BapuaHTe peanu3alii Mbl MOXKEM IMPUMEHSATh MAaKCHUMAaJbHO OIMYCTUMbBIN
YPOBEHb JIOKHOMONOKUTENbHBIX Bapualuii, paublii 1,5 x 10° Tlpu naHHOM ypOBHe
JIO’KHOTOJIOKUTENBbHBIX BapHalUil CyMMAapHO€ KOJUYECTBO JIOXKHOIOJOKUTENBHBIX CAaWTOB
BHYTPHU LEJIEBBIX 3K30HOB OyIeT COCTaBisTh Juiib 20. 3Ha4eHHs 7 Uil Pa3jIMuHbIX [IyOHH

CCKBCHUPOBAHUSA C IPUMEHCHUEM MAKCHUMAJbHO HJOIIYCTUMOI'O YPOBHS JIOKHOIIOJIOKUTEIbHBIX
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Bapuanuii, papHoro 1,5 x 10°, mokasanbl B Tabnue 2. B Apyrux BapuaHTax peanu3aliid MOXKHO
NPUMEHSTb APYTHE Pa3IMYHblE MAaKCUMAJIBHO AOINYCTUMBIE YPOBHHU JIOKHOMOJOKUTENIBbHBIX
Bapuaimii, Hanpumep, 1 Ha 3 x 10°, 1 na 10° uan 1 Ha 6 x 10°. CoOTBETCTBYIOIIEE CyMMapHOe
KOJIMYECTBO JIOXKHOTIOJIOXKHUTENIbHBIX caiiToB Oyaer menbiie, yeM 10, 30 u 50, COOTBETCTBEHHO.
B opHOM BapuaHTe peannu3aliy Pa3IMYHbIM KJIACCAM MyTalUil MOXKHO MPUIKCHIBATL PA3JINYHbBIE

BECa, ONMMCAHHBIC BBILIC.

I'myOuHa CeKBEHUPOBAHMS MuHuManbHOE€ KOJHUYECTBO pas,
KOHKPETHOTI'O MOJIOKEHUS KOTOPO€ HYKJEOTHAHYIO 3aMEHY
HYKJIEOTHA OOHApPY’KMBAIOT B  pe3yJbTaTax

cekBenupoBanuss [IHK B mnasme,
yroObl  OMpeAeNanTb, YTO OHA

SIBJISIETCSI MOTEHIUATBHON
MmyTauue (r)

<50 4

50— 125 5

126 — 235 6

236 — 380 7

381 — 560 8

561 — 760 9

Tabmua 2. MwuHHMManbHOE KOJHMYECTBO pa3, KOTOPOE HYKJICOTHAHAS 3aMeHa
NPUCYTCTBYET B IUIa3Me, AJII TOTrO, YTOOBI OMpPENENnThb, YTO OHA SIBISIETCS IMOTEHIMAIbHON
MyTanuen (r), AJs pa3IuyHbIX INyOUH CEKBEHHPOBAHMS KOHKPETHOIO MOJOXKEHUS HYKJIEOTHIA.
MaxkcumanpHbIN ypOBEHb JIOKHOMOJNIOKUTENBHBIX BapHaluii 3adukcuposaH Ha ypoBHe 1 Ha 1,5
x 10° HykeoTuI0B.

VIII. JETEKTUPOBAHMUE PAKA

Brime ynoMuHanoch, 4To KOJWYECTBO MapKepOB IOCIENOBATEIbHOCTH B HM3MEHEHHBIX
JIOKyCaxX MOKHO TPUMEHSITb JJIsl OTPEeNeNeHHus Pa3MuHbIMU CIIOCOOaMHU MapameTpa, KOTOPBIH
CPAaBHUBAIOT C TOpPOroM, dToObl KJIACCUPUIMPOBATH YpPOBEHb paka. DpakiuoHHas
KOHLIEHTpaLisl BAPUAHTHBIN CUMTHIBAEMBIX IOCIEAOBATENbHOCTEN IO CPAaBHEHUIO CO BCEMHU
CUUTHIBAEMBIMHU TOCJIEIOBATENBHOCTSIMU B JIOKYC€ WJIM BO MHOXKECTBE JIOKYCOB MpEJCTaBIIsIET
co0oii Apyroli mapamerp, KOTOPbIH MOKHO HCIONBb30BATh JJIs 3TOM 1enu. Hibke nmpeacTaBieHsbl
HEKOTOpbIE IPUMeEPbI BBIUUCIICHHsI YKa3aHHOTO NTapaMeTpa U ropora.

A. Onpeoenenue napamempa

Ecnu KI' roMO3UroTeH B ONpeeIeHHOM JIOKYCe TIO TIEPBOH aJljIeNd U B OMOJIOrHYECKOM
obpasue (Hampumep, B IUTa3Me) HAONMIOJAETCsl BapUAHTHAs ajulelib, TO (DPAKLHUOHHYIO
KOHIICHTPAIIMI0 MOXXHO paccuuTtath Kak 2p / (pt+q), rne p mpencrapisieT cOOOH KOJIHMUYECTBO
MapKepoOB MOCJIENOBATENBHOCTH, COMEPKAIIUX BAPHAHTHYIO ajjielib, U ¢ TPEACTaBIsIeT COOOMH

KOJIMYECTBO MApPKEPOB MOCIEAOBATEIbHOCTH, coaep:kamux nepsyro amiens KI. B pganHo#



40

dopmyne mnpenmonaraercs, YTO TOJBKO B OJHOM U3 TaIUIOTHUIIOB OIMYXOJH MPUCYTCTBYET
BApUAHT, YTO, KaK MPABHJIO, OyJAET COOTBETCTBOBATh ACHCTBUTEIBHOCTH. Takum oOpaszoMm, s
KQXXJIOTO TOMO3MI'OTHOI'O JIOKYCA MOXHO pacCUUTaTh (PPAKIMOHHYIO KOHLEHTPALHIO.
DpakLMOHHBIE KOHLEHTPALUU MOXKHO YCPEAHWUTb. B Apyrom BapuaHTe peanu3alluyd 4UCIO p
MOJKET BKJIFOYAaTh KOJUYECTBO MapPKEPOB MOCIEA0BATEIbHOCTH AJIsl BCEX JIOKYCOB U, AHAJIOTMYHO
YHUCITy ¢, OTIPEAEISITh PPAKLMOHHYIO KOHIEeHTpauuto. Hactosiuim onucan npumep.

Ocy1ecTBIsIN TOJHOTEHOMHOE UCCIIEI0BAHUE HAJMUNS OHOHYKJIEOTHIHBIX BAPHAHTOB
(OHB) omyxoneBoro mpoucxoxnenuss B miasMe 4 mnauueHtoB ¢ ['KK. Mbl cekBeHUpOBaH
onyxonesyto JJTHK u TIHK u3 nefikonutapHO# IIEHKH CO CPETHUMHU Iy OMHAMHU, paBHBIMU 29,5-
KpaTHOMy (nmama3oH OT 27-kpaTHOro 1o 33-kpaTtHoro) u 43-kpatHomy (amama3oH ot 39-
KpaTHOro 10 46-KpaTHOrO) TMOKPBITHIO TarIOMJHOTO T'€HOMa, COOTBETCTBEHHO. CpaBHHBAIN
pe3yJbTaThl MaccoBoro mapamienbHoro ceksenuposanusi (MIIC) onyxonesoit JITHK u JIHK u3
nefikouuTapHOM TuIeHKH s kaxknoro w3 4 maumeHntoB ¢ KK, u BesBismin OHB,
npucyTtcTByromue B onyxonesoi JIHK, no He B /IHK u3 nelikonurapHON MIEHKH, ¢ MOMOLIBIO
cTpororo OuomH(popmanmoHHOro ajroput™a. Jlis maHHOrO anmroputma Tpedyercsi, YTOOBI
npennonaraemeii OHB mnpucyTcTBOBan B 1O MeHbIIEH Mepe TMOPOTOBOM KOJIHYECTBE
CeKBeHUpOBaHHBIX (pparmenToB onyxoyieBoit JJHK (T.e. B COOTBETCTBYIOIEM CEKBEHUPOBAHHOM
Mapkepe), 4ToObl ero MOKHO Obuto kiaccupuuuposarh kak uctuHHbIE OHB. IToporosoe
KOJIMYECTBO ONPEAEISIOT IMyTeM ydeTa INIyOHMHbI CeKBEHHMPOBAaHUSI KOHKPETHOTO HYKJIEOTHIA U
YaCTOTBI OIINOOK CEKBEHHPOBAHMS, HAIPUMED, ONIMCAHHBIX B TAHHOH 3asBKE.

Ha ¢wur. 8 mpencrasnrena tabmuma 800, Ha KOTOpOH MOKa3aHbl pe3yjbTaThl mus 4
nauveHToB ¢ KK 1o u mocne nevenwus, Brmouas (pakuuonHeie koHueHtpanuu JIHK
OMyXOJIEBOTO TMPOMUCXOXKACHUSI B IIJIa3M€ COIMNIACHO BapUaHTaM pealU3aldy HAaCTOSILEro
u3o0petTenust. KonmmuecTBo cBsi3aHHBIX ¢ onyxoyiblo OHB Haxoawnock B auana3one ot 1334 mo
3171 B 4 cnyuasx I'KK. IlpuBenen nepeueHbp cootHowmeHuit Takux OHB, xoropbie Obuim
JETeKTHPOBAHBI B TUIA3Me 10 U mocie jedenus. Jo nedenus B miasme obHapyskuiu 15% — 94%
cBs3aHHbIX ¢ onmyxonbto OHB. Tlocne newenust ux npoueHT coctamsin 1,5% - 5,5%. Takum
oOpazom, konmuuecTBO neTekTrpoBaHHbIXx OHB neificTBUTENbHO KOPPEIHpyeT ¢ YPOBHEM paka.
Takum oOpazom, mokazanu, yro koimdectBo OHB MOXHO NpUMEHSTh B KauecTBe Mapamerpa
IUIs1 KJIacCU(pUKALH YPOBHS paKa.

Opakuuonnele  koHueHntpammu JHK omyxoneBoro mnpoucxXxoxaeHuss B - ILIA3Me
OTIPENEJSIIIN My TeM (PPAKIIMOHHOTO MOJICYETa KOJINYECTBA MyTAHTHBIX ITOCIIEOBATEIBHOCTEN 110
CPaBHEHMIO C CYMMapHbIM KOJHMYECTBOM IIOCIEAOBATENLHOCTEH (T.€. MyTaHTHBIX IUTIOC AUKOTO
tuna). PopMyna A1 TAKOro pacuera cienyroomas: 2p/(p+q), rae 2 yYUTHIBAET, YTO B OMyXOJIH

MyTHPOBaH TOJBKO OnuH ramiotun. llojmydeHHble (pakuMOHHbIE KOHLEHTPALMH XOPOLIO
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KOPPEIUPOBAIM C TAKOBBIMH, OIPEACNECHHBIMA C TIOMOLIBIO IOJHOT€HOMHOIO AaHAJIN3a
cymmaproit norepu amteneit (GAAL) (Chan KC wu pmp. Clin Chem 2013; 59:211-24), u
YMEHBILIAIUCh TOCIE€ XUPYPrU4eCKOro BMEIIATeNbCTBA. TakuMm 00pa3oM, IOKa3ajiH, YTO
(pakuMOHHAs KOHLEHTPALUS TaKKe SIBISIETCS MPUIOAHBIM IIApaMEeTPOM Ui OINpeeNeHus
YPOBHS paka.

PpakioHHasi KOHLEHTpaLus, MnoiydeHHass nmytem aHanuza OHB, moskeT BbIpakaTb
OMyXOJIEBYIO HArpy3Ky. Y TMalUeHTa C PakOBbIM 3a00jieBaHHEM C OONbIIEH OIMyXOJeBOM
Harpy3koi (Hampumep, ¢ Oosbluel BbUIBJIEHHOH (DpaKIMOHHON KOHLEHTpanuen) Oyner
MOBBIIIEHA YacTOTa COMATHYECKUX MyTalUid IO CPAaBHEHMIO C MALUEHTOM C MEHbLIeH
omyxoJieBoi Harpy3koi. Takum oOpa3oM, BapHaHThI peau3aliy TaK:Ke MOXKHO MPUMEHSITh TSI
nporHo3upoBanusi. OOBIYHO, Y MALMEHTOB C PAKOBBIMU 3a00JIEBAHUSMU C OOJBLIEH OMyXOJIeBOM
Harpy3Koil MPOrHO3 Xy’Ke, 4YeM y MNALUHUEeHTOB C MEHBILICH OINMyXOoJIeBOW Harpy3kou. Takum
o0pa3om, y TepBOH U3 YIOMSHYTBIX TPy OyJeT MOBBIMIEHHBIH PHUCK YMEPETh OT YKa3aHHOTO
3a0oneBaHus. B HEKOTOPBIX BapuaHTaX pPeAJH3aLMM, €CJIM MOJKHO OIPEAENUTh aOCOIFOTHYIO
xkoHueHTpauuo JIHK B Ononornueckom obpasne, Hanpumep, B Iuia3Me, (HampuMep, IpUMeEHssI
[P B peasbHOM BpeMeHU WIH (PJIyOPOMETPHIO), TO AOCOMFOTHYH KOHLIEHTPALUIO CBSI3aHHBIX C
OIYXOJIbK0 T€HETUYECKUX abeppauuii MOJKHO ONpPENeIuTb M HCIONb30BaTh Ui KIMHUYECKOTO
JETEKTUPOBAHMS, W/WJIN MOHUTOPUHTA, 1/HITH POTrHO3UPOBAHUS.

B. Onpedenenue nopoaa

Tabnuiy 800 MOKHO HCMONB30BaTh Uil OMPENEIUICHHs Mopora. Bhlie yrnoMHUHAIOCh,
yro konmyectBO OHB u ¢pakiyoHHas KOHLIEHTpauus, ONpenesieHHas C MOMOIIBI0 aHAIHM3a
OHB, koppenupyer ¢ ypoBHeM paka. [Topor MOXHO onpenenuTs B UHAUBUIAYAJIbHOM IMOPSIKE.
Hanpumep, nns onpeneneHuss mopora MOXKHO HCIOJIb30BaTh 3HAUYE€HHE 1O JiedeHus. B
Pa3MUYHBIX BAPUAHTAX PEATH3ALUU MOPOT MOXKET MPEACTaBIATh COO0I aOCOMOTHYO BEIHYUHY
U3MEHEHUs] OTHOCHTEJIBHO 3HAYCHMS IO JieueHus. [loaXoasiiquM TOpOroM MOXKET ObITh
ymenblieane koimuectsa OHB wmm ¢paxnuonHod konnentpaunu Ha 50%. Takoid mopor
NO3BOJIMT KJaccu(puLnpoBaTh O0Iee HU3KHUI YPOBEHb paka AJISl KAKAOro U3 CIydaeB B TaOJHUIe
800. CrnenyeT OTMETHUTB, YTO TAKOH IMOPOT MOXKET 3aBUCETH OT IIyOMHBI CEKBEHUPOBAHUSIL.

B omHOM BapuaHTe peanu3aliM MMOPOr MOXKHO NMPHUMEHSTh JJsi BCeX 0Opas3loB, U OH
MO>KET YYMTBIBATb WJIM MOXET HE€ YUYWTBHIBATb 3HAYEHUs NAHHOIO INapaMeTpa A0 JICUEHUs.
Hanpumep, nopor n3 100 OHB MOXHO mpuMeHsTH s Kiaccupukaumu CyObeKTa Kak He
HUMEIOLIEer0 pak WIM MMEIOLEro HU3Kuil ypoBeHb paka. Jlanueni mopor us 100 OHB
yAOBJICTBOPSIETCS] KAKIBIM W3 YeThipex ciydaeB B Tabmuue 800. Ecnu B kauecTBe mapamerpa
NPUMEHSIOT (PPAKIIMOHHYIO KOHIIEHTPALUIO, pu nopore, cocrasisomemM 1,0%, y I'KK1 - 'KK3

OynyT KiIacCupUIMPOBATh IPAKTUYECKH HYJEBOH YpPOBEHb paka, U IPU BTOPOM IIOPOTE,
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cocrapisiromieM 1,5 %, y I'KK4 Oyayt kmaccuduuupoBaTh HU3KHH YpOBEHb paka. Takum
oOpazom, Oosee 4YeM OMH TOPOr MOXHO MPHUMEHSATh Ui TOJNy4YeHHs Oonee 4eM ABYX
KJaccupuKauii.

UroObl HArJIAAHO MPOJAEMOHCTPUPOBATH IPYTU€ BO3MOKHBIE ITOPOTOBBIE 3HAYEHUS, MBI
NPOAHAIU3UPOBAIIN HAJIUYHE B IJIa3Me 3I0POBBIX KOHTpOJIeH cBs3aHHBbIX ¢ onmyxoisto OHB. V
30POBBIX CYOBEKTOB MOXKHO OCYLIECTBUTb MHOXECTBO M3MEPEHHH, YTOOBI ONpeneNnuTh
IMana3oH KOJMYECTBA BapHALMil, OKUJAEMBbIX B OHOJOrMYeCKOM OOpasle MO CPaBHEHHIO C
KOHCTUTY THBHBIM T€HOMOM.

Ha ¢ur. 9 npencraBnena Ttabmuma 900, Ha KOTOpPOW MOKAa3aHO AETEKTUPOBAHHE
ces3aHHbIX ¢ KK OHB y 16 300pOBBIX KOHTPOJBHBIX CYOBEKTOB COIJIACHO BapHaHTaM
peanm3ammu Hacrosimero usoOpereHus. Tabmumy 900 MOXKHO TNPUMEHSTh Ui OLIEHKH
cneunduarocT noaxona anaian3a OHB. 16 310poBBIX KOHTPOJIEH MepeurcIeHbl B Pa3IMUHBIX
psngax. B komonkax npusenensl OHB, nerextupoBanHbie nyist KOHKpeTHbIX nanueHToB ¢ [' KK, u
MOKa3aHbl KOJIMYECTBA CUUTBHIBAEMBIX IIOCJIEIOBATENbHOCTENl B H3MEHEHHBIX JIOKyCax,
COJIEp’KAIlMX BApUAHTHYIO ajulelib, U KOJHWYECTBO CUMUTBHIBAEMBIX I1OCIEAOBATEIbHOCTEH C
anneneio nukoro tuna (T.e. amensio 3 KI'). Hanpumep, nist I'KK1 B konTpone CO1 6puto 40
BAPUAHTHBIX CUUTHIBAEMBIX IOCJIEIOBATEIbHOCTEM B TAKUX HM3MEHEHHBIX JIOKycax, HO 31261
CUUTBIBAEMBIX IIOCJIENOBATEIBHOCTEN ajulesId JIUKOro Tuma. B mocnenHel KOJOHKE NMOKa3aHa
cymmapHas (pakunonHast koHueHtpauus st Bcex OHB mms mamumentoB ¢ I'KK1. Tak kak
cesizannble ¢ [ KK OHB cnemuduuner nis nanuentos ¢ ['KK, npucyrcrpyromnme cBsizaHHbIE C
I'KK OHB mnpencraBisitoT co0OM JIOKHOMOJNOKUTENbHBIE Pe3yJbTaThl. Ecau moporosbie
3HA4YEHUs, ONUCAHHbIE BB NAHHON 3asBKE, NMPUMEHUTb K IAHHBIM BbIIBJICHHBIM BapHaHTaM
MIOCJIEIOBATEILHOCTH, BCE TAKUE JIOXKHOMOJIOKHUTEIbHbIE Pe3yJIbTaThl OYAYT OTPUILTPOBAHBI.

[TpucyTcTBHE HEOONBIIOTO KOJMYECTBA TAKUX MPEATOIaraéMbIX CBSI3AHHBIX C OIYXOJIBIO
MyTalUui B IuiasMe 16 3710pOBbIX KOHTpPOJEH IMpencTaBiseT “‘CTOXaCTUYECKUH IIyM~ IaHHOTO
crnoco0a, M BEPOSTHO CBS3aHO C oOmuOKamMu cekBeHupoBaHus. Cpensss (QpakIuoHHas
KOHLIEHTpAIusi, OLIEHEHHas sl Takoro Imyma, coctaBisiia 0,38%. JlaHHble 3Ha4YeHUs
NPEICTABISIIOT AUANA30H ISl 30POBBIX CyOBekToB. TakuM 00pa3om, MOpOroBoe 3HAYEHUE IS
KiIaccudukanyy HyJieBoro yposHs paka st I KK moxer cocransate npudmmsurensao 0,5%,
NIOCKOJIbKY HanOoJbnasi ppakuuoHHas KoHLeHTpanus cocraisia 0,43%. Takum obpazom, ecnu
3 nanuenta ¢ KK ypanuth Bce pakoBble KJIETKH, OyAyT OXHIOATh NMPHUCYTCTBHE JIaHHBIX
HU3KUX (PPAKIIMOHHBIX KOHIIEHTPALIUIA.

CHoBa Bo3Bpamasice k Tadnuue 800, eciu B Ka4eCcTBe MOpOra AJisi HyJIEBOIO YPOBHS paka
ucnoabp3oBaTh 3HaueHue 0,5 %, To pesynabraTel A miasMsl nauueHTos ¢ I'KK1 u I'KK3 nocne

JICUCHUs] ONpEeNeNsAT Kak HyJieBOW ypoBeHb Ha ocHoBaHuu anHaimuza OHB. I'KK2 wmosxHO
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KJaccupUIMpPOBaTh HA OAWH ypoBeHb Bbime, uYeM Hyjdesod. I['KK4 Takke MOXHO
KJIacCU(UIIMPOBATh HA OUH YPOBEHb BBIIIE, Ye€M HYJIEBOH, MK elle OoJjiee BHICOKHI YPOBEHb,
HO BC€ K€ OTHOCHUTEJIBHO HU3KUH YPOBEHb IO CPABHEHHIO C 00pa3aMH 10 JIEUEHUsI.

B onHOM BapuaHTe peanuzalMM, B KOTOPOM YKa3aHHBIM IapamMeTp COOTBETCTBYET
KOJIMYECTBY MU3MEHEHHBIX JIOKYCOB, ITOPOT MOXKET OBbITh HYJIEBBIM (T.€. OIMH M3MEHEHHBIN JIOKYC
MOXKET CBUIETENILCTBOBATh O HEHYJIEBOM YPOBHE paka). TeM He MeHee, IPH MHOTHX IapaMeTpax
(Hanmpumep, riyOHHBI), TOPOr OyIeT Bbille, HanpuMmep, OyaerT uMeTb abCONIOTHOE 3HAYEHUe S5
wiu 10. B onHOM BapuaHTe peanusaiyu, B KOTOPOM 3a UHAMBUIOM HAOJIOIAIH TOCTIE JICYSHMS,
NOPOr MOXKET NPEACTaBIATh co00H HekoTopeid mporeHT OHB (neTeKTHpOBaHHBIX MyTeM
HETOCPEACTBEHHOI'O aHAJM3a OIMyXoJiel), BBIIBJICHHbIX B oOpasue. Eciau moporoBoe 3HaueHue
s HeOOXOOUMOro B HEKOTOPOM JIOKYCE BAPHUAHTHBIX CUUTHIBAEMBIX MOCIEIOBATEIBHOCTEH
JOCTAaTOYHO BEJMKO, HalWuMe JIHMIIb OJHOIO H3MEHEHHOI'O JIOKyca MOXeT YKa3blBaTb Ha
HEHYJIEBOW YPOBEHb paKa.

Takum 00pa3oM, KONIWYECTBEHHBIN aHAJIM3 Bapualil (HampuMmep, OJHOHYKIJIEOTHIHBIX
Bapuanmii) B JIHK u3 6nonorndeckoro oOpasua (HanpuMep, U3 TIa3Mbl) MOKHO MTPUMEHSTH [T
JAUAarHOCTUKHM, MOHUTOPUHIA U MPOTHO3UPOBAHUA paka. [[ns qeTeKTUpoBaHus paka KOJUYeCTBO
OJHOHYKJICOTU/IHBIX BapHALUH, N€TEKTHPOBAHHBIX B IUIa3M€ MCCIEIOBAHHOTO CyOBEKTa, MOXKHO
CPaBHUTH C TAKOBBIM JUUI IPYMIIbI 3I0POBBIX CYOBEKTOB. J[€TeKTHpOBaHUE B IIa3Me 30POBBIX
CyObEKTOB ONHOHYKJIEOTHIHBIX BapHalUil MOXXET IPOUCXOIUTh BCJIEACTBHE OLIMOOK
CEeKBEHHUPOBAHMUs, HEKJIOHAJIBHBIX MyTallMii B KPOBSHBIX KJIETKaX M APYTUX OpraHax. bbuio
IIOKA3aHO, YTO KIETKH y HOPMAJbHBIX 30POBbIX CYOBEKTOB MOTYT HECTH HeOOJbIIoe
xonuuectBo mytaumid (Conrad DF u np. Nat Genet 2011;43:712-4), kak moka3aHO B TaOnuLe
900. Takum o00pa3oM, CyMMapHOE KOJHUYECTBO JETEKTUPOBAHHBIX OJHOHYKJICOTUIHBIX
BapUalMil B IJIa3Me TPYNIbl OYEBHIHO 3IOPOBBIX CYOBEKTOB MOJKHO MPHMEHSTh B KaueCTBE
pedepercHoro nmamazoHa Ui TOrO, 4YTOOBI ONPEAENHTb, NPUCYTCTBYET JIM B IUIA3Me
HCCJIEZIOBAHHOIO MMAallM€HTa aHOMAJIbHO BBICOKOE KOJIMYECTBO OJHOHYKJIEOTUIHBIX BapHaLUil,
COOTBETCTBYIOIIlEE HEHYJIEBOMY YPOBHIO PaKa.

30pOBBIX CYOBEKTOB, HCIIOJNB3YEMBIX U ONpeneieHus pedepeHCHOro aHana3oHa,
MOYKHO TIOA00paTh MO BO3PAcTy M MOy JAJsl COOTBETCTBHS HCCIEAyeMbIM cyObekTaM. B Gonee
paHHEM HCCIENOBAHMU OBUIO MOKA3aHO, YTO KOJHYECTBO MyTAalL[il B COMATHYECKHX KIIETKax
yBenuunsaercsi ¢ BozpactoM (Cheung NK u np., JAMA 2012;307:1062-71). Takum oGpazom,
HAKOIUIEHHE KJIOHOB KJIETOK IO Mepe CTapeHUs SIBJISIETCs. HOPMOM, /1aXke €CJIM OHU OTHOCUTENIBHO
noOpOKaueCTBEHHbIE OOJNBIIYI0O YacTb BPEMEHH MIIM €CIM UM HoTpedyercst odeHb Ooblioe
BpeMsi, 4YTOOBI CTaTh KIMHUYECKHU 3HAYUMBIMH. B OZHOM BapmaHTe peanusanuu pedepeHCHbIE

YPOBHH MOJKHO TMOJYYHUTb Ul PAa3JUYHbIX TPYII CYOBEKTOB, HANpUMEpP, C pa3IMYHbIM
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BO3PACTOM, TIIOJIOM, 3THHYECKOW NPUHAMJIEKHOCTBIO W JAPYTHMH Tapamerpamu (Hampumep,
KypeHHe, 3a001eBaHne renaTuToM, alIKOTOJIN3M, JIEKaPCTBEHHBII aHAMHE3).

PedepeHcHbIli nuana3soH MOMKET M3MEHSATBCS B 3aBUCHUMOCTH OT HCHOJb3YEMOTO
NIOPOrOBOrO 3HAu€HUs (T.€. MPUCYTCTBHE B JIOKyCE HEOOXOIMMOro KOJUYECTBA M3MEHEHHBIX
MapKepoB NIOCJIEZIOBATENBHOCTH), a TAKXKe MPEAONIOKUTEIBHOTO YPOBHs
JIO)KHOTIOJIO)KUTENIPHBIX BapUalMii M JAPYrHX MEpeMeHHBIX (Hampumep, BoO3pacTta). Takum
oOpazom, pedepeHCHBIN TUana3oH MOKHO ONPENEeIuTh Uil KOHKPETHOro Habopa OJHOTO HIIH
Oonee xpurepueB, W ISl ONpEAeNeHHs napaMeTpa aisi oOpasua OyayT MPUMEHSTh TaKHE JKe
kpurepun. Torma yka3aHHBI MapaMeTp MOXHO CPAaBHUTh C peQepeHCHBIM IHANA30HOM,
TIOCKOJIbKY 00a OTIpenesiiy, MPUMEHSSI ONMHAKOBBIE KPUTEPHH.

Brime ynomMuHanoch, 4TO B BapHaHTaxX peajqu3alid MOKHO HCIOJIb30BaThb HECKOJIBKO
MOPOTOBBIX 3HAUEHUH IS OlpenesieHus! ypoBHs paka. Hanpumep, ¢ mOMOIIBIO NEPBOrO YPOBHS
MO>KHO ONpPEAENUTh OTCYTCTBHE MPU3HAKOB paka sl IapaMeTPOB HUXKE MOpOra U Mo MEeHbLIeH
Mepe TepBblii YPOBEHb paka, KOTOPBIH MOXKET MPEACTaBIsATh COOOH MpenHeOIIaCTUIEeCKH
ypoBeHb. Jlpyrue ypoBHU MOTYT COOTBETCTBOBATh PA3JIMYHBIM CTAIUSAM PaKa.

C. 3asucumocms dSKCHEPUMEHMATLHBIX HePEMEHHBIX

I'myOuHa cekBeHUPOBAHUS MOXKET OBITh Ba)KHA ISl ONPENENIeHNsI MUHUMAJIbHOTO MTOPOra
JETEKTUPOBAHU MHUHOPHOTO (HampuMmep, OMyXOJIeBOro) reHoma. Hampumep, ecnu nMpuUMeEHSTh
ryONHY CEKBEHUPOBAaHMs, paBHYO 10 rarmionaHbIM reHOMaM, TO MUHUMAaJIbHAsE KOHLIEHTPALUs
onyxoneBoii JIHK, koTopyro MOXKHO OOHapyXHTb, Jaxke C TMOMOINBI TEXHOJOTUU
CEeKBEHHPOBaHUs Oe3 Kakux-mubo omudok, coctasnsieT 1/5, T.e. 20%. C apyroii CTOpOHBI, €Clin
NPUMEHSTh ITyOMHY CeKBEHHUpPOBaHUs, paBHYO 100 ramionaHbIM reHOMaM, TO MHUHHUMAJIbHAs
KOHLIEHTpaLusi onmyCcTUTcst 10 2%. JlaHHBINA aHAJIU3 OTHOCUTCS K CIy4aro, KOrjia aHaJU3UPYIOT
TOJIKO OZMH MYTHPOBAHHBIN JIOKYC. TeM He MeHee, €CJId aHAIU3UPYIOT OOJblIee KOJHYECTBO
MyTHPOBAHHBIX JIOKYCOB, TO MHHHMAajbHas KOHLeHTpamus omyxojeBod JIHK moxer ObITh
HIDKE, U €€ OMPEAeISIOT ¢ MOMOIIbI0 (PYHKIMU OMHOMUANBHOH BeposiTHOCTH. Hanpuwmep, eciu
rnyOnHa cexBeHHpoBaHusi 10-kpaTHass W (ppakuuoHHas KoHUeHTpaums omyxoseBoit JIHK
coctaBysieT 20%, TO BEpPOATHOCTh NETEKTHPOBaHMs MyTanuu coctasisieT 10%. Tem He meHee,
ecnu npucyTcTByeT 10 mMyTanuii, TO BEPOSATHOCTb AETEKTUPOBAHMS MO MEHBIIEH Mepe OJHOMU
myTaiuu Oy et coctaBiaTh 1 - (1 —10%)'° = 65%.

CymecTByer HECKONBKO CJIENCTBUH YBEJNIWYEHUS TJIyOMHbI CEKBEHHPOBAHHUA. Uem
Oosnblre TyONHA CEKBEHUPOBAHMSI, TeM OoJbine OIUOOK CEKBEHUPOBaHMs OyneT HabMoaaThes,
cMm. ¢ur. 4 u 5. Tem He MeHee, nipu Oosbineil ryOnHEe CeKBEHUPOBaHMS OyET Jierde OTINYUTh
OMOKHA CEKBEHUPOBAHUSI OT MyTalMi BCJIEACTBHUE KJIOHAJIBHON HSKCHAHCUU CyOIomyssiiuu

KJIETOK (HaIpuMep, PaKOBBIX KJIETOK), TaK KaK OLIMOKHM CEKBEHUPOBAHUs OyAyT BCTPEUATHCS B
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r€HOME CITy4aifHO, a MyTaluu OyIyT BCTPEYATHCS B OJHOM M TOM K€ TOJIOKEHUH IS JaHHOM
HOMYJISILUN KJIETOK.

Uewm Oonblie riyOnHA CEKBEHUPOBAHUS, TEM OOJbIIe MyTalUi OyJeT JeTeKTUPOBAHO B
“3M0pOBBIX KyeTkax . Tem He MeHee, €ClIM He MPOUCXOAUT KJIOHAJbHAsl HKCIAHCHUS JaHHBIX
3OPOBBIX KJIETOK M MX MyTAaLMOHHBIE NPO(UIN Pa3IMuHbL, TO MYTALM B JAQHHBIX 3JOPOBBIX
KJIETKaX MOXKHO OTJIMYUTH OT MyTalUil [0 4acTOTaM BCTPEYaEMOCTH B IuIa3Me (Hampumep,
NPUMEHsIsl TIOPOroBoe 3HaueHue N i HeoOXOIAMMOTO  KOJIMYECTBA  CUUTHIBAEMBIX
NIOCJIEIOBATEILHOCTEH, B KOTOPBIX IETEKTUPOBAHA MyTauusi, Harpumep, N TOJKHO OBbITh paBHO
2,3, 4, 5 wnu Oosbine).

Bplme ynmoMHHAIOCh, YTO MOPOT MOXKET 3aBUCETh OT KOJIMYECTBA MYTALMid B 3I0POBBIX
KJIETKaX, KOTOpble OYAYT KJIOHAJIBHO Pa3MHOXKATBHCS, U, CIENOBATENBHO, UX MOTYT HE OTJIUYUTH
OT JpPyTUX MeXaHW3MOB. Takasi W3MEHYHBOCTh, KOTOPYIO MOXHO OXKHAATb, MOXET OBITH
NOJIy4eHa MPH aHaJHM3€ 30POBbIX CyOBEKTOB. Tak Kak KJIOHAJbHAs SKCIIAHCHUS MPOHCXOIUT C
TE€YEHHEM BPEMEHH, Ha M3MEHYHMBOCTb, KOTOPYIO HAONOAAIOT Y 370POBBIX CyOBEKTOB, MOXKET
BJIMATDH BO3PACT MALMEHTA, U, TAKIM 00Pa30M, IOPOT MOXKET 3aBUCETh OT BO3PACTa.

D. Kombunayuu yeneswvix nooxooos

B HeKOTOpBIX BapHaHTax pealn3aluy ClydyaiiHOe CEKBEHHPOBAHHE MOXKHO NPHMEHSTh B
KOMOMHAIIMM C LeNeBbIMM moaxoxaMu. Hampumep, MOXHO OCYLIECTBUTh Cly4aiiHOe
CEeKBEHHPOBaHUE OOpasla IIa3Mbl NPU MOCTYIUICHUH MAlMEeHTa C PAKOBBIM 3a00JIEBAHUEM.
MOo3KHO MpoaHaIU3UPOBaTh OTKJIOHEeHHUs uncia konuii 1 OHB B pesyibraTax ceKBEeHHPOBAHUS
JHK B muasme. OOGmactu, B  KOTOPbIX  BBbIABJIEHbI  OTKJIOHEHUs  (Hampumep,
amIunuKanus/aenenys: Wik Bbicokas miotHoctb OHB), MOXHO 1eeHanpaBieHHO B3SITh AJIS
CEepUIHOTO MOHHTOPUHTA. MOHHTOPUHT MOKHO OCYIIECTBHTb 4epe3 KaKOW-THOO Mepuon
BPEMEHH, WJIH OCYIIECTBUTh HE3aMEIJIUTEIbHO TIOCHE CIIy4alHOrO CEKBEHHPOBAHMS,
(akTHUECKH KaK enuHYK mnpouenypy. Jis LenxeBoro aHajgm3a MOXKHO YCIEHIHO NPUMEHSITh
MOAXOJIbI 3aXBaTa HA OCHOBE TMOPUAM3ALNY B *KUIKOH (asze nist odoramenns miazmel JJHK mst
HEMHBa3UBHON npeHatanbHON nuarHoctuku (Liao GJ u ap. Clin Chem 2011;57:92-101). Takue
METOIMKH YIIOMHHAIOTCS BhIlIe. Takum oOpa3oM, HampaBiIeHHbIE U CIyYaiHbIe MOIXOIbI MOXKHO
NPUMEHSTh B KOMOMHALIMY JIJIs1 IETEKTUPOBAHUS 1 MOHUTOPHHTA pakKa.

Takum 00pa3om, MOKHO OCYIIECTBHTD IIEJIEBOE CEKBEHHUPOBAHUE JIOKYCOB, B KOTOPBIX C
NPUMEHEHUEM HELEIEBOr0 IOJIHOTEHOMHOIO TOAXO0Na, YIOMSHYTOTO BBIIE, OOHAPY KN
NOTEHIMAJbHbIE MyTaluu. Takoe IeNeBOe CEeKBEHHPOBAHHE MOXKHO OCYINECTBHTb, MPUMEHSS
METOIMKH THOPUN3ALIMY B PAaCTBOPE WM TBepAoha3HOi rubpuanzannu (HanpuMep, IpUMeEHssI
Agilent SureSelect, NimbleGen Sequence Capture, uiam cuctemy LIeJI€BOTO PECEKBEHHPOBAHUS

[llumina), a 3arem MaccoBoe MapajuielbHOE CEeKBEHHpOBaHHE. [[pyroil moaxon mpencraBisieT
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co0oii ocymiectBiieHrne amrumdukanu (Hanpumep, cucteMbl Ha ocHoBe [ILIP) mist menesoro
cexBeHnposanus (Forshew T u np. Sci Transl Med 2012; 4: 135ra68).
IX. @®PAKIMOHHASA KOHIHEHTPALIUS

@DpakOHHY0 KOHLEHTpaluio onyxosiesoi JIHK MoXHO NpUMeHATh Ui onpeneeHus
HIOPOrOBOr0 3HAYEHUs] HEOOXOAMMOIO KOJNMYECTBA BapUalMii B JIOKyCe A0 TOTO, KaK B JIOKyCe
obHapyxwmm MyTtanmo. Hanpumep, eciam u3BeCTHO, 4YTO (paKLUOHHAS KOHIEHTpALHs
OTHOCHUTEJIbHO BBICOKA, TO MOKHO MPUMEHSATh BBICOKOE MOPOrOBOE 3HAYEHHUE JJisi OTCEHBAHUS
OONbLIEr0 KOJHYECTBA JIOKHOIMOJOKUTENBHBIX PEe3yJIbTATOB, MOCKOJbKY HW3BECTHO, YTO IS
uctnHHoro OHB 1OMKHO NPUCYTCTBOBATH OTHOCHTENIBHO BBICOKOE KOJHYECTBO BAPUAHTHBIX
CUMTBIBAEMBIX MocienoBareabHocTe. C Apyroil CTOpPOHBL, eciu (paKIHOHHAS KOHLIEHTPALUS
OKasaJlaCh HU3KOH, TO MOKET MOTPeOOBATHCS HIKHEE ITOPOTrOBOE 3HAYCHHUE, YTOOBI HE YITyCTUTh
Hekotopele 13 OHB. B nmanHOM ciiyyae (ppakLMOHHYIO KOHLIEHTPALUIO OyAyT OIMpPENensiTh C
MIOMOIIBIO criocoba, oTanyHoro ot ananu3a OHB, rae oHa CTOIB3yeTCs B KaUeCTBE MapaMeTpa.

s ompeneneHust (PakIMOHHONH KOHLEHTPALMHM MOXKHO TPHMEHSTh pPa3JIndHbIC
METOIMKH, HEKOTOpbIE M3 KOTOPBIX OMNHCAHBI B JAHHOW 3asiBKe. J[aHHBIE METOTUKH MOXKHO
NPUMEHSTD JJIs1 onpenesenHus ¢ppakunornHoi konuenTpannu JJHK onyxonesoro nponcxoxaeHus
B CMecH, HampuMmep, B OwuomnTare, coAep’KalleM CMeCb OINYyXOJEBbIX KIETOK M|
HE3JIOKAYECTBEHHBIX KIIETOK, WM B 0Opasle IJIa3Mbl U3 MalMEHTa C PAKOBBIM 3a00JI€BaHHUEM,
conepxameM JTHK, BpicBOOOXKAEHHYIO M3 onyxoneBbix kietok, U JIHK, BeicBOOOXKIEHHYIO M3
HE3JIOKaYeCTBEHHBIX KJIETOK.

