MEXOAYHAPOOHAA KOH®EPEHLINA

XPOMOCOMA 2018
MATEPUA/bI

INTERNATIONAL CONFERENCE

CHROMOSOME 2018
ABSTRACTS

20 - 24 asrycTa 2018, HoBocnbupck, Poccua
August 20 - 24, 2018, Novosibirsk, Russia



OPTAHU3ATOPbDI

s N*

MHCTUTYT MONEKYNAPHOM HoBocubupckuni
N KneTouyHoi 6uonorumn rocyaapcTBeHHbIN
CO PAH YHUBepcutet
mcb.nsc.ru nsu.ru

PUHAHCUPOBAHUE U CIMTOHCOPLI

100

fano.gov.ru rfbr.ru Mpoekr 5-100
5top100.ru
L helicon \XAMMER
—

Komnanuna AUA-M Komnanua XE/IMKOH Komnanna XUMME/L
dia-m.ru helicon.ru chimmed.ru



*HFY B ULUDPPAX U PAKTAX

CTYAEHTOB
1400

MHOCTPAHHbIX
CTYAEHTOB

n3 57 cTpaH M1pa

BOAEE 8 o CTPAH

OXBOT MOCCOBbIX OTKPbITbIX
OHAQMMH-KYpcoB Ha Coursera

MAPTHEPCKKNX
YHUBEPCUTETA
B 27 CTPAHAX

MPEMOAABATEAEN
880 ~roueHTor

57 MPOECCOPOB

C AOKTOpCKOFI cTeneHbio

7 3 UAEHA PAH

COBMECTHbIE
OBPA3OBATEAbHbIE
NnPOrPAMMbBbI C KOMINAHUAMU
Baker Huges, OSCiAl,

Parallels, Intel, AHaekc, 2GIS,
AkaaeMnapk, BuoTexHonapk,
CbHepbaHK TexHoAornn

HAYUHbIX
MHCTUTYTOB-
MAPTHEPOB

B AKOAEMropoake

Y 140
AABOPATOPUM
6 3EPKAABHBLIX AABOPATOPUI

5_100 OAVH U3 AMAEPOB

MPOEKTA 5-100 —
MOBbILLEHUS KOHKYPEHTOCMOCOBHOCTU BEAYLLMX
POCCUMCKUX YHUBEPCUTETOB

TOM-100 MO CPUSNYECKMM

HAYKAM
QS University Rankings

TOIM-500 AKAAEMUYECKOTO

BEAYLLNX
NCCAEAOBATEAEN

3 MecTo cpeam pEl;ITMHl_A
POCCHUIACKUX YHUBEPCUTETOB
YHMBEpPCUTETOB MUMNPA

11 MECTO

QS UNIVERSITY RANKINGS BRICS

MCCAEAOBATEABCKUWE IPYMMbI
HI'Y YYACTBYIOT B 3 8

((2\)

(/ \J MEXXAYHAPOAHbBIX

‘ ’ KOAAABOPALNAX
‘ ‘ B 0B6AQCTN COUBNKMN
‘v" 3AEMEHTAPHbBIX YACTUL,
M HOYK O XKU3HU

QS UNIVERSITY RANKINGS EMERGING
EUROPE AND CENTRAL ASIA 2015
63 MECTO 190 MECTO
QS UNIVERSITY GOOGLE SCHOLAR
RANKINGS CITATIONS
NATURAL SCIENCES
QS UNIVERSITY RANKINGS
13 20 TbICAY YHUBEPCUTETOB MUPA

N*



Tpu NnoKoneHUsa ceKBeHUPOBaHUA:

cekBeHupoBaHue no CaHerpy =
NGS = HaHoOnopoBoe ceKkBeHUpoBaHue

ThermoFisher
SCIENTIFIC NANOP%EEES

HoBbIN KannUNAApHbIA CEKBEHATOP
SeqStudio, Applied Biosystems

30/10TOM CTaHAAPT ceKBeHUpoBaHuA no CaHrepy; 4
Kanuanapa B ya06HOM KapTpuaKe co BCTPOEHHOM
MOMMOW, NOIMMEPOM U KOHTEMHEPOM C aHOAHbIM
6ydepom; 3anycKk npnubopa 3a CYNTAHHbIE MUHYTHI;
caman NpuMBAEKaTeNIbHAA LeHa cpean KanuansapHUKOB.

BblcOKonpoun3BoaUTEIbHbIE CEKBEHATOPbI
lon GeneStudio S5/S5 Plus, lon Torrent

MpocTeiias npouenypa TapreTHOro CEKBEHMpPOBaHMS,
BbICOKasi CKOPOCTb M 3KOHOMWYHOCTb; OT HEBONbLUIMX
naHenen reHoB M 6akTepuanbHbIX FTEHOMOB A0
3K30MOB M TPAHCKPUMTOMOB; MHCTANNALMA, 00yUEHME.

HaHonopoBsbie cekBeHaTopbl Minlon, Gridlon,
Oxford Nanopore Technologies

[psaMoe, bbicTpoe, OH-NanH cekBeHnposaHue ouHK, auHK,
PHK. nvHa puaa orpaHnyeHa Tonbko ganHon dparmentalll
MNMopTaTBHbIN cekBeHaTop MinlON — ogHa NpoToYHag s4enka,
A0 512 HaHoONOpOBbIX KaHaNoB.,
npocTtas npob6onoarotoBka 10 MuH.
Bbicokonpoun3BoanTeNbHbIN
cekBeHatop GridlON - 5 npoTo4YHbIX
siueeK B 04HOM npubope.

000 «Anasm» www.dia-m.ru

MockBa HoBocn6upck Kasanb C.-Netepbypr Poctos- Mepmb BopoHex ApmeHus
yn. MaragaHckas, np. Akag. yn. Mapuxckoin yn. Mpodeccopa Ha-HOHy MpepcTaButens MpeacTaButens MpeacTasutens
A.7,K3 JlaBpeHTbeBa, . 6/1 KommyHel, 1. 6 Monosa, . 23 nep. Cematuko, fi. 114 B YOO Ten./takc: Ten.
Ten./dakc: Ten./dakc: Ten/dakc: Ten./dakc: Ten/dakc: Ten./dakc: (473) 232-4412 094-01-01-73
(495) 745-0508 (383) 328-0048 (843) 210-2080 (812) 372-6040 (863) 250-0006 (342) 202-2239  voronezh@dia-m.ru  armenia@dia-m.ru

sales@dia-m.ru nsk@dia-m.ru kazan@dia-m.ru spb@dia-m.ru rd@dia-m.ru perm@dia-m.ru



KoMnaHust XenukoH obecneynBaeT NofHbIN pabounii npoLiecc HeobxoanMbIM
obopynoBaHMEM 1 PACXOAHBIMU MaTepUanaMu Ans MOSIEKYISPHON U KIETOYHON
Buonorum 1 NpuKNagHbIx UCCrefoBaHMN.

LENIAEM BO3MO)XHOW PABOTY JIABOPATOPUM
B POCCMHN HA MUPOBOM YPOBHE

000 «KoMnaHwsi XeMKOH» NoCTaBdeT NepefoBble peLleHns BeyLLMX MUPOBbIX
BpeHpoB v nponsBoaMT NabopatopHoe 0bopyAoBaHVe A1 MOEKYiPHOM Bronoruu.

ModpobHee Ha calime www.helicon.ru

| ]
) N =
() 4 ST
CEPBUCHOE METOAUNYECKASA
LOCTABKA OBYYEHME
OBCJTY)KUBAHUE NOAJEP)KKA
LlenTpaneHeiii oduc: p CTBO B CGMPCKOM pervone: T80 B ] pervone:
119991 r. Mocksa, Jlenurckue lopsl, MY, a. 1, ctp. 40 630090 r. HoBocubupck, yn. UkxerepHas, 28 420021 r. KasaHb, yn. Tatapcra, 4. 14/59, o¢. 201
Ten. 8 (800) 770-71-21 Makc +7 (495) 930-00-84 Ten. +7 (383) 207-84-85, novosibirsk@helicon.ru Ten. +7 (843) 202-33-37, volga@helicon.ru
mail@helicon.ru cTB0 B CeBepo- Pervone: MNpeacTasuTenscTBo B KOXKHOM pervoHe:

- 195220 r. Cankr-MeTepbypr, yn. NDxkatckas a. 22 kopn. 1 344116 1. Poctos-Ha-[loHy, yn. 2-ast Bonogapckas, 4. 76/23a
www.helicon.ru Ten. +7 (812) 244-85-52, spb@helicon.ru Ten. +7 (863) 294-87-66, rostovidhelicon.ru



BUOXMMMUYECKNE peaKTUBbI %I?)IMEA
M pacxogHble maTepuanbl

Life Sciences

.

Bad
.-
® /1A KyNIbTYP KNETOK ./'/'
® 6oXMMum
® MOJIEKYNIAPHOI Ouonoruu
® MONIEKYJIAPHON reHeTUKM 22

9
®* MMKpoOOMonoruu .

. v.. »%

® CbIBOPOTKM,KWBOTHbIX
eantutena’ . ,°

® peKOMOUHaHTHbIE:6eIKK

-

www.chimmed.ru
\‘

% bietechne
~\\\ ' /é‘:‘[e RIDsystems
C ORNING technologies abietechne brand
/ nunc- 0 TQCRIS
abietechne bran
=\ v .
Ducheta @ ""°""°"“ GNovus

BIOCHEMIEB.V. "
a bietechne brand

{ PEPROTECH. e "
T —
m 00000 > e
aneee \)CYGNUS $Abnova scientific
abcam - AbD Serotec applied
N CheMatech biosystems
zﬁs\ 0 S Tracrory e e tedhoiogi Miltenyi Biotec fvmem_ﬂzm.sd....m(
g 50 BostonBioch invitrogen
2 Promega PMARRUK ostonBiochem MiyBioSource wm by Themmo sherScintnc

Mocksa, 115230, Kawupckoe wocce, g. 9, Kopn. 3. Ten.: +7 (495) 728 4192, e-mail: bio@chimmed.ru
Cankr-MeTepOypr, 195248, npocn. JHEPreTUKoB, A. 19, od. 314. Ten.: +7 (812) 605 0061, e-mail: spb@chimmed.ru
KasaHb, 420081, yn. CepoBa, A. 22. Ten.: +7 (843) 273 6761, 272 9786, e-mail: kazan@chimmed.ru
HoBocubupck, 630090, npocn. Akagemuka JlaBpeHtbeBa, 6/1. Ten.: +7 (383) 335 6108, e-mail: sibir@chimmed.ru



MHCTUTYT MOJIEKYJISIPHOU U KJIETOYHOM BUOJIOI' MU CO PAH
HOBOCUBUPCKUN T'OCY JAPCTBEHHBI YHUBEPCUTET

INSTITUTE OF MOLECULAR AND CELLULAR BIOLOGY
NOVOSIBIRSK STATE UNIVERSITY

MEXJIYHAPOJHASI KOH®EPEHIUS
XPOMOCOMA 2018

INTERNATIONAL CONFERENCE
CHROMOSOME 2018

Marepuansl

Abstracts

HoBocubupck, Poccus, 20 — 24 asrycra 2018
Novosibrisk, Russia, August 20 — 24, 2018



VJIK 57
BEK 28
X942

Executive editor: D. E. Koryakov PhD (Biology)

X942 Xpomocoma 2018: Marepuansl Mexaynap. kond. HoBocubupck, Poccus, 20—
24 agr. 2018 r. / WUH-T MonekynsipHoi U kierouHou Ouonoruu CO PAH ;
HoBocu6. roc. ya-1. — HoBocubupck, 2018. — 200 c.

Chromosome 2018: International Conference. August 20-24, 2018, Novosibirsk,
Russia : Abstracts / Institute of Molecular and Cellular Biology SB RAS ;
Novosibirsk State University. — Novosibirsk, 2018. — 200 p.

ISBN 978-5-4437-0806-5

VJIK 57
BBK 28

Martepuaibl pacroaoKeHbI B ai(paBUTHOM MOPAIKE MO (HaMUIIMK TIEPBOTO aBTOPA
Martepuaibl IpeicTaBIeHbl B aBTOPCKOM BHJIE€ ¢ MUHUMAJIBHBIM (hOpMaTHPOBAHUEM

Abstracts are arranged in alphabetical order by the surname of the first author
Abstracts are provided in the form submitted by authors with minimal formatting

© Institute of Molecular and Cellular
Biology SB RAS, 2017
ISBN 978-5-4437-0806-5 © Novosibirsk State University, 2018



OI'TABJIEHUE

Andreyenkova NG...
Phylogeography of the black kite (Milvus migrans) based on mitochondrial cytochrome b gene
polymorphism

Vladimir Babenko...
Transposable Elements mediated CTCF binding sites: their nuclear compartments localization
in human genome

Violetta R. Beklemisheva...
Cytogenetic analyses of leopard cat subspecies (Prionailurus bengalensis) revealed Y-chromosome
polymorphism

Violetta R. Beklemisheva...
Pinniped karyotype evolution and Ancestral Carnivore Karyotype refinement revealed by comparative
chromosome painting of 10 pinniped species (Pinnipedia, Carnivora)

Stepan N. Belyakin...
Functional dissection of Drosophila melanogaster SUUR protein influence on H3K27me3 profile

Agda M. Bernegossi...
Generation of translocated chromosome probes of the Mazama gouazoubira species by microdissection

0.0. Bochkareva...
Evolution of bacterial chromosomes

1.0. Bogolyubova...
PECULIARITIES OF THE MOLECULAR COMPOSITION OF HETEROCHROMATIN
ASSOCIATED WITH PRONUCLEOLI IN MOUSE EMBRYOS

Lidiya V. Boldyreva...
Minor variations in the region immediately downstream of eGFP reporter 3'UTR notably increases
level of its expression in mouse and human, but not in Drosophila cell cultures

Alexander G. Bugrov...
Hypothesis of evolution of the B-chromosomes and additional elements of chromosome set in the
Acrididae grasshopper

N.Sh. Bulatova...
Karyotype discoveries in Ethiopian endemic rodents with special regards to illusory Y chromosome
appearance in the routine XX pair

Anna S. Druzhkova...
The phylogeographical history of the brown bear (Ursus arctos Linnaeus)
in Northeast Eurasia

E.V.Evtushenko...
EVOLUTIONARY DYNAMICS OF THE CENTROMERIC HISTONE CENH3 WITHIN
THE TRIBE TRITICEAE

Fuhrmann Thomas...
Genistein-induced stress signaling selectively derepresses major satellite repeat
transcription in mouse heterochromatin

Baira Godneeva...
The role of the SUMO ligase Su(var)2-10 in deposition of repressive chromatin marks
and the piRNA pathway

Vladimir E. Gokhman
Karyotypic features of parasitoid Hymenoptera revealed by base-specific fluorochromes and FISH

Alessio Iannucci...
Karyotype evolution and conserved sex chromosomes in monitor lizards (Varanidae)

O. Iarovaia...
The Role of Nucleolus in IGH Locus Rearrangements

Yury Ilinsky...
Bacterial Species Concept and Rampant Recombination of Wolbachia Genomes

i

10

12

14

15

18

20

22

23

24

26

27

28



Ivanova Yu.N...
Structural alterations of chromosomes in wheat hybrids obtained using the 1Rv(1A) line

V. Khoroshko...
Gene location in intercalary heterochromatin bands of Drosophila melanogaster polytene chromosomes

Ilya G. Kichigin...
Studying iguanid and gekkonid sex chromosomes by isolated chromosome sequencing

Maria Kim...
Painting of fourth a chromosome-specific protein regulating the 4™ chromosome in
Drosophila melanogaster

Irina S.Kolesnikova...
Altered rRNA levels in possible connection to intellectual disability

Tatyana D. Kolesnikova...
Spatial-temporal organization of replication in polytene chromosomes of Drosophila

Kurshakova M.M...
TRF4, the novel TBP-related protein of D. melanogaster, in the course of evolution acquired the
new functions in the ER-associated processes in the cytoplasm

Petr P. Laktionov...
Genome-wide analysis of gene regulation mechanisms during Drosophila spermatogenesis

O.L. Lavrik
Poly(ADP-ribose) polymerase 1 in regulation of DNA repair and longevity

Lebedev LN...
EPIGENETIC SILENCING OF X-LINKED CNV BY SKEWED X-INACTIVATION IN WOMEN
WITH A HISTORY OF PREGNANCY LOSS

Y.A. Lipikhina...
SECALOTRITICUM HYBRIDS AS A NEW MODEL FOR STUDYING THE ACTIVITY
OF GENES ENCODING CENTROMERE-SPECIFIC PROTEIN CENH3

Y.A. Lipikhina...
THE CENH3 GENE ENCODING CENTROMERE-SPECIFIC HISTONE H3: ACTIVITY
IN TRITICALE

Yicheng Luo...
Regulation of rRNA transcription by SUMO pathway

Maksimov D.A...
DOUBLESEX PROTEIN IS ASSOSIATED WITH GENE ACTIVATION IN DROSOPHILA
MALES

Daniil A. Maksimov...
Genome-wide analysis of SU(VAR)3-9 distribution in chromosomes of Drosophila melanogaster

Alexey Makunin
Summary of mammalian B chromosome sequencing

Alex Makunin
Using multiple reference genomes to identify phylogenetically informative markers for amplicon
sequencing: an example from Anopheles mosquitoes

Mazunin 1.0O.
Mitochondrial Genome Surgery

Mursalimov S...
Cytomixis in male meiosis: monocots vs dicots

Maria Ninova
Molecular mechanism of piRNA-guided transcriptional repression

Svetlana V. Pavlova...

CYTOGENETIC ANALISYS OF SMALL MAMMALS (EULIPOTYPHLA, LAGOMORPHA
AND RODENTIA) FROM THE QINGHAI-TIBET PLATEAU, CENRAL CHINA AND THE
FIRST KARYOTYPE DESCRIPTION FOR TWO SPECIES

i

30

32

33

34

36

38

39

40

41

43

45

46

47

48

49

50

51

52

53

54

55



Pavlova GA...
Roles of Drosophila NSL complex components in mitosis

Pellacani C...
Direct roles of the Sf3A2 and Prp31 splicing factors in mitotic chromosome segregation

Galina V. Pokholkova...
Tethering of insulator proteins results in decompaction of condensed bands in the Drosophila
melanogaster polytene chromosomes

Prazdnikov D.V...
CHROMOSOMAL VARIABILITY AND KARYOTYPIC EVOLUTION IN ISLAND
POPULATIONS OF CHANNID AND GOBIOID FISHES (ACTINOPTERYGII, PERCIFORMES)

Anastasia A. Proskuryakova...
Evolution of X chromosome in the order Cetartiodactyla

Putilov A.A...
What was useful for us in the Neanderthal genome? An example of DNA regions regulating circadian
clocks and sleep

Halie M. Rando...
Construction of red fox chromosomal fragments from the short-read genome assembly

Romanov Stanislav E...
IN VIVO DAMID MAPPING UNCOVERED DYNAMIC CP190 CHROMATIN BINDING
LANDSCAPE IN COURSE OF DROSOPHILA SPERMATOGENESIS

Zhuldyz Sailau...
THE DYNAMICS OF INTRANUCLEAR LOCALIZATION OF DAXX PROTEIN IN MOUSE
EARLY EMBRYOGENESIS

Igor V. Sharakhov...
Chromosome organization and dynamics in Anopheles species and their hybrids

Maria V. Sharakhova...
Genomic divergence and chromosomal differentiation in the malaria mosquito Anopheles messeae
sensu lato

Darya S. Sidorenko...
MOLECULAR AND GENETIC ORGANIZATION OF BANDS AND INTERBANDS IN THE DOT
CHROMOSOME OF DROSOPHILA MELANOGASTER

S. A. Simanovsky...
Synaptonemal Complex Analysis in Spermatocytes of Three Nothobranchius Fish Species with
X1X1X2X2/X1X2Y Sex Chromosome System

Roscoe Stanyon...
The Evolution of Primate Centromeres

Vladimir N. Stegniy
Epigenetic mechanisms of speciation

Vladimir Timoshevskiy...
Integrative Cytogenetics of the Sea Lamprey Chromosome Elimination

Tishakova K.V.
Evolution of recombination rate in geckos (Gekkota, Squamata, Reptilia)

Vladimir A. Trifonov...
Polyploidy and genome evolution of ray-finned fishes

Sergey V. Ulianov...
SELF-ORGANIZATION OF DROSOPHILA CHROMATIN INTO TOPOLOGICALLY -
ASSOCIATING DOMAINS

Sara Vlah...
Cytogenetic characterization of two Graphiurus species (Rodentia) from South Africa through
C banding, FISH with 18-28S rDNA and telomeric (TTAGG)n probes

il

57

59

60

61

63

64

67

68

70

72

73

75

76

77

78

79

80

81

82

84



Walther, M...
Su(var) GENES AND THE IDENTIFICATION OF NEW CHROMATIN REGULATORS
IN DROSOPHILA

Kira S. Zadesenets...
Karyotypic instability in macrostomid evolution

Dmitry O. Zharkov
DNA REPAIR-DEFICIENT CELLS: FROM DISEASE MODELS TO GENOTOXICITY
TESTING TOOLS

Igor F. Zhimulev...
A Portrait of Functional Organization of the Drosophila Genome - Polytene Chromosomes

T.Yu. Zykova...
Interband architecture in Drosophila polytene chromosomes

Anapeena E.H...
Bemox CG17337 HeoOXoauM IIsl MPOXOXKISHUS MUTO3a U yI4aCTBYET B KOHTPOJIE KIIETOYHON CMEPTH
y Drosophila melanogaster

Angpeenxon O.B...
[MonyueHne HanpaBIICHHBIX JENEUUi B peryasTopHoi 30He reHa Notch ¢ ucrons3oBaHreM
CRISPR/Cas-onocpeoBaHHOTO METO/Ia PEJaKTUPOBAHKS TEHOMOB

AngperomkoBa JILA...
BrrsiBiIeHHE napanornyHEIX paiioHOB B TeHOMe cTepiisiiu (Acipenser ruthenus)

Apremon I'. H...
OBosrorusa X XpOMOCOMBI MAIIIPUHHBIX KOMapoB rpymisl Maculipennis

AxmertoBa K.A...
Bnmstare cCOMaTHYECKOTO OKPYKEHHS Ha MUTPAIUIO ITPEAIISCTBCHHUKOB 3apOIBIIICBBIX KIETOK
B aMOpuorenese Drosophila melanogaster

C.U. BenrsinnHa
OcobeHHoCTH rUranTckux xpomocoM Chironomus plumosus L. (Diptera, Chironomidae) n3
o3epa 3aBojckoe y Kimimosa (paiioH, 3aTpoHyTHIH YepHOOBUIECKUM citeioM) bpsiHekoii obnactn

busimmena 3.M...
MOJAEJINMPOBAHUE DIIMT'EHETUYECKUX D®DEKTOB AJIbO®A-HACTUIL B
KPATKOCPOYHOM TECTE HA TPO30®UJIE

Bupscosa I'.'M...
Cynn6a pemonenupyromero xpoMatud komiiekca PBAF B mponecce MuenonaHoi
nudHepeHITMPOBKH U POJIh crienrpudeckoit cyorequaumsl PHF10

T'aiinep T.A.
OnTrMH3anus UCCIeOBaHUSI XPOMOCOMHOM MATONOTHH Y TUTO/IAa TIPH Pa3BUBAIOIIEHCS U «3aMepIIein
OepeMeHHOCTH

I'anumona 10.A...
Xpomarus-pemoaemmpyonuii pakrop GAGA perynupyeT pasinyHble THITBI MUTPAlAU IIPH
(OpMHPOBAHUH MOJIOBBIX KIETOK CAMOK JAPO30(HIIBI

I'ayxos C.H...
Su(Hw) uncynsTop OIOKHpYET TPaHCKPHIILHIO, CTICIU(UIECKYI0 COOPKY XpOMATHHA W TPOTYKIIHIO
kopotkux PHK npu nonananuu B knacreps! piPHK B repmuHanbubix TkaHsx Drosophila

A.A. I'nyxoBa... .
NCCIIEJOBAHUE B3AUMOAENCTBU A BEJIKOB PCID2 U NUDC DROSOPHILA
MELANOGASTER IN VITRO

A.K. I'0j10BHHH...
Bbemox HIPP1 B3aumonetictByet ¢ urcysitopom Su(Hw), Ho He ygactByeT B Su(Hw)-3aBHCcHMOit
penpeccuu y mioa0Boi mymku Drosophila melanogaster

I'pumenxo U.B... .
NCCIEJOBAHUE BJIMAHUA AKTUBHOU TPAHCKPUIIIIM HA 3KCITAHCHIO
YBEJIMYEHHOI'O ITOBTOPA (II'T)n B KYJIbTYPE KJIETOK UEJIOBEKA

v

85

86

87

88

89

90

92

93

94

96

97

99

101

103

106

108

110

112

114



Jdpémon C.B... . .
PEKOHCTPYKUMA TEHETUYECKON NICTOPUN YYKYEN: HAXOJZIKY 1O JAHHBIM
MUTOXOH/PUAJIBHOU JHK

Kyk A.C...
W3y4eHne NpUpOAbI «HE3aKOHHBIX)» THOPHIOB, TUIICHHBIX XpoMocoMsl 111 U peructpupyembix
B anbda-TecTe At qpoxokeit Saccharomyces cerevisiae

A.A. UiabuH...
AHAJIN3 JUHAMUKU CBA3BIBAHUSA XPOMOCOM C HI[EPHOﬁ JTAMUHOU B XOIE
CITEPMATOTI'EHE3A ¥V IPO30®WJIbI

A. KanmbikoBa...
Buonorus Temomep B mpoliecce ooreHe3a U paHHero pa3BuTHs Drosophila

Kucenesa E.B...
ATHITMYHOE B3aUMOJICHCTBHE SHAOIIIA3MATHIECKOTO PETUKYITyMa C SIACPHON 000JI0UKOM

M.C. Kiénos...
Perynsmus sxcnpeccnn konuit pudbocomuoit JTHK, conepxamux HHCEPIMHN PETPOTPAHCIIO30HOB

Kones A.IO...
Hccnenosanue pynkumii pakropa coopku u pemonenuposanus xpomarnaa CHD1 y npo3zoduist

Koparwoxosa ML.IO...

BHyTpukiieTo4YHas JIOKAIN3aMs 1 MEXaHU3M TPaHCIOPTa PHOOHYKIIEONPOTEHHOBBIX KOMIUIEKCOB
TEJIOMEPHOTO peTpoTpancno3ona HeT-A B repMUHAIBHBIX TKAHSIX M paHHEM dMOpHOTeHE3e
Drosophila

A.Il. KprokoB
QOwunoreorpadus 1 THOPUAN3ALNS BPaHOBBIX ITHII [laneapKkTHKH

Kypmakosa M.M...
TRF4, noserit TBP-niomno6usr1if 6emox D. melanogaster, B Xoe 3BOIIOIAH IpHOOPET HOBBIE (QYHKITUI
B IIporieccax, acconuupoBanubix ¢ I[P, B muTomiazme

Jlemckast H.A...
MapkepHbIe XpOMOCOMBI, BBISIBIICHHBIC Y TIAIIMEHTOB C HHTEJUICKTYAILHOW HETOCTATOYHOCTBIO

Jlorunosa /I.B...
[MoBenenne xpoMocoM B npodase Meio3a y MIICHHIHO-PKAHBIX THOpUIOB F;

M.E. JlonaTkuHa...

Juddepennmanpaas 3KCIpeccrs TCHOB B HEHPOHAX, OTYYCHHBIX U3 WHAYIIMPOBAHHBIX
IUTIOPUIIOTEHTHBIX CTBOJIOBBIX KJICTOK IMAIIMEHTOB C 33aePKKOH MHTEIIIEKTYaIbHOTO Pa3BUTHS
1 PEIUATIPOKHBIMUA MUKPOJIEICIIHUSIMH 1 MUKPOIYTUTHKAIUAMHE B cybcermente 3p26.3

Ma3suna M.IO.
MN3VUYEHUE BJINSAHUA KOAKTI/IBATOPOBUTPAHCKPI/IHI_[I/H/I HA TPAHCIIOPT mPHK
HA MOJIEJIN SKAN30H-UHAYIIMPYEMOU TPAHCKPUIIILIMI

Ma3suna MLIO...
MonekyasipHbIe MEXaHH3MBI aKTHBAIIUU TPAHCKPHUIIIUHU SKIU30H-3aBUCUMBIX TCHOB

MaabkeeBa JILA...
Bo3szeiictBre manoro 6enka TeruoBoro moka Hsp67Bc na npucniocodnennocts Drosophila
melanogaster B HOpMaJIbHBIX ¥ CTPECCOBBIX YCIOBHSAX

MarBeeBcknii C.H... .
COXPAHEHME I'EHOB CITEPMATOI'EHE3A U OCOBEHHOCTHU MENO3A YV
CJIEITYIIOHOK (ELLOBIUS, RODENTIA), YTPATUBIINX Y XPOMOCOMY

JI.C. MebHHKOBA...
benkn CP60 nu BEAF moasepratorcst noctrrpancisimoraoii SUMO-mMoaudukamm

Huxknruna T.B...
Jlnnamuka HeCTaOMIIPHOCTH KOJIBIIEBBIX XPOMOCOM TIPH PETIPOTPAMMHUPOBAHUN COMATHUECKHUX
KJIETOK

Oruenko A.A...
Brnwmsinue reHetnueckoro oHa B IMHUAX Apo30(QHITEl HA PE3yIbTaThl HCCIICIOBAHUH Ha IPUMEpPE
mHuK #6458 n3 Bloomington Drosophila Stock Center
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Ocanumii U. C...
Nzyuenne pexpyrupoBanus TRF2 Ha mpoMOTOpBI TeHOB

Ocunos I'.B...
Brinenenue npepneit JJHK, cekBeHnpoBaHue, TCHOTUTHPOBAHUE ¥ BUIOBas UICHTH(DUKAINS
HEKOTOPBIX NpeJCTaBUTENIeH APEBHUX KOIIAUbUX
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Panee nensBectunie pynknun 6emka NON3 y Drosophila melanogaster
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N3YUYEHUE I[PEBHEPT JJHK MUCKOITAEMBbIX HPEI[CTABI/ITEHEI7I POJIA ALCES

HypBunbm 51.B...
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B-JIUM®OLIUTOB MALIMEHTOB C CUHPOMOM JIOMKOI X-XPOMOCOMbBI

ITueannnena I1.B...
BEPUDOUKAILINSA ITOTEHIIMAJIBHBIX ITAPTHEPOB BEJIKA PITA KAK KOMITIOHEHTOB
APXHUTEKTYPHOI'O KOMIIJIEKCA D. MELANOGASTER

Paguon E.N...
Pons cucremsr piPHK B moamepsxanuu CTPYKTYpBI XpOMaTHHA TEJIOMEPHOT'O PETPOTPAHCIIO30HA
TART y Drosophila

Pa3zyBaeBa A...
Poxp GenkoB Asp u Patronin B popMHpOBaHNE MUTOTHYECKOTO BepeTeHa aeneHus y Drosophila

Pomanenko C.A...
BHYTpUXpOMOCOMHEIC IEPECTPONKH B IBOIIOIIMOHHO KOHCEPBATUBHBIX CHHTCHHBIX OJIOKaX
II0JIEBKOBBIX

Promun C.C...

0 3AKOHOMEPHOCT X B BBIBOPE DJIMMUHUPYEMOI'O TEHOMA B XOJE PAHHEI'O
I'AMETOI'EHE3A MEXBUJIOBBIX TP I0OB 3EJIEHBIX JIAT YIHEK KOMITJIEKCA
PELOPHYLAX ESCULENTUS

CaBuenko P.P...
Bmusiane Hokayta reHoB ADAMTS1 u THBS1 Ha dopmupoBanue paarnaninoOHHO-UHIYITUPOBAHHOTO
OTBeTa KJIeTOK Ha noBpexaeHue JTHK

CaiigpuraunoBa A.D...
3ATAJKA TPAHCKPUIILINUN HA JIATEPAJIBHBIX ITETJIAX XPOMOCOM THUITA
JJAMITIOBBIX HIETOK ITTHL]

Camaranmse T.E... .
BHYTPUBUAOBOU ITOJIMMOP®U3M MYTAHTHBIX ®OPM CALENDULA OFFICINALIS L.

Cxpsoun H.A...
PernoHsl TOMO3UIOTHOCTH B 9KCTPadMOPHOHANBHBIX TKAaHIX a0OPTYCOB U3 CeMeii C MPUBBIYHBIM
HEBBIHAIIMBAaHUEM OCPEMEHHOCTH

Ouiecst CokoJoBa...

Jlepenpeccus coMaTuieckux MOOMIBHBIX 3JIeMEeHTOB y Drosophila mpuBoaNUT K HapyIIICHUIO

1 depeHIIPOBKY repPMUHAIBHBIX KIETOK SMYHUKOB M3-32 CHIDKCHUSI YHCIIa TPEIIECTBEHHUKOB
ACKOPTHBIX KIJIETOK

TamooBuena B.I'... .
T'MBPUANBALINA 1 OCOBEHHOCTHU MEMO3A Y PASBHOXPOMOCOMHBIX CJIEITYITIOHOK
ELLOBIUS TANCREI (MAMMALIA, RODENTIA)
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Tpyxuna A.B...
Xpomocoma 4 1 IeTepMHUHAITUS TI0J1a Y JOMAITHEeH KyPHIThI
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®enoposa T.H...
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KOnxun 1.B...
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Phylogeography of the black kite (Milvus migrans) based on mitochondrial cytochrome b gene
polymorphism

Andreyenkova NG', Andreyenkov OV', Karyakin IVZ, Popova OO', Zhimulev IF'"
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The black kite Milvus migrans is common on the Eurasian continent, in Africa and Australia. This
raptor’s successful adaptation to the anthropogenic landscape is intriguing, and the black kite’s
abundance had recently been increasing. There are several subspecies of the black kite, but
information about the phylogeny and structure of the species population remains extremely scarce.
Attempts to clarify the phylogenetic relationships between subspecies based on DNA sequences
have so far been confined to a very small sample of individuals, majority of which were obtained in
Europe.

We collected tissue samples of more than 500 black kite individuals of four subspecies from
different locations in Eurasia (including the countries of Europe, Russia, Kazakhstan, Mongolia,
Pakistan and India), as well as from Australia. Using the data on the mitochondrial cytochrome b
gene (CytB) polymorphism, we showed that the geographical distribution of haplotypes
corresponds to the three kite subspecies’s habitats in Eurasia (M. m. migrans, M. m. lineatus, M. m.
govinda). Thus it can be argued that CytB polymorphism allows to clearly separate these
subspecies.

Analysis of the CytB haplotypes network showed that the black kite population in Northern
Eurasia was divided into eastern and western parts during the Pleistocene glaciations. Warming and
forest expansion had resulted in the areas of these populations began to grow intensively and to
date have formed a wide intergradations zone in Western Siberia. It also turned out that the South
Asian subspecies M. m. govinda and the Australian M. m. affinis belong to the same branch of the
phylogenetic tree, although it is now considered that these populations have no contact with each
other. Apparently, this branch of the black kite has settled in the territory of South Asia and
Australia in a short period of time at the end of the Pleistocene.

This study was supported by MCB SB RAS budget project # 0310-2018-0010



Transposable Elements mediated CTCF binding sites: their nuclear compartments
localization in human genome
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It’s now long been accepted that transposable elements (TE) exaptation led up to 25% of
transcription factor binding sites (TFBS) emergence during human and other vertebrates genomes
evolution (Jordan et al., 2003). In particular, CTCF binding sites were shown to be propagated by
largely mouse B2 SINE interspersed repeats (Lunyak et al., 2007) and partially by human MIR TE
(Wang et al., 2014). We undertook the task of elucidating chromosome specific transposon
propagation with particular focusing on CTCF binding site.

We ascertained that essentially all of the TEs in human comprise a fraction of CTCF
binding sites, but their active CTCF density does not exceed 0.03 for a vast majority of them,
including the most abundant Alu, L1, MIR TEs. Moreover, it is known that the majority of TEs,
especially abundant ones, are methylated (Ward et al., 2013), and CG-rich CTCF binding sites
drastically lose binding affinity upon methylation (Ward et al., 2013). Thus, there is no such a
“major player” as mouse B2 SINE (Lunyak et al., 2007) human analogue of ctcf lineage specific
propagation in human genome (Ward et al., 2013). Instead, there is a set of Endogenous RetroViral
(ERV) TEs responsible for a distinct fraction of active CTCFs propagation.

By crossing transposons and ctcf binding sites we identified 24 highly significant
chromosome specific TEs yielding the active CTCF binding sites density 0.1-0.7. Also, as we have
found out, the most pronounced, high-scored ctcf binding site consensi are maintained by TAR1
satellite, HUERS-P3 LTR, HERVIP10F ERV1 and LTR13 retrotransposons.

As a conclusion we state the following.

o While many of CTCF sites motifs reside in MIR TEs, the vast majority of them are inactive
due to poor scored CTCF binding motif, heterochromatic environment, and/or methylation rate

(active <3%)

o ERVs are the major carriers of robust active CTCF sites in human genome (active up to
70%)

o Chromosome 19 is pervasively enriched with chromosome — specific TE expansions

o The phenomenon of chromsosome specific CTCF expansion by TEs is a rare, but intriguing
fact.



As the final point, we found that Chromosome 19 features stark abundance of chromosome
and nuclear compartment specific transposons such as LTR13 (A1), and L1M3a (B4) (Rao et al.,
2014). We thus assume the association of CTCF sites and CGI-rich domains reported previously
(Geuschinskaya et al., 2014; Ulianov et al., 2016; Babenko et al., 2017)
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Cytogenetic analyses of leopard cat subspecies (Prionailurus bengalensis) revealed
Y-chromosome polymorphism
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The species of Bengal cat, Prionailurus bengalensis (Felidae, Mammalia), is the complex of
subspecies that range from Russian Far East to the southern Sunda Islands. Northern branch (Patel
et al., 2017) includes two groups of subspecies selected based on mitochondrial DNA analyses. The
most Northern subspecies inhabiting Russian Far East is P. b. euptilurus. This subspecies is
morphologically and ethologically different from other Northern branch subspecies and
hypothesized to be more close to the island subspecies (Tsushima, Taiwan, Irimote). We looked for
cytogenetic features of P. b. euptilurus subspecies. We sampled 10 animals from four points at
Primorsky Krai (Russia) and established primary fibroblast cultures.

The cytogenetic analyses showed the G-banded karyotype to be identical to the P.
bengalensis, but revealed discerning polymorphism in the morphology of Y-chromosome. The Y
morphology ranged from acrocentric to metacentric in 7 males of P. b. euptilurus and two P.
bengalensis males from Northern and Southern subspecies. Interestingly, the morphology of Y also
varied between cells of one individual. The Y polymorphism may be explained by differences in
the repeat-rich heterochromatic part of Y chromosome.

To find out more about repeat differences we hybridized telomeric and ribosomal probes
that showed same distribution. We also sequenced the genome of one P. b. euptilurus male,
analysed repeat fractions and revealed some repeats that are different from repeats of Chinese P.
bengalensis. To investigate repeat differences further we microdissected Y-chromosomes from two
P. bengalensis, from two P. b. euptilurus and from Felis catus for sequencing.

Felidae karyotypes in general are evolutionary conserved and uniform. Even small
karyotype differences might serve as species-level signatures. So far there is no clear cytogenetic
evidence for subspecies differences in P. bengalensis. There is, however, the phenomenon of
apparent polymorphism on Y-chromosome morphology in the species of P. bengalensis.

This study was funded by Russian Fund for Basic Research, grant Ne 17-00-00146
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Karyotype evolution in Carnivora is thoroughly studied by classical and molecular cytogenetics and
were supplemented by reconstructions of the Ancestral Carnivora Karyotype (ACK). Pinnipedia
occupy unique position among Canoids: they represent the most basal canoid branch and become
important lineage for ancestral karyotype reconstruction. However the group of Pinnipedia was not
studied in detail.

Here we reconstruct pinniped karyotype evolution and refine ACK using published and our
new painting data for 10 pinniped species. The combination of domestic dog (CFA) and human
(HSA) whole-chromosome painting probes was used for the construction of the comparative
chromosome maps for species from all three extant pinniped families. We analyzed 7 marine
carnivores inhabiting sea shores of Russian Federation: the walrus (Odobenus rosmarus,
Odobenidae), 4 true seals (Phocidae) — the ringed seal (Phoca hispida), larga seal (Phoca largha),
bearded seal (Erignathus barbatus), Baikal seal (Pusa sibirica ), 2 eared seals (Otariidae) — Steller
sea lion (Eumetopias jubatus), northern fur seal (Callorhinus ursinus) and 2 eared seal species from
the southern hemisphere: New Zealand fur seal (4rctocephalus forsteri) and New Zealand sea
lion(Phocarctos hookeri).

HSA and CFA autosome painting probes have delineated 32 and 68 conservative autosome
segments in the studied genomes. The heterochromatin is in general scarce in genomes of
Pinnipeds. There are additional telomeric heterochromatin segments in karyotypes of the bearded

seal and three eared seals. Besides interstitial heterochromatin was revealed in the northern fur seal.
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Telomeric repeats are localized in the terminal position only. Clusters of ribosomal genes are
situated on one autosome pair homologous to 15th ancestral autosome in all species. We revealed
an unusual site of IDNA on Y chromosome of the ringed seal.

Phylogenetic tree of the clade Pinnipedia based on karyotype relationships revealed by
comparative chromosome painting agrees with topology based on the molecular data (Nyakatura
and Bininda-Emonds, 2012). Our results show that pinniped karyotype evolution was characterized
by slow rate of genome rearrangements (less then one rearrangement per 10 mln years), provides
strong support for refined structure of ACK with 2n = 38 and specifies plausible order of dog
chromosome synthenic segments on ancestral Carnivora chromosomes. Pinniped karyotype
evolution was accompanied by: few tandem fusions, seemingly absent inversions, addition of
constitutive heterochromatin, sharing of pronounced karyological conservatism.

Financial supp.: RFBR Nel17-00-00146, RSF Nel16-14-10009.



Functional dissection of Drosophila melanogaster SUUR protein influence on H3K27me3
profile
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In eukaryotes, heterochromatin replicates late in S phase of the cell cycle and contains specific
covalent modifications of histones. SUUR mutation found in Drosophila makes heterochromatin
replicate earlier than in wild type and reduces the level of repressive histone modifications. SUUR
protein was shown to be associated with moving replication forks, apparently through the
interaction with PCNA. The biological process underlying the effects of SUUR on replication and
composition of heterochromatin remains unknown. Here we performed a functional dissection of
SUUR protein effects on H3K27me3 level. Using hidden Markow model-based algorithm we
revealed SuUR-sensitive chromosomal regions that demonstrated unusual characteristics: They do
not contain Polycomb and require SUUR function to sustain H3K27me3 level. We tested the role
of SUUR protein in the mechanisms that could affect H3K27me3 histone levels in these regions.
We found that SUUR does not affect the initial H3K27me3 pattern formation in embryogenesis or
Polycomb distribution in the chromosomes. We also ruled out the possible effect of SUUR on
histone genes expression and its involvement in DSB Obtained results support the idea that SUUR
protein contributes to the heterochromatin maintenance during the chromosome replication. A

model that explains major SUUR-associated phenotypes is proposed.



Generation of translocated chromosome probes of the Mazama gouazoubira species
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Cervidae family stands out among mammals for presenting significant karyotype variation, due to
its extreme chromosomal fragility. Currently there are 52 recognized species of cervids submitting
karyotype ranging from 2n = 6 (Muntjac muntjak) to 2n = 80 (Cervus porcinus). This remarkable
karyotype differentiation is related to chromosomal rearrangements commonly observed in species
of the family.

The Mazama genus, belonging to the Cervidae family, display huge variation in number and
have high chromosomal polymorphism diploid due to chromosomal instability. The presence of
unstable chromosomes and their susceptibility to breakage in animals belonging to the genus may
be the cause of the consecutive and complex chromosome rearrangements observed in these
animals. In addition, it was observed the presence of B chromosomes in this genus. The extensive
intraspecific chromosomal polymorphism in Mazama suggests that the genus has not fixed their
karyotypes yet and stands in full development.

The neotropical species, Mazama gouazoubira also known as gray brocket deer, is a
medium to small deer that is widely distributed in South America. It is characterized by having
retained the hypothetical ancestral karyotype of the Cervidae family (2n = 70; FN = 70) and by the
frequent presence of B chromosomes. In 1987, Neitzel defined that all the autosomes of the species
are acrocentric, with the X chromosome acrocentric and the biggest of the batch, and the Y
metacentric and the smaller of the batch. Nevertheless, Duarte (1992) and Duarte and Jorge (1996)
when analyzing specimens of gray brocket, found individuals with their chromosome number
reduced, which presented 2n = 69 and B chromosomes as well. The authors concluded that the

reduction of 70 to 69 chromosomes is due to the occurrence of a Robertsonian translocation.



Robertsonian translocation is a type of rearrangement often observed in the M. gouazoubira
species, in which the central fusion occurs between two chromosomes of one arm originating a bi-
armed chromosome. A recent study, using G-banding pattern, has identified seven distinct types of
Robertsonian translocations (4; 16, 14; 16 X; 16, 7; 21, 8; 21, X; 21, 20; 26) in the Brazilian
population of M. gouzoubira involving nine different chromosomes. However, the G-banding is a
difficult technique to obtain results in deer.

As such, it becomes necessary to deepen on the studies of chromosomal polymorphism
presented by M. gouazoubira, using highly sensitive techniques for location and confirmation of
the rearrangements. Moreover, it is extremely important to advance the understanding on the
mechanisms of evolution of the species of Cervidae family from the ancestral karyotype retained by
M. gouazoubira. Thereby, the present study seeks the use of advanced techniques on the detection
and confirmation the Robertsonian translocations that have occurred in the gray brocket deer.

For this purpose, it will be produced a chromosomal probe for each type of studied
Robertsonian translocation. In order to confirm if the same type of translocation is shared by
different animals it will be applied the fluorescence in situ hybridization technic. It is expected that
the obtained results by the end of this study contribute as a baseline for subsequent studies,
enabling the prepared chromosome probes to be identified in addition to other species of deer.
Thereby, it will be possible to elucidate doubts such as to karyotype evolution of the family.

E-mail: agda.bernegossi@hotmail.com

Funding Agency: Sdo Paulo Research Foundation — FAPESP (Grant n° 2018/06780-1 &
2017/21333-9 ).
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Background: Bacterial chromosomes are complex fast-evolving systems. Genome rearrangements
and horizontal gene transfer lead to the genome plasticity that is necessary for adaptation for
changes in life style. Genome rearrangements play the important role in bacterial evolution as they
can destroy genes, create new genes and change the copy number of gene transcripts [1].

Based on pairwise comparison of bacterial chromosomes, several selection forces that form
the pattern of genome rearrangements were revealed. Over-representation of symmetrical
inversions is likely to be caused by selection keeping the replichore size balance and gene location
on the leading/lagging strand [2]. Genome reduction by deletions in intra-cellular pathogens is a
result of selection on bacterial genome size [3].

Motivation: Accumulation of large amount of whole-sequenced bacterial genomes from closely-
related species allowed us to study genome rearrangements in context of evolution.

Results: We reconstructed the evolutionary history of genome rearrangements for bacterial species
from diverse ecological niches and with different genome organization. Our results show that
rearrangement rates differ dramatically in different bacterial species, that is likely to be related to
the adaptation driven by changes in life style. Meanwhile, for newly formed pathogens such as
Yersinia pestis and Burkholderia mallei with a particularly high rate of rearrangements we revealed
the correlation between mutations rates and inversions rates.

Analysis of contradictions between the obtained evolutionary trees based on the alignments
of common genes and the gene order yielded numerous parallel rearrangements. Numerous gene
losses and inversions likely have been caused by a high rate of intragenomic recombination
between limited number of repeated elements such as transposases and 16S-23S rRNA clusters.

In Streptococcus pneumoniae and Burkholderia pseudomallei we revealed parallel

inversions that may result in phase (antigenic) variation.
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The reconstructed inter-chromosome translocations in bacterial genomes with multi-
chromosome genome organization indicate strong selection against transfer of large fractions of
genes between the leading and the lagging strands.

According to the model based on analysis of gene tree and gene location we estimated gene
inflow in species with high rate of horizontal gene transfer.

Conclusions: This study demonstrates the power of integrated analysis of chromosome
rearrangements and genome composition in context of bacterial genome evolution.
Acknowledgements: Supported by the Russian Foundation of Basic Research under grant 16-54-
21004.
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PECULIARITIES OF THE MOLECULAR COMPOSITION OF HETEROCHROMATIN
ASSOCIATED WITH PRONUCLEOLI IN MOUSE EMBRYOS

1.0. Bogolyubova,"* Z K. Sailau,” D.S. Bogolyubov'

'Institute of Cytology RAS, St. Petersburg

*Saint Petersburg State University

*e-mail: ibogol@mail.ru

The nucleus of mammalian preimplantation embryos is characterized by peculiar structure
determined by formation of nuclear domains de novo, chromatin remodeling and re-activation of
transcription. One of the characteristic features of the nucleus of mammalian embryos is the
absence of functionally active nucleoli at the initial stages of cleavage. Instead them, there are
rounded, completely fibrillar electron-dense structures, inactive with respect to RNA synthesis,
which are known as the ‘pronucleoli’ or nucleolus precursor bodies. The pronucleoli are the most
prominent structures specific for early embryos in some mammals. The vast majority of pronucleoli
are surrounded by a ring-shaped heterochromatin zone, clearly seen after DAPI staining. According
to the results of experiments with BrUTP microinjections, these heterochromatin areas are
transcriptionally inactive, but not only the tri-methylated histone H3K9me3, an epigenetic mark of
repressed chromatin, but also the acetylated histone H4K5ac, a marker of active chromatin, are
revealed there in 1—2-cell mouse embryos.

These special heterochromatic compartments of the nucleus of early mammalian embryos
we propose to term the peripronucleolar chromatin, since the use of the term “perinucleolar
chromatin” in this case is incorrect because these areas cease to be detected during transition of the
pronucleoli into functional nucleoli. Thereby, from our point of view, zones of the peripronucleolar
chromatin, typical for the initial stages of mammalian embryo cleavage, can be considered as
provisional chromatin compartments of the nucleus.

Our immunofluorescent data allow assuming that the molecular composition of
peripronucleolar chromatin in mouse embryos is characterized by a certain dynamics during
realization of the processes of zygotic genome activation as well as under artificial suppression of
transcription activity. It is noteworthy that some factors of mRNA biogenesis, for instance, S/R-rich
splicing factor SC35/SRSF2 and basal transcription factor TFIID, are revealed in peripronucleolar
chromatin at early (transcriptionally inert) stages. On the contrary, other nuclear proteins begin to
appear in this area at later stages of development; e.g., Y14, a core component of the exon-exon
junction complex, as well as the chromatin-remodeling protein ATRX. A typical component of
peripronucleolar chromatin is actin, and anti-actin immunocytochemical labeling is most

pronounced at the 2-cell stage after zygotic genome activation. According to our data,
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peripronucleolar chromatin in 1—2-cell mouse embryos has a peculiar molecular composition,
which differs from that of heterochromatin areas at the periphery of the nucleus of somatic cells. It
is characteristic that the molecular composition of peripronucleolar chromatin associated with
different pronucleoli in one nucleus may also differ. This probably reflects a functional
heterogeneity of morphologically similar pronucleoli in their competence to the process of
nucleologenesis.

On the basis of our own and available data on the molecular composition and dynamics of
heterochromatin in the nucleus of preimplantation mouse embryos, we assume that heterochromatin
located at the periphery of pronuclei (the peripronucleolar chromatin) at the onset of embryogenesis
represents not simply the sites of the repressed chromatin, but forms, together with pronucleoli, a
structural scaffold for the formation of definitive 3D architectonics of the blastomere nucleus.

The work is supported by the granting program of the presidium of RAS “Molecular and
cell biology”.
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Minor variations in the region immediately downstream of eGFP reporter 3'UTR notably
increases level of its expression in mouse and human, but not in Drosophila cell cultures
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In eukaryotes, the majority of protein-coding genes generate multiple mRNAs, partially due to
variations in termination of transcription. The process of transcription termination appears to be
complex and provides one of the levels of gene regulation. We explored the influence of minor
variations in the DNA sequence located immediately downstream of 3'UTR of the model reporter
gene on the expression level of this gene. We generated “wild type” and mutant double-reporter
plasmids encoding mCherry (inner reference) and eGFP (reporter) fluorescent proteins. In the
mutant constructs, a one-nucleotide deletion was introduced shortly (32 nt) downstream of the
AAUAAA polyadenylation signal (PAS) of the eGFP reporter. Using RT-qPCR and FACS
analyses, we showed that the mutation leads to up to 4-fold increase in the reporter mRNA and
protein levels in transiently transfected human HEK293T, mouse C57BL/3T3, but not in
Drosophila Kc167 culture cells. The 3'-RACE analysis revealed that the this mutation affects the
distribution of the pre-mRNA cleavage sites in human HEK293T cells. Compared to the control,
pre-mRNA molecules synthesized from the mutant plasmid are about 2-fold more frequently
cleaved at the position 14 nt downstream of the PAS. Interestingly, this position is located within
the palindromic sequence UGACUAGUCA. On the contrary, pre-mRNA molecules synthesized
from the “wild-type” plasmid are more frequently cleaved at a number of positions located between
14-57 nt downstream of the PAS. Additional double-reporter plasmid constructs, in which different
fragments of the region located between positions 17-83 nt downstream of the PAS were mutated,
and also demonstrate up to 4-fold increase in the reporter eGFP expression in transiently
transfected human cells. Taken together, our results clearly indicate the substantial regulatory
potential of the region located immediately downstream of gene PAS.

Project is funded by the Russian Scientific Foundation grant #16-14-10288.

We thank S.E. Kulemzin and E.S. Reshetnikova for help in FACS data acquiring.
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Hypothesis of evolution of the B-chromosomes and additional elements of chromosome set
in the Acrididae grasshopper

Alexander G. Bugrov (1, 2), Ilyas Y. Jetybayev (1, 3), Nikolay B. Rubtsov (2, 3)
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Additional elements of grasshopper’s genome are represented by B-chromosomes and additional
small arms of mainly acrocentric chromosomes. Both types of additional elements shares common
characteristics such as C-banding and enrichment with repetitive sequences. Classical hypothesis
suggest that these additional elements arose due to accumulation and amplification of different
types repetitive element. This mechanism can explain C-positive chromosomes and additional
arms, However, there are B-chromosomes with C-negative regions within C-positive material. We
used FISH analysis of repetitive DNA in the B- chromosomes, and additional C-positive
chromosome arms in populations of 1) Eyprepocnemis plorans from Armenia and Turkey; and 2)
Podisma sapporensis from Hokkaido, Sakhalin and Kunashiri Islands to investigate molecular
composition of these elements.

FISH of microdissected DNA-probes derived from the B chromosomes, of E. plorans and
P. sapporensis exhibited that, C-positive regions of B chromosomes enriched by DNA repeats
homologous to rDNA and were also present in some A chromosomes. In some populations of P.
sapporensis, these DNA probes also painted all additional C-heterochromatic arms and the
pericentromeric region of the X chromosome, but gave no signal in the euchromatic long arms and
the autosomal pericentromeric C-positive regions. Many morphotypes of B chromosomes
contained C- negative regions that was painted with euchromatic DNA probe.

We suggest new hypothesis of formation of these B chromosomes from normal autosomes.
On the first stage repetitive sequences accumulates on the euchromatic B chromosome.
Amplification of these repeats leads to formation of small C-positive blocks that merge due to
deletion of euchromatic regions between the into larger blocks. Further process can lead to
significant elimination of C-negative material. Similar process take place in the neo-Y
chromosomes of Pamphagidae grasshoppers. We believe that this mechanism can be part of dosage
compensation in case of aneuploidy in Acrididae.

Supported by the Russian Foundation for Basic Research #18-04-00192
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Karyotype discoveries in Ethiopian endemic rodents with special regards to illusory
Y chromosome appearance in the routine XX pair
N.Sh. Bulatova and D. Kostin

A.N. Severtsov Institute of Ecology and Evolution, Moscow, Russia

Remarkable diversity of endemics comprises a specificity of flora and fauna of Ethiopian
Highlands concerning both wild or domesticated taxa, and mammals in particular. Such
biogeographic feature of the country was earlier generalized by Nikolai Vavilov who made in 1927
a selfless expedition to find and collect the isolated for centuries botanical varieties of cultivated
plants across montane regions of Abyssinia and Eritrea. The time of studies in endemic mammals
came at least a half-century ago and even later and lasts till now. The international review on
Ethiopian endemic mammals was initiated by D.W. Yalden and M.J. Largen (both U.K.) 65 years
after the great Vavilov trip and presented a provisional list containing 30 species that were
currently believed to be endemic to the mountain regions, particularly to the one or two plateaux,
divided by the East African Rift Valley for the east and west parts. Due to the possibility to share
the formation of joint Ethiopian-Russian Biological Expedition (ERBE), Russian investigators of
chromosomes and DNA are making their input into recognition of endemic taxa of mammals of the
Ethiopian Highlands in correspondence to taxonomic, evolutionary and conservation aspects
(Lavrenchenko, Afework Bekele 2017). Reviewing the results of chromosome studies on the
Muridae rodents, it can be concluded that new endemic taxa are often established or expected from
the karyotype analysis based even on standard karyotypic features (2n, FN, heterochromatic or
NOR regions). Thus, at least 9 new items can be added to the initial list of 14 zoologically
registered Ethiopian endemics of the species rank plus a number of cases of intraspecies
polytypy/polymorphisms were detected. In studying the chromosome variation in two endemic
rodents of the genus Stenocephalemys which alter altitudinally, a visible effect of simulation of the
specific Y chromosome was noticeable in the female routine XX sex pair. The extra typical XX’
heteromorphism due to a large portion of heterochromatin is to reflect, in our opinion, the so far
unknown cytogenetic phenomenon related probably with thin ecological-genetic mechanisms of

reproductive adaptation, reported classically for montane endemics.
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Synoptic list of Ethiopian Highlands endemic murids and their karyotypes (*following the

taxonomic order by Yalden & Largen 1992 with further corresponding changes from various

sources)
*Taxonomic Species Chromosome Distribution 2N
group studies
Rhizomyinae Tachyoryctes E, W plateaux 50 (E plateau)
macrocephalus
T. cf. splendens W plateau 48
Dendromurinae  Dendromus lovati E, W plateaux 44 (E plateau)
Dendromus sp.nov.E plateau 50
Megadendromus E plateau 36
nikolausi
Murinae Grammomys W plateau
minnae
Arvicanthis blicki W plateau 48 (+E plateau)
Pelomys E, W plateaux 52 (W plateau)
harringtoni
P. rex* W plateau
Stenocephalemys karyoforms 1,2  E plateau 54
albocaudata
Stenocephalemys karyoforms A, B E, W plateau 54 (E plateau)
griseicauda
Stenocephalemys W plateau 50
sp. A
Praomys albipes E, W plateaux 46
P. ruppi W plateau
Muriculus E, W plateaux
imberbis
Mus mahomet E, W plateaux 36
Lophuromys E, W plateaux 60 (E plateau)
melanonyx
Lophuromys E, W plateaux 54
brevicaudus sp. A
Lophuromys W plateau
simensis
Otomys yaldeni  E plateau 56
(sp. A)
Otomys helleri E plateau 58
(sp. B)
Otomys simiensis W plateau 54
(sp. D)
Otomys typus W plateau 58

17



The phylogeographical history of the brown bear (Ursus arctos Linnaeus) in Northeast
Eurasia
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Moscow, Russia
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The bear family (Ursidae) is well studied and is widely represented in paleontological chronicles.
Numerous bone remnants were used to establish the phylogeographical population evolution of
bears. In this study we used the bone remains of four brown bears (Ursus arctos) from the
paleontological and archaeological excavations of Southern Siberia: the Denisova Cave, the
foothills of the Altai (Kolyvan-1), the banks of the Chik and Chumysh rivers (age 4.5-40 thousand
years) and 19 modern bears of Siberia: Novosibirsk, Tomsk, Krasnoyarsk, Irkutsk, Yakutia; and the

Far East: Khabarovsk.

18



After isolating the DNA from the ancient samples, we prepared libraries for sequencing.
Libraries were enriched using hybridization with contemporary U. arctos biotinilated mtDNA
immobilized on DynabeadsVR Streptavidin magnetic beads (Life Technologies, USA). Paired-end
sequencing was performed on Illumina MiSeq.

Reference-based recovery of ancient bear mitochondrial genomes was performed using
Paleomix BAM pipeline. Reads were trimmed and aligned to reference bear mitochondrial genome
(GenBank NC001640), PCR duplicates were removed, base qualities were recalibrated with
MapDamage, and indel regions were realigned with GATK. Contaminant reads were removed by
alignment to human mitochondrial genome and mapping quality comparison using custom Python
script. Consensus sequence was reconstructed in Geneious based on 75% majority consensus and
manual refinement.

Population genetic analysis for 181 sequences of modern brown bears was performed using
Arlequin 3.5. For phylogenetic analysis, we used mitochondrial sequences from our research and
260 previously published mitogenomes of brown and polar bears. It is established that ancient
brown bears had great genetic diversity and belong to haplotypes from different migration waves.
Modern bears are represented by two haplogroups, one of which is widespread throughout Eurasia,
the second one is found only on the islands of Japan.

The study is supported grant RSF 16-14-10009
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EVOLUTIONARY DYNAMICS OF THE CENTROMERIC HISTONE CENH3
WITHIN THE TRIBE TRITICEAE

E.V.Evtushenko' *, E.A.Elisafenkoz, S.S. Gatzkayal, Y.A.Lipikhinal, V.Shubert3, A.Houben’ S
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In most species, centromere identity is defined by the presence of the centromere-specific variant of
histone H3 known in plants as CENH3. Unlike canonical histone H3 with its conserved structure,
CENH3 shows considerable variability across species. Most of the diploid plant species
(Arabidopsis thaliana, maize and rice), in which the structure and copy number of CENH3 have
been determined, have this gene as a single copy. However, some species in the tribe Triticeae have
CENH3 in two variants. Rye (Secale L.) is a Triticeae genus adapted to a wider range of
environmental and climatic conditions than wheat and barley. Cultivated, weedy and wild Secale
species have different pollination systems (self-incompatible, allogamous vs self-compatible,
autogamous) and life-cycle durations (perennials vs annuals). Because the CENH3 proteins and
genes encoding them in Secale species have yet to be known, we explore the molecular structure
and the evolutionary dynamics of this central component of centromere specification and function.
We have determined the molecular structure and phylogenetic relationships of the CENH3
proteins in 11 rye species and subspecies, which have diverse crossing systems and are adapted to
diverse biotic and abiotic stresses. The genome of the cultured rye Secale cereale has been found to
have two paralogous CENH3 genes, which have different intron-exon structures and transcribe into
two main forms of the protein, tcCENH3 and BCENH3. These forms differ by size, have different
amino acid compositions and co-localize in intermingled domains in interphase and mitotic
centromeres. Using a set of wheat-rye addition lines, we assigned the aCENH3 and BCENH3 forms
to rye S. cereale chromosomes 1R and 6R. The sequence alignment of CENH3s from Secale
species and subspecies displays a high level of similarity, despite the differences that they have in
morphology, life-cycle duration and pollination systems as well as environmental and growing
conditions. The CENH3 proteins are strictly controlled by genetic factors responsible for purifying
selection. Diversifying selection operates at a very few sites in cross-pollinating rye species. A
comparison between Hordeum, Secale and Triticum species demonstrates that the structure of
CENH3 in the subtribes Hordeinae and Triticinae has evolved at different rates. A high similarity

between rye and wheat CENH3s is indicative of the evolutionary stability and conservation of the
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genetic factors that control the CENH3 structure in the subtribe Triticinae. The role of reticulate
evolution as a factor stabilizing the CENH3 structure and the rate of its evolution are discussed.
This research was financially supported by the Russian Fundamental Scientific Research Program
(project 0310-2018-0010), the Russian Foundation for Basic Research (grant 17-04-00748a) and
the Deutsche Forschungsgemeinschaft (DFG, HO 1779/15-1).
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Genistein-induced stress signaling selectively derepresses major satellite repeat transcription
in mouse heterochromatin

Fuhrmann Thomasl’z, Walther Matthias3, Onishi-Seebacher Megumil, Reuter Gunter® and
Jenuwein Thomas'

"Max Planck Institute of Inmunobiology and Epigenetics (MPI-IE), Freiburg, Germany

? International Max Planck Research School for Molecular and Cellular Biology (IMPRSMCB)
and University of Freiburg, Faculty of Biology

3 University of Halle-Wittenberg, Halle an der Saale, Germany

In mouse cells, pericentric heterochromatin is characterized by AT-rich, 234bp DNA repeats, called
the major satellite repeats (MSR). MSR are marked by repressive chromatin modifications such as
H3K9me3, H4K20me3, and DNA-methylation. MSR transcripts have been shown to be elevated
during cellular stress responses such as heat shock or UV radiation. We investigated MSR
expression in response to a variety of stress conditions and after modulation of several stress
signaling pathways by using small molecule compounds. We identified the phytohormone genistein
to selectively derepress MSR transcription but not that of other repeat elements. 24-hour treatment
of mouse embryonic fibroblasts with genistein results in a more than 100-fold induction of MSR
transcripts. Among the many described functions of genistein, it also has been shown to inhibit
topoisomerase II. By using the topoisomerase inhibitors etoposide and topotecan, we can
phenocopy the genistein-mediated desilencing of MSR transcription. Derepression of MSR
transcription occurs without significant changes in histone modifications. However, treatment with
JQ1, a potent BET-family inhibitor, results in considerable attenuation of genistein-mediated MSR
upregulation. These observations indicate transcriptional stimulation of MSR repeats by genistein
that appears independent of histone modifications. Together, these data suggest that inducing DNA
damage and replicative stress in mouse embryonic fibroblasts leads to a strong derepression of
MSR non-coding RNA and reveal mouse heterochromatin to be particularly sensitive to stress

signaling pathways.
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The role of the SUMO ligase Su(var)2-10 in deposition of repressive chromatin marks
and the piRNA pathway
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In eukaryotes, gene expression is regulated primarily at the level of transcription. Small RNAs
acting as transcription factors in complex with Argonaute family proteins are the principal
components of gene expression through their ability to suppress target genes. In Drosophila Piwi
proteins are clade of Argonaute proteins which repress the activity of transposable elements in the
genomes. This transcriptional repression is associated with the deposition of repressive chromatin
mark H3K9me3 by methyltransferase Eggless/SetDB1, however the mechanism of this process
remains unclear. In the current study we found that the SUMO ligase Su(var)2-10 plays an
important role in mechanisms of Piwi-induced transcriptional silencing and is required for
deposition of the H3K9me3 mark on transposons. Depletion of Su(var)2-10 caused global loss of
repressive histone marks and is associated with an increase in active transcription marks over the
transposon sequences. In addition we revealed that Su(var)2-10 genetically and physically interacts
with Piwi/Panx/Asx which are factors of the Piwi-induced transcriptional silencing complex.
Furthermore, Su(var)2-10 is a member of the PIAS protein family and it is known that yeast and
mammalian PIAS proteins act as SUMO E3 ligase. Here, we demonstrated that Su(var)2-10
interacts with SUMO and E2 SUMO ligase Ubc9 in vitro and in vivo. We found that this interaction
is crucial for the repressive function of Su(var)2-10 and for transcriptional repression of
transposable elements. Thus, SUMO pathway is required for piRNA-mediated transcriptional
silencing.

This work was supported by the grants from the Ministry of Education and Science of

Russian Federation (14.W03.31.0007) and from the National Institutes of Health (RO1 GM097363).
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Karyotypic features of parasitoid Hymenoptera revealed by base-specific fluorochromes
and FISH
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Karyotypes of about 500 species of parasitoid Hymenoptera, a very diverse, taxonomically
complicated and economically important group of insects, are studied up to now. Among parasitic
wasps, known haploid chromosome numbers can vary from n = 3 to n = 23. In these insects, AT-
binding fluorochromes, e.g. DAPI and Hoechst 33258, usually provide homogeneous chromosome
staining, except for obvious gaps in the nucleolus organizer regions (NORs) which constitute
clusters of ribosomal DNA (rDNA). Accordingly, GC-binding fluorochromes, such as
chromomycin A3, almost exclusively stain NORs in parasitoid Hymenoptera. Haploid chromosome
sets of this group often carry one or two rDNA sites, although three and even six clusters of that
kind can be found within karyotypes of certain members of the superfamily Ichneumonoidea (i.e.,
Ichneumonidae and Braconidae). Since this parameter generally corresponds to the chromosome
number, and the latter value often decreases in advanced parasitoids, so does the number of rTDNA
sites. However, certain exceptions to this rule, e.g. varying numbers of rDNA clusters in different
members of certain genera sometimes having the same chromosome number, also occur.
Specifically, fluorescence in situ hybridization (FISH) demonstrates that in chalcid wasps of the
genus Eurytoma (Eurytomidae), Eu. compressa (Fabricius) with n = 5 has two rDNA sites, whereas
both Eu. serratulae (Fabricius) with n = 6 and Eu. robusta Mayr with n = 7 have single rDNA
clusters which are situated on two apparently different chromosomes. Analogously, n =5 in all
members of Trichogramma (Chalcidoidea, Trichogrammatidae), although 7. pretiosum Riley and
T. kaykai Pinto et Stouthamer have one and two rDNA sites respectively. Moreover, we have found
that CG-rich chromosome segments are characteristic of telomeric regions of all chromosomes of
another chalcid wasp, Trichospilus diatraeae Cherian et Margabandhu (Eulophidae) with n = 7.
Nevertheless, rDNA clusters in this species were not studied using FISH, and therefore their precise
number and localization are currently unknown.

In addition, our views on the phylogenetic distribution of the canonical TTAGG insect
telomeric repeat in the order Hymenoptera have dramatically changed during the last years.
Specifically, the (TTAGGQG), telomeric motif was initially considered characteristic of the
Hymenoptera in general, but it was actually found only within the families Formicidae and Apidae
(Aculeata). Moreover, we failed to detect the TTAGG repeat on telomeres of all studied parasitoids

of the superfamilies Ichneumonoidea, Cynipoidea and Chalcidoidea using FISH. Furthermore, all
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other main groups of aculeate Hymenoptera were later shown to lack this motif. On the other hand,
we have recently found the TTAGG telomeric repeat in lower hymenopterans of the clade
Eusymphyta which is the sister group to all other remaining Hymenoptera. Specifically, this motif
was detected using FISH in the two members of the family Tenthredinidae (Symphyta,
Tenthredinoidea), Tenthredo omissa (Forster) and Taxonus agrorum (Fallén) both having n = 10.
Taken together with all previously accumulated information, these data prove the ancestral nature
of the TTAGG telomeric repeat in the order Hymenoptera as well as a subsequent loss of this motif
in some basal members of the clade Unicalcarida (i.e., all Hymenoptera except Eusymphyta) and its

independent reappearance in the Apidae and Formicidae.
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Despite their long history with the basal split dating back to the Eocene, all species of monitor
lizards studied so far share the same, among squamates derived, chromosome number 2n = 40.
However, there are differences in the morphology of the macrochromosome pairs 5-8. Further, sex
determination, which revealed ZZ/ZW sex microchromosomes, was studied only in a few varanid
species and only with techniques not allowing a test of their homology. We investigated karyotype
evolution and sex chromosome homology across varanids by hybridizing flow sorted chromosome
paints from Varanus komodoensis to metaphases of nine species of monitor lizards. The results
show that differences in the morphology of the chromosome pairs 5-8 can be attributed to
intrachromosomal rearrangements, which led to transitions between acrocentric and metacentric
chromosomes in both directions. We also documented the first case of spontaneous triploidy among
varanids in Varanus albigularis. The triploid individual was fully grown, which demonstrates that
polyploidisation is compatible with life in this lineage. We found that the W chromosome differs
between species in size, heterochromatin and repeat motifs. In contrast, the varanid Z chromosome
is clearly conserved in all the analysed species. Next to iguanas, caenophidian snakes and lacertid
lizards, varanids are thus other squamate group with proven highly conserved sex chromosomes for

a long evolutionary time.
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The Role of Nucleolus in IGH Locus Rearrangements
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Immunoglobulin heavy chain (IGH) locus is selectively rearranged during B lymphocytes
development. We analyzed the nuclear localization of IGH locus in relation to nucleolus,
heterochromatin, transcription factories and gammaH2AX foci. We found out that both productive
and nonproductive IGH alleles relocalize to the perinucleolar space at the SHM/CSR stages where
they colocalize with the gammaH2AX foci and AID. We propose that SHM and CSR of the IGH
locus occur in the perinucleolar “recombination compartment” occupied by AID.

The immunoglobulin heavy chain locus intrachromosomal DNA breakages and
rearrangements during normal B lymphocytes differentiation create a risk for illegitimate
interchromosomal translocations leading to a variety of B lymphocyte malignancies. In most
Burkitt and mantle cell lymphomas, specific chromosomal translocations juxtapose the IGH locus
with a CMYC or Cyclin D1 (CCND1) gene, respectively. The CCND1 gene was found very close
to the IGH locus in naive B lymphocytes and further away after maturation. In contrast, the CMYC
alleles localized closer to an IGH locus at the stage of SHM/CSR, but not in naive B lymphocytes.
In both cases the colocalization between oncogene and the IGH locus at successive stages of B
lymphocytes differentiation occurred in the immediate vicinity of the nucleolus, consistent with the
known localization of the RAGs and AID whose function have been demonstrated in IGH
physiological rearrangements. The colocalization of CCND1 and CMYC with IGH in perinucleolar
space at the time the concerned B lymphocytes undergo V(D)J recombination or
SHM/CSR respectively, may favor rearrangement events leading to mantle cell lymphoma and
Burkitt lymphoma.

This work was supported by the Russian Science Foundation (#142400022) and the Russian
Foundation for Basic Research (# 165416014).
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Yury Ilinsky*', Yuri Vyatkin?, Roman Bykov', Mary Yudina', Valentin Suslov'
*e-mail: paulee@bionet.nsc.ru

! Institute of Cytology and Genetics, Novosibirsk, Russia

? Novosibirsk State University, Novosibirsk, Russia

The existence of bacterial species is a rather difficult issue. Typological approach of species
designations that is based upon phenotypic characterisation has been widely used for prokariotic
organisms. Further, the molecular approach of conservative genes has a great impact on bacterial
taxonomy that dramatically changed the idea of bacteria diversity. The phylogenetic approach
provides robust inferences of main bacterial lineages. The phylo-phenetic bacterial species concept
that combined molecular and traditional approaches has been considered as perspective, although in
fact the results often include self-contradictions. Actually, the phylogenetic studies have revealed a
phenomenon of horizontal gene transfer (HGT) in prokaryotes. It questioned the existence of
bacterial species. The accumulated data of bacterial genomes allow to formulate the ideas of
pangenome and core genes that recover the bacterial species idea. The modern bacterial species
concept (BSC) based on the follows i) the certain gene number (core-genome) is present in all
specimens of a species, ii) specimens within a species can freely exchange with genes whereas
between species this process is limited, iii) specimens of a species are characterised by common
ecological features therefore they have uniform evolution tendency. Thus, BSC is not only resolve
the conflicts of typological and phylogenetic concepts but even to become close to the Mayr's
biological species concept.

Here we consider bacteria of Wolbachia genus that belong to the group of symbiotic
maternally inherited microorganisms (SMIM). The SMIM is a group of non-related bacteria that
are mainly found in Arthropoda hosts. This group is characterized by the reduction genome
evolution, viz. reduction of genome size, loss of genes and biochemical pathways. It is a result of
dramatic effect of the genetic drift because an isolation of every member of SMIM by a host
specimen lead to that only small part of bacterial population makes contribution in colonization of
next generation of a host.

Among SMIM the Wolbachia genus is in a unique position. These bacteria in contrary to
many other members of SMIM could be considered as both the reproductive parasites and
mutualistic microorganisms. In addition Wolbachia symbionts have extremely wide range of hosts
that include insects, other arthropods and some nematodes. According to traditional nomenclature
there is the only species W. pipientis Hertig 1936, however it's genetic diversity is subdivided into

about two tens of lineages. Two of them (A and B) have extremely high abundance. Wolbachia is
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ordinary vertically transmitted from mother to offspring, however in evolutionary scale the
horisontal transmission between different species is also observed.

