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IIpoananusupoBaHa paboTa Tpex ononHdopMaTnIeCKX MHCTpyMeHToB (Manta, Smoove, Delly) mist mmo-
HCKa CTPYKTYPHBIX BApUAHTOB Ha JAHHBIX ITOJTHOT@HOMHOTO CEKBEHUPOBAHUS C UCTIOJIb30BAHUEM YEThI-
pex pa3Hbix aaroputmoB BeipaBHUBaHUSI: DRAGEN, GDC DNA-SeqAlignment Workflow, GDC DNA-
SeqAlignmentWorkflow + GDC DNA-SeqCo-cleaning Workflow, NovoAlign, pa3HbIX TJIUH “ChIpbIX”
npouteHuii: 2 X 150 m 2 X 250 1mH, pa3HbIX IT0Ka3aTeIeii CpemHero MOKphITUs reHoMa. [lojryaeHHbIe TToKa-
3aHUSI COOTHECEHBI ¢ 3TaJOHHBbIMU pe3yibrataMu KoMaHabl GIAB. IIpoBeneHa mpoBepKa BBISIBICHHBIX
CTPYKTYPHBIX BAPMAHTOB C TTOMOIIIbIO CeKBEHUPOBaHM 1o MeTony CaHrepa. BeIIBUIN, 4TO CTPYKTYpPHBIC
BapUaHThI TUIIA AeJIELMs U MHCEPIIYS JIyYIle BCETO OIPEeNelISIIOTCS C TOMOIIbI0 MHCTpyMeHTa Manta. Mbl
nonyaunu 89—96% TouHocTu u 59—70% 4yBCTBUTEIHLHOCTH JIJIs TIPOAHATM3UPOBAHHBIX AN, a TAaKXKe
96—99% TouHOCTH U 15—36% 4yBCTBUTEIBHOCTH TSI MHCEpLMiA. Smoove u Delly poaeMOHCTpUPOBATU
MeHee TOUHbIE M YyBCTBUTEIbHBIC pe3ynbTaThl (Smoove: 91—95% TouHocTn u 8—54% 4yBCTBUTEIBLHOCTU
s genenuii; Delly: 78—87% tounoct 1 31—66% uyyBcTBUTEIBHOCTH IS nejtennii, 99—100% TouyHOCTH U
1—13% 4yyBCTBUTEILHOCTH IJIsT MHCepLMii). [Tokazanu, 4To UCITOIb30BaHEe KOMOWHAILIMY U3 IBYX U JaXe
TpeX MHCTPYMEHTOB He MOBHIIIAECT MPOILIEHTA TTOATBEPXKIESHHBIX CTPYKTYPHBIX BAPUAHTOB IIJIsI TUTIOB JeJie-
11s1, MHCepIs, AyTIMKamnus. [TpoBeneHHbIT aHaIU3 BBISIBUWI, YTO C YBEJIWYEHUEM CPEIHETO 3HAYEHUS
MOKPBITUSI TEHOMA YBEJITMYUBAIOTCS TTOKAa3aTeIM TOYHOCTU U YyBCTBUTEJIBHOCTU pabOThl OMOMHGbOpMaTH-
YeCKMX MHCTPYMEHTOB ISl TOMCKA CTPYKTYPHBIX BAPMAHTOB, a YBEJIWYeHUe JUIMHBI TpouTteHuii ¢ 150 no
250 mH BIMSIET B pa3HOil CTEIIEHW Ha TOYHOCTb U YYBCTBUTEJIBHOCTh PabOThI OTAEIbHBIX MHCTPYMEHTOB.
Takke crenaav BHIBOI, YTO TOYHOCTh paOOTHl MHCTPYMEHTOB ST TTIOMCKA CTPYKTYPHBIX BApUAHTOB Bapby -
pyeTcsi B 3aBUCMMOCTH OT IMarna3oHa pa3MepoB CTPYKTYPHBIX BapuaHToB. HanpuMep, Manta jydiiie Haxo-
Ut penenuu B muanasoHe ot 200 u 6osee iH, Delly — ot 1000 mo 10000 mH, Smoove — ot 200 mo 10000 11H.

Karoueswie croea: CTpyKTypHbIE BApUAHTHI, TOJJTHOTEHOMHOE CEKBEHUPOBaHUE, CEKBEHUPOBAHUE Ha KOPOT-
KUX IpOYTeHUsIX, BeIpaBHuBaHue, GIAB.
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OnHoHyKJIeOTUIHBIE TTouMopdu3mMbl (SNP) sB-
JISTIOTCST HanboJiee U3y4eHHBIMY TeHETUYECKMMU Ba-
puanTamu. KimHuyeckass 3HAaYMMOCTh UMEHHO OJI-
HOHYKJICOTUIHBIX TeHETUYECKMX BapUaHTOB dYallle
BCETO MHTEPIIPETUPYETCS B paMKax pabOTHI pa3aind-
HBIX TepMUHAJIBHBIX U COMATUYECKUX IMaiTIaiiHOB.
ITepBoHavyabHO cuMTaIOCh, YTo MMeHHO SNP BHO-
cAT HanmboJiee CylIeCTBEHHBI BKJIa B TEHETUUECKOE

# BJIall 9THX aBTOPOB B paGOTY PaBHO3HAYHBIIA.
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pa3HooOpasue Joaei, odecrieynBasi TEHOMHYIO Ba-
pUAaTUBHOCTh MEXAY ABYMSI MHOAUBUAYYMAaMU OKOJIO
0.1%. OnmHako ceiyac yCTaHOBJIEHO, UTO CTPYKTYpPHbIE
BapuaHTHI B TCHOME UeJIOBeKa TakKKe Taf0T 3HAUUTETb-
HBIIA BKJIaJI B TEHETHYECKOEe pa3HOOOpasue, yBeJIMInBast
TeHOMHYIO BapUaTUBHOCTH 110 1.5% [1, 2].
CTpyKTYpHBIMU BapUaHTAMU Ha3bIBAIOTCSI TeHE-
TUYECKUE MepeCcTPOKM IianuHoM He MeHee 50 mH [3].
CTpyKTypHBIE BApUAHTHI AEISITCS Ha IIPOCThIE (Ieie-
UMY, OyIUINKAIMWA, THCePLIMH, MTHBEPCUU, TPAaHCIIO-
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Kall1) U KOMITIEKCHBIE, K KOTOPBIM OTHOCSTCS, Ha-
MIPUMEP, XPOMOIUIEKCHS M XPOMOTPUTICHUC.

BoinensitoT oTAeNbHbBINA TTOATUTT CTPYKTYPHBIX Ba-
puaHTOB — Bapuanuu uncia kornuii (CNV), mpu Koto-
POM KOJIMYECTBO KoIuii HekoToporo yyactka JIHK Ba-
pBUpPYET B T€eHOMAax pa3HbIX MHAUBUAYYMOB [4]. CNV
00pa3yloTcsl B OCHOBHOM 3a CUET JeJelMid U TyTUIMKa-
muit yuactkoB JIHK pazmepom 6onee 1000 mH [5—8].

ITo npyromy oCHOBaHWIO CTPYKTYPHbBIE BapUAHTHI
JIeJISITCS Ha cOaJlaHCMpOBaHHbIE W HecOalaHCHUPO-
BaHHbIe. HecbGamaHcupoBaHHbIE TIPEACTABISIOT CO-
00l yBeJMUYEeHUWE WU YMEHbIIEHWE KOJUYECTBA
dparmenToB JJHK. ChamaHCcHupOBaHHbBIE CTPYKTYp-
Hble BapUaHTbl BO3HUKAIOT B pe3yJibTaTe reHeTuue-
CKOM TIEpeCTPOMKM 0e3 M3MEeHEHMS KOJINYeCTBa KO-
nuit yaactkoB JIHK, 4yTto xapakTepHo 1151 UHBEpCUIA
U TpaHCIoKaLuii [9].

Hayunble vccienoBaHust B 00J1aCTU MOJIEKYJISIp-
HOIi OMOJIOTMU U MEAVIIMHCKOI TeHeTUKH TToKa3au,
YTO CTPYKTYPHBbIE BAPUAHTHI UTPAIOT 3HAUMMYIO POJIb
B Pa3BUTUM psaa GeHOTUNUYECKUX HapyteHuii [ 10,
11] 1 TakmxX TSCKENIbIX 3a00JeBaHMil, KaK CUHIPOM
ITapkunHcona [12], ckiiepo3upyoomiasi THEBMOIIUTO-
Mma [13], remaTonmorndeckue ornyxoinu [ 14], pak rpyau
¥ sMIHUKOB [ 15]. Kpome Toro, MHOrHe 3a001eBaHusd,
B TOM 4ucie mm3odppeHusa [16] u cmopagndeckuii
pak mpoctathl [17], accouuupoBaHbl ¢ HAAUYUEM B
reHoMe CNYV [18]: HekoTOpbIe HelipodereHepaTUB-
Hble 3aboJsieBaHMs, HAallpUMep TOBBILIEHHBIM PUCK
pa3BUTHUS ayTOUMMYHHbBIX 3a001eBaHU (cucTeMHast
KpacHas BojiuaHka [19], 6osesnb Kpona [20], nco-
pua3 [21] 1 ap.) TakKe CBsI3aH C HAJIMYKMEM Bapualuii
4yucja KOIMi B TEHOME YeJI0BEKa.

YcraHoBIeHME TEPEUYMCISHHBIX BBIIIE accollra-
LM M 3aBUCUMOCTEN TPUBEJIO HCCaenoBarenaeii K
BBIBOAY O TOM, UTO IOHUMAaHME MaToreHe3a MHOTUX
TPYTHOU3JIEUMMBIX 3a00JieBaHUII HEBO3MOXHO Oe3
W3Y4YEeHUs Y TeHOTUIINPOBAHUS CTPYKTYPHBIX Bapu-
aHTOB.

B Hacrogliee BpeMs MCClieIOBaHUsI TeHOMa Be-
JIyTCSI B OCHOBHOM Ha 6a3e 6oJjiee TOCTYITHOTO CEKBe-
HUPOBAHUS C MOMOIIBIO KOPOTKUX MPOYTEHUI, XOTSI
TEXHOJIOTUU CEKBEHUPOBAHUS C ITIOMOILBIO JIMHHBIX
MPOYTEHUI ITO3BOJISIIOT OoJiee OeTalbHO M3ydaTh
CTPYKTYpHBIE BApUAHTHI.

JaHHbIe CEeKBEHMPOBaHUS MCTIOb3YIOTCS B IEPBYIO
ouepeb 1151 BbISIBJIEHWS] HOBBIX U MIEHTU(DUKAIIMU CY-
IIECTBYIOIINX OMHOHYKJIEOTUIHBIX Y CTPYKTYPHBIX Ba-
pUAHTOB OMOMHMOPMATUYECKUMU METOJaMU. IDTOT
MPOLIECC OCJIIOXHSETCS TEM, YTO MHOTUE CTPYKTYp-
HbI€ BADMAHTHI BCTPEYAIOTCS B TEX pETUOHAX TEHOMA,
KOTOpble GoraTbl MoBTOpaMu. IIpu 3TOM TOYHOCTH
UIEHTU(DUKALIMM BApDUAHTOB BO MHOTOM 3aBUCUT OT
BbIpaBHUBaAHUS TIPOUTEHUIi, KAUECTBO KOTOPOTO MO-
JKET CHMXATbCSl B TaKWUX CJIOXHBIX pernoHax, Kak
YY4acCTKM C TaHJIEMHBIMU TOBTOpaMU, TeJIOMEpHbIE
y4acTKM XpoMocoM U Ap. [5]. COOTBETCTBEHHO IJTy-
0OKOe H3ydyeHUE CTPYKTYPHBIX BapUaHTOB HEBO3-

MKPTYAH u np.

MOXHO 0€3 COBEPIIICHCTBOBaHUSI OMoMH(MOpMaTJe-
CKMX MHCTPYMEHTOB, IIpeIHa3HAYEHHBIX JIJIS TTOUCKA
CTPYKTYPHBIX BapWaHTOB W BHEAPEHMS UX B Maii-
TUTAHBI.

