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TPaHCKPUNUMOHHOTO pakTopa EIN3 onocpenyror peryasinuio
Pa3HbIX OMOJIOrHYEeCKUX MPOLECCOB B OTBETE HA ITHIICH

y Arabidopsis thaliana L.

nakoBa A.A.L, Jonrux B.A.1'2, 3emnsnckas E.B.b
Macnakosa A.A.%, Jlo B.A.L2 3e ckasg E.B.1.2*

L Uuemumym yumonoauu u 2enemuxu CO PAH, Hosocubupck, Poccus
2 Hosocubupckuii 2ocyoapcmeennvlil ynusepcumem, Hosocubupck, Poccus
* ezemlyanskaya@bionet.nsc.ru

Kiouessie ciioBa: TpaHckpunimoHusiii Gpakrop ETHYLENE-INSENSITIVE3 (EIN3); caiiTel cBsi3bIBa-
uust EIN3 (EIN3 binding site; EBS); rexnas ontonorust

Momusayus u yenv. Tpanckpunumonnsiii ¢akrop ETHYLENE-INSENSITIVES3
(EIN3) urpaer xi04eBy pojb B peakluH pacTeHuil Ha (UTOropMoH 3tieH. [lox
JIeCTBHEM ATUJICHA OH CBSI3bIBAETCS ¢ onpeaesieHHbIMU yyacTkamu JJHK B mpomoropax
renoB, HaspiBaemMbiMu EBS (EIN3 binding site), 3amyckas Ttakum oGpaszom
TPAHCKPHUITIIUOHHKIN OTBET reHoB [1]. Panee HaMu OBLIO TOKa3aHO, YTO CYIIECTBYIOT
4eThlpe CTPYKTYpHBIX BapuaHta EBS, nBa w3 HuUX TpencTaBimsioT cobOoit
WHBEPTHUPOBAaHHBIA TOBTOP Kiaccuaeckoro EBS ¢ mepekpriBannem xonwmii Ha 1 u 2
nykieoruna (2EBS[-1] u 2EBS[-2] cootBercTBenHO) [2]. [Ipeackas3ano, 4To cBOWCTBA
3THX MOTHBOB C TOYKH 3pEHHS PETYISIUH IKCIPECCHU T'C€HOB B OTBET HAa OTHUJICH
pasnuuarorcsi. B nmaHHOM paboTe MBI HCCIIENOBalM, CBSI3aHbl JIM  Pa3IMYHbIC
CTpyKTypHBle BapuaHTel EBS c¢ perynmsanmelt crmeumpuueckux MNpPU3HAKOB IO/
JeMCTBHEM dTHJICHA.

Memoowr u ancopummor: J1as onpeneneHus] MOTEHUUAIbHBIX IHC-3JIEMEHTOB IBYX
TUIOB B MPOMOTOpaxX STHJICH-YyBCTBUTEIbHBIX T€HOB Mbl HCIOJNB30BAIN IMTyOJINYHO
noctynHble nanHbie dkcnepumentoB ChIP-seq mms EIN3 u RNA-seq mo obGpabotke
3-IHEBHBIX 3THOJIMPOBaHHBIX popocTkoB Arabidopsis thaliana stunenom B Teuenue 1,
4 1 12 ygacos [3]. Ot60op mukoB TD EIN3, pacnionoxeHHBIX B peryisTOpHBIX palloHAX
redoB [—1500; +1), mpoBoawnu c¢ nomomeio cepeuca PAVIS [4]. Pacno3naBanue
motrBoB 2EBS[-1] u 2EBS[-2] B nukax mpoBoaiiIN ¢ MOMOIIbIO KoHBeiiepa SFmotif
[5]. ®yHKUMOHATBHAS AHHOTALMS COUCKOB STUJICH-YYBCTBUTEIbHBIX I€HOB-MHUILICHEN
EIN3 ¢ paznuunbiME cTpYyKTYpHBIMU BapuaHtamu EBS B mpomorope mpoBoamnace ¢
nomolieio omnaitH-cepsucoB DAVID [6, 7] u AgriGO (v2.0) [8]. Knacrepuzanus u
BU3yanu3auus TepMHHOB ['O mNpoOBOAMINCH C IOMOIIBIO OHJIAWH-WMHCTPYMEHTa
REVIGO (v 1.8.1) [9].

Pesynomamer: Bbeino pacmosnano 63 moruBa 2EBS[-1] u 33 mormBa 2EBS[-2] B
PETYIATOPHBIX palioHax 36 W 25 aKTHBHPYEMBIX ATHICHOM TeHOB-mmieHern EIN3J
cooTBeTCTBeHHO. DyHKIMOHAIbHAS aHHOTALMS CIMCKOB F€HOB C IIOMOLIBIO CEPBUCOB
AgriGO u DAVID BeisiBuia 45 u 158 oborarieHHbix 'O-TepMHUHOB B CIIHCKaX T€HOB-
muiieHeir ¢ motuBoMm 2EBS[-1] u ¢ motuBom 2EBS[-2] coorBeTcTBeHHO. BhIsSiBICHO
33 06mmx ['O-TepMuHa, KOTOpHIE CBSA3aHBI C OTBETOM Ha SHAOTEHHBIE CTUMYIIBI (B TOM
9HCciIe OTBET HAa TOPMOHBI), PETYJISIIKEH KIETOUHBIX MPOLECCOB (BKIIOYAs KIETOUHBIC
B3aMMOJICUCTBHSI) W Tiepemadeii curHaiga (B TOM UWCJIE CHTHAIBHBIA ITyTh,

