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(57) Yacrory comarnueckux MyTamnuii B Gnonorude-
CKOM OOpasme (HampuMmep, B IUIa3Me WU CBHIBOPOT-
Ke) cyObeKTa, MPOXOIIIIEro CKPUHUHT MIIH MOHHUTO-
PHHT Ha HaJIWYUe paka, MOXXHO CPaBHHUTH C TaKOBON
B koHCcTHTyTHBHOU JIHK TOTO *Ke cyOBeKTa. U3 nman-
HBIX YaCTOT MOYKHO ITOJYYHUTh NapaMeTp U MPUMEHSTh
ero JIi KiaccuUKauuy ypoBHs paka. JloxxHOmosno-
JKUTENBHBIC PE3YIbTaThl MOXKHO OTCESTh, TpeOys, 110
MEHBIIEH Mepe, ONPEACIICHHOTO KOJMYEeCTBA CYHUTHI-
BaeMBIX IOCIIEIOBATENFHOCTEH (MapKepoB) B JTHOOOM
M3MEHEHHOM JIOKYCE YTO MO3BOJISIET MONYYHTh Ooee
TOYHBIA napaMeTp. OTHOCHTENBHBIC YaCTOTHI Pa3IHd-
HBIX I3MEHCHHBIX JIOKYCOB MOYKHO [TPOaHAIN3UPOBATh
JUISL OIpEJIeIICHHsT YPOBHS T€TEPOTeHHOCTH OITyXoJei
y NManueHTa.
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MYTAIIMOHHEINA AHAJIN3 JTHK B IVIABME
JJIs1 AETEKTHPOBAHHS PAKA

CchUIKH Ha pOJICTBEHHBIE 3asIBKH

Hacrosmas 3asBka mpeacTaBiseT co0oif HelpeBapHTENBHYIO 3asSBKY H HCIPAIIHBAcT
OpHOPHTET [0 IpenBapurenbHodi 3asBke Ha mareHT CIJA Ne 61/662878, mHa3panHOH
“MUTATIONAL ANALYSIS OF PLASMA DNA FOR CANCER DETECTION”, noxausoi
21 wrons 2012 r.; mpensaputensHoil 3asBku Ha mateHT CIIJA Ne 61/682725, nasBamnoi “
PAKAMUTATIONAL ANALYSIS OF PLASMA DNA FOR CANCER DETECTION 7,
noxganHOM 13 aBsrycra 2012 r.; mpeasapurenpHod 3asBku Ha mateHT CIIA Ne 61/695795,
HasBaHHO# “ MUTATIONAL ANALYSIS OF PLASMA DNA FOR CANCER DETECTION ”,
nogannoit 31 asrycra 2012 r.; ¥ mpeaBapuTensHO# 3agBku Ha mareHT CIIIA Ne 61/711172,
Ha3BagHOHU “ MUTATIONAL ANALYSIS OF PLASMA DNA FOR CANCER DETECTION 7,
nonanHO# 8 okTabpa 2012 r., KOTOpEIE MONHOCTEIO BKIFOYEHH B JAHHYIO 3asBKY IIOCPEACTBOM

CCBLUIKH BO BCEX OTHOIICHHUSX.

YpOBEHb TEXHUKH

Bruo mokazano, uro JTHK omyxoneBoro mporcX0oXXIeHUS IPHCYTCTBYET B CBOGOTHOM OT
KJIETOK IIJIa3Me/CHIBOPOTKE MAlMeHTOB ¢ pakoBbMH 3aboneBanmsamu (Chen XQ u ap. Nat Med
1996; 2: 1033-1035). Hambonee coBpeMeHHBIE CIIOCOOBI OCHOBAaHBI Ha HEMIOCPEICTBEHHOM
aHaTM3e MyTaluid, O KOTOPBIX M3BECTHO, 9TO OHM cBsi3anbl ¢ pakoM (Diehl F u np. Proc Natl
Acad Sci 2005; 102: 16368-16373; Forshew T u gp. Sci Transl Med 2012; 4: 136ra68). B
JIPYTOM cIioco0e HCCIEIYIOT CBS3aHHBIC C PAKOM BapHaIlMH YHCJIa KO, 00HapyXeHHBIE IIPH
ciygaitHoM cekBernposanuy JJHK B miasme (my6iukamus matenta CIITA 2013/0040824, Lo u
Ip.).

W3BecTHO, YTO C TEYCHHEM BpeMEHH OoJiee 9eM OJHA pakoBas KJIETKA IIONYIHT
IPEUMYIIECTBO poﬁa M JIaCT Ha4aJl0 HECKOJBFKHM KIOHaM JOYepHHX KJIETOK. B KoHedHOM
cueTe, pacTymas OIyXOJh H/WIH ee MeTacTassl OyAyT coiepkaTh KOHIJIOMEpaT M3 TpyII
KJIOHAJIbHBIX PakoBBIX KJIETOK. J[aHHOE ABJICHHE OOBIYHO HA3BIBAIOT METEPOrCHHOCTHIO OMYXOJH
(Gerlinger M u np. N Engl J Med 2012; 366: 883-892; Yap TA u ap. Sci Transl Med 2012; 4:
127ps10).

MI3BECTHO, UTO PaKOBbIE 3a60JIEBaHHS BEHICOKO [€TEPOTEHHE, T.€. MYTAI[MOHHEIH IPO(QHIE
pPaxoBBIX 3a00JIcBaHUH OJHOTO M TOTO JX€ THUNA TKAHH MOXET 3HAUYUTENBHO pa3lIHYaThCs.

CrenoBaTenbHO, HENMOCPEACTBEHHBIM AaHAJIM3 KOHKPETHBIX MyTalMii OOBIMHO IIO3BOJIAET
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OOHapy>XHUTh JIMINb HOATPYIIy CIy4aeB ¢ KOHKPETHEIM THIIOM paka, JIs KOTOPHIX M3BECTHA
B3aHMOCBS3b C JaHHEIMH KOHKPETHBIMM MyraumsmMe. Kpome toro, JIHK omyxoieBoro
IPOMCXOXECHHS OOBIMHO coOcTaBisfeT Jmmb Hebonbmyo uacts JJHK B miasMme uyenoBeka;
abcomotnas korneHtparmus J{HK B mnasme Huska. CemoBaTenbHO, MPH HENOCPEICTBEHHOM
JCTEKTHPOBAHMH OJHOM CBA3aHHOH C pakoM MyTallMH MM HEOOJBIIONW IPYIIEI TAKAX MYTAI[Hid
B ITa3M€ HJIM CBIBOPOTKE aHAJIMTHYECKas yBCTBHTEIBHOCTh MOXET OBITH HU3KOM Jaxe Cpeau
HAMEHTOB ¢ PaKOBBIMH 3a00JIEBaHUsIMH, IIPH KOTOPHIX, KaK H3BECTHO, IPUCYTCTBYIOT I[EJIEBEIE
MyTanud. bomee Toro, 6BLIO IMOKa3aHO, YTO MMEET MECTO CYINECTBEHHAs BHYTPHOITYXOJEBas
TeTEPOreHHOCTh MyTalli, faXe B OAHOH OIMyXoau. MyTaiuu MOryT 0OHapyKHBAThCSA TOJIBKO B
CyOmomnyisiun OIyXOJIEBhIX KJIETOK. Pa3nyMume B MyTaMOHHBIX OPOQHIAX MEXIY HEPBHUHOM
OIIyXOJIBI0 M METACTATHYECCKMMH NOpaXCHHAMH eme Goinbme. OAUMH NpUMEpP reTeporeHHOCTH
MEX/Ty MCXOOHOM OIYyXOJIBIO M NEPBHYHBIMHM METacTa3aMH BKIIXOYAaeT IeHbl KRAS, BRAF u
PIK3CA y nmanueHTOB, CTpaJarolux oT KonopekTanbHoro paka (Baldus u ap. Clin Pak Research
2010. 16:790-9.).

B cnydae, xorza y narnueHTa ecTh epBUYHAs OIyXO0Jb (Hecymas MyTanuio KRAS, HO He
MyTtanuo PIK3CA) B CKpeITOE MeTacTaTHIeCKOe MOBpexAeHHe (Hecymee MyTanuio PIK3CA, Ho
He MyTtanuio KRAS), ecim cocpenorounthess Ha oOHapyxkeHnH Myrauunu KRAS B mepBUYHOlM
OIIyXOJIH, TO CKPHITOE METACTaTHYECKOE IOpaXKCHHE HEBO3MOXHO OyaeT oGHapyxuTh. TeM He
MeHee, €CIIM BKIIOYMTE B aHATH3 00e MyTalliH, MOXHO OOHapy XHTh KaK EPBUYHYIO OIIyXOJb,
TaK M CKPBITOE METaCTATHYECKOe nopaxeHnue. CreoBaTeNbHO, aHAIN3, BKIIOYAIOMUA o6e
MyTanuy, Oyner ofmagate GoibImeif YyBCTBHTENLHOCTBIO B OTHOLICHHH OOHApyXEHHUS
OCTaTOYHHIX ONYXOJEBBIX TKaHeH. Takolf mpocTodf mpEMEp CHIBHO YCIOXHSETCS, €CIIH
IPOBOAAT CKPHHMHIOBOE OOCI€ZIOBaHHME HA IPUCYTICTBHE paka M eCiH HH(OpPMAlHs O THIIE
MyTalli#, KOTOpble MOTYT BO3HHKHYTh, HE3HAUHTEIFHA HIH OTCYTCTBYET.

CnepoBatenbHO, CYINECTBYeT IOTPeOHOCTE B HOBEIX CIOCO6aX  OCYIIECTBICHHS

IMMPOKOT'0 CKPUHHUHTA, NETEKTUPDOBAHUA U OL[CHKH pakKa.

Kpatkoe onncanne n306pereHns
B BapmanTax peamM3anmMM MOTYT HCCIEHOBaTh YacTOTy COMATHYECKHX MyTaluii B
GuomormdeckoM obpasle (HampAMep, B IUIa3Me WIH CHIBOPOTKE) U3 CyOBeKTa, IIPOXOJISIIEro
CKPHUHHHI HIIA MOHHTOPHMHI Ha HAJIM4HE paKa, 110 CPABHEHHUIO C TAKOBHIMH B KOHCTHTYTHBHOM
HHK Toro xe cyObekra. Jlna ompeseneHHs JaHHBIX YaCTOT MOXHO IIPHMEHSTH CIydaitHOE
cekBeHMpoBaHHe. [lo JaHHEIM 9acTOTaM MOXXHO IOJIYYHTh HapaMeTp M HOPHUMEHSATH €ro Al
YCTQHOBJICHHS KIacCHQHKAaIMH YPOBHA paka. JIOXKHOIONOXHTENBHEIE PE3YJIBTaTEl MOXKHO

OTCesATh, €CIIM BBECTH TpeGoBaHMe, YTo M060i BapHaHTHEIA JIOKYC JOIDKEH II0 MEHBLIEH Mepe



OIIPEACIEHHOI0 KOJMYECTBA CUYMTHIBAEMBIX IIOCTIEOBaTeIbHOCTEH (MapkepoB) B JIOOOM
M3MEHEHHOM JIOKYyC€, 4YTO TIO3BOJET MHOMy4YuTh Ooyiee TOYHBIH mapamerp. MOXHO
IIPOAHATH3NPOBATh OTHOCUTENBHEIE YaCTOTHl pAa3MYHBIX H3MEHCHHBIX JIOKYCOB, 4YTOOHI
OIIPEACITATH YPOBEHb I€TEPOr€HHOCTH OITyXOJI€eH y ManueHTa.

B ommoM BapmaHTe peamM3alMM YKa3aHHBIA IIapaMeTp MOXHO CpPaBHHUTH C TE€M XK€
IIapaMeTpOM, IOJIyYEHHBIM JUIA IPyNIbl CyOBbeKTOB 6e3 pakoBoro 3abojieBaHHS HIIM C HH3KHM
pHCKOM pa3BUTHA paka. CyINeCTBEHHOE pa3IMdHe MEXAY JAHHBIM IIapaMeTpOM, IIOIYYEeHHBIM
JJI TECTHPYEMOT'O CyOBEKTa, M TeM K€ apaMeTpoM, HOyYCHHBIM JUIA TPYINEI CyOheKToB Oe3
paKoBoro 3aboyieBaHMS MM C HU3KMM DHCKOM DasBHTHS paka, MOXET CBHIETEILCTBOBATH O
MNOBBIINEHHOM PHCKE TOr0o, YTO TECTHPYEMBIH CyOBEKT CTpajaeT pakoM HIH
NPEA3IOKAaYECTBEHHEIM COCTOSHMEM, MM YTO y Hero B OyAymeM pas3oBbeTcs pak. Takum
obpa3om, B ofHOM BapuaHTe peann3auuu aHam3 JJHK B mmasMe MOXHO OCYINECTBHTH, HE
obmazas mpeaBapuTEIbHON reHOMHOM HHbopManueit 06 omyxoau. Takod BapuaHT pealn3alyy,
CIIeIOBATENHHO, OCOOCHHO IIPHIOZIEH JUIS CKPHHHIHTA Ha HAIMYHE pakKa.

B npyrom BapHaHTe peaqu3alid ONHCAHHLIE BAPHAHTH PEAH3ALMH TAKXKE MOXHO
IPUMEHATH I MOHHTODHHIA NALMEHTa C PaKOBBIM 3a00JieBaHHEM IIOCIE JICYCHHS H VIS
BBIBJICHAS HAIMYHSA OCTaTOYHON OIYXONH WM peluauBa omyxonu. Hanpumep, y mamueHra ¢
OCTaTOYHOH OIYXONBIO HJIH y KOTOPOrO OIYXOJb peIHIUBHpOBala OyaeT HabIIoNaThCs
HNOBBIIICHHAS 9aCTOTa COMATHMYECKHX MYTalMii [0 CPaBHEHHUIO C IAIMEHTOM, y KOTOPOro HeET
OCTaTOYHOH OITyXOJIM HJIM Y KOTOPOro He HabJIOfaeTcs peUIiB OMyX0IH. MOHMTOPUHT MOXKET
BKJIIOYATH NOIyYeHHE 00pa3LioB U3 IaleHTa C PaKOBBIM 3a00JIEBAHHEM B HECKOJIEKO MOMEHTOB
BPEMEHH IIOCJIE JIEYECHHS Ul YCTAaHOBJIECHHS BPEMEHHBIX M3MEHEHHH CBS3aHHBIX C OIYXOJIBIO
FeHETHYECKUX a6éppaun171 B (u3HONOrMYECKMX KHUAKOCTSAX WIH [IpyruX ofpasnax ¢
BHEKJIETOYHBIMH HYKJICHHOBLIMH KHCIIOTaMH, HalIpHMED, B ILJIa3Me HIIH CEIBOPOTKE.

CormacHO OTHOMY BapHaHTY DEIH3alHH CIOCO0 MO3BOSET OOCHAPYXHThL PaK HIIH
IIpeI3I0KaYeCTBEHHOE H3MEHEHHE y cyObekra. [lomydaroT KOHCTHTYTHBHEIN IeHOM CyOBeKTa.
IMomygaror omuH unHM 6ojee MapKepoB IIOCIENOBATENBHOCTH IS KaXIOIO H3 MHOXECTBA
¢parmenTo JTHK B GHomormueckoM obpasue CyGBEKTa, ecld GHOIOTHUECKHil obpazen
comepxur BHekIeToudHyro JIHK. Omnpexensior 1monoxeHHss B T€HOME MapKEpOB
IIOCIIEIOBATENbHOCTH. MapKepbl IOCIEAOBAaTEIBHOCTH CPAaBHHBAIOT C KOHCTHTYTHBHBIM
T€HOMOM, 4TOOBI ONpPEAEIHTh NMEPBOE KONMYECTBO IEPBHIX JIOKYCOB. B KaXIOM M3 MEpBHIX
JIOKYCOB KOJIHMYECTBO MAapKEpOB IIOCIEJOBAaTEIFHOCTH C BAapHAHTHOH ITOCIIEIOBATEILHOCTHIO
OTHOCHTEIBHO KOHCTHTYTHBHOIO T€HOMA BHIIIE IIOPOTOBOT0 3HAYEHHS, TJIe IOPOroBOE 3HAYECHUE
Gomeme exuaMuEl. Ha ocHOBaHMM moicueTa MapKepoB MOCIENOBATENBLHOCTH C BapHAHTHOM

IOCJIE0BATENFHOCTEIO B MEPBRIX JIOKyCaX ONpPEAENTIOT mapameTp. [lapameTp CpaBHHBAIOT C
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IIOPOTOBBIM 3HaYE€HUEM, YTOOHI OIIPEAEUTh KIIaCCH(HUKAIMIO YPOBHS paKa y CyObeKTa.

CormacHO IpyroMy BapHaHTy peajM3allid B CHOCO0€ aHAIM3HPYIOT I'€TEPOr€HHOCTH
omHoM mim Oonee omyxojedl y cyObekta. [loimydaroT KOHCTHTYTHBHBI TeHOM CyOBeKTa.
ITomygaror onue Wiam 6ojee MapKEpoB MOCIEAOBATENBHOCTH JUIS KaXAOTO M3 MHOXECTBA
¢parmenToB JJHK B Omomormueckom oOpasume cyObekra, ecmu OHomormdeckuii obpasert
comepxut BHewrIeroudyro JIHK. Ompemensior nomoxeHHs B TE€HOME MapKepoB
HOCIIENOBATEIHFHOCTA. MapKepbl IOC/IEAOBATEIFHOCTH CPAaBHHBAIOT € KOHCTUTYTHBHBIM
TFeHOMOM, YTOOBI OIPEJENUTh IIEPBOE KOJIMYECTBO NEPBHIX JOKYCOB. B KaXIoM H3 NEpBBIX
JIOKYCOB KOJIMYECTBO MAapKEpOB ITOCICAOBATEILHOCTH C BapHAHTHOHM IIOCIICAOBATEILHOCTHIO
OTHOCHTEJIBHO KOH-CTI/IT}'THBHOPO reHOMa BEIIIE TOPOTOBOT0 3HAYEHHS, II€ IOPOrOBOE 3HAYCHHUE
6onpme emuHMIBL. Mepy reTeporeHHOCTH OZHOM WM Oonee OmyXxoyied pacCYMTBIBAIOT Ha
OCHOBaHHH COOTBETCTBYIOIIMX IEPBBIX KOJHYECTB H3 HaOOpa NEPBhIX NOJIOXKEHHUI B TEHOME.

CoriacHO IpyroMy BapHaHTy pealM3alMd B crooco0e OmpenesioT (paKIHOHHYIO
KoHIeHTpammo omyxoyeBoit JITHK B GuonormueckoM o6pasie, cOAep)KameM BHEKIJIETOUHYIO
JHK. ITomygaroT OXHH WK Golee MapKepoB IOCIIEN0BATENFHOCTH IS KaX/IOTO U3 MHOXECTBA
¢parmenTos JJHK B Guonormueckom obpasue. Onpeneisior mooXKeHHs B FeHOME MapKepoOB
MOCNIEAOBAaTeFHOCTH. JIIg  KaXaoi ®3 MHOXecTBa o0JacTeil reHoMa OIpeneIsioT
COOTBETCTBYMOIIEE KommdecTBo (parMentos JJHK, nprHamnexamux JaHHOM 06JI1acTH TeHOMA, C
IIOMOIILIO0 MApKEPOB MOCIE0BATEIBHOCTH, Paclo0KEHHEIX B TEHOME BHYTPH JaHHOM obnacTi
reaoMa. COOTBETCTBYIOIIEE KOJMYECTBO HOPMHPYIOT C IIONydEHHEM COOTBETCTBYIOIIEH
mWI0THOCTH. COOTBETCTBYIOINYIO ILIOTHOCTH CPAaBHHBAIOT C pedepeHCHOM IUIOTHOCTHIO, YTOOI
BEISIBUTH B JaHHOM 00OmacT reHoMa yrpary | xommm mim npuobpereHue | xomuu. IlepByio
IUIOTHOCTH PACCYMTHIBAIOT II0 COOTBETCTBYIONIMM IUIOTHOCTAM C BEIIBICHHOM yTparoif 1 xommm
WIH 10 COOTBETCTBYIOIIMM IUIOTHOCTAM C BBIABIEHHHIM npHOOpeTeHHeM 1 Komum.
OpakIHOHHYIO KOHIIEHTPAIMIO PaCCUHTHIBAIOT IyTEM CPaBHEHHS IIEPBOH ILUIOTHOCTH C APYTOH
IUIOTHOCTHIO C IIOJIyYeHHEM pa3HOCTH, IIPH 3TOM pa3sHOCTh HOPMHDPYIOT Ha pedepeHCHYIO
IUIOTHOCTS.

Jlpyrre BapHaHTHI pealn3alliy HallpaBIeHb Ha CHCTEMBI H MAalIHHOYWTAEMEIE HOCHTEIH,
CBA3aHHEIE CO CIIOCO0aMH, ONIMCAaHHEIME B JAHHOM 3asiBKe.

JIyqimero mOHMMaHHS NPHPOABI M IPEHMYIICCTB HACTOSINETO H300PETEHUS MOXKHO

JIOOHMTHCA, OCHOBEIBASCH Ha CJIEAYIOMEM IOAPOOHOM OIHCAHHY M COIIPOBOAUTENBHBIX (DHTYpax.

Kpatkoe omucanue puryp
Ha ¢ur. 1 mpencraBmeHa Onok-cxeMa crocoba 100 neTexkTHpoBaHMs paka MM

IIPEA3JIOKA4YCCTBCHHOI'O H3MCHCHHA Y Cy6'I>CKTa COIJTaCHO BapHaHTaM pPCaIN3allid HACTOAINCTO



n300peTeHns .

Ha ¢ur. 2 nokasana Giox-cxema cmoco0a HEIOCDENCTBEHHOTO CPaBHEHHS IEHOMA
o6pasua (I'O) ¢ xorcTHTYTHBHEMM reHoMoM (KI') cornacHo BapuanTaM pealu3alliii HaCTOSIIEro
n300peTeHus.

Ha ¢ur. 3 noxasana Gmok-cxema cmocoba 300 cpaBHeHus reHoma obGpasua (I'O) c
koHCTHTYTHBHEIM reHoMoM (KI') ¢ mcmomn3oBanmeM pedepercHoro reaoma (OI') cormacHo
BapHaHTaM pealn3alliH HaCTOSIIEro H300peTeHus.

Ha ¢ur. 4 hpenCTaBneHa tabimna 400, B KOTOpO# IMOKa3aHO KOJIMYECTBO CBA3AHHBIX C
PaKoM OJHOHYKJICOTHIHBIX MyTalMi, NpPaBHIBHO MJETCKTHPOBAHHBIX C HCIIOIB30BAHHEM
BCTPEYAEMOCTH Pa3JIMYHBIX MX KOJIMYECTB B Ka4eCTBE KPHTEPHS IS KIaCCH(UKAIMA MYTAIMH
KaK IPUCYTCTBYIOMEH B 06pasiie COrIaCHO BapHAaHTaM PEeaTH3alUi HACTOSINErO M300pETeHNs,
KorAa ¢paxknuonHylo koHIeHTpammo JIHK omyxoneBoro mpoucxoxueHus B o6pasie
IPHHUMAIOT paBHOH 10%.

Ha ¢wur. 5 npeacraBneHa Tabiuia, B KOTOPOH IIOKa3aHO OXHAEMOE KOJIHYECTBO
JIOXXHOIOJIOXKUTENBHBIX JIOKYCOB U OXXHMIaEMOE KOJIHYECTBO MYTAIlHif, ZETEKTUPOBAHHEIX KOTJa
¢paxumonnyio xonmnenTpamuio JIHK omyxoneBoro HmpoMCXOXKIEHHS B 06pasie IPHHHMAIOT
paBHOH 5%.

Ha ¢ur. 6A mnpexcraBneHa pmmarpaMma 600, Ha KOTOpoH IOKazaHa dacToTa
JCTEKTHPOBAHHS CBA3aHHBIX C PAKOM MyTalMil B IUIasMe ¢ (PaKIHOHHBIMH KOHIIEHTPALHIMH
AHK omyxonesoro mpoucxoxaeHus B Iuasme, coctaBismomumu 10% u 20%, u npEMeHeHHE
BCTpeYaeMOCTel (), paBHBIX YETHIPEM M INECTH, B KadeCTBE KPHTEPHEB JUII ONpEJeTICHHS
NOTCHIMAIBHBIX CBA3aHHBIX C pakoM MyTauumii. Ha ¢ur. 6B npencrapnena nquarpamma 650, Ha
KOTOPOH II0Ka3aHO OXMJAEMOE KOJHMYECTBO IOJIOXKCHHA HYKICOTHAOB, KOTOPEIE OBLIH
omuG0oYHO KIacCHPHIMPOBaHBI KaK COAEPKAIIME HYKIEOTHIHYKO 3aMeHy C IPHMEHEHHEM
KPUTEpHEB BCTpEYacMOCTH (r), paBHBIX 4, 5, 6 ® 7, B 3aBHCHMOCTH OT IJTyOMHEI
CEKBEHUPOBAHHUS.

Ha ¢ur. 7A npencranena puarpamma 700, HAa KOTOpOH IIOKa3aHO KOJHYECTBO
HCTHHHBIX CBS3aHHBIX C PAKOM MYTHPOBAaHHEIX CaHTOB H JIOXHOIIOJIOXHTEIBGHBIX CAWTOB AJIA
PasIMYHBIX INIyOMH CEKBEHHPOBAHHA, Korjaa ¢pakinuoHHyio KoHuenTpanuio JJHK omyxoneBoro
IPOUCXOX/EHHS B 06pasie IpHHMMAIOT paBHoi 5%. Ha dur. 7B npexacrasnena muarpamma 750,
Ha KOTOPOH IIOKa3aHO HPOTHO3HPYEMOE KOJHYECTBO JIOXKHOIOJIOXKHUTEIBHBIX CaiTOB IIpH
IIpOBeIeHMH aHanu3a noxHoro resoma (111N u Bcex 3K30HOB.

Ha ¢ur. 8 mpeacrasnena tabnuma 800, Ha KOTOpOM MOKAa3aHEI pe3yibTaThl i 4
narnueHToB ¢ remaroxneroynoil kapmmaoMo#i (IKK) mo m mocne neueHms, BKIIOYArONHE

¢paknuonnrle KoHmeHTpauud JIHK omyxoneBOoro NpPOHCXOXIEHHS B IUIa3ME COIVIACHO
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BapHaHTaM peaIH3al[dH HaCTOSIIEro H300peTeHus.

Ha ¢ur. 9 mpencraBrena rtabmima 900, Ha KOTOpoH IOKa3aHO AETEKTHPOBAHHE
cessaHHbIX ¢ I'KK omHoHykneotunnsix Bapuaruii (OHB) y 16 370pOBBIX KOHTPOIBHBIX
CyOBEKTOB COTTIaCHO BapHaHTaM pealM3allii HACTOSIIETO H300pEeTeHHS.

Ha ¢ur. 10A rmokxa3an rpaduk pacmpenelieHHS IUIOTHOCTEH CUMTHIBAEMBIX
nocnenoaarem;nocfeﬁ obpasna onmyxonu u3 nampenTta ¢ ['KK corimacHO BapuaHTaM pean3alyy
HacTosero uzobperenus. Ha ¢ur. 10B mokasan rpaduk pacnpenenenus 1050 z-nmokasareneit
Ui Beex parMenToB B murasMe nanuenTa ¢ I'KK coriacHo BapraHTaM pean3aliiy HacTOAINEro

H300peTeHHUs.

Ha ¢ur. 11 nokasan rpajux pacmpenemenus 1100 z-moxasateneit ans 1uiasMbl U3
namuenTa ¢ KK coracHo BapHaHTaM peai3aniy HACTOSIIEr0 H306peTeHH .

Ha ¢wur. 12 npexpcranena 6mok-cxema crmocob6a 1200 ompeneneHus ¢GpakidoHHON
KoHneHTpanuu omyxonesoi JTHK B 6monormueckoM ofpasme, copepameM BHEKJICTOYHYIO
JHK, coriacHO BapraHTaM peai3aldy HaCTOAINETO H300pEeTeHN.

Ha ¢ur. 13A noxazasa tabmumna 1300 ananu3a Myranuii B miasme HaodeHTa C pakoM
SMYHNKA M PaKkoOM MOJIOYHOM JKene3bl Ha MOMEHT JMarHOCTHKHM COIVIACHO BapHaHTaM
peaM3anuy HacTOAINETO H300peTeHHU.

Ha ¢wur. 13B nokazama tabmuma 1350 amammsa Myranwifi B IUIasMe MaIjeHTa C
JBYCTOPOHHMM pPaKOM SHYHMKOB ¥ pakoM MOJIOYHOM >KENe3Bl IOCNIe PEe3eKIUH OIIyXOJH
COIVIaCHO BapHaHTaM peaIM3alliy HACTOAIIEr0 H300peTeHHUS.

Ha ¢ur. 14A npencranena tabmuma 1400, Ha KOTOpOi ITOKa3aHO AETEKTHPOBAHHE
onHoHyKIeoTHIHbIX BapHanuil B JIHK B mnasme g manuenta 1 ¢ KK (I'KK1). Ha ¢ur. 14B
npencrasneHa Tabmuma 1450, Ha KOTOpOM NOKa3aHO AETEKTHPOBAHHE OJHOHYKJIEOTHIHBIX
Bapuanuii B JIHK B miasme mia manuesTa ['KK2.

Ha ¢ur. 15A npencraBnena tabmuma 1500, Ha KOTOpOH ITOKa3aHO AETEKTHPOBAHHE
onHoHykyeoTHIHbIX Bapuammid B JIHK B mmasme mis manmenta I'KK3. Ha ¢ur. 15B
npescTaBiaeHa Tabimma 1550, Ha KOTOpOM ITOKa3aHO JETEKTHPOBAHHE OXHOHYKJICOTHIHBIX
Bapuanuii B JIHK B miazme mis nanuenta 'KK4.

Ha ¢wur. 16 npencrasiesa tabmuma 1600, Ha KOTOpOH MMOKa3aHO AETEKTHPOBAHHE
OJHOHYKJICOTHIHBIX Bapuanuii B JIHK B mnasMe i narnuenTa ¢ pakoM SHIHHAKOB (M TPYIH).

Ha ¢ur. 17 npexacraBmena rtabmuma 1700, Ha KOTOpOM MOKAa3aHBI IIpe/CKa3aHHEIE
9yBCTBHTEILHOCTH Pa3IAIHEIX TpeOOBaHHUI BCTPEYaEMOCTH U IITyOMH CEKBEHHPOBAHHS.

Ha ¢ur. 18 npencrasnena tabmuna 1800, Ha KOTOpOil IOKa3aHEl IIPOTHO3UPYEMEIE
KOJIMYECTBA JIOKHOIOJOKHTEIBHEIX JIOKYCOB ‘mm Pa3MMYHBEIX IIOPOTOBBIX 3HAYEHHH U

Pa3MYHBIX ITyOHH CEKBEHUPOBAHHS.
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Ha ¢wur. 19 nokaszana apeBoBHAHAsS [AWarpaMma, HDTIOCTPHPYIOIIAS KOJHYIECTBO
MyTauuii, JeTeKTHPOBAaHHBIX B Pa3/IMYHbIX JOKAIHN3AIHIX OMYXOJIH.

Ha ¢wur. 20 npemcraBneHa tabmuma 2000, Ha KOTOpOM IIOKAa3aHO KOJIMYECTBO
¢parMeHTOB, HECYIIMX MYTAIHH OIYXOJEBOI0 IPOMCXOXKICHHS, B 00pasiie IIasMbl O JICICHHS
U TI0CJIE JICYCHHUSI.

Ha ¢ur. 21 mpexncraBinena muarpamma 2100, Ha KOTOpOif IOKa3aHBI PacIpeeIeHHUS
BCTPEYaeMOCTH B IUIa3ME€ MyTallMi, JACTCKTHPOBAHHBIX B OJHOM JIOKQJIM3AaIMH OIIyXOJH, H
MyTallii, TeTEKTHPOBAHHBIX BO BCEX YETHIPEX JIOKAM3AIMAX OIYXOJIH.

Ha ¢wur. 22 npencraBnena muarpamma 2200, Ha KOTOpOM IMOKa3aHO IPOTHO3HUPYEMOE
pacrpesieseHue BCTpE4aEMOCTH B IIa3Me MyTaluii, IPOUCXOSIUX OT FETEPOTeHHOM OIyXO0JIH.

Ha ¢ur. 23 nponeMoHCTpHpoBaHa CHENH(HUIHOCT: BAapHAHTOB pealH3aUUM s 16
IPUBJICYCHHBIX 3JI0POBBIX KOHTPOJIBHBIX CYOBEKTOB.

Ha ¢ur. 24 npexcrasineHa 6nok-cxema crnocoba 2400 aHanm3a reTeporeHHOCTH OXHOM
ui Gojiee oImyxosielt CyObeKTa COINIacCHO BapHaHTaM peali3allii HaCTOSIIEr0 H306peTEH .

Ha ¢ur. 25 nokasaHa OI0OK-cXeMa THIHYHOM KOMIIBIOTEpHOH cHucTeMsl 2500,
IOPUMEHMMOM € CHCTEMOH M CcHoco0aMH COrJacHO BapHaHTAM pEaTH3alHH HACTOSIIETO

n300peTeHus.

Onpenenenus

B namHO#f 3ajdBKe TEPMHH ‘7IoKyc” WM €ro MHOXeCTBEeHHas Qopma “nokych’”
IpEACTaBsIeT coOOH IMONOXKEHHE WIH ajgpec (parMeHTa HYKIEOTHIOB (MM IIap OCHOBaHMI)
JO0OH JUMHBI, KOTOPHIH MOXET COJEpXaTh BapHalliM B PasiIMYHBIX reHoMmax. “@parment”
IpeJCTaBIsseT co00H y4acTOK 3apaHee ONpeNeNeHHOM IIMHEI B TIeHOME. Y MHOXECTBA
(parmMeHTOB MOKeT GEITE OJIMHAKOBas IepBas JUIMHA (pa3pelleHHeE), TOrJa KaKk y OTIHYHOIO
MHOXECTBA MOXET OBITh OIWHAKOBas BTOpas IIHHA. B ONHOM BapHaHTE peaTM3alluH
dbparMeHTHI He EPEKPHIBAIOTCS APYT C APYTOM.

Tepmun “cryuaiinoe cexeenuposanue” B naHHOM 3asiBKe€ OTHOCHTCHA K CEKBEHHPOBAHHIO,
IpH KOTODOM CEKBECHHPOBAHHBIE (pParMeHTHl HYKICHHOBBIX KHCIOT CIEIHAILHO HE
HICHTHOUUUPOBAIM WIM 3apaHee HE OIpENEUIM Iepe]l NpPOUEAYPOH CEKBEHHPOBAHHI.
Coenuduineie X I0CIEI0BAaTEILHOCTH IpaiMepHI JUII HalleIMBAHHS Ha OIPE/IEICHHEIE JIOKYCHI
redoB He TpeOyrorca. TepmuH “ynusepcanvhoe cexeenupoeéanue” OTHOCHTCS K TaKoMy
CCKBEHHPOBAHHUIO, IIPH KOTOPOM IIPOLECC CEKBEHHPOBAHHSA MOXET HayaTbead C Joboro
¢parmenTa. B oxmOM BapHaHTe peamHM3anuu K KOHIy ()parmMeHTa HOGABIAIOT aianTeps, H
OpaiMepsl JUId CEKBEHHPOBaHMs COEJUHAIOTCA C ajantepaMd. TakuM obpasoM, Jo0oit

(bparMEeHT MOXHO CEKBEHHPOBATh C IOMOINBIO OJHOTO M TOTO JKe IpaiiMepa M, TaKuM 06pa3oM,



CEKBEHHPOBAHHE MOXET GBITE CIIyJaiHbIM.

Tepmun “mapxep nocaedoeamenvrocmy” (Takke Ha3bIBAEMBIA  CUMTHIBACMOH
IIOC/IEIOBATENBHOCTEIO) B JAaHHOM 3afBKE OTHOCHTCA K  IENOYKE  HYKJICOTHJIOB,
CEKBEHHPOBAHHOMH ¢ 000N 9acTH WIH IO Bceit MoJIeKyJie HyKJIEMHOBOM KuciIoThl. Hampumep,
CEKBEHHPOBAHHBIA MapKep MOXET IpeACTaBIATh COO00H KOPOTKYIO LENOYKYy HYKJICOTHIOB
(manpumep, ~ 30), CEKBEHHPOBAHHYI0 IO (PparMEeHTy HYKIEHHOBOM KHCIIOTHI, KOPOTKYIO
LEeNoYKy HYKJICOTHAOB € OOOHX KOHIIOB (parMeHTa HYKJICHHOBOM KHCIIOTHI HIIH
CEKBEHHPOBaHHE IENOro ¢parMeHTa HYKIEHHOBOM KHCJIOTBI, KOTOPHIH IIPHCYTCTBYET B
6uonorugeckom obpasne. OparMeHT HYKJIEHHOBOM KHCIIOTHI IIPEACTABIAET co00M HoOYI0 YacTh
Gomee HANMHHOM MOJNEKYIBI HYKIEHMHOBOH KHCIOTEL ®parMeHT (Hampumep, IeH) MOXET
CYIIECTBOBATh OTHACIBHO (T.€. B HE COEAMHEHHOM BHJE) OT ApPYTHX dacTeit Oonee JUIMHHOM
MOJIEKY Bl HYKJIEHHOBOH KHUCJIOTEL.

B nmannoit 3asBke “koHcmumymuenviii 2enom” (Taxxe HasbBaeMbiii KI') coctomT u3
KOHCEHCYCHBIX HYKJICOTHIOB B JIOKycaX BHYTPH I'€HOMa, H, CJIeI0OBAaTEIbHO, MOXKHO CUMTATh €ro
KOHCEHCYCHOH mocnenoBarenbHOCTEIO. KIT MOXeT OXBaTBIBaTh BeCh TIeHOM CyOBeKTa
(rampuMep, FeHOM. 9eJIOBeKa) WM TOJIBKO 4acTH reHoMa. Koncrutyrususii redom (KI') MOxHO
noxyuuts M3 JIHK xnerok, a taxxe u3 BHewrIetouHodt JIHK (HampuMep, KOTOPYHO MOXHO
06Hapy>XHTh B IUTa3Me). B uieanbHOM ciiydae, KOHCEHCYCHBIE HYKI€OTHIBI JOJDKHEI YKa3hIBATh
Ha TO, YTO JIOKYC SIBISETCS F'OMO3HIOTHBEIM IO OJHON aUIelld WM I'€TEPO3HIOTHHIM II0 JIBYM
amnensaM. ['eTepo3HroTHBI JOKYyC OOBIMHO BKIIOYAeT JIBE aJUICIH, KOTOPBIE COJAEpXKaT
reHeTHYecKui nommmopdusM. B kadecTBe mpmMepa, KpuUTepHeM IS ONIpeleNieHHs TOro,
ABJIAETCS JIX JIOKYC T€TEPO3UTOTHBIM, MOXKET OBITh IIOPOT MOSBICHHUSA KOKIO0H U3 ABYX ajUieneii B
II0 MEHBbIIEH Mepe 3apaHee OIPEJENICHHOM IIPOLEHTE CYMTHIBAEMBIX IIOCJIEIOBaTELHOCTEMH
(manpmmep, 30% umu 40%), BBIPOBHEHHEIX II0 JAHHOMY JIOKYCY. ECIHM OJJMH rOMO3HMIOTHBIH
HYKJICOTH/ IIOSBIIIETCS C JOCTATOYHBIM IIPOLIEHTOM (Hanpumep, 70% mim 6ombme), Toraa JIOKyc
MOXXHO CYHMTaTh roMo3HroTHEIM B KI'. X0Ts reHOM 0Z1HO# 3X0pOBO# KIETKH MOXXET OTIMYATHCH
OT T€HOMa JApYrod 3J0pOBOM KIETKM BCIEACTBHE CIyYaWHBIX MYTalUi, MNPOHCXOMSIIHX
CIIOHTAHHO B TPOIIECCE eieHus KieTkH, KI' He IOIDKeH H3MEHSTHCS, KOT/Ia HCIIOIb3YEeTCs Tako
KOHCEHCYC. B reHomMax HEKOTOPBIX KIJIETOK MOTYT IPOHUCXOJUTH TI€HOMHEIE IEpECTPOMKH,
Harpumep, B B- u T-mumdonurax, Takue Kak nepecTpoiKH, 3aTpariBaroIie I'eHbI aHTHTeI 1 T-
KIECTOYHBIX penenTtopoB. Takue KpymHoMacImTaOHBIE pa3iMdus Bce Xe OyayT 3aTparuBaTh
OTHOCHTEJIEHO HeGOIBIIYIO MOIMyILIHIO OT BCEH MOIYNAIHH SIPOCOAEPKAMMUX KIETOK B KPOBH,
H, TakuMm o0pa3oM, Takme IepecTpOHKH He OyIyT BIMATh Ha ONpPEAEICHHE KOHCTHTYTHBHOI'O
reHOMa IIpH JI0CTaTO4HOH BRIOOpKE (HampuMep, rIyOHHE CEKBEHHPOBaHMS) KPOBSHBIX KJIETOK.

JpyTre THIBI KIETOK, BKIIOYas OyKKaIbHbIE KJIETKH, KJIETKHA KOXH, BOJIOCIHEIE (DOJUTHKYIIBI HITH
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OGuoNTaThl pa3IHYHbIX HOPMAIBHHBIX TKaHEH OpraHH3Ma, TAKKe€ MOTYT CIYXXHTh MCTOYHHKAMHE
KT

Tepmun “xoncmumymuenas [JHK” otHOcHTCA K mobomy ucrounuky JIHK, koropsrit
OTpa)kaeT I€HETHYECKUH COCTaB, ¢ KOTOPBHIM CyObekT pomuncs. IIpuMmepsl “KOHCTHTYTHBHBIX
o6pasnoB” cyObekTa, M3 KOTOPBIX MOXXHO HONXy4dTh KOHCTHTYTHBHYIO JIHK, BKIIOUaroT
3gopoByro JIHK xnerox kpoBm, JIHK Oykxanesex kneroxk u JIHK xoprs Bomoca. THK u3
JAHHBIX 3JOpOBEIX KJIeTok cocTaBisier KI' cybrexra. OnpenenuTs, 9T0 KIETKH 3J0POBEI, MOXKHO
MHOXECTBOM CIIOCOOOB, HalpHMep, KOrja H3BECTHO, YTO MHIMBHJ HE CTPAJacT paKkoM, HIH
obpazenr MOXHO ﬁonyqprrb U3 TKaHH, KOTOpas CKOpee BCEro He COJECpPXKHT paKOBble HIH
IpeA3ioKadecTBeHHble KieTkd (HanpuMep, JIHK kopHs Bojoca, KOraa IOAO3pEBAIOT pak
nedyeHn). B xadecTBe qpyroro nmpuMepa, obpaser Iia3Mbl MOXKHO ITOJyYHTh, KOI/a y ITalMeHTa
HET paKa, M JCTeKTHPOBaHHyI0 KoHCTHTyTHBHYI0 JIHK cpaBHWTH ¢ pe3ysnbraTaMu UIs
IIOJTyYEHHOTO BIOCIEACTBUM 06pa3lia Ia3Mbl (HallpUMep, Yepe3 rojl Wik mo3xe). B npyrom
BAapHaHTe pealM3allid €INHMYHBIA OHONOrHYecKui obpasel, comepxamuii <50% omyxoneBoi
JHK, MOXHO IpPHMEHSATH BBHISABICHHS KOHCTHTYTHBHOIO T€HOMa H CBS3aHHBIX C OIIYXOJBIO
TEHETHYECKUX HM3MeHeHuH. B TakoM o6pa3ne KOHIEHTpalMH CBS3aHHBIX C OIIyXOJBIO
OJHOHYKJICOTHIHBIX MyTaluid OyIyT HEXe, 9eM TAaKOBHIE JJI KaXKIOH ayUIeNIH reTepO3UTOTHEIX
onHOoHyKIeoTHIHBIX nomMopdusmoB OHIT B KT'. Takoit o6pa3zer; MOXeT OBITH TEM KeE, YTO H
Ononoruyeckuit 06pasell, HCIOIB3yeMBbIi ISt ONPEAEICHAS reHoMa o0pasiia, OIUCAHHOTO HIXKE.

Tepmun "6uonozuueckuti obpasey" B NaHHOH 3asBKe OTHOCHTCA K JmoOoMy oOpasmy,
KOTOpBIH 3abupaloT y cyObekTa (HampuMep, Y 4YeloBeKa, HMHIUBHIA, CTPAJAIOIETO paKoM,
HHIWBHZA, Y KOTOPOrO IOJ03PEBAlOT HAIMYME paka, WK Y APYTHX OPTaHU3MOB), H BKIIOYAET
OqHy wumu O6ojee HHTEPECYIOIYI0 BHEKJICTOYHYIO MOJEKYJNy (MOJEKYNbl) HYKJIEHHOBOM
KHCJIOTHL. buonormueckuii obpasen; Moxer Bkimouars BHeKiIerounyoo JIHK, uyacTe koropoit
MOIJla IPOM30HTH OT 3JOpPOBBIX KIETOK H 9acTh - OT OIYXOJIEBBIX KieTox. Hampumep,
omyxoneByro JIHK MoxHO HalTH B KpOBH WIM APYTHX >XHIKOCTAX, HampuMep, B Moue,
IUIEBPAJIbHOM JKUAKOCTH, aCIUTHYECKOH XKUIKOCTH, IEPUTOHEATHHOM XHUIKOCTH, CIIIOHE, Cle3ax
HJIM CIIMHHOMO3TOBOM XHAKOCTH. He oTHOcsmmiics K KHAKOCTH IpHMEp IPEACTaBIseT coOoi
obpasen; kana, KOTOpPBIi MOXeT OBITh CMEINaH C JUapeiHOM XUAKOCTBIO. [ HEKOTOPHIX W3
Takux oOpa3noB Omomnormueckuii obpase MOXHO IIOJYYHTh HEHHBAa3HBHBIM crocoboM. B
HEKOTOPBIX BapHaHTaX peald3anuy OHOJIOrHYecKHii o6pa3en MOXKHO HCHONB30BATh B KAa4eCTBE
KOHCTHTYTHBHOTr0 06pasia.

Tepmur “remom ofpasma” (Taxke HaseBaeMblii ['O) mpeacraBiaser coboit HaGop
CYMTHIBAEMBIX IMIOCJIEAOBATENLHOCTEH, KOTOPBHIC BLIDOBHAIM C IIOJOXKCHHAMH B TE€HOME

(manpumep, reHoMme 4enoBeka). [eHom oOpasua (I'O) He sBngeTcs KOHCEHCYCHOH



10

IIOCJIEA0BATENFHOCTHIO, HO BKIIIOYAET HYKJICOTHABI, KOTOPHIE MOTYT IOSBHTHCS TOJBKO IHpH
JOCTaTOYHOM KOJMYECTBE CUMTBHIBAEMBIX IIOCIIEAOBATENHHOCTEN (HapuUMep, IPH HOPOTOBBIX
3HA4YEHHSX, PaBHBIX IO MeHbmed Mepe 2 mmm 3, wm O6ompme). Ecmu amnens mosmisercs
JOCTaTOYHOE KOJNMYECTBO pa3 M He gBiuderca dacteio KIT (T.e. He sBIAETCS YacCTHIO
KOHCEHCYCHOH  IOCJIEIOBATEIPHOCTH), TOTJa  3TOT  aienh  MOXeT  00o03HauaTh
“omHOHYKJICOTHAHYIO MyTamuioo” (Takke HasbBaemMyro OHM). Ilpumensss Hacrosimee
n300peTeHne, Takke MOXKHO OOHapyXWTh IpyrHe THIBI MyTalWi, HapuMmep, MyTaIuH,
BKIIOYAIOIKE JABa WM Ooliee HYKJICOTHIOB (Takwe, KOTOpHIE BIHMSIOT Ha KOJIMYECTBO
TaHJEMHBIX IJOBTOPOB B MUKPOCATEJUINTE, HITH TaKUe, KaK NOJMMOP(H3M IIPOCTOr0 TaHAEMHOTO
IIOBTOPA), XPOMOCOMHYIO TPaHCIO3HLHIO (KOTOpas MOXeT OBITh BHYTPHXPOMOCOMHOMN HIH
MEXXPOMOCOMHOH) H HHBEPCHIO MOCIEN0BATENEHOCTH.

Tepmun “pegepenchuiii zenom” (Taxxe Ha3zbBaeMblif OI) OTHOCHTCS K TaIIOUTHOMY
HWIA JUILIOMTHOMY TIE€HOMY, C KOTOPHIM MOJXHO BBIDOBHATH H CpaBHHTH CUHTEIBAEMBIE
TIOCIIEI0BATENPHOCTH M3 Omonormaeckoro obpasia M KOHCTUTYTHBHOro obpasma. B kaxaom
JIOKyCe ralyIONAHOTO I€HOMa MOXeT OBITh TOJNBKO OAWH HYKJICOTHA. B auIuiongHOM reHoMe
MOXHO OGHApYXHUTb I€TCPO3UIOTHBIC JIOKYCHL, IIPH 3TOM TaKOH JIOKYC CONEPXHUT JABE aJLIENH,
rie mobas ayuies MOXKET 00eCTIeUNTh COBIIAICHHE IS BEIPABHUBAHHUA C JAaHHBIM JIOKYCOM.

Tepmun “yposenv paxa” MOXeT OTHOCHTHCH K JIFOOOMY M3 IIEPEUHCICHHOIO: HAJHYHIO
paka, CTaJW{ paka, pa3sMepy OIyXOJdH H/WIM APYTHM MepaM TSDKECTH paKa. YpPOBEHb paka
MOJKET IIPECTABIATh COOOH KOIMYECTBO MM APYTYIO XapaKTEPHCTHKY. Y POBEHH MOXET OBITH
paBeH Hymo. YpPOBEHb paka Takke BKIIOYAET IPEA3JIOKAYESCTBCHHBIE WM IIpEIPaKOBEIE
COCTOSIHHS (craTyc;r,I), acCOI[MMPOBAaHHBIE C MyTallMsSIMH MM MHOXXECTBOM MYyTalluii. YpOBEHb
paKa MOXHO HCIIONIB30BaTh pPa3IWYHBIMH crnocobamu. Hampumep, B pesynbraTe CKpHHHHTA
MOXXHO IIPOBEPHTh HaJIM4HE paka y Koro-Jmbo, y Koro paHee He ObUI BELABIEH pak. OueHka
IIOMOXET HCCIIE0BaTh KOro-mbo, y Koro ObUT JHarHOCTHPOBAH pak. J[eTEeKTHpOBaHHE MOXET
O3Ha4aTh ‘CKPMHHHI’ WM MOXET O3Ha4aTh IIPOBEPKY TOrO, CTpagaeT J¥ PakoM KTo-mubo, y
KOro GBUIM IETeKTHPOBAHEI IIPH3HAKH, MO3BOJLIONHE IPETIONIOKHTE HAIMIHe paKa (HalpuMep,

CHMIITOMBI HJIH APYTHE IOJNOKHUTENHHbIE aHATIH3E).

ITonpo6Hoe onucanue H300peTeHUS
ITpeio>keHBI BapHaHTBl pealH3allMd IS JCTEKTHPOBAaHHA paka IIyTEM aHaIn3a
6ronormgeckoro obpasiia (HanpuMep, o6pasia IIa3MBL/CEIBOPOTKE KPOBH), KOTODPEIA He GepyT
HEIIOCPE/ICTBEHHO M3 OIYXOJIHM M KOTOPEHIH COAEPXKHT BHEKJIETOYHEIE HYKJICHHOBEIE KHCIIOTEL
BHekeTOUHbIE HYKJICHHOBEIE KHCJIOTHI MOTYT IIPOHMCXOIMTH M3 Pa3IMYHEIX THIOB TKAHH IO

BCeMY OpraHu3My. Takum o6pa3soM, MOXHO IIPOBECTH OOMIMPHEIA aHAIN3 LI JeTEKTHPOBAHHA
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Pa3MYHBIX PaKOBEIX 3a00JIEBaHUIHA.

I'enermaeckne abeppanuu (BKIOYas OJHOHYKJIICOTHIAHBIE MYTallMH, MACICLUH,
aMIUTH(UKAIMK B IepECTPOHKH) HAaKAIUIMBAIOTCS B OIYXOJIEBBIX KJIETKaX B IPOLECCE Pa3BUTHSA
pakoBBIX 3a0o0jeBaHMi. B BapHaHTax peajM3alli¥ MOXKHO IPHMEHSTH MacCOBOE MapallieNbHOe
CEKBEHHPOBAHHE U1 JETCKTHPOBAaHHS M OIPENEICHHS KOJIMYECTBA OJHOHYKICOTHAHBIX
Mytamuii (OHM), Taxke HasblBaeéMBIX OAHOHYKIeOTHAHBIME Bapmamumsamu (OHB), B
OHMOJIOTHYECKUX XXKUAKOCTAX (HampuMmep, IUTa3Me, CHIBOPOTKE, CIIIOHE, aCUTHIECKOH XHUIKOCTH,
ILIEBPAIBHOM XKMIKOCTH ¥ CIIHHHOMO3TOBOH JKHIKOCTH), YTOOBI 0OHAPYXUTh H KOHTPOJIHPOBATH
pakoBble 3aboneBanms. AHamu3 kommdectBa OHM (wmm jgpyroro THma MyTamuif) MOXeT
.obecneunTh MEXaHHU3M OIPEAEICHUS PaHHHX CTaauii paka B paMKax CKpHHHHIOBBHIX TeCTOB. B
pa3IMYHBIX BapHaHTaX peamm3anuu 3a00TATCS O TOM, 4YTOOB OTIMYHTH OIIMOKH
CEKBEHHUPOBAHHS M OTIMYHTH CIOHTAHHBIC MYTallMH, IPOHCXOJAINHE B 3JOPOBBIX KIETKaX
(sanpumep, Tpebys eTEKTHPOBAHUS B KOHKPETHOM JIokyce Heckonskux OHM, Hampumep, mo
MeHbIeH Mepe 3, 4 uin 5).

B HexoTOopeIX BapHaHTax pealH3allMH TaKKe INPEJUIOKEHBI HEHHBA3HBHEIE CIOCOOEI
aHaln3a IeTepPOreHHOCTH OIyXOJNH, KOTOphIE MOTYT BKIIOYATh KJIETKH M3 OMHOM U TOH Xe
OITyXOJH (T.€. BHYTPHOILYXOJIEBas I€TEPOreHHOCTh) MM KJIETKH M3 Pa3IMIHBIX OImyXoJiei (J1u6o
M3 TOro xe caifta, 60 M3 pa3lIMYHBIX CAalTOB) BHYTPH opraHm3ma. Hampumep, MOXXKHO
HEMHBa3WBHO ITPOAHAIM3HPOBATh KIOHAIBHYIO CTPYKTYpY TaKOH I'€TEpOr€HHOCTH OITyXOJIH,
BKJIIOYas OIIEHKY OTHOCHTENFHON MacChl OIMyXOJEBBIX KIETOK, COAEPKAIUX KAKIAYIO MYTAIHIO.
MyTanuu, KOTOpBIE HPHCYTCTBYIOT B 0oOJiee BEICOKMX OTHOCHTENBHBEIX KOHIIEHTpAIHSIX,
IPUCYTCTBYIOT B OOJbINEM KOJIMYECTBE 3JIOKAYECTBEHHBIX KJIETOK B OpraHH3Me, HallpUMep, B
KJIETKaX, KOTOphle IOSBHIKCH paHbINE B IIPOIECCE OHKOTeHe3a [0 CPaBHEHHIO C JIPYTHMH
3JI0KAYECTBCHHEIME KJICTKAaMH, TaKXe NMPHCYTCTByIOmMMH B opranmsMe (Welch JS u gp. Cell
2012; 150: 264-278). Oxxupnaetcs, YT0 TaKUE MYTAIIHH, BCIEICTBHE HX OONBINEH OTHOCHTEIBHOM
pacIpocTpaHeHHOCTH, obecnedar OONBIOIyI0 [AHAarHOCTHYECKYIO) YyBCTBHUTEILHOCTH JUIS
nerexktupoBaHus  pakoBoi  JIHK, wemM  TakoBele ¢  MEHBIIEH  OTHOCHTENBHOM
pacmpocTpaHeHHOCThIO.  Ilepmomwyeckuii ~ MOHHTOPHHI — H3MEHEHHA  OTHOCHTEIIBHOM
pacIpoCTpaHEHHOCTH MyTanuii 00eCIiedIuT BO3MOXKHOCTh HEHHBA3HBHOIO KOHTPOJIS H3MEHEHHH
B KJIOHAJIFHOM cocfaBe omyxonei, 00 CHOHTAHHBIX II0 MEpe IPOTPECCHPOBaHUS 3a00JIeBaHHAS,
mubo B oTBET Ha JeueHHe. Takas nHbOpManus OyAeT IMONe3Ha Ui OLECHKHA IPOTHO3a I UL
PaHHErO JETEKTHPOBAHMUS YCTOHYMBOCTH OIYXOJH K JICUECHHIO.

L BBEJAEHUE
MyTramnuu MOTyT BO3HHKATh B IIpOIlecce AEJICHUS KJIETKH U3-3a OIHOOK IIPH pEITHKAITHH

JHK w/mmm pemapanum JJHK. OauH THI TakMX MyTauil BKIIOYAET H3MEHEHHE OTAEIBHEBIX
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HYKICOTHIOB, KOTOPOE MOXET MPOHUCXOAUTh B HECKONBKHMX IIOCIEAOBATEIBHOCTAX H3
pa3muuHBIX obnacteit reroMa. Kak npasmito, monaraior, 9To pakoBble 3a00JIeBaHHS BO3HHKAIOT
BCJICACTBHE KJIOHAJIBHOM OSKCIAHCHH OTHCIBHOM pPaKoOBOM KIETKH, KOTopad IONyduia
IPEUMYINECTBO pOCTa. Takas KIOHAIbHAs OKCraHcus OyHeT NpPHBOAUTH K HAKOIUIEHHIO
MyTanuuii (HampuMep, OJHOHYKJICOTHIHBIX MYyTallHii) BO BCEX PAaKOBBIX KIIETKaX, KOTODHIE
OPOM3ONLIA OT HCXOTHOH PaKOBOH KJIETKH. Y TaKMX BTOPHYHBIX OIyXOJEBBIX KJIETOK OyAer
OJIMHAKOBBIN Ha6dp MyTanuii (HampuMep, OOHOHYKJICOTHIHBIX Myranuii). B nmanHO 3asBke
OINICAHO, YTO aCCOIMHPOBAaHHBIE C pPakoM OIHOHYKJICOTHAHBIE MyTallUH OOHapyXXWBAlOT B
IUIa3Me/CHIBOPOTKE MAIIMEHTOB C PAKOBBIMH 3a00JIeBaHHSIMH.

Hexoropble BapHaHTBI pealM3alliH NO3BOJSIOT 3(PQEKTHBHO OCYINECTBHTh CKPHHHHT
BCEeX MyTamuil B GHMOJOTHYeCKOM obpasne (HamphMmep, B IUIa3sMe HIH CHIBOpoTKe). Tak Kak
KOJIMIECTBO MyTallMii He (UKCHPOBaHO (MOXXHO OOHApPYXHTh COTHH, THICSYH KA MHJUIHOHEI
CBA3AHHBIX C PaKOM MYyTaluil M3 pa3lMYHBIX CyOIOIyJANHN OIMyXOJEBBIX KIETOK), BAPHAHTHI
pealn3amuu MOTyT oOOecHedMTh OONBINYI0O YYBCTBHTEIHHOCTH, YE€M METOIHKH, KOTODEIE
IO3BO/LIIOT OOHapyXWTh KOHKDETHBIE MyTanuMu. [ JeTeKTHpoBaHHS paka MOJXXHO
HCIIOIB30BaTh MHOXECTBO MyTaIlHiA.