Komanma GIAB ony6iamkoBaia aTaJJOHHBIN aii
TSI BBISIBJICHUST CTPYKTYPHBIX BapUAHTOB [22]. DTOT
daiin B dopmare VCF Ob11 monydeH misi oopasua
HGO002 Ha ocHOBe JaHHBIX CEKBEHMPOBAHMS C ITOMO-
IIBIO YeTHIPEX TEXHOJIOTUIA TIPU MCITOJIb30BAaHUM OoJTee
30 6uonH(popMaTUIECKNX MHCTPYMEHTOB. M crionb3ys
STOT MaTepHaj, MBI CMOTJIM OLIEHUTh TOJIyIeHHBIE
HaMM JaHHBIE O KadecTBe pabOTHI Tpex OmonmH@poOp-
MaTUYEeCKUX MHCTPYMEeHTOB: Manta, Smoove u Delly.
Kpome Toro, MBI TIpOBETN TIPOBEPKY C TIOMOIITBIO Ce-
KBEHUpPOBaHMS I0 Metomy CaHrepa HECKOJBKHMX
CTPYKTYPHBIX BApUAaHTOB (pa3HbIX TUIIOB U AJWH) Ha
6romaTepuaie o6pasIoB OT IBYX JOHOPOB.

MATEPUAJIbI U METObI
Coop 6uomamepuana

g maHHOTO WCCAEHOBAHUsSI B3SIThI OOpas3Ilbl
LEeJIBHOM KPOBH OT ABYyX moHOpoB (He HG002), momnrmi-
CaBIIMX JOOPOBOJIbBHOE MH(MOPMUPOBAHHOE COIJIacHe.
3abop GromaTepHaia OCYILECTBIISUICS B COOTBETCTBUU
¢ 'OCT P53079.4-2008. TparncnopTupoBKa 6momMate-
puaja Bejlach IpU MTOCTOSTHHOM KOHTpOJIe TeMIiepa-
TypHOro pexuma. QOpa3Lbl IIPOILIM IIPOBEPKU Ka-
yecTBa, BKIIIOYas IPOBEPKY HA OTCYTCTBHE ITpH3HA-
KOB TeMoJIv3a 1 Xujie3a. buomarepuan noapepraics
3aMOpO3Ke He 00jIee OQHOIO pa3a.

Boioenenue IHK, nodeomosra eeHomMHbIX
obubauomek U cekeeHupoganue obpasuyoe
¢ npumenenuem mexuonoeuu Illumina

Brigenenne JITHK u3 o0pa3loB lLieAbHOM KPOBU
OpOBOAWIN C HMOMOIIBIO Habopa MagAttract HMW
DNA Kit (Qiagen, I'epmanust). ITpoTokos BeiaeIeHUS
JHK aBToMaTu3upoBaH Ha ctaHuu Tecan Freedom
EVO (Tecan, lBeiiapust). U3mepeHne KOHIIEHTPa-
oun 1 9ucToThl BelmeneHHoM JIHK ocymecTsisim ¢
MOMOIIBIO MUKpOIUIaHIIIeTHOrOo puaepa Tecan In-
finite 200 PRO F Nano+ (Tecan).

I'eHOMHBIE OMOIMOTEKH [IJ1S1 CEKBEHUPOBAHUS TO-
TOBWJIMCH C MCITOIb30BaHueM Habopa Nextera DNA
Flex (Illumina, CIITA) B COOTBETCTBUHU C peKOMEHAA~
HusMu npousBoautessi. Kaxnaplit o6pasel B IpoTou-
HOI KloBeTe ObLI MOMEYEH C MOMOIIbIO UHIEKCOB
IDT-ILMN Nextera DNA UD (Illumina) mist uic-
KJIIOUeHUsI BO3MOXHOCTHU TMEePEeKPECTHON KOHTaMU-
HallUU.

M3MepeHre KOHLIEHTpallMu F€HOMHBIX OUOIMO-
TeK MPOBOAWIN Ha MUKPOILIaHIIIETHOM punepe Tec-
an Infinite 200 PRO F Nano+. Pa3zmep BcTaBku re-
HOMHBIX OMOJIMOTEK M3MepsiIn Ha cuctemMe Agilent
4200 TapeStation System (Agilent, CIIIA) ¢ ucrnosnb-
3oBaHueM Habopa Agilent DNA 1000 Kit (Agilent).

T’EHETUKA Ne 6

TOM 59 2023



CPABHUTEJIbHbIM AHAJIU3 UHCTPYMEHTOB

BubGnuoreunble myJIbl BKIIOYAIU ITOMUMO OBYX Lieje-
BbIX 00pa31ioB 22 oOpasiia U3 Ipyrux uccienoBaHui,
TaK KakK OfHa siuyeiika S4 MCIOIb3yeMOro ceKBeHaTopa
BMeInaeT 24 ob6pasia, oObeNMHEHHE KOTOPHIX OCy-
LIECTB/ISUIOCh C MCIOJIb30BAaHMEM aBTOMAaTU3UPOBAH-
Hoii ctanuuM Tecan Freedom EVO (Tecan). Pasmep
BCTaBKM [IJIs1 KaxKA0To oOpasina coctaBur 323 n 333 mH.

I[ToHOreHOMHOE CEeKBEHUPOBAaHME MPOBOIUIIOCH
¢ mcroirb3oBaHneM cekBeHaTopa Illumina NovaSeq
6000 (Illumina) u komIuiekTa peareHToB NovaSeq
6000 S4 (300 mukitoB) (Illumina) mIsS MapHOKOHIIE-
BBIX TIpouTeHnit 2 X 150 1mH.

Cexeenuposarnue obpasuyos no memody Caueepa

Boinenenne reHomHoi JIHK mpoBomyma n3 200 MK
3aMOPOXKEHHOM 1IeJIbHOM KPOBU C NUCHOIb30BaHUEM
Habopa MagAttract HMW DNA Kit B cooTBeTCTBUM
C IIPOTOKOJIOM MHPOU3BOAUTENS. DIIIOLUST IIPOBOAU-
nack B 100 mxJ1 Boabl, cBoOongHoiIi ot JIHKasz.

KoHleHTpalnio 00pa3ioB U3MePsSUIU C TTOMOIIbIO
Habopa QuantiFluor dsDNA System (Promega,
CIIIA) Ha dpayopumerpe Quantus (Promega). M3me-
peHue yucToThl BhigeaeHHo# JITHK mpoBomuiock ¢
HCIIOJIb30BAaHUEM criekTpodoToMeTpa Nano-
Drop8000 (Thermo Scientific, CIIIA). Otoupanuch
o6pa3sisl JIHK, nmeroiie cooTHOIIEHUS IJIMH BOJI-
HeI A260/280 B ipenenax 1.7—1.9 u A230/260 B tipe-
nenax 1.8—2.2.

Jns cekBeHUpoBaHUs Mo MeTony CaHrepa Oblia
ccopmupoBaHa BeIOOpKa 13 120 JIOKyCOB ¢ pa3and-
HBIMM TUIIAMU CTPYKTYPHBIX BApUAaHTOB. B BIOOPKY
ot 60 nenenmit (50%), 28 nHceprmii (23.3%), 23
myrmmkanun (19.2%) n 9 unsepcuii (7.5%).

C oMok nmporpaMMHoOro odecrieueHust Prim-
er-BLAST [23] ymanock nmomo6parh npaiiMepsl K 17
nenenraM, 12 mHcepumsaM, 12 TyniauKanusaM U IByM
naBepcusM. Ilpaiimepsl 1momoOpaHBI OTHEIBHO K
npssMoii m oopatHoit nenm JJHK.

st cuHTEe3a mpaiiMepoB UCTIOIb30BAIUCh OJIUTO-
HyKjIeoTuaHble cuHTe3aTtophl OligoMaker X12 (Oli-
goMaker ApS, Jlanus) u Polygen (Polygen GmbH,
I'epmanus).

Jst HapaboTku aMIuinKoHoB npopomyin TTHP co
CIIEAYIOIINM TEMITEPATYPHBIM LIMKJIOM: HadaIbHasl Je-
Hatypauus 95°C — 5 mun; 35 nukios 95°C — 15 c,
60°C — 30 ¢, 72°C — 30 c; ¢puHaIbHaAs 3J0HTaLMS
72°C — 5 muH; xpaHeHnue npu 4°C — HeorpaHUYEH-
HOE BpEMSI.

Hna mposenenns IILP orbupamocs 50—100 Hr
JHK. INocie 3aBepmienns ITL P mpoBommiack ouncTka
AMILIMKOHOB C ITOMOIIIBI0 MATHUTHBIX YacTUL Sam-
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ple Purification Beads (Beckman Coulter, CIIIA) o
cienylomeit cxeme:

— K 25 MKJ1 oOpasua gobasisieTcsl 25 MKJI YaCTUII;

— CMecCh TTepeMelInBacTCs U UHKYOUpyeTcsl B Te-
yeHne 10 MUH IIpU KOMHATHOM TeMIIepaType;

— CMECh CTAaBUTCS HA MATrHUTHBIN IITATUB B OXKW-
JaHWUU IIPOCBETIICHUA,

— IIOCJIC IIPOCBECTJICHMUA CYIICpHATAHT yOaJIsdCTCA,

— ocaiok ABaxkabl mpombiBaeTcs 200 Mkt 80%-Horo
STUJIOBOTO CIUPTA;

— IIPOMBITBII OCAaTOK CYLINTCS Ha BO3IyXe B TeUEC-
HHe 3—5 MuH u smoupyetcd 25 MK Resuspension
Buffer (Illumina);

— DIIIOMPOBAHHBIA 0OCAamOK WHKYOUpYeTCs Mpu
KOMHATHOI TeMIiepaType 2 MHH, CTABUTCS Ha Mar-
HUTHBIN IITaTUB;

— OYMIICHHBIC aMIUIMKOHBI TIEPEHOCATCA B HO-
BEIE TIPOOUPKU B 00beme 20 MKIT.

KoHTpOb O4MCTKYA TPOBOIMIIN C TTIOMOIIBIO Agi-
lent 4200 TapeStation System m Habopa peareHTOB
D1000 Reagents (Agilent, CIIIA) cormacHo MHCTPYK-
IIUY TIPOU3BOIUTEIIS.

CekBeHUpYIOILIasd M TEPMUHUPYIOIIAS peaklin
MPOBOJMJIMCH C UCTIOIb30BaHEM Habopa peareHTOB
BigDye Terminator v3.1 Cycle Sequencing Kit (Ap-
plied Biosystems, CIIIA) cortacHO peKOMEHIALMSIM
npousBoauTelis. B Kaxkmayio peakiimoHHYIO TpOOHUp-
Ky mo6asisiiochk 50—100 ur JJHK -maTpunier odpasiia.

[MpomyKTel peaklMy aHAJIU3NPOBAIN METOIOM
KamUISIPHOTO 3JIeKTpodope3a B aBTOMATHIECKOM
cekBeHarope SeqStudio Genetic Analyzer (Applied
Biosystems). I[1pu nociienyiolieM aHajan3e yYUThIBa-
JIV TOJIBKO T€ BApUAHTHI, IS KOTOPBIX OBLIU MOIyYe-
HBI IPSIMbI€ M OOpaTHBIE TTPOYTEHUSI.

Buoungopmamuueckas obpabomrka 0aHHbIX
NOAHO2EHOMHO20 CEKBEHUPOBAHUSL

[ KOHTpOJIST KayecTBa CEKBEHMPOBAHUS B 1Ie-
JIOM MCITIOJIb30Bajack rmporpamMma Illumina Sequenc-
ing Analysis Viewer v2.4.7 [24].

Ha nepBoM sTarne o6pabOTKKU JaHHBIX ITOJIHOIe-
HOMHOI'O CEKBEHMPOBAHMUSI OCYIIECTB/ISUIACh JIe-
MYJIBTUIUIMKALUSI, TIPU KOTOPOII MCXOmHasl Bblmaya
cekBeHaTopa Illumina NovaSeq 6000 koHBepTUpOBa-
nack u3 popmata BCL B popmat FASTQ ¢ momo1ibio
nporpaMMHoOro obecrieueHust bel2fastq v2.20 [25].
J1s1 KOHTpOJISI KayecTBa MPOUYTCHUMN HPUMEHSLICS
ounonHpopmaTnueckuit nHcTpymMeHT FastQC v0.11.9
[26]. KauecTBO aHATM3UPYEeMBIX 0Opa3IioB MpoBeEpe-
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HO TI0 CIEAYIOIIMM METPUKaM: IoKa3aTellb PaBHO-
MEPHOCTU pacIpenesieHns] HYKJIEOTUIOB B IpodTe-
Husx; G/C coctaB; noka3ateiab Q30.

