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Momusayus u yenb: XPOMOCOMBI THIIA JIAMIIOBBIX MHIETOK — 3TO oco0das
MPOCTPAHCTBEHHAs OPraHU3alMi XPOMOCOM, 00pa3yroIascs B 0OLUTaX OOJIbIIMHCTBA
’KMBOTHBIX U SIMLCKJIAMYIIMX MICKOUTAOMINX (HO HE APYTHX MIICKONUTAOMNX). st
3TOW CTPYKTYpHl XapaKTEepHBI OONBIION pa3Mep sapa, SIOHTUPOBaHHAS (opma
XPOMOCOM H O4€Hb BBICOKHI YPOBEHBb TPAHCKPHITIMHU. BhIsSBICHNE KPUTHIESCKU BaYKHBIX
TOYEK 1Isi (POPMUPOBAHHS TAKOW CTPYKTYphl C TOCICIYIOMIUM MOJICIUPOBAHUEM
NPOCTPAHCTBEHHOM  OpraHW3allid  TPEJICTABISCT  BAXHYI0  3amady  JUIs
(hyHIaMEHTaTFHOW OMOJIOTHH.

Memoowt u areopummyei: B 0CHOBE UCCIIECIOBAHUS JIGKHUT aHATU3 KOHTAKTOB XpOMaTHa
OJIMHOYHBIX OOLUTOB KYPHIIbI, KAPTUPOBAHHBIX TpH momoinu texHomoruu Hi-C, u
MOJIETTPOBaHMEe B3anMOAEHCTBUS IKcTpyaepoB ¢ PHK-mommmepasoii (bazupyromasics
Ha cratbe [1]). [lepBuunblii ananu3 Hi-C-1aHHBIX MPOBEICH C MCIOJIB30BAaHKUE MaKeTa
juicer-1.6. 3aBUCHMMOCTb BEPOSITHOCTH KOHTAKTOB OT PAacCTOSHHS IOJy4cHa
UHCTpyMeHTamMu Mofyssi cooltools. RNA-seq-manuble moiydeHbl U3 craTbu [2] u
KapTUpOoBaHbI rpu oMok bwa (ver. 0.7.17-r1188) ¢ mocieayroiei pa3MeTKoi reHOB
nakeroM stringtie (v2.2.2). ABromMaTrdeckas pa3MeTKka JOMEHOB XpPOMATHHA BBITIOJIHEHA
urctpymentoMm lavaburst (v0.2.0). MoaenupoBanue MPOCTPAHCTBEHHOM OpraHU3aIMN
BoinostHEHO Tipu  momom  polychrom (v0.1.0) [3]. Crarucruueckas o6paboTka
NpOU3BOIMIIACK Ha si3bIKe Python.

Pesynomamur: Ha kaprax mpOCTPaHCTBEHHBIX KOHTAKTOB XPOMOCOM THIIA JIAMITOBBIX
IIETOK BBIICJICHBI JIOMEHHBIE CTPYKTYphl. [loka3aHa BBICOKas BOCIPOHM3BOIUMOCTH
pacHOJIOKEHUSI TPAHUIl JTOMEHOB MEXIy OJMHOYHBIMH OOIMTAMH KypHIBI (110
CPaBHEHHIO C OJMHOYHBIMH OOI[MTAMH MbIIIHK). Bosblas 4acTe TpaHUIl JOMEHOB B
00IIMTaX HE copepkuT caittoB mocaaku Oenka CTCF, uyTo uckiIro4aeT THUIMHYHBIN IS
OONBIIMHCTBA KYPUHBIX KIETOK MEXaHU3M (OPMHUPOBAHMS JOMEHOB MOCPEICTBOM
B3aumMozeiicTBus koresumHa c¢ Oenxkom CTCF. Bombinas d9acte rpaHUIl JOMEHOB
HAaXOAMTCS MEXKIY TeHaMH, KOHBEPT€HTHO OPHEHTHPOBAHHBIMU JPYT OTHOCHTEIHHO
npyra. KongeHcanus XpoMOCOM MPpH MCKYCCTBEHHOM «BBIKITIOYEHUM» TPAHCKPHITLIHN
MO3BOJIAET  IPEHAINOJIOKUTh aKTHBHOE B3aumopelictBue SMC-koMIUIEKCOB ¢
XPOMATHHOM, @ HAJMYWE AaKTHBHBIX TCHOB B TPAHHUIAX JOMEHOB MPHUBOJHUT K
NPEANOIOKEHHI0 O (OPMUPOBAHMM TPAHUI] JIOMEHOB XPOMAaTHHA IOCPEACTBOM
B3aUMOJICUCTBUSL aKTHUBHBIX 3KCTpyAepoB ¢ PHK-nosmMepasHbIM KOMIIJIEKCOM.
[IponsBenena oreHKa HapaMETPOB 3KCTPYJEPOB, HEOOXOAWMBIX /ISl aJ€KBAaTHOTO
BOCIPOM3BE/ICHHS MATTEPHOB MPOCTPAHCTBEHHOW OpPraHM3allMd XpOMaTHHA KypUHBIX
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oonutoB. [IponsBenena omeHka mioTHocty nocaaku PHK-nonnMepas Ha ocHoBaHMM
nanabix RNA-seq. IIpoBeneHo MopenupoBaHHME pazIMYHBIX YYaCTKOB XPOMAaTHHA
XPOMOCOM THIIA JIAMIIOBBIX IMETOK. [I0Ka3aHO COOTBETCTBHE HAOIIOIAEMBIX B MOJICIISX
3aKOHOMEPHOCTEH C aHAJOTUYHBIMU 3aKOHOMEPHOCTSIMH Ha KapTe MPOCTPAaHCTBEHHBIX
KOHTaKTOB.

Bu1600si: DopMupoBaHUE XPOMOCOM THTIA JIAMITOBBIX IETOK 00YCIOBIEHO, TTO OOJBIIEeH
YacTH, BBICOKAM YPOBHEM TPAHCKPHITIMOHHON aKTHBHOCTH. Bojblioe KOIUYECTBO
PHK-matpukca  yBenmMuuMBaeT NEPCHUCTEHTHYIO JJIMHY  y4YacTKOB  aKTUBHOMU
TPAHCKPHIILIUKM CO3/1aBasi TETJIH, JJMHA KOTOPBIX JOMOJIHUTEIHHO YBEINYHBACTCS
Osaroaps yIaueHuIo HykieocoM. bosbiias yacth marrepHoB koHTakToB Ha Hi-C kapre
o0bsicHseTcs B3aumogeiictBeM SMC-KoMmIIieKca ¢ akTHBHBIMU TTOJIMMEPa3aMH.
Qunancuposanue. Pabora BeimonneHa npu noanepxke PHO 22-14-00247.
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Motivation and Aim: Lampbrush chromosomes represent a distinctive spatial
arrangement of chromatin formed in the oocytes of most animals and oviparous
mammals (but not other mammals). This structure is characterized by the large nucleus
size, elongated chromosome shapes, and a very high levels of transcription. The
identification of essential mechanisms underlining formation of such a structure,
followed by the modeling of spatial organization, is an important task for fundamental
biology of chromatin.

Methods and Algorithms: The study is based on the analysis of single-cell Hi-C data
produced from chicken oocytes and modeling of the interaction of the chromatin
extruders with RNA polymerase (based on the article by Mirniy et al. 2023 [1]). Hi-C
data was preprocessed using the juicer-1.6 package. The dependence of the contact
probability from genomic distance was accessed using cooltools software. The RNA-seq
data was obtained from [2], and alignment was performed using the bwa package (ver.
0.7.17-r1188), followed by transcriptome assembly using the stringtie package (v2.2.2).
Automatic chromatin domain segmentation was performed by the lavaburst tool
(v0.2.0). Spatial organization modeling was performed using polychrom (v0.1.0) [3].
Statistical processing was performed in python.

Results: We identified chromatin domains based on the analysis of the Hi-C maps. We
show that reproducibility of domain boundaries between individual chicken oocytes is
substantially than for single mouse oocytes. Most of the domain boundaries in chicken
oocytes do not contain CTCF protein binding sites, which is inconsistent with the
mechanism of domain formation through the interaction of cohesin with CTCF, typical
for most chicken cell types. Most of the domain boundaries are located between
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convergently transcribed genes. Based on the previous evidence of 1) lampbrush
chromosome condensation caused by transcription inhibition and 2) the presence of
SMC complexes on lampbrush chromosomes, we proposed formation of chromatin
domain boundaries through the interaction of active extruders with the RNA polymerase
complex. We determined parameters of extruders necessary to reproduce patterns
detected in chicken oocyte Hi-C data. The separation between RNA polymerases of each
transcription unit was estimated based on RNA-seq data. Using these praters, we
developed models of several lampbrush chromosome loci and showed correspondence
of the patterns observed in the models with the patterns on the corresponding Hi-C maps.
Conclusion: The formation of lampbrush chromosomes occurs mainly due to very active
transcription. A large amount of RNA matrix increases the persistent length of active
transcription sites and results in the formation loops. The length of loops is further
increased due to the nucleosomes removal. Most of the contact patterns on the Hi-C map
were explained by the interaction of the SMC complex with active polymerases.
Funding: The study is supported by RSF 22-14-00247.
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