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BapHaHTHI

Momueayuss u yenv. IloMHOTEHOMHBIE WuccemoBanus accormaruii (GWAS) —
3¢ (deKTUBHBI Crmocod W3ydeHUs acCONHManuii TEeHOTUI-(PEHOTHUI. ODTOT IMOIXO]
MO3BOJIMJ TIOYYUTh 3HAYUTEIHLHOE KOJMMYECTBO HANICKHBIX acCOLMAIMNA JIT MHOTHX
CJIOKHBIX TPU3HAKOB W paclpoCTpaHEHHBIX 3a0oneBaHuii uenoBeka. Ho pe3ynbrars
GWAS 00BACHSIIOT JIUIIH MaTyI0 OO HacleayeMocTu. s oObsacHeHns GpeHomeHa
«MOTEPSIHHOW HaclelyeMOCTH» ObLIO MPEATI0KEHO HECKOIBKO MOIX0/I0B, B TOM YHUCIIE
aHanu3 penkux BapuaHToB [1]. Takoii ananu3 cTag BO3MOXKEH C pa3BUTHEM TEXHOJIOTHIA
CEKBEHHPOBaHUs 3k30MOB. OJHAKO IIUPOKOE MCIIOIB30BAHNE TCHOTHUIIOB, OTY4YE€HHbBIX
C IIOMOLIbIO CEKBCHHUPOBAHMS, B HACTOALICE BPEMS OrPAHHYEHO OTHOCUTEIHHO
HEOOBIINM KOJMUECTBOM CEKBEHHPOBAHHBIX 00pa3loB B OMOOaHKaX U OTCYTCTBHEM
CBOOOIHOTO JTOCTYTIA K IEPCOHATBHBIM reHoTunaM. Hamportus, pesynbratel GWAS mist
THICAY [IPU3HAKOB U 3a00JIEBAaHUM, ITOJyUYCHHbIC HA COTHSX THICSY 00pPa3LOB, CETOTHS
HaxoIsATCsi B CBOOOAHOM poctyne (Hampumep, kartanor GWAS) u moryT OBITh
MCIIONb30BaHbl JUIA TOMCKAa accomualii Ha ocHoBe reHoB (gene-based analysis),
KOTODBIN SIBIISIETCS OCHOBHBIM MHCTPYMEHTOM JUIS aHAJIN3a PEOKUX (4acTOTa MUHOP-
Horo amtenss, MAF < 0.01) u ynerpapenkunx (MAF < 0.001) reneTndecKkux BapHaHTOB
[2, 3]. Lenpro mMaHHOTO HWCCIEIOBAHUS SBJISETCS IMPOBEPKA THIIOTE3BI O TOM, YTO
UMIIyTUPOBAaHHbIE TEHOTHUIIBI MOTYT SIBISITBCA  JIOTIOJHUTEIBHBIM  HCTOYHUKOM
MHGOPMALIUH ATl aHATIN3a PEAKUX BapuaHTOB [4]. 7151 5TOr0 Mbl CPaBHUIIM PE3yIIbTAThI
aHalM3a peIKNX BapUaHTOB HA OCHOBE T'€HOB C MCIOJIB30BAHMEM MMITyTUPOBAHHBIX U
CEKBEHHPOBAaHHBIX TEHOTHIIOB, ITOJYYCHHBIX Ha BHIOOPKE OIHUX U TEX K€ YYaCTHUKOB
npoekta UK Biobank.

Memoowt u areopummer: UccnenoBanue mpoBelieHO Ha BEIOOPKE €BPOIICHIIEB U3 MPOEK-
ta UK Biobank (N = 188 236). Mcnonb3oBansl cekBenupoBannbie (11334327 ayro-
comubix SNVs, MAF < 0.01) u umnytupoBaHHble reHOTUIBI (4258875 ayTOCOMHBIX
SNPs, INFO > 0.8, missingness rate < 0.02 u 5x10° < MAF < 0.01).

beum npoananmsupoBanm 20 OMHApHBIX (CITy4aii-KOHTPOJIb) W 27 KOIUYECTBEHHBIX
npr3HakoB. OJHOTOUYEUHBIM aHAIN3 aCCOLUALNHI AT KQKI0ro NpU3HaKa IPOBOAMIN C
nomoripio nmakera fastGWA-GLMM, Bepcus 1.94.0 beta [5].

Jis aHanmu3a accolanuii Ha OCHOBE T'€HOB HCIOJNB30BAIM CYMMAapHBIE CTATHCTHKH
(z-scores u pasmepsl 3ddexra betas) m MaTpHUIBl KOPPENAIHMNA MEXITYy TeHOTUIIAMH
BCEX BApUAHTOB B Mpefesiax reHa. AHalIM3 NPOBOAMIM Ui KaXIOro M3 Tpex Habo-
poB BapuaHToB: 1) Hecunonumuunbie (LOF + missense), 2) Bce komupyrorne, 3) Bce
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HEKOAMPYIOIME BapHaHThl B TeHe. llepen aHaIM30M CEKBCHUPOBAHHBIX JTAHHBIX
TCHOTHUIIBl YIIBTPApEeIKUX BapHaHTOB (4ucino MUHOpHBIX amwieneir, MAC < 10) 6bun
o0beIMHEHB B OOWH BapuaHT [6]. Mcmoip30Bamuch 1Ba pPEerpecCHOHHBIX METOMa,
OCHOBaHHBIX Ha cyMMapHbIX cratuctukax: SKAT-O [7] u PCA [8], peanmu3oBaHHBIX B
nakere SUMFREGAT R [3]. PesynbraTtsl MeTos1oB SKAT-O u PCA 0bU1M 00BETUHEHBI
¢ momomplo arperupoBaHHoro omuuOyc-tectra Komm, ACAT-O [9]. Amnamms
OTPaHUYUBANICS OENOK-KOTUPYIOMIMMA T€HaMH C HE MEHee YeM IBYMsS BapHaHTaMH,
UMEIONTIMH CyMMAapHBIEC CTATUCTHKHY.

Peszynomamer: Pe3ynbraThl aHa3a npeCTaBicHbI B Ta0M. 1.

Tabauna 1. CpaBHeHMe YKciIa CUTHAIOB accouuanuy (p-value < 2.5x107°)
MeX Iy uMIyTHpoBaHHEIMH (VM) 1 cekBeHHpoBaHHBIME (Cek) reHOTHIIaMU
JUIS TpeX HabOpOB BapHaHTOB B I'eHE

Hecunonnmuanabie Komupyromue Hekonupyromue
Tun npusnaia Bcero HWmn  Cek | Bcero Hmn Cek | Bcero Hwmm Cex
BunapHsIit 25 2 24 | 20 3 18 18 14 4
KonnuecTBeHHBIN 579 257 538 | 648 334 594 | 1610 1530 318

KonuuecTBO CHUTHAJIOB acCOIMAIIMM, BBISBICHHBIX JIJII OMHApPHBIX MPU3HAKOB, OBLIO
MEHBIIIe, YeM U1 KOJIMYECTBEHHBIX, BCIICJICTBHE HHU3KOW PacIpOCTPaHEHHOCTH
Ounapubeix npusHakoB (min = 0.061, mean = 0.097, max = 0.292). Bosbiiee 4uciio
acconualuii ObUIO BBISBJICHO ISl HCCHHOHMMUYHBIX M KOJUPYIOIIUX BAapHAHTOB MPHU
WCIIOJIb30BaHUY CEKBCHUPOBAHHBIX JAHHBIX 110 CPABHEHUIO C UMITYTUPOBaHHBIMU. J{71s
KOJIMYECTBEHHBIX MMPU3HAKOB CEKBEHUPOBAHHBIE JaHHBIE OBLTH MPUMEPHO B JBa pasza
3¢ (heKTUBHEE UMITYTUPOBAHHBIX JAHHBIX 10 YHCITY UACHTU(MHUIIMPOBAHHBIX T¢HOB. J{7s
HEKOAMPYIOIIUX BAPUAHTOB UMITYTUPOBAHHBIC TCHOTHITHI TIO3BOJIMIIN BBISIBUTH OOJIBIIIE
CHUTHAJIOB AacCCOIMAlli{, YeM CEKBEHHPOBaHHBIC MHaHHBIE. J[IsI KONMYEeCTBEHHBIX
MPU3HAKOB ATO COOTHOIIEHHE cocTaBmiIo 4.8. HekoTophle CUTHAIBI acCOMany OBLTH
OOHapyXeHbl C TOMOIILI0 HMMITyTHPOBAHHBIX TEHOTHUIIOB, HO HE OOHApYXEHBbI C
MTOMOIIIFIO CEKBEHHPOBAHHBIX.

Bw1600b1: MBI IOKa3a111, YTO UMITYyTUPOBAHHBIE T€HOTHUITBI MOTYT OBITH UCIIOJIE30BaHBI
JUTSL aHaJIM3a PEJKUX KOIUPYIOIIUX BapHaHTOB, OCOOCHHO KOrJa CEKBEHUPOBAHHBIC
JTAaHHBIC HEIOCTYIHBI. J[11si HeKOAMPYOIINX 00J1acTel TeHOB HMITyTHPOBAHHBIC JTAHHBIC
naxe Oosee HGOPMATHBHBI, YeM JaHHBIC, TOTyUYEHHBIE C TIOMOIIHI0 CEKBEHUPOBAHUS
sKk30Ma. MBI cCuuTaeM, YTO UMITyTUPOBAHHBIE TEHOTHITHI ABJISFOTCS 3P PEKTUBHBIM U ITPH
3TOM JOCTYIHBIM UCTOYHUKOM JAHHBIX JJIs aHAJIN3a PEIKUX BAPHAHTOB.
Qunancuposanue’ Vccnenopanne nouepkano rpanrom PH® Ne 23-25-00209.
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Motivation and Aim: Genome-wide association studies (GWAS) are a powerful tool for
studying genotype-phenotype associations. This methodology has generated a myriad of
robust associations for a range of complex traits and common human diseases. However,
GWAS results explain only a small fraction of heritability. Several approaches have been
proposed to explain the phenomenon of missing heritability, including the analysis of
rare variants [1]. Such analysis has became possible with the development of exome
sequencing technologies. However, the widespread use of sequencing-derived genotypes
is now limited by the relatively small number of sequenced samples in biobanks and the
lack of free access to personal genotypes. On the contrary, GWAS results for thousands
of traits and diseases from hundreds of thousands of samples are now freely available
(e. g. GWAS catalogue) and can be used for gene-based association analysis, which is
the main tool for analysing rare (minor allele frequency, MAF < 0.01) and ultra-rare
(MAF < 0.001) genetic variants [2, 3]. The aim of this study is to test the hypothesis that
imputed genotypes can be an additional source for rare variant analysis [4]. To do this,
we compare the results of gene-based association analysis of rare variants using imputed
and sequenced genotypes from the same participants in the UK Biobank project.
Methods and Algorithms: The study was conducted using individuals of white European
ancestry from the UK Biobank with both exome sequenced (11334327 autosomal SNVs
with MAF < 0.01) and imputed genotypes (4258875 autosomal SNPs with INFO > 0.8,
missingness rate < 0.02 and 5x10° < MAF < 0.01) (N = 188236).

We analysed 20 binary (case-control) and 27 quantitative traits. A single variant
association analysis for each trait was performed using the fastGWA-GLMM tool,
version 1.94.0 beta [5].

For gene-based association analysis, summary statistics (z scores and effect sizes) and
matrices of correlations between genotypes of all variants within a gene were used.

A gene-based association analysis was performed for each of three different variant
annotations: LoF + missense, all coding and all non-coding variants in the gene. Before
testing the sequenced data for each variant annotation, the genotypes of ultra-rare
variants (minor allele count, MAC < 10) were collapsed into a single variant [6]. Two
regression-based methods based on summary statistics were used: SKAT-O [7] and PCA
[8], implemented in the sUMFREGAT R package [3]. The results of SKAT-O and PCA
were combined using the aggregated Cauchy omnibus test, ACAT-O [9]. Analysis was
restricted to protein-coding genes with at least two variants that had the summary
statistics.

The Bonferroni adjusted significance level for the total number of genes (20000) was
defined as 2 x 1075,

Results: The results of the analyses are presented in Table 1.

Table 1. Comparison of the number of signals (p-value < 2.5x1075) between imputed (imput)
and sequenced (seq) genotypes for binary and quantitative traits. A comparison is shown
for each annotation analysed

Trait Lof+missence Coding Non-coding

All Imput Seq All Imput  Seq | All Imput  Seq
Binary 25 2 24 20 3 18 18 14 4
Quantitave 579 257 538 648 334 594 | 1610 1530 318

The number of association signals observed for binary traits was lower than for
guantitative traits due to the low prevalence of binary traits (min = 0.061, mean = 0.097,
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max = 0.292). More associations were identified for non-synonymous and coding
variants when using sequenced data compared to imputed data. For quantitative traits,
sequenced data were about twice as efficient as imputed data in terms of gene number.
For non-coding variants, the imputed genotypes detected more association signals than
the sequenced data. For quantitative traits, this ratio was 4.8. There are some association
signals that were detected with the imputed genotypes but not with the sequenced ones.
Conclusion: We showed that the imputed genotypes can be useful for analysing coding
variants, especially when sequenced data are not available. For non-coding regions of
genes, imputed data are even more informative than data obtained by exome sequencing.
We believe that imputed genotypes are a reasonable source for analysing rare variants.
Funding: The study is supported by the Russian Science Foundation (RSF) grant No. 23-
25-002009.

Cnucoxk rumepamypuoi/References

1. Wainschtein P., Jain D., Zheng Z. et al. Assessing the contribution of rare variants to complex trait
heritability from whole-genome sequence data. Nat Genet. 2022;54(3):263-273. doi 10.1038/s41588-
021-00997-7

2. de Leeuw C.A., Mooij J.M., Heskes T., Posthuma D. MAGMA: generalized gene-set analysis of
GWAS data. PLoS Comput Biol. 2015;11(4):e1004219. doi 10.1371/journal.pcbi.1004219

3. Svishcheva G.R., Belonogova N.M., Zorkoltseva 1.V., Kirichenko A.V., Axenovich T.l. Gene-based
association tests using GWAS summary statistics. Bioinformatics. 2019;35(19):3701-3708. doi
10.1093/bioinformatics/btz172

4. Wuttke M., Konig E., Katsara M.A., Kirsten H., Farahani S.K., Teumer A. et al. Imputation-powered
whole-exome analysis identifies genes associated with kidney function and disease in the UK Biobank.
Nat Commun. 2023;14(1):1287. doi 10.1038/s41467-023-36864-8

5. Jiang L., Zheng Z., Fang H., Yang J. A generalized linear mixed model association tool for biobank-
scale data. Nat Genet. 2021;53(11):1616-1621. doi 10.1038/s41588-021-00954-4

6. ZhouW., Bi W., Zhao Z., Dey K.K., Jagadeesh K.A., Karczewski K.J. et.al. SAIGE-GENE+ improves
the efficiency and accuracy of set-based rare variant association tests. Nat Genet. 2022;54:1466-1469.
doi 10.1038/s41588-022-01178-w

7. LiB., Leal S.M. Methods for detecting associations with rare variants for common diseases: application
to analysis of sequence data. Am J Hum Genet. 2008;83(3):311-321. doi 10.1016/j.ajhg.2008.06.024

8. Wang K., Abbott D. A principal components regression approach to multilocus genetic association
studies. Genet Epidemiol. 2008;32(2):108-118. doi 10.1002/gepi.20266

9. LiuY, ChenS, LiZ., Morrison A.C., Boerwinkle E., Lin X. ACAT: A Fast and Powerful p Value
Combination Method for Rare-Variant Analysis in Sequencing Studies. Am J Hum Genet.
2019;104(3):410-421. doi 10.1016/j.ajhg.2019.01.002

BGRS/SB-2024 833



