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Momusayus u yeaw: Tangemusie noBTopsl (TII) ABIAIOTCS BaXKHOM 4aCTBIO TeHOMA BCEX
MO3BOHOYHBIX )KUBOTHBIX. KOHCTUTYTHBHBIN T€TEPOXpPOMATHH, (POPMHUPYIOIINN TaKHe
(hYHKIIMOHATBHO 3HAYUMBIE YACTH XPOMOCOM, KaK IIEHTPOMEPHBIE, IEPUIICHTPOMEPHEIE
u cyOTenomepHbie paitoHbl, cocTouT B ocHoBHOM 3 TII. TII cocTosT n3 MHOTOKpaTHO
MOBTOPSIIUXCSI MOHOMEPOB JJIMHOW OT HECKOJIbKHMX II.H. 10 HECKOJBKUX T.I.H. OTH
MOHOMepPHI GopmupyroT mons TII nmuHONW A0 HECKOJIBKUX MEecATKOB M.ML.H. M3-3a
0COOEHHOCTEW OpraHu3auy 1 clIokHOCTH cOopku T1I 3auacTyro HenoIpenCcTaBIeHH B
TCeHOMHBIX cOopkax. Opomonust TII Takke sBIseTcs KpailHe MajIOU3yYCHHBIM
BorpocoM. [losiBieHre OOJNBIIOTO KOJMYECTBA COOPOK TEHOMOB, CICIAHHBIX C
WCTIONB30BaHNEM TEXHOJIOTHA CEKBEHHUpOBaHUS C JuuHHBIMH puaamu (PacBio u
OxfordNanopore), no3Bossiet 6osee 3¢ hekTuBHO HccnenoBaTh TI1 1 UX 3BOIIOIHMIO.
Memoowt u ancopummer: ickanu TII B cOopkax reHomoB yisirymku Rana temporaria
(WGS project CAJIMOO1), xomsixkoB Cricetulus griseus (RAZUOL), Mesocricetus
auratus (JAFVMI01), Phodopus sungorus (JANBXAO1) u P. roborovskii (CALSGDO01)
o paHee onucanHou meroauke [ 1]. Paccmarpusanu TI1 ¢ quuoi# nosst >10 T.11.H., Kpo-
Mme npescraButeneit Phodopus y kotopseix paccmarpusainu mosst TIT ¢ mmuHO#R >5 T.11.H.
Hailinennsie moHomepsl cemeicTB TII uckamu B JOCTYNHBIX I'€HOMAaX BCEX BHUIOB
cemetictBa Ranidae s marymkm (R. temporaria, R. kukuronis, R. muscosa, Lythobathes
sylvaticus, L. septentrionalis, Aquarana catesbeiana, Staurois parvus u Glandirana
rugosa) u moxcemeiictBa Cricetinae ayisi XOMSIKOB (yKa3aHHBbIC BhIe BHIBI). [lonck
ocymecTBisur ¢ momoinsio BLAST ¢ mapamerpamu “dust” “no”, “evalue” “1-e4”. U3
nanpHewero ananuza yaasui xutel BLAST ¢ bit-score < 50 u cooTHoIIeHHneM bit-
score/mmHa MoHOMepa TII < 1.

Pesynomamur. B renome R. temporaria naiineno 77 cemeiicts TI1. Cpeau HUX HE HAILTH
SIPKO BBIp@XEHHOro MaxkopHoro mo coaepxanuto TII. 6 cemeiicts TII mpumepHo
OJIMHAKOBHI 0 CyMMapHOH jumHe mojeil. Tonpko 15 u3 HaiimenHeix cemeiicts TII
SIBIISIIOTCS BUIOCTIENU(DUYHBIMU. B TOM 4mcIe Tpu U3 yrcia Hauboliee mpeiCTaBIeHHBIX
B renoMme Rtem1149A, Rtem138A u Rtem35A. Eme 14 cemetictB TII HaliieHb! Takxe
y OmuskopoacTBeHHOro Buaa R. Kukuronis, B ToMm uuciie OJWH W3 Ma)XOPHBIX JIJIS
R. temporaria cemeiicts Rtem494A. OxgHo u3 3tux cemeiicts — Rtem149A B reHome
R. kukuronis npucyTcTByeT B €JMHUYHBIX KOIUIX B OTJIMYME OT reHoMa R. temporaria.
B reromax Bcex Tpex npencraBuTeneii Rana, Ho He mpyrux poaoB HaiieHo 2 ceMelcTBa
TII Rteml103A u Rtem965A, Ho y R. kukuronis m R. muscosa »tu cemeiicTBa
MpeCTaBIeHbl IUHUYHBIMUA Komusimu. Erne oaun u3 maxopusix TIT R. temporaria
Rtem27A mpejcraBieH Takke OOJIBIINM YUCIoM Konuid (6osiee 10 THICSY) U Y APYTHX
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Rana, HO eAMHWYHBIMU KOTIMSAMH Y BUIOB Ipyrux poaoB Ranidae. Oxono 10 cemelicTs
TII R. temporaria uMerOT CXO0HOE COACPIKAHUE B MCCIICOBAHHBIX reHOMax Ranidae,
9YTO MOKET FOBOPUTH O TOM, 4T 3TH TII mponzomnum ot [ucneprupoBaHHBIX TOBTOPOB.
V xomsko (Cricetinae) manum ot 45 (P. roborovskii) mo 65 (P. sungorus) cemeiicTs
TII. ¥V Bcex XOMSKOB OOHapy>KEHBI SPKO BBIpaKCHHBIE MaxxopHble cemeictBa TII
Cgri33A (C. griseus), Maur49A (M. auratus) wmM HECKOIBKO MakOpHBIX TII—
Prob863A, ProbI8A u Prob19A (P. roborovskii); Psun20A, Psunl1212A, Psun32A
(P. sungorus). Y Bcex HcClieIOBaHHBIX BUJIOB OKOJI0 NOJI0BUHBI cemeiicTB TI1 sBistoTes
BUAOCTICHM(UYHBIMYU U HE HAHACHBI Y IPYTUX BUIOB. B OONBIIMHCTBE Cly4aeB K YUCTY
HEBHIOCTIEIM(UIHBIX OTHOCATCS cemeiictBa TII ¢ OTHOCHTENBHO HEOOIBITHM
colepxaHueM B reHoMme. VckiarodeHueM sBisieTcs OAMH W3 MaxopHbeix TII
P. roborovskii Probl8A, koTopelii HaliieH B TeHOMax TpeX APYrHX BUIOB, HO B
xonnuectBe He Oosee 100 Komuid, YTO 3HAYUTEIHLHO MEHBIIE KOIMHHOCTH B T'€HOME
P. roborovskii. JIpyrue cemeiictBa TII ¢ GoJblIM cOoaep)KaHUEM B TeHOMaX JIMOO HE
BCTPEYAIOTCS y APYTUX BUIOB, JTHOO MPECTaBICHB HEOOIBIINM KOJTMYECTBOM KOIIHIA,
K YHCITy TAaKHX CEMEUCTB oTHOCsTCs, Hanpumep, TI1 C. griseus Cgri72A, Cgri23A; TI1
M. auratus Maur24 A, Maur20A u ap. s pona Phodopus wanim 5 pogocnernuduaasix
cemericts TII. Taxke y BHAOB 3TOr0 poJa HALUIA 3HAYUTEIBHOE KOJIWYECTBO
Bunocnenupuuabix TII ¢ MOHOMEpOM AyuHON OKoJio 1 T.ILH. U Oojiee, 00pa3yrIInuX
noist anmHoM O6onee 100 T..u. Tl ¢ TakuMy ATUHHBIMH MOHOMEPAMU YacTO SBISTFOTCS
MPOM3BOAHBIMHU JUCIIEPTHPOBAHHBIX MOBTOpOB [1, 2], HO Hailinennbie Hamu TII He
MOKa3ajIl TOMOJIOTHUH C TUCTIEPITUPOBAHHBIMU ITOBTOPAMHU.

Buisoowi: Hanbonee momymsipHoit mozaensio sBomtonmu TII sBisiercs OmbmmoredHas
runote3a [3]. IlosiBieHne cOOpOK TeHOMOB OIM3KOPOACTBEHHBIX BHIOB IO3BOJSET
NpOBEpUTHh OTy THIOTe3y Ha moidHoM HaOope TII BuIOB pa3HOH creneHH
¢unorenernaeckoi 6nmzoctu. Ilokazano, yto narrepH pacnpenenenus TII B reHomax
Ranidae B 11eiom cooTBETCTBYET OMOIMOTEYHOM THIIOTE3E, B TO BPeMsI KaK y XOMSIKOB
MIPOTUBOPEUHT €. DTO MOXKET CBHACTEILCTBOBATH O TOM, 4TO »BOIIOIHS TTI B pa3zHbIx
rpyInax MO3BOHOYHBIX KMBOTHBIX HJET Pa3HBIMHU MYTSAMH M OOYCJIOBJIEHA pPa3HBIMH
MEXaHU3MaMHU.

Gunancuposanue: ViccnenoBanue noyiepxano rpantom Poccuiickoro Haydsoro $homma
(mpoexT Ne 24-24-00480).
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Motivation and Aim: Tandem repeats (TR) are an important part of the genome of all
vertebrates. Constitutive heterochromatin, which forms such functionally significant
parts of chromosomes as centromeric, pericentromeric and subtelomeric regions,
consists mainly of TR. TR consist of multiply repeating monomers from several bp up
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to several kbp. These monomers form fields up to several tens of mbp long. Specific
features of the TR structural organization complicate the assembly, annotation, and
mapping of heterochromatic chromosome regions that contain TR as the main
component. The evolution of TR is also an extremely poorly studied issue. The
emergence of a large number of genome assemblies made using sequencing technologies
with long reads (PacBio and OxfordNanopore) makes it possible to more effectively
study TR and their evolution.

Methods and Algorithms: We looked for TRs in the genome assemblies of the frog Rana
temporaria (WGS project CAJIMOO01) and hamsters Cricetulus griseus (RAZUOQ1),
Mesocricetus auratus (JAFVMIOL1), Phodopus sungorus (JANBXAO1l) and
P. roborovskii (CALSGDO01) according to a previously described method [1]. TRs with
a field length > 10 kb were considered, except for species of genus Phodopus in which
TR fields with a length > 5 kb were considered. The founded monomers of TR families
were searched in the available genomes of all species of the family Ranidae for the frog
(R. temporaria, R. kukuronis, R. muscosa, Lythobathes sylvaticus, L. septentrionalis,
Aquarana catesbeiana, Staurois parvus and Glandirana rugosa) and the subfamily
Cricetinae for hamsters (indicated above species). The search was carried out using
BLAST with the parameters “dust” “no”, “evalue” “1-e4”. BLAST hits with a bit-score
< 50 and a bit-score/TR monomer length ratio < 1 were removed from further analysis.
Results: 77 TR families were found in the R. temporaria genome. We did not find a
clearly expressed major TR. 6 TR families are approximately the same in total fields
length. Only 15 of the found TR families are species specific. Including three of the most
represented in the R. temporaria genome Rtem1149A, Rtem138A and Rtem35A.
Another 14 TR families were also found in the closely related species R. kukuronis,
including one of the major families for R. temporaria Rtem494A. One of these families,
Rtem149A, is present in single copies in the R. kukuronis genome, in contrast to the
R. temporaria genome. In the genomes of all three representatives of Rana, but not of
other genera, two TR families Rtem103A and Rtem965A were found, but in R. kukuronis
and R. muscosa these families are represented by single copies. Another major TR of
R. temporaria Rtem27A is represented by a large number of copies (more than ten
thousand) in other Rana and single copies in species of other genera. About 10 families
of TRs have similar contents in the studied genomes of Ranidae, which may indicate that
these TPs originated from interspersed repeats.

In hamsters (Cricetinae), from 45 (P. roborovskii) to 65 (P. sungorus) TR families were
found. In all hamsters, major TR families Cgri33A (C. griseus), Maur49A (M. auratus)
or several major TR families were found — Prob863A, Probl18A and Probl9A
(P. roborovskii); Psun20A, Psunh1212A, Psun32A (P. sungorus). In all studied species,
about half of the TR families are species specific and are not found in other species. In
most cases, TR families with a relatively small content in the genome are considered
non-species-specific. The exception is one of the major TRs of P. roborovskii Prob18A,
which is found in the genomes of three other species, but in an amount of no more than
100 copies, which is significantly less than the content in the genome of P. roborovskii.
Other families of TRs with a high content in genomes are either not found in other
species or are represented by a small number of copies; such families include, for
example, TRs C. griseus Cgri72A, Cgri23A; M. auratus TR families Maur24A,
Maur20A and others. For the genus Phodopus, 5 genus-specific TR families were found.
Also, in species of this genus, a significant number of species-specific TRs with a
monomer about 1 kb and more in length were found. This TRs forming fields more than
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100 kbp in length. TRs with such long monomers are often derivatives of interspersed
repeats [1, 2], but the TRs we found did not show homology with interspersed repeats.
Conclusion: The most popular model of TR evolution is the library hypothesis [3]. The
emergence of genome assemblies of closely related species makes it possible to test this
hypothesis on the full set of TRs of different species. It was shown that the distribution
pattern of TRs in the genomes of Ranidae generally corresponds to the library
hypothesis, while in hamsters it contradicts it. This may indicate that the evolution of
TR in different groups of vertebrates follows different paths and is caused by different
mechanisms.

Funding: The study is supported Russian Science Foundation (project No. 24-24-00480).
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