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Momusayus u yenv: Tlowck, mpenckazaHue ¥ MASHTU(UKANMS HEaHHOTHPOBAHHBIX
MPOMOTOPHBIX TOCIIEIOBATEIBHOCTEH MOKET UMETh ()yHIaMEHTaIbHOE 3HAYCHUE IS
oOHapy>KeHHs B TeHOMaX ()yHKLIHMOHAJIBHBIX 00J1acTeil, He aHHOTUPOBaHHBIX panee. Ho
Ha JaHHBIM MOMEHT CYLIECTBYIOIIME ANTOPUTMbI IPOTHO3UPOBAHMS HNPOMOTOPOB HE
WCKJIIOYAIOT MOSBICHHUS JIO)KHOMOJIOKHUTEIBHBIX PE3yJIbTaTOB, UTO SIBISAETCS CEPbEe3HOM
po0IeMOoil BEIYMCIUTEIBHON OMOIOru. B ¢Bs3M ¢ 3TUM IIpY HATMYHHK NIPeICKa3aHHbIX
MIPOMOTOPHBIX ~ IOCIENOBAaTEIBHOCTEH  1eNIeCOO0pa3HbIM  SIBJSIETCS  IPOBEICHHE
JIOTIONTHUTENBHON TMPOBEPKU HX CBOMCTB JUISl MOATBEPIKIEHUS BO3MOXKHOCTH HX
(YHKIMOHUPOBAHUSI B T€HOME B POJH PETYIATOPHBIX 3JIeMeHTOB. Llenbio manHON
pabotel ObTa mpoBepka TmpenckasaHHbix wmeromom MADHS [1] mpomoropHBIX
nocieioBaTenbHOCTe 1-ii  XpomMocombl TeHoma puca O. sativa Ha Haaudue
MOTEHIIMATBHBIX HEAHHOTHPOBAHHBIX CAHTOB CTapTa TPAHCKPHUIIIMU B paiioHe 3’-KOHIIa
MPEICKa3aHHBIX IPOMOTOPOB, @ TAaKKe M3Y4YEHHE JAOCTYIHOCTH XPOMaTHHA B paioHE
NPEeICKa3aHHbIX MOCIIEeI0BATEIbHOCTEH.

Memoowvt u anecopummwr:  Ilpenckazanneie meromom MADHS  npomoropHbe
MOCJIEI0BATEIbHOCTH OBLIM BBITPY)KeHbl W3 ba3bl AaHHBIX MOTEHUHAJIBHBIX MPO-
MOTOPHBIX MOCJIEA0BATEILHOCTEH (HOCTYyIMHO 10 aapecy: http://victoria.biengi.ac.ru/cgi-
bin/dbPPS/index.cgi), Bcero Obut0 0TOOpaHo 126 mociemO0BaTEIFHOCTER W3 XPOMO-
coMbl 1 TeHoMa puca ¢ HauOOJBIIMM apryMEHTOM HOPMAIILHOTO paclpeelieHHs,
KOTODPBIM IIOKa3bIBa€T CTENEHb HECIyYalHOCTH CO3JaHHOTO BBIPABHUBAHUS MpPU
Mpe/IcKa3aHuy. B TeHoMe 3TH MOCie0BaTeNbHOCTH PACIIONOKEHbI Ha PACCTOSIHUN HE
o6mmke 1000 1. H. OT U3BECTHBIX TEHOB M He OMiKe, yeM Ha 200 1. H. OT TPaHCIIO30HOB
u SINE noBTopoB. DTO rapaHTUpyeT, YTO NpeACKa3aHHbIe TOTEHIIMATbHBIE TIPOMOTOPHI
HE CBSI3aHBI C TPAHCIIO30HAMH U IIPOMOTOPAMHU M3BECTHBIX T€HOB. [lyinHa BBHIOpaHHBIX
MpeICKa3aHHbIX TOTEHIIMATBHBIX IPOMOTOPOB BapbHpyeT oT 428 1o 599 HyKIeoTHIO0B,
a pacCTosiHWE OT HUX JI0 OMIMKANIINX aHHOTHPOBAHHBIX TPAHCKPUNTOB — oT 1044 mo
92 434 1. n.

[Touck TpanckpubupyeMbix ydactkoB JIHK (moTeHmuanpHBIX HEaHHOTHPOBAHHBIX
CalTOB  cTapTta  TPAHCKPWIIMH) 32  IMOTEHIUAIBHBIMH  IPOMOTOPHBIMHU
MOCJIEA0BATEILHOCTAMHA POBOAMIICS MyTEM aHaJIW3a PE3yJbTaTOB CEKBEHUPOBAHUS
Kam-aHanu3oB dkcnpeccun renoB (CAGE-seq) puca O. sativa, noctynusix B SRA NCBI.
JlaHHBIN aHAN3 TO3BONIIET KAPTHUPOBATH OOJBIIMHCTBO CAMTOB Hadaja TPAHCKPHITIIUU
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W, KaKk CcJeJICTBHE, WX NPOMOTOPOB. AJjamTepbl M UYTEHHS HHU3KOIO KadecTBa B
HEOOpabOTaHHBIX [AHHBIX CEKBEHHPOBAHMS YAAISUIMCH ¢ momouibio Trim-Galore.
BripaBHUBaHUE OTGWIBTPOBAHHBIX AAHHBIX HAa T'€HOM II€PBOHl XPOMOCOMBI pHCa
MPOBOIUIIOCK € TOMoIIIbI0 howtie2 ¢ ommeit very-sensitive. ITonyueHHBIH B pe3yibTaTe
bam-c¢aiin Ob1 KOHBepTHpOBaH B Sam-(aiis, MPOMHICKCUPOBAaH M OTCOPTUPOBAH C
HOMOIIBI0 MHCTPYMEHTOB Samtools, 3atem u3 storo ¢aiina ObUIM MONyYEHBI MHKH,
XapakTepU3yIOLIe Y4YacTKM IIOTEHLMAJbHBIX CAaWTOB CTapTa TPaHCKPHIILUH.
PaccrosiHue oT HUX [0 TpeAcKa3aHHBIX MPOMOTOPOB OLIEHHBAIH C WCIOJNb30BAaHHEM
Bedtools closest. B pesynbrate oTOMpanuch npenckasanHble IPOMOTOPBI, 32 KOTOPBIMH
B HampaplieHNH 3 OBLIN OOHAPYKEHBI TIOTEHIINATIHHBIE CAUTHI HaYajla TPAHCKPHUITIIUH B
npenenax 1000 n. H. Busyanu3zanus BeIOpaHHBIX JaHHBIX OCYIECTBISUIACH C TIOMOILBIO
PyGenomeTracks.
CrpyKTypa XpoMaTuHa aHaJIM3MPOBAIACh ITyTEM H3YyYEHHs AAHHBIX CEKBEHHPOBAHMUS
ATAC-seq, taxke B3aTbix n3 SRA NCBI, mo3Bossiomux pacro3HaTh OTKPBITHIC
YYaCTKM XpOMarTuHa, IOCTYMHbBIE A TOocaaku (DakTOpOB TPAHCKPHIIUH. Takue
YYacCTKM MOTYT NOMOTaTh B WACHTH(OUKAIMH MPOMOTOPHBIX IOCIEI0BATEIBHOCTEH.
Anroputm neiictuii ¢ maHapIME ATAC-Seq ObUT HACHTUYEH BBIIIIEONTUCAHHON paboTe
¢ nanabiMu CAGE-seq, 3a uckiIto4eHreM MOoCIeIHET0 3Tama; MOCe BhISBICHUS TUKOB,
XapakTepU3YIOMIUX OTKPHITYI0 00JacTb XpOMaTHHA, OTOWPAINCh TPOMOTOPHI,
UMEIOIUE TEePECceUCHUE C MMKAaMH, TOT/Ia KaK PacCTOSHUE A0 OMKaHIIMX MUKOB HE
U3y4alioch.
Peszynomamur: Tlpn ananuze nanaeix CAGE-seq Obl10 00Hapy»XeHO HaJMuhe YETKHX
MTUKOB, XapaKTepHBIX IS 00JacTell CAalTOB CTapTa TPAHCKPHUIILMH, PACIIONOKCHHBIX B
CBOOOJHBIX OT aHHOTHPOBAHHBIX TPAHCKPHUIITOB YYaCTKax TIE€HOMa. OTO MOXKET
CBUJICTENILCTBOBAaTh O BO3MOXKHOM CYIIECTBOBAaHHUHM paHee HEaHHOTHPOBAaHHBIX
TPAHCKPHIITOB B TEeHOME puca. J0CTOBEPHOCTh MOMYYCHHBIX PE3YJIbTaTOB Oblia
nonreepxkaeHa HamnuneM mukoB CAGE-seq B paiioHax 5’-KOHIIOB aHHOTHPOBaHHBIX
TpaHckpunToB. M3 126 o0TOOpaHHBIX paHee MpeACKa3aHHBIX MPOMOTOPHBIX
MOCJIEIOBAaTeIFHOCTE OBUIO BBIABICHO 14 TPOMOTOpPOB, HMEOIIUX 3a coOoM
MOTEHIHANbHBIE CAUTHI CTapTa TPAHCKPHUIILINH:
* 3 moreHmUaNbHBIX 1SS pacmonoxkensl He namee 100 m.H. oT 3'-KOHIIOB
npecKa3aHHBIX TPOMOTOPOB;
* 9 moreHuuanbHbIX TSS, nepecekaronuxcs ¢ 3'-KOHIIAMU NMPEACKA3aHHBIX MTPOMO-
TOPOB;
* 2 MOTEHIMAIBHBIX 1SS, pacnosoxeHHbIXx Ha pacctosiHuu oT 100 mo 1000 m. H. oT
3’-KOHIIOB TIPeICKa3aHHBIX TPOMOTOPOB.
B pesynbrare ananmuza ATAC-seq u3 126 npenckazaHHbIX TPOMOTOPOB OBUTO OTOOPAHO
16 nmocnenoBarenbHOCTEN, epecekaromuxcs ¢ nukamMu ATAC-seq. ITo yka3bIBaeT Ha
TO, YTO Tpe/ICKa3aHHbIE POMOTOPHI PACIIONIOKEHBI B OTKPBITHIX YU4aCTKax XpoMaTrHa,
JOCTYIHBIX JJIS1 IIOCAIKH TPAHCKPHUIILUOHHBIX (PaKTOPOB.
Buvigoowi: W3 126 mnepBoHaYabHO OTOOPAaHHBIX IMPENICKAa3aHHBIX IPOMOTOPHBIX
mocienoBaTenbHOCTEH: 14  Tpencka3zaHHBIX MPOMOTOPOB HMMEIOT 3a  CO0Oif
MOTEHIIMANBHYIO TPAHCKPHUIIIMIO U 16 HaXOASTCS B OTKPHITOH 00JacTH XpoMaTHHA.
Tonpko 4 mpeacka3aHHBIX MPOMOTOPA YIOBJIETBOPSIOT OOOMM YCJIOBHUSIM IIPOBEPKH.
JlaHHBIE TIOCIENOBATENHHOCTH HAWOOJIEe BEPOATHO SABJISIOTCS MPOMOTOPHBIMHU
00J1acTMH U PEKOMEH/IOBaHbI K JajbHEHIIIel SKCIIepUMEHTATbHOM poBeEpKe iN Vivo.
Qunarncuposanue. ViccinemoBanne BBIOTHEHO MPU Mojiepxkke MuHoOpHayku Poccun
B pamkax cornamenus Ne 075-15-2022-318 ot 20.04.2022 o npeaocTaBieHUH IPaHTa B
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¢dopMme cyOcumuii u3 ¢eneparbHOro OMOPKETa Ha OCYIIECTBICHHE TOCYAapCTBEHHOMN
MOJUICP)KKA  CO3JIaHWsS W Pa3BUTHS HAYYHOTO IIEHTpAa MHPOBOTO  YPOBHS
«ATPOTEXHOJIOTUH OYIyILIETOY.
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Motivation and Aim: Search, prediction, and identification of unannotated promoter
sequences can play a fundamental role in the discovery of functional regions in genomes
that have not been previously annotated. However, currently existing promoter
prediction algorithms do not exclude the occurrence of false positives, which is a serious
problem in computational biology. Therefore, in the presence of predicted promoter
sequences, it is reasonable to carry out additional testing of their properties to confirm
the possibility of their functioning in the genome as regulatory elements. The aim of this
work was to check the predicted by the MADHS method [1] promoter sequences of the
1st chromosome of the rice O. sativa genome for the presence of potential unannotated
transcription start sites near their 3'-end, as well as to study chromatin accessibility in
the region of the predicted sequences.

