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Momusayus u yenv. B 3yKapuOTHUECKMX KIIETKAaX B KaXKAOM KICTOYHOM IIHKJIE
UCTIONIB3YETCS JINIIB HEOOIIBIIAs 10 TOTEHINATBHBIX CAHTOB HHUIMALNH PETUTHKALIN
JHK, npu 5ToM KaxKOpld CalT XapakTEepU3yeTCs ONPEACIICHHOH BEPOSITHOCTHIO
(3¢ hexTHBHOCTHIO) MHULIMANINN PeTUTHKauK. [loTuTeHHbIE XPOMOCOMBI Ip030(HIIBI B
COYETaHUM C MHUKPOCKOIHUEH CBEPXBBICOKOTO pa3pelieHus MAaloT YHHUKAIbHYIO
BO3MOJKHOCTB JUIS aHAJIN3a BEPOSTHOCTHOIO XapakTepa MHUIMAIMU PEIUTMKAIMU Ha
YIBTPACTPYKTYpPHOM YpOBHE. PaHee MbI MOKa3zanM, YTO HMHUIMALUS PEIUIMKALUN B
MOJIMTEHHBIX XPOMOCOMAax MPOHUCXOAUT MPEHMYIIECTBEHHO B HHTEpBAaX MEXKIY
HanOoJIee KOMIAKTHBIMH TUCKAMH MOJIUTEHHBIX XPOMOCOM, @ BHYTPH 3TUX HHTEPBAJIOB
MHUIIMALUS HOCHT BepOSITHOCTHBIN Xapaktep [1, 2]. Kaxxuplit nHTEpBa JeHCTBYET Kak
30Ha MHUIMAIUY PETUTHKAINY, T1e Ha Kaxaoi Huta JJHK pennmukanust uHUIMupyercs
JMIIb Ha OJJTHOM U3 MOTCHINATIBHBIX OPHUKUHOB PEIUIMKAIIMU. JTH 30HBI CYILIECTBEHHO
Pa3IMYarOTCs M0 BEPOSTHOCTH WHHUIMALMK PEIUIMKAIMKN B €IUHUIYY BpeMeHH. Llenbio
paboTbl  OBUIO BBISIBUTH 30HBI, HWHHUIUHUPYIOUIME PEIUIMKAIMI0 MaKCHUMAalIbHO
3G PEKTHBHO, U BBISCHUTD, Kakue (HaKTOPHI BIUSIOT Ha 3QPEKTHBHOCTh HHUIMAIIUH B
MOJIMTEHHBIX XPOMOCOMaX CIFOHHBIX kene3 Drosophila melanogaster.

Memoowt u areopummoel: Mbl aHAIM3UPOBAITU CAaUTHI paHHEH d3PPEKTUBHON MHUAIALINT
pEIUTHKAIMY Y JTMYUHOK JTUKOTO THIIA, & TAKXKE MPU WHAYKIMH SKTOMHYECKOH S (azbl
ciabbIM TEIUIOBBIM IIOKOM Y JIMYMHOK JIMHHN Apo30Qui, Hecyuux TpaHcreH hsp70-
CycE [3]. s Bu3yanu3auuy peruidKaliy UCTIOIb30BaId UMITYJIBCHOE BKIIOYCHHE 5-
sruHm-2'"-ne3okcuypuand (EAU). s Buzyanu3anuu B MOJMTEHHBIX XPOMOCOMax
AKTHBHOW TPAHCKPUIILIUH U CBS3bIBAHUS TPAHCKPHUITIIHOHHBIX (DaKTOPOB HCIIOIB30BAIN
UMMYHOOKPAIIUBAHUE TTOJMTECHHBIX XPOMOCOM COOTBETCTBYIOIIMMHU aHTUTETaMH. [1ist
BBISIBIICHHS IUTOJOIMYECKAX CHTHAJIOB B TIOJMTEHHBIX XPOMOCOMAaX ¢ MaKCUMAaJIbHBIM
paspelrieHueM Oblla HCIOJIb30BaHA MHKPOCKOIHS CBEPXBBICOKOT'O pa3pelieHusl co
CTpYKTypupoBaHHbIM ocBerenuem (3D-structured illumination microscopy, 3D-SIM).
Pezynomamur 1 6v1600vi: Mpb1 BbIsiBUIKM OKO0JO 80 cailToB o4yeHb 3((EKTHBHOM
WHUIIMAIAY PAaHHEH PeTUIMKAIUK, B KOTOPHIX WHHUIIUAIINS IPOUCXOTUT Ha OOJBIINHCTBE
HUTEH IMOJIMTEHHOW XPOMOCOMBI B IEpBbIE HECKOIbKO MHUHYT S ¢a3el. HekoTopsie
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XPOMOCOMHBIC JIOKYCHI JIEMOHCTPUPOBATIH 3PPEKTUBHYIO HHUIIUAIMIO PEILTUKAIIIY Ha
BCEX aHAIM3UPYEMBIX CTAIUAX JIMYMHOYHOTO PA3BUTHS, TOTA KaK APYTUE BRICTYIIAIN B
pornu 3(h(GEKTUBHBIX CANTOB WHUIMAIMU PEIUTMKAIMA TOJIBKO HA OMPEICICHHBIX
cTamusix. MHOTHE CalThl COOTBETCTBOBAIM JIOKYCaM T'€HOB, TPAHCKPHIIIUS KOTOPBIX
peryJiupyeTcss TOPMOHOM OJKIW30HOM, M CalTaM CBSI3bIBAHUS aHTUTENI K OCIKY
peuenropa skau3ona (ECR). Ilpu 5TOM y JHYMHOK IMKOTO THIMA WHUIHAIMS
PEIUTHKAIIMY U AKTUBHAS TPAHCKPHUIIIIHS B 3THUX JIOKYCaX MPOUCXOJIAT HA PA3HBIX dTarax
pPa3BUTHUS, YTO MOXKET OBITh CBSI3aHO C MEXaHU3MOM H30eraHusl KOH(IUKTAa MEXITy
peIUIMKanuell W TPAHCKPHIIIUEH B 3THX JOKycaX. VICKItoueHHeM SIBISCTCS TpyIa
TCHOB SQS, MPOU3BOJAIINX CEKPET CIIIOHHOW JKeNe3bl, MaKCHMaJIbHAs OSKCIpPECcCUs
KOTOPBIX COBIIAJACT CO CTaJWCH Pa3BUTHs, KOTJIa MHOTHE KIETKH CIIFOHHBIX JKele3
BcTynmawT B S (a3y. Jlokanuzanus BISBICHHBIX CAaTOB Ha TEHOMHOHN KapTe W aHAIH3
pacnpeneneHus (HakTOPOB TPAHCKPUIIIMH W MOAMGDUKAIUA XpOMATHHA MO3BOJIHI
cAenaTh BBIBOJA, YTO B KIETKaX CIIOHHBIX Jkenme3 Hambomee dddexkTrBHbIE
OpI/IIDKI/IHI)I/KJ'IaCTepI)I OPUPKUHOB TOABJIAAIOTCA B Y4YaCTKaX XpOMOCOM, HECYHIUX
SHXaHCEPHBIC MapKEPHI.
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Motivation and Aim: In eukaryotic cells, only a small fraction of potential DNA
replication initiation sites is used in each cell cycle, and each site is characterized by a
certain probability (efficiency) of replication initiation. Drosophila polytene
chromosomes, combined with super-resolution microscopy, provide a unigque
opportunity to analyze the probabilistic nature of replication initiation at the
ultrastructural level. We have previously shown that the initiation of replication in
polytene chromosomes occurs predominantly in the intervals between the most compact
polytene chromosome bands, and within these intervals the initiation is probabilistic
[1, 2]. Each interval acts as a replication initiation zone, where on each DNA strand,
replication is initiated at only one of the potential origins of replication. These zones
differ significantly in the probability of replication initiation per time unit. The goal of
the work was to identify the zones that initiate replication very efficiently and to find out
what factors influence the efficiency of initiation in D. melanogaster salivary gland
polytene chromosomes.
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Methods and Algorithms: We analyzed very efficient early replication initiation sites in
wild-type polytene chromosomes, and in chromosomes of hsp70-CycE larvae [3] after
ectopic S phase induction [2]. To visualize replication, 5-ethynyl-2'-deoxyuridine (EdU)
pulses were applied. To visualize active transcription and binding of transcription factors
in polytene chromosomes, immunostaining with appropriate antibodies was performed.
To analyze the ultrastructure of chromatin and immunosignals at the super-resolution
level spatial structured illumination microscopy (3D-SIM) was applied.

Results and Conclusions: We identified ~80 very efficient early replication initiation
sites, in which initiation occurs on most polytene chromosome strands during the first
few minutes of the S phase. Some chromosomal loci demonstrated efficient initiation of
replication at all stages of larval development analyzed, whereas others acted as effective
replication initiation sites only at certain stages. Many of the sites corresponded to gene
loci whose transcription is regulated by the hormone ecdysone and stained by antibodies
to the ecdysone receptor (EcR) protein. Moreover, in wild-type larvae, the initiation of
replication and active transcription in these loci occur at different developmental stages,
which may be associated with a mechanism to avoid a conflict between replication and
transcription. An exception is the group of sgs genes that produce salivary gland
secretions. Here the maximum transcription coincides with the developmental stage
when many salivary gland cells enter the S phase. The localization of the identified
efficient early replication initiation sites on the genomic map and the analysis of the
distribution of transcription factors and chromatin modifications led to the conclusion
that in salivary gland cells, the most efficient replication origins occur in chromosomal
regions containing transcriptional enhancers.

Funding: The study is supported by RSF (No. 24-14-00133).
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