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REGULATION OF REPLICATION FORK PROGRESSION AND ORIGIN FIRING
Alexander Jessica L., Hua Brian, Nordman Jared, and Orr-Weaver Terry L. L2
'"Whitehead Institute and “Dept. of Biology, Massachusetts Institute of Technology, Cambridge,
MA, USA
weaver@wi.mit.edu

We have used differential DNA replication during Drosophila development to investigate
regulation of fork progression and origin activation. Inhibition of replication fork progression can
cause common fragile sites in chromosomes and lead to decreased copy number in polytene cells.
We showed that the Suppressor of Underreplication protein travels with replication forks and acts
to inhibit or destabilize them, blocking replication of genomic regions. It was proposed that
repeated firing of a replication origin could cause genomic instability if the newer replication fork
caught up with the older fork. We exploited developmental amplification in ovarian follicle cells,
which results from re-replication from specific origins, to test this hypothesis. Double-strand
breaks indeed are produced at sites of multiple replication forks in these amplicons, and double-
strand break repair is necessary for continued fork progression. Unexpectedly, nonhomologous
end joining rather than homologous recombination is employed as the mechanism to repair and
restore replication forks. Amplicon origins of replication were used to identify steps at which
surrounding chromatin can influence origin activation by examining the effect of chromatin on
amplification origins inserted at ectopic genomic sites. We found that chromatin can enhance or
inhibit origin firing. Surprisingly, the chromatin at one genomic site blocks origin activation
downstream of localization of the Origin Recognition Complex, Cdc6, and the MCM-loader DUP
(Cdtl), preventing binding of the MCM helicase to the origin.

CHROMOSOME 19 ENIGMA PURSUE: WHAT IS CURRENTLY UNRAVELED
Babenko Viadimir
Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia
bob@bionet.nsc.ru

Chromosome 19 is the “gene cluster sack” of human genome: the gene density and a
number of the tightly located gene family clusters are at least two times higher than in any other
human chromosome. Curiously, the number of genes in the multitude of clusters varies
substantially between individuals, making the chromosome 19 outstanding in Copy Number
Variation (CNV) rate.

Noteworthy, the highest gene density is accompanied with the highest CpG islands
density. It was revealed that, along with highest CpG density, chromosome 19 maintains the
highest absolute number of hypermethylated CpGs. This fact may be connected with mechanism

of extensive gene duplications.
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The intense expression of chromosome 19 led to its invasion with a volume of
transposable elements, endogenous retroviruses in particular. KRAB-ZNF clusters that are
abundantly presented with chromosome 19 form specific HP1 heterochromatin blocks. It was
recently elucidated that they perform defense network against endogenous retroviruses expression
genome wide. We describe specific KRAB-ZNF gene structure along with providing possible
hypothesis on mechanism of their duplication.

Along with ancient conservative genes, chromosome 19 comprises newly arisen
mammalian specific gene expansions, including primate specific 49 fold miRNA cluster close to
telomeric region of q arm with paternal expression in placenta, as well novel KRAB-ZNF gene
clusters and olfactory receptors clusters.

The stress will be made on CpG islands distribution. As a conclusion, we speculate that the
abundance of gene clusters and their maintenance puts chromosome 19 to a unique genetic

variation and epigenetic landscape standpoint with specific evolutionary implications.

HYBRID INCOMPATIBILITIES AND HETEROCHROMATIN EVOLUTION
Barbash D.A.

Department of Molecular Biology and Genetics, Cornell University, Ithaca, New York, 14850,
USA

barbash@cornell.edu

As populations diverge they develop incompatibilities with each other that cause
reproductive isolation and eventually can become distinct species. The study of the genetic basis
of hybrid incompatibilities between species can reveal the underlying evolutionary factors that
contribute to species formation.

The fruitfly Drosophila melanogaster separated from its sibling species D. simulans ~1-3
million years ago. F1 hybrids between these species show unisexual viability, with the viable sex
depending on the direction of crossing. We have studied these 2 independent hybrid lethality
systems, and discovered that both implicate heterochromatin divergence as a contributor or cause
of lethality. In the cross of D. simulans females to D. melanogaster males, F1 hybrid daughters
dies as embryos. These lethal embryos show extensive mis-segregation of a large block of satellite
DNA that is specific to the peri-centromeric region of the D. melanogaster X chromosome. In the
other direction of crossing, F1 hybrid sons die as larvae. We have cloned and characterized two
genes contributing to this lethality, Hybrid male rescue and Lethal hybrid rescue. Both encode
rapidly evolving proteins that localize to heterochromatin. We have further discovered that
mutations in both genes within D. melanogaster cause derepression of transposable elements and

satellite DNAs.
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These findings have motivated recent deeper investigations into heterochromatin variation
and its potential phenotypic consequences. In collaboration with Prof. Andrew Clark, we have
discovered significant variation among D. melanogaster populations for the presence and
abundance of simple (2-10 bp) satellite DNA repeats. We are also investigating the potential
biological consequences of variation in telomere length, including possible effects on meiotic

segregation.

RESPONSES TO TELOMERE LOSS IN DROSOPHILA MELANOGASTER

Bhandari Jayl, Hill Hunterl, Kurzhals Rebeccah’, Fanti Laurag, Titen Simonj, Golic Maryl,
Lin Ho-Chen’, Pimpinelli Sergio®, Golic Kent'
! Dept. of Biology, University of Utah, Salt Lake City, UT, USA
* Department of Biology, Southeast Missouri State University, Cape Girardeau, MO 63701, USA
? Department of Genetics and Molecular Biology, University of Rome, “La Sapienza”, Rome,
00185, Italy

To maintain chromosome stability, the linear chromosomes of eukaryotes must be capped
with telomeres. Loss of a single telomere is a particularly challenging form of genome damage,
and most often results in apoptosis, rather than successful repair. Two forms of repair are known
for this type of damage: healing, which refers to the addition of a new telomere on the non-
telomeric end of a chromosome; or Break-Induced Replication (BIR), in which the broken
chromosome copies information from another chromosome to replace the end that it is missing.
Drosophila melanogaster is capable of using both mechanisms to repair this form of damage. The
genetic control of chromosome healing, and differences in its occurrence between male and
female germlines will be discussed. Basic properties of BIR will be described. Finally, the

characteristics of dicentric chromosome breakage will be examined, specifically the clustering of

breakpoints in a few preferred regions.

FOUR DISTINCT TYPES OF EPIGENETIC DOMAINS IN DROSOPHILA
MELANOGASTER CHROMOSOMES

Boldyreva Lidiya V., Goncharov Fyodor P.!, Demakova Olga V., Zykova Tatyana Yu.,
Levitsky Victor G.>?, Kolesnikov Nikolay N.', Pindyurin Alexey V."*? Semeshin Valeriy F.,
Zhimulev Igor F."*

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

of Sciences, Novosibirsk 630090, Russia

*Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences,
Novosibirsk 630090, Russia

3 Novosibirsk State University, Novosibirsk 630090, Russia

Recently we have reported the characteristic protein composition of a set of 32 reference
interbands in polytene chromosomes. Using genome-wide protein profiling data generated by the
modENCODE Consortium, we focused our attention on the distribution of twelve interband-
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enriched proteins, and developed a bioinformatic pipeline, which partitioned the drosophila
genome into four major chromatin types. One of these chromatin types (cyan) apparently
corresponds to the interbands of Drosophila melanogaster polytene chromosomes, whereas the
remaining three (referred to as blue, green and magenta) are predominantly found in bands.

We show that cyan (interband-enriched) chromatin type tends to harbor regions around
TSSes including proximal promoters and 5’UTRs of genes. It is highly enriched in diverse “open”
chromatin proteins, histone modifications, insulators, nucleosome remodeling complexes, and
transcription factors. More, cyan chromatin encompasses most of the tRNA genes; it also shows
enrichment for non-coding RNAs and miRNA genes. Blue chromatin typically localizes
immediately adjacent to and downstream of the cyan chromatin and encompasses gene bodies.
Transition points from cyan into blue chromatin types are predominantly found within the first
two protein-coding exons. This chromatin type is rich in proteins and histone modifications
known to be involved in transcription elongation step, and is depleted for insulator proteins. We
show that the frequency of point mutations and deletions is elevated within the regions of blue
chromatin. Much like cyan chromatin, blue chromatin is enriched with miRNA genes. Green
chromatin type shows pronounced enrichment for the insulator protein Mod(mdg4), histone
modifications H3K36mel and H3K27me2, as well as higher frequency of insertions of natural
transposons. Finally, magenta chromatin, which, is thought to correspond to the highly compacted
bands in polytene chromosomes including those classified as intercalary heterochromatin, is
moderately enriched for proteins and histone modifications characteristic of the “closed”
chromatin and is significantly depleted for the vast majority of chromatin proteins analyzed so far.
Overall, magenta chromatin has lower frequency of point mutations, and is essentially devoid of
miRNA and tRNA genes.

We show that each of the four chromatin types has highly specific protein composition.
Two of the chromatin types — cyan and magenta — have contrasting properties, and their positions
are highly stable across different cell lines (S2, Kc, BG3, and CI8). These chromatin types
correspond to two structurally opposing features of salivary gland polytene chromosomes:
interbands (cyan) and dense bands (magenta). The remaining two chromatin types (blue and
green) also display characteristic sets of associated proteins and histone modifications, as well as
enrichment for specific genomic features. In the context of polytene chromosomes, they
correspond to the remaining great number of faint-most bands and dense thin bands, accordingly.
We speculate that the four chromatin types identified may be implicated in the maintenance of

epigenetic states of chromatin domains.
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NEW MOLECULAR CYTOLOGICAL FEATURES OF THE STICK INSECTS
(PHASMIDA)

Bugrov Alexander ', Buleu Olesya’, Karamysheva Tatyana’, Liehr Thomas®

'Institute for Systematics and Ecology of Animals, Siberian Branch of Russian Academy

of Sciences, 630091 Novosibirsk, Russia. bugrov04@yahoo.co.uk

*Novosibirsk State University, 630090 Novosibirsk, Russia

3Institute of Cytology and Genetics, Siberian Branch of Russian Academy of Sciences, 630090
Novosibirsk, Russia

*Jena University Hospital, Friedrich Schiller University, Institute of Human Genetics,
Kollegiengasse 10, D-07743 Jena, Germany

Stick insects are one of the least studied group of insects concerning especially the
cytogenetic aspect. There is information on the number and morphology of chromosomes only for
about 50 species. Karyotypes from 2n = 20 to 2n = 74 were described; XOJ/XXS based sex
determination system was reported (Makino, 1951; Hughes-Schrader, 1959; Craddok, 1975;
Pijnacker, Ferwerda, 1980; Bianchi, Melado, 1998; Passamonti et al., 1999, Milani et al., 2010).
Chromosome C-banding studies were performed in not more than 5 species (Masetti, Scali, 1986,
Marescalchi, Scali,1990; Manaresi et al., 1992; Tintia, Scalia, 2010).

Phasmida karyotypes are sparse compared to other orthopteroid insects due to the fact that
many of these species are known only as parthenogenetic females, and for chromosome
preparation most often male testis is used. For the present work chromosome preparations were
obtained from 30-40-day-old embryos. We have studied the karyotypes of 5 species of stick
insects: Medauroidea extradentata (2n9 = 38), Sungaya inexpectata (2nQ = 44), Sipyloidea
sipylus 2n9Q = 63-71), Peruphasma schultei 2nQ = 44), and Phaenopharos khaoyaiensis (2n =
68-70). In 4/5 studied species two pairs of large metacentric chromosomes were observed while
the remaining chromosomes were small, with unclear morphology. Phaenopharos khaoyaiensis
karyotype included one large, one medium and one small pair of metacentric chromosomes, while
the remainder chromosomes were acrocentric.

C-positive regions of chromosomes were localized in the centromeric regions of all
chromosomes in the five studied species. However, localization of telomeric and intercalar C-
block was more diverse and varied in the different studied species. One common features of all
five karyotypes was a very large C-block, or even an heterochromatic arm in one chromosome
pair. In Peruphasma schultei C-positive arms were revealed in a few pairs of chromosomes.

Using the method of fluorescence in situ hybridization (FISH) (Pinkel et al., 1986) we
firstly analyzed the distribution of telomeric (TTAGG), and 18S rDNA repeats in chromosomes
of all five studied Phasmida species. Telomeric repeats (TTAGQG), were located primarily on the
ends of chromosome arms. 18s rDNA probe hybridized within the largest C-positive region in all
the karyotypes.

The latter is a specific feature of Phasmida karyotypes compared with another Polyneoptera.
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A ROLE FOR SEPARASE IN THE MAINTENANCE OF DROSOPHILA TELOMERES
Cipressa F. 1’3, Borghi C.1’3, Morciano P. 1’3, Bosso G.I’g, Mannini L.2, GalatiA.”, Raffa G.D. 1’3,
Cacchione 8.7, Musio A.**, Cenci G."*
'Department of Biology and Biotechnology "Charles Darwin" Section of Genetics, SAPIENZA
University of Rome, Italy
*[stituto di Ricerca Genetica e Biomedica, Consiglio Nazionale delle Ricerche, Pisa
3stituto Pasteur, Fondazione Cenci-Bolognetti
*Istituto Toscano Tumori, Firenze

Drosophila telomeres are elongated by transposition of specialized retroelements rather
than telomerase activity, and are assembled in a sequence independent fashion. Drosophila
telomeres are capped by a complex, terminin, which localizes and functions only at telomeres,
protecting them from fusion. It has been proposed that terminin is functionally analogous to the
shelterin complex that protects human telomeres. Drosophila telomere protection is also achieved
by additional and evolutionarily conserved factors, such as HP1, that do not localize only at
telomeres and do not play telomere-specific functions. We show that mutations in the Drosophila
Separase-encoding gene Sse lead not only to endoreduplication but also telomeric fusions (TFs).
We demonstrate that Sse physically binds both terminin and HP1 and that it is enriched at
telomeres. Interestingly, loss of Sse strongly reduces HP1 levels. Overexpression of HP1 in Sse
mutants suppresses TFs suggesting that they are due to reduction of HP1. A catalytically inactive
Sse fails to restore HP1 levels and to reduce TFs indicating that Sse-endopeptidase activity is
required for telomere protection. We also find that Sse forms a complex with Lamin Dm0, the
Drosophila ortholog of human B-type Lamins. Moreover, Sse colocalizes with Lamin Dm0
around the nuclear envelope on intact salivary gland nuclei. Loss of Sse causes a decrease of Dm0
levels indicating that it does not only bind Dm0, but it is also involved in its turnover. In addition,
genetic and molecular analyses indicate that Sse-dependent Dm0 regulation may be required for

telomere maintenance in Drosophila. Taken together our results highlight an unprecedented

function for Separase in the regulation of different factors to protect telomeres.

FROM COLD WHITE HANDS TO THE EPIGENETIC LANDSCAPE OF THE HUMAN
KINETOCHORE

Earnshaw W.C. 1, Molina O. 1, Martins N.I, Masumoto H.z, Kouprina N.3, Larionov V.°
'Wellcome Trust Centre for Cell Biology, University of Edinburgh, Edinburgh, UK

*Kazusa DNA Institute, Chiba, Japan

’National Institutes of Health, Bethesda, MD, USA

bill.earnshaw(@ed.ac.uk

I will start by describing the discovery of human centromere proteins using sera from
patients with scleroderma-spectrum autoimmune disease. This led to the modern era of

kinetochore studies in which over 100 proteins have now been identified at kinetochores. One
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insight that came from the use of these antibodies was the discovery that kinetochore assembly is
regulated by an epigenetic mechanism. In stable dicentric chromosomes with two copies of the
centromeric DNA sequences, only one centromere locus nucleates formation of a kinetochore.
Our more recent studies have been aimed at determining the chromatin landscape that
promotes kinetochore assembly. I will describe studies using a synthetic Human Artificial
Chromosome (HAC) that enables us to adjust the chromatin composition within the centromeric
chromatin. These studies have revealed that heterochromatin is incompatible with kinetochore
function. Indeed nucleating heterochromatin within an active centromere rapidly inactivates that
centromere. We have gone on to show that centromere function appears to require ongoing
transcription of non-coding sequences. This transcription occurs even though centromeres exist in
an environment flanked by “deep” heterochromatin. Centromeres can apparently function in this
environment because they are able to resist normal pathways of transcriptional inactivation by
both Polycomb and classic heterochromatin. I conclude that synthetic biology offers a powerful

approach to study chromatin function at centromeres.

COOPERATIVE ORGANISATION AND REGULATIN OF THE CHROMATIN IN CELL
NUCLEI
Erenpreisa J" and Giuliani A *
'Latvian Biomedical Research&Study Centre, Riga
*Istituto Superiore di Sanita, Rome
katrina@biomed.lu.lv

After discovery of the linear genetic code, there is a need to understand the material basis
of whole genome regulation in development and differentiation. The chromatin Hi-capture
techniques gave some hints about this issue confirming the inter-chromosome networking by
transcription hubs. In turn, heterochromatin also forms ectopic links by homology of non-
transcribed reiterated sequences, likely assisted by ssDNA breaks and LINE1 RNA. The model of
integrative network of the transcription-splicing hubs converging lateral loops of active chromatin
in the alveoles of the heterochromatin network, which are repulsing them (this network is edged
by chromosome backbones) is suggested. It is also suggested that certain blocks of
heterochromatin with nested clusters of transposable elements mark the permanent matrix of
radial Rabl orientation of interphase chromosomes preserved through mitosis (by the Boveri rule).
The 3D positional information necessary for regulation stems from ectopic links of intercalary
heterochromatin unique for each tissue type superimposed to the Rabl spatially invariant matrix.
This 3D order is established in S-phase by the spatial code of replication timing along individual

chromosomes coupled to epigenetic chromatin profiling and becomes fixed through mitosis. The

tandemly arranged along chromosomes invariant topological megadomains (TADs=
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chromomeres=replicon clusters=co-expressing gene clusters) are the units, which cooperatively
specify these unique settings of tissue-specific positional information provided by

heterochromatin by the principles of self-organisation.

VISUALISATION OF CHROMATIN NETWORKS IN INTERPHASE CELL NUCLEI
Erenpreisa Je. 1, Gerashchenko B.1. 1’2, Salmina K. 1, KrufczikM3, Belyayev A? Pastova L.,
Hausmann M.’

"Latvian Biomedical Research&Study Centre, Riga

*R.E. Kavetsky Inst. Natl Acad Sci Ukraine, Kijev

*University of Heidelberg — Kirchhoff-Institute for Physics

*Botanical Inst. Chech Acad. Sci, Prague

katrina@biomed.lu.lv

In old cytological books the chromatin network in animal cell nuclei was considered an
artifact of precipitating fixation. Still currently with renewal of the interest to the whole genome
regulations, the supra-chromosomal nuclear organization and architecture are in focus of interest.
We report the visualization of network-like image patterns observed in rat thymocytes, human
cervix, breast and ovarian cancer cell lines microscopically resoluted by several methods: (1)
electron microscopy (EM) of whole nuclear mounts and in ultrathin sections by TEM; (2) super-
resolution fluorescent microscopy of cells grown on coverslips, and (3) convential fluorescent
microscopy applying an image analysis algorithm based on filtration steps. Isolated rat thymocyte
nuclei were studied after treatment with 1/10 Hanks solution, heparin or bleomycin/Hanks for 2-
25 min treatments; ovarian embryonal carcinoma PA1 was treated with 8 uM Etoposide (ETO)
for 20h and studied after fixation on days 4 and 5. For fluorescent microscopy the cells were
stained solely or in combinations of antibodies to inactive heterochromatin H3K9Me3, DNA
strand breaks gamma-H2AX, lamin BI1, epichromatin PI2-6 (from A.&D.Olins), 5’-Methyl-
Cytosine, counterstained by DAPI. In addition, FISH for Alu transposable elements was
performed on PA1_ETO model.

Surprisingly, in all cases we reveal an alveolar network edged by DAPI-positive material
with a constant size of alveoles (1-2 um in diameter). It is not seen by eye in DAPI-stained nuclei
of non-treated cells but is very well revealed by supper-resolution microscopy with H3K9Me3
staining. Visualisation of the network by EM is favoured by heparin-induced solubilisation of
euchromatin ‘precipitating” the alveoli with characteristic knobby edges ~0.1 um thick in GI,
while the knobs are seen as doublets in G2; these knobby strands with occasionally laterally
originating transcripts are also well seen on ultrathin sections of the epoxy-embedded material
(previously published, Erenpreisa 1990). After solubilisation of most chromatin by short

bleomycin treatment, the thin carcasses of alveoli of the same size are still preserved. After ETO-

treatment many deeply senescent cells are revealed on days 4-5. They display a network with the
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same size of alveoli, however possessing thickened edges (0.5-0.8 um), composed of tightly
apposed H3K9Me3-knobs, readily seen in CFM. Alveolar network is also DAPI and 5’Methyl-
cytosine-positive, contains multiple gamma-H2AX- and tandems of Alu-positive foci. The
alveoles are nearly label-free inside. These cells arrested in G2, which were unable to repair DNA
damage, show dissolution of lamin B1 and loss of contact of peripheral chromatin with it. On the
contrary, rare polyploidising cells in S-phase retain homogenous DAPI-rich nuclei with
decondensed chromatin, and do not display this network.

We conclude that our data indicate supra-chromosomal network-like structures closely
correlated to the heterochromatic “backbones” of the chromosomes in nuclei of animal cells.
These structures seem to be scaled in dimensions near or even below the diffraction-limit of
resolution of light microscopes. Their integrity should be supported by very strong covalent
bonds. Visualization in general seems to be favoured by inactivation of transcription or lysis of
nuclease-labile DNA in parallel with compaction of inactive chromatin, as well as by
disintegration of lamin Bl. In fact, by all these features the observed alveolar network-like
structure resembles image patterns known from premature chromosome condensation, confirming

the hypothesis of its principle chromosomal origin.

THE MOLECULAR STRUCTURE AND INTERSPECIES VARIATION OF CENH3
GENES IN THE SECALE GENUS
Evtushenko E. V.I, Gatskaya S.S. 1, Lipikhina Yu.A.I, Houben A.Z, and Vershinin A.V.!
! nstitute of Molecular and Cellular Biology, Siberian Branch of the Russian Academy
of Sciences, Novosibirsk, Russia
2 Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany
evt@mcb.nsc.ru

Rye (Secale) is a small cereal genus in the tribe Triticeae together with wheat (7riticum)
and barley (Hordeum). Unlike most grain crops, rye is unique in that it is diploid and allogamous
(Lundqvist, 1956).Traditional rye species are panmictic populations characterized by high levels
of heterozygosity and heterogeneity (Chebotar et al., 2003) and relatively low reproductive
barriers between species. It may have resulted from outcrossing pollination and easy interspecies
hybridization. Some members of the Secale genus are inbreeding, e.g., S.africanum reported to be
endemic in South Africa. Genus Secale includes allogamous and autogamous plants, annual and
perennial species which have various ability to outcrossing. Therefore, it is of special interest to
investigate the molecular organization of the centromere-specific variant of histone H3 (CENH3)
and its variability among rye species with different reproduction habit, life cycle, and the degree
of endemism.

We characterize coding CENH3 sequences in five subspecies of the annual Secale cereale

L. species (S. afghanicum, S. ancestrale, S. dighoricum, S. segetale, and S. vavilovi), two varieties
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of the cultivated S. cereale subspecies, five subspecies of the perennial species Secale strictum C.
Presl. (S.africanum, S.anatolicum, S.ciliatoglume, S.kuprijanovii, and S.montanum), and the
annual species S.sylvestre Host. We determined boundaries of seven exons and six introns of the
CENH3 gene. Transcripts of two different CENH3 copies were found: ScCENH3-1 and
ScCENH3-2. Copies of SCCENH3-1 were found in all subspecies studied. Copies of SCCENH3-2
present in perennial (S. strictum and S.anatolicum) and annual (S.cereale and S.afghanicum)
subspecies. The SCCENH3-2 sequence differs from ScCCENH3-1 by a deletion in the N-terminal
region and an insertion in the histone fold domain (HFD). It shows several silent and
nonsynonymous mutations with 85% nucleotide identity. In addition to CENH3-1 and CENH3-2
the transcripts included variants with altered lengths of the N-terminal region and HFD which
most likely resulted from alternative splicing. Comparison with the CENH3 sequences from
wheat species revealed that most differences localize in the histone fold domain of CENH3-2.

No ScCENH3-2 copies or alternative splicing products were found in inbreeders: the S.
sylvestre species and S. vavilovii subspecies. The perennial inbreeder S. africanum produces the
ScCENH3-2 transcripts only from the N-terminal region. The wild S. kuprijanovii, grown in
undisturbed environments, produced neither CENH3-2 transcripts nor alternative splicing
products. We revealed positive selection of CENH3 only in few sites of several rye subspecies.
Therefore, it is more likely that the diversity in the Secale genus stems from two divergent
CENH3 copies, alternative splicing variants, and their combinations in various rye accessions.
The presence of multiple CENH3 forms may be part of the reproductive barrier between
outbreeding species, which supports the existence of individual species and subspecies in the

Secale genus.

IS SAC INSUFFICIENCY RESPONSIBLE FOR RECURRENT PREGNANCY LOSS
IN HUMAN?
Fedorov Lev
Transgenic Mouse model Shared Resource, Oregon Health & Science University, Portland, OR,
USA

Aneuploidy is currently considered the main cause of recurrent pregnancy loss (RPL),
defined as the occurrence of three or more consecutive pregnancies that end in miscarriage in the
early stages of prenatal development. Only 30% of human embryos develop up to live birth,
whereas a majority of them die between conception and implantation or on initiation of
implantation, prior to a woman becoming aware that she was pregnant (Macklon et al. 2002; Koot
et al. 2011). Hundreds of cytogenetic studies of the IVF embryos from RPL parents and

spontaneous abortions after several weeks of gestation revealed chromosomal abnormalities in at

least 50% -85% of cases. Furthermore, a majority of abnormal embryos have diploid/aneuploid
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mosaicism with different proportions of aneuploid cells. In spite of the significant bulk of
accumulated cytogenetic information, little is known about the underlying molecular defects
resulting in diploid/aneuploid mosaicism and subsequent failure of pre-and post-implantation
embryo development.

Spindle assembly checkpoint (SAC) is an evolutionarily conserved mechanism regulating
cell division in all eukaryotes, from unicellular organisms like yeast to mouse and human. We
suggest that defects of the Spindle Assembly Checkpoint (SAC) are responsible for aneuploidy
and the subsequent abortions. To develop our hypothesis we modeled this process in the mouse
after inactivation of protein BubR1, one of the key players of SAC. We found that soon after
implantation more than 50 % of cells of BubR1” embryos were aneuploid and had an increased
level of premature sister chromatid separation (PSCS). Aneuploid cells do not have a predominant
gain or loss of some specific chromosomes, but they have mosaic variegated aneuploidy (MVA),
which is characterized by random mixture of different chromosomes. MVA leads to growth
retardation, stochastic massive apoptosis, disruption of bilateral symmetry and embryo death
between embryonic days 7.5 to 13.5. Analysis of published human data revealed that human RPL
embryos and rare infant patients carrying BubR1 mutations that have been described so far have
the PSCS and MVA similar to BubR1 deficient/ insufficient mice. Based on this data we predict
that deficiency/insufficiency of BubR1 and other components of the SAC in human are
responsible for aneuploidy and the following abortions.

References
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STUDYING KARYOTYPE EVOLUTION IN PARASITOID HYMENOPTERA:
FROM CHROMOSOME NUMBERS TO DNA REPEATS
Gokhman V.E.
Botanical Garden, Moscow State University, Moscow, Russia
vegokhman@hotmail.com
Parasitoid Hymenoptera are one of the most abundant, taxonomically complicated and
economically important insect groups. Chromosomes of more than 470 parasitoid species are
studied up to now; however, this value constitutes less than 0.1% of described species of this

group. Among parasitoid Hymenoptera, the haploid chromosome number (n) varies from 3 to 23,

with apparent modes at 6 and 11. Until recently, the maximum of two B chromosomes per diploid
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set was recorded for this group, but we were able to find up to six B chromosomes in the
karyotype of Pnigalio gyamiensis (Eulophidae; 2n = 12 + 0-6B).

Closely related species of parasitoids can differ in their chromosome numbers and other
karyotypic features. Specifically, in the genus Leptopilina (Figitidae), both L. heterotoma and L.
victoriae have n = 10, whereas L. boulardi from another species group has n = 9. Moreover,
haploid karyotype of L. boulardi contains a very large metacentric that lacks from chromosome
sets of the two other species.

A number of similar cases can be found within the superfamily Chalcidoidea. For
example, karyotypes of four species of the genus Metaphycus (Encyrtidae) were studied a few
years ago. Among them, most closely related species, M. flavus and M. luteolus both have n = 10,
whereas M. angustifrons and M. stanleyi have n = 9 and 5 respectively due to chromosomal
fusions.

Several groups of closely related species that differ in karyotype structure can be found
within the family Pteromalidae. Among these groups, an apparent correlation between the degrees
of morphological and chromosomal similarity is observed. Specifically, only subtle differences in
both external morphology and karyotype structure were found between three species of the genus
Nasonia, i.e. N. vitripennis, N. longicornis and N. giraulti, all having n = 5. On the other hand, we
have recently described a new cosmopolitan species, Anisopteromalus quinarius, which obviously
differs from the apparently well-known A. calandrae in morphological, molecular and ecological
features, with these species having n = 5 and 7 respectively. Moreover, another biologically
similar parasitoid, Lariophagus distinguendus, also appeared to harbour two closely related
species which have different chromosome numbers, n = 5 and 6. In addition, morphometric
analysis of their karyotypes suggests that they differ by a centric fission and a pericentric
inversion. However, these species, which can occasionally hybridize, are apparently closer to each
other in terms of morphology and karyotype structure than those belonging to the genus
Anisopteromalus.

Nowadays, studies of karyotype evolution of parasitoids are often based on independent
phylogenetic reconstructions, e.g. in the case of species groups of the genus Aphelinus
(Aphelinidae). Nevertheless, chromosomal apomorphies can also define a number of clades. For
example, most members of the genus Eurytoma (Eurytomidae) have n = 10, although Eu. robusta,
Eu. serratulae and Eu. compressa have n = 7, 6 and 5 respectively. Karyotype structure of the
studied Eurytoma species therefore suggests that the lineage Eu. robusta + (Eu. serratulae + Eu.
compressa) is marked by at least three chromosomal fusions, the clade Eu. serratulae + Eu.
compressa — by another rearrangement of the same kind, and the fusion process is completed in

the latter species. However, our recent analysis using FISH with 18S rDNA probe demonstrated
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that both Fu. robusta and Eu. serratulae have a single tDNA cluster whereas Eu. compressa
shows two sites of this kind in the haploid set. Karyotypes of Eu. robusta and Eu. serratulae
might therefore have resulted from parallel independent losses of the different rDNA clusters,
contrary to most other parasitoids, in which the number of rDNA sites per karyotype generally
correlates to the chromosome number. We also were able for the first time to show loss of the
canonical insect telomeric repeat, TTAGG, in the superfamilies Ichneumonoidea, Cynipoidea and

Chalcidoidea, and most likely in the parasitoid Hymenoptera in general.

INVADOLYSIN — AN ODYSSEY FROM CHROMOSOMES TO LIPID DROPLETS
TO SERUM PROTEASE

Heck Margarete MS

University of Edinburgh, Centre for Cardiovascular Science

47 Little France Crescent, Edinburgh EH16 4TJ

Margarete.heck@ed.ac.uk

We have utilised Drosophila as a model system to identify novel and conserved genes
essential for progression through the cell cycle and normal cellular physiology. Invadolysin is a
zinc-metalloprotease that we have shown to link cell division and cell migration in D.
melanogaster (McHugh et al., 2004). Invadolysin localises to lipid droplets in mammalian cell
lines, and Drosophila invadolysin mutants have a decreased triglyceride:protein ratio (Cobbe et
al., 2009). Invadolysin additionally interacts with mitochondrial ATP synthase subunits (Di Cara
et al., 2013) and plays a role in angiogenesis (Vass and Heck, 2013). As many proteases function
in catalytic pathways, it is intriguing that the first genetic interactor of invadolysin is a ubiquitin
protease — targeting histone H2B, and thereby linking to the chromosome defects we observe
(Gururaja Rao et al., 2015). Invadolysin is the first metalloprotease localised to lipid droplets, and
physiological functions remain at this point speculative.

We have very recently discovered that a secreted form of invadolysin is present in
vertebrate serum and Drosophila hemolymph. As the gene is essential for life, we hypothesise that
the secreted form of invadolysin may be playing a role crucial to normal physiology. We aim to
discover whether invadolysin is present in a particular serum compartment (such as exosomes or
microvesicles) and whether proteolytic activity for invadolysin can be detected. Should activity be
detected, we can begin to ask questions pertaining to the regulation of localization, levels and
activity. Importantly, we will be able to address whether this novel form of invadolysin serves as a

potential biomarker for any human disease states.
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STRUCTURE AND REGULATION OF HOLOCENTRIC CHROMOSOMES
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Holocentric chromosomes lack a primary constriction and, in contrast to monocentrics,
they form kinetochores distributed along almost the entire poleward surface of the chromatids. We
report here on the first conserved centromere-specific repeats of a holocentric species, and
propose a chromosome organization model for species with centromeric repeats distributed
throughout the entire genome. Some holocentric species maintain a holocentric chromosome
architecture and behavior throughout meiosis, and in contrast to monopolar sister centromere
orientation, the unfused holokinetic sister centromeres behave as two distinct functional units
during meiosis I, resulting in sister chromatid separation. Homologous non-sister chromatids
remain terminally linked after metaphase I, by satellite DNA enriched chromatin threads, until
metaphase II. They then separate at anaphase II. Thus, an inverted sequence of meiotic sister

chromatid segregation occurs. This alternative meiotic process is most likely one possible

adaptation to handle a holocentric chromosome architecture and behavior during meiosis.

FEATURES OF SUPRAMOLECULAR-GENETIC BIOCHEMISTRY OF INTERPHASE
CHROMATIN DURING THE INDUCTION OF GROWTH MORPHOGENESIS
OF MATURE EMBRYOS OF SPRING AND WINTER WHEAT
Ivanov R.S., Tereshenko L.M., Vafina G.H., Ivanova E.A.
Ufa institute of biology of the Russian Academy of Sciences, Ufa
evilina@anrb.ru

The significance of information about compartmentalization of cell nucleus as a
fundamental factor that affects the organization of interphase chromosomes has become clear
nowadays. Investigation of processes occurring in interphase chromatin during interaction with
the environment is a progressive direction of understanding the fundamental problems of stress
supramolecular biochemistry of developmental biology. The differential localization of specific
chromosome loci in the nucleus is now well documented. However, the functional significance of

intranuclear compartmentalization remains largely little known. We have carried out the first

attempts to find the localization of the shielding from the proteolysis processing which is one of
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the mechanism of supra-structural organization of interphase chromatin matrix which is carried
out in the process of adaptation of the vegetative phase of wheat to stress factors of the
environment [Ivanova, Vafina et al., 2014; Ivanova Vafina 2014, 2015]. We have shown that
adaptation of spring wheat for many years to cold shock is capable to cause the formation of
specific pattern in the form of total shielding of Arg-X sites to processing by proteases at the level
of heteropolymer suprastructures of chromatin tightly bound with nuclear matrix during the
morphogenetic period. Perhaps these are zones that affect the architectural organization of the cell
nucleus, which will help to survive and persist in difficult environmental conditions.

The purpose of this work was the analysis of Arg-X proteolysis at the level of
heteropolymer suprastructures of chromatin matrix germs of wheat in the state of maintaining the
biological rest of air-dry seeds, in the process of imbibition and during the transition to the first
wave of transcriptional activation of chromatin.

The object of the study were super-elite seeds of wheat (Triticum aestivum L.) varieties
Artemovka (spring), transformed from it Mironovskaya 808 (winter) and transformed from the
last Mironovskaya Spring. The seeds were obtained from the collection of the "All-Russian
Research Institute of Plant Industry". In this study we were investigated the cell nuclei of mature
wheat germ, which have been used as a model system of heteropolymer interphase chromatin
matrix where the formation of functional groups of coordinating expressed genes were carried out.
By using methods developed and patented in the laboratory (Ivanova, Vafina, 1992, 2011, 2012),
from the cell nuclei of wheat germs were fractionated heteropolymeric suprastructures:
nucleoplasm, chromatin loosely and tightly bound to the nuclear matrix and the nuclear matrix,
from which then were highlighted nonhistone and histone (linker - H1, core - H2A + H2B, H3 +
H4) blocks of proteins. It was shown that the features of the biological rest of air-dry seeds of
winter variety appear at the molecular genetic level of the cell nuclei of embryos during seed
imbibition and transition to the first wave of total chromatin transcriptional activation during the
induction of Arg-X processing of non-histone proteins of chromatin suprastructures and core
histones (H2A + H2B) of chromatin matrix "anchored" on the nuclear matrix.

The reported study was supported by RFBR, research project Neo 14-04-31243.
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EVOLUTION OF NEO SEX CHROMOSOMES IN PAMPHAGIDAE GRASSHOPPERS
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The neo sex chromosomes are good model of sex chromosome evolution. Vast majority of
grasshoppers have XX@/X0J sex determination system (White, 1973; Hewitt, 1979). However
presence of neo-XX/neo-XY sex determination system, which resulted from centric fusion of an
autosome and the X chromosome, was shown for some species of grasshoppers. For instance in
Melanoplinae subfamily this chromosome aberration occurs regularly and neo-Y chromosome
exhibit signs evolutionary changes (Bidau et al., 2011). Previously it was shown that in some
Pamphagid grasshoppers neo-Y chromosome exhibit dramatic degradation and
heterochromatinisation which is similar to Y chromosome degradation of many other species
(Bugrov, Warchalowska-Sliwa, 1997; Bugrov, Grozeva, 1998). Here we study evolution of sex
determination in 31 species of different groups of Pamphagidae family from Anatolia, Balkan
Peninsula, Central Asia, the Caucasus and Transcaucasia.

The neo sex chromosome in this group is significant cytogenetic event that accompanied

evolution of Trinchinae subfamily and Nocarodeini tribe belonging to Pamphaginae subfamily.
Up to date 25 of 54 studied species have neoXX/neoXY sex determination system. One species
(Paranothrotes opacus) was shown to have neo-X1X1X2X29/neo-X1X2YJ' sex chromosome
system.
Neo-X chromosome is submetacentric in all species. Short arm (XL) corresponds to ancestral X
chromosome and long arm (XR) corresponds to translocated autosome. 4 types of neo-Y
chromosome was observed. Type 1 is large euchromatic chromosome, with small pericentric C-
positive block equal to XR arm of neo-X chromosome (Saxetania cultricollis). Type 2 of neo-Y
chromosome is large mostly euchromatic chromosome with small pericentric C-positive block
and small proximal interstitial C-positive blocks (4siotmethis, Glyphotmethis). Type 3 of neo-Y
chromosome is large chromosome mostly heterochromatic with C-negative blocks
(Atrichotmethis semenovi). Type 4 is medium sized chromosome with large pericentric C-positive
block and large proximal interstitial blocks (Nocarodeini)

FISH analysis of rDNA and telomeric repeats distribution were performs. Presence on
interstitial telomeric sequences in pericentric region of 3 species of Glyphotmethis genus. It
indicate recent fusion and early stage of neo sex chromosome evolution in Trinchinae subfamily.

Almost all rest species with neo-Y chromosome lost telomeric sequences in fusion site. Type 4 of
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neo-Y chromosome was observed in 14 species of Nocarodeini (Pamphaginae) grasshoppers.
Most likely this indicates ancient chromosomal fusion and advanced evolutionary stage of neo-sex
chromosomes in this group.

Cross-hybridization of microdissected DNA probes form neo sex chromosomes was
performed on closely and distantly related species. Cross-hybridization image analysis data
suggests that most likely neo sex chromosomes in Pamphaginae subfamily derived from fusion of
same chromosome elements but further evolution of repetitive sequences in C-positive blocks of
neo-Y chromosome was independent.

According to cytogenetic and zoogeographic analysis we propose that neo sex
chromosome arose independently in Trinchinae and Pamphaginae subfamilies in the region of
Southwest Asia.

Research was supported by RFBR grant 15-04-04816-a

EPIGENETIC REGULATION OF CHROMATIN STRUCTURE AND GENE
EXPRESSION BY H3S10 PHOSPHORYLATION
Johansen J., Li Y., Wang C., Cai W., Sengupta S., Girton J., Johansen K.M.
Department of Biochemistry, Biophysics, and Molecular Biology, lowa State University, Ames,
Iowa 50011, USA
jorgen(@iastate.edu

JIL-1 is the kinase responsible for histone H3S10 phosphorylation whereas Su(var)3-9 is a
methyltransferase mediating H3K9 dimethylation at interphase in Drosophila. Mutational
analyses have shown that JIL-I is essential for viability and that a reduction in JIL-1 kinase
activity leads to a global disruption of polytene chromosome morphology. A genome-wide
comparison of the transcriptome profiles of salivary glands from wild type and JIL-/ null mutants
revealed that the expression levels of 1539 genes changed at least two-fold in the mutant.
Interestingly, out of these genes the expression of 66% of normally active genes was repressed,
whereas the expression of most normally inactive genes (77%) was activated. Furthermore, we
show that in the absence of H3S10 phosphorylation the H3K9me2 mark redistributes and
becomes upregulated on ectopic sites on the chromosome arms, especially on the X-chromosome,
and that this H3K9me2 redistribution correlates with the activation of silent genes and the
repression of active genes. Taken together these results provide direct support for the model that
H3S10 phosphorylation mainly facilitates gene expression of active genes by maintaining an open
chromatin structure at promoter regions by counteracting H3K9 dimethylation. This is further
corroborated by antibody labeling studies showing that H3S10 phosphorylation by the JIL-1
kinase mainly occurs at euchromatic interband regions of polytene chromosomes. However, a

recent survey of commercially available H3S10ph antibodies suggested that some of these
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antibodies, in contrast to previously used antibodies, could recognize the H3S10ph mark in
pericentric heterochromatin and on the 4th chromosome in addition to in the euchromatic
interbands. This raised the possibility that the binding of some H3S10ph antibodies may be
occluded by the presence of the H3K9me2 mark. In this study, using an antibody to the double
H3S10phK9me2 mark we demonstrate that this mark indeed is present in pericentric
heterochromatin as well as on the 4th chromosome of wild-type polytene chromosomes with little
or no labeling detectable on the chromosome arms. Thus, taken together our data implies the
existence of a novel mechanism for regulating the interactions between kinase and
methyltransferase activity in the context of pericentric heterochromatin and the 4th chromosome
that promotes creation of the double H3S10phK9me2 mark in contrast to on the chromosome

arms where the single marks are likely to reside on separate histone tails.

CHROMOSOMAL REARRANGEMENTS IN STATU NASCENDI OF VOLES
“MAXIMOWICZIT” GROUP (ALEXANDROMYS, RODENTIA)

Kartavtseva Irina 1, Sheremetyeva Irina 1, Gladkikh Olga 2, Lemskaya Natalia 2

1 Institute of Biology and Soil Science, Far East of Russian Academy of Science, Vladivostok,
690022 (Russia)

2 Institute of Molecular and Cellular Biology of the Siberian Branch of Russian Academy of
Science, Novosibirsk, 630090 (Russia)

The “maximowiczii” species group of the genus Alexandromys Ognev, 1917 (=Microtus
Schrank, 1798) include three species which have own chromosomal feature (2n and NF) and high
level of chromosomal rearrangements: A. evoronensis (2n=38-40, NFa=51-54), A. mujanensis
(2n=38, NFa=46-50) and 4. maximowiczii (2n=36-44, NFa=50-60). Close kinship of the taxa was
never challenged. The molecular, allozyme and morphological data indicate just subspecies level
of theirs differentiation while karyological and experimental hybridization data indicate existence
of three species. These very young species in statu nascendi and karyotype stabilization not finish
still.

Chromosomal rearrangements, jointly with micro- and macroevolution processes in

“maximowiczii” species group will be discussed.
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CHROMATIN STATES AND REPLICATION PATTERNS IN POLYTENE
CHROMOSOMES OF DROSOPHILA MELANOGASTER

Kolesnikova Tatyana D."?, Goncharov Fedor P., Boldyreva Lidiya V.', Demakova Olga V.,
Zhimulev Igor F."?

Institute of Molecular and Cellular Biology, Novosibirsk

Novosibirsk State University, Nobosibirsk

trotsenko@mcb.nsc.ru

We developed a special algorithm to computationally partition the entire Drosophila
genome into discrete chromatin states defined by the local enrichment for “open chromatin”
proteins that are found predominantly in interbands (Zhimulev et al., 2014). As a result, we for the
first time succeeded in linking this chromatin clustering to specific morphological structures in
polytene chromosomes. This algorithm produced 4 major types of chromatin. The first one largely
corresponds to polytene chromosome interbands. Combinations of the other three match various
classes of bands (Zhimulev et al., 2014). Notably, the chromatin type which we color-coded as
Magenta and which is defined as the chromatin devoid of interband-specific proteins, is a major
constituent of intercalary heterochromatin (IH). In D. melanogaster polytene chromosomes, IH
appears as large dense bands scattered in euchromatin and comprises clusters of repressed genes.
Genes embedded in IH replicate very late in the S phase and become underreplicated in polytene
chromosomes. This property helped perform accurately molecular mapping of these regions
(Belyakin et al., 2005, Belyaeva et al., 2012). We hypothesized that other Magenta chromatin
regions may also match late replication regions.

We combined the predictions of model with several datasets: gene expression profiling,
FISH mapping data and replication progression across polytene chromosome bands. This has
allowed us to accurately position all the large and many medium-sized bands (174 in total)
detectable by light microscopy on molecular map of drosophila chromosome 2R.

Chromosomes were painted with antibodies against PCNA, and all bands belonging to
Magenta class were found to display delayed replication in salivary gland polytene chromosomes.
We noticed that the band tended to complete replication later, the more Magenta chromatin it
encompassed. The size of bands encompassing Magenta chromatin type ranged 15-600kb.

We demonstrated that all black bands of polytene chromosomes, i.e. virtually all bands
visible on Lefevre map (Lefevre, 1976) are significantly enriched for Magenta chromatin and
“silent” chromatin types, as defined by recent genome-wide chromatin profiling studies (Filion et
al., 2010, Kharchenko et al., 2011); they bind SUUR and are depleted for replication origins.

Interestingly, the borders of most bands or groups of bands typically correspond to the
regions of topological domains identified by Sexton et al. 2012 and Hou et al., 2012. This in turn
is in line with the observation that interbands (that by definition flank bands) are sites of CHRIZ
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binding, and it is CHRIZ protein that has been identified as the major constituent of topological
domains borders.

Thus, all black bands of salivary gland polytene chromosomes correspond to the domains
of late replication and display characteristic enrichment of silent chromatin types, SUUR protein
as well as depletion for replication origins. Replication origins are predominantly found in
interbands, whereas bands, including those that are small and faint, consistently display delayed

replication compared to the adjacent interbands.

FOX ASSEMBLY AND IDENTIFICATION OF GENOMIC REGIONS ASSOCIATED
WITH SELECTION FOR BEHAVIOR
Kukekova A VI, Johnson JLI, Rando HMI, Liu Sz, Kharlamova A V3, Herbeck YE3, Gulevich RG®,
Viadimirova AV®, Serdyukova NA®, Beklemischeva VR’, Graphodatsky AS’, Shaohong F”,
Xiang XZ, Zhang GZ, Trut LN’
1Department of Animal Sciences, University of Illinois at Urbana-Champaign, IL 61801, USA
’China National Genebank, BGI-Shenzhen, Shenzhen, 518083, China
3Institute of Cytology and Genetics of the Russian Academy of Sciences, Novosibirsk 630090,
Russia
*Institute of Cytology and Genetics of the Russian Academy of Sciences, Novosibirsk 630090,
Russia

The tame and aggressive fox strains (Vulpes vulpes) developed by long-term selection for
behavior offer an opportunity to study genetic regulation of complex social behaviors. To explore
the potential of the fox model, the genome of a fox was sequenced with 93.9 coverage on Illumina
HiSeq2000 using sequencing libraries with insertion sizes ranging from 170 bp to 20 Kb. The
genome was assembled using SOAPdenovo?2 software. The total length of the fox assembly was
2,49 Gb with the N50 scaffold length of 11.80 Mb. To identify genomic targets of selection for
behavior, the genomes of ten foxes from each of three populations (tame, aggressive, and
conventionally farm-bred) were sequenced using Illumina paired end technology. The fox reads
were aligned against the fox scaffolds. To identify regions of increased homozygosity in the fox
populations, pooled heterozygosity was calculated separately for each of three populations using a
sliding window approach. The comparative alignment of the regions with increased homozygosity

and the loci identified by mapping behavioral traits in fox cross-bred pedigrees pinpointed regions

in the fox genome implicated in behavioral differences between the tame and aggressive strains.
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KARYOTYPE OF MEGADENDROMUS NIKOLAUSI DIETERLEN & RUPP, 1978,
THE EXCEPTIONAL ENDEMIC ETHIOPIAN RODENT

Lavrenchenko L.A., Nadjafova R.S., Bulatova N.Sh.

A.N. Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences, Moscow,
Russia, renan8@yahoo.com

The Nikolaus’s African Climbing Mouse (Megadendromus nikolausi) is one of the most
enigmatic taxa among the other endemic mammals particularly numerous in Ethiopia. This very
distinctive rodent with extremely limited distribution was described from Bale Mountains (type
locality) and Mt Chilalo (Arsi Mountains) in Ethiopian Plateau (Dieterlen, Rupp, 1978; Demeter
and Topal (1982). In 2013, after more than three decades since the last reported case, a female of
M. nikolausi was trapped at the southern slope of the Sanetti Plateau, Bale Mountains during the
Joint Ethiopian-Russian Biological Expedition, and the first karyotype description of this
exceptionally rare species has been obtained.

Diploid chromosome set of M. nikolausi contains 18 pairs of obvious two-armed
chromosomes (metacentrics, submetacentrics, subtelocentrics). 2N=36, FN=72. Three pairs only
are clearly distinguishable morphologically and dimensionally (the largest pair, which is
subtelocentric, and the two last pairs, very small metacentrics), while all the rest chromosomes are
medium-sized meta- and submetacentrics gradually descending in size. Which one of these pairs
presents the female sex chromosomes (XX) remained uncertain. Anyway, this pair should be bi-
armed, then, FNA is 68. The C-banding revealed centromeric heterochromatin of different extent
in all chromosomes. Besides, the arms of at least 4 pairs disclosed rather dense C-staining, which
might be the evidence of their fully heterochromatic nature. Nuclear organizing regions (AgNOR-
staining) are located terminally in 3 pairs - on the short arm of the largest subtelocentric and on
one of the two arms of 2 smaller metacentrics.

M. nikolausi was assigned to monotypic genus Megadendromus because this species
differs from all representatives of Dendromurinae subfamily by larger size, relatively shorter tail
and some dental characteristics. The evidences of deriving Megadendromus from Dendromus
based on morphometric analysis were obtained by Denys et al. (1995). Molecular data on this
matter are currently unavailable. It could make sense to try and find out if there are any
cytogenetic correlations.

Totally, karyotypes of the seven taxa of Dendromus were ever described, 2N=52-30,
fundamental number of autosomes (FNA) changes from 100 to 46. The 36-chromosome
karyotype was known also for D. melanotis from Central Africa, but it differs morphologically
from Megadendromus karyotype due to the presence of 3 pairs of small acrocentrics in the set,
FN=66 (Matthey 1970). The first study of differential stained chromosomes was carried out

recently for four Dendromus karyotypes, including the karyotype of the new species D. lachaisei
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from Guinea with the lowest diploid number in the genus (2N=30, FN=60, FNA=56) (Solano et
al. 2014, Denys and Aniskine 2012). In the absence of chromosome homology data, only one pair
classified as the very large submetacentric autosomes may to be suggested as a chromosome
marker for different Dendromus karyotypes (Denys, Aniskine, 2012). The largest subtelocentric
pair presented in the karyotype of M. nikolausi seems homologous to this generic karyotypic
marker. C-banding data show that each arm in bi-armed chromosomes of D. lachaisei (2N=30) is
mainly euchromatic in spite of the exceeded amounts of pericentromeric heterochromatin in many
pairs. Therefore, the two-armed chromosomes of this species might have been originated from
fusion rearrangements between one-arm elements of ancient karyotype. Fully heterochromatic
arms in some pairs of M. nikolausi (2N=36) might indicate a particular way to low chromosome

number in the karyotype evolution of this endemic dendromurine rodent.

KARYOTYPICAL CHROMOSOME POLYMORPHISMS OF THE "ASIAN" LINEAGE
OF MICROTUS VOLES
Lemskaya N.A.", Kartavtseva LV. >, Golenishchev F.N.?, Sheremetyeva IN. >
! Institute of Molecular and Cellular Biology SB RAS, Novosibirsk, Russia
? Biology and Soil Science Institute Far East Branch of RAS, Vladivostok, Russia
3 Zoological Institute RAS, Saint-Petersburg, Russia
lemnat@mcb.nsc.ru

The "Asian" lineage of Microtus voles includes two subgenera: Alexandromys and
Pallasiinus [Gromov and Erbaeva, 1995], that are suggested to be merged into a single subgenus
Alexandromys in the taxonomy of Musser and Carleton, 2005 based on morphological,
cytogenetic and molecular data. This subgenus is represented by nine species on the territory of
the Russian Far East (RFE). Comparative analyses of conventionally stained and GTG-banded
chromosomes of the group was performed for the first time by Meyer et al. 1996. We hybridized
all M. agrestis chromosome-specific DNA-probes onto GTG-stained chromosomes of all species
from this group. Both species with stable and with polymorphic karyotypes were described. We
demonstrated that some voles have karyotypes that are polymorphic in diploid number and/or
morphology of chromosomes. We presume that pericentric inversions and tandem fusion are the

main type of karyotype rearrangements in this Microtus species.

This study was funded by the research grants of the RFBR.
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BENIGN AND PATHOLOGICAL CHROMOSOMAL IMBALANCES - MICROSCOPIC
AND SUBMICROSCOPIC COPY NUMBER VARIATIONS (CNVS) IN HUMAN
GENETICS

Liehr Thomas

Jena University Hospital, Friedrich Schiller University, Institute of Human Genetics,
Kollegiengasse 10, D-07743 Jena, Germany

Copy number variations are nowadays most often understood as submicroscopic gains or
losses of chromosomal material, either connected with a disease or just one of the many possible
genetic variants in man. However, besides such submicroscopic copy number variations, already
decades ago chromosome analysis revealed the existence of cytogenetic visible copy number
variations; first discovered were the chromosomal heteromorphisms, more recently euchromatic
variants and unbalanced chromosome abnormalities without phenotypic consequences. Recently,
for submicroscopic copy number variations a so-called two-hit model suggested. This suggests
that the combination of per se harmless size variants may be led to clinical aberrations if they are
present together in a patient.

A literature based comparison of cytogenetic visible copy number variations and
submicroscopic copy number variations revealed that, biologically, besides size, these two groups
of copy number variations do not really differ. Both may be present as heterochromatic (gene-
poor to gene-free) and euchromatic copy number variation-variants. Identical regions have even
been reported as cytogenetic visible and submicroscopic copy number variations independently.
This study reviews the differences between submicroscopic and microscopically visible CNVs.

Yet, cytogenetic visible copy number variations, especially chromosomal

heteromorphisms are by far not considered enough in evaluation of routine cytogenetic analysis as

well as in array-based comparative genomic hybridization analysis.

ERRONEOUS ATTACHMENTS TO MICROTUBULES ARE PREVENTED

BY THE ADAPTIVE CHANGES IN THE KINETOCHORE ARCHITECTURE
Magidson V.I‘*, Paul R.Z’g, YangN.I, Ault J.G. 1, O ’Connell C.B.I, Tikhonenko 1.1, McEwen B.F.I,
Mogilner A.” and Khodjakov A."*

'Wadsworth Center, New York State Department of Health, Albany, NY, USA

% Indian Association for the Cultivation of Science Jadavpur, Kolkata, India

3 Courant Institute and Department of Biology, New York University, New York, NY, USA

* Rensselaer Polytechnic Institute, Troy, NY USA

alexey.khodjakov(@health.ny.gov

For proper segregation of genetic material during mitosis, sister kinetochores on each
chromosome must establish connections with the opposite spindle poles. These connections are
mediated by ‘kinetochores’, discrete macromolecular complexes residing at the centromere of

each chromosome. Kinetochores ‘capture’ dynamically-unstable microtubules and become

attached to the microtubule plus ends. The size and shape of kinetochores play fundamental roles
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in determining the efficiency of spindle assembly and the fidelity of chromosome segregation.
Larger kinetochores should increase the probability of encounters between kinetochores and
microtubules which in turn accelerates spindle assembly. However, exceedingly large
kinetochores would be overly exposed to microtubules and promote formation of erroneous

attachments such as attachment of sister kinetochores to the same spin.

PENDOLINO (PEO) A DROSOPHILA GENE REQUIRED FOR DNA REPLICATION
AND TELOMERE PROTECTION
Marzullo M., Cenci G.", Ciapponi L., Raffa GD.", Morciano P.', Raimondo D.?,
Andreyeva EN.3, Burla R.I, Saggio [.1, Gatti M."3
! IBPM, CNR and Dept. Biology and Biotechnology, Sapienza University of Rome, Italy
? Dept. of Physics, Sapienza University of Rome, Italy
3 Institute of Molecular and Cellular Biology SB RAS, Novosibirsk, Russia
maurizio gatti@uniromal.it

Although all Drosophila telomeres terminate with HTT arrays and are capped by the
terminin complex, they differ in the type of subtelomeric chromatin; the Y, XR, and 4L HTT are
juxtaposed to constitutive heterochromatin, while the XL, 2L, 2R, 3L and 3R HTT are linked to
the TAS repetitive sequences; the 4R HTT is associated with a chromatin that has features
common to both euchromatin and heterochromatin. We found that mutations in pendolino (peo)
cause telomeric fusions (TFs) that preferentially involve the Y, XR and 4th chromosome
telomeres, a TF pattern never observed in the other 10 telomere-capping mutants so far
characterized. peo encodes a non-terminin protein homologous to the E2 variant ubiquitin-
conjugating enzymes. The Peo protein directly interacts with the terminin components, but peo
mutations do not affect telomeric localization of HOAP, Moi, Ver and HP1a, suggesting that the
peo-dependent telomere fusion phenotype is not due to loss of terminin from chromosome ends.
peo mutants are also defective in DNA replication and PCNA recruitment. However, the analysis
of several mutants defective in DNA replication indicates that disturbances in DNA synthesis are
unable to induce TFs in Drosophila cells. Moreover, mutations in SuUR, which facilitate
heterochromatic DNA replication, partially suppress TF formation in a peo mutant background.

We thus hypothesize that DNA replication in Peo-depleted cells results in specific fusigenic

lesions concentrated in heterochromatin-associated telomeres.
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GENOME RESPONSE OF MODEL INSECT SPECIES (DIPTERA, CHIRONOMIDAE)
TO ENVIRONMENTAL TRACE METAL POLLUTION
Michailova P." Ilkova J.' Dean A.°, White K. °
1. Institute of Biodiversity and Ecosystem Research, Tzar Osvoboditel 1, Sofia 1000, Bulgarian
Academy of Sciences, Bulgaria
2. Department of Geography. The University of Sheffield, Sheffield, UK
3. Faculty of Life Sciences. The University of Manchester, Manchester, UK

Chironomids are a group of aquatic insects which provide a direct means of assessing the
impact of pollutants as they are exposed to contaminants in both water and sediments. Studies
were carried out on Chironomid larvae from heavy metal polluted sites in Bulgarian and UK
rivers. Genome sensitivity was assessed in two sibling species: Chironomus riparius Mg. and C.
piger Strenzke by an examination of somatic structural and functional alterations in the salivary
gland chromosomes which we have previously shown to be a good bioassay of trace-metal-
induced genome instability. Among somatic aberrations, especially interesting are deletions on the
short chromosome G of both species. In most cases these aberrations convert the chromosome
into a so called “pompon’- like form. Because it is the shortest chromosome it can be very easily
identified and can be successfully used as a good biomarker for assessing the trace metal
pollution. We applied for the first time cytogenetic and somatic indices on the basis of somatic
rearrangements in the polytene chromosomes. Both indices revealed a high degree of
chromosome damages: (C.piger, cytogenetic index (C), 0.06-0.13; somatic index (S), 1.92 - 4;
C.riparius (C), 0.05-0.09; (S), 1-11.66 in comparison with controls: (C),1; (S), 0.25- 0.50. The
transcription mechanism of the key structures: Balbiani rings and Nucleolar Organizer was also
damaged as their activity was either partially or completely suppressed. Such genome instability
of both species was detected in laboratoty experiments in which both speices where exposed to
different concentrations of Pb (NOs),. By applying the FISH method with different transposable
elements (TE- two retroelements, the LINE - NLRCthl and the SINE - CTRTI) a significant
correlation (p<0.05) was found between the break points of aberrations and sites of localization of
the TE - most of the aberrations do not appear randomly but are concentrated in sites rich in these
elements. Both species show a different response to stress agents in the environment based on
different DNA organization of their genome. More sensitive is the genome of phylogenetically
younger species C.riparius. The Chironomid genome is therefore a sensitive indicator of
contamination and is a highly suitable candidate for ecotoxicological monitoring of running

waters.
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GENETIC DISSECTION OF CHROMATIN REGULATION IN DROSOPHILA GERM
LINE CELLS

Mietzsch S., Walther M., Rudolph T., Gebhardt K., Kessler J., Hause G’ ., Reuter G.

Institute of Biology, Developmental Genetics, Martin Luther University Halle-Wittenberg,
06120 Halle/Saale, Germany
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In Drosophila epigenetic control of lineage commitment underlying stem cell development
can best be studied at the end of cleavage when nuclei migrate to the egg periphery in order to
originate the somatic blastoderm and the primary germ line stem cells at the posterior egg pole.
Chromatin of primordial germ line stem cells is in a transcriptionally repressed state, shows
abundant histone acetylation (H3K9ac, H4K8ac and H4K14ac) but only low levels of histone
methylation. Somatic chromatin differentiation is initiated by global deacetylation followed by
polar differentiation of eu- and heterochromatin and establishment of X chromosome dosage
compensation. In primordial germ line stem cells histone deacetylation and transcriptional
activation is significantly delayed and only initiated during germ cell migration. Like somatic
nuclei also the nuclei of primordial germ line stem cells show polar chromatin differentiation. In
germ line stem cells pericentromeric heterochromatin forms no chromocenter.

In primordial stem cells the H3K4 demethylase dLSD1 and the H3K9 methyltransferase
SETDBI are required in maintenance of pluripotency and the corresponding mutations cause
strong defects in ovarian stem cell development. Chromatin differentiation in primordial germ line
stem cells is under the control of ecdysone signaling as revealed by an analysis of faiman and EcR
mutations.

In order to assess directly chromatin differentiation in germ line stem cells we established
genetic systems monitoring silencing processes in the female germ line. The assay is based on
silencing of transgenes containing the germ line specific fs(1)KI10 gene. In these studies the
functional role of the basic chromatin proteins HP1, SU(VAR)3-9, SU(VAR)3-3 (dLSDI1), LID,
SUV4-20, E(Z), RPD3 and SU(VAR)2-1 in germ line chromatin organization was evaluated.
With SU(VAR)2-1 we identified a new abundant chromatin protein controlling histone
acetylation levels by recruitment of histone deacetylases. Many of the studied epigenetic factors
display strong intergenerational effects, which appear to depend on transfection processes.

Chromatin organization at synaptonemal complexes is specific and shows a preferential
heterochromatic state. This is supported by chromosome-wide binding of HP1 and of other
proteins controlling heterochromatin formation and heterochromatic gene silencing. The impact of
chromatin organization on recombination frequency has been analyzed by chromosome wide
crossover analysis in isogenic transgenic strains containing mutation or additional genomic copies

of genes encoding different epigenetic factors. The data suggest that accessibility of chromatin
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controls crossover frequencies genome wide. In addition, the dosage dependent control of
chromosome-wide chromatin condensation at SCs by HP1 and other chromatin factors has been
studied at the electron microscopic level. Our studies furthermore revealed impairment of SCs
dissolution during oogenesis by signaling factors controlling heterochromatin formation in

Drosophila.

MECHANISMS OF TELOMERIC REPEAT SILENCING IN THE GERMLINE
AND THEIR ROLE IN EARLY DEVELOPMENT IN DROSOPHILA
Morgunova Valeriya, Akulenko Natalia, Radion Elizaveta, Olovnikov Ivan, Kalmykova Alla
Institute of Molecular Genetics, Russian Academy of Sciences, Moscow, Russian Federation
allakalm@img.ras.ru

Study of the role of telomeric complex during the early embryogenesis is crucial for
understanding the genome integrity maintenance. However, basic aspects of the telomere biology
in the germline are far from being understood. We present the results of a systematic analysis of
the telomeric transcriptome and telomere homeostasis in the Drosophila female germline and
early development. We identified a novel germline-specific function of the deadenylase complex
Ccr4-Not in the telomeric transcript surveillance mechanism. Depletion of the Ccr4-Not complex
components causes strong derepression of the Drosophila telomeric retroelement HeT-A4 in the
germ cells, accompanied by elongation of the He7-4 poly(A) tail. Dysfunction of transcription
factors Woc and Trf2, as well as RNA-binding protein Ars2, also result in the accumulation of
excessively polyadenylated He7-A transcripts in ovaries. Noteworthy, the majority of human
TERRA (telomeric repeat-containing RNA) is poly(A)-negative, indicating a conservative
mechanism of telomeric transcript turnover. We show that impairment of telomeric silencing in
the germline by depletion of Ccr4, Notl, Trf2, Woc or Ars2 leads to abnormal mitosis in early
embryos, characterized by chromosome missegregation, telomere fusions, centrosome (the main
microtubule organizing center) dysfunction and spindle multipolarity. We suggest that loss of
HeT-A silencing in the germline compromises the telomere protection complex, followed by the
activation of the DNA repair system leading to mitotic catastrophe. Moreover, the observed
phenotype was accompanied by the concentration of maternally deposited He7-A transcripts
around the centrosomes in early embryos, suggesting the putative relationship between the

localization of telomeric transcripts and mitotic defects.

38



MICROTUBULE FLUX IN THE MITOTIC SPINDLE OF D. MELANOGASTER
S2 CELLS AND FRAP CURVE THEORY
Munzarova A.F.", Bessmeltsev V.P.?, Vileyko V.V.?, Omelyanchuk L.V."?
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Current method of microtubule flux measurement involve the determination of a rate of
photobleached stripe movement; however this method has had limited application because flux is
masked by rapidly polymerizing non-kinetochore microtubules. We took advantage of deep
photobleaching of cytoplasmic mCherry-tagged tubulin monomers, which allowed us to improve
the dynamic range of the measurements. Using Drosophila S2 cell line, we show that our
approach results in more accurate measurements of kinetochore and interpolar microtubule flux
rate. We report on the correlation between flux rate and structure of the mitotic spindle.
We also construct chemical kinetics model for Fluorescence Recovery after

Photobleaching for mitotic spindle that connect parameters of tubulin dimmers polymerization

with the observed parameters of FRAP curve.

DISSECTION OF THE MECHANISMS UNDERLYING KINETOCHORE-DRIVEN
MICROTUBULE GROWTH: ANALYSIS OF THE ROLES OF MICROTUBULE
DESTABILIZING KINESINS
Munzarova A.F."* , Pavlova G.A , Popova J. V.1’4, Razuvaeva A. V.I’Z,Pindyurin A. V.1’2’4,
Gatti M.
'Institute of Molecular and Cellular Biology SB RAS, Novosibirsk, Russia
’Novosibirsk State University, Novosibirsk, Russia
’Kazan State University, Kazan, Russia
iInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
These authors contributed equally to this work
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Chromosome/kinetochore-driven microtubule (MT) formation is essential for proper
spindle assembly, but to date little is known about the factors that govern this process. To dissect
the mechanisms underlying kinetochore-driven MT growth we analyzed MT regrowth from
chromosomes/kinetochores after cold-induced MT depolymerization (abbreviated with MTRAC)
in Drosophila S2 cells. Current studies indicate that this process mimics kinetochore fibers (k-
fibers) formation in normal cells that did not suffer from chilling. Specifically, we analyzed the
roles of four MT destabilizing kinesins: Klp67A and KIp59C that mainly act at the kinetochores,
Klp10A that functions at the spindle poles, and Klp59D that is thought to act at both the spindle
poles and the kinetochores. RNAi against these kinesins produced different mitotic phenotypes.
Klp67A depletion disrupted kinetochore-MT interactions resulting in long spindles and preventing

anaphase. RNAi against Klp59D resulted in relatively short spindles and caused a partial block in
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metaphase-to-anaphase transition. Irregular spindles were also observed in Klp59C- and Klp10A-
depleted cells, which, however, entered anaphase and segregated the chromosomes. MTRAC
experiments showed that of the four kinesins only Klp59D is required for this process. These
results indicate that MTRAC is under specific control and delineate different roles for MT-
depolymerizing kinesins in the process. They further suggest that proper kinetochore-MT
attachment, which is disrupted in Klp67A-depleted cells, is essential for satisfying the spindle

assembly checkpoint and mediate chromosome segregation but not for MTRAC.

WHAT KIND OF CHROMATIN MIGRATES BETWEEN CELLS DURING
CYTOMIXIS?

Mursalimov Sergey ', Sidorchuk Yuri ', Permyakova Natalya ', Demidov Dmitri?,

Houben Andreas °, Deineko Elena '

nstitute of Cytology and Genetics, Siberian Branch, Russian Academy of Sciences, Novosibirsk,
Russian Federation

?Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany
mursalimovsr@gmail.com

Cytomixis is migration of the nuclei between cells, widespread in various higher plant
species. Most frequently, cytomixis takes place in microsporogenesis and is assumed to be a
possible cause of unreduced gamete generation.

It is so far unknown what drives cytomixis and what is the functional state of the
chromatin migrating between cells. In tobacco microsporogenesis we have analyzed the migrating
chromatin with immunostaining and FISH. Using immunostaining, we have studied the
distribution of main histone modification types: methylation (H3K4me2 and 3, H3K9me2,
H3K27me2 and 3), acetylation (H3K9ac, H3Kl4ac, H3Kl18ac, and H3K27ac), and
phosphorylation (H3S10ph, H3S28ph, H3T11ph, H2AT121ph, and H2A.XS139ph) that reflect
the functional state of chromatin in the tobacco microsporocytes involved in cytomixis.
Immunostaining and electron microscopy have allowed us to detect and examine the
synaptonemal complex elements in the migrating chromatin. Cells involved in cytomixis have
been analysed for signs of DNA damage using internucleosomal DNA fragmentation and TUNEL
assays. In order to test is there any predominance of what part of nucleus migrates between cells
during cytomixis we have analyzed distribution of five distinct repetitive DNA (18S and 5S
rDNAs, HRS60, GRS, NTRS) with FISH and also S- and T-subgenomes with GISH in the
migrating chromatin.

We have pioneered in demonstrating that the chromatin in the cytomictic cells does not
differ from the chromatin in intact microsporocytes according to all 14 analyzed histone
modification types. We have also for the first time demonstrated that the migrating chromatin

contains normal structures of the synaptonemal complex and lacks any signs of apoptosis. As has
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been shown, the chromatin migrates between cells in cytomixis by random manner and it is
neither selectively heterochromatized nor degraded both before its migration to another cell and
after. We have also demonstrated that the cytomictic chromatin retains a normal transcription
activity level as well as the normal processes of condensation, conjugation, and recombination
corresponding to the current meiotic stage.

The results admit the possibility that cytomixis may be the reason underlying a change in
the karyotype of produced pollen.

The work was supported by the Russian Foundation for Basic Research (grant no. 14-04-

00992 A).

MOUSE CHROMOCENTERS’ DNA CONTENT IN SILICO AND IN SITU.

LINE FRAGMENT AND ERVS ARE AN ESSENTIAL CHROMOCENTERS’
COMPONENTS BESIDE TANDEM REPEATS

Ostromyshenskii D.1., Komissarov A.S., Kuznetsova 1.S., Chernyaeva E.N., Vaysertreyger 1.,
Podgornaya O.1.

Institute of Cytology RAS, St. Petersburg, 194064, Russia

e-mail: necroforus@gmail.com

The DNA content of the mouse isolated chromocenters had been studied by (1) cloning the
sequences amplified with DOP-primer; (2) bioinformatics analysis of the raw MiSeq reads.

(1) Chromocenters biochemically isolated and centromeric (CEN) region both went
through DOP amplification procedure and fluorescent in situ hybridization (FISH) showed the
resulting product belongs to the CEN region of chromosomes and chromocenters in interphase
nuclei. 38 clones with the length more than 100bp have been selected from the initial library. Four
clones represent mouse major satellite (MaSat); 16 clones absent in mouse assembled genome, but
found in raw WGS database; 18 represent LINE fragments. 13 clones have been mapped to the
metaphase plates. Three of them display the dispersed position, but the rest mapped in CEN
region of chromosomes and chromocenters in interphase nuclei in spite of being LINE fragments
(6 clones) or unknown sequences (4 clones). The majority of the LINE based clones (13) when
mapped by bioinformatics to the full-length LINE went to the end of the 2d ORF and its’ flanking
region.

(2) Chromocenters’ DNA library preparation was done by Nextera. The library were
sequenced using Illumina MiSeq (insert size 220 bp) with short pair end reads of 35 bp. Raw
reads were cleaned with Cookiecutter program. Bioinformatics comparison of chromocenters

MiSeq (chcMiSeq) with whole genome sequencing on Illumina HiSeq (gnHiSeq) revealed

content:
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Family\Source chcMiSeq | gnHiSeq

Tandem repeats (TR) 70% 10%
LINE 7% 4%
ERV 1.5% 1%

Among chcMiSeq TR the most abundant is MaSat (61%) and MiSat (4%). The reads with
MaSat and MiSat removed from the future analysis. The rest of TR (5%) represents the TRs
families previously described (Komissarov et al., 2011). The rest 20% of chcMiSeq dataset is
mostly unannotated sequences, but some of them have been identified at the next step of analysis
when part of chcMi-Seq dataset have been assembled into contigs by IDBA UD program. In the
contigs assembled there are many fragments of heterohromatic Y chromosome, rRNA and six
other pseudo-genes and ncRNA gene. Full scale gene sfil is found in contigs and it is localized to
the chromosome 11 periCEN region. Sfil is known to play a role in the dynamic structure of
centrosome-associated contractile fibers via its interaction with CETN2 (centrin2), centrosomes’
conserved calcium-binding proteins unique to eukaryotes.

The ERV based fragments from chcMiSeq assembled contigs went to all the possible
locations being mapped to different ERV consensuses from Repbase. This indicate that the whole
ERV could be built in TR arrays. We suppose that fragment previously cloned and reported as
MS3 (Kuznetsova et al., 2005, 2006, 2007) is the part of ERV derived sequence IAP due to its’
abundance and sequence similarity. In contrast, there is very few full-length LINEs in chcMiSeq
or in its’ part assembled. Most of the LINE fragments collected in the same 2 kb region at the end
of the 2" ORF and its’ flanking region. The same region of LINE is the origin for the L1-based
TR (Komissarov et al., 2011). The search for L1 in the recently published human CEN revealed
the same ~2kb end of 2d ORF fragments’ enrichment (Chaisson et al., 2015). Full-length LINEs
enrich facultative heterochromatin as evidenced by bioinformatics data (Waterston et al., 2002)
and FISH (Solovei et al., 2013), but it is nearly absent in constitutive heterochromatin. The
precise LINEs’ segment of 2 kb is the necessary mouse constitutive heterochromatin component
together with TR.

This work was supported by the granting program ‘Molecular and cell biology’ of the

Russian Academy of Sciences.
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THE SF3A2 AND PRP31 SPLICING FACTORS ARE DIRECTLY REQUIRED

FOR CHROMOSOME SEGREGATION

Pellacani C.' * Bucciarelli E.” * Renda F.'; Hayward D.3, Palena A.z, Chen J.3, Bonaccorsi S.I,
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Several studies have shown that RNAi-mediated depletion of splicing factors (SFs) results
in mitotic abnormalities. However, it is currently unclear whether these abnormalities reflect
defective splicing of specific pre-mRNAs or a direct role of the SFs in mitotic division. We found
that two highly conserved SFs, Sf3A2 and Prp31, are required for chromosome segregation in
both Drosophila and human cells. RNAi1 against Sf342 or Prp31 resulted in a SAC-mediated
metaphase arrest phenotype in in both Drosophila S2 cells and HeLa cells. Injections of anti-
Sf3A2 and anti-Prp31 antibodies into Drosophila embryos disrupted mitotic division within 1
minute, arguing strongly against a splicing-related mitotic function of these factors. Both SFs bind
strongly the spindle microtubules (MTs) and the Ndc80 complex, the key factor in kinetochore-
MT interaction. Cosedimentation experiments with taxol-stabilized MT further showed that
Sf3A2 and Prp31 increase more than two-fold the binding of Ndc80 to MTs. Consistent with these
findings, in Sf3A2 and Prp31 depleted cells, Ndc8O/HEC1 does not tightly associate with the
kinetochores but diffuses along the k-MTs. Collectively, our findings strongly suggest that Sf3A2
and Prp31 have a direct mitotic roles, promoting a stable association between the Ndc80 complex

and the kinetochore MTs in both Drosophila and human cells.

DISSECTION OF THE MECHANISMS UNDERLYING KINETOCHORE-DRIVEN
MICROTUBULE GROWTH: ANALYSIS OF THE ROLES OF EB1, MAST/ORBIT,
MARS/HURP AND MEI-38/TPX2

Popova J. y.12 *, Razuvaeva A.V."> *, Munzarova A.F. 1’3, Paviova G.A.1’4, Pindyurin A. V.1‘2‘3,
Gatti M.

'Institute of Molecular and Cellular Biology SB RAS, Novosibirsk, Russia

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

*Novosibirsk State University, Novosibirsk, Russia

*Kazan State University, Kazan, Russia

"These authors contributed equally to this work

a.pindyurin@mcb.nsc.ru

To understand the mechanisms underlying kinetochore-driven microtubule (MT) growth
we analyzed MT regrowth from chromosomes/kinetochores after cold-induced MT

depolymerization (abbreviated with MTRAC) in Drosophila S2 cells. This process is thought to

mimic kinetochore fibers (k-fibers) formation in normal cells that were not exposed to cold. We
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analyzed the roles of four factors that have been implicated in spindle assembly: Eb1, Mast/Orbit,
Mars and Mei-38. Ebl is an evolutionarily conserved protein that localizes at the MT the plus
ends and favors MT growth. Mast/Orbit, the Drosophila orthologue of human CLASPs, is
required for MT subunit incorporation into fluxing k-fibers and for kinetochore-MT attachment.
Mars and Mei-38, the Drosophila orthologues of HURP and TPX2, respectively, are MT binding
factors that stabilize the kinetochore MTs. RNAi against each of the four factors resulted in short
spindles but not in identical mitotic phenotypes. Mast/Orbit depletion disrupted kinetochore-MT
interaction, resulting in frequent monopolar spindles and in a complete prometaphase/metaphase
arrest even in bipolar cells. RNAi against Ebl, Mars or Mei-38 delayed metaphase-to-anaphase
transition but did not block all cells in prometaphase/metaphase. MTRAC experiments showed
that Orbit/Mast or Ebl depletion strongly inhibits kinetochore-driven MT regrowth, while loss of
Mei-38 had only a mild inhibitory effect; RNAi against Mars did not affect MTRAC. These
results indicate that MTRAC requires tubulin dimer incorporation at MT plus ends. The effect of
Mei-38 depletion might reflect its interaction with augmin, whose loss completely suppresses

MTRAC.

THE ROLE OF SUPPRESSOR OF UNDER-REPLICATION PROTEIN IN EPIGENETIC
CONTROL AND REPLICATION OF THE REPRESSED REGIONS IN Drosophila
melanogaster GENOME
Posukh O.V.!, Maksimov D.A.", Skvortsova K.N.', Koryakov D.E."*, Belyakin S.N."
"nstitute of Molecular and Cellular Biology SB RAS, Novosibirsk, Russia
*Novosibirsk State University, Novosibirsk, Russia
belyakin@mcb.nsc.ru

Replication of chromosomes is central to heredity. To become available for replication
machinery, DNA invariably needs to dissociate from chromatin proteins. Yet, chromatin
landscape must be promptly re-established during or soon after replication. Although this process
underlies the epigenetic inheritance, little is known about its molecular mechanisms. This study is
focused on Drosophila melanogaster SUppressor of UnderReplication (SUUR) protein, which is
involved both in replication and chromatin maintenance in polytene tissues. Existing data suggest
that it is involved in the regulation of chromatin renewal during replication. According to this
model, SUUR protein moves along the chromosomes together with the replication complex.
When the replication fork enters the repressed, H3K27me3- or H3K9me3-enriched, chromatin,
SUUR-containing complex slows down the replisome until these histone modifications are
properly placed on the newly-synthesized DNA strands. Suggested model provides an insight into
the mechanism of epigenetic information inheritance. This hypothesis could be tested by further

analysis of the interplay between local enrichment of repressive histone modifications and the

replication fork progression rate.
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CHROMATIN STRUCTURE OF TELOMERIC piRNA CLUSTERS IN DROSOPHILA
GERMLINE
Radion Elizaveta 1, Akulenko Natalia ', Abramov Yuri’, Kalmykova Alla !
! Institute of Molecular Genetics, Russian Academy of Sciences, Moscow, Russian Federation
radion-radion.90@mail.ru

Telomeric and subtelomeric regions contain potent Piwi interacting RNA (piRNA)-
producing regions in Drosophila melanogaster. The telomeres of Drosophila are maintained as a
result of the retrotransposition of specialized telomeric non-long terminal repeat retrotransposons,
TART, HeT-A and TAHRE. Telomeric piRNAs were shown to be involved in the telomere length
control and assembly of the telomere protection complex in the Drosophila germline. It is still
unclear whether all telomeric sequences are equally efficient in the piRNA production. Chromatin
structure of telomeric piRNA clusters located at different chromosomes was not yet analyzed.
Transgenic constructs inserted in different sites of telomeric regions were chosen as the unique
marks, which allowed us to monitor piRNA production from the repetitive telomeric sequences.

Ovarian small RNA library sequencing and their subsequent bioinformatic analysis have
shown that transgenes inserted in retrotransposon arrays of 2" and 3 chromosomes produce
predominantly piRNAs whereas transgene located at the telomere of 4™ chromosome produces
mainly siRNAs in Drosophila ovaries. Chromatin immunoprecipitation analysis (ChIP) revealed
accumulation of trimethylated histone H3 lysine 9 (H3K9me3) at all studied telomeric transgenes
irrespective of their location within telomeres. This chromatin mark is recognized by
heterochromatic protein 1 (HP1) and its homologues. The germline-specific HP1 paralog Rhino is
enriched at transgenes generating mainly piRNAs. These transgenes are located within
retrotransposon array or telomere associated region (TAS). HP1 was shown to be enriched at
siRNA-producing telomeric regions, such as a transegene located at chromosome 4. We suggest
that the 4™ chromosome embedded within HP1-enriched chromocentre provides conditions for the
establishment of siRNA production at telomeres. Finally, we observed that insulator of gypsy
transposon (Su(Hw)) located within telomeric transgenes prevents piRNA production from the

locus suggesting that insulator proteins can disrupt transcription of piRNA clusters.

B CHROMOSOMES IN APODEMUS FLAVICOLLIS

Rajici¢ Marija, Adnadevi¢ Tanja, Bugarski-Stanojevi¢ Vanja, Stamenkovi¢ Gorana, Joji¢ Vida,
Budinski Ivana, Jovanovic¢ Viadimir, Blagojevi¢ Jelena and VujoSevi¢ Mladen

Department of Genetic Research, Institute for Biological Research “SiniSa Stankovic¢®, University
of Belgrade, Bulevar despota Stefana 142, 11060 Belgrade, Serbia

In genus Apodemus, the presence of B chromosome has been confirmed in six out of

twenty-two species. One of them is yellow-necked field mouse Apodemus flavicollis. The

presence of B chromosomes has been confirmed in almost all studied populations of A. flavicollis
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in Serbia in a wide range of frequencies (0,07- 0,63). Five B chromosomes per animal was the
highest number of Bs recorded in our analyzed populations.

These extra chromosomes in A. flavicollis are euchromatic and acrocentric, and by size
and distribution of G- and C-bands can be sorted into the group of five smallest chromosomes in
karyotype.

The absence of Bs accumulation in male meiosis, no significant difference in the mean
number of scars and embryos between females with and without Bs, as well as the absence of
significant difference in the presence of Bs among six age categories, speaks in favor of heterotic
model of their maintenance, contrary to the model of parasitic behavior of these additional
genomic elements.

In general, the number of Bs carriers is higher in environment that is not optimal for this
species which indicates that those individuals have higher fitness. Seasonal variation of Bs
frequencies has been recorded, in such a manner that highest frequencies are present before and
after winter, with stable frequency fluctuations during successive years. Different frequency of Bs
carriers is related to adaptive differentiation to diverse habitats mediated by environmental
variables that directly and/or indirectly influence population dynamics of 4. flavicollis. Changes
in frequency follow up increase in population density in circumstances without food and space
competition. Positive correlation between the frequency of Bs carriers and the average number of
sub zero days, as well as with altitude increase, has been recorded.

Considering phenotypic effects, higher level of morphological integration of mandible in

animals with Bs in A. flavicollis has been found. Furthermore, studies of the effects of Bs on
nonmetric cranial traits, as well as on three components of cranial variability confirmed that Bs
does not disturb developmental homeostasis in their carriers. Moreover, Bs play a significant role
in structuring cranial variation.
Negative correlation between the expression of Tgf-p gene and the presence of Bs was also
observed. This could be of great importance for B chromosome which has to pass through
different mitotic and meiotic check points, and Tgf-B gene, through cell cycle regulation,
influences development and homeostasis.

The existence of specific DNA profiles and differential expressions of three genes in the
presence of Bs, testify about interaction of Bs with the rest of the genome. Absence of C-KIT
exon 1 in more than one copy in specimens with 1, 2 and 3B chromosomes excludes the
possibility that this gene is present on Bs. On the other hand, presence of S18 gene copy has been
indicated on some Bs.

