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(57) B Hacrosmem H300peTEHMH MPEIIOKEHBI CIIOCOOBI M HAGOPHI ISl KIacCH(PUKALMU OHOIOTHYECKHX

00pasIoB MO KIMHUYECKHA 3HAYMMBIM KaTeTOPHSM. YKa3aHHBIM CIOco0 MpeacTaBiseT co0oi crocod
Knaccuukanmuu o0pasia Kak COJCpIKaIlero BHEKIETOUHYI0 omyxoneByto JTHK, Bkiroyarommii srarsr:
(i) onpenenenust B oOpasue, coxmepkaiieM MHoxecTBo (parmentroB BHekserounoi JJHK (BkIHK),
KOOpAMHAT Ha TOCICOOBAaTeIBHOCTH JJIs Hadalna W/WiIM KOHIIa 1o MeHbmel mepe y 100000
¢parmentoB BkJJHK myTem BbIpaBHUBAHUSI C STAJOHHON MOCIIENOBATENbHOCTHIO; (ii) onpeneneHus B
STAJIOHHOM MO CJIEI0BATEIBHOCTH BCEX MOTHBOB HYKIICHHOBOM KHCIIOTHI, COCTOSIIIUX M3 TPUHYKIICOTH]IOB,
TETPAHYKIICOTH/IOB U IIEHTAHYKJICOTHIOB: a. B AMAMa30He OT 1 70 5 map HyKJICOTHIIOB O HAIPABICHHIO
BHYTPb, HO PSIOM C KOOPJMHATOW HAa IOCIIENOBATENbHOCTH Uil KaXIOr0 Havyajga W/WiM KOHIIA,
orpezeseHHoit Ha atamne (i), W/unu b. B Anamnaszone ot 1 10 5 map HyKJIEOTH/IOB MO HAIPaBICHUIO HAPYXKY,
HO PSZIOM C KOOPAMHATOM Ha MOCIe0BaTeIbHOCTH JJIsl KaXK/I0T0 Havyasa W/iiii KOHIIA, ONPe/IelIeHHOW Ha
atare (1); (iil) ompeAeNeHHs YaCTOTHI: a. KaKI0H KOOPAWHATHI Ha TIOCIIEIOBATEIIFHOCTH TLTIOC U/ITH MAHYC
1 mapa HyKJICOTHJIOB, OIIpeAeIeHHOH Ha 3Tarne (i), Bo MHOXKecTBe (parmentoB BkJIHK, conepkammxcs
B oOpa3sie, b. Ka)XI0ro U3 MOTHBOB HYKJIEWHOBOI KHCIIOTHI, ONpEAETICHHBIX Ha JTame (ii) a) u b), Bo
MHOXKecTBe pparmentoB BkJIHK, comepxkammxcs B 00pasie; (iv) BHIYUCICHUS OTHOLICHUS KaXION W3
YacTOT, ONPE/ICIICHHBIX Ha dTare (iii) a) u b), K COOTBETCTBYIOIICH 3TATOHHOHN Y4acTOTe; (V) BEIYUCICHUS
JIMarHOCTUYECKOM OLIEHKH OT/AENBHO JIJIsl KQKIOT0 OTHOILIEHHUS, ONPEeSIeHHOro Ha dTare (iv), npuuem
yKa3aHHas OIIEHKA [TPEICTABIISIET COOO0 COOTBETCTBYIOIILYO B3BEUICHHYIO CyMMY BCEX COOTBETCTBYOIIMX
OTHOIIICHHUI YaCTOT, MOTYYCHHBIX Ha 3Tarne (iv); (Vi) BEIUUCIICHUS KOMOMHHUPOBAHHOW TUATHOCTUYCCKOU
OLICHKH U3 10 MEHbLIeH Mepe ABYX min 0ojee JUArHOCTHYECKUX OLICHOK, ONPEJCNICHHBIX Ha JTaIe
(V), nprueM yka3zaHHasi OIIEHKa MPEACTABISIET cOOOW B3BEIICHHYIO CYMMY YKa3aHHBIX JBYX HJIH Ooliee
JIMArHOCTUYECKHX OIICHOK, OMPECICHHBIX Ha dTamne (V); u (Vil) onpeaencHus KiacCupuKanuu odpasia
MyTeM CpaBHEHHWS KOMOWHHPOBAHHOM ITHArHOCTUYECKOW OIICHKH C ATAJIOHHOW OIIEHKOW, IPH 3TOM
obpaser knaccuPUIMPYIOT Kak comepxariuii omyxonesyio BkJIHK, ecnu 3HaueHre KOMOMHUPOBAHHOM
JIUArHOCTUYECKOW OICHKH BBINIC CPEIHErO 3HAUCHHS 3TAJOHHOW OIICHKH 10 MEHBINEH Mepe Ha OIHO
CTaHAapPTHOE OTKIIOHEHHE ITAJIOHHOW OLIEHKH, IPUYEM 3TAIIOHHYIO OLIEHKY PACCYUTHIBAIOT U3 OJHOTO HIIH
Gosiee ITAJOHHBIX 3HAYCHU.

IV  €6L16£C0C
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CNOCOBbl KNACCUDPUKALMU OBPA3LA MO KTUHUYECKU 3HAYUMbBIM KATETOPUAM

OB/IACTb TEXHUKH, K KOTOPOM OTHOCUTCA U3OEPETEHUE

Hactosiuiee nsobpeteHne oTHOCUTCA K 061acTM BMONOTMM, MEAULMHBI U XUMKWM, B YaCTHOCTH, K

0651acTM MoneKynsapHomn bronormm n, 6onee KOHKPETHO, K 061aCTU MONEKYJIAPHOM ANArHOCTUKM.

YPOBEHb TEXHUKU

DyKapMOTUYECKME TeHOMbl OpPraHM30BaHbl B XPOMAaTWH, KOTOPbIM He TOAbKO obecneuymsaet
BO3MOXHOCTb Komnaktmsaumm [HK, HO Takxke perynupyetr merabonmsm [HK (pennukaumio,
TPAHCKPMNUMIO, penapaumio, pPeKombuHaumio). Bbino NoKasaHO, 4YTO CUrHaTypbl CTPYKTYpPbl
XpOMaTWHA Yy 3YKapUOTUYECKUX OPraHM3moOB, B YAaCTHOCTW, PacCnoJIOXKeHWEe HYK/eOCOM, MOXHO
NPUMEHATb ANA NAEHTUOMKAUMM pPeaKMX GparMeHTOB HYKEMHOBOM KUCNOTbI B CJIOXKHBIX CMECSX,
KOTOpbIE NPUCYTCTBYIOT B dYKapuoTUYecKnx opraHmnsmax (Heitzer E. et al.,, Nat. Rev. Genet., 2019,

20(2):71-88).

MNpeanonaraercs, 4to 3awmTta [AHK HyK/neocomoM OTBeYaeT 3a Ha/JM4YMEe TOpPsUMX TOYeK
HecnyvalriHon ¢parmenTaumm (hot spots of non-random fragmentation — HSNRF), KoTtopbie
ONpefenalnTcs Kak o0bnacT B reHome, rae, Kak Obllo OOHapy)XeHO, KOHUbl ¢parmMeHToB
HYK/IEMHOBBIX KMCAOT CO cneumduryeckMm pacnpeseneHrnem no pasmepy BCTpedatoTca ¢ bosee

BbICOKOW LIaCTOTOVI, yem 0XKnaanocb, N0 CpaBHEHUIO C COCeAHMMU NOKaUMAMKM B reHOME.

Pak 4acTto OB6HapyXuBalOT B TPYAHOAOCTYMHbIX MECTax 4e/l0BeYecKoro Tena. MHBsasuBHas
Xupypruyeckas Ouoncusa, SBASIOWAACA «30/0TbiM  CTaHZAPTOM» ANS  AMArHOCTUKM  Paka,
CONPS’KEHA CO 3HAYUTEJNIbHBIMU KIMHUYECKMMM PUCKAMM, BK/KOYAS KPOBOTEYEHUE U MHDEKUMIO.
OaHUM M3 HELOCTATKOB TaKUX MHBA3UBHbIX NPoOLEAyp ABAsETCA TOT GaKT, UTo obpaseu, B3ATbIN U3
ONYX0JIEBOM TKaHM, ABAAETCA J/IMWb NPOCTPAHCTBEHHO OrPaHUYEHHbIM OTODPAXKEHMEM NO
COCTOSHWIO Ha MOMEHT NpOBEAEHUsA npoueaypbl. Pak, ogHaKo, He OCTaeTca CTaTU4YHbIM, a
npeTepneBaeT NOCTOSHHbIE WU3MEHEHMS, KOTOpble NPUBOAAT K TFEHETMYECKOM FeTeporeHHOCTU
BHYTPY ONYXOJIM U MEXKAY NEPBMYHBIM MU METACTAaTUMECKMMM OYaramm paka. buinv npegnpuHaTbI
3HAUUTE/IbHbIE YCUAMS MO pa3paboTKe HEMHBAa3UBHLIX/MUHMMAZIbHO WHBa3MBHbLIX METOA0B
AMArHOCTMKKM, MOHMWTOPMHIA M PYKOBOACTBA Tepanveil paka. YCnewHas TexXHOJorMYyecKas

pa3pa60TKa HENHBA3UBHOIO NpPeHaTasibHOro TeCTMpPoBaHMA Ha MHOIo4MC/ieHHble aHOMa/IMKN C
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ncnosb3oBaHnMem BHekneTouHol JHK 13 matepuHCKOM nia3mbl TakKe MOXKeT ObiTb NpumeHeHa
OnA o0OHapy»KeHnA DMOMapPKepPOB C LEblo AMAarHOCTUMKKM paka. ObHapy»KeHne UMPKYIUPYIOLWEN
onyxonesoi [1HK B nnasme npefocTaBnio BO3MOXKHOCTb MCNO/Ib30BaTh €€ B KavecTse bBromapkepa
M NPUMEHATb aHaIN3 METOAOM XKMAKOW HrMoncumn ans OOHapyrKEHWA paka, OUEHKM NPOrHos3a u
npeacKasaHmMA OTBETa Ha JiedyeHne paka He3 HeobXOAMMOCTM yuMTbIBaTb PUCKK, CBA3AHHbIE C
WHBAa3WBHbLIMKM  XWMPYpPrMYecKMMM  npouegypamn. 3Ta  TEXHONIOTMA  NPUHOCUT  MOJb3Y
OHKOJIOTMYECKMM NaumMeHTam, No3BoNAA OBHapyXKMBaTb pakK Ha pPaHHMX CTaZMAX U TEM CambliM
yBeNMUYMBaA BO3MOXHOCTb YCMELWHOro Bbl340POBAEHWA, nNomoraa Bbibpatb Haubonee
NOAXOAALLYIO Tepanuio, a TaKKe JaeT BO3MOXHOCTb BbIABAATb MWHMMAJIbHYIO OCTaTOYHYHO
Hone3Hb Nocsie Kypca Ie4eHna, TeM CaMblM NOMOTAA KAMHMLMCTaM B NPOBeAEHMM HeOBX0AMMbIX
MeJNLMHCKNX BMeLLaTeIbCTB. B oTanyme oT coBpemMeHHbIX MHBA3UBHbIX METOL0B TeCTUPOBaHMS,
KOTOPbIE MMEIOT PUCK OCNIOKHEHWIA, KMAKana Buoncus no ceoelr cytm 6esonacHa 418 NauMeHTa,
NOCKO/IbKY B HEW MCMNOJIb3YIOTCA Takue 06pasLbl, KaK KpOBb, MOYa UM MOKPOTAa.

Ha cerogHAWHWI AeHb ONMCAHO /IMLWb OFPaHMYEHHOE KOIMYECTBO CNOCoH0B, C NOMOLLBIO KOTOPbIX
NbITalOTCA AaTb OLEHKY BKAada onyxonau B8 obuiee Konudectso BHeknetodHol AHK (skAHK),
obHapyXeHHOI B Nnasme, NpUYeM yKasaHHan BHeKAeTouHas onyxonesaa OHK (skoHK) gonxkHa
NPMMEHATBCA B KadecTBe MPOrHOCTUHECKOoro 6Ouomapkepa, WHAMKatopa oTseta  u/wam
PE3NCTEHTHOCTU K Tepanuu u peumamsa 3abonesanus (Smith C.G. et al.,, Genome Med., 2020, 12(1):
23; Peiyong Jiang et al., PNAS, 2018, 115(46): E10925-E10933; Cristiano S. et al. Nature, 2019, 570:
385-389; Mouliere et al., Sci. Transl. Med., 2018, 10(466): eaat4921; Newman A. et al., Nat. Med.,
2014, 20(5): 548-554).

CoBpemMeHHble TeCcTbl Ha OCHOBE XMAKOW OMONCUM He YA0BAETBOPSAIOT NOTPEOHOCTAM
NPeuM3NOHHOM OHKOJIOTMM M3-3a UX C/IOMKHOCTHM, a TaKXKe UX OrPaHMHYEHHOM YyBCTBUTENBHOCTU U
cneuudmuHoctun (De Rubis G. et al., Trends Pharmacol Sci., 2019, 40(3): 172-186; Peiyong liang et
al., Cancer Discov., 2020, CD-19-0622). Takum 06pa3om, TOYHOCTb TaKMX CNOCOHOB HEAOCTAaTOMHO
BbICOKA M MOKET NPUBECTU K OIMOOYHBIM pe3yibTaTam.

Hactosawee n3obpeteHne HanpaB/iieHO Ha NPeo0/IeHNE OTPaHUYEHNI, C KOTOPbIMK CTa/IKMBAKOTCA
M3BECTHblE M3 YPOBHA TEXHWKM MOAXOAbl K KMAKOM BMoncum, nytem pacliMpeHus Auana3oHa
MHbOpMaUUKM, N3BNIEKAEMOWN M3 CEKBEHMPOBaHUA LUMpKyaupytoweli onyxonesot AHK (uoHK), u
BHEZPEHMA  HOBbIX  MHOronapameTpuyeckMx CcTpaTervMii  Ans  CO34aHWA  HaLeKHOoro,
YyBCTBMTE/IBHOTO M CneuMdUYHOro aHasM3a METOAO0M XKUAKOM buoncum ans Kaaccubukaumm

(pacnpegenerHus) 06pasLOB NO KAMHUYECKM 3HAYMMbIM KaTETOPUSIM.

KPATKOE ONUCAHUE U3OBPETEHUA
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Hactosuwee wn3o0b6peTreHMe Hanpas/ieHO Ha pelleHne npobaembl OrpaHMYEHUIA TOYHOCTU, C
KOTOPbIMM B HAacTOsILLLEE BPEMA CTAJIKMBAIOTCA ApYyrue noaxoapl K Xugkon duoncmum. Hactoswee
n3obpeTeHNe NPeoL0NEBAET YKa3aHHbIE OrPaHMYEHUsI TOYHOCTU NyTEM PaclIMPEHMA AMana3oHa
MHPOpMaLUMM, N3BNEKAEMOWN M3 CEKBEHMPOBAHMA BHeKeTouHOM onyxonesor AHK nav uoHK, v
BHEAPEHMA  HOBbIX  MHOrONapameTpPUYECKUX  CTpaTerMii  Aa  CO34aHMA  HALEMKHOro,
YYBCTBMTE/IBHOTO M CneumMduYHOro aHasaM3a METOAOM XKMAKOW buoncum ans Knaccudukaumm

o6pa3u,0|3 NO KIMHNYECKN 3HAYMMbIM KaTETOPUAM.

B opgHOM M3 BapvaHTOB peanusauum Hactosllee WM306peTeHMe OTHOCMTCA K  cnocoby
KnaccndmKkaumm obpasua Kak cogeprkallero BHeKneTouvHyto onyxonesyto AHK, skatovarowemy
cnegyouwpme aTanbl:

(i) onpegeneHne B obpasue, CoOAepXKalem MHOXKEeCTBO ¢parmeHToB BHekneToyHou [AHK

(k[ HK), KoopamMHaT Ha NOCAeA0BaTENbHOCTM A5 Havana u/vMam KoHUA No MeHbLuel mepe

y 100 000 ¢pparmeHToB BKAHK nyTem BbipaBHMBAHMA C 3TAa/IOHHOM NOC/NEA0BaTE/IbHOCTLIO,

(i)  onpepeneHne B 3TaNOHHOW NOCNEAOBATENBHOCTU BCEX MOTMBOB HYKNEMHOBOM KUCNOTLI,

COCTOAWMX M3 TPUHYKNEOTUAOB, TETPAHYKNEOTUA0B U NEHTAHYKNEOTUL0B:

a) B AvanasoHe oT 1 Ao 5 nap HyKAeoTMAOB NO Hanpas/EHMIO BHYTPb, HO PAAOM C
KOOPAMHATOW Ha MNOCNAeA0BaTe/NbHOCTU /1A KaXkAoro Hadana u/uam KoHua,
onpegeneHHon Ha atane (i), n/unm

b) B AnanasoHe OoT 1 A0 5 nap HyKNeoTUA0B NO HaNpPasJEHUIO HAPYXKY, HO PSAOM C
KOOpAMHATOW Ha MNOCAeA0BaTe/NbHOCTU /1A KaXkAoro Hadana u/uam  KoHua,
onpeaeneHHom Ha aTane (i),

(iii) onpepeneHue yacToThbI:

a) KakAoN KOOpAMHaTbl Ha MocCnefosBaTenbHOCTM MaoCe u/vanm  muHyc 1 napa
HYKNeoTUA0B, onpeaeneHHoM Ha 3Tane (i), Bo mMHo)ectse ¢parmeHTtos BkHK,
cogeprKawpmxcs 8 0bpasuge,

b) KaykAoro M3 MOTMBOB HYK/IEMHOBOM KMCNOTbI, onpeaeneHHbIx Ha aTane (ii) a) n b), so
MHOxecTBe pparmeHToB BKAHK, cogeprkawmxcs 8 obpasLe,

(iv) BbluMCNeHMe OTHOLIEHWMA KaxAOoW M3 4acToT, onpedeneHHbix Ha atane (iii) a) n b), K

COOTBETCTBYIOLLEN 3Ta/IOHHOM 4acToTe,

(v) BbluMCNeHME  OMArHOCTMYECKOM  OUEHKM  OTAE/IbHO A Kakgoro  OTHOLUEHMS,
onpegeneHHoro Ha 3Tane (iv), NpyMYyemM yKasaHHas OUEHKa nNpeacTaBaser coboi

COOTBETCTBYIOLLYIO B3BELWEHHYID CYMMYy BCEX COOTBETCTBYIOWMX OTHOLEHUIA YacToT,

nony4eHHbIX Ha aTane (iv),
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(vi)

(vii)

npu 3

BblUMCAEHNE KOMOWHMPOBAHHOM AMArHOCTUYECKOM OLUEHKMN M3 MO MEHbLIEN MEpe ABYyX WU
bonee AMAarHOCTUMECKMX OLLEHOK, ONpesesieHHbIX Ha aTane (v), NpuYyem yKasaHHas OLEeHKa
npeactasnneT cobol B3BELWEHHYID CYMMY YKa3aHHbIX ABYX WM 6osee AMarHOCTUYECKUX
OLIEHOK, ONpeAesieHHbIX Ha aTane (v), 1

onpegeneHne  Knaccudumkaumm  obpasua nyTem  CpaBHEHMSs  KOMDOWHMPOBaHHOWM
AMarHOCTMYECKOM OLLEHKM C 3Ta/IOHHOM OLIEHKOW,

TOM obpaseu, KnaccudmumpyroT Kak cogep:kawmi onyxonesyto BKOHK, ecnn 3HaueHue

KOMBUHMPOBAHHOM AMArHOCTMYECKOM OUEHKM Bblle CpeaHero 3Ha4eHWs 3TaslIoOHHOM OUEHKU No

MeHbLUEel Mepe Ha OLHO CTaHZAPTHOE OTK/IOHEHME ITAJIOHHOW OUEHKM, NPUYEM ITaIOHHYHO

OLEHK

Y PaCCHUTbLIBAOT M3 OAHOIO Naun 601ee 3TaNOHHbIX 3HAYEHU .

B ogHOM BapuraHTe peannsaumm KOMOMHMPOBAHHYHO AVArHOCTUYECKYHO OLIEHKY pacCHMTbIBAKOT U3

BCeX ANArHOCTUYECKMNX OUEHOK, PACCHUTAHHbIX ANA KaXXA40ro OTHOWEHWA, PaCCHUTAHHOIO Ha 3Tane

(v) no

B op

Cnocoby, onNMcaHHOMY BbllLE.

HOM W3 BapVaHTOB peanM3auMu HacToslwee M300peTeHMe OTHOCUTCS K  cnocoby

KnaccudmKkaumm obpasua Kak CoAeprKalllero BHeKNeToyHyio onyxonesyto [HK, skalovarouemy

cnegyrouime aTanbl:

(i)

(ii)

(iii)

(iv)

(v)

onpegeneHne B obpasue, CoAeprkalllemM MHOXKeCTBO ¢parmeHToB BHeknetodHon [HK
(skHK), KoopauHaT Ha NOCNeAOBaTENbHOCTM ANA Havana U/MAKM KOHUA W NS Hadana
n/mMnn KoHua naoc u/uam MUHYC 1 napa HYKAeOTMAO0B MO MeHbluel mepe y
100 000 ¢pparmeHTOoB BKAHK nyTem BbipaBHMBaAHMA C 3TaJIOHHOM NOC/IEA0BaTE/IbHOCTHIO,
onpefeneHre YacToTbl Kaxkgon KoopauMHaTbl, OoNpeaeneHHo Ha aTane (i), BoO MHOXecTBe
¢dparmenToB BKAHK, cogeprkaumxca 8 obpasug,

BbIYMC/IEHME OTHOLIEHMA YaCTOTbl KaXkAoW KOOpAMHaTbl, onpeaesieHHoM Ha aTane (ii), K
COOTBETCTBYIOLLENM 3Ta/IOHHOM YacToTe,

BbI4MC/IEHNE ANArHOCTUHYECKOM OLIEHKW M3 BCEX OTHOLLEHUIM, onpeaeneHHbIx Ha aTane (iii),
NpMYEM yKa3aHHas OLUEeHKa NpeacTassifseT cob0M B3BELIEHHYID CYMMY BCEX OTHOLUEHWIA
4acToTbl, onpeAeneHHbIX Ha aTane (iii), u

onpegenieHne Knaccupumkaumm obpasua nyTem CpaBHEHUS AMArHOCTMYECKOM OLEHKM C

5Ta/IOHHOM OLEHKOM,

npu sTom obpasel, KnaccndUUMpYOT KaKk cogeprKawmii onyxonesyto BKAHK, ecnn 3HavyeHue

AVarHoCTUYECKOM OLEHKM BblllE CPEAHErO 3HAYEHUA STA/IOHHOM OLUEHKM NO MeHbLIEN Mepe Ha

OAHO CTaHAapPTHOE OTK/IOHEHNE 3TaJIOHHOM OUEHKHN, NpU4em 3Ta/TIOHHYHO OUEHKY PaCCHUTLIBAOT
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M3 OZIHOTO UK Boee 3TaNOHHbIX 3HaYEeHUI.

B ogHOM U3 BapMaHTOB peanu3auMmn Hacrosiuee M306peTeHMe OTHOCUTCA K cnocoby

KnaccudmKaumm obpasua Kak cogeprkallero BHeKneTovHyto onyxonesyto AHK, skalovarowemy

cnegytouime sTansl:

(i)

(ii)

(iii)

(iv)

(v)

(vi)

onpegeneHne B obpasue, CoAeprkallleM MHOMKeCTBO ¢parmeHTOB BHekneTouHou [HK
(skHK), KoopauHaT Ha NocneA0BaTE/IbHOCTU A8 HavYana u/uUamv KoHUa No MeHbLIel mepe
y 100 000 ¢pparmeHTOB BKHK nyTem BbipaBHMBaHWA C 3TAJIOHHOM NOCNE40BATENbHOCTLIO,
onpegeneHne B 3Ta/JIOHHOW NOC/Ie0BaTe/IbHOCTN BCEX MOTUBOB HYK/NEMHOBOM KWUCNOTHI,
COCTOALLMX N3 TPUHYKNEOTUAO0B, TETPAHYKNEOTUA0B M NEHTAaHYKNEO0TUAOB, B AMana3oHe oT
1 po 5nap HyKneoTMAoOB NO HaNpaB/IEeHWIO BHYTPb, HO PAAOM C KOOPAMHATOW Ha
Nocneso0BaTeNbHOCTM ANA KaXkKA0ro Havana u/mnm KoHua, onpegeneHHol Ha aTane (i),
onpezeneHne 4acToTbl KayK4,0ro U3 MOTMBOB HYK/EMHOBOW KMUCIOTbI, ONPeAeNeHHbIX Ha
atane (ii), Bo mHOXecTBe PpparmeHTos BKAHK, cogeprkawmxca 8 06pasuge,

BbIYMC/IEHME OTHOLWIEHMS KakAOW W3 4acToT, OnpedeneHHblXx Ha aTane (iii), K
COOTBETCTBYIOLLENM 3Ta/lOHHOM YacToTe,

BbIYMC/IEHNE AMArHOCTUUYECKOM OLIEHKM M3 BCEX OTHOLLEHWM, ONPEeAEeNeHHbIX Ha aTane (iv),
NpPMYEM YKa3aHHas OLEeHKa NpeacTasBsfseT cob0olM B3BELIEHHYID CYMMY BCEX OTHOLLEHWUIA
4acToTbl, onNpeAeneHHbIX Ha aTane (iv), u

onpegeneHne Knaccupumkaumm obpasua NyTem CpaBHEHUS AMArHOCTUYECKOM OLEHKM C

5Ta/OHHOM OLUEHKOMN,

npu sTom obpasey, KaaccudnUMpyOT Kak cogeprKawmii onyxonesyto BkAHK, ecav 3HavyeHue

AVarHoCTUYECKOM OLEHKM Bbillie CPeAHEro 3Ha4eHUA 3Ta/IOHHOM OLEHKM NO MEHbLIEN Mepe Ha

OAHO CTaHAapPTHOE OTK/I0OHEHNE 3TaJIOHHOM OUEeHKH, Nnpu4em 3Ta1I0HHYHO OUEHKY PaCCHUTbIBAKOT

M3 OZHOTO UK bonee 3TaIoHHbIX 3HaYEeHU .

B apyrom BapuaHTe peasm3aummn HacTosiLee M300peTEHNE OTHOCUTCA K Cnocoby KaaccuduKkaumm

o0bpa3sua Kak cogepKallero BHEKETOUHYI0 onyxonesyto [JHK, Bkatovaouwemy cneaytoume sTanbi:

(i)

(ii)

onpegesieHne B obpasue, codeprkalllemM MHOXKecTBOo ¢parmeHToB BHekneTodHor [HK
(skHK), KoOpAWHaT Ha NOC/EeA0BATE/IbLHOCTU A1 HavYana u/uamv KOHUa No MeHbLIel mepe
y 100 000 ¢pparmeHToB BKAHK nyTem BblpaBHMBAHWA C 3TaJIOHHOM NOCAEA0BATENbHOCTLIO,
onpegeneHne B 3TaIOHHOW NOC/IeA0BaTENbHOCTN BCEX MOTUBOB HYK/IEMHOBOW KUCAOTHI,
COCTOALUNX N3 TPUHYKNEOTUA0B, TETPAHYKNIEOTUA0B U NEHTAHYKNEOTUA 0B, B nana3oHe oT
1 fo 5nap HYKAeoTMAOB NO HaNpaBiEHMIO HapyXKy, HO PAAOM C KOOPAMHATON Ha

Nnocief0BaTeNbHOCTM ANS KaXKA40ro Havyana u/unm KoHua, onpeaeneHHon Ha atane (i),
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(iii) onpegeneHMe 4acTOTbl KaXK4OTO U3 MOTMBOB HYKIEMHOBOM KMC/IOTbI, ONPeAEEHHbIX Ha
aTane (ii), Bo mHoxecTBe dparmeHToB BKIHK, cogeprkaumxcs 8 obpasue,

(iv) BbluMCNeHMEe OTHOWIEHUA KakaoW W3 4acToT, onpefeneHHblXx Ha aTane (iii), K
COOTBETCTBYHOLLENM 3TAa/IOHHOM YacToTe,

(v) BbluMCNEHME AMArHOCTUYECKOM OLUEHKM U3 BCEX OTHOLIEHW, ONpeaeneHHbIX Ha aTane (iv),
NPMYEM yKasaHHas OueHKa npeacTassifaeT coboM B3BELEHHYHD CYMMY BCEX OTHOLIEHWIA
YacToTbl, ONpeaeneHHbIX Ha aTane (iv), u

(vi) onpegenenve Knaccmdukaumm obpasua nNyTem CPaBHEHUS AMArHOCTUYECKOM OLEHKU C
9Ta/IOHHOM OLEHKOM,

npu aTom obpasey, KnaccndnumMpyroT Kak cogeprawmin onyxonesyto BkAHK, ecnn 3HaueHune

OVarHoCTUYECKOM OLEHKM BbilLE CPeAHEro 3Ha4eHWA 3TaZIOHHOM OLUEHKM NO MeHbLUIEN Mepe Ha

O/ HO CTaHAAPTHOE OTK/IOHEHWE 3TAIOHHOM OLUEHKM, NPUYEM 3TAJIOHHYIO OLEHKY PacCUMUTbIBAOT

M3 0A4HOro UK 6onee 3TaNOHHbIX 3HAYEHUN.

B oaHOM W3 BapWaHTOB peanMs3aumm guanasoH Nap HyKAeoTUAOB NO Hanpas/IEHUIO BHYTPb, HO
PAAOM C KOOPAMHATOM Ha MNOCAeA0BaTe/IbHOCTM AJ1A KaMkAOro Havana W/WaM KOHUA, MOKET
COCTaBNATL OT 2 N.H. A0 6 N.H, MAMOT3 N. H. A0 7 N. H,, LM OT4 nN. H. 4O 8 N. H., /I OT 5 N. H. O

9 M. H., M 0T 6 N. H. A0 10 N. H. OT KOOPAMHATLI KAKAOIO HavYana /M KoHua.

B ogHOM M3 BapuaHTOB peanv3aumMnm MUHUMaNbHOe Konaudectso ¢parmenTos BKAHK,
COoAepKalMXCs B aHannsnpyemom obpasue, coctasnsiet ot 100 Tbicay g0 500 Tbicsad, oT 500 Thicsu
A0 1 mmnnnoHa, ot 1 MmMnanoHa A0 2 MUAAMOHOB, OT 2 MUAJIMOHOB A0 5 MmnnnoHos, wam ot
5 mmnnnonos go 10 mmnnmoHos, nam ot 10 mmnnnoHos o 20 MmanmnoHos, nam ot 20 MMAINOHOB

00 50 mmnnnoHos, nam ot 50 mmnanoHos ao 500 MMAINOHOB.

B ogHOM M3 BapuaHTOB peanuMsauum Konauvectso onyxosneson BKAHK B obpasue morkeT ObiTb
KnaccnduUmMpoBaHO Kak HU3KOE, ec/i KOMBMHMPOBaHHas AMarHoCTUYecKasn OLleHKa COCTaBAseT OT
2 00 4 CTaHAAPTHbIX OTKAOHEHWI 3Ta/lOHHOWM OLEHKM, Kak CpefHee, ecniv KOMOMHMPOBaHHas
OLIeHKa CoCTaBnaeT oT 4 A0 6,5 cTaHAapTHbLIX OTKNOHEHWM 3TaIOHHO M OLEHKM, U KaK BbICOKOE, eC/in

KOMDOWHMPOBaAHHas OLLEHKa cocTaBnseT bosee 6,5 CTaHAAPTHBIX OTKJAOHEHUWIA 3TAaJIOHHOM OLIEHKMW.

B ogHOM 13 BapnaHTOB peasiM3aumm 3TasloHHblE 0Opa3Upl MOTYT NPeacTasanaTb cobo 06pasuybl OT
naumMeHToB 6e3 paka, KM OT NauMeHToB 6e3 peunanMBoB, UK OT YCNELWHO Bbl/IEYEHHBIX NALUMEHTOB

C pakom.

B ogHOom w©3 BapuwaHTOB peanusauuun 31an (i) noboro u3 cnocob6os, ONUCAHHbIX BbILIE,
3aKlovalowmricas B onpegeneHnMM B obpasue, COZeprKallemM MHOXKEeCTBO ¢dparmeHTos
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sHekneTouHor [OHK (8k[HK), koopamHaT Ha nocnegoBaTebHOCTM A8 Hadana v/uamM KoHua no
MeHblwen mepe vy 100000 ¢parmentoBs BKAHK nytem BblpaBHMBAHWS C  3Ta/IOHHOM
NnocnefoBaTeIbHOCTLIO, BK/HOYAET onpegeneHmne NocnefoBaTesibHOCTU HYKAEMHOBOM KMCAOTbI MO
MEHbLUEN Mepe y YacTu 13 MHoxkecTBa ¢parmeHTos BKAHK B 0bpasue nepes BbipaBHUBAHUEM C

3TaNIOHHOM nocnenoBaTe/IbHOCTLIO.

B ogHOom w3 BapwaHTOB peanusauumn 31an (i) saoboro u3 cnocob6osB, OMUCAHHbIX BbILIE,
3aKaovalowmrcs B onpegeneHun B8 obpasue, CcoZeprKallemM MHOXKecTBO  ¢$parmMmeHTOB
BHekneTouHor OHK (8k[HK), koopamHaT Ha nocnegoBaTenbHOCTM AN Hadana u/uam KoHua no
MeHblwen mepe vy 100000 ¢parmentos BKAHK nytem BblpaBHMBAHMA C  3TaNOHHOM
Nocnef0BaTeNbHOCTbIO, AONOJIHUTENBHO BKAOYaeT oborauweHne dparmeHTos BKAHK nepeg

onpeaeneHnem Nocnef08aTe/IbHOCTU HYKNENHOBOW KMCNOTbl y pparmeHToB BKAHK.

B ogHOM M3 BapWaHTOB peanvsaumm obpasey, KnaccuPUuMpyoT Kak coaepyKawmii onyxoiesyto
skHK, nporcxoasauyto U3 onyxonu, BblIbpaHHOM M3 rpynnbl, BKAOYAOLWEN PaK KPOBW, PaK NevyeHu,
pakK Nerkoro, pak NoAyKenyL04HOM Kenesbl, pak NpeacTaTe/lbHOM Kenesbl, Pak MOJIOYHOW Kesesbl,
paK enypaKa, rnvobaacTomy, KOJMOPEKTaNbHbIM PaK, pak ronosbl U Weun, CONNOHYIO ONyXosb,
0,00OPOKaYECTBEHHYIO ONYX0/1b, 3/I0KA4ECTBEHHYIO ONYX0/lb, PaK Ha NO34HeN CTagun, MeTacTas uam

NpeapaKoByIo TKaHb.

B ewe ogHOM BapuaHTe peanMsaumm HacTosillee WU30DpeTeHMe OTHOCUTCA K Habopy,

BKAOHaoWwemy:

(i) KOMNOHEHTblI ANsA OCyLecTB/leHUA JlobOro M3 ONUCaHHbIX Bbllle cnocobos, Npu 3TOM

KOMMNOHEHTbI CoAaepKar:

a) oAuH nan 6onee KOMMNOHEHTOB ANA BblaeneHusa BHeknetouyHon [HK n3 6uonormyeckoro

obpasua,

b) oaMH unn 6onee KOMNOHEHTOB ANA NPUroToBAEHUSs W oborauleHuss GUBAMOTEKM ANs

CEeKBEHUPOBaHUA, U/ unu

c) oauH nnn 6onee KOMNOHEHTOB A1 aMNAMPUKaAUMKN M/UNN CEKBEHUPOBaHUA 060rauleHHOM

6nbnmorteku,

(ii) nporpammHoe obecneveHune 41 NPOBEAEHMSA CTaTUCTUYECKOIO aHannsa.

KPATKOE ONUCAHUE ®UTYP
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Bblnn NpoaHanmn3anpoBaHbl ABaLaTh HOPMasbHbIX 06pa3LoB OT NAaUMEHTOB, He BonetoLmx pakom,
M 27 He COOTBETCTBYIOWMX HOpme 06pasuoB OT NAUWMEHTOB C AMAarHOCTMPOBAHHbLIM
HEME/IKOK/IETOUHbIM pakom nerkoro (HMP/1) Ha nosgHen cTaguu MAM PakoOM TOJCTOM KULLKM.
Jecatb cnydaliHO BblOpaHHbIX HOpMasbHbIX 00pa3syoB M AECATb CAy4alHO BblOPaHHbLIX He
COOTBETCTBYIOLMX HOpMe 0Dpa3LIOB NPMMEHWAN HA 3Tane obyvyeHMA AR OUEHKN Hen3BeCTHbIX

napameTpos B lNpnmepax 1-4.

Purypa l. Ha ®Purype nokasaHo pacnpegeneHme OUEHOK, nosy4deHHbix B lMpumepax 1-4 anA
«HOPMa/bHbIX» 00pa3syoB (KOHTpPOAbHble 06pasupl OT 340pPOBbIX, HEe 6OONeWmX paKom
WHAVBWAYYMOB, HE BK/IIOYEHHbIe B 3Tan 0by4eHns), N0 CPAaBHEHMIO C OLLEHKaMM, NOJYYEHHBIMU C
Nnomouplo cnocoba, ONMCaAHHONO cneuManmMcTamm B AaHHOM 06n1acTh, KOTOpPbIM Ha3bliBaeTcA B
HacToALlLen 3asBKe «apyrum» cnocobom (Peiyong Jiang et al., Cancer Discov., 2020, CD-19-0622).
YKa3zaHHbIA Apyron cnocob M3mepeHMa KOJIMYecTBa KOHLIEBbIX MOTMBOB NOC/IEA0BaTe/1bHOCTM
¢parmenToB BKAHK, cogeprkalmxca B aHanmsnmpyembix 06pasyax, TakKe yYnTbIBAET M BKAIOHaeT
KOOpAMHATLl 414 Hayana W/MAM KOHUA YKa3aHHbIX (pParMeHTOB, B OT/IMYME OT HACTOALLENO
PaCKpbITHS, KOTOPOE MCKAIOHAET yKa3zaHHble KOOpAMHaTbLI Havasna 1/Mav KoHua. CoOTBETCTBYIOL M
HE3HaYMMOMY Pas/IMUMIO KpUTEPUI cymmbl paHros Kpackena — Yonnuca (p-3HavyeHue = 0,9966)
yKa3blBaeT Ha TO, YTO HM OAWH U3 CNOCOHBOB HEe AeMOHCTPUPYET CTOXAaCTUHECKOTO AOMMHUPOBAHUS
Hag ApYrMM NOAX040M B C/lydae HOpMasbHbIX 06pa3uos. CpeaHee 3HaYeHWe pacyeTHbIX OLUEHOK

YCTaHaB/MBAETCA 418 KaXKA0ro NpUMepa PasHbIM HY /0.

durypa2. Ha durype npounniocTpvpoBaHbl 3HAYEHUS OLEHOK WM MX COOTBETCTByOWEe
pacnpegeneHue, NoaydeHHble C NOMOLBLO cnocoba No HacToswemy n3obpeTteHuto B Npumepax 1—
41 C NPUMEHEHMEM ONUCAHHOTO CneLranncTamm B aHHom obnactu cnocoba (ganee HasbIBaEMOro
B HacToAllEeA 3aABKe «apyrMmy» cnocobom) ans o06pasuos, COAeprkaliyx BHEKAETOUYHYIO
onyxonesyto («He cooTsetcTayloulyio Hopme») [HK (ykasaHHble 06pasupl He BKAKOYEHbl B 3Tan
oby4eHus). Korga oTM OUEHKM CPaBHMBAIOT C OLEHKaMM, NOJYYEHHBIMM A5 HOPMAsbHbIX
obpasuos (Purypa 1), camasn BbICOKasi CTENEHb YCTAaHOBNEHMA PA3IMYUIA AOCTUIAETCA C NOMOLLbIO
cnocoboB No HacTosilemMy M306peTeHnio u3 MNpumepos 1—4, 4TO ABHbIM 0OPA3OM MJTIOCTPUPYET
ynyduieHue (yBennmyeHume) 4yBCTBUTENbHOCTM HacTosiuero cnocoba (Mpumepsbl 1-4) No cpaBHEHMIO
C ONMCaHHbIM CNEUNaANCTaMK B AaHHOM 06/1acTM cnocobom Npu YyCTAaHOBAEHUM Pa3INYMM MEXK Y

He COOTBETCTBYIOWMMM HOpMe 06pa3Lamm U HOPMaJIbHbIMKM 0bpasLamu.

Purypa 3. Ha durype nponnniocTpUpoBaHO CPaBHEHME XapPaKTEPUCTUK YyBCTBUTE/IbHOCTU MEXKAY
cnocobamu, onMcaHHbiMK B lNMpumepax 1-4, 1 onNMCaHHbIM CNeuMannucTtamu 8 AaHHOW obnactu
cnocobom (ganee HasbiBaeMbiM B HaCTOSILLEN 3afBKE «ApPYrMm» cnocobom). M3 smnmpuyecKkmx
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pacnpegeneHnii KaxkaoW M3 OUEHOK HOPMAaJibHbIX M HE COOTBETCTBYHOWMX HOpme 06pasuos
BbIYMCAMAM PaCYETHYIO YyBCTBUTENIBHOCTL A5 Bcex crnocobos B Mpumepax 1-4 M ONMCaHHOrO
cneumanmcTamm B AaHHOW obnactu («apyroro») cnocoba. CneumduryHocTb A1 Bcex cnocobos (T. e.
YPOBEHb 3HAYMMOCTM NPU NPOBEPKE CTAaTUCTUYECKONM TMNOTE3bI) YCTaHOBNAEHA Ha ypoBHe 99,9%,
NpM 3TOM pacyeTHble YyBCTBUTENBHOCTM AAA 23TOoro Habopa [JaHHbIX pasHbl  96,8%,
99,94%, 99,48%, 99,9997% ana cnocobos m3 lMNpumepos 1-4 cooTeBeTcTBEHHO. Bce cnocobbl no
HacToAWeMy M306pETEHMIO 3HAYMMO NPEBOCXOAAT ONMCAHHbIA CneumMaamcTamm B ZaHHOW obactu
cnocob, KOoTopbili obecnedymBaeT 4yBCTBUTENbHOCTb Bcero 84,3%, a Takxke gpyrve cnocobul,
LOCTYMHbIE B HAcTOsLLEe BPEMA B IMTepaType, B KOTOPbIX NPUMEHAIOT MHPOpMaLMIO O pasmepe
$bparMeHTOB M U3MEHEHMM KONMYECTBa KONMM Ans Knaccudmkaumm obpasyos Ha KAMHUYECKM
MHbOPMATUBHbBIE KaTeropum M OOCTMMKEHMA YYyBCTBUTENBHOCTM B AmanasoHe oT 60% po 90%

(Mouliere et al. 2018 and Adalsteinsson et al. 2017) (aaHHble He NOKa3aHbl).

Purypa 4. Tabnmua 1. B Tabnnue npuseseHbl OLLEHKKM, NOJlyYEHHble cnocobom Mo HacTosLLeMy
n3obpeteHutio B lNpumepe 4, ona 4YeTblpex AONOJNHUTENbHbIX HOPMasbHbIX 00pasuoB M Tpex
LONONHUTENbHBIX HE COOTBETCTBYIOLUMX HOpMe 06pa3LoB, NpMYEM He COOTBETCTBYIOLUME HOPME
06pasubl NOMyYeHbl OT OHKONOTMYECKMX nauueHTos ¢ anarHosom HMP/ (I ctagus). B Tabauue
BblaesieHa Kaaccuoumkaumsa Konmdectsa Uo[IHK Ha HM3KyO, CpeaHIon U BbICOKYHD. Konnyectso
uoHK B ob6pasue KnaccudUUMpyeTcs Kak HU3KOE, eCnv KOMOWMHMPOBaHHas AuarHocTu4eckas
OuUeHKa cocTasnaeT oT 2 A0 4,5, Kak cpegHee, ecnnm KOMOMHUPOBAHHAA ANAarHOCTMYECKas OLEeHKa
coctasnseTr oT 4,5 00 6, U KaK BbICOKOE, €C/M KOMOWMHMPOBaHHasA AMarHOCTUYECKas OLEeHKa

coctasnsaetT 6onee 6.

NnoAaPOBHOE ONUCAHUE U3OBPETEHUA

B HacTosuiem n3obpeTeHnM onmncaH cnocod »KMAKOW BMONCUKM, B KOTOPOM NPUMEHAETCS HOBbIN
6MOMHPOPMALIMOHHBIA  aHanM3, OCHOBaHHbIM Ha pPacCWIMPEHHOM Auana3oHe WHdopmaumu,
M3BNEKaeMol U3 cekBeHMpoBaHua Uo[HK, ¥ BHeapsAloTCA HOBble MHOronapameTpudecKkue
cTpaTerMn A CO34aHMA HALEKHOrO, YYBCTBUTENIBHOTO W CNeuM¢eUYHOro aHanaM3a »KUOKOM

broncum ana knaccnprKkaumm 06pasL OB NO KJAMHNYECKM 3HAYMMbIM KaTErOPUSIM.

OaVH 13 BapWaHTOB peasin3almMmn HAcTOALLETO M30OPETEHMA OTHOCUTCA K cnocoby Knaccudurkaumm
obpa3ua Kak COoAeprkallero BHEKNeTO4YHyto onyxonesyto [HK, npuyem yKasaHHbIM cnocob
BK/IIOYAET OMpefesieHMe KOOpPAMHAT Ha NoC/ief0BaTe/lbHOCTU A1 KOHUOB, AW «Havana u/uau
KOHUa», U HeobA3aTe/IbHO A/1A Havana u/Man KoHua naoc n/mam mmvHyc 1 napa HyK1eoTmaos, y
MHoxKecTBa pparmeHTos BKAHK, cogepskawmxca 8 obpasue. «Havano u/vnam koHeu» dparmeHTa

BkHK B HacTosen 3asBKE OTHOCUTCA K KOHUAM, TPaHMUAM WM CamMbiM KpalHMM Napam
9
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HYKNeoTMAOB WM  HyKneotugam ¢parmeHTa BkAHK. OnpegeneHve KoopAMHaT Ha
nocsiefoBaTenbHOCTU ana ¢parmeHToB BKAHK mMorKeT ObiTb OCYLLECTB/IEHO NYTEM BblpaBHMBaAHUA
C 3Ta/ZIOHHOIM NoC/nefoBaTeNbHOCTbIO, NPMYEM  3STaNOHHAA MNOCNefO0BaTe/IbHOCTb  MOMKET
npeacTasasaTb cobon nocnefosaresibHOCTb OHK OpraHnsma, npeanoyYTUTENbHO
nocnegosatenbHocTb [IHK yenoseka, Takyto Kak Nocne0BaTeIbHOCTb reHoMma Yesioseka hgl9 nam
hg38, nnn nocnenoBaTenbHOCTb rEHOMa CyObeKTa-4esloBeKa, KOTOPbIM MOMKeT ObiTb, COrIacHO
OLHOMY W3 BapMaHTOB peannsaumu, 340pOBbIM CyOBEKTOM-YENOBEKOM WM CyObeKTOM-

HYE/N0BEKOM, HE MMEKLWNM pPaK.

B oAHOM M3 BapMaHTOB peasM3aumy HaCTOSLLEro M30OpeTeHMA onpefeneHne KOOpAMHAT Ha
NoCNefoBaTe/IbHOCTM MOMKET BK/AOYaTb aHanus u/uam onpegeneHne nocnefoBsaTe/ibHOCTU
HYKNEMHOBOM KMCNOTbl Yy MHOXKecTBa ¢parmeHToB BKAHK, Hanpumep, nytem aHanmsa
CEKBEHWMPOBaHWA. B ogHOM M3 BapMaHTOB peanan3auMmM onpegesieHMe KoopAMHaT Ha
NnocnefoBaTENbHOCTY MOMKET LOMO/IHUTENIBHO BK/OYATh BblLE/NIEHNE UM OYUCTKY HYKIEMHOBBIX
KMCAOT u/mnm, B YyactHoctn, ¢parmeHTos BKAHK n3 o6pasua, n/unmn oboraweHne dparmeHToB
BkAHK 13 obpasua, n/muam nonydyeHne BMBANOTEKM ONA CEKBEHMPOBAHUA U3 BblaeneHHon JHK,

PHK nan sk JHK nepen aHann3om CeKBeHMpPOBaHUA.

AHann3 AaHHbIX CEKBEHMPOBAHMA MOXKET BK/OHaTb BblpaBHMBAHWE NOAYYEHHOW MHOpMaUnmM o
Noc/e40BaTENbHOCTU HYKNENHOBOW KMcnoTbl BKAHK ¢ aTafloHHOM NocneaoBaTe/IbHOCTbIO reHOMa.
9TO BblpaBHMBaHME NO3BONAET KAPTUPOBATb KOOPAMHATLI Ha NOCAeA0BaTeNbHOCTU ANA «Havana
/AN KOHU@» WAM  KOHUOB aHanusmpyemblx ¢parmeHtos BKAHK Ha  3TanoHHOM
NnocnefoBaTeIbHOCTM TFeHoma. B  npegnoutuTenbHOM BapuaHTe peanus3auum  HacTOALLEro
n306peTeHns B AONONHEHME K KOOPAMHATaM Havana u/Mam KoHLa CeKBEHUPOBAHHOIO GparmeHTa
BkHK Ha a3TasioHHOM noC/iefoBaTe/IbHOCTM TFeHOMAa TaKXKe OnpeaensioT KOoopAuHaTbl Ha

NocAe0BaTeIbHOCTM 1A NOJIOXKEHUH +1 n. H. 1 -1 n. H. OT Ha4yana u/Mam KoHUa.

Bnocnegcteun moxkeT ObiTb onpedeneHa 4acToTa KaxkaoW OnpefesieHHOM KoopAMHaTbl Ha
nociea0BaTeNbHOCTM A5 Hadana u/vav KoHUa y MHoxecTsa dparmeHTos BkHK, cogepskalumxcs
8 obpasue. Bce KoopawHaTbl, OOHapy)KeHHble A8 OAHOro U Toro e ¢parmeHTa BKAHK
(TexHU4eckuii oybankat) nav ana asyx pasHbix pparmenTos skHK (6nonornueckue aybnumkatsbl),
YUMTBIBAIOT NPU  BbIYMCAEHMM YacTOTbl (PAacnpOCTPAaHEHHOCTM) KaXKAOW KOOpAMHaTbl Ha
NnocneaoBaTeNbHOCTU A8 Havana u/unm KoHua, 06 Hapy»KeHHOM y MHoXKecTsa ¢pparmeHTos BrHK.
B npeano4TUTEIbHOM BapUaHTe peasan3aLmm HacToALWErO 306peTeHUS B LONOJHEHME K YacTOTam

KaXkA0W KOOpAMHAaTbI 4718 Havana u/uav KOHLUA TakKxKe ONpeaessioT HacToTy KaxkA0M KOOpAHaThI
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Ha NOCAef0BaTeNbHOCTM ANA NOMAOXKEHUN +1 n. H. 1 -1 N. H. OT HavYana 1u/MaM KoHUa B npeaenax

MHoxKecTBa pparmeHTos BkAHK B obpasue.

B 0iHOM M3 BapMaHTOB peann3aunm HaCTOALLErO M30OpeTEHNA ONpeaenatoT OTHOLLIEHME YacToThl
KakOoM onpefeneHHOW KOoOpAMHaTbl Ha 3Ta/lOHHOM FeHOME K COOTBETCTBYIOUWLEW 3TaslOHHOM
yactoTe. B npeanodytUTeNIbHOM BapWaHTE peasiM3auuM 3TO OTHOLIEHME 4acTOTbl KOOpAMHaT B
obpa3sue K ITaJIOHHOM 4acToTe TaKKe BbIMMCAAIT AJA KarkAOW 4acToTbl KOOpAMHAT Ha

NocAe0BaTe/IbHOCTM ANA NONOXKEHUM +1 n. H. 1 -1 N. H. OT HaYana u/mam KoHua.

3aTemM M3 BCEX OTHOWEHWI YacToT MOXKeT ObiTb BblUMC/IEHa ANarHoCtn4eCkaa OueHKa B
COOTBETCTBMM CO CNOCOBOM NO HACTOALEMY M30OPETEHMIO, NPUYEM YKa3aHHAA ANArHOCTUYECKan
OLEHKa oOnpeaenseTcd Kak B3BelWEHHass CyMMa BCEX OTHOLWIEHWI YacToT, MOJIyYEHHbIX B
cootBeTcTBMM C [lpmepom 1, Npu 3TOM aHanusMpyemblt obpasey, KaaccmduumpyroT Kak
cogepxawmii onyxonesyto BKAHK, ecnn 3HaueHWe AMarHOCTUYECKOM OUEHKM Bbille CpeaHero
3Ha4YeHMA 3TaNOHHOM OUEHKM NO MEHblUEel Mmepe Ha OZHO CTaHAAPTHOE OTK/JIOHEHWE 3Ta/IOHHOM

OUEeHKH, Npn4em 3Ta/IOHHYH OUEHKY paCcCHMTbIBAOT M3 OQHOT0 Uan 60nee 3TaNOHHbIX 3HAaYEHUA.

B ogHOM M3 BapMaHTOB peann3aLMm HacTOALWEro M306peTeHma Nocie onpeseneHus KoopauHat
Havana n/mnn KoHua y mHoskectsa dpparmeHTos BKAHK, cogepxawmxcsa 8 obpasue, moryT 6biTb
onpegeneHbl BCE MOTUBbI HYK/IEMHOBOM KMCNOTbI B 3TAaZIOHHOM NOCNeA0BaTENbHOCTM, COCTOSLLME,
HanpMmep, M3 TPUHYKNEOTUAOB (Tpex Noc/AefoBaTesbHbIX HYKNEe0TUAO0B), TETPaHYK/IeoTUA0B
(yeTblpex nocnegoBaTeNbHBLIX HYKNEOTUAOB) M/UK NEHTAHYKIEOTUAOB (NATU NOCAeA0BaTENbHbIX
HYKNeoTMaoBs), B Npeaenax ONpPeaeseHHOro AuanasoHa nap HYKIeoTMA0B8 NO HanpasieHWto
BHYTPb, HO PACMO/IOXKEHHbIX CMEXKHO Ha paccToAHUM 1 nnm 6osiee N. H. OT Kaxka0M KoopamHaTbl Ha
nocneaoBaTe/IbHOCTU ANA Havana u/uam KoHua. B ogHOM 13 BapuaHTOB peanv3aumm HaCTOALLETO
N300peTeHNss ONpefeNeHHbIM AMana3oH Nap HYKNeoTWZAOB MO HanpaBieHWIO BHYTPb, HO
PacnofIOXKEHHbIX CMEXHO Ha paccToaHuMM 1 mam Honee N.H. OT KaKAOM KOOpAMHATHI Ha
NocAefoBaTeIbHOCTU A8 Havana u/Mav KOHUA, MOXKET COCTasAATb oT 1 n. H. 40 5 N. H., OT 2 n. H.
AO6N.H,O0T3N.H.A07N.H,0T4N.H.A08N.H.,,OT5N.H. 409 N.H. uAmoT6 N. H. 4o 10 n. H. B
npegnoYTUTeNIbHOM BapuMaHTe peann3aunmn gmanasoH MOXKeT COCTaBNATb OT 1 N.H. A0 5 Nn. H. no
HanpaB/EHWNIO BHYTPb OT Ka*KA0M KOOPAMHAaTLI Ha NOCAeA0BaTeNbHOCTU A/1A Havana u/uan KoHua,
onpeaeneHHon y mHoxkectsa ¢parmeHToB BKAHK B 0bpasue. MoTtusbl HepyT M3 3TalOHHOM
nocneaoBaTesibHOCTM FeHoMma, 4Tobbl M3berkaTb MeKMHAMBUAYaANbHOW BapuabenbHocTn (T.e.

O HOHYKNEOTUAHBIX NOAMMOPDM3IMOB).
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MoOTMBbI HYKJIEMHOBBIX KUCAOT MOTYT ObiTb ONpefeneHbl Ha OCHOBE KarKAoro oHHapy»KeHHOro
NONOXKEHWUS Hadana U/MAM KOHUA Ha 3Ta/JIOHHOM NOC/eA0BaTe/IbHOCTM, C KOTOPOW BblpaBHUBAAU

¢parmeHT BKHK, a He Ha ocHoBe dpaKTHMYEeCKOM NocneLoBaTeIbHOCTU dparmeHTa.

3aTem MOKeT ObITb ONpegesieHa YacToTa (PacnNpPOCTPAHEHHOCTb) KaXKA0ro 06HapyKEHHOMO MOTUBA
HYKNEMHOBOM KMCIOTbl BO MHOXKecTee ¢parmeHTos BKAHK B o06pa3sue. Bce moTmBbl,
oDOHapy)KeHHble Ans O4HOro M Toro ke ¢parmeHTa BKAHK mvnm gns ggyx pasHbix GparmeHToB
BkJHK, y4MTbIBAIOT NpPWM BbIMMCAEHMM YacTOTbl (PACNPOCTPAHEHHOCTM) KaxKaoro MOTUBA,
obHapy»KeHHOoro Bo MHoxecTee ¢pparmeHTos BKAHK. Mocsie 3Toro BbIMMCAAIOT OTHOLEHWE KarKa0M
M3 4acTOT MOTMBOB HYK/IEMHOBOM KMCNOTbl BO MHOXKecTBe ¢pparmeHToB BKAHK K cooTBeTCTBYIOWLEN
3TaJIOHHOWM YacToTe. 3aTeM U3 BCEX OTHOLUEHMI YacTOT BbIMUCSAIOT AUNArHOCTUYECKYIO OLEHKY B
COOTBETCTBMM CO CNOCOBOM NO HACTOALLEMY M306PETEHNIO, NPUYEM YKa3aHHas AMarHOCTUYeCKas
OLEHKa onpefenfeTcis Kak B3BELWEeHHAas CymMma BCeX OTHOLUEHMI 4acToT B COOTBETCTBUM C
MNpumepom 2, nNpM 3TOM aHaAM3MpPyemblit obpasel, KAAacCUPMUMPYIOT KaK CcoAeprKalmii
onyxonesyto BKHK, ecnn 3HauyeHMe [MArHOCTUHECKOM OUEHKM Bbille CpeaHero 3HavyeHus
9Ta/IOHHOM OLUEHKM NO MEHbLUeli Mepe Ha OAHO CTaHZAPTHOE OTK/IOHEHME 3TaJIOHHOM OLEHKMU,

npmyem 3Ta/I0OHHYHO OUEHKY paCCYMTbIBAOT N3 OAHOIo Naun 60/1ee 3Ta/IOHHbIX 3HAYEH WM.

B ogHOM M3 BapWaHTOB peannsaumm HaCTOSWEro M306peTeHns Nocie ONpeaeneHns KoopauHaT
Hadana n/mnn KoHua y mHoskectsa ¢pparmeHTos BKAHK, cogepxawmxcsa 8 obpasue, moryT 6biTb
onpegeneHbl Bce MOTUBbI HYK/IEMHOBOWM KMC/IOTbI B 3Ta/IOHHOM NOC/Ie40BaTE/IbHOCTM, COCTOSILLME,
HanpMmep, M3 TPUHYKNEOTUAOB (TPex NoC/AefoBaTesNbHbIX HYKNEe0TUAO0B), TETPaHYK/IeoTUAOB
(yeTblpex nocnegoBaTeNbHBLIX HYKNEOTUAOB) M/UK NEHTaHYKIEOTUAOB (NATU NOCAeA0BaTeNbHbIX
HYKNeoTMaos), B Npegenax Onpeae/eHHOro AuanasoHa nap HyK/JeoTMZOB NO HanpasieHUIo
HapyKy, HO PaCNOJIOKEHHbIX CMEKHO Ha PaccTosHMKM 1 naum 6onee N. H. OT Kaxka0M KoopAMHaTbl Ha

NnocaeA0BaTeNbHOCTM A5 Hadana u/vav KoHua.

B ogHOM M3 BapMaHTOB peanm3aummn HacToALEero M3obpeTeHna onpeseneHHbli gManasoH nap
HYK/IEOTMA0B NO HanpaB/EHMIO HAPY!KY, HO PAacNONOMKEHHbIX CMEXKHO Ha paccToAaHnm 1 namn bonee
M. H. OT KarKAOW KOOPAMHATbl Ha MOCAeA0BaTENbHOCTM A8 Hadana W/MaM KOHUA, MOXKET
COCTaBNATL OT 1 N.H. AO5N.H, OT2N.H. A0 6N.H.,, OT3 N.H. 4O 7 N.H.,, oT 4 N. H. 4O 8 N. H., OT
5n.H. 809 N. H. nan oT 6 n. H. 2o 10 n. H. B npegnouytntenbHOM BapuaHTe peanvsauyn gnanasoH
MOKET COCTaBAATb OT 1N.H. A0 5N. H. NO HaNpaBAEHMIO Hapy»Ky OT KaXKAOW KOOpAMHaTbl Ha
NnocieAoBaTeNbHOCTM A5 Hadana u/vav KoHUa, onpeaeneHHon y MHoXecTsa pparmeHTos BrHK
8 obpasue. MOTMBbI HYKNEMHOBBLIX KWUCAOT MOFYT ObITb ONpefesieHbl Ha OCHOBE KayKaoro
06HapYEHHOTO MONOMKEHUA Havana u/MAM KOHLA Ha 3TAaNOHHOM NOCAeA0BaTe/IbHOCTH, C KOTOPOM
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sbipasHMBanM ¢parmeHT BKAHK. Takme mMoTuBbI HYK/IEMHOBOW KMC/IOTbl MOTYT COAEPKaTb TOJIbKO
NocnefoBaTelbHOCTb HYKAEMHOBOM KMCNOTbl 3TAJIOHHOWM NOCAEeA0BaTEbHOCTM, PaCnONOKEHHYIO
CMEXKHO Ha pacctosHuM 1 mam 6onee n. H. OT mMecTa BblpaBHMBaHUA ¢parmenTa BKAHK. Takue
MOTMBbl He COZeprkaT NOoCNef0BaTe/IbHOCTb HYK/JEMHOBOM KucnoTbl ¢parmeHta BKAHK, HO
cofepKaT Noc/ne0B8aTeNIbHOCTb, HAUNHAKOLWYOCA HENOCPEACTBEHHO 3a NpeAenamn KoOopaWHaThI
Havana Mam KOHLA Ha 3TaJIOHHOM NOCNeA0BaTEIbHOCTM, HANPUMED, HAYMHAOLLLYHOCA C KOOPAMHATHI

Ha PaccTosHMM OT 1 M. H. A0 5 N. H. NO HaNPaBAEHWUIO HaPY:Ky, HO PAAOM C Ha4an0M/KOHLIOM.

3aTem MOXKeT ObITb ONpesesieHa 4acToTa KaxkAoro obHapy»KeHHOro MOTMBa HYKJIEMHOBOM KMCNOTbI
B0 MHoKecTBe ¢pparmeHTOB BKAHK B 06pasue. Bce MOTMBbI, 0OOHapy»KeHHble 418 O4HOTO U TOTO Ke
¢parmenTa BKAHK nnm pgna asyx pasHbix ¢parmeHToB BKAHK, y4ynTbiBalOT Npu BbIMMCAEHUM
4acToTbl (PacnNpPOCTPaHEHHOCTMN) KaXKAoro mMoTuBa, OBHaPY»KEHHOIO BO MHOXeCTBe pparMeHTOB
skHK. Mocne 3toro MmorkeT OblTb pPacCYMTAHO OTHOWIEHME KaykAoM M3 4acToT MOTMBOB
HYK/IEMHOBOW KUCNOTbl BO MHOXKecTBe ¢parmeHTos BKAHK K cooTsercTsylowein 3TanoHHOM
yacTtoTe. HakoHeu, 13 BCeX OTHOLIEHMWIM YacTOT MOXKET BbITb paccuMTaHa AMarHOCTMYEeCKan OUeHKa
B COOTBETCTBUM CO CNOCOHBOM MO HaCTOALLEMY M30OPETEHUNIO, NPUYEM YKAa3aHHAA AMarHOCTUYEeCKan
OLEeHKa onpefensieTcsd KaK B3BEleHHas CymMma BCeX OTHOLWIEHMI 4acTOT B COOTBETCTBMM C
Mpumepom 3, nNpyv 3TOM aHaAM3UPYEMbIM 0bpasel, KnaccMuuMpyroT Kak cogeprkaulmii
onyxonesyio BKHK, ecnn 3HayeHMe [AMarHOCTUHYECKOM OLUEHKW BblllEe CPEAHEro 3Ha4YeHus
3TaZIOHHOM OLIEHKW MO MEHbLUEN Mepe Ha OZIHO CTaHAAPTHOE OTK/IOHEHWE 3TaZIOHHOM OLEHKM,

npnyem 3Ta/I0HHYHK OUEHKY PaCCHUTbIBAOT N3 OAHOIo Naun 60/1ee 3Ta/IOHHbIX 3HAYEH WM.

B ogHOM BapuaHTe peanmsauMm HACTOALWEro N3006peTeHNsA BCE ONMMCaHHbIE B HACTOALUEN 3anaBKe
Bbllle 3Tanbl cnocoba BbIYUCAEHUS OUEHKM M3 OTHOWEHMM: (a) 4acToT KoopAMHaT Ha
nocnefoBaTe/bHOCTU A4 Hadana u/munm KoHua (Heob6s3aTenbHO NOMOXKEeHU -1n. H. u/unu
+1n.H.), (b) YacToT BCeX MOTMBOB HYKNEUHOBbIX KUCAOT, PACnoOXEHHbIX MO HanpasAeHUIo
BHYTPb, HO CME}KHO Ha PacCTOAHMM OAHOM MM Bosee M. H. OT KOOPAMHAT Hadana u/uaM KoHua
dparmenToB BKAHK, 1 (c) 4acToT BCEX MOTMBOB HYK/JIEMHOBBLIX KWUCAOT, PaCNOOMKEHHbIX NO
HanpaB/IEHNIO HAPYKY, HO CMEKHO Ha paccTosiHuKM 1 namn 6oee n. H. OT KOOPAMHAT Havana u/mam
KOHua ¢parmeHToB BKAHK, 6e3 BkalovdeHus nocnegosatenbHocTM BKAHK, B cpaBHeHuM c
3TaJIOHHbIMK 4acTOTaMW, MOFYT MPOBOAWTBLCA NapanienbHO WM B ONPeLeneHHOM NOPALKeE,
npuyem BNOCNEACTBUM 3HAYEHUA AMArHOCTMYECKMX OLIEHOK AByX uam scex aTtanos (a), (b) u (c)
MOTyT ObITb NPUMEHEHbI AJ1A BbIYMC/IEHWA 3HA4YEHMA KOMOMHMPOBAHHOW AMAarHOCTNHECKOM OLEHKM
B COOTBETCTBMM CO cnocobamu MO HaCTOsLEMY M300peTeHuIo, Kak onucaHo B8 lMpumepe 4. B

COOTBETCTBUM C 3TUM 3HAYEHMEM KOMOMHNPOBAHHOWM AMAarHOCTUYECKOM OLEHKM aHa/IM3UPYyEMBbIi
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obpasey, KnaccMPUUMpPYIOT Kak cogeprkawuii  onyxosesyto BKAHK wau  umpRyauvpyouyto
onyxonesyto AHK (uoHK), ecam 3HaueHne KOMOBMHUPOBAHHOW AMArHOCTUYECKOM OLIEHKM Bbille
CpefHero 3Ha4yeHWs 3TaJIOHHOM OUEHKM NO MEHbLUEN Mepe Ha OAHO CTaHZAPTHOE OTK/AOHEHMWe
5TaZIOHHOW OLLEHKM, NPUYEM 3TAJIOHHYIO OLUEHKY PacCHMTLIBAIOT U3 OAHOTO WK Bosliee 3TaIOHHbIX

3HaYeHUN.

B ogHOM M3 BapuaHTOB peanusauMmM nNyTem CpaBHEHMA 3HA4YeHWA KOMOWMHMPOBAHHOM
OVAarHOCTMYECKOM OUEHKM, NOMYYEHHOM ANA KaXKAOro He COOTBETCTBYHOWEro Hopme obpasua, ¢
3TaZIOHHOM OUEHKOW Kosmvectso onyxoseson BKOHK wnm uofHK B obpasue moxker ObiTb
KnaccupuumpoBaHo Kak (a) HM3Koe, eciv KOMOMHMPOBAHHAA AMArHOCTUYECKan OLEHKa COCTaBAEeT
0T 2 0 4 CTaHAAPTHbBIX OTK/IOHEHUIA 9Ta/IOHHOM OLLEHKM, Kak (b) cpeaHee, ecnv KOMOWMHMpPOBaHHas
OLeHKa cocTasnseT oT 4 40 6,5 CTaHAAPTHBIX OTK/IOHEHUIA 3TaIOHHOM OUEHKM, U KaK (C) BbICOKOE,
eCcAn KOMOMHMPOBaHHas OUEHKa cocTaenseT H6onee 6,5 cTaHAAPTHLIX OTKIOHEHUIW 3TaNOHHOM

oueHku (Tabawnua 1).

BHEKNETOYHbIE HYKNEMHOBbIE KMCAOTbI

B HacTosulel 3asBKe cMecb PpParmMeHTOB HYKIENHOBOM KMUCIOTbl NPEANOYTUTENBHO BbIAENAIOT U3
06pasua, NOJIYYEHHOTO OT 3YKapMOTUYECKOrO OpraHM3ma, NpeanodTUTEIbHO OT NpMmara, 6onee
NpeanoYTUTENIbHO OT Yenoseka. Obpasel, MOXKET coaepKaTb KAETKU WU HYKIENHOBbIE KMCOTbI
M3 pa3HbIX TMNOB TKaHew. o cyuiecTsy, obpasel, B CUy CBOEM NPUPObl MOXKET COAeprKaTb CMECh

$bparmeHTOB HYKNENHOBOW KNCOTHI.

B HacToselM 3asBKe TEPMUHbI KHYKIEMHOBAsA KMCA0Ta» UK «NOCAeA0BaTe/IbHOCTb HYKIEMHOBOM
KNUCNOTbI» MOINYyT ObiTb MCNOMb30BaHbl Kak B3aMMO3aMeHsiemble ansi 0603HavyeHus, bes
orpaHuyeHui, HK, PHK, renomHoi HK, sHeknetouHoit JHK n/vnn PHK n TPHK, matpudHon PHK

(MPHK), cuHTeTnueckon IHK nam PHK.

B KOHTEKCTe HacToAWEro M306peTeHUss TePMUHbI «PpParmMeHTbl HYKJEMHOBOW KUCIOTbI» U
«parmeHTUPOBaHHbIE HYK/IEMHOBbIE KUCAOTBI» MOTYT MCMNO/Ib30BaThCA KaK B3aMMO3aMeHAEMbIE.
B npeano4ytMTeIbHOM BapMaHTe peasar3aummn cnocoba no HacTosAlwemy M3obpeTeHnto GparmeHTbl

HYKNENHOBOW KUC/IOTbl NPEACTaBAAIT COO0M UM PKYANPYIOLLYHO BHEKNeToUYHYo HK vam PHK.

B ogHOM M3 BapMaHTOB peasiM3aumm HacTOALLEro N306peTeHna MOXKeT ObiTb NPOaHaIn3nNpPoOBaHO
He meHee 100000 ¢parmeHToB BKAHK, cogeprKawmxca B obpasue. B gpyrom BapuaHTe
peanmnsauum KoamndecTso pparmeHTos BKAHK, cogeprKalmxcs 8 aHaM3MpyeMom obpasLe, MOXKeT
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HaxoauTbeA B gnana3oHe o1 100 Teicay go 500 Ttbicay, o1 500 Thicay 40 1 MMnAnoHa, oT 1 MuAAInoHa
A0 2 MUINMOHOB, OT 2 MMJ/IZIMOHOB A0 5 mumannoHos, ot 5 mmannoHos go 10 MMAAINMOHOB, OT
10 munnmonos go 20 mmnnnoHos, ot 20 mmanmoHos o 50 mmnamoHos nam ot 50 MMAAMOHOB A0

500 mmnnnoHos.

B ogHOM BapuaHTe peanmsaummn nM3obpeTeHns «obpaseu» npeacTasnseT cobolit obpasel, Kposw,
obpasel, CbIBOPOTKKM, Ob6paseu, nnasmbl, KUAKMA OMONCMMHBIM obpasel wman obpasey AHK
(Hanpumep, cmecb $pParmMeHTOB HYKNEMHOBOM KUCNOTbI), coAepyKalwmii BHekneTouHyto [OHK
(skHK), BHekneTouHyto onyxonesyto AHK (8koAHK), umprynmpytoulyto onyxonesyto JHK (uodHK)
nnn umpkyampytowyto BroHK. B KoHTekcTe HactosAwero m3obpereHna TepMuHbl «BKAHK»,
«BKOAHK», «uyoAHK» wnan «umpkynampyrowas BkoHK» moryt wucnosnb3oBatbCA  Kak

B3aMMO3aMeHAEMbIE.

B ogHOM 13 BapMaHTOB peann3saumm obpasey, BbiOpaH 13 rpynnbl, COCTOsWEN M3 06pasLa Naasmel,
obpasua Kposu, obpasua moum, 06pa3ua MOKpPOTbI, 06pa3La CNMHHOMO3rOBOM KMAKOCTH, 06pa3ua
aCUMTMHECKOM KMUAKOCTU M 00pasua NaeBpasbHOM KMAKOCTU OT CyObEKTa, MMEIOLLErO ONyX0/b,
A cybbeKkTa ¢ NoJo03peHMEM Ha ONyxoib. B ogHOM M3 BapuaHTOB peanu3aumm obpasel uam
obpasey, AHK npoucxoamt 13 obpasua TKaHW CybbeKTa, MMEIOLLErO ONyXxosb, UM CcybbeKTa ¢

NoA03pEHNEM Ha ONyX0Jib, MO0 M3 Habopa 3/10KA4YECTBEHHbIX KETOK.

B KOHTEKCTE HaCTOALLEro M30H6pEeTEHN TEPMUHBI KOMYXOJbY», «PaK» UAN «HEe COOTBETCTBYHOLIMMA
HOpMe/NaToNOrMYEeCcKniny MOTYT MCMOAb30BaTLCA KaK B3aumo3ameHsemble. B HacTosuie 3asBKe
TEPMUHDBI «PaK» WUAM «OMyXOJ/IbY» TaK¥Ke MOTYT BK/OYATb PaAHHIOW CTaMIiO0 paka WMAW NO3LHIO
CTagMIo0 paka, MeTacTasbl WM NpeapakoBble TKaHW WM KNeTKW. B HacTosAwel 3asske obpasel
ONYX0J/IN U HE COOTBETCTBYIOLIMI HOpMe 0OpaseL, MOryT OTHOCUTLCA K 00pasuy, CoAeprKallemy
(sHeknetouHyto) AHK mnn PHK, npoucxogsiuyio n3 nepsrMYHON ONyXOAM UAM MeTacTaTUYeCKOM
onyxoau. B HacTosALel 3aaBKe HOPMa/bHbIA 06pa3el, UM 3TaIOHHbIV 0bpa3eL, MOXKET OTHOCUTLCS
K 06pasLy, cogeprkallemy TobKo (BHekneTouHyto) IHK nnm PHK, npoucxoasiyto 3 Hepakosoii (-
biX), 340pOBOM (-bIX) WMAM «HOPMaNbLHOM (-bIX)» TKaHuM (-ei) nam Knetku (-ok). B KOHTeKkcTe
HaCTOALLEr0 M30DpeTEHMA TEPMNHBI KHOPMAbHbINY», KKOHTPOJBHbLINY WAWN «3TaNOHHbIM» MOTyT

MCNOJ1b30BaTbCA KaK B3aMMO3amMeHAEMbIE.

Cnocobbl No HacToAWEMY M30OPETEHNIO MOYKHO NPUMEHSITb C Pa3HOODPa3HbIMK OUNOJIOTMYECKUMMU
obpasuamu. Mo cywectsy, nwboi HMonormyecknii obpasel, coaeprKalmii TeHeETUYECKUI
maTepuan, Hanpumep, PHK wam [AHK, u B8 uvactHoctM BHekneTodHyo [AHK (skAHK) wnu

BHeKkNeTo4YHyo PHK, MOXHO npumeHsTb B KadecTBe obpasua B cnocobax, obecneumsarowmx
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BO3MOXHOCTb reHeTnyeckoro aHaamsa PHK wam [AHK 8 Hem. Hanpumep, B og4HOM BapmaHTe
peanusaunm obpasey [OHK npeactasnser cobom obpaseu nnasmbl MaM obpasel Kposw,

cogepxawmii sHeknetouHyio AHK (skAHK).

CornacHo euwe ogHOMY BapuaHTy peannsaumu, NpeaHasHavYeHHOMY 418 OHKOOTMYECKMX Lieniel,
obpasey, npeacTasnser cobon buonormdeckuii obpasel, NOy4YeHHbIM OT CyObeKkTa, UMEIOWEro
ONyXoJib UK paK, WM cybbeKTa ¢ NOAO3PEHMEM Ha OMyxo/b WKW pak. B ogHOM M3 BapuaHTOB
peanvsaunmn obpasel, CoaepKUT LIMPKYIMPYIOLLYIO BHEKNeTOoYHyIo onyxonesyto AHK (sko[HK). B
OPYrom BapuvaHTe peanusaumm obpasey, npeactasaseTr coboil mMovy, MOKPOTY, acUMTUYECKYIO,
CNMHHOMO3rOBYIO KW AKOCTb MM NJIeBPasbHbIN BbINOT cybbekTa. B apyrom BapmaHTe peanmsaumm
OHKONOrM4ecknii obpasel npeacrasnsetr cobort obpasel nnasmbl CybbeKTa, NOAYYEHHbIA U3
nepudepunyeckom Kposmn cybbekTa. Takmm obpaszom, obpaszel, MOXKET NPeaCTaBAATb COOOM XKUAKMI
buoncuiiHbli obpasel, KOTOPbIM NOJY4aloT HEWMHBA3MBHbIM cnocobom M3 obpasua Kposu
cybbeKTa, Tem cambim obecneyrsas NOTEHUMANbHYIO BO3MOXKHOCTb PAHHETO BbIABAEHMA paka 40
pa3BUTUA NOAJAIOWENCA BbIABAEHUIO WAWM NANbNMPYEMOM ONyXOJW, WM BO3MOMKHOCTb
MOHWTOPWMHIA nporpeccMpoBaHus 3aboneBaHus, nevyeHus 3abonesaHus WAM  peunausa

3abonesaHus.

B HacToauiel 3asBke BHeknetouHas AHK (BkJHK) otHocuTcs Kk [HK, KoTopas He coaep»KuUTcs B
kKnetke. O6paseu, moxeT cogepatb BKAHK 13 HOpManbHbIX MKW 300POBbLIX KAETOK u/unn u3
paKoBbIX KneTok. BHeknetoyHasa [HK MoOKeT BbICBOOOMKAATbCA B KPOBb WM CbIBOPOTKY
NOCPeACTBOM CEKPEL MM, B pe3ysbTaTe anonto3a UM Hekposa. Ecam sk1HK BbicBoOOKaaeTca m3

OMyXOAN UKW PaKOBOW K/ETKM, ee MOXHO Ha3BaTb BHeKneTo4Hol onyxonesoi AHK (skodHK).

TepmMMH «CyOBEKT» B KOHTEKCTE HaACTOAWEro M300peTeHUss OTHOCUTCH K  JKMBOTHbIM,
NPeAnoYTUTE/IbHO MIEKONUTAIOWMM U ele Hosiee NPeanodYTUTENbHO K NI0AAM UAW NauUeHTam-
mogam. Npu MCNONb30BaHMM B HACTOSALLEN 3asiBKE TEPMUH «CYOBEKT» MOXKET OTHOCMTbCA K

CyOBEKTY, CTpaatoWemMy 0T ONYXO/U, UK CYOBEKTY, Yy KOTOPOro NOLO3PEBAIOT HAaIMYME ONYXOJIN.

TepMMH «ONyX0/b» B HACTOALLEN 3asBKE OTHOCUTCA K paKy B LIEJIOM, BKJ/ItOYas, He3 orpaHuU4eHni,
CO/IMAHYIO ONYXO0Jib, a,€HOMY, PaK KPOBM, pak NEYEHM, PAK JIETKOTO, PaK NOLAMKENYAOHHOM Kenesbl,
paK npeacTaTesibHOW Kenesbl, pak MOJIOYHOM Kefesbl, pak Keaygka, ravobnactomy,
KOJIOPEKTA/IbHBIM PaK, PaK roJIoBbl U LWeK, ONyX0Jib Ha NO34HEN CTaAuM paKa, O0OPOKAYECTBEHHYIO

WM 3/1I0KaYECTBEHHYIO ONYX0Jb, METAcTas UM NPeLPaKoBYO TKaHb.

B HacTosLeNM 3aaBKe «KOHUbI» pparmeHTOoB BKAHK onpeaenstoT Kak camble KpalHUE HYKAeoTU bl
Ha 3’- n 5’-KoHuax ¢pparmeHTa HyKNENHOBOM KMUC/IOTbI, U OHM MOTYT TaKXKe Ha3blBaTbCA B HACTOALLEN
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3a51BKE «Ha4asioM U/MAn KOHUOM (NONOXKEHUAMM Havana u/Mam KOHLA)» AN «TOYKaMK paspbiBa»
nan «rpaHnuamm» ¢parmeHTta skHK. MNpu BblipaBHMBAHWM C 3TAaIOHHOW NOC/NEA0BATE/IbHOCTBIO
«KOOpAMHaThl (Hadana M/MaM KOHLA)» MW «KOOPAMHATLI Ha NOCAe40BaTeNbHOCTU» pparmeHTa
BkHK onpegensiotcs cambiMK KpaHMMKM NOJIOXKEHUAMW NOC/Ie40BaTE/IbHOCTU HYKJIEMHOBOM
KMCNOTbl, C KOTOPbIMW  BbIPABHMBAIOTCA KOHUbl ¢parmeHToB BKAHK B8 3TanoHHOM
nocsefosatenbHOCTU. Hanpumep, ecan pparmeHT BKAHK KOMNiemeHTapeH Ui BbIpaBHUBAETCA C
3TaNIOHHOW NOCNef0BaTENbHOCTBIO HYK/EMHOBOW KWCAOTbI, OXBaTblBaloOWeEl NOJIOKEHWE Ha
nocnegosatenbHoctn oT 1500 n.H. go 1700 n. H., KOOpAMHaTbl NocneaoBaTenbHOCTM ByayT

coctaenaTtb 1500 1 1700 n. H., onpegensa anvHy ¢parmeHTa skAHK 200 n. H.

MNpodunnb pasmepos BKOHK, 4eMOHCTPUPYIOWMIA OCHOBHOM NWMK B 06nactn 166 n. H. U MeHblUne
NUKKM € mMHTepBanamu 10 N. H., NO3BOJIAET NPeAnoNoXKUTb, 4YTo Buonorma BrAHK moxkeT ObiTb
CBA3aHa C HYK/1E€0COMHOM opraHu3aumnen. AHanorM4Hble 3aKOHOMEPHOCTU TaKxKe Habntoganu s
OHK B nnasme KpoBM y NauMeEHTOB C pakom. HecnyyanHbl xapaktep ¢parmeHTaumm BKAHK,
CBA3AHHbIN C TKAHAMM NPOUCXOXKAEHUA, TaKKe MOXKET OblTb CBA3AH C COCTOSHMEM 340pPOBbA
naupeHTta. CnepgoBaTesibHO, KOOPAMHATbl KOHUOB WAM Hadana WM/MAM KOHUA W 4YacToTa
BHEKNeTOUHbIX dparmeHToB [IHK yKa3biBaloT Ha NnporpeccuposaHune 3abonesaHnn. OHM BapbupyoT
8 3aBMCMMOCTM OT MPOUCXOXKAEHMA OMNYXOAM M MacCbl ONYXO/W, YTO OTPAXKaeT BblPa*KeHHOCTb

3abonesaHuA 1, cneaosatesibHO, €ro OTBET Ha AaHHYIO Tepanuio.

MpK MCNONB30BaHMM B HACTOALLEN 3asiBKE TEPMWH «NO Hanpas/€HUIO BHYTPb» OT KOOPAMHAThI
Hayana W/MAM KOHUA OTHOCMTCA K HanpaB/AEHUIO OT KOOPAMHATbl «Hayana u/wam KoHua»
dparmeHTa HyKNeMHOBOW KMC/IOTbI Ha 3Ta/IOHHOM NOC/1e0BaTE/IbHOCTH, B KOTOPOM NPOA0IKAETCA
Noc/ef0BaTe/IbHOCTb MM MOTMB. TEPMWMH «NO HanNpPaBAEHUIO BHYTPb» MOXET OTHOCUTbCH K
Noc/ie40BaTENbHOCTU HYKNEMHOBOWM KUCAOTbI TN MOTUBY, COAEPXKALLMMCA B NOCNEeA0BaTe/IbHOCTU
dparmeHTa HYK/JIEMHOBOM KWUC/OTbl, WAM 3TAZOHHOM NOC/Ae[0BaTEeNbHOCTM, C KOTOPOW
OCYWLECTBAAIOT BblpaBHMBaHME. TEPMMH «NO HanNpPaBAEHUIO BHYTPb» MOXET O3Ha4aTb +1, +2, +3,
+4, +5 1 T. A. Nap HYKNEOTUAO0B OT KOOPAMHATbLI Hadana u/wnm -1, -2, -3, -4, -5 nap HyKNeoTMA08 OT
KOOPAMHATbl KOHUA ¢parmeHTa HYKJIEMHOBOWM KUCAOTbl. B 0gHOM M3 BapuaHTOB peanm3aumm
AVanasoH Mnap HyK/JeoTWZOB MO HanpaB/eHMI0 BHYTPb, HO pPAZOM C KOOpPAMHATOM Ha
NocneA0BaTeNbHOCTM ANA KaXKA0ro Havana u/unm KoHUa, MOXeT COCTaBAsTb OT 1 N. H. A0 5 n. H.,
MAMOT2N.H. A0 6 N.H, MM OT3 N.H. A0 7 N. H.,, MM OTA N. H. A0O8 N. H., /IM OT 5 N. H. 4O 9 N. H,,

MAK OT 6 N. H. A0 10 N. H. OT KOOPAMHATLI KaXKA0ro Hadana u/uam KoHua.

Mpy MCNONb30BaHMM B HACTOALIEN 33as8BKE TEPMUH MO HANpPaB/IEHUIO HAPYXKy» OT KOOPAMHATbI
Hayana W/MAM KOHUA OTHOCWUTCA K HanpaB/eHWI0 OT KOOpAMHaTbl «Havana W/Mam KoHua»
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¢dparmeHTa HyKN1eMHOBOW KMCJIOTbl Ha 3TaJIOHHOM NOC/1Ie40BaTE/IbHOCTU, B KOTOPOM NPOA0/KAETCA
noCcnefoBaTe/ibHOCTb.  TepMMH  «NO  HAMNpPaB/IEHUIO  HApPy)Ky»  MOMXKET  OTHOCMTbCA K
Noc/ief0BaTe/IbHOCTU  HYK/JIEMHOBOWM  KWUC/IOTbl  WMAM  MOTMBY, HE COZeprKalMmMca B
nocnegoBaTenbHOCTK GparmeHTa HYKJIEMHOBOM KMCOTbI, UM 3Ta/IOHHOM NOCNe40BaTEe/IbHOCTH, C
KOTOPOW €ro BblPaBHMBAOT. TEPMMH «NO HAaNPaB/IEHMUIO HAPYXKY» MOXKET O3HadaTb +1, +2, +3, +4,
+5 1 T. 4. Nap HYKIEOTUAOB OT KOOpPAMHAaTLI KoHUa u/van -1, -2, -3, -4, -5 nap HyKNeoTUA08 OT
KOOPAMHATbl Hadana ¢parmMeHTa HYK/JEMHOBOM KMUCAOTbl. B 0g4HOM M3 BapMaHTOB peasm3aumm
OManasoH nap HYKAeOTMAOB MO HanpaBAEHWIO Hapy)Ky, HO pAZOM C KOOpPAMHATOM Ha
Nnoc/aea0BaTeNbHOCTM AA KaXKA0ro Havana u/uam KoHUa, MOXeT COCTaBAsTb OT 1 n. H. A0 5 n. H.,
MAMOT2N.H. 4O 6 N. H, MM OT3 N.H. A0 7 N. H, WIMOT4 N. H. 40O 8 N. H.,, IM OT 5 N. H. 4O 9 N. H,,

MAK OT 6 N. H. 40 10 n. H. OT KOOPAMHATLI KaXKA0ro Havana u/Mam KoHua.

B HacToAwWwem cnocobe aHanU3MpPyIOTCS YacToTbl U/MANM MOTUBbI NOC/IEA0BATEILHOCTM KOOPAMHAT
Hadana M/MAM KOHUA@ NAOC M MWMHYC 1 M. H., MOCKOAbKY Habnogaemble KOHEYHble CalTbl
dparmeHTOB He 0653aTeIbHO MOryT 6biTb WCTUMHHBIMMK CaliTamMM pa3spesaHus/pacluenieHuns
(Peiyong liang et al., Genome Res., 2020, doi: 10.1101/gr.261396.120). ChefosaTenibHO, NPUHUMASA
BO BHMMaHMeE BEPOATHOCTb TOro, 4TO 6nm3ne>1<am,me reHOMHbIE OCHOBAHUA ABAAKOTCA UCTUHHbIM
calTom pacwenneHvs, HacToslee W306peTeHne nNPUBOAMT K NOBLIWEHMIO TOYHOCTM MO
CPaBHEHWIO C COBPEMEHHBIM YPOBHEM TEXHUKM NPU KNaccuPuKaumm d1nonormyeckmx obpasyos no

KANHNYECKN 3Ha4YMMbIM KaTeropmam.

B HacToAWel 3aABKE TEPMUHBI «MOTMB HYKIEMHOBOM KMUCOTbI», KMOTMB NOC/Ief0BaTeIbHOCTUY
WAM «MOTMBY» OTHOCATCA K OTPe3Ky MNocnefoBaTefibHbIX HYKNeOTMAOB B NOCAE0BaTENbHOCTU
HYKNENHOBOM KUCNOTbI, coctoswemy 13 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 100 v T. 4.
Nocnef0BaTeNbHbIX HYKNEOTUAOB. 3TOT OTPE30K NOCAEL0BATE/NbHbBIX HYK/IEOTUAOB TaKXKe MOXKET
6bITb Ha3BaH «TPUHYKNEOTUAAMUY, «TeTpaHyK1eoTuaamn», «MNEHTaHYKNeoTuaamm»,
«FeKCaHyKneoTMgamm» UM T. 4. YKasaHHble MOTMBbI NpeacTaBaAloT cobol NoAMHOMKECTBO
MECTOMNOJIOXKEHNI B TEeHOME YesoBeKa, NpeanovTUTENbHO — paclwenfaemblx, Hanpumep,
cneundmryeckMMM HyKneasamK, KOr4a FeHepupyrloTcA M BbICBODOXKAAOTCA B NAasmy KpoBM
BHEKNETOYHbIE U/ UK UMpKyanpyowme monekynbl [HK. Takue koHuesble motvssl [IHK B8 nnasme,
obpasylowmecs Nog AercTBMeM HyK1eas, KOTOPbIe PacLLENAAOT HYK/TIEMHOBbIE KMC/IOTbI, TAKME KaK
AHK, BO BpemAa anonTo3a, 4eMOHCTPUPYIOT OTYETAMBYIO CUITHATYpy, KOTOPasA MOMKET CoAeprkaTb
HSNRF nnu 6biTb cneundmyHoi ana HSNRF. B npeanoyTuteibHOM BapuaHTe peanm3aumm « MOTUBY
OTHOCMTCA K oOTpe3ky u3 3, 4 wunmM 5 nocnegosatesibHbIX HYK/AEOTUAOB W3  3TaJIOHHOM

nocnegosare/Z1IbHOCTU reHoma.
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B ogHOM M3 BapMaHTOB peanm3aumm MOTUB HYK/IEMHOBOWM KMCIOTbl MOXKET ObITb PacnosioXKeH Ha
KOHLE MK B TOYKe pa3pbiBa pparmeHTa BKAHK, Npy 3TOM yKa3aHHbIA MOTUB MOXKET COAEPKATLCH
B NOC/e0BaTENbHOCTN HYKNENHOBOM KMcnoTbl dparmenTa BkAHK nnm Haxoamtbes 3a npegenamm
rpaHuL nocnegosatenbHocTn pparmeHTa BkAHK 1 B npeaenax 3TasoHHOM NOC/eA0BaTeNbHOCTU

HYKNENHOBOWM KUC/IOTbI, HAaNnpMmep, PAAO0M C MECTOM BblpaBHMBaHMA parmeHTa BrkAHK.
AHanuns sg/IHK

B HacToswel 3asBKe «3Ta/JlOHHas NOCAeZOBaATE/IbHOCTb» MOXKET NpeacTaBnsaTb cobon ndyto
NnocneaoBaTe/ibHOCTb  HYKJAEMHOBOM KWUCNOTbl, TEHOMHYIO NOCAeA0BaTeNbHOCTb, TEHOMHYIO
nocneaoBaTesIbHOCTb OPraHM3ma Man cybbeKkTa, NpPeanoYTUTENIbHO NOCAeA0BaTe/IbHOCTb reHOMa

yenoseka (Hanpumep, hgl9 nan hg38) v 340poBoro MHAMBUAYYMa UK CyBbEKTa.

B HacTosLel 3asBKe «3TaslOHHAA YacToTa» AJ/1A YacTOTbl KOOPAMHAT Ha NOCAEA0BaTEIbHOCTU A
Havana u/MAn KoHUA MOMKET MpeAcTaBAATb CO60M 4acTOTy COOTBETCTBYIOLWEN KOOpAMHATLI Ha
nocaeaoBaTeIbHOCTU A8 Havana M/MAM KoHua B OAHOM MM 6Ho/iee 3TalloOHHbLIX FeHOMaX,
3TaZIOHHbIX NOCNEeA0BaTEIbHOCTAX MW B OAHOM MM Honee reHoMax UAM NOCNe0BaTENbHOCTAX
O4HOrO MM Honee 340POBbIX MAN «HOPMAJIbHBIX» KOHTPOJ/bHbLIX 06pa3LoB, CyObLEKTOB WK
nauneHToB. B HacToALWEN 3asABKe «3TAZIOHHAA YacToTay A9 MOTMBA HYK/IEMHOBOW KUC/IOTbI MOXKET
npeacTasnaTb cob6ol 4acTOTy COOTBETCTBYIOUIETO MOTMBA HYKJIEMHOBOM KMUCNOTbI B OAHOM MAU
H60nee 3TaNIOHHbIX TEHOMaX, 3Ta/IOHHbIX NOC/IeA0BaTENbHOCTAX UM B OAHOM UK Bonee reHomax
WMAW NOCNEeAOBaTEe/IbHOCTAX OAHOrO MAM Honee 340pOBbIX WM «HOPMAJbHBIX» KOHTPO/bHbBIX

06pa3uos, CybbeKTOB MM NALMEHTOB.

B HacTosiliel 3asiBKE TEPMWMH «4acCTOTa» MOMKET MCNOJIb30BaTbCA KaK B3aMMO3aMEHSIeMblA C
TEPMMHAMM «PACNPOCTPAHEHHOCTb» U «BCTPEYAEMOCTb». B 0AHOM M3 BapuaHTOB peannsauumm
M306peTeHns «4acToTa» ONMCbIBAET PaCNPOCTPAHEHHOCTb M BCTPEYAEMOCTb WM KOJIMYECTBO,
HanpuMmep, MOTMBOB NOCAE[0BaTE/IbHOCTM HYKNEMHOBOW KUCAOTbl, GpParmMeHTOB HYKIEMHOBOW
Kncnotbl (BKAHK) nan KoopamHaT Ha NociefoBaTe/ibHOCTU A/ Havana u/Mamn KoHua, KoTopble
6bIM 0BHapyXKeHbl MM NOACHMTAHbI BO MHOMKECTBE HYK/IEMHOBBLIX KUCAOT UM (parmeHToB

skHK, coageprkawmxca 8 obpasue.

B HacroAwel 3asBKe TEPMMH «OTHOLUEHME» MOMET OTHOCUTBCA K MaTemaTUYecKomy
COOTHOLLEHWIO MM NPOMNOPLIMK YacTOTbl, HAaNPUMeEpP, MOTMBa NOC/IeA0BaTE/IbHOCTU HYKAEUHOBOM
KNCNOTbl, OOHapy»XeHHOro BO MHOKecTBe (pParmMeHTOB HYKJ/IEMHOBOW KWC/OTbl B 0bOpasue, u
4acTOTbl TOrO e MOTMBa NOCNEeA0BaTe/IbHOCTU HYKIEMHOBOW KMUCNOTbI B 3Ta/IOHHOM obpasue. B
HacToAWEN 3afBKE OTHOWEHME MOMKeT OblTb pPacCYMTaAHO NyTEM AE€/IEHMA YacTOTbl KaxKAowm
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KOOPAMHATLl MAM  MOTMBA Ha COOTBETCTBYIOLLYHD 3STA/IOHHYIO 4YacTOTy COOTBETCTBYHOLLEN

KOOpAWHaATbl I MOTHUBA.

[na npurotosneHuns obpasua HyK/IeMHOBbIe KMCAOTbI, Takne Kak AHK n/vam PHK, sbigensor ns
obpa3sua C NPUMEHEHMEM CTaHZAPTHLIX CNOCcoO0B, M3BECTHbIX B AaHHOM 06/1acTM TEXHUKW,
HeorpaHMUMBaOWMMM NPUMEPAMKM  KOTOpPbIX fBAstoTca npoTtokon QIAsymphony (QIAGEN),
NPOTOKO ANSt UMPKYIMPYIOLEN HyknenHosol KucnoTel QlAamp Circulating Nucleic Acid (QIAGEN),
npoTokon KingFisher (Thermofisher), Habop ans sHeknetouHoit HK MagMAX™ Cell-Free DNA
(Thermofisher) nnn noboi apyroit py4yHOM MAM aBTOMATU3MPOBAHHbLIM CNOCOO BblAE/NEHMUS,

NOAXOAALWMM ANA BblaeNeHNA BHeKeTouHOoM JHK.

Mocne BblaeneHna sHeknetouHyto AHK obpa3ua MOXKHO NPMMEHATb 414 NoJydeHua bubanoTekn
417 CEKBEHMPOBaHWA, YTOObI caenaTb obpasel, COBMECTMMbIM C MPUMEHAEMbIM Aasiee cnocobom
CEeKBEHUPOBaHMA, TaKMM KaK CeKBeHMpoBaHWe cnegytowero nokoneHus (Next Generation
Sequencing — NGS). O6blMHO 3TO BK/IOYAET AUTMPOBaAHME afanTepos C KOHUamK ¢GparmeHToB
gHeknetouHo [HK. Habopbl gna npurotosneHuss OUOBANMOTEKM A8 CEKBEHUPOBAHUA

KOMMEPYECKM AOCTYNHbI UM MOTYT BbITb pa3paboTaHbl.

Lenesoe oboraweHne BkAHK ocyuwecTsnsaioT ¢ NnpMMeHEHMEM NOCNeA0BaTe/IbHOCTEN 3axsaTta
muweHn (M3M), KoTopble CBS3bLIBAIOTCA C NPEACTaBAAIWMMN UHTEpec 06nacTaAMU B reHome
YyesioBeKa, M NPU 3TOM: AJIMHA KakAOoM NOC/iefoBaTeNbHOCTM B Nnyse coctasnser 125-260 nap
HykneoTMaos u/vam 125-300 n. H., n/mamn 125-350 n. H., NpUYEM Kaxgas NocnenoB8aTeNbHOCTb
nmeeT 5'-KoHeL, M 3' -KoHeL,; KaxKzaa Nocnef0B8aTeIbHOCTb B NyJ/l1e CBA3bIBAETCA C NPeACTaBAAIOWEN
MHTepec 06/1aCTblo Ha PAaCCTOAHUKM NO MeHbLUel mepe 10 nap HYKNeoTUA0B KaK € 5'-KOoHUa, Tak U €
3' -KoHUa oT obJsacTel, Hecywmx BapuauuM YUCAa KOMWUKM, CErmMeHTHble AynavKauum Wam
nostopsowmeca anementsbl [IHK; n copepskarune GC 8 N3M coctasnsert ot 20% go 50%, n/wnm ot

20% pno 60%, w/vmamn ot 20% po 70%, n/vinu ot 20% o 80%.

B HacToswel 3aABKe TEPMUH «NOCNEA0BaTE/IbHOCTM 3axBaTa MyweHn» man «MN3M» oTHocKTCA K
nocnegosatenbHoctTAm [IHK, KoTopble KOMNAEMEHTapHbl nNpeacTaBAsiowent (-um) MHTepec
obnactu (-am) Ha npeacTasasiowen (-ux) MHTepec reHomHoM (-bIx) nocneaosBaTeNnbHOCTU (-AX) U
KOTOpble NPUMEHSAIOTCA B Ka4yecTBe «NPUMaHKMY A8 3axsaTta M 0borauleHus npeacrasnsoue
MHTepec obnactn m3 HGonbwolr OMOBAMOTEKM NOCNEeAO0BaTE/IbHOCTEN, TaKOM Kak 6ubanoTeka
NO/IHOTO reHoMa /1A CEKBEHMPOBaHMA, NoayvyeHHas M3 Buonormyeckoro obpasua. B KoHTeKcTe
HACTOALLETO M30OPETEHNA TEPMUHDBI «NOCIELOBATENIBHOCTU 3axBaTa MUWEHU», UK «[3M», unu

«30HAbI» MOTYT NCNO/1b30BATbCA KaK B3aMMO3aMeHAEMbIE.
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B apyrom BapuaHTe peanmsaunm nya MN3M cBA3bIBAaETCA CO MHOXECTBOM NpenCTaBAAIWMX
WMHTEpEeC Noc/ie40BaTe/IbHOCTEN OMyX0JIEBLIX HDMOMaPKEPOB, BbIOPAHHbIX M3 FPYNNbl, BKAOYAIOLWEN,
6e3 orpaHnyeHunii, AKT1, ALK, APC, AR, ARAF, ATM, BAP1, BARD1, BMPR1A, BRAF, BRCA1, BRCA2,
BRIP1, CDH1, CDK4, CDKN2A (pl4ARF), CDKN2A (pl6INK4a), CHEK2, CTNNB1, DDB2, DDR2, DICERI,
EGFR, EPCAM, ERBB2, ERBB3, ERBB4, ERCC1, ERCC2, ERCC3, ERCC4, ERCCS5, ESR1, FANCA, FANCB,
FANCC, FANCD2, FANCE, FANCF, FANCG, FANCI, FANCL, FANCM, FBXW7, FGFR1, FGFR2, FLT3,
FOXA1, FOXL2, GATA3, GNA11l, GNAQ, GNAS, GREM1, HOXB13, IDH1, IDH2, JAK2, KEAP1, KIT, KRAS,
MAP2K1, MAP3K1, MEN1, MET, MLH1, MPL, MRE11A, MSH2, MSH6, MTOR, MUTYH, MYC, MYCN,
NBN, NPM1, NRAS, NTRK1, PALB2, PDGFRA, PIK3CA, PIK3CB, PMS2, POLD1, POLE, POLH, PTEN,
RAD50, RAD51C, RAD51D, RAF1, RBI, RET, ROS1, RUNX1, SDHA, SDHAF2, SDHB, SDHC, SDHD, SLX4,
SMAD4, SMARCA4, SPOP, STAT, STK11, TMPRSS2, TP53, VHL, XPA, XPC n nx kombuHaumn. B ogHOM
M3 BapuaHTOB peannsaumm nyn MN3M cBA3bIBAETCA CO MHOXECTBOM NPEACTaBAAIOWMX MHTepec
nocnenoBaTeibHOCTEM ONyX0/ieBbiX OMOMapKepoB, BbIOPAHHbIX M3 TPYNNbl, COAEpKaLlel
EGFR_6240, KRAS_521, EGFR_6225, NRAS_578, NRAS_580, PIK3CA_763, EGFR_13553,
EGFR_18430, BRAF_476, KIT_1314, NRAS_584, EGFR_12378 n nx kombuHaumm.

B ppyrom BapuaHTe peanmsaumn nyn [3M CBA3bIBAaeTCA CO MHOMKECTBOM NpeacTaBAAoWMX
WMHTEpec NocaeaoBaTe/IbHOCTEN ONyX01eBbIX BMOMaPKEPOB, BbIOPaHHbIX U3 FPYNNbl, COAEPKaLLEN,
6e3 orpaHuyeHunii, COSM6240 (EGFR_6240), COSM521 (KRAS_521), COSM6225 (EGFR_6225),
COSM578 (NRAS_578), COSM580 (NRAS_580), COSM763 (PIK3CA_763), COSM13553
(EGFR_13553), COSM18430 (EGFR_18430), COSM476 (BRAF_476), COSM1314 (KIT_1314),
COSM584 (NRAS_584), COSM12378 (EGFR_12378) 1 nx KoMOBUHALMK, NPU STOM UAEHTMOUKATOPSI
OTHOCATCH K naeHTUPUKaUMOHHOMY HoMepy Bromapkepa B 6a3se gaHHbix COSMIC. B uenom, atan
rmbpuamsaumMm c 30HAOM MAM ODOralleHMAs MOMKET ObiTb OCYLLECTBAEH Nepe Co3AaHuem

H6MBNMOTEKM AN1A CEKBEHMPOBAHMA AWM NOC/E TOro, Kak bubnnoTteka Oblsia co3gaHa.

B ogHOM 13 BapMaHTOB peanm3alMm HacTosALLEro U306 peTeHMa 6MbANOTEKA AR CEKBEHMPOBAHUS
MoXKeT ObiTb oborauleHa NpeacTaBAsIOWMMN MHTEpeC 061acTsiMK NOCAea0BaTe/IbHOCTU NyTeM
rmbpuamsaumm 6MBIMOTEKM C OAHUM MM Bonee 30HAaMM, OXBaTbIBAIOWMMMK, HANPUMEpP, ropsiume
TOYKM HecnydanHoi ¢dparmeHTaumm (HSNRF). Takue obnactv HSNRF npeactasnsior cobol
06/1aCTW, C BbLICOKOW BEPOATHOCTbIO COAEp:Kalpe Ha HebOoJbLIOM OTPE3KE MHOTMOYMC/EHHbIE
BapuaLMM NoCAe0BaTe/IbHOCTU HYKJIEMHOBOW KUCAOTbI, obneryaoupe naeHTMoUKaumio TMnos
TKaHed pasnMYHOrOo NPOUCXOXKAEHWUs (Hanpumep, pakoBbIX W HOPMAasbHbIX), KOTOpble

NPUCYTCTBYIOT B cmecn BKHK.
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MNpeactasnatoulyto (-ne) nHTepec obnactb (-M) Ha NpeacTaBaAloLIel (-MX) UHTepec Xpomocome (-
ax), rae pacnonaratotcs HSNRF, oborauiatoT nytem rubpuamnsaumm nyna 3oH408 Ans 3axsata HSNRF
¢ 6MbnMOTEKON 417 CEKBEHMPOBAHMA C NOCAEAYIOWMM BblAEEHMEM TEX NOC/IE40BaTE/IbHOCTEN B
npegenax 6ubnnoTekn gns CeKBEHMPOBAHMA, KOTOpblE CBA3bIBAOTCA C 30HAamW. B ogHom w3
BapMaHTOB peannsauum 30HA4 oxsaTbiBaeT canT HSNRF Takum obpasom, 4Tobbl TONBKO 5'-KoHey,
bparmMeHTMPOBAHHbBIX BHEKJ/IETOUYHbIX HYK/IEMHOBbLIX KMCAOT Obln 3axBayeH 30HAOM. B apyrom
BapMaHTe peanmsaumm 30H4 oxsaTtbiBaeT cauT HSNRF Takmm obpasom, 4Tobbl TONbKO 3’-KOHeu,
GparMeHTUPOBaAHHbLIX BHEK/NETOYHbIX HYK/JEMHOBbLIX KWUCAOT, BO3HMKatowmx u3 HSNRF, mor
CBA3bIBATbCA C 30HAOM. B Apyrom npeanoyTMTenbHOM BapraHTe peasnv3auumn 30H[ OXBaTblBaeTt
oba cavta HSNRF, accoummpoBaHHbIX C GparmMmeHTUPOBAHHOM HYKNEMHOBOW KWUCAOTOM, TakKMm
obpasom, 4TOObI Kak 5’-KOHey, TakK M 3’-KOHEeL, BHEKJETOYHOM HYKJAEMHOBOW KUCAOTHI,

accouMMpoBaHHOM ¢ gaHHbIm caliTom HSNRF, 66111 3axBayeHbl 30HA,0M.

Y1061 06 N1EMUTL BblAENEHME XKenaembix oboraweHHbIX nocnegosatenbHocTelt (HSNRF), o6biuHO
Nnocnef0BaTe/lbHOCTM 30HAO0B MOAMOUUMPYIOT TakMm o06pasom, 4ToObl Noc/iefoBaTeNbHOCTY,
KOTOpble TMBPUAN3YIOTCA C 30HAAMM, MOXKHO BblJI0 OTAENUTE OT NOCAEA0BaTENIbHOCTEN, KOTOPble
He TMbpnamsyloTcs ¢ 30HZamu. OObIMHO 3TOro AOCTUrAlOT NyTeM (PUKCMPOBAHMA 30HAO0B HA
NoAN0XKKe. ITO obHecnevnBaeT BO3MOXKHOCTb GM3MHYECKOTO OTAE/NEHMA TEX NOCEA0BaTE/IbHOCTEN,
KOTOpble CBA3bIBAIOTCA C 30HAAMM, OT TeX NOC/AEeA0BaTe/IbHOCTEN, KOTOpble HE CBS3bIBAOTCA C
30HAaMK. Hanpumep, Kaxkaylo NnociefosaTe/ibHOCTb B Npegenax nyaa 30HA0B MOXHO NOMETUTb
npyM nomouwm 6MOTMHA, a 3aTem cBA3aTb NyA C LAapUMKamMM, NOKPbITbIMKM CyOCTaHUMEN,
CBA3bIBAIOWEN OMOTUH, TAaKOW Kak CTPenTasMAMH UKW aBuauH. B npeanoytutenbHom BapuaHTe
peanusaummn 30HAbI METAT OMOTMHOM M CBA3bIBAIOT C MarHUTHbLIMKW LUAPMKAMM, NOKPbITbIMK
CTpeNTaBUANHOM, TEM CaMbiM O0Becneuymnsas BO3MOXKHOCTb Pa3fe/ieHUs 3a CYET UCNO/Ib30BaHMA
MarHMUTHbIX CBOMCTB WapuKoB. [pn 3TOM, 0HaKO, 06bIYHOMY CNeuMannucTy B JaHHOW obnactm
TEXHMKKM BYAEeT NOHATHO, YTO B A@aHHOW 001aCTM TEXHUKM U3BECTHbI U Apyrne cuctemol addUHHOroO
CBA3bIBAHMA, U MX MOXKHO MPUMEHATb BMECTO CUCTEMbI «OMOTMH — CTpenTaBuavH/aBuanH».
Hanpumep, MOXHO NPUMEHATbL CUCTEMY Ha OCHOBE aHTUTEJ, B KOTOPOM 30H bl METAT aHTUIEHOM U
3aTeMm CBA3bIBAOT C WaPMKaMK, NOKPbITbIMM aHTUTENaMK. bosiee Toro, B 30HABI MOXKHO BHEAPUTb
Ha OJHOM KOHLE NOC/NefoBaTe/IbHOCTb METKM M CBS3blBaTb WX C NOAJIOXKOM 4epes
KOMMJIEMEHTAPHYIO  NOCAEAOBaTe/IbHOCTL  Ha  NOAJIOXKE, KOoTopas  rMbpuamsyercs ¢
NnocnefoBaTENbHOCTBIO METKM. [OMMMO 3TOro, Hapsgy C MarHMTHbIMM LUAPUKaMKM  MOXKHO

NPUMEHATL gpyrmne TMnbl NOA/I0XKEK, TaKNE KaK NOJIMMEPHbIE LWAPUKKN, CTEKZIO N TOMY I'IOLI,O6HOG.
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B onpepeneHHbIx BapuaHTax peanmsaumm vneHbl 6MBAMOTEKN ANA CEKBEHMPOBaHMA, KOTOpble
CBA3LIBAIOTCA C NY/IOM 30HA0B, ABAAKOTCA NOJHOCTBIO KOMMJIEMEHTapHbIMKW 30HAY. B apyrmx
BapwWaHTax peannsaumm YneHol HBUBNMOTEKM ANA CEKBEHMPOBAHWUA, KOTOPbIE CBA3bIBAOTCA C MYJ/IOM
30HA0B, ABAAKOTCA YacTMHYHO KOMMNJEMEHTapHbIMKM 30HAY. Hanpumep, npu onpegeneHHbIX
06CTOATENBCTBAX MOXKET ObITh KenaTesbHO NPUMEHATL M aHAaNIM3UPOBaTb AaHHbIE, NOyYeHHble OT
¢parmenToB [HK, KOTOpble ABAAIOTCA NPOAYKTamMM npouecca oborauieHus, HO He 0bs3aTenbHO
npuHagne»kaT K NPeacTaBifaloWMM UHTEepec reHOMHbIM obnactam (T. e. Takme dparmeHTbl JHK
MOIyT CBfA3bIBaTbCA C 30HLOM MO MNPUYMHE YacTUYHbIX TOMOJIOTMIA) U NPU CEKBEHUPOBAHUM
nponssogman 6bl O4eHb Masnoe MNOKpbITUE BCEro reHoma NO He CBA3aHHbIM C 30HAAMM

KOOpAMHaTam.

MNocne oborauleHMa NpeacTaBAsoWein (-Mx) MHTEpec NoCNea0BaTeIbHOCTU (-ei) C NPUMEHEHUEM
30HA,08B, ¢ GOPMUPOBaAHMEM BCAEACTBME 3TOro oboraweHHolr 6ubnrotekn A HK c caritamm HSNRF,
yneHos oboraweHHol 6mbnmnotekn HSNRF noggepraloT 3710MpOBaHMIO, amnanduKaumm u
CEKBEHUPOBAHMIO C NPUMEHEHNEM CTaHAAPTHBIX CNOCO6 08, M3BECTHBIX B LAHHOW 06/1aCTN TEXHUKM.
B gpyrom BapuaHTe peanu3aumy 30HAbl NPeaaraloTca BMecTe C NOAJOXKKOW, TakMe Kak,
Hanpumep, BUOTMHUAMPOBAHHbLIE 30HAbI, Npeanaraemble BMECTe C MarHUTHbIMKM LIapUKamM,

NOKPbLITbIMKU CTPENTABUANHOM.

30HAblI ANA BbIABNEHMA ONYXO/JEBbIX HUMOMAPKEPOB CKOHCTPYMPOBAHblI Ha OCHOBE KpUTepUeB
KOHCTPYMpPOBaHMA, ONMCaHHbIX B HACTOSLLEN 3asiBKE, a TaKXKe M3BECTHbIX NOC/e0BaTe/IbHOCTEM
reHOB ONyxo0/eBblX HMOMaAPKEPOB U FEHETUUYECKMX MyTaUMii B HMX, aCCOLMMPOBAHHbIX C pakom. B
OHOM W3 BapVMaHTOB pPEasiIM3aLUMM MHOMKECTBO 30HAOB, NPUMEHSEMbIX B AaHHOM cnocobe,
CBA3bLIBAETCA CO MHOMKECTBOM NOCAeA0BaTe/IbHOCTEN NPEACTaBASIOWMX MHTEPEC ONyXO/EeBbIX
bromapKepos. B gaHHOM cMTyauuK 30H[, MOMKET PacnosiaraTbCA B rOpAYMX TOUYKAX HEC/y4anmHOM

dparmeHTauMm, NPUMbBIKAIOLLMX K CalTy MyTauum.

B HacToAwel 3afBKe AA8 aHasM3a NOCNEefO0BaTE/NIbHOCTM HYK/JAEMHOBOM KWCAOTbl MOXKHO
NPUMEHSTb CEKBEHMpPOBaHMe ceaytollero nokoneHus (NGS), XoTa TaKKe MOXKHO 3a4elcTBoBaTb 1
Apyrve TEXHOIOMN CEKBEHMPOBAHMA, KOTOpble 0becne4ymBatoT O4eHb TOYHbIA NOACHET HApPALY C
nHpopmaumer o nocnegoBaTeNlbHOCTU. Takum 06pa3om, BmecTo NGS MOXKHO TaKKe NPUMEHSITb U
Apyrme cnocobbl TOYHOro NojcyeTa, TakMe Kak, 6e3 orpaHudeHuii, uudposas TP,
OJHOMONEKY/IAPHOE CEeKBEHWPOBaHWE, HAHOMOPOBOE CEKBEHWPOBaHWE, CEKBEHUPOBaHWe
HaHowapukos [HK, cekBeHnpoBaHMe nyTem JIMTMPOBAHWA, WMOHHOE NOAYNPOBOAHMKOBOE

CeKBEHMpPOBaHWNE, CEKBEHMPOBaAHNE NYyTEM CUHTE3a M aHA/IN3 Ha MUKPO4YMNax.
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B ogHOM M3 BapMaHTOB peann3auumn HacToswee M306peTeHMe OTHOCUTCS K Cnocoby, B KOTOPOM
bparmeHTbl HYKNEMHOBOM KUC/IOTbI, NOA/NENKALLME BbIABAEHUIO, UM NPOUCXOXKAEHNE KOTOPbIX
NpeacTouT OnpeaennTb, NPUCYTCTBYIOT B CMecHn B H0Jsiee HU3KOM KOHLUEHTpauuu, Yem dparmeHT

HyKﬂeMHOBOVI KWUCI0Tbl U3 TOTO XK€ reHETUYeCKOro 10KycCa, HO Apyroro NnponcxoxXgeHumsA.

HacTtosawmin cnocob B 4acTHOCTM NOAXOAMT AJiIA TOro, 4TtoObl aHaANM3MPOBATb TaKME HU3KME
KOHUeHTpauuu uenesoli BkAHK. B cnocobe no Hactosuwemy nsobpeteHnto pparmeHT HYKJIEMHOBOM
KMCNOTbl, NOANENKALMIA BbIABAEHMNIO, WM NPOUCXOXKAEHME KOTOPOro NpeacTouT onpesennTb, U
dparmeHT HYKNENHOBOM KUCOTbI M3 TOTO »Ke reHETUYECKOTO JIOKYCa, HO APYroro NPOMCXOXKAEeHUA,
NPUCYTCTBYIOT B CMECU B COOTHOLWEHWUKM, KOTOpoe BblbpaHo 13 rpynnbl 1:2, 1:4, 1:10, 1:20,
1:50, 1:100, 1:200, 1:500, 1:1000, 1:2000 » 1:5000. JaHHble COOTHOWEHWA cnenyer
NOHUMaTb Kak NpubIM3NTENbHbIE COOTHOLLEHUA, YTO O3HadaeT natoc/muHyc 30%, 20% mnnm 10%.
Cneumanncty B J@aHHOM 06/1aCTM TEXHMKKN M3BECTHO, YTO TaKMe COOTHOLLEHMA He ByayT BO3HMKATb
B8 TOYHbIX YMC/EHHbIX 3HAYEHWUAX, NPUBELEHHbIX Bbilwe. COOTHOWEHMA O3HAYalT OTHOLWEHMe
KOJIMYecTBa JIOKyC-CNeundpruyeckMx MONEKY/l PeaKoro TMna K KOAMYeCTBY JIOKYC-Cneumndpuyeckmx

MONEeKy HacCTo BCTpevaruwieroca tmna.

AHaNN3 JaHHbIX.

MHpopmaums, nonydeHHas B pe3y/nbTaTe CEKBEHMPOBaHMS oborauleHHoOM OnbAMOTEKM,
aHanM3MpyeTcds C  NPMMEHEHMEeM  WMHHOBAUMOHHOM  UEMNOYKM  MNPOLEeccoB  aHanmsa
HromaTeMaTUHecKnXx/6MoCTaTMCTMYECKMX AaHHbIX. B HacToAwem cnocobe NPUMEHSAIOT NPU3HAKM
¢dparmeHToB BKAHK, BKAOYas KOMOMHaLMIO BCEX BO3MOXKHbIX MOTUBOB, PACNO/IOXKEHHbIX Psigom
Ha pacctosHMnM 1 wnnm 6onee nN.H. OT KOOPAMHAT KOHLOB, C MNPUMEHEHMEM 3TaNOHHOM
nocnefoBaTeIbHOCTM FreHOMa M UCKAtoYasa Habnogaemble caliTel KOHLOB BKAHK, NOCKOAbKY OHM
MOIYyT He NpPefCTaBAsTb MCTUHHble calTbl pacwenneHmna. Kpome Toro, nytem obbesmHeHUs
aHa/n3a pasanyHbIX Npu3Hakos BKAHK, BKAKOYaA MeCTONONOMKEHMA M MOTMBBbI, HacToswee
n3o0bpeTeHre obecneynBaeT HEOXKMAAHHbIA TEXHMYECKUIA 3PPEKT NOBbIWEHHOM TOYHOCTH, T. €.

NOBbILEHHYIO YYBCTBUTE/IBHOCTb NPU TEX YKE YPOBHSAX CneumGUUHOCTH.

B cooTseTcTBUMM C NpegnovTUTENIbHLIM BapMaHTOM peasin3auuu  HaCTOSLLEro M306peTeHus
NPOBOAAT UENeBOe CEKBEHMPOBAHME CNAPEHHbIX KOHLOB  C/IeAYHOWEero  MNOKOJIeHUs.
My nbTUNAEKCUPOBAHHbIE [aHHble AN BCEX 06pa3uoB AEeMyJ/IBTUNIEKCUPYIOT C NPUMEHEHUEM
MHcTpymeHTa KomnaHuM lllumina bcltofastq. [laHHble cekBeHMpoOBaHWMA yKa3aHHOro obpasua

obpabaTbiBaloT ANA yAaNeHUs aganTepHbiX NOC/IeA0BaTEIbHOCTEN M HEKAYeCTBEHHbIX YTeHui (Q-
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nokasaTenb <25) ¢ npMmeHeHnem nporpammHoro obecnedeHus cutadapt (Martin, M. et al. 2011

EMB.netlournal 17.1).

Ob6paboTaHHble YTEHWs, AJ/IMHA KOTOPbIX COCTaB/sifia MO MeHbliel mepe 25 0CHOBaHW,
BblpaBHMBaAAM NO 3Ta/JOHHOW cbopke reHoma denoseka GRCh37 (hgl9) (UCSC Genome
Bioinformatics) ¢ npymeHeHnem anropuTma BbipasHMBaHuA Burrows-Wheel (Li, H. and Durbin, R.
(2009) Bioinformatics 25:1754-1760). Ypgananu napHble YTEHUs C pPa3MEPOM BCTaBKM,
NpesbIWAWMM NOPOroBoe 3HAYeHWe, NPUYemM yKa3aHHOE NOPOrosoe 3HaYeHWe Haxo4unochb B
Avana3oHe 100-600. Ecnn npymeHnmMo, NAEHTUPUUMPYIOT NOBTOPAOWMECA YTEHWUA, TPYNAUPYIOT
MX MO CEMENCTBY YHMKAbHbIX MOJIEKYNAPHbIX naeHTMdumKaTopos (Unique Molecular Identifier —
UMI) n NnpuMeHSsIoT Ansi NOJYyYEeHMA KOHCEHCYCHbIX YTEHUIM Ana Kaxkgoro cemelictea UMI, nocne

BblpaBHMBaAHWA.

Ecan npumeHMMO, BbIXOZHblE AaHHble CEKBEHMPOBAHWA, OTHOCALIMECA K OLHOMY W TOMY XKe
o6pasuy, Ho 0bpaboTaHHble Ha pa3HbIX NOMOCAX CEeKBEHWPOBAHUA, OObEAUHSANM B OAUH daiin
BbIXOAHbIX AaHHbIX CEKBEHUPOBaHWA. lprmeHeHWe Ay6aMKaToB M NpoLleaypbl 06beANHEHMA Hblan
BbINO/IHEHbI C WCMNO/b30BaHWMEM nporpammHoro naxerta fgbio, picard (Broad Institute) u
nporpamMmHoro nakera Sambamba (ccbinika Ha Sambamba: Tarasov, Artem, et al. Sambamba: fast
processing of NGS alignment formats. Bioinformatics 31.12 (2015): 2032-2034). UHdopmaums ¢
TOUYKM 3PEHUS NO3ULMI KapTMPOBaHUSA (Camble BHELLHWE W HAM3NEKALME KOOPANHATLI), FYOUHbI
YTEHWI Ha OZHO OCHOBAHWE B MHTEPECYIOWMX JIOKyCcax M pasmepa GpparmeHTos Oblsia NoJy4eHa C
npumeHeHnem onumm mpileup nporpammHoro nakera SAMtools, ganee HasbiBaemoro ¢annom
mpileup, n ob6paboTaHa ¢ NpPUMEHEHMEM NONb30BaTE/IbCKMX NPOrpammHbIX KHTepdericos
npunoxeHus (APl), HanMcaHHbIX Ha fA3blKax nporpammuposaHus Python n R (Python Software

Foundation (2015) Python; The R Foundation (2015) The R Project for Statistical Computing).

KoopauHaTa KoHUa ¢parmeHTa OnNpefenserca Kak camasi KpalHsas KoopAuHaTa B 3TaJIOHHOM
reHome, KoTopasa OXBaTbiBaeTcsl GpParmMeHTOM, T. €. KarKAblli BbIDOBHEHHbIM GparmMeHT UMeeT aBe
KOOPAMHAaTLl KOHUOB (KOOpAMHaTa HavanbHOro/KpamHero nesoro nosoxenus (5'-koHeu) u

KOHEYHOro/KpalHero Nnpasoro NonosKeHus (3’-KoHel) OTHOCUTEIbHO 3TaIOHHOTO FTeHOMa).

B pasiMyHbIX BapmMaHTax peasiv3aumm HacCTOALWEro M300peTeHns LesieBas NaHenb COCTOANA Kak
MUHUMYM M3 500 ueneBblX FEHOMHbIX OCHOBaHMA. MWHMMAaNAbHOE KOAMYeCcTBO (ParmeHTOs,

HeobxoAMMbIX Ha OAWH obpasel, coctasnser 100 000.

B HacToAwel 3asBKe «3HayeHuMe AMArHOCTUYECKOM OUEHKM» PaCCYMTLIBAOT KaK B3BELUEHHYHO
CYMMY BCEX OTHOLLUEHMI 4acToT, Kak onucaHo B MNpumepax 1, 2 1 3 B pasgene «lprmepbly.
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B HacTosAwel 3asBKe «3Ha4YeHne KOMOWHMPOBAHHOM ANArHOCTMYECKOWM OUEHKMY BbIYMCAAIOT KaK
B3BELUEHHYID CYMMYy NO MEHbLUEN Mepe AByX WaM Hosiee OTHOLWIEHWMM 4acToT Ha BCex 3Tanax,

OMNMCaHHbIX B HACTOALLEM M300peTeHnM, Kak onmncaHo B MNpumepe 4.

B 04/HOM 13 BapMaHTOB peann3aumnmn HacCTOSLLEro N306pETEHNA «3TANOHHAA OLEHKa» MOMET ObiTbh

pacCHnTaHa U3 OAHOIo nnan H6onee «3TaNOHHbIX 3HAYEHUN Y.

B ogHOM M3 BapMaHTOB peanM3auumu 3Ta/IOHHOE 3HAYEHME WM 3TaZIOHHAA OLEHKa MOryT ObliTb
paccymTaHbl M3 [AaHHbIX, NOJIYyYEHHbIX M3 OAHOIO WAW 60/ee HOPMaNbHbIX WAW 3TaNOHHbIX
o6pasuos. B ogHOM M3 BapMaHTOB peanmnsauum 3TaZlOHHOE 3HAYeHUEe WM 3TA/IOHHas OLEHKa U
3Ha4YeHWe aHaiM3Mpyemoro obpasua (Hanpumep, 4acTOTbl MOTMBOB HYKJEWMHOBbLIX KMCAOT UK
YacTOTbl KOOPAMHAT Havana M/MaM KOHUA) MAM AMarHOCTUYECKas OUEHKa A1 aHalIu3upyemoro
o6pasua, ¢ KOTOPbIM €ro CPaBHMBAIOT, BbIYUC/ISIOT B COOTBETCTBUM C TEM XKe Cnocobom pacyeTa,

KOTOPbIM ONKMCaH B HACTOSILLLEN 3aABKeE.

Knaccnoumkaums obpasua

B HacTosiwieli 3asBKe Knaccudukauma obpasua BKAOHaeT BMHapHY0 Knaccudukaumio (T. e. pak,
OTCYTCTBME paKa; XOPOLWMIA NPOrHO3, NI0X0M NPOrHO3; PELNAMBUPYIOWMI, HE PEeLMaNBUPYIOLLUIA)

M KnaccndumKkaumio Konmyecrtsa BKOJHK Kak HM3KOTo, CpeaHEro 1 BbICOKOrO KOIMYECTBa.

KAMHUYECKM 3HAYMMbIMUK KaTeropuammn A8 KnaccupuKkaumm obpasua MoryT 6biTb HasMumMe Man
OTCYTCTBME paKa, pemmccus 3aboneBaHMa AW paKa, peunams 3abosieBaHUs UAM paKka, paHHMe

CTafMun paka v NPOrHos.

B ogHOM 13 BapuaHTOB peasiM3aummn KOJMYECTBO, HA/IMHME UK PAcCNPOCTPAaHEHHOCTb ONYX0NEBOM
BkHK B 06pa3ue MoxKeT OblTb KnacCMPMUMPOBAHO KaK HU3KOE, eCM KOMOMHMpOBaHHas
AVarHoCTMYecKas OLEHKa CoCTaBaaeT OT 2 0 4 CTaHZAPTHbLIX OTKIOHEHUM 3TaIOHHOM OLEHKM, KaK
cpefHee, ec/in KOMOMHMPOBaAHHAs OLEHKa cocTassseT oT 4 40 6,5 cTaHZapTHBLIX OTKAOHEHWIA
3Ta/IOHHOM OUEHKKM, M KaK BbICOKOE, ec/iM KOMOMHMpOBAHHas OUEeHKa cocTasaseT bonee

6,5 cTaHAaPTHBIX OTKIOHEHWIM 3TAaIOHHOM OUEHKU.

[MprmeHeHne B OHKO0TUKn

HacTosiwee n3obpeTteHMe MOXKHO NPUMEHATb NPU JIEYEHUMU pPaKa WK NS OLEHKU ONyXosesol
Harpysku, BbIIBEHMS MMHUMAJIbHOM OCTaTOYHOWM OONE3HM, MOHMTOPMHIA WUCXOL0B JIEYEHUS,
AONTOCPOMHOTO  MOHMTOPMHIA MCX04a Yy NauMeHTa. Hactoswee M306peTeHME  MOXKHO

AONONHUTENBHO NPUMEHATL AN UAEHTUGUKaALMK MyTaumMiA, NOAXOAALMX ANS TAPreTHOM Tepanuu,
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M 4SS BbIABJEHMSA PAKOBbIX COMATMHECKMX M TePMMHATMBHBIX MyTauuid. Hactoswmii cnocob
obsieryaeT paHHee BbisiBeHNE HeDO/bLWIMX ONyXOeN, KOTOpble HE ODHapyXKMBAKOTCA APYITMMM

cnocobamu, n obecneumsaeT bosiee UeneHanpaBAeHHbIN MHANBMAYANbHbBIA NOAXOM, K JIEYEHMIO.

Habopbl

B apyrom acnekte B uM300peTeHMM NpeasioXKeHbl Habopbl A4 BbINOJHEHMs cnocoba no
n306peTeHunto. B ogHOM M3 BapMaHTOB peann3aunm Habop COAEPKUT KOHTEMHEP, COCTOALLMIA U3

nyna 30HA0B, U NpOrpamMmmHoe obecneveHmne U MHCTPYKLUMM /1A BbINOJIHEHMA cnocoba.

Hapsgy ¢ nynom 30HA0B Habop MOKET coaepKaTb O4HO unm 6onee 13 cnegytowero: (i) oanH nam
H60/1ee KOMNOHEHTOB ANA BblAeneHna BHekneTouHon AHK ns 6uonormyeckoro obpasua, (ii) oguH
nnm bonee KOMNOHEHTOB 417 NPUTrOTOB/EHMA N oboraweHns 6MBANOTEKN AN1A CEKBEHMPOBAHUA
(Hanpumep, npaiimepbl, agantepbl, 6ydepbl, AMHKepbl, mognbuumpyowme AOHK depmeHTbl,
bepmeHTbl NUTMPOBaHUSA, NOAMMEpasHble depmeHTbl, 30HAbl M T.n.), (iii) oamH wnam 6onee
KOMMOHEHTOB A8 amnanduKaumm n/vam cekBeHMposaHms oborauieHHoW 6mubnmnoTtekn n/mnm (iv)
nporpammHoe obecnevyeHne pJAA BbINOJHEHUA CTAaTUCTMYECKOro aHanvs3a. KomnoHeHThl,
noaxoAsLWme Ans BbINOJHEHMA 3Tanos, ykasaHHbIX 8 (i), (ii) v (iii), xopowo nssecTHbI cneunanuncty

B JaHHOM 061aCTU TEXHUKM.

B ogHOM M3 BapMaHTOB peanu3auMu 30HAbI Npegnaratotca 8 popme, KoTopas obecnedumsaer
BO3MOHOCTb MX CBS3bIBAHWA C TBEPAOM NOANOXKKOM, Hanpumep, B dopme BMOTUHMUANPOBAHHbIX
30H40B. B Apyrom BapuaHTe peanusaumum 30HAbI NPeAnaraloTcs BMecTe C TBEPAONM NOAJIOXKKOMN,
TakMe KakK, Hanpumep, BUOTMHMAMPOBAHHbIE 30HAbI, Npeanaraemble BMECTe C MarHUTHbIMM

wapurkKamu, NOKPbITbIMK CTPpENTAaBUONHOM.

B pasnuuHbIX ApyrMx BapuaHTax peanuMsaumu Habop MOXKET cogeprKaTb [AONOJHUTEJNbHbIE
KOMMNOHEHTbI 418 peann3aumm gpyrmx acnektos cnocoba. Hanprmep, NoMMMO nyJia 30HA08, Habop
MOMKET cogeprKaTb 04HO unun 6onee M3 cnegytowero: (i) oguH unm 6onee KOMNOHEHTOB ANA
BblaeneHna BsHeknetodHo [HK mn3 obpasua martepuHcKoir nnasmel; (i) oguH mam 6onee
KOMMOHEHTOB A/5 NPUrOTOB/IEHMA HBUBAMOTEKU AN CEeKBEHUPOBaHWA (Hanpumep, npanmepsl,
afanTepbl, /MHKepbl, GEepMeHTbl pPeCTPUKUMM, (GEPMEHTbI JIMTMPOBAHUA, NOJMMEPa3Hble
bepmeHnTbl); (iii) ognH nan 6onee KOMNOHEHTOB AN amnanduKaumMm n/uam CeKBEHMPOBAHUSA
oboraweHHon 6ubnmotekn; wu/vam (iv) nporpammHoe obecnedeHve ANA  BbINOJHEHUA
CTAaTUCTUYECKOro aHanm3a. KoMNOHeHTbI, NoaxoaawMe 418 BbINOJHEHUS 3TaNoB, YKa3aHHbIX 8 (i),

(ii) w (iii), xopoLLO M3BECTHBI CNEeUManmCTy B AaHHOW 061acTU TEXHUKMW.
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NPUMEPbI

Mpumep 1

OnpegeneHve Hadana u/van KoHua (naoc u/mam muHyc 1napa HyKNeoTMA0B) MHOMKECTBA
¢parmenToB BKAHK, coaep:kauwmxca 8 06pasue, OCyLWecTBMIN NYTEM BbIPAaBHUBAHMA C 3Ta/IOHHOM
Nnocaef0BaTeNIbHOCTLIO. 3aTem ONpeaenvnIvn 4acToTy KaXkAOoW OnpefesieHHOM KoopaMHaTbl Ha
NnocnefoBaTeNbHOCTM A8 Hadana W/uaM  KoHua BO MHOXecTtse ¢parmeHTos BKAHK,
cogepkawmxca B obpasue. Onpegennnn OTHOWEHWME YacToTbl KarkAoW onpegeneHHOM
KOOpAWHATbI B 3Ta/lOHHOM TEeHOME K COOTBETCTBYHOLWEN 3Ta/IOHHOM 4YacToTe WM paccyMTanu
B3BELIEHHYIO CyMMy (Ha3blBaemyl0 B HACTOALLEM 3asBKe «AMArHOCTMYECKOM OUEHKOM») BCex

NO/Iy4€HHbIX OTHOWEH NI YacToT.

B cooTBeTcTBMM C OAHWM BapWMAHTOM peanM3auMM HacTOALLEro M306peTeHus AN Kaxk4oro
OocHoBaHUMA [, npni = 1, ..., B, rae B paBHO 06ueMy KONMYECTBY Lie/IeBblIX OCHOBAHMI B YKa3aHHOM
naHenun, cnydyamHaa nepemeHHas X; onpegenanacb Kak obuee KO/MYECTBO KapTUPOBAHHbIX

YTeHUI, y40BNETBOPSAIOWMX NO MEHbLUEN Mepe O4HOMY U3 CNeayoWwmX YyCA0BUIA:

(A1) KoopamHaTa Ha4abHOIO NOJ/IOMKEHMA COOTBETCTBYET OCHOBAHUIO I, UK

(A2) KoopaMHaTa KOHEYHOTO NOJ/IOMKEHWSA COOTBETCTBYET OCHOBAHMUIO i, UK

(A3) KoopauHaTa Ha4yanbHOIO MO/IOMKEHMA MMHYC OAHO OCHOBaHME COOTBETCTBYET
OCHOBaHWIO I, NN

(A4) KoopauHaTa Ha4yanbHOrO MONOMEHWS MAKC OAHO OCHOBaHWE COOTBETCTBYEeT
OCHOBaHWIO I, NN

(A5) KoopauHaTa KOHEYHOro MONOXEHUA MMHYC OAHO OCHOBaHWE COOTBETCTBYyeT
OCHOBaHWIO I, /N

(A6) KoopauMHaTa KOHEYHOro TMOMOXEHMA NAKC OAHO OCHOBaHWE COOTBETCTBYEeT

OCHOBaHWIO i.

B cooTBeTcTBMM € HynesoW runoTeson (T.e. 6a30BOM MOAENbIO) OXuaaetcs, 4to byaer
HabnA4aTbCA Pa3/IMHHOE, HO CTabUIbHOE KOMYECTBO YTEHWUM, YA0BAETBOPAIOUMX MO MEHbLIEMN
Mepe 0HOMY 13 ycnosuii A1-A6 no pas/InyHbIM OCHOBaAHUAM reHOMa, NpUYem yKa3saHHas ba3oBsas
Mmogenb pacnpegeneHMa BepOATHOCTM MO OCHOBaHMAM OUEHMBAETCA C MOMOLWbLIH Habopa
HOpManbHbix 0b6pasuoB. M3 npuBeaeHHOro Bblwe onpegeneHna X; nonydaem, 4to X; ~
Bin(x;;n;, p;), roe n; paBHO 06LLEMY KONUYECTBY YTEHWI, OXBaTbIBAOLLMX OCHOBaHWE i, U p;,

OUEHEHHbIW ANA BCEX [, CKaXKem P, BbIUMCAAETCS Ceytolmm obpa3om:
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N
5 = Yj=1Zij
[ N ]
Zj:‘l ng;j

rae z;; — Habnofaemoe KONMYECTBO YTEHWI, YA0BNETBOPAIOWMX MO MEHbLIEN MEpe OAHOMY 13
ycnosuit A1-A6 No oCHOBaHMIO I, 411 HOPMaNbHOTO 06pasya j U n; j — 0bLLEe KOSIMYECTBO YTEHUM,
OXBaTbIBAIOLLMX OCHOBaHWeE i, AN HOpMaibHOro obpasua j n3 N HopmanbHbIx 06pasuLoB B LeNoM.
BvHOMManbHoe pacnpegeneHne ¢ 0O4eHb MaibiM P M 60/bLIMM 7L MOXKET OblTb aNNPOKCMMUPOBAHO
pacnpegeneHvem [llyaccoHa € napameTpom 4acToTbl, pasHbiM np. CneposatensHo, Hasosas
MOZEe/b MO OCHOBAaHMAM ONpeaenseTca caeaytouert matematnyeckor opmynoi: X; ~ Po(pn;),
rae n; pasHo obuiemy KO/MYECTBY YTEHWM, OXBaTblBAOLWMX OCHOBaHWe {. B gpyrom sapwaHTte
peanmnsaumm HacTosWwero M3obpeTeHma K MOAEeNn NPUMEHAIOT pacnpegeneHue Berbynna wam
beTa-pacnpezeneHure No KaxkaoMy OCHOBaHUIO {, NPW 3TOM C/ly4ailiHas NepemMeHHas onpesenseTca

KaK z; j/Mn; j ANA BCEX J.

Mocne obyveHMa 6a30BOM MOZENN NO KaXKAOMy OCHOBAHWIO gasiee AeWCTBOBaNM CAeayroWUm
obpasom. [ns Kaxkgoro obpasua k, 8 04HOM U3 BapMaHTOB peanm3aumm HaCTOALLErO N306peTeHus,
BbINONHAIOT CAefytowee: ana Kaxgon X; Habnogaemoe 3HaAYeHME, CKaXKeM X;, CPaBHMBAIOT C
pacyeTHoi 6a30B0M MOZENbI0 MO OCHOBaHMAM. Ecnu p-3HaveHne, T.e. P(X; > x) =1—
P(X; < x;), 6110 meHbwe 0,001, To Habnogaemoe 3HadeHne X; Aennnun Ha obuiee KoMYecTBo

YTEHWIA, OXBaTbiBalOWMX OCHOBaHuWe i, T.e. Y; = X;/n;; 8 npotmsHom cnydae Y; = 0. 3atem
1 on,

BbIMMC/IANM KOHKPETHYIO OUEHKY obpasua cneayiowmm obpasom: Soy = n—ZizlYi, roe n, —
2

obuiee KoaM4ecTso ocHoBaHwui ¢ Y; > 0. Motom Sy x HOPMMPYIOT ANA NONYHEHUA HOPMMPOBaHHOM

OLEHKM S § C NICNONb30BaHWEM CNeAyoULer MaTeEMaTUHECKOW GOpMybl:

SO,k —-m
Sl,k = S »

roe mw s — cpegHee 3Ha4YeHWe M CTaHAAPTHOE OTK/IOHEHUE BCEX 3HAYEHUI Sg, NONYYEHHbIX 415

HOPMa/IbHbIX 3TaNIOHHbIX 06pa3yos.. (Purypbl 1, 2 1 3.)

Mpumep 2

Mocne onpegeneHns KOOPAMHAT Ha NOCAeA0BaTe/IbHOCTM AR Hadana u/vamn KoHua (nac n/unm
MUWHYc 1 napa Hykneotnaos) dparmeHTa BKHK onpeaenanu sce MOTUBbI HYKNEMHOBOW KUC/OTbI B
3TaIOHHOW NOCNefoBaTeNbHOCTM M3 3TAJIOHHOTO reHOMA. YKasaHHble MOTWBbI COCTOAN W3

TPUHYKNEOTNA0B, TETPAHYKNEOTNA0B VI/VI}'IVI NEHTAaHYKNEeOTNA0B W HaxoaAuancCb B nNnpeaenax

29



10

15

20

25

30

onpefeneHHoro AManasoHa nap HyK1eoTUA08 NO HanpasJ/IeHMIO BHYTPb, HO Ha pacctosaHun 1 nan
60/iee Nap HYKJeOTUAOB OT KOOPAMHAT Havana u/man koHua. Onpeaennam OTHOLEHME YacTOTbl
KaykOoro M3 MOTMBOB HYK/JIEMHOBOM KWUCNOTbl BO MHO)KecTBe ¢parmeHTtoB BKAHK K
COOTBETCTBYIOWEN 3TAZIOHHOM 4YacTOTe M pPacCyMUTanM B3BELIEHHYID CyMmmy (Ha3biBaemylo B

HaCTOALLLEM 3aABKe «AMAarHOCTUYECKOM OLEHKOM») BCEX NOJTyYEHHbIX OTHOLLIEHMWIA YacToT.

B ogHOM BapunaHTe peanunsaumm n3obpeTeHns 4ns Kaxkgoro obpasua, ckaxkem k, onpegenvnu ase
nocnefoBaTesibHOCTM AN1A Kaxkaoro ¢parmeHTta BkHK, BbIpOBHEHHOTO OTHOCMTE/ILHO 3TA/IOHHOTO
reHoma hgl9, npnyem yKasaHHble NOCAeL0BaTENbHOCTM COAEP KaNIM NOCAEA0BATE/IbHOCTL FreHOMa
hgl9 B gmanasoHe oT 1 40 5nap HyKneoTMZoOB MO HanNpPaB/EHMIO BHYTPb OT ABYX KOHUOB
BbIPOBHEHHbIX ¢parmeHToB BKOHK (McKAtovas nocnenoBaTenbHOCTb HYK/IEMHOBOM KUCIOTHI,
oxsaTbiBaemylo  pparmMeHToM), W paccymMTann  abCoOJIIOTHYIHO  4acToTy BCeX MOTMBOB
TPUHYKNeoTuaHbIX (Hanpumep, ACC, GGT u T. A4.), TETPAHYKNEOTUAHbIX M NEHTaHYKAEOTUAHbIX
nocnefoBaTteNnbHOCTeN B MPeAenax YKasaHHbIX nocnefosatenbHocTen, ckaxem Ty ans i =
1L..,n,roej= 3,4,5 npeacrasnseTt coboi KONMYECTBO HYKIEOTUAOB U n; npeacTasnser coboif
KO/IMYECTBO BCEX BO3MOMKHbBIX J-HYKNEOTUAHBIX MOTUBOB (n; = 64, n, = 256, ng = 1024).

KoHKpeTHy10 oueHKy 0bpasua S, x paccuMTbIBaIOT Ceayowmm obpasom:

5
Sox = 2 Sy,jkbj
=3

nj
1 2
rje: Sojk =— XijWij
i=1

2

L-m\ o fy T
Xiz},:(u , fu—i , fij_i

Sij Tij Dk

B npuseseHHbIx Bbiwe dopmynax Dy npeacrasnser cobon obuiee KONMYECTBO KOHCEHCYCHbIX
$parmeHToB B 06pasue k, 7;; — 3TaNOHHOE 3Ha4YeHue f;;, paccunTaHHoe no obyuatowemy Habopy
OAHHbIX OT He cogeprkawmx uoHK obpa3uos, m;j W Sjj — OTalOHHble CpeaHee 3HayeHve u
CTAHOAPTHOE OTK/IOHEHWE E paccymMTaHHble No oby4atoemy Habopy AAaHHbBIX OT HE COAEpPrKaLLMX
uofJHK o6pasuos, w;; ABIAIOTCA BeCamu (Zgl Wi = 1), KOTOpble ONTMMMU3NPOBAHbI K3
oby4atowero Habopa gns obecnevyeHMA ONTMMANbLHOIO pasAeneHns MeXAy HOPMasibHbIMN N He

COOTBETCTBYIOUWMM HOpMme obpasuamu. Beca b; mMOryT BapbupoBaTb B Pa3/MYHbIX BapuaHTax
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peannsauun HacToswero nsobpetennsa: by = 1/12vam 1/6 unn 1/3van 1 /2 vnn by = 1/12 vnn

1/6 vuain1/3van 1/2wnbs =1 — by — b,. (®urypei 1,21 3.)

Mpumep 3

Mocne onpegeneHns KOOPAMHAT Ha NOCAeA0BaTeIbHOCTM AR Hadvana u/uamn KoHua (natc u/mam
MUWHYc 1 napa Hykneotnaos) ¢parmenTa BKAHK onpegensnu sce MoTMBbI HYKNENHOBOWM KUCNOTbI B
3TaJIOHHOW NOCNef0BaTeNbHOCTM M3 3TAJIOHHOTO reHOMa. YKasaHHble MOTMBbI COCTOAAW U3
TPMHYKNEOTMAOB, TETPAHYKNeOTUAO0B W/WAN NEHTAaHYKNeoTUA0B W Haxoguaucb B npegenax
onpeaeneHHoro AManasoHa nap HyKJ1eoTUA0B NO HanpaBAEHUIO HAPYHKY, HO Ha paccTosHnn 1 nan
6onee Nap HYKNeoTUAOB OT KOOPAMHAT Havana u/mam KoHua. Onpeaennam OTHOLEHME YacToTbl
KaykOoro M3 MOTMBOB HYK/JEMHOBOM KWUCAOTbl BO MHO)KecTBe ¢parmeHTos BKAHK K
COOTBETCTBYIOWEN 3TaZIOHHOM 4YacTOTe M pacCyMTann B3BELUEHHYHD CyMMy (HasblBaemylo B

HaCTOALLEN 3asiBKE «ANAarHOCTUHECKOM OLEHKOMY) BCEX MNO/YHEHHbIX OTHOLLIEHWI YacToT.

B ogHOM BapuaHTe peanusaumm cnocoba gna Kaxkgoro obpasua, ckaxkem k, onpegenvnu gse
nocnefoBaTeNbHOCTM ANs Kaxaoro dparmeHTa BkHK, BbIpOBHEHHOTO OTHOCUTE/IBHO 3TaZIOHHOTO
reHoma hgl9, npuuem yKasaHHble NOCNeA0BaTENbHOCTM COA4EPKaM NOCNe0BaTe/IbHOCTb FeHOMA
hgl9 B gmanasoHe oT 1 40 5 nap HYKNeoTMAOB NO HaNpPaB/EHUIO HapPyXKy OT [BYX KOHLOB
BbIPOBHEHHbIX ¢parmeHToB BKAHK (McKAtovas nocnefoBaTenbHOCTb HYK/IEMHOBOM KUCNOTHI,
oxBaTbiBaemylo  GparmMeHTOm), W  paccymMTanu  abCoOJMIIOTHYID  4acToTy BCEX MOTMBOB
TpUHyKkneotTnaHbix (Hanpumep, ACC, GGT u T. 4.), TETPaHYKNEOTUAHbIX U NEHTaHYKAeOTUAHbIX
nocnefoBaTeNbHOCTEN B Mpefenax YKasaHHbIX nocnefosaTtenbHocTe, ckaxem Ty pana i =
1, .My, AR j = 3,4,5 npeacrasnser cobol KOAMYECTBO HYKNEOTUAO0B U n; Npescrasser cobon
KOMIMHECTBO BCEX BO3MOXKHbBIX J-HYKNEOTUAHbIX MOTMBOB (n; = 64, n, = 256, ng = 1024).

KoHKpeTHyI0 oueHKy 0bpasua S3 , paccuMTLIBAIOT Cieayowmm 0bpasom:

5
S3k = Z S3,jicbj
Jj=3
n

]
1 2
rae: S3jkc == ) XijWij
n.
Ti=1

—_— 2
] Sij ’ 15 ri]' ’ i Dk
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B npuBefeHHbIx Bbiwe dopmynax D), npeactasnser coboli obuiee KONMYECTBO KOHCEHCYCHbIX
$parmenToB B 06pasue k, 1;; — 3TaNOHHOE 3Ha4eHue f;;, paccumTaHHoe no obyuatowemy Habopy
OAHHbIX OT He cogeprkawmx uolHK obpasuos, m;j W Sjj — 3TalOHHble CpeaHee 3HayeHve W
CTAHOAPTHOE OTK/IOHEHMe E paccymTaHHble No oby4atouemy Habopy JaHHbIX OT HE COAEPKaLLMX
uoHK obpasuos, Wi; ABNAIOTCA Becamu (221 T 1), KOTOpble ONTMMMU3NPOBAHbI K3
obyyatowero Habopa ana obecnevyeHMA ONTMMANbLHOIO pasAeNeHNa MeXay HOPMaibHbIMN N He
COOTBETCTBYIOWWMM HOpMme ob6pasuamu. Beca b; moryT BapbMpoBaTb B Pas/MYHbLIX BapuaHTax
peannsauun HacToswwero nsobpetennsa: by = 1/12vam 1/6 uan 1/3van 1 /2 vnn by = 1/12 nnan

1/6 vuain1/3van 1/2unbs =1 — by — by. (®urypei 1,21 3.)

Mpumep 4

B ogHOM BapuaHTe peanmsaumm cnocoba B3BELEHHYIO CYMMYy MO MEHbLIElN mMepe [BYX OLEHOK,
paccumTaHHbix B Mpumepaxl, 2 v 3, BbMUCAUMAN AR KaXA0ro obpasua; ganee yKasaHHas
B3BELWIEHHas CyMMa  Ha3blBaeTCd  «KOMOWMHMPOBAHHOM  AWMArHOCTMHECKOM  OLLEHKOM».
[OvarHocTryeckas oueHKka ana obpasua k, ckaxem DSy, onpegensercs Kak cpefHeB3BeLIeHHOe

3Ha4YeHME NO MEHbLUIE Mepe ABYX U3 OLEHOK, ONMcaHHbIX B Mpumepax 1, 2 v 3 sbiwe, T. e.:

3
DS = > wiSi
i=1

roe S, S; n S3 paccumTaHbl B Mpumepax 1, 2 1 3 COOTBETCTBEHHO, M B Pa3/IMYHbBIX BapMaHTax
peanusauun mnzobpeterms w; = 0,5 nam 0,4 namn 0,3 wnm 0,2 nam 0 ¢ oKpyrieHnem L0 OLHOIO
3HaKa nocae 3anatoi, wy, = 0,5 nan 0,4 mnm 0,3 nam 0,2 unm 0 ¢ OKpyrieHrMem A0 OAHOro 3HaKa
nocne 3anato, KM ws;=1-—w, —w,. B pgpyrom BapuaHTe peanusaumm cnocoba
cpefHeB3BelleHHOe 3Ha4YeHe MaKCumMyma v MUHUMyma {S;, S, S3} NpUMeHSAI0T a5 BblYMCAEHUA
oueHkmn DS  pgna obpasua k, TO ectb DSy = zMAX(Sllk, Sy ks 53_k) +(1-

Z)MlN(Sl'k, Sz'k,53'k), npu 0,5 <z<l.
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®OPMYJIA U3OBPETEHUA

1. Cnocob6 kKnaccudmKaumMm obpasua Kak CoZeprkallero BHEKAETOYHylo onyxonesyto [OHK,

BKAIOYAIOWMIA Cieaytolme 3Tansbi:

(i)

(ii)

(i)

(iv)

(v)

(vi)

onpeaeneHne B obpasue, cogeprKallem MHOXKeCTBO GparmeHTOB BHeKeTo4HoM JHK
(skQHK), KOOpAMHAT Ha NOCAEA0BaTEIbHOCTM A1 Havana U/Wan KOHUAa No MeHbLUel
mepe y 100000 ¢parmeHTos BKOHK nytem BbipaBHMBAHMA C 3TaNOHHOWM

nocnegosaTeNbHOCTLIO,

onpeaeneHne B 3TaNOHHOM nocnegosatesibHOCTU BCEX MOTUBOB HYKﬂeMHOBOVI

KMCNOTbl, COCTOAWNX U3 TOUHYKNIEOTUAO0B, TETPAHYKNEOTUA0B M NEHTAHYKNEOTUA0B!

a) B auanasoHe oT 1 40 5 nap HYKIEO0TUA0B NO HanNpPaBAEHUIO BHYTPb, HO PAZOM C
KOOPAMHATOW Ha MNOC/Nef0BaTeNIbHOCTM A1 KaXKAOro Havana u/uam KoHua,

onpegeneHHow Ha atane (i), n/unm

b) 8 ananasoHe oT 1 40 5 nap HYKAEOTUAOB NO HANPaB/IEHUIO HAPYIKY, HO PALOM C
KOOPAMHATOW Ha NOCNeA0BaTeNIbHOCTM A8 KaAOoro Havana wu/van KoHua,

onpeaeneHHow Ha aTane (i),
onpegeneHne 4acTtoTbl:

a) KakgoM KoOpAMHaTbhl Ha MNOCAeAoBaTeNbHOCTM M/oC u/van muHyc 1 napa
HYK/IEOTUA0B, ONpeaeeHHoM Ha aTane (i), B yKazaHHOM MHOXecTse GparmeHToB

sk HK, cogepkauimxca B8 ykazaHHOM obpasue,

b) KaK4oro M3 MOTMBOB HYK/IEMHOBOM KMC/IOTLI, ONpeaenieHHbIX Ha aTane (ii) a) n b),

BO MHOKecTBe pparmeHToB BKAHK, cogeprkawmxcs B ykazaHHOM 06pasue,

Bbl4MC/IEHME OTHOLLEHUS KaxKA0W U3 4acToT, onpegeneHHblX Ha aTane (iii) a) u b), K
COOTBETCTBYIOLLENM 3Ta/IOHHOM YacToTe,

BblMC/NEHME AMArHOCTMYECKOW OUEHKM OTAENbHO AN KakAO0ro OTHOLLEHMS,
onpeAeneHHoro Ha sTtane (iv), Nnpuyem yKasaHHas OLEHKa nNpeacrasnser cobol
COOTBETCTBYIOLLYIO B3BELUEHHYIO CYMMY BCEX COOTBETCTBYIOLMX OTHOLLEHWUI YacTOTbl
¢ atana (iv),

BblYMCNEHNE KOMBMHMPOBAHHOM AMAarHOCTUYECKOM OLUEHKM Ha OCHOBE MO MEHbLUEMN

Mepe AB8YX UK 6osiee AMarHOCTUYECKMX OLLEHOK, ONpeaeieHHbIX Ha 3Tane (v), npudem
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YKa3aHHas OUEHKa NpeacTasasieT coHoi B3BELWEHHYIO CYMMY YKa3aHHbIX ABYX WU
bonee AMArHOCTUHMECKMX OLEHOK, ONpeAesieHHbIX Ha aTane (v), 1
(vii) onpeseneHve  KnaccupuMKauMM  yKasaHHOro  obpasua nyTem  CpaBHEHMSA

KOMBWHMPOBAHHOM AMArHOCTUYECKOM OLUEHKW C STa/IOHHOM OLEHKOM,

NpM 3TOM YKa3aHHbIM 0bpasel KaaccuduMuupyrloT Kak cogep:Kalmid OnyXOneBylto
sk HK, ecnn 3Ha4eHNne KOMOMHMPOBAHHOW AMArHOCTUYECKOM OLLEHKM BbILLE CPeaHEro
3HAYeHMA 3TAJIOHHOW OUEHKM NO MEHbLUEN MepPe Ha OAHO CTaHLAPTHOE OTK/OHEHUWe
STa/IOHHOM OUEHKM, NPUYEM YKA3aHHYHO 3TaJIOHHYIO OLLEHKY PacCHMTbIBAIOT Ha OCHOBE

OHOTO NN bonee 3TaNIOHHbIX 3HAYEHUIA.

Cnoco6 no n.1, oTAnYalOWMMNCA TeMm, 4YTO KOMOWHMPOBAHHYIO AMArHOCTUYECKYHD OULEHKY

paccyMTbIBAOT HA OCHOBE BCEX AMArHOCTUYECKUX OUEHOK, BbIMMCIEHHbIX Ha 3Tane (v) 8 n. 1.

Cnoco6 no nn. 1 MaM 2, oTAKYAIOWMIACS TEM, YTO AManas3oH Nap HYKIeoTUA0B NO HanpasJAeHUIo
BHYTPb, HO PAZOM C KOOPAMHATON Ha NOCAeA0BaTENbHOCTM A/1A KaXKA0ro Hadana u/uam KoHua,
MOXET COCTaB/IATL OT 2 N. H. A0 6 N. H.,, AN OT 3 N. H. 40 7 N. H., AN OT 4 nN. H. 40 8 N. H., Wan OT

5n.H. 809 N.H., uaM 0T 6 N. H. 0 10 N. H. OT KOOPAMHATbI KaXKA0ro Havana u/Mam KoHua.

Cnoco6 no ntbomy 13 nn. 1-3, oTAnYaOWMNCS TEM, YTO MUHMMAIbHOE KONMYECTBO dparmeHTOB
sk[IHK, cogeprkawmxcs B8 obpasue ans aHanmsa, cocrtasnser ot 100 Tbicad o 500 Tbicay, oT
500 TbicA4 A0 1 mmAnMoHa, oT 1 MMAMOHA A0 2 MUAIMOHOB, OT 2 MUAJIMOHOB A0 5 MMAAMOHOB,
manm ot 5 mmnanoHos Ao 10 mmanmoHos, nam ot 10 mmnamoHos Ao 20 MUAAMOHOB, MAK OT

20 mmnanoHos Ao 50 mmnnmnonos, nnuv ot 50 mmnanonos o 500 MMnnnMoHoOs.

Cnocob6 no nn. 1-4, oTAMYaloWMICA TeM, YTO KOMYECTBO onyxoneson BKHK B8 obpa3ue moxker
6bITb KNacCMPUUMPOBAHO KaK HU3KOE, €C/IM yKa3saHHaA KOMOMHMPOBaHHas AWarHOCTUYecKas
OLeHKa cocTaBaAeT OT 2 40 4 CTaHAAPTHLIX OTKNOHEHWIA 3TAaIOHHbIX OLUEHOK, KaK cpegHee, ecnu
yKasaHHas KOMOWHMpPOBaHHasA OLUEHKa cocTasBnaseT oT 4 g0 6,5 CTaHAAPTHBLIX OTKJAOHEHWUM
3TaJIOHHbIX OUEHOK, M KaK BbICOKOE, eC/M yKa3aHHaA KOMOMHMPOBAHHAA OUEHKA COCTaBfAeT

bosee 6,5 CTaHAAPTHLIX OTK/IOHEHUWIA 3TANIOHHBIX OLUEHOK.

Cnocob no ntbomy 13 nNn. 1-5, oTAMYAOWMINCA TEM, YTO 3TANIOHHbIE 0Opa3Ubl MOTYT NPeACTaBAATb
coboi obpa3ubl OT NnauMeHToB 6e3 paka, UAM OT NauneHToB He3 peumamea, WM OT YCMELWHO

Bbl/IEHEHHbLIX NAUNEHTOB C PaKOM.
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7. Cnoco6 no mobomy M3 nn. 1-6, oTanyawowmiica Tem, 4Yto atan (i) BKAO4YaeT onpegeneHue
Nnoc/ef0BaTENbHOCTM HYK/IEMHOBOW KUCAOTbl MO MEHbLIeM Mepe y 4Y4acTu M3 MHOXKeCTBa
¢parmeHTtoB BKOHK B yKasaHHOM o00pasue nepes BblpaBHMBAHMEM C  3Ta/IOHHOM

nocneaoBaTe/IbHOCTbLIO.

8. Cnoco6 no nn.1-7, oTAan4vatowmiica Tem, 4To aTan (i) AONONHUTENBHO BKAOYaeT oboralleHue
¢parmeHToB BKAHK nepeg onpegeneHvem nNOCAeLOBaTE/NbHOCTM HYKIEMHOBOW KMCAOTDI

¢parmeHToB BKOHK.

9. Cnocob no nbomy 13 NpeaLecTBYOWMX NYHKTOB, OTIMHAIOWMNCA TEM, YTO YKa3aHHbIM obpaseLl,
KnaccupmumpytoT Kak cogepxKawmii onyxonesyto BkAHK, nporcxoasuyto ns onyxonau, 8bid paHHOM
W3 Fpynnbl, BKAOYAIOWEN pak KPOBM, PaK NeYeHM, paK erkoro, pak NoaKenyLo4HOW Kenesbl, pak
npeacTaTeNbHOM  Kesie3dbl, pak  MOJIOYHOW  »Kenesbl, pak Kenygka, ravobnactomy,
KOMIOPEKTaNbHbIM paK, paK ronosbl U LIeW, COMAHYIO ONyX0/b, A0OPOKAYECTBEHHYIO OMYyXOJb,

3/I0Ka4eCTBEHHYIO ONYXO0/b, PaK Ha NO34HEN CTagnmM, MeTacTas UM NpeapaKkoByto TKaHb.

10. Habop, cogeprawpmii:

(i) KomnoHeHTbl Ans ocywecTeneHus cnocoba no nbomy 13 nn. 1-9,

npU4Yem KOMMNOHEHTbI COAepyKarT:

a) oaMH wan 6onee KOMMNOHEHTOB A4S BblAeneHua BHeKnetouHon [JHK w3
buonornyeckoro obpasua,

b) oauHmnnAn 6onee KOMNOHEHTOB A8 NPUTOTOB/IEHUA M 0BoralleHa BUbAMOTEKM ANA
CEeKBEHUPOBaHUA /1nn

c) oauH wnn 6onee KOMMOHEHTOB A/ amnanbuKkaumm u/Mam CeKBEHUPOBAHUA
yKa3aHHo oborauleHHon 61MbnnoTeKn,

(i) nporpammHoe obecneveHue Ans NPOBEAEHUA CTAaTMCTMYECKOro aHanmsa.
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