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Momusayus u yenw. VI3yuenue anprepHaTuBHOro cruiaiicuara (AC) mpeacraBisieT
3HAYUTENLHBIA HHTEpEC, TIOCKOJBbKY JaHHBIN Mpoliece sBiseTcs (GyHAaMEHTaIbHBIM B
MOJIEKYJISIpDHOW OHWOJIOTHH, B Xone KOoToporo u3 omHoil mpe-MPHK moxer ObITh
MOJIy4eHO MHOKecTBO TpaHcKkpunToB MPHK, uTo npuBoauT K 3KCIpeccuu pa3iuyHbIX
nzodopm Oenka u3 ogHoro reHa. M3sectHo, uto AC perynmpyer 3KCIpPECCUIO TEHOB,
YYacCTBYIOIIMX B Pa3BUTUHU U (YHKIMOHWPOBAHMH ILIALIEHTHI. MI3MEeHEHHE 3KCIIPecCHH
IUTALCHTAPHBIX T'€HOB MOKET HApYIIWTh TAKHE BaKHbIE IMPOLECCHl, Kak IuddepeH-
upoBka Tpodobiacta, aHTHOTEHE3, TPAHCIIOPT MUTATENBLHBIX BEIIECCTB U WMMYHHBIH
TOMEOCTa3, YTO MOXKET MPHBECTH K OCIIOKHEHUSM OepeMeHHOCTH. JlenmayanbHbie
kietkd ([K) sBISIOTCS OCHOBHOHM KIETOYHOW TOMYJISIMEH MAaTepUHCKOW YacTH
IUTALEHTHl ¥ WrPaloT KIIOYEBYID pOIb B  MONACPKAaHUH  (PU3HOJIOTHUECKON
OoepemenHoctn [1]. HemanoBaxHbM sBIseTcs BBIOOP OHOMH(POPMATHYECKOTO
WHCTPYMEHTA I aHan3a coObITHIT AC, KOTOPBIX JOCTATOYHO MHOTO Ha CETOHSAIIHUHT
neHb. MeToansl aHalM3a, OCHOBAaHHBIE Ha COOBITMMHOM IIOOXO0je, 00JamaroT OoJjee
BBICOKOW YYBCTBHUTEIFHOCTBIO M CIEIU(PUYHOCTBIO JaK€ NPH HHU3KHX YPOBHIX
9KcHpeccud. B maHHOM ciyyae OOBIYHO MCHOJIB3YIOTCS TaKME€ HHCTPYMEHTHI, Kak
MAJIQ [2], rMATS [3], SGSeq [4].