Considering the results of population studies, euchromatic structure of Bs and molecular
studies that have been conducted so far, we can say that the contribution of Bs to overall genetic
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diversity in this species is in sight, but there is still need for more specific evidence such as

precise determination of Bs molecular structure, origin and function.

INT6 IS REQUIRED FOR PROPER MICROTUBULE DYNAMICS AT DROSOPHILA
KINETOCHORES
Renda F.!, Pellacani C.", Bucciarelli E.*, Sharp D.J.>, Gatti M."**, Somma M.P.*
! Dipartimento di Biologia e Biotecnologie “C. Darwin”, Sapienza, Universita di Roma, Italy
2 Istituto di Biologia e Patologia Molecolari (IBPM) del CNR, Roma, Italy
3 Department of Physiology and Biophysics, Albert Einstein College of Medicine, New York, USA
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Our past RNAi-based screens identified several mitotic genes inclusive of int6, which
encodes a component of the translation initiation complex that also interacts with both the 26S
proteasome and the COP9 signalosome. Previous studies have shown that /nt6 is a proto-
oncogene implicated in various types of cancer, but did not define its precise biological activity.
We found that RNAi-mediated depletion of Int6 in Drosophila S2 cells, results in several mitotic
defects including particularly short spindles, persistent SAC activity, delayed metaphase-anaphase
transition and defective chromosome segregation. FRAP analysis suggested that Int6 enhances the
turnover of microtubule (MT) plus-end at kinetochores without affecting the minus end dynamics
at the spindle poles. This altered MT dynamics is due to an accumulation at kinetochores of
Klp67A, a Drosophila kinesin-8 protein with MT-depolymerizing activity. In int6 RNA1i cells,
Klp67A is less ubiquitinylated than in control cells, suggesting the Int6 controls ubiquitin-
mediated degradation of Klp67A at kinetochores. Consistent with these results, we found that
KIp67A overexpression in S2 cells mimics the /nt6 loss-of-function phenotype, although with
milder effects. Collectively, our results suggest that Int6 mediates proper Klp67A turnover during
Drosophila mitosis; it remains to be established whether Int6 regulates the turnover of other
mitotic proteins. We also addressed the mitotic function of the highly conserved Int6 homologue
in human cells. RNAi-mediated depletion of INT6/EIF3E in HeLa cells led to frequent multipolar
spindles and massive chromosome missegregation. We are now exploring the possibility that

these phenotypes are caused by failure to degrade mitotic proteins, particularly KIF18A, the
human homologue of Klp67A.

CHROMOSOME MONO-ORIENTATION: MECHANISM AND RAMIFICATIONS
Rieder Conly L.
Department of Biology, Rensselaer Polytechnic Institute, Troy, New York 12180, USA

I will illustrate, using high resolution time-lapse video phase-contrast and DIC light

microscopy, the mono-orientation of chromosomes during the early stages of spindle assembly in
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animal cells. I will then summarize our current understanding of the molecular mechanisms that
power the resultant poleward chromosome motion which I argue is based on kinetochores-
associated cytoplasmic dynein. I will then discuss the ramifications of chromosome mono-
orientation and its relationship to the spindle assembly checkpoint. Although some of the
information used to formulate my conclusions will come from work conducted through the years

in my own lab, much will also be based on the findings of others.

MITOCHONDRIAL CHROMOSOME REARRANGEMENTS IN BAIKALIAN
AMPHIPODS
Romanova E. 1, Sirotinina E. 1’2, Sherbakov D."?
1Limnological institute SB RAS, Irkutsk, Russia
’Irkutsk State University, Irkutsk, Russia
sherb@lin.irk.ru

Full mitochondrial genomes of 10 species of Baikalian amphipods have been compared. It
was shown that while the majority of genomes are arranged according to the «standard» amphipod
pattern, three genomes appear to be rearranged considerably. In all cases the putative
mitochondrial transcription units are broken. Phylogenetic analysis of the species sequenced based
on merged protein-coding sequences suggests that the rearrangements occurred independently in
different lineages and thus the gene order at least within this group of animals is not a
conservative trait. This makes Baikalian amphipods an interesting model to study the pathways of
mitochondrial genome evolution in absence of recombination machinery. Mapping the
breakpoints onto the physical map of genomes shows that they tend to be bound to the A/T rich

parts containing hairpins. Interestingly, the other parts of mitogenome contain long stretches

wrom which the symmetrical elements are depleted.

TISSUE-TYPE SPECIFIC ELIMINATION OF B-CHROMOSOMES IN AEGILOPS
SPELTOIDES TAUSCH

Ruban Alevtina ?, Macas Jiri®, Schubert Veit”, Badaeva Ekaterina *°, Houben Andreas *

" Russian State Agrarian University - Moscow Timiryazev Agricultural Academy, Department
of Genetics & Biotechnology, Moscow, Russia

? Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Chromosome Structure
and Function Laboratory, Gatersleben, Germany
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* Vavilov Institute of General Genetics, Russian Academy of Sciences, Moscow, Russia

> Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, Moscow, Russia
houben@ipk-gatersleben.de

Basic haploid chromosome set is essential for normal plant growth and development. The
loss or gain of even one chromosome can cause changes of normal developmental course.

However, some extra chromosomes exist, which may occur as an optional addition to the standard
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chromosome set. These supernumerary B chromosomes (Bs) do not affect significantly on
organism development and fitness and considered non-functional and without any essential genes.
As a result, Bs follow their own species-specific evolutionary pathways.

In most cases the number of Bs is stable within individual organisms. However, also
numerical instability of Bs was found in different plant and animal species. In B-carrying
Aegilops speltoides plants Bs are constant in aerial tissues and totally absent in both types of roots
(primary and adventitious roots). A similar situation was discovered also for Aegilops mutica and
for plants from other genera, such as Agropyron cristatum, Xanthisma texanum, Poa alpina,
Sorghum purpureo-sericeum.

To unravel the mechanism of B chromosome elimination we identified B-specific markers
suitable for in situ hybridization first. In silico cluster analysis of Illumina sequence reads, which
were generated from genomic DNA of plants without Bs (0B) and with 2 Bs (+B), revealed an
almost similar sequence composition of +B and 0B DNA. However, four repeat clusters (C1126,
148, 183 and 205) revealed a higher copy number in +B material only. B-specific amplification of
two clusters C1183 and 205 was confirmed by FISH and PCR. CI183 shows also a high sequence
similarity to the rye B chromosome-specific repeat Sc26c38. Interestingly, Sc26c38 is part of the
non-disjunction control region of the rye B. The B chromosomes in both species are characterized
by a similar post-meiotic drive mechanism.

To test, whether the tissue-type specific B chromosome elimination occurs during
embryogenesis or seed germination, we adapted a tissue section protocol suitable for the FISH
and immunostaining analysis of developing seeds. Ae. speltoides embryos on different stages of
development derived from crosses between B-positive parents were analyzed.

Based on our observations we conclude that the elimination of Bs starts with the beginning
of radicle formation and occurs mostly in the meristematic area in the middle of embryo (in
between apical and basal parts of embryo) via micronuclei formation.

The work was supported by the DFG Germany (HO 1779/14-1; HO 1779/23-1,
http://www.dfg.de/) and the Russian Foundation for Basic Research (14-04-00142,
http://www.rfbr.ru/).
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GENOME MAPPING REVEALED SCAFFOLD MISASSEMBLIES AND ELEVATED
GENE SHUFFLING ON THE X CHROMOSOME IN MALARIA MOSQUITOES
Sharakhov Igor V.!, Peery Ashley', Naumenko Anastasia N.', Jiang Xiaofang', Hall A. Brantley’,
Artemov Gleb?, Stegniy Viadimir N.°, Sharakhova Maria V.', Tu Zhijian'
1Virginia Polytechnic Institute and State University, Blacksburg, VA 24060, USA
>Tomsk State University, Tomsk 634050, Russia
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The recently sequenced and assembled genomes of 16 anophelines (Neafsey et al. Science,
2015) allowed researchers to investigate the genomic basis of vectorial capacity. However,
unmapped scaffolds may conceal gaps and misassemblies, which could cause incorrect or
incomplete annotation of genomic sequences. Using a combination of cytogenetic and
bioinformatics approaches we mapped the largest genomic scaffolds to chromosomes of
Anopheles arabiensis, An. stephensi, An. funestus, An. atroparvus, and An. albimanus. This effort
identified and corrected scaffold misassemblies in several species and developed chromosome-
based genome assemblies. We estimated the number of chromosomal inversions between An.
gambiae and each of the species and found that rearrangement rates are ~3 times higher on the X
chromosome than on autosomes. The fast rate of X chromosome rearrangements is in sharp
contrast with the paucity of polymorphic inversions on the X in anophelines. This finding could

be indicative of a greater role of the X chromosome rearrangements in speciation of malaria

mosquitoes.

ULTRASTRUCTURE OF MICROTUBULES DURING DIFFERENT STAGES
OF DIVISION OF DROSOPHILA MELANOGASTER S2 CELL CULTURE
Strunov A.A.", Boldyreva L.V.2, Andreeva E.N.°, Omelyanchuk L.V.2, Pindyurin A.V.2, Gatti M.*?,
Kiseleva E.V.!
"nstitute of Cytology and Genetics SB RAS, Novosibirsk
*Institute of Molecular and Cellular Biology, Novosibirsk
3Salpienza. University of Rome, Rome
strunov.anton@gmail.com

Drosophila melanogaster cell culture is a very useful model to study dynamics of
microtubules, their molecular architecture and interactions with kinetochores during different
stages of mitosis. A lot of data in the field of spindle organization is currently obtained with the
help of various light microscopy techniques, however, little is known about fine structure of
microtubules during different stages of mitosis. The lack of information could be partly explained
by inability to synchronize insect cell culture.

In this work we applied transmission electron microscopy to study ultrastructure of spindle
microtubules in D. melanogaster S2 cells undergoing different stages of mitosis. We examined

two different methods of specimen preparation: (a) cells grown on a plastic film and undergoing a

stage of division of interest were marked with a help of inverted microscope and processed for
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standard EM fixation and embedding; (b) trypsinized cells were collected in a tube in a pellet and
processed for standard EM fixation and embedding.

Using the method (a) did not preserve well the morphology of cell organelles and provided
cells with more or less identical localization of a spindle. Using the method (b) we were able to
obtain good preservation of cell structure, to analyze the bigger amount of cells undergoing
mitosis and observe cells at various angles of spindle localization. The analysis of microtubule
ultrastructure and dynamics during the prophase showed single microtubules penetrate the nucleus
through envelope partly disassembled from each pole and contact chromosomes undergoing
condensation process. During the prometaphase a lot of unorganized microtubules often
contacting the chromosomes were detected. During the metaphase microtubules stretched to
kinetochores as bundles (k-fibers). Each bundle had microtubules arranged at the same distance
(25 nm) and sometimes bounded by short bridges presumably of protein origin. We observed two
main groups of bundles on a basis of microtubule amount. The first group included small bundles
consisting of 3-6 microtubules, the second one included big bundles with 12-16 microtubules. We
also detected the microtubules having no contact with the kinetochores while directly contacting
the chromosome. In anaphase the microtubule bundles move chromosomes to the poles. Small
fragments of nuclear envelope around the chromosomes were detected during this stage. In
telophase on each pole the chromosomes formed compacted material covered with newly formed
nuclear envelope with irregular shape. Microtubules were detected mostly at cytokinesis area and
rarely seen close to the chromosomes.

In conclusion, this work describes for the first time the ultrastructure of spindle
microtubules during different stages of mitosis of Drosophila S2 cells obtained with the help of

transmission electron microscopy.

THE STUDY OF KARYOTYPE EVOLUTION HELPS TO IDENTIFY CRYPTIC
SPECIES: A CASE STUDY IN AGRODIAETUS BUTTERFLIES

Vishnevskaya Maria S. 1, Lukhtanov Viadimir A."°, Dantchenko Alexander V.I,
Saifitdinova Alsu F."

! Saint-Petersburg State University, Saint-Petersburg, Russia

? Zoological Institute RAS, Saint-Petersburg, Russia

wishm@yandex.ru

Despite the fact that butterflies of the subgenus Agrodiaetus (genus Polyommatus,
Lepidoptera, Lycaenidae) are model systems in evolutionary research, its taxonomy is poorly
elaborated since, as a rule, most of its species are morphologically poorly differentiated. However,
the majority of the species can be identified by their karyotypes, particularly by chromosome
numbers that appear to be species-specific characters. In our study we analyzed the karyotype

evolution in Agrodiaetus by mapping the data on chromosome number and karyotype structure on
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molecular phylogeny of the subgenus. First, we demonstrate that different lineages of Agrodiaetus
can independently evolve the same (or nearly the same) chromosome number. Thus, the similatity
in karyotype can be a homoplasy that makes difficult the karyotype-based species identification.
Then, using a combination of chromosomal and molecular markers, we demonstrate that the
traditionally recognized P.(A4). valiabadi is a triplet of cryptic species, strongly differentiated by
their karyotypes and mitochondrial haplotypes.

The work was supported by grants from the Russian Science Foundation (14-14-00541)
and RFBR (15-29-02533, 15-04-01581, 14-04-00139, 14-04-01051, 14-04-00770, 14-04-31726).
Postdoctoral fellowship was provided to A. Dantchenko from St. Petersburg State University.

The work was made on the base of “Chromas” Core Facility, Centre for Molecular and
Cell Technologies (Saint-Petersburg State University Research Park), and Department of
Karyosystematics (Zoological Institute, RAS).

THE ROLE OF PHOSPHATASE INHIBITION BY UNFAIR COMPETITION IN CELL
CYCLE PROGRESSION

Williams B.C., Filter J.J., Shalloway D., Goldberg M.L.

Department of Molecular Biology and Genetics, Cornell University, Ithaca NY USA
mlgl1@cornell.edu

M phase-specific phosphorylations must be reversed when cells exit M phase; one of the
phosphatases involved is PP2A associated with a B55 regulatory subunit (PP2A-B55). During M
phase entry and M phase proper, PP2A-B55 activity is suppressed through a pathway involving
Cdk1-Cyclin B, Greatwall kinase, and the small phosphoprotein pEndosulfine (pEndos). M phase
exit requires PP2A-B55 activity to be reset through the dephosphorylation of pEndos.

We found that PP2A-B55 is the enzyme responsible for the dephosphorylation of pEndos.
This result was surprising for two reasons: First, PP2A-B55 activity against its normal substrates
is completely shut down during M phase; how could a dead enzyme reactivate itself? Second, how
can pEndos be simultaneously an inhibitor and a substrate of PP2A-B55?

By analyzing the kinetic constants that determine the association of PP2A-B55 and
pEndos, we were able to resolve these questions through a model we call inhibition by unfair
competition. In essence, PP2A-B55 and pEndos bind so tightly to each other that they sequester
each other from other molecules: PP2A-B55°s active site is shielded from other substrates, while
pEndos is protected from other phosphatases. pEndos is continuously dephosphorylated by PP2A-
B55, and this reaction becomes significant during M phase exit, when pEndos cannot be
replenished because Cdkl-Cyclin B and Greatwall are inactivated. Inhibition by unfair

competition is necessary for the observed rapidity of pEndos dephosphorylation at M phase exit.
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This mechanism is also sufficient to account for the speed of these events because each molecule
of PP2A-B55 needs only to dephosphorylate a few molecules of pEndos.

The inhibition by unfair competition model is attractive because it is very simple and
because it means that PP2A-B55 has an auto-reset mechanism that allows the enzyme to turn
itself back on automatically when cellular conditions dictate. We have thus recently investigated
whether other phosphatases might be controlled in the same way.

Myosin phosphatase (PP1-MYPT1) is down-regulated during the contraction of smooth
muscles by the small phosphoprotein pCPI-17. When the muscles relax, pCPI-17 must be
dephosphorylated. The literature to date maintains that phosphatases other than PP1-MYPT1
dephosphorylate pCPI-17. However, our kinetic analyses demonstrate that PP1-MYPT]1 is indeed
the enzyme that is responsible for the physiologically significant component of pCPI-17
dephosphorylation. The mechanism that allows pCPI-17 to be both an inhibitor and a substrate of
PP1-MYPT]1 is again that of unfair competition.

The catalytic subunits of both PP2A and PP1 are members of the PPP family of protein
phosphatases. The kinases Greatwall and PKC, which phosphorylate Endos and CPI-17,
respectively, are members of the AGC family of protein kinases. Our results suggest that
inhibition by unfair competition is an ancient mechanism that allows AGC kinases to regulate PPP

phosphatases in a highly responsive manner.

CHROMOSOME FRAGILITY AND ABNORMAL REPLICATION IN FMR1 LOCUS
IN FRAGILE X SYNDROME PATIENTS
Yudkin D.V."?, Kumari D.”, Usdin K.’
"nstitute of Molecular and Cellular Biology SB RAS, Novosibirsk, Russian Federation
*Novosibirsk State University, Novosibirsk, Russian Federation
’National Institute of Diabetes, Digestive and Kidney disease, NIH, Bethesda, USA
dim@mcb.nsc.ru

Fragile sites on metaphase chromosomes appear as common elements of human genome
and visible as breaks or constrictions. Chromosome fragile sites are divided into two groups:
common fragile sites (CFS) and rare fragile sites (RFS). CFSs are elements of normal human
karyotype and observed in every individual. RFSs vice versa are result of mutation and can be
observed in about 5% of individuals. CFSs and RFSs appear after induction by 5-
fluorodeoxyuridine (FdU), bromodeoxyuridine, distamycin A of aphidicolin [1].

Majority of CFSs are aphidicolin (APH) induced. APH is inhibitor of DNA polymerase a.
Anticancer alkaloid capmtothecin (CPT) can reduce chromosome fragility induced by APH. CPT
is topoisomerase I inhibitor. It inhibits DNA unwinding during replication. If APH present alone

and DNA polymerase is inhibited the long unstable single strand DNA appears and leads to

chromosome fragility. This long DNA can’t come in presence of CPT because Topol is inhibited
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and chromosome fragility will be reduced [2]. A lot of CFSs are coinciding with origin pure
regions of genome [3].

In our study we have analyzed RFSs expression in presence of CPT. One of the most
widespread RFS is FRAXA. This site is FdU inducible. FRAXA is located in Xq27.3 and related
to Fragile X syndrome (FXS), the main type of inherited mental retardation in human.

FRAXA is result of CGG repeat expansion in 5° promoter region of FMR1 gene. Normal
gene contains no more than 55 triplets, if repeat size between 55 and 200 triplets it leads to
premutation, and repeat size more than 200 triplets is full mutation which leads to chromosome
fragility and FXS. In full mutation FMR1 gene doesn’t express.

In this work we have studied replication activation in 5’ promoter region of FMR1 gene in
FXS and normal cell cultures in presence or absence of FAU. We find replication activation
inhibition in FRAXA region is independent of FdU presence. The model of chromosome fragility
for FRAXA was suggested.

FdU is inhibitor of thymidylate synthase — important enzyme for synthesis of pyrimidines. FAU
presence in cells disturbs the nucleotide synthesis pathways and nucleotide balance. It leads to
inhibition of replication. CGG repeat tract is hard for replication and in conditions of replicative
stress can’t be replicated. Insufficient replication leads to fragile site appearing.
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MTYV, A TELOMERIC ssDNA-BINDING COMPLEX, PROTECTS DROSOPHILA
TELOMERES AND RECRUITS RETRO-TRANSPOSON TO CHROMOSOME ENDS
Zhang Yi, Zhang Liang, Gao Guanjun, Rong Yikang S.
LBMB, NCI, NIH, USA

Telomeres are protected by multiple protein complexes. In telomerase-maintained
organisms, the Shelterin complex occupies primarily the duplex region of the telomere while the
CST complex binds the single stranded region. Drosophila uses a transposon-based mechanism
for end protection. We showed that the HipHop-HOAP complex occupies the duplex region. The
revelation by the Gatti group that the Ver protein shares significant sequence similarities with
Stnl suggests that a similar ssDNA-binding complex exists in Drosophila. Using yeast 2-hybrid
and recombinant proteins, we identified a trimeric complex consisting of Ver and Moi, two known

capping proteins, as well as TEA, a novel capping protein that we identified. The Moi-TEA-Ver
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(MTYV) complex purified in vitro binds and protects ssDNA in a sequence-independent manner. In
vivo, MTV components are specifically enriched at chromosome ends where they prevent
telomere fusion. Their telomeric localization is inter-dependent, and point mutations disrupting
MTYV interaction in yeast 2-hybrid assays behave as nulls in Drosophila, consistent with these
proteins functioning as a complex in vivo. Interestingly, MTV as a complex may regulate end-
elongation by participating in the recruitment of telomeric transposon RNPs to chromosome ends.
MTV thus shares functional similarities with both the CST and the Tppl-Potl complex in
telomerase-maintained organisms, highlighting a possible conserved feature between telomerase-

based and transposon-based telomere protecting mechanisms.

IMPOCTPAHCTBEHHAS OPTAHU3ALIUA XPOMATHUHA B SI/IPAX IUCTOLIUTOB
ANYHUKOB CALLIPHORA ERYTHROCEPHALA

Ananvuna T.B., @edopuwun /[.A., Cmeanuii B.H.

HannonanbsHseiil nccnenoBaTenbckuii TOMCKHI rocynapcTBeHHbIN yHUBepcuTeT, HUW 6nonorun
u 6uodusukwy, r. Tomck
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[IpocTpancTBeHHAS OpTraHu3aIus nHTEp(DaA3ZHBIX saaep [UKITUPYOTITUX
HeAUuPPEepeHINPOBAHHBIX KJIETOK SIBISIETCS TOH OCHOBOI, C KOTOPOW HAYMHAETCS peopraHu3anus
XpOMaTHHA BO BpeMsl Ki1eTouHoi auddepenunpoBku. OIHAKO, 4aCTO ObIBAECT TPYIHO MPOCIEAUTH
WU3MEHEHUsI, TPOUCXOJAIINE B saApax npu AUGEpeHIUPOBKE KIETOK, TOTOMY YTO TH COOBITHS
MIPOUCXOIAT B CIIOKHBIX TPEXMEPHBIX TKAHAX. Y TOOHON MOJIEIBIO TSI U3YUCHHSI 3TUX TPOIIECCOB
ABIIAIOTCS KJIETKM TEHEPATHBHOM JIMHUM B OBAapUoOJIax JBYKPBUIBIX HaceKoMbIX. B Hamem
MCCJIEIOBAaHUHM MBI HM3ydYajd MPOCTPAHCTBEHHYIO opraHuzainuio saep uucrouutoB Calliphora
erythrocephala (Diptera: Calliphoridae). Iucrommtel 00pa3yroTcss Ha TeEpeIHEM MOJ0Ce
OBapHOJIbI (B repMapum) B pe3yJibTaTe JACNCHHs IUcToOIacTa (00pa3oBaBIIErocs MOCe ACICHUS
CTBOJIOBOM KJIETKH) M KJIETOK, IPOU3BOIHBIX OT Hero. [Ipu aTom oOpa3yeTcst cHadana 2-X, 3aTeM —
4-x , 8 u 16-TU KIETOYHBIA CHHIUTUN (LIUCTA) U3 HUCTOUUTOB. MUTOTUYECKUE ICTICHHSI B IIUCTE
MPOUCXOJAT CHHXPOHHO U BCE KIIETKU BCTYMAIOT B MHTEpda3zy ogHoBpeMeHHO. COXpaHseTCs Jin
CHHXPOHHOCTH MPOTEKaHUS TPOIIECCOB B MHTEp(daze?

Jis peKOHCTPYKIMHM CBsI3ed MEXIy KIeTKaMu UIucT, oBapuonbl C. erythrocephala
OKpamuBaiy (amionanHoM, KoHslorupoBaHHbiM ¢ FITC. [Ipu 5TOM HHTEHCHBHO OKpalInBalOTCA
KOoNblleBble KaHaibl. OKpammBasi KOJBLEBBIE KaHANbl, MbI MOJYYHIH BO3MOXHOCTH
PEKOHCTPYHPOBATH CBSI3M MEXIY KIECTKaMHU ITUCTHI U OTMPEICIUTh, K KAKOW IUCTE OTHOCHUTCS Ta
WK WHas kieTka. s anamuza mopdosiornu XxpomMaTHHa B MHTEp(A3HBIX IUIUIOWIHBIX sApax
[UCTOLIMTOB, OBAPHOJIBI OKpamuBanu ¢iayopectueHTHbIM kpacuteneM DAPI. Tlocne mporpammHoi

KOPpEKLIMM MHTEHCUBHOCTH curHaiga DAPI B spax mposiBISIOTCS MHTEHCUBHO OKpAlllEHHBIE,
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komnakTHele DAPI-mo3uTuBHBIE pailoHbl XpoMaThHA. 3D-pEeKOHCTPYKUHUS SI€p LHUCTOILMTOB
IIOKa3ajia, 4TO KJIETKH B IIUCTE OTIMYAIOTCS KOJUYECTBOM, Pa3MEPOM M PACIOJIOKEHUEM B SIpE
DAPI-no3utuBHBIX pailoHoB. IlpuueM, Mo 3TUM MpU3HAKAM OTIWYAINCh Ja)Xe KIETKH,
MPOU3OLIEANINE B pe3ysibTaTe OJHOro MHUTo3a. [y aHanmm3a MOp(dOJIOTMH XpoMaTHhHA B sApax
IUCTOIMTOB, HAXOASIIUXCS Ha S-cTaguu nHTephasbl, kiaetku Metiin BrdU.

Paznuuua B pacnonoxkenun u koiaumyectBe DAPI-MO3UTHBHBIX palloOHOB M XapakTepe
MeueHuss BrdU B spax IUCTOLMTOB M3 OJHOW LUCTHI TOBOPSAT O PACCHHXPOHU3UPOBAHHOCTH
npoueccoB permukanuu JJHK nuctonuroB v pasnnyusax B IPOCTPAHCTBEHHOM OpraHM3alvM MX
sanep. B mpomecce muddepeHIMpOBKH OAWMH W3 IHUCTOLUUTOB CTAHOBUTCS OOIIMTOM, B SIpax
OCTaJbHBIX KIIETOK HAYMHACTCS MPOLECC MNONMILUIONIN3ALNA M OHM HA4YMHAIOT BBIIOJIHATH
Tpopuueckyro (GyHKIUIO, MocTaBisisi B oouuT pasnuunble Tunsl PHK u Genku. Bo Bpewms
(YHKIIMOHMPOBAHUS ~ NHTAIOUIMX  KJIETOK  NPOMCXOJAUT  KapAWHAJIbHAs  IepecTpoiKa
MIPOCTPAHCTBEHHON OpraHM3ali MuX sjaep — TMOJUTEHHas OpraHu3alus CMEHsSeTCs Ha
MOJINIUIONIHYIO PETHKYJIIpHYI0. Ha 3TOoM cragum ooreHesa pasinyus B TEMIIAX PEIUIMKALMH
MEXJy MNHUTAIONIMMU KJIETKaMH OJHOW LUCTBI CTaHOBATCS Oosiee 3aMeTHbIMU. Tak B OAHOM
aiineBoil kamepe C. erythrocephala MoxHO HaOMIONAaTh HECKOJIBKO BAPHUAHTOB OPTaHU3AIMH
XpOMOCOM: TIOJIMTEHHBIE XPOMOCMBI, IOMIIOHBI, UX pacnaj Ha OTJAEJIbHbIE Mapbl XpOMaTUI U
(GopMHpOBaHNE PETUKYJIAPHON CTPYKTYpPBI A1pa, 4TO, O JAHHBIM, MOJYYEHHBIM Ha Apo3o¢uiie
(Dej, Spradling, 1999) MoxxeT COOTBETCTBOBATh Pa3HULE KAaK MUHUMYM B 2 3HJAOMHTOTHYECKUX
LUKJIA.

HccnenoBanre mpoBOIMIIOCh IPU (PMHAHCOBOM moanepxke nporpammsl «Hayunsrit Gonn

uMm. JI.1. MenaeneeBa Tomckoro ['ocy1apcTBEHHOTO Y HUBEPCUTETAY.

TPAHCKHUITIIIMOHHO HEAKTUBHBIN XPOMATHH B PAHHEM PA3BUTHH
DROSOPHILA MELANOGASTER
Anopeesa E.H."
1I/IHCTI/ITyT MOJIeKYJIsipHO# U KieTounoi ouosorun CO PAH, r. HoBocubupck
andreeva@mcb.nsc.ru

B Hacrosimiee BpeMsi aKTHBHO HM3YYarOTCS COCTaB M CTPYKTypa OEITKOBBIX KOMIIICKCOB,
KOHTPOJIMPYIOIIUX MPOIECCHI KCIIPECCUH U peripeccuu reHoB. Y Drosophila atu nmpomeccs! TecHO
CBSI3aHBI C TO3JIHEW peITMKAIMEeH WHAKTHBUPOBAHHBIX PAaHOHOB B S-¢aze KIETOYHOTO IHKJIA.
HenaBHo ObIT OTKPBHIT OCOOBII THIT TETEPOXPOMATHHA, B COCTaB KOTOPOTO BXOJIAT OENKU JaMHUH
Dm0, SUUR, rucron HI, D1, SUHW) u EFF. OrTauuurenbHbIM CBOHCTBOM 3TOTO
TPAHCKPUIIIIMOHHO HEAKTUBHOTO XPOMATHHA, HA3BAHHOTO «YEPHBIM», SIBJISETCS OTCYTCTBHE
JIPYTUX U3BECTHBIX OeNKoB-pernpeccopoB, Takux kak HP1 mumu PcG, a taxke mo0bIX M3BECTHBIX

THCTOHOBBIX MO,Z[I/I(I)I/IKaI_II/II}'I. HCHBIO pa6OTBI OBLIO NMpOoaHaJIU3UPOBATE HOCICAOBATCIBHOCTL U
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BpeMsi COOpKH TPAHCKPHUIIIIMOHHO HEaKTHUBHOI'O XpOMAaTHHA B paHHeM pa3Butuu D. melanogaster
(0-5 gacoB) ¢ yueToM B3aMMOBJIMSIHUS OCIIKOB-KOMIIOHEHTOB Ha 3TOT MPOIIECC.

Psn 6enkoB yepHOTo XpoMaTHHA HAYMHAET CBOIO pabOTy B OHTOT€HE3€ O4YeHb paHo. Tak,
gamuH B tuna y aposzo¢unsl (Lamin DmO) pabotaer BO Bcex Tumax KJIETOK M Y4YacTBYET B
(GOopMUPOBAaHUN BHYTPEHHEW sIEPHONW OOOJOUKU siipa CHEpMMsI IPU JEKOMIIAKTU3AallMU €ro U
TpaHc@opMali B MY>KCKOW MPOHYKJIEYC cpasy IMocie OIuIoAoTBOopeHus. Ha mepBhix 3Tamax
pa3BUTHSI B XPOMATUHE COAEPKHUTCS OCOOBIH HAOOp IOBEHWIBHBIX THMCTOHOB. Tak ructon Hl
MOSABIISIETCS B XpOMATHHE TOJIBKO Tocie 7 AeneHus qpoOJIeHus, a 10 3TOr0 BMECTO Hero paboraer
o6enok Hmg-D. Mb1 BnepBoie moka3zanu, uto Oenku SUUR u D1 He ABISIOTCS KOMIIOHEHTaMU
XpoMaTHHA fA1pa CIepMHsI U ACTEKIHsI 3TUX OENIKOB B MY>KCKOM MPOHYKJIEyCe TUKOIO THIIa
CBs3aHA C U3MEHEHHEM COCTaBa XpOMaTHHA MpU JEKOMIAKTU3alUU a1pa crepMus. OTCyTcTBHE
o6enxka SUUR He Bnuser Ha yokanuzanuio Oenka D1 B sMOpuonax. Y npozodwmiisl mpu
OIJIOJJOTBOPEHUH SWIAa JKEHCKUH TPOHYyKJIEyC eme He CcHOPMHUPOBAH, W IKCHCKUH Meio3
npojioJpkaeTcs co craguu metadassl | genenns. B mpomykrax skeHckoro meiioza 6emoxk SUUR
JNETeKTUPYETCsl Ha BCEX CTaausiX, Kpome wmeradaspl. Mbl BBISBWIM, 4YTO B TIpoIEcce
dbopmupoBanus 3urotel y MmytaHtoB SuUR[ES] mpoucxoautr HeCHHXpOHHAS KOHJIEHCAIUS
XpPOMOCOM y MYKCKOTO M JKEHCKOTO TIpPOHYKJIecoB B mpomeradasze | memenus npoOieHwms.
Hecmotpst Ha 3TO, mpollecc pacxoxkIeHUs XpoMOcoM B aHada3e y MYTaHTOB IMPOUCXOAMUT Oe3
3HAYUTeNbHBIX HapyueHuil. [lockonbky Mbl panee netextupoBain 6enok SUUR B sape cnepmus
IIPU €ro JACKOMIIAKTH3alMM B MYXCKOM IPOHYKJIEYC, TO BO3HUK BOIPOC: HE MEHAETCS JIH
pacripenienienue cnenuuYeckux OENKOB Ui MYKCKOro mnpoHykieyca? W3BecTHO, 4TO B
npoluecce JeKOMIAKTH3aUHU Sapa CIepMuUsl MPOUCXOIUT BKIIIOUEHHE BapuaHTa rucroHa H3.3 B
XpOMaTHH, ¥ XPOMAaTHUH MY>KCKOTO IMPOHYyKJEyca OOOralieH aleTUINpOBaHHBIM THMcToHOM H4
(AcH4). MpbI ucronp30BaJId JTUHHUIO MYX, JKCIpeccupyroue xumepHslid Oenoxk H3.3-Flag na
¢done myrauuu SuUUR[ES], u mokazanu, 4to B 310 JIuHuM pacnpeneneHue o6enxkos H3.3 u AcH4
HE OTJIMYaeTcs OT HOpMBI. MBI TpoaHamu3upoBanu pacnpenenenue Oenka PCNA B smpax
npoHykJjeycoB Bo BpeMs ynBoenus JJHK n o6Hapysxunu, uro y mytantoB SUUR[ES] npoucxoaur
noreps CUHXpOHHOCTU 3aBepiuieHus perumkauuu JIHK nponykieycoB. Mbl 0OHapy WM, YTO
paspymenue sjaepHoi obomoukm y myrtanToB SuUR[ES] B mpomeradasze mepBoro nencHus
MIPOUCXOAUT HE CHHXpPOHHO. Jlamee Mbl BhIIBHIIM, 4TOo ¢ 1 mo 10 genenue apoOieHusi Oenok
SUUR netekTupyeTcsi B XpOMaTHHE YK€ Ha CTaAuu aHa]as3bl KIETOUYHOTO IIMKIa, HO OTCYTCTBYET
B Mmetadaze. OrcyrctBue Oenka SUUR mpuBogut k tomy, uro Oernok PCNA (koMIloHEHT
komrmiekca ¢ SUUR u mapkep BWIKH PEIUIMKAIMK) HAYMHACT JCTEKTHPOBATHCS B aHA(a3HBIX

XpoMOCOMax B MPUILIECHTPOMEPHBIX 00JIaCTsIX.
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Takum 00pa3om, moTydeHHbIC HAMH JaHHBIE MO3BOJISIOT cuuTaTh 6emok SUUR o6pazom
BiuseT Ha nponecc perutukanuu JJHK B kineTkax sMOpHOHOB, HAXOIAIIUXCS HA CTAUAX JICICHUI

IpoOIeHusl.

OJIYOPECHEHTHASA IN SITU TUBPUIN3ALINA MUKPOJIUCCEKIIMOHHBIX
IIPOB Y- XPOMOCOMBI TOJIOCATOT' O OIIVIETHATA (Oplegnathus fasciatus)

N JIOKAJIM3AIUA ITOCJTEJOBATEJBHOCTEN PUBOCOMHOMU PHK

HA ITIPEITAPATAX META®A3HBIX XPOMOCOM O. fasciatus

Anoperowrosa I A."?, Tpugponos B.A."3, Xu D.?, Cepororosa HA.", lemcras H.A.,
Bexnemuwesa B.P.'

"MucTuTyT MOTeKyISIpHOIT 1 KTeTouHoi Grotornn CO PAH, r. HoBocrbupck

2I/IHCTI/ITyT XUMUYecKol Ouosnoruu u pyHaamentansHoi meauuasl CO PAH, r. HoBocubupck
3H0130c1/161/1pc1<1/1131 rOCyJIapCTBEHHBIN YHUBEpPCHUTET, I. HoBocnOmMpCK

4Zhejiang Ocean University, Zhoushan, Zhejiang Province

ada@mcb.nsc.ru

[Tonocarerit  oruernatr (Oplegnathus fasciatus) sBAsS€TCS TpEACTaBUTEIEM OTpsAla
Oxkyneo6Opasusie (Perciformes) u cemeiictBa OmternatoBsie (Oplegnathidae). Kapuotun manroro
BUJa COCTOMT W3 2n=48 (2 wmetameHTpuka u 46 akpolUeHTpUKOB) y camku u 2n=47 (3
MeTaleHTpuka U 44 akpoLeHTpUKa) y camua. Pasznuuus oOycClIOBIIEHBI HAJMYUEM CHUCTEMBI
xpomocomHoro ompeaeneHus mona X X XoXy/X;X,Y. Xpomocombsr X; m X; SBISIOTCS
aKpOLIGHTPUUYECKUMHU, B TO BpeMsl Kak Y MpeacTaBisieT co00il METalleHTPUYECKYI0 XpPOMOCOMY,
paszMep KOTOpOi 3HAYUTETHHO MPEBBIIIACT pa3MePhl APYTHX XPOMOCOM B KapUOTHIIE.

B cBs3u ¢ 3TUM IpeAcTaBiIseT HHTEPEC IMOUCK  YYaCTKOB TOMOJIOTUM MEXAY I0JIOBBIMU
XpOMOCOMaMH JIaHHOTO BH/IA.

Cycnensuun MeTadaszHbIX XpOMOCOM IIOJIOCATOTO OIUIETHaTa ObUIM MPEeJOCTaBICHBI
kosuteramu u3 Kutas. C moMouipi0 MUKpPOAUCCEKIIMH MeTada3HbIX XPOMOCOM OBUTH MOTYUYEHBI
mpoObl  Y-XpPOMOCOMBI, Jaroliue crnenu(uueckue CHrHaibl Ha Tpu (QIIyOpECUEHTHOW in situ
ruOpUIu3alid Ha Tpernaparax MeradasHbIX XpPOMOCOM IOJIOCATOrO OIierHaTa. BrociencTBun
OyJleT OCYIIECTBIEHO CEKBEHUPOBAHUE JTAHHBIX MPOO.

[Iytém dayopecueHTHO in  situ THOpUAM3AIMM OBUIM  TaKXe JIOKAJTHU30BaHBI
nociuenoBareiabHOCTH, Koaupytone pPHK, Ha MeTada3HbIx XpoMocoMax MOI0CaToro orjierHara
(Oplegnathus fasciatus). Cienndudeckuii curHaJI ObUT BBISBIICH Ha | Mape XpoMOCOM JaHHOTO

BUJIA, SABISAIOIIMXCS EAUHCTBEHHON MMapoil METAalleHTPUYECKHX XPOMOCOM B KapHOTHIE, 3a

HCKIIIOUCHHUECM Y—XpOMOCOMH caMIia.
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MEKBUJOBBIE OCOBEHHOCTHU PACHIPEJAEJIEHUS KOHTAKTOB XPOMOCOM
C SIIEPHOM JAMHUHOM B TPO®OIUTAX SMYHUKOB Y TPEX BUJIOB
MAJISIPUITHBIX KOMAPOB
Apmemos I 'H., lllupokosa B.B., Canynoe I'.A., Cmeenuii B.H.
ToMckuii roCy 1apCTBEHHbBI YHUBEPCUTET, T. TOMCK,
g-artemov(@mail.ru

[TonmuTeHHBIE XPOMOCOMBI TPO(MOIMTOB SUYHUKOB MAISIPUHHBIX KOMapoB 0O0JanaroT
BUJOCTICHU(DUYHON CHUCTEMON B3aUMOJICHCTBUS XPOMOCOM C sIIepHON 000m04Kkoil (Crerawmii,
1979; AptemoB u ap., 2013). OcoOeHHOCT, XPOMOCOM TPO(OLMUTOB MPOSBISAECTCS B MEHbIIEH
HEJOPEIUIMKALIMEN  IeTepOXpOMAaTWHA,  OTCYTCTBHEM  XPOMOLIEHTpa W pPaHIOMHBIM
pacmojoKEHHUEM MPUIEHTPOMEPHBIX PAaiOHOB K sIIEPHON 000JIOUKE APYT OTHOCHTEIBHO IpyTra
(Artemov et al., 2015). IMMyHOOKpalIMBaHUe NaBICHHBIX MPENapaToB XPOMOCOM TPOQOIUTOB
aHTUTEJIAMH K JIAaMUHY B THIa, OCHOBHOMY KOMIIOHEHTY SIZICPHOM JIAMHHBI, TIO3BOJIHIIO BBISIBUTH
KOHTaKThl XpPOMOCOM C sjiepHOW JsiamuHOM. DOKychl JamMuHa OOHApYyXMBAIKCh HaMU B
OTIpe/IeNIEHHBIX palioHaX XpPOMOCOM U ¢ pa3Hoil yacToToil. Tak, HampuMep, BO BceX HaOII0AaeMbIX
HaMH sapax TpopouuToB An. atroparvus paiionsl 2B-C, 3C, 6B conepxanu ¢GoKychl JIaMuHa,
TOTJIa KaK B APYTruX, Kak, Harpumep, 31B — ¢ vacroroit 87%, SA — 25%, 37A — 13% u Tak nanee.
YacroTa 1 J0KaIu3alus HEKOTOPBIX KOHTAKTOB XpPOMOCOM TPO(GOIMTOB BUAOCTIEHU(DUYHBI Y TPEX
BUJIOB KOMapoB Anopheles atroparvus, An. beklemishevi u An. messeae. Iloxazano, 4TO
HAOMOJaeMbIe  pa3IUYMUsS  XPOMOCOM IO JIOKATW3allMd KOHTAKTOB HE BBI3BAHBI TOJIBKO
XPOMOCOMHBIMM HMHBEPCHUSMH, KOTOpPHIE COMNPOBOXKIAIM BUA000pa3oBaHUE B 3TOH TIpymIe
HacekoMbix. Hampumep, 2L xpomocoma UMEET OJWHAKOBBIA MOPSIOK AUCKOB Y TPEX BHUIOB,
O/IHAKO TMATTEPH KOHTAaKTOB XPOMOCOM C SJIEPHOM JTAMHUHOHM CYIIECTBEHHO paznuudaercs. [ns
MIOWCKAa TOMEOJIOTUYHBIX PaiOHOB X-XpOMOCOM y TpeX BHJIOB MAIAPHUMHBIX KOMapoB ObLIH
MOJTyYeHbI MUKPOJIUCCEKIIMOHHBIE MPOOBI PAOHOB JIOKAIM3AUU (OKYCOB JJaMUHA ¥ MPOBEICHA
FISH. B pesynprate ObUTIO0 OOHApY’>KEHO, YTO HEKOTOPHIE TOMEOJIOTHYHBIC PAOHBI 00JIaal0T
0o0LIMM CBOMCTBOM KOHTaKTa XpOMOCOM C sIIEpHOW JaMHHOW, TOT/a Kak Apyrue HeT. JTOoT
AKCIIEPUMEHT MOATBEPKIAET, YTO HE BCE palOHBI XPOMOCOM MOTYT COXPAHATH CBOMCTBO
KOHTaKTOB C JIEPHOM JIJAMUHOM, HO MOTYT IPUOOpETaTh UM YTPAuUBATh €r0 B XOZ€ IBOIIOLUH.

[logcuer umcna KOHTAaKTOB BJOJb XPOMOCOMHBIX IUI€Y ayTOCOM II0Ka3alo, 4YTO B
OCHOBHOM JTH KOHTAaKThl TMPEACTABIEHbI B MPHUIETPOMEPHOM M MPUTEIOMEPHOU OONACTsX.
HecmoTpss Ha »93T0 ObUIM HaWOEHBI XpOMOCOMOCHEeUU(HUYHBIE OCOOEHHOCTH, KOTOpHIC
MPOSIBIISIIOTCSA KakK B YMCIIE TaKMX KOHTAKTOB, TaK M B UX paclpeaeiacHuH. Tak B IpaBoM Ijieue
XpOMOCOMBI 2 KOHTakTOB B cpeaHeM B 1,2-1,8 pa3a MeHbIIe, 4eM B JIEBOM IUJI€YE U HX
3HAYUTENILHO MEHbIIIE B IPUIICHTPOMEPHOM paiioHe. XpoMocoMa 3 oTiinyaeTcsi OONbIIUM YHCIIOM

KOHTAKTOB B NPULEHTPOMEPHOM paiioHe 00oMX IuIed. BBIsABIEHBI Takke BHIOCTIEHU(BUYHBIC
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O0COOEHHOCTH pacrpeiesieHuss dTUX KOHTaKTOB. Tak XxpomocoMa 2 An. messeae uMeeT B 2 pasa
MEHbIIIe KOHTAKTOB C SIIEPHON JJAMUHOM, NMPHU 3TOM Haubosiee BhIpakeHHbIN KOHTaKT (50-100%)
2R pacnonoxeH B cepeauHe ruieda. 3L xpomocoma An. beklemishevi oOpa3yeT BbIpaK€HHBIE
MPUKPEIUICHUs] B TPHUTEIOMEPHOM O0JIacTH, YTO HE HaOMoJaercs y ABYX JAPYTHUX BHJIOB.
WuTepecHo, 9to (QUKCHpPOBaHHBIE XPOMOCOMHEIE MEPECTPOMKH B XPOMOCOME 3, TI0 KOTOPHIM
pasznuyaloTcs TPU BUAA KOMAapoB, HE M3MEHSIOT KapAMHAJIBHO IUIOTHOCTh KOHTAKTOB 3TOM
XpOMOCOMBI ¢ siiepHOr JamuHOW. OpHako, nHBepcus B 2R, xapakrepHas ans An. beklemishevi,
HECKOJIbKO «YCHJIMBAET» KOHTAKT B MPUIICHTPOMEPHOM 0071aCTH XPOMOCOMBI 3TOTO TUIeYa.

B nacrosimem uccienoBaHuy ObUIO MPOJEMOHCTPUPOBAHO, YTO YUCIIO M pacIpeseieHHe
CUTHQJIOB C Pa3IUYHOM YaCTOTOM BCTPEYACMOCTH SIBJSIETCS Ba)XXHOW BUAOCTICHIHM(PUIHON
XapaKTePUCTHKOW SIIEPHOU apXUTEKTypbl XPOMOCOM TpOGOLHUTOB MAaSPUWHBIX KOMapoB, a
XPOMOCOMHBIE TIEPECTPOUKH, TO-BUAUMOMY, HE SBISIOTCS TJABHBIM JIBUTaTeJIeM 3BOJIOIUH

MIPOCTPAHCTBEHHON OpTraHn3auu TPO(OIUTOB.

BJIUAHUE MYTALIUU I'EHA CHDI1 HA CTPYKTYPY X-XPOMOCOMBI Y CAMLIOB
D. MELANOGASTER
12 1 1

bapanosckaa U.JI."~, Makxace A.A.", Kones A.FO.
: [etepOyprckuit unctutyT siaeproi ¢pusznkn HULL «KypuaroBckuii uHCTUTYT», ["aTumHa, Poccust
: Cankr-IlerepOyprekuit rocynapctBenHslii [lonmutexauueckuii yausepcuret, Cankt-IletepOypr,
Poccus
irina.baranovskaja.1992@gmail.com

COopka XxpomMaTMHa TpeAcTaBiIseT CcoO0OW NPUHIUMNMAIBHO BAXHBIM  Ipolecc,
HEOOXOAUMBIN A TyTUTUKauu XxpomatuHa nocie perukaiuu JIHK. Kpome Toro, ynanenue u
BKJIFOUEHUE THUCTOHOB IPOUCXOJUT IMOCTOSHHO B TEUEHUHM KJIETOYHOIO IMKJIA, B XOJE€ TaKUX
nporieccoB Mmetabonusma JIHK, xak, Hanmpumep, TpaHCKpHUIIIIHS, perapaius Wil peKoOMOWHAIIHS.
B Takux npeoOpa3oBaHUAX XpOMaTHHA MPUHUMAIOT Yy4acTHE MHOXKECTBO OEIKOBBIX (DaKTOPOB,
4acTh U3 KOTOPBIX NMPUHAMIEKUT K ceMelicTBaM ATd-3aBUCUMBIX XPOMATHH-PEMOAEIUPYIOLINX
6enkxoB, Takux kak CHD1 u ISWI. CHDI1 sBnsercs nepBeiM AT® — 3aBUCHMBIM (aKTOPOM
cOOpKH XpOMaTHHA, JJISI KOTOPOTO MPOJIEMOHCTPUPOBAHO yYacTHE B COOpKE XpoOMaTHHA in Vivo
[1]. Cuuraercs, uto 6enok CHDI1 sBnsiercs ofHUM M3 KIIOYEBBIX (PAaKTOPOB B HE3aBHCUMOM OT
perTKay cOopKke XpoMaTruHa, CoJIepKallero BapuanTHeld ructon H3.3.

XpomaruH-pemonynupyroomuii - ¢pakrop CHDI1  perymupyer  pasnuums — MexXAy
IUTFOPUTIIOTEHTHBIM U MYJIBTHUIIOTEHTHBIM COCTOSIHUEM SMOpPHOHAIBHBIX CTBOJOBBIX KJIETOK [2].
Otmeuena pons CHDI B TNOJaBIIEHUM JIATEHTHOM TPaHCKPUIIMM BHpyca HMMYHOAE(DUIMTA
yenoBeka 1-ro tuma. I'ensr yenoseka Chdlu Chd2, romonoruunsie Chdl npo30(puibl, SBISIOTCS

OHKOreHaMu. BbI10 moKa3zaHo, YTO TOMO3HUIOTHEIE Aejeluy 110 Chdl SIBISIOTCS OMHUMU U3 CaMBIX

pacipoCTpaHEHHBIX MyTaluii y OoNbHBIX pakoMm mpocrtatel [3]. Takum oOpazom, H3yudeHHE
60



(GakTOpOB, YYaCTBYIOIIMX B TMpolecce cOOpku xpomaruHa, Takux kak CHDI1, sBasercs
MPEANOCBUTKON Il  pa3paOOTKM HOBBIX METOJIOB AaHTHUPAKOBOW Tepamuu, Tepanuu BUU-
WHGEKINUU U AJIs PEPOrpaMMHUPOBAHUS CTBOJIOBBIX KIIETOK.

Lenbto manHOW paboThl sBisieTcs u3yudeHue ponu (akropa CHD1 B mpoueccax cOopku
XpoMaTHHa In VIVO MU B KOHTpOJIE CTPYKTYPHOH OpraHu3allid XpoMocoM Apo3oduibl. [lns
JOCTIKEHHE JaHHBIX LieJeil ObUIM MOoNy4deHbl MyTaHTHbIe ocobu D.Melanogaster, Hecyuue
myTanuio resa Chdl v neaenuio 0JHOTO U3 IBYX I'€HOB, KOJUPYIOIIUX BapuaHTHBINA rucToH H3.3.
OCHOBHBIM pe3yJbTaTaMU JaHHOW palOoThl SBIAETCS OOHApPYKEHHE M3MEHEHUS CTPYKTYpbhl X-
XpPOMOCOMBI Y CaMIIOB, HECYIIIMX HYJb-MyTaluio 1o reny Chdl. X- Xpomocoma y TaKuX camIlOB
CTAaHOBUTCS YKOPOYCHHOM, JCKOHJACHCUPOBAHHOW U yToJieHHOU. [Ipu aTom npoaykt rena Chdl
MaTEPUHCKOTO TMPOUCXOXKICHHSI KOHIICHTPUPYETCS y CamIloOB B X-XpOMOCOME, BbI3bIBas €€
cnenuduyeckoe okpammbanue. Mopdonorus X-XxpoMOCOMBI Y CaMOK HE U3MEHSETCS U B HUX HE
HaOMIOaeTCsl aKKyMYJUPOBAHHUS MaTEpPHHCKOTO Tpoaykra reHa Chdl. Takum obOpa3zoMm Hamu
BIIepBhIe OOHapykeHa posib Chdl B peryssiliui CTPYKTYPbl X-XpOMOCOMBI CaMIIOB, CBS3aHHOM C
dbeHomeHOM 11030BOM KkomrieHcanuu. [Ipm sToM 3ameudeHo ycuieHue AaHHOTO 3(dexra B
OTCYTCTBUH OJHOIO U3 JBYX I'€HOB, KOAUPYIOIINK BapuaHTHbIN ructoH H3.3.
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CPABHUTEJIBHAA HUTOI'EHETHUKA JJACTOHOI'UX (PINNIPEDIA)

Bexnemuwesa B.P., Ilepenoman I1.J1. ! Jemckasn HA.", Kynemsuna A’ IIpockypskosa AT,
y 1
I'paghooamcruii A.C.
"MuctuTyT MONeKyIsIpHOIT 1 KIeTouHO# Grotornn CO PAH, r. HoBocnGupck
bekl@mcb.nsc.ru
['eHoMBI TIpeAcTaBUTENEH OONBIIMHCTBA CEMEMCTB XHIIHBIX HW3YYEHBI JOCTATOYHO
NoapoOHO METOJaMM KJIACCMYECKOM UM MOJIEKYJISIpHOM uuToreHeTuku. Cpenu HauMmeHee

HN3YYCHHBIX — Jlactonorue. Ha ocHOBaHMM aHalm3a JUIDIONIHBIX YHCCII U [[I/I(b(l)epeHHI/IaHBHI)IX

OKPAacOK XpOMOCOM HEKOTOPBIX BUIOB ATOW TPYMIbl MJIEKONUTAIOMIMX paHee ObUIO BBICKA3aHO
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MIPEATNONI0KEHUE O KOHCepBAaTH3Me TeHOMOB Y npecTaButeneit Pinnipedia. Merogom Zoo-FISH ¢
WCIOJIb30BAHUEM COPTUPOBAHHBIX XPOMOCOMHBIX MPOO YesioBeKa ObLT M3yUeH TOJIbKO OJIMH BUI —
HacTosui TIoJeHb (Phoca vitulina).

B naHHOM wHccneOBaHUM TOJIyY4EHBl CPAaBHUTENBHBIE XPOMOCOMHBIC KapThl IS
npeAcTaBuTeneil Tpex BerBen Jlactonorux: mopxa (Odobenus rosmarus, Odobenidae - Mmopxn),
CEBEPHOTO MOpCKOro NbBa (Eumetopias jubatus, Otariidae — ymacTsie TIOJICHH) U OalKaIbCKOU
Hepnbl (Pusa sibirica, Phocidae — nHacrosimue TiojeHH). J[as mpoBeneHUs CPaBHUTEIHHOTO
XPOMOCOMHOTO MPHHTUHTA OBLIN HCIIOJIH30BAHBI XPOMOCOMHBIE OMOMOTEKN JOMAITHEH COOaKH U
yenoseka (HSA). Kpome Toro, ObuIH MOCTaBIICHBI SKCIIEPUMEHTHI C OTJIEIBHBIMU ayTOCOMHBIMHU
npodaMu KaMEHHOM KYHMIBI JUIsl TOJATBEPXKIEHUS CIUSHUN 3JEMEHTOB, TOMOJOTHYHBIX
anemenTaM npeakosoro kapuoruna (ACK - Ancestral Carnivore Karyotype).

B kapmotunax u3ydeHHBIX BHJOB C HCIOJIb30BAaHMEM XPOMOCOMHBIX NMpOO 4YeJIOBEKa U
co0aku BbIBIEHO 32 M 68 rOMOJOTHMYHBIX ayTOCOMHBIX CEIMEHTOB COOTBETCTBEHHO. [lommmo
accormanui, oommx miga Bcex Eutheria - HSA 3/21, 4/8, 7/16, 10/12/22, 14/15 u 16/19, -
OTMCAHbI CIUSHUS KOHCEPBATUBHBIX 3JIEMEHTOB, MAapKEpHBIX AJs pas3HbIX rpymnn JlacToHOTHX.
Cmustuue HSA 7/16/1 (ACK 16/18) siBnsercss oOmuM [uist cuByda M Mopxka. Taxke y Mopka
BesiBIeHB ciausHUS HSA 5/10 m 9/17 (ACK 5/11 wm 14/15). Accommammu HSA 5/17,
7/16/10/12/22 u 10/1 (ACK 5/15, 8/18 u 11/16) oGHapyxeHbI B TeHOME O0aliKaIbCKOM HEPITHI.

JlaHHBIE MOJIEKYJISIPHOH LUTOTEHETHKH TOATBEPANIA KOHCEPBATUBHOCTH T'€HOMOB
Jlacronorux. Tomosorusi (PUIOr€HETHYECKOTO JPEBa, PEKOHCTPYHMPYIOLIETO MNpeoOpa3oBaHUS
KapHOTHIIOB Tpex BeTBell Pinnipedia, coBmamaer ¢ Tomoyiorueil qpeBa, OCHOBAaHHOTO Ha aHAJIM3E
MOCJIEIOBATEIILHOCTEN SACPHBIX MU MUTOXOHIpHaIbHBIX TeHOB (Nyakatura & Bininda-Emonds

2012).

CTPYKTYPHBIE U ®YHKIIMOHAJIBHBIE OCOBEHHOCTU 'NTTAHTCKHUX
XPOMOCOM XUPOHOMU/J (DIPTERA, CHIRONOMIDAE), OBUTAIOIINX
B BOJOEMAX HA 3ATPOHYTBIX HEPHOBBIJIbBCKUM BBIBPOCOM
TEPPUTOPUSAX
benanuna C.H.
MeauuuHckuii yausepcureT um. B.M. Pasymosckoro, Caparos
microtus43@mail.ru

B nepuoz ¢ 2009 mo 2015 r.r. HaMu IPOBEICH aHANIN3 COCTOSHUS TUTAHTCKUX XPOMOCOM U
kapuo(oHIOB XUpOHOMH U3 BomoéMOB bemopyccun (y r.r. Muncka, ButeOcka, MBaneBuyei,
I'omens, JoOpymia, Peuunner) u bpsiackoit obnactu B Poccun (HoBo3biOkoBckuit, KinuHIIOBCKHIA,

3nbinkoBckuil, ['opaeeBckuit, CrapomyOckuii paiionbl). B mpobGax OeHTOCa JOMUHHPYIOT

mmuuHKE  Chironomus plumosus, apyrue BHUIBI WM OTCYTCTBOBAJM WM KpailHE pEAKH.
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®duroduabHbBIE XMPOHOMU/IBI U3YUEHBI TOJIBKO U3 BOJOEMOB BpsiHCKOM 001acTH U MPEICTABICHBI
Glyptotendipes glaucus.

B wu3ydenHbIx momyssiuusax y MHorux JuuuHok Ch. plumosus HaGmionancs mMo3auuu3M
MOP(OTUIIOB XPOMOCOM B KJIETKaX OJJTHOW M TOH K€ CIIFOHHOM Kelle3bl — OT XPOMOCOM C OOBIYHOM
JICKOBOM  CTPYKTYpOH, XpOMOCOM C pa3pbIXJCHHBIMH WJIM Pa3MBITBIMH JHCKaMH IO
OECCTPYKTYPHBIX pa3Ma3aHHBIX XPOMOCOMHBIX Macc. OCOOEHHO PE3KO BBIPAKEHO 3TO SIBJIECHUE Y
OpsHckux auuumHOK G. glaucus u3 oruykaeHHoW 30HBI y cen HecBoeBka u CpsaTckoe B
HoBo3biOkoBcKOM paiione. Bo3moxkHO, uTO pa3Has Mopdonorundeckast BBIpaXXEHHOCTb CTPYKTYPBI
XPOMOCOM JIMYMHOK M3 3TUX BOJOEMOB OTHOCUTCS K KaTErOpUU HEKAHOHUYECKON M3MEHUYMBOCTH,
KOTOpasi, KaK M3BECTHO, HA XPOMOCOMHOM YpPOBHE MOKET IPOSIBJIATHCS B U3MEHEHHUU YIAaKOBKH
xpomatuHa 0e3 nmospexaenus JJHK. B momymsuusax Ch. plumosus u G. glaucus B xpomocomax
JMYUHOK BCTPEUEHBl pPAa3pbIXJICHHBIE WM 3€PHUCTBIC TEJIOMEPHbIE pAHOHBL, YTO HMEIO
MO3aW4HbIN Xapakrep. Bo3MokHO, 4TO HapyieHus tenomep BeayT K Hepopermukanuu JHK B
pszie KJIETOK M, B UTOre, — K Bapualuid MOP(OTUIIOB XpOMOCOM B Ipezesax CIIOHHOH xkeme3sl. B
nomyysanun Ch. plumosus u3 JIoOpy1ia yacto HapyleHHe KOHBIOTAlUi TOMOJIOIOB B XpOMOCOME
III — roMoJIOrM MOJHOCTBIO PACXOIATCSA, XOTA U YACPKUBAKOTCA pPsAAOM. DyHKIHOHAIbHBIC
u3MeHeHns xpomocoMm y Ch. plumosus u G. glaucus mposBIsUTMCH B COJOYEHHOCTH TUCKOB,
nosiBnieHnn my(doB de novo (4acTto B reTepo3urotHom coctosiHum), y Ch. plumosus k Tomy xe,
KaK MpaBUJI0, ObLIO penpeccupoBaHo Koublo bansObuanu B xpomocome 1.

Bcerpeuennsie rereposurornsie nHBepcuu y Ch.plumosus n Gl.glaucus otHocsaTcs K yxe
M3BECTHBIM JUIS 3TUX BUJOB B UX apeajiaXx mepectpoiikaM. Mexay M3yYeHHBIMH TOMYJISIHSIMA
oOHapy’>KeHbl Pa3ln4us B CIEKTPE M YacTOTaX OJHUX U TeX ke MHBepcuil. CpenHee 4HCIIO
UHBepcuil Ha 0co0b U3 paszHbIxX nomysanuit: y Ch. plumosus — ot 0.30 no 1.20, y GI. glaucus — ot
0.61 no 1.1. B 6onpmmucTBe nomysinuit kak Ch. plumosus, Tak u G. glaucus 3apeructpupoBaHbl
CTPYKTYpPHO MaJlble HM3MEHEHHUS XpOMOCOM, 3aTparuBarolive HeOOJbIIOE YHCIO AUCKOB H
OTMEYEHHBIE HE BO BCEX KJIETKaxX CIFOHHOH ’kene3bl. BO3MOXXHO, 4TO 3T M3MEHEHHUs] XPOMOCOM
SBJISIIOTCS paIMallMOHHO UHIy[IUPOBAHHBIMHU.

B 6enopycckux nomymsiusix Ch. plumosus u3 Butebceka, MBanesuueit, I'omens, 1oOpyna
B KapUOTHITAX HalaeHb B-xpomocomsbl, ocooeHHO dacThie (18,6%) y IHMYMHOK U3 BOJOEMA Y T.
Npanesnun. B OpsiHckux Bogoemax B-xpomocombr y Ch. plumosus oTCyTCTBOBaIM WIIM OYEHB
penku. Y G. glaucus B-xpomocombl He oOHapyskeHbl. Y Ch. plumosus u3 psga nomyssiuuii c
pa3Hoii yacToToil oOHapyxkeHa nmosuruionaus (3n). B pexe Mnyts y HoBo3siOkoBa Gomnee 15%
0co0eit ATOoro BuAa OBUIM TPHUILIOUTHBIMH, TIPU 3TOM y 1,8% W3 HUX HAOFOMACS COMATHUSCKUAN

MO3aulKU3M 110 CTCIICHU IMOJIMTCHHUU B XpOMOCOMAaX B IIpcaciaax CITFOHHOM KEJIE3bI, UTO, BEPOATHO,
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CBSI3aHO C HApyIICHHEM HOPMAJBbHOTO XOJa PEIUIMKAIlMM XPOMOCOMHOro Marepuama. Y G.
glaucus monumonMs penka.

[{utorenernueckuii ananu3 OpstHCKUX U Oenopycckux nomynsuuii Chironomus plumosus
u OpsHckux momymisaiuii  Glyptotendipes glaucus cBumeTenbcTByeT O HECTaOMIBHOCTH
XpPOMOCOMHOTO ~ammapaTa dSTHX BHIOB W3 HCCIEIOBAaHHBIX BOJOEMOB B CIIOKUBIIUXCS

OKOJIOTUYCCKUX YCIIOBUSAX.

TPAHCKPUIIIIMOHHBIN ®AKTOP ADF-1 1 UHCYJISATOPHBIN BEJIOK BEAF-32
HEOBXOIUMBI JJIAA AEKOMINAKTU3ALIUHN JHK MEXK/INCKA 61C7/C8
MHNOJIUTEHHBIX XPOMOCOM D. MELANOGASTER

bepraesa M.b. 1, Ilanxoea T.E. 1’2, Hemaxos CA'

'MucTuTyT MOTeKyIspHOiT 1 KineTousoi 6uonorun CO PAH, r. HoBocuGupck
2HOBOCI/I6I/IpCKI/H71 TOCyJIapCTBEHHBIN YHUBEpCHUTET, T. HoBocuOupCK

berkaeva@mcb.nsc.ru

s toro, ytoO6el JIHK Moria momMecTHThCS B sIpO, €l HEOOXOAMMO YIAaKOBaThCS B
TBICSYH Pa3, ¥ TIPU 3TOM OCTaThCs (PYHKIMOHAIBHON C TOUKH 3pPECHUS pealn3alliil TeHETHIECKOM
¢byukmuu. Ha nepBoit cragun ymakoBku JIHK 00pa3yroTcst HyKJI€OCOMBI, a 3aTeM HYKJICOCOMHAs
HUTh CKIIAJBIBAETCS B METIH, B pe3ysbTare 4ero obpasyercs Xxpomocoma, Baosib kotopoi JTHK
yIaKkoBaHa HEPAaBHOMEPHO. YBHJIETh HEPABHOMEPHOCTh YIAKOBKH B JUIIOUTHBIX MHTEP(HA3HBIX
XpOMOCOMaX HEBO3MOXHO, OJJHAKO €€ MOYKHO HAOJI0AaTh Ha MOJUTEHHBIX XPOMOCOMAaX CIFOHHBIX
Ken€3 MMUMHOK apo3o¢uibl. [lonuTeHHbIE XPOMOCOMBI UMEIOT OTPOMHBIN pa3Mep U 00paszyroTcs
3a CUET MHOTOKPATHBIX PayHJOB PEIUIMKALNU, KOTOPbIE HE COMPOBOXKIAIOTCS IE€IEHUEM KIIETKH.
[Ipu sTOM XpomaTuabl HE PaACXOIATCA, a PACIHOJIATalOTCs PAIOM MapajuiebHO IPYT JPYTy.
bnarogaps 3TtoMy MOXHO yBUIETH ydacTKu xpomocoMsl, rae JIHK ymakoBana Oonee minotHo, -
OHHM (POPMHUPYIOT TEMHBIC TUCKU M YYACTKH C MEHbIIEH MIOTHOCThIO yrakoBku JIHK — cBermbie
MEeXIUCKH. BO3HUKAIOT BOMPOCHI, BO-MIEPBBIX, Kakhe (HaKTOPHI OMPENENSIOT CTENEHb YMaKOBKH
JAHK Ha TOM WM MHOM y4yacTKe XpOoMOCOMbI? BO-BTOPBIX JIM B3aMMOCBSI3b MEX]Yy HauyalbHBIM
HYKJICOCOMHBIM ypPOBHEM VIIAKOBKM XpOMAaTMHA M KOHEYHBIM YyPOBHEM — BUIUMBIMH
CTPYKTypaMu XpoMocom?

B nmanHoii paboTte Mbl uzydanu ¢GakTopbl, OTBEHarOIKe 32 GopMHpOBaHUE MEXKIUCKA, HA
pUMepe KOHKPETHOro paiioHa moiduTeHHoi xpomocoMbl — 61C7/C8. ®dparment JIHK u3 storo
MEXIUCKOBOI'O palioHa ObUI IEPEHECEH B HOBOE T€HETUYECKOE OKPYKEHHUE, I/I€ Mbl HCCIIEI0BAIN
€ro IMTOJIOTHYECKYIO CTPYKTYpYy, HYKJICOCOMHYIO OpraHM3aliio U Habop OelKOB, KOTOPBIH
CBSI3BIBACTCSA C J3TUM (parMEHTOM B CIIOHHBIX >Keie3axX. Takke Mbl BHECIU psAI MyTallHid,
KOTOpBIC HAPYIIAIOT CBS3bIBAaHHE TPAHCKPUIIIMOHHBIX (DAKTOPOB M HWHCYJISTOPHBIX OCIKOB C
JTaHHBIM (ParMEHTOM, M HWCCIIEHOBAIM, KaK STO OTPaXKaeTCs Ha HYKICOCOMHOW OpraHW3aIliH

paiioHa u Ha criocodHocTr nanHoro ¢pparmenrta JJHK dhopmupoBats MexIucK.
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Mpl  mokazamu, 4To Ui (QOPMHpPOBAHUS MEXKIUCKAa HEOOXOJUMO CBS3bIBAHUE
TpaHckpunuuonHoro ¢akropa Adf-1 wu wmHCYnsaropHoro Oenka BEAF-32. MyTamun,
HapylIaloIIKe CBSI3bIBaHKE JIFOOOT0 U3 3TUX JIBYX OEIKOB, MPUBOIAT K UCUYE3HOBEHHUIO MEXKINUCKA.
Emé nBa Tpanckpunimonusix ¢akropa — DREF u dMyc, koTopbie B HOpME CBSI3BIBAIOTCS C 3THM
paifoHOM, OKa3aJMCh HECYIIECTBEHHBIMH Ui (OpPMUPOBaHUS MEXKANCKa. MBI CpaBHHIH
HYKJICOCOMHBIE TIpodmin HatuBHOTO paiiona 61C7/C8 W SKTONMWYECKOTO MEXKIUCKA,
chopmupoBannoro u3 toii xe JJHK B HOBOoM renHetmueckom okpyxkenuu. Okaszanoch, 4TO B
HKTOMMYECKOM MEXKIMCKE HYKJICOCOMBI CTAJM MOYTH B J[BA pa3a CTaOWIbHEE, YeM B HATUBHOM.
Takxke Mbl MOCTPOMJIM HYKJIEOCOMHbIE NPOGMIM JUIsl BCTPOEK C MyTalUsSMU IO cailTaMm
ces3piBanus Adf-1 u BEAF-32. HecMmoTps Ha TO, 94TO 00€ MyTalyi MPUBOIAT K MCUYE3HOBEHUIO
Mexaucka, B cmydae Adf-1, ctabunpHOCTh HYKIIEOCOM 3HAYUTEIHLHO BO3pocia, a B ciiydae BEAF-
32 — 3HAYUTENBHO CHM3HWJIACh IO CPABHEHHUIO C KOHTpoieMm. M3 sToro ciemyer, uyto oOImIMi
YpPOBEHb CTAaOWJIBHOCTH HYKJIEOCOM He Koppenupyer ¢ nekommaktusanueit JHK B paiione
61C7/C8. BepostHO, 11 (HOPMHUPOBAHMS MEXANCKA OMPEACISIONHUM (AaKTOPOM SIBIISETCS
CBS3BbIBaHHE OEIIKOB, KOTOpBhIE OOECIEYMBAIOT B3aMMOJCHCTBHE paryIsTOPHBIX SJIEMEHTOB Ha

OOJIBIINX PACCTOSHUSIX.

TRANSCRIPTION FACTOR ADF-1 AND INSULATOR PROTEIN BEAF-32
ARE REQUIRED FOR DNA DECOMPACTION IN 61C7/C8 INTERBAND REGION
OF D. MELANOGASTER POLYTENE CHROMOSOMES
Berkaeva M.!, Pankova T."?, Demakov S.A.!
"nstitute of Molecular and Cellular Biology, SB RAS, Novosibirsk, Russia
’Novosibirsk State University, Novosibirsk, Russia
berkaeva@mcb.nsc.ru

To fit DNA into the nucleus it should be packed thousand times, but still remain functional
in terms of the genetic function. At the first step of packaging DNA is wraped into nucleosomes
and then nucleosomal thread is folded into the loops, thereby forming a chromosome with uneven
DNA packaging. It is impossible to see this differential packaging in diploid interphase
chromosomes, but it can be observed in the polytene chromosomes of Drosophila larvae. Polytene
chromosomes have great size and are formed as a result of multiple rounds of replication which
are not accompanied by cell division. Chromatids are not segregated and remain in parallel to
each other. This makes it possible to see areas of chromosome, wherein the DNA is densely
packed — dark discs — and regions were DNA is less packed — light interbands. The questions are,
first, what factors determine the degree of DNA packaging in a particular area of the

chromosome? And second, if there is a relationship between the initial nucleosomal level of

chromatin packaging and the final level - the visible structure of chromosomes?
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Here we studied the factors responsible for the DNA decompaction in the particular
interband region of polytene chromosomes — 61C7/C8. A DNA fragment from this region was
inserted in a new genomic locus, and we investigated its cytological structure, nucleosomal
organization and proteins that binds this fragment in the new position in salivary glands. We also
made a number of mutations that disrupt the binding of transcription factors and insulator proteins
and analyze how the mutations affect nucleosomal organization and the ability of the DNA
fragment to form inerband.

We showed that binding of Adf-1 transcription factor and insulator protein BEAF-32 is
necessary for the formation of the interband. Disrupting of any of two proteins binding site led to
the disappearance of interband. Two other transcription factors - DREF and dMyc, which are
normally associated with this region, were insignificant for the formation of inerband. We
compared the nucleosomal profiles of native region 61C7/C8 and ectopic inerband formed from
the same DNA in a new genetic environment. It was found that in ectopic inerband nucleosomes
were almost twice more stable than in the native region. We also studied nucleosomal
organization of the insertions with mutations of Adf-1 and BEAF-32 binding sites. Despite the
fact that both mutations led to the disappearance of inerband, in the case of Adf-1 stability of
nucleosomes significantly increased, and in the case of BEAF-32 - significantly decreased, as
compared to control. So we concluded that the total level of nucleosome stability did not correlate
with the DNA decompaction in 61C7/C8 region. Probably the determining factor for the
formation of interbands is the binding of the proteins that enable long-range interactions between

such regulatory elements as enhancers and promoters.

KIIACCHYECKAS HUTOI'EHETUKA CTEPJAAU ACIPENSER RUTHENUS

1 12 1 1 1
bunmyesa JI.C.", Pomanenko C.A", Jlemckaa H.A.", [naokux O.J1.", Cepowrosa H.A.",
Kynemsuna A.M.", Bopo6vesa H.B."?, I'pagpooamcxuii A.C."?, Tpugponos B.A."
'MucTuTyT MOTeKyIspHOit 1 KineTousoi 6uonorun CO PAH, r. HoBocuGupck
2HOBOCI/I6I/IpCKI/H71 TOCyJIapCTBEHHBIN YHUBEpcHUTET, T. HoBocuOupCk
bilar@mcb.nsc.ru

Hamu ommcan XpoMocOMHBIH Habop cuUOMpCKOW crepisanu Acipenser ruthenus w3
Oacceitna pexu OOb. JluruiommHoe yucio xpomocoMm B Kapuotune 2n=120. Kapuotumn
MPEACTABISAET CO00M paBHOMEPHO YOBIBAIOIIWK P JBYIUICYMX XPOMOCOM 3a HCKJIIOYEHUEM 2
nap aKkpoueHTpHKOB (XxpoMocoMbl Ne 14 u Ne 50).

I'erepoxpoMaTHHOBBIE OJIOKM B NPUIEHTPOMEPHBIX pailoHaX BBIABISIOTCA HE Yy BCEX
XpoMocoM cTepiaau. Tak y TepBbIX BOCBMHU Iap XpPOMOCOM OTMEYAIOTCS  TOJBKO
HMHTEPCTUIIMANbHBIE OJOKH TeTepOXpOMaTHHA MPU TOYTH IIOJHOM OTCYTCTBUH BUAUMBIX C-

0JIOKOB B IPULICHTPOMEPHBIX palflOHaX XPOMOCOM.

66



C nomompto crangaptHoro GTG-meroma mpoBeneHo nuddepeHImanbHOe OKpalInBaHUuE
KapUOTHUIIA, MO3BOJIIONIEE PAaHXUPOBATh Mapbl XpomMocoM. Hajgo oTMeTHTh, YTO B KapuUOTHIIE
CTEpISAN OTCYTCTBYIOT UYETKO BbIpakeHHble (G-ONOKM, Kakue OOBIYHO HaOMIOAaTCS B
KapUOTHUIIAX TEIUIOKPOBHBIX IMO3BOHOYHBIX, YTO, BEPOSATHO, OOYCIIOBICHO KOMITO3MIIMOHHOU
TOMOTEHHOCTBIO T€HOMa PBIO.

CaiiTel TIOKanu3ay pruOOCOMHBIX T€HOB OMPEEINAIN C OMOIIBIO 30HI0B COJIEPIKALUX
kak 18S u 28S, tak u 5S pPHK. Tax 5S pPHK npo6a MeTuT npuueHTpoMepHyto 001acTh OJHON
u3 menkux nap Habopa (NeNe 41-50). IIpoba, conepxamas 18S u 28S pPHK, pacnpenenunach mo
TPEM TMapaM XPOMOCOM, 3HAYHMTEIbHO Pa3IMyasCh IO MECTOIMOJIOKEHUIO: KOPOTKOE IUICUO
xpomocombl (NeNe 21-30), mpuiieHTpOMEPHBIA palloH M JUIMHHOE IUICYO JBYX HEOOJBIIHMX Map
xpomocoM (NeNe 31-40).

TenomMepHbIe MOCIEOBATEILHOCTH OBLIN JIOKATH30BAHB B TEPMUHAIHHBIX pallOHAX BCEX
XPOMOCOM, HHTEPCTHIIMATBHBIX ¥ KPYITHBIX OJIOKOB IIOBTOPOB HE OOHAPYKEHO.

JlaHHBI TIOAXOJ HE TOKazal OTJAWYHA B XPOMOCOMHBIX Ha0Opax camIila M CaMKH.
[IpencraBieHHOE HAMU CTaHIAPTHOE OMKMCAHNUE KAPUOTUIIA CTEPIISIN AaeT HUTOIOTUYECKYIO O6a3y
JUTSI TATbHEUIITUX MOJICKYJISIPHO-TEHETUIECKIX PadOT HAa JAHHOM OOBEKTE.

Jannas pabora nogaepxana rpanrom PH® Ne 14-14-00275

NCHOJb30BAHUE HUTO'EHETUYECKUX ITAPAMETPOB MUTO3A
N SKCITPECCHUU PENNIOPTEPHBIX 'EHOB B OKOJIOI'MYECKHUX
HNCCIEAOBAHUSAX

Buswesa 3.M.", OmenvsaHuyk JI.B’ T emupbexosa M.H'

THE USAGE OF MITOTIC PARAMETERS AND GFP-REPORTER GENES
EXPRESSION IN ENVIRONMENTAL STUDIES

. i 2 : 1
Biyasheva Z.M.", Omelyanchuk L.V.”, Temirbekova M.N.
'Kasaxckuil HAMOHAIBHBII yHuBepcuteT uM.anb-dapadu, Kazaxcran, r. AnMarsr;
2I/IHCTI/ITyT MOJIEKYJISIpHOM 1 Ki1etouHoi 6uonoruun CO PAH, r.HoBocubupck
zarbiya@mail.ru

JIis UTOreHeTUYECKUX HCCIEeIOBaHMI KayecTBa BOJbI B BOJOEMAax ISl CTOYHBIX BOJ

TEIUIOPHEPTETUKU OBbLT MCIONBb30BaH 00BeKT Allium cepa. PacTeHus BbIpaliuBaiu Ha BOJE,
MMEIOLIEHN pa3HyIO0 CTENEHb 3arpSA3HEHUM B TE€UEHHUE IATH CYTOK. B KOHTPOJIBHOM OIBITE BOJA HE
comepxaina 3arps3HeHuid. Omnpenensii OTHOCUTEIBHOE YHWCIIO KIETOK Ha CTagud Mpodassbl,
Metadasbl, aHadasel U Tenodaszbl MuTo3a. [lokazamu, 4TO OTHOCHUTEIBHOE YHCIIO Mpoda3 Mo
JIEHCTBUEM 3arps3HEHUN CHUXKAETCs, B TO BPeMsl KaKk OTHOCUTENbHOE unciao Mmeradas, aHadas u
Tenoda3 yBenuuuBaeTcs. Takol pe3yabTar ASWCTBUS 3arpsA3HEHUI Ha MUTO3 OOBSICHUIN TEM, UTO

HCCIICAYCMBIC ITOJUTFOTAHTBI BBIZBIBAIOT OCTAHOBKY KJICTOK B TOUKAX KOHTPOJIA KJIICTOYHOI'O IUKJIIA

(G1-S, G2-M, M-A). B Teuenue BpeMeHH OOpaOOTKM KJIETKH CKAILTUBAIOTCS B 3THUX TOYKAX
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koHTpoJisa. [Ipodassl B kietouyHoMm mukie cienyoT 3a G2-M TOYKOW KOHTPOJIS, pacrojarasich
nepes Toukoil KoHTpoJsis M-A. JluHaMmuKka yucia KJIETOK B MHTEPBAJIE MEKy TOUKAMU KOHTPOJIS
G2-M u M-A B yCIIOBUSIX OCTaHOBKH KJIETOK B TOUKAaX KOHTpOJIA OyIeT CleQyromien: KIETKU
HAYHYT COOMPATHCS B TOUKE KOHTPOJISE M-A, a UX KOJMYECTBO Ha JPYTUX CTAAMAX (B TOM YHCIE U
B npoc¢aze) Oyzaer yobBarh. ViMeHHO Takas oOpaTHasi 3aBUCMMOCTh YMCIIA KIETOK B Tpodase u
yyclia KJIETOK Ha APYTUX MOOMIIBHBIX CTQAMSIX MUTO3a U HA0JII01aeTCsl B OKCIIEPUMEHTE.
[{uToreHeTHUECKUI METO TECTUPOBAHUS TPeOYeT MHOTO BPEMEHH JI €T0 MPOBEACHUS —
npoxoauT okono 10 nHel Mexay HayaloM M IONydeHHeM pe3yibpraTta. [lepcrieKTUBHBIM
pelIeHreM sl DKOJOTMYEeCKOro MOHMTOpHMHra Obuto Obl HaxoxiaeHue GFP  mapkepos,
WHAYLUPYIOIIUXCS B OTBET Ha 3arpsA3HEHHs] OKpykawomeld cpeapl. Mcnoms3oBaTh 3Ty
BO3MOXKHOCTH IMO3BOJISUIO HATUYKME KOJJIEKIUU Pa3HOOOPa3HBIX T'€HETHYECKHX KOHCTPYKIUi D.
melanogaster. bpuin TpoBeNEHBI SKCIEPHUMEHTHI, B KOTOPBIX IOKa3ajiH, 4TO Yy oco0eil,
conepkaniux B reHome naBa Tpancrena Gadd45-Gal4 u UAS-GFP, nabmronaercs uanykuus GFP
peroprepa B OTBET Ha OOJIydeHHME B J03¢ 176 pEHTreH M Ha IMTOCTATUK IHUCIUIATHH B
koHneHTpauuu 100 mr/mn. Takum oOpa3oMm, BO3HHUKAET BO3MOKHOCTh OBICTPOrO TECTUPOBAHUS

HAJIMYKSI MyTareHOB B OKPY’KaKOLIEN Cpele.

9BOJIIOHNOHHBIE ACIIEKTbBI XPOMOCOMHbBIX 'MBPU/IHBIX 30H
Y MUIEKOITUTAIOLIUX
bynamoesa H.111., Jlagpenuenxo JI.A.
WNuctutyT pobiiem skonoruu u 3Bomtoiiuu uM. A H. CeseprioBa PAH, Mocksa
admin@sevin.ru

Ya00CTBO UCHOIB30BAaHUS XPOMOCOMHBIX pac B KayeCTBE MOJEIbHBIX OOBEKTOB
OmpefenseTcss  MPaKTHUYeCKd  “HyJNeBbIM~  YPOBHEM  UX  MOJICKYJSPHO-T€HETUYECKOU
muddepeHIMaIl ¥ OJHO3HAYHOCTBIO  PA3NUUMN  MEXAy HHUMH, OOBIYHO CBSI3aHHBIX
UCKJTFOUUTENIFHO ¢ XpPOMOCOMHBIMU TIepecTpoiikaMu. MHOT00Opa3Hble KOMITJIEKCH XPOMOCOMHBIX
pac MJIEKOMUTAIOIIUX SIBJSIOTCS TMPAKTUYECKH HWJCAIbHON MOJENBIO0 ISl H3Y4YEHHs] POJH
ruOpuaAM3alii B MUKPO3BOJIIONUHU. VccnenoBaHne XpOMOCOMHBIX POOEpTCOHOBCKHX CHCTEM
HEKOTOPBIX MOJENIBHBIX BHJIOB, TaKMX Kak Sorex araneus U Mus domesticus, BHOCUT OCOOBIi
BKJIQJ B pa3BUTHE TIPEACTABICHUH O MHOTOOOpa3WW CBs3€H MPOLECCOB THUOPUAM3ALNU |
BHIO00pA30BaHUS M M3YYCHHUE TaKUX DBOJIIOIMOHHBIX (PEHOMEHOB, Kak ‘‘ycuieHue”
PENPOAYKTUBHBIX 0apbepOB B 30HAX THOpUIU3ALINU, TUBepcUUKaLUsi GOpM 0 TOCTUKEHHS] UMU
BUJIOBOTO CcTaryca 0e3 TmpepblBaHMsA IOTOKA TE€HOB MEXAY HUMH WIH “‘30HAJIBHOE
pacooOpa3zoBanue”. Bo3aMOXHOCTh M3y4eHUS MIMPOKUX CIIEKTPOB POOEPTCOHOBCKOTO Beepa IpH

OTPaHWYCHHOW THOPUAN3AIIMN B MEKPACOBBIX 30HAX KOHTAKTA JA€T MOIX0/ K aHAJIU3Y YBOJIONN
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JUHHEEBCKOTr0 BHAAa Kak cucteMmbl (B moHumanuun H.M. BaBunoBa) Ha KapuoJormyeckom

MaTepuare.