A. GAAL

[TonHoreHOMHBIN  aHamu3 cymmapHou motepu amneneii  (GAAL) mo3Bossier
aHAJIM3UPOBATh JIOKYChI, KOTOpble yTpaTwin rerepo3urotHocts (Chan KC u ap. Clin Chem
2013; 59:211-24). 1ns reTepo3uroTHOro cairta koHCTUuTyTHBHOTO reHoma (KI') B onmyxonu 4acto
OOHapy»KUBAKOT JIOKYC, B KOTOPOM MPOM3OILIA AeNeluss OqHON u3 ajuteneii. Takum oOpa3om,
CUMTBIBAEMbBIE TIOCJIEOBATENLHOCTH ISl TAKOTO JIOKYCa BBIABAT OOJbIIEe KOJHMYECTBO OJHOMN
aJJIeNTd, 4YeM JPYrod, NpPU 3TOM BBIABIEHHOE pa3JIMuMe MPONOPLUHUOHAIBHO (PaKIIHOHHON
koHIeHTpanuu onyxonesoi JIHK B obpasue. [Ipumep Takoro pacuera mpuBeaeH najee.

JIHK, BblIeNEeHHYI0 U3 JEHKOLUTAPHOW IJIEHKH W ONYyXOJIEBbIX TKAHEW MALUEHTOB C
I'KK, rerotunupoanu ¢ momombio cucreMbl Affymetrix Genome-Wide Human SNP Array 6.0.
PesynbraThl, monyyeHHbIE AJIT MUKpoUunna, obpadbareiBanu ¢ nomoineio Affymetrix Genotyping
Console Bepcum 4.1. AHamM3 TeHOTUNMHMPOBAHUS U ONpEAENEHHE OIHOHYKJIEOTHIHBIX
nojiumopdusmoB  (OHII) ocymectisiin ¢ momompio  aiaroputMa Birdseed Bepcum 2.
PesynbraTel TEHOTMIIUPOBAHMSA U1 JIGHKOLMTApHBIX IUIGHOK U OIYXOJIEBBIX TKaHEH

UCTIONB30BAIM JUJIsl ompenesieHust obnactedt ¢ yrtparoii rereposurotHoctd (LOH) u s
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OCYIIECTBJICHUS aHAJIN3a YUC/a KOMUN. AHalIN3 YKCia KOMUN OCYLIECTBIISAIN C UCIIOIb30BAaHUEM
napameTpoB no ymomdanuto Genotyping Console ot Affymetrix, ¢ MUHUMAJIBHBIM pa3MepoOM
reHoMHbIX (pparmenToB 100 mo. U MUHMMAJBHBIM KOJMYECTBOM TI'€HETHYECKUX MapKEpOB
BHYTpHU (parMeHTa, paBHbIM 5.

Ob6nactu ¢ LOH oOnapy:xuBanu kak o0jactu ¢ 1 KOMUeH B OMyXOJEBOW TKAHH U 2
KOMUSIMM B JieHkouuTapHoil r1uieHke, mnpu 3toM OHII B panHHBIX oOnacTsax Obum
reTEPO3UTrOTHBIMU B JIGMKOLUTAPHOU IUJIEHKE, HO TOMO3UIOTHBIMU B OMYyXOJEBOW TKaHU. [ls
oOnacTu reHoMa, B KOTOpol aerektupoBaHa LOH B onmyxonesoii Tkany, autean OHIT, koTopsie
NPUCYTCTBOBAJIN B JIEHKOLUTAPHON IUIEHKE, HO OTCYTCTBOBAJIM WM MPOSBISUIM MEHBLIYIO
WHTEHCHUBHOCTh B ONYXOJIEBBIX TKAaHIX, CUUTAJIM QJUICJSIMH Ha YIAJIEHHOM (pparMeHTre
(parMeHTa XpOMOCOMBIL. AJUIENH, KOTOPBIE MPUCYTCTBOBAIU B KaK B JIHKOLIMTAPHOH TUICHKE,
TaK U B OIYXOJIEBOW TKAHHW, CUUTAJIN TMOJYYEHHbIMH M3 HEyIaJeHHOro (parmMeHta parmMeHTa
xpoMocombl. [yt BceX (hparMeHTOB XPOMOCOM € yTPATOW ONHON KOMHH B OMYyXOJH CUUTAJU
CYMMapHO€ KOJIMYECTBO CYHTHIBAEMBIX IMOCIIENOBATEIBHOCTEH C yTPATOH aeneii u 6e3 yTparsl
anneneil. Pa3HOCTh HMAaHHBIX ABYX 3HAYEHHWH HCHOJB30BAIU ISl BBIYMCICHUS (HPAKIIMOHHON
koHuentpanuu JIHK onyxonesoro npoucxoxnenusi (FcaaL) B obpasie, mpuMeHsist Clenyromiee

ypaBHEHUE:

_ NGez gea — Nzen
Nidea gen

FaaaL

rae  Nees mer TNPEACTABIIeT COOOH CyMMapHO€  KOJMYECTBO  CUHMTBHIBAEMbIX
MOCJIeIOBATEIbHOCTE N Oe3 yTpaThl ajutesiell U Nyex pEACTaBIIsIeT COO0H CyMMapHOe KOJTHYECTBO
CUUTBIBAEMBIX MOCIEA0BATEIbHOCTEN C yTPaTOH ajuieneil.

B. Oyenxa ¢ npumeneHuemM 2eHOMHO20 NPeOCMAGIeHUs

ITpobnema meronuku GAAL COCTOUT B TOM, YTO ONPENEJSIFOT KOHKPETHBIE JIOKYCHI (T.€.
TakWe JIOKYChbI, B KOTOPBIX NIETEKTHPOBaHbI obymactu ¢ ytparoil rereposurornoctu (LOH)) u
UCTIONIb3YIOT TOJIBKO CUHUTBHIBAEMBIE MOCIIENOBATEIBHOCTH, BBIPOBHEHHBIX C TAKUMH JIOKYCAMHU.
Takoe TpeOoBaHME MOXET NMPUBECTH K HEOOXOAMMOCTH JIOMOJHUTENBHBIX 3TAllOB M, TaKUM
o0pa3oM, K TIOBBIIIEHHIO CTOMMOCTH. 3A€Ch OIMCAaH BapHUaHT peaju3alud, B KOTOPOM
UCTIONB3YIOT TOJIBKO YUCIIO KOIUH, HAIPUMep, MNIOTHOCTh CUUTBIBAEMBIX MOCIIEIOBATEIBHOCTEH.

XpoMmocoMHbIe adeppanny, HanpuMmep, aMITHQHUKALUN U AEJeLNUH, YacTo HaOIIoanT B
TeHOMaxX pPAaKOBBIX KJIETOK. XPOMOCOMHBbIE a0eppaunuy, HaONM0JaeMble B PAKOBBIX TKaHSX,
OOBIYHO MPOUCXOASAT Ha CyOXPOMOCOMHBIX 00JacTsAX, U Takue abeppaluu MOTyT ObITh KOpOUE,

yeM 1 merabasza. Kpome Toro, cBs3aHHble C PaKOM XPOMOCOMHBIE aOeppalii reTepOreHHbI Yy
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Pa3MUYHBIX MAMEHTOB, W, CJIENOBATEIBHO, V PA3JUYHBIX MAIIUEHTOB MOTYT OBITH MOPa’KEHBI
pasnuuHble ¢parMeHTel. Takke B T€HOME PAaKOBOW KJIETKM HEepenKo OOHApYKUBAIOT AECATKH,
COTHH WM JaXX€ ThICSYM Bapuanuil uucna xormui. Kaxnplii u3 nepedncieHHbIX (akTopoB
3aTPyAHSIET OnpenesieHue KoHuenTpauuu onyxosesou JJHK.

BapuaHnTel peanusaniy BKJIOYAOT aHAIN3 KOJTUYECTBEHHBIX U3MEHEHUH, POUCXOASIINX
B pes3yJbTare CBSI3aHHBIX C ONYXOJbID XPOMOCOMHBIX abeppaumii. B omHOM BapuaHTe
peamuzanuu obpasuel JIHK, Bxmouatomme JIHK, npoucxopmsimyro H3 pakoOBBIX KJIETOK U
HOPMAaJIbHBIX KJIETOK, CEKBEHUPYIOT, MPUMEHSS MacCOBOE MapajlielbHOE CEKBEHHPOBAHUE,
HarpuMep, ¢ nmomombo 1iardgopmel ceksernpoBanust Illumina HiSeq2000. IMonyvyennas JTHK
MOXKET TpencTaBisATh coboi BHexserounyro JIHK w3 mmasMbl wim Apyroro MOIXOZISINEro
ouonoruyeckoro odpasua.

Obnactu XpoMOCOM, KOTOpPbIE aMIUTU(UILIUPOBAINCH B ONMYXOJEBBIX TKAHSIX, C OONbIIeH
BEPOSITHOCTBIO OYIyT CEKBEHUPOBAHBI, a 00JaCTH, KOTOPBIC YIAIHUIIICH B OMYXOJIEBbIX TKAHSIX, C
MEHbIIEH BEPOATHOCTBIO OYAyT CEKBEHHPOBAaHbL. B pe3ysbTare, IUIOTHOCTh CUYHUTHIBAEMBIX
NOCJIEZIOBATENIbHOCTEH,  BBIPABHUBAEMBIX C  aMIUTM(UIMPOBAHHBIMU  OOJacTsMH, Oyner
MOBBIIIEHAa U IUIOTHOCTb CYMTHIBAEMBIX IIOCJIEOBATENbHOCTEHN, BHIPOBHEHHBIX C YIaJE€HHBIMU
obmactsimu, Oymer moHmwkeHa. CTemeHb BapHalMU NPONOPLUOHANBHA  (PAKIIMOHHON
koHueHTpauuu JIHK onyxonesoro npoucxoxnaenus B cmecu JHK. Uem Bbime noms JJHK u3
OIyXOJIEBOW TKaHH, TeM OOJIblIIee U3MEHEHHE OyeT BbI3BAHO XPOMOCOMHBIMH abeppaLiusiMH.

1. Ouenka o0pa3ua ¢ BbICOKOH KOHIEHTpanHei omyxouu

JHK Bpigensanu U3 OMyXOJIEBbIX TKAHEH YeThIPEX MALUEHTOB € MEYEHOYHO-KJIETOYHOU
kapuuaomoit. JIHK ¢parmentupoBany, npumenss cucrtemy paspymenus JJHK yibrpasBykom
Covaria, U CeKBeHHpOBAJIH, MpUMeHss onucannyto miatdgopmy lllumina HiSeq2000 (Chan KC u
ap. Clin Chem 2013; 59:211-24). CuyurtbiBaeMble TMOCIEIOBATEILHOCTH BbIPABHUBAIU C
pedepencHbiM reHomMoM YenoBeka (hgl18). 'enom 3atem pasnensiiu Ha ¢pparmMeHThI (00J1aCTH) MO
1 wmerabaze wm U Kaxaoro (QparMeHTa pacCUUTHIBAIM IUIOTHOCTb  CUHUTBIBAEMBIX
nocienosatenbHocTel nocie nonpasku Ha GC-casur, kak Obuto onucano (Chen EZ u np. PLoS
One. 2011; 6:€21791).

ITocne BBIpaBHUBAHHS CUYHTHIBAEMBIX MOCIEAOBATENBHOCTEH € pedepeHCHBIM T€HOMOM
MOYKHO BBIYHCIIUTB IUIOTHOCTb CYHTBHIBAEMBIX I Pa3in4HbIX objacteil. B omHOM BapmanTe
pea3anuy TNIOTHOCTh CUUTBIBAEMON MOCJIEOBATENBHOCTH IPEACTABISIET COOOH COOTHOIIEHHE,
orpenensieMoe KaK KOJWYECTBO CUMTHIBAEMBIX IIOCJIEOBATENbHOCTEH, KapTHUPOBAHHBIX Ha
KOHKpeTHOM (pparmenTe (Harpumep, oOnactu pasmepoMm | merabasa), eleHHOE Ha CyMMapHOe
KOJINYECTBO CYMTHIBAEMBIX IMOCIIEI0OBATEIBHOCTEH, KOTOPbIE MOXKHO BBIPOBHSTH C peepeHCHBIM

I€HOMOM (HampuMep, C YHUKAJIbHBIM IOJIOKeHHEM B pedepeHCHOM reHome). OKUaaroT, 4To IS
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(parMeHTOB, KOTOpBIE IMEPEKPBHIBAOTCS € OOJACTAMU XPOMOCOM, aMIUIU(HUIIMPOBAHHBIMU B
OIyXOJIEBOW TKaHHW, IUIOTHOCTH CUHUTBIBAEMBIX MOCJIENOBATENbHOCTEH OyayT BBIIIE, YeM MJIs
¢parmenToB Oe3 Takux nepekpbiBaHUi. C Opyroil CTOPOHBI, OXMUIAIOT, YTO AJsT (PParMeHTOB,
KOTOpBbIE TEPEKPHIBAIOTCS C OOJACTSIMM XPOMOCOM, COJEpPIKALIMMHU JIEJIELHI0, IUIOTHOCTH
CUMTBIBAEMBIX IOCJIENOBATENbHOCTEHl OyayT Hmke, 4YeM st (parmMeHTOoB 0€3 Takux
nepexkpbiBanuil. Ha BenuuuHy pasnuuus IUIOTHOCTEH CUUTBHIBAEMBIX IOCIENI0BATENBbHOCTEN
MeKay o0JIaCTSIMU ¢ XPOMOCOMHBIMU abeppalusiMu U 0e3 HUX NMPEeUMYLIECTBEHHO BJIUSET JOJIsI
JJHK omnyxoJeBoro MpOUCXOKACHUST B 0Opa3le M CTeneHb aMIUTM(UKALUW/AeIennd B
OIYXOJIEBBIX KJIETKaX.

MOXHO TPUMEHSTb pA3JIUYHbIE CTATUCTHYECKHE MOJENH, YTOOBl OINpPENeNuTh
(parMeHTBl C TIUIOTHOCTSIMH CYHTBHIBAEMBIX IOCJIEOBATENbHOCTEH, COOTBETCTBYIOIUMHU
pPa3MUYHBIM THIIAM XPOMOCOMHBIX abeppaunii. B OgHOM BapuaHTe peanu3ali MOXHO
NPUMEHSTh MOJIENb CMeCH HOopMalibHbIX pactpenenenuii (McLachlan G u Peel D. Multvariate
normal mixtures. In Finite mixture models 2004: ctp. 81-116. John Wiley & Sons Press). Takxke
MOYKHO MPUMEHSTh APYTHE CTATUCTHYECKUE MOJENH, HANPUMED, MOJIEb CMECH OMHOMHUAIIbHBIX
pacnipeneneHuii © Moxenb myaccoHoBckou perpeccun (McLachlan G u Peel D. Mixtures with
non-normal components, Finite mixture models 2004: ctp. 135-174. John Wiley & Sons Press).

II1OTHOCTH CUMTHIBAEMOH TIOCJIEAOBATENILHOCTH (PparMeHTa MOXXHO HOPMUPOBATh,
NPUMEHSISI IUIOTHOCTh CYMTHIBAEMOM MOCIIENOBATEIBbHOCTH TOTO JK€ (pparMeHTa, ONpeieIeHHYIO
¢ nomompio cekBeHupoBanus JIHK u3 nefikonurapHoit miueHku. Ha mioTHOCTH CUMTBIBAEMBIX
NOCNIEIOBATEIbHOCTeH  JJIsl  pasjM4HbIX ~ (parMeHTOB  MOXKET  BIMATH  KOHTEKCT
TIOCJIEIOBATEIbHOCTH KOHKPETHOH XPOMOCOMHON 00JacTH, W, TaKMM 00pa3oM, HOPMHPOBKA
No3BOJIsIeT Oojiee TOYHO ompenenuTh obmactu ¢ abeppauusimu. Hanpumep, kapTHpyeMoCThb
(koTOpast OTHOCHTCS K BEPOSITHOCTH BBIPABHHBAHUS TIOCJIEIOBATEILHOCTH C €€ HCXOIHBIM
NOJIOXKEHUEM)  pa3jM4YHBIX  OOJIaCTe XPOMOCOM MOXKET pasnuuatbesi. Kpome  Toro,
noJIMMOpP(HU3M YHCIa KON (T.€. BapualMy YKCIa KONHUH) Takke OyAyT BIUSTH HA TUIOTHOCTH
CUHMTBHIBAEMBIX TOCJeNOBaTeNibHOCTeH (pparmenroB. CnenosarenbHo, HopmupoBka Ha JIHK u3
JeWKOLMTAPHON IUIGHKH TMOTEHIHAIBHO MOXKET MHHHUMH3HPOBATH KOJHYECTBO BapHALIUK,
CBSI3aHHBIX C PA3JMYHUEM B KOHTEKCTE MMOCIENOBATEIBHOCTH MEXIY PA3IMUHBIMU O0JIAaCTIMHU
XPOMOCOM.

Ha ¢ur. 10A mnokazan rpaduk 1000 pacmpeneneHuss TUIOTHOCTEH CUHUTHIBAEMbBIX
nocienoBaTenbHocTel o0pasna omyxonu u3 nanuenta ¢ ' KK corimacHo BapuaHTaMm peann3anuu
Hacrosmero nzoopereHus. OnyxoneBylo TKaHb MOJNYYaHd TOCHe XHUPYPIUIECKONH PE3eKIHH W3
nauueHta ¢ I'KK. Ocp x mpencrasnsier codoit logx orHomenus (R) mmotHocTH cuuThIBaeMOM

MOCJIEIOBATEIbHOCTH U3 OMYyXOJIEBOM TKAHU K TAKOBOM U3 JICMKOUMTAPHOW IJICHKU MAL[UEHTA.
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Ocp y npencrasinsieT coO0# KOIUIECTBO (PparMeHToB.

Ilukn MOKHO TONOTHATh IO KPHMBYIO pPacIlpenesieHusi, 4TOoObI MOKa3aTh OONACTH C
nenenued, ammndukamyueli u 0e3 XPOMOCOMHBIX alepparuii, NPUMEHssI MOAENb CMeCU
HOPMaJIbHBIX pacmpezneneHuii. B omHOM BapuaHTe peann3aliiil KOJMYECTBO IHUKOB MOXKHO
OIpeeUTh C MOMOLIBbI HHpOpMaoHHOro Kputepust Axauke (AIC) mnms BCex pasIUUHBIX
npaBaononoOHbIXx 3HaueHui. L{entpanbhblii muk ¢ logogR= 0 (T.e. R = 1) mpencrasnsier coboi
obnactu 6e3 kakux-Iud0 XpOMOCOMHBIX abeppauuii. JIeBbiii MUK (OTHOCUTEIBHO LEHTPAIBHOTO)
npeacTaBisier cobol obmacTu ¢ yTparoi onmHoW kommu. IIpaBelii MUK (OTHOCHTEIBHO
LEHTPATBHOTO) MPEACTABIISIET COOO0M 00JIACTH ¢ MPUOOPETEHUEM OTHOM KOITHH.

OpakuuonHy0 koHueHTtpaunoo JIHK omyxoneBoro nmpoucxokaeHusi MOKET OTpaXaTb
pacCTOsIHUE MEXy MUKaAMH, MPEICTABISIOINMU aMILTU(QUIUPOBAHHBIE U YAJICHHBIE OOJNACTH.
Uem OoJblie yka3aHHOE PACCTOSIHUE, Te€M Bbiie Oyner (pakunonHas koHueHtparwst JIHK
OIyXOJIEBOTO MPOUCXOXKACHUs B oOpasue. Ppaknuonnyr koHueHtpauuro JIHK omyxonesoro
NPOUCXOXKIEHUsT B o0Opa3le MOXHO ONPEeAeNTb C IOMOLIBI0 TMOAXOAAa TI'€HOMHOIO
npeACTaBiIeHns], 0003HauUeHHOTO FGR, MpUMEHsIs cienyroiee ypaBHeHUe: FGR = Rupaswi - Raeew,
1€ Rupassiii TPEACTABIISIET COOOH 3Ha4YeHUe R Ui MPABOTO MUKA U Riessit MPEACTABISIET COOOM
3HaueHue R nyiss neporo  nuka. HawubGonpmee pasmumume Oyner mnpeactaBiste 1, 4TO
coorBerctByeT 100%. Ouenunu, uyro ¢pakunonHas xkonueHrpammsa JHK onyxonesoro
NPOUCXOXKIeHUsT B oOpasiue onyxounu, nonydeHHoM u3 nammenta ¢ I'KK, cocrasnsana 66%, rue
3HauYe€HUS Rupaesiii U Rueseit cocTaBmsiiy 1,376 u 0,712, COOTBETCTBEHHO.

UroObl  MOATBEPAUTb  NOJYYEHHBIH  pPe3yJbTaT, TaKKe MNPUMEHsUIM  CHocod
NOJJTHOTEHOMHOTO ~ aHayiu3a cymmapHoii mnorepu amteneit (GAAL) s He3aBUCHMMOro
onpeneneHus: GpakMOHHON KOHUeHTpauwu cootHomenus onyxojesod JIHK (Chan KC u mp.
Clin Chem 2013; 59:211-24). B Tabauue 3 mokasanbl (pakiuoHHble KoHUeHTpaimu JIHK
OMNyXOJIEBOTO TMPOUCXOKIAEHUs B ONyXOJIEeBbIX TKaHsAX derblpex mnauueHToB ¢ I'KK,
onpeesieHHbIE ¢ MPUMEHEeHHnEM NoaxonoB reHomHoro npencrasienus (FGr) u GAAL (FgaaL).
3Ha4YeHMs, OMNpPENEJCHHbIE C TIOMOLIBI0 MJAHHBIX JBYX PAa3JIMYHBIX ITOAXOAOB, XOPOIIO

COTJIACYIOTCS IPYT C IPYTOM.

Omnyxons I'KK FgaaL Far
1 60,0% 66,5%
2 60,0% 61,4%
3 58,0% 58,9%
4 45,7% 42,2%
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Tabmuua 3, nmokaspiBaromas GpakMOHHYIO KOHIIEHTPALIMIO, OTPENEIEHHYIO C TIOMOLIBIO
GAAL u reromuoro npexacrasinenust (GR).

2. Ouenka o0pa3na ¢ HU3KOH KOHIIEeHTpPaLueH ONmyXoJiu

OnucaHHBIN BBILIE aHATM3 TIOKA3aJl, YTO HAII CIIOCOO T€HOMHOTO MPENCTaBICHUS] MOYKHO
NPUMEHSTh JJIs1 u3MepeHust (ppakumoHHOI koHueHTpauuu onyxonesor JJHK, korna Gonee yem
50% obpasua JIHK wumeer omyxosneBoe NpoOHMCXOXxaeHHe, T.e. korma omyxojesas JHK
npeacTaBisier coOOi NOMUHHUPYIOIIYIO 4YacTh. B mpenpiayineM aHanu3e Mbl MOKA3ajdH, YTO
JaHHBIA Croco0 TakXke MOXKHO TPUMEHSATh MO OTHOIIEHHIO K obOpasuam, B kortopbix JIHK
OIYyXOJIEBOTO MPOHMCXOXICHUS MPENCTABISIET MHHOPHYK 4YacTh (T.e. Hmke 50%). OOpasipl,
KOTOpPbIE MOTYT COZIEpP>KaTh MUHOPHYIO 4acTh omyxoJieBoil /IHK, BkrOUaroT, HO HE OrpaHUYEHBI
NEPEeYUCIEHHbIMU:  KpOBb,  IIJJa3My, CBIBOPOTKY, MO4Yy, IUIEBPaJbHYI  JKHJKOCTb,
CIIMHHOMO3IOBYIO JKUAKOCTb, CII€3bl, CIIIOHY, ACLUTHYIO JKUIKOCTb U KaJl TMalUeHTOB C
pakoBbiMH 3aboneBaHusiMH. B HekoTopbx oOpasuax QpakuumonHas koHueHtpaumsi JIHK
OMyXOJIEBOTO MPOUCXOKICHUSI MOXKET COCTaBysATh 49%, 40%, 30%, 20%, 10%, 5%, 2%, 1%,
0,5%, 0,1% wnnu meHee.

Jlns Takux 0Opas3loB MUKW TUIOTHOCTH BAapHAaHTA CUUTBHIBAEMOW IOCIENOBATEIBHOCTH,
npeacTaBysomuye obnactu ¢ aMrudukanueit 1 aenenuei, MoryT ObITh HE TAKMMH SIBHBIMH, KaK
s o0pasloB, COAEP)KAIIMX OTHOCHTEJIbHO BBICOKYIO KoHHeHTpauuto JIHK omnyxonesoro
NPOMCXOXKIEHUs], ONIMCAHHBIX BbIle. B oHOM BapuaHTe peanusanuu o01acTi ¢ XpOMOCOMHBIMU
abeppallisiMM B PAKOBBIX KJIETKaX MOXKHO OOHApy>KUTh IyTeM CpaBHEHUS C pedepeHCHbIMU
o0pasuamy, B KOTOPBIX, KaK M3BECTHO, He copepskurcs pakosas JJHK. Hampumep, B xauectse
STaJOHA MOKHO NPUMEHSTH IUIa3My CYOBEKTOB, HE CTPAAAIOLIMX PAKOM, YTOOBI ONpENeNUTh
HOPMaTHBHBIA JUAana30H IUIOTHOCTEH BapHaHTa CUWUTHIBAEMON IOCJIENOBATENbHOCTEH IS
obnacteit xpoMocoM. [IITOTHOCTh CUMTBIBAEMON MOCIEIOBATEIBHOCTH UCCIIENYEeMOro cyObekTa
MOYKHO CPaBHHUTH C €€ 3HaYeHHeM i pedepeHCcHON rpynnbl. B omqHOM BapuaHTe peanu3anuu
MOXKHO ONpEAeNuTh CpeaHee 3HaueHHe U crangaptHoe otkioHeHne (CO) muoTHOCTH
CUMTBIBAEMOW TOCIENOBaTENbHOCTU. [l Kaxkporo ¢QparMeHTa IUIOTHOCTh CYUTHIBAEMOMN
NOCJIEZIOBATENIbHOCTH  MCCIEAYEMOro CyOBEKTa CpPaBHUBAIOT CO CPEOHUM 3HAYCHHEM B
pedepencHoii rpymnre, 4ToObI ONMPEAENIUTh Z-TIOKA3aTeNb, IPUMEHSISI CIEAYOLIY0 GopMyIy:

(GRTECT — GRHTaﬂ)
COsTan

Z — MOKazaTens = .
rne GRrect mpencraBnsier coOOH IIIOTHOCTH

2
CUMTBHIBAEMOM  MOCJIENOBATEIbHOCT TALMEHTa C PakoBbIM  3a0oneBanmev; GR3Tan
npencTaBisieT coOOM cpenHee 3HA4YeHHE IUIOTHOCTH CYHUTHIBAEMOH IIOCIIENOBATENIbHOCTH
pedepencHbix cyObektoB m  CO3Tan  ppencrasnmsier CO  MIOTHOCTEH — CYMTHIBAEMBIX

MIOCJIEI0BATENILHOCTEN peepeHCHBIX CyOBEKTOB.
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Obnactu ¢ z-mokazateneM < -3 yKas3blBAIOT HA CYIIECTBEHHYIO HEAOCTATOYHOCTH
NPEICTaBJICHHUS IJIOTHOCTH CYUTHIBAEMOM MOCJIEOBATENBHOCTU ISl KOHKPETHOTO (pparMeHTa y
MALIMEHTa C PAKOBBIM 3a00JIeBaHUEM, TIO3BOJISISL IPEATIONOKUTh HAJTMYUE JIEJIELUH B ONyXOJIEBOMH
TkaHu. OOmacTu ¢ z-mokasaTeneM > 3 YKas3bIBAIOT HAa CYLIECTBEHHYK H30BITOUYHOCTD
NPENCTABICHUS TUIOTHOCTH CUUTBIBAEMOMN IOCIEOBATENbHOCTH JUIsl KOHKPETHOTO (hparMeHTa y
NALMEeHTa C PAaKOBbIM 3a00JI€BaHHEM, IMO3BOJISISI NMPEIIONOKUTh HaIWune aMIUIMpUKaluyd B
ONyXOJIEBOW TKaHU.

3aTeM MOXHO TIOCTPOUTDH pacrpeiieNieHre z-mokasaTened 1 BceX (parMeHTOB, YTOOBI
OMpeneNuTh 00JIACTH € PA3TUYHBIMU KOJIMYECTBAMU MPHUOOPETEHNUH U yTPAT KOMUH, HAIPUMED, C
nenenerd 1 wim 2 xommii XPOMOCOMBI, M aMiunpukauueit ¢ npuodOperenuem 1, 2, 3 u 4
JOTOJTHUTENBHBIX KOMHHA XPOMOCOMBL. B HEKOTOpBIX Ciydasix MOKET OBITh BOBJeUeHa Oolee
9YeM OJJHa XPOMOCOMa HITH OoJiee 4eM OJTHA 00JIaCTh XPOMOCOMBI.

Ha ¢ur. 10B mnokasan rpadux 1050 pacmpeneneHust z-mokasarteneidl Uit Bcex
¢parmenToB B muazme maumerta ¢ KK cormacHo BapmaHTam peanu3ali HAaCTOSIIETO
mo0perennst. Iluku (cineBa HampaBo), NPEACTABISIOIIME YTpaTy | KOMUHM, OTCYTCTBHE
U3MEHEeHUs1 Komui, mnpuoOpereHne | komuwm W mnpuoOpeTeHWe 2 KOMUH, MOJOTHAIU K
pacripeneneHmno z-mokasarteneii. O0macTu ¢ pa3aMYHBIMU THUIIAMH XPOMOCOMHBIX abeppauuit
3aT€M MOXKHO BBIABUTb, HampuMep, NPUMEHssl MOJENb CMECH HOPMAJbHBIX pacHpeneeHMUi,
OMUCAHHYIO BBILIE.

®pakunoHHy0 koHueHTpaunto pakoBoil JJTHK B oOpasue (F) 3arem MoxHO BhIBECTU U3
IUIOTHOCTEH CYHMTBHIBAEMBIX I1OCIEOBATENLHOCTEH (PParMeHTOB, B KOTOPBIX AETEKTHPOBAHO
npuoOpeTeHre OOHOW KOMWUU WM yTpara OAHOH Komuu. DpakUUOHHYI0 KOHIIEHTPALHIO,

OTpeNeNieHHYI0 JJisi KOHKPETHOro (pparMeHTa, MOXKHO PacCUYMTaTh C IMOMOIIBI) YPaBHEHHUS:

F= X 100%
GRaTtan . DTO ypaBHEHHUE TaK)Ke MOKHO NPEACTaBUTb B BHUIE!

F = (lz — noxazateib x COaran|)/( (GRaTan))) X2 = a Takke MOKHO IepemucaTh Kak:
F=lz —nmokazatenbl XKBX2 = rpe KB npencraBnsier cobGoil  kod@ULIHEEHT Bapuauuu

U3MEPEHUs] TUIOTHOCTH CYHMTBHIBAEMOH TIOCJIEAOBATENIbHOCTH pPe(pEepeHCHBIX CYOBEKTOB, U

B omHOM BapmaHTe peanu3zaldyd  Pe3yJIbTAThl, IOJyYEeHHblE Uil  (DParMeHToB,
oOpenuustoT. Hampumep, MOKHO YCPEOHUTH Z-TIOKa3aTenu (pparMeHTOB, B KOTOPBIX BbISIBUJIH

npuoOpereHne | KOMUHM, WM MOXHO YCPEOHHUTH MOJyueHHble U1 HuX 3HaueHust F. B npyrom
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BapMaHTE pealn3alluy 3Ha4deHHe z-ToKasaTess, UCHonb3yemoe i BbiBoaa F, ompenenstoT c
MIOMOIIBIO CTATUCTHYECKONW MOJIENH U MPEACTABISIOT B BUE MMUKOB, NIOKa3aHHBIX Ha (ur. 10B u
¢ur. 11. Hanpumep, z-mokasarenb Ui MPaBOro MHUKa MOXHO NPUMEHSTH ISl ONpenesIeHus
(pakOHHOM KOHLIEHTpALUH 00JIaCTel, B KOTOPBIX JETEKTUPOBAHO puodpereHue 1 konuu.

B npyrom BapuanTe peanusaunu Bce (parMeHTBI C z-MOKa3aTesneM < -3 U Z-II0Ka3aTesieM
> 3 MOXHO OTHECTH K O0JIACTSIM C yTpaToil OJHON KONMUHM W NPHOOpPETeHHEeM ORHOW KONWH,
COOTBETCTBEHHO, TaK Kak JaHHbIe JiBa THIA XPOMOCOMHBIX abeppaumii Haubosee
pacnpoctpaHeHbl. Takoe mpuOmmkeHHe HauboJiee IMOJIe3HO, KOraa KOJHYeCTBO (PparMeHToB C
XPOMOCOMHBIMU ~ a0eppalsiMiM  OTHOCHTEIbBHO Majl0 W TOATOHKA K  HOPMaJbHOMY
pacrpeneNieHuI0 He MOXKeT ObITh TOUHOM.

Ha ¢ur. 11 nokasan rpagpux 1100 pacmpeneneHusi z-mokasaTenedl M IUIa3Mbl U3
nmarienta ¢ ['KK cornacHo BapuaHTaMm peaiu3aiyil  HACTOSIIEro HW300peTeHus. XOTs
KOJIMYECTBO (PparMeHTOB, MEPEKPBIBAIOLINXCS ¢ XPOMOCOMHBIMU abeppalfisiMi, OTHOCHTEIBHO
MaJio, Bce (pparMeHThl ¢ z-TIoKasaTeseM < -3 U z-ToKa3aTesieM > 3 MOJOTHAIN K HOPMaJIbHbIM
pacrpeneseHusiM yTpaThl OAHON KOIMUH U MPUOOPETEHHs OHOW KOIMH, COOTBETCTBEHHO.

O®pakuuonnele koHUeHTpauuu JAHK onyxoneBoro nmpoucxoxxaeHus B IJIa3Me 4eTbIpex
naiueHToB ¢ ['KK onpenensinu, npumensis ananus GAAL u noaxon Ha ocHoBe GR. Pesynbrarsl
npenacTaBieHbl B Tabnuue 4. BugHo, uTo monydeHHoe (pakIMOHHOE MPEACTABJIEHHE XOPOIIO

koppenupyet Mexxay aHaiuzoM GAAL u ananuzom GR.

@pakIOHHAs KOHLIEHTPALHs B IUIa3Me
JIHK onyxoJieBOro npoucxoxaeHHs
Anamu3z GAAL Anam3 GR

O06pasiis

Cnywyaii 11 4. 3% 4.5%

Cnyuaii 13 5% 5,5%

Crnyuaii 23 52% 62%

Cnywyaii 27 7,6% 6,1%

Tabnuma 4. ®pakuronHas koHIeHTpanus B iazme JJHK omyxoneBoro npoucxoxaeHus,

MOJTy4EeHHAs! C TOMOIIBIO aHAJIN3a XPOMOCOMHBIX abepparivii.
C. Chnocob onpeoenentsi Ypakyuonnoil Konyenmpayuu

Ha ¢ur. 12 npencraBneHa Omok-cxema crnocoda 1200 ompeneneHus (pakuHOHHOMN
koHUeHTpauuu onyxoinesoii JIHK B Ouonmormueckom obpasie, comepskalneM BHEKJIETOUHYIO
JHK cornmacHO BapwaHTaM peanu3anuu Hacrosimero wuszodperenus. Cmoco0 1200 MokHO
OCYIIECTBUTD C MOMOLIBIO PA3JIMYHBIX BAPHAHTOB Pean3allii, BKJIIOUYasi BAPUAHTHI Peain3aliny,
OMUCAHHBIE BbIIIIE.

B 6moke 1210 monmyuaroT oguH Ui 60jee MapKepoB MOCIEIOBATEIbHOCTH JIsl KAKIOTO



54

u3 MHOkecTBa ¢pparmentoB JIHK B 6uonornaeckom obpasue. biok 1210 MOKHO OCYIECTBHTS,
KaK ONMCAHO B JAHHOH 3asBKe I APyrux crnocoOoB. Hampumep, MOXKHO CEKBEHHPOBATDH W3
oOpasua mnasmbl oxuH koHer ¢parmenta JIHK. B npyrom BapmanTe peanu3amuu MOXKHO
cekBeHHpoBaTh 00a koHua ¢pparmenta JJHK, uTo mo3BossieT OoLeHnTh 1JIMHY (pparMeHTa.

B Onoke 1220 omnpenensroT MOJIOKEHHS B T'€HOME MAapKepOB IMOCIEAOBATEIbLHOCTH.
ITonoxenust B reHOME MOKHO ONPEAENNUTb, HAIPUMEP, KaK OMUCAHO B JAHHOW 3asiBKe, IyTeM
BBIPABHHBAHHUSI MapKEPOB MOCIENOBATEIBHOCTH ¢ pedepeHCHbIM reHOMOM. EcCin CeKBeHUpPYIOT
o0a KOHLIa ()parMeHTa, TO CapEHHbIE MAPKEPBI MOYKHO BBIPOBHSTDH B BHIE MAaphl C PACCTOSTHUEM
MEXKAY ABYMSI MapKepamu, KOTOpPOE JOJDKHO ObITh MEHbIIE, YeM OMNPEAEICHHOE PAacCTOSIHHE,
Hanpumep, 500 nnu 1000 ocHOBaHUI.

B Onoke 1230 npns xakaodW W3 MHOXKeCTBa 00jacTeil reHOMa  ONpPENeNsoT
cooTBeTcTBYyIOIIee KojnuecTBo ¢pparmentoB JIHK, nmpuHagiexxammux naHHONH 00JIaCTH TeHOMa, C
MIOMOIIBI0 MapKEPOB MOCIIEAOBATENIbHOCTH, PACIIONOKEHHBIX B FT€HOME BHYTPH JAaHHOH 00JacTh
reHoma. O0acTu reHOMa MOTYT MPECTABIATh COOOH HenepeKkphIBaroLIecs GparMeHThl PaBHOM
IUIUHBL B peepeHCHOM reHome. B onHOM BapuaHTe peann3aii MOXKHO COCUHTATh KOJHYECTBO
MapKepoB, KOTOpble BBIPOBHWIHM C (pparmeHToM. Takum o0pa3om, ¢ KaXapM (parMeHTOM
MOXeT OBITh BBIPOBHEHO COOTBETCTBYIOIEE KOJUYECTBO MapkepoB. MOXKHO IOCTPOUTH
TUCTOTPaMMy, WUIOCTPUPYIOIIYI0 YacTOTY BBIPABHUBAHHUS C (PparMeHTaMM OIpPEenesIeHHOTrO
konmyecTBa MapkepoB. Croco® 1200 MOXKHO OCYLIECTBUTH JUIsi 0OJacTell reHoMa, Kaskhas W3
KOTOPBIX MMeET OAMHAKOBYIO JJIHMHY (Hampumep, nist ¢pparmMeHToB no 1 merabase), mpu 3ToM
obnacTu He MepeKphIBAIOTCA. B Apyrux BapHaHTax peaan3aldyl MOXKHO NMPUMEHSTh Pa3IHMYHbIC
JJTUHBI, KOTOPBIE MOTYT OBITh YUTEHBI, 1 00IACTH MOTYT MEPEKPbIBATHCSL.