In the report we consider the results of extensive survey of multilocus sequence data of
Wolbachia isolates. We demonstrate rampant recombination of core Wolbachia genes between the
strains within supergroup and rare gene exchange events between Wolbachia of different
supergroups, and discuss the definition of Wolbachia species under BSC.

This work is supported by the RFBR Ne 16-04-00980.
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Structural alterations of chromosomes in wheat hybrids obtained using the 1Rv(1A) line
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To date, the selection of bread wheat Triticum aestivum L., which provided a significant increase in
yield, led to significant decrease in the plasticity and adaptability of varieties to adverse
environmental factors. Rye Secale cereale L., whose chromosomes carry genes that control
valuable economic and biological characteristics and properties, is widely used to obtain new
forms. Introducing rye genetic material into the wheat genome, the researchers are faced with two
main difficulties: the sterility of F; hybrids and the instability of hybrid genomes. The genomes
stabilization process of wheat-rye hybrids is characterized by instability of chromosome sets,
whole-chromosome or whole-genome elimination and the structural alterations of rye and wheat
chromosomes. To increase the efficiency in obtaining prolific hybrids, selection of parental
genotypes for hybridization is necessary. The aim of this study was to evaluate the contribution of
the genotype of the wheat-rye substitution line 1Rv(1A) to the formation of karyotypes of wheat-
rye hybrids obtained by crossing with rye (1Rv(1A)xR) and wheat variety (1Rv(1A)xS29).

Previously, our group showed a partial restoration of fertility in hybrids F; 1Rv(1A)xR as a
result of meiotic restitution. The chromosomal composition of karyotypes was studied by applying
C-banding and GISH using rye genomic DNA and sequential in situ hybridization using the
centromere specific pAet-06 as probes. Aneuploidy of wheat and rye chromosomes, telocentric and
wheat-rye centric translocations were observed in plants F3 and Fs generation. C-banding of
chromosomes also allowed to determine the presence of deletions and the change in the size of
heterochromatin blocks. Structural alterations of chromosomes were observed predominantly
among chromosomes of B and D subgenomes. When selecting for plant productivity, telocentric
chromosomes were less common among Fs descendants than wheat-rye translocations, which may
indicate greater stability of translocated rye genetic material in the genome of hybrids.

Analysis of F, hybrids 1Rv(1A)xS29 allowed to reveal the formation of telocentric
chromosomes, deletions, change in the size of heterochromatin blocks, but the wheat-rye
translocation were not formed. The F; karyotypes were marked with aneuploidy not only of
chromosomes 1A and 1Rv, but also of 1D, 2D, 3D, 3B, 3A, 4A, 6D, 6B, 6A, 7D. Structural
changes were observed for the chromosomes of the first homoeologous group (1Rv, 1A, 1D, 1B),

as well as for 2B, 5D, 6B and 7B. Chromosomes 1Rv and 6B demonstrated aberrations more often.
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The types of aberrations included centromeric breaks, deletions of various sizes and altered repeats
in the pSc119.2 localization pattern.

We thank the Joint Access Center for Microscopy Analysis of Biological Objects (SB RAS)
and the Joint Access Center for Artificial Plant Cultivation (IC&G SB RAS). The working of the
Joint Access Centers was supported by the IC&G Budgetary Project no. 0324-2016-0001. FISH
analysis of meiosis and the chromosome constitution of karyotypes was supported by the Russian
Science Foundation (RSF no 16-16-00011). C-banding of mitotic chromosomes was supported by
the Belarusian Republican Foundation for Fundamental Research (BRFFR B15CO-030).
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Drosophila polytene chromosomes are an exceptional model for genome organization research. As
it can be seen under the microscope, the chromosomes have a very characteristic banding pattern,
the nature of which lies in varying degree of chromatin compaction level along the chromosome
body: densely packed regions form transverse dark stripes (bands) alternating with decompacted
light regions referred to as interbands. Recently we discovered that banding pattern is the universal
organization principle for both polytene chromosomes and mitotic cells.

Genetic organization of polytene chromosomes and correspondence between genes and their
structural parts with bands and interbands is an unresolved question to this day, mostly due to the
lack of appropriate methods that would allow accurate mapping of band and interband borders in
the genome. By applying 4HMM bioinformatic model that was created in our laboratory we
established exact borders for 32 interbands, 6 gray bands and 62 intercalary heterochromatin (IH)
bands. It was earlier shown that interbands as the most decompacted and open chromatin fragments
correspond to aquamarine chromatin of 4MM model and 5’-ends of housekeeping genes, while
densely compacted IH bands are mostly composed of ruby chromatin which is always framed by
malachite chromatin fragments we called “border malachite”. Our research also educed a novel
type of IH bands encompassing three 4HMM model chromatins: ruby, malachite, and lazurite.

By applying FISH we for the first time showed that bands in polytene chromosomes can be
formed from gene structural part material, namely noncoding introns of actively transcribed genes.
This fact could be explained by a differential pattern of chromatin condensation and
decondensation of different gene structures during their activation. We showed that several bands
and interbands might be produced by a singular intron, resulting in up to nine cytological structures
formation.

This study was supported by Russian Science Foundation grant #14-14-00934
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Studying iguanid and gekkonid sex chromosomes by isolated chromosome

sequencing
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Squamate reptiles show a striking diversity in modes of sex determination, including both genetic
(XY or ZW) and temperature-dependent sex determination systems. The genomes of only a handful
of species have been sequenced, analyzed and assembled including the genome of iguanid species
Anolis carolinensis. Despite a high genome coverage, only macrochromosomes of A. carolinensis
were assembled whereas the content of most microchromosomes remained unclear. Most of the
anole species have homomorphic XY sex chromosome system. However, some species have large
heteromorphic XY chromosomes (e.g. Norops sagrei) and even multiple sex chromosomes systems
(e.g. Ctenonotus pogus), that were shown to be derived from fusions of the ancestral XY with
microautosomes. Gekkonidae is a reptilian family containing the highest number of sex
chromosome system transitions between even closely related species. Still in some genus like
Hemidactylus sex determination mode remains unclear. We applied next generation sequencing of
flow sorting derived chromosome-specific DNA pools to characterize the content and composition
of microchromosomes in A. carolinensis, N. sagrei, C. pogus and H. platyurus. Comparative
analysis of sequenced chromosome-specific DNA pools revealed that the N. sagrei and C. pogus
XY sex chromosomes contain regions homologous to several microautosomes of A. carolinensis.
We suggest that the sex chromosomes of N. sagrei and C. pogus are derived by fusions of the
ancestral sex chromosome with several microautosomes and subsequent loss of some genetic
content on the Y chromosome. In H. platyurus we have discovered and described the possible ZW
system. Interestingly, it seems that some linkage groups tend to independently become a part of sex
chromosomes in different lizard lineages.

Financial support: RSF grant No. 16-14-10009

E-mail: kig@mcb.nsc.ru

33



Painting of fourth a chromosome-specific protein regulating the 4™ chromosome

in Drosophila melanogaster
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In Drosophila, two chromosome-wide gene regulatory systems have been characterized: the male-
specific lethal (MSL) dosage compensation system that acts on the male X-chromosome, and POF
(Painting of Fourth) — mediating the chromosome-specific regulation of genes located on the 4
chromosome, which is the first example of a chromosome-wide, autosome-specific gene regulatory
system.

Painting of fourth (POF) specifically targets and stimulates expression from the
heterochromatic 4™ chromosome. POF together with HP1 are involved in global regulation of the
4™ chromosome. POF binding is dependent on heterochromatin, and POF and HP1 bind
interdependently to the 4™ chromosome. We have proposed that POF stimulates expression of
genes in the repressive chromosome 4 environment and that a balancing mechanism involving POF
and HP1 may provide a feed-back system that fine-tunes the expression status of these genes. The
MSL-complex consists of male-specific lethal proteins and two long noncoding RNAs, roX1 and
roX2. For both the MSL-complex and POF the targeting sites are well characterized, but the
principles underlying the targeting mechanisms have remained elusive. The striking similarity
between POF and the dosage-compensating MSL-complex in evolutionary terms, their function as
chromosome-wide regulators and their binding profiles, supports a common origin. In addition,
chromosome 4 is suggested to represent a reversal of an ancient X-chromosome to an autosome.

Although dosage compensation has probably been required, and thus evolved, on a gene-by-
gene or block-of-genes basis, the existence of systems like POF and the MSL-complex that act
across a whole chromosome argues that some of their regulatory functions pre-existed and were
recruited to compensate the X-chromosome as the proto-Y chromosome started to degenerate. It is
therefore important to study the targeting mechanisms used by these systems and the relationship
between them in order to understand chromosome evolution, the evolution of gene regulatory
pathways and how balanced genome expression is established.

Both the X-chromosome and the 4™ chromosome are known to have chromosome-specific
chromatin structures, e.g. the male X-chromosome is enriched in acetylated H4K 16 and the 4™ is
enriched in methylated H3K9. We have started to investigate additional chromosome-specific
enrichments of histone modifications. We found a significant reduction in tri-methylated H3K36 on

the male X-chromosome and increased enrichment on the 4" chromosome.

34



In Drosophila melanogaster the 1.688 satellite is one of the most abundant, with the longest
array located in the pericentromeric region of the X-chromosome. Short arrays of 1.688 repeats are
widespread within the euchromatic part of the X-chromosome, and these arrays were recently
suggested to assist in recognition of the X-chromosome by the MSL-complex. We discovered that a
short array of these repeats is essential for recruitment of the protein POF to a specific site on the
X-chromosome (PoX2) and to various transgenic constructs. On an isolated target, i.e. an
autosomic transgene consisting of a gene upstream of 1.688 satellite repeats, POF is recruited to the
transgene in both males and females. The sequence of the satellite as well as its length and position
within the recruitment element are the major determinants of targeting. Moreover, the 1.688 array
promotes POF targeting to the roX/-proximal PoX1 site in trans. Finally, binding of POF to the
1.688-related satellite-enriched sequences is conserved in evolution. We hypothesize that the 1.688
satellite functioned in an ancient dosage compensation system involving POF targeting to the X-
chromosome.

The results presented support a model linking the MSL-complex to POF and chromosome
specific gene regulation to regulation of heterochromatin. In addition, our data suggests that the X-
chromosome (and the 4™ chromosome) has evolved high tolerance for mis-expression, a property
we speculate evolved in parallel with dosage compensation mechanisms and is predicted to be

common for current and ancient sex-chromosomes.

35



Altered rRNA levels in possible connection to intellectual disability
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Intellectual disability (ID) is an important medical and social problem that is commonly
accompanied by comorbidities, psychological issues, social difficulties and often financial pressure
for patients and their relatives. Its frequency is approximately 1% of the human population, and it
can be caused by different genetic and environmental factors. One such genetic feature may be
enlargement of p-arms on acrocentric autosomes, where rRNA genes are located. Although these
chromosomes with substantially enlarged p-arms were reported since the 1970s, their presence in
the karyotype can be accompanied by ID or have no manifestations (even passing through
generations), and slight heteromorphism of p-arms in human acrocentric chromosomes is
considered to be normal according to the human chromosome atlas.

In IMCB SB RAS, blood samples from patients with ID and their relatives were collected.
In one of patients, CPG22, karyotyping revealed substantially enlarged p-arm on chromosome 13.
An analogous chromosome was found in his healthy father CPG72, whereas his healthy mother
CPG73 had a normal karyotype. FISH with a plasmid containing DNA sequences corresponding to
18S, 28S and 5.8S rRNA showed evidently large signals on affected chromosomes compared to
normal homolog and other NOR-chromosomes in both the proband and his father indicating
amplification of rDNA in both cases. To evaluate NOR functioning on the affected chromosome,
we performed AgNOs-staining of the same metaphase spreads as for rDNA localization in father
and son. On proband’s affected chromosome 13 enlarged p-arm stained on both chromatids across
all the length substantially brighter than those on other NOR chromosomes and the normal
homolog. Contrary, his healthy father revealed functional mosaicism of affected chromosome 13:
in 57% of cells one active NOR, that was comparable with normal NOR-chromosomes, was
detected, in 43% of cells — two different NORs, of which the more distally located one was stained
brighter than the other. Finally, to evaluate rRNA expression, we performed real-time PCR
quantification of 18S, 28S and 5,8S rRNAs in all three members of the family. In healthy parents
all studied mRNA levels did not exceed those in the healthy control with a normal karyotype.
Contrary, in CPG22 levels of all three rRNAs were approximately 6-fold higher than in the normal
control. So, in this family case with 13p+ in father and son excessive NOR activity and elevated

rRNA levels coincided with ID.
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Thus, the aim of our further study was to extend an amount of investigated people and
examine rRNA expression levels in patients with ID and acrocentric chromosomes with p-arms
enlargement and in healthy controls.

First, we performed statistical evaluation of acrocentric chromosomes with NOR region p-
arm enlargement in 56 patients with ID and 32 healthy controls. In the ID group, 37.5 + 5.9% had
enlarged p-arms in acrocentric chromosomes vs 34.4 + 8.4% of people in the healthy group (not
statistically significant). This finding shows that this feature itself is not directly connected with an
increased probability of ID development, although it can be thought to represent a risk factor. Then
we analyzed distribution of acrocentric autosomes with enlarged p-arms. Chromosome 13 had more
frequent p-arm enlargement compared to other chromosomes in both groups, but the distribution
differed from those in patients with ID and healthy donors. Thus, this chromosome tends toward
preferential p-arm enlargement among all analyzed people with acrocentric chromosome
heteromorphisms.

Thereafter, we examined 18S, 28S and 5.8S rRNA levels in blood samples of 12 ID patients
with enlarged p-arms of acrocentric chromosomes and 13 healthy controls. The control group
included samples with and without acrocentric chromosome heteromorphism. The mean 28S rRNA
and 5.8S rRNA levels were substantially and statistically significantly higher in ID patients
(p<0.01) compared with the control group, being near to 6-fold elevated when normalized to the
same one healthy reference control. The 18S rRNA did not exhibit a statistically significant
difference between ID patients and healthy controls, although the value for ID patients tended to be
higher (p=0,12). All healthy controls showed no statistical significance in rRNA levels in relation
to the presence of heteromorphic acrocentric chromosomes. The obtained results support our
proposed relationship between RNA levels and ID. However, elevated rRNA expression is not the
only factor playing a role. The 28S/18S rRNA ratio in ID patients also tends to be increased
compared to healthy controls, but this is evidently the case only for a subset of the patients. Thus,
changes in rRNA maturation processes may also take place and be connected with ID development.

Our results show that acrocentric chromosome p-arm enlargement itself is not sufficient to
cause ID although may be thought to represent a risk factor. The crucial control point is rRNA
expression and, namely, its correct regulation, expression and maturation. However, triggers and
mechanisms of pathological processes in these cases wait to be revealed.

The study is supported by Russian Science Foundation Grant 15-15-10001.

37



Spatial-temporal organization of replication in polytene chromosomes of Drosophila
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Although polytene chromosomes have remained a cytogenetic model of choice for approximately a
century, accurate genomic coordinates have been identified only for a handful of morphological
elements of polytene chromosomes. We identify the genomic coordinates of the most compact, so-
called “black” bands across the entire chromosome 2R. These bands encompass ~60% of DNA in
the euchromatic arms and are the main structures visible by light microscopy. These results allowed
us to compare replication timing between polytene chromosomes in salivary glands and
chromosomes from cultured diploid cell lines and to uncover a significant similarity between these
two types of chromosomes. This similarity is based on the peculiar partitioning of the Drosophila
genome into alternating domains with permanently active genes and the domains that are subject to
tissue-specific regulation. These domains strongly vary in size and are typically shorter than several
hundred kilobase pairs. On the basis of the previous and new original data, we developed a model
that associates (1) organization of the Drosophila genome, (2) replication timing in polytene cells,
and (3) replication timing in diploid cells.

Financial support: Russian Science Foundation grant #14-14-00934.
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TRF4, the novel TBP-related protein of D. melanogaster, in the course of evolution acquired
the new functions in the ER-associated processes in the cytoplasm

Kurshakova M.M.!, Kopytova D.V.!
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Investigation of the functions of TBP-related proteins makes contribution to the understanding of
the mechanisms of chromatin assembly and transcription regulation in higher eukaryotes. The trf4
gene, coding for the novel TBP-related protein, was found in the D.melanogaster genome. trf4
homologs were found in the genomes of various Drosophila species but not in the genomes of other
species. The predicted TRF4 protein has a distant homology with the TBP-like domains of TBP and
TREF2 and is evolutionarily conserved among Drosophila species, which indicates its functional
significance. TRF4 is expressed at all stages of development and many tissues of D. melanogaster
with high levels of its expression being observed in testes. Amino acid sequence of TRF4 has
mutations in promoter-binding and nuclear localization signal sequences. TRF4 is detected in the
cytoplasm and is concentrated at the endoplasmic reticulum (ER) region of the cell. TRF4 was
copurified with the proteins taking part in the processes proceeding in the ER, such as protein
folding, proteolysis, and lipid droplet formation. Therefore, the change in the subcellular
localization of TRF4 correlates with its new function in the processes associated with ER function.
It can be proposed that #7/4 gene is an example of homolog neofunctionalization by protein
subcellular relocalization (PSR) pathway, where the subcellular relocalization of gene product of

duplicated gene lead to its new functions in ER-associated processes.
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During Drosophila spermatogenesis, testis-specific meiotic arrest complex (tMAC) and
testis-specific TBP-associated factors (tTAF) contribute to activation of hundreds of genes required
for meiosis and spermiogenesis. Intriguingly, tMAC is paralogous to the broadly expressed
complex Myb-MuvB (MMB)/dREAM and Mip40 protein is shared by both complexes. tMAC acts
as a gene activator in spermatocytes, while MMB/dREAM was shown to repress gene activity in
many cell types. Our study addresses the intricate interplay between tMAC, tTAF, and
MMB/dREAM during spermatogenesis. We used cell type-specific DamID to build the
DNA-binding profiles of Cookie monster (tMAC), Cannonball (tTAF), and Mip40 (MMB/dREAM
and tMAC) proteins in male germline cells. Incorporating the whole transcriptome analysis, we
characterized the regulatory effects of these proteins and identified their gene targets. This analysis
revealed that tTAFs complex is involved in activation of achi, vis, and topi meiosis arrest genes,
implying that tTAFs may indirectly contribute to the regulation of Achi, Vis, and Topi targets. To
understand the relationship between tMAC and MMB/dREAM, we performed Mip40 DamID in
tTAF- and tMAC-deficient mutants demonstrating meiosis arrest phenotype. DamID profiles of
Mip40 were highly dynamic across the stages of spermatogenesis and demonstrated a strong
dependence on tMAC in spermatocytes. Integrative analysis of our data indicated that
MMB/dREAM represses genes that are not expressed in spermatogenesis, whereas tMAC recruits
Mip40 for subsequent gene activation in spermatocytes. Discovered interdependencies allow to
formulate a renewed model for tMAC and tTAFs action in Drosophila spermatogenesis

demonstrating how tissue-specific genes are regulated.
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The phenomenon of nicotinamide adenine dinucleotide (NAD+)-dependent poly(ADP-ribosyl)ation
catalyzed with PARP1 was discovered long time ago, but it is still unclear how this post-
translational modification governs a multitude of cellular processes. PARP1 interacts with
numerous nuclear proteins including histones, and orchestrates chromatin decondensation in
response to DNA damage. Relaxation of chromatin opens access to damages for DNA repair
proteins. When interacting with the damaged DNA, PARP1 catalyzes the synthesis of a long
branched poly (ADP-ribose) polymer (PAR) by using NAD" as a substrate. PAR can be attached to
the acceptor amino acid residues of nuclear proteins or to PARPI itself. This process leads to
reorganization of the functional protein complexes involved in base excision repair (BER) and in
nucleotide excision repair (NER). The aim of the present research was to investigate the role of
poly (ADP-ribosyl)ation in regulation of BER and NER and to search new targets of PARylation
catalyzed with PARP1 and PARP2. The activities of BER and NER systems were investigated in
cells of long-living animal Heterocephalus glaber (H. glaber) in comparison with cells of Mus
musculus (mouse). Biochemical and immunochemical approaches, RT-PCR, fluorescence titration
methods, atomic force microscopy (AFM), light-scattering technique were applied to reveal PARP1
interactions with BER and NER proteins as well as with DNA intermediates of BER containing
breaks or apurinic/apyrimidinic sites [1]. PARPland PARP2 activities regulate BER and NER
processes. The new mechanism of stimulation of PARP1 activity by multifunctional protein YB-1
which involved in BER was found. The level of poly(ADP-ribose) synthesis, was higher in the cells
of H. glaber in comparison with mouse cells as well as H. glaber cell extracts displayed higher level
of PARPI covalent binding to DNA probes containing chemically reactive groups [3]. The results
obtained show the key role of PARP1 in regulation of BER and NER processes and the new
mechanisms of stimulation of PARP1 activity by oncoprotein YB-1. The data show the elevated
activity of PARP-1 in cells of long-living mammals that can speak in favor of the various roles of
PARPI in longevity and aging.

Acknowledgements: This work was supported by grant from RSF (14-24-00038).
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EPIGENETIC SILENCING OF X-LINKED CNV BY SKEWED X-INACTIVATION

IN WOMEN WITH A HISTORY OF PREGNANCY LOSS

Lebedev I.N.l’z, Kashevarova A.A.l, Skryabin N.A.l, Pavlova K.A.z, Zatula L.A.z,

Minaycheva L.I.", Tolmacheva EN.'

! Research Institute of Medical Genetics, Tomsk National Research Medical Center of the Russian
Academy of Sciences, Tomsk, Russia

? Siberian State Medical University, Tomsk, Russia

The reason for incomplete penetrance of the large-scale chromosomal copy number variation
(CNV) in human genome is not fully recognized. One of the possible mechanism may be related to
genetically and developmentally determined epigenetic chromatin modifications. Recent data
provide evidence, that skewed X-chromosome inactivation (sXCI) is associated with X-linked
disease manifestation, cancer or adverse reproductive outcomes. Moreover, extremely sXCI with
involvement of more than 95% of one of the parental homologues is linked with an advanced
incidence (>4-times) of idiopathic recurrent pregnancy loss based on meta-analysis of 12 datasets
(Su et al., 2015). At the same time, sXCI may have a protective effect for woman health by
suppressing X-linked lethal gene mutations or CNVs. Therefore, one can suggest, that inheritance
of these CNVs from maternal side by embryo may be incompatible with its normal development. If
this true, the male embryos or female embryos with random X-inactivation are in the elevated risk
group in such families.

To test this hypothesis, X-inactivation status was estimated in blood lymphocytes from 120
women with a history of pregnancy loss by classical methylation-specific assay at the AR locus.
Extremely sXCI was observed in 8% of women. Their karyotypes were further analyzed by aCGH
using SurePrint G3 Human CGH+SNP 4x180K Microarray Kit (Agilent Technologies, USA).
CNVs confirmation studies were performed on AriaMX Real Time PCR System (Agilent
Technologies, USA) with DNA samples from mother’s blood lymphocytes and extraembryonic
tissues of her spontaneous abortions.

Two women in this group had pathogenetically significant CNVs. In one case woman with
sXCI had delXq24, 239 kb in size, affected 8 genes (SLC25443, SLC2545-AS1, SLC25A45,
CXorf56, UBE2A, NKRF, SEPT6, MIR766). This deletion was confirmed by Real-Time PCR both
in mother and her spontaneous abortion with 46,XY karyotype. The mother, 29 years old, had a
history of 5 miscarriages, 1 induced abortion and 1 healthy female child. DelXq24 encompassing
UBE?2A gene was revealed previously in two unrelated boys with mental deficiency, heart defects,
dysmorphic features (Thunstromet al., 2014) and related to X-linked syndromic mental retardation,

Nascimento type (MIM 300860). The X-inactivation study in both patients’ mothers confirmed
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extremely sXCI (99%). Xq24 deletions were also among the most common deletions in HER2-
positive breast cancer with involvement of X-linked SLC25443, SLC25A45-AS1, and SLC2545
genes (Gabrielson et al., 2016). Products of affected genes are involved in cell proliferation,
differentiation and post-transcriptional regulation of gene expression. Knockdown of SLC25443 in
non-tumor cells significantly inhibited cell cycle progression during G1-S transition and reduce
proliferation rate. Probably a lack of these genes expression leads to the shifting to sXCI in healthy
deletion carriers but associated with their adverse pregnancy outcomes.

Another woman had two CNVs: dupXp22.33, 715 kb in size, with involvement of 5 genes
(PLCXDI1, GTPBP6, PPP2R3B, LINC00685, SHOX) and dupXq28, 782.7 Kb in size, with
involvement of 16 genes (VBP1, RAB39B, CLIC2, TMLHE-ASI, H2AFB2, H2AFB3, H2AFBI,
F8A41, F843, F8A2, MIR1184-3, MIR1184-2, MIR1184-1, SPRY, VAMP7, IL9R). Her female
embryo with normal 46,XX karyotype revealed a random X-inactivation in extraembryonic tissues,
that may reduce a chance for survival.

Our data are applicable to the understanding of molecular mechanisms responsible for the
coordinated control of the expression level of X-linked loci significant for early embryo
development by combination of epigenetic (X-inactivation) and cytogenetic (CNVs) processes.
They will provide new strategies for preimplantation genetic diagnosis in women with recurrent
pregnancy loss and sXCI.

This study is supported by the Russian Foundation for Basic Research, grant 18-015-
00437 a.
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SECALOTRITICUM HYBRIDS AS A NEW MODEL FOR STUDYING THE ACTIVITY
OF GENES ENCODING CENTROMERE-SPECIFIC PROTEIN CENH3

Y.A. Lipikhinal, E.V Evtushenkol, O.M. Lyusikovz, LA. Gordeiz, A.V. Vershinin'

Unstitute of Molecular and Cellular Biology SB RAS, Novosibirsk, 630090
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The ultimate goal of remote hybridization is to make hybrids use as much of each of their parent’s
natural genetic potential or genetic diversity as they have. Of critical importance for increasing
genetic diversity and developing hybrids with selective value could be the synthesis of rye-wheat
amphiploids ( xSecalotricum, xSecalotriticum Rozenst = Secale L. % Triticum L.), with rye as the
maternal form and wheat as the pollinator. Crosses like these are normally difficult to achieve due
to incompatibility, and so rye-wheat amphiploids are not well studied. It was found by researchers
of the Laboratory of Plant Cytogenomics of the Institute of Genetics and Cytology of the NAS of
Belarus that the use of triticale as an intermediate agent donating wheat genomes in crosses with
rye is efficient for overcoming progamic incompatibility of the original species. New hybrids, with
rye as the maternal plant and triticale as the paternal source of the wheat genome, are collectively
called secalotriticum. Secalotriticum represents better settings for enhancing the expression of the
rye genetic systems and the manifestation of its valuable adaptive traits.

Differential staining of chromosomes revealed that the secalotriticum forms developed by
crossing the parental tetraploid rye cv. Verasen’ (RRRR, 2n=4x=28) to triticale cv. Mikhas’ and
Dubrava (AABBR’R’, 2n=6x=42) followed by backcrossing are cytologically stable hexaploids
(RRAABB, 2n=6x=42) without between-genome chromosome substitutions. We explored the
expression of the main forms of centromere-specific histone CENH3 in the hybrids. The coding
sequences of the N-terminal tails (NTT) of the o forms of wheat and rye CENH3 share a high
percentage (99%) of nucleotide identity; however, a few positions display elevated levels of
polymorphism. The NTT of aCENH3 in secalotriticum hybrids features a still higher percentage of
nucleotide substitutions and, consequently, amino acid substitutions at such positions and the
predominance of CENH3 forms typical of rye.

This research was financially supported by the Russian Foundation for Basic Research
(project 18-54-00013) and the Belarusian Republican Foundation for Fundamental Research
(project B18R-170).
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THE CENH3 GENE ENCODING CENTROMERE-SPECIFIC HISTONE H3: ACTIVITY
IN TRITICALE

Y.A. Lipikhinal, E.V. Evtushenko', P.I. Stepochkinz, A.V. Vershinin'
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Remote hybridization often causes genome rearrangements, which may lead to elimination of one
of the parents’ chromosomes even after successful fertilization and combining two genomes in the
hybrid cell. Crosses between wheat and rye species proved to be by far the most successful remote
hybridization events in that the progeny is reproducible and the allopolyploid hybrids — triticale
(Triticum x Secale, (X Triticosecale Wittmack)) — can be introduced in breeding practice.
Centromeres regulate faithful chromosome segregation during cell division. CENH3, a specialized
modification of histone H3, is a permanent component of centromeric chromatin. CENH3 consists
of a conserved C-terminal domain (HFD) and a more variable N-terminal tail (NTT), which plays
an important role as CENH3 is incorporated to centromeric chromatin during cell division. This
work provides the results of a cytogenetic analysis of triticales (AABBDDRR, 2n=8x=56),
developed by crossing the isogenic line of hexaploid wheat 7. aestivum cv. Triple Dirk D
(AABBDD, 2n=6x=42) and the rye S. cereale cv. Korotkostebelnaya 69 (RR, 2n=2x=14) and a
comparative analysis of the expression of the main forms of CENH3 in the parental species and
hybrids. The coding sequences of the NTT of the a forms of wheat and rye CENH3 are 213 bp in
length each and have 99% nucleotide identity. The amino acid sequences of CENH3 from the
parental rye cultivar possess specific positions with nonsynonymous amino acid substitutions that
make them differ from those in wheat. All rye-specific amino acids are also present in the tcCENH3
forms observed in the hybrid cells and the presence of these amino acids in the hybrids serves as a
measure of expression of the parental CENH3 in the hybrids. This suggests that triticales, with their
hybrid genomes, express CENH3 copies that are typical of each of the parents.

This research was financially supported by the Russian Foundation for Basic Research
(project 17-04-00748) and the Russian Fundamental Scientific Research Program (project 0310-
2018-0010).
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Regulation of rRNA transcription by SUMO pathway

Yicheng Luo', Elena Fefelova® and Alexei A. Aravin'?
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Similar to other organisms, the genome of Drosophila melanogaster contains many copies of
identical rDNA units organized in extended arrays. It is believed that only fraction of available
rDNA unites are expressed in each cell, however, molecular mechanisms responsible for selection
of active rDNA units and silencing of inactive rDNA remain poorly understood. We studied
regulation of expression of normal rDNA and units damaged by integration of retrotransposons and
found that their expression is strongly regulated by SUMO pathway.

This work was supported by grants from the Ministry of Education and Science of Russian

Federation (14.W03.31.0007)

47



DOUBLESEX PROTEIN IS ASSOSIATED WITH GENE ACTIVATION IN DROSOPHILA
MALES

Maksimov D.A. ', Antoshina P.A. ', Kalashnikova D.A. ", Posukh O.V. ', Belyakin S.N."*
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Doublesex (Dsx) proteins are known to control somatic sex differentiation in Drosophila, but
mechanism underlying this process is still unknown. There are many indirect evidences that these
proteins may work as transcription activators or repressors.

We found that in Drosophila males sex-specific isoform of Dsx binds to regulatory regions
of active genes. This was achieved by comparison of its binding profiles in two different terminally
differentiated tissues — fat body and accessory glands. It was found that Dsx binds to promoters and
5'UTR of most active genes in each tissue. Interestingly, this Dsx-related activation was not a
feature only of the genes related with sex-specific function in each tissue — all actively transcribed
genes tend to bind with this protein. Moreover, change of transcription level of individual genes
between these two tissues correlates with variation in Dsx binding — the more active a gene
becomes, the more it is bound with this protein. But this correlation was only one-sided. Indeed,
tissue-specific binding of Dsx to a gene was not always accompanied by its activation.

Based on our observations we conclude that Dsx protein in Drosophila males may work as a
common factor allowing gene activation by other specific activators.

This work was supported by the grant from Russian Foundation for Basic Research

(16-04-01463).
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Genome-wide analysis of SU(VAR)3-9 distribution in chromosomes of Drosophila
melanogaster
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Histone modifications represent one of the key factors contributing to proper genome regulation.
One of histone modifications involved in gene silencing is methylation of H3K9 residue. Present in
the chromosomes across different eukaryotes, this epigenetic mark is controlled by SU(VAR)3-9
and its orthologs. Despite SU(VAR)3-9 was discovered over two decades ago, little is known about
the details of its chromosomal distribution pattern. To fill in this gap, we used DamID-seq approach
and obtained high-resolution genome-wide profiles for SU(VAR)3-9 in two somatic (salivary
glands and brain ganglia) and two germline (ovarian nurse cells and testes) tissues of D.
melanogaster. Analysis of tissue and developmental expression of SU(VAR)3-9-bound genes
indicates that in the somatic tissues tested, as well as in the ovarian nurse cells, SU(VAR)3-9 tends
to associate with transcriptionally silent genes. In contrast, in the testes SU(VAR)3-9 shows
preferential association with testis-specific genes, and its binding appears dynamic during
spermatogenesis. In somatic cells, the mere presence/absence of SU(VAR)3-9 binding correlates
with lower/higher expression. No such correlation is found in the male germline. Interestingly,
transcription units in piRNA clusters (particularly flanks thereof) are frequently targeted by
SU(VAR)3-9, and Su(var)3-9 mutation affects the expression of select piRNA species. Our
analyses suggests a context-dependent role of SU(VAR)3-9. In euchromatin, SU(VAR)3-9 may
serve to fine-tune the expression of individual genes, whereas in heterochromatin, chromosome 4,

and piRNA clusters, it may act more broadly over large chromatin domains.
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Summary of mammalian B chromosome sequencing
Alexey Makunin
Institute of Molecular and Cellular Biology SB RAS, Novosibirsk, Russia

B chromosomes (Bs) represent the most stable type of supernumerary chromosomes. They persist
in populations for many generations and often demonstrate preferential behaviour in mitotic and
meiotic cell divisions. Here, we summarize the data from isolated B chromosome sequencing we
performed in mammals: two canids (fox and Chinese raccoon dog), two cervids (Siberian roe deer
and grey brocket deer), and three rodents (collared lemming, yellow-necked field mouse, and
Korean field mouse). In all species B chromosomes originated independently and incorporated
copies of multiple genomic regions. Genes found on Bs are often involved in cell division and
differentiation, and, unexpectedly, neuron development. Several genes are reused in distinct
lineages. Evolutionary changes of B chromosomes include pseudogenization, amplification, and
repetitive DNA accumulation. Most of the described properties are shared with B chromosomes in
plants, insects, and fish. In this context, we discuss the features of B chromosome evolution and

further developments in the field.
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Using multiple reference genomes to identify phylogenetically informative markers
for amplicon sequencing: an example from Anopheles mosquitoes

Alex Makunin

Wellcome Sanger Institute, Cambridge, United Kingdom

Anopheles is a diverse and highly evolvable genus of mosquitoes primarily known as malaria
transmission vectors. Current genome diversity research is heavily biased towards a few major
vector species, largely in Africa. Efforts towards malaria eradication require efficient surveillance
instruments with broad scope in order to target both major and minor vector species from all
endemic regions including South-East Asia and South America. Previously, whole-genome
sequencing was performed for 16 Anopheles species representing both whole genus phylogeny and
major vectors worldwide. Here, we use this comparative genomics dataset to search for
phylogenetically informative markers throughout the entire nuclear genome. We select the most
informative markers that are flanked by highly conserved regions suitable for primer design. The
dataset is further filtered based on marker discriminative power, functional annotation, genomic
position, and applicability to other dipterans. From this final set, we aim to construct a high-
throughput low-cost amplicon sequencing panel suitable for 1) assigning accurate species
identification to samples from diverse locations, 2) identifying previously unknown species, and

3) revealing population structure without prior knowledge of mosquito identity.
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Mitochondrial Genome Surgery
Mazunin 1.O.
Laboratory of Molecular Genetics Technologies, Immanuel Kant Baltic Federal University,

Kaliningrad, Russia, IMazunin@kantiana.ru

Different approaches such as mitochondrially targeted restriction endonucleases, zinc-finger nucleases
(ZFNs), TAL effector nucleases (TALENS), have been developed to manipulate mitochondrial DNA
(mtDNA) haplotype level in a cell. All the approaches are based on specific protein-nucleic acid interactions
and their ability to cut out target mtDNA. Moreover, the development of sequence specific ZFNs and
TALEN:S is laborious and technically challenging. RNA-guided endonucleases (RGEN) is an alternative
method that utilizes a short guide RNA (gRNA) to recognize DNA, bind an endonuclease, and induce site
specific cleavage. We expected that both RNA and protein parts of the RGEN systems require modifications
for its effective import and functioning within the mitochondrion. There is no available experimental support
for the application of any RGENs to mtDNA because there have been no evidence that the gRNA species
could cross the mitochondrial membrane. But at the same time there are several published determinants for
RNA import into human mitochondrion.

Here, we present mitochondrially modified RGEN/SpCas9 and RGEN/AsCpf1 which localize in
mitochondrion and level down copy number of mtDNA. Current work is a proof-of-concept for this
approach with possibility of further improvement of the system and making it more effective against
pathological mtDNA. Further replacement of 20-bp of target-specific sequence in the plasmid vector
encoded modified gRNA will allow the RGEN complex to eliminate different pathogenic mtDNA
mutations.

To increase RNA import efficiency we have decided to encode the RNA moieties into a DNA
structure and import it into mitochondrion using the TOM/TIM protein pathway. We would like to present
the system called mitoTALE which, as we think, could deliver dsSDNA molecules into the mitochondrion.
The system includes two parts: the modified DNA-binding protein (recombinant protein which consists of a
TAL effector fused with a mitochondrial target signal in its N-tail) and a binding site at the 5'-end of the
imported dsSDNA molecules. Imported dsDNAs are supposed to be expressed inside of the mitochondrion as
functional genetic code, and could be used as a DNA template for homology-directed recombination or/and
additional genetic material.

So here we are presenting and discussing our research on mitochondrially modified RGEN
technologies and mitoTALE system for DNA delivery into mitochondrion in the context of mtDNA level
manipulation as a potential future strategy for therapeutic intervention in selected mitochondrial diseases.

This work was supported by the Russian Science Foundation [grant numbers 17-75-20015].

52



Cytomixis in male meiosis: monocots vs dicots
Mursalimov S., Loginova D, Silkova O., Deineko E.
Institute of Cytology and Genetics, Siberian Branch, Russian Academy of Sciences, Novosibirsk,

Russian Federation

Cytomixis is the migration of nuclei or their fragments between plant cells. Such migration is most
frequently observed between male meiocytes; this process has been so far described in over 400
plant species. It is well known that polyploidization is the major mechanism of adaptation and
speciation in plants. The production of unreduced gametes is believed to be the dominant process
involved in the origin of polyploid plants. In the plant male meiosis, the unreduced microspores and
further gametes, may be formed in different ways, and cytomixis is assumed to be one of them. We
analyzed cytomixis in dicot (tobacco) and monocot (wheat, rye and their hybrids) plants.
Cytological features of cytomixis were studied in tobacco, an ancient allotetraploid, and newly
formed wheat-rye hybrids using immunostaining and FISH. It was shown that both tobacco and rye
plants have a high level of cytomixis in their male meiosis, however the level of cytomixis in wheat
plants is rather low. In this context study of cytomixis in wheat-rye substitution lines (1Rv(1A),
2R(2D), SR(5D), 6R(6A) etc.) has a special interest because it provides a possibility to find an
individual rye chromosome that has “cytomixis genes”.

The work was supported by the Russian Foundation for Basic Research [16-34-60007
mol a dk] and the Russian Academy of Science [0324-2018-0019].
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Molecular mechanism of piRNA-guided transcriptional repression
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Regulation of transcription is the main mechanism responsible for precise control of gene
expression. In many eukaryotes, small RNA guides in complex with a member of the Argonaute
protein family identify targets of transcriptional repression. This strategy is employed to protect
genomes from the activity of transposable elements, and in animals involves a distinct clade of
Argonautes, Piwi proteins, and their associated piwi-interacting RNAs (piRNAs). In Drosophila,
Piwi-induced transcriptional repression is associated with the establishment of repressive chromatin
marks by the histone methyltrasferase SetDB1, however how the Piwi/piRNA complex recruits this
effector to chromatin targets is poorly understood. We identified a new player in piRNA-guided
transcriptional silencing encoded by the Su(var)2-10 gene. Su(var)2-10 is required for
transcriptional silencing and deposition of repressive chromatin marks on transposons and it
physically associates with the Piwi/piRNA target recognition complex. Su(var)2-10 belongs to a
conserved family of proteins that function as SUMO ligases and we found that the SUMO pathway
is essential for the repressive function of Su(var)2-10.

This work was supported by grants from the Ministry of Education and Science of Russian

Federation (14.W03.31.0007)
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CYTOGENETIC ANALISYS OF SMALL MAMMALS (EULIPOTYPHLA,
LAGOMORPHA AND RODENTIA) FROM THE QINGHAI-TIBET PLATEAU, CENRAL
CHINA AND THE FIRST KARYOTYPE DESCRIPTION FOR TWO SPECIES

© Svetlana V. Pavlova and Boris I. Sheftel

A.N. Severtsov Institute of Ecology and Evolution, Moscow, Russia, swpavlova@mail.ru

The small mammals of the Qinghai-Tibet Plateau are of great interest for cytogenetic due to the
lack of a karyotype description for some species. We have collected the material for the
karyological analysis from 6 localities in Central China (September 2017): four of them (ShangTan,
Wu Jiao-Xiang, Chuanzhusi, Ruo Er Gai (Dzege)) are located along the western part of the Qin-
Ling Ridge, and the Lianhuashan and Taiseshan - on the eastern slope of Qinghai -Tibet Plateau.
The extreme distance between the locations was 1300 km. Three localities (ShangTan, Lianhuashan
and Taiseshan) are located in the southern part of Gansu Province, and the others in the northern
part of Sichuan Province.

Cytogenetic analysis was carried out for 13 species of small mammals, representing three
orders (Eulipotyphla, Lagomorpha and Rodentia) (N = 26). All five studied insectivorous species
were representatives of the family Soricidae. The karyotype of lesser white-toothed shrew
Crocidura suaveolens (N=1) had the typical structure and 2n = 40, NFa = 46.

Taxonomy of the genus Blarinella is contradictory. At present, most researchers believe
(Hoffmann, Lunde 2008) that there are 3 species distributed in China (B. griselda, B.
quadraticauda, B. wardi) and three different karyotypes were described for this genus (Ye et al.,
2006, Moribe et al., 2007, Sheftel et al., 2017). But the examined karyotype had very different
chromosome number and structure (2n = 48, NF = 62). Analysis of the morphological features
allowed us to assume that the studied specimen is the Asiatic short-tailed shrew Blarinella
quadraticauda (N=1). Further research is needed to clarify taxonomic status for species within this
genus. The karyotypes of the Chinese mole shrew Anourosorex squamipes (N=2) did not differ
from that described earlier from Sichuan province (2n = 48 and NFa = 92). It should be noted that
the closely related species (4. yamashinai) inhabiting Taiwan has 2n = 50 (NFa = 96) due to the
presence of an additional pair of subtelocentric autosomes (Motokawa et al., 2009). The karyotype
of the Gansu shrew Sorex cansulus (N=1) had 2n = 42, NFa = 70, and apparently it does not
differ from the karyotypes of the shrews of the group Sorex caecutiens. The lesser striped shrew
Sorex bedfordiae (N=5) was characterized by chromosome polymorphism. Shrews from distant
parts of the range differed in 2n as well as in the number of chromosomal arms, but now we are not
able to determinate the type of polymorphism clearly. Some authors had explained the variation in

the chromosome number by the presence of B chromosomes (Motokawa et al., 2009). We analyzed
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five karyotypes from three locations and all of them had 2#=26, but the number of arms varied
from 45 to 46.

By morphological features, a collected pika (family Ochotonidae) was defined as the black-
lipped pika Ochotona curzoniae (N=1), however the diploid number of chromosomes was 50. The
only karyotype description for this species shows that it is 2n = 46, NF = 68 (Tan and Bai 1987).
Thus, further detailed analysis of the karyotype using differential staining is necessary in order to
understand what we are dealing with - an incorrect definition of the species by the authors on the
basis of morphological features or is it chromosomal polymorphism.

Karyotypes of five species of the family Cricetidae were analyzed. In the lacustrine vole
Alexandromys limnophilus (N=3), the diploid number of chromosomes was 38 (NF = 58), which
corresponds to the previously described karyotype (Courant et al., 1999). In the karyotypes of the
Eva’s red-backed vole Caryomys eva (N=2) and the Inez’s red-backed vole Caryomys inez
(N=3), the diploid number of chromosomes was the same 2n = 54, but the number of chromosomal
arms varied NF = 56 and 60, respectively, which coincides with the literature data (Yang et al.,
1998). In the long-tailed dwarf Cricetulus longicaudatus (N=1) and the greater long-tailed
Tscherskia triton (N=1) hamsters, karyotypes did not differ from those previously known for these
species, 2n = 24 and 2n = 28, respectively (Orlov, Bulatova 1983).

Karyotypes of two representatives of the genus Apodemus, family Muridae, the South
Chinese field mouse Apodemus draco (N=1) and the Chevrier's field mouse Apodemus chevrieri
(N=1) had 2n = 48 in both cases. It should be noted that no B chromosomes were detected in the
examined karyotypes.

Thus, the cytogenetic analysis showed that all the specimens of rodents, the lesser white-
toothed shrew and the Chinese mole shrew have the chromosome set and karyotype structure which
are typical for the species. Karyotypes of the Gansu shrew and the Asiatic short-tailed shrew were
described for the first time. The lesser striped shrew, the Asiatic short-tailed shrew and black-lipped
pika require additional studies of karyotypes to clarify the species taxonomic status and the
presence of intraspecific chromosomal polymorphism.

The work was supported by the Russian-Chinese grant of RFBR 17-54-53085 GFEN a.
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Roles of Drosophila NSL complex components in mitosis

Pavlova GAI, Popova J Vl, Andreyeva ENI, Yarinich LAI, Lebedev MOl’z, Razuvaeva AV1’2,
Dubatolova TDI, Alekseeva ALI, Pellacani C3, Somma MP3, Pindyurin AVI’Z, Gatti M*

'Institute of Molecular and Cell Biology, Novosibirsk, Russia

*Novosibirsk State University, Novosibirsk, Russia

*IBPM CNR and Department of Biology and Biotechnology, Sapienza University of Rome, Rome,
Italy

gerapavlova@gmail.com

The Drosophila nonspecific lethal (NSL) complex is a major transcriptional regulator that controls
the expression of most Drosophila housekeeping genes. Genome-wide RNAi screens in Drosophila
S2 cells have previously shown that components of the NSL complex (Rcdl and RcdS5) are requited
for proper mitotic chromosome segregation and centrosome behavior. In addition, studies on the
human orthologues of Rcd1 (KANSL3) and Red5 (MCRSI1) revealed that during mitosis these
proteins re-localize from the chromatin to the minus ends of the spindle microtubules (MTs),
playing roles in spindle assembly and chromosome segregation However, the molecular
mechanisms underlying the mitotic roles of these proteins are currently unknown.

Here, we analyzed the mitotic functions of three components of the Drosophila NSL
complex (Red1, Red5 and MBD-R2) in greater detail; we performed RNAi in S2 cells against the
genes encoding these proteins and examined the ensuing mitotic phenotypes. We detected defects
in centriole duplication after RNA1 against each of these genes; moreover, both Red1-, RedS-
depleted cells, but not MBD-R2 RNAI cells, displayed pericentriolar material (PCM) fragmentation.
We also found that cells depleted of each of these proteins exhibit defects in chromosome
alignment at metaphase and frequent mitotic figures containing chromosomes with unseparated
sister chromatids associated with elongated ana-telophase spindles. These peculiar mitotic figures
have been previously observed in cells depleted of centromere or kinetochore components such as
Cid, Ndc80, Nuf2 and Kmn1. Consistent with these results, we found that cells depleted of Redl,
Recd5 or MBD-R2 exhibit reduced levels of the centromere component Cid (the Drosophila
orthologue of CENP-A) and the kinetochore component Ndc80. Interrogation of the published
datasets and quantitative RT-PCR experiments revealed that transcription of many genes encoding
centromere and kinetochore proteins is substantially reduced in Rcd1-, Red5- or MBD-R2-depleted
cells. These cells also displayed diminished transcription of genes in involved in centriole
duplication (i.e., as/, Sas-4 and Sas-6). These findings strongly suggest that reduced transcription of

these genes impairs both kinetochore assembly and centriole duplication.
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We also examined S2 cell lines that stably express Rcd1-eGFP, Rcd5-eGFP or MBD-R2-
eGFP fusion proteins. In interphase cells, as expected, all fusion proteins localize in the nucleus.
When cells entered mitosis, Rcd1-eGFP and Rcd5-eGFP showed very similar behaviors; in
prometaphase and metaphase, they accumulated at the centrosomes. In telophase cells, they
concentrated in the daughter nuclei, in the centriole/centrosome and in the midbody, the structure
that connects the two daughter cells during late cytokinesis. In interphase cells MBD-R2-eGFP was
enriched in the nucleus like Red1-eGFP and Red5-eGFP, but during mitosis MBD-R2-eGFP was
associated with the chromosomes, but not with the centrosomes or other mitotic structures. These
results clearly show that when cells enter mitosis at least some of the components of the NSL
complex relocate from chromatin to specific mitotic structures. However, establishing whether
these proteins have direct mitotic functions is a difficult task. Currently, our results only indicate
that the enrichments of Red1l and Red5 at the centrosome help to keep together the PCM
components.

This work was supported by a grant from the Ministry of Education and Science of the

Russian Federation (14.250.31.0005) and by a Russian Science Foundation grant (16-14-10288).
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Direct roles of the Sf3A2 and Prp31 splicing factors in mitotic chromosome segregation
Pellacani C.z, Bucciarelli E.z, Renda F.l, Hayward D} , Palena A.2, Chen J.? , Bonaccorsi S.l,
Wakefield JG.3, Gatti M.""? and Somma MP.?

! Dipartimento di Biologia e Biotecnologie “C. Darwin” and * Istituto di Biologia e Patologia
Molecolari (IBPM) del CNR, Sapienza, Universita di Roma, P.le A. Moro 5, 00185 Roma, Italy
3 Biosciences, College of Life and Environmental Sciences, University of Exeter, Stocker Road,

Exeter, EX4 4QD, UK

Several genome-wide screens carried out both in Drosophila and human cells have shown that
RNAi-mediated depletion of many different splicing factors (SFs) results in a variety of mitotic
defects. However, it is currently unclear whether these mitotic abnormalities reflect defective
splicing of specific pre-mRNAs or a direct role of the SFs in mitosis. Here we report that the
conserved Sf3A2 and Prp31 SFs play direct mitotic functions in both Drosophila and human
mitosis. We show that depletion of these SFs affects spindle formation and disrupts chromosome
segregation in both Drosophila and HeLa cells. Injections of anti-Sf3A2 and anti-Prp31 antibodies
into Drosophila embryos disrupt mitotic division within 1 minute, arguing strongly against a
splicing-related mitotic function of these factors. We also demonstrate that both SFs bind the
spindle microtubules (MTs) and the Ndc80 complex, the kinetochore-associated protein assembly
that mediates kinetochore-MT interaction during mitosis. In Sf3A2- and Prp31-depleted cells, the
Ndc80 level is normal but the protein is not tightly associated with the kinetochores. In HeLa cells,
the Ndc80/HEC] level is also normal; its interactions with SF3A2 and PRP31 are restricted to the
M phase and require the presence of the spindle MTs. We noticed that in human cells depleted of
these SFs, Ndc80/HEC] diffuses along the kinetochore associated MTs (k-fibers). Collectively, our
results indicate Sf3A2 and Prp31 regulate interactions among kinetochores, k-fibers and the Ndc80

complex.
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Tethering of insulator proteins results in decompaction of condensed bands in the Drosophila
melanogaster polytene chromosomes
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Insulator proteins are central to domain organization and gene regulation in the genome. We used
ectopic tethering of CHROMATOR (CHRIZ/CHRO) and dCTCF to pre-defined regions of the
genome to dissect the influence of these proteins on local chromatin organization, to analyze their
interaction with other key chromatin proteins and to evaluate the effects on transcription and
replication. Specifically, using UAS-GAL4DBD system, CHRO and dCTCF were artificially
recruited into highly compacted polytene chromosome bands that share the features of silent
chromatin type known as intercalary heterochromatin (IH). This led to local chromatin
decondensation, formation of novel DHSes and recruitment of several open chromatin proteins.
CHRO tethering resulted in the recruitment of CP190 and Z4 (PZG), whereas dCTCEF tethering
attracted CHRO, CP190, and Z4. Importantly, formation of a local stretch of open chromatin did
not result in the reactivation of silent marker genes yellow and mini-white immediately adjacent to
the targeting region (UAS), nor did RNA polll become recruited into this chromatin. The
decompacted region retained late replicated, similarly to the wild-type untargeted region.

Financial support: RFBR grant # 17-00-00284
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Representatives of channid and gobioid fishes have a wide geographical distribution, including
isolated island populations. Appearing in the early Eocene and Miocene representatives of these
groups of fish has passed a long evolution, reflected in karyotypic diversity. In gobioid fishes the
diploid number of chromosomes varies from 2n=29 to 2n=56, and the fundamental arm number
(NF) from 38 to 96. In addition, a high karyotypic variety is increased due to the occurrence of
chromosomal polymorphism involving various types of rearrangements. In channids, there is also a
significant chromosomal heterogeneity - 2n=32-112, NF=46-116. The evolutionary dynamism in
channid fishes is due to different chromosomal rearrangements, as well as polyploidy. Given the
variability and fragmentation of populations of a number of species of channid and gobioid fishes,
we first carried out karyological studies of previously unexplored populations from Phu Quoc
Island (Vietnam).

A karyological analysis of the island populations of channids (Channa lucius and C. striata)
showed that they are characterized by different levels of chromosomal variability and types of
chromosome rearrangements. For C. lucius is characterized by interpopulation chromosomal
variability - 2n=48 (NF=50-51). Populations of C. lucius from various rivers differ in the number of
two-armed chromosomes, which is associated with the appearance in a single population of an
unpaired metacentric chromosome. The karyotype of these fish consists of 3 meta- and 45 subtelo-
and acrocentric chromosomes. Interpopulation differentiation of karyotypes in C. lucius is due to
chromosomal rearrangement, which changes the position of the centromere, probably by pericentric
inversion. Comparisons of the studied chromosome complements of C. lucius with continental
populations show differences in the structure of karyotypes.

For another species of channid fihes - C. striata was found chromosomal polymorphism
associated with Robertsonian translocation. In the population of this species are present two
kariomorphs: 2n=44 (NF=48) and 2n=43 (NF=48). Preservation in the polymorphic population of
C. striata heterozygote by translocation may be due to the fact that in kariomorph with 2n=43
(3m+2sm+38st/a) not disturbed normal course of meiosis and formed viable gametes. For the

continental populations of C. striata is characteristic the interpopulation variability of the
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karyotypes - 2n=44-40 (NF=58-46), however intrapopulation chromosomal polymorphism has not
been detected to date. At the same time, in different populations, there are kariomorphs that are
characteristic of the polymorphic population of C. striata from Phu Quoc Island.

Among the island populations of gobioid fishes have been studied karyotypes of three
species have been studied: Butis butis, B. gymnopomus and Psammogobius biocellatus. Distinction
of karyotype B. butis from Phu Quoc Island in comparison with the previously studied karyotype
from another locality (Fijian Islands) is the presence of an unpaired submetacentric chromosome
(1sm+45st/a; NF=47). A feature of the karyotype of another studied species - B. gymnopomus
(2n=46st/a; NF=46) is associated with the presence of a marker pair of large subtelocentric
chromosomes. For island population of P. biocellatus is characterized by polymorphism: 2n=46
(12st+34a) and 2n=46 (20st+26a). Chromosomal variability in gobioids from Phu Quoc Island is
due to various types of rearrangements: pericentric inversions and centromere repositioning with
the appearance of neocentromeres.

Prospective age of isolation of the ichthyofauna Phu Quoc Island from the mainland is not
less than 9.000 years. Seasonally variable biotopes of the tropical island, features of fish biology, as
well as populations isolation led to the emergence of polymorphism and fixation of chromosomal
rearrangements. All this in a relatively short period of time increased the divergence of
chromosome complements of channid and gobioid fishes. The main direction of karyotypic
evolution of the studied groups of fish is an increase the fundamental arm number and a change the
morphology of chromosomes with the formation of subtelocentric elements as a result of
pericentric inversions and rearrangements leading to the appearance of neocentromeres.

The author is grateful to the administration of the Vietnam-Russia Tropical Center for the
organization and financial support of field researches in Phu Quoc Island and also to all participants

of the expedition for help in collection of the material.
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The X chromosome in eutherian mammals is characterized by the remarkably high level of
conservation. On the contrary, the X chromosome in Cetartiodactyla displays variation in
morphology and G-banding pattern. Previously by G-banding and localization of microdissection
probes and several bacterial artificial chromosomes (BAC) clones were identified that X
chromosome has undergone multiple rearrangements during Cetartiodactyla speciation. For detail
investigation of the evolution of this sex chromosome, we have selected 26 BAC clones from cattle
CHORI-240 library evenly distributed along the cattle X chromosome. BAC clones were located by
fluorescent in situ hybridization on metaphase chromosomes selected species from key
cetartiodactyl branches. High-resolution maps were obtained in a representative range of species
from different families: pig (Suidae), gray whale (Eschrichtiidae), pilot whale (Delphinidae),
hippopotamus (Hippopotamidae), Java mouse deer (Tragulidae), pronghorn (Antilocapridae),
Siberian musk deer (Moschidae), giraffe (Giraffidae). To trace the X chromosome evolution during
fast radiation in large families, we mapped more than one species in Cervidae (moose, Siberian roe
deer, fallow deer and Pere David’s deer) and Bovidae (musk ox, goat, sheep, sable antelope, nilgau,
gaur, saola, and cattle). We have identified three major conserved synteny blocks and
rearrangements in different cetartiodactyl lineages. Based on this data reconstructed the structure of
putative ancestral cetartiodactyl X chromosome. We demonstrate that intrachromosomal
rearrangements such as inversions and centromere reposition are main drivers of cetartiodactyl's
chromosome X evolution.

The work was supported by the Russian Science Foundation (RSF, 16-14-10009).
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Introduction. For several hundred thousand years, our own species had evolved in near equatorial
regions of Africa whereas the Neanderthals had lived in the northern part of Eurasia. Our ancestors
had interbred with Neanderthals in the very beginning of their out-of-African dispersal. A weak but
widespread selection against Neanderthal genes slowly removed them from our genome. However,
from 2% to 8% of the DNA of all living non-African people comes from different to us species.
The natural cycles of night and day, and their length, are stable in near-equatorial Africa. In
contrast, they vary with latitude and season in Eurasia. Therefore, seasonality seemed to become a
new and very powerful environmental factor shaping adaptation of Eurasians during, at least, 50
thousand years. We tested the suggestion that a polygenic latitude-dependent adaptation to seasonal
variation in day length at higher latitudes can, at least partly, cause the latitudinal and racial
differences in morning-evening preference (chronotype or diurnal type). We additionally tried to
confirm the previously reported finding (Dannemann and Kelso, 2017) pointing at a contribution of
Neanderthals to chronotypological variation in modern humans.

Methods. To identify the genetic-based signatures of such adaptation, geographic variation in allele
frequencies of more than 28 hundred genetic variants was analyzed using data from 5 African and
11 Eurasian populations of the 1000 Genomes Project. The geographic variation in allele
frequencies in the set of 34 polymorphisms-associates of chronotype was compared with variation
in 26 other sets of polymorphisms. The number of polymorphisms chosen to represent some other
sets was also limited to 34. In particular, 34 most reliable or/and most strongly associated
polymorphisms were chosen from the original reports of GWASs that yielded the associates of type
2 diabetes, body mass index, sleep traits, bipolar disorder, schizophrenia, amyotrophic lateral
sclerosis, and skin pigmentation. Moreover, two sets of 34 SNPs were additionally included in the
analysis from a meta-analysis of such genetic associates of traits/diseases to represent
polymorphisms associated simultaneously with two traits/diseases and SNPs showing the signs of
recent positive selection (i.e., extended haplotypes due to selective sweeps). Nine other sets from
our previous publications (Dorokhov et al., 2018; Putilov et al., 2018) were included in the present
analysis as well as 8 additional sets of polymorphisms representing 8 pseudogenes.

Results. Comparison of geographic variation in allele frequencies in the set of 34 polymorphisms-

associates of chronotype with variation in 26 other sets supported our predictions concerning
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direction and significance of differences between these sets in fraction of polymorphisms with the
signatures of latitude-dependent adaptation. We found that such signatures as a correlation of allele
frequency with latitude and a heightened level of population differentiation in Eurasia compared to
Africa were more common in the set of 34 associates of chronotype than in the sets of loci hinted
by GWASSs of most other traits/diseases, sampled from pseudogenes and from protein-coding
regions of either circadian clock genes or reference genes. Moreover, the results supported the
prediction of non-significance of difference from the sets of loci representing other traits shaped by
latitude-dependent adaptations, such as skin pigmentation. It was also noted that, among 34
polymorphisms-associates of chronotype, the strongest correlate of latitude was a variant
1575804782 near ASBI (minor allele C) located within one of the longest introgressions of the
Neanderthal’s genome into the genomes of Eurasians. Only T allele of rs75804782 was found in
African populations, and a gradual increase in frequency of the Neanderthal’s C allele with latitude
was the major cause of the emergence of highly significant correlation.

Discussion. The present results, in particular, suggested that, among 34 associates of chronotype,
the strongest correlation with latitude was found for a SNP introgressed in the genomes of
Eurasians from the Neanderthal’s genome. These results on geographic variation in allele
frequency of rs75804782 are in full agreement with the results previously reported in publication of
Dannemann and Kelso (2017) who used in their analysis the frequencies of rs75804782 alleles
provided by another dataset (the Simons Genome Diversity Panel). The practical important
application of such results might be the aiming future candidate gene studies on examination of
association between chronotype and loci harboring latitude-dependent adaptations. This promising
approach to prioritization of polymorphisms-markers of this trait desires further development and
testing.

Conclusion. We provided evidence suggesting that non-coding regions of Neanderthal DNA are
playing an important role today in the influencing our ability to adjust the parameters of our
circadian rhythms and sleep-wake patterns to seasonal variation in environmental conditions. The
most remarkable finding in this respect was that a variant introgressed in the genomes of Eurasians
from the Neanderthal’s genome (allele C of rs75804782 near ASB1) appeared to be the strongest
correlate of latitude among 34 chronotype-associated polymorphisms.

Acknowledgements. AAP and OGD were supported by a grant from the Russian Foundation for
Basic Research (grant number 16-06-00235-a). LPZ was partially funded by the Federal Research
Program (the project number 0324-2018-0016).
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The genome of a red fox (Vulpes vulpes) was recently sequenced and assembled using next-
generation sequencing. The assembly is of high quality, with 94X coverage and a scaffold N50 of
11.8 Mbp, but is split into 676,878 scaffolds of which some likely contain assembly errors.
Fragmentation and misassembly hinder accurate gene prediction and down-stream analysis such as
the identification of loci under selection. Therefore, assembly of the genome into chromosome-
scale fragments was an important step towards developing this genomic model. Scaffolds from the
assembly were aligned to the dog reference genome and compared to the alignment of an outgroup
genome (cat) against the dog to identify syntenic sequences among species. The program
Reference-Assisted Chromosome Assembly (RACA) then integrated the comparative alignment
with the mapping of the raw sequencing reads generated during assembly against the fox scaffolds.
The 128 sequence fragments RACA assembled were compared to the fox meiotic linkage map to
guide the construction of 40 chromosomal fragments. This computational approach to assembly
was facilitated by prior research in comparative mammalian genomics, and the continued
improvement of the red fox genome can in turn offer insight into canid and carnivore chromosome

evolution.
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Insulators are regulatory elements that control promoter-enhancer interactions and limit the spread
of chromatin marks along the chromosome. They function through the interaction with specific
insulator proteins. /n vitro studies have demonstrated a highly conservative pattern of insulator
proteins interaction with chromatin in various cell types. At the moment little is known about
insulator protein redistribution during differentiation and their influence on expression of tissue-
specific genes.

CP190 is one of the major insulator proteins in D. melanogaster. The binding regions of
CP190 are shown to serve as genome targets for a couple of several transcription factors in
D.melanogaster, such as mitosis genes repressor dAREAM. Paralogous to dREAM, testis-specific
complex tMAC plays a critical role in massive activation differentiation genes during germ cells
development. The mechanism of tMAC interaction with genomic targets remains unclear. Taking
into account tMAC and dREAM resemblance, we proposed that CP190 may play a role in tMAC
recruitment to chromatin in the male germline.

To test this hypothesis we mapped CP190 chromosome binding sites in vivo in
D.melanogaster male germ cells using DamID-seq approach. The profile contains about 15
thousand binding sites (FDR <5%). As was expected, CP190 colocalizes with tMAC complex in
male germline chromatin. Moreover, CP190 is located in half of known binding sites of testis-
specific transcription activator tTAF, which accompanies tMAC during massive gene activation in
spermatocytes. In addition CP190 was enriched at the promoters of tMAC and tTAF target genes
(P-value <0.001). Using published data on CP190 distribution in somatic cells, we found that,
unlike in the male germline, CP190 is depleted at the promoters of spermatocyte differentiation
genes and genomic regions that are bound by tTAF or tMAC in male germ line cells.

To analyze CP190 chromatin binding dynamics through the development of male germ
cells, we performed germline-specific DamID-Seq of CP190 in ham mutant testes that contain only
early developmental stages of male germ cells and mip40 and can mutant testes mostly filled with
the germ cells that started terminal differentiation. The obtained profiles contain 9-11 thousand
CP190 binding sites (FDR <5%), but only about 30% all peaks were conservative through the all
spermatogenesis stages. Interestingly, CP190 seems to lack its affinity with putative tTAF and
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tMAC genome targets in both spermatogonia and undifferentiated spermatocytes. Thus, CP190
demonstrate the association with tMAC and tTAF target genes in male germ line only in presence
of both transcription activators. In general, CP190 is associated with promoters of 3-4 thousand
genes in each profile, 1200 of them are tMAC and tTAF-independent and remain bound by CP190
through all the stages of permatogenesis. As it was previously mentioned, there are an overall
tendency for CP190 to bind near promoters of transcriptionally active genes.

Our results indicate involvement of insulators in the regulation of tissue-specific genes in
the spermatogenesis of D.melanogaster. CP190 in vivo DamID mapping indicates a highly variable

pattern of the insulator protein interaction with chromatin in course of cell differentiation.
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THE DYNAMICS OF INTRANUCLEAR LOCALIZATION OF DAXX PROTEIN

IN MOUSE EARLY EMBRYOGENESIS

Zhuldyz Sailau,” " Dmitriy S. Bogolyubov,” Irina O. Bogolyubova®

“St. Petersburg State University, 7-9 Universitetskaya Emb., St. Petersburg, 199034, Russia
bLabomtory of Cell Morphology, Institute of Cytology RAS, 4 Tikhoretsky Ave., St. Petersburg,
194064, Russia

*E-mail: zhuldyz.ks@mail.ru

It is well-known that chromatin remodeling plays an important role in the regulation of gene
expression. Nowadays, chromatin-remodeling proteins, especially the members of SWI/SNF
family, are in the spotlight of researchers, as violations of their normal functioning are linked with
the pathogenesis of a number of diseases, including cancer. At the same time, data based on the
localization and possible functions of chromatin-remodeling proteins in early mammalian
embryogenesis remain are extremely scarce, although significant changes in transcriptional activity
and structural re-organizations of the nucleus occur during this period. Earlier, we studied the
distribution of the chromatin-remodeling protein ATRX (a-thalassemia / mental retardation
syndrome X-linked) in early mouse embryogenesis and found that ATRX localizes only to certain
heterochromatin zones in the nucleus of early embryos, whereas many other zones are not stained
with ATRX antibody. We assume that such heterogeneity of the heterochromatic compartment may
be due to the presence/absence of the main functional partners of ATRX. One of them is the histone
H3.3 chaperone DAXX (Death-associated protein 6), which, in conjunction with ATRX,
participates in the maintenance of the heterochromatin structural organization. Using
immunostaining methods at the light-optical and ultrastructural levels, we studied the distribution
of DAXX protein and its colocalization with ATRX in the nucleus of pre-implantation mouse
embryos at the zygotic-morula stages.

We found that intranuclear DAXX distribution changes significantly in early mouse
embryogenesis. Initially, at the zygote stage, DAXX is detected only on the periphery of the
nucleolus precursor bodies (NPBs) in both male and female pronuclei. In the late two-cell stage,
DAXX concentrates not only at the periphery of the NPBs, but also elsewhere in the nucleoplasm.
At the morula stage, a diffuse labeling of DAXX predominates again, and only few small zones of
a higher concentration of DAXX are observed in association with the periphery of the nucleoli.
Thus, the most noticeable regions of DAXX localization are present at the end of the two-cell stage.

In the studied stages, DAXX is associated with heterochromatin regions of the embryo
nucleus, intensely stained with DAPI. We presume that in early mouse embryogenesis, as in the

nucleus of differentiated cells, DAXX is involved in maintaining the spatial organization of
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transcriptionally inactive chromatin. To test this assumption, we carried out a parallel detection of
newly synthesized RNA transcripts using microinjections of BrUTP and DAXX with antibodies.
As expected, there were no zones of colocalization of fluorescent signals in this case.

According to data based on differentiated cells, the involvement of DAXX in the regulation
of the structural and functional status of chromatin implies close relationships between DAXX and
the chromatin-remodeling protein ATRX. We analyzed the colocalization of these proteins in the
nucleus of pre-implantation mouse embryos. The areas of colocalization of DAXX and ATRX were
found only at the two-cell stage, but the colocalization was not absolute. Both confocal and
electron-microscopic images showed the heterochromatin zones that contained DAXX, but did not
contain ATRX and, conversely, ATRX localization zones where DAXX was absent.

In conclusion, in all studied stages of mouse early development, DAXX is associated with
transcriptionally inactive heterochromatin and initially located around the periphery of the NPBs.
The most noticeable regions of DAXX localization are present at the end of the two-cell stage,
most likely due to the formation of chromocenters, which is characteristic for this stage of mouse
embryogenesis. The features of DAXX and ATRX colocalization in the nucleus of early mouse
embryos suggest that DAXX is involved in the formation of heterochromatin compartments in the
early stages of mammalian embryogenesis, including mechanisms that do not require its
cooperation with ATRX.

The work was supported by the granting program "Molecular and cellular biology" of the

Russian Academy of Sciences.
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Inter-species crosses in the Anopheles gambiae complex often produce sterile F1 hybrid males
confirming Haldane’s rule of sterility or inviability of the heterogametic sex. The reasons why
mosquito hybrid males are sterile while hybrid females are fertile are unknown. Studies on
chromosome organization and dynamics will address questions of how chromosomes behave in the
germ line of different species and inter-species hybrids. To investigate possible cytological causes
of hybrid male sterility, we performed crosses between laboratory strains of An. merus and either
An. gambiae or An. coluzzii. Using X-specific and Y-specific FISH probes, we followed the process
of meiosis in each species and their F1 hybrid males. Unlike parental species, sex chromosomes in
meiosis of male hybrids did not pair, meiosis was arrested and primary spermatocytes divided by
mitosis. As a result, we discovered a novel phenotype — X+Y bearing diploid immature sperm —
caused by the failure of the reduction division in meiosis of male hybrids. Compared with
chromosomes of parental species, chromosomes in hybrid males showed various degrees of
insufficient condensation suggesting malfunction of chromosomal proteins. Sex chromosomes
displayed drastic differences in molecular organization of heterochromatin between An. merus and
either An. gambiae or An. coluzzii. We hypothesize that the collapse of meiosis in hybrid males is
caused by the divergence of X-Y pairing sites in heterochromatin of sex chromosomes between
sibling species. We also studied chromosome organization in salivary glands and ovarian nurse
cells of pure species and hybrid females. Our confocal analysis of 3D chromosome organization in
An. merus, An. gambiae and An. coluzzii using oligopainting of euchromatic loci found no
significant inter-species differences in the numbers of chromosome-nuclear envelope interaction or
in inter-chromosomal contacts. Despite the presence of large areas of asynapsis, both autosomes
and X chromosomes showed some degrees of pairing in hybrid females. We hypothesize that any
region of autosomes and X chromosomes can participate in pairing of homeologous chromosomes

thus facilitating the normal progress of meiosis in hybrid females.
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A dominant malaria vector, Anopheles messeae sensu lato (s.1.), is a highly polymorphic species
with a wide distribution throughout Eurasia. Five highly polymorphic inversions associated with
geographical distribution of the species have been reported. A sister species, An. daciae, was
discriminated from An. messeae sensu stricto (s.s.) based on five fixed nucleotide substitutions in
the internal transcribed spacer 2 (ITS2) of ribosomal DNA. However, genome-wide genetic
divergence and chromosomal differentiation between two species remained unexplored.

In this study, we analyzed ITS2 sequences and karyotypes in 289 larvae specimens of
Anopheles from three locations: Novokosino, Noginsk and Yegoryevsk of the Moscow region. We
identified high abundance of both An. messeae s.s. and An. daciae in these populations. Five
individual genomes for each species were sequenced from the Yegoryevsk population. Our study
determined five previously described nucleotides in ITS2 of An. messeae s.s. whereas the ITS2
sequence in An. daciae had both An. messeae and An. daciae variants present simultaneously in the
first three positions of each individual. Fixed differences between An. messeae s.s. and An. daciae
were found only in the last two positions. Only one mosquito was identified as a hybrid between
An. messeae s.s. and An. daciae based on heterogeneous substitutions in all five positions. Our
genome sequence comparison has demonstrated the genome-wide divergence between the two
species. Fst analysis demonstrated that the divergence was extremely high on the X chromosome. A
cytogenetic comparison of An. messeae s.s. and An. daciae samples demonstrated that two species
significantly differ from each other by the frequencies of the polymorphic inversions (Figure 1).
Inversion X1 was fixed in An. messeae s.s. but was polymorphic in all An. daciae populations.
Frequencies of 3 polymorphic autosomal inversions were higher in An. messeae s.s. than in 4n.
daciae. Rare inversions X4 and 2R4* were found in heterozygote only in An. messeae and An.
daciae, respectively. Each of the populations demonstrated distinct species composition suggesting

different ecological preferences of the two species.
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This study revealed the genetic differentiation between An. messeae s.s. and An. daciae that
is seen at both genomic and chromosomal levels. The study also determined different ecological
preferences of the two species. The research was partially supported by the Russian Science

Foundation grant No 15-14-20011 and RFBR grant No 18-04-01117A.
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Figure 1. Inversion frequencies for An. messeae and An. daciae in Novokosino, Noginsk and
Yegoryevsk populations. Frequencies of inversions: X0, X1 and X4 (A); 2R1 and 2R4* (B); 3R1
(C); and 3L1 (D) are shown by charts. Proportions of standard, inverted and heterozygote

arrangements are shown by different colors.
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The fourth chromosome smallest in the genome of Drosophila melanogaster difters from other
chromosomes in many ways. It has high repeat density in conditions of a large number of active
genes. Gray bands represent a significant part of this polytene chromosome. Specific proteins
including HP1a, POF and EGG establish the epigenetic state of this unique chromatin domain.

In order to compare maps of localization of genes, bands, and chromatin types of the fourth
chromosome we performed FISH analysis of 38 probes chosen according to the model of four
chromatin types. It allowed clarifying the dot chromosome cytological map consisting of 16 loose
gray bands, 11 dense black bands, and 26 interbands. We described the relation between chromatin
states and bands. Open aquamarine chromatin mostly corresponds to interbands and it contains
5"UTRs of housekeeping genes. Their coding parts are embedded in gray bands substantially
composed of lazurite chromatin of intermediate compaction. Polygenic black bands contain most of
dense ruby chromatin, and also some malachite and lazurite. Having an accurate map of the fourth
chromosome bands and its correspondence to physical map we found that DNase I hypersensitivity
sites, ORC2 protein, and P-elements are mainly located in open aquamarine chromatin, while
element 1360, characteristic of the fourth chromosome, occupies band chromatin types. POF and
HP1a proteins providing special organization of this chromosome are mostly located in aquamarine
and lazurite chromatin. In general, band organization of the fourth chromosome shares the features
of the whole Drosophila genome.