EVOLUTIONARY ASPECTS OF CHROMOSOMAL HYBRID ZONES IN MAMMALS
Bulatova N.Sh., Lavrenchenko L.A.
A.N. Severtsov Institute of Ecology and Evolution, Moscow
admin@sevin.ru

The chromosome races are characterized by almost zero level of genetic differentiation
and well-defined distinctions, usually induced by chromosome rearrangements only. The diverse
complexes of chromosome races, though of rather rare occurrence for mammals, present virtually
ideal models for estimation of the impact of hybridization on the process of microevolution.
Studies of chromosome Robertsonian systems of model species such as Sorex araneus and Mus
domesticus are here surveyed showing different impacts of hybridization on the speciation
process. Particularly, it helps us to understand better such evolutionary phenomena as
“reinforcement” of reproductive isolation in secondary contact zones between divergent
populations, speciation without geographic separation (“divergence with gene flow”), and “zonal
raciation”. The possibility of studies of a fully developed Robertsonian fan in the presence of
limited hybridization in interracial zones of contact gives the researchers the particular approach
to the analysis of evolution of the Linnean species as a system (sensu N.I. Vavilov) based on

karyological materials.

BJIMUSHUE CIIOHTAHHOI'O YPOBHS ®OKYCOB YyH2AX HA PAJJUAIIMOHHO-
NHAYHOUPOBAHHBIU OTBET COMATHYECKHUX KJIETOK YEJIOBEKA
Bacunves C.A. ?, Benuuescras A.M. °, Buunesckasn T.B. °, Cxpsbun A.A. "2, Benenko A.A. ?
Cnenyos A.A. 1’2, I'pubosa O.B. 3, Cmapyesa K. A. 3, Jlebeoes M.H. *
'"HUK MEIUIMHCKOM I'eHeTUKH, T'. ToMCK
> TomcKkwuit rOCYJJapCTBEHHBIN YHUBEPCUTET, I'. TOMCK
3 Tomckuit HUU OHKOJIOTHH, T. TOMCK
stanislav.vasilyev@medgenetics.ru

Pa3pabaTbiBaeMble B MHpe CIocoObI OnpeeaeHus WHJVBHTy AIbBHOU
PaZlOYyBCTBUTEIHHOCTH YEJIOBEKa B OCHOBHOM 0a3upylOTCS Ha OMNPEJCICHUH T'€HETUYECKOU
KOMIOHEHThI (MyTanmu u monumopdusmsl reHoB pemapamuu JHK). B Hactosmeit paGote
HCCIIeA0BANIaCh PaAMOYyBCTBUTEIBHOCTh KJIETOK YEJIOBEKA B 3aBUCUMOCTH OT 3MHUT€HETUYECKOIro
¢boHAa B KIETKaX, SBISIIONIETOCS TPOMEXKYTOYHBIM 3BE€HOM pealn3allid TEeHETUYECKOU
nHpopmMaIuu U O0BEAUHSIONUM B ce0e KaK reéHeTUYECKH-IETEPMUHUPOBaHHBIC d(D(PEKTHI, TaK U

BIIUAHHUC (l)aKTOpOB BHYTpeHHCﬁ U BHEIIHEH Cpcabl. B kadecTBe KOMIIOHEHTHI SIIUTC€HETHYECKOTO

¢doHa wmccienoBaics CIOHTaHHBIA ypoBeHb (OKycoB (ocopminpoBanHoro rucrona H2AX B
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KJIETKax, (pOpMUPYIOLIUXCS Ha HEpEeHnapupOBaHHBIX NBYHUTEBBIX paspbiBax JHK, ykopoueHHbIx
TEJIOMepax W caiTax ¢ M3MEHEHHOW KoHpopmaiueld xpoMartnHa. Hamnume Takux MOCTOSHHBIX
¢dokycoB YH2AX B kjeTke SBISETCS BaKHBIM KOMIIOHEHTOM SIUTCHETUYeCKOro ¢oHa u
MOTEHIMAJILHO MOXKET NPUBOAWUTH K aKTHBaUuU cucteMbl pemnapaimu JHK wu onpepensts
peaKknuio KIETOK Ha MyTareHHoe BozfeiictBue. B pabore mpoBeleH aHaIM3 BIUSHUS
crioHTaHHOTO YpoBHs (pokycoB YH2AX Ha 4acTOoTy pagualiMOHHO-WHIYIIMPOBAHHBIX MHUKPOSACD
B iuMporuTax mnepudepudeckoid KpoBH 54 3I0pPOBBIX HWHIAMBUAOB TIOCIE BO3JACHCTBUS
MOHHU3UPYIOLIEro u3inydeHus B no3e 2 I'p in vitro. O6HapyxeHa oOpaTHas 3aBUCUMOCTb 4aCTOTBI
MUKpOSIIep Tociie 00IydeHUsl OT CIIOHTaHHOTO ypoBHS (okycoB YH2AX B knerkax (R =-0,37,
p=0,025), 9ro yka3pIBaeT Ha BO3MOYKHOCTh HCIIOJIB30BAHHS CIIOHTAHHOTO YPOBHS (hOKYCOB
YH2AX B kadecTBe Mapkepa HHIWBHUIYAIbHON PaauOuyBCTBUTEILHOCTH HOPMAIBHBIX KIETOK
YeJI0BEKa.

C uenbto panpHeMlIero axanu3a ObUT TIPOBEIEH IOJHOTPAHCKPUITOMHBIN aHaIu3
AKCTPECCUOHHBIX MPOduUiIeH ¢ MOMOIIBI0 MUKPOUUTIOB (Agilent) B muMdonuTax AByX MOATPYTII
WHAUBUAOB: 1) paJno4yBCTBUTENbHBIE MHIWBUILI C HU3KUM CIIOHTAaHHBIM YPOBHEM (HOKYCOB
YH2AX (n=3) u 2) paguope3ucTeHTHbIE UHIUBHIBI C BEICOKUM CIIOHTaHHBIM YPOBHEM (POKYCOB
YH2AX (n=3). B noarpymnmne HWHIMBUIOB pPaJWOPE3UCTEHTHBIX HHJWBUJOB OBLIU BbIIEIICHBI
OTHeNbHbIE TeHbl, auddepeHIranbHas dKCIPeccusl KOTOPhIX MOXET ObITh acCOIMMpOBaHa C
noBeIeHHON 3 exTuBHOCTHIO penapanuu JJHK u cHuxeHHON paanodyBCTBUTEIHHOCTRIO. Tak,
B MOJATPYIIIE PAIHOPE3UCTEHTHBIX HHAWBUIOB ObLIa 3HAYMMO CHIKEeHa dKcnpeccus reHa XRRA1
C HEW3BECTHBHIMH (YHKIHMSIMHU, ACCOLMUPOBAHHOTO C PAJAMOPE3UCTEHTHOCTHIO B OIyXOJIEBBIX
muHusAX. KpoMe Toro, B KOHTPOJBHBIX 0OOpa3iax Owuia mowimieHa 3kcrpeccusi reHa HERC2,
UTPAIOIEr0 BaXXHYIO poiib B cOopke QokycoB OenkoB pemapanuu JIHK, reHoB rucToHOBBIX
6enxos (H1, H2A, H4) u perynstopoB koHpopmanuu xpomatuHa SMARCA1 u SMARCA2.
[Tocne oOmyuenust B no3ze 2 I'p B moArpymie paauope3UCTEHTHBIX HHAMBHJIOB HaOJI0Jaach
3HauMMoO Ooisiee BbIcOKas dkcrupeccuss reHoB pemapanuu JHK (WHSCI1, POLN, ERCCS,
DCLREIC) u cHmwxeHHas skcnpeccus reHoB amomnrto3a u aytoparun (EIF2A, PNPLAS), uro
COIJIaCYeTCsl C HU3KUM YPOBHEM aronTo3a U MOBBIICHHOHN Iponudepanueil B KIeTKax 3TUX JHIIL.
[lonyuyeHHble pe3yabTaThl YKa3bIBAlOT HAa BIUSHUE BBICOKOI'O CIOHTAHHOTO YpPOBHS (DOKYCOB
YH2AX na aktuBanuto cuctemol penapauuu JJHK 1 OTKpbIBarOT BO3MOKHOCTH IO BBISICHEHHIO
PONIU DKCIIPECCUU BBISBICHHBIX T€HOB B (DOPMHPOBAHHHM XPOMOCOMHBIX a0eppaiuii B KIeTKax
YeJI0BEKa M0CIIe BO3ACHCTBHS pauallli.

Pabora BemonHsutace mpu moxanepxke rpaHta I[Ipesumenta Ne MK-14.122.13.6806 u
rpanta PODOU Ne 14-04-31867.
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N3YYEHME JOKAJIM3AIIUU JHK U3 IIPUHEHTPOMEPHOI'O
IF'ETEPOXPOMATHUHA DROSOPHILA VIRILIS HA ITIOJIUTEHHBIX XPOMOCOMAX
KVIETOK CJIIOHHBIX KEJIE3 U TPOOPOIUTOB Y BJIM3KOPOACTBEHHBIX
BUAOB I'PYIIIBI D. VIRILIS

Baccepnayp U.3., Ycoe K.E., Cmeenuii B.H.

HauunonaneHbiil uccinenoBarenbCkuii TOMCKHM TOCY 1apCTBEHHBINM YHUBEPCUTET, I'. TOMCK
[-2811-na@yandex.ru

M3BecTHO, uTO ONM3KOPOJACTBEHHBIE BUIBI Tpynmnbl D. virilis Quianel montana
OTJIMYAIOTCSI OT BUJOB (hUIIaab! virilis IO KOJIMYECTBY T€TEPOXPOMATHHA B XPOMOCOMAX, a TaKKe
HaJM4YMeM B KapUOTHUIE METAUEHTPUUYECKOM XpOMOCOMBI 2, BO3HHUKILEH B pe3yibTaTe
NEPUIICHTPUUECKOW MHBEPCHHM NpPU BHI000pa3oBaHUU. B CBA3M C 3THM, LETIbIO HACTOALICH
paboThI SIBJISITIOCH HCCIIETOBAHUE peopraHuzanuu MOCIEN0BATEIBHOCTEMN JHK
MIPUIIEHTPOMEPHOTO TeTepoxpomMaTuHa D. virilis Ha TOJUTEHHBIX XpPOMOCOMaxX TPO(MOIUTOB M
KJIETOK CIIIOHHBIX JKeJie3 OMU3KOPOJCTBEHHBIX BHIOB rpymmbl D. virilis (bunana virilis — D.
virilis, D. texana, D. lummei, D. americana w dunaga montana — D. kanekoi, D. ezoana, D.
borealis, D. littoralis). JInis 3T0T0 OBLIA MPOBEICHA MUKPOJIUCCEKIIHS XPOMOIIEHTPA TIOJTUTCHHBIX
xpomocom D. virilis. Ha ocnoBe mukpomuccekimonHo JIHK-6ubmmorexu («Dvirlll») Onin
nonyyeH ¢uyopecuenTHo meueHbldt JIHK-30H1 1 nposenena ero in situ rubpuausanus (FISH) ¢
MOJIMTEHHBIMU XPOMOCOMAaMU KJIETOK CITFOHHBIX JKelie3 U TPO(OIUTOB BUIOB Tpynmbl D. virilis. Y
BCEX M3YyUYEHHBIX HAMU BUJI0OB ObUIM BBISIBJICHBI 00IIIME YEPTHI 110 JoKanu3anuu 308aa Dvirlll, kak
B XpOMOCOMax TpO(OIMTOB, TaK U B XpOMOCOMax CIIIOHHBIX jkeje3. Tak, y BUnoB bunan virilis u
montana 6bina yctaHoBieHa nokanuzaius Dvirlll B mpumieHTpoMepHBIX pailoHaX BCEX XPOMOCOM
U B TEJIOMEPHOM paiiOHE XPOMOCOMBI 5, KaK B spax CIIOHHBIX JK€Jle3, TaKk U B sjapax
TpodounToB. OAHAKO, B OTIUYNE OT KOMIIAKTHBIX IMOJIMTEHHBIX XPOMOCOM TPO(OIMTOB, TOIHKO B
MOJIMTEHHBIX XPOMOCOMAax CIIIOHHBIX JKeJie3 MpOsBIsUIach BHUAOBas creuuduka JoKalIu3aluu
Dvirlll B mputenomepHoMm paiioHe XpoMocoMbl 5. Takke B MOJTUTEHHBIX XPOMOCOMAaX CIIFOHHBIX
xene3 Dvirlll 611 T0KaTM30BaH B HEKOTOPBIX MHTEPKAIAPHBIX paiiOHAX, YTO HE MPOSIBIISIIOCH B
KOMITAKTHBIX TIOJIUTEHHBIX XPOMOCOMAX sifiep TPO(OIUTOB.

B toxe Bpems, B oTimume oT BUI0B (rutanel virilis y BunoB dbunaasl montana Dvirlll 6s11
JIOKAJU30BaH M B MPUTEIOMEPHOM pPallOHE METALUEHTPUUYECKON XpoMocoMbl 2. B oriamume oT
MOJMTEHHBIX XPOMOCOM TPO(OIMTOB, B OIUTEHHBIX XPOMOCOMAX CIIFOHHBIX JKeJIe3 MPOsIBIISIACH
BU0Bas crienuuaHOCTh 1o Jokaym3anuu Dvirlll B mpuTeiomepHOM paiioHe XPOMOCOMEI 2.

[lonyyeHHble HaMM pe3yNbTaThl MO3BOJSIOT CYUTATh, YTO XPOMOCOMHBIE NEPECTPOUKH
UIPAIOT BaXKHYIO POJib B mepepacnpeneneHuu nocnenoarenbHocte JJHK rerepoxpomaruna B
reHOME, KOTOpBIE SBISIOTCS OJHMM M3 MEXaHHU3MOB BHI000pa30BaHMSA, YTO, B IIEJIOM, MOXET
MOBJIMATH ¥ HA U3MEHEHHE OPUEHTALIMM XPOMOCOM B TPEXMEPHOM MPOCTPAHCTBE sapa. B cBs3u ¢

UM Hamu Obla npoBeaeHa 3D FISH y annectpanbubix BunoB rpynnsl D. virilis — D. virilis u D.
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kanekoi. B pe3ynbrare BhIsIBJICHA BHI0Bas crieiu(UIHOCTh B pacnpesaenennu curHaios Dvirlll B
npoctpancTse sapa. Tak y D. virilis curaan 6bu1 0OHapy>KeH B JIOKaJbHOM XPOMOLIEHTPE Ha OTHOM
MOJIFOCE Si/Ipa, a Ha JPYrOM TOJIOCE BBIBILUICS CUTHAJ, TMPUHAIJICKAIINN TEIOMEPHOMY paloHy
XPOMOCOMBI 5, B TO Bpems Kak y D. kanekoi curnansl Dvirlll B mpocTpaHcTBe siipa 3aHMMAIOT J[BE
obocobennbie obnmactu. OnHa, U3 KOTOPBIX MPUHAIICKUT MPUIIEHTPOMEPHOMY PaiOHy XPOMOCOMBI
2, a jApyras TPHUIICHTPOMEPHBIM paiioHaM OCTaJIbHBIX XPOMOCOM. TakwM 0Opa3oM, HaMu OBLIO
YCTaHOBIEHO, UT0 y D. virilis Ha 0JHOM TOJIOCE si/ipa pacrojaraeTcs JIOKaIbHBIA XPOMOIICHTp, a
Ha TPOTUBOIIOJIOKHOM TOJTIOCE MPUTEIOMEPHBIE PaiiloHBI XpoMocoM, a y D. kanekoi xpomocoma 2
B IIPOCTPAHCTBE sApa pacnoiaraercs 000cobneHHo oT nuddy3HOoro XxpoMoneHnTpa. Ilo-suaumomy,
TaKo€ pa3linyhe B TPEXMEPHOW OpraHM3aluy MOJIUTEHHBIX XpPOMOCOM B sapax TpodomuroB y D.
virilis u D. kanekoi cBsi3aHO C BHIOCTIEHU(PUYHOCTHIO pACIpeAeNeHUs TeTepoXpoMarvHa Ha
XpOMOCOMAX U €ro KOJIMYECTBOM B TEHOME.

Pabota BrITIOTHEHA B pamMKax 0a30BOi 4acTH TOCYJapCTBEHHOTO 3a1aHuss MUHHCTEPCTBA

obOpazoBanus 1 Hayku PO Ne 2142,

CPABHUTEJIBHBIU AHAJIN3 TPAHCKPUIITOMA COMATHYECKHUX
N IJIIOPUTTIOTEHTHBIX KJIETOK KPbICHI

12 12 12 2 2
Bacwvrosa E.A."?7, Ilepcmiok B.B. ">, Meoseoes C.I1."**?, I'onanenxo A.B.?, Manvieun A.A.°,
Kabunos MP.z, Kapnosa F.F.z, Saxusan C.M. "3
'OIBHY «DenepalibHbIA UCCIAEOBATENbCKUM IEHTP MHCTUTYT LIUTOIOTUH U TEHETUKHU
Cubupckoro otaenenusi Poccuiickoit akagemun Hayk», T. HoBocubupck
*OI'BYH MHCTHTYT XMMHUECKOi Gronoruy i GyHmraMenTanbHoit meaumuasl CO PAH, r.
HoBocubupck
3H013001/16Hp01<1/11?1 Hay4YHO-HMCCIIEeI0BATEIbCKHI HHCTUTYT NATOJIOTUU M KPOBOOOPAIIICHUS UM.aK.
E.H. Memankuna, r. HoBocubupck
*HoBocubHpCKHii rocy1apcTBeHHBII yHIBepenTeT, T. HoBocHGHpCK
zakian@bionet.nsc.ru

W3MeHeHHs OSNUIreHEeTHYECKUX IapaMeTpoB  KIETKHM, TaKMX Kak KOBAJECHTHBIC
Moau(UKAIMK TUCTOHOB, ypoBeHb MeTwiupoBaHus JHK, kondopmamms xpomatuHa u psif
JPYTUX, CONMPOBOKIAIOTCA U3MEHEHHEM TPAHCKPHIILIUYU OIpeieIeHHOro Habopa reHoB. OHUM U3
SPKUX TPUMEPOB TAKUX IPOLIECCOB SIBISIETCS PENPOrpaMMHUPOBAHUE COMATHYECKHX KIIETOK K
TUTIOPUIIOTEHTHOMY COCTOSIHUIO.

Kpeica siBnsieTcst OAHUM CTapedInx 1abopaTOpHBIX 0OBEKTOB, TEM HE MEHee, TaHHBIX 00
SIUT€HOME, METUJIIOME U TPAHCKPUIITOME, a TAK)KE PeaM3allii IUTIOPUIIOTEHTHOTO COCTOSIHUS U
MOJJEP’)KaHUU CaMOOOHOBIIEHHS B KJIETKAaX KPBIChI, HA CETOIHALIHUI 1€Hb, MPAKTUYECKU HET.

B nmanHOi pabGoTe OBLIO TPOBENEHO  PENpPOrpPaMMHUPOBAHHE  AMOPHUOHATBHBIX

¢ubpo6IacTOB K IUIIOPUIIOTEHTHOMY COCTOSHUIO ABYX JUHMHA Kpblc - WAG u Brattleboro. s

TOrO, 4yTOOBI BBIIBHUTH BECh CIICKTp TI'CHOB, JKCIIPECCUA KOTOPBIX H3MCHACTCA B IPOLCCCC
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penporpaMMUpOBaHusl OBLTIO TPOBEICHO MaccoBOE MapajuieabHoe cekBeHupoBanue (RNA-Seq)
AMOPHOHATIBHBIX CTBOJIOBBIX KJIETOK, dMOpPHUOHAIBHBIX (HPUOPOOIACTOB M TMOJYYECHHBIX M3 HHUX
JUHUN UHAYUUPOBAHHBIX ITIOPUIIOTEHTHBIX CTBOJIOBBIX KIIETOK Kpbic. Ha OCHOBE MONTy4eHHBIX
JaHHBIX OBLT TIPOBEICH CPaBHUTEIBHBIM aHAIN3 YPOBHS SKCIPECCHH TEHOB, SBISIONUXCS
KOMITOHCHTaMHU XPOMAaTHH-PEMO/ICITHPYIOIINX KOMIUICKCOB, T€HOB, BOBJICUCHHBIX B OpTraHU3AIUIO
KOMIIOHEHTOB BHEKJIETOYHOT'O MAaTpUKCa, a TaKKe KOMIIOHEHTOB psifa CUTHAJbHBIX KacKaloB,
KOTOpBIE MOTEHIIMAIFHO MOTYT y4YacTBOBaTh B Mpolleccax MOAJEp)KaHUsS CaMOOOHOBIICHUS U
wropunioreHTHOCTH Y Kpbic (LIF/STAT3, LIF/PI3K/AKT, LIF/SHP2/MAPK, Wnt-B-kaTeHuH u
TGF-B cynepcemeicTBo).
Pa6ota nognepxana PH® 14-14-00271

AMINVIM®OUKAIUA THK XPOMOCOMBI 6 B BBICOKOIOJUIIJIOUIHBIX SAIPAX
TPO®OLUTOB CALLIPHORA ERYTHROCEPHALA (CALLIPHORIDAE: DIPTERA)
Beoepnuxos A.E., Cmeznuti B.H.
HayuHo-nccienoBaTenbCckuii HHCTUTYT OMOJI0THHN U 0Modu3uky ToMCKOTro rocy1apcTBEHHOTO
yHuBepcurera, . TomMck
tomsk181@yandex.ru

N3yuenne 0COOEHHOCTEW MPOCTPAHCTBEHHOW  OpraHW3allMd  XpOMOCOM W HX
(GYHKIIMOHUPOBAHUS B Pa3HbIX (a3ax KIETOYHOTO IUKJA SBISIETCS OOHHM M3 aKTyalbHBIX
HATPaBIICHUH HCCIIEIOBAHUHN KJIETOYHON OMONOTHU. Y JOOHOM MOJEIBIO ISl STUX UCCIICTOBAHMIA
CIy)aT TIMTAIOIINE KICTKA T'eHEPAaTUBHOM CHCTEMBI CaMOK JBYKPBUIBIX HAaCEKOMBIX C
MEPOMCTUYECKUM THUIIOM OOreHe3a. B Xoje cBoero pa3BuUTHS NUTAIOIIHME KIETKU (TPOQOLUTHI)
MPOXOJAT CEPUI0 SHAOPEAYIUIMKATHBHBIX IIMKJIOB, COMPOBOXKIAIOMIMXCS MOp(dorIornueckumu
peoOpa3oBaHUSAMU CTPYKTYpPhI XpoMaTHHA: (POPMHUPYIOTCS MOJIUTEHHBIE XPOMOCOMBI, KOTOPBIC
3aTeM JEKOMIIAKTU3YIOTCS U XPOMATHH MPUHUMACT PETUKYJISPHYIO CTPYKTYpy. [lepBoie pabOThI
M0 MCCJEAOBAHUIO MOP(HOIOTHYECKUX MPeoOpa3oBaHUil XPOMOCOM TPO(OIMTOB MSICHONH MyXH
Calliphoa erythrocephala ¢ mpuMeHeHHEM MUKPOCKOMHMU MPOXOISIIET0 CBETa OBbLIM MPOBEICHBI
Pu66eptom (Ribbert, Bier, 1969). M OblH BBIIEIEHBI OCHOBHBIE MOP(OTHIIBI Si7Iep TPO(DOIUTOB,
MOKa3aHO MPOTEKAHUE CEPUU LUKIIOB AHAOPEIYIJIEKAlUY, a TaK K€ OTMEUYEHa JOIOJHUTEIbHAS
amMIuTuuKaIms puoOCOMaIbHBIX T€HOB SApBITIIKOOOpasytomen xpomocomel 6 C. erythrocephala.
B mocnenyrommx paboTax OBbUIM  TpEACTAaBICHBI  JIOKa3aTelbCTBA O  HeECIy4yailHOM
nepepacnpeieIiCHid WHIMBUIYaTbHBIX XPOMOCOM B 00BEME siipa B XOJC PAa3BUTHUS MUTAIONIUX
KJIETOK, rpu oMoty meroaa FISH BeisiBienst xpomocomubie Tepputopun (Crernuit B.H., 1999;
Ananpuna T.B., 2005; Benepaukos A.E. 2006).

B pamkax panHOro wuccnefoBaHus mnpu nomom Metona BrdU-okpammBanws,

MO3BOJISIIOIIETO 1N VIVO PEruCTPUpPOBATh PEIUTUKAIIMOHHBIE COOBITHS B KIETKaX, a TaK ke C

73



MMPUMEHEHUEM KOH(POKATBHOWM MHMKPOCKOMHH OBUIO TIOKa3aHO, YTO B sapax TPOQOIUTOB
C.erythrocephala Ha cTamuax BBICOKOMOIUIUIOWIHOTO BTOPUYHOTO PETHUKYISIPHOTO siapa
MPOUCXOIUT AomnonHuTenbHas ammnudukanus JJHK xpomocoMbr 6. DTO MoOKa3aHO BBICOKHM
ypoBHEeM HMHTeHCHBHOCTH curHaia BrdU B 00xacTé XpoMOcoMBI 6 10 CPaBHEHHIO C OCTAIbHBIM
o0béMoM sizpa. Ilpu 3TOM OTMEYEHO, UYTO MNPOAYKTHl aMIUIM(UKALUKA XPOMOCOMBI 6 He
pacopenensiorcss Mo BceMy OO0BEMY slipa, a COXPaHSIOT KOMIAKTHYIO JIOKAJU3alUI0 BHYTPH
XPOMOCOMHOM TEPPUTOPHUH, OKPYKEHHOM CETHIO IIIOTHO CTPYKTYPHUPOBAHHOTO XpOMaTHHA.
PaboTa BhINOHEHA B pamMKax 0a30BOil yacTH TOCYJapCTBEHHOrO 3a1aHuss MUHHCTEPCTBA

oOpa3oBaHus 1 Hayku PO Ne2142.

SWI/SNF KOMIIVIEKCBI PA3JIMMHOT'O CYFBEJUHUYHOTI'O COCTABA
YYACTBYIOT B PA3HBIX OTAITIAX TPAHCKPUIILIUU
Bopob6vesa H.E.', Masuna M.FO.", Huxonenxo FO.B.", Kpacrnos A.H.'
'Oraen peryJsiliuy TPAaHCKPHUIIIIUU U JUHAMUKHN XpoMmaTuHa, MHCTUTYT Ononorun rena PAH,
r. Mocksa
nvorobyova@gmail.com

VYdacte komriuiekca pemopenupoBanus xpomarnHa SWI/SNF B mpuBneuenun PHK
nosumepassl Il k mpomMoTopaM reHoB ObIIIO OOHAPY’KEHO Y MHOTHX opraHu3moB. HenaBHo ObL1o
Moka3aHo, yTo yyactue komriekca SWI/SNF B TpaHCKpUIIIMM I'€HOB HE OTPaHUYMBAETCS €ro
pOJbI0 B MHHMIMAIMKM, a TaKXKe BKIIOYAeT B ceOs BOBJIIEUCHUE B Oosiee IMO3JHUE CTAaauH, B
YaCTHOCTH DJIOHTAIMIO TPAHCKpUIIMH. MBI OOHapyXmiu, 4To coctaB KomruiekcoB SWI/SNF,
YUYacTBYIOUIMX B Pa3JIMYHBIX 3Tanax TPaHCKPUILMOHHOIO Ipoliecca, pasaudeH. Hamm BbIBOIBI
OCHOBAaHBI Ha pe3yJIbTaTaxX 3KCIEPUMEHTOB [0 UMMYHONPELMITUTAILIMA XPOMATHHA, BBITOJIHEHHBIX
B MOJETBHBIX CHCTEMaX HMHIYLUUOETbHONM TPAHCKPHUIILIMK T€HOB, AKTUBUPYEMBIX TEIJIOBBIM
IIOKOM W TOPMOHOM 20-THAPOKCHIKAM30HOM. MbI 0OHapykwiu, 4yto Polybromo, Bapl70 wu
SAYP cyowenunuiet SWI/SNF, a takke ATdaza Brm mpuiekaioTcs Ha TPOMOTOpP TeHa Ha
PaHHUX CTAAMAX MHULMALMK TpaHCKpUnuu. MHAyKIus npouecca TPaHCKPUIIMK CTUMYJIHUPYET
npuBieueHne Ha mpomorop reHa Snrl wu Bap60 cyOovenunun. CyObeaununa Baplll
BcTpanBaeTcst B cocraB SWI/SNF kommuiekca mo3anee, yxe Ha craauu sjioHrammn PHK
nonmMepassl 11, mpu ero mepexoze B KOAUPYIONIYIO 00J1acTh reHa. Takum o0pa3om, MbI TOKa3alH,
yro B npusiedeHurn PHK mnomumepasst Il Ha mpomoTop reHa yuyacTByeT YacTHYHO
c(OPMHPOBAHHBIA  KOMIUIEKC pemozaenupoBanus xpomatuHa SWI/SNF.  O6pazoBanue
nonHoueHHoro komriekca SWI/SNF, conepxamiero Bce oxXapaKTepH30BaHHBIE CYObETMHHIIBI
9TOr0 KOMILIEKCAa IPOUCXOAMT MOCIE Mepexoia TPAHCKPUIIIIMOHHOTO KOMIUIEKCA B KOAUPYIOLIYIO

0051acTh T'eéHa, TO €CTh B IIPOLCCCE DJIOHTallNN.
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SWI/SNF COMPLEXES OF VARIOUS SUBUNIT COMPOSITION PARTICIPATE
AT DIFFERENT STAGES OF TRANSCRIPTION
Vorobyeva N.E. 1, Mazina M. Yu. 1, Nikolenko J. V.I, Krasnov A. N.!
1Depau’tment of transcription regulation and chromatin dynamic, Institute of Gene Biology RAS,
Moscow, 119334
nvorobyova@gmail.com

SWI/SNF chromatin remodeling complex participation in RNA polymerase II recruitment
at the promoters of the genes was demonstrated in various organisms. Rather recently it was
shown that SWI/SNF complex influence on transcription is not limited to its role in initiation, but
also includes participation at further stage, particularly elongation. We have discovered that
composition of SWI/SNF complexes, involved in various transcription stages, differs. Our
findings are based on results of chromatin immunoprecipitation experiments performed on heat
shock and 20-hydroxyecdysone-dependent genes with inducible transcription. We have shown
that Polybromo, Bapl170 and SAYP subunits of SWI/SNF, together with Brm ATPase are
recruited on the promoter at early stages of transcription initiation. Induction signal stimulates
promoter binding with the Snrl and Bap60 subunits. And Bapl11 subunit is incorporated into
SWI/SNF complex later, during RNA polymerase II elongation at the coding regions of genes.
Thus, partial SWI/SNF chromatin remodeling complex is supposed to participate in RNA
polymerase II recruitment. While, full SWI/SNF complex included all described subunits is

organized at the coding regions of genes during transcription elongation process.

NCCIEJOBAHUE KAPUOTHUIIA YEJIOBEKA: XPOMOCOMHAS ITATOJIOI' A
NJIN PEAKUU BAPUAHT HOPMbI?

Taiinep T.A.*?, Mameeesa B.I'."?, Kapumosa O.I'.*? Pybyos H.B.3, Kapamviuesa T.B.’

' UXB®M CO PAH, r. HoBocubupck, tatyana@cnmt.ru

2 AHO «IIHMT B Akanemropojke», . HoBocubupck

*ULI’ CO PAH, r. HoBocubupck

B GonbmIMHCTBE POCCHIMCKHUX JIAOOPAaTOPUil MEIUIIMHCKOM T€HETUKU ISl MCCIeIOBaHUs
kapuotuna wucnoibdyercss GTG-okpamuBanue xpomocoM. IIpuMeHeHne JONOJHUTENbHBIX
MeronoB aHanmza (CBG- u Ag-NOR- okpammBanne, MOJIEKYISIPHO-ITUTOTCHETUUECKUE METOIbI)
MO3BOJIIET YTOUHUTh KAapHOTHUI MAllMeHTa U JIaTh €My OOOCHOBAaHHBIM MEIUKO-T€HETHYECKUN
IIPOTHO3.

Cnyyau 1. Y mnoma B omHoW w3 jaboparopuwii T. HoBocuOmpcka Obuta BBISBIICHA
xpomocoma 21 ¢ [ONOJHMTENBHBIM  MaTe€pUaJoM Ha  p-IUlede,  IOJ03peBalach
HecOamaHCHUpOBaHHAs TpaHCIoKalus. Takas e XpoMocoma Obliia HalijieHa y mepBoro pebeHka B
cempe (10 yer, yMCTBEHHas OTCTaJOCTh) M Yy OTHA. [loNMONHUTENbHBIE BUIBl OKpAllMBAHUS HE

HCIIOJIb30BAJINCh, CEMbsl CKJIOHSJIAch K IpepbIBaHUI0 OepeMeHHOCTH. B nurorenermueckoi

nabopatopun [IHMT mnpu wuccienoBanun XpomMocoMm oTma Obputo BbIMONTHEHO Ag-NOR-
75



OKpalllMBaHUE, BBIABHUBIIEE HAa KOPOTKOM ILI€4Y€ XpOMOCOMBI 21 NBOIHBIE CIlyTHHYHBbIE HUTU U
JBOMHBIC CHYTHUKUA (SKCTPEMAaJbHBI BapuWaHT HOPMAJIBHOTO MOJIMMOp(dHU3MA XPOMOCOM).
Bonpoc o TpaHciokaium Obl CHAT, OEpEMEHHOCTb y CYNpPYTd COXpaHEHa.

Cnyuan 2. Y nanyenra ¢ 6ecIuioueM Npu KapuOTUIIMPOBAHUU B OJHOM U3 abopatopuit
r. HoBocuOupcka ObUT BBISIBJICH J00aBOYHBIM MaTepual Ha p-Tuiede xXpoMocombl  20.
JlononHUTENbHbIE BUIBl OKpAIMBAaHUS HE MCIIOJIb30BAIM, CEMbE OTKa3ald B IPOBEICHUU
JKCTpakopropaibHoro omiogorsopeHuss (OKO) u pexkoMeHAOBaNM NalMEHTY NpOBEIECHUE
MOJIEKYJISIPHOM JToJuarHocTuku. B murorenernyeckoit nadoparopun [IHMT Obl10 BBIMOIHEHO
CBG-okpammBaHyie, KOTOpPOE MOKa3aJl0, YTO JONOJHUTENbHBIM MaTepuan — 3TO yBEIUYEHHBIN
MIPUIIEHTPOMEPHBIN TeTepoXpoMaTHH (PEIKH HETHNHYHBIA BapuaHT). Kapworum manueHta
HopManbHBIN: 46,XY,20cenh+. MonekynsipHas AMAarHOCTHKAa He NOTpedoBanach, B CEMbE
IUTaHUpYETCs AeTOpoXkaeHue ¢ npuMeHeHneM JKO.

Cnyuari 3. YV pebeHka 2 JIeT ¢ MpeaBapUTEIbHBIM TUATHO30M «pacllielinHa MATKOTO Heoa,
TPUCOMHUSL XPOMOCOMBI 22» (KapHOTHIHMPOBAIM B I. biaroBelieHcKe) Npu HMCCIEJOBAHUU B
uutoreHeTnueckoi jaboparopun I[HMT Obima BbISIBICHA CBEpXYHCICHHAs MapKepHas
xpomocoma (MX), HecKONIbKO TIOXOXKasi Ha XpoMocoMy 22, BEpOSATHO, SBIISIIOIIASCS
MHBEPTUPOBAHHOW TYTJIMKALMEN OJTHOM U3 aKPOLEHTPUUYECKUX XPOMOCOM. DTO MOATBEPINIH J1BA
JOTIOTHUTENBHBIX Buma AuddepeHnnansHoro okpammBaHus xpomocom (CBG- u Ag-NOR-)
(xapuotun 47,XY,+?invdup(13 or 14 or 15 or 21 or 22)). Ana noauarHoctuku B MIul" nposenu
CYIIPECCHOHHYIO THOpUAM3auuio in situ MukpoaucceKuuoHHsix JIHK-nmpo0, mpuroToBieHHBIX
panee u3 aByx MX invdup(15)(ql1) u invdup(15)(q13). IlomydeHHble maHHBIE YKa3bIBAIOT Ha
MPOUCXOXKJICHUE MAPKEPHOM XPOMOCOMBI M3 XpOMOCOMBI 15 M HalmMuue B €€ COCTaBe MaTepuala
3yXpOMaTUHOBOTO paiioHa XPOMOCOMBI 15(q11—ql3). Kapuortun MalKEeHTA:
47, XY, +invdup(15)(q13). JlonmomHUTENnbHBIE BUABI OKpAIIWBAHUS TIO3BOJWIM  BBIOPATH
HEJIOPOT O, TPOCTOM U OBICTPBIA METOJ] TOJUATHOCTUKH.

Cnyuani 4. Y namuenta ¢ OecrionueM Oblla oOHapy’>KeHa TPAHCIOKAIUS C BOBJICYCHHEM
Tpex xpomocoM (pucyHok). Kapuorum: 46,XY,t(4;17;12)(p15.1;925;q12). Kpome Ttoro, anamus
npomeTadasHbIX XpOMOCOM II0Ka3al, YTO BO (hparMeHTe, TPAHCIOIMPOBAHHOM C XPOMOCOMBI 4
Ha XpoMmocoMy 17, ¢ 00ibIIOIl BEpOSITHOCTHIO IMPUCYTCTBYET MNapalleHTpUYECKass MHBEPCHUS B
npenenax AByx 09H10B. [lockoabKy M0o100HBIE HHBEPCHH, KAK IIPABUIIO, HE UMEIOT KIIMHUYECKOTO
MIPOSIBJICHUS, MTPOBEACHNE MOJIEKYJISIPHO-IIUTOI€HETUYECKON TMAarHOCTUKU B JaHHOM Cilydae He

noTpe0oBaoCh.
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Pucynok. HopmanbHble U aHOMaJbHbIE TOMOJIOTH

’ xpomocom 4,12 wu 17 mnaumeHTa - HOCHUTENS

17 ']4—
der(17)t(4;17;12)

l ' der(]")t(4 17;12)
4

der(4)t(4;17;12) 12

TPAHCIOKAIMN MEKIY TPEMSI XPOMOCOMaMHU.

BHYTPUBUJOBOU XPOMOCOMHBIU TOJIUMOP®U3M BUIA LASIOPODOMYS
MANDARINUS
Taokux O.J].I, Pomanenxo C.A.]’Z, Jlemckas H.A.I, Cepowkosa H.A.I, O’bpaiien 17.3,

7
Kapmasyesa U.B.", Cuoprauesa A.B.”, ['onenuwyes @.H.°, Deperocon-Cuum M.A.°, ne .,

. 12

I'pagpooamckuii A.C.
'MHcTHTYT MOTTeKyIspHOiT 1 Ki1eTouHo# Guonorun CO PAH, r. HoBocuGupck
2H01a;oc1/16p1pc1<1/1171 rOCyJIapCTBEHHBIN YHUBEpcHUTET, T. HoBocHOMpCK
3I_[eHTp BeTrepuHapuu, KamOpumk, Benukoopuranus
*BHONOro-MOYBEHHBII unctutyT JIBO PAH, BnaguBocTtok
5CaHKT-HeTep6ypr(:1<1/1171 roCyJIapCTBEHHbIN yHUBepcUTeT, I. CankT-IleTepOypr
6300mormueckuii uHctutyT PAH, r. Cankr-IletepOypr
"Uucruryt Canrepa, Kam6pumk, BenmukobpuTamus
olga gladkikh@mcb.nsc.ru

XpOMOCOMHBIN TMONMUMOpP(HU3M - YaCTHBIM CIIy4ail TEHETHYECKOM W3MEHUYHMBOCTH
OpPraHU3MOB, BBIPAKAIOIICHCS B BapbHUPOBAaHUU 4KcCIa U (POPMBI XpPOMOCOM Y MpelCTaBUTENEH
OJTHOTO U TOTO K€ BHJIA.

Panee mns kwraiickoit moneBku (Lasiopodomys mandarinus Milne-Edwards, 1871) c
MCIIOJIb30BaHUEM METOJIOB KJIACCUYECKOW UTOTEHETHKH ObUI OMHMCAaH CIOXHBIA BHYTPHUBUIOBOU
XPOMOCOMHBIN MOITUMOP(}U3M, 3aTparuBaIOIINA KaK ayTOCOMBI, TaK U MOJOBBIE XPOMOCOMBI [1, 2,
3, 4]. JumionnHoe 4YHCIO XPOMOCOM BapbUpyeT B 3aBUCUMOCTH OT reorpaduiyeckoro
pacmpocTpaHeHUs TOMyJsiUUU: B Tomysauusx u3 Mounromuun u bypstuum 2n=47-48 [1], B
nonysiuusx u3 Kuras 2n=49-52 [3, 4].

B Hamem w#ccnenoBaHMM METOJOM XPOMOCOMHOTO TPWHTHHTA C HCHOJIb30BaHUEM
XPOMOCOMHBIX P00 TeMHOU ToNieBku (Microtus agrestis) U KONBITHOTO JieMMuHra (Dicrostonyx

torquatus) TpOaHATM3UPOBAHBI KAPUOTHUITEI 9 0cO0eH KHTalCKUX MOJIEBOK (7 caMOK M 2 caMIia),

ITIOTOMKOB >KMBOTHBIX U3 MOyl MoHrosmu u bypsitun.
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[Ipoananmu3upoBaHHble KUBOTHbIE umMmenu 2n=47 (camku) u 2n=48 (camiipl).

Hcnonb3oBanue ABYyX HAOOPOB COPTHUHIOBBIX MPOO MO3BOJIMJIO TOJYYUTh HOBBIE JTaHHBIE 00
O0COOCHHOCTSIX XPOMOCOMHOTO MOMUMOpP(H3Ma Y KUTAHCKUX TTOJIEBOK.
[Mokazano, dro mnonuMoOphU3M, 3aTPArWBAIONIMIA  AyTOCOMBI,  SBIIETCS  PE3yJIbTAaTOM
TPaHCJIOKAIlUi ¥ UHBEPCUI HE LIEIBIX XPOMOCOM, a UX JacTel. Tak, y Tpex IpoaHaIN3UpOBAHHBIX
YKUBOTHBIX HaOJI0/1a]1ach WHBEPCHS B MPHUIICHTPOMEPHOM paiioHe mapbl XxpomocoMm 2. Tak ke y
CEMHU U3 JEBSITH MPOAHATM3UPOBAHHBIX )KUBOTHBIX TIOKa3aHa THOpUIM3alivs HEOOIBIIOrO yUacTKa
XpOMOCOMBI 13 TEeMHOW TOJIEBKM C MPULUEHTPOMEPHBIM pallOHOM JUJIMHHOTO IUIeda Mapbl
XpOMOCOM | KUTaCKOM MOJIEBKH.

BnepBblie nokazaHa TpaHCIOKAIMS ayTOCOM Ha MOJIOBBIE XPOMOCOMbBI KUTAMCKOMW MOJIEBKH.
BriepBbie neranbHO OmucaHbl BE CHCTEMBI MOJOBBIX XPOMOCOM KuTaiickoil moneBku (X;X,Y u
XY1Y2).

[1] Kovalskaya,Yu. M. and Orlov, V. N. (1974) Cytology (Russia) 16: 497 — 503.
[2] Zhu B. et al. (1993). Acta Genet. Sinica, 20: 135-140.
[3] Zhu, B. et al. (2003) Hereditas 139: 90 — 95.
[4] Wang, et al. (2003) Hereditas 138: 47 — 53.
HccnenoBanne dYacTMYHO Tnoajaep:kaHo rpa”Htamu PO®U, rpanTtamMmm mnporpamm

npesuauyma PAH

HETEJIBHBIE CTPYKTYPbI XPOMATHUHA U ®YHKIIMOHAJIBHAS EAUHULIA
I'EHOB HSP70 JIOKYCA 87A7 D. MELANOGASTER
I'naskoe M.B., lllabapuna A.H.
®OI'BYH UuctutyT 6nonoruu pazputus uM.H. K. KonsiioBa PAH
mvglazkov@yandex.ru

[IpuHIMI TEeTENbHO-IOMEHHON OpraHu3alMd dYKapHOTHUecKuX xpomocoM (Gasser,
Laemmli, 1987) ceirpan BaxHyO pOJb B TOHHNMAaHWU OpraHU3allMd T€HOB B Xpomocome. C
pasButueM texHosoruun 3C (Chromosome Conformation Capture) m ee MoauduKaIui,
MOSIBUWIMCH JIaHHBIE O IIUPOKOM PAacCIpOCTPAHEHUU B3aUMOJICHCTBUN MEXAY OTACIbHBIMU
XPOMOCOMHBIMHU Y4aCTKaMH, PAcIIONIOKEHHBIMH Jla’ke Ha OOJIBIIIOM PAcCTOSIHUU JAPYT OT JpyTa C
«BBITICTIIMBAHUEM) YYaCTKa XPOMAaTHHA, PACIOIOKEHHOTO MeXay HUMH. Kak mpaBumiio, B Takue
B3aMMO/ICIICTBHS BOBJICUEHBI PA3IUYHbIE OEIKOBBIE MOJIEKYJIBI.

Panee namu Obuta mpensoxkeHa MoJenb koMnaktuzanuu xpomocomuoit JIHK npu yuactun
3-x wnenoueunsix crpyktyp HAHK (I'mazkoB, 1999, 2011). C wucnonb3oBaHHEM JTUTCHHOU

TpaHCTeHHOU cuctembl D.melanogaster. ObUl0 TOKazaHo, 4to oauH u3 yuactkoB JIHK,

00yCJIOBIMBAIOIINX TPHUKPEIUICHUE WHTEP(A3HBIX XPOMOCOM K SACPHOH 00OJIOUKE CIIOCOOCH
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3aIUIATh PENOPTEPHBIA TeH OT 3¢ ¢deKTa TMOJOXKEHHs, © OCOOCHHO XOpOIIo 3TOT 3PheKT
JIOCTUTAETCs B MpUCcyTCcTBUM UHCYsiTopa Wari (1llabapuna, I'maskos, 2010, 2012, 2013).

Hcnonp3yss 3TH HCXOAHBIE JaHHBIE MBI MPOBETH MOJCIUPOBAHME BO3MOXKHOTO
GbopMUPOBaHUS pa3IMYHBIX THUIOB TMETENbHBIX CTPYKTYp XpoMaThHa B JIOKyce 87A7
D.melanogaster, conepaniero reHsl TermioBoro moka asp704a u hsp70A4b, nnmuraol O6onee 100
TIH. C LEJbIO BBIICHEHUS MeXaHU3Ma (OPMHUPOBAHUS JTOMEHA HE3aBUCHUMOM 3KCIPECCHUU T€HOB
TEIUIOBOTO IOKA. BBISIBIECHBI METENbHBIE CTPYKTYPHI, MOTEHIIUATIBHO CIIOCOOHBIE 00Pa30BHIBATHCS
IpU acCOLMAlMU HHTEp(PaA3HBIX XPOMOCOM C SIEPHON O0O0OJOYKOH, METelbHbIE CTPYKTYpHI,
obOpa3yemble scs/scs’-dyeMeHTaMu (¢ ydactrem OenkoB ZwS u BEAF32), a Takke TeTeIbHBIC
CTPYKTYpHhI, oOpasyromuecss mpu ydactun 3-x nemnodeunbix cTpyktyp JHK. O6Gpasyromascs
cuctemMa OOJIBITUX U MaJbIX METENh COOTBETCTBYET LIUTOIOTUYECKOW KapTHHE aKTUBAlMU T€HOB
hsp70 nipu TeruioBoM 1moke (mydduHr), a Taxke BoissBIeHHOU (Blanton et al., 2003) nokanuzanuu
scs/scs’- pneMeHToB BHYTpH ny(dda, a He Ha ero rpaHuIax.

[TpoBoauTCS CpaBHEHHE BO3MOXKHBIX MEXaHHU3MOB (POPMHUPOBAHUS TOMEHA HE3aBUCUMOM
9KcIipeccuu  (TpaHC)reHa, BBITEKAIONIME M3  Pe3yJbTaTOB  MOJCIHUPOBAHHUS M HAIIUX
OKCIIEPUMEHTATBHBIX JAHHBIX, TOJTYYCHHBIX C HCIOJIb30BAaHWEM TPAHCTEHHOW JIUTEeHHOU
CUCTEMBI.

PaGora mommepxkana rpantoM IIporpammbl  dyHAAMEHTAIBHBIX  HCCIEIOBAHUI
[Tpesunuyma PAH «buopasnoobpaszue mpuponnbsix cucrem», [logmporpamma «I'eHOQOHIBI

JKUBOU IIPUPOJBI U UX COXPAHCHUE

HOBBIE TAHHBIE O MEXAHU3ME ®OPMHUPOBAHUSA SUHW)-3ABUCUMOTI'O
HHCYJATOPHOI'O KOMIIVIEKCA Y DROSOPHILA MELANOGASTER
Tonoenun A.K., Menvnuurxoea JI.C., Kocmiwouenxo M.B., I'eopeues I1.1".
denepanbHOE rOCyIapCTBEHHOE OI0/DKETHOE YupexkieHHe Hayku HCTUTYT OHoIoruu reHa
Poccutickoii akagemun Hayk (MBI" PAH), . Mocksa
agolovnin@mail.ru

Wncynsaroper — 310 cnoxsble JIHK-OenkoBble KOMIUIEKCHI, KOTOpbIE YYacTBYIOT B
(bOpMHPOBAHUU APXUTEKTYPHI BHYTPHSIEPHOTO MPOCTpaHCcTBa. OHM UTPAIOT LEHTPAIBHYIO POJb
B DPAa3/eJ€HUU XPOMOCOM Ha CEpUI0 OTHENBbHBIX TOMOJOIMYECKH HE3aBUCUMBIX JIOMEHOB H
o0ecrneunBaroT HETOCPEICTBEHHBIN KOHTAKT SHXaHCEPOB U CAlJICHCEPOB C UX LIEJIEBBIMU I'€HAMHU.
VY Drosophila nanbonee nzyden uncynarop Su(Hw), B ¢popmupoBanuu u ¢GyHKIHOHUPOBAHUH
KoToporo ydactByior 6enku Su(Hw), Mod(mdg4)-67.2 u CP190. OgHako IeTaibHBII MEXaHU3M

B3aUMOJICCTBUN MEXAY STUMU OC€IKaM{ W BIUSHUE TaKMX B3aUMOJCHCTBHUN Ha aKTHUBHOCTH

Su(Hw)-uHcynaropa u3y4eHsl JajleKo He HOJIHO.
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C mnoMompl0  JPOXOKEBOM JBYTMOPHIHOW CHCTEMBI, COOCQXKIEHHUS OEIKOB Ha
rioTaTnoHcedapo3e, KOJOKaIM3alMM HM3yYyaeMbIX O€JIKOB Ha MOJUTEHHBIX XPOMOCOMaXx,
MMMYHOIPEIUIUTANN XPOMAaTHHA U (PEHOTUITUYECKOTO aHaIN3a TPAHCTEHHBIX JUHUMA Ipo30¢hu,
skcripeccupyrommx 6enku Su(Hw), Mod(mdg4)-67.2 u ux nenenuoHHbIE NPOU3BOIHBIC, HAM
yIaJI0Ch TOYHO KAapTUPOBATh JOMEHBI OCHOBHBIX HMHCYJISTOPHBIX OEIKOB, HEOOXOIMMBIC IS
dbopmupoBanus Su(Hw)-3aBUCHMBIX OETKOBBIX KOMILJIEKCOB Ha PA3IMYHBIX CalTax TeHOMa, a
Tak)Ke MOKa3aTh UX (PYHKIMOHAIBHYIO pojib B akTUBHOCTH Su(Hw)-uHcynaropa. Briepssie ObutH
BBISIBJICHBI TOMEHBI Oenka Su(Hw) crocoOHbIe mumepu3oBaThbes. Pe3ynbraTel paboThl TO3BOJISIOT
MIPEAIOJIOKHUTh y4yacTre Oenmka Mod(mdg4)-67.2 B TpaHc-B3amMOACHCTBHIX Mexay Su(Hw)-
3aBUCHUMBIMU HMHCYJSITOpaMH. Takue B3aMMOJCHCTBUS MOTYT CTaOMJIM3MPOBATHCS 3a CUET
JTUMEpU3alY BBISIBICHHBIX TOMEHOB Oenka Su(Hw).

[Tommy4eHHbIE TaHHBIE TIO3BOJSIOT MEPECMOTPETh CYIIECTBYIOUIYIO B HACTOSIIIUNA MOMEHT
Mozenb hopmupoBarus Su(Hw)-3aBHCHMOT0 WHCYIISITOPHOTO KOMILIEKCA.

HccnenoBanue BBIMOTHEHO 3a cueT rpaHTa Poccuiickoro HayyHoro ¢gonna (mpoekt Nel4-

14-01067).

UHCTPYMEHTbBI SIAEPHOM DJIEKTPO®U3UOJIOT N B AHAJIN3E ®A3
KWHETHUKH JIOKAJIbHON YIIAKOBKH XPOMATHHA
I'paoos O.B.
HucTuTyT 3HEpreTuueckux npobdiaem xummuyeckon ¢pusuku PAH, r. Mocksa
o.v.gradov@gmail.com

OOmien3BeCTHO M OYEBHMJHO, 4YTO Ppa3IUYHbIE COCTOSIHMS SIIEPHOM MeMOpaHBI,
XapaKTepU3yIoIUecss  pa3iMYHbIMU  IOBEPXHOCTHBIMM  CBOICTBAaMH M Pa3IMYHBIMU
NEKTPO(U3NIECKIMU CBOMCTBAMHU MOCJEIHEH, COOTBETCTBYIOT PazIHYHBIM (pa3aM yHaKOBKH
XpoMaTuHa. DTO COMPSHKEHO, B YaCTHOCTH, C TEM, YTO HMOHHBIA CTaTyC B JIOKAIBHBIX 30HAX
A7IepHON MEMOpaHbl U3MEHSIETCSL B KOPPENALUN ¢ U3MEHEHUEM KOMITAKTU3aLUU XpOMAaTHHA — IO
KpailHell Mepe, BO BpPEMEHHOM HHTepBajie (a3, B KOTOPbIX JOCTYNHO MPSAMOE WM
OTIOCPEIOBAaHHOE M3MEpPEHHE IIEKTPO(PU3MUECKIX CBOMCTB siiepHON MeMmOpanbl. Kak crieacrsue
3TOTO, BO3MOXKHO HENOCPEICTBEHHO AaHAIM3HPOBATH COCTOSHUE YHAKOBKH W JIETEKTUPOBATH
nepexoabl Mexay (pazaMu KJIETOYHOrO LUKJA (B Mpelesax METPOJIOTHYECKON ONpeIeIEHHOCTH)
METOJaMH U MaTeMaTHKO-CTATUCTHUECKUMH CPEICTBAMH SIIEPHOM 37EKTPO(U3HOIOTHH, PAaBHO
KaK U (PUTHUPOBAHUEM K MOJEIISIM 3JIEKTPOOHMO(DUZUKH HYKIICOIEMMBI.

B mporecce pazButus sipepHas 3IEeKTPOGU3NOIOTHS KaK TUCIHIDIMHA MPONUTA MyTh OT
«nuclear electrophysiology» [1] depe3 «nuclear pore electrophysiology» («saepHO-TTOPOBYIO
anekTpodusnonoruo») [2] k HoBe#mel «nuclear patch-clamp electrophysiology» («saepHoii

naTy-KIaMI-3JeKTpodusnoiaorun») [3]. Meroasl U mporpaMMHbBIE CPEICTBAa aHAIW3a JaHHBIX
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JIOKaJIbHOM (PMKCcAallMK MOTEHIHaNla yXe JOCTATOYHBI AJIi aBTOMAaTHU3UPOBAHHOM ABPHUCTUYECKOM
KJIACTepU3allUM JIaHHBIX C PA3JIMYHBIMU CHEUU(PUUECKUMU OCOOCHHOCTSIMH CUTHAJA, T.€. MOTYT
MPUMEHSTHCS B CUCTEMATH3AINK JaHHBIX, YCTAHOBICHUH (DYHKIIMOHAIBHBIX 3aBUCUMOCTEH U UX
B3aMMHO-0/THO3HAYHOM COIOCTABJICHUU OMO(PHU3NUECKUM COCTOSHUSAM KJIETKU WU Spa, a 3HAYUT
— W UACHTUPUKAIMHA KOHKPETHBIX (ha3. CienoBaTenbHO, JOTHYHO M PAlMOHAIBHO HCIIONIB30BATh
METOJIbl SJEPHOTO MaTy-Kjiamma ¢ BBIYUCICHHUEM psijia COIPSHKEHHBIX IECKPUIITOPOB CIEKTpa
curnana (PSD, Re, Im, ¢ etc.) 1 ananu3za $a30BbIX 3aKOHOMEPHOCTENH U KUHETUKU YIAaKOBKH B
IIEJIOM U B JIOKAIbHBIX 30HAX, B KOTOPBIX OCYILIECTBHMA JIOKaJbHAs (PUKCAlMs MOTEHIIHAJIA.
Mertopmonornyeckas TpPyAHOCTh COCTOMT B TOM, 4YTO TeXHUKa «nuclear patch-clamp»
IpelycMaTpuBaeT BBIBOJ siipa M3 KIETKM C 3axBaToM (parMeHTa KJIETOYHOM MeMOpaHbl
MUTNETKON 3a cueT e€ cpabaThiBaHMs KaK MOBEPXHOCTHO-AaKTUBHOTO areHTa, MMMOOMIHM3YIOIIETO
BBIBOJMMOE TIPH SHYKJIEAUH sIpo. BcieacTBue 3TOro mpsMbIX JNAHHBIX / 3amuceil siepHo-
AIEKTPOPUNOIOTHISCKOTO 3HAYCHHUS B JTOM BEPCHH «WHBEPTHPOBAHHOW» / «outside-outy-
TEXHOJOTHH, KaK MPaBWJIO, HE MOIy4aroT: HEOOXOAUMO YYMTHIBATh MOMPABKU Ha 3aXBau€HHBIH
¢dbparMeHT. DTO KPUTUYHO Ha CTaAUM WHTEPHpPETAlMH MJAHHBIX, TaK KaK KOHTPOJIbHBIN
OKCIEPUMEHT C TeM XKe (parMeHTOM (PaKTUYEeCKH HE OCYIIECTBUM. BO3MOXXHO TOJIBKO
aBTOMATHU3MPOBAaHHOE BBIYMTAHHWE W3 CIHEKTpa MaccuBa JAaHHBIX B I[€JIOM KOMIIOHEHT,
CBOICTBEHHBIX TOJILKO MeMOpaHe KiIeTku ¢ e€ crneuunduyeckumMu kananamu. KommnapatuBHas
00paboTKka «KapHOJOTHYECKHX» U «MEMOPaHOJIOTMYECKHX» JaHHBIX JIOKAJIbHON (uKcanuu
MOTEHIMAaja MorJia Obl OBITh peair3yeMa Ha yKa3aHHbIX NMPHHILUIAX, a TAKXKE C UCIIOJIb30BaHHEM
METOOB aIANITHBHON (PHIBTPAIMH C IPUMEHEHHUEM COTIIACOBAaHHBIX (DMIIBTPOB.

Hamu coszman mporpamMMHO-anmapaTHBIA KOMIUIEKC Ui PEeTHUCTpallMu-aHalu3a CUrHaia
JokanbHO# (ukcanuu noteHnuana B pexxume TRT (true real time; cBoero poaa 3KBUBAJCHT in
Situ), TIPEATIONATAIONINI BO3MOKHOCTh PETUCTPAIMM JTaHHBIX SJIEPHOTO MaT4-Kiamra / siepHoi
aneKTpopu3nonorud.  Peann3oBaHbl  TECTOBbIE M KOHTPOJIBHBIE  TNPOTOHBI  SIIEPHOTO
CHEKTPAJIbHOTO aHAJIN3a U COMOCTaBJICHHUE €r0 C MOJIEIbHBIMU TaHHBIMU in silico. CaenaH BbIBOJ
0 MPUHIMITHATEHOM BEPOATHOCTH JIETEKTUPOBAHUS OTJENbHBIX ba3 u
«KapuO3JIEKTPO(PU3HOIOTUIECKUX)»  COCTOSIHUH ~ METOAaMH  PACHIMPEHHOTO  aHaiu3a ¢
UCIONb30BaHueM  gaHHoro  DAQ-xomiiekca B Tpeaeniax — ONMMCAHHOM — MOJENTu ¢
nuddepeHnranbHON QrIbTpaIuei.

[1] Bustamante J.O. Nuclear electrophysiology // Journ. Membr. Biol., 138(2), 105-112 (1994).

[2] Bustamante J.O. Current concepts in nuclear pore electrophysiology // Can. Journ. Physiol.
Pharm., 84(3-4), 347-365 (2006).

[3] Mak D.O., Vais H., Cheung K.H., Foskett J.K. Nuclear patch-clamp electro-physiology of
Ca®" channels // CSH Prot., 2013(9), 885-891 (2013).
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YCJOBUSA, HEOBXOJUMBIE JJIA HOJYYEHUA HHAYIHNPOBAHHbBIX
ILTIOPUITIOTEHTHBIX CTBOJIOBBIX KJETOK OBBIKHOBEHHBIX IOJIEBOK
POJA MICROTUS
I'pucopvesa E.B., Illeguenxo A.H.
WuctutyTt nuronorun resetrku CO PAH, HoBocubupck

[TntopunotentHsie cTBoJIOBbIe KieTKH (IICK) sBASIOTCS yHHMKaNIbHBIM COBPEMEHHBIM
MHCTPYMEHTOM JJIsl U3YUEHHUS in Vifro pa3iIU4HbIX IMPOLECCOB, MPOTEKAIOIIUX B IMOpPHOreHese y
MJIEKONUTaOMMX. PaHee HaMu NpeANpPUHUMAINCh MHOTOYHMCICHHBIE MOMNBITKU IO MOJYYCHHIO
I[ICK 0OBIKHOBEHHBIX TMOJIEBOK W3 PAaHHHUX MPEIUMIUIAHTAMOHHBIX SMOPHOHOB, B pe3yJbTaTe
4Yero ObLIM MOJyYEHBI JIMIIL CTBOJIOBBIE KJIETKM SKCTPa3MOpPHOHAIBHOM 3KTO- W 3HAOJAEpMbI. B
MOCJICIHEE IECATUIICTHE TTOSBHIICS MPUHIUITHAIBHO HOBBIN crioco0 momydenus: [ICK Gmaromaps
MOBBIIIEHHON SKCIPECCUH TPaHCKPUMIMOHHBIX (hakTopoB (Oct4, Sox2 B komOunauuu ¢ Klf4 u c-
Myc win Lin28 u Nanog) B pa3iuyHbIX TUIIAX COMAaTHYECKUX KJIETOK, YTO BBI3BIBACT UHAYKIIHUIO K
IUTIOPUIIOTEHTHOMY COCTOSIHUIO U TIOSIBJICHUIO MHYLMPOBAHHBIX IUTIOPUIOTEHTHBIX CTBOJIOBBIX
kierok (MIICK). Ilpu moMormy TpaHCAYKIIMM COMATHYECKUX KJIETOK MEXBHUIOBBIX THOPHIOB
Microtus levis x Microtus arvalis JIeHTUBHPYCOM, SKCIPECCUPYIOUIMM TPAHCKPUIIINOHHBIE
¢aktopsr Oct4, Sox2, KlIf4 u c-Myc wblmM, HaMd BOepBble ObUIM TOJIYYEHBI U
oxapakrepusoBanbl UIICK rubpumoB OoOBIKHOBEHHBIX MONEBOK. [lokazaHo, 4TO moanep:kaHue
HenudpepeHMpoBaHHOTO coCTOSTHUS B moiydeHHbIX JIMHHSIX MIICK OOBIKHOBEHHBIX MOJIEBOK
obecrieunBaeTcss 3a CU€T MPUCYTCTBUS B KyJbTypalibHOM cpene mnurokuHa LIF, ocHoBHOro
¢dakTopa pocra ¢ubpodbracroB bFGF, ackopOMHOBOIM KHCIOTBI M 3MOPHOHAIBHON OBIYbEH
ChIBOPOTKH. B maHHbIX ycnoBusix KynbruBupoBaHuss B WIICK mnpoucxoautr aktuBanus
COOCTBEHHBIX T€HOB ILTIOPUIIOTEHTHOCTH: Nanog, Oct4, Sox2, Sall4, Esrrb. I3y4aembie KIETKH
CIOCOOHBI MOJACPKHUBAaTh Henu(p(HepeHIUPOBaHHOE COCTOSHUE Ha MNpoTskeHuun Ooznee 30
naccaxkei, SKCIpeccupoBarh HienouHyto (ocdarasy, a npu nudepeHIpoBKke — 00pa3oBHIBATH
MIPOM3BOIHBIE TPEX MEPBUYHBIX 3aPOJIBIIIEBBIX JIUCTKOB: IKTO-, M€30- U 3HTO/IepMy. [lomyueHHbIe
HIICK O0OBIKHOBEHHBIX TMOJEBOK JAENAOT BKJIaJ B HM3yYCHHE W TOHUMAaHHE MEXaHHU3MOB
MHAYLUPOBAHUSA U MOJJEPKAHUS TUTFOPUIIOTEHTHOCTH Y MJICKOTTUTAIOIINX.

Pabora nonnep:xana rpanrom POOU Ne 15-04-03947.

CPABHUTEJIBHOE UCCJIEJOBAHMUE IN SILICO PABHBIX I'PYIIII
IIYT'OIINHOB - IPOTEKTOPOB KOI'E3UU XPOMATHU/]
I'puwaesa T.M., Kynuuenko /[.A., boeoanos 0. ®.

WNuctutyT obmieit renernxku um. H.W. BaBunosa PAH, r. Mocksa
grishaeva@yvigg.ru

Koresust («ckieuBaHHe») CECTPUHCKHX XpOMaTHA HeoOXoauma Juis MpaBUIBHOM
KOOpPUEHTAIIMM KWHETOXOPOB U MPABHIBHOTO PACXOXKICHHUS XPOMOCOM K MPOTHUBOMOJIOKHBIM
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moyirocaM B MUTO3¢ M Meio3e. OcoOyro posib MrpaeT Kore3wsi MPHUIIEHTPOMEPHBIX o01acTeit
xpomocoM. E€ obecrieunBaloT criennanibHble OeNKU-IIyTomUHbl. CeMelcTBO OeNKOB-ITYTOIINHOB
Oobut0  OTKpeITO B 2004 T. M HCCIEAOBaHO KaK OKCIEPUMEHTaIbHO, TaK M METOJaMU
ouonnpopmatuku. [llyromuusr (SGO) BeisiBIeHBI MOUTH Y 20 BHIOB 3yKapHoT. BbIo mokas3aHo,
410 y cemu BUI0B uMmerotcs ase ¢popmel — SGO1 u SGO2, y octanbHbIX BUAOB — TobKo SGOI.
[Tpu sTOM posib MelioTH4ecKoi popMbl y apoxxkeit u pactennit urpaetr SGO1, a y m03BOHOYHBIX
— SGO2. Ipuuunsl 3TOrO HEe ycTaHOBIEeHBI. [lokazaHo, 4To nBe (OPMBI Pa3IMUYAIOTCS O JJIMHE.
bbuto  Takke  yCTaHOBIEHO, 4YTO  OCNKU-IIYyTOIIMHBI HUMEIOT  HEOOJBIIYI0  CTENEHb
KOHCEPBAaTHBHOCTHU. B MX MoeKynax ObUTH onpeeneHbl anb(a-crupaibHble TOMEHBI Ha N-KOHIIe
U KOHCEpBaTHBHBIE OCHOBHBIE IoMeHbI Onrke K C-koHIly. B nureparype oTCyTCTBYIOT CBEIEHUS
O CPaBHHUTEIHLHOM HCCIICIOBAaHUH PAa3HBIX (DOPM HIYTOUIMHOB: MEHOTUYECKON U MHUTOTHYECKOH, C
ozHO# cToponsl, a Takke SGO1 nu SGO2, ¢ apyroii. Takoe cpaBHUTENBHOE UCCIIEN0BAHUE CTAJIO0
3aja4yeil HacTosel paboThI.

PaboTa mpoBeneHa ¢ momomipio MeTon0B OnonHpopmarnku. Co3maHa BbeIBEpeHHas Oaza
AMUHOKHCIIOTHBIX TOCJIE0OBATENFHOCTEH OENKOB-ITYTOMMHOB. BrisgBneHue (yHKIIMOHATBHBIX
JOMEHOB OenkoB mpoBoawiIM ¢ mnomomibio mporpaMmel  CDART, 3arem  BBIBISUIH
KOHCEPBATUBHBIE AMHUHOKUCIOTHBIE MoOTUBBI (mporpamma MEME). [lng kaxnaoro Oenka
MOJIyYaJIi JIaHHBIE O €r0 BO3MOXKHOH BTOpPHYHOM CTpyKType (mporpamma COILS), a takxke o
pacmpeieieHuu IeKTPOCTATUYECKOTO 3apsaa BIOJIb MOJIeKy OenkoB (mporpamma Mobile portal
— charge).

Msl nokazany, 4YTO MEHOTHYECKUE IIYTOIIMHBI HE MMEIT OTJIMYUTENbHBIX 4EepT U HE
BBIICTISIIOTCS CpeAy APYTUX HIYTOUIMHOB MO HANWYMIO (DYHKIHMOHAIBHBIX JIOMEHOB, a TaKXe IO
HAaO0OpYy KOHCEPBATHUBHBIX aMHUHOKHCIOTHBIX MOTHBOB. [opa3mo Oomblie OOMmMX YepT
IpocieKnuBaeTcs y myromurHoB rpynnsl SGO1, B UunCIO KOTOPBIX BXOIAT U MEHOTHUYECKUE, U
MuToTHYeCKHEe (opmbl. [l 3THX OEJIKOB MOXHO TOBOPUTH O KOHcepBatuBHOcTH N- u C-
KOHIIeBBIX (pparmenToB. Ilpm sTOM Oosbliee cXOACTBO HaOMIOmaeTcs B Mpeaenax TPYII
MO3BOHOYHBIX JKUBOTHBIX, TPUOOB W pacTeHHil. MOXXHO MpEAnoNoXuTh, YTO MATH JIMHUN
pasBUTHA  JYKapHOT,  HE3aBHCUMO  NPUOOPETAaBIIMX  MHOTOKJIETOYHOCTb  (3€NEHbIC
pacTeHus1/BOIOPOCIH, KpacHbIE M Oypble BOJOPOCIH, TPUOBI M )KMBOTHBIE), TaK K€ HE3aBHCHMO
BBIOMpan y1st ce0st meotnueckue Gopmel cpeau myrommaoB SGO1 u SGO2.

MpbI BBISSBUIM JUArHOCTHYECKHE MPU3HAKH IIYyromuHoB. @parmeHT Oenka, Hecymwmil C-
KOHIIEBOW (DYHKIIMOHAIBHBIN TOMEH, HE3aBUCUMO OT €r0 JIOKAIM3AaIMU HECET IMOJIOKHUTEIbHBIN
3apsa. B 30oHe pacnonokeHuss N-KOHIEBOTO JoOMeHa (opmupyeTcs anb(a-crnupalibHas
CTPYKTYypa, €l IPeaIeCTBYET MOJOKUTENBHO 3apsSKeHHbIN (parMeHT Oeska. DTo MIPaBUIIO UMEET

BCEro /Ba UCKiIoueHus. Y apo3odunsl u rpuba Villosiclava virens (Sordariomycetes) anbda-
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CIMpPAJIbHBINA yYaCTOK PacIlOJIOKEH B CaMOM Hauase Oelika, IOITOMY 3apsKEHHBIM y4acTOK mepen
HUM OTCYTCTByeT. Takas OCOOEHHOCTh WIyIOIIMHOB IO3BOJMJIA TpeAcKa3aTh Haiuuue N-
KOHIIEBBIX (DYHKIIMOHAIBHBIX JOMEHOB B TE€X CIIydasiX, KOI/la OHU HE BBIABISUIUCH CTaHAAPTHBIMU
MeToZaMHu, Hanpumep, B Mosekynax SGO1 pacrenus Oriza sativa u HemaToawl Brugia malayi,

SGOL2 3meu Ophiophagus hannah v emi€ B ceMu ciiydasx.

JOKAJIM3AIIMSA G-KBAIPYIIJIEKCOB B PAMOHE JIOMKOI'O CAUTA FRAXA
Y HAIIMEHTOB C CUHAPOMOM JJIOMKOM X-XPOMOCOMBbI
I'puwyenxo U.B. ! onvexuii A.A.", Yeoun K.2, FOOkun /I.B. L3
lH0130c1/161/1pc1<1/11?1 rOCyJIapCTBEHHBIN YHUBEpPCHUTET, I. HoBoCcHOHMpCK
The National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, United States
*VHCTHTYT MONEKYIISpHOH ¥ Kietouroit 6rnonorun CO PAH, r. HoBocubupck
E-mail: dim@mcb.nsc.ru

OKcnaHCcHs MOBTOPEHHBIX MHUKPOCATEIUIMTHBIX MOCIEI0BATENbHOCTEH 3TO OCOOBIM THI
MyTalMi, KOTOPBIN 3aKI0YacTCA B PE3KOM yBEJIMUYEHUHM KOJIMYECTBA IIOBTOPOB HA COTHU U JaXKe
TBICSIYM €IMHUL. DTO SIBJICHWE NPUBOIUT K PsIy FEHETHUECKHUX 3a00JI€BaHUM YeslOBEKa TaKuX,
Kak 0oyie3Hb XaHTHHITOHA, OOKOBOW aMHUOTPO(UUYECKHI CKIEPO3, MUOTOHHYECKAs TUCTPOdHs
neporo tuna U Ap. Ha ceromHsAmHuil neHb MpUYMHA Pa3BUTHUSA ATOH MyTallMd HEW3BECTHA.
CyIecTBYIOT pa3iMyHbIe TEOPUH, OOBACHSIOMME NaHHOE siBieHHe. COrjacHO OJHOM M3 HHUX
9KCIIAHCUS CBs3aHa ¢ 00pa30BaHME BTOPUYHBIX TEPMOJUHAMHUECKH ycTouuBbIX cTpykTyp JHK,
oboraieHHbIX I'yaHnHoM — G-kBajpyIuiekcoB. Ha yyacTkax ¢ 3TUMM CTPYKTypaMu HMPOUCXOIUT
cboil pabothl cuctem penapaiuu, a takxke JHK-nmommmepas, 4ro mpuBOIUT K HapyIICHUIO
peIUIMKallMM M K PEe3KOMYy YBEJIMUYEHHUIO pa3Mepa noBTopa. OIHUM H3 pPacIpOCTpaHEHHBIX
3a00JIeBaHUMN, CBSI3aHHBIX C OKCIIAHCHUEH SBISIETCS CUHAPOM JIOMKOM X-Xpomocombl. OH
obOycnosien skcmadcueit moBropa CGG B 5' mpomortopHoii oGmactu rena fmrl. JlanHOe
3a0ojeBaHNe MPHUBOJUT K Pa3BUTHIO y MAIMEHTOB HACJEICTBEHHONH YMCTBEHHOW OTCTaJOCTH.
KonnuecTBo 3TUX NOBTOPOB B HOPME BapbUpYET OT 5 A0 54 €IuHUL], CUHAPOM pa3BUBAETCA IIPU
KOJIMYECTBE TOBTOPEHHBIX TpuIwieToB Oonee 200. Panmee Opita TOKa3aHa CIIOCOOHOCTH
omuronykineoTusoB coctraBa GAAT(CGG),0)CTCGAG dopMupoBaTh Takue CTPYKTYPHI in vitro. B
2013 rogy B KeMOpumikckoMm yHHBeEpcuUTeTe ObLT CKOHCTpyupoBaH scFv ¢parmeHT aHTHTENa
cneunuunbiii k G-KBagpyIiekcaM. ABTOPBI MOJATBEPIMIIM €r0 CPOJCTBO K ITUM CTPYKTypam
JHK in vitro. llenpto Hamed pabOTHI SBISUIOCH TMOKA3aTh BO3MOXKHOCTH (hopmupoBanus G-
KBaJPYIJIEKCOB B pailOHE BEPOSITHOM HKCIIAHCHHM ITOBTOPOB B KMBOM KieTrke. Pabora Obuta
NpOBEA€HA Ha KyJIbTypaX HWMMOPTaIM30BaHHBIX B-nmumdouuros mnaumentoB (GMO04025,
GMO06897, GM06891, GM 03200) 1 koHTpOJbHBIX KiIeTouHbIX JIUHUIX (GM 06865, GM 06895),
MOJIy4EeHHBIX U3 KierouHoro O6anka Mucturyra Kopuemna (CILIA). B xone uccnenoBanust Hamu

MpOBEACH aHamu3 Kojokanmu3anui curHamoB anturen u BAC xknona (RP11-489K19),
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coJieprKallero MojHyoo Komuio reHa fmrl Ha puUKCHpOBaHHBIX U HE(UKCHPOBAHHBIX IMpenapaTax

anep U MeTagazHbIX XPOMOCOM KJIETOK MAI[MEHTOB U KOHTPOJIbHBIX JTMHUM.

CPABHEHME JIOKAJIU3ALIMU 'EHOB, KOAUPYIOIIIUX PUBOCOMHBIE BEJIKA
N pPHK, BXPOMOCOMAX BUJOB POJAA CHIRONOMUS
T'ynoepuna JLU.!, F'onvieuna B.B."?, bpowkos A.B. 12 Epmonaesa O.B. 12
! denepalibHOE TOCYIApCTBEHHOE OI0PKETHOE HayYHOE yupexkaeHne denepanbHbIi
UCCIeA0BaTeNbCKUM 1IeHTP MHCTUTYT HUTONOTUHU U TeHeTUKH CHOMPCKOTO OTACICHUS
Poccuiickoii akanemuu Hayk, T. HoBocuOupck
? DeepalbHOE TOCYIAPCTBEHHOE ABTOHOMHOE 06Pa30BaTEIbHOE YIPEKICHHE BBICIIETO
oOpa3zoBanus «HoBocuOMpPCKUil HAIIMOHANBHBIN HCCIEA0BATENbCKUI TOCYJapCTBEHHBIH
yHuBepcute™» HoBocuOUpCKHil rocy1apcTBEHHBIN YHUBEPCUTET, . HoBocrOupck
gund@bionet.nsc.ru

B cocraB murormazmMaTHuecKux pPHOOCOM JYKAPUOTUYECKUX KIETOK BXOISAT YETHIPE
pubocomubix PHK (28S, 18S, 5,8S u 5S) u okomno 80 pubocomubix 6enkoB (RP). Dtu Genku
MIPEJICTaBJICHBI B puOocoMax ofHOW komuei. OHu obecnieunBarOT cOOpKY W (yHKITMOHUPOBAHHE
pubocom. Hexotopeie nu3 RP-OenkoB ydacTtByroT Takke B pemnapanuu JHK wu perymsmum
Tpanckpunuud. MHorue RP-6enku u Ux HyKICOTHUIHBIE TOCIEI0BATEIbHOCTH KOHCEPBATUBHBI U
MOTOMY YIOOHBI Uil (UIOTEHETUYeCKUX wucchenoBannii. OmHAKO TOrJa KakK JBOJIOLUS
xpoMocoMHOM nokanu3aruu renoB pPHK u3ydena mocratodno moapoOHO BO MHOTHX TaKCOHAX,
CBEJICHU O JIOKAJIM3allUy U SBOJIIOLIMOHHON TMHAMUKE F€HOB, KOJUPYIOUIMX PUOOCOMHBIE OENKH,
Ype3BbIYANHO MaJIo.

enr HacTosimiel pabOTHI - U3YYUTh XPOMOCOMHYIO JIOKQJIM3AIMIO T€HOB, KOAUPYIOIINX
Tpu pubocomubix Oenka (RPL11, RPLI3 wu RPLI15), y BumoB pona Chironomus c
ucnonp3oBanueM Merona FISH (dmyopecuienTHOH in situ ruOpuausamnmu), a TaKKe CPaBHHUTH
nokanu3auuio reHoB RPL u 5,85 rRNA Ha XxpoMocoMax KapHUOTUIIOB M3YUYEHHBIX BUIOB.

3ouael s FISH — ¢dparmentsr renoB RPLII, RPLI3, RPL15 w rRNA BumoB poxaa
Chironomus — OBUIM TOJIy4E€Hbl IyTeM mojauMepasHol uenHod peakuuun (IILIP) c
HCIIOJIb30BAaHUEM TTpaiiMepoB, CEU(UUHBIX I KaKI0T0 13 reHoB, u TeHoMHon JIHK kaxmoro
u3 BUAOB, a B kauectBe MeTku mnpumeHsui 11-dUTP guroxcurennn wunu 11-dUTP Guotun
(Roche, Germany).

Jls M3roTOBNIEHUS TIpernapaToB XpoMocoM CiroHHbIX skene3 mainsg FISH umcnonb3oBamm
nuarHOK [V Bo3pacTa BunoB poaa Chironomus w3 nonponoB Chironomus n Camptochironomus.

H3ydeHne XpoMOCOMHOM JIOKAIN3allUY T€HOB, KOAUPYIOMIUX pUOOCOMHBIEC OENIKH, Y BUIOB
pona Chironomus TO3BOJHMIO YCTAaHOBUTH, YTO I'eH, KOIUpYyIomui prubocomubiii 6emok RPL11,
JIOKaJIN30BaH B miede B BOiM3M neHTpoMepsl, B pailone 25-26, ren pudocomHoro 6enka RPL13 —

B muieue D, B paiione 5, a ren 6enka RPL15 — B ede B, B paiione 6-7. [Ipu 3ToM pacnosnoxkeHue

paifonoB nokanuzanuu reHoB RPL13 (B mneue D) m RPL15 (B mmewe B) oTHOcHTEnsHO
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LIEHTPOMEPHI MOXKET Pa3InyaThCsl Y Pa3HbIX BUIOB, BCIEACTBHE BUIOCTIEIIM(PUUECKUX UHBEPCHIA B
XpPOMOCOMHBIX Tutedax. Jlokamusamus reHoB TRNA Ha xpomocomax BumoB pona Chironomus
Oosnee BapuabenpHa. B kapuoTHmax M3y4eHHBIX BUIOB XUPOHOMHUJ Halmromaerca oT 1 1o 6
caiiToB nokanu3anuu reHoB rRNA, M 3Tu TeHbl MOryT pa3MelaTbcs Ha BCEX CEMM ILIedax
xpomocoMm. Jlokanuzanust reHoB rRNA Ha xpomocomax BuaoB pona Chironomus HE COBIAAET C
JOKalM3aluend HU OJJHOTO U3 TPeX T'€HOB, KOJAUPYIOMUX pUOOCOMHBIE OEIKH.

[lomyueHHble pe3ynbTaThl MO3BOJIAIOT CAENAaTh 3aKIOYEHUE, YTO JIOKAJIW3alusl TE€HOB,
komupytommx pudbocomubie Oenku RPL11, RPL13 u RPL15, B xpomocomax BHUAOB poja
Chironomus KOHCepBaTHBHA, CHEUM(HUUHA JUId KaXIOr0 U3 TIE€HOB M HE KOpPpEIUupyeT cC

JIOKaM3aliuel TeHOB, Koaupyomux pudocomayo PHK.

MOJIEKYJ/ISIPHO-TEHETHYECKAS OPTTAHU3ALIMA TOMEHOB AKTUBHOI'O
U PENIPECCUPOBAHHOI'O XPOMATHUHA YETBEPTOU XPOMOCOMBbI
DROSOPHILA MELANOGASTER

Jlemuoosa ,ZZ.C.I, Cuoopenxo H.A.Z’g, 3wikosa T.1O.!

'MucTuTyT MOTeKyIspHOiT 1 KieTousoi 6uonorun CO PAH, r. HoBocuGupck
2HOBOCI/I6I/IpCKI/H71 TrOCyJIapCTBEHHBIN YHUBEpCHUTET, T. HoBocuOupCk

3I/IHc:TI/ITyT rutonoruu u reHetrku CO PAH, r. HoBocubupck

dashademidova@mail.ru

'eneTnyeckass akTUBHOCTb HHTEp(Aa3HBIX XPOMOCOM CBfI3aHA C HMX CTPYKTYypHOM
OpraHM3alfeif, OJHAKO MEXaHW3M O3TOH B3aMMOCBS3M 1O CHUX IOp HE BBICHEH. YJA0O0HOMU
MOJENbIO JUISl 3THUX HCCIEJOBAHUN  SABISIIOTCS TUTAHTCKUAE TOJIUTEHHBIE XPOMOCOMBI.
YrnopsioueHHOE pacloyiOKEHHWE MaTepuala HMX XpoMaTHA NPUBOAUT K OOpa30BaHHUIO
YepeayIoIUXCsl KOMIAKTHBIX TEMHBIX JUCKOB (PENpecCHPOBAHHBIM XpOMAaTHH) U MEHEE IIOTHBIX
CBETJIBIX MEXJIMCKOB (aKTHUBHBIA XpoMaTuH). HecMOTpsi Ha MHTEHCHUBHOE M3yYeHUE MOTUTEHHBIX
xpomocoM Drosophila melanogaster, TO4HOE COOTBETCTBHE TUCKOB M MEXIAUCKOB MOJICKYJISIPHOM
KapTe TeHOMa OCTaeTCs B OOJIBITMHCTBE CIIy4aeB HEU3BECTHBIM.

CekBenupoBanue renoma D. melanogaster 1ano HOBbIE BO3MOXHOCTHU JIJISl HCCIIEOBAHUS
OpraHM3allK CTPYKTYPHBIX M (DYHKUIHMOHAIBHBIX 3JIEMEHTOB XpomocoM. [locneanue HECKOIBKO
JeT Tepel HCCIeNoBaTeNlIMU CTOsUIa 3ajada mpeoOpa3oBaTh MONYYCHHYI HH(pOpManuio B
(yHKITMOHATILHBIC KAPThI, XapaKTePU3YIOIIHE MPOIECCHI PErYJIISIIUN TPAHCKPUTIITIH, PETUTHKAIIAH,
CIUTAMICUHIA U SIUTCHETUYECKUX M3MEHEHUH. J[JIsi 3TOro Mbl HaJOXKWUIM T€HETHYECKYIO KapTy U
MOJIEKYJISIPHBIE XapaKTEPUCTUKH XPOMATHHA Ha AMCKOBBIA PUCYHOK YETBEPTOM XpOMOCOMBI D.
melanogaster.