JUia Toro 9roOBl OCYIIECTBHTh TaKOH CKPHHHHI MHOXECTBA HJIH BCEX MYTaIHi, B
BapHaHTaX peau3alliy MOTI'YT IPOBOAUTH IOKCK (HampHUMep, CIy4aifHbIHA MOMCK) FeHEeTHIECKUX
M3MeHeHuH B 6HonormdeckoM obpasie (Hampumep, B GH3HOIOTHYECKHUX JKUIKOCTAX, BKIIIOYAT
IIa3My H CHIBOPOTKY), KOTOpbIH Moxer cozepxars JIHK omyxomeBoro IpoHCXOXXACHUS.
Ilpumenenne o6pasma, Takoro Kak IDIasMa, H30aBiasger OT HEOOXOIMMOCTH IPOBEACHHS
MHBa3HBHOM Omorcum omyxoyn wim paka. KpoMe Toro, Tak Kak CKpHHHHT MOXET ITOKpPHIBaTh
BeCh T'€HOM WM Oonbmme ¢parMeHTHl T€HOMa, TaKOM CKPHHUHI HE OrpaHMYEH KaKUMH-THOO
IIEpEYNCIMMBIMH M U3BECTHBIMH MYTAalUsAMH, HO B HEM MOXET HCIIONBL30BaThCA Jobas
CyIIECTBYIOIIas MyTaius. bojee Toro, HOCKOIbKY KOJIMIECTBO MyTallii CYMMHPYETCS II0 BCEMY
reHoMy HIH 1o OonbmHM (parMeHTaM TIeHOMa, MOXXHO IONydHTh OoJieeé BBICOKYIO
JyBCTBHUTEIBHOCTD,

TeM He MeHee, B I€HOME YEIOBEKa CYIIECTBYIOT INOMMMOpPGHBIC CaWThl, BKIIOYAd
ogHoHyKneoruaHele nomuMopdusmbl (OHII), xoTopere He ciexyer cumrtarh Myrtanusmu. C
IIOMOINBIO BAPHAHTOB peaTM3allid MOXHO YCTaHOBUTh, IIOXOXE JH, YTO TIC€HETHYECKUE
HM3MEHEHHUS, KOTOpHIe OBUTH 00HAPYKEHBL, SBISIOTCS CBSI3aHHEIME C PAKOM MYTaIlUsIMU, WIH OHA
IPEACTABIIOT CO00H MoMMMOpGU3MEl B reHoMe. Hamprumep, B paMKax BBIIBICHHS pa3s/HIMsd
MEX/Ty CBA3aHHBRIMH C paKOM MYTaIl[UsIMH B HOMMMOp(H3MaMH B reHOME, BapHaHThl peaTH3allii
IIO3BOJITIOT ONPEACTUTh KOHCTHTYTHBHEIA I'€HOM, KOTOPBIH MOXET BKIIOYAaTh MOIUMOP(HU3MEL

[Momumopdusmer koHcTHTyTHBHOrO reHoma (KI') MOXHO OrpaHHYHTE NOIUMOpGH3IMaMH,
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KOTOpEIE MPEJICTABICHH C JOCTaTOYHO BHICOKMM IPOLEHTHBIM cojepxaHHeM (Hampumep, 30 -
40%) B pe3yspTaTax CEeKBCHHPOBAHMS.

ITocnenoBaTenbHOCTH, MNONY4YeHHBIE H3 OHMOJOTHYecKoro ofpasna, MOXHO 3areM
BHIPOBHATh ¢ KOHCTHTYTHBHEIM I'€HOMOM H OOHApyXHThb BapHallFH, KOTOpHIE NPEACTABIIOT
coboii oqHOHyKIIeoTHAHBIE MyTanuy (OHM), mmm npyrue tinst mytanuii. lanasie OHM OyayT
IpeACTaBIATE cOOOM BapHalyM, He BKIIOYECHHBIE B H3BECTHBIE MOJMMOP(H3MEL, H, TaKUM
06pa3oM, MOXXKHO OTMETHTh, YTO OHH CBS3aHbI C PaKOM H HE OTHOCATCA K KOHCTHTYTHBHOMY
TeHOMY. Y 3JI0pOBOr0 HHIAMBHAA MOXET BCTpedaThes HeKoTopoe KommdectBo OHM Bcnenctue
ClIydalfHBIX MyTallii B 30POBBIX KJIETKaX, HAIPAMED, BO3HUKIIHX B IPOLECCE ACIECHUA KICTKH,
HO y HH/IUBHUJA, cﬁ)a,uaxomero pakoM, ux Oyzner ropaszmo GoJsime.

Hanpumep, y crpagaromero pakom uuauBuaa kommdectBo OHM, nerexTHpyeMbIX B
¢usnomornyeckod  KMAKOCTH, Oyaer BbIIE, 4YeM  KOJHYECTBO  MOIMMOPGH3MOB,
IPUCYTCTBYIOIMX B KOHCTHTYTHBHOM TI€HOME TOrO XK€ HHIWBHAA. MOXHO CpaBHHTH
KOJIMYECTBA BapHalyii, IETEKTHPYEMBIX B 00pasie GU3H0IOrHIeckoi KHUIKOCTH, COAEpKaIIeM
JTHK omyXoneBoro IpOHCXOXKICHHS, H B obpasne JITHK, cozmepxaimeM NIpeHEMYIIECTBEHHO
koHcTHTYTHBHYI0 JIHK. B 0HOM BapmaHTe pealn3alill TEPMHH ‘IPEHMYLIECTBEHHO OymeTr
o3HadaTh Gomee deM 90%. B npyromM mHpequmoYTHTENIEHOM BapHAaHTE pPEAM3allMd TEPMHH
‘npenMyInecTBeHHO’ Oyler o3HadaTh Oonee ueM 95, 97%, 98% wumu 99%. Eciam xomudecTBo
BapHalui B GPU3HOIOTHYECKOH KUIKOCTH IIPEBHIIAET TAKOBOE B 0OpasIle ¢ MPEUMYIECTBEHHO
koHcTHTyTHBHOH JIHK, CcymecTByeT HOBBINEHHas BEPOATHOCTH TOrO, YTO (DH3HOJIOrHYECKAS
XHIKOCTh MoxxeT Bkiogats JIHK omyxomeBoro mpoucxoxaeHus.

OnuuM U3 croco6oB, KOTOPBIE MOXKHO IIPUMEHATH VI CIyYailHOro IIOMCKA BapHaluii B
obpasmax JIHK, spBnsercs ciydaifHOe CEKBEHHPOBAaHHE WM CEKBEHHPOBAHHME METOIOM
“BeICTpena H3 JpoOOBOro pyxbs’ (HaOpuUMep, IPHMEHSS MacCOBOE IapajUIeIbHOE
CEKBECHHMpOBaHHUE). - MOXXHO HpHMEHATh JHOOYI0 IniatopMy IUId MacCcoBOTO HapaslIeIBHOTO
CEKBEHHPOBAaHMsA, BKIIOYas IUIATGOPMY CEKBEHHPOBAHUS IIyTEeM JIMTHPOBAHHUA (HAIpHMeEp,
nnardopmy Life Technologies SOLiD Platform), Ion Torrent/Ion Proton, IoxympoBOIHEKOBOE
cekBeHHpoBanue, Roche 454, mnatdopMbl 11 CEKBEHHPOBAaHHS OIMHOYHBIX MOJIEKYI
(manpumep, Helicos, Pacific Biosciences u Nanopore). Kpome Toro, usBecTHo, 4to MOTYT
IIPOMCXOJUTEH OIMMOKH CEKBEHHPOBAaHHUH, KOTOPHIE MOTYT HENPaBHIILHO HCTOJKOBBIBATHCH KaK
Bapuanyuy B KoHCTHTyTHBHOH JJHK mim xak Myrammm, mpomcxojsaimue u3 omyxojesoit JTHK.
Taxum o6pazoM, I yIydIIeHHs CIeNU(GUIHOCTH IPeIOXKEHHOr0 HaMH IIOAX0/1a, BEPOSTHOCTH
OIMIMOKK CEKBEHHPOBAHUS WIH JPYI'MX KOMIIOHEHTOB QHAJMTHYECKHX OMHOOK MOXHO y4ecTs,
HalnpuMep, OPHMEHAA MOIXOINAIYI0 TINyOMHY CEKBEHHPOBAaHHS Hapsiay ¢ TpeOoBaHHeEM

JETEKTHPOBAHHUS B JIOKYCe IT0 MEHBINEH Mepe OIpeaeIeHHOro KOJIMuecTsa (Hampumep, 2 uin 3)
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ayene, 9To6bl cauTath ero coaepxxamuMm OHM.

B naHHO 3asBKE OIMCAHO, YTO B BAPHAHTAX PEAIH3ALHM MOTYT GBITH IPEICTABICHEI
JlokaszarenscTBa npucyrctBus JJHK omyxoneBoro mpoucxoxaeHus B OHonormdeckoM obpasie
(manpuMmep, B GHU3HONIOrHYECKOH KHUAKOCTH), KOrJa KOJIHYECTBO CIy4aiHO NETEKTHPOBAHHBIX
TCHETHYCCKUX H3MECHEHHH, IIPHCYTCTBYIOMUX B 00pasile, IPeBhIIIaeT TAKOBOE, 0XKUIAEMOE IS
koHctuTtyTUBHOH JIHK M 1uis Bapuammii, KOTOpele MOryT OBITH CIIy4allHO JET€KTHPOBAHBI
BCJICICTBHE AHATUTHYECKHX OMMOOK (HampuMep, OmMHOOK CeKBEHHpOBaHHA). IloiTydeHHEIE
CBEACHHA MOXHO HCIONB30BaTh JUI1 CKPHHHHIA, MAWArHOCTHKH, INPOTHO3MPOBAaHUA H
MOHHTOpHHIa PaKOBHIX 3aboneBaHmi. B crexyromux pasfenax MBI OMMCATIH aHATUTHYECKUE
3Tanbl, KOTOPHIE MOXHO IPHMEHSTH I JETEKTHPOBAHHS ONHOHYKJICOTHAHBIX MyTanuil B
IUIa3ME/CBIBOPOTKE HIM JApYyruX oOpasmax (HampuMep, B (PU3HONIOTHYECKHX IKHIKOCTSX).
(DU3NOJIOTMYECKHE JKHUAKOCTH MOTYT BKJIIOYATh IUIa3My, CBHIBOPOTKY, CIIHHHOMO3TOBYIO
XHMJKOCTh, IIEBPAIBHYIO JXHAKOCTH, ACIHHUTHYIO >KHAKOCTH, BBIAEICHHUSA H3 COCKa, CIIOHY,
XHIKOCTh OpOHXOAIBBEOJSIDHOIO JaBaXxka, MOKpPOTYy, CJle3bl, IOT H Mody. BrobaBox k
(bH3H0TOrHYecKUM JXHIKOCTAM, YKa3aHHEIH CIIOCO0 Takke MOXKHO IIPAMEHSTH 110 OTHOIIEHHIO K
obpasuy Kaia, Tak Kak ObUIO II0Ka3aHo, 9TO MOCIEOHUN MOXET cofepxath omyxoeByro JTHK u3
KosopekTainbHOro paka (Berger BM, Ahlquist DA. Pathology 2012; 44: 80-88).

IL OCHOBHOM CIIOCOB CKPHHHUHT A

Ha ¢ur. 1 mpeacraBnena Omok-cxema crmocoba 100 nereKTHpoBaHHA paKa HIIH
IIPEA3I0KaYECTBEHHOTO U3MECHEHHS Y CyOBheKTa COrJIaCHO BapHAHTaM PEaM3alldH HACTOSIIETO
u3zobperenus. BapmaHTHI peanm3anud DO3BOJSIOT aHATH3HpOBaTh BHekiIeTounyro JHK B
6uosorumyeckoM o0pasie U3 cyObeKTa A AeTeKTHPOBaHMS Bapualuii Bo BHekieTogHon JTHK,
BEPOATHO TMPOMCXOAAINMX M3 ONyXOMH. B yKa3aHHOM aHaIM3e MOTYT HCIIOJIB30BaTh
KOHCTUTYTHBHBI I'€HOM CyOBeKTa, 4TOOBl ydecTh HOMUMOP(H3MBI, KOTOpPhIE IPHHAIIEKAT
3JI0POBBIM KJIETKaM, H MOXHO YYHTHIBaTh ommOku cexBeHmpoBaHUsA. Crmoco6 100 u jmoboit u3
¢noco6oB, onmUcaHHBIX B nMaHHON 3asBKe MOXHO IOJHOCTHIO MJIM YACTHYHO OCYINECTBHUTH C
TIOMOIIBIO KOMITBIOTEPHOM CHCTEMBI, BKIOYAIOIIEH O/IWH WK GoJiee pOLecCopoB.

Ha stane 110, nomy49ar0oT KOHCTHTYTHBHBIA Te€HOM CyObekTa. KOHCTHTYTHBHEIN reHOM
(KT") moxHO onpenenuts no xoHctutryrrBHOH JIHK mccnemyemoro cybmekra. B pasmuanbix
BapuanTax peanusanuu KI' MoxHO cuuTaTh M3 MamMATH WIH ONPEHENNTh aKTHBHBIM CIIOCOGOM,
HallpuMep, IIyTeM dHallM3a CYHTHIBAEMBIX IIOCieNoBaTelbHOCTeM KoHCTHTyTHBHOH JIHK,
KOTOpas MOXET HaXOIWThCA B KIETKax M3 obpasma, KOTophli BKIouaeT BHekieTounyro JIHK.
Hampumep, ecnn II0JJO3PEBAIOT  HAJMYHE  HEreMaTOJIOTHYECKOIO  3JI0Ka4eCTBEHHOTO
HOBOOOpa30BaHMUs, MOXHO IIPOAaHATH3UPOBATH KIETKH KPOBH, 9YTOOBI  OIPENEIHTH

koHcTuTyTHBHYIO JIHK CcyOnekra.
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B pasmuaAsIx BapmaHTax peanm3anmd aHamm3 KoHcTHTyTHBHOM JIHK  MOXHO
OCYIIECTBATD, IPUMEHSS MaCCOBOE MApaLIENbHOE CEKBCHHPOBAHKE, THOPHIU3AIMIO Ha YHIAX,
ruOpHM3AIHIO B PACTBOPE, COAEPXKAINEM 30H/IbI, aHATM3EI Ha OCHOBE JINTHPOBAHHS, aHAINU3EI Ha
OCHOBE peaKIMM Y/UIMHEHHS IIpaiMEpOB M Macc-CIEKTpoMeTpuio. B oxHOM BapmaHTe
peamusanui KI' MOXHO olpeieTATh B OMH MOMEHT BPEMEHH XU3HH CyOheKTa, HalpuMep, IIpH
POXJICHHH HIM JaX€ B NPEHATAILHOM IEepuojie (9T0 MOXHO OCYIIECTBHTH, NIPHUMEHSA KIICTKH
3apoJBllla MM MCHONB3ys ¢parmentsl BHeknerowHo# JIHK, cM. nmybmukamuro CIIIA
2011/0105353), a 3aTeM cpaBHHBATh ¢ HUM PE3YJIBTAaTHl AT QU3HOTIOTHIECKHX JKHIKOCTEH MIIH
Jpyrux 00pasloB, IIOTYYEHHBIX B APyrHe MOMEHTHI BpEMEHH XU3HU CyOnekTa. Takum oGpasom,
KI" MOXHO IpOCTO CYMTATh U3 IaMATH KOMIBIOTEpa. KOHCTHTYTHBHEIA FEHOM MOXHO CUMTATh B
BUJle MEPEYHS JIOKYCOB, M0 KOTOPLIM KOHCTHTYTHBHBI I'€HOM OTIMYaeTCs OT pedepeHCHOro
reHoMa.

Ha stane 120 norydaror oxuH win 6ojiee MApKEpOB IOCIEN0BATENLHOCTH I KAXIOTO
u3 MHOxecTBa (pparmentoB JIHK B GuonormueckoM oGpasiie CyObeKTa, €cii GHOIOrHYecKuit
obpazern conep;mf BHeknerounyro JJHK. B oxHOM BapranTe peann3anuy yKa3saHHBIH OJUH WA
Goree MapKepoB IIOCIEAOBATENBHOCTH IIOIYYAIOT B PE3YJIBTATE CIYyY9atHOrO CEKBEHHPOBAHMUS
¢parmenToB JIHK B Guonormgeckom obpasue. Bolee weM ofuH Mapkep MOCIEIOBATEIFHOCTH
MOXXHO IMONYYUTh IPH OCYLIECTBICHHM CCKBEHHPOBAaHHMS CIAPEHHBIX KOHIOB. OOMH Mapkep
OyIeT CoOTBETCTBOBAThH KaXXIOMy KOHLY (parmenTa JTHK.

Mo:xHO IPOBECTH aHAIM3 HAIMYHS F€HETHYECKUX H3MeHeHuii Bo BHekiertournoi JJHK B
obpasne (HampuMep, B IUIa3Me, CHIBOPOTKE HIIM JPYrod GHONOrHYecKol KHAKOCTH). MOXHO
IpoBeCTH aHamu3 BHEKICTOYHOH JIHK, mprMeHsas Takylo e aHAIHNTHYECKYIO ILTaT(GopMYy,
KOTOpYIO MPUMEHSUTH I aHanu3a KoHCTHTYyTHBHOH JIHK. B kadecTBe ajlbTepHATHBEI, MOXHO
NPEMCHATh OTIMYHYIO aHAINTHYECKyI0 IaTdopmy. Hanpumep, obpasen Breknerounoi JJHK
MOXKHO CCKBEHMPOBaTh, NPHUMCHSAS MAacCOBOE NapaJUIENFHOE CEKBEHMPOBAHME, HIIH MOJXXHO
3aXBaTUTh YaCTH I'€HOMA MM 060raTHTh MaTepHal YaCTSAMH I'€HOMA JI0 IIPOBEJEHHUS MAcCOBOTO
HapajUIeIbHOTO CEeKBEHHpOBaHHsA. IIpy mcmonb3oBaHWMM oOOramieHHS MOXHO, HaIlPHUMED,
IPUMEHATE XHAKO(a3sHBIl MIM TBepZoda3HBI 3aXBaT BBIGPAaHHBIX YacTell IeHOMa. 3aTeM
MOXHO OCYINECTBHUTh MaCCOBOE IapaJUIe]IbHOE CEKBEHUpOBaHue 3axBayeHnol JIHK.

Ha srane 130 ompezensioT NOJOXEHHS B T€HOME MapKEpOB IIOCIENOBATEIHHOCTH. B
OZTHOM BapHAHTE pEAIH3AllMH MapKephl IOCIEIOBAaTENbHOCTH BHEIPABHHBAIOT ¢ pedEpEeHCHEIM
T'€HOMOM, KOTODEBIH MOJTy9aloT M3 OJHOro MM 6onee Apyrux cyOnekToB. B apyrom Bapuante
peaM3allil MapKepsl T€HOMHBIX IIOCIECAOBATENIBHOCTEH BHIPABHHBAIOT C KOHCTHTYTHBHBIM
TEHOMOM HCCIIeyeMOoro CyOhekTa. BrlpaBHHBaHHE MOXHO OCYIIECTBHTH, IPUMEHAS METOIUKH,

H3BECTHEIC CIICIIHATHCTY B JaHHOH o6nacm, HalIpuMEp, IIPAMEHAA OCHOBHOE CPEACTBO ITOHCKA
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nokabHOro BeipaBHUBaHUA (BLAST).

Ha srane 140 onpenensdioT nepBoe KOJIUIECTBO JIOKYCOB, B KOTOPBIX IO MEHBINEH Mepe
N MapkepoB IOCIIEIOBAaTEIBHOCTH COAEPXKaT BapHaHT IOCIEAOBATEIBLHOCTH IO CPABHEHHIO C
KoHcTUTYTUBHEIM IreHoMoM (KI'). N paBro mm Goneme n8yx. Huxke nmoapobaee obcyxmaercs,
Yr0 OMmMMOKH CEKBCHHPOBAHWS, a TAKke COMAaTHYECKHE MYTAIlMH, CIyYaiHbM o0pa3zoM
BO3HHKAIOIWE B KiIeTKax (HanpuMep, B pe3ylbTare IEJeHHs KIETKH), MOXHO YCTPaHHTH,
TpeOys, 9ro6sr N Opuio paBHO 2, 3, 4, 5 mimm Gonbme. JIOKyCHl, KOTOpbIE YXOBIIETBOPSIOT
oJHOMY MM 6ojee ONpe/eleHHBIM KPHTEPHSM, MOXHO CIHTaTh MyTanuei (BapHaHTOM) WA
MYTaHTHBIMH JIOKycaMH (M3MEHEHHBIMH JIOKyCaMH), TOT/a KaK JIOKYC, COZIepXaIuii BApHAHT, HO
HE YZOBJIETBOPSIOMHUI yKa3aHHOMY OJHOMY WM Ooliee KpHUTepHsM (HapEMeEp, TOIBKO OXHH
MapKep M3MEHEHHOH II0CIIeI0BAaTEIbHOCTH), OTHOCAT K NOTCHIHAIBHON MM IpeanoaaraeMoi
MyTanMd. B 1mocieroBaTebHOCTH MOXET OBITh M3MEHEH TONBKO OIHH HYKICOTHX WA
MHOJKECTBO HymeéTnnon.

N MOXHO OIIpeAETUTh KaK IIPOLEHT OT BCEX MapKepoB U1 HEKOTOPOTO JIOKyca, a He Kak
abcomoTHoe 3HageHWe. HampuMmep, H3MEHEHHBIH JIOKYC MOXHO OOHAapyXWTh, KOTJa
onpeneneHHas (paKIHOHHAas KOHUEeHTpamus omyxoieBoi JIHK, momydensas B pesynbTare
BapHaHTOB CYMTHIBAEMBIX IOCIEIOBaTeNbHOCTEH, paBHa wm Gonbme 10% (Wim HEKOTOpOro
JpyToro IponeHTa). J[pyruMu ClIOBaMH, €CJIM HOKPEITHE JIOKyca cocTasiageT 200 CUHTEIBaEMBIX
HOCJIE0BATENBHOCTEH, B Ka4eCTBE KPHTEpHS U1 ONPENENCHUS TOrO, YTO AAHHBEIH BapHAHT
ABIICTCS  MyTaled, MoxHO norpeboBaTh m0 MeHbmel Mepe 10 CUMTHEIBaEMEBIX
[IOCTIEOBATEIbHOCTEH, B KOTOPBIX BBIABIEHA BapHaHTHasd awiens. 10 CYHTHIBaEMBIX
HOCJIEA0BATENBHOCTEH BapHaHTHOM ayutenn U 190 cunThIBaeMbIX MOCIIEN0BATENLHOCTEN aAIIen
IUKOTo THIA O3HAa4aeT, 4To (paKiioHHas KoHUeHTpanus omyxoiesoit THK cocraBiaser 10%
(2x10/(10+190)).

B omHoM BapmaHTe peanm3alii MapKephl IOCIEOBATENFHOCTH (B COBOKYIIHOCTH
Ha3bIBacMBIE T'eHOMOM 00pasiia) MOXHO CpaBHHUThH HemocpencTBeHHO ¢ KI', uT0OBI ompenenuts
BapHaHTeL. B apyrom BapunanTe peaym3anuu reaoM obpasia (I'0O) cpasuusaror ¢ KI' ¢ moMomnisro
pedepencroro reroma (3I°), uTo6HI onpenenuts BapuanThl. Hanpumep, kak KI', tak u I'O
MOXHO CpaBHHTS ¢ 31, 4TOOHI ONPEIETUTh COOTBETCTBYIOIME KOJMHYECTBa (Hapumep, HabopkI)
JIOKYCOB, B KOTOPBIX ACTEKTHPOBAHEI BApHAHTHI, @ 3aTEM MOXXHO BBIYHCIHMTH Pa3HOCTb, YTOOHI
IIOJTy4UTh NIEPBOE KOJIMYECTBO JIOKYCOB. IlepBoe KOMMYECTBO MOXKHO ITOMYYHTH IIPOCTO B BHIE
KOJIMYECTBA, HIH OHO MOXET COOTBETCTBOBATH OIPENCICHHOMY Habopy JIOKYCOB, KOTOpHIE
3aT€M MOJKHO JIOIQJIHHTEIILHO IIPOaHANIN3HPOBaTh, 9TOOK! ONPENENHTh IapaMeTp 0 MapKepam
IIOCJIEOBATEIBHOCTH B IIEPBBIX JIOKYCaX.

B oxmaoM BapHaHTE€ pfajid3allid CpPaBHHBAIOT DPE3YJIbTATBl CEKBCHHPOBAHHA
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koHctuTytuBHOH JIHK u JIHK B mnasme, 49roOBl ONpenenuTh, NPHCYTCTBYET JIH
oxuoHykneoruaHas Mytarus B JIHK B miazme. MoxHO mpoaHanmm3npoBaTh 001acTH, B KOTOPBIX
xonctuTyTHBHas JIHK romosurotra. C mENBIO MIUTIOCTPHPOBAHHS IPEATIONOXKHM, YTO T€HOTHIT
B omnpeaeneHHOM JoKyce KoHCTHTyruBHOH JIHK romMosmroreH m mpexcraBiser coboit AA.
Torma npucyrcTBie B IUIasMe aUleNd, OTIMYHOIO OT A, OyZeT CBHICTENBCTBOBATh O
MOTEHIMANLHLIM INPHCYTCTBHHM OXHOHyKaeoTHaHOH MyTamuu (OHM) B paHHOM JOKyce.
JIokycel, B KOTOPBIX BBIIBICHO IOTeHIHaIbHOE ImpucyrctBue OHM, MOTyT COCTaBIATH mEpBOE
KOJIMYECTBO JIOKYCOB Ha stane 140.

B omHOM BapMaHTe peaiM3alliM MOXET OKa3aThCA IOJIC3HBHIM HalleMBaHME Ha YacTH
I€HOMa, KOTOPBIE, KaK H3BECTHO, 0COOSHHO ITOABEPKEHBI MyTaIlUsM IIPH KOHKPETHOM THIIC paKa
UM B KOHKPETHOH CyOmomyisamuu. B oTHOImMEHMH MOCNIENHEr0 M3 YIOMSHYTHIX acIEeKTOB, B
BapHaHTaX pEIN3allMd MOXHO MCKaTh THIBI MyTalldd, KOTOpbIE OCOOEHHO ITHPOKO
pacmpoCTpaHeHsl B ONpPENECICHHOM MOMY/IAMOHHON Ipymie, HalpuMep, MYTallWH, KOTOPHIE
0COOEHHO PacIpOCTPaHEHHl Y CYOBEKTOB, KOTOPhIE SBISIIOTCS HOCHTENISIMH BHpyca remarura B
(s paka IeYeHH). WiIM BUpyca MalMUIOMEI YelIoBeKa (UL paka LIEHKA MaTKH), HiId Y KOTOPBIX
€CTh TeHETHYEeCKas NPEPAcIIoioNeHHOCT K COMATHUECKHM MYTAIMAM, HIH y CyOBEeKTOB C
reHEePaTHBHBIMH MyTAallUsIMH B TeHe penapanun Hecopnaaenuit JJHK. YkasaHHBIH cr1oco6 Takxke
Oyner noneseH I CKPHHHUHTA HAJIMYUS MyTaldii IPH pakax SHYHUKOB M MOJIOYHOM JKele3nl y
cy6pexToB ¢ MyranusMu B reHax BRCAI wmu BRCA2. Crnoco6 Taxxke GymeT mojeseH s
CKPMHHUHIa HaJIM4YMs] MyTallMii IPH KOJOPEKTAIFHOM paKe Yy CYOBEKTOB C MYTAallUIMH B I'€HE
APC.

Ha osrame 150 mapamerp ompenensioT Ha OCHOBaHMHM IOACYETa MAapKEpOB
IIOCJICIOBATEIFHOCTH ¢ BAapHAaHTHOM IOCIENOBAaTENbHOCTHIO B IEPBBIX JIOKycax. B omHOM
IpUMEpe yKa3aHHEBIM IIapaMeTp NpEeACTaBIIeT co0oi mepBoe KOJIMYECTBO JIOKYCOB, B KOTOPEIX
no MeHpmelt Mepe N ¢parmenro /THK coxepxat Bapuant noéne;xoaa'renr,nocm B JIOKyCe IO
CPAaBHEHHIO C KOHCTHTYTHBHBIM I€HOMOM. TakmM 00pa3soM, MOXHO HCIIOJIB30BaTh IIOJCYET,
9TO6BI IIPOCTO YAOCTOBEPHUTHCA B TOM, YTO B JIOKYCE JETEKTHpOBaHO Ooiee yeM N Kommuid
KOHKPETHOI0 BapHMaHTa, YTO ONPEAEIIAIOT IIEpell €ro BKIIOYEHHEM B IIEPBOE KOJIHYECTBO. B
JpyroM BapHaHTE pealH3allii yKa3aHHBIN mapaMeTp MOXET IPEJCTaBIATh co00M MM BKIFOYATH
CYMMapHOE KOJHYECTBO MAapKepoB IIOCIEAO0BATENBFHOCTH C IIOCIECIOBATEIFHOCTHIO B IEPBBIX
JIOKycax, M3MEHEHHOH OTHOCHTENBHO KOHCTHTYTHBHOT'O F€éHOMa.

Ha »stane 160 mapamerp s cyOBekTa CpaBHHBAIOT C IIOPOTOBEIM 3HAYCHHEM
(HanprMep, NONydeHHBIM H3 OAHOrO WM Oojiee APYrHX CyOBEKTOB), YTOOBI OMpPEIEIHTH
KJIaCCH(DHKAIMIO YPOBHA paka y cyObekTa. IIpuMephl ypoBHS paka BKIIOUAIOT HAIHYHE Paka

HJIM IIPEN3I10Ka4E€CTBEHHOTO COCTOSHHS y CyOBheKTa, HIIM MOBHIICHHYIO BEPOSTHOCTEH Pa3sBHTHA
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paka. B omHOM BapHWaHTE pealH3alMy IIOPOrOBOE 3HAYEHHE MOXXHO ONpPENETHTh B obOpasle,
MOJy4eHHOM K3 JaHHOT'O CyObeKTa paHee.

B apyrom ‘BapnaHTe pealn3anyi MOXXHO YCTaHOBHTH, YTO OJWH WM Oojee Apyrux
CyOBEKTOB He CTpaJaloT pakoM WK 001aJaloT HU3KAM PHCKOM pa3BUTHA paka. Takum obpaszoM,
[IOPOTOBOE 3HAYCHHE MOXKET INPEICTaBIATh COOOH HOpMaIbHOE 3HAYCHUE, HOPMAJLHBIHA
JHana3oH Wi 0003Ha4aTh CTATHCTHYECKH 3HAYMMOE OTKIIOHEHHE OT HOPMAJIBFHOTO 3HAYEHHS
WM auanasoHa. Hanpumep, konugecTBo MyTanuii o cpaBHeHuIo ¢ KI' koHKpeTHOro cy6hekTa,
oOHapyXuBaeMoe B IUIa3Me CyOBEKTOB, HE CTPAJAIOIHX PaKOM, WM ¢ HHU3KMM DHCKOM
Pa3BUTHA paKa, MOXKHO HCIIOIB30BAaTh B KAYECTBE HOPMATHHOrO JUana3oHa, YTOOHI OIpeIeHTh,
SBIIAETCS JIM KOJHYECTBO MyTanuii, MAETEKTHPOBaHHBIX Yy HCCIEHOBAaHHOIO CyObeKTa,
HOpMaIbHBIM. B JipyroM BapmaHTe peanrn3aluy MOXET OBITH H3BECTHO, YTO APYTHE CYOBEKTHI
CTpaJaloT pakoM M, TaKUM 00pa3oM, aHAJIOTHYHOE KOJWYECTBO MYTAallMii MOXKET yKa3bIBaTh Ha
HaJIM9HE paKa.

B omHOM BapHaHTe peanM3alliHl APYTHX CyOBEKTOB MOXHO BBIOpaTh TakuM 00pas3oM,
qroObl HMX KJIMHWYECCKHE CBOHCTBA COBIAAIM C TAKOBBIMH Y TECTHPYEMOIro CyOBEKTa,
HaIpHUMeEp, 107, BO3pPacT, PEXHM NHTAaHHS, NPUBHIYKA K KYypEHHUIO, JCKaPCTBEHHBI aHaMHE3,
IpemmecTByiomee 3aboyeBaHue, CeMEHHEBIM aHaMHe3, I'€HOTHIIBI B BHIOPAHHBEIX TI'€HOMHEIX
JIOKycaxX, CTaTyC B-OTHOIICHHWH BUPYCHBIX HHGpeKuuil (Hanpumep, HH}PeKInii BHPYCOM remnaTuTa
B nm C, unu BEpycOM NamMIUIOMEI Y€JI0BEKa, WM BUPYCOM HMMYHOJEC(HIUTA YeIOBEKa, HIA
BHUpycoM JmmnreiiHa-bapp) wim uHeKmui ApyruMu HH()EKIHOHHEIMH areHTaMH (TAKUMH Kak
6axtepun (Hampumep, Helicobacter pylori) m napasutsl (Haupumep, Clonorchis sinensis), u
T.1.). Hanpumep, y cy6bexToB, KOTOpEIE SBISIOTCS HOCHTENSIMH Bupyca rematuta B mwm C,
NOBBIINCH PUCK Pa3BUTHUSA II€4EHOTHO-KIETOYHOM KapIIMHOMEL TakuM 00pa3oM, MOKHO CYHTATh,
9TO y TECTHPYEMBIX CYOBEKTOB, Y KOTOPHIX KOJMYECTBO MYTAIlMid WM IATTEPH MYyTaIui
aHAJIOTMYHEI TaKOBOMY y HocuTelNd rematuta B mimm C, NOBBIIEH PHUCK Pa3sBUTHS MMEYEHOYHO-
KJIeTO49HOH KapuuHOMEL C Apyro#t cTOpoHBl, y manpeHTa ¢ rematutoM B mmu C, y KoToporo
obHapyxuaH OoibImee KOJHYECTBO MyTalHi, YeM y APYroro NalHeHTa C TeNaTHTOM, MOXXHO
IpaBWILHO KJIACCH(HIMPOBATH YPOBEHb paka Kak 6ojee BHICOKHH, IIOCKOIBKY HCIIOJIB3YETCS
HNOJXOAINee MCXOAHOE cocTosHHE (T.€. CpaBHEHHE C JPYTHM MAIlMEHTOM C TelaTHTOM).
AHaNoOru4Ho, y cyOBEKTOB, KOTOPBIE SBJIIOTCS HOCHTEISIMH MH(OCKIUH BHPYCOM MaIUIIOMBI
4el0BeKa, NOBBOIEH PHCK paka INEWKH MaTKM M paka rojioBel W men. MHdekuus BHpycoM
Ommreiina-bapp Opina cBsA3aHAa ¢ KapOHHOMON HOCOIJIOTKH, PakOM JXelyaka, JaM(oMoit
XomkkuHa B HeXOoKKHWHCKOH nmmMmdomoit. Undexmus Helicobacter pylori Opina cBsi3aHa ¢
paxoM xeryaka. Uadexums Clonorchis sinensis Obl1a CBs3aHa C XOTaHTHOKAPIIHHOMOM.

MOHHTOpHHF N3MEHCHHUM KOJIAYECTBA MyTaIIHI‘;I B pa3JIn9HBIC MOMCHTEI BpEMCHH MOXXHO
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IPUMEHSTH IS KOHTPOJS MPOTPECCHPOBaHUS paka M OTBETAa Ha J€YeHHE. Takod MOHMTOPHHT
TAKKE MOXHO IPHMEHATH IS IOJTBEPXKICHHS IPOTPECCHPOBAHMS IPEA3IOKAYECTBEHHOIO
COCTOSIHHSA HJTH H3MEHECHHS PUCKA TOTO, 9TO Y CyOBheKTa pa3oBBETCS pakK.

KonmgecTBo MapKepoB MOCIIENOBATEIFHOCTH, B KOTOPBIX BEHISABJICHBI BapHAllHH, TAaKXKe
MOXHO MCIIOJIB30BaTh JUIf MOHHTOpHHra. Hampumep, MOXHO IpPHMEHATh (QPaKIHOHHYIO
KOHIEHTPAIMIO CIATHBAEMBIX MOCIIE0BATENbHOCTEH BapAaHTa B HEKOTOPOM JIoKyce. B oxHOM
BapHaHTe peajH3allid NOBBINEHHE (QpPaKNMOHHBIX KOHHEHTpAlMi CBA3AHHBIX C OIMYXOJbBIO
reHeTHYeCKuX abeppamuii B oOpaslax IpH OCYIICCTBICHHH CEPHHHOIO MOHMTOPHHIA MOXET
0003HaYaTh IIPOrpPeCCHpPOBaHHE 3ab0JIleBaHMS WIH YIpOXKAOMME pelHAuB. AHAJIOTHYHO,
yMeHbIIEHHE QPaKIMOHHBIX KOHIEHTPAUKH CBA32HHBIX C OIYXOJIBIO TCHETHIECKUX abeppariuii B
o0pasuax IpH OCYIIECTBIECHHH CEPHHHOI0 MOHHTOPHHIa MOXET 0003HaYaTh OTBET HA JICYCHHE,
H/WIHM PEMHCCHIO, W/WIH OJIaronpysTHBIA IIPOTrHO3.

III. OIPEJAEJEHHUE 'EHOMOB

Paznuunbie reHoMbl, oOCy)XmaeMble BpIone, Oojiee MOAPOOHO OOBACHEHBI HEKE.
Hanpumep, 06¢cyxaaroTcs pedepeHCHBIH FeéHOM, KOHCTHTYTHBHBINA FeHOM H reHoM o0pasna.

| A. Pecghepencnriii 2enom

Pedepencurni reaom (OI') OTHOCHTCS K TalUIOMJHOMY HIH JAHIUIOMIHOMY TIEHOMY
CyOBbeKTa MM K KOHCEHCYCYy y momyisuud. PedepeHCHBII reHOM H3BECTEH H, CIEIOBaTEIbHO,
€r0 MOXXHO IpPHMEHSATh [UIA CPaBHEHWS C HHM CUHTHIBAEMBIX IIOCIENOBATEIbHOCTEH IIPH
CEKBEHMPOBAHHH N€HOMOB HOBBIX ManneHToB. CYnTHIBAEMEIE IIOCIE0BATEILHOCTH I 0b6pa3na
NAUFEeHTa MOXHO BHIPOBHATh ¥ CPABHHTH, YTOOHl ONpENETHTh BApHAIMH B JAHHBIX
CUMTHIBAEMBIX IIOCJICOBATENFHOCTAX MO cpaBHEHHMIO ¢ JI'. B kaXaoM IOKyce ramioHJHOTrO
reHoMa IMPHCYTCTBYET TOJBKO OIHMH HYKIICOTH], H, CIEIHOBATENbHO, KaKABIA JOKYC MOXHO
CYMTATh FeMH3UTOTHEIM. B IUIUTOMIHOM reHOME MOXXHO OOHApYXUTh I€TEPO3UIOTHEIE JIOKYCHI,
Ipu 5TOM TaKHe JIOKYCHI COJEpXKaT ABE aUICNH, W IPH BHIPABHHUBAHUH C JAHHBIM JIOKYCOM
COBIIaZICHHE MOKET OBITh ¢ IO00H aIensnlo.

PedepeHcHEII reHOM MOXET OBITh OJMHAKOBHIM Y HOIynsnuH cyObekToB. Takoif
OMUHAKOBEI pedepeHCHBIf IeHOM MOXHO HCIIOJIB30BaTh AN ONPEACICHHS Y 3J0POBBIX
CYOBEKTOB IOAXOISAIIEr0 Mopora JUIA MPUMEHESHHUS JUIA KiaccuduKkanuy NanpeHTa (HanpuMep,
KaK MMEIOIEro HWIM He MMEIOMEro pak). TeM He MeHee, MOXHO NPHMEHATH Da3lHYHbIC
pedepeHCHBIE T€HOMBI JUI1 Da3IHYHBIX NONMYJIAMH, HAaIPHMED, UL PasIHYHBIX 3THHIECKHX
TPYII WK JaXKe JUIS pasIMYHbIX CEMEH.

B. Koncmumymuenuiii 2enom
KoncruryruBaeii remom (KI) cy6pekra (HampuMep, 4YelOBeKa MM JpYroro

JHUIITIONITHOI'O 0pI‘aHH3Ma) OTHOCHUTCA K OTHUIIIOUTHOMY I'CHOMY CY6’I>CKTa. B I€TCPO3UT'OTHBIX
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aokycax KI' MOXXHO TOYHO ONpEeAeNuTh, YTO NEPBas ajUIeNlb MPUHAMIEKUT IEPBOMY FaryIOTHILY
H OTJIMYHas BTOpas aUieb IPUHANJEKUT BTOpoMy ramiotumy. Ciemayer OTMETHTh, YTO
CTPYKTYpPHl JABYX ' FaIUTOTHIIOB, KOTOpHIE OXBAaTHIBAIOT JBa IE€TEPO3HIOTHHIX JIOKyca, HE
00s3aTeNnbHO NOJDKHBEI OBITh M3BECTHEI, T.€. Kakas allellb OJHOTO IeTEpO3UTOTHOrO JIOKyca
HaxXxOJWTCS B TOM JX€ TalIOTHIE, YTO M aUle]b APYroro reTepo3UroTHoro Jiokyca. IIpocro
CYIECTBOBaHMUA JBYX a/UICICH B KaXKJOM I'€TEPO3UTOTHOM JIOKYCE MOXKET OBITH JOCTATOYHO.

KI" moxetr ormmmuatrees oT JI' Gnarogaps nomamopdusmam. Hampumep, sokyc B OI
MoxeT ObITh romo3urotHbM 10 T, a B KI' oH Moxer Obith rerepo3urotHemM: T/A. Taxkum
obpazom, mima KI' Oyzmer nmerektupoBaHa Bapmanus B JaHHOM Jiokyce. KI' Taike MoOXer
ornu4arhkes oT JI Garozaps HaclIeACTBEHHBIM MYTAalHsAM (HalpHMeEp, KOTOPHIE HaclIeXyroTCs
YWICHAMH CEMbH) WIH MYTanusM de novo (KOTOpBIe BO3HHKAIOT Y 3apOABIIIA, HO KOTOPEIX HET Y
ero poxureneit). HacnencTBeHHyro Myranuio OOBIMHO HAa3BIBAIOT ‘TE€HEPATHBHOH MyTarueii’.
HexoTopsle U3 TakMX MyTallMi CBS3aHEI C IIPEAPACIONOXKEHHOCTBIO K paKy, Takue KaK MyTallus
B BRCAI, xotopas HacieqyeTcs WieHaMH CEMbU. Takue MyTalliy OTIMYHEI OT ‘COMAaTHYECKHX
MyTalli’, KOTOpble MOTYT IIPOMCXOJUTEH B pe3ylbTaTe JeNeHHs KIETOK Ha IPOTSKEHHH Bcel
XHU3HH CyOBeKTa M MOTYT CIOCOOCTBOBaTh TOMY, YTOOBI KJIETKa U €€ JOYEepHHE KICTKH CTAIH
PaKOBBIMH.

Iensto onpenencuus KI' sBnsgeTcs oTAeneHre TaKuX reHEPaTHBHBIX MyTaIyii ¥ MyTanuit
de novo ot Myrtanmii reHoma oOpasna (I'O), 4ToOBI OmpeneTNTh COMAaTHYECKHE MYTAIlUH.
KomnmaectBo comarnyeckux Myramuii B 'O 3ateM MOXHO NPUMEHSATH AJIA OLEHKH BEPOSTHOCTH
BO3HHUKHOBEHHUsS paka y cyOwbekTa. J[aHHbIE COMAaTHYECKHE MYTAlHd MOXXHO ITOJBEPrHYTh
JOTIOTHHUTENEHOMY 0TOODY, YTOOB! YOAIHTh OMMOKH CEKBEHHPOBAHUS W MOTEHIHAIBHO YAAIUTh
COMaTH4eCKHe MYTalluM, KOTOpHIE PEIKO BCTpeyaroTcs (HampuMep, BapHaHT OOHapYKHUBAIOT
TOJILKO B OJTHOM CUMTHIBAEMOM IIOCJIEOBATENIFHOCTH), TaK KaK TaKWe COMAaTHYECKHE MYTaIlH{
BEPOSATHO HE CBA3AHEI C PaKOM.

B oxHom BapmanTe peanmzanuu KI' MOXHO OIpelenuTh ¢ HCHONB30BAaHHEM KIIETOK
(AHK wu3 neiixonurapaoii mneHku). Tem He Menee, KI' Takke MOXHO OIpeAeNHuTs IO
BHexIeToyHod JIHK (HampuMep, W3 IUIasMbl WM CHIBOPOTKH). Y THma 00pasija, B KOTOPOM
OOJBIIMHCTBO KJIETOK HE SBIAIOTCA 3JI0KAYCCTBEHHBIMH, HAIIPHMED, B JICHKOIIUTAPHOM IUICHKE
M3 3/I0pOBOT0 CyObeKTa, O0JIbIIas YacTh reHOMa HITH KOHCEHCYCHBIN IT'€HOM IIPECTaBIAeT coOoMH
KT'. B KI" xaxnp1it reHOMHBIH JIOKyC cocToMT U3 nocnenoBrarenbHocTd JITHK, koTopast coBnagaer
y GONBPIIMHCTBA KJIETOK B TKaHH 00pasna. [rybuHa cekBeHHpOBaHMA AOJDKHA OBITH JOCTATOYHOM
JUIS TOTO, YTOOBI BEIIBUTH F€TEPO3UTOTHEIE CalTE B KOHCTUTYTHBHOM I'€HOME.

B Kxadectse Ipyroro mpumepa ans onpeneneHus KIT MOXHO HCHONB30BaTh INIasMy B

Ka4eCTBE KOHCTHTYTHUBHOro oOpasna. Hampmmep, B cirydasx, KOrJa COAEpXaHHE OITyXOJIEBOH
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JHK B mna3me cocrasiser MeHee 4eM 50% u OHM Haxonsrcs B reTepO3UIrOTHOM COCTOSTHHH,
HaIpUMep, MyTalus IpeACTaBIsLeT cOO0M BCTaBKY HOBO#H ajliesi, KOHIIEHTpanys HOBOH ajlienu
MOXET COCTaBJIATE MeHee 9eM 25%. Toraa kak KoHIIEHTpanus rerepo3uroTHsix aymeneit OHII B
KI' nomkna cocrtaBimsare Ao npubmmsuressHo 50%. TakuM o6pa3oM MOXHO pa3IHYUTH
coMaThdecKylo MyTanuio u momuMopdusm KI'. B ogHOM BapuaHTe pealn3amiy IOJXOIAINEE
HOpOroBO€ 3HAYECHHE YIS TOTO, YTOOBI OTIMYMTH COMAaTHUECKYIO MYTaIlHIO OT HmoiauMopdusma,
MOXeT HaxomuThesa B auamnaszone 30 - 40%, npu HCHoNB30BaHUM IUIa3Mbl WM APYTHX CMECei ¢
CyIIECTBEHHOH KOHIIEHTpauuel onyxonn. M3mepenne KoHneHTpanuu omyxoiepoi JJHK mMoxer
OKa3aThCs MOJE3HBIM, YTOOBI yIOCTOBEPHTLECA B TOM, YTO KOHIleHTpamus omyxoneBoit /IHK B
miazMe cocraBnser meHee 50%. [lpumepsr ompeneneHus KoHIeHTpanuu omyxoneBoit JTHK
ONHCAHBI B JIAHHOM 3asBKe.
C. TI'enom obpasya

I'enom obpasna (I'"O) mpexncrasnser co6oif HE MPOCTO TalUTOMIHBIA WA JUIUIOWTHBIA
reioM, kak B ciaygae OI' mw KI'. 'O mpencraBnsier co60if COBOKYIHOCTH CUHTHIBAEMBIX
IOCNIeloBaTeNbHOCTEH o0paslia M MOXET BKIIIOYATh: CYUHMTHIBAEMBIE IIOCIIEOBATEIHHOCTH
xoHctuTryTHBHOM JIHK, koTopast coorBerctByer KI', cumThIBacMEIE NOCIIENOBAaTEIHHOCTH
omyxoneBoii JIHK, cauThBaeMble INOCIENOBAaTENLHOCTH 3J0POBBIX KIETOK, Y KOTOPBIX
obHapyXeHBI ciy4aifHele MyTanud 1o cpasHeHmio ¢ KI' (mampmmep, BCIEACTBHE MYyTaIlHif,
BO3HHUKINUX B pe3yibTaTe AENCHHS KIETOK), U OMHUOKM CceKBeHHpoBaHHs. [ TOro, 4roGhI
TOYHO KOHTPOJIMPOBATH, KAKUE CUMTHIBAEMEIE MOCIIE0BATEILHOCTH BKMOYeHH B 'O, MoxHO
IPHMEHATh pa3M4Hble NapaMeTphl. Hampumep, TpeGoBaHme, 9roObl auieNb IOSBHICS IIO
MEHbIIEH Mepe B 5 CUMTHIBAEMBIX IIOCIEAOBATENBHOCTAX, MO3BOJIUT YMEHBIIUTH OIIHOKH
CCKBEHHPOBaHHUA, mpucyTcTByromme B ['O, a Takke YCTpaHHATh 4YacTh CYHTHIBAEMEIX
IIOCIIEI0BATEIBHOCTEN, CBSI3aHHBIX CO CIy4YaifHBIMH MYTaLlAsSIMH.

B xadecTBe npmMepa, NPEAIONIOKHM, 9TO CYOBEKT 3A0pOB, T.€. HE cTpanaeT pakom. C
LEJIBIO Hmnocmnﬁonanm, JHK u3 1000 wretox Haxoxutcs B 1 mi mnasMmsl (1.e. 1000 reHoM-
sxeuBaneHToB JIHK), nomyuenHo# u3 nannoro cy6nekra. JJHK B mmasme oOBIMHO COCTOHMT H3
¢parmenToB JTHK pazmepom mpubmusurenbHo 150 m.o. Tak kak reHOM 4esioBeKa COCTOMT M3 3 X
10° 1w.0., Tam OyaeT HaxomUTHCA MPUOIUSHTENBHO 2 X 107 dparmenrtos JIHK Ha rariomaHbmi
reioM. Tak Kak TreHOM 4eloBeKa MAMIUIOMIHBIA, B | M1 ImiasMel OyZeT HaXOJHUTHCA
npr6mm3uTensHo 4 x 107 pparmentos JTHK.

Tak kak B €IMHMIly BPEMEHH OT MHJUIMOHOB J0 MHJUIMApJOB KJIETOK BBICBOOOXIAIOT
JHK B mnasmy, u ¢pparmentsl JIHK u3 manHBIX Ki1eTOK OyAyT CMEIIMBATHECS B KPOBOTOKE, 4 X
107 ¢pparmenro JTHK Mormx mpomsoita ot 4 x 107 Pa3MYHBIX KIeTOK. Ecnu fanHbBIe KneTku

HE IIPOHU3O0INIIH HEJABHO (B IIPOTHBONOJIOXKHOCTD YAAJICHHOMY IIPOHCXOXICHHUIO, HAIIPDUMED, OT
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HCXOJHOM 3WTOTHI) OT OJHOTO KJIOHA (T.e. y HHX HeT o0meil HemaBHEH IIpeKOBOH KJIETKH),
TOTJIa CTATHCTHYECKH BEPOSTHO, UTO HH OJTHA MYTAI[HS HE BCTPETHTCS 60Jiee OTHOTO pasa CpelH
JaHHBIX ()parMeHTOB.

C npyroit croponsl, ecnu cpexu 1000 remom-skBuBasieHToB Ha M JIHK B muiazme
IMPHCYTCTBYET HEKOTOPBIN IPOIEHT KJIETOK, Y KOTOPHIX €CTh 00Ias HeJaBHAA NPeIKOBast KJIETKa
(T.e. OHH KJIOHAJBHO POJACTBEHHHI APYT APYTY), TO MOXXHO BHJAETh, YTO MyTallH U3 JAHHOTO
KI0Ha OyayT npenMymecTBeHHO nmpezacrasiaeHsl B JIHK B mnasme (HanpuMep, NpeCTaBIISIONHES
KJIOHAJIBHBIH MyTaﬁHOHHLu‘i npoduis B iasme). Takue KIOHAIBHO POACTBEHHBIE KIETKH MOTYT
OKa3aThCsl PaKOBHIMH KJIETKAMH WM KIIETKaMH, KOTOPHIE CKOPO CTaHYT PaKOBBIMH, HO ITOKa
TAaKOBBIMH HE ABJLIOTCA (T.€. MpeaHeomiacTuyeckue). Takum obpasom, TpeboBaHHE MTOABNECHUA
MyTanuy 6ojee OAHOro pasa IMO3BOJLIET YCTPaHUTH TaKUe MPUPOJHBIC BapHALUH B “MyTalusIX”,
JIETEKTHPOBAaHHBIX B oOpasme, YTO IO03BOJSET OCTAaBHTh MYTAIlMM, CBSI3aHHBIE C PaKOBBEIMH
KICTKAMH HIIH IPEAHEOIUIACTHYECKAMH KJIETKAaMH, YTO O0O0ECIIeuMBaeT IETeKTHPOBAHHE,
0COOEHHO paHHee JETeKTHOPOBaHHE, paKa WIIH IIPeAPaKOBbIX COCTOSHUII.

B omHoM npubmikeHHH OBUIO YCTAaHOBJICHO, YTO IOCHE KaXJIOrO NEJIEHUS KICTKH B
resoMe OyZeT HakalUIMBaThCA B CpPEedHEM OJHA MyTalus. B mpeamecTByromeM HCCieJOBaHHH
mmoxaszand, 4ro 6onsmas gacts JITHK B miasmMe MpoHCXOAUT H3 reMaTOmo3THYeCKuX KieTok (Lui
YY u np. Clin Chem 2002: 48: 421-427). OueHmIH, 9TO reMaTONO3THYECKHE CTBOJIOBEIE KJIETKH
permmupytores pas B 25 - 50 Hegens (Catlin SN, u ap. Blood 2011; 117: 4460-4466). Taxkum
o0pa3oM, B KadecTBE YIPONECHHOTO NPHOMMKEHHS, 3J0POBEIi CyOBEeKT K Bo3pacTy 40 ner
HakomuT npuMepHo ot 40 1o 80 MyTanuii Ha reMaTOMOITHYECKYIO CTBOJIOBYIO KIIETKY.

Ecyu B 1 M mna3mel gagsoro uEauBuaa cogepxutcs 1000 reHoM-3KBHBAJIEHTOB, M €CJIH
KaXx7as U3 JAaHHBIX KIETOK IPOH30LLIA OT OTAEIBHON IeMaToNO3THIECKOH CTBOJIOBOM KIICTKH,
TO MOXHO OXHJIaTh BEIBIeHHE OT 40000 10 80000 MyTamuit cpexm 4 x 10'° pparmenron JJHK
(r.e. 4 x 107 dpparmenros JTHK Ha reroM u 1000 reHOM-5KBHBAICHTOB Ha M m1a3Mel). TeM He
MeHee, TaK Kak Kaxzas MyTanus 6yJeT BcTpeyarbes JIMIIb pas, KaXaass MyTallds BCe JKe MOXKET
OBITH HHOKE IIpejieNia AeTeKTHPOBaHMs (HaIpHaMeEp, €CIIH IIoporoBoe 3HadeHue N Gosnbie, geM 1),
H, CIE€J0BaTEIbHO, JaHHBIE MyTAllHH MOXKHO OTCEATh, YTO IIO3BOJIIET CKOHIIEHTPHPOBATH aHAIH3
Ha MYyTaIlMsiX, KOTOpble C OonbImelf BEPOSTHOCTHIO OTHOCATCS K pPaKOBBIM COCTOSHHSM.
IloporoBoe 3HaueHHE MOXKET IPEACTaBIATH coboii moboe 3HadeHHE (IEJIO€ WM HEIEeNoe)
GonmpIne €IWHHUIBL, U MOXET M3MEHSAThCS IS Pa3sIMIHBIX JIOKYCOB M (parmeHToB. I'myOuHa
CEKBEHHPOBaHUSA M (ppakimoHHas KOHIEHTpanus omyxoneBoit JIHK Takxe MOryT BIHSTH Ha
9yBCTBHUTENILHOCTh  JICTEKTHPOBAaHHA MyTalWd (HampuMmep, IPOLEHT JCTEKTHPOBaHHBIX

MyTaluif) U3 PaKOBBIX KJIETOK HIIH IIPeTHEOIIACTHIECKHX KIETOK.
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IV. HEINOCPEACTBEHHOE CPABHEHHE I'O C KI'

B HEKOTOpHIX BapHaHTaX pealn3aldd MOXKHO ONPENENUTh IMOJIOKEHHS HYKJICOTHAOB, B
koropbx -KI' roMo3uroTHeI, HO B MEHBIIEM 4Hcie MoJiekyl (T.e. B omyxonesoit JIHK) B I'O
JAHHBIC IIOJIOKEHHUS rerepo3urorHeie. [Ipu Gonbmoi rirybuHE CEKBEHHPOBAHHS B HEKOTOPOM
IHOJIOXEHMH (Hanpumep, NOKpeITHe 6osee 50 pa3s), MOXKHO OGHAPYXXHUTH IIPUCYTCTBHE OXHON HITH
JIByX aurened B gaHHOM mnonoxeHHH B cmecd JIHK 3mopoBeix m pakoBbx kierok. Ecin
o6HapyxwuBatoT ABe amrenH, To mubo (1) KT rereposurorrsi, mbo (2) KI' roMo3urorHsiii, HO
I'O rereposmroTHeni. JlaHHBIE IBa BapHaHTa MOXXHO pa3jHIATh, €CIH IIOCMOTPETh Ha
OTHOCHTEJBHBIE KOJIMYECTBA MaXXOPHOH KM MHHOpHOM amneneif. B mepBoM W3 yHmOMSHYTBIX
BapMaHTOB KOJIMYECTBAa CYMTAHHBIX ABYX awiened OyayT aHaIOTMYHBI; HO B IIOCICIHEM M3
YIOMSHYTBIX BapHaHToﬁ Oyzer Gonbmoe pa3Mude B KOJIHYECTBAX BAPHAHTOB CUHTHIBAHUA
Kaxao#l. Takoe CpaBHEHHE OTHOCHTEIBHBIX KOJMYECTB BAapHAHTOB CUYHUTHIBAHHS aUlelieif B
TeCTHpPyeMoM ofpasne mpeacTaBiseT co0odf OIMH BAapHAHT pealW3alldl Il CPaBHEHHS
MapKepOB II0CIEA0BAaTEIbHOCTH C KOHCTUTYTHBHEIM T€HOMOM. MOXXHO ONPeAENHNTh, YTO IIePBEHIe
JoKycsl B3 cnoco6a 100 mpeacraBasioT coboi JIOKYCHL, B KOTOPBIX KOJHYECTBO ajlieleil HuxKe
BEpXHEro mopora (IIOpora, COOTBETCTBYIONIETO MOMMMOPQH3MAM B KI') u Bpmme HMXHErO
nopora (Iopora, COOTBETCTBYIOIIETO OIMHOKaM M COMAaTHIECKHM MYTAllHAsIM, BCTPEYAFOIIUMCS C
JIOCTaTOYHO HH3KOHM 9acToTOM, YTOOBI HEe OBITH CBS3aHHBIMH C PaKOBEIM COCTOSHHEM). Takum
o6pa3oM, KOHCTUTYTHBHEINA I'€HOM U IEPBbIE JIOKYCHI MOXHO OIIPEIEIHTE OJJHOBPEMEHHO.

B npyroM BapuaHTe peanu3alliy B Iporecce HASHTUGHUKAIMA MyTAaI[ii{ MOXXHO CHadajia
onpenemuTs KI', a 3aTeM oIpeAenmTs JIOKYCHI, COJep)Kallie JOCTATOYHOE KOJHIECTBO MyTaIluil
mo cpasHeHHio ¢ KI'. KI' MoxHO ompenenuTs IO KOHCTHTYTHBHOMY 00pasily, KOTOpBIA
OTJIMYAeTCs OT TECTHPYEMOro oOpasma.

Ha ¢ur. 2 noxasana 6mok-cxema cnoco6a 200 HEmOCPEACTBEHHOTO CPAaBHEHMS IeHOMa
ob6pazna (I'O) ¢ xoHcTHTYTHBHEIM reHOMOM (KI') cornacHo BapHaHTaM peau3aliui HACTOSINETO
u3obperenns. B 6imoke 210 momy4aroT KOHCTHTYTHBHEIA reHOM CyObekTa. KOHCTHTYTHBHBIA
T€HOM MOJKHO IOJIy4HTh, HAIIpAMEp, U3 06pasia, MOIyICHHOTO paHee, WA H3 KOHCTUTYTHBHOTO
obpasnia, KOTOpBIf IMONY9alOT M aHAIH3UPYIOT HEIOCPEACTBEHHO IEpe] OCYLIECTBIICHHEM
criocoba 200.