Financial support: RFBR grant #17-00-00284
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Annual killifish genus Nothobranchius includes 76 species and has one of the most variable diploid
number of chromosomes among all other genera of vertebrates. It ranges from 2n = 16 (NF =30) in
N. rachovii to 2n = 50/49 (NF = 50) in N. brieni. This dramatic variation of karyotypes in
Nothobranchius species may be related to extreme conditions in their natural habitat, ephemeral
pools in East Africa. In the majority of species from this genus, heteromorphic sex chromosomes
were not detected with the conventional methods of cytogenetics. However, a multiple sex
chromosome system X;X;X,X,/X;X,Y was found in the following 6 species, in which males have
one chromosome less than females: N. lourensi (2n=28/27), N. guentheri (2n=36/35), N. janpapi
(2n=38/37), N. thierryi (2n=44/43), N. ditte (2n=40/39) and N. brieni (2n=50/49).

In this study, we investigated prophase I of meiosis in N. ditte, N. guentheri and N. janpapi
males with the X;X,Y sex chromosome system using synaptonemal complex analysis. We
employed transmission electron microscopy, immunofluorescence analysis with antibodies against
proteins SYCP3 (lateral elements of SCs) and MLH1 (a recombination marker), as well as
fluorescent in situ hybridization with a telomere probe to describe X;X,Y sex trivalents in N. ditte,
N. guentheri and N. janpapi males. Our results and molecular phylogenetics data for genus
Nothobranchius suggest that the multiple sex chromosome system X; X;X,X»/X;X,Y emerged
independently in these species. To the best of our knowledge, this is the first study of a multiple sex
chromosome system in fishes with the use of immunofluorescence analysis of synaptonemal
complexes.

The reported study was funded by RFBR according to the research project Ne 18-34-00638.
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The Evolution of Primate Centromeres
Roscoe Stanyon, Department of Biology, University of Florence, Italy
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In this presentation we will discuss the important role that centromeres have held in throughout the history
of comparative cytogenetics. A convenient starting point is Robertsonian translocations (1916) also called
whole-arm or centric-fusion translocations, but also includes centric fissions. For more than 50 years
Robertsonian transformations were considered the primary mechanism behind chromosome evolution. In
addition to counting diploid numbers (2n) Matthey (1945) added a count of chromosome arms (nombre
fundamental, FN). For Matthey both diploid number and FN could go up or down, but the centromere
remained a central role in chromosome diversity. Later whole karyotype fissioning was proposed as a
saltative mechanism of genome evolution (cf. Giusto&Margulis, 1981). However, astutely Mathey
remarked, “all these interpretations are complete conjecture and will remain so until the nature of the
centromere...is better understood”. As is well known, chromosome banding and painting characterized two
periods of renewed interest in comparative cytogenetics. Banding showed that changes in FN were not
always due to inversions, but often to increases in heterochromatin, however, banding proved limited in
comparing phylogenetically distant or highly rearranged genomes. Painting mapped chromosome homology
at the DNA level and showed that differences in diploid numbers were often due to non-Robertsonian
rearrangements. Painting was mostly limited to tracking translocations (inter-chomosomal changes), but
FISH with cloned DNA or regional probes (including microdissection) could effectively reveal intra-
chromosomal rearrangements and determine marker order of chromosomes. BAC-FISH was particularly
useful in determining the marker order of chromosomes in many primate species. BAC clones can be found
which encompassed breakpoints (splitting backs) or which flanked breakpoints. Comparative analyses of
marker order in various primate species showed that centromere were often found in different genomic
contexts without any change in marker order (i.e. no inversion). These repositioned centromeres are known
as Evolutionary New Centromeres (ENC) and are a frequent and common mechanism of chromosome
evolution not identified by sequencing. Recent progress in clinical neocentromeres and evolutionary
neocentromeres shows that they are epigenetically determined. A neocenetromere is initially void of the
complex repeat structure around the centromere whereas old, deactivated centromeres gradually loose their
repeat structure. We know that species can also be polymorphic for neocentromeres. We will discuss
polymorphic centromere location in the orangutan and in two species of Cercopithcini monkeys. We will
also show how neocentromeres can explain changes in FN, which were previously reported as due to

inversions. Finally we will discuss how centromere repeat DNA can be vital to promoting adaptation.

77



Epigenetic mechanisms of speciation
Vladimir N. Stegniy
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Epigenetic mechanisms of speciation are considered: heterochromatic modifications and changes in
the spatial organization of chromosomes in germinative cell systems. The value of a lamina,
topoisomerase II, a polypurine DNA track in the attachment of chromosomes to a nuclear envelope
is elucidated. It is postulated that the main event leading to the species-specific fixation of gene
mutations, chromosomal mutations and heterochromatin modifications in speciation is the
rearrangement of the spatial organization of chromosomes in the nucleus. The change in
interchromosomal relationships associated with the reorganization of the system of chromosomal
bonds with the nuclear envelope and the rearrangement of the chromocenter apparatus of the
interphase nucleus is estimated as a systemic mutation directly related to speciation. Substantiates
the idea of the evolutionary significance of hard inbreeding under extreme temperature conditions
of the environment for the process of formation of adaptive genetic variation and speciation. The
major manifestations of “paradoxical” effect hard inbreeding are as follows: 1) structural and
functional reorganization of the genome generative (reproductive) system; 2) activation of mobile
genetic elements. This can lead to the generation of different types of mutations (gene,
chromosomal, genomic, systemic) and modifications of heterochromatin. The study of genetic
aspects of speciation and adaptation, revealed several genetic parameters that distinguish species
evolutionarily labile (with a low level of specialization), which are "generators" of speciation and
species evolutionarily conserved (specialized), occupying the terminal units phylogenetic lines. In
the evolutionary development of the taxon in the horizontal direction (cladogenesis or adaptive
radiation) features a small genomes specialized for each step of speciation are gradually replaced in
the process of progressive specialization in the alternative signs (evolutionarily conserved), reaches

its maximum expression in the terminal types.
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Integrative Cytogenetics of the Sea Lamprey Chromosome Elimination
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The sea lamprey (Petromyzon marinus) is one of few vertebrate species that reproducibly
eliminated larger fractions of its genome during normal embryonic development. These elimination
events are initiated at the 6™ embryonic cleavage and result in the loss of ~20% of the lamprey’s
genome from essentially all somatic cell lineages (these same sequences are retained in the
germline). Available evidence suggests that DNA elimination acts as a permanent silencing
mechanisms preventing the somatic expression of a specific subset of “germline” genes. This
germline-specific DNA is lost in the form of large fragments, including entire chromosomes.
However, reconstruction of eliminated regions has proven challenging due to the complexity of the
lamprey karyotype (84 small pairs of somatic chromosomes and ~100 pairs of germline
chromosomes) and the exceedingly high repeat content of the genome and even higher repeat
content of eliminated fragments.

We applied integrative approach aimed at further characterization of the large-scale
structure of eliminated segments, including:

1) developing DNA-probes that selectively labels eliminated chromosomes by laser capture
microdissection;

2) in silico identification of germline-enriched repeats;

3) determining the chromosomal location of specific repetitive sequences in germline metaphases
using multicolor FISH;

4) verification of specificity to eliminated chromosomes by 3D DNA-DNA-hybridization on
lagging anaphases in whole embryos.

Our integrative approach allowed us identify multiple repetitive elements that are found
exclusively on the eliminated (germline-specific) chromosomes and resulted in the identification of
12 chromosomes that appear to be programmatically eliminated during early embryogenesis. These
chromosomes differ in size, morphology, and the localization of five germline-specific repetitive
elements, which in its turn was used for developing cytogenetic map of eliminated karyotype. The
fidelity of germline-specific repetitive elements and their distinctive patterning in elimination
anaphases is taken as evidence that these sequences might contribute to the specific targeting of
chromosomes for elimination and in molecular interactions that mediate their decelerated poleward

movement in chromosome elimination anaphases.
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Evolution of recombination rate in geckos (Gekkota, Squamata, Reptilia)
Tishakova K.V.
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Meiotic recombination generates genetic and phenotypic diversity of individuals in the population,
and provides correct segregation of chromosomes during the first meiotic division. There are
different hypotheses, which consider recombination rate as an adaptive characteristic, and associate
it with phylogeny, ecology and population structure. Many of these hypotheses are supported only
by mathematical models due to paucity of empirical data. Most direct cytological data on
recombination rates were obtained for mammals. However, mammals usually have high karyotypic
variation between species, which contributes to the variability in the recombination rate. Squamate
reptiles and geckos (Gekkota) in particular are better models for studying the evolution of
recombination, since they have evolutionary conservative karyotypes.

In the present work, we studied recombination rates in six species of two large families of
geckos: Diplodactylidae u Gekkonidae. We examined synaptonemal complexes (SC) and
recombination nodules in the pachytene spermatocytes using immunolocalization of SYCP3 (main
protein of the lateral elements of the SC), MLH1 (mismatch repair protein marking the late
recombination nodules), and centromere proteins. The comparative analysis showed that
Rhacodacrylus auriculatus from the family Diplodactylidae has the greatest number of crossover
events per cell (29,642,9). This species diverged early than the other species. In the karyotypes of
Paroedura bastardi, Paroedrura picta, Hemidactylus triedrus, Gekko vittatus we identified one
homeologous chromosome and compared its recombination patterns in each species. In P. bastardi,
H. triedrus and G. vittatus the homeologs had the same SC length and number of the MLH1 foci.
The distribution of the recombination nodules along the homeologs was similar for all species.

Thus, species of family Gekkonidae demonstrate conservative recombination landscape. It
is likely to be maintained by a stabilizing selection. The difference of recombination patterns
between R. auriculatus and other species can be due to different morphology of chromosomes and
different ecology of the species.

The study was supported by the RFBR (18-34- 00182, 16-04- 00087) and the Federal Agency
for Scientific Organizations via the Institute of Cytology and Genetics (Grant # 0324-2018-0019)

80



Polyploidy and genome evolution of ray-finned fishes
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After two events of whole genome duplication (WGD), occurred in the common vertebrate
ancestor, most vertebrate groups retained the ploidy level and did not reshape their genome in such
a drastic way. However, two vertebrate lineages — ray-finned fishes and amphibians - represent
interesting exceptions, where recurrent polyploidization is not rare. We applied low-pass
sequencing of chromosome specific libraries to identify homologous and paralogous regions in
paleopolyploid genomes of acipenserids and discovered a 360 mln years conservation of those
blocks with chromosomes of the spotted gar. We postulate that the methods of chromosome
specific library sequencing can be applied for building initial chromosome syntenic maps of
paleopolyploid species. These data may be useful for distinguishing paralogous regions, which are
difficult to study by modern genome sequencing techniques. After defining major WGD events in
Acipenseriformes and teleosts, we superimposed WGD events onto the calibrated phylogenetic tree
of ray-finned fishes and analysed the consequences of polyploidization including rediploidization,
gene loss and retention, influence on sex determination etc. We discuss potential polyploidization
effects on diversity and adaptation of fishes paying special attention to meiosis features.

Financial support: RSF grant No. 18-44-04007
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Drosophila chromosomes are partitioned in large self-interacting domains (Topologically
Associating Domains, TADs) separated by boundary regions or inter-TADs. How this spatial
organization of chromatin is established and supported is not clear. We have performed Hi-C
analysis on four Drosophila cell lines of different origins and annotated TADs using the Armatus
software. Contrary to the previous studies, we did not observe a strong enrichment of TAD
borders/inter-TADs with CTCF deposition sites, and instead another insulator protein Su(Hw) was
preferentially present within the TADs. However, Drosophila inter-TADs harbor active chromatin
and constitutively transcribed (house-keeping) genes. The tissue-specific genes reside preferentially
in TADs and their transcription appears to correlate with a partial de-compaction of the TADs.
Pairwise comparison of the cell lines demonstrated that, in some cases, activation of transcription
within a TAD resulted in splitting of this TAD (i.e. in generation of a new boundary/inter-TAD).
We proposed that integral features of active chromatin determine the TAD boundaries. Of
particular importance may be the high level of histone acetylation that directly influences the ability
of nucleosomes to interact with each other. Using computer simulations we demonstrated that
polymers composed of long blocks of non-acetylated (capable to interact with each other)
nucleosomes interspersed with shorter blocks of acetylated (incapable to interact with each other)
nucleosomes adopts spatial configuration closely resembling organization of chromosomes in
TADs. The important role of histone acetylation in determining TAD profiles was further
confirmed by experiments with chemical inhibition of histone acetylases and histone deacetylases

in S2 cells.
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An important question is whether TADs are present in individual genome or represent a
population average. To address this question we have developed a methodology allowing
construction of Hi-C maps for individual cells. Using this modified Hi-C protocol we have
constructed HiC maps for 20 drosophila cells (line DmBG3c2). In the best cell we have captured
~10% of the theoretically available contacts. To analyze these sparse contact matrices, we have
developed program tools allowing us to take into account the noise by comparing maps from
individual cells with artificially generated random matrices. The results of our analysis demonstrate
that contact chromatin domains do exist in individual chromosomes and are organized
hierarchically. Importantly, using a number of statistical approaches we show that the observed
profile of contact chromatin domains cannot be explained by random fluctuations. We also show
that these domains do not coincide in randomly selected pairs of individual cells but tend to occupy
some preferential positions in the genome as revealed by the comparison of several cells. Finally,
we show that genomic regions that frequently harbor the contact domain borders possess specific
epigenetic signatures.
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We analyzed two Graphiurus species using conventional and molecular cytogenetic approaches in
order to characterize their genomes and gather useful evolutionary information for these poorly studied taxa.
In particular, we analyzed the genome organization of Graphiurus platyops and Graphiurus ocularis
through G banding and DAPI inverted chromosome in order to reconstruct the karyotype. We also analyzed
the organization of repetitive DNAs through C banding, and Fluorescent in situ hybridization (FISH)
mapping of rDNA 18-28S and telomeric (TTAGG)n probes. The karyotypes both have a diploid number of
2n=46; in G. platyops, the karyotype is made up of 12 metacentric/submetacentric pairs, 5 subtelocentric and
5 acrocentric autosomal chromosomes, while in G. ocularis there are no acrocentric chromosomes but 10
subtelocentric pairs . In both species, the X chromosome is medium-sized and metacentric , and the Y is the
smallest element of the set.

Constitutive heterochromatin detected by C banding is scarce and restricted only at the centromeric
region in the two species, and it is more evident on the 5 acrocentric pairs in G. platyops; these results mean
that centromeres are characterized by low constitutional heterochromatin, in agreement with other previous
studies of close phylogenetic taxa.

The rDNA probe mapping revealed the nuclear organizer regions (NORs) located at the terminal
ends of the p arms of the subtelocentric chromosome pairs 16, 17 on both specimens, while other loci were
taxa-specific, in particular at terminal ends of the p arm of six subtelomeric chromosome pairs 15, 19, 20, 22
in G. ocularis, and at terminal ends of the p arms of subtelomeric chromosome pair 8, and with a lesser
intensity at the terminal ends of chromosome 1 q arms in G. platyops. Even if some NORs are located on
homologous chromosomes, the presence of new localizations of rDNA sequences on different chromosomes
led us to support the idea that different mechanisms are responsible for their dispersion.

The telomeric probe mapping in the genome of the species analyzed showed, as expected, signals at
the terminal edge of chromosomes and ITS (Interstitial Telomeric Sequences) at centromeric positions of
almost all bi-armed chromosomes. This result, together with faint centromeric C bands, led us to
hypothesize that fusions are the primary mechanism responsible for chromosomal evolution in these species.

This study provides the karyotype of the two species for the first time and highlights the remarkable

genome evolutionary dynamism presented by these species.
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Heterochromatin is important for genome integrity, maintenance of cell identity and stability of gene
expression programs. During the last 15 years several epigenetic factors controlling heterochromatin
formation and maintenance have been described. In particular, screens for Su(var) mutations of PEV
(position effect variegation) in Drosophila have proven instrumental in identifying heterochromatin
components conserved in higher eukaryotes. However until now only about 25% of the about 100 Su(var)
loci have been molecularly defined.

For systematic genetic and molecular dissection of unknown Su(var) genes we isolated more than
300 new EMS induced Su(var) mutations in isogenic backgrounds allowing a genome-wide sequencing
approach for rapid mapping of novel Su(var) genes.

Complementation analysis allowed identification of new mutant alleles for known SU(VAR)s
including the H3K9 methyltransferase SU(VAR)3-9, the H3K9me?2/3 binding protein SU(VAR)2-5 (HP1),
the H3K4 demethylase SU(VAR)3-3 (LSD1) and the SU(VAR)3-7 zinc finger protein. Sequence analysis
identified interesting new mutations including the first point mutation within the SU(VAR)3-9 chromo
domain.

Combining genetic complementation and mapping analysis with genome-wide sequencing, caps
marker mapping and candidate gene analysis of about 30 novel Su(var) genes were identified. The genes
encode factors of molecular and epigenetic processes associated with cell signaling, the control of
heterochromatin specific H3K9me?2 indexing, the control of genome wide histone deacetylation, band and
interband specific proteins and functions putatively involved in RNA dependent processes.

Most of the Su(var) mutations were selected in a sensitized genetic background allowing
identification of mutations modifying different alternative silencing processes. Analysis of their effect on a
series of PEV rearrangements revealed significant differences in epigenetic control of alternative silencing
processes within the Drosophila genome.

Identification of novel Su(var) genes will not only contribute to further understanding of the
molecular basis of heterochromatin and gene silencing in Drosophila because many of the newly

characterized pathways might also operate in higher eukaryotes.
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Specimens of the species belong to Macrostomum genus were collected from natural populations
and maintained under standard laboratory conditions as outbred and inbred cultures. Karyotyping
of the single worms was performed with special technique in order to accurately description of the
karyotypes of individual specimens. For detailed comparative analysis of chromosomes,
microdissected DNA libraries were generated and chromosome painting was performed. For
detection of intrachromosomal rearrangements, FISH of labeled unique DNA fragments with
metaphase chromosomes was carried out.

The whole genome duplication followed with chromosome rearrangements was revealed in
some species from Macrostomum genus. They appeared to be hidden tetra- or even hexaploids. In
species showed whole genome duplication, high level of karyotypic instability was observed in the
worms from natural populations and especially from laboratory cultures. Karyotypic abnormalities
included variable chromosome numbers and structural chromosome rearrangements. For analysis
of karyotypic diversity and chromosome rearrangements chromosome painting with microdissected
DNA probes derived from metaphase chromosomes and their regions was performed. For more
detailed study of worm chromosomes, microdissected DNA libraries we sequenized and analyzed.
Draft of Macrostomum lignano genome was applied as referent genome.

Results obtained in this study allowed us suggesting that genomes of some macrostomid
species recently went through the whole genome duplication and nowadays they are on the
evolutional stage of genome and karyotype destabilization. The study of the mechanisms
underlying genome evolution in macrostomids will allow clarifying the process taking place after
the whole genome duplication on the first stage of global genome reconstruction.

Supported by the Russian Foundation for Basic Research (RFBR research project No. 16-
34-60027 mol a_dk).
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DNA REPAIR-DEFICIENT CELLS: FROM DISEASE MODELS TO GENOTOXICITY
TESTING TOOLS

Dmitry O. Zharkov

Novosibirsk State University, Novosibirsk, Russia

Institute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia

DNA repair is a group of several intertwined pathways responsible for restoring genome integrity
after DNA damage. Of the major DNA repair pathways, base excision repair deals mostly with
non-bulky base lesions, nucleotide excision repair, with bulky adducts, mismatch repair corrects
DNA polymerase errors, while recombination repair and non-homologous end joining fix double-
strand breaks. Mutations in human DNA repair genes are associated with highly penetrant cancers
and, less often, with neural manifestations. Knockout animal models deficient in various DNA
repair activities, usually show phenotypes ranging from elevated cancer rate to embryonic lethality.
Historically, cells derived from xeroderma pigmentosum patients were the first repair-deficient
mammalian cells investigated, and were crucial to prove that xeroderma pigmentosum is indeed
caused by a loss of nucleotide excision repair. Since then, many DNA repair-deficient cell lines
were established from human patients and knockout animals, and, since recently, made by genomic
engineering methods. Here, I review the instrumental role of DNA repair-deficient cells in today’s
studies of cancer and related diseases, the basic understanding of genome dynamics, and
biotechnological applications.

The work is supported by Russian State funded budget project (VI.62.1.5, 0309-2016-0003).
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A Portrait of Functional Organization of the Drosophila Genome - Polytene Chromosomes

Igor F. Zhimulev'”, Tatyana Yu Zykova', Victor G. Levitsky?®, O. Antonenko,

Elena S. Belyaeva1

1 Institute of Molecular and Cellular Biology of the Siberian Branch of the Russian Academy of
Sciences, Novosibirsk, Russia

2 Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia

3 Laboratory of structural, functional and comparative genomics of the Novosibirsk State

University, Novosibirsk, Russia

Generally, densely packed chromatin in polytene chromosomes forms black bands, moderately
condensed regions form grey loose bands, whereas decondensed regions of the genome appear as
interbands. Recent progress in the annotation of the Drosophila genome and epigenome has made it
possible to compare the banding pattern and the structural organization of genes, as well as their
activity. This was greatly aided by our ability to establish the borders of bands and interbands on
the physical map, which allowed to perform comprehensive side-by-side comparisons of cytology,
genetic and epigenetic maps and to uncover the association between the morphological structures
and the functional domains of the genome.

These studies largely conclude that interbands contain 5’-ends of housekeeping genes that
are active across all cell types. Interbands are enriched with proteins involved in transcription and
nucleosome remodeling, as well as with active histone modifications. Notably, most of the
replication origins map to interband regions. As for grey loose bands adjacent to interbands, they
typically host the bodies of housekeeping genes. The bipartite structure composed of an interband
and an adjacent grey band functions as a standalone genetic unit. Finally, black bands harbor tissue-
specific genes with narrow temporal and tissue expression profiles. Thus, the uniform and
permanent activity of interbands combined with the inactivity of genes in bands forms the basis of
the universal banding pattern observed in various Drosophila tissues.

Financial support: Russian Science Foundation grant #14-14-00934
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Interband architecture in Drosophila polytene chromosomes

T.Yu. Zykova', V. G. Levitsky?, Igor F. Zhimulev'~

1 Institute of Molecular and Cellular Biology of the Siberian Branch of the Russian Academy

of Sciences, Novosibirsk, Russia

2 Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia

3 Laboratory of structural, functional and comparative genomics of the Novosibirsk State

University, Novosibirsk, Russia

Recently we created the model of four chromatin states based on the modENCODE data. We
applied the data on proteins characteristic of genetically active material (chromatin) localization to
develop a chromatin classification based on compaction degree varying from minimum
(aquamarine chromatin, corresponds to the interbands) to maximum (ruby chromatin, corresponds
to black solid bands). According to calculations there approximately five thousand interbands in D.
melanogaster chromosomes but only 33 were accurately localized on the molecular and cytological
maps of the Drosophila genome.

As it was shown, interbands possess diverse genetic structure. Most of the interbands
studied comprised one gene with only one alternative transcriptional start, other interbands
contained one gene with several alternative promoters, two or more unidirectional genes, and genes
located “head-to-head”. Also some of interbands we observed had complicated organization with
three or more unidirectional and bi-directional oriented genes localized in them.

Given that all interbands correspond to aquamarine chromatin and possess common
properties such as localization of 5'-UTR genes with ubiquitous activity, ORC and insulin proteins
(CHRIZ, BEAF and others), P-insertions, DHSs, Broad promoters, RNA pol II, and various
proteins characteristic of open chromatin, the analysis of interband architecture is of particular
interest. It was shown that all these characteristics localize in the promoter region of genes located
in interbands and this region is most likely critical for forming open chromatin fragments, which
we observe as interbands in polytene chromosomes.

Financial support: RFBR grant # 17-00-00284
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Beaoxk CG17337 HeoOXxoauM Jisl MPOXO0KIAEHUSI MUTO03a U YYACTBYET B KOHTPOJIe KJIeTOYHOM
cmeptu y Drosophila melanogaster

The CG17337 protein is involved in mitosis progression and cell death control in Drosophila
melanogaster

AHnpeeBa E.H.l*, Oruenko A.A. 1, KoxeBaukoBa E.H.l’z, HNBankua A.B.l, Spunny H.A.l,
ITaBnoBa F.A.l, ITommoBa IO.B.1’2, Anexkceena A.H.l, Hy6aromnosa T.JI. 1, Komnwin C.A. 1,
IInuropun AB!

' MuctuTyT Monekysproit i Kierounoit Guosnoruu CO PAH, HoocuGupek, Poccust

2 WNucturyr Hutonorun u I'enetuxku CO PAH, HoBocubupck, Poccus

*E-mail: andreeva@mcb.nsc.ru

B Hacrosee BpeMs IpUCTaIbHOE BHUMAHUE YACTSACTCS U3YUEHHIO OEIKOB, UTPAIOLIUX POJIb B
MeTabonu3Me O0eIKOB U MEeNTU0B. Takue OeKU MOTYT SIBISATHCS OMYXOJEBBIMH CYIPECCOPaAMHU.

B wactHOoCTH, M13MeHEeHHE aKTUBHOCTH TeHa CNDP2, KOTupYIOIIETo Y YeJIOBeKa OCJIOK CeMecTBa
MeTautonentuaas M20, NpUBOIUT K CTUMYJIMPOBAHUIO TPOTU(EPALTUH KICTOK U SIBISIETCS
O6romMapKepoM IpH pakoBHIX 3a00NeBaHUAX. B maHHO# paboTe MBI IBITAIUCH MPOSICHUTD (PYHKITUIO
oenka apo3odpunel CG17337, sapnsromierocs: oprosiorom 6enka yenoBeka CNDP2. J{nst 3Toro Ml
MOTYYMITH CTICTIM(UYIECKUE TTOTUKIOHAIBHBIE aHTuTea K 6enky CG17337, mpu moMoI KOTOPBIX
OTIPEACTVIIM HATUBHYIO JIOKATU3AIMIO OeliKa B KYTbTUBUPYEMBIX KJIETKaX U OpraHax APO30QHIIbI.
Panee O6b110 oka3zano, 4to reH CG 17337 skcnpeccupyeTcs MIOBCEMECTHO, OHAKO ero OeIKOBBIN
MPOIYKT OBLT HAWJIEH TOJBKO B TeMouM(e Ipo30(riibl Kak BHEKJICTOYHBINA OeT0K. MbI
oOHapyxwuiu, 9to 6enok CG17337 nerekTupyercs Kak B IUTOIIA3Me, TaK U B SIpax KIETOK
npozoduisl. C momorbio moaxoaa Fly-FUCCI B coderanuu ¢ KoH()OKATbHOW MUKPOCKOTIHEH
OBbLIO MMOKA3aHO, YTO 0OOraIieHue KJIETOK HepBHBIX ranriueB 0enkoM CG17337 nporcxoauT Ha
ctaguu G2 MuTo3a. MBI TakK)Xe MOJYYUIIU JTUHUIO MYX C MOJHOMU neneuueit rena CG17337
METOJIOM HaIpaBJIeHHOTO MyTareHe3a nmpu nomoiu Texanojgorun CRISPR/Cas9, a taxke cozmanu
TPaHCTEHHYIO JIMHUIO MYX, HECYIIYIO F€eHOMHYIO0 Konuto reHa CG1 7337 i SKCIIEpUMEHTOB 110
criaceHuo peHoTHa. Mbl MpoaHAIM3UPOBAIN MOCTIEICTBHS nHAKTUBaImu rena CG17337 Ha
YPOBHE KJIETOK U LI€JIOro opranusma. Mel nokaszanu, 4to reH CG1 7337 aBisieTca JOMUHAHTHBIM U
rartonenoctatounbiM. OtcyrcrBre 6enka CG17337 y Myx HE CHUKAET MX KU3HECTIOCOOHOCTH H,
HANpOTHUB, YBEIMYUBACT MIPOJIOJKUTEILHOCTD KU3HH Y CaMOK. Y JINYMHOK OTCYTCTBHE OeJKa
CG17337 npuBOIUT K 2-X KpaTHOMY YBEJIMYEHHUIO MUTOTHYECKOIO UHAEKCA B HEPBHBIX TAHIIMSIX,
CXOJHbIE JaHHbIE ObLIN MOJYUYEHBI U JJIS1 KyJIbTUBUPYEMBIX KileToK S2. [Tpu 3TOM MBI He
Ha0JI0/1aJIM HY MOBBILICHHS YPOBHSA THIIEpIUIa3uu, HU 00pa3oBaHus onyxoseid. Hamu ganubie

YKa3bIBaIOT Ha TO, YTO CHIKeHHE KonmdecTBa Oesika CG17337 kak B KyIbTUBUPYEMBIX KIIETKaX
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S2, Tak 1 HA OPraHU3MEHHOM YpPOBHE BEJIET K HAPYIICHUI0 MUTOTUYECKOTO KJIETOYHOIO IUKJIA, B
TO BpeMs KaK HapyIIeHU SHI0IMKIA He ObII0 0TMeueHO. HeoxkngaHHbIM pe3yabTaToM 0Ka3aioch
IIPAKTUYECKH ITOJIHOE OTCYTCTBUE AETEHEPUPYIOIINX ANUIEBBIX KAMEP B OOTEHE3€ Ha cTagusx 7-9 'y
MYTaHTHBIX CaMOK B Tiporiecce crapeHus. Kiierounast ruGenp Ha 3TUX CTausAX OOT€HEe3a BO3HUKAET
B pe3yJibTaTe HApYyLIECHUS Pa3BUTHS, IEHCTBUS Pa3IMYHBIX HETATUBHBIX (PaKTOPOB U OCOOEHHO
YCUJIMBAETCS IPU rojiolaHuu. B 6onbIInHCTBE TKaHEH 1po30(uiisl KiieTouyHas Tuoeb
perynupyercs reHamu rpr, hid, grim u skl, 0JJTHaKO YT T€HBI HE 33JICHICTBOBAHBI B HHTYKITUU
KJICTOYHOH rulenu B ooreHese Ha ctagusax 7-9. [Ipeanonaraercs, 4To Ha 3TOM dTare OOreHes3a
CYUIECTBYIOT IpYTH€ MyTH 3amycka KiieTouHoil rudenu. Takum o6pa3om, Hallld JaHHbBIE
CBUJIETEIIBCTBYIOT B MOJIB3Y TOT0, 4yTO Oesok CG17337 npo3oduiibl SBAsSETCS KOMIIOHEHTOM
XpOMaTHHA U ITUTOIIa3Mbl U HEOOXOIUM JIJIsl IPABHIILHOTO MPOXOXKICHUS MUTO34, a TAKXKE
Y4acTBYET B KOHTPOJIE KIETOYHON CMEPTH.

Pabota BeimonHeHa mpu noaaepkke rpanta POOU #16-04-01598.
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IMosyyeHune HanMpaBJIeHHbIX JleJIelUid B PeryJATOPHOM 30He reHa Notch ¢ UCNI0JIb30BAHUEM
CRISPR/Cas-onocpe10BaHHOT0 METO/1a PeIaKTUPOBAHUS T'€HOMOB
AnnpeenkoB O.B., AuapeenkoBa H.I'., Bonkosa E.U., /lemakos C.A.

Wucturytr Monekynspaoii u Kierounoit buonoruu CO PAH, r. HoBocubupck

I'en Notch sBnsieTcs KIIOYEBBIM PETYISATOPOM CUTHATIBHOTO MTYTH, 33/IEHCTBOBAHHOTO B

i epeHIMPOBKe KIETOK HelipoakToaepMbl Drosophila. Ilpu 3ToM MEXaHU3MBI PETYISILIUN
SKCHpeccHu reHa Notch Ha CETONHSAIIHUAN JeHb OCTAIOTCA HEM3yYeHHBIMH. MBI HCIIOJIb30BANIN
CRISPR/Cas-onocpeioBaHHBIN METO]] HAITPABICHHOTO PEIAKTUPOBAHUS T€HOMOB JIJIS TTOTYUICHUS
CepHH NI B PEryIsITOPHON 30He TeHa Nofch. JIjst 3TOro Mbl Co31aJI TPAHCTCHHYIO JIMHHUIO
MyX, B KOTOpO# 4-kb y4acTOk MpoMOTOpHOM 30HBI reHa ObLT 3aMEHEH Ha atftP-callT. DTO M03BOJISET
BBOJIUTH JIFOOBIE HANPABJICHHBIEC MYTALlMU B IPOMOTOPHYIO 30HY I'€Ha M MCIIOJIB30BaTh MOJyYCHHbIE
TPAHCT€HHBIE IMHUU MYX ISl UCCIIEIOBAHUSI PETYJIALIMM 3KCIIpecCUH reHa. Mcnonb3ys
MMEIOLIUECS TaHHBIE O BO3MOYKHOM PAaCIOJI0KEHUH CAUTOB CBSA3BIBAHUS PA3IIMYHBIX OEIKOB
XPOMAaTHHA, O HYKJICOCOMHOM OpraHU3alliy palioHa, a TAKXKE O BIMSHUU U3BECTHOM nenenuu F a™’
Ha PUCYHOK ITOJIMTEHHBIX XPOMOCOM CIIFOHHBIX JK€JI€3, Mbl CO3JaJIi TPAHCTEHHbIE JINHUU MYX,
HECYIIUE eIeMN BO3MOXHBIX (PYHKIIMOHAIBHO BaXKHBIX 3JIEMEHTOB PETYJISATOPHOI 30HbBI T'eHa
Notch. Tlpu co3nannu dTUX JTUHANA MBI UCTIOJIb30BAJIM BCTIOMOTATEIbHBIC AJIEMEHTHI BEKTOPHOU
KOHCTPYKLIMH, KOTOPBIE B IIOCIEAYIOLIEM YAAJIAIN U3 TEHOMA TPAHCTEHHBIX MYX C IIOMOILBIO
lox/Cre-onocpenoBanHON pekoMOUHaIK. Mbl OOHAPYXHIIM CHHEPTETHYECKOE ACHCTBHUE
HEKOTOPBIX M3 MOJyYEHHBIX JEEIHi ¢ BBEICHHBIMU B IIEPBBI HHTPOH reHa Notch
BCIIOMOT'aTeJIbHBIMU 3JIEMEHTAMU, YTO TOBOPUT O CYIIECTBOBAHUHU B3aUMOJCUCTBUI MEXKIY
MIPOMOTOPHOM 30HOM reHa U MepBBIM HHTPOHOM. Takke Mbl OOHAPY U HCUYE3HOBEHUE
cBsi3piBaHusl MHCYNATOPHBIX OenkoB CTCF u CHRIZ, cBs3aHHOE C HEKOTOPBIMU U3 ACTEIUil B
pPEYIATOPHOM 30HE reHa. bpuh U3ydeHbl MeXasulebHbIE B3aUMOJICUCTBUA JETECHUN pEryITOPHON
30HBI U OMMHMCAHBI (PEHOTUITMYECKHE MPOSIBICHUS BCEX MOTYUYCHHBIX JIMHUI, a TaKkKe MOKa3aHo
BIIMSIHUE MOJIYYEHHBIX JIEIEIUN Ha IIUTOJIOTMYECKYIO CTPYKTYpY paiioHa 3C6-7, rae IoKanu3oBaH
reH Notch.

Pabora nonnepxana rpantom PH® Ne 14-14-00934
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BrisiBiIeHMe TapaJIOTHYHbIX PAHOHOB B reHOMe cTepJisiau (Acipenser ruthenus)
Anoperouwikosa ﬂ.A.I,MaKyHuH A.H.I, Pomanenxo C.A.I’Z, bunmyesa JI.C. 1, Bexnemuesa B.P. 1,
Ipyoickosa A.C."2, I'vcenvnuros C.B.", Cepororosa H.A.", I'pagpodamexuii A.C."7,

Tpughoros B.A."*

! HNHucTuTyT MONeKysipHOM 1 KietouHou ouonoruu CO PAH

2 HoBocubupckuit rocy1apCcTBEeHHBI YHUBEPCUTET

CoBpemenHbIe mpencTaBuTenn cemeirictsa OcerpoBsie (Acipenseridae) UMEIOT OOJIBIIOE YUCIIO
xpomocoMm (2n=110-380), uTo sBISIETCS pe3yabTATOM OJHOTO MM HECKOJIBKHUX PAyHIOB
notTHoreHoMHoM nyrumkanuu (whole genome duplication, WGD). [list noHnManust
ABOJIIOIIMOHHBIX TPOIECCOB, CBSA3AHHBIX C TOJUIUIOUAN3AINCH, BaKHOM 3a/1a4e SBIISIETCS
BBISIBJICHHE U UCCJICIOBAHHE MMAPATIOTUYHBIX XPOMOCOM U XPOMOCOMHBIX PailOHOB,
00pa30BaBIIUXCS B pe3yJIbTaTe yABOCHUS T€HOMA.

Crepasan (Acipenser ruthenus) siBIsieTCs ajgeoTeTpamionioM 1 umeer 120 xpomocoMm B
IUIITIOUHOM Habope. JlaHHbIN npeacTaBuTens ceMmeiicTBa OceTpoBble ObLI HCIIOIB30BaH paHee
IUISL TIOJYYEHUSI XPOMOCOMCTIEHM(UIHBIX MUKPOJAUCCEKIIMOHHBIX OnbOmroTek [1].

B pamkax nanHOM paboOThI C TOMOILBIO MOJIEKYJISIPHO-IIUTOTeHeTHUeCKUX ((piyopeciieHTHas
in situ TuOpuaM3anys) 1 OMonHpOpMaTHIECKUX (00pabOTKa aHAIN3 JAHHBIX, TOJYYCHHBIX C
MOMOIIBIO BEICOKOTIPOU3BOAUTEIHLHOTO CEKBEHUPOBAHMSI) METOI0B aHAJIM3a
XpoMocoMcenn(UIHBIX OMOIMOTEK CTEPISI AN ObUTM OOHAPYKEHBI MMapaJOTUYHbIE PAOHbI
HEKOTOPBIX XPOMOCOM JAHHOTO BHJIA M BBISBJICHBI CHHTEHHBIE pallOHbI MEX]ly T€HOMAMHU CTEPISIN
Y TIATHUCTOM MaHMpHOU myku (Lepisosteus Oculatus) [2], a Tak:ke XpOMOCOMHBIE TIEPECTPONKH,
nMesIne mecto nociie WGD oceTpoBbIx.

Pa6ora nonnepxkana rpanramu PH® Nel14-14-00275 u PODU Nel5-29-02384.
Jlureparypa:

1. S.A. Romanenko ef al. (2015) Segmental paleotetraploidy revealed in sterlet (Acipenser
ruthenus) genome by chromosome painting, Mol Cytogenet, 8: 90.
2. 1. Braash et al. (2016) The spotted gar genome illuminates vertebrate evolution and facilitates

human-teleost comparisons, Nature genetics, 48: 427-437.
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dBosonHs X XpOMOCOMbI MAJISIPUHHBIX KOMapoB rpynnbl Maculipennis

AptemoB I'. H.l, Koxanenko A. A.l, Benmuepckas A. I/I.l, bonmapenko C. M.l, Crerunii B. H.l,
[ITapaxosa M. B.'?, [ITapaxos U. B.!?

' Tomckmii rocyZapCTBEHHbIN yHUBepcureT, Tomck, Poccus

? [MoNMTeXHAYECKHiT uHCTUTYT ¥ ['ocynapcTBeHHbIi yHuBepceuteT Bupmkuaun, biskcoypr, CIIIA

Mansipuiineie komapsl Anopheles rpynmbsr Maculipennis mupoko pacrpoctpaneHs! B EBpasun u
CesepHoil AMepuke. OTeIbHbIE IPEACTABUTENN JAHHON TAKCOHOMUYECKOM I'PYIIIbI, TAKHE KaK
An. sacharovi, An. labranchiae v An. atroparvus, SIBASIOTCS TIEPEHOCYMKAMH BO30YTUTEIS
MaJIsIpuu, KOTOpas sIBJIsSIeTCS MPUYUHOM ruOen OKOJI0 MOJIYMIIJIHOHA YeNIOBEK B TOJl. DBOJIOLHUS
MaJISIPUMHBIX KOMAapOB CBs3aHA C U3MEHEHHEM UX CIIOCOOHOCTH MEPEHOCUTH MaIIpUHHBIN
T1a3MOIUM, TIOATOMY BaKHO BBISIBUTH 3aKOHOMEPHOCTHU TaKOU TpaHCHOpMAIINH, a TAKKE
OTIpEICTUTh €€ FreHeTHUeCKrue OCHOBBI. CKOPOCTH 3BOMIOIUHN X XPOMOCOMBI Y MaJIIPUITHBIX
KOMapOoB 3HAYUTEIBHO BhIIIE, 4eM y ayTocoM (Neafsey et al., 2015). Ilenpro HacTosmie paboTsl
OBbUIO MPOCIETUTh U3MEHEHHS MOPsAKA TeHOB B X XPOMOCOME B X0/1€ 3BOJIOIMU MaJIIPUAHBIX
KomapoB rpymmnsl Maculipennis.

Panee Ha ocHOBE JaHHBIX aHAJIM3a XPOMOCOMHBIX TIEpecTpoek B ayrocoMmax (CTerHui,
1991) u monHOoreHOMHOTO aHaym3a (Sharakhov et al., unpub) u 6s110 TOCTPOEHO
¢unorenernyeckoe aApeBo A 10 BUa0oB MansgpuitHbIX KoMapoB rpymnibsl Maculipennis. Hamu 6011
BBIOpAHBI [T aHau3a 7 BUJOB KOMapoB: An. atroparvus, An. labranchiae, An.maculipennis, An.
messeae, An. sacharovi, An. beklemishevi u3 [1laneapktudeckoit dhaynsl u An. quadrimaculatus n3
Heapkruueckoii payHbl. An. atroparvus - eTMHCTBEHHBIN BUJ U3 rpymbl Maculipennis st
KOTOPOT'O CYIIECTBYET (pu3nueckas kapra reHoma. [IoCKOIbKY [UIs OCTANbHBIX BUIOB TPYIIIIBI
(bu3NUEeCKUX KapT FTeHOMOB He pa3paboTaHO MBI JOKAJIH30BaiH OT 13 10 24 reHos,
PacmoJIO0KEHHBIX Ha pacCTOSHUU | MJH IL.H. ApyrT oT Apyra. K kaxxaoMy Mapkepy Obliiu
CUHTE3UPOBaHbI (ryopectieHTHO-MeueHHble JIHK-ipo6s1, koTophie ruOpuIM30BaIn ¢
XpoMOcOMaMH OJIM3KUX BUJIOB C MTOMOIIBIO (piryopectienTHOM rubpuausarmu in situ (FISH).

JU1st TOro 4ToOB! UCKITIOUUTH U3 aHAJIN3a IePEMEILCHHSI TeHOB, HE CBSI3aHHBIE C
XPOMOCOMHBIMH TIepeCTpOiiKaMu, MbI BbLienwau 1sTh (A, B, C, D, E) cuHTeHHBIX 0JI0KOB,
BKTOYaronux 13-18 reHoB, KOTophie ObLTM OOHAPYKEHBI Y BCEX MPOAHATM3UPOBAHHBIX BHIOB
koMapoB. AHaim3 B GRIMM/MGR nokasain, uro y BunoB An. atroparvus, An. labranchiae,
An.maculipennis u An. messeae Bce CHHTEHHBIC OJIOKH OKa3aJlCh B OJMHAKOBOM TOPSIKE U
opueHTanuu. CpaBHEHUE MOPSAKA TE€HOB, HE BXOSIINX B COCTAB BbIACIEHHBIX CUHTEHHBIX OJIOKOB,
MOATBEPAMIIO OTCYTCTBUE KPYITHBIX NIEPECTPOEK Y An. atroparvus, An. labranchiae, An.

maculipennis, HO He y An. messeae y KOTOPOTO TPU MapKepa CHIIBHO MEHSUIA CBOE MOJIOXKeHHE. MBI
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CpaBHUIU An. atroparvus u An. messeae, BBe/Isl JTOMOJIHUTEIbHBIE TPU MapKepa 1
MeperpynnupoBaB CHHTEHHBIE OJIOKU (HOTTOTHUTENbHBIN 010K F 1 oTnenbHbIN Mapkep G).
Oxka3zanoch, 4To Bcero aBe Oonbmux BiokeHHbIX uHBepcun (G-B-C-D-F u B-C-D) otnuyarot 4n.
messeae oT An. atroparvus.

[Ipu cpaBHenuu An. atroparvus, An. labranchiae, An. maculipennis ObUTH BBISIBJICHBI
MePECTPOMKHU BHYTpU CUHTEHHOTO OnoKa E y An. atroparvus, An. labranchiae u An. maculipennis.
B sTOM cpaBHEHNM B Ka4€CTBE UCXOHOTO MOPSIKA ObLT BBIOPAH BapUAHT An. atroparvus, Tak Kak
MOPsIOK TeHOB Ooka E He ornnyancs ot An. messeae. Oka3aliock, 4TO OT HCXOIHOTO THIIA An.
maculipennis oTir4aeTcs OHON HHBEpCHUEH, a An. labranchiae Tpemsi.

X-xpomocoma (pusoreHeTHUeCcKu HanboJee yAaJeHHbIX BUIOB IIPETepIiesia B OCHOBHOM
HEOOJIBIIIOE YMCIIO KPYIHBIX MEPECTPOCK: o Ha HHBepcus y An. beklemishevi (C-D-E) u oqna
uHBepcus y An. quadrimaculatus (A-B-C-D) 1o cpaBHEHUIO C HCXOAHBIM THUIIOM, B KaUeCTBE
KOTOPOTO OIATh BBICTYNAET An. atroparvus. Jlnumws An. sacharovi, KOTOPBIA PUIOTEHETUIECKU
onuxe K An. atroparvus, 4eM TIOCIIeAHUE 1Ba BUA, Pa3INYaloT TPH NMEPEKPHIBAIOIINECS NHBEPCUU.
Bo3MoxHO, 3TO CBsI3aHO ¢ 00Jiee BBICOKUMHU TEMIIaMH 3BOJIOIIUHU 3TOTO BUAA KOMapa.

[IpoBeneHHBIN HAMU aHAIIA3 IPOJIEMOHCTPUPOBAT (PAKTUIECKH OTCYTCTBUE
MIPOMEXYTOUHBIX TUIIOB MOPsIIKa T€HOB B X XpoMocoMax M3ydaeMbIx BU10B. Hanbonee OIu3KuM K
MPEKOBOMY OKa3aJICsl TUIT X XPOMOCOMBI XapaKTEPHBIN ISl BUIOB An. atroparvus, An.
labranchiae, An. maculipennis, An. messeae u An. quadrimaculatus. Torna kak An. sacharovi u An.
beklemishevi 06pa3yIOT OTJebHBIC HE3AaBUCUMBIC BETBH, B KaXKI0H U3 KOTOPBIX HE3aBUCHUMO
BO3HUK crienuduyeckuii Habop rnepectpoek. B 11e10M nonydeHHbIe pe3ynbTaThl COrNIacyloTCs ¢
¢dbunorenernueckoi cxemoit (Creramii, 1991; Sharakhov et al., unpub).

CpaBHeHue nopsiika reHoB Yy An. atroparvus (monpoa Anopheles) u BHEIIHUX rpym - An.
gambiae (moapon Cellia) u An. albimanus (moapon Nissorhynchus) B enom npoieMoOHCTPUPOBAIIO
paspyuieHus] CHHTEHHBIX OJIOKOB B Xo€ 3Botonnu. CreayeT, 0AHaKo, OTMETUTh YTO Haubouee
YCTOMYMBBIMH CHHTCHHBIMH Oj10KkamMu B rpynmupoBke Anopheles-Cellia sBistitorest B, koTopsrii
coxpaHsieTcs MONHOCTHIO U E, pa3eneHnbiil Ha 1Be yacTu y An. gambiae. B rpymme Anopheles-
Nissorhynchus coxpansitorcs rpynmnsl cueruienus u3 C, D u E. Onpenenenue npuanx
COXpPaHEHHUS/pa3pyLICHUs TEX WM UHBIX TPYIII CLUEIUICHUsI TeHOB TpeOyeT NalbHEeHIero n3yueHus
TeHETUYECKOTO COepKaHUSI CUHTEHHBIX OJIOKOB.

Pabota BrInoIHEHA Npu noiepKKe rpanta Poccuiickoro Hayunoro @onga Ne 15-14-

20011.
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Bansinue coMaTH4eCKOro OKpPYKeHHUsl HA MUTPAIUIO MPeAIeCTBEHHUKOB 3apOAbIIeBbIX
KJIeTOK B 3mMOpuorenese Drosophila melanogaster

AxwmeroBa K.A'2, XpyieBa ACH, Joporosa HB', bapuuea M, dEnopona C.A'".

" ®edepanvroe ocyoapemeennoe Grodxcemnoe nayunoe yupescoenue «Dedepanbublii uccied08amenbeKiil
yenmp Uncmumym yumonocuu u eenemuxu Cubupcrxoco omoenenuss PAH», Hosocubupck, 630090,
e-mail: fsveta@bionet.nsc.ru

2 Ynusepcumem Anabamot 6 Bupmuneeme, bupmuneem, 35294, CIIIA

3 o o o o
Hosocubupckuii HayuoHanbusili uccied08amenbCKull 20Cyoapcmeentslil yHueepcumem, Hogocubupck,

630090

Murparus KJIeTOK — KOHCEPBAaTHUBHBIN MpoIiece, TPEOYIONIHIA CI0XKHON MPOCTPaHCTBEHHO-BPEMEHHOM
perynsnuu. B Murpanun kiaeTok 3aeiicTBOBaHbI MHOYKECTBEHHBIE (PAKTOPHI, YIaCTBYIOIINE B €€
AKTUBAIUH, TPEOOPA30BAHUH CUTHAJIOB, IEPECTPOIKE IIUTOCKEIETa 1 MEMOPaH U MEXKKJIETOYHBIX
B3anMoeicTBUAX. Bee 3To TpeOyeT BRICKOOPAMHUPOBAHHOTO JICHCTBYSI MHOJKECTBA TEHOB KaK BHYTPH
CaMHUX MUTPHUPYIOIIHUX KJIETOK, TaK U B OKPYKAIOIINX UX TKAHSX.

Murparus npeanecTBeHHUKOB 3apobiieBbix kieTok ([13K) B amOpuoreHese siBIseTCS KITFOUESBBIM
HaYaJIbHBIM 3TAroM (GopMupoBanus ToHaa qpo3oduiisl. Bo Bpems ractpymsituu [13K B Bume
KOHCOJIUIMPOBAHHOM I'PYIIITEI KIIETOK TACCHBHO IMEPEHOCTCS C 33THETO MOJII0ca SMOPHOHA B KapMaH
CpeIHEeH KHIIKY 3a CUeT WHBaruHaIuu kiaetounoro ciios. Jlanee 113K uaauBuayanu3upyorcs,
puoOpeTaroT aMeOouIHYI0 (hOPMY M aKTUBHO MUTPHUPYIOT CKBO3b CTEHKY IepBUYHOM Kumikh. 3ateM [13K
pasuessroTes Ha 2 TPYIB M 00 BEIUHSFOTCS C KIIETKAMU ME30epMaIbHOTO MPOUCXOXKIICHUS, (OPMHUPYS
TapHbIE 3a9aTOYHBIC TOHA/IBI.

IIpoBenennsIii HaMu aHanwu3 Murpaiyi [13K y MyTaHTOB ¢ IpeXIeBPEMEHHON MUTpaNIeH TTOKa3all,
YTO CUTHAJ WHUIMAUK MUrparwu noctynaet B 13K u3 okpyxarommx coMmaTHuecKuX TKaHEH 1 3aBHUCHT OT
3UTOTUYECKON HKCIPECCHH TPaHCKPUIITHOHHOTO pakTopa GAF. AHanmu3 JaHHBIX IO TATTEPHY SKCIPECCUHI
3UTOTUYECKUX TeHOB, perynupyeMbix GAF, BoisiBun 17 TeHOB-KaHAWIATOB, YIACTBYIOMINX B HHULIAAIIH
perymsuun murparun [13K. Cpenn HEX ecTh TeHBI, KOAUPYIOIIHE KaK CUTHAIBHBIE MOJIEKYJIBI M PEIIETITOPHI
(Rolling pebbles, Ptp4E), Tak BHEKIICTOUHBIN MaTpuKC (Hanpumep, Laminin A, Mew) u npyrue.

Takxum 00pa3zom, comarnueckoe okpykenue [13K MoxkeT BIHUATh Ha HUX KaK PEryJIsSTOPHO,
AKTUBUPYS MHTPALHUIO ITPH MOMOIIHM CUTHAJIBHBIX MOJIEKYJI, TAK ¥ CTPYKTYpHO, (hOpMUPYS CyOCTpaT IJIst
MepeMEIICHMS.

Pabora mognepxana rpantamu PODU 18-34-00321 mon_a u roc. 3aganuem 0324-2018-0019.
The impact of the somatic tissue environment on primordial germline cells migration during

Drosophila embryogenesis
Akhmetova K.A, Khrushcheva A.S., Dorogova N.V., Baricheva E.M., Fedorova S.A.
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OcobennocTn ruranTckux xpomocom Chironomus plumosus L. (Diptera, Chironomidae)
u3 o3epa 3aBoackoe y KiimmoBa (paiioH, 3aTPOHYThI 4epHOOBLILCKHUM cieaoM) bpsiHckoi
obJsacTu

C.U. bensanuna

CapaToBCKHil TOCYJapCTBEHHBIN MEIUIIMHCKHUI yHUBepcuTeT uM. B.M. PazymoBckoro, Capartos,
Poccus, microtus43(@mail.ru

The features of giant chromosomes of Chironomus plumosus 1. (Diptera, Chironomidae)
from the lake Zavodskoe Klimovsk district (region with Chernobyl's pollution) Bryansk
oblast

S.I. Belyanina

[Tocne 4epHOOBIIBCKON aBapul HEOOXOMM MOHUTOPHHT COCTOSHUS T€HO(OHIOB MO
OpPraHU3MOB, OOUTAIONIMX HA 3aTPOHYTHIX PaJAMOAKTUBHBIM BEIOpOCcOM Tepputopusix. Cpeau
TUIPOOMOHTOB XOPOUIUM 0OBEKTOM JISl ATOTO ABISIOTCS XUPOHOMUBL, TUYMHKN KOTOPBIX
00J1a]af0T TUTAaHTCKMMU XPOMOCOMaMH B KJIETKaX CIFOHHBIX JK€JIe3, B YACTHOCTH IIMPOKO
pacmnpocTpaHeHHBIN B TpecHbIX BogoéMax Bua Chironomus plumosus. Kapuodona storo Buma
XOpOILIO U3YYeH U3 MHOTHX MOMYJIALUMA Kak B Poccuu, Tak ¥ B IpYrux CTpaHax.

ens Hameit paboTsl — u3ydeHne ocooeHHocteir xpomocom Chironomus plumosus u3 o3epa
3aBoackoe Knmmockoro paiiona bpsiackoit o6mactu B 2016 roay u cpaBHeHHE Kapruo(OH/IA 3TOM
MOMYJISIUH ¢ Kapuo(pOHOM 4epHOObUIbCKOI nomynsanuu Ch.plumosus, n3yuennoit H.A.
[Terporoii [1991] B Teuenne Tpex net nmocie aBapun. KimmmoBckuii paiton bpstackoit obmactu
CpPaBHUTEIHHO OJM30K OT YEPHOOBLILCKOW 30HBI — HA PACCTOSIHUU TTpuMepHO O6osee 200
KUJIOMETPOB.

W3yueHsl KapuOTHIIBI 25 TMYUHOK, COOpaHHBIX B Aekadpe 2016 rona B o3epe 3aBoackoe y
Kmmmosa. B mpo6ax 6eHToca 3TOT B HEOOBIYHO MajlouncIeHeH (Tipeodaman Apyron BUT —
Chironomus balatonicus). Matepuan ¢hpukcupoBaii Ha MecTe cOopa B CIIUPT-YKCYCHOU CMeCH
(3:1). 'oToBMIIN M3 KIIETOK CIIFOHHBIX XK€EJI€3 JUUUHOK IIPENnapaThl THTAHTCKUX XPOMOCOM,
OKpaIlIeHHBIX aneToopcerHoM. Mcnonp3oBana rurodorokapra xpomocom Ch.plumosus ¢
MapkupoBkoit otaenos 1o @.JI. Makcumosoii (1976) u npumenennast H.A. Ilerposoii (1991) npu
ananu3e xpomocom Ch.plumosus u3 4epHOOBUTBCKOM 30HBI.

[Tpu uccnenoBaHUK XPOMOCOM YUHUTBIBATIM COCTOSTHHE UX JJUCKOBOM CTPYKTYPHI,
MOpP(OJIOTHIO IPEATEIOMEPHBIX paifoHOB. OTMeUann (PYHKIIMOHAIBHOE COCTOSIHUE TAKUX
aKTUBHBIX B HOpPME JIOKYCOB XPOMOCOM, Kak KoJbio bans6uanu B miuede B xpomocomsi 1,

SIIPBIIIKOBBIA OPTaHU3aTOp U KoJblla bansOnanu B xpomocome [V; peructpupoBaiy mosiBjieHe
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CIOHTaHHBIX My(}OB, HE XapaKTEPHBIX JJI FTEHOMA 3TOT0 BUA, a TAKXKE OTMEYaIl YaCTOThI
Pa3IMYHOTO POa XPOMOCOMHBIX MIEPECTPOEK B KAPUOTHIIAX.

B nienom nuckoBas CTpyKTypa XpOMOCOM Y€TKasi, HO BCTPEUEHBI KAPUOTHUIIBI € TIOXO
OKpAIIEHHBIMHU, PACTAHYTHIMU M PA3PBIXJICHHBIMU XPOMOCOMAaMHU, & Y OJTHOW TUYMHKH HAOIIOAAIICS
pacnaa XpoMOCOM Ha XPOMOHEMBI, HOCSIIIIUNA MO3audHbIN Xapakrep. TenomepHbie pailoHbI
XPOMOCOM TOJIBKO Y HECKOJIBKUX 0COOEH C TpaHyJIIPHON CTPYKTYPOM, Y HEKOTOPHIX OHU C
pas3pbIBaMH, y OOJIBIIMHCTBA K€ JINYMHOK TEIOMEPBI XPOMOCOM Pa3phIXJICHbI B Pa3HON CTEIICHH.
XapaKTepHbI TEJIOMEPHBbIE KOHTAKTHI JUTMHHBIX XpPOMOCOM MeX 1y co0oii. B xpomocome 111
HaOJI01aINCh TYTTMKALMU HEHTPOMEPHOTO y4acTKa Kak B TOMO- TaK U T€T€PO3UTOTHOM
COCTOsSIHMSIX (Takoe ke siBeHue 0b110 otmMedeHo H.A. ITetposoit (1991) nis sToro Buaa u3 30HbI
YepHOOBLIA).

SIpBIIKOBLIM OpraHu3aTop u Konblia bansounanu B xpomocome [V Bceria akTUBHBI, IPU
3TOM B pailoHe SApHIIIKa OTMeuaicsl BBIOpOoC rerepoxpoMaTHHOBBIX yacTull. Konbio bansOuanu B
Xxpomocome | Bcersia moJIHOCThIO MHAKTUBUPOBAHO. B JUIMHHBIX XpoMocoMax HaOJI01alkCh
CIIOHTaHHBIE My(BbI, KAK B TOMO3UTOTHOM, TaK U B T€TEPO3UTOTHOM (IKTOMHYECKAsT TCHHAS
AKCIPECCUS B OJJHOM M3 TOMOJIOTOB XpOMOCOMBI) cocTosiHusX. B xpomocome 11 edo D y ogHoi
JUYUHKHA ObUIO TIOYTH TOJIHOCTBHIO pacirydiieHo (BaKyoJu3alus 1eaoro mieda). B psne kierok
OJTHOM M TOM K€ CITFOHHOM >KeJIe3bl 3apETUCTPUPOBAHBI CTPYKTYPHO MaJibie MOP(OIOTHYECKUE
MU3MEHEHHUS Pa3HbIX OTJENIOB XPOMOCOM, CBA3aHHbIE C MIEPECTPOIKOI OJHOIO MIIM HECKOJIBKUX
TMICKOB.

B kapuodone KIMMOBCKON MOMYISILUK Y YeThlpex ocobeit (16%) cTanaapTHBIN MOPAI0K
nuckoB (y atoro Buna u3 YepaoObsurst mo H.A. TlerpoBoii (1991) Takoii mopsiiok HE BCTPEUEH),
OCTaJIbHBIE — C CEMBIO TUIIAMH NTApALIEHTPUUYECKUX (B TOMO- U T€TEPO3UTOTHOM COCTOSIHUSIX )
MHBEPCHUAMU U OJTHOM NEpULICHTpUYECKOU. IHBepcuu BCTpedeHbl Kak OAMHOYHO, TaK U B
COUYETaHUAX APYT C Ipyrom. HacToThl BCTPEYaEMOCTH MHBEPCUOHHBIX NOPAAKOB: A22 — 16%, Al12
—44%, B22 — 12%, B12 — 8%, C12 — 12%, D12 — 8%, E12 — 12%. Cpennee uucio
reTepPO3UTOTHBIX HHBEpcUil Ha 0co0b — 0.84 (B uepHOOBITHCKOM Tomy sty o H.A. IletpoBoii —
0.97). OauH THI IEPULIEHTPUYECKON HHBEPCUU OTMEUEH HaMU TOJIBKO y OJTHOU ocoOu — B ieue F
xpomocowmsl [11.

B-xpomocomsl B kimtumoBckoi nomyisnui Ch.plumosus He oOHapykeHbI (B 4epHOOBITECKOM
nomyssiiuu 1o H.A. TleTpoBoil oTMedeHa moBbIIIeHHas 4acToTa ocobeii ¢ B-xpomocomotii B
KapUOTHIIE).

B nenom cocrosiane kapuodonma Chironomus plumosus n3 Kinumosckoro paitona
BpsiHCKO#1 0071aCTH CXOHO € COCTOSTHMEM KapruooHIa YepHOOBUTHCKOM TMOMYJIAInH (3a

HCKJIIOUEHUEM OTCYTCTBUS B-xpomMocoM B kaproTunax).
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MOAEJIMPOBAHUE DQIIMTEHETUYECKUX DOD®EKTOB AJIb®A-YACTHULL

B KPATKOCPOYHOM TECTE HA IPO30O®UJIE

busiwesa 3.M., Theybepeenosa M.JK., 3apunosa IO.A.

MODELING OF ALPHA-PARTICLES EPIGENETIC EFFECTS IN SHORT-TERM TEST
ON DROSOPHILA

Biyasheva Z.M., Tleubergenova M.Zh., Zaripova Yu.A.

Kazaxckuit HartmonanbHelii yHuBepcuteT nMenu anb-Papadbu, HUU npobaem Ouonoruu u
ouotexnonoruu, Kazaxcran, r. AaMarsl

E-mail: zaremabiya@gmail.com

N3BecTHO, uTo 60s1ee 50% HOHU3UPYIOIIET0 U3IIYYEeHHUS OT MPUPOJIHBIX HCTOUHUKOB 00YCIOBIEHO
ParloHOM M MPOAYKTaMH €ro pacmhajia. AKTUBHO UCCIEIYIOTCS TeHOTOKCHUECKUE U KaHIIepOTeHHbIE
a¢ddexTr neicTBus pagona. OcoOblil HHTEPEC MPEACTaBISET OICHKA MOCIEICTBHIN 00TydeHUs Ha
PaZIOHOOTIACHBIX TEPPUTOPUSIX, K KOTOPHIM OTHOCUTCSI U AJIMaTHHCKas 00J1acTh BBULY HAJIUUUS
00JIBIIIOr0 KOJIMYECTBA TEKTOHMYECKUX PA3IOMOB, YCUIMBAIOIINX SMaHALMIO pajioHa. B cBs3u ¢
BBIILICH3JI0KEHHBIM, 1I€TIbI0 HACTOALICH pabOThI ABISIIOCH H3YUEHUE reHeTHYEeCKUX 3 dexToB
BO3JICHCTBUS CBEPXHOPMATUBHBIX /103 PaioHa Ha MOJIEH alb(ha-u3TyyeHHUs.

OO6yueHue He CTOJIBKO BIUSIET Ha POCT KJIETKHU, CKOJIBKO Ha €€ CHOCOOHOCTh K
muddepennmpoBanuio. Mccnenoparenu oOHapyKUIH, YTO Y KUBOTHBIX 00JydeHHUE, B IEPBYIO
oyepe/ib, IPUBOAUT K BOSHUKHOBEHHIO (DEHOKOIUIL, COMaTHUYECKUX MyTaluii, MOp(H030B 1
Moauduxammii. [lepeurcieHnble TOBpeXIEHUS BOZHUKAIOT, CKOPEE BCETO, B PE3yJIbTaTe
M3MEHEHHUS COCTaBa BelecTB KieTKu. CoBpeMeHHasi TeHETUKA OTHOCUT TaKHe COOBITHS K
SMHUIeHETUYECKUM, IMEHHO OHH, B TIEPBYIO OUEPE/Ib, 3aTPAruBalOT PErysiiTOPHbIC MPOLIECCH
OHTOTeHEe3a. DMUTEHETHYECKasi U3MEHYMBOCTD, KaK MPABHJIO, HE CBA3aHA C U3MEHYHBOCTHIO
nepBuyHO# nocnenoatenbHocT JJHK, HO 00yciioBiieHa n3MeHEeHHEeM TeHETHYECKOTO MaTepHaa.
OTa N3MEHYUBOCTDH KACcaeTCs TaK HA3bIBAEMbIX YCIOBHBIX MyTallUi — 3TO MyTallUU PETYJIATOPHBIX
I'€HOB, OTBETCTBEHHBIX 32 00pa30BaHNe NMPU3HAKOB BHYTPUBHUIOBOTO cxoacTBa. OHOM U3
XapaKTePHBIX YEPT YCIOBHBIX MYyTaIlUi SBISETCS TOMUHAHTHBIN TUIT UX MPOsBIIeHU. Jpyrumu
O0COOCHHOCTSIMH 3THX K€ MYyTallUi SBJISETCS ACCUMETPHSI U UX HECTaOMIIBHOCTH B MMOKOJIEHUIX. B
HACTOSIIEE BpeMs JUIsl OMUCAHUS SMUTCHETUYECKON N3MEHUYUBOCTH MCTIONIb3YIOTCSI TEPMUHBI
«Moph03» U «MOTUPUKAIHLY. Y CIOBHBIE MYTAIMH YacTO MOJCPKHUBAIOTCS B KYJIbTYpax cO
CIIETITICHHBIMH X-XPOMOCOMAaMH, /i€ MyTaHTHAasA X-XpOMOCOMa MepeaaeTcs M0 OTIOBCKOM JTMHUU.

B a0l TecT-crucTeme Hamu OBLITM UCCIIEIOBAHbI dUTeHEeTHYeCKHE 2P (HEeKThl anbha-qacTHil,
HMCTOYHUKOM KOTOPBIX B IPUPOJIE B OCHOBHOM SIBJISIETCS PAJIOH U €T0 JI0UE€pHHUE MPOTYKTHI

pacmana. B 9KCIICPUMCHTC B KAa4YCCTBC UCTOUYHHKA aﬂb(ba-‘laCTI/H_[ HCIIOJIB30BAJIXM U30TOII IIITYTOHUSA-
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238 (Pum), TEHEPUPYIOLIUNA U3NydeHue ¢ sHepruei okosio 5500 k3B. B skcniepuMeHTe B nepBomM
nokosieHuu (F) Opuin 0OHApYXEeHBI YPOACTBA, WIH MOP(HO3bl, KOTOPHIE MOYKHO Ha3BaTh
«JTY4EeBBIMH CHHAPOMAMU» WIM MYTALUSIMH, TIPOSIBICHUE KOTOPBIX CXOXKE C TICHOTPOIHBIM
neiictBueM reHoB. J{ons Mopdo30B B 3kcriepumenTe coctaBuia 1,8%, a B kourposie 0,4%. B
JAHHOM OTIBITE MOP(O3bl Y MYILIEK IPO30(UIIBI IEPBOTO U BTOPOTO MOKOJIEHHUM BBITIISICIN KaK
YepHbI€ MATHA, WJIK MEIAaHOMBI Ha PA3JIMYHBIX YACTAX TeJIa UMaro; «reHepai30BaHHbIE)
MEJIAaHOMBI; 3aKpyUeHHbIE, U30THYThIE KPBUIbs; YKOPOUEHHOE KPBUIO; MTy3bIph Ha OJTHOM KpPBLIE;
OTCYTCTBHE OJIHOTO Kphbla, Ae(opmMarius Topakca, pepblBaHUE U HApYIIEHUE PUCYHKOB TEPTUTOB,
HapylIeHHUE pacrpeesieHus IMa3HbIX (JaceToK U BOJIOCKOB; OTCYTCTBUE MUTMEHTAIMH BTOPOU U
TPEThEH HOT.

CraTHcTHYECKU aHaJIN3 METOJIOM XHU-KBaIpaT MoKa3all JOCTOBEPHOCTD Pa3InUHs
sKcnepuMenTa 1 kouTposst mpu P<0,01. Ha ocHOBaHUS 3TOr0 MOKHO CUMTATh, YTO ajib(a-
YacTHUIIbI, KOTOPBIE B OKPY>KaIOLIeH cpeie B OCHOBHOM I'€HEPUPYIOTCS PaIOHOM U €r0 H30TONaMH,
001a/1al0T MyTareHHbIM BIUSHUEM MPOSBISIONIMMCS, B OCHOBHOM, B (pOpMUpOBaHUU MOP(H030B

WM YPOACTB.
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Cyab0a pemoaenupywoiero xpomatud komimjiekca PBAF B npouecce Mue1ouiHoui
auddepeHuUPoOBKH U PoJb cnenupuueckoi cyobequnuusl PHF10

Bupsicoa .M., Tarapckuii B.B., [lleiinoB A.A., 'eopruesa C.I'., ComnukoBa H.B.*
*- 50261 5nat@gmail.com

denepanbHOE TOCYIAPCTBEHHOE OI0/KETHOE YUPEKIeHHe HHCTUTYT Ouosoruu reHa PAH, Mocksa

Heiirpodunsl coctaBstor 65-70% Beeil neiikounTapHoi (ppakiuyu KpoBU denoBeka. FIx ocHOBHas
(GyHKLHMS — yyacTHe B HECTICU(PUUIECKOM UMMYHHOM OTBETE Ha matoreHsl. Herpoduibt

(G pepeHIUPYIOTCS U3 MYJIBTUIIOTEHTHBIX MPEALIECTBEHHUKOB 110 MUEIOUIHOMY ITyTH. B
nporecce 3Toi Ju(GepeHIIMPOBKI KIETKH BBIXOAT U3 MUTOTHUECKOTO IIUKIIA, CYIIECTBEHHO
MEHSIOTCSI TATTEPHBI KCIIPECCUPYIOIIUXCSI TEHOB M CTPYKTYpa XpOMaTHHA, YTO MPUBOJUT K
u3MeHeHUsIM (opMel siapa. Ha MosiekynsspHOM ypOBHE 3TH IPOTPaMMBbl PEATH3YIOTCS C TOMOIIIBIO
aKTHBALMU CHENU(PUIECKUX TPAHCKPUILIMOHHBIX ()aKTOPOB, KOTOPHIE B3aUMOIECHCTBYIOT C
KOaKTHUBaTOPHBIMH KOMILIEKCAMH, OJHUM U3 KOTOPBIX SIBJISETCA XPOMAaTHH-PEMOIEIUP YOI
komruiekc PBAF. Perymsimust paboTbl XpoMaTHH-PEMOACTUPYIOIINX KOMIUIEKCOB OCYIIECTBIISIETCS
3a CYET CMEHBI CyObETUHIUYHOTO COCTaBa, CHeU()UYHOTO AT pa3IMYHBIX KJIECTOK OpraHu3Ma.
Kommnekc PBAF sBisieTcst KOaKTUBATOPOM SKCIIPECCUU MHOTHUX I'€HOB, U B MIEPBYIO OYEPEb
I'€HOB, YUaCTBYIOLIUX B MOAJIEPKaHUU IPOINU(EPATUBHOTO CTATyCa MHOTMX TUIIOB KJIETOK, B TOM
YHCJIe U CTBOJIOBBIX KJIETOK KpOoBH. OJHAKO HUYETO HE U3BECTHO O paboTe KOMIUIEKCa B IPOLIEcce
MUENOUTHON AU PEepeHINPOBKU U €T0 YyYaCTUU B aKTHBALUU CIIEUN(UIECKUX TEHOB
HEUTPOHUIIOB.

B Hameit paboTe Mbl U3y4nIM KaYeCTBEHHBIE M KOJMYECTBEHHBIE U3MEHEHUS
cyobequauyHoro coctaa PBAF kommiekca B npouecce MuenongHon auddepeHunpoBku,
BbISICHWIH posib PBAF komIuiekca npu akTuBanuy crieupuuecKux MUeIonuTapHbix renos CD66
a/b/d. B xauecTBe Mmoaenu nudepeHIUPOBKH KIETOK MO MUEJIIOUTHOMY ITyTH MBI UCIIOIb30BaAIN
JUHUIO pakoBbIX KieTok HL60, koTopyto cpaBHUBaNK ¢ KOHEUHO AU hepeHITupOBaHHBIMHU
HelTpoduaamMu yenoBeKa, BhIJCICHHBIMH U3 KPOBH 310pOBBIX AOHOPOB. IIpn o6pabotke ATRA
(all-trans-retinoic acid) kietku tuaur HLO60 Ha yeTBepThIi AeHb TpHOOpeTan MHOTHE TPU3HAKH,
XapakTepHble A1 HeUTpopmiioB. CHMXKaIach UX MpoiaudepaTuBHas aKTUBHOCTb, IPU ATOM
YBEITMYUBAJIACh IKCIPECCHs TEHOB — MHTUOUTOPOB KileTouHoro nukia P21 u P27, u canxkanacek
skcnpeccust uukiauHoB E1 u 11, K mectomy aHI0 1udGepeHIMPOBKH sipa KIETOK CHIIBHO
CEerMEHTHPOBAINCH, YBETHUYUBAIOCH KOJIMYECTBO AITONTOTHYECKUX KIETOK, TO €CTh MPOSBISIINCH
cnenuduaeckue Ay HeUTpoduiaos croiicTBa. Taxxke npu quddepermupoke HLO6O
YBEIUYUBAJIACh IKCIPECCHs CTICU(PUIHBIX 111 HeUTpodminoB renoB CD66a/b/d, konupyrommx

MMOBCPXHOCTHBIC PCUCTITOPHI.
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JuddepeHunpoBka Mo MUETOUIHOMY ITYTH COITPOBOXK/IAETCS CYIIECTBEHHBIMU
CTPYKTYpPHBIMH U3MEHEHHUSIMH XpOMaTHHA, TIO3TOMY MbI H3MEPUIIU SKCIPECCUIO T€HOB CyOBhEAMHHUIL
komruiekca PBAF B npouecce quddepenunporkr HL60 u cpaBHmm ux ¢ Helitpodpunamu. B
nporecce nuddepenmpoBku dkcnpeccus cyobenuuaul; PBAF kommiekca B kierkax HL60
camxanachk Ha yposHe PHK u Ha ypoBHe Oenka, 1 cTaHOBUJIACh COBCEM HU3KOM, HO KOHCTAHTHOM B
Hertpodunax. [Ipu 3TOM 10 pe3yapraTaM KOUMMYHOIIPEIUIUTANN cyObennunil komruiekc PBAF
COXPaHsUI CBOIO LIEJIOCTHOCTD U (PYHKLIHMOHATIBHOCTD NpH JuddepeHuupoke. B Hetrpodumax
CyOBbEeIMHUIIBI KOMILIEKCA JIOKATU30BAIUCH B AKTUBHO TPAHCKPUOMPYEMOM XPOMATHHE, KOTOPBIN
TaKK€ MApKUPOBAJICS aHTUTEIaMU K akTUBHOM 3ioHrupyenied PHK-nonmumepase 11.