UYerBéprass XpoMoOcOMa SBISAETCS CaMOW MAJIEHBKOM XpOMOCOMOM B TreHoMme D.
melanogaster n KapIUHAJIBHO OTJIMYAETCSI OT OCTalbHBIX ayTocoM. OHa mpeacTaBisieT co0oi

CHCLII/I(i)I/I‘ICCKI/Iﬁ AOMCH XpOMATHHA, coz[epxcamﬂﬁ AKTHUBHBIC I'CHBI, HO II0 CBOUM CBOMCTBaM BO
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MHOTOM CXO0XHH C TeTepoXpoMaTUHOM. UeTBEpTas XpoMOcOMa SIBISECTCS YHUKAIbHBIM JOMEHOM
xpomatnHa D. melanogaster, >NUTEHETHYECKOE COCTOSHHE KOTOPOTO YCTaHaBIIUBACTCS
cneruduueckumu Oenkamu, B Tom uyucie, HP1, POF u EGG. Ha nanublii MOMEHT HeT
0O0IIeTTPU3HAHHON ITUTOIOTMYECKON KapThl M KapThl COCTOSIHUN XPOMAaTHHA 3TOM XPOMOCOMBI.

I[Ipu nomomm FISH HamMu OBUTO TIPOBEICHO COIMOCTABICHUE IUTOJOTUICCKOW U
(GU3UYECKON KapT YETBEPTOM XPOMOCOMBI. Y CTaHOBJICHHl TC€HOMHBIE KOOPJIWHATHI TUCKOB H
MEXIUCKOB, MCCIEJOBaHbl HEKOTOPBHIE UX MOJIEKYJISIPHBIE XapaKTEPUCTUKH M T€HETHYECKOE
COAEp)KaHUE IO JTaHHBIM MOJHOT€HOMHBIX MPOEKTOB. B 1EI0M, NHCKH U MEXKIUCKUA YETBEPTOU
XPOMOCOMBI OPTaHW30BaHBl CXOJHBIM O00pa30M C OCTAJIBHBIMU ayTOCOMaMU. MEXIUCKU
cojiepKaT O€JIKH OTKPBITOTO XpOMAaTHHA, B HUX PACIIOJIOKEHBI 5 -KOHIIBI TOBCEMECTHO aKTUBHBIX
TeHOB. P-31IeMEHTHI MPEeMMYIIEeCTBEHHO JOKAIMU3YIOTCS B Mexauckax. Jucku mmubo copepxkar
CTPYKTYpHBIE YacTHU T€HOB, JIMOO MOMUTEHHBI. OIHAKO €CTh HEKOTOphble OTM4us. B derBépToii
xpomocome D. melanogaster He HaOMIOIA€TCA TAKOTO BBIPAKEHHOTO, KaK B OOJBIIMX TUIEYaX
XpPOMOCOM,  YE€pElOBaHMUS  OTKPBHITOTO M  3aKpBITOTO  XPOMAaTWHA, MPHUOIUZUTEITHHO
COOTBETCTBYIOIIETO JHUCKaM M MexauckaM. lIpocTtpaHcTBa Mexay KpyNHBIMH [HCKaMU Ha
npenaparax Jajisi CBETOBOM MHUKpPOCKOINHU BBITJSIAT KaK pPa3pbIXJCHHBIA CEpbli XpPOMATHH,
KOTOPBIA COJEPKUT M TOHKHWE HEPA3IMUUMBIE TUCKH, 4 HE TOJBKO UYETKHE MEXIUCKU. ITO
MOATBEPKIAET HETUIMMYHYIO OpPraHU3alMi0 XpOMaTHHA YETBEPTOH XPOMOCOMBI U CIOKHOCTh €€
KapTUPOBaHUSI.

Takum 00pa3oM, JanbHEHIIMI KOMIUIEKCHBIA aHajdM3 OCOOCHHOCTEH XpoMmaTHhHa
YeTBEPTOU XPOMOCOMBI M, B YaCTHOCTH, aHAJIHM3 PACIIOJIOKEHUSI T€HOB, paclpe/eieHus] OEIKOB
COTKPBITOTO» U «3aKPBITOTO» XPOMAaTHHA, MOOWJIBHBIX TEHETHYECKHUX DJIEMEHTOB, OEIKOB
pEeIUIMKAIlMM  TO3BOJHUT TMOHSATh, KakuM o00pa3oM TeHbl MOTyT (YHKIMOHHPOBATH B

reTepOXpPOMaTHHOBOM OKPYKEHHH.

P-3JIEMEHTBI BCTPAUBAIOTCS B 5° PETI'YJIATOPHBIE OBJIACTU I'EHOB,
JOKAJIN30BAHHBIX B MEXK/IUCKAX INIOJIUTEHHBIX XPOMOCOM D.
MELANOGASTER

Jlemuoosa J[.C. 1, Cuodopenxo H.A.3, Jlesuyxuii B.F.j, 3wvixosa T.1O. 1, Kumynes U.D. L2

P-ELEMENTS INSERT IN S’ENDS OF GENES LOCATED IN POLYTENE
CHROMOSOME INTERBANDS IN D. MELANOGASTER

Demidova D.S., Sidorenko 1. A., Levitsky V.G., Zykova T.Yu., Zhimulev LF.
1I/IHCTI/ITyT MOJIEKYJISIpHOM 1 kietouHoi 6uonorun CO PAH, r. HoBocubupck
2H013001/161/1p01<1/1171 roCy/1apCTBEHHbIN YHUBEpPCUTET, I. HoBocuOupck

3I/IHCTI/ITy'T uutonoruu u reaetuku CO PAH, r. HoBocuGupck
vatolina@mcb.nsc.ru

[TonuTeHHBIE XPOMOCOMBI CIIOHHBIX kené€3 Drosophila melanogaster 1mMpoOKo

UCTIONB3YIOTCS B KAauyeCTBE MOJETU HWHTEP(A3HBIX AaKTHBHO (DYHKIIMOHUPYIONIUX XPOMOCOM
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sykapuoT. Hambonee 3aMeTHbIM NPU3HAKOM TMOJUTEHHONH XPOMOCOMBI SIBJISIETCSI MOIMEpEedHas
HMCUYEPUYECHHOCTh, KOTOpas CBs3aHA C YEPEJOBAHUWEM IUIOTHBIX TEMHBIX JHCKOB M CBETJIBIX
JIEKOH/ICHCUPOBAHHBIX MEXJIUCKOB. DTOT PUCYHOK CTaOWIIEH B POy MOKOJEHUN M OTpaxkaer
(yHKIIMOHATTEHOE COCTOSTHUE MHTEp(a3HBIX XpoMocoM. OTHAKO MEXaHU3MbI TAaKOH B3aUMOCBSI3U
70 KOHI]a HEMOHATHBI. B rmocienHee BpeMsi C HCIOJB30BAHWEM JAHHBIX IOJHOT€HOMHBIX
MPOEKTOB OOHAPYKEHbI 3aKOHOMEPHOCTH B JIOKAIM3AIMKU OEJIKOB, XapaKTEPHBIX AJIS AMCKOB U
MEXIMCKOB. B HamieM WHCTHTYTE Ha OCHOBE JTHX JAHHBIX OBLT pa3pabOTaH ajarOpUTM IS
OTIpeIeNICHUs JIOKAIN3ALUU 3TUX CTPYKTYp B reHome D. melanogaster. B nanHoii pabore Mbl
nccnenoBam criennduky BcrpauBanus P-anemento, JIHKa3a I runepayBcTBHTEIBHBIX CATOB H
oenkoB Origin Recognition Complex OTHOCUTETHHO JAMCKOB U MEXIMCKOB, JOKAIM30BAaHHBIX Ha
MOJIEKYJISIPHOM M LIMTOJIOTMYECKOM KapTax reHoma D. melanogaster, a Takxe MpeAcKa3aHHBIX IPU
MOMOIIM Ppa3padOTaHHOTO alNTOPUTMA YYaCTKOB OTKPBITOTO XpOMaTHHA (MEXKIHCKOB). MBI
oOHapyXWIH, 4YTO pacrpeaeieHue uHcepuuid P-anementoB B reHome D. melanogaster He
ClIy4yallHO. P-pneMeHTBl  NpPEMMYLIECTBEHHO  BCTPAaMBAKOTCA B YYAaCTKM  XPOMATHHA,
MpeACKa3aHHble MOJENBI0 KaK MEXKIUCKH MOJUTEHHBIX XpoMocoM. llnoTtHocTe uHcepuunii P-
3JIEMEHTOB B JUCKAaX KOMIAKTHOTO HMHTEPKAJSPHOTO T'eTepOXpOMATHHA 3HAUYUTENIbHO HUXKeE. P-
9JIEMEHTbl HEPaBHOMEPHO pacHpelielieHbl B  Y4YacTKaX XpOMAaTHHA, COOTBETCTBYIOLINX
MexauckaMm. HamOompliiee 9uCio BCTPOEK MPOUCXOIUT B ydacTok miauHOW 400 1. H. BbINIE U
HUKe 5° HeTpaHcnupyeMmoi oOmactu reHa. Jlokanuzaiusi P-aneMeHTOB Koppenupyer ¢ cailTamu
runepuyBctBuTenbHocTH K JIHKaze I u pacnpenenenuem Oenka periMKanMOHHOTO KOMILIEKCA
ORC2. Bo3moxHo, 4To y4yacTok pasmepom 400 m. H., copepkamuidi MakCcuMajabHOEe 4HuCio P-
9JIEMEHTOB, caiToB rTunepuyBcTBUTeabHOCTH K JIHKaze I u Oenmka ORC2, sBisercs

OTBCTCTBCHHBIM 3a 06pa30BaHHe ydacTKa OTKPBITOI'O XpOMAaTHUHA (MC)K,Z[I/ICKB.).

CTPYKTYPA KJACTEPA TEHOB pPHK JOMAIIIHEA KYPUIIbI
Hemun A.I"., Caiipumounosa A.@., I'anxuna C.A., I'acunckas E.P.
Cankr-IlerepOyprckuii rocyJapCTBeHHBINH yHUBEPCHUTET, I'. CankT-IlerepOypr
rustle.reed@gmail.com

OnHumu n3 HanboJiee BaXKHBIX U, BMECTE C TE€M, IUIOXO M3YUYEHHBIMH JIEMEHTaMH I'€HOMa
MHOTOKJIETOYHBIX >KUBOTHBIX SIBIISIOTCS MOBTOpstoIuecs kiuactepsl [85-5.85-28S pubocoMHbIX
renoB (rensl pPHK). Ha xpomocomax oHu (popmupyror sapeimkoodpasytomue paiionst (S1OP),
(YHKIIMOHATTBHOE COCTOSIHUE KOTOPBIX SIBJISIETCS BAKHEHIIMM MapKepoOM Uil OICHKH
(U3NOJIOTMUECKOr0 COCTOSIHMS KJIeTOK M TkaHedl. Hecmorps Ha mmpokomacimTaOHbIe
HCCIIeIOBaHMsI TEHOMOB IT03BOHOYHBIX, BHIMOJIHEHHBIE 3a nocneaHue roasl (Koepfli et al., 2014),

nepBUYHasl CTpykTypa kiactepoB reHoB pPHK ocraercst HescHOM naxe Il TaKUX KPYITHBIX
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TaKCOHOB Kak MNTHULbL. Tak, Hampumep, cpeAu MHOroodpaszus MOJEKYJISIPHO-T€HETUYECKOM
nHopmaruu o Kiacce Aves, TOCIEIOBATEIBPHOCTH MEXTEeHHBIX crnercepoB (TSI u ITS2)
prOOCOMHOrO Kjactepa npejacTtabieHsl B 6a3ze ganHeIx GenBank (www.ncbi.nlm.nih.gov) Tonbko
JUTSL IOMAIITHe! KypHIIbl U JIUIIb OJHOM uccienoBarensckoit rpynmoit (Tang et al., 2005). OgHako
JIeTalIbHBIM aHAJU3 aHHOTHPOBAHHBIX CUKBEHCOB BBISIBUJ MX BBICOKYIO (110 99%) romosnoruto c
nocyenoBareabHOCThIO [7S2 okyHs Siniperca chuatsi.

B xoxe Hacrosmieil paboThl HAMH Ha OCHOBE HEAHHOTHPOBAHHBIX MOCJIEI0BATEILHOCTEH
KOHTHUTOB W3 Haxojsmeics B cBoOOAHOM poctyne cOopku rtenoma Gallus gallus 4.0
(AADNO00000000) (Hillier et al., 2004), c¢ npuBICYCHHEM paHEE OIyOJUKOBAHHBIX
HE3aBHCUMBIMH aBTOpPaMH CHKBEHCOB OTENIbHBIX y4aCTKOB PHOOCOMHOTO KjacTepa KypHuLbl U
JPYTUX IMO3BOHOYHBIX OBLIM COOpaHbI MOJIHBIE MOCIENOBATENBbHOCTU TeHOB /8S-, 5.85- u 28S-
pPHK 1mocnenoBaTenbHOCTH MEXIEHHbIX cneiicepoB [7S] wu ITS2, a Takke 4acTh
MOCJIE0BATENBHOCTH 3’-KOHIIEBOr0 yuyactka 5 -ETS (cm. tabmuuy). [ns cneiicepo 5-ETS u
ITS1, a Tak xe reHa /8S pPHK noctoBepHOCTh COOpKH ObLTa MOATBEPKICHA aMILTU(UKAITICH
OTIENbHBIX  (ParMeHTOB, UX MOCIEIYIONIIIM

CEeKBEHUpPOBaHMEM, U  (IIyOpecLeHTHOH

rubpuauzanueii in situ (FISH) Ha MeTada3HbIX XpoMOcOMax KypHIIBL.

Tabnuna
DeMEeHT Howmepa cukBencoB B GenBank JlivHa m.o. Hyxneotuausiii
KJlacrepa HCIIOJIb30BaHHbIE ITPH cOOpKe cocraB A/T/G/C %

5-ETS AADNO03001785, AADNO03001786, 209 16/6/46/32
partial AADNO03001788
18§-pPHK | AADNO03001785, AADNO03001786, 1832 23/22/29/26
complite AADNO03001788, AADNO03001677,

AADNO03026634, AADN03000430,

FM 165414, DQO018752, DQ018754
ITS1 AADNO03001782, AADN03001670, 2094 8/11/42/39
complite AADNO03001783, DQO018752,

DQO018754AADN03026634,

AADNO03000430,
5.85 pPHK | AADNO03001783, AADN03001670, 157 21/22/28/29
complite DQO18754
ITS2 AADNO03001783, AADNO03001784 734 6/12/40/42
complite
288 pPHK | AADNO03001784, AADNO03001774, 4444 17/15/37/31
complite AADNO3001775, AADNO03001776,

AADNO03022685, AADNO03019346,

DQO018756, DQO18757, FM 165415,

JN639848, EF552813, Shao et al., 2009

[losny4ens! gaHHbIE O TOM, YTO Yy JOMAIllHEH KypHlbl nocienosarenbHoctu I7S1 u ITS2

XapaKTepU3yIOTCs HauOombIIel AmuHON 1 Hanbosee BricOKUM (ropsaaka 80%) conepxkanuem GC
0 CpaBHEHHIO C JApyruMu BropuuHopoThiMu. OueBHUIHO, UYTO YKa3aHHbIE OCOOEHHOCTHU

TPaHCKPHOUPYEMBIX MEKICHHBIX cIieiicepoB 3arpyaHsaioT npumenenue [IL[P, yBenmnumBaror
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OTMAcHOCTh KOHTaMHuHAIMM AT-0oraThiIMM MaTpHUIlAMU U SBIISIOTCS OCHOBHOW TNPUYHHOM,

OCJIOKHSIOIIEH UCCIe0BaHUE CTPYKTYpHI Kitactepa 18S-5.8S-28S prGoCcOMHBIX T€HOB Y TITHIL.
Pabota BeinonHsiercs npu ¢punancoBoi nopaepxkke CIIOIY (tema Ne 1.50.1043.2014) u

POOU (mpoekt Ne 15-04-05684) ¢ ucnonb3oBanueM obopyaoBanus Hayanoro mapka CIIOI'Y.

KJIOHAJIBHAS DBOJIIOINAA PAKA MOJIOYHOM KEJIE3bI: CBS3b

C BHYTPHOITIYXOJIEBOM MOP®OJIOTMYECKOMN T’TETEPOT'EHHOCTBIO
Henucos E.B.I’Z, Ckpabun H.A.j, TI'epawenko T.C. 1’2, Bacunves C.A.g, Ilaymosa ,ZZ.H.z,
3asvsnosa M.B."?, Yepovinyesa H.B."*, [lepenvmymep B.M."

"Tomcknit HUU OHKOJIOTHH, T. TOMCK

*Tomcknit roCyJapCTBEHHBIM YHUBEPCUTET, I. TOMCK

SHUU MEIUITMHCKOM reHeTHKH, T. TOMCK

d_evgeniy@oncology.tomsk.ru

Pak momounoit »xene3sl (PMIXK) nemoHCTpupyeT 3HAYUTENBHYIO BHYTPHUOITYXOJEBYIO
TCHETHYECKYI0 TeTePOreHHOCTh H MOpPQOJOTHYecKoe pazHooOpaszue. Panee B omyxomsix
MOJIOYHOHM 3KeJie3bl OBbLIO OMUCAHO MATh PA3IUYHBIX TUIIOB MOP(OJIIOTHUYECKUX CTPYKTYp H
OXapaKTepU30BaH UX BKJIAJ B 3P(HEKTUBHOCTh XUMHOTEPANUN U METacTa3upOBaHUE 3a00JIeBaHUs
(Zavyalova et al.,, 2013; Denisov et al., 2014). Opnako MexaHu3Mbl (HOPMHPOBAHUS
BHYTPUOIYX0JIeBO Mopdosornyeckoil rereporennocty npu PMX emie He ycranoBiensl. Llenbro
JAHHOTO WCCJICIOBaHMUs OBbUIO HM3YYCHHE COMPSIKEHHOCTH KJIOHAIBbHOW »Bomormu PMXKX u
BHYTPHUOIYX0JIEBOTO MOP(OIOTHIECKOTO Pa3HOOOPa3Hsl.

B wuccnenoBanune Obuto BKiIOUEHO deThlpe ciaydas PMOK miomunanesHoro B moaruma:
MHBa3MBHasi MUKpOIIAIWLISpHAs KapurHoMa (n=1) 1 MHBa3MBHas KapIIUHOMA HeCHEeIM(PUIECKOTO
tuna (n=3). M3 Tpex y4acTKOB KaXIOW OIMyXOJH C IOMOIIBbIO JIA3€PHOM MHKPOIUCCEKITNHI
(PALM, Carl Zeiss, Germany) nosiydanu pa3iudHble MOPPOIOrHYECKHE CTPYKTYPhI OIyXOJIEBbIX
KJIETOK: TyOyJIpHbBIC, albBEOJSIPHBIC, TPAOCKYJSPHBIC, COJNUAHBIE CTPYKTYpbl M JUCKPETHBIC
rpymnbl. MUKpPOJIMCCEKTUPOBAHHBIN MaTepHuaj MOJABEprajd MOJHOTCHOMHON aMIUTU(pUKAIINA
(PicoPLEX WGA, Rubicon, USA), nmomnydyennsie obpasubl JJHK (n=60) wmcnons3oBamuch ajis
MIOCTAaHOBKM MHUKPOMATPUYHOM CpaBHUTENbHON reHOMHOHM rubpuanszanuu (SurePrint G3 Human
CGH 8x60K, Agilent, USA).

N3yuennble ciydan PMOK pasznuyannch 1m0 KOJIMYECTBY M CIEKTPY XPOMOCOMHBIX
HapymieHnid. JIJisi MHBa3MBHOM MUKPONAMWUISPHOW KapIIMHOMBI OBUIO XapaKTEpHO OoJblee
4uCclo abeppaliuii, cpeiu KOTOphIX Haubosee 4acThIMU ObLITH aMILTHGUKAlUK peruoHoB 8q, 17q,
20p m 20q. HamporuB, MeEHbIIEE 4YHCIO XPOMOCOMHBIX HApyLIEHMH JAE€TEKTHUPOBAJIOCH B
VMHBa3MBHOW KapLMHOME HecNeUu(UYECKOro THMA, B KOTOPOH CaMbIMM PacHpOCTPaHEHHBIMU
abeppanusamu Obuth amruiiukanus peruona 1q m gmeneruu 16q u 22q. OuaoreHeTHYECKUN

aHaNM3 TMOKa3zal, 4YTo KaxkAbld ciydaii PMJXK nemoncTpupyer cBo€ coOcTBeHHOE '"mpeBo"
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KJIIOHATBHOM ABOJIONMN C HAJIMYUEM CHelu(UUECKHX ApalBEpHBIX alOeppanuii. 3HaAUUTEIbHAS
BapnaOeIbHOCTh XPOMOCOMHBIX  HapylleHHi Oblla  XapakTepHa U JUIS  pa3IUYHbIX
MOp(}OTOTHUECKUX CTPYKTYp. Pasnuuus AeTeKTHPOBAIUCH MEXAY Pa3HBIMU THIAMH CTPYKTYD.
CTpyKTypbl OJHOTIO THUIA TOKAa3bIBAJIM Pa3jiuyMsl B KOJMYECTBE M THUIIE HAPYIICHUW Kak B
mpezesiax pa3HbIX YYaCTKOB OJHOM OIMyXOJH, TaK U MEXIY PAa3TUYHBIMU OMyXOJISIMU MOJOYHOM
xene3bl. He ObLI0 MACHTHUPUIMPOBAHO XPOMOCOMHBIX HapyLIEHHUH, crenupuyecKkux s
Ka)KIO0ro TUMa MOPQOJIOTHYECKUX CTPYKTYp. [IpoBeseHHBIN KiacTepHbI U (DUIOTEHETHYECKUN
aHAJIM3bl TIO3BOJIWIH TIPEMONIOKUTE, YTO 00pa30BaHUE PA3TUYHBIX MOP(OIOTHIECKUX CTPYKTYP
MIPOUCXOJUT JHOO0 JIOKAJIBHO B Ipelieiax KaXkJI0ro OMYyXOJIEBOIO y4acTKa, YTO XapaKTEpHO IJIs
WHBAa3WBHOW MUKPOMANMWUISIPHOW KAapIMHOMBI, JHUOO HOCHUT XAOTHYECKHH HE3aKOHOMEPHBIH
XapakTep (MHBa3UBHAas KaplIIMHOMA HeCTIeUn()UIECKOTO THIIA).

TakuM 00pa3oM, MOXKHO 3aKIIOYHTh, YTO KIOHAJIbHAS DSBOJIONUS crelnududHa is
KaXJIOM OIYyXOJIM MOJIOYHOM JKeJe3bl U HE COMpPsDKEHA C BHYTPHOITYXO0JEBOH MOPGOIOTrHIECKOM
rereporeHHocThI0. DopmupoBanre MoOp(OIOrHYECKOro pa3zHoOoOpa3usi B Mpeaenax OIyXOoJH

MOJIOUHOH KeJIe3hl He O6YCJ'IOBJ'IGHO CHCI_II/I(I)I/ILICCKI/IMI/I XpOMOCOMHBIMHA aGeppaHI/IHMI/I.

MOJIEKYJIIPHO-TEHETHYECKHUE ACHEKTBI JU®PEPEHIUALIAN KJIETOK
1 MOJIOBOTI'O PASMHOKEHMUS Y 3EJIEHBIX BOJOPOCJIEU POJA VOLVOX
Hecnuyxuii AT

Cankr-IleTepOyprckuit rocy1apcTBeHHBIN yHUBEpcHTET, T. CankT-IleTepOypr
adesnitskiy@mail.ru

KononunansHbie BOJIEBOKCOBBIE BOJOPOCIH, BKIOUarone o0onee 60 BUIOB, MHTCHCUBHO
M3yYaloTCcsl B OTHOIIEHWHU 3BOJIONUM, AU(depeHlranuy KIeToK, MopdoreHe3a U T'€HOMUKU
(Ferris et al., 2010; Umen, Olson, 2012; Nozaki, 2014; Herron, Nedelcu, 2015). OcHoBHOE
BHUMaHUE TpuBiedyeHo K cepun Gonium — Pandorina — Eudorina — Pleodorina — Volvox,
MOKa3bIBAIOUICH YCIIO)KHEHUE OpTaHW3allMM M pPa3BUTUS KOJOHHWHA, a TakkKe K CaMOMYy pOJIY
Volvox, Bkmouaromemy okoyio 20 BHAOB, Y KOTOPBIX MMeeTcsl cToiikas muddepeHnmanus Ha
HECKOJIbKO COTEH MJIU ThICSIY MaJleHPKUX COMATHUECKHMX KJIETOK M HEeOONbIIOEe YHCIO KPYIHBIX
PENPOAYKTUBHBIX KIIETOK.

ComocTaBneHre TaHHBIX 110 CEKBEHUPOBAHMIO SIIEPHBIX TEHOMOB Volvox carteri, KOMOHUS
kotoporo cocrout mpumepHo u3 2000 xnetok (Prochnik et al., 2010), u omgHOKIETOUYHOI
BOJILBOKCOBOI Bojopociu Chlamydomonas reinhardtii (Merchant et al., 2007) nokasaio, 4yTo 3TH
OpraHu3Mbl UMEIOT TMOUYTH OJUHAKOBOE YHUCIIO T€HOB (B 00oux cimydasx okojo 14500). Takum
00pa3oM, 3BOTIOIIMOHHEIH IEPEX0]T 10 YPOBHS OPTaHU3aLNU BOJIBBOKCA OBIII OCYIIECTBIICH Iy TEM

OTHOCHUTEIILHO HEOOIbIMX TeHeTHueckux n3menenui (Pennisi, 2010). OxHako pa3Mep TeHOMA y
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V. carteri na 17% Oonbuie, ueM y C. reinhardtii (B OCHOBHOM 3a CHET MOBTOPSIOIIMXCS
nocnenoBarenbHocTe JIHK).

Pon Volvox saBnsercs NOAM(PUIETHYECKUM: B YACTHOCTH, COTJIACHO JIaHHBIM
Mmouekymsipaoit ¢punorennn (Herron et al., 2009), V. carteri n V. globator nuseprupoBaiu OT
o01Iero OJHOKJIETOYHOro mnpeaka okoso 200 MWIITHOHOB JIET Ha3aj, a COMAaTUYECKUE KIIETKU
BO3HUKIIM HE3aBHCHMO B Pa3HbIX SBOJIOIMOHHBIX JUHUAX. Y V. carteri, Haubonee U3y4yeHHOrO,
MOJIETLHOTO BHJIa BOJBBOKCA, IEHTPAIBHYIO POJIb B (DOPMHUPOBAHHH COMATHUYECKUX KIIETOK
UTpaeT TeH regA, KOTOPBIN MONaBIsET OMOTeHE3 XJIOPOIUTACTOB, POCT PEMPOAYKTUBHBIX KJIETOK H
ux mupdepennmanmo (Kirk et al., 1999; Babinger et al., 2006). OpToJor 3TOro reHa uMeeTcs
Takxke y V. ferrisii, HaXoms1Ierocs: B OAHOU dBOJTIONMOHHON TuHUH ¢ V. globator (Hanschen et al.,
2014). Ilpenmonaraercs, 4To regA-mOMOOHBIM TEH, CBA3aHHBIA C peakiuell Ha BHEIIHHE
CTPECCOBBIC BO3JCUCTBUS, HMEJCS YK€ Yy OOIEero OJHOKIETOYHOTO TIpeaKa pa3HbIX
IBOJIFOIIMOHHBIX JIMHUH BOJBBOKCA, IOCKOJIBKY OH MPHCYTCTBYET B TEHOME OIHOKIICTOYHOM
Bogopociu C. reinhardtii (Nedelcu, Michod, 2006; Nedelcu, 2009).

KitoueBbiM 3Tanom Mopdorenesa BOJIbBOKCA M OONBIIMHCTBA APYTUX KOJOHUAIBHBIX
BOJIbBOKCOBBIX SIBJISIETCSI MHBEPCHUS — BBIBOPAYMBAHUE 3apOJIbIIlIa HAW3HAHKY uepe3 (huamornop
(reboupIioe OTBEpCTHE HA IepeaHeM moioce). Ha V. carteri ObUIO TIPOBEICHO HCCIICAOBAHUE
reHa invA, KOTOpbIH KOAUpyeT OEJOK KHWHE3HWH, JIOKAJIW30BaHHBIM B MEXKKJIETOUYHBIX
[UTOIIA3MAaTUYECKUX MOCTUKAX M OOECHEeUMBAIOIIMK JBIKYIIYIO CHUIY AN OCYIIECTBICHUS
BeiBopaunBanus (Nishii et al., 2003). B renome ognoxnerounoit C. reinhardtii NpucyTCTBYET TeH
iar (opronor invA), kotopeiii Toxe komupyer kuHesuH (Kirk, 2005). OmHako (yHKIIUU 3TOTO
Oenka y XJaMHIOMOHA/Ibl, HE UMEIOIIEe HHBEPCHH, TTOKA OCTAIOTCS HESICHBIMHU.

HenaBHo y rerepotamnuuyHoro V. carteri OOHapyXWilu perynsiTopHblii TeH MID,
OTIPENICNIAIONINI TOJI, ¥ MOKa3aJId, YTO OH MPUOOpeN HOBbIe (PYHKUUH (CBSI3aHHBIE C MPOLIECCAMU
CIIEpMaTOreHe3a U 0OOreHe3a) M0 CPaBHEHMIO ¢ poJCcTBEHHBIM reHoM y C. reinhardtii (Sa Geng et
al., 2014). I'en MID npucyTCTBYET TOJHKO B TECHOME MY KCKOTO KJIOHA BOJIbBOKCA, U T10/IaBJICHHE
€ro OHKCIpecCud TMPUBOAUT K (OPMUPOBAHUIO B CIEAYIOIIEM IOKOJICHUHM KOJOHUU C
suueKneTkamMu. HampoTuB, 3Kkcmpeccusi 3TOro TeHa IOCie €ro BBEICHHS B JKEHCKUM KIIOH
BOJIBBOKCA TIPUBOJUT K (POPMHUPOBAHUIO KOJIOHHIA C TTAaKETAaMH CIIEPMATO30MI0B. B cBeTe MaHHBIX
M0 SKCIEpUMEHTAIIbHOMY WM3MEHEeHMIO moja Yy V. carteri Obula Tpeasio)keHa THUIIOTE3a O
MexaHu3Max (OPMUPOBAHUS OJHOJOMHBIX HIIM JIBYAOMHBIX KOJOHUW Y TOMOTAJTUYHBIX BUIOB

pona Volvox.
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PASPYHIEHUE JJAMHWHA DMO B KJIETKAX S2 T1PO30®NWJIbI IITPUBOJUT

K YIAJIEHAIO XPOMATHHA OT SIIEPHOM OBOJIOYKHA U K YBEJIUYEHUIO
ETO IVIOTHOCTH B SAAPE

Joponun C.A."", Vivsnos C.B.>", Xpameesa E.E* Muxaneéa E.A., Dnsmep UM,
Taspunos A.A.°, Fenvgpand M.C.”%, Pasun C.B.>’, Illesenes FO.A.'

1I/IHCTI/ITyT MonekysipHoi renetuku PAH, r. Mocksa

2I/IHCTI/ITyT 6uonoruu resa PAH, r. Mocksa

*BHOTOrHYeCKHii ¢dakynpTer MI'Y um. M.B. JlomoHocOBa, I. MockBa

*UHCTHTYT HAYKH U TexHOIOrnH, CKOTKOBO

5I/IHCTI/ITyT npo6iem nepenayn nunpopmarnmu uM. A.A. Xapkesuda PAH, r. Mocksa
S®akynsrer GrnonmKeHeprn i ononHbopmaruki MI'Y um. M.B. Jlomonocosa, r. MockBa
* paBHBIN BKJIa/l aBTOPOB

shevelev@img.ras.ru

Panee meronom FISH MBI oka3anu, 4To pu HOKJayHe reHa jaMuHa DmO B kieTkax S2
Jpo30(MIIBl TPOMCXOMUT YIAJICHUE JIBYX PAOHOB HEaKTUBHOTO xpomatuHa (60D m 22A) ot
sepHoi 0600ukn BHYTPB siaep (Shevelyov et al, 2009). 3ToT pe3ynbTat MOKET ObITh OOBSICHEH
yTpaToOl CBSI3U MEXIY ONpEACICHHbBIMU pailoHaMM XpOMOCOM (JIaMHUHa-aCCOLMUPOBAHHBIMU
nomeHamu, JIAJlamu) U sSAEpHON JTaMUHOM MOCJIE MCKYCCTBEHHOTO Pa3pyILIEHHUsS OCHOBHOTO €€
KOMIIOHEHTa — JjaMuHa DmO, 4To mpUBOIUT K TOTAIbHOMY CMELIEHUIO XpOMAaTHHA BHYTPbH SJIEP.
YroObl MpPOBEPUTH 3Ty TUIOTE3Yy, OBLJIO MPOAHAIU3UPOBAHO IOJIOKEHHSI XPOMAaTHHA en masse
OTHOCUTEJIBHO SZICpHON O0OJOYKM B KJIETKax S2 Mocje HCKYCCTBEHHOIO CHMKEHHS B HHUX
KosmyectBa JamuHa DmO. Jlnsg BU3yanu3aldu XpoMmaThHa W sIIEPHOM OOOJIOYKM IMPOBOAMIH
MMMYHOOKpAIllMBaHUE KJIETOK aHTuTenamMu K TuctoHy H4 wu x namun-B-penentopy,
COOTBETCTBEHHO. AHanmu3 Mpopuiell HHTEHCUBHOCTH (IIyOpECUEHUMH BJOJIb IUAMETPOB
uHTepda3HbIX s1ep B mporpamme Imagel nmokasai, 4to npu paszpyuienuu jamuHa DmO B kiieTkax
S2 npo3oduiabl MPOUCXOAUT YBETUUYEHUE CPEIHETO PACCTOSHHUS MEXIYy XPOMATHUHOM U SACPHOMN
000J104KOi. ITO CBUIETEIBCTBYET HE MPOCTO O CYIIECTBOBAHUU KOHTAKTOB MEX]Yy XpPOMaTHHOM
Y JJAMUHOM, @ O CBSI3BIBAHUH ONPEJEICHHBIX PAaHOHOB XPOMOCOM C SIICPHOM JJAMUHOM U O TOM,
YTO B HOPME XPOMATHH PACTSAHYT HA SJCPHOH JIAMUHE.

Yr1oOBl MPOBEPUTH BHIICONMCAHHYIO MOJAEbL C MPUMEHEHUEM aIbTEPHATUBHOIO MOX0A,
ObUT MpOBEACH HOKAAyH TeHa jJamMuHa DmQO B KieTKax S2, Mocie 4Yero MpOCTPAaHCTBEHHAs
CTPYKTypa XpOMaTHHa B 3TUX KjeTKax Obuia mpoaHanusupoBana meronoM Hi-C. IloctpoeHHbie
KapThl XPOMOCOMHBIX KOHTAKTOB IIOKa3aJld, 4TO IPH PAa3pyLICHUH SANEPHOM JaMHUHBI HE
IIPOUCXOOUT  3aMETHOTO  M3MEHEHUS CTPYKTypbl WM  PACIOJIOKECHMS  TOINOJIOTMUYECKU
acconmupoBaHHbIX J0oMeHOB (TAJloB), onHako HecrnenU(pUUECKH YBEIUYUBACTCS YHCIO
KOHTakToB Mexay TAJlamu, 4TO CBUAETEILCTBYET OO0 YBEIWYEHMM IUIOTHOCTH XpOMAaTHHA B

anpe. llomyueHHble pe3yabTaThl YKa3blBAIOT Ha poOJb SIIEPHONM JIaMHUHBI Kak (pakTopa,
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CAEPKUBAIOIIETO CIIOHTAHHYIO U HECHEeIU(PUUECKYI0 KOMIIAKTU3AIMI0 XPOMAaTHHA, BbI3BIBAEMYIO
CHJIaMU MOJIEKYJISIPHOTO KpayIuHTa.

Pa6ota BemonHena npu noaaepxke rpanta POOU-KOMOU Ne 13-00-40086-K.

IF'EHOTUIIMPOBAHUE U ONNPEJAEJIEHUE MACTHU APEBHUX JIOIIAJIEU AJITASA
N BYPATUNU: CPABHEHUE C COBPEMEHHBIMH NOITYJIALIUAMUA
Jlpyorckosa A.C. 1’2, Kycnuii MA.I, Tlonosa K.O. 1’2, FOpnosa A.A.z, Bopobvesa H.B. 1’2,
1

Maxynun A.M.", Bacunves C.K.?, Ka6unos M. P.”, I'ymoposa H.B.”, Monooun B.H.”,
Lep6axos J.10.°, Tpugponos B.A."*, Ipagpooamcexuii A.C."*
'MucTuTyT MOMEKy ISIpHO# U KieTouHoit 6uonorun CO PAH, r. HoBocubupck
2HOBOCI/I6I/IpCKI/H71 TrOCyJIapCTBEHHBIN YHUBEpCHUTET, T. HoBocuOupCK
‘UuctutyT apxeonoruu u stHorpadun CO PAH, HoBocuGupcK
4I/IHCTI/ITYT xuMu4eckor omosornu u pynmamentansaoit meauimasl CO PAH, HoBocnbupck
UnctutyT nuronoruu u reetuku CO PAH, T. Hosocubupck
S JIumHOMOTHUECK M unctutyT CO PAH, r. UpkyTck
E-mail: rada@mcb.nsc.ru

Homammaue nomanu (Equus caballus) npencrasurenu poja Equus oauH u3 Hambosee
3HAYMMBIX BHUJIOB Ui 4enoBeka. OmnpeesieHne BpeMEHN U MECTa OJOMAIIHUBAHUS [ KOTOPOTO
OCTAaeTCsl OTKPBITBIM 1O Hacrosmero BpeMeHH. CpaBHEHME MHTOXOHJIPUAIbHBIX T'€HOMOB
MOMOTaeT BOCCO3/aTh (DUIOTEHETHUECKUE OTHOILIECHUS MEXAYy IPEBHHMH M COBPEMEHHBIMH
MpEeACTaBUTENSIMU, JUHAMUKY HW3MEHEHHS MONYJSlUi BO BpeMeHU. M3ydass siaepHble TeHbI
OKpacKd JPEBHUX M COBPEMEHHBIX JIOIIAJICH, MOXXHO BBISICHUTH, KaKHE€ W3MEHEHUS B IIBETE
LIEPCTH MPOMU30LUIA B IPOLIECCE OJOMAIIHMBAHUSA. B TO BpeMs Kak COBPEMEHHBIE TOMAIIHUE
Jomaau MMeEIoT Oobloe pazHooOpasue ramiotunoB MutoxoHapuanbHoi [IHK, nacnemyemoii
[0 MAaTepPUHCKOW JIMHWHM, U3MEHYMBOCTH Y-XpPOMOCOMBI O4Y€Hb Maja. Llenbro uccienoBaHus
SIBJISICTCS TEHOTHITUPOBAHUE W OIPEACIICHHE MAacTH JpeBHUX Jomaned Anras u byparuu u
YCTaHOBJICHHE MX (DUIOTEHETHUECKUX OTHOIICHUN C COBPEMEHHBIMH JomaapMu. MccnenoBanue
pa3HoOOpa3usl TamjJOTUIIOB TIO OTIOBCKOW JMHUM CpeOu JAPEBHUX M  COBPEMEHHBIX
npeacrasutene poaa Equus.

B xone manno# padotsl BeieneHa JIHK u3 24 kocTHBIX 00pa3noB apeBHUX Jjomranei (40
TBIC. JIET JI0 H.3. — 5 BEK H.3.) U3 pecnyOnuk bypstus, Anrai, Skytus, u3z 3a0alikaibCKOTO Kpas,
VY IbsTHOBCKOW 00JACTH, CIeNaHbl OMONMMOTEKU Ui CEKBEHHpPOBaHUS. Mbl pa3paboTaiu 30HIBI,
s oboramenus apesHer JJHK ¢parmentamu Y-XpoMOCOMBI, CEMH T'€HOB OKPAaCKU U TIOJHOM
MTIHK. Tlo pe3ynbpTatam cekBeHupoBaHUs Obuin omnpeaeneHsl ramiorpynmsl (E, N, R) npeBnux
Jomazed M UX MO3UIMS Ha (PUIOTeHEeTHYEeCKOM JpeBe, a TakKe€ MAacTH, OTIUYHbBIE OT JUKOIO
TUMA, Y YeThIpeX APeBHUX Jjomaneid. OauH u3 o0pa3oB OTHOCUTCS K BbIMepliemy BUILY Equus

ovodovi, a He K nomamHeW nomamu Equus caballus, u uMeeT yHHKaTbHBIA TaIUIOTHIL,

HEOIMHMCAHHBIN paHee ISl CEMEMCTBA JTOIaANHBIX.
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Y 88 coBpemennbix gomaneir Anrtas (Ymaranckuii u Kom-AraunHCKuil pailOHBI)
CeKBeHUpOBaH (pparMeHT rurnepBapuadenpHoro paiiona Mt/IHK u moctpoena ¢unoreneTndeckas
ceTh. Mcxons U3 3aMeH B 3TOM (PparMeHTe, Mbl OTHECITH MCCIEIOBAaHHBIX HAMH COBPEMEHHBIX
nomanei k 10 rammorpynnam (A, B, D, F, [, K, K3, X2, X3, X4), a npeBaux nomaaei bypstuu, c
wiaro Ykok u u3 JlenucoBoil nemepsl k ramtorpynnam X3, K u X7, coorBerctBeHHo. Jlnis
COBPEMEHHBIX MPEJCTABUTENCH JOMAIIHUX JIOMIAAe AJITass Mbl MOJYYWIH Y -XPOMOCOMHBIE
Mapkepbl ans 14 o0pa3oB W ONpeAeNuiIn, YTO 3TH 00pa3ibl npuHaanexar ramiotunam HT1 u
HT?2, aBnsonmmMucs caMbIMU paclipOCTPAHEHHBIMHU B JIOIAAWHOMN HOMYJISALNH.

Pa6ora nonnepsxana rpanrom POOU Ne 14-04-00723.

KAPUOTHUII ME3SEHXUMHBIX CTBOJIOBBIX KJIETOK IYIIOYHOI'O KAHATHKA
IPU JVIMTEJIBHOM KYJIbTUBUPOBAHUU

Enykaweun HH."?, Fanem6o U.A.", Illynexuna K.B.!, Aiizenumaom 4.4."7,
" 000 «ITokpoBcKHii GaHK CTBOTOBBIX KIETOK», T. CaHKT-ITerepOypr

2 WuctutyT nuronoruu PAH, r. Cankr-IletepOypr

3 C3IMY um. U.U.MeunukoBa, r. Cankt-IleTepOypr

aizendt@gmail.com

T3
Cmonanunos A.B.

Mesenxumnbie ctBojioBble KieTkn (MCK) - MynbTUNOTEHTHBIE CTBOJIOBBIE KIIETKH,
o0najaromuye CrocoOHOCTBI0O K CaMOTIOAJICPKAHUIO TOMYJISIUN U TU(PEpEeHIIMPOBKE B KIETKU
ME3EHXMMHOTO psga. B Hacrosimee Bpemsi pa3pa0dOTaHbl METOIWKH KyJbTHBHPOBAHHUS 3THUX
KJIETOK, KaK JJIi HAay4HbIX IIeJIed, Tak M JJid KIMHUYECKOro npumeHeHus. [lpu stom B xone
KyJIbTUBHPOBAHUS MOTYT 3HAYUTEIbHO M3MEHSATHCS CBOWMCTBA M XapaKTEPUCTUKH KJIETOK, YTO B
CBOIO OY€pe/Ib MOXKET BIMATH Ha 0€30MacHOCTh U 3(PPEKTUBHOCTH UX IPUMEHEHHUSL.

Hens pabotbl 3akimtoyanach B BbISIBICHUHM H3MeHeHMH kapuoTtuna MCK mnynouyHoro
kaHatuka (I1K) npu ux qnmureabHOM KyJIbTUBUPOBAHUU.

MCK Bbiensiu U3 MEPUBACKYISIPHOTO MPOCTPAHCTBA Mymo4yHOW BeHbl oOpasion [IK,
MOJYYCHHBIX TPU HEOCIOXHEHHBIX pojax (MpH HAIMYUHM MOANHCAHHOTO WH(POPMHUPOBAHHOTO
cornacusi). IloBepxHoctHble Mapkepbl MCK BBISBISITH ¢ TOMOIIBIO MEUEHHBIX (DITyopOoXpoMaMu
anturen nporus CD34, CD45, CD90, CD105, CD73, CD13, CD10, CD44, CD14, CD117 Ha
npotouHoM nutodayopumerpe FC500 (Beckman Coulter, CIIIA). IIpemapatsl MeTadasHbIX
XpoMocoM okpammBaid pactBopoM Hoechst 33258 ¢ mocnenyrommM KOHTPacTUPOBAHHEM
akTuHOMUIIMHOM D mnpu ypoBHe pazpemenus 450-550 cermentoB (ISCN). [lna oueHku
KapuoTHUIa KaXJI0To oOpasma MpoBOAWIM aHamu3 15 mertada3HbIX TIACTHHOK Ha 4 u Oosee
MO3AHMX TaccakaX, B 3aBHUCHUMOCTH OT [UIMTEIbHOCTH TOJAEpX aHUs MpoaudepaTuBHOTO
noteHnuana. dmroopecredTnyo rudpuamzanuio in situ (FISH) mpoBogmim mo craHAapTHBIM
MPOTOKOJIaM, HKCIIONIB3YSl B KadyeCTBE 30HIA KIOHHUPOBAHHBIA (PparMeHT NPHUIIEHTPOMEPHOTO

caremumra 3 (HS3) xpomocomsl 1 uenoBeka
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Pesynbrarel. B xome paGoTel Obuta mosmyueHa u mpoaHaiguszupoBaHa 31 kynerypa MCK
ITK. 22 xynetypsl MCK coxpansumn niponvdepaTiBHYIO aKTHBHOCTh B TEUCHHE § Maccaxkeu, 5
KyJaeTyp — 10 9 m 3 xyabtypel — no 10 maccaxka. IlponeHTHoe coaep:kaHHUE KIETOK C
ummyHodenoturiom MCK - MooKUTeIbHBIX O 3KCIPECCUU TOBEPXHOCTHBIX aHTUreHOB CDI0),
CD105, CD44, CD73, u otpuniarensHbix 1o skcnpeccuu CD45, CD34, CD117, CD14 - B nanHbIX
kyabTypax MCK 6b110 cxoxuM u npessimano 90%. Jns 30 kyastyp MCK nymnouHnoro kanatuka
Ha 4 1 8 maccaxkax He ObLIIO OOHAPYKEHO KAaKUX-THOO U3MEHEHUH KapHOoTHUIA.

B toxe Bpems MCK IIK omHON u3 IpOaHaNIM3UPOBAHHBIX KYyJIbTYP COXPaHSIIH
nponudepaTuBHBIA  TOTEHHMAn B TedyeHne Oomee demM S50 maccaxeit. Ilpm  sTom
UMMYyHO(EHOTHUNIHYECKHEe M MOpP(]OIOruuecKkre XapakTepUCTUKH KJIETOK B TEUEHUE BCETO
Mepuoia KyJIbTUBUPOBAHUS HE M3MEHSJIUCh U COOTBETCTBOBaIM TakoBbIM 11t MCK. OnHako, B
X0JIe IIUTOI€HETUYECKOr0 aHajau3a MoKa3aHo, 4To HaunHas ¢ 9 nmaccaxka B MCK 3101 KynbpTypsl
MIPOM30LUIO YBEIMUYEHUE TEeTEPOXPOMATUHOBOrO 0JIOKAa MEPULIEHTPOMEPHOIO paliOHa OJHOTO U3
romoJioroB 1 xpomocombl. Metogom FISH B nnTepda3Hbix siapax nmokasana aexkonaeHcarus HS3-
1 — ocnoBHoro kommnoHeHta JIHK mnpunentpomepHoro xpomatuHa XpoMOcOMBI 1.
JIeKOHAEHCAIMsI 3TOTO y4acTKa B MHTEP(a3HBIX sJIpax CBUAETEIBCTBYET 00 JMUTCHETHYECKUX
M3MEHEHHUAX B KieTkax. [Ipu mocnenyromeM KyJbTUBUPOBAHUU JNATbHEUIINX U3MEHEHUH 3TOTrO
y4acTKa XpOMOcoM oOHapykeHo He Obuto. B octampHOM MCK 3TOH KyJNBTyphl COXpaHSIIN
CTaOWUIBHBIA KapuoTHUn 0e3 H3MEHEHHS KOJIUYECTBA CTPYKTYpbl XPOMOCOM Ha BCEM CpPOKE
KYJIbTUBHUPOBAHUS.

Takum oOpa3om, ObLIa MONyYeHA JUIUTENRHO Tponudepupyromas kKyinprypa MCK TIK co
CTaOWUJIbHBIM KapUOTHUIIOM, OCOOCHHOCTBHIO KOTOPOTO ObUI yBEIMYEHHBIH I'e€TepOXPOMATHHOBBIN

070K Ha OJHOM H3 IT'OMOJIOI'OB 1 XPpOMOCOMBI.

CPABHUMTEJIBHOE MOJIEKYJISIPHOE KAPUOTHIIMPOBAHUE KJIETOK
TPO®OBJACTA, BHYTPEHHEN KJIETOUHON MACCHI 11 JTHK

U3 BHYTPUIIOJIOCTHOM KUJIKOCTHU BJACTOLMUCTBI UEJTOBEKA
JKueanuna JL.U."* Cxpabun H.A."?, Apmioxosa B.I'>, Ceemaaros A.B.”, Jlebedes U.H."*

! HanmowanbHblit necnenoBatenbeknii ToOMCKHiA rOCyJJapCTBEHHBIN YHUBEPCHUTET

? DesiepaIbHOE TOCYIAPCTBEHHOE GIOKETHOE HAYYHOE YUPEKICHUE «HayuHo-
HCCIIEN0BATEIbCKUI HHCTUTYT MEAUIIMHCKON T€HETUKM», I'. ToMCK

3 O6mecTBo ¢ OTPaHUYEHHOM OTBETCTBEHHOCTHIO «KpacHOSIpCKUI HEHTP perpoyKTUBHOM
MEULTHBI»

darya.zhigalina@medgenetics.ru

Pa3Butre MONEKYISAPHO-UUTOTEHETUUECKUX METOJOB W AaKTUBHOE HCIOJIb30BAaHUE
MPEUMIUIAHTAUOHHOW ~ TEHETUYECKOW  JUAarHOCTUKHU ') B  pamkax  IUKJIOB

OKCTPAKOPHOPAIBHOT'O OIJIOAOTBOPCHUA JAJI0 YHUKAJIbHYIO BO3MOXHOCTE U3Yy4YaThb XPOMOCOMHBIC

AHOMAJIMM Ha paHHUX CTaAUAX 3M6pI/IOHaJ'II)HOFO Pa3BUTHA YCIOBCKaA. KiroueBbIM BOITPOCOM IIpHU
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STOM SIBJISIETCS. MCCIIEIOBAHME LUTOI€HETUYECKUX IPUYMH BBICOKOTO YPOBHS YHMCIIOBBIX
XPOMOCOMHBIX HapylIeHHH Yy 5SMOpPHOHOB, OINpEAESAIONUX HEBO3MOKHOCTh HACTYIUICHUS
OepeMEeHHOCTH WM ee paHHee MpepbiBaHHEe. Bmecte ¢ TeM, paHHSAS KOPPEKIHS XPOMOCOMHBIX
aHOMaJMii MOXET MPUBOAUTH K HOPMAIM3AHUUA XPOMOCOMHOTO Ha0opa, MPEeJOCTaBIsisi TEM
CaMbIM IIIAHCHI JJIsl JAJIbHEWUIIETr0 yCHEIHOro pa3BUTHUS 3apojblma. OJHAKO MEXaHU3Mbl TaKoU
KOPPEKLIMHM OCTaBajJUCh JO HACTOALIETO BPEMEHHM BO MHOIOM THMIIOTETHUECKUMH, UYTO OBLIO
CBSI3aHO C OTCYTCTBUEM pPEalbHOM BO3MOYKHOCTH 3KCHEPUMEHTAIBHO MPOCIEAUTHh 3IUMUHALMIO
aHEYIUIOUTHBIX KJIETOK HA paHHUX dTanax dMOpHUOTeHe3a YeloBeKa.

Oo6napyxenue B 2013 r. IHK B0 BHYTpHMIOI0CTHOM *)uakocTh Oyactomuctsl (Palini et al.,
2013) mo3BOJMIIO BIEpPBBIE PEKOHCTPYHUPOBATH KAPHUOTHIIBI KJIETOK, TMOJBEPTIINXCS aroITo3y.
O4eBUAHO, YTO CPABHUTEIHHBIA aHATN3 KJIETOK CaMOM OJacCTOIUCTHI C JAHHBIMU MOJIEKYJISPHOTO
kapuotunupoBanusi BHekseTouHo JIHK B e€ monocTtu mo3BONMUT MPOWLIIOCTPUPOBATH MOJEIH
TKaHecNeUM(PUYHOW KOMMIApTMEHTAIN3AlUA KJIETOK C AaHOMalIMSIMM KapHOTUIIA B paHHEM
smbOpuorenese yenoseka (Lebedev, 2011).

B Hacrosmelr pa®oTe MBI BHEpBBIE COOOMaeM O pe3ylbTaTaX CPaBHUTEIHLHOTO
IIUTOr€HETHYECKOTO aHalu3a KIeToK TpodoObiacta, BHyTpeHHeH KierouHoi maccel (BKM) u
BHekinerounoi JIHK w3 monocTHON JKMAKOCTH Tpex OJacTomucT 5-r0  JHS  pa3BUTHA,
MIPOBEJCHHOTO C MOMOIIBIO CPAaBHUTEIBHOM T€HOMHOW rubpuam3anuu. [lokazaHo, 94To B 0JHOM
cily4ae U3 YMOPHMOHANBHBIX TKaHEH MCKITI0YaroTcs aHoManbHbIe kieTkd, u JJHK u3 Hux nmonamaer
B KUAKOCTh. Tak, BO BHYTPHUITOJIOCTHOM KHUAKOCTH OJIACTOIMCTHI ObUTH 0OHAPYKEHBI MOHOCOMHUU
1o xpoMocoMaM 7 U 16 u Tpucomus o xpomocome 4, Toraa kak B Tpododiaacte u BKM He Ob110
HalJIeHO XpOMOCOMHBIX HapylIeHH. Bo BTOpoM cilydae BBISIBIEHBI MOHOCOMHMH IO XPOMOCOMAaM
16, 17 u 19 B xuakoctu 6mactouuctsl. B To ke Bpemss Bo BKM o0HapykeHbl TPUCOMHUU TIO
xpomocomam 16, 17, 19 u 22, a B Tpodobnacte, HATPOTUB, MOHOCOMHH TI0 XpoMocoMaM 16 u 19.
TakuM 00Opa3oM, KIETKH ¢ MOHOCOMMSIMM, KaK MPOJYKTbl XPOMOCOMHOI'O HEPACXOXACHUS WU
OTCTaBaHWs, MOTYT HJiauMUHUpoBaThcs n3 BKM, paromeit Hadano BceM 3MOpHOHAIBLHBIM
CTPYKTypaM, HO YaCTUYHO COXpPaHATbCA B Tpodobracte, 0OECHEUMBAIOINIEM HUMILIAHTAIUIO
OnacronucThl. B TpeThem ciydae B 0Opasiie BHYTPHIIOJIOCTHOM JKUIKOCTH HE OBLJIO OOHAPYKEHO
JHK, torna kak Bo BKM Obuin BISIBIIEHBI TPUCOMUU IO XpoMocomam 17, 19, 22 u MoHOCOMHUS
mo xpomocome 13, a B Tpodobiacte — TpucoMus 1Mo xpomMocome 17 1 MOHOCOMHSI TIO XPOMOCOME
12. OueBuano, uto aHanu3 BHekJIeTouHOU JIHK MokeT BHeCTH 3amMeTHBIM BKJIaJ B IMOHUMaHUE
[IUTOTEHETHYECKUX MEXaHU3MOB (DOPMHUPOBAHUS XPOMOCOMHOTO MO3aUIIM3Ma, & C MPAKTUIECKOM
TOYKH 3PEHUS CIIOCOOCTOBATh YMEHBIIIEHUIO BeposiTHOCTH omuOoK [1I'/] n3-3a BRICOKOM 4acTOTHI
MOCT3UTOTHUECKUX aHOMAJIHMI cerperaiiii XpoMOCOM B A MOpHOreHe3e Ye0BeKa.

Hccnenoanue noanep:xano rpantoM PODOU Ne 15-04-08265.
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PACITPOCTPAHEHHOCTD P ®AKTOPA B IIPUPOJHBIX TOIIYJIANUAX
DROSOPHILA MELANOGASTER HE KOPPEJ/IUPYET

C PACITPOCTPAHEHHOCTBIO P MOBMWJIBHOTI'O 3JIEMEHTA

3axapenko JLIT"?, Henamenxo O.M?, Lopozcosa HB'

"MucturyT nuronornn u renerukn CO PAH, r. HoBocnGupck

2H0130<:I/I6I/Ip<:1<1/1171 roCyAapCTBEHHBIN YHUBEpCUTET, T'. HoBocuOupck
zakharlp@bionet.nsc.ru

SABnenue BHyTpuBUIOBOro rubOpumHoro mucrene3a (I'J[) oOHapykeHO y MOTOMCTBA
HEKOTOPBIX map JuHuil D. melanogaster B OTHOM W3 HaNpaBJCHWH ckpemuBaHus. []]
WHAYLHUPYETCS 32 CYET B3aMMOJCHCTBHS MAaTEPUHCKOW IMTOIUIa3Mbl (JJUHUM ¢ M IIUTOTUIIOM
(Maternal)) ¢ otioBckum aktopom (siuauu ¢ P murorunom (Paternal)). [Ipeamomnaraercs, uro P
TPAHCIIO30H NOSIBUIICA B reHoMe D.melanogaster myTeM ropru30HTAIBHOIO NEPEHOCca IPUMEPHO B
TO k€ BpeMs, uto U P ¢akrop. Cunraercs, 4To OTCyTCTBHE P 37€MEeHTa B MATEPUHCKOM T'€HOME U
€ro HaJInyue B OTLIOBCKOM I'€HOME MHJyLUPYET aKTUBHOE MepeMenieHue P 31eMeHTa U IPUBOAUT
Kk npossiaeHutro cumnromoB ['JI. Ilpeamonaranocs, uro pgerepmuHanTel I'J[  mosydar
pacnpocTpaHeHue B nonyuauusax D.melanogaster BMECTe ¢ paclipocTpaHEHUEM C P 3JIeMeHTa.

Opnako, MBI HE OOHApPYKUIIM KOPPENALUU MEXIy pacnpocTpaHeHHocThio P dakropa u
pacipoCTpaHEHHOCThIO P 37eMeHTa B COBPEMEHHBIX momysiiusx. Hampumep, Oonblas yacTb
EBpasuiickux nuauil umeet He P, a Q mnu M nuToTun HECMOTps Ha TO, YTO MOJHOpPA3MEpHbIN P
9JIEMEHT TMPHUCYTCTBYET MPAaKTUYECKH BO Bcex TeHomax D.melanogaster W3 TPUPOAHBIX
nonyysanuii. [lo HaIMM JaHHBIM JIMHWM, BBIIEICHHBIE U3 MPUPOJBI B MOCIEAHEE NECATUIIETHE,
MMEIOT TO € COOTHOILIEHUE LIUTOTHUIIOB, YTO U B 1975 rony HE3aBUCHMO OT COAEPKAHMS B UX
reHomMax P snemMeHra.

MI'D moryT nepemeaThsesi He TOJIbKO B THOPUAHBIX T€HOMAaX, HO U B U30T€HHBIX JIMHUSAX.
B nmuaum y; cn bw sp cKOpoCTh TepeMeIeHUs] MOOMIIBHBIX T€HETHUECKUX 3JieMeHTOB (MI'D),
KOTOphIe CYHMTalOT OTBeTcTBeHHBIMU 3a IR (I snement) u HE (hobo) Bapmanthl rubpugHOTO
JUCT€HE3a, COIOCTaBMMa CO CKOPOCTBIO IepeMelneHus P simeMmeHra npu PM T'JI u mMoxer
COCTaBJIAITh OJHO MEpPEMEIICHUE Ha T€HOM 3a MOKOJIeHHe. MeXay TeM B 3TOH JMHUM CUMIITOMOB
I'J] He 3ameueHo.

[lo HammMM [OaHHBIM y JUCTEHHBIX CaMOK YBEJIWYMBACTCA Jerpajanus FOBEHUJIBHOTO
TOPMOHA, y B3POCJBIX CAMOK B SIMUYHMKAX OTCYTCTBYIOT CTBOJIOBbIE reHepaTtuBHbIe KieTku (CI'K),
XOTs Ha paHHUX cragusx sMmOpuoreHeza CI'K 3akmanpiBaroTcsi B paBHBIX KOJMYECTBAaX B
JUCT€HHOM M HEIUCTEHHOM HalpaBJICHUHU.

Wtak, pacmpocTpaHeHHOCTh P 3JeMeHTa B MPUPOJIHBIX Nomymsiuusx D.melanogaster He
KOppenupyeT ¢ pacnpocTpaHeHHocThio P daxrtopa. OtcyTcTBue P 3iieMeHTa B CTapbIX
7a00paTOPHBIX JMHMUSIX U €ro HaJW4YMe€ B CBEKEBBIICICHHBIX JIMHUSAX M3 MPUPOIBI CKOpee

MOKa3areidb TEHETHYECKOM AMCTaHUUU MEXITy JuHUsAMH, yeM npuuumHa ['Jl. 3Haunmocts P
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nieMeHTa B MHAyKIuM ['Jl mpeyBenuueHa emie M IMOTOMY, YTO 4YacToTa IEpPeMELICHHUsS MU
crnenupUUIHOCTh BHEAPEHUs P 37eMeHTa He0CTaTOUYHO BeJUKH, YToObl co 100% BeposTHOCTHIO
MHYLIMPOBATh Y THOPUIIOB OJTHU U TE K€ CUMIITOMBI.

[MpuunHa rUOPUIHOTO AMCIeHE3a, NPOSBIAIOLIETOCS IPH CKPEIIMBAaHUHM Oco0ei u3
MapKEepHbIX JIMHUH, CKOpee BCEro KpOETCs B IAUBEPreHIMH PEryJslUud T'€HOB MaTEPUHCKOIO
3¢ deKTa ¥ TeHOB, OTBETCTBEHHBIX 32 (POPMHUPOBAHUE SIMUHUKOB, 4YeM B akTUBHOCTH MI'D.

brnarogapnoctu: pabora wactuyHo (uHaHCupoBajach rpantom PODOU 14-04-00929 u

basosbim npoexkTom VI.53.1.2.

JUBEPTEHIUSA, KOHTAMUWHALIUSA NN TOJIUMOP®HOE NPOUCXOXIEHUE
PE®EPEHCHBLIX TABOPATOPHBIX TUHUN DROSOPHILA MELANOGASTER
3axapenxo ./].H.I’Z, Henamenko O.Mz, Hnuncxuii FO.10.'2

'MuctutyT wuronornn u reserukn CO PAH, r. HoBocnbupck

2H0B0c1/161/1pc1<1/n71 roCy/IapCTBEHHBIN YHUBEpPCUTET, T. HoBocuOupck

zakharlp@bionet.nsc.ru

Oxkomo 100 nmer wasanm Omaromaps ucciemoBaHusM Ha apo3odune T. Mopranom c
ydyeHuKaMu Obl1a CcPOpMyIHpOBaHAa XPOMOCOMHAasl TEOpUs HacleACTBEHHOCTH. HekoTopsle
naboparopusle muHUN Drosophila melanogaster UMel0T TOYTH TaKyIO )K€ JABHIOIO HUCTOPHIO U
OTHOCATCSL K YUCIy pedepeHCHBIX. JIMHUU ¢ OJHUM U TE€M K€ Ha3BaHHEM IOJICPKUBAIOTCS B
pa3HBIX JTa0OPATOPHSIX MHOTHE TOJIBI M MOTYT OTJIIMYATHCS IPYT OT ApYra IO psiy IMapamMeTpoB 3a
CYET AUBEPreHINH, TEHETUYECKOT O 3arpsA3HEHUS UIIH MTOJIUMOP(PHOTr0 MPOUCXOXKICHHS.

Msl cpaBHuiu 5 orBogok JuHuM Canton-S (Bbimenena K. bpumpkecom u3 momyssiuuu
Canton, Ohio, USA, B 1930 rr.) u 3 otBoaku sunun Harwich (BbineneHna u3 npuponsl B TOAy B
Harwich, Massachusets, USA, 1967r.) mo ¢eHOTHITy, pPEakIMd Ha THOPHIHBIA IUCTEHE3,
pacrpeielleHu0 MOOMIIBHBIX T€HETHUECKUX 3JIEMEHTOB Ha MOJIMTEHHBIX XPOMOCOMAX CIIIOHHBIX
xene3 (P TpaHcno3oH U blood peTpoTpaHCNoO30H), cTarycy uH¢uuupoBanHoctu Wolbachia n
MUTOTHITY.

HexoTtopsle 0TBOAKH coJepKaT IO OJHOM CIOHTAHHO BO3HUKILIEH BUAMMON MyTanuu. Bee
OTBOJIKM PAa3JIMYaAIOTCS M0 NATTEPHY PACHpPECIICHUs] UCCIEA0BAaHHBIX MOOWIIBHBIX 3JIEMEHTOB B
MOJMTEHHBIX XPOMOCOMaX CIIOHHBIX KeJie3, TEM He MeHee, BCE OTBOJKU O0CHX JIMHUM COXpaHUIN
CBOM XapaKTEPUCTUKHU B TECTE Ha TMOPUIHBIN Aucrenes. I'eHoM onHUX O0TBOJOK JuHUM Canton-S
HE COJIEPXKUT P 3JeMeHT, Opyrue OTBOAKM OOHapy»XMBAIOT IO JABa caiita rubpuauzauuu P
aJIeMeHTa pa3Hou Tokanu3amnuu. KommuectBo P aneMenTa B oTBojikax JuHuM Harwich cocraBmsier
JIECATKU KOmuil (B TOM 4YMCIie TOJHOpa3MepHbIX). MoOunbHbBIN 31eMeHT blood mpencTaBieH B
reHomMax obOeux JMHUH 1-2 nmecsTkaMu KOmui, OOJbIIas 4acTb KOTOPHIX MMEET YHHUKAJIbHYIO

JJOKAJIM3alluI0.
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YacTte oTBOAOK HMH(}pHUIIMpOBaHA BoJbOaxusMu. Bce orBogkm nuHuMu Harwich w nuHum
CantonS kpome 0aHOI UMEIOT M MUTOTHUIT, HO OTHOCATCS K PA3HBIM MOAKIIAaM 3TOM KJI Ibl.

Ecnu MuTOXOHApHANbHBIE TarioTUNB obOpa3zoBamuch Oomee 100 nmetr Hazaa, TO
pedepeHCcHble TUHUM MOTJH OpaTh HAdaao HE OT OJHOW CaMKH. 3arps3HEHUE TEeHETHYECKUM
MaTepHAJIOM JIPYTHX JIMHAW TaKXKe HENb3sl HCKIIOYUTh, HO B 3TOM CIIy4ae 3arpsi3HEHHE OTBOJIOK
auaun Cantons-S JTOKHO ObUIO CITYYHUTHCS JaBHO, OT IPYTUX CTapbIX Ja0OpaTOPHBIX JIUHUM, T
HeT P sJeMeHTa Wil OH MPUCYTCTBYET B HEOOJBIIOM uKcie Konuid. Ecnu e 3arps3HeHue nuio ot
JVHUM, HACBIIEHHBIX P 3JIEeMEHTOM, TO TMPUAETCA MPEANONOKUTb, YTO P 3JIEMEHT
JNIMMHHHAPOBAJICS M3 TEHOMAa JTHX OTBOJIOK 3a BpeMs XpaHEHUs B Jiabopatopuu. B omHOl u3
nabopatopuii orBojku Canton-S m Harwich nMerOT OAMHAKOBBI MHTOTHII, YTO MOXET OBITh
KOCBEHHBIM CBHJIETEIILCTBOM T€HETUYECKOTO 3arPsi3HEHUS.

Takum o6paszom, sabopaTopHble JUHUU Drosophila melanogaster ¢ OTHUM W TEM Xe
Ha3BaHHWEM U3 Pa3HBIX J1a00paTOpUil MOTYT 1O Pa3HBIM NMPUYHHAM OTIUYATHCS JAPYT OT JIpyra Io
TEHETUYCCKUM XapPaKTEPUCTHUKAM.

brnarogaprnoctu: pabora dactuyHo ¢uHaHCHUpoBaiach rpantomM PODU 14-04-00929 wu

baszossiM npoexktom VI.53.1.2.

KOOPIUHAIIMSA CBOPKH SAIEPHOM OBOJIOUYKHU U SIIEPHBIX IIOP
B UHTEP®A3E
Kucenesa E.B.
®depnepanbHblil UccenoBarenbckuil HeHTp UucrturyT nuronoruu u renetukun CO PAH
elka@bionet.nsc.ru

Coopka sineprori o6omouku (S10) u saepubix nop (AIl) B mpomecce muTo3a moapoOHO
uccienoanbl. OgHako HOBbIe ¢pparMeHTh! IO coOuparoTCs TaKke B pacTyIIMX SApax Ha CTaaAuu
uHTepdaszpl, Mpu IUPpPepeHIUPOBKE KIETOK, TM00 U3MEHEHUH UX METa0OINYECKON aKTUBHOCTH.
BaxHpIMH acriekTaM# 3TOTO TpoIecca SBISIFOTCS MEXAaHW3MBI PETYIISIUHN YBEIWYeHUs 00Bhema
snep, MyTH W UCTOYHHMKU (HOPMHUPOBaHMs HOBBIX (parMeHTOB HapyxHoW (HM) m BHyTpeHHEH
(BM) memOpan SO, a Taxke uxX crjaBieHUss M HHuUIManus cO6opku Il B 3Tux ydacTkax.
punmun coopku S0 u Sl B MuTO3e M Ha cTaguu MHTEP(A3Bl OTIUYAIOTCS TEM, YTO MEPBOM
cilydae OHHM OOpasyloTCsi MyTeM pepOpMHpPOBaHUS pa300paHHBIX paHEe IMPENIIeCTBEHHHKOB,
TOTJIa KaK BO BTOPOM- coOmparoTcs de novo B uHTakTHOM siape (Doucet et al. 2010). TTomumo
obecrnieueHus TpaHcmopTa Mmojekyn, Al mpuHHMarT ydacTHe B OpraHH3alud XpoMaTHHA U
perymsinun 3kcnpeccuu reHoB. B coctas Sl Bxoasat 30 pa3ubeix OenkoB-HYKIeonopuHoB (Nups),
copmupoBaHHBIX B KOMIUTEKChl. Ckaddonn —kapkac Al chopmupoBaH KOMUSIMH KOMIUIEKCOB

Nup107/160, xkotopsie 3akpemisirorcs B 10 tpems tpancmemOpanabiMu Nups: POM121, Ndcl u
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gp210. BoceMb CHMMETPUYHO PACIIOJIOKEHHBIX (DUIIAMEHTOB OTXOAAT OT TMOPHI B IIUTOILIA3MYy, a
BHYTPH S/Ipa 1Opa COAEPKUT OACKET CTPYKTYPY CHOPMHUPOBAHHYIO TaKkKe U3 § (PUITaMEHTOB.

Msi uccnenoBanmu OmoreHes SO u Il B pactymem simpe oommrta Xenopus laevis
UCIIONB3Ysl CKaHHUPYIOIIYI0 IPOCBEYMBAIOIIYI0 W HMMYHO-JIEKTPOHHYIO  MHKPOCKOIIHIO
ANEKTPOHHYI0 MUKpocKkomuio (OM). Tlocne neneHus KIETKU TPAHCKPUIIUS T€HOB, KOJAUPYIOUTUX
oenku komruiekca Nup107/160 npekpamiaercsi, OHAKO OHU BBISBIISIOTCS B ITUTOIUIa3Me. Tak Kak
wiotHocTh SII B IO ocraercss moctosHHOW Ha mpoTspkeHuM uHTepdassl (Dultz et al. 2009),
gyuciao Il nomkHO yBenuuMBaTBHCA B COOTBETCTBUM C POCTOM fAapa. OM mokasana, 4To
HMCTOYHUKOM HOBBIX (parmeHTOB 51O B pacTyiiem siape SBISIOTCS MEMOpaHHbIE KOMIIOHEHTBI
OIIP, aktuBHO ciauBaromuecs ¢ HM (atan-1). [lanee gacTh camBmIUXcsi MEMOpPaH TIEPETEKAET HA
BM uepe3 memOpannblii kommaptMeHdT Il (3Tan-2) u hopmupyer Be3UKYIsSIpHbIC BIMSUUBAHUS
Ha BM wuacro cBs3annbie ¢ Oackeramu Il (3Tam-3). DTO OOBICHSIETCS HEBO3MOXKHOCTHIO
OBICTPOI JACTIONUMEPHU3AINK JTaMUHBI CBs3aHHOM ¢ BM snpa. CornacHo HammM JaHHBIM O€JIOK
OIIP  perukynoH 4, cnocoOHBIM W3rHOaTh MEMOpaHbI, MPUHUMAET aKTUBHOE Yy4yacTHE B
perymsiiuu dTanoB 1-2. [loka3aHo, 4TO poOCT sifpa COMPOBOXKAAECTCA HAKOIUICHHEM MeMOpaH-
cBszanHbix NUPs (POM121, gp210, Nup153 yNup53), a Taxoke SUN106enka, TaMUHOB U JJAMHH-
ces3anHbIX OenkoB (King et al. 2006). CimBmuecs ¢ 10 memOpanbr DIIP ymmomarores (3tam 4),
BEPOSATHO, BCIEACTBHE NENOTUMEPU3AINM JaMUHbI, U cOmmkatorces (3tamn-5). [lapannensHo uaer
coopka xomriekcoB Nup107/160, B Buze Y-mogoOHBIX CTPYKTYp, Ha o6eux ctopoHax SO (sran-
6), a TakXKe MPOUCXOIUT TOYCUHOE CIUIaBIeHHE MeMOpaH U (opMUpOBaHHE SIMOK U OTBEPCTHNA —
HaYaIbHBIX MPOMEXYTOUHBIX cTpyKTyp SAIl. Bemymryro pons B coopke komrmiekca Nupl107/160 B
Al urpaer POM121, a Nupl153 u yNup53p cocodcTBytoT pocty BM obonouku sipa (Bastos et
al.1996). COopka UMTOIUIa3MAaTHYECKOTO M BHYyTpuUsAepHOro kommaprMmeHTtoB Il wuzer
CHHXPOHHO € 00€uX CTOpOH OO0OJOYKH sifpa (3Tam 7) 10 CTaguM MOSABJICHUS (PUIAMEHTOB,
dbopMHUpYIOIIUXCS Jajiee aCUHXPOHHO (9Tamn-8). 3aTeM JIaMHHA BOCCTAHABIMBAETCS B HOBBIX
yuactkax S0, 3akpemsis Al (atanm 9). Takum 06pa3om, MbI BIIEPBbIC BU3YAIU3UPOBAIN 9 ATAanoB
cO6opku HOBBIX (parmMeHToB IO B HHTEp(a3HOM sApE U MPOAEMOHCTPUPOBAIIN BBICOKYIO CTEIIEHb
KOOpJMHAIIMK Tpo1eccoB (opMupoBanus MeMOpaH B HOBBIX ydacTkax 1O m «uHTepda3zHBIX»
SAIl. OgHako, MHOTHE BOINPOCHI O MEXaHU3Max PEryJSIIMU 3THX MPOLIECCOB BCE EIIE OCTAOTCS

OTKPBITBIMH.
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COORDINATION OF NUCLEAR ENVELOPE AND NUCLEAR PORE ASSEMBLY
IN INTERPHASE

Kiseleva E.V.

The Federal Research Center Institute of Cytology and Genetics SB RAS
elka@bionet.nsc.ru

Assembly of nuclear envelope (NE) and nuclear pore complexes (NPC) in mitosis is well
investigated. However new NE formation also occurs in interphase nuclei, during cell
differentiation and in response to changes of cell metabolic activities. Important aspects of this
process are the regulation of nuclear expansion, store of outer (ONM) and inner (INM) in new NE
fragments, membranes fusion and NPCs formation. The assembly of “mitotic” and “interphase”
NPCs differ because the first assemble in reforming NE while the second in an intact NE (Doucet
et al. 2010). Besides of their role in nuclear trafficking the NPCs takes part in chromatin
organization and gene regulation. Each NPC is composed of 30 different nucleoporins (Nups) that
form a protein scaffold, mainly composed of Nup107/160 complex, which is anchored in the NE
by three transmembrane Nups: POM121, Ndc1, and gp210. Eight filaments extend from this core
into the cytoplasm and nucleoplasm, where form the nuclear basket.

We investigated the NE and NPC biogenesis in growing Xenopus oocytes using
transmission, scanning and immune electron microscopy (EM). When cells stop dividing, the
scaffold Nups, are no longer transcribed, however they are present in the cytoplasm. The NPC
density remains constant during interphase (Dultz et al. 2009), suggesting that NPC assembly is
tightly linked to NE expansion. Blocking NPC assembly or nuclear/cytoplasmic transport inhibits
NE expansion and results in pore-free patches of NE. Our and other data demonstrated that the
NE expansion requires fusion of intact ER vesicles with the ONM (Step 1) and subsequent
movement of ER membrane through NPC membrane compartment to the INM (Step 2). We
found that transported to the INM fragments of ER form the vesicle-like protrusions (Step 3) at
the beginning because of lamina protection of Sthese membranes flattening. It was suggested that
NE growth is likely coordinated by the expression levels of some ER and membrane interacting
Nups (POM121, gp210, Nup153, yNup53) as well as SUNI, lamins and lamin-related proteins.
According to our EM data the reticulon 4 is involved into bending of ER membrane during fusion.
It is possible that new INM and ONM proteins are translated in the rough ER and diffuse
throughout the ER network until they reach the ONM. INM proteins could then passively diffuse
through NPCs or actively transported with import factors. POM121 appears to play a critical role
for subsequent recruitment of the Nup107/160 complexes into NPC and Nup153 or yNup53p also
induces intranuclear membrane growth (Bastos et al.1996). At step 4 fused ER reshapes into flat
NE sheets at cytoplasmic and nucleoplasmic sides due to temporal lamina disassembly and two

nascent NE regions approach to each other (Step 5). Then Y-shaped structures formed by
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Nup107/160 complexes visualized at both sides of new NE fragments and the NPC intermediates
such as dimples and holes start to form due to fusion of the NE bilayers at these regions (Step 6).
Assembly of cytoplasmic and nucleoplasmic NPC compartments follows synchronously at both
sides of new NE fragment (Step 7) until formation of basket filaments. After that the “interphase”
NPC formation continues by appearing of 8 particles with filaments at the cytoplasmic NPC ring,
while the basket filaments asymmetrically assemble at the nucleoplasmic ring (Step 8). Finally the
lamina is polymerized and anchor the “interphase” NPCs to the nascent NE membranes (Step 9).
Thus, we visualized for the first time 9 steps of new NE fragments assembly in interphase nucleus
and have shown that there is structural and functional coordination between NE expansion and
nascent NPC insertion, although exact underlying mechanisms of this crosstalk regulation remain

an open questions.

IBOJIOIUA ITOJIOBBIX XPOMOCOM B POJAE AHOJIMCOB (ANOLIS)

SEX CHROMOSOME EVOLUTION IN ANOLE LIZARDS

Kuuueun U.T! , rcuosanommu MZ, Kabunoe M.P. 3, Tynuxun A.E. 3, Deperocon-Cmum MA.4,
Maxynun A. M., Tpagpodamcxuii A.C."”, Tpugonos B.A.">

'MucTuTyT MOTeKyIsIpHOIT 1 KiieTouHo# Gronornn CO PAH, r. HoBocnGupck
*[loNUTeXHIECK U yHuBepcuteT Mapke, r. AHkoHa, Utanus

*UncTrTyT XMMEYecKOi Groornu n hyHaamenTansHoi Meauimasr CO PAH, T. HoBocnbupck
*Kembpumkckuii yaupepenter, T. Kemopumwk, BenukobpuTanus

5H013001/161/1p01<1/1171 roCy/1apCTBEHHbIN YHUBEpPCUTET, I. HoBocuOupck

E-mail: kig@mcb.nsc.ru

B nopsake wuwemyiuareix 3adUMKCHPOBAHO YAMBUTEIBHOE pPa3HOOOpazue CHCTEM
oTpejieNieHus ToJia B KOTOPbIE BXOJSAT ONMpeAeNieHus moja no reHotuny (cuctemsl XY u ZW) u
OTIpeIeJICHUE T10JIa B 3aBUCUMOCTH OT TeMIeparypbl. YTO MHTEPECHO BHYTPH YELTyHYaThIX 3MEH
o0nanaT KpailHe KoHcepBaTUBHOM ZW cucTeMoil, a OJM3KOPOJACTBEHHBIC SILEPULIBI BCEMHU
BO3MOXXHBIMU THIaMH OIpeneieHusi moja. YemryiluaTtele ¢ TOYKM 3pPEHHS] TE€HOMOB HM3Yy4YE€HBI
HEJOCTAaTOYHO XOPOIIO: T€HOM TOJBKO OJHOTO BHJAa ObUI CEKBEHHUPOBAH, MPOAHATH30BaH U
oryactu cobpan (Anolis carolinensis). HecMoTpst Ha BBICOKOE TOKPBITHE  TOJBKO
MaKpOXpOMOCOMBI A. carolinensis ynaaoch TIOJHOCTBIO C€OOpaTh, a HEKOTOPBIE YaCTH
MHUKPOXPOMOCOM (BKJIIOYAasi 4YacTh X) OBUIM COOpaHbl B BHUAE TPYMN CIEIUICHUS, MPUYEM
COJIEP’)KUMOE OONBIIMHCTBA MUKPOXPOMOCOM OCTaBallOCh HEU3BECTHBIM. Popn Anolis sBnsercs
pa3HOOOpa3HBIM TAKCOHOM SIEpHI] cocTosmuii u3 Oonee uyem 400 BUIOB, KOTOPBIA HYacTO
UCTIONB3YIOT B KAYEeCTBE MOAEIHHOTO pOJia PeNTHIINI. BONBIIIMHCTBO BUIOB 3TOTO pojia 00IagaroT
roMOMOpP(GHBIMH  TOJOBBIMH  XpOMOCOMaMH, TIpuuyeM cucreMa XY  [O-BUIAUMOMY

9BOJJIIOLITMOHHUPOBAJIA U3 OJTHOM U TOM ke apsl ayTOCOM U ABJIAICTCA O6H.[€I\/’I IJIsL BCETro poaa.
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B sT0ii pabote Mbl 0OHAPY>KUIM OCHOBHBIE TEHICHIIMH 3BOJIIOIIMU MOJIOBBIX XPOMOCOM Y
AHOJIMCOB, MPOaHaIN3upoBaB 9 BUA0B. Oc000 UHTEPECHBIMU CIIyHasiMH OKa3aJIUCh BUIBI A. sagrei
u A. pogus. C TOMOIIbIO MPOTOYHOTO COPTHHTAa MBI MOIYUUIH XPOMOCOM-CHelH(HUEcKUe
oubmuoreku A. carolinensis, A. sagrei m A. pogus. CpaBHUTEIbHBIA IPUHTHUHT MEXAy A.
carolinensis (ACA) u A. sagrei moka3ajn HallMyue CHUTHajla HECKOJbKUX ayrocom ACA Ha
TIOJIOBBIX XpOMOCOMax A. sagrei, Toraa Kak y A. pogus 0plia oOHapykeHa cuctema XX, Y, Takke
BKJItoUaronias pailonsl romosoruu ¢ ayrocomamMu ACA. C MOMOIIbIO CEKBEHHUPOBAHUS HOBOTO
MOKOJICHUSI XPOMOCOMCIICIU(DUIECKUX OUOIMOTEK MBI OXapaKTepPU30BAIUA COJEpKAHUE W
CTPYKTYpy MHUKpPOXpoMocoM A. carolinensis u A. sagrei. IT0 O3BOJNIO HaM KapTUPOBaTh Kak
MuHEMYM 189 Mbp He3askopeHHBIX cKdPdonnoB A. carolinensis Ha MukpoxpomocoMbl ACA u
okoio 10 Mbp nHa X-xpomocomy ACA (mo cpaBHeHuto ¢ 3 Mbp rpynmel cuemieHus ¢ X
XPOMOCOMBI M3 MPOEKTa MO CEKBEHUPOBAHHIO A. carolinensis). Mpl TpoOBeNN LEIEBOH MOUCK
TCHOB-KaH/IMIaTOB, BOBJICUEHHBIX B ONpEICICHUE M0JIa, Ha X-XpOMOCOME, HO TaKHX KaHIHIaTOB
HalJeHO He ObLJIO, TaKk KaKk T'OMOJIOTM T'€HOB, YYacTBYIOIIUX B IIOJIOBOM KacKale ApYyrux
MMO3BOHOYHBIX, MMO-BUANMOMY, PACTIONAraloTCs Ha ayTOCOMaX aHOJIHCA.

CpaBHUTENBHBIA aHAIN3 TOKa3ald, YTO MOJOBBIE XPOMOCOMBI A. sagrei TpeTepHenu
CIIUSIHME C TpeMsi MHUKpOayTOCOMaMH, a 4acTb MaTepuana Y-XpOMOCOMBbI ObUIa MOTEpsIHA B
pe3ynbTare BeIpOKIAeHUS. MBI mpemnoiaraem, 4to B pojae Anolis , BO3SMOXHO, TIOSBHJICS HOBBIH,
MOKa 4TO HE 0OHAPY>KEHHBIN, TeH, KOHTPOJIUPYIOIIUN KacKa/l OonpeeNeHus moa.