Methods and Algorithms: Promoter sequences predicted by the MADHS method were
downloaded from the Potential Promoter Sequences Database (available at
http://victoria.biengi.ac.ru/cgi-bin/dbPPS/index.cgi), and 126 sequences with the largest
normal distribution argument were selected from chromosome 1 of the rice genome,
indicating the degree of nonrandom alignment created during the prediction process. In
the genome, these sequences are located no closer than 1,000 bp from known genes and
no closer than 200 bp from transposons and SINE repeats. This ensures that the predicted
potential promoters are not linked to transposons and promoters of known genes. The
length of the selected predicted potential promoters ranges from 428 to 599 nucleotides,
and the distance from them to the nearest annotated transcripts ranges from 1,044 to
92,434 bp.

A search for transcribed DNA regions (potential unannotated transcription start sites)
behind potential promoter sequences was performed by analyzing the results of gene
expression sequencing analysis (CAGE-seq) of rice O. sativa available at NCBI SRA.
This analysis allows mapping of most transcription start sites and, as a consequence,
their promoters. Adapters and low-quality reads in the raw sequencing data were
removed using the Trim-Galore program. Alignment of the filtered data to the genome
of the first rice chromosome was performed using the bowtie2 program with the -very-
sensitive option. The resulting bam file was converted to a sam file, indexed and sorted
using Samtools tools, then peaks characterizing regions of potential transcription start
sites were extracted. The distance from these to predicted promoters was estimated using
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Bedtools closest. As a result, predicted promoters were selected, behind which potential
transcription start sites within 1000 bp were detected in the 3' direction. The selected
data were visualized using PyGenomeTracks.
Chromatin structure was analyzed using ATAC-seq sequencing data, also taken from the
NCBI SRA, which allows us to recognize open regions of chromatin available for
landing transcription factors. Such regions can help in the identification of promoter
sequences. The algorithm of actions with ATAC-seq data was identical to the work with
CAGE-seq data described above, except for the last step: after identifying the peaks
characterizing the open region of chromatin, promoters overlapping with the peaks were
selected, and the distance to the nearest peaks was not studied.
Results: Analysis of CAGE-seq data revealed the presence of distinct peaks
characteristic of transcription start site regions located in regions of the genome that do
not contain annotated transcripts. This may indicate the possible existence of previously
unannotated transcripts in the rice genome. The validity of the results was confirmed by
the presence of CAGE-seq peaks in the 5'-terminal regions of annotated transcripts. Out
of 126 selected previously predicted promoter sequences, 14 promoters with potential
transcription start sites behind them were identified:

» 3 potential TSS located no further than 100 bp from the 3'-end of the predicted

promoters;
» 9 potential TSSs overlapping with the 3'-ends of predicted pro-motors;
+ 2 potential TSS located between 100 and 1000 bp from the 3'-end of predicted
promoters.

ATAC-seq analysis selected 16 sequences that overlapped with ATAC-seq peaks from
126 predicted promoters. This indicates that the predicted promoters are located in open
regions of chromatin accessible for seeding of transcription factors.
Conclusion: Of the 126 previously predicted promoter sequences selected: 14 predicted
promoters have potential transcription behind them and 16 are located in the open region
of chromatin. Only 4 predicted promoters satisfy both validation conditions. These
sequences are the most likely promoter regions and are recommended for further
experimental verification in vivo.
Funding: The study is supported by the Ministry of Science and Higher Education of the
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2022 on providing a grant in the form of subsidies from the Federal budget of Russian
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of a World-class Scientific Center “Agrotechnologies for the Future”.
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