OnHa u3 caMbIX HHTEpeCHBIX crienududeckux cyosenuuuil PBAF kommiekca PHF10
MpeJICTaBJICHA B BHJIE YETHIpEeX M30(QopM (TMPOTYKTOB OAHOTO T'eHa) B KieTkax. M3odopmbl
OTIUYAIOTCS CTPYKTYPHO U (YHKIIMOHATHHO U BIUSIOT HA MATTEPHBI PEMOJICTUPYEMBIX TEHOB
Bcero PBAF xomriekca. Mbl BBISICHIIIH, YTO B MPOIECCE MUETOUTHON Au(dHepeHITUPOBKH
totanbHOE KosmuecTBO PHF 10 cHmkanock, omHako taxke npoucxoauia cmeHa nzodpopm PHF10 B
komruiekce. PHF10-P1 u3odopma, xapakrepHas it akTHBHO MPOIU(DEPUPYIOMINX KIETOK,
3amensuiack Ha PHF10-Ss u3odopmy, AeTekTupyIomnyrocss B KOHEUHO TU((PepeHIMPOBaHHbBIX
HeUTpodumIax.

Mpb1 n3yunnu Biusinue PBAF komiuiekca Ha 3KCIPECCUIO T€HOB, AKTUBUPYIOLIUXCS B
nporuecce nuddepeHupoBku. YpoBenb ToransHoro PHF10 Ha mpoMoTopax crierupudeckux
CD66a/b/d renos, a Takxke MpOMOTOpPax reHOB-MHI'MOUTOPOB KJIeTouHOoro 1ukiaa P21 u P27 ne
MEHSUJICS, YTO MO3BOJIMJIO C/IeNIaTh BBIBOJ, 4TO B akThBauuu CD66 u P21 renoB yuactByer PBAF
KOMIUIEKC B TIPEICOOPAHHOM COCTOSIHUH, BKItouarommii n3odopmy PHF10-Ss. Yposens Bcex
octanbHbIX cyobequHul] PBAF koMriuiekca (KOPOBBIX U CIICIUPUIESCKIX ),  TAK)KE aKTUBHOM
¢dopmsl PHK-nonmumepasst 11 Bozpactan. To ects npu MuenonnHon auddepeHunpoBke 10 curHana
aktuBanuu komruiekc PBAF, conepxxammit PHF10-Ss, nokanusyercs Ha mpoMoTopax B
peAcoOpaHHOM COCTOSTHUH, U B TIpoliecce akTuBaimu konndectBo PBAF komriekca Bo3pacraer.

Jannas pabota Obi1a noaaep:kana rpantrom PHONe 18-14-00303
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OnTuMuzanms UCCJIeJ0BAHUS XPOMOCOMHOM MaTOJIOTMH Y IJIOAA NPU pa3BUBaKOLIeiics

U «3amepuein» 0epeMeHHOCTH

I'aitnep T.A. 2>, MarseeBa B.I'. !, Kapumosa O.I'. 2

'O0m1ecTBO € OrpaHUYEHHON OTBETCTBEHHOCTHIO «L[eHTp nepcoHanu3npoBaHHOM MEAULIUHBIY,
HoBocubupck

2denepanbHOE TOCYIAPCTBEHHOE OIOHKETHOE YUpexkAeHUE HayKu HCTUTYT XUMHUECKOM
6uosiornu u pyHaamMeHTanbHO MeauuuHbl Cubupckoro otaeneHus Poccuiickoit akaneMun Hayk,

HoBocubupck

becrioaue u HeBbIHAIIMBAHUE OEPEMEHHOCTH MPECTABIISIOT COO0N cephe3HbIC MPOOIEMBI B
aKyILlIEPCKO-TUHEKOJIOTMYECKOM MpakTuKe. YacToTa BEIKUABILIEH cOCTaBIAET 0KOJIO 25% BCcex
o6epemenHocreil. Cpenu (opM HEBBIHANIMBAHUS OEPEMEHHOCTH 0CO00€ MECTO 3aHUMAET
Hepa3BHUBaroIasics («3aMepiasy») 0epeMeHHOCTh - THOeTh IMOPHUOHA WIIH TUTO/A C JUTUTEIIBHOU
3aJIep’KKOM ero B mojioct MaTKku. [IpuunHamu «3amepiein» 0epeMeHHOCTH MOTYT ObITh
M3MEHEHHS CBEPTHIBAEMOCTH KPOBU, MMMYHOJIOTHYECKHE HAPYIIECHHS, YHIOKPUHHBIE (GaKTOPHI U
MH(EKIIMOHHBIE areHThI, HO OCHOBHYIO POJIb UTPAIOT XPOMOCOMHBIE HapyIlIeHus y mioja. B
OOJIBIIMHCTBE CJIy4aeB MPUYMHON UX BOZHUKHOBEHUS Yy IUIOJA SIBJIAIOTCS HAPYILIEHUS Cerperaiuu
XpOMOCOM BO BpeMsi 00pa30BaHUsI U CO3PEBaHUS MOJIOBBIX KJIIETOK Y OJTHOTO U3 poAUTeNeit 1ubo
omrOKH pu or100TBopeHnH (B 80% ciIydaeB 3TO OIUIOAOTBOPEHUE SHIIEKICTKH ABYMSI
CIIEpPMAaTO30M1aMN).

[Tpobnema kapuoTUTIHPOBaHUS T1J10/1a HE perraeTcs 3P GHEeKTHBHO B OOJIBITUHCTBE
UTOTCHETHYECKUX Jlaboparopuii PD. Ha pe3ynbTaTUBHOCTD BIMSAET KOJUYECTBO M KAYECTBO
B3SITOTO MaTepuaa, yCIOBUS U BpeMsl TPAHCIIOPTUPOBKH J10 Ja00OpaTOpPUU M YPOBEHb pa3pelIeHUs
G-nuddepeHmanbHOrO OKpalIuBaHus, MO3BOJISIONIETO TOYHO UICHTU(UIIPOBATH BCE
XPOMOCOMBI Habopa.

B murorenernyeckoit maboparopuu (LII'JT) OOO «llenTp nepcoHam3upoBaHHOM
MEIUIUHBI» TOKa3aTesb YCIEUIHBIX NCCIICAOBAHUH CYIIECTBEHHO MPEBBICHIT TAKOBOII MO
€BPONEHCKHUM CTaHAapTaM KadyecTBa AJIs HUTOTEHETUUECKUX ucciaenoBannil. OH coctaBui 96% B
HCCIIEIOBaHMIX BOPCHH XOPUOHA MIPH «3aMepliieii» 0epeMeHHOCTH (IT0 €BPONEeHCKUM CTaHapTaM -
90%), 100% nuia npenaransHoOM quarnoctuku (I1/]) (mo eBpomelickum crangaptam — 90% s
HCCIIeIOBAaHMI BOPCUH XOpHOHa 1 98% 1711 aMHUOTHYECKOH KUAKOCTH). DTO 00eCTIedeHo
CIICAYIOIIMMU (paKTOpaMH: MaTepuall JOCTABIISUIN B JIAOOPATOPHUIO U3 ONEPALUOHHON MAaKCUMAIILHO
OBICTPO, BOPCUHBI TIIATEIHHO OTOMPAIU C TIOMOIIBI0 CTEPEOMUKPOCKOIIA, UCTIOIb30BAIN

coOCTBEeHHbIE MOIU(DHUKAIIMN METOAOB KYIbTUBUPOBAHUS KJIETOK U IPUTOTOBJICHHUSI PENapaToB
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(Ha oxHy U3 HUX noyiydeH nateHT P®d), ananu3 npoBoauiau B 100% cioyyaeB Ha G-OKpalieHHbIX
XpoMOcCOMax.

B LI'JI 3a Tpu roma (2015-2017 rr) 66110 BeimoaHeHo 209 HccaenoBaHUil KapuOTHIIA TUI0A.
W3 nux 110 uccnenoBanuii BOPCUH XOpPHOHA MPH «3amepiiein» 6epemennoctu (106
pe3yIbTAaTUBHBIX) U 99 Hccne0BaHUi KapyuOTHIIA TUTO/a TIPU Pa3BUBAIOIICHCS OepeEMEHHOCTH (BCE
pe3ynbTaTuBHbIE). B ncciieqoBaHusIX BOPCHH XOPHOHA IPU «3ameplieil» 6epeMeHHOCTH MaTOI0TUs
BbIsIBJICHA B 72 ciydasx (68% - oAMH U3 caMbIX BBICOKUX TMoKa3zaTeneit mo P®). Tunsl naronoruu

IIpe/ICTaBJIeHbI Ha puc. 1.

51 O tpucomus

/
fe

B MOHOCOMUS, TUCOMUS

@ cTpyKTypHBIE aHOMAJIUU

Puc. 1. OCHOBHBIE THIIBI TATOJIOTHH, BBISBICHHON IPU UCCIEOBAHUN BOPCUH XOPHOHA

(«3amepias 6EpeMEHHOCTBD).

Haubonee yacTo BcTpeuaronuecss aHoMaiuu — 3T0 Tpucomun — 45 ciyyaes (62,5%) (puc.
2). BoNbIIMHCTBO Ccy4YaeB TPUCOMUH (HAIMYHUE JIMITHEH XpOMOCOMBI B KAPUOTHIIE) 1 MOHOCOMUU
(oTcyTCcTBHE KaKoil MO0 XPOMOCOMBI) MOYKHO OOHAPYKUTh UCKITIOYUTENHHO Y a0OPTHPOBAHHBIX
10710B. 1)1 4enoBeka CymecTByeT HeOOIbIIOe KOJIMYECTBO MOHOCOMHM U TPHCOMUH,
COBMECTHMBIX C POXKACHUEM JKUBOTO peOCHKA. DTO TPHCOMHHU MOJIOBBIX XPOMOCOM, a M3 ayTOCOM —
Tpucomuu xpomocoM 13, 18, 21, kpaitHe peako — XpoMocoM 8, 9 1 22, BBI3BIBAIOLINE TAKEIIbIE
MOPOKU pa3BuTHS. Pexxe Bcero BhISIBIISLIIACE MOHOCOMHUSI XpoMocoMbI X - 4 ciyuast (5,5%). He
BBISIBJICHO CJIy4a€B MOHOCOMHMM 1O ayTOCOMaM, KOTOpPbIE HE BCTPEUAIOTCS Y KUBBIX MIIQJICHIIEB, U
Jla’ke B TKAHSX TUIOJIOB OHH BBISIBIISIIOTCS KpaifHe peKo, TaK KaK MPUBOIST K THOENI YMOPHOHOB Ha
paHHUX CTaAMSIX pa3BUTHUs. Tpuruionaus (IpUCYTCTBUE B KJIIETKE TPEX raryIoNIHbIX HAaOOPOB
XpoMocoM) BeTpeTuiiack B 15 ciydasx (21%), ctpykTypHble HapymeHust — B 8 ciydasx (11%).
13 99 BBIMOTHEHHBIX MCCIEIOBAaHUN KapHOTHIIA TUT0J1a IPH pa3BUBatolieiics bepeMeHHoCTH B 19
CIIy4asix MaTepUaIoM JJIs UCCIIeIOBaHMsI ObLIM BOPCUHBI XOPUOHA, B 77 CIlydasix — aMHUOTHYECKAS
XKUIKOCTh, B 3 Cllydasix — MyMOBUHHAS KPOBb. BhIsIBIIEHO 9 cilyyaeB MaToONIOTUU, YTO COCTABIISIET
9% (7 KOMTMYECTBEHHBIX aHOMAJIUHI U 2 CTPYKTYPHBIX). MI3BECTHO, UTO MPOLIEHT XPOMOCOMHOM
MATOJIOTUH Yy TUI0JIA, BBISIBIIsieMbIN MpH npoBeaeHuu [1]1, ymeHbI1aeTcs mpu yBeIU4eHUH CpoKa
0epeMEeHHOCTH BCIIEACTBUE THOETH MJI00B C TSXKEJION MaTojorueil Ha 6osiee paHHUX CPOKax.
UccnepoBanue BOpcHH XOpHOHA MpoBoauiu B 11-15 Hell., HO3TOMY MPOIEHT BISIBIEHHOMN
MaTOJIOTUH BBICOK - 21% (4 ciydas). B amHHOLIEeHTe3aX, BBINMOJHEHHBIX B 16-20 Hell., MaToorus

Obu1a 0OHapyxkeHa B 7% (5 ciayuaeB). Yaiie 1pyrux CUHIPOMOB MPU MPOBEICHUH IIPEHATATIbHOM
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JMArHOCTHKH BCTPEYAIOTCs] TPUCOMUHU, CPEIU KOTOPHIX HA IEPBOM MeCTe CTOUT cuHapoM JlayHa - 4

ciy4dast. Bbuin Takke BBISIBICHBI: TPUCOMHUSI XPOMOCOMBI X, MO3anyuHas TPUCOMUSL XPOMOCOMBI 7,

Tpurionaus. M3 cTpykTypHBIX aHOMaUil XpOMOCOM ObUIH BBISBIICHBI HHBEepCcHS (puc. 3) U

pOOEPTCOHOBCKAS TPAHCIIOKAIIHS.
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Puc. 2 Kapuorpamma smOpuoHa ¢ Tpucomuet
XpOoMOcoMBI 22 («3amepiasy» 0epeMEeHHOCTb,
7-8 Hen.). MaTepuai: BOPCHHBI XOpPHOHA.
G-nmuddepeHimanbHOE OKpaITUBaHUE.

Kapuortum: 47,XX, +22.
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Puc. 3 Kapuorpamma mioza ¢ uHBepcuen
XpOMOCOMBI 5. Martepuall: aMHUOTHYECKAs
KuAKocTh. G-nuddepeHnuanpHoe
okpamuBanue. Kapuorun:

46,XX,inv(5)(p15.1q12) pat.

B 3akarouenue OTMCTHUM, YTO HUCCJICIOBAHUC KapUOTHUIIA 3M6pI/IOHa / I10J4a 1o3BOJISCT

BBISIBUTH CaMYIO YacTyI0 MIPUYUHY «3aMeplieil» OepeMeHHOCTH U BHECTU KOPPEKTUBHI B

PENPOAYKTUBHBIN CTATYC CEMbH.
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XpomatuH-pemoaeaupyomuii pakrop GAGA peryjupyer pa3jiddHble THIIBI MUTPALIMU
npu (pOpMHUPOBAHUY MOJOBBIX KJIETOK CAMOK JAP030(HJIbI

Taaumosa FO.A 2, XpymeBa A.CH,, Joporosa H.B'., Ornenko A.A.2, dénopoBa CA"Y

L ®edepanvroe 2ocydapemeennoe Gro0cemnoe nayunoe yupexcoenue «Pedepanvhoiii
uccneoosamenvckuil yenmp Mucmumym yumonoauu u eenemuxu Cubupckozco omoenenusi PAH»,
Hoeocubupck, 630090, e-mail:foundmelater@gmail.com

? Unemumym Monexynapuou u kiemounou ouonoeuu Cubupcroeo omoenenus PAH, Hogocubupck,
630090

¥ Hoesocubupcxuii nayuonanvuwlil ucciedo8amenbCKull 20Cy0apcmeeH bl YHugepcumen,

Hoeocubupck, 630090

GAGA-paxrop (GAF) npozoduisl, konupyemslii reHoM Trithorax-like, sBinsercst onHum u3
0€NKOB, KOTOPBIA KOHTPOJIIUPYET COTIACOBAHHYIO KOJIJIEKTUBHYIO 3KCIpeccuio reHoB. OH
PEryIUPYIOT aKTUBHOCTh T€HOB-MUIIICHEN Yepe3 SMUTeHETUYECKUI MEXaHU3M, CBA3aHHBIH C
OpraHM3aIyeil U peMOJICIMPOBAHUEM XPOMATHHA, YTO 00ECTIEUNBACT TOCTYITHOCTh PETYISITOPHBIX
caifToB JuIg anmnapaTa Tpanckpunuuu. B chepy perymsunn GAF nomagaer mmpokuid CIeKTp TeHOB,
Y4acTBYIOUIMX B OOJIBIIIOM pa3HOOOpa3uu pyHIaMEeHTaIbHBIX KIETOUYHBIX IpoleccoB. bbuio
nokazano, uto GAGA-dakTop HeoOX0aUM 71l SIMOpUOTEeHE3a, 00TeHE3a, CIIepMaTOreHe3a,
pa3BUTHUS TJ1a3a U KpbUIa, POPMUPOBAHUS JOP3aTHHBIX BRIPOCTOB SMOPHOHA.

B nanHOM uccnenoBaHuu mokasaHa poiib 6enka GAF B Murparuu KiIeTok 3apo/IbIIIeBOro u
COMAaTUYeCKOTro MyTH NMpu GOPMUPOBAHUHU TOHAJ U OOTeHe3e Apo30duibl. MonekynspHo-
TreHEeTUYECKasi IPUPO/ia ITOrO MPOLecca SBOTIOIMOHHO KOHCEPBATUBHA, U UMEET BHICOKYIO
TOMOJIOTHIO B Pa3HBIX KJIIETOYHBIX THUIAX U Y PA3JIMUYHBIX OPraHU3MOB. AHAJOTUYHBIE MPOLECCHI
MPOUCXOAT PU JIBUKECHUN ME3CHXUMAJIbHBIX KJIIETOK U UX MTPOU3BOAHBIX, a TAKKE OIMYXOJIEBBIX
KJIETOK, 00pa3yoInX METacTa3bl.

['onanmorenes3 y caMmok 1p0o30(GuiIbl — SBISETCA YAOOHOH SKCIIEPUMEHTATBHON MOJIEIBIO TS
W3YYCHHSI MEXaHU3MOB M (PAaKTOPOB MHUTpau. MbI TOKa3aau, YTO MUTPAIUS TPEX TUIIOB KIETOK
MOJIOBOM CUCTEMBI CAMOK HaXOoAMTCS 1Mo KoHTposeM daktopa GAGA.

GAF onpeoensem muecpayuro npUMOpOUaIbHbIX K1eMOK 8 paHHeM IMOPUOHATbHOM PA3EUMUL.
KrneTtku-npeniecTBeHHULIBI 3apOABIIIEBOrO MYyTH (IPUMOPAUATIbHBIE) POXOAST YEPEe3 CTEHKY
MEPBUYHOMN KUIIKH, IEPEMEIIAIOTCA MEKIY KIETKAMU SHI0AEPMBI, pa3/IeIsIOTCs Ha IBE TPYIIIbI U
O0BETMHSIFOTCS ¢ ME30ACpMAaTbHBIMU KIIETKaMU. VICTIONb3yst MyTaHTOB IO TeHY #7/, MBI TIOKa3aly,
yT0 HegocTaToK GAF MpUBOAMT K paHHEHW aKTUBU3AIMU POTPAMMBI MUTPAIIUU U

MPEKIEBPEMEHHOMY MEPEMEILIEHUIO TPUMOPAHAIBLHBIX KIETOK BHYTph aMOpuroHa. Kietku, pano
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OTJENUBIIKECS OT OOIIEH IPYNIbl, MUTPUPYIOT SKTONNYECKH, J€30PUEHTUPYIOTCS U HE YYaCTBYIOT
B (hopMupoOBaHUY TOHA/I.

GAF enusem Ha muepayuro QOoinuKyIsApHbIX KIemoK 6 cpeoHem U no3onem oozenese. Y B3pOCIIOH
Apo30¢uis! Tpu GOPMUPOBAHUY STMILIEBOM KaMephbl IPOUCXOAUT HECKOIBKO COOBITHI, CBS3aHHBIX C
MuUrpanuen GoJUTHKYISIPHBIX KIETOK. B 4acTHOCTH, B MUTpAllMi Y4aCcTBYIOT JBE€ TPYIIIIbI
CHEIHaTIN3UPOBAHHBIX KJIETOK, OTIAEIUBIINXCS OT (POJUIMKYIISIPHBIX: OOp/IOPHBIE U
neHrpuneranbubie. boparopusie kiaetku (BK) 060co0mstores oT GOMHUKYIAPHBIX STUTEIHATBHBIX
KJIETOK Ha IEpPEeIHEM KOHIIE siiilieBoi kaMmepsl (8-9 cragun) u nepeMeniaroTcsl B HalpaBIeHUH
oonuTa. JIOCTUTHYB €ro, 3TH KJIETKH MOBOpAaunBaroTCs Ha 90° 1 MUTPUPYIOT K JOP3aIbHOM
CTOpPOHE OOLIUTA, TJe BIOCaeACTBUU hopMupytoT Mukponuie. Llenrpuneransusie kietku (LK)
00pa3yIoTCs U3 SMUTEIHATIBHBIX KIETOK, PACIOJI0KEHHBIX B MECTE KOHTAKTa OOLUTA U MUTAOLINX
KJIeTOK. B mpouecce Murpanyu oHu (OpMHUPYIOT MOHOCIION, H30IMPYIOMIHA ooruT. Kak
MMOKa3bIBAIOT HAIITK UCCIIEIOBAHUS, 00a THIAa MUTPAIIUHU SBJISIOTCS 3aBUCUMBIMH OT Oenka GAGA u
HapyLAKTCs MPU €r0 HETOCTaTKE.

Kak nBmxeHue npuMopIuaibHbIX KIETOK, TaK M (DOJUTHKYIISIPHBIX SBJISIOTCS IPUMEpPaMHU
AKTUBHOM KJIETOYHON MUIpalMM, KOTOpask KOHTPOJIUPYETCS TPYIION KOHCEPBATUBHBIX I'€HOB.
MHorue u3 3TUX reHoB ABIA0TCS MulieHs MU GAF, 1 U3MEHSIOT CBOO dKCIIpeccHio Ha (hoHe
MyTaruii. Ananu3 naHpopmarmoHHbIX pecypcoB Flybase u manHbIe 10 in Situ THOpHANU3AIIN U3
npoekTa bepkiu mo3Bonwin oroOpate noreHuuanbubie Mutienn GAF (o nanuunio GAGA-
CaliTOB B PEryJIsATOPHBIX paiioHax). Hanbonpimmii HHTEpeC npeacTaBisieT BBIOOPKA TeHOB, KOTOPAs
SBJIAETCS OOIIEH ISl BCeX THUIOB aKTUBHO MUTPUPYIOLIUX KJIeTOK. [1o HAIIUM JaHHBIM B 3TY
TPy BXOJAT T'€HbI, KOJUPYIIHE OCNKH € Pa3HOOOPA3HBIMU KIETOYHBIMU (DYHKIUSIMHU:
TPAHCKPHUIIUOHHbIE (DAKTOPBI, AKTHH-CBSA3BIBAIOIINE, KIETOYHON aJre3uH, BE3UKYISIPHOTO
Tpaduka, perenTopsl THpo3uH-kHHA3bl 1 Noch-curaansHoro mytu (ultraspiracle, myospheroid,
Epidermal growth factor receptor,. capping protein beta, Rab5, Rhol, Lissencephaly-1,Delta,
shotgun).

Taxum 00pa3oM, uepe3 peryssiuio SKCIPECCUH EeJI0N TPYIIBI HIPKECTOSIINX ITeHOB-
muieHeil, GAF BoBiekaeTcs B IIMPOKUI CIEKTP peakifii 1 MEXaHU3MOB, 00ECTICUHBAIOIINX
KJICTOYHYIO MHUTpanuio. JlanpHelee uccienoBanne MojaekysipHoro okpyxkeauss GAGA-dakropa
MO3BOJIUT MOJYYUTh JOTOJHUTEIbHYIO HHPOPMAIMIO O TEHETUYECKON CUCTEME PEryIsIiu U
LIUTOJIOTUYECKUX MEXaHU3MaX KJIETOUHON MUTPALIUH.

Pabora nonnepxana rpantamu POOU 18-34-00321 mon_a u roc.3aganuem 0324-2018-
0019.
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Su(Hw) uHCcyasiTop 0J10KHPYeT TPAHCKPUIIIUIO, clieupuUecKyI0 COOPKY XpOMATHHA

u npoaykuuio koporkux PHK npu nonaganum B kiaacrepsl piPHK B repMuHaJbHBIX TKAHAX
Drosophila

I'myxo* C.1., Paguon™ E.N., Ps3anckuii C.C., KaambikoBa A .

*paBHOE yuacTue

HNucTuTyT MonexkynsipHoi reHeTuku Poccuiickoi akagemMun Hayk, Poccusi, MockBa

BiaumoneiictByromue ¢ 6enkom Piwi kopotkue Hexkoaupyromue (pi)PHK cuntesupyrores ¢
WCIIOI30BaHUEM I'eHOMHBIX MaTpuil, uMeHyembix piPHK knactepamu. [TocnenoBarensHocTH
piPHK knacrepoB oboramieHbl 1eeKTHBIMU KOMTUSIMH MOOMIBHBIX AieMeHTOB (MD). OcHOBHas
poib piPHK - KOHTpOJIb aKTUBHOCTH MOOMIIBHBIX 3JIEMEHTOB B TOHaAaX. TpaHCKPUIIIUS
CHeM(PUIHBIX I TepMUHATBHBIX KJIeTOK piPHK kinactepoB perynupyercs HeKaHOHUYECKIMU
MeXaHU3MaMH, 00eCTIeYUBAIONIMMI CUHTE3 MPOTSXKEHHBIX TPAHCKPHUITOB - MPE/IIECTBEHHUKOB
piPHK. B cocTtaBe mocienoBareasHOCTEH MOJTHOPa3MEPHBIX MOOMIIBHBIX 3JIEMEHTOB MOTYT
MPUCYTCTBOBATH UHCYIATOPHBIEC ydacTKU. OTHUM U3 Hanbosee N3y4YeHHBIX HHCYIATOPOB,
MPUHAJISKAIIMX MOOMIIBHBIM 3JieMeHTaM saBisieTcs cynpeccop Hw (Su(Hw)), csi3piBaronuiics ¢
MOCJIEI0BATEIBHOCTHIO TPAHCIIO30HA gYpsy. NHCYISITOpHBIE KOMIUIEKCHI CLIOCOOHBI OrpaHUYHBATh
aKTUBHOCTH HXAHCEPOB WJIU OCYILECTBIATH OaphepHyI0 QYHKIUIO MTPU PACIPOCTPAHEHUHU
XpOMaTHHA B CMEXHBIX 00JIACTSAX T€HOMA, YTO BHIPAKAETCS B PETYIISALUHA TPAHCKPHUIIIIUN
OIpEeJICIEHHBIX JIOKYCOB reHoMa. Llenbio HpIHeIHeH paboThl SIBISETCS UCCICIOBAHUE BIUSHUS
uHCyIsITOpHOTO KoMiiekca Su(Hw) Ha dyakuronuposanue kiacrepoB piPHK B repmunaibHbIX
TKaHsAx Drosophila.

Hawmu 6b110 OKa3aHo, 4to TpaHcreHHas koHcTpykuus P{SUPor-P}, Hecymas ygacTok
cBs3piBaHusl SUHW Oernka U3 peTpoTpaHCIio30Ha gypsy, U, PaclioioKeHHAs B 9HIOTEHHOM
nepurieHTpoMepHoM (42AB) nnu TenomepHom (HeT-A peTpoTpaHCIIO30H) KIacTepax CyIIECTBEHHO
Hapymaer 1eiaoctHocth piPHK kmacrepa. [Ipu aTom orcyTcTBYeT npoaykius kopotkux PHK
MOCJIeIOBATEIbHOCTSIMU TPAHCTEHA, a Takke He (hopMupyercs cnenudpuyeckuii XpoMaTuH,
cBoiicTBeHHbIH Kkiactepam piPHK u conepskammuii romosnor rerepoxpomaruroBoro 6enka 1 (HP1) —
Rhino u tpumerunupoBanue rucrona H3 no ocrarky nesstoro sm3uHa (H3K9me3). B Toxe Bpems
myTarus Su(Hw) BoccTaHaBiuBaia HopMaiabHoe GyHKIIMoHUpoBaHue oboux piPHK kmacrepos,
4TO BBIpaXkasioch B oOHapyxeHnn H3K9me3 monudukanuu u cBs3piBannu 6enka Rhino ¢
nocienoBarenbHOCThIO TpaHerena P {SUPor-P}, a Taxke B HaKOIJICHUN TpaHCTEH-CIEIM(PUIHBIX
piPHK B smunnkax MytanTHBIX MyX. [loka3zaHo, 4TO cCOOpKa HHCYIISITOPHOTO KOMILJIEKCA BHYTPH
kiactepa piPHK Bmusier Ha cunaTe3 piPHK npenmecTBeHHUKOB B Tipoliecce CKBO3HOM

TPAHCKPUIILIUU KIIACTEPOB.
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[TonydyeHHble HaMU JaHHBIE CBUIETEILCTBYIOT O TOM, UTO COOpKA UHCYISATOPHOTO
KOMIUIEKCa IOMUHUPYET WIIN OTIEpPekaeT B Mporiecce pa3BuTus cOopky xpomatuaa piPHK
KJIACTEPOB B TEPMUHAJIBHBIX TKAHAX. JJaHHBIE TaKKe MO3BOJISAIOT MIPEAIIOJIOKNUTD HATUUNE
CEJIEKIIMM, HAIIPABJIEHHOM Ha ONpeesIeHHbI cocTaB MO B KilacTepax, 4TO BayKHO JUIS
noanepxanus GyakmuonanbHoro coctostaus piPHK kinactepos.

Pabora nonnepxana rpantom PODU 16-04-01107 A
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WCCJIEJJOBAHUE B3AUMO/IENCTBHA BEJKOB PCID2 M NUDC DROSOPHILA
MELANOGASTER IN VITRO
A.A. I'nyxosa, /1.B. Konvbimosa

Wucturyt 6uonoruu rena PAH, MockBa, anyapochta6@gmail.com, d_dmitrieva@mail.ru

B npomnecce tpancniopra MPHK u3 simpa B iuToruia3my KJIETOK Y4aCTBYIOT MHOXKECTBO OCITKOB U
6enkoBbIX KoMIUlekcoB. Y Drosophila melanogaster ogHUM M3 y4acTHUKOB 3TOTO Ipoliecca
spisercs 6enok PCID2. [lannslii 6enok csizpiBaeT MPHK, Haxomsich B cOCTaBe s,IEPHOTO
TPaHCIOPTHOTO KOMILIEKca, U yepe3 NPC BBIXOIUT ¢ HEl B IUTOILIA3My, MEHSS TIPU STOM
MapTHEPOB B COCTaBE TPAHCIOPTHOTO KOMILIEKca. TpaHCHOPTHPOBKY BBILIEAIINX B LIUTOILIA3MY
MPHII-9acTuir ocymecTBIsIOT MOJICKYIISIPHBIE OEITKU-MOTOPEHI, a TAKXKE pa3IUuIHbIC aIallTEPHBIE
Oenku, HeoOXoauMbIe s B3anmoeicTBrst MPHK 1 MOTOPHBIX OEITKOB € y4acTHEM AJIEMEHTOB
uurockenera. Ha npenBaputeabHOM 3Tarne Mbl mouucTiiiv koMiieke PCID2 u3 nutoria3Msl 1
BBIsIBIIIN er0 B3auMoJeiictBue ¢ 6enxom NudC (nuclear distribution protein). MbI cautaem, 4to
komruieke PCID2-NudC npuarMaeT HemocpeacTBeHHoe ydacTre B Tpancnopre MPHK B
ruTorazMe. Taxke Mbl pefmnonaraeM, uto 6enok NudC sBisieTcst OJHUM U3 aanTepoB,
ocymecTBisommx cBa3piBanre MPHK u monexyinsipasix MoTopoB. O1HaKo, OCTaeTCs
HEU3BECTHBIM, KaK UMEHHO, M Ha KaKOM 3Tare TPaHCIIOPTa MPOUCXOTUT B3aUMOJICHCTBUE MEXKTY
6enxamu PCID2 n NudC, u kakoBa GpyHKIIUS JaHHOTO KoMIuiekca. OCHOBBIBAasCh Ha
MPEIJIOKEHHOM HAMU TUIIOTE3€, MBI OyIeM HUCCIIeIoOBaTh B3auMo ielicTerue Mexy oeinxamu PCID2
1 NudC, uto6sI nposicHuTh Aetanu Tpancnopta MPHII-yactuipl B iuromnnasme.

Jl11s ipoBepKU JaHHOM TUITOTE3bI, MbI TIOCTABWIIA IEPBUYHYIO 1IE€Jb: U3YYUTh JOMEHBI
6enkoB PCID2 u NudC. [Inst ocymiecTBieHus JaHHOW 11eIM HaMU ObLIa IMOCTaBIIeHA 3aa4a CO3/1aTh
TeHeTUYECKUE KOHCTPYKIIUH, cojiepkKalue B cebe mocienoareabHocTy JoMeHoB 6enkoB PCID2 u
NudC, cautsie ¢ 6-His (THCTHAMHOBBIMU) STTUTOIIAMH, & TAK)KE UX MTOJTHOPa3MEpPHBIC
MOCIEN0BATENBbHOCTH, CIUThIe ¢ GST-3muronamu. B paMkax BBITIOTHEHHS JaHHOMW 3a1a4H MbI
MOKAa3aJii METOJ0M UMMYyHonpenunuranuu, uto 6enku PCID2 u NudC B3anmoaeicTByOT Ipyr ¢
npyrom. Kpome Toro, Ml IpoOBEpHIIH CIIOCOOHOCTh JaHHBIX OEIKOB K AuMepu3aiuu. Ha
CJIeMyIOIIeM dTare Mbl yciaoBHO pasnenuinu 6emok PCID2 na qomensr: N-koHI1eBo#, C-KOHIIEBOH
(WD-nomeH) 1 pacrosiaratoimiicss MeXX1y HUIMU «CpeIHuiy» (nanee obo3Havaercs kak MID
(middle)) nomen. [Ipuaem, MID- u WD-noMeHsI BMecTe cocTaBsioT GyHKIIMOHANBHBIH PCI-
nomeH. Taxoke Uit uccaeIoBaHusl HaMu ObLT pa3zaernieH Ha qoMeHb! i 6enok NudC. Mer mogenuimmn
ero Ha N- 1 C-KOHIIEBOM IOMEHBI. 3aTEM Ha OCHOBE HYKJICOTHUIHBIX MOCJIEI0BATEIbHOCTEN
YKa3aHHbBIX JOMEHOB ObUIH MOCTPOCHBI TeHETUYECKIE KOHCTPYKIIMH, COCTOSIIINE U3 MIa3MU/]

pET22b, pET28a u pGEX, B cocTaBe KOTOPBHIX HAXOIMIUCH MTOCIEI0BATEILHOCTH JOMEHOB U
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nostHOopasMepHbix 0enkoB PCID2 u NudC B ogHo# pamke cuntbiBanus ¢ 6-His- u GST-raramu.
JlaHHbIE KOHCTPYKIIMH ObLTM COOpaHbI MPU MOMOIIM METO/1a MOJIEKYJISIPHOTO KJIOHUPOBAHHUS.
[Tocrne "ero ObLTH TOOOPAHBI YCIOBHS SKCIIPECCHH, U IKCITPECCUPOBAHBI COOTBETCTBYIOIIUE
nonHopasmepHbie 6enku PCID2-GST, NudC-GST u nentuast N-PCID2, MID-PCID2, C-PCID2,
N-NudC, C-NudC B 6akrepuansuoii cucteme E.coli B mramme BL-21. TTocne aToro 6s11m
MIPUTOTOBJIEHBI OaKTEPUATIbHBIE JIM3AThI, U3 KOTOPBIX OBLIN MOYMILEHBI Ha KOJIOHKaX ¢ Ni-NTA-
cedaposzoit 1 GST-cedapo3oii momTHOPa3MEpHBIC OCIIKK U BBIICIICHHBIC HAMU JIOMEHBI OCIIKOB
PCID2 u NudC B pactBopumoii popme. Taxke ais uccienoanus 1omeHoB 6enkoB PCID2 u
NudC 6buta mocTaBieHa €1Ie oJHa 3aa4a; HCCIIeI0BaTh B3aUMOICHCTBHUS MOTyYEeHHBIX
MTOJTHOPA3MEPHBIX OEITKOB U JOMEHOB MeX 1y coboi meroaoM Pull Down.

Taxum 0Opa3oM, HaMu OblIa OCYIIECTBICHA COOpKa, MOCIEIYIOIas SKCIIPECCUS K OUUCTKA
nosHopa3MepHbIx 0enkoB U foMeHoB PCID2 u NudC. JlaHHBIE SKCTIEpUMEHTHI IPEIIIECTBYIOT
aHanu3y OeJoK-JOMEHHBIX B3auMmoaeicTBuil MmetonoMm Pull Down B in vitro cucrteme.

Pabota BeImonHeHa mpu noaepkke rpanta Poccutickoro gonma hyHaaMeHTaIbHBIX

uccnenoBanuii (mpoekt Ne 18-34-00151).
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beaox HIPP1 B3aumoneiictByet ¢ uncyasatopom Su(Hw), Ho He yuacTByeT

B Su(Hw)-3aBucuMoii pennpeccun y mioaoBoit mymku Drosophila melanogaster

A K. T'onosuun, JI.C. MensnukoBa, M.M. Epoxun, B.B. Monoauna

DeodepanvHoe cocyoapcmeenHoe 6100xcemHoe yupescoenue Hayku Unemumym 6uonoeuu 2ena

Poccuiicxoii akaoemuu nayk (MBI PAH), 119334, 2. Mockea, yn. Basunosa, 0.34/5

YpOBeHb TPAHCKPUIIIIUU YYKAPUOTUUECKUX TEHOB ONPEIEISIETCS aKTUBHOCTBIO TPEX KIACCOB
PETYIATOPHBIX AJIEMEHTOB: YHXaHCEPAMH, PEIPECCOPaAMU B HHCYIATOpaMu. DaKTOPHI
TPAHCKPHUIILIUU CBA3BIBAIOTCS C MOCIEA0BATEIBHOCTAMU ATUX PETYISATOPHBIX AIIEMEHTOB U
00ecneunBaT KOOPIAMHUPOBAHHYIO SKCIPECCHIO T€HOB B Pa3HBIX THIAX KJIETOK U Ha Pa3HbIX
CTauAX pa3BUTHs. MHOTHE TPaHCKPUTIITMOHHBIE (DAKTOPBI CIOCOOHBI TPOSIBIATH PA3TUIHBIC
PETYIATOPHBIE AKTUBHOCTH B 3aBUCHMOCTH OT CTPYKTYpPHBI CaiiTa CBI3bIBAHUSI U TEHOMHOTO
OKpYyXeHHs. MeXaHU3M 3TOTO SIBJICHUS [T0KA OCTAETCS HE BBIICHEHHBIM.

MpI nccnenyemM MexaHu3M MHOTO(YHKIIMOHAJIBLHOCTH PETYISTOPHBIX OEKOB Ha MpUMeEpe
uHcynaropHoro 6enka apo3oduiasl Su(Hw) (Suppressor of Hairy-wing). uxancep-6mokupyromas
u OapbepHast pyakun nacynsropa Su(Hw) nzydensl goctatouno moapooHo. Takxke ObLI0
MOKA3aHO, YTO B AUYHUKAX 3TOT 0eIOK (PYHKIMOHUPYET KaK pernpeccop TPaHCKPUIILIUN
HeWpocneupUIHBIX TEHOB, H €T0 aKTUHOCTH ONpeesieT GepTHIbHOCTh caMoK. OmHako Su(Hw)
MOJKET BBICTYIIaTh M B KQUE€CTBE aKTUBATOPA TPAHCKPHUIIIIUHU, HAIPUMED, CTUMYITHPYSI SKCTIPECCUTO
TeHOB, BXOJISAIINX B COCTaB peTporpancno3ona M/I'4 (gypsy), wnu reHa yellow, mpoMoTop
KOTOporo ociabsieH. MeI nmpesnoiaraeM, 9to pa3Hoo0pasue peryassTOpHBIX QYyHKITUNA OenKka
Su(Hw) 3aBucut oT TOT0, KaKue OEIKH CITOCOOHBI B3aMMOJICHCTBOBATh C HUM B KOHKPETHOM MECTE
cBs3piBaHusA. HenaBHO ObuT 0OHapyskeH HOBBIN mapTHep Oenka Su(Hw) — 6enox HIPP1. Bruto
nokasaso, yto 6enok HIPP1 nokanusyercs Ha Gonee yem Ha 80% caliTOB CBS3bIBAaHHS OeliKa
Su(Hw), T.e. noTeHmnaibHO criocoOeH B3aumoaeiicTBoBaTh ¢ HUM. HIPP1 romonoruuen 6enky
Chromodomain on Y(CDY), KOTOpPBIi SBJISETCS PEIPECCOPOM TPAHCKPUIIIIUN. DTH TAHHbIE
MO3BOJISIIOT MpeanoyoxkuTh, uro HIPP1 moxer onocpenoats Su(Hw)-3aBucuMyto penpeccuio B
OOIIUTAX.

UT0oOBI MPOBEPUTH ATy TUIIOTE3Y, MBI U3YUWIIN MEXaHU3M B3anMozeicTBus 6enka HIPP1 ¢
Su(Hw)-3aBUCHMBIM HHCYISITOPHBIM KOMIUIEKCOM. C MOMOIIBIO JPOXKKEBOUN IBYTHOPHUTHON
CUCTEMBI HAMH BIIEpPBEIC TI0Ka3aHo, uTo C-koH1eBoi nomeH Oenka HIPP1 criocoben Hampsimyro
B3anMo/ieiicTBoBaTh ¢ C-KoHIEBBIM oMeHOM Oenka Su(Hw). N-koHiieBoit nomen 6enxa HIPP1
B3aUMOJICHCTBYET ¢ emé omHruM KommoHeHToM Su(Hw)-uncynsropa — 6einxkom CP190. B atom
B3auMoeicTBuU co ctoporsl CP190 3aneiictBoBaHbl M-10MEH U IMHKOBBIC MAJBIIBI OEJKa.

Kpowme Toro, 6enox HIPP1 ciocoben aumepusoBathces. [lomyueHHbIE B JPOKKEBON ABYTUOPUIHON
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CUCTEME Pe3yJIbTaThl ObLIN MOATBEPKICHBI B IKCIEPUMEHTAaX 110 IMMYHONIPEUUIUTAIINY OelKa
HIPP1 ¢ xomnonentamu Su(Hw)-3aBHCMMOTO MHCYJISATOPHOTO KOMIUIEKCA, @ TAKKE C TIOMOIIBIO
COOCaX/IeHUs OEJKOB Ha IIII0TaTHOHCEedapo3se.

C nomomsio cucremsl pegaktupoBanus reHoma CRISPR/Cas9 mbl momydniin ManeHbKYIO
JIeJIeUIO B IPOMOTOPHON 00JacTu reHa Aippl, KoTopas MOJTHOCTbIO HHAKTUBUPYET €rO.
Oka3zasnoch, uTo mojgHoe otcyrcTBue O6enka HIPP1 He BimseT kak Ha )KU3HECTIOCOOHOCTh MYX, TaK U
Ha TPAHCKPHUTIUIO HEHpOCTIEIM(PUYHBIX TCHOB B OOIUTAX.

C moMo1p10 IMMYHOIIPELMITUTALIMU XpOMAaTHHA MBI TToKa3aiH, 4to Oenok HIPP1
MPUCYTCTBYET Ha WHCYJSITOPHBIX caliTax TeHoMa u Ha Su(Hw)-cBsi3pIBarOIMX caitax B
MIPOMOTOPHBIX 00JACTAX MOJICTBHBIX Helpocnenupuunbix reHoB. OtcyrcTBre Oenka HIPP1 He
BIIUSIET HA CBA3BIBAHME OCHOBHBIX KOMIIOHEHTOB Su(Hw)-3aBucumoro komruiekca, 6enxkoB Su(Hw),
CP190 u Mod(mdg4)-67.2, Hu ¢ MHCYJIATOPHBIMHU CaliTaMH T€HOMa, HU ¢ IPOMOTOPaMHU
MOJICNIbHBIX HelipocnennpuaHbix TeHoB. OnHako npusiedenune 6enka HIPP1 B coctaB Su(Hw)-
WHCYJISITOpPa B 3HAYUTEILHOM cTeneHu onocpeaoaHo 6eiaxom CP190.

COBOKYMHOCTh MMOJYYEHHBIX JaHHBIX ITO3BOJIET YTBEpKIaTh, uyTo Oenok HIPP1 nanpsmyro
B3auMoieiicTBoBYyeT ¢ Su(Hw)-3aBUCHMBIM GETKOBBIM KOMILIEKCOM, HO HE YyYaCTBYET B MEXaHU3ME
Su(Hw)-3aBucumMoii penpeccun B ooruTax 1po30¢uisl. B HacTosmee BpeMs MbI IPO0JKAEM
paboty 1o BeisicHeHHIO poin Oenka HIPP1 B hopmupoBannu v pyHKITMOHUPOBAHUH HHCYISTOPA
Su(Hw).

Paboma evinonnena npu ¢punarcosoti noodepoicke Poccutickozo nayunozo ¢ponoa (npoexm

Ne 18-14-00295).

The HIPP1 protein interacts with the insulator Su(Hw) but does not participate
in Su(Hw)-dependent repression in fruit fly Drosophila melanogaster
Golovnin A.K., Melnikova L.S., Erokhin M.M., Molodina V.V.
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HCCJEIOBAHME BJIMSTHUS AKTUBHOM TPAHCKPUIIIIUA HA SKCITAHCHIO
YBEJINMYEHHOI'O NIOBTOPA (II'T)n B KYJBbTYPE KJIETOK YEJIOBEKA
T'puwenxo UB’, Ilypeunvw A.B. ! Fooxun J1.B.

IHHcmumym MmonexynapHot u kiemounou ouonoeuu CO PAH, e. Hosocubupck

E-mail: framira@mcb.nsc.ru

CunapoM noMkoit X XpOMOCOMBI — OCHOBHAs IPUYMHA HACJIEICTBEHHON MOHOT€HHOW YMCTBEHHOMN
oTcTanoctu. D10 3abosieBanue 0110 0OHapy)eHo eme B 1941 roxy, ogHako Tonbko yepes 50 jer
ObL1a 0OHapy>KeHa MyTallus, OTBETCTBEHHAs 32 €ro pa3BUTHE — SKCHAHCHs TPUHYKIICOTHIHBIX
noBTopoB (LII'T)n B 5 'UTR rera FMR . Cuaapom JJOMKOH X-XpPOMOCOMBI JIaJIEKO HE
eIMHCTBEHHOE 3a00JIeBaHNe, 00YCIIOBICHHOE IKCIIAHCUEH TPHHYKICOTHIHBIX TIOBTOPOB.
Hanpumep, nist 6oe3Hu ['eHTHHITOHA XapaKTepHO 3HAUMTEIBHOE YBETTMUCHNUE KOTHMUECTBA
tpumetoB (IIAD)n B rene HTT, nns muotoHn4eckor nuctpoduu I tuma — tpuruteros (L[TT)n B
rene DMPK. Ha ceroansiniauii 1eHb u3BecTHO Oosee 30 3a00sieBaHmi, aCCOIIMUPOBAHHBIX C
JKCIaHcuel. BaxkHO OTMETUTH, YTO OCHOBHI MATOT€HE3a JTAHHBIX 3a00JI€BaHUI Pa3TUYHbI, OOIIUM
SBIIIETCS HAOI0jaeMast SKCIIAaHCHSI TIOBTOPOB M PUMEPHO OJJUHAKOBOE MTOPOTOBOE KOJTUIECTBO
MIOBTOPOB B HOPME.

MexaHu3M 3KCIIaHCUU ITOBTOPOB OCTAETCsl HEM3BECTHBIM. Ha ceronHsmHmii 1eHb
CUMTAETCS, YTO OCHOBHYIO POJIb B Pa3BUTHH YKCIIAHCHUHU UTPAIOT OIMIMOKH B )KU3HEHHO BaXKHBIX IS
KJIETKU TPOIECCaxX — PEIUTHKAIINH, Permapau u pekoMouHanuu. OmmOKyu MOTYT OBITh CBSI3aHBI C
TeM, uTo Kaxkaas u3 Huted JIHK, Hecymas yamMHeHHBIH TOBTOP, MOXKET 00pa30BHIBAThH
aTbTEPHATUBHBIC BTOPUYHBIC CTPYKTYpbl. OCOOEHHOCTHIO MPOMOTOPHOM oOnacT reHa FMR
SIBJISIETCS TO, YTO €ro koaupytomias nens coaepkut (LII'T)n moBTop, a MaTpuyHas 1ienb COACPKUT
(IUIN)n moBTOp. Takum oOpazoM, Koaupyromas ernb MokeT popmupoBath G-KBaapyIieke, a
MaTpuvHas 1enb 1-MOTHB.

[TockonbKy BBISICHEHO, UTO KCIIAHCHSI HHTEHCUBHO MPOUCXOJUT B OOLIMTAaX U KIIETKaX
MO3ra, KOTOpPhIE HE TIOJIBEPTAIOTCS IEICHUI0, MOKHO YTBEPKIATh, UTO OIIMOKH BO BPEMsI
PEIUIMKALIMU HE SBJISIIOTCS OCHOBHBIM HCTOYHUKOM SKCIAaHCUHU OBTOPOB. B Henensmumxcs KieTkax
MEXaHU3MOM, 00YCIIaBIUBAIOLINM SKCIIAHCHIO, MOKET OBITh AKCLIM3UOHHAS penapaius, B
YaCTHOCTH pernapanusi, aCCOLMMPOBAHHAS C TPAHCKPUIILIMEH.

N3BecTHO, UTO MPEMYTAaHTHBIN ajuienb reHa F’MR ] uMmeeT NOBBILIEHHBIH YPOBEHb
AKCIIPECCUH U TIPH STOM OH HanOoJiee CKIOHEH K IKCIIaHCHH MOBTOPOB. JlaHHas paboTa mocBsieHa
M3Y4YEHUIO BIMSHUS aKTUBHOM TPAHCKPHUITIIMKA HA Mozesb nmpeMmyTanTHOTO (LII'T)n moBTOpa B
KJIETOYHOM JIMHUM YeJI0BEKa C UCTIOJIb30BaHNEM PEKOMOMHAHTHBIX KOHCTPYKUUNA. B x01e

HKCIEPUMEHTOB MbI BCTPOWIIM (PparMeHT, HECYILUil TOBTOP MPEMYTaHTHON JJTMHBI B
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IKCTPECCUPYIOIIUI BEKTOP 0T MHAYIHPYEMBbIi ipoMoTop. Jlanee Obli1a mpoBeaeHa TpaHChHEKITUS
kieTok auHud HEK293 A 1 onieHeH ypoBEeHb 3KCIIAHCHS MTOCTE UHAYKIIMU TPOMOTOpaA. ITO MepBas
SKCIIEPUMEHTAJIbHAS CUCTEMA JOCTaBKU paciupeHHoro HenpepriBHOro (CGG) n noBTOpEHMS B
KJIETKax 4esioBeka. Pe3ynbpTaTsl, IpOIEMOHCTPUPOBAHHBIE 3/1€Ch, MOTYT YKa3bIBaTh HAa BO3MOYKHOE
ydacTue XpOMaTHHOBOTO OKPY>KEHUS IIPU U3MEHEHUHU pa3Mmepa nosTopa. Korna miasmuaa ve
MHTErpUPOBaHA B TEHOM, B IPOMOTOPHOM 00J1acTH HE 00pa3yrOTCs HYKJIEOCOMBI. Takxke HeT
peryJsiiuy TPAaHCKPUIILUKA Ha YPOBHE XpOMATHHA, YTO MOXET NMOBIHAThH Ha akTuBaruio TCR.

Pa6ora noxnepxana rpanrom POOU 18-34-00336.
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PEKOHCTPYKIUSA TEHETUUYECKOM UCTOPUU UYKYEMN: HAXOJIKH IO
JTAHHBIM MUTOXOH/IPUAJIbHOM JTHK

Lpémoe C.B., Haxcmuoenosa A.M., Kamanosa E.I1., Cmapukoeckas E.b., Cykepnux P.H.
Wuctutyt MonexymsipHoii u kierounoi 6uonoruu CO PAH, r. HoBocubupck

E-mail: stasundr@mcb.nsc.ru

HecMoTpst Ha MHOTOYKCIIEHHBIE U TIIATEJIbHbIE UCCIIEI0BAHUS 3BOJIIOLIMOHHBIX MPOLIECCOB,
CBSI3aHHBIX C KOJIOHM3aLueN KpailHero ceBepo-BocToka Asuu u CeBepHON AMEpPUKH, OCTAETCS
MHO’KE€CTBO HEPEUIEHHBIX BOIPOCOB O BPEMEHH M MaplIpyTax MUrpanuii goaei. N3ydenue
TEHETUYECKON MCTOPUU YyKUYEH — HApOJa, Ubsi ICTOPUS HENPEPHIBHO CBsizaHa ¢ bepuHruei —
MIPEIOCTABIISACT JOMOJHUTENBHBIE CBEICHUS O COOBITUSX, TPOUCXOUBIIHNX HA 3TON OOMIMPHON
TEPPUTOPUHU B TEUEHUU TOJIOLICHA.

B nacrosmeii pabote nzydanu reHodoH ] YyKdeld MyTéM CEKBEHHUPOBAHUS TIOJTHBIX
nocnenoBarenbHocTeit MTIHK (n = 27). MutoreHomsl ObITH KJ1acCU(DHUITMPOBAHBI IO
ramtorpymnmnam A2a, A2b, C4b, C5a, D2a, D4bla2al u G1b, onmrcano 8 HOBBIX TarIOTUIIOB.
BriepBbie neTanbHO M3y4deHBI TAIUIOTHIIB YyK4el oTHOCsmuecs K ramtorpymnmne Glb. [Tonydennsie
JaHHbIE O0BEIUHSIHN C paHee ONMyOIMKOBAaHHBIMU MUTOXOHIPUAIIbHBIMA T€HOMaMHU HbIHE
YKUBYIIMX MPEJCTaBUTENCH KOpeHHBIX HapooB Cubupu u CeBepHoit AMepukw, a Takxke ¢ MT/IHK,
BBIICTICHHOW U3 aHTPOIOJIOTUYECKUX OCTAHKOB, 0OHAPYKEHHBIX TI0 00€ CTOPOHKI OT bepuHroBa
npoauBa. B pesynprare ¢punoreorpaduueckoro aHanm3a ObLUTH MOTYYSHBI BO3PACTHBIE OIEHKH IS
rartorpynt. [TpumedaTenbHo, 94TO AaThl KoanecieHuu 1yt ramtorpynn A2a, A2b, C4b, D2a u
D4bla2al xoporio KOppenupyroT ¢ Pe3yJIibTaTaMu PaIuOyTIEPOTHOTO aHAIHM3a APEBHUX 00PA3IOB.
Tak kak 1o cux nmop He oOHapysxeHsl ApeBHue JJHK u3 rammorpynn G1b u C5a, a notomy 11t HUX
OTCYTCTBYIOT JATHPOBKHU, OTyYeHHBIC (PU3MUECKUMU METOIAMHU.

Hame uccnenoBanne 3HaYMTEIBHO MOMOMHAET 3HaHMs 00 u3MeHunBoct MT/IHK y uykueii,
HE TOJIBKO MO3BOJIsiET 00Jiee TOYHO OLICHUTh B3aMMOOTHOUICHHSI C a3MaTCKUMH 3CKUMOCaMH,
KaHa/JICKUMU U TPEHJIAHJCKUMHU UHYUTAMHU, KOPSKaMU U I0KarupaMu, HO U MPOCJIEIUTD CBSI3b
MaTepUHCKHUX (HIETHUECKUX JMHUH C IpeacTaBuTesnssMu KynsTyp bupnupk, Tyne, lopcer,
Cakkak ¥ BIDIOTh 10 MOPCKOW apXandecKou KyJabTypbl U HeonnTa TpaHcOaiikama.

Pabota BeimonHeHa npu noaaepkke Poccuiickoro Hayunoro gonmaa (mpoekt 16-14-10222).
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N3ydyeHue npupoabl «<HE3AaKOHHBIX» TMOPHUI0B, JUIIEHHBIX XpomMocoMbl I11

U perucTpupyeMbix B ajbda-Tecre 1M Apoxkeii Saccharomyces cerevisiae

Kyk A.C.l’z, Cremuenkona E. 1. 1’2, Unre-Beuromos C.I'. '

ICaHKT-HeT€p6prCKI/Iﬁ rocyaapcTBeHHbIN yHuBepcureT, Cankt-IleTtepOypr

2 ) o o )
VYupexnenue Poccuiickoii akagemun Hayk CaHkT-IleTepOyprekuii dhumman MHCTUTYTA O0IIeH

renetuku uMm. H.W. BaBunosa, Cankr-IlerepOypr

Anbda-TecT — yHUKaIbHBIA METO/1, TTO3BOJISIONINH € UCTIOIb30BaHUEM MOJICIBbHBIX
MHUKpPOOPTaHU3MOB Apoxckelt Saccharomyces cerevisiae, perucTpupoBaTh T€HETHUECKYIO
aKTUBHOCTH 3HJOTEHHBIX U SK30T€HHBIX ()aKTOPOB, KOTOPHIE BHI3BIBAIOT PA3IMUHBIC 10 CBOEH
IIPUPOJIE U3MEHEHUS T€HETUUECKOr0 MaTepuaa: norepto uesiaou III xpomocomel uinu e€ mieua,
PEKOMOMHAIINIO, KOHBEPCHIO, TEHHBIE MyTallMK U niepBuuHble noBpexxaeaus JIHK no usmenenuto
¢denotumna kineTku. Anb}a-TeCT OCHOBaH Ha UCTIOJIb30BAaHUU CUCTEMbI T€HETUUECKON PETyIsSuu
KJIETOYHOT'O THUIA U OCOOEHHOCTEH MEePEKITIOUEeHUS TUIIOB CIIApUBAHUS Y T€TEPOTATUIUYHBIX
OpoxoKen S. cerevisiae. B HOpMe KJIIETKH TOJIBKO IPOTUBOMOJIOKHBIX TUIIOB CIIAPUBAHUS a U O
MOTYT CKPELIMBATHCS C 00pa30BaHUEM JUTUIONIHBIX 3UTOT a/0.. KIIeTOYHBIN THI rarionIHBIX
KJIETOK HaXOAMUTCA MOJI KOHTPOJIEM JIOKyca Turna cnapuBanus MAT, KOTOpPbIA pacioyio’KeH B
npaBoM iede xpomocomsl 11 [Ipu Hapymenuu sxcnipeccun jiokyca MAT B pe3yabTare ero
¢u3nvecKkoil yrpaTsl, MyTalluy WK BPEMEHHOTO TIOBPEXKACHUS KJIETKA 0L TUIIA MTEPEKIII0YaeT CBOU
THUI CTIAPUBAHUS HA MIPOTHBOIOJIOKHBIN U TpuodperaeT Gpenorun a. PakT mogoOHOTo
MEPEKIIOUEHHUS TUIIA CIIAPUBAHUS MOKHO 3a(UKCHPOBATH MO CIIOCOOHOCTH TAKUX KJIETOK
00pa30BBIBATH THOPHU/BI C KJIIETKAMH 0 THIIa ClIapuBaHUs. AHaIN3 (EHOTUIA «HE3AKOHHBIX)
rUOPUIOB MIPU YCIOBUHU MCIIOJIB30BAHMS IITAMMOB C MapKUPOBAHHBIMU TJIedaMu XpoMocoMsl 111
MO3BOJISICT YCTAHOBUTH KAKOE U3 YUUTHIBAEMBIX B allb(a-TecTe reHeTUYECKUX HapyIICHUN CTallo
MPUYKUHON THOPUIN3ALUH KIETOK HCXOJHO OJIMHAKOBOTO THUIIA criapuBaHus — o. Jlis
MAapKUPOBaHMs JIEBOTO ieya xpomocomsl 11 garie Bcero HCnonb3yroT peleCCUBHYIO MYTAIIUIO
his4, a 1y1s MapKUPOBAHUS MPABOTO TUIeYa — PEIIECCUBHBIC MYTAaIMK thr4 unu leu?2.

OnHuM U3 HanboJIee YaCThIX TEHETUYECKUX COOBITUH, YUUTHIBAEMBIX B allb(a-TecTe,
sBisieTcst motepst XxpoMocombl [11. Takue ruOpuabl BBISBISIOT MO CIASAYIOMNUM (PEHOTUITHYECKUM
MpU3HAKaM: OHH ayKCOTPO(HBI M0 TUCTUIANHY, TPEOHUHY U JICULIUHY, €CIH POAUTEIbCKUE IITAMMBI
HECIIM KOMILJIEMEHTapHbIe MapKephl Ais4, thr4 u leu2, a Takxe UMEIOT THII criapuBaHus o. Jloms
ruOpUIOB, JTUIIEHHBIX XpoMocoMsl II1, oT ob1iero uncna «He3aKOHHBIX)» THOPUIOB, BOZHUKAIOLTHX
CIIOHTAHHO WJIH II0J] JEMCTBHUEM I'€HOTOKCUYECKUX Bo3aeicTBuii, coctaBiseT 30 - 50 %. Jlo cux
1op He ObLIO SICHO Ha KaKOM 3Tarle 0 WK nociie GOpMUPOBAHUS «HE3aKOHHOT0» THOpuaa

IIPOUCXOIUT NOoTepsl XpoMocoMsl 111, 1 MoKeT 1 KileTka, moTepsBIIas XpOMOCOMY, BCTylIaTh B
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ruOpuanzanuio. OTBET Ha BONPOC O MPOUCXOXKIECHUHU «HE3aKOHHBIX)» THOPUIOB, TUIIEHHBIX
xpomocombl III, BaskeH 1151 aieKBaTHOM MHTEPIPETAIIMHN PE3yIbTaToB aib(a-Tecta. J{ms Toro
YTOOBI IPOBEPUTH THIIOTE3Y O TOM, YTO MOTEPsi XpoMocoMbl 11l MOXKeT SIBNATHCS IEpBUYHBIM
COOBITHEM, KOTOPOE MPUBOAMT K NEPEKIIOUCHUIO THIIA CIIApUBAHMS U 00Pa30BaHHIO
«HE3aKOHHOT'0» TUOpHUa, MBI IPUMEHWIIH MTOAXO0/1, 3aKJII0YAIONINIICS B MHIYKIIMY HANIPaBICHHON
notepu xpomocomel 11 6e3 mpumenenus areaToB, nospexaaroniux JJHK. Mb1 uccinenoBanu

s dexT nHAYKIMU notepu XpoMocomsl I1I myTeM BCcTpauBaHHs peryarupyeMoro raakTo3Horo
npomotopa (pGALI) B e€ uentpomepy. B anbda-recte MHAYKINSA TPAHCKPUIIIMH B IICHTPOMEpE
xpomocomsl Il mpuBoauT k Hanbonee cunpHOMYy (B 5000 pa3), u3 kKoraa-muoo HaOII0IaBIIETOCS
HaMU, BO3PACTaHUIO YaCTOTHI «HE3aKOHHOW» TMOpUAN3aIUY, T.€. He MeHee 5% Bcex KIeTOK
KYJIbTYPBI, BBIPALIEHHON Ha CpeJle C alIaKTO30M, TepstoT xpoMmocomy III, a moTepss ee, NposABIAIOT
(eHOKONHIO TUTIA CTIAPUBAHUS 0. M BCTYIAIOT B «HE3aKOHHOE» CKPELIBAHHUE.

Taxum 06pa3oM, MOKHO NMPEACTABUTH J1Ba BO3MOXKHBIX MEXaHU3Ma BOSHUKHOBEHUS
«HE3aKOHHBIX» THOpUIOB, JnmeHHbIX [II xpomocombl. B mepBom cirydae morepsi XpOMOCOMBI
MOKET MPOUCXOAUTH TOCIIE 3aBEPUICHUS] THOPUIN3AINH YKE B TUTUIOMIHOW 3UTOTE B pe3yJIbTaTe
HETOXKIECTBEHHOM penapalyy, ycrpaHstouieil nepsuanoe nospexaenue JIHK (Hanpumep,
OJIHOHUTEBOM WJIN ABYHUTEBOH pa3phiB), KOTOPOE U MPUBENIO K BPEMEHHOMY MEPEKIIIOUEHUIO TUTIA
CHapuBaHUA 0. — a U MHAYLIUPOBAJIO 00pa30BaHUE «HE3aKOHHOTO» rudpuaa. CoriacHo BTOpOi
MOJIEIH, TTOJIYYUBIICH HKCIEPUMEHTAIBHOE MTOATBEPKACHUE B TAHHOK paboTe, MOTEPst XpOMOCOMBI
1T MOkeT SBAATHCSA NEPBUYHBIM COOBITHEM, KOTOPOE MPUBOJIUT K «IIEPEKITIOUECHUIO» THIIA
criapuBanus. [lorepst xpomocomsl III B X071€ MUTOTHYECKOTO POCTa JPOKIKEBON KYIbTYPhl MOKET
IIPOU30MTH KaK B pe3yJbTaTe HapyLIEHNH penapaiuu, TaK U KJIETOUYHbBIX CTPYKTYP,
KOHTPOJIMPYIOIIUX CETPETALMI0 XPOMOCOM IpU AEIEHUH, HAIIPUMED, LIUTOCKEIIETA U BEPETEHA
JICJICHUS.

Ha ocHOBe nmony4eHHBIX HAMU JAHHBIX MOKHO CIEJIATh BBIBOJ O TOM, YTO KJIETKH,
noTtepsBire Xxpomocomy I, MOTyT CKpemmBaThCs, a «HE3aKOHHBIS» THOPUABI 6e3 XpoMocomsr I11
MOTYT BO3HHMKATh B aJib()a-TecTe HECKOJILKMUMHU criocodamu: morepst xpomocomsl 111 moxer
MIPOUCXOIUTH KaK J10, TaK U Mocjie 00pa30BaHUs «HE3aKOHHBIX» THOPHIOB.

Pabota nonnepxana rpantom PODU 18-34-00130 mon_a u mporpammoii [Ipesnnnyma

PAH Ne 41 «buopa3znoo0Opa3ue npupoaHBIX CUCTEM U OMOJOTHYECKHE pecypchl Poccumy.
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AHAJIN3 TUHAMUWKHU CBA3BIBAHUS XPOMOCOM C SJAEPHON JAMHUHOM
B XOIE CHEPMATOI'EHE3A Y 1PO30®UJIbI

A.A. Mnour', B.B. LInoma®>, O.M. Onenxuna’, B.B. Henawesa', FO.A. A6paM06‘1,

A.B. Iunoopur’, I.A. Maxcumos™’, ILIT. Jlakmuonos’”, C.H. Beasxun™”, FO.A. Illesenes’

'®I'BYH WHuctutyT MonekynspHoil renetuku PAH, r. Mocksa
*OI'BYH HNucturyT monekymnspHoit u kinetounou 6uonoruu CO PAH, r. HoBocubupck

3 HoBocubupckuii rocymapcTBeHHBIN YHUBEpCUTET, T. HoBocuOuUpCK

CBsi3aHHEBIE C AJICPHOI TAMHHOHN Y4aCTKH XpOMOCOM, — T.H. JJAMHHA-aCCOI[MUPOBaHHbIC ToMeHbI (JIA [Ib1),
KapTUPOBAHBI Y APO30(IIBI ITOKA JIUIIH B KyJIbType KiIeToK Kc167. UToOBI BEISICHUTE, KAK U3MEHACTCS
ctpyktypa JIAJloB B X0/1€ pa3BuTHS OpraHu3Ma, Mbl ipoBenu DamID-kapTupoBaHne TeHOMHBIX Y4aCTKOB,
B3aMMOJCHCTBYIOMIKX C JaMuHOM Dm0, u unentudummposanu JIAIpl Ha IBYX MOCIEIOBATEIBHBIX CTAIMIX
QG HepeHIIMPOBKHA TePMUHABHBIX KIETOK CEMEHHUKOB JIPO30(IIIBI — B CIIEPMATOTOHUSX U B
cnepmartonuTax. JIAJIpI B ciepMaTOrOHUSAX MOKPHIBAIOT OOJBIIYIO YacTh T€HOMA, Ye€M B CTIIEpMaTOIIUTaxX
(50.5% npoTus 42.5%), 9TO cormacyercsi C Ha4aJloM KCIIPECCHH B CTIEPMATOINTaX OoJiee THICSIN TeHOB.
Kak u oxxnnanocs, B criepMaToroHusx 85% skcnpeccupyronuxcsa reHoB Haxonutces BHe JIAJ{oB. OqHako
BOTIPEKHU OKUIAAHUSM, B CIIEPMATOLUTAX JUIIL 0KOJI0 50% reHoB, creluUIHO SKCIPECCHPYIOIINXCS Ha
ATOW cTamuu, momanaet B Mex-JIAJIpl. THTEpecHO, UTO MOJIOBHHA U3 HUX OKa3biBacTCs B Mek-JIA J[ax yxke
Ha CTaJIi¥ CIIEPMATOTOHHEB, XOTS B HUX €Ille He dKcIpeccupyeTcs. Takum o0pa3oM, y Apo30(uisl, Kak U y
miekonuraronux (Peric-Hupkes et al. 2010), yTpaTta ¢BsS3H ¢ JJaMHHOM 4acTO HPEAIISCTBYET Haualy TeHOM
9KCITPECCHH.

Oxazanoch, 9TO B CIIEPMATOTOHHSX M B CIIEPMATOIMTAX X-XPOMOCOMa CaMIIOB COOTBETCTBEHHO B
1.6 u B 2.2 pa3a cuibHee cBs3aHa ¢ JaMuHoM Dm0 B JIA /lax, yeM ayTOCOMBL. DTO MOKET OTpaXKaTh
MEHBIIIEE PACCTOSIHHE 0 SACPHON 000JIOUKH y X-XPOMOCOMBI, YeM Y ayTOCOM. UTOOBI TPOBEPUTH ITO
MPEIMOI0KEHUE, B CIEPMATOTOHUSAX M B CliepMaTonuTax ObuT mpoBe/ieH nBynBeTHbI FISH, B koTopom B
KaueCTBE 30HJI0B HUCIOIL30BAIUCH XpOMOCOMEI X U 2L, a simepHast tlaMyuHa Oblila OKpallieHa aHTUTEIIAMH K
namuay DmO0. Onpenensiin paccTOSHUS OT HEHTPOB MacC XPOMOCOMHBIX TEPPUTOPHiA 10 06onouku B 3D ¢
nomoibio IMARIS. BeisicHUIIOCE, UTO B CIEPMATOTOHUSAX IIEHTP MacC €AMHCTBEHHOU X-XpOMOCOMEI B 1.4
paza Ommke K 000JI0UKe, YeM IISHTP MacC JIBYX CIIAPEHHBIX roMoJIoroB 2L-xpomocomsl. [l 7% siaep, B
KOTOPBIX 2L.-roMosioru ObLIM HE CIIApEHBI, PACCTOSIHUS MKy UX IEHTPaMU MacC U 000JI0YKOM ObLITH
MPUMEPHO TAaKUMHU Ke, KaK U Y X-XpOMOCOMBI. B criepMaTonurax meHTp Macc y CapeHHbIX ToMoJIoros 21
on11 B 1.8 pasza mambire oT 000JI0UKH, YeM Y X-XpOMOCOMBL. TakuM 00pazoM, IpeHMyIIICCTBEHHOE
CBA3bIBAaHHE X-XPOMOCOMBI ¢ JJAMHHOM corjiacHo DamID xopoliio koppenupyer ¢ mprOIMKEHHOCTHIO
IIEHTPOB Macc X-XxpoMocoM k obomouke o FISH. MsI ipeanonaraem, 91o 3To0 00BICHICTCS
CyIIIeCTBOBAaHUEM KOHKYypeHITHU Mexay JIAJlamu 3a cBsi3bIBaHue ¢ 000109K0H. OUeBHUIHO, YTO
MMOBEPXHOCTH 000JIO0YKH, MPHUIIEKAIIAs K XpPOMOCOMHOM TEPPUTOPHUH CHIAPEHHBIX 2L.-TOMOIJIOTOB MeHee, 4eM

B 2 paza 6obliie, 4eM IMMOBEPXHOCTh 000I0UKH, IpriIekaras K X-xpomocome. [Ipu aToMm, obmas amnHa
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JIAJloB y 2L-roMo0JI0TOB B ABa pa3a O0IbIIIe, 4eM Y X-XpoMoCcOMBI. OTCIOIa CIIEIyeT, YTO KOHKYPEHITHS
Mexay JIAlamu X-XpoMOCOMEBI 3a CBSI3BIBAHUE C 00O0JIOUYKOM MEHBIIE, YeM KOHKYpeHITHs Mexny JIA Jlamu
IBYX ToMoJoroB 2L. B pe3ynbrare, B KaKI0# OTACIBHOMN KieTKe cBsa3biBacTcs 60mpmas gomnst JIA JoB X,
gem JIAJloB 2L, u X-xpoMocoma oka3bIBaeTcs Oymmke K 006o1ouke, deMm 2L-ayrocoma.

N3BecTHO, YTO HECKOIBKO KOMIIOHEHTOB KOMITIEKCA I030BOH KOMITEHCAITUH B TePMUHAITBHBIX
KJIETKaX CEMEHHHUKOB JIPO30(UIIBI HE IKCIIpeccupyroTcs. OHaKo aHAIH3, MPOBEACHHBIN Ha OCHOBE TAHHBIX
RNA-seq (Laktionov et al. 2018) u1st ceMeHHHKOB bam”*® MyTaHTOB, COEPKAIIMX PA3MHOKEHHYIO CTAHIO
CIIEpPMAaTOr'OHUEB, TIOKA3all, YTO OTHOIICHUE MEIMAHHON 3KCIPECCUN ayTOCOMHBIX TE€HOB K X XPOMOCOMHBIM
paBHo 1.4. [Ipu MOTHOM OTCYTCTBHH JJO30BOH KOMIICHCAITUH STO OTHOIIICHUE ObLTO OBl paBHO 2. IHTEpECHO,
YTO B CIIEPMATOTOHUSX METHIIMPOBaHHE X-XpoMocoMbl Dam-MeTnna3oii oka3anocs B 1.4 pa3za BbIIIe, YeM
METHJIMPOBAaHUE OJTHOM JI03bI ayTOCOM, YTO YKa3bIBAET HA MOBBIIICHHYIO JTOCTYITHOCTh XpPOMAaTHHA X-
XpoMocoMbl. TakuM 00pa3oM, B CIIEPMATOTOHUSX MOXKET IPOUCXOIUTh YaCTHYHAS JT030Basi KOMITeHcAIus (B
1.43 pa3a) Mo HEeKAHOHHUYECKOMY MEXaHU3MY, HO MPU ATOM X-XpOMOCOMA CUJIbHEE CBS3aHA C AICPHOU
JIAMUHOM, Ye€M ayTOCOMBI, UTO Ha TIEPBHIH B3I JODKHO CIIOCOOCTBOBATH PEIIPECCHU €€ TCHOB, a HE UX
TUIEepaKTUBAINH. AJBTEpHATHBHAS THIIOTE3a MPEATIONIAraeT IBOIIOIUIO HHINBUIYAIbHBIX TPOMOTOPOB X-
XPOMOCOMHBIX T€HOB, MPUBEAIIYIO K YCHIICHUIO UX AKCIIPECCHU B YaCTUIHOMY BBIPaBHHUBAHHUIO X
9KCIIPECCHUH C ayTOCOMHBIMH T'€HAMH.