Ha BTOpOoM 3Tare 6umonHpopMaTUIEeCKOi obpa-
GOTKHM TIPOBOIWIOCH BRIPABHMBAHUE MPOUYTCHUIA Ha
pedepeHCHBII TeHOM ¢ TTOMOIIBIO0 TPOrPaMMHO-aTI-
napatHoii margopmel Illumina DRAGEN Bio-IT
Platform v07.021.510.3.5.7 [27]. B kxaudectBe pede-
PEHCHOTO TeHOMa 4eJI0OBEeKa UCITOJIb30BaJIach MOCIIE-
nmoBateabHOoCcTh GRCh38.d1.vd1 [28]. I1ocie BeIpaB-
HUBaHUS OLIEHUBAJIOCh CpelHee 3HAYeHNe TTOKPBITHSI.
YV Bcex aHaJIM3UPYyEeMBIX 00pa3loB cpeaHee MOKPhI-
THE IO TEHOMY COCTaBWJIO He MeHee 30X,

3ateM B (ailjiax BbIpaBHUBAHUS OCYILIECTBIISLIN
IMOUCK CTPYKTYPHBIX BapUaHTOB C IIOMOIIbIO TPeX
pasIMYHBLIX MHCTPYMEHTOB: Manta v1.6.0 [29],
Smoove v0.2.6 [30] u Delly v0.9.1 [31].

Tak kak staionHsie VCF- u BED-daiinsr GIAB
caenanbl 1151 Bepcuu reHoma GRCh37 [32], a naHHBIA
aHaJIU3 TIPOBOJMJICS C BBIPABHUBAHUEM Ha BEPCHUIO re-
aoma GRCh38, To mig Toro, 9ro0bl OTOMIBTPOBATH
nonydeHHbIe VCF-(daitis! 1o rmonrBepkKneHHbIM PETH -
oHaM osTajjoHHoro BED-daiima, ero kKoopamHaThI
koHBeptupoBaiauck ¢ GRCh37 na GRCh38 ¢ momo-
mbio mHeTpyMeHTa CrossMap [33].

J1s MpOBEepKM TeHETUYECKMX BAPMAHTOB CEKBEHM-
poBaHueM 1o MeTony CaHrepa oTOMpalucCh Aeelun
pa3HOM IJIMHBI, @ TAKXKE AYTUIMKALIMA U UHBEPCUU JTU -
Hoit 1o 500 1TH, KOTOphIe OBUIM HAMIECHBI BCEMU TPEMSI
WHCTPYMEHTAMU WK IByMsI U3 HUX. Kpome Toro, ot-
onpammch MHcepumy LTHOoM 10 500 ITH, KOTOpEIe OBI-
JI HAalIEHBI XOTs ObI OMTHUM U3 MHCTPYMEHTOB Man-
ta u Delly.

bBuoungopmamuueckas oopabomka
dannsvix HGOO2 u cpasnenue c amansoHom

Jng BamMmanyy KadecTBa pabOThl MHCTPYMEHTOB,
MpeaHa3HaYeHHbIX [IJIs1 TIOUCKA CTPYKTYPHbBIX BapUaH-
TOB, ¢ caiita NCBI 6bu111 cKagaHbI 3TaTOHHBIE (DAVIIB:
HG002 SVs Tierl v0.6.VCF.GZ,
HG002 SVs Tierl v0.6.VCF.GZ.TBI u
HG002 SVs Tierl v0.6.BED (https://ftp.nc-
bi.nih.gov/giab/ftp/data/AshkenazimTrio/analysis/
NIST_SVs_Integration v0.6/), a Takke Ipo4YTeHHS 06-
paszua HG002, moixydyeHHBIE ¢ TIOMOILIBIO CEKBEHATO-
pa Illumina HiSeq (2 X 250 mH) B ¢dopmare
FASTQ.GZ.: https://ftp.ncbi.nih.gov/ReferenceSam-
ples/giab/data/AshkenazimTrio/HG002 NA24385
son/NIST_Illumina_2x250bps/reads/, 68 aiinos
obmumM oobseMoM 163 I'6, nmpenmnonaraeMoe cpeaHee
MoKphITHE — 68x. Pasmep BcTaBKku coctaBmi 350 TTH.

MKPTYAH u np.

Taxoke OBLTV CKavyaHBI YacTh TPOYTEHUIT 0Opasiia
HGO002, monyyeHHast ¢ ToMo1bio cekBeHaTopa Illu-
mina HiSeq (2 X 150 ) B popmare FASTQ.GZ:
https://ftp.ncbi.nih.gov/ReferenceSamples/giab/da-
ta/AshkenazimlIrio/HG002 NA24385 son/NIST Hi-
Seq HG002_ Homogeneity-10953946/HG002_HiS-
eq300x_fastq/, Tpu TiepBbIe 110 andaBUTy TUPEKTO-
puM, KOTOpEIE Aajiee Mo TEKCTY OyneM o0o3HagaTh d 1,
d2, d3, obmmum oowsemom 174 I'b, mpenmmonaraemoe
cpemHee TMMOKPBITHE TS KaXKION TUPEKTOPUU — 25X.

3aTeM OBUIM MOATOTOBJIEHBI TUPEKTOPUM C O0B-
eauHEeHHBIMU npouteHusMu: d1 + d2 ¢ mpenmnosara-
eMBbIM cpenHUM TokpbeiTueM 50x m d1 + d2 + d3 ¢
MpearoaaraeMbIM CPEIHUM ITIOKPEITHEM 75X.

JormomHuTtenbHO ObUI cKayaH BAM-daiin ¢ BbI-
paBHUBaHUeM MpouTeHuit obpazua HGO002, moiy-
yeHHbIX ¢ cekBeHaTopa [llumina HiSeq (2 % 250 nH),
uHcTpyMeHTOoM NovoAlign Ha 37-10 Bepcuio pede-
peHcHoro reHoma yesioBeka (hs37d5): https://ftp.nc-
bi.nih.gov/ReferenceSamples/giab/data/Ashkenaz-
imTrio/HG002_ NA24385 son/NIST_Illumina_2x-
250bps/novoalign_bams/HG002.hs37d5.2x250.bam,
122 T'b, cpenHee MOKpBITHE 72X.

Pasmep BcTaBKM mJIs1 JaHHBIX IPOYTEHUM COCTa-
BUIT 550 TIH.

st ckayaHHBIX MPOYTEHUI MPOBEASHO BbIPaB-
HuBaHUe Ha pedepeHcHbli reHoM GRCh37 tpems
cnocobaMu: ¢ TIOMOIIbIO MPOrpaMMHO-aIIapaTHOH
miatrpopmbl DRAGEN, ¢ momoinbio maiiniaiiHa
GDC DNA-Seq Alignment Workflow (DNA-Seq A),
a Takke ¢ nomomblo naitmaitHa GDC DNA-Seq
Alignment + Co-cleaning Workflow (DNA-Seq A + C)
[34], B KoTOpOM Jisl BRIpaBHUBAHUSI UCIOJbB3YEeTCS
nporpamma BWA [35].

s ckauanHoro BAM-@aiina BbelpaBHUBaHUS,
BBITTIOJTHEHHOTO MHCTpyMeHTOM NovoAlign, mpoBe-
JIeHa COPTUPOBKA M MHAEKCAIIMsS C IIOMOIIBIO MH-
cTpyMeHTa samtools [36].

Bo Bcex daitirax ¢ BEIpaBHUBAHUSIMM OCYIIIECTB-
JIEH IIOMUCK CTPYKTYPHBIX BAPUAHTOB C IIOMOIIIBIO MH-
ctpyMeHTOB Manta v1.6.0, Smoove v0.2.6 u Delly
v0.9.1. 3aTeM IpoBeAcHA JOIOJTHUTEIbLHAS 00paboTKa
pesyabtupylomero VCF-gaiina. s daitnoB Manta
3TO OblIa KOHBEPTALUsI CTPYKTYPHBIX BADUAHTOB TH-
na BND B INV ¢ nomoIisio ckpurita pa3padboTYnKoB
JIAHHOTO WHCTPYMEHTa, a TakKe IOTIOJIHUTEIbHAas
aHHoTalusl MHcTpymMeHToM Duphold v0.2.3 [37] ¢
nocienyioein GpuiIbTpanueit B COOTBETCTBUM C pe-
KoMeHaanusMu paspaborunka (IIpunoxenue 1).
Kpowme Toro, mis Bcex paiinioB rmpoBeneHa puiabTpa-
s ¢ noMolikio beftools 1.15 [36] (ITpunoxenue 1).
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Ta6iuna 1. CTpyKTypHBIe BapuaHThI B 3TajloHHOM daitine HG002_SVs_Tierl v0.6.vcf.gz

KomaectBo BapuaHTOB

nocie ¢mwibrpauun PASS
o BCETO B TOM 4MCJIE TUMA:
(GuIbTpaluu,
el DEL INS DUP INV
el. %
el. % en. % en. % en. %
74012 12745 100 5464 43 4462 35 2819 22 0 0

IMpumeuanue. DEL — genenun, INS — nuncepunu, DUP — nymmkanuu, INV — nHBepcum.

I1pu aTom 11 Smoove no yMoJlYaHUIO Opaluch Ba-
puaHThI 6e3 punprpanuu no nojwo FILTER, Tak kak
WHCTPYMEHT HE MPOBOAUT COOTBETCTBYIONIECH (DUIb-
Tpalyu.

CBognbie VCF-@aitabl TOTOBUIN C TIOMOIIBIO MH-
ctpymeHTa SURVIVOR v1.0.7 [38]. s cpaBHEHUS
Bcex nojiydyeHHbIX VCF-aiinos ¢ ataioHHbIM VCF-
¢aityioM MCITOAb30BAJICS MHCTPYMEHT witty.er v0.3.4
[39], koHdUTYpaLIMOHHBIH (DAt 111 KOTOPOIo cKa-
YyaH M3 pPENo3UTOpUsI MHCTPYMEHTa Ha pecypce
GitHub — https://github.com/Illumina/witty.er/blob/
master/docs/examples/SV/config.json.

Komannpl 3ammycka nHCTpyMeHTOB beftools, SUR-
VIVOR n witty.er ipencrasieHsl B [1punoxenun 1.

bBuoungopmamuueckas obpabomka oanHwvix
cexseHupoganus no memody Caneepa

daiinpl mpouTeHMt NPSAMOII U 0OpaTHOM ITOCEe-
JIoBaTeabHOCTeN B (popmaTte AB1 CKOHBEpTUPOBaHEBI
B (popmat FASTQ ¢ momomsio nmporpamMmmbel Unipro
UGENE [40]. laniee 3T MpOYTeHUS BEIpaBHEHBI HA
pedepencHblit reHoMm GRCh38.d1.vdl ¢ momolibio
nHcTpyMeHTa BWA, a mojy4yeHHbIE BhIpaBHUBaHMUS
nmpoaHaau3upoBaHbl B mporpamme IGV [41], mpenHa-
3HAYEHHOU JJIs1 TIPOCMOTpPa TeHETUYECKUX JAHHBIX.
K BeIpaBHUBaHMIO MPUMEHSIJIOCH OKpallinBaHue soft-
clipped-mpouTeHuit, T.e. TaKMX, y KOTOPBIX YacTh
MPOYTEHUS BbIpaBHUBAETCSl Ha pedepeHc, a yacTb
HET, U MPU 3TOM IMPOUYTEHUE OCTAETCS B BbIpABHUBA-
Huu. KpoMe TOro, Mcroib3oBajloch OKpallluBaHUE
MPOYTEHUM IO TMOCcienoBaTeIbHOCTAM. Busyanuza-
1IMs1 BapyaHTa ImoMoraja ciejaTh BbIBOA O HAIMYUU
WJIN OTCYTCTBUM CTPYKTYPHOI'O BapuaHTa B oOpaslie.

