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Momusayusa u yens. CTpeMHUTEIbHOE Pa3BUTHE TEXHOJOTHI BBHICOKOIPOU3BOAUTENb-
Horo cekBeHupoBanus (NGS), anroputmoB OnomH(pOpMaTHKH U 00paOOTKH NaHHBIX
NGS conpsikeHO ¢ HEOOXOAMMOCTBIO BAJIWAALMK BBISBICHHBIX IOTCHLIUAIBHBIX
MPUYMHHBIX (Kay3aTHBHBIX) BApUAHTOB ajbTepPHATHBHBIMU MeToamu. Hanbonee yacto
BaMJaNys HallIEHHBIX BAPHAHTOB IPOBOIUTCS C TIOMOIIBIO KAIMJUISIPHOTO CEKBEHUPO-
BaHus (KC) meromom CoHrepa, Tak Kak JaHHBIA METOJ CUHUTAETCS TaK HA3bIBAEMBIM
30JI0TBIM CTaHAAPTOM MpPU IMPOBEACHUM KIMHUYECKHX HccienoBaHuid. KonndecTtBo
HAy4YHBIX CTaTeH MO cpaBHEHMIO pe3yabTaToB NGS i 5K30MOB M T'€HHBIX ITaHENCH B
cpasaennu ¢ KC HenpepsiBHO pacteT. M Bce 0oIbIIe HaKaIUIMBaeTCs TOKa3aTebCTB 00
M30BITOYHOCTH BaJlMIAIlMKd BO MHOTUX ciydasx. Tak, Banmuaanus KC «BbIcOKOKadecT-
BeHHbIX BapuantoB» NGS (rinyOuna mpoureHus He MeHee 20X, MpEACTaBICHHOCTD
BapuaHTa He MeHee 20 %, BBICOKas OLICHKA KauecTBa BbI30BAa BapHaHTA) yXe HE
cuynrtaercss HeoOxomaumout [1]. A WTOroBOe YBENMUYEHHS CTOMMOCTH HCCIIEIOBaHUS,
Tpy/A03aTpaT M CPOKOB BBIIAYH 3aKIIIOYCHUH TPH BaTuIau BeeX pe3ynbraTtoB NGS ¢
nomonisto KC npuBoaut ckopee k cHmkenuto s3gpdexruHocT Tanaema NGS+KC. [pu
9K30MHBIX HCCIIEIOBAHUAX BAJIMIALMIO IOTCHIUAIBHO Kay3aTUBHBIX BAPUAHTOB YacTO
PEKOMEHTyeTCs TPOBOJUTH BEIOOPOYHO, HATIPUMED, B CiTydae HEOONbIINX HAWCHHBIX
WHCEPIHI/IeTIeNH, a TAK)KE OJJHOHYKIICOTHTHBIX BAPHAHTOB, KOTOPBIE TI0 PEe3yJIbTaTaM
OnonH(OPMATHYECKOT0 aHANIM3a MMEIOT KadeCcTBO BapHaHTa HUXKE MOporosoro [2].
OpHaKo YUCIICHHbIE 3HAYEHHS TaKUX HMOPOTOBBIX 3HAYEHUM B JIMTEPATYPHBIX JAaHHBIX
MIPUBOATCS PEJIKO, MOCKOJIBKY MPEANOoIaraeTcsi MHANBHUIyaJbHBIA HX pacdeT B KaX a0
naGoparopuu (Hanpumep, [3]: 5X, MpeacTaBICHHOCTh BapuaHTa OT 35 %, 3HaUEHUS
QUAL or 139). B otnimume ot pe3ynbTaToB 3k30MHBEIX H TapreTHeix NGS uccnemo-
BaHWiA, WH(pOpMAIKs O CPaBHEHUH PE3yJILTATOB IOJHOT€HOMHOTO CEKBEHHPOBAHMUS
(WGS) u Banmmanuu KC B muTeparype npeacTaBieHa OYeHb OrpaHuueHHo. B oTinuune
OT MOAXOAOB TapreTHOIO CEKBEHHpOBaHUs, Merojojorus mnposeaenuss WGS ¢
ucrnonb3oBanreM Oesammumudukanmonnoro (PCR-free) momxoma mpeamonaraer
MaKCHMAJIbHYIO OJTHOPOIHOCTh PE3yJbTaTOB CEKBEHWPOBAHUS M MO3BOJISIET MOMYYUTh
JaHHbIE, KOTOPBIC allpUOpH HUMEIOT HauOOJbIIYI0 PAaBHOMEPHOCTh OXBaTa IO BCEH
JUIMHE TE€HOMa, HAUMEHBIIEE YHCIIO JKCIEPUMEHTAIBHBIX apTe(akTOB M MEHbIIHNE
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TpeOoBaHUs 1O HeoOXxoauMmon riyOmHe mnpoutrenuil [4]. IlocTtosiHHOE yBenuueHue
o0bema u kauectBa WGS nmaHHBIX CTaBUT BOIPOC O HEOOXOJMMOCTH OOHOBIICHHS
pexomermammii mo mpuMeneHno KC B kauecTBe BaTMAaIIMOHHOTO HHCTpyMeHTa. Tak, B
pekoMeHmarusax [5] 2022 1. akmeHT aenaercs Ha HeOOXOMMMOCTH TO3WTHBHOU Iepe-
orieHkH mcroyib3oBanuss WGS mipu quarHocTvke v OOHOBIICHUU paHee OMyOIMKOBaH-
HBIX PYKOBOJICTB 110 poBeieHuio NGS ¢ ykazaHueM, 4To BapuaHThI, COOTBETCTBYIOIIHE
OTpeJIeICHHBIM BHYTPH KOHKPETHOH JJA00paTOPHU KPUTEPHSIM U ITOKA3aTENsIM KauecTBa
00pabOTKM JaHHBIX, MOTYT He TpeOOBATh NOTOTHUTENbHOM Bauaanyuy. Llenbto Hamero
WCCIIEIOBaHUS SIBUIOCH 0000IIeHHe BHYTPHIA0OPAaTOPHBIX KPUTEPUEB KavyecTBa, MO
JIOCTIDKEHUH KOTOPBIX Banujanus BapuaHta ¢ nomonipio KC Moxer cumraThes
M30BITOYHON WM IOAXOJUTH OJIM3KO K 3TOMY IOPOTY.

Memoowr u ancopummsi: Beio sKCneprUMeHTaIbHYIO paboTy U OMonH(pOPMAaTHUECKUH
ananu3 gaHHpix WGS u KC npoBoaunu Ha 0a3e coOctBeHHOM jgadopaTopun. [Ipo6o-
noArotoBky oopasuos st WGS na miatpopmax DNBseq-T7/G400 (MGI) B pexxume
PE150 nposoauu no 6ezammnndurannonnomy PCR-free mpotokomy ¢ mpeaBaputeins-
Holl epMeHTaTHBHOW (PparmeHTanueld. Baquganuio Bcex BapuaHToB ¢ nomolnsio KC
BEINONHsUTH Ha cekBeHaTtope ABI3500 mo crangapTHBIM IPOTOKOIaM TTPOU3BOAUTEISL.
Peszynomamer: Ha naHHbI MOMEHT j1aboparopus mpoBeia HauOonbiiee B PO uncio
WGS, ongnako juis aHanM3a JaHHBIX Mbl UCTOIb30Ban 20K+ 00pa3iioB, U3 KOTOPHIX
~4500 cocraBmsii 00pa3ipl ¢ BRIABIEHHBIMU Op(aHHBIMH/PEAKUMH BapHaHTAMH U
HACIIC/ICTBCHHBIMU ~OMYXOJICBBIMU CHHIPOMAMH, BATUJUPOBAHHBIMH IO METOIY
Conrepa. 13 Bamuauposanabix KC 06pasnos: 97.9 % Oblmy moaTBEp KACHBI PYTHHHBIM
obpasom (pesymbratel KC mosmHOCTBIO coBmamu ¢ pesynbratramu NGS), 1.1 %
TpeOOBaIM JOMOJHHUTEILHOTO YTOYHEHUS M OKCIIEPTHOIO aHallk3a, B pe3yJbTaTe
KOTOPOTO NPH BaJHJAIIMK OBUIO MOTYYEHO MOATBEPIKICHUE (IOCTUTHYTO COTJIACOBAHHE
naHHblx NGS u pesynbratoB KC), 1% cocTaBuin TeXHUYECKHE OTKa3bl B CIIOKHBIX
obnactsax. IlomydeHHbIE pe3yabTAaThl TO3BONWIN CHOPMYITHPOBATH  CICIYIONIHE
KPUTEpHHU JJIs BO3MO)KHOCTH HETIPOBEACHUS BallMAllM BapuaHTOB ¢ momoiipio KC:
riyOnHa mpouTeHus BapuanTta 10X U BBIIIE; MPEICTABICHHOCTh aJJIeIbHOTO BapuaHTa
15-20 % w BbIIIIE; BapHaHT pacroiaraeTcsi B 00JIacTH, HE UMEIOIIEH TICeBIOTEHOB; B
OMKaiieM OKPYKEHHUH K BATUIUPYEMOMY BapHAHTY OTCYTCTBYIOT MHOXKECTBEHHBIE 1
CIIOKHBIE Uil aMIUTMQUKAMA W aHHOTAIUM HMHCEPIUH/JINICH, MPOTHKEHHBIC
TaH/IEMHbBIC U OJJHOHYKJICOTH/IHBIC TOBTOPBI.

Buioowi: 1. Tloporosoe 3HaueHHE KayecTBa BAPUAHTOB 3aBHCUT OT MHIAMBUYATbHBIX
JeTayied anroputMa ¥ OuomH(OpMaTHyeckoro mairiaiina. 2. Bamupanus metomom
CaHrepa oka3zanach moJyie3Ho st ~1—2 % Haubosee CI0KHBIX BAPHAHTOB (HAIpUMeEp,
uHpenoB 70 30 1. H., eciM JIONOJHHUTENIbHBIE BapUAHTBl  PACTIONIOKEHBI B
HETMOCPEACTBEHHOM OJIM30CTH OT BAIMAMPOBAHHOTO BapHaHTa, 00JIacTeil ¢ MOBTOPaMH,
GC-pernoHoB, TICEBJOTCHOB, BAPUAHTOB C MOKPbITHEM <10X), 0O1HAKO OOJIBIITMHCTBO U3
ATHX BAapUAHTOB BCE €Ille MOXHO BBI3BaTh IN SiliCO ¢ MOMOIIBIO OMOTHUTEILHON
onomHdpopmarrueckoir 00paboTku nmaHHBIX NGS. 3. Opmnako KC mo-mpexnemy
COXpaHSeT AaKTYaIbHOCTh JUIS BalWJallMd CaMUX KJIMHUYECKUX KeHCOB, T.e.
MOJATBEPKJAEHUS.  JACHUCTBUTEIIBHOM  Kay3aTMBHOCTH HAWJEHHBIX B  pe3yJibTaTe
OvonH(MOpMAIIMOHHOW 00pabOTKM BapUAHTOB M MPOBEACHUS CErperalfioHHOrO
aHanmu3a. JTO MPHUBOAWUT K TOMY, 4TO Hawmbonee 3¢(dekTuBHBIM crocoboM Oolee
WHPOPMATHBHOTO U OOIIMPHOTO CErPeranvoHHOr0 aHann3a BunuTcs nposenaeane WGS
C TIOHIKEHHOW TriryOouHO# mpouteHus (~10X) ais pOACTBEHHHWKOB B JIONOJHEHHE K
crangapTHOMY 30X CEKBEHUPOBAHUIO POOaHA.
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Motivation and Aim: The rapid development of high-throughput sequencing (NGS)
technologies, bioinformatics algorithms, and NGS data processing is associated with the
need to validate identified potential causative variants using alternative methods. The
most common way to validate the identified variants is by capillary sequencing (CS)
using the Sanger method, as this method is considered the so-called ‘gold standard’ for
clinical research. The number of scientific articles comparing NGS results for exomes
and gene panels versus CS is continuously increasing. And evidence is accumulating
about the redundancy of validation in many cases. Thus, CS validation of ‘high-quality
variants’ of NGS (read depth of at least 20x, variant representation of at least 20 %, high
quality score of variant calling) is no longer considered necessary [1]. And the resulting
increase in the cost of the study, labour costs and time of issuing conclusions when
validating all NGS results with the help of CS leads rather to a decrease in the efficiency
of the NGS+CS tandem. In exome studies, validation of potentially causative variants is
often recommended to be performed selectively, for example, in the case of small
insertions/deletions found, as well as single-nucleotide variants that, according to the
results of bioinformatic analysis, have a variant quality below the threshold [2].
However, the numerical values of such thresholds are rarely reported in the literature, as
they are supposed to be calculated individually in each laboratory (e. g. [3]: 5%, variant
representation from 35 %, QUAL values from 139). Unlike the results of exome and
targeted NGS studies, there is very limited information in the literature on the
comparison of the results of whole genome sequencing (WGS) and CS validation. In
contrast to target sequencing approaches, the methodology of WGS using a non-
amplification (PCR-free) approach implies maximum homogeneity of sequencing
results and allows obtaining data that a priori have the greatest uniformity of coverage
over the entire genome length, the lowest number of experimental artefacts and lower
requirements for the necessary depth of reads [4]. The continuous increase in the volume
and quality of WGS data raises the question of the need to update the recommendations
for the use of CS as a validation tool. For example, the 2022 guidelines [5] emphasise
the need to positively reassess the use of WGS in diagnostics and update previously
published NGS guidelines to state that variants that meet laboratory-specific criteria and
quality indicators for data processing may not require additional validation. The aim of
this research was to summarise the intra-laboratory quality criteria at which validation
by CS of a WGS-derived variant may be considered redundant or close to this threshold.
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Methods and Algorithms: All experimental work and bioinformatics analyses of WGS
and CS data were performed in our own laboratory. Sample preparation for WGS on
DNBseg-T7/G400 (MGI) platforms in PE150 mode was performed using a non-
amplification PCR-free protocol with preliminary enzymatic fragmentation. Validation
of all variants by CS was performed on an ABI3500 sequencer according to the
producer's standard protocols.

Results: To date, the laboratory has performed the largest number of full genome
sequencing in the Russian Federation, but we used 20K+ samples for data analysis, of
which ~4500 were samples with identified orphan/rare variants and inherited tumour
syndromes validated using the Sanger method. Of the CS validated samples: 97.9 %
were validated routinely (CS results were in complete agreement with NGS results),
1.1 % required additional clarification and expert analysis resulting in validation
(agreement between NGS data and CS results was achieved), 1 % were technical failures
in complex areas. The results obtained allowed us to formulate the following criteria for
the possibility of not validating variants using CS: variant read depth — 10x and higher;
allelic variant representation 15-20 % and higher; the variant is located in a region
without pseudogenes; there are no multiple and difficult for amplification and annotation
insertions/deletions, extended tandem and single nucleotide repeats in the immediate
vicinity of the variant to be validated.

Conclusion: (1) The threshold for variant quality depends on the individual details of the
algorithm and bioinformatic pipeline. (2) Sanger validation has proven useful for ~1—
2 % of the most difficult variants (e. g. indels up to 30 bp if additional variants are
located in close proximity to the validated variant, regions with repeats, GC regions,
pseudogenes, variants with <10x coverage), but most of these variants can still be
induced in silico with additional advanced bioinformatic NGS data processing.
(3) However, CS still remains relevant for validating the clinical cases themselves, i. e.
confirming the actual causality of the variants found by bioinformatics processing and
performing segregation analysis. This leads us to believe that the most effective way to
perform a more informative and extensive segregation analysis is to perform WGS with
reduced read depth (~10x) for relatives in addition to the standard 30x sequencing of the
proband.

Cnucoxk numepamypoi/References

1. Arteche-Lopez A. et al. Sanger sequencing is no longer always necessary based on a single-center
validation of 1109 NGS variants in 825 clinical exomes. Sci Rep. 2021;11:5697. doi 10.1038/s41598-
021-85182-w

2. Strom S.P. et al. Assessing the necessity of confirmatory testing for exome-sequencing results in a
clinical molecular diagnostic laboratory. Genet Med. 2014;16(7):510-515. doi 10.1038/gim.2013.183

3. Bauer P. et al. Development of an evidence-based algorithm that optimizes sensitivity and specificity
in ES-based diagnostics of a clinically heterogeneous patient population. Genet Med. 2019;21(1):53-
61. doi 10.1038/s41436-018-0016-6

4. Meynert A.M. et al. Variant detection sensitivity and biases in whole genome and exome sequencing.
BMC Bioinformatics. 2014;15:247. doi 10.1186/1471-2105-15-247

5. Souche E. et al. Recommendations for whole genome sequencing in diagnostics for rare diseases. Eur
J Hum Genet. 2022;30:1017-1021. doi 10.1038/s41431-022-01113-x

760 BGRS/SB-2024