B Omoke 1240 COOTBETCTByIOLIEE KOJUYECTBO HOPMHUPYIOT C  TOJIyYEHUEM
COOTBETCTBYIOLEH  TUIOTHOCTH. B ogHOM  BapuaHte  peanuzallud  HOPMHPOBKA
COOTBETCTBYIOILETO KOJIUYECTBA C TIOJYYEHHEM COOTBETCTBYIOLIEH IJIOTHOCTH BKIIIOYAET
NPUMEHEHHE TaKOro K€ CYMMAapHOI'O KOJIMYECTBA BBHIPOBHEHHBIX pe(epeHCHBIX MapKepOB JJIs
OTIpEeNIEHUs] COOTBETCTBYIOIIEH MJIOTHOCTH U pedepeHCHON TUIOTHOCTH. B npyrom BapuaHTe
peanusaly COOTBETCTBYIOLEE KOJIMYECTBO MOKHO MOAEIUTh Ha CYMMApHOE€ KOJIMYECTBO
BBIPOBHEHHBIX pe(hepEHCHBIX MAPKEPOB.

B 65oke 1250 COOTBETCTBYIOMIYIO IIOTHOCTh CPABHUBAIOT ¢ peepeHCHON TIOTHOCTBIO,
9yTOOBbI BBISIBUTH B JAHHOW OOnacTu reHoma ytpaty 1 xommu wiu npuoOperenue 1 xormmu. B
OJTHOM BapHMaHTe pealn3allii BBIYUCIAIOT pa3jniyKie MEXOY COOTBETCTBYIOLIEH MIOTHOCTHIO U
pedepeHCHOM TIOTHOCTHIO (HAIIpUMeEp, B PaMKax ONpeAeNieHHsl Z-TI0Ka3aTelisl) U CPAaBHUBAKOT C
NOPOTrOBBIM 3Ha4eHHEM. B paznuuHbIX BapuaHTax peann3anuy pepepeHCHYIO IUIOTHOCTh MOXKHO

MOJIyYUTh JUIst 00pa3ia U3 3J0POBBIX KJIETOK (Hampumep, AJs JeHKOLMUTAPHOU TUICHKH) FUTH IS
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COOTBETCTBYIOLIUX KOJMYECTB TAKUX K€ KJIETOK (Hampumep, MOJyUYHUB CPEANHHOE WIIN CpEHee
3HAa4YeHHE, MPU JOMYyIIEHUH, YTO B OOJBIIMHCTBE OONACTEl HET yTpaThl WK NPHOOpPETEHUs
KOITHi).

B Onoke 1260 mepByH0 IUIOTHOCTh PACCUMTHIBAIOT 10 OOHOW wiaM Oosee
COOTBETCTBYIOLUM IUIOTHOCTSIM, B KOTOPBIX A€TEKTHUPOBAHA yTpaTa 1 KOMUU, WK 1O OJHOW WU
Gonee COOTBETCTBYIOLIMM ILIOTHOCTSIM, B KOTOPBIX AETEKTHPOBAHO NpuoOpereHue 1 KOmmuH.
[TepBasi MIOTHOCTh MOXET COOTBETCTBOBATH TOJIbKO OJHOW OOJACTH T'€HOMA, WM €€ MOXKHO
OTPENEeNIUTh MO TUIOTHOCTSIM HECKOJBbKUX oOmacteil reHoma. Hampumep, mepByrO IMJIOTHOCTh
MO>KHO BBIUMCIIHUTH [0 COOTBETCTBYIOIIUM IUIOTHOCTSIM C yTpaToil 1 xonmuu. CooTBETCTBYIOLINE
IUIOTHOCTH AAKOT BO3MOXKHOCTb WM3MEPUTh BEJIMYMHY pPa3ju4Msl IUIOTHOCTEH, BO3HHUKLIETO B
pe3yibTaTe IeNelrH YKa3aHHOH o0JacTh B OMYXOJH, MO3BOJSISI MOJYYUTh KOHLEHTPALIUEO
OMyXOJH. AHAJIOTUYHO, €CJIM NepBasi IUIOTHOCTb OTHOCUTCS] K COOTBETCTBYIOLUM IJIOTHOCTSIM C
npuoOpeTeHreM | KOMUHU, TO MOYKHO TMOJYYUTh BEJMUUHY Pa3IM4Hsl TUWIOTHOCTEH, BOSHUKIIETO B
pe3ynbTaTe MyTUTMKALMKA JaHHOH oONacTH B ONMyXojiH. B pa3menax Bblle OMUCAHBI pa3iIMYHbIE
NpUMEPBI TOrO, KaK MOJKHO NPUMEHSATh IUIOTHOCTH HECKOJBKHX OOJacTeil Al OnpenesneHus
CpeaHel IUIOTHOCTH, YTOOBI HCIIONIb30BATh €€ JIJIsl ONPEeACIeHHs] IEPBOH IIOTHOCTH.

B Gnoke 1270 ¢ppakuMOHHYIO KOHLIEHTPALMIO PACCYUTHIBAIOT MyTEM CPaBHEHMs MEPBOIl
IUIOTHOCTH C APYTOU INIOTHOCTBIO C MOJIy4eHUEM Pa3sHOCTH. [IoydeHHy0 pa3sHOCT HOPMUPYIOT
Ha peepeHCHYIO IMJIOTHOCTh, YTO MOXKHO OCyIuecTBUThb B Ojoke 1270. Hampumep, pasHOCTH
MO’KHO HOPMHPOBATh Ha pe(epeHCHYIO IUIOTHOCTb MyTeM AEJIEeHUs] Pa3HOCTU Ha pedepeHCHYIO
IUIOTHOCTb. B Ipyrom BapuaHTe peanusanuu pasHOCTb MOXKET ObITh HOPMHUPOBAHA B ONHUCAHHBIX
paHee Oyokax.

B onHOM BapuaHTe peanm3anuu Apyrasi IUIOTHOCTb MPEACTaBIsieT coO0il pedepeHCHYIO
IUIOTHOCTb, HAmNpUMEp, OMHMCAHHYI Bbile B pazgene 2. Takum 00pa3oM, BBIUHCIICHUE
(pakLMOHHOW KOHIEHTPALUU MOXKET BKJIOYaTh YMHOXKEHHE Pa3HOCTH Ha aABa. B nmpyrom
BapUAHTE peaJnu3aluy JApyras IUIOTHOCTh TPEACTaBisieT Co0Oi  BTOPYK  IUIOTHOCTD,
pPAaCCUMTAaHHYIO 1O COOTBETCTBYIOIIMM IUIOTHOCTSM C BbISIBIEHHOH yTpatod 1 kxomumum (rme
NEPBYI0 IUIOTHOCTb PACCUYUTBIBAIOT, MPHUMEHssI COOTBETCTBYIOIIME IIJIOTHOCTH, B KOTOPBIX
IETEKTUPOBAHO NMpHoOpeTeHne | Komuu), HarpuMep, OMUCAHHBIM BbIIIE B paznene 1. B nanHOM
CJly4ae HOPMHUPOBAHHYK PA3HOCTb MOXHO OIMPEAEIUTD Iy TEM BBIYUCIICHUsI IEPBOTO OTHOLICHUS
(marmpumep, Rupassit) TEPBOH IMIIOTHOCTH K pedepeHCHOHN TUIOTHOCTH M BBIYHCIEHHS BTOPOTO
oTHOWIEHHSI (Ruepeit) BTOPOW IUIOTHOCTH K pPe(EpPeHCHOH IUIOTHOCTH, MPH 3TOM Pa3HOCTh
HaXOAUTCSI MEXAY MEPBbIM OTHOLUIEHHEM U BTOPBIM OTHOLICHHEM. BbIlIe OMUCaHO, YTO MOXKHO
oTpenenuTh 00JacTh TeHOMa, B KOTOPOH IETeKTHpOBaHa yTpata 1 xonuu win npuodperenue |

KOMnur, NyTeéM MNOATOHKU ITHKOB K KpI/IBOI\/'I pacnpeacycHuss ruCTorpaMmMbl COOTBETCTBYROIINX
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IUIOTHOCTEH.

Bkpatie, BapuaHThl peanu3alii MO3BOJSIIOT aHAJIM3UPOBATh M'€HOMHOE IPECTABIECHHE
JHK B mmasme B pasauuHbBIX O0OJACTAX XPOMOCOM, UYTOOBI OJHOBPEMEHHO ONPEAEIHTb,
aMIIMpUIMUPOBaHa JIM WM yJaJeHa JIU XPOMOCOMHasi 00JacTh B OIYXOJEBOW TKAaHHU, U, €CIIU
yKa3aHHas o0jacTe aMIUIM(pUIMPOBAHA WJIM VYAAJNEHA, MCIONb30BaTh AaHHOE TI'E€HOMHOE
NpeACTaBjeHue Uil  BbluuCiHeHus (paxkuuonHoW  koHuentpauuu JIHK — omyxonesoro
NPOMCXOXKEHUsI. B HEKOTOpBIX BapUAHTAX peaTH3alUud IMPUMEHSIOT MOJENb CMeCH
HOPMaJIbHBIX pacTpeneeHni, 4ToObl MPOaHATU3UPOBaTh O0LIee pachpefesieHHe TeHOMHOIO
NPE/ICTABJICHUS] PA3JIMYHBbIX (PArMEHTOB [UI OMNpPENENIeHUs] Te€HOMHOrO TNPEACTaBJICHUS,
CBSI3aHHOTO C PA3JIUYHBIMHU THUIIAMH OTKJIOHEHH, a UMEHHO ¢ mpuoOperenusmu 1, 2, 3 wnu 4
KOIMUI U NOTepsAMU 1 WK 2 KOMHU.

OmnucaHHBIE BapUAHTHI peayn3alui OOJaNalT HECKOJIBKUMH IPEUMYIIECTBAMU HaJ
APYTUMH CTIOCO0aMHU, HAIpUMeEp, HaJl MMOIXOAO0M ITOJIHOTEHOMHOTO aHAJIN3a CYMMapHOW MOTepH
amnenei (GAAL) (3asiBka Ha mateHT CIITA 13/308473; Chan KC u ap. Clin Chem 2013; 59:211-
24) m aHANM30M CBSI3aHHBIX C OIyXOJbIO ONHOHYyKiIeoTHAHbIX MyTanmi (Forshew T u ap. Sci
Transl Med. 2012; 4:136ra68). Bce cuuTbhiBaeMble MOCIENOBATEILHOCTH, KAPTUPOBAHHBIE HA
00JacTsIX ¢ XPOMOCOMHBIMHU a0eppanusiMi, MOKHO MPHUMEHSTh JJIsI ONpPENeNIeHUs IUIOTHOCTH

CUMTHIBAEMOW  TOCJIEIOBATEIBHOCTH  YKa3aHHOW  o0nacT, ©, CJIeNOBAaTeNIbHO, OHH

>
uH(pOpMaTUBHBI B OTHOLIEHWH (GpakiIMOHHON KoHueHTparuu omnyxonesoi JIHK. C npyroii
croponbl, B aHamm3se GAAL  wuHpopmatuBHbBIMH  OyAyT  TOJBKO  CUHTHIBAEMbIE
NIOCJIEZIOBATENBHOCTH, TOKPBIBAIOLINE OT/ENbHbIE HYKJIEOTHIbl, KOTOPbIE TI€TEPO3UTOTHBI Y
WHIVBHIA M PACIOJIOKEHbI BHYTPU XPOMOCOMHOH 00JAacTH C NMPUOOpETeHHEeM WM IoTeped
XPOMOCOMBL. AHAJIOTUYHO, B AHAJIHM3€ CBSI3AHHBIX C PAKOM MYTAIL[Ui TOJIBKO CUUTHIBAEMbIE
NOCJIEIOBATEIbHOCTH, ~ MOKPBIBAIOIIUE MYyTalMM, OyAyT TIOJEe3Hbl JUISl  BBIYMCIICHUS
koHueHTpanuu onyxojesor JIHK. CnemoBaTenbHO, BapHaHThI peain3alliil MOTYT OOECHeunuTh
Oonee s3xoHOMHYECKH 3((EKTUBHOE HCIOJIB30BAHUE PE3YJbTATOB CEKBEHHPOBAHUS, TAK KaK
MOXET noTpedoBaThCs OTHOCHTEJIBHO MeHbIIee KOJINYECTBO CUUTBHIBAEMBIX
NOCJIEIOBATENILHOCTEH TMPH CEKBEHUPOBAHMU IO CPABHEHHMIO C JPYTMMH TOAXONAMH IS
IOCTIDKEHHSI TaKOH K€ CTENEeHH JOCTOBEPHOCTU OLIEHKHM (ppakunoHHOW koHueHTparmu JIHK
OITyXOJIEBOTO IIPOUCX OKIEHHUS.
X. AJIBTEPHATHUBHBIE METOJAUKH

IToMMMO HCTONB30BAaHUSI B KAueCTBE KPUTEPHUsl AJISI OMNPEAENeHHs TOro, YTO JIOKYC
COIEP KUT UCTUHHYIO MYTALMIO, KOJMYECTBA Pa3, KOTOpPOE OTAENbHAs MyTalus HaOJIOAaeTcs B
MapkKepe IMOCJIEAOBATEIbHOCTH (C  MOMOIIBID 4YEro  KOPPEKTUPYIOT — IOJIOKHUTENBHOE

NPOTHO3MPYEMOE 3HAuU€HHE), MOKHO NPUMEHSATh APyrue METOAMKH BMECTO WJIHM BIOOABOK K
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NPUMEHEHUIO TTOPOTOBOTO 3HAUEHUs], YTOOBI OJIYYUTh OOJIbIIEEe MPOTHO3UPYEMOE 3HAUECHUE IS
uneHTH(ukanuy pakoBoil Mytaunu. Hanmpumep, nmpu o0paboTke pe3yabTaTOB CEKBEHHPOBAHUS
MOXXHO NPUMEHATh OHOMH(POPMALMOHHBIE (PUIBTPEI PA3NUYHON CTPOrOCTH, HANpUMeEDP,
yUMTBhIBasl IIOKa3aTelb KaueCcTBa CEKBEHHPOBAHHOIO HykKjeoTuaa. B ogHOM BapuaHTe
peanu3alud  MOXKHO NpUMEHATb cexkBeHaTtopbl JIHK M Xumudeckue KOMIIOHEHTBHI IS
CEKBEHHPOBAHUSI C PA3IMYHBIMH NpopuisiMu omMOOK cekBeHupoBaHUs. CeKBEHATOpbl U
XUMHYECKHE KOMIIOHEHTBI ¢ MEHbLIEH 4aCTOTOHN OIMOOK CEKBEHUPOBAHMS MO3BOJISIT MOJYYHTD
Oosiee BBICOKHE MOJIOKHUTEIbHBIE MPEICKA3aTeNIbHbIe 3HAUYEHUsl. MOKHO TaKke OCYINECTBIISITh
NOBTOPHOE CEKBEHHpOBaHME OnHOro u Toro ke ¢parmenta JIHK, 49roOsl yBennuuTth
JIOCTOBEPHOCTh CeKBEHHpOBaHUs. OHA BO3MOKHASI CTPATETHs MPENCTABIISIET COOOM CTpaTETrHIo
CEeKBEHHPOBAHUS KOJIBIIEBBIX KOHCEHCYCHBIX MocienoBatenbHocTelt ot Pacific Biosciences.

B npyrom BapuaHTe peanuzanuu AJi UHTEPIPETALUU MOTYyUYEHHbIX PE3YJIbTATOB MOKHO
YUUTBIBATh UHPOPMALIMIO O pa3Mepe CEeKBEHMPOBAHHBIX (parMeHToB. Tak kak B ruazme JJHK
OIYXOJIEBOTO MPOHCXOXIeHus1 kopoue, ueM JJHK HeomyxoneBoro npoucxoxaeHus (CM. 3asBKY
Ha mateHT CIITA Ne 13/308473), TO MOJOXKHUTENbHOE MPOTHO3MPYEeMOe 3HaueHue st Oosee
kopotkoro ¢gparmenrta JJHK B miasme, comepramero NOTEHUHAIBHYI0 MyTALUIO OIyXOJIEBOTO
NPOUCXOXKIEHUs, OyeT BBIIE, YeM TakoBoe sl Oojee mmHHOTrO ¢parmenra JIHK B mmasme.
JlanHble O pa3Mepax MOXHO JIETKO MOJYUWUTb, OCYINECTBJISII CEKBEHHPOBAHHE CIIAPEHHBIX
koHUoB JIHK B mumasme. B kauecTBe ambTepHATUBBI MOXHO NPUMEHATH cexkBeHaTopbl JIHK,
KOTOpBIE€ CUUTHIBAIOT JAJMHHBIE MOJIEKYJIbL, TAKMM 00pa3oM, MO3BOJISIS MOJTYYUTh MOJHYIO JUTUHY
¢parmenta JIHK B mmasme. Taxske MokHO ocyiiecTBuTh (ppakumnonuposanue JJHK B oOpasue
wiasMbl Mo pa3mepam nepen cexkseHupoBanueM JIHK. Ilpumeps! croco0OB, KOTOpbIE MOXKHO
NPUMEHSTh Il (PAaKIMOHMPOBAHUSL IO pa3MepaM, BKIIOYAOT dJekTpodopes B rene,
npuMeHeHne MukpoduronaHoro nozaxona (Hampumep, cuctembl LabChip XT Caliper) u
HKCKJTFO3UOHHBIX HEHTPU(YIKHBIX KOJOHOK.

B eme ogHOM BapuaHTe peanuzauuu OyOyT OXKUAATh, YTO (PpaKLMOHHAS KOHLEHTPALUS
CBSI3aHHBIX C OMYXOJbIO MyTAalM{ B IJIa3Me Yy MALUEHTa C HEreMaTOJOrMYECKHUM paKkoM Oyner
BBIIIIE, €CJIM COCPENOTOUNThCS Ha Oonee koporkux ¢parmenrax JAHK B mmasme. B omnOoM
BapUAHTE PEAU3ALH MOKHO CPABHUTH (PPAKLIMOHHYIO KOHLIEHTPALMIO CBSI3aHHBIX C OMYXOJIbIO
myTtammii B ¢parmentax JAHK mmasmel u3 nByx mnm Oonee pa3iauuHBIX paclpeneiieHud 1o
pasmepy. Y malueHTa ¢ HEreMaTOJIOTHYEeCKUM pakoM OynyT HabOmromatbest Oojiee BBICOKHE
(bpakLMOHHbIE KOHILIEHTPALMH CBS3aHHBIX C OMYXOJIbI0 MyTaluil B Ooee KOPOTKUX (pparmMeHTax
IO CPAaBHEHMIO ¢ OoJiee ITMHHBIMU (parMeHTaMH.

B HEeKOTOpBIX BapHaHTaX peaTu3ali MOXXHO OOBEIUHUTD PE3yJIbTaThl CEKBEHUPOBAHUS

I ABYX WiM Oojiee alMKBOT OHOTO M TOro ke obOpasla KpOBM WIH AN ABYX WU Oonee
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0o0pa3lioB KPOBH, IIOJYYEHHBIX B TO K€ BpeMsl WJIH B pa3Hble MOMEHTHl BPEMEHHU.
ITonoxxuTenpHOE MPOTHO3UPYEMOE 3HAUEHNE IOTEHIIUAIBHBIX CBSI3aHHBIX C OMYXOJIBIO My TaLlHH,
HaOJogaemMbIx B Oojiee ueM OIHOW aluKBOTE WM B Oojiee yeM onHOM oOpasie, OyneT Oonee
BeICOKUM. IlonoskuTenbHOE NPOrHO3UpyeMOe 3HAaueHHe OyAeT IMOBBIIATHCA C KOJMYECTBOM
o0pa3loB, B KOTOPbIX BBISIBJIEHa Takas MyTauus. [lOTeHIMaJdbHbIE MyTalUH, KOTOpbIE
NPHUCYTCTBYIOT B 00pa3lax IIa3Mbl, B3SITHIX B PA3IMYHbIE MOMEHTHI BPEMEHH, MOXKHO CUHUTATh
MOTEHLHMATbHBIMUA My TAL[HSIMH.
XI. TPUMEPHI

Jlanee mpencTaBiIeHbI IPUMEPbI METOAMK U PE3YJIbTATOB, HO HE CIENYeT CUUTATh, YTO

OHH OTPAaHUYMBAIOT BAPUAHTHI PEATU3ALMH HACTOSIIEr0 H300PETEHHSI.
A. Mamepuansr u memoowl

Jns cObopa oOpa3sLOB MPUBJIEKATH MALUEHTOB C MEYEHOYHO-KJIETOYHOH KapLUHOMOMH
(I'KK), HOCHTEnel XpOHHUUYECKOro renatuta B u manueHTa ¢ OMHOBPEMEHHBIM PAKOM TPYIH H
sugHUKOB. Y Bcex manueHToB ¢ KK w3 knmuHuku bapcenoHbl ObLT pak NMeYeHW HAa CTaauu
3aboneBanmst Al. OOpa3upl nepudepudeckoll KPOBH COOMPANN Y BCEX YUACTHUKOB B MPOOUPKH,
conepxkamne IJATA. Onyxoneeeie Tkanu mnauueHtoB ¢ ['KK mnonyuanu B mpouecce
XUPYPTUIECKON PE3EKLINU PaKa.

O6pa3us! nepudepuueckoll kpoBu LeHTpUudyruposanu npu 1600 g B Teuenune 10 MuH
npu 4°C. Ilony4eHHyro mia3My cHosa HeHTpudyruposamu npu 16000 g B reuenue 10 muH npu
4°C, a 3atem xpanwmu npu 80°C. Beigensmu monexysel BHeksneTrouHon JIHK u3 4,8 mut mma3mbl
coriacHo npotokody s Beigenenuss JJTHK u3 xpoBu u Omonormueckod *KUAKOCTH U3 Habopa
QIAamp DSP DNA Blood Mini (Qiagen). JJHK wu3 mmasmbl UIsi KakKIOrOo M3 Cly4YaeB
KOHIIEHTPUPOBAJIH C TIOMOIIBIO KoHIIeHTpaTopa SpeedVac (Savant DNA120; Thermo Scientific)
10 KOHEYHOro obwvema 40 MKJI AJIsi MOCJIEAYIOMIEro MOJy4YeHUs: OMONMOTEKH CEeKBEHHPOBAHUS
JIHK.

I'enomuyro JIHK Bbinemsiin u3 oOpa3noB JIEHKOLUTAPHON TUIEHKH MAIIHEHTOB COTJIACHO
npotokoiy st Beinenerust JJIHK w3 xpoBu u Omonormyeckoit :xuakoctu u3 Habopa QIAamp
DSP DNA Blood Mini. JIHK Bbimessiiv U3 onyxoJieBbIX TKaHed ¢ momoribio Habopa QIAamp
DNA Mini (Qiagen).

KonctpyupoBanu 6ubmmorekn cekBeHupoBaHus obpasnos reHomHol JIHK ¢ momormbio
HaOopa Paired-End Sample Preparation Kit (Illumina), cormacHo HHCTPYKUMSM MTPOU3BOIUTENS.
Bxparue, 1 — 5 mukporpamm renomuoi JIHK cHauana pacmersuin Ha GparMeHTsl pa3MepoM
200 1m.0. ¢ IOMOIIBIO YCTPONCTBA ISl YiIbTpa3ByKoBoil pparmentammu Covaris S220 Focused-
ultrasonicator. Bmocnencrsuu, 3actpamBamu KoHibl Mosiekyn JHK ¢ momompro JIHK-

nojumepasel T4 wu  ¢parmenra Knenosa JIHK-monmumepasel; 3aTeM  IPUMEHSIIH
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nojuHykneotuakuHazy T4 ma  ¢ochopunmposanust 5’-koHuos. Ilomyuwanm 3’-BeicTynm ¢
nomombto  ¢parmenta  KneHoBa,  gumeHHOro  37-5’-3K30HYKJI€a3HOW  AKTHBHOCTH.
Onuronykneoruanble aganteps! lllumina nuruposany ¢ TUNKUMHU KOHIAMH. JIMTUPOBAHHYIO C
apanrepoM JIHK ammmudunuposanu ¢ nomorurpro 12 muxnos ITHP. Tak kak monekynst JJHK B
Iia3Me NpeACTaBisIn co0OH koporkue (parmentsl u komuuectsa obmeit JJHK B obpasmax
IU1a3Mbl OBUTH OTHOCHTEJIBHO MAJIbl, MBI TIPOIYCTUJIM 3TaIbl (PparMeHTanuy U UCIoIb30BaIH 15
k0B [P mist koucTpyupoanus 6udanorek JJTHK u3 00pa3nos mia3mbl.

buoananmmzarop Agilent 2100 (Agilent Technologies) mnpumeHsuM Al NPOBEPKH
Ka4yecTBa W pasmepa Oubanorek murupoaHHbix ¢ anantepamu JJHK. bubnuoreku ITHK 3atem
AHAJIM3MPOBAIA C TIOMOINBIO HAabopa JJisi KOJU4eCTBeHHOro aHajm3a Oudmuorek KAPA (Kapa
Biosystems), crnenyss WHCTpyKuusiM mnpomsBogureis. buOmmoreky JHK pasbapnsim u
rUOpUAN30BAJIH C IPOTOYHBIMU KIOBETAMH JJISl CEKBEHUPOBAHMS CIIAPEHHBIX KOHIOB. Kiactepsl
JIHK monydanu ¢ mOMOIIBI CUCTEMBI IJis ostydeHus kinactepos cBot (Illumina) ¢ momomipo 2
Bepcun Habopa TruSeq PE Cluster Generation (Illumina), mocne dero nmpoBommwmu S1 2 muki
win 76 2 uwmkioB cekseHupoBaHus Ha cucreme HiSeq 2000 (Illumina) ¢ momompio 2 Bepcuu
Habopa TruSeq SBS (Illumina).

Pe3ynbraTel CEKBEHMPOBAHHUSI CIIAPEHHBIX KOHLIOB AaHAJIM3MPOBAIN ITOCPEACTBOM
NPOTpaMMBI JUIsl BBIPABHUBAHUS KOPOTKUX onuronykieornnos Short Oligonucleotide Alignment
Program 2 (SOAP2) B pexume CHapeHHbIX KOHLIOB. Jlns KaXnoll CUMUTHIBaEMOU
MOCJIEIOBATEIbHOCTH CO CHAPEHHbIMU KOHLAMHU 1O 50 1mo. uiau 75 Mo. ¢ KaXAoro KOHIA
BBIPABHUBAIN C pedepeHCHBIM I'eHOMOM 4esoBeka Oe3 mackupoBku mnoBTopoB (hgl8). Ilpu
BBIDABHMBAHUU KaXAOTO KOHLA JOMYCKald HECOBMAJeHHe 2 HYKJIeOTUAOB. I eHOMHbIe
KOOPIWHATHI JaHHBIX MOTEHIHAIbHBIX BBIPABHUBAHUN Ui 2 KOHLIOB 3aT€M aHAJIU3UPOBAJIH,
9TOOBI ONPEAENTUTb, YAAETCS JIM BBIPOBHATH JIOOYH0 KOMOWHAIMs 2 KOHILIOB C OJHOW U TOH ke
XPOMOCOMOM B MPaBUJIBHON OPUEHTALIMHU C Pa3MEPOM BCTABKM, MEHBLINM UM paBHbIM 600 11.0.,
U C KapTUPOBAHHEM B OJTHOM IIOJIOKEHUH B peepEeHCHOM reHOMe denoBeka. lyOnupoBaHHbBIE
CUMTBIBAEMBIE TIOCJIEOBATEIPHOCTH ONPENEIsUId KaK CUUTBIBAEMbIE TIOCIEA0BATENIbEHOCTH
CIAPEHHBIX KOHLIOB, B KOTOPBIX HAYaJbHOE M KOHEYHOE IOJIOKEHHsS B TEHOME 4YeJIOBeKa
BcTaBieHHON  Monekyiasl JIHK  Obum  uaeHTWYHBI, AyONUpPOBaHHBIE  CUUTHIBAEMbBIE
NIOCJIEIOBATENILHOCTH YAAISUIH, Kak onucano paHee (Lo u ap. Sci Transl Med 2010, 2: 61ra91).

B HEKOTOpBIX BapuaHTaX peaNn3alil CEKBEHHPOBAJIHM Mapbl OOPa3lOB OMyXOJIEBOH H
koHcTuTyTHBHOW JIHK, 4TOOBI Ompenenuth CBs3aHHBIE C OMYXOJbK) OIHOHYKJICOTHIHBIC
Bapuantel (OHB). B HekoTopeIX BapmaHTax peanm3aluu Mbl cocpenoroumnnck Ha OHB,
BCTPEUAIOLINXCS] B TOMO3UTOTHBIX caiitax B kKoHcTutyTHBHOI JIHK (B mannom mpumepe JITHK

NoJIy4agd U3 JEeHKOLUUTapHOW IUIeHKW). B mnpuHnume, mo0Ooil BapuaHT HyKJIEOTH/A,



60

JNETEKTUPOBAHHBIN B PE3yJIbTaTaX CEKBEHUPOBAHUs OIyXOJIEBBIX TKAHEW, HO OTCYTCTBYHOLIUN B
koHcTuTyTHBHOU JIHK, MOker mpenctaBisaTh coOoif moreHuuanbHyo myTtauuio (t.e. OHB).
Bcenencreue omubok cexseHuposanus (0,1% — 0,3% cexBeHHMPOBAHHBIX HYKJIEOTHIOB), TEM HE
MeHee, B TeHoOMe OyIyT AeTeKTHPOBAHbI MIJITMOHBI JIOXKHOIMOJIOXKHUTENBbHBIX PE3YyJIbTaTOB, €CIH
OIHOKPAaTHOE NOsIBJIEHHE JIOOOH HYKJIEOTHIHON 3aMeHbl B pe3yJbTaTaX CEeKBEHUPOBAHUS
OIyXOJIEBOW TKaHM PAacCMATpUBATh Kak CBsA3aHHbIN ¢ omyxonbto OHB. Omnum n3 cnocoGos
YMEHBLICHUS] KOJIMYECTBA JIOXKHOMOJIOKUTENBHBIX PE3yJIbTaTOB OyIEeT YCTAHOBJICHUE KPUTEPHUS
HEOJHOKPATHOW BCTPEUAEMOCTH OJHONM M TOW K€ HYKJEOTHAHON 3aMEHbl B pe3yJbTarax
CEKBEHUPOBAHMS Il OMyXOJIEBOW TKAHU, NEpen TeM, KAK Ha3BaTh MOTEHUHUAIbHYIO MYyTaLHIO
CBsI3aHHBIM ¢ onyxoiapio OHB.

Tak kak BO3HMKHOBEHHME OIIMOOK  CEKBEHMPOBAHHUS  MPEACTABISIET  COOOH
CTOXAaCTUYECKUHM TMPOLECC, KOJUYECTBO JIOKHOMOJIOXKUTENBHBIX pPE3YJIbTaTOB  BCJIEACTBUE
OmMOOK CEKBEHHUPOBAHHMsI OyZeT SKCIOHEHIMAJbHO YMEHBLIATBCS C  YBEJIUYCHHEM
HeoOxomumoro konuuecTBa ferektupoBaHuii OHB, uToObl mocYMTAaTh MOTEHLHAIBHYIO
MyTaLU  CBsA3aHHbIM ¢ onyxoiapto OHB. C  gpyroii  CTOpPOHBL,  KOJHMYECTBO
JIO)KHOTIOJIO)KUTENBHBIX ~ PE3YJIbTATOB  OyJeT YBEIMYMBATBCA C YBEJIWYEHHEM TIIyOHHBI
CEeKBEHHPOBaHUs. Takue B3aMMOOTHOIIEHUS MOXXHO NPOTHO3MPOBATH C TOMOLIBIO (PyHKLHH
IIyaCCOHOBCKOTO W OMHOMHAJIBHOTO pacrpeneneHus. B BapwaHTax peanu3aiil  MOXHO
OTIPENEeNUTh TUHAMMYECKHH MOPOr BCTPEYaeMOCTH, UYTOOBI CuMTaTh, uTO Habmomaemelii OHB
CBsI3aH C OMNyXOJbi0. B BapuaHTax peanuzallud MOTYT YYHUTHIBATbCA (PAKTUYECKOE MOKPBITHE
KOHKPETHOTO HYKJIEOTHIA B pe3yJIbTaTaX CEKBEHHPOBAHMS Ui OINYXOJH, 4YacTOTa OLIMOOK
CEKBEHHUPOBAaHUsl, MAKCUMAJIbHO JOMYyCTUMBIH YPOBEHb JIOJKHOMOJIOXKUTEIbHBIX BapHalUi H
JKeJaTeNbHasi 4y BCTBUTENIBHOCTD JJIs1 €TEKTUPOBAHMsl My TALIUH.

B HexoTOpBIX mpuMepax Mbl YCTAHOBUJIM OY€Hb CTPOTME KPUTEPUU IJIsl YMEHBLIEHUs
KOJIMYECTBA JIOJKHOIIOJIOKUTENBHBIX Pe3yJibTaToB. Hampumep, MOKHO MOTpeOOBaTh MOJHOTO
OTCYTCTBHUsI MyTalLlUM B pe3yjbTaTax cekBeHuposaHuss koHcTutyTuBHOM JIHK u 20-xpatnHoi
rIyOMHBI CEKBEHHPOBAHUS KOHKPETHOTO TOJOKEHUS HYKJIEOTHAA. B HEKOTOpBIX BapHaHTax
peanm3alMyd  YCTAaHOBJIGHHWE TIOpOra  BCTPEUAEMOCTH  IO3BOJISUIO  JOOWUTBCS  YacTOTHI
JIOKHOTIOJIOKUTENBHBIX PE3yNbTaTOB, MeHblIel yeM 107, B HEKOTOPBIX MpUMEPax Mbl TaKke
orcenBanu OHB, koTOpBIe OBLIM IETEKTUPOBAHBI B LIEHTPOMEPHBIX, TEJIOMEPHBIX O0JACTIX U
00MacTsIX HU3KOH CIIOKHOCTH, YTOOBI MUHUMH3HPOBATH JIOXKHOMOJOXKUTEIBHBIE PE3yJIbTaThl
BCyeACcTBHE apTedakToB BeIpaBHMBaHUSA. Kpome Toro, taxke ynansann npennonaraembeie OHB,

kaptupoBaHHble kak m3BecTHbie OHIL, npencrasnenHbie B 6ase nanabx dbSNP coopku 135.

B. /o u nocae pezexyuu
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Ha ¢ur. 13A nokazana tabnuua 1300 ananu3a MyTanuil B IUla3Me MalMeHTa C PaKOM
AMYHUKA W PaKOM MOJIOYHOM JKe€jJe3bl Ha MOMEHT JUarHOCTHKU COTJIACHO BapUaHTaM
peanu3aluy HaCTOSLIEro U300peTeHus. 3Aech Mbl NPOJEMOHCTPUPOBAIN NPUMEDP MAaLUEHTa C
ABYCTOPOHHUM PAaKOM SIMYHUKOB U PAKOM MOJIOYHOW >Kene3bl. Pe3ynbTraTbl CEKBEHHUPOBaHUS
JHK u3 nmasmel CpaBHUBAdu C pe3yJbTaTaMu CeKBEeHHpOBaHMs KoHCTUTyTuBHOW JIHK
nanueHta (M3 JedkonuTapHOi  ruieHKH).  OOHOHYKJICOTHAHBIE HM3MEHEHMS, KOTOpbIe
MPUCYTCTBOBAJIU B IUIa3Me, HO He B KoHCTUTyTUBHOM [IHK, pacuenuBanu xak nmoTeHLUAIbHbIE
MyTauuu. bpamu oOpasipl paka SIMMHUKOB C TPAaBOM W JIEBOH CTOPOHBI MALMEHTa M3 JIBYX
JIOKAJIM3aLUH C KaXXI0H CTOPOHBI, T.€. MOJIyYaId BCEro 4eTbipe obpasua onyxoinn. MyTauusMu
OMyXOJM CUMUTAJIM MYTallU{, NE€TEKTHPOBAHHbIE BO BCEX YETBHIPEX TKAHSAX OMYyXOJH SUYHHKA B
YETBIPEX PA3JIMYHBIX JIOKATU3ALMAX.

IIpu cexsenupoBanmu JIHK tmuasmer  oOHapyxwnmu  Oomee 3,6  MWUIMOHA
OJTHOHYKJIEOTUAHBIX M3MEHEHHI 3a Mo MeHblled Mepe oAauH pa3. Cpenu AaHHBIX U3MEHEHM
murb 2064 Takke OOHAPYKUIIM B OIMYXOJEBBIX TKAHSAX, M IOJIOKUTENBHOE MPOTHO3UPYEMOe
3HaueHue coctaBmio 0,06%. Ilpu mpumMeHeHUM KpUTEpUsi MO MEHbLIeH Mepe ABYXKpPaTHOIO
NETEKTUPOBAHUs B IUIa3Me, KOJIMYECTBO MOTEHUHUAIbHBIX MyTalUll 3HAYUTEIBHO YMEHBIIWIOCH
Ha 99,5% no 18885. KonuuecTBo OMyXojeBbIX MyTalMi YyMEHbLINIOCH Julllb Ha 3% 10 2003 u
MOJIOJKUTENIbHOE MPOTHO3UPYEMOE 3HauU€HUe MOBbICUIIOCH 10 11%.

Ilpn npuMeHeHUH KpUTepHsi IO MeEHbIIeH Mepe MATUKPATHOrO [ETEeKTUPOBAaHUS B
wiasMe, OOHAPY UM JHIIb 2572 MOTeHIHAaIbHbIe MyTalMu U cpenu HuX 1814 mpexncrtasnsim
coboil MyTaumy, MAETEeKTHPOBAaHHbIE BO BCEX ONYXOJEBBIX TKAHSAX, TaKUM 00pasom,
MOJIOKUTENIbHOE  TPOTHO3UpyeMoe 3HaueHue coctaBwio 71%. Jlnsg  nerekTupoBaHHs
MOTEHUATBHBIX MyTalU{ MOXHO MPHUMEHSATHb APyTHe KPUTEPUU KOJUYECTBA JAETEKTHPOBAHHI
(mampumep, 2, 3,4, 6,7, 8,9, 10 u T.4.) B 3aBUCUMOCTH OT HEOOXOIUMOMN 4yBCTBUTEIBLHOCTU U
MOJIOXKHUTEJIbHOTO TIPOTHO3MPYEMOro 3HaueHus. UYem Oosblnmee 3HA4YEHHE BCTPEUYAEMOCTH
UCTIOJIb3YIOT B KA4eCTBE KPUTEpUs, TeM Ooibiue OyneT TMOJIOKUTENIbHOE MPOrHO3UPYEeMOoe
3HAYeHHUE U MEHbIIEe OyIeT Uy BCTBUTEIBHOCTb.

Ha ¢wur. 13B mnokasana Tabmmuma 1350 aHanmu3a MyTanmii B IUla3Me MaLUEHTa C
IBYCTOPOHHUM pAaKOM SIMYHUKOB W PAaKOM MOJIOYHOHM >KeJe3bl IMOCIE€ PEe3eKLHUU OIMyXOJU
COTJIACHO BapUaHTaM pean3aliu HacTosmero n3oOpereHust. OCYLIECTBISUIN XUPYPTUYECKYIO
pesexuuro omyxonu y nmanueHta. O0pasen KpoBu Opaiii yepe3 IeHb MOCIe Pe3eKIHH OImyXOoyei
SIMYHUKA U paka MOJIOYHOM xkene3bl. 3areM cekseHuposanu JIHK B mnazme. B nanHom npumepe
AHAJTM3UPOBANIN JIMIIb MYTALMH U3 paka SUYHUKOB. B oOpasue mia3mel oOHapyxuan Oonee 3
MUJUIMOHOB MOTEHLMAJIBHBIX MyTalUMi IO MEHbIIEH Mepe OAHOKpaTHO. Tem He MeHee, Ipu

NPpUMECHCHUU KPUTCPUS IO MEHbIIIEeH MEPE IATHU I[eTeKTI/IpOBaHI/Iﬁ KOJINYECCTBO IIOTCHLHAJBbHBIX
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MyTaluu yMeHbLIIoch 10 238. CyliecTBeHHOE YMEHbIIeHHE HaOIONaiu MPH CPAaBHEHUH C
KOJINYECTBOM IMOTEHIMAIBHBIX MyTaLUU B 00paslie, B3ATOM MPH JUATHOCTUKE, IPU IPUMEHEHUN
TOTO K€ KPUTEPHsI IETEKTUPOBAHUS IIATH My TaLHi.