PE3VJIBTATBI

Banuoayus pabomer uncmpymenmos
noucka cCmpyKmypHbuiX 6apuaHmos

Komanmoit GIAB ony6imKoBaH 3TaJOHHBINA Ha-
0Op HAaHHBLIX CTPYKTYPHBIX BapMaHTOB B (opmate

FTEHETUKA TtomM 59 Ne6 2023

VCF st Bepcuu reHoMa GRCh37, a takxke BED-daiin
1711 oopaszua HGO002 Ha ocHOBe TaHHBIX CEKBEHUPOBa-
HUSI C TIOMOIIBIO YEThIPEX Pa3HbIX TexHOJIOTWi. s
OILICHKU KadecTBa paboThl OMOMHGpOPMATUISCKUX MH-
CTPYMEHTOB, TpeAHA3HAYCHHBIX IS MOUCKA CTPYK-
TYPHBIX BapuaHTOB, ¢ caiita NCBI ckauaHbI yka3aH-
HBIE BBINIE 3TaJTOHHBIC Qaiibl. DTN (paiiyIbl NCITONIb-
30BaJIUCh JJISI CPABHEHMSI C TTOJTyYeHHBIMU JAHHBIMU.
B tabn. 1 mpencraBiieHa cCTaTUCTUKA IO BapUaHTaM
stanoHHoro VCF-¢aiina Tierl v0.6.

Kak cnenyer u3 ta6n. 1, B 3TaqoHHOM (aiine
GIAB nocne dunbrpanium o punbtpy “PASS” u no
TNy BapuaHToB “He paBHO BND” (breakends) ocra-
eTcst HeMHOTUM Gosiee 17% cTpyKTypHBIX BADHAHTOB,
OOJIBIIMHCTBO M3 KOTOPBIX (0K0JIO 43%) COCTaBISAIOT
JleJielluu, Torna Kak MHBEPCUW OTCYTCTBYIOT.

OranoHublii BED-aiin Tierl v0.6 BkiIiouaeT B
ce0s1 34830 permoHOB Ha BCEX XpOMOCOMax, 3a MC-
KJTIOYeHEM MUTOXOHIPUATBHOM.

Hunst mpouteHuit oopazua HG002 Hamu Obliu 3a-
OyIieHbBl TpM IMaiimiaiiHa BeIpaBHUBaHus: DRA-
GEN, GDC’s DNA-Seq Alignment Workflow un
GDC’s DNA-Seq Alignment + Co-cleaning Work-
flow. B kauecTBe BXOOHBIX JaHHBIX JJIs MANTUIAaliHOB
BBICTYIIAJIM NMPOYTEHUS pa3HOM UIMHBI U IIIYOMHBI
CceKBeHUpoBaHUs, ckauaHHkbIe ¢ caiita NCBI mo mpo-
tokony FTP. ®@aiinbl ¢ BBIpaBHUBAaHUSIMU COPTUPO-
BaJINCh M WHIACKCHUPOBAIMCH C IIOMOIIBIO MHCTPY-
MeHTa samtools.

Ha coptupoBanneix BAM-@aiinax ObUIM 3aIy-
IIeHbl TpU OHMOUHMOPMATUUECKUX MHCTPYMEHTA:
Manta, Delly u Smoove. B ciiyuae ¢ Manta miist VCF-
daiisioB ObUTM MPUMEHEHBI AHHOTAIUSI TPOTPAMMO
Duphold u ¢unbTpanmss Ha OCHOBE aHHOTUPOBAH-
HBIX METPUK.

B tabi1. 2 mpeacrapieHa XapakKTepUCTHUKA TPeX MPo-
rpaMM, METEKTUPYIOIINX Pa3TUIHbIE TUITBI CTPYKTYpP-
HBIX BApMAHTOB, HA OCHOBE HAaHHBIX CEKBEHUPOBA-
HUSI KOPOTKUMU npouteHusIMHA (2 X 150).
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Taomua 2. [TporpaMmBbl, UCITOJIB3yeMble JUISI TTOMCKA CTPYKTYPHBIX BADMAHTOB

HasBanue, Bepcus u nata
TOCJIEMHETO OOHOBIEHUS

Hcnonb3yeMble TpOrpaMMOid METOIBI
BBISIBICHUSI CTPYKTYPHBIX BADUAHTOB

OmpenensieMble TUITBI
CTPYKTYPHBIX BADUAHTOB

TPOTPaMMB DEL | INS | DUP | INV | TRA
Manta v1.6.0, 07.2019 read pairs + split reads + assembly + + + + +
Delly v0.9.1, 12.2021 read pairs + split reads + + + + +
Smoove v0.2.6, 10.2021 read pairs + split reads + read depth + — + + +

I[Mpumeuanue. TRA — TpaHcioKaluu.

Ha puc. 1 npencraBieHsl 16 nuarpaMm, Ha KOTO-
pBIX M300pakeHbl pe3yIbTaThl paboThl OMOMHOOP-
MaTUYeCKUX MHCTpyMeHTOoB Manta, Smoove, Delly, a
TaKXe pe3yJbTaTbl COBMECTHOI pabOThl UHCTPYMEH -
ToB Manta u Smoove, Manta u Delly, Delly u
Smoove, Manta, Smoove u Delly. Kaxknomy u3 un-
CTPYMEHTOB, a TaKXXe UX TMapaM U TpOUKe MPUCBOEH
CBOI1 11BeT. Pe3ynbraThl paboThl KaKIOTO U3 MHCTPY-
MEHTOB MO0 OTAEJIBHOCTU, a TAKXKe WX COBMECTHOM pa-
0O0Thl 0003HAUEHBI TIPSIMOYTOJIbHUKAMU Pa3HbIX 1IBe-
TOB. BbIcOTa KaXX/IOro 13 [BETHBIX MPSIMOYTOJILHUKOB
COOTBETCTBYET KOJIMYECTBY HAMUIEHHBIX CTPYKTYp-
HBIX BapuaHTOB, KOTOpbIe TOKa3aHbI B Cleayoleit
paszouske: 1o dunsTpauuu (Total) u mocie dpurbTpa-
muu (PASS), B Tom unciie TunoB DEL (menenun),
INS (uncepuun), DUP (mymmukamuun) u INV (uH-
Bepcuun). B Hanmucsax Haa Kaxnoit nmarpaMMoit yka-
3aH UCIOJIb30BAaHHBIN CIOCOO BHIPABHUBAHUS, JJIU-
Ha mpouTeHuii (B MH) U cpeaHee MoKpbiTue. Puc. 1
nokasbiBaeT, yTo Delly Hallien 6obIlie BApUaHTOB BO
BCex ciy4dasix, HO OoJiee TOJIOBUHBI HE TMPOIIUIU
¢unprpanuu  (PASS) mpu BeIOOpe mNaMILIAiHOB
DNA-Seq A u DNA-Seq A + C. Ilpu 3ToM KoM4e-
CTBO BapMaHTOB, HalimeHHBIX Delly, cHJIbHO pocCio ¢
pocTtoM MokphITUs (B 1.5 paza), a Takke Ipu BEIOOpE
naimmaitHoB BeIipaBHUBaHUS DNA-Seq A m DNA-
Seq A + C (bonee ueM B 2 pasa). Smoove HaIien
MEHbIIIe BApUaHTOB B cpaBHeHMHU ¢ Delly 1 Manta Bo
Bcex ciydasix. KojqnyecTBo BapuaHTOB, HaliIeHHBIX
Smoove 1 Manta, Takke yBeJIMYMBAJIOCh C yBeJINYe-
HUEM NOKPBITHS, HO HE TaK CMJIbHO, Kak 111 Delly (B
1.1 pa3). IIpu BeIOOpe MaiiniaitHOB BbIpaBHUBAHMUS
DNA-Seq A u DNA-Seq A + C Ko1u4ecTBO BapyaH-
TOB HE3HAUUTEIBbHO YBEIUUUBAIOCH JII Smoove (B
1.3 paza), a o Manta noytu He U3MeHsiiochb. Mc-
MOJIb30BaHNe NMaiTuIaitHa BeIpaBHUBaHUSI NovoAlign
MPaKTUYECKU CBOAUT K HYJIIO YUCJIO CTPYKTYPHBIX
BapuaHToB Tura DEL, HaXomuMbIX UHCTPYMEHTOM
Smoove.

Ha puc. 2 u 3 nnpencrasiieHbl COITOCTaBUMbIE KO-
JIMYECTBEHHBIE OLIEHKM KayecTBa padOThl pa3HbIX
ononHdOpPMATUIECKNX MHCTPYMEHTOB IO BBISIBJIC-
HUIO CTpYKTYpHBIX BapraHToB ThIta DEL 1 INS co-
oTBeTCTBeHHO. [lokaszaHO BIIMSTHUE BbIPABHUBAHUS
pa3HbIMU MHaMIIaiilHAMU C BXOOHBIMU NaHHBIMU C
pa3HbIM MpeanojaaraeMbiM NOKpbITHEM. OIleHKa Ka-
yecTBa paboThl MHCTPYMEHTOB IPOBOIMIACH IIO-
CpEICTBOM pacyeTa M aHajiu3a Tpex IoKa3aTesiei:
TOYHOCTHU, YyBCTBUTEIIBHOCTH 1 Fscore (cyMMapHBIii
MoKa3aTeJIb TOYHOCTU U YYBCTBUTEIBHOCTH).

Kak BugHo 13 puc. 2 1 Tabja. 3, moka3ateab 4YyB-
CTBUTEILHOCTU Bo3pacraeT Ha 3—7% miIst MHCTpY-
MeHTOB Manta, Delly m Smoove npu yBeaIudeHUU
MOKPHITHS ¢ 25x 1o 50X, a TIpy yBEJIMYEHUH TTOKPHI-
tig ¢ 50x mo 75x moutu He MeHsAeTcd. [lokas3areinn
TOYHOCTH IJIsI THCTpYMeHTOB Manta, Smoove u Del-
ly mamaeT mpu M3MEHEHUM MOKPBITUS ¢ 25X 0 75X.
Takum oO6pa3om, yBeTndeHME IIOKPBITUS ¢ 25X 10 75X
MPUBOAUT K HEKOTOPOMY TTOBBILIIEHUIO KayecTBa pa-
0OTHI ABYX U3 TpexX OMOUH(pOPMATUIYECKUX WUHCTPY-
MEHTOB, MpeAHa3HAUYEHHBIX JJIs TOUCKA CTPYKTYp-
HbIX BapuaHToB Tuna DEL, mo noka3artento Fscore.
Tak, nmoka3atens Fscore mjisi mHCTpyMeHTa Smoove
yBeJIMYUBaeTcsa ¢ 65—66 1o 67—68%, a Wit MHCTPY-
MeHTa Manta — ¢ 73—74 mo 78—79%. st uHCTPY-
menTa Delly Takoit 3aBUCMMOCTH He BBISIBJIEHO.