Pabora nonnep:xana rpanrom MKB 6.13.

INOPA B AKTUHOBOM KOPTEKCE JEHAPUTA Y CO3PEBAIOILIEIO
OBOHSITEJBHOI'O HEMPOHA: BO3SMOXKHAS POJIb B ®OPMUPOBAHUM
MOHOAJUIEJIBHON SKCIPECCHUHN OJOPAHT-CBSI3BIBAIOIIUX PEIIEIITOPOB
Knumenkos U.B."?, Cyoaxos HIL>**, acmyxoe M.B.’
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‘OI'BYH WpxyTtckuit Hayunsiii nentp CO PAH, r. UpkyTtck
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W3BectHO, uTo B mporecce AuPPepeHINpOBKH OOOHATEIBHOTO HEWpPOHa M3 BCETrO
MYJBTUTEHHOTO CEMEHCTBA, KOJUPYIOIIETO OJ0PaHT-CBA3BIBAIOIINE OEIKH, BBIOMPACTCS TOJIBKO
OJIMH TEH, JKCIpeccHsi KOToporo OyaeTr oOecreunBath ero MoHocnerupuaHocth (Buck, Axel,
1991). Cornmacho wmoxaenn Shykind (2005), MexaHusm Takoro oTOopa HpeArnoJyaraer

NOMNMCPCMCHHYIO CTOXACTUYCCKYIO AKTHBAIIUIO T'CHOB, Ka)K,Zlblf/'I N3 KOTOPBIX KOAUPYCT TOJIBKO

OJIMH THUII PELUENTOPOB.
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Ecnu penenrop cnennpuyeckd B3aMMOAEHCTBYET ¢ MOJIEKYJIaMH OJ0PaHTa, 3aIlyCKaeTcs
BHYTPHMKJIETOUHBIN CUTHAJ, KOTOPBIH «3aKpeIIsieT» ero sKkcmpeccuto. Jlo HacTOsAIIEro BpeMEeHH
HE H3BECTHO — KakuM o00pa3oM 3amaxoBble CHUTHAjbl BHELIHEW Cpeabl MOTYT BIMATh Ha
¢dbopMHpOBaHHE PELENTOPHOTO MpOQMIs YyBCTBUTENIBHBIX KIETOK Ha paHHUX OJTamnax HxX
pa3BUTHS.

C nomouipto METOA0B KOH()OKAIBHOM MHMKPOCKOIIMHU Ha IMPEICTABUTENAX HUXTHO(AYHBI
cemeiictBa Cottoidei (03. baiikan) mokaszaHo, uTo B mpouecce pocta U AupdepeHunpoBKU
O0OOHATENBHOM KIIETKU B JCHApUTE (POPMHUPYETCS XOPOIIO BHIPAKECHHBIN aKTHHOBBIN KopTekc. OH
NPUIAET JKECTKOCTh IEpEeJHEMY YYacTKy JCHApPHUTA, OOEecHeurBas €ro IepeMelleHue Hu
BCTpauBaHHE MEXJy BEpPIIMHAMM COCEJHMX KJIETOK. B oTinmume OT 3penblX KIETOK, Y MOJOJIOTO
HEepoHa akTUH CIUIOMIHBIM MUpokuM (150-250 HM) cioeM 3akphIBaeT Bce NMpUMEMOpaHHOE
MPOCTPAHCTBO BIOJb JCHAPHUTA U MO/ MOBEPXHOCTHON MeMOPaHOH anuKaabHOrO y4yacTKa KIETKU
3a MCKJIIOYEHUEM '"Tophl", Yepe3 KOTOPYI0 OH B3aUMOJACHCTBYeT C BHemHe# cpemoit. Cyas mo
muametpy (300-400 uM), Takas mopa obOecrieunBaeT (DYHKIIMOHHMPOBAHHE TOJIBKO HEOOJBIIOTO
(dparMeHTa MOBEPXHOCTHOW MEMOpaHbl KIIETKH, IJI€ MOTYT OBITh COCPEIOTOUEHBI PELENITOPHBIE
Oenku. [Ipyrue yuacTku MeMOpaHbl M3-32 IMOJJIEKAIIEro MOJ HEeH IMJIOTHOrO CJI0S aKTHHOBBIX
(UIaMEHTOB BEPOSITHO HE MOTYT MOJIEPKUBATh MEXaHU3Mbl TPAHCAYKIMH BHEKJIETOUHBIX
OOOHATENBHBIX CUTHAJIOB. OTO TOBOPUT O TOM, YTO IIOCJIE 3aKpEIUIEHUs JEeHIpUTa B
MOBEPXHOCTHBIX CTPYKTYypax OJIHUTENUS OH HE Cpa3y BKIIOYAETCS B CIOXHBIE MPOLECCH
xemopenenuuu. Yepes nopy co3peBarolasi KiIeTKa BIEPBbIE B3aUMOAECUCTBYET ¢ MUHHUMAaJIbHON
MOpLUEN Maxy4yuX BEUIECTB BHELIHEH Cpe/bl, YTO MOXET UMETh OIpENENsIoiee 3HaUYCHUE JUIs
3aKIIIOYMTENBHBIX ~ JTAallOB  HACTPOWKM €€  XEMOYYyBCTBUTEIBHOrO  ammapara. MoKHO
IPEMNOI0XKNUTh, YTO ITOCPEICTBOM MOPHI € MOMOILBIO PELIENITOPOB /MM B PE3YJIbTaTe JIOKAIbHOM
UHTEPHATU3AIMM  JIMTAHJ-PELEITOPHOTO  KOMIUIeKca  opmupyercss  cnenududeckuii
BHYTPUKJIETOUHBIA CUTHAJ, 3ayCKAalOIIUKA MPOLECChl «0TOOpa M 3aKperjeHUs» I'eHa, KOTOPBIH
nanee OyneT SKCIPECCHpPOBATh OJIOPAHT-CBS3BIBAIOIIME OCJIKHM TOJIBKO K JaHHOMY O00pasiry
3amaxoBbIX MoJIeKyJl. l{uToxuMudeckue naHHBbIE MOKa3bIBAaIOT, YTO MO OKOHYAHWU IPOLIECCOB
TaKOW IEPBUYHOM CTHUMYJ-3aBUCUMOM HACTPOWKH PELENTOPHBIX CBOMCTB KIIETKM IUIOTHBIM
NpUMEMOPaHHBIA CIIOW aKTHHOBBIX (DMIIAMEHTOB JEHIIPUTA U €r0 BEPIIMHBI YTPAYMBACTCS. IJTO
o0ecrieunBaeT BCTPaMBAaHUE PELENITOPHBIX OEJIKOB MO BCEH IUIOLIAAN YyBCTBUTEIBHOIO ydacTKa
HelpoHa u 3aBepleHHe ero (yHKIMOHAIBHON criennanu3auuu. TakuM o0pa3oM, yCTaHOBJICHHBIN
HamMH (pakT (HOpMUpPOBAHMS CIEIHATU3UPOBAHHON IMOpPHI B AaNUKaJIbHOM YYacTKE MOJIOJO0TO
HEHpOHa HENOCPEJCTBEHHO YKa3bIBA€T HA CYLIECTBOBAHUE «BHEILHEr0» KOHTPOJS Ppa3BUTHSA
MOHOAQJUIETIBHON CHEUU(UYHOCTH OOOHSTEIbHBIX pPELENTOPOB. OJTO AaKTyalbHO B CBSA3H C

muckyccueit (Farbman, 1990) o ponum cpeloBbIX U TI'€HETHYECKUX (DAKTOpPOB B CO3/1aHUM
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PELENTOPHOTIO pernepTyapa XeMOUYyBCTBUTENIbHBIX KIIETOK. PaboTa BBINONIHEHA TPU MOAJEPIKKE

rpanToB PO®U Ne 11-04-01231-a u Ne 12-04-10007-k.

NCCIEJOBAHUME POJIM ®PAKTOPA CBOPKH 1 PEMOJAEJIMPOBAHUA
XPOMATHHA CHD1 B OPTAHU3AIIUU TIOJIMTEHHBIX XPOMOCOM
APO30PNJIbI

Kownes A.10., Maxace A.z, bapanoeckas U.JI, Henamvesa M.A.

®I'BY IlerepOyprckuit UacturyT Aneproit ®uszuxku HUL KU, r. 'aTunna
konev.alexander@gmail.com

Bce nporeccer metabonusma JIHK B sykapuotrueckoii KIeTke, Takue Kak, TPAaHCKPHUIIITHUS,
peruKanus, penapanus, pekomounamus mnpoucxonat ¢ JJHK B cocraBe XxpomaTnHa M Bce 3TH
MIPOIIECChl, B TOW WJIM MHOW CTENEHH TpeOyIoT pa300pKH U IMocieayromeil cOOpKH XpoMaThHa.
WccnenoBanust in vitro CBUIETENBCTBYIOT, 4TO i 3()PexTUBHOM COOPKM NPOTSIKEHHBIX
HYKJIEOCOMHBIX ITOBTOPOB HEOOXOIMMO B3aMMOJEHCTBHE OENKOBBIX (PAKTOPOB OTHOCSIIUXCS K
JIBYM pa3iIMuYHBIM KjlaccaM: FMCTOHOBBIX manepoHoB U AT®-3aBucumbeix SWI/SNF-nono6HbIX
XPOMAaTUH-PEMOAYIUPYIOUINX (HaKTOPOB, KOTOpBIE YBEIUYHBAIOT 3(P(PEKTUBHOCTH BKIIOUCHHS
TUCTOHOB B XPOMATHH M PETYJIUPYIOT PACCTOSHHUE MEXKIY HYKJIEOCOMaMHU. OBOJIIOLMOHHO -
koHcepBatuBHbIA O0emok CHD1 (Chromo-ATPase/Helicase-DNA-binding protein 1) BoBieueH B
KOHTPOJIb TAKMX PA3JIMUYHBIX KJIETOYHBIX MPOLECCOB KaK cOOpKa XpoMaThHa M OOMEH I'MCTOHOB,
JETEPMUHALMSA IIJIIOPUIIOTEHTHOIO COCTOSIHMSI CTBOJIOBBIX KIJIETOK, PETyJISLMs WHULUALNM,
JIOHTAllMM U TEPMUHALMHU TPAHCKPHUMLMH, NPEIOTBPALICHUE TPAHCKPUIILUU C KPUNTHUYECKUX
IIPOMOTOPOB  BHYTPM T€HA, PEOPraHU3alMI0 XpOMAaTHMHA MYXXCKOIO IIPOHYKJIEyca TIOCie
OIJIOZIOTBOPEHMSI, @ HapylLIeHHs B ero paboTe CBA3aHbl C PAa3BUTHUEM PAKOBBIX 3a00JeBaHUN
YeJI0BEKa.

[Ipu uccrnenoBaHUM MOJMMTEHHBIX XPOMOCOM HYJb-MYTaHTHbIX 1O reHy Chdl IWYMHOK
Ipo30(uiabl Mbl OOHapyXXWJIM, YTO B TO BpeMs KaK CAMKH HMMEIOT HOPMAJbHYIO CTPYKTYpY
XpoMocoM, X- XpOMOCOMa CaMIIOB CTaHOBUTCS Je(OPMHUPOBAHHOW, YKOPOUEHHOH H
yronuieHHoi. [Tpu sTom nponykT reHa Chdl MaTepUHCKOTO IPOMCXOXKACHUS KOHLIEHTPUPYETCS B
X- XpoMocoMme, BbI3bIBasi €€ creuuduyeckoe OokKpaluBaHue. TakuM oOpa3oM HaMM BIIEpPBBIE
obnapyxena posb Chdl B perymsanuu CTPYKTYpbl X-XpOMOCOMBI CaMIIOB, CBSI3aHHOH C
(heHOMEHOM /1030BOM KOMITEHCAIIHH.

Hamu mpensoxxeHo HCrob30BaHUe MOJIENU it uccnenoBanus Gpynkuuii pakropa CHDI,
OCHOBAHHOW Ha 3KCIIPECCUU IOMHHAHT — HEraTUBHOW (hopMBbI 3TOTO Oenka, 6o CHD1 guxoro
TUIIA B CJIIOHHBIX jkene3ax. MccnenoBaHue MOMUTEHHBIX XPOMOCOM JIMYMHOK TPETHETO BO3PACTa
M0Ka3aJlo, YTO KakK 3KCIpeccusi JOMUHAHT HeraTUBHOM ¢dopmbl 6enka CHDI, tak u skcnpeccus

Oenka auWKoro Ttuma moxa JeiictBuem npaiiBepa P{ GawB}AB1 mnpuBomuT K mNOsBIEHUIO
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MHOTOYHCJICHHBIX  JCKOHJIEHCUPOBAHHBIX PpAaHOHOB - JOMOJHUTENbHBIX My(OB, SIPKO
okpammBaeMbix antutenamu Ha Oemox CHD1 u smonrupyromryro ¢dopmy PHK momumepassr 1.
Okcmpeccusi Kak JOMUHAHT-HETaTUBHOM, Tak M HaTuBHOM ¢opm OGenka CHDI1 mnpuBogur x
CYILIIECTBEHHOMY CHIKEHMIO 3(P(PEKTUBHOCTH MPOUCXOMIAIIETO B X0/1€ TPAHCKPHUIILIUN BKIIIOUCHHUS
ructoHa H3.3-core-GFP cocraB xpomaruHa. Pan kpynHbIX my(oB, HaONIOAAIOMUXCS Yy TaKUX
ocobeil cooTBeTcTBYET My (aM, B HOpME BO3HUKAIOIIUM B XOJI€ Pa3BUTHSI IPO30(UIIBI, OHAKO 3TH
nypsl HE perpeccupyroT Ha MyQOBBIX CTaAUAX MPH KOTOPBIX, T€ k€ My(dbl B XpoMocoMmax
JUYMHOK JUKOTO THUMA MCUE3al0T WIM yMEHbIIAloTCA. B pesynbrare B OZHOM  sJ1pe
OoOHapyKuBaroTCs My(Qbl, XapaKTepHbIE IS PA3NIUYHBIX MYQOBBIX CTaaul, YEro HUKOI/A HE
HaOmoaeTcss y ocobell AMKOro Tuma. DTH JaHHBIE BBIABIAIOT HEOKUIAHHYIO U paHee He
noka3aHHyio poinb ¢akropa CHDI1 — yyacTre B CBOEBpEeMEHHOM MPEKPAIIEHUU TPAHCKPHUIIIINU
(pe-penpeccur) peryJupyeMbIX B Pa3BUTHH T'€HOB, BO3MOXKHO CBsi3aHHylo ¢ yyactuem CHDI B
aCCOLIMMPOBAHHON ¢ TpaHCKpumuuend cOopke XxpomaTruHa.. B To ke BpeMmsi, B reTepoXpoMaTuHe
3 (}PEeKTh THUMEPIKCTIPECCUNM KATATUTHYECKH HeaKTHMBHOTO Oenka u Oenka CHDI1  tuma
pasnuyarorcsa. DKcIpeccus: TpaHcreHa, koaupytouiero 6enok CHD1 gukoro Tuma mpuBOAMT K
npusieueHuo 6eaka CHDI1 k rerepoXpoMaTHHOBBIM paiioHaM M OYeHb CUJIBHOM JEKOHICHCAINU

B F€TEPOXPOMATHHOBBIX y4acTKaX, 00pa3yoIUX XPOMOILIEHTP MOJIUTEHHBIX XPOMOCOM.

HOBAS ®YHKLMUSA dORC - YHACTHUE B OKCIIOPTE mPHK
Konvimosa /I.B., Ilonosa B.B., Kypwaxosa M.M., I'eopeuesa C.1I".
WNuctutyT 6nonoruu rena PAH, Mocksa, 119334

B pesynprate momaroBoil  XpomaTorpadMyecKod  OYMCTKM W TMOCJEIyIOUeH
UMMYHOIpeUnUuTanuu antutenamu k 6enky ENY2 u3 sgepHOro sMOpHOHANBHOTO 3KCTpPaKTa
npo3oduisl HaMu ObUT MouMieH kKomruieke 3kcropra MPHK u3 siapa B muromnasmy - TREX-
2/AMEX. B cocraB komruiekca, kpome OenkoB ENY2, Xmas-2, PCID2 Ttaxke BXOIWIH
cyobenuuunbl kommuiekca ORC (Origin Recognition Complex). ORC sykapuoT M3BECTEH Kak
KOMIUIEKC, OTBEUAIOIIHI 3a COOpKY mpeperuukaTuBHoro komriekca Ha JIHK. DxcnepuMeHTsI o
KOMMMYHOIIPELUIUTALUN OENIKOB, SKCIpeccupoBaHHbIX ¢ anuronaMu FLAG u HA B kierounoi
cucteme Jpo3odmisl moaTBepa B3aumojeicTBus Mexay TREX-2 m ORC kxomrmuiekcamu u
MOKa3aju, 4YTO, BO3MOXKHO, B3aUMOJIEUCTBUE OCYIIECTBISETCS HECKOJIBKHUMH CYyObEeIUHHUIIAMH.
Tak, Oemox Xmas-2, BbIMONHAIOMUN ponb ckapdonga B cocTaBe komriekca TREX-2,
B3ammozeiicteyer ¢ Orc3 uw  Orc6 cyobemuaumamu ORC. Cy6wsemmauna PCID2,
accoruupoBaHHas ¢ N-KoHIIOM Xmas-2 Oenka, B3ammojeicTByer ¢ Oemkamu Orcd m Orc3.
Pe3ynbpTaThl KOMMMYHONEPLUHUIIUTAIMN U3 SJIEPHOTO SMOPHUOHAIILHOTO JKCTPaKTa, a TaKke

KOMHUUMYHOIIpCOUTAIUN OEJIKOB C 3MUTOMAMHU U3 KJIETOYHOT'O 9KCTpaKTa I[pOSO(I)I/IJ'IbI BBISIBUIIN,
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yTo cyonreaunuma Orc3, BepoATHO, HauboJiee CHIIBHO BOBJICUEHA BO B3aMMOCHCTBUsA. [[BoiiHOE
MMMYHOOKpammBanue anturesamMu kK Oemkam Orc3, Orc4 m Xmas-2 mokKazaJio YaCTHYHYIO
KOJIOKaJIM3allKI0 3TUX (PAaKTOPOB Kak BHYTPH sifipa, Tak U Ha nepudepun. [Toxoxue pe3ynbraTsl
OBLIH TIPOJAEMOHCTPUPOBAHBI U s Ipyrux ¢akropoB skcopra MPHK u3 sapa B nuTonnasmy, B
YaCTHOCTH, JUIsl perientopa sapeHoi nopsl — Nxfl.

Mpb1 mpoBenu skcriepuMeHThl 10 uMmmyHonperunutaiun  PHK  (RIP) w3 snmepuoro
JKCTpaKTa KIETOK Apo3odunbl B mpucytctBuu uHruoutopoB PHKa3. B skcmepumentax c
aatutenamMu kK cyopemuaunaMm ORC: Orc3, Orc4, Orc5, Obl1 BBISIBICH BBICOKHN YPOBEHB
ces3piBanusi PHK, u, Takum o6pazom, 6su10 nokazano B3aumojericreue ORC ¢ MPHK.

Mps1 npoBenu HOkmayH OrcS, MOCKOJIBKY 3Ta CyObeauHuIla HeoOXoauma sl paBHIIBHON
coopku ORC. YpoBeHb 3KcIpeccuu 3TOro O6enka B KJIeTKax majaajil B TPU pas3a, 4To MPUBOAUIIO K
60% ymensbiienuto cBszbiBanusa Oenka MPHK rena ras2 mo skcnepumentam B RIP. B 10 xe
Bpemsi, accormarus 6eaxoB Ore3 u Orc4 ¢ MPHK rena ras2 ymensianach B 1Ba pasa.

Taxxke mbl npoepuin posib TREX-2 xommiekca Bo B3aumogeiictBun ORC ¢ MPHK,
WCIONB3Ysl HOKJayH Oenmka Xmas-2, neHtpaibHoro kommnoneHTa TREX-2 xommnekca. Hoknayn
ATOr0 KOMIIOHEHTA HE MPHUBOJIWI K WU3MEHeHHUIo konmmuecTBa OenkoB ORC komruiekca B KIETKax,
HO TIPUBOJWI K 3HAYUTEIBHOMY yMeHbIIeHHIO B3aumopeiictBus ¢ MPHK Oenka Orc3, u meHee
3HAYUTEILHOMY YMEHbIeHHI0 B3aumojelictBus ¢ MPHK GenkoB Orc4, OrcS. DTu pe3ynabrarhl
nokazanu, uto TREX-2 wactuuno BoBieueH Bo B3auMoaelictsue ORC ¢ MPHK.

ITockonbky Mbl gokazanu, uro ORC B3aumopeiictByer ¢ TREX-2, BeposTHO, uTO OH
TaKXe aCCOUMMPOBAH C APYTMMH KOMIIOHEHTaMHU 3KcropTHOoM Mammabsl MPHK. Mb1 Hanum, 4to
oemok Orc3 KOMMMYHONPEIUIUTHPYETCS aHTUTEIaMH K perenTopy saepHoi mopbl — Nxfl B
SIEPHOM dMOPHOHATBHOM 3KCTpakTe Apo3oduiibsl. B skcnepuMenTax ¢ oBepIKcIpeccueil 6enkon
Nxfl u Orc3 ¢ snutonamu FLAG u HA B cucreme KieTok Ipo30¢uiibl, MbI Ioka3anu, 94to Nxfl
B3auMoeicTByeT ¢ 6enkom Orc3, Ho He ¢ O6enkoMm Orc5. MbI uccienoBaiy BIUSHUE HOKIayHA
kommoHeHToB ORC Ha B3ammopetictBue Nxfl ¢ MPHII kommiekcom. RIP skcriepumeHThI
nmokasanu, yto npu HokaayHe Orc5 B3zaumonerictBue Nxfl ¢ MPHK ras? rena 3naunrensHO
yMmeHblnaercs (nmagaet Ha 60%).

Kpowme Toro, mbl nokasanu, 4yro HokgayH ORC cyObennnun Hapymaet sxcriopt MPHK u3
anpa B uuromiasMy. beutn mpoBegeHbl HokaayHsl Orc3 u Orc5, KOJIMYECTBO KIETOK C
HapyUICHUSIMH OBLJIO TOJICYMTAHO OTHOCUTEIHHO OOIIET0 KOJTMYECTBA KJIETOK, U CPABHUBAJIOCH C
KoHTposieM (HOKmayH Xmas-2). [lons mMopaXXeHHBIX KJIETOK B TOJOKUTEIBHOM KOHTPOJIE
noxoamia 10 80%, HO Takke okazajack BEICOKOH (0koi0 60%), mocne HokaayHa Orc3 win OrcS.

Takum oOpazom, MBI Mmokazanu, 4yto y napo3oduisl, ORC B3auMOJeHCTBYET ¢ MaIIWHOMN
skcriopra MPHK w3 sapa B nwuromnmasmy, u cmocobctByer cbObopke MPHII kommuekca.
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3nauntenbHas yacth ORC Hanpsimyto cBszeiBaeT TREX-2 kommiekc o6miero sxkcnopra MPHK u
3T0 B3ammoaeicTBue HeobOxomumo mis npuBiedeHuss ORC k MPHIIL. benok Orc3 nampsimyto
B3aMMOJICicTBYeT C penentopoM siaepHoit mopsl — Nxfl, u wucromenune ORC napymiaer

accouumanuto ¢ NXF1 ¢ MPHII, Tem cambim npensitcTByst akcnnopty MPHK.

B3AUMOPACIHOJIO)KEHUE XPOMOCOM X U 4 B TIPOCTPAHCTBE SAJIEP
TPO®OLUUTOB DROSOPHILA SIMULANS HA PA3HBIX CTAAUAX
MNOJIMTEHU3ALIUN

Koxanenxo A.A., Cmeenuu B.H.

Tomckunii rocy1TapCTBEHHBIN YHUBEPCHUTET, I'. TOMCK

alinakokhanenko@gmail.com

TpodouHThl SUYHUKOB JABYKPBUIBIX HACEKOMBIX SIBIISIOTCS XOPOIIEH MOIENBIO IS

M3yYeHUs POCTPAHCTBECHHON OpraHMU3aluH TTOJIUTEHHBIX SAEP.
Panee mamu ObLIO MOKa3aHo, 4TO B sjpax TpodorutoB myxu Calliphora erythrocephala, nns
KOTOPBIX XapaKTepHbl MOPHOIOTUYECKUE W3MEHEHHUS S/Ipa B XOJ€ MOJUTCHU3AINH MPOUCXOMAST
KpYIHOMAcCIITaOHble TepeMeleHnss XpoMocoMmbl 6. Ha HauyanbHBIX 3Tamnax MNOJIUTEHU3ALNH
1oJioBasi Xxpomocoma 6 pacrosiokeHa B LeHTpe snapa. Ha 3aBepmiaromieM 3tame pa3BUTHS
OCHOBHAs 4acTh MaTepuaja XpoOMOCOMBI 6 mepeMeniaercs K s1epHoi 000JI0UKe, B TO BpeMs Kak
MEJKUE TJIBIOKM XpOMaTHHA paclpenesieHbl BO BHYTPHUSACPHOM MPOCTPAHCTBE M CBS3aHBI C
snapeikamu (Kokhanenko et al., 2013; 2014).

Kak w3BeCTHO B TIIGHTpalbHOW 4YacTH sIpa MOTYT pAacIojliaraThCsi aKTUBHO
skcnipeccupyromtuecs: (Mayer et al., 2005), Tak u cample MaJieHbKHE XpoMocoMbl Habopa (Bolzer
A. et al., 2005). Xpomocoma 6 C. erythrocephala siBnsercst caMoil MaJ€HBKOM XpOMOCOMOI
Habopa (Boyes J.W. et al, 1975), uTo MoXeT OBITh MPUUMHOU €€ IIEHTPATIHHOTO IOJIOKEHUS B
AOpe Ha HavaJbHBIX JTalax MOJUTCHM3auuu. Hac 3amHTEpecoBall BONPOC XapaKTEPHO JIH
Mo00HOE SBJICHHE TOJIBKO T siyep TpodorutoB C. erythrocephala vnu CBOWCTBEHHO IS SIIEP
TPO(OIUTOB ¢ MEPOUCTHUECKUM THIIOM OOT€HE3a WJIM MOJUTEHHBIM siapaM BooOrie? [Toatomy
HamMH ObUT MPOBEACH aHAINU3 MPOCTPAHCTBEHHOM OPraHM3alMM XPOMOCOM B sIpax TPOQOLUTOB
IIpeJICTaBUTEINs OATPYNIbl melanogaster — D. simulans.

B nannoit pabGore Hamu ObUl TPOBENEH aHAJU3 B3aUMHOIO  PACIOJIOKEHUS
SAIPBIIIKO0Opa3yromeil X-XpoOMOCOMBI U CaMOil MaJIeHbKOM XpOMOCOMOI Habopa — XpOMOCOMBI 4
Ha pasHBIX CTAAMAX TMOJUTEHH3anuu saep TtpodouutoB Drosophila simulans (moarpymma
melanogaster). IlpoctpanctBennoe pacnonoxenue JJHK-mpo0d xpoMocom, moIy4eHHBIX METOIOM
Mukpoaucceknuu (ApremoB u ap., 2011), 6suto onpenenero ¢ momompbio 3D-FISH ¢ sapamu

TpooruToB D. simulans Ha pa3HBIX CTATUAX MOJIUTEHU3ALIUN.
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AHanmu3 pe3ysbTaTOB TMOKa3aja, dYTo X-XpomocomMa © Xpomocoma 4 D. simulans
pacroyiokeHbl Ha Tepudepuu sjpa Ha BCEX CTAAMSIX TMOJUTEHU3AIHMH, YTO OTJIMYAEeT HX OT
xpomocomel 6 C. erythrocephala. B xone nmonuteHu3anuu X-XpoMOCOMa paccpeoTaulBaeTCs U
3aHMMaeT Oojee OOMIMPHYIO 00JacTh B MPOCTPAHCTBE sApa, B TO BpeMs Kak Xxpomocoma 4
pacronaraercs KOMIAkKTHO Ha mnepudepun siapa. Kpome Toro Hamm oOHapyKeHa TWHAMUKa
B3aUMOPACTIONOKEHHST X-XpPOMOCOMBI M XPOMOCOMBI 4 JIpYyr OTHOCHTENBbHO apyra. Hamm ObLi
MPOBEJCH JCTAIbHBIA aHAJIN3 B3AaUMHOI'O PACIIONIOKEHUA X-XPOMOCOMBI U XPOMOCOMBI 4 B siipax
tpodoruToB D. simulans Ha pa3HBIX CTAAUAX MOJUTCHHU3AIMH. B KauecTBe KpUTEpUs YPOBHSA
MOJIUTCHUN HAaMU MCIOJIb30BAJICS CPEIHUN TUAMETp sApa, 3HAUCHHE KOTOPOTO YBEIUYMUBACTCS B
xone nmonuTeHu3anuu. Hamu O6w110 npoananuzuposano 70 suep ¢ auamerpamu ot 9 mo 40 mxm. B
HCCIEeyeMbIX Aapax ObUIM U3MEPEHBbI YIJIBI MEeXKAY BEKTOpaMU UCXOMISIIMMU OT IIEHTpa sijipa 10
LeHTpa X-XPOMOCOMBI M1 XPOMOCOMEI 4.

[TpoBeneHHBIN aHAN3 TOKA3aJl, YTO HA CAMBIX paHHUX (9 MKM) M CaMbIX MO3THUX CTaAUSIX
(40,1 w™km) nmommreHm3anuu  D.  simulans < npeoOmamalT  Aapa € YIOAJICHHBIM
B3aMMOPACIIONOKEHUEM X-XpPOMOCOMBI U XpOMOCOMBI 4 . B TO BpeMsi Kak Ha IPOMEKYTOUYHBIX
crangusax nonureHusanuu (15,20mxm; 21,41mkm; 27,6 1mMkm; 33,81MKM) BBISIBIIGHO YepeOBaHUE
TPYIIII A7Iep C MpeodiaianueM COMMKEHHOTO U yIaIEHHOTO B3aUMOPACTIONOKEHUSI X-XPOMOCOMBI
U XPOMOCOMBI 4.

PaGora BbimonHeHa npu (QuHaHcoBoi mopmepxkke ctuneHauu IIpesupenta PO CII-
1037.2013.4 u yactuyHoil ¢uHaHCOBOM mnoOAAepkke rpaHta POOU -14-04-32078-mom a u

[Iporpammsl Hay4yHoro onna umenu .. Menneneesa TI'Y.

KOMILIEKCHBIN IMTOAXO0/1 K U3YUYEHUIO JIOKYCOB ®OPMUPOBAHMUS
AAEPHBIX TJOMEHOB
Kpacukosa A.B. ! Kynuxosa T.B.", Kocsixosa H? Jup 7.2, 3nomuna A.M."
'Canxr-TleTepbyprekuii rocy rapcTBeHHsIH yHIBepenTer, . Cankt-Iletepbypr, Poccus
2I/IHCTI/ITyT TCHETUKH YeloBeKa, Y HuBepcurer Mensl, r. Mena, ['epmanus
alla.krasikova@gmail.com

SnepHble JAOMEHBI MOXKHO MOJPA3IEIUTh Ha JIBE OCHOBHBIE TPYIIIBL: TE€, KOTOpBIE
cobuparoTcsi CBOOOIHO B HYKJICOIUTa3Me U T€, KOTOPbIe 00pa3yrOTCsl B ONMPEICICHHBIX ydacTKaxX
XpOMOCOM, B pe3yJibTaTe MX aKTUBHOCTH. 3JI€Ch MbI HCIIOJIb30BANU JABE CTPATETUU ISl aHAU3a
JIOKYCOB (pOPMUPOBAHUS SACPHBIX IOMEHOB Ha TUTAHTCKUX XPOMOCOMAX THIIA JIAMIIOBBIX IIETOK,
XapaKTepHBIX Ui siIEp PACTYIIMX OOUMTOB NTHIl W am¢uOuii. [lepBbIii moaxom OCHOBaH Ha
rocienoBaTeIbHOM KapTupoBannn BAC-kimoHOB, coaepkamux (parmentsl reHomHoU JIHK c

M3BECTHOM MO3UIMEH Ha XpoMoCOMax, HEAAJICKO OT MeECTa O6pa3OBaHI/IH AACPHBIX JOMCHOB.

Bropoii noaxoa 0CHOBaH Ha MEXaHUYECKOW MUKPOJHUCCEKIUU PalOHOB XPOMOCOM, IIPUIICIKALUX
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K omnpeneneHHod — spepHoit  crpykrype. JHK w3 auccekTUpoBaHHOro  marepuana
ammmuunupoBan ¢ nomorpio [IIP ¢ BeIpOXACHHBIMH TIpaiiMepaMu W  TOJBEpPrayid
KapTUpPOBaHUIO C MoMombio  (ayopecuentHo rubpummzanuu in situ (FISH) n
BBICOKOIIPOU3BOAUTENBbHOTO cekBeHupoBanuio (NGS). FISH-kaptupoBanue mnoATBEpIUIIO
3P PEeKTHBHOE MOTYyYSHHE JIOKYC-CIIEIU(PUIHBIX 30HI0B, MAPKUPYIOIINX YYaCTKH (POPMHUPOBAHHUS
SAJIEPHBIX CTPYKTYp Ha H30JUPOBAHHBIX Xpomocomax. CeKBEHUPOBaHHBIE (PparMeHTHl ObUIH
BBIPOBHEHBI TMPOTHUB pe(PEepeHCHOr0 TEeHOMa C TeM, YTOObl TOYHO OMPEACNIUTh JOKYCHI,
OTBETCTBEHHBIE 32 (pOpMUpPOBaHHE SAECPHBIX TOMEHOB. KpoMme TOro, Mbl a1anTHPOBAIU MOIXOM K
JMICCEKIMU M aMIumduKanuy mocienaoBatenbHocTel 13 PHK-koMmoHeHTa simepHBIX CTPYKTYD,
aCCOLIMMPOBAHHBIX C XpOMOCOMaMH THIA JIaMIOBBIX IIETOK. B nokiane OyAayT mpelcTaBieHbI
pe3yabpTaThl MPUMEHEHHS ABYX B3aWMOJOMNOJHSIOMIUX CTPATEruil K AAEpPHBIM JTOMEHAM OOLMTOB
IITHUL], ACCOLIMMPOBAHHBIX C XPOMOCOMaMH THIIA JTAMIIOBBIX HIETOK.

ABTOpPBI BBIpXKAIOT 0JIAr0IapHOCTH 32 TEXHUYECKYIO TOJIEPKKY PECYPCHBIM IieHTpam "Xpomac"
nu  "PazBurme MoONEKyJSpHBIX W KIeTouHbIX  TexHosoruit»  (Cankt-IlerepOyprckmii

rOCyJapCTBEHHbIN YHUBEPCUTET).

MOJIHOTEHOMHBIN AHAJIU3 CAUTOB CBSI3bIBAHUS BEJIKA SUHW)
B 'EHOME JIPO30®UJIbI
Kpacnos A.H., Mazuna M.IO., Huxonenko FO.B., Bopoovesa H.E.
denepalbHOE TOCYAAPCTBEHHOE OI0DKETHOE YUPEKACHUE HAYKU
WuctutyTt 6uonoruu reHa Poccuiickoil akageMun Hayk

Panee MBI TOKa3amu, YTO WHCYIATOpHBIA Oemok Su(Hw) pekpyTupyeT THUCTOH
anetuntpancdepasueiii kommiekc SAGA u pemonenep xpomaruHa SWI/SNF wa Su(Hw)-
3aBHCHMBIE WHCYIATOPBI, YTO MPHUBOAUT K (OPMUPOBAHHIO OOJIACTH C HHU3KOW TMIOTHOCTHIO
HYKJICOCOM M (OPMHUPOBAHHUIO YCJIOBUH s MOCAAKH peruimkanumonHoro komriuiekca ORC.
Hoknayn Su(Hw) mpuBoaut k apamarudeckomy 3amaaeHuto komruiekcoB SAGA, Brahma, ORC
Y 3HAYUTEJIBHOMY YBEIMYEHHUIO HYKJI€OCOMHOM MIOTHOCTU Ha Su(HW)-3aBUCHUMBIX HHCYJIATOpaX.
JanHplii pe3yabTar ObUl MOATBEpXkAeH Ans 12 caiitoB cBsa3biBanus Su(Hw), uto mo3Boiser
caenate mnpeanonoxenne, uro Su(Hw) 5To mepBblii W3BECTHBIH O€NOK, OTBEYAIOMIMA 3a
MO3UIMOHUPOBAHUE YaCTH PEIUIMKAIIMOHHBIX OPUKMHOB Jpo30(puibl. [l MOATBEpXKICHUS
JAHHOTO BBIBOJAA TPeOyeTCs MPOBECTH MOJHOTEHOMHBIN aHallu3 BCEX CAWTOB CBS3bIBAHUS Oenka
Su(Hw).

J1s1 3TOTO0, B JAHHOM NPOEKTE OBbLT UCIIOJIB30BaH METOJI XPOMAaTHH UMMYHONPEIUIUATAIIMN
U Tocieayioniee moidHoreHoMHoe cekBeHupoBanue (ChIP-Seq). Beumm omnpeneneHbl canThl
ces3piBaHusg SAGA, SWI/SNF u ORC kommiekcoB B reHOME JIpo30(uiibl, Kak B HOPME, TaK U

npu MyTtauuu Oenka Su(Hw). bbula ucnosnp3oBaHa MyTtanus v/e§, B pe3yibTaTe KOTOPOM
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npoayuupyercss MyTaHTHbBIA Oenok Su(Hw), He cmocoOnbiii cBsizpiBathest ¢ JIHK. beum
MpOaHAIM3UPOBaHKl Bce calThl Oenka Su(Hw) B TeHome apo3odumiibl M MOKa3aHO, YTO
neiicteutensHo, Su(Hw) pexpytupyer SAGA u SWI/SNF kommiekcel, 4To NPUBOAMT K
(dopMHpOBaHHIO O0JIACTH C HHU3KOHM IUIOTHOCTBIO HYKJIEOCOM M (POPMHPOBAHUIO YCIOBUH ISt
nocaaku perutnkaronHoro komriekca ORC. JlaHHbIN MeXaHW3M YHUBEpCAJIEH JIJIsl BCEX CAaWTOB
cBs3pIBaHUs Oenka Su(Hw), He3aBUCHMO OT THITa OKPYXKAIOMIEro XpOMaTHHA, TO €CTh TJI00aThHOE
COCTOSTHME XpOMAaTHHA HE OKa3bIBaeT BIMSHHS Ha MexaHu3Mm mnosunuonupoBanus ORC, ckopee,
umenHo JIHK-cBs3piBaromue Oenku SBISIOTCA KIIFOYEBBIMHU JETEPMUHAHTAMHU, (OPMHUPYIOIIUMHU
MOAXOIALIYIO0 CTPYKTYpY XpomatuHa i nocajgku ORC kommuiekca.

MpbI peanonaraem, 4to KJIFOYEBBIMH YYaCTHHUKaMH no3ulimoHupoBaHus ORC koMiuiekca
B reHome gapozopunsl  sBistotcs  JIHK-cBs3piBaromme — Oenku,  OTBETCTBEHHBIE 32
(YHKIIMOHMPOBAHUE PA3IUYHBIX PEryJIATOPHBIX 3JIEMEHTOB TI'€HOMA, BKIOYAas HHCYJATOPHI,

MIPOMOTOPHI U 3HXaHcepbl. Su(HW) 3T0 nepBbIii mpuMep Takoro Oernka.

CHROMOSOMAL EVOLUTION OF AMNIOTES: COMPARING MAMMALS
WITH BIRDS
Larkin D.M.
Royal Veterinary College, University of London, London, UK
dlarkin@rvc.ac.uk

OpHolt M3 BaXHBIX MPOOIEM COBPEMEHHOW T'C€HOMHUKH JKUBOTHBIX SBISETCS BOMPOC O
BKJIaJIe XPOMOCOMHBIX TEpPECTpoeK B Buaocneuupuyeckyro Ouonoruto. Hamm uccnemoBaHus
[IOKa3aJii, YTO XPOMOCOMHBIE Y4aCTKH, MTOJIBEPKEHHBIE pa3pblBaM B XOJ€E BOIIOLUHN PUMATOB,
HACBIILIEHHBl T€HAMH, OTBEYAIOUIMMH 32 PEaKLHI0 OpraHM3Ma Ha BHEIIHWE CTUMYJIbI, TOT/Ia Kak
9BOJIIOIIMOHHO-CTAOUIIFHBIE YYaCTKU XPOMOCOM HACBHIIICHHBI T'€HAM «IOMAITHETO XO3SHCTBaY.
JanpHenmye uccaeqoBaHus Hallled U IPYTUX IPYII MOATBEPANIIN, YTO PAaHOHBI 3BOJIIOLMOHHBIX
XpPOMOCOMHBIX  pPa3pblBOB Yy  MIIEKONUTAIOUIMX  IPEUMYLIECTBEHHO  COJEp’KaT  TEHBbI,
OTBETCTBEHHBIC 3a aJanTalyio K YCIOBUAM oOurtanus, iub0 (opMuUpoBaHHE OPraHOB
CHOCOOCTBYIONIUX ATOW ajanrtanuu. Hampumep, 3BOTIONMOHHBIE Pa3pbIBbl, MPUBEIIINE K
(GOpMHpPOBAHMIO KApUOTWUIIA COBPEMEHHOM JOMalIHe CBHHbBM  HACBIIICHHBI TE€HAMH,
OTBEUAIOLMMHU 32 BOCIPHUATHE BKYCOB, a KOpPOBBl — 3a HMMYHHYIO 3alllUTy OpraHu3Ma oOT
MHUKpPOOOB, OOUTAIONIMX B KUIICYHUKE. B mepBoM ciyyae MOXKHO MPEINOJIOKUTH CBSI3b MEXKIY
paznUuMUsAMHU AUEeT CBUHEH M JIOJEH M NPUBIEKATEIHHOCTHIO MEPBBIX IS JTIOMECTHUKAIHH
npuMepHo 10 Teicay JieT Has3ax, a BO BTOPOM — HEOOXOAMMOCTBIO Iy4llIed, YeM Yy Ipyrux
MJIEKOTMTAIOIIMX 3aIIUThl OpraHu3Ma OT OOJIBIIOTO YHUCJIa MUKPOOPIaHHW3MOB, OOWTAIOLIUX B
pybue. Takum oOpa3om, Ui MIIEKONUTAIONUX IIOKa3aHa CBSI3b MEXIY XPOMOCOMHBIM

HepCCTpOﬁKaMH H 3BOJIFOIIMOHHBIMHU aJallTaAllMOHHBIMH U3MCHCHUAMMU.
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ITocne nexkoaupoBaHusi T€HOMOB 45 BHUIOB NTHUI[ CTAJO BO3MOXKHBIM CpPAaBHUTH POJb
XPOMOCOMHBIX TEPECTPOCK B IBOJIOIMU MIICKONMUTAIOMUX W pentwiuid. Kapuotun nrtui u
OOJBIIMHCTBA PENTHIIMN XapaKTepU3YEeTCsl SBONIOIHMOHHON CTaOWIBHOCTHIO OJarofaps Maliomy
qrciTy (10 CPaBHEHUIO C MIICKOMUTAIOIIMMH ) MEKXXPOMOCOMHBIX TIEPECTPOCK.

B stom noxnane s mpoBeay CpaBHEHHWE NPUYUH (OPMUPOBAHUS U POJIM XPOMOCOMHBIX
MEPECTPOCK M PAMOHOB XPOMOCOMHBIX pa3pblBOB Y JBYX KJIACCOB >KMBOTHBIX: PENTHIIHI

(BKJTIOYAS MITHIT) U MJICKOTTUTAIONINX.

BOJIE3HU APXUTEKTYPbBI TEHOMA: OT IIPEJICKA3AHUSA
K UHTEPIIPETAIIUU KIMHUYECKOI'O ®EHOTHUIIA
Jlebeoes U.H.
OI'bHY «HayuHo-nccienoBarenbCKuii MHCTUTYT MEAULMHCKON T€HETUKIY,
r. Tomck, igor.lebedev@medgenetics.ru

PacmmdpoBka reHOMa YeoBeKa U Mporpece B MO3HAHUU OCOOEHHOCTEH €ro CTPYKTYpPHO-
(GYHKIMOHAIBHOW OpraHM3allMi  CO3Jald MPEANOCHUIKM U1 JIOTOJHEHHs] TpaJuLUOHHON
TeHETUYECKOM KiIaccu(UKAIMM HACIIEJACTBEHHBIX OOJe3HEHl dYelnoBeKa Ha XPOMOCOMHBIE,
MOHOTCHHBIE M MHOTO(AKTOPHBIC €Ie OJHON KaTeropueil T'eHEeTUYEeCKH IeTCPMUHHUPOBAHHBIX
3a0oyieBaHNi — TEHOMHBIX Oosie3Hert (genomic disorders, disorders of genomic architecture),
UMEIOUINX OINpeAeNeHHYI0 CHEIU(pUKY THUIOB MyTallif, OCOOCHHOCTEM UX KIMHHUYECKOIO
MPOSIBIICHUSI, MEXaHW3MOB BO3HHKHOBEHHSI W HACJICJOBaHHUS B DAy IOKOJIEHUH U B XOJHe
OHTOTEHE3a, YacTO OTKJIOHSIOIIMUXCS OT 3aKOHOB MEHJENEBCKON reHeTwku. K kareropuu Takmx
Oone3Heill OTHOcAT 3a0oJieBaHUs, OOYCIOBJIEHHBIE W3MEHUYMBOCTBIO YHCIIA KOMUM KPYIHBIX
omokoB JIHK (Copy Number Variations, CNV). B mnepBywo ouepenb, 3TO XpOMOCOMHBIC
MUKpOJIEJICIIMOHHBIE ¥ MHUKPOIYIUTMKALMOHHBIE CHUHIPOMBI, CBSI3aHHBIE C CETMEHTHBIMU
QYTUTUKAUSAMUA T€HOMAa. AHAIN3 MOJIEKYJISPHO-TEHETUYECKHX MEXaHH3MOB UX BO3HHKHOBCHHS
MPHUBEJI K OTKPBITHIO (DEHOMEHA pPENUIPOKHOCTH MYTAIlUH, MPOSIBISIFOIICTOCS PEKYPPEHTHBIM
dbopMUpOBaHHEM TaIUIOHEIOCTATOYHOCTH WJIM TaIuIOM30BITOYHOCTH 10  ONpeAesIEHHOMY
XpPOMOCOMHOMY DPETHOHY 4epe3 HeaielbHylo romonoruunyro pekomOuHaimioo (NAHR). Oto
OTKpBITHE, a TaKKe BHEAPEHHE B KIMHUYECKYIO MPAKTHUKY MOJICKYJISPHO-IIUTOTC€HETUYECKUX
METOJIOB aHaJli3a BBICOKOTO pa3pelieHUs MPEIONpPEe/NIO CYIIeCTBEHHBI Mporpecc B
UACHTU(DUKAIIMM  HOBBIX  MHKPOAENEIMOHHBIX W  MHUKPOAYIUIMKAIIMOHHBIX  CHHAPOMOB,
HaOI0JTaeMBbI B TTOCIIEAHIE HECKOIBKO JIET.

B npoBomuMoM HaMu MOIEKYISIPHO-IIMTOTCHETUYECKOM HCCIEAOBAHUU MAIUEHTOB C
HeauPEepeHIIMPOBAHHBIME  (pOpMaMH  YMCTBEHHOW OTCTAJIOCTH M 33JEPXKKOH Ppa3BUTHS C
MOMOIIbIO  CPaBHUTEIBHOM TeHOMHOW ruOpumm3aruu Ha JIHK-mukpouumnax (array-CIIP)

IMMOKAa3aHO, YTO 4YaCTOTa KIMHUYCCKH 3HAYHUMBIX PCHUIIPOKHBIX CNV, ACCOLMHUPOBAHHBIX C
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CErMEHTHBIMU NYIUIUKAIUSIMU TeHoMma, nocturaet 10%. BriepBble onucaHbl NAallMEHThl C HOBBIMU
PELUUIPOKHBIMM MHUKDPOJAECICHUAMH W MHUKPOLYIUIMKALMAMHU, 3aTPATUBAIOIIUMHU XPOMOCOMHBIE
peruonsl (B uactHocTH, 3p26.3, 4q21.21-q21.22) u TeHbI, CYILIECTBEHHbIE IS Pa3BUTHS
LEHTPaJIbHOW HEPBHOM cucTeMbl. /g aHanu3a ¢peHoTunuyecknx 3¢p(HEeKToB HEKOTOPBIX MYTaIHi
Ha MOJIEKYJSIPHOM M KIETOYHOM YpPOBHE TIONYYCHBl JIMHUM TalWueHT-CIeH(pUIHBIX
MHYyLIMPOBAHHBIX IUIIOPUIIOTEHTHBIX CTBOJIOBBIX KileTOK. [Tocnenyromas ux auddepenunponka B
CHELMAIM3UPOBAHHBIE THUIIBI KJIETOK IO3BOJIUT IPEOAOJIETH OJHO M3 KJIKOYEBBIX OIPaHUYECHUN
CTaH/IaPTHOW HUTOTEHETHKHU YeIIOBEKa, OCHOBAHHON Ha aHanm3e JUMQOIUTOB nepudepuiaeckon
KpOBH, B HHTEpHIpEeTallMM NaTOr€HETUYECKUX MEXaHHW3MOB pealu3alud XpOMOCOMHOIO
nucOasanca.

Cuctematuzanus KIMHUYECKUX 3()()EKTOB pEeUNpPOKHBIX MyTalUi MO3BOJIMJIA BIIEPBbIC
II0Ka3aTh, YTO 32 MOJISIPHBIMM U3MEHEHUSIMH B YPOBHE KCIPECCUU J1030-3aBUCUMBIX T€HOB MOTYT
CTOATh U MOJIAPHBIE KIIMHUYECKUE (DEHOTHUIIBI, YTO YCUIIMBAET JJOKA3aTEIbCTBO IATOT€HETUUECKON
3HaYMMOCTH BIIEPBBIE BBIABISEMBIX MUKPOCTPYKTYPHBIX XPOMOCOMHBIX a0eppanuil y MarleHTOB
C KapTMHOM XpOMOCOMHOTr0 3abosieBaHus. BMecTe ¢ Tem, KIMHUYECKast KapTUHA MPH CHHIpOMax
PELMIIPOKHBIX MHKpPOJAEICUUH ¥ MUKPOIAYIUIMKAIMHA MOXET OBITh TakXke IpelCcTaBlieHa
WACHTUYHBIMA, YHUKAJIbHBIMH WU TEPEKPBIBAIONIMMHUCS MPHU3HAKAMH, YTO OOBSCHSIETCS TCHHBIM
COCTaBOM 3aTPAruBa€MbIX XPOMOCOMHBIX PETHOHOB U B3aMMOJCHCTBUEM I'€HOB.

O4eBHIHO, YTO CKJIA[BIBAIOINASACA MHTErpalysi T€HOMHBIX M KJIETOYHBIX TE€XHOJOIHH, a
TaKKe KIMHUYECKUX HAOJIOJCHUN, CO3/MAIOT YHHUKAJbHBIE NPEANOChUIKH U 3(hdeKkTuBHOM
JUarHOCTUKM XPOMOCOMHBIX OO0J€3HEH M UX MNPOPUIAKTUKH, B TOM YHUCIE YEpe3 METO]Ibl
MPEHATATHHON ¥ MPEUMIUIAHTAIIMOHHON T€HETUYECKON JUAarHOCTUKH.

UccnenoBanue BeInoaHEHO npu noaaepxke rpanra PHO Ne 14-15-00772.

IMPOBEPKA I'MITOTE3bI O POJIX IOJIMTEHUU B TEHETUYECKUX TPOLHECCAX
Y PACTEHMI

Jlesumec E.B.", Kupuxosuy C.C.", Bunuuenxo H.A.", Kapmawos M.IO.?, Yaycoe E.B.%,
Tepnoeoii B.A. 2

1I/IH(:TI/ITyT muroniorun u reaetukn CO PAH, HoBocubupck, Poccnst; 2Focyz[apCTBeHHI,Iﬁ
HAyYHBIN LIEHTP BUPYCOJIOTUH U O6norexHonorun «Bekrop», HoBocubupck, Poccus;
levites@bionet.nsc.ru

BoisiBnenne mnonuMoppuzMa B TOJY4YEHHBIX 0€3 ydacTusi NbUIBLEBOTO POIUTEINS
araMoCIIepMHBIX MTOTOMCTBAX, KOTOpPbIE IO CYILECTBYIOLIUM IPEICTABICHUAIM MOXKHO ObLIO OBl
paccMaTpuBaTh Kak pe3yJbTaT CeMEHHOro kioHupoBaHus (Jlesurec u np., 1998), yka3piBaer Ha
CYLIECTBOBaHME CHEIM(PUYECKHMX MEXaHU3MOB HM3MEHUYMBOCTH. J[ng oOBsACHeHHA OTOU

W3MEHYHMBOCTH ObliIa MNpEaAJIOKCHAa TUIIOTE3a, OIHpAromasAcCsa Ha TaKHUEC H3BCCTHBLIC (i)aKTI)I, KakKk

MOJINTEHUSI XPOMOCOM B KJIeTKax 3apojsimeBoro memka (Tschermak-Woess, 1957, Hasitschka-
114



Jenschke, 1959; Nagl, 1981) u Bricokoe conepkanune JIHK B 3urorax, cHmxaromieecss B X0je
NEpPBbIX JIeJIEHUI HMOpHOreHe3a 10 YPOBHSA, XapakTEpHOro M COMAaTHYECKUX TKaHeH
(Mopo3zoBa, 2002). ['unoTte3a cocToUT B cieaymomeM: 1) B ciocoOHON kK 3MOpHOreHe3y KIETKE
cymectByer auddepeHnranbHas IOJUTCHUs, 3aKII0Yalouiascs B  Pa3IMYHONM  CTENEeHH
MOJIMTEH3AUHN OTJEIFHBIX YYAaCTKOB XPOMOCOM M MPHUBOASAIIAS K TOMY, YTO KKIBIH U3 aJulesei
UCCIIElyeMOro JIOKyca MOJKeT NPUCYTCTBOBATh B KJIETKE B YBEJIMYEHHOM p03e; 2) nepen
BCTYIUICHHEM B 3MOpHOreHe3 KJIeTKa OCBOOOXKIaeTcs OT M30bITKa XpOMaTHHA, M B KIETKE
ocTaeTcs B KaXJOW XpPOMOCOME MO OJHOM KOIUHU aJIeNIbHOTO TeHa; 3) OCBOOOXKIEHHE OT
M30BITOUYHBIX KOMHI aJljielieil MPOUCXOIUT CIyYalHBIM DPAaBHOBEPOATHBIM 00pa3oM Ojaromapst
NEPEKPECTy, MPOUCXOAALIEMY MEXIYy XPOMaTHIaMH, NMPUHAUIEKAIUMH Pa3HbIM XpPOMOCOMAaM
naHHoi mapsl romonoros (Levites, 2005, 2007; Levites, Kirikovich, 2012).

Jlisi IpOBEpKH JaHHOM TUIOTE3bl MCCIEAO0BAHMS IMPOBOJMINCH Ha MbLIBLECTEPUIIBHBIX
pacTeHWsIX ~ caxapHOW  CBEKIBL. AraMmMoclepMHas TpUPOAa  IOJy9aeMOro  IOTOMCTBA
HNOJTBEPAKANacCh OTCYTCTBUEM MEPEONBIICHNS MEXIY PacTyIlUMH PAIOM IbLIbLIECTEPUIbHBIMU
U TOJyCTEPWIbHBIMH PACTEHUSIMM  CaXapHOM CBEKJIbl UM  HECIy4alHBIM  XapaKTepoM
pacripenienieHusi (EHOTUIIOB ceMsiH Ha BeTkax pactenuid (JleBurec, Kupukouu, 2008;
KupuxoBuy, Jlesutec 2013). B momb3y mpemioKeHHOW THIOTE3bl YKas3bIBaeT JEPUIHAT
reTepoalyieIbHOrO (IreTepOo3UroTHOI0) Kilacca B MMOTOMCTBE, MOJYyYEHHOM IyTeM MEHOTHYEeCKOH
araMocrepMuu oT 00paboTaHHOTO KOJXUIIMHOM pacTeHus caxapHoi cBekibl (Levites, Kirikovich,
2012). JlanHblil neuuuT 0OBACHSIICA TEM, YTO BO3HUKAIOUIME NPU TAHHOM THUIIE araMOCIIepPMHU
TUTUTOUTHBIE SAIIEKIETKA ¥ UMEIOIINE MTOJUTEHUIO B yU9acTKaX XPOMOCOM, HECYIIUX MapKepHbIE
JIOKYCBI, P NIEPEX0/I€ K SMOPHOTreHe3y 0CBOOOKIAIUCH OT U30BbITKA KOMUH aJIJIEIbHBIX FE€HOB.

Ha Bo3MOXXHOE BIMSHHE TOJMTEHUHM Ha TEHETHYECKHE IMPOLECChl  YKa3bIBAIOT
npeBapuTeNbHbIC JaHHbIC, MMOJYYSHHbIE C MCIIOIb30BaHUEM IOJUMEpPA3HON LIEMHON peakluu B
peansHoM Bpemenu (KapramoB u ap., 2015). C momMomipio 3TOro MeTofa B HEPACKPBIBIIUXCS
[IBETOYHBIX OyTOHAX OBUIM BBISABJIICHBI PAa3jIU4Msl B YPOBHE KONMUHHOCTH TeHOB Adhl wm Mel,
KOHTPOJIMPYIOIUX MapKepHble (EepMEHTHBIE JIOKYChbl, MU YPOBHEM KONMUHHOCTH reHa F7T2,
KOTOPBIH M0 MMEIOIIECHCS B MEXIyHAPOJHBIX 0a3aX JAaHHBIX MH(GOpPMAIMU SBISIETCS Y CaxapHOM
CBEKJIBl YHHKAJIBFHBIM M TPEACTAaBICH B TC€HOME B EIWHUYHOW JJ03€. XapaKTepHO, 4YTO B
BEpXYIIKaxX MOOEroB, IJ€ TOJBKO JIMIIb 3aKJIaJbIBAIOTCSA IIBETOYHbIE OyTOHBI, 3TH PA3JIN4Us HE
BBISIBJICHBI. DTU JJAaHHBIE [TOKA3bIBAIOT, YTO J1030BbI€ APPEKTH, B OCHOBE KOTOPHIX MOTYT JIeXkKaTb
MPOIIECChl MOJIMTEHU3ALNHU, UTPAIOT CYIIECTBEHHYIO poJib B AuddepeHunpoBke. B 1o jxe Bpems
nposiBIeHHE ATHX 3(P(PEKTOB B TKAHAX PEIMPOAYKTUBHBIX OPTaHOB CBUJICTEIBCTBYET B IOJIB3Y

Hpe,HHO)I(CHHOI)’I THUIIOTE3BI O POJIM MOJUTCHHUHU B TCHCTUUCCKHUX IIpOoLECCax.
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I'EH COUMHI'OMUEJIMHCHUHTA3BI 1 YEJIOBEKA (SGMST): OCOBEHHOCTHU
CTPYKTYPbI U OKCIITPECCUHA
Jlumbopcras C.A., Qununnenkos U.b., Posckosa A.B., Cyoapxuna O.IO., /lepeynosa JI.B.
®denepalibHOE TOCYJAPCTBEHHOE OIOKETHOE YUpeKAeHHE HayKu MHCTUTYT MOTeKyIsIpHON
reHetuku Poccuiickoit akagemuu Hayk, 123182, Mocksa, Poccust.
E. mail: limbor@img.ras.ru

I'en cunromuenuucunTtassl 1 (SGMS1) yenoBeka KOAUPYET )KU3HEHHO BaXKHBINA (pepMeHT,
KOTOpBI 00YyCIIaBIMBACT CUHTE3 C(OUMHTOMHUENTNHA U JAUAIWINIMIEpHHa u3 (hochaTuanaxonuHa u
LepaMmsia, YTO ONpEeNeNseT €ro ydyacTue B MeTaOolMu3Me XOJECTepUHA, Perysiiuu
BHYTPUKIIETOUHOTO BE3UKYJSIPHOTO TPAHCIOpPTa, Mpodudepalnuu KIETOK, alonTo3e U JIPYTuX
3HaUMMBIX Tpoueccax. Hamm uccnemoBanust mokasanu, 4to reH SGMSI pacnonoxen Ha 10
xpoMocome, umeer pasmep 320 T.ILH. U COIEpPKUT He MeHee 24 5k30HOB. JlerampHoe
HccaeoBaHue CTPYKTypbl reHa SGMS] no3BonII0 HaM BBISBUTH MHOXECTBO €0 TPAHCKPHUIITOB.
beumn o6Hapyskenbsl nzodopmel MPHK, otnuyaromuecs yqacTkom 5’ HETpaHCIUPYyEMOM 00acTu
(5°-HTO) u xoaupyrolie MOJHOPa3MEpPHBIM OEloK, a TakKe TPAHCKPHITHI, BO3HUKAIOIINE B
pe3ynbTare albTePHATHBHON KOMOWHAIIMM SK30HOB, 3aTPAardMBaIONINX KOAHMPYIOIIYI0 00JacTh
reda 1 3’-HTO. B uncne npoaykroB rena SGMS! Hamu oOHapy»KEeHbl HOBbIE TPAHCKPUITHI —
muknndeckue PHK, xoTopeie conepkar mocienoBaTebHOCTH MyiabTHAK30HHONW 5°-HTO reHa.
HekoTtopeie W3 HHUX BKIIIOYAIOT KOAUPYIOIIYIO 00JacTh reHa W (pparMeHThl MHTPOHOB. AHAIU3
conepkanus mukanueckux PHK B pasHBIX TKaHSX 4eloBeKa IMOKa3aj, 4To Hawboliee JITUHHBIC
TPAHCKPUIITHI BBISBIAIOTCS TMPEUMYIICCTBEHHO B OTHaenax Mo3ra. KoOMIBIOTEpHBIA aHaINU3
nocnenoBaresnbHocTel mukindeckux PHK y yenoBeka cBUIIETENBCTBYET O BHICOKOM MOTEHIMATIE
K cBsa3biBaHuio MUKpoPHK, B Tom uncne mukpoPHK, o6pasyromux kommiekcsl ¢ Ago 6enkamu u
MPHK rena SGMSI. Msbl npeamonaraeM, 4to oOHapykeHHble Hamu nukiaundeckue PHK

NPUHUMAIOT y4YacTHe B peryJsuud (pyHKIIMOHUPOBAHHMA TE€HAa CHUHTOMHENMHCHHTa3bl | B

PA3JIMYHBIX TKAHAX.

CPABHUTEJIbHBIN AHAJIN3 MOJIEKYJIAAPHON CTPYKTYPBI
HEHTPOMEPHOI'O BAPUAHTA I'NCTOHA H3 (CENH3) Y TPUTUKAJIE
PA3JIMYHOTI'O IMTPOUCXOXIEHHUA U YPOBHA IIVIONTHOCTHU
Jlunuxuna FO.A., I'auyxas C.C.
Wuctutyt MonekymnsipHoit u kinerounoit 6uonoruu CO PAH, r. HoBocubupck

LlenTpoMepa — cHenMaIM3UPOBAHHBIA pailOoH XPOMOCOMBI, OTBETCTBEHHBIH 3a COOpPKY
KMHETOXOpPa U MPaBUIIbHOE PACXOKIECHHE XPOMOCOM B MPOIIECCE JIeNEeHUs KIeTKU. I IeHTUYHOCTD
LEHTPOMEp ONpefeNsieTcs MPUCYTCTBUEM LIEHTpOMepHOW Moaudukanuu rucroHa H3 B

HYKJIEOCOMax LeHTpoMepHOro xpomaruHa. [lepBuunas crtpykrypa CENH3 cocrour u3 N-

tepmuHanbHOro (NTD) u C-repmunansHoro (HFD) nomenos. OtcyrctBue NTD B Monekynax
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Oenka mpuBoaUT K HapymeHuto BcTpoiiku CENH3 B meHTpoMepsl MEHOTHYECKUX XPOMOCOM H
notepe neaTpomepHoit pynkuu (Lermontova, 2011). [Tetns 1 u a2-crimpans HFD HeoO6xoaumbl
quis ceszbiBanusg CENH3 ¢ nentpomepnoii JIHK (Henikoff, 2001) u o6pa3zoBaHus KHHETOXOPHOTO
KOMILJIEKCa. Y MEXBHJOBBIX THOPUAOB SIUMEHS pa3nuyus B MOJIeKyJsspHOU cTtpykrype CENH3
MOTYT TPUBOJIUTH K SIMMUHAIMHA XPOMOCOM M Pa3pylICHUIO THOPUIHBIX KoMOMHanumil (Sanei,
2011).

Tputukane - rubpunael nueHuusl U pxu (XTriticosecale Wittm.), moiryyaemble B
pesyibTare OTIAAJCHHONH THOPUAM3ALMM U OKCIEPUMEHTAIBHOW ajutonoyiumuionauu. Jlns
OTJAJICHHBIX THOPHUIOB XapakTepHa LUTOJOTMYECKash HECTaOWJIBHOCTh M W3MEHEHHE YpPOBHS
IUIOMIHOCTH B TpOIecce MX NENOJUIUIONAM3AINM, a TaKKe H3MEHEHHE YPOBHS AIKCIPECCUU
POIUTENBCKUX TE€HOB. B Hacrosimee Bpemsi MOIY4YEHBI TPUTHKATIE C PA3IUYHBIM YHCIOM H
KOMOMHAIIUSIMHA POJIUTEIBCKUX TE€HOMOB. B CBs3M ¢ 93TUM OOJNBIION HAy4YHBIH HWHTEpEC
npeactaBisieT ucciaenaoanue skcnpeccun rena CENH3 y tputukane. Iens Hacrosmieit padboTsl
3aKJIovaeTcsl B cpaBHeHUM 3Kkcnpeccu rTeHa CENH3 y Tputukaiie pa3iuaHoro npoucXoKICHHs U
YPOBHS TUIOMJHOCTH MEXAYy COO0OW M ¢ poauTeabCcKUMU (GopmamMu. OOBEKTOM HCCIEIOBAHUS
SBIISIOTCS MIIeHUYHO-pxaHble aMmpuruionnsl (AABBDDRR, 2n=8x=56), ucxoansie (opmsl,
YYacTBOBABIUE B MX CO3JaHHWH - M30TeHHAs JimHUA mmeHuIsl Triple Dirk D (2n=6x=42), copt
pxu "KopoTtkocrebenpHas 69" (2n=2x=14); a Takxke copTa rekcariouausix 1riticale "Muxacs" u
"Ilyopasa" (AABBRR, 2n=6x=42). [{utonornyeckuii ananu3 18 pacTeHui MIIEHUIHO-PKAHBIX
aM(UIIONZ0B MOKa3all, YTO BCE PACTCHHUS SBJUTUCH aHEYIJIOWAAMHU C YUCIOM XPOMOCOM OT 52
no 57. Jns amanuza skcnpeccun reHa CENH3 B rubpumax Obutn BeIOpanwsl 52,53,54,55,57-
XpPOMOCOMHBIE pacTeHHsl. PacTeHus rekcammouaHeix TpuTukaie "Mmuxacs" um "Ilybpasa",
OTOOpaHHBIE JUISI aHAJIKN3a, ObUTH CTAOUIBHBIMU (2n=6X=42).

Ucnone3ys npaiimepst ms ammomudukanuu NTD CENH3 S. cereale, cuatesnpoBaHHbBIE B
Hariel sjabopatopuu, u npaitmeps! g amminduxkanun HFD CENH3 (Nagaki, 2005), nomyuunu
[TIP-npoaykThl, KOTOpBIC OBUIM KJIOHHUPOBAHBI W CEKBEHHPOBAHBI. AHAJIN3 IOJTYYCHHBIX
Koaupymoomux mnociefgoatenbHocted  N-tepmuHanibHoro jaomena CENH3  nokazan, uyto
poauTenbekre (GOPMBI M PKU U MIICHUIBI UMEIOT JIeJIEUH IBYX TUIIOB U 3aMEHBI HyKJICOTHU/IOB B
necTd no3uuusx. Poxp umeer crnenupuyeckue 3aMEHbl B CIEAYIOIIMX MO3uIusAX: 1) 3ameHa B
33-it mo3unuu ORF (9,1% Bcex kionoB), 2) B 73 nmo3uuuu ORF (9,1%), 3) B 126 (27,3% ), 4) B
144 (45,4%), 5) B 145 (9,1%). Y mmenursl oOHapyKeHa TOJIBKO OAHA crenuduieckas 3aMeHa B
45 mo3uuuu B OJHOM KJOHE. B komupyronmx nocienoBarenbHoCTAX C-TEpMHUHAIBHOIO JOMEHA
CENH3 poawureneii nenenuy Wi BCTaBKA HE 0OHAPYKUBAIOTCS, CIEIU()UIECCKHE HYKICOTHITHBIE
3aMEHbI BBIABIISIOTCA KaK Yy IMIICHUIBI, TaK U y PXHU. AHaIM3 MOIYYEHHBIX KOIUPYIOLIUX

nocnenoBarenbHocTelt NTD CENH3 mnieHnuHO-pKaHbIX aM(UILIONAOB TOKa3all HaTudue
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XapaKTepHBIX [UIA POAMUTENBCKUX (opM aenenui, crnenupuuecKkue Ui pPKU  3aMEHBI
obOHapyxuBanuch B 33 nozuuuu ORF y 8,3% kinonos, B 73 (8,3%), B 126 (16,7%), B 144 (45,8%),
B 145 (8,3%). [lomyueHHble pe3yabTaThl YKa3bIBalOT Ha TO, uTo crneuududeckue Gopmsr CENH3
KU SKCHPECCHPYIOTCA HapAay € MIIEHUYHBIMUA (opMamMH B THOPHIHBIX T'€HOMAax MIIEHUYHO-

pPKaHbIX aM(UITTIONIOB.

KHUHETOXOPHBIE IYYKU MUKPOTPYBOUEK PACITPEJAEJSAIOT XPOMOCOMBI
B MEMOILIMTAX B OTCYTCTBUM IEHTPAJIBHOT'O BEPETEHA

Loginova D.B., Silkova O.G.

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

loginova@bionet.nsc.ru

dopmHupoBaHUE OHIMOISIPHOTO BEpPETeHAa HEOOXOAMMO Ui MPABUIBHOTO PACXOXKICHUS
XpOMOCOM B JOYEpHHE KIETKM B MHTO3€, a Takke Mpu (OPMUPOBAHUU TaMeT.
«CaMoopranuzanusi BEpEeTeHa» B  PACTUTENBHBIX  KIETKaxX SBISETCA  aJIbTEPHATUBOU
LIEHTPOCOMHOT'O THIa cOOPKH B KJIeTKaX *KUBOTHBIX. KiltoueByto posib B pOpMUPOBAHUHU BEPETEHA
UTPAIOT XPOMOCOMBI, KHHETOXOPbI, MUKPOTPYOOUKH M, BOBMOXKHO, TpaaueHT 6enka RanGTP.

B pabore m3yueHO TOBEIEHHE XPOMOCOM B MEHO3€ MIIEHUYHO-PKAHBIX THOPHUIOB C
nonuramionaueiM reHoMoM (ABDR, 4x=28) ¢ ucmonb30BaHHEM LEHTPOMEPO-CIIEHU(PUIHON
npoOb  pAet6-09, antuten k anti-phH3Ser10, anti-CENH3 wu anti-o-tubulin. ITomxyuenst
pe3ynbTaThl MO CTPYKType M (YHKIMH IICHTPOMEPHBIX pailoHOB XpomocoM, Bkioyas JIHK,
KHHETOXOPHI U MX B3aWMOJICWCTBHE C MUKPOTPYOOUKaMH BEpETEeHA, a TaKXkKe Mo MOoAU(UKAIIH
xpomaruHa. C oMompio nMMyHoOKpammmBanus ¢ anturerdamu kK CENH3 u ¢ayopecuentHoi in
Sity TMOpUAM3AIIMK MBI TIOKA3aJIM MOBEJACHNUE LIEHTPOMEPHOTO pailoHa XPOMOCOM U OPHEHTALIUIO
KHHETOXOP.

[TokazaHo y4acThe XpOMOCOM U KHHETOXOPHBIX palOHOB B MHHUIHAIMUA (OPMUPOBAHUS
BepeTeHa. Y ruOpunoB 2R(2D)xR Hykieanuss MUKpOTpyOOUeK HAYMHAIACh BO3JIE XPOMOCOM B
npometadaze, MydyKH MHUKPOTPyOOUYeK (OPMHPOBATUCH OT KHHETOXOP MOHOTIOJSPHO
OpPUEHTHUPOBAHHBIX XPOMOCOM, KOTOpbIE KOHBEPTHPOBAIUCH, 00pa3ys MOJIoca, B pe3yibTare
MIPOUCXOJIUIIO PACXOXKACHUE XPOMOCOM. B JaHHBIX MeHOIMTax MHKPOTPYOOUYKH IEHTPaIHLHOTO
BEepeTeHa YaCTHYHO WJIM TIOJHOCTBIO OTCyTcTBOBaM. OpHako B Tenodaze | HaGmomanoch
dhopmupoBanne pparmorutacta . Jlereknus curHana anti-phH3Ser10 mo Bceli mymmHE XpOMOCOMBI
B aHa(aze CBHUIETEIbCTBOBAJIA O HAJIMYMUU KOT€3WHa, a IBoMHOM curHan anti-CENH3 na momrocax
COOTBETCTBOBAJl CECTPUHCKUM KuHEToxopaM. B wmeitonurax rubpumoB 1R(1A)xR, 6R(6A)xR,
SR(SD)xR oOHapyx’eHO MOHOMOISIPHOE BEPETEHO, B Hayaie (OPMUPOBAHUS KOTOPOIO
KMHETOXOpPbl TaKke HHUIMUPOBAIM HYKJIealuio U (GOpMHUpPOBAHUE IYYKOB MHUKPOTPYOOUeK,

OPHUCHTHPOBAHHBIX XAO0THYCCKHU. Bnocnencrteun npoucxoanjiia KOHBCPICHUOHUA KHUHCTOXOPHBIX
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IYYKOB, I XPOMOCOMBI C MOHOIIOJIIPHO OPHEHTHPOBAHHBIMU KHHETOXOpPAaMH PacTpeessuinch Ha
BepeTeHe. TakuM 00pa3oM, KHHETOXOpPHl MHHIUHPYIOT HYKJICAIMI0 MHKPOTPYOOUEK M MOTYT
HaINpaBJATh GOPMUPOBaHKE OUITOJIIPHOTO MIIM MOHOTIOJIIPHOTO BEPETEHA 3a CUET de novo COOpKH
MHUKpOTpyOouek. KHHETOXOpbl cTaOUIM3UPYIOT «IUTIOC» KOHIIBI, TOT/Ia KaK IMOJIfoca 00pa3yroTcs
npu 00BETMHEHUN «MHHYC» KOHIIOB KHHETOXOPHBIX MUKPOTPYOOoUeK. Takxke MBI TPEAIIOI0KIIH,
YTO pas3JieieHHe KJICTOK B IMEPBOM JCICHUH Meio3a ruopumoB 2R(2D)XR mMoxkeT mpoucxoauTts B
pe3ynbrate de novo cOOpKU MUKPOTpYyOOUeK, 0Opa3yronux GpparMoriacT.

Pabora nmognepxkana rpantom POOU Ne 13-04-00679 «M3yuenne mexaHH3MOB mitotic-

like menenus B Melio3e y MmeHNYHO-pkaHbIX aMmpuramionioB ABDR (2n=28)»

3BOJIIOIUS KAPUOTHUIIA ITIOCPEACTBOM MEXBHUJIOBOM T'MBPUIN3ALINUA U
MENOTHUYECKOH CEITPEFALIMM XPOMOCOM
Jyxmanos B.A."*
'300m0rnueckuit uHctutyT PAH, r. Cankr-IletepOypr
2CaHKT-HeTep6yprc1<1/1171 roCyJlapCTBEHHbIN yHUBepcUTeT, I. CankT-IleTepOypr
lukhtanov(@mail.ru

HoBble kapHOTHIBI BO3HHUKAIOT Yallle BCErO B pe3yjbTaTe XPOMOCOMHBIX MyTalMi H
nocneAyomei  (GUKCAlud  BO3HHUKAIOUIMX XPOMOCOMHBIX TEPECTPOCK B TOMO3UTOTHOM
cocTosiHuM. JIpyroil MexaHu3M 3BOJIIOLMM KAPUOTHUIIOB - 3TO NYIUIMKALMU OTAEIBHBIX XPOMOCOM
U LEJbIX XpPOMOCOMHBIX HabopoB. OnHAaKO €cTb M TPETUH MyTh, B OCHOBE KOTOPOIO JIKHT
MeHOoTUYEeCKasi Cerperamusi XpOMOCOM Y  MEXKBUJOBBIX T'HOPUAOB, TMOJYYEHHBIX OT
nuToreHeTHuecku auddepeHIupoBaHHbIX poauteneii. O BO3MOXKHOCTH STOTO MeEXaHU3Ma
TOBOPWJIOCH €IIe Ha 3ape IUTOreHeTHKH. OJHAKO METOAWYECKHE TPYAHOCTH OOHAPYKEHHS
JTUTUTOUIHBIX THOPUIHBIX (POPM B TOMOJIEKYJISIPHYIO 310Xy HE MO3BOJISUIA U3y4YaTh 3TO SIBIICHHUE B
IpUposie, a BO3MOXKHbIE MAacIITa0bl KApUOTUIIUYECKUX HM3MEHEHUIl IOCpPEeICTBOM ATOrO
MEeXaHM3Ma Ka3aluch OTpaHMYEHHBIMU. B [okmane s MpeacTaBisi0 HAlld OMyOJIUKOBAaHHBIC
(Lukhtanov et al., 2015, Homoploid hybrid speciation and genome evolution via chromosome
sorting. Proc. R. Soc. B, http://dx.doi.org/10.1098/rspb.2015.0157) mu HeonmyOIMKOBaHHBIE
JaHHbIE, IMOKAa3bIBAIOIIUE HOPMAJbHYIO (WM IMOYTH HOPMAJbHYIO) CETpEerauuio XpOMOCOM Y
rHOpUIOB  YEIIYeKPBUIBIX ~ HACEKOMBIX, TMOJYYCHHBIX TMPH  CKPEUIMBAHUM  POJUTENCH,
pa3IMyaroIuMXcs, KAk MUHUMYM, 25 XpOMOCOMHBIMU CIUsIHUSIMH. [loBTOpEHME 3TOrO0 mporecca B
pSAAy TOKOJIEHUH MOXET MPUBOAMTH K IMOSBICHHIO HOBOTO COAJaHCHPOBAHHOIO JMIIJIOUIHOTO
KapuoOTHUIIa, B KOTOPOM BCE€ MEPECTPOUKH 3a(UKCHUPOBAHBI B TOMO3UIOTHOM COCTOSIHUU. B 3TOM
KapUOTHUIIE KaKJas U3 XPOMOCOM IIOJIy4eHa OT OJHOTO M3 poauTeNed, HO X KOMOHMHAIMS, a

TaKk)Ke U YUCIO XPOMOCOM PE3KO OTJIMYAIOTCS OT TaKOBBIX y MPEeAKOBBIX ¢opMm. CreacTBuem

9TOTrO Mmponecca MOXKET OBITH TaK)KE€ BOBHUKHOBCHHE HOBOT'O Buaa.
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PaGora BemomHeHa mnpu nomnaepkke Poccuiickoro  ¢donma  (yHIAMEHTaTBHBIX
uccrnenoBanuii (mpoektsl 15-04-01581, 14-04-01051, 14-04-00139, 14-04-00770) u Poccuiickoro
Hay4dHOTo GoHpa (mpoekt 14-14-00541).

PAHHE-ITO3HUE I'EHbBI SK/IM30HOBOI'O KACKAJIA KAK MOJIEJIN
JJIsA TPAHCKPUIIHUOHHBIX NCCJIEJOBAHUH
Maszuna M. IO. 1, Heounvxo I1.H. 1, @ypcosa H.A. 1, Huxonenxo FO.B. 1, Kpacnos A.H.I,
1

Bopobvesa H.E.
'Oraen PETYJISIIIAKA TPAHCKPUITINY U TuHaMuku xpomaTtraa, ®T'BYH UHcTuTyT OMONOrNN reHa
PAH, r. Mockaa.
magadovam@yandex.ru

B nameit pabote paHHe-1103/IHUE T€HBI SKAN30HOBOTO Kackaga DHR3 n Hr4 onucaHbl, Kak
yaoOHasi Mojenb ISl TPAHCKPUIILMOHHBIX HCCleNoBaHWi. B cepum skcniepuMeHTOB ObLIO
MOKa3aHO, YTO 3TH TEHbl SBJISIOTCS MHOTOOOEIMIAIOIMIMMU CUCTEMaMH JJisi HCCIIEIOBaHMUN B
(U3MONOTHYECKUX ~ YCIOBUSIX C  MCIOJB30BAaHMEM  WHAYKUMH  20-THAPOKCHIKIH3OHOM.
Tpanckpunuus resoB DHR3 u Hr4 xapakrtepusyercs ObICTpOM KHHETHMKOM aKTHUBAlLMU, YTO
MO3BOJISIET MW3y4aTh TPAHCKPUIIMIO Oe3 BIUSHUS HenpsAMbIX 3(dekToB axkTuBanuu. Harmre
WCCIIeIOBaHNE OMUpAEcTCsl Ha JaHHbIE 00 OYEHb BHICOKON CEIEKTHMBHOCTU AKTHBAIIMH T€HOB B
KyJIbTypax KJIETOK ApOo30(HIIbI MO ACHCTBUEM SKIAM30HA (MU 100aBICHUN SKIU30HA B KJIETKAX
MIPOUCXOJUT AaKTUBALUs TOJBKO 73 reHoB). Okcmpeccus reHoB DHR3 u Hr4 3aBucut oT
KOHILICHTPAllUM JKIW30HA U CHMIKAETCS B TEYEHUE HECKOJIBKHUX YacOB C MOMEHTa OTMBIBKH
3KJIM30HA U3 Cpebl. AKTUBALUS POMOTOPOB TeHOB DHR3 v Hr4 mpOoucXoauT B TEUEHHUE MEPBBIX
20 MUHYT C MOMEHTa J00aBJICHHS SKIM30HA, YTO JIeTaeT JaHHBIE TeHbI MTOJIE3HBIM HHCTPYMEHTOM
JUISL U3yYEHUS! PaHHUX ATAaroB aKTUBALMHU TPAHCKPUIIUH. VX TpaHCKpUNLIMS KOHTPOJIUPYETCS IO
npuHnuny naysuHra PHK-nonumepassi 11, 4yTo siBiIsieTCs pacnpoCTpaHEHHBIM SIBJICHUEM B TEHOME
npozoduibl. EnnHooOpa3Hast akTuBaIus TpaHCKpUnuu reHoB DHR3 v Hr4 B OMy SN KIETOK

6buta moarBepkaeHa Ha ypoBHe PHK u Genka. IToaTromy TpaHCKpUNIIMOHHBIE MCCIIEAOBAHHS B

cucreme reHoB DHR3/Hr4 He 3aBUCST OT N3MEHEHHS COOTHOIICHUS! aKTHBUPOBAHHBIX KIIETOK.

HNCCIIEJOBAHME BJIUAHUA ®AKTOPA CHD1 HA UBSMEHEHUE CTPYKTYPbI
HHOJIMTEHHBIX XPOMOCOM JIPO30®UJIbI B XOJAE PA3ZBUTUA

Maxace A.A., Kones A.10.

®I'BY IlerepOyprckuii MHCTUTYT sinepHoit pusuku um. B.I1. Koncrantunosa, . 'aTunHa
anna.makase@gmail.com

Jins  ocymectBienuss mpomeccoB Merabommzma JIHK B sykapuoTmueckod KieTke
(perumMKany, TPAHCKPUIIMK, peNapaluud, peKoMOMHAIMK) HEeoOXOIUMBI Ipeodpa3zoBaHUs

xpomatuHa. KoHcepBaTuBHbIN XpoMaTuH-pemoaenupyromuii 6enoxk CHD1 0bu1 oxapakTepusoBan

KaK KJIIOYeBOW (aKkTOp B HE3aBUCHUMON OT pEIUIMKAIUMU COOpKE XpOMAaTHHA, MPOUCXOISAIIEH B
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MYXCKOM TIpoHyKJeyce apo3oduinsl. B momutenHbix xpomocomax CHDI1 ko-mokammsyercs ¢
anonrupyromen ¢opmort PHK mommmepaszer 11, Jlng moOunmzanmum HYKJIEOCOM U COOPKH
xpomatnHa CHDI1 ucnonssyer snepruto AT®. MHaktuBanusa ATd-a3HOro JOMEHa IpeBpamiact
ero B JOMUHAHT-HETaTHUBHYIO ()OpMY HE CIIOCOOHYIO OCYIIECTBIATH 3TOT Hpouecc. MccnenoBanue
MOJIMTEHHBIX XPOMOCOM IOKa3aJI0, YTO KaK 3KCIPECcCUsi JOMHUHAHT HEraTuBHON (opMbl Oenka
CHDI1, Tak wu rumep3kcmpeccusi Oelka IUKOTO THIA B CIIOHHBIX JKelie3aX HadyuHasg C
SMOPHOHAJILHONW CTaJuu Pa3BUTHUS TMPHUBOAUT K CHIBHOW JEKOMIAKTU3ALMM OIpPEeeIeHHBIX
YYacTKOB XpoMocoM. VMMMyHookpammBanue anturenamu Ha Oenok CHDI u snoHrupyromryio
dbopmy PHK mommmepassr Il BeIsIBIsSIET sipkOe OKpallMBaHME BO BCEX CalWTax C H3MEHEHHOU
CTPYKTYpOH, CBHUACTEIBCTBYSI O TOM, 4YTO JCKOHAEHCAUUsl JOTUX PpalOHOB XPOMOCOM
aCCOLIMMPOBAHA C MPOLIECCOM aKTUBHOM TPaHCKPUIILIHH.