B 6n10ke 220 nomy4aroT oxuH wm 6ojiee MapKepoB IOCIEIOBATENBHOCTH IS KaXIOr0
u3 MmHOXecTBa ¢parmenToB JIHK B OmonormueckoM obpasne cyOnexta. CeKBeHHpOBaHME
MOXHO OCYIIECTBUTh, NPHMCHSA pa3IHW4HblE METOAWKH, YIOMSHYTHIE B JaHHOHM 3asiBKe.
Mapxkepsl TOCIEOBAaTENbHOCTH MPEACTABITIOT CO0OH OIEHKY TOro, Kakoif CUMTAIOT
IOCNIeIoBaTebHOCTh  (parMeHTa. Ho ogHo wmu  Golee ocHOBaHME B Mapkepe

IIOCICAOBATCIIBHOCTH MOI'YT OBITH OIIPpEACIICHBI omu609HO.
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B 6moxe 230 no MeHBIIEH Mepe 4acTh MapKEepOB IOC/IEIOBATEILHOCTH BEIPABHUBAIOT C
KOHCTHTYTHBHBIM TeHOMOM. lIpm BEIpaBHMBaHHM MOTYT Y4YHMTHIBaTh, 9r0 KI' MokeT OBITH
TETepO3UTOTHBIM B pa3iIMUHBIX JIOKycax. [yt BelpaBHHBaHMS He OynmeT TpeOOoBaThCs TOYHOE
COBIIaZICHHE, YTOOBI MOXKHO OBLIO OOHAPYKUTH BAPHAHTEHL

B Onoxe 240 oOHapyXWBalOT MapKephl IOCIEAOBATEIHHOCTH, KOTOPHIE COAepKar
HM3MCHCHHUS IOCIENOBATENBHOCTH B JIOKyCE IIO CPaBHEHHIO C KOHCTHTYTHBHBIM TI'€HOMOM.
Bo3moxHo, uyTo Oyzmer aeTekTHpoBaH 6oiiee 4eM OAMH BapHaHT MapKepa IIOCIIeJ0BaTeIbHOCTH.
MoxHO OTClHeauTh BapHaHTHI JUI1 KaXAOTO JIOKyca M JUIA KaXAOro Mapkepa
IIOCTIENOBATENLHOCTH. BapuaHT MOXeT NpeAcTaBlIATh coboif mobyio amiens, KoTopas He
npeacrasieHa B KI'. Hanpumep, KI' Moxer ObITh retepo3uroTHsiM 1o A/T U BapHaHT MOXET
65rte G rwmm C.

B Onoke 250 mms KaXOoro JOKyca C BapHaHTOM KOMITBIOTEDHAs CHCTEMA MOXET
OIIpENICTNTh COOTBéTCTBylomee IEpPBOE KOJIMYECTBO MAPKEPOB IOCIEIOBATEIBHOCTH, KOTOPHIE
BEIPABHUBAIOTCS C JaHHBIM JOKYCOM H COIEpXaT M3MEHEHHE IOCIICA0BATEIFHOCTH B JAHHOM
nokyce. TakuM 06pa3oM, ¢ KaXIbIM JIOKYCOM MOXET OBITh CBA3aHO NMOACYNTAHHOE KOJIMYECTBO
BapHaHTOB, HabmoJaeMBIX B IaHHOM JoKyce. Kak mpaBmio, B jiokyce OyaeT HaGmoaaThes
MEHBIIEE KOJMYECTBO BApHAHTOB II0 CPAaBHEHMIO C MapKepaMH IIOCIIEAOBATEIFHOCTH, KOTOPEIE
cooTrBercTBYIoT KI', Hampmmep, BCIEACTBHE TOro, 4TO KOHIEHTpamusa omyxoiesoit JIHK
coctaBisieT MeHee 50%. TeM He MeHee, B HEKOTOPHIX 00pa3slax KOHIEHTPAIHSA OITyXOJIEBOM
JHK mMoxer OvrTh Gonpme, yeM 50%.

B Gmoke 260 mapamerp ONIpeneNsIOT Ha OCHOBAaHHH COOTBETCTBYIOIIMX IIEPBEIX
KOJIHNYecTB. Ecu B OXHOM BapHaHTe peaM3alldiH COOTBETCTBYIOIIEE KOJIMUYECTBO GOJIbINE, YeM
[IOpOTroBO€e 3HaYeHHe (Hampumep, OoJbne, YeM ABa), TO COOTBETCTBYIOIEE KOIMYECTBO MOXKHO
npubaBUTP K CyMMe, KOTOpas MpeACTaBiIseT coboit mapamMeTrp WIM HCIONB3yeTCs s
olpefieNICHUs apaMeTpa. B Apyrom BapHaHTe peaiM3aldy B Ka9eCTBE IapaMeTpa MPHUMEHSIOT
KOJIMYECTBO JIOKYCOB, COOTBETCTBYIOIIEE KOJIMYECTBO I KOTOPBIX OONBINE, YeM ITOpOTOBOE
3HA4YCHHE.

B 6moxe- 270 mapamerp CpaBHMBAalOT C IIOPOTOBBIM 3HAYCHHEM, YTOOHI
KIaccM(QUIMPOBaTh YPOBEHb paka. BERIIE ONMCAHO, YTO IIOPOTOBOE 3HAYECHHE MOKHO
OIIPEAEIUTD ITyTEM aHaln3a 06pasIoB U3 APYyrHX CyObeKkTOB. B 3aBHCHMOCTH OT TOTrO, 3JJ0pOBHI
JH JaHHBIE JpyrHe CyOBEKTHI HIM CTPAAalOT PAaKOBBIMH COCTOSHHSIMH, MOXHO OIIPEIEIINTDH
knaccudukanmo. HampuMmep, ecnu y Apyrax cyOBEKTOB BEHIABICHA 4 CTafds paka, TO €CIH
HCClleyeMblii napameTp ObL1 O/M30K (HampuMep, B paMKax OINPEACICHHOIO JHWana3oHa) K
3Ha4ECHHUIO IapaMeTpa, OIy49E€HHOT0 LA APYTHX CyObEKTOB, 3HAUYHT MOXKHO KIIaCCHHUIIIPOBATh

CTaIHIO paka HCcCleqyeMoro cyOseKkTa Kak 4 craguio paka. TeM He MeHee, €CIH YKa3aHHBIH
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IIapaMeTp MepeXOJUT I'PaHHMIEl IOPOrOBOrO 3HauyeHHs (T.e. OOJbINE MM MEHBIIE IIOPOroBOrO
3Ha4YeHHs, B 3aBHCAMOCTH OT CII0co0a ompezeNieHns mapamMeTpa), TO MOXHO KIaCCH(PHIUPOBaTh
CTaMIO paka KaKk MEHBIYIO, 4YeM 4 cTaxus. AHAJIIOTHYHEIA aHAIN3 MOXXHO OCYIIECTBHTb, KOTAa
JipyTHe CyOBEKTHI HE CTPaJaloT PakoM.

s onpenénenpm KJIacCH(pUKAIMU MOXXHO IIPAMEHATh HECKOJIBKO IIOPOrOBbIX 3HAYCHUIH,
re KaJoe IOpOTrOoBOE 3HAYCHHUE ONPENCIAIOT Y pasiMYHOM IpymIbl CyOBeKTOB. Y KaKmoH
Ipynmsl CyOBEKTOB MOXET OBITh OJMHAKOBBHIM YpOBEHBL paka. Takum o0pa3oM, HcciexyeMbli
IIapaMeTp MOXKHO CPaBHHTH CO 3HAYCHMSAMH JUIS KaXI0H rpynmsl CyObEeKTOB, B PE3yJIBTAaTe Yero
MOXKHO IIONYy4YHTh COBNAJCHHE C OJHOM M3 Ipynn WM IOJY4YMTh Auana3oH. Hampuwmep,
NapaMeTp MOXET OBITh NPHOIH3HTENBHO OJMHAKOBEIM C IIAPaMETPOM, IIOTYYEHHBIM UL
CyOBeKTOB, KOTOpHIC HAXOAATCS HAa CTAAWH IIpeApaka HIM Ha 2 CTaauM paka. B kauecrse
JIpyroro npHMepa HCCleAyeMBIii ImapaMeTp MOXeET NONacTh B JWAaNa3oH, KOTOPHIA BO3MOXKHO
MOXET ITOJXOIUTH JUII HECKOJIBKUX Pa3iMYHBIX YpoBHEl paka. Taxum obpazoM, kiaccuduxanus
MOXeT BKIIFOUaTh 6osee 4eM OUH YPOBEHb paKa.

V. = IIPUMEHEHHUE PEOEPEHCHOI'O TEHOMA

I'eroMHBIe mnoOcneaoBarenbHOCTH Kak koHcturyTuBHOM JIHK, Taxk m JIHK wu3
Ouonoruyeckoro obpasna MOXHO CpaBHHTH C pedepeHCHBIM IeHOMOM deloBeka. Ecmu
BBIIBJICHO OoJpIe H3MEHEeHMH B 00pasne IIa3Mel, 4eM B KoHcTuTyTHBHOM JJHK, 1o cpaBHeHMIO
¢ pedepeHCHEIM TEHOMOM, TO CYIIECTBYET IIOBBIICHHAS BEPOATHOCTH paka. B oaHOM BapuaHTe
pealM3allid HCCIEAyIOT TOMO3MIOTHBIE JIOKYCHI B pedepeHCHOM reHoMe. CpaBHHMBAIOT
KOJIMYECTBA IeTepO3UroTHRIX JOKycoB B KoHcTuTyTHBHON JIHK m B JTHK u3 GHOIOrHMYecKoro
obpasma. Ecinm KoJIMYEeCTBO TIeTEPO3MIOTHEIX CaiToB, JeTekTHpoBaHHEX B JIHK wu3
Ouonormdeckoro obpasia, ImpeBhlmaeT TakoBoe B KoHcTHTyTHBHOM JIHK, Torma cymecrByeT
IOBEHIINICHHAS BEPOATHOCTH paKa.

MoxHO Taxxe OrpaHHYHTHCS aHAIN30M JIOKYCOB, KOTOpble roMo3uroTHsl B KI'. OHM
TAK)Xe MOXKHO ONPEAETHTH IS I'€TEPO3UrOTHBIX JIOKYCOB, HO 3TO, Kak IPaBHJIO, IOTpeGyeT
o0pa3oBaHMS TpEThETO BapHaHTa. J[pyTHMH CJIOBaMH, €CIH TIE€TepO3UrOTHBIA JIOKYC
npezacTaBuseTr coboi A/T, To HOBEIM Tpermit Bapmant Oymer Jmbo C, mubo G.
Unentudumuposars OHM B roMO3HIOTHEIX JIOKycaX, KaK IPaBHIIO, IPOIIE.

CreneHp, [0 KOTOpOH YBEIMUMBaeTCS KOJMYECTBO TFETEPO3UIOTHEIX JIOKYCOB B
6uonormaeckom obpasne JJHK mo cpaBHeHmMIo ¢ koHCTHTYyTHBHO# JIHK, MOXeT nmpeanonarath
HaIM9¥Ee paka MM IPEeA3JIOKAaYeCTBEHHOIO COCTOSHHS, €CIH €€ CpaBHHUTh C YpPOBHEM
W3MEHEHMH, HabmonaeMbIM y 370pOBBIX CyOBEKkTOB. HampuMep, eciii cTeleHb yBENIUYCHUS
KOJIMYECTBa TaKAX CaliTOB NPEBBINAET TAKOBYIO, HAOMOMAaeMyI0 Yy 3[I0POBBIX CyOBEKTOB, Ha

HCKOTOpBIfI I"IOpOI‘, TO MOXXHO CYHATATh, YTO PC3YJIbTAaThl CBHACTECIBCTBYIOT O HAIHMYIMH paKa HIIH
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IpPEe3IOKAYECTBEHHOTO COCTOSIHHSA. B OJHOM BapHaHTe pealu3allid yCTaHaBIHMBAIOT
pacrpeeieHne M);Taunﬁ y cyOBekToB Oe3 pakoBoro 3ab6o1eBanus, H B Ka4eCTBE IIOPOra MOXHO
B3STh HEKOTOpOE KOJIHMYECTBO CTaHAAPTHHIX OTKJIOHEHWH (Hampumep, 2 mWiM 3 CTaHAapTHBIX
OTKJIOHEHHS).

B ogHOM BapuaHTe peaj3anid MOXET OTpe6oBaThCA 10 MEHBIIEH Mepe ONpeaelIeHHOe
KOJIMYECTBO BapHaHTOB B JIOKyce OO TOro, Kak JIokyc Oyner ydureH. B apyrom BapuanTe
pealH3alMy aHAIH3HPYIOT JaXe pe3y/bTATH], NOJYdeHHHIE HA OCHOBAHHM OIHOM 3aMEHEL
Hanpmmep, ecnm cyMMapHO€ KOJNHYeCTBO BapHauuii (ommOOK + HMCTHHHBIX MYyTallWi WM
nomiMop¢du3MoB), HaOMOJaeMBIX B IUIa3Me€, CTaTUCTHYECKH 3HAauYAMO BBONE, YEM B
koHcTUTyTHBHOH JTHK, TO 3TO CBHAETENBCTBYET O HAIMYHH paKa.

Ha ¢ur. 3 moxazanma Onok-cxema cmocoba 300 cpaBHeHus resoma obpasua (I'O) c
koHcTuTyTHBHEIM TeHOMOM (KI') ¢ mcmomw3oBanmeM pedepeHcHoro renoma (3I°) cormacHo
BapHaHTaM peau3alud Hacrosmero u3obperenni. B cocobe 300 mpeamonararot, uyro I yxe
IIOTY4€H, X 9TO MapKephl IIOCIeJ0BaTeNbHOCTH B OHOIOrHYecKoM o0pasiie yxke IHOTy4€eHEI.

B 6moke 310 mo MeHbIIe# Mepe JacTh MapKepoB IIOCIIEIOBAaTEIEHOCTH BHIDABHHUBAIOT C
pedepeHCHEIM TeHOMOM. BRIpaBHHBaHHE MOXXET IO3BOJIATh HAJIMYIHAE HECOBIANCHHH, Tak Kak
HeobxomuMo oOHapyXHTH BapHarui. PedepeHCHBI TeHOM MOXKHO IOJIYyYHTh M3 IOMYJIIHUH,
cxoHOU ¢ cyOBeKTOM. BEIpOBHEHHBIE MapKepHl MOCIEA0BATENbHOCTH (PaKTHIECKH BKIIOYAIOT
reaoM obpasna (['O).

B 6510ke 320 BBIABISIOT IIEpBOE KOJIMIECTBO (A) MOTEHIMAIFHBIX BapHAHTOB, HAPEMeED,
omHoHyKIeoTHIHBIX MyTaimit (OHM). ITorermuansasie OHM npencrasisror co6oif JIOKYCEI, B
KOTOPEIX B MapKepe IocnenoBarebHOCTH 'O BBIABICH HYKJIEOTH[, OTJIMYHBIA OT TAKOBOIO B
OI'.  MoxHO HCHONB30BaTh JApYyTHE KPUTEPHUH, HAOpHMEp, KOJHMYECTBO MapKepOB
MOCIIEAOBATEIBHOCTH, B KOTOPHIX BBIABJICHA BapHaIlys, JOJDKHO OBITH 0OJIbIIE, YeEM IIOPOTOBOE
3Ha4YeHHUe, U AB/geTca i Jokyc B OI' roMmo3urotHeM. Habop morenmmamsasx OHM MoxHO
IpelCTaBUTh Kak Habop A, KOrzaa oOIpeJelIeHHBIE JIOKYChl OOHApyXHBAIOT M OTCJIC)KHBAIOT
IIyTeM XpaHEHHs JIOKYCOB B IaMATH. MOXHO BBHISBHUTH OIPEIEJICHHBIE JIOKYCHI HJIH MOXXHO
IIPOCTO ONpeAeuTh KomrmaecTBo Takux OHM.

B Onoke 330 KOHCTHTYTHBHBIH T€HOM OIPEAEIAIOT ITyTEM BHIPABHHBAHHS MapKepOB
IIOCIIEI0OBATEIbHOCTH, IIONYYEeHHBIX IIyTeM cekBeHMpoBaHusa ¢parmenroB JHK u3
KOHCTHTYTHBHOTrO 00pasia, ¢ pedpepeHCHEIM reHOMOM. JaHHEIH 3Tam MOT OBITh OCYIIECTBIEH B
moboit 6oree paHHHI MOMEHT M ¢ MPHMEHEHHEM KOHCTHTYTHBHOIO 00pa3na, IOJYyYeHHOro B
moboit Oonee paHHmMii MOMeHT BpeMeHH. KI' MOXHO IPOCTO CYHTATh H3 IAMSTH, €CJIH
BHIpaBHMBaHHE OBUIO BEHITOJNHEHO paHee. B ogHOM BapuaHTe peaM3amdd KOHCTUTYTHBHBIH

obpaszer MOXeT NPEACTaBIATh CO00H KIETKH KPOBH.
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B 6noxke 340 oOHapyxmBaloT BTOpoe KonmdecTBO (B) I5OKycoB, B KOTOPBIX
BHIPOBHEHHBIII Mapkep mocienoBarenbHOCTH K[ conepxut BapumanT (Hanpumep, OHM) B
JOKyce II0 CpaBHEHHMIO ¢ pedepeHcHbM reHomoM. Ecim cnemmanbHO OTCIEKHMBAIOT Habop
JIOKYCOB, TOoraa B MoxeT npeactaBiaTh coboit Habop, a He MPOCTO YHCIIO.

B 6n0okxe 350 mabop B BrrumraroT u3 Habopa A, uro6sl onpeaenutek BapuanTtel (OHM),
KOTOpBIe IPHCYTCTBYIOT B reHoMe o6pa3na, Ho He B KI'. B omHOM BapranTe peanmsauuu Habop
OHM MOXHO OrpaHHYHTh MOJOXEHUSMH HYKIeOTHAOB, B KOTopsiX KI' romosurotssmi. Jlns
TOrO YT00BI OCYINECTBUTH TakOH 0TGOP, ONpe/ieNeHHbIE JIOKYChL, B KOTOPSIX KI' roMo3HroTHSIH,
MOXHO 0003Ha4uTh Kak Habop C. B apyrom BapuaHTe peanm3allid JOKyC HE YYHTHIBA€TCS B
[IEpBOM KOJIH4ecTBe A HIM BTOpoM KoimdectBe B, ecim KI' He sBIsfeTCS OMO3HIOTHEIM B
JDaHHOM JIOKyce. B 1pyroM BapuanTe peanusainuu 000l H3BeCTHBII momuMopdu3M (HanpuMmep,
Giarozaps ero Hamu4uro B 6aze nanasrx OHIT) MoXHO OTCesTs.

B onmHOM BapmaHTe peanu3aluM BbeMUTaHHE B OJnoke 350 Moxker OBITH IPOCTO
BBIYMTAHHEM 4HCEN H, CJIE[0BaTeNbHO, KOHKpeTHHIE moreHnuarpHsie OHM He ynammor, a
IIPOCTO BEMHTAIOT MX 3Ha9eHme. B JPYroM BapHaHTe peald3allid BHIYUTAHHE HaeT Pa3HOCTh
Mexnay Habopom A ® Habopom B (mampumep, ecim Habop B mnpencraBnser co6oit
IIOJIMHOXXeCTBO Habopa A), yTo65I onpeneuth KoHKpeTHEIe OHM, KOTOpEIE HE IIpeICTaBIeHb! B
Habope B. B norudeckux mepeMeHHBIX 3TO MOXHO BhIpa3uTh kak [A 1 HE(B)]. [ToxyuenHsmi
Habop HNEeTeKTHPOBAHHBIX BAPHAHTOB MOXHO 0003HauuTh C. YKa3aHHEIM IapamMeTp MOXHO
OIIpeENTS, KaK urcio C, M onpenenuTs u3 Habopa C.

B HeKoTOpBIX BapHaHTax peaJM3allid MOXXHO IPUHAMATh BO BHHMAHHE IIPUPOLY
MyTallMi ¥ pa3JM4YHBIM KjlaccaM MyTaoui IIpHNKACHIBATH OIpEAeNeHHBIH Bec. Hampumep,
MyTalisiM, KOTOpElE OOBIYHO CBSA3aHBI C PaKOM, MOXKHO IPHIMCHIBATH OONBINHE Bec (Takxke
Ha3bIBAaEMBI YpOBHEM 3HAaYMMOCTH B OTHOIICHWH OTHOCHTENHHBIX BECOB JIOKycoB). Takue
MyTalli¥ MOXHO HaHTH B 0a3saX NaHHBEIX CBS3AHHBIX C OITyXOJIBIO MYyTarMii, HalpHAMeEp, B
Karanore COMAaTHYECKUX MyTanui npu pake (COSMIC)
(www.sanger.ac.uk/genetics/CGP/cosmic/). B kadecTBe Jpyroro npuMepa, MYyTaldaM,
CBSI3aHHBIM C HECUHOHMMHYHBIME H3MEHEHMSMH, MOXKHO IIPHITHCEIBATH OOJBIIA BEC.

TaxkuM 06pa3oM, IEpBOE KOJIUIECTBO A MOXHO OIPEJETHTh KaK B3BEUICHHYIO CYMMY, B
KOTOPO# BeC KOJIMYECTBA MApKEpOB C BapHAHTOM B OJHOM JIOKYyCE MOXXET OBbITh OTIMYHBIM OT
TaKOBOTO JUI1 KOJIMYECTBA MapKepoOB B APYroM JioKyce. IlepBoe xommdaecTBO A MOXET OTpaXkaTh
TaKyl0 B3BEIICHHYIO CyMMy. AH&IOTHYHBIA pacdeT MOXHO OCYIIECTBHTh ¢ B, H, Takum
obpazoM, komumdecTBo C M yKa3zaHHEIH IapaMeTp MOTYT OTpaXkaTh Takoe B3BeINMBaHHE. B
JpyrOM BapHaHTEe peaiu3allid BeCa YJHTHIBAIOT, KOrAa omnpenesioT Habop C KOHKPETHBIX

7oKycoB. HanprMep, B3BEIMEHAYIO CYMMY MOXKHO ONIPEAENIUTH I KOJIMYECTBa JIOKYCOB Habopa
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C. Takue Beca MOXXHO IPUMEHATE B IPyTHX CIOC00axX, ONMMCAHHBIX B JaHHOH 3asBKeE.

CooTBETCTBEHHO, IapaMeTp, KOTOPHIH CPaBHUBAIOT C IIOPOrOBBIM 3HAYCHUEM, UTOOEI
OIIpe/IEUTh KiTacCHGUKAIMIO YPOBHS paKa, MOXET IPEACTAaBIATH OO0 KOJIMYECTBO JIOKYCOB, B
KoTophIX JerekTHpoBaHa Bapuamus B 'O m KI' mo cpaBreHmio ¢ OI'. B apyrux BapmaHTax
peamn3anul MOXHO COCYMTaThb cyMMmapHoe KommdectBo (parmenToB JIHK (xotopoe
OIIPEEILIOT C MOMOINBI0 MapKEPOB MOCIENOBATEIbHOCTH), COJEPXKAIINX BapHanuio. B apyrux
BAPMAHTAX DEANH3ANMH TAKHE KOIMYECTBA MOXHO HCIONB30BATh B APYroil (opMyne I
NOJTy9eHHs YKa3aHHOTO IapaMeTpa.

B onHOM BapmaHTE peaiM3allid KOHIEHTpallWs BapHaHTa B KaXAOM JIOKYCE MOXET
NpeACTaBlIATh coOOif IapaMeTp, M €€ MOXHO CpaBHHTh C IIOPOrOBEIM 3Ha4eHHEM. Takoe
IOPOrOBOE 3HAYCHHE MOXHO IIPUMEHATh M ONpPEHETICHUS TOro, SBIETCA JIH JIOKYC
IOTCHIHAIPHO M3MEHEHHBIM JIOKyCOM (BZOOABOK K IOPOrOBOMY 3HAYEHHUIO OIPEIEIEHHOTO
KOJIMYECTBA CYUTHIBAEMBIX [TOCIER0BATEIFHOCTEH, B KOTOPBIX BRIBIIM YKa3aHHBINA BapyaHT), a
3aTeM OOCYMTaTh MaHHBIA JIOKyc. KOHIEHTpamuio Takke MOXHO MCIONB30BaTh B KAueCTBE
¢axropa B3BemuBanus B cymme OHM.

V. YMEHBIIEHHME KOJMYECTBA JIOXHOIIOJIOXKUTEJBHBIX

PE3YJIbTATOB C IIOMOIIBIO ITOPOI"OBBIX 3HAYEHHAIA

Brmnne ynmoMHHANIOCH, YTO OAHOHYKJICOTHAHBIC MyTalHH MOXHO HaGMoAaTh B OOJIBIIOM
KOJIM4ecTBe BHEKICTOUHBIX (parmenToB JTHK (Hampumep, mupkymupyomeii B miazme JTHK) u3
601b1m0it 06TacTH reHoma (HampuMep, U3 BCEro FreHOMa) HIIM M3 MHOXeCTBa objacTeif reHoMa,
qT00Bl YNYYIOIHTh YyBCTBHUTENIBHOCTh MAHHOTO IOAXOJa. 1e€M HE MEHee, aHATMTHICCKUE
OomMOKH, Takue KaK OIMHUOKH CEKBEHHPOBAHUA, MOIYT BIHATH HAa OCYIIECTBHMOCTE,
JOCTOBEPHOCTE H éneumbmocu JAHHOIO IMOJX0Ja. 3MeCh MBI MCIOJIB3YyeM ILIaThopMy UL
MacCOBOI0 NapaIEbHOIO CEKBEHHPOBAHUA B Ka4eCTBE IIPAMEpPa, YTOOHI IIPOMULIOCTPHPOBATE
3HauYeHHE OIMMOOK CeKBeHHpOoBaHHA. YacToTa OmMMOOK CEKBEHMPOBAHUS IUIATGOPMBI IS
CEKBEHUPOBaHUA ITyTeM cHHTe3a oT [llumina cocraBiser npuOIMM3HTENEHO ot 0,1% 1o 0,3% Ha
CEKBCHHpOBaHHBIH HykineoTHn (Minoche m gp. Genome Biol 2011, 12:R112). Moxuo
NPHMEHATh JHO6YI0 INAaThOpMy UL MACCOBOTO MApaLIENBHOTO CEKBEHHPOBAHHS, BKIIOYAS
wiatdhopMy Ui CEKBEHHPOBAHHUS IIyTeM JIMTHpoBaHus (HampuMmep, miatdopmy SOLID ot Life
Technologies), mnardopmy Ion Torrent/Ion Proton, mnardopMmy uis MOIYIPOBOJHHKOBOIO
CCKBeHHpOBaHHsA, Roche 454, mimar¢popMy A CeKBEHHPOBAaHHSA OAMHOYHBIX MOJIEKYI
(mannpumep, Helicos, Pacific Biosciences u Nanopore).

B Oonee paHHEM HCCIICIOBaHAM IIEYCHOYHO-KIETOYHOH KapIHHOMEI IIOKa3ald, 9TO BO
BCEM PaKOBOM IeHOMe MpUCYTCTBYeT npubmmsurensHo 3000 oxHOHYKI€OTHAHBIX MyTanuii (Tao
Y u ap. 2011 Proc Natl Acad Sci USA; 108: 12042-12047). Jomyckas, gro immb 10% Beelt
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JIHK B KpOBOTOKE IPOU30ILIO H3 OIYXOJIEBEIX KIETOK U 9T0 MEI cekBeHHpoBamd JIHK B mnazme
CO cpenmHeil I'TyOMHOM CEeKBEHHPOBAaHUS, COCTABIIIOMEH OAHOKPATHOE MOKPHITHE TaILIONIHOIO
reHoMa, Mbl BetpernM 9 muyumoHOB (3 x 10° x 0,3%) oxHOHYK/IeoTHAHEX Bapuanuii (OHB)
BCJIEACTBHE OIMMOOK CEKBEHHPOBAHHSA. 1eM He MeHee, OXHJAACTCH, YTO OONBIIMHCTBO H3
OJXHOHYKJICOTHIHBIX MYTAL[AH BCTPETHTCA TONHKO HAa OHOM M3 JABYX TOMOJIOTHYHEIX XPOMOCOM.
IIpu royOuHe CeKBEHHPOBAaHHSA, COCTABILIIONIEH OJHOKPAaTHOE IMOKPBITHE TalUIOMJHOTO FeHOMa
obpasna co 100% omyxoneBoit JIHK, MBI oxmupaeM oOHapyxuTh Jmmb nonoBuHy u3 3000
MyTtanu#, T.e. 1500 mytamuii. [Ipu cexkBeHnpoBanuu o6pasna mia3mel, coaepxkamero 10% JTHK
OIyXOJIEBOTO IPOMCXOXIEHHS HA ONHO IIOKPEITHE TalUIOMIHOTO T€HOMa, MBI OXHIaeM
ob6HapyxuTh Jumb 150 (1500 x 10%) cBA3aHHBIX ¢ pakoM OJHOHYKJICOTHAHBIX MyTanui. Takum
o0pa3oM, OTHOINIEHHE CHTHAV/IIYM I8 MACTCKTHPOBAHUS CBA3aHHBIX C pakoM MyTanui
cocraiter 1 Ha 60000. Takoe oOYeHP HH3KOE OTHOIICHHE CHTHA/IIYM IIO3BOJSET
IIPEITIONIOKHATD, YTO JOCTOBEPHOCTH IIPHMEHEHHS JAHHOTO IIOIX0/1a IS TOr0, YTOOBI pa3IHIUTh
HOPMAJIHHBIX U PaKOBBIX IIAMCHTOB, OYAET OYCHb HU3KOM, €CIIM MBI HCIIOJIB3yeM B KadeCcTBE
nmapaMerpa IpocTo BCE€ OJHOHYKJICOTHAHbIE H3MEHEHHU B OHoormieckoM obpasne (HanpuMmep,
B IUTa3Me).

O>xmpmaercs, 4To ¢ NPOrpecCHPOBAHMEM TEXHOJIOTHH CEKBEHHMPOBAHHS YacTOTa OIMHOOK
CEeKBEHUPOBaHHS OyJEeT MOCTOSHHO YMEHbINAThCS. TaKkke MOXHO MPOaHAIH3UPOBATH OJUH H TOT
xe obpasen, nmpuMeHss Oonee 4eM OxHY ILIaTGOpPMY CEKBCHHPOBAHHSA, H IIOCPEIACTBOM
CPaBHCHHMA pe3yJbTAaTOB CEKBCHHPOBaHMS Ha pasHbIX IUlaTgopmax TOYHO OIpPENEIUTH
CYUTBIBAEMEIE [TOCIIEIOBATEIIFHOCTH, BEPOATHO COEpKalue OIIMOKH ceKBeHHpoBaHus. Jpyroi
IOJIXOJ COCTOMT B aHATH3€E JBYX 00pasIOB, B3ATHIX B Pa3IHYHbIE MOMEHTEI BPEMEHH H3 OJHOTO
U TOrO Xe cyObekTa. TeM He MeHee, TaKue MOAX0bI TpeOyIOT OOJIBIMIX 3aTpaT BPEMEHH.

B omsOM BaphaHTe peaiW3allHd OJHHM H3 CIHOCOOOB YBENHYEHHS OTHOIICHHS
CUTHA/INyM IpH JCTCKTHPOBAHWH OJHOHYKICOTHAHBIX MYTallMd B IUIa3Me€ MAIMCHTOB C
PaKOBEIMH 3a60/TCBAHAAMY SBIACTCS YYET TOJMBKO TaKOH MyTallMH, KOTOpas BCTPEYacTCS B
o6pasiie HECKONBKO pa3. B BHIGpaHHBIX mWIaTgopMax CEKBEHHPOBAHHS MOTYT OBITh HamGolee
pacpocTpaHeHsl OIMOKM  CEKBEHHPOBAHHS, BKIIOYAIOIIHME  OIpPEJCNICHHBIE  3aMEHEI
HYKJICOTHJOB, H OHH OyIyT BIMATH Ha pe3y/IbTaThl CEKBEHHPOBAHMSA TECTHPyeMOro obpasma u
KOHCTHTyTHBHOrO 0o6pasna JIHK xak TecTHpyeMoro cy6hekTa, Tak M KOHTPONBLHBIX CYyGHLEKTOB.
Tem He MeHee, KaK IPaBHIIO, OIMHOKH CEKBEHHPOBAHHS IPOMCXOAT CIIydaiHEIM 06pa3oM.

BeposiTHOCTS OIMMOKHA CEKBEHHPOBAaHHSA SKCIOHEHIHMATHHO YMEHbBINAETCS, KOIjia
HabIIOJAIOT OAHY M TY XK€ 3aMeHYy B OHOM H TOM € TIOJIOXKEHHH HYKJIEOTHIAa B HECKOJIBKUX
¢parmenTax JHK. C npyrodi CTOpOHB, Ha BEpOATHOCTh JCTCKTHPOBAHUA HCTHHHOTO

CBJA3aHHOTO C paKOM MYTAaIlHOHHOI'O H3MCHCHHA B 061)33116 BIIHSCT I‘JIyGHHa CCKBCHHPOBaHHUS 1
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¢bpaknpoHHas KoHneHtpaums omyxoneBoi JJHK B obpasme. BeposTHOCTH OETEKTHPOBAHUSA
MyTanHH B Heckonbkux (parmenrax JIHK Oyner moBemaTecs C yBenMYEHHEM ITTyOHHBI
CEKBEHUPOBaHUSA K (pakuuoHHOH KoHNeHTpanuu omyxoneBoii JJHK. B pasmiuHsIx BapHaHTax
peatH3anuy ¢ IpHMEHEHNEM 00pasIoB, CoepXKalinuX BHEKIETOUHYIO omyxoieByro JTHK (Takmx
KaK IUTasMa), GpaKkIHOHHAA KOHIICHTPAIHS MOXET coCTaBIsATs 5%, 10%, 20% u 30%. B ogaoM
BapHaHTE peayd3aui (ppakiiMoHHas KOHIEHTPAUs COCTaBIAeT MeHee ueM 50%.

Ha ¢ur. 4 npeacrapiena Tabmuna 400, B KOTOpPOi MOKa3aHO KOJMYECTBO CBS3aHHBIX C
PaKoM OJHOHYKICOTHIHBIX MyYTAlMH, INPaBWIBHO JETEKTHPOBAHHEIX C NPHMEHEHHEM
BCTPEYaEMOCTH Pa3IHYIHbIX WX KOJMYECTB B Ka4eCTBE KPHTEPHS I KJIACCHPUKAIINKA MyTaIlHH
KaK IPHUCYTCTBYIOmEH B o0pasie COIIaCHO BapHaHTaM pead3allMy HaCTOSINEro M300peTeHH .
Taioke moxasaHbl KOJIMYECTBA ITOJIOKEHHH HYKJICOTHIOB, B KOTOPHIX OMIMO0YHO OOHApyXHIN
MYTallMIO BCJICACTBHE OMMMOKH CEKBEHHPOBAaHHS, OCHOBBIBAICH Ha Te€X XK€ KPHUTEPHIX
KJIacCH(UKAIHH. II.aCTory ommub0oK ceKBeHHpOBaHHs MpUHUAMAIOT paBHOM 0,1% (Minoche u mp.
Genome Bio 2011, 12:R112). ®paxmumonHyro xonunentpanuio JIHK omyxonesoro
MIPOUCXOXKCHHS B 00pa3iie NpuHAMAIOT paBHO# 10%.

Ha ¢ur. 4 noxa3aHo, 9TO OTHOIICHHE MEXIY KOJMYECTBOM CBS3aHHBIX C PaKOM
MyTalnii, AeTEeKTHPOBAHHBIX B IUTa3Me, H KOJIMYECTBOM JIOKHOIOJI0XKHUTEILHBIX CHTHAJIOB OyIeT
9KCIIOHEHIMAJIFHO BO3pacTaTh ¢ YBEJIMYEHHEM KOJMYeCTBa HaOMIONEHHH OXHOM M TOH >Xe
3aMeHEI B 00pasie, B KOTOPOM BBIABIIIOT MYTallHIO, KorAa ¢ppakiuoHHyo KoHneHTpanuo JTHK
OITyXOJIEBOr0 NPOHCXOXJEHMUS B oOpasne npuHUMaroT paBHOH 10%. Jlpyrumu cioBamH, Kak
YYBCTBHTEIBHOCTD, TaK ¥ CIENUPUIHOCTS JETEKTHPOBAHHS CBA3aHHOM C paKoM MYTaIluH OyaeT
yryamatscs. KpoMe Toro, Ha 9yBCTBHTEIBHOCTH JETEKTHPOBAHMS CBA3aHHEIX C PAKOM MyTallHid
Oyner BnmATH ITyOMHA CeKBeHHMpoBaHHA. IIpu cexkBeHHpoBaHHMH cO 100-KpaTHBEIM IOKPHITHEM
TamjaouHOrO TreHoMa MOxHO o6Hapyxuts 2205 (73,5%) m3 3000 wmyrtamuii, nmaxe c
NPUMEHEHHEM KpHUTEpHS BCTPEYAEMOCTH KOHKDETHOH MyTalliH B IO MEHBIIEH Mepe 4
¢parmentax JIHK B oOpasme. MokHO HCIONB30BaTh JApYrHe 3HAYCHHS MHHHUMAJIBHOIO
KomyecTBa (parMeHTOB, Takue Kax 3, 5, 8, 10 u Gonpine 10.

Ha ¢ur. 5 .mpencraBinerHa tabmuna 500, B KOTOpO# IOKa3aHO OXHUIAEMOE KOJIHYIECTBO
JI0KHOTIOJIOXKHTEIBHEIX JIOKYCOB H OXXKHAaeMOe KOJIMYECTBO MYTaIuii, ETEeKTHPOBAaHHBIX KOTAa
¢paxnuonnyio komneHrpanuio JIHK omyxomeBoro mpoucxoxxaeHHs B o0paslle IpPHHMMAIOT
paBHo#t 5%. Ilpm Oonee Hu3KOH d)palcnnonﬁoifl koHneHTparmu  JIHK omyxomnesoro
IPOUCXOXJeHus B oOpasue, Oyzmer HeoOxoxmwma OGonpmas IIyOHHA CEKBEHHPOBAaHUSA I
JOCTHXKEHHS TaKoH e YyBCTBUTEIHHOCTH NETEKTHPOBAHHS CBA3aHHBIX C pakoM Myraruii. J{is
cOXpaHeHHA crenuuIHOCTH Taxke Oymer HeoOxommm Gosee cTpormii kpurepumit. Hampumep,

HOTpeﬁyeTCSI HCIIOJIB30BATh KpI/ITepI/Iﬁ BCTPEYacMOCTH B 06pa311e OTJIeNBHON MyTallil B IIO
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MeHbIIe#l Mepe 5 ¢parmenrtax JJHK, BMecTo KpuTepHs BCTpE4aeMOCTH B IO MeHbIIel Mmepe 4
¢parmenTax B ciaydae ¢ppakuun omyxosuesoit JJHK, cocramsromeit 10%. B Tabmumnax 400 u 500
IIPEUIOKEHO PYKOBOACTBO IO BEIOOPY IOPOTOBOTO 3HAYEHHUS C YIETOM KPAaTHOCTH MOKPHITHS H
KoHIeHTpalun omyxoneBoit JJTHK, koToprie MOXKHO IPEAIONOXATH WX U3MEPUTD, KaK OIIHCAHO
B JaHHOH 3asBKe.

JlpyTHUM IpeMMyIIECTBOM INPHMEHEHHS KpUTepHEB Oojiee dYeM OIHOKPAaTHOTO
JETEeKTHPOBAaHUSA OTHOHYKICOTHIHON 3aMeHBI JUIS ONpEAEIECHHS MYTalldl SBJISETCS TO, YTO B
pe3ynbTaTe 3TOr0  OXHIAIOT MHHUMH3AIUIO JACTEKTUPOBAHHSA  JIOXXKHOIOJIOXHUTENBHBIX
pe3yJIbTaToB, KOTOPHIE JAIOT OQHOHYKJICOTHIHBIE M3MEHEHHS B HE3JIOKAYECTBEHHBIX TKAHSX.
Tax Kak HyKJICOTHIHEIE H3MEHEHHS MOTYT IIPOHCXOJHTh B IIPOIECCE MHTO03a HOPMATBHBIX
KIETOK, Kakaasd 3J0opoBasg KJIETKAa B OpraHM3ME MOXET COAEPXaTb MHOXECTBO
OJHOHYKJICOTHAHBIX H3MCHEHUU. JlaHHBIE H3MEHEHHS MNOTEHIHAIFHO MOTYT IPHBOAHTE K
JIOXKHOMOJIOXKHUTENBHBIM pe3yJIbTaTaM. 1eM He MeHee, H3MEHEHHS U3 KJIETKH OyAyT IOomaaaTs B
IUTIa3My/CBIBOPOTKY IOcie THOeNH KIeTKH. XOTA OXHAATCA, YTO pa3JIfuyHbie HOPMAJbHEIE
KJIETKH HECYT pa3jindHble HaOOpHI MyTamuii, MaJIOBEpOSTHO, YTO MYTAlliH, BCTPEIAIOLIAECS B
OfHOM KieTKe, OyayT IPHCYTCTBOBaTb B MHOJXKECTBE KONHMM B IIIa3Me/CBIBOPOTKE. B
IPOTHBOIIOJIOKHOCTh 3TOMY, B ILIa3Me/CHIBOPOTKE OXHIAIOT OOHAPYXXHTH MHOXXECTBO KOITHiA
MyTallMii M3 OILyXOJIEBBIX KIJIETOK, TaK KaK POCT OIMyXOJH IO NpHpoJe KIOHAIbHBIA. Takum
obpa3oM, MHOXECTBO KIETOK K3 OIHOro KiIoHa Oyayr morubate u BeicBoGOXaars JJHK ¢
XapakTePHBIMH MYTallUsMHU, THOIUYHEIME JUTS JAHHBIX KJIOHOB.

B oxmoM BapuaHTe pealm3allMd IIepel IPOBEACHHEM CEKBECHHPOBAHUS MOXKHO
OCYINECTBHTH IeNieBOe OOOramieHHe OIpeJelicHHBIMH o0JacTaMu reHoMa. JlaHHEBOI JTan
LIeJIEBOTO 0OOTaIlEHAs MOXET YBEIMIATH ITyOHHY CEKBEHHPOBAHHS MHTEPECYIOIIUX ObJacTeii
IIPH TaKOM XK€ CyMMapHOM KOJIM4YECTBE IIPOBEACHHBIX CCKBEHHPOBaHHU#. B eme ojHO0M BapuanTe
peanu3anyy CHa4ala MOXHO OCYINECTBHTE pPayHJ CEKBEHHPOBAHMS ¢ OTHOCHTEIBHO HEGOIBIION
ITyOMHOH CEKBEHHpOBAHHUA. 3aTeM MaTepHal MOXHO O0OraTHTh 00NacTAMH, B KOTOPHIX
BBIBJICHA I10 MEHBIIIEH Mepe O/JHA OJHOHYKJICOTHIHAS 3aMEHa, a 3aTE€M IIPOBECTH BTOPOM payHI
CEKBEHHPOBAHHUA ¢ OoJIbIIeH KPaTHOCTHIO NMOKPHITHSA. 3aTeM K pe3ylbTaTaM CeKBEHHPOBAHHS C
[ENEBBIM OOOTAIIEHHEM MOXXHO NPHMEHHTh KPHTEPHH MHOXXECTBEHHOM BCTPEYAEMOCTH IS
OIIPEICTICHUS MY TAIHH.

VII. JUHAMMYECKHE ITIOPOI'OBBIE 3HAYEHUSI

Benme ommcaHo, YTO MOXHO IPHMEHSTH IIOPOroBOE€ 3Ha4YeHMEe N Ui KOJIMUECTBA
CUHTHIBAEMBIX IIOCIIEAOBATEILHOCTEH, B KOTOPHIX JAETEKTHPOBAaH BapHaHT (IIOTEHIMATIbHASL
MyTaIus), 9T00BI OIPENEIUTh, MOXHO JIM IIPH3HATb, ITO JIOKYC COAEPYKHT MyTaIHIO (HAIIpHMED,

comepxutr OHM), kortopyro Heobxommmo ydecth. [IpuMeHeHHMe Takoro mopora MOXET



32

YMEHBIIUTh KOJHMYECTBO JIOXKHOMOJIOKHUTENBHEIX pe3yinsTaToB. B 00CYyXOeHHMH HIXe
IpeAIOXEHBI CIIOCOOBI BEIOOpa MOPOroBOro 3HAYCHHUS IS PA3IMIHEBIX JIOKYCOB. B crexyromux
BapHaHTaX peald3allid MBI IPEINONaracM, 4To CYIIECTBYET OJUH IpeoOiaJaroImuii paKoBEIH
KJIOH. AHaJIOTHYHBIM aHaIM3 MOXHO OCYIIECTBHTH OJIS CIy4dacB, BKIIOYAIOIMHX HECKOJBKO
KIIOHOB PAaKOBBIX KJIETOK, BBICBOOOXITAIOMHX pa3MWUYHBIE KomdecrBa omyxoneBoit JTHK B
asMmy.

A.  Konuuecmeo cesasanHbIx ¢ pakom mymayuti, OemeKmupo8aHHbix 8 niame

Ha konm4ecTBO CBA3aHHBIX C pPaKOM MyTaldi, JCTEKTHPOBaHHHIX B IUIa3M€, MOXET
BIIMATH MHOXXECTBO ITapamMeTpoB, Harpumep: (1) KOJTHHYECTBO MyTanwii B omyxoseBoii Tkanu (N1)
- CyMMapHO€ KOJIHYECTBO MYyTallui, MPHUCYTCTBYIOINIMX B OIyXOJICBOM TKaHW, NPEACTABIACT
co00l MaKCUMaJIbHOE KOJMYECTBO CBA3AHHLBIX C OITYXOJBIO MYTAIlHif, IETEKTHPYEMEIX B ILIa3Me
narenTa; (2) gppaxuuonnas konuentpauus JIHK omyxonesoro mpoucxoxiaerus B miasme (f) —
gyeM Oonpme ¢pakinuorHas koHneHTpanus JHK omyXoneBoro mpoucxoxaeHus B IUIa3Me, TEM
BeIIE OyAET BEPOATHOCTH JSTEKTHPOBAaHHA B IUIa3ME CBA3aHHEIX C OIyXOJBIO MyTanui; (3)
rry6una cexkBeHnpoBaHus (D) - riyOMHa CeKBEHHpPOBaHHS OTHOCHTCS K KOJIMYECTBY pas,
KOTOPO€ CUHTBIBAIOT IOCIIENOBATEILHOCTD IIPH CEKBEHMpOBaHUM obnacti. Hanpumep, cpemHsas
ITyOMHA CeKBEHHpOBaHMS, cocTaBiusmomas 10 pa3, O3HaYaeT, YTO KaXIBIA HYKJIECOTH] B
CCKBCHHpOBa.I—IHOI‘;I. obnacta HOKPBIBAETCS B cpeaHeM 10 CUHUTHIBAEMBIMHI
IIOCJIEI0BAaTEIBHOCTAMI. BepoSTHOCTE JETEKTHPOBAHHA CBA3AHHOM C pakoM MyTaIuM Oyaer
BO3pacTaTh IPH YBEIHMYCHHH IITyOHHBI CEKBEHHpOBaHUS; U (4) MHUHIMAILHOE KOJHYECTBO pas,
KOTOpO€ HYKJICOTHIHYIO 3aMEHy OOHapyXHBAalOT B IUIa3Me, 9TOOBI OIpEAETHTH, YTO OHA
ABIIICTCS IOTEHIMAIBHO CBA3aHHOM € pakoM Mytamued (r), KOTOpoe IPEACTaBIieT coOoi
IIOPOrOBOE 3HAYEHHE, HCIONB3YEMOE IS TOTO, YTOOH! OT/IMUHTH OLIMGKH CeKBEHHPOBAHHS OT
PEaTbHBIX CBA3AaHHBIX C PAKOM MYTaIlUM.

B onmoM BapmaHTe peanm3anmMH I8 TOro, 9ToOBI IIPOTHO3HPOBATH KOJHYECTBO
CBA3aHHBEIX C DaKOM MyTalMi, AETeKTHPOBaHHEIX B IUIa3Me, MCIOJB3YIOT IyaCCOHOBCKOE
pacnpenenenue. Jlomyckas, 9To MyTalnps OIPHCYTCTBYEeT B HEKOTOPOM IIOJIOKEHHH HYKJIEOTHIA
Ha OJHOM M3 JBYX TOMOJIOTHYHBIX XpPOMOCOM, IIpH IIyOHHE CEKBEHHpOBaHHA D, oxmmaeMoe
KOJIMIECTBO a3, KOTOPOe MyTallis IPHCYTCTBYeT B miasme (Mp), paccunrsiBaior kak: Mp = D x
2.

BeposTHOCTE A€TEKTHpOBaHUS MyTanuy B IuazMe (Pb) B OTAENLHOM caiiTe MyTalHu

PaACCHUHATEIBAIOT KakK:
r-1

Pb=1- 2 Iyaccon(i, Mp)
i=o0

rae r (moporoBoe 3HAYCHHE) IIPEACTAaBIAET Co0OM KONMYECTBO pas, KOTOpoe
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HYKIEOTHAHAS 3aMeHa JETCKTHPOBaHA B IDIa3Me, U1 TOro 4TOOBI OIpEAENIHTh, YTO OHa
IpPEeICTaBIeT Co00M TOTEHIHATFHO CB3aHHYIO C ONyXOnblo Myrammio; Ilyaccon(i,Mp)
mpeAcTaBigeT coboi IyaCCOHOBCKOE paclpelelICHHE BEPOSTHOCTH BCTPEYAEMOCTH i pa3 IIpH
CpeqHeM KoamdecTBe Mp.

CyMMapHOE KOJIMIECTBO CBS3aHHBIX C PAKOM MYTaIlHii, KOTOphIe 0XXKHAAIOT OOHAPYXUTH
B mwiasMme (NP), MoxHO paccumtats kKak: Np = Nt x Pb, rae Nt npeacrasisier co60it KOIHIECTBO
MyTauuii, NPUCYTCTBYIOIMMX B OIyXOJEeBOH TKaHW. Ha criemyromux auparpaMmax IIOKa3aHBI
OPOICHTHI CBA3aHHBIX C ONYXOJBIO MYTaIlWi, KOTOPHIE OXHAAIOT OOHAPYXWUTHh B ILIa3MeE,
IPHAMEHSS pa3IMYHble KPUTEPHH BCTpedaeMOCTH (T) Ul ONpeAeIeHUS IOTeHIIMAIBHON MyTauy
U pa3IH4HbIe ITyOHHEI CEKBCHUPOBAHH.

Ha @ur. 6A mnpeacraBnena aumarpamma 600, Ha KoTOopoi mOKa3aHa 4acToTa
JIETEKTUPOBaHHS CBA3aHHBIX C paKOM MYyTaluif B Imia3Me ¢ QpakIMOHHBIMH KOHIICHTPAIUIMH
JHK omyxoneBoro mnpoucxoxaeHus, coctasmsiomuMu 10% um 20%, U C HOpHMEHEHHEM
BCTpeuaeMocTel (r), paBHBIX YETHIpEM M INECTH, B KaueCTBE KPHTEPHUEB VI OIpEIeTeHHS
NMOTEHITHAIBHBIX CBS3aHHBIX C pakoM MyTanuid. IIpm omHo#t m Toif ke r, Gonee BBHICOKas
¢pakumonnas kounertpanus JHK omyxomeBoro mpoHCXOXAEHHS B IUIa3Me MpPHBEIET K
JIETEKTHPOBAHUIO B IUTa3Me OOJIBINEro KOJIMYECTBA CBA3AHHEIX C pakoM Mytarui. Ilpu omHOM 1
Toi xe ¢paknmonHOi KoHmneHtpamuu JHK omyxomeBoro mpoHcXoXAeHHS B ImiasMme, Gonee

BBICOKAA I IPUBCACT K AETCKTHPOBAHHIO MCHBIIICTO KOJIHYCCTBA MYTaJ.IHﬁ

B. Konuuecmso — 109(CHONONONCUMENbHbIX OOHOHYKNEOMUOHbIX ~ U3MEHEHU],
0emeKmupoB8aHHbIX 6credcmeue ouubKu
Onuonyxieoruausle u3MeHeHHs B JTHK mna3Mer B pesynsTaTax CeKBEHHPOBAHHS MOTYT
BCTPEYAThCS BCIIEACTBHE OIMMOOK CEKBEHHPOBAHUS M BHIpaBHHUBaHMWA. KOJXHYECTBO IIOJIOXEHMIA
HYKJICOTHIIOB C JIO)XKHOIIOJIOXWUTEIBHBIMH ONHOHYKJICOTHAHBIMA H3MEHEHHSIMH MOXHO
Ipe/icka3aTh MareMaTHYeCKH Ha OCHOBAHMH OWHOMHAIBHOTO pacIpeleieHHs. IlapaMerpsl,
BIMSIOIIME Ha KOJIMYECTBO JIOXKHOMOJIOKHUTENLHEIX caiiToB (Nrp), MOryT BKmO4aTh: (1) gacToTy
omubok cekpeHupopaHus (E) - gacToTy OIHOOK CEKBEHHMPOBAaHHSA ONPENEIIIIOT KakK OO
HEIIpaBIJIBHO OIIPEJENCHHEIX [IPH CEKBCHUPOBAHWH HYKJICOTHIOB; (2) riiyOHHY CEKBEHHPOBAHHSA
(D) — ueM Oompime rimyOMHAa CEKBEHHpOBaHHSA, TeM Oolbinme OyAeT KOMMYECTBO IIOJIOXEHHIMA
HYKJICOTH/IOB, B KOTOPHIX BHIABUTCS OIIMOKAa CEKBEHHPOBAaHHUS; (3) MHHAMAIBHOE KOJIHMYECTBO
JETEKTUPOBAaHUH OJHOH H TOH X€ HYKJICOTHOHOH 3aMeHBI, YTOOBI OIIPEIEIIUTh, YTO OHA
ABJISICTCA NMOTEHUMAIBHO CBA32HHOM C pakoM MyTauwed (r); # (4) CyMMapHOE KOIHYECTBO
IOJIOXKEHUH HYKICOTHAOB BHYTpH HHTepecyromero ¢pparmenta (Nj).

Bo3HukHOBeHHE MyTanui, KaK IpaBHJIO, CYMTAIOT CIy49alHBIM IPOIECCOM.
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CnenoBarelbHO, € YBEJIMUSHHEM KPHUTEPHEB BCTPEUAEMOCTH UL ONPEECIICHHS MOTEHIHAIBHOMN
MyTalli¥,  KOJIMYECTBO  JIOKHOIOJIOKHUTEIGHBIX  IIOJIOKEHHH  HYKJICOTHIOB  Oyxner
9KCHOHEHIMATIEHO ‘yMCHBI.HaTBC}L B HEKOTOPHIX U3 CYMECTBYIOIUX IaTGOPM CEKBEHHPOBaHMS
OIlpeIeNIeHHOe OKPYXEHHE IIOCIEeIOBATEIEHOCTH B OOJNBINIEH CTENEeHH MOABEPXKEHO OomuOKaM
CEeKBEHUPOBaHHUA. IIpuMepHI TaKOro OKpYXEHHS IIOCIICAOBAaTENHHOCTH BKIIOYaoT MOTHB GGC,
romononmuMepsl (Hampumep, AAAAAAA) u npoctrle noBTopsl (Hanpumep, ATATATATAT).
Taxue okpyKEeHHs TOCIIEIOBATENLHOCTH 110 CYIIECTBY OYAYT YBEIHIHBATH KOJMIECCTBO JIOKHBIX
ONHOHYKJICOTHAHBIX 3aMeH WM BcraBok/Zenenuit (Nakamura K u ap. Nucleic Acids Res
2011;39,e90 m Minoche AE u gap. Genome Biol 2011;12,R112). Kpome ToroO,
IIOC/IEAOBATENbHOCTH IIOBTOPOB, TaKHE KaK TI'OMOIIOJIMMEPHI M IIPOCTBIE IIOBTOPHIL, IIPH
BBIYHCIICHUAX OYAyT BHI3BIBATh HEOJHO3HAYHOCTH BHIPABHHBAHHUS H, CJICOBATEIILHO, IPUBOUTE
K JIOXKHOIIOJIOXKWTEJIFHBIM Pe3yJIbTaTaM JJIs OJHOHYKICOTHIHBIX BapHalLldii.

Uem  OGomnpme  HHTEpeCYIOLIHi y9acToK, TeM  Ooublmee KOJILYECTBO
JI0XKHOTIOJIOXKHUTENIFHBIX TOJNIOXKEHUH HyKIeoTHAOB OynyT Habmonats. Eciu Heob6xoaumMo Haitu
MyTallid BO BCEM TI€HOME, TOI/la MHTepecyromas obnacte OyneT IpeacTaBisTh co0oi Bech
IFeHOM M KOJHYECTBO HCCIETyeMBIX HYKICOTHAOB OydeT cocTaBiiarh 3 mmumapnaa. C mpyroi
CTOpOHBI, ecnd c(OKyCHpOBaTh BHHMaHHE Ha 5K30HAaX, TO HHTepecyromas obnacte Oyxer
COCTOSITH M3 HYKACOTHJAOB, KOJUPYIOIMX 5K30HEI, KOJHYECTBO KOTOPBIX MPHOIH3UTEIBHO
cocTaBiseT 45 MAJUTHOHOB.

Komi4aecTBO J10)KHOIOIOKHUTENLHBIX MOJIOXKEHHH HYKICOTHAOB, CBI3aHHEIX C OMMHOKaMH
CEKBEHHPOBAHHUA, MOXHO ONPEJIENIUTh HA OCHOBAaHMHU CJIEAYIOIIUX pacdeToB. BepostHocTh (Pg;)
TOr0, YTO OJHA U Ta XK€ HYKJICOTHAHAA 3aMEHa BCTPETHTCA B OJHOM H TOM XK€ ITOJIOXCHHH

BCICIACTBHC OmHO0K CCKBCHUPOBAHUA, MOXKHO paCCYHUTATh KaK:

E r—1
Pz, = C(D,7)E (5)

rae C(D.7) npencrapmser co6oif KOMHYECTBO BO3MOMKHBIX KOMOHHAIMI BBHIGODKH T
3JIeMEHTOB H3 ofmero KonmdecTBa O3JieMeHTOB D; r mpexacraBnser coboif 3HaueHHe
BCTPEYaeMOCTH Ul ONpelieNIeHNs MOTCHIHAIBbHON MyTauu; D mpeacraBnseT coboit riryCuny
CEKBEHHPOBAHHUS; nE npezcTapiser coboil dactory ommbok cexpennposanus. C(D.7) moxuo

pacCcuUuTaTh KaK:

D1
rn(D-r)

KomuaectBo monoxenuit HyxreoTHAOB (Npp), JOKHOMOJOXHTEILHBIX IO MYTAIlHAM,

c(h,r)=

MOJXHO pacCHHUTaTh KakK:

Nep =N,Pg,
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rae N; mpeacraBnser coboif cCymMMapHOE KOJIHYECTBO IIOJIOKCHHH HYKIECOTHAOB B
HHTepecylomel 00IacTH.

Ha ¢wur. 6B mnpencraBnena auarpamma 650, Ha KOTOpPOH IIOKasaHO OXHaeMoOe
KOJIMYECTBO IIOJNIOXKEHHHA HYKIEOTHAOB, KOTOpble OMHOOYHO KIACCHQHIHMPOBANH Kak
conlepKalnue HyKICOTHIHYIO 3aMEHy C IPIMEHEHUEM KPATEPHEB BCTPeYaeMocTd (1) 4, 5, 6 u 7
B 3aBHCHMOCTH OT ITyOMHBI CEKBEHHMpPOBaHHA. B JaHHOM pacdere 3a HHTEPECYIOINHH y4acTOK
[OPHHAMAIOT LeNbli reHoM (3 MWUIHapAa NOJOXEHHHM HyKieoTunos). YacToTy ommbok
CEeKBEHHPOBaHHs NpHHHUMAIOT paBHOH 0,3% OT CEeKBEHMpPOBAaHHBIX HYKJICOTHAOB. BumHo, 4TO
3HAYCHHME ' OKa3bIBAET CYIIECTBEHHOE BJIMSHHME HA JIOKHOIIOJIOXHUTENbHBIE pe3ynbTaTel. Ho 1o
¢ur. 6A MOXHO YBHIETb, YTO HpH OOJBIIEM 3HAYCHUH 7 TAKKE YMECHBINACTCS KOIMYECTBO
neTeKmponaHHw{ MyTaIuii, 10 MEHBINEH Mepe OO0 TeX IOop, IoKa He OyayT HpHMEHAThCS
3HAaYUTEJIbHO OOJIBIINE ITyOHHEI CEKBEHHPOBAHUS.

B. Buibop munumanwvroii ecmpeyaemocmu (r)

Brenme o6cyxnanock, 9T0 KOJIMYECTBO UCTHHHBIX CBA3aHHBIX C PAaKOM MYTHPOBaHHBIX
CaliTOB H JIOXXHOMOJIOKHTENBHBIX CalTOB BCIIENCTBHE OMMOOK CEKBEHHPOBaHHA OyneT
YBEIHIMBATECS C YBEIMYCHHEM TINyOWHBI CEKBEHHpOBaHHA. TeM He MeHee, YPOBHH HX
yBenuueHuss OyayT pasiauguel. ClemoBarelibHO, MOXHO HCIIONB30BAaTh BBIOOP IIIyOHHEI
CEKBEHHMPOBAHUSA M 3HAYECHUS I' IS TOTO, YTOOBI MAKCHMH3HPOBATh AETEKTHPOBAHHUE UCTHHHBIX
CBSI3aHHEIX C PaKOM MYTAIIHii, IPH 3TOM COXPAHSA KOJHYECTBO JIOKHOIOJIOXHUTEIBHBIX CAlTOB
Ha HU3KOM YpOBHE.