Uto0bI MPOSICHUTH BOTIPOC O CYIIECTBOBAHUH B CIIEPMATOTOHUSIX MEXaHNU3Ma JI030BOH
KOMIICHCAIINH, ISHCTBYIOMIET0 HA XpPOMOCOMHOM YPOBHE, MBI KIIOHUPOBAIU CIIEpMaTOT OHUN-CTICIIM(DUIHBIH
MIPOMOTOP TeHa stil B BEKTOp A1 P-ayeMenT 3aBucuMoii Tpancdopmariiu 1po30Qribl (Tiepes] reHoM,
KOIMPYIOMKM OeTa-TalakTO3uaa3y) U MOIYIHIIH He3aBUCHMbIE HHCEPIIMH 3TON KOHCTPYKIIUHU B CITydaifHbIe
MecTa reHoMa X-XpOMOCOMBI M ayTOCOM. 3aTeM MBI U3MEPHIIN YPOBEHB SKCIIPECCHH PETIOPTEPHOTO TEHa,
BCTPOCHHOTO B X-XxpoMocoMmy (3 BcTpoiiku) u B ayTocoMl (10 BcTpoek). Okazaiock, 9To CpeaHUil YPOBCHB
AKCIIPECCHUU T€HA-PENopTepa MPH BCTPOKaX B X-XpOMOCOMY MPHOIH3UTEIHHO B 2.7 pa3a OoJbIIe, YeM y
AyTOCOMHBIX BCTPOEK. DTOT MPEABAPUTEILHBIN PEe3YyIbTAaT YKa3bIBACT HA CYIICCTBOBAHHE B
CIIEPMATOTOHUSAX TPO30(MITBI MEXaHU3Ma JI030BOH KOMITCHCAIUH, JCHCTBYIOIIETO HA XPOMOCOMHOM
YpOBHE.

Pabota Beimonnena npu nopaepkke rpanto PODU Nel8-34-00140 (mon_a), Nel16-04-01764 (a),
Ne 17-00-00183 (KOM®N).

ANALYSIS OF THE DYNAMIC OF CHROMOSOME INTERACTIONS WITH THE NUCLEAR
LAMINA DURING DROSOPHILA SPERMATOGENESIS

A.A. Ilyinj, V.V. Shloma®’, O.M. Olenkina', V.V. Nenasheva', Y.A. Abramov', A.V. Pindyurinz,

D.A. Maksimov®>, P.P. Laktionov’>, S.N. Belyakin2‘3, YY. Shevelyovl

"nstitute of Molecular Genetics, RAS, Moscow

*Institute of Molecular and Cellular Biology, SB RAS, Novosibirsk

*Novosibirsk State University, Novosibirsk
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buoJsiorust Tesiomep B npouecce ooreHe3a u pannero pazsurus Drosophila

A. KanmeikoBa, E. Paguon, M. Koparokosa, B. Moprynosa

WNuctutyTt MonexkynapHoil renetuku PAH, mi. akan. KypuaTtosa 2, 123182 Mocksa
Telomere biology in the Drosophila germline and in early development

A. Kalmykova, E. Radion, M. Kordyukova, V. Morgunova

Institute of Molecular Genetics of Russian Academy of Sciences, Kurchatov sq. 2, 123182
Moscow, Russia

e-mail: allakalm@img.ras.ru

buonorus renomep B repMUHAIBHBIX TKaHAX MPEICTABIIAET 0COObIN HHTEpPEC, T.K. UIMEHHO Ha 3TOM
JTare pa3BUTHUS MPOUCXOAMUT HacleayemMoe yanuHenue teaomep. Menonbsys Drosophila, kak
MOJICNIbHBIA 00BEKT, MBI HUCCIIEAYEM MEXaHU3MbI, KOHTPOJIHUPYIOLINE TPAHCKPHUIIIIMIO TEIOMEPHBIX
MOBTOPOB U MOAJEPKaHUE TEIOMEPHOTO XpOMaTHHA B MPOIIECCEe OOTeHE3a U PAHHETO Pa3BUTHSL.
Tenomepsr Drosophila mognepxuBaroTcs ¢ MOMOIIBIO TPAHCTIO3ZUITUH HA KOHITBI XPOMOCOM
cnenuanu3upoBaHHbIXx petpoTpancno3oHoB HeT-A, TART u TAHRE. TenomepHslii XpoMaTHH B
repMUHATBHBIX TKaHIX 00Ja1aeT 0000 CTPYKTYpOHi, T.K. B €ro (JOpMUPOBAHUU YYACTBYET
cuctema kopotkux PHK, Piwi-interacting RNA (piRNA), cnienuduynas 1yt roHa 1 )KUBOTHBIX.
Mpr1 nokazanu, uto piRNA, KoMIUIEeMeHTapHbBIE TEJIOMEPHBIM PETPOTPAHCIIO30HAM, HEOOXOUMBI
11 ipuBJeueHust Ha Teaomepy 6enka HP1 u ero opronora Rhino, a Takxke rerepoXxpoMaTHHOBOM
Moudukauu rucrona H3, tpumernnuposannoro no au3uny 9. Tkanecneuuduynas 0coOeHHOCTh
TEJIOMEPHOI0 XpOMaTHHA COCTOUT B TOM, UTO TE€JIOMEPHbIE PETPOTPAHCIIO30HBI U CyOTEIIOMEPHbIE
MOBTOPHI GOPMUPYIOT eanHbIN PIRNA-IpoayIUpyOMIHiA TOMEH, B TO BpeMsI KaK B COMaTHYECKHUX
TKaHsX cyOTenoMepHble pailonsl hopMupyroT [lonmnkomM0-3aBUCUMBII HEAKTUBHBIN JTOMEH.
Hapymenne cucremsl piRNA npuBoIuT K moTepe reTepoXxpoMaTHHOBBIX KOMIIOHEHTOB TEJIOMEp U
K [IepEeMEILEHUI0 TeJIoMep OT nepudepuH sapa B €ro HeHTPaJbHYI0 YacTb. [lo-BuauMomy, saepHas
JIOKaNU3aIys TeJIOMEp MEHSETCS B pe3yJbTaTe aKTUBALIMN TPAHCKPHUIIIMK TE€JIOMEPHBIX IIOBTOPOB.
MBI paccmMaTpuBaeM TPAHCKPHUIITHI OCHOBHOTO TEIOMEPHOTO peTpoTpaHco3ona Hel-A xak
CUTHAJIbHBIE MOJIEKYJIbl, KOTOPBIE YCTAaHABIMBAIOT CBSI3b MEXK/IY COCTOSTHUEM TEJIOMEPHI U CyAb0OM
kieTkd. Mol nokazanu, uto HeT-A PHK cyiectByeT B TECHOM B3aMMOAEHCTBUU € KOJUPYEMbBIM
et PHK-cBs3piBaronum 6enkom Gag HeT-A, 9To pUBOAUT K TOSIBJICHUIO
pubonykieonporenHoBbix (PHIT) koMmiekcoB B repMHHATIBHBIX TKAHSAX U paHHEM pa3BuTuu. Ha
pannux stanax ooreHe3a PHIT HeT-A o6pa3yior BOnM3u Tenomep chepruueckue CTpyKTyphl,
KOTOpBIE MPEANONIOKHUTEIBHO SBISIOTCS HHTEPMeIMaTaMi PETPOTPAHCIIO3UIIUN U YIaCTBYIOT B
yanuHeHuH tenomep. MHTepecHO To, 4TO 3HAYUTEIbHAs YacTh )KU3HEHHOTO IIUKJIA TETIOMEPHBIX

PHII B mpouiecce ooreHesa v paHHEro pa3BUTHUS IPOUCXOAUT BHE spa, B nuToruiazMe. Ilokasano,
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yto PHIT HeT-A B3aumoneiictBytot ¢ 6enkom-niepenocunkom MPHK, Egalitarian (Egl), kotopsrii
obecrieunBaet Tpancnopt PHIT HeT-A u3 nutarmmux KJI€TOK B OOIHUT C IIOMOIIBIO TUHEHHOBOTO
Motopa. Bo Bpemst nepBbix yacoB pa3sutus MmatepuHckue PHIT HeT-A, B kommiiekce ¢ 6enkom
Egl, nokanu3yroTcst BONIM3HM LEHTPOCOM, LIECHTPOB OPraHU3alul MUKpOTpyOouek. Y nepxkanue Egl,
KOTOPBIN B HOpME HE0O0X01UM 17151 hOPMHUPOBAHUS OCEH Pa3BUBAIOIIETOCS SMOpHOHA, OOUIHLHBIMHU
HeT-A PHII moseT ObITh OJJHOM M3 IPUYUH OCTAHOBKH Pa3BUTHS, HAOJIFO1aeMOM TTPU HAPYIIICHUN
piRNA mytu. C moMoIs0 Macc-CieKTpOMETPUN TIPOBEICH aHATN3 KIIETOYHBIX MTAPTHEPOB
tenoMepHbIx PHII B 0-2-9acoBbIX SMOpHOHAX U BBISBICHBI OCJIKH, YIaCTBYIOIINE B MUTOTHYECKOM
koHTposie. UccnenoBanue 6enkoB-maptHepoB TenomepHbix PHIT B panHeM pa3BUTHH BaXKHO ISt
MOHUMAaHUS MEXaHU3Ma, 00ECTIeUnBaIOIIETo CBA3b NUCHYHKIIMOHAIBHBIX TEJIOMEP C peryisiuuei
KJIETOYHOTO LIMKJIA.

Pabora noxnepxana rpanrom PH® 16-14-10167.
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ATHNIHYHOE B3aMMOIeHCTBHE FHIO0IIA3MATHYECKOT0 PETHKYJIYMA C A/IEPHOI 000,1049KO0M
Kucenena E.B.l*, CrpyHoB A.A.l, bonaeipena H.B.z, AnppeeBa E.H.z, ITaBnoBa F.A.z, Gatti M.3,
Mungopun A B.?

1Hﬁcmumym yumonoauu u cenemuxu CO PAH, Hosocubupck, Poccus

2 Unemumym monexynsipnoui u knemounoti 6uonoeuu CO PAH, Hosocubupck, Poccus

3 Vuusepcumem La Sapienza, Pum, Hmanus

* ekiseleval 1 @gmail.com

DHpomnazMarudeckuid petukyiaym (DI1P) cocTosmuii U3 cetn pa3BeTBICHHBIX MEMOpPaH U
TpyOOU€eK, MPOHU3BIBAIOIIUX BCIO IIUTOIIA3MY UMEET TECHYIO (PYHKLIMOHAIBHYIO CBSI3b C SJIepHOU
obosoukoii. Ha ctaauu nHTEepdassl oH o0ecrednBaeT NpsmMyro J0CTaBKy (pochonunumos pactymeit
SIIEpHOM 000JIOUKE, CITUBAsICh C HAPY)KHOM MeMOpaHou snpa. Ha pasabix cragusx mutosa DI1P
CILY>)KUT PE3EPBHBIM JETI0 KOMIIOHEHTOB pa3Ouparorieiics saepHoii 000JI0YKH, OPraHUu3yeT
CBOOOIHOE MPOCTPAHCTBO IS EPEMEILEHHS ISNALINXCSI XPOMOCOM M Y4acTBYeT B (POPMHPOBAHUHU
oboJouek sifep pouepHux kinetok. DIIP sBusercss MHOrO(yHKIIMOHAIBHBIM KOMIIAPTMEHTOM U
BXOJISIIIIME B COCTAB €ro MeMOpaH OeJIKU PEerylIupyioT MHOTHE BHYTPUKIIETOUHBIE TIPOLECCHI.
Hapymienue sxcnpeccuy reHOB, KOAUPYIOIIUX 3TH ONTKH, MOXKET MHULIMUPOBATh MOSBICHHE
Hecnennduyecknx cBoucTB MeMOpan DIIP, B yacTHOCTH (pOpMUpOBaHHE AaHOMAJILHBIX arperaTton
TECHO KOHTAKTHPYIOLIMX MHOTOCJIONHBIX MeMOpaH. Llenbio Hamei paboThl SABISIIOCH
nccaenoBanne nuHaMukd MeMOpad JIIP u snepHoit 000I0UKH B KIIETKAaX KYJABTYPHI Ap0o30dribl S2
Ha pa3HbIX CTAIUSAX MUTO3a C UCIIOJIb30BaHUEM JIEKTPOHHOM MuKpockonuu. [IpoBeneHHbIi Ha
cpe3ax OOJBIIOro KOJIMYECTBA KIETOK S2 AeTaabHbIN Mopdonoruueckuit 1 MopomeTpruueckuit
aHaJU3 JJIMHBI BHYTPUKICTOUHBIX MEMOpaH MMO3BOJIMII OOHAPYKHUTh HE OIIMCAHHOE paHee
HEOOBIYHOE MX TTOBEJCHUE, BKIIoUaroliee (opMUpoBaHue 4-X-CIOWHOHN SIepHON 000I0YKH Ha
CTaJMH paHHEH nmpomeTadas3bl U €e pacnaa Ha ctaauu nmo3aHei npomeradassl (1). Ha cepuiinbix
cpe3ax KJIETOK JJOKa3aHo npsiMoe yuactue memopan DIIP B popMupoBaHuu 3T0# CTPYKTYpHI,
MyTeM MapajuieTbHOTO X PACIIOIOKEHHS BOIU3U U BIOJb SJIepHON 000JI0UKH, a 3aTeM
HEMOCPEACTBEHHOTO CIIMSHUS C HAPYKHOM MeMOpaHoH sipa 10 Havyasa ee pa300pKH.
KondoxanbHass MUKPOCKOIUS C UCTIOIB30BAHUEM aHTHUTEN K KOMIIOHEHTY sIIE€PHON JJaMHUHBI, O€JIKy
Lamin Dm0, BbIsiBHIIa €ro mpucyTCTBUE B 000JI0UKE sIipa 710 CTaIuH 1Mo3AHeH npoMeTadassl. Ha
craguu Metadassl JyuHHEBIE MeMOpanbl DI1P orpannunBamm 001acTh HYKJIEOIIA3MBI C
XpPOMOCOMaMH, a Ha cTaauu aHadasbl — MPUHUMAIH y4acTue B GOPMUPOBAHUH 00OJIOUKH
no4yepHUX siiep. Mbl penmnosaraem, 4To HaOIronaeMblid BliepBbIe poriece (hopMUpOBaHUS
HEOOBIYHBIX 4-X-CIIOMHBIX MEMOpaH SIEPHON 000JIOUYKH B KIETKaX S2, MPOUCXOIUT, BO3SMOXKHO, C

ydyacTuem MHKpOprGO‘-ICK " CO34aCT BPECMCHHBLIC YCIIOBUS «3aKPBITOIO MHUTO3a»,
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00ecIeunBaroIIero CBOOOIHOE IEPEMEIICHIE XPOMOCOM U B3aMMOJICHCTBUE MUKPOTPYOOUEK ¢
KHHETOXOpaMH Ha ctaauu npomeradasbl. O0CyKTaeTcsi BCTPEUYaeMOCTh 4-X-CIIOMHBIX ()parMeHTOB
SIEPHON 000JIOYKH B HEKOTOPBIX OIMYXOJEBBIX KIETKAX, a TAKXKE MPH HAPYIICHHH MEeTa0oIr3Ma
Oernka JIMIKUHA, BXOAIero B coctaB Mmemopan DI1P (2).

1. Strunov et al., 2018, BMC Biol, 16(1):68

2. Makarova et al., 2016, Curr Biol, 26(2):237-243

PaboTa BrbINONIHEHA TPH YaCTUYHOM (PUHAHCOBOM Mmojepskke rpanrta [lpaButenscTBa
Poccuiickoit @enepanuu 115l TOCYIapCTBEHHON MOAACPKKU HAyYHBIX UCCIEAOBAHUM, MPOBOANMBIX
OJT PYKOBOJICTBOM BEYIIUX YYEHBIX B POCCUHCKUX HAyYHBIX YUPEKIEHUAX (oroBop No

14.250.31.0005) u PH® (rpant 16-14-10288).
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Peryasiums s3xcnpeccun konuii pudocomuoii JJHK, cogep:xammx uacepumnu
PeTPOTPAHCIIO30HOB
M.C. Knénos, E.A. ®edenora, A.Jl. Cronspenko, E.A. Muxainesa, B.A. ['Bo3neB

WNuctutyr MonekynsapHoi renetuku PAH, Mocksa

Kinacrepsr pubocomuoii IHK (p/IHK) B kimeTkax sykapruoT 0OBIYHO COCTOSIT U3 COTEH
noBTopsitouuxcs eauHui] — reHoB p/IHK, U3 KOTOphIX TONBKO YacTh TPAHCKPUIILIIMOHHO aKTHUBHBI.
HewusBecTHO, yeM UMEHHO OIpeesisieTcst BIOOp aKTUBHBIX U penpeccupoBanHbix Komuid p/IHK. ¥V
Drosophila melanogaster Hexotopsie konuu pJIHK comepkar nacepinu petporpancmno3oHoB R2,
KOTOPBIE€ BCTPAUBAIOTCS UCKIIFOUUTEIIBHO B CTPOTO ONPEACIICHHBIN CAalT B TOCIIEI0BATEIbHOCTH
28S pPHK. Uucepru R2 ob6napyxensl B 3HaunTenbHOM yactu renos plHK: ot 15 1o 40% B
Pa3HBIX JUHUAX IPO30(PHIBL. DTH TPAHCIIO30HBI HE UMEIOT COOCTBEHHOTO TPOMOTOpPA, U IPU
TPAHCKPUIIIMK UX MOCIIEI0OBATEIBHOCTh BXOJIUT B COCTaB npeamecTseHHrnka npe-pPHK, a 3arem
MOXET BBIPE3aThCs IPH MporieccuHre. Takum 00pazoM, TpaHCTI030HBI R2 MCTIONB3YIOT )11 CBOCH
9KCIIPECCUM CaMBblii MOILIHBIN KJIETOYHBIHN anmnapaT TpaHCKpUNLIKHY, a UMeHHO - PHK-nonumepasy 1.
Tem ne menee, rensl p/IlHK ¢ nncepunsamu R2 00b14HO 7EMOHCTPHPYIOT OUYEHb HU3KHI YPOBEHB
TPAHCKPUIILMH 110 CPABHEHUIO C AKTUBHBIMU KOIMUSAMHU HEMHCEPTUPOBaHHbBIX reHoB pJlHK.
CrnenoBatenpHO, R2-comeprkariye KOy MOABEPraloTcsi H30UpaTeIbHON PENPECCUH, YTO
IpeJoTBpalaeT pacnpocrpanenue Tpancno3ona B p/IHK u oOpa3oBanue abeppaHTHBIX MOJICKYIT
pPHK. Ognako MexaHu3M, C IOMOILBIO KOTOPOTO KJIETKAa PAaCIO3HAET U PENPECCUPYET KON
pAHK, conepxamue R2, octaercs HeBbIICHEHHBIM. B 3T0# paboTe Mbl Ha4aau UCCIIEI0BATh
cucteMy nojiaBienus naceptupoBanubix pJIHK. Mer o6Hapyx)uimm, uro xpomatus konuit pJIHK co
BcTaBKkamMu R2 3naunTensHo oboramien mogudukanuii H3K9me3, xapakrepHoit amst
reTepoxpoMaTuHa, a Takxke 6exxom HP1a. Mbl mokazanu, 94to R2 00agaroT aHTHCMBICIIOBOM
TPAHCKPUIILHMEN, KOTOPas ABJISIETCA UCTOYHUKOM aHTHUCMBICIOBBIX KOpoTkux PHK. Onnaxo,
HapyIlIeHUus cucTeMbl caineHcuHra ¢ momolsio kopoTkux PHK (siPHK u piPHK) nnu 6enka HP1a
MPUBOAT JIUIIB K c1a00MY BO3pacCTaHUIO SKCIPECCUU TOJTHOPAa3MEPHBIX BCTaBOK R2, ogHako
npernsaTcTBytoT Hakoruienuto pPHK ¢ koporkumu ¢parmentamu Tpancnos3oHa. B To xe Bpems,
MyTaIliu B T€HE, KOJUPYIOMIEM HEOOJBIITON OEJIOK, B3aMMOICUCTBYIOIHUMA ¢ KOMIUIEKCOM
nHuImanuy TpaHckpuniuu PHK-nmonuMepassl 1, BbI3bIBa€T yBEIMUECHUE TPAHCKPUIIIIUUA BCEX
konuii R2 B cotHu pa3. Takum 0Opa3oM, HAMU BIEPBbIC BBISIBICH (PAKTOP, PA3TUUAIOLIHIIHA
TPAHCKPUITIIMOHHO aKTUBHEIE 1 HeakTuBHBIE Konu pJIHK B pubocomHOM Kiactepe.

PaboTa BeimonHeHa mpu ¢puHaHCOBOM noanaepkke Poccuiickoro Gonna hpyHaaMeHTaIbHBIX

uccnenaoBanuii (mpoekt PODU 16-04-01524 A).
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HccaenoBanue pynkuuii pakropa coopku u pemoaenupoBanusi xpomatuaa CHD1

y Ap0o30¢uJibl

Kones A.10., Tiotionnuk A.A., Unsuna FO.A., bapanosckas WU.J1., 'nennas FO.A., [llanaes A.B.
HUII «Kypuarosckuii UnctutyT» - IIUAD

CHDI1 saBnsiercst nepBbiM AT® — 3aBHCUMBIM (paKTOPOM COOPKH XpOMaTHHA, I KOTOPOTO
MIPOJIEMOHCTPUPOBAHO ydacTue B cOopke xpomaTtuHa in vivo (Konev et al, Science, 2007). I[Ipu
UCCIIeIOBAaHUU MOP(OJIOTHH MOJUTEHHBIX XPOMOCOM HYJb-MYTaHTHBIX reHy Chdl JTHYMHOK MBI
OOHapYXHIIH, 4TO B TO BPEMsI KaK CAMKH UMEIOT B 11€JIOM HOPMAJIbHYIO CTPYKTYPY XpOMOCOoM, X-
XpoMocoma HyJb-MyTaHTHBIX 110 reHy Chd1[1] camiioB cranoBUTCSI m13MeHeHHOU. OOHapYXKEHO,
YTO UMEHHO npsMoe npusieueHune 6enka CHD1 HenmocpeacTBeHHO K MMoIBEpraromiencs 1030Boi
KOMIICHCAIINH X-XPOMOCOME CaMIIOB AP030(UIIbl HEOOXOIUMO /IS MOAJIEPKAHUS €€ HOPMAJIbHOM
ctpyktypsl. CHD1 siBisieTcst e TMHCTBEHHBIM (DAKTOPOM COOPKH M PEMOICIIMPOBAHUS XPOMATHHA,
JUISL KOTOPOTO BBISBIIETCS CHelM(pUUIEcKoe IPUBIICUCHNE K MTOABEpraromieics 1030801
KOMIIeHcau X-xpoMocome camiioB. Hamm uccnenoBanusi CBUAETENBCTBYIOT O CYIIECTBOBAHUN
cneunpuyHoro mexanusma npusieueauss CHD1 k X-xpoMmocome caMI0B, OTIIMYHOTO OT
MEXaHM3MOB MPUBJICUYEHUS ITOrO OeliKa K IPYruM caiiTaM B TeHOME B MpoIiecce aKTUBHON
TpaHcKkpurui. Mbl Toka3aiu, 4to jokanu3anus 6enka CHD1 u 6enxoB komriekca MSL B X-
XpOMOCOME CaMIIOB IIPAKTUYECKH MOJHOCTBIO coBMafaroT. CoueTaHue AeIeuil OJHOrO U3 FeHOB,
Koaupyroumx BapuaHTHbIi ructod H3.3 - His3.3B ¢ Hynas-myranusmu no reny Chdl npuBoaur
CUHTETHYECKOH JICTAIbHOCTH, T.€. TIPU CHIKeHUU KonrdecTBa ructoHa H3.3, Chdl cranoButcs
CYLIECTBEHHBIM T€HOM. MBI 00HApYKUJTH, UTO JEJELHs OJHOTO U3 ABYX T'€HOB, KOJUPYIOLIUX
BapuaHTHBIN rucToH H3.3 mpuBonut k ycunenuto BnusiHust mytanuii Chdl Ha ctpykrypy X-
XPOMOCOMBI CaMIIOB, TOTJa KaK BBEICHUE B TEHOTHIT TAKUX 0COOEH JOMOIHUTENbHOM KOIIMH I'eHa
ructona H3.3 nmpuBoaut k cynpeccuu 3toro sddekra. [TokazaHo, 4To SKCHIpecCcHst KaTATUTHICCKU
He akTHBHOU opmbl 6enka CHD1, u axcnipeccust 6enka AUKOTO TUTIA IO ISHCTBUEM JIpaiiBepa
P{GawB} AB1 npuBOaUT K MOSBJICHUIO B XPOMOCOMAaX MHOTOUHCIIEHHBIX IEKOHICHCUPOBAHHBIX
paiioHOB, sIpKO okpammuBaeMbIXx aHTHTeaamMu Ha 6enok CHD1 u PHK-nonumepasy II. IlpoBeneno
JeTaNIbHOE KapTUPOBAHHUE JEKOHEHCUPOBAHHBIX YYaCTKOB XPOMOCOM U M3YYEHO U3MEHEHHE
xapakrepa myhdupoBaHus B X0€ pa3BUTUs Apo3oduiibl. [loBeiIeHHas SKCpeccus Kak HATUBHOM,
TaK ¥ KaTATUTUYECKH He akTUBHOM (popm O6enka CHD1, npuBoauT K JEKOHCHCAIIUN CTPOTO
OIpEJICJIEHHBIX YYaCTKOB XpoMocoM. [IokazaHo, 4To cBepX-3Kcrpeccus Oenka Kak HaTUBHOM, TaK U
JTOMHUHAHT-HeraTuBHOU opM O6enka CHD1 nmpuBoauT K HapylieHHI0O HOPMaJIBLHOTO XapaKkTepa
nyQupoBaHUS U CMELIECHUIO My(POBBIX MAaTTEPHOB, XaPAKTEPHBIX VI Pa3IMYHBIX My()OBBIX CTaJAUM.

[TpuBneuenue karanuTuuecku He akTuBHON (hopmbl CHD1 BBI3BIBaET 3a1€pKKY perpeccuu psaa
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PETyIUPYEMbIX B Pa3BUTUHU IKIU30H-UHIYLHUPYEMBIX TyPOB U HApYIIEHHE CBOEBPEMEHHON
penpeccuu TPaHCKPUIIIUMH OINPeIeJICHHBIX PEryIUPyEeMbIX B pa3BUTUU T'eHOB. Hamu ob6Hapy»keHo,
9T0 cBepx-dkcnpeccus oenka CHD1 qukoro Tuma mpuBOIUT K AEKOHICHCAIHH
reTepOXPOMAaTUHOBBIX PAaiOHOB MTOJIMTEHHBIX XpOMOCOM U 411 xpomocoMmsl. [Tpusneuenne CHD1 k
reTepOXpPOMaTHHOBBIM MOCEA0BATEIBHOCTSM IPUBOJUT K K OTCYTCTBUIO B IEKOHICHCUPOBAHHBIX
paiioHax JmHKepHOTro ructoHa H1 u yBenuueHuIo B MOJIUTEHHBIX XpOMOCOMaxX CTEEeHH
PEIUIMKALIMY JIOKAJTU30BAHHBIX B X-XpPOMOCOME MOBTOPSIOLIUXCS TTOCIEI0BATEIHHOCTEMH.
Pe3ynbrarhl HaMIMX UCCAEAOBaHUIN CBUIAETENBCTBYIOT, YTO, BOZHUKAIOIIME MTPU CBEPX-IKCIPECCUU
CHD1 u3meHeHust CTpyKTYpbl XpOMOCOM CBS3aHbI C HE TOJBKO C €r0 PEMOACIUPYIONIEH
AKTUBHOCTBHIO, HO U C TTOBBIIICHHBIM MTpUBJIeYeHUEM B3aumorericTByomux ¢ CHD1 GenkoB k

OIpPCACIICHHBIM caiiTaM B T€HOME.
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BHyTpuK/IeTOYHAS JIOKAIU3AIUSA U MEeXaHU3M TPAHCNOPTAa PUOOHYKJIEONPOTEMHOBBIX
KOMILJIEKCOB TeJIOMEPHOIr0 peTpoTpaHcno3ona HeT-A B repMHHAJBbHBIX TKAHSAX U PAHHEM
smOpuorenese Drosophila

Kopatokosa M.1O., Moprynosa B.B., OnosaukoB U.A., Komapos I1.A., MuponoBa A.A.,
Onenknna O.M., Kaameikosa A.H.

HUnemumym monexkynapuou eenemuxu PAH, Mockea

Temomeps! peACTaBIsAOT OO0 KOMIUIEKC HYKIEMHOBBIX KHCIIOT U OEITKOB, 3aIIHUIAIONTIX KOHIIBI
JUHENHBIX XPOMOCOM 3YKApUOT OT CIUSHUS U Jlerpafanuu. V3ydeHne TeToMepHOro KOMIUIEKCa B
OOTeHEe3€e U MPOLIeCCe PaHHEro Pa3BUTHUSI OUEHb BAXKHO JJIsl IOHUMAaHUS MEXaHU3MOB, KOTOpbIE
00eCreunBarOT COXPAHHOCTh TEHETUYECKON HH(DOPMALIUU B PSITY TTOKOJICHHM.

YHUKaTbHBIM CBOHCTBOM TEIOMEP IPO30(UIIBI SBISETCS TO, YTO OHU COCTOSIT U3
perporpancno3onoB tuna LINE, HeT-A, TART u TAHRE, cpenu xotopeix HeT-A nanboinee
MHOTrouuciaeHHbIN. Tenomeps! Apo30GuIIbl, XOTS U OTINYAIOTCS CTPYKTYPHO OT TE€JIOMEPa3HOTo
TUMA TeroMep, GYHKITMOHATBLHO aHATIOTHYHBI TeJIOMepaM JIPYruX BUIOB. TeloMepHbIe TOBTOPHI Y
Ipo30(HITBl TPAHCKPUOUPYIOTCS, KaK M Y IPYTUX BHIIOB. DKCIPECCHS TEIOMEPHBIX
PETPOTPAHCIIO30HOB B SIMYHUKAX Apo30¢ribl HaxoauTces moa koHTposieMm piPHK (Piwi interacting
RNA) nyTu, KOTOpBIi HETaTUBHO PETYIUPYET JUTMHY Tesomep. 3BeCTHO, 4TO TeIOMEpHBIC
TPAHCKPHIITHI B3aUMOJICUCTBYIOT C Pa3IMYHBIMU O€TKaMU, Y9acTBYsl HE TOJBKO B IMOMJICPIKAHUS
CTPYKTYpPHI T€IOMEp MIIECKOMUTAIOIINX, HO TAKXKE B BAKHBIX CUTHANBHBIX MyTAX. OIHAKO
(GyYHKIIMOHATIFHOE 3HAYEHHUE TaHHBIX KOMIUIEKCOB B ITPOLIECCE OOTE€HEe3a U HOPMaIbHOIO Pa3BUTHUS
710 CUX MO U3YYEHO HEJOCTATOYHO.

Panee ObUTO0 TOKAa3aHO, YTO MEXAHU3MBI TIOIFICPKAHUS IIETIOCTHOCTH KOHIIOB XPOMOCOM
TECHO CBSI3aHBI C CAMJICHCHHTOM TEIIOMEPHBIX TOBTOPOB. [Ipu pa3pyiieHnu Te1oMepHOro
KOMIUIEKCa B MpoIiecce ooreHesa y Apo3o¢uisl, IiruHHbIE TenoMepHbie PHK akkymynupyrorces B
MOJIOBBIX KJIETKaX, TPAHCIOPTUPYIOTCSA B AMOPUOH U (POPMHUPYIOT CKOIIJICHUS] Y MUTOTUYECKUX
TMIOJIFOCOB, YTO COMPOBOXK/IAETCSI BRLICOKUM YPOBHEM 3MOPHOHATBHOW cMepTHOCTH. [laHHas paboTa
MOCBSIICHA UCCIICIOBAaHUIO OMOTeHEe3a pUOOHYKIIEMHOBBIX KOMIUIEKCOB, COCTOSIIINX U3
TPAHCKPUIITOB U OEJIKOB, KOJUPYEMBIX OCHOBHBIM TE€JIOMEPHBIM PETPOTpPaHCIIO30HOM HeT-A.
OcHOBHO¥ 11e/1hI0 OBLIIO TIOHATH, Kak JucyHKIHS TesoMep (runepakcnpeccus HeT-A) moxker
BIIUSITH HA MPOIIECC PAHHETO Pa3BUTHUsS. MBI UCTIONIB30BAIH TPAHCTEHHYIO CHCTEMY TSI SKCIIPECCUH
HeT-A Gag, cnutoro ¢ HA snutonom nog koHtposeM UAS peryiasTopHOro ainemMeHTa, KoTopas
MO3BOJISICT CIIENU(PUIHO AETEKTUPOBATH OCJIOK U OYMINATH €ro BMecTe co cBsi3anHoi PHK u
oenkamu. B Buny aktuBHocTH piPHK iyt HeT-4 Gag npakTUuecKu HE BBISIBISICTCS B SIMYHUKAX

npupoHbIX JMHUK. OHAaKO Ha (poHe repMUHAIBFHOTO HOKayHa koMmroHeHTa piPHK nytu spnE
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npoucxonuT ruriepakcnpeccusi HeT-4A Merogom PHK-uMmMmyHOTIpenumuTamy 06110 MOKa3aHo, YTO
Tpanckpuntbl HeT-A accoumupoBansl ¢ 6enkom HeT-A Gag, KOTOpbIii OHH KOJUPYIOT, KaK B
SUYHUKAX APO30(MIIbI, TAK U B PAHHUX dMOpHOHAX. DTO B3aUMOJICHCTBHE MPOUCXOIUT O
MPUHIIAITY [IUC-TIPEANIOYTEHUs, T.€. 0ok cBsizbiBaeTcs ¢ PHK-matpurieit, kotopas ero Koaupyer.
PHK TART taxe NpUCyTCTBYET B JAHHOM KOMILJIEKCE, UTO TOBOPUT O TOM, uTo Hel-4 PHII —
MHOTOKOMIIOHEHTHBIN KoMIuiekc. bputo mokazano, uto He7-4 PHII B repmMapun SMYHUKOB UMEIOT
cepuueckyro popmy, HeT-A Gag nokann3oBaH Ha moBepxHocTH cdepsl, a HeT-A PHK — BayTpum.
OTH cepbl NPEANONIOKUTENBFHO SABISIOTCS HHTEpMeInaTaMy KOMILIEKCa 3JI0HTauu Teiaomep. Ha
MO3IHUX dTarax ooreHesa cepuueckue HeT-A PHII netektupyroTes B siipax MUTAIOMINAX KIETOK,
OJIHAKO TOJIbKO HEMHOTHE U3 HUX KOJIOKAJIM30BaHbI C TEJIOMepaMu. B nuronnazMe NuTarommx
kieTok yacts PHII mpeacraBistoT coboit 0omblne CKOTUICHUsT HenpaBmiibHOU (opMmbl. Takum
obpazom, HeT-A PHK u HeT-A Gag popmupytot PHII pa3nuyHoro tumna Ha pa3HbIX CTaIusIX
OOreHe3a.

[Tpu napymenun piPHK nyru HeT-4 Gag u HeT-A PHK akkymynupyroTcsi B 0o1uTe
HauMHAas C paHHUX ATAnoB ooreHesa. MzBectHo, uto Egalitarian (Egl) siBnsercss oCHOBHBIM
TPAHCIOPTHBIM OEJIKOM, KOTOPBIN 00ecredrBaeT TPaHCTIOPT U Jokaimu3auo MatepuHckux PHK Ha
Pa3IMYHBIX CTAAMUSIX OOreHesa Jipo3oduisl. Hamu ObL1o Moka3aHo, 4TO B SIMUHUKAX C JIBOWHBIM
HOoKnayHoM egl u piwi (kommnonenTta piPHK nyrtn) HaGmronaercst HapymieHne crienupuaecKoi
nokamuzanuu HeT-A. beino BeisiBiaeHo B3aumozeiicteue Egl u HeT-A Gag meTooM Ko-
MMMYHOTIPEIUITUTAIIMY ¥ KOJOKAJIU3alHs STUX OCJIKOB B IIUTOIJIa3Me MMUTAIOMIMX KJIETOK U OOIMTA
SIMYHUKOB C HOKJIayHOM spnkE, a TakKe B OOLMTaX SMYHUKOB MyX IpUpOAHON JuHuu GIII. Otn
pe3yIbTaThl CBUAETEILCTBYIOT 0 ToM, uTo Egl yuactByet B Tpancniopre HeT-A PHK u3 nutaronux
KJIETOK B OOLIMT.

B nopme Egl paBHOMepHO pactipenenieH BHYyTpu 3MOpHoHa, o0ecrieynBasi TpaHCIIOPT
MarepuHcknx MPHK. B pannux amOpruonax ¢ HOkayHOM spnE ObLIO MOKa3aHO B3aUMOICHCTBUE
Egl u HeT-A Gag v ux KOJOKaJIM3aIisi OKOJIO IIEHTPOCOM Ha CTAUU CUHTHUINSA. DKTOMHYECKas
nokanu3anus Egl, ckopee Bcero, npuBoaut k Hapymenuto tpancnopta MPHK nos u osk u x
nedexram popMHpOBaHUs Oceil SMOpHOHA, UTO HAOIIOAaeTCs B MyTanTax piwi. Takum oOpaszom,
n36sITouHbBIe TennoMepHbie PHII, koTOophie 00pa3ytoTcs npu quchHyHKIIUH TETIOMED,
B3aMMO/ICHCTBYIOT C KJIETOYHBIMU (DaKTOpamMH, HEOOXOUMBIMHU ISl PA3BUTHUS, YTO MOXKET OBITH
NPUYMHON OCTaHOBKH Pa3BUTHs TAaKUX SMOPHOHOB. BrisiBieHue kieTouHsix naptaepoB HeT-A
PHIT no3BonuT riny6ke MOHATh MEXaHU3MbI CUTHAIBHBIX MYTEH MEXIy TEJIOMEPON U KIETKOM.
Pabota 6p11a mognepsxana rpantom Poccuiickoro HayuHnoro ¢ouga Nel6-14-10167.

Subcellular localization and mechanism of transport of telomeric retrotransposon He7T-A

ribonucleoprotein particles in the Drosophila germline and early embryogenesis
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dunoreorpadgus u rudpuansanusa BpaHoBbix nrul [aneapkruku
Phylogeography and hybridizaton of corvid birds in Palearctic
A.II. Kprokos

@®HII 6uopaznoobpazus HazeMHO# OnoThl Boctounoii Azuu JIBO PAH, BrnanguBoctok, Poccus

[TonBeicHBI UTOI'M MHOTOJICTHETO M3YYCHHUS KJIACCHUECKOM 30HBI THOPUIN3ALIMU CEPOH U YePHOH BOPOH B
3anagnoit Cubupu. [IpeamnonaraemMoii mOHWKEHHON TJIOJOBUTOCTH W/UIIN KU3HECTIOCOOHOCTH THOPHUIOB HE
oOHapyxeHo. JlokazaHa MOJIOKHUTENIbHAS aCCOPTATUBHOCTD IPU CKPEIIMBAHUU Pa3HBIX (DEHOTHUIIOB B LIEHTPE
30HBI, YTO PACCMATPUBACTCS KaK MEXaHU3M OIPaHUYCHUS U CTAOMIN3aINU €€ [INPHUHBIL.

DKostoruueckue HabIIoAeHNS NepellIi B TeHETHIECKUE U TI03kKe (pritoreorpaduueckue
HCCIIeI0BaHuUs, He OOHAPY KUBLINE PA3IHUNA MEXIY CEPOH M YePHOI BOPOHAMH 10 KaPHOTHIIAM,
amozumam, RFLP u simepHpiM reHaM. MUTOXOHAPHATIbHBIE MapKePhI MOKa3aJid BMECTO OXKHIAeMOM
MOABUAOCTICHUPUIHOCTH TIYOOKYI0 JU(QepeHInaInIo o ABYM IeHaM B MpeJiesiaX apeana BOCTOYHOM
4epHOH BOPOHBI. TOJIBKO MOTHOTEHOMHOE CEKBEHUPOBAHHUE MTO3BOJIMIIO MOIYYUTh YETKHE KAPTHHBI
paszo6menus noasuaos mo SNP u npoananu3upoBaTh MUKH JU(PepeHINAINN - TAK Ha3bIBaeMble
«OCTPOBKH BHI000pa30BaHMs». B Kax 101 M3 30H BTOPHYHOTO KOHTaKTa OOHAPYKEHBI CIICIIN(HIECKIE
YYacTKH ['€HOMa C NIPU3HAaKaMu 0TO0pa, OrpaHUYUBAIOILET0 IOTOK '€HOB Yepe3 T’MOpUAHbIEC 30HBI.

Kaprtuna cpaBHuTensHOH prsoreorpadguu BOCbMHU MKUPOKOAPEATBLHBIX BUIOB IITHLl CEMENCTBA
BpaHOBBIC BRISIBIIIA Y TISITH U3 HUX (BOPOHA, Tpad, Tajika, COpOKa U Trojrydast copoka) TiryooKyto
nuddepeHLmanyio Ha 3anaHble 1 BOCTOYHbIE TPYMIIbI TAIUIOTHIIOB, C OJIM3KUMU TUCTAHIUAMU. Y BOPOHA,
KYKIIHU U KEJPOBKH TaKOW KapTHHBI HE 00HAPYKEHO. DTO Pa3Inine MOXKHO OOBICHUTH FKOJIOTHIECKIMHU
HPENOYTCHUAMU: JICCHBIE IITULBI BTOPOI IPyMIIBI MOIJIM COXPAHUTHCA B €IMHOM ILIEHCTOLIEHOBOM
pedyruyme, B oTIMUNE OT BHIOB OTKPBITHIX IPOCTPAHCTB EPBOI IPYHIIBLL. Y TOIY00# COPOKH
reHeTndecKas ¥ QeHOTHIHYECKas TUBEPreHIS JOCTUTAeT BUOBOTO ypoBHS. CTONb )K€ 3HAUUTEIIHHO
Pa3nu4aoTCss MUTOXOHAPHAIbHBIC TAIUIOTHITBI y 3allaIHOW M BOCTOUHOW TPYIII MOJBUI0B OOBIKHOBEHHOM
copoku. Ha ceTu ranmnoTunoB rpymnmna 3anaJHbix MOJBUIOB OTIMYACTCS OT BOCTOUHBIX Ha 63 1 Ooiee 3aMeH,
a BOCTOYHAS MMOJpa3JeNseTcs Ha 2 MOArpYIbl 6e3 reorpaduyeckoil mMpuypodeHHOCTH KaX 0.
CymecTBoBaBIINii B 3a0aiikaibe pa3pbiB apeaia COPOKH 3allOHIETCS Ha HALIKMX IJ1a3aX U IPUBOAMT, 110
MpeaBapUTEIbHBIM JaHHBIM, K «PENPOIYKTUBHOMY CaMOYHHUYTOXEHUIO» BBUIY CTEPHILHOCTH THOPHUIOB.

Hannoe cooOmenne 00001maeT UTOru padoTs! OOJIBIIOrO KOJUIEKTHBA, OCHOBHBIE WICHBI KOTOPOTO:
E. Haring (ABctpus), H. Suzuki (SImonus), J.B.W. Wolf (ILIserus), B.H. biunos u JI.H. Cnimpunonosa

(Poccus).
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TRF4, noBbiii TBP-iogo0Hbl1ii 0es10k D. melanogaster, B Xxo1e 3BOJIONUN IPUOOPeST HOBbIE
¢yHxkuum B mpoueccax, accounupoBanubix ¢ P, B uuTromiazme
KypmakoBa M.M.!, Koneitosa /[.B!

! Macturyr buosmoruu rera PAH, Mocksa
yT 5

Uccnenoanmne dyakumii TBP-momoO6HBIX O€IKOB BHOCUT BKJIA]] B TOHUMAaHHUE MEXaHU3MOB
OpraHHU3aIK XPOMaTHHA U PETYIISALUN TPAHCKPUIIIIUHU Y BBICIIUX dYKapHOT. ['eH trf4,
Koaupytoumii HoBbli TBP-nono0OHbIi Oenok, Obu1 HalineH B reHome D.melanogaster. I'omonoru
trf4 oOHapy>XeHBI B TeHOMAX JPYTrux BUI0B Drosophila, HO HE HAIEHBI B TEHOMAX IPYTUX
opranusmoB. [Ipenckazannsbiii 6enok TRF4 nposiisieT BepoxaeHHYIO TOMOooruto ¢ TBP-
nogo0HbIMU ToMeHaMu TBP u TRF2 1 3Bo/IIOLIMOHHO KOHCEPBAaTUBEH Y Pa3IMYHBIX BUIOB
Drosophila, aTo cBUIETENbCTBYET O ero GyHKIIMOHATbHOM 3HaunMocTu. TRF4 skcnipeccupyetcs
Ha pa3HbIX CTAUSAX Pa3BUTHUS U B Pa3IMYHBIX TKaHIX D.melanogaster, BBICOKUI ypOBEHb
AKCTPECCUU HAOII0IaeTCs B CEMEHHUKAX. B aMuHOKHCIIOTHOM mocnenoBaTenbHocT TRF4
M3MEHEHBI I10CJIEI0BATEIbHOCTD, CBS3bIBAIOIIASACS C IPOMOTOPOM, U ITOCJIEI0BATEIbHOCTh CUTHAJIA
anepHoi nokanuzanuu. TRF4 netexkTtupyeTcst NpeuMyIecTBEHHO B IUTOIIA3ME U
CKOHIIGHTPUPOBaH B 00acTH 2HA0IIa3Marnueckoro petukyiayma (O11P). TRF4 coounmaercs
BMecCTe ¢ 0elKaMu, KOTOPbIe MPUHUMAIOT YJacTHE B Tpolieccax, npotekaroniux B D[P, Takux kak
(bonauHT OENKOB, MPOTEOIIN3, 00pa30BaHUE JIUIHUIHBIX Kareb. Takum 00pa3oM, U3MEHEHHUS
BHYTPHKJIETOYHOH JIokanu3zauuu TRF4 xoppenupyroT ¢ ero HOBbIMH (DYHKITUSIMH B
accoruupoBaHHbIX ¢ D[P mporeccax. MoxHO MPEANOI0XKUTS, UTO t7f4 - mpuMep
HeO(PYHKIIMOHATU3AI[MH TOMOJIOTa IyTeM U3MEHEHHs] BHYTPUKIETOYHOM JIOKaJIu3aluu Oenka, mpu
KOTOPOM peJIOKaIM3alus MPOAYKTa AYTUIMIMPOBAHHOTO TeHa CIIOCOOCTBOBAJIA MOSBJICHUIO Y HETO

HOBBIX (DYHKIIMH B Tpolieccax, cBsi3aHHbIX ¢ DIIP.
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MapkepHble XpOMOCOMbI, BHISIBJICHHbIE Y IAIMEHTOB C HHTE/IEKTYAJIbHOMN
HE0CTATOYHOCTHIO

Jlemckas H.A.l, Tenemnona A.C. 2, Pomanenko C.A.l’z, MaxkcumoBa IO.B.3’4, [Iopuna A.P.4,

KO nxun I[.B.l

'OI'BYH HNucturyT MmonekymnsipHoit u kinetounoit 6uonoruun CO PAH, HoBocubupck, Poccust
2OrAOY BO «HoBocuOupckuii HAIIMOHATBHBIN HCCIICIOBATEIHCKUMA TOCYIaPCTBEHHBIN
yHuBepcureT», HoBocubupck, Poccus

3®I'BOY BO «HoBocubupckuii rocyiapcTBeHHBINH MEIUIIMHCKAN YHUBEpCUTET» MUHUCTEPCTBA
3npaBooxpanenus Poccuiickoit ®eneparnuu, HoBocubupck, HoBocubupck, Poccus

*I'BY3 Hoocubupckoii obnactu «opojckas KinHrdecKas 6ombHuia Nely, HoBocuoupck,

Poccusa

B ciyuae conmanbHO 3HaUMMBIX MMATOJIOTUN, TAKUX KaK YMCTBEHHAsl OTCTAlIOCTh, B HEOOJIBIIOM
MIPOIICHTE CIIYYaeB BBISIBJISIOTCS IPyObIe (UMCIOBBIE U CTPYKTYPHBIE) XPOMOCOMHEBIE abeppaluu.
OpnHako OCHOBHAs YacTh BU3YaJIU3UPYEMBIX XPOMOCOMHBIX MIEPECTPOEK HYKIAETCA B ONMCAHUU U
tunupoBaHuu. Cpeau HUX 0coOyI0 MO3UIUI0 3aHMMaloT MapkepHbie XpomocoMbl (MX). Ouu
MOTYT OBITh KaK CBEPXUHCIECHHBIMU M0 OTHOLIEHUIO K HOPMaJIbHOMY KapUOTHITY, TaK U
3aMEHSAIOIIUMHU KaKyl0-Tu00 XpoMocoMy. Massle MapKepHbIe XPOMOCOMBI OTHOCUTEIEHO
pacrpocTpaHeHbl, BCTpEeYaroTcst B MOnysuu ¢ yactoroi 1/4000 u mpu aMHUOLIEHTE3€ ¢ YaCTOTOM
1/2500. B 86% cny4yaeB, MapKepHBIE XpPOMOCOMBI IPOUCXOAST U3 aKPOLICHTPHUYECKUX XPOMOCOM, B
4aCTHOCTH 65% IMPOUCXOAAT U3 XPOMOCOMBI 15, B TO Bpems Kak J1epuBaThl XpoMocomsl 13, 14, 21
n 22 cocTaBisioT Bcero 7%.

Onpenenenre Npupoabl MAPKEPHBIX XPOMOCOM BCET/IA MTPEICTABISAET 3HAUUTEIIbHBIC
TPYJHOCTH, OJJTHAKO MCHOJIb3YsI MUKPOAUCCEKIINIO XPOMOCOM - MHKPOMAaHUIYJISILIMOHHOE
BbIJIEJICHHE aHOMAJIbHON XPOMOCOMBI, C MOCJIEYIOIIUM MEUEHUEM U THOpUAU3aluei in situ, 3Ta
npobsiema Obl1a pemieHa. B ciydae BorsiBiaeHuss MX He0O0X0IMMO YCTaHOBUTD €€ MPOUCX0XKICHUE
(BO3HUKIINE de novo u HacaeIyeMble) U TUIl TEHOMHOU MyTaly (MO3auvHble U HEMO3aUYHBIE)
IUISL TOTO, YTOO MOHSTH BEPOSTHOCTH MOSIBJICHUS B CEMbE PEIIMIUBA KAPUOTUITNYECKOM MATOJIOTHH.

B pabote Obu10 TpOAHATU3UPOBAHO TP KIMHUYECKUX cirydasi. BersiBaeasr MX
npoucxopasaume u3z xpomocoM 15 u X. Ilokazano Hanuuue aktuBHbIX reHOB pPHK n Xist.

HccnenoBanue BoInonHeHo npu ¢puHancoBor noguepxke PODU (nmpoext Ne 18-04-00826).
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IToBenenue xpomocoMm B npodasze Meii03a y NIeHUIHO-PKAHBIX THOPUIOB Fy
Jlorunosa /I.b., XKypasneBa A.A. *, Cunkoa O.I'.
OUILl Muctutyt nutonoruu u renetuku CO PAH

*rogovaja_(@mail.ru

[Tmennyno-pxanwie ruopunbl Triticumaestivum L. x Secalecereale L. (4x=28) sBAsI0TCS XOpOIeH
MOJIENIBIO U1 U3YUYEHUS MEXaHU3MOB MEM03a y paCTEHUH ¢ NOJUTaIIonIHeIM reHoMoM. Ha
CErOJHSAIIHUN JI€Hb HAICH IPYINIION ONUCAHbI TUIIBI TIOBEJECHUS XPOMOCOM B MEH03€ MIIEHUYHO-
p>KaHbIX THOPUAOB, B TOM YHCJIE OMKMCAHO JIEJICHHUE M0I00HOE MUTO3Y, KOTOPOE MPUBOIUT K
(bOopMHPOBaHUIO HEPEAYLIUPOBAHHBIX T'AMET U BOCCTAHOBJICHUIO (DEPTHIIBHOCTH Y THOPUIOB.
Jlenenue noJ00HOE MUTO3Y XapaKTepU3yeTCss MUTOTHUECKOW OpraHu3aueil HeHTPOMEPHI,
¢dbopmupoBaHHEM OUTIONSAPHOTO BEpETEHA JICIICHUS M PACXOXKICHUEM CECTPUHCKUX XPOMAaTH]I B
MIepBOM JIeJICHUH Meio3a. [loBenenne XxpoMocoM B MeH03€ OIpeIeIeTCs MEenbio COOBITHI B
npodase meio3a. Llenb manHO# pabOTHI - TPOBECTH aHAIIN3 TIOBEJACHHUS XPOMOCOM B ITPOQa3HBIX
SJIpax MIICHUYHO-PKaHbIX THOpHI0B F1 ¢ pa3nuuHbIME MaTTEpHAMHU TOBEICHUS XPOMOCOM B
Mmeiiose. [Ipoda3zubie sapa MEHOIIMTOB OBLITN MPOAHATU3UPOBAHKI ¢ ToMoIIsio0 MeToauk FISH ¢
IIEHTPOMEPHBIMHU U TE€JIOMEPHBIMU 30HJaMU U UMMYyHookpamuBanus ¢ anti-CENH3 y crepunbpHBIX
(2R(2D)xR) n wactuuno dheptunbHbiX (1RV(1A)xR, 6R(6A)XR) rubpunos. BeisiBieHo, 4to y
crepwibHBIX (2R(2D)xR) u wactruno geprunbabix (1RV(1A)XR, 6R(6A)xR) mimieHUIHO-pKAHBIX
ruOpUIOB HA CTAHMHU JICTITOTEHBI TEIOMEPHI 00Pa30BBIBAIN CTPYKTYPY «OyKeTay, KOTOPBIH
JIOKAJIU30BAJICS BOJIM3H SIIPHIIIKA, a EHTPOMEPHI UMEIIU BBITSHYTYIO (JOPMY U PACIIONaraiuch o
BCe MoBepxXHOCTH siipa. OaHAKO, Y YACTHYHO (HEePTHUIIBLHBIX THOPUIOB OBLITM OOHAPYKEHBI
MEHOIUTHI Ha CTaIUH JICNTOTEHBI, B KOTOPBIX TEIOMEPHI paclpeAessUIuCh IyrooopasHo, 1100
00BEIUHSIINCH B HECKOJIBKO (Halle Bcero 2-3) kinactepoB. Yncino MeHomuToB, B KOTOPBIX
HaOJI0/IaINCh CTPYKTYPBI, OTIIMYHBIE OT «OYKETa», BApbUPOBAJIO MEXKAY NMbUIbHUKaMU. B sapax
MEHOLIMTOB, HAXOASIIUXCSI, TPEANOJIIOKHUTEIHHO, HA CTaIUU Tepexoja K MEMHOTHYECKOMY JI€JICHUIO
U B paHHEH jentoTeHe Ha0monanock 10-12 curuanoB JoKamIu3anuy HEHTPOMEPHBIX 30HAOB, YTO
MOJKET CBUETEIBCTBOBATh O (POPMUPOBAHUH KJIACTEPOB LIEHTPOMED, B OTACIBHBIX CIydasx YUCIIO
CUTHAJIOB MOTJIO COCTaBJISITh 8, elie pexe (eAMHUYHbIE citydan) - 7. B uaTepdase u Ha Bcex
cTaausax npodasbl MPEeUMyIIECTBEHHO HA0101a710Ch 28 CUTHAJIOB JIOKAIHU3AIMH LIEHTPOMEPHOTO
30H/1a, HO MOHO ObLT0 Habmoxate u 21 - 27 curnanos. UMmyHookpamuBanue ¢ anti-CENH3 na
craguu JentoTeHsl y rudpuna 2R(2D)xR BoIsiBUIIO €ro criennpuyeckyro JIOKaIu3aiuio Ha
LEHTPOMEpPaX YHUBAJICHTHBIX XPOMOCOM U IIEHTpOMepe OMBajeHTa, KOTOPBINA ObLII cPOpMUPOBAH
romosoramu pxu 2R2R. Tlocpenctsom 3D pekoHCTpyKInHu sipa ObII0 UASHTH(PHUIIPOBAaHO 28

KUHETOXOPOB, 26 U3 HUX UMEIH BBITAHYTYIO (hopMy ¢ OOpO3AKOM, ITO3BOJISIONIECH BU3YaIbHO

133



Pa3IUYUTh CECTPUHCKUE XPOMATHU/IBI, IIOCTEAHHIE JIBAa UMEIIH OKPYTIyIo hopmy (6€3 O0po3aKH) U,
MJIOTHO TIPUJIETas IPYT K Apyry, 00pa3oBbIBaNIA 001IYI0 CTPYKTYpY. Jlokanuzamus anti-CENH3 B
MIEPBOM CIIydae MOXKET TPaKTOBaThCs kak Mutotndeckas (back-to-back), Bo Bropom —
Meiotuueckas (side-by-side).

Takum 00pa3oM, HAMHU BBISIBJICHBI OCOOCHHOCTH B JIMHAMHUKE XPOMOCOM Y MIICHUYHO-
PPKaHBIX THOPHIOB C PA3IMYHBIME MATTEPHAMHU MEH03a, a TaK)Ke 00HAPYKEHBI Pa3IIUIUs B
apXUTEKType KHHETOXOPOB OMBAJICHTA U YHHUBAJIEHTOB B IIpodasze mMeio3a.

bnaronapuoctu: LIKIT Mukpockonnyeckoro anainusza OMOJ0rHYECKHX 00BEKTOB; paboTa

BBITIOJIHEHA NTpU (prHAHCOBOM noepkke rpanTa PODIU Ne 17-04-01014.
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JAnddepennuanbHas IKcnpeccusi reHOB B HEHPOHAaX, MOJYYEeHHbIX U3 HHIYIUPOBAHHBIX
IUIIOPUIIOTEHTHBIX CTBOJIOBBIX KJIETOK NALMEHTOB € 33ePKKOH MHTEIeKTyaJbHOI0
Pa3BUTHS M PEHUNPOKHBIMHA MUKPOAeJeUsIMA 1 MUKPOAYIUTUKAIUAMH B cCy0cerMeHTe
3p26.3

M.E. HOHaTKI/IHal, B.C. CDI/II_HMaHz, M.M. rpH,HHHaZ, H.A. CKpSI6I/IH1, T.B. HI/IKI/ITI/IHal,

AA. KameBapOBal, JLIL. HasapeHKOI, O.JL Cep0B2, W.H. Jle6enes’
1Hay%o-ucmedoeameﬂbcxuﬁ uncmumym meouyunckou eenemuxu Tomckoeo HUMI], nab. pexu
Ywarixu, 10, Tomck, Poccus, 634050

2HHcmumym yumonozuu u cenemuxu Cubupckozo omoenenuss Poccuticxoii akaoemuu nayx,

np. ax. Jlaspenmoesa, 10, Hosocubupck, Poccus, 630090

AKTYaJbHOCTb. AKTUBHO U3y4aeMbI€ B HACTOSIIIEE BPEMSI CUHAPOMBI PELIUTTPOKHBIX
MUKpOJIETCINI U MUKPOIYIUTUKALIUNA 00YCIIOBICHBI MUKPOCTPYKTYPHBIMU abeppalusiMu
XPOMOCOM M XapaKTEpU3YIOTCS pa3HOHAPABICHHBIM U3MEHEHNEM KOIIMMHOCTU OJTHOTO U TOTO XKe
yuactka JIHK [Crespi B. et al., 2009]. N3yuenue nanHbix 3a001€BaHUi 1a€T BOZMOKHOCTh
MPOCJIEINTh, KaK BIUSET Ha (DEHOTHI MalMeHTa YBETMYCHNE WIIM YMEHbBIIICHUE YHUCIIa KON
OTIpe/IeNIEHHBIX T€HOB, U CeNIaTh IPEANOoI0KEeHNEe 00 UX POJIM B MATOI'€HE3€ XPOMOCOMHOTO
cuHapoma. MccnenoBanue ciryqaeB pelMIPOKHBIX MUKPOAEICIMA U MUKPOIYTUIUKALUH,
3aTparuBalOIINX €UHCTBEHHBIN T'€H, MO3BOJIAET J€TalbHEE U3YUUTh NATOT€HE3 TAHHBIX
COCTOSIHU .

B Hammx npeaBapUTeNbHBIX UCCIIEOBAHUAX NAMEHTOB C UANOMATHYECKUMHU
MHTEJUJIEKTYaJIbHBIMH PacCTpOCTBaMH OBLIO BBISIBIICHO J1BA CIIy4ast YHUKAJIbHBIX PEHUIPOKHBIX
XpPOMOCOMHBIX MyTaruii B peruione 3p26.3 [Kashevarova A.A. et al., 2014]. B o6mactu
MepecTPOUKH OBbLI JIOKATN30BaH €IUHCTBEHHBIN reH CNTNG, SKCIIPEeCCUPYIOIIUNCS
npeumyiiectBeHHO B [IHC u paccMarpuBaeMblii B HACTOSIIIEE BPEMS B KAYECTBE KaHIUIAaTHOTO
reHa JUIsl UHTEJUIEKTYyalIbHbIX HapYIIeHW, ayTh3Ma, CHHApoMa euiiiTa BHUMAaHUS U
TMIIEPAKTUBHOCTH, MU30(QpeHNH 1 OumnossipHoro paccrpoiicrsa [Oguro-Ando A. et al., 2017].
Hacrosee uccnenoBanue ObIJIO HATIPABICHO HA MOTHOTPAHCKPUIITOMHBINA aHATH3 YKCIIPECCUU
TeHOB B HelpoHax, TuddhepeHINPOBAHHBIX U3 UHIYLIUPOBAHHBIX ILTIOPUIIOTEHTHBIX CTBOJIOBBIX
kietok (MITICK) maneHToB ¢ MHTEUIEKTYyalIbHBIMUA PACCTPONCTBAMH M TYTUTMKAIIUCH U JIeeIueit
reHa CNTNG.

Martepunansl u meroasl. J[Be nuauu UIICK ot ogHoro nanuenta ¢ aymukanueit CNTN6, nse
muann UTICK ot manmenta ¢ aenenueit CNTN6 v tpu nuaun UTICK, nonydeHHbie OT IBYX
3I0POBBIX UHAMBHIOB C HOPMAJIbHBIM KapUOTHUIIOM, ObUTH JU((depeHIIUPOBaHbI B KOPTUKAJIbHBIE

Heliponsl. Beiienennas u3 nonydeHHsix HelipoHoB PHK Obuta ucnonb3oBana is
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MMOJTHOTPAHCKPUTITOMHOTO aHanu3a Ha Mukpouunax SurePrint G3 Human Gene Expression 8x60K
Microarray Kit (Agilent Technologies, CIIIA). IToy4deHHbIe pe3yabTaThl ObUTH HCTIOIB30BAHBI B
OnonH(pOPMAITMOHHOM aHAJIM3€e C UCIOIb30BaHKeM nakera limma [Ritchie et al., 2015] u ypoBHEM
3Hauumoctu (FDR) 0.05; ypoBHU 3KCIIpeccHU B CPaBHUBAEMBIX IPyNIIaxX OTIMYAINCh MUHUMYM B 2
pa3za. J{ns BeisABIIeHUS (QYHKIMOHAIBHBIX TPYIII F€HOB OBLI MPOBEACH aHAIN3 00OTaIlleHHs TEHOB C
nomoibio pecypca WEB-based GEne SeT AnaLysis Toolkit.

PesyabraTel. CpaBHEHNE ypPOBHEHN KCIIPECCUU T€HOB B rpymnne «aymmkanus CNTN6 — Hopmay
BbIIBIIIO 384 runep- u 3138 runoskcnpeccupyromuxcs reHoB. bbuio noka3zaHo, 4TO IPOAYKThI
TUIEPIKCIPECCUPYIOLINXCA TEHOB YYAaCTBYIOT B PErYJISILIUA CUCTEMHBIX IIPOLIECCOB, CEHCOPHOU
YyBCTBUTEIBHOCTH, I€TEKIIUM XUMUUYECKUX CTUMYJIOB, PETYJISALIUN YPOBHEHN JIMIONPOTEUHOB U
o0OpaTHOM TpaHcHopTe XonecreprHa. CHIKEeHHast SKcIpeccus Oblla XapaKTepHa JJIsl TeHOB,
MPOAYKTHI KOTOPBHIX BOBJICYEHBI B IPOIIECCHl BHYTPUKIIETOUHOTO TPAHCIIOPTA, KATa00IM3M
MakpomoJieky, npoueccudr PHK u opranuzanuio reHeTH4eckoro Marepuaia MUTOXOHIPUI.

CpaBHeHue ypoBHEi skcnpeccuu B rpymnmne «aenenuss CNTN6 — Hopmay BeIIBIIIO 338
rurep- U 803 runosKCIPECCHpYIOMUXCcs TeHa. AHAIN3 000TalleHUs TOKa3all, YTO MPOTYKThI
TUIEPIKCIPECCUPYIOINXCS TEHOB BOBJIEUEHBI B PETYIISALIUIO PEIUIMKAIIMA BUPYCHOTO T€HOMa,
peaky Ha BUPYCHYIO MHBA3UIO M OTBETA HA BHEIIHHE pa3apaxuTend. [IpogykTsl
TUIMO3KCIIPECCUPYIOIIUXCS TEHOB YYaCTBYIOT B Pa3BUTUU U (POPMUPOBAHNUN HEPBHON CUCTEMBI,
HelporeHese, reHepauuu 1 JuQGepeHIMPOBKE MPEIIIeCTBEHHUKOB HEHPOHOB, PEryIsaIU
KJICTOYHOTO CUTHAJUIMHTA M MOCTCUHANTUYECKOI0 MEMOPaHHOTO OTEHIIHAIA.

B xone paGoThl ObUIH BBISIBICHBI T€HBI, OIMHAKOBO U3MEHSIOIIUE CBOIO SKCIIPECCHIO KaK B
HeWpOHaxX ¢ AyIUTMKAIIMEH, TaKk U B HeHpoHax ¢ Aenenueit rena CNTNG (25 runiep- u 402
TUIO3KCIIPECCUPYIOIIUXCS TeHa). [IpoIyKThl THIEpIKCIIPECCUPYIOIIUXCS TEHOB YYacTBYIOT B
TaKuX OMOJIOTMYECKHUX Ipolieccax, Kak arperamus, akTuBaius u npoaudeparus T-KIeToxk,
MOJIOKUTEIIbHAS ey IMMYHHOTO OTBETa, (ParouTo3a v ypoBHEH JTUIONPOTEUHOB B IUIa3Me.
[TpoayKThl THIOAKCIPECCUPYIOIIMXCS T€HOB BOBJICYEHBI B CBsI3aHHBIE ¢ pazBuTueM [IHC
nporueccel. [IpumeuaTensHo, uTo skcnpeccust 51 reHa Oblia CHIKEHA B HEHpOHaX ¢ JeNeruei u
NOBBILIEHA B HeWpoHax ¢ aynnukauueid CNTNG. IIponyKThl JaHHBIX T€HOB Y4acTBYIOT B OTBETE Ha
CTEPOUIHBIE U TTTIOKOKOPTUKOUIHBIE TOPMOHBI, PETYIIMPYEMOM 3K30LIUTO3€, Pa3BUTHUH KOCTEM,
PEryNSINU KIETOUYHOM aare3uu U Karaboanu3Me JUIHI0B MEMOpaHbI.

BobiBoabl. Hannune MHOXKECTBEHHBIX (DEHOTUITMYECKUX MPOSBICHUH Y MAallUEHTOB C
XPOMOCOMHBIMU MYTallUsIMU B cyOocerMenTe 3p26.3, 3aTparuBaroIiiuMu 3KCIIPECCUPYIOIIUNCS B
rojioBHOM Mo3re reH CNTNG6, Ha poHE OTCYTCTBHUSI U3MEHEHUN KOMTUWHOCTH JAPYTUX TCHOB
YKa3bIBA€T Ha IJICHOTPOMHOE ACHCTBUE AJaHHOTO reHa. [IpuMedarenbHo, 4TO HapylIeHHE

konuitHocT CNTN6 BnusieT Ha U3MEHEHUE 3KCIPECCUU LIETIOr0 psaa Ipyrux reHoB,
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HEMOCPEJACTBEHHO HE BOBJICUEHHBIX B MepecTpoiKy. [Ipu 3TOM mpoayKThl JaHHBIX T€HOB
Y4acTBYIOT B KJIIFOUEBBIX JJISl Pa3BUTHUS MO3ra OMOJIOTMUECKHX Iponeccax. B nanpHeiimem,
npoBezieHue 0oJiee TIIATEIBHOTO aHAIN3a TOMOXKET CY3UTh KpyT I hepeHInanbHo
AKCIIPECCUPYIOIIUXCS T€HOB, YTO MTO3BOJIMT JETAIbHEE U3YUUTh MOJIEKYJIIPHBIE U KJIETOYHBIE
MEXaHHM3MBI [TATOTe€HEe3a JAHHBIX PELUIPOKHBIX CHHIPOMOB.

Pabota BeimonHeHa nmpu ¢puHancoBoi noanepxke rpanta PH® «Knerounsie n

MOJICKYJISIPHBIE MEXaHU3MBI TATOr'€HE3a XPOMOCOMHBIX Oosie3Hei» (Ne 14-15-00772).
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MN3YYEHUE BJIUAHUA KOAKTUBATOPOB TPAHCKPUIIINUN HA TPAHCITIOPT
MPHK HA MOJIEJIA SKJIU30H-UHAYIIUPYEMOM TPAHCKPUITIINA

Masuna M.FO."", Bopo6vesa H.E.!

b ['pynna qTuHaAMHUKH TpaHCKpUNUIMOHHBIX KoMIiekcoB, ®I'BYH Uncturyt 6nonoruu rena PAH,
r. Mockaa.

* - magadovam@yandex.ru

Panee B cBOeii paboTe MBI ONKCaI paHHE-TIO3JHUE TeHbI SKIU30HOBOTO Kackana DHR3 u Hr4 xak
yIOOHYIO MOJIETIbHYIO CUCTEMY JIJISl TPAHCKPHUIIIIMOHHBIX UCCIIEOBAHUM B KYJIbTYpE KJIETOK S2
npo3zoduisl [1]. C ucrnonp3oBaHUEM TaHHOK MOJENH It TepBbIX 20 MUHYT C MOMEHTA aKTHBAIIUH
TPAHCKPUIILIUKA Mbl U3YYWIN KUHETUKY TTpUBJIeYeHUsS 20 KOAKTUBATOPHBIX KOMIUIEKCOB Ha
IpOMOTOpPBI TeHOB DHR3 n Hr4, onpenenuiau KHHETUKY U3MEHEHUH, BHOCUMbBIX UMU B XpOMAaTHH,
Y OIICHWJIH BJIMSIHUE KOAKTHBATOPOB Ha CBs3BIBaHUE C MpoMoTopamMu DHR3/Hr4
dbochopummpoBanne PHK-nonmumepasst 11 [2]. [TossBnenne MPHK DHR3/Hr4 akTHUBUPYEMBIX TE€HOB
B IIUTOILIa3Me MTPOUCXONT B X0/1¢ O0Iee MO3HUX ATANOB aKTUBAIMU TPAHCKPUIIUH (>20 MUHYT C
MOMEHTa akTUBaluu). Tak Kak A1 HEKOTOPBIX KOAKTUBATOPOB TPAHCKPUIIIIUU U3BECTHO Y4acTHE B
Tpancnopte MPHK akTuBHpyeMbIX T€HOB B IMTOIUIa3MYy [3], HAC 3aMHTEpPECOBaja BO3MOKHOCTh
UCCIIEIOBaHMSI BIUSAHUSI KOAKTUBATOPOB TpaHCKpumuuu Ha TpancnopT MPHK akTuBrpyeMbix reHOB
Halle MOEIbHOM cucTeMbl. MBI IPOBEIM aKTUBALMIO TPaHCKpUNuu reHoB DHR3 v Hr4 Ha
¢done PHK-unTEpdepeHIINN KOAKTUBATOPOB TPAHCKPHUTIIIUH U BBIICIUIH SIIEPHYIO U
nurormiazMarnaeckyto MPHK no aktuBaumu u uepe3 30 u 60 MUHYT 1ociie akTUBaIlUU
TpaHckpunuuu 20-ruIpOKCUIKIN30HOM. Panee Mbl moKasanu, 4To GOJBIIMHCTBO U3Y4aeMbIX HAMU
KOAKTHUBATOPOB TPAHCKPUIILIMK BIUSIIOT HA YPOBEHb TPAHCKPHUIILIUUA MOJEIbHBIX T€HOB [2],
MOATOMY JJIS OLIEHKH BIUSHUSA KOaKkTUBaTopa Ha TpancnopT MPHK MbI cpaBHUBaNM COOTHOIIEHUE
MPHK nuromnna3zma/sapo B KOHTPOIBHBIX KJIeTKaxX U KieTkax ¢ HokayroMm (PHK-unTepdepennueii)
KOAKTHUBAaTOPOB. Mbl 00HAPYKUJIU, UTO BCE UCCIIEIOBAHHBIE KOAKTUBATOPHI TPAHCKPHUIILIMH B
Pa3IMYHON CTEeTIeHN HEOOXOUMBI Ik HopMaibHOTO TpaHcnopra MPHK akTuBUpyeMBbIX reHOB U3
aapa B uuroruiazMy. Hanbomnpiiee Biusinue Ha Tpancnopt MPHK (camxenune coorHomenus MPHK
nurortazMa/sapo depes 30 u 60 MUHYT TTOCIe aKTUBAIUK B 2 U 00Jiee pa3) MpoAeMOHCTPUPOBAIH
KOMIUTEKCHI, Moauduiupyromre xpomaTtut (Setl, DART1), n KOMIIIEKCHI, y4acTBYIOIINE B
anonranuu tpanckpunuuu (NELF, FS(1)h/Brd4, DSIF). B 6yayiiem Mbl IulaHupyeM MPOBEPUTH
OMHCaHHBIC JAHHBIE C UCTIOJb30BaHUEM anbTepHaTUBHBIX MeTo10B (PHK-FISH).

JlanHas pabota moanepxkana rpantom [Ipesuaenta PO aiis rocynapcTBEHHON TOAIEPIKKH

MOJ0ABIX KaHauaaToB Hayk MK-5803.2018.4.
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MouJiekyasipHble MEXaHU3MbI AKTUBALMU TPAHCKPUIIIIMU KIU30H-3ABUCUMbIX T€HOB
Ma3suna M.IO.I, KoBanenko E.B.l, MupoHoB I/I.I[.l, Huxomenko IO.B.Z, Kpacnos A.H.z,
Bopo6sesa H.E.'

' Tpynmna IMHAMUKK TPaHCKPUITIMOHHBIX KOMILIEKCOB, DeepanbHoe rocy1apcTBEHHOE OI0KETHOE
yupexkaenue Hayun Macturyt ouonorun reaa PAH, Mocksa, Poccus, 119334

* I'pyIiIia H3ydeHns CBSI3H TPaHCKpUIIIKH 1 Tpancropta MPHK, denepanbHoe rocy1apcTBEHHOS
OromKeTHOE yupexaenue Hayuu MHctutyT 6uosoruu redia PAH, Mocksa, Poccus, 119334

Anpec a1 KoppecnoHaeHIun: vorobyeva@genebiology.ru

MonekynsapHble MEXaHU3MbI aKTUBAIIUU TPAHCKPUIIIIUY 0 CUX MOP OCTAKOTCS HEAOCTATOYHO
MCCIICIOBAaHHBIMU I OOJIBIIMHCTBA TEHOB JIpo30¢uiibl. OOmIas 1einb UCCIeA0BaHUM HalIen
HAy4YHOU IpyNIBI SBISAETCS CO3/1aHUE AETaIbHONW AKCIIEPUMEHTAIbHOU MOJIEIHN aKTUBALIUU
TPAHCKPUIIIINH SKAU30H-3aBUCUMBIX TE€HOB. B MoienpHO# cucTeme, paspaboTaHHOM HaMu Jij1st S2
KJIETOK JIp030(HIIbI MBI OOHAPYKUJIH, YTO SKJU30H-3aBUCUMAs aKTUBAIUS MPECTABIIAET COOOM
COBOKYITHOCTb ITPOLIECCOB CTUMYJISILIMM 3TAallOB MHULIMALIUY U JIOHTallUd TPAaHCKPUIILIUN
(mexanu3msbl pekpyrupoBanusi PHK nomumepasst 11 n mexannsm nayssl PHK nonumepasst 11).
Hamu Obu1a onricana poJib psjia KOMILIEKCOB-KOAKTUBATOPOB TPAHCKPUIIIMK CHavasa JJis ABYX
MOJIETIbHBIX 3KJAM30H-3aBUCUMBIX T€HOB Ip030(UIIbl, a 3aTeM U AJIs APYTUX T€HOB. MbI
O0OHapYXHIIH, YTO 3KAU30H-3aBUCUMBIE TeHbl S2 KJIETOK, HE CMOTpPs Ha UX HEaKTUBHBIN CTaTycC,
HAXO/JATCSl B COCTOSTHUM BBICOKOM CTETIEHN TOTOBHOCTH K OyyIei TpaHCKpUIIKUU TeHoB. Mx
IIPOMOTOP U APYTHE PETYIATOPHBIE JIEMEHTBI COAEPKAT 3HAUUTEIBHOE KOJIMUYECTBO BCEX
HCCIEA0BAHHBIX HAMU KOAKTUBATOPOB B HEAKTUBHOM COCTOSIHMM T'€HA. AKTHBALUs TPAHCKPUIILIUA
MPUBOJUT K HE3HAUUTEILHOMY POCTY YPOBHSI CBSI3bIBAHUS OOJIBIIMHCTBA KOAKTUBATOPOB C
PETYIATOPHBIMH 3JIEMEHTAMH 3KIU30H-3aBUCUMBIX T'€HOB. YacTh NOJYyYEHHBIX HAMH PE3YJIbTAaTOB
ObUIa IOATBEPXKICHA B SKCIICPUMEHTAX HA YPOBHE OpraHu3Ma (B CpPaBHUTEIbHBIX UCCIIECAOBAHUIX
Pa3IMYHbIX CTaAUN pa3BUTUA Apo30¢uiibl). OKa3anock, YTO IKIU30H-3aBUCUMBIE T€HBI B IIPOIECCe
pPa3BUTHS TaKKeE, KaK U B S2 KJIETKaX MPOJOJIKAIOT aKTUBHO MCIOBb30BaTh MexaHu3M nay3bl PHK
nosmmmepassl 11 1 ceoelt perymsinuu. Mx aktuBanus Ha CTagusax pa3BUTHsL, COIIPOBOKIAIOIIUXCS
IIMKOM DKAM30HA, IPOTEKAET HE 3a CUET CTUMYJISALIUN PEKPYTUPOBAHUS JOINOJHUTEIBHOTO
konumyecTBa PHK nmonmumepasst 1, a 3a cuer ctumynsmum ¢hochopuiinpoBaHusi COOTBETCTBYIOIIETO
(dbepmenTa. MuI cBsi3bIBaeM JaHHBIN 3G (EKT ¢ 0000 POJIBIO IKIU30HOBBIX TEHOB B PA3BUTHH.
JIeCTBUTENBHO, JaHHBIE T€Hbl MHOTOKPAaTHO aKTUBHUPYIOTCS U PETIPECCUPYIOTCS B IPOLIECCE
oHtoreHnesza. Mexanusm nayssl PHK nonumepasst 11 no-suaumMomy sBIs€TCS NPeaIOYTUTEIBHBIM
THTIOM PETYJSIIIUU TEHOB 1Mo100HoT0 TUMa. JlaHHas padoTa Oblia moaaepxkana rpantom POOU
Ne17-04-01713, pabora Maszunoit M.1O. 6s11a mogaepsxana rparoM [pesunenra PO mis momoasix

ka"auaaroB Hayk MK-5803.2018.4.
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Bo3sneiicTrBue maJjioro 6eska tenaooro moka Hsp67Bc¢ na npucnocodsennocts Drosophila
melanogaster B HOpMAJIbHBIX H CTPECCOBBIX YCJIOBHUSIX

Manbkeesa J[.A., ®énoposa C.A., Kucenesa E.B.

NIul" CO PAH, r. HoBocubupck

benku TeroBoro moxka (HSP) — knacc 6enkoB, skcnpeccust KOTOPBIX, KaK MPaBHIIO, YCUIIUBACTCS
IIPpU BO3ACHWCTBUH HA OPTaHU3M CTPECCOBBIX (PAKTOPOB, U OCHOBHBIMH (DYHKITUSIMH KOTOPBIX
SABIISIOTCS (POJNIUHT OETIKOB, MPEJOTBPAICHUE UX arperaly U yCTpaHeHHe OEJIKOB ¢
HeTpaBUIbHON KoH(popMaIme u ux arperatoB. HSP npucyTcTBYIOT y BCeX JKMBBIX OPTaHU3MOB H
HEOOXOIUMBI JUIsI TOJIEPKaHUs UX KU3HECTIOCOOHOCTH KaK B CTPECCOBBIX, TAK M B HOPMAJIbHBIX
yclIoBUSAX OKpyskaromei cpensl. Hsp67Bc otHocuTes k cemelictBy manbix HSP, ocHoBHOM
(byHKIHEH KOTOPBIX SIBJISETCS MPEIOTBPAILEHHE arperaluy MOBPEXAEHHBIX OCIKOB IS UX
nocnenytomero Gonauara apyrumu HSP. Hsp67Bc siBnsieTcst G yHKIIMOHAIBHBIM OPTOJIOTOM
HSPBS& yenoseka u yuactByeT B mporiecce makpoayrodaruu (Carra et al., 2010). ITo cpaBHeHut0 ¢
takumu ManbiMu HSP kak Hsp22 u Hsp27 6enok Hsp67Bc octaércst Mano u3y4eHHbIM, U €T0
JalbHENIIIee UCCIeI0BaHUE TIPECTABIIsECT OONBIION HHTEPEC.

[TocpencTBoM HETOYHOTO BhIpe3aHUs P-371eMeHTa U3 00JacTH MpoMoTopa reHa asp67Bc
HaMHu ObliIa TToTydeHa JIMHUS D. melanogaster ¢ IOUTH TOJTHOU JieeIeit 3Toro reHa. Y
MOJIyYEHHBIX MyX HaOII0anoch 60see pe3koe CHUKEHHE TUI0I0BUTOCTH B HOPMAJIbHBIX YCIIOBUSAX
(25 °C) n npu nosslieHHON Temnepatype (29 °C) no cpaBHEHHIO ¢ KOHTPOJIbHON JIMHUEH
(D. melanogaster, moy4eHHBIX U3 TOU K€ JINHUU MYX C P-3JIEMEHTOM, Y KOTOPBIX B IIPOLIECCE €T
BbIpe3aHus coceanue ydyactku JJHK ue Obimu 3atponyThI). Tak, 4-THEBHBIE CAMKH C JCJICIHCH
hsp67Bc B HOpMaJIbHBIX YCIOBHUSX OTKIIABIBANIU B CpeHeM 1o 13,2 siiiia B CyTKH, TOTAA KaK s
KOHTPOJISl 3TO 3HaYEHUE COCTaBIsLIO 17,2 sifiia/cyT; yepe3 3 Helenu 3TH 3HaYEHUsI COCTaBHIN 2,9 1
12,6 sitiia/cyT, COOTBETCTBEHHO. TakuM 00pa3oMm, III0JTOBUTOCTh CAMOK, HE DKCIIPECCHPYIOIINX
hsp67Bc, cHU3MIIACh 3a 3TO BpeMs B 4,5 pa3a, a KOHTPOJBHBIX MyX — B MeHee ueM 1,4 pa3za. [1pu
29 °C mIog0BUTOCTh CAMOK 3a 2 HEJIeNH ¢ Jeneuel CHU3uIach ¢ 16,4 sifna/cyt y 4-THEBHBIX MyX
1o 1,6 (mpumepHo B 10 pa3), B To Bpems kKak y KoHTpods — ¢ 22,0 1o 6,4 (MeHee ueMm B 3,5 pasa).
[Tpu 3TOM MPOAOHKUTEIBHOCTD KU3HHU MYX C Jiefieniuel Asp67Bc Obla JOCTOBEPHO BBIIIE, YEM Y
KoHTpoJid. [Ipu nmoBeIlIeHHO# TeMiiepatype oHa coctaBmiia 30,9+6,4 nHs y camok u 28,4+5,6 nuA y
CaMIIOB C JeJIeUeN M0 CPaBHEHUIO € 23,6+8,7 THA y KOHTPOJIbHBIX caMoK U 18,4+6,0 nus y
camioB (p<2,7x107 st camok 1 p<2,8x10™" s camioB). B HOPMANBHBIX YCTOBHAX
MIPOJIOJKUTEIIBHOCTD KU3HU CaMOK ¢ Jienerueit Asp67Bc coctaBuna 64,3+14,3 nHsi, camIioB —
66,3+12,0 nHs, TOr1a Kak B KOHTPOJIE 3TH 3HaUYeHUs cocTaBwin 46,9+13,7 u 46,6+9,8 nus,

COOTBETCTBEHHO (p<1,4xlO'10 JUISL CaMOK U p<1.7xlO'17 i caMioB). Hamu taxoke Ob110
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MIPOBEACHO MCCIIEA0BAaHNE BEDKUBAEMOCTH MYX B YCIIOBUSIX OKHCIUTEIHLHOTO CTpecca (Ha KOpMe,
conepxkariem 3% nepokcuna Bogopoaa). Y D. melanogaster ¢ nenenueit HabMoaanach yCTOWYNBAst
TEHCHIIHSI K CHIDKEHUIO MTPOJIOJHKUTEIFHOCTH KHU3HU 110 CPABHEHUIO C KOHTPOJIBHON JIMHUCH:
2,240,6 nus no cpaBHeHuto ¢ 2,6+0,8 nHs.

Takum 06pa3om, OTCYTCTBHE T€HA, KOJUPYIOIIETO Majblid 0e10K TeruioBoro moka Hsp67Bc,
yIIy4IIaeT MPUCIIOCOOIEHHOCTh MyX D. melanogaster B yCIOBUAX MATKHX MPOIOJDKUTEITBHBIX
(U3HOIOTHYECKHUX CTPECCOB, HO YCHIIMBAET UX YYBCTBUTEIBLHOCTh K OCTPBIM CTPECCOBBIM

BO3JEUCTBUAM.

Carra S., Boncoraglio A., Kanon B., Brunsting J. F., Minoia M., Rana A., Vos M. J., Seidel K.,
Sibon O. C., Kampinga H. H. 2010. Identification of the Drosophila ortholog of HSPBS:
implication of HSPBS loss of function in protein folding diseases. J. Biol. Chem. 285 : 37
811—37 822.
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COXPAHEHUWE 'EHOB CIIEPMATOT'EHE3A 1 OCOBEHHOCTH MENO3A

Y CJIEITYIIOHOK (ELLOBIUS, RODENTIA), YTPATUBIIUX Y XPOMOCOMY
Mameeesckuii C.H.', Koromuey O.JI. ", Bozdanos A.C.7, Axeeposan M.P. y baknywunckas /808
MALE-SPECIFIC GENES RESCUE AND FEATURES OF MEIOSIS IN MOLE VOLES
(ELLOBIUS, RODENTIA) LACKING A Y CHROMOSOME

Matveevsky S., Kolomiets O., Bogdanov A., Hakhverdyan M., Bakloushinskaya I.

1I/IH(:THTyT o61rei reneruk uM H .M. Basunosa PAH, r. Mocksa

2I/IH(:THTyT 6uonoruu pazsutus uMm H.K. Konsuosa PAH, r. Mocksa

*National Veterinary Institute, Uppsala, Sweden

irina.bakl@gmail.com

ITonoBeie xpomocoMmsl cienymonok Ellobius qeMoHCTpupyIOT HEOOBIYaHO IIMPOKHMA 1151
MJIEKOITUTAIONIMX CIEKTP SBOJTIONHOHHBIX H3MEHeHM: kinaccuueckue XY / XX Q; arunmuunbie
X043 / X0Q, u yHMKaNbHbIE, U3BECTHBIE TOJIBKO VIS CIeNymoHoK XXJ / XX Q. dna
PEKOHCTPYKIIMH BOJIIOIMOHHON ucTopuu poaa Ellobius 6butn poaHanu3upoBaHbl 0COOEHHOCTH
MTOBE/ICHUS MOJIOBBIX XPOMOCOM B M€H03€ U OTCEKBEHHPOBAHBI ()parMeHTHI TeHa Sy (sex-
determining region Y), rena (akropa criepMaTroroHuanbHol nponudepanuu Eif2s3y,
HAXOJSIIETOCs Y MPOYMX BUIOB MIIEKOMUTAIONIUX HA Y XPOMOCOME, a TAK)KE €ro TOMOJIOTa,
pacmnoox)eHHoro Ha X xpoMmocome Eif2s3x, A BCeX MSTH BUIOB poaa. B cOOTBETCTBUM C
npenpaymuMu uccnenoBanusmu (Just et al., 1995; Mulugeta et al., 2016) Hamu He OBLIO BBISBICHO
Kakou-1m00 Sry-mo00HOH OCIIeI0BAaTEILHOCTH JIJIsl CAMIIOB M CAMOK BCEX BHJIOB, yTPATUBIINX Y
xpomocomy: E. lutescens, E. tancrei, E. talpinus u 1151 He 3ydeHHBIX paHee E. alaicus. Bnepsbie
MOKa3aHO HaJN4Yne BBICOKOKOHCepBaTUBHOTO pparmMenta (HMG box) rena Sry He TOIBKO y
camIlOB, HO U y caMOK E. fuscocapillus. Kopotkue ¢pparmentst HMG box (138 m.H.) oOHapyx)eHbI
BO BCEX MCCIIEIOBAHHBIX o0Opasnax E. fuscocapillus 3a UICKIIOUEHUEM OJTHOU CaMKH; (hparMeHThI
oompieit ayuabl (203 m.H.), T.€. moHbIE HMG box, BeIsiBIIeH y npyroit camku. [To-Buagumomy, Sry
MPEJICTABJICH B TEHOME U CaMIIOB, M CAMOK TOTO BUa HECKOJIBKUMHU KOMHSIMH H, BOZMOXKHO,
neperies B COCTOsIHUE TiceBioreHa. Panee 6b110 Tokas3aHo, uTo E. fuscocapillus, e TMHCTBEHHBIH
BU/I CIICTTYILIOHOK, COXPaHUBIIMKA Y XpOMOCOMY, UMEET I'eH S7y TOJIBKO y CaMIOB, YTO XapaKTepHO
JUTst OOBITMHCTBA BUOB MitekonuTatomux (Just et al., 1995). Ilo-Bunumomy, Toraa B aHaIM3e
OBLTH MCIIOJI30BAaHBI 00PA3Ilbl CAMKH, HE UMEBIIIEH B TeHOME Komuu 3Toro rera. Cys 1Mo HammMm
JTAHHBIM TI0 U3MEHYUBOCTH I'eHa S7y U JIaHHBIM 110 TN B CTPYKTYpe dHXaHcepa reHa Sox9 y E.
fuscocapillus (Bagheri-Fam et al., 2012), 06a rena, sBIstommecs KJIOYEBBIMU TSI I€TEPMUHAIINN
oJIa y TUTAIICHTApHBIX, MOTYT OBITh HE QYHKITMOHANBHBIMU Y E. fuscocapillus. Jlyist rena akTopa

CIiepMaTOrOHHANLHOU nponudepanuu Eif2s3y u ero romomnora Eif2s3x HaMu He ObLTO BBISIBICHO
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pasauyuuii Ui CaMIIOB U CaMOK OJTHOTO BHJIa, HO MTOKa3aHbl MEKBUJIOBBIE PA3IUYUSL.
PexoHCcTpyKIHs GUIOTEeHETHIECKUX OTHOIIEHUH TISATH BUIOB CIENYIIOHOK poja Ellobius meTomom
0aifecOBCKOI OLIEHKH 0OpaTHOW BEPOSITHOCTH IO TAHHBIM CEKBEHHPOBAHUS ()parMeHTa reHa
Eif2s3y moka3piBaeT XOpOIIYIO MOAEPKKY BETBICHUS ISl BCeX BHIIOB poaa Ellobius ¢ 4eTkum
pasz/esieHreM Ha JiBa KJlacTepa, COOTBETCTBYIOIIUX COBPEMEHHBIM NOApoaaM. MblI Mpearnoiaraem,
9710 Y XpoMocoMa Obljia MoTepsiHa CACMYIIOHKAMHU JIBaXK/Ibl, HE3aBUCUMO B ojipojiax Bramus u
Ellobius, a He y o011ero npejka Bcex BHJIOB CICMYIIOHOK, Kak nojaraioT Mulugeta et al. (2016);
€IMHCTBEHHBIM OOIIMM JUI BCEX CIEMYIIOHOK COOBITHEM OblLia AENeIs B CTPYKTYpe JHXaHCEPa
reHa Sox9. [locme 3Toro B oHO# 3BoONMOHHON BeTBH (1moApo Ellobius) mpousomia
TpaHciokaius pparmenta Y XpoMocoMbI 6€3 TeHa Sry, 3aTeM Y XpomMocoMa Obliia yTpadeHa, a X
XpoMocoma — AYTUTHIIpOBaHa. B HacTosiee Bpems y BUIIOB 3TOU BETBH, T.€. V E. talpinus, E.
tancrei u E. alaicus, HabmogaeTcst MONHBIA cuHancuc XX XpoMOCOM B MeH03€ CaMOK M YaCTUYHBIH
—y cammioB. B monpone Bramus ¢parmenT Y XpoMOCOMEBI C TEHOM S7y OB AYTUTUIIUPOBAH U
TPaHCIOUHUPOBAH HA X XPOMOCOMY, 3TO MOATBEPKIAETCA HATMUYUEM TeHa Sry y caMoK E.
fuscocapillus. Bo3MoxHO, 94TO y BTOpOro BuAa noapoaa Bramus, E. lutescens,
TPaAHCIOIMPOBAHHBIN (hparMeHT ObLT MEHBIIIE, U HE COAepKal TeHa Sry, B pe3ysbTare mocie
yTpaThl Y XpOMOCOMBI B TEHOME CaMOK M CaMLIOB OOHApYKeHbI JINIIb Apyrue Tensl (Eif2s3y,
Usp9y, Ssty), 06p1dHO JToKaM30BaHHbIE HA Y xpoMmocome (Mulugeta et al., 2016, Matveevsky et al.,
2017). HezaBucumocCTbh EpeCTPOEK MOJIOBBIX XPOMOCOM Y CIEMYIIOHOK OATBEPKIAIOT U
ornucaHHbIe paHee paznuuus mopdonorun X xpomocoM (Kolomiets et al., 1991).
CyOmeTtanienTpuaeckue X XxpoMocomsl E. fuscocapillus u E. lutescens oTnnyarorcs mo pucynky G-
band kak Mexay coO0M, Tak U OT aKPOIIEHTpUUECKHX X XpoMocoM E. tancrei, E. talpinus n E.
alaicus. B oTnuaue OT IpyruXx BUJOB MIIEKOITUTAIONINX, MOIOBEIE XY XpoMocoMbl E. fuscocapillus
MPeTEepIIeBAIOT paHHUN MOJIHBIN ecHHarcuc Bo Bpems npodassl . Y E. lutescens, B 3Urotexe-
MaXUTEHE OCEBBIE DJIEMEHTHI YTONIIIAIOTCS U Ha €MMHCTBEHHONW X XpoMocoMme (hopMHUpyIOTCS
UIMWIBKY, B KOTOPBIX BUAHBI YYACTKHU, CXO/HBIE 110 CTPYKTYPE C CUHANITOHEMHBIM KOMILIEKCOM. Y
CaMIIOB BCEX BHUJIOB CIIEMYIIOHOK B Ipodasze meio3a | popmupyroTcs nojgoBbIe TENbLA,
XapaKTepHBIC A MIICKOMUTAIOIINX.

Bo3nukHOBeHME BUAOCTIEIIMPUICCKUX OCOOEHHOCTEH Meii03a, KaKk MbI IT0JIaraeM, CTajio
OJITHUM U3 KITIOYEBBIX COOBITUI HBOJIIOLIUHU CIIEMYIIOHOK, TEHOM KOTOPBIX MOJIBEPKEH
JeCTa0MITH3aIUH H3-3a 3HAYUTEIHbHOW N3MEHUYUBOCTH MOJIOBBIX XPOMOCOM, T€HOB JIETEPMUHAIIUU
110J1a U AyTOCOM.

Pabota wactnuno noxnepskana rpantamu POOU Ne 17-04-00618 u Ne 15-29-02649.
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beaku CP60 u BEAF noaseprarorcst nocrrpancaasunonion SUMO-moandukanumn
JI.C. MensaukoBa, A.K. I'omosamu, M.B. Koctiouenko, B.B. Monoaguna
DedepanvHoe cocyoapcmeenHoe 6100xcemHoe yupescoenue Hayku Unemumym ouonoeuu 2ena

Poccuiickoii akademuu nayx (MBI" PAH), 119334, 2. Mockea, yi. Basunosa, 0.34/5

B renome Drosophila melanogaster 6enku CP60 u BEAF wacTo o6Hapy»XHMBaroTCsl Ha TpaHUIIAX
TPAHCKPHUIIIMOHHBIX JOMEHOB. OfHaKO B HAacTosIee BpeMs pyHKIMOHATIbHAsA poiib 6ernkoB CP60
u BEAF ¢aktuyecku He onucana. OueHb Majio U3BECTHO 00 UX OEJIKOBBIX MapTHEPAX U
MPAKTUYECKH HET JAHHBIX O MEXaHU3ME U 3HAYCHUU UX MOCTTPAHCISIIMOHHOM MOAU(DUKAIIH.

[ToctrrpancnauronHas MoauduKkanys 0eJIKoB Heo0X0IuMa ISl YCIEUTHOTO MPOTEKAHUS
MHOTHX KJIETOUHBIX MpoteccoB. OHa perynupyeT QpyHKIUN OeIKOB, H3MEHSA UX CIOCOOHOCTh
CBSI3BIBATHCS C IPYTUMU O€IKaMH WM BIIHSISI HA MX CTa0MIBHOCTh M BHYTPUKJIETOUHYIO
nokanuzanuio. KopanentHas Moaudukanus 0eKoB sSBIsSETCS ObICTPBIM U YHEPTETHYECKU
BBITOJHBIM MEXaHU3MOM OOpaTUMOTro M3MeHeHus: GyHkIuu Oenka. Cpeau 3yKapruoT IHIHPOKO
pacmpocTpaHeHa MOCTTPAHCISAIMOHHAs MoaudUKayu OeIKoB-cyOCTpaToB OeNnKamu,
OTHOCSALIMMHUCS K ceMelcTBY youkButuHa. HenaBno 0bu1H oTKpbITH Oesikn SUMO (ot Small
Ubiquitin like Modifier), KOTOpbIE TaKXe Y4aCTBYIOT B IIOCTTPAHCISIITUOHHON MOAU(DUKAITIT
oenkoB. Baxneimmmu saepapiMu cyoctpatamu it SUMO-Moaudukaimm (CyMOJIMpPOBaHUS )
SBIISIIOTCS] TPAHCKPUTIIIMOHHBIE (PAKTOPBHI.

Panee 6b110 10Ka3aHO, 4TO BKIItoueHHE O6enka Mod(mdg4)-67.2 B cocTaB «MHCYISATOPHBIX
TeJel» — BHYTPUSACPHBIX CKOoIuieHHui 6enkoB Su(Hw)-3aBHCHUMOro HHCYJISTOPHOTO KOMILIEKCA —
MOJIHOCTHIO 3aBUCUT OT IPOIECCa €ro CYMOJIMPOBAHUS, a KIIFOUEBYIO pOJib B 00pa30BaHUU
«MHCYJSITOPHBIX Tenely urpaet o6eixoxk CP190.

[TpoBenénubiii HaMu aHanu3 pacupeneneHus 6enkoB CP60 u BEAF B S2 kierkax mokasad,
yTO Kak 1 6enku Su(Hw)-3aBUCHMMOT0 HHCYISTOPHOTO KOMILUIEKCA, OHU 00pa3yIoT JTUCKPETHBIS
CKOIUICHHUS BHYTpH sifipa. Takue CKOMIEeHUS YaCTUYHO, HO HE MOJHOCTHIO, KOJIOKAIU3YIOTCS C
6enxom CP190, MapKupyrOImUM «MHCYIATOPHBIE TebIa». MBI IPEANOI0KHUIHI, YTO, KaK U OCITKU
Su(Hw)-uncynaropa, CP60 u BEAF MoryT npuBiekatbcs B COCTaB PETYJISTOPHBIX KOMILIEKCOB
MOCPEACTBOM CYMOJIHPOBAHUSI.

J1y1st mpoBEPKH 3TOTO MPEANOIOKEHUS B IpoxokeBoi nByrudpuaHoit cucteme ([J1C) mbr
nporectupoBanu B3aumoeictaue 6eaxoB CP60 u BEAF ¢ 6enxom Ubc9, E2-nurazoi,
ocymectBistoniel nepesoc SUMO k neneBomy 6enky. Mol mokasanu, uro 0enku CP60 u BEAF
CIIOCOOHBI HAMPSIMYIO B3anMoielicTBOBaTh ¢ 0eakom Ubc9. s B3aumonerictBust 6enka BEAF ¢
oemnxom Ubc9 nHeoOxoanma nocnenoatenibHOCT BEAF ot 200 mo 280 ak. J{mst ocymiecTBiaeHus

B3auMoieicTBua Mex 1y 6enkamu CP60 u Ubc9 nHeoOxoauma nocnenosarenbHocTs CP60 ot 420
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10 440 ak. /lanee ¢ moMoIp10 METOA0B OMOMH(DOPMATHKH B COCTaBE aMHUHOKHUCIIOTHBIX
nocienosarenbHocTeil 6eakoB CP60 u BEAF, HeoOX0aUMBIX IJI MX B3aUMOJEHCTBUS C OCIKOM
Ubc9, O6bu1r HaliIeHBI OT/IETbHBIE KOHCEHCYCHBIE TIOCTIEI0BATEIBHOCTH, OTM3KHE TI0 CTPYKTYPE K
KaHOHMYECKUM CalTaM CyMOJUPOBaHUS. 3aT€M Mbl CO3/1aTH KOHCTPYKIIMU C TOYECUHBIMU
MYTalMsIMU B 3TUX MOCJIEIOBATENBHOCTSAX, U ¢ moMonisto JIJIC nokaszanu ux poib BO
B3auMoeicTBuu ¢ 6enkom Ubc9. Kpome Toro, okazanock, 9To MyTalli B KOHCEHCYCHBIX CalTax
CYMOJIMPOBAHMS MPUBOIST K YaCTHUHOM moTepe criocooHoctu 6enkoB CP60 u BEAF
JTUMEPHU30BATHCS.

Taxum oOpa3oM, HamH BIEpPBbIE MOITYYEHBI IPUHIUIINATHHO HOBBIE TAHHBIE O MEXaHU3ME

npsimoro B3aumoaeicteust 6enkoB CP60 u BEAF ¢ 6enxom UbcY, T.e. 0 BO3MOKHOCTH
noctTpancianuonHoi Mmoaudukamu 6enkoB CP60 u BEAF 6enkamu SUMO.
Mer nipeamnonaraem, 9to ¢ nomomibio SUMO-konbtoranuu 6enku CP60 u BEAF moryt
BKJIIOUATHCS B COCTAB BHYTPUSIEPHBIX OEIKOBBIX KOHITIOMEPATOB — «CIEKJIOBY. B criekiax
MIPOMCXOIUT MpeABapuTeIbHas cOOpKa PETyIATOPHBIX KOMILJIEKCOB, B pa0OTE KOTOPBIX Y4aCTBYIOT
CP60 u BEAF. U yxe B TakoM NIpeacCOMMPOBAHHOM COCTOSIHUM B ONPECIEHHOM TKaHU U Ha
HY>KHOH CTaJiM pa3BUTHA OCIKOBBIA KOMILJIEKC MpHUBIIEKaeTcs Ha cienuduunbie caiitel JJHK.

Paboma svinonnena npu gpunancosoii noooepoicke epanma PODU — npoexm Ne 16-04-

00580-a.

Proteins CP60 and BEAF are posttranslationally modified by SUMO protein
Melnikova L.S., Golovnin A K., Kostyuchenko M.V., Molodina V.V.
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JAuHaAMHKa HECTA0OMJIBHOCTH KOJIbLEBBIX XPOMOCOM IIPH PENpOorpaMMHUPOBAHUH
COMATHYECKUX KJIETOK

Huxutnna T.B.l, Bacunbes C.A. 1’2, Pacnormosa M. A. 3, Men3zopoB A.F.4’5, KameBaposa A.A. 1’2,
Xabaposa A.A.*, Ipumuma MM. *, Sxosnesa 10.C. ', Jle6enes U.H.'”

' HuM meaunuHcKor reaetuku, Tomckuii HUMI, r. Tomck

? _ HaroHaIbHBIH HCCIIE0BATEIbCKHT TOMCKHIA rOCyIapCTBEHHBI YHUBEPCUTET, T. TOMCK
- Cubupckuii rocy1apcTBEHHBIM METUITMHCKUI YHUBEPCHTET, T. ToMCK

* — dUI] Wucturyt nuronoruu u reaetuku CO PAH, HoBocuOupck

> — HoBOCHOHMPCKHIT roCyIapcTBeHHEIH yHuBepcuTet, HOBOCHOHpCK

BBeaenue. Bo3Hukaromue B pe3ysibTaTe CIUSHUS ABYX KOHLIOB OJJHOW XPOMOCOMBI KOJIBIIEBBIE
XPOMOCOMBI XapaKTepU3yIOTCS MOBBIIIEHHOW MUTOTHYECKONW HECTAOMIBHOCTBIO, CTETIEHb KOTOPOI
3aBHCHUT OT pa3zMepa XpOMOCOMBI, FTEHHOT'O COCTaBa JEJIELIUPOBAHHOIO PETHOHA U CTPYKTYPHI
(mocenoBaTeNIbHOCTH) CAlTOB pa3pbiBa. IHAYIIMpOBaHHBIE UTIOPUIIOTEHTHBIE CTBOJIOBBIE KIETKH
(UIICK) oTnuuaroTcsi CHUKEHHBIM [TOPOTOM Hepexo/1a K anonTo3y Wik 1udepeHnpoBKe MPU
HapYIIEHHUSIX [[eIOCTHOCTH I'eHOMA, CI1a00CThI0 MUTOTHYECKIX KOHTPOJIBHBIX TOUYEK U pernapanueit
JBYLIETIOYEYHBIX Pa3pbIBOB MPEUMYIIECTBEHHO [0 MEXaHU3MY T'OMOJIOTHYHON PEKOMOUHAIIIH.
Coueranue 3TUX 0COOEHHOCTEH MOXKET IPUBOJUTH K MOBBIIICHHON HECTAOMIIBHOCTH HACJIeI0BaHUS
KOJIBLIEBBIX XPOMOCOM B psify KieTouHblx nokosiaeHuit B UIICK, nosToMmy 1enpto JaHHOTO
UCCIIeI0BaHMs OBLJIO OLEHUTH cTabmnbHOCTh KaproTuroB B TuHUIX UIICK ¢ konbLeBoit
XPOMOCOMOM.

Marepuana u MeToabl. MaTepuaaoM UCCIE0BAHUS MOCTYXUIH (UOPOOIacThl AIMEHTa C
kapuotunom 46,XY(r13) u nonyuennsie u3 Hux mects Juauit UTICK. PenporpammupoBanue
OCYILECTBIISUIA ITyTEM 3K30T€HHOH dKCIpeccuy TpaHCKpUNIMOoHHBIX (hakropoB KLF4, OCT4,
SOX2 u c-MYC uenoBeka ¢ UCMOJb30BAHUEM JIEHTUBUPYCHBIX BEKTOpOB LeGO. B kauecTe
¢dunepa npu BeipammBanuu UIICK ncmnonp3oBanym "HAKTUBUPOBAHHBIC YMOPHOHAIILHEIE
¢ubpoOIacTsl MBIIIM, MPUMEHSIN MEXaHUYECKOe naccupoBanue. Kapuorun xinerox
ycraHaBiuBaiu npu ctangaptHoM GTG-ananuse, a Takke ¢ MOMOIIBIO MeTaa3zHOU 1
nnatepdaznoit FISH ¢ nearpomepocnenuduyaabiv 30810M 13/21 1 30HA0M Ha TUCTATBHYIO YacTh
JUTHHHOTO TuIeua Xpomocombl 13 (13q34), maxoasmumcs B obmactu aenenun (RP11-569D9).
PesyabTathl. B pubpobinactax Obl1 0OHApYKEH 3HAYUTEIBHBIN M0 YaCTOTE KJIOH KJIETOK C
MoHocoMuel o xpomocome 13 (38-54% kiieTok Ha pa3HbIX Maccaxax). JJMCOMHbIE KIIETKU
coctaBisuin 62-45% (o nanusiM uaTepdasHoi FISH), ognako MetadasHblil aHamU3 MO3BOINI
YCTaHOBUTB, 4TO OT 8% 110 31% TakuX KJIETOK HECIIM HE KOJIBLEBYIO XpPOMOCOMY, a €€ AepuBaT —

HEOOJIBIION IIEHTPOMEPHBIN (PparMeHT (MapKEPHYIO XPOMOCOMY).

147



Kapuotunsl mectu nonydennsix aunuid MTICK okazanucek Becbma pa3ninyHbIMU. B nuHun
1TAF6rc4 npeoGnanany KJIETKH ¢ MapKepHO XpoMocoMoii (86-46%), yacToTa KIIETOK C
KoJbleBo 13 BapbupoBana ot 5% 10 44% Ha pa3HbIX MMacca)xax, ¢ HE3HAYUTEIbHBIM
CoJIep>KaHUEM MOHOCOMHBIX KIIeToK (MeHee 9%). Jlunus iTAF6rc6 na 13 u 17 maccaxkax cocrosiia
MIPEUMYIIIECTBEHHO U3 KJIETOK ¢ KoyblieBor Xxpomocomoit 13 (80-88%) u KI€TOK ¢ KapuOTUIIOM
45,XY,-13 B kauecTBE MUHOPHOTO KJIacca, MApKEPHBIE XPOMOCOMBI B ATOM JIMHUU HE ObLIN
obHapyxkeHbl. 95% knetok u3 auHuM iTAF6rel3 Ha 11 maccaxke HeCIM MapKEPHYIO XPOMOCOMY —
JEepUBAT XPOMOCOMBI 13 — Mpu MOJTHOM OTCYTCTBHU KJIeTOK ¢ r(13). YuuThiBast KJIOHAIbHOE
npoucxoxaeHue aunuid UI1CK, Bo3MOxkHO, JaHHAS JIMHUS TPOU301IIA OT UCXOIHOM KIIETKHU C
MapKepHOH XpOMOCOMOH, OO parMeHTaI|s KOIbIIEBOH XPOMOCOMBI UMEJIa MECTO B MPOIIECCE
penporpaMMHUpPOBAaHUS WK Ha paHHUX naccakax. B munum iTAF6rc23 na 6 u 14 maccaxax
npeo0iagany KIETKU ¢ KOJbIeBO xpoMocoMoit 13 (65-82%), kiteTku ¢ MapKepHOU XpOMOCOMOM
3apeTUCTPUPOBAHBI TOJIBKO HAa paHHUX naccakax. Jlmaus 1ITAF6rc25 na 3 u 7 maccaxax
OTJINYaIach HU3KOM YACTOTOM KJIETOK C KOJIBIIEBOW XPOMOCOMOM, MPe0OIaaaroNuMy ObLITH KIETKH
¢ kapuotunamu 46,XY,-13,+mar u 45,XY,-13, Ha 13 naccaxe KJIETKU C KOJbLEBOH XPOMOCOMOU
He 3apeructpupoBanbl. B muaun iTAF6rc36 60IbIIMHCTBO COAEPKAIO MAPKEPHYIO XPOMOCOMY
(58%), nanee mo yacToTe BCTPEYAEMOCTH IIIJIM MOHOCOMHBIE KJIETKHU (25%), a KIIeTKHU ¢ KOJIbLIEBOM
Xpomocomoii Op1TH peakumu (5%).
3axmiouenue: Konbieast xpomocoma 13 HecTaOmiibHA IpU penporpaMMUPOBAHUH W/WIIHA Ha
panHux naccaxax B MIICK, mprueM MokeT NporCXOAUTh KaK MOTEPS KOJIBLIEBOM XPOMOCOMBI, TaK
U ee hparMeHTaIus.

Hccnedosanue svinonneno npu noodepoicke epanma Poccuiickoeo nayunoeo ¢ponoa Ne 16-

15-10231.
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Biausinue reHern4yeckoro ¢poHa B JJUHUAX AP030(QHIIbI HA pPe3yJIbTAaThl HCCIEA0BAHN I

Ha npuMepe JuHuHu #6458 u3 Bloomington Drosophila Stock Center

The influence of genetic background in Drosophila fly lines on results on example of line
#6458 from Bloomington Drosophila Stock Center

OrueHko A.A.l, Spunny H.A.l, ®denopoBa E.B.z, JleGenen M.O.l, Anppeena E.H.l,

[Tunaropun AB."u bapuuesa EM.?

b JlaGopatopus KJIeTouHOoro JeneHust, MHCTUTYT MOJeKyIsipHON U kinetoyHoi ouonoruun CO
PAH, HoBocubupck, 630090, Poccus

? - JIabopaTopust MEXaHH3MOB KIETOUHO#H quddepeHmpoBKy, MHCTHTYT UTONOTHH ¥ TeHETHKH

CO PAH, HoBocubupck, 630090, Poccus

Murpanus 6opaopabix ki1etok (BK) B xoze oorenesa apo30(huiibl sBIsSETCS MOMYJIIPHON MOAEIIBIO
JUTS U3y4eHHs] MHBa3UBHOM MUTPALIMU ATUTEIUANBHBIX KIETOK in vivo. OJHUM U3 HHCTPYMEHTOB
JUTSI I3YYEHHMsI ATOTO MpoIiecca siBisieTcs ApaiBep s/bo-Gal4 B cocrase muaNN #6458 u3
Bloomington Drosophila Stock Center (BDSC). D1oT npaiiBep mo3BossieT HarpaBJICHHO
WHAYIUPOBATH YKCIIPECCHIO IIeNIEBbIX TeHOB B bBK, 1 yacTo ucnonb3yercs 11 MapKupPOBAHUS dTHX
KJIETOK B X0/I¢ MX MUTpannu. B HacTosmei pabore Ob110 OOHAPYIKEHO, UTO TPAHCTEH, HECYIIUN
slbo-Gal4 npaiiBep, B muHUHU #6458 nokanusyetcs B reHe chickadee (chic), KOTOPBIN KOTUPYET
aKTUH-CBsI3bIBatoNuil O6enok Profilin, 3aneficTBoBaHHbIN B MUTpaniu KJIeTok. Hamudre TpancreHa
B I'€HE chic IPUBOAUT K HYIIb-MYTAIUH MTOCIIEIHETO, JIETAILHOW B TOMO3UTOTe. UTOOKI MOHATH

6458

Kakoii 3¢ (eKT 3Ta HyIb-MyTallusl, Ha3BaHHAs chic™ ~°, MOXKET OKa3biBaTh Ha MUTpannio BK Mbl

MIPOAHAIM3UPOBAIIN ATOT MPOIECC Y MYTAHTOB 10 TeHy twinfilin (twf), TakKe KOIUPYIOIIEMY
aKTUH-CBSI3BIBAIONINI Oenok. OKa3anock, 4To J0OABICHHE MYTAIHH chic™® x reTepoasuiebHbIM
xom6uuammsm 110 rery twf (twf= > twf " u twf 7 1twf %) snaunrensro «cnacaer sddext
MyTarui o reny twf. [Ipu ucnonb3oBaHUN HOBBIX JipaiiBepoB s/bo-Gal4, moy4eHHBIX B X0/1€
JaHHOM palbOoTHhI, B KOTOPHIX TpaHCcreH slbo-Gal4 uHTerpupOBaH B Apyrue paiioHbl TeHOMA,
crniaceHue (peHOTUIIAa MyTalUi TI0 TeHY /Wf He IPOUCXOAUT. DTO YKa3bIBaeT Ha TO, YTO TE€HBI IWf U
chic B3auMoIeiicTBYIOT B Xo1¢ Murparuu bK, mpu 3Tom 1efCTBYIOT aHTOTOHUCTHYECKH.

B nononnenne k Tpancreny s/bo-Gal4, BcTpoeHHOMY B T'eH chic, nTuHus #6458 Hecer ere
nBa uaeHTuuHbIX TpancreHa UAS-GFP BMecto oxunaemoro ognoro. [Ipu 3Tom reHoMHas
nokanu3anus H1 ogHoro u3 tpancreHoB UAS-GFP ne coBmanaer ¢ oxxugaeMoi, OCHOBAaHHOU Ha
HMEIOLIEMCSI paHee onnucaHuy JinHuu #6458. Kpome Toro, Bcrpoiika ogqHoro u3 tpascrenos UAS-

GFP, acconunpoBaHa ¢ TeHOMHOU QyIUIMKAIMen pazMepom ~14,5 T.11.H, 3aTparuBaroieil nsiTh

T€HOB, YPOBEHb 3KCIPECCUU KOTOPBIX MOXKET OBITh HapyIIeH. Mbl OOHAPY UIIK TOUHO TAKYIO XKe
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KOMOWHAIMIO ABYX UAeHTUYHBIX TpaHcreHoB UAS-GFP B munuu #1521 uz BDSC, xoTopas, mo-
BUAMMOMY, SIBJIICTCS UCXOAHOM JJIsl HECKOJIbKUX Pa3HbIX JIMHUMN, BKITtoUast #6458.

Taxum oOpas3omM, B Harel paborte ObLTO MoKa3aHo, yTo JuHusg #6458 u3 BDSC umeer 6onee
CJIOKHBIM T'€HETUYECKHUI COCTaB, Y4EM CUUTAIOCH pa”ee. Hamu nanHeie 0 ToM, 4TO MyTanus chic®®®
B JINHUU #6458 B HEKOTOPBIX CIIy4asxX MOXET 3HAYUTEIbHO BIUIATH HA PE3YJIbTAThl UCCIICIOBAHUI
ounosornu bK, moguepkuBaroT HEOOXOAMMOCTH MOAPOOHOTO OMMCAHUS UCIIOJIB3YEMBIX B paboTe
TPaHCTeHHBIX JIMHUIA MyX. Hare uccnemnoBanue nmpeacTapisieT co0oi KOHKPETHBIN pumep Oosiee
o01eit mpoOIeMbl, 3aKITI0YAIOIIeCS B TOM, YTO J1I000€e N3MEHEHHE TeHOMa (BKIII0Yasi HHCEPLUU

TPAHCTEHHBIX KOHCTPYKITUI) SBIISCTCS MyTallued, TOTCHIIMAIBHO CIIOCOOHON 0Ka3hIBaTh 3PheKT

Ha U3y4aeMbIil IPOIECC.
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N3y4denue pexpyrupoBanus TRF2 Ha npomoTopsl reHoB
Ocanunii U. C., Makcumenko O. I'., I'eoprues I1. I'.

Wucturyt 6uonoruu rena PAH, Mocksa

Tpanckpunius SBIsSETCS OAHUM U3 BaXKHEHUIINX ATAIOB pean3allii TeHeTUYeCKON HH(popMalnu.
B nponecce TpaHCKpUNIUMYU BBIACIAIOT 3 CTaUU - THUIUALIMIO, SJIOHTallMI0 U TepMUHALNIO. B
KJIACCMYECKOM CITy4ae WHUIUAIUS TPAHCKPUTIINH BKITIOYAET B Ce0sl pEKPYTUPOBAHUE Oa3aTbHBIX
(haKkTOPOB TPAHCKPUIIIIUN HA KOPOBYIO YacTh MMPOMOTOPA, KOTOPOE B CBOIO OYepeh HAUNHACTCS CO
cBs3biBanusi TBP (TATA-binding protein) ¢ TATA-60okcom. OnHako, Tonbko okono 30% PHK-
nonmmepasa Il-3aBucumbix renoB y D. melanogaster umeror TATA-60kc. [Tapamoru TBP, Takue
kak TRF1(TBP-related factor 1) u TRF2, moryt 3amemats TBP, dopmupys ansrepHaTuBHBIC
komruiekcsl. TRF1 cBa3biBaer nogoousie TATA-Gokcy nocienoBatenbHOCTH U BMecTe ¢ Brfl
perymupyet Tpanckpunumio ¢ PHK-nommmepasa I1I-3aBucumbix mpomotopoB. TRF2 onpexnensier
paboTy GOJBIION YacTH T€HOB JOMAIIHETO XO035HCTBA, B YACTHOCTHU CBSI3aHHBIE C PEIUTUKALINEH,
KJIETOYHBIM LUKIIOM H Oenkamu pudbocom. OgHako, B otinune ot TBP u TRF1, TRF2 ne obnanaer
JIHK-cBsi3pIBaronIeil akTUBHOCTBIO, IOATOMY €0 PEKPYTUPOBAHUE HAa IIPOMOTOP OCYILIECTBIISAETCS
3a cuét B3aumoseicteuil ¢ JJHK-cBs3piBaronmumu 6enkamu. CorinacHO JUTEPATYPHBIM JTaHHBIM,
M3BECTHO JIUIIb HECKONbKO 13 HuX — 0enku DREF u M1BP.

I'en trf2 xogupyet nBe O€TKOBBIE H30(DOPMBI — KKOPOTKYIO» U «IUIMHHYIO». JITMHHAS
n30¢opmMa OTIUYACTCS OT KOPOTKOW HAIMYHUEM JIOTIOTHUTEIBHOTO MPOTSHKEHHOTO N-KOHIIEBOTO
nomeHa. UToObl BBISIBUTH HOBBIE BO3MOXHBIE pekpyTepbl TRF2 Ha mpomMoTopsl rTeHOB HaMU OBLT
OCYIIECTBIEH CKPUHUHT B APOAOKEBOM NBYruOpuiHoi cucteme ¢pparmeHToB TRF2 nportus
O6ubnmuoTeku 6eKoB ¢ HUHKOBBIMU nanblamMu (ZnF). Mel oOHapyxuim, uro TRF2 ciocoben
B3aMMO/ICHICTBOBATh C MHOKECTBOM ZnF-0eikoB kak mocpeactTBom C-KOHIIEBOTO JIOMEHa, 00IIEro
st 00enx u30hopM, Tak B yepe3 CrienuPpuIHbINA 111 ITUHHON 130(h0opMbl N-KOHIIEBOW TOMEH.
Oto npeamnoiaraer, 4to a8e n3opopmbl TRF2 MoryT pexpyTupoBaThCs Ha MPOMOTOPHI Pa3HBIMU
Habopamu JIHK-CBS3BIBAOIINUX TPAHCKPUIIIMOHHBIX ()aKTOPOB M COCTABIISITh Pa3HBIE KOMILJIEKCHI.
C npyroii cTOpoHbl, JUTMHHBINA N-KOHIIEBOH JOMEH HE KOHCEpBaTUBEH cpeau Drosophilidae n
COCTOUT U3 MOBTOPOB, YTO CBUJAETENIBCTBYET O €r0 HEJJaBHEM BOZHUKHOBEHHUH B 3BOJIFOLIVH.

J151 BBISICHEHUS] HEOOXOAMMOCTH ISl BBDKUBAHUS U (PYHKIIMOHATIBHOCTH
B3anMo/ieiicTByromux noMeHoB TRF2 Hamu Oblia momydeHa ¢ MOMOIIBIO0 CUCTEMBI
penaktupoBanusi renoma CRISPR/cas9 nuHus Myx, mo3BoJstonias 3aMeHsITh MOCIeI0BATEILHOCTh
reHa pa3JIMYHbBIMU TPOU3BOJHBIMH.

Pabota Bemonnena mpu noanepkke rpanta PH® Ne 14-24-00166.
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Boinesenue npeBHeit JIHK, cexkBeHnpoBaHnue, reHOTUNIMPOBAHUE U BUI0BAs HAEHTU(UKAIUSA

HEKOTOPBIX MpeAcTaBuTe/ el IPeBHUX KOIAYbUX

Ocunos I'.B'., Bacunses C.K*., Tuynos M.IT>., Tumpanos JI.O’., Y deipkuna O.B%.,
Bopo6sesa H.B'., lpyxkosa A.C'., 'padomatckuii A.C'.

'MucTuTyT MONeKynapHoii n kieTounoit 6uonoruu, CO PAH, Hoocubupck

*®HII bropa3Hoobpasus HazeMHoit 6uoTEl BocTounoit Asun JIBO PAH, Biaausoctok
*UHCTUTYT 3KONOrHH pacTeHuii 1 %uBoTHBIX YpO PAH, Exatepuntypr

*Uucruryt apxeonoruu u staorpaduu, CO PAH, HoBocuGupck

B Hacrosimiee Bpemst B 1ab0paTopHsiX IO BCEMY MUPY BEIETCS MCCIeI0BaHIe TEHOMOB Pa3InIHbIX
YKUBOTHBIX, SBIISIBIIMXCS MPENIIIECTBEHHUKaMH COBPEMEHHBIX BUIOB. JJOBOJIFHO HHTEPECHBIM
MpeCTaBIsIeTcs n3ydeHne GUIOTSHHU U MOITYJISIIMOHHON TeHETHUKH XHUITHBIX BUJIOB, B YACTHOCTH,
oTHOCSIUXCS K ceMeiicTBy Komaubpux (Felidae). IIpexxae yem auaupyroliee MeCTO B IHUILEBOM LIEMH 3aHsT
YeJIOBEK, TUKHUE KOIIKH SBIISUINCH CAMBIMU OTIACHBIMU M YCTIEITHBIMA XHUITHUKAMH U3 Ha3€MHBIX
MJIeKonuTaronux. B Hacrosiee BpeMs, ogHako, JTHK apeBHux komavpux GpakTHUSCKU HE U3YUCHA.

B nannoit pa6ote mbl Beraenmm JJHK u3 10 kocTHBIX 00pa3IoB npeacTaBuTeNIe ceMelicTBa
KOLIaYbUX, JaTUPOBAHHBIX, B OCHOBHOM, IO3HUM IIeiicTonieHoM. O0pa3ipl OblIn HOTydeHbl Ha AJTae, B
Kpacnosipckom kpae u Ha JlansHeMm Boctoke. [Tocne Beinenenus npesneit JIHK u nomyuenus
WH/IEKCUPOBAaHHBIX OMOIUOTEK I CEKBEHHPOBAaHHS HOBOTO TIOKOJICHHSI, ObLIa MMPOBEIeHa MPOLeaypa
o0orarieHus 1eJIeBEIMH (PparMeHTaMH ¢ UCTIONB30BaHUEM OMOTHHWINPOBaHHOW MUTOXOHApUanbHoi JJHK
COBPEMEHHOH PBICH HIMMOOHIM30BAaHHON HAa MarHUTHBIE MUKpOchepsl co ctpenTaBuanHOM. [locie otdopa
M0 AJTMHE Y KBaHTU(HUKAIUN OMONINOTEK, MPOBEIEHO ceKBeHNpoBaHue Ha ruiargopme [llumina MiSeq.
[TomyueHHBIE IPOYTEHHMS ITPOIILTA OTOOP MO KaYE€CTBY, ylaJcHHe KOHTAMUHAINI U BRIpAaBHUBAHHUE HA
pedepeHcHbIe MT-TeHOMBI. /laHHbBIE CeKBEHUPOBAHHS MOIHBIX MUTOXOHAPHAIBLHBIX TEHOMOB OBLITH
WCTIOJB30BAHEI JIJISl TCHOTUITUPOBAHUS U BUIOBOW MACHTU(UKAIMS IPSBHUX KOIIAYbUX, & TAKKE JUIS
YCTaHOBJIEHHE (PUIOTEHETHYECKUX B3aHMOOTHOIICHUH C COBPEMEHHBIMH MIPEACTABUTEISIMH STHX CEMEICTB.

ComnnacHo pe3ynbraraM (GUIOI€HETHUECKOro aHanu3a mocienaosarensbHoctelt MTIHK, BeIaeIeHHBIX
M3 KOCTHBIX 00pasmoB IPeBHUX KOMIAYbMX Bo3pacToM 30-35 ThIC. JIET, yCTAaHOBIIEHO, 9TO 00pa3Isl Nel-§,
0OHapyKeHHBIC B HU30BbE p. YyMBIT (ANTaHCKUM Kpaif), IPUHAJISKAT K MEMICPHBIM JIbBaM. Takke Halm
JaHHBIE TIOATBEPKIAI0T BEIBOABI Pocca bapHeTTa ¢ COaBT. 0 TOM, UTO MEIIepHBIE JIBBHI SBIAIOTCS
OTAENBHBIM BUIOM, a HE TIOIBUIOM COBPEMEHHBIX JHbBOB. OOpazer; No9 siBisieTcs mpeacTaBUTeNIeM
0a3anpHOM JTMHUN OCHTaTBCKUX KOIIEK CEBEPHOM (MHIOKUTANHCKOW) BETBH, O U€M CBUICTEIHCTBYET €TO
COOTBETCTBYIOIIEE MOJOKEHHE Ha (DHITOTeHETHYECKOM JpeBe. Ha ocHOBe 0a3abHOTO TOJIOXKEHHUS 00pas3ia
Ha (HUIOreHETHYESCKOM JIPEBE TI0 OTHOIICHUIO K COBPEMEHHBIM JIeoTap/iaM YCTaHOBIICHA BUIOBas
NpUHaAIeKHOCTH 0Opa3na Nel) — oH IpUHAUICKUT K BETBU COBPEMEHHOTO JIEOnap/a, HO SBISETCS

MMpEACTAaBUTCIICM HpCI[KOBOfI MomyJidnuu.
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TanaeMHbIe MOBTOPBI B TeHOMe KUTailcKoOro xomsuka (Cricetilus griseus) n 0JJM3KMX BUI0OB
OcmpomvluieHcKutl an’ " Usanosa H.I", Baxypun A.A7 Kapmasyesa UB? Ilooeopnas o'’
IHHcmumym yumonoeuu PAH, Cankm-Ilemepbype; 2 oHI] buopasznoobpazus J]BO PAH,
Bradusocmox; > CII6I'Y, Canxm-Ilemep6ype

* necroforus@gmail.com

Tannemusie nosTopsl (T11, nnu caremnthas JIHK) ABistoTCS r1aBHON 4acThbi0O KOHCTUTYTUBHOTO
rerepoxpomatiHa u coctaBisioT 10-20% renoma miekonuraronmx. HecMoTps Ha Takoe oOmiine B
reHOMe M KpUTHYecKue QyHKIUH A7 KJIETKH, KOTOPbIE, M0 BCe BUIUMOCTH, BHINOIHSAIOT TI1, oHM
SIBJISIFOTCSA HAMMEHEE M3YYEHHBIM KOMIIOHEHTOM reHoMa. U3BecTHo, uto TII sBastores kpaitHe
BapuabeNbHBIMU, BILIOTH /10 BUaocTienupuaHocTy. /g HabmoaeHuit 3a ObICTPOil H3MEHYHBOCTHIO
TII B KauecTBE MOJEIIBHOTO OPraHMU3Ma UCIIOIb30BaJIM BUIbI-ABOMHUKU: KUTAKUCKOTO XOMSsIUKa
(xuraiickuit XoMsiuok) Cricetulus griseus (2n=22) (J1abopatopHas JMHUS OHOPECYPCHON
kosutekuuu OHII buopasnooopaszust IBO PAH) u 6apabunckuii xomstaok C. barabensis (2n=20) ,
a TaKke (PUITOTEHETHYECKH JAICKHIA - 30JIOTHCTHIN XOMSUOK Mesocricetus auratus (2n=44).
Kapuorun C. griseus npeacrasieH 11 napamu XpoMOcoOM XOPOLIO PAa3IMYAIOLUIMMUCS 110 pa3Mepy U
CTPOEHHIO, UTO MO3BOJIsIET TUdHepeHIIMPOBaTh Maphl KPYIHBIX U CPEIHUX 10 pa3Mepy XpOMOCOM
0e3 nud pepeHInanTbHOTO OKPAITUBAHNUS .

Panee paspaborannsie MmeTo sl (Komissarov et al., 2011; Muxees u ap., 2015) nozBonumu
HaM in silico naiitu TII B Tpex cOopkax renoma C. griseus, JOCTYIHbIX B 6a3ax JaHHBIX. B
pe3ynbrate paboThl, OblIa 1aHa olleHKa coaepxkaHus cemelicTB TII B reHoMe myTeM BhIpaBHUBAHUS
MCXOJHBIX PUJIOB IMOJHOT€HOMHOTO cekBeHHpoBaHus C. griseus, TOCTYIHBIX B 0a3ax JaHHBIX, HA
Haiinennsie o TI1. Beero naiineno oxono 100 cemeiicts TII. Jins ganpHelmero ananmsa
ucnonb3oBanu TII, Haiinennsie B reHoMHoU coopke Cgrl.0 (WGS project APMKO1), cnenannoi
Ha ocHoBe cexkBeHnpoBanusa JJHK copTupoBaHHBIX XpOMOCOM, YTO MO3BOJIMIIO MPEACKA3ATh
pacnpenenenne TII mo xpomocomam. Maentnunocts cemerictBa CG-33A u kimonupoBanHoro TI1
SAUL1.5. (Faravelli et al., 1998) noarBepxaaer afgekBaTHOCTh TapameTpoB noucka TII.

[Tpenckazanust 6monH(pOPMATUKU HYXKAAI0TCS B mpoBepke in situ. C momomsio FISH
(bnyopecuienTHOM rubpuan3aiuy in situ) 11 Haubonee npencraBieHHbIX B TeHOME TI1
KapTupoBaiu Ha xpomocomax C. griseus. JIns TuOpuan3aiuy UCIOIb30BaId KOPOTKHE
CHHTETHYECKUE OJHOIICTIOUEYHbIE OJUTOHYKICOTHIHBIE 30H/1bl, CIeU(DUYHBIE IS KaXI0TO
uccienyemoro cemericrsa TII. Pacnpenenenue curnana s Bcex Ucciea0BaHHbIX ceMencTB TI1
CWJIBHO OTJIMYAJIOCh OT MPEAbIAYIIUX U3YUYEHHBIX B HAallIeH IPyMIe )KUBOTHBIX (JOMOBasi MBIIIIb,
CBUHBS, cupuiickuit XoMsk). Bee 3017561 k TI1, kpome ogroro (CG-24B) naroT cHiIbHBIN CUTHAI B

neHrpomepaoM (LIEH) paiione 5-it mapsl xpomocom u 6onee cnadoiii B LIEH oxHoit u3 qpyrux nap,
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OOBIYHO - HA MEJIKUX METAICHTPUIECKUX XpoMocoMmax. 30Ha K CG-24B naeT curaai TOJIbKO B
IHEH 7-i1 xpomocomsbl. Tonsko aBa TIT — CG-84A u CG-25B parot currai 6osibiie 4em Ha
nosioBuHe xpoMmocoM. TII CG-84A pacnonosxen B LIEH 7-mu map XxpoMocoM ¢ MakCHMaJIbHbIM
CUTHAQJIOM Ha IIape MEJIKMX METALCHTPUKOB. Ha nmoaoBeIx XxpoMocomax cursan orcyresyer. TII
CG-25B paet curHai Takke Ha 7 mapax XpoMOCOM C CUJIbHBIM CUTHAJIOM Ha 5-i u 10-i1 mapax
xpomocoM. Cuiia CUTHAJIOB BapbUPYET y Pa3HbIX MPOO, CBUETENBCTBYS O KOJTMUYECTBEHHOM
pasnuuuu conepxkanus TII Ha pasHBIX XpOMOCOMaXx.

CpaBuenue pacnpenenenus ogaux u tex ke TII Ha xpomocomax C. barabensis u TuOpUIOB
C. barabensis x C. griseus (2n=21) nokazano, 4to B OoipIIMHCTBE CilydaeB pacnpeaeacHue
cur"ana 30H110B K TTI takoe e kak u qisa C. griseus — cunbHBIN curHan B 6sioke [IEH
reTepOXpOMaTHHA OAHOU Mapbl XpOMOCOM (romMoJioruduHou S5-it mape C. griseus). Paznuuns
kacatotcst TII, mpucyrerBytomux y C. griseus 60mblle ueM Ha AByX nmapax xpomocom. TII CG-
84A y C. barabensis n C. barabensis x C. griseus naeT CUTHAJ TOJIHKO Ha TTape XPOMOCOM,
romojoruuHoi 5-i mape C. griseus n Ha oyoBbIX Xxpomocomax. TII CG-25B y C. barabensis naet
CWJIBHBIN CHTHAJ HA TIape XPOMOCOM, TOMOJIOTUYHOM 5-if mape C. griseus W CIa0blii HA OJTHOM Mape
MEJKUX METalleHTPUKOB. Y THOpUIOB KapTuHa pacnpeneneHus 3toro TII cxomua ¢ C. griseus.

Y Mesocricetus auratus v ogun u3 TII C. griseus He nan cUrHajia Ha XpoMOCoMax, a
Takke He ObUI HaliieH B COOpaHHOM I'€HOME M MCXOJIHBIX PHUJIaX MOJTHOIT€HOMHOTO CEBEHUPOBAHUS.
B otnnuume oT 10OMOBO¥ MBIIIH WIM CUPUHCKOTO XOMsiKa, HU ojiHa npoba k TII He gaer curHana Ha
BCEX XPOMOCOMAX, 4TO CBUETEIHCTBYET 00 OTCYTCTBUH OOILIETO /IS BCETO FT€HOMAa MaKOPHOTO
TII. IlpuunHO# >TOTO MOTYT OBITH 0OCOOEHHOCTH KaproTumna C. griseus, TPENsTCTBYIONTNE
romorenuzanuu TII mexay xpomocomaMu. Kutailckuii XOMSIYOK OKa3ajcsi yHUKAJIbHBIM KaK O
KapUOTHITY, TaK U MO0 COCTABY KIACCU(PUIIMPOBAHHBIX U KapTUPOBaHHBIX in situ TII.
JIureparypa:
1. Komissarov A.S., et al. BMC Genomics. 2011. 12 : 531.
2. Muxees /[.}O. u ap. Huronorus. 2015. 57(2): 95 - 101
3. Faravelli et al. Cytogenet Cell Genet . 1998. 83:281-286
Pa6ota BeimonHeHa npu ¢unancoBoii noaaepxke POOU (rpant Nel8-34-00238) u MKB (rpant Ne
01.2.01457147).
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Braanx nocaenoBarenbHocteil JJHK, pacnosiaraomuxcs B paiioHe TepMUHAITAN
TPAHCKPHUIILMH, B YPOBEHb IKCIIPECCHH I'€HOB

Input of DNA sequences located in the transcription termination region in gene expression
level

[Tunaropun A.B.l, Bonnpipena H.B.l, HWBankuna A.B.l, Jlemenko A.E.l’z, OmenuHa E.C.l,
Apunany H.A.l’z, Jlebenen M.O.l’z, Koxesnukosa E.H.'

'MucruryT MonekymspHoii 1 ki1etounoi 6ronornn CO PAH, Hosocubupck, Poccus
*HoBocHOMpPCKHit rocyIapcTBeHHbIH yHuBepcuTeT, HoBocuGmpek, Poccus

*E-mail: a.pindyurin@mcb.nsc.ru

DKcnpeccusi TeHOB, KOTOPast SABJIIETCS ONPEAEIAIONINM IIPOLECCOM B KUZHEACSITEILHOCTH BCEX
OpPTraHU3MOB, CIIO)KHBIM 00pa30M PErylIupyeTcst Ha BCeX 3Tanax pa3BUTUA. Y dYKaApPHOTHUIECKUX
OpraHW3MOB 3HAYUTEIBHBINA BKJIa/] B AKTUBHOCTh T€HOB BHOCHUT MporieccuHr (co3peanne) MPHK.
B HacTosmuii MOMEHT poJib PETYISITOPHBIX PAaHOHOB T'€HA, PACIIONOKEHHBIX B €ro 5'-001acTu u
IIPEUMYIIECTBEHHO aCCOLIMMPOBAHHBIX C HAYAJIOM TPAaHCKPUIIIUH, U3ydeHa 3HAUUTEIBHO JIy4llE,
4eM pailOHOB, PACIOJIOKEHHBIX B 3'-00J1acTH TeHa U OOJIbIIIEH YacThIO CBSI3aHHBIX C TEPMUHAIIHCH
TpaHcKpunuuu. OJTHON U3 MPUYMH 3TOTO ABJISIETCSI OTCYTCTBUE MOIXO0A0B, TO3BOJISIOIINX
CUCTEeMAaTUYEeCKU UACHTU(ULINPOBATh (PYHKIIMOHAIBHBIE 3JIEMEHTHI, PACIIOJI0KEHHbIE TTOCTIEe
cUrHasua(oB) MOJIMAJAECHUIMPOBAHUS U HE BXOJAIIME B I10CIEI0BATEIBHOCTH 3PEIBIX
(moMaieHNIMPOBAHHBIX ) TPAHCKPUIITOB.

st cucrematudeckoro GyHKIMOHAIBEHOTO aHanu3a yaactkoB JIHK B 3'-o6mactu
MOJIETILHOTO PENOPTEPHOrO reHa Mbl BIIEPBBIE UCIOIB30BATN MOJUPUKALINIO MYJIbTUIIIIEKCHOTO
anam3a MPFA (Massively Parallel Functional Assay), mo3BosisifoIiero 0{HOBpEMEHHO U3MEPSITh
YPOBEHb TPAHCKPUITIIUOHHOW aKTUBHOCTH OOJIBIIOr0 YKcia (70 AECATKOB THICSY) TPAHCTCHOB. A
MMEHHO, OBLJT HCCIIEIOBAaH PalioH reHa, pacnojaraomuics B 00J1acTi TEPMUHUPYIOIIUX
TPAHCKPHUIILIMIO CUTHAJIOB U He BXxoasmuil B coctaB MPHK. MBI ycTaHOBHIIM, UTO MyTalluk B ’TOM
paifoHe crocOOHBI KaK MOJHOCTBIO OJABIISATE KCIPECCUIO BIIIEPACTIONO0KEHHOTO PETIOPTEPHOTO
reHa, Tak u ycuminBath e€ 6omnee ueM B 100 pa3. Takum 0Opa3oM, MOKHO MpeAnoaraTh, 4To
KOJIMYECTBEHHBIN BKJIAJ 00nacTell TepMUHAIIUU TPAHCKPHUIILIMY T€HOB B PETYIISIIHIO
TPAHCKPHUIILIMOHHON aKTUBHOCTH I'€HOMA COIOCTABUM C TAKOBBIM OT YHXAHCEPHBIX 3JIEMEHTOB.
Brusisiiennsie motuBsl JJHK, KOTOpbIe yCHIMBAIOT SKCIIPECCUIO pENOPTEPHOTO T€HA, MOTYT OBITH
MCTIOJIB30BAHBI IIPU Pa3pabOTKE reHHO-MHKEHEPHBIX KOHCTPYKIUN B OMOTEXHOJIOTHH.

Pabota BeimonHena mpu noaaepkke rpanta PH® #16-14-10288.
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[MonyasiumoHHasi reHeTHKA 0ceTPOBBLIX Cudupu

IToGenuHIICBa M.A.l’z, MakyHuH A.I/I.l, Kuaurna I/I.F.l, Kynem3una A.I/I.l, CeparokoBa H.A.l,
Pomanenko C.A.l’z, BopobOneBa H.B.l, HNutepecona E.A.3’4, KopenToBuu M.A.S, 3aiiieB B.<1).3,
MuiieHko A.B.6, Banenenos B.A.7, IOpuenko A.A.8, lllep6axos [1.FO.9, I'padomarckwmii A.C.l’z,
Tpudonos B.A.'?

! HNuctutyT MonekyssipHoi u kinerouHou ouonorun CO PAH, HoBocubupck, Poccus

? HoBocuGHpCKHii rocyaapcTBeHHbIH yHuBepenTeT, HoBocnGupek, Poccst

3 HoBocubupckoe otaeneHne rocy1apcTBEHHOT0 HayYHO-TIPOU3BOJICTBEHHOTO LIEHTPA PHIOHOTO
xo3sictBa ®I'BHY TNocpridbnentp, HoBocubupck, Poccust

* Tomckuii roCyJIapCTBEHHBIA YHUBEPCUTET, ToMCK, Poccus

i I'ocynapcTBeHHBIH HayYHO-TIPOU3BOCTBEHHBIN IIEHTP prIOHOTO X03s1iicTBa @I BHY
Tocpeibuentp, Tromens, Poccust

% V ibstHOBCKHi rOCyJIapCTBEHHBIN MEeIaroru4ecKuii yHUBEPCUTET, Y IbSTHOBCK, Poccust

" ®I'BHY «HayuHo-uccnenoBaTeIbCKUi HHCTUTYT YKOJIOTHU PHIOOX03SIMCTBEHHBIX BOJIOEMOBY,
Kpacnosipck, Poccust

® Henrp Ienomnuoit Buoundopmarnkn um. ®.I'.Jlobpxanckoro Cankr-IlerepGyprekoro
rocyaapctBeHHOro yHUBepcuTeTa, Cankt-IlerepOypr, Poccus

? JIIMHOIOTHYECKHUiA unctutyt CO PAH, Upkyrtck, Poccus

HOHy.H)ILII/IOHHaH TCHCTUKA IMMO3BOJIACT OTBCTUTh HA MHOTHEC BOIIPOCHI, CBA3aHHBIC C 3BOJIIOI_[I/IGI71 u
nemorpaduueckoit ucropueit Bug0oB. OcoOyI0 BaXKHOCTD MPEICTABISAIOT UCCIEIOBAHUS YSI3BUMbIX
BUJIOB, TIOCKOJIBKY OHH UMEIOT OOJIBIIOE MPUIIOKEHUE TSl IPUPOTOOXPAHHBIX MEPOIPUITUH.
HPGI[CTaBI/ITCJII/I ceMelicTBa OCCTPOBLBIX ABJISAFOTCA HCHHBIMHA ITPOMBICIIOBBIMU pBI6aMI/L C‘-II/ITaIOT,
YTO MPOUCXOKACHUE 3TON IPYIHIbI MOXKHO OTHECTU K TpuacoBomy nepuoay. K coBpeMenHomy
CEMEMCTBY OCETPOBBIX OTHOCHUTCS 25 BUIOB, OHU BCE 3aHECEHBI B KpacHy10 KHUTY, MHOTHE BUIbI
HaxoJsTCs Ha rpaHu ucdyesnoBenus. Ha reppuropun Poccum oburtaer 11 BumoB. J1jis Bcex BHIOB
OCETPOBBIX XapaKTEPHO MO3/IHEE MOJIOBOE CO3PEBAHNE, HE €3KET0JIHbIN BBIXO/ HA HEPECT U
YyBCTBUTEIBHOCTh K pa3HOOOpa3HBIM BHEIIHUM (pakTopaM. B mocneanue roipl akTHBHO
pa3BHUBaeTCs aKBaKyJbTYpPHOE pa3Be/IeHUE TAKUX BUJOB OCETPOBBIX KaK CTEPIIAb U CHOMPCKUIL
OCETp, YTO YCUIIUBAET HEOOXOAUMOCTh KOHTPOJIMPOBATH COCTOSTHUE MOMYIALUNA ATUX BUIOB PHIO.
[lenpro JaHHOI pabOTHI SIBIISIETCS OIIEHKA T€HETHYECKOTO Pa3HOOOpas3us CTEPISIN 1
cubupckoro ocerpa B pekax Cubupu mo mocne0BaTeIbHOCTH KOHTPOJILHOTO paiioHa
mutoxoHapuanbHoi JIHK, a Taroke BeisicHeHHE (GUIOTEHETUYECKUX OTHOIIEHUN MEXKITY
OCHOBHBIMHM raruiorpymninaMu 000MX BUI0B, OCHOBAHHOE Ha aHAJIN3€ MOJHBIX MUTOXOHIPUATBHBIX

TCHOMOB.
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B xoxe pabotsl coOpana oOmrpHas KOJUICKITUS MaTepraia MpecTaBuTeIeH IByX BUIOB
0CeTpoBbIX, oouTaronux B Cubupu. BriepBrie onrcano 98 HOBBIX TralIOTUIIOB VISl CTEPIIS TN
(Acipenser ruthenus) u 43 nns cubupckoro ocetpa (A. baerii). OeHEHO TEHETUYECKOE
pasHooOpa3ue obonx BUI0B B Oaccelinax pek Cubupu. Ilokazana H30sIHst MOMYIIALUI 000uX
BUJIOB MEKy Pa3HbIMU peuHbIMH OacceiiHamu. OLieHEeHO BpeMs PACcX0KICHUS OCHOBHBIX
rariorpymm BHYTpu o0oux BuJoB. CpaBHEHHE NOMYIALMOHHBIX XapaKTEPUCTUK IBYX BUJOB
nokasaiio 0ojee ysI3BUMBIN cTaTyc Buaa A. baerii. BuepBble ycTaHOBIEHBI (PMIIOT€HETUYECKHE
B3aMMOOTHOIICHUA MCKAY OCHOBHBIMHU IrariJyIOrpynmaMu CTCpadan U CI/I6I/IpCKOFO 0oCCTpa 1o
MOCJIEI0BATENBHOCTSAM MOJHBIX MUTOXOHIPUAIILHBIX TEHOMOB.

Pabora nonnepxana rpantom PH® Ne 18-44-04007
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Panee HenzBecTHbie pyHkunu 0eaxka NON3 y Drosophila melanogaster
fO.B.Honoeal’z*, T A. HGGJZOSCZI, E.H.Am)peeeal, A.A. 02uem<01, A.A. fOumoeal’j,
A.B. Heanxun', E.H. Kooicesnuxosa', A.B. HuﬂdmpuH1’2’3

' Mncturyr Monexymsaproit n Knerousoii 6uonorun CO PAH, Hoocubupck, Poccus
> Uncturyt Linronorun u Tenernxu CO PAH, HoBocu6upck, Poccs

3 HoBocubupckuii [ocynaperennsiii Yuusepcutet, HoBocubupck, Poccrst

* e-mail: popova@mcb.nsc.ru

Panee 6bU10 OKa3aHO, YTO YAaCTh OEJIKOB, KOTOPHIE SABISIOTCS KOMIIOHEHTAMU SIIPBIIIKA

1 HEOOXOAMMBI JIJIs1 OMOreHe3a pudoCcoM, TaK)Ke yJ9acTBYIOT B poriecce (GOpMUPOBaHUS BEpETEHA
JeNIeHUs B KYJIbTUBHPYEMBIX KiieTkax Drosophila S2 [1]. OnHako MOJIEKYISIpHbIC MEXaHU3MBI
3TOTO Mpoliecca B HACTOSIIEE BpeMs 10 KOHIA He ucciieoBanbl. Llenpio Hamel paboThl ABIseTCS
n3ydenue ponu 6enka NON3 (Novel nucleolar protein 3) D. melanogaster

B KMHETOXOP-3aBUCUMOM POCTE MUKPOTPYOOUEK.

Hcnosnb3ys METO HETOYHOM 3KCIUM3UU P—31eMeHTa, Mbl CO31aJIH Psii HOBBIX MYTALUH 1O
rery Non3: (1) nBe nynb-mytanuu (aenenuu B 500 m.H. u 1000 1.H.) ABASIOTCS paHHUMH
AMOPHOHAILHBIMU PEIICCCUBHBIMU JICTAIAMH; (2) Tpu TUnomMopdHbIe MyTaIuu (C HETIOTHOM
skcum3uel P-anemenTa B rene Non3) M0KUBAIOT 10 CTaIMA UMAro M MOJYCTEPUIIbHEL; (3) TouHas
SKCIU3US P—351eMeHTa MOJTHOCTHIO JKU3HECTIOCO0HA U (epTuibHa (YCIOBHBIN KOHTpOIb). Bee
MyTaIu ObLIH MpOBepeHbl cekBeHnpoBanueM JJHK.