[IpoBeneHo kKapTHpOBaHHE YYacCTKOB MOJMTEHHBIX XPOMOCOM JEKOHAEHCHUPOBAHHBIX MPHU
AKCIPECCHH JOMUHAHT — HeraTUBHOM Gopmbl O6enka CHD1 y nuunHOK Ha 4X My QOBBIX CTaausIX B
XOJI€ pa3BUTHSI B CONIOCTABICHUH ¢ U3MEHEHUAMU NpoQuis mypupoBaHus y ocoOeil TMKOro Tuma.
BosbIIMHCTBO perynupyeMbIX B OHTOreHe3e Mmy(oB y ocolbeil ¢ rumepakcrnpeccueil JOMUHAHT —
HeraTuBHOM (Gopmbl CHD1' pa3BUTHI cuiIbHEE M HE PErPeCcCUPYIOT B COOTBETCTBYIOIIUI MEPHOA
pa3Butus. B pesynbrare, B 0JHOM XpOMOCOME OKa3bIBAIOTCS PA3BUTHIMU Iy Qbl, XapaKTepHbIE IS
pasIMYHBIX CMEHSIOIMX JApyr apyra my¢oBblx craauidl. HabGmromaercss um BO3HMKHOBEHHE
JIOTIOJTHUTENBHBIX Iy(QOB, HE MNPHUCYTCTBYIOIIMX Yy ocobei aukoro Tuma. B To ke Bpewms,
BBISIBIISIIOTCSL U Y4acTKU XpoMocoM, B koTopeix CHD1 HaxoauTcs B MEXIHCKaxX Kak y ocoOei
JUKOTO THUIIA, HO CTPYKTypa XpoMaTWHA He M3MeHeHa. CpaBHEHHUE IMOJIyYEHHBIX PE3YJIbTaTOB C
JaHHeIMH A. Jlyccep, BBIABHBILIEH T'€HBI, KCIIPECCHUSI KOTOPBIX U3MEHEHA y HYyJIb-MyTAHTHBIX IO
redny Chdl TVMYMHOK, TIO3BOJIMJIO ONPENENIUTh PsIi TEHOB, SBJIAIOLIMXCS Hanbosee BepOSITHBIMU
KaHauaatamu Uit uccaepoanuil ponu CHDI B perynsunm TOHKOW CTPYKTYpbl XpOMaTHHA U
DKCIIPECCHUU T'€HOB.

Hapymenne nopmanbHoro ¢yuknuonupoBanus CHDI1 B pesynbTaTe TUNEpIKCIPECCHU
€ro JOMHHAHT — HEraTUBHOM (POpPMBI CHOCOOCTBYET YBENHMYEHUIO My(QHPOBAHUS IOJUTEHHBIX
XpOMOCOM M HPENATCTBYET BOCCTAHOBIEHUI0 HOPMAJIbHOM CTPYKTYypbl XpOMaTHHa, a TaKXke
MPEKPALIEHUIO TPAHCKPUIIIIMN TE€X F'€HOB, KOTOPBIE, BEPOATHO, SBISAIOTCS MULICHSIMH PETYIISILIUU

¢dakropa CHDI.
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CEKBEHUPOBAHUE BUBJIMOTEK COPTUPOBAHHbIX B XPOMOCOM
JJIsA UCCIEJOBAHUSA UX ITPOUCXOXKIEHUSA U OBOJIIOLIUAU

SEQUENCING OF DNA LIBRARIES FROM SORTED B CHROMOSOME
FOR RESEARCH OF THEIR ORIGIN AND EVOLUTION

1,2 1.3 4 \ o 5 5
Maxynun A.M."°, Kuyueun U.I"."", Jlapxun [{.M.”, O bpaiien I1.C.M.”, @eperocon-Cmum M.A.",
Hne @.°, Ilpockypsxosa A4 Bopobvesa H.B. ! YepHsesa E.H? O bpatien C Jre.’,

< 13 13
I'pagpooamcxuii A.C."", Tpughonos B.A.
"MucTuTyT MOTeKyISpHOIT 1 K1eTouHoi Grotornn CO PAH, r. HoBocrbupck
*[entp renomuoi 6rnonHpopmarikn um. Jobpxkanckoro, CIIGI'Y, r. Cankr-ITerep6ypr
3H0130c1/161/1pc1<1/1131 rOCyJIapCTBEHHBIN YHUBEpPCHUTET, I. HoBocnOmMpCK
4KoponeBCKI/H71 BETEPUHAPHBIN KOJUIEIK, T. JIona0H, BennkoOputanus
5prrma CpaBHUTEIbHOU reHOMUKH, KeMOpuxckuilt yauBepcuter, r. KemOpumxk,
Benukobpurtanus
6C3HrepOBCKHﬁ UHCTUTYT, I. XUHKCTOH, BenukoOpuTtanus
E-mail: alex@mcb.nsc.ru

B xpoMocombl — 106aBoYHbIE BapuaOeIbHbIC IEMEHTHl KapUOTHUIIA, PACIPOCTPAHEHHbIE
cpeau sykapuoT. IIocKonbKYy MX YMCIIO BapbuUpyeT MEXAY HMHIAUBUAAMHU M JaXKe OTAEIbHBIMU
KJIETKaM{, a MX HaJM4Mhe 3a4acTyl0 HE CBS3aHO C (PEHOTHUNHYECKUMU TNPOSBICHUSIMH,
MPEAIoaarajloch, 4T0 OHM He(QyHKUMOHaJbHbI. Jlo HenaBHero BpeMeHM Ha B xpomocomax
00OHapy’KUBAJINCH JIMIIb MMOBTOPEHHBIE MOCIEI0BATEILHOCTH, U JIMIIb HEJABHO OBLJIO MOKA3aHO,
YTO Ha J00OABOYHBIX XPOMOCOMAX PA3IMUHBIX BHJIOB (OT BBICIINX PACTEHUH 10 MJICKOIUTAIOIINX )
COJIeprKaTcs MPOTSHKEHHbIE PETMOHBI, COJIEPKAINE YHUKAJIbHBIE TEHBI.

B mnactosimieir paGoTe MBI CEKBEHHUPOBAJIM OWOIMOTEKHM COPTUPOBAHHBIX XPOMOCOM
HECKOJIbKUX  BHMJOB  MiekonuTaromux. [locneayromumit  aHamu3  MO3BOJMI  HOJPOOHO
OXapaKTepU30BaTh TyIUIMLMPOBAHHbIE T€HOMHBIE PaillOHbI, MPEACTAaBIEHHBIE HA B Xxpomocomax.
Oxkasasoch, 9T0 y CHOMPCKOM KOCYJIM TaKUX PAiOHOB BCETO J(Ba (00Ul pa3Mep — OKOJIO 2 MITH
MH), a y ceporo Mazama — menbix 26 (9 muH 1H). Bplmo mokazaHo HanW4yMe COBMAMAONTUAX
paifoHOB Ha B Xxpomocomax HCHIBI U €HOTOBHJOW COOAKW, YTO IO3BOJISET MPEAINONONKHUTh
OOIIHOCTh MX MPOUCXOXKICHHS. MIHTEpeCcHO, YTO TICEBIOTeHU3MPOBAHHBIE IPOTOOHKOTEHb KIT 1
RET 06pun oOHapy)XeHbI Ha JOOABOYHBIX XPOMOCOMAaxX KaK XHIIHBIX, TaK M MAapHOKOIBITHOTO
(ceporo Mazamsbl). AHaiaM3 3aMEH HYKJIEOTHJIOB M OCHOBHBIX KJIacCOB IOBTOPOB IOKa3aj, YTO
N00aBOYHBIE XPOMOCOMBI KOCYJIHM B OOJbLICH CTENEHU BBIPOKICHBI IO CpaBHEHHIO ¢ B-
XpOMOCOMaMH Ma3aMbl.

WuTepecHo, uto B XpoMOCOMBI BCTpeUaroTCs JIMINb Y CHOWPCKOH, HO HE €BPOIEHCKON
KOCYJIH (BpeMs IUBEPreHIIMN — COTHU ThICAY JIET), B TO BpeMsl Kak Cpelu BUIOB poaa Mazama
N00aBOYHBIE 3JIEMEHTHI PACIIPOCTPAHEHBI Y CaMbIX Pa3HbIX MPEACTaBUTENEH (BpeMs AUBEPTEeHIMH

— 5 muH 7net). B ciydae, ecnu OyneT moka3zaHa TOMOJIOTHS MEXIy B XpomocomaMu paziruHBIX

BHJIOB poja Mazama, MOXHO OyA€T TOBOPUTH O PA3IUYUSAX B IBOIOIMOHHBIX MyTAX T100aBOYHBIX
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XpPOMOCOM — Yy KOCYJIM OHH NPETEepPIIeBAIOT JerpaJaluio 3a KOPOTKOEe BpeMs, B TO BpeMs Kak Y
Ma3aMbl COXPaHSAIOTCA B COCTOSIHUU, OJTM3KOM K ayTOCOMAaM.

Pa6ora nonnepskana rpantom MKB Ne 6-13.

PEOPT'AHM3ALINA XPOMATHHA HA PAHHUX 9TAITAX
PEINPOI'PAMMMPOBAHUA IIM'MEHTHOI'O SIIMTEJIUSA ITPU PETEHEPAIIUUN
CETYATKH Y TPUTOHA PLEURODELES WALTL
Mapxumanmosa FO.B., [lonnunckas B.A., [ pucopsan 3.H.
WuctutyTt 6uonoruu pazsutus uM. H.K. Konsiioa PAH, Mocksa
yuliya. mark(@gmail.com

Perenepanuss cer4aTku y B3pOCIBIX TPUTOHOB SIBISETCS YHHUKAJIBbHBIM IPUMEPOM
TKaHEBOM pereHepauuu in vivo. @opmMupoBaHUE BCEX THUIIOB HEWPOHOB U TIIMU pereHepara
CeTYaTKH, IIOocie €€ YJaJeHUus y OTUX OJKUBOTHBIX, [POUCXOOUT B  pe3yibTare
penporpaMMUpOBaHUs KJIETOK peTuHaIbHOTro nurmeHTHoro snutenus (PI19) (Chiba, Mithashov,
2007). Otot npouecc, npoucxoasuuii Ha ¢pone nponudepanuun PI13D, HaxonuTcs moa KOHTpOIEM
MEPEKPHIBAIOIIMXCST PETYISTOPHBIX TEHHBIX CEeTel, rje 0co00e MEeCTO 3aHMMAlOT CUTHAJIbHBIC
OenKM W TpPaHCKpUNIMOHHBIE (akTopbl. PenporpamMupoBanue TeHoMa Kietok PIID
CONPOBOXKAACTCA ~ M3MEHEHHMEM  TPEXMEPHOM  OpraHM3alliM  XPOMOCOMHBIX  JIOKYCOB
(MOJIEKYJIApHBIMH TIEpECTPOMKaMU XPOMATHHA), YTO, B CBOI OYEpElb, UIPAET CYIIECTBECHHYIO
poibp B pPETyJsILlMM AKTUBHOCTM TI'eHOB. MexaHM3Mbl IE€PECTPOEK XpOMATHHA IIpU
penporpammupoBanuu PIID TputoHa 1 UX poJib B aKTUBALIMU B 3TUX KJIETKAaX TPAHCKPUILIMOHHON
mporpaMMbl  HeWpanbHOW  aAuddepeHIMpOBKM HE  HW3yuyeHbl. BmepBeie Ha  Moaenu
penporpammupoBanus PIID y B3pocnoro tpuroHa Pleurodeles waltl mpu pa3HBIX THIAX
MOBPEXICHNS, TPUBOIAIINX K Pa300IIEHUI0 KOHTAaKTOB MEXAy ceryatkod u PIID (obmyuenue
ApKUM CBETOM, MEXaHHW4ecKas OTcioiika cerdarku oT PIID, monHoe ynaneHue ceTyaTku),
IIPEIIIPUHATA MONBITKA OXapaKTEPU30BaTh COCTOSHUE XpPOMAaTHHA. AHAJIU3UPOBAIU MOJyTOHKHE
U YJIBTPATOHKUE CpPE3bl 3aJHEH CTEHKHU ria3a. s BBISBICHHS TOIOJOTMYECKOIO COCTOSHUS
xpomatuHa B PIID ucnonp3oBaiv TOTYWAMHOBBINA CHHUN U (uryopecleHTHbIH kpacutens DAPI,
MaTepuaj aHaJIU3UPOBAJIHN MPU BBICOKUX PAa3peLICHUSX MUKpockoma. B kierkax HatuHoro PIID
HaOmogamu  auddy3HOe pacmpeiesieHHe JIOKYCOB — KOMIAKTHU3AaIluH, MPEUMYIIECTBEHHO
NPUKPEIIEHHBIX K aaepHoil MemOpane. [1pu okpammBanuun DAPI Taxke BBISIBIEHO FeTepOreHHOE
pacripenenenue coaepxamiero JJHK marepuana. Ilpu oboux crmocobax OKpaiimBaHHUs OH OBLI
npencrasieH 10-20 caiitaMu pa3iInYHOrO pa3Mepa, B KOTOPHIX MOKHO Pa3iINuYUTh JHUCKPETHBIE
100yJbl ¥ GuOpUIUIIpHBIE AMeMeHThI. [Ipu pa3obmennu ¢ hoTopenenTopaMu CETYATKH KICTKH
PIID BbIMemiaroTcst M3 KIETOYHOTO CJIOSI M BXOAAT B a3y pemnporpaMMHUpOBaHUS. ITO

CONIPOBOKAACTCA 3HAUUTCIIbHBIM  YBCJIMYCHHUCM 0o0beMa KOMIIAKTU30BAHHOI'O XpoOMaTHUHa
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(IpennosoKUTENbHO  NPULEHTPOMEPHBIH  IeTEPOXPOMATHH), H3MEHEHHEM  COOTHOLICHUs
KOHJIEHCUPOBAHHOTO U AU(P(Py3HOro XpomMaTuHa, B MOJIb3y NEPBOT0, LIEHTPOOEKHBIM CMEIIEHUEM,
a Take (onauHroM snaepHoid MemOpanbl. Ilpu yBenuueHMM oObeMa, CHUXKAETCS YHCIO
KOMITAKTM30BaHHBIX OO0JIACTEH XpOMaTHHA, KOTOPBIH CTPYKTYPHO 000COOJIEH M MpPEJCTaBICH
KpYIHBIMU JIUCKPETHBIMU OJiokaMu (XpoMolieHTpamu). OdYeBUAHO, YTO KOMIIAKTHU3ALUA
XpOMaTHHA SIBISETCS OJHUM U3 00s3aTelbHBIX PAaHHMX ATANoB penporpammuposanus PIIO,
MPOUCXOJAIIMM B Tpouecce (opMUpOBaHMS MeTada3HbIX XpPOMOCOM. BbIsABIEHHBIE HamH
U3MEHEHHS B CTENEHUM KOMIAKTH3AlMM M JIOKAIM3ALUU XPOMAaTHHA MPOMCXOIAT A0 IMOTEPH
KJIETKAMH TIPOJIYKTOB HMX HCXOMHOW MU(PEpEeHIMPOBKH, B YaCTHOCTH MEJIaHWHA, W JI0 BXO/a
kierok PIID B mpomudepatuBnyio da3zy. Jlamemie oba mporecca uayT mapamuienbHO, Ha GoHE
U3yYEHHBIX HAaMHU paHee MOJIEKYJIIpHO-TeHeTHYeCKUX coObIThii (MapkutantoBa u Ap., 2004;
ABnmornH U 1p., 2008). OcoOEHHOCTHIO JAHHOTO 3Tana pernporpaMMUpoBaHus KieTok PIID
SBIISICTCS COYETAHHE DKCIPECCHU TE€HOB HMCXOAHOH Au(QepeHnnpoBKH W Up-peTyJIsius T'€HOB
HOBOH TmpoHeupansHOl muddepennmupoBku. Takum oOpaszoMm, penporpammupoBanue PITD
TPUTOHA in Vivo, BHE 3aBUCUMOCTH OT XapaKTepa €ro MHAYKIHUH, COIMPOBOXKAAETCS CXOIHBIMH,
BIIEPBbHIC ONMCAHHBIMU HAMU U3MEHEHUSIMHU B COCTOSTHUM XpPOMAaTHHA U SA€PHON MEMOpaHHBI.
PaGora BemonHeHa mpu mompaepkke rpaHta PODU Ne 14-04-00184 u IIporpammsr
«OKuBas mpupoja: COBpeMEHHOE COCTOSIHUE U ITpobemsl pa3Butus, [lonnporpamma /lunamuka u

COXPAaHCHUC FCHO(I)OHI[OB».

MEXAHU3MbI TUOP®EPEHLHHUPOBKHU KJIETOK I'VIA3A YEJIOBEKA
Mapxumanmoesa FO.B., Cmupnosa FO.A., 3unosvesa P.J].
WNuctutyt 6nonorun pazsutus uM. H.K. KonsiioBa PAH, Mocksa
yuliya.mark@gmail.com

HuddepeHunupoBka KIeTOK (GOPMHUPYIOMIETOCs Tila3a OCYIIECTBIACTCS IOJ KOHTPOJEM
TeHETUYECKUX U OIUTCHETUYECKHMX MEXaHU3MOB, B3aMMOJCICTBHE KOTOPBIX (opMupyer
YHUKQJIbHOE  COCTOSHME  XpomaruHa.  McciemoBaHWe — MOJEKYISPHBIX — MEXaHHU3MOB
T GEepeHIIMPOBKU U CAMOOOHOBIICHUSI MYJIbTUIIOTEHTHBIX KJIETOK, OOHAPYKCHHBIX B PA3JIUIHBIX
oTJeNnax SMOPHUOHAIBHOTO W B3POCJIOro TIJa3a MIEKONMMUTAIOUIUX, OCTAeTCsl aKTyalbHbIM. B
perymsinuu  nponudepanuu M AUPPEPEHIUPOBKH KIETOK OONbIIOe 3HAYCHHE MpUIaeTCs
SIIPBIIIKY, KOTOPOE CUYUTAETCS IIEHTPOM JIMHUTEHETHYECKOTO KOHTPOJs 3kcmpeccuu reHoB (Tsai,
McKay, 2002). C60ii HACTPOWKH MOJIEKYJSPHBIX MEXaHHU3MOB Ha JIIOOOM YpPOBHE DETYJISIIUN
MPUBOJIUT K aHOMAJIMSIM pa3BUTHSA IJI1a3a.

B TkaHsX rnaza denoBeka B MPEHATAIbHOM Pa3BUTHUU ObUIM BBISBIEHBI PETYISTOPHBIC

renbl OCT4, NANOG, PAX6, xonupytolye TpaHCKpUIIuoHHble Gakropsl (Pupcosa u ap., 2008,
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2009) u GNL3, xogupyromuii OeJIOK sIpBIIIKa HYKJICOCTEMUH, KOTOPBIM paHee MPUHSITO OBLIO
CUUTATh MapKEepPOM MYJbTUIIOTEHTHBIX KJIETOK. Mbl 0oOHapyxwim skcupeccuio reHa GNL3 B
npoiaudepupyomux KieTkax, ManoauddepeHupoBaHHbIX HEMpobIacTax U HEMpOHAX CeTYaTKU
rja3a, HaXOAAILIMXCS Ha Pa3HBIX dTamax HUX JUPQPEepeHIMPOBKH B NPEHATAIHHOM pa3BUTHH
yenoBeka (MapkuTtanToBa, 3UHOBbEBa, 2012).

Okcnpeccust reHa NANOG, perporena OCT4-P1, nzohopmel OCT4B, NS/GNL3 BrisiBiieHa
HE TOJBKO B TKaHSAX 3MOPHOHAIBHOTO, HO M B3pOCioro riasza yenoseka. Meronom I11IP, MPHK
onHoi u3 u3opopm rena OCT4 — OCT4B, oOHapyskeHa B ceTYyaTKe SMOPHOHAIBHOTO, a TaKXkKe B
CeTYaTKe M LIMJIMApHOM TeJie Ii1a3a B3pocioro yenoseka (HeomyOnuk.). MPHK perporena OCT4-
Pl n rena NANOG wunentuduimpoBaHa B CeTYaTKE W IMJIMAPHOM Telie TJaza SMOPHOHOB U
B3pociioro yenoBeka. C MOMOIIbI0 METOJ0B MMMYHOXMMHUHU OIpeAeNicHa sepHas JOKaTu3alus
6enxoB OCT4 u NANOG B HccieyeMbIX TKaHSAX SMOpHOHAIBHOTO I1a3za. benok HykiIeocTeMuH
JIOKAJM30BaH B SAAPBIIKAX M HyKIEOIUIa3Me MNpOoNM(EpUPYIONNX KIETOK B SIUTEIHH
AKBATOpUATIBLHONW 00JacTH (QOopMHUpYIOLIErocsl XpycTaiuka rija3a deloBeka. B murepaType ectb
cBefeHuss 00 ydactuum reHa GNL3 B OuoreHeze puOOCOM, KOHTPOJE KJIETOYHOTO IIMKIIA,
obecrnieueHnn ctabunbHOCTH XpomatuHa (Romanova et al., 2009). [TonydeHHble HAMH JaHHBIE O
Xapakrepe AKCIIpECCUU HYKJIEOCTEMHUHA TaKKe CBHUJICTEIIECTBYIOT 0 ero
MHOTO(QYHKIIMOHATBHOCTH W YYacTHMM B PEryJjslUd aKTUBHOCTH CHHTETHYECKOTO armapara
mubdepeHIMPYIOMMXCS KIETOK a3a. Takum oOpa3zom, marrtepH skcmpeccun renoB NANOG,
OCT4B, POU5F1B, GNL3 oxa3aiics mupe, 4eM Ipeanonaranock. Mccnenyemble reHbl BbISBICHbBI
HE TOJBKO B TPOIU(PEPUPYIOMIMX KIETKAX SIHTENUS SKBATOPHUAIBLHOW 00JacTH XpyCTalHKa,
SMUTEINN POTOBHIIBI, CIIOCOOHOM K CaMOOOHOBJICHHIO, HEHpoOjacTax CETYaTKH, HO TaKKe B
mubdepeHIIMPOBaHHBIX KJIETKaX Tla3a YeloBeKa.

DKcrpeccusi TeHOB-MapKepoB IumopurnoreHTHOro craryca OCK B nuddepeHmpoBaHHbIX
KJIETKaX TjIa3a YellOBeKa SIBIISICTCSI HHTEPECHBIM OnoJornueckuM gaktom. OqHaKko, GyHKINU 3TUX
F€HOB B COMAaTHMYECKHX KJIETKax He u3ydeHbl. OOcyxknaercss BO3MOKHOCTh Y4YacTHS T'€HOB
NANOG, OCT4B, POUSFIB, GNL3 B MOJEKyJSpHBIX MEXaHU3MaX, CBSI3aHHBIX C
QG pepeHIIMPOBKON 1 CaMOOOHOBIIEHUEM MYJIbTUIIOTEHTHBIX KJIETOK IJ1a3a.

PabGora Bemonnena mnpu mnoxanepxkke rpanta PODU Ne 14-04-00745 u Ilporpammb
«OKuBast mpupoa: COBpeMEHHOE COCTOsIHUE U IIpoOsieMbl pa3BuTus, [lognporpamma JIlunamuka u

COXPAaHCHUC I"CHO(i)OH,I[OB».
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AHAJIN3 PEKOMBUHAIIMA ITOJIOBBIX XPOMOCOM U KOHOHUT'YPALIUHN
XPOMATHUHA B ITIPO®A3E I MEUO3A Y CJIENIYIIOHOK ELLOBIUS
Mameeesckuii C.H.", baxknywunckas U.10.%, Konomuey O.JL."

1I/IHCTI/ITyT o61ei renetuku uM H.M. Basunosa PAH, r. MockBa

*Uncruryt 6uonoruu passutus um H.K. Konsrosa PAH, . Mocksa
sergey8585@mail.ru

Crnenymonku poaa Ellobius mpencraBnsior co0oil OJHY M3 caMbIX HMHTEPECHBIX U
HeoObIuHbIX rpynn Miekonurtaomux. Pox Ellobius Bkmrowaer 5 BUIOB ¢ 3 TUMaMu IMOJIOBBIX
xpomocoM (Bakloushinskaya, 2009). Cunaricuc u moBeieHue MOJIOBBIX XpoMocoM B mpodaze [y
9TOM rpynmbl ObUTH uccienoBanbl HaMu paHee (Kolomiets et al., 1991, 2010).

Hacrosiiuee wuccnenoBaHue TMOCBSIIEHO aHANU3y OCOOCHHOCTEH pPEKOMOMHAIMM U
KOH(Hrypanuu xpomaTuHa monoBoro (XX) OuBanenra camuoB E.tancrei (ETN) u E.talpinus
(ETP).

Jl1i MMMYHOLMTOXMMMYECKOTO aHaJIM3a CHUHAICHCA, PEKOMOMHAIMM W WHAKTUBAaLUU
XpoMaTuHa MoJyioBbIX (XX y caMmIlOB M y CaMOK) XpOMOCOM HCIOJIb30BAJIM aHTUTENA K OEJKy
OCeBBIX 371eMeHTOB cuHanToHeMHOro komiuiekca (CK) - SCP3, Genky HEeHTpaibHOTO 3JIEMEHTa
CK - SCP1, 6enky MLH1, KOTOpBIit SABISIETCS MapKEPOM TOYEK PEKOMOHMHAINH, IICHTPOMEPHBIM
oenkam ACA, Oenkam nHaKTHBauK XxpomatuHa: gamma-H2AX, SUMO-1, ubiH2A u np.

[TonoBeie xpomocombl (XX) camuoB E.tancrei (ETN) u E.talpinus (ETP) B maxutene
BBICEJISIIOTCS HA MEPU(EPHIO sIpa, CHHANTHPYIOT B TEIOMEPHBIX y4acTKaxX M UMEIOT OOLIMPHYIO
30HY aCHHAIICHCa B IICHTPAJILHON YacTH OMBaJICHTA.

Jla ¢doxyca MLHI1 (omHOBpeMEHHO B JUCTAIHPHOM W TPHUIEHTPOMEPHOM YYacTKax
CHHamcuca MexJgy XX XpoMOCcOMaMM) BBISBICHBI B EAMHUYHBIX sIpax o0oux BHIOB. B
OONBUIMHCTBE SA€p €IUMHCTBEHHBIM curHan MLH1 BeIABISUICS B CTPYKTYpe IUCTaIbHOTO
¢parmenta CK. DTH CUTHANBI BBISIBICHBI HA PAaCCTOSHUSX, cocTaBisitomux 74% (y ETP) u 69%
(y ETN) ot nqyimunbl quctanbHbIX yaacTkoB CK (cuntas oT Temomepsi).

benku nHaKTHBaLMM TMO-pa3HOMY JIOKAJIM3YIOTCS B COCTaBe II0JIOBOrO OMBajeHTa Ha
CTaguM MaxuTeHbl: eciu gamma-H2AX oxpykaeT MpakTUYeCKH BeCh IOJIOBOW OMBAJIEHT, TO
ubiH2A pacnonoxen Ttombko B 30He acuHancuca XX. SUMO-1 u BoBce cnemmpuyeckn
CBSI3BIBAECTCS TOJIBKO C aprUpO(UIBHBIM SJIPHILIKONOJOOHBIM TENbLEM, KOTOpPOE, CyAs IO
WHTEHCUBHOMY OKpamuBaHuio DAPI u uMMyHoOKpamuBaHuio aHtuTenamu Kk gamma-H2AX u
SUMO-1 npencrasisier co00ii y4aCTOK CTPOTr0 HHAKTUBUPOBAHHOTO T'€TEPOXPOMATHHA.

[TosydyeHHbIe pe3yabTaThl HO3BOJISAIOT MPEANIONO0KUTH, YTO SBOIOLMS IOJIOBBIX XPOMOCOM
y camunoB ETN wu ETP conpoBoxnganack yTpaTod HUCTUHHOM TOMOJIOTHM MEXIy XX
XpOMOCOMaMH B IIEHTPaJbHON YacTH, HECMOTPs Ha COXpaHEHUE WIACHTUYHOCTH G-03HIOB, U

COXPAaHCHUCM T'OMOJIOTUH U CIIOCOOHOCTH K peKOM6I/IHaLII/II/I B TCJIOMCPHBIX Y4YaCTKax.
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[Ipormiecc nHAKTUBAIUK XpoMaTHHA X X-OMBajeHTa UMEET CXOaHbIN crieHapuit st ETP u
ETN, xak u marrepasl pekomOuHanuu. M3omopdusie mo G-63u1am noaoBsie (XX) XpOMOCOMBI
CaMIIOB CJIETYIIOHOK BenyT cebs mpodasze | melioza craHgapTHO, KaK My BCEX CaMIIOB
MJIGKOIIUTAIONINX C TETEPOMOP(HBIMH TOJOBBIMH XPOMOCOMaMH: (OPMHPYIOT YYacTKU
CUHAICHCA M aCHHAIICHCA, CMEINAIOTCS Ha MepUEpHI0 TAXUTESHHBIX sSAep, GOPMUPYIOT THITMIHOE
MIOJIOBOE TEJNBIIE M TIOJIBEPTalOTCs MHAKTUBAIIUU 110 KJIACCUYECKON CXEeMeE.

Pabora yactuuno noanepsxana rpantamu PODOU Ne 15-29-02649 u Nel13-04-02071.

BEJIOK AJJEPHOI'O MATPUKCA EAST BJIUAET HA ®OPMHUPOBAHUE

N ®YHKIHNOHUPOBAHUE SUHW)-3ABUCUMOI'O HHCYJIATOPHOTI'O
KOMIIVIEKCA Y DROSOPHILA MELANOGASTER

Menvnukoea JI.C., I'onosnun A.K., Kocmiouenko M.B., I'eopeues I1.1".

denepanbHOE TOCYAAPCTBEHHOE OI0IKETHOE YUpekaeHne Hayku MHCTUTYT Orosorun reHa
Poccuiickoii akanemuu Hayk (UBI" PAH), r. MockBa

Ism73@mail.ru

CymiecTByeT MHOMECTBO JAHHBIX, CBHUJETEIBCTBYIOUIMX, YTO B OpraHU3alMU
apXUTEKTYphl XPOMATHHA BHYTPH Spa YYacTBYIOT HHCYJIATOPHL. M3HauaIbHO UHCYISTOPHI ObLIN
OTHCAHbI KaK PETYJSATOPHBIC SJIEMEHTHI, HApYIIAIOIINe B3aUMOICHCTBUE YHXAHCEpa U IPOMOTOPA
IPU JIOKAIU3ALUK MEXTy HUMH M OTPaHMUYUBAIOLIME PENPECCUOHHOE BIMSHHUE OKPY>KAIOILErO
XpoMaTHHa Ha TpaHCreH. B HacTosmiee BpeMs HMHCYJIATOpPbl OOHApyXeHbl Yy psjaa
SYKapUOTHYECKUX BHUJOB, BKIJIOYas I[MO3BOHOYHBIX, M PACCMATPUBAIOTCA KaK 3JIEMEHTHI,
Y4acTBYIOIIME B II100ANBbHOMN perysiuu reHHou skcnpeccun. Y Drosophila Hanbonee u3ydeHsl
uncynsatopsl ACTCF (romonor uncymnsitopa mo3BoHouHbXx CTCF) u Su(Hw). Su(Hw)-uncynsrop,
BKITIOYaromuii 12 caiftoB cBsi3piBanus Oenka Su(Hw), Opu1 0OHapyskeH B 5°- He TpaHCIHPYEeMOn
obmactu perporpancno3ona MJII['4 (gypsy). UsBectHo, uto B pabdore Su(Hw)-3aBHCHMBIX
MHCYJISITOPOB YYacTBYIOT 3 Oelika, MpUBJIEKaeMble HA XPOMATHH Yepe3 B3auMOICUCTBUE C OETKOM
Su(Hw) - Mod(mdg4)-67.2, CP190 u E(y)2/Susl.

WNuaktuBanus 6enka Mod(mdg4)-67.2 npuBOIUT K MPSIMON PENpeccHu MPOMOTOpa T'eHa
vellow gypsy-uHCyAsTOpOM. MBI OOHApPY KWK, YTO TakKas pPENpeccHsi MOXKET pPEryJupoBaThCs
6enkom snepHoro marpukca EAST. MyTtamuu B reHe east 4aCTUYHO CYIPECCHUPYIOT dHXaHCep-
OJIOKMPYIOLIYI0 AaKTUBHOCTh gypsy-uHcyistopa. bemoxk EAST HampsiMyio B3auMOJEHCTBYET ¢
oemkamu Mod(mdg4)-67.2 u CP190 u Biausier Ha 00Opa3oBaHHE SIACPHBIX UHCYISTOPHBIX TEIICI.
VYposens skcnpeccun Oenka EAST perymupyer csizbiBaHue ¢ xpomatuHoM Oenka CP190.
Yactuunas mHaktuBauus EAST mpuBoaut k mageHuto ypoBHs uzodopmbl Mod(mdg4)-67.2 Ha
caiitax cBs3biBaHus Oenka Su(Hw). Mer npenmnonaraem, uro 6enok EAST yuactByer B cOopke
TPAHCKPUIILIMOHHBIX ()aKTOPOB B (PYHKIMOHAJIbHbIE KOMIUIEKCHl Ha PETYJSATOPHBIX 00JACTIX

reHoma Drosophila.
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Pabora BemonHeHa mnpu nomnepxkke Poccuiickoro  ¢oHAa (GyHIAMEHTATBHBIX
nuccnenaoBanuii (mpoekt Ne 14-04-00266-a) u Ilporpammsr [Ipesununyma PAH «Monekynspraas u

knerouHast ouonorus» (rpant A. K. ['onoBHuHa).

MOUCK MENO3-CIIEHHU®UYHBIX BEJIKOB Y P’KW SECALE CEREALE L.

U MYTAHTOB "NETEPITO®CKOW" TEHETHYECKOM KOJIJIEKITUA

Muxaiinosa E.U. 1’2, Tonxauesa A.B. 1, Manvyesa A.JI. 2, Boaxoe K.B. 2, Huoicnukos A.A.Z,

Bikun I1.4.°

]CaHKT-HeTep6ypr0KI/H?1 ¢bunman MacturyTa obmeit renernkn uM.H.M.Basunosa PAH, r. CankT-
ITetepOypr

2 Cankr-IlerepOyprckuii TocynapcTBeHHbBIN YHUBEpCHUTET, T. CaHkT-IleTepOypr
Elena.Mikhailova@paloma.spbu.ru

N3y4yeHne reHeTUYeCKOro KOHTPOJS M MOJIEKYJISIPHBIX MEXaHH3MOB PEeryJsiiuu Meio3a y
PKM TIPOBOJIUTCS C UCHOJIB30BAaHUEM OpUTHHANBHON «lleTeprodckoii» KOMIEKIMU CIIOHTAaHHBIX
MEHOTHUYECKUX MYTaHTOB JlabopaTopuu renetuku pacteHuii CII6I'Y. Ha ocHOBe 3TOM KOJUICKITHH
co3laHa MOJENIb Ui M3y4YeHUs NPeAMEUOTUYECKOM JIOMEHHOW OpraHu3aluu  s1pa,
TOMOJIOTHYHOTO CMApUBAaHMS, KOMIAKTU3allMM M CErperaiud MEHOTHYECKHMX XPOMOCOM.
[IpoBeneHne TE€HETMYECKOTO aHajau3a IO3BOJIAET BBIICHUTh 3aKOHOMEPHOCTH HAclI€OBaHMSI,
MEXIE€HHBIX W MEXaJUIEJIbHBIX B3aUMOAECUCTBUIM MEHOTHMUECKUX TE€HOB M HMX XPOMOCOMHYIO
nokanuzanuto. [lopsaok BKIIOUEHHsS] MEHOTUYECKUX TEHOB B MPOIECC Meiio3a yCTaHaBIMBAIOT Ha
OCHOBaHWU (DEHOTHIA BOMHBIX MYTAaHTOB, a TAKXKE pealM3alMM KIIOYEBBIX 3TaloB Meio3a y
PKH.

I'enom pxu BenMMK W H30BITOYEH: TOJIBKO 1% €ro COCTAaBISIIOT KOAMPYIOIINE
nocneaoBareabHOCTU. [10CKONIBbKY CEKBEHHMpOBAaHHME T€HOMa pXKM B OnmkaiiiieM Oynyiem He
OyJeT OCYIIECTBICHO, PABHO KaK M HE BOSHHKHET BO3MOXKHOCTU HCIOJIb30BAaTh TPAHCIIO30HHBIN
MyTareHe3 W HalpaBJIE€HHO TMOJy4aTb MYTalUd [0 U3BECTHbIM TI€HaM, TO €JIMHCTBEHHO
BO3MOJKHOW CTpaTeTHEH Ha PKU SBISIETCS JCTAIbHOE CpaBHEHHE (DEHOTHUITHMUYECKUX IMOPTPETOB
CIIOHT@HHBIX MYTAHTOB C (DEHOTHUMAMH MYTAaHTOB IO W3BECTHBIM TI'€HAM, HalpUMEp IPOAOKEH,
apabuzoricuca 1 KyKypy3bl. OCHOBOM TaKkoro Mojxoja SBISIOTCS 3aKOH TOMOJIOTHYECKHX PSIIOB B
HacneacTBeHHON m3MeHunBoctd H.W. BaBunoBa u Metonbl 00paTHOM T€HOMHKH U POTEOMHKH.
CoBpeMeHHbIE METOBI IPOTEOMHOT0 aHalin3a, Takue kak 2D-DIGE (cpaBHUTENbHBIN ABYMEPHBIN
37eKTpodope3) U MacC-CIIEKTPOMETPHS, C YCIIEXOM OBLITM MCIIOJIB30BaHbl HA TAKMX O0BEKTAaX Kak
apabuponicuc A. thaliana L. (Borner et al., 2005), puc Oryza sativa L. (Shi et al., 2008) u
nmenuna Triticum aestivum L. (Gao et al., 2011) ni1st BeIACHEHHUS BIUSHUS Pa3IUYHBIX (AKTOPOB
Ha IPOTEOM. MBI IPOBENN TaKOW aHAIIN3 C MEJIbI0 WACHTH(PHUKAIMNA MEH03-CIIeIIM(PUIHBIX OEITKOB
3]IaKOB, TaKWX KaK pOXb M KyKypy3a. Hamu Obumm BeimeneHbl Oenku u3 (1) TBUIBHHUKOB,

HaXOJSIIMXCS HA CTAAMIX Meio03a, (2) MbUIbHUKOB C MBUIBIION, a TakkKe U3 (3) IBETKOBBIX YeITyi
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pxu S. cereale L. n Kykypy3bl Zea mays L. subsp. mays. IlporeomHbie TpoQIH NMOTyICHHBIX
mpo0 OblTM comocTaBieHbl ¢ momonisio 2D-DIGE, mocne yero Oenku, ypOBHH MPOIYKIIMH
KOTOPBIX B PA3NMYHBIX MPoOaxX OTIUYAIUCH, ObUIM UACHTU(DUIMPOBAHBI MPHU IMOMOIIU Macc-
criekTpomeTpuu.  VCHOJIb30BaHHBIM  DKCHEPUMEHTANBHBIM  MOAXOJ  IO3BOJIMJI  MPOBECTH
CPaBHUTEIbHBIA TPOTEOMHBIM aHaIM3 y pPKU JUKOTO THMA, MeW-MyTaHToB syl u sy9
«Ilereprodckoity  KOJUIEKIMH, XapaKTEpU3YIOIIUMXCS HApyUIEHWSMU B CIApUBAaHUU U
PacXoKJIEHUU XPOMOCOM, a Takke Y KyKypy3bl. CpaBHUTENbHBIN aHamu3 OENKOB pPKU H
AMUHOKHCIIOTHBIX TOCJIEIOBATEIIbHOCTEH, MMEIOIIUXCS B JOCTYIHBIX 0a3zax TaHHBIX PAacTEHUH
(SwissProt, NCBI) no3Bonmi BriepBble B MUPOBOW MPAKTHKE TOJYYUTH AAHHBIE O IPOTEOMHOM
nauamadTe Meio3-cnenu@UUHbIX OSTKOB DKM U BBISBUTH O€NOK, CHEIUGUUYHBIN 111 MyTaHTa
syl. C xopomeit mnogaepxkkoil Oblla WACHTU(OUIMPOBAHA XapaKTepHas Ml MYTaHTa
monudukamms 6enka GAPDH (Glyceraldehyde-3-phosphate dehydrogenase 2, cytosolic), uto
MIO3BOJIUJIO MPEATONOKHUTh, YTO BBISBICHHBIE HAMU paHee HAPYIIEHUS KJIACTEpU3aLUU TOMEHOB
XpPOMOCOM U MEHOTHYECKON peKOMOMHAIIMN Y MyTaHTa Syl MOTYT OBITh CBSI3aHBI C U3MEHEHHUSIMU
HHEPreTHYECKOTr0 MeTaboIn3Ma.

UccnenoBanust mnpoBeneHsl npu  (uHaHcoBoit moxanepxkke I'panta Ilpesuaenra
Poccutiickoit denepanuu s Beaymux HaydHbix mkon (HII-5115.2014.4) ¢ ucnons3oBanuem
obopynoBanust pecypcHoro IieHTpa Hayunoro mapka CIIOI'Y «Pa3BuTue MOJIEKYJISPHBIX |

KJIETOUHBIX TEXHOJIOTHI».

HEKAHOHUYECKHUE ®YHKIHUU BEJIKA PIWI B SAIPE IPO30®UJIbI
Muxanesa E.A., Cmonapenxo A./]., Axywes E.FO., Krenos M.C., I'6030es B.A.
WNuctutyT MonexkynsipHoil renetuku PAH

OBOJIIOLIMOHHO ~ KOHCEPBAaTUBHBINA  siAepHbI  Oenok  Piwi  aposodumisl  sBisercs
MpeAcCTaBUTEeM OeIKOB cemeilcTBa Argonaute, cBs3biBaomumx kKopotkue PHK.  Piwi
(YyHKIIMOHUPYET B CaWJICHCHUHTE TpaHCmo30HOB ¢ yyactuemM piPHK B comartnueckux wu
TepMUHANBHBIX KJIeTKax ToHaa. OOHapyXeHO, YTO B COMATHUECKUX M TePMHHAIBHBIX KJIETKaX
SUYHUKA, a TaKkke B TIEpPeceBaeMoOil KyIbType COMATHYECKHX KIETOK SUYHHKA Piwi
KOHIIEHTPUPYETCS B TJABHOM BHYTPHSIEPHOM KOMIApPTMEHTE — SAPBIIIKE, y4acTBYIOUIEM HE
TOJBKO B cuHTE3e pubocomMuoit PHK, HO 1 B 0TBeTe KJIETKM HA pa3HbIE CTPECCOBBIE BO3/ICHCTBHUS.
MyTanust piwi"', TNPensTCTBYION[As TPaHCIOPTY Piwi B sApO M HApyIIafomas PernpeccHio
TPaHCII030HOB, IPUBOJUT K 6—8 KpaTHOMY yBenndeHHIo skcrpeccun renoB pPHK, onennBaemoii
M0 KOJIMYCCTBY TPAHCKPHIITOB WHCEPIHA TpaHCTIO30HOB B reHbl 28S pPHK. O6paboTka >KHUBBIX
KYJbTUBUPYEMBIX COMAaTHYEeCKUX KiIeTok simuHuka PHKazoit ymanmser Piwi w3 suapsimka.

Hanpotus, mpu TerioBoM Ioke Piwi KOHIEHTpUpYeTCS B SJpBIILIKE M IOKUAAET 00JacTb

129



HYKJICOTUTa3Mbl. JTH Pe3yiIbTaThl YKa3bIBAIOT Ha ydactue Piwi B momymsiuu aktuBHOCTH PHK-
nonmMepassl I U B OTBeTe Ha cTpeccoBble BO3eiicTBUS B siapbliike. Vccnenyercs ¢usnyeckoe
B3aumozeiicteue Piwi ¢ Oenkamu komruiekca PHK-momumepassr 1. Ob6cyxnaiorcs BO3MOXKHBIE
HeKaHOHMYecKHue (yHKIMU Piwi, KOTOpbIE MOTYT ONpENeNsITbhCs HE TOJBKO €ro y4acTHEM B

CalJICHCUHI€ TPAHCIIO30HOB.

KOPPEJIAIUA MEXKAY XPOMOCOMHBIMU U COMATUYECKUMU
INPU3HAKAMMU

Hamseanosa A.B., Byxun FO.C., Tumowxkun O.A.

JInmuonoruueckuit CO PAH, r. UpkyTck

avn61(@mail.ru

OnuH w3 mpencraButenedl (ayHbl MIOCKUX 4YepBed - KOCMOIIOJUTHAS MHUKpPOTYpOemspus
Gyratrix hermaphroditus Ehrenberg, 1831 (2n=4 - y mpecHOBOAHBIX U 2n=6 — y MOPCKHX
oburarenell) JEMOHCTPUPYET BBIPA3UTEIBHYIO KapTUHY [apajuleIbHOTO H3MEHEHUS B
MOP(OJIOTHH XPOMOCOM M 3JIeMEHTOB KomyisitopHoro ammapara (Puccinelli and Curini-Calletti,
1987; Curini-Calletti & Puccinelli, 1989, 1990, 1998; Puccinelli, Curini-Calletti, Mariotti,
Moretti, 1990). Llenp paHHOW pabOThl — KOJMYECTBEHHO OLEHUTh KOPPEISAILHIO MEXIy
BapHa0eIbHOCTSMHU STHX TMpU3HAKOB. MopdoMeTpruiyeckne JaHHbIE XPOMOCOMHBIX KOMILJIEKCOB
(uentpoMepHbIii uuaeke - 1) u komynsropHoro anmapara G. germaphroditus (CcyMMapHas JUIMHA
ctuiera u HoxkeH- L(st+sh)) Obutu B34ThI U3 BbIIIEYKa3aHHBIX JTUTEPATYPHBIX HICTOUHUKOB (BCETO
ot 58 ocobeit). Ha ux ocHoBe Ob11 paccunTad KO3(GUIIMEHT aCHMMETPUHU KapuOTUIIOB As (Zarco,
1986). Cratuctuueckasi OlleHKa JaHHBIX BBISIBUIJIA, UTO OHU HE XApPAKTEPHU3YIOTCS HOPMaIbHBIM
pacrpesielieHueM, B CBA3H € YeM, JUIsSl aHaJIM3a KOPPESALHMOHHBIX OTHOIIEHUH ObLI MCIOIb30BaH
Metof; CrniupmeHa. Pacuérel mokaszanu, 4To KOA(QQHUIMEHT KOPpENALUU MEeXIy MoKa3aTelsIMU
L(st+sh) u As pasen -0,36 (P<0.01). XoTs1 3HaueHue HE yKa3bIBA€T HA CUJIBHYIO B3aUMOCBSI3b
MEXIy STUMH TpH3HAKaMH, TEM HE MEHee, W3 MPHUBEIEHHBIX IMyOiIMKanmuid BUIAHO, YTO YeM
JUIMHHEE 3JIEMEHTHI KOIYJIATOPHOIO almapara, TeM MEHbIIIE 3HaueHue As 1 0oJiee paBHOIUIEYUMHU
BBIIJIAJAT XPOMOCOMBI B KapuOoTHNE. VIHTEpecHO OTMETUTh, YTO U Yy 4YeThIpEX- U Y
HIECTUXPOMOCOMHBIX ~TpencTtaBureneii (. germaphroditus HauMeHbIIME Tapbl TOMOJIOTOB
Mopdororuuecku 6ojiee BapuabeIbHBI U WX IIEHTPOMEPHBIC MHICKCH 3HAYUTEIBHO BAPHHPYIOT
MEXJy HCCIEeIOBAaHHBIMU MNomyssiuuaMu. KosdduuueHt kxoppemsuuu Mexay MoKa3aTeas MU
L(st+sh) u I BTOpbIX ¥ TpeThHX Hap roMoJIOroB okaszaics pasen 0,36 (P<0.05). T.e., npuxoaum K
CXOJIHOMY 3aKJIFOUCHMIO: Y MHIUBUAOB ¢ Oojiee UIMHHBIMU CTHJIETAMH M HOXXHAMHU TIOCIICIHUE
mapbl  TOMOJIOTUYHBIX ~ XpPOMOCOM  JOJDKHBI ~ OBITh ~ CyOMETAlleHTPUYECKHUMH WM
METALlEHTPUYECKUMH, HO HE€ aKpOLUEHTpHUYeCKUMH. [lOCKOIBKY UHCIIOBBIE JAaHHBIE 11O

Y4eThIPEXXPOMOCOMHBIM BUAaM Oosiee penpe3eHTaTuBHbI (0T 42 0coOeil), Mbl OTENBHO OLCHUIH
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KOPPEIALMOHHOE OTHOIIEHHE Mexay nokaszarensmu L(st+sh) u I BTopoii HaMMeHbIIEN mapsl
TOMOJIOTOB B 3TOM Tpymie. Beraucnenusrii koaddurnment pasen 0, 60 (P<0.01). Kak Bumum,

AOCTOBCPHOC 3HAYCHHUC YKA3bIBACT HaA boiee CUJIbHYIO B3aNMMOCBA3b MCKAY 3THMHU IMApaMCTpaMU

(puc.1).

350
L
L

L{st+sh)

150

200

Puc.l. I'paduk Koppensiuu MeXAy CyMMapHOW UIMHOM cTuiaetoB u HoxeH L(st+sh) u
neHTpoMepHbiM  uHAekcoM (I°) Haumenbmiell mapel roMomoroB |y mnpeicraButencii  G.

germaphroditus ¢ 2n=4 3 eBpONEeNCKUX MOIMYJIALNHN.

Kak moxazanm crnenuanbHble uccienoBanus, L(st+sh) y Oaiikanbckux mnpenctaButeneit G.
germaphroditus Bapbupyet B mipenenax 252,8 — 375, 36 mxm (Tumomkun, 2000). OcCHOBBIBasCh
Ha rpaduke (puc.l), ciemyer NpeAnonoxuTh, 4ro I° HaWMeHbIIEH Mapsl TOMOJIOTOB B HX
XPOMOCOMHBIX Habopax JO/DKeH ObITh Bhimie 3HadeHuss 35. IlpoBenéHublii  Hamu
KapUOTHIUYECKUH aHanu3 MukporypOemnspun G. hermaphroditus FOxHoro baiikana
MOJTBEPK/IACT BBIIBICHHYIO 3aKOHOMEPHOCTH: 3HAu€HHE IEHTPOMEPHOTO WHJAEKCAa MEHbIICH
napsl TOMOJOroB oka3anoch paBHbIM 38,7 + 0.05 (Harsranoma, 3aiiueBa, Tumomkun, 2000).
Takum o00pa3oM, Halle HCCIEIOBaHUE CBUICTEIBCTBYET O TOM, YTO SBOJIOIUS KJICTOYHBIX
CTPYKTYp, B YaCTHOCTH, XpPOMOCOM, MOXET OBITh TECHO CBsi3aHa ¢ Mop(}oOpa3zoBaTEIHHBIMH
mpoleccaMi MakpoCTPYKTyp opranu3moB. OOcykmaeTcsi BO3MOXKHass OWMOJIOTHYECKas MPUYMHA
TaKoW CBsi3u y Mukportypoemsipun G. hermaphroditus. Hccnedosanue uacmuuno noooepuHcano

epaumom PODU Ne 13-04-01270-a.
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HNCJIEJOBAHUE TEHETUYECKUX CUCTEM, KOHTPOJIMPYIOILIUX ABNKEHUE
BOPJIIOPHBIX KJIETOK B ANYHUKAX APO30PUJbI

Ozuenxo A.A.", ®edoposa E.B.", IMunowopun A.B."*, Apunuy JI.A.°, Bapuuesa 3.M.’

! WuctutyT nuronoruu u renetkn CO PAH, r. HoBocubupck

* MHCTHTYT MOJIEKYJISIPHOIT 1 Ki1eTouHoi 6ronorun CO PAH, r. HoBocuGupck
ogienko.anna@gmail.com

W3yyeHne  MONEKYISPHBIX  MEXaHU3MOB, KOTOpbIE  YMPaBISAIOT  MpEBpalleHHEM
SMUTENNAIBHBIX KIETOK B MUTPHUPYIOIINE M MHBA3HBHbBIC KIETKU SBIISETCS OYCHb BAXKHBIM, Kak
Uil W3y4deHus (pyHJAaMEHTaJIbHBIX TMPOOIEM KIETOYHOW MUTpalMM, TaK W JJIs JIyYIIero
MMOHMMAaHMS MEXaHU3MOB TpaHc(opMmaluu B pakoBble KIETKH. Murpanus OOpAIOpPHBIX KIETOK B
X0Jie ooreHe3a Apo30(HIIbI SBISETCS MPOCTOH, HO B TO K€ BpeMs HATTSAHONW MOJIENbBIO IS
M3y4eHUs] MHBA3MBHOM MHUTpAIMM SIHUTEIHAIBHBIX KIETOK in vivo. Kiactep GOpIIOpHBIX KIETOK
(dbopmupyeTcss Ha BOCBMOMW CTaIuM Pa3BUTHS SIMIIEBOI KaMephl, KOTa Mapa CreHaIn3npOBaHHbBIX
TIOJISIPHBIX KJIIETOK, PEKpyTUpYET 4-8 cocenunx (pomumkyspHbix kieTok (Montel et al., 1992). Ha
NeBATOHN cTaauu, B oTBET Ha JeiictBue nutokuna UPD (Unpaired), cekpetnpyemMoro noyisspHbIMU
KJIETKaMH, OOpIIOpHbIE  KJIETKH (DOPMHUPYIOT BBIPOCTBI, OTCOEAMHSIOTCS OT COCEIHUX
SNUTENNATbHBIX KJIETOK, OKPYKAIOIIUX AWLEBYI0 KaMepy, U MUTPUPYIOT BHYTPb KaMepbl MEKIY
KJIETKaMH 3apoIbliieBoi Jinaun (nurse cells) mo HanpasieHnuto k oonuty. K gecstoit ctagum oHU
JOCTUTAIOT TpaHMIIbl ooUT-nuTaronue kietku (Montell, 2003).

B nmannoit padore mbl mokaszanu, uto GAGA dakTop, koaupyembiii reHoM Trithorax-like
(Trl), sBnsieTCs peryasTOpoM ABUKEHHs OOpIOPHBIX KJIETOK. Y MyTaHTOB IO IeHy 77/ HapylieHa
MHUTpalus OOPAIOPHBIX KJIETOK. BBISIBICHHBIN (EHOTUI TOATBEPKIACTCS TAKKE IKCIIEPUMEHTAMU
no 7rl RNAi B comatnueckux kierkax. Ilockonbky GAGA sBisieTcsl TpaHCKPHUIILMOHHBIM
(akTopoM, ObUIO BBIIBUHYTO TpeamnosiokeHue, uto GAGA peryiaupyer OBH)KEHHE OOPIIOPHBIX
KJIETOK, OIOCPEIOBAaHHO, Yepe3 IeHbl-MULIeHU. [[1s1 aHaln3a reHeTH4eCKOro B3auMOJICHCTBUS B
paboTe HCMONb30BAIM MOAOOPKY T'E€HOB, SKCIPECCHs] KOTOPBIX, MO JUTEPaTypHBIM JaHHBIM,
3HAYUTENNbHO TOBBIIIEHA B OOPAIOPHBIX KJIETKAaX B XOJ€ UX MUTpalu. JTo reHsl: Ras85D, zip,
Cortactin, Act5C, jaguar, mfas, Gli, chic, dome, bif, sax, jbug, twinstar, crinkled, cpb (Jun et al.,
2014; Wang et al., 2006). B xone paboThl aHAIM3UPOBATUCH MyXH reHotuna gal4-slbo, UAS-
GFP/M; Tri**/+, rue M - ananusupyemsiii reH. B pesyibrare, GbUIH HAHICHBI HECKOIBKO TEHOB-
muieHeil 6enka GAGA. Bces paboTa npoBoauiace in vivo, B )KUBOU MyXe.

VnTepecHblii (akT BeIBUICS npu aHammse gald-sibo, UAS-GFP/chic; Tri®*’/+ wmyramTos.
upoko ucnonb3yemble A MapKUPOBKU OOPIIOPHBIX KJIETOK KOHCTpyKUuu gal4-slbo, UAS-
GFP He ynanoch HCTOIB30BaTh B COYETAHUH C M3BECTHBIMU MyTallUsMHU 110 TeHy chic. [Ipu Gomee
JeTallbHOM aHalmu3e JUHUU, Hecyuled gal4-slbo, UAS-GFP KOHCTPYKIHMH, BBIICHHIIOCH, YTO

JIMHUA COACPIKUT HC IBa P-BHCMGHT&, Kak OBLIO 3asABJIEHO paHee, a OCIbIX YCThIPC. HpI/I 9TOM
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BCTPOIKa OJHOTO M3 P-3JIEMEHTOB NPOM30IIIa HEMOCPEACTBEHHO B TeH chic. Takum oOpazom,
NIPY aHAJIM3€ JaHHBIX, TOJYYEHHBIX C UCIIOJIb30BAaHMEM TOW JIMHUH, HY>)KHO YUYUTHIBATh TOT (PAKT,
YTO JIMHHS COJIEPIKUT aJlIeb TeHa chic.

Jlureparypa:
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BOJIBIIUE TAHAEMHBIE ITOBTOPBI B I'EHOMAX MJIEOIIUTAIOIIUX
IN SILICO M IN SITU
Ocmpomviwencruii' 1., IToozopnas O.H.
Wuctutyt LHutonoruu PAH, Cankr-IletepOypr
'necroforus@gmail.com

bonbumne tangemusie moBTopel (TII, caremnuthas JHK) cocraBistor 3HaunTeNnbHYIO
(IecATKM TPOILIEHTOB) TE€HOMAa BBICIIMX OHykapuoT. OAHAKO [0 CHUX TMOp A3TOT KIAacc
MIOCJIE0BATEIBHOCTEN SIBISAETCS KpallHE MaJl0 M3YYEHHBIM. JTO KacaeTcs KaK MX BO3MOXKHBIX
(byHKUMH, MEXaHU3MOB HBOJIOIMH, Tak W Habopa TII B oraensHbIX reHomax. Kiaccuueckue
Meroasl mnoucka TII, Ttakme kak pectpukums TtoranpHoM JIHK, MO3BOISAIOT HAWTH JIMILb
He3HauntenbHoe uncio TII (B ocHoBHOM MaxkopHble TII) koHkpeTHOTO BUaa. PazButre MeTonoB
BBICOKOITPOM3BOIUTEILHOTO CEKBEHUPOBAHMS M YBEIMYCHHE YUCIIA MPOUYUTAHHBIX U COOPAHHBIX
IeHOMOB Jajo Tomyok K moucky TII meromamu OmomH(popmaruku. Panee ¢ moMomIpio 3THX
MeTo/IoB ObuTO HaineHo 60 HoBbix cemeiictB TII B renome Mus musculus (Komissarov et al.,
2011). 'enoM MBI SBASETCS OJHUM W3 HamOoJiee XOpPOIIo cCOOpaHHBIX TE€HOMOB. B Hamiei
paboTe mokazaHa Bo3MOxHOCTh Toucka TII B reHOMax, creneHb cOOPKH KOTOPBIX, 3HAYUTEIHHO
Xyke 4eM y reHoma M.musculus.

TII uckasm B cOOpKe TEHOMa CHPHUHCKOTO XoMsiuka (Mesocricetus auratus), 3 cOopkax
reHoma  kurtaiickoro xomsiuka (Cricetulus  griseus). Jns  Bcex  HaimenHbix — TII

OoronHpOpMaTHIECKIMHI METOJJaMH OTIpeieNieHO cofiepkaHue B reHoMe. [Ipenckazannsie in silico
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TII ¢ BBICOKMM COJIEpaHHEM B T'€HOMax KapTHUPOBaHbI Ha XpoMocoMax ¢ nomomisio FISH ¢
WCIOJIb30BAaHNEM KOPOTKHUX OJIMTOHYKJICOTUAHBIX 30HI0B. [loka3zaHO, YTO y CUPUHCKOTrO XOMSUYKa
00JBIIMHCTBO HaWaeHHBIX ceMelcTB TII ¢ BBICOKMM cofep)KaHUEM B T€HOME JIOKaTU30BaHbI B
00JIaCTH MEepPULIEHTPOMEpPA MOYTH BCEX XPOMOCOM. Y KUTAWCKOTO XOMSYKa TaHAEMHBIE TTOBTOPHI
MOKAa3bIBAIOT BBICOKYIO CTeleHb Xxpomoc-cnenupuunocty — TII  ogHOro cemelictBa
JIOKAJIU30BaHbI HA 2-5 mapax XpoOMOCOM.

Hannuue B 6a3ax HaHHBIX TE€HOMOB BHJOB OJHOTO poOJa MO3BOJSET cpaBHUTH TII
OIM3KOPOJICTBEHHBIX BUIOB.

Pon Cavia (Caviidae, Rodentia). J/IBa maxopubix cemeiictBa TII C.porcellus ¢ nmHoi
MoHomepa 783 m 123 m.H. oOHapyxkeHbl B reHoMme C.apperea, OTHAKO ISl 3TOTO BHJIa OHHU
aBisAroTcss MUHOpHbIMU T11. Maxopnsnii TII C.apperea ¢ nnunoii MoHOMepa 1518 1n.H. He HalifneH
B reHome C. porcellus.

Pon Bos (Bovidae, Artiodactyla). Mbl cpaBHWIN COOpKH T€HOMOB TpeX BUIOB B. taurus, B.
indicus, B. mutus. W3Becturle TII BTSAT2/BTSAT3, BTSAT4/BTSAT5S u BTSAT6
oOHapy»XeHbl B T€HOMax BCEX TPEX BHUJOB, OJHAKO B Pa3HBIX KOIUYECTBAX - TaK y B.taurus
MaxxopubiM TII sBnsercs BTSAT4/BTSATS, y B.indicus BTSAT6, a y B.mutus MaXOpHBIM
sBisgercs HeusBecTHbIM panee TII ¢ anuHoOM MoHOMepa 18 m.H. 3HauuTENbHAs YaCTh MUHOPHBIX
cemetictB TII sBisieTcst BUgocerupuIHOM, TMOO BCTPEUAETCs y IBYX BUOB U3 TPEX.

Pon Myotis (Vespertilionidae, Chiroptera). Msl cpaBaunu TII B Tpex renomax M. brandii,
M. davidii n M. lucifugus. Tonbko 5 u3 Halinennbix cemeiictB TII (Bcero s yka3aHHBIX BHIIOB
Hanaeno 133, 105 u 26 cemeiictB TII, cCOOTBETCTBEHHO) MPUCYTCTBYIOT BO BCEX TPEX T'€HOMaX, a
oonbimas yacte TII sBrsercs BupocnienuduaabsiMu. Maxkopusie TII M. davidii v M. lucifugus
CXO0XH, OJHAKO CHUJIBHO OTJIMYAIOTCS O JyinHe MoHoMepa — 20 m.H. y M. davidii u 238 n.H. M.
lucifugus. Maxopnsiid TII M. brandtii He HaliieH B TeHOMax JIPyTUX BUIOB.

T.o., wmetoapl OuOMHGOPMATHKK  TOATBEPKAAIOT  MPEIOJNATaBIIYIOCS  paHee
Bunocnenuduanocts 6ompmux TII.

PaGorta BhImonmHeHa mpu MoAzAep:kke mporpammsel npesuguyma PAH «MonekynspHas u
KierouyHas omosorus» (Nel1200955639).

Jlureparypa:
1.Komissarov A.S. et al. Tandemly repeated DNA families in the mouse genome// BMC
Genomics. —2011. — V.12, Ne531.
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COCTAB JTHK XPOMOILEHTPOB MbIIIH IN SILICO U IN SITU. ®PATMEHTbDI
LINE U ERYV - OBA3ATEJIbBHBIM KOMITIOHEHT JTHK XPOMOIEHTPOB KPOME
TAHAEMHBIX IOBTOPOB

Ocmpomviwenckuii /1. 1., Komuccapos A.C., Kysneyosa U.C., Yepnsesa E.H.,

Baiicepmpeiicep U., [loozopuas O.H.

Wuctutyt LHutonoruun PAH, CrllerepOypr, 194064, Poccus

e-mail: necroforus@gmail.com

Onpenenunu JIHK coctaB XpoMOLEHTpOB MbIIM JIByMsi crioco6amu: (1) B KJIOHOTEKe,
nosydeHHor mocne amOmudukamuu JIHK wa DOP mnpaiimepe; (2) uCXOomHbIE PHABI TOCHE
cexBenupoBanust MiSeq JIHK xpoMornieHTpoB aHanu3upoBaiu MeTogaMu OMOMHGOPMaTHKY.

(1) AHK xpomorieHTpoB, BIZICNEHHBIX OnoxuMudecku, 1 rearpomeproro (CEN) paiioHa,
MOJTYYCHHOTO MUKpoauccekimei, amomuduupoana Ha DOP mpaiimepe. Oba mpenapara mpu
tectupoBanuu FISH (fluorescent in situ hybridization) kaptupytorcs B8 CEN paitone xpomocoMm u
XpoMoleHTpax unTepdaszubie saep. U3 kanoHoteku otobpanu 38 KIOHOB ¢ JIMHOM BcTaBku >100
HI. 4 KJIOHA MPEACTABISIOT U3 ce0s MaKOpHBIA careymuT mbimu (MaSat); 16 oTcyTCTBYIOT B
cOOpaHHOM T€HOME, HO eCTh B UCXOAHBIX 0a3ax WGS; 18 kinonoB sBisitorcst pparmentamu LINE.
13 xmoHoB BBIOOPKM KapTupoBanbl MetogoMm FISH. 3  kimoHa mokasanu AuWcCHEpCcHOE
pacmpezneneHue, HO ocrtaibHble npuHaiexkar CEN paiioHy MeradasHBIX XpOMOCOM H
XPOMOIIEHTPaM HECMOTpsi Ha TO, uTo sBisAoTcs (parmentramu LINE (6 kimoHOB) wim
HEU3BECTHBIMU TNociiefoBaTesIbHOCTAMU (4). OcHoBHast Macca npou3BoaHbIX oT LINE kionos (13
n3 18) pacrmonokena B koHme 2i ORF wu mpunexamem ¢uaHKupyromeM paiioHe
nonHopasMepHoro LINE npu kaptupoBanuu Metogamu OMOMH()OPMATUKH.

(2)dns  cexBenupoBanusi JIHK Oubnuoreka cpemana ©Ha Nextera. bubnmoreka
cekBeHUpoBaHa Ha ruiardopme [llumina MiSeq (pasmep BctaBku 220 HIT) C KOPOTKHUMH PUIaMH B
35 un. Hcxomnwie puasl umctwim mporpammoit Cookiecutter. IlpoBenu cpaBHEeHHE pPHIIOB

xpoMmoneHTpoB (chcMiSeq) ¢ 6a3oii monHoreHoMHOro cexksenupoBanus (gnHiSeq). Pesynbrars

MNpEaACTaBJICHLI B Ta6m/1ue

CEMEHCTBO\ICTOYHHK chcMiSeq gnHiSeq
Tannemusie noBTopsl (TR) 70% 10%
LINE 7% 4%
ERV 1.5% 1%

Cpenu tannemHubix noBTopoB (TR) chcMiSeq nauGonee npeacrasnensl MaSat (61%) u MiSat
(4%). U3 panpreiimmero anammsa 3T TR ynanensl. Octansubie TR (5%) mpencraBisioT coboit
ommcannbie cemeiictBa TR (Komissarov et al., 2011). Ocrampabie 20% 6a3sr chcMiSeq
MPEJICTaBISIIOT cOO00M B OCHOBHOM HEAaHHOTHPOBAHHBIE IOCIIEOBATEILHOCTH, HEKOTOpBIE U3

KOTOPBIX yJal0oCh MJIEHTU(UIUPOBATh Ha CleAylouleM miare aHaiausza. Yacth 0aszbl chcMi-Seq
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o0benuuuan B KoHTHTH nporpammoii IDBA UD. B konTHrax 00HapyXmjim MHOTO (parMeHTOB
reTepoXpoMaTuHOBO Y Xpomocombl, TiceBaoreHbl rRNA u 6 Apyrux IcCeBIOT€HOB, TI'E€HbI
ncRNA. TlonmHopa3mepHbIii TeH sfi/ HaiileH B KOHTUTaX B COOTBETCTBUHU C €ro JOKalu3aluen B
nepuCEN paitone 11 xpomocombl. bemok Sfil wu3BecTeH CBoeil CTPYyKTypHOW pOJNBIO B
ACCOIIMMPOBAHHBIX C IIEHTPOCOMOW COKPAaTUTENBHBIX (HUOpMIIaX Yepe3 B3auMOJCHCTBHE C
nerpunom 2 (CETN2, centrin 2). lleTpuHbl — yHHMKanbHBIC MJII JYKApHOT KOHCEPBATHUBHBIC
KaJIbLIMH-CBSA3bIBAIOIIIE OCJIKH.

B konturax chcMiSeq ob6Hapyxeno maoro ¢pparmentoB ERV (endogenous retroviruses).
@®parmentsl ERV kaptupoBannbie Ha koHceHcychl ERV n3 Repbase pacnonararorcs mo Bceit
JUINHE 3JIEMEHTOB, CBUJETEIILCTBYS O TOM, 4TO MosHOopazMepHble ERV MoryT ObITH BCTpOEHSHI €
nonis TR. MbI monaraem, uto ¢parmeHT panee kioHHpoBaHHBINA U3 JJTHK XxpomolieHTpoB MbIH u
Ha3BaHHbli MS3 (Kuznetsova et al., 2005, 2006, 2007) sBisercs 4acThio ogHoro u3 ERV —
anementa [IAP — mHoroumciennoro B chcMiSeq m umeromero cxoactso ¢ MS3. Hampotus,
notHopasMmepHbie LINEs orcyrerByror B chcMiSeq mim B Toit yacTu 6a3bl, KoTopas 00beTMHEHA
B KoHTUTH. bonbmmHcTBO PparmenTtoB LINE kapTupyiorcs B ToM ke pailoHe ~2 THI B KOHIIE 21
ORF LINE u ¢nankupyromem paiione. MMeHHO 3TOT pailoH sBisieTcss UCTOYHUKOM TR,
ocHoBaHHbIX Ha LINE (Komissarov et al., 2011). Msl npoBenu nouck atoro paiiona LINE B
HenaBHo onybonmukoBaHHOM CEN paiione yenoBeka (Chaisson et al., 2015) u Hanum oueBugHOE
oOoramenue. M3BecTHO, yTO (aKyJIbTaTUBHBIA T'eTEPOXPOMATHH OOOTallleH MOJIHOPa3MEPHBIMU
LINEs, o yem cBunerenscTByeT OuonHgpopmaruka (Waterston et al., 2002) u FISH (Solovei et al.,
2013), HO UX HET B KOHCTHUTYTUBHOM reTepoxpomarhHe. Mpl MoKa3ajlu, 4TO HEMPEMEHHBIM
KOMIIOHEHTOM KOHCTUTYTUBHOTO TE€TepOXpoMaTuHa, Hapsaxy ¢ TR, sABigercs KOHKPETHBIN

¢parment LINE ~2 THm.

HECTABWIBHOCTBb 'EHOMA ITPOI'EHUTOPHBIX KJIETOK

IPU KYJIBbTUBUPOBAHUUN

Iasnosa I'B.", ITycmozapos H.A."?, Bepeyn A.A."”, Pesuwyun A.B.", Pvickos A.IT."
'DenepaabHOro rocy 1apCTBEHHOTO GIOKETHOrO YUpexkIeHN s HayKn MHCTHTYTa GHONOrHH reHa
Poccuiickoii akagemuun Hayk, r.MockBa

> 000 «AnTo-papm», r.MockBa

3 MOCKOBCKHif [Te1arormaecKuii rocyJapCTBEHHBIM yHUBEpcUTET, MoCKBa

lkorochkin@mail.ru

Hcnonp3oBaHne KIETOYHOW Tepamuu IMOJAHMMAET BOMPOC O€30MaCHOCTH MPUMEHEHUS
KJIETOYHBIX TpenapaToB. OHAKO MpU HAPANIMBAHUU KIETOYHOTO MaTepUaia MOTYT IPOUCXOAHTh
n3MeHeHus: B reHomHou JIHK, onacuble s manuveHTa. KapuOTUNMYECKHT aHAIu3 KJIETOYHBIX
JUHUN W KYJIbTYp, MPOBOJAUMBIA PSIOM HCCIEA0BATENEH, MTOKa3al HAPYIICHUSI B XPOMOCOMax M
TEHJCHIINIO K HecTaOmnbHOCTH KapuoTtuna (Tarte et al., 2010; Sensebe et al., 2011; Ueyama et al.,
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2012). Kpome TOr0, M3BECTHO, YTO MPHU KYJIbTUBHPOBAHUHA OTMEUAETCS CYIIECTBEHHOE N3MECHECHHE
B CKOPOCTH pOCTa KJIETOK, a Takke B mx crnocoboHoctu Kk muddepenumuporke (Mikkola et al.,
2006). CrnenoBarenbHO, MpPU KyJbTUBHUPOBAHUU M TpPaHC(HEIMPOBAHUU KIETOYHBIX JIMHUN U
KyJIbTYyp 4YellOBeKa HEOOXOAMM CTPOTMM KOHTPOJb 33 TEHOMHBIMH HM3MEHEHHUSIMH B
TpaHCIUIAaHTHPYEMbIX ~ KileTkax. Mpbl mnpeanonoxuin, uyto RAPD-PCR  anamu3 Moxer
HWCIONb30BaThCA IS JaHHOW 1enH. JluarHoctuyeckrne BO3MOXKHOCTH RAPD-texnonoruun
YCHEIIHO TPOWJUTIOCTPUPOBAHBl HA MHOTOYHUCIICHHBIX MpPUMEpax OMUCAHHSI TE€HETUYECKOTO
pa3sHoOOpa3ust MHUKPOOPTaHU3MOB, BBICIIMX pPACTEHHH, OECMO3BOHOYHBIX M MO3BOHOYHBIX
#KUBOTHbIX. RAPD mnpuMensiercs Taxke Ajii T€HOMHOIO MapKHUpPOBaHUS B MOIYJISILIMOHHBIX U
ABOJTIOIMOHHBIX HccienoBanusax. Paborer Jlmma Adposze (Dil-Afroze et.al., 1998) u Onra c
coasTtopamu (Ong et al., 1998) mokazanu BO3MOKHOCTh ucnofib3oBaHus MeToga RAPD-PCR s
BBISIBIICHHS] TEHETUYECKONH HECTAaOMIBHOCTH MpPHU pake Mo3ra M jerkux. Ilo3ke maHHBI MeTox
MCIIOJIb30BAJICS PU U3yUYE€HUU T€HOMHON HECTAaOUIbHOCTH B PaKe MEYEHHU Y TPAHCTEHHBIX MBbIIIEH
(Calvisi et al., 2004), renaTouemmtonasipHoi kapimHoMbl (Xian et al., 2005). Meton RAPD-PCR
NPUMEHSJICS TakXKe Mg OOHapy>KEHUS COMATUYECKUX HapyIIeHWH B HWHIYLHUPOBAHHBIX
a30KCHMETaHOM OIMyXOJIsiX mpsAMoi kuiku y Kpbicsl(Luceri et al., 2000).

['eneTnueckue HapyleHUs] IPU AJIUTENBHON KyJlbTUBALMKA KJIETOK MOTYT Ha HaydalbHbBIX
ATamnax MPOSBIATHCSA B BUAEC HE3HAUUTEIbHBIX TOYEUHBIX MYTAllMil, KOTOpbIE MOTYT MPUBECTH K
3HAYUTENbHBIM HAPYIICHUSM TE€HETHYECKOW perymsauud. Takum o0pa3oM, Mbl TMpearnpHHSIIN
MOMBITKY M3YyYUTh HECTaOWJIBHOCTh TE€HOMA KYyJIbTUBUPYEMBIX KIETOK 4YeJoBeKa pa3HOro
IIPOUCXO0XKAeHMs ¢ nomolpio RAPD ananu3za u onpeneneianTs Npupoay CTPYKTYPHBIX BapHALMM

B ammununmpoBanubix JJHK pa3ubix maccaxei.

IEPBOOIIMCAHUE KAPUOTHUIIA MAJIOW TUMHYPbI HYLOMYS SUILLUS
MULLER, 1840 (EULIPOTYPHLA, MAMMALIA) U3 CEBEPHOI'O BLETHAMA
Iasnosa C.B., Bunmyesa JI.C.”, Pomanenxo C.A.””, IlJunos A.B.", Poocnos B.B."*

1I/IHCTI/ITyT npobieM skooruu u 3Bosoruu M. A H. CeseprioBa PAH, r. Mocksa

Wucturyt monexymnsipHoii u kinerounoit 6uonoruu CO PAH, r. HoBocubupck

3 HoBocubupckuit rocy1apcTBEeHHBI YHUBEPCUTET, T. HoBOCHOMpCK
*®I'BOYBIIO "HarmoHanbHbI HeceoBaTenbeknii ToMCKmii roCy/1apCTBEHHBIN YHUBEPCUTET'",
r. Tomck

swpavlova@mail.ru

BriepBbie mpoBeieHO UTOTEHETHYECKOE MCCIEA0BaHNE KaPHOTUIIOB IBYX 0COOEH, camiia
U caMKH, Maliol TUMHYpHI (H. suillus), OTIOBICHHBIX HAa TEPPUTOPUU CeBEepHOTO BheTHama.
XpOMOCOMHBIE TpernapaThl MOJIY4YEHbl IyTE€M TMPHKU3HEHHOIO KapHOTUIUPOBAaHUSA ocobOein

(BbIpalIMBaHUE KYJbTYp KIETOK MEepBUYHBIX (uOpoOnacToB M3 Kycouka TKaHM XxBocTa). C

MOMOIIBI0 PYTUHHOTO U auddepennuansHoro (G-MeTo1) OKpalluBaHUs MpEnapaToB BHISBICHO,
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YTO JAUIUIOWTHOE YHUCIO XPOMOCOM Yy M3Y4YeHHBIX ocoOel paBHO 48 (FNa=64). Cpenu aytocom
XOPOIIO BBIJENAETCS O/IHA Mapa KPYMHBIX METAlEHTPUKOB, 0003HaUYE€HHAsl HAMU Kak IepBas napa,
a TaKkKe JIBE Mmapbl CpeHUX CyOMETaIlleHTPUKOB U IIECTh Map YMEHBIIAIOMIUXCS IO pa3Mepy MeTa-
u cyOmeraneHTpukoB. OctanbHble 14 map XpoMOCOM NPEACTaBICHBl YMEHBINAIOIIMMUCS 10
pa3Mepy akporeTpukaMu. [1010BbIe XpOMOCOMBI Y CaMKH MPEACTABIEHBI IByMsI X-XpOMOCOMaMHU
(cpennero pasmepa cyOMeTalleHTpUKH), a y camia X ¥ Y, IPH 3TOM Y-XpOMOCOMa — CaMbIi
MEJIKUH aKpoLEHTPUK B Kapuoture. OxpamuBanue npenapatoB mo C-MeToay BBIIBUIO HAJIUYHE
npuneHTpoMepHoro C-reTepoxpoMaThHa IPAKTHUYECKH BO BCEX JIBYIUIEUHMX ayTocoMax, 3a
HCKJIIOYEHUEM JBYX Iap — caMOi KpyIHOMU (1epBOii) mapsl METALIEHTPUKOB U OJHOM U3 ABYX Map
cpenanx cyometarneHTpukoB (mapa Ne3). IlosutuBHbie C-03HABI BBISIBICHBI TaKXke B
MIPUIICHTPOMEPHBIX paiioHax X-XpomocoM. Pacmpernenenue mociaeaoBaTENbHOCTEH TeTOMEpPHOM
JIHK na merada3HbIX XpOMOCOMax CaMKH Maloil TMMHYpbHI ObUIO HCCIIEOBAHO C IOMOIIBIO
Metona (iyopecuentroi in situ Tudpunuzanuu (FISH) ¢ ucnonszoBannem kura “Telomere PNA
FISH Kit/FITC” (Dako). ITo3utuBHbie curnansl tenomeproi JJHK Oputn moxamn3oBaHbl TOJBKO
Ha KOHIIEBBIX yYacTKaX BCEX XPOMOCOM, IICHTPOMEPHOE pACMOJOXKEHHE STUX CUTHAIIOB HE
BBISIBJICHO.

PaboTa BeIITONTHEHA B paMKax AKCHEIUIIMOHHBIX HccaenoBannii CoBmecTHoro Poccuiicko-
Boetnamckoro Tponmuueckoro Hay4yHO-HCCIIEIOBATENbCKOIO M TEXHOJOTHYECKOTO LEHTpa MpH
noanaepxkke PODU (15-04-04759) wu I'panta Ilpesmmenta Poccuiickoit denepanuu s

roCyAapCTBEHHON MOJJEPKKHA MOJIOABIX poccuiickux yueHslx (MK-4496.2015.4).

OB30P YCIIEXOB ITOJIHOI'EHOMHOI'O CEKBEHUPOBAHMUS ’KUBOTHbIX
N IMPOBJIEM CBOPKU 'EHOMA 10 YPOBHSA XPOMOCOM
Hepenvman ITJL"?, Ipagooamekuii A.C."*
'MucTuTyT MOTeKyIspHOit 1 KineTousoi 6uonorun CO PAH, r. HoBocuGupck
2HOBOCI/I6I/IpCKI/H71 TOCyJIapCTBEHHBIN YHUBEpCHUTET, T. HoBocuOMpCK
polina.perelman@gmail.com

Ha Hacrosimuii MOMEHT MOJIHOCTBIO OTCEKBEHHPOBaHO OKOJIO 300 T€HOMOB YKHMBOTHBIX.
3HauNTalIbHYIO POJIb B MOJHOT€HOMHOBM CEKBEHHUPOBAHUU >KMBOTHBIX UIpaeT HpoekT «I eHom
10K», KOOpIMHUPHIOIMINA YCUIUA TO CEKBEHUPOBAHUIO MPEACTABUTENIEM BCEX BETBEW ApeBa
KUBOTHBIX.

BaxHbIM 3Tamom sBiseTcss BbIOOp BHIOB U TOJHOT€HOMHOTO CEKBEHUPOBAHMS.
[lokazarenbHbl pe3yibTaThl MPOEKTa CEKBEHWPOBAHUS reHoMoB nrul. Ot0op BHUAOB
MIPOU3BOJMIICS C YYETOM CYUIECTBYIOIIEH TaKCOHOMHH W MpoOieM cucTeMaTuku NTuil. B xoze

IIPOCKTA ObLIH OTCCKBCHUPOBAHBI I'CHOMBI HpeHCTaBHTCHeﬁ OCHOBHBIX OTpsAAOB IITHUIIL. HpOCKT

MIpUBEJT K PABHOMEPHOMY pacIpeiesIeHUI0 peepeHCHBIX TEHOMOB 10 BCEMY ApEBY NTHILL. Takoii
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L[EJICHANIPABJICHHbI  MOIX0J K OTOOpY CEKBEHHPYEMBIX BHUAOB IO3BOJSET  CO3/aTh
(buIoreHeTHYECKOe IPEBO BhICOYAMILIErO pa3pelIeHus] U OTKPHIBAET IIMPOKHE BO3ZMOXKHOCTH IS
CPaBHUTEIHHOM T€HOMUKH HOBOTO MOKOJICHHS.

3HauyMTeNbHYI0 TpoOeMy  MpenacTaBiseT cOOpka TEHOMa U3  IPOYUTAHHBIX
MOCJIeI0BAaTEIbHOCTEN. Y POBEHb COOPKM F€HOMOB JKUBOTHBIX BapbupyeT. OOHUM U3 (GUHAIBHBIX
9TanmoB COOPKH TEeHOMa SBJISETCS MPUIHCHIBAaHHE COOpaHHBIX mocienoBarenbHocTedl JJHK
XpoMocoMaM. DTOT 3Tall HACTOJNBKO MPOOJIeMaTHYeH, YTO MOKa JHIIb €AMHUYHBIE TEHOMBI
KUBOTHBIX COOpaHbI 70 YPOBHS XpoMocoM. OCTaroTcs OTKPHITHIMH MHOTOYHCIIEHHBIE BOIPOCHI,
Kacaroluecs: XpOMOCOMHBIH cOOpkH reHoMoB: «Hackoibko BaykHa cOOpKa reHoMa 10 YpOBHS
xpomocom? Kakue CI0KHOCTH BO3HUKAIOT TPU COOpKe 0 ypoBHs xpomocom? Kakyro poib
urparoT GuU3NYECKue KapThl Mpu cOopke 10 ypoBHS xpoMocoM? [louemy TONBKO A7l HEKOTOPBIX

BUJIOB CYIIECTBYIOT TCHOMHBIE COOPKH J0 YPOBHS XPOMOCOM?»

