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Perynsanusa skcnpeccuy reHOB OCYIIECTBJISAETCA IPU IOMOINM TPAHCKPUILIMOHHBIX (DAKTOPOB
(T®), xoTOpble aKTUBUPYIOT WX IOAABJIAIOT SKCIIPECCUIO, CBA3BIBAACH C PEryJIATOPHBIMU YUYAaCTKAMU B
IIPOMOTOpAXx, Ha3bIBaeMbIMU Huc-31eMenTamu (119). B xkuBoii cucreme TO pesiko paboTalOT IOOANHOYKE
1 GOpMUpPYIOT rOMO- U rerepoaumepsl ¢ apyrumu T®, uro Ha ypoBHe JIHK orpaxkaercsa B Buzae
KOMIIO3UIIMOHHBIX BJIeMeHTOB: map 1[J, mepekphIBaoIUXcA MeXAy co00N WIN pasfieJIEHHBIX
cnericepamu. KomMOMHATOpHAA CJI0KHOCTh NMOJOOHON PETryJAIUU 3aTPYAHSAET e€ SKCIepUMeHTAIbHOEe
nucesiesiopanye. [lepcieKTUBHBIM MO/IX0/I0M /11 U3YUYeHUs PeryJIsliuy 9KCIIPECCUU reHOB Ha ypoBHe 119
U KOMITIO3UIIMOHHBIX 3JIEMEHTOB SIBJISIETCA COBMECTHBIN aHAIN3 IIOJITHOTEHOMHBIX IAHHBIX, II03BOJISIONIUX
ZIeTeKTUPOBATh cOObITUA cBA3bIBaHUA T® U N3MeHeHUs YPOBHSA HKCIIPECCUU TeHOB (HarnpuMmep, JaHHBIX
ChlP-seq u RNA-seq). PazpaboTka MeTOMOB, MO3BOJISIONIUX ITPOU3BOAUTH MOJOOHOTO pojia aHAJIU3,
SIBJISIETCS aKTyaJIbHOU 3a/1auei.

B pamMKkax 1aHHOTO HCCJIEOBAaHUSA MBI CO3/JaJI TPOTPAMMHBIN KOHBeriep SFmMotif, mo3Bosisroniuii
COBMECTHO aHaysm3upoBaTh AaHHble ChIP-seq m RNA-seq ¢ 1eipio BbISBJIEHHUs MOTEHIHAIBHBIX IIHIC-
3JIEMEHTOB, PeryJMpyoIIuX H3MeHeHHe 3KCIPECCHU TI'€HOB B 33/laHHBIX yciaoBUAX. OH H3BJIEKAaeT
oboramiénnpie B mukax ChlP-seq MOTHBBI U OIleHWBAET aCCOIMAIIMIO UX HAJTUYUS B IPOMOTOPaX r'eHOB C
U3MeHeHHeM aKTUBHOCTU reHOB. KoHBellep HamucaH Ha fA3blKe R U HCIOJIb3yeT KaK CYIIeCTBYIOIINE
nporpamMHble pemteHusa (Homer u MCOT), Tak ¥ caMOCTOATEIbHO pealn30BaHHble QYHKIINU U MOJTYJIH.

Mspr npumeHusan SFmotif m1d moucka NOTEHIMAIBHBIX I[UC-3JIEMEHTOB, YYacTBYIOIIUX B
peryiaAnuu  oTBeTa Ha IIecTh KJIIOUEBBIX (UTOTOPDMOHOB  (3TWJIEH, AayKCHUH, IIUTOKUHUH,
OpaccuHOCTEPOU/IBI, KACMOHATHI M aOCIM30BYI0 KUCIOTY) Yy Arabidopsis thaliana. Mbl ucnosbp3oBain
mybsuuHO JoctynHble faHHble ChIP-seq mo cBaA3bIBaHUIO KIIIOUEBBIX T® CUTHAIBHBIX IyTEH STHUX
ropmoHOB (EIN3, ARF6, ARR1, BES1, MYC2 1 ABF1, cooTBETCTBEHHO) U JJaHHBIE UH/IyITUPOBAHHBIX 3TUMU
FOPMOHAMHU TPaHCKpUNTOMOB. Ha OCHOBaHMM IIOJIydeHHBIX Pe3yJbTAaTOB MBI ONMCAJIU TPU Pa3HbIE
peryJsATOpHble CTpPaTernu, KOTOPblE MOTYT pPeaIM30BBIBATh 3TH (uroropmoHbl. (1) Kirouesoit TO
CUTHAJIBHOIO IIyTU peryJupyeT TPAaHCKPUMIIMI0O B OTBET HAa (PUTOTOPMOH, IIPEUMYIIECTBEHHO
B3aMMO/IEMICTBUSA C cAaliTaMH, OIMChIBAEMBIMU OJJTHUM MOTUBOM. (2) CailThl CBA3BIBAaHUA KII04eBOr0 TO
MOApPA3/leJIAIOTCA HAa HECKOJIBKO CTPYKTYPHBIX BapUAaHTOB, KOTOpble PAa3jM4yalTCad [0 CBOEMY
perynaropaomy mnoreHnuany. (3) KitoueBoit T® paboraer npeuMyliecTBEHHO B KOOIlepaluy c
MHOKecTBOM T®-nnapTHEpOB.
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Gene expression is regulated by transcription factors (TFs), which activate or repress
expression upon binding to regulatory sites in promoters called cis-elements (CEs). In the living
system, TFs rarely act alone and form homo- and heterodimers with other TFs, which bind at the
DNA level with composite elements: pairs of CEs overlapping each other or separated by spacers. The
combinatorial complexity of such regulation complicates its experimental study. A promising approach
to study the regulation of gene expression at the level of CEs and composite elements is the joint analysis
of genome- wide data, which detects TF binding events and changes in gene expression levels (For
example, ChlP-seq and RNA-seq data). The development of tools for such analysis is a relevant task.

In this study, we developed SFmotif pipeline, which allows integrated analysis of ChlP-seq and
RNA-seq data to identify potential cis-elements, which regulate gene expression changes in certain
conditions. SFmotif extracts motifs enriched in ChlP- seq peaks and evaluates the association of their
presence in gene promoters with gene expression changes. This pipeline is developed in R programming
language and uses both existing software solutions (Homer and MCOT) and self- implemented functions
and modules.

We applied SFmotif for the search of potential cis-elements involved in regulation of response to
six key phytohormones (ethylene, auxin, cytokinin, brassinosteroids, jasmonates, and abscisic acid) in
Arabidopsis thaliana. We used publicly available ChlP-seq data for the key TFs for the corresponding
signaling patways (EIN3, ARF6, ARR1, BES1, MYC2, and ABF1, respectively) and the data for the
hormone-induced transcriptomes. Based on our results, we distinguished three distinct regulatory
strategies, which can be implemented by these hormones. (1) The key TF of the pathway regulates
hormone-dependent transcription mainly through interaction with the binding sited described by a single
motif. (2) The key TF binding sites segregate into several structural variants, which differ in their
regulatory potential. (3) The key TF works primarily in cooperation with a multitude of TF partners.
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