Memoowvr u anecopummsi: ['myObOKOE CEKBEHHpPOBAHHUE IPOBEACHO s 8 00pas3IoB
TUTAICHTAPHOW TKAaHM, IMOJYYEHHOHW OT MKCHIIMH ¢ (U3HOJIOTHYECKUM TeUeHHEM
O6epemeHHOCTH. PacueTHOE 4ncIio NpouTeHni Ha 00pa3zel] COCTaBIsuIo He MeHee 60 MITH.
AHanu3 KauecTBa MOJyYeHHBIX CHKBEHCOB BBITIOJIHEH C TOMOIIIBIO ITporpammsl FastQC.
[NMocnenoBaTensHOCTH aJaNTePOB YIalleHBl ¢ TMOMOIIBIO MporpaMMbl Trimmomatic.
BrlpaBHMBaHUE MOIYYEHHBIX TPAHCKPUIITOMHBIX JAHHBIX Ha pe(EepeHCHBI I'eHOM
yenoBeka (GRCh38) semonneno ¢ momomrsto nporpammbl STAR. Jlanee anst ananmza
coopitnit  AC BeIOpansl nporpammel MAJIQ, rMATS, SGSeq, Tak kak OHH
cymecTBeHHO 00HOBIIEHBI B 2023—-2024 IT. 1 UMEIOT BO3MOXKHOCTh BU3yallU3alliu.
Pezynsmamur: C nomomsio nporpamMmmsel MAJIQ naentudunuposano 3501 codbitue AC
st 2731 rena; ¢ momoripio nporpammel IMATS unentuguippoano 66 687 codbiTuii
st 14 784 renos; ¢ momortisto mporpammMel SGSeq — 15 782 cobpiTust Ayt 5616 reHoB.
[Ipu aHanu3e pe3ynbTaTOB MOIYYEHHbIX JaHHBIX BXKHO OTMETHTH, YTO KOJIMYECTBO Ie-
HOB, oJBepxkeHHBIX AC, 3HaYUTENbHO BapbupoBaio. Mnenrudunuposano 15 887 yxu-
KaJIbHBIX TUTAIEHTAPHBIX T€HOB, MOJBEP)KEHHBIX AIIbTEPHATUBHOMY CIUiaiicuary. [Ipu
MOXCKe OOIIMX T'€HOB MOKa3aHa HU3Kas peruukanus pe3yibratoB (33.9 %), Tak kak
Bcero 5387 reHOB BBISBICHBI XOTS Obl B JABYX NIporpammax oaHOBpeMeHHo. Huzkas
pEIUIMKanys 1 BEICOKas BAPUATUBHOCTH B KOJIMYECTBE MACHTU(DHUIIMPOBAHHBIX COOBITHI
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Y TEHOB MOTYT OBITh CBSI3aHBI C PA3IMYHBIMHU CTATHCTHYECKHUMHU U AITOPUTMHUUECKIMU
MOJXOAaMH, 3aJIOKCHHBIMH  pa3paboTyMKaMd B  [POrpamMMbl  JAJsl  aHanM3a
aJTbTEPHATHBHOTO CIUTANICHHTA.

CregyromM 1maroMm Bce COOBITHS OBUIM KIACCH(HIIMPOBAHBI COTJACHO 7 THIIAM
coowituit AC anst mporpamm MAJIQ u SGSeq (mpomyck 3K30Ha, anbTepHATUBHBIE 5'
vn 3' caliThI CIUTACHHT A, YAep KaHue WHTPOHA, aJlbTepHATHBHEIE TIEPBEIi ¥ IOCIETHUI
9K30HBI M B3aNMOHUCKITIOYAIONTHE K30HBI) M 5 THIIaM cOOBITHI mi1st TporpaMMel IMATS
(Oe3 anbTepHATUBHBIX IIEPBOTO U IOCIEAHET0 SK30HOB). Hanbonee pacipocTpaneHHBIM
tuniom AC sBISETCS MPOIMYCK 3k30HA (46.4 %), 4TO MOKA3aHO I BCEX TPEX MPOrpaMM
M COTJIacyeTcs C JaBHO M3BECTHBIM TOJIOXKEHHEM O MPeo0IaJaHiy MPOITyCKa dK30Ha Y
miekonuratonux. Jlagee HaOmromaeTcs BapuaTtuBHOCT. B mporpamme MAJIQ
aNbTEPHATUBHBINA MEPBBIA 9K30H SBIAETCS BTOPHIM IO MOMYJSpHOCTH coObiTHeM AC
(24.8 %), B tMATS — ansrepHaTuBHBIN 3'-caiiT crutaiicunra (14.1 %), Torma kak B
SGSeq — ynepxanue uHTpoHA (28.6 %), YTO MOATBEPKIACTCS HOBBIMU JTAHHBIMH O
pocte coObITHI yaepkaHusi MHTpoHa [5]. HauMmeHee peakuM COOBITHEM SBISIOTCS
B3aMMOUCKIIFOUatoIUe 3k30HbI (1.3 %), 4TO TakKe TOKa3aHo JJIs BCEX TPEX MPOrpamm.
B mensx Gonee meranbHOUM (pyHKIIMOHATHHONW aHHOTAIMH Te€HOB, MmoaBepkeHHBIX AC,
Obul mpoBeneH aHanm3 1857 oOmmx A BceX TpeX MporpaMMm TIeHOB. AHajw3
PEKOHCTPYHUPOBAHHOM ¢ Ucmoyb3oBaHueM mporpammbl STRING Oenok-0enkoBoii cetn
BKJTFOUal B cebst 386 Genkorbix mpoaykros (high confidence = 0.999) u 98 knacrepos,
M3 KOTOPHIX 8 KIIACTepOB BKItOUald B cebst 8 reHoB u Oosee, 57 KiIacTepoB 1o 2 TeHa,
KOJIMYECTBO T€HOB B OCTAJIBHBIX KJIACTEpax BapbHUpPOBAJIO OT 3 10 5 BKIIOUUTENBHO.
[anee mpoBeneHa moapoOHasi aHHOTAIHSA TIEPBBIX 110 KOJIMYECTBY TEHOB 3 KIIACTEPOB B
6azax manHbix GeneOntology, KEGG, Reactome c¢ momomipio OHIaliH-pecypca
WebGestalt (https://www.webgestalt.org/).

Kinacrep 1 Bkimouaet 26 reHOB, IICHTPAIFHOE MECTO C MAKCUMAIBHBIM YHCIIOM M CHUJION
B3ammozeiicTeuii (node degree > 10, score > 0,99) 3anumaet rer ACTL6A. Coriacao
pe3yibpTaTaM (YHKIHMOHAIFHOH aHHOTAllMH, CHTHaJbHBIC MyTH KiacTepa | mpeumy-
IIECTBEHHO CBSI3aHbI ¢ MOAM(UKALIMEH XpOMaTHHA U perysiueld TpaHcKpunuuu. Bo
BpeMsi OEpeMEHHOCTH W3MEHEHHs] XPOMaTHHAa WTPAIOT BAXKHYIO POJIb B PETYJISIHH
JKCIIPECCUY T€HOB B Pa3BUBAIOIIEMCS TUIOZE, TUIANIEHTE M TKaHAX Marepu. OIHUM U3
npuMEpoB  MoAudUKalMK  XpoMarhnHa BO BpeMsl OEpPEeMEHHOCTH  SIBISIETCS
MetunupoBanue JIHK. M3BecTHO, 4TO M3MEHEHUS B METUJIMPOBAHUU MATEPUHCKOU
JHK MoryT mpuBecTH K TeCTallMOHHOMY JAHa0eTy, aHEMUH, PEXKIEBPEMEHHBIM POJIaM
Y TIpEedKIaMIICHH [6].

Kiacrep 2 Bkimouaet 17 TeHOB, IIEHTPATLHOE MECTO C MAKCUMAIBHBIM YHCIIOM M CHJION
B3aumogeicTBuil (node degree > 8, score > 0.99) zanmmaer ren SRC. CornacHo
pe3ynbTaTaM (QyHKIIMOHAILHOW aHHOTAIlWH, CUTHAIBHEIE TIYTH KiacTepa 2 MpenMyIie-
CTBEHHO CBSI3aHBI C MEXKJICTOUHBIM CUTHAJIAMH, MUTPAIIHEH KIETOK U MEXKKIIETOUHON
anresuei. MoneKyIbl KIETOYHOW aJre3uy UTPar0T PEHIAONIyI0 POJih B 00eCTieueHUun
aJire3WH ¥ MUTPAIAN KIIETOK TpodoOracta B SHIOMETPHN U IMOCIETYIONIEeH HHBA3UHU B
KpOBEHOCHBIE cocyanl Marepu [7]. HapyiieHue peryssiuu 3TUX HPOIECCOB aare3uu
MOJKET CIIOCOOCTBOBATH PA3BUTHIO TAKUX COCTOSHHM, KaK MPEIKITAMIICHS HITH 3aJIePiKKa
pocta minoaa [8].

Krnactep 3 Bkimogaer 15 reHOB, IIEHTpaIbHOE MECTO C MAKCHUMAaIbHBIM YHCIIOM M CHIIOH
B3anmozeiictBuil (node degree > 5, score > 0.99) 3anumator rensr TBK1, TRAF3.
CornacHo pe3ynbTataM (yHKIHOHAIBHOW aHHOTAIMM, CUTHAJIBHBIE ITyTH Kiactepa 3
MPEUMYIIECTBEHHO CBA3aHBI C MIMMYHHOW CUCTEMOH, allONITO30M M CUTHAJIBHBIM ITyTEM
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NF-kappaB (snepHbiii ¢akTop kamma B), KOTOpBIH SBIISETCS KIIIOYEBBIM (aKTOPOM
TPAHCKPHUIIIUY, YYACTBYIOUIUM B PETYJISIIMA UMMYHHBIX U BOCHIAUTEIBLHBIX PEAKIIHIA,
npoxudepanun, audQepeHIMpPoBKe W BDKUBAHUN KIETOK. AJEKBaTHAS PETYIISIHS
aktTuBHOCTH NF-KB mHMeer pemaromiee 3Ha4eHUE Uil NOAAEP)KAHHS HMMMYHHOTO
roMeocTa3a MaTepu M IJIoAa W OoOecledeHHsl YCHEUIHOro ucxoaa OepeMEHHOCTH.
ATIonTO3 TaKke CIIOCOOCTBYET MOAACPKAHUIO UMMYHHOU TOJICPAHTHOCTH Ha YPOBHE
B3aMMOJCWCTBUS MaTepH U IUI0JIA, YCTPaHss aKTHBUPOBAaHHBIE UMMYHHBIE KIETKH U
MpeoTBpalias Ype3MepHble BOCIAINTENbHBIE PEaKii, KOTOpbIe MOTYT HAHECTH BpE.
pasBuBaroIeMycs TioAy. Hapymenue perynsuuu 3TUX MPOLECCOB MOXKET CIOcoOCT-
BOBaTh BOBHHKHOBEHHUIO CAMOIIPON3BOJILHOTO a00pTa U MPEKIeBPEMEHHBIX PoIoB [9].
Buigoowi: B nccnenosannu mposeneHa onenka coObituii AC B IelUIyanbHBIX KIETKaX
IUTAEHTHl  Tmpu  (QU3HONOTHYECKOW  OepeMEHHOCTH € [OMOIMIBI0  Tpex
ouonnpopmaTuaeckux nporpamm MAJIQ, tMATS, SGSeq. bsuto nneaTHdHUIPOBaHO
pasHoe KOJMYEeCTBO TeHOB M coObITH AC Kaxmol U3 TporpaMMm, a Takxke
MPOIEMOHCTPUPOBAaHA HHU3KAs PEIUIMKAIMS PE3yJIbTaTOB, YTO MOXKET OBITH CBS3aHO C
pas3iIMYHbIMM  MATCMATHYCCKMMHU TIOAXOJaMH, 3aJI0OKCHHBIMU pa3pa6OT‘II/IKaMI/I B
NTOPUTMBI TIPOTPaMM, B CBS3H C YeM LEIecOO0pa3HO HCIIONB30BaTh HECKOIBKO
nporpamm Juist uaeHTuuKkanuu coobiTuii AC M I IOCIeAYIOIIEer0 aHaIu3a BRIOUPATh
T€ TI'CHbI, KOTOPLIC SABJIAIOTCA O6H.[I/IMI/I A1 BCEX MNPHUMCEHCHHBIX B HMCCICAOBAHUHN
mporpamMM. Bo Bcex Tpex mporpamMmax HaumOOJee 4YacTO BCTPEYAIOUINMCS W3
BEISIBIICHHBIX COOBITHH SIBIISIETCSI TIPOIYCK SK30HA, a CaMbIM PEAKUM — B3aUMO-
WCKITIOYAIOIIUI TMPOMYCK 3K30HOB. AHalN3 PEKOHCTPYUPOBAHHON T€HHOW CETH
TTO3BOJIM BEISIBUTH OMOJIOTUYECKHE MyTH, aCCOIIMMPOBAHHBIE C UMMYHHOU CHCTEMOH,
KJIIETOYHOW MHTpAIUei, MEXKIETOYHBIMH KOHTAKTAMH W PETYISANHEH SKCIPECCHU.
Crnemyer OTMETHTh, 4TO psn reHoB, moaBep:keHHbBIX AC B JIK, accomumpoBan c
OCTIOKHEHUSIMH OepeMeHHOCTH. [loiydeHHbIe pe3yNbTaThl MOATBEPKIAIOT BaKHOCTh
aJbTEPHATHBHOTO CIUIAHCHHTA, KOTOPBIN CYIIECTBEHHO YBEIWYMBACT TPAHCKPHUII-
UOHHOE pazHooOpa3ue v MpeAcTaBiIIeT co00i 3HAUMMBIN MEXaHU3M PETYIISAINY TeHOB
B ACHUAYaJIbHBIX KJICTKaX.

Qunarncuposanue: VicciaemoBaHue BBITOIHEHO 3a CYET CPEACTB TOCYIApCTBEHHOTO
zamanus o reme @HU Ne 122020200083-8.
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Motivation and Aim: The alternative splicing (AS) study is of considerable interest,
because this process is fundamental in molecular biology. Multiple mRNA transcripts
can be obtained from a single pre-mRNA during AS. It leads to the expression of various
protein isoforms from a single gene. It is known that AS regulates the expression of
genes involved in the development and functioning of the placenta. Changes in the
placental genes expression can disrupt important processes such as trophoblast
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differentiation, angiogenesis, nutrient transport and immune homeostasis, which can
lead to pregnancy complications. Decidual cells (DC) are the main cell population of the
placenta maternal part and have a key role in maintaining physiological pregnancy [1].
It is also important to choose a bioinformatics tool for analyzing AS events among a
large number of them. Event-based analysis methods have higher sensitivity and
specificity even at low expression levels. In this case, tools such as MAJIQ [2], IMATS
[3], SGSeq [4] are usually used.

Methods and Algorithms: Deep sequencing was performed for 8 placental tissue samples
obtained from women with a physiological pregnancy. The calculated number of
readings per sample was at least 60 million. The quality analysis of the received
transcriptomic data was performed using the FastQC. The adapter sequences are deleted
using the Trimmomatic. The alignment to the human reference genome (GRCh38) was
performed using the STAR. The MAJIQ, rMATS and SGSeq programs were selected
for the analysis of AS events, because they have the ability to visualize and were
significantly updated in 2023-2024.

Results: As a result of the study, 3501 AS events for 2731 genes were identified with
MAJIQ; 66687 events for 14784 genes were identified with rIMATS; 15782 events for
5616 genes were identified with SGSeq. It is important to note that the number of genes
affected by AS varied significantly. 15887 unique placental genes subject to alternative
splicing have been identified. Low replication of the results was shown (33.9 %),
because only 5387 genes were identified in at least two programs. Low replication and
high variability in the number of identified events and genes may be associated with
various statistical and algorithmic approaches embedded by developers in programs for
analyzing AS.

All events were classified according to 7 types of AS events for the MAJIQ and SGSeq
programs (exon skipping, alternative 5' or 3' splicing sites, intron retention, alternative
first and last exons and mutually exclusive exons) and 5 types of events for the rMATS
program (without alternative first and last exons). The most common type of AS is exon
skipping (46.4 %), which is shown for all three programs. It is consistent with the long-
known statement on the predominance of exon skipping in mammals. Further, there is
variability. The alternative first exon is the second most popular AS event (24.8 %) for
MAJIQ, the alternative 3'-splicing site (14.1 %) for rIMATS and intron retention (28.6 %)
for SGSeq. It is confirmed by new data on the growth of intron retention events [5]. The
least rare event is mutually exclusive exons (1.3 %), which is also shown for all three
programs.

In order to provide a more detailed functional annotation of genes affected by AS,
1857 genes common to all three programs were analyzed. The analysis of the protein-
protein network reconstructed using the STRING program included 386 protein products
(high confidence = 0.999) and 98 clusters, of which 8 clusters included 8 or more genes,
57 clusters consist of 2 genes, the genes number in the other clusters varied from 3 to
5 genes inclusive. Next, a detailed annotation of the first 3 clusters in terms of the genes
number in the GeneOntology, KEGG, Reactome databases was carried out using the
WebGestalt online resource (https://www.webgestalt.org/).

Cluster 1 includes 26 genes. The ACTL6A gene is the central gene with the maximum
number and strength of interactions (node degree > 10, score > 0.99). According to the
results of the functional annotation, the cluster 1 signaling pathways are mainly
associated with chromatin modification and transcription regulation. During pregnancy,
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chromatin changes play an important role in regulating gene expression in the develop-
ing fetus, placenta, and maternal tissues. One example of chromatin modification during
pregnancy is DNA methylation. It is known that changes in maternal DNA methylation
can lead to gestational diabetes, anemia, premature birth and preeclampsia [6].

Cluster 2 includes 17 genes. The SRC gene is the central gene with the maximum number
and strength of interactions (node_degree > 8, score > 0.99). According to the results of
the functional annotation, the cluster 2 signaling pathways are mainly associated with
intercellular signals, cell migration and intercellular adhesion. Cell adhesion molecules
play a crucial role in providing adhesion and trophoblast cells migration into the
endometrium and subsequent invasion into the mother blood vessels [7]. A disorder of
these adhesion processes regulation can contribute to the preeclampsia and fetal growth
restriction development [8].

Cluster 3 includes 15 genes. The TBK1 and TRAF3 are the central genes with the
maximum number and strength of interactions (node degree > 5, score > 0.99).
According to the results of the functional annotation, cluster 3 signaling pathways are
predominantly associated with the immune system, apoptosis and the NF-kappaB
signaling pathway, which is a key transcription factor involved in the regulation of
immune and inflammatory reactions, cell proliferation, differentiation and survival.
Adequate regulation of NF-kappaB activity is crucial for maintaining maternal and fetal
immune homeostasis and provides a successful pregnancy outcome. Apoptosis also
helps maintain immune tolerance at the level of maternal-fetal interaction by eliminating
activated immune cells and preventing excessive inflammatory reactions that can harm
the developing fetus. A violation these biological processes can contribute to the
spontaneous abortion and premature birth [9].

Conclusion: In the study was performed assessment of AS events in placental decidual
cells during physiological pregnancy using three bioinformatics programs MAJIQ,
rMATS, SGSeq. A different number of AS genes and events were identified for each
programs. Also low replication of the results was demonstrated. There are may be due
to different mathematical approaches embedded by the developers in the programs
algorithms. Therefore it is advisable to use several programs to identify AS events and
for subsequent analysis select those genes that are common to all tools. In all three
programs, the most common of the identified events is an exon skip, and the rarest is a
mutually exclusive exons. The reconstructed gene network analysis revealed biological
pathways associated with the immune system, cell migration, intercellular contacts and
regulation of gene expression. It should be noted that a number of genes susceptible to
AS in DC are associated with pregnancy complications. The results obtained confirm
the importance of alternative splicing, which significantly increases transcriptional
diversity and represents a significant mechanism for gene regulation in decidual cells.
Funding: The research was carried out at the expense of the state assignment
(fundamental scientific research No. 122020200083-8).
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