I'EHETUYECKASA CTPYKTYPA NNOITYJIALIUU CTEPJIAIAN ACIPENSER
RUTHENUS B BACCEVHE PEKH OBb

GENETIC STRUCTURE OF STERLET (ACIPENSER RUTHENUS) POPULATION
IN THE OB RIVER WATERSHED
12 1 1 1
Io6edunyesa M.A."?, Kynemsuna A.H.", Bopo6vesa H.B.", Ceporokosa H.A.', Humepecoea E.A.,
Kopenmosuu MA.4, 3aiiyes B. @.3, Pomanenxo C.A.I’Z, Maxynun A.U. 1, L]epbaxos ,ZZ.[O.S,
. 12 12

I'pagpooamckuii A.C."*, Tpughonos B.A.”
1I/IHCTI/ITyT MoOJIeKyJIsIpHOH U kieTtounoi ouonmorun CO PAH, r. HoBocuGupck
*HOBOCHOMPCKHIi FOCYIapCTBEHHBII yHIBEpCHTeT, T. HOBOCHGHPCK
3 HoocuGupckuii duman ®TBHY Tocpeibuentp, r.HoBocuupek
*®I'BHY Tocpsibuentp, T. TIOMEHb
> JIAMHOJIOTHYECK U unctutyT CO PAH, r. UpkyTck
E-mail: mapob@mcb.nsc.ru

OcetpoBbie (Acipenseridae) — TpPOXOJHBIE, MOJYNPOXOJHBIE U TPECHOBOJHBIC PHIOHI,
HaceJdoIre BoJbl ceBepHoro nonymapus Espomnsl, CeBepHoit Azun u CeBepHoit Amepuku. U3
25 COBpEMEHHBIX BHUJOB JTOr0 ceMeWcTBa 15 SBISIOTCS TPOMBICIOBBIMU. JTO IIEHHBIE B
XO3SIICTBEHHOM OTHOIIIEHUH BHJBI PbIO, YHUCIEHHOCTh KOTOPHIX HEYKIOHHO CHI)KAeTCsS BO BCEM
mupe. JlJis OCeTpOBBIX XapaKTepHO TO3/JHEE IOJOBOE CO3PEBaHUE, HEEKETOIHBIH HEPECT H
KECTKHE PaMKH SKOJIOTUYECKHX TPEOOBAHWHU JUIS peaM3alyyl KU3HEHHOTO IUKIA. DTO JeNaeT
OCETPOBBIX  UPE3BBIYAHHO  YS3BUMBIMU Ui BO3JEHCTBHA  pPa3HOOOpa3HBIX  (aKTOPOB,
MPEMSATCTBYIOUINX MX €CTECTBEHHOMY BOCHPOHM3BOACTBY. Kpome TOro, CHMKEHHIO YHCIEHHOCTU
CIOCOOCTBYET MHTCHCUBHBIN MPOMBICEN, B TOM YUCIIC HE3aKOHHBIMH.

OcHoOBHasl 1eJTb HACTOSIMIEH PAaOOTHI — ONMUCAHWE TEHETHYECKOW CTPYKTYpPBI CTEpIISIIN

(Acipenser ruthenus Brandt) B 6acceitne OOu 11sl BBISBJICHUS €€ MOIMYJISIIMOHHONW OPTaHU3allid U

Q)OpMHpOBaHI/IH JIEHCTBEHHOM CTPATCTUU OXPAaHbI U paHHOHaHBHOﬁ OKCIUTyaTalluu JaHHOT'O BUA.
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Jlnst ananu3a ObUTM BBIOpaHBI TpU ydacTka MuTOxoHApuanbHoW JIHK: koHTpomasHOTO
paiiona, nuroxpoma b u NADH-neruaporenassl. BoisBieHo, 4T0 G€I0K-KOAUPYIONINE PaliOHBI:
uutoxpoM b u NADH-gerunporenasa, siBIsSOTCS KpailHE KOHCEPBATUBHBIMU M HE MOTYT OBITh
UCTOJNB30BaHbl IS OLEHKH pa3sHOOOpa3us TarioTHNoB. KOHTponpHBIA pailoH oKazaics
BapuabenbHBIM. B uCClIeOBaHHBIX BBIOOpPKaxX, B IeJioM BKIoYarommx 190 ocobeit, 1o
nocnenoBareabHOCTH 700 MH KOHTPOJIBLHOTO paiioHa BeIsiBIeH 51 rammortun. I[IpoBenenue
(UIOTEeHEeTUYECKOTO aHalu3a OOHApPYKEHHBIX 3aMEH IO3BOJWIIO BBIICTUTH CEMb OCHOBHBIX
raryIorpymIl, MPeACTaBICHHBIX C pa3HOW 4YacTOTOM B pa3HBIX pailoHax Oacceifna. M3yudenue
raryIoTUIIOB U3 pa3HBIX yyacTkoB Upteima, O0u n YyneiMa 1moka3ano 3Ha4nTeNIbHbBIE OTIUYHUS 10
TeHEeTUYECKOMY DPa3HOOOpa3Hi0 W TalUIOTUIHYECKOMY COCTaBy, YTO CBHUJIETEILCTBYET 00 HX
CJIO)KHOW TOMYJSIHMOHHOM cTpykType. Tak, B paiione Cpeaneirt OOu oOHapyXeHO SIBICHHE
KJIMHAJIbHOM M3MEHUYMBOCTH YacTOT TaIUIOTUIIOB: IIOCTENEHHOTO BO3PACTAHUS BCTPEHYAEMOCTH
ramtorpynibl C 1 yObIBaHUS 4acTOT BCTpEUaeMOCTH ramiorpynns! A. IHTepeCHO OTMETHUTD, UTO
WPTHILICKUE MOMYJISIIUKA OTIMYAIOTCA YyTh OOJBIIUM PazHOOOpa3HeM M BKIIOYAIOT PEMKTOBBIC
ONMM3KUe K TPEIKOBBIM TaIlUIOTUIBL, TOKAa HE HaleHHble B OOCKHX momymsiusx. CoriacHo
NpeIBapUTEeNIbHBIM JTaHHbIM, MoTHHa HoBocuOupckoit I'DC sBnseTcss OJHMM U3 CEpPhE3HBIX
0apbepoB, pa3beINHSAIOIINX MTOMYJISALUH.

[Tpu paccmoTpennu paiioHa TaHAEMHBIX TOBTOPOB (80 1MH) 0OHapyKeHa ero 3HaYnuTeIbHAs
BapralOeIbHOCTh MO KOJHYECTBY MOBTOPSIONMIMXCS €IUHUI] KaK Cpelu AMKHUX 0CO0eil OgHOro
ramioTUmna, Tak W Cpeau OJM3KOPOJICTBEHHBIX ocobeil u3 muroMHuKa. CpenHuil paszmep
rUrepBapuadenbHOTO pailoHa cocTaBisieT 3,5 — 4,5 eqUHHIl MOBTOPEHHOW IMOCIIET0BATEILHOCTH
(MUHUMATBHBIN pa3zMep — 2,5 ed., MakcUMainbHbIE — 6,5 exn.). MHTepecHo, 4YTO Kakmas
ramiorpyra uMeeT XapakTepHbIii Ha0op 3aMeH B TOBTOPEHHOM €IMHUIIE, CBUIECTEIbCTBYIOMIUI O
MeXaHu3Max romoreHusauu nosTopos B MTIHK.

Pabora monnep:xana rpanrom PH® Ne 14-14-00275.

BHEKJIETOUHASA JHK IOMOXET IMPOJIUTH CBET HA HEPEILIEHHBIE
MMPOBJIEMbI TEOPUH 3BOJIIOIINHU
Iloozopnas O.U.
Wuctutyt Hutonoruun PAH, CrllerepOypr, 194064, Poccus
e-mail: opodg@yahoo.com

Tor ¢akt, uyTo B KHAKOCTAX Tela BBICIIMX TMO3BOHOUHBIX IMpKyaupyer JIHK
(Bueknerounas JIHK; BuH/IHK) u3BecTeH AaBHO, HO MHTEPECYIOTCS TUM (AKTOM B OCHOBHOM
Menuku, He Omomoru (Anker et al.,, 1975; Vasioukhin et al., 1991, 1994). Urenue reHOMOB H
HOBBIE METOJbl CEKBEHHPOBAHMS TO3BOJSIOT [0 HOBOMY B3IJISIHYTh Ha mpobinemy BH/IHK

(Murtaza et al., 2013). OcHoBubiMu uctounukamu BH/IHK B opranusme ssnstores: (1) s3k30coMbl
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MTOKOSIITUXCS KIIETOK, (2) MUKPOBE3UKYJIbl AKTUBUPOBAHHBIX KJIETOK; (3) amONTOTUYECKHE KICTKH
(Rykova et al., 2012). IToka3an 3axBaT BH/IHK kneTkamu KynbTyphl U €€ BKIIFOUCHHE B XPOMAaTHH
kneTku—xo3sauHa (Mittra et al., 2015). AnonTo3 3KCHepUMEHTaNIbHO WHIAYLIIUPOBAIU B KyJIbType
SHIOTENINAIBHBIX KJIETOK MynoBUHHOM kpoBHu yenoBeka (HUVEC) u nyn JIHK, npucyrcTByromei
B KyneTypansHOU cpene (BHHK) Obin cexBeHmpoBaH M HCmoiib30BaH Kak mpoba it FISH
(Morozkin et al., 2012). O6a mMeTona TOKa3ajld aCCUMETPUYHOE OOOTaIEHUE TOBTOPSIOIIMXCS
sanemenToB Bo BH/IHK: (1) oboramenne BH/IHK nepuiieHTpoMEpHBIMU TaHIEMHBIMU TOBTOPAMU
(TR), ocHOBHBIM U3 KOTOpBIX okazancs HS3 (human satellite 3), HO oOeaHEHNE IEHTPOMEPHBIM
(CEN) TR ambda caremmurom; oboramenne BHIHK Alu (SINE) snementoM, HO oOemHeHHE
LINEs. CxonHBIMU XapaKTepUCTUKAMHU OTINYACTCS CHIBOPOTKA KPOBH 370POBBIX JOHOPOB (Beck
et al., 2009).

Hns cpaBuenus ¢ BHJIHK B aTOM ciydae mcnosip3oBaiay COOpaHHBIN T'€HOM YellOBEKa.
PalioHBI KITaCCHYECKOTO TeTEpOXpPOMATHHA HE OTPaXEHBI B COOPAaHHOM TE€HOME: JUTMHHBIC TTOJIS
TR ¢ mepuneHTpoMepHOM H CyOTeTOMEpHOM paiioHax He coOpaHbl. B coOpaHHBIX reHOMax
cbopka xpomocoMm oOpbsiBaeTcss Ha 3 Mb awipe, 3ape3epBUPOBAHHON Ha IEHTPOMEPHBIA palioH.
TRs uenoBeka knaccupupoBanbsl BecbMa rpy6o. IIpo TR u3BecTHO, 01HAKO, YTO UIMEHHO OHHU
NPUKPETUICHB K BHYTPEHHEH CTOPOHE IHUTOIIA3MAaTUIECKONH MeMOpaHbl Kak ~6 THI ()parMeHTHI,
4yTO onpeneni npu cpaBHeHnn ¢ ucxoaHbiMu WGS\WGA 6a3amu mansasix (Chen et al., 2012).
MeHHO TOSTOMY, BEpOSITHO, BO3MOXXHO obOoramenue umu BHJIHK B mepByio ouepenar B
aroNTOTHYECKUX KieTkax. I[loBTopsl Kilacca TpaHCIO30HOB (transposable elements; TE)
cocTaBisAl0T He MeHee 48% coOpaHHOTO TeHOMa 4YelloBeKa W WX TO3WIUH OmpenaeicHbl. Alu
anemenThl (SINE) pacmonokeHbl B OCHOBHOM B TeH Ooratbix paiioHax, torga kak LINEs
TATOTEIOT K (aKkyIbTaTUBHOMY rerepoxpomatuHy. OO 5TOM CBUAETEIbCTBYIOT JaHHBIE
ouonndopmatuku (Waterston et al., 2002) u nuroreneruku (FISH, Solovei et al., 2013).
[Tonoxenne TE B reHOMax Kak 4ejoBeKa, TaK M MBIIIH, (PUKCHPOBAHO M CXOTHO, YTO M MPHUBOJHUT
K CHHTEHUU T€HOMOB BMECTE C APYTHMMH dyieMeHTamu (reHamu, Waterston et al., 2002). B reHome
yenoBeka Alu moBropsl 3ameniitorT coboit yersipe SINE wmbimm (B1, B2, B4, ID). IIposenu
CpaBHEHME MHTEHCUBHOCTHU TpaHcKpumiuu ~12000 opToNOruuHbIX T€HOB B 32 TKaHAX Y€IOBEKa U
MBIIIK 10 0a3aMm JaHHBIX TPAHCKPUNITOMOB. UeroBek OOHapy>KuMBaeT 0ojiee BHICOKHH ypOBEHb
AKCIIPECCUM TKaHEe-CHEeIU(PUUHBIX T€HOB MO OTHOIICHHIO K I'€HaM «JOMAIIHEro XO34HCTBa» BO
BCEX MCCIIEZIOBAHHBIX TKAHSX, YTO TOBOPUT O OOJIee BBICOKOM 3BOJIOIMOHHOM YPOBHE KIETOYHOU
muddepentmpoBkr (cneunanusanuu) (Vinogradov, Anatskaya, 2007). Toranensiii Bkiaan TE B
(YHKIMOHUPOBAHUE W BOJIOIHMIO TEHOMOB JIO CHUX TOp HE SICEH, HECMOTPS Ha MX KOJHYECTBO B
reHome (del Rosario et al., 2014). Onpenenen Bkiax TE B mpoucxokaeHue, OINpeeiCHHE

pa3zHooOpasus u perymsnuio uHHbIX Hekonupyromux PHK (Kelley, Rinn, 2012; Kapusta et al.,
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2013; Lu et al.,, 2014). Kaxercs, yto nmosunuu TE ¢ukcupoBanHbie B TedueHue ~65 Myr
(pacxoxxnenne JMHUA TpeI3yHOB W npuMatoB) U TaroteHue SINEs m LINEs k moTeHumanpHO
AKTUBHBIM WJIM HEAaKTUBHBIM pailoHaM TeHOMa MOXKET OBbITh OTBETCTBEHHBIM 3a OMpEeIICHUE
XpoMaTuHOBOro naHamadra »tux paiionoB. 3amena SINE’0oB B reHome ueioBeka OYEBHIHO
KOppEIUpyeT C YBEITHMUYECHHEM YPOBHS TPAHCKPHIILIMU B aKTUBHOM JanamadTe. B mrobom ciygae,
3ameHa SINE mpowsonuia mpu pasfeneHud TPhI3yHOB W mpumartoB. Tor dakrt, yuto BHHK
oboramieHa SINE momoskeT MOHATH Kak Takas 3aMeHa MOIJIa MPOU30HTH B T€HOMax OJHOTO
nomMeTa\BbIBO/IKa. MI3BeCTHO, 4TO TpaHC(HOPMAHTHBIE MBILIH MOTYT MOIYYHUTHCS NIOCIIE WHKYOAIH
cnepmarozonsioB ¢ ok3oremHoit JIHK (Lavitrano et al, 1989). OmnocpenoBaHHbIH
cniepmaTo3ougamMu nieperoc sk3orerHon JJHK ctan tpuBmanbapiM MeTo0M BeTepuHapuu (Smith,
Spadafora, 2005; Spadafora, 2008; Simoes et al., 2012). IIpu sxcnepuMeHTax Ha KpPOJIMKax ¢ MX
MHOTOYHCIICHHBIM MTOTOMCTBOM MOKHO YYECTh KOJHMUYECTBO TPAHCTCHHBIX IMOTOMKOB B IIOMETE.
[Tpu coBmecTHO# MHKYyOammu criepmaro3onioB ¢ sx3oreHHoi JJHK, DMSO u narpeBanun (heat
shock) nexkotopsie mometsl Ha 100% coctosin u3 TpancreHoB. Ho erie Goniee yIUBUTENBHO TO,
YTO HUKAK He MOBPEXKJIEHHBIEC criepMaTo30uabl (Toabko nHKyOanus ¢ JJHK mnasmuasl) gaBanu 10
20% TtpancrenoB B moromctBe (Kuznetsov et al., 2000). HeBaxHO TOYHOE KOJIHYECTBO
TPAaHCTEHHBIX TIOTOMKOB B TIOMETE; BaKHO TO, YTO TPAaHCTEH (M3MEHEHHBIN IMOTOMOK) HUKOTa HEe
OyJeT OJIMHOK, OH HalJieT cebe U3MEHEHHYIO TIapy B TOM e IIOMETe, T.€. BO3MOKEH UMOPUIUHT.
CxonctBo y4yactkoB Bl snementa mbimiu u Alu s1eMeHTa yenoBeKka JelaeT BO3MOXKHOM 3aMeHy
BCEX AJIEMEHTOB T'€HOMa MOCPEACTBOM pekoMOuHau. OpTOJOTrHYHbIE TEHBI HE 3aTPOHYTHI MPH
TaKOW 3aMEHE, BMECTO U3MEHEHHs T€HOB MEHSETCS XPOMAaTHHOBBIN JaHIIaT, 9TO U MPUBOAMT K
WHTEHCU(PUKALMU TPAHCKPUIIIUU M J1a€T 3BOJIOLMOHHOE MPEUMYIIECTBO BHOBH BO3HUKIIEMY
Buny. [IpemanoxkenHas cxema youpaeT aBa U3 MpoTuBopeurii CUHTETHYECKOW TEOPHH 3BOJIOLUU:
(1) He reHHble MyTalWUd HEOOXOTUMBI JJIi TPOTPECCUBHONM HSBOJIOLUH, HO 3aMEHa
MOBTOPSIIOLIUXCA AJIEMEHTOB; (2) IpeBHHE MIEKONMTAIOIIME HMEJIW B IIOMETE€ HE OIHOIO
W3MEHEHHOTO MOTOMKA, HO HEeCKOJIbKO, €CII He BceX, u3-3a Tpanchopmanuu nx BHIHK; Torma

6J'II/13KOpO,Z[CTBCHHOG CKpCIHIMBAHNUEC OKA3bIBAJIOCh BO3MOXKHBIM JJI51 H3MCHCHHBIX 0CO0€eH.
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EXTRA-CELLULAR DNA FOR THE UNSOLVED EVOLUTIONAL PROBLEMS
Podgornaya O.

Institute of Cytology RAS, St. Petersburg, 194064, Russia

e-mail: opodg@yahoo.com

The fact of the extra-cellular DNA (ecDNA) circulating in the body liquids in high eukaryotes is
known long ago, but it attracts less attention of biologists than of physicians (Anker et al., 1975;
Vasioukhin et al., 1991, 1994). The genome assembly and new sequencing methods shed light on
this problem (Murtaza et al., 2013). The main sources of ecDNA could be: (1) exosomes from
resting cells, (2) microvesicules of activated cells, (3) in apoptotic bodies (Rykova et al., 2012).
The uptake of the ecDNA by cultured cells and ecDNA integration into host chromatin have been
proved (Mittra et al., 2015). Apoptosis was experimentally induced in human umbilical vein
endothelial cells (HUVEC) and the pool of cell-free apoptotic DNA present in the culture medium
(ecDNA) was sequenced and used for FISH (Morozkin et al., 2012). Both methods show the
asymmetry in repetitive sequences distribution in ecDNA: (1) significant enrichment in
pericentromeric tandem repeats (TR), the most of which is HS3 (human satellite 3) but decrease
of centromeric alpha satellite; (2) enrichment in Alu (SINE) but decrease of LINEs. Similar
results have been reported for the serum of healthy donors (Beck et al., 2009). Human assembled
genome was used for the ecDNA comparison. The large regions of classic heterochromatin are
poorly covered by assembled sequences: chromosomes have prolonged tandem repeats (TR)
arrays at centromeric and subtelomeric regions and it is the reason why these regions are difficult
to assemble. In the assembled genomes chromosomes end abruptly in 3 Mb gaps reserved for
centromeric regions. Human TRs are only roughly classified. It is known that DNA attached to
the inner part of the cell membrane as ~6kb fragments represents namely pericentromeric TR
while compared to the raw WGS\WGA database (Chen et al., 2012) and this could be the reason
why it comes to the apoptotic ecDNA first of all. Transposable elements (TE) constitute no less
than 48% of the human assembled genome and their positions determined. Alu repeats (SINE) are
located mostly to the gene-rich regions, while LINEs enrich facultative heterochromatin as
evidenced by bioinformatics data (Waterston et al., 2002) and FISH (Solovei et al., 2013). TE
positions in both mouse and human genomes are very similar and cause the synteny together with
genes (Waterston et al., 2002). In human genome Alu repeats substitute four mouse SINEs (B,
B2, B4, ID). The comparison of the transcription intensity has been carried out by bioinformatics
tools in 32 human and mouse homologous tissues for ~12000 orthologous genes using
transcriptome databases. Human shows a greater fraction of tissue-specific genes and a greater
ratio of the total expression of tissue-specific genes to housekeeping genes in each tissue studied,

which suggests a generally higher level of evolutionary cell differentiation (specialization)
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(Vinogradov, Anatskaya, 2007). The overall functional and evolutionary impact of TEs still
unclear in spite of their abundance in the genome (del Rosario et al., 2014) though TE
contribution to the origin, diversification, and regulation of vertebrate long noncoding RNAs is
documented (Kelley, Rinn, 2012; Kapusta et al., 2013; Lu et al., 2014). It could be supposed that
TE positions fixed for ~65 Myr (mouse and primate separation) and SINEs and LINEs attraction
to the potentially active\inactive parts of the genome may be responsible for the chromatin
landscape shaping of each part. The SINEs’ substitution in the human genome caused the
enhanced transcriptional level in active landscape. At any rate the substitution occurs in rodent
and primate lines separation. ECDNA enriched in SINEs in any stress conditions may help to
understand how the substitution of main part of basic regulatory elements may occur in whole
genomes of one litter. Sperm cells as vectors for introducing foreign DNA into eggs for genetic
transformation of mice have been reported (Lavitrano et al., 1989). Sperm-mediated gene transfer
became the ordinary methods of the veterinary (Smith, Spadafora, 2005; Spadafora, 2008; Simoes
et al., 2012). In rabbit with the numerous offspring it is possible to estimate the number of
transgenes in the litter. Sperm damaged by DMSO and heat shock could produce up to 100%
transgenes in some litters, but more surprising fact is that even intact sperm can produce ~20% of
transgenes after incubating with the plasmid DNA (Kuznetsov et al., 2000). The precise number
does not matter but the descendant altered will never be alone in progeny and will have its’ mate
in the same litter. The overall substitution of main part of SINEs in the whole genome by
recombination is possible due to Alu element and B1 sequence similarity. The orthologous genes
are not altered initially but chromatin landscape change lifts up the transcription and provides the
evolutionary advantage for the newly born species. So, the scheme suggested may remove two of
the contradictions of the Modern evolutionary synthesis theory: (1) gene mutations are not
necessary for the progressive evolution but repetitive elements substitution; (2) ancient
mammalians could have litters with the number of offspring altered by ecDNA and inbred mating

was possible for the descendant altered.

JEKOHJIEHCAIIUS U TPAHCKPUIIIUS IPUIEHTPOMEPHOM JTHK

IPU TEILJIOBOM IIOKE B KJIETKAX JIMHWM U-937 U IEPBUYHOU KYJIbTYPE
IHAOMETPUAJIBHbBIX ME3EHXWMAJIBHbBIX CTBOJIOBBIX KJIETOK
Ilonomapyes H.B., llununa M.A., ['punuyx T.M., Enyxaweunu H.H.

Wucturyt Hutonorun PAH, r. Cankr-IletepOypr

nie@newmail.ru

OcHoBHbiM JIHK KOMIIOHEHTOM NPULEHTPOMEPHBIX TIE€TEPOXPOMATUHOBBIX YYacCTKOB
XpOMOCOM SIBJISIETCS TaHAEMHO OpPraHMW30BaHHAs BbICOKOMOBTOpsiomiasics careuutHas JJHK. Ha

ceronHsi m3BecTHO, 4to 3Ta JIHK He sBisercs «Mmonmyaiein M akTUBHO TPAaHCKpUOHMpYETCs B
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pasIM4Hble MEPUObl KHU3HM KIETKH (MaJUrHu3auus, nposndepanus, OTBET Ha CTPECCOBOE
BO3CHCTBUE U T.O.). B KieTkax MaJUTHU3MPOBAaHHBIX KJIETOUHBIX KYJBTYp 4YeJIoBeKa (hakrop
teroBoro moka-1 (HSF-1), oquH u3 MHUIMATOpOB OTBETa KJIETKU Ha TEMJIOBOE BO3IEHCTBUE,
MOMHUMO TIPOMOTOPHOH 00nacTu reHa hsp-7(0 CBS3bIBAETCS C MPHIEHTPOMEPHON CaTEITUTHON
JHK 3 (car/IHK3) u aktuBupyer ee TpaHckpumnuuio. Hadamy TpaHCKpUIIIUMU TNpEAIIECTBYET
JEKOHJICHCAlUsl MPULIEHTPOMEPHOIO TI'eTepOXPOMAaTUHOBOrO Osioka. B pesynbpTare akTHBaLUM
HOSABIAIOTCS AMUHHbIE Hekoaupyroume PHK koTopble ciykaT 3aTpaBkoil anst ¢hopMHpOBaHUs
BHYTPHSIEPHBIX PHOOHYKJICONPOTENHOBBIX KOMIApTMEHTOB- siiepHbIX crpecc Tener (SCT).
Takum oOpa3zom, nexoHneHcanus U TpaHckpunuus cat/IHK3 saBnsercs oqHuM U3 3TarnoB OoTBETa
KJIeTKM Ha TemioBod 1mok. Pons gpyrux (momumo HSF-1) u3BECTHBIX aKTHBAaTOPOB
Tpa"ckpunuuu cat/IHK3 B oTBeTe Ha TEIIOBOM IIOK CEroJHs HEU3BECTHA. TakKe HEU3BECTHO,
HACKOJIBKO TO00HBIM MEXaHU3M CBOMCTBEHEH HOPMAJIbHBIM KIIETKaM TKaHEW, OTBET KOTOPHIX Ha
TEIUIOBOM IIOK 3HAYUTENIBHO OTIUYAETCS OT KJIETOK MaJIMTHU3UPOBAHHBIX KJIETOYHBIX KYJbTYD.
Ilenpto paboTBl  SABISUIOCH MCCIENOBaHHE MOP(OJIOTUYECKUX XapPAKTEPUCTUK, TUHAMUKH
TpaHCKpUnuuu mnpuueHTtpomepHoi cat/IlHK u poam caTenuTCBA3BIBAIOLIETO  PETYISITOPA
Tpanckpunuuu cemeiictBa PHK-xennkax DDXS5 B oTBeTe KIETOK NEPBUYHBIX KYJIBTYp H
MMMOPTAIN30BAHHBIX KJIETOUHBIX JIMHUN Ha TEIJIOBOE BO3/ICIICTBHE.

UccnenoBanust npoBoauian Ha kietkax JUHUM U-937, monmydyeHHOW U3 TMCTHOIUTAPHOMN
auM(OMBI M Ha SHAOMETPHAIBHBIX ME3EHXMMHBIX CTBOJIOBBIX KieTkax (AHAMCK) c
HEU3MEHEHHBIM KapuoTunoM. KieTku nojseprany TEIIOBOMY BO3JIEHCTBUIO B T€UeHHME | 4 mpu
43°C pgna U-937 u 30 mun npu 45°C mig suaMCK. OneHuBanu JUHAMHUKY TPaHCKPHUILIMU
cat/[HK3 u rena ddx5 ¢ momompio MeromoB OT-IIIIP. Crenenp IeKOHACHCAIIMM OICHHBAIN
metogoM FISH, usmepsis miomans ruOpuaAM3allMOHHOTO CHTHAJA € MOMOINBIO KOH(OKAIbHON
MHUKpockonuu. B kadectBe 30HAa ucnons3oBan pparment cat/IHK3 xpomocomsbl 1 yenoseka.
Takxe Mpl npoBenu wuHakTuBauMio Oenka DDXS wmetomom Ttpanchexkumun xierok siPHK
nHaktusupytomeidn MPHK DDX5 B knerkax U-937, u ouenwin BiusiHue uHaktuBauuu DDXS Ha
tpanckpunuuto cat/IHK3 u coopky SACT, MapkepoM KoTOpbIX siBsieTcs: 6emok HSF-1.

[lokazaHo, YTO TpU TEIUIOBOM BO3JCHCTBUM B OOOMX THUIAX HCCIEIYEMBIX KIIETOK
npoucxoaut aexonaeHcarus cat/IHK3. Ilpu stom B kietkax U-937 nexonneHcanus Obljia MEHEE
BeIpakeHa 1o cpaBHeHuto ¢ »HAMCK. [InaBHoe yBenwuenuwe koHmeHTpauuu Oenka DDXS u
Tpa"ckpunrtos cat/[HK3 nmpoucxoaur Bo BpeMs TEIUIOBOTO BO3AECHCTBUS U CHMIKAETCS Mocie 14
BOCCTAaHOBUTEJILHOTO TepHoJa B 000MX THIAaxXx KIETOK. B  HOpManmbHBIX  YCIOBHUSX
KynbTuBUpoBanus Oenok DDXS pacnpenensiercs muddys3HO Mo sapy, TOrAa Kak BO BpeMs

TermoBoro ctpecca DDXS o6pa3yeT rpanyiibl, 94acTh U3 KOTOPBIX mpujeraet K rpanyinam HSF-1 u
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nepekpsiBaeTcs ¢ aexkonaeHcupoanHoi cat/[HK3, kak B U-937 Tak u B s3ugfMCK. B knetkax ¢
nHakTUBHpOoBaHHBEIM DDXS5 cHmkaercs tpanckpunius cat/[HK3 u ve mHabmonaercs coopku sCT
PesynbpTarel paboTel moaTBepikgaloT ponb TpaHckpunToB cat/IHK3 npu orBere Ha

TEIUIOBOE BO3/IEHCTBUE KaK B KieTo4HOM muHuM U-937 Tak u B B nepBu4HON KynbType sSHAMCK.

IKTOINMNYECKOE CBA3bIBAHUE HHCYJIATOPHOI'O BEJIKA CHROMATOR
C TIO3/IHO PEIVIMIUPYIOIIUMUCA PAUOHAMMU B IIOJIMTEHHBIX
XPOMOCOMAX DROSOPHILA MELANOGASTER HE MEHSET CTATYC
PEIIVIMKALIUHN
Ioxonxosa I'.B., Anopeenxos O.B., Anopeenxosa H.I'., Boaxosa E.U., bensesa E.C.,
Jlemaxoe C.A.
HNuctutyT MonekynsapHoit u kinetounoit ouonorun CO PAH, HoBocubupck

NHcynsaTopel SBIAIOTCS OAHUM M3 KIIOUYEBBIX KOMIIOHEHTOB, OMPEICISAIOIINX JOMEHHYIO
opranmzanuio TeHoMa. CoriacHO COBPEMEHHBIM IMPEACTABICHHUSM, OHU Y4YacTBYIOT B
o0ecrieyeHU KOHTAaKTOB MEXAy YyAaleHHbIMH mocienoBarenbHocTssMu JIHK, d9ro cozmaer
MPaBUIBHYIO TPEXMEPHYIO OpraHW3allii0 WHTep(ha3HOro siapa W 00ECHeunBaeT PETYJIISAIHIO
TpaHCKpUIUUU. B Hacrosiiee BpeMsi aKTUBHO H3Yy4arOTCS TOHKHE MEXaHU3Mbl (OPMHUPOBAHUS
(yHKIIMOHATBHBIX TOMEHOB.

MBI BiccnieoBaIy BIMSIHAE KTOMMMYECKOTO CBSI3bIBAaHUS MHCYIsTOpHOTO O6emka Chromator
Ha CTPYKTYpPy XpOMaTHHA U BPEMs PEIUTMKAIIMU JBYX MMO3HO PETUIMIMPYIOMUXCs AUCKOB 10A1-2
n 11A6-9 B mOMUTEHHBIX XPOMOCOMaXx CIIOHHBIX kene3 D. melanogaster . B Hopme 3TOT Genok
BBISBIISIETCS B MEXKIMCKOBBIX pallOHAaX MOJUTEHHBIX XPOMOCOM, OOecreduBasi B KOMIUIEKCE C
IpyruMu OenkaMu crieluUIHBINA TUCKOBBIM PUCYHOK XPOMOCOM, T.€. YepEAOBaHNE KOMITAKTHBIX
U JEKOMIAKTHBIX yYacTKOB XpoMaTHHa. MEXIUCKU ABIAIOTCA paiioHamu Jokanuzanuun ORC-
KOMIUUIEKCA M TIEPBBIMHU 3aKaHYMBAIOT perumkanuioo. Hamportus, aucku 10A1-2 u 11A6-9
OTHOCSITCS K pallOHaM HMHTEPKASIPHOTO TeTepOXpOMaTHHA, KOTOPbIE OTIWYAIOTCS OOJIBIIUMU
pasMepamu, IIOTHOM ynakoBkod JIHK, oOTCyTCTBMEM TpaHCKpUIILMM U MECTOM IOCAJIKH
rerepoxpoMatuHoBoro Oenka SUUR, KOTOphI TPUBOAUT K 3auepkke perutakaruu. s
npusnedeHue Oeiaka Chromator B 3T nucku ucnoibzoBanu cuctemy UAS>GAL4-DBD. beuin
CUHTE3UPOBaHbI U TpaHC(HOPMUPOBAHBI B MyX JIBe TeHeTndeckue KoHcTpykiuu: hs-GAL4-DBD-
Chromator-MYC un hs-GAL4-DBD-MYC (xouTposnb). @yHKIMOHANIbHAS 3HAYUUMOCTh NIEPBOI U3
HUX OBLTa MOJTBEPXK/IEHA BOCCTAHOBICHUEM JKU3HECTIOCOOHOCTH MYyX, HECYIINX JICJICIIUH 110 TEHY
Chromator-.

NMMyHOOKpalivBaHue MOJUTEHHBIX XPOMOCOM aHTUTENaMHU MPOTHB TMCTOHOBBIX OEIKOB
HI1, H3 u rerepoxpomaruHoBoro D1 mocie uHAyKuMU 3Kcrnpeccun xumepHoro oenka GAL4-
DBD-Chromator-MYC BbisiBunio paciuerienue 1uckoB 10A1-2 u 11A6-9. B nucke 11A6-9 B

JIEKOMITAaKTU30BaHHOW 00JacTu Obula OOHapyKeHa KOJIOKAJIW3AIUsl CUTHAJIOB aHTHUTEN MPOTUB
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Chromator, rtucronoBoit Tpachepazsi WDS wu rtucronoBeix wmetok H3K9ac u H3SI10.
OkTonuyeckoe cBs3biBaHue Oenka Chromator mpuBieKano B JEKOMIIAKTH30BaHHYIO 30HY JIMCKa
XPOMAaTUHOBBINH Oenok Z4 u uHcynstopHelii 6enok CP190. Oagnako Hanuuue B pailoHE METOK
aKTHUBHOTO XpOMAaTHMHA HE MOBIHUUIO HA YCWUJICHWE TPAHCKPHIILIMU T'eHa mini-white B cOCTaBe
TpaHCNo30Ha, coaepskamiero UAS-nocnenoBaTeIbHOCTH.

MpbI uccienoBaid IUHAMUKY PEIUIMKAIMM XpOMOCOMHOro paitoHa 11A6-9, ucnons3ys
MMMYHOOKpAIlIMBaHUE XpOMOCOM aHTUTenamMu mpoTuB Oenka PCNA, KoTophwlil sBisieTcs
MH/INKaTOPOM aKTHBHOHM peIUTUKAIMH. B yCIOBUSAX MHIYKIMM XHMEpHOro Oenka u 0e3 Heé Ha
CTaJUM MO3JHEHN peIuIMKalMU, B AApax PEIUTMLMPOBAINCH €AUHUYHBIE TUCKU UHTEPKAISIPHOIO
rerepoxpomMatuna, Bkitodas 10A1-2, 10A116-9, u npurieHTpoMepHBI reTepoxpomMatuH. [Ipuyem
Ha CaMbIX TO3IHUX CTaAusX, Korja OombInas 4acTh Aucka 11A6-9 yxe 3aKoHUMIA PEILTUKALIUIO,
HMEHHO B JEKOMIIAKTHOW 30HE HAOIIONAIM KOJOKAIM3amuio curHajgoB Ha Oeinxm Chromator u
PCNA, T.e. HanmuuMe AEKOMIIAKTHON 30HBI M INMPHUCYTCTBUE Mexauckoro Oenka Chromator He
BJIMSUIO Ha BpeMs 3aBEpPIICHUS PETUIUKALIUH.

Takum o0Opa3oM, oskronuueckoe mpuBiedueHue Oenka Chromator He cmocoOGHO
chopMHpPOBATh MOJTHOLICHHBIM Oapbep MEXIy XpOMAaTHHOBBIMU pallOHaMH, KOTOPBIE OCTAIOTCS B

COCTaBE OJIHOTO PEIUIUIMPYIOLIETOCs JOMEHA.

KAPUOTHUIINYECKASA 3BOJIIOINA PbIb CEMEVCTBA GOBIIDAE
IIpasonuxos /].B.

HNuctutyT npo6iiem sxonorun u sBostonun uM. A.H. CeseprioBa PAH, r. MockBa
pdvfish3409@rambler.ru

Hns  cemeiictBa  OblukoBbIX pbl0  (Gobiidae) xapakrepHa BBICOKash  CTEIEHb
KapHOTHIIMYECKOTO pa3zHooOpasus: 2n=29-56, NF=38-96. Kapuomoruueckas reTeporeHHOCTb
YBEJIMYMBAETCS 32 CUET XPOMOCOMHOM WM3MEHYUBOCTU: MOJIUMOPPU3MA U MEKIOMYJISILIMOHHOM
mubdepeHIManuy KapuoTUIIOB. BOJIBIIMHCTBO BUIOB OBIYKOBBIX PBIO, ISl KOTOPBIX XapaKTepeH
XpOMOCOMHBIN TonuMopdusm, oduraror B CpenuzemHomopckoM u Kacmmiickom OacceitHax (k
HACTOSIIEMY BpEMEHU MOTMMOPPU3M 0OHApYk)eH y 15 BumoB).

Cpenu 4epHOMOPCKO-KaCIMMCKUX BUIOB XPOMOCOMHAs M3MEHUHMBOCTH HaONIOAaeTcs y
Hambosee TMO3JHO JAMBEPrHUPOBaBLICH  (PHUIOTEHETHYECKOW JIMHUM  OBIYKOBBIX PBIO Y
npencraButeneid poaa Ponticola. JIns BUAOB W3 3TOTO poja XapaKTepeH HauOONbIINN YPOBEHb
XpOMOCOMHOT0 TofuMopdusma (P. gorlap) M MEXIIOMYIISIIMOHHON W3MEHYHUBOCTH (P. syrman, c
KpalHUMH TOMO3WTOTHBIMH BapuaHTaMHU KapuoTUNoB — 2n=40 u 2n=32) mo CpaBHEHHUIO C
IPYTUMH poJaMHu OBIYKOB. POOEpTCOHOBCKHME TpaHCIOKAIMM SBISAIOTCS OJHOM W3 Haumbosee

IIMPOKO PaCIpPOCTPAHEHHBIX XPOMOCOMHBIX MEpPECTPOEK, Y4acTBYIOMIMX B AupdepeHuuanuu
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KapHUOTHUIIOB YepHOMOpCcKo-Kacnuiickux Gobiidae. C mepecTpoiikaMu poOEPTCOHOBCKOTO THIIA
CBA3aHO TosiBlIeHHe mnonuMmoppusma y 83% ObIUKOB, C OOHApYyXKEHHOH XpOMOCOMHOMN
M3MEHYUBOCTHIO, U3 YepHOoMopcko-Kacnuiickoro 6acceiiHa. BombInoi mpomeHT mepecTpoek B
BUJie POOEPTCOHOBCKUX TPAHCIOKAIM, BEPOSATHO, MOXKET OBITh OOYCJOBJIEH COCTaBOM
IIEHTPOMEPHOTO TeTepoXpoMaTuHa (IIEHTPOMEPHBIX oOyactel, Oorateix [-1] HykieoTumamm
care;umtHor JIHK).

Ha ocHOBaHuuM NoMyYeHHBIX HAMH JIaHHBIX U B COBOKYITHOCTH C paHee OMyOJINKOBaHHBIMU
pe3yibTaTaMu CIellaH BBIBOJI, YTO BEPOSATHBIN NMPENKOBBIM KapHOTHI uisi cemeilicTBa Gobiidae
cocTosl U3 46 aKpoLEHTPUUECKUX XpoMocoM (2n=46a). B Hacrosiiee Bpems TakoW KapUOTHUII
XapakTepeH MJIs 1eJI0ro psaa BUI0B U3 noacemeicTB: Gobiinae n Oxudercinae. Bo3moskHo, 4To
TUIUIOUMHOE YHCIO XpOMOCOM paBHOe 46 sBISE€TCS WCXOAHBIM JUIS BCEro MOAOTpsAa
osruxoBuaHbIe (Gobioidei). Tak, nns cemeiictBa Eleotridae MoganbHOE 4ncio XpoMocoM — 2n=46,
NpUuéM y HEKOTOpBIX IpeacTaBUTeNel ponoB Eleotris v Butis KapuOTHUI COCTOUT TOJBKO W3
AKPOLIEHTPUUECKUX DJIEMEHTOB.

B xone sBomronun kapuotuna B cemeiictBe Gobiidae mpoucxoauno Kak yBeIHYEHUE, TaK
U YMEHBIICHHE YUCJIa XPOMOCOM M XPOMOCOMHBIX Ijied. OHAaKO 3TH MPOIECChl CYIIECTBEHHO
OTJIMYAINCh MEXKAY Pa3HBIMH TPyNIaMHd BUIOB W TOJCEMEHUCTBAMH, KaK IO OTHOCHUTEIHLHOU
4acTOTe, TaK M MO XPOMOCOMHBIM INepecTpoiikaM. OCHOBHBIM HaIpaBJIEHUEM KapUOTUIINYECKON
’BONMIOIIMM B mojcemeiictBe (Gobiinae SBISETCS YMEHBUICHHE YHCIA XPOMOCOM, TJaBHBIM
o0pa3om, 3a c4€T pOOEPTCOHOBCKHUX TpaHCIOKAalUMK. DTO HampaBiieHHEe Hamboyiee BBIPAKEHO B
npezesiax TaKCOHOB 0ojiee HU3KOTO paHra, B 4YacTHOCTH, B pomax Gobius u Ponticola.
TpanciokanusmMu poOEPTCOHOBCKOTO THMA OOYCIOBIEHO TMOSBICHHE MaJOXPOMOCOMHBIX
KapUOTUIIOB Y UYEPHOMOPCKO-KACIIUUCKUX OBIUKOB: Mesogobius batrachocephalus (2n=30;
NF=46) u Ponticola kessleri (2n=29, 30; NF=46). Jlpyrue HampaBieHHUS 3BOIIOLHUOHHBIX
npeoOpa3oBaHuil KApUOTUTIOB B mojceMeiicTBe Gobiinae, CBS3aHHBIE C POCTOM YHUCIIA XPOMOCOM
(B OCHOBHOM 3a CUET IIEHTPUYECKUX pa3/IeJICHU) U XPOMOCOMHBIX IIed (B OCHOBHOM 3a CYET
WHBEPCHI1), MEHEe BBIPAKEHBI U XapaKTEePHbI I HEOOIBIIOTO YKCIa OTACIBHBIX POJAOB U BUIOB.

s npyroro mojaceMeirictBa ObYKOBBIX - (Gobionellinae OCHOBHBIM HampaBICHHEM
KapHOTHUITMYECKON SBOJIIOLUH SIBISIETCS YBEJIWYCHUE YHCIAa XPOMOCOMHBIX TUIEY B pPE3yJbTaTe
MEepPecTpoeK, BEAYIIMX K CMEHE IIOJIOKEHUS LIEHTPOMEpPHl, MPEUMYIIECTBEHHO 3a CYET
MIePUIICHTPUYECKUX WHBepcHid. JIJis KapuOTHUIIOB OONBIIMHCTBA BHJIOB U3 ITOTO IMOJACEMENCTBA
XapaKTepHO yBEIMYEHUE KOJIMYECTBA JABYIICUYUX JIEMEHTOB IPH MOCTOSTHHOM YHUCIIE XPOMOCOM.

OCHOBHBIC HAINpaBJICHUS JBOIONMOHHBIX NpPeoOpa30BaHUIl KapUOTHUIIOB B CEMEWCTBE

Gobiidae paznuyarorcs reorpadudeckd MeXAy TpyImnaMu BUIoB u3 YepHomopcko-Kacmnuiickoro
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OacceitHa 1 ceBepo-3araiHoi YacTH TUXO00KEeaHCKOTo OacceiHa, YTO TaKXKe MOXKET OBITh CBSI3aHO

C pa3HbIM BpEMEHEM JTUBEPreHIINH.

MOCTPEILTAKAIIMOHHBIN XPOMATHH, KAK TIPUUNHA ®OPMUPOBAHMUSI
XPOMOCOM U XPOMATHUHOBBIX I'NIBIBOK UHTEP®A3HOI'O A/1PA
Paghaunos A.M., Paghaunosa M.A.

Cesepo-BocTouHbIN (henepanbHbiii yHuBepcuTeT M. M.K.AMMocoBa

Skyrck, yn. benunckoro, 1. 58. E-mail: archinay@mail.ru

Paznuuus mexay mnpeaperuiMKaluOHHbIM M MOCTPEIUIMKAIIMOHHBIM XPOMATUHOM 10
HACTOSIIIETO BPEMEHH OCTaBAJIMCh HE3aMETHBIMHU U HE MPHUBJICKAINW BHUMAHUS HCCIIEIOBATENCH.
Opnako pasznuuus HMMEIOT MECTO M OHHM OKa3aluCh BAXKHBIMHM JUISI OOBSICHEHMS ITUHAMUKU
CTPYKTYPHO-(YHKIIMOHAIBHBIX CBOMCTB XpOMAaTHHA, HAOMIOJAaEMBIX B TEUEHUE KJIETOYHOIO
mukna.  M3BecTHO, dYro  OCHOBHOW  (opmoil  mHTepdasHOro  XpomMaTHHA  SIBISETCA
HYKJICOTUCTOHOBAsI HUTH ¢ quamerpoM 11 uM. KonudecTBo Takux HHUTEH B siape, MO-BUIUMOMY,
COOTBETCTBYET KOJMYECTBY XPOMOCOM KapUOTHMA. YCTAaHOBJIEHO TAKXE, YTO XPOMATHHOBBIE
HUTH CIOCOOHBI K MHOTOKPATHOW CIUpaliu3alliid U KOHJeHcaluu. B pe3ynbpTare mepBoro srama
CIUpanu3allii ¥ KOHJeHcaluu o0pasyrorcs HuTH ¢ auamerpoM 30 HM. JlanbHeimwe STambl
CIUpaNu3allid W KOHJEHcanuu, mnpoucxoasmue B G, mnepuome wHTEpdas3bl, TPHUBOIAT K
YTOJIIEHUI0O U YKOPOYEHHMIO XpOMAaTWHAa U 00pa3oBaHUIO Mpoda3Hbix XpomocoM. [Ipuunna
M3MEHEHUH XpOMaTHUHA OT HUTEBUAHON CTPYKTYPHI 10 POPMHUPOBAHUS XPOMOCOM OCTaBajiach 10
HACTOSILIETO BPEMEHU HE MOHATHOM U 3aral0uHOM.

[Ipuumna W3MEHEHUH XpOMaTHHa 00BsICHSIETCS TEM, 4TO CTPYKTypa
MPEAPEIUIMKALMOHHOIO XPOMAaTHHA CYIIECTBEHHO OTJIMYAETCS OT IMOCTPEIUIMKAMOHHOIO.
Pennukarnus xpomatuHa B S mepuoae mHTepdassl yasanpaer konudectBo JIHK, a xonuyectBo
TUCTOHOB JJISI HyKJICOCOMHBIX JTUCKOB B SIJPE HE U3MEHSIETCSI U OCTAETCsl HAa NIPEKHEM ypoBHE. B
CBSI3M C OTUM B TEUYEHUE PEIUIMKAIMKU OOpa3ylOTCs CECTPUHCKHE XPOMATHUIIbI, KOTOPHIC
MPEJICTABISIIOT HOBYIO JOYEpHIO (OpMy XpOMAaTHHA C JABYXKPATHBIM JA€(PUIMTOM THCTOHOB
(TTOTYTHUCTOHOBBIN XPOMATHH WJIM MOTyXpoMaTHH). [Ipu oTCyTCTBUM CBOOOIHBIX THCTOHOB B SIAPE
YU MEMJICHHOM HMX MOCTYIUIEHWH U3 IUTOIIIa3Mbl COCTOSIHHE IMOJIYXPOMAaTHHA COXpAHSAETCS OT S
neproAa wWHTEpdasbl 0 pa3pylieHUs sAepHON oOonouku B mpomeradasze. Bce 3rto Bpems
MOCTPEIUIMKAIIMOHHBIA TMOJYyXpOMAaTHUH IOABEPraeTCs OYEpEeAHBbIM JTalaM CHIHUpAIU3alud U
KOHJICHCAllUM U TpeBpamaercss B XpoMocoMbl. ClieoBaTeNbHO, CIUpANM3alUs U KOHJICHCALIUS
SIBIISIFOTCS. CBOWCTBOM TOCTPETUIMKAIIMOHHOTO Ie(DUIIMTHOTO TI0 TUCTOHAM JJOYEPHETO XpOMaTHHA,
MOJIyXpOMaThHa. OTH JBa CBOWCTBA TMOCTPEIUIMKAIMOHHOTO XPOMAaTHHA, TIOJyXpOMAaTHHA,
o0ecreynBaroT NMpeBpalleHne HUTEBUIHOTO XpOMaTHHA B XpPOMOCOMBI OT S mepuoaa uHTepdassl

10 MeTagasbl.
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HoBble rUCTOHBI CUHTE3UPYIOTCS B LIUTOIUIa3Me. SliepHbIe MOPHI HE CIIOCOOHBI TPOBOAUTD
B SIIPO BCE HOBBIE THCTOHBI LUTOIIA3MbI. [103TOMY Mpu 1I€TI0CTHOCTHU SIAEPHON 000JIOUKU B AIpE
MOAJEP>KUBACTCS A€(PUIIUT TUCTOHOB, COXPAHSIETCS CTPYKTYypa MOTyXpPOMAaTHHA M MPOJONIKACTCS
Cro cChupain3alnus. BSaHMOHGﬁCTBHe HOBBIX THUCTOHOB MOHUTOIUIa3Mbl C MOJIYXPOMKATHUHOM
XpPOMOCOM HA4YHMHAETCS TOJBKO IOCIE paclaia siIepHO 000J04YKM B mpomeTadase. BsS3kocTb
HYKJI€O- U IMTOIUIa3Mbl TPEMATCTBYET HUX OBICTPOMY CIHSHHUIO, TO3TOMY B MeTadase
MOJTyXPOMATHH €Il[e COXpaHsieT Haubojee COUpaIN30BaHHYIO (OPMY U ONTHUMAIBHO MPOSIBISET
CBOC XpOMOCOMHOC CTPOCHUC MTPU UTOJIOTHUICCKUX UCCIICIOBAHUAX.

B anadaze-tenodaze Habmromaercs mnporecc oOpaTHBIH MPOUCXOASIIEMY OT S TIepHOAa
untepdaszel 10 Meradaszpl. CnusgHue AePUIUTHON MO TMCTOHAM HYKJIEOIIa3Mbl C HACHIIIEHHOM
CBOOOAHBIMU THCTOHAMHU ITUTOIIA3MOM OTKPBHIBAET MACCUPOBAHHBINA JOCTYN TOCIEIHUX K
NOJIYXpOMATHHY XPOMOCOM. HoBble THCTOHBI noJiydaroT JOCTYyII K FJIYGOKI/IM CJIOAM
noilyxpomarnHa.  HadymHaeTcss  MacCHpOBaHHOE  BOCIOJHEHHWE  HEIOCTaTKa  THCTOHOB
MoJlyXpoMatrHa XxpomocoM. [lpu 3ToM OTAenbHBIE YYacTKH MOJIYyXpOMaTHHA XPOMOCOM paHBIIIE
JPYTHUX MOJHOCTHIO BOCCTAHABIMBAIOT HEJAOCTAIOIINE TUCTOHBI M MPEBPAIAIOTCS B TOTHOLIEHHBIH
[0 THCTOHAM XPOMaTHH, KOTOPOMY XapakTepHa HUTeBHUIHAs (opma ¢ auamerpoMm 11 M. Takue
YYaCTKH XPOMOCOM JIECTIMPATM3YIOTCS, OOPETAI0T HUTEBHIHYIO (DOPMY M TIOCTETIEHHO MCYE3af0T
W3 TOJS 3pEHUsi CBETOBOro MuKpockoma. [locTeneHHoe mpeBpalleHHe MOJyXpoMaTHHA B
TIOJIHOIICHHBIN MO0 THCTOHAM HUTEBUIHBIA XPOMATHUH LUTOJOTUYECKU TMPOSBIAETCS TEM, UTO
XPOMOCOMBI PA3PLIXJIAOTCA, TCPAIOT YCTKOCTh KOHTYPOB U MOJIHOCTHIO MCYC3AI0T U3 MOJIA 3PpCHUA
CBETOBOT'O MHUKPOCKOIIA B TIO3/IHEH Tenodase.

B wunTepdazHoM spe mnpu  CBETOBOM MUKPOCKOMHMHM OOHAPYXHBAIOTCS  TOJIBKO
OTHOCHUTENIFHO TOJICTBIE XPOMATHHOBBIE HUTH U TABIOKH, a B fAApax KIETOK >KEHCKOTo IoJia
YeoBeKa U MIIEKOMTUTAIONIUX MOJI0BOM XpoMaTHH. B G mepuoze riibIOKK MpeaCcTaBIsOT OCTaTKH
MOJIyXpOMaTHHA XPOMOCOM, KOTOpBIE HE YCIENH TOJHOCTBIO BOCIIOJIHHUTH CBOM HEIOCTAIOIIHNE
TUCTOHBI U OT/AENBHBIE YYACTKH X COXPAHWIN CIIUPATU30BaHHYIO (POPMY MOCTPEIIMKALMOHHOTO
XpoMaTHHA, T.€. 3TO OCcTaTKu XxpomocoM. B S u G, mepuoze riaplOKu MOTYT MPEACTaBIATH PaHO
pPEIIMIUPOBAHHBIE U PAaHO CHMPAIU30BAHHBIE YYAaCTKHM IMOayXpomarvHa. IIoCkoibKy mos0BOM
XpOMaTHH IMpPEICTaBIsET COOOM HMHAKTHMBHUPOBAHHYI0 X XpOMOCOMY, TO aHAJOTUYHO 3TOMY,
COXpaHEHHUE MOIYyXPOMATUHOBBIX Y4aCTKOB XpoMocoM B (G EpHOe MOXKET OKa3aThCs OJHUM U3
CHOCOO0B JUTENHLHOTO OJOKMPOBAHHS TPAHCKPUIILIMOHHONW AaKTUBHOCTH PEIKO BKIIIOUAEMBIX
T'CHOB.

KiroueBsle cnoBa: Xpomocoma. XpomaruH. [lomyxpomarnH. XpOMOCOMHBINM IHKII

Permukanus.
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CALOMYSCUS. KAXKJIAS OCOBb — HOBBIA BU/JI?

Pomanenko C.A. 1’2, Manuxoes B.Fj, Lspeuw ,ZZ.4, Maxmyou A.4, Tonenuwes @.H’

'MucTHTYT MOTeKyIsIpHOiT 1 Ki1eTouHo# 6uonorun CO PAH, r. HoBocuGupck
2H0300H6Hp01<1/1171 rocyJapCTBEHHBIA YHUBEpCUTET, T. HoBocnOupck

33000rHUecKHit uHctutyT PAH, 1. Cankr-IlerepOypr

4PO,Z[CHTOJ'IOFI/I‘ICCKI/II71 neHTp buonorundeckoro dakynprera YHUBepcuTeTta dupnoycu, Memxes,
Hcnamckas Pecriybnmka Mpan

rosa@mcb.nsc.ru

MpeimeBuanble xoMmsiuku poja Calomyscus TpencTaBISIOT cOOOW OJHY M3 CaMbIX
3araJIoYHbIX TPYII MBIIIEBUIHBIX TPBI3YHOB. 3HAYUTENBHYIO CIOXHOCTh TPH OMpPEIEICHUU
BUJIOB CO3/Ia€T CYIIECTBEHHOE MOP(OJIOTHYECKOE CXOJACTBO OCOOEH M3 pasHbIX MOMYJISIHA,
BEPOATHO, TMO3TOMY JO CHUX IOp HE YCTaHOBJEHO TOYHOE KOJIMYECTBO BHUIOB BHYTPH pOa.
[{uToreHeTnueckue NaHHbIE CKYIHBI, HO YKa3bIBaIOT HAa 3HAUUTEIbHBIC BapHAIlMM KaK [0 YHUCITY
XpOMOCOM, TaK M0 UX MOP(OIOTHH, PUCYHKY O9HIMHTa U KOJIMYECTBY reTepoxpoMaTuHa. B cBsa3u
C OTHUM aKTYyaJbHBIM SBISETCA AETAIbHOE KapHOTHIIMPOBAHHE O0COOEH M3 MECT MEPBOOIMCAHUS
HOMUHAIIBHBIX (POPM ISl OTIPEICIICHUS TUTTOBBIX KAPHOTHIIOB.

Hamu mnomy4eHsl JWMHUM KyJIbTyp KiI€TOK 4 0co0eil MBIIIEBUIHBIX XOMSYKOB,
OTJIOBJICHHBIX B pa3HbIX Toukax Upana: C. elburzensis (CELB1f, camxa) u C. bailwardi (CBAIIL,
caMKa) M3 THMOBBIX MecT oburtanus ropa Kypk-Xyxa (mpos. Bymxuypa) u ropox Msze (mpos.
Xysucran), coorBerctBeHHO; Calomyscus sp. (CSP17m, camenr) u3 okpectHocteit ropoaa Illaxp-
e-Kopn (mpoB. baxtuapus); Calomyscus sp. (CSP18f, camka) u3 mocenka Anonu (TIpoB.
baxtuapus). V3 kaxmoil KynbTyphl KJIETOK HaMHU OBLIM MOJYYEHbI CYCHEH3MH MeTadazHbIX
XPOMOCOM H MPOBEACHO UX KapUOTUIIHpOBaHue ¢ mpuMeHeHneM C- u G-oKpaiinBaHusl.

[Tokazano, uyrto kapuotun CELBI1f umeer B numioungHoMm Habope 44 XpOMOCOMBI,
XapaKkTepU3yeTcss HaIWYUeM TreTrepoMopdHON mapbl XpoMocoMm 11, KOpOTKHME TUIeYd BCEX
xpomocoM C-no3utuBHbIe. OCTalbHBIE UCCIIEJOBAHHBIE OCOOM UMEIOT B IUIUIOMIHOM Habope 1o
46 XpoMOCOM M XapaKTEPH3YIOTCS MajbIM KOJIWYECTBOM Te€TEepOXpoMaTHHA (IPULIEHTPOMEPHBIE
palioHbl XpoMocoM), BeisiBisieMoro mpu C-okpammBanuu. CBAILf HeceT rerepoMopdHyto mapy
xpomocom 10. Ocobu CBAILf, CSP17m u CSP18f umeroT rerepomopdHyr0 mapy MOJIOBBIX
XpOMOCOM, TMPEACTABICHHYI0 KPYMHBIM CYOMETAlleHTPUKOM H aKpOIEHTPUKOM. BaxHO
MOJYEPKHYTh, YTO PHCYHOK OSHAMHIA 3TUX TOJOBBIX XPOMOCOM OTJIMYAETCS OT PHUCYHKa
0snauHra X-xpomocom ocodbu CELBIf. Kpome Toro, monossie xpomocombl camok (CBAIILL,
CSP18f) u camma (CSP17m) cxoxu Kak 1o Mop(oJoTuu, Tak U 1O PUCYHKY OdHIMHTA.

Kapuotuner CELBIf u CBAIIf, onucanHele B JaHHOM paboTe, OTIMYAIOTCA OT
OMyOJIMKOBAHHBIX paHee JUIsi 3THX BHJOB KaK MO YHCIY XPOMOCOM, TaK U IO HAIMYUIO U
pacnpezeneHuto 0J0koB rerepoxpoMaTiHa. IlockoabKy nccieoBaHHbIE HAMH OCOOU OTJIOBJIEHBI

B THUIIOBBIX MECTax O6I/ITaHI/I$I, TO MMCHHO HMX KapUOTHUIIBI CJICAYCT pacCMaTpuBaTh KaK THUIIOBLIC
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st BunoB C. elburzensis u C. bailwardi. Kapuotunsl, momno0HbIe OOHApPY>KEHHBIM HaMH Yy
CSP17m u CSP18f, panee B nurepaType HE MIPEIACTABICHBI.

Takum o0OpazoMm, Bce 4 o0coOH, HUCCleqOBaHHbIE B pabOTe, UMEIOT KapHUOTHUIBI, HE
ONHCaHHble paHee M XOMSukoB pona Calomyscus. Pe3ynpraTbl paboThl YKa3bIBAlOT Ha
HEOOXOMMOCTh TIPOBENEHHS JAIbHEHIIEro KapUOTUITUPOBAHHUS MBIIICBUIHBIX XOMSYKOB C
LEeNbI0 OMNpeAeNieHUs] THUIOBBIX KapHUOTHIIOB HEOOXOIMMOTO /Jisi TaKCOHOMUYECKOW peBHU3HH
TPYIIIBL

PaGota BwimonHena mnpu mnopnepxkke POOU u ywactum 3UMH PAH (rocrema

Ne 01201351185).

I'EHOMMKA OJHOIIOJIBIX IIO3BOHOYHBbLIX - TAPTEHOI'EHETHYECKHUX
BUAOB AINEPULl POJAA DAREVSKIA

GENOMICS OF UNISEXUAL VERTEBRATES — PARTHENOGENETIC LIZARD
SPECIES OF THE GENUS DAREVSKIA
Puickos A.IY.I, Bepaeyn A.A.I’Z, T'upnvixk A.E. 1, Ocunos cD.A.I‘Z, Cemenosa C.K. 1,
3 3 1

Omenvuenxo A.B.”, Ilempocan B.I'.", Kopuaeun B.U.
: WuctutyT 6nonorun rena PAH, Mocksa
2 MOCKOBCKHif [le1arOrH4eCKHiA rOCyIapCTBEHHBIN YHUBEPCUTET, MOCKBa
3 MucTtuTyT npo6iiem sxonorun 1 3somonun uM. A.H. Ceseprea PAH, Mocksa
ryskov@mail.ru

OTkpbITHE OTHOMONBIX (MapTeHoreHeTndyeckux) BuaoB siepui U.C. JapeBckum B 1958 1.
MOCTAaBWJIO PsIJT 0OLIEOMOJIOTHUECKUX BOIIPOCOB IO CHEIM(PUKE MX KAPUOTHUIIOB U T€HOMOB,
MeXaHU3MaM KJIOHAJIBFHOTO BOCIPOM3BOJCTBA, (OPMHPOBAHUS TEHETHUYECKOTO Pa3sHOOOpasws,
MIPOUCXOXKACHUS U 3BOJIIOIMHU. PaHee ¢ MOMOIIBI aHAIW3a aUI03MMOB M MHUTOXOHJIPUAIBHOMN
JHK (mtJHK) Opl710 ycTaHOBIEHO, YTO OJHOMOJBIE MO3BOHOYHBIE, B TOM YHCIIE, MTAPTECHOBUIBI
pona Darevskia, BOZHUKII B pe3yibTaTe MEXBUAOBON rMOpUIU3alIU 0COOCH IBYIONBIX BHIIOB,
T.e. NyTeM TUOpHUIOreHHOro BHJ000pa3oBaHud. Ilpennonaraercs, YTO UX TEHETUYECKOE
pa3zHooOpa3ue CBS3aHO C KOJMYECTBOM aKTOB TMOpUIU3allMU, MYyTalUsIMU U PEKOMOMHALUSIMU
JIHK. Jlna Bcex mapTeHOBHUIOB Ipynmbl Darevskia OblT MOKa3aH HU3KUNA YPOBEHb T'€HETHYECKOTO
U KJIOHAJIBHOTO pa3zHooOpasuss mnpu aHanuze noiaumopdusma MTAHK u Genko. Onnako
npuBiedeHne Oosiee IPPEKTHBHBIX T€HETUYECKHX MapKepOB, HANpPUMEpP, MUKPOCATEIUIUTHBIX
JIHK, moxeT naTh NpUHIMIHAIBHO HOBBIE pe3yibTaThl. B Hacrosmielr paboTe MpoBeIeHO
TeHOTUITUPOBAHUE MAPTEHOTEHETUYECKUX nomymsuuil D. armeniaca (n = 129), D. rostombekovi
(n =42) u D. dahli (n = 111), ucnionp3ysi nmoimuMop(dHbIE MUKPOCATEIUIMTHBIE JTOKychl Du2l5,
Du281 u Du323. BrisBienue amieneil B MCCIECIOBAHHBIX BBIOOpKAaX MPOBOAMIN C TMOMOIIBIO
MoHosiokycHoit IIIIP wu »snekrpodope3a aMmmndUKaHTOB B TOJHUAKPHIAMHIHOM TeJle.

OmnpeneneHre MOJEKYJSPHOW CTPYKTYpbl ajljiesieil MPOBOAMIM IMOCHE MX KIOHHUPOBAHUS WIH

152



HPSMBIM CEKBEHHPOBAHHEM H30JIMPOBAHHBIX MHIMBHUIYAIBHBIX aMIUM(uKkaHToB. I1o coueranuro
ayuternell MEKpOCATEIUTUTHBIX JIOKYCOB OBUIH yCTaHOBIICHBI MHUBHIYJIbHBIE TEHOTHITBI [T BCEX
ocobell m3yueHHbIX BHJIOB. OcoOuM C OJMHAKOBBIM TE€HOTUIIOM (DOPMUPOBAIN OT/EIIbHBIE
KJIOHAJIbHBIE JHMHUU. B pe3ynprare 1o JaHHBIM MOTUMOpP(H3Ma TpeX JIOKYCOB OBLIO
JIETEKTUPOBAHO 7 KJIOHOB y D. armeniaca, 5 koHOB y D. rostombekovi n 11 xinonoB y D. dahli.
Cpenan HHMX OBUTH BBISBICHBI KaK Ma)KOPHBIC KJIOHBI, MPEACTaBICHHBIE OOJBIINM KOJIHMYECTBOM
oco0eil B pa3HBIX MOMYJISALUAX, TAK U PEAKHE KIOHBI, IPEICTABICHHBIC OJHON MIIM HECKOIBKUMHU
0co0SMH B OJHOW WM ABYX NONyJsiusax. [lolukiIoHanbHash TeHETHYECKas CTPYKTypa Obuia
yCTaHOBJIEHAa HE TOJNbKO Aisl D. armeniaca v D. dahli, no n nns D. rostombekovi, KOTOpbIN 1O
JAHHBIM AJUIO3MMHOTO aHanu3a ObUI OTHECEH paHee K MOHOKIOHaIbHOMY Buay. Ilpemnoxen
HOBBIU CIIEHapUil MPOUCXOXKIeHHs apTeHoBuaa D. dahli, coriacHO KOTOPOMY Kak MUHUMYM TpU
KJIOHA BO3HUKJIM B pe3yJbTaTe HE3aBHCHUMBIX aKTOB MEXBHMIOBON TMOPHIU3AINH, a OCTAJIbHBIC
MPOM30IILIN B PE3yJIbTaTe MUKPOCATEIUIMTHBIX MYTaIlil B HCXOIHBIX KIIOHAX.

Pa6ota ¢punancupoBanace rpantom PH® Ne 14-14-00832.

XAPAKTEPUCTHUKA HOBOI'O TAHAEMHOI'O ITOBTOPA B COCTABE
W XPOMOCOMBI JIOMAIITHEHN KYPUI1bI
Caiigpumounosa A.®@., Komuccapos A.C., I'ankuna C.A., Kowenv E.U., Kynax M.M.,
O'Bpatien C./]., 'acunckas E.P.
Cankr-IlerepOyprekuii rocyaapcTBeHHbll yHUBepceuteT, Cankt-IlerepOypr, Poccus
a.saifitdinova@spbu.ru

B renmome nrun ofmee coaepkaHWE IOBTOPSAIOLIMXCS — IOCJIENOBATEIBHOCTEH
CYIIIECTBEHHO HI)KE, UeM B F'€HOMax MpPeJCTaBUTENIEeH APYIHX KJI1accoB MO3BOHOUYHBIX (Zhang et al.
2014), mpu H3TOM H3-32 OIPAaHUYEHHBIX BO3MOYKHOCTEH COBPEMEHHBIX TEXHOJIOIMH
CEKBCHHPOBAHMsI  IOJIHBIX T'€HOMOB  JAJE€KO HE BCE TaHAEMHO  I[OBTOPSIOIINECS
M0CJIEI0BATENBHOCTH, B YACTHOCTH B TEHOME KYpHIIbL, BBISIBICHBI U OXapakTepu3oBaHbl. C 1ENbI0
UCCIIEIOBAaHMsI HEU3BECTHBIX Haubojee pacrnpocTpaHeHHbIX mnoBTopsiomuxcs JHK  mbl
MPOAHAIM3UPOBAIIN TIOCIIE0BATEILHOCTH U3 cOopku reHoma Kypuubl Bepcun WASHUC 2.60.
JlomonHNUTENbHO, TIOUCK BBICOKOIOBTOPSIIOIIMXCS  MOCIEA0BATENbHOCTEN M OLEHKY HX
KOMHWMHOCTHU MPOBOJMIN Ha OCHOBE aHAIN3a HECOOPAaHHBIX PHIOB TEHOMHOI'O CEKBEHUPOBAHHUS U3
npoexkra SRP022583. B pesynpTaTe Mbl BBIBUIM W OXAapaKTEPU30BAJIM HOBBIA TaHIEMHBIN
noBTop (GGAAA)n, KOTOPOro B HECOOPAaHHBIX PHIAX KypHUIIBI B 2,5 pa3a MEHbIIE, U OH BTOPOi
10 KOMMMHHOCTH Tocie TenomepHoro (3-4% mo manaeiM Delany et al. 2003, coOTBeTCTBEHHO IS
(GGAAA)n moxHo oxunats 1,2-1,6%).

Jnsa noxkamuzaunu (GGAAA)n ucnonb3oBaiu (pIyopecleHTHYI0 TMOPUAN3ALUIO in Situ

(FISH) ¢ cuHTeTHYEeCKMMH OJUTOHYKJICOTHAaMU, Me4eHbIMU (hiyopoxpomom 6-FAM (Stepakov
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et al. 2015), B kadectBe 30H7a. Ha MHUTOTHYECKHX XpOMOCOMax MO OJHOMY SIPKOMY CHTHATy
rubpuamnzanuu ObUlo Ha O0OMX IUIeyax IMOJIOBOM Xpomocombl W, HeTanu UX JIOKaIU3aluu He
BO3MOXKHO OMpPEIENUTh M3-3a MaJIOT0 pa3Mepa XpoMOCOMEI. [ aHanu3a ¢ Haubosee BBICOKUM
paspemienueM ucnosibzoBanu FISH Ha ruranTckux XpoMocomax THUNA JIAMIIOBBIX UIETOK W3
pacTyumx oouuToB. Xpomocoma W Kypullbl Ha CTaAuM JIAMIOBBIX IIETOK CHJIBHO
KOHJICHCHpPOBaHA W B HEW XOopomo pa3nuuaumbl 7 xpomomepoB (Solovei et al., 1996; 1998).
@dnyopecrieHTHbIe curHanbl rudpuau3anuu ¢ 30HIoM (GGAAA)n HamMu [ETEKTUPOBAaHBI Ha
BTOPOM H CEIbMOM XpoMoMmepax. B mocnenneil onmyGinMKoBaHHON BepcHM COOPaHHOI'O T'€HOMa
KypHIIbl C MOMOUIbIO pPa3HbIX METOJIOB aHajJW3a Mbl CMOIJIM BBISIBUTH JIMIIb HE3HAYUTEIHHOE
YUCJIO TIOJIEM JaHHOTO ToBTOpa (Mo maATh TaHmeMHbIX komuii GGAAA MakcuMyMm),
JIOKAIIM30BaBIIUXCS BHE TPYIIBI cleruieHus W, ¢ o0oramieHneM Ha KOHIE XpOMOCOMBI 1. DTo
OOCTOSITENNLCTBO MBI OOBACHSEM TEeM, 4YTO OINyOJMKOBaHHAs KapTa CEKBEHUPOBAHHBIX
MOCJIeIOBATEILHOCTEN XpOMOCOMBI W COJIEPKHUT 3HAYUTENbHBIC MPOOETbl M BKIIOYAET TOJIBKO
1,2 Mb npu oxugaemom pasmepe okoiio 55 Mb. B to xe Bpems uzBectHo, uTo okojo 70% W
KYpHLBI COCTaBJISIOT OBTOPSIOIINECS MOCIEN0BATENbHOCTH, CPEAN KOTOPBIX 0XapaKTEPU30BaHBI
cemeiictBa Xhol, EcoR1 u Sspl (Kodama et al., 1987; Saitoh et al., 1991; Itoh and Mizuno,
2002). IlpoBenennas Hamu coBMmecTtHass FISH Ha namMmoBBIX mieTkax KypuIlbl MMOKas3aia, 4YToO
OMMCAHHBI HaMM DHIIEMEHT HE KOJIOKAJIU3YeTCsl HU C OJHUM U3 pPAaHEEe H3BECTHhIX W-
CHeU(PUIHBIX TOBTOPOB.

NuTepecHo, uto nosTopstoniascs nocinenoBarenbHocTb GGAAA onucaHa B cocTtaBe 5’
TPaHCKPHOUPYIOMIEHCST HEKOMUpPYIOMed obilacTu reHa oBoTpaHcdeppuHa y ¢aszaHa; B TEHOME
KypHIIbl OINUCaHbl 2 pOJCTBEHHBIX IIOBTOpPa B COCTAaBE PETYJSITOPHBIX 00JacTeil TI'eHOB,
oTBevaronux 3a auddepeHunpoky ronaa (Maroteaux et al., 1983). Msl mpeamonaraem, 4To
OXapaKTEpU30BaHHBI HaMU HOBBIH W-cnenu(UUHBI TaHAEMHBIA TOBTOP MOJKET BBIMOIHATH
PEryJISATOPHYIO (DYHKLMIO B OIPECIICHNN TI0J1a Y KyPHIIBI.

Hacrosimee uccnenoBanue NpoBOAUTCS B paMKaxX TEMATHKM BEIyLIEH HAyYHOM IIKOJIBI
(Ne3553.2014.4). Tlogmepxka CIIOI'Y oxazana monoasiM crenuanuctaM A.C.KomwuccapoBy
(Ne1.50.1623.2013) u E.M.Komens (Nel.50.1043.2014). {ns BBIMOJIHEHUS WCCIICIOBAHUS ObUIH
WCIOJIb30BaHbI pecypchl LlenTpa reHoMuoi 6uonHpopmatuku uM. O.I°. Jloopkanckoro u LKII

«Xpomac» Hayunoro mapka CIIOIY.
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MOJIEKYJIAPHO-IIMTEHETUYECKH AHAJIN3 TEHOMOB PACTEHWIA,
MOJABEPTIINXCSI BO3AEACTBUIO YCJIOBAN KOCMHUYECKOI'O ITOJIETA
Camamaose T.E.I’z, Jowyx C.A.I, Amocosa A.B.I, 3enenun A.B. 1, Mypasenko 0.B.!
! WHucTtuTyT MonekysipHoi 6uonorun uMm. B.A. Durensrapara PAH,
r. Mocksa
*T'OY BIIO Poccuiickuii YHHUBEPCHUTET pykKObl HApoa0B, I. MockBa
tsamatadze@gmail.com

MonexkyJIsIpHO-TeHETUYECKUI aHaIN3 T'€HOMAa PAaCTEHUM, MOABEPraBIINXCS BO3JEUCTBUIO
YCIOBMM KOCMHMYECKOTO IIOJETa, SBISAETCS HEOOXOAMMBIM  JTalloM Uil pa3pabOTKH
OMOJIOTUYECKUX  CHUCTEM JKH3HeoOecleueHHs 4YeJoBeKa BHE 3eMHOM  Ouocdeprl. C
UCTOJIb30BAHUEM  pA3IMYHBIX METOJIOB XpOMOCOMHOro ananmsa: C-nuddepeHnuansHoro
OoKpamuBaHus, (iayopecueHTHo ruOpumusanuu in situ (FISH) mpoBeaeH aHamm3 reHOMOB
KapJUKOBBIX pacTeHuid ropoxa (Pisum sativum L.) (2n=14) u mmenuns! (Triticum compactum
Host) (2n=6x=42, A“A"BBDD), BBIpalllcHHBIX B KOCMHYECKOH opamxkepee «Jlama» Ha Gopry
Poccuiickoro CermeHnta MeXayHapoJHOM KOCMHUYECKOW CTaHIMM. B KauecTBe KOHTpOJIA
HCIIOJIb30BAJIM CEMEHAa pAacTeHMH, KOTOphble BbIpamuBaiud Ha 3emie. CeMeHa MOIy4YeHbl W3
HNHuctutyTa Mmeauko-ouonornyeckux nmpodiaem PAH (Mocksa).

CpaBHMTENbHBIM aHaIM3 PUCYHKOB C-OKpacKud XpOMOCOM IOKa3aj, 4TO B KapHOTUIAX
Bcex o0OpasnoB pacnpenenenue C-OIOKOB MO JUIMHE XPOMOCOM OBUIO CXOIHBIM, Kak B
KapUOTHUIIaX y ropoxXa, TaK M y MIIEHUIBl. Y pacTeHUH, BhIPAILIEHHBIX B OpaHxKepee, pucyHok C-
OKpacKd XpOMOCOM HE OTJIHYalCs OT PUCYHKa Y KOHTPOJBbHBIX PACTEHHi, BBIPAIEHHBIX Ha
3emie. Y Bcex Gpopm pacteHuid uHTepKaysspHble C-03H]1bI ObUTH NOTUMOP(HBIMU IO pa3Mepy.
YcTaHoBieHO, YTO ypoBeHb monuMop¢puszMa C-0J0KOB XpOMOCOM Yy 00pasloB, MOIYYEHHBIX B
KOCMHYECKHX YCJOBHSAX, HE pa3Uuaics KaK MEXIy COOOH, Tak W OT KOHTPOJHHOW JIMHUH,
CEMEHa KOTOPOW OBUIM MOJIy4YEHBI B 3¢MHBIX YCIOBUSIX. XPOMOCOMHBIX NIEPECTPOEK BBISIBICHO HE
ObLIO.

®dnyopecueHTHas THOpUAM3ALNS in Sifu TIoKa3ala, yTo JOKaIu3auus 5S TeHOB BBISBICHA
Ha 1, 3 u 5 xpomocomax ropoxa. 45§ p[AHK nHa xpomocome 4 nokamu3yercsi B pailoHe
CIIyTHUYHOW HUTH U B CIIyTHHKE, & HA XpPOMOCOME 7 — B CIIyTHUYHON HUTHU U IPOKCUMAJIbHEE €€ B
paiioHe NPUCIYTHUYHOTO rerepoxpoMaTrHa. Ha XxpoMocomax MieHuIbl KOCMUYECKHX 00pa3loB
U KOHTpPOJIBbHBIX pacTeHuil Jokycsl 5S p/IHK pacnonosxeHbl B KOPOTKUX IuIedax XpoMocoM 1 u 5
—it romeonornynbix rpynm. Knacteper 455 p/IHK Haxonarcs B palioHax BTOPUYHBIX NMEPETSHKEK
xpomocom 1, 5 u 6 rpymi.
['mbpuansanus ¢ nocaenosarenbHocTIMU pSc-119.2 (B-renom cnenuduunas npoda) u pAs-1 (D-
reHoM crneuupuyHas npoda) BUAUMBIX pPA3IUYUNA MEXAYy HCCIEAyeMbIMH oOpa3liaMu He

IIoKasaja.
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AHanu3 pe3ysbTaToB IO BBIPALIMBAHUIO PACTCHUH Tropoxa M TIICHUIBI Ha OOpTY
OpOUTAJIBHOM CTAHIMK MO3BOJIAET FOBOPHTH O TOM, YTO B F€HOMAax PACTCHUH HE MPOMCXOIUT
BUIUMBIX H3MCHEHHI, YTO MOXET CIYXXHTh JOTOJHHUTEIbHBIM apryMEHTOM B IOJIb3Y
BO3MOKHOCTH JUIMTEJIBHOTO KYyJIbTUBUPOBAaHUS PpACTCHUM B psALy IIOKOJICHUMM B COCTaBe
(hOoTOaBTOTPOGHOrO 3BEHA CHCTEM )KH3HEOOCSCTICUCHHUST MEKIUTAHETHBIX SKCIICTUITUH.

Pabota nonnepxana rpantom PODU No 15-08-04564.

XPOMOCOMHAS NPUIINCKA MOJIEKVYJISIPHBIX SSR MAPKEPOB
HA MOHOCOMAX XJIOITYATHUKA G. HIRSUTUM L
Canamvsin M. @., boboxyocaes LY., Maxamos A.ILl., Yecmonos JLE., Aboypaxmonos HU.FO.
Hammonaneublil yHuBepcutet Y30ekucrana uM. M. Yiryroeka, Y36ekucran, Tamkent -100134,
sanam_marina@rambler.ru
Hentp renomuxu u 6nonndopmaruku AH PY3, V36ekucran, TamkeHT

B Tedenue niaMTENHEHOTO BpeMEHH B Y30EKHUCTaHE IPOBOASTCS HCCIEIOBAHUS IO
co3nanuto [{urorenernueckoi KoIeKIUU XinomyatHuka G.hirsutum L. ¢ 1eTbI0 UCTIONB30BAHUS
[IUTOTEHETHYECKH MApPKUPOBAHHBIX JMHUA JUIS UACHTH(PHUKAIMH XPOMOCOM XJIOIYATHHUKA,
XPOMOCOMHOW TIPUITUCKA MapKEPHBIX T'€HOB W IOJYYCHHS 3aMEIICHHBIX JIMHUN. [IpumeHceHme
Pa3HBIX THUIIOB OOJy4YCHHS: KOMOMHUPOBAHHOW OOpAaOOTKH CEMSH XJIOMYATHHKA KOJIXWUIIMHOM H
raMma-iy4yamMu, OOJy4eHHs CEMSIH TEIJIOBBIMU HEMTPOHAMH, a TakKe 00TyUYeHHs TbLIbIBI FaMMa-
Jdy4yaMd II03BOJIMJIO MHAYLUpOBaTh 94 mnepBUYHBIX U 22 TPETUYHBIX MOHOCOMHKA, 19
MOHOTEJIOJUCOMHUKOB, 3 MOHOM30JIMCOMUKA, 235 reTepo3UTroTHBIX 0OMEHOB, 33 TOMO3UTOTHBIE
TpPAHCIOKAIIMOHHbIE JIMHUU, 4 TalIouJHBIX pacTeHus M 31 pacTeHue ¢ JAeCHHANTHYECKUM
a¢dexToM. AHaMU3 YaCTOTHl BOCIPOM3BOACTBA MOHOCOM B MOTOMCTBE OOHApYXKWIJI pa3iHuHbIC
O0COOCHHOCTH WX CEJICKTUBHOTO TOBEJEHUS U CHIIBHOE BaphbHPOBAHUE YACTOTHI TPAHCMHUCCUU OT
BbICOKOH (44,44%) B 11 cembsax mo Huzkout (1,79%) B 12 cembsax. MOHOCOMUKH B JIpyrux 26
CEMbSIX BOCHPOHM3BOAMIUCH CO CPEHEH YacTOTOM, MpUYEeM 3HAYUTENbHBIE Pa3Indyusl B CTEIECHU
nepenadyl MOHOCOMHOTO COCTOSIHUSL 00YCIIaBIMBAJINCh BIUSHUEM CHEIUPUUECKHX XPOMOCOM Ha
KU3HECTIOCOOHOCTh  Traruio-Ie(UIUTHBIX TamMeT. Y MOHOCOMHBIX JIMHUH  XJIOMYaTHUKA
oOHapy»XCeHBI HOBbIC (PCHOTUITUYECCKHEC MapKephl, YTO YKAa3aJ0 HA WX HOBH3HY, YHUKAIHHOCTH U
pa3HoKauecTBEHHOCTh. K coxxaenuto, 3a Bce roawsl uccienoBannii B CIIIA He mnomydeHsl
MOHOCOMHBIE JTUHHUH MO0 BOCBMH XPOMOCOMAaM XJIOMYATHHUKA, MO3TOMY OOHApyKEHHE HOBBIX
HEXBATOK OT/ACTBHBIX XPOMOCOM OYJIET OJITOKIAHHBIM COOBITHEM.

B mocrieqHue TOMBI MIMPOKOE Pa3BUTHE TOMYYMIM HCCICIOBAHUS 10 WACHTU(DHUKAIMH
XpOMOCOM C TIOMOIIBIO paHEe MPUIHCAHHBIX K XpOMOCOMaM MOJEKYJSPHBIX MapKepoB.
Hcnonb3oBaHne MOJIEKYJSIPHBIX ~ MHKpPOCATEIUTMTHBIX — JIOKycoB  (SSR-mapkepoB), panee

NPUIIMCAHHBIX K Pa3JIMYHBIM XpOMOCOMaM IrcHoMa XJIOIMMYaTHUKA, IMMO3BOJIACT ITPOBOJANUTH 6LICprIO
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U YETKYI0 HUACHTU(PUKAIMIO OTICNbHBIX XpOMOCOM TMpU HAJWYUHM THUIOAHEYTUIONIHBIX
3aMEIIEHHBIX TUOPUI0B. MBI CKpeluBai MOHOCOMHbIE JMHUHU L{UTOreHeTndyeckoi KOJUIEKIIUH
HYVY3 ¢ ynBoennoil rammounHoi nuHuedt Pima 3-79 (USA) Buma G. barbadense L. Cpeau
THOPUIHOM TOMYJISIIMK  I[IUTOr€HETHYECKUM aHAJIM30M BBIJICISIIM MOHOCOMHBIE ME)XKBHIO0BBIE
XpOMOCOMHO-3amenleHHble rubpuasl Fi. Takue rubpuasl upe3BblUaiiHO YJIOOHBI i
nokanu3anuu SSR-MapkepoB y XJOMUYaTHUKA. B pe3ynbTaTe MOJEKYJISAPHO-TEHETUYECKOTO
aHalM3a y TpeX MOHOCOMHBIX MEXBHUIOBBIX XPOMOCOMHO-3aMEIICHHBIX TubpuaoB F;
(Mol1xPima 3-79, Mol6xPima 3-79, Mol19xPima 3-79) Obuio oOHapyXeHO MNPUCYTCTBHUE
nonuMop@HBIX amienel Tonbko oT BuAa G. barbadense L., Torna xak amienu juHun JI-458
OTCYTCTBOBAJIM, YTO YKa3ajo Ha JIOKAJIHM3AIHMIO XpoMocoM creruduaHbix MapkepoB - BNL3590 u
GH-198 Ha xpomocomHo-3amemeHHoM Tubpuzae F; Mollx Pima 3-7, mapkepoB BNL3590,
BNL3971, GH-198 Ha xpomocomHo-3amenieHHbix ruOpuaax F; Mol6x Pima 3-79 u Mol19x
Pima 3-79, a Taxke mapkepoB BNL1434, BNL1897 u BNL3971 Ha XpOMOCOMHO-3aMEIIEHHOM
rubpune F; Mo93x Pima 3-79. Ilockonbky paHee 3TH MapKepbl OBUIM JIOKAJIM30BaHBl Ha
XxpoMocoMme 2 A-cyOreHoma XJIOMYaTHUKA, MOKHO CUYUTATh, YTO YE€THIPE MOHOCOMHBIE JIMHUU -
Moll, Mol6, Mo19 u M093 xonnekuu HY Y3 uMeror HexBaTky 1o xpomocome 2.

AHanu3 Ipyrux IIEeCTH XPOMOCOMHO-3aMemleHHbIX rudopunoB F; (Mo70x Pima 3-79,
Mo71xPima 3-79, Mo76xPima 3-79, Mo81xPima 3-79, Mo89x Pima 3-79, M090xPima 3-79)
TaKXe BBIABWJI NPUCYTCTBHUE TOJNbKO monuMop(HbIX amnenedt G. barbadense L., Torma kak
ayutenu JiuHuM JI-458 OTCYTCTBOBAJIM, UTO yKa3ajo Ha JIOKAIU3AIMIO TPEX XPOMOCOM CHEIH(PUIHBIX
mapkepoB - BNL2573, CIR122 u GH-107 Ha BblIenepedyrciIeHHbIX XPOMOCOMHO-3aMEIIEHHBIX
rubpunax F;. MccrnenoBanme emie necsiTH XpOMOCOMHO-3aMemeHHbIX TuopumoB F; (Mo7x
Pima 3-79, Mo31xPima 3-79, Mo38xPima 3-79, Mo59xPima 3-79, Mo66x Pima 3-79,
Mo69xPima 3-79, Mo72xPima 3-79, Mo73xPima 3-79, Mo75x Pima 3-79, Mo79xPima 3-79)
TaK)X€ BBIABHJI NPUCYTCTBUE TOJIbKO monumopdubx amneneit G. barbadense L., Torma xak
aien JuHUA J1-458 OTCYTCTBOBAM, YTO YKa3ajlo Ha JIOKAJIM3ALMIO B TOM YHUCIE JABYX IPYIHX
xpomocoMm crerupuunbix MapkepoB - BNL2572, CIR122 u CIR048 Ha BbllIenepednciaeHHBIX
JECSATH XPOMOCOMHO-3aMeneHHbIX rudpunax Fi. Ilockoiabky HM3BECTHO, YTO 3TH MapKephl
paHee OBIIM KapTHUPOBAHBI HA XpoMocome 4 A-cyOreHoma XJIOMMYaTHUKA, MOKHO CUHUTATh, YTO
IIeCThHAAATh MOHOCOMHEBIX TMHNUN — Mo7, Mo31, Mo38, Mo66, M059, Mo69,Mo70, Mo71,
Mo72, Mo73, Mo75, Mo76, Mo79, Mo81, Mo89 u Mo90 nameii IluTtoreHeTmuyeckoi
koyekuun HYVY3 umeroT HexBaTky mo xpomocome 4.

MouneKkynsIpHO-T€HETUYECKUH aHaJdU3 JAPYTHUX JBYX MOHOCOMHBIX MEXBHIOBBIX
XpOMOCOMHO-3aMeneHHbIX TuopuaoB F; (Mol3x Pima 3-79 u Mo67x Pima 3-79) rtakxke

yKa3aJl Ha MPUCYTCTBHE TOJBKO MOJUMOpGHBIX amneneil G. barbadense L., Torna xak ayuienu
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muann JI-458 OTCyTCTBOBANIM, YTO OOHAPYXKMIIO JIOKAJTU3AIIMI0 BOCBMH XPOMOCOM CHETIM(PHIHBIX
mapkepoB — BNL1064, BNL2884, BNL3650, CIR203, Gh032, Gh039, Gh082 u TMB1538 nHa
XpOMOCOMHO-3aMeIeHHbIX TrHopuaax Fi Mol13x Pima 3-79 u Mo67x Pima 3-79. Tak kak panee
9TH MapKephl OBUTM JIOKaJU30BaHBI Ha XpoMmocoMe 6 A-cyOreHoma XJIOMYAaTHUKA, MOKHO
CUHTaTh, YTO JBE MOHOCOMHBIC JUHUU - M0o13 u Mo67 I{uToreHeTnueckoit komieknuu HY'Y3
HMEIOT HEeXBaTky 1o xpomocome 6. Eme omna wmonHocoMHas mauHus Mo27 Obuia
UIESHTUPUIIMPOBAHA, TTOCKOIBKY C TOMOIIBIO MOJIEKYJISIPHOTO aHanu3a oauH mapkep BNL1531
ObLT JIOKaNIM30BaH Ha 3Toil MoHOcoMe. ITockonbKy paHee OH ObUI MpHITHCAH K Xpomocome 7 A-
cyOreHoMa XJOMYaTHHUKA, MOXHO CYUTaTh, YTO H5Ta MOHOCOMHas JUHU — Mo27
[HuTorenernueckoi komnekunu HYY3 uMeer HexBaTKy 1o XpoMocoMme 7.

Takum o0Opa3oMm, wucnonb3oBanue SSR-MapkepoB MO3BONMIO HACHTU(UIIMPOBATH
HEXBATKU XPOMOCOM y 23 MOHOCOMHBIX JIMHUW XJIOMYATHHUKA, YTO 3HAYUTEITHHO OOJIETYHIIO

MpoLecc UACHTU(UKALIUA XPOMOCOM.

OCOBEHHOCTH 3AI'PY3KHU BEJIKOB ASY1 U ZYP1 B CTPYKTYPY
MENOTHYECKHUX XPOMOCOM PXXHU JUKOI'O TUITA U MEMOTUYECKHUX
MYTAHTOB syl U syl9
Cumanosckuti C.A.I, Hopoanckas H.B.z, Konomuey O.JI. 1, Bozoanos 10.D. !
! WuctutyT obmeit reneruku um. H.W. BaBunosa Poccuiickoii akanemuun Hayk, MockBa.
’Mockosckuit HUMCX “HemunHoBka”, MockoBckas 00J1acThb
sergey.a.simanovsky(@gmail.com

Cunanronemuslii kommuieke (CK) — yHukanbHas U yHuUBepcasibHas O€JIKOBasi CTPYKTYpa,
KOoTOpast (OpMHUPYETCss MEKAY TOMOJIOTUYHBIMH XpoMOcoMaMH B nipodase | meiio3a (1 TOIBKO B
Hel) y abcomoTHOro OosbIMHCTBA BbIcIMX JykapuoT. @Dynkuma CK 3akmiouaercs B
oOecrieueHnr 00paTMMOr0 CHHAMKCHCAa TOMOJIOTMYHBIX XPOMOCOM U CO3/IaHUU CTPYKTYpPHOH U
MOJIEKYJIIPHOM OCHOBBI JUI MPOTEKaHUs MpolieccoB Meiiotuueckoil pekomounanuu. CK cocrour
U3 JIBYX JaTepalbHbIX 3JeMEeHTOB (JID), K KOTOpbIM MpPUKPEIUIAIOTCA METIM XpOMaTHHA
CHApUBAOIIMXCSI TOMOJIOTMYHBIX XpOMOCOM, M LeHTpaidbHoro snemeHta (113), xoTopslit
00BEIUHSAIOT JIATEPAIbHBIC AJIEMEHTHI. Y JKUBOTHBIX M HEKOTOPHIX BUIOB pacTeHui Oenku 11D
BcTpauBatoTcst B coctaB CK B mpouecce cunancuca romonoroB. [lns Arabidobsis thaliana
m3BecTHbl naBa crneuuduunbix O6enka CK — ASY1 (accomumpoBan c¢ JID) u ZYPI (Genok
norepeuHsix  ¢miramentoB 1J). E.M. MuxaiinoBoit u coaBropoamu (2006, 2010) Obuio
YCTaHOBJICHO, YTO y pxu Secale cereale L. nukoro Tuma u MEHOTHYECKHUX MYyTaHTOB syl(
3arpy3ka optosnoroB 0enkoB AtASY1 u AtZYP1 B cTpykTypy oceBbIX 351eMeHTOB (O3) XpoMocoM
HAUYMHAETCA OJHOBPEMEHHO YXe Ha CTaJIuH JICITOTEHbI: pa300IIeHHbIEC IMHEHHbBIE TPAKThI 000UX

OCIIKOB BBIABISIIOTCS B CTpyKType Gopmupyrommxcs JID eme 10 Havana CHHANCHCa

TOMOJIOTUYHBIX XpPOMOCOM. IIo MCPE NMPOABHMIKCHUA CHUHAIICUCA, HA CTaJUX 3UT'OTCHBI U ITOCJIC €TI0
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3aBEpUICHUs] HA CTaauM MaxuTeHbl aHTUTena K ASY1 mmMyHookpamuBaioT JID, a aHTUTENa K
ZYP1 -11D CK.

B mHactosme#t pabore NpOBEACH CpPAaBHUTEIbHBIH HMMYHOIUTOXMMHYECKHUIA aHAIIN3
pacnpenenenuss oprtoimoroB OenxkoB AtASYl wu AtZYPl B pacmiiacTaHHBIX — siipax
MHUKPOCTIOPOLIUTOB P>KM JUKOTO TUIA MU MEHOTHYECKUX MYyTaHTOB syl u syl9. MytaHTbl syl
XapaKTepU3YIOTCS acHHANCUCOM romojorudHbix xpomocoMm (CK He dopmupyercs), a MyTaHTHI
syl9 — unpuckpumuHaHTHBIM cuHancucoM (CK dopmupyercs, HO ¢ MHOTOYUCICHHBIMH
OmMOKaMHU TOMOJIOTUYHOCTH CHHAIICMCa M 30HAMM AaCHHAICHCAa). YCTAaHOBIIEHO, YTO Y PiXKH
JMKOTO THUTA 3arpy3ka 000MX OelKOB Ha XPOMOCOMHBIE OCH HAa4MHAETCs B JienToTeHe. Ha 3Toi
CTaJ¥ CUTHAJIBI THX OEJIKOB BBISBIIAIOTCS KaK pa3oOIleHHbIE JUHEHHBIC “TpakThl’. [lo mepe
MPOJIBM)KEHHSI cUHancuca B 3uroreHe curHaiabl ASY1 u ZYP1 HauMHaoT OJHOBpPEMEHHO
JIOKaJIN30BBIBAaThCSl HA XPOMOCOMHBIX ocsiX. K HacTyruieHnto nmaxurensl, korga CK moiaHoCTbIO
chopmupoBaH, cUTHaIBl 00BenuHsIOTCS B cTpykType CK-OmBanmeHToB. MBI HEe OOHapyXWin
OTJINYMKA B TIPUCYTCTBHU M PACTPEICICHUH 3TUX OCJIKOB y MeW-MyTaHTOB syl u syl9 mo
CPaBHEHMIO C TUKUM THUIOM. B JenToTeHe y MyTaHTOB BBISBISIOTCS Pa30OIICHHbBIC JMHEHHBIC
curHansl ASY1 u ZYPI1. B 3urorene-naxureHe OHU OObEAMHSAIOTCS B ABYXIIOJIOCHBIE CTPYKTYPHI,
KOTOpBIE COOTBETCTBYIOT HECIAPEHHBIM OCEBBIM 3JIeMEHTaM XpomocoM. Hamum pe3ynbraTsl
MOATBEPXKIAIOT M YTOUYHSIOT 1Ba BhiBosa E.M. MuxaitnoBoii: 1. CK pxu oOpa3yrorcs HE MyTeM
BcTpauBaHus Oenka ZYP1 Mexny CHHaNTHpPYHOIMIMMH TOMOJOTaMH, a MHyTeM OOBeAMHEHUS
00pa30BaBUIMXCS €Ie O Hadaja CHHAICUca JUHEWHBIX CTPYKTyp 3Toro Oenka. 2. Ilpucyrcrue
ZYPI1 Ha oCSIX MEMOTMYECKHX XPOMOCOM PXKU HE SBJISIETCS PEIIAIOIIMM YCIOBHEM YCHEUIHOTO
OCYIIECTBIICHHS CHHAIICUca roMoyioroB. ZYP1 mpucyTcTByeT Ha 0CsIX MEHOTHYECKHX XPOMCOM Y
Mei-myTanToB sy/, Ho CK y aTux myTtanTtoB He ¢hopmupyercs. s o0beAMHEHNS XPOMOCOMHBIX
ocell B TpexmnoniocHyto ctpykTypy CK y pku He00X01UM TOTONTHUTENBHBIN (haKTop.

ABTOpBI BbIpakatoT OmarogapHocTh JI.A. UenbleBoil 3a mperoCTaBIE€HHbIE aHTUTENA K
oenkam AtASY1 u AtZYP1, C.II. Cocuuxunoit u E.M. MuxaiiioBoil 3a NpeaocTaBICHHBIN
CEMEHHOW MaTepuan U IUIOJOTBOPHOE COTpyAHHYECTBO. PaboTa BHIMONHEHA MpU MOIICPIKKE
nporpaMMbl  QyHAaMeHTanbHBIX — uccnenoBanuii  Ilpesuamyma PAH «KuBas  mpupopa:
COBPEMEHHOE COCTOsiHHE M TpoOiembl pazButus» ([loxmporpamma "JlmHamuka M COXpaHEHHE

reHodoH10B) u TpanTa PODOU Ne 13-04-02071.
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OCOBEHHOCTU KAPUOTUIIA TPEMATO/bI HIMASTHLA ELONGATA
(DIGENEA, ECHINOSTOMATIDAE)

Conosvesa A.H.I, Cmecghanosa B.H.], Ilooeopnas O.H.]’Z, Jlemun C.I0.!

1 - MuctutyT LHutonorun PAH,

2 - Cankr-IlerepOyprckuii ['ocynapcTBeHHBIN YHUBEPCUTET

orcinuca@gmail.com

Himasthla elongata (Mehlis, 1831) — »53T0 pacnpocTpaHEHHBI BHUJ Tapa3HUTOB,
oOHuTaUMil B NPUOpPEKHBIX SKOCHCTEMaX CEBEPHBIX eBporeiickux Moped. Kak u npyrue
TPEMaTObl, OH O0JIAJAaeT CIOKHBIM >KM3HEHHBIM IMKJIOM C YEpEelIOBAHMEM XO035€B, a TaKXKe
MapTEHOI€HETUYECKUX U TepMadpOIUTHBIX MOKoseHUH. IlepBbIM NMPOMEXYTOUHBIM XO3SIMHOM
JUId TapasuTa CiayXaT >KUBYILIME B NPWIMBHOM 30He ynuTku popa Littorina (Gastropoda,
Prosobranchia), BTOpbIM NPOMEXYTOYHBIM XO3SMHOM, KaK MPaBUIIO, SBISIIOTCS JBYCTBOpYATHIC
Mouuttocku Mytilus edulis u Cerastoderma edule. OxoHUaTENbHBIN X035IMH Mapa3nuTa — 3TO YalKHU.
[losiBunace He0OXOAMMOCTb omucaTh KapuoTun H.elongata, Tak Kak 3TOT BUJA CTaHOBUTCS
MOTYJIIPHON MOJEIBIO 300JIOTHYECKUX U MOJIEKYJIIPHO-OMOIOIMYECKUX HCCIeI0OBAHU.

[IpenapaTel XpOMOCOM HPUTOTOBJIECHBI U3 CYCIIEH3UU KIETOK MAPTEHUT, MOIYYECHHBIX U3
3apakeHHbIX Littorina littorea. CO0p WHQUIMPOBAHHBIX IApPa3sUTOM YIUTOK W 00pabOTKY
Marepuaia npoBoawin Ha Oenomopckoit cranmmu 3VH PAH «Kaprem». Iuddepennmanbayto
oKpacky npoBoauu ¢iayopoxpomamu DAPI u xpomomuiimaom A3.

Hcnonb30Banu XpoMOCOMBI MO3/1HEH Mpodasbl, MOTyUYeHHbIE Ha JaBJICHHBIX MpenapaTax
KJIETOK B TpornuoHoBo#l kucnote. Kapworun H.elongata coctour u3 12 map XpoMOCOM:
Im+1sm+10st. Jlmst TouHOM wHAESHTH(UKAIIMKA KaXJAOW XPOMOCOMBI Habopa co3nmanu OaHK
n300pakeHUH, OTpaXkalolUX TUIIUYHBIE Bapuanuu. B Oanke mpenctaBieHsl MUKpodoTorpapuu
oTeNbHBIX OKpameHHbIX DAPI xpomocoMm mozaHed mpodasbl, MMEIOUIMX BBICOKOE pa3pelicHHe
03H710B. IlocTpoeHHble 1O 3TUM H300pakeHUsIM uupeorpammsl H. elongata nacuuteiBatoT 130
nonoc. Cpennee ¢Qu3myeckoe paspemeHne OJHOM TMOJOCH cocTaBisieTr okoyio 9.2 Mb.
Kapruposanue xiacrepos 18S p/IHK BberiBuno no 5 snokycoB Ha xpomocomax 3, 6 m 10.
XpomocomHublii monmumophusm H. elongata o0ycioBieH BapbUpOBAaHHEM pa3MEpOB OJIOKOB
MEPUIIEHTPOMEPHOTO  rerepoxpomarrHa (Xxpomocoma Nel), a Takke pa3IuuusIMH B
muddepeHmanTbHON OKpacke TEPMUHAIBHBIX O3HIOB y XpomocoMm 2, 3, 4, 5 m 9. B atux
XpoMOcOMax CyOTeJIOMEpHbIE YYAaCTKU SIPKO OKpAIIMBAIOTCA XpoMoMHUIIMHOM A3, HO He DAPI.
WHorna y TOMOJOTMYHBIX XpOMOCOM HaOutogany HeOombiuue pa3nuuust B auddepeHnnanbHoiml
okpacke. O6e Gopmbl MOTMMOPPU3MA CBHJICTEIBCTBYIOT O BBICOKOM YPOBHE TOIMYJISIIMOHHON
U3MEHYMBOCTH M TOATBEPXKIAIOT BBICOKYI0 BEPOSATHOCTh HEPEKPECTHOIO OIIOAOTBOPEHUS
B3pocnbix mapasutoB. Kapuotun H. elongata.(2n=24) conmepXut OoIbllee KOIUYECTBO

XpOMOCOM, YeM Yy paHee U3YUYCHHBIX MpeAcTaBUTeNeH cemeiictBa Echinostomatidae (2n = 14-22).
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Kapuonornyeckue nansele no ApyruM Bujgam Himasthla oTCyTCTBYIOT, U HEU3BECTHO, SIBISIETCA

JIX YUCIIO XPOMOCOM 2n = 24 XapaKTEpHBIM JJIsl 3TOr0 pOJa.

KARYOTYPE FEATURES OF HIMASTHLA ELONGATA
(DIGENEA, ECHINOSTOMATIDAE)

Solovyeva A. ", Stefanova V. ', Podgornaya O. "2, Demin S. '

1 - Institute of Cytology RAS,

2 - Saint-Petersburg State University

orcinuca@gmail.com

Himasthla elongata (Mehlis, 1831) is a common parasite species in the coastal ecosystems
of northern European seas. Like other trematodes, it has a complex lifecycle with alterations of
hosts and parthenogenetic and hermaphrodite generations. The first intermediate hosts of this
parasite are intertidal snails of the genus Littorina (Gastropoda, Prosobranchia) and the second
intermediate hosts are mostly intertidal bivalves Mytilus edulis and Cerastoderma edule; its final
hosts are gulls. Due to the fact that H.elongata becomes a popular model for zoological and
molecular studies, but it yet has not been studied cytogenetically, it became necessary to describe
its karyotype.

Chromosome preparations were made of parthenitae cells obtained from naturally infected
Littorina littorea. Collection of periwinkles infected with H. elongata and cell suspension
preparation were carried out at the White Sea coast near the “Karthesh” biological station
(Zoological institute, RAS).

We used late prophase chromosomes obtained by high-pressure squashing of cell
suspensions in propionic acid. Chromosome set of H.elongata consists of 12 chromosome pairs:
Im+1sm+10st. For accurate identification of individual chromosomes of the set we created an
image bank of all individual high-resolution DAPI-banded chromosomes that represented their
typical structural variations. Constructed ideograms of late prophase DAPI-banded chromosomes
of H. elongata contain 130 individual bands. Physical resolution of average prophase band of H.
elongata chromosomes is about 9.2 Mb. High-resolution FISH mapping of 18S rDNA clusters
revealed up to 5 loci on to chromosomes nos. 3, 6 and 10. Chromosomal polymorphism in H.
elongata includes the size variation of pericentromeric heterochromatin blocks(chromosome no.
1) and differential staining variations of terminal bands in chromosomes nos. 2, 3, 4, 5 and 9.
These chromosomes have In these chromosomes subtelomeric bands are brightly stained by
chromomycin A3, but not DAPI. Sometimes we observed slight differences in homologous
chromosomes banding. Both forms of the described polymorphism indicate high level of
population variability concerning these features and confirm high possibility of cross-fertilization

between parasite adults. H. elongata.(2n=24) karyotype contains more chromosomes than
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previously studied Echinostomatidae(2n = 14-22) representatives. The lack of karyological data
on the other Himasthla species doesn't allow us to propose whether such chromosome number

(2n=24) is characteristic to this genus.

IBOJIOIINOHHASA TEHOMHUKA OCETPOBBIX (ACIPENSERIDAE)

EVOLUTIONARY GENOMICS OF STURGEONS (ACIPENSERIDAE)
1 12 12 1 1
Tpugponos B.A.", Pomanenxo C.A."*, [lobeounyeea M.A."*, Kynemsuna A.1.", Bopobveéa H.B.",
Ceporoxosa H.A.], Hnmepecosa E.A.3, Kopenmosuu MA.4, 3aiiyes B. @.3, Bbexnemuwesa B.P. 1,
1 1 1 1 5
bunmyesa JI.C.", I'naokux O.JL.", Jlemckas H.A.", Maxynun A.1.", Kyopssyesa A.B.",
Komuccapos A.C.5, Kwusep C.°, Ipagpodamckuii A.C."*
1I/IHCTI/ITyT MoJIeKyJIsipHOM u kinerouHoi 6uonoruun CO PAH, r. HoBocubupck
2HOBOCI/I6I/IpCKHI71 rOCyJIapCTBEHHBIN YHUBEpPCHUTET, I. HoBocnOmMpCK
3 Hosocubupcknit dunuan ®IBHY Tocpsibuentp, r.HoBocuGupek
‘*OIrBHY lNocpeibuentp, T. TroMeHb
*OI'BYH WuctutyT MonekynsipHoit 6nonoruu um. B.A. DHrensrapara, r. Mocksa
*Lentp renomuoii Gnonrdopmatki nm.JJobpxamnckoro, CIIGI'Y, r. Cankr-ITerepOypr
E-mail: vlad@mcb.nsc.ru

CemeiictBo oceTpoBbIX (Acipenseridae) mpeacTaBisieT 3HAYUTEIbHBI MHTEpPEC C TOUYKU
3pEHHs SBOJIIOLMHU TO3BOHOYHBIX Onarofapsi 06a3aJbHOMY IOJIOKEHUIO OCETPOOOPA3HBIX CPEIH
ayyenepbix pbi0. M3 25 BUIOB OCETPOBBIX, NMPEACTABIEHHBIX B COBPEMEHHBIX 3KOCUCTEMax, 12
obutaror Ha Tepputopuu Poccum. Upes3BbivaiiHas ysS3BUMOCTh OCETPOBBIX M WHTECHCHUBHBINA
MIPOMBICEJT TPUBEIH K 3HAUUTEIILHOMY CHWKEHHIO YUCIEHHOCTH. HecMoTps Ha Gonblioit uHTEpecC
K 3TOH rpymre Kak ¢ (yHJaMEHTAJIbHOW, TaK M C MPAKTHUYECKOW TOUYKH 3pEHHS, OOJBIIMHCTBO
MPEJCTaBUTENCH OCETPOBBIX TaK M HE OBLIO MCCIIEJOBAHO COBPEMEHHBIMU METOAAMHU T€HOMHKH H
MOMYJIALMOHHONW TeHeTHKH. Jlo CHX MOp OCTalOTCsl HESCHBIMH MHOKECTBO aCIEKTOB OMOJIOTHH
OCETPOBBIX, HAYMHAasg OT CHUCTEMBbl ONpEJeNeHHs ToJa M 3aKaH4YMBas TIeHETUYECKUM
pa3HooOpa3ueM U CTPYKTYpPOM MOMyJIALIUI U TOJBUIOB.

OCHOBHOW TIENBI0 HACTOSIIIEH pabOTHI SBISETCS W3YYEHHE TEHOMHBIX OCOOCHHOCTEH
OCETPOBBIX Ha TpUMEpPE ABYX BHUAOB, oOuTaromux B Oacceitne O0M - crepimsiau Asipenser
ruthenus u cubupckoro ocetpa A. baerii.

B Hameii paboTe MBI OTCEKBEHHPOBAIM T'€HOMBI CaMIla M CaMKU CTEpJISAIU C BBICOKUM
nokpeitieM (30x) Ha mmatdgopme HiSeq Illumina m coOpanu monydeHHbIE PUIBI B KOHTHTH C
N50=500 nH. TpaHCKpUIITOMBI TOHA/ CaMIla U CEJIE3EHKU CaMKH TaK)Ke ObLTA OTCEKBEHHPOBAHBI
U Ha JJaHHBII MOMEHT BeJeTcs MX cOOpKa, aHHOTAallUs M CpaBHEHHE C YK€ OIMyOJIMKOBaHHBIMH
TPAHCKPUIITOMAaMHM JIPYT'MX BUIOB OCETPOBBIX.

JlpyruMm HampaBieHHEM pPalOOThI SABISETCS MOAPOOHOE MOJIEKYJISIPHO-IIMTOI€HETUYECKOE
HCCIIEZIOBAHHUE CTEPIISIIN M CHOMPCKOTO OCETPA, OCIOAKHEHHOE BHICOKUM YHCIOM XPOMOCOMY 3THX

Bun0B (2n=120 y crepnsanu u 2n=240 y cubupckoro ocetpa). Mbl 0oTpaboTaiy METOIUKY

162



NOJTy4eHUs M KyJIbTHBUPOBaHUS (HUOPOOIACTOB CTEPISIIM W OCETpa, a TaKkKe IOMyYCHUS
MeTadasHbIX ~ XpoMocoM.  lluTroreHeTMueckwe — HMCCIEAOBAaHMS  TO3BOJMIM  HACHITUTH
IIUTOJIOTHYECKHE KapThl CTEPISAM M OCETpa MOJICKYJSpHBIMH Mapkepamu (5s, 18s, moBTop
HindIll, wmuxpocarennuTsl). Mbl NOMYyYWIM IIHUPOKUM HaAOOp XpoMOCOMCIEIU(pHUECKUX
OMOJIMOTEK CTEPIISAIN C MMOMOIIBIO MUKPOAUCCEKIINHN U THOPHIN30BAIM X HA XPOMOCOMBI CamIia
U caMKu o0omx BHIOB. [lomydeHHBIE MapKepbl MO3BOJIIIOT HAM CY3WTh MOHWCK ITOJIOBBIX
XPOMOCOM U TIOJIOBBIX MapKEPOB 3THX BHJIOB, @ TAKXKE BBISBUTH OCOOCHHOCTH CTPOEHHS TEHOMOB,
HE/IaBHO IMOJIBEPTIIMXCSI SBOJIIOLMOHHON TETPATIONIU3AIHH.

MBI BBISIBUIIH, YTO JaXKe y CTEPIISIN YacTh MapKepOB MPUCYTCTBYET B AUILIOUIHOM BHUJE,
HO 3HAUMTEJbHAs YacTh MPOTSHKCHHBIX yYaCTKOB T'€HOMa IPECTaBICHA B YETHIPEX KOIHSIX.
JlanpHeHIe ucclieoBaHus O3BOJISAT HAM BBISIBUTh M OXapaKTEPU30BaTh APYTHE OCOOEHHOCTH
T€HOMOB, BKJIIOYasi TIOJIOBBIE XPOMOCOMBI.

Pabora nonneprxana rpantom PH® Ne 14-14-00275.

SMUTEHETUYECKU MEXAHU3M JETEPMHHAIIMM ITOJIA Y KYPUIIBI
Tpyxuna A.B., Cmupnog A.P.

Cankr-IleTepOyprckuii rocy1apcTBeHHBIM yHUBEPCUTET, T. CaHKT-IleTepOypr
trukhina_ant@mail.ru

[Ipobnema  nmerepmuHanmu ¥ AU((EPEHIUPOBKH  ToJla  MPEACTABIAET  COOOU
WHTEPECHEHTIIHIA pa3ziesl OMOJIoTHH. XOTs Hay9YHas pa3paboTka 3TOH MpoOJeMbl HAYalach €Iie B
Havase XX BeKa, MO-MPEKHEMY, OCTA€TCS OTKPBITHIM BOINPOC O MPHUHIIMIIAX, KOTOPBIE JieXkKaT B
OCHOBe rerepomMopdu3Ma TOJOBBIX XpomocoMm. Jlo CHUX TOp HET SCHOCTH, Kakue TeHBI,
JIOKQJIN30BAaHHBIE B IOJIOBBIX XpOMOCOMax M ayTOCOMaX, y4aCTBYIOT B '€HETHUYECKOM KOHTpOJIE
OIpe/iesieHus 1oJa.

[Tomr — »9TO COBOKYMHOCTH MOPQOJOTHUECKUX U (DU3NOJIOTHIECKUX OCOOECHHOCTEH
opranu3ma, OOECMEeYMBAIOIIUX I[I0JIOBOE PAa3MHOXKEHHUE, CYIIHOCTh KOTOPOTO CBOJUTCS K
OIUIOIOTBOPEHUIO, T.€. CIMSHHIO MY)KCKMX M JKEHCKHMX IIOJIOBBIX KJIETOK (raMeT) B 3UTOTY, U3
KOTOpOH pa3BHUBAETCs HOBBIN opraHusM. Peanmuzanus reHeTHYECKO MporpaMMbl (GOPMUPOBAHUS
1ojla Y MHOTOKJIETOYHBIX OpPraHU3MOB TMPEACTABISAET COOOW CIOXHBIH MHOTOCTYINEHYAThIN
npouecc. Ero nerepmunanus u audQepeHurupoBKa KOHTPOIHPYETCS MHOXKECTBOM T'€HOB,
KOTOpbIE pACIONIaTaloTCsl Kak B TIOJOBBIX XpOMOCOMax, TaK W B ayTocomax. Tak, MBI
npoananuzupoBanu 6a3y nanueix (NCBI) nporeoma denoBeka u BbIsIBWIN 467 T€HOB, IPOIYKThI
KOTOPBIX B3aMMOJICHCTBYIOT C PELENTOPaMH IMOJIOBBIX TOPMOHOB. BOJBIIMHCTBO M3 HUX HMEIOT
TOMOJIOTOB B I'€HOME KYypHIlbl. PacripenennB COOTBETCTBYIOIINE TE€HBI IO XPOMOCOMAaM KYPHIIBL,

HaM YJajloch IMOJyYUTh CBOCOOPA3HYIO «(QYHKIHMOHAIBbHYIO» KapTy I'€HOMa JaHHOTO OOBEKTa.
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[Ton TepMuHOM «(pYHKIMOHAIbHASI KapTa TEHOMa» Mbl IOHHMaeM KapTy paclpeiielieHusi TeHOB B
reHOME HM3y4aeMOro OpraHu3Ma, MPOAYKTHI KOTOPHIX OTBEYAIOT 3a Pa3BUTHE OJHOTO OOIIETO
MPU3HAKA B OTBET HA ONPEIEICHHBIN MOJIEKYJISIPHBIN CUTHAN. B TaHHOM cilydyae TakuM CUTHajJIoM
SIBJISIETCS ICMCTBUE MOJIOBBIX TOPMOHOB (QHJIPOTEH U ACTPOreH) Ha COOTBETCTBYIOIIKE PELENTOPHI
(AR u ER).

JInsi MIEKONUTAIOIMIKUX OMHMCAHO MHOYKECTBO IMUICHETHYECKUMX MEXAHU3MOB PETYIISLUU
mudGepeHIIMPOBKY TOJOBBIX KJIETOK. Tak, CUYMTAeTCs, YTO MPU BXOXKACHUUW HUX B 3a4aTKH
MOJIOBBIX Keje3 (roHag) reHoMm nepBUYHBIX mnoJoBeix kietok (IITIK) monsepraercs
METUJIMPOBAHUIO, & XPOMATUH PEMOAYTUPYETCA. Y MTHUIL STTUTEHETUIECKUE MEXAHU3MbI KOHTPOJISI
neTepMuHaIuu 1 auddepeHIMpoBKY MoIa ONKMCaHbl ciiabdee: u st ronafd, u s TTK.

C nenbro M3y4eHHs BIMSHUS TMPOIECCOB METUIMpoBaHus — aemetwinpoBanus JIHK B
T€HOME KypPHIIbl Ha CO3PEBAHUE MOJIOBBIX KJIETOK MbI OCYLIECTBUIN UHBEKIIUU IEMETUIUPYIOIINM
areHToM (5-azauutuauH, 5-All) B o0iacTe 3MOPHOHAIBHOIO JUCKAa KYPUHBIX SMOPHOHOB B
nepBble THU WHKyOanuu (Ha 1-wiif wim 4-TeI AeHh WHKyOauu). B pesynbrare 3TUX WHBEKIHI
MBI OKHJIaJIU TIOJYYUTh MHBEPCHUIO IEPBUYHOTO T0JIa Y CAaMLIOB KypHIlbl uepe3 akTuBaunio MHM-
ydacTka Z XpOMOCOMBI M OJHOBPEMEHHYIO AaKTHUBALIMIO JIBYX aJUIeJIed MpearnojaaraeMoro
nonoonpexaenstomero resa DMRTI. V3BectHo, uto MHM-y4acTok rHIepMeTHIMpOBaH B 00enx
Z-XpoMOCOMax CaMIIOB M TUIIOMETHIMPOBAH B €IMHCTBEHHON MOI00HOM 00J1acTH Z-XPOMOCOMBI
camok. BaxxHo, 4TO 0cOOBIil cTaTyc METHWIMPOBAHUS yCTaHABIUBACTCS yXKe B 1-if JeHb pa3BUTHUS
Mocjie OTKJIAAKU sifila. B HammMX sKCepUMEHTax Mbl MCIOJIb30BAIM MUKpOUMHBEKIHIO S5-All B
HavyaJbHBIA MEPUOJ UHKYOAIMK Kak 0co00 BaXKHBINM ISl AeTepMUHanuu noia. Oxaszanock, 4To B
9TOM CJly4ae HWHBEpPCHUs Tojla BCTpedaeTcs jaoctarodHo penko (1:20). Omnako B TOHamax
AKCIIEPUMEHTATIbHBIX 17-TH THEBHBIX SMOPUOHOB CaMIIOB KypHIIBI MBI HAOIOIaH BCTYIJICHUE B
MeH03 MOJIOBBIX KIETOK. [IprueM B neBOM roHajie HAOMIONANNCh KIETKA Ha CTAAMSIX 3UTOTEHBI —
MAaXUTEHbl. Y KOHTPOJIbHBIX CAMIIOB (F€HETHYECKUH IOJI KOHTpoJupoBaiu ¢ nomoiuisio [I1[P)
TaKOro He MPOUCXOIUIIO.

PaGora BrimonHeHa npu ¢puHaHCOBOM moanepkke Poccuiickoro ¢onna ¢pyHnaMeHTaNbHBIX
uccnegoBanuil (mpoekt 14-04-00994-a) u rpantom Ilpesunenta PO no nmommepxkke Bemymux

HayuHbIX mkoa HIII-5115.2014.4.
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XPOMOTPHUIICUC IO MUKPOCKOIIOM: CJIYYAHU JIOKAJIBHOM
OPAI'MEHTALIUU XPOMOCOM IIPU T'’EITATOKAHUEPOI'EHE3E
Ypwieaesa U.B., [{enone I'.B., Mapwax T.JI., /lawenxosea H.O., Muxaenan A.C.
Wuctutyt 6uonorun pazsutus uM. H.K. Konsiioa PAH, r. Mocksa
uryvaeva.idb@bk.ru

HoBple momxompl W TEXHOJNOTHH OWOMH(DOPMATHKH B MOJICKYJISAPHO-TEHETHYECKIX
UCCIICIOBAaHUSX OITyXOJIEBBIX KJIETOK YEJIOBEKa INPUBEINM K OTKPBITUIO pPaHEe HEU3BECTHOIO
SIBJICHUS 3BOJIIOLIMK T€HOMA, MOJIYYHMBILIETr0 Ha3BaHUE XPOMOTPHIICUC OT “chromo” — xpomocomMa,
“thripsis” — pacnmax Ha kycku (Stephen et al., 2011). XpomoTpumncuc mnpoTeKaeT Kak
OJTHOMOMEHTHOE KaTacTpouueckoe cOObITHE paclafa W cpa3y pemnapaiuyd U HETOYHOH COOpKH
HeOoypIIMX o0NacTel reHoMa, coaep)Kallux OJHY-ABE XpOMOCOMBI. B Xozme xaoTuuHOro
BOCCTAQHOBJICHHS MHOTME M3 BO3HHMKIIUX XPOMOCOMHBIX ()parMeHTOB YTpauuBaroTCs, a
OCTaBILIUECS CIIMBAIOTCS U COCTABIISAIOT HOBYIO MO3aUYHYI0 XPOMOCOMY.

CaMm mporecc XpOMOTpUIICHCA KaK 4YpE3BbIUAHHO pEIKOE U CIydyallHOE SBJICHUE
IPOMCXOOUT B E€AMHMUYHBIX KJIETKaX M, KaK II0JIaralT, JOJDKEH IPHUBOAUTh K YTpare HMH
KHU3HECTIOCOOHOCTH. MOJeKyJsipHble MPHU3HAKK 3TOr0 COObITHA ObLIM BBIABICHBI B 2-3%
3JI0KQYE€CTBEHHBIX OITyXOJIEH BCEX TKAHEBBIX THIOB. B Takux ciayyasx B KIIOHAJIBHBIX KJIETOYHBIX
HOMYJISIUSX MPOTrPECCUPOBABIINX OIMYXOJIeH OBLIM aHAJIW3UPOBAHBl T€HOMBI KIIETOK, KOTOpBIE
II0CJI€ XPOMOTPHUIICHCA OKAa3aJMCh CIOCOOHBIMH K Pa3MHOMKEHHMIO M BBDKHUIIM B IOCIEAYIOLIEM
otOope.

Jlo mocinenHero BpEMEHM psll aBTOPOB CTaBSAT II0J COMHEHHME PEAJIBbHOCTb SIBJICHMS
XpOMOTpHIICHCA, KOTOPOE paclieHUBAeTCd UMHU He Oojee Kak rumote3a. Llurorenermueckuii
HKBUBAJIEHT ATOT0 COOBITHS TAK)K€ M3BECTEH TOJIBKO U3 rpaduyeckux cxeM. Kak okazanoch, Ha
MHUKPOCKOITMYECKOM YpPOBHE MHOTME KApUOTUIHMYECKHE aHOMAJIWU, B TOM YHUCIIE U IpoLecc
XpOMOTpHIICHCA, OBIIM OIIGHEHbl Kak apredakThl WIM HCHOPHPOBAHBI IO MPUYUHE
KOHIICTITYaJIbHBIX orpanmdeHuid. OpHako mocie myonukanuu (Stephen et al.,, 2011) B neuatn
ObUIM TIPEJCTAaBJICHBbl B3AThIE M3 APXUBHBIX MAaTEPUAIOB ILUTOI€HETHUYECKUX HCCIEI0BaHUN
omyxosiel MukpodoTorpadpuu aGeppaHTHBIX MHUTO30B UM PETPOCIEKTUBHO OIICHEHBl Kak
XPOMOTPHIICHC.

B Hammx IUTOreHEeTHYECKUX HMCCIEAOBAHUAX KIETOK PETeHEpUPYIOIIEH MEYEHH MBILIN
Takke ObTM  OOHAapyKeHbl  (OPMBI, KOTOpPBIE  MPEATOJIOXKHUTEIBHO  MOTYT  OBITh
UCHTU(PHUIUPOBAHBI KaK CTPYKTYPHbIE MPOSBICHUS 3TOTO Mpoliecca .

[Tonaratot, 4TO MPUUYUHBI OJJHOMOMEHTHON KaTacTpo(U4ecKoil mepecTpoikyu reHOMa TaK
WIM HWHAa4ye JOJDKHBI OBITh CBA3aHbBl C JEHCTBUEM (U3MYECKUX WIM XUMHUYECKHX arcHTOB,
BBI3BIBAOIINX JBYHHUTEBBIC pa3pbiBbl JJHK. B Hacrosmieit pabore muToreHeTHYECKUE MPU3HAKH

XpOMOTpHIICHUCA ObLTH O6H8.py>KeHBI B CAMHHNYHBIX KJIICTKax IICYCHU  MBIIIHN pu
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renarokaHleporeHe3e, HHAYLIUPOBAaHHOM codeTaHueM 3¢dekra paauoMUMETHKa JTUIHHA U
MOCTETYIOIIEH YaCTUYHOMU rernaTdKTOMUU. B IUTOT€HETUYECKUX npemnaparax
KOJXUIIMHUPOBAHHBIX KIETOK 4epe3 8-10 Hemens Mociie WHUIUAIMHM Y JIBYX >KUBOTHBIX OBUIH
oOHapy»XeHbl eAMHWYHBIC (4ucioM 3-5, He Oonee) meradasHble TUIACTUHKH, KOTOPHIE TaKkKe
PETPOCIIEKTUBHO MOTYT OBITh  pAacIiCHEHBl KakK CTPYKTYpHOE TMpOSIBJICHHE IIpolecca
xpomotpurncuca. Oxpacku crocobamu G-banding u C-banding 4eTko BBISIBHIN MPHUCYTCTBHE B
HUX MeNKuX (parMeHToB, cojepxkammx Bcero 3-4 monocel (band). Bo3moxHO, uTO
MPUCYTCTBYIOIIME B TEX >X€ MeTada3HbIX IUTACTUHKAX XPOMOCOMBI, HEOOBIYHO JUIMHHBIC H
HETHITUYHON (HOPMBI, MOTYT TPEICTABIATH COOON PE3yNIbTAT TOTO XKE MPOIecca XPOMOTPHIICUCA.
[IpoucxoxaeHne 3TUX KIETOK HEOMPENEIeHHO, Tak Kak 4depe3 8-10 Hemenb pereHepanuu B
JaHHOW MOJEeNHU TPOIH(EepUpyIOT TENaTOIMTHI, MOBPEKICHHBIE IUIMUHOM, a TaKXKe KIETKH-

NpCANICCTBCHHUKHN U3 CTBOJIOBOI'O PE3€pBa TKAHU TICUCHU.

HCCJIEJOBAHME WU3MEHEHUSA MTPOCTPAHCTBEHHOM ACCOLIMAIINN
NPULHEHTPOMEPHOI'O 'TETEPOXPOMATHUHA NIOJIUTEHHBIX XPOMOCOM
TPO®OLUUTOB ANYHUKOB DROSOPHILA MELANOGASTER B IPOLHECCE
OOI'EHE3A
Ycoe K.E., Baccepnaygh 1.3., Cmeenuii B.H.
HammonaneHblil uccnenoBarenbCkuii TOMCKHI TOCY1apCTBEHHBIN YHUBEPCUTET, I'. TOMCK
usovke@rambler.ru

['eTepoxpoMaTH UrpaeT BaXXKHYIO POJb B MPOCTPAHCTBEHHOW OpraHU3allMd XpOMOCOM B
sqipe, C TMOMOIIBI0 KOTOPOro 00pa3yloTCs acCOIUallMH MPHIEHTPOMEPHBIX, WHTEPKAISAPHBIX,
TEJIOMEPHBIX PaiOHOB XPOMOCOM JpPYI C JAPYroM, a TakKe€ KOHTAKTUPOBAHHE ITHX PalOHOB
XpOMOCOM C siiepHON 000s104Koi. CpaBHUTENBHO HETABHO OBLIO MOKA3aHO, YTO MHTEp(a3zHOE
AIpO HE SBISETCS CTATUYHOM CTPYKTYpOHM MW [JIi TPEXMEPHOM OpraHu3aludd XpoMaThHa
CBOMCTBEHHA OMpeAeNicHHas IUHAMHKA, KOTOpas WrpaeT BaXKHYIO (PYHKIIMOHAIBHYIO DOJIb B
KIeTouyHOM sifipe. PaHee Hamu ObUTa BBISBIICHA CIEAYIONIAS ACCOIMALUS TPULIEHTPOMEPHBIX
paifoHOB MOJMTEHHBIX XPOMOCOM B IPOCTPAHCTBE sifiep Tpo(oruToB ssmaHUKOB D. melanogaster
— X-XpomMocoma OJIM3KO pacroyiaraercs ¢ Xxpomocomamu 3 U 4, a XpoMocoma 2 pacrojiaraetcs
HampoTUB ATHUX XpomocoM. Ho BcTpedanuch siapa TpoQOIHMTOB W C UHBIM B3aUMHBIM
paCIOIOKEHUEM MPUIEHTPOMEPHBIX palloHOB XpoMocoM. OHAKO JE€TadbHOTO H3Yy4CHHS
MIPOCTPAHCTBEHHBIX ACCOLMAIMM MNPULIEHTPOMEPHBIX pPaiOHOB XpomocoM TpodouutoB D.
melanogaster B XoJie 0OOreHe3a He MPOBOIWIOCH. B CBSI3U ¢ ATHM, MOCTaBlIeHa 1I€7b HACTOSIIETO
WCCIIEeIOBaHUS — MpH TMOMOIIU MeToaa 3D-uMMyHOQIyOpecHeHTHOW MHUKPOCKONHU, WU3YYHUTh
TPEXMEPHYIO OpPraHU3aIMI0 MOJUTEHHBIX XPOMOCOM M aCCOLHUAILMI0 HX TMPULIEHTPOMEPHBIX

paiioHoB B siapax TpodoruToB D. melanogaster B xome ooreHesa. IIposenena 3D-

UMMYHO(ITyOpeCIIeHTHasl JIOKaJIM3alusg aHTUTeNl MNpoTuB OenkoB yamuHa Dm0 u HP1 B
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MHTAKTHBIX siapax TpodouutoB D. melanogaster, 94T0 TO3BOJIWIO BU3yalM3UPOBATh SJEPHYIO
000J109Ky, TTPUIIECHTPOMEPHBIC PaliOHBI BCEX XPOMOCOM W TEJIOMEPHBIN pailoH X-XpoMOocoMmbl. B
pe3ysbTaTe MOKa3aHO, YTO BCE XPOMOCOMBI TPO(OIUTOB KOHTAKTHUPYIOT C OOOJOYKOH sapa
NPULIEHTPOMEPHBIMH palioHaMH, a X-XpoMocomMa U TeloMepHbIM. Kpome 3Toro, Ha pasHbIX
CTaausiX OOTeHe3a ObUI0  OOHApYykKEHO TpU  MOP(DOJIOTHYECKUX  THMA  ACCOLUAIIMMA
MPULIEHTPOMEPHBIX PaloHOB XpOMOCOM TPO(OLHUTOB B MPOCTPAHCTBE si/ipa: MPHUIICHTPOMEPHBIE
paitoHbsl xpomMocoM 2, 3 u 4 GIIU3KO PacMoNIOKEHBI APYT K APYTY, a X-XpoMocoma 000cobieHa ot
HuX (1-i1 MopdoTHI); MIPULIEHTPOMEPHBIE pallOHBI XpOMOCOM X, 2 U 3 paBHOMEPHO yAaJICHbI IPYT
oT apyra (2-i1 MopdoTHIT); MPULIEHTPOMEPHBIE PAHOHBI XPOMOCOM X U 3 OJIHM3KO PACIOJIOKEHBI
JIpyT K JIpyTy, a MPUIEHTPOMEPHBIA palioH XPOMOCOMBI 2 oTAalieH oT Hux (3-i mopdotum).
[TprueM Ha paHHUX CTAIUSX OOTeHe3a Mpeodiaganu aapa TPo(OIUTOB ¢ MEPBBIM MOPPOTUTIOM, a
Ha OoJiee TO3MHUX CTATUsAX OOTEeHEe3a IMpeodianany Aapa TPOPOUUTOB C TPETHUM MOP(OTHIIOM.
TakuM 00pa3oM, BBISBIICHA JUHAMHUKA aCCOIMAIMN MPHUIICHTPOMEPHBIX PAaHOHOB XPOMOCOM B
MIPOCTPAHCTBE AP TPOPOLUUTOB AUYHUKOB D. melanogaster B mpoliecce 0oreHesa, Kotopas, Kak
MBI TIPENINOJIOKHUIN, OCHOBBIBAACh HA paHEe TMONYyYCHHbIE COOCTBEHHBIE pE3yibTaThl U
JTUTEepaTypHbIC JaHHBIE, MOXET OBITh CBs3aHa ¢ (QopMHpOBAaHMEM ¥  AKTUBHBIM
(YHKIMOHMPOBAaHUEM SIpBIMIKA. B CBs3M ¢ 3>TUM B HacToAmed padoTe OCYIIECTBICHO
UMMYHO(DITYOPECLIEHTHOE OKpAIIMBAHKE SIPHIIIKA B MHTAKTHBIX SApPax TPOPOLUTOB STUYHUKOB D.
melanogaster Ipu MOMOIIN aHTUTEN K O6enky pulOpuinapuny. B pesynprate yCcTaHOBIEHO, YTO B
aapax TpopoUTOB SUYHUKOB D. melanogaster TOMUMO X-XpOMOCOMBI, SAPBIIIKOOOPa3yIOIUMH
ABIIIOTCA TaKXK€ XpOMOCOMBI 3 U 4, KOTOpbIE TOJBKO Ha ONPEIENIEHHBIX CTaJUAX OOTeHEe3a
CTaHOBSTCS AaKTHUBHBIMU B IUIaHE (OPMUPOBAHUA BTOPOrO KPYHMHOTO sApBIIIKA. MBI
MpearnoiaraéM, 4YTO JaHHBIE MPOIECCHl SBISIOTCS MPUYUHON JAMHAMUKH MPOCTPAaHCTBEHHOM
OpPHUEHTAIMH MPHUIICHTPOMEPHBIX PalOHOB MOJUTEHHBIX XPOMOCOM B siipaX TPO(OLMUTOB B XOJ€
ooreHesa y D. melanogaster.

PaGota npoBenena npu purancopoit noaaepxke [Iporpammer «Hayunsnii poug um. JI.1.

MenneneeBa TomMckoro rocy1apCTBEHHOT'O YHUBCPCUTCTA.

I'EHOTUIIMYECKASA UBMEHYUBOCTDb CHIRONOMUS PLUMOSUS
(DIPTERA, CHIRONOMIDAE) 13 BOJOEMOB YPAJIA U 3AYPAJIbA
Qununkoea T.H.
VYpanbckuii rocyJapCTBEHHBIN MeAaroruueckuil yHuBepcureT, r. EkarepunOypr
filink 57@mail.ru
Nzydensr monmurennsie Xxpomocomsbl 1014 ocobeit Chironomus plumosus Linnaeus, 1758

n3 18 BomoemoB Cpeanero Ypana, FOxxnoro Ypana u FOxuoro 3aypanss. JlnunHok [V Bo3pacta

Ha Mecre cOopa OTMBIBaIM OT TpyHTa H ¢ukcupoBanu B pactBope Kapuya. [na
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KapuOJIOTHYECKOT0 aHaJIh3a TOTOBHWIIN JIaBJIeHbIE MpenapaThl HHTEP(a3HBIX XPOMOCOM U3 KJIETOK
CIIFOHHBIX eJe3 M0 3TUI-OPCENHOBON MeToauKe. CIIOHHBIE Kene3bl okpammBaiu 1,5-2% stuin-
OpCEMHOM B TEYEHHMH ABYX CYTOK, MOCJE YEro H3JIHIIKU opcerHa cMmbiBamu 70% 3TUIOBBIM
COUPTOM M TMEpeHOCWIH Kejie3bl Ha 2-3 yaca B kKammo 20% MonouyHoil kuciotel. [lpu
KapTUPOBAaHUU XPOMOCOM HCIIOJIb30BAJIM CTAHAPTHBIE IUTOPOTOKAPTHI.

B pesynerare mpoBeaeHHoro wuccienoBanus y Ch. plumosus BbisiBIeHO 14 TUIIOB
WHBEPCHI B TETEPO3UTOTHOM COCTOSIHMHM. XPOMOCOMHBIE MEPECTPOMKH OTMEUYEHBI BO BCEX
JUIMHHBIX XpoMocomax Ch. plumosus. B tenouentpuueckoit xpomocome Ch. plumosus
XPOMOCOMHbBIE HAapyLIEHUs HE BbISIBICHBI. B XpOMOCOMHOM 1ieue A OTKJIOHEHHUS OT CTaHAapTHOU
MOCJIEZIOBATEILHOCTU JIMCKOB BCTPETHJIMNCH BO BceX oOcienoBaHHBIX BojoeMax. KomnuecTBo
ocobeit Ch. plumosus ¢ HapylleHUsSIMU B IJiede A B pa3HbIX BOJOEMaxX IOCTATOYHO CHIIBHO
oTiaMyaeTcs Ipyr or apyra. /luamnazon maHHbeIx otiauuuii cocramiser 0,33-41,4% ocoGeit. B 10
nonynsauusax Ch. plumosus OTMEUEHbl XPOMOCOMHBIE IEpPECTPOMKM B Iuieue B, kosinuecTBO
0co0eil ¢ reTepo3UroTHEIMU MHBEPCHUSIMU B Tuieue B 1o pa3HbIM BojoeMaM Takke U3MEHSJIOCh B
noctaroyHo mmpokux npenenax (0,2 - 53,3%). B 13 Bomoemax BCTpPETWIMCh HapylICHHS
JUCKOBOM CTPYKTYpbl B XpoMocOMHOM Iuiede C. MHBepcuM B IreTepO3UrOTHOM COCTOSIHUM B
mwiede C B pasabix nomyisuusx Ch. plumosus otveueHsl y 2-54% ocoOel, TO ecTh MEKIy
MOMYJISIUSMU IO 3TOMY IOKa3zaTedar0 MOryT ObITh 3HauuTenbHble oTanuus. B 10 Bomoemax
MIPUCYTCTBYIOT HapyIIEHUS CTaHJAPTHOTO mopsiaka IUcKoB y Ch. plumosus B XpOMOCOMHOM
mwieye D. XpoMoOCOMHBIE TEepecTpOMKH B Iuiede D B 3aBUCHMOCTH OT BOJOEMAa OTMEYEHBI Y
paznuaHOTO KoymuecTBa ocobeit (0,7-50%). B 4 Bomoemax y Ch. plumosus 0oOHapyKEHBI
XpoMocoMHbIe HapyiueHus B tuieue E. B pa3Hbix nmomymnsuusax HapyueHus B miede E otmeueHo y
3,3-22% ocoGeii. B 3 Bomoemax y Ch. plumosus OTMEYEHbl WHBEPCUU B I'€TE€PO3UTOTHOM
COCTOSIHUH B XpoMocoMHOM Iuteue F. KonmuecTBo ocobeii ¢ HapyIIeHHOM AUCKOBOW CTPYKTYpO
B tuteye F B paszHbix momymsimusix coctaBmiio 0,7-1,5% ocobeit. Unciio reTepo3uroTHeIX NHBEPCHIA
Ha 0co0b y Ch. plumosus B Bogoemax Cpemnero Ypana usmensuiock oT 0,8 mo 1,3; B Bomoemax
IOxHoro Ypana - ot 0,22 no 1,02; B Bonoemax HOxHnoro 3aypanss - ot 0,4 g0 0,6.

Taxum o6pazom, obcnenoBannbie nomynsuu Ch. plumosus OTINYAIOTCS Ka4eCTBEHHBIMHU
U KOJIMYECTBEHHBIMH XapaKTEPUCTHKAMH HHBEPCHOHHOTO monuMopdusma. Otiauuusi B
OTHOIIIEHUH XPOMOCOMHBIX HApyIHICHUN MPOCIEKHUBAIOTCS U MO Pa3HBIM XPOMOCOMHBIM IlIeuyaM
Ch. plumosus, yaie Bcero OTKJIOHEHHs B JUCKOBOW CTPYKType BCTPEUaloTCA B IJiede A, pexe — B
xpomocoMHoM Tuiede F. B 7 obGcnenoBanubix Bomoemax y Ch. plumosus otmeueHsl B-
xpomocombl. KommuectBo ocobeit Ch. plumosus ¢ TCHOMHOW W3MEHYHMBOCTHIO B Pa3HBIX
nonynsauusax pasnuyHo  (1,4-14,9%), To ecTb W MO JAaHHOMY TPU3HAKY CYIIECTBYIOT
MEXMOMYyJIAIUOHHbIe oTinuusi. ClieyeT OTMETHTh, YTO HUTOTAKCOHOMHYECKHE HCCIICOBAHUS
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xupoHoMua u3 BogoeMoB CeepHoro u IlomspHoro Ypama He BbisiBUIM B HuX Haymuue Ch.

plumosus.

HCCJEIOBAHUE TIPOCTPAHCTBEHHOM OPTAHM3AIIAU SITEPHOTI'O

N MUTOXOHAPUAJIBHOT'O TEHOMOB 3C-METOJAMHA

@uwman B.C."?, Bammynun H.P."?, Muponosa U.B."?, ITomasnoii M.IO. ', Aponnuxos JT.A.",
Maszyp A.M. y Xabaposa A.A. ! Ilpoxopuyk E.b. ’ Cepos 0.J1"?

1I/IHCTI/ITyT nutonoruu u renetuku CO PAH, r. HoBocubupck

2H0300H6Hp01<1/1171 rocyJapCTBEHHBIM YHUBEpCUTET, T. HoBocnOupck

3I_[eHTp ououmxenepun PAH, r. Mocksa

minja-f@ya.ru

Texnonmorun 3axBata KoHpopmMamuu XxpomocoM (chromosome conformation capture, 3C-
TEXHOJOTHHM) TIO3BOJIIOT  HMCCIENOBAaTh  MPOCTpPAaHCTBeHHYyI0  opranumszanuio JIHK ¢
OecriperieIeHTHO BBICOKUM pasperienueM. HWcmonb3ys 3C-meroabl, OBUIO IOKa3aHO, 4TO
XPOMOCOMBI J3YKapHOT OPraHU30BaHbl B KOMIIAKTHBIE MPOCTPAHCTBEHHBIC (TOIMOJIOTHYECKHUE)
JIOMEHBI, KOTOpbIE SABIISAIOTCA 0a30BOI eAMHUIIEH Ba)KHEHIIMX M€HOMHBIX MPOLIECCOB, TAKUX Kak
TPAHCKPUIILKS, PEIUIMKAIMS U MOJIEKyJisipHas 3Bojrouus. [Ipy 3ToM BO BceX MCClEIOBaHHBIX
TUMAaX COMATHYECKUX KIETOK MIICKOMHUTAIOUIUX  MPOCTPAHCTBEHHAS] ApXUTEKTypa SJIEPHOTO
reHomMa JIEMOHCTPUPYET TMOpa3uTeNbHOE CXOJCTBO. bomee Toro, oOmme MPUHIUIIBI
MIPOCTPAHCTBEHHOM OpraHu3aluy HaOMIOJAIOTCS MPHU CPaBHEHUHM ApXUTEKTYpbl HMHTep(da3HOro
A7Ipa KJIETOK MJIEKOMUTAIOUINX, APO30PIIBI H TPOACKEH.

Jlis moHUMaHUS TOTO, KAaKWe MEXaHM3Mbl 00ecreyuBaloT (HOPMHUPOBAHHE CXOIHOM
MIPOCTPAHCTBEHHOU CTPYKTYPHI B Pa3HBIX THUIIAX COMAaTHYECKUX KJIETOK, M JIa)Ke B KJIETKaX Pa3HbIX
BUJOB, MBI  IIPOBEIM  HCCIEAOBaHUE  MPOCTpaHCTBEHHOW  opranmzauun JIHK B
BBICOKOCIIELIUATM3UPOBAHHOM THUIE KJIETOK MJIEKONMTAOIIMX — 3PEJIbIX CIIEPMAaTO30MaaX MBIIIH,
a TaKKe UCCIEOBAIM MPOCTPAHCTBEHHYIO OPTaHU3AIMI0 MUTOXOHIPHAIIBHOTO T€HOMA, KOTOPBIN
10 CBOMM TapaMeTpaM KapAUHAIBHO OTIUYACTCS OT SIEPHBIX TEHOMOB.

HccnenoBanue 3penbix ciepMaTto3oun1oB Mbimi MetogoM Hi-C mokasano, 4To, He CMOTps
Ha psAd OCOOGHHOCTEW HTHX KJIETOK: TarIOMAHbIM reHoM, ymakoBky JIHK mnportamunamu,
OTCYTCTBHE MpOIECCa TPAHCKPUIMIMU M HA MOPSAOK MEHBIIMI pa3mepa sjipa MO CPaBHEHUIO C
COMAaTHYECKUMM KJIETKaMH, MpocTpaHCcTBeHHass opranmszauua JHK B cnepmaro3onmax
MOPA3UTENBHO CXOJIHA C MPOCTPAHCTBEHHOM OpraHu3aluyd T'€HOMOB COMAaTHMYECKUX KIETOK. B
YaCTHOCTH, B T€HOME CIIEPMAaTO30MJ0B OBLIM BBISBICHBI TOMOJOTHYECKUE JOMeHbl U A/B-
KOMITAPTMEHTHI, XapaKTepHbIE JIJIsl BCEX pPaHEE MCCIEAOBAHHBIX THUIOB KJIETOK MIJIEKOMUTAIOLIUX.
Hnst oObsicHeHHsT HEOONBIIOTO0 4YHCIA Pa3IMuMid B TMPOCTPAHCTBEHHOM YKIIAJKE TE€HOMOB
COMAaTUYECKUX KJIETOK U CIIEPMAaTO30HI0B, Mbl pa3padoTaiu MoJIeidb KOMITAKTH3AI[UN T€HOMa, YTO

MMO3BOJIMIIO OOBICHUTH HpI/I6J'II/I3I/ITCJ'IBHO YCTBCPTH BBISABJICHHBIX pEBJ'IPI‘IPIIZ.
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VYIakoBKa MUTOXOHAMAJIBHOIO T€HOMA KapIWHAJIbHO OTJIMYAETCA OT YHaKOBKH sJIEPHBIX
reHOMOB. MUTOXOHIPHAIIBHBIN T€HOM SIBIISIETCS KOJBLEBON MOJEKYJIOW, MO JJINHE HA HECKOJIBKO
MOPSIAKOB MEHBIIE, YEM SIICPHBI T'€HOM, HE COAEPKUT TMCTOHOB WM MPOTAMHUHOB U HMEET
OUYEHb BBICOKYIO INIOTHOCTh T'€HOB HA €UHUILY JIJTUHBI.

IIpoBenennsiii mMetomamu 3C-qPCR u 5C ananu3 npocTpaHCTBEHHOM OpraHU3alvu
mutoxonapuanpHoit JIHK uyenoeka mokazan, yrto d¢parmentsl JJHK wmutoxonmpuanpHOTO
TeHOMa, TaKXe KaK U SJIEPHOTr0, UMEIOT CHEIU(PUIECKHII MaTTepH MPOCTPAHCTBEHHBIX KOHTAKTOB.
Ucnone3ys meron SC, HaMu OBLIH BIIEPBBIC MOCTPOSHBI ICTATBHBIEC KAPThI B3aUMOACHCTBYIONTIX
y4acTKOB MUTOXOHIPHUAJILHOTO T€HOMA YEJIOBEKA.

Takum 00pa3oM, OCHOBHBIC TMPHHIMUIBI 3D-CTPYKTYpHI SAEPHOTO T€HOMA HE 3aBHCIT OT
KJIETOYHOTO TUIIA U TaKUX MapamMeTpoB, KaK pazMep MHTep(a3HOTO spa WM HAJIHYUE Mpoliecca
Tpanckpunuuu. M3menenus B ynakoske /IHK Ha camom 6a30BOM ypoBHE — 3aMeHa FMCTOHOB Ha
MPOTaMUHBI, TPOUCXOASIIAs B XOJAE CO3PEBAHMS CIEPMATO30MI0B, TAKXKE HE OKAa3bIBAET
CYIIECTBEHHOT'O BJIMSIHUS HA MPOCTPAHCTBEHHYIO OPraHM3alMI0 T€HOMa B ATHX KIeTKax. boisee
TOT0, HATMYUE MPOCTPAHCTBEHHBIX KOHTAKTOB SIBJISIETCS 0a30BBIM aTpUOYTOM Kak SACPHOTO, TaK

" KapAWHAJIbHO OTJIMYAroMICTOCA OT HCr0 MUTOXOHAPUAJILHOTO I'CHOMA.

AHAJIN3 CTPYKTYPHbBIX BAPUALIUU TEHOMA Y NOJYYABIHINX
XUMUOTEPAIINIO BOJIBHBIX PAKOM MOJIOYHOMU KEJIE3bI U3 KASAXCTAHA
Xpynun A.B. 1, Xanceumosa A.K. 2, Anues A.M. 1, banmyxanos T.C. 2, Aumxoorcuna H.A. 2,
1

Jlumbopckas C.A.
'DenepanbHOe TOCYIAPCTBEHHOE BIOKETHOE YUPEKACHHE HayKi MHCTHTYT MOIEKYISPHOI
reHetuku Poccuiickoii akagemun Hayk, r. Mocksa, Poccust
2I/IHCTI/ITyT MOJICKYJISIpHOM Onosorun u onoxumun uM. M. A. AlitxoxxnHa KomuteTra Hayku
MunucrepcTBa o0pazoBanus U Hayku Pecryonuku Kasaxcran, r. Anmatsl, Kazaxcran
khrunin@img.ras.ru

CucremHas JleKapCTBEHHas Tepamus SIBISIETCS HEOThEMJIEMOM YacThlO0 JIEYeOHOro
mpolecca y MOAaBISIONIEro OONBIIMHCTBA OHKOJIOTHYECKHX OONMbHBIX. OHAKO TpagUIMOHHBIC
MPOTHOCTHYECKUE (DAaKTOPBI YacTO HE MO3BOJIIIOT MPEJCKa3aTh, KaKWE MpermapaThl OKaXyTCS
3¢ (HEeKTHBHBIMU y JAaHHOTO OOJBHOTO, 4YTO TpeOyeT HIACHTU(PHUKAIMN IOMOJHUATEITBHBIX
KpUTEPUEB, KOTOPbIE MOIJIM Obl OBITH HUCIIOJIB30BAHBI JUIsl TECTUPOBAHMS MAIMEHTOB J0 Hayaia
nedenus. OgHa M3 BO3MOXKHOCTEH ONTHMHU3AIMHU TOAXOAOB K TMOAOOPY MpEnapaTtoB U CXEM
JICYCHUS CBS3BIBACTCS C YYETOM WHIMBHUIYANbHBIX PAa3IMUMi B MOCIEAOBATEIIBHOCTAX MOJIEKYJ
JHK (AHK mnomumopdusm). s wu3ydeHus BKJIaJa HMHIUBHIYyaTbHOTO TE€HOMHOTO
noiuMopdusmMa B paziuyusl B peakUusx OOJbHBIX PaKOM MOJIOUHOM Kelie3bl Ha JIeYeHHEe HAMH

o6bul  cnpoektupoBaH JIHK-Mukpouun, BKIIOYaOmUi OJHOHYKJICOTHAHBIE MOJIUMOPHHU3MBI

(SNPs) reHoB, OenkoBbIE MPOAYKTHI KOTOPBIX, B OOJBIIMHCTBE CBOEM, 3aJ[CHCTBOBAHBI B
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MeTabonu3Me U TPaHCIOPTE NPEnapaTroB, MPUMEHSEMbIX B XHMUOTEpPAllMU paka MOJOYHOM
xene3bl. [lomupiii cimcok coaepxkan 26 reHoB (rensl SLCOIB3, ABCBI, ABCC2, ABCG2,
ABCCI, CYP3A44, CYPIBI, CBRI u np.). Ot6op SNPs 1151 TecTupoBaHus MPOBOIMIICS HA OCHOBE
aHanusa 6a3b1 JAHHBIX TE€HOTHIIOB IIPOEKTa 1000 T€HOMOB
(http://browser.1000genomes.org/index.html). OOGmactu mnoucka SNPs BriIrO9amu paioHBI
JOKAJIM3allud CaMHX T€HOB U TMpWIETalolle K Hayaly M KOHIy T€HOB Y4YaCTKH XPOMOCOM
npoTskKeHHOCThI0 B 1kb. JIns onTuMH3anuy YUCIEHHOCTH TEHOTHIHMPYEMBIX MOJIUMOP(HBIX
JIOKYCOB B aHaJIM3 BKJIOUaIKCh Juilb tagSNPs ¢ 4acToTol BCTpeuaeMOCTH MUHOPHOTO aJlIeNsl He
meHee 5%. IlpuHnmunmansHEIM B Hameld paborte ObUIO HCIONB30BaHHE 00Jiee BBICOKOTO
noporoporo koddduimenTa HepaBHOBecus o cremieHuiro 12 = 0.95, B cpaBHEHHUU C
TpaAUIMOHHO NpuHUMaeMbIM r2 = 0.80. DT0 mamo HaM BO3MOKHOCTb MOJIYYUTh MAaKCUMAJIbHO
NPEJCTABICHHBIA U1 KaXX10TO M3 reHoB Habop momumopdusmoB (ot 3 mo 93 SNPs Ha ren),
KOTOPBIA, K TOMY €, B MEHBIICH CTEIeHW NOoIBepKeH A((EKTy BBHISBICHHS ONIMOOYHBIX
accoluanuii, BOSHUKAIOMIUX HM3-3a KOJIeOaHU BETMYMH HEPABHOBECHS IO CHEIUICHUIO B Mapax
7okycoB. TecToBas olleHKa pabOTOCIIOCOOHOCTH MUKpOUYHUIA, IPOBEACHHas Ha BbIOOpKe u3 384
WHAWBUIYYMOB, MPOJIEMOHCTPUPOBAA €ro BBICOKYIO TUCKPUMHHHPYIOMIYIO 3PQPEKTUBHOCTh B
OTHOIIEHUH OOJBIIMHCTBA ToTuMopdu3mMoB (b 3% SNPs umenu «call rate» menee 95%). 3o
MO3BOJIUJIO HaM HCIIOJIb30BaTh €ro B KAayecTBE aJE€KBATHOTO MHCTPYMEHTAa [UIsl pealln3aluu

IporpaMMbl UCCIIEIOBAHUI Ha BCeH rpymie O0JIbHBIX.

OPUI’KNHBI PEIVIMKAIIMU HEHTPA THAKTUBAIIUA X-XPOMOCOMBbI
IMOJIEBKUW MICROTUS LEVIS

Lllepcmiok B.B. 1’2’3, Lleguenxo A.U. 1‘2‘3, Baxusn C.M."*3*

'OIrBHY «DenepanbHbIA UCCIEIOBATENBCKUM EHTP MHCTUTYT IMTOJIOTUN U T€HETUKHU
Cubupckoro otaenenust Poccuiickoit akagemun Hayk», T. HoBocubupck

2OI'BYH HNucTuTyT XuMuyeckoit Ouonoruu u ¢pynnamentansaoit menuiuasl CO PAH, T.
HoBocubupck

3 HoBocubupckuii Hay4HO-UCCIe0BaTeIbCKUN MHCTUTYT MATOJIOTUU U KPOBOOOPAIIIEHUS UM.aK.
E.H. Memankuna, r. HoBocubupck

4H0B0c1/161/1pc1<1/n71 rOCy/IapCTBEHHBIN YHUBEpPCUTET, T. HoBocuOupck
zakian@bionet.nsc.ru

YyacTku reHoma, B KOTOPBIX MNpoucxoauT wuHunmanusa pemmkaunn JIHK, Taxke
W3BECTHBIC KaK OPHUKUHBI PEIUIMKALMU SIBISIOTCS BaXKHBIM JJIEMEHTOM TI'€HOMOB Pa3INYHBIX
OpraHM3MOB, B TOM YHCJIE€ M MIEKonuTaromux. OpUIKUHBI pEIUIMKAlMM MIIEKOIUTAIOUINX HE
MMEIOT KOHCEHCYCHOM IIOCJIEOBATEIBHOCTH, YTO OCJIOXKHSET UX IIOMCK B I'€HOME U WU3yYCHHE
MEXaHU3MOB HX peryjsanud. IIoJHOreHOMHBIE JaHHBIE O PACHOJIOKEHUH OPHUIKHHOB
CBUJIETEJICTBYIOT 00 OpraHM3alUyU MOCIEIHUX B 30HBI MHULMALMK PEMIMKALUU, COCTOAIINE U3

HECKOJIBKHUX OPUIKUHOB. HGCMOTpH Ha OOMJIME MOJTHOT€HOMHBIX AAHHBIX, U3YUCHUC OPUKUHOB
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PEIUIMKALIMA M UX PETYJISIUU B COCTABE OTIEIbHBIX 30H IPEICTABIIAET, HA CETOAHSALIHUN JEHb,
aKTyaJgbHyl 3amady. OJIHOM HMX TakuX 30H HWHULMALMKM PEIUIMKALMM  SBISIETCS LEHTP
WHAKTHUBALIUU X-XPOMOCOMBI BOCTOUHOEBPOIEHCKOM MoeBKU Microtus levis.

B nanHoOil pabGore OBUT MpOBEACH MMOMCK W aHATU3 OPHIKUHOB pEIUIMKALUU B
TpO(OOIACTHBIX CTBOJIOBBIX KIIETKaX, KJIETKaxX OAKCTPAdMOPHOHAIBHONW DHIONEPMBI H B
¢ubpobnacTax B IMEHTPE WHAKTHUBAIUUA X-XPOMOCOMBI MOJCBKH. [IpoBeneH aHanmm3 mepBUYHOM
ctpyktypbl JIHK B paiioHax 0OHapy>KEHHBIX OPHUDKHMHOB DEIJIMKAIMKU M MX acCOLUAlUU C
poly(dA)-poly(dT) tpaktamm wu G-kBaapymiekcamu. IIpoaHann3upoBaHO —pacIpenesieHue
BapuaHta ructona H3.3 m Mommdwukanuii THCTOHOB, TakWx Kak amerwiupoBaHHBIE H3KO,
MoHoMeTwipoBanHbii H4K20 wu TpumerwnupoBanHbsii H3K27. IlomydeHHble pe3yabTaThl
MO3BOJIMIIM YCTAHOBUTH, YTO LIEHTP MHAKTUBAIUU X-XPOMOCOMBI MOJIEBKU MPEICTaBISET COOOM
30HY MHUIMALMK PEIUIMKALUH, @ TAK)KE BBIHECTH IPEANIOI0KEHNE O MEXaHU3MaX, Y4aCTBYIOLIUX
B PEryJISILIMM OPUKUHOB PEIUIMKAIMKU B JAHHOM JIoKyce. KpoMe Toro, mpoBeieH CpaBHUTENbHBIN
aHaJIN3 OPUDKUHOB PEIUIMKALMHU B IEHTPaX NHAKTUBALUUA X-XPOMOCOMBI y TIOJIEBKH U MBIIIIH.

Pa6ora nonnepxana PODU 14-04-00710

IUATOTEHETUYECKUN AHAJIU3 B TMATHOCTUKE MMATOJIOT UiA
SHIAOMETPUSA
Hlununa M. A., I'punuyx T.M.
WuctutyTt nuronoruu Poceuiickoit akanemun Hayk, Cankt-IlerepOypr
e-mail: Shili-mariya@yandex.ru
[enpto Hacrosimeil paboOThl OBLT CPAaBHUTENBHBIN aHAINW3 JIMHUW HHAOMETPUATBHBIX
ME3E€HXUMHBIX CTBOJIOBBIX KJIeTOK (AMCK) uenoBeka M3 JECKBaMHPOBAHHOTO HHIOMETPHS
MEHCTPYaJbHON KpOBH, MOIYYEHHBIX OT 310poBOoro maoHopa (nmuuus 23-04) u noHopa ¢
aneHomuo3oM (nmuHusi 04-04). B oOoux ciyyasx KIETKH BBIACISUIM U KyJIbTUBUPOBAIU TPU
OJIMHAKOBBIX  ycloBUSIX. B pabore ObIM  HMCHONB30BaHBl  CJIEAYIOUIME  METOMBI:
nMmyHoproopectieHTHas okpacka dMCK, denorunupoBanue mo CD mapkepam, HanpaBieHHAs
nudQepeHIUpoBKa, OleHKa Mpojudepanuu (IOCTPOEHHE KPUBBIX POCTa M pacHpeieseHHue Io
LUKITY), KApUOTUIIMYECKUI aHanu3 MeTadaszHbIX XpOMOCOM OKpalleHHbIX AuddepeHnnanbHo Ha
G-nucku. XpoMOCOMBI UJIEHTU(GUIIUPOBAIN B COOTBETCTBUU C ATJIACOM XPOMOCOM YEJIOBEKA.
Pesynbrarer paboter mokazanu, uro ’MCK obeux nuHMI umenn GudpoOIacTonogo0Hyo
Mopdomoruto, AudQepeHIUpoBaINCh B OCTEO€HHOM M AJMIION€HHOM HAaIpaBJICHUM, HMEIH
OJIMHAKOBBIN nudepeHupoBoYHbIN oTeHIHan, skcnpeccupoamu CD 13, CD29, CD 44, CD

73, CD90, CD 105 u ne sxcnpeccupoanu CD 34, CD 45, CD 117, CD 130, HLA — DR kiacca II.

3TO0 MO3BOJIUIIO TOBOPUTH O TOM, YTO ()EHOTHUII JAHHBIX JIMHUN COOTBETCTBYET (DEHOTHITY KIETOK
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ME3E€HXHMHHOTO cTpoMalibHOro psiaa. Bpems ynBoenus sMCK kaxaoi muHUM cocTaBWiIo 22-23 u
47-48 gaca, COOTBETCTBEHHO.

Hurorenernueckuit ananu3 3MCK cpaBHUBaeMbIX JIMHHI, IPOBEACHHBIM HA OJTHUX U TEX
ke maccaxkax (m. 6-7), mokaszai, uyto 3MCK ot 3mopoBoro nponopa (nuHus 23-04)
MPEUMYIIECTBEHHO MMEIU HOPMaIbHBIM HE MEPEeCTPOCHHBIM KapuoThn. OTKIOHEHUSI OT HOPMBI
HOCHUJIM CIIy4alHBIN XapakTep M ObUIM CBSI3aHbl C W3MEHEHHEM KOMUWHOCTH TEX WJIM HHBIX
XpoMocoM Habopa (MOHOCOMHUS, TPUCOMUS) U MOSBJICHHEM TaKHX XPOMOCOMHBIX MEPECTPOCK, KaK
HU30XpOMOCOMBI U POOEPTCOHOBCKIE TPAHCIOKAIUH.

[Momymstimst SMCK nuaum 04- 04, monmydeHHast OT MAalMEHTKU C JUATHO30M «aJCHOMHO3)
M0 I[MTOTCHETUYECKUM XapaKTEPUCTUKAM CYIIECTBEHHO oTiandanack ot 3MCK 3mopoBoro
JoHOpa. YKCIIO KIETOK C HapyIIEHUSIMU CTPYKTYPBI KaproTuna (Kak 1Mo YUCIy XPOMOCOM, TaK U
M0 HAJIWYUIO XPOMOCOMHBIX aOeppanuii) momuHupoBano (90 %), yBenUYEeHHE YHUCIIA KOMHA
(Tpucomus) HabmOMATH B XpoMocoMmax 1, 3, 6, 7, 21, MoHOCOMHIO — B XpoMocoMmax 5, 11, 15, 16,
17. Ha ¢oHe MOBBINIIEHHON TE€HETHYECKOW HECTAOMIIBHOCTH, TAKHE XPOMOCOMHBIE TIEPECTPONKH,
Kak PoOepTCOHOBCKHME TpaHCIOKAIMM M H30XPOMOCOMBI, OTCYTCTBOBaiH. OCHOBHBIM THIIOM
MOp(OJOTHUECKUX HU3MEHEHUH B CTpykType Kapuotuna sMCK or maumeHTKH, O0JIBHOM
aJICHOMHO30M OBUTM TIOJJOMKH XPOMOCOMHOIO MaTepHajia ¢ BO3HUKHOBEHHEM J1€(PEKTHBIX
xpomocoM. [loBwIlIeHHast TOMKOCTh ObLIa BBIsIBIIEHAa B XpoMmocoMmax 3,7,11. He uckitoueno, 4aro
CIIEKTP XPOMOCOM, XapaKTEpPU3YIOIIMXCSA IMOBBIIIEHHOW JIOMKOCTBIO, PAaBHO KaK U XpPOMOCOM,
BOBJICUCHHBIX B MMPOIIECC aHEYIUIOUIU3AIUHN KJICTOK, IPU aHaIu3e O0JbIIero yncia MeradasHbIX
IJJACTUHOK MOXET oOKa3aTbes mupe. B kapuotune sMCK 0T 370poBOTO JOHOpa MOJIOMKH
XPOMOCOMHOT'O MaTepHaia OTCYTCTBOBAJIH.

ComnocraBineHue  pe3yJIbTaTOB HacTosmEel  paboThI C  KApUOTUIUYECKUMH
xapakrepuctukaMu >MCK oT manueHToB ¢ 3HIOMETPHUO30M, UMEIOIIMMUCS B JIMTEPATypaType,
MO3BOJISIET TOBOPUTH O TOM, YTO BO3HUKHOBEHHUE PA3IMYHBIX MATOJOTUNA SHIOMETPHS COMPSIAKEHO
C HapymeHHeM CTaOWIBHOCTH CTPYKTyphl kKapuoturma 3MCK, B 4YacTHOCTH ¢ HapylIeHUEM
ctabunpHOCTH MOpdooruu xpomocom 7 u 11. IlomyueHnHsle JaHHBIE TOBOPST B MOJIB3Y TOTO, YTO
dbyHIaMEHTaIbHbIE HWCCIEAOBAaHUS B JAaHHOM HANpPaBIeHUHM MOTYT TIOMOYh I[MOHUMAaHHIO
TCHETUYECKUX  MEXAaHM3MOB BO3HHKHOBEHHS T'MHEKOJOTHYECKMX 3a00JieBaHUN  JaHHOU

HaIpaBJICHHOCTHU U MOT'YyT OBITE MOJIE3HEI B pa3pa60T1<e MCTOAOB UX OAUArHOCTUKH U TCPAIIUU.
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MEL

BUOXUMUA U BUOTEXHOJIOTUA

KomnaHus «Xummeg» noctaBnseT matepuansl v obopynoBaHue ntoboii KaTeropum CloxHOCTM ans 6uo-
TEXHOJIOrMYECKMX, (hapMalLleBTUYECKMX NPOM3BOACTB, aHAUTUYECKMX U HAYYHO-TEXHUYECKUX TabopaTopuil,
3KCNEPTHbLIX OTAEIOB M OTPAC/NEBbIX 1abopaTopuilt KOHTPONS KayecTBa.

PeaKTUBbI AN OUOXMMMUYECKUX UCCNeS0BaHUN

e AHTUTENA

e [oTOBbIe TecT-cuctembl MOA

® PeKOMbUMHAHTHbIE OenKu

e [oToBble Habopbl Ana BbigeneHus, ounctkn HK, PHK, 6enkos
e Jlunuabl

® PacxogHble peareHTtbl gns MLP

® PecTpuKTa3bl (3HA0HYKNEa3bl PECTPUKL M)

e IHK-nonnmepassl

e OueHKa pe3synbtatoB LP meTtogom anekTpodopesa

® MapKepbl MONeKynspHOro Beca 6enkoB (gna anekTpodopesa)
e Mapkepbl monekynspHoro Beca IHK (ans anektpodopesa)
® AHTMONOTUKN/QHTUMUKOTUKM ANA TpaHCheKLnn

e Kpacurenu

e MaTepuanbl ANA LUTOrEHETUKM

® KynbTypanbHble 106aBKM 1 (haKTOpbl pocTa

® [130TOHMYECKME PaCcTBOPSI

® Habopbl 415 06HAPYKEHUA MUKOMAA3Mbl

e [lutatenbHble cpeabl

e PacTBOpbI AN pa3aeneHuns KneTok

® PeaKTuBbl 119 UCCNEA0BAHUA CTBOMOBbIX KNETOK

e CbIBOPOTKM

® PeaKTuBbI AN MONeKyNApHOM Bronorum

e [leTepreHTsbl

e CpeactBa gekoHtammHauum ot AHK, PHK n PHKa3bl

e MembpaHbl Ans nepeHoca

® PacxoAHble matepuarnbl Ansa MUKpobuonorum

MnacTtukoBble pacxoaHble matepuansbl n nocyaa LIFE SCIENCE
e [lnacTMKoBas nocyaa Ans KynbTyp KNETOK
¢ [Inactukosas nocyga ana lLP

e [IMNeTKN N HAKOHEYHUKMN

® LleHTpudy*HbIe NPOOUPKK

e OUnbTPALMOHHbIE CUCTEMBI

e KpronpobupKu 1 akceccyapbl

® EMKOCTM ans XxpaHeHns

® PeHTreHOBCKas NNeHKa

e KonoHku gna obecconmsaHus

e YcTponicTBa AnA amannsa

O6opyaoBaHue AnsA 6MOXMMHUYECKUX UCCIIe0BaHMN
® bruomeanLMHCKME, NONAPU3ALMOHHbIE U CTEPEOMUKPOCKONMbI

Do o g
it BiIoFROX:
9 Solutions for Science
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SCIENTIFIc Biology Products

GE Healthcare

®TECAN. & gecom

COULTER

CORNING
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Bioscience

TOSOH

e O6opyaoBaHue ans cekseHnposaHusa [HK, npotouyHoit uutometpuu, MLUP u MNP B peanbHOM BpemeHK
e ObopyaoBaHue ans aneKkTpocdopesa n 6N10TTUHIA, CUCTEMbI FeNlb-OKYMEHTMPOBAHMS
® Po60TