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KiroueBblie cioBa: paCCTpOﬁCTBa AYTUCTHYCCKOI'O CIEKTpa; '€HHbIE CETH, aHaJIU3 I'€HHBIX OHTOJ'IOFI/II7I;
TIIyTaMaTepru4eCKue CHHaIChI

Momusayus u yenv: Ha ceronHsIIHUN 1€Hb TOYHBIE MOJIEKYJIIPHBIE MEXAHU3MBI, JIEKA-
e 3a Ouonorueit pacctpoiricte ayrucrudeckoro criektpa (PAC), He BoisicHeHbl. Oa-
HAKO KOJIMYECTBO «HAJEKHBIX» I'€HOB, BBIIBICHHBIX Pa3HBIMU HCCIENOBATEILCKUMHU
rpyImnamMu, MpoaosbkaeT yBennuuBaThes [1]. HecMoTps Ha rereporeHHyI0 MPUPOLY
PAC, onpeneneHHble TeHBI BCTPEYAIOTCS! OJJHOBPEMEHHO B Pa3IMYHBIX CIIMCKaX, BBI3bI-
Basl UHTEPEC K TIOHUMAHHUIO UX POJIM U B3aUMOJCHCTBUI APYT € ApyroM. B 3TOM KOHTEK-
CTe MPEICTABISACTCS BXKHBIM IPOAHATIM3UPOBATE ATH I'€HBI U X B3aUMOCBSI3H C HCIIOJIb-
30BaHUEM CHCTEMHOI'0 MOJIX0/a, TAKOTO KaK PEKOHCTPYKIIMSI T€HHBIX CETeH.

Memoowr u anecopummor: J|Jid MOTy4YeHHs CIIUCKA KIIIOUEBBIX T'€HOB HCIOJIB30BAIaCh
0a3a JaHHBIX aCCOIMAIIMU TEHOB C HapyIICHUsAMH HepBHOro passutus GeneTrek [2],
BHYTPH KOTOPOH OBIIIM BBIOPAHBI CITUCKH, CO/IEPIKAIIINE TeHbI, aACCOLMMPOBAaHHBIE C pac-
CTpOMCTBAMHM ayTHCTHUECKOTO CriekTpa, a uMenno: SFARI [3] kareropuu 1 — high-con-
fidence, SPARK [4], SysNDD [5] u DDG2P [6] kareropuu definitive genes, DBD ¢
MYTalUsIMH, IPUBOAIIMMHA K TToTepe QyHKIuH [7]. PEKOHCTpYKIIMS T€HHOU ceTH Oblia
seimosiaera B STRINGdD, 3arem sxcmoptupoBana B Cystoscape st gajabpHeiIero aHa-
JIM3a ¥ BU3YaJIM3al[M1 T€HHBIX OHTOJIOTUH. AHAJIN3 T€HHBIX OHTOJIOTUH /ISl CIIMCKA Tre-
HoB OpL1 BEIIONHEH ¢ momomsio PANTHER Overrepresentation Test [8]. Hcmons3o-
Basics Tect Ouiepa ¢ nonpaskoit bordeppoHu Ha MHOXKECTBEHHOE TecTupoBanue. [1o-
JYYHUBIIMICS CIIHUCOK U3 71 reHa aHHOTHpOBaIH ¢ IoMolIbio SynGo v1.2 — anHoTanmu
CUHANTUYECKUX F€HHBIX OHTOJIOTHM [9].

Pezynomamur: T'eHHast ceTh CBsi3Hast 1 00pa3zyeT (QYHKIMOHANBHBIE KIaCTEPhl, HA YTO
ykasbiBatoT 3HaueHus PP enrichment p-value rennoii cetu < 1.0e—16 u cpeanuit ko3¢-
¢unyMeHT JoKanbHOW kiactepuzauuy, paBHbli 0.493. Cpenmusisi cremeHb y3na
paBHa 9.44, a xonmuuecTBO pedep — 335, u3 KoTopsix 240 MOTYYEHBI TYTEM TEKCTOBOTO
MallHWHTa HayYHBIX MyOJIMKaluid, 26 — U3 pe3yabTaTOB SKCIEPUMEHTOB, 28 — u3 6a3
JaHHBIX U 9 U3 HUX — JaHHbIE KOPKCIPECCHHU. BOJBITMHCTBO KOIKCIPECCUPYEMBIX ap
YYacTBYIOT B PETYJSILIMU aronTo3a, KJIeTOuYHOH mpoimdepaunu u Heiiporenese. Co-
rimacHo SynGO, cpean 71 reHa 21 reH MMEET CHHANTHYECKYIO JIOKAJIM3AIMIO H/HIH
¢yHkuio. B To BpeMsi kak aHalU3 TEHHBIX OHTOJOTMHA MOJEKYJISpHOW (DYyHKIIUU
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(GO molecular function) 8 PANTHER omnpenmenun kak 3Ha4dMBble OHTOJIOTHH: aKTHB-
HOCTb MTPOTEUH-IIUCTenHMeTIITpanchepassl ¢ p-value = 3.70E-02, cpeau koTopsix S-
a/IeHO3WIIMETHOHHH-3aBUCHMasl aKTUBHOCTh METHIITPaHC(epasbl, 3aHIMAIOIIAsICs epe-
HOCOM OJHOYTJICpOAHBIX rpymi ¢ P-value = 3.95E-02, u akTUBHOCTh MPOTEHHMETHUII-
Tpanchepassl ¢ p-value = 1.45E-04, akTUBHOCTH arieTunTpancgepassr rucrona H3K27
¢ p-value = 3.70E-02, nemerunupoBanHoe csa3piBanne CPG mocpeacTBOM CBSI3BIBAHMS
OpraHUYECKUX IMKINYECKUX coennnennii ¢ p-value = 4.81E-03 u ATd-3aBucumas ax-
TUBHOCTb PEMOJICINpoBaHus XxpomatuHa 5.56E—04. A ananu3 oBeppenpe3eHTaluy I'eH-
HBIX OHTOJIOTHH KJICTOYHOM JIOKAIN3AIMHU BBISIBUII KaK HanOoJiee 3HaYMMbIe: PeCHHaIl-
THYEeCKyI0 MeMOpany ¢ p-value = 3.13E-03, XpoMOCOMHYIO ¥ IIEHTPOMEPHYIO 00JIaCTh
¢ p-value = 3.47E-03, rimyramateprudeckue cunarcsl P-value = 2.73E-02 u xpomaTun
¢ p-value = 1.91E-08. Yro mo3BoJjsieT mpeanoiaraTh, 4To riiyraMaTeprayeckasi THIo-
te3a natodusuosorur PAC [10] MOKET CTOSATH 3a 3HAYUTEILHBIM KOIHYEeCTBOM (heHO-
tumnoB PAC.

Bv1600vi: PekoHCTpyKIUS TEHHOH CEeTH IeHOB, OOHAPYKUBACMBIX HE3aBHCUMBIMH HC-
CJIEZIOBAaTELCKUMU TPYINIaMH, TMO3BOJNMIIA ONPEACIUTh HaTuuue (YHKIHOHATBHBIX
kiactepoB PAC. YuuTeiBasi BEICOKYIO F€TEPOr€HHOCTh, BEPOSITHO, UTO HA HACTOSIIMI
MOMEHT T'€HBI, SKCIIPECCUPYIOIINECS B TPECHHANITHUECKON MeMOpaHe, XxpOMOCOMHOH H
HEHTPOMEPHOW 00JacTH, a TaKXkKe TIyTaMaTepruyecKux CHHAIICaX, MPEBaJUPYIOT B
OOJBIIOM KOJMMYECTBE (PEHOTHIIOB ayTU3Ma. JTO MPEACTABISETCS BaXKHBIM UISl Pa3BU-
THSI BOSMOXKHBIX ITyTeH pallMOHAIBLHOM Tepanuy, KOTOPBIE He MPEICTABISUINCH BO3MOXK-
HBIMH JIO STIOXH YCIICITHOTO OTKPBITHS TCHOB.

Qunarncuposanue: Uccnenosanne nmoanepxano PHO® (rpant 24-24-00563, «Pa3pabotka
M POBEIX 00PA30BATENHHBIX TPOTPAMM B OMOMETUITIHEY).
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Motivation and Aim: To date, the precise molecular mechanisms underlying the biology
of autism spectrum disorders (ASD) remain unclear. However, the number of “high-
confidence” genes identified by various research groups continues to grow [1]. Despite
the heterogeneous nature of ASD, certain genes appear concurrently in different lists,
sparking interest in understanding their roles and interactions with each other. In this
context, it is important to analyze these genes and their relationships using a systems
approach, such as gene network reconstruction.

Methods and Algorithms: To obtain a list of key genes, the GeneTrek database linking
genes to neurodevelopmental disorders was utilized [2], from which lists were selected
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containing genes associated with autism spectrum disorders, specifically SFARI [3] cat-
egory 1 — high-confidence, SPARK [4], SysNDD [5], and DDG2P [6] definitive genes
categories, as well as DBD with loss-of-function mutations [7]. Gene network recon-
struction was conducted in STRINGdDb, then exported to Cytoscape for further analysis
and visualization of gene ontologies. Analysis of gene ontologies for the gene list was
performed using the PANTHER Overrepresentation Test [8]. The Fisher test with Bon-
ferroni correction for multiple testing was employed. The resulting list of 71 genes was
annotated using SynGo v1.2 — annotations of synaptic gene ontologies [9].

Results: The gene network is cohesive and forms functional clusters, as indicated by the
PPI enrichment p-value of the gene network < 1.0e-16 and an average clustering coeffi-
cient of 0.493. The average node degree is 9.44, with 335 edges, of which 240 are derived
from text mining of scientific publications, 26 from experimental findings, 28 from da-
tabases, and 9 from co-expression data. Most co-expressed gene pairs are involved in
the regulation of apoptosis, cell proliferation, and neurogenesis. According to SynGO,
among the 71 genes, 21 genes have synaptic localization and/or function. Mean-
while, analysis of gene ontologies in molecular function (GO molecular function) using
PANTHER identified significant ontologies: protein-cysteine S-methyltransferase activ-
ity with a p-value of 3.70E-02, including S-adenosylmethionine-dependent methyltrans-
ferase activity involved in one-carbon group transfer with a p-value of 3.95E-02 and
protein methyltransferase activity with a p-value of 1.45E-04, histone H3K27 acetyl-
transferase activity with a p-value of 3.70E-02, unmethylated CpG binding through bind-
ing of organic cyclic compounds with a p-value of 4.81E-03, and ATP-dependent chro-
matin remodeling activity at 5.56E-04. Overrepresentation analysis of gene ontologies
in cellular localization identified the most significant as: presynaptic membrane with a
p-value of 3.13E-03, chromosomal and centromeric regions with a p-value of 3.47E-03,
glutamatergic synapses with a p-value of 2.73E-02, and chromatin with a p-value of
1.91E-08. This suggests that the glutamatergic hypothesis of ASD pathophysiology [10]
may underlie a significant number of ASD phenotypes.

Conclusion: Reconstruction of a gene network of genes identified by independent re-
search groups has allowed for the identification of functional clusters related to autism
spectrum disorders (ASD). Given the high heterogeneity, it is likely that currently, genes
expressed in the presynaptic membrane, chromosomal and centromeric regions, as well
as glutamatergic synapses, prevail in a large number of autism phenotypes. This is cru-
cial for the development of potential pathways for rational therapy that were not feasible
before the era of successful gene discovery.

Funding: This work was supported by Russian Science Foundation (grant project 24-24-
00563, “Development of digital education programs in biomedicine”).
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