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Momusayus u yenw: TlomHOreHOMHBIN aHAU3 accormalmii (genome-wide association
studies, GWAS) sBisercs BaXHEHIINM OIXOJOM JUIA IOMCKA T€HETHYECKUX OCHOB
CJIOXKHBIX TPU3HAKOB YEJIOBEKa W APYIMX OPraHU3MOB. 3a IOCJICAHUE AECATHICTUS
ObLTH MpoBe/IcHBI coTHU ycnenHbix GWAS-uccienoBanuii; B TO K€ BpeMsi aHHOTAIHSI
Y UHTepIIpeTanus 00HAPY>KEHHBIX aCCOLUAIINH IO CHX TTOP OCTAIOTCS CI0KHOH 3aauei.
Pa3paboTka 3¢ (heKTUBHBIX METOJOB UTs (PYHKIIHMOHAIBHOW aHHOTALMU PE3YJIhTaTOB
GWAS 3atpynnsiercsi OTCYTCTBHEM TOTOBBIX JaHHBIX C H3BECTHBIM Ha0OPOM
MPUYMHHBIX TEHETUYECKUX BapUAHTOB M OMOJIOTMYECKUX MPOIECCOB, BOBICUCHHBIX B
pasBUTHE H3ydaeMoro mnpus3Haka. Llenpto Hacrosmerd paOoOThl SBISIIOCH CO3AaHHUE
Metona s cumyssiiuun GWAS-naHHBIX ¢ NIpeIBapUTEIBHO 3alaHHBIM HaO0pOM
MPUYMHHBIX BAPUAHTOB H/WIJIM IMPOIECCOB, & TAKKe MPUMEHEHUE 3TOTO0 MHCTPYMEHTA
JUISL OLIEHKU TOYHOCTH PabOThl HHCTPYMEHTOB IS OMCKa oOorameHus HabopoB T'eHOB
B pe3ynbTarax GWAS.

Memoowvr u ancopummui: B xome paboTel ObIT pa3paboTaH HOBBIH WHCTPYMEHT,
bioGWAS, 103BOJISIIOLIMI POBOANTH CUMYJISILIMU PeaTUCTHYHBIX HabopoB GWAS-
nanubiXx. DIOGWAS 0bl1 peann3oBaH B BHIC OMOMH(POPMATHYECKOTO MPOTOKOJIA HA
s3pike  Snakemake, BKITIOWArOmero B ceOS CTaauM CHMYJSIIIHA TEHOTHIOB (¢
ucnonb3oBanneM HAPGEN?2 [1]), denorunos (mpu nomoru PhenotypeSimulator [2])
U pe3yJbTaTOB aHaJM3a acCoLManuil Mex1y HUMU. Pa3paboTaHHBIN HHCTPYMEHT ObLI
NPUMEHEH IS OLEHKU 3((EKTUBHOCTH pabOThl YacTO HMCIIOJIb3YyEMBIX METOIOB JUIS
noucka oboraiieHHbIX HabopoB reHoB B pesyibrarax GWAS: MAGMA [3] u Pascal
[4], a Taxke pa3pabOTaHHOTO paHee B Halled HaydHOH rpymre mHcTpymeHta LSEA.
Ucxomubiii  kom W Tekymas Bepcust DIOGWAS  jmoctynHel 1o aapecy
https://github.com/TohaRhymes/bioGWAS/ [5].

Pesynomamer:  Pa3pabotanublii  MHCTpYMeHT Juis  cumyssituun  GWAS-naHHBIX
MIPOIEMOHCTPUPOBATl CBOIO BBICOKYIO 3((EKTHBHOCTh ISl T€HEPALUH PE3YJIbTaToB
GWAS c 3agaHHbIM HabOpOM NPUYMHHBIX BAPHAHTOB U HAOOPOB T'€HOB, B KOTOPBIX
pacroyioKeHbl JaHHble BapuaHThl (mMokazaTtedb Fl mpu OOHAapyKEHWH 3aJaHHBIX
BapHaHTOB B Ka4eCTBE 3HAYMMEBIX acconuaruii Beimre 0.95). Mcmonp30BaHne NaHHBIX,
CreHepHpoOBaHHBIX ¢ momornbio  DIOGWAS, s  omeHkd  3(GEKTHBHOCTH
UICHTU(HUKAINK 33/IaHHBIX HA0OpoB reHoB nHcTpymentamu MAGMA, Pascal u LSEA
MOKa3all 3HauuTeIbHOE BIMSHIE pa3Mepa 11eJ€BOro Habopa reHoB Ha 4yBCTBUTEIBHOCTD
oOHapyKeHHs OOOralIeHus, a TaKXKe MO3BOJNMI CHAENaTh BBHIBOJ O 3HAYUTEIHHOM
npenmytiecTBe Metona LSEA Hax ananoramu (ayBctBuTennbHOCTH LSEA cocTaBuna ot
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83 mo 100 % mist pa3HBIX HAOOPOB I'€HOB, YyBCTBUTEIBHOCTD OPYTUX HHCTPYMEHTOB
BapbHpoBaa B Auamnazone ot 5 10 100 %).

Bowisoowr: Pa3paboTanublii B xo1e paboTsl uHCTpyMeHT DIOGWAS paciimpsier apceHat
MOJXOMOB IJISl CO3aHMUs U OLEHKU 3G HEKTUBHOCTU METOAOB aHHOTAIMU PE3Y/IbTaTOB
GWAS, a uncrpyment LSEA mo3Bomsier ¢ BBICOKOH YyBCTBUTENBHOCTBHIO OOHApY-
KHUBAaTh OHOJOTWYECKUE IIPOLECCHl, BOBJICYCHHBIE B (DOPMHUPOBAHUE CIIOKHBIX
IIPU3HAKOB.

Qunancupoganue: VccnenoBanue moanep>kaHo MUHHCTEPCTBOM HAyKH M BBICILIETO
oOpazoBanus Poccuiickoit ®Denepanmu  (mpoekT «MHOTOLEHTpOBasl ~ Hay4HO-
HCCIIEI0BATENbCKAs KOJUIEKIUS O1opecypcoB «PenpoIyKTHBHOE 300POBbE YETOBEKAM)
(xonTpakT Ne 075-15-2021-1058 ot 28 centsiops 2021 r.), a Takke CTUNCHIUCH 1O
cUCTeMHOH Ononoruu, nomyueHHoi bapourosem FO.A. B 2021-2023 rr.
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Motivation and Aim: Genome-wide association study (GWAS) is among the most
important approaches for finding the genetic basis of complex traits in humans and other
organisms. Hundreds of successful GWAS studies have been conducted over the past
decades; however, annotation and interpretation of the detected associations is still a
challenging task. The development of efficient methods for functional annotation of
GWAS results is complicated by the lack of readily available datasets with a known set
of causal genetic variants and biological processes involved in the development of the
studied trait. The goal of this work was to create a method for simulating GWAS datasets
with a predefined set of causal variants and/or processes, and to apply this tool to
evaluate the accuracy of tools for finding gene set enrichment in GWAS results.
Methods and Algorithms: In this work, we developed a new tool, bioGWAS, to enable
simulations of realistic GWAS datasets. bioGWAS was implemented as a bioinformatic
pipeline using the Snakemake toolkit; it includes simulation of genotypes (using
HAPGEN2 [1]), phenotypes (using PhenotypeSimulator [2]), and summary statistics of
their association. The developed tool was applied to evaluate the performance of
commonly used methods for finding enriched gene sets in GWAS results: MAGMA [3]
and Pascal [4], as well as the LSEA tool developed earlier in our research group. The
source code and the current version of bioGWAS are available at
https://github.com/TohaRhymes/bioGWAS/ [5].

Results: Our tool demonstrated its high efficiency for generating GWAS results with a
given set of causal variants and gene sets in which these variants are located (F1 score
for detecting predefined variants as significant associations is more than 0.95). We next
used the data generated by bioGWAS to evaluate the efficiency of identification of given
gene sets by MAGMA, Pascal, and LSEA tools. We found a significant effect of the size
of the target gene set on the sensitivity of enrichment analysis; at the same time, results
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showed that the LSEA method has a significant advantage over its competitors (LSEA
sensitivity ranged from 83 to 100 % for different gene sets, while the sensitivity of other
tools ranged from 5 to 100 %).

Conclusion: The bioGWAS tool expands the arsenal of approaches for development and
evaluation of the performance of GWAS results annotation methods, while the LSEA
tool allows for highly sensitive detection of biological processes involved in complex
trait formation.

Funding: The study is supported by the Ministry of Science and Higher Education of the
Russian Federation (project “Multicenter research bioresource collection” “Human
Reproductive Health” contract No. 075-15-2021-1058 from September 28, 2021), as
well as by Systems Biology Fellowship to Y.A.B. in 2021-2023.
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