B opHOM BapuaHTe peanu3aluM  KOJHYECTBO OJHOHYKJIEOTHIHBIX H3MEHEHUH,
JETEKTUPOBAHHBIX B IJIa3Me, MOXKHO NPHUMEHATh B KaueCTBE Iapamerpa AJis JeTeKTHPOBAHUS
paka, MOHUTOPUHIa MAaIMeHTa C PAKOBBIM 3a00JIEBAHMEM M COCTAaBJIEHHs IPOTHO3a IJISI HETO.
BcerpeuaeMoCTh pasIMUHBIX UX KOJHMYECTB MOKHO TMPUMEHSATb B KA4eCTBE KPUTEPHsl, YTOOBI
OOOUTbCSl JKeNaTeIbHONH UYBCTBUTEBHOCTH M CHEUU(PUUHOCTH. Y TalueHta ¢ OoJbluei
OIyXOJIEBOW HArpPy3KOW M, CJIEOBATENbHO, XYALIUM IMPOTHO30M, OYIOyT OKHUAATH OOJIBIIHIA
MY TalMOHHBIHN I'Py3, HAOIOJaeMBbIil B TUIA3Me.

JUIst TAaKOTO aHAJIM3a MOXKHO YCTAHOBUTH MPO(HIIE MyTALMOHHOTO IPy3a ISl Pa3IMIHbIX
TunoB paka. C 1eJlbF0 MOHUTOPHHTA, OyeT BUIHO, YTO MYTAIlOHHBIN IPy3 B IJIa3Me MALUEHTA,
KOTOPBIH OTBEYAET Ha JieueHne, OyaeT yMeHbInaThest. ECu onmyxoib BO3BpaTHiIach, HAIIPUMeEp, B
npouecce peuranBa, TO OYAYT OKUAATH YBEIUISHUE MyTALMOHHOTO Tpy3a. Takoil MOHUTOPHHT
MO3BOJIUT KOHTPOJUPOBATh 3(P(PEKTUBHOCTH BBIOPAHHOTO CMOCOOA JIEYEHHs] TalHUeHTa W
OOHapY>KUTh MOSIBIIEHHE YCTOMYUBOCTH K KOHKPETHOMY JICYEHUIO.

C noMoIpro aHamM3a KOHKPETHBIX MyTaLUi, KOTOPBIE MOYKHO HaOJIIOAATh B pe3yJIbTaTax
cexBeHnposanuss JIHK #3 mmasmpl, MOXXHO Takke OINpPENeNUTb MHIIEHH, KOTOpble OyayT
IPOTHO3MPOBATh YYBCTBUTENBHOCTD (HANpUMep, MyTallM B I'eHE pelienTopa 3MHAEPMAIbHOTO
¢dakTopa pocra W OTBET HA Jieu€HHE WHTUOUTOPOM THUPO3UHKHHA3bI) U YCTOWYMBOCTH K
KOHKPETHOMY LEJIEBOMY JIEYCHHUIO (Hampumep, MyTauuun KRAS mpu KOJOPEKTaJIbHOM pake M
YCTOMYMBOCTh K JICYEHHUIO MAHUTYyMyMaOOM M IeTyKcuMaOOM), M MOTYT HamIpaBIsTh
TUTAHUPOBAHUE PEKIMOB JICUCHUSI.

Beimme Obl1 mpuBeneH mpuUMep Al JBYCTOPOHHErO paka SIMYHUKOB. Takike MOYKHO
OCYIIECTBUTh AHAJIOTUYHBIA AHAJIN3 MyTaLWH paka MOJIOYHOH KeJe3bl, a 3aTeM OTCIEIHThb
MyTalu OOOMX JaHHBIX THIIOB paka B IUIa3Me. MOXXHO TakKe MPUMEHSTh aHAJOTHUHYIO
CTPATETHIO JUIS OTCIESKUBAHMS MyTALIUMI MEPBUYHOTO PaKa U €ro METacTa3bl MM METACTas3.

BapuanTsl peannzauuy OyayT MOJIE3HBI [UII CKPUHUHTA Ha HAIMYHME Paka y KaKyIIUXCs
3I0POBBIMH CYOBEKTOB HJIH y CyOBEKTOB C ONpeAeSeHHBIMH (PaKTOpaMH pHUCKa (Hampumep,
CTaTyCOM KYPEHHs, CTaTyCOM HOCHTEIbCTBA BHpYyca (Y CyOBeKTOB-HOCHUTENEH BUpYyCa TeraTUTa,
CcyOBeKTOB, MHQUIIMPOBAHHBIX BUPYCOM MAITMIIJIOMbI YeJIOBeKa)). MyTallMOHHBIH TPpy3, KOTOPBIH
MOYKHO HaOJI0JaTh B IUIA3Me TAKHX CyOBEKTOB, NO3BOJHT BBIIBUTh PUCK TOTO, YTO y CyOBEKTa
Pa30BbETCS] CUMITOMATUYECKHH paKk B TEYEHHE OMNPEAEJICHHOIO Mepuoja BpeMeHH. Takum
oOpazom, OyayT OXHIaTh, YTO y CyOBEKTOB ¢ OONBLUINM MYTALIMOHHBIM I'PY30M B IIa3Me PUCK

MNOBBINIEH IO CPABHCHUIO C TAaKOBbBIMHU C MCHBIINM MYTAallMUOHHBIM TI'PY30M. bonee TOrOo,
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BPEMEHHOH NpOQWIb TaKOro MyTAallMOHHOTO TIpy3a B IUla3M€ TakXe OyIeT MOLIHBIM
MHIUKATOpOM pucka. Hanpumep, ecinmn y cyOBpexTa pa3 B roa NMPOBEPSIIOT MyTALMOHHBIH I'Py3 B
Ia3Me M €CIM MyTalMOHHbIE IPy3bl IOCTENEHHO YBEJIWYMBAIOTCSA, TO INAHHOTO CyOBeKTa
cleflyeT HAIpaBUTb Ha JOMNOJHUTEIbHBI CKPUHUHI paka, HanpuMep, C INpPUMEHEHHEM
peHTreHorpa¢uu OpraHOB TIPyIHOW KJIETKH, YJbTPa3ByKa, KOMIIBIOTEPHOH TOMOrpaduu,
MarHUTHO-PE30HAHCHON BH3yaJIU3alM1 HIIH O3UTPOHHO-3MUCCHOHHON TOMOTpaduu.

C. Junamuueckue nopoeoewvie 3naueHus Ons GbIAGNEHUS MYMAYUil 8 pe3ynIvmamax
cexsenuposanus J[HK niazmer

Jlis maHHOrO MCCHIeAOBaHUsl MPUBIEKJIN YEThIpeX MALUEHTOB C MEeYEHOYHO-KJIETOUHOM
kapuuHomoii (I'KK) um opmHOro mamueHta C pakoM SIMYHUKOB M MOJIOYHOW kene3bl Jlist
MOCJIEIHETO U3 YIOMSIHYTBIX MALMEHTOB Mbl CKOHLIEGHTPUPOBAJINCH HAa aHAN3€ paka SUYHUKOB.
OO6pa3upl KpoBU cOOMpanu M3 KKAOTO MALUMEHTAa [0 M TMOCIEe XHPYPTUYECKOH pe3eKLUH
omyxonei. Takke coOupanu ucceueHHbie onmyxosieBblie TkaHu. JJHK Bbigensuin u3 omyxoJieBoit
TKaHH, Oeyble KPOBsIHBIE KJIETKH M3 00pas3la KPOBH O ONEpalryd U OOpas3loB IUIA3MbI O U
1IOCJIe OTepaluy CEKBEHUPOBAIH, puMeHsisi cucreMy cekseHnposanuss HiSeq2000 (Illumina).
Pe3ynbTaThl CEKBEHMPOBAHHUSI BBIPABHHUBAJIHM C TOCJIENOBATENBHOCTBIO Pe(EepeHCHOro reHoma
yenoseka (hgl8), mpumeHsisi makeT mporpamm JJisi BBIPABHUBAHUSI KOPOTKUX OJIMTOHYKJIEOTHUAOB
Short Oligonucleotide Alignment Package 2 (SOAP2) (Li R u ap. Bioinformatics 2009; 25:
1966-1967). IlocnenoBatenpHocTH JIHK OenbIx KpOBSIHBIX KJIETOK CUMTAIM KOHCTUTYTHBHBIMHU
nocnenosarenbHocTaMu JIHK nist kaxxmgoro uccnenyemoro cyobekra.

B nannom npumepe cesizanHble ¢ omyxonbio OHM cHavana BBIABISUIN 1O pe3ysbTaTam
cexkBeHupoBanus JIHK mnasmer u KI', He yuuThIBas OnyxoJieBble TKAaHU. 3aTEM MOJIyYeHHbIE JJIs
IUIa3Mbl PE3yJIbTaThl CPAaBHUBAJIU C pe3yJbTaTaMU CEKBEHHPOBAHMS, IOJNYUYEHHBIMH JUIS
OINyXOJIEBBIX TKaHEW (B KayeCcTBE 30JIOTOrO CTAHAAPTa), 4TOObI YCTAHOBUTH JTOCTOBEPHOCTH
MOJIyYEHHBIX Pe3yJIbTaToB. B 3TOM OTHOIIEHNH, MOMyYau 30JI0TOM CTAaHAAPT MyTEM CPaBHEHUS
pe3yJIbTaTOB CEKBEHHPOBAHMUSI OIyXOJIEBBIX TKAaHEH C KOHCTUTYTHBHOHN IOCIIENOBATEIbHOCTH,
9TOOBI OMpENETUTh MyTallM B OIMYXOJIEBBIX TKAHSIX. B 1aHHOM aHamm3e Mbl CHOKYCHPOBAIU
BHUMaHHE Ha MOJIOKEHUSX HYKJIEOTHIOB, B KOTOphIX KoHcTUTyTuBHasi JIHK wuccnemyemoro
cyObekTa Oblia TOMO3UTOTHOM.

1. HenanpasjieHHbII NOJTHOIeHOMHBII AHAJIU3
I'myOuHbI CeKkBeHUPOBaHUS JJisi OENBIX KPOBSHBIX KJIETOK, OonmyxoJieBbix TkaHew u JJHK

U3 IJIa3Mbl KAXXKAO0TO IMAaITUCHTA IMOKAa3aHbI B Ta6J'II/ILIe 5.
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CpenunHas riyOnHa CeKBEeHUPOBaHMS (KPaTHOCTD)
Cayuaid bexsie Omnyxonesas ITnasma no Hnasma
KPOBSIHbIE rocJjie
TKaHb oreparu
KJIETKU onepaiuu
I'KK]1 39 29 23 24
TKK2 39 29 25 28
I'KK3 46 33 18 21
TKK4 46 27 20 23
ITaruent
C PaKoM 44 53 37 28
SSMYHUKOB

Tabmuua 5. CpenuHHBIE TIYOUHBI CEKBEHUPOBAHHS PA3IMIHBIX O0PA3LOB IS YEThIPEX
cayuaes I KK.

JlMHaMUYeCKue TIOpOroBble 3HAYEHMS JJs1 MUHHMAJIBHBIX BCTPEYAEMOCTEH ISt
IETEeKTUPOBaHUA MyTaluil B Iula3Me (7), MOKasaHHble B Tabmume 1, ucmonb3oBaim s
OTpeneNIeHUs] MyTalMid B IUla3Me KakKJOro maiueHta. Tak Kak INyOMHa CEKBEHHPOBAHHS
Ka)XJIOTO JIOKYyCa MOXKET U3MEHSThCS, TOPOrOBOE 3HAUEHUE MOXKET U3MEHSTHCS, YTO (PaKTHUECKU
obecneynBaeT 3aBUCHMOCTb MOPOrOBOTO 3HAUEHHS OT CYMMApHOTO KOJMYECTBA CUHTHIBAEMBIX
HIOCJIeIOBAaTeNIbHOCTEeH JIoKyca. Hampumep, XoTs cpeamHHas riiyOMHa cocTaBisier MeHee S50
(tabnmua 5), rmyOMHAa CEKBEHHUPOBAHUSI OTIENBHBIX JIOKYCOB MOXKET CHIJIBHO H3MEHSTHCS W
MOKPBITUE MOXKET COCTaBJIATH >100 pas.

BnobGaBok Kk ommuOKaM CEKBEHUPOBAHMS, APYTHM HCTOYHHUKOM OMHOOK Oyzaer
BbIpaBHHBaHHE. UTOOBI ~ MHHUMHU3UpPOBATh  JAHHBIH  TUN ~ OWHOOK, CYUTHIBAEMBIC
NIOCJIEZIOBATENILHOCTH, COAEPIKAIINE MYTALHIO, 32AHOBO BbIPABHUBAIN C pe(epEeHCHBIM T'€HOMOM,
NpUMEHsisi Tiporpammy st BeipaBHuBaHusi Bowtie (Langmead B u nmp. Genome Biol 2009,
10:R25). Tonpko cUHMTBHIBa€MbIE IOCIENOBATEIBHOCTH, KOTOPbIE MOJKHO OBLIO BBIPOBHSITH C
YHHUKAJIBbHBIM TIOJIOKEHUEM B pedepeHcHOM reHoMe ¢ nmomoinbio SOAP2 u Bowtie, npumensim
N TOCJEAyIOLIero aHaiau3a MyTauuid B 1miuasMe. Takke MOMKHO NPUMEHSATh JIpyrue
KOMOMHAIIMM TIAKETOB MPOrPaAMMHOrO oOecriedeHusl Al BbIPABHHBAHUS, OCHOBAHHBIE Ha
Pa3MUYHBIX AJITOPUTMAX.

Jdns Toro 49ToOBI JOMOJHUTENPHO MHHUMH3UPOBATH OIIMOKH CEKBEHHUPOBAHHS U

BbIpaBHUBAHHsS B (I)aKTI/ILIeCKI/IX pe3yJibTaTax CCKBCHUPOBAHMS, Mbl TMPUMCHAIU [OBa
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JOTOJHUTENBHBIX AJITOPUTMA (PHIIBTPALUK, YTOOBI ONPEAENTUTH IOJIOKEHUs HYKJICOTHIOB, B
KOTOPBIX BBISIBIJIM OJJHOHYKJIEOTHAHBIE BAPUALIMH B CUUTBIBAEMBIX MOCJIENOBaTENbHOCTX: (1) >
70% cUYMTBIBAEMBIX MTOCIEA0BATEIBPHOCTEN, COAEPIKAIIMX MYTALlMH, MOXKHO 32aHOBO BBIPOBHSITH C
TaKOM k€ T€HOMHOW KOOpAMHATOH, nmpuMeHss Bowtie ¢ kauectBoM kaptuposanusi > Q20 (t.e.
BEPOSTHOCTb ~ HENMpPABWJIBHOrO  BbIpaBHMBaHMA <1 %); (2) > 70% cuurbiBaeMsl
HIOCJIEIOBATENIbHOCTEH, COAEPIKAIIMX MyTallUH, HAXOMWINCh 3a TNpefenamMu S5 I.0. OoT oOoux
KOHIIOB (T.e. 5’- u 3’-KOHLIOB) CUUTBHIBAEMBIX TOCIENOBATENbHOCTEW. Takol MPUHIIMI
(¢unbTpauu yCTAHOBWIM, TaK Kak OMHUOKM CEKBEHUPOBaHHMs ObuUtM Oojiee  IHUPOKO
pacrpoCTpaHeHbl B 00OMX KOHLAX CYUTHIBAEMBIX ITOCJIEAOBATEIbHOCTEH.

MpI TakKe HcCaenoBai (GakTOpbl, BIMSAIOLINE HA JETEKTHPOBAHUE OIYXOJIH, 0€3 KaKou-
mbo wuHpopManuu o reHome omnyxond. OOUH TakOW TapaMmeTp TMPEACTABISUT  COOOH
dpaknuonnyro koHuneHrpanuro JIHK omnyxomeBoro mnpoucxoxnaenus B 1mia3me. Jl{aHHBIMI
rapaMeTp MOXKHO pacLeHUBaTh Kak JAPyroil mapaMeTp 30J0TOr0 CTaHAApTa, U €ro ONpeAeNuiu C
LIEJTbI0 CPABHEHUsSI C M3BECTHOM MH(pOpPMAIFeH O TeHOME OIYXOJIH, TIOy4YeHHON ¢ MPUMEHEHUEM
GAAL.

B tabnune 6 mokasaHbl BApHalMK HYKJIEOTHUIOB, IETEKTHPOBAHHBIE B IJIa3Me 710 U TIOCIE
neuenns. s IKK1, 6e3 kakoii-muOo nHpOpMaLum o reHoMe OIyxoJi, 0OHapyKUiu Bcero 961
OJTHOHYKJICOTUAHYIO Bapuauuoo. Cpeau AaHHBIX BapUalMil HYKJIEOTHAOB, NE€TEKTUPOBAHHBIX B
miazme, 828 mpencraBisiim coOOW CBsi3aHHBIE C pakoM MyTauuu. llocne xupyprudeckoi
pesexunn I'KK cymMmapHOe KOIMYECTBO BapHalMil HYKJIEOTUAOB YMEHBIIWJIOCh 40 43, U HU
OJlHA U3 HUX HE SIBJISLIACh CBSI3aHHOM C PAKOM MyTaLHeH.

Jnsi cpaBHeHus, (paxuuonHast koHueHTpauus JJHK onyxosieBoro mpoucxokiaeHusi B
oOpasue miua3mMbl 10 omnepauuu coctaBisuia 53%, U ee OnpeAeswid ¢ MOMOIIBI0 H3BECTHON
uadopmanuu o reHome omyxonu. Y I'KK2, I'KK3 u I'KK4, 6e3 kakoii-nmubo uHpopmauuu o
reHOMax OIyXOJIM, BBISIBIJIM KOJIWYECTBA OJHOHYKJIEOTHIHBIX BapUalUii B IJla3Me B JUaNa3oHe
oT 27 no 32, nns oOpa3noB IuasMbl A0 onepanun. [1oaydeHHbIe pe3ysbTaThl COOTBETCTBYIOT
MaT€MaTHYECKOMY IMPOTHO3UPOBAHHUIO TOTO, YTO MpPHU HPUOIU3UTENbHO 20-KpaTHOH riyOuHe
CEKBEHHPOBAHUS B IUIa3Me€ MOKHO OOHAPYXHTb OY€Hb HU3KHHA MPOLEHT CBSI3AHHBIX C PAKOM
MyTalui, 1 OOJBIIMHCTBO BapHalMi MOCIEIOBATENILHOCTH, JETEKTUPOBAHHBIX B IUIA3Me, ObLIH
CIEACTBUEM OLIMOOK CeKBEeHHpoBaHWs. llocie pe3ekuMu OmMyxomu He HaOIoanoch
CYLLIECTBEHHOIO M3MEHEHMsI KOJIMYECTBA AETEKTHUPOBAHHBIX BapvalMii mocienoBaTenbHoOCcTH. C
LIeNbI0 cpaBHEHUsI, (ppakunonHble koHIeHTpaunu JJHK omyxoneBoro nponcxokaeHus B ria3sme
HAaXOJWINCH B quana3zoHe ot 2,1% 1o 5%, u uxX BBIABUIM C IIOMOLIBIO U3BECTHOH MHpOpManuu

O N'€HOMAaX OIyXOJIEH.
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ITnazma o onepaunu ITnazma nocne onepauyu
Opaxru-
OHHAas ®paxiun-
KOHUCHT- | KomuuectBo | onHas Kommuectso
YMMapHOe CymmapHoe
parwst JETCKTHPO- KOHIICHT- JETCKTHPO-
KOJIMYESCTBO KOJMYECTBO
JHK BaHHBIX pamms [THK BaHHBIX
OJHOHYKJICO- OHOHYKJIEO-
OTyXoJe- CBSI3aHHBIX C | OIyXOJIE- CBSI3QHHBIX C
THIHBIX THIHBIX
BOTO N pakom BOTO . paxom
BapHaLni . BapHaLAHi N
MpOUC- My TaLMI MPOUCXOXK- MyTaLHH
XOXKIC- JCHHUS
HUA
I'KK1 53% 961 828 0,4% 43 0
I'KK2 5% 32 0 0,6% 49 0
I'KK3 2.1% 29 0 0,2% 32 0
I'KK4 2.6% 27 0 1,3% 35 1
IMamueHT
prj;‘;r% 46% 1718 1502 0,2% 2 0
(v rpym)

Tabnuma 6. Bapnanuu HyKJI€OTHAOB, JETEKTHPOBAHHBIE B IJIA3Me.
2. IleneBoe o0orameHnne IK30HAMH

Beime o0cyskpanoch, 4TO yBeIUUEHHE TIIyOHHbI CEKBEHHPOBAHUS WHTEPECYIOLIEeH
00NacT MOKET TOBBICUTb KakK YyBCTBHTEJIBHOCTb, TaK M CHELU(PUYHOCTb OIpeaesIeHHs
CBSI3aHHBIX C PAKOM MyTaLUl B IJIa3Me€ U, CJIE€AOBATEIbHO, YBEINYUTh JUCKPUMHUHALMOHHYIO
MOIIHOCTh MEXIy NalUeHTAMH C PAaKOBbIMU 3a00NIEBAHMSIMM W HE CTPAJAIOLIMMU PaKOM
cyObektaMu. XOTs yBelUYeHUE TIIIyOUHbI CEKBEHHUPOBAHUS BCEr0 IeHOMa BCE e€Ile OYeHb
JIOPOrocTosilee, ONHOW anbTepHATHUBOW OyneT oboramieHne HEKOTOpPbhIMHU (pparmMeHTamu Hjist
CEKBEHUPOBAaHMs. B OIHOM BapuaHTe peanu3aldd MOXKHO [JIs1 CEKBEHHUPOBAHUS MOKHO
NPOBECTH HAMPABJICHHOE 00OraleHne BLIOPAHHBIMU SK30HAMH HJIH (PAaKTHUECKH BCEM K30MOM.
JIaHHBIN MMOIXOA MOXKET 3HAYUTEIBHO YBEJIUYUTh INyOUHY CEKBEHHUPOBAHMS IeJIeBOH 00nacTu
0e3 yBEeJIMYEeHHUSI CyMMapHOTO KOJINYECTBA CUUTHIBAEMBIX MTOCIIEIOBATEIHbHOCTEH.

bubnmnoreku cexsennpoBanus JIHK B mnasme mnamuentoB ¢ KK u manwmenra,
CTPAJIAOLIET0 PAKOM SIMYHUKOB (M TPYAH), 3aXBaTbIBAIH, MPUMEHssT HAOOp ISl LIEIEBOTO
oboramennst 3x30MoM Agilent SureSelect All Exon. OOoramennble 3kK30HaMU OUOTHOTEKH
CEeKBEHHPOBAHUSI 3aT€M CEKBEHHPOBAJH, NPHUMEHsss cucrteMy cekBeHuposanusi HiSeq 2000.
CuuTthiBaeMble MOCIENOBATEIPHOCTH BhIPABHUBAIH C pedepeHCHbIM reHoMoM uesioBeka (hgl8).
ITocne BrIpaBHUBAHUS AHAIM3UPOBAJIM HAJIWYNE OJHOHYKJIEOTUIHBIX BapHalliil B CYUTHIBAEMBIX

NnoCJICA0OBATCIIbHOCTAX, YHUKAJIBHO KapTUPOBaHHBIX Ha  5K30Hax. HJ’IH ONPECACIICHUS
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OJTHOHYKJICOTUAHBIX Bapuallii B IJa3Me MpHU aHaIU3€ 3aXBAaY€HHOIO 3K30Ma INPUMEHSUIH
IVMHAMHUYECKHE TIOPOTrOBbIE 3HAUEHUs], TOKa3aHHble B Tabmume 2.

Ha ¢ur. 14A mnpencrasnena tabmuua 1400, Ha KOTOPOH MOKa3aHO NETEKTHPOBAHUE
onHonykyeotuaHbpix Bapuaumidi B JIHK w3 mmasmer 'KK1. be3 kakoii-nubo unpopmamuu o
T€HOME OIYXOJM Mbl BBIIBWJIM B pe3yJibTaTax LEJNeBOr0 CEKBEHUPOBaHUsA BCero 57
OJHOHYKJICOTUAHBIX Bapuauuii B miasMme. llpu mnocnenyromel npoBepke AOCTOBEPHOCTH
pe3yJIbTaTOB CEKBEHHPOBAHUS, MOJYYEHHBIX U OINYXOJIEBBIX TKaHEH, OOHApy»KHiu, 4to 55
NPEICTABJISIIOT COOOM MCTUHHBIC CBSI3aHHBIE C OMyXOJIbKD MyTaluu. PaHee 0OCy»XAajoch, 4TO
¢dpakunonnass konueHtpaums JIHK omyxoneBoro npoucxokaeHus B IUIa3Me 1O ONEpalud
cocraBsia 53%. Ilocnme pesekuuu OMyxXOnW B pe3yjbTaTax IEIeBOTO CEKBEHUPOBAHUS,
NOJYYEHHBIX JUIA TUIa3Mbl, HEe OOHAPYKWIM OJHOHYKJIEOTUAHBIX Bapuanuid. I[lonyueHHbIE
pes3yJIbTaThl YKa3bIBAIOT HA TO, YTO aHAJIU3 KOJMUYECTBA OJHOHYKJIEOTHIHbIX Bapualuil B I1a3mMe
MOXXHO TPHUMEHSTh IUII MOHUTOPUHIA IIPOrPecCHUpOBaHMs 3a00NEeBaHUS y TMAILMEHTOB C
PaKOBBIMH 3200JIEBAHUSIMHL.

Ha ¢ur. 14B mpencraBnena tabmuma 1450, Ha KOTOpPOW IOKAa3aHO AETEKTUPOBAHHE
onHonykyeotuaHbix Bapuaumid B JIHK w3 mmasmer 'KK2. be3 kakoii-nubo uHbpOpMammu o
T€HOME OMyXOJM Mbl BBIIBUIM B pe3yJbTaTax LIEJIeBOrO CEKBEHUPOBAaHMs IIa3Mbl Bcero 18
OJHOHYKJICOTUAHBIX Bapuanuii. Bce maHHple MyTauuu OBLUTH AETEKTUPOBAHBI B OITyXOJIEBBIX
TkaHsx. Panee oOcyxpmanoch, uro ¢paxuuonHHas koHueHTtpauus JHK omnyxonesoro
NPOUCXOKJIEHUS B IJIa3Me A0 onepanuu coctasisiia 5%. Ilocie pesexuy onyxonu B Iiasme He
o0OHapy Xuin OgHOHYKIeoTUAHbIX Bapuaimii. [To cpasuennto ¢ 'KK1, y xotoporo ¢pakiuoHHas
xonueHtpauusi JIHK omyxoneBoro mpoucxoskaeHus: B miasme Obuia Bhie, B ciaydae [ KK2 B
wia3Me OOHAPYKWJIM MEHbIee KOJMYECTBO OIHOHYKJIEOTHAHBbIX Bapuanuil. I[lonyueHHbIe
pe3yJbTaThl IMO3BOJIIOT MPEANONOKUTh, YTO KOJMUYECTBO OIHOHYKJIEOTHAHBIX BapHalUil B
Ila3Me MOXKHO TPHMEHSITh B KauyecTBE MapamMeTpa, KOTOpbIH OTpaxkaeT (PpaKkLHOHHYIO
koHueHTpauuio JIHK omnyxoneBoro nmpoucxoxxaeHus B IJIa3Me U, CJIEJOBATEIbHO, OMyXOJIEBYIO
Harpy3Ky Vy TDainueHTa, Tak Kak nokasaimu, 4Tto KoHueHTpauus JIHK omnyxonesoro
TIPOUCXOKIIEHUS B IJIa3Me MOJIOKUTENIbHO KOppeaupoBaia ¢ onyxojieBoil Harpy3koi (Chan KC
u nip. Clin Chem 2005; 51:2192-5).

Ha ¢ur. 15A npencrasnena tadmmuua 1500, Ha KOTOPOH MOKa3aHO NETEKTHPOBAHUE
onHonykyeotuaHbix Bapuaumid B JIHK w3 mmasmer T'KK3. be3 kakoii-nmubo wHbpoOpMamuu o
I€HOME OIyXOJH Mbl HE HAaONIONand B pe3yJbTaTax LEJeBOr0o CEKBEHUPOBAHUS KaKHX-JIHOO
OJHOHYKJICOTH/IHBIX BapHaluii B oOpa3lax IUla3Mbl Kak 0, TaK U TOCie pe3eKun. BeposTHo,
3TO MOXKET OBITh CJIEICTBUEM OTHOCUTENIbHO HU3KOH (ppakiMOHHON KoHUeHTpauH (2,1%) JIHK

OMyXOJICBOTO  MPOUCXOXKACHUA B IUJIA3ME  HAHHOrO IanueHTa. HpeI[HOJ'IO)KI/IJ'II/I, qTo
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JOTIOJTHUTENbHOE ~ YBENIMYEHHE TJIyOMHBI CEKBEHHPOBAHUS YJIYYIIUT YyBCTBUTENBHOCTH
JIETEKTUPOBAHMS CBS3aHHBIX C pAaKOM MyTaluil B ChOy4dasXx C HH3KOW (pakIHOHHON
koHueHTpauuen JIHK onyxoneBoro npoucxoxxaeHusl.

Ha ¢ur. 15B mnpencraBnena tabmuma 1550, Ha KOTOpOW IOKAa3aHO AETEKTUPOBAHHE
onHonykieotunnblx Bapuanmii B JIHK w3 mmasmer 'KK4. bes kakoii-nmubo uHpopmanmu o
T€HOME OIyXOJIM Mbl BBIABHJIM B PE3yJbTaTax LEJIEBOrO CEKBEHMPOBAHMs IUIA3Mbl BCEro 3
OHOHYKJICOTU/IHbIE Bapvaluu. Bce nmaHHbIE MyTaluH ObUIM JETEKTUPOBAHBI B OIMYXOJIEBBIX
Tkansix. Ilo cpaBuenuro ¢ 'KK1 u I'KK2, y kortopeix (ppakuuonnble koHueHTpauun JTHK
OIyXOJIEBOIO MPOUCXOKICHUS B 1a3me ObLIH BbIle, B ciiy4yae I KK4, y kotoporo ¢pakuuonHas
KoHIeHTpanus: onyxojeBoir JIHK B mmasme cocraBnsiia 2,6%, OOHApyXHJIM MEHbIIIEe
KOJINYECTBO OJIHOHYKJIEOTUJHBIX Bapuauuil B Iuta3me. IlonydeHHble pe3ysbTaThl MO3BOJISIOT
NPEANONOKUTh, YTO KOJIMYECTBO OJJHOHYKJICOTUHBIX BapHaluil B MJ1a3Me MOXHO NMPUMEHSTH B
Ka4ecTBe MapamMeTpa, KOTOpbId oTpaxkaer (ppakumoHHyr koHueHtpauuro JIHK omyxomneBoro
MPOUCXOKJIEHHUS B IJIa3Me U OMyXOJIEBYIO Harpy3Ky y MalyeHTa.

Ha ¢ur. 16 npencraBnena Ttabmuma 1600, Ha KOTOpOH MOKa3aHO IETEKTHPOBAHHE
onHoHyKJeoTuaHbIX Bapuauuid B JIHK muasmel mamuenta ¢ pakoMm ssmdHUKOB (M rpyau). bes
Kakoi-mndo wuH(pOpMAIMM O TEHOME OINYyXOJHU Mbl BBIIBIJIM B pPE3yJbTaTax LEJIEBOTO
CEeKBEHHPOBAHUS IUIa3Mbl BCero 64 ONHOHYKJEOTHIHBIE Bapuauuu. 59 u3 Hux Obun
JIETEKTUPOBAaHbI B TKaHAX omyxosied suaHuka. [Ipeanonaraemas ppaxkiioHHass KOHLEHTPALHS B
mwiasme JIHK, mpoucxonsmeit u3 onyxonu simuHuka, cocrasiisuia 46%. [locne pesekunu paxa
SUYHUKOB ~ OOHApy>XWJIM  CYLIECTBEHHOE  yMEHBbIIEHHE  CyMMapHOrOo  KOJHUYeCTBa
OJITHOHYKJICOTUAHBIX BApHALIUH B IJIA3Me.

BrnobaBok k mpumeHeHHIO cucTeMbl LeneBoro odoramenusi SureSelect (Agilent), Ml
TaK)Ke TPUMEHSUTH cucTeMy LejeBoro oboramenuss Nimblegen SeqCap EZ ExometUTR
(Roche) nnst oborammeHus: MOCIENOBATEILHOCTSAME M3 SK30HOB Isl CekBeHHupoBaHus. Cucrema
Nimblegen SeqCap mokpbIBaeT 3K30HHBIE O0JIACTH FEHOMA, a TaKXke 5’- U 3’ -HeTpaHCIUpPyeMbIe
oOmacTi. AHaNMM3UPOBAIHM OOpa3Lbl U3 TWIa3Mbl YeThlpex nauueHToB ¢ KK no neuenws, nByx
3OPOBBIX KOHTPOJIbHBIX CYOBEKTOB U JIBYyX HOCHTENEH XPOHUYECKOro rematura B, He
cTpajaroumx pakoM (tabmuna 7). B apyrux BapmaHTax peaan3alyii MOXKHO NMPUMEHSTh OPyTHe
CHCTEMBI LIEJIEBOTO OOOTAIIEHHs, BKIIFOYast, HO HE OTPAaHMYMBASICh CUCTEMAaMHU C XKHAKO(a3HON

WK TBepaoQa3zHON rubpuan3annei.
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[ma3ma 10 reucHus [T1a3ma mocne acucHus
@pakumon- | Kommuectso Kommiectso Komuuectso Komuuectso
Has BapUarui BapHaLui Bapualui BapHaLMi
KOHLICHT- ITOCJICOBATEIIb- MIOCJICOBATCIIb- TIOCJIC JOBATCITb- TIOCJIC JOBATEITb-
paumst IHK | vHOCTH, HOCTH, KOTOPBIE HOCTH, HOCTH, KOTOPBIE
OIyXOJIC- JCTCKTUPOBAHHBIX | MEPEKPBIBAIOTCS C | JCTCKTUPOBAHHBIX | IMEPEKPBIBAIOTCS C
BOTO B IUTa3Me, MYTaIHSIMH, B IIa3Me, MYTaIHsIMH,
IIPOUCXOXK- VAOBIETBOPSIIO- JIETEKTUPOBaH- VIOBJICTBOPSIIO- JIETEKTUPOBAH-
JICHUS B IIUX JUHAMH- HBIMU B 111150 HBIMU B
TIa3Me, YCCKUM COOTBETCTBYIO- JUHAMHYIECCKUM COOTBETCTBYIO-
NOJIYYCHHAs | MOPOTOBBIM el ONMyXONEeBOM | MOPOTOBBIM HIeH OIyX0JIeBOU
MyTEM 3HAYCHUSM TKAHH 3HAYCHUSAM TKaHU
aHaIM3a
GAAL
I'KK1 53% 69 64 1 1
I'KK2 5% 51 47 3 0
I'KK3 2.1% 0 0 1 0
I'KK4 2,6% 3 7 0 0

Tabnuma 7. Pe3ynbTaThl ceKBeHHUpOBaHMs 3k30Ma deTbipex nmauneHToB ¢ I KK (I'KK1-4)
C MpuMeHeHWeM cucTtembl meneBoro oboramenns Nimblegen SeqCap EZ Exome+UTR mus
3axBaTa IIOCJIENOBATENbHOCTH. AHann3 cekBeHupoBaHus 1miasmMbel [ KK3 no neuenuss Obun
HEJOCTATOYHO ONTHMAJBHBIM BCJIEACTBHE OOJiee BBICOKOTO NMPOLIEHTA AYIUITMLHPOBAHHBIX MPHU
IILIP cunuThIBaEMBIX MOCIEA0BATEIBHOCTEN.

Y nAByX HOcUTENeW XPOHHUYECKOro rematura B M ABYyX 310pOBBIX KOHTPOJIBHBIX
CyObeKTOB OOHApyXWJIM OAHY WIM MeHee OJHOHYKJIEOTHUAHbIX BapUalUl, KOTOpbIE
YIOBJIETBOPSUIM JIMHAMHYECKUM IOPOrOBbIM KpuTepusaM (Tabmuima 8). ¥V Tpex u3 dYeThlpex
nanuenToB ¢ I'KK konuuecTBo Bapuainuil MOCNENOBATEIbBHOCTH, AE€TEKTUPOBAHHBIX B IUIAa3Me,
KOTOpPBIE yIOBJIETBOPSUIN ANHAMHYECKOMY ITOPOTOBOMY TPEOOBAHUIO, COCTABJISIIO IO MEHbIIEH
mepe 8. Y I'KK3 ne 6puio nerextuposano OHB, koTopbie Obl yIOBJIETBOPSUIA TUHAMHYECKOMY
MOPOTrOBOMY 3HAYEHMIO. B CEKBEHHMPOBAHHBIX CUWUTBHIBAEMBIX I1OCJIEIOBATEIbHOCTAX JAHHOTO
oOpasua HabJr01aI0Ch OBBIIIEHHOE COOTHOIIEHHE Ny LTI POBaHHbIX MpH [TL[P cunThiBaeMbIx
MOCJIEIOBATENBHOCTEH, 4YTO MPUBOAWUIO K MEHbIIEMY KOJMYECTBY HEAYIIMLUPOBAHHBIX
CEKBEHHUPOBAHHBIX CUMTHIBAEMBIX IOCienoBaTesNbHOCTEN. Ilocne Xupypruueckod pes3exiuu

OIMyXOJTH HAOJIIO1aJIOCh 3aMeTHOE yMeHbIeHue konmdectsa OHB, neTekTHpOBaHHBIX B TUIa3Me.

KonuuecTtso Bapuanuii
NOCJIEeN0BATENbHOCTH,
JETEeKTUPOBAHHBIX B IIa3Me,
YAOBJIETBOPSOIINX TUHAMUYECKIM
MIOPOTOBbIM 3HAYEHUSIM

BI'BI 0
BI'B2 1
KonTtposnl 1
Kontponp2 1
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Tabmua 8. Pe3ynbTaThl CEKBEHMPOBAaHHS 3K30Ma y 2 HOCHTENEH XPOHUYECKOTO
renatuta B (BI'B1 u BI'B2) u 2 310pOBbIX KOHTPOJIbHBIX CYyOBEKTOB (KOHTPOJIb] M KOHTPOJIB2)
C mpuMeHeHHeM cucTembl neiesoro oboramenus Nimblegen SeqCap EZ Exomet+UTR nis

3axBaTa MnoCJaCca0BaATCIIbHOCTH.