Jlst m3yaenust ponu 6eka NON3 B cOopke BepeTeHa Je/IeHUss HaMH ObLTa MpoBecHa
npouenypa PHK-untepdepennun (PHK-u) B kynbruBupyemsix kinetkax Drosophila S2 ¢
MOCTIeIYIOIIUM MPOBEICHUEM KOJLeMHUIHOM 00paboTku. CHikenue ypoBHs Oenka NON3 B
kietkax nmocie PHK-u nmpoBepsiin npu moMoIy BeCTEpH-0JIOT aHaIn3a C UCIOIb30BaHUEM
MOJIYYEHHBIX HAMU CIEIU(PUUHBIX TOJUKIOHATIBHBIX aHTUTEN. MBI 0OHAPYKUIIH, YTO CHIKEHUE
konuyecTBa 0enka NON3 nocne PHK-u B kynbTuBUpYyeMbIx KiaeTkax Drosophila S2 mpuBOAWT K:
(1) bopMupoBaHHIO KOPOTKOTO BepeTeHa JIeIeHus, (2) MOBBILICHHUIO 10U MeTa(a3HbIX KIETOK, Y
KOTOPBIX IIPHU HATMYUHU BRIPOBHEHHBIX HA YKBATOPUATHHON TUTACTUHKE XPOMOCOM HabIIogaeTCs
JI€30pPTaHU30BAHHOE BEPETEHO JIeTCHUS U (3) MOSBICHUIO MCEeBI0-aHATENO(a3HBIX KIETOK (B TAKUX
KJIETKaX BEPETEHO JIENCHUS BBITJISAUT KaK Ha MOCIETHUX CTAAUSIX JEJICHUs, OJHAKO CECTPUHCKUE
XpOMAaTH]IbI HE Pa30IILINCh K MOJTI0CaM BepeTeHa aeneHus ). Takxke ObUIo MoKa3aHo, 9YTO CHIDKEHUE
ypoBHs 6enika NON3 BimsieT Ha MOBTOPHBIH POCT MUKPOTPYOOUEK OT KUHETOXOPOB T0CIIe

KOJIIIEMUTHON 00pabOTKH.
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Camxenne konmmuectBa 6enka NON3 kak B KJIeTKaX HEPBHBIX TaHTJIMEB JIMYWHOK, TaK U B
KYJIbTUBHPYEMBIX KiIeTKax S2 BrnuseT Ha npusiedeHue o6enka CID (Drosophila CENP-A,
HE00X0IuM /1Jisi COOPKU KHHETOXOPOB) B IIEGHTPOMEPHBIE palOHBI XPOMOCOM.

B nienom, nony4deHHbIe JaHHBIE TTO3BOJISIOT 3aKIIIOUYUTh, UTO TeH Non3 SBISETCS )XKHU3HEHHO
BaKHBIM U TIpeIojarath, uto BiuusHue 6enka NON3 Ha KHHETOXOP-3aBUCUMBINA POCT
MHUKPOTPYOOUEK MOXKET ObITh O0YCIIOBIIEHO MOCPECTBOM PEryJIsuu cBs3biBaHus Oenka CID ¢
[IEHTPOMEPAMHU.

Pa6ota BeimonHeHa npu noanepxkke rpanra POOU #18-34-00699
Cnucok JIuTeparypsl:

1. Moutinho-Pereira S. et al. (2013). Genes involved in centrosome-independent mitotic

spindle assembly in Drosophila S2 cells. Proc. Natl. Acad. Sci. U.S.A. 110: 19808-19813.
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W3YYEHUE JIPEBHEM JTHK UCKOITAEMBIX ITPEJICTABUTEJIEN POJA ALCES
Ilonosa K.O.

Hoesocubupckuii eocyoapcmeennviii ynueepcumem, Hosocubupck

Hnemumym monexynsiproii u kiemournoti 6uonroeuu CO PAH, Poccus, Hosocubupck

popova.ksenia@mcb.nsc.ru

Anamu3 npesreii JIHK maeT BO3MOXKHOCTh CPaBHUTH KOMIIOHEHTHI TEHOMOB M MUTOXOHIPUATHHYIO
JIHK uckomnaeMbIX )KMBOTHBIX C aHAJIOTUYHBIMU TAHHBIMH 10 COBPEMEHHBIM MPECTABUTEIISIM
POICTBEHHBIX BHJIOB, BBICTPOUTH UX (PUIIOTEHETHUECKHE OTHOUICHUS U OTCIEAUTD JUHAMUKY
M3MEHEHUs MOMYJSUI, YTO UMeeT 0O0JIbIIOe 3HaYEHHE JJIsl IOHUMaHUs MEXaHU3MOB ABoJtoINU. B
KOJUIEKLIMSX aPXEOJIOTOB HIMPOKO MPEICTaBICHBI KOCTHBIE OCTAHKH MPEICTaBUTENCH OTpsiia
KuronapuokonsiTHbie (Cetartiodactyla). 3a HEKOTOPBIMH UCKITIOUYEHUSAMHU 3T YHUKAJIbHbIE
oOpasmpl Ha ypoBHe JIHK dakTuueckn He HCCIIeIOBANTKCE.

Nzyuenne JIHK apeBHuxX nocel 10 cux nop He MpoBOAUI0Ch. COBPEMEHHBIE JTOCU
(cemeiicTBo Alces) NOSBUIINCH B CPEHEM IUICHCTOIICHE, U 110 NMAJIEOHTOJIOTHYECKUM JaHHBIM B
MO3/IHEM IIJICHCTOIIeHE U0 X aKTHBHOE (popMooOpazoBanue. B HacTosIee Bpems, 0THAKO, JIOCH
MPEACTABIICHBI IBYMS BUJIAMHU: JIOCh e€Bporeiickuii Alces alces (68 map XpoMOCOM) U JIOChH
amepukanckuit Alces americanus (70 map XpoM0OCOM) XapaKTepU3yIOIIMUMHUCS KpallHe HU3KUM
YPOBHEM T'€HETHUECKOT0 pazHooOpa3usi. Apean eBporeiickoro jocs — EBpona u 3anannas Cubupb
no Enuces, amepukanckoro — Bocrounast Cubups, CeBepnast Amepuka. [IpumepHoe Bpemst
nuseprediuu 75-100 Teic. net Hazaza. CyiiecTByeT MHEHHE, YTO HU3KOE pa3HooOpasue
COBpPEMEHHBIX JIOCEI 00YCIOBIEHO UX MPOXOXKIEHUEM Uepe3 «OyTHUIOYHOE TOPIIBIIIKOY» JI0
nueprenimu. B xomnekimu MAuD CO PAH namu Obutu BEIOpaHB! 00pa3Ilbl, TPUHAICKAIIHNE K
Ka3aHLIEBCKOMY MexJIeqHUKOBOMY niepuoay (mexay 128 000 u 117 000 et Ha3aa) U KaprUHCKOMY
- 40-50 ThICSY N€T Ha3a/, 4To no3Bosier uccienosath MTAHK apeBHuX moceit 10 u mocie
MPEeIoJIaraeMoro BpeMeH! IMBEPTeHIIUU.

B xozae nanHo# paboThI ¢ HOMOIIBIO ABOWHOTO THOPUAM3AIIMOHHOTO 00OTalleHUs U
BBICOKOTIPOU3BOJUTEIHHOTO CEKBEHUPOBaHUs Ha tuiatdopme [llumina Mbl cekBeHHMpOBaIN
3HAYUTENbHYIO YacTh (74-97%) mutoxonapuanbHoit JIHK neBsitu qpeBHUX Jiocei Ka3aHIIEBCKOTO
nepuoja. bouto nomyueHo gumoreHeTHUecKoe APEBO B CPABHEHUU C COBPEMEHHBIM
€BpOa3uaTCKUMU JIOCSIMU. [1oTydeHHbIe pe3ynbTaThl HOKA3bIBAIOT PE3KOE OTIINYHE APEBHUX JIOCEH
Ka3aHLIEBCKOT'O MEPHO/1a OT COBPEMEHHBIX, O/THAKO, CUTYAIHsI OCIIOKHSAETCS MOTHBIM OTCYTCTBHEM
B 0ase manubix MT/IHK coBpeMeHHBIX aMmepuKaHCKuX Jiocel (Alces americanus) 1 MUHUMAJTbHBIM

HAJIMYUEM EBPOMEHCKUX.
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HCCJEIOBAHME BJIMSTHUS AKTUBHOM TPAHCKPUIIIIUA HA SKCITAHCHIO
(II'T)n IOBTOPOB HOPMAJIbHOM JIJIMHBI B MOJIEJIBHBIX IMHUSX
NUMMOPTAJIN30BAHHBIX B-JIMM®OLIUTOB NTAIIMEHTOB C CUHAPOMOM
JOMKOM X-XPOMOCOMBI

Ilypsunvw A.B., FOokun /[.B., I puwenko U.B.

Hncmumym monexynsapuou u knemounou ouonocuu CO PAH, e. Hosocubupck

E-mail: yana.purvinsh@gmail.com

DKCcMaHcHs TPUHYKICOTUIHBIX TIOBTOPOB SBISIETCS OHON U3 (hopM HECTaOUILHOCTH T€HOMA U
3aKJIF0YAETCS B PE3KOM YBEJIMYEHUU YKCIia KON BHYTPUTEHHBIX TTociegoBaTenbHoctent JJHK.
JlaHHas MyTauus SBJISIETCS NPUYMHON psiia HelpoJereHepaTUBHBIX 3a00JI€BaHNH YeI0BEKa, TAKUX
KaK CHHJIPOM JIOMKOW X-XpOMOCOMBEI, 00Jie3Hb [ eHTUHI TOHA, O0KOBOW aMHOTPOGUIECKHII CKIepOo3
U Ap. MexaHu3M 5KCIIaHCUH MIOBTOPOB OCTAETCS HEM3BECTHBIM, a 3a00JIeBaHMsl, CBSI3aHHbIE C
HKCIIaHCUEH MOBTOPOB, HEM3IEUYUMBbIMU. OTHUM U3 PACIPOCTPAHEHHBIX 3a00I€BaHU, CBSI3aHHBIX C
JKCIIAHCUEH TIOBTOPOB SIBIIICTCA CUHIPOM JIOMKON X-XpOMOCOMBI. Pa3BuTne JaHHOrO CUHAPOMA
CBSI3aHO C dKCMaHcHuel TpUHYKIeoTuAHbIX MOBTOpoB (LII'T)n B 5°- UTR rena FMRI, 94T0 IpUBOIUT
K TUIIEPMETUIIMPOBAHUIO IPOMOTOPA, KaK CJIEACTBUE, MPEKPAIIECHUIO dKcnpeccuu reHa FMRI v
pe3komy cokparieHuto npoayknuu 6enka FMRP. Jlannbiit 6enok seisiercss PHK-cBsi3piBarommm u
OTBETCTBEHHBIM 32 HOPMaJIbHYIO AU PepeHInpoBKY U QYHKIIMOHUPOBaHUE HepoHOB. OHA U3
TUIIOTE3 BOZHUKHOBEHHUS AKCIIAHCUH MIOBTOPOB 3aKJIFOYAETCS B TOM, UTO SKCIIAHCHUS IIPOUCXOJUT BO
Bpems penapanuu JTHK. [TokazaHo, 4TO ypoBeHb TPAHCKPHUIIIIUHA 3HAYUTEIBHO BBIIIE B aJUIEIIAX
reHa FMR1, ¢ yBeTMYEHHBIM TOBTOPOM, YTO YKAa3bIBAE€T HA TO, YTO penapanus, aCCOLMUPOBAHHAS C
TPaHCKPUIILIUEN, BEPOSATHO, SBISAETCS OJHOW U3 MPUUMH dKcnaHcu. Kpome Toro, moBTOpbI
00pa3yloT aJbTepHATUBHBIE BTOpUUHBIE CTPYKTYpPHI JJHK, KOTOpBIE 3aTpyAHAIOT PEIIMKALNIO U
TpaHckpunuuio. [Ipu 06pa3oBaHNN OTHOIETIOYEUHBIX YYACTKOB MPU TPAHCKPHUIIIIUU TTOBTOP
dhopMHUpyeT BTOPUUHYIO CTPYKTYpY M ocTaHaBiuBaeT apmwkeHrne PHK-momumepassr 11, uro
Bkioyaet mexanusM TCR. IIpockanb3siBanue JIHK-nonnmepassl B MecTe 00pa3oBaHus
BTOpUYHBIX CTPYKTYp Npu TCR MOKET ABIATHCSA NPUYUHON IKCIIAHCUH MOBTOPOB. [lockonbKy
(III'T)n-moBTOp MPUCYTCTBYET KaK B KJIETKAX MAIUEHTOB C CHHAPOMOM JIOMKOU X-XPOMOCOMBI,
TaK M B KJIETKAX 3JI0POBBIX JIFOAEH, OJHAKO €r0 YBEINYECHHE MPOUCXOIUT TOJIBKO Y HAIl[UEHTOB,
MO>KHO TPEIOI0KHUTE, YTO SKCIIAHCHUS TIOBTOPOB 00YCIIOBIICHA BEPOSTHHIMU HAPYIICHUSIMHU
paboThI CUCTEMBI penapaii UMEHHO Y MTallueHTOB.

[enpto Hamiel paboOTHI ABISAIOCH CO3/IaHUE MOJIEKYJIsipHON Mojaenu moBTopa (L[I'T)n
JUTUHBI, XapaKTEPHOM ISl HOpMAIbHOTO ajiess reHa FMR 1, v ucciieioBaHue €ro 3KCIaHCUHU NPy

aKTUBHOM TPAHCKPUIIIMHM B UMMOPTAIM30BaHHBIX B-mMMdorTax nauueHToB ¢ CHHIAPOMOM
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JIOMKOM X-XpOMOCOMBI C TTOMOIIBIO BEKTOPA, HECYIIETO COOTBETCTBYIONIYIO KOHCTPYKIIUIO. B X018
pabotsl 6611 ckoHCTpYHpoBaH JIHK-BekTop, conepxammmii Bctporiky LI T-moBTopoB, Oblia
IpOBEpEHa ero padoTOCIIOCOOHOCTD U TPOBeIeHa TPAHCHEKIUS KICTOYHBIX JTMHUN
MMMOPTAJIM30BAHHBIX B-TMMQOIUTOB NalMEHTOB C CHHAPOMOM JIOMKOH X-XpOMOCOMBI U
3I0POBOTI'0 KOHTPOJIS, @ TAKXKE MCClieoBaHO n3MeHeHue niauubl LI T-moBTopa B BeKTOpE npu
AKTUBHOM TPAHCKPHIILIMU C TEUEHUEM BPEMEHHU.

Pa6ora noxnepxana rpanrom POOU 18-34-00336.
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BEPUOUKANUSA ITIOTEHIHUAJIBHBIX ITAPTHEPOB BEJIKA PITA KAK
KOMIIOHEHTOB APXUTEKTYPHOI'O KOMIIVIEKCA D. MELANOGASTER
[Tuenunnesa I1.B., Cabupos M.C., Makcumenko O.I'., ['eoprues IL.T.

Wuctutyt buonoruu I'ena PAH, Mocksa

XpoMaTuH B sipax 3yKapHOTUYECKHX OPraHU3MOB UMEET CIIOKHYIO CTPYKTYPHYIO OpraHH3aIuIo,
KOTOpasi TECHO CBsI3aHa C MPOrpaMMOii pean3aliy reHeTuueckoro Matepuana. [lonnepxanue
aApPXUTEKTYPBI XpPOMATHHA U PETYIISALNS SKCIIPECCHH T€HOB — B3aUMOCBSI3aHHBIE mpotecchl. OHU
MIPOUCXOAT B sipe Omaroaapsi 60abpIIoMy HaOOpy OEITKOB, MHOTHE M3 KOTOPBIX CIIOCOOHBI
ces3eiBaTh JIHK 1 B TO jx€ BpeMs B3aMMOJICHCTBOBATh ¢ IPYrUMU OenkaMu. B HacTosiee Bpemst
no100HbIe OEIKH HAa3bIBAIOT APXUTEKTYPHBIMH. APXUTEKTYpHBIE O€IKH, HENOCPEICTBEHHO
B3aMMOJICHCTBYIOIINE APYT C APYTOM HANPSMYIO UJIH Yepe3 oIpeieieHHbIe KOPaKTOPBI,
YYaCTBYIOT B CO3JIJaHUU Y TIO/JICPKAHUU CIIOKHON M MHOTOOOpa3HOW MTPOCTPAaHCTBEHHOU
OpraHM3anyy XpoMaTHHa.

ApXUTEKTYpHBIN Oenok Pita — MHCYIATOP-CBSA3BIBAIOMINI O€JIOK, COAePIKALIHIA B CBOEM
coctaBe knactep u3 10 nuHkoBbIix nanbieB C2H2-Tuna, OTBETCTBEHHBIX 3a CBSI3bIBAHUE CO
cnenuduanoi nocnenoBatenbHOCThI0 JIHK 1 ZAD-n0MeH, HEOOXOIUMBIHN 111 TOMOIUMEPHU3AITIH.
DTOT O€NIOK B3aUMOJICHCTBYET ¢ YHUBEpcaabHbIM KohakTopom CP190 u obmanaeT saXaHcep-
OJIOKHPYIOLIUM JICHCTBHEM, TOCPEACTBOM F'OMOIUMEPU3ALIUU MOXKET CAMOCTOSITEIEHO
obecreunBaTh TUCTAHIIMOHHBIC B3aNMOIeHCTBHS. Pita y4acTBYeT B OCYIIECTBICHUH OapbepHOI
aKTUBHOCTH HEKOTOPBIX IpaHul] Bithorax-koMriiekca, a Takke JIOKaIU3yeTcs Ha HEKOTOPBIX
IpaHuIaX TOMOJOTHYECKH aCCOIIMMPOBAHHBIX TOMEHOB.

BaxHbIM 11aroM B ONMCAaHUU CBOMCTB M3y4aeMOro OellKa SBIISIETCS BBISIBICHHE
KOMIUIEKCOB, KOMIIOHEHTOM KOTOPBIX OH sBJsieTcsl. C 1eNbIo MoMydeHus: JaHHON HHPOpMAaIu
ObLa ipon3BeeHa adGuHHAS 0OUNCTKA OCITKOBBIX KOMIUICKCOB C MCITOJIb30BAHUEM CITEIU(PUIHBIX
aHTHUTeN K Oenky Pita ¢ mocnenyromuM Macc-ClieKTpOMETpUYECKUM aHalln30M. Pe3ynbraTom
JAHHOTO aHAJIM3a CTao OOHApyKEHHE CPeH MpeIoiaraeMbIX MapTHEpoB Oenka Pita
KOMITOHEHTOB CaMbIX Pa3HbIX B (DYHKIIMOHAILHOM IUIaHE KOMIUTEKCOB. OCOOBIN HHTEpEC IS HaC
MpeJicTaBIsIa rpyma OeIKoB, COAEePKALUX B CBOEM COCTaBEe KIacTephbl IMHKOBBIX MaJbIIeB,
MIOCKOJIbKY TaKue O€JIKH MOTYT MOTEHIIMAIBLHO BBIIOJIHATH apXUTEKTYpHYIO QyHKIHIO. B cocTas
BBISIBJICHHOU TPYIIIEI OEJIKOB BXOJUT HHCYISATOP-CBs3bIBatOmunil 6emok Su(Hw), a Takxke 6enku ¢
HeusBecTHbIME QyHKIsIMU CG2199, CG12391 u D19B. B pamkax nanHoi# paOOThI MBI 3aJ1aJIUCh
L[eJIbIO TIPOBEPUTH IOJIyUE€HHBIE JaHHBIE MACC-CIIEKTPOMETPUYECKOTO aHAIN3a U YCTAHOBUTH

npsiMble 6eNoK-0eTKOBbIE B3aUMOICHCTBUS BHYTPH MPEANOIaraeMoro KoMIuiekca.

163



Hcnonp3ys aHanu3 B IPOKKEBOU JBYTHOPUTHON cucTEME ObLIIM YCTAaHOBIJICHBI CIEAYIONINE
napubie B3aumoaectus: CG12391 — CG2199, CG2199 — CP190. IIpssMbIX KOHTaKTOB
M3y4aeMoi rpyIibl 0enkoB ¢ OenkoM Pita ycTaHoBIeHO He ObUTO. BhISBIIGHHBIE B3aUMOICHCTBUS
JIAIOT BO3MOKHOCTb MPEAIOIaraTh, YTO KOMIUIEKC MOXKET (POPMHUPOBATHCS TIOCPEACTBOM Oeika
CP190, ¢ kotopsiM B3auMozeicTBy0 Oenku Pita m Su(Hw).

JlaHHBIE MacC-CIEKTPOMETPUUECKOT0 aHAJIW3a ObUTH BEpUPUIIMPOBAHBI B DKCIIEPUMEHTaX
KOMMMYHOIIPEIUITUTALINN C UCIIOIH30BAaHUEM aHTUTEN K Oenky Pita, ¢ mocnenyromieit
rudpuan3anuen smonpoBanHoro Pita-copepkaiiero KOMIUIEKca ¢ aHTUTENIaMu K Oellkam
n3ydaeMoil rpynmbl. Bo Bcex ciydasx Mbl IETEKTHPOBAIN MPUCYTCTBHE OCITKOB H3ydaeMOi
TPYIIIBI B KOMILIEKCE ¢ Oenkom Pita.

[ToydeHHbIe pe3yNbTaThl JAIOT OCHOBAHUE K JallbHEHIIIEMY U 0oJiee IeTaTbHOMY
W3YYCHUIO TaHHOW TPYMITBI OEKOB B CBETE MX BO3MOXKHOTO (DYHKIIMOHHPOBAHHS B COCTaBE
€IMHOT0 KOMIUIEKCa JJIsl yCTAHOBJICHUS M MOJAIEP)KaHUs apXUTEKTYphl XpOMaTHHA.

PaboTa npoBoauTcs ipu nmoaaepkke rpanta PODOU Ne 18-54-74009.
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Poanb cucrembl piPHK B nogaep:xanuu CTpyKTYpbl XpOMAaTHHA TEJIOMEPHOIO
perporpancno3ona TART y Drosophila

The role of piRNA system in maintaining of chromatin structure of telomeric retrotransposon
TART in Drosophila

Paouon E.U., lImumko A.O., Onenkuna O.M., Komapos I[1.A. u Karimvikosa A.U.

HNHCTUTYT MONEKyIsIpHOM TeHETUKU POoCcCHiICKON akaeMuH HayK

radion-radion.90@mail.ru

Tenomepa npeacTaBisieT cOO0N HYKICOMPOTEHHOBYIO CTPYKTYPY, IPUCYTCTBYIOIIYIO Ha KOHIIaX
JMHEWHBIX XpOMOCOM. B reHoMax OOJIBIIMHCTBA OPraHU3MOB TEJIOMEPHBIE OCIEI0BATEIBHOCTH
00pa30BaHbl KOPOTKMMHU TaHJEMHBIMH IOBTOPAMHU, BHOCUMBIMH (DEPMEHTOM TEJIOMEPa30Hi.
OpHako CyLIECTBYIOT aJIbTEPHATUBHBIE MEXAHU3MBbI NOIEPKAHUS JUIMHBI TeoMmep. Tak,
tenomepbl Drosophila coctosT u3 perporpancno3oHoB HeT-A, TAHRE v TART,
IepEMELIAOIINXCS TOJIBKO Ha KOHEL TMHEUHBIX XpOMOCOM. TeloMepHbIE 3JIEMEHThI OTJINYAKOTCS
Apyr oT apyra 1o cBoei ctpykrype: TART u TAHRE conepaT 1B€ OTKPBITbIE PAMKH CUUTHIBAaHUS
(OPC) — gag u pol, B To Bpems kak HeT-A nmeet Tonbko OPC gag. B 1o xe Bpems anemenT HeT-A
HaunOoJiee npeacTaBiieH B Tenomepax Drosophila. Cantaercs, 4TO HEaBTOHOMHBIN 3nieMeHT HeT-A
WCIIONB3YeT miist iepemenieHuit peseprazy TART w/wmu TAHRE. Eie omHON WHTEpPECHOM
XapaKTEPUCTUKON TEIOMEPHBIX 3JIEMEHTOB Drosophila sBAsI€TCS TO, YTO BCE OHU UMEIOT JUTMHHBIE
5’-u 3’- vetpancnupyemsie oonactu (5°- u 3°-HTO). bonee toro, B 5°-u 3’-HTO TART
IIPUCYTCTBYIOT IIPSIMBbIE HEKOHLEBBIE IIOBTOPBI, COAEPKAIME IPOMOTOPHI B Pa3IMYHBIX
OpHUEHTALMSX.

Baxcaoit nmpoGiieMoii siBIsieTCs peryssiiys SKCIPECCHH TEIIOMEPHBIX 3IeMEHTOB. B
TepMHUHAIBHBIX TKAHIX UX dKCIpeccus peryaupyetcs cuctemoint piPHK caiinencunra,
MOJABJIAIONIETO SKCIPECCUIO0 MOOMIBHBIX 31eMEHTOB (M) Ha TPaHCKPHUIILIMOHHOM U
MOCTTPaHCKpHUITIMOHHOM ypoBHAX. piPHK 00pa3yioTcst u3 0coOBIX JOKYCOB T€HOMA — KJIACTEPOB
piPHK, conepxammx nedekTHbie Komuu MO U pacronoKEHHBIX B T€TEPOXPOMATHHOBBIX 00JIACTIX
regoMa. [Tomumo HP1 n H3K9me3 — pacnipocTpaHEeHHBIX I€TEPOXPOMATHHOBBIX METOK, XPOMaTHH
piPHK knacrepor o6oramien 6enxom Rhino, criennduaabiM ToIbKO 17151 TepMUHANBHBIX piPHK
KJIACTEPOB.

Cy1ecTBytoniyie JaHHbIE YKa3bIBAIOT Ha TO, YTO MEXaHU3MBbI peryisiuuu Hel-A u TART
pas3UYHbI, YTO, 1O-BUIUMOMY, CBSI3aHO C BBIIIOJHEHUEM UMH PA3JINYHBIX TEIOMEPHBIX (QYHKIIHH.
Hanpuwmep, napymmenus nytu piPHK-caiinencunra npuBoasT K THIIEPIKCIIPECCHH TEITOMEPHBIX
AJIEMEHTOB, OJJHAKO B Pa3HOU CTENeHU — HauOOoJbIlast akTUBaNus HaOmonaercs anst HeT-A u
TAHRE (nipumepno B 1000 pa3), B To Bpems kak sxcnpeccusi TART akTUBUPYETCS B HECKOJIBKO

pa3. DTo MoAHUMAET BOMPOC O CTETIeHU BoBJIeueHHOCTH cucTembl piPHK caitnencunra B
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perynsiuio TenomepHoro snementa TART. Bo3moxkHo, yTo momumo cuctemsl piPHK-calinencunra
akTUBHOCTh TART Takke peryaupyerca U IpyruMu CUCTEMAaMHM, OJTHAKO 3TO TOJIBKO MPEACTOUT
W3YYUTh.

MBpI nocTaBuiIu niepes coooi 3aaauy oxapakrepuzoBaTh Bkiaj piPHK nmytu B perynsiuio
skcnpeccuud TART. Mbl BOCTIONIB30BaIUCh JIUHUSIMUA MYX, HECYIITUMU B TEHOME TPAHCTEHHYIO
KOHCTPYKIIMIO, B cocTaBe KoTopoit umeetcst pparment 3°-HTO TART-B, conepxaminii IpOMOTOPHI
B IIPAAMOi 1 oOpaTHO# opueHTanu. Perporpancno3on TART-B sBnsSeTCS OJHUM U3
MpeCcTaBUTENEH ceMeicTBa TeIoMEepHbIX A1eMeHTOB TART. ®parment TART-B B TpaHCTeHE
MIPUJIETAET K PETIOPTEPHOMY IeHy LacZ, TuIeHHOMY cOOCTBEHHOT0 poMoTopa. Mcrnonb3oBanuch
BapUaHTHI TPAHCTEHA C IPSIMOM 1 00paTHOM opueHTanueit pparmenta TART-B. JIjis o1ieHKH posn
piPHK-caiinencunra B koHTpOJe 3kcnipeccuul TART-B, Mbl U3ydanu ©3MEHEHHS SKCITPECCHH 1
CTPYKTYpbI XpOMaTHHA TPAHCTCHOB B IMKOM TUIIE U Ha GoHe HapymeHuit padotsl piPHK cucremsi.
Ornenka n3MeHennit sxcnpeccun LacZ npu nuchyukiuu piPHK myTn nokasana, 4ro skcnpeccus
M3MEHSETCA JIMIIb B TPAHCT€HE C 00paTHOM, HO He NMpsiMoii opueHTanuen ¢pparmenta TART-B.
Bonee Toro, mogoOHast TMHAMUKA U3MEHEHUH HAOI0JaIach U ISl CTPYKTYPhI XpOMaTHHA —
Hapymenus piPHK nmytu npuBoannu k cunmsHOMY majieHnto oboramenus 6enkamu HP1 u
H3K9me3 xpomatuHa TpaHcreHa B 00y1acTu reHa LacZ TOIbKO B CiIydae 00paTHOW OpHEHTAIH
¢dbparmenta TART-B. Takum oOpa3oM, BEpOSITHO, BEIOOP CITOCO0a PETYISIIIUN IKCIIPECCUU U
CTPYKTYpPBI XpOMAaTHHA TPAHCTEHA ONPEEISETCS OPUECHTALMEN BCTaBKH, COAEPKAIUN
MIPOMOTOPHYIO 00J1aCTh TeoMepHOro d1eMenTa TART-B. Jljis 00bsICHEHUS TOTyYEeHHBIX
PE3YIBTATOB MBI MPEATIONOXKIIIN, YTO B HicciienyeMoM (pparmente TART-B IpuCyTCTByeT
WHCYISTOP, GYHKIIMOHUPYIOIICH B ONPECICHHOW OprueHTaIuu. JIeiCTBUTENbHO, N3BECTHA
CIOCOOHOCTh MHCYJISTOPOB ICHCTBOBATH OPHEHTUPOBAHHO, a TAK)KE B3aUMOJICHCTBOBATH JPYT C
Ipyrom, u30Jaupys GhIaHKUPOBAHHBIN y4acTOK OT BO3JEHCTBUS BHEIIHUX (aKTOPOB XpOMATHHA.
Taxke U3BECTHO, UTO TeH mini-white, BXOJISIINIA B COCTaB TPAHCTEHHOW KOHCTPYKIIUH, IMEET B
CBOEM COCTaBE MHCYJIATOP wari. Mbl IpeAnonaraeM, 4T0 UMEHHO B3aUMOJEHCTBUE Wari C
MIPEATIONIOKHUTEIILHBIM HHCYJIATOPOM B mociiefoBaTenbHOCTH (pparmenta TART-B nzonupyet
npomotop TART-B ot penoprepHoro reHa LacZ B onpenencHHoit opueHranuu pparmenra TART.

[ToMrMO TpaHCT€HHON MOJEIN, MBI TAKXKE U3Y4aJId U3MEHEHUS CTPYKTYpPbl XpOMaTHHA B
00J1aCTH TPOMOTOPA SHIOTECHHBIX KOTHi 35ieMeHTa TART-B B OTBET Ha HapYIIEHUsT PaOOTHI
piPHK-nytu. Habaromaemele pe3ynbTaThl COOTBETCTBOBAJIH MTOJIyYEHHBIM HAa TPAHCTEHHONW MOJIEIN
— U3MEHEHUS CTPYKTYPBI XpOMAaTHHA TAaHHOW 00JIaCTH NIpH HapyIIeHHH paboThl cucteMbl piPHK
caiilieHCHHTa He HaOI0JaI0Ch, B oTiindue oT HeT-A MOBTOPOB, YTO MOATBEPKAACT
CYIIECTBOBaHHUE 0CO00M CTPYKTYpHI XpoMaTHHa B ipoMoTope TART.

Pabora nonnepxana rpantamu PODOU Nel8-34-00415 (paboTa Ha TpaHCTEHHON MOJENN) U

PH® Nel6-14-10167 (u3yduenue snnoreHHoro snementa TART).
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Posib 0esikoB Asp u Patronin B popMHUpOBaHMM MUTOTHYECKOI0 BepeTeHA JeJIeHus
y Drosophila

Pasysaesa A."”, Tlaenosa I, TTonosa 10.", SIpumma JI.'*, Jle6enes M., Annpeena E.',
Angepe A."?, Tartu M.*, Munmopun A,

' Unemumym monexynapnoii u kiemounoti 6uonoeuu CO PAH, Hosocubupck, Poccus

* Hosocubupckuii 2ocydapemeennwiii ynusepcumem, Hosocubupcexk, Poccust

3Hhtcmumym yumonozuu u cenemuxu CO PAH, Hoeocubupck, Poccus

4 .
Yuusepcumem La Sapienza, Pum, Umanus

[paBunbHOE hopMupoBaHKe QYHKIIMOHAILHOTO BEpETeHA JCTICHUS B IIEHTPOCOM-COIEPIKAIINX KIETKAX
TpeOyeT CKOOPAMHUPOBAHHBIX IEHCTBHI OCJIKOB, B3aMMOIEHCTBYIOIINX ¢ MUKpOTpyOoukamu (MT). OTu
OeJIKH MOXKHO YCJIOBHO pa3ieiuTh Ha Tpu Ipyrisl: (1) Oenku, B3auMoaeicTByonme ¢ 00KoBoi crenkoit MT
(manmpumep, 6erox Dgt6, sBistronuiics: CyObeIMHHUIEH KOMIUIEKCa ayTMUH), (2) O€KH, aCCOIMUPOBAHHBIC C
mwroc-kormamMu MT, u (3) Oenku, cBs3pIBatomuecs ¢ MuHyc-koHamMu MT (Harmpumep, 0enku Asp u
Patronin). B To BpeMst kak pojib OCJIKOB, CBA3BIBAIOIIMXCS C IUTIOC-KOHIIAMU MT, 10CTaToOYHO XOpOIIOo
n3ydeHa, TouHble (PYHKINU OEIKOB, CBSI3BIBAIONINXCS C MUHYC-KOHIITaMU MT, 10 cux mop ocTarorcs
HESICHBIMH. MBI IpOaHaIM3UPOBAIN B3aUMOJIeHcTBUS Mexy Oenkamu Asp, Patronin u Dgt6 B mponecce
cOOpKH MUTOTHYECKOTO BepeTeHa AeneHus Drosophila, 1 ody4eHHbIE pPe3ylbTaThl MO3BOJISIOT
MPENOI0KUTE MOJIENb MX B3aUMOIACHCTBUS T 00ecTieueH sl MPaBUIBHOM COOPKH U (PyHKIMOHUPOBAHHUS
BEpETEHA.

UrtoOb1 TOHATH poitb OenkoB Asp, Patronin u Dgt6 mbl Beinonannu PHK-unTepdpepenunto (PHKwu)
MPOTHB T€HOB, KOIUPYIOLINX 3TH OIKH, U U3YYWIH MOCIEIYIOIINEe MUTOTHIECKUE (PEHOTHUTIBI B
KYJIBTUBHPYEMBIX KieTkax Drosophila S2. Kpome Toro, ObU1H ONTyUYeHB! TMHAN S2 KIETOK, KOTOpPhIE
sKcTpeccupytoT rudpuanbie 6enku Asp-eGFP u Patronin-eGFP.

MB!I ycTaHOBUIIH, YTO THOpUAHBIHA O0eok Patronin-eGFP npenmyIinecTBeHHO accOUMUPOBaH €
KHHETOXOpHBEIMH MT BO BpeMst MUTO3a, TEMOHCTPHUPYS CXOXKHHA ¢ 6erkoM Dgtb maTrTepH JIoKaIn3aIny.
I'uGpuanelii 6enox Asp-eGFP, nanpotus, HakaminBaeTcs Ha MUHyC-KoHIIaX MT BepeTeHa AeiaeHHs, YTO
XOPOIITO COTTIACYETCs C paHee OMyOJMKOBAaHHBIMH NaHHBIME. Pe3ynbrarsl PHKHM BMecTe ¢ maHHBIME O
sokanu3anuu e GFP-ruOpuaHbIX OEIKOB MO3BOJISIOT MPEINOI0KHTh, 4T0 Oesiku Asp u Patronin
(YHKITMOHUPYIOT, IO KpaHEH Mepe, YaCTUIHO HE3aBUCUMO JpyT OT apyra. J{poriHas PHKu npoTus reHos
asp u Patronin npuBoauia K 0osiee cuiibHOMY (henotumy, ueM PHKu oTnenbHbIX reHOB. A KIMEHHO, B Clly4ae
neoitHoM PHKW MBI HaOmronany HapymeHue pa3aesieHus] CECTPUHCKUX XPOMATH B OJIOKMPOBKY MUTO3a Ha
cTaguu MeTadasbl.

[Mony4eHHble HAMU JTAHHBIEC TIO3BOJISIOT MPEIIOJIAraTh, 4TO Oenku Asp u Patronin BOBJIEYCHBI B
pasnuuHble MyTH GOpPMHUPOBaHUS BepeTeHa AeneHusl. OHM TakkKe YKa3bIBaloT Ha TO, 4yTo Oenok Patronin
cneun(puUecKy CBI3bIBacTCs ¢ MUHyc-koHamu MT, popMupyronmMucs Ha CTeHKaxX yKe CyIeCTBYIOIINX
MT ayrMuH-3aBUCUMBIM CIIOCOOOM, U CTA0HIN3UPYET UX.

Pa6ota nognepxana rpantom PODU (18-34-00688).
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BHYTprXpoMocoMHBIE MEPECTPOIKH B IBOJTIOIMOHHO KOHCEPBATUBHBIX CHHTEHHBIX 0JI0KaX
MOJIEBKOBBIX

Pomanenxo C.A. "%, ®eooposa FO.E.?, Ceporokosa H.A.", [pagooamcxuii A.C. "

'MucturyT MonekymspHoii i Kirerounoi 6ronorun CO PAH, r. HoBocuGupek

*HoBocHOHPCKHiT TOCYIapCTBEHHBIN yHUBEpCHTET, T. HoBOCHOMPCK

rosa(@mcb.nsc.ru

DBOIOIMOHHO-KOHCEPBATUBHBIE CEIMEHTHI SIBJISIFOTCSI OCHOBOM XPOMOCOMHOM OpraHU3aIluu
T€HOMOB MO3BOHOYHBIX. OJHAKO UX CTPYKTYpa MOXKET U3MEHSITHCS 3@ CUET BHYTPUXPOMOCOMHBIX
MepPeCcTPOeK, TAKUX KaK MHBEPCUH U LIEHTpOMepHbIe ciBUTH. [loHOMacITabHOM OleHKH
MPEJICTABJICHHOCTH BHYTPUXPOMOCOMHBIX MEPECTPOCK B IBOJIOIIUHU TTO3BOHOYHBIX /IO CHX IOP HE
MIPOBOMIIOCH.

[ToneskoBbie (Arvicolinae), Kak MOJIO/I0H, HO OYEHBb OOTATHIM BUAAMH M KAPHUOTUITHYECKH
pa3zHoO0pa3HbIN TAKCOH, SBISIOTCSA YIOOHON MOJENbBIO 7Sl U3yYEHUS! BHYTPUXPOMOCOMHBIX
nepectpoek. C momomsto FISH Habopa paiioHocnienmmpuvHbIX 30HI0B Ha XpoMocoMax 28 BUIOB
MBI IPOAHATU3UPOBAITU IBOJTIOIUIO0 HECKOJIBKUX KOHCEPBATHUBHBIX CHHTEHHBIX OJIOKOB IMPEKOBOTO
kapuotuna Arvicolinae. bpiio moka3aHo, 4To 3BOJIIOIHUS KOHCEPBATHBHBIX CETMEHTOB
COIIPOBOXAAJIACh MHOXXECTBEHHBIMHU, paHee HE BBISBIEHHBIMU BHYTPUXPOMOCOMHBIMU
nepectporikamu. J1Jis pa3HbIX OJIOKOB MPEIKOBOTO KAPUOTHIIA TTOKA3aHO MPeodIailaHue pa3InIHbIX
THUIIOB TIEPECTPOEK. B cpetHeM y COBpeMEHHBIX BUIOB MOJIEBKOBBIX 3a()UKCUPOBAIIUCH B
KOHCEPBATUBHBIX CETMEHTAX B XOJI€ SBOIIOIMH OJHA-BE CIELM(PUUYHBIX BHYyTPUXPOMOCOMHBIE
MEePECTPOMKHU.

[To-BuMOMy, BHYTPUXPOMOCOMHBIE TIEPECTPOHKH B KOHCEPBATHUBHBIX CHHTCHHBIX OJIOKaX
SIBIITFOTCSI OCHOBHOM ABOJIOLIMOHHON CHIION MpeoOpa3oBaHus TEHOMOB Y OBICTPO
HBOJIIOLIMOHUPYIOUIUX TPYIII, COMPOBOKIas BUA000Opa30BaHUE.

Pabota Beimonuena nmpu noanaepskke PH® Ne 16-14-10009.
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0 3AKOHOMEPHOCTAX B BBIBOPE JIMMUHUPYEMOI'O 'TEHOMA B XO/IE
PAHHEI'O TAMETOI'EHE3A MEKXBU/JIOBbBIX 'MBPU/10B 3EJIEHBIX JIAT'YHIEK
KOMIUVIEKCA PELOPHYLAX ESCULENTUS

Promun C.C.l*, Henyx I[.B.l, XMHIIeBCKas M.z, Pozen6myt-Konmauctsr B.z, Konennma K.z,
Ka3zmepuax M.?, Orenbcka M.%, A.B. KpacI/IKOBa1

! Cankr-IleTepOyprckuii rocy1apcTBEHHBIM YHUBEPCUTET, Poccus

2 YHusepcurer Bpoyiasa, [lonbsma

* sergriumin@yandex.ru

MexBHIOBBIE THOPHIBI )KHBOTHBIX, KaK MIPABUJIO, CTEPUIIBHBI i HE CIIOCOOHBI IaTh IJI0J0BUTOE
MOTOMCTBO. DTO 0OBACHIETCS XPOMOCOMHBIM KOH(MDIMKTOM — Pa3HULIEH B KOJHMYECTBE U
NEPBUYHON OpraHU3alMyi XPOMOCOM JIBYX Pa3HbIX T€HOMOB, COCYIIECTBYIOIIUX B OJHOM siApe. DTH
pa3u4usi MOTYT IPUBOJIUTH K HAPYIICHUSIM KOHBIOTAIINN OPTOJIOTUIHBIX XPOMOCOM B XOJI€
Meii03a, POIIeCCOB UX PACXOXKICHUS H, B UTOTe, K OCTAHOBKE Mei03a MM (OPMHPOBAHUIO
(YHKIIMOHATTFHO HEAKTUBHBIX aHEYIUIOWIHBIX raMeT. Tem He MeHee, ObLUTH 00HAPYKEHBI TPYIIITHI
OIM3KOPOICTBEHHBIX BUAOB, MEKBHUI0BBIE THOPUIBI KOTOPBIX CIIOCOOHBI MMPEOJI0IETh ATOT
PENPOYKTUBHBINA Oapbep. DTO JOCTUTACTCS MTyTEM U3MEHEHUI paHHETO TaMEeTOTeHe3a —
M30MpaTeTLHON YITUMUHALIMN OHOTO M SHIOPEIUINKAIINU OCTABIIETOCS POJUTEIHLCKOTO TEHOMA B
KJIETKAX 3apOABIIICBON JIHHUH — U MEPEX00M K KJIIOHATBHBIM WJIH MOTYKIOHATBLHBIM CTPATETUSAM
nepefaur redoma. OHAKO, IIUTOJIOTUYECKUE MEXaHU3MBI 3TUX MIPOIECCOB OCTAIOTCS
HEIOCTaTOYHO U3YUCHHBIMHU.

Y 100HO# MO/IENBIO IS U3YUEHHS] H3MCHEHUI raMeToreHe3a MEeXBHUIOBBIX THOPHIOB
KUBOTHBIX SIBIISIETCSI KOMILICKC 3€JICHBIX JisIryiiek Pelophylax esculentus, KOTOpBIN IPEICTaBICH
JIBYMSI pOIUTEIILCKUMU BUIAMU — 03&pHOI nsarymkoit P. ridibundus (RR, 2n=26) u npynoBoit
nsrymkon P. lessonae (LL, 2n=26), 1 UX €CTECTBEHHBIM THOPUIOM — ChEAOOHOH JISTYIIKOM P.
esculentus, cymectBytome B Buae nuronanon (RL, 2n=26), neyx tpurmmonaasix (RLL/RRL,
3n=39) u terpamnonanoit (RRLL, 4n=52) ¢popm.

J11s TOTO, 9TOOBI OXapaKTEPHU30BaATh 3aKOHOMEPHOCTH B BBIOOPE STUMUHUPYEMOTO U
SHIOPETUTAITUPYEMOTO TEHOMOB ITPH (POPMUPOBAHHUH TraMET Y AUTUIOUIHBIX M TPHILTIOUHBIX
rubpunoB Pelophylax esculentus, Mbl TPOBEIIA CEPUIO0 HCKYCCTBEHHBIX JTA0OPATOPHBIX
CKPEUIMBaHUN OTIOBJICHHBIX THOPUAHBIX OCOOCH APYT C APYrOM U C OCOOSIMHU POJUTEITHCKOTO
BUJA. [[71s1 MOTY4YEeHHBIX B X0JI€ CKPEIIMBAHUN TOJIOBACTUKOB OBLIN UICHTH(PUIINPOBAHBI TCHOMHBIC
KOMITO3HUITUH TTyTEeM JETEKIIMN HHTEPCTUIIHAIBHBIX caiToB TenomepHoro noropa (TTAGGG), u
MIEPUIIEHTPOMEPHOTO TaHAeMHOTO TToBTOpa RrS1 MeTogom duryopectieHTHOM in situ THOpUIU3AIIN

(FISH). Pe3ynbraTel HAeHTHU(PUKALITYT TEHOMOB rOJIOBACTUKOB, MTOJIYYEHHBIX B PE3yIbTATE
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Ja00paTOPHBIX CKPEIIMBAHUHN, TTOKA3JIH, YTO TUILUIOUIHBIE THOpUAHBIE (popmbl (RL-renoMHas
KOMITO3HITHS ) B OOJIBIITMHCTBE CIy4aeB KIIOHAJILHO TIEPEIAl0T B TaMeThl TeHOM P. ridibundus.
Hanporus, Tpuruionasie rudpuansie ocoou (LLR-reHoMHas KOMITO3UIHsT) B OOJIBIIIMHCTBE
CIIy4aeB COXPAHSIOT U MEPEatoT B raMeThl TeHOM P. lessonae.

[Ipu ananmu3e MopoJIOruu JUCCEKTUPOBAHHBIX TOHAI THOPHAHBIX TOJIOBACTHUKOB C
MTOMOIIIBIO JTA3€PHON CKaHUPYIOIIEeH KOHPOKATLHON MUKPOCKONTMH MBI 00Hapyxuiu DAPI-
MO3UTUBHBIC TENbIA (MUKPOSIIPA) B IUTOIIA3ME KIIETOK 3aPOIBIIICBOM JTUHHUH, YTO HE
HaOII01aeTCs B TOHAaX 0co0el pOAUTENLCKUX BUAOB. MUKpOSIpa pa3andaloTcs Mo pa3Mepy, ux
KOJINYECTBO BapbupyeT OT | 10 3 HA OTACIBHYIO 3apOJIBIIIEBYIO KIETKY. B pe3ynbprare
MMMYHO(DITYOPECIICHTHOTO OKpaIIMBaHUs ¢ TOMOIIBI0 oJuKIoHATKHBIX CREST-anTuTen npotus
0eTKOB KMHETOXOPa MBI IMOKA3aJIi HATMYNE KHHETHYECKH aKTUBHOM IIEHTPOMEPHI B COCTABE
MUKposiaep. 95% npoaHaTu3upOBAHHBIX MUKPOSIIEP COAECPKAT TOJBKO OJMH XPOMOIICHTP, YTO
MOJKET CBUAETEIHCTBOBATH 00 SMTUMHUHAIIMA XPOMOCOM IO OTJIEIHHOCTH HIIM O TOMOJIOTHYECKON
KJIaCTepU3allMU LIEHTPOMEDP HECKOIBKUX XPOMOCOM B COCTAaBE OJIHOTO MUKpOsIpa. JlJisi BbISBICHUS
THUIIA YTUMUHUPYEMOTO T€HOMA B COCTaBE MUKPOSZEP MBI IIPOBEIU HA TUCCEKTUPOBAHHBIX TOHAIAX
rosoBactukoB 3D-FISH ¢ 3ou1amu k nepunieHTpoMepHoMy nosropy RrS1, cneruduunomy s
xpomocoM P. ridibundus, Ho HE XpoMocoM P. lessonae. B roHagax Kak JUTUIOUIHBIX, TaK U
TPUILIONIHBIX THOPUAHBIX FOJIOBACTUKOB OB OOHAPY>KEHBI 2 TOMYJISLIUA MUKPOSAED —
MUKpPOS/Ipa, BKIIOYAIOIINE B CBOM cocTaB moBTOop RrS1, u Mmukposiapa 6e3 3troro nosropa. OqHaxo,
pacnpeseieHne MUKPOSIIEP 10 3TUM 2 MONYJISIUAM Y AW- U TPUTITIOUTHBIX THOPUIOB PA3ITUIHO.
Tax, B pe3ynbrare aHayM3a rouaj 36 AUITOUIHBIX THOPHUIHBIX TOJIOBACTUKOB MBI [TOKA3aJd, YTO
TOJIbKO B 15% MuKposifiep NpUCYTCTBYIOT HEHTpOMEPBI XpoMocoM P. ridibundus. Takum oOpa3om,
MBI MOKEM 3aKITIOYHTh, YTO TPUOTH3UTENHHO 85% MUKpPOsIEp conepkanu renoM P. lessonae.
AHanu3 roHaj 23 TPUILIONIHBIX THOPUIHBIX TOJIOBACTUKOB ¢ TECHOMHOM KoMmmo3uineit LLR
mokasaj, 4yTo npubausutenbHo 80% Mukposiiep coaepxanu nueHTpomepsl P. ridibundus.

MBI MOKEM 3aKJIIOUUTD, YTO XPOMOCOMBI OJTHOTO POJUTENHCKOTO BU/IAa SITUMUHUPYIOTCS
MOCIIEZI0BATEIHHO B KJIETKAX 3aPOIBIIICBON JTMHUH TUTUIOUAHBIX U TPUILTOUTIHBIX THOPHIIOB,
nocpeacTBOM (hOPMUPOBAHHSI MUKPOSIIED. Y OONBIIMHCTBA TUTIIOMAHBIX THOpUI0B (RL)
MIPOMCXOIUT U30UpaTesibHas AIUMHUHALIUS TeHoMa P. lessonae, B TO BpeMsl Kak y OOJIbIIMHCTBA
TpurmonaHbX TnOpuaoB (LLR) mpoucxoaut n3dbuparensHas sauMuHanus renoma P. ridibundus,
YTO COOTBETCTBYET pe3yJbTaTaM JTa0OPaTOPHBIX CKpEIIMBAHHH.

Pabota BrInoHEeHA Npu PUHAHCOBOM noaepxke Poccuiickoro ¢onna pyHrnameHTaIbHBIX
uccnenaoBanuii (mpoekt18-34-00514\18). PabGoTa BbIMOTHEHA C UCTIOIB30BAHUEM 000PYIOBAHUS
pecypcnbix nieHTpoB Hayunoro mapka CITOI'Y: «O0cepBaTopusi 3KOJIOTMYECKO 0€30MacHOCTHY 1

«Pa3Burtue MOJICKYJIAPHBIX U KIICTOUYHBIX TCXHOJIOT Wi,
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Bausinue Hokayta renoB ADAMTS1 v THBS1 na dopmMupoBanue paauanmoOHHO-
HHAYUMPOBAHHOI0 0TBETA KJIETOK Ha moBpe:xkaenue JHK

Casuenko P.P."", Bacuibes C.A.', ®umman B.C.2, Mypamkuna AAZ, Hopodeena ABY,
Cyxux E.C.°, Jle6enes U.H.'
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Effects of ADAMTS1 and THBS1 genes knockout on the radiation-induced DNA damage
cellular response

Savchenko R.R.l*, Vasilyev S.A.l, Fishman V.S.z, Murashkina A.A.> , Dorofeeva A.V.4,
Sukhikh E.S.”, Lebedev LN.'

Research Institute of Medical Genetics, Tomsk National Research Medical Center RAS, Tomsk,
Russia

*Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

National Research Tomsk State University, Tomsk, Russia

‘Siberian State Medical University, Tomsk, Russia

STomsk Regional Oncology Center, Tomsk, Russia

*E-mail address: savchenko renata@mail.ru

Bo3zaeiicTBue HOHU3UPYIOIIETO U3TYUYEHUSI BBI3bIBAET 3HAYUTEIbHBIE IOBPEXKACHUS B KJIETKaX
YeJIoBeKa, HanboJsee TyOuTeIbHBIMH U3 KOTOPHIX sBisitoTes noBpexacHus JJTHK. HecmoTpst Ha
u3BecTHbIe MexaHu3Mbl penapauuu JIHK, ponb B moanep:xanuu cTabUIbHOCTH T€HOMA JIPYTHX
KOCBEHHBIX YUYAaCTHUKOB PaJIMallUOHHO-UHAYIIUPOBAHHOTO KJIETOYHOI'O OTBETA OCTACTCS
HEJIOCTaTOYHO U3y4eHHOU. [IpoBeieHHbIE HAMU paHee HKCIIEPUMEHTHI TTO3BOJIMIIN BBISIBUTH CBA3b
mudepennmranbaon skcnpeccun reHoB ADAMTSI v THBSI co CIOHTaHHBIM ypoBHEM (DOKYCOB
YH2AX u yacToTON pajMaiimiOHHO-UHYIIMPOBAHHBIX MUKPOSAEP B TUM(DOIIUTAX TEpHPEPHICCKON
KpPOBHU 4eJioBeKa U B pubpobdiacTax sKCTpasMOpHOHaIbHONU Me30iepMbl. C 1eNblo aHau3a
BIIUSTHUS HOKAQyTa IaHHBIX T€HOB Ha ()OPMUPOBAHKE PATUAIIMOHHO-UHIYIIIPOBAHHOTO OTBETA
COMAaTHUYECKUX KIJIETOK 4esioBeka Ha nopexaeHue [JHK B MogenbHOI cucteme in vitro, Ha
OCHOBaHMHM omyxoseBo JuHun HelLa ¢ moMoIipi0 TEXHOJIOTUN pPEIaKTUPOBAHUS T€HOMA

CRISPR/Cas9 6bu11 co3nanbl HokayTHble 1o reHaM ADAMTSI n THBSI xnerounsie muHun. B
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HOKAyTHBIX KJIETOYHBIX JIMHUAX Obll1a IpoBeieHa OlleHKa 3((EKTUBHOCTH MTOCEBA U KIIOHAIBHOMN
BBDKMBAEMOCTH ITOCJIE BO3/IEMCTBUS HOHU3UPYIOLIETO Y-U3Iy4YEHHUs, OLIEHKA YPOBHS CIIOHTaHHBIX
¢doxycoB YH2AX u 53BP1, paccmarpuBaeMbIX B KaUeCTBE MapKEPOB MPOLIECCOB Perapanuu
INBYHUTEBBIX pa3pbiBoB JIHK, 1 aHanu3 4acToTsl pagualiiOHHO-UHIYLIHPOBaHHBIX MUKpoOsiaep. B
MOTIBITKE BBISIBUTH MEXAHU3MBI BIMSIHUS M3y4aeMbIX T€HOB Ha (OPMHUPOBAHUE paHallMOHHO-
WHIYIIUPOBAHHOTO KJIETOYHOTO OTBETA, C MTOMOIIBIO AKCIIPECCHOHHBIX MUKpOYHTIOB SurePrint G3
Human Gene Expression v2 8x60K (Agilent technologies, USA) Obu1 mpoBeieH aHATN3
TPAHCKPHUIILIMOHHOTO NMPO(GUIS B HOKAYTHBIX KJIETOUHBIX JIMHUAX A0 O0Jy4eHHS U TIOCe
BO3JEHUCTBUS Y-U3IydeHus B 1o3e 2 I'p.

Knerounas nunus ¢ HokaytoMm reHa THBSI xapakTepu3oBajlaCh CHUKEHUEM
3¢ HEKTUBHOCTH ITOCEBA A0 00JIyUEHHs [0 CPABHEHUIO ¢ MHTaKTHOU nuHuei Hela B 1,4 pa3a
(p =0,0002). Knerounast nunus ¢ HokayroM ADAMTS] xapakrepu3oBanach CHUKEHUEM
KJIOHAJBbHOW BRDKMBAEMOCTH I10 CpaBHEHUIO ¢ ucxoanou auHuer Hela B 1,9 paza (p = 0,014).
Taxum o6pa3omM, HOKAyT AAHHBIX T€HOB M0-PA3HOMY BIIUSET Ha BBLDKMBAEMOCTh U CIIOCOOHOCTD K
(bopMHPOBaHUIO KOJIOHHN HE OOTyYEHHBIX U 00Jy4eHHBIX KIeTOK. HokayT n3yyaeMbIX T€HOB He
BJIMSUT HA YPOBEHb CIOHTaHHBIX (okycoB YH2AX u 53BP1, oqHako B KI€TOYHON JIMHUM C
HOKayToM ADAMTS1 Habmto1anoch CTATUCTUYECKU 3HAYMMOE YBEIIMUEHNUE YaCTOTHI MUKPOSIIIED
(21,7 £7,5 %o) o cpaBHeHuto ¢ uutakTHOM uHuer Hela (5,0 + 1,0 %o, p = 0,019).
[ToTHOTPAaHCKPUIITOMHBIM aHAJIN3 MTO3BOJIMII BBIABUTH OOJBIIOE YUCIO TU(PEpeHIHaTEHO
AKCIPECCUPYIOIIUXCS TEHOB, TATh U3 KOTOpbIX (TOP2A, RFC3, TXNRD?2, PRKDC, SPTBNI)
MTOBBIIIAJIA CBOIO SKCIIPECCHIO B KileTouHOU TuHuK Hela mocnie o6mydenus, HO He
AKTUBUPOBAINCH TIpU HOKayTe reHOB ADAMTSI v THBS1. Takum o0pa3oM, B UCXOTHOM JIMHUH
HelLa nocie Bo3aeiicTBUS paAralliil aKTUBUPYIOTCSI 0230BbI€ CHCTEMBI 3aIUTHI KJIETOK 33 CUET
MOBBIIICHUS YKCIIPECCUU T€HOB aHTUOKCUAAHTHOU 3a1iuThl (7XNRD2) 1 TOYHOCTH peITUKALINU
JHK (TOP2A4, RFC3, PRKDC), B To Bpems kak nipu Hokayte ADAMTSI n THBS1 sxcnipeccust
JTAHHBIX T€HOB HE MOBbIMIaeTcs. Bo3moxkHo, mpu HokayTe ADAMTS] 3T0 IPUBOIUT K
PETUTUKAIIOHHOMY CTPECcCy, BOSHUKHOBEHHIO IByHUTEBBIX pa3pbiBoB JIHK B S- u G2-dazax u xak
CJIEJICTBUE, NTOBBIILIEHUIO YaCTOTHI MUKPOSIIEP B MUTO3€E.

Uccnenosanue BoinonaHeHo npu noaaepxke I'panrta [Ipesuaenra PO Ne MK-5944.2018.4.
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3ATAJIKA TPAHCKPHUIIIUU HA JIATEPAJIBHBIX IIETJIAX XPOMOCOM THIIA
JIAMITIOBBIX INETOK II'TUILY

Catigpumounosa A.D., I'ankuna C.A., Kynax M.M.

Cankr-IlerepOyprckuii rocy1apCTBEHHBIM YHUBEPCUTET

Cankr-IlerepOyprekuii coro3 yuensix, Cankt-IletepOypr, Poccus

saifitdinova@mail.ru

B oonurax nruil, Kak 1 MHOTUX IPYTHX )KHBOTHBIX, HA CTAUH TUTUIOTEHBI TPO(da3bl IEPBOTO
JIeJIeHUs1 Meio3a XpOMOCOMBI MPUOOPETAIOT BHJI, HATTOMUHAIOLINI OyThbUIOYHBIE EPUINKHU, WIIH
namrmoBble meTku (JILII). DTo cxomcTBO 00yCIOBIEHO BHICOKOM CTETICHBIO JECTUPATH3AIIIN
XpOMaTHHA U IPUCYTCTBUEM BJIOJIb XPOMOCOMHOM OCH OOJIBIIIOTO YKCIIA JaTePAIbHBIX METENb,
ACCOIMUPOBAHHBIX C MHOTOYUCIICHHBIMU TPAHCKPHUIITAMH U OEITKaMHU amnmapara TPaHCKPUTIITUU |
co3peBanusa PHK. Breicokas cTeneHnb AeKOHIEHCAIIUY, HAPALY C COXPAHEHUEM OCEBOM CTPYKTYPHI
xpomocowm, nenaet JII yHukanbHbIM MOIETEHBIM O0BEKTOM JJIsl BRBICOKOPA3pEeIIaloIIero
KapTUPOBaHUS MOCIEA0BATEIBHOCTEN 1 Bepu(UKAUK JaHHBIX cOOpKH reHOMOB. [IpucyrcTBue
I0THO pacnonokeHHbIX PHIT Ha GOKOBBIX METISAX MO3BOJISIET JETALHO UCCIEIOBATh
OpraHM3aIMIO JIATePANbHBIX METeNb 1 MHOTHE (PYHKIIMOHAIBHO 3HAUMMbIE OEJIKU TPaHCKPUIIINH,
OJIHAKO MpHUpoJia U Ouosiornueckoe 3HaueHne penomena JIII no cux mop ocraroTcs 3araaKoi.
Pasznuunsie stanel nudepeHIpPOBKH U CO3PEBAHUS TAMET COMPOBOXKIAIOTCS TPAHCKPHUIIITUEH, B
pe3yiabTaTe KOTOPOH MPOUCXOAUT HakoIUieHue nonuaaenunupoBannoil PHK B Buje rereporennbix
snepubix PHIT wactum, a Takke 3anacanue pudocom. Ha ocHoBaHnM MOPGOIOTHIECKUX
UCCIIEIOBaHUM J10JIr0e BpeMsi ObLIO MPUHATO CYUTATh, YTO y OPTaHU3MOB C
TUNEPTPAHCKPUIIIMOHHBIM TUIIOM OOT'€HE3a MHTEHCUBHOCTh TPAHCKPUIILIMK JIOCTUTAET CBOUX
MAaKCHUMAaJIbHbIX 3HAY€HUI UMEHHO B JUIUIOTEHE NEPBOTO JejeHus Mero3a Ha ctaguu JIL. JlanHbie
BBICOKOPA3PEIIAIOIIET0 KAPTUPOBAHUS YHUKAJIBHBIX U MOBTOPSIFOLINXCS MOCIEA0BATEIBHOCTEN
JAHK meronom FISH, a Takke ucciegoBaHue TMHAMUKYU BKJIIOUECHUS MTPEIIIECTBEHHUKOB CHHTE3a
HYKJICMHOBBIX KHUCJIOT C TIOCJIEAYIOICH BU3yanu3anuei ux (ayopoxpoMaMu METOI0OM KITHK-
peaKIu CBUAETENBCTBYIOT O TOM, 4TO TpaHckpuniuio Ha JILI[ Hens3s paccMaTpuBath Kak
ncrounnk PHK nst passutus 6ymaymero sMOpruoHa y nTuil. BpIIo yCTaHOBIEHO, YTO KOJIUPYIOIIHE
Y HEKOTOPbIE TIOBTOPSIIOIINECS MTOCIEA0BATENBHOCTH, TAKUE KaK, KJIacTepbl pHOOCOMHBIX T€HOB U
F€HOB THCTOCOBMECTUMOCTH, TAKXKE€ KAaK U MOCIE0BATEILHOCTH, YYaCTBYIOIINE B

g hepeHIMPOBKE TOHAI HA XPOMOCOME Z, a TAK:Ke HEKOTOPBIC TOBTOPSIONTUECS
MOCJIeI0BATEIBHOCTH Ha XpoMocoMe W HUKOT/1a He (OPMUPYIOT JIaTepalIbHBIX METeNb Ha CTaIun
JIL. Y xypuist noctymwienne B ooruT PHK oGecnieunBaercs GomumkynspHbIMu KiieTkamu. B

COCTAaBC JIAaTCPAJIbHBIX IICTCIIb 06Hapy)KI/IBaIOTCSI TOBTOPAIOIMIUCCS IMMOCICA0BATCIIbBHOCTH,
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XapaKTepu3yromuecs Hanbosee BHICOKUM YPOBHEM TUBEPreHIIUMHU KaK MOMYIISIIMOHHON, Tak U
BHYTPH OJIHOM 0COOM, IMEHHO 3TH IOCIIEIOBATEILHOCTH BXOIST B COCTaB IT'eTePOXpoOMaTHHA B
COMaTHYECKUX KJIETKax. B xoae rameroreHesa npoucxouT peMOEIMPOBAHNE T€HOMA,
COTIPOBOXKAAOIIIEECS yajJeHHEeM OOJBITHHCTBA SMTUTCHETUYECKUX CUTHAJIOB, UTO MMPUBOJUT K
aKTUBALIMU TPAHCKPUIIIIUU B TOM YHCIIE€ MOOMIIBHBIX 3JIEMEHTOB U MOXET UMETh
karacTpoduyeckue nocuenctsus. [lo-euauMomy, B 3TOT MOMEHT IPUBOAUTCA B JeiiCTBHE
aNbTEPHATUBHBIN 3aIIUTHBIA MEXaHN3M, KOTOPBIM OCTaHABIIMBAECT TPAHCKPHUIIIIHIO OMPEIEICHHBIX
MOCIIEI0BATEIHHOCTEH M KaK OBl «3aMOPaKUBAET» HA XPOMOCOMaX MOP(OIOTHIECKH BBIPAKEHHBIC
naTepaibHble NeTIU. JJONOTHUTENbHO, TAKHE CTPYKTYPhI MOT'YT OBITH OOBEKTOM ISl IOKAIBHOTO
MOBBILIEHUS YPOBHSI KO-TPAHCKPHUITIIMOHHOTO MyTareHe3a 1 BHOCUTH BKJIAJ] B MOJI€p KaHNE
CTaOUIBLHOTO YPOBHS U3MEHYMBOCTH F€HOMA B TIOMYJISAIUAX. ITO MOXKET O0OBICHUTH
Ouosornueckoe 3HadeHue 1 mupokoe pacnpocrpanerue JII] y pa3HbIX cCUCTEMAaTHYECKUX TPYIIIT
KUBOTHBIX.

Hacrosimee uccnenoBanne 0bu10 oaaepskano Poccuiickum ¢houaoM GyHIaMeHTaIbHbBIX
uccinenoBanuii (rpant Ne 16-04-01823a). JIns BBIMOTHEHUS UCCIEIOBAaHUS OBLIO UCTIOIH30BAHO
obopynoBanue pecypcuoro nearpa LIKIT «Xpomac» Hayunoro mapka CII6I'Y u ¢punaHCcOBas

noanepxka CIIOI'Y (meponpusrtue 4, mpoekt Ne 1.40.1625.2017).
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BHYTPUBHUJIOBOM MOJITUMOP®NU3M MYTAHTHBIX ®OPM CALENDULA
OFFICINALIS L.

Camamaose T.E.", Xaszuesa .M., FOpkesuu O.B. ! CseucmyHnosa H.IO.?, Amocosa A.B.",
Mypasenko O.B."

1I/IHCTI/ITyT MoJIeKyIsipHO Ononioruu uM. B.A. Durensrapara PAH, r. Mocksa
*OI'BHY "Bcepoccuiickuii Hay4YHO-UCCIEI0BATEILCKUIT MHCTUTYT JIEKAPCTBEHHBIX

U apoMaTHuYecKux pacreHuit", Mocksa

tsamatadze@gmail.ru

[Tomumopduzm — mobdoe paznoobdpaszue GopM OJHOTO U TOTO K€ BUAA OpraHu3MoB. [Tommmopduzm
CIOCOOCTBYET aJanTaliy K FTeTepOreHHbIM YCIOBHSM U PACIIMPEHUIO SKOJIOTHYECKOW HUIIIN,
00yCJIOBIMBAET BHICOKYIO SBOJIIOLMOHHYIO ITACTUYHOCTD. J{JIs1 CpaBHUTEIBHOTO aHAJIN3a TEHOMOB
pacTeHuii nccieloBaHNe OPraHu3alyd XpOMOCOM U UX BHYTPH- U MEXKBHIOBOTO MOTUMOPpU3Ma
MO-TIPEKHEMY OCTAETCS AKTyaIbHBIM.

Briepsrie ¢ ucnonp3oBanuem ananusa meiiosa, C/DAPI-nqudpepennmansHoro okpammsasi,
Ag-S1OP-okpammBanus u GiyopecueHTHoi rudpuausanuu in situ (FISH ananusa) nposeaeHo
HCCe0BaHNE MYTaHTHBIX ()OpM HOTOTKOB JiekapcTBeHHBIX(Calendula officinalis L.), momy4eHHBIX
nocie Bo3aeicTBus mytareHoB JIMC (mumeruncynbdat) u JIOC (quaTriicynbdar) B pa3IMIHbIX
KOHI[EHTPALIMSAX U JaHA MX XO3SMCTBEHHAs OIICHKA. BBISBICHO, YTO MOBBIIIICHHBIE KOHIICHTPAINH
MyTareHOB OKa3bIBAIOT yrHETAIOIIEE ACHCTBUE HA POCT pacTeHuit, B ocooeHHoctu JI2C 0,05 — Ha
20%. ITokazano, uro IMC nokazan HaubosbuIyio 3pGeKTUBHOCTH 10 cpaBHEeHUIo ¢ JIDC, uro
MPOSIBUIIOCH B YBETMUEHUH KOJMUECTBA COLBETUI U MOOETOB, MOBBIIIIEHUEM MAaXPOBOCTH
COIBETHI. Y POKAITHOCTh CyXHX couBeTuid B BapuanTte ¢ JIMC npakTuyecku B JiBa pa3a MpPEBbIIAECT
KOHTpOJIbHBIC, a B BapuaHnTe ¢ JI9C - B 1,5 pa3a. [lomydeHHbIe JaHHBIE TTOKA3alId, YTO 00paboTKa
cemsin [IMC B xonnentpamuu 0,04%, siBisercs npeanouytutenbHeit, uem 0,08%, a pacrenus,
BbIpaIlleHHbIE U3 CeMsH, 00paboTanHbIX MyTareHoM JIMC, xapakTepr30Banuch 60s1ee BBICOKIMHU
MOKa3aTeJSIMU 110 KOJIMYECTBY COLIBETUI, MAXPOBOCTH COLIBETUM, YPOKAHOCTH COLIBETUH U
CEeMsIH.

OOHapyxeHo, 4To 00a BUa MyTareHa OKa3ajlu BO3JIeHCTBHE HA MEHOTHYECKOE JICJICHUE,
HauuHas ¢ nmpoda3ssl MEepBOTo JeneHus Meio3a. B meradasze 11 u anadase [ y Bcex ¢opm HOroTKOB,
B OCHOBHOM, BCTPEUAIUCH KIETKH C HOPMaJIbHBIM PACXOXKIEHUEM XPOMOCOM K TtosrrocaM (16:16),
XOT TakXke ObUTH 0OHApYKEeHbI KJIETKU C HAPYIIEHUSMHU (OTCTaBaHUE XPOMOCOM, Xa0THUECKOe
PacxXoXkAeHUE XPOMOCOM, MOCTHI, )parMEeHTHl XPOMOCOM H T.1.). Bo BTopom nenenuu meriosa

ObLIH 06Hapy)KeHBI KJIETKH C JIMHEHHBIMU TCTpadaMu, MCHTAabl, TCKCAAbI, a TAKKC TCTPAbI C
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MUKposiipaMu. [IporieHT MUKpOCTIOPOIIUTOB ¢ HapymeHusMu B MeTadase [ u anadaze [y
pactenuii, oopadorannabix J[IC, ObLT HECKOIBKO BHIIIE, YeM y pacTeHuid, oopadoranasix JIMC.

Nzyuenue pucynka Ag-SOP-okpamuBanus y BceX U3y4aeMbIX COPTOB U MyTaHTHBIX (hopM
HOTOTKOB, TI0Ka3aJ10 HaJTMUue Ag-TOJIOKUTENLHBIX pallOHOB B 00J1aCTH BTOPUYHBIX MEPETSHKEK HA
CIyTHUYHBIX XpoMocoMax | u 9. Ha xpomocome 1 Bcerna nabmrogancs 6omnee kpymnubiii Ag-SOP.
B nnTepdazHbIX fApax Uy COPTOB U Y MYTaHTHBIX (hOPM HOTOTKOB MPHU 3TOM HAOII0JaI0Ch OT
OJIHOTO 10 YEThIpeX Ag-OKpaIICHHBIX AIPbIIIEK.

FISH ananu3 BbIsBIII y BeexX n3ydaeMbix popm nokanuszanuto 455 p/IHK pasznoit
WHTEHCHUBHOCTH Ha JBYX CIYTHUYHBIX XpoMocoMax 1 u 9. ¥V copta 30510TO€ MOpPE BBISIBIIEH
MHUHOPHBIN cailT 455 p/IHK, pacnonoxeHHbIl MeIMaHHO B KOPOTKOM IIede XpomMocomsbl 7. Ha
JUIMHHOM I11e4de xpomocoMsl 10 BersBieH caidT 58 p/IHK ¢ curnanoM BbICOKOH MHTEHCUBHOCTH,
KOJIOKOJIM30BaHHbIN ¢ MUHOPHBIM caiitoM 455 p/IHK. V copra Paiickuii cax MUHOpHBIH JOKyC 455
pAHK otcyrctByetr. Ha nnmuanom miiede xpomocomsl 10 BeisBieH cait 58 p/IHK ¢ curnanom
BBICOKOW MHTEHCUBHOCTH. Y MYTaHTHBIX (hOpM HaOII01ajICs MOMUMOPGU3M MO HATHUUIO
MUHOpHOTO caiita 455 p/IHK, pacnionokeHHbIi MEJUAaHHO B KOPOTKOM IJIEYE XPOMOCOMBI 7. A
TaKXe y MyTaHTHBIX (opM BbIsABIIEH nosmMopdusm caiitos 455 p/IHK na xpomocomax 1 u 9.

Taxum 06pa3om, ¢ UCTIOIB30BAHUEM MOJIEKYISAPHO-IIUTOTEHETUYECKUX METOOB BIIEPBBIC
uAeHTUPUIMPOBAHBI Bce XpoMocoMbl B Kapuotunax C. officinalis v mpoBelieH CpaBHUTEIbHBIN
aHaJIN3 TEHOMOB COPTOB M X MYTAaHTHBIX ()OPM, YTO TIO3BOJIUIIO HE TOJIBKO JaTh UX
61OMOP(OIOrMUYECKYIO XapaKTEPUCTHUKY, HO U OXapaKTEPU30BaTh 3TH PACTEHUS HA YPOBHE T'€HOMA.
[TonydeHHbIe pe3ynbTaThl MOTYT ObITh YCHEIIHO HCIOIb30BaHbl B IPAKTUKE MPU aHAIIN3E
CEJIEKIIMOHHOTO MaTepuala, a TakKe JJis JabHEHIIero BKIIOYEHHS X B CEJIEKLIMOHHBIN MPOIECC ¢
LEJIBIO MTONTy4YeHUs (PapMalleBTHUECKOTO CHIPhsI, B3aMEH UMITIOPTHBIX aHAJIOTOB.

Pabota BeInonHeHa npu GpuHaHCOBOH noanepxke rpanta POOU Ne 18-016-00167.
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PernoHbl roMO3UIrOTHOCTH B IKCTPA3MOPHOHAIBHBIX TKAHAX a00PTYCOB U3 cemMeil
¢ NPUBBIYHBIM HEeBbIHALIMBAHUEM 0epeMeHHOCTH

Ckps6un H.A., BacunbeB C.A., Hukutuna T.B., XKuranuna J[.W., babymkuna H.IL.,
Casuenko P.P., KameBaposa A.A., Jlebenes U.H.

HWUN meaunuuckoi renetuku, Tomckuin HUMI] PAH, Tomck

[TpuBbsruHOE HeBbIHaMMBaHUE OepemeHHOcTH (ITHB) — 3T0 camomnpon3BoIbHOE MTPEphIBAaHUE
OepemMeHHOCTH ABa 1 Oonee pa3 moapsia. Yacrora [THB cocraBiset okono 2% oT uncia
o6epemenHocTe. OTHOM M3 OCHOBHBIX NMTPUYHMH CIIOHTAHHBIX MPEPhIBAaHUN OEPEMEHHOCTH SIBIISTFOTCS
YHCIIOBBIE XpPOMOCOMHBIE aHOMaUH. TeM He MeHee, aThosorudeckue paxkropsl y 40% abopTycoB
ot xkeHwuH ¢ I[THB ocratorcs HeBbIsiIcCHEHHBIMU. OTHOM U3 NPUYHH MOXKET SBIATHCS
TOMO3HMI'OTH3ALUS PELECCUBHBIX MyTallUi 3a CUET OJHOPOIUTENIHLCKON TUCOMUM WK (heHOMeHa
notepu rerepo3urornoctH (Loss of Heterozygosity, LOH) (Robberecht et al., 2012; Niida et al.,
2018).

Marepuansl 1 MeTObI. B HacToAIeM HCClIeJOBaHUH OB MIPOBECH MOUCK YYACTKOB C
OTCYTCTBHEM I'€TE€PO3UTOTHOCTH B SKCTPAIMOPHOHAIBHBIX TKaHAX 16 mapHbIX aDOPTYCOB MEPBOTO
TpuMecTpa 6epeMenHocty oT 8 xeHmuH ¢ [THB. ¥V Bcex abopTycoB ObUT HOpMATBHBINM KAPUOTHUIT
0 pe3yNbTaTtaM MeTa(azHoro KapuOTUIIHPOBAHUS U CPAaBHUTENIbHON T'€HOMHON THOpUIN3aliy Ha
Metadasubix miactuakax (cCCGH). B pabote Obutn ncnons3oBanbl Mukpounmbl SurePrint G3
Human CGH + SNP 4 x 180K (Agilent Technologies). Pe3ynbraTsl BU3yanu3upoBaHbl C
ucronabp3oBanueM nporpamMmel Cytogenomics (Agilent Technologies). Hekotopsie u3 BbISIBICHHBIX
TOMO3UTOTHBIX YYaCTKOB ObUTH BepUUIIMPOBAHBI C TOMOIIbIO CEKBEHUPOBaHUs 110 CrHTrepy.

Pesynpratsl u o0cyxaenue. Beero 6suto naentudummponano 30 obnacreit ¢ LOH B
sKCTpa’MOpHroHanbHbIX TKaHsAX 10 aboprycos (1p31.2-p31.1, 1q41-q42.13, 2q23.3-q24.2, 3pl4.1-
pl3,3926.31-q26.33, 4p14-p12, 4q13.2-g21.1, 5p13.3-p13, 6ql4.1, 7q21.11-g21.13, 7q31.2-
q31.31, 7q31.33, 8q11.21-q11.23, 9933.2-q34.11, 10p12.31-p12.1, 10g21.1, 11p15.3-p15.1, 11p12,
12q12, 14921.1, 14921.1-q21.2, 14q31.3-q32.12 , 17q22-q24.1, 18ql12.1-q12.2, 22q12.3-q13.31).
Heckonbko pernonoB ¢ LOH nabmoganucs y 6ojiee yeM 0JHOr0 SMOPHOHA: YEThIPE yuacTKa ObLIH
oOHapyxeHbl y NByX a3MOpuoHoB (1q41-q42.13, 7q21.11-g21.13, 10g21.1, 11p12) u ogun pernon —
y Tpex amOpuoHoB (18q12.1- q12.2). Y aByx abopTyCOB OT OJHOM CYNPYKECKOU Mapbl ObLTH
uaeHTuuImpoBansl q8a oguHakoBeix LOH (1q41-q42.13 u 7q21.11-g21.13).

B pesynbrarte cekBeHnpoBanus 1o CaHrepy B TOMO3UTOTHBIX PETHOHAX OBLIH
UACHTUPUIMPOBAHBI €IMHUYHBIE T€TEPO3UTOTHBIE AJIEINU. DTO CBUIETENbCTBYET B MOJb3Y TOTO,
YTO BBISIBJICHHbIE HAMU TOMO3UTOTHBIE YUaCTKU XpOMOCOM HE SBIIIOTCS PE3YJILTATOM de novo

MOTEPU TeTEPO3UTOTHOCTH, a MPEJICTABIISAIOT COO0H Tak HazbiBaeMble Runs of Homozygosity
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(ROH). Takre roMO3UTOTHBIE YYACTKH BO3HUKAIOT, KOT/Ia OT KaXKJO0TO POAUTEIISI HACIETYIOTCS
WJIEHTUYHBIC TAIUIOTUIIBI. ITO MOKET OBITh PE3yIbTaTOM OJIM3KOPOJCTBEHHOTO OpaKa, OJTHAKO B
HACTOSIIIUI MOMEHT €CTh JIaHHbIE, CBUJETENLCTBYIOLIME 0 TOM, 4To ROH siBnsitoTcst
pacnpocTpaHEeHHBIM SIBIICHUEM JIaXke Y He poacTBeHHbIX nHANBUAOB (Ceballos et al., 2018). s
ROH xapakTepHa nmonynsiioHHasi CeuGUIHOCTh M IAHHBIX 00 UX PacIpOCTPAaHEHHOCTH B
Poccuiickux momynsmusax Ha HACTOSAIIUNA MOMEHT HeT. Takke HeI0CTaTOYHO JaHHBIX 00 ddekrrax
ROH i ux acconuanusx ¢ GeHOTUNMUYECKUMH PU3HAKAMHU.

OnHuM U3 MEXaHU3MOB, OCpeACTBOM KoToporo ROH mMoryT urpaTth pojib B 3THOJIOTHU
HEBBIHAIITMBAHMsI OEPEMEHHOCTH, MOXKET OBITh MPUCYTCTBUE UMIIPUHTHPOBAHHBIX T€HOB. B
peruonax c¢ uaeHTuunrpoBanHbIMH ROH Obu10 00HApPY)KEHO TIATH MPEIIOI0KUTEITHHO
UMIIPUHTUPOBAHHBIX TEHOB B COOTBETCTBUU ¢ 0a3oit manubix Geneimprint: OBSCN, HIST3H2BB,
LMXIB, CELF4 n FAM59A. Pe3ynbTaThl HACTOAILETO UCCIEAOBAHUS CBUJIETEIBCTBYIOT O TOM, YTO
ROH moryT urpats posib B 3Tosioruu [THBb ¢ HOpManbHBIM KapUOTHUIIOM.

Pabota Beimonnena mpu noanepkke rpanta PH® Ne 16-15-10229.
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Jepenpeccusi coMaTH4eCKMX MOOMJILHBIX 3J1eMeHTOB Y Drosophila npuBoauT K HAPYUIEHHIO
au¢depeHINPOBKH repMUHAJIBHBIX KJIETOK SUYHUKOB H3-32 CHUKEHHMS YUCJIa
NpeJecTBeHHUKOB 3CKOPTHBIX KJIETOK

Onecst Coxonosa', Enena Muxanesa', Cepreii XapI/ITOHOBl, KOpuit A6paM0B1, Muxann Kinenos'
"Orgen MOJIEKYJISIPHOM T€HETUKHU KiIeTKU, MHCTUTYT MosiekynsipHoil reHeTtuku, PAH, Mockaa,

Poccus

DKcrpeccuss MOOMIIBbHBIX TeHETHUECKUX JIEMEHTOB B TEPMUHAIBHBIX M COMATUYECKUX KJIETKAX
SUIHUKOB Drosophila xoutponupyetcs ¢ momonisio pIRNA-mytu. Hapymenue 6mnoreneza pIRNA
B COMAaTUYECKUX ICKOPTHBIX KJIETKAX, KOTOPbIE SBJISIIOTCS KJIETKAaMU HUIIU U KOHTPOJIUPYIOT
NpaBUIbHYIO 1 PepeHInPOBKY repMUHANBHBIX KJIETOK, TPUBOAUT K CEphE3HBIM AedeKkTam
OOreHe3a.

MBI okasanu, 4To Mpu HapyLIeHU! Jokyca flamenco, caMoOro npoTsSKEHHOTO
comarudeckoro piRNA-kimacrepa, HaOIIOaeTCs CHIDKCHUE KOJIMUECTBA COMAaTHYECKUX
HKCHOPTHBIX KJIETOK HUIIHM U HAKOIUICHWE TePMUHANBHBIX HeTU(PEpEeHIINPOBAHHBIX KIETOK, T.€.
HabmroeTcst GOpMHUPOBAHUE TEPMUHAIBHOTO OITyXosieBoro penoruna. Myranuu flamenco 4eTko
JIEMOHCTPUPYIOT, YTO Aeperpeccuss MOOUIBHBIX JIEMEHTOB B COMaTHUECKHUX KIJIETKAX HUIIU
MPUBOJUT K TOSBIICHUIO OMYXOJI€il B TePMUHAIBHBIX KIJIETKaX.

[Tpu akTHUBaIMKU MOOMIIBHBIX 3JIEMEHTOB 00pa3yeTcst 00JbIIOE KOJTUYECTBO
JBYXIIETIOUEYHBIX pa3priBoB B JJHK, uTO mpUBOANUT K HAPYIICHHUIO OOT€HE3a U CTEPUIBHOCTH.
Panee 6bU10 OKa3aHO, YTO B TEPMUHANIBHBIX KJIETKAX SIMYHUKOB J€(EKThl OOTeHE3a, CBSI3aHHBIE C
HapymeHueM piRNA-myTH, cynpeccupyroTcst MyTalisiIMU B T€HaX YEK-TIOWHT KUHA3 chk2 v atm.
MyTanuu B 3TUX reHax OciadisiioT KOHTpob nenoctHoct JJHK u mo3Bonsior kineTkam ¢
JBYXIIETIOUYCYHBIMU Pa3phIBAMU IPEOI0JIEBATh YEK-TIOMHT. MBI MOKa3aIM, YTO B COMAaTHUECKUX
KJIETKaxX SIMYHUKOB MIPU OJTHOBPEMEHHOM HapyIIEHWU CUCTEMBI YeK-TIOHUHT U pIRNA-nyTH
HaOII0/1al0TCA Cepbe3HbIe AEPEKThl 00TeHe3a, B OTIIMYNE OT TePMUHAIBHBIX KJIETOK, IJIe OOTEHE3
MPaKTUYECKH BOCCTaHABIMBaeTCs. MBI IpearnoaraeM, YTo COMaTHYECKUE KIIETKU HUIIH OoJiee
qyBCTBUTEIBHBI K TTOBpexkaAeHusM JJHK, BbI3BaHHBIX epernpeccueii MOOMIBHBIX JIEMEHTOB.

MBI oKasanu, 4To MyTallMu B JIOKyce flamenco HapylmalOT paHHUE 3Tallbl OOTeHe3a Ha
JTUYMHOYHOM CTaJIUU, MPUBOJAS K YMEHBIICHUIO KOJMYECTBA SCKOPTHBIX KJIETOK U MOSBICHUIO
OITyX0JIEBOr'0 (DEHOTHUIA Y B3POCIBIX MyX. | MOENb 3CKOPTHBIX KJIETOK WM YMEHBIICHUE UX
CKOPOCTH JIeJIeHUs] He ObUIM OOHApY>KEHBI Y B3pOCIBIX MyX. Harm pe3ynbTarsl MOKa3bIBalOT
HE00XOIMMOCTb CalJICHCHUHTa MOOMIIBHBIX JIEMEHTOB B COMAaTHYECKHUX KIJIETKAX HULIYU JIJIs

IMPAaBHUJIBHOTO IIPOTCKaHUS IMTPOLECCOB OOTCHE3A.
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TUBEPUJIABAIIMS U OCOBEHHOCTH MEMO3A Y PA3HOXPOMOCOMHBIX
CJIEITIYIIOHOK ELLOBIUS TANCREI MAMMALIA, RODENTIA)

Tambosyesa B.I'!, Mameeesckuii C.H.”, Konomuey 0.J1°, baknywunckas nio.!
HYBRIDIZATION AND A MEIOTIC PUZZLE: A CASE OF ELLOBIUS TANCREI
Tambovtseva V. ], Matveevsky S. 2, Kolomiets O. 2, Bakloushinskaya I. !

1I/IHCTI/ITyT ounonornn pazsutus uM H.K. KonemmoBa PAH, r. Mocksa

2I/IH(:THTyT o61rei reneruk uM H .M. Basunosa PAH, r. Mocksa

lynx1994@gmail.com

Pob6eprconoBckue Tpancnokanuu (Rb) sBistoTcs Hanbosee pacmpocTpaHEHHBIMH XPOMOCOMHBIMU
mytanusamu y miekonutaonmx (King, 1993). TenaeHus K CAUSHUIO aKPOIEHTPHUECKUX
XPOMOCOM C 00pa30BaHUEM METAIICHTPHUYECKIX OTMEUEHA Y HACEKOMOSTHBIX, XUIITHBIX, IPUMATOB,
rpbe13yHOB. [losiBnenne Rb MeTaneHTpHKOB MPUBOAUT K HapyLIEHUSIM HOPMAJIbHOTO X0a Melo3a y
THOPUJIOB Pa3HBIX XPOMOCOMHBIX (HOPM M, COOTBETCTBEHHO, AUBEPCUPUKAIIIHN ITHX (HOpM.

Oco6eHHO 3HaYUTEbHBIE TPOOIEMBI BOSHUKAIOT IPH MOHOOpaXnalbHOW TOMOJIOTHH, T.€.
roMosiorn Rb MeTarieHTpuKoOB TOJIBKO MO OJTHOMY U3 Tuied. Y TaKux ruOpumoB B mpodase I
Meli03a 00pa3yrOTCs CIOKHBIE IIEMTOYKH, 00YCIOBIEHHBIC YACTUIHOW TOMOJIOTHEH XPOMOCOM,
BXOJIAIIUX B UX cocTaB. [Ipu 3TOM B npuLleHTpOMEPHBIX 00sacTsXx Rb MeTanieHTpuKkoB, kak
MIPAaBUJIO, COXPAHSIOTCSA MPOTSHKEHHBIE YUaCTKU aCHHAIICHCA.

Panee cuuTanoch, 4To HaJIMYUE MOHOOPAXHUATbHON TOMOJIOTHH SIBIISICTCSI A0COIIOTHBIM
O6apbepoM U BeJIET K MOJIHON CTEPUIIBHOCTH THOPUIOB, TOTOMY YTO PACXO0XKJIEHUE XPOMOCOM U3
MYJIbTUBAJICHTOB HE MOXKET ObITh pAaBHOBECHBIM, B pe3yjIbTaTe (HOPMHUPYIOTCS aHEYIUIOUAHbIE
raMeThl ¥ HeXHU3HECTIOCOOHBIE 3UT0ThI, (DePTUIIBHOCTh THOPUIOB CHIKAETCS BIUIOTH J10
crepuibHOCTH (Baker, Bickham, 1986). Ognako B mocienHee BpeMs AJIsl pa3HbIX TPYII )KUBOTHBIX
MOKAa3aHo CylllecTBOBaHKE (OPM U BUAOB C MOHOOpAXHAIbHO TOMOJIOTMYHBIMU METAllEHTPUKAMU
(Nunes et al., 2011; Potter et al., 2017). Konuenmus meitotrnaeckoro apaiisa (Sandler, Novitski,
1957) no3BomnsieT 00BACHUTH HE PAaBHOBEPOSTHOE HacienoBanue Rb metanenTprka u
COOTBETCTBYIOIIMX €MY aKpPOLEHTPUKOB. MHOTO/IETHEE H3YyUYEHHUE IPUPOJTHON XPOMOCOMHOU
M3MEHYUBOCTH y cIenylmoHoK Ellobius tancrei aeT OCHOBaHHE MPEATION0KHUTH, YTO
ruOpuan3anys 1 MeHOTHYECKUi ApailB MOTYT OBITh TEMU MEXaHU3MaMHU, KOTOPBIE BEAYT K
00pa30BaHUIO HOBBIX XPOMOCOMHBIX (opM U Bua0B (JlsmyHoBa u nip., 1984, 2010). {nst nmpoBepku
3TOM TUIOTE3bI MBI IPOBEJIN HHOPEIHbIE CKPEUIMBAHUS ABYX (DOPM CIEMYIIOHOK C OJJMHAKOBBIMU
2n=50, NF=56 u npyms napamu Rb meTarieHTprKoB, B TOM 4HCIE€ MOHOOpaXHAIbHO
TOMOJIOTUYHBIMH. [Ipy TakoM CKpeImuBaHUU THOPHUIBI IEPBOTO MOKOJIEHUS UMEIOT Takxke 2n=>50),

NF=56, Ho Bce ueTbipe Rb MeranenTpuka oka3siBaroTcs pasHpiMu: Rb(9.13), Rb(2.18), Rb(5.9) u
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Rb(4.12). N3-3a MoHOOpaxuaabHOM TOMOJIOTHH Y THOPHIOB TIEPBOTO MOKOJIEHUST 00pa3yroTcs He 4
TpUBAJICHTA, a 2 TpuBajeHTa u TeTpaBasieHT (Matveevsky et al., 2015, 2017). ITocne 10 net
CEJNIEKIINH, HECMOTPS Ha Pe3K0e CHIKEHHUE MJI0JJOBUTOCTH B IIEPBOM MOKOJIEHUH, MBI TOJTYIHIH 9
MoKoJiIeHn# TuOpu0B. HaumHasi co BTOPOro MOKOJICHUS, THOPUIBI IMENTH KaPHOTHUIIBI C
Pa3IMYHBIM YHCIOM XpPOMOCOM U KOoMOMHausiMu Rb TpaHcnokaiuii, oTiinyaromuecs ot
poautenbekux. AHanmm3 G-okpacku MeTada3HbIX XpOMOCOM IMOKa3ajl, 4To U3 4eThIpEX Rb
METalEHTPUKOB, BCTPEUAIOIINXCSI B KAPHOTHUIAX 0co0ei nzydaemon uHun, Tpu [Rb(9.13),
Rb(2.18) u Rb(4.12)] umeroT TeHaeHINIO K (DUKCAIUU B PSAY MOKOJICHHH U vtk oauH Rb(5.9) —
SIBHYIO OTpUIIATENIbHYIO AUHAMUKY. Hanbomnbliiee npenMyIecTBo UMeeT MEJIKUN METalleHTPUK
Rb(9.13). OTu nanHbIe MOATBEPKIAIOT TUIIOTE3Y O BEAYIICH PO MEHOTUYECKOTO JIpaiiBa B
rOMO3HMroTH3aluu Rb-XpoMocoM, XOTs TMHAMHKa 3TOTO TPOoIiecca pa3InyaeTcs s pa3HbIX
TpaHcinokauui. Mccnenosanue npenapaToB Meno3a METOI0M CBETOBOM MUKPOCKOIIUH I103BOJIAIIO
OTCJIEIUTH, KaK 10 Mepe BbIxo/a Rb MeTaleHTpUKOB B TOMO3UTIOTHOE COCTOSIHHE YUCIIO CIIOKHBIX
¢duryp B Meiioze ymenbiaercs. Hanbornee cinoxxnast kapTuHa Meio3a HaOmoaaercs B F1, ogHako
yxke B F3 orMedeHbl 0cO0H, TOMO3UTOTHBIE 110 OJJHOW-ABYM TPAHCIOKAIMSAM, 1 MUHUMAaJIbHBIMU
OTKJIOHEHUSIMH OT HOPMAJILHOTO X0J0M Melo03a. AHaN3 (HOPMUPOBAHUS CUHATITOHEMHOTO
KOMIUIeKca ObLT TPOBEEH /711 THOPUIOB UETBEPTOrO U cebMoro nokojeHuil. [Tokazano, uto
HECMOTPS Ha HaJIM4KE FeTePO3UTrOT U MOHOOpaxuaibHO TOMOJIOTUYHBIX Rb MeTanieHTpuKoB,
MPOUCXOIUT CHHATICUC ¥ PEKOMOMHAIINS TOMOJIOTHYHBIX yuacTKaX. TakuM o0pa3om, HEKOTOpoe
KOJINYECTBO KJIETOK YCIIEUIHO MPOXOIUT PEAYKIIMOHHOE JIeJICHHE U 00eCIIeunBacT HaIuIue
cObanaHCHUpOBaHHBIX TaMeT. MBI MoJ1araeM, 4To MPOBEIEHHBIM HaMU HKCIIEPUMEHT BOCIIPOM3BOAUT
MIPOLIECCHI, IPOUCXOAIINE B €CTECTBEHHBIX YCIIOBUSX, U Ja€T OCHOBAHUS CUUTATh MEHOTUYECKUI
JpaiiB OCHOBHBIM MEXaHU3MOM, 00ECTICUNBAIOIIUM AUBEPCUDUKAINIO B OBICTPYIO (DUKCAITHIO

BO3HUKAIOIINX XPOMOCOMHBIX (pOpM B pUpOJE.
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Xpomocoma 4 ¥ 1eTepMUHALMUSA 110J1a Y TOMALIHEH KypHUIlbl

(Chromosome 4 and sex determination in Gallus gallus domesticus)
Tpyxuna A.B.", Jleoke J].FO.”, Hexpacosa A.A.", Cvupros A.®."

: Cankr-IlerepOyprckuit rocyaapcTBeHHBIN yHUBEpCUTET, T. Cankt-IlerepOypr,
trukhina ant@mail.ru

2 Buonorudeckas crannus "Peidaunii" 3MH PAH, Kanuaunarpaackas o6nacte, dleoke@mail.ru

K HacrosiimeMy MOMEHTY HaKOIIJICHBI OOIIUE MPEICTABICHHS O IeTePMUHALINY T10J1a Y
MMO3BOHOYHBIX KUBOTHBIX (PBIOBI, aMpuOumii, penTuianu, MiiekonuTaromme). Jlana obmras cxema
€ro orpe/eyeHus U y NTUll. B 0CHOBHOM OHa 6a3upyeTcsl Ha 3HaHUSX, COOPaHHBIX B
SKCHepUMEHTax Ha aomaiHen kypuue Gallus gallus domesticus. Y n3ydeHHBIX TPYIII KUBOTHBIX
BBISIBJICHBI /IBA MEXaHU3Ma ONpPEeSICHHsI 10J1a (TeHETUYECKUN M CPEeIOBOI), a TAK)KE U3BECTEH P
MOJIOOTIPEACTISIONIUX T€HOB U MPEIOKEHBI AMUTeHETHUECKUE MEXaHU3MBbl JETEPMUHAIIUH 110J1a.
dopmMupoBaHUE MPU3HAKOB I10J1a Y )KUBOTHBIX MPOUCXOUT B PE3yJIbTaTe HAJIOXKEHUS JABYX
nporeccoB: U HepeHIIMPOBKY TOHA B! TIOCIIE TEPBUYHON IeTepMUHALIMY T10JIa U €€ 3aCeIICHUS
NEPBUYHBIMH MTOJIOBBIMH KJIETKAMH, BCTYMAIONIMMHU B MEH03 Ha pa3HbIX dTarax pa3BUTHs Y CaMIOB
u camok. CUHTAIOT, 4TO Te€Hbl, KOAUPYIOIINE KIIOUeBble FTeHeTHUeCKre (haKToPBI,
KOHTPOJIMPYIOIINE AETEPMUHAIMIO TI0J1a Y )KMBOTHBIX, PACIIONIaratoTCs B MOJIOBBIX XpOMOCOMaX.
Ho »T0 BepHo numb otyacty. Tak, HanpuMep, OONBIIMHCTBO F€HOB, YYaCTBYIOIIUX B
i pepeHIMPOBKeE 1M0J1a, PacIoyiaraloTcsl B ayrocomax. ['eHbl, yyacTByIoIIKE B I€TEPMUHAIIMN
0J1a HE UCKIIIOUYEHHE, U MOTYT TaK)Ke€ HaXOJUTHCSI HE TOJIBKO B MOJIOBBIX XpoMocoMax. st ux
aKTUBALMU JOCTATOYHO OJHOTO (haKTopa, KOTOPBIN pacro3HAETCs KIETKONW KaK CUTHAI JUIs
onpexaeneHus U nuddepeHIMpPoBKH mMoya. TakuM «CUTHAIOMY MOKET OBITh TIOJIOBOW TOPMOH
(aHOpPOTEHBI M ACTPOTEHBI), WM BEIIECTBA, BhIpadaThIBaeMble IEPBUYHBIMU TMOJIOBBIMU KJIETKAMU
BO BpeMs WJIH I1OCJI€ MUTPALIMU IO KPOBEHOCHBIM COCYJIaM, a Takke (haKTOpbI, T€Hbl KOTOPBIX
PacmoJIOoKeHBI B MOJIOBBIX XpOMOcOMax. B reHomMe mMilekonuTaronux, Takoi paktop ObuT HaliieH u
o6o3HaueH kak SRY. OH pacnonoxeH B XxpoMocoMme Y M OTBEUYAET 3a Pa3BUTHE OPraHu3Ma 110
MYXCKOMY THITY. Y NTHUI] 3TOT ()AaKTOP CUUTAIOT YTEPSIHHBIM.

Kpowme Toro, npu n3yueHun KapuoOTUIIOB Pa3HbIX BUJOB KUBOTHBIX ObLIO OMUCAHO KaK
MHUHHMYM YE€TBIPE CUCTEMBI XpOMOCOMHOT0 onpeaenenus moja: XX/XY (apozoduna,
MiIeKonuTaouue), ZZ/ZW (TyTOBBIH IENKOIPSL, ITUIB), TaljIo-AUIIIIONIHAs CHCTEMA
orpeiesIeHus 1mosa (4Yelibl, MypoBbU) U CUCTEMA ONPEIeSICHHsI 110JIa C MHOYKECTBEHHBIMU
MOJIOBBIMU XpOMOCOMaMH (YTKOHOC). Y OOJIBIIMHCTBA U3 U3YYEHHBIX BUJIOB )KUBOTHBIX KaPHUOTHUI
COCTOMT U3 OOJIBIIOTO KOJUYECTBA XPOMOCOM, OJHAKO CYIIECTBYIOT U TaKH€ KUBOTHbIE, Y

KOTOPBIX B KAPHOTHIIE BCETO JIMIIb OJJHa XpoMocoMa. Hanpumep, y caMKi MypaBbs-Oynbaora B
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sJIpe IBe XpOMOCOMBI, a Y camIla TOJIbKO 0o/iHa. B 1aHHOM citydae 6€CCMBICIIEHHO TOBOPUTH O
HaJIM4YMH Yy HUX TOJIOBBIX XPOMOCOM. 3J€Ch IOJI ONPEAEIAETCS MPOCTO: FAIUIOUIHBIM WIH
JUTIOUHBIM HA0OPOM XPOMOCOM, a KJIFOUEBOW MOJIOOMNPEACTSIONINN TeH MPEACTaBICH OJJHON MU
JBYMSI KOIIUASIMHU.

B renomMe kypuiibl 10 CUX MOp UILYT U HE MOTYT HAalTH B MOJIOBBIX XpoOMocoMax (haxTop,
KOTOPBIA OTBEYAET 3a ACTEPMHUHAILMIO TOJIa. B HacTosIIee BpeMs CyIIECTBYET HECKOJIBKO TUIIOTES,
MIPEIOJIAraIoNINX MEXaHU3M JIETEPMUHALIMY TIoJia y NTHIl: 1) mon onpenensier hakTop, reH
KOTOPOT'O pacrnojokeH B W — XpoMocoMe; 2) o1 orpeenseT GakTop, TeH KOTOPOTro pacroiokeH
B Z — XpoMocome; 3) 1Mo ONpeaesieTCs] IEMCTBUEM TTOJIOBBIX TOPMOHOB Ha COOTBETCTBYIOIINE UM
peuentopsl. [IpoBeieHHBINI HAMU aHAJIU3 T'€HOB, PACIIONIOKEHHBIX B X-XpPOMOCOME y YEJIOBEKA U B
xpomocome 4 y kypuilbl (13 6a3sl qanabix NCBI) maeT HaMm 0CHOBaHUE TPEIOKUTH €I OJHY
TUIIOTE3Y: XpoMocoMa 4 MpUHUMAET HEMOCPECTBEHHOE yUacTre B JE€TEPMUHALIMY T10J1a Y MTHII,
BMecTe ¢ Z 1 W-XxpomMocoMaMu. 3a 3TO TIPEANOI0KEHUE TOBOPAT CIEAYIOIHe (PaKThl: B
xpoMocome 4 pacrnoiokeH reH SOX3, Omkaitimmii romoJior reHa SRY 'y MIEKONMUTAIOIINX, B ATOU
e XpOMOCOME ecTh TeH AR (KOIMpYyeT aHIPOT€HOBBIN PEIENTOP), a TAKXKE XPOMOCcOMa 4 KypHULIBI
U XpoMocoMa X YeIoBeKa MMEIOT MPOTSHKEHHBIN y4acTOK TOMOJIOTHH, BKITIoHaromuii 6onee 20-Tu
T€HOB.

HccnenoBanue npoBeneHo npu GuHAHCOBOM moaaepkke Poccuiickoro ponma

byHIaMeHTaIbHBIX HccaenoBanuii (mpoekt 17-04-01321a).

183



Bausinue HoBo# KOpoTKOi H30(¢popmbl cekypuna (PTTG1) na npoaudepannio u ee
BO3MO’KHAsl pOJib B MUTO3€
Effect of new minor isoform of securin (PTTG1) on proliferation and its potential role
in mitosis
1,2 1,3 13
A. H. YBaposa “, A. M. llIsapny -, [. 2. demun
IHHcmumym MonekyaapHot buonocuu umenu B.A. Dneenveapoma Poccutickoti akademuu HayK,
2 .
Mocksa; “Bbuonocuueckuu gpakyromem Mockoscko2o 20cy0apcmeeHHo20 yHusepcumema umeHu

3 . .
M.B. Jlomonocosa, Mocksa, > Mockosckuii ghusuxo-mexnuyeckuii uncmumym, Mockea

Cexypun (PTTG1) — 3T0 mpoTOOHKOTEH, KOHTPOJIUPYIOIMINUNA PACXOKIECHNUE CECTPHHCKUX XPOMATH]T
B MHUTO3€, OJIOKHPYS MPEeXIeBpEMEHHOE pa3pe3aHne cernapa3on koresuna. B Hauane anadassl
CeKYPHH B3aUMOJICHCTBYET ¢ KOMIUIEKCOM CTUMYJALUH aHagasbl (APC), yOUKBUTHHIIINPYETCSA U
nerpagupyer. B 3ToM B3auMo1eiicTBMM OCHOBHYIO poJib urpatoT D-0okc (61-68 a.o.), myTarus
KOTOPOTO MPUBOJUT K 3aMEJICHUIO erpananuu 0enka B Mutose, u 18a TEK-6okca (71-73 u 94—
96 a.0.), obnervaromue youksurunminpoBanue. Onun TEK-00kc u D-00Kkc KOqupyroTcs 5K30HOM
3, a Bropoii TEK-60kc — 3x30HOM 4.

B psine xieTouHBIX JIMHUIA YeloBeKa HaMu Obliia 0OHapyXeHa HoBask KOpoTKas n3odopma
MPHK cekypuHa, B KOTOpO# OTCYTCTBYIOT 9k30HHBI 3 U 4. HoBas n3odopma 6enka, Kak u
nosiHopa3MepHasi, meeT C-KOHIIeBO# ydacTok (a.0. 118—199), orBeuaromumii 3a HHTHOHpPOBaAHUE
cernapasbl. DTO MO3BOJISIET MPEAToarath, uto Hoas uzopopma PTTG1 takxke Onokupyet
cemapasy, a BCIIEACTBHE OTCYTCTBUSI OCHOBHOTO caifTa JAerpaialuu MoxKeT OJOKHMpOBaTh cernapasy
B aHa(ase, Kor/aa MoJIHOpa3MEPHBIN OCJIOK YXKe pa3pyIleH.

N3zyuenne ponu kopoTkoi uzogopmsl PTTG1 B MuTO3€ npeacTaBiseT HHTEPEC B CBSI3U C
BO3MOKHBIM BKJIaJIOM HOBOHM ()OPMBI CEKyprHa B (JOPMHUPOBAHUE AHEYTUIOUINH.
[IpenBapuTenbHbIe pe3yNbTaThl IOKA3bIBAIOT, YTO MPU KpaitHe HU3KUX KOHLIEHTPAIMIX
SMOPHOHANIBHOM TeNsubel CHIBOPOTKH B cpeae (mopsaka 0,1%) cBepxakcnpeccusi Kak KOPOTKOU
n30(OpMBI, TaK U MOJTHOPA3MEPHOTO Oelika CeKyprHa MPUBOANT K YBEIMUCHHIO Mpoiudepanun
HEHpOHATBHBIX KJIeTOK 3MOproHansHoi noukn HEK293. Onnako, mpu 6osee BHICOKUX
KOHIIEHTpaLUsAX ChIBOPOTKH (0Kouso 1%) kopoTkas nuzohopma PTTG1 yckopseT KIeTOYHBIN UK
cnabee moTHOpa3MepHoOro Oenka. Myl penoiaraeM, 4To Ha0JIro1aeMblid 3G PEKT MOKET OBITh
CBSI3aH C yJUIMHEHUEM BPEMEHU MUTO3a B pe3yJibTaTe OJIOKUPOBAHMS cemapasbl U B ciiyyae Oosee
BBICOKMX KOHIICHTPALIUH CHIBOPOTKU CHIIbHEE BBIPAXKEH M3-32 MEHbIICH JJTMHBI IIUKIIA.

Hccnedosanue svinonneno 3a cuem epanma Poccutickozo ¢ponoa ¢hynoamenmanvHvix

uccaedosanun Nel8-34-00628
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YYACTHUE BEJIKA MEP1 DROSOPHILA MELANOGASTER B ITPUBJIEYEHUU
PEI'YJATOPHBIX KOMIVIEKCOB HA XPOMATHH
®enoposa T.H., baboma B.A, I'eoprues IL.I'., Makcumenko O.I".

Wuctutyt buonoruu I'ena PAH, Mocksa

CrpykTypa XpoMaTHHa HEpa3pbIBHO CBSI3aHa C MPOIECCAMU aKTUBALIMK UJIH PEIPeCcCun
TPAHCKPHIIIIUU T€HOB. Perymsimus Ha ypoBHE KOMITAKTU3AIMK/JEKOMITAKTU3AI[UN XPOMATHHA,
W3MEHEHUS TTOJIOKEHUS HYKJIIEOCOM, BHECEHUS OTPEACICHHBIX XUMHUECKUX MOAU(PUKALINN HA
XBOCTax TUCTOHOB BaXKHa JIJIsl 0OeCcTieueHUs] TOHKOW PETyJISUU IKCIIPECCUN TEHOB, U JII00bIe
HapyLICHHUs Ha ’TOM YPOBHE MPUBOJST K pa30anaHCUPOBKE T'€HHOM SKCIIPECCUH U, KaK CIIEICTBUE,
pPa3IMYHBIM HapyIIEHUSIM Ha YPOBHE 1I€JI0ro oprann3zma. Kommiiekcel, pemoienupyromue
XPOMAaTHH, MPEICTABISIIOT COO0M MHOTOKOMIIOHEHTHBIE CIIOKHBIE CUCTEMBI, CIIOCOOHBIE
MOJYJIUPOBATH MOJIOKEHHE HYKJIEOCOM U BHOCUTh UJIM CHUMATh OMPE/ICIEHHbIE THCTOHOBBIE
MeTkd. OTHIM M3 OCHOBHBIX KOMITJIEKCOB TaKOTO THIA Y 3yKapHoT siBiisseTcst Mi-2/NuRD.
HccnenoBanus nmokasanu, 4To Komiuiekebl Mi-2/NuRD He TONbKO IepeIBUratoT HyKJIEOCOMBI
nocpenctBoM AT®-3aBUCUMOTO peMOJIETUPOBAHUS XPOMATHHA, HO TAKKE COJEPKAT
CyOBEIMHUIIBI, TealleTUIIMPYIOIINE TUCTOHBI U CBsi3bIBarommue MmetuaupoBannyio JIHK. 1o
CPaBHEHHUIO C APYTUMHU TUIIAMHU XPOMAaTHUH-PEMOACTUPYIOUINX KOMIUIEKCOB, 00bEMHEHHE
GyHKIUH peMoIeTUpOBaHUs XPOMATHHA U JIealleTHIIMPOBAHISI/ IEMETUIINPOBAHIS THCTOHOB
ABIISICTCS YHUKAIBHON 0co0eHHOCThIO Mi-2/NuRD. Kommiiekcst NuRD obrerdaror c6opky Kak
OTKPBITOTO, TaK ¥ 3aKPHITOT0 XpOMAaTHHA B 3aBUCHMOCTH OT T€HOMHOT0 KOHTeKcTa. [ToaTomy
NuRD B onpeneneHHOM FTeHOMHOM OKPY>K€HUU (DYHKIITMOHUPYET 00 KaKk KOAKTUBATOP, JTHUOO0 KaK
KO-perpeccop TPaHCKPHITIMK T'eHa. Y Apo30(uIIbl ObLT OYUIICH OJUH U3 BapuaHTOB Mi-2
KOMIUIEKCa, Ha3BaHHBIA dMec. YHHUKaTbHBIM KOMIIOHEHTOM JJAHHOTO KOMILJIEKCA SIBIISICTCS
KoHcepBaTuBHBIN O0e0k MEP1, KoTOpHIif 0OTBeUaeT 3a MpoQuiib CBA3BIBAHMS BCETO KOMILIEKCA HA
XpOMaTHHOBBIX caiiTax. [lokazaHo, YTO JaHHBIN TUIT KOMIUIEKCA KPUTUYECKU HEOOXOUM IS
coMaTnueckor AudepeHIrpoBKH Ha TANe NEPEeXoia U3 paHHEro 3MOpuoreHesa B no3anui. /1o
CHUX TIOp OTCYTCTBYET €IMHAsI KOHIEMIUS, OOBSICHIIONIAsT, KAKUM 00pa30M JaHHBIN KOMILIEKC B
3aBUCHMOCTH OT T€HOMHOTO KOHTEKCTa CIIOCOOEH paboTaTh MO0 KaK aKTUBATOP JTUOO Kak
pernpeccop TpaHcKpuniuu. Pemenue 3Toit mpobdiemMsl TpedyeT 6osiee riry00KOro MOHUMaHUS
sTanoB cOopku Mi-2/NuRD Ha xpomaTuHe, BKIIOYAIOIIUX YCTAHOBJICHUE CBS3EH C Pa3InYHBIMU
PETYIATOPHBIMU OenKaMu. MBI TIpeIoiaraéM, 4T0 CTPYKTYPOOOpa3yoIuM KOMIIOHEHTOM
JAHHOTO KoMILIiekca siBisieTcst 6emok MEP1, ciocoOHBIN HanpsiMyt0 B3aMO1eHCTBOBATH C
paszabiMu Oenkamu. MEP1, noctaTouno KpymHBIi 0€I0K, B COCTaBe KOTOPOTO MPUCYTCTBYIOT 7

IMHKOBBIX nanbiieB C2H2-tuma, oqHako He CIOCOOHBIE CIIEITU(UIHO CBSA3BIBATH IPOTSIKCHHBIE
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JIHK-motuBbl. CoriiacHO HaIlei rurnorese, Mpu MOMOIIY HECTPYKTYPUPOBAHHBIX YU4aCTKOB Oelka
n/unm HKOBBIX nanbileB MEP1 dopmupyeT MHOXecTBO KOHTakTOB ¢ JIHK-CcBs3bIBatonmmu
OenKamu, KOTOpbIE U 00ecreunBaroT crenuduyuHoe nozumonnposanrne MEP1-conepikarero
KOMIUIEKCa Ha XxpoMaThHe. [Ipu 3ToM, B 3aBUCUMOCTH OT TEHOMHOTI'O KOHTEKCTa, uepe3 MEP] Ha
XpOMaTHH MOTYT NPUBJIEKATHCS OEKOBbIE KOMILJIEKCHI C Pa3HBIMU aKTUBHOCTSIMU (aKTHUBATOPBI
WM penpeccopsl Tpanckpumimu). C apyroii croponbl, MEP1 MoXxeT HanpsIMyro CBS3BIBATHCS U C
OeIKaMHU-peryasTopaMyd akTHBHOCTH SHXAHCEPOB, TEM CaMbIM OCYILECTBIISIS KOHTPOJIb YPOBHS
TPAHCKPHIILIUY TeHOB-MUIIIEHEH. B paMkax nmpoBepKyu Takoi runoTe3bl Mbl IPOBEJIN TOUCK OETTKOB-
naptHepoB O0enka MEP1 myrem ckpununra cpenu JIHK-cBsi3piBaromux 6enkoB. B pe3ynbrare
HaMH HaiijieHo 6 panee HeusBecTHRIX [|HK-cBs3piBaromumx naptHepa 6eaxka MEP1, koTopeie moryt
BBICTYIIAaTh MOTEHIUAJIBHBIMU pekpyTepamu dMec-koMIuiekca Ha xpomatuH. Hamu Obutn
JIOKAJIM30BaHbl YUAaCTKHU B3aUMOCHCTBUS C JAHHBIMU OEJIKaMU, a TAK)KE C paHee OMMCAaHHBIMU
oenkamu-perynsaropamu, Ttk69 u GAF. B pesynbstaTe Mbl 00Hapyxuin, uto Ttk69 u GAF, a taxxke
onun u3 JIHK-cBs3eiBaromux 6enkos, CLAMP, B3auMoaecTBYIOT Co cpeaHeit
HecTpyKTypupoBaHHO# yacTbio Oenka MEP1. Ocransubie JIHK-cBsi3piBatomue 6enxu (Grau, Hb,
CG12299, CG30020) cBsa3piBaroTcs ¢ C-KOHIIEBBIMH IIMHKOBBIMH TaibIlaMu Oelika. Takoi
pe3yabTaT CBUAETENHCTBYET O BOBMOYKHOCTH OJTHOBPEMEHHOTO B3auMoaeicTBus 6enka MEP1 u ¢
JIHK-cBsi3pIBatommuMucs MOAYJISIMU U ¢ OeITKaMU-peryasaTopamMu paboTel SHxaHcepoB. [Ipu aTom
B3auMoieiicTBue ¢ OenkoM Mi-2 y 6enka MEP1 peanusyetcs npu yuyactun N-KOHIIEBOH 4acTH
Oenka. B HacTosmIee BpeMs AJIs IeTalIbHOM XapakTepucTUKH dTarnoB cOopku MEP1-conepkatero
KOMIUIEKCa Ha XpOMaTHHE CO3al0TCsl MyTaHTHBIE BEPCUH OelKa, SKCIPECCUPYIOIIHECs B
nposoduite. Ha Takoit Mogenu OyneT BO3MOXKHO HUCCIIEA0BATh 3TAIbl COOPKH (PYHKITHOHATHHOTO
MEP1-coneprkariiero KOMIieKca Ha MOJEIIBHBIX PETYISATOPHBIX AIEMEHTAaX in Vivo U IeTalbHO
OIUcaTh MEXaHU3M (YHKIIMOHUPOBAHUS KOMILIEKCA.

PaboTa npoBoauTcs ipu nmoaaepkke rpanta POOU Ne 18-04-01272.

186



O POJIX JIMMUHOK POJIA CHIRONOMUS (DIPTERA, CHIRONOMIDAE)
B BUOUH/IUKAIIUA BOJTOEMOB
Quaunkosa T.H.

VYpanbckuii rocyJapCTBEHHBIH MearornueckKuii yHuBepcuTeT, . EkarepunOypr

filink 572mail.ru

JUist BBISIBJICHUS TIOCTIC/ICTBUH 3arpsi3HEHUs] BOJHOW CPebl MPUMEHSIOTCS Pa3HOOOpa3HbIE TECT-
CHCTEMBI, 1 0COOYIO pOJIb 37€Ch UTPAIOT JTMUYMHKU XUPOHOMUI, SBIISIOIIUECS BaXXHON YaCThIO
3000€HTOCA U UMEIOLIHE MMOJIUTEHHBIE XpOMOCOMBL. B naHHON paboTe Ha OCHOBE M3y4YEHUS
BHUJIOBOT'O COCTaBa U XpOMOCOMHOTI0 MosiuMopdu3ma npeacrasureneit poaa Chironomus u3 mecTu
o3ep (Aramkyns, Utkyns, Kaparys, Cunau, Cynryns u benukyns) Uensounckoit obmactu
MPEJCTABISACTCS BO3MOXKHBIM CJIIEJIaTh BBIBOJI, MIOATBEP)KIAIOIINI 3HAUCHHE JIMYMHOK XUPOHOMHU/T
B OMOMHIUKALIMU IPECHBIX BOJOEMOB.

Co6op nmuuuHOK pona Chironomus, ux GUKCAIIUIO HA KAPUOJIOTUYECKUIN aHATIN3 U
M3TOTOBJIEHHE MUKPOIIPENIapPaTOB MOJUTEHHBIX XPOMOCOM ITPOU3BOAMIIH 110 OOLICTIPUHATHIM
MeTonukaMm. B msatu o3epax (Aramkyns, UTkyns, Kaparys, Cunau u benukynb) cumnaTpuaHo
oburtamu muauHku Chironomus plumosus Linnaeus, 1758 u Ch. entis Shobanov, 1989 ¢ nonei
muauHoK Ch. entis 9.71-26.8%. B 03. CyHrynb oTMeudeHbl ToJIbKo TUUUHKU Ch. plumosus, npu
TOM, 4TO TIpoba conepxana 112 ocobeii. MI3yueHne XpoMOCOMHOT0 OIMMOpP(hH3Ma YeTIONHCKUX
BOJIOEMOB TaK)K€ BBISIBUJIO JAPYTHE OTIMUUTENbHBIE 0COOeHHOCTH nomysituu Ch. plumosus u3 03.
CyHrynb, B KOTOpOH cpeaHee ynciio rerepo3urotHeix naBepcuit (I'M) Ha ocods cocraBmio 1.04, B
Opyrux 4enstonHckux o3epax - 0.22-0.55; nonst ocobeit ¢ ['U - 69.64%, B npyrux o3epax - 22.00-
52.24%; konM4YecTBO JHUMHOK ¢ AByMs u 6osee ['M B kapuotume - 25%, B Ipyrux 4enssOMHCKUX
03€pax TaKUe JMYMHKU OTCYTCTBOBAIM MU UX A0Js paBHANach 2.98%. Ilo HammmM nJaHHBIM,
nonyssiuust Ch. plumosus w3 03. CyHTynb oTiimdaeTcs Bpicokoi yactoroi (0.54) ocobeii ¢ '
pluB1.2 oT Bcex M3y4eHHBIX HAMHU YPaJIbCKUX MOMYJISAIHMA, TJ€ JaHHBIA MTOKa3aTeNIb PAaBHICTCS
0.02-0.39. I'" pluB1.2 siBnsieTcst 0AHOI U3 OCHOBHBIX B MOIYJISALUAX U CUUTACTCS SKOJIOTHYECKON
(ITerposa, Unbunckas, Kaiinanos, 1996).

OtnuyutenbHble oco0eHHocTH nonynauuu Ch. plumosus w3 03. CyHrynb, BUANMO,
00BsACHSIOTCS (PYHKITMOHHPOBAaHUEM Ha ero Oeperax B 1946-1955 roner B pamkax CoBeTCKOTO
aTOMHOT'O TIPOEKTa CEKPEeTHOro 00BeKTa - TabopaTopun «by, B koTopoil moj pykoBoactsom H.B.
TumodeeBa-PecoBCKOTro B IPUPOIHBIX YCIOBHUIX U MOJAETBHBIX CUCTEMAaX U3ydalld paclpeziesicHue
U CyIp0y pa3nUyHBIX U3Tydaresieil, BBOJUMBIX B IIOYBY, TPYHT U IpecHble BogoeMbl (EMenbsHoBa,
I"aBpuipuenko, 2000). [Tocne 3akpbiTust 1abopatopun «b» ObLT MpoBeaeH OO0IBIION 00BEM padoT

110 JIMKBU AU PAJUOAKTUBHBIX 3ar pHSHeHI/Iﬁ €€ JCATCIIbHOCTH, OXpaHHBIﬁ PEIKUM C IIaHHOI\/JI
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tepputopuu cHsuik B 2009 1. M3BeCTHO, UTO MOHU3UPYIOLIME U3TYUYECHHS BI3BIBAIOT Y XUPOHOMU/T
B KapuoTurie paznooopazasie usmeHenust (Keyl, 1959; Kuknanze, Cunpun, 1991; Iletposa, 1991,
2013; Kuknanze u 1p., 1993; Michailova, Petrova, 1994; IlerpoBa u ap., 1994; I'oneiruna u ap.,
1996; IlerpoBa, Muxaiinosa, 1996; Petrova, Michailova, 1996; I'onsiruna, 1999; Kuknanse,
Hcromuna, 2000; I'yanepuna, 2001; bensuuna, 2012, 2014, 2015), cnocoOHbIE COXpaHITHCS B
nonysnusix yepe3 60-90 nmokonenuit mocne BozaericTBus panuanuu (Kuknanse, Mcromuna,

2000).
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MOJTHOTEHOMHBIN AHAJIN3 BEJIKA CG9890, COJIEPKAIIETO IOMEHBI
IIUHKOBBIX ITAJIBIIEB
H.A. ®ypcoBa, A.H. KpacHos

Hnemumym 6uonocuu eena PAH, Mocksa, Poccus

B xoae npeapiayIyux HCcaeI0BaH|i Mbl OOHAPYKHUIIH, YTO HHCYIATOPHBIN Oeaok Su(Hw), comeprkariuit
JIOMEH [IMHKOBBIX NanblieB, B3aumozaeiictByet ¢ ENY2 u npusnekaer ENY2-coaepkariye KOMIIEKCH Ha
Su(Hw)-3aBrcruMbIe HHCYISATOPBI APO30(HIIBI, YIaCTBYSI OJJHOBPEMEHHO B PETYIISIIIMK TPAHCKPUIIIINH U B
MO3UIMOHUPOBAHUY OPHUHKHHOB PEIUIHKAIMK. B X01e TaHHOTO POEKTa MBI H3y4aeM B3anMOICHCTBUE
ENY?2 c eme ogaum 6enkom CG9890, KOTOPEII CONESPIKUT TOMEH IMHKOBBIX MaJbIleB, Kak 1 Su(Hw). Mbr
npenmnonaraeM, uro o anaioruu ¢ Su(Hw), oemox CG9890 siensercst JIHK-cBs3pIBatonum OenkoM,
KoTopblit mpuBiekaeT ENY2-coneprkaiire KOMIJIEKCHI HA CBOU CAUThI CBSI3bIBAHUS, OPTaHU3YsI, TAKUM
00pa3oM, peryIsTOpPHBIE 3JIEMEHTHI TeHOMa, HEOOXOIUMBbIE 111 PYHKIIMOHUPOBAHUS KISTKU. B xo/1e
JTAHHOT'O TIPOCKTHI OBLIO TIOATBEPKICHO B3auMoeiicTBre ¢ Oenkom ENY?2. AHanu3 BHYTPHKIETOUHOM
nokanmmzanuu CG9890 nokasai, 9To 3TOT OENOK JIOKAIM30BaH MPEUMYIIIECTBEHHO B sipe. C TOMOIIIBIO
nosiHo-reHoMHoro ananuza ChIP-Seq Obuia onpenenena nokaau3amus oenka CG9890 B reHoMe Ap030(UIIBL.
Y cTaHOBIIEHO, YTO CANTHI TIOCAAKH M3y4aeMOoro OeiKa B reHOME MPEUMYIIECTBEHHO aCCOIUUPOBAHBI C
MIPOMOTOPHBIMHU 001aCTIMHU TeHOB. C HCITOIB30BAHUEM HECKOJIBKUX OMOMH(POPMATHICCKUX TIOIXO0I0B HAM
YIaJIOCh TIPOJIEMOHCTPHUPOBATh HATMINE TeHOMHOM KoJtokanu3aiuu 6enmka CG9890 ¢ cyOpequHuiaMu
ENY2-conepxkamux komruiekcoB SAGA u ORC, a Takke KOMITIEKCa PEMOJISTHPOBAHUS XpOMaTHHA
dSWI/SNF. brnoxuMudecKuMH METOIAMH TaKKe IIOKa3aHO B3anMojeicTBrEe ¢ KoMmuiekcamu SAGA, ORC,
dSWI/SNF, TFIID u THO. B3aumoaeiictue ¢ 0eiaxom Xmas-2 (komiuiekc AMEX) moka3aTth He y1aj10Ch.
Kpome Toro, Ml ycTaHOBHIIH, 4TO caiThl ocaaku Oeiaka CG9890 B reHoMe ABJISIOTCS 00JACTIMH ¢ HU3KOH
HYKJICOCOMHOH TUIOTHOCTHIO. Takum o6pazom, CG9890 B3auMomeCTBYET C TPAHCKPUITITHOHHBIMH
KOMIUIEKCaMH, BOBJICUCHHBIMY B WHUITHAIIAIO U DJIOHTAIUIO TPAHCKPHIIIIUN, HO HE B3aMMOJICHCTBYET C
kommiekcoM AMEX, ygactytomem B akcriopte MPHK 13 sigpa B nuToruiasmy, 4to yka3slBaeT Ha paboTy
CG9890 B mepBBIX CTaAUSIX TPAaHCKpUMIIIMOHHOTO IuKia. Kpome Toro, CG9890 B3aumMonaeiicTByer ¢
koMmruiekcoM ORC, KOTOpBIH HEOOXO0IUM JIJIs TIO3UITMOHUPOBAHUS TOUCK Havala peruIuKaui. Bo3MoxHO,
CG9890 MoxeT Taxkke MPUHUMATh Y9aCTUE B CHHXPOHM3ALMH TPAHCKPUIIIMH U pelUIMKauy. Takum
o6pazom, 6erok CG9890 MOKET SBISATHCS HOBBIM PETYISTOPHBIM (PaKTOPOM IPO30(HIITBI, YIaCTBYIOLINM B
MIPUBJICYCHUY BHINICYKa3aHHBIX KOMIUIEKCOB Ha MPOMOTOPHI ONPEIEICHHOMN IPYIIIBI TSHOB.

Paboma evinonnena npu noodepoicke epanma POOU 17-04-02193.
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Cyab0a pemoaenupywoiero xpomatud komimjiekca PBAF B npouecce Mue1ouiHoui
auddepeHuUPoOBKH U PoJb cnenupuueckoi cyobequnuusl PHF10

Xamunymmza A.U., Tatapckuii E.B., 'eopruesa C.I'., HItmip A.A., Commnuxosa H.B.,
Tarapckuii B.B.*

*- tatarskii@gmail.com

OI'bY HMUI] oukonoruu umenu H.H. bnoxuna Munzapasa Poccun, MockBa

OnureHeTHYECKue HHIUOUTOPHI — HU3KOMOJICKYJISIPHBIE BEILIECTBA SIBJISIFOTCS BAKHON YaCThIO
MIPOTHBOOITYX0JIeBOH Tepanuu. Marnduposanue nporeccoB MmetunupoBanus JTHK,
METEIUPOBaHUS, IEMETHIMPOBAHNS U allETUIIMPOBAHUS THCTOHOB aKTUBHO MCIOJIB3YETCA B
KITMHUKE WIA TECTUPYETCS B KIIMHUUYECKUX U JOKIMHUYECKUX UCTILITAHUAX. Bee Oolbiiie BHUMaHUS
B Ka4eCTBE MHILICHH MTPUBJICKAIOT K ce0e KOMIUIEKCHI, CYNTHIBAIOLINE STH METKU M KOMIUICKCHI
peMoIeTMPOBaHUs XpOMaTUHA. MyTaIuu B XpoMaTHH-pemMoienupyomux komrmiekcax SWI/SNF
yenoBeka — BAF u PBAF oOnapyxuBatorcs B 20% 4enoBe4ecKHX OMyXOJeil U KOPPETUPYIOT C
HEraTUBHBIM MPOTHO30M. B TO ke Bpems 3TU MyTallMy CO3Aar0T YA3BUMOCTHU AJIs TEPAIInH,
Hanpumep, k JJHK-noBpexxaenunto, uHruéuposanuto ructonemeruiarpancdepasst EZH2 u Ber-Abl
B ciiyyae mytauniit ARID1A. I3mMeHeHus B 3KCIIPECCU KOMIIOHEHTOB KOMIUIEKCOB M €r0 COCTaBa
TaK)ke MOTYT CIIOCOOCTBOBATh OITyX0JIeBOI nmporpeccuu. B To BpeMs kak 4acTh KOMIIOHEHTOB
KOMILJIEKCA SIBJISIIOTCS OMTyXOJIEBBIMHU CYIPECCOPaMH, APYrHe KOMIIOHEHTHI MOTYT 00J1a/1aTh
OHKOT€HHOW (DYHKIIMAMHU, OCOOCHHO B CIy4ae MHAKTHBHPYIOLIUX MYyTAIMi CYIIPECCOPHBIX OEIKOB.
Cnemuduyecknii komnoneHT PBAF kommiiekca 6emox PHF10 skcnipeccupyeTtcst B Bcex KIETKax, U
HeoOX0IuM ISl oJepKaHusl Mpouepay KIeTOK-IPEAIeCTBEHHUKOB. DTOT KOMIIOHEHT
sKcnpeccupyercs B Buje uetsipe uzopopm (PHF10-Pl, -Ps, -SI, -Ss), o6nagarommmu pa3HsIMu
(GYHKIMAMU M OTIUYAIOUIMMHUCS JOMEHHOM OpraHu3anuei.

Mbe1 n3yunnu coiictBa PHF10 B onmyxosnieBsix kinetkax. Dkcnpeccusi PHF10 koppenupyer ¢
ypoBHEM c-Myc, HO HE YPOBHEM [-KaT€HWHA Ha TIAHEH OIyXOJIeH paka TOJICTOM KUIku. B
HeTpaHcPopMUPOBaHHBIX nepBUUHBIX KieTkax PHF10 skcnipeccupyetcs Bo Beex (azax
KJIETOYHOTO LIMKJIa, KpoMe nokosmuxcs (G0) kieTkax, ¥ ero SKCIpeccus yBeJINYUBAETCs IPU
obpabotke dakropamu pocta (EGF, FGF) n/unu runepakcnpeccuu c-Myec. [Ipu yBenuuenun
KJICTOYHOM TJIOTHOCTHU MPOMCXOIUT M3MeHeHne skcnpeccun u3ohopm PHF10 ¢ mymaEBIX n30hopm
PHF10-1 na uzodopmst PHF10-s y KoTOpBIX OTCYTCBYIOT 47 aMHHOKUCIIOT Ha N-KOHIIE, 4TO
KOppelupyeT ¢ nogasieHueM nukinna D1 u yBennuenuem p27. B kneTkax nepBUUHBIX
($bubpoOIacTOB YEIOBEKA, C TUIIEPIKCIIPECCHEl p27, HaOII0JaeTCsl YBEIMUYCHUE CHHTE3a BCEX
m3odopm PHF10. HokayT B-karennHa u c-Myc B KJIeTKaxX JUHUN paka TOJICTON Kumku SW620

NPUBOAMT K MOAaBIEHHIO dKctipeccur Becex uzopopm PHF10. Murubuposanue PHF10 B
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OIMYXOJIEBBIX KJIETKAX PA3IMYHOrO MPOUCXOKIEHUS COMPOBOXKAAECTCS MOBBIIIEHUEM YPOBHS p2 1
n/unu p27, 3agepxkoit kinetok B G1 dasze k1eToYHOro MUKiIa, CHIBKEHHEM CKOPOCTH POCTa KIIETOK
Y MHIYKIUEN KJIIETOYHOTO CTapEHUsI.

Taxum o6pazom, cyorenuaniia PHF10 okaspiBaeT cyliecTBeHHOE BIUSHHUE HA TIPOTPECCUIO
KJIETOYHOTO [IMKJa, B3aUMOJECHCTBYS C aKTUBAaTOPAMU U CyNpeccopaMu KJIETOYHOIO HUKIIA, BIUSS
Ha UX SKCIIPECCUI0 U aKTUBALUIO.

Jannas pabota Obi1a noaaep:kana rpantrom PHONe 18-14-00303
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YYACTKH MMPOTSI)KEHHOM I'AIVIOTUIIMYECKOM TOMO3UT'OTHOCTH

B XPOMOCOMAX NONYJIAIMNN EBPOITEHCKOM YACTHU POCCHUHU U YPAJIA
Xpynun A.B., Xeopuix I'.B., Jlumbopckas C.A.

denepanbHOE roCcyIapCTBEHHOE OI0KETHOE yUpexieHue Hayku NHCTUTYT MOJIEKYIISIpHOI
reHetuku Poccuiickoil akanemun Hayk, r. MockBa, Poccust

khrunin@img.ras.ru

CTpyKTypa reHeTH4eCKOT0 pa3HooOpa3usi, HaboaeMasi B MOMYJISIUK (3THUYECKOH rpymre),
SBIIETCS OTPAKEHUEM MyTel ee HCTOPUYECKOTO CTAHOBJICHHS B X0/1€ B3aUMOJCHCTBHS C IPYTUMHU
MOMYJISIIUSIMHU U YCJIOBUSIMU cpefibl oOuTanus. CylliecTBOBaHUE MATTEPHOB MPOTKEHHON
TOMO3UTOTHOCTH B OTJICTIHHBIX Y4aCTKaX T€HOMa MOXET ObITh CBHJIETEILCTBOM JICHCTBUS HA HUX
€CTEeCTBEHHOT0 0TO0pa. Hamu ObUT OCYyIIIECTBIEH MOMCK TAKUX YYaCTKOB B MOJIHOTEHOMHBIX
JAHHBIX 110 OJHOHYKJICOTUIHOMY MOTUMOPGU3MY HECKOJIBKHUX MOIMYIIALNUNA €BPONEeHCKON YacTu
Poccuu u ceBeproro Ypaina (pycckue u3 EHTPATbHBIX U CEBEPHBIX PAOHOB, HKEMCKHE U
MIPHIITY3CKHUE KOMU, BETIChI, XaHThI U MAHCH) C UCTIOJB30BaHUEM TE€CTA HA MPOTSHKEHHYIO
rarmmoThmuYeckyro romo3urotHocts (1IHS) (Voight et al., 2006). Tect ocHOBaH Ha TOM, YTO
€CTECTBEHHBIN 0TOOP MO KaKOMY-THO0 MapKepy MPUBOAUT K TOMO3UIOTH3AIMH Yy4acTKa FeHoMa
BOKPYT MHIIIEHH OTOOpA 3a CYET TOr0, YTO OJHOBPEMEHHO OTOMPAIOTCS BCE MOTMMOP(OU3MBI,
CIICTUIEHHBIE C MUIICHBIO (BECh TaIIOTHIT). PacdeThl MPOBOIWIKCH C UCTIOIB30BaHUEM
nporpammuoro nakera REHH 2.0. B nanpHeimmii ananu3 oroupanuch NoaMMop(hu3Mbl, 3HAYSHUS
nHaekcoB 1HS koTopeix Obumn Beime 0.999 nponenTust. s ynobcTBa cpaBHEHHUST BECh T€HOM OBLIT
pasneneH Ha HenepekphiBatonuecs pparmeHTsl 1muHHON 100 kb. KonuecTBO BBISBICHHBIX B
HOMYJSAUAX MOTUMOP(PHU3MOB C BHICOKMMHU 3HaueHus MU 1HS BapbupoBaino ot 456 1o 538,
KOTOpBIE, B CBOIO OUYEpe/Ib, pacipenenminuchk B coctaBe 193-364 otnensubix 100 kb ygacTkos,
YCTaHOBJICHHBIX B KaX/10i U3 Monyasunid. MHOTHE y4acTKU BKIIIOYAJIH JIUIIb 10 OTHOMY
nosmmMopdu3zmMy. MakcuMasbHBIC K€ WX KOJIMYeCcTBa ObUTH 3a()UKCUPOBAHBI B OOJIBIIMHCTBE
MOMYJISIIIAKA B y9aCTKaX, pacoIOKEHHBIX HA 6 XpOMOCOME, B PETHOHE JIOKATHM3AIUH T€HOB
TJIABHOTO KOMIUIEKCA TUCTOCOBMECTUMOCTH. VICKITFOUeHNEM SIBIISUTUCH MTOMYJISIINN XaHThl 1 MaHCH,
B KOTOPBIX JIMJIEPAMH [0 YHCITY HalIEHHBIX MUIIEHEW 0TOOpa BBICTYNAIN YYaCTKU JPYTUX
xpomocoM. [Tonmynsiuu XaHTbl U MaHCU 3aHUMAJIH 0CO00€ MOJIOKEHNE TaKKe U B TOM OTHOILLEHUH,
4TO, paHee y HUX, B OTIIMYHE OT BCEX JAPYTUX MOMYJISIUN, HAMH HE OBLIIO O0OHAPYKEHO
CYUIECTBEHHBIX Pa3IU4Mii B TCHETHYECKOM CTPYKTYpe (MCIOIB30BaIMCh METOIBI aHAIN3A TJIABHBIX
koMmmoHeHT 1 ADMIXTURE anamm3a). OnHako ¢ Mo3uIuil CpaBHUTEIHHOTO aHAIM3a HAICHHBIX
Y4aCTKOB-MUIIICHEN pa3nyus MEX/1y XaHThl U MAHCH OKa3aJIMCh 3HAYUTEIbHBIMU U

COMMOCTABUMBIMH C TAKOBBIMU MCIKIY APYTUMU MOMYJIAIIUAMUA.
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['enHas aHHOTAIMS OTOOPAHHBIX TOJIUMOPGU3MOB ObLTA MMPOBECHA C TTOMOITBIO
nporpammHoro naketa SnpEff. @ yHKIIMOHAIBHBIN aHAIW3 C UCTIOIL30BaHUEM HHCTPYMEHTA
WebGestalt (metrox ORA) BbIsiBHIT 0K0J10 20 OHOJIOTHYECKUX MTPOLECCOB (B TEPMUHAX T€HHOM
OHTOJIOTHH), OOOTALICHHBIX HalICHHBIMHU reHaMu. OJHaKO OOJIbIIAs YacTh ITHX MPOLIECCOB
COOTHOCHJIACH JIMIIB C OJHOW MOIMYJISIIHEH — MOIYJISIUY BETICOB, a HAMOOJIee MPEICTaBICHHBIMH
cpeau HUX OBUTH aCCOIMAIINH, CBSI3aHHBIE ¢ ()YHKIIMOHUPOBAHUEM CEPJICYHOCOCYANCTON CUCTEMBI
(perymsimus MUPKYISIIAA KPOBU U ICATEILHOCTH CepAla). B MOmymsiusx e mKEeMCKUX U
MPHIITY3CKUX KOMH, PYCCKHX U3 IIEHTPAIbHBIX PAalOHOB, a TAK)KE MAaHCH, HE OBLIIO 0OHAPYKEHO
OMOJIOTUYECKUX MPOIIECCOB, CTATUCTUYCCKH 3HAYMMO 00OTAICHHBIX TeHAMH-MUIICHSIMH, U
MOATOMY BBISIBJICHHBIC B HUX YYaCTKU-KaHAUIATHI MOTYT PACCMATPUBATHCS KaK HE3aBHCUMBIC
TOUYKU MpUIIOKeHus aercTBust otobopa (Cardona et al., 2014).

Paboma evinonnena npu ¢punarcosoti noodepoicke Poccutickozo ¢honoa ¢hynoamenmanvHvix

uccneoosanuii (eparnm Ne 16-04-00635).
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MouJiekyasipHasi CTPYKTypa S’HeTpancaupyemMoi o0actu rena FMRI v TaxkecTh CUMIITOMOB
y NAIHEHTOB ¢ CHHAPOMOM JIOMKOH X-XpOMOCOMbI

KO nxun I[.B.l, I'pumenko I/I.B.l, MakcuMoBa IO.B.Z, [Ilopuna AP’

'®I'bBYVH WNHCcTUTyT MONEKysipHOU U kiietouHoi Ouonorun CO PAH

2®r'B0Y BO HIMY Munsapasa Poccun

*I'BY3 HCO INopoackas knmuHuyeckast 0ompHUIA Nel

CunapoM JTOMKOH X-XpOMOCOMBI SIBJISIETCSI HanOoJIee pacpOCTPAaHEHHOW PUYHHOM
HACJICICTBEHHOW YMCTBEHHOW OTCTAJIOCTH y YeJIOBEKa. MeXaHu3M pa3BUTHS CUHAPOMA OCHOBAH Ha
skcmancuu LI T-noBTopa B 5° HeTpaHcupyeMoit o0nactu rena FMR 1 pactioioxkeHHOTO B X-
xpomocome. B Hopme reH copepkut He 6onee S0 TpumieToB. Eciu pa3mep moBTOpa CTAHOBUTCS
6onee 200 TpuruieToB, TO GOPMHUPYETCS aJUIeb, HA3bIBAEMBIN MOJTHON MyTalMel 1 pa3BUBACTCA
CHUHAPOM. DKCIIaHCHsI TIOBTOPOB NPUBOANT K METWIMPOBAHUIO M F€TEPOXPOMATHHH3ALNH
MIPOMOTOPHOTO pakioHa reHa FMRI ¢ mocneayronuM moaaBieHrneM padoTsl reHa. OTCyTCTBHE
6enxa FMRP, kogupyeMoro 3TuM reHoM, IPUBOAUT K HAPYLICHUIO (POPMUPOBAHUS HEHPOHOB U
YMCTBEHHOU OTcTajocTu. Pa3zmep noBropa y naueHToB MoxeT BapbupoBath oT 200 1o 2000 u
Oosiee TpUILIETOB. JIOMONMHUTENIBHO Y HOCUTEIIEH TaKOro ajulessl BCTpeyaeTcs COMaTHUECKUI
MO3auIU3M U COMAaTUYeCKas SKCIaHCHsl. JKeHIIMHBI, HOCUTEIIBHULBI MyTAHTHOTO aJlIels B
100aBOK K MO3aHIIM3MY TaK)K€ HMEIOT BTOPYIO XpOMOCOMY X CO BTOPBIM ajuiesneM reHa. Kpome
TOTO0 METHJIUPOBAHHE TPOMOTOPHON 00JIACTH MOKET MPOUCXOANUTH HE BO BCEX KIIETKAX U paHee
MOKa3aHO, YTO HEKOTOPKIC MAIIMEHTHI UMEIOT HEOOJIBIIION YPOBEHB dKCIIpeccuu TeHa FMR 1. Mul
HCCIJIEIOBAJIA 3aBUCUMOCTD KJIMHUYECKUX CUMIITOMOB ITALIMEHTOB C CHHAPOMOM JIOMKOH X-
XpOMOCOMBI OT pa3Mepa OBTOpPa, COMaTHYECKOI0 MO3anLIM3Ma U YPOBHSI METUIIMPOBAHUS
npoMoTopHOi obsactu rena FMR 1. O6pa3iisl nepudepudeckoil BEHO3HOM KpOBH ObUIM COOpaHBI y
MalKUeHTOB, 00paTuBIIKUXCS B ['opocKkyro KmuHUYecKyto 0osbHHIYY Nel ¢ coOnmoaeHnemM
TUYECKMX HOPM U MOCJIE NOANUCaHUs HHYOPMUPOBAHHOTO 100pOBOJIBHOTO coryacus. V3 kposu
Boiersin JIHK, cuntesupoBanu Tpakts! LII'T moBTOpoB 1 mpoBoaAMIM (hparMeHTHBIN aHATN3
MOJTyYEHHBIX 00pa31oB. AHAIN3 METHIIMPOBAHUS TPOMOTOPHON 0o0nacTi reHa FMR I mpoBOAMIIH C
TTOMOIIBI0 METUITIYBCTBUTEIBHBIX pecTpuKTa3 ¢ mocneayromen [11P. Knunnueckue nanubie 01N
MOJIy4Y€EHBI 110 pe3yJIbTaTaM IICUXUATPUUECKOro 00CIeJ0BaHus MallMeHTOB. B pe3ynbpraTe Obl1a
HCCIIeIOBaHA 3aBUCUMOCTD TSDKECTH CUMIITOMOB 3200JI€BaHUs OT pa3Mepa MOBTOPa, YPOBHS

MCTUJIMPOBAHUA U COMAaTUYCCKOI'0 MO3auliu3dMa 1o pasMepy IoBTOpa U YPOBHIO MCTUJIMPOBAHUA.
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Poab 0esska NON3 (Novel Nucleolar protein 3) B popMupoBaHUU NPULEHTPOMEPHOTO
rerepoxpomatuna y Drosophila melanogaster

FOukosa A.A."?, Ornenko A.A.', ITorosa 10.B."? [Inaropun AB.', AHppeeBa E.H.'*
'MucturyT MonekymspHoii 1 kirerounoi 6uonornn CO PAH, Hosocubupck, Poccus
2H0130c1/161/1p01<1/1171 I'ocynapctBennsbiii Y HuBepcutet, Poccust

3 HNucturyt Hutonorun u I'enetnkun CO PAH, HoBocubupck, Poccus

*E-mail: andreeva@mcb.nsc.ru

SAnpeiko — HeMeMOpaHHas KJIEeTOYHAasi OpraHeia B siipe 3yKapuoT, Urparoiiasi KIr4eBylo pojb B
ouorenese pudocom. Psyi 6enKoB saphIIIKa YIacTBYIOT U B APYTUX BaXKHBIX KIIETOUHBIX
npolieccax, B YaCTHOCTH, B MUTO3€. B naHHO# paboTe nmpoBoauTCs (QyHKIIMOHATBHAS
xapakTtepucTtrka Manousydernnoro 6enka NON3 (Novel Nucleolar protein 3) Drosophila
melanogaster, OTHOCSIIIIETOCS K BRICOKOKOHCepBaTHBHOMY BRIX—noMeH—coaepskamemy
cemeicTBY O0enkoB. Kak y apoxokeit, Tak 1 'y yenoBeka 6enok siapeimka RPF2 (oprosor NON3)
IPUHUMAET yyacTue B MpoLeccHHre npenamectseHHnka pudbocomuoit PHK. ITokazano, uro
cHIKeHune KonndectBa O0eiaka NON3 B KyJIbTUBUPYEMBIX KIeTKax S2 npo30(uisl BIUsSET HA
(dbopMHpOBaHHE BEpETEHA JEJIECHNUs, HO 3a/1eWCTBOBAaHHBIN ITPU TOM MOJIEKYJISIPHBII MEXaHU3M
HensBecTeH. Panee B Hamelt mabopatopun 6enku NON3 u HP1 (Heterochromatin protein 1) 6putn
UACHTU(PUIMPOBAHBI TPU TOMOIIU MACC—CIIEKTPOMETPHUUECKOT0 aHAJIN3a B COCTaBE KOMIUIEKCOB C
oenkom rerepoxpomatiaa SUUR (Suppressor of Under—Replication). B pamkax paGoThl BriepBbie
OXapaKTeprU30BaHbl PEHOTUIBI MyTaLU 10 reHy Non3, co3/1aHa IIa3MuIHast KOHCTPYKLUS U
MOJIy4€Ha JINHUS TPAHCTEHHBIX MYX JIJISl SKTOIMWYECKOU IKCIIPECCHH PEKOMOMHAHTHOTO OesKa
NON3-eGFP nox kouTposnem nocnenoBareabHOCTH UAS. OOHapyKeHO, UTO B KJIETKaxX
npo3oduist 6e10k NON3 sgBiIsIeTCS KOMIIOHEHTOM XpOMAaTHHA U JIOKAJIU3YETCS B SIPBHIIIKE,
MEPULIEHTPHUUECKOM T'€TepOXPOMATHHE U IIJIeYax XPOMOCOM. BBISBIEHO, UTO B MPUIIECHTPOMEPHBIX
parioHax xpomocoM 0estok HP1 mouTtu He BBISBISIETCS y MYTaHTOB 110 TeHy NonJ3, TTIOCKOIBKY
CHIDKEH ypoBeHb MeTuiupoBanus ructrona H3K9, neooxoaumoro anst cesizpiBanus HP1 B
NEPULIEHTPUUECKOM reTepoxpomMaTute. M3BecTHo, uto orcyrcTtBue HP1 Biuser Ha KuHETOXOp—
3aBHCHMBIN POCT MUKPOTPYOOUEK BepeTeHa aeneHus. Takum o6pa3oM, Mbl IpeIoiaraéM, 4ro
M3MEHEHHE COCTaBa MPUIIEHTPOMEPHOTO FeTePOXPOMATHHA Y MYTaHTOB MO e’y Non3 NpuBOAUT K
HapyLIEeHUIO (OPMUPOBAHUS BEpETECHA JICTICHUS.

Pabota BeimonHeHa npu noanepxkke rpanta PODOU #18-34-00699
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