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Momueayusa u yenw: Tpun JHK-3aBucumble PHK-nonumepasbl ocymiecTBISIIOT TpaHC-
Kpuniio Bcex TunoB monekyil PHK B kimerkax sykapuor. 910 PHK-nmomumepasa |
(Pol I), xotopast Ttpanckpubupyer mnpeamectenHuk pPHK, PHK-mommmepaza |l
(Pol I), koTopast TpaHCKpHOUpYET mNpeamiecTBeHHIKH HHpopMannonHbix PHK wu
pasnuuHbIX peryistopHbix Hekomupyrommx PHK, nu PHK-nomumepasa Il (Pol 111),
KOTOpasi TpaHCKpuOupyeT mnpeamectBeHHukn Manbix PHK, Bkmouas Bce TPHK,
5SpPHK, 7SLPHK, mansix ssnepusix PHK U6 [1], a Takke MOOHUIbHBIE TEHETUIECKHUE
aneMeHThI, Ha3zeiBaeMble SINE [2]. B pacTeHHAX HONOTHUTETHHO MPHUCYTCTBYIOT €IIe
e PHK-omumepassi [3]. KimroueBsiM (haktopom tpauckpurmimu Pol |1 seisiercs 6emok
(TBP), pacnioznatoruiit TATA-60kc B 6a3aibHbIX MPOMOTOpax reHoB matpuuHoii PHK.
Panee MBI MOKa3anu, YTO MO3ULHKS CBSI3BIBAHUS €T0 B OKPECTHOCTAX —28 II. H. OT cTapTa
TPAHCKPHUIILUH OIpeNesieTcsl JOKATbHBIMU CTPYKTYpHBIMU cBoiicTBamu JIHK Ha s3TOM
yuactke [4—6]. DTOT O6eJIoK MPUCYTCTBYET U B TPAHCKPHUITIIMOHHBIX KoMIutekcax Pol | u
Pol I11. Tespto manHO# paboTh OBUTO BHISIBJICHHE aHAJIOTHYHOTO caifTa CBsA3bIBaHus T BP
B oOnactu, npeamectBytomeii renam TPHK B reromax sykapuor.

Memoowt u ancopummer: Mbl uctionb3oBanu koyutekimioo TPHK 7 sykapuot: S. pombe
972h- (171 rewn), S. cerevisiae S288c (273 rena), A. thaliana TAIR 10 (642 rena),
D. melanogaster (BDGP Rel. 6/dm6) (290 remos). C.elegans W Bcel235/ce 11
(580 rernor), Mus musculus GRCm39/mm39 (400 renos) u H. sapiens GRCh38/hg38
(429 renoB), Haxozsurytocs B 6a3e mannbix reHomHbix TPHK (GtRNAdD). Dta 6a3za
conepxut rerasl TPHK, BbIsIBIEHHBIE HA OJHBIX T€HOMAX ¢ HOMOLIBbIO KOMITBIOTEPHOTO
norcka nporpammoit tRNAscan-SE. Mbl npoaHanmu3upoBany HyKJICOTUIAHBIA TEKCT H
W3MEHEHUS JIOKAIBHOW MPOCTPAHCTBEHHOH CTPYKTYpHl (pparmentoB anuHo# 80 H. 1. B
okpectHOCTsAX Hadana reHoB TPHK (—50/+30). beum ompeneneHsl mpodwim 9acToT
BCTPEYaEMOCTH MOHOHYKJICOTHIIOB, HX JIOTO-TIPEICTAaBJICHHA, a Tarke Ipoduin
W3MEHEHUH (PU3MYECKUX M CTPYKTYpPHBIX MapaMeTpOB MHTEHCHBHOCTEH YIIbTPa3ByKO-
BoTO pacmieruienst, u pacmermenus J{HKazoit 1. Jlns aToit menn Hamu Oblia HammucaHa
nporpamMma Ha Python 3.10.

Pezynemamur:  Oxazanoch, 4T0 Npo(uiu, XapaKTEepU3YIONIHNE TEKCTHl YYacTKOB,
npeanecTByonux reaam (0T —50 10 —1), CyImecTBeHHO pa3IndaroTes Y pa3HbIX Mpe-
CTaBHUTEJICH SyKapHOT, a HauanbHble yuacTku camux reHoB TPHK (ot +1 1o +30) y Bcex
9yKapuoT WMEIOT CXOIHBIE ITOCIE0BATEILHOCTH M OJMHAKOBBIM KOHCEHCYC Ookca A.
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B oTnmume oT 3TOr0 MpOQUIM CTPYKTYPHBIX W (DH3MUECKHUX MApaMeTPOB, BKIFOUAs
XapaKTEepUCTUKU UHTEeHCHUBHOCTEH pacuierienuid JJHK ynbpTpasBykoM U ¢ MOMOIIBIO
¢depmenta JIHKa3er |, BBISBIAIOT CXONCTBO JIOKAIBHOH CTPYKTYpHl YYacTKOB,
npeanectByonmx redam (-50/-1). DTu cTpyKTypHBIE 0COOCHHOCTH, KOTOPbIE HanboIee
BeIpakeHbl y S. pombe 972h-, moka3zans! Ha puc. 1. CpaBHEHHE CTPYKTYPHBIX TIPOdHICH
BCEX CEMH M3yYeHHBIX OPraHM3MOB yYKa3bIBAIOT Ha pacimpenne Maioi 6oposaku JJHK
Y HU3KYIO SHEPTHI0 M3ruba B CTOPOHY HECaXapHOTO KeI00a, HEMHOTO BapbHPYIOUTYIO
Ha BCEM MPOTSDKEHUM, BIUIOTH 10 Hayalia reHa. Takue O0COOCHHOCTH CTPYKTYpPhI U
muHamuku JIHK BOmm3u renoB TPHK cymiecTBeHHO OoT/iMYarOT MX OT 0a3alibHBIX
npoMotopoB MaTpuuHoii PHK.
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Puc. 1. A. Jloro-nipezacrasienue obnacreit ot —50 10 +30 mst 171 rena TPHK S. pombe 972h-.
B. Crpykrypubie mapamerpst Roll. C. Mobility to bend towards major groove mis obiacreit ot
—50 mo +30 reros TPHK S. pombe 972h- (cuuuii 1iBet) 1 ciry9gaiiHbIX OCTEIOBATEIBHOCTEH
(>xenTHIi)

Buigoowi: Ocobennoctu ctpyktypsl JJHK Ha yuacTkax 6a3ajbHBIX IPOMOTOPOB I'€HOB
TPHK, xoTOpBIE 3aMETHO OTIMYAIOT UX OT MPOMOTOPHBIX YHaCTKOB I'€HOB MaTPUUHOMN
PHK, tpanckpubupyembix PHK-onumepa3oii 1, mo3BonsioT npeanoaokuTs, 4To npu
tparckpuriuu reHoB TPHK TATA-cBsi3biBaronnii 0€JI0K HE UTpaeT KIIF0UEBOH POJIH B
(dhopMUpOBaHUH TpaHCKpUITIIMOHHOTO KoMIuiekca PHK-monmmepassr 1.
Qunancuposanue: ViccienoBanue nojaepano rpantoMm Poccuiickoro HaydHoro goxaa
Ne 24-24-00563 na temy «Pa3paboTka nu(pPOBBIX 00pa3oBaTENbHBIX HPOrpaMM B
OHUOMEIULIHE).
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Motivation and Aim: Transcription of all types RNA molecules is carried out by three
DNA-dependent RNA polymerases in eukaryotic cells. RNA polymerase | (Pol 1)
synthesizes the rRNA precursor, RNA polymerase Il (Pol Il) synthesizes messenger
RNAs and various regulatory non-coding RNAs, and RNA polymerase 1ll (Pol I1I)
synthesizes small RNAs, including all tRNAs, 5SrRNAs, 7SLRNAS, U6 small nuclear
RNAs [1], as well as mobile genetic elements referred to as SINEs [2]. In plants also
function two additional RNA polymerases [3]. A key general transcription factor in
Pol Il machinery is TATA-binding protein (TBP) that recognizes the TATA box in the
basal promoters of RNA genes. We have previously shown that its binding position in
the vicinity of —28 bp from the transcription start (TSS) is determined by local structural
properties of DNA at this site [4-6]. TBP is the component of Pol | and Pol I
transcription complexes also. The aim of this work was to find analogical binding site of
TBP in the region upstream tRNA genes in eukaryotic genomes.

Methods and Algorithms: We utilized the tRNA collection of 7 eukaryotic organisms:
S. pombe 972h- (171 genes), S. cerevisiae S288c (273 genes), A. thaliana TAIR 10
(642 genes), D. melanogaster (BDGP Rel. 6/dm6) (290 genes). C. elegans
W Bcel235/ce 11 (580 genes), Mus musculus GRCm39/mm39 (400 genes) and
H. sapiens GRCh38/hg38 (429 genes), from genomic tRNA database (GtRNAdD). It
contains tRNA genes identified on full genomes by tRNAscan-SE — computer search
program. We analyzed the nucleotide text and changes in the local spatial structure of
fragments 80 np in length in the vicinity of tRNA gene starts (—50/+30). Profiles of
mononucleotide occurrence frequencies, their logo-presentation, and profiles of changes
in physical and structural parameters, ultrasonic cleavage and DNAase | cleavage
intensities were determined. For this purpose, we wrote a program in Python 3.10.
Results: It turned out that the profiles characterizing the texts of the sites preceding genes
(from —50 to —1) differ significantly among the representatives of eukaryotes, while the
sequences of tRNA genes themselves (from +1 to +30) in all eukaryotes are similar, as
well as their consensus of box A. In contrast, all profiles of structural and physical
parameters, including characterization of DNA cleavage intensities by ultrasound and
by the DNAase | enzyme, reveal similarities in the local structure of the regions
preceding the genes (-50/-1). These structural features, which are most pronounced in
S. pombe 972h-, are shown in Figure 1. Comparison of the structural profiles of all seven
organisms studied indicate a widening of the minor groove of DNA and a low bending
energy towards the major groove, slightly varying up to the gene start. These features of
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DNA structure and dynamics near tRNA genes essentially distinguish them from the
basal promoters of matrix RNA.
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Fig. 1. A. Logo representation of the —50 to +30 regions for 171 S. pombe 972h- tRNA genes.
B. Structural parameters Roll. C. Mobility to bend toward major groove for the —50 to +30 regions
of S. pombe 972h- tRNA genes (blue) and random sequences (yellow)

Conclusion: These features of local structure of DNA in the vicinity of tRNA genes,
which markedly distinguish them from the promoter sites of mMRNA genes transcribed
by RNA polymerase Il, suggest that TATA-binding protein doesn’t play a key role in
the transcriptional complex formation of RNA polymerase IlI.

Funding: The study is supported by Russian Science Foundation (No. 24-24-00563) on
the topic “Development of digital educational programs in biomedicine”.
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