XII. TETEPOIEHHOCTH OIIYXOJIN

KonudecTBeHHBIM aHAIN3 OMHOHYKJIEOTHIHBIX MyTallii B OWONOrHyYeckoM oOpasiie
(HampuMep, IMIa3Me/CbIBOPOTKE) TAK)KE IMOJIE3€H Uil aHAIN3a TeTePOTreHHOCTH OMYXOJH, Kak
BHYTPUOIIYXOJIEBOH, TaK W  MEXOIYXOJEBOH  IeTepOoreHHOCTH.  BHyTpuonyxonesas
reTepOreHHOCTh OTHOCUTCS K CYyLIECTBOBAHUIO HECKOJIBKUX KJIOHOB OMYXOJIEBBIX KJIETOK BHYTPHU
OIHOM W TOW Xe Omyxoiu. MexxomyxoseBass FeéTepOreHHOCTb OTHOCHUTCS K CYLIECTBOBAHMIO
HECKOJIBKMX KJIOHOB OITyXOJIEBBIX KJIETOK B JABYX WJIH 0OJ€€ OMyXOJIIX OJHOTO M TOTO XKe
TUCTOJIOTHYECKOTO THUIMA, HO MPHUCYTCTBYIOIIMX B PA3JIMYHBIX JIOKAIU3aUusx (MO0 B TeX ke
opraHax, JuOO B pPa3NUYHBbIX OpraHax). IIpm HEKOTOPBIX THUIIAX OMyXOJeH CyIIEeCTBOBAHHUE
OIYXOJIEBOW T€TEPOTreHHOCTH SIBJSIETCS IUIOXMM IpOrHocTudeckuM mokasarenem (Yoon HH u
ap. J Clin Oncol 2012; 30: 3932-3938; Merlo LMF u np. Cancer Prev Res 2010; 3: 1388-1397).
IIpy HEKOTOpBIX THIAX OMyXOJeW 4eM OoJblle CTENeHb OMYyXOJEBOH IeTepOreHHOCTH, TEM
BbIlIE OyZEeT BEPOATHOCTb MPOTPECCUPOBAHMS OMYXOJIH WM PA3BUTUS YCTOWYMBBIX KIIOHOB
IIOCJIE HAIIPaBJIEHHOTO JIEYEHUSI.

XOTsl MOJArarT, YTO PAKOBble 3a00JNE€BaHMs BO3HUKAIOT B Pe3yJbTaTe KJIOHAIbHON
HKCIIAHCHH OJTHOW OINYXOJIEBOH KJIETKH, POCT M Pa3BUTHE paka OyAeT NPUBOAMTH K HAKOIUICHHIO
HOBBIX U Pa3jUYHBIX MyTalUi B Pa3jIM4YHBIX 4acTsax paka. Hampumep, xorma y manueHra c
pakoBbIM 3a00JIEBAHUEM PA3BUBAIOTCS METACTA3bl, B OMYXOJH, PACIOJNOKEHHOH B HCXOTHOM
OpraHe, ¥ B METACTaTHYECKOW OMyXoyu OyJeT MHOXKECTBO OIMHAKOBBIX MyTaumid. Tem He
MEHee, PAKOBbIe KIETKH M3 JABYX JIOKAJIW3alUi Takke OyAyT HECTH YHHUKAJbHBIH HaOOp
MyTaLUl, KOTOpblE OTCYTCTBYIOT B APYroi Jokaiusauuu onyxonu. OXugarT, 4TO MyTaLUH,
KOTOPBIE OTMHAKOBBI B IBYX JIOKAJIN3ALUIX, OyAyT MPUCYTCTBOBATH B OOJBIINX KOHLIEHTPALUSIX,
YeM MyTaLlH, KOTOpbIe HAOJFOAAr0TCS JIUIIB B OJHOH JIOKAITM3ALUHU OITYXOJIH.

A. Ipumep

MBbI npoaHaNU3UPOBAIN IUIA3MY KPOBU MALIMEHTA C JBYCTOPOHHHUM PAKOM SIMYHHUKOB U
pakoM MoiodHOM kene3pl. OO0e OmyXonM SIMYHUKA TPENCTaBJSIN  COOOH  CEpPO3HYIO
aneHokapiuHoMy. JleBast Opima pasmepoM 6 cM u mpasast Obula pasmepoM 12 cM B camom
JUIMHHOM HarpasjeHuu. Taxke NPUCYyTCTBOBAJIO HECKOJbKO METacTa3 B TOJICTOM KHUIIEYHUKE U
canpHuke. JIHK, BbneneHHy0 W3 JEHKOLWTOB, CEKBEHUPOBAJIH, NMPHUMEHSS IUaThopMy A

CeKBEeHHpOBaHUs mnyTeM cHuHTe3a OT Illumina B cpenHem ¢ 44-KpaTHbBIM IOKpPBITHEM
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rarjIoOuJHOTO reHoMa. JIomoNMHUTENbHO aHATM3UPOBAIN OJHOHYKJIEOTHAHbIE MyTallii B IIa3Me
IJi TOJIO)KEHUN HYKJIEOTUIOB, B KOTOPBIX IPUCYTCTBOBAja TOJBKO OJHA ajulelb, T.€.
FOMO3UIOTHAs! aJJIEIb.

JHK Bblaenanu W3 4YeTbIpeX pa3jM4HBbIX JIOKAJIU3aLUil JeBOW M MpPaBON ONMyXosed U
CeKBEHUpOBaJIM, npuMeHss margopMy cekBeHupoBanus Illumina. JlBe Jokanusanuu
(moxammsanu A u B) Obutn 13 mpaBoii onyxonu u apyrue ase Jokanmzauun (Jokanusanuu C u
D) Obutu u3 neBoii onyxonu. Jlokanusauu A 1 B Haxonuiauch mpuOIM3UTENBHO B 4 CM APYT OT
apyra. Paccrosiane mexay jokanmmsammsmMu C u D Takske cOCTaBIsU0 MPUOTU3UTENBHO 4 CM.
OO6pa3up! mua3mMel cOOMpaNI U3 TMALMEHTa 0 W IOCJe XUPYPTHYECKOH PE3eKLUH OIMyXOoJieh
ssmaHuka. 3areM Boiaensin JIHK u3 mina3mel manvenrta. I myOuHbI cCeKBEHUPOBAaHUS OMyXOJiel U3

nokanusanuii A, B, C u D, a Taxke n3 00pasioB mia3Mbl OKa3aHbl B Tabuie 9.

Obpazen Konnuectso Konuuectso Kparnoctb
NEPBUYHBIX CUHUTBIBAEMBbIX TMOKPBbITUA
CUUTHIBAEMBIX MOCJIEA0BATENBHOCTEN | TalJIOUIHOTO
MOCJIEI0BATEIbHOCTEN reHOMa

IIpU CEKBEHUPOBaHUU

KoncturyTusHas
JIHK u3
JENKOLUTapHOU
IUIEHKU 1091250072 876269922 43,81
Onyxonb
IpaBoro
SAUYHUKA 1374495256 1067277229 53,36
Onyxonb
paBoro
SIUYHUKA 934518588 803007464 40,15
OnyxoJ1b JIeBOTO
SIMYHUKA
(;mokanmuzarus C) 1313051122 1036643946 51,83
Omnyxop 1eBOro
SIMYHUKA
(moxanu3anus 1159091833 974823207 48,74
Obpaszen
TUTA3MBbl,
coOpaHHBII 10
XUPYPTUIECKOTO
BMELIATEJIbCTBA 988697457 741982535 37,10
Obpa3zen
TUTa3MBlI,
coOpaHHBII
nocie

XUPYPrudecKoro
EMOLIATEILCTRA 957295879 564623127 28,23

Tabnuma 9. ['mybuna cexkBerHupoBanus onyxosei u3 jokanusauuii A, B, C u D.
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B nganHOM nmpumepe sl OE€TEKTUPOBAHMS OJHOW CBSI3AHHOM C  OMYXOJIBEO
OHOHYKJICOTUIHON MyTalUM MOJIOKEHHE HYKJIEOTHIa CEeKBEHHMPOBAIW MO MeHbluend mepe 20
pa3 B onyxosneBou TkaHu U 30 pa3 B koHctutyTusHon JIHK. B npyrux Bapuanrax peanusanuu
MOKHO MPUMEHSITh ApyTrHe TyOnHbI CeKBEHUPOBaHuUs, Hanpumep, 35, 40, 45, 50, 60, 70, 80, 90,
100 u >100 pa3. CHikeHHE CTOMMOCTU CEKBEHHPOBAHMSI MO3BOJHUT C TOpasao OoJbluei
T'OTOBHOCTBIO OCYIIECTBJIATh CEKBeHHpoBaHMe ¢ Oounbiueil riayouHoi. [lonoxkenne HykiaeoTnaa
roMo3urotHo B koHctutytuBHON JIHK, Torma kak B OMyXOJieBOW TKaHU HAOJIOMAETCS 3aMeHa
HykJjeotnaa. Kpurepuii BCTpeuaeMOCTH 3aME€HBbl HYKJIEOTHIA B OMyXOJE€BOW TKAHU 3aBUCUT OT
CYMMAapHOW TJyOMHBI CEKBEHHPOBAHUS KOHKPETHOTO TOJOXKEHHS HYKJIEOTHIA B OIMyXOJEBOH
TkaHu. [ 20- — 30-xpaTHOrO MOKPBITUS HYKJIEOTHJA BCTPEYAEMOCTb 3aMEHBbl HYKJIEOTHIA
(moporoBoe 3HaYE€HHE) COCTABUT MO MEHbINEH Mepe 1Tk pa3. st 31- — SO-kpaTHOrO MOKPBITUS
BCTPEUYAEMOCTb 3aMEHBbI HYKJIEOTHIA COCTABUT MO MeHbLuel mepe mectb pas. ua 51- — 70-
KPaTHOTO TIOKPBITHS HEOOXOOMMasi BCTPEYAEMOCTb COCTABUT MO MEHBIICH Mepe CEeMb pas.
JlaHHBIE KPUTEPUU MOJYYEHBI B pE3yJIbTATE NPOTHO3UPOBAHUS C IPUMEHEHUEM Ty aCCOHOBCKOTO
pacnpeneneHuss 4YyBCTBUTEJIBHOCTH JAETEKTUPOBAHUS HCTUHHBIX MyTalMi M OKHUIAEMOrO
KOJIMYECTBA JIOXKHOIOJIOKUTEIbHBIX JIOKY COB.

Ha ¢wur. 17 npencrasnena tabmuua 1700, Ha KOTOpPOW IOKa3aHbl MPOrHO3UPYEMBbIE
YyBCTBUTEJIPHOCTH pA3JMYHBIX TPeOOBaHMI BCTPEUAEMOCTHM M TIIyOWH CEKBEHUPOBAHMSL.
UyBCTBUTEIBHOCTH OyZET COOTBETCTBOBATh KOJMUECTBY UCTUHHBIX MyTaLHH, JeTEKTHPOBAHHbBIX
NPY KOHKPETHOH IIyOMHE MOKPBITHS ¢ MPUMEHEHHEM KOHKPETHOIO IOPOroBOro 3HadeHusi. Yem
BbIlIe TNIyOWHA CEKBEHUPOBAHMS, TeM C OOJbIIEH BEPOSITHOCTBIO OOHApYKAT MYTALUIO IS
JaHHOTO TMOPOrOBOTO 3HAUEHMs, TaK Kak OynerT mojy4eHO OoJblle CUUTHIBAEMBIX
NOCJIeIOBATENbHOCTEH ¢ MyTauuen. i Gojiee BBICOKMX MOPOTOBBIX 3HAYEHHH BEPOSTHOCTH
OOHapY KUTh MyTaLMIO OyI€T MEHbIIIE, TIOCKOJIbKY KpuTepuii OyneT Oojiee CTporum.

Ha ¢wur. 18 mpencraBnena tabmuua 1800, Ha KOTOpPOW IMOKa3aHbI MPOTHO3UPYEMBbIE
KOJIMYECTBA JIOXKHOMOJIOKUTENBHBIX JIOKYCOB JJIs PA3JIMYHBIX IOPOTOBBIX 3HAYEHUN U
pa3MUUHBIX TIyOWH CEKBEHUPOBaHHUA. KOJMYECTBO JIOKHOIOJOKUTEIBHBIX —PE3YJIbTATOB
BO3PACTae€T C YBEJWYECHHEM DIIyOWHBI CEKBEHHUPOBAHMUS, TAaK KaK OCYIIECTBIIIOT OoJblie
CUMTBIBAEMBIX MOCJIENOBATENBHOCTEN. TeM He MeHee, s MOPOroBOro 3HAYEHUs], PABHOIO IMSITH
win Oonee, HE TMPOTHO3UPYETCS TOJYUEHHE JIOKHOMOJIOKHUTEIbHBIX PE3yJIbTATOB, NaXKe MPHU
ryOuHe CeKBeHHMpOBaHWs, coctapysiomel 70 pa3. B apyrux BapwaHTax peau3aludd MOKHO
NPUMEHSTh  Pa3NIMUHble KPUTEPHH  BCTPEYAEMOCTH, YTOOBI  JOOUTBCS  JKeJIaTeIbHON
qyBCTBUTEJIBHOCTH U CIIELIU(PUIHOCTH.

Ha ¢ur. 19 mnokazana papeBOBUAHAS AWArpaMma, WUIOCTPUPYIOIIAs KOJHUYECTBO

MYTaHHfI, ACTCKTUPOBAHHBIX B Pa3JUYHBIX JIOKAJIU3alUAX OIyXOJIH. MYTa]_II/II/I ONpeacIAIn
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IyTEM HEMOCPEICTBEHHOIO CEKBEHHPOBaHHUs omyxoyeil. B mokammszanmm A obHapyskwmmm 71
MyTaLMI0, KOTOpasi crenuduyuHa JUIsi JaHHOW OMyXOJiM, a B JoKaiu3auuu B oOHapyskumu 122
cieunUIHbIE AN NaHHOW JIOKAJIN3alUU MyTalllH, JaXke C yY€TOM TOr'0, YTO OHU HAXOIWJIHCH
Ha paccrossHuM Bcero 4 cMm npyr ot apyra. 10 myrauuii HaOmomamyd OIHOBPEMEHHO B
noxkanm3aimsax A u B. B nokamuzamum C oOHapyxumm 168 myTarmii, KOTOpble criennpUIHbI s
JaHHOW oOmyxoyu, a B Jokanm3amuu D oOHapyxunn 248 cnenuduUYHBIX A1 JaHHOH
JIOKaIU3aLlMy MyTalui, 1ake ¢ Y4€TOM TOrO, YTO OHM HAaxXOAWJIUCh HAa PacCTOSIHUM BCEro 4 cm
ApyT OT apyra. 12 myTtaumii HaOMOgAIM OTHOBPeMeHHO B jiokanu3auusx C u D. OOHapyxumu
CYLIECTBEHHYIO T€TEPOr€HHOCTh B MYTALMOHHBIX MNPOQWISAX ISl PAa3IMYHBIX JIOKAJIH3ALUN
onyxonu. Hanmpumep, 248 myTanuii ObUTH A€TEKTHPOBAHBI TOJBKO B JIOKAJU3ALUU OMyXOojau D,
HO HE JETEKTUPOBAHBI B IPYTUX TPeX JOKAJIU3ALMIX OMyXOoiu. Bcero ObUIO NETEKTHPOBAHO
2129 myTanmii BO BCEX JIOKAIM3aUMAX. TakuM o0pa3oM, MHOTHE MyTaluy ObUIM OIWHAKOBBI B
pa3nuuHbBIX omyxoJisix. Takum obpasom, Obuto Bcero cempb rpynn OHB. He nabmromanmochk
pa3MUUMi CpeaN TaHHBIX YeThIpeX 00JacTell B OTHOLICHUH BapUalMi YHCIIa KOTIHH.

Ha ¢ur. 20 mpencrasnena tabmuma 2000, Ha KOTOpPOH TMOKAa3aHO KOJUYECTBO
(parMeHTOB, HECYLIMX MYyTaLUHU OIYXOJIEBOTO MPOUCXOXKIEHHS, B 00pasLe IIa3Mbl 0 JIeUEHHs
U mocne JsedeHus. Takke TOKa3aHbl BbIIBJIEHHbIE (pakiuoHHble KoHueHTpammu JIHK
OIyXOJIEBOIO MPOMUCXOXKACHUsI, HECYLIEH COOTBETCTBYrOLMEe MyTauuu. Kareropuss Mmyrtanuun
OTHOCHUTCS K JIOKQJIM3AIHMH(SIM) OMNyXOJIM, B KOTOPOH OOHApYXXWIM JaHHYK MYTAIlHIO.
Hanpumep, kateropuss MyTauuu A OTHOCUTCSI K MyTaluH, NPUCYTCTBYIOLIEH TOJBKO B
Jokanmuzauuu A, Ttorga kak kareropus Myrtauun ABCD  oTHocuTCs K MyTaluy,
NPUCYTCTBYOLIEH BO BCEX YETBHIPEX JOKAIU3ALMAX OMyXOJH.

N3 2129 myTanuii, KOTOpble IPUCYTCTBOBAJIU BO BCEX UETHIPEX JIOKATU3ALUIX OMyXOJIH,
2105 (98,9%) ObuH HEeTEeKTHPOBaHBI B IO MeHblel Mepe onHoM ¢parmente JIHK B mnasme. C
Apyroi CTopoHbl, U3 609 MyTamui, KOTOpbIE NPUCYTCTBOBAJIN TOJBKO B ONHOW M3 YETBHIPEX
Jokanm3auui onyxomu, Jyumb 77 (12,6%) ObUIH AETEKTUPOBAHBI B MO MEHBINEH Mepe OIHOM
¢parmenre JIHK B mmasme. CremoBaTenbHO, KOJWYECTBEHHBIH aHAIN3 OIHOHYKJICOTHIHBIX
MyTalUi B IUIA3M€ MOXHO NPUMEHATH Ul BBISBJICEHHs OTHOCUTENIBHONW PacHpOCTPAaHEHHOCTH
JaHHBIX MyTalUWH B ONyXONeBbIX TKaHAX. J[laHHas wuH(pOpManus Oynmer mnoje3Ha aus
WCCJIEIOBaHNsl T€TEPOreHHOCTU paka. B maHHOM mpuMmepe BapHaLUI0 CUMTAIU MMOTEHLUAJIbHOU
MyTalHeH, eCIi €€ HaOI0Jai B Pe3yJIbTaTaX CeKBEHUPOBAHUs XOTsI Obl OMH pPas3.

Buytpn kaxpodn rpymmel  OHB  ompenemsnn  QpakiuoHHBIE — KOHLIEHTPALUH
nupkyupyromen onyxoneson JIHK. @pakuuonnsle koHuentpauuu onyxonesoi JHK B mnazme
0 XUPYPrHYE€CKOrO BMEILIATEIbCTBA W IIOCJIE XUPYPrHYECKOrO BMEIIATEIbCTBA, KOTOPHIE

onpenesnsui o OHB, npucyTcTByromuM Bo Bcex 4 obmactsix (t.e. rpynna ABCD), cocrapnsiim
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46% u 0,18%, coorBeTcTBEHHO. JlaHHBIE MPOLIEHTHBIE COOTHOLIEHUSI XOPOLIO KOPPEJIUPOBATIH C
TAKOBBIMHU, MOJNydeHHbIMH Tpu aHanuze GAAL: 46% u 0,66%. MyTtaiuu, NpucyTCTBYIOIIHE BO
Bcex 4 obmactsax (t.e. rpynna ABCD), BHocunu HaunOonpinii ¢paxkuuonsbsiii Bkinag B JTHK
OITyXOJIEBOT'O MIPOUCXOXKIACHHUS B IIJIa3Me.

®pakunonnble KoHHeHTpauun JIHK omnyxosneBoro mnpouUCXOXAE€HHA B IUIA3Me 10
onepauuy, koropble onpenensmu no OHB us rpynn AB u CD, cocrasnsimu 9,5% u 1,1%,
COOTBETCTBEHHO. JlaHHBIE KOHLIEHTPALIMU COOTBETCTBOBAJIM OTHOCUTENBHBIM pa3Mepam
OMyXOJIe NPaBOro U JIEBOro sINYHUKOB. PpakumonHble koHueHTpauuu JIHK onyxonesoro
MPOHMCXOXKIEHUs], KOTOPbIE ONMpEeNnessuld MO YHHKAIbHBIM it ogHou obmactm OHB (t.e. u3
rpyrin A, B, C u D), kak npaBmwio, Obutn Hu3kuMH. [lonydeHHBIE pe3yJbTaThl MO3BOJSIOT
NPEATNONOKUTh, YTO JJIs1 TOYHOTO M3MEPEHHUs] CyMMapHON OMyXOJeBOW Harpy3kH y MalleHTa C
pakoBbIM 3a00JIeBaHHEM NPUMEHEHHE IOJHOTCHOMHOIO IMOIXOAa “BBICTpENa M3 APOOOBOrO
PYKbs” TIO3BOJISIET MOJIYYUTh OOJiee TUITUUHYO KApTHHY O CPABHEHUIO ¢ OoJiee TPaULIMOHHBIM
MOJXOZI0M HalleJIMBaHUsl Ha ONpeJEeJIeHHbIE CBA3aHHbIE C OMyXOJIbI0 MyTauuu. B nocnenHem us
YHOMSIHYTBIX TIOAXOZO0B, €CJIM JUIIb Yy MOJMHOXECTBAa OINYyXOJEBBIX KJIETOK €CTb LIeJIeBble
MyTalHH, TO MOKHO YIYCTHTb BAYKHYIO WH(POPMALHIO B OTHOLICHUH YIPOXKAIOLIETO PELUINuBA
WIIH TIPOTPECCHPOBAHUS 3a00JI€BaHMSI, BBI3BAHHOTO OIyXOJIEBBIMH KJIETKAMHU, HE COEPKAIIUMHU
LieJIeBble MyTalH, UM MOXHO YITyCTUTh BO3HUKHOBEHHE YCTONYMBOIO K JIEUEHUIO KJIOHA.

Ha ¢ur. 21 mnpencraBnena auarpamma 2100, Ha KOTOpOH MOKa3aHbl pacnpeneseHUs
BCTPEYAEMOCTH B IUIa3M€ MyTalMi, JE€TEKTUPOBAHHBIX B OAHON JIOKAJIMU3ALMU OINyXOJIH, U
MyTaLui, AETEeKTHPOBAHHBIX BO BCEX YEThIpEX JoKamusauusax omyxoiau. Ha cronbuaroii
nuarpamme 2100 mokasaHbl pe3yabTaThl AN ABYX TUnoB  Mmyrtaumid: (1) wmyTtauumi,
JEeTeKTUPOBAHHBIX JIMIIb B ONHOW JIOKanu3auuu, U (2) MyTauui, NEeTeKTHPOBAHHBIX BO BCEX
YeTbIpex JIOKaJdu3auusx omyxonu. Ha ropusoHTanbHON OCH MpenCTaBiIeHO KOJIMYECTBO pas,
KOTOpOE MyTallusl AETEeKTUPOBaHa B IazMe. Ha BepTukanbHON OCH MOKA3aH NMPOLIEHT MyTaluH,
KOTOpbIE COOTBETCTBYIOT KOHKPETHOMY 3HAauU€HUI0 Ha TOpPU30OHTalbHOM ocu. Hampuwmep,
npubnmusutensHo 88% wmyTammii Thma (1) BCTpeTWINCh B IUIa3M€ JIMIIb OAMH pa3. MOXKHO
BUJIETb, YTO MYTAaLMH, KOTOPbIE BCTPETIJINCh B ONHOW JIOKAJTU3ALUH, OOHAPYKUBAIU
NPENMYIIIECTBEHHO OIMH Pa3, U He Oojiee deTblpex pa3. MyTaluu, NpUCYTCTBYIOLINE TOJBKO B
OHON JIOKAJIM3ALMH OMyXOJH, OOHAPYKUBAJIUCH B IUIA3ME TOPA30 PEKe IO CPABHEHUIO C
MyTaLUsIMHU, TPUCYTCTBYIOLIMMH BO BCEX YETBIPEX JIOKATN3ALUAX OMYXOJIH.

OnHO W3 MpUMEHEHWH NAaHHOTO Croco0a COCTOMT B TOM, YTO NPAKTUKYIOIIHME Bpaydu
MOJIy4arOT BO3MOJKHOCTb OLIEHUTb MAcCy OIyXOJEBBIX KIJIETOK, HECYLIMX Pa3JINYHbIE KJIACCHI
MyTanuid. HYacTh AaHHBIX MyTalMi NMOTEHIHMAJIBHO MOXHO OyJeT KOMIIEHCHPOBATh LIEJIEBBIMU

Ar¢HTaMHu. O)I(I/I,Z[a}OT, 9TO ar¢HThbl, HAOCJICHHBIC HA MyTallUH, KOTOPbLIC COACPIKATCS B OounbleM
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KOJIMYECTBE OMyXOJIEBBIX KJIETOK, OyAyT o0nanath SIPKO BBIPAKEHHBIM TEPANEBTUUECKUM
TEHCTBUEM.

Ha ¢ur. 22 npencraBnena guarpamma 2200, Ha KOTOpPOH MOKa3aHO IMPOTHO3HPYEMOE
pacnpesneneHre BCTPEYaeMOCTH B IIJIa3Me MyTaLUil, IPOUCXOASAIUX OT N€TEPOreHHON OMyXOJIu.
VYkazaHHast ONMyX0Jb BKJIIOYAET JIBE Ipymnbl MyTauuid. OnHa rpynmna MyTanuil IpUCyTCTBYET BO
BCEX OIyXOJEBBIX KJIETKAaX, a Apyras Ipynna MyTalul NPUCYTCTBYET JIUIIb B Y4 OMyXOJIEBbIX
KJIETOK, HA OCHOBAaHUU MPHUOIMIKEHHS, YTO BE JIOKAJTU3ALUH MPEICTABISIOT OMyXOJIH KaXKIO0TO
suqanka. CymmapHyro (pakuuonnyro konueHtpanuoo JJHK omyxoneBoro mpoucxoxaeHus B
wiasme npuHuManu pasHoit 40%. Ilpeamonoskuiam, 4to oOpaser] Ia3Mbl CEKBEHHPOBAIH CO
cpenneli rnyonHo# 50 pa3 Ha mojoxeHue Hykjeotuna. CoriacHO JaHHOMY MPOTHO3HPYEMOMY
pacrpefieieHI0 BCTPEYaeMOCTH B IUIa3Me, MyTalH, KOTOpble IpPHUCYTCTBOBAJIU BO BCEX
OIMYyXOJIEBBIX TKAHSIX, MOXHO OBUIO OTJIMYHUTH OT MYyTalUWH, NPHCYTCTBYIOIIMX JHIOb B Y4
OINyXOJIEBBIX KJIETOK MO WX BCTpeYaeMOCTH B MiazMe. Hampumep, B KauecTBe MOPOTrOBOTO
3HAYEHUs] MOXXHO MPHUMEHSITh BCTpedaeMocTh 6 pa3. s MyTaluil, MPUCYTCTBYIOIINX BO BCEX
OIyXOJIEBBIX KJeTKax, 92,3% myrtanuii Oyaer npuCcyTCTBOBATh B IUIA3Me IO MeHbIIeH mepe 6
pa3. Hanportus, st MyTaluii, KOTOpble MPUCYTCTBYIOT B Y4 OMyXOJEBBIX KJIETOK, Jullb 12,4%
MyTalui Oy1eT MpUCYTCTBOBATH B IJIa3Me 110 MEHbIel Mepe 6 pas.

Ha ¢ur. 23 mnpencraBnena tabnuma 2300, neMoHCTpupyiOlas CHenUQUIHOCTD
BApUAHTOB peanu3auuu s 16 370pOBBIX KOHTPOJBHBIX cyObekToB. OOpasubl nx JIHK wu3
IUIa3Mbl CEKBEHUPOBAIN CO CPEeAUHHBIM NOKpbITHEM 30 pa3. OCyIUecTBIsIM AETEKTHPOBAHHUE
MyTalUl, KOTOpbI€ MPUCYTCTBOBAJIM B IJ1a3Me OMMCAHHOTO BbIIIE MALIUEHTA C PAKOM SIMYHHUKOB,
B oOpasuax miasmMbl JaHHBIX 3J0POBBIX CyOBEKTOB. MyTalmu, NPHCYTCTBYIOIINE B OIYXOJH
MalMeHTa C PAaKOM SIMYHUKOB, OY€Hb PEOKO OOHAPYKMBAIU B Pe3yJIbTaTax CEKBEHUPOBAHHSI
TUTA3MbI 3/I0POBBIX KOHTPOJIbHBIX CYOBEKTOB, M HM OJTHA U3 KaTErOpui MyTalllii HE BCTPEYaIach
¢ ¢ppakIMOHHON KOHIIeHTpauue >1%. [TonyueHHbIe pe3yIbTaThl MOKA3AJH, YTO JAaHHBINA CITOCOO
JETEKTUPOBAHUSI BBICOKO CIEIH(HUEH.

B. Cnocobd

Ha ¢ur. 24 npencrasnena Oyok-cxema criocoba 2400 aHanmm3a reTepOreHHOCTH OIHOMN
win Oojiee OmyXojiell cyObeKTa COTJIACHO BapHaHTaM pPeau3alid HACTOSIIEro M300peTeHus.
Hexkotopsie sTanb! criocoba 2400 MOKHO OCYIIECTBUTb, KaK OMMCAHO B JAHHOM 3asIBKE.

B 6moke 2410 momy4yanu KOHCTHUTYTHBHBIH reHOM cyObekTa. B Omoke 2420 momydanu
OJMH UJIH OOJiee MapKEPOB MOCIEAOBATENBHOCTH IS KAXKI0ro U3 MHOKecTBa (pparmentos JIHK
B Owuosormdeckom obOpasme cyObekra, NpuU 3TOM OHOJOTMYECKHIl o0paszer] comepsKai
BHekjeTounyro JIHK. B Onoke 2430 omnpenensian TOJNOXKEHUS B T€HOME MapKepOB

nocnenosarenbHocTd. B Onoke 2440 mapkepbl  MOCNEAOBATENBHOCTH CPAaBHUBAIHM  C
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KOHCTUTYTHUBHBIM T'€HOMOM, 4YTOOBI ONpPEAENUTh IMEePBOE KOJUYECTBO IEPBBIX JIOKYCOB. B
KOKIOM W3 MEPBBIX JIOKYCOB KOJIMYECTBO MApKEPOB IOCJIENOBATEIBHOCTH C BAapUAHTHOMN
NIOCJIEZIOBATENILHOCTBI) OTHOCUTENIbHO KOHCTUTYTUBHOIO T€HOMa OBUIO BBIIIE IMOPOrOBOTO
3HA4YeHHUs, TI€ TIOPOrOBOE 3HAUEHHE OOJIbIIE €IMHHLIBI.

B Gnoke 2450 paccuuThIBaIM Mephbl I'€TEPOreHHOCTH ONHOW min Oojiee Omyxojied Ha
OCHOBaHHMHU COOTBETCTBYIOIIMX IEPBBIX KOJMYECTB M3 HAOOpa MEPBBIX MOJIOKEHHUH B reHoMme. B
OTHOM acCIeKTe, YKa3aHHbIe Mepbl MOTYT JaTh 3HA4Y€HHe, KOTOpOe NpeAcTaBisieT coOoi
KOJIMYECTBO MyTalUi, KOTOpPblE OJWHAKOBBI CPEAM OIMYyXOJeH, MO CPABHEHUIO C KOJIUYECTBOM
MyTaLUl, KOTOpble OTJIIMYAIOTCS CpeAu OmyxoJied. 371ech pas3iuyHble OMyXOJIH MOTYT
CYLIECTBOBATh KaK OAMH OOBEKT, C PA3JIMYHBIMH OMyXOJISIMA BHYTPH OOBEKTA, KOTOPBIE MOTYT
NPEeACTaBIsATh COOOH TO, YTO OOBIYHO HA3bIBAIOT BHYTPHUOMYXOJIEBOH TI'€TE€POr€HHOCTHIO.
VYka3aHHas Mepa TAKKE MOXKET OTHOCHUTBCS K TOMY, NPUCYTCTBYIOT JIM MyTallUd B OJAHOWU WU
HECKOJIBKUX OIyXOJISIX, WJIA MYTaLUH MPUCYTCTBYIOT BO MHOTHX WJIA B OOJIBIIMHCTBE OIyXOJIEH.
MoskHO paccuuTaTh OoJiee YeM OJIHY MepPy reTepOreHHOCTH.

B 6moke 2460 Mepy reTepOreHHOCTH MOKHO CPaBHHUTH C MMOPOTOBBIM 3HAYEHHEM, YTOOBI
OTIPENENUTh KIACCU(PUKALHIO YPOBHs reTeporeHHOCTH. OniHYy mim Gojiee Mep MOKHO NMPUMEHSITh
pasnuuHbIMU criocobamu. Hanpumep, ogHy mnm Oosee Mep reTepOreHHOCTH MOYKHO NMPUMEHSITh
IUIsl IPOTHO3UPOBAHUSI BEPOSITHOCTU NMPOrPECCUPOBAHUsI OMyXOJNH. UeM BbIIIE I'€TePOreHHOCTh
HEKOTOPBIX OIyXOJIEH, TEM BbIIIE BEPOSATHOCTb, YTO OHU OYyIyT MPOrpecCHpOBaTh, U TEM BBILIE
BEPOSITHOCTb BOZHUKHOBEHUsI YCTONYMBOIO KJIOHA MOCJE JieueHus (HarpuMep, HarpaBJIeHHOTO
JICUEHUs).

C. Mepwi cemepocennocmu onyxonu

OnHUM TpUMEpOM Mepbl T€TEPOreHHOCTH SIBSETCS] KOJIMYECTBO ‘30H KOHIIEHTpALUil’
pPa3NMYHBIX TPyNmn MyTauuii B Iia3me. Hampumep, ecnu y mnanmeHTta mnpeobiaiaeT 1Ba
OIyXOJIEBBIX KJIOHA U €CJIM aHHbIE KJIOHBI IPUCYTCTBYIOT B PA3JIMYHBIX KOHLEHTPALUAX, TO MBI
OyneM OXUIaTh YBUAETH JIBE PA3JIMYHBIC MYTALUH C PA3TMYHBIMHA KOHLIEHTPALMSIMUA B TUIA3Me.
JlaHHBIE paA3NMYHBIE 3HAYEHUS MOJKHO BBIUHCIUTH IyTeM OIpeneNneHust (pakHOHHON
KOHLIEHTPALNH JUTSI PA3JIMYHBIX HAOOPOB MyTAIUH, Ille KaXIblii HA0Op COOTBETCTBYET OIHOU U3
OMyXOJIEH.

Kaxnyro M3 naHHBIX KOHIEHTPALMM MOXKHO Ha3BaTh ‘30HOM KOHLEHTpAaLUuu WU
‘kJaccoM KOHLeHTpaumu . Ecnm y mnanmeHTa npucyTCTByeT Ooubliie KJIOHOB, TO Oyzaer
HaOronaTeesi OoJble 30H/KJIACCOB KOHIEHTpanuu. Takum oOpa3om, dem OOJible 30H, TeM
BBILIE TeTepPOreHHOCTh. Konmn4yecTBO 30H KOHIEHTPAMU MOXKHO HaOJIOaTh MPU HAHECEHUH Ha
rpapuk  (pakIHOHHBIX KOHLEHTPALMH [l pasiu4HbIX MyTanuid. MOXKHO TMOCTPOUTH

rucrorpaMmy pasjimdHbIX KOHI.IGHTp&LIHfI, rac pasjinuvyHbI€ NHWKU COOTBECTCTBYIOT PA3JIMYHBIM
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OMYXOJIsIM (WJTH PA3JINYHBIM KJIOHAM OHOH OmMyXousn). Y MyTalui, KOTOpblE OJUHAKOBBI Y BCEX
WIN HEKOTOPBIX OINyXOoJiel (MM KJIOHOB OIyXOJIH), BEpOATHO Oyaer Oonmpmmii nuk. JlaHHBIE
NUKH MOXKHO IPOAHAJIU3UPOBaTh, YTOOBI ONPEAENUTh, KaKHe MEHbLINE MUKH OOBEIUHEHBI C
nojy4yeHueM Oojpliero mnuka. MOXKHO TNPUMEHATh MPOLEAypPy IOATOHKH, Hampumep,
AHAJIOTUYHYIO Ipouenype noarosku Ha ¢ur. 10B u 11.

B onHOM BapuaHTe peajM3aliy rUCTOrpaMMa MpeacTaBisieT coboil rpaduk, Ha KOTOPOM
OCb y MPEACTaBJsIET COOOI KOJMUECTBO (HAMPUMEp, YUCIIO WM MPOIOPLHIO) JIOKYCOB U OCh X
npeacTaBisier co0oi (PpakIMOHHYI0 KOHLEHTpaumioo. MyTaluuHu, KOTOpPbIe OIMHAKOBBI Y BCEX
WM HEKOTOPBIX OIMyXOJieH, naayT Oosiee BBICOKYIO (PpakIMOHHYIO0 KOHLIEHTpalmo. Pasmep nmika
OyZmeT mNpencTaBisiTh KOJUYECTBO JIOKYCOB, KOTOPBIE HAIOT OIPENEeNIEHHYI (PpaKkIHOHHYIO
KOHLEHTpai0. OTHOCUTENBHBINA pa3Mep MUKOB NMPU HU3KOH U BBICOKOW KOHLEHTpaLUU OyneT
OTpa’kaTh CTENEHb TE€TEPOreHHOCTH OIMyXOoJied (MM KJIOHOB OMyXOjH). bonpmmii muk mnpu
BBICOKOW KOHLEHTPALUU OTPAKAET, YTO OOJBIIMHCTBO MyTallii OAMHAKOBBI B OOJIBIIMHCTBE
WIN BO BCEX OMYyXOJsiX (WM KJIOHAX OIYXOJIH), U CBUAETENLCTBYET O MEHbIIEH CTerneHH
IeTEePOreHHOCTH OMyxoju. Eciam muk mpu HU3KOH KOHLEHTpauuu Oojblue, TO OOJBIIWHCTBO
MyTali OIMHAKOBBI B HECKOJIBKUX OMyXOJISAX (MM B HECKOJIBKHUX KJIOHAX OMyXOJn). 1O OyneT
CBHJIETEJILCTBOBATD O O0JIee BBICOKOH CTEMEHH re€TePOreHHOCTH Oy XOJIH.

Uem Oomplle MPUCYTCTBYET IMHUKOB, T€M OOJbLIE NPUCYTCTBYET CANT-CrEeLU(pUIHBIX
myTauuid. Kaknplii MUk MOXKeT COOTBETCTBOBATH PA3IMYHOMY HaOOpy MyTaiuii, rae Habop
MyTalUi MPOUCXOIUT U3 NMOAMHOXKECTBA OINyxXoJyiell (Hampumep, TOJbKO M3 OJHOW WM ABYX
OIyXOJIeH, kKaK omucaHo Bbilie). B npumepe Ha ¢ur. 19 mMoxeT ObITh BCero 7 MUKOB: 4 MHKAa,
KOKIOBI M3 KOTOPBIX JUIl €AMHCTBEHHOH JIOKAJW3alM{, KOTOpble OOJIafaroT, BEPOSITHO,
HaMMeEHbIIEH KOHLEHTpauued (B 3aBHCUMOCTH OT OTHOCHUTEJIBHOTO pa3Mepa OIyXOJiei), IaBa
nuka s nokanuzauuu AB u nokanuzauuu CD u OnWH MUK 11 MyTaLUH, ONWHAKOBBIX BO BCEX
JIOKAIU3aLusX.

ITonoxeHne NMUKOB TaKXXE€ MOKET YKas3blBaTb HAa OTHOCUTEJIBHBIN pa3Mep OMyXOJeu.
Bonbmasi koHueHTpauusi OyAeT KOppeaupoBaTh ¢ OOJbIIEH ONMyXOJIbI0, TaK Kak OoJbIuas
onyxonb Oyner BeicBOOOXIaTh Oosbine omyxoneBoil [IHK B obpasen, Hanmpumep, B Iuiasmy.
Takum 00pa3oM, MOKHO OLIEHHTH MAacCy OITyXOJIEBBIX KJIETOK, HECYIIUX Pa3JIMYHbIE KIACChI
MyTaLUi.