BGRS/SB-2024 1077



aKTUBHUPYEMBIH STHJICHOM, U Iiepenadya curaana gochopmimpoBanus). Y HUKaIbHBIMU
OHMOJIOTMYECKUMU MPOIECCAMU JIJISl aKTUBUPYEMBIX STHIICHOM TeHoB-MutieHer EIN3 ¢
motuBom 2EBS[-1] B mpomorope ObUIM OTBET Ha OWOTHYECKHE CTHUMYIIBI,
HEOpraHW4YecKre  BEIIeCTBA, IO3WTHUBHAS ~ PETYJSNUS  MPOIECCOB  Pa3BUTHUS
MHOTOKJICTOYHBIX OPTaHU3MOB H PETYIISIIUS [IMTOKHHUH-aKTUBUPYEMOTO CUTHAIIBHOTO
MyTH. YHUKaIbHBIMA OWOJOTHYECKHMH IPOIECCAaMK JIUISl aKTHBHPYEMBIX JTHIICHOM
renoB-muineHeit EIN3 ¢ motusom 2EBS[-2] B mpoMoTOpe OBLIH IIPOIECCHI, CBI3AHHBIE
¢ perymsnuedi MeTabomu3Ma W OMOCHHTE30M, C PETyJSAIUCi 3KCIPECCHH TEHOB H
nporeccuara PHK, orBerom Ha abuoTHYecKHE CTUMYJBI (B TOM YHCIIEC Ha ITHICH U
CHIDKEHHE YpPOBHS KHUCIIOPOJa), UMMYHHBIH OTBET Ha BHEIIHHE BO3JCHCTBHS, C
pa3BUTUEM aHATOMHUYECKUX CTPYKTYpP pacTeHHil (BKJIIOYas MOCTAIMOPUOHAIBHOE
pa3BUTHUE) U NPOIIECCAMU PA3MHOKCHHUS U CTApCHHUS (B TOM YUCIIE JTUCTHEB).

Bvieoowi: TlonydeHHble pe3yiabTaThl CBHICTEIHCTBYIOT O TOM, 4YTO pa3IHYHbIC
CTPYKTYypHBIe BapuaHThl EBS moryTt ObITH CBs3aHBI ¢ perynsiued crernu@uIecKux
MPU3HAKOB IOJ1 JICHCTBUEM 3TUJICHA.
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Motivation and Aim: ETHYLENE-INSENSITIVE3 (EIN3) transcription factor plays a
pivotal role in the plant response to phytohormone ethylene. Upon ethylene exposure,
EIN3 binds to specific regions of DNA in gene promoters designated as EBS (EIN3
binding site), thereby initiating the transcriptional response of genes [1]. Our previous
studies have demonstrated the existence of four distinct structural variants of EBS. Two
of these variants are inverted repeats of the classic EBS motif with the overlap of 1 and
2 nucleotides between the copies (2EBS [-1] and 2EBS [-2], respectively). It was
predicted that the regulatory properties of these motifs in terms of gene expression in
response to ethylene differ. The objective of this study was to determine whether various
structural EBS variants are associated with the regulation of specific traits in response to
ethylene.

Methods and Algorithms: To identify the potential cis-elements of each type in the
promoters of ethylene-sensitive genes, we used publicly available EIN3 ChlIP-seq data
and RNA-seq data on the transcriptomes of 3-day-old etiolated Arabidopsis thaliana
seedlings treated with ethylene for 1, 4, and 12 hours [3]. We identified EIN3 peaks,
which fall into the regulatory gene regions [-1500; +1) using the PAVIS service [4]. The
recognition of 2EBS[-1] and 2EBS[-2] motifs in the peaks was conducted using SFmotif
pipeline [5]. The functional annotation of lists of ethylene-sensitive EIN3 target genes,
which possess different structural variants of EBS in their promoters, was performed

1078 BGRS/SB-2024



using the online services DAVID [6, 7] and AgriGO (v2.0) [8]. The clustering and
visualization of Gene Ontology (GO) terms was conducted using the online tool
REVIGO (v 1.8.1) [9].

Results: A total of 63 2EBS[-1] and 33 2EBS[-2] motifs were identified in the regulatory
regions of 36 and 25 ethylene-activated EIN3 target genes, respectively. The functional
annotation of gene lists using the AgriGO and DAVID services revealed 45 and
158 enriched GO terms in the lists of target genes with the 2EBS[-1] motif and with the
2EBS[-2] motif, respectively. A total of 33 common GO terms were identified, which
were related to the response to endogenous stimuli (including the response to hormones),
regulation of cellular processes (including cellular interactions) and signal transmission
(including the ethylene-activated signaling pathway and phosphorylation signal
transmission). The unique biological processes for ethylene-activated EIN3 target genes
with the 2EBS[-1] motif in the promoter were response to biotic stimuli, inorganic
substances, positive regulation of the development of multicellular organisms, and
regulation of the cytokinin-activated signaling pathway. The unigue biological processes
for ethylene-activated EIN3 target genes with the 2EBS[-2] motif in the promoter were
those related to the regulation of metabolism and biosynthesis, regulation of gene
expression and RNA processing, response to abiotic stimuli (including ethylene and
reduction of oxygen levels), immune response to external influences and the
development of anatomical features. These processes also included development of plant
anatomic structures (including postembryonic development) and reproduction and aging
processes (including leaves).

Conclusion: The results obtained indicate that various structural variants of EBS can be
associated with the regulation of specific traits under the action of ethylene.
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