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[TpoGnema nonnmanus GyHKIIMOHUPOBAHMUS YEIIOBEUECKOTO U APYTUX DYKAPHOTUUIECKUX TEHOMOB SIBJISIETCSI OJJHOH U3
KJIFOYEBBIX 3a/1a4 MOJICKYJISIPHOW OMOJIOTHMH, OMOMH(POPMATUKH U OMO(DU3NKH MOCICAHUX JAeCATHICTHH. OrpoMHYyIO
POJb B MCCIEOBAaHMM T€HOMOB CBHITPANX U MPOJOJKAIOT UIPaTh METOABI TCHOMHKH, OCHOBAaHHBIC HAa TEXHOJOTHAX
CEKBEHHMPOBAHUsI. YCIEX 3THX METOJ0B BO MHOTOM OOYCIIOBJIEH TeM (yHIaMEHTaJIbHbIM (DAaKTOM, YTO >KHUBBIC
CHCTEMBI MCIOJIB3YIOT JIUCKPETHYIO HU(POBYIO OCHOBY JIsi KOJMPOBAHUS M IEpeiadyd FeHEeTHYeCKOH MH(pOpMaIUu
B Bujie nocnenosarenbHocteit JIHK/PHK u GenkoB. OnHako 0oblias 4acTh MPOIECCOB PEryssiiiii paboThl TEHOMOB
W CBs3aHHAsh ¢ HUMU 00paboTka MH(POPMALIMOHHBIX CHIHAJIOB OOYCIIOBJICHBI YK€ «aHAJOTOBBIMUY (U3MUECKHUMHU
B3aUMOJICHCTBUSIMU MOJICKY!T B (DU3UUECKOM HOCHTEJIE FeHOMA, KOUM SIBIISIETCS] XPOMATHH, TUHAMHYECKUN KOMITIIEKC
mosekynn JJHK, PHK u 6enkoB B siipax KiIeToK.

MenaneHHblid porpecc B IEJIOCTHOM TOHHMaHUM pabOThl XpOMarHHa OOYCJIOBIICH CIIOKHOCTBIO HCCIIEIOBAaHMS U
MOCTPOCHHS TUHAMUYECKUX MOJAETEH TPEeXMEpPHOH CTPYKTypbl reHoMa. C IKCIIEpUMEHTANbHOW TOYKH 3pEHUS sAapa
KJIETOK HaxOZSATCSl B «HEYJOOHOM» MacIITaOHOM JMara3oHe, I METOJbl MUKPOCKOIIUH yXKe HE Jal0T MpHueMIeMon
JICTATIM3alUN CTPYKTYPBl 00BEKTOB, & METOJBI CTPYKTYpHOH OHMOJIOTHM elie He CIIOCOOHBI MCCIIEI0BATh CTPYKTYPHI
Takoro macmraba. C TOYKH 3peHHUs] TIOCTPOCHUS MOJEEeH MPOIIECCOB PadOTHl XPOMATHHA CIOKHOCThH 3aKIFOYAeTCs
B MHOTOKOMIIOHEHTHOCTH CUCTEMBbI, CIOXKHOCTU MapaMeTpU3aluu MOJEIEH B3aMMONEHCTBUM U UX HEIMHEHHOCTH.
Cutyanus OCIOXKHSACTCS AMHAMUYHOCTBIO U MYJBTUBAJICHTHOCTBIO B3aUMOJICHCTBUI B XpoMaTHHEe, aKTUBHBIM AT®-
3aBHCHUMBIM PEMOJICTTHIPOBAHIEM CTPYKTYPbI U TOTIOJIOTHH XPOMATHHA, MAaKPOMOJIEKYIIIPHBIM KPAYTUHIOM C aKTUBHBIM
BOBJICUCHHEM HEYTIOPSAJAOYCHHBIX PErnoHOB OenkoB. Ilo HammMm oOIleHKaM, B CpeIHEM OKOJIO TIOJIOBHHBI JTHHBI
MOCIIE/I0BATENLHOCTEH OSITKOB XpOMaTHHA IIPUXOUTCSI Ha HEYNOpsIoueHHbIe perionsl [ 1]. Hai HepaBHui MeTaaHan3
Pa3INYHBIX 3KCIIEPUMEHTAIBHBIX TAaHHBIX O OeJKaxX XpOMAaTHHA YeJIOBeKa YKa3bIBacT Ha TO, YTO BOIPOC O KOIUIECTBE
TUTIOB OEJIKOB M UX MPEJCTABICHHOCTH B SIIpaxX KJIETOK OCTAETCS JATIEKO HE MOJHOCTHIO pa3penieHHbIM [1].

TeM He MeHEe MO)KHO KOHCTaTHPOBATh, YTO HAIe MOHUMAaHHWE (YHKIIMOHHPOBAHUS XPOMATHHA 32 ITOCIEIHNUE TOIBI
3HAYMUTENILHO YITYUIIWIOCh, B TOM YKCIIe Oarojapsi pa3BUTHIO psia OMODU3NUECKUX, MOJICKYISIPHO-OHOIOTHUECKIX
Y BBIYHMCIIUTEIBHBIX METOA0B MOieupoBanusi. CylieCTBEHHBIN TPOTrpecc B 00IACTH KPHOAIEKTPOHHOW MUKPOCKOIIUU
MO3BOJISIET «IIPOLIYIIBIBATE» CYMPAHYKICOCOMHYIO CTPYKTYpy XpomartuHa [2, 3], a METOIbl MYyJIBTHMACIITa0HOTO
MOJICTTUPOBAHHS MO3BOJISIOT OIIEHUBATh, KAKUM 00pa3oM (hyHKIIMOHHPOBAHHE F€HOMA OCYIIECTBIISCTCS B PaMKaxX €ro
KOMITaKTHOM YIIaKOBKH B XpoMaruHoBbie (GuOpusisl [4]. [IpuMeHeHne METo 0B MalIMHHOTO OOYYeHUs BBIBOJMT Ha
HOBBII ypOBEHb BO3ZMOXKHOCTH 110 cooTHeceHHto nocienoBarensHocteit JITHK/PHK/OenkoB ¢ ux QyHKIMOHAIBHBIMU
sddekraMu U TPEXMEPHOH CTPYKTYpoil. B 4acTHOCTH, JJsl CTPYKTYpHPOBAHHBIX IIOOYJISIPHBIX JIOMEHOB OEIIKOB
XpOMaTHHA yJaeTcs MPeCKa3bIBaTh paHee HEH3BECTHBIC OCNKOBBIC TOMEHHI [1] M CTPYKTYphI B3anMOICHCTBYIOIINX
0EJIKOBBIX KOMIUICKCOB, @ Ul HECTPYKTYPHUPOBAaHHBIX ()ParMEHTOB COOTHOCHTh MX aMHUHOKHCIOTHBIH COCTaB CO
CpOJCTBOM Oelka K pa3IMYHbIM HeMeMOPaHHBIM OpraHesiaM.

B nmanHOM J0Kiazie sl MOCTapalCch AaTh aKTyalbHYIO KapTHHY (YHKIIMOHHUPOBAaHHS JyKAPHMOTUYECKUX TI'€HOMOB,
KoTOpasi (pOPMHUPYETCs Ha CThIKE T€HOMHBIX M JIHMICHOMHBIX HCCIICIOBAHUM, OMOPHU3MYECKUX SKCIIEPUMEHTOB U
MOJICTUPOBAHNS, a TAKXKE MOAYEPKHYTH aKTyalbHbIC HAPaBICHHS JATbHEHIINX UCCIIeIOBaHUI.
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The problem of understanding the functioning of the human genome and other eukaryotic genomes has been one of the
central challenges of molecular biology, bioinformatics, and biophysics in recent decades. Genomics methods based
on sequencing technologies have played, and continue to play, a tremendous role in genome research. The success of
these methods is largely due to the fundamental fact that living systems use a discrete digital basis for encoding and
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transmitting genetic information in the form of DNA/RNA and protein sequences. However, a large proportion of the
processes involved in genome regulation, as well as the associated processing of informational signals, are determined
by the “analog” physical interactions of molecules within the physical carrier of the genome, namely chromatin, a
dynamic complex of DNA, RNA, and proteins in cell nuclei.

Slow progress toward a comprehensive understanding of chromatin function is due to the difficulty of both experimental
investigation and the construction of dynamic models of the three-dimensional genome structure. From an experimental
point of view, cell nuclei fall within an “inconvenient” size range in which microscopy methods no longer provide
sufficient structural detail, while structural biology methods are still unable to investigate objects on such a scale. From
the perspective of modeling chromatin function, the main difficulties lie in the multicomponent nature of the system,
the complexity of parameterizing interaction models, and their nonlinearity. The situation is further complicated by the
dynamic and multivalent nature of interactions in chromatin, active ATP-dependent remodeling of chromatin structure
and topology, and macromolecular crowding involving the active participation of intrinsically disordered protein
regions. According to our estimates, on average about half of the sequence length of chromatin proteins consists of
disordered regions [1]. Our recent meta-analysis of diverse experimental data on human chromatin proteins indicates
that the question of how many types of proteins are present in cell nuclei, and in what abundance, is still far from fully
resolved [1].

Nevertheless, it can be stated that our understanding of chromatin function has improved substantially in recent years,
including through the development of a range of biophysical, molecular biological, and computational modeling
methods. Significant progress in cryo-electron microscopy has made it possible to probe the supranucleosomal structure
of chromatin [2, 3], while multiscale modeling methods make it possible to assess how genome function is carried out
within the framework of its compact packaging into chromatin fibrils [4]. The application of machine learning methods
has brought to a new level our ability to relate DNA/RNA/protein sequences to their functional effects and three-
dimensional structure. In particular, for structured globular domains of chromatin proteins, it has become possible
to predict previously unknown protein domains [1] and the structures of interacting protein complexes, while for
unstructured fragments it has become possible to relate their amino acid composition to the affinity of a protein for
various membraneless organelles.

In this lecture, I will attempt to provide an up-to-date picture of the functioning of eukaryotic genomes as it is emerging
at the intersection of genomic and epigenomic research, biophysical experiments, and modeling, and to highlight
promising directions for future research.

Funding: The study is supported by Russian Science Foundation (Grant No. 25-14-00046).
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