Jlpyroli mpuMep Mepbl TeTePOreHHOCTH IPEACTaBIseT COOOH  COOTHOLICHHE
MyTHUPOBAaHHBIX CalWTOB C OTHOCUTEJIBHO MaJIbIM KOJHWYECTBOM BAapUAHTHBIX CUUTBHIBAEMBIX
NOCJIeIOBATEIbHOCTEH (Harpumep, 4, 5 uimu 6) 1Mo CpaBHEHUIO ¢ COOTHOIIEHHUEM MYTHPOBAHHBIX
CaTOB €  OTHOCHUTENbHO  OONBUIMM  KOJWYECTBOM  BAapHAHTHBIX  CUYUTHIBAEMBIX

nocnenosarenbHocTel (Harpumep, 9 - 13). CHoBa Bo3Bpamaschk K Gur. 22 MOKHO YBUAETH, UYTO
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s crequUYHBIX U1 KOHKPETHOW JIOKATM3alMM MyTalMid BapHUAHTHBIX CUHUTBHIBAEMBIX
NOCJIEZIOBATENIbHOCTEH  MEHblIe (Y4TO TakKe MNPUBOAUT K  MeEHbIIeH (paKMOHHON
KOHUeHTpauuu). Jng oOummx 1 JIOKaJu3aluil MyTalMi BapUAHTHBIX CUUTBHIBAEMBIX
HOCNIeIOBaTeIbHOCTeH  Oonbine  (YTO  Takke MNPUBOAMT K  Oonbineil  (paxkimoHHON
KOHUeHTpauun). IlepBoe cooTHOLIEHNE NPU 6 CUUTHIBAEMBIX MOCIEAOBATENBHOCTSIX (MEHbILEE
YHCJIO), JEJIEHHOE HAa BTOPOE COOTHOWIEHHWE NpH 10 CUNTHIBAEMBIX IIOCIEIOBATEIBHOCTSX
(Oonplee 4KCIO) BhIpAKAET MepPy TeTepOreHHOCTH. ECiu OTHOIIEHUe Malio, TO MPUCYTCTBYET
HECKOJIBKO MyTalLMi, CielMPUIHBIX 1)1 KOHKPETHOM JIOKAINU3ALNH, U, TAKUM 00pa3oM, YPOBEHb
reTeporeHHOCTH Hu3kuil. Eciu oTHOIIeHWe Benmuko (MM TO MeHblned Mepe OoJbile, 4em
3HAYEHUs1, OTIPEeJIEHHbIE IS U3BECTHBIX 00PA3IIOB), TO YPOBEHb M€TEPOr€HHOCTH BBIIIE.
D. Onpedenenue nopo2oswix 3HAYEHUTl

IToporoBble 3HAYEHUSI MOKHO ONPEAETHUTh MO CyOBEKTaM, OMYyXOJIH KOTOPBIX B3SUIH HA
Ouoncuro (Hampumep, Kak OMHMCAHO BbIMIE), YTOOBI HEMOCPEICTBEHHO OIPENENIUTh YPOBEHBb
I€TEePOreHHOCTH. Y Ka3aHHBIH YPOBEHb MOYKHO OTNPENENUTh PA3IMYHBIMU CIIOCOOAMH, HATIpUMep,
C MOMOIIBIO OTHOIIEHUs! CIIEU(PUUHBIX I KOHKPETHON JIOKAJIM3alUK MyTallid K OOIIMM ISt
JOKaIu3auui MyTanusiM. buonorudeckue o0pasusl (HanmpuMep, 00pasibl IIA3Mbl) 3aTEM MOXKHO
NPOAHAIU3UPOBATH, YTOOBI ONPEAEITUTh MEPhI FE€TEPOr€HHOCTH, TIPU 3TOM Mepa reTepOreHHOCTH
s OMONOrMYecKuX OOpaslioB  MOKET OBITh CBA3aHA C YPOBHEM T'€TEPOr€HHOCTH,
OTIpEIENIEHHBIM IPU HEMOCPEICTBEHHOM aHAJIN3€ KIIETOK OMyXOJei.

Takas mnporenypa NO3BONUT OTKAIMOPOBaTh MOPOTOBblE 3HAUEHHS OTHOCHTEJIBHO
ypoBHeW rereporeHHOCTH. Eciu Mepa reTeporeHHOCTH B JJaHHOM aHAJIN3€ TONaNaeT MEXIy
ABYMs IOPOTOBBIMH 3HAUEHUSIMU, TO MOXKHO OLIEHUTb, YTO YPOBEHb I€TEPOreHHOCTU HAXOAUTCS
MEKIY YPOBHSIMH, COOTBETCTBYIOIIUMU MOPOTOBBIM 3HAUECHUSIM.

B omHOM BapuaHTe peanu3alui KaJHOPOBOYHYKO KPHBYK) MOXKHO PacCYUTATh 10
YPOBHSIM T€TEPOT€HHOCTH, OIpPENeNIEHHbIM JUIi OHMONTAaTOB, M COOTBETCTBYIOLIEH Mepe
IeTEePOreHHOCTH, ONpeNeNeHHON s obpasuma mmiasmel (Wiu apyroro obpasma). B takom
npuMepe YPOBHHU TE€TEPOreHHOCTH YHCJIOBbIC, TIJ€ MJaHHbIE YHCIOBbIE YPOBHH MOTYT
COOTBETCTBOBATh PA3JIMUHBIM KiaccupuKauusM. PasmuuHble AMana3oHbl YHUCIOBBIX YPOBHEH
MOT'YT COOTBETCTBOBATh PA3IMYHBIM TUATHO3aM, HAIPUMED, Pa3IMYHBIM CTAAHSIM PaKa.

E. Cnocob ¢ npumenenuem @Qpakyuounoil Konyemmpayuu U3  2eHOMHO20
npeocmasieHus

I'eTepOreHHOCTh OMyXOJIM TaKXKe€ MOXKHO MPOAHAIU3UPOBATH, MIPUMEHSS (QPAKIIHOHHYIO
KOHLIEHTPALMIO, HAIPUMEp, ONpPEIENEHHYIO ¢ MPUMEHEHHEM BapUAHTOB PEeaN3al[ii COTJIACHO
cnoco0y 1200. OOnactu reHoma, B KOTOPBIX NETEKTHPOBAHA yTpaTra OAHOH KOIMHH, MOTYT

NPOUCXOAUTh M3 pa3iuyHbIX omnyxonedl. Takum oOpa3oM, (pakiMoHHas KOHIEHTpPAaLus,
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OTpeNeNIeHHast ISl PA3JIMYHBIX O0JNacTe reHoMa, MOXKET OTJIMYaThCs B 3aBUCHUMOCTH OT TOTO,
NPUCYTCTBY €T JIN aMILTU(HUKALHS (MM AeNeyst Il yTpaThl | KOMUU) TOIBKO B OJHON OMyXOJIU
WIN B HECKOJNbKUX omyxonsx. Takum oOpasom, ansid (QpPakLUMOHHBIX KOHLEHTPALMH,
OTIpeNeNIeHHbIX C IOMOINBI0 BapHaHTOB peanu3anuu crocoda 1200, MOXHO NPUMEHSTH
OJIMHAKOBbIE MEPHI FE€TEPOr€HHOCTH.

Hanpumep, MOXXHO OOHapy»XuTh, YTO OAHA OOJNACTh I'€HOMAa COOTBETCTBYET yTpare |
KOMHH, ¥ MOXHO OMNpPENeNuTh (PPAKIHMOHHYIO KOHLEHTPALMIO TOJBKO MO COOTBETCTBYIOLLEH
IUIOTHOCTU B JIAHHOW OOJIACTH reHoMa (COOTBETCTBYIOIIYIO IIOTHOCTh MOYKHO HCIIOJIb30BaTh B
Ka4yecTBe (PPAKLMOHHOW KOHLEHTpauuu). MOXKHO MOCTPOUTh THUCTOTPAMMY IO Pa3IHYHBIM
COOTBETCTBYIOLIUM IUJIOTHOCTSIM IYyTE€M BBIYHCICHHS KOJIUYECTBA OOJACTEH C pa3IMYHBIMU
IUIOTHOCTSIMU. ECITM TOJNBKO y OFHOM ONyXOJIM, WJIM OJHOTO KJIOHA OIYXOJIM, WIA OJHOH
MEeTacTa3bl OMYXOJU OOHAPYKUIN MPUOOpPETeHNEe KOMUU B KOHKPETHOH OOJIACTH, TO IJIOTHOCTh
OaHHOW o0mact Oyner MeHbIIe, 4YeM IUIOTHOCTh OOJACTH, B KOTOPOH OOHApYKHIIK
NpuoOpeTeHNe KOMHWU B HECKOJNBKHX OMyXOJSAX, WJIM HECKOJBKUX KJIOHAX OMYXOJH, HIIH
HECKOJIBKMX MeTacTa3ax Omyxouu (T.e. ppakuuoHHast koHueHTpanus omyxonesoit JIHK B obmeit
U MyTalmi oOnactu Oyet Oosbine, 4eM B 00JacTH ¢ OTAENbHOUN MyTarueii). Takum obpasom,
Mephl Fe€TePOr€HHOCTH, OIMHCAHHBIE BBIIIE, MOXKHO NMPUMEHSTh K IMHUKaM, JI€TEKTHPOBAHHBIM I10
NPUOOPETEHNIO WM yTpaTe YHCIa KOMUH B Pa3JMYHBIX OOJACTAX, a TakXke K (PaKIHOHHON
KOHLIEHTPALlM B  PAa3JIMYHBbIX JIOKAJIM3alMAX, B KOTOPBIX BBIABWIIM  paclpeneeHne
(paKLMOHHBIX KOHLIEHTPALIUH.

B onHOM BapmaHTe peanusalM, €CIU AN TOCTPOEHUS TUCTOIPAMMbl IPUMEHSIOT
COOTBETCTBYIOIINE TUIOTHOCTH, MOXKHO IOJIyYHTh pasaeneHne npuodpereHuii u yrpar. Obnacry,
B KOTOPbIX OOHApyXWJIH TNPUOOPETEHHE, MOXHO MPOAHATU3UPOBATh OTAEIBHO MyTeEM
MOCTPOEHHUSI THCTOTPAMMBI TOJIBKO UJIsl TPUOOPETEHH, W OTAEIbHYI THCTOTPAMMY MOXKHO
NOCTPOHTDb TOJILKO it yTpaT. [lpu npuMeHeHun (pakIMOHHON KOHIEHTPALWU MUKW yTpaT U
NpUOOpeTeHN MOXHO  MpOaHATU3UpoBaTh BMecte. Hampumep, i (QpakLHOHHBIX
KOHLIEHTPALIMI MOXHO HCIIOJIb30BaTh PA3HOCTh (HAmpuMep, B BUAE aOCOJIOTHOrO 3HAYEHUS) C

pedepeHCHONW  IUIOTHOCTBIO, U, CJIEAOBAaTeNIbHO, (PPAKIHOHHbIE KOHLEHTPALMH I

>
NpUOOPETEHH U YTPAT MOTYT BHOCHTD BKJIAJ B OJUH U TOT K€ TIHK.
XIII. KOMIIBIOTEPHAS CUCTEMA
B 1mo0BIX KOMIBIOTEPHBIX CHCTEMAax, VIOMSHYTBIX B JaHHOH 3asBKE, MOXET
NPUMEHSTbCS JEF000€ TOAXOJsINee KOJNMYeCTBO NoacucTeM. lIpumepbl Takux MOACHCTEM
NOKa3aHbl Ha GUr. 25 B KOMIIBIOTEPHOM ycTpoiicTBe 2500. B HEKOTOPBIX BapUaHTax peann3alun

KOMIIBIOTEPpHAsA CHUCTEMaA BKJIIOYACT OTACIIBHOC KOMIIBIOTECPHOC YCTpOﬁCTBO, rac nmoaCuCTeMbl

MOT'YT TNPENCTaBIATh COOOH KOMIIOHEHThI KOMIBIOTEPHOrO ycTpoiicTBa. B npyrux BapuaHTax
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peanusaluy KOMIIBIOTEPHAs] CUCTEMA MOXKET BKJIIOYATh HECKOJIBKO KOMITBIOTEPHBIX YCTPOMCTB,
Ka)XXJI0€ U3 KOTOPBIX MPEACTABIAET COOOH MOACUCTEMY, C BHYTPEHHUMH KOMIIOHEHTAMU.

IToncucremsl, nokazaHHble HA (ur. 25, B3aUMOCBSI3aHbI OCPEICTBOM CUCTEMHOM HIMHBI
2575. Iloka3aHbl JOTONHUTENbHBIE MOACUCTEMBI, TaKue Kak npuHrep 2574, xnasuarypa 2578,
JKECTKMHM Auck 2579, monutop 2576, KOTOpbIN COENMHEH C BUaeoaaanTepoM 2582, u apyrue
noacuctemsbl. [lepudepuueckue ycrpoiictBa u ycrtpoiictBa BBoma/BeiBopa (I/0), kortopsie
COEUHEHBI C KOHTPOJIEPOM BBOAA/BhIBOAA 2571, MOXKHO MOACOEAMHUTbH K KOMIIBIOTEPHOM
CHCTEME C TIOMOLIBIO JIOOOTO KOJUYECTBA CPEICTB, U3BECTHBIX B JAHHOW OOJIACTH, TAKUX KaK
MOPT MOCIENOBATENBHOIO BBOAA-BbIBOAA 2577. Hampumep, mopT MmOCIenOBaTENIbHOIO BBOAA-
BpiBOa 2577 wnm BHemHuW wuHTepdeiic 2581 (Hampumep, JnokanpHYK cetb Ethernet,
OecripoBogHyo cetb Wi-Fi U T.J.) MOKHO MPUMEHSTH AJIsi TIOJCOEIUHEHUS KOMITBIOTEPHOM
cuctembl 2500 k rnoOaabHON KOMITBIOTEPHOW CETH, TaKOH Kak MHTEepHeT, K yCTPOICTBY BBOAA
“MBIIIE. WJM K CKaHepy. B3auMOCBs3b MOCPEACTBOM CHUCTEMHOW IWIHHBI 2575 MO3BOJSET
LHeHTpaTbHOMY Tiporieccopy 2573 o0OMEHMBAaTbCS HAHHBIMH C KaXJIOH TMOICHUCTEMOU W
KOHTPOJIMPOBATh BBINOJIHEHUE MHCTPYKLMH OT CUCTEMHOHN mamsTu 2572 Win KeCTKOrO JHUCKa
2579, a takxxe oOMeHHMBaThCs MHpOpManued Mexay noxcucreMamu. CucreMHasi maMsTh 2572
W/WIN SKECTKHH TUCK 2579 MOKET BKJIKOYATh MallMHOYUTaeMble HOcUTeNH. JIroOble 3HAYeHUS,
YIOMSIHYTBbIE B NAaHHOW 3asiBKE, MOIYT I€pPenaBaTbCsd OT OJHOrO KOMIIOHEHTAa K IPyromy
KOMITOHEHTY U MOTYT BBIBOJUTBCS MOJIb30BATEINIO.

KoMnbroTepHasi cucremMa MOXeT BKJIHOYaThb MHOXECTBO OJMHAKOBBIX KOMIIOHEHTOB WJIU
HIOZICUCTEM, HAlpUMep, COEAMHEHHBIX NPYr C IPyroM depe3 BHEWHuil untepdeiic 2581 mnm
yepe3 BHYTPeHHUI nHTepdeiic. B HEKOTOPBIX BapuaHTax peann3aliy KOMIBIOTEPHBIE CHCTEMBI,
MOACHCTEMBI HJIH YCTPOICTBA MOTYT OOMEHUBATHCS HH(OpMALHel Yyepe3 ceTh. B Takux ciydasx
OJIMH KOMIIBIOTEP MO>KHO CUUTATh KJIMEHTOM, a APYrOl KOMIBIOTEP — CEpPBEPOM, ITl€ KaKIbII
MOXKET MPEACTABISTh COOOM YaCcTh OJHON M TOH e KOMIBIOTEPHON crcTeMbl. Kak KJIHEHT, Tak U
CepBEP MOKET BKJIIOYATh HECKOJIBKO CUCTEM, MOACUCTEM HUJIM KOMIIOHEHTOB.

JIOJoKHO  OBITh  OYEBHIHO, 4YTO JIFOOOH M3 BapHAaHTOB pealn3alUd HACTOSIIEro
U300peTeHNsT MOXKHO OCYINECTBUTh B BHZAE JIOTUYECKHX CXEM YCTPOWCTBA YIPABJICHUS C
NPUMEHEHHUEM aIMapaTHOro olecredeHus (Hampumep, CIEeHaTU3UpPOBAHHON WHTETPabHON
MHUKPOCXEMBl HJIH IPOrPAaMMHPYEMOH TOJb30BATENEM BEHTUJIBHOH MAaTpPULbI) W/HWIA C
NPUMEHEHUEM  KOMITBIOTEPHOIO  MPOTPaMMHOTO  OOeCNeueHWs, Kak  MPaBHIO, C
IPOrpaMMHUPYEMBIM MPOIIECCOPOM B MOAYJIBHOH WM MHTErpajbHOI dopme. B naHHOM 3asBKe
MPOLIECCOP BKJIKOYAET MHOTOSIAEPHBIN MPOLECCOP HA OJHOM M TOM K€ UHTErPajbHOM YHUIIE WIH
HECKOJIBKO 00palaThIBAIOIIUX MOAYJIEH, pPAcHOJOKEHHBIX Ha OJHOM IEYaTHOW IulaTe WIIH

O6’beI[I/IHeHHbIX B ceTb. Ha OCHOBaHMH OmHCaHUS H uacu, Mnpeajio’KCHHbIX B JTAHHOM 3adaABKCE,
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CpeAHeMy CIEeHalIUCTy B JaHHOH obmactu OyAyT M3BECTHBI U TOHSTHBI APYyTrHe MyTH H/WIH
CIIOCOOBI OCYINECTBJICHUS] BAPUAHTOB PEAJHM3AlMM HACTOSIIEr0 M300pETeHUs] ¢ NMPUMEHEHHEM
amnapaTtHoro obecrnedeHuss M KOMOMHALMI amnmapaTHOro oOO0ecredeHuss U IMPOrpaMMHOIO
obecrieueHusl.

JIroOble KOMITOHEHTHI MM (PYHKIMU MPOrPAMMHOr0 o0ecIieueH s, ONMCAHHbIE B TAHHOM
3asBKe, MOXKHO OCYLIECTBUTb B BHJAE INPOTrPAMMHOIO KOJA, KOTOPBIN BBIMOJHUT IPOLECCOP,
npuUMeHsist TF0OOH MOAXOASIIUI SI3bIK MPOrPAMMHUPOBAHUS, TAKOH Kak, Hanpumep, Java, C++ wiun
Perl, ¢ mnpumeneHuem, Hampumep, OOBMHBIX WIH OOBEKTHO-OPHEHTHPOBAHHBIX METOMHK.
IIporpaMMHBIli  KOX MOXKHO XpaHUTb B BHAE psia HUHCTPYKLUMH WIM KOMAaHA Ha
MAIIUHOYUTAEMbIX HOCUTEISIX JUI XPaHEHHs WWIN Tepefayd, MOAXOASIIIHE HOCUTEIH
BKJIFOYAIOT OMNEpPaTHBHOE 3amoMHuHaromee ycTpoidcTBo (RAM), NMOCTOSHHOE 3alOMHUHAIOIIEe
ycrpoiictBo (ROM), MarHUTHBII HOCUTENIb, TAKOW KaK JKECTKHH IUCK WJIH IUCKETy, WU
ONTUYECKUI HOCHUTEJIb, Takol kak koMmakT-guck (CD) wim DVD (yHuBepcanbHblil 1udpoBoit
o¥cK), (uem-naMsaTh ¥ TOMy MOXOOHBIE HOCUTENH. MalmuHOYHTaeMble HOCHTEIH MOTYT
NPEACTABISTh COOOM JIFO0YI0 KOMOMHALIMIO TAKUX yYCTPOWUCTB XPAHEHHsSI UJIH Nepeayul.

Takue mporpamMmel Tak)Ke MOTYT KOIHUPOBATBHCS M MEPENaBATHCS C MOMOIIBI HECYIIHX
CUTHAJIOB, TPHUIOAHBIX JUI MEpeadd uepe3 NMPOBOAHBIC, ONTHYECKHE W/HIN OeCrpOBOIHbBIE
CEeTH, COOTBETCTBYIOLIMX MHOXECTBY NPOTOKOJIOB, BKio4asi HMHrepHer. B cBsisu ¢ 3thm,
MAIIMHOYUTAEMbIE€ HOCUTEH COTJIACHO BApUAHTY PEATM3aLUU HACTOSIIEr0 H300pEeTEeH s MOXKHO
NOJYy4YUTh, TPUMEHsAs MHPOPMALMOHHBI CHUTHAJ, KOAUPYEMbIH TAaKUMU HpPOrpaMMaMu.
MaimyHoYHTaeMble HOCUTENH, KOJUPOBAHHbIE C IIOMOIIBIO IPOrPAMMHOIO KOZa, MOKHO
yIIaKOBaTb BMECTE€ C COBMECTUMBIM YCTPOWCTBOM MJIM TPENOCTABUTb OTAENBHO OT JPYIHX
YCTPOWCTB  (Hampumep, TOCPEACTBOM 3arpy3ku uepe3 HMurepHer). JloOble Takue
MAIIUHOYUTAEMble HOCHTEIM MOTYT HAXOIUTBCS BHYTPH WJIM HAa E€AMHOM MPOrPAMMHOM
nponykre (Hampumep, skecTkoMm naucke, CD wim Bcell KOMITBIOTEPHOW CHCTEME), U MOTYT
NPUCYTCTBOBATh BHYTPH WM HA PA3IMYHBIX MMPOTPAMMHBIX MPOAYKTaX BHYTPU CHCTEMBI HJIH
cern. KoMnbroTepHasi CUCTEMa MOJKET BKJIFOYAaTh MOHUTOp, MPUHTEP WIIM APYTO€ MOAXOISINee
YCTPOWUCTBO OTOOpa’ke€HUsI Ul TPENOCTABJICHUS MOJb30BATENIO JIIOOOrOo W3 PEe3yJbTATOB,
YIOMSIHYTBIX B JAHHOM 3asIBKe.

JIro60it U3 cocoOOB, OMMCAHHBIX B JaHHOM 3asBKE, MOYKHO IMOJHOCTBIO WJIM YaCTHYHO
OCYIIECTBUTh C TIIOMOINBI0 KOMIBIOTEPHOH CHCTEMBI, BKIIOHAKOIEH OauH win Oonee
IPOLIECCOPOB, KOTOPBbIE MOXXHO CKOH(PUIYpHUpPOBAThb AJISI OCYLIECTBIEHHS YKA3aHHBIX 3TAIlOB.
Takum oOpa3zom, BapuaHTbI pear3alii MOTYT ObITh HAaIpaBJIEHbl HA KOMITBIOTEPHBIE CUCTEMBI,
CKOH(UTYpPUPOBAHHBIE JJIsl OCYINECTBJICHUS 3TAIOB JIIOOOro U3 CriocOOOB, ONMUCAHHBIX B JAHHON

3as4BKE, BO3MOKHO C pPAa3JIMYHBIMH KOMIIOHCHTAMH, OCYLICCTBIIOLIUMH COOTBETCTBYIOIINE
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STaIbl MJIM COOTBETCTBYIOIIYIO TPYIIY STANOB. XOTs 3Talbl IPOHYMEPOBAHBI, STalbl COTJIACHO
cniocobaM, ONMKMCAHHBIM B JAHHOH 3asiBKE, MOKHO OCYLIECTBUTbh OJHOBPEMEHHO WJIM B IPYTOM
nopsinke. Kpome Toro, 60k JaHHBIX 3TAMOB MOKHO MPUMEHSTH ¢ OJOKaMH JIPyTUX STAroB U3
apyrux crnocobos. Takxke, Bech 3Tanm win OJOKM 3Tama MOTyT ObITh HeoOsi3aTenbHbIMH. Kpome
TOrO, JIFOOOH U3 3TAINOB JFOOOT0 U3 CIIOCOOOB MOKHO OCYINECTBUTH C TIOMOIIBIO MOJYJIEH, CXeM
WIN APYTHX CPEICTB AJISl OCYINECTBICHUS JAaHHbIX STAIlOB.

B wacTHOCTH, TIpemaraercss K OCYINECTBICHUIO CIOCOO IETEKTUPOBAHHUS paKa HIIH
NPeI3JI0KaYeCTBEHHOTO M3MEHEHHUs y CyObheKTa, MpuyeM yKa3aHHbIH CIIOCO0 BKIFOUYAET:

MOJTyYeHUEe KOHCTUTY THBHOTO T'eéHOMa CyOheKTa,

NOJlydYeHUe OHOrO WM 0o0Jjiee MapKepOB TOCIENOBATEbHOCTH [Uis Ka)IOro U3
mHO)kecTBa (parmentoB JIHK B Ouonormdeckom oOpasne cyObekra, NMpUYeM yKa3aHHBIA
ouosormueckuii odpasen Bkiroyaer BHekerounyro JIHK;

omnpesiesieHue MOJOKEHUH B TeHOME MapKepOB MOCIIe0BATEIbHOCTH,

CpaBHEHHE MapKepOB IMOCIEIOBATEbBHOCTH C KOHCTHUTYTUBHBIM T'€HOMOM IS
OIpeiesIeHus] MEPBOTO KOJUUYECTBA MEPBIX JIOKYCOB, MPH 3TOM:

B KaXIOM H3 TMEPBbIX JIOKYCOB KOJHYECTBO MAapKepOB IOCIEIOBATEIBHOCTH C
BAPUAHTHON MOCJIEIOBATEIbHOCTBIO OTHOCHTENIBHO KOHCTUTYTHBHOTO T'€HOMA  BBIIIE
HIOPOTOBOr'0 3HAUEHHS, TI€ YKa3aHHOE MOPOrOBOe 3HaUeHHe OOJIbIIE €MHHILIbI,

OlpefieJIeHNe MapaMeTpa Ha OCHOBAaHMM YHCJIa MapKepOB IOCIENOBATEILHOCTH C
BAPUAHTHOH MOCJIEOBATEIbHOCTBIO B IEPBBIX JIOKYCAX; U

CpaBHEHHE JTOr0 IapaMerpa ¢ [OPOrOBBIM 3HAYEHHWEM JUIA  ONpEHesIeHHS
KJIaccu(pUKaIMii YPOBHS paka y cyObeKTa.

B nanHOM crioco0e moporoBoe 3Ha4eHHe MOKHO OIPENESIUTh [0 OMHOMY HITH OoJiee
oOpasiam OT OJHOTO UJTH OOJIBLIETO YHCTIA JPYTHX CYOBEKTOB.

[ToporoBoe 3HaueHHWe il JIOKYCa MOXKET 3aBHCETb OT CYMMAapHOTO KOJIHUYeCTBa
MapKepOB MOC/IEA0BATEIbHOCTH, KOTOPbIE PACIIONAratoTCsl B JAHHOM JIOKYCE F€HOMA.

JInsi mo MeHbLIeW Mepe OBYX M3 MEPBbIX JIOKYCOB MOIYT MPUMEHHTh pa3jIn4HbIE
MIOPOTOBbIE 3HAYEHHS.

VYka3aHHbBIH COCOO MOXKET JOTIOHUTENBHO BKIFOUATD!

AMHAMUYECKOE OMpe/esieHHe MepBOro MOPOrOBOrO 3HAYEHHs AJisi OJHOrO M3 MEPBBIX
JIOKYCOB, IPHYEM YKa3aHHBIH OIMH U3 JIOKYCOB HAXOIUTCSI BHYTPH MEPBO 00JacTH.

B 3TOM ciiyuae nepBoe MOpOroBoe 3HAYEHHE MOKHO ONPEIEIUTh HA OCHOBAHUH [Ty OMHBI
CEKBEHHPOBAHUSI ~ ONHOTO M3  IMEpPBbIX  JIOKYCOB  HMJIM HAa  OCHOBAHUU  YPOBHS
JIO’KHOTIOJIO)KUTENIbHBIX Pe3yJIbTaTOB, KOTOPBIH 3aBHCUT OT YPOBHs OLIMOOK CEKBEHHUPOBAHUS,

IIyOMHBI CEKBEHUPOBAHUS NEPBOH 00JaCTH M KOJMYECTBA IOJIOKEHUI HYKJIEOTHIOB B NEPBOM
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obnacrtu.

B nocnenneM BapuaHTe NepBO€ NOPOrOBOE 3HAUEHNUE MOXKHO OINpPENEIUTh HA OCHOBAHUU
YHCJIa UCTUHHO TOJIOXKHUTENBHBIX 3HAUEHUH B nepBoil oOnactu. IIpuuem HeoOs3aTeNIbHO pacyer
YHCJIa UCTUHHO IMOJIOKUTEIbHBIX 3HAYEHUH JJIs1 MEPBOro MOPOroBOr0 3HaY€HUs] HA OCHOBAHUU
rayOuHbl  cexkBeHMpoBaHMs D wu  Qpakumonsoit xonuentpaumu f JHK omyxonesoro
IPOUCXOKAEHHUsT B Ouonormueckom obOpasue. Hampumep, s omnpeneneHuss ducia UCTHHHO
TMOJIO’KUTENIbHBIX 3HAYEHUH MOXXKHO NMPHUMEHUTH IyaCCOHOBCKOE pacIpelesieHHe BEPOSTHOCTEMH
cormacHo ¢opmyne: rae Pb mpencraBisier co0Oi BEPOSTHOCTb NETEKTUPOBAHUS HMCTUHHO
MOJIOXKHUTEJIbHBIX 3HAYEHUH, I' MPeICTaBIsieT cOOOH MepBoe MOporoBoe 3HavdeHune, 1 Mp = D x
172.

B kauecTBe BapuaHTa, B Cily4yae JUHAMUYECKOrO ONpEENeHUs MEPBOro IMOPOTrOBOrO
3HAuYEHUs JJIs1 OJHOTO U3 MEPBBIX JIOKYCOB IEPBOE MOPOroBOE 3HAUEHHE MOXKHO OIPENEsIHTD,
NpUMEHsIst TF0OOH U3 CIEAYIOIUX KPUTEPHEB:

ecyu ryOnHa CEKBEHUPOBAHUs MeHbIe 50, TO epBoe MOPOroBoe 3HAUEHUE PaBHO 5,

ecnu TIyOnHa cexBeHHpoBaHus coctaBisier S0 — 110, To mepBoe MOporoBoe 3Ha4YEHHE
paBHO 0,

ecnu riyOuHa cexkBeHHpoBaHus coctasisier 111 — 200, To mepBoe MOporoBoe 3HaYEHUE
paBHO 7,

ecnu riyOuHa cekBeHHpoBaHus cocrasisier 201 — 310, To mepBoe moporoBoe 3Ha4eHHE
paBHO &,

eciu ri1yOuHa cekBeHupoBaHus coctasisier 311 — 450, To mepBoe MOPOroBoe 3HaUSHHUE
paBHO 9,

ecyu ryOnHa CeKBEHUPOBaHUs coctaBisier 451 — 620, To mepBoe MOPOroBoe 3HAYCHUE
paBHo 10, n

ecnu TyOnHa CeKBeHHpOBaHuUs coctapisier 621 — 800, To mepBoe MOPOroBoe 3HAYCHUE
pasHO 11.

VkazaHHBII B OMNUCAHWUU CIOCO0A MapaMmerp MOXKET NPEACTaBJIsTh Co00i Ccoboit
B3BELIEHHYI0O CYMMy IEPBOTO KOJMYECTBA MEPBBIX JIOKYCOB, MPU 3TOM BKJIAA KaXIOro U3
NEPBbIX JIOKYCOB B3BELIEH IO IMOKA3aTeIl0 3HAYUMOCTH, MPUCBOEHHOMY COOTBETCTBYHOLIMM
NEepBbIM JIOKycaM. AJIBTEPHATUBHO, 3TOT MapaMeTp MOXKeT BKJIOYaTb CYMMYy MapKepoB
MOCJIEIOBATENbHOCTH, B KOTOPBIX BBbIIBJIEHA BapUaHTHAs IMOCJIEAOBATEIbHOCTE B IEPBOM
KOJIMYECTBE IEPBBIX JIOKyCOB. [lpuuem, Hampumep, 3Ta CyMMa MOXKET TPEACTaBIATbH COOOH
B3BELIEHHYIO CyMMYy, U NPH 3TOM MEPBBI BEC OAHOIO U3 NEPBbIX JOKYCOB OTJIIMYAETCS OT
BTOPOTO BeCa BTOPOrO M3 NEPBBIX JIOKYCOB. B KkauecTBe BapuaHTa, NMEPBBI BEC MOXKET OBITH

Oosblire, 4eM BTOPOI BEC, U IIPHU 3TOM OZMH U3 MEPBBIX JIOKYCOB MOXET OBITh CBSI3aH C PaKoOM, a
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BTOPOH M3 MEPBBIX JIOKYCOB MOKET OBITh HE CBSI3aH C PAKOM.

B omHOM u3 BomOLIEeHMH YKa3aHHBIN MapamMeTp MOXET IMPEINCTaBIsATb COOOW MepBoe
KOJINYECTBO MEPBBIX JIOKYCOB.

B omumcaHHOM BbIIE CHOCOOE ONpefeNieHHe MOJIOXKEHUsT B TEHOME MapkKepa
NIOCJIEI0BATEIbHOCTU MOXKET BKIIFOYATh:

BBIDABHMBAHHE II0 MEHbIIEH Mepe 4YacTHU MAapKepoB IOCIENOBATEIbHOCTH C
pedepeHCHBIM TeHOMOM, MpH STOM TMpH BBIPABHUBAHUM MapKepa MOCIeIOBATEIbHOCTH
JOMYCKAeTCsl ONHO WM Oojiee HECOBNAACHUH MEXAy MapKepoM IOCIeOBATeIbHOCTH H
KOHCTUTY TUBHBIM T€HOMOM. [pruem, HEeo0s13aTeNIbHO CpaBHEHUE MapKepoB
MIOCJIEIOBATEILHOCTH C KOHCTUTYTUBHBIM T€HOMOM MOXKET BKJIFOUATh!

CpPaBHEHHE KOHCTHTYTHBHOTO T€HOMa C pe(epeHCHBIM T'€HOMOM Uil OIpENeJICHHUs
BTOPOT'O KOJIMYECTBA BTOPBIX JIOKYCOB, CONEPKAIIMX BAaPHUAHT MO CPABHEHHUIO C pedepeHCHBIM
I'€HOMOM,;

OTpeieNIeHNe Ha OCHOBAHWUHY BBIPABHUBAHUS TPETHETO KOJMYECTBA TPETHUX JIOKYCOB, TIPU
3TOM:

B KQXIOM M3 TPETHHX JIOKyCOB KOJHYECTBO MAapKEPOB IIOCIEAOBATENLHOCTH C
BAPUAHTHOH TOCJIENOBATENbHOCTBIO II0 CPAaBHEHHIO C pe(QEepeHCHbIM T€HOMOM BBIIIE
NIOPOTrOBOT'O 3HAYEHUS;, U

BBIYHMCJIEHHE DPA3HOCTH MEXIy TPETbUM KOJUYECTBOM U BTOPBIM KOJUYECTBOM C
NIOJTyY€HHEM NIEPBOTO KOJMYECTBA MEPBBIX JIOKYCOB.

Bbruncienne pasHOCTH MeXIy TPETbUM KOJWYECTBOM M BTOPBIM KOJIMYECTBOM MOJKET
MIO3BOJIUTH OIPEENUTh ONPEAeSICHHbIE JJOKYChI U3 MEPBBIX JIOKYCOB.

B 3TOoM ciiyuae onpezneneHne yKa3aHHOTO ITapaMeTpa MOKET BKIFOUATh:

IJIsT KaXKZIOTO JIOKYCa U3 MePBOro KOJMYECTBA MEPBbIX JIOKYCOB!

OIpeieIeHNe KOJINYECTBA MAPKEPOB MOCIIEOBATENBHOCTH, KOTOPbIE BEIPABHUBAIOTCS
C JIOKYCOM U COAEepKaT BAPHAHT MOCIIEAOBATEIBbHOCTH B JAHHOM JIOKYCE;, U

OIpefieIeHNe apaMeTpa Ha OCHOBAHUU COOTBETCTBYIOIINX KOJNYECTB.

B omucanHOM BhIIE CHOCOO€ KOHCTUTYTHUBHBIH TI'€HOM MOJKHO TIONYYHUTh W3
KOHCTUTYTHBHOTO oOpasia cyOobekTa, KOTopblil conepkut donee 50% konctutyTusHOH JJHK.

B ommcanHOM BbIme crnoco0e OmpenesieHHe IIOJIOXKEHUsT B TEHOME Mapkepa
MIOCJIEI0BATEIbHOCTH MOXKET BKIIFOYATh:

BBIPABHMBAHHE TI0 MEHbIIEH Mepe YacTH MapKepoB IOCIENOBATEIbHOCTH C
KOHCTUTYTHUBHBIM T'€HOMOM, ITPH 3TOM IPU BBIPABHUBAHUU MapKepa IOCIEA0BATENbHOCTH
JOMyCKAaeTCsl ONHO WiIM Oojiee HECOBNAAEHUH MeEXAy MapKepoM IOCIeIOBAaTeIbHOCTU HU

KOHCTUTYTHUBHBIM T€HOMOM. IIpuuewm, Heo0s3aTeNIbHO CpaBHEHHUE MapKepoB
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MOCJIEIOBATEIbHOCTH C KOHCTUTY TUBHBIM F€HOMOM BKJIFOYAET:

ONpeeeHne, HA OCHOBAHUM BbIPABHMBAHUS, MAPKEPOB MOCIIEN0BATEIBHOCTH, KOTOPBIE
cozepaKaT BapUaHT IMOCJIEN0BATEIbHOCTH B HEKOTOPOM IOJIOKEHUU B F€HOME IO CPABHEHUIO C
KOHCTHTYTUBHBIM T€HOMOM CyOBEKTa,;

ISl KQXIOrO TIOJNIOKEHHWST B T'€HOME, B KOTOPOM OOHapy’keHa BapUaHTHas
MOCJIEIOBATEIbHOCTD.

OnpeeseHne COOTBETCTBYIOLIETO NEPBOTO KOJIM4€ECTBA MapKepoB
MOCJIEIOBATEIbHOCTH, KOTOPbIE BBIPABHUBAIOTCS C YKa3aHHBIM IOJOKEHUEM B I€HOME U
cozepkaT BapUaHT MOCIEN0BATENIBHOCTH B JAHHOM MOJIOKEHUH B T€HOME,

onpeeeHne napaMmeTpa Ha OCHOBAHUHU COOTBETCTBYIOIIMX NEPBBIX KOJUYECTB.

B »TOM BOMNOLIEHMH ONpeAeNeHHe MapaMeTpa HAa OCHOBAHMM COOTBETCTBYIOLINX
MEPBBIX KOJIUYECTB MOKET BKJIFOYATh!

CJIOKEHUE COOTBETCTBYIOIIMUX MEPBBIX KOJUYECTB C NMOJYy4YEHUEM NIEPBOM CYMMBI, U

NPUMEHEHUE NEPBOM CYMMBI Il ONIPENENICHUs TapaMeTpa.

ITpudem, HeoOs3aTEeILHO TMPHMEHEHUE MEPBOM CYyMMBI ISl ONpENeNieHUs Mapamerpa
MO>KET BKJIKOYaTh:

BBIYUTAHUE KOJHMYECTBA MOJIOKEHUH B T€HOME, B KOTOPBIX OOHApy’kKeHa BapHUaHTHAs
MOCJIEIOBATEIbHOCTD, U3 MIEPBOU CyMMBI.

B xauecTBe BapuaHTa, IPUMEHEHHE MIEPBOU CYMMBI JUIsl ONIPEAEJICHHs TapaMETPa MOKET
BKJIFOYATh:

HOPMHUPOBKY TNI€pBOM CyMMbl HAa OCHOBAHHUU KOJMYECTBA BBIPOBHEHHBIX MAapKEpOB
MOCJIEA0BATENbHOCTH.

OmnucaHHbBIH cTOCOO MOJKET OTIOJIHUTEbHO BKJIFOYATH!

NOJIy4eHUe KOHCTUTYTHBHOTO oOpasua y cyObekTa, KOTOpbIi comep:kut Oonee 90%
koHcTutyTHBHON JIHK;

OCYIIECTBIIEHHE CIy4aliHOro cekBeHupoBaHus (parmentoB JIHK B KOHCTHUTYTHBHOM
oOpasue ¢ MOJiydeHHEM OIHOrO WiId Oojiee BTOPBIX MAapKEpOB IOCIENOBATEIBHOCTH IS
Kaknoro u3 MHoxecTBa ¢pparmentos JIHK B koHCTHTYTHBHOM 00pasiie;

BBIDABHUBAHUE IO MEHBIIEH Mepe 4YacTH BTOPBIX MAapKEpOB MOCIEAOBATENBHOCTU C
pedepeHCHBIM T€HOMOM, TIPU 3TOM IPHU BBIPABHHBAHUH BTOPOIO MapKepa MOCIENOBATEIbHOCTH
JOMYCKAEeTCsl ~ HECOBMAJEHHE  MEXIy  BTOPbIM  MapKkepoOM  MOCIENOBATEIBHOCTH U
KOHCTUTYTHUBHBIM T'€HOMOM B M WM MEHBIIEM KOJIMYECTBE MOJOXEHWI B reHome, rae M
npesacTaBisieT coOOH 1enoe 3HaueHue, paBHOe WK OoJbllee, YeM eANHULA; 1

KOHCTPYUPOBAaHUE KOHCTUTYTUBHOIO TI€HOMAa HAa OCHOBAHMHM BTOPBIX MAapKepOB

NoCJICAOBATCIIBHOCTHU U BbIpaBHHUBAHUA.
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B sTOM cniyuae HeoOsi3aTebHO KOHCTUTYTHBHBIH 00pasel MOKET MpeAcTaBisiTh CoOOit
Ouonoruveckuii oOpaser 1 KOHCTPYHUPOBAHNE KOHCTUTY THBHOTO T€HOMA MOJKET BKJIIOYATh!
OlpesieJIeHue KOHCEHCYCHOW MOCIeN0BATEIbHOCTH, KOTOPOE BKJIIOYAET ONpeesieHIe
TOMO3HT'OTHOT'O JIOKYCa WJIU Te€TePO3UTOTHOTO JIOKYCa, COAEPIKALIETO ABE aJlIeH; 1
NPUMEHEHHEe KOHCEHCYCHOI MOCIeJ0BATEIbHOCTH B KOHCTUTY THBHOM I€HOME.

OmnucaHHBIH CrTOCO0 TaKXKe AOMOIHUTEIBHO MOXKET BKIIIOYATD!

NoJTy4eHHe OHOJIOTHYECKOro 00pasia, B3ITOro y CyObeKTa; u

OCYLIECTBJICHHE CIIy4aiiHOro cekBeHupoBaHusi ¢parmentoB JIHK B Ouomornueckom
obpasie aJsi MOJy4eH sl OJHOrO Wik 0oJjiee MapKepoB MOCIENOBATENbHOCTU Il KaKAOTrO U3
mHO)kecTBa pparmentos JIHK B Grosnorudeckom obpasie.

B onmmcanHoM criocobe onuH win 0ojiee MapKepoB MOCIEAOBATEILHOCTH HEOOSI3aTEIbHO
MOXHO TIOJYYHTh B pe3yJibTare CiydalHOro cekBeHuposaHusi ¢parmentos JIHK B
OuosIoruecKoM odpasiie.

B omumcanHOoM criocobe Ouonormueckmii oOpasel MOKET MPeNCTaBjsTh COOOW Moy,
IUICBPAJIbHYIO  JKMIKOCTb, ACLMTHYI JKUAKOCTb, MEPUTOHEANbHYIO JKHIKOCTb, CJIIOHY,
CIMHHOMO3TOBYIO JKUAKOCTh WK 00pasel Kaja.

B omucanHoM cmocobe mapameTp MOXKET TPEenCTaBisiTb COOOH, B KadyecTBe
aJIbTepPHATHBBI, (PpaKkLUOHHYIO KOHIeHTparmio JJHK omyxoieBoro mpoucxosxxaeHus.

COOTBETCTBEHHO, TaKXKe MPENJIaraeTcsi TAKXKEe KOMITBIOTEPHBIH MPOAYKT, BKJIFOYAIOLINN
HE BPEMEHHbIII MALIMHOYMTAEMbIH HOCHUTENb, HA KOTOPOM XPAHHUTCS HAa0Op HMHCTPYKLUH,
KOTOpBbIE, TMpPU HX HCIIOJHEHUH KOHTPOJHPYIOT OCYILIECTBIEHHE KOMIIBIOTEPHOH CHCTEMOMH
OIMHCAHHOTO BBIIIE CIIOCO0A.

Takske mpepmyaraercsi K OCYIIECTBICHHIO CITOCOO aHAIM3a TeTEPOreHHOCTH OIXHOW WU
Oonee omyxoJieii cyObekTa, MpuYeM yKa3aHHbII CIIOCOO BKITFOYAET:

NOJTyYeHUEe KOHCTUTY THBHOTO T'eéHOMa CyOheKTa,

NOJIydYeHUe OHOr0 WM 0oJjiee MapKepOB TOCIENOBATENbHOCTH il Ka)IOro U3
mHO)kecTBa (parmentoB JIHK B Ounonormdeckom oOpasne cyObekTa, NpuUYeM yKa3aHHBIN
Ouosormueckuii odpaser BKro4aer BHekeTounyo JJHK;

ompesiesieHue MOJOKEHHH B TeHOME MapKepOB MOCIIe0BATEIbHOCTH,

CpaBHEHHE MapKepOB TMOCJIEJOBATEIbHOCTH C KOHCTUTYTHBHBIM T€HOMOM IS
OTpeiesIeHus] IEPBOTO KOJMUYECTBA MEPBbIX JIOKYCOB, MPH 3TOM:

B KaXIOM H3 TMEpPBbIX JIOKYCOB KOJMYECTBO MAapKEepPOB MOCIENOBATEIBHOCTH C
BAPUAHTHON MOCJIEOBATENIbHOCTBIO OTHOCUTENBHO KOHCTHTYTHBHOTO T€HOMA BBILIE
HOPOTOBOT'O 3HAYEHHS, TI€ YKa3aHHOE MOPOroBOe 3HaUeHNE OOJIbIIE eAMHHLIBL, U

BBIYHCJIEHHE MeEpbl T'€TePOr€HHOCTH OJHOW WM Ooyiee ONyxoyieii Ha OCHOBAaHUU
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COOTBETCTBYIOLIUX MEPBBIX KOJMYECTB U3 HA0Opa NMePBbIX MOJIOKEHUI B TEHOME.

Takoii cmoco® JOMOTHUTETBPHO MOXKET BKIIFOUATH!

CpPaBHEHHME MepbI I'e€TePOr€HHOCTH C OJHUM WM OoJiee MOPOTrOBBIMH 3HAUEHHSIMU MJIS
OTpeeNieH s KJIacCU(PUKALUN YPOBHS T€TEPOreHHOCTH.

B sToM ciydae ogHO mi Oojiee MOPOrOBBIX 3HAUEHHH MOXKHO ONPENENUTH IO OJHOMY
Wi OoNbpIIeMy YHCITy APYTHX CyOBEKTOB, KOTOPBIM JeNajd OHOINCHIO OMyXONH M HOXKHO
NIPOBOAMTD aHAJIN3 JJIsl ONIPEeNICHHsI MyTalui B OMONTaTaX OMyXOJIeH 1Jisl ONpeeIeHuUs yPOBHS
T€TEePOreHHOCTH, W MPH 3TOM MEpy TeTepOreHHOCTH OHONOrn4yeckoro obpasia, ComepiKaiero
BHeksietounyo JIHK, ot omHoro wmm Oonee Apyrux CyOBEKTOB MOMKHO HCHOJNB30BATH IS
onpenesIeHusl IOPOroBOro 3HAYECHMUSI.

B Takom BapuaHTe OCYINECTBJIEHHs CPABHEHUE MEpPbI I'€TEPOr€HHOCTH C OJHHUM WIIU
OoJiee MOPOroBBIMU 3HAUEHUSIMA MOSKET BKJIOUAT:

BBOJl MEPbl I€TEPOTre€HHOCTH B KAJIMOPOBOYHYIO (DYHKIMIO, KOTOpasi BBIOAET YPOBEHb
reTepOreHHOCTH HA OCHOBAHUU MEPbI Fe€TEPOr€HHOCTH.

B kauectBe BapuaHTa, Croco0 aHANINW3a I'eTEPOr€HHOCTH ONHOW MM OoJiee OIMyXOoJen
cyObekTa MpeayCcMaTpUBAET, YTO OAHA WM Oojiee Mep BKIIOYAIOT CYMMapHOE KOJIUYECTBO
NEPBBIX IOJIOKEHUH B T'€HOME, B KOTOPbIX Oonee yem onuH ¢parment JJHK BeipaBHHBaIOT €
koHcTUTYyTUBHOM JIHK, XOTs OH COmEpKUT BapUAHTHYIO IOCJIEAOBATENIBHOCTE B JAHHOM
MOJIOXKEHUHU B TEHOME.

B kadecTBe elne OJHOrO BapHaHTa, CIOCOO aHAJM3a reTepPOreHHOCTH OfHOW miu Oosnee
omnyxosnei cyObeKkTa mpenyCcMaTpiBaeT, YTO BBIYUCISIFOT MHOXKECTBO MEP FeTepPOreHHOCTH, MPH
5TOM BBIYHCIEHUE MEP NeTePOreHHOCTH BKJIFOYAET:

IUIsL KQXKIIOTO U3 MEPBBbIX JIOKYCOB, BBIYMCIICHHE NOJIHM MapKepPOB MOCIEAOBATENbHOCTH,
cozlepKalllX BAPUAHTHYIO MOCJIEI0OBATEIbHOCTD,

NOCTPOEHUE T'HMCTOrPAMMBI KOJIMYECTBA MEPBBIX JIOKYCOB AJI 3HAYEHUN YKa3aHHBIX
COOTHOIICHUM, U

UIEHTH()UKALMIO KOJINYECTBA MTUKOB HA TUCTOTPaMMe.

B o53toM ciyyae Mepa TreTepOreHHOCTH MOXKET COOTBETCTBOBATb KOJIUYECTBY
OOHapy KeHHBIX TUKOB WJIM BKIJIFOYATh OTHOLIEHHUE BBICOT ABYX IMHKOB.

Kaxxmoe COOTHOIIEHHE MOXKET MPEACTaBIATh COOOH (PAKIMOHHYI KOHLEHTPALHIO
onyxoneson /IHK, namepeHHy10 B KOHKPETHOM MEPBOM JIOKYCE.

B kadecTBe eme OAHOrO BapWaHTa, Mepa TETEPOreHHOCTH MOXET COOTBETCTBOBATH
OTHOUIEHUIO IEPBON IOJM MEPBBIX JIOKYCOB, COAEPIKALIUX IEPBOE KOHKPETHOE KOJIUYECTBO
MapKepOB IMOCJIEN0BATENbHOCTH C BAPUAHTHOU IOCJIENI0BATEIbHOCTBIO, U BTOPOU JIOJIM MEPBBIX

JIOKYyCOB, COACpIKaIIUX BTOPOC OIPCACICHHOC KOJIMYECTBO MApPKEPOB IMOCICAOBATCIIBHOCTU C



88

BapPHUAHTHOI MOCJIE0BATENBbHOCTHIO.

B sTOM ciydyae mepBoe KOHKPETHOE KOJMYECTBO MOKET OBITh MEHBIIE, Ye€M BTOPOE
OTIpenieNIeHHOE KOIUYECTBO.

ITpuaem, HeoOs3aTEPHO MEPBOE KOHKPETHOE KOJIMUECTBO MOXKET MPEACTaBJISATh COOOM
NepBBI MaNa30H M BTOPOE KOHKPETHOE KOJIMYECTBO COOOH BTOpPOW AHMAIa3oH, MPU 3TOM
NepPBbII IUANA30H HIDKE, YeM BTOPOM TUaNa3oH.

Takke HeoOs13aTENPHO TEPBOE KOHKPETHOE KOJUYECTBO M BTOPOE OIpEIesIeHHOe
KOJIMYECTBO MOTYT COOTBETCTBOBATh (PPAKLIMOHHOW KOHLEHTPALMH WU aOCONOTHOMY
KOJINYECTBY MapKepOB MOCIEA0BATEIbHOCTH C BAPUAHTHON MOCIEA0BATEIbHOCTBIO.

EH_Ie B OOHOM BapHaHTC MECPY TCTCPOr€HHOCTH MOXKHO OIPEACIUTHL IO TUCTOrpaMme
KOJIMYECTBAa IMECPBBIX JIOKYCOB, COOTBETCTBYIOIIUX KaAXKIOMY M3 COOTBCTCTBYHOLIHUX IICPBBIX
KOJIMYECTB.

B sToM ciiyuae Habop mepBbIX HASHTUPUIUPOBAHHBIX MOJIOKEHHH B TEHOME MOYKET
BKJIFOYATh IEPBOE MOAMHOKECTBO U BTOPOE IMOAMHOKECTBO, IIPH 3TOM OJIHA WJIH Oojiee Mep
MOXKET BKJIFIOYATDh NEPBYIO TUCTOIpaMMy COOTBETCTBYHOLIHX MEPBBIX KOJINYECCTB,
COOTBETCTBYOLIUX NIEPBOMY NMOAMHOXKECTBY, U BTOPYIO TUCTOrpaMMy COOTBETCTBYIOLIIUX
BTOPbIX KOJIUMYCCTB, COOTBETCTBYOIIUX BTOPOMY IMMOAMHOXKECTBY.

Eme B onHOM BapuaHTe Mepa reTepOreHHOCTH MOKET BKJIIOYATh JIOJIO MEPBBIX JIOKYCOB,
BKJIIOYAKOIUX COOTBETCTBYIOLIUE MTEPBBIC KOJINYCCTBA BBILIC OMPEACIICHHOIO 3HAYCHUS.

K ocymecTBieHHI0 Takxke TpemiaraeTcst Crnocod ompeaeneHus (paKkLUOHHOM
KoHUeHTpauuu onyxojeoii /IHK B Ouonormueckom oOpasue, comeprkalieM BHEKJIETOUHYIO
JHK, npudem yka3aHHBIH CITOCOO BKITFOYAET:

NOJIy4eHHEe OOHOrOo WM Oojiee MapKepoB IOCJIEAOBATENILHOCTH MJISi KaXKAOTO U3
MHOskecTBa pparmenTos JIHK B OuosiorudeckomM oopasiie;

orpenieNieHHe MOJIOKEHHUH B TeHOME MapKepOB MOCIe10BATENbHOCTH,

IUISL KQXKIOW U3 MHOXKECTBA 00J1acTel TeHOMa:

OTpeneNIeHe COOTBETCTBYOIIEro konndectBa ¢parmentoB /IHK BHyTpm maHHOI
00JIaCTH reHOMa C TIOMOIIBI0 MAapKEPOB MOCIIENOBATENBHOCTH, PACIIONIOKEHHBIX B T€HOME
BHYTPHU JaHHOH 00JIACTH reHOMA,

HOPMHUPOBKAa COOTBETCTBYIOINETO KOJMYECTBA C IOJy4YEHHEM COOTBETCTBYIOLIEH
IUIOTHOCTH;, U

CpPaBHEHHE COOTBETCTBYIOIIEH IUIOTHOCTH C pedepeHCHONH IUIOTHOCTBIO IS
BBISIBJICHHS B JAHHOM 00J1acTH reHoMa yTpaty | konun uinn npuodperenue 1 konuwy;

BBIYHMCJIEHHE TMEPBOH IJIOTHOCTH MO OAHOM MK OOJbIIEMY YHCIY COOTBETCTBYIOLIHX

IUIOTHOCTEH, B KOTOPHIX OOHapy»keHa yTpara 1 KONWHW, WIM MO OAHOH WM OOJbLIEMY HYUCITY
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COOTBETCTBYIOLIMX IIOTHOCTEH, B KOTOPbIX OOHapy keHO nprodpereHue 1 Komuu; u

BBIYHCIIEHNE (PPAKIIMOHHON KOHIIEHTPALUU Ty TEM:

CpPaBHEHMS MEPBOU IUIOTHOCTU C APYTOW IUIOTHOCTBIO C MOJIYYEHUEM PA3HOCTH, MPHU
5TOM Pa3HOCTb HOPMHUPYIOT Ha pePepEeHCHYIO MIOTHOCT.

Taxoii ctoco® MOXXET TOTIOJHUTETBHO BKJIOYATh!

HIOCTPOEHHE T'HCTOrPaMMbI KOJHMYECTBA OOJacTell reHoMa, OONIafaroIluX pa3IndHbIMU
COOTBETCTBYHOILIUMU IIJIOTHOCTAMU,

I/IHGHTI/I(bI/IKaLlI/II*O KOJIMYECTBA [TUKOB Ha TrUCTOTpaMME; U

BBIYKCJIEHHE Mepbl T€TePOreHHOCTH MO OTHOIIEHHIO KOJIMYeCcTBa oOyacTedl reHoma u3
OIHOTO MK OOoJiee MePBBIX MUKOB K KOJINYECTBY 00sacTeil reHoMa U3 OHOTO WIiK 00Jiee BTOPBIX
ITUKOB.

Heobsi3aTenbHO Ha TrUCTOrpaMMe MOXKHO HCIOJIb30BaTh 3HA4YeHUs] (DPaKIMOHHBIX
KOHLICHTpPALMii, OINpeIesieHHble OTAEIbHO Ui Ka)KIoil O0JacTH TeHOMa MpU MOCTPOSHHH
rUCTOrpaMMBbl.

HeO6HSaTeJ'H:>HO IJIOTHOCTU TIEPBBIX TMHUKOB MOXET COOTBETCTBOBATH IICPBOMY
KOHKPETHOMY KOJUYCCTBY, W ILJIOTHOCTU BTOPBIX ITHKOB MOKET COOTBETCTBOBATH BTOPOMY
KOHKPETHOMY KOJIUYECTBY.

B sTOM ciiyyae mepBOe KOHKPETHOE KOJMYECTBO MOMKET MPEACTaBJIATh COOOW MepBbIil
AMAna3oH, U BTOPOE KOHKPETHOE KOJMYECTBO MOKET MPENCTABISATh COOOI BTOPOH AHManasoH,
IPH 3TOM NPEyCMaTPUBAETCS, YTO MEPBbIH ANANAa30H MEHbIIIE, YeM BTOPOH UANa30H.

B kauecTBe BapWaHTa, CPaBHEHHE COOTBETCTBYIOLICH IUIOTHOCTH C pedepeHCHOI
IUIOTHOCTBIO JUJIs BBISIBJICHUS] B TaHHOW 00JacTH reHoma yTpaty 1 xonuu win npuodpereHue 1
KOITNU BKJIFOYACT.

BBIYMCJIEHHE PAa3HOCTH MEXIy COOTBETCTBYIOINEH IUIOTHOCTBIO U pedepeHCHOM
IUIOTHOCTBIO; U

CpaBHEHHE PAa3HOCTH C MOPOTOBbIM 3HAUCHHUEM.

Pa3HOCTb MOKHO HOPMHPOBATH HA PePepPeHCHYIO MIIOTHOCTD My TEM:

IeJIeHUs] Pa3HOCTH Ha pe(epEeHCHYIO TIIOTHOCTb.

HeoOsi3aTenpHO Apyras IUIOTHOCTD MOXKET TNPEACTaBISITH CO0OH  pedepeHCHYIo
INIOTHOCTG.

B sTOoM cnyuae BerauciieHne GpakHOHHON KOHIIEHTPALNH JOTIOJIHUTEIBHO MOXKET
BKJIOYaTh YMHOKCHUE PA3HOCTU Ha ABa.

B cnocobe anann3a reTeporeHHOCTH OJHOH MM Oojee Omyxojiell CyObekTa MepBYIO
IJIOTHOCTb MOXHO pPaCCUUTBIBATH IO COOTBCTCTBYIOIIUM ILJIOTHOCTSAM, KOTOPBIC OMNPEACITICHBI

KaK IEMOHCTPHUpYIOLIHe mpuodpererne 1 Komuu, Torna apyrasi INIOTHOCTb MOKET MPECTaBIISITh
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coboif BTOpYIO IUIOTHOCTb, KOTOPYIO PACCUUTHIBAIOT IO COOTBETCTBYIOIIUM IUIOTHOCTSIM,
KOTOpBIE OMpeesieHbl KaKk JeMOHCTPUPYIOLIHE NOTePro 1 KOmuH.

B 3TOM ciiyyae pasHOCTb MOKHO HOPMHUPOBAThH HA pePePEHCHYIO TNIOTHOCTD My TEM:

BBIYHCJICHHS IEPBOrO OTHOIIEHHS IEPBOH IFIOTHOCTH U pe(epeHCHON TUIOTHOCTH,

BBIYHCJIEHHsI BTOPOTO OTHOLIEHHUS! BTOPOIl INIOTHOCTH U pedepeHCHOI IUIOTHOCTH, NpHU
5TOM Pa3HOCTb PACCYUTHIBAIOT MEXK/Y NEPBBIM OTHOIIEHNEM U BTOPHIM OTHOIIEHHEM.

B kauecTBe BapuaHTa CpaBHEHHE COOTBETCTBYIOLIEH IJIOTHOCTH C pedepeHCHOI
TUIOTHOCTBIO JUJISl BBISIBJICHUSI B JAHHOM 00J1aCTH reHoma yTpaThl 1 Konmuu uian mpuodpereHus 1
KOIMUU MOXKET BKJIKOYATH!:

NOJATNOHKY IIMKOB II0 KPHUBOW paclnpefeseHusi TMCTOIPAMMBl  COOTBETCTBYIOLIUX
IUIOTHOCTEH, A€ MepBas IJIOTHOCTb COOTBETCTBYET MEPBOMY IIMKY M BTOpas IUIOTHOCTb
COOTBETCTBY €T BTOPOMY IHKY.

B cniocobe aHanm3a reTeporeHHOCTH OJTHOM WK OoJiee omyxosiel cyObekTa Bce o0nacTu
Fr€HOMA, B KOTOPBIX BbIABUIIUM CTATUCTUYCCKH 3HAYUMOC YBCIUYCHHUE COOTBeTCTBYI'OH.[eﬁ
IUVIOTHOCTH MO CPABHEHHIO C pepepeHCHOW IUIOTHOCTBIO, MOXKHO OIpPEAeIHTh Kak
JIEMOHCTpUpYIOLIHe nprodpeTeHne 1 KomuH.

HopMmupoBka COOTBETCTBYIOILEIO KOJMYECTBA [UIs TOJYYEHUS COOTBETCTBYIOLLEH
IUIOTHOCTU MOXKET BKJIKOYATb MNPUMEHCHUEC OAUHAKOBOI'O CyMMapHOro KOJIMYECTBA
BBIPOBHEHHBIX pPe(PEepeHCHBIX MapKepoB ISl ONpEeIeNieHHs COOTBETCTBYIOLIEH IUIOTHOCTH MU
pedepeHCHOM MIOTHOCTH.

B kauecTBe BapuaHTa, HOPMHPOBKA COOTBETCTBYIOLIETO KOJUYECTBA JUIS IOJYYEHUs
COOTBETCTBYIOIIEH TUIOTHOCTU MOXKET BKJIFOYAThH [€JIEHHE COOTBETCTBYIOLIErO KOJHYECTBA HA
CYMMapHO€ KOJIMYE€CTBO BHIPOBHEHHBIX pe(hepeHCHBIX MAapPKEPOB.

Bce obnacti MHOKeCTBa 0O1acTeli reHoMa MOTYT UMETh OIMHAKOBYO JJIUHY .

B kauectBe BapuaHTa, 00J1aCTH r€éHOMA MOTYT HE TIEPEKPBIBAOTCS.

CHGLII/Iq)I/I‘{CCKI/Ie AC€TAJIl KOHKPECTHBIX BAPUAHTOB pcaru3dallid MOXHO 06’be]lI/IHI/ITb
JFOOBIM MOIXOISLINM CIIOCOOOM, HE OTKJIOHSISICh OT CYLIIHOCTH U 00beMa BapUAHTOB pean3aluu
HacTosiiero u3oOpereHusi. Tem He MeHee, IpPyrue BapUAaHThl peaU3alMH  HACTOSILIETO
I/1306peTeHI/I$I MOTYyT 6bITb HarpaBJICHbI HA KOHKPETHBIC BAPHUAHTBI pE€anu3aliii, OTHOCALIHUECA K
KaXXaoMy OTACJIbHOMY AacCICKTy, WM Ha KOHKPCTHLIC KOM6I/IHaL[I/II/I JaHHBIX OTACJIBbHBIX
aCTIEKTOB.

HpenmeCTBy}omee OInurucaHue THUITUYHbIX BapHUAHTOB peann3annmn HACTOALOCI O
M300peTeHs MPECTaBICHO ¢ LeNIbI0 HUTOCTPUPOBaHKs U onucanusi. He nmpenmonaraercs, 4to
OHO SBJISICTCA UCHCPIIBIBAKOIIUM UJIN OTPAaHUYNBACT HACTOALICC 1/1306peTeHHe TOYHO OITMCAHHOM

d)OpMOfI, U BO3MOXXHBI MHOTHE MOI[I/I(bI/IKaL[I/II/I U Bapuanuu B CBETC OIMMCAHHBIX BBILIC Uaen.
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BapuanTtel peanuszanmu ObUTH BbIOpAaHBI M ONMUCAHBI JJISI TOTO, YTOOBI Jydie OOBSICHUTH
MPUHLIUIBI HACTOSIIETO U300PETEeHUsI M €ro MPAaKTUYeCKOro MPUMEHEHHs], YTOOBI ¢ TIOMOIIBIO
3TOr0 JaTh BO3MOXKHOCTb IPYTHUM CIELUAJINCTAM B JAHHOW OOJAaCTH JIydlle NPUMEHSITh
HacTosilee M300peTeHHe B PA3JIMYHBIX BapHaHTaX peaju3alMd W C  Pa3JIHYHBIMU
MoAU(HUKALMAMHU, KOTOPBIE TOAXOAT JJIsl KOHKPETHOTO MPEAIoaraeMoro MpUuMeHEHHsI.

[Ipennonaraercs, 4To MpUMeHeHUe (POPMBI €NUHCTBEHHOTO YHCJA O3HA4YaeT "OAWMH WU
OoJiee", eciiu SIBHO HE YKa3aHO UHOE.

Bce mareHThI, 3asBKM Ha TMATEHT, MyOJMKAI[MH U OMUCAHHUS TMATEHTOB, YIIOMSHYTBIE B
JAHHOW 3asiBKE, MOJHOCTBHIO BKJIFOUEHBI MMOCPECTBOM CCBUIKH BO BCEX OTHOIIEeHUsX. Hu oguH u3

AaHHBIX UCTOYHUKOB HE CUUTAOT U3BCCTHBIM YPOBHEM TCXHHUKU.
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D®OPMYJIA H3OBPETEHUA

1. Cnoco0 aHanmm3a reTeporeHHOCTH OAHON WM Oosee omyxoned cyObekTa, ImpudeM
YKa3aHHBIN CIIOCOO BKIJIOYAET:

NOJTyYeHHE KOHCTUTYTUBHOTO FeHOMa CyObeKTa;

NOJly4eHHEe ONHON WM 0ojiee CUMTBHIBAEMBIX MMOCIENOBATEIbHOCTEH AJISI KaKIOro W3
mHOoxkecTBa (¢parmenroB JIHK B Ouosnorudeckom obpasiue cyObekra, NMpUYeM yKa3aHHBINA
Ouosornueckuii odpaser Bkiro4yaer BHekerounyr JIHK;

ONpeNieICHUE TOJIOKEHUI B TEHOME CUUTBIBAEMBIX MOCJIEIOBATENbHOCTEN;

CpPaBHEHUE CUUTBHIBAEMBIX [MOCJIEAOBATEIPHOCTEH € KOHCTHTYTHBHBIM T'€HOMOM JJIsI
OTpeNeNIeHUs! MEPBBIX JIOKYCOB, MPHU STOM:

B K&XIOM W3 TMEPBbIX JIOKYCOB TIEPBOE  KOJMYECTBO  CUUTHIBAEMBIX
MOCJIeIOBATEIbHOCTE | v BapUAHTHOMU MOCJIEIOBATEIHHOCTHIO OTHOCHUTEJILHO
KOHCTHTYTHBHOTO TE€HOMAa BBIIIe 3HAYEHHS OTCEYKU, IIe YKa3aHHOE 3HAYCHHE OTCEYKHU
OOJIbIIle €NMHMIIBL, U

BbIUKCJIEHWE MEpbl T'€TEPOTEHHOCTH OMHOW WM Oojiee OMyXojed Ha OCHOBaHHHU
COOTBETCTBYIOIIUX TEPBBIX KOJMYECTB CUHUTHIBAEMBIX IOCIEIOBATEIBHOCTEN ISl MEPBBIX
JIOKYCOB,

IIe TeTePOTeHHOCTh OJHOW HIIM OoJiee OMyXOJeH SIBJISIETCS BHYTPHOITYXOJIEBOH
TE€TEPOr€HHOCThIO MJIM  MEXOMYXOJI€BOM TIE€TEPOr€HHOCThIO, TII€ BHYTPUOIYyXOJIeBas
T€TEPOreHHOCTh OTHOCHUTCS K CYIIIECTBOBAHHIO MHOXKECTBA KJIOHOB OITyXOJIEBBIX KJIETOK,
UMEIOIIUX Pa3InYHbIe BAPUAHTHI MOCJIEIOBATEIbHOCTH, BHYTPU OJHOW M TOM K€ OMyXOJIH,
ME3KOIyX0JIeBasi TE€TEPOre€HHOCTh OTHOCHUTCS K CYIIECTBOBAHHMIO OIYXOJIEBBIX KIIETOK,
UMEIOIUX Pa3InYHbIE BAPUAHTHI MMOCIEIOBATEIBHOCTH B ABYX HIIH 0OJI€€ OIMyXOJsiX OJHOTO
¥ TOTO 7K€ TUCTOJIOTUYECKOTO THIIA, HO MPUCYTCTBYIOIINX B PA3JIMYHBIX JIOKATH3AIUIX, U

r7ie Mepa reTepOreHHOCTH U3MEPSIET KOJIMYECTBO BAPUAHTOB MOCIIEIOBATEIbHOCTH,
KOTOPbIE UMEIOT OMYXOJIM WJIM KJIOHBI OMYXOJIEBBIX KJIETOK B Mpeaesiax OJHOW U TOW IKe
OITy XOJTH.

2. Crocob o n. 1, JOMONHUTEILHO BKIIFO YOI

CpaBHEHUE Mepbl T€TEPOreHHOCTH ¢ OXHHUM WiIH OoJiee MOPOTrOBBIMH 3HAYEHUSIMU IS
onpeneneHus Kjaaccu(GuKau ypOBHS TeTePOreHHOCTH.

3. Cnoco® mo m. 2, OTIIMYAOLIUICS TeM, YTO OJHO MM 0oJiee TIOPOrOBBIX 3HAYCHUMU
OTIPENENISIIOT TI0 OTHOMY WJIM OOJIbIIEMY YHCIY APYTHX CYOBEKTOB, KOTOPBIM JeNaiii OUOTICHIO

ONMYXOMW W AHAIM3UPOBAJM JJsl ONpenejeHus MyTauuid B OuonraTax OHyXxoJe s
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OonpeaciCHUSA YPOBHA TCTCPOIrCHHOCTU, U IIPU 3TOM MEPY TE€TECPOr€cHHOCTU OHOJIOrMYECKOr0O
oOpasua, conepskamero BHekyerounyio JIHK, or omHoro wmmm Oonee apyrux cyObeKTOB
UCTIOJIB3YIOT JUISl ONIpeAeIeHHs IOPOrOBOrO 3HAUEHUS.

4. Crioco0 1o 1. 3, OTIIMYAIOIUICS TeM, YTO CPABHEHUE MEPbI F€TePOreHHOCTU C OAHUM
Wi OoJjiee MOPOrOBbIMU 3HAYCHUSIMH BKJIIOYAET:

BBOA MEpbl Ie€TePOr€HHOCTH B KaJIMOPOBOYHYIO (DYHKIMIO, KOTOpasl BbIOAET YPOBEHb
réTCpOr€HHOCTH Ha OCHOBAHUH MEPBI Tr€TCPOrCHHOCTH, A€ YPOBEHb I'€TEPOTCHHOCTU OTHOCUTCA
K OOHOMY WJIM HECKOJIbKHUM YPOBHAM, COOTBETCTBYIOIIUM OOJHOMY WJIKM HECKOJIBKHUM IMOPOrOBbIM
3HAYCHUSM.

5. Cnocob mo m. 1, OTJIMYAIONIUICS TeM, YTO Mepa NeTEPOreHHOCTH BKIIIOHYAET olIiee
KOJINYECTBO TEPBBIX JIOKYCOB, B KOTOpbIX Oojee dem oamH ¢parment JIHK BvIpaBHHBAIOT C
KOHCTUTYTHUBHBIM I'€CHOMOM, IMPUHHNMAasA BO BHUMAHUE, YTO OH COACPKUT BAPHUAHT B 3TOM JIOKYCE.

6. Cnoco®d mo mn. 1, oTAMYarOIIMICS TEM, YTO BBIYUCISIOT MHOXKECTBO Mep

>
reTepOreHHOCTH, IIPU 3TOM BBIYHMCICEHHE MEP I€TePOr€HHOCTH BKJIFOYAET:

Ul KaXAOro W3  MEpPBbIX  JIOKYCOB,  BBIUHCIEHHE  JOJHU  CUYUTBHIBAEMBIX
MOCJIEIOBATEIbHOCTEN, COACPIKALINX BAPUAHTHYIO MOCJIEA0BATENIBHOCTD,

MOCTPOEHUE T'MCTOrPAMMBI KOJIMYECTBA MEPBBIX JIOKYCOB AJIsI 3HAYEHUN YKA3aHHBIX
COOTHOLIEHUM, 1

UJIEHTHU()UKALNUIO KOJINYECTBA TMKOB HA TUCTOTPaMMe.

7. Cnocob mo m. 6, OTIMYAIOLIMACS TEM, YTO OJHA U3 MHOXKECTBA Mep IreTepOreHHOCTH
COOTBETCTBY €T KOJIMYECTBY OOHAPY’KEHHBIX MHOKECTBA ITHKOB.

8. Cnocob no n. 6, OTVIMYAKOLIMIICA TEM, YTO OJHA U3 MHOXKECTBA MEP IeTepPOreHHOCTH
BKJIFOYAET OTHOLIEHUE BBICOT JIBYX MUKOB MHOKECTBA MMUKOB.

9. Crioco0 mo 1. 6, OTIIMYAOIIMIACS TEM, YTO KaKI0€ COOTHOIIEHUE MPENCTaBIIsieT COOOM
(bpakIMOHHYIO KOHIeHTpaluio omyxonesoi JIHK, n3mMepeHHYO B KOHKPETHOM MEPBOM JIOKYCE.

10. Croco6 mo m. 1, OTNMYAIOLIMICA TE€M, YTO Mepa TeTePOreHHOCTH COOTBETCTBYET
OTHOUIEHUIO TMEPBOH JOJNM MEPBBIX JIOKYCOB, COAEPIKALIUX MEePBOE KOHKPETHOE KOJIUYECTBO
CUUTBIBAEMBIX IOCJIENOBATEIbHOCTEM C BapUaHTAMHU IOCJIENOBATEIBPHOCTH, M BTOPOH I0OJIU
NEPBBIX  JIOKYCOB, COJAEpXKALIMX BTOPOE  OMNPEAENEHHOE  KOJIWYECTBO  CUMUTBIBAEMBIX
MOCJIEIOBATEIBPHOCTEN C BAPUAHTAMMU MTOCIEN0BATENBHOCTH.

11. Ciocob mo m. 10, OTIHHArOIMNACS TeM, YTO MEPBOE KOHKPETHOE KOJMYECTBO MEHBIIIE,
4€M BTOPOE ONPENETIEHHOE KOJUYECTBO.

12. Cnoco6 mo m. 11, oTnuyaromuiicss TeM, YTO MEPBOE KOHKPETHOE KOJHYECTBO
npesacTaBisieT cOOOM MEepBbIi THUaNa30H, a BTOPOe KOHKPETHOE KOJINYECTBO MPENCTaBIIsAET COOOMH

BTOPOM AMAMNA30H, IIPU 3TOM MEPBBIN AUANIa30H HIXKE, YeM BTOPOH IHAMa30H.
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13. Cnoco6 mo m. 10, oTAMYarOIUHCSA TEM, YTO MEPBOE KOHKPETHOE KOJIWYECTBO U
BTOPO€ KOHKPETHOE KOJIMYECTBO COOTBETCTBYIOT (DPAKIMOHHONW KOHLEHTpPALMHU MU
aOCOMIOTHOMY  KOJMYECTBY  CUMTBIBAEMBIX  IIOCIEAOBATENBHOCTEN  C  BapHAaHTHOMN
MOCJIEA0BATENBHOCTBIO.

14. Cnocob mo m. 1, OTIMYAIOLIMICS TEM, YTO Mepy I'eT€POreHHOCTH ONPENeNsIOT IO
TUCTOrpaMMe KOJIMYECTBA MEPBBIX JIOKYCOB, COOTBETCTBYIOIINX KaXOMy M3 COOTBETCTBYIOIIMX
MIEPBBIX KOJHUYECTB.

15. Cnocob no n. 14, roe pacCUUTHIBAIOT MHOKECTBO MEP FE€TEPOreHHOCTH, i€ TIepPBbIe
JIOKYCBI BKJIFOYAIOT MepBOE MOIAMHOXKECTBO U BTOPOE MOJMHOKECTBO, MPHU 3TOM MHOXXECTBO Mep
TeTEPOreHHOCTH BKJIIOYAET MEPBYI0 THCTOTPAMMY COOTBETCTBYIOLIMX NEPBBIX KOJUYECTB,
COOTBETCTBYIOLIUX I€PBOMY IIOAMHOXKECTBY, W BTOPYHK) THCTOIPAMMY COOTBETCTBYIOLIHX
NEPBBIX KOJUYECTB, COOTBETCTBYOIIUX BTOPOMY ITOIIMHOKECTBY .

16. Cnocob mo m. 1, OTIMYAOIIHNACS TeM, YTO Mepa TeTePOTeHHOCTH BKIIFOYAET JOJIO
NEPBbIX JIOKYCOB, BKJIHOYAIOIIUX COOTBETCTBYIOLIME MEPBble KOJUYECTBA BbIIIE ONPEAEIEHHOTO
3HAuYEHUs.

17. Crnocob ompenenenust (pakuuoHHOW KoHUeHTpaumu omyxojeso JIHK B
ounosormueckoM oOpasue, conepskameMm BHekjerounyro JHK, mpudem ykasaHHBIA Crocod
BKJIFOYAET:

NOJIy4eHHE OJHOrO MM OOoJiee CUUTBIBAEMBIX IOCIENOBATENBHOCTEH I KaKAOrO U3
mHOkecTBa pparmentos JJHK B Ouonornueckom obpasie;

OlpeneseHre TOJOKEHUH B TeHOME CYMTBIBAEMBIX IOCIEAOBATEIbHOCTENH B
pedepeHcHOM reHoME;

IUISL KQKJTOM U3 MHOXKECTBA 00JIacTel reHoMa:

OTpeNieNIeHe COOTBETCTBYOIIEro konndectsa ¢parmentoB /IHK BHyTpu maHHOI
O0JIaCTH T€HOMa C TOMOINBI) CYHUTHIBAEMBIX IOCIIENOBATEIbHOCTEH, PACIOJIOXKEHHBIX B
r€éHOME BHYTPH JAHHOM 00JIACTH r€HOMA,

HOPMHUPOBKAa COOTBETCTBYIOIETO KOJUYECTBA C IOJy4YEHHEM COOTBETCTBYIOLIEH
TUIOTHOCTY CYUTBIBAEMBIX MTOCIIEIOBATEIBHOCTEH B TEHOMHOM 001acTH; U

CpPaBHEHHE COOTBETCTBYIOIIEH IUIOTHOCTH C pedepeHCHONH IUIOTHOCTBIO IS
OTIpENeNIEHUs] UMEETCs JIU B TAaHHOH o0jacTu reHoMa yTtpaTta | komuu wim npuodperenue 1
KOIIHH,

BBIYHCJICHHE IMEPBON IUIOTHOCTH MO ONHOW HJIM OOJBIIEMY YHCIY COOTBETCTBYIOLIMX
IUIOTHOCTEH, B KOTOPHIX OOHapy»KeHa yTpara 1 KONWH, WIM 1O OAHON WM OONbLIEMYy YHCIY
COOTBETCTBYIOLIUX IJIOTHOCTEH, B KOTOPHIX OOHApy)kKeHO mpuoOpereHune 1 Komuw, rae nepsas

IUIOTHOCTD TIPEACTAaBIIsIET COOOH ONHY M3 COOTBETCTBYIOLIUX IUIOTHOCTEH WMJIM CTaTUCTHYECKHIA
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NOKa3aTelb, ONPEAEIEHHbIN U3 MHOXKECTBAa COOTBETCTBYIOILIMX MJIOTHOCTEHN, 1EMOHCTPUPYIOLIUX
OIIHY U Ty e adepparuro; u

BBIYHCIEHNE (PPaKIIMOHHON KoHLeHTpauuu onyxonesoi JIHK B 6bnonornyeckom obpasue
My TeM:

CpPaBHEHHUs MEPBOM IUIOTHOCTU C APYTrON IUIOTHOCTBIO € MOJYYEHUEM Pa3HOCTH, MPH
5TOM Pa3HOCTb HOPMHUPYIOT Ha peepeHCHYI IUIOTHOCTb, TIZ€ Jpyras IUIOTHOCTb
NpeACTaBisieT co00M pedepeHCHY TUIOTHOCTh WJIM PACCUYMTHIBAETCS M3 OOHOW u Ooyee
COOTBETCTBYIOILMX IJIOTHOCTEH, HE HCIIONb30BAHHBIX ITPHU OIpeNeIeHUH NEPBON MIOTHOCTH.

18. Cioco6 mo 1. 17, TOMOJHUTENBHO BKIIFOYARO UL

NOCTPOCHHE THUCTOTPAMMBI KOJIMYECTBA 00JacTell reHoMa, OOJIAaroLINX Pa3IHIHBIMU
COOTBETCTBYIOIUMH TJIOTHOCTSIMHU;

UIEHTH()HUKALUIO MHOXKECTBA ITMKOB HA TUCTOTPaMME; U

BBIYHMCIIEHHE MepPbl T€TEPOreHHOCTH MO OTHOIIEHHWIO KOJHYecTBa obOjlacTell reHoMma W3
OIHOTO MK O0Jiee EPBBIX MUKOB K KOJIMYECTBY 0OJacTell TeHOMa U3 OTHOTO Wi OoJiee BTOPBIX
NMKOB, TIPUYE€M OIUH WJIH OOoJie€ MEpBBIX NMUKOB COOTBETCTBYIOT PA3JIMYHBIM 3HAYCHUSM IS
¢dpakunonHo# koHHeHTpauu omyxosiesod JJHK no cpaBHeHHIO ¢ OMHUM Win OoJiee BTOPBIMHU
MUKaMU.

19. Cnoco6 mo n. 18, oTnnyaromuiics TeM, YTO 3HAYEHUS] THCTOrPaMMBbI TPEICTABIISIOT
co0OH (ppakLMOHHBIE KOHLEHTPALUY, OMNPEAETCHHbIe OTAENbHO A KaXIO0W 00JacTu reHoma
IPU NOCTPOECHUU THCTOTPAMMBL

20. Cnocob mo . 18, OTIMYAIOIMIACS TeM, YTO OJUH WM 0oJiee MEePBbIX MUKOB UMEIOT
COOTBETCTBYIOLME IUIOTHOCTH MEPBOrO KOHKPETHOTO KOJMYECTBA WJIM NEPBOrO Auana3oHa
KOJINYECTB, U OAMH WU 0OJiee BTOPBIX MHKOB MMEIOT COOTBETCTBYIOLIME IUIOTHOCTH BTOPOTO
KOHKPETHOTO KOJINYECTBA WU BTOPOTO JUana3oHa KOJUYeCTB.

21. Cnocob no m. 20, OTIMYaIUICS TeM, YTO TIEPBBIA TUANAa30H MEHBIIE, YeM BTOPOH
JManas3oH.

22. Criocob mo 1. 17, OTIMYAOLIHICS TEM, YTO CPABHEHHE COOTBETCTBYIOLIECH IIIOTHOCTH
¢ pedepeHCHON TUIOTHOCTBIO JUIA BBISIBJICHUS B JAHHOHW oOjacTH reHoma yTpaTthl | KOMUU WK
npuoOpeTeHnst | KOMMUH BKIIOYAET:

BBIUMCJIEHHE pA3HOCTH MEXKIY COOTBETCTBYIOIIEH IUIOTHOCTBIO U pedepeHCHOH
IJIOTHOCTBIO; U

CpaBHEHME Pa3HOCTHU CO 3HAUYEHUEM MOPOrOBOIO 3HAUEHHUSI.

23. Cniocob o 1. 17, OTIUYarOImUNACs TeM, YTO PA3HOCTh HOPMHPYIOT Ha pedepeHCHYIO
IUIOTHOCTD Iy TEM:

IeJIeHUs Pa3HOCTH Ha pe(epPeHCHYIO TNIOTHOCTb.
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24. Cnocob mo m. 17, OTIMYAOIIMIACS TeM, YTO APYyTas IUIOTHOCTh MPEACTABIISIET COOOM
pedepeHCHYI0 MIOTHOCTb.

25. Cmoco6 mo m 24, OTIMYAIOIIMICA TEeM, YTO BbIUHCIEHHE (PpaKLIUOHHON
KOHLIEHTPALUH JONOJHUTEIBbHO BKIIOUAET YMHOKEHHE PA3HOCTH Ha J1BA.

26. Cnocob mo m. 17, oTnuyaromuiics TeM, YTO MEePBYIO IUIOTHOCTh PACCYHTHIBAIOT MO
COOTBETCTBYIOLINM IUIOTHOCTSIM, KOTOpPbIE OMpEAEIeHbl KaK JEMOHCTPHUPYIOIIUE MpUodOpeTeHne
1 komuu, W 9YTO apyras IUIOTHOCTb TPEACTaBJIsieT COOOH BTOPYHO IUIOTHOCTh, KOTOPYIO
pPacCUMTBHIBAIOT IO  COOTBETCTBYIOIIMM  IUIOTHOCTSIM,  KOTOpbIe  OIpeneNeHbl  Kak
JEeMOHCTPUPYIOIIHE NOoTepro 1 xonuu.

27. Criocob o m. 26, OTIINYAOIINIACS TEM, YTO Pa3HOCTb HOPMHUPYIOT Ha pedepeHCHYIo
IUIOTHOCTD My TEM:

BBIYUCJICHUS IIEPBOTO OTHOLICHHUS TIEPBOH TUIOTHOCTH U pedepeHCHOH MIIOTHOCTH; U

BBIYUCJIEHUs] BTOPOTO OTHOIIEHUsS] BTOPOU IJIOTHOCTH M pe(epeHCHON IIIOTHOCTH, TPHU
5TOM PacCUMUTHIBAIOT PA3HOCTb MEXY MEPBbIM OTHOLIEHHEM U BTOPHIM OTHOLIEHUEM.

28. Cnoco0 o 1. 26, OTINYAOIUICS TEM, YTO CPABHEHHE COOTBETCTBYIOLIEH IIIOTHOCTH
¢ pedepeHCHON TUIOTHOCTBIO IS BBIIBJICHUSI B JJAHHOH 0OjacTH reHoma yTpaThl | KOMuu wiu
npuoOpeTeHust 1 KO BKIIIOYAET:

CO3/laHH€ THCTOTPAMMBbI KOJIWYECTBA T'€HOMHBIX OONacTel, HMEILIUX Ppa3JInYHbIe
COOTBETCTBYIOIIME MJIOTHOCTHU; U

NOJATOHKY NHMKOB THCTOIPAMMBI  COOTBETCTBYIOLIMX  IUIOTHOCTEH K  KPUBOM
pacnpezeneHusi, TAe Nepsasl MIOTHOCTb COOTBETCTBYET NEPBOMY IHKY, a BTOPas IUIOTHOCTH
COOTBETCTBY €T BTOPOMY ITHKY.

29. Crnocod mo m. 17, OTIMYAOINMIACA TEeM, YTO BCe OOJACTH I'e€HOMAa, B KOTOPBIX
BBISIBUJIM CTATUCTHYECKH 3HAUUMOE YBEJINUeHNe COOTBETCTBYIOIIEH MIIOTHOCTH O CPAaBHEHUIO C
pedepeHCHO MIOTHOCTHIO, ONPENENSAIOT, KaK AEMOHCTpHpYIoLue nprodperenue 1 konuu.

30. Cnocob mo m.17, rae pedepeHCHYI0 MIOTHOCTh O0JIaCTH ONMPENeNsitoT Mo odpasily,
OTJIMYAIOINEMYCSl OT OMOJIOTHUECKOro 00pasLa, WIN ONPENeNstOT, UCTIONb3Ysl COOTBETCTBYIOIINE
TUIOTHOCTH U3 IPYyTHUX 0OyacTel.

31. Cnocod6 mo m.17, rme ompeneneHHE Te€HOMHOIO TMOJIOKEHUS MJisi CYHUTHIBAEMOM
MOCJIEI0BATENBHOCTH BKJIFOUAET:

BbIpABHUBAaHUE IO MEHbIIEH Mepe 4YacTU CUMTHIBAEMBIX I1OCJIENOBATEIBbHOCTEH C
pedepeHCHBIM TEHOMOM.

32. Cnocob mo m. 31, OTIMYAIOLIMICA TeM, YTO AJsl OINpPEAeNIeHHs] COOTBETCTBYIOIIEH
IUIOTHOCTU M pepepeHCHON IJIOTHOCTH HOPMHPOBKA COOTBETCTBYIOINErO KOJHYECTBA MJIS

NOJTy4YEeHUs] COOTBETCTBYIOIIEH IUIOTHOCTU NEPBOH 00JacTH reHOMa M3 MHOXecTBa oOjacteit
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reHoMa BKJIIOYaeT IMPUMEHEHHE OAMHAKOBOIO CYMMApHOIO KOJMYECTBA BBIPOBHEHHbIX
CUUTBIBAEMBIX MOCJIEIOBATEIBHOCTEN.

33. Cnoco6 mo m. 17, omnmuyaromuiics TeM, YTO HOPMHPOBKA COOTBETCTBYIOILIETO
KOJIMYECTBA JJII TOJy4YeHMs COOTBETCTBYIOINEH IUIOTHOCTH IEepBOH 00JacTH TeHoMa U3
MHOXXECTBa O0JacTeli TreHOMa BKJIIOYAET JeJieHHe COOTBETCTBYIOLIErO KOJNMYeCTBA Ha
CYMMapHO€ KOJIMYECTBO BIPOBHEHHBIX CUUTHIBAEMBIX MOCIEI0BATENIbHOCTEN.

34. Crioco6 mo m. 17, OTAMYArOIIMIiCsS TE€M, YTO BCe O0JIACTH MHOECTBa oOOJacTeil
reHOMa UMEIOT OIMHAKOBYIO JJIUHY.

35. Cnocob mo 1. 17 OTauyaromuiics TeM, 4To 00JaCTH FreéHOMa HE MEPEKPBIBAIOTCSI.

36. Cnocob mo modomy u3 myHKTOB 1-35, roe Ouonormdeckuii odpaser] mpeacTaBisieT
co0OH Mody, IUIEBPAIBbHYIO JKUAKOCTh, ACIUTHYIO JKHIKOCTb, MEPUTOHEATBHYIO >KHIKOCTD,
CJIFOHY, CTHHHOMO3TOBYIO JKUAKOCTB HITH 0Opasel] Kaa.

37. KoMObOTEPHBIN MPOAYKT, BKJIOYAIOUIMN MAIIMHOYUTAEMbIN HOCUTENb, HA KOTOPOM
XPaHUTCS sl MHCTPYKLMH, KOTOpbIE, MPHU KX MCIOJHEHUH KOHTPOJIUPYIOT OCYLIECTBIIEHHE
KOMITBIOTEPHOM CUCTEMOH criocoda 1o Jro0oMy U3 MyHKTOB 1-36.

38. KoMmmnbproTepHasi CUCTeMa, CoAepKallasi NpOoLEeCCOpPbl, KOTOPBIE 3aIPOrPaMMHUPOBAHBI

IUISL OCYIECTBIIEHHSI TFOOOTO U3 CIIOCOOOB MO JIFOOOMY U3 IMYHKTOB 1-36.
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1 2998500 74 1499 1 0 0 0 0 0 0 0 0
10 29850499 664 45000 79 40 6 0 0 0 0 0 0
20 59403980 1180 190000 271 380 43 1 5 0 1 0 0
40 117631683 1896 780000 793 3293 241 10 57 0 11 0 2
60 174706399 2331 1770000 1327 11407 573 54 197 0 56 0 13
80 230650961 2594 3160000 1782 27387 970 176 429 1 158 0 50
100 285487746 2754 4950000 2138 53900 1369 436 727 3 326 0 126
120 339238690 2851 7140000 2403 93613 1730 913 1058 7 554 0 252
140 391925294 2909 9730000 2592 149193 2037 1703 1390 15 824 0 427
160 443568633 2945 12720000 2725 223307 2286 2922 1700 30 1113 0 645
180 494189366 2967 16110000 2817 318620 2479 4700 1973 55 1404 1 891
200 543807741 2980 19900000 2879 437800 2626 7187 2205 94 1679 1 1152
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KomnuecTtso KonuuecTtso KonuuecTro ®paxoHHAs
Komuectso CBSI3aHHBIX C NPOYTEHHI NpouTeH i KoHLenTpauus JJHK| ~ PPaKumoHHas
5 OHB, omyxonsto OHB, | nocnenosatens | mocnemoparensHoc | OMYXOIEBOTO KOHICHTPAII
Cotyuary °6HapymeHHI’£X MomeHT | coxpennposannel| mocn THK B | 1 JTHK B iasme, | TPOHCXONIEHHS, AHK omyxonesoro
B OITyXOJIEBOH BPEMEHH x B rnasme (% njaasMme, B B KOTODBIX BBISIBJIGHHAS C TPONCXOKNCHIA,
TKaH! OHB, KOTOPBIX BLISIBJICHA TIOMOIIBIO aHanmu3a|  CPUABICHHAT C
0oOHapyKEHHBIX B BBISIBJICHBI HOCJIEIOBATENBLHOC OHB TIOMOIILIO aHAITH3A
OHYXOHGBOﬁ OI‘IB Tb JUKOI'O THUIIA ( 2p ) GAAL
TKaHH) ») (q) p+q
Jlo mevenus 2569 (94%) 11389 31602 53% 52%
T'KK1 2840
Tlocne neuenus 44 (1,5%) 91 46898 0,4% 1,4%
Jlo mevenus 1097 (35%) 1490 57865 5,0% 4.3%
T'KK2 3105
Mocre nevenms| 72 (2,3%) 206 66692 0.6% 0.9%
Jlo mevenus 461 (15%) 525 48886 2,1% 5,6%
T'KK3 3171
ITocne nevenus 31 (1%) 67 58862 0,2% 0,9%
Jlo mevenus 201 (15%) 248 18527 2,6% 7,6%
T'KK4 1334
Tocne nevenns| 74 (5,5%) 149 22144 1,3% 2.7%
800
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OHB I'KK]1 OHB I'KK2 OHB I'KK3 OHB I'KK4 Bee OHB
Hpourenus | Ilpourenn | llpourenus | Ilpourenu | pourenus | Ilpourennu | llpourcuus | lIpoureHH | [pourenns | 11pouTeHN | @paxiuonn
HOCIIE0BAT s HoCIe1oBaT s HoCIe1oBaT s HocieoBar s IOCIEI0BAT s ast

CIBHOCTH | TOCIE/OBA |  CIBHOCTH | MOCIE/OBA | CIBHOCTH | MOCHEJOBA | CIBHOCTH | HOCHENOBA | epoctn | HOCIENOBA | goppentparn
JHK B TENLHOCTH JHK B TEIBbHOCTH JHK B TEJIBHOCTH JHK B TENLHOCTH JIHK B TEJIBHOCTH 1T BCEX

mIasMe, B JHK B mIasMe, B JHK B mIasMe, B JHK B IIasMe, B JHK B IIasMe, B JHK B CBS3AMHEIX C

Komrpomn | goroperx | mmasme, B | KoTOpHIX IIa3Me, B KOTOPEIX | IIAa3ME, B | KOTOPHIX | INIA3ME, B | goropex | INIA3ME, B OLIY XOJIBEO
BBIIBJICHBI | KOTODPBIX | BBIABIGHHL | KOTOPBHIX | BBIABICHBL | KOTOPBIX | BBIABICHBI | KOTOPBIX | prrgmrenn | KOTOPBIX OHR B
CBJ34HHBIE | BBIFBJICHA | CBSI3aHHBHIC | BBIABIGHA | CBA3AHHBIC | BBIABICHA | CBS3AaHHBIC | BBIABICHA | cpssapmnie | BPUIBICHA [Ia3Me
C OMYXOJIBIO | MIOCIIE/IOBA | C OIYXOIBIO | TOCHE/IOBA | ¢ ONYXOJIBIO | MOCIE0BA | € OMYXOIBIO | MOCIE/OBA | ¢ oryxonbo | HOCIE0Ba 2
OHB TEIBHOCTH OHB TEJNBHOCTE OHB TEIBHOCTE OHB TEIBHOCTh OHRB TEIBHOCTh ( )
JHKOTO JHUKOTO JIAKOTO JUAKOTO ®) JUIKOTO pPtyq

THIA THIA THIIA THIA tura (q)
CO1 40 31261 66 38172 30 33823 69 14389 205 117645 0,35%
C02 60 34368 112 42660 37 37462 58 16097 267 130587 0,41%
C03 55 37931 100 46297 50 41181 74 17039 279 142448 0,39%
C04 41 40277 87 48441 39 43541 87 17358 254 149617 0,34%
CO05 42 31655 71 38787 46 34566 70 14821 229 119829 0,38%
C06 41 34604 97 43999 26 37477 79 16762 243 132842 0,37%
C07 52 38664 118 47200 61 41840 72 17601 303 145305 0,42%
C08 57 38514 131 46464 42 41662 81 17275 311 143915 0,43%
C09 41 34945 115 43760 33 38039 81 16503 270 133247 0,40%
Cl10 44 35197 &9 43622 51 38370 65 16009 249 133198 0,37%
Cl1 41 36693 95 45108 39 39732 72 16801 247 138334 0,36%
Cl2 45 39506 104 50085 46 42536 91 18598 286 150725 0,38%
CI13 36 33799 71 40309 39 36241 70 14450 216 1247799 0,35%
Cl4 42 38199 104 47832 42 41245 91 17807 279 145083 0,38%
CI5 49 36106 90 43129 41 38432 73 16154 253 133821 0,38%
Clé6 38 33633 66 40023 41 36431 52 14502 197 124589 0,32%
Cpennee 0,38%
Pur. 9
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Koauuectso dparmenTos
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1200

1210
INony4enue ogHOro nian 60ee CeKBEHNPOBAHHBIX

MapKepOB JJIsl KAXKIOTO U3 MHOKECTBA ()parMeHTOB I[HK B
Ounonornyeckom obpasue cyOopekTa ‘

v
1220 OrnpeneneHue MONIOKEHUN B TEHOME
CEKBEHUPOBAHHBIX MapKEPOB

TUTSL KOKIOOM U3 MHOXKECTBA 00J1acTell reHoMa

OnpeaeneHue COOTBETCTBYIOLIETO KonuecTsa hparmenros JJHK

1230 BHYTPH JAHHOU 001aCTH TCHOMA ¢ TIOMOIIBI0 MAPKECPOB

noCICA0OBATC/IPHOCTH, PACIIOIOXKCHHBIX B TCHOMC BHYTPU JaHHOU
001acTH TeHOMA

HopmupoBka COOTBETCTBYIOILETO
KOJINYECTBA C MOJYYECHUEM
COOTBETCTBYIOLIEH IJIOTHOCTH

'

CpaBHEHHE COOTBETCTBYIOIIEH IJIOTHOCTH C 3TAJIOHHOM
IUIOTHOCTBIO, YTOOBI BBISIBUTH B JAHHOM 00J1acTH reHoMa yrpaty 1
KOIIMH WM IIproOpeTeHue 1 konun

1240

1250

v
Pacuer nepBoi MIIOTHOCTH MO COOTBETCTBYOLIUM
1260 IUTOTHOCTSIM, B KOTOPBIX OOHapy’keHa yTpaTta 1 Konuu, uim
MO COOTBETCTBYHOIIUM INIOTHOCTAM, B KOTOPbBIX
oOHapyskeHO npuodperenue 1 kormuu

1270 Pacuer ¢ppakunOHHON KOHLEHTPALUY IyTEM CPaBHEHUS
MEPBOM IUIOTHOCTHU € APYTOM MJIOTHOCTBIO C MOJYYEHHUEM
nuddepeHmana, KOTOPbI HOPMUPYIOT HAa STAJIOHHYIO
MJIOTHOCTD

@ur. 12
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Komnuectso KommuecrBo Onyxos1eBHie [Iponent TTomosKITe
Konmaectso | TOTCHIHAMbE TIOTEHUHAILHEL OmnyxoJieBEIe e — 06Hapy>I<eH? LHOE
N — BIX MyTalui, X MyTaIut, MyTalluH, 06HApY KEHHbI BIX MyTaIui HpOrHO3Hp
B mrasye (N) OOHAapy JKEHHEI 0OHapyXeHHHl | OOHapYIKCHHEIE ¢ >N pas B 110 yemoe
x Npa3B x >N pa3 B N pas B mrasme lasMe CPaBHEHHIO C|  ~
I1a3Me I1a3mMe N=1
1 3605085 3623970 61 2064 100% 0.06%
2 13518 18885 35 2003 97% 11%
3 2029 5367 71 1968 95% 37%
4 766 3338 83 1897 92% 37%
5 437 2572 140 1814 88% 71%
6 313 2135 161 1674 81% 78%
7 265 1822 165 1513 73% 83%
8 261 1557 192 1348 65% 87%
9 231 1296 185 1156 56% 89%
10 191 1065 160 971 47% 91%
11 179 874 165 811 39% 93%,
12 148 695 137 646 31% 93%,
13 122 547 109 509 25% 939,
14 99 425 92 400 19% 94%,
15 74 326 71 308 15% 949,
16 54 252 49 237 11% 94%,
17 39 198 39 188 9% 95%
18 35 159 33 149 7% 94%,
19 24 124 23 116 6% 94%,
20 20 100 20 93 5% 93%
21 18 80 17 73 4% 91%
22 11 62 10 56 3% 90%
23 9 51 9 46 2% 90%
24 8 42 5 37 2% 88%
23 6 34 6 32 2% 94%
26 7 28 5 26 1% 939,
27 8 21 8 21 1% 100%
28 1 13 1 13 1% 100%
29 4 12 4 12 1% 100%
30 3 8 8 8 0% 100%
1300
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Onyxoste Omyxones | llpoment
KOIMaeeTRo KomuuecTro Kommuectro e ble obuapyxken | ITonoxure
OOHapyKeH HOTCHITHATLHBEX) HOTCHITHATBHEN MY TaIHu, Mg; aa HH;& M If:;(nﬁ I J:;EZ:H
Wi B IUIa3ne 06Hh;§£)§fa>11<121?1;blx O6HN3[.§1;§73;II;[:I?}’IHX OOHapyKen ZHLIS YEN ’ 110 pYeMoe '
) N pa3 B mnasme [>N pa3 B miazMe ubie N pas pa3 B CPaBHEHHUIO | 3HaUcHUE
B ILTasMe I1a3mMe ¢ N=1
1 3155634 3167144 51 54 100% <0,01%
2 9835 11510 2 3 6% 0,03%
3 1123 1675 1 2% 0,06%
4 314 552 - - - -
5 132 238 - - - -
6 49 106 - - - -
7 22 57 - - - -
8 11 35 - - - -
9 6 24 - - - -
10 5 18 - - - -
11 4 13 - - - -
12 2 9 - - - -
13 2 7 - - - -
14 3 5 - - - -
15 - 2 - - - -
16 - 2 - - - -
17 1 2 - - - -
18 - 1 - - - -
19 1 1 - - - -
20 - - - - - -
21 - - - - - -
22 - - - - - -
23 - - - - - -
24 - - - - - -
25 - - - - - -
26 - - - - - -
27 - - - - - -
28 - - - - - -
29 - - - - - -
30 - - - - - -

@ur. 13B
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1 lmasma g0 1edeHnsa L l;rasma mocite JIedeHns
I C KomuuecTtro I C K
['ny6uma POTICHT yMMapH(:e KOJHYECTBO CATOR ¢ POTICHT yMMapH(ze KOJIHYECTBO OIHECTBO
cexpenmpopa| HYICOTIIOB IPH |IIOJOKEHHH HYIICOTHIOB COOTBETCTBYIO HyKJICOTH/OB IPH | OJIOKEHIH HYKICOTHOH caliToB ¢
— OIpeIeICHHOH | ¢ OJIHOHYKJICOTH/THEIMHU F— oIlpeeleHHON C OJTHOHYKJICOTHTHEIMH | COOTBETCTBYIOIIUM
iy OuHe BapHAIHsMH, R ——— iy OuHe BapHAIAAMH, 1 U3MEHEHUSIMHU B
CCKBCHUPOBAHU |OOHAPYIKEHHBIX B IIa3Me CCKBCHUPOBAHUS |0OHAPYKEHHBIX B IUIA3ME OTIyXOITH
B OIIYXOJIHI
<30 36,3% 9 8 30,5% 0 0
50-125 29.9% 15 15 31,2% 0 0
126 — 235 18,6% 21 21 20,8% 0 0
236 — 380 9.4% 7 6 10,9% 0 0
381 - 560 4,2% 2 2 4.8% 0 0
561 - 760 1,6% 3 3 1,7% 0 0
Bceero 57 55 0 0
[Inasma o JeueHus [Ina3Mma mociie JieueHns
CymMmapHOe Iporear CymmapHOe
KOJIMIECTBO N KOJIMIECTBO Kommuectso
ITponent N KonwndectBo caliToB | HYKICOTHIOB N N
[ny6una HY KICOTHJIOB TIPH HOJIOKEHUH . pH HOJIOKEHUH caliToB ¢
CEKBCHUPOBAHUA|  onpe/ecHHON HYIICOTHAOB © COOTBETCTBYIOIAMHY |  OTPE/IEICHHO HYICIEOTHIOB © COOTBETCTRYION
OJTHOHYKJICOTHIHBIMH . OJTHOHY KJICOTHIHBIMH HMH
rryOuHe W3MEHEHUSIMH B # roy Oune
BapHAIIAMH, BapHAIIIMH, H3MEHEHMSMU B
CEKBEHUPOBAHAA OILy XOJIA CEKBEHHUPOBA
OoOHapy KEHHBIX B _— OOHApY KEHHBIX B OIYXOJIH
IIasMe IIa3Me
<50 30,0% 0 0 27.1% 0 0
50-125 33,6% 2 2 32,5% 0 0
126 — 235 21,6% 6 6 22,2% 0 0
236 -380 10,2% 5 5 11,5% 0 0
381 — 560 3,7% 4 4 4,9% 0 0
561 - 760 0,9% 1 1 1,7% 0 0
Bcero 18 18 0 0

@ur. 14A
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IInasma 10 meuenusa IInasma mocie medeHnsa
CymMmapHOe Tponewt CymmMapHoe
TTponent KOJIMIECTBO K oTiaecRo HYKTCOTHJIO KOJIMYECTBO KomaecTBo
[y 6una HIOJIO)KEHUH N IONOKEeHU caliToB ¢
HY KJICOTHJIOB IIpH caliToB ¢ B IIpH COOTBETCTBYION
CCKBCHUPOBAHUSA | omnpenellcHHOR HYKJICOTHAOB C COOTBETCTBYIOIHA OLE/ICIIEHH HYKJICOTH/IOB C Y
OJTHOHY KJICOTUTHEIMU . OJTHOHYKJICOTHAHBIMHI nMu
rryOuHe MH H3MCHECHUAMH ol riyOune
BapHUAaIUAMHI, BapHUAaIUsIMU, U3MCHCHHUAMHU B
CEKBEHUPOBAHU B OIIy XOJIH CEKBEHHPOBA
0OHapy KEHHBLIX B —_ 0OHapy KEHHBIX B OIIyXOJIH
[JIa3Me Ia3Me
<50 38.8% 0 0 18,5% 0 0
50-125 45,7% 0 0 28.,6% 0 0
126 — 235 15,2% 0 0 25.1% 0 0
236 — 380 0,2% 0 0 16,2% 0 0
381 — 560 <0,1% 0 0 8,3% 0 0
561 — 760 <0,1% 0 0 3,4% 0 0
Bcero 0 0 0 0
JIa3zMa 10 JICUeHUs JTa3Ma TIOoCIIe JICUCHHUS
II II
CymMmapHOe CymmMapHoe
lg):g:;TOB KOJIHAYECTBO Komnuectso IEJII):QI:;TOB KOJIMIECTBO KOmectBo
Tty Guna Hy pH A HOJOKEHUH caliToB ¢ Hy pH A HOJIOXKEeHUIH caliToB G
CCKBCHUPOBAHUA|  opeelcHHO HYKJICOTITIOB C COOTBCTCTRYIOI oTpe/ieleHHOU HYKJICOTHIIOB C COOTBETCTBYIOIIAM
i 11y Gume OJTHOHY KJICOTH/THEIMH HMHI - OJTHOHY KJICOTHTHEIMH L HAMOHCHSMIL B
CCKBCIIDOBALL BapHUAaIUAMHI, WSMEHEHHAMU B | BapHUAaIUsAMHY, oLV XOUIIL
Hﬂp 0OHapy KEHHBLIX B OIIYXOJIH Hﬂp 0OHapy KEHHBIX B w
IU1asMe IU1asMe
<50 26,7% 0 0 24.4% 0 0
50-125 35,9% 1 1 31,2% 1 1
126 — 235 24.7% 2 2 23.1% 0 0
236 — 380 10,4% 0 0 13,1% 0 0
381 — 560 2.2% 0 0 6,0% 0 0
561 — 760 0,1% 0 0 2.2% 0 0
Bcero 3 3 1 1
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TTnasma go mevenus ITnasma nocie neuenns
CymmapHoe CymmMapHoe
IIpoment KOJIMECTBO Komnuectso IIponent KOJIHACCTRO Kommaectro
| Jyouna H KneETII; OB IIpHU Ho10KeHui caliToB ¢ H KJIG:ETII/Il OB IIpHU HOIOKEHHIE caliToB ¢
CCKBCHHPOBAHH ¥ A P HYKICOTHJIOB C ¥ A P HYKICOTHIOB C
q OIpEJICIICHHOM COOTBETCTBYIOIH oTpe/ieleHHOU COOTBETCTBYIOIH
OJTHOHY KJICOTHTHEIM OJTHOHY KJICOTHTHEIM
Ty OnHe MH H3MEHEHUSIMHA TIyOnHe MH H3MEHEHUSIMHA
1 BapHUaIlAsIMU, 1 BapHAIHIMHY,
CEKBEHUPOBAHUS B OIIYXOTH CCKBCHUPOBAHUS B OIIYXOIH
0OHApY KEHHBIX B 0OHApY KEHHBIX B
IIa3Me IIa3Me
<50 31,1% 7 7 30,8% 0 0
50-125 30,3% 14 14 33,2% 1 0
126 — 235 20,5% 19 19 21,6% 0 0
236 — 380 11,3% 13 13 10,3% 0 0
381 — 560 5,2% 7 4 3,5% 0 0
561 — 760 1,8% 4 2 0,7% 0 0
Bcero 64 59 1 0
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[ty Guna UyBCTBUTENBHOCTE, KOT/Ia MyTaHTa OOHAPY KUBAIOT B
CCKBEHHPOBAH pesyIbTaTax ceKBEHHPOBAHMS ONMYX0IeBOM TKAHH 11O MEHbITEH
15 (KPaTHOCTE, Mepe 1 pas, e 1=

4 5 6 7 8 9
20 73% 56% 38% 24% 13% 7%
21 T7% 60% 43% 28% 16% 9%
22 80% 64% 47% 31% 19% 11%
23 83% 68% 51% 35% 22% 13%
24 85% 71% 55% 39% 26% 15%
25 87% 75% 59% 43% 29% 18%
26 89% 78% 63% 47% 33% 21%
27 90% 80% 67% 51% 36% 24%
28 92% 83% 70% 55% 40% 27%
29 93% 85% 73% 59% 44% 30%
30 94% 87% 76% 62% 48% 34%
31 95% 89% 78% 66% 51% 37%
32 96% 90% 81% 69% 55% 41%
33 96% 91% 83% 72% 58% 44%
34 97% 93% 85% 74% 61% 48%
35 97% 94% 87% 77% 65% 51%
36 98% 95% 88% 79% 68% 54%
37 98% 95% 90% 82% 70% 58%
38 99% 96% 91% 84% 73% 61%
39 99% 97% 92% 85% 76% 64%
40 99% 97% 93% 87% 78% 67%
41 99% 98% 94% 88% 80% 69%
42 99% 98% 95% 90% 82% 72%
43 99% 98% 96% 91% 84% 75%
44 100% 98% 96% 92% 86% 77% 1700
45 100% 99% 97% 93% 87% 79%
46 100% 99% 97% 94% 89% 81%
47 100% 99% 98% 95% 90% 83%
48 100% 99% 98% 95% 91% 84%
49 100% 99% 98% 96% 92% 86%
50 100% 99% 99% 97% 93% 88%
51 100% 100% 99% 97% 94% 89%
52 100% 100% 99% 97% 95% 90%
53 100% 100% 99% 98% 95% 91%
54 100% 100% 99% 98% 96% 92%
55 100% 100% 99% 98% 96% 93%
36 100% 100% 99% 99% 97% 94% dur. 17
57 100% 100% 100% 99% 97% 95% *
38 100% 100% 100% 99% 98% 95%
59 100% 100% 100% 99% 98% 96%
60 100% 100% 100% 99% 98% 96%
61 100% 1060% 100% 99% 98% 97%
62 160% 100% 100% 99% 99% 97%
63 100% 100% 100% 100% 99% 97%
64 100% 100% 100% 100% 99% 98%
65 100% 100% 100% 100% 99% 98%
66 100% 160% 100% 100% 99% 98%
67 100% 100% 100% 100% 99% 99%
68 100% 100% 100% 100% 99% 99%
69 100% 100% 100% 100% 100% 99%
70 100% 100% 100% 100% 160% 99%
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IIpaBast OIyxoJib Jleast onyxoJib

ToJbko Tonpko nokanuzamus B
JIOKaTM3ausa A 122 Toneko nokanmuzatma C - Tonpko nokaau3amms D
1 168 248
O6e O6e
JTIOKAJIU3aluU JIOKAJIN3aIun
AuB CubD
10 12

Bcee nokanuzauumn A, B, C u D
2129

1
®ur. 19

9z/0T



[Tnasma no nedenus [T1a3ma mocie nedeHns
Kommuectso | KonunuectBo
KommuectBo @paknuonnas | Konmraecrso [Konudectso o
Kareropust | J0OKycoB ¢ (parMeHTOB | dpparMeHTO KOHIIEHTpanus | pparMeHToB [pparMeHTOB KoiaIgII/;OI;Hzi
wyramaeii | AHK. | B K, JIHK JHK. | JHK, K
HECYIIIX HECYIMUX | OIYXOJEBOTO | HECYIIHX | HECYIHX
aluleNll | MYTaHTHEIE OIYXOIEBOTO
ajenn MyTaHTHBIe [[IPOUCXOXACHA POHCXOA/ICHUS

JMKOTO THIIA AILTeITH a JIAKOTO THIA| allJIeNH
A 71 3321 37 2,20% 2149 5 0,46%
B 122 5633 8 0,28% 3516 1 0,06%
C 168 8507 51 1,19% 5438 2 0,07%
D 248 10880 26 0,48% 7060 2 0,06%
AB 10 423 21 9.,46% 297 0 0,00%
CD 12 569 3 1,05% 333 0 0,00%
ABCD 2129 70940 21344 46,26% 61417 54 0,18%
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3710pOBBI# KOHTPOJIBHEIH CyOBEKT

Konmue
Kar. CTBO TC1 TC2 TC3 TC4 TC5 | TC6 TC7 TCS8 TC9 | TC10 | TC11 | TC12 | TC13 | TC14 | TC15 | Cl6
JIOKycoB Kommaectro (dhpaknmonHas KOHIEHTPAITUS) MYTaHTHBIX aJllelie B IIa3Me
1 1 1 1 1 1 6 1 2
A 71 0 (0,17%){(0,18%) 0 (0,17%)|(0,18%)/(0,07%)](0,20%) 0 (0,17%) 0 0 (0,17%)(0,38%) 0 2
(0,38%)
1 3 1 1
1
B 122 0 0 0 0 0 0 (0,04%) 0 (0,11%)}(0,05%){(0,10%)1(0,12%) 0 0 0 1
: (0,11%)
C 168 0 0 0 0 0 0 2 0 2 0 0 0 1 0 0 0
(0,06%) (0,16%) (0,07%)
D 248 0 0 ! 0 0 0 0 0 0 ! 0 0 1 0 0 0
(0,06%) (0,01%) (0,05%)
AB 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CD 12 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0
(0,16%) (0,92%)
ABCD| 2120 11 3 2 8 5 5 10 4 4 19 3 0 1 5 2 4
(0,07%)](0,02%){(0,01%0)|(0,06%)(0,03%){(0,03%)1(0,02%)|(0,03%)1(0,03%0)[(0,02%)1(0,02%) (0,01%)}(0,03%){(0,01%0),(0,03%)
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HonyquI/Ie KOHCTUTYTUBHOTI'O
reHoMa CyObeKTa

v

HonyquI/Ie OJHOI'0 Ujin Oonee CCKBCHUPOBAHHbBIX

| MapKepoB [T KaXKI0To U3 MHOecTBa (pparmentos JJHK B |

Ounonorndeckom obpasie cyOrexTa

OrnpeneneHue MONIOKEHUN B TEHOME
CEKBEHUPOBAHHBIX MapKEPOB

¥

Omnpenenenue nepBoro KOJIUYECTBA MEPBBIX
JIOKYCOB, I'ie IO MeHbIlIel Mepe N MapkepoB
MOCJIEI0BATENBHOCTH COJEPKAT HYKJIEOTUIHBIN

BAPHUAHT OTHOCUTECIIbHO KOHCTUTYTHUBHOI'O TCHOMA

Paccuer Meps! rereporeHHOCTH OTHOM mnu Oosee
OMyXOJIel HA OCHOBAHUU COOTBETCTBYHOIIUX
NEePBBIX KOJMYECTB M3 HAOOPa MEPBBIX MOJOKEHUN
B F€HOME

CpaBHeHHE MEpPbI TETEPOTCHHOCTH C OTHUM HJIH
OoJiee MOPOrOBBIMHU 3HAYEHUSIMU, YTOOBI
KJIACCU(PUIIUPOBATH YPOBEHb r€TEPOTeHHOCTH
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KOHTPOJIJIEP CUCTEMHASI| | LIEHTPAJIbHBIN [IPUHTEP
BBOJIA/BBIBOJIA TTAMSTH TTPOLIECCOP
2571 2572 2373 274
2375
Ay A
|
BUIEOAJIATITEP TIOPT KTABHATYPA KECTKUIA BHELIHHIA
2582 HOCJIENOBATEb UHTEP®ENC
HOT'O BBOJIA- 2578 AVCK
BBIBOJIA 2579 2581
2577
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