Ha ¢ur. 7A npexncraBrena muarpamMa 700, Ha KOTOpoH IIOKa3aHO KOJHMYECTBO
HCTHHHBIX CBS3aHHBIX C PaKOM MYTHPOBAaHHBIX CaiTOB M JIOXKHOIOJOXHUTEIBHBIX CAaHTOB IS
pa3M4HBIX IIyOMH cekBeHMpoBaHHA. CyMMapHOE KOJHYECTBO CBS3aHHBIX C PaKOM MyTalUii B
OmyxojieBoi Tkanu npuHAMAOT paBHEM 3000 m ¢pakmuoHHyro koHIeHTpamumio JIHK
OIlyXOJIEBOTO IPOMCXOXIEHHS B IUIa3Me IpuHAMaOT paBHo# 10%. YactoTy omubok
cexBeHUpoBaHus npuHuMaroT paBHOH 0,3%. Ha moamucu x ¢urype UII o6o3HavaeT HCTHHHO
IIOJIOXKUTENIBHBIE CAalThI, B KOTOPHIX COOTBETCTBYIONIAsA MYTallMs IIPUCYTCTBYET B OIYXOJIEBOH
tTkaHd, JIII o6o3HavaeT JIOXKHOIOJOXUTENBHEIE CalThl, B KOTOPEIX B ONIYyXOJIEBOH TKaHH
IPACYTCTBYET HE COOTBETCTBYIOMAs MYTallUsi U U3MEHEHUS HYKICOTHAOB, IPHCYTCTBYIOIIHE B
pe3ynbTaTax CeKBEHUPOBAHHUS, BEIABIICHBI BCIEICTBHE OIMAOOK CEKBEHHPOBaHHA.

ITo mmarpamme 700 Bumro, uro mpu 110-kpaTHOH IiTyOMHE CEKBEHHPOBAHHSI MBI
obHapyxuM npubmm3uTeNbHO 1410 MCTHHHBIX CBS3aHHBIX C PAKOM MYyTAallHii, €CIH B Ka4eCTBE
KPHTEPHS MBI HCIIOJIB3yeM MEHHMAIBHYIO BCTPEIaEMOCTh, PaBHYIO 6 (I = 6), 9TOOHI OIIpEICTUTh
DOTEHIMATHGHBIA caliT MyTanuH B IuiazMe. Vicnons3ys naHHBI KpUTepHil, MBI OOHapyXHM JIXIIb

mprbm3uTenbH0 20  JIOXKHOIONOXKHATENbHBIX caiiToB. Ecim B KadecTBe KpHTEpPHS MBI
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UCIIONIB3yEM MHHHMAIBHYIO BCTPE9aeMOCTh, paBHyl0 7 (r = 7), 4ro6sl ONpencIHTb
MOTEHITHANBHYI0 MYTAIMIO, KONHMYECTBO CBS3aHHBIX C pPaKOM MyTalui, KOTOpBIE MOJKHO
o6HapyxuTh, yMeHbImHTCS Ha 470 (1o npubmmsutensHo 940). CnenoBaTensHO, KPATEPHI I = 6
HO3BOJIUT ¢ GONBINEH TyBCTBUTEILHOCTHIO OOHAPYXHUTH B IJIa3M€ CBA3aHHBIE C PAKOM MYTaIHH.

C npyroit croponbl, npu 200-kpaTHOH IIIyOMHE CEKBEHHPOBAaHHSI KOJHMYECTBO
JIETeKTHPOBaHHBIX NCTHHHBIX CBS3aHHBIX C PaKOM MyTanuil 6y/eT COCTaBIIATh NPHOIH3HTENBHO
2800 m 2600, ecmu MBI MCHOJIB3YEM JUIS ONpEAEICHHS IOTEHIHAIBHBIX MYTalliii KpHTCpHH
MHHHMAIbHOH BCTpedaeMoCTH (r), paBHBIE 6 M 7, COOTBETCTBEHHO. Mcmome3ys nBa JaHHBIX
3HAYEHHUS 7, MBI IIOJ[yddM KOJIMYECTBA JIOKHOIOJIOXKUTENBHEIX caliTOB npubimsuTensHo 740 u
20, cootBercTBeHHO. ClieoBarebHO, npH 200-KpaTHOH IiTyOHHE CEKBEHHPOBAHHS IIPHMEHEHUE
Oonee cTpororo KpuTepus r = 7 g8 ONpeJeNieHHs NOTEHIUATBHOH MYTAaI[M¥ ITO3BOJHT
CYINECTBEHHO YMEHBIIHUTH KOJIMYECTBO JIOXKHOIOJIOKHUTENBHEIX CaiTOB, IIPH 3TOM HE OKa3bIBas
3HAYUTENBHOTO OTPUIATEIPHOTO BIMSHHSA Ha YyBCTBHTEIHHOCTH JETEKTHPOBAHUSA HCTHHHBIX
CBSI3aHHBIX C PAKOM MyTallUi.

C. Junamuyeckoe nopozoeoe 3Hauenue 0N pPe3yNbMAMO8 CEKGEHUPOBAHUA ONsl
0emexmupo8anus NOMEHYUAIbHBIX MYMAyuil 6 naasme

I'myOuHa cexkBEeHMpOBaHHS KaXJOro HYKJIEOTHAAa B HHTepecymomeil obnactm Oyner
pasmuyna. Ecnmm Mbl OyneM NpHMEHAT (HKCHPOBAHHOE IIOPOTOBOE 3HAYEHHE IS
BCTPEYAEMOCTH HYKJICOTHIHOH 3aMEHBI, YTOOBI OIpPEENHUTh IIOTEHIHAIBHYI) MYTAlHIO B
mnasMe, I HYKJIEOTHJOB, KOTOpPbIE€ IIOKPHITHI OOJBIIMM KOJHYECTBOM CUYHTHIBAEMBIX
nocienoBarebHOCTeR (T.6. CEKBEHHPOBAHHI ¢ OoJbmeif IiTyOuHOM), OyIyT BHIIE BEPOSTHOCTH
OIMMOOYHOr0 NETEKTHPOBAaHHWSA B HHMX BapHaldd BCIEACTBHE OINMOKH CEKBEHHPOBAHUSA, IIPH
OTCYTCTBHM TaKOrO H3MEHEHHUS B ONYXOJIEBOM TKaHH, [0 CPaBHEHHUIO C HYKJIEOTHAAMH, KOTOPhIE
CEKBCHHPOBAHBI ¢ MeHbIIeH rryOuHOM. B 0IHOM BapHaHTe peaiH3allid IJIA [IPEOOJICHHUS
JAaHHOW 1poOJeMBbl NPHMEHSIOT AWHAMAYECKOE IIOPOrOBOE 3HAYCHHE F K PasiIHIHBEIM
IOJIOKECHHUSIM HYKJICOTHIOB, B COOTBETCTBHH C (aKTHYECKOH IIIyOMHOH CEKBCHHPOBAHUS
KOHKPETHOIO ITOJIOKEHHS HYKICOTHAAa M B COOTBETCTBHHU C JKENATEIbHBIM BEPXHHM IIPEIEIIOM
BEPOSTHOCTH ONIPENIEIICHUS JIOKHOIIOJIOXKUTENBHEIX BapHAI[HIA.

B  ongHOM  BapHaHTEe  peamM3allii  MaKCHMAIBHO  JONYCTHMEIA  yDOBEHb
JMOKHOTIONOKHTENFHBIX BapHaIiii MoxXHO 3adukchpoBats kak 1 Ha 1,5 x 10° momoxernnit
HykneoTujoB. IIpH naHHOM MakCHMalIbHO JOIYCTHMOM YPOBHE JIOXKHOIOJIOKHTEIBHBIX
BapHalMd CyMMapHO€ KOJHMYECTBO JIOXKHOIIOJIOXKHMTENBHBIX CalTOB, KOTOphle OynyT
obHapyXuBaTbcs BO BceM reHoMe, Oyaer MeHee 20. 3Hauenwe r IUId pa3iIHYHBEIX NIyOHH
CEKBEHHPOBAHHS MOXHO OIPEAEIHTh II0 KpPHBEIM, IOKa3aHHBIM Ha ¢ur. 6B, u paxHBIE

IIOPOr'OBEIC 3HAYCHHUSA IIOKa3aHBI B Tabmume 1. B JAPYIrHX BapHaHTaxX p€alu3allid MOXXHO
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IPUMEHATh JPYTHe pa3IdIHbIE MaKCHMAIbHO HOIYCTUMEIC YPOBHH JIOXHOIOJOXHTEIHLHBIX
BapHanuii, Hanpumep, 1 Ha 3 x 108, 1 ra 10% wwm 1 Ha 6 x 10”. CooTBeTCTBYIOmEE CyMMapHOE

KOJIMYECTBO JIOXKHOIIOJIOKHUTENBHBIX caiiToB Oyxer cocraBnare MeHee dem 10, 30 m 50,

COOTBETCTBEHHO.
I'my6uHa cekBeHNpOBaHUS MuHMMAaNBEHOE KOJHMYECTBO pa3, KOTOpOe
KOHKPETHOTO ITOJIOXKEHAS HYKJICOTHIHYIO 3aMeHy OOHapy>XHBAalOT B
HYKJICOTHA pesynpTatax cekseHupoBanus JIHK B

WiasMe, YTOOBl ONpeNeNuTh, YTO OHa
SBILIETCA MIOTEHIMAILHON MyTanue# (1)

<50 5

50-110 6

111 —200 7

201 -310 8

311 - 450 9

451 - 620 10

621 — 800 11

Tabmuma 1. MuHMMalIbHOE KOIMYECTBO pa3, KOTOPOE HYKICOTHIHYIO 3aMEHy
00HapYXMBAIOT B IUIa3Me, ITOOBI OIIPEICIIUTE, YTO OHA SABJIAETCH MOTEHIMAILHON MyTanuei (1),
JUIL  pasNUYHBIX - IMyOMH CEKBEHMPOBAaHMS KOHKDETHOTO IIOJIOKECHHS  HYKICOTHIA.
MaxcuMabHBI YPOBEHD JIOXKHOIOJIOXKHUTENPHBIX BapHaluii 3a¢puKkcupoBaH Kak 1 Ha 1,5 x 108
HYKJIEOTHJIOB.

D, Cexegenuposanue c yenegvim obozaujenuem

Ha ¢wur. 7A nokaszaHo, yro 6oxiplmas IiTyOMHA CEKBEHHPOBAaHHSA MOXET NPHUBECTH K
JydIiei 9yBCTBHTEILHOCTH OOHAPYKEHAS CBSI3aHHBIX C PaKOM MyTalldii, IPH 5TOM KOJIHYECTBO
JIOXKHOIIOJIOXKUTENFHBIX CafiTOB COXpaHAETCS HAa HH3KOM YpOBHE Oaromaps BO3MOXXHOCTH
npuMeHeHus Ooliee BBICOKOro 3HadyeHus r. Hampumep, npu 110-kpatHoif riryOmHE
CEKBEHHPOBaHHSA MOPKEHO JeTeKTHpoBaTh B IU1asMe 1410 HCTHHHBIX CBSI3aHHBIX C PaKoM
MyTanuii, IpAMeHss 3HaueHHue 7, paBHOE 6, TOrJla KaKk KOJHYECTBO OOHAPYXEHHBIX HCTHHHBIX
CBA3aHHBIX C pakoM Myramuit Oyzaer cocraBiars 2600, ecin riIyOHHY CEKBEHHDOBAHMS
yBenuauTh 710 200 pa3 H IpUMEHHTH 3HaYeHue #, paBHoe 7. J/[Ba ykazaHHBIX Habopa pe3yJIbTaToB
JAIyT OXKHUIAEMOE KOJMIECTBO JIOXKHONOJOXHUTENFHEIX CalTOB, TpHOIH3UTENLHO paBHOE 20.

Xors cexBeHHpoBaHHME Bcero reHomMa a0 200-kpaTtHOH TIyOHMHBI OTHOCHTEIBHO
JIOPOTOCTOSIIE B HACTOAIIEE BPEMS, OHAM BO3MOXHEIM CIIOCOG0M JIOCTEDKEHHS TAaKOM IryOHHbI
CEKBEHHUPOBaHMS sBIseTcS (POKyCHpOBKa Ha MEHBIIEH HHTepecyromei obiactu. AHaim3
neneBof 00acTH MOXHO OCYIIECTBHTh, HallpUMep, HO HE OTPaHUYUBA’CH NEPEYHCIICHHBIMH
cnocobamu, myreM mnpumeHeHus 3arpaBoxk JIHK wm PHK pna 3axBata umHTepecyromux
obnacteif reHoMa IOCpEACTBOM TIuOpHam3anud. 3axBadeHHbIE OOIAcTH 3aTeM OCAXKAAKOT,

HaIllpuMep, ¢ INOMOINBPO MarHHTHBIX CPCACTB, a4 3aTCM NOABCPrarOT CCKBCHHPOBAHHIO. Taxoit
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I[eJIEBOM 3aXBaT MOXXHO OCYIIECTBHTH, HallpUMEp, MPHMEHS CHCTEMY IENeBOro oborameHus
Agilent SureSelect, cucreMy meneBoro oboramenns Roche Nimblegen u cucreMy nemeBoro
pecekBeHupoBanus Illumina. J[pyruM ©OAXONOM sBIsSETCS IPOBEJCHHE aMILTHGHKAIMA
meneBsIx obnacteii ¢ moMomplo IT1P, a 3aTeM npoBeenne cekBeHUpOBaHUs. B o1HOM BapuaHTe
peaym3anuy HMHTEpecyomas o0JiacTh IpeAacTaBinser coboi 5k3oM. B Takom BapuanTe
peayM3anuy MOXHO OCYIIECTBHTH LieNeBod 3axBaT Bcex 5Kk30HOB JIHK B miasme, u
oborameHHyr0 3k30HHBIMH obnacTsmu JJHK u3 mia3Mel 3aTeM MOKHO CEKBEHHPOBATH.

Bnob6aBok K Bo3MOXHOCTH OoJybmmeif IUIyOMHE! CEKBEHHpOBaHHS, (OKyCHpPOBKa Ha
OIIpEeIENICHHBIX O0JIACTAX BMECTO aHAIM3a BCETO I'€HOMa IO3BOJIAT 3HAYHUTENFHO YMEHBIIMTH
KOJIMYECTBO IIOJIOKEHMI HYKJICOTHIOB B OOJIaCTM IOHCKa H IPHBEJET K YMEHBIICHHIO
KOJIMIECTBA JIOKHOIIOJIOXKUTEIPHBIX CAHTOB IIPH TaKOH JKe 9acToTe OIMMOOK CEKBEHUPOBAHHS.

Ha ¢ur. 7B mpencraBnena amarpamMMa 750, Ha KOTOpOH IOKa3aHO NPOTHO3HpYEMOE
KOJIMYECTBO JIOKHOIIOJIOKUTENBHBIX CaliTOB IpH MpoBeAeHUH aHamm3a nonHoro reaoma (I u
BCEX 9K30HOB. Jiisi KaX/IOro THIIA aHAIA3a HCTIOIB30BAIH 1Ba pa3IAYHBIX 3HAYCHHUS ¥, PaBHEIE 5
u 6. IIpu 200-kpaTHO# ITyOMHE CEKBEHHPOBaHHMS, €CIIH JJIS ONpEeNIeHUs MyTaluid B IasMe
HCIONB3YIOT 7 = 5, IPOTHO3UPYEMOE KOJIMYECTBO JIOXKHOIIOJIOKHUTEIBHBIX CAaHTOB COCTABIACT
npuoOimsutensao 23000 1 230 anma Bcero reHoMa H BceX 3K30HOB, COOTBETCTBEHHO. Ecmm s
OIpeleieHAsT MyTanmif B IUIa3Me HMCIONB3YIOT » = 6, IPOTHO3HPYEMOE KOJIHYECTBO
JIOKHOIIOJOXKUTEIBHBIX caiToB cocTaBiaaeT 750 um 7, coorBercrBeHHO. ClemoBaTelbHO,
OrpaHHYCHHE KOJIMYECTBA HYKJICOTHJIOB B HHTEpECYIOmed 007acTH MOXET 3HAYUTEIIHHO
YMEHBIOUTH KOJMYECTBO JIOXKHOIIOJIOXKHATEILHBIX CATOB MPH aHau3e Hammuusa mytanuil B JJHK
IUTa3MBL.

IIpr CeKBEHHPOBAaHMHM C 3aXBaTOM DK30HA WM JaXe 3aXBaTOM 5K30Ma KOJIHYECTBO
HYKJIEOTHJIOB B 00JIaCTH ITOHCKa yMeHbImaeTcs. CieJoBaTeIbHO, JaXe €CIIH MBI ITI03BOJIMM OoJiee
BBICOKHI YPOBEHB JIOXKHONOJIOXKHUTEIBHBIX BapHalUii I JeTEeKTHPOBAaHUA CBS3AHHBIX C PaKOM
MyTanuii, abCOIOTHOE KOJIHYECTBO JIOXKHOIOJIOKHUTENBHBIX CalTOB MOXHO COXpaHHTh Ha
OTHOCHUTEIFHO HH3KOM ypoBHe. JlomymeHue 6ojiee BEICOKOTO YPOBHS JIOKHOIOJOXHTEIHHEBIX
BapHaIyii MO3BOJIUT NPUMEHATh MEHEee CTPOTHi KpHUTEepHi MHHMMAJILHOM BCTPEYaeMOCTH (7)
JUIL JETEKTAPOBAHMS OMHOHYKJICOTHIHBIX Bapyanwii B IUiasMe. JTO IpHUBEIET K 6ojiee BEICOKOH
YyBCTBHTEILHOCTH JETEKTHPOBAHUSA HCTHHHBIX CBSI3aHHBIX C PaKOM MYTAaIlHH.

B oxHoM BapmwaHTE peayid3allil MBI MOXXEM IPHMEHSATh MAKCHMAIBHO JOITYCTHMBIH
YPOBEHb JIOXKHOIIOJIOXKHTCIFHEIX BapHaiuii, paBHBII 1,5 X 108, Ilpp pasHOM YpOBHE
JIOXKHOIOJIOXKUTEIBHEIX BapHaluii CyMMapHOE KOJIMYECTBO JIOKHOIOJIOXKHTEIBHBIX CalTOB
BHYTPH IEJIEBEIX 3K30HOB Oyaer cocTaBnsars jump 20. 3HaueHHs r JUIA pa3IHIHBIX IIyOHH

CCKBCHHPOBaHHUA C NPUMCHCHHUEM MAaKCHMAJIBHO AOIIYCTHMOI'O YPOBHS JIOKHOIIOJIOXKHTCIBHBIX
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Bapuamnuii, pasaoro 1,5 x 10, mokasaus! B Tabimme 2. B JIpYTHX BapHaHTaX peajld3alliy MOXKHO
IOPHMEHATh JIPYTHE Da3IMYHbBIE MAaKCHMAIbHO JONMYCTHMEIE YPOBHH JIOKHONOJIOXHTEIbHBIX
BapHaIuii, HarpuMep, 1 Ha 3 x 10% 1 ma 10° wmm 1 Ha 6 x 10°. CooTBeTcTBYyIOMEE CyMMapHOE
KOJIMYECTBO JIOXKHOIOJIOKHUTEIBHBIX caiiToB Oyzner meHsine, yeM 10, 30 u 50, cooTBEeTCTBEHHO.
B ogHOM BapHaHTe peaji3allii pa3IMIHEIM KJIaccaM MyTallMid MOXXHO IPHIIHCEIBATE Pa3IMYHLIC

BE€CA, OITMCAHHEBIC BBIIIC.

['my6mHa ceKBEeHHpPOBaHUA MuHHMATEHOE KOJHYECTBO pas,
KOHKPETHOT'O ITOJIOXKEHUSA KOTOpO€ HYKJICOTHJIHYIO 3aMEHY
HYKJICOTHIa OOHapy)XMBAalOT B  pe3yJbTaTax

cexsennpoBanus JIHK B mmrasme,
9TOoOBl  OIpEJEeNIHTh, 4YTO OHa

SIBIIAETCH MMOTEHITHAIBLHOK
MyTanueii (r)

<50 4

50-125 5

126 — 235 6

236 — 380 7

381 — 560 8

561 — 760 9

Tabmuna 2. MuHAMaNBHOE KONHYECTBO pa3, KOTOPOE HYKIEOTHIHAs 3aMeHa
IPHUCYTICTBYeT B IUIa3Me, IUIS TOTO, YTOOBI ONpPEAENMTh, YTO OHA SBISETCS NOTCHIMAILHOH
MyTanueit (r), A pa3sIHYHbIX INTyOHMH CEKBEHHPOBaHMS KOHKPETHOIO IOJIOXKCHHS HYKJICOTHJA.
MaxcuManbHBIA YPOBEHb JIOXKHOIOJIOXKUTENBHBIX Bapyanuii 3a¢uxcupoBaH Ha ypoBHe 1 Ha 1,5
x 10° HYKJICOTHIOB.

VIII. JETEKTUPOBAHHUE PAKA

Brnme ynoMmHaIOCH, YTO KOJIMYECTBO MAapKEPOB IIOCIEAOBATEIFHOCTH B M3MEHEHHBIX
JIOKyCcaX MOXXHO IPHMEHATH JJIA ONpPEICIICHHs pa3IMIHbIMH CIioco0aMH IapaMeTpa, KOTOPHIA
CpPaBHHBAIOT C MOpOroM, 4YToOBl KiIacCHQUUIHPOBaTH YypOBEHb paka. @OpakiuoHHas
KOHIICHTpalUs BapHaHTHBIH CUYMTHIBAEMBIX IIOCIIEAOBATENBHOCTEH IO CPaBHEHHIO CO BCEMH
CYMTHIBAEMEBIMHA IIQCJIECIOBATEILHOCTSME B JIOKYCE HIIH BO MHOXECTBE JIOKYCOB IIPEICTaBIAET
coboif apyroif mapamMeTp, KOTOPEI MOXHO MCIOIB30BaTh JUIA 3To# nemu. Huxe npencrasieHs!
HEKOTOpBIE IPUMEPH! BEYHUCIEHUS YKa3aHHOI0 ITapaMeTpa U Iopora.

A Onpeodenenue napamempa

Ecmu KI" roMO3HIOTEH B OIPEJENIEHHOM JIOKYCE 10 IIEPBOM ayUIelM ¥ B GHOIOTHYECKOM
obpasue (HampuMmep, B IUla3Me) HaOJNIOAACTCs BapHaHTHAs aUIelb, TO (G paKIMOHHYIO
KOHIICHTPAIMIO MOXHO paccuuTaTh Kak 2p / (ptq), rae p mpeAcTaBigeT cobod KOIMYIECTBO
MapKepoB IIOCIEOBaTEIbHOCTH, COAEPXKAIINX BapHaHTHYIO ajUlelb, H ¢ IPEJACTaBiIsAeT coboH

KOJIMYECTBO MapKepoB IIOCIEIOBATENIFHOCTH, cojepxamux nepsyio amiens KI'. B namnOH
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dopMyie npenmonaraercs, 9TO TONBKO B OJHOM H3 TalUIOTHIIOB OIYXOMH IPHCYTCTBYET
BapHaHT, YTO, KaK IPaBUIO, OyJeT COOTBETCTBOBATh JAEUCTBHTENIBHOCTH. TakuM o0pazoM, it
KaXJ0r0 TOMO3HIOTHOIO JIOKyca MOXHO pacCUuTaTh (pakOHOHHYIO KOHIICHTPAIUIO.
OPaKIMOHHEIE KOHIICHTPAIHH MOXKHO yCpeAHUTh. B ApyroM BapHaHTe peaiuM3alldidl YHCIO p
MOXET BKJIIOYaTh KOJAYECTBO MapKepPOB II0CIEIOBATEIFHOCTH U BCEX JIOKYCOB H, aHAJIOTHIHO
YHCIY ¢, OIPeNeNiTh (PpakImOHHYIO KoHIeHTpanuio. HactosmuM onucan npumep.

Ocy1ecT/IUIM NOTHOTEHOMHOE HCCIICA0BAaHUE HATMYMS OJHOHYKICOTHIHBIX BAPHAHTOB
(OHB) omyxoneBoro mpomcxokaeHus B minasMe 4 manueHTOB ¢ 'KK. MEI cekBeHHpOBaIn
omyxoneByro JIHK u THK u3 nefikonurapHOii IIIEHKH CO CPEOHAMHE INTyOHHAMHU, paBHEIMHE 29,5-
KpaTHOMY (Auanas’oH OT 27-KpaTHOro A0 33-kpaTHoro) u 43-KkpaTHoMy (auamasoH oT 39-
KpaTHOro 110 46-KpaTHOTr0) IOKPHITHIO Tall/IOMJHOTO I'€HOMa, COOTBETCTBEHHO. CpaBHMBAIA
pe3yNIbTaThl MaccoBoro napauieasHoro cexseHuposanus (MIIC) omyxonesoit JIHK n JTHK u3
JNeHKOIMTapHOH mneHku 1is Kaxgoro u3 4 mnamumeHroB ¢ KK, m BeusBaum OHB,
npucyrcTByromue B onyxoneBod JIHK, Ho ve B JITHK u3 nefikomurapHoii IIEHKH, ¢ IOMOIIBIO
crpororo OHOMH(OPMaNMOHHOrO amroputMma. I MaHHOrO auroputMa Tpedyercs, YTOOHI
npeanonaraeMelii OHB mpucyrcTBoBanm B 1O MeHbIDEH Mepe OPOrOBOM KOJHYECTBE
CEKBEHMPOBAHHEBIX (parMeHTOB omyxoneBoit JIHK (T.e. B COOTBETCTBYIOMEM CEKBEHHPOBAHHOM
Mapkepe), 4ToObI ero MoxHO Opulo KiaccmuumpoBats kak uctuHublt OHB. IToporosoe
KOJIIYECTBO ONPEACILIIOT IIyTEM ydeTa IIyOHHBI CEKBEHHPOBAaHHS KOHKPETHOI'O HYKJICOTHIA H
YacCTOTHI OINHOOK CEKBEHMPOBAHMUS, HAIIPHMED, OIIMCAHHBIX B JaHHOM 3agBKe.

Ha o¢wur. 8 npencraBnena tabmuma 800, Ha KOTOpOM MOKa3aHBI Pe3yJLTATHL Id 4
nanpenToB ¢ 'KK 10 M mocnme negeHus, Bknodas ¢(paknuoHHBIe KoHmeHTpanuu JITHK
OIIyXO0JIEBOTO IIPOHMCXOXJICHHs B IIa3ME€ COIJIaCHO BapHaHTaM peal3alldd HACTOSAIIEro
n306perenus. KonmmgecTBo cBsa3anHbX ¢ omyxonsio OHB maxoamnock B quanasone ot 1334 mo
3171 B 4 cmywasx I'KK. IlpuBenen nepedens coorHoimeHmit Takux OHB, xortopsie Geum
IEeTeKTUPOBAHKI B IUIa3Me JI0 U Ioce gederns. JIo JedeHns B miasMe o6Hapyxmm 15% — 94%
cBa3aHHBIX ¢ omyxounbto OHB. Ilocne nedenms mx mpoment cocraBisia 1,5% - 5,5%. Taxum
o0Opa3oM, komu4ecTBO JerTeKTHpoBaHHbIX OHB neficTBHTENEHO KOppEIHpYeT ¢ YpPOBHEM paka.
Taxum obpasoM, mokasamy, 9ro konugecTBo OHB MOXHO IpHMEHATH B KauecTBE IapaMeTpa
JUIs KacCU(UKaIMK YPOBHS paka.

Opaxmuonnsle  KoHHeHTpanumu JIHK omyxoneBoro mIpoHCXOXHEHHWS B  ILUIa3Me
OIIpeAeNsIH ITyTeM (paKIIHOHHOTO O/ICYETa KOJIMIECTBA MYTAHTHEIX IOCIIE0OBATENBHOCTEH 110
CPaBHEHHIO C CyMMAapHBIM KOJIMYECTBOM IOCJIEOBATENFHOCTEH (T.€. MyTaHTHBIX IUTFOC JUKOTO
tana). PopMyia s Takoro pacdera ciexyromas: 2p/(pt+q), e 2 YIHTBIBAET, YTO B OMYXOJIH

MYTHPOBaH TOJBKO OJHH TIallJIOTHII. HOJIYHCHHBIC (bpalcnnonnme KOHICHTpAIIHA XOpOoIno
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KOPPETHPOBATH C TAKOBHIMH, ONDENCICHHBIMH C IOMOIIBI) IIOJHOFGHOMHOIO AaHAIA3a
cymmaproii morepn awiene (GAAL) (Chan KC m gp. Clin Chem 2013; 59:211-24), u
YMEHBINAIHCE II0CIE€ XHPYPrHYECKOTO BMEINATeNbCTBAa. TakuMm o00pa3oM, IIOKa3ajid, 4TO
paknmoHHad KOHIEHTpAIMSA TAKXKE ABJIACTCS MPHTOJAHEIM [ApaMeTpoOM I ONpeHeieHHs
YPOBHS paxa.

OpaxiMOHHasd KOHIEHTpalus, NOomydeHHas myteM aHammza OHB, Moxer BeIpaxaTb
OIlyXOJIEBYIO HArpy3Ky. Y Ialli€HTa C pPaKoOBBIM 3aboieBaHweM ¢ GoJblmel OMMyXoJeBoi
Harpy3koil (mampmmep, ¢ Oompmed BBIABICHHOM (paKIMOHHONH KOHIEHTpanuei) Oyaer
[IOBBINIEHA YacTOTA COMATHYECKMX MyTalldifi II0 CpPaBHEHHIO C MAlUCHTOM C MeHbIIEH
OIryXxoJieBoit Harpyskoii. Takum o6pa3oM, BapraHTHI peaM3al[iH TAKXKE MOXKHO IIPEMEHSTH IS
IIporHo3upoBanus. OOBMHO, y MAHEHTOB C PaKOBBIMU 3a00JICBaHUSIMH ¢ GOJIBIIEH OIMyXOIeBOM
HAarpy3ko¥ IPOrHO3 XYyXX€, YeM Yy MalMeHTOB C MEHBINEH OmyxolieBodl Harpys3koil. Taxum
o0pa3oM, y IepBoif U3 yNOMSHYTHIX Ipynn OyIeT HOBBINEHHBIA PHCK YMEPETh OT YKAa3aHHOIO
3aboneBaHud. B HEKOTOPBIX BapHMaHTaX pealH3all¥d, eCTH MOXHO ONPEAETHTH aGCOIOTHYIO
xonuenTpampo JIHK B 6uonormueckoM obpasue, HampuMmep, B IUasMe, (HalpuMep, TPUMEHSS
ITIIP B peanbHOM BpEMEHH MM (IIyOPOMETPHIO), TO aGCOMIOTHYIO KOHIEHTPAIHIO CBSI3aHHBIX C
OIlyXOJIbIO EHETHYECKHX abeppaiuii MOXXHO ONPENESINTh M HCIOIB30BaTh IS KIMHHYIECKOIO
JEeTEeKTHPOBAHUS, W/ MOHHUTOPHHTA, ¥/HIIH IPOTHO3UPOBAHMSI.

B. Onpedenenue nopoea

Tabmumy 800 MOXXHO HCHONB30BaTh I ONpENEIUIEHHS MOpora. BEime ymoMHHAIOCH,
uyro KonmmdecTBo OHB m ¢paximoHHas KOHLEHTpalHsd, ONIpeIeeHHas ¢ IIOMOINBIO AHAIM3a
OHB, koppemupyer ¢ ypoBHEM paxa. Ilopor MOXHO ONpeeNuTh B HHIMBHAYAIBHOM IIOPSJIKE.
Hampumep, Ui onpeneneHHs mopora MOXHO HCIOJNB30BAaTh 3HAYCHHE JO JedYeHHd. B
Pa3IHYHEIX BapHAHTaX pealM3alli{ IOPOr MOXET IPEICTaBIATE CO00i abCOMOTHYIO BEIHUMHY
H3MCHEHHA OTHOCHMTEJIPHO 3Ha4eHHs JO JiedeHHsA. [loaxomsmpmM IOporoM MOXeT OBITh
YMCHBIICHHE KOIMICCTBA OHB wmwm o¢paxuuonHO# KoHneHTparuu Ha 50%. Takoit mopor
TI03BOJINT KJIACCHQHIMPOBATh 6osiee HU3KHI YPOBEHD paKa MUl KaXIoro M3 CIydacB B TabIuile
800. Crexyer OTMETHTS, YTO TaKO} IIOPOT MOXKET 3aBHUCETH OT ITyOUHBI CEKBEHHPOBAHHU.

B oxnom BapmaHTe peamn3aMi IOPOT MOXHO IIPUMEHSTH JUIS BCEX 00pasnoB, H OH
MOXET YYMTHIBATh MM MOXET HE YJYHMTHIBaTh 3HAYCHHSA MAHHOTO IIapaMeTpa 10 JICYCHHS.
Hampumep, nopor m3 100 OHB MoXHO IpHMEHATh U KiIacCHQHUKAMH CyOBEKTa Kak He
HAMEIOIIETr0 pak I/IJ'H/I HMEIOIET0 HU3KHA ypoBeHb paka. Jlameni mopor m3 100 OHB
YJOBJICTBOPSETCA KaXIBIM M3 YeTHIpeX ciydacB B Tabmmue 800. Ecim B xauecTBe mapamerpa
IPHMEHSIOT HPaKIHOHHYIO KOHOEHTPAIHIO, IPH mopore, cocrapistomeM 1,0%, y FKK1 - I'KK3

OyoyT xiaccHGHMIMpOBaTh NpPAKTHYeCKH HYNIEBOM YPOBEHb paKa, M IIPH BTOPOM IIOpOTE,
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cocraBismomeM 1,5 %, y 'KK4 Oynyr xnaccudummpoBaTh HU3KHH ypOBEeHb paka. Takum
obpasom, Ooyee 4eM OIMH MOPOT MOXHO IPHMEHSATh Ui IONydeHHs Oojiee d9eM JBYX
KJaccuuxaruit.

Yrobbl HarIAAHO NPOJAEMOHCTPHPOBATH APYTHE BO3MOJXKHEBIE IIOPOTOBBIC 3HAYEHHS, MBI
NPOAHATH3HPOBAIH HAIMYHKE B IIa3Me 3A0POBBIX KOHTpOJEH CBA3aHHBIX ¢ omyxonsio OHB. ¥V
30POBBIX CYOBEKTOB MOXHO OCYINECTBHTH MHOXXECTBO H3MEpeHMH, YTOOBI OIpPENCIHUTH
JHala30oH KOJIMYECTBa BapHAllUi, OXXHAAEMBIX B OHONOrm4ecKoM ofpaslie IO CpaBHEHHIO C
KOHCTUTYTHBHEIM FEHOMOM.

Ha ¢wur. 9 npencraBnena rtaGimma 900, Ha KOTOpOM IIOKa3aHO METEKTHPOBAHHE
cea3aHHeIX ¢ ['KK OHB y 16 380poBEIX KOHTPOJNBHBIX CYOBEKTOB COIJIACHO BapHaHTaM
peanM3anuu Hacrosmero usobpererms. Tabmumy 900 MOXHO NPHMEHATH IS OLEHKH
cnenududHOoCcTH noaxoxa asaimmsa OHB. 16 310poBBIX KOHTPOJIEH NEPEYHCIICHBI B Pa3IMYHBIX
panax. B xomonkax npuseners: OHB, feTeKTHpOBaHHBIE /IS KOHKPeTHHIX manuenTos ¢ IKK, u
MMOKa3aHbl KOJMYECTBA CYHUTHIBAEMBIX IIOCIENOBATENBHOCTE B H3MEHEHHBIX JIOKycax,
COZIEpKAalllMX BapHAHTHYIO allelb, M KOJMYECTBO CYHUTHIBAEMBIX IIOCIEHOBATENBLHOCTEH C
ajuensio aukoro Tmna (T.e. awiensio u3 KI'). Hanpumep, s I'KK1 B xonTpone C01 6suto 40
BapHaHTHBIX CYMTBHIBAEMBIX IIOCIICNOBAaTEIBHOCTEH B TaKMX M3MEHEHHEHIX JIOKycax, HO 31261
CYMTHIBAEMBIX IIOC/IEOBATEIBHOCTER a/yIeNM AHMKOTO THIA. B mociennelf KonmoHKe HOKasaHa
cymmapHas (paknmoHHas KoHueHTpauus miui Bcex OHB s mammentos ¢ 'KK1. Tak kak
cesa3annble ¢ KK OHB crnenudwansr g nanuertoB ¢ KK, npucyTcTByIOIIEE CBI3AHHBIE C
I'KK OHB mnpexnctaBmsioT co0O# JIOXKHOMOJIOXHUTEIBHBIE DPE3yJbTaTsl. ECIHM IOpOroBEHIE
3HAQYCHUs], ONHCaHHBIC B 1maHHOM 3asBKe NPUMEHUTh K AaHHBIM BBIABJICHHHIM BapHaHTaM
II0CJIE0BATENbHOCTH, BCE TaKHE JIOXKHOINOJIOKHUTEIBHBIE Pe3yIbTaThl OYAyT OTHHILTPOBAHEL.

HpucyTCTBﬁe HEOONBIIOro KOJMHYECTBA TaKHX MPEANOJIaraéMbIX CBA3aHHBIX C OMYXOJBIO
MyTallMid B Ina3Me 16 3M0pOBBIX KOHTPOJEH MPEACTaBIAET “‘CTOXaCTHYECKHH Imym” AaHHOTO
cnocoba, M BEpOATHO CBf3aHO ¢ ommbkamu cexBeHHpoBaHHsA. CpemHsad (paknUOHHAS
KOHIICHTpallsi, OLEHEHHas IUid Takoro mryma, cocraBimsia 0,38%. JlaHHble 3Ha4YeHHSA
IPEACTaBILIOT AHaNa3oH UL 3M0POBEIX CyOBekToB. Takum 06pa3oM, IOporoBoe 3HaYCHHE AJIA
KIacCH(HKAIUH HyJIEBOTO YpOBHS paka mis KK MOJXKET COCTABIATH npubmsurensao 0,5%,
IIOCKONIBKY HambounpImas ¢ppaknuonHas KoHIeHTpamus cocrasisuia 0,43%. Takum obpaszom, eciu
u3 nanpenta ¢ I'KK ynamute Bce pakoBble KIETKH, OYAyT OXHIATh IPHCYTCTBHE AaHHBIX
HHU3KIX (PpaKkIHMOHHEIX KOHIICHTPAIHIA.

CHoBa Bo3Bpamasck k Tabmune 800, eciy B KadecTBe NOpora Ui HyJIEBOI'O YPOBHS paKa
HCIO0B30BaTh 3HadeHue 0,5 %, To pe3ynbraThl and mwiasmel nanuertoB ¢ I'KK1 u I'KK3 moce

JIeYeHHs OINpeleNiiT KaK HyJeBoH ypoBeHp Ha ocHoBaHuM aHamm3a OHB. I'KK2 moxHO
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KIlaccudUOupoBaTs Ha OJWH YpoBeHh Bemme, deM HyineBodl. I'KK4 Taioke MOXHO
KaccubuIHpoBaTh Ha OJWH YpOBEHH BBIIlE, YeM HYJICBOM, WM eme 0ojiee BHICOKHI YpPOBEHB,
HO BC€ )K€ OTHOCHTENFHO HU3KHH YPOBEHH 10 CPAaBHEHMIO ¢ 00pa3iiaMu JI0 JICYECHHS.

B onHoM BapmaHTe peaiM3anyy, B KOTOPOM YKa3aHHBIM IIapaMETpP COOTBETCTBYET
KOJIMYECTBY H3MEHEHHBIX JIOKYCOB, IIOPOT MOXET OBITH HyJIEBBIM (T.€. OJJHH H3MEHEHHEIH JIOKYC
MOXXET CBHJICTENILCTBOBATh O HEHYJIEBOM YPOBHE paka). TeM He MeHee, IpH MHOTHX IapameTpax
(nanpmmep, riryOUHEL), IIOpor OyAeT BHIIE, HAapHMep, OyAeT UMeTh aOCONIOTHOE 3HAYCHHE S5
wm 10. B ogHOM BapuaHTe pealu3aiyy, B KOTOPOM 3a HHAXBHAOM HaOIOAAIH [OCTIE JICUSHHUS,
HOPOT MOXET IHPEACTaBNATh co0oif Hexoropbii mpormeHT OHB (ZeTeKTHPOBAHHBIX IIyTEM
HEIIOCPEJICTBEHHOI0 aHaJIM3a OIyXoJeil), BEBICHHBIX B oOpasue. Ecim moporosoe 3naueHue
IJis HeoOXOMMMOro B HEKOTOPOM JIOKyCe BapHAHTHBIX CYHTHIBAEMBIX ITOCIEZOBAaTeIbHOCTEH
JOCTaTOYHO BEIHMKO, HAIMYHWE JMIIb OJHOTO H3MEHEHHOrO JIOKyca MOXET YKas3hBaTh Ha
HEHYJIEBOH ypOBEHB paKa.

Taxkum 06pa3oM, KOJHYECTBEHHBIH aHAIM3 BapHanuii (HalmpuMep, OJHOHYKICOTHIHBIX
Bapuanui) B JIHK u3 Gronormgeckoro obpasna (HanpuMmep, H3 I1a3Mbl) MOXKHO IIPHMEHSTH IS
JMHArHOCTHKH, MOHHTOPUHIa ¥ IPOTHO3MPOBAHUA paka. [ AeTeKTHpOBaHHS paka KOJIHYECTBO
OJHOHYKJICOTHIHBIX BapHallyi, JeTeKTHPOBAHHEIX B IUIa3M€ HCCIEIOBAHHOTO CYOBEKTA, MOXHO
CPaBHMTH C TaKOBBIM AJIA IPYIIEI 3OPOBBIX CYOBEKTOB. JleTeKTHpOBaHKE B IIa3Me 3MOPOBEBIX
CyOBEKTOB OIJHOHYKJICOTHIAHBIX BapHamuii MOXET MPOHMCXOJWTh BCIEACTBHE OIMHOOK
CEKBEHMPOBAaHHS, HEKJIOHAIHHBIX MyTalHii B KPOBSHBIX KJIETKax M JAPYTHX OpraHax. BeUIo
IIOKa3aHO, 49TO KIETKH Y HOPMA&IBHBIX 3J0POBBIX CYOBEKTOB MOTYT HECTH HeOOJbImOe
KOJIMYECTBO MyTaﬁnﬁ (Conrad DF u ap. Nat Genet 2011;43:712-4), xak nokasaHo B TaOiuIle
900. Taxum obpa3oM, cyMMapHOE KOJNHYECTBO JETEKTHPOBAHHBIX OIHOHYKIEOTHIHBIX
BapHalMi B IUTa3Me IPYIIBl OYEBHAHO 37I0POBBIX CYOBEKTOB MOXXHO IPHMEHSTH B Ka4eCTBE
pedepeHCHOr0 amamasoHa JMIA TOro, 9ToOBl ONpEdeiHTh, IPHUCYICTBYET JH B IUIa3Me
HCCJIEMOBAHHOIO IIAllHEHTa aHOMAIbHO BBICOKOE KOJMYECTBO OMHOHYKICOTHAHBIX BapHAallWi,
COOTBETCTBYIOIIEE HEHYJIEBOMY YPOBHIO paKa.

300pOBBIX CYOBEKTOB, HCIONB3YEMBIX IUIS ONpeleieHHd pedepeHCHOro auama3oHa,
MOXHO I0f06paTh IO BO3PACTy M IIONY JUIT COOTBETCTBHS HCCIEIyeMbIM CyObexTaM. B Gonee
PaHHEM HCCIENOBaHUHM OBUIO IIOKA3aHO, YTO KOJHYECTBO MYTAllH B COMATHYECKHX KIIETKax
yBemmuuBaercs ¢ Bo3pacToM (Cheung NK u np., JAMA 2012;307:1062-71). TakuMm oGpasom,
HaKOIUICHHE KIOHOB KJIETOK II0 MEPE CTapeHHs ABJIIETCS HOPMOH, aKe €CIH OHA OTHOCHTEIHHO
Jo6pokadecTBCHHBIE OOJIBINYI0O 9acTh BPEMEHH WJIM €CIIH MM NOTpeOyeTcs O4eHb OOIbIIoe
BpeMs, 9TOOBI CTaTh KIMHHYECKH 3HAYMMBIMHA. B OZXHOM BapHaHTE peaim3anud pedepeHCHBIE

YPOBHH MOXHO IIOIYYHUTE JJIA Pas3sjIMYHBIX TIpyIn Cyﬁ'BeKTOB, Hanopumep, € pasiIddHbIM
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BO3pacToOM, IIOJIOM, 3THHYECKOH NPUHAIICKHOCTRIO H JPYTMMH IIapaMerpamu (Hampumep,
KypeHue, 3a00/1eBaHHEe TeaTUTOM, alIKOTOJIN3M, JICKApCTBEHHEBIN aHAMHE3).

PebepencHslf Jauana3oH MOXET HM3MEHATHCA B 3aBHCHMOCTH OT HCIOJIB3YEMOTO
IOpOroBOr0 3HAa4eHHUSA (T.€. NPHUCYTCTBHE B JIOKyCe HEOOXOIHMMOro KOJMMIECTBa M3MEHEHHBIX
MapKepoB HOCJIEIOBATEILHOCTH), a TaKxKe [IPEANIOTI0XUTEIHHOTO YPOBHS
JIOXKHOTIOIOKHTEHHEIX BapHamuii H JpyrHX IepeMEHHBIX (HanmpuMep, BoO3pacTa). Takum
obpa3oM, pedepeHCHBIH AMaNa30H MOXHO ONPEAETATH JIS KOHKPETHOro Habopa OJHOTO MM
Gonee KpHTEpHEB, H UL ONpECICHUS MapaMeTpa Juis obpasua OyXyT IPUMCHSATH TAKUE XK
KpuTepuH. Torna- ykasaHHBII [apaMeTp MOXHO CpaBHHTH C pe(epeHCHBIM IHama3OHOM,
IIOCKOJIBKY 00a OIpeIeIIsiId, IPUMEHSS OJMHAKOBbIE KPUTEPHH.

Brmme ynmomuHanoce, 4To B BapHaHTaX peajM3allid MOXXHO HCIOJIH30BaTh HECKOJBKO
MOPOroOBBIX 3HAYECHUH IS OIpesieleHNs ypoBHS paka. Hanpumep, ¢ moMOINBIO IEPBOTO YPOBHS
MOXHO OIIPENETUTh OTCYTCTBHE MMPU3HAKOB paka Ul IIapaMeTpoB HIDKE OPOTa | 10 MEHBIIei
Mepe IEpBBIM YpPOBEHb paKa, KOTODBI MOXET HpPEeACTaBIATh COO0H IIpeaHEeOITacTHYeCKHH
yPOBeHb. JIpyrre ypOBHH MOTYT COOTBETCTBOBATh Pa3IMYHEIM CTAIUSIM pakKa.

C. 3asucumocme s3xKCnepuMeHmManbHLIX NEPEMEHHBIX

I'myOuHa cexBeHMpOBaHHS MOXET OBITH Ba)KHA JUIA ONPEEICHIS MUHHMAIFHOIO II0pOra
JIETEKTHPOBAaHUS MHHOPHOrO (HaIpUMep, OIIyXOJIEBOr0) reHoMa. Hampmmep, ecii IIpHMEHSTH
ITyOHMHY CEKBEHMPOBAHHS, paBHYIO 10 raluioNIHBEIM TeHOMaM, TO MHHHUMAJIbHAS KOHIICHTPAIIHS
omyxoneo JIHK, xoropyro MOXHO OOHapyXwWTh, HAaXe C MOMOIIBI0 TEXHOJOTHH
CEKBEHHMpOBaHHUA 0e3 Kakux-mbo omubok, coctapiger 1/5, T.e. 20%. C npyroit cTopoHEI, ecin
IPUMEHATh NIyOHHY CEKBEHMPOBAaHWSA, paBHYI0 100 ramiomJHBIM reHOMaM, TO MHHHMAaJIbHas
KOHIEHTpanus onmycTHTCs 40 2%. J[aHHPI aHAIM3 OTHOCHTCA K CIIy4alo, KOIrJla aHaJH3UPYIOT
TONBKO OJMH MYyTHPOBaHHEIH JIOKYC. TeM He MeHee, eClH aHAM3HPYIOT Golibllee KOMMIECTBO
MYTHPOBAaHHBIX JIOKYCOB, TO MHHHMallbHasg KOHIOEeHTpauus omyxosneBoit JIHK moxer OwIth
HIJKE, ¥ €¢ OIPeEIIOT ¢ NOMOIBI0 QyHKIMH OHHOMHAIbHOHK BeposTHocTH. Hanpumep, ecnm
rmyOuHa cekBeHHpoBaHHS 10-kpaTHas M (QpakiHOHHAsd KOHIEHTpanus omyxonesoii JIHK
cocraBysieT 20%, TO BEpPOATHOCTH NETEKTHPOBAaHUSA MyTamuu cocrapiseT 10%. Tem He MmeHee,
ecnu mpucyTcTByeT 10 Myramumif, To BEPOSTHOCTH AE€TEKTHPOBAHHA IO MEHBINCH Mepe OIHOM
MyTanun Oyzaer cocTaBmsTs 1 - (1-10%)" = 65%.

CyInecTByeT HECKONBKO CJIEACTBHI YBEIHYECHHS TIIyOHHBI CEKBEHHpOBaHHS. YeM
Goipme rryOHHa CCKBEHHPOBAHHUA, TeM OOJbIne OIMOOK CeKBEHHpOBaHUA GyaeT HabmoaaTscs,
cM. dur. 4 u 5. Tem He MeHee, pu GobInell IIyOMHE CEKBEHUPOBaHUSA OYAET Jierye OTIMIHUTH
OMMOKH CEKBCHHPOBAHUA OT MyTaldil BCIEACTBHE KIOHAIBGHOM SKCIIAHCHH CyOIIOIJISIHA

KJIETOK (HAIIPEMED, PaKOBEIX KIETOK), TaK KaK OIMOKM CEKBEHHPOBAHHSA OYIyT BCTPEUaThCS B
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TeHOME CiIy4aifHO, a MyTaluu OyJayT BCTPEYATHCA B OJJHOM M TOM XK€ IIOQJIOXXCHHH I NAHHOM
HOITYJISIIUH KJIETOK.

Yem Gormpine riryOMHA CEKBEHHUPOBAHUS, TeM OOJbIIEe MyTaluil OyIeT AETEKTHPOBAHO B
“smopoBbIx KieTkax”. TemM He MeHee, eclnM He NMPOHUCXOIAWT KIOHAIBHAA 3KCIAHCHS AAHHBIX
3JOPOBBIX KJICTOK M HX MYTallMOHHBIE MPO(GWIN pa3IudHbl, TO MyTal[MiH B AaHHBIX 3JJOPOBBHIX
KJIETKaX MOXHO OTIMYHTH OT MyTamuid 10 JacTOTAM BCTPEYaEMOCTH B IUIa3Me (HaIpuMep,
IpYMEHSAA IoporoBoe 3HavyeHHe N g  HeoOXOOUMOro KOJMYECTBA CUYHTHIBAEMEBIX
[IOC/IEAI0BATEIbHOCTEN, B KOTOPHIX AETEKTHPOBaHa MyTaIus, Hanpumep, N JODKHO OBITH paBHO
2, 3,4, 5 wiu 6onpime).

Brime yrmoMHHANIOCH, YTO ITOPOT MOXET 3aBHCETh OT KOJIMYECTBA MyTallHii B 3OPOBEIX
KIIETKaX, KOTOpBIE OyOyT KIIOHATBHO Pa3sMHOXAThCS, H, CIEOBATEFHO, HX MOTYT HE OTIHYHUTE
OT JpYTux MexaHm3MOB. Taxas H3MEHYHUBOCTh, KOTOPYIO MOXHO OXXHAAaTh, MOXET OBITh
IIOTy4YeHa IIPH aHalM3e 3J0POBHIX CyObekToB. Tak Kak KJIOHAJBHAA SKCIAHCHS IPOHCXOIHT C
TE€YCHHEM BPEMEHM, Ha M3MEHUYMBOCTh, KOTOPYIO HaOIONAIOT y 3MOPOBEIX CYOBEKTOB, MOXET
BJIMATH BO3PAcT AlMEHTa, H, TAKUM 00pa3oM, IOPOT MOXKET 3aBHCETH OT BO3pacTa.

D. Kombunayuu yenegwix nooxo0oe

B HEKOTOPEIX BapHaHTaX pealU3alliy CIydaliHOEe CCKBEHHPOBAHHE MOXHO IPHMEHSTH B
KOMOMHAIMM C IEeNIeBBIMH NOAXOAaMH. Hampmmep, MOXHO OCYIIECTBHTH ClIydaHOE
CEeKBEHHpoBaHHE oOpasna IUIa3MBI IIPH INOCTYIUIEHHH INAIHEHTa ¢ PAaKOBEIM 3a00J€BaHHEM.
MoxHo npoaHanu3upoBaTh OTKIOHEHHs uucia konuit 1 OHB B pe3ynpratax CeKBEHHPOBaHHMS
JHK B mmasme. OGnactd, B KOTOPHIX BEBIABJIEHBl OTKJIOHEHHS (HAIpHMeD,
amMIUTHGHUKaIus/aeIelus Win Bbicokas wioTHOCTs OHB), MOXHO 1eeHanpaBiIeHHO B3ATh I
CEpUMHOr0 MOHMTOPHHIa. MOHHTOPHHT MOXHO OCYINECTBHTh dYepe3 Kakou-THO0 IepHoj
BPEMECHM, WM OCYIIECTBUTH HE3aMEUIMTENHLHO IIOCHE CIyJaHOTO CEKBEHHPOBAHWS,
daKTHYeCKH KaK €IUHYyI0 npouexypy. JUIs HeneBOro aHaiM3a MOXKHO YCIEIDHO MPHMEHATH
IIOJXOJIbI 3aXBaTa Ha OCHOBE rHOpHIM3alKH B XUIKOH ¢ase s oboramenus mwiasMel JIHK mist
HEHHBa3sHBHOHU npeHaraibHOM juarHoctukd (Liao GJ m xp. Clin Chem 2011;57:92-101). Takue
METOAMKH YIIOMHHAIOTCS BhIme. TakaMm obpa3oM, HalipaBIeHHEIE M CIy4YaldHEIE TOX0(BI MOXHO
[IPUMEHSATH B KOMOHHAIMH 71 ICTEKTHPOBaHHUSA B MOHHTOPHHTA PaKa.

Taxum o6pazom, MOXKHO OCYIIECTBHTH IEJIEBOE CEKBEHHPOBaHHE JIOKYCOB, B KOTOPBIX C
IPUMEHEHHEM HENENIEBOr0 IIOJHOT€HOMHOIO IIOAXOJa, YIOMSHYTOrO BBINE, OOHApYXUIH
DOTCHIMAIbHEIE MyTallMH. TaKoe LIeJIeBO€ CEKBEHHPOBAHMWE MOXKHO OCYINECTBHTH, IPHUMEHSS
METOAMKH rHOpUAM3alliH B pacTBOpe WA TBepAo(dasHo ruGpuan3amiy (HanpuMep, IpAMEHsI
Agilent SureSelect, NimbleGen Sequence Capture, nim CHCTEMY LEJEBOTO peCEeKBEHHPOBAHMS

Illumina), a 3areM MaccoBOe MapaJUICIbHOE CEKBEHHpOBaHHE. J[pyroi moaxox NpeiCTaBiIseT
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coboii ocymecTBiieHHe aMIUTH$UKanuH (HanpuMmep, cucTeMbl Ha ocHoBe [IIIP) mns meneBoro
cexBerupoBanns (Forshew T u ap. Sci Transl Med 2012; 4: 135ra68).
IX. @®PAKIIMOHHASA KOHIIEHTPAIIUSA

O paKOuOHHYIO KOHIEHTpammio onyxoneoif JJHK MOXHO IpHMEHSTh [ OIpeAeeHHs
IIOPOroBOrO 3HAYEHHSA HEOOXOJMMOro KOJIHYECTBA BapHalldil B JIOKYCE JIO TOTO, Kak B JIOKyce
obHapyxunu Myranmio. Hampumep, eciu H3BECTHO, 9YTO (pakIHOHHAS KOHIIEHTPAIIWS
OTHOCHTEIBHO BBICOKA, TO MOXKHO IIPUMEHATH BBICOKOE IOPOrOBOE 3HAYCHHWE U1 OTCEHBAHHSA
GoNBINEro KOJIMYECTBA JIOXKHOIIOJOXKHUTENBHBIX PE3yJbTATOB, IIOCKOJIBKY HM3BECTHO, 4YTO IS
uctuaHoro OHB I0/DKHO HmpHCYTCTBOBAaTh OTHOCHTEIBHO BHICOKOE KOJIMYECTBO BapHaHTHBIX
CYMTBIBAEMBIX IIOCiIenoBaTenbHOCTEH. C Apyroii cTOpOHEI, eca (paKIMOHHAS KOHI{CHTPAIHS
0Ka3ajach HH3KOM, TO MOXET OTPeOOBaTHCA HUXKHEE IIOPOroBO€ 3HaUYCHHE, YTOOHI HE YITYCTHUTH
HekoTtopelie u3 OHB. B nansoM cnydae ¢pakiMOHHYIO KOHIICHTpAIUIO OYAYT ONpenenaTh C
nomMompbIo criocoba, oTimgHoro ot anaymma OHB, rae oHa HCONMB3YeTCs B KAYECTBE AapaMeTpa.

Jdna  ompeneneHHs (GpPakIMOHHOM KOHIIEHTPAMM MOXHO IIPHMEHATh Ppa3IHIHBIE
METOIUKH, HEKOTOpHIE M3 KOTOPBIX OINMCAHBl B JIJaHHOM 3asBKe. J[aHHBIE METOIMKH MOJXXHO
IPUMEHATH JUIs onpeeieHns hpaknuoHHo# koHnenTpanun JTHK omyxoneBoro mpoHcxoxaeHus
B CMECH, HampuMmep, B Ouonrare, comepXalmeM CMeChb ONYXOJIEBEIX KIETOK H
HE3JI0Ka4e€CTBEHHBIX KIIETOK, MIIA B oOpasle IUIa3Mbl M3 IMAIFIEHTa C PAaKOBBIM 3a00JIEBaHHEM,
conepxainem JTHK, BEICBOGOXAECHHYIO U3 OIyXONeBEIX KieToK, u JIHK, BEICBOOOXIEHHYIO H3
HE3JI0Ka4€CTBEHHBIX KJICTOK.

A. GAAL

IlomHoreHoMHBII aHaymM3 cymmapHoif motepu amwteneit (GAAL) mosBomseT
aQHAIM3HPOBATh JIOKYCHI, KOTOphle yTpaTiid rerepo3urotHocts (Chan KC u gp. Clin Chem
2013; 59:211-24). JIns rerepo3uroTHOro caiita KOHCTHTYTHBHOrO resoma (KI') B omyXxoJm 4acto
00HApyXMBAIOT JIOKYC, B KOTOPOM IIPOM30ILIA HENelHs OAHOM u3 ajwieinedl. Takum oGpasom,
CYHTHIBAEMBIC IIOCJICAOBATENFHOCTH JUIS TAaKOTO JIOKyCa BBIABAT OOJbINEE KOMMYECTBO OJHOMN
aJUleJiM, Y€M JpYrod, NpH 3TOM BBUBICHHOE pa3iMdie IPOIOPIHOHATLHO (paKIHOHHON
KoHneHTpauuu omyxonesoi JJHK B o6pasne. [Ipumep Takoro pacuera mpuBeieH aajee.

JHK, BrineneHHYI0 K3 JIEHKOIMTapHOH IUICHKH H OIyXOJEBHIX TKaHeH NallMEHTOB C
I'KK, reroTrmmpoBamu ¢ nomomeko cucteMsl Affymetrix Genome-Wide Human SNP Array 6.0.
PesynpraTel, mogydeHHbIE 111 MEKpoYHuIa, o6pabarsiBamu ¢ nomompbio Affymetrix Genotyping
Console Bepcmm 4.1. AHaiM3 TIEHOTHIMPOBAHHA M OIpPENEICHHE ONHOHYKICOTHIHBIX
nomumopdmsmoB  (OHII) ocymecrsmsiim ¢ moMompio amropurma Birdseed Bepcum 2.
PesynpTaTel TIe€HOTHIHMpOBaHHA IS JICHKOIWTAapHBIX IUIGHOK M OIYXOJEBRIX TKaHei

HCIIONB30BATM Ul onpezneneHus obnacteit ¢ yrparoit rereposurotHocts (LOH) m mua
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OCYIIECTBIICHHS aHAIN3a YHC/Ia KOMUH. AHAIN3 YHCIa KOIHH OCYINECTBISUIM C UCIIOIE30BAaHAEM
napameTrpoB 1o ymomgasuio Genotyping Console ot Affymetrix, ¢ MEHMMaJIBFHEIM pa3mMepoM
reHoMHBIX (parmMerToB 100 1m.0. ¥ MHHAMAaIGHBIM KOJHYECTBOM TE€HETHYECKHX MapKepOoB
BHYTpH (parMeHTa, paBHEIM 5.

O6nactu ¢ LOH o6napyxwuBamu kak obiacti ¢ 1 Komueidl B OIyX0Je€BOH TKaHH H 2
KONUAMHM B JIEHKOnMTapHOM mieHke, npu 3toM OHII B pamEeIx obnactsx Obumn
reTEpO3UIOTHBIMHE B JICHKOIIMTapHOH IUIEHKE, HO FOMO3HTOTHEIMHM B OIyXOJIeBOM TKaHH. J[is
obiacTu reHoMa, B KOTopoi JerektupoBana LOH B omyxoneBoit Tkanu, amiemsn OHII, koTopsie
IPHACYTCTBOBAIM B JICHKOLMTAPHOM IUICHKE, HO OTCYTCTBOBAIM HIHM IIPOSBILSUIM MEHBIIYIO
HHTEHCHBHOCTE B OIlyXOJEBBIX TKaHAX, CUMTAIH aUIeJsIMH Ha YIOQJICHHOM (pparMenTe
¢dparmMeHTa XpPOMOCOMEL AJLIETH, KOTOPEIE IIPHCYTCTBOBAIM B KAK B JIEMKOIMTAPHOMN ILICHKE,
TaK ¥ B OIYXOJICBOH TKaHH, CUMTAIN NOMyYCHHBIMHM K3 HEyHaIeHHOro (¢parMeHTa (pparmMeHTta
XpoMOCOMBI. J[i1i Bcex (parMEeHTOB XpOMOCOM C YTpPATOM OIHOM KONHHM B OMYXOJH CYMTAIH
CyMMapHO€ KOJIM9ECTBO CUMTHIBAEMBIX IIOCIE0OBATENILHOCTEH ¢ yTparToii ajuierneif u 6e3 yTparsl
auteniedf. PasHOCTh JaHHBIX ABYX 3HA4YCHHH HCIIOJIB30BAIH IS BBEIYMCICHHS (paKIHOHHOM
koHuenrpanuu JIHK omyxonesoro npoucxoxaenus (Fgaar) B oOpasne, mpuMeHss ClIeAyrolee

ypaBHEHHE: -

_ Nbe3 nen — Ngen
Nbe3 gen

FeaaL

1€ Nees - zen TpeiacTaBIseT co00ff  CyMMapHOE KOJIHYECTBO  CYHTHIBAEMBIX
TOCIIE[0BaTeIBHOCTeH 63 yTpatsl aieneit U Ny, IpeACTaBIsIeT co60i CyMMapHOe KOIHYECTBO
CUMTBIBAEMBIX IIOCIEA0BATENBHOCTEN C yTpaTOH ajenei.

B. Oyenka c npumeHeHUeM 2eHOMHO20 NPEOCMABNEHUS

IIpo6nema meromuku GAAL COCTOHT B TOM, 4TO ONPEAEIAIOT KOHKPETHBIE JIOKYCHI (T.€.
TaKhe JIOKYCEI, B KOTOPBIX JETEKTHPOBaHEI 00iacTH ¢ yrparoii rereposurotrHoctd (LOH)) m
HCIIOJIB3YIOT TOJIBKO CUHTBIBAEMEIC IIOCIEOBATCIBHOCTH, BRIPOBHEHHEIX C TAKHMH JIOKYCAMH.
Taxoe TpeboBaHHE MOXXET NPUBECTH K HEOOXOAMMOCTH [OIOJHHTEIBHEIX 3TAlOB M, TaKHM
o0pa3oM, K IOBBIICHHIO CTOMMOCTH. 31eCh ONHMCAH BAPHAHT pEAlH3aAlMH, B KOTOPOM
HCIIOJIE3YIOT TOJBKO YHCIIO KOIHMH, HallpAMEp, INIOTHOCTh CIMTHIBAEMEIX IIOCIIEI0BATEILHOCTEH.

Xpomocomuble abeppalluy, HaIpEMED, aMILTH(HKAIAH M JeJeIHH, JacT0 HabIIoNaloT B
reHoMaX DakKOBBIX KJIETOK. XpoMOCOMHEBIE abeppanuu, HabomacMBle B PaKOBEIX TKaHSX,
OOBIYHO MPOHCXOIAT HAa CyOXpOMOCOMHEIX 001acTiX, U Takue abeppaluu MOTYT GEITH KOPOYE,

geM 1 merabasa. Kpome Toro, cBs3aHHBIE C PaKOM XPOMOCOMHEIE a0eppaluy TeTEPOre€HHEl Y
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Pa3IHYHBIX TAIMEHTOB, H, CICAOBATEIbHO, Y Pa3jMYHBIX IALHEHTOB MOTYT OBITH IOPaXKEHEI
paznmmunble pparMeHTH. Takke B reHOMe paKkOBOiM KIETKHA HEPEIKO OOHApYyXHBAIOT JECSTKH,
COTHH MM JaXe THICAYM BapHaluMi umciaa Komumil. Kaxnaeli m3 mepedmcieHHBIX (aKTOpOB
3aTpyIHAET ONpe/icIeHAE KOHIIEHTPALHH omyxonesoi JTHK.

BapuaHTHI peajli3anuy BKIIOYAIOT aHAIN3 KOJIMYECTBEHHBIX H3MEHEHHH, TPOHCXOIIIIHX
B pe3ylbTare CBA3aHHBIX C OIYXOJBIO XpPOMOCOMHBIX abeppanmit. B omHoMm Bapuante
peammzanuu obpasusr JIHK, Bwnouaromume JJHK, mpoucxomfimyro M3 pakoBBIX KIETOK H
HOPMQIBHBIX KIETOK, CEKBCHHPYIOT, IPHMEHSS MacCOBO€ IapajUIeIbHOE CEeKBEHHpPOBaHHE,
HanpuMep, ¢ moMompro miardopmsl cexkBeHupoBanus [llumina HiSeq2000. IToryuennas JJHK
MOXET IpPEACTaBIATh coboif BHexneroyHyro JIHK w3 mimasMbl WM Jpyroro IOIXOASIIETO
6uonmorugeckoro obpasia.

OGnacTu XpoMOCOM, KOTOPEIe aMITM(HUIIHPOBAIACH B OIYXOJIEBEIX TKaHSX, C GONBIIEH
BEPOATHOCTHIO OyyT CEKBEHHPOBAHEL, @ 00/1aCTH, KOTOPHIE YAAIHIUCH B OMYXOJIEBBIX TKAHAX, C
MEHBIIEH BEPOATHOCTBIO OyIyT CEKBCHHpOBaHEL. B pe3ynbrare, IUIOTHOCTH CYHTHIBAEMBIX
[OCNICIOBAaTENLHOCTEH, BBIPABHMBAaEMBIX C aMIUMUIMPOBAaHHBIMH oOnacTsmu, Oyaer
IOBBIIIEHA ¥ IJIOTHOCTh CYMTHIBAEMBIX IIOCIICIOBATENBHOCTEH, BEIPOBHCHHBIX C yIaTIeHHBIMH
obmacrsMu, Oyner mnoHmwkeHa. CTemeHb BapHalHdM IPONOPIHOHATLHA  (PPAaKIHOHHOM
xoHueHrpanuu JJHK omyxoneBoro mpoucxoxzaenus B cMecu JIHK. Yem Bemme gons JTHK u3
OITyXOJIEBOM TKaHH, TeM Ooblnee H3MEHEHHE OyIeT BRI3BAHO XPOMOCOMHEBIMH abepparysMy.

1. Onenka o6pa3na ¢ BLICOKOI KOHIIEHTPAIHEH 01Ty X0J1H

JUHK BBIIENsIN M3 OMyXONEBHIX TKAaHEH YETHIpEX MAIMEHTOB C IE€Y€HOYHO-KIETOYHOM
kapruaomoit. THK ¢dparmenTupoBanu, npuMenss cucteMy paspymenus JJHK yisTpasBykom
Covaria, ¥ CeKBeHHPOBaJIH, IPAMEHIS ONHCaHHYIO Iuardpopmy Illumina HiSeq2000 (Chan KC u
ap. Clin Chem 2013; 59:211-24). CuuthBaeMble MOCIEIOBATENFHOCTH BHIPABHHBAIH C
pedepencabM reroMoM yernoBeka (hgl8). I'enom 3atem pasaensuin Ha GpparmenTsI (06/1aCTH) 11O
1 wmerabaze m It Kaxnaoro (¢parMeHTa pacCYMTHIBAIM IUIOTHOCTh CUYMTHIBAEMEIX
IOCJIEI0BATENbHOCTEN IToce nonpaBku Ha GC-casur, kak 6pu10 omucano (Chen EZ u ap. PLoS
One. 2011; 6:¢21791).

ITocie BEIpaBHMBaHMA CUMTHIBAEMBIX MOCIEHOBATEIBHOCTEM ¢ ped)epeHCHBIM TEHOMOM
MOXHO BBHIYHCJIMTEH IIOTHOCTHh CYMTBIBAEMBIX IS pasiH4YHBIX obnactel. B omHoM BapmaHTe
peau3anuy IIOTHOCTh CYUTHIBAEMOM TOCTIEIOBATEEHOCTH NIPEeCTaBIsIeT cO00M COOTHOINEHHE,
OIpEelEIAEMOE KaK KOJIMYECTBO CYHMTHIBAEMBIX IIOCJIEIOBATEIBHOCTEH, KapTHPOBAHHEIX Ha
KOHKpeTHOM (parMeHTe (HanpuMmep, ob6iactu pazMepoM 1 MerabGasa), AeneHHOE HAa CyMMapHOE
KOJIMYECTBO CUMTBIBAEMBIX IIOCIIEA0BATEIBHOCTEH, KOTOPhIE MOXKHO BEIPOBHSATH € peepeHCHBIM

reHOMOM (HallpEMep, C YHHKAJIBHBIM IIOJIOXKEHHEM B pedepeHCHOM reHoMe). OXUIaroT, YTo IS
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({parMeHTOB, KOTOpBIE IIEPEKPHIBAIOTCA C OOMACTIMH XPOMOCOM, aMIUIH(HIMPOBAHHBIMH B
OIyXOJIEBOM TKaHM, IUVIOTHOCTHM CYHTHIBAEMBIX IOCIEIOBAaTENbHOCTEH OynyT BBINE, YeM I
¢parmenToB Oe3 Takux nepekpbiBaHuil. C APyroif CTOPOHEI, OXHIAIOT, YTO IS (PparMeHTOB,
KOTOpBIE IIEPEKPHIBAIOTCA C OOJAacTAMH XPOMOCOM, COJEpXKalUMH IEJIEIHIO, IUIOTHOCTH
CUMTHIBAEMBIX IOC/IEOBaTeNbHOCTEH OyAyr HEXe, 4YeM JUIs (parMeHTOB 0e3 Takux
nepekpeBaHui. Ha BenwumHy pasnuuus IUIOTHOCTEM CYMTHIBAGMEBIX IIOCIENOBAaTENBHOCTEH
MeXTy OBIACTSMH ¢ XPOMOCOMHBIMH aGeppaIisaMy i 6e3 HUX PEHMYIIECTBEHHO BIHSET JOJA
JIHK omyxoneBoro NpOHCXOXJEHHS B oOpasle M CTENeHb aMIUTHQUKAIUW/ICIENud B
OILyXOJIEBBIX KJIETKaX.

MoxHO NpHMEHATh pa3NUYHBIC CTATHCTHYECKHE MOZEIH, 4YTOOBI OIPEACIHTE
¢parMeHTBl C IUIOTHOCTSAMM CYHTBIBAEMBIX IIOCIEIOBAaTENIFHOCTEN, COOTBETCTBYIOIUMHU
pa3sIMYHBEIM THIIAM XPOMOCOMHBIX abeppamuii. B oIHOM BapmaHTe pealM3al¥ MOXHO
MIPUMEHATh MOJEIb CMECH HOpManbHBIX pacnpenenenuit (McLachlan G u Peel D. Multvariate
normal mixtures. In Finite mixture models 2004: ctp. 81-116. John Wiley & Sons Press). Taxxe
MOXXHO NPHMMEHATH JPYIHe CTaTUCTHYECKHE MOJEIH, HAPEMEpP, MOJEh CMeCH OMHOMHAIBHBIX
pacnpezneneHdi ¥ MoJZiellb ImyaccoHoBckoi perpeccud (McLachlan G u Peel D. Mixtures with
non-normal compdnents, Finite mixture models 2004: ctp. 135-174. John Wiley & Sons Press).

II10THOCTh CUMTHIBAEMOH IOCIENOBATENFHOCTH (DparMeHTa MOXHO HOPMHpOBATD,
IOPUMEHSS IUIOTHOCTH CYMTHIBAEMOH MOCINIEJOBATENFHOCTH TOTO Xe (parMenTa, Ompee/IeHHYIO
¢ nomompro cekseHupopanus JIHK w3 neiikonmrapHoif mieHkd. Ha IUIOTHOCTH CUMTBIBaEMBIX
IOCIECIOBATEIbHOCTEH 114  pa3IMgHBIX  (ParMEHTOB  MOXET  BIHSATH  KOHTEKCT
IIOCJICIOBATENFHOCTH KOHKPETHOH XpOMOCOMHOHM 06JAacTH, M, TakuM 06pa3oM, HOPMHPOBKA
no3pojsier Oonee TOYHO ompenenuTh obnacTH ¢ abeppanusamu. HanpuMmep, KapTHpyeMoCTh
(xoTOpast OTHOCHTCS K BEPOSTHOCTH BHIPDABHHBAHHS IOCIIEAOBATEILHOCTH C €€ HCXOIHBIM
HOJIOKEHHEM) pasiMYHBIX ofmactell XpOMOCOM MOXET pasamdarecs. Kpome Toro,
nonuMopdu3M umcIa Komuii (T.e. BapHallMy 9uClia KONHUiH) Takke GYyAyT BIHATH Ha IUIOTHOCTH
CUMTHIBAEMBIX IOCNIEN0BaTeNbHOCTeH (parmeHToB. CrienoBarensHO, HOpMEpoBKa Ha JIHK u3
JICWKOIIMTApHOX IUICHKH INOTEHIMAIGHO MOXET MHHHMH3HPOBaTh KOJNHYECTBO BapHAIlHi,
CBA3AHHBIX C pas3/IM4HeM B KOHTEKCTE IOCJIEOBATEIBHOCTH MEXIY pPasMYHBIMH OOIacTIMH
XPOMOCOM.

Ha ¢ur. 10A mnoxasan rpapux 1000 pacmpesmeneHus IUIOTHOCTEH CUHTHIBAEMBIX
nocIefoBaTeNbHOCTEH 06pa3na omyxomu u3 nanuenTa ¢ KK cornmacHo BapuaHTaMm peanmsaiuu
Hacrosmero n3obpereHns. OMyxoIeByIO TKaHb MOJYYATIH IOCIIE XHPYPIHIECKON pEe3eKIMH W3
nanmenTa ¢ I'KK. Oce X npexacrasnser coboit log, otHomernus (R) IIIOTHOCTH CUHTHIBaeMOi

II0CJIEN0BATEILHOCTH M3 OIYXOJIEBOM TKAaHH K TAKOBOHM M3 JIEHKOIUTApPHOHN INIEHKH TalMEHTa.
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Ocs y mpezcrasiseT coboi Komu4ecTBo ¢pparMeHTOB.

ITuxkm MOXXHO IOJOTHATh IOA KPHBYIO paclpeleNeHHs, YToOBl IOKa3aTh O0JacTH C
Jenenued, ammmmpukamueit u 0e3 XpPOMOCOMHEIX a0eppanmii, NMPHMEHSAS MOJEIL CMECH
HOPMaIBHBIX paclpelelieHuii. B omxHOM BapuaHTe peanu3alii KOJIHYECTBO IHKOB MOXHO
OIIPEAETNTH ¢ NOMOMBIO HHpopManmoHHOro Kpurepus Axamke (AIC) g BceX pasiMuHBIX
npasaononobHsx 3HageHUH. L{enTpamsupni muk ¢ logoR= 0 (t.e. R = 1) mpexncrasiser coboii
obrmactu 6e3 Kakux-T60 XpoMOCOMHBIX abeppaiuii. JIeBEI MUK (OTHOCHTENHHO IIEHTPAIBHOIO0)
npeiacTaBisier coboi obmactw ¢ yrparoif onHoi Komuu. IIpaBEIf NHK (OTHOCHTEIBHO
LEHTPAIBHOT0) NMPEACTABIAET COO0H 0611acTH ¢ MPHOOPETCHUEM OHOM KOMHH.

@paxnyonnyro KonueHTpauuio JJHK omyXxoneBoro mpoHCXOXIAEHHS MOXET OTpaXxaTh
paccTosHUEe MEXAY MUKaMH, NIPEACTABILIOIUMEA aMILTH(HIIHPOBaHHEIE H YAAJICHHEIE 00IacTH.
Yem OGonpime ykasaHHOE pacCTOSHHE, TeM Bblme OyaeT ¢pakuuonHas koHueHTpammsa JTHK
OIyXOJIEBOTO IPOHMCXOXIEHHA B obpasme. @paknuornyio koHnentpauuo JHK omyxosesoro
IPOMCXOXICHH B oOpa3lie MOXHO ONpENENHUTh ¢ [OMOINBIO0 MOAX0Ja T'€HOMHOIO
IpencTaBiIeHus, 0603HadeHHOro Fgr, MpUMeHad ciexyromee ypasHenue: Fgr = Rrpaesiii = Rueewits
TA€ Rupasen IPEACTaBIACT coOON 3HaYeHHE R U PaBOrO MHKA M Ryepuy IPEACTABIAET cob0i
3Ha4eHue R i1 seBoro mmka. HawbGonsmee pasmuume OyaeT NpeAcTaBIsTs 1, dTO
coorBercTByeT 100%. Omnenmm, 9ro ¢pakuuonnas kKoHuenrpanus JTHK omyxoneBoro
IPOUCXO0XJCHUs B 00pa3ne omyxoud, noixydenHom u3 manuenta ¢ KK, cocrasisia 66%, rie
3Ha49eHUS Ripapun ¥ Ryepu cocTaBmsmu 1,376 1 0,712, COOTBETCTBEHHO.

Yro6b1 mOATBEpNWTH INONYYCHHBIA  pe3yJbTaT, TaKkKe INPHMEHAIH  CIocob
IIOTHOTCHOMHOIO aHanmmM3a cymmapHod mnorepun amweneli (GAAL) s HezaBHCHMOro
onpeneneHus GppaKIMOHHON KOHIIEHTpAllMK COOTHOIIEHHS omyxojiesoii JIHK (Chan KC u np.
Clin Chem 2013; 59:211-24). B Tabnune 3 mnokxasannl ¢pakuuoHHEe KoHNeHTpamun JTHK
OIyXOJIEBOIO IIPOMCXOXIECHHA B OIYXOJNEBEIX TKAaHAX 4eTelpex mnamueHToB ¢ I[KK,
OIIpEZICJICHHBIC C MPUMEHEHHEM 0/(X010B reHoMHoro npeacrasneHus (For) 1 GAAL (Fgaal).

3Haqunx, ONPCACICHHBIC C MOMOIIBPIO JAaHHBIX JABYX DpPaslIHYHBIX IIOAXOA0B, XOpOIIO

COTJIACYIOTCS JIPYT ¢ PYTOM.
Onyxons KK FoaaL For
1 60,0% 66,5%

2 60,0% 61,4%
3 58,0% 58,9%
4 45,7% 42,2%
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Tabymma 3, noxassBaromas (ppakuHOHHYIO KOHIICHTPAIHIO, ONIPEAETICHHYIO C IIOMOIIBIO
GAAL u reromsoro npexacrasnenus (GR).

2. Onenka o6pa3na ¢ HU3KOi KOHIEHTpaNuei OIMyX0/IH

OnucaHHBI BRINE aHATH3 OKA3AT, YTO HAII CII0CO0 F€HOMHOTO IPEACTABICHHS MOXHO
IIPAMEHATH U1 H3MEpEeHUs (PpakuuoHHOM KoHIEeHTpanuu omyxoneBoit JIHK, xorzna Gonee dem
50% obpasma JITHK wuMeer omyxoneBoe HpOHCXOXIACHHE, T.e. Korma omyxonepas JHK
IIPEACTaBILICT cob6oit JOMHHHPYIOIIYI0 4acTh. B mpexpiaymeM aHauu3e MBI ITOKA3ajid, YTO
JaHHBIA cHoco0 Takxe MOXXHO IPUMEHATH IO OTHOINEHHIO K oOpasiaM, B Kortopex JTHK
OIIyXOJIEBOTO IIPOMCXOXKICHHS IIPENCTABIACT MHHOPHYIO 4acTh (T.e. Hmxe 50%). OOpasusl,
KOTOpPBIE MOI'YT COJepXKaTh MHHOPHYIO 9acTh omyxoineBoit JIHK, BKOYaroT, HO HE OrpaHHYEHbI
IEPEYUCIIEHHBIMH:  KpPOBb, IINa3My, CBIBOPOTKY, MOYY, IUIEBPAbHYIO  JKHAKOCTB,
CIMHHOMO3TOBYIO JKHIKOCTB, CII€3bl, CJIOHY, AaCIUTHYIO J>KHOKOCTh M Kal NaIHeHTOB C
pakoBpIMH 3aboneBaHHAMH. B HekoTophix ofpasmax ¢pakumonnas xouuentpanus J[HK
OITyXOJIEBOI'O IIPOHCXOXKACHUSA MOXET cocTaBiATh 49%, 40%, 30%, 20%, 10%, 5%, 2%, 1%,
0,5%, 0,1% wmu Menee.

s Takux o6pasmoB IHMKH IUIOTHOCTH BapHaHTa CYMTHIBAEMOU IIOCIIEAOBATEIBHOCTH,
IpeCTaBILIOIHIE 061acTH ¢ aMIUAuKanueii ¥ fejenueit, MOryT GBITh HE TAKMMH SIBHBIMH, KaK
I oOpasnoB, CONEpXallUX OTHOCHTEIBHO BBICOKYIO KoHUeHTtpamuioo JIHK omyxosesoro
IIPOMCXOXIECHHUS, ONMCAHHBIX BhIIIE. B 01HOM BapmaHTe peanu3anuy 00IaCTH ¢ XPOMOCOMHBIMH
abeppanuaMH B PaKOBBIX KJIETKaX MOXHO OOHAPYXHTh IIyTeM CpaBHEHHS ¢ pedepeHCHBEIMH
o0pasnamu, B KOTOPBIX, KaK H3BECTHO, He coxepxurca pakosad JIHK. Hampumep, B kagecTse
3TAJIOHa MOXXHO IPHMEHSTH IUIAa3My CyOBEKTOB, HE CTPaJAIOIIMX PakoM, YTOOBI OIMpPENETHTh
HOPMAaTHBHBIM [Mana3oH ILUIOTHOCTEH BapHaHTa CUMTHIBAEMOM IOCIENOBATENLHOCTEM IS
obmacreit XxpomocoM. IITOTHOCTE CUMTEIBAEMOM IOC/IEAOBATENIFHOCTH HCCIENYEMOIO CyOheKTa
MOXKHO CPaBHHTBH C €€ 3Ha4CHHEM IUII pedepeHCHOU Ipymnnsl. B ogHOM BapuaHTe peaid3alvi
MOXHO OINpeleNuTh CpefHee 3HadeHHe H craHaapTHoe oTkiIoHeHwe (CO) mioTHOCTH
CUHMTHIBAEMOM IIOCIENOBATEIBHOCTH. [N Kaxaoro ¢parMeHra IUIOTHOCTE CUMTEIBAEMOM
IIOC/IEZIOBATEIbHOCTH HMCCIEIYEMOr0 CyOBEKTa CpPaBHHBAIOT CO CPEAHHM 3HA4YE€HHEM B
pedepercHoO# rpyme, YTOOH ONPEeNeHTh Z-I0Ka3aTelb, IPUMEHSS CIIEAYIOITYI0 GopMyTy:

(GR'recr - GRBT&.H)
COsTan , rne GRrect npeacraBngeTr coGoif MIOTHOCTH

Z — oKa3aTtenb =

CUMTHIBAEMOM  IIOCIEIOBaTENbHOCTH MAalHeHTa C pakoBeIM 3aGoneBanmem; GRaTan
npejcraBiseT coboif cpemHee 3Ha4YeHHWE IUIOTHOCTH CYHTHIBAEMOM IIOCIIEAOBATEIHHOCTH
pedepercHbIx cybbekroB u CO3Tan  mpepcrasmser CO IIOTHOCTEH  CUMTHIBAEMBIX

IIOCJIEA0BATENBHOCTEH peepeHCHBIX CyOBEKTOB.
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Ob6nactu ¢ z-mokaszateneM < -3 yKasplBalOT Ha CYIIECTBEHHYIO HEJIOCTATOYHOCTH
IIPEACTABICHAA INIOTHOCTH CYUTHIBAEMOH IOCIIEIOBATEILHOCTH I KOHKPETHOTO ()parMeHTa y
IAMeHTa ¢ PaKOBBEIM 3a00JIeBaHHEM, ITO3BOJIIA IPESIIOJIOKUTE HATHINE JEJIEHH B OIIyX0JIEBOM
Tkagu. OO6macth -C¢ z-mokasareneM > 3 yKa3plBalOT HAa CYHIECTBEHHYIO H30BITOYHOCTH
IIPEJCTABICHUS IFIOTHOCTH CYUTHIBAEMOH MOCIEIOBATENILHOCTH JUIsL KOHKPETHOTO ()parMeHTa y
IanyeHTa C PakoBBIM 3a0O0JIEBAHHEM, IIO3BOJISIS INPEANOJIOKHTh HAJMYHME aMITM(HKAIMHE B
oﬁyxoneBoi'I TKaHH.

3aTeM MOXHO HOCTPOHTH paclpeleleHue z-Iokas3areieil Ui Bcex (parMeHTOB, YTOOB!
OIIPENENNTE 00JIACTH C Pa3THMYHBIMU KOJMYECTBAMH IPHOOPETEHHIA ¥ yTpaT KOIKH, HallpuMep, ¢
nenenueit 1 wm 2 xommil xpomocomsl; W amiumukanuei ¢ mpuoOperenuem 1, 2, 3 u 4
JOTIOJTHUTENBHBIX KOMMH XpoMOCOMBL. B HEKOTOpHIX Ciydasx MOXeT OBITh BOBJe€dYeHa Oolee
4eM OJ[Ha XpoMocoMa miId Oomee yeM oHa 0671acTh XpPOMOCOMBI.

Ha ¢ur. 10B mnokasan rpapux 1050 pacmpeneneHus z-mokaszatenedl g Bcex
¢parmenToB B mmasme manuenra ¢ I'KK cormacHo BapHaHTaM peajM3aliid HACTOSIIErO
u3obperermsa. Ilmxm (cneBa HampaBo), HPEACTABISIOMME YTpPaTy 1 KOIMH, OTCYTCTBHE
HM3MEHEHUd Komui, npuoOpereHne | kxomumu H TNpHOOpeTeHHEe 2 KONMM, NOJOTHATH K
pacnpeneneHuo z-nokasareneil. O0IacTH ¢ pa3lTMYHBIME THIIAMH XPOMOCOMHEIX abepparuit
3aT€EM MOXHO BBHISIBHUTB, HAlpHMEp, NPHMCEHAS MOJENL CMECH HOPMAIBHBIX paclpeelieHui,
OIMCAHHYIO BEIIIE.

@pmno@m KoHueHTpanuio pakoBoit JJTHK B o6pasue (F) 3areM MOXHO BEIBECTH H3
IUIOTHOCTEH CUMTEIBAEMBIX IIOCIEAOBAaTENHbHOCTEH (parMeHTOB, B KOTOPHIX IETEKTHPOBAHO
OproOpeTeHHe ONHOM KONMM KM yTpara OXHOM KomwH. OpakiMOHHYIO KOHIEHTPAIHIO,
OIPENENICHHYIO I KOHKPETHOrO ()parMeHTa, MOXHO pAacCYHTATh C IIOMOINBIO YPAaBHEHHS:

(zz|GRTect — GRaTan)|x 2)
_ X 100%

F -
GRaTan . 91O YPaBHCHHAC TAKXXC MOXHO NPCACTaBUTh B BHJC:

F = (lz — noxazaTenb X COstan])/("(GRsTan))) X2 |, a Takke MOXHO MEpElmHUCaTh KaK:

F =lz—noxasaTesbl XKBX2  rne KB npencraBmseT coGodl KodbHUMEHT BapHauuyu

HU3MEPCHUA IIIIOTHOCTH CUHMTBIBAEMON IIOCIIEAOBATEIILHOCTH pe(i)epCHCHLIX C}’GLCKTOB; H

KB
B onmoM BapmanTe peaqM3alMHM pe3yNbTaTH, IONydYeHHBIE JUIS (PParMeHTOB,
obremuesnor. HanmpuMep, MOXHO YCPEIHHTH Z-TIOKa3aTelM (parMEHTOB, B KOTOPHIX BHISBHJIH

nprobpereHre 1 KONMH, MM MOXHO YCPEIHHUTH MONydYeHHHIE IS HUX 3HadeHus F. B apyrom
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BapHAaHTE pealH3allid 3Ha4YCHHE Zz-TIoKa3aTelid, HCIONb3yeMoe U BEIBOAa F, ompenensior ¢
IIOMOIIBIO CTATHCTHYECKOH MOJIENH H NIPEACTABIIOT B BH/IE IIMKOB, TOKa3aHHBIX Ha ¢ur. 10B u
¢ur. 11. Hanpumep, z-mokasarens IUIs NPaBOrO IHKAa MOXKHO NPHMEHSATH IS ONpeleeHHS
(paxmoRHOH KOHIIEHTpanuK 00J1acTei, B KOTOPHIX A€TEKTHPOBAHO NpHoOpeTenne 1 Kommu.

B spyrom BapmaHTe peaqu3alliy Bce $parMeHTEI ¢ Z-II0Ka3areseM < -3 M Z-1I0Ka3aTeleM
> 3 MOXHO OTHECTH K 00J1acTsiM ¢ yTpaTo¥ OfHON KONHH M NMpHOGpETeHHEM OINHOH KOIMH,
COOTBETCTBEHHO, TaK KaKk JaHHbIE JBa THIIA XPOMOCOMHBIX aleppamuii HamGolee
pacupoctpaHensl. Taxoe npubimkeHne Haubonee MOJIE3HO, KOrAa KOJHYECTBO (parMeHToOB C
XPOMOCOMHBIMH ~ abeppalysiMH OTHOCHTETFHO Mal0 M IOATOHKA K HOPMAILHOMY
pacIpenencHHIO He MOXKET OBITh TOYHOM.

Ha ¢ur. 11 nokasanm rpapux 1100 pacmpenenenus z-moxaszareneif Mg IUTasMBl H3
nanmenta ¢ T'KK cornacho BapHaHTaM pealu3alldd HacTosmero wusobpereHus. XoTd
KOJIMYECTBO ()ParMeHTOB, NEPEKPHIBAIOIMMUXCA C XPOMOCOMHEIME a0eppalisaMy, OTHOCHTEIHHO
MaJIo, Bce (parMeHTHI ¢ Z-NoKasaTeneM < -3 H z-moKasareyieM > 3 MOJOTHATH K HOpMalbHbIM
pacIpeiencHUsIM yTpaThl OQHOM KOMMHU ¥ IpHOOPETEHNS ONHON KOIIMH, COOTBETCTBEHHO.

®pakuuonHsie KoHnenTpanuu JIHK omyxoneBoro ImpoHCXOXACHHS B IUIA3Me YETHIpEX
nanuentos ¢ IKK onpenensmy, npamenss anams GAAL u noaxox Ha ocHose GR. Pesynbrarsr
npeacrasiedsl B Tabmune 4. Bumpo, 9To moirydeHHOE (QpaKIMOHHOE MPEICTABIECHHE XOPOLIO

KoppemupyeT Mexay aHamu3oM GAAL u anammsom GR.

®pakuuoHHas KOHIEHTpanus B IUIa3Me
JHK onyxoreBoro mpoHCcX0XAEeHHS

: Anamnz GAAL Anam3 GR
O6pasns!
Cryyait 11 4,3% 4,5%
Ciryqaif 13 5% 5,5%
Cryqait 23 52% 62%
Cryqaii 27 7,6% 6,1%

Ta6muna 4. ®pakiponHasd KoHIEHTpanus B mwiasMe JTHK omyxoJieBoro mponcxoxaeHus,
IOJTy4YEHHas ¢ MOMOIIBIO aHATH3a XPOMOCOMHEIX abeppariuii.
C. Cnocob onpedenenus gpaxyuonHoti konyenmpayuu
Ha ¢wur. 12 npexcraBnena Gmok-cxema cmocoba 1200 ompeneneHus (GpakIMOHHOM
KOHIIEHTparuu omyxonepoit JTHK B GHOMOrH9eckoM obpasie, copepkaieM BHEKJIETOYHYIO
JHK cormacHo BapmanTam peanu3auuwu Hacrosmero m3obperenns. Cmoco6 1200 MoxHO
OCYIIECTBUTH ¢ IOMOIIBIO Pa3IMYHBIX BapDHAHTOB PEAIM3AIAH, BKIIIOYas BAPHAHTH PeAIH3allHH,

OIMMCAaHHBIC BBIIIC.
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B 61oxe 1210 momyvaroT oxuH mim 6ojiee MapKepOB IIOCIIEN0BATEILHOCTH T KAXI0TO
u3 mHOXecTBa pparmMenToB JIHK B 6monmormueckom obpasue. brok 1210 MOXHO OCYIIECTBHTS,
KaK OIKMCaHO B JaHHOH 3asgBKe AIA Opyrux cnocobos. Hampmmep, MOXHO CEKBEHHPOBATH M3
ofpasna mnasMbl omuH KoHen ¢parmenta JIHK. B apyroM BapuaHTe pealu3anud MOXHO
CEeKBEHHpOBaTh 06a koHNa ¢pparmMenra JIHK, 9To mo3BosseT OeHUTs [UTHHY GparMeHra.

B G6nokxe 1220 onpemensioT MOJOXEHHS B IeHOME MapKEpOB MOCIENOBATEIHLHOCTH.
ITomoxxeHus: B reHOME MOXXHO OIIPEAENHTh, HAPHMep, KaK OIHCAHO B JAaHHOM 3afiBKe, IIyTeM
BBIPDABHUBAaHHS MapKepOB IOCIEA0BATEIPHOCTH ¢ pedepeHCHBIM reHoMoM. Eciu cekBeHHpYIOT
oba koHIa (bparmeﬁra, TO CIIAPEHHEBIE MapKEPHl MOXKHO BEIPOBHATH B BHJIE ITAphI C PACCTOSTHHEM
MEXIy ABYMs MapKepaMH, KOTOpOe€ NOJDKHO OBITH MEHBINE, YEM OIPEAEICHHOE pPacCTOSHHE,
Hanpumep, 500 uiu 1000 ocHOBaHU.

B Onoke 1230 1 kaxgod ©u3 MHOXecTBa obJiacTelf reHOMa  OIPENENAIOT
COOTBETCTBYIOmMEE KomuaecTBo dparmenToB JIHK, nmprHaqexamux qaHHOM 001aCTH TeHOMa, ¢
IIOMOIIBIO MapKEPOB [OCIIEA0BATENBHOCTH, PACIIOIOXKEHHEIX B TEHOME BHYTPH JaHHOH 061acTn
renoma. O61acTv reHOMa MOTYT IPEACTaBIATE CO00M HemepeKkphiBaroInpecs GparMeHTh paBHOM
JUIMHEI B peepeHCHOM IeHOMe. B 0lHOM BapHaHTe pean3alnuy MOXKHO COCYHTAThH KOJIHYECTBO
MapKepoB, KOTOPHIE BEIDOBHHIM ¢ ¢(parMeHTOM. Takum o06pa3oM, ¢ KaXasM (pParMeHTOM
MOXET OBITh BBIPOBHEHO COOTBETCTBYIOINEE KOJIHMYECTBO MapKepoB. MOXHO IOCTPOHTH
THCTOTPaMMy, MIUTIOCTPHPYIOINYIO 4YacTOTY BBIPAaBHHMBAHHUS ¢ ()parMEHTaMH OIpPEIEICHHOIO
KonugecTBa MapkepoB. Crmoco6 1200 MOXHO OCYIECTBHTH U 00acTeil reHoMa, Kakaas M3
KOTOPBIX MMEET OJMHAaKOBYIO JUIMHY (HampHuMmep, Ui ¢parmeHTOB 1m0 1 merabase), mpu 3TOM
o06nacTu He NepeKphHIBAlOTCA. B Ipyrux BapuaHTax peayu3alHy MOXXHO IPHMEHSTH Pa3IHIHBIC
JUIAHBI, KOTOPBIE MOTYT OBITh YYTEHEI, H 00JIaCTH MOTYT [IEPEKPHIBATECS.

B 6moke - 1240 cooTBeTCTByIOINEE = KOJIHYECTBO HOPDMHDYIOT C IIONYYEHHEM
COOTBETCTBYIOINEH  IUIOTHOCTH. B ogHOM  BapuwaHTe  peajm3anMd  HOPMHpOBKA
COOTBETCTBYIOIIETO KOJMYECTBA C IIONYYEHHEM COOTBETCTBYIONICH IUIOTHOCTH BKJIOYAET
IPUMEHEHHE TAKOTO )K€ CYMMapHOIO KOJIMYECTBA BHIDOBHEHHEIX Pe(PEpEeHCHEIX MapKEpOB IS
OIPENENICHHUs COOTBETCTBYIOMIECH ILIOTHOCTH M pedpepeHCHOH IIOTHOCTH. B Ipyrom BapmanTte
pealn3anyy COOTBETCTBYIONEE KOIMYECTBO MOXKHO IOJENUTH HAa CYMMAapHOE KOJIHMYECTBO
BBIPOBHEHHBIX pe(epeHCHBIX MAPKEPOB.

B Gmoke 1250 cooTBETCTBYIONIYIO INIOTHOCTH CPABHUBAIOT ¢ Pe)epPEHCHOM MIIOTHOCTEIO,
uT0o0B! BEIIBHTH B JaHHOH 06JIACTH reHoMa yTpary 1 xomuu WM npuobpererme 1 xommu. B
OZTHOM BapHaHTC¢ pealH3alliH BEIYHMCILIOT Pa3iddMe MEXIY COOTBETCTBYIOIMIEH IIOTHOCTBIO H
pedepeHCHOR MNOTHOCTBIO (HALIPEMED, B paMKax OIpeIENEHHs Z-0Ka3aTels) M CPaBHHBAIOT C

MOPOTOBBLIM 3HAYCHMEM. B pa3IMIHBIX BapHaHTax pealn3anuy pedepeHCHYIO IIOTHOCTE MOXHO
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MOJIy9UTh JIJIA 06p:a3ua M3 30POBBIX KJIETOK (HampuMep, A JICHKOMTAPHOM IUICHKH) HIIA IS
COOTBETCTBYIOINMX KOJHMYECTB TaKHX e KIETOK (HampHMep, IMOMYIHB CpPeAHHHOE HIH CpeAHee
3HAYCHHE, MIPH JONYIIEHHH, 9TO B OONBIMMHCTBE 06NacTeil HET yTpaThl WIM IPHOOpETEHHS
KonHiA).

B O6noxe 1260 mnepByl0 IUIOTHOCT pacCUMTHIBAIOT II0 OXHOM wiuu Gojee
COOTBETCTBYIOIIMM ILIOTHOCTSM, B KOTOPHIX JIETEKTHPOBaHa yTpaTa 1 KOIHH, HIH 110 OAHOMN WA
Gosiee COOTBETCTBYIOIIMM ILIOTHOCTAM, B KOTOPHIX IETEKTHPOBAaHO mproOpeTeHHe | Komww.
IlepBas IUTOTHOCTE MOXET COOTBETCTBOBATH TOJNBKO OJHON 0GIACTH I'€HOMA, MM €€ MOXHO
OIPE/ICIUTh MO IIOTHOCTAM HECKONBKHX oOnacreif reHoMa. Hampmmep, mepByIO IUIOTHOCTB
MOXHO BEIYHCJIMTE II0 COOTBETCTBYIOIIMM IUIOTHOCTAM C yTparoi 1 xommu. CoOTBETCTBYIONHE
IUIOTHOCTH [JAIOT BO3MOXXHOCTH M3MEPUTH BEIHUYUHY pPa3NIMYUsA IUIOTHOCTEH, BO3HHKIIETO B
pesyibTaTe IENCIUH YKa3aHHOH 00JacTH B OIYXOJNHM, IHO3BOJAA IIOMyYHTh KOHIECHTPAIIHIO
OIYXOJIH. AHAIOTHYHO, €CIIM NIEpBast INIOTHOCT OTHOCUTCS K COOTBETCTBYIOLIUM IIOTHOCTSAM C
nproOpeTeHHeM 1 KOIMH, TO MOXXHO IOJyIUTh BEIMYMHY Pa3IHYMs IUIOTHOCTEH, BOSHHUKIIETO B
pe3ysbTaTe MyIUIMKAlMK JAaHHOH 061acTH B OMyXoJM. B pasmenax BbIIIE OIMCAHBI PA3IHYHbIE
NPHMEPEI TOr0, KaK MOXXKHO NPHUMEHATH INIOTHOCTH HECKOJBKHX OOyacTeif Ans ompeneleHus
CpelHeH MIOTHOCTH, 9TOOBI HCIIONB30BATh €€ IS OMpeIe/ICH s IIEPBOi ILTOTHOCTH.

B 610okxe 1270 ¢ppaknuoHHYI0 KOHIEHTPALHMIO PACCUMTHIBAIOT IIYTEM CPABHEHHMS EPBOI
IUIOTHOCTH € JPYTo# IJIOTHOCTBIO C MTOTyYCHHEM pa3HOCTH. [1oaydeHHYIO pa3sHOCTE HOPMUPYIOT
Ha pedepeHCHYIO ILIOTHOCTB, YTO MOXKHO OCYINEeCTBHTH B Gnoke 1270. Hampumep, pasHOCTB
MOXHO HOPMHPOBATh Ha peepeHCHYIO IUIOTHOCTh IIyTeM AeJIEeHUs PasHOCTH Ha pedepeHCHyIo
IUIOTHOCTS. B npyrom BapmaHTe peaiH3anuu pasHOCTh MOXET GBITh HOPMHPOBAHA B OIIMCAHHBIX
panee 61oKax.

B onnoMm BapuaHTe peanmsanMu Apyras IUIOTHOCTH HPEACTABISET co60H pedepeHCHYIO
IUIOTHOCTh, HANpPHMEp, OMHCAaHHyI0 BbONe B paspene 2. Takum o6pasom, BBIHCIICHHE
(QpaKkuMOHHOH KOHIEHTPAaNMH MOXET BKIIOYAaTh YMHOXXEHHME DPasHOCTH Ha aBa. B apyrom
BapHaHTC pealH3allid Jpyrad IUIOTHOCTh IIPEACTaBIsAe€T COOOH BTOPYH ILIOTHOCTS,
PacCYMTaHHYIO IO COOTBETCTBYIOIIMM IUIOTHOCTSM C BBIABICHHOM yrparoit 1 xomwmm (rae
IEPBYIO IUIOTHOCTE PACCYMTBHIBAIOT, IPHMEHAA COOTBETCTBYIOIIME IUIOTHOCTH, B KOTOPBIX
JETEKTHPOBAaHO NpHoOpeTeHHe 1 KonuM), HalpuMep, ONKCAaHHEIM BEIIE B paszene 1. B nanHoM
Clly9ae HOPMHPOBAHHYIO Pa3HOCTE MOXKHO OIPECIUTE ITyTEM BEIYHMCICHHUS IIEPBOTO OTHOLIEHHS
(manpumep, Rypassi) MepBOi IIOTHOCTH K pedepeHCHOM IUIOTHOCTH M BHIMHCIEHHS BTOPOIO
OTHOIIEHHUS (Ryepps) BTOPOM ILIOTHOCTH K pedepeHCHON IUIOTHOCTH, IPH 3TOM pasHOCTh
HaXOJUTCA MEXIY IEPBEIM OTHOIIEHHEM M BTOPHIM OTHOINEHHEM. BEINE Ommcano, 9T0 MOXHO

OmpezenuTh 061acTh reHoMa, B KOTOpOH AeTEeKTHpoBaHa yTpaTa 1 Komuu wim npuobpererue 1
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KOIIWM, ITyTeM IOJATOHKH IHMKOB K KPHBOM DPaclpeAeleHUs THCTOrpaMMEI COOTBETCTBYIOLIMX
ITOTHOCTEH.

Bkparne, BapuaHTEl peay3aluy MO3BOJSIOT aHATH3HPOBATE TEHOMHOE IPEICTABIICHHE
HAHK B mmasMe B pasnMYHEIX OONACTAX XPOMOCOM, 9YTOOBI OJHOBPEMEHHO OIPEAEIHTS,
aMIUM(GHIMPOBaHa JIM WIM yJaleHa JIH XPOMOCOMHas 00JIacTh B ONMYXOJEBOH TKAHH, M, €CIH
yKazaHHasd o0acTh aMIUIHGUIMpOBaHA WIA yHajeHa, HCIONb30BATh JAaHHOE TE€HOMHOE
OpPEICTaBICHHE Ui BBEIYHCICHHS (QpakuuoHHOM KoHneHTpammd JHK omyxonesoro
IPOHCXOXICHH. B HEKOTOPHIX BapHaHTaX pealH3alid OPHMEHSIOT MOJAENbL CMECH
HOpPMAaJbHBIX pacﬁpez[enennﬁ, 9qr00bl IPOAHATM3NPOBATh OOINEe paclIpeAesicHHe TeHOMHOIO
NPEe/ICTABIIEHAS pa3sNU4YHbIX (parMeHToB AN ONpENENeHHs TEeHOMHOIO IPEICTABICHHS,
CBS3aHHOTO C Pa3JIMYHBIMH THIIAMH OTKJIOHEHHUH, a MIMEHHO ¢ nmpuobperenusmu 1, 2, 3 win 4
KOIMH ¥ MOTepsMH | MIIH 2 KOIMiA.

Onucannble BapHAHTH pealH3alid OONANAOT HECKOJBKMMH IPEMMYIIECTBAMH HaJ
IPYTHMH c1I0cOGaMH, HapuMep, HaJl IOJX0OM IIOJIHOTEHOMHOTO aHAH3a CYMMapHO# IIOTepH
aiwtenet (GAAL) (3asBka Ha matenT CIIIA 13/308473; Chan KC u ap. Clin Chem 2013; 59:211-
24) n aHATM30M CBS3aHHBIX C OIyXOJBIO OJHOHYKICOTHIHbIX MyTamuit (Forshew T u ap. Sci
Transl Med. 2012; 4:136ra68). Bce cumThiBaeMble MOCIENOBATEIPHOCTH, KapTHPOBAHHEIE Ha
001acTAX ¢ XpPOMOCOMHBIMH abeppanysMH, MOXHO IPHUMEHSTH I ONpeNeNeHHs IUIOTHOCTH
CYMTHIBAEMOM  IIOCIEOBAaTENBPHOCTH  YKa3aHHOM 001acT, M, CJI€N0BaTEIbHO, OHH
MH()OPMATHBHEI B OTHOINCHHH (PaKIMOHHOM KoHUeHTpauuu omyxonesoi JIHK. C apyroit
cropoHel, B amamm3e GAAL wunpOpMAaTHBHEIMEH OyAyT TONBKO  CYUMTHLIBAEMEIC
NOCIIEI0BATEIBHOCTH, IIOKPHIBAIOMIME OTAEIBHBIE HYKICOTHABI, KOTOPHIE T'ETEPO3UTOTHHI Y
HH]IMBHJIA M PACIOJIOXECHBl BHYTPH XPOMOCOMHOH 00NacTH C NpHOOpeTeHHeM HIIH IoTepei
XPOMOCOMEL. AHAaAOTHYHO, B aHAIM3€ CBS3aHHBIX C PAakOM MyTalldif TOJHKO CYMTHIBAEMBIE
[IOCIEIOBAaTeIPHOCTH, IIOKPBIBAIONIME MYTAIlHH, OyOyT IIONE3HHI JUId  BBLIYHCIICHHS
koHneHTparuu omyxonesoi JIHK. CrenoBarensHO, BApHAaHTEI peaM3andyé MOTYT 0OECIIEUHTE
Gonee 3xoHOMHYECKH 3P(DEKTHBHOE HCIONB30BAHHE PE3YNILTATOB CEKBEHMPOBAHHS, TaK KaK
MOXET norpeboBaThCA OTHOCHUTEJIHHO MEHbIIee KOJIAIECTBO CYHTBIBAEMBIX
HOCIEOBATEIBHOCTEH IIPH CEKBEHMPOBAHMM II0 CPAaBHEHHIO C JAPYTMMH MOAXOJaMM UL
JNOCTH)XEHHS TaKOH )Xe CTENEHH JOCTOBEPHOCTH ONEHKH (bpaknuoHHOM KoHIeHTpamuu J[HK
OITyXOJEBOTO MIPOUCXOKICHHUS.

X. AJTIBTEPHATHUBHBIE METOIUKHA

IToMrMO HCIONBE30BaHHA B KaueCTBE KPHUTEPHSA UL ONpPEAEEHHS TOTO, UTO JIOKYC

COICPIKHUT MCTHHHYIO MYTAllHIO, KOJIMYECTBA pa3, KOTOpOe OTAeNbHas MyTalus Habmomaercs B

Mapkepe IIOCIECA0BATCIILHOCTH (C IIOMOINBIO  Y€r0 KOPPEKTHPYIOT IMOJOXXHTC/IIBHOC
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IIPOTHO3MPYEMOE 3HA4YEHHE), MOXKHO HPHMEHATH JPYTHE METOTHKH BMECTO HIIH BI00OABOK K
IPUMEHEHHIO IOPOTOBOTO 3HAYEHUS, YTOOHI TOJyIUTh OONbIee IPOrHO3UpyEMOe 3HAYEHHE JJIT
HICHTH(OHUKANUA pakoBoi MyTanud. Hanpumep, npu oOpaGoTKe pe3yIbTaToOB CEKBEHHPOBAHMS
MOXKHO IIPHMEHATh OHOMHGOpPMalMOHHEIE GMIBTPH pasIMYHOM CTPOrOCTH, HAIpHMEp,
YYHTEIBasl I[IOKa3aTeldb KadecTBa CEKBEHHMPOBAaHHOIO HYKJIEOTHAAd. B OJHOM BapHaHTe
peanu3anuyd MOXHO IPHUMEHATh cekBeHaropsl JIHK u  XmMmueckue KOMIIOHEHTHI IS
CEKBEHHPOBAHHSA C Da3IMIHBIMH HNpoQMIIMH OIIHOOK CekBeHHpoBaHHA. CeKBEHATOPH H
XUMHYECKHE KOMIIOHEHTB! C MEHBIIEH JacTOTOH OIMHOOK CEKBEHHPOBAHHUS IO3BOJIAT IOJIYYHTh
Gosiee BBICOKHE IOJIOXKHTENIBHEIE IpEICKa3aTebHEIe 3HaYeHH . MOXHO TaKKe OCYILIECTBIIATH
MOBTOPHOE CEKBEHHPOBaHME OAHOr0o H Toro xe ¢parmenrta JHK, d9roOel yBenM4uTEH
JOCTOBEPHOCTh CeKBeHHpoBaHHsA. OHa BO3MOXHAs CTpATErHs NMPEACTABIAET COOO0M CTpaTerHio
CEKBEHHPOBAHMS KOJIBIIEBBIX KOHCEHCYCHBIX IocenoBarensHocTei ot Pacific Biosciences.

B npyrom BapmaHTe pealmn3alyy I HHTEPIPETAHH MOIYyIeHHEIX PE3YIbTATOB MOXKHO
Y9IMTHIBaTh HHGOPMAIHIO O pa3sMepe CEeKBEHHpOBaHHBIX (parmenToB. Tak xak B miasme JJHK
OITyXOJICBOTO IPOUCXOXACHHUA Kopode, 9eM JIHK HeomyxoneBoro npoucxoxIeHUs (CM. 3asBKY
Ha mateHT CIIA Ne 13/308473), T0 monoxmrenbHOE NMPOTHO3UPYEMOE 3HAYEHHE It Gonee
kopotkoro ¢parmenra JJHK B mmasme, coaepxainero NOTEHIHATHHYIO MYTALHIO OYXOJIEBOTO
NPOUCXOXeHHs, OyleT BBIIE, YeM TakoBoe mii Gonee mmmuHOro ¢gparmenta JJHK B miasme.
JlaHHBIE O pa3MepaX MOXHO JIETKO IIOJNYYHTh, OCYIIECTBJISA CEKBEHHPOBAHHE CIAPEHHBIX
konnos JIHK B mnasme. B kxauecTBe anpTepHaTHBEI MOXHO NpHMEHSTH cekBeHatopwl J[HK,
KOTOPEIE CYMUTHIBAIOT JUIMHHEIE MOJIEKYIIBI, TAKHM 00pa3oM, IO3BOJISS MOIYYHUTE IIOJIHYIO JIHHY
¢parmenta JTHK B MmA3Me. Taxxe MoxHO ocymectBuTh ppaknuonuposanue JJHK B ob6pasue
IUIa3MEIL 10 pasMepaM mepel cekBeHupoBanueM JIHK. IIpumeps! crocoGoB, KOTOPEIE MOXKHO
OPUMEHATh I (QpakIMOHWPOBAaHHA II0 pa3MepaM, BKIIOYAIOT 3NeKTpodopes B rele,
HNPHMEHECHUE MHKpOQUIFOMIAHOrO noxxoxa (Hampmmep, cucteMbl LabChip XT Caliper) u
3KCKJIIO3HOHHBIX IEHTPU(YKHBIX KOJOHOK.

B eme oxsOM BapuaHTe peammzanau GyIyT OXHIATh, 9TO (HPAKIHMOHHAS KOHIEHTPAIHS
CBS3aHHBIX C OIyXOJIbI0 MyTallWil B IUIa3Me y IAI[MEHTa C HETeMaTOJIOTHYECKUM pakoM OymeT
BBHIIIE, €CIIH COCPEAOTOUMTECS Ha 6onee kopotkux ¢parmentax JTHK B mmasme. B ozHoM
BapHaHTe peaIu3allMi MOXHO CPaBHHTH ()PaKIHOHHYIO KOHIICHTPAIMIO CBA3aHHEIX C OIIyXOJIbIO
Mytanuii B ¢parmentax JIHK mimasmel w3 aByx wim Goliee pasMyHBIX pPacHpelciICHHH IO
pasMepy. Y NanWeHTa C HEreMaToJOrHYeCKHM pakoM Oyayr Habmozatecs Gosee BBICOKHE
¢paknEOHHEIE KOHIIEHTPAIHH CBA3aHHEIX C OIyXOJbIO MyTaluil B 60Jiee KOPOTKHX (hparmMeHTax
II0 CpaBHEHHIO ¢ GoJiee AMMHHBIME QparMeHTaMHu.

B HekOTOpEIX BapHaHTaxX pealH3allill MOXHO OOBCIHHUTH Pe3y/IbTaTH CEKBEHHPOBAHMS
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I JBYX WM 6ollee alMKBOT OIHOIO H TOro ke obpaslia KpOBH HIM IS ABYX WM Oojee
0o0pa3noB KpOBH, HOIYyYEeHHBIX B TO JK€ BpeMs WIA B pa3sHble MOMEHTHl BpeMEHH.
IonoxuTensHOE IPOrHO3UPYEMOE 3HAYCHHE IOTEHITUANBHBIX CBA3aHHBIX C OIIyXOJIBI0 MYyTaI[HiA,
HabmozmaeMbIX B Oojee 4eM OIHON anuKBOTE WM B Ooliee 4yeM onHoM oOpasue, Oyner Gonee
BbICOKHM. [lonoxurensHOe mporHo3upyeMoe 3Ha4deHHEe OyIeT MOBBINATHCS C KOJIMYECTBOM
obpa3snoB, B KOTOPHIX BBIBICHA TaKasd MyTalud. [lOTEeHIMANbHEIE MYyTAIHH, KOTOPHIE
IPHCYTCTBYIOT B 00pa3max IJIa3sMbl, B3STHIX B pa3lIMYHbEIE MOMEHTHI BPEMEHH, MOXKHO CUMTATh
NOTEHIUATFHBIMYA MYTAIlHSIMH.
XI.- IIPUMEPBI

Jlanee mpeacTaBiIeHBI IPEMEPHI METOJUK H PE3yJIBTATOB, HO HE CIEAyeT CYMTaTh, 9TO

OHH OrPaHHMYMBAIOT BaPHAHTHI PEAIN3aHU HACTOSAIIEro H300peTeHHS.
A Mamepuanvt u memooul

Jlna c6opa 00pasmoB NpUBICKAIM NAlHEHTOB C IEYEHOYHO-KJIETOYHOM KapIHHOMOM
(I'KK), BOCHTeNE}H. XpPOHHYECKOro reaTuTa B B manueHTa ¢ OZHOBPEMEHHBIM PaKoM TPy U
suyHuKoB. Y Beex nanueHToB ¢ I'KK w3 wmHwkm BapcemoHsl ObUT pak IedeHHM HA CTaauH
3a6oneanua Al. O6pa3us! nepudepuIeckoil KpoBH COOUpPANH y BCEX YYAaCTHHKOB B IIPOCHPKH,
cogepxamue OJTA. Omnyxomeble Tkann mnanueHToB ¢ ['KK monygaim B mpomecce
XUPYPrudecKoi pe3eKiuu paka.

O6passl nepudeprdeckoil kpoBH neHTpHyrupoBamu mpua 1600 g B Teuenwme 10 Mun
npu 4°C. IomyyenHyIo mIa3My cHoBa neHTpuyruposamy npu 16000 g B Teuenue 10 Mun npu
4°C, a 3ateM xpanum npu 80°C. Breigensiin Mosexynsl BHekierounoi JJHK u3 4,8 M mia3Mel
cornacHo nporokonay i BoigeneHus JJHK u3 xpoBH u GHONOrmyecKkoi XuAKocTH U3 Habopa
QIAamp DSP DNA Blood Mini (Qiagen). THK u3 miasmbl a1 KaXIOro H3 CIIydacs
KOHIICHTPHPOBAIM C OMOIIBIO KoHIeHTpaTopa SpeedVac (Savant DNA120; Thermo Scientific)
10 KoHedHoro o6bema 40 MKJI JUI HOCIHEYIOIIEro MONXydeHUS OMOIHMOTEKH CEKBEHHPOBAHHUS
JHK.

I'enomnyro JIHK Beigensim u3 oOpasioB JeHKOMUTAPHON IUICHKH IMAIHEHTOB COIJIACHO
npotokoiy i BeieneHus JIHK u3 xpoBu u Omonormyeckoit >xuakocta u3 Habopa QIAamp
DSP DNA Blood Mini. IHK BeimensiiM U3 OMyXONEBBIX TKaHEH ¢ moMompio HaGopa QIAamp
DNA Mini (Qiagen).

KoncTpynpoBanu OHOIHOTEKH ceKBEeHHMpOBaHUs 00pasmos resomuoi JJHK ¢ moMormsio
Habopa Paired-End Sample Preparation Kit (Illumina), corsiacHoO HHECTPYKIMSAM ITPOU3BOIUTEIIS.
Bxpatue, 1 — 5 mukporpamMm resomHo# JTHK cravana pacmemnsii Ha (pparMeHTH pasMeEpPOM
200 m.o. ¢ mOMOIBIO YCTPOKMCTBA I yIbTpa3BykoBoii ¢pparmenTanun Covaris S220 Focused-

ultrasonicator. Bmocnenctsum, 3actpamBamu koHmE! Modekyr JHK ¢ momompro JIHK-
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nomumepasst T4  wu  ¢parmenra Knemosa JIHK-nommMepassl; 3aTeM  IPHMEHSUIA
nonuHykieoTuakunasy T4 gana docdopumupoBanus 5°-koHnoB. Ilomywamm 3’-BeicTym ¢
nomomplo  QparmeHra  KieHoBa, nmmeHHOro  3’-5°-3K30HYKI€a3sHOM  AKTHBHOCTH.
OmuronykieoTnaasle agantepsl Illumina marapoBany ¢ IUNKAMA KOHIAMH. JINTHPOBAHHYIO ©
amanrepoM JIHK ammmmpunupoBamm ¢ nomompio 12 muxitoB ITIP. Tak kax monekynsr JTHK B
IUIa3Me IIPeCTaBIsIn coboif KopoTkue ¢parmeHTH! H KonmmuectBa obmeit JTHK B o6pasnax
IU1a3MBI GELTH OTHOCHTETBHO MaJIbl, MBI IIPOIYCTHIIM 3Tambl (parMeHTAMH H UCIIOJB30BaIHd 15
muxitoB TP m1a korcTpyHpoBanus 6ubmuorex THK u3 06pasios mwiasMel.

broanaymmzarop Agilent 2100 (Agilent Technologies) npumeHnsiM Uit TpoBEpKH
KavyecTBa M pasMepa 6mbamorek JmrupoBaHHbIX ¢ agantepamu JJHK. BuGmmorexu JTHK 3arem
AQHATM3MPOBAIIA ¢ IOMOMEIO Habopa I KoMMdecTBeHHOro aHammsa 6ubmrnorek KAPA (Kapa
Biosystems), ciefyd WHCTPYKIMAM IPOH3BOMHUTEILS. bubmuorexy JHK pasz6asismm wu
THOpHIU30BaIH ¢ NPOTOYHBIMH KIOBETaMH JUIS CEKBEHHPOBAHHS CIIAPEHHBIX KOHIOB. KitacTephr
JHK mosryganu ¢ moOMOMIBIO CHCTEMBI Ui ory4deHns Kiactepos cBot (Illumina) ¢ noMomsro 2
Bepcuu Habopa TruSeq PE Cluster Generation (Illumina), mocne gero mpoBogwma 51 2 muki
U 76_2 nukioB cexBeHHpoBaHus Ha cucreMe HiSeq 2000 (Illumina) ¢ momomsio 2 BepcHH
Habopa TruSeq SBS (Illumina).

Pe3ynpTaTel CEKBEHHpOBaHHS CHapeHHBIX KOHIOB AHATH3HPOBAIH IIOCPEICTBOM
IIPOrpaMMBI JUIsl BEIPaBHMBaHMSA KOPOTKUX onuroHykieotu1oB Short Oligonucleotide Alignment
Program 2 (SOAP2) B pexwume CHapeHHEIX KOHIOB. JIf Kaxa0o#¥ CUYHTHIBAEMOIL
TIOCJIENOBATEBHOCTH CO CIApeHHBIMM KOHHamu 1o 50 mo. wix 75 m.o. ¢ KaXIoro KOHI@R
BEIDABHHMBATH ¢ pedepeHCHBIM I€HOMOM denoBeka Ge3 mackupoBke mosropoB (hgl8). Ilpm
BBIPABHMBAaHMH KaXIOro KOHIA JONYCKAIH HECOBNANeHHE 2 HYKICOTHHOB. I €HOMHEIE
KOOPIAMHATE! NaHHBIX IOTEHIMAIBHBIX BHIPDABHMBAHHHN JUIS 2 KOHIIOB 3aTeM aHAIM3UPOBAIIH,
4TOOBI ONPENCTHTh, YAACTCA U BBIPOBHATE JIOOYI0O KOMOMHAIMA 2 KOHIIOB C OJHOM H TOH e
XpOMOCOMOIA B IIPaBUJILHOM OPHEHTAIMM C Pa3MepOM BCTaBKH, MEHBIIUM WiH paBHEM 600 11.0.,
H C KapTHPOBaHHMEM B OJHOM IIOJIOXKCHHH B pepepeHCHOM reHOMe 4enoBeka. J{yOimpoBaHHEIE
CUMTHIBAEMEIE [OCIIEA0BATENEHOCTA ONpPEAC/UIM KaK CUHTHIBAGMEIC IIOCIENOBATEILHOCTH
CIapeHHBIX KOHIIOB, B KOTOPBIX HadaJbHOE M KOHEYHOE IOJIOKEHHS B TEHOME YEJIOBEKA
BcranieHHoM  Monekynsl JIHK Obutm  HAcHTHYHBL, JyONHpPOBAaHHBIE CYHTHIBAEMEIE
MOCJICIOBATENBHOCTH Y IANISIIH, Kak onucado panee (Lo u ap. Sci Transl Med 2010; 2: 61ra91).

B HEKOTOpHIX BapHaHTaX pealH3allMH CEKBEHHPOBAIH Maphl o0pa3lloB OIYXOJIEBOH M
koncturyTHBHOH JIHK, uToOB oOnpenenuTs CBS3aHHBIE C ONYXOJBIO OAHOHYKIECOTHIHEIE
BapuadTel (OHB). B HeKxoTOpHIX BapHaHTax peald3alil MBI cocpeporoumwmuch Ha OHB,

BCTPEYAIOIMUXCS B FOMO3HIOTHBIX caiTax B kKoHctuTyTHBHO# JIHK (B mamroMm mpmmepe JTHK
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NONy4Yalld U3 JECHKOLMTAapHOHM IUIeHKM). B npuHmmMme, mo6olf BapHaHT HYKJICOTH/A,
JETEKTUPOBAaHHEIA B pe3ynbTaTaX CCKBCHHPOBAHHS OIYXOJIEBBIX TKaHEH, HO OTCYTCTBYIONIHIA B
koHcTuTyTHBHOH JIHK, Moxer mpencraBmiare coboif moreHnmuansHyo Myrtanumio (t.e. OHB).
Bcenencrsre ommbok cexseHupoBanus (0,1% — 0,3% ceKBeHHPOBAHHBIX HYKJICOTHIOB), TEM HE
MEHee, B reHoMe OyIyT JeTeKTHPOBAaHbI MIJUIHOHEI JIOXKHOIIOJIOXKHUTEIBHEIX PE3y/IbTATOB, €CIIH
OJHOKPaTHOE MOsBJICHHE JIOO0H HYKICOTHIHOM 3aMEHBI B pe3ylIbTaTaX CEKBEHHPOBAHHS
OIYXOJICBOM TKaHH pacCMaTpHBaTh Kak CBs3aHHBIA ¢ omyxonblo OHB. OpgamM u3 criocoGoB
YMCHBIICHHS KOJMYECTBA JI0KHOIOIOXKHUTEIBHBIX PE3yJIbTaTOB OyAET YCTaHOBIICHHE KPHTEPHUS
HEOJHOKPAaTHOM BCTPEYaEMOCTH ONHOM M TOM JX€ HYKJICOTHIHON 3aMEHBl B pe3yJbTaTax
CeKBCHHPOBAHHSA Ul OIyXOJIEBOM TKaHHM, Iepel TeM, KaK Ha3BaTh NOTECHI[HAIHHYIO MYTALHIO
CBA3aHHBIM ¢ omryxoipio OHB.

Tak xak  BO3HMKHOBEHHE OMMOOK CEKBEHHPOBAHHS  IPEACTaBISET  COOOM
CTOXAaCTHYECKHH IIPOLIECC, KOIMYECTBO JIOXKHOIOJIOXHUTEIBHEIX PE3YJIETATOB BCIIEACTBHE
omub0K CEKBEHHPOBAHHA OyAeT OSKCHOHEHIMATHHO YMEHBIIATHCA C  YBEIMYCHHEM
HeoOXOIMMOro KommdecTBa aAeTekTHpoBaHmii OHB, 9ToOBl MOCYHTATH NOTEHIHAILHYIO
MyTanmuio  CBs3aHHBIM ¢ omyxoinsro OHB. C  gpyro#t  CTOpOHBEI,  KOJIMYECTBO
JIO)KHOIOJIOKHMTENBHBIX ~ PE3yIbTaTOB OyAeT YBENMYMBAaTHCA C YBEIMYCHHEM [IIyOHMHEI
CEeKBEHHpPOBaHMA. TakuMe B3aMMOOTHOIIECHHS MOXHO IIPOTHO3HPOBaTh C IOMOIIBIO (YHKIHIA
IyaCCOHOBCKOr0O H OHMHOMMANBLHOTO pacmpeleleHHs. B BapuaHTax pealu3alud MOXKHO
OIIpEIETTUTD mﬂmnqecmﬁ IIOpOTr BCTPEYaeMOCTH, YTOOBI CHMTaTh, YTO Habmomaemeri OHB
CBA3aH C ONMyXOnbI0. B BapmaHTax peatn3allid MOTYT YYHTHIBATHCH (PAKTHUECKOE IMOKPBITHE
KOHKPETHOIO HYKJICOTHJAA B pe3yJbTaTax CEKBEHHPOBAaHHS /I OIYXOJH, YacTOTa OIMMOOK
CEKBCHHPOBAHHA, MAaKCHMAIbHO AOIIyCTHMBI YPOBEHB JIOXKHOIOJOXHTEIBHEIX BapHaluil U
XKeaTeabHasd YyBCTBUTEIBHOCTD A1 JCTEKTHPOBAHUA MYTaIlHH.

B HEKOTOPBIX HpHMEPaxX MBI YCTAHOBHIH OYEHBL CTPOTHE KPUTEPHH JUIS YMEHBIICHMS
KOJIMYECTBA JIOXKHOIMOJOXHTENBHEIX pe3yibTaToB. Hampumep, MOXHO mOTpeGOBaTh IMTOJHOrO
OTCYTCTBUS MYTAallHH B pe3yjIbTaraX CeKBeHMpoBaHMs KoHCTUTyTHBHOH JIHK u 20-kpaTHOit
ITyOMHBI CEKBEHMPOBAHHS KOHKPETHOTO MOJIOKEHHS HYKJIECOTHAA. B HEKOTOPHIX BapHaHTax
peali3aMi  YCTAHOBJIEHHE IIOpOra BCTPEYaeMOCTH TIIO3BOJUIO  JOOHUTBCE  9aCTOTHI
JIOXHOTIONOXUTEEHEIX Pe3yIbTaToB, MeHbel e 107, B HEKOTOPBIX MPHEMepax Mbl TAaKiKe
orcenBan OHB, koTopele OBUIM JETEKTHPOBAHEI B IIEHTPOMEPHEIX, TEJIOMEPHBIX 00JIACTAX H
o6macTaX HHM3KOH CIIOXKHOCTH, YTOOBI MHHHMH3HPOBATh JIOXHOIOJIOXXHTEIBHBIE PE3yIbTaThI
BCIIEJICTBHE apTe()akToB BhIpaBHHBaHHA. Kpome Toro, Takke ymamsumm npeanoiaracmeie OHB,

KapTupoBaHHbIe Kak u3BecTHbIe OHII, npencrasnennsie B 6a3e qanasx dbSNP c6opku 135.
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B. Mo u nocne pesexyuu

Ha ¢ur. 13A nokasana tabmmma 1300 aHani3a MyTtanuii B Iia3sMe NAlMEHTa C PakoM
SMYHHKAa M paKOM MOJIOYHOH JKelNe3bl Ha MOMEHT [HarHOCTHKH COIJIaCHO BapHaHTaM
pean3alvi HACTOSAIMIETO H300peTeHHd. 31eCh MBI IPOJEMOHCTPUPOBAH IPUMEp MAIlHEHTa C
ABYCTOPOHHHM DaKOM SIHYHHKOB M pPaKOM MOJIOYHOH KeJe3bl. Pe3ynbTaThl CeKBEHHPOBaHHS
AHK ©#3 njasMel CpaBHHBAJH C pe3y/lbTaTaMH CEKBEHHpOBaHMSA KoHCTHTyTHBHOH J[HK
naguenta (U3 JeHkomuTapHOM mueHKH). OJHOHYKICOTHAHBIE M3MEHEHHS, KOTOPHIE
IIPUCYTCTBOBAIH B IIa3Me, HO He B KOHCTHTYTHBHO#M JIHK, pacueHHBamu Kax NOTEHIHAIBHEIC
MyTauu. Bpamu ofpasnbl paka SMYHHKOB C NPaBOi M JICBOM CTOPOHBI MAllHEHTA H3 ABYX
JIOKaJIM3alni C KaKIOH CTOPOHEI, T.€. NONYYallM BCETO 4YeThIpe obpasna omyxoad. Myramusamu
OIYXOJIM CYMTAM MYTAIMH, JETEKTHPOBAHHBIE BO BCEX YETBIPEX TKAHSIX OIYXOJH SHYHHMKA B
YETHIPEX Pa3IMIHBIX JIOKAJIH3AIHAX.

Ilpu  cexBeHupoBanmn JIHK 1mnasmMer  oOHapyxuma  Goiee 3,6 MHJUTHOHA
OZHOHYKJICOTHIHBIX M3MCHEHHMH 3a 10 McHbIIEH Mepe oauH pa3. Cpely JaHHBIX M3MEHEHHIA
yume 2064 Taxke oOHApYXHIH B OMYXONEBBIX TKAaHSX, W IOJIOXHTEILHOE MPOTHO3HPYEMOE
3HayeHue cocraBmio (,06%. Ilpm npHMEHEHHH KPHUTEpUs IO MEHBINEH Mepe ABYXKPAaTHOTO
JACTEKTHPOBAHUS B IUIa3Me, KOJMMYECTBO NMOTCHIHANHHBIX MYTallUii 3HAYUTEILHO YMEHBIIUIOCH
Ha 99,5% mo 18885. KonmyecTBo omyxoleBbIx MyTaluii yMEHBIIAIOCH JIHIOG Ha 3% 10 2003 u
IIOJIOXKHTENBHOE IIPOTHOZHPYEMOE 3HAYECHHE IOBBICHIOCH 0 11%.

Ilpy mpuMeHeHHMM KpHTEpHs IO MEHBINEH Mepe NATHKPATHOTO NETEKTHPOBAaHHA B
ITasMe, O0HapY UK UMb 2572 MOTeHIHANBHbIE MyTAalMd W Ccpemy HUX 1814 mpencrapmsm
co60f MyTauM, JCTEKTHPOBAaHHBIE BO BCEX ONYXOJEBBIX TKAHAX, TAaKHM 00pa3oM,
HIOJIOKUTENBHOE ‘nporHosnpyeMoe 3HaueHWe cocraBwiao 71%. J[lns  OeTeKTHpoBaHMs
[NOTEHIHAIBHBIX MYTalldif MOXHO IIPHMEHSAThH APYTHE KPHTEPUH KOJIHYECTBA AECTEKTHPOBAaHMIA
(nanpumep, 2, 3,4, 6, 7, 8,9, 10 ¥ T.1.) B 3aBHCHMOCTH OT HEOOXOIMMOH JyBCTBHTEILHOCTH K
TIOJIOXMTEIPHOIO TIPOTHO3MPYEMOro 3HadeHHS. YeM Oonblee 3HadYeHHE BCTPEYAEMOCTH
HCIONB3YIOT B KadeCTBe KpHUTEpHs, TeM Gombme OGyeT NONOXHTENEHOE INPOrHO3HPYEMOE
3Ha9eHHe H MEHBIIE GY/ET UyBCTBHTEIBHOCTS.

Ha ¢wur. 13B mokasana Ttabmuma 1350 aHanmsa MyTamuii B IDIa3sMe NABEHTA C
ABYCTOPOHHHM pakoM SHYHHKOB H PaKOM MOJOYHOH XKele3bl IOCJE PE3EKIHH OMyXOJH
COrJIacHO BapHaHTaM peay3aliyl HaCTOAMmMero u306peTeHHs. OCyINECTBISUIH XHPYPIrHYECKYIO
pe3eKIuIo onmyxoyu y nanuenTa. O6pasen kpoBH Gpanu depe3 AeHb MOCIE PE3EKIMHA OMyXOJIei
SMYHAKA ¥ paKa MOJIOYHOH xene3nl. 3aTeM cekBeHupoBanu J[HK B miasme. B narnom npumepe
aHaTA3HMPOBAIH JIMIIb MYTallHHd M3 paka SHYHHKOB. B oOpasne minasMel oGHapyxunu Gonee 3

MHJUTHOHOB IOTCHUNAIBHEIX MyTalluif Mo MeHbINelf Mepe omHOKpaTtHO. TeM He MeHee, mpu
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IPUMEHEHUH KPHTEPHS IO MEHBINEH Mepe NATH JeTeKTHPOBAaHUM KOJMYECTBO MOTEHI[HANBHEIX
MyTaluy ymeHbIHIoch A0 238. CymecTBeHHOE yMEHBINCHHE HaONIONANH IIPH CPaBHEHHH C
KOJINYECTBOM ITOTEHIHAIBHEIX MyTallil B 00pasie, B3ATOM IIPH THATHOCTHKE, IPH IIPAMEHEHUH
TOT'O JX€ KPUTEPHS JCTEKTHPOBAHHUS IIATH MYTaIIHIA.

B ongHOM BaphaHTe peaqM3alMH KOMHYECTBO OJHOHYKICOTHIHBIX H3MEHEHHI,
JETEKTHPOBAaHHBIX B IIa3Me, MOXKHO IIPHMEHSATH B Ka4eCTBE IapameTpa AJS AETCKTHPOBAHHS
paKa, MOHHTOPHHIA MAallMEHTa C PAKOBHIM 3a00JIEBAaHHEM M COCTAaBJICHHS IIPOTHO3a JUIS HETO.
BerpeqaeMoCTh pa3siHMYHBIX HMX KOJHMYECTB MOXHO NIPHUMCHSTh B Ka4eCTBE KPHTEPHS, YTOOBI
JOOHTECA JKENATeNbHOM YyBCTBHTENLHOCTH M cOenu(HUHOCTH. VY manueHTa ¢ Gonpmei
OILIyXOJICBOM HAarpy3xkod M, CI€HNOBaTEIbHO, XYJIIAM IIPOTHO30M, OyIyT OXHIaTh OCONBIOMI
MYTallHOHHBIN I'py3, HaOMOAAaeMEIH B IITa3Me.

JI71s1 TaKOro aHaIN3a MOXXHO YCTAHOBHTEH NPOQHIE MyTAallHOHHOTO Ipy3a Ul Pa3IHUHEIX
THHOB paka. C LeJbI0 MOHHTOPHHTA, OyIeT BUAHO, YTO MYTAIMOHHEIN IPy3 B IUIa3Me IIal[UEHTa,
KOTOPEI OTBEYAET Ha JICYEHHE, OyAeT yMeHbINAaThCs. ECIi 0oIyxos BO3BpaTHIiach, HAIpAUMEp, B
Iporecce penuauBa, To 6yayT 0XHIATh YBEINYCHHE MYTallMOHHOTO rpy3a. Takoii MOHHTOPHHT
TMO3BOJIUT KOHTPOJIHPOBATH SP(PEKTHBHOCTS BHIGpaHHOrO cmocoba JedeHHs NalMEHTa H
oOHapyXHTH MOSBICH)E YCTONYMBOCTH K KOHKPETHOMY JIEYEHHIO.

C noMompro aHaNH3a KOHKPETHBIX MyTaluii, KOTOPEIE MOXKHO HaGJII0AaTh B pe3yIsTaTax
cexBenupoBanud JIHK m3 mnasMel, MOXHO TakXKe ONPENETHTh MHIIEHH, KOTOpBIE OyayT
IPOTHO3HPOBATE YyBCTBHTEIBHOCTh (HAPHMEP, MyTalluH B IeHE PELEenTopa SMUAEPMAIBLHOTO
daxTopa pocra M OTBET Ha JeYeHHE HWHIHOMTOPOM THPO3HHKHHA3hl) H YCTOMYHMBOCTH K
KOHKPETHOMY IIEJIEBOMY JICYEHHIO (Hampumep, MyTamuu KRAS mpu KONOpEKTAIBHOM pake H
YCTOMYHBOCTE K JICYECHHMIO IaHMTYyMyMaOOM H IETYKCHMaboM), M MOrYT HAalpaBJisiTh
IUTAHUPOBAaHHUE PEIKUMOB JICUCHHUS.

Boune ObUT NpHBEACH NPEMEP I JABYCTOPOHHETO paka SHIHHKOB. TakKe MOXKHO
OCYIIECTBHTH AHAJIOTUYHBIA aHaANIW3 MyTallui paka MOJIOYHOM XKeje3bl, a 3aT€EM OTCIEIHUTH
MyTallud OOOMX HaHHBIX THIIOB paka B IUIa3Me. MOXHO Takxe HIPHMEHSTh aHAJIOTHYHYIO
CTPATETHIO AJIA OTCIIEXUBAHMA MyTallMii IEPBUYHOIO paka ¥ €0 METACTa3hl HIIM METacTas.

BapuanTel peaymsanyu OyayT IOJI€3HBI U1 CKPUHUHTA HA HAIMYKE PaKa Y KaXyIIAXCH
37I0POBEIMH CYOBEKTOB HIIM y CYOBEKTOB C ONIpPEACNICHHBIMH (paKTOpaMH pHCKa (HAIpHMED,
CTaTyCoM KypeHmI; CTaTyCOM HOCHTENIBCTBA BHpyca (y CyOBeKTOB-HOCHTENIEH BHpyca remaTHTa,
CyOBeKTOB, HHOHUIMPOBAHHBIX BUPYCOM NAIMIUIOMEI 9eJIoBeKa)). MyTalMOHHEL Ipy3, KOTOPEIH
MOXXHO HabIoAaTh B IUIa3Me TaKHX CyOBEKTOB, MO3BOJIUT BEIABHTH PHUCK TOrO, 9TO Y CYOBEKTa
Pa3’oBLETCS CHMITOMATHYECKHMHA pak B TEYCHHE OIPENECICHHOTO INEpHOJa BPEMEHH. TaKuMm

o6pazoM, OyIoyT OXKHAATh, UTO y CYOBEKTOB C GOJBIIMM MyTAalHOHHBIM TPY30M B ILIa3Me PHUCK



63

HOBHIIEH IO CPaBHEHHMIO € TAKOBBIMH C MEHBIIHM MYTallMOHHBEIM TIpy3oM. Bojee Toro,
BPEMEHHOH IPOQHIL Takoro MYTalHOHHOrO Ipy3a B IUIa3Me€ Takxke OyJeT MOIIHBEIM
HHIHUKATOpoM pHcKa. Hampumep, eci y cyObexTa pa3 B roji IpOBEpSIOT MYTAllHOHHEIH IPy3 B
IUla3Me M €CJM MYTAalUMOHHEIE IPY3Bl IOCTENIEHHO YBEIMYMBAIOTCS, TO AAaHHOrO CyObekTa
CIICIyeT HaNpaBUTh Ha MOIOJHHUTEIbHBIN CKPHHHHI paka, HalpuMep, ¢ NPHMEHEHHEM
peHTreHorpaguu OpraHOB TIPYJHOH KIETKH, YJIBTPa3ByKa, KOMIBIOTEPHOM ToMorpaduu,
MarHATHO-PE30HAHCHOA BU3YalIH3alliH MM TIO3UTPOHHO-3MHCCHOHHOM ToMorpaduu.

C. Hunamuueckue nopozogvie 3HaueHus ONA GbIAGLEHUS MymMAyui € pe3yibmamax
cexeenuposanus [[HK nnasmul

JUI1 TaHHOTO HMCCIEAOBAHHS IPHBIEKIN YETHIPEX IAllMeHTOB C IE€YCHOYHO-KIETOYHOM
kapnuHOoMO# (I'’KK) m omHOro mamueHTa ¢ pakoM SHYHHKOB M MOJIOUHOM Keje3pl J{is
IIOCNIETHETO W3 YIOMSHYTEIX MAIIMEHTOB MBI CKOHIIEHTPHPOBAIUCH Ha aHAIM3€ PaKa SIAIHHKOB.
OGpa3supl KpoBH COOHpamd M3 KaXIOro NamMeHTa JO H IIOCIEe XHPYPrHYeCKON pe3eKIHH
omyxojei. Taxke coOupamy MccedeHHBbIe omyxoeBsle Tkanu. JIHK BBIgeNsm U3 OmyXoneBoi
TKaHu, Genble KpOBAHBIE KIETKH U3 00pasiia KpOBH JO OIEpalHd H OGpasloB ILIA3MEI JO H
[I0CJIE ONepalvy CCKBEHHPOBAIM, IIPUMEHAA cHcTeMy cekBeHupoBaHus HiSeq2000 (Illumina).
Pe3ynbTaThl CeKBEHHPOBAHHS BBIPABHHBAIHM C IIOCIENOBATENLHOCTHIO peepeHCHOr0 IeHOMa
uenoseka (hgl8), mpuMenss makeT nMporpamMm Aisi BEIpaBHEBAHUS KOPOTKUX OJIATOHYKIEOTH/IOB
Short Oligonucleotide Alignment Package 2 (SOAP2) (Li R u ap. Bioinformatics 2009; 25:
1966-1967). Ilocnenoparensroct JJHK Genbx KPOBAHBIX KIETOK CIATATH KOHCTHTYTHBHBIMH
nocnenoBatensHocTaMu JIHK 1 xaxmoro uccirexyeMoro cyonexTa.

B nanHoM npumepe cBs3aHHBIE ¢ omyxoiasi0 OHM CHavyaia BBISBIISUIA IO pe3yJIbTaTaM
cexBeHupoBanus JIHK mnasmer 1 KI', He yauThIBast OIryXoJieBEIe TKAHH. 3aTeM MOTy4EHHBIE I
IUIa3MBl  pe3yJITAThl CPaBHMBAIM C pe3yJIbTaTaAMM CEKBEHHPOBAHHS, IIONYYEHHBIMH JUIA
OIyXOJIEBBIX TKaHEH (B Ka4eCTBE 30JI0TOTO CTAHAApTa), YTOObI YCTAHOBHTHL JOCTOBEPHOCTE
IOJIy4€HHBIX pe3yabTaToB. B 3TOM OTHONIEHMH, NOMyYalH 30JI0TOH CTAHAAPT IIyTEM CPaBHEHHS
pe3yNbTaTOB CEKBCHHPOBAHMS OINYXOJIEBBIX TKaHEH C KOHCTHUTYTHBHOM ITOCIIENOBATEIHHOCTH,
9TOOBI OIPENETHTh MYTAlHH B OIMYXOJIEBBIX TKAHSAX. B JaHHOM aHamH3e MBI COKYCHPOBAIH
BHMMaHHe Ha IMOJIOKEHHAX HYKJICOTHJOB, B KOTOphIX KoHcturyruBHas JJHK wuccieayeMoro
cyObexTa ObLIa TOMO3HTOTHOM.

1. HenanpasJ/ieHHBIH N0/IHOT€HOMHBIH AHAIH3
['yGuHBI CeKBEHMpPOBaHMSA I GENBIX KPOBSHBEIX KIETOK, ONMyXONeBEIX TKameid u JIHK

A3 IUTa3MBI KQXKI0I'0 ITalfTHCHTAa II0Ka3aHbI B Taﬁmme 5.
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CpenurHas riryOuHa CEKBEHHPOBaHHS (KPaTHOCTE)
Cuyyaii | bensie Onyxonesas | Tlnasma 1o ITnazma
KPOBSIHEIE 1ocJe
TKaHb oIepauu

KJIETKA onepanyu
IKK1 39 29 23 24
TKK2 39 29 25 28
'KK3 46 33 18 21
TKK4 46 27 20 23
IMamuent
C pakom 44 53 37 28
SMYHUKOB

Tabmuua 5. CpexunnEbie TTyOHHBI CEKBEHHPOBAHHS PA3NMYHEIX OOPA3LOB IS YETHIPEX
cirydaeB I'KK.

JluHaMuyeckme TOPOrOBHIE 3HAYCHHS [UIS MHEHAMAIBGHBIX BCTPEYaeMOCTeH Uit
ACTCKTHPOBaHMsA MyTalui B IUla3Me (7), NMoxa3aHHblE B Tabmuie 1, HCHONB30BAIM JUIA
ONpEAENCHHS MyTalHii B IUIA3ME KaXJOTO MNanueHTa. Tak Kak DryGHHA CeKBEHHPOBAHHS
KaXk/I0ro JIOKYCa MOXET U3MEHATHCS, IOPOrOBOE 3HAYCHHUE MOXKET H3MEHATHCS, YTO HaKTUIECKH
ofecreurBaeT 3aBUCHMOCTS IIOPOTOBOrO 3HAYEHHS OT CyMMapHOrO KOJHYECTBA CUHTHIBAEMBIX
nociefoBareibHOCTeN JIoKyca. Hampumep, xors cpemuHHas riryOMHA cocTaBiager MeHee 50
(tabmuma 5), TryOMHA CEeKBEHHPOBAHHS OTHENBHBIX JIOKYCOB MOXET CHIBHO H3MEHATHCH H
ITOKPEITHE MOXET cocTaBaTs >100 pas.

BnoGaBok k ommOKaM CEKBEHHpOBaHHWs, IPYIMM HCTOYHHKOM OMIHOOK OyJer
BeIpaBHUBaHKME. UTOOBI ~ MMHHMM3MPOBAaTh JAaHHEIM THIN  OMHOOK, CYUTHIBAEMBIE
IIOCJIE/IOBATENbHOCTH, COJEPKAIKE MYTalMIO, 32aHOBO BEIPABHUBAIH ¢ peEepPEHCHEIM [€HOMOM,
IpAMEHAA NporpamMMmy Ui BelpaBHMBaHHA Bowtie (Langmead B u ap. Genome Biol 2009,
10:R25). Tombko CUMTHIBAGMBIC IOCIENOBATENHHOCTH, KOTOPHIE MOXHO GBLIO BEIPOBHSTH C
YHUKQIBHBIM TIOJIOKEHHEM B pedepeHcHOM reroMe ¢ nomomsio SOAP2 u Bowtie, mpumensamn
A1 IOCNEIYIOMEro aHamM3a MyTalud B IUIasMe. Takke MOXKHO NPUMEHSTEL JIpyTHE
KOMOHMHAIINM I1aKeTOB IPOTPaMMHOr0 OOECIeYeHHs /Uid BEIDABHMBAHHSA, OCHOBAHHBIC Ha
pa3sIMIHBIX AITOPHTMAX.

JUiss  TOro " 9TOGEI JONONHMTENPHO MHHHMH3UPOBaTh OMIMOKH CEKBEHHPOBAHHA H
BRIDABHMBaHWsS B (aKTHYECKMX pe3ylbTaTaX CEKBEHHPOBAHMS, MEl IPEMEHAIH JBa
JOTIONTHATENIBHEIX AINOpPUTMA (HIBTPanuH, YTOOBI ONPENENUTh IMOJIOKEHHS HYKICOTHIOB, B

KOTODBIX BBELIBHIIM OMHOHYKJIICOTHIHBIC BapHAIlMHA B CYUTEIBAEMBIX ITOCIIEZ0BATCIBHOCTIX: ( 1) >
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70% cYMTHIBaEMBIX IOCIEAOBATEIFHOCTEH, COMEPIKAIMUX MYTAI[MH, MOXKHO 3aHOBO BEIPOBHSATSH C
TaKOH e F€HOMHOM KoopIuHaToH, npuMeHsas Bowtie ¢ xauectBoM kaprupoBanus > Q20 (t.e.
BEpOSTHOCTh  HEMPABHILHOrO BhIpaBHMBaHHA <l %); (2) > 70% cumThIBaEMEI
IOCJICIOBATENLHOCTEH, CONEPKAIMUX MYTalluH, HaXOQWIHCh 3a TMpeAeilaMH 5 I.O0. OT 0OOMX
KOHIOB (T.. 5’- HM 3’-KOHIOB) CUYMTHIBAEMEBIX IOCIEAOBATENbHOCTEH. Takod NpHHIMI
GmwibTpamm  ycTaHOBHNHM, Tak Kak OIIMOKH CEKBEHHpOBAaHHS ObUIM 6o0Jee IIHPOKO
PacpoCTPaHEHH! B 000X KOHIIAX CUMTHIBAEMBIX I10CIIE0BATENEHOCTEH.

Mpe1 Taxke HecnenoBan $akTophl, BIMSIOIMHE Ha eTEKTUPOBAHUE OIyXOJH, 63 KaKoi-
mu6o wuHpopMamuH o TreHoMme omyxomu. OIWH Takoi mapaMeTp MpEACTaBIsUI cobOoif
¢paximonnyro koHneHTpammio JIHK omyxoneBoro IpoHCXOXAeHHMsS B IuIasme. JIaHHBIH
IIapaMeTp MOXXHO PaclleHUBATh KaK JPYroi mapaMeTp 30JI0TOrO CTaHJapTa, H €ro ONpPEAEIIHIN C
IETbI0 CPaBHEHHS C H3BECTHOM MH(OPMaIMel 0 FeHOME OITyXOJIH, Oy4eHHOH ¢ IIPUMEHEHHEM
GAAL. _

B rabnune 6 moka3aHbl BapHalluH HYKJIEOTHAOB, JETEKTUPOBAHHEIE B IIa3Me 10 H MOCIIE
negenust. [ina FKK1, 6e3 xakoii-m6o nHbOpMannu o reHOMe OIyXoiH, 06GHapyXHiIa Bcero 961
OIHOHYKJICOTHAHYIO Bapuanuio. Cpeld AaHHBIX BapHaliiii HYKJICOTHOB, JETEKTHPOBAHHEIX B
miasme, 828 mpencraBnsmm coboif CBA3aHHBIE C PaKoM MyTauud. llociie XHpPYpruueckoit
pesexnun I'KK cymMMmapHOE KONHYECTBO BapHanuii HyKJICOTHIOB YMEHBITMIOCH 10 43, u HA
OJHA U3 HHX HE ABJIANIACH CBA3aHHOU C paKOM MYTaIHEH.

Hns cpaBHenums, ¢paximoHHas KoHueHtpamus JJHK OmyxoleBoro HmpOHMCXOXIEHHS B
ofpasie mIasMbl JO ONEpAIMH COCTaBIsUIa 53%, M ee ONpeNeMIH ¢ MOMOINBIO H3BECTHOM
unopmanuu o rerome omyxomu. ¥ I'KK2, I'KK3 u I'KK4, 6e3 kaxoii-mu60 mEpOpMAnHH 0
TeHOMax OITyXOJIH, BEIBHJIM KOJIMYECTBA OJHOHYKICOTHAHBIX BapHAKi B IUIa3Me B IHAIa30HE
ot 27 no 32, nna -o6pa3u013 IUTa3Mbl 10 onepanuy. IlomydeHHBIe pe3ynbTaThl COOTBETCTBYIOT
MaTeMaTHIeCKOMY MPOrHO3MPOBAHHIO TOrO, 4YTO NpH NpHOIM3HTENbHO 20-KpaTHOM IiIyOHHE
CEKBEHHPOBAHHUS B IUIa3Me MOXHO OOHapy>XHMTh OYeHb HH3KHif NPOLEHT CBA3AHHBIX ¢ PaKOM
MyTaiuH, ¥ GONBIIMHCTBO BapHAlWi NOCICAOBATENPHOCTH, ACTEKTHPOBAHHbIX B IIa3Me, OBUIH
CIEACTBHEM OIMMOOK cekBeHHMpoBaHHA. [locie pesekuMH omyxonm He HabIOZATOCH
CYIIECTBEHHOTO H3MCHEHHS KOJMYECTBA NETEKTHPOBAHHEIX BapHallMii MociefoBaTeasHOCTH. C
LIeJIBIO CpaBHEHHMH, ppakiuornble KoHNeHTpanuy JTHK omyXoneBoro NpoucXoXAeHHS B IUIa3Me
HaXOJWINCE B uanasone oT 2,1% 10 5%, 1 ¥X BBIABHIM C IOMOIIBIO H3BECTHON MHGOpMAIHH

0 TEHOMax OIyXOJIEH.
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ITnasma o onepauun ITna3ma nocie onepamuu
Opaknu-
OHHas ®pakuuu-
KOHLIEHT- KonuyectBo | oHHas Konudecteo
CymMapHoe CymmapHoe
pauus NETEKTHPO- KOHIIEHT- JIETEKTHPO-
KOJIMYECTBO KOJIMYECTBO
JHK BaHHBIX pamus THK BaHHBIX
OJHOHYKJIEO- OIHOHYKJIEO-
OIyXxoJie- CBA3aHHBIX C | OIyXoJe- CBSI3aHHBIX C
THIIHBIX THHBIX
Boro | —— pakoM BOTO A paKom
TpOHUC- P MyTanmit TPOHCXOXK~ My Talui
Xoxze- JIeHUA
HUSA
I'’KK1 53% 961 828 0,4% 43 0
T'KK2 5% 32 0 0,6% 49 0
I'KK3 2,1% 29 0,2% 32 0
I'KK4 2,6%- 27 0 1,3% 35 1
IlanpenT
i ;f}‘l‘;i‘on 46% 1718 1502 0,2% 2 0
| (1 rpymm)

Tabmana 6. Bapuauun HyKI€OTHIOB, JETEKTHPOBAHHEIE B ILIa3M€.

2. © HeaeBoe o0oramenne 3K30HAMH
Brmne o6cyxnanock, 9YTo yBeNWYEeHHE INIyOHHBI CEKBEHHMPOBAHHS HHTEPECYIOMEit
00MacTH MOXKET IIOBBICHTH KaK YyBCTBHTENIBHOCTb, TaK M CIEHU()HIHOCTH ONpENeeHHS
CBS3aHHBIX C PaKoM MyTalMi B IIJJa3M€ H, CICJOBATEIHbHO, YBEIHIHTH JUCKPHMHHALMOHHYIO
MOIMHOCTE MEXJIy IAalMEeHTAMH C PAaKOBEIMH 3a00JIEBaHHSMH H HE CTPaJalOIIMMH DPaKoM
cyObexkTamMu. XOTs yBeNHWYCHHE IIyOHHBI CEKBEHHPOBAHHS BCETO I'€HOMAa BCE eIe OYeHb
JOpOroCTOsINee, OAHOH albTEPHATHBOH OynmeT oborammeHWe HEKOTOPHIMH (pparMeHTaMu It
CEKBCHHPOBaHHWA. B 0onHOM BapumaHTe peanu3allii MOXHO ISl CEKBEHHPOBAHHA MOXHO
IIPOBECTH HAMPABJICHHOE 00oraIeHne BEIOPaHHEIMH 3K30HAMM I (aKTHYECKH BCEM K30MOM.
JlaHHBIH IIOIXOA MOXET 3HAUMTENFHO YBEIMUYHTH IIyOMHY CEKBEHMPOBAaHMs IENeBOM 06lIacTH

6e3 yBeIMIeHUs] CYMMapHOI'O KOJMYECTBA CIUTHIBAEMEIX TIOCIE0BATENLHOCTEH.
bubmuorekn cexBenmpoBanus JIHK B mmasme nammeHtoB ¢ I'KK © manmenra,
CTPaJaOMero pakoM SHMYHHMKOB (M TIPyIH), 3aXBaTHIBAJIHM, NPHUMEHSS HAbOp I IENEBOro
oboramenus sk3omoM Agilent SureSelect All Exon. O6orameHHble 5K30HaMH OHOIHOTEKH
CCKBEHUPOBAHUS 3aTE€M CEKBEHHPOBAIM, IIPHMCEHAA cHcTeMy cekBermpoBaHHsa HiSeq 2000.
CauThIBaEMEIE IOCIEAOBATEIFHOCTH BEIPABHABAIH C peepeHCHBIM reHoMoM dernoseka (hgl$).
ITocre BhIpaBHMBaHKS aHAM3HPOBAIH HATHINE OJHOHYKICOTHIHBIX BapHALHil B CUATEHIBAEMBIX
[OCIENOBAaTENbHOCTAX, YHHKAILHO Ik30Hax. Jlnsa

KapTApOBAaHHBIX Ha OIIpCACICHUA

OTHOHYKJICOTHIHBIX Bapnaunﬁ B IUIa3M€ IIpH aHAIHU3€ 3aXBAa4CHHOI'O0 3K30Ma NPHMCHSIN
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JUHAMHYECKHE IOPOTOBBIE 3HAYSHMUS, II0Ka3aHHEIE B TabnuIe 2.

Ha ¢ur. 14A npexncraBnena tabmuma 1400, Ha KOTOpO# IOKa3aHO JETEKTHPOBAHHE
oxuonykneoTuauelx Bapuanui B JIHK w3 mmasmer I'KK1. Be3 kakoit-mibo undopmanuu o
reHOME OIIYXOJII/I‘ MBl BBIBHUIM B pe3yjbTaTaXx IeJIeBOrO CEKBEHHPOBaHHS Bcero 57
ONHOHYKJICOTHAHBIX BapHaluii B IUa3Me. llpu mociexyromei IpoBEpKE JOCTOBEPHOCTH
pe3yJIbTaTOB CEKBEHHPOBAHMSA, NONYYEHHBIX JUIS ONXOJIEBBIX TKaHeld, oOHapyXmwiH, 910 55
IPEACTABIIIOT CO00H MCTHHHEIE CBS3aHHBIE C OIyXOJdBI0 MyTanuH. Pamee obOcyxmaioch, 4To
¢paxnuonHas koHueHrtpanus JHK omyxosieBoro mpoOHCXOXIEHHS B IUIa3Me IO ONepalHy
coctaBisia 53%. Ilociie peseKuMHM OMYXOJNM B pe3yibTaTax IEJEBOrO CEKBEHMPOBAHHS,
IOMy49EHHBIX JUIA IUTa3Mbl, He OOHApYXWIM OJHOHYKICOTHAHBIX Bapuanuii. IloydeHHEIE
pe3yabTaThl YKa3hIBAIOT HA TO, YTO aHAIM3 KOJMYECTBA OAHOHYKICOTHAHBIX BapHaIHii B IUIa3Me
MOXHO IIPUMEHSTH JI1 MOHHTOPHMHTa IIPOTpPECCHpOBaHMS 3a00J€BaHHA Yy MAIHEHTOB C
PaKOBEIMH 3a00JI€BAHUSMH.

Ha ¢ur. 14B npencraBnena tabmuima 1450, Ha KOTOpO# MMOKa3aHO IETEKTHPOBAHHE
oxHoHyKeoTHAHEIX Bapuaiuid B JIHK u3 mmasmer 'KK2. Be3 kakoii-nmn6o wHbOpManmu o
TCHOME OIIYXOJM MBI BBIABHIM B pe3yibTaTax LEJIEBOrO CEKBEHHPOBaHHUS ILIa3MbI Bcero 18
ONHOHYKJICOTHIHBIX Bapuanuil. Bce naHHbIC MyTanud OBUIM JETEKTHPOBAHBEI B OIYXOJIEBHIX
TKaHiX. Pamee oOcyxparocs, 49ro ¢pakimonHas xonunentpamus JHK omyxonesoro
MIPOUCXO0XKICHHUS B IUIa3Me JI0 onepanuu cocrasisuia 5%. IToce pe3eKiny OmyXxod B IUIa3Me He
oOHapy UM OXHOHYKICOTHAHbIX Bapruanuii. ITo cpasuenuto ¢ 'KK1, y kotoporo ¢gpakiuuonHas
xoHueHTpanus JJHK omyxoneBoro npoucxoxzaeHus B miasme Opuia Beime, B cirydae [KK2 B
mrasMe OOHapyXHJIM MEHbIee KONHYECTBO OJHOHYKJICOTHOHBIX Bapuanui, I[loiydeHHble
pe3ynbTaThl HO3BOJIIIOT IIPEANIONIONKHUTE, YTO KOJMYECTBO OIHOHYKICOTHAHBIX BapHalUi B
I1asMe MOXHO DpPHMEHATh B KadecTBE IlapaMerpa, KOTOpBIA OTpaxkaeT (paKIHOHHYIO
koHneHTpanuio JIHK omyxoneBoro npoucxoxIaeHus B IIa3Me H, CIIEIOBATEIBHO, OILYX0JIEBYIO
Harpy3Ky Yy IalMeHTa, TaK Kak Ioka3amd, uro KoHmeHrpamua JIHK omyxonesoro
MIPOMCXOX/ICHUS B IIJIa3Me MOJIOXKHUTEILHO KOPpeIupoBaia ¢ omyxoieBoit Harpy3koi (Chan KC
u 1p. Clin Chem 2005; 51:2192-5).

Ha ¢wmr. 15A npencrasnena tabmuma 1500, Ha KOTOpOM HOKa3aHO AETEKTHPOBAHHE
omHoHykiIeoTHIHbIX Bapuauuii B JIHK m3 mmasmer 'KK3. Be3 xakoit-mu6o wmHpOpManuu o
T€HOME OIyXOJHM MBI He Halmojamu B pe3yibTaTax IeJIEBOI0 CEKBEHHPOBAHHSA KaKHX-JIHOO
OJTHOHYKJICOTHIHBIX BapHalluii B o0pasmax IUIa3Mbl Kak JI0, TaK M IIOCJe pe3eKiud. BeposaTHo,
3TO MOXET OBITH CIIEACTBHEM OTHOCHTEIHHO HU3KOH (ppakmroHHON KoHIeHTpamH (2,1%) JTHK
OIyXOJIEBOTO IPOMCXOXIEHHs B IUIa3M€ JaHHOTO manueHTa. lIpennonoxwnd, dro

AOIIOJIHUTCIIBHOC  YBCIHYCHHUC FJIYGI/IHBI CCKBCHHPOBAHU YIYYIIUT YYBCTBHATCIBHOCTH
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JCTCKTHPOBAHHS CBS3aHHBIX C pakoM MyTalii B CIydasX C HH3KOM (paknHOHHOM
koHnenTpanueil [THK omyxoneBoro mporcxoxaeHus.

Ha ¢wur. 15B npencraBiena tabmuna 1550, Ha KOTOpOH II0Ka3aHO JETEKTHPOBAHHE
onnoHykneoTuaHsX Bapuanmii B JIHK u3 mmasmer 'KK4. Be3 kakoii-nmubo mHpopMammm o
T€HOME OIYXOJI MBI BEIABHIIM B pE3y/IbTaTax IENEBOIO CEKBEHHPOBAHHA IUIa3MBI BCETO 3
OOHOHYKJICOTHIHEIE BapHanuu. Bce maHHBle MyTanuu ObUIM JETEKTHPOBAHEI B OMYXOJEBHIX
TkaHsX. Ilo cpasmenmio ¢ I'KK1 m I'KK2, y xotopsix ¢dpakuuonnsie komrentpanuu JHK
OITyXOJIEBOTO IPOUCXOXIEHHS B IIa3Me OpUTH BhIIE, B cixydae I'KK4, y xoToporo ¢ppaxunoHHas
KoHIeHTpauus omyxonesod JHK B mmasme cocraBmsuia 2,6%, oOHapyXuim MeHbIIEE
KOJIMYECTBO OJHOHYKIICOTHAHBIX BapHaluii B IUTasMe. IlomydeHHBIE pe3ynbTaThl MO3BOJLIOT
NPEIIOIOXHUTE, YTO KOIMYECTBO OJHOHYKJICOTHIHBIX BapHaIlHil B IJIa3Me MOXHO IPHMEHSTEH B
Ka4ecTBEe I1apaMeTpa, KOTOPhIH OTpakaeT (¢pakimoHHYy0 koHneHTpanmio JIHK omyxonesoro
IMPOKUCXO0XKICHHUA B IUIa3ME U OIyXOJIEBYIO HArpy3Ky y MalMeHTa.

Ha ¢ur. 16 mpexcranena tabmuna 1600, Ha KOTOpOH MOKa3aHO ETEKTHPOBAHHE
onHOHYKIeOTUAHBIX Bapuanuii B JIHK nmasmer mamueHTta ¢ pakoM SHYHHKOB (4 rpyzau). Bes
KaKoi-mu6o WMHGOPMalMH O TEHOME ONYXONM Mbl BHIABHIM B pE3y/bTaraX IIeJIEBOTO
CEKBECHUPOBAHUA IWIasMH Beero 64 ONHOHYKJICOTHIHBIE BapHanmuu. 59 w3 HuX ObUIHM
ACTeKTHPOBAHEI B TKAHAX omyxoJjel suanuka. [Ipeamonaraemas ¢hpakuuoHHas KOHIEHTPAHS B
miasme JTHK, npomcxozpsmeit u3 omyxonu smdHuKa, cocrasiuia 46%. Ilocne pesekiuu paka
SAMYHAKOB  OOHapy)KMJIM  CYImIECTBEHHOE  YMEHBIIEHHE  CYyMMapHOIO  KOJIMYECTBa
OQHOHYKJICOTHAHBIX BapHAIHi B IJIa3Me.

Bro6aBox Kk IpHMEHEHHIO CHCTEeMbI LeneBoro oGoramernus SureSelect (Agilent), Mbr
TaloKke NPUMEHSM CHCTeMy HeneBoro oboramenms Nimblegen SeqCap EZ Exome+UTR
(Roche) mia oboramenus mocnenOBaTeIbHOCTSIMH U3 3K30HOB I CEKBEHHpOBaHMI. CHCTeMa
Nimblegen SeqCap nmokprsIBaeT 5K30HHBIE 00IACTH TEHOMA, @ TAKXKe 5°- U 3’-HeTpaHCIHpyeMBIe
obsiacTH. AHaNH3MpOBaTH 0OpasLbl U3 IUTa3MEl YeThipex namuentoB ¢ TKK 1o nedenus, aByx
3I0POBBIX KOHTPOIBHBIX CyOBEKTOB H [BYX HOCHTENEHd XPOHMYECKOTO remaTuTa B, He
cTpajaromux pakom (tabmuna 7). B apyrux BapHaHTax peaiM3alui MOXKHO IIPUMEHSTH JAPYTHE
CHCTEMEI IIEJIEBOro O0OraleHus, BKIIO9ast, HO HE OrpaHMYUBAsCH CHCTEMAMM C XUIKO(pasHOM

W TBepAodazHoi rubpuausanuei.
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ITnasma mo nedeHus IIna3sma nocne JieueHus
Opaxion- | Konmgectso KonudectBo KonugectBo Konugectro
Hast BapHanuii BapHaLMii BapHaLMi BapUalui
KOHIIEHT- [I0CIe10BATENb- N0CTIEI0BATENb- TOCJIEI0BATE b TIOCIIEJ0BATENb-
pamus JJHK | HOCTH, HOCTH, KOTOpEIE HOCTH, HOCTH, KOTOpBi€
oIyXxole- JAETEKTHPOBAaHHBIX | IIEPEKPBHIBAIOTCH C | AETEKTUPOBAHHBIX | MEPEKPHIBAIOTCS C
BOTO B ILTa3Me, MYTalUsIMH, B IL1a3Me, MyTaIHsAMH,
NPOHCXOX- | YIOBJIETBOPSIO- JETEKTHPOBaH- YZAOBJIETBOPSIO- JIeTeKTHPOBaH-
JIeHHS B LIWX JUHAMH- HBIMH B i11:0.4 HBIMH B
IUIasMe, YECKHM COOTBETCTBYIO- JHHAMHYECKUM COOTBETCTBYIO-
NOTyYeHHass | IIOpPOTOBBIM IIeH OIMyXOJIEBOH | MOPOTOBHIM el OImyXxoNeBoi
IyTeM 3HAYEHUIM TKaHH 3Ha4YEeHUAM TKaHH
aHaIH3a
GAAL
I'KK1 53% 69 64 1 1
T'KK2 5% 51 47 3 0
I'KK3 2,1% 0 0 1 0
I'KK4 2,6% 8 7 0 0

Tabmna 7. Pe3ynbTaTsl ceKBeHHpOBaHUS 9K30Ma deThipex mamuenTos ¢ KK (I'KK1-4)
C IOpUMEHeHHEM cHCTeMBl HeneBoro oboramenus Nimblegen SeqCap EZ Exome+UTR mus
3axBaTa IOCJIENOBATEIbHOCTH. AHam3 cekBeHHpoBaHHA IUasMbl I'KK3 g0 nevenws Gwut
HEJIOCTATOYHO ONTHMAIBHBIM BCIIEACTBHE (oJiee BEICOKOTO MPONEHTA MyILTHIIMPOBAHHBIX IIPH
TP cunTRIBaEMBIX MTOCIIE0BATEILHOCTE.

Y IBYX HOCHTeNed XPOHMYECKOro remaTHTa B M JABYX 3J0POBBIX KOHTPOJBHBIX
CyOBeKTOB OOHAapyXMWIH OIHY HIH MEHee OJHOHYKICOTHIHBIX BapHaluii, KOTOpPBIE
YAOBJIETBOPSUIA AMHAMUYECKHMM IIOPOTOBBIM KpuTepsM (Tabmmna 8). Y Tpex u3 ueTsIpex
nanuenToB ¢ I'KK kommdecTBo Bapmamuii mocinefoBaTeNbHOCTH, JETEKTUPOBAHHEIX B ILIA3ME,
KOTODEIE YJOBJIETBOPSIH JHHAMHYECKOMY ITOPOrOBOMY TpeOOBAHHIO, COCTABILLIO IO MEHBIIEH
Mmepe 8. ¥V I'KK3 re 6suto nerexrupoBano OHB, xoTopble GBI yAOBIETBOPSUIH JUHAMHIECKOMY
IIOPOroBOMY 3HA9YCHHIO. B CEKBEHHPOBaHHEIX CUMTBHIBAEMEBIX MOCIEIOBATEIBHOCTAX JAHHOIO
o6pasna Habmonanocs NOBEINEHHOE COOTHOEHHE NYIUIMIUPOBAHHEIX Ipy ITL[P cuMTHIBaEMEBIX
[IOCJICAOBATETIBHOCTEH, YTO NIPHBOAMIO K MEHBIIEMY KOJNHMYECTBY HEXYIUIMIAPOBAHHBIX
CCKBCHHPOBAHHBIX CYMTHIBAEMBIX mocieaoBaTenbHocTedt. [locie xmpyprudeckoif peseKium

OIIyXO0JIx HaﬁJ'IIOI[aJIOCB 3aMCTHO€ YMCHBIICHHEC KOJIHYECTBA OHB, ACTCKTHPOBAHHBIX B IIIa3MeE.

KonungecTBo Bapuarmii
MOCIIEA0BATEILHOCTH,
JIETEKTHPOBAaHHBIX B ILIa3Me,
YZOBIIETBOPAIOIINX JHHAMHAYIECCKHAM
IIOPOrOBBIM 3HAYEHHIM

BI'B1 0
BI'B2 1
KonTpoisl 1
KonTpons2 |
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Tabmuma 8. Pe3ynbTaThl CEKBEHHpOBAaHHS 5K30Ma y 2 HOCHTENEH XPOHHYECKOTO
renatura B (BI'B1 u BI'B2) u 2 310pOBBIX KOHTPOJIBHBIX CyOBEKTOB (KOHTPOIH1 U KOHTPOIB2)
C NpUMEHeHHeM cHucTeMsl neneBoro oboramenus Nimblegen SeqCap EZ Exome+UTR mns

3axBara 1nmocacaoBaTrCJIbHOCTH.

XII. TETEPOT'EHHOCTB OIIYXOJIA

KomuuecTseHbH aHATH3 OJHOHYKJICOTHAHBIX MyTanui B OwWoiormueckoM oOpasie
(HampuMep, mIa3Me/CBIBOPOTKE) TaloKe IOJIE3eH I aHaM3a IeTEPOr€HHOCTH OMyXOJH, Kak
BHYTPHOIIYXOJE€BOH, TaK M  MEXOIYXOJIEBOH TIeTEPOreHHOCTH. BHyTpHomyXoJeBas
reTepPOreHHOCTh OTHOCHTCS K CYIIECTBOBAHHMIO HECKOJBKAX KJIOHOB OILYXOJIEBEIX KJICTOK BHYTPH
OJHOM M TOH X€ OIyXOJH. MexXommyxoyeBas reTepOreHHOCTh OTHOCHUTCS K CYIIECTBOBAHHUIO
HECKOJIFKMX KJIOHOB . OMYXONEBBIX KJIETOK B JIBYX HIH GOJee OIYXONIX OTHOTO M TOTO e
THCTOJOTHYECKOTO THIIA, HO MPHCYTCTBYIOMKUX B Pa3iMYHBIX JIoKamu3anusax (mbo B Tex ke
opranax, Jub0 B pa3siNMYHBIX opraHax). IIpm HEKOTOPBIX THIAX OIyXOJeH CyINeCTBOBAHHE
OITYXOJIEBOX IreTEPOreHHOCTH SBJAETCA IIOXHM IporHocrudeckuM mnoxasareneM (Yoon HH u
ap. J Clin Oncol 2012; 30: 3932-3938; Merlo LMF u np. Cancer Prev Res 2010; 3: 1388-1397).
IIpn HEeKOTOpHIX THIAX OMIyXoJieH 4eM OoJbIne CTENeHb OIYXOJEBOH TIeTEPOTeHHOCTH, TEM
BbIIE OyIeT BEpOATHOCTh IPOTPECCHPOBAHHS ONMYXOJHM MM Pa3BUTHS YCTONMYHBEIX KJIOHOB
[IOCJIC HAaNPaBJIEHHOTO JICUSHHUS.

XoTq mojaraioT, YTO pakoBhle 3a00lieBaHHS BO3HHKAIOT B Ppe3yJbTaTe KIOHAIBHOM
9KCIIAaHCHH OJHOM OIyXOJEBOH KJIETKH, POCT U pa3BUTHE paka OyaeT IPHBOAUTEH K HAKOILICHHIO
HOBBIX M Da3lMYHBIX MyTallMii B pa3JIMYHBIX YacTAX paka. Hampumep, korma y manmeHTa ¢
paxkoBBIM 3a00J€BaHMEM pPa3BHBAIOTCS METACTa3bl, B OMYXOJH, PACIOIOXEHHON B HCXOIHOM
oprase, ¥ B METAaCTaTH4ECKOH OIyXoyd OyAeT MHOMXECTBO OAMHAKOBEIX MyTanmif. Tem He
MEHEe, PaKOBBIC KICTKH M3 JIBYX JOKaIM3alHi Taxke OyAyT HECTH YHWKaIbHBIA Habop
MyTalMi, KOTOpbIE OTCYTCTBYIOT B JIPYrof JOKamu3aluu omyxoiu. OXHAAIOT, 9YTO MYTallHH,
KOTOPEIE OJJMHAKOBEI B JBYX JIOKQJIH3alHAX, OYAyT IPACYTCTBOBATH B OOJBIIHX KOHIICHTPAIIHSX,
9eM MYTalliH, KOTOpEIE HaOIIOJAF0TCA JIUINE B OJJHOM JIOKAJIH3AIHH OITyXOJIH.

A Ilpumep

MBI npoaHamH3HpOBaIN IIa3My KPOBH IAIMEHTa C ABYCTOPOHHHM PakoM SHYHHKOB K
pakoM MoOIO4YHOM JKene3pl. OO6€ ONyXxolH SWYHWKA MPEACTAaBISUM co0OH  Cepo3HYIO
aneHokapnuHOoMy. JleBas OpLia pasmepoM 6 cM m mpaBas Obuia pasMepoM 12 ¢cM B caMoM
JUIMHHOM HalpaBlIeHUH. Takke IpHUCYTCTBOBAJIO HECKOJIBKO METAcTa3 B TOJICTOM KHINEYHHKE H
canpHuke. JIHK, BbIIENICHHYIO M3 JIEHKOIHUTOB, CEKBEHHPOBAIM, NPHMEHSA IUIATHOpMY A

CCKBCHHpOBaHHMsA ITyTeM cHHTe3a oOT Illumina B cpemHeM ¢ 44-KpaTHBIM IIOKPHITHEM
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raluIOMTHOTO TeHoMa. JIOTIOMHUTENPHO aHATN3HPOBAIIM OMHOHYKICOTHIHBIC MyTalliH B IUTa3Me
JUIs TIOJIOXKEHHH HYKJIICOTHAOB, B KOTOPBIX IIPHCYTCTBOBaJa TOJBKO OJHA aJlUieNb, T.€.
TOMO3HTOTHAS aJUIeNb.

JHK Brimensim u3 deTblpeX pa3iM4HBIX JIOKAIM3anWi JIEBOH W IpaBoii omyxojeil u
CEKBEHHpPOBaIM, IpuUMEHAA IiardpopMy cekBeHHpoBaHusa Illumina. [IBe soxanm3aruu
(moxamu3anuu A u B) ObUIH M3 IpaBoif OIyXO0JH M ApYTHe IBe JIoKamM3anun (okamsanuu C 1
D) 6sum m3 neBoit omyxon. Jlokanmusamuu A ¥ B Haxoxummucs npubIM3UTENEHO B 4 CM IPYT OT
apyra. Paccrosame Mexay noxamusanusmu C u D Taxoke cocTaBIsuIo NpUOIH3HTENBHO 4 CM.
O6pasup! I1a3sMbl coOMpan M3 MANMEHTa [0 M IOCIe XHPYPrHYeCKOH pEe3eKIMH OImmyXone
su4gHKKa. 3ateM Beiaessid JIHK u3 mnasMel namuenra. [ryOHMHEI CEKBEHUPOBaHHS OIyXOJeH U3

nokanmsamuid A, B, C u D, a Takke 13 06pasioB mia3Mel HOKa3aHke! B TabuIe 9.

O6pazen KomuaecTBo Kommaecrso KpatHocTh
NEPBUYHBIX CUUTHIBAEMBIX MIOKPBITHS
CYHTBHIBAEMBIX IIOCTIEI0BATENLHOCTEH | rarIoOuJHOTO
MOCJIEI0BATEILHOCTEH reHoMa

IIpH CEKBEHHPOBAHUH

KonctutyTHBHAS

JIHK u3

JIEMKOUTAPHOK
IUICHKH 1091250072 876269922 43,81
Omnyxonb
IIPaBoOro
SHIHUKA 1374495256 1067277229 53,36
Onyxoib
IIpaBoro
SMYHAKA 934518588 803007464 40,15
Omnyxoib eBoro
SUYHUKA
(smoxaym3zanus C) 1313051122 1036643946 51,83
Onyxons JIeBOro
SUYHUKA
(;oxanu3amus 1159091833 974823207 48,74
O6b6pazen
IIJIa3MEl,
coOpaHHBIi 10
XHPYPrHIECKOTO
BMEIIATE/IECTBA 988697457 741982535 37,10
Obpasen
IIJ1a3MBL,
coOpaHHBIH
nocie

XHpPYPrUYeCcKOro
BMEINATEILCTBRA 957295879 564623127 28,23

Tab6muna 9. I'irybuHa cekBeHMpOBaHus OImyXoJieil u3 Jokammsanuit A, B, C u D.
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B o1mamHOM npumepe AN JCTEKTHPOBAaHHA OJHON CBSA3aHHOM C  OIYXOJBIO
OJHOHYKJICOTHJIHOM MYTallUd IOJIOXKEHHE HYKJIEOTHAa CEKBEHHPOBAIM IO MeHbmeEH mepe 20
pa3 B omyxojeBoi TkaHd U 30 pa3 B xoHcTuTyTHBHOM JIHK. B npyrux BapuaHTax peaituzanyu
MOXHO IPAMEHATH JIpyrHe INTyOHHBI CEKBEHHPOBaHU, Hampumep, 35, 40, 45, 50, 60, 70, 80, 90,
100 u >100 pa3. CHmwkeHHE CTOMMOCTH CEKBEHHPOBaHHS IIO3BOJIMT C ropasno Oonbmiei
TOTOBHOCTBIO OCYINECTBJIATH CEKBEHHPOBaHHE ¢ Ooxnpmieii riaybmnoit. Ilonoxenue HyweoTraa
romo3urotHo B KoHctuTyTuBHOH JIHK, Torna xak B omyxoseBoif TkaHuM Habmromaercs 3ameHa
HyKineoTua. Kpurepuit BcTpedaeMOCTH 3aMEHBI HYKJICOTH/IA B OITYXOJIEBON TKaHM 3aBHUCHUT OT
CyMMapHO# ITTyOMHBI CE€KBEHMPOBAaHMS KOHKPETHOTO IIOJIOKEHHS HYKIEOTHIA B OILYyXOJIEBOM
TKaHH. g 20- — 30-xpaTHOro NHOKpPHITHS HYKJIECOTHIA BCTPEYACMOCTh 3aMEHBI HYKJICOTHAA
(moporoBoe 3Ha4YeHHE) COCTABUT ITO MeHbMEH Mepe mAaTh pas. s 31- — 50-kpaTHOrO MOKPHITHA
BCTPEYAaEMOCTh 3aMEHBI HYKJICOTHJa COCTaBHT IO MeHbIned Mepe mecThb pa3. g 51- — 70-
KpaTHOTO ITOKPHITHS HEoOXoauMass BCTPEYaeMOCTh COCTaBHT II0 MeHbINEH Mepe ceMb pas.
JlaHHBIE KpUTEPUH NOJIyYECHBI B pe3yJIbTaTe MPOrHO3UPOBAHUSA ¢ MPUMEHEHHUEM ITyaCCOHOBCKOTO
pacnpeneNieHuss YyBCTBHTEIHHOCTH JETCKTHPOBAaHWS HCTHHHBIX MYyTaldii H OXHAAEMOTO
KOJIMYECTBA JOXKHOIOJIOXKUATENBHEIX JIOKYCOB.

Ha ¢ur. 17 npencrasnena tabmuna 1700, Ha KOTOpO# MOKa3aHEI NMPOrHO3HpPYEMEBIE
YyBCTBUTENBHOCTH pa3HYHBIX TPeOOBaHHH BCTPEUaeMOCTH M TIIIYOHH CEKBEHHPOBAHHS.
YyBCTBHTENBHOCTS OYZET COOTBETCTBOBATh KOJMHYECTBY HCTHHHBIX MyTalluif, J€TEKTHPOBAHHBIX
IIpY KOHKPETHOH ITyOMHE MOKPHITHSA C IPAMEHEHHEM KOHKPETHOrO ITOPOroBOro 3HavYeHus. Yem
BBINIE I'TyOMHA CEKBEHHpOBAaHHUA, TeM ¢ OonbInmell BEpOATHOCTHIO OOHApYXKAT MYTAIMIO IS
JAHHOTO IIOPOTOBOTO 3HAYCHHSA, TaK Kak OyzeT moiydeHo OOJbIne CYATHIBACMBIX
nocnez:omrensnoc&eﬁ ¢ mytanued. [ Gonee BBICOKHX ITOPOTOBBIX 3HAYCHHUM BEPOATHOCTH
o6GHapy»uTh MyTanuio OyAeT MeHbIIE, IOCKOJIBKY KpUTepHi OyaeT Gojiee CTpOruM.

Ha ¢ur. 18 mpexncrasmena tabmmma 1800, Ha XOTOpo# mOKa3aHHI MPOTHO3HPYEMEBIE
KOJIMYECTBA JIOKHOIOJNOXHUTEIBHEIX JIOKYCOB JUIS Ppa3IMYHBIX IIOPOTOBEIX 3HAYEHHH W
pasmMYHBIX TITMyOHH CEKBEHHpOBaHUS. KOIMYECTBO JIOXHOIIOJNOXHTENBHEIX pPe3yJIbTaToB
BO3paCTaeT C YBENHUYCHHEM TTyOHHBI CEKBEHHMPOBAHHA, TaK KaK OCYIIECTBILIOT GOIBIIE
CUMTBIBAEMEIX IIOCIIEIOBaTeNbHOCTEH. TeM He MeHee, A1 IOPOroBOro 3Ha4eHUs, PaBHOTO IISTH
uny 6oiee, He NMPOTHO3MPYETCS MONY9IECHHE JIOKHOIOIOXHUTEIEHEIX pPE3YIBTATOB, AAXKE IIPH
rIyOMHE CeKBEHHPOBAaHHU:, cocTaBismomei 70 pas. B apyrux BapHaHTax peaTu3alHH MOXHO
IIPUMCHATh pa3IW4Hble KPUTEPHH BCTPEYaeMOCTH, 9TOOBI JOOWTHCS  JKeJIaTeNbHOMN
JyBCTBHTEIBHOCTH ¥ CIIENU(PHIHOCTH.

Ha ¢wur. 19 noka3ana zapeBoBHIHAs [guarpaMma, WLIIOCTPHPYIOmAs KOJHYECTBO

MyTanuii, JeTEKTHPOBAHHBIX B Pa3NMYHBIX JOKATIW3AUMAX OIyXOJW. MyTamuu OIpeneisuIn
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IIyTEM HEIOCPEACTBEHHOIO CEKBEHHpOBAaHHA omyxoiieii. B nokammsamuu A obmapyxumm 71
MYyTaIuo, KoTopas crenudpuyana s JaHHOH OIyXOJH, a B JOKam3anua B oOHapyxunm 122
crienuUYIHbIE JUIA JAHHOM JIOKATH3alluy MyTaIllH, JaXe C YIETOM TOro, YTO OHH HaXOIMJIHCH
Ha paccTosHHM Bcero 4 cM gpyr ot apyra. 10 Mmyrammit HaOmomanw OJHOBPEMEHHO B
noxamusaiugax A ¥ B. B noxammzamuu C o6Hapyxwm 168 MyTammii, KOTOpbIe CEMUIIHEI I
JaHHOH ONmyXoiHM, a B Jokamu3anud D o6Hapyxwm 248 coenuuYHBIX JUIS JaHHOU
JOKaJIM3alMK MyTallui, Jake ¢ y9E€TOM TOro, YTO OHH HAaXOJHMINCHh Ha PaCCTOSIHUHU BCEro 4 cM
Apyr oT Apyra. 12 myTanuit Habmonama ogHoBpeMeHHO B sokamusanusax C u D. O6rapyxumm
CYINECTBEHHYIO TI'€TE€pPOr€HHOCTh B MYTAIlHOHHBIX HPOQMIAX IS PasIWYHBIX JIOKATH3AIMi
omyxomd. Hanpumep, 248 myrarnuii OUIH AETEKTHPOBAaHB! TOJIBKO B JIOKAJH3anuy omyxoiu D,
HO HE JETEKTHPOBaHBI B JPYTHX TpeX JIOKAIM3AMUAX OMyXoiu. Bcero ObUIO JETEKTHPOBaHO
2129 myranmii Bo Bcex JIOKaM3anusax. TakuM o6pa3oM, MHOTMEe MyTalnuu ObLTH OZHHAKOBHI B
pa3IMYHBIX ONyXoiiX. TakuM obpasoMm, Gpulo Bcero cemp rpymn OHB. He nabmopmanocsk
pa3H4mii cpesii TaHHBIX YeTHIpeX obacTeil B OTHOINCHUH BapHalMi YHCIa KOIHH.

Ha ¢ur. 20 npencrabnena taGmuma 2000, Ha KOTOpOM IIOKA3aHO KOJIHMYECTBO
¢dparMeHTOB, HECYIIMX MYTallHH OIYXOJIEBOTO IPOUCXOXICHHS, B 00pasIle mIasMbl 0 JCICHUS
H mocie JedeHus. Taioke ImokasaHbl BBIABIEHHBIE (paknuoHHBIe KoHIeHTpamun JHK
OITyXOJIEBOTO IPOHCXOXJICHMS, Hecymed COOTBETCTBYIOIMHE MyTauuu. Karteropus Myraium
OTHOCUTCA K JIOKaIM3anuu(siIM) OIYXONH, B KOTOpOH OOHapyXHIH JaHHYI0 MYTAaIIHIO.
Hampumep, xareropus Myrammp A OTHOCHTCS K MYTalU, NIPHCYTCTBYIOIIEH TOJNBKO B
JoKamm3amum A, Toraa Kkak kareropms Myrtamud ABCD oTHOcHTCS Kk MyTanmwy,
IIPUCYTCTBYIOIIEH BO BCEX YETHIPEX JIOKATH3AIMAX OIyXOJIH.

W3 2129 myTanuit, KOTOpEIE HPUCYTCTBOBAIH BO BCEX YETHIPEX JOKAIH3AUAX OIMYXOJIH,
2105 (98,9%) 6pUIM AeTEKTHPOBAHEI B IO MeHbIIEi Mepe onHoM ¢parMente JIHK B miasme. C
Ipyroil ctopoHsl, u3 609 Myranuii, KOTOpble IPHUCYTCTBOBAIM TOJHKO B OXHOM M3 YETBIPEX
Joxkanmm3anui omyxomu, yums 77 (12,6%) 6bUIM AeTEKTHPOBaHBI B IO MEHBINEH MEpe OHOM
¢parmerre JHK B mimasme. ClienoBaTebHO, KOMMYECTBEHHBIM aHATH3 OJHOHYKIEOTHIHBIX
MyTalluii B IUIa3M€ MOXXHO IPHMEHATH JUIS BBIABICHHS OTHOCHTENBHOH PacIpOCTPaHEHHOCTH
JaHHBIX MyTallMid B ONyXOJeBBIX TKaHAX. JlaHHas wmHpopMmamms Oyner monesHa It
HCCIIEIOBAHUS Te€TEPOTeHHOCTH paka. B aHHOM npuMepe BapHalHIO CUYMTANH HOTEHIUAILHOM
MyTamnuei, ecim ee Ha0mo/laId B pe3y/ibTaTaX CEKBEHHPOBAaHHS XOTs OBl OTUH pas.

Bryrpu kaxpoit rpynmnsl OHB  ompenemsim  ppakuuMOHHBIE — KOHIEHTPAIHH
mupKyupyomei omyxonesoit IHK. @paknnonnsie konneHTpanun omyxonesoi JIHK B mrasme
0 XHAPYPIMYeCKOrO0 BMEINATENbCTBA M IOCIE XHPYPrHYeCKOro BMEINATENbCTBa, KOTOPHIE

onpeznersum no OHB, npucyrcTByromum Bo Beex 4 obnactax (t.e. rpynna ABCD), cocrassimu
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46% u 0,18%, cooTBeTCTBEHHO. J[aHHbIE NPOIEHTHHIE COOTHOMEHHS XOPOIIO KOPPEIMPOBAIH C
TaKOBBIMH, NOXy4eHHbIMU npu aHamm3e GAAL: 46% u 0,66%. Myraruu, IpACyTCTBYIOIUE BO
Bcex 4 obmactax (t.e. rpynna ABCD), BHOcmm Hamboneumii ¢pakuuoHHBIH BKiax B JIHK
OITyXOJIEBOTO IIPOMCXOXKIACHHS B IIIa3Me.

Opaknuonnsle koHNeHTpauun JIHK omyxoneBoro mNpoHCXOXIACHHA B IUla3Me [0
onepanuu, kotopsie ompenensmi no OHB u3 rpynmn AB m CD, cocraBmsum 9,5% u 1,1%,
COOTBETCTBEHHO. JlaHHBIE KOHIIEHTpAllUd COOTBETCTBOBAIM OTHOCHTENBHEIM pa3Mepam
onyxoJjieli mpaBoro H JieBoro su49HHKOB. Dpakmmonnsie xoHneHTpammu JIHK omyxonesoro
MPOUCXOXKICHHS, KOTOPHIE ONpeAe/LUTH II0 YHHKAIBHBIM Juis omHoit obmactu OHB (t.e. u3
rpymn A, B, C u D), xak npasmino, Oputm Hu3KAMH. [lomydeHHBIE pe3yibTaThl MO3BOJLAIOT
IIPEATIONOXKHTE, ITO I TOYHOI'O M3MEPEHHS CyMMapHOH OIyXo0JIeBOH Harpy3kHd y MaIMeHTa C
paxoBbM 3a00J€BaHHEM NPHMEHEHHE MOJHOTEHOMHOTO MOAXOAa “BEICTpeNa M3 Ap0GOBOro
PYXBbs” O3BOJISET MTOMYYUTH GoJiee THIIHYHYIO KapTHUHY 110 CpaBHEHHUIO ¢ HoJiee TpaJUuIHOHHBIM
IIOJTXOIOM HaIleTMBaHUs Ha OIpe/Ie/ICHHBIE CBA3aHHBIE C OIIyXOJbI0 MyTallui. B nmocnenaem u3
YIIOMSHYTHIX IIOJXOJOB, €CJIM JMIIb Yy HOAMHOXECTBA OITyXOJIEBBIX KJIETOK €CTh IIE€TEBHIC
MyTallii, TO MOXHO YIIyCTHTh BaXXHYIO HH(GOpPMALHUIO B OTHOIIEHHH YTPOXAIOUIETO PEIUINBa
WM IPOTPECCHPOBaHMs 3a00JICBaHUs, BEI3BAHHOI'O OITYXOJICBEIMH KJIETKaMH, HE COIEpIKaluMHU
LEeJIEBEIE My'raunn,‘ WA MOXKHO YIIYCTHTHh BOSHUKHOBEHHE YCTOWYHBOIO K JIEYEHHUIO KJIOHA.

Ha ¢wur. 21 mpencraBnena guarpamma 2100, Ha KOTOpO# IOKa3aHBI pacHpeeleHus
BCTPEYAEMOCTH B IUIa3M€ MYyTaluii, AETEKTHPOBAHHHIX B OJHOM JIOKAIM3aLMH OIyXOIH, H
MyTalui, NEeTEeKTHPOBaHHBIX BO BCEX YeThIpeX JOKamM3anusax omyxom. Ha crombuaroit
quarpavMme 2100 nokazaHbl pe3ynbTaThl A ABYX THHOB Myramumi: (1) Myrauumi,
JIeTEKTHPOBAHHEIX JIHIIs B ONHOM JOKATM3aIMH, H (2) MyTaluii, JETEKTHPOBAHHEIX BO BCEX
YeThIpeX JIOKaMM3alusaxX omyxoiu. Ha ropH3oHTaNbHON OCH IIPEJICTABICHO KOJNHYECTBO pas,
KOTOpO€ MyTallds JeTEKTHPOBaHa B ImasMe. Ha BepTHKaIBHOM OCH MOKa3aH IPOIEHT MyTallui,
KOTOpBIE COOTBETCTBYIOT KOHKPETHOMY 3HAueHHI0 Ha TOpH30HTaIbHOH ocH. Hampuwmep,
npubmsurensro 88% Myramuit Tuna (1) BCTPETHIHMCh B IUTa3Me€ JIMMIb OJUH pa3. MoxHO
BHUIETHh, 4YTO MyTallMM, KOTOphIE BCTPETWIMCh B OJHOH JIOKamu3alHM, OOHapyKHBaIH
IPEUMYIIECTBEHHO OJMH pa3, U He Ooyee deThpex pa3. Myranuu, IpUCYTCTBYIOINHME TOJBKO B
OJHOM JOKIM3aI[MH OITyXOJH, OOHApyXHWBaIACH B IUIa3Me ropasfio pexe IO CPaBHEHHIO C
MYTaIAsSIMH, IPACYTCTBYIOIUMHY BO BCEX YETBIPEX JIOKATH3ALHMIX OITyXOJIH.

OmHO W3 NMpPUMEHEHHH NaHHOTrO cnocoba COCTOMT B TOM, YTO IPAaKTHUKYIOMME Bpaydd
IOJTyJarOT BO3MOXHOCTh OLICHHTh MAacCy OIYXOJIEBBIX KIIETOK, HECYIIMX DPa3IMYHBEIE KJIACCHI
MyTtanui. YacTs JaHHBIX MyTalMid IOTEHIMAIFHO MOXHO OyAeT KOMIIEHCHPOBATh IEJIEBBIMHU

arCHTaMHu. O)I(HlIaIOT, YTO arcHTEI, HAIICJICHHBIC HA MyTalliH, KOTOPBIC COACPIKATCA B 6onbmem
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KOJIHYECTBE OIYXOJEBBIX KIETOK, Oyayr oOmajgaTte SpKO BEIPaXXEHHBIM TEPAleBTHYECKUM
JCHCTBHEM.

Ha ¢ur. 22 npencraenena muarpamma 2200, Ha KOTOpO# IOKA3aHO MPOrHO3MPYEMOE
pacipezneNeHHe BCTPe4aeMOCTH B I/Ia3Me MyTallHH, IPOHCXOAAIINX OT 'ETEPOreHHOM OIMyXOJIH.
VYKasaHHas OIyX0Jb BKIIOYAET ABe Ipymmbl MyTanuit. OmHa rpynna MyTaluil IpHCYTCTBYET BO
BCEX OIIyXOJIEBHIX KJIETKaX, a Apyras Ipynna MyTalMid IPHCYTCTBYET JIAIIb B Y4 OMyXOJIEBEIX
KJIETOK, Ha OCHOBaHMH NPHOIMDKEHHS, YTO JBE JIOKAIHM3AINH IPEICTABIIIOT OIMYXOJIH KaXIOro
snunnka. CymmapHyro ¢paxuuonHyio xonrenrtpanuio JIHK omyxoneBoro mpoucxoxicHHS B
miasMe IIpuEMMan paBHO#i 40%. Ilpeamonoxwinm, yro obGpaser miIa3Mbl CEKBEHHPOBAIH CO
cpenHel rJIy614H017i 50 pa3 Ha moyoxeHue Hykineotuaa. CoriacHO JaHHOMY IIPOTHO3HPYEMOMY
pacupesieIeHHI0 BCTPEYAaEMOCTH B IUIa3Me, MyTalWH, KOTOphIE IPHCYTCTBOBAJIM BO BCeX
OITyXOJIEBBIX TKaHAX, MOXHO OBLIO OTIMYHTE OT MyTallHi, NPUCYTCTBYIOMIMX JIMIIL B Y4
OITyXOJIEBHIX KJIETOK II0 MX BCTPEYaeMOCTH B IUa3Me. Hampumep, B KauecTBe IOPOrOBOTIO
3HA9YCHHA MOXHO IPHMEHATh BCTpedaeMocTh 6 pa3. [lig MyTanuii, IPUCYTCTBYIOIIMX BO BCEX
OIlyXOJIEBBIX KIETKaX, 92,3% MyTanuii GyeT OpHCYTCTBOBATh B IUTa3Me IO MeHbIIEH Mepe 6
pa3. Hanporus, uis MyTamnmii, KOTOpbIe IPUCYTCTBYIOT B ¥4 OIyXOJEBBIX KIETOK, nuuib 12,4%
MyTanuii Oy/leT IpHCYTCTBOBATH B IUIa3Me II0 MEHBINEH Mepe 6 pas.

Ha ¢ur. 23 mnpencrasnena Ttabmuua 2300, memoHCTpHpyomas croena(uIHOCTD
BapHaHTOB pealu3anud IS 16 30pOBBIX KOHTPONBHBIX CyOBekToB. OOpasmel mx JHK u3
IJa3Mbl CEKBEHUPOBAIU CO CpeAMHHBIM ITOKphITHEM 30 pa3. OcymecTBISUIM AETEKTUPOBAHUE
MyTalluii, KOTOphIe IPHCYTCTBOBAIM B IUIa3ME OIMCAHHOI'O BBIIIE ITAI[HEHTA C PaKOM SHYHUKOB,
B oOpa3max IUIa3Mbl JAHHBIX 37I0pPOBBIX CYOBEKTOB. MyTaluu, NPHCYTCTBYIOIIHE B OLYXOJIH
IAlMEHTa C PakoM SIMYHHUKOB, OYEHb PEIKO OOHApY)XHBAJM B pe3yJbTaTaX CEKBEHHPOBAHHUS
IUIa3MBI 3/[0POBBIX KOHTPOJBHBIX CyOBEKTOB, H HHA OJJHAa U3 KaTETOPUi MyTalliii He BCTpedanach
¢ dpakunoHHOU KOHIeHTparueii >1%. [Toy4eHHsle pe3yIbTaThl IIOKA3aIH, YTO JaHHEIH C110co6
JETEKTHPOBAHUS BBICOKO CIIEIM(HIEH.

B. Cnocob

Ha ¢wur. 24 npeacrasnena 6irok-cxema crmocoba 2400 aHann3a reTepOreHHOCTH OJHOM
wIH Golee Omyxoyelt CyGBEeKTa COITACHO BAPHAHTAM PEANM3AMH HACTOSIIETO H305pETCHHS.
Hexoroprie sransi cioco6a 2400 MOXXHO OCYIIECTBHTH, KaK OIACAHO B JAHHOM 3asiBKE.

B 610kxe 2410 momydanrn KOHCTHTYTHBHEIM reHOM cyObexta. B Gnoke 2420 momydanu
OJMH Wi 607ee MapKepoB IOCIEA0BATENFHOCTH IS KaXI0ro U3 MHOXKecTBa pparmentoB JTHK
B OmonormueckoM oOpasnme cyOwnekra, mpu 3ToM Omonormyeckmiit ofpasenm cozepikai
BHekaIeTounylo JIHK. B 6moxe 2430 ompemersuri IONOXKEHHA B TIE€HOME MapKepoB

nociefoBaTeIbHOCTH. B Onoke 2440 Mapkepsl IIOCIENOBATENHHOCTH CpaBHHMBAM C



76

KOHCTUTYTHBHEIM TI€HOMOM, YTOOBI ONpENEIHTh IEPBOE KOJIMYECTBO IEPBBIX JIOKYCOB. B
KaXJZIOM H3 IIEPBBIX JIOKyCOB KOJHMYECTBO MAapKepOB IIOCJIENOBAaTEIbHOCTH C BapHAHTHOM
IIOCJIE0BATEILHOCTEIO OTHOCHTENFHO KOHCTUTYTHBHOTO I'€HOMa OBUIO BBIE IOPOTOBOTO
3Ha4YEHHs, TJie HOPOTrOBOE 3HaYECHHE OOJIBIIE €AUHUIIBL

B Gnoxe 2450 paccuuThIBaNMM MEphHl IeTEPOTreHHOCTH OZHOM HMim 0Gojee omyxolnei Ha
OCHOBaHHMH COOTBETCTBYIOIIMX IIEPBBIX KOJIMYECTB M3 HabOpa MEepBHIX MOJIOKEHHH B reHome. B
OHOM AacIleKTe, yKa3aHHbIC MEphl MOTyT JaTh 3HadeHHe, KOTOpOoe MNPEICTaBIseT coboit
KOJIMYECTBO MyTalliil, KOTOpbIE OJUHAKOBEI CpElH OIyXOJei, II0 CPaBHEHHUIO C KONHYECTBOM
MyTalldii, KOTOphlE OTIMYAIOTCA CpEeld ONyXxojeH. 31ech pasiH4YHBIE OIIYXOJIH MOTYT
CYIIECTBOBATh KAaK OJMH OOBEKT, C Pa3IMYHBIMH OIyXOJIIMH BHYTPH O0BEKTa, KOTOPHIE MOTYT
IpeACTaBIATh €000 TO, YTO OOBMHO HA3HIBAIOT BHYTPHOIIYXOJEBOH TI€TEPOTE€HHOCTHIO.
VYka3aHHad Mepa TaK)Ke MOXET OTHOCHTBHCA K TOMY, IIPUCYTCTBYIOT JTH MYTAIlH¥ B OJHOH WK
HECKOJIBKHX OITyXOJISIX, HIM MYTalli¥ IIPUCYTCTBYIOT BO MHOTHX HJIH B GOJBIMMHCTBE OILyXOJIEH.
MoxHo paccunTath 60JIee 4eM OHY MEpY reTepOreHHOCTH.

B 6moke 2460 Mepy reTeporeHHOCTH MOXHO CPaBHHTH C IOPOTOBBIM 3HAYEHHEM, YTOOHI
OIIpeZIeNIUTh KITacCH(PHKAIMIO YPOBHSA rereporeHHocT. OnHy Wik 6ojiee Mep MOXHO IPAMEHSTE
pasma4uHbEIME criocoOamu. Hampumep, ogHy wiu 6ojiee Mep reTepOreHHOCTH MOXHO [IPUMEHSATH
JULA IIPOTHO3MPOBAHUSA BEPOSATHOCTH IIPOrPECCHPOBAHUA OMyXOJNH. YeM BEHIIE IeTepOreHHOCTH
HEKOTOPEIX OITyXOJeH, TEM BBHIIIE BEPOSTHOCTD, YTO OHH OYAyT IIpOrpecCHpOBaTh, X TEM BHIIIE
BEPOATHOCTh BO3HHKHOBEHMS yCTOHYHMBOIO KJIOHA HOCIE JICYCHHA (HAalpHMep, HapaBIeHHOrO
JICYCHHSA).

C. Mepuvi zemepozennocmu onyxonu

OnauM npEMEpOM MEpBI I'€TEPOT€HHOCTH SBJISETCS KOJIHYECTBO ‘30H KOHIIEHTpAI[Hii’
PAsIMUHBIX TPYII MyTaldii B ILIasMe. Hanpumep, ecim y mnmanuenta mpeobnamaer aBa
OITyXOJIEBHIX KJIOHA H €CJIH JaHHbIE KJIOHBI IIPHCYTCTBYIOT B Pa3IMYHBIX KOHIICHTPAIUSAX, TO MBI
OyZleM 0XWOaTh YBUIETH JBE Pa3IAYHbIE MYTAIMH C Pa3IMYHEIMHM KOHIIEHTPAI[HSIMH B ILIa3zMe.
JlaHHBIE pa3NUYHBIE 3HA4€HHS MOXKHO BBIYHCIHTH OyTEM ONpeAeieHHd (paKIHOHHON
KOHIIEHTpallMy AJI pa3iIMIHbIX HaOOpOB MyTaIuii, IJie KaXAbIi Habop COOTBETCTBYET OJQHOM H3
OITyXoJeH.

Kaxayro M3 [MaHHBIX KOHIEHTpalldi MOXXHO Ha3BaTh ‘30HOM KOHIIEHTPAIUH HIIH
‘kIaccoM KoHIeHTpanmn’'. Ecmm y mamweHTa HpUCYTCTBYeT OONBIIE KJIOHOB, TO OyZeT
HabmoxnaTbes OonbIe 30H/KIAcCOB KOHIEHTpamwH. Takum oOpasoM, deM Goiblme 30H, TEM
BBIIIE T€TEPOreHHOCTh. KOIMYeCTBO 30H KOHIEHTPAIMH MOXKHO HaOJFOAaTh IPH HAaHECEHHH Ha
rpapuk (paKkIMOHHBIX KOHIIGHTpalMi Ui pasiM4YHbIX MyTanmif. MOXHO IOCTPOHTH

THCTOIrpaMMy pa3INYHBIX KOHHCHI‘paIII/Iﬁ, I'ZI€ pPa3sIM4YHBIC IIHKH COOTBETCTBYIOT DPa3IM4YHBIM
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OITyXOJIAM (MJIH pa3/IMdHBIM KJIOHAM OJHOH omyxosn). Y MyTammii, KOTOpble OQUHAKOBE! y BCEX
HJIH HEKOTOPBHIX OIyXOjeH (MIM KIOHOB OIyXOJNH), BepoATHO Oyxer Gonpmmii nuk. J{aHHEBIE
OMKH MOXHO IIPOaHAIM3HPOBATh, YTOOEI ONpPENENNTh, KAaKHEe MEHBINME IHKHA OOBCIUHEHEI C
HONMy4eHHeM OonpIIero mnHMKa. MOXHO TpPHMEHATh NPONEAYpY HOATOHKH, HaIpHMED,
AHAJIOTHYHYIO NpoLeAype NoAronku Ha ¢ur. 10B i 11.

B omHOM BapnaHTe peaM3alliy THCTOrpaMMa IpeacTaBiseT coboit rpaduk, Ha KOTOPOM
OCh y MPEACTABIAET COOOH KOMMYECTBO (HAIIPUMED, YHCIIO WIH MPOMOPIHIO) JOKYCOB H OCh X
OpencTaBiser coboi (pakIHOHHYI0 KOHIEGHTpanuio. MyTamus, KOTOpEIE OJWHAKOBHI Y BCEX
HIIA HEKOTOPBIX OIyXOJeM, JaxyT 60oee BEICOKYIO (paKIMOHHYIO KOHIEHTpaluuo. Pasmep muxa
OyZer NpeACTaBNATE KOJIHYECTBO JIOKYCOB, KOTOpHlE HAIOT ONpPEACTICHHYIO (PaKIHOHHYIO
KOHIEHTpaui0. OTHOCHTENIBHEIA pa3sMep MHKOB IIPH HHU3KOH M BBICOKOM KOHIEHTpauyu Oymer
OTpaXkaThb CTENE€Hb IE€TEPOTCHHOCTH OMyXoleHd (MM KIOHOB OMyXonu). Bompmmii mux mnpu
BBICOKOM KOHIIEHTPAllMH OTPaXaeT, 9T0 GONBIIMHCTBO MyTalMil OJMHAKOBEI B GOJBINMMHCTBE
HIA BO BCEX ONYXONAX (WIHM KJIOHaX OIYXOJNH), H CBHAETEILCTBYET O MEHBINEH CTENEHH
TeTEPOreHHOCTH OIyXOiH. Eciu muk npu Hu3Ko#M KOHIEHTpamuu OoJbime, TO GONBITHHCTBO
MyTalui OMMHAKOBEI B HECKOJIBKHMX OITYXOJAX (MJIH B HECKOJBKHX KJIOHAX OMyXoJH). 1o Gyaer
CBHJICTEIIECTBOBATE 0 6OJIee BEICOKOH CTEICHH réTeporeHHocm OITyXOJIH.

Yem Gomplne NIPHCYTCTBYET IHMKOB, TeM GOJbIIE HPHUCYTCTBYET CaHWT-CrelH(HIHBIX
Myrtauui. Kaxapii mIK MOXET COOTBETCTBOBaTh Pa3IHYHOMY HaGopy MyTanuii, rae Habop
MyTauuii IPOUCXOJUT M3 MOAMHOXECTBA OIyXoieil (Hampumep, TOJBKO K3 OJHOM HIIM ABYX
OIIyXOJIEH, KaK OomnHcaHo Bemne). B npuMepe Ha dur. 19 Moxer ObITH Beero 7 mukoB: 4 IHKA,
K&OKIBIA M3 KOTOPHIX JUIS ENHHCTBEHHOM JIOKQIM3allMH, KOTOpEIE OONAfaioT, BEPOSATHO,
HaUMEHbIIEeH KOHIEHTpAluel (B 3aBHCHMOCTH OT OTHOCHTENHFHOTO pasMepa OIyXolei), IBa
KA Ut nokanusanud AB u nokamusaruu CD u ofuH MUK 1 MyTanuii, OMHHAKOBBIX BO BCEX
JIOKaIHU3AMIX.

[Tonoxxenrne NHMKOB TaKXKe MOXKET YKa3hIBaTh Ha OTHOCHTEIBHBIA pa3sMep OIyXOJeH.
Bonbmas xornmenTpamus OyneT KoppenwpoBaTe ¢ GoJbIIed OMyXOnbK, Tak KaK OoJbIIas
omyxons OyneT BeICBOGOXAaTh Goipmre omyxoneBoit [JHK B oOpasen, Hampumep, B IUIasMy.
Taxum o6pazoM, MOXXHO OLEHHTH MacCy OIYXOJEBHIX KJIETOK, HECYIHX pPa3IMYHEIC KIIACCHI
MyTanui.

Hpyroii mnpuMep Mepel TI€TEPOr€HHOCTH IpEACTAaBIseT COGOM  COOTHOIICHHE
MYTHPOBAHHEIX CaiTOB C OTHOCHTEIBHO MAaJbIM KOJIMYECTBOM BapHAHTHBIX CYHTHIBAEMBIX
TIOCJICIOBATEILHOCTEH (HanpuMmep, 4, 5 WM 6) 10 CPAaBHEHHIO ¢ COOTHOLIEHHEM MYTHPOBAHHEIX
CaUTOB €  OTHOCHTCIBHO  OONBIIMM  KOJHYECTBOM  BAPHAHTHBIX  CYHTHIBAEMBIX

HOCICAOBaTENLHOCTEH (Hanpumep, 9 - 13). CHoBa Bo3Bpamasichk K ¢ur. 22 MOXHO YBHIETH, 9TO
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Uil cIenuGWYHBIX V11 KOHKPETHOHM JIOKQIH3alM¥ MYTAlHi BapHaHTHBIX CYHTHIBAEMBIX
HOC/ICIOBATeIbHOCTEH  MEHBIE (YTO TakXke IPUBOAMT K MeHbIeH (paKkupoHHOM
KOHIEHTpanun). Jna ofmux [And JoKaIH3amuii MyTaldi BapHaHTHBIX CYHTHIBAEMBIX
HoCIeoBaTeNpHOCTE  Oombme (YT0 Takxke NPHBOOUT K OoNbImell  ¢pakumoHHON
KOHIeHTpanu). IlepBoe COOTHOIIEHME IpH 6 CUATHIBAEMBIX IIOCIEAOBATENFHOCTIX (MEHBIIEE
9HCII0), JITEHHOEe Ha BTOpOe COOTHOmeHMe mpH 10 CYHTBIBAEMBIX IIOCJIEAOBATEIBHOCTIX
(6GonpIee YHCIIO) BEIPAXXAaeT MEPY IeTEPOreHHOCTH. ECIH OTHOIIEHHWE MAajo, TO MPHCYTCTBYET
HECKOJIBKO MyTalliii, CIEMMGHYHBIX I KOHKPETHOU JIOKAIM3alliH, i, TAKAM 00pa3oM, YPOBEHb
IeTePOreHHOCTH HHU3KuM. ECiM OTHOIEGHHE BENHMKO (WM IO MeHbImed Mepe Gojbine, dem
3HAYEHU, ONIPEJICTICHHBIE UL H3BECTHRIX 00pasIOB), TO YPOBEHb IeTEPOT€HHOCTH BEILIE,
D. Onpedenenue nopozosuix 3Hayenui

[Toporoseie 3Ha49eHUS MOXKHO OIPENENHTH IO CYyOBEKTaM, OIyXOJIM KOTOPHIX B3SUIM Ha
OuonCHIO (HalpuMep, KaK ONMCAHO BHIIE), ITOOBI HENOCPEACTBEHHO OIPEICIHTH YPOBEHB
T€TEPOreHHOCTH. Y Ka3aHHEIH yPOBEHD MOXHO OIPEACIHTE Pa3INIHbIME CIIOCOOaMH, HaITpUMED,
C IOMOIIBIO OTHOIMECHUS CHENUGHYHBIX U1 KOHKPETHOM JIOKATH3AlMY MyTalui K OOIHM Il
JoKaNm3anuii MyTanusM. bronornyeckue o6pasines! (HanpuMep, 0Gpasibl IIa3MEI) 3aT€M MOXKHO
IPOAHATH3HPOBATE, YTOORI ONIPEETHTH MEPHI F€TEPOTEHHOCTH, IIPA 3TOM MEPA FeTEpPOreHHOCTH
Uil GHONOTHMYEeCKHMX O0OpasmoB MOXeT OBITh CBS3aHA C YPOBHEM Te€TepPOTeHHOCTH,
OIIpe/IEIEHHBIM IIPH HEOCPEACTBEHHOM aHAITH3€E KIETOK OIIyXOJIEH.

Takas mnpomemypa MO3BONHMT OTKAIMOPOBATH IMOPOTOBHIE 3HAYEHHS OTHOCHTEIBHO
YPOBHEH TreTEPOreHHOCTH. EcM Mepa reTeporeHHOCTH B JAaHHOM aHAIN3E INOHANacT MEXIY
JIByMS IOPOTOBEIMH 3HAYEHUAMH, TO MOXKHO OLIEHUTB, YTO YPOBEHb [€TEPOr€HHOCTH HAXOJUTCS
MEXAY YPOBHSMH, COOTBETCTBYIOIMUMH ITOPOrOBEIM 3HAYECHHM.,

B omsom BapmanTe peamM3amuM KaIHOPOBOYHYIO KPHBYIO MOXHO pPacCUMTarTh IO
YPOBHAM TIETEPOr¢HHOCTH, ONpPEIEICHHBIM /i OHONTaTOB, M COOTBETCTBYIOIEH Mepe
TeTePOreHHOCTH, OIpEAeNeHHOH i1 obOpasma Iumasmel (WM apyroro ofpasuma). B Takom
IpEMepe YpOBHM TIETCPOr€HHOCTH YHCIOBBIE, TIA€ JaHHBIE YHCIOBEIE YPOBHH MOTYT
COOTBETCTBOBATh DPA3IMYHBIM KiIacCHHKaIMaM. Pa3MuHble aHana3soHBl YHCIOBBIX YPOBHEH
MOTyT COOTBETCTBOBATE Pa3IM4YHBIM JHarHo3aM, HallpHMED, Pa3InIHEIM CTAIHAM paka.

E. Cnocob ¢ npumenenuem @PpaKyuorHou KOHYyeHmpayuu u3 2eHOMHOZ0
npeocmaenerus

['eTepOreHHOCTH OIyXOJM TAKXEe MOXXHO IIPOaHATH3UPOBATH, IPUMEHSA (HPAKIIHOHHYIO
KOHIICHTPALMIO, HAlpHMED, OIPEACICHHYIO ¢ IPUMEHCHHEM BapHaHTOB PEaH3allHd COIJIACHO
cocofy 1200. ObrnacTH resoma, B KOTOPHIX NETEKTHPOBaHa yTpara OJHOM KOIHH, MOTYT

IIPOUCXOMUTh H3 pa3MuHbeIX omyxosed. TaxuM o6pasoM, ¢pakimoHHas KOHIEHTpAIHs,
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OIlpeieNieHHas JJI pa3NIH4HBIX oOnmacTeil reHoMa, MOXET OTJIHYAThCA B 3aBHCHMOCTH OT TOTO,
IIPUCYTCTBYeT J amIUTiuKkarmst (Fm Jeiaenus JUI yTpaTsl | KOmuu) TONBKO B OHOH OITyXOJH
WM B HECKONBKHX ONYXOJNAX. TakuMm oOpa3oM, Uit GpakIMOHHBIX KOHIEHTpaIlui,
OIIpE/IC/ICHHBIX ¢ IIOMOINBI0 BAapWMaHTOB peanmm3anuu crmocoba 1200, MOXHO NIpPHMEHSTH
OJTMHAKOBBIE MEPHI T€TEPOreHHOCTH.

Hanpumep, MoxHO OOHapy>kHTh, 9TO OAHA 00JIaCTh F€HOMa COOTBETCTBYET yTpare |
KONHH, U MOXXHO OIPEAETHTh (PPakIMOHHYIO KOHLIEHTPALMIO TOJNBKO IO COOTBETCTBYIOIMICH
IUIOTHOCTH B JaHHOH 06I1acTH reHoMa (COOTBETCTBYIOMIYIO IIOTHOCTh MOXKHO HCIONB30BaTh B
KayecTBe ()paKIMOHHOH KOHLEHTpanuu). MOXHO IOCTPOHTH THCTOIrpaMMy IO pa3IWIHBIM
COOTBCTCTBYIOIIIAM IINIOTHOCTAM ITYTEM BBIYHCIICHHA KOJIMYCCTBA obnacreit ¢ Pa3siIn9HbBIMHA
IUTOTHOCTSIMH. EciM TONBKO y OZHOH OMyXOJH, MIM OJHOrO KJIOHA OIYXOJH, HJIH ONHOH
MeTacTa3sl OIMyXoJM oOHapy XM IpHOOpeTeHHEe KONMH B KOHKPETHOM 00J1acTH, TO INIOTHOCTh
JaHHOH obracta OymeT MeHbINE, 4YeM IUIOTHOCTh o0OnacTH, B KOTOpOi OOHapyXWIH
IpHOOpeTeHHE KOINMH B HECKONBKHMX OIYXONSAX, WIM HECKONBKAX KIOHAaX OIIYXOJH, HWIH
HECKOJIbKHX MeTacTas3ax oIyXoiH (T.e. ppakunoHHas KoHIeHTpanus omyxonepoit JTHK B o6meit
U MyTtanuii obnactu 6yzer 6omblne, 4eM B 061acTH ¢ OTAeNbHOM MyTanuei). Takum o6paszom,
MEpHI TeTEPOreHHOCTH, ONMCAHHEBIE BBINE, MOXKHO IPUMEHATH K IHKaM, JeTEeKTHPOBAHHBIM IIO
pHOGPETEHNIO WM yTpaTe 9YHCiia KOIHMH B Pa3sMYHBIX 00NacTsX, a Takke K (DpaKIMOHHOM
KOHIIEHTPAallMd B DPa3MYHBIX JIOKQJIM3AlUAX, B KOTOPHIX BBIABHIIM PacHpelesICHHE
(G paKIMOHHBIX KOHICHTPAIHMA.

B onmHoM BapuaHTe peaiu3alMH, €CIM JJII [OCTPOECHHS T'MCTOIPAMMBI IPUMEHSIOT
COOTBETCTBYIOIIHE INIOTHOCTH, MOXHO MOJNyYHTh pa3zieieHue npuodperenuit u yrpar. Obnacty,
B KOTOPBIX OOHApY)XHIM IpHOOpETeHHe, MOXHO IPOAaHATH3UPOBATh OTHENBHO IIyTEM
IIOCTPOEHHUSI THCTOTPaMMBI TOJBKO IS NMPUOOPETEHHUH, M OTIENBHYI0 T'HCTOTpaMMY MOJXKHO
IIOCTPOHTH TOJBKO IUIA yTpar. Ilpn mpumeHeHHH (paKkHMOHHOM KOHICHTPAIlMH ITUKH yTPaT H
npuoOpeTeHHit MOXHO IIpOAaHAIM3HPOBaTH BMecTe. Hampumep, i1 (QpakIHOHHBIX
KOHIICHTpalliii MOXKHO HCIIONB30BaTh Pa3HOCTH (HampHMep, B BHAE aGCONIOTHOrO 3HAYCHHS) C
pedepeHCHOM  IUIOTHOCTBIO, M, CICJOBAaTENBbHO, ()PaKMOHHBIE KOHIEHTpArMH  JUIL
IpHOOPETEHUH U yTpaT MOTYT BHOCHTE BKJIaJl B OJTMH H TOT XK€ ITHK.

XIII. KOMITBIOTEPHASA CUCTEMA

B ImoOBIX KOMITBIOTEpHBIX CHCTEMaX, YIOMSHYTBIX B JaHHOHM 3asBKE, MOXET
IOPAMEHATHCA Moboe NOAXOAAmEee KOJNMYECTBO MOJACHCTEM. IIpHMephl TakuxX IIOJCHCTEM
IIOKa3aHbI Ha ¢ur. 25 B komnbioTepHOM ycTpoiicTBe 2500. B HEKOTOPBIX BapHaHTaxX peanH3aliy
KOMIIBIOTEpHAsE CHCTEMA BKIIOYAET OTAENBHOE KOMIBIOTEPHOE YCTPOMCTBO, [l NMOJACHCTEMEI

MOI'YT HPEICTaBIATh c000M KOMIIOHEHTH KOMIIBIOTEPHOIO YCTpOMCTBAa. B Apyrux BapuaHTax
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peaM3alii KOMIIBIOTEpHAs CHCTEMa MOXXET BKIIIOYATh HECKOIBKO KOMIIBIOTEPHBIX YCTPOHCTB,
Ka)XJ[0€ U3 KOTOPBIX MIPEACTABIAET COOOH MOICHCTEMY, C BHYTPEHHUMH KOMIIOHEHTaMH.

IToncucremsl, moka3aHHEIE Ha GHT. 25, B3aUMOCBS3aHEI IIOCPEICTBOM CHCTEMHOM IMHHEI
2575. Tloxa3zaHbl TONOJIHUTENbHEIE [IOJCHCTEME], TaKHe Kak IpHHTEp 2574, xnaBuaTypa 2578,
XKecTkui muck 2579, monutop 2576, KOTOpEI COemMUMHEH C BHAeoaaanTepoM 2582, m npyrue
noacucremel. Ilepudepuueckue ycrpolictBa u ycrpoiictBa BBoza/BeiBoja (I/O), xoTopsie
COEIMHEHBl ¢ KOHTPOJUIEpPOM BBOAA/BBIBOAA 2571, MOXHO HOACOEOUHUTH K KOMIIBIOTEPHOM
CHCTEME C IIOMOIIBIO JIFOOOro KOJIMYECTBAa CPEICTB, H3BECTHBIX B JAaHHOH 00JIacTH, TaKMX Kak
IOPT MOCJIE0BATENLHOIO BBOAA-BhBoAa 2577. Hampumep, mopT mocCiIeoBaTeIbHOIO BBOAA-
BeIBOJa 2577 wimm BHemHHE wuHTepdeiic 2581 (mampumep, JOKaubHYIO ceTh Ethernet,
GecipoBouyto cetb Wi-Fi ® T.1.) MOXHO IpPHMEHSTh IS NMOACOSAUHEHHS KOMIIBIOTEPHON
cucteMsl 2500 x rinobanpHOM KOMIBIOTEpHOH ceTH, Takoil kak VHTepHeT, K yCTpOHCTBY BBOAA
“MBIOIBL” HMIM K CKaHepy. B3aMMOCBS3p IOCPEACTBOM CHCTEMHOW IOHHBI 2575 ITO3BOJIAET
HEHTPaTbHOMY IIpomeccopy 2573 oOMeHHMBaThCs MNAaHHBIMH C KaXAOH NOIACHCTEMOH H
KOHTPOJMPOBATh BBIIOJHEHHE MHCTPYKIMH OT CHCTEMHON maMmsATH 2572 MM XKECTKOTO JHuCKa
2579, a Taoke oOMeHMBaThCsA HHpOpManueil Mexxy noacucreMamu. CucreMHas naMsTh 2572
H/MIM JKECTKHM MUCK 2579 MOXET BKIIOYATh MAIIKHOYHTaeMble HOCUTENH. JIIoOBIEe 3HA9eHH,
YVIOMSHYTBIE B JAaHHOH 3asBKe, MOTYT IEpeAaBaThCs OT OJHOTO KOMIIOHEHTa K IPYTOMY
KOMIIOHEHTY ¥ MOTYT BBIBOJHUTECS IIOJIE30BATEITIO.

KoMmmproTepHas crcTeMa MOXET BKIIOYATh MHOXKECTBO OJMHAKOBEIX KOMIOHEHTOB KM
MOJICKCTEM, HAIpHMEpP, COEAMHEHHBIX ApPYr C APYroM depe3 BHeIMHUHM mHTEpdeiic 2581 wmmm
gepe3 BHyTpeHHHH uHTepdetic. B HEKOTOPHIX BapHaHTaX pealn3aldd KOMIIBIOTEPHEIE CHCTEMEL,
IIOJICHCTEMBI HUIM YCTpoiicTBa MOTyT o6MeHHBaThCa HHpoOpManueif depes ceTb. B Takux ciaydasx
OJHH KOMIIBIOTEP MOXHO CUHTAaTh KIHEHTOM, a APYTOoH KOMIIBIOTED — CEPBEPOM, IZi€ KaKIbIiA
MOJXKET IPEJICTAaBIATE OO0 9acTh OHOM U TOH Ke KOMIBIOTEPHOM cucTeMbl. Kak KIHeHT, Tak u
cepBep MOXET BKITIOYATE HECKOIBKO CHCTEM, MIOJCHCTEM HIIH KOMIIOHCHTOB.

JomxHo OBITH OYEBHIOHO, YTO MOOOH W3 BapHaHTOB peAIH3AlMH HACTOSMIETO
H300pETEHHsA MOXHO OCYINECTBHTH B BHIC JIOTHYECKHX CXEM YCTPOMCTBA YIpPABJICHHS C
IIPUMEHEHHEM allllapaTHOro obecnedeHHs (HapHMeEp, CHENHATH3APOBAHHOW HHTErpPaIbHOM
MHKPOCXEMEI HJM IPOrPaMMHpPYEMOH IOJB30BAaTENleM BEHTHJIGHOM MAaTpHIBI) HW/HIH C
IPUMEHCHAEM  KOMIBIOTEDHOTO  IIPOrPaMMHOTO  OOECHEUeHHs, Kak  IIPaBHIO, C
IIPOrPaMMHPYEMBIM IIPOLIECCOPOM B MOAYJIBHOM HIIM HHTErpatbHOU ¢opme. B maHHOH 3asBKe
IIPOLIECCOP BKJIIOYACT MHOTOSAAEPHBIA MIPOLECCOP HAa OAHOM H TOM XK€ HHTEIPATLHOM YHIIE WA
HECKOIBbKO oOpabaTsIBalommMX MOXYyJel, pacIoJOXEHHBIX Ha OXHON I€YaTHOM IUIaTe WIIH

o0BeIMHEHHBIX B ceTh. Ha OCHOBAaHUH OIHCAHHA H HAOCH, IIPCAJIOXKCHHBIX B JaHHOM 3asBKCE,
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CpeaHEMY CHIENHAIMCTY B JaHHOH obnacTH OyAyT M3BECTHHI M IOHATHBI APYTHE IIYTH /WM
CIocoOBl OCYINECTBICHHUS BapHAHTOB pEealH3alMH HACTOAINEr0 H300pETEHHS ¢ NPUMEHEHHEM
annapaTHoOro obecriedeHus 1 KOMOHMHAIMI anmapaTHOro o0ecHedeHHd W IIPOrPaMMHOTO
obecriegeHus.

JIroOBIe KOMIIOHEHTHI M (DYHKIHH IIPOrpPaMMHOT0 00eCIeYeH s, OMCAHHEIE B JaHHOM
3a4BKE, MOXXHO OCYIIECTBHTH B BHJE IPOrPaAMMHOrO KOJa, KOTOPEHIH BBHIIOJHHT IIPOIECCOD,
HpUMeHss F060H MOAXOAAIIMIA A3BIK IPOrpaMMHUpPOBaHHs, TAKOH KaK, Hanpumep, Java, C++ mwin
Perl, ¢ mnpumeHeHHeM, Hampumep, OOBMHEIX MM OOBEKTHO-ODPHEHTHPOBAHHBIX METOMFK.
IlporpaMMHEIf KOX MOXHO XpaHHTh B BHAE psAJa HHCTPYKUMH HIM KOMaHJ Ha
MaIIMHOYMTACMBIX HOCHTEIAX [N XpaHEHWS WWIM Tepefadd, IOAXOAAIME HOCHTEIN
BKJIIOYAIOT OIEPAaTHBHOE 3amoMuHaromee ycTpoictBo (RAM), HOCTOSHHOE 3alOMHMHAIONIEE
ycrpoiictBo (ROM), MarHHTHEIA HOCHTENb, TaKOd KaK JKECTKHM [MCK WIH IUCKETY, HIH
ONTHYECKHH HOCHTENb, TaKo# Kak xoMmakT-muck (CD) wnun DVD (yHuBepcansHBI nupoBoit
IucK), Guem-namMaTe M TOMY NOZOOHBIC HOCHTENH. MallMHOYMTaeMEIE HOCHTENH MOTYT
IPEACTAaBIATE COO0MH Mmo0yr0 KOMOHHAIIMIO TAKUX YCTPOUCTB XpaHEHHUS M IIEPENAdH.

Takne nporpamMmel TakKe MOTYT KOZHPOBATBCS M IEPEAaBaThCs C HOMOIIBIO HECYIIHX
CHTHAJIOB, IPHUIOJHBIX IS NEpeladd 4epe3 IPOBOIHEIEC, ONTHYECKHME H/HIH OECIpOBOHBIE
CCTH, COOTBETCTBYIOIMX MHOXXECTBY IIPOTOKOJIOB, BKo4das HMurepHer. B CBA3H C 3THM,
MalIMHOYHUTAEMBIC HOCHTEIH COrNIaCHO BAPHAHTY PEANIM3al[iH HACTOSIIEr0 H300peTEHHI MOYKHO
IOJNYYUTh, INpPEMEHSS HMHO)OPMAIMOHHEIA CHTHAN, KOOHUPYEMBI{ TaKAMH IIPOrpaMMaMH.
MamunounTaeMBle HOCHTENH, KOAMPOBAHHEIE C MOMOINBIO IPOrPaAMMHOTO KOJ@, MOXHO
YIIaKOBaTh BMECTE€ C COBMECTHMBIM YCTPOMCTBOM HIM IPEJOCTaBHTH OTHAENBHO OT APYTHX
YCTpOHCTB  (HampHMeEp, IIOCPEACTBOM 3arpy3kH depes Hareprer). JIioOsle Takme
MamPHOYUTACMBIC HOCHTEIM MOIYT HAaXOJWTbCS BHYTPH HIH Ha €IHHOM IIPOrPaMMHOM
NpOAYKTe (HAmpHMep, XecTkoM mucke, CD HIM Bcell KOMIBIOTEDHOH CHCTEME), M MOTYT
IPHCYTCTBOBATh BHYTPH WM HA Pa3MYHBIX IPOTPAMMHBIX IPOAYKTaX BHYTPH CHCTEMBI MM
ceri. KoMnbioTepHas cHCTEMa MOXKET BKIIIOYATh MOHHTOP, IIPUHTEP MM APYroe IOIXOMSINEe
YCTPOHCTBO OTOOpaXKeHHs UL HPEJOCTABICHHSA IOJG30BATENIO JOOOr0 M3 pE3y/IbTAaToB,
YIOMSHYTBIX B JJaHHOM 3asBKe.

JIro6oit u3 crocob0B, OIMCAHHBIX B JAHHOW 3asBKE, MOXHO IOJHOCTHIO FUIH YaCTHIHO
OCYIECTBHUTh C TIOMOLIBI0 KOMIIBIOTEPHOH CHCTEMBI, BKIIOYAIOMEH OJHH MIH Goiee
IIPOIIECCOPOB, KOTOPHIE MOXXHO CKOH(MHIYPHPOBAThH U OCYIIECTBJIECHHS YKAa3aHHLIX 3TAmOB.
Taxum o6pa3om, BapHaHTEI peaM3aliy MOTYT OBITh HAalpaBJIEHbI HA KOMIIBIOTEPHEIE CHCTEMEI,
CKOH(UTYpHPOBaHHEIE U1 OCYIIECTBIICHHS 3TAIOB JI060r0 M3 Coco60B, OIMACAHHEIX B JAHHOM

3QIBKC, BO3MOXHO C pa3iWYHBIMH KOMIIOHCHTaMH, OCYIIECTBIIAIOMHMH COOTBCTCTBYIOIHC
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3Talbl WIH COOTBETCTBYIOIIYIO I'PYIILY 3TanoB. XOTS 3Talbl IPOHYMEPOBAHBI, 3TAIbI COrIACHO
crocobaM, OMUCaHHBEIM B JaHHOH 3asBKe, MOXHO OCYINECTBHTH OJHOBPEMEHHO M B JPYTOM
nopsiake. KpoMe Toro, 6J10KM JaHHBIX 3TAllOB MOXHO IPUMEHSTH ¢ OJIOKaMH JPyrUX JTAloB U3
apyrux crnocobos. Takxke, Bech 3Tanm wiu GIOKH 3Tama MOryT ObITh HeoOs3aTenbHbMH. Kpome
TOr0, JH0OO0H U3 3TAIOB JFOGOro U3 CIIOCOGOB MOXHO OCYIIECTBHTE C MMOMOMIBIO MOMYJIEH, CXeM
WM IPYTHX CPEACTB UL OCYINECTBIICHHS JaHHBIX 3TaIlOB.

Crnenu¢uueckue eTany KOHKPETHBIX BAapHAHTOB pealM3alldid MOXHO OOBEIUHHTH
MO6BIM MOAXOIAIIMM CIIOCOO0M, HE OTKIOHSACH OT CYINHOCTH U 00beMa BApHAHTOB peaTA3aI[HH
HacroAmero u3oOpereHms. TeM He MeHee, ApyrHe BapHaHTHl peATH3AlMH HACTOSIIETO
nu300peTeHrss MOTYT OBITh HAIlpaBJICHBI Ha KOHKPETHBIE BApHAHTHI PeaIH3allli, OTHOCAIIHECA K
KaXJIOMY OTHEIbHOMY acleKTy, MIM Ha KOHKpDETHBIE KOMOMHAIMM JaHHBIX OTHEIbHBIX
acIIeKTOB.

IlpenmecTByiomee ONHMCaHHWE THIWYHBIX BapHAHTOB pEaTH3ANUM  HACTOSMIIETO
U300peTeHus NIPEACTABIEHO C IENBI0 WLUTIOCTPUPOBaHHS U onucanus. He npeamnonaraercs, 9ro
OHO SBIISETCS MCYEPIBIBAIOIINM MM OTPAaHHYMBAET HACTOAIIEee H300peTeHHe TOYHO ONMCAHHOMN
$OPMOH, ¥ BO3MOXHBI MHOTHE MoIu(HKalMK ¥ BapHallid B CBETE OMMCAHHBIX BHINE HAEH.
BapuanTel peamm3anum ObUTM BHIOpaHBI M OIIMCAHBI AJIA TOTO, YTOOBI Jyurne OOBACHHTH
IIPHHIMIBI HACTOAMIETO H300PETCHHSA U €ro MPAKTHYECKOro MPHUMEHEHHS, YTOOBI C MOMOIIBIO
3TOrO JaTh BO3MOXHOCTH JPYTHMM CHEIHAIACTaM B JAHHOH OONacTH Jydlle IIPUMEHSTH
HacTosAmee H300peTeHHE B pa3IHYHBIX BapHAHTaX pealH3ald H C pa3INYHbBIMH
Mo HKaNUIMH, KOTOPHIE IIOXOIAT LI KOHKPETHOTO IPEATOIaracéMoro IpuMeHEHH.

IIpeanonaraercs, 9To npuMeHeHHE (OPMBI €IHHCTBEHHOTO YHC/IA O3HAYACT "OJHH WX
Gornee", ecly SIBHO HE YKa3aHO HHOE.

Bce marteHTBI, 3a4BKH Ha IATEHT, MyOIMKalWM M ONHCAHHSA MaTEHTOB, YIIOMSHYTHIE B
JaHHOM 3asBKe, IOTHOCTHIO BKJIIOYEHBI IIOCPEACTBOM CCBUIKM BO BeeX OTHoIeHHsX. Hu oxun u3

AaHHBIX HCTOYHHUKOB HE CUMTAIOT H3BCCTHBIM YPOBHCM TCXHHKH.
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®OPMYJIA U3OBPETEHUS

1. Coco6 meTekTHpOBaHHA paka MM IPEA3IOKAYECTBCHHOTO H3MEHEHHUS y CyOhEKTa,
IpHYEM yKa3aHHBI! cIIoco0 BKIIOYAET:

IOIy4eHHE KOHCTHTYTHBHOTO F'eHOMa CyOBeKTa,

TIIONyYCHHE OTHOr0 mix Ooliee MapKepoB IOCIENOBATENBHOCTH JUIS KAXIOro H3
mHOxecTBa (parmenToB JIHK B Guonormueckom ofpasue cyObeKTa, NMPHYEM YKa3aHHLIH
Ouosormyeckuii obpaszen Bnogaer BHeKIeTounyo JJHK;

OIIpeJIeICHHE MOJI0XKEHUH B TeHOME MapKepOB MOCIIEA0BATEILHOCTH;

CpaBHEHHE MapKepOB IIOCIEIOBATEILHOCTH € KOHCTHUTYTHMBHBIM TIE€HOMOM  JJId
OIIPEACICHH IIEPBOr0 KOIMYECTBA IEPBBIX JIOKYCOB, IIPH 3TOM:

B Kaxqiom M3 IICPBEIX JIOKYCOB KOJIMYECTBO MApKEpPOB IIOCIEAOBATEILHOCTH C
BapHaHTHOM IIOCIIENOBATENbHOCTBIO OTHOCHTENIBHO KOHCTHTYTHBHOIO I€HOMA BBIIIE
[IOPOroBOro 3HAYCHHS, Il YKa3aHHOE MOPOrOBOE 3HAYCHHE OOJIbINE € THHHIIEL;

OmpeAc/iCHHE IlapaMeTpa Ha OCHOBAaHHH 4HCIIa MapKepoB IOCIIEAOBATEABHOCTH C
BapHAHTHOM IIOCIIEIOBATEIFHOCTHIO B IEPBHIX JIOKYCaX; M

CPaBHEHHE OTOTO [apaMeTpa C IOPOrOBBIM 3HAYEHHEM LI OIlpEe/eICHUA
KJIaccH(UKaIii YpOBHS paka y CyOheKTa.

2. Cnoco6 no 11. 1, oTIM9aromuiics TeM, 4To MOPOroBOE 3HAYEHHUE ONPEEIIAIOT 110
onHOMY miH 6oiee o6pasiaM OT OJHOTO MM GOJIBIIErO YHCIIa APYTHX CYOBEKTOB.

3. Cnoco6 no m. 1, OTIMYaIOMUHCS TeM, YTO IIOPOTOBOE 3HAYEHME IS JIOKYCa 3aBHCHT
OT CYMMapHOTO KOJHYECTBA MAapKEpOB IIOCIENOBATEILHOCTH, KOTOPHIE pAacCIONaraloTcs B
JTaHHOM JIOKYCE reHOMa.

4. Cnoco6 mo m. 1, omgaromuiicss TeM, YTO JUIS IO MEHEBINER Mepe JIBYX M3 MEPBEIX
bnoxycon MIPHUMEHSIOT Pa3JINYHbIC IOPOTOBBIE 3HAUYCHMS.

5. Cmoco6 1o 1. 4, JONOJHHUTENBHO BKIIFOYAIOIIHIA;

JAMHAMHYECKOE OIPEEICHAE MEPBOr0 MOPOrOBOro 3HAYEHHS I/ OJHOTO M3 IEPBBIX
JIOKYCOB, IIPHYEM YKa3aHHBIH OJMH M3 JIOKYCOB HAXOAWUTCS BHYTpPH IIEPBOM 00J1aCcTH.

6. Coco6 1o 1. 5, OTIMYAIOIHMICA TeM, YTO IEPBOE MOPOrOBOE 3HAYECHHE OIPENEIIIIOT
Ha OCHOBAaHHUHM I'TyOHHBEI CEKBEHHPOBAHHS OJJHOTO U3 IEPBBIX JIOKYCOB.

7. Cnoco6 1o 1. 5, OTIMYAIOIMHCS TeM, YTO IEPBOE MOPOrOBOE 3HAYEHHUE OIPENEIISIOT
HA OCHOBAHHH YPOBHS JIOXHOIOJNOXHTELHEIX DE3Y/IBTATOB, KOTOPHIA 3aBHCHT OT YPOBHS
OmHMOOK CEKBEHHPOBAHWSA, ITyOHHBI CEKBEHMPOBAHHS IIE€pBOM 0OJacTH M KOJHYECTBa

II0JIOJKEHHH HyKJIEOTHAOB B IEPBOM 00IacTH.
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8. Cnoco6 mo 1. 7, ommyaromuiics TeM, 9T0 IepBOE IOPOroBOe 3HAYECHHUE ONPEACIIIOT
Ha OCHOBAaHHWH YKCJIa HICTHHHO IOJIOXUTENbHBIX 3HaYeHHH B IEpBO# 001acTH.

9. Crtoco6 1o 1. 8, TONOJHUTEIFHO BKIFOYAKOIIHIA:

pacueT umciia UCTUHHO IOJIOKHUTENBHBIX 3HAUEHHH JUIS MEPBOTO IOPOrOBOrO 3HAYCHHUS
Ha OCHOBaHHUH rﬁy61zmm cekBeHupoBaHus D u ¢pakmmonnoii kxonneHtpamun f JTHK
OILyXOJIEBOT'O IIPONCXO0XIEHHUS B OHOIOrnaeckoM obpasiie.

10. Cooco6 mo m. 9, omimyarommiics TeM, YTO JUIS ONpEACNICHHS 4YHClIa HCTHHHO

IOJIOXKHUTENBHBIX 3HAUYCHHH IPAMEHAIOT ITYAaCCOHOBCKOC PpPacHIpCACIICHUC BCpOSITHOCTCfI
r—-1

Ph=1- z Myaccon(i, Mp),
cornacHo ¢opmyne: i=0 rae Pb npeacraBnser coGoH BEpOSTHOCTH

JNETEKTHPOBAaHUS HCTHHHO IIOJIOXUTEIBHBIX 3HAYSHUH, I IIpeACTaBIseT coboil mepBoe oporoBoe
3HageHue, 1 Mp =D x /2.

11. Crroco6 1o 1. 5, oTiHMYaromuicst TeM, 9TO MEPBOE IOPOTOBOE 3HAUYCHHE OIPEAEIIIOT,
IIPUMEHSS JIO00H U3 CIIEAYIOIUX KPHTEPHEB:

eciH ITyOHHA CeKBEHUPOBAHHS MeHbIe S0, To IepBOE MOPOrOBOE 3HAYEHHE PABHO 5,

ecym rioyOnHa cekBeHHpoBaHHs cocraBister 50 — 110, To mepBoe MOpPOroBoe 3HAYCHUE
pasHo 6,

ecii riryOuHa cekBeHHpoBaHHUA cocTaBiaeT 111 — 200, To mepBoe MOPOroBoe 3HAYEHHE
pasHO 7,

eciu nry6rHa cekBeHHpoBaHHs coctapisier 201 — 310, To mepBoe IOPOroBOe 3HAUYCHUE
paBHo 8,

ecliu I'TyOMHa CeKBeHHpoBaHHUA coctaBmieT 311 — 450, To mepBOe mOpOroBoe 3HAYEHUE
paBHO 9,

eciM NIyOHHA CEKBEHHPOBaHHUA cocTaBisieT 451 — 620, To nmepBoe MOPOroBoe 3HaUYCHHE
pasHo 10, n

eciu rryOnHa ceKBeHHpoBaHUs cocTaBisieT 621 — 800, To mepBoe MOpPOroBoe 3HAUYCHHUE
pasHo 11.

12. Cmoco6 no 1. 1, oTmyarommiicss TeM, 9TO YKa3aHHBIA TapaMeTp ImpeacTaBiIseT coboit
B3BEIICHHYIO CYMMY IIEPBOr0 KOJIMYeCTBa IEPBBEIX JIOKyCOB, IPA 3TOM BKJAX KaxXJOro H3
IEPBBIX JIOKYCOB B3BEUICH IO IIOKA3aTeM0 3HAYMMOCTH, IPHCBOCHHOMY COOTBETCTBYIOIIHM
IEPBEIM JIOKyCaM.

13. Cnoco6 mo m. 1, ommuaromuiics TeM, 4YTO IapaMeTp BKIIOYAeT CYMMY MapKepoB
IIOC/IEOBATENbHOCTH, B KOTOPHIX BBISBJIIEHA BapHaHTHAs IIOCTENOBATEIHHOCTE B IEPBOM

KOJIMYCCTBE IICPBEIX JIOKYCOB.
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14. Cnoco6 mio 1. 13, oTmyaromuiics TeM, 9T0 CyMMa IpeaCTaBiIseT co00i B3BEIMEHHYIO
CYMMY, M IIPH 3TOM MEpBBIA BeC OJHOTO W3 IEPBHIX JOKYCOB OTIMYAETCA OT BTOPOro Beca
BTOPOTO M3 IEPBEIX JIOKYCOB.

15. Crioco6 1o 1. 14, ommHuaromuiica TeM, 9T0 NEPBBIH Bec GOMbINE, YeM BTOPOH BEC, H
TIPH 3TOM OJMH K3 IEPBHIX JOKYCOB CBA3aH C PaKOM, a BTOPOH U3 NEPBHIX JIOKYCOB HE CBS3aH C
paxoM.

16. Crmoco6 mno n. 1, ommM9aromuiicss TeM, 9T0 mapaMmerp IpeAcTaBisdeT coboi meproe
KOJIMYECTBO IEPBHIX JIOKYCOB.

17. Cooco6 no m. 1, oTamyaromuiics TeM, YTO ONpPENEICHHE IOJIOKEHHS B I€HOME
MapKepa I0CIIeZI0BaTeIbHOCTH BKIIIOYAET:

BHIDABHHBaHME II0 MEHbIIEH Mepe 4YacTH MapKepoB IOCJIEOBAaTENbHOCTH C
pedepeHCHEIM T€HOMOM, IpH 3TOM @IpM BBIPaBHHBaHHMH MapKepa IOCIeI0BAaTEIEHOCTH
JOIyCKaeTcss OXHO MM Oojee HECOBHAJCHMH MEXIY MapKepoM IIOCIENOBaTENbHOCTH H
KOHCTHTYTHBHBIM I'€HOMOM.

18. Cmoco6 mo m 17, ommyaromuiics TeM, 9YIO CpaBHEHHE MapKepoB
II0CJIEOBATENEHOCTH ¢ KOHCTUTYTHBHBIM F'€HOMOM BKJIIOYAET:

CpaBHEHHE KOHCTHTYTHBHOTO Te€HOMa C pe(epeHCHBIM T€HOMOM I OIpeaeICHUS
BTOPOTO KOJIEIeCTBA BTOPBIX JIOKYCOB, COAEP)KAIIMX BapHaHT II0 CPaBHEHUIO ¢ pedepeHCHBIM
TEeHOMOM; '

oIlpeJieJICHHEe Ha OCHOBAaHHHU BBIPABHHBAHHS TPETHETO KOJIHYECTBA TPETHHX JIOKYCOB, IIPH
9TOM:

B KaXIOM H3 TPETBHX JIOKYCOB KOJHYECTBO MAapKEpOB IIOCJIEIOBATEIILHOCTH C
BAPHAHTHOM IIOCNIENOBATENBHOCTEIO [0 CPAaBHEHHMIO C pedepEHCHBIM TE€HOMOM BEIIIE
IIOPOrOBOTO 3HAYEHHS; K

BEIUHCIIEHHE PA3HOCTH MEXJAY TPETHHM KOJHYECTBOM H BTOPEIM KOJHYECTBOM C
MOJTyYEHHEM IEPBOr0 KOJIMYECTBA IEPBHIX JIOKYCOB.

19. Cnoco6 mo m. 18, oTuyaromuiics TeM, 9YTO BBIYHCIEHAE PA3HOCTH MEXIY TPETHAM
KOJIMYECTBOM H BTOPHIM KOJMMYECTBOM IO3BOJIICT ONPEACIHTH ONPEHCICHHBIE JIOKYCHI U3
MIEPBEIX JIOKYCOB.

20. Cnoco6 no m. 19, ommyaromuiics TeM, YTO OIpEJENICHHE YKa3aHHOrO IapaMerpa
BKJIFOYAET:

JUTA KQKAOTO JIOKyca B3 EPBOro KOJIMYECTBA IIEPBBIX JIOKYCOB:

ollpeieACHNE KOJIMIECTBA MAPKEPOB [IOCIICI0BATEIFHOCTH, KOTOPEIC BEIPaBHHBAIOTCS
C JIOKyCOM H COZEp’KaT BapHaHT I10CIICIOBAaTEIbHOCTH B JaHHOM JIOKyCE; H

ONIPCACIICHUC ITIapaMETpa Ha OCHOBAHHH COOTBCTCTBYIOIMUX KOJIMICCTB.
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21. Cooco6 mo 1. 1, oTymyaromuiics TeM, YTO KOHCTHUTYTHBHBIA T€HOM IIONy4aloT H3
KOHCTHTYTHBHOT'O 00pasia cy6bekTa, KOTOphIi conepxuT 6oiee 50% xoncrutyriBHOM JTHK.

22. Cnoco6 mo m. 1, oTIMYarOmuidcs TEM, YTO OIpPEHAEICHUE IIOJIOKEHHUS B IE€HOME
MapKepa I0CJIeJOBaTeIbHOCTH BKIIOYAET:

BHIpABHHBaHHE II0 MEHBIIEH Mepe 4YacTH MapKepoB IOCIENOBAaTENLHOCTH C
KOHCTUTYTUBHBIM T€HOMOM, IpH 3TOM IIpH BBIPaBHHBAaHWUH MapKepa MOCIEHOBAaTEILHOCTH
JOITycKaeTcs OMHO WM OoJiee HECOBIAACHHH MEXTy MAapKepoM IIOCIEHOBATENBHOCTH H
KOHCTHUTYTUBHBIM T€HOMOM.

23. Cmoco6 mo m 22, OTIMYAIOIMICI TEM, YTO CPaBHCHHE MAapKepoB
MIOCJIEIOBATEIbHOCTH ¢ KOHCTUTYTHBHBIM T€HOMOM BKJIFOYAET:

olnpezieJieHHe, HA OCHOBAHHHU BHIPAaBHHBAHUS, MapKepOB IOCIECIOBATEIBHOCTH, KOTOPHIE
coJlep)KaT BapHaHT MOCIENOBATEIHHOCTH B HEKOTOPOM ITOJIOKEHHH B T€HOME II0 CPaBHEHHIO C
KOHCTUTYTHBHBEIM '€HOMOM CyOBEKTa,;

JUIS KaXZOro IIOJIOKEHHs B TIE€HOME, B KOTOpoM OOHapyXeHa BapHaHTHAas
MOCIIeI0BAaTENbHOCTE:

oIpeneicHre COOTBETCTBYIOIIETO HEPBOTO KOJIN4YeCTBa MapKepoB
IIOCJIEZIOBATEIFHOCTH, KOTOPHIE BBIPABHMBAIOTCA C YKa3aHHBIM IOJIOXKEHHEM B I€HOME H
COZIEpIXaT BapHaHT IIOCIEIOBATEIFHOCTH B JAHHOM IIOJIOXKCHUH B TEHOME;

oIpeJieNIeHre MapaMeTpa Ha OCHOBAaHMH COOTBETCTBYIOIUX IEPBBIX KOJINYECTB.

24. Croco6 1o 1. 23, OTIIMYalOMUHCs TeM, YTO OIpeJieIeHe NapaMeTpa Ha OCHOBaHHMH
COOTBETCTBYIOIMX IIEPBHIX KOJMICCTB BKIIIOYACT:

CIIOXKEHHE COOTBETCTBYIOIIUX NIEPBBIX KOJMYECTB C IOTyYCHHUEM ITEPBOM CyMMBI; H

IPHMCHEHHE IIEPBOM CyMMBI JJIA ONpEeICHHS TapaMeTpa.

25. Crmoco6 mo m. 24, oTnuyaromuiics TeM, YTO NIPHUMEHECHHE IEpBOH CyMMBI s
OIpeJIeNICHUS ITapaMeTpa BKIIIOYAET:

BBIMMTAHME KOJMHYECTBA TIONOMEHUA B reHoOMe, B KOTOPHIX OOHapy)XeHa BapHaHTHas
NOC/IEN0BaTENbHOCTD, U3 IEPBOH CYyMMEL.

26. Cmoco6 mo 1. 24, OTIMYAIOIIHMCA TeM, YTO NPHMEHEHHME IEPBOM CYMMBI UIS
OIIpEJIETICHAS ITapaMeTpa BKIIIOYAET:

HOPMHpPOBKY IHEpPBOH CyMMBI Ha OCHOBAaHHH KOJMYECTBA BHLIPOBHEHHBIX MapKepoB
TIOCIIEIOBATETHHOCTH.

27. Cnoco6 o 1. 1, TOIOJHHUTEIFHO BKIIOYAIOIIHIA:

IOTyYeHHe KOHCTHUTYTHBHOro obpasma y cyOBekTa, KOTOpEIH cozepxuT 6onee 90%

koucTuTyTHBHOH JTHK;
OCYINECTBJICHHE ClIy4aifHOro cekBeHHpoBaHHA ¢parmeHTOB JIHK B KOHCTHTYTHBHOM
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obpasiie ¢ NoJydYeHHeM OJHOro wWid Oojiee BTOPHIX MapKepoOB IOCIEIOBAaTEILHOCTH IS
Kaxaoro u3 MHoxecTBa ¢pparmenToB JIHK B koHCTUTYTHBHOM 00pasiie;

BLIpaBHHBahHe II0 MEHBIIEH Mepe YaCTH BTOPHIX MAapKEpOB IIOCIENOBATEIBHOCTH C
pedepeHCHBIM T€HOMOM, [IPH 3TOM IIpH BEIPABHHBAaHHH BTOPOTO MapKepa MOCIEN0BATEIbHOCTH
JOOIYCKAeTCsA  HECOBHAJCHHE MEXAYy BTOpDHIM  MapKepoM  IIOCIENOBAaTENBHOCTH H
KOHCTHTYTHBHBIM T€HOMOM B M MM MeHBIIEM KOJMYECTBE IOJOXKEHHH B reHome, rae M
IpeAcTaBIIeT coOOH Ieoe 3Ha9YCHAE, PaBHOE WK OoJbIIee, 9eM eINHHLA; H

KOHCTPYHpPOBaHHE KOHCTHTYTHBHOTO TI€HOMa Ha OCHOBAaHHH BTOPBIX MapKepoB
[IOC/IENOBATEIbHOCTH B BEIPABHUBAHUA.

28. Crioco6 1o 1. 27, OTIHYarONHiCs TEM, YTO KOHCTHTYTHBHEIH 00pa3er] npeAcTaBiieT
coboit 6uonormyeckuii o6pazen U YTO KOHCTPYHPOBAaHHUE KOHCTHTYTHBHOT'O I'€HOMA BKJIFOYACT:

olpeieNiecHre KOHCEHCYCHOU MOCIeIOBATENFHOCTH, KOTOPO€E BKIIIOYAET ONpE/CIICHHE
TOMO3UT'OTHOTO JIOKYCa HJIH F€TEPO3UTOTHOT'O JIOKYCa, COAEPKAIIEro ABE aJUIENH; U
IpUMEHEeHHe KOHCEHCYCHOH IT0CIIeI0BAaTEbHOCTH B KOHCTUTYTUBHOM I'€HOME.

29. Croco6 1o 1. 1, JONONMHUTEHFHO BKJIFOYAFOITHIMA:

moJTydeHue 6MosIornyeckoro obpasna, B3AToro y cyobekra; u

OCYINECTBJIEHHE CIy4allHOro cexBeHHpoBaHHA ¢parMenToB JJHK B 6mnonormueckom
obpasie Ui IONydeHHS OJHOro Wi Gojiee MapKepoB IMOCIEAOBATEIEHOCTH IS KaXKIOro u3
MHOXecTBa (pparMenToB JJHK B Guonorudeckom obpasie.

30. Cmoco6 mno m. 1, ommmuaromuiics TeM, 4YTO OJHMH WM Oojiee MapKepoB
IOCJIEAOBATENBHOCTH IIOYJalOT B Pe3yJIbTaTe CIydaiHOro cekBeHupoBaHHus ¢parmMeHToB JJTHK
B OmoyiormyeckoM obpasie.

31. Cmoco6 no m. 1, ommyaromuiics TeM, 4to 6Homormdeckuii obpasen npeacraBiseT
coboif Mody, IUIEBPAlBHYIO XHIKOCTh, ACIUTHYIO J>XHIKOCT, INEPHTOHCATBHYIO JKHUIKOCTB,
CJIOHY, CIIAHHOMO3T'OBYIO XKHAKOCTh MM 00paselr Kaja.

32. Cnoco6 mo m. 1, oTimvaromuiics TeM, 4YTO IIapameTp INpeAcTaBiieT coboit
dpaxkuponHy0 KoHIEeHTpauio JJHK omyxo1eBoro npoucxoxacHus.

33. KoMIBIOTEpHBI IIPOAYKT, BKIIOYAIONHHA HE BPEMEHHBIM MAIIMHOYMTAEMBIN
HOCHTENIb, Ha KOTOPOM XpaHHTCA HabOp HHCTPYKIHi, KOTOpPBEIE, NPH HX HCIIOJHCHUN
KOHTPOJIMPYIOT OCYIIECTBIEHHE KOMITBIOTEPHOM cHCTEMOI criocoba 1.

34. Cnoco6 aHanu3a reTeporeHHOCTH OXHOH Wm 6onee omyxoniei cyObekra, mpadeM
yKa3aHHBI! CII0CO0 BKIIIOYAET:

HOJIy4eHHe KOHCTUTYTHBHOTO reHOMa CyOBEKTa;

nonyqune. omHoro umm Oojee MapKepOB IOCIEAOBAaTENBHOCTH JUIS KaxXIOro W3

MHOXecTBa ¢parmenroB JJHK B Ouomormueckom obpasne cyOnekra, IpHYeM YKa3aHHBIH
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6uomornueckuii o6pasen Bmodaer Baekierognyo JJTHK;

oIlpe/ieIeHUE MOJIOKEHHA B TEHOME MapKEpOB NOCIEAOBATEILHOCTH;

CPaBHEHHE MapKepOB IMOCIENAOBATEIbHOCTH C KOHCTHTYTHBHEIM T'€HOMOM JUIA
OIIpeZieICHUs IEPBOr0 KOJIMIECTBA NTEPBHIX JIOKYCOB, IIPH 3TOM:

B K&X/OM H3 MEPBHIX JIOKYCOB KOJHYECTBO MAapKEPOB IOCIENOBATEILHOCTH C
BapHaHTHOM IHOCJIEAOBATEIBLHOCTEI0 OTHOCHTENBHO KOHCTUTYTHBHOTO TI€HOMa BBHIIIE
IIOPOrOBOTrO 3HAYCHUS, IIe YKa3aHHOE MOPOrOBOE 3HaYeHHE OOJIbINE SQUHHUIIE]; K

BBIYHMCIICHHE MEpPBl TETEPOT€HHOCTH OMHOH mum Oonee omyxoned Ha OCHOBaHUH
COOTBETCTBYIOIIUX IIEPBBIX KOJIMIECTB W3 Habopa MepBhIX MONI0XKEHUI B TEeHOME.

35. Crroco6 mo 1. 34, TONOJIHATEIHFHO BKITIOYAIOITHIA:

CpaBHEHHE ~Mep1>1 TeTEpOreHHOCTH C OAHHM WM 6oJjiee IOPOroBHIMH 3HAYEHUSIMH UL
olpesieNICHHs KJIaCCHQUKAMH YPOBHS I€TEPOr€HHOCTH.

36. Cnoco6 mo m. 35, oTIMYarOIuiicsS TEM, YTO OJHO MM Oojiee MOPOrOBHIX 3HAYCHHIA
OIIPENIEJIAIOT 1T0 OJHOMY WIH OOJIBIIEMY YHCIY OPYTHX CYOBEKTOB, KOTOPHIM A€ OHOICHIO
OIlyXOIM M AaHAIW3HPOBATH U1 ONpEAENCHHs MyTamuii B OHomrarax omyxoned mna
ONpe/ie/IeHAs. YPOBHS TETEPOTEHHOCTH, H IIPH 3TOM Mepy TeTEpPOreHHOCTH GHOJOTHYECKOTO
obpasna, comepxamero BHeknerounyro JIHK, or omHoro mmm Oonee Ipyrux CyOBEKTOB
HCIOJB3YIOT IS ONPEE/ICHHUS IIOPOrOBOr0 3HAYCHHUS.

37. Cooco6 no m. 36, OTITHYAIOIMICA TEM, YTO CPaBHEHHE MEPHI T€TEPOreHHOCTH C
oxHUM Wi 0oJiee IOPOrOBHIMH 3HAYCHHUSMH BKJIFOYAET:

BBOJl MEpbI I€TEPOT€HHOCTH B KaIMOPOBOUHYIO (YHKIHIO, KOTOpas BBIIAET YPOBEHb
reTepOreHHOCTH Ha OCHOBAHHH MEpPHI T€TEPOreHHOCTH.

38. Cmoco6 mo m. 34, oTiamyarommiics TeM, 4TO OJHA HIH 0oliee Mep BKJIFOYAIOT
CYMMapHO€ KOJIMYECTBO IEPBEIX IIOJOXKEHHH B I'€HOME, B KOTOPHIX Ooyiee 4eM OfUH (parMeHt
JHK BeipaBHMBaloT ¢ KoHctHTyTHBHOM JI[HK, XOTd OH COHEpXHT BapHAHTHYIO
MOCJIE0BATEIHOCTE B IAHHOM IIOJIOXKEHHH B T'€HOME.

39. Cooco6 mo m. 34, oTIMYAIOIMMHCH TEM, YTO BEIMHCISIOT MHOXECTBO MeEp
reTepOreHHOCTH, IIPH 3TOM BBIYHCIIEHHE MEP Fe€TEPOTCHHOCTH BKIIIOYAET:

JUIA KaXJIOro M3 MEPBBIX JOKYCOB, BBIYHCIEHHE JOJMH MapKEpOB IOCHIEIOBAaTEIHHOCTH,
COJIEpKAIUX BapHaHTHYIO I10CJIEI0BATEIEHOCTE;

IIOCTPOEHHE THCTOTPaMMBI KOJHYECTBAa IEPBHIX JIOKYCOB JUIA 3HAYCHHH yKa3aHHBIX
COOTHONIECHHH; "

HIeHTAUKAIIHAIO KOJIMIECTBA [TMKOB HA THCTOTpaMMe.

40. Cnoco6 mo m. 39, oTymgarommiics TEM, YTO Mepa FeTEPOreHHOCTH COOTBETCTBYET

KOJIMYECTBY OOHAPYKEHHBIX ITHKOB.
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4]1. Cooco6 mno m. 39, oTiMyaroImMiCA TEM, 9TO Me€pa TIE€TEPOreHHOCTH BKIIOYAET
OTHOIIEHHE BEICOT JBYX ITHKOB.

42, Croocob mo m. 39, OTIHYAIOIMUICS TEM, YTO KaXKOAO€ COOTHOIIEHHE IPEICTABILIET
co0oif ppakuIHOHHYIO KOHIEHTparmoo omyxoneBoi JIHK, #3MepeHHYI0 B KOHKPETHOM IEPBOM
JIOKycCe.

43. Cnoco6 mo m. 34, oTiMyaromuiics TeM, YTO Mepa TeTEPOr€HHOCTH COOTBETCTBYET
OTHOIIIEHUIO NEPBOH JOJIM IEPBBIX JIOKYCOB, COJAEPXKAIUX IEPBOE KOHKPETHOE KOJIMYECTBO
MapKepoB IOCIIEI0BAaTEIFHOCTH ¢ BApHAHTHON IOCNIENOBATEILHOCTRIO, H BTOPOM JIOJH IEPBHIX
JIOKYCOB, COJAEpPXAIIUX BTOPOE ONpeJeleHHOe KOJIMYECTBO MapKepoB IOCIEIOBAaTEILHOCTH C
BapHaHTHOH IOC/IE0BATENFHOCTEIO.

44. Cnoco6 no 1. 43, OTIMYAIOIUHCS TEM, YTO IIEPBOE KOHKPETHOE KOJIMYECTBO MEHBIIIE,
9eM BTOPOE OIIpENIENIEHHOE KOJIMYECTBO.

45. Cmoco6 mo m. 44, OTIMYAIOMMECA TEM, 9I0 IEPBOE KOHKPETHOE KOJIHYECTBO
npeAcTaBieT coboi INEpBHIf AMana3oH M BTOpOE KOHKPETHOE KOJMYeCTBO co0oit BTOpO
JHanas3oH, IIpH 3TOM IEpBBIH AUana3oH HIXE, YEM BTOPOH Juaras3oH.

46. Cnoco6 mo n. 43, oTnuyaromuiicss TeM, YTO IEpBO€ KOHKPETHOE KOJHYECTBO H
BTOpOE OIpENEeIEHHOE KOJHMYECTBO COOTBETCTBYIOT (PPakI[HOHHOM KOHICHTpPAIMH HJIH
abcomoTHOMY KOJIMYECTBY  MAapKepoB IIOCJIEJOBAaTEIEHOCTH c BapHaHTHOH
HOCJICHOB&TCJILHOC.TBIO.

47. Croco6 mo n. 34, oTIMy4aromuiicss TEM, YTO MEPY I'€TEPOT€HHOCTH ONPEHEIIOT II0
THCTOrpaMMe KOJIMYECTBA NEPBBIX JIOKYCOB, COOTBETCTBYIOIMUX KAXKIOMY M3 COOTBETCTBYIOIIMX
IEPBHIX KOJIHYECTB.

48. Criocob 1o 11. 47, OTVIMYAIOIUIACS TeM, 9T0 Ha0Oop IMEPBHIX HACHTH(OHIMPOBAHHEIX
TIOJIOKEHMHA B TEHOME BKITIOYAET MEPBOE IOIMHOXKECTBO H BTOPOE TIOMHOXKECTBO, IIPH 3TOM
oJHa WK 6oJiee Mep BKIIIOYAET IIEPBYIO THCTOTPaMMYy COOTBETCTBYIOIIUX HEPBEIX KOIHYECTS,
COOTBETCTBYIOLIHUX NIEPBOMY IIOJAMHOXECTBY, H BTOPYIO THCTOrPaMMY COOTBETCTBYFOITHX
BTOPBIX KOJIMYECTB, COOTBETCTBYIOIUX BTOPOMY IIOJIMHOXKECTBY.

49. Coocob no n. 34, ommyaromuiics TeM, YT0 Mepa IeTePOr€HHOCTH BKIIFOYAET JOJIIO
IEPBBIX JIOKYCOB, BKIIOYAIOMMX COOTBETCTBYIOIUE IIEPBBIE KOJIMIESCTBA BBIIE OIPEAEICHHOrO
3HAYECHMUS.

50. Cnoco6 ompenenenus ¢(pakOuOHHOM KOHIEeHTpauuu omyxoneBoi JIHK B
bromormyeckoM obpasme, coxepxameM BHekiaerouHyw JHK, npuyem ykasammbii cmoco0
BKJIIOYaeT:

IOIy4eHHe OJHOro minm Ooliee MapKepoB IIOCIENOBaTENBHOCTH IS KaXAOro M3

MHOXecTBa pparmeHToB J[HK B GHONMOrHYeckom obpasie;



90

OIIpeZieIEHUE II0JIOXKEHHH B TeHOME MapKEpOB MOCIIeIOBATEILHOCTH;
JUIA KaXI0H W3 MHOXeCTBa obacTeil reHoMa:
onpeeseHHe COOTBETCTBYIOMIEro Koimuectsa (pparmentoB JIHK BHYyTpH manHOM
001acTH reHoMa ¢ IOMOIIBIO MapKepoB IIOCIIEIOBATEFHOCTH, PACIOJOXEHHEIX B I'€HOME
BHYTPH JaHHOH 00JIaCTH r€HOMa;
HOPMHPOBKA COOTBETCTBYIOIETO KOJIMYECTBA C IOJyYEHHEM COOTBETCTBYIOIIEH
IJIOTHOCTH; U
CPAaBHCHHE COOTBETCTBYIOINEH IUIOTHOCTH C pedepeHCHON IUIOTHOCTBIO IS
BBIABIICHHA B JaHHOM 0071acTH reHoMa yrpaty | xonuu umu nprobpererue 1 xomnw;

BBIYMCJIEHHE IE€PBOM IUIOTHOCTH IO OJHOH MM OONBIIEMY YHCIY COOTBETCTBYIOIIHX
IUIOTHOCTEH, B KOTOPEIX OOHapyXeHa yTpaTa | KOIHH, WM IO OXHOM WM GOJBINEMY YHCIY
COOTBETCTBYIOIMX IJIOTHOCTEH, B KOTOPHIX 00HApyXeHO NprHoOpeTeHHe 1 KOIHM; U

BBIYHCIICHHE QPaKIMOHHON KOHICHTPAIIUY ITyTEM:

CpaBHEHHUS NEPBOH IJIOTHOCTH C APYTOH IUIOTHOCTBIO C ITOJYYCHHEM Pa3HOCTH, IpH
3TOM Pa3HOCTh HOPMHPYIOT Ha pedepEeHCHYIO IIOTHOCTE.

51. Cmoco6 o 1. 50, ZOMOJHUTEIBHO BKJIFOYAIOIIHIMA:

IIOCTPOCHHE THCTOrpaMMBI KOJHYecTBa obiacTelf reHoma, o0JIaJaroImMX pa3IHYHBIMA
COOTBETCTBYIOLIMMH ILIOTHOCTSIMH;

HICHTH(UKAIMIO KOJIMYECTBA IIMKOB HAa FHCTOrpaMMe;, H

BBEIYHCJICHHE MEPBI FETEPOreHHOCTH II0 OTHOIIEHHIO KOJMYEeCTBa 00NacTel reHoma H3
OfHOro MM 60JIee NEPBHIX IMMKOB K KOJIMYECTBY 00J1acTelt reHOMa U3 OJHOrO MM Gojiee BTOPHIX
IIUKOB.

52. Cnoco6 mo 1. 51, oTnuyaromuiics TeM, YTO Ha THCTOrPaMME MCIIOJIB3YIOT 3HAYEHHs
(pakIuOHHBIX KOHIEHTpAMH, OIpeleleHHbIe OTHENBHO IS KaXIOH 06IacTH reHOMa IIpH
IIOCTPOEHUH TMCTOrPAMMEI.

53. Cnoco6 mo m. 51, oTamuarommiics TeM, YTO IUIOTHOCTH IIEPBBIX IIMKOB
COOTBETCTBYIOT ﬁepBOMy KOHKPETHOMY KOJIMYECTBY, H IUIOTHOCTH BTODBHIX IITHKOB
COOTBETCTBYIOT BTOPOMY KOHKPETHOMY KOJIHYECTBY.

54. Cnoco6 mo m. 53, oTiMYaroImuiics TeM, YTO IEpBO€ KOHKPETHOE KOJIMYECTBO
IpeacTaBiaseT coOofl NIepBhI Iuana3’oH, H BTOPOE KOHKPETHOE KOIMYECTBO COGON BTOpOMH
JIHarna3oH, IpH 3TOM IIEPBbIA AUana30H MEHBIIE, YEM BTOPOM JHaIa30H.

55. Cnocob mo 1. 50, OT/IH9aromMiics TeM, YTO CPABHEHHE COOTBETCTBYIOMIEH INIOTHOCTH
C pedpepeHCHOM IIOTHOCTHIO JUI BHIABICHHS B JAHHOM 00JIaCTH reHoMa yTpary 1 Komum i
npuobpeTeHre 1 KoUK BKITIOYAET:

BLIYHMCJICHHE PpA3sHOCTH MEXAY COOTBETCTBYIOIIEH IUIOTHOCTBIO H pedepeHCHOH
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IUIOTHOCTBIO; U

CPaBHEHHE Pa3HOCTH C OPOTOBEIM 3HAYCHHEM.

56. Croco6 no m. 50, oTnuyaroImuiics TeM, YTO Pa3HOCTh HOPMHPYIOT Ha pedepeHCHYIO
IUIOTHOCTE IIYTEM:

IENIeHUs pa3sHOCTH Ha pedepeHCHYIO INIOTHOCTE.

57. Croco6 no m. 50, oTnugaromumiicss TeM, YTO Apyras ILIOTHOCTh NMPEICTABISET OGO
pedepeHCHYIO IIIOTHOCTD.

58. Cnoco6 1o 1. 57, oTM9aromuiics TeM, YTO BEMUCIEHHE HPAKIIHOHHOM
KOHIIEHTPaIlMH JOIIOJHUTEIFHO BKIIOYAaeT YMHOXEHHE Pa3HOCTH Ha JIBa.

59. Cnoco6 mo m. 50, oTHYaromuiics TeM, YTO MEPBYIO IUIOTHOCTH PACCUHTEHIBAIOT 110
COOTBETCTBYIOIIUM IIOTHOCTSAM, KOTOPBIE OIIPEENICHB] KaK JEMOHCTPHPYIOIIUE IpHOOpeTeHHE
1 Kommm, M 4YTO Jpyras IUIOTHOCTh IIPEACTABIfAET COOOM BTOPYIO IUIOTHOCTB, KOTOPYIO
pacCUMTHIBAIOT 110  COOTBETCTBYIOIIMM  IUIOTHOCTSM, KOTOpBIE  ONpENENIEHH  Kak
JEMOHCTPHPYIOINHE HOTEPIO | KOmMAM.

60. Cnoco6 no m. 59, oTnHyaromuiics TeM, 9TO Pa3HOCTh HOPMHPYIOT Ha pedepeHCHYIO
IJIOTHOCTS IIyTEM:

BBIYHCJICHHS [IEPBOr0 OTHOIICHHUS NEPBOM IUIOTHOCTH B peepeHCHOM INIOTHOCTH;

BBIYMCJICHHS BTOPOTO OTHOIICHMS BTOPOH IUIOTHOCTH M pe)epeHCHOM IUIOTHOCTH, NMPH
3TOM pasHOCTh PaCCYMTHIBAIOT MEX/Y IIEPBHIM OTHOINEHHEM M BTOPEIM OTHOIIECHHEM.

61. Cooco6 1o 1. 59, OTIIHYAIOIHIICS T€M, YTO CpPaBHEHHE COOTBETCTBYIOMIEH IIOTHOCTH
¢ pedepeHCHOH INIOTHOCTHIO VIS BHIBICHHS B JAHHOM OOJIACTH I€HOMA YTpaThl 1 KOIHH HIIH
npuobpereHus 1 KOIIMH BKIIIOYAET:

IOArOHKY IIMKOB IO KPHBOH pacHpelelieHHs THCTOrpaMMbl COOTBETCTBYIOIIHX
IUIOTHOCTEH, IJe TmepBas IUIOTHOCTh COOTBETCTBYET IIEPBOMY IHKY H BTOpas IUIOTHOCTE
COOTBETCTBYET BTOPOMY IIHKY.

62. Cnoco6 mo 1. 50, oTiHyaromuiics TeM, 9TO IS BeeX 00acTedf reHoMa, B KOTOPEIX
BBISBHIIM CTATHCTHYECKH 3HAYMMOE YBEIHYEHHE COOTBETCTBYIOIIEH INIOTHOCTH II0 CPABHEHHUIO C
pedepeHCHO IIOTHOCTHIO, OLPEACIIOT Kak AeMOHCTpHpYyOImHe npuobperenue 1 xonuu.

63. Cmoco6 mo m. 50, oTnuuarommiicss TeM, YTO HOPMHPOBKA COOTBETCTBYIOIIETO
KOJIMYECTBA JJd IIOJNYy4EHHS COOTBETCTBYIOINEH IUIOTHOCTH BKIOYAET IPHMEHEHHE
OJTMHAKOBOTO CYMMapHOIO KOJHYECTBA BBHIDOBHEHHBIX pe(EepeHCHBIX MapKepoB s
OIIpEZIENIEHHS COOTBETCTBYIOMEH IUIOTHOCTH ¥ pedepeHCHOMN IIOTHOCTH.

64. Cnoco6 mo m. 50, oTiHMYaromuiics TEM, YTO HOPMHPOBKA COOTBETCTBYIOLIETO
KOJIMYEeCTBA A1  IOJYyYCHHA  COOTBETCTBYIOIIEH  IUIOTHOCTH  BKJIIOYaeT  JCICHHE

COOTBETCTBYIOIIETO KOJIHMYECTBA HAa CYMMapHO€ KOJIHMYECTBO BBHIPOBHEHHBIX pe(pepeHCHEBIX
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MapKepoB.
65. Crmoco6 mo m. 50, oTimgaromuiics TeM, 4TO Bce 00JIACTH MHOXKECTBa obiacreit
reHOMa HMEIOT OAUHAKOBYIO JUIHHY.

66. Crioco6 mo 1. 50, oTmrgaromuiics TeM, YTo 00JIaCTH reHOMa He HEPEKPHIBAIOTCS.
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®ur. 8

Konunuectso KonnyecTBo KonuuecTso ®pakuvoHHas
Konuuectso CBA3AHHBIX C NPOYTEHHUI NpoYTeHHii konuentpauus JJHK| ~PpakumonHas
5 OHB, omyxoneo OHB, | nocmemoBatens | pocsegosaTenbHOC ONyXOJIEBOTO KOHUCHTPALlH3
Ciyuail 06Hapy>KeHHblvx MoMeHT | Laxge nauposannel |  noctn JHK B 11 JIHK 5 rinaswe, | TIPOUCKOK/IEHNS, JIHK onyxonesoro
B OIyX0.€BOU BpEMCHH x B nnasme (% nnasme, B B KOTOPBIX BhIsiBlIcHHas ¢ | NPOMCXORACHNMA,
TKaH! OHB, KOTOPBIX BHISIBICHA NMOMOILBIO aHanu3a| DPPIBJICHHAAC
oOHapy»XeHHBIX B BBISABJICHBI [10CJ1e 10BATEILHOC OHB TIOMOILLBIO aHalusa
OIMyX0JIeBOH OHB Th JMKOTO THIMA ( 2p GAAL
TKaHU) ®» (q) ptq
Jo neyeHus 2569 (94%) 11389 31602 53% 52%
['KK1 2840
[locne neueHus 44 (1,5%) 91 46898 0,4% 1,4%
Jo neuenus 1097 (35%) 1490 57865 5,0% 4,3%
I'KK2 3105
ITocne neueHus 72 (2,3%) 206 66692 0,6% 0,9%
o neuenus 461 (15%) 525 48886 2,1% 5,6%
'KK3 3171
[Tocne neveHus 31 (1%) 67 58862 0,2% 0,9%
Jlo neuenus 201 (15%) 248 18527 2,6% 7,6%
['’KK4 1334
ITocne neyeHus 74 (5,5%) 149 22144 1,3% 2,7%
800

9z/8




OHB I'KK1 OHB I'KK2 OHB I'KK3 OHB I'KK4 Bce OHB
Ipourenus | Tlpoureun | Ilpoutenus | Ipoutenu | pourenust | Tpourenu | ITpoutenus | [pourenu Tpoutenus ITpoutenu | dpakuuonn
MOCIIEAOBAT E ] HocneaoBat a [I0CNIe 10BAT A NocienoBaT A [OCNenOBaT A as
CNLHOCTH | MOCHENI0BA | €NbHOCTM | MOCEN0BA | €LHOCTH | MOCNE/0BA | ENILHOCTH | MOCNENOBA | enpyocTn | MOCNEN0BA | yoppentpau
JHK B TENbHOCTH JHK B TEIbHOCTH JHK B TEJIbHOCTH JAHK 8 TENBHOCTH JIHK B TENBHOCTH HsL BCeX
nnasme, B JHK B niasme, B JHK B niasme, B JHK B nnasme, B JHK B fasMe, B JAHK B CBS3AHHBIX C
Koutponu | goropeix | mmasme,B | KkoTopmix | mmasme, B KOTOPBIX | MUIa3Me, B | KOTOPBIX | IUIA3ME, B | goropeix | WIA3ME, B | onyxonbio
BBIABIICHB! | KOTOPBIX | BBIABJIEHBI | KOTOPHIX | BBIABIEGHB | KOTOPHIX | BBIABNEHBI | KOTOPBIX | ppigpmenn | KOTOPBIX OHB B
CBA3AHHBIC | BbIABJICHA | CBA3aHHbIC | BbiABNA€HA | CBA3AHHBIC | BbiABJIEHA | CBA3aHHbIE | BHIABIEHA | cpgsaumpie | BPUABJICHA nnasme
C OMyXOJIbIO | MOCEN0BA | C OMYXOJIBIO | MOCNEN0BA | € ONMYXOJBIO | MOCE0BA | C OMYXOJIBIO | HOCIEN0BA | ¢ omyxonblo | NOCIEN0BA 2p
OHB TENLHOCTH OHB TEJIbHOCTD OHB TENBHOCTh OHB TENBHOCTD OHB TEJILHOCTh ( )
JUKOTO IHUKOro JOMKOTO JUKOTO ) JOHMKOro pPrq
THIa THNA THNA THHA Tuna (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 6l 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%
C10 44 35197 89 43622 51 38370 65 16009 249 133198 0,37%
CIl1 41 36693 95 45108 39 39732 72 16801 247 138334 0,36%
C12 45 39506 104 50085 46 42536 91 18598 286 150725 0,38%
CI13 36 33799 71 40309 39 36241 70 14450 216 124799 0,35%
Cl4 42 38199 104 47832 42 41245 91 17807 279 145083 0,38%
CI15 49 36106 90 43129 41 38432 73 16154 253 133821 0,38%
Cl6 38 33633 66 40023 41 36431 52 14502 197 124589 0,32%
Cpennee 0,38%
Pur. 9

900
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1200

1210
IHonyuenune omHoro uiu 6osee CEeKBEHUPOBAHHBIX

MapKepoB I KaA0ro u3 MHoxecTBa pparmentos JIHK B
6uonornyeckoM obpasiie cyonbeKTa

Y
1220 OnpeneneHue NoJI0XKEHUN B TEHOME
CEKBEHUPOBAHHBIX MapKEPOB

JUTSL KQXXI0M M3 MHOXecTBa obJtacteil reHoMa

A
Onpepenenue cooTBeTCTRYOLIEr0 KonudecTsa (pparmentos JJHK
1230 BHYTPH AaHHOM 0051aCTH reHOMa ¢ TMIOMOLIBIO MapKEpPOB
OCJIe10BaTEIbHOCTH, PACTIONIOXKEHHBIX B TEHOME BHYTPH JaHHOH
00J1acTH reHoMa

) J

HopMupoBKa COOTBETCTBYIOLIETO
KOJIMYECTBA C MOTyHYCHHEM
COOTBETCTBYIOIIECH MIIOTHOCTH

1240

CpaBHEHHE COOTBETCTBYIOIIEH INIOTHOCTH ¢ DTAIOHHON
IUIOTHOCTEIO, YTOOBI BBIABUTH B JaHHOH obJiacTu reHoMa yTparty 1
KOIIMK WM nprobperenue | xonuu

1250

PacueT nepBoit IIOTHOCTH MO COOTBETCTBYIOIIUM
1260 IJIOTHOCTSIM, B KOTOPBIX OOHapyxXeHa yTparta | Konuu, WiH
10 COOTBETCTBYIONIUM IUIOTHOCTSIM, B KOTOPBIX
obHapyxeHo npuobperenre | xonuu

i
|
i
i

v ;
1270 Pacuer (GpaKIHOHHOM KOHIEHTPAIUK TyTEM CPaBHEHHS
MepBO IUIOTHOCTH C APYTOH MIIOTHOCTBIO C MOJTyYEHHEM
audepeHnuaa, KOTOpsId HOPMUPYIOT Ha STAJIOHHYIO
IUTOTHOCTH

®ur. 12
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KosnnuecTso Konuuectso Onyxonessie Ipouent TToNoKHTe
Komuuectso | TOTEHUIMATEH MOTEHLHATEHbI Onyxonesble MyTaLH, 06Hapy>1<enix IbHOE
oBHapy eyl BIX MyTaLui, X MyTalmi, MYyTalny, oBHApyKeHHH bIX MyTaIHi POTHO3HP
5 masve (N) 0OHapy>KEeHHBI obHapyeHHbl | 0OHapyXEeHHBIE ¢ >N pas B o yemoe
x N pa3 B x >N pa3 B N pa3 B ruiasme CPaBHEHHIO C
[Uia3Me asMe Tuiasme N=1 3HaYCHHE
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% 57%
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% 93%
14 99 425 92 400 19% 94%
15 74 326 71 308 15% 94%
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 S1 9 46 2% 90%
24 8 42 5 37 2% 88%
25 6 34 6 32 2% 94%
26 7 28 5 26 1% 93%
27 8 21 8 21 1% 100%
28 1 13 1 13 1% 100%
29 4 12 4 12 1% 100%
30 8 8 8 8 0% 100%
1300

Dur. 13A
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o Omnyxones [TpoueHt
nyXoMeB
K KonnuecTso KonunuecTtso blE obHapyxeH | [Tonoxwure
OJIM4ECTBO ble
MOTEHLNABHBIX | MOTCHIHATbHBIX MyTalHHy, HbIX JIbHOE
obHapyXeH . . MYyTaUMH, .
o MYTaLHH, MyTauui, obHapyxe MyTalui | MPOrHO3Up
uil B nj1a3Me obHapyxeH
(N) 06GHapyKEHHBIX | 0OOHAPYKEHHBIX apte N pas HHble >N no yemoe
N pa3 B rnasme [>N pa3 B miasme pa3 B CPaBHEHUIO | 3HAYECHHE
B TUIa3MeE
nnasMme ¢ 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 - - - - - -
1300

®ur. 13B




Ina3zma no nevyeHus [1na3ma nocne neyeHus
N C . KonuyecTtro I C . K
[y6una POLEHT yMMapH(ze KOJIHYECTBO CATOR ¢ pOLEHT YMMapH(ze KOJIN4ECTBO OIMYECTBO
cekpenupopa| HYKICOTHIOB DU | MONOKEHMI HYKIIEOTH 0B COOTRETCTRYIO HYIUICOTHAIOB DU NONOKEHMIT HYKIEOTH 108 CaiiToB C
st ONpeleNneHHoN | ¢ OHOHYKIEOTHAHBIMU M OIpeAeTeHHO C OJIHOHYKJIEOTHUIHBIMHU | COOTBETCTBYIOILUM
riy6uHe BapUaluusiAMH, H3MEHCHUAMH rmyOuHe BapUaLUsIMHU, W U3MEHEHUSIMU B
CEKBEHUPOBAHUA |0OHAPYKEHHBIX B [L1A3Me B OIyXOMH CEKBEHUPOBAHMA |0OHAPYKEHHbIX B IJIa3Me OMyXONn
<50 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
[Ina3sma go neuenus IMnazma nocne jgeveHns
CymmapHoe Mponesr CymMmapHoe
KOJIM4€ECTBO . KOJIMYECTBO KonuuectBo
[Mpouent N KonuuecTBo caiito | HYKIEOTHIOB . o .
NIOJIOXKEHuU MOJTOKEHHI cailiToB ¢
[ 1y6iria HYIJICOTHNIOB TIPH HYKJICOTHJIOB C ¢ tpu HYKJIEOTHIOB C COOTBETCTB
CCKBCHUPOBAHUA|  onpepeneHHOMN Y A COOTBETCTBYIOLUMH |  Onpe/iesIeHHO Y A yiout
OJTHOHYKJICOTHAHbIMU L OJHOHYKJICOTHAHBIMH UMH
riyouHe WU3MEHEHUsAMH B i rnyOune
BapuaLUAMH, BapHaLUsIMU, U3MEHEHUsAMH B
CEKBEHUPOBaHUA OILyXOJIH CEKBEHHUPOBA
0o0OHapyXeHHBIX B s 0oOHapyXeHHBIX B OTYXOJH
masme nasMe
<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

Pur. 14A

1400

®Dur. 14B
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[TnaszMa no neueHus [1nasma nocse neueHus
CymmapHoe MpoueHT CyMmapHoe
Ipouent KOIMIECTEO Konu4ecTso HYKNEOTHIIO KOJIECTBO Komuectso
I'ny6una HYKITEOTHIOB IPH NOJ0KEHHI CAITOB C B IpH HOJIOKEHHIA CaiiToB ¢
CEKBEHUPO i HYKJICOTH/I0B € HYKJIEOTHIOB C COOTBETCTBYIOL]
pOBaHMs | onpeneneHHON COOTBETCTBYIOIIH ompeaeneHd UMH
rny6uHe OAHOHYKINCOTHIHBIMM | -y ameneHmamMu oii rybuHe OAHOHYIIICOTHAHbIMH BMEHEHUAMMU B
CEKBEHUPOBAHUSA BapualiiMy, B OIMYXO0JIH CEKBEHHpOBA BapHALMAMY,
0oGHapYKEeHHBIX B s 0o0OHapyKeHHbBIX B OIyX0Jiu
mnazme iazme
<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
Tnazma no neuenus [Tna3zma nocne neuexHus
CymmapHoe CymmapHoe
Hpouenr KOJIMYECTBO Konuuectso Tpouent KOJIMYECTBO
HYKJICOTHIOB N o HYK/IEOTHIOB o Konmuectso
Tny6una NONIOKEHUH caiiTtoB ¢ NOJIoXKEHU .
fp# HYKJIEOTHJIOB C COOTBETCTBYIOHI tpH HYKJIEOTHI0B € CauTos ¢
CCKBEHUPOBAHUA|  oppeneneHHO o HOy CICOTHAHLMEL M Y onpe/eneHHoR o HOy neoTaEa | COOTBETCTBYIOLINM
¥ rimyOuHe JIHOHY A riayouHe JHOHY A 1 U3MEHEHHUAMH B
BapHaUUsIMH, V3MEHEHUSMHU B BapHaLIUAMHU,
CeKBEHUpOBaH CeKBEHUPOBaAH ~ onyxonu
s oOHapyKeHHbIX B OIYXOJIH s 0OHAPYXKEHHBIX B
iasMe njasme
<50 26,7% 0 0 24,4% 0 0
50-125 35,9% 1 1 31,2% 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

®ur. 15A

1500

Pur. 15B

1550
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IInazma 1o neyeHus IIna3sma nocne geyeHus
CymmapHoe CymmapHoe
ITpouenTt KOJIHECTBO KoymuecTso IlpoueHT KOJMHCCTEO KonuyectBo
L yOuna H Kne(r))ru OB HpH nosioxkeHui Ca|TOoB C K)'[ef))Tu OB IIpH 00K EHMH camo‘B C
CexBeHHpOBanu | HY HAOS 1p HYKJIEOTHIOB C 4 ¥A0B TP HYKJIEOTH/IOB C
q onpeeneHHoH COOTBETCTRYIOWIM onpeieNieHHOH COOTBETCTBYIOIIHU
OJIHOHYK/IEOTUIHbIM OTHOHYKJICOTUHBIM
TIryouHe MU U3MEHECHUSAMMU rnyouHe MH H3MCHEHUAMH|
U BapHalMAMH, Y BapHaLUsAMH,
CEKBEHUPOBAHUA B OMyXOJH CEKBEHUPOBAHUA B OyXOJNH
0OHapyKeHHbIX B 0OHapy>XKEHHBIX B
iasme riasMe

<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% 4 3,5% 0 0
561 — 760 1,8% 4 2 0,7% 0 0

Bcero 64 59 1 0

@ur. 16 1600
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I'ny6uHa
CEKBEHUPOBAH

UyBCTBUTE/ILHOCTB, KOTZIAa MyTaHTa OOHAPYKUBAIOT B
pe3ynpTaTax CeKBeHUPOBAHUSA OMYXOJIEBOH TKaHW MO MEHbLIEH
Mepe n pas, rae n=

1 (KpaTHOCTh

20
21

2
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70

4 5 6 7 8 9
73% 56% 38% 24% 13% 7%
77% 60% 43% 28% 16% 9%
80% 64% 47% 31% 19% 11%
83% 68% 51% 35% 22% 13%
85% 71% 55% 39% 26% 15%
87% 75% 59% 43% 29% 18%
89% 78% 63% 47% 33% 21%
90% 80% 67% 51% 36% 24%
92% 83% 70% 55% 40% 27%
93% 85% 73% 59% 44% 30%
94% 87% 76% 62% 48% 34%
95% 89% 78% 66% 51% 37%
96% 90% 81% 69% 55% 41%
96% 91% 83% 72% 58% 44%
97% 93% 85% 74% 61% 48%
97% 94% 87% 77% 65% 51%
98% 95% 88% 79% 68% 54%
98% 95% 90% 82% 70% 58%
99% 96% 91% 84% 73% 61%
99% 97% 92% 85% 76% 64%
99% 97% 93% 87% 78% 67%
99% 98% 94% 88% 80% 69%
99% 98% 95% 90% 82% 72%
99% 98% 96% 91% 84% 75%
100% 98% 96% 92% 86% 77%
100% 99% 97% 93% 87% 79%
100% 99% 97% 94% 89% 81%
100% 99% 98% 95% 90% 83%
100% 99% 98% 95% 91% 84%
100% 99% 98% 96% 92% 86%
100% 99% 99% 97% 93% 88%
100% 100% 99% 97% 94% 89%
100% 100% 99% 97% 95% 90%
100% 100% 99% 98% 95% 91%
100% 100% 99% 98% 96% 92%

100% 100% 99% 98% 96% 93%
100% 100% 99% 99% 97% 94%
100% 100% 100% 99% 97% 95%
100% 100% 100% 99% 98% 95%
100% 100% 100% 99% 98% 96%
100% 100% 100% 99% 98% 96%
100% 100% 100% 99% 98% 97%
100% 100% 100% 99% 99% 97%
100% 100% 100% 100% 99% 97%
100% 100% 100% 100% 99% 98%
100% 100% 100% 100% 99% 98%
100% 100% 100% 100% 99% 98%
100% 100% 100% 100% 99% 99%

100% 100% 100% 100% 99% 99%
100% 100% 100% 100% 100% 99%
100% 100% 100% 100% 100% 99%

1700

dur. 17
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[ny6una KONuecTBO J0KHOIIONOXKHUTENLHBIX JIOKYCOB BO BCEM T€HOME, KOr/la MyTaHTa
CEKBEHHPOB oBHapyKHBaIOT B pe3yJIbTaTaX CeKBEHUPOBAHUS OMyXOJIU MO MEHbLIEH Mepe n pas, Mie N=
aHus
(xpaTHOCTS) 4 5 6 7 8 9
20 1 0 0 0 0 0
21 1 0 0 0 0 0
22 1 0 0 0 0 0
23 1 0 0 0 0 0 @dur. 18
24 1 0 0 0 0 0
25 1 0 0 0 0 0
26 2 0 0 0 0 0 1800
27 2 0 0 0 0 0
28 2 0 0 0 0 0
29 3 0 0 0 0 0
30 3 0 0 0 0 0
31 3 0 0 0 0 0
32 4 0 0 0 0 0
33 5 0 0 0 0 0
34 5 0 0 0 0 0
35 6 0 0 0 0 0
36 7 0 0 0 0 0
37 7 0 0 0 0 0
38 8 0 0 0 0 0
39 9 0 0 0 0 0
40 10 0 0 0 0 0
41 11 0 0 0 0 0
42 12 0 0 0 0 0
43 14 0 0 0 0 0
44 15 0 0 0 0 0
45 17 0 0 0 0 0
46 18 0 0 0 0 0
47 20 0 0 0 0 0
48 22 0 0 0 0 0
49 24 0 0 0 0 0
50 26 0 0 0 0 0
51 28 0 0 0 0 0
52 30 0 0 0 0 0
53 33 0 0 0 0 0
54 35 0 0 0 0 0
55 38 0 0 0 0 0
56 41 0 0 0 0 0
57 44 0 0 0 0 0
58 47 0 0 0 0 0
59 51 0 0 0 0 0
60 54 0 0 0 0 0
61 58 0 0 0 0 0
62 62 0 0 0 0 0
63 66 0 0 0 0 0
64 71 0 0 0 0 0
65 75 0 0 0 0 0
66 80 0 0 0 0 0
67 85 0 0 0 0 0
68 90 0 0 0 0 0
69 96 0 0 0 0 0
70 102 0 0 0 0 0




[IpaBas OnmyXoJb JleBas omyXxouib

Toneko Tonpko nokanuzauus B
JoKanuzams A 122 Toneko noxkamuzaimst C  Tonpko nokanuzanus D
a Yz 168 248
S /
O0e O06e
JIOKANIU3aU JOKAIM3aIuH
AuB CubD

10 12

Bee nokammzauyu A, B,Cu D
2129

|
Pur. 19
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IIna3zMa no neveHus

ITna3zma nocine nedeHus

Konuyectso Komiectso | Konuccrso ®pakuuonHas | Konmdectso [Konuyectso
(pparmenros | ¢pparmeHro PpakuuoHHasA
Kateropus | 1okycos ¢ P P KOHIIEHTpaLus | pparMeHTOB [(pparmMeHTOB KOHLECHTDALLS
wyramneii | AHK, | 8 JIHK, JIHK JHK, | JHK, THE
Hecyuux HEeCYIIWX | OMYXOJIEBOTO | HECYIIMX | HECYWIHX ONyX0NEBOro
annenu MYTaHTHbIE NPOUCXOKIACHU AICIIn MYTaHTHbBIC NPOUCXOKEHHS
JHKOTO THNA |  AmieN b JIMKOTO THMA| aJjienn
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%
2000

®ur. 20
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Ipouent mytanuii (%o)

100
90
80
70
60
50
40
30
20
10

MyTtanuu, 0OHapy >KEHHBIE B
1 JToxaM3alMu OIyX0JIU

MyTanuu, 0OHapy KEHHbIE BO
BCEX YETHIPEX JOKAIU3AUMUAX
OIIyXOJI1

1234567 8910111213141516171819

KosimuecTBO pa3, KOTopoe MyTanusi 0OHapy:keHa B IjiazMe

2100

9z/te
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