VYBenumueHue OIMHEI IIpouyTeHunii co 150 go 250 mH
MO-pa3HOMY BJIMSET Ha KadeCTBO PabOTHI pa3HBIX
WHCTPYMEHTOB MPY Pa3HBIX MaMIIaifHaxX BhIPaBHU-
BaHus. st mHcTpymeHTa Delly nokasarens Fscore
s BapuanToB Tuna DEL yBenuumBaercst ¢ 64.5 (B
cpenHeM) no 67 mpu naiiaiine DRAGEN (tou-
HOCTb M YYBCTBUTEJIbHOCTh YBEJIMUYMBAIOTCS Ha 2—
3% wu mo 72 npu naitrutaiitne DNA-Seq Alignment
(TOYHOCTB yBeIMUUBaeTcs Ha 3%, 9yBCTBUTEIILHOCTh
Ha 11%). A npu naiinnaitne DNA-Seq Alignment +
+ Co-cleaning 3TOT moKa3aTeJlb MOBBIIIAETCS ¢ 65.8
(B cpemHeMm) no 74% (TOYHOCTH TTOBBIIIaeTCS Ha 4%,
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Puc. 1. CTpyKTypHbI€ BApUAHTHI, HAWICHHBIE C TOMOIIBIO Pa3HBIX OMOMH(MOPMAaTUIECKIX MHCTPYMEHTOB Ha pe3y/ibTaTax Bbl-

PaBHUBaHUS pa3HbIMU NalMIaliHaMU.

qyBCTBUTENbHOCTh Ha 10%). i WHCTpyMeHTa
Smoove moka3atens Fscore mpn yBeanm4eHUN JJINHBI
npoureHuit Ha 100 MH IIpakTUYECKU HE MEHSETCS
MpU BceX Tpex MaiiruiaifHax (COOTBETCTBEHHO TOU-
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HOCTb U YYBCTBUTEIBHOCTh TaKXe MPAKTUYECKU He
MeHIoTcs). B To ke Bpems it nHCTpyMeHTa Manta
9TOT ToKasaTtenb Ipu mnanmiaitHax DRAGEN u
DNA-Seq Alignment + Co-cleaning nu3amMeHsIeTCSI He-
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Delly, Manta I B
Smoove, Delly TR
Smoove, Manta 48 eG4
Smoove, Manta, Delly 56 mmmme9mmmn
I T T T T

DNA-Seq A + C |2 x 250] 68

Manta —{FO 4 S s I e—
SIMOOVE —{ MmO 8 MS 20 I Ta—
Delly —{Fmmmmg 4 66 E—
Delly, Manta {6 ms 6 M omms

Smoove, Delly —{mmmmmmgdu muns0mms mmmnGs
SmMoove, Manta —{mmms g7 md S Se2m—

Smoove, Manta, Delly —{mmnggm mumnG2mm mrasm

50 100 150 200 250 O 50 100 150 200 250

== TOYHOCTh - quCTBI/ITeI[])HOCTI) == Fscore

Puc. 2. OueHka kayecTBa paboThl pa3HbIX OMOMHGMOPMATUYECKUX UHCTPYMEHTOB I10 BBISIBJIEHUIO CTPYKTYPHBIX BADUAHTOB TH -

na DEL.

3HaYUTeNIbHO, a Npu maiiriaiine DNA-Seq Align-
ment oH yBeanuuBaercs ¢ 72.2 (B cpeqHeM) 10 77%
(TOYHOCTH yBeTmuMBaeTcs Ha 3—4 %, a 9yBCTBUTEIb-
HOCTb YMeHbIaeTcsd Ha 2—4% TIpu BceX TpexX maii-
raitHax). PakTUYecKW HU IIWHA MPOYTEHWM, HU
DIyOMHa CEeKBEHUPOBAHUS, HU WCIOJB3YeMBbIN I
BBIpAaBHUBAHUS TTAMTIIAH He HAarOT CYIIECTBEHHOTO

BKJIaJa B M3MeHeHue Tmokasatens Fscore, naroiiero
CBOJIHYIO OLIEHKY KaueCTBa JeTEKTUPOBAHUSI CTPYKTYP-
HbIX BapuaHToB TU1a DEL.

Yrto Kacaercs camMmux 6nonH@OpMaTUIECKUX UH-
CTPYMEHTOB TSI BBISIBJICHUSI CTPYKTYPHBIX BapHaH-
TOB, TO, CYIISI TIO BCEM TpeM ITOKa3aTesIisIM: TOUHOCTb,

FTEHETUKA TtomM 59 Ne6 2023
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DRAGEN |2 x 150] 25 (d1)

DRAGEN |2 x 150] 25 (d2)

=

Delly

.

DRAGEN |2 x 150] 50 (d1 + d2)

DRAGEN |2 x 150 75 (d1 + d2 + d3)

o

Delly

DRAGEN |2 x 250] 68

DNA-Seq A |2 x 150| 25 (d1)

Manta .-
Delly Il
T

DNA-Seq A |2 x 150] 25 (d2)

DNA-Seq A |2 x 150] 50 (d1 + d2)

B

Delly

DNA-Seq A [2 x 150] 75 (d1 + d2 + d3)

DNA-Seq A |2 x 250] 68

s

Delly Is

DNA-Seq A + C[2 x 150| 25 (d1)

DNA-Seq A + C [2 x 150| 25 (d2)

B

Delly

?-

DNA-Seq A + C |2 x 150/ 50 (d1 + d2)

DNA-Seq A + C |2 x 150| 75 (d1 + d2 + d3)

Manta -

Delly Il

DNA-Seq A + C |2 x 250| 68

NovoAlign |2 x 250| 72

o
Delly I.
T

0 50 100 150 200 250 O 50 100 150 200 250

== ToyHocTp == YyBCTBUTEIBHOCTH == Fscore

Puc. 3. OueHka kayecTBa paboThl pa3HbIX OMOMHGMOPMATUYECKUX UHCTPYMEHTOB I10 BBISIBJICHUIO CTPYKTYPHBIX BADUAHTOB TH -

na INS.

YyBCTBUTEJILHOCTL U Fscore, Hanboiee npeanoyTu-
TEJIbHBIM MHCTPYMEHTOM SIBJIsieTcst Manta, KOTOPBIiA
JTaeT caMble BEICOKMe TToKa3zaTeau Fscore mo cpaBHe-
HUIO C APYTUMU MHCTPYMEHTAMU 1 UX KOMOWHALIUS -
MU TIpU JII0OOOM TaiiriaiiHe BbIpaBHUBAHUS, BKIIIO-
gasg NovoAlign, npu 1000 IIyOnHe CEeKBEHUPOBa-
HUSI ¥ IPU JII000M U3 ABYX IJIUH MPOYTEHUIA.

FTEHETUKA TtomM 59 Ne6 2023

CpaBHeHUe pe3yslbTaTOB TOMCKaA Aefeluit (cMm.
puc. 2) u uHCcepLuii (CM. puc. 3) IeMOHCTPUPYET, UYTO
MOMCK CTPYKTYPHBIX BAPUAHTOB TUIIA JeeIsl XapaK-
Tepu3yeTcsl 6oJiee HU3KMMMU TTOKa3aTeIIMA TOYHOCTH U
0oJiee BBICOKMMU MOKA3aTeISIMU YyBCTBUTEILHOCTH 11O
CpaBHEHMIO ¢ MouckoM nHcepuit. [1pr aTom GronH-
dopmMaTHYeCKUil MHCTPYMEHT Manta HeTEKTHPYET
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[}

Puc. 4. INonrBepxxnenne Hanmuns gejennu chr5:12810907—12820414 (9507 miH). 3mech U manee po3oBasi M CUHSISI OKPACKH
MpoYTeHUIt 0603HAYaIOT BhIpaBHMBaHUE Ha 0OpaTHYI0 1 npsimyto ner JIHK cooTBeTcTBEeHHO.

CTPYKTYpHBIE BapUaHTHI JIydllle, YeM WHCTPYMEHTHI
Delly 1 Smoove, a Takke nx komobuHanwmsi. Kak okaza-
JIOCh, (paiisibl, ITOJTydeHHBIE OT COBMECTHOM pabOThI He-
CKOJIBKUX TMporpamM, (akTUYECKU HE YBEIWYMBAIOT
TOYHOCTM TIOMCKA U ellle 3HAYNUTEIbHO CHIKAIOT YyB-
ctBuTenbHOCTh. Puubrpanusa duphold, coyetaemast ¢
WHCTPYMEHTOM Manta, HECKOJbKO YBEIUYUBaeT
TOYHOCTb HaxoOXJEHUS JIeJIelINid B BBIpAaBHUBAHUSIX,
coenanHbix mantmaiiaoMm DRAGEN, Ho ymeHbImaeT
YyBCTBUTEJILHOCTb U Fscore.

B xone naHHOTO 3KCTIEpUMEHTa TOYHOCTh ITOMCKA
OYTUTMKAIIUA M WHBEPCUM OIIEHUTh HE TPENCTaBU-
JIOCh BO3MOXHBIM, TIOCKOJIBKY (hOpMaT 3aITMCH TaKUX
THITOB CTPYKTYPHBIX BADMAHTOB B 3TAJIOHHOM (paiiie
OoTJIUYaeTcs oT (popMaTa 3arucy B pPe3yJIbTUPYIOIINX
daitax aHaTU3UPYEeMBIX WHCTPYMEHTOB, OIHAKO
MMpOBepKa 3TUX TUIIOB BapMAaHTOB TIPOBOAMIACH CE-
KBEHHpOBaHKHeM IT0 MeTony CaHrepa.

B IlpunoxeHusx 2—4 moxka3aHO, YTO TOYHOCTH
paboThl 6MOMH(OPMATUIECKUX UHCTPYMEHTOB IJIST
MOMCKa CTPYKTYPHBIX BAPUAHTOB BapbUPYET B 3aBU-
CUMOCTH OT IJIMHBI 3TUX BapuaHTOB. Hampumep,
Manta jry4ine HaxoauT aeaenyu gjimHoi 200 1 6oJiee ITH,
Smoove — ot 200 mo 10000 mmH, Delly — nanHOM oT
1000 oo 10000 mH.

TEHETUKA Ne 6

TOM 59 2023

Baaudayus cmpykmyphvix 6apuanmos

IMTocne MOJIHOTeHOMHOTO CEKBEHUPOBAHUS ObLI
MPOBENEH MOUCK CTPYKTYPHBIX BapMaHTOB B JBYX
oTtoOpaHHBIX oOpa3nax. HalineHHbIe BapyuaHTBI IPO-
BEPSUTMCH C TMOMOIIBIO CEKBEHUPOBAHUS 10 METOMY
Coanrepa. /1y1si npoBepKU ObLIU CIy4ailHO OTOOpaHbI
nenemun (pasmepom ot 50 mo 45000 1H), MHCepIUH,
IyTUIMKAUKU U MHBepcuM (pazmepom oT 50 1o 500 mH),
KOTOpbIe ObUTM OOHApPYKEeHbI MHCTpYyMEHTaMU Man-
ta, Smoove u Delly, a Takxke UX KOMOMHALUSIMU:
Manta + Smoove, Manta + Delly, Smoove + Delly,
Manta + Smoove + Delly.

IIpouTeHuUs1, MOydYeHHbIE B pe3yJIbTaTe CCKBEHM-
poBaHus 10 Metony CaHrepa, BEIpaBHUBAIOTCS I10
KpasiM OT AeJielini, Oe3 3axBaTa ydacTKa COOCTBEHHO
JIeJIeIINN.

ITocne BeipaBHUBaHUs npouteHuit (FASTQ) BAM-
daiin 3arpyxajcs B opaysep IGV, ¢ momMolbio KoTopo-
IO BU3YaJbHO ITOATBEPXKAAIOCHh HAIMYME WJIM OTCYT-
CTBHE CTPYKTYPHOTI'O BapMaHTa B JaHHOM no3utinu. Ha
puc. 4—6 ToKa3aHbI IIPUMEPHI TTOATBEPKICHHBIX Iejie-
LW, THCEPLINHU 1 TYTUIMKAIIMM COOTBETCTBEHHO.

B Ta61. 4 npencraBneHa mH(OpPMAaIus 1Mo KoJamde-
CTBY OTOOpaHHBIX CEKBEHUPOBAHHBIX W MONTBEP-
XKIEHHBIX CTPYKTYPHBIX BADUAHTOB.
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Puc. 5. IMonreepxaeHue Hammaust uHcepiuu chr20:6665192 (67 niH). 3nech 1 najiee IpKKe pa3HOLBETHBIE YYACTKH IO KpasiM

WHCEPLWH SBISTI0TCS soft-clipped HykiieoTunaMu, OHM He BRIpAaBHUBAIOTCS Ha peepeHCHBIN TeHOM, HO OCTAIOTCS B BBIPaBHU -

BoipaBHuBaHMe
TAHHBIX
CEKBEHUPOBAaHUS
o metony CaHrepa

|

BripaBHUBaHUE
JTAHHBIX
TIOJIHOTEHOMHOTO
CEKBEHUPOBaHMSI

)
fiii!iii
di!i!!!h

Peq)epeHC = _______ = .-
GRCh38
DCLK2

Puc. 6. INonteepxneHne Hamuuust ayrvkamu chrd: 150090 160—150090487 (327 mH).
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Taomua 4. CorocTaBlieHUE MOATBEPKIAEHHBIX M CEKBEHUPOBAHHBIX CTPYKTYPHBIX BAPMAHTOB
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CTpyKTypHBIE BADUAHTHI, €]I.
Xom aKcIepuMeHTa Bcero, en.
DEL INS DUP INV
OtobOpaHo BaprMaHTOB 60 28 23 120
M3 HUX CeKBEHUPOBaHO 110 CaHTepy 17 12 12 43
U3 HUX TTOATBEPIAUINUCH 11 7 6 0 24
0045 NOOMEEPOUBUIUXCS OM CEKEEHUPOBAHHBIX 65% 58% 50% — 56%
He yIaJioCch CeKBEHUPOBaTh Mo MeTomy CaHrepa 43 16 11 7 77
00151 HECeKBEHUPOBAHHBIX OM 0MOOPAHHbBIX 72% 57% 48% 78% 64%

B xome maHHOTO 3KCIieprUMeHTa He BCe CTPYKTYp-
HbIe BapUaHTHl OBLJIM CEKBEHHPOBAHBI, ITOCKOJBKY
JIJIST HEKOTOPBIX M3 HUX He MPOU30IIUI0 creudude-
CKOTO CBSI3BIBAHMSI TpaiiMepoB C MaTpulleit, Tu6o
OBIJIO HEBO3MOXHO IOmOOpaTh MpaiiMepbl WU3-3a
CJIOKHOCTH PerroHa (GOJBIIOE KOJIMIECTBO MOBTOPOB
BO (DIIAaHKUPYIOIIEM pPErvoHe), OO pacCUMTaHHAS
TeMIiepaTypa OTKuTa paitMepoB He 0OecITeuBaIa BbI-
cokyto cnetududHocts ITLP. lonst BapraHTOB, KOTO-
pble He yaaJloch CEKBEHUpPOBAaTh 1o MeToay CaHrepa,
cocraBuia 78% mis uHBepcuii, 72% mis neneuui,
57% nns urcepumii v 48 % st MyTIAKALIAA.

Kak cinenyer u3 tadm. 4, mis 17 6uonHdopMaTu-
YeCKH BBISIBJICHHBIX MIEJIEINiA, KOTOPBIE OBLIN ITPOBE-
pPEHEI C TTOMOIIIBIO CEKBEHUPOBAaHUS Mo MeToxy CaH-
repa, oaTBepauchk 11, T.e. 65%. das1 mHcepumii
aHAJIOTWYHAs IOJIS TONTBEPAMBIINXCS BapUaHTOB
Cpeny BCeX CEKBEHMPOBaHHBIX cocTaBuia 58%. s
IyTUTMKALIMi 3Ta nojis coctaBmia 50%. B To xe Bpe-
Ms U3 IBYX WHBEPCHUIA, BBISIBIEHHBIX OHMOMHMOpMa-
TUYECKHU U TTPOBEPEHHBIX CEKBEHUPOBAHUEM 10 Me-
tony CaHrepa, He TTONTBEPAMIOCH HA OMHOM.

TakuM o00pa3oM, MOJIEKYJISIpHO-TeHEeTUYecKast
MpoBepKa Mmokasaja, 4To AeJIeLur MOATBEePXKIAITCS
Jydie, 4yeM MHCEpLUM, OyIIuKaluuu U TeM OoJiee
WHBepcUM. BapuaHTbl, KOTOpbIEe ObUIY HaliIeHbI TPU
COBMECTHOM HCIIOJIb30BaHUM JBYX M TpeX OMOUH-
¢dbopMaTUYECKNX UHCTPYMEHTOB, KaK 0Ka3ajloch, TO-
K€ MOATBEPKIAI0TCs TAJIEKO HE BCEraa.

B Ta61. 5 mpencraBieHbl pe3yIbTUPYIONINE daH-
HBIC TI0 BapHaHTaM, TPOIIEAIINM MOJIEKYJISIpHO-Te-
HETUIECKYIO TIPOBEPKY.

Kaxk BugHO u3 Tabi. 5, u3 0oToOpaHHBIX B paMKax
JIaHHOI pa®OTHI ABYX MHBEPCHUI HE MOATBEPAUIACH
Hu onHa. CilenoBaTe/bHO, MHBEPCUU, HAalICHHBIE C
MOMOIIIBIO OMOMH(MOPMATHYECCKMX WHCTPYMEHTOB
Manta 1 Smoove, TpeOYyIOT IOIIOJHUTEIBHON IIPO-
BEPKU.

FTEHETUKA TtomM 59 Ne6 2023

Ta6n. 5 u IlpuinoxeHue 4 Takke CBUIETEIBCTBY-
JOT O TOM, YTO CTPYKTypHbIe BapuaHTHl Thiia DEL,
INS 1 DUP 1enecoo6pa3Ho BBISIBISTH C TTOMOIIIBIO
uHcTpyMeHTa Manta v1.6.0 — ncrnoab30BaHUE IBYX
WIN TPEX MHCTPYMEHTOB OMHOBPEMEHHO HE YBEIU-
yui0 nokasarenst Fscore.

OBCYXIEHUNE

C pasBUTUEM TEXHOJIOTUIA CEKBEHUPOBAHMUS, CO
CHIXEHUEM CTOMMOCTH M PECYpCOEMKOCTU TOCIIe-
IYIOIIEro aHajn3a pacTeT KOJIWYECTBO JAHHBIX, ITO
KOTOPBIM MOXHO H3y4aThb acCOIMAIM TeHeThdYe-
CKMX BapUaHTOB, B TOM YHCJIE U CTPYKTYPHBIX, C pa3-
BUTHEM IIeJIoTO psiga 3abojeBaHmii. B Hacrosiee
BpeMmsi co3naHo 0osee 30 MHCTpYMEHTOB IJIsI IIOMCKa
CTPYKTYPHBIX BApHMAHTOB U CO BPEMEHEM 3TO YHMCJIO
OyIeT TOJBKO PacTH.

K coxaneHuto, cpeay Takoro GOJBIIOTO 4YMca
WHCTPYMEHTOB HET YHUBEPCAJIbHOIO, KOTOPBI Obl
“MeJl BBICOKHE TToKa3zaTeJld TOYHOCTU W YYBCTBU-
TeJIbHOCTU JIJIsl BCEX TUITOB CTPYKTYPHBIX BAPUAHTOB,
MOIXOAWJT ObI JIJISI MACCOBBIX BBIYMCIICHUI, Pe3yiib-
TUpyIolMe (Paitjibl KOTOPOro ObUTA Obl COBMECTUMBI
C IPYrMMU WHCTPYMEHTaMU ISl TIOMCKa CTPYKTYp-
HbIX BApMAHTOB U MHCTPYMEHTaMU OObEAMHEHUS U
co3naHusd ¢aiiya c BapyuaHTaMU, HailIEeHHbIMU KOM-
OuHamuel 1Byx U 6oJjiee MHCTpyMeHTOB. [1loaTomy B
3aBUCHUMOCTHU OT LIEJIU UCCIETOBAHMS UCTIOIb3yeMble
WHCTPYMEHTBI M UX PEXUMBI 3allyCKa MOTYT pasjiv-
4yaThCsl MEXIY COOOM.

JJ1st HacTOSIIIIEro UCCIeI0OBaHUSI Mbl BHIOpaJIU TPU
OuronHbopMaTMYecKrx MHCTpyMeHTa (Manta, Smoove,
Delly), koTopble MOAXOAST IJISI MACCOBOI 00pabOTKU
JMaHHBIX. BTopbIM BaxkHBIM (paKTOpOM, MOBIMSIBIINM
Ha BbIOOP UMEHHO 3TUX TPEX WHCTPYMEHTOB, CTaJIO
TO, UTO WX pe3yJibTUpYIolIne (Paiiabl UMEIOT aHaJIO-
TUYHBINA opmaT 3anucu MHGOPMALIUU O CTPYKTYP-
HBIX BapuaHTax, BKIo4Yass aHHoTtauuu. COOTBET-
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Ta0auua 5. Pe3yabTaTsl IPOBEPKH CTPYKTYPHBIX BAPUAHTOB C TIOMOIIBIO0 CEKBEHUPOBaHUs 1Mo MeTony CaHTrepa

o Tun | Jmna MHCTPYMEHT IMOUCKA CTPYKTYPHBIX BADUAHTOB
SV | SV, mu Manta v1.6.0 Smoove v0.2.8 Delly v0.9.1
Jenenum
1 DEL 3356
2 DEL 1482
3 DEL 319
4 DEL 68
5 DEL 414
6 DEL 43366
7 DEL 3000
8 DEL 9507
9 DEL 474
10 DEL 62
11 DEL | 11030
12 DEL 316
13 DEL 877
14 DEL 316
15 DEL 3133
16 DEL 73
17 DEL 2482
Pesynbrar* 11-2-2-0—0.85-1.00-0.92 10-0-4-1-0.71-0.91-0.80 9-1-3-2—0.75-0.82-0.78
Manta + Smoove 10-2-2-1-0.83-0.91-0.90
Smoove + Delly 8-1-3-3—0.72-0.73-0.73
Manta + Delly 9-2-2-2—0.82-0.82-0.82
Manta + Delly + Smoove 8-2-2-3—0.80-0.73-0.76
HNucepuun

18 INS 317
19 INS 67
20 INS 57
21 INS 135
22 INS 54
23 INS 316
24 INS 56
25 INS 80

T

o
T = = T
© © 5 ©
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o Tun | Jmna WHCTPYMEHT MOUCKa CTPYKTYPHBIX BADUAHTOB
SV | SV, Manta v1.6.0 Smoove v0.2.8 Delly v0.9.1

26 INS 52 H.O

27 INS 69 H.O0

28 INS 66 H.O

29 INS 60 H.O0
Pesyabrar* 7-0-3-0—0.70-1.00-0.82 — 4-2-1-3—0.80-0.57-0.67
Manta + Delly 4-2-1-3—0.80-0.57-0.67

Hynnukauuu

30 |DUP 234

31 DUP 372

32 |DUP 329

33 DUP 189

34 DUP 189

35 DUP 247

36 DUP 205

37 DUP 196

38 DUP 162

39 DUP 54

40 DUP 196

41 DUP 144 H.O. H.O.
Pesynbrar* 5-0-4-1-0.56-0.83-0.67 4-1-3-2—-0.57-0.67-0.62 3-3-1-3-0.75-0.50-0.60

Manta + Smoove

3-1-3-3—-0.50-0.50-0.50

Smoove + Delly

2-3-1-4-0.67-0.33-0.55

Manta + Delly

3-3-1-3—0.75-0.50-0.60

Manta + Delly + Smoove

2-3-1-4-0.67-0.33-0.44

42 INV 75
43 INV 11
Pesynbrar*

NuBepcun

TTpumeuanue. KpacHbIi IBET — BapUaHT He TIOATBEPAMIICS, 3€TICHBIM — BAPUAHT MOATBEPAUIICS, OPAHKEBBIN — ITOCIICIOBATEIEHOCTH
BBIPABHMBAIOTCS] TAKUM 00Pa30M, UTO HEJIb3sT TOCTOBEPHO CKa3aTh IMONTBEPXKAAETCS BaApUAHT WJIM HET (HarpuMep, OfHa U3 LieTeil He
BBIPABHUBAETCSI). H.O0. — HE OOHAPYXKEHO.
* Yucnma gaHbl B cienyonieM nopsiake: TP (mctuHHO monoxutenbHble)-TN (MCTUHHO oTpuaTenbHbIe)-FP (J10XXHO MonoXuTenb-
Hble)-FN (J103)kHOOTpHUIIATEeIbHBIE) —TOYHOCTh-YYBCTBUTEIbHOCTh- Fscore; BApMaHThl C COMHHUTEIBHBIMU Pe3yJIbTaTaMU MPOBEPKU He

YUYUTBIBAJIMCD.

TEHETHUKA

TOM 59

Ne 6 2023
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CTBEHHO (haiijIbl OT 3TUX TPEeX MHCTPYMEHTOB YIOOHO
COITOCTaBJIATh M aHAJTM3MPOBATh COBMECTHO B pas-
HBIX KOMOMHAITHSIX.

Hamu nmpoBeneHa olilgHKa KavyecTBa pabOThI WUH-
ctpymMeHTOB Manta, Smoove u Delly mocpenctBoM
MPOBEPKU HAMIEHHBIX UMW BapUAHTOB C TTOMOIIbIO
ceKBeHMpoBaHUs 1o Metony CaHrepa. PaccMmarpu-
BaJlUCh CTPYKTYpHBIC BapuaHThl, HalJeHHBIE OT-
JIeJIbHO KaXKJIbIM MHCTPYMEHTOM, a TAKXKE COBMECTHO
JIBYMSI M TpeMsI MTHCTpyMeHTaMu. Mbl OLIEHWJIU BJIU-
SIHW€ JJIMHBI BXOJHBIX TTIPOUTEHUIA U MMOKPBITHS B 1i€-
JIOM, a TakKXe BJWSHWE Pa3HbIX aJrOPUTMOB BTara
BbIpaBHUBAHUS U TTOKa3aj, YTO C yBEJIMYEHUEM 11O~
KPBITUSI 00pasiia pacTeT JOCTOBEPHOCTh MAEHTUDU-
Kalluu CTPYKTYPHBIX BapMaHTOB OuMouHboOpMaTHye-
CKMMU MHCTpyMeHTaMu. B To Xe BpeMs JjvMHaA KO-
POTKUX MPOYTEHU, TPU PABHOM TMOKPBITUU, TOUYTH
He BJIMSIET Ha KaueCTBO pabOThl MHCTPYMEHTOB Manta,
Smoove u Delly. OrpannyeHrneM TaHHOTO UCCEI0Ba-
HUSI CTaJl TOT (paKT, YTO BIAUSIHUE IJTUHBI (DparMeHTOB U
insert size Ha TOYHOCTh, YYBCTBUTEIbHOCTb, Fscore Ha-
MU HE U3Y4yajioCh.

Tak:ke HaM yaajaoch MOKa3aTh, UTO BBIOODP ajro-
pUTMa BBIpaBHMBAHUWA OKa3bIBACT BIIMAHME HA Ka4ye-
CTBO pabOThl MHCTpyMEHTOB. Hampumep, mist uH-
CTpyMeHTa Smoove BEIpaBHUBaHME C TTOMOIIbI0 No-
voAlign yMeHBIIIaeT YMCIO HaWOEeHHBIX BapUaHTOB
MOYTHU B 7 pa3 IO CPAaBHEHMIO C IPYTUMU aJITOPUTMA-
MU BBIpaBHUBAHMSI.

B pesynbTare HaCTOSIIIETO NCCIeIOBAHUS MBI CIIC-
JIaJIM BBIBOJ, O TOM, UTO KaXKIIbIil U3 TPEX U3YYEHHBIX
MHCTPYMEHTOB 3 (deKTuBHEe paboTaeT B oIpene-
JIEHHOM Jyalia30He pa3MepoB CTPYKTYPHBIX BapUaH-
ToB. Mcxoas U3 3TOro, MblI IIpearnojaracM, 4ro U3y-
YeHHe CTPYKTYPHBIX BAPUMAHTOB, UMEIOIIUX pa3HbIE
JUTVHBI, 11eJ1eCO00Pa3HO MPOBOIUTH UCIIOIb3Ysl COB-
MECTHO JBa U 00jIee MHCTPYMEHTA.

IIpoBepka JaHHBIX, TOJYYEHHBIX B XO[€ HAIIIETO
KUCCEA0BAHMS C TOMOIIBI CEKBEHUPOBAHMSI 11O M-
tony CaHrepa, Imokasaja, YTO B ACHCTBUTEIBHOCTU
TOYHOCTh pabOThI BCeX TPeX OMOMH(OPMATUIECKUX
MHCTPYMEHTOB 0Ka3aJ1aCh HAMHOTI'O HIKE, YeM ITPEIIo-
Jarajoch. MakTUYECKU MOJIEKYISIPHO-TeHETUYSCKUI
METOI HE TTOATBEPANIT HAJIMYNEC MHOI'MX CTPYKTYPHBIX
BapUaHTOB, JETEKTMPOBAHHBIX MHCTpyMeHTaMu Man-
ta, Smoove u Delly. IIpu 3TOM MOJIEKyISIpHO-TEHE-
TUYECKasl TIpoBepKa IoKa3aia, 4To B cpeaHeM, 0e3
ydeTa CIIOPHBIX BapUaHTOB, OEJELUMU U WHCEPLHU
GUOMH(OPMATUYECKHN OMPEACSIOTCS HaleXHee,
yeM MHBEPCUU U OYIIUKALIUH.

Takum 06pa30M, Halme ncCjaeaoBaHMUE IMTO3BOJJINIIO
JaThb CJICaYIOIMNE PEKOMCHOAIIUM

MKPTYAH u np.

— sl aHaiu3a AaHHbIX WGS, monyasiimoHHbBIX
HUCCIeIOBaHU, MTOUCKA accolMaluii ¢ (PEHOTUIIOM,
pacueTra 4acTOThl BCTPEYaeMOCTU BapUaHTOB B BbI-
Oopke 11e51eco00pa3HO COBMECTHO UCHOIb30BATh XO-
T$1 ObI 1Ba OMOMH(MOPMATUIECKUX UHCTPYMEHTA IS
MOMCKa CTPYKTYPHbBIX BAPUAHTOB;

— MpPU KIMHUYECKOUW MHTEPIIpPETAllMM TeHeTu4Ye-
CKHWX TAHHBIX HAJTMYUE CTPYKTYPHOTO BapUAHTA HE-
00X0AMMO MOATBEPKIATH C MOMOIIBIO ATbTEPHATUB-
HBIX MOJIEKYISIPHO-T€HETUYECKUX METOIO0B.

WUccnenoBaHre HE HMENO CIOOHCOPCKOM IIOMI-
JEPKKU.

Bce mipouienypbl, BBITTOJTHEHHbBIE B UCCIIEIOBAHUMT
C YY4acTHUEM JIIOJIei, COOTBETCTBYIOT 3TUYECKUM CTaH-
JapTaM UHCTUTYLIMOHAIBLHOTO Y/WIN HAlIMOHATBLHO -
ro KOMHUTETa IO MUCCICIOBATEIbCKOM 3TUKE U XeJlb-
CUHKCKOM nexmapanuu 1964 r. 1 ee mocienyonmm
W3MEHEHUSIM UJIA COMTOCTABUMbBIM HOPMAaM 3THKHU.

OT KaXxaoro M3 BKJIIOYEHHBIX B HCCIIEIOBaHUE
VYIaCTHUKOB OBIIO ITOJTYyYeHO WH(GOPMHUPOBAaHHOE
JIOOPOBOJIBHOE CoIlacue.

ABTODBHI 3asIBJISIIOT, YTO Y HUX HET KOH(MJINKTA UH-
TEPECOB.

HTPHIIOKEHHUE 1

Hekoropble KOMaHABI 3allycka WHCTPYMEHTOB,
onKcaHHbIX B MaTepuajiax 1 MeToaax:

1) xomaHaa 3amycka MHCTpyMeHTa bceftools st
bunbTpallMu CTPYKTYPHBIX BapuaHTOB: bcftools
view -1 'FILTER="PASS" && INFO/SVTYPE
= "BND";

2) KoMaHJa 3arycka MHCTpyMeHTa bcftools mist
bunbTpallMd CTPYKTYPHBIX BapUaHTOB, aHHOTUPO-
BaHHbIX duphold: bcftools view —i ' (SVIYPE =
= "DEL" & FMT/DHFFC[0] < 0.7) | (SVIYPE =

"DUP" & FMT/DHBFC[0] > 1.3)"' S$svvcft;

3) komaHna 3amycka nHctpymeHta SURVIVOR:

SURVIVOR merge <list of VCF files -
for merging> 1000 2 1 1 0 50
<merged.vci>);

4) xoMaH[a 3aIlycKa MHCTpyMeHTa Witty.er: wit -
tyer -i <vcf to validate.vcf> -t
HG002 SVs Tierl v0.6.vcf -em Simple-
Counting —-configFile config.json —in-
cludeBed HG002 SVs Tierl v0.6.bed -o
<dir with comarisson results from wit-
tyer>.
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Smoove, Manta, Delly
Smoove, Delly
Smoove, Manta
Delly, Manta

Delly

Smoove

Manta

Smoove, Manta, Delly
Smoove, Delly
Smoove, Manta

Delly, Manta

Delly

Smoove

Manta

Smoove, Manta, Delly
Smoove, Delly
Smoove, Manta

Delly, Manta

Delly

Smoove

Manta

Smoove, Manta, Delly
Smoove, Delly
Smoove, Manta
Delly, Manta

Delly

Smoove

Manta

Smoove, Manta, Delly
Smoove, Delly
Smoove, Manta

Delly, Manta

Delly

Smoove

Manta

Smoove, Manta, Delly
Smoove, Delly
Smoove, Manta
Delly, Manta

Delly

Smoove

Manta

CPABHUTEJIIbHBIN AHAJIN3 UHCTPYMEHTOB 703
IIPUJIOKFEHUE 2
DRAGEN DRAGEN DRAGEN DRAGEN DRAGEN DRAGEN
[2 x 150] 12 x 150] 2% 150] 2% 150] [2 x 150] J2x 150]
25(d1)| 25(d1)| 25| 25(dn| 25(d1)| 25(d1)|
[50:100] [100:200] [200:500] [500:1000] [1000:10000] [10000:]
30[5] 75 8451
2o 71825
2540 67 [0
28743 169 18I
30745] 74 1800
278 72 (851
40551 77 86l
T T T T T T T
100 0 200 0 200 0 200
DRAGEN DRAGEN DRAGEN DRAGEN DRAGEN
12 x 150] 2% 150] 2% 150] [2 x 150] 12 % 150]
25(d2) | 25(d2)| 25(d2) | 25(d2) | 25(d2)|
[100:200] 1200:500] [500:1000] [1000:10000] [10000:]
5 91 oS 92 I |94 [885]
| = |91 2655 92 oA
IR (84 [om] "8 o
33 92 29[l -84 o1 193.5 [0
L) | 85 B0WES 92 [931]
1§30 905 27EE 92 oA
W62l | - o1 H4o0ssEl (84 oW |88 9ol
I T I T I T I T
0 2000 100 0 200 0 200 0 200
DRAGEN DRAGEN DRAGEN DRAGEN DRAGEN DRAGEN
[2 % 150] 2% 150] 12 % 150 2% 150] [2 % 150] 2% 150]
50 (d1 +d2)| 50 (d1 +d2)| 50 (d1 +d2)| 50 (d1 +d2)| 50 (d1 +d2)| 50 (d1 +d2)|
[50:100] [100:200] [200:500] [500:1000] [1000:10000] [10000:]
2539 | 85 38l 77845
B | 88.5 BIEGI 76 [183]
|91 30[EEl 67 1800
| 87 BIEE (66 [178]
B85 7 2EE 77
| 3 BiEEl 80 [0
W7 | 4 s6 ‘a8 NEW (68 1935
I T T T T T
0 200 0 0 200 O
DRAGEN DRAGEN DRAGEN DRAGEN DRAGEN DRAGEN
[2 % 150] 2% 150] 2% 150 2% 150] [2 % 150] 12 x 150]
75(dl +d2+d3)| 75(dl +d2+d3)| 75(dl +d2+d3)| 75(d1 +d2+d3)| 75(dl +d2+d3)| 75(dl +d2+d3)|
[50:100] [100:200] 1200:500] [500:1000] [1000:10000] [10000:]
3 93 [95] [ B
(93 pasl o7 o
87 92 [88
93 ol
o3 oAl
28]
87 92
I T
0 200
DRAGEN DRAGEN
2 x 250] 2% 250]
68| 68|
[500:1000] [1000:10000]
72 2 84 900
72 820 83 1900
‘e[z )|
163 [T (72 183
77 |54 "0 93N
72 B "84 00
‘63 771 2
I T I T
0 200 0 200 0 200
NovoAlign NovoAlign NovoAlign NovoAlign
12 % 250/ 2 % 250] 12 % 250] 12 % 250]
72 7| 72| 72|
Il [100:200] [200:500] [500:1000] [1000:10000]
427581 4
1 1
1 1
421581 4
50 631 7
1 1
(60 72l 53 681l
I T T T T T T T I T
0 200 0 200 0 200 O 200 0 200 0O 200
== ToyHocTh == YyBCTBUTEIBHOCTD == Fscore

Pe3synbTarhl OLIeHKM YyBCTBUTEILHOCTH M TOYHOCTH PAGOThI MTHCTPYMEHTOB IS TIOMCKA CTPYKTYPHBIX BapyUaH-
TOB JIs1 (paiiIoB BEIpaBHUBAHMS, MOJIydeHHBIX ¢ TToMOoIbi0 DRAGEN Ha npouyTeHUsIX pa3HbIX JUIMH U TIOKPBITUS
JIJIST pa3HBIX AUATTA30HOB JJIMH BAPUAHTOB, Ul CTPYKTYPHBIX BADMAHTOB TUTIA TEJICIIMS.
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Manta
Delly

Manta
Delly

Manta
Delly

Manta
Delly

Manta
Delly

DRAGEN |2 x 150|
25 (d1) | [50:100]

DRAGEN [2 x 150|
25 (d1) | [100:200]

MKPTYAH wu ap.

DRAGEN |2 x 150|
25 (d1) | [200:500]

DRAGEN |2 x 150|
25 (d1) | [500:1000]

[TPUJIOKEHHUE 3

DRAGEN |2 x 150|
25 (d1) | [1000:]

o™

|
|

I

0

T
100
DRAGEN |2 x 150|
25 (d2) | [50:100]

200 0 50

100 15

DRAGEN |2 x 150|
25 (d2) | [100:200]

0 50 100

DRAGEN |2 x 150|
25 (d2) | [200:500]

DRAGEN |2 x 150|
25 (d2) | [500:1000]

0 50 100 150 0 50

100

DRAGEN |2 x 150|
25 (d2) | [1000:]

Ty, -

7.5

|
|

| s o

0

T
100
DRAGEN |2 x 150]
50 (d1 + d2) | [50:100]

200 0 50

100 15

DRAGEN |2 x 150|
50 (d1 + d2) | [100:200]

I T T T
0 50 100 150
DRAGEN |2 x 150|
50 (d1 + d2) | [200:500]

DRAGEN |2 x 150|
50 (d1 + d2) | [500:1000]

0 50 100 150 0 50

T T T
100 150
DRAGEN |2 x 150|
50 (d1 + d2) | [1000:]

T

| » ¥

i
|

I

0

T
100
DRAGEN |2 x 150|
75 (d1 + d2 + d3) |

200 0

50 100 150

DRAGEN [2 x 150|
75 (d1 + d2 + d3) |

0 50 100 15

DRAGEN |2 x 150|
75 (d1 + d2 + d3) |

0 50 100

DRAGEN |2 x 150|
75 (d1 + d2 + d3) |

0 50 100 150

DRAGEN |2 x 150|
75 (d1 + d2 + d3) |

[50:100] [100:200] [200:500] [500:1000] [1000:]
L
I— o =9
0 100 200 0 50 100 150 0 50 100 150 0 50 100 0 50 100 15
DRAGEN |2 x 250| DRAGEN |2 x 250| DRAGEN |2 x 250| DRAGEN |2 x 250| DRAGEN |2 x 250|
68 [50:100] 68 [100:200] 68 | [200:500] 68 [[500:1000] 68 11000:]
241380 1931
=I- 91 il; sl
0 50 100 150 O 50 100 150 O 50 100 0 50 100 0 50 100
NovoAlign |2 x 250| NovoAlign |2 x 250 NovoAlign |2 x 250 NovoAlign |2 x 250 NovoAlign |2 x 250|
72|[50:100] 72[100:200] 72[200:500] 72|[500:1000] 7211000:]
50 [esm 2135 I
45 62 7
0 100 200 0 50 100 150 O 50 100 0 50 100 0 50 100
== ToyHocTs == YyBCTBUTEIBHOCTH == Fscore

PesynbTarhl OlIEHKU YyBCTBUTENBHOCTU U TOUHOCTH PAOOTHI MHCTPYMEHTOB IIJIsI TOUCKA CTPYKTYPHBIX Ba-
puaHTOB s (haiiyIoB BIpaBHUBaHMsI, MOJIydyeHHBIX ¢ ToMolibio DRAGEN Ha npouTeHusix pa3HbIX IJIMH U
TOKPBITHS TSI pa3HBIX TUAITA30HOB JUIMH BAapUAHTOB, TSI CTPYKTYPHBIX BAPUAHTOB TUTIA MHCEPIIUSI.
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CPABHUTEJIbHbIM AHAJIU3 UHCTPYMEHTOB 705

[TPUJIOKEHUE 4

CpaBHeHUe KayecTBa paboThl 6MOMH(pOPMAaTUYECKUX MHCTPYMEHTOB C ITOMOIIbIO MoKa3areist Fscore Ha ripu-
Mepe MOMCKa CTPYKTYpHBIX BapraHTOB THITa DEL Ha pa3HBIX mrara3oHax IJTHH

ITokazatens Fscore njst GMonH(GOpMaTUYECKOTO
MHCTpPYMEHTa
No Jnamna3oH [Maitnnaitn HmvHa mpouTteHus (TTH), ° o ‘1’)

"| JUIYH, TTH BbIpABHUBAHMSI |TIyOMHA CEKBEHUPOBAHMS ) + 3|+ > | 4 g |+ 3 .
8 2 > |EE|ET |2 |83
= o) = = = = =]
< = 3 sn| s |Twn |swnA
= &% A |2+ |2+ |0+ S+ +

1 {50:100 DRAGEN 2 x 150, 25x (d1) 63 31 37 25 34 25 34
2 % 150, 25x (d2) 62 30 36 24 33 25 34.5
2 % 150, 50x (d1 + d2) 71 36 38.5 28 36 29 39
2 x 150, 75x (d1 +d2 +d3)| 72.5 | 37 38 29 37 30 37
Cpeonsis ona 2 % 150 67.1 | 33.5 | 374 26.5 | 35.0| 27.3 36.1
2 % 250, 68x 71 36 40 30 38 29 38
NovoAlign 2 % 250, 72x 72 0 63 1 58 0 58
2 1100:200 DRAGEN 2 % 150, 25x (d1) 55 41.5 | 45 40 43 41 45
2 % 150, 25x (d2) 55.5 | 42 44.5 41 44 | 41 45
2 x 150, 50x (d1 + d2) 61 46 46 45 46 46 48
2 x 150, 75x (d1 +d2 + d3)| 63 47 46 46 47 47 47
Cpedusisi ons 2 X 150 58.6 | 44.1 | 45.4 43.0| 45.0| 43.8 46.3
2 X 250, 68x 68 47 44 46 47 46 49
NovoAlign 2 x 250, 72x 68 0 3.7 1 4 0 4
3 {200:500 DRAGEN 2 % 150, 25x (d1) 86 83 80 80 81 82.5 84.5
2 % 150, 25x (d2) 85 83 80 80 80 82 83.5
2 x 150, 50x (d1 + d2) 86 86 77 82.5 | 81 85 86
2 x 150, 75x (d1 +d2 + d3)| 86 87 76 83.5| 85 85 85
Cpedusisi ons 2 < 150 85.8 | 84.8 | 78.3 81.5| 81.8| 83.6 84.8
2 % 250, 68x 85 88 86 82 82 87 88
NovoAlign 2 % 250, 72x 89 2.1 9 2 10.5] 2 10.5
500 : 1000 DRAGEN 2 x 150, 25x (d1) 77 81 75 75 75 80 81
2 % 150, 25x (d2) 75 84 76 75 74 82 83
2 % 150, 50x (d1 + d2) 79.5 | 84 74 80 78 83 84.5
2 x 150, 75x (d1 +d2 +d3)| 81.5 | 85 73 82 85 83.5 85
Cpeonss ona 2 % 150 783 | 83.5 | 74.5 78.0| 78.0| 82.1 83.4
2 X 250, 68x 77 82 84.5 77 77 82 82
NovoAlign 2 % 250, 72x 27 54 71 14 24 54 60
1000 : 10000 | DRAGEN 2 x 150, 25x (d1) 91 94 94 91 91 94 94
2 % 150, 25x (d2) 91 94 93 91 91 94 94
2 x 150, 50x (d1 + d2) 92.5 | 94 93 92 92 94 93
2 x 150, 75x (d1 +d2 +d3)| 92 94 94 92 95 94.5 95
Cpedusisi ons 2 X 150 91.6 | 94.0 | 93.5 91.5| 923 94.1 94.0
2 % 250, 68x 83 90 93 82 83 90 90
NovoAlign 2 X 250, 72x 43 60 80 35 43 60 66
10000: DRAGEN 2 % 150, 25x (d1) 89 90 85 90 89 90 89
2 % 150, 25x (d2) 90 88.5 | 86.5 91 91 88.5 88.5
2 % 150, 50x (d1 + d2) 91 89 86 91 91 89 79
2 X 150, 75x (d1 + d2 + d3)| 91 90 85 91 90 90 90
Cpeonsisona 2 % 150 90.3 | 89.4 | 85.6 90.8 | 90.3| 89.4 86.6
2 % 250, 68x 87 87 80.5 87 87 87 87
4 NovoAlign 2 % 250, 72x 63 44 63 57 63 45 50
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Comparative Analysis of Structural Variant Callers
on the Short-Read Whole-Genome Sequencing Data

A. A. MKkrtchian® *, K. S. Grammatikati, P. G. Kazakova®, S. 1. Mitrofanov®, P. U. Zemsky*,
A. A. Ivashechkin“, M. N. Pilipenko“, D. V. Svetlichny?, A. P. Sergeev®, E. A. Snigir®,
L. V. Frolova®, T. A. Shpakova“, V. S. Yudin?, A. A. Keskinov“, S. M. Yudin?, and V. 1. Skvortsova’

4 Federal State Budgetary Institution “Centre for Strategic Planning and Management of Biomedical Health Risks”
of the Federal Medical Biological Agency, Moscow, 119121 Russia

bThe Federal Medical Biological Agency, Moscow, 123182 Russia
*e-mail: AMkrtchyan @cspfmba.ru

In this study three structural variant callers (Manta, Smoove, Delly) were analysed on the whole-genome se-
quencing data using four different alignment algorithms: DRAGEN, GDC DNA-Seq Alignment Workflow,
GDC DNA-Seq Alignment Workflow + GDC DNA-Seq Co-Cleaning Workflow, NovoAlign, different
lengths of raw reads: 2 X 150 bp and 2 X 250 bp, different mean genome coverage values. Results were com-
pared to etalon results of GIAB team. Structural variants validation was hold also with Sanger sequencing.
Structural variants deletions and insertions as it turned out were best determined with Manta tool. We’ve got
89—96% of accuracy and 59—70% of sensitivity for analysed deletions, and also 96—99% of accuracy and 15—
36% of sensitivity for insertions. Smoove and Delly showed less accurate and sensitive results (Smoove: 91—
95% of accuracy and 8—54% of sensitivity for deletions, Delly: 78—87% of accuracy and 31—66% of sensitivity
for deletions, 99—100% of accuracy and 1—13% of sensitivity for insertions). Simultaneous using of two or
even three structural variant callers didn’t give a rise of accuracy and sensitivity for deletions. Analysis showed
that accuracy and sensitivity of structural variant callers rise with the rising of mean genome coverage value,
increasing of reads length from 150 to 250 bp influence in to varying degrees on the accuracy and sensitivity
of individual tools. Another inference of this study was that accuracy of structural variants callers vary de-
pends on structural variants size range. For example, Manta finds better deletions in the range from 200 and
more bp, Delly — from 1000 to 10000 bp, Smoove — from 200 to 10000 bp.

Keywords: structural variants, WGS, short-read sequencing, alignment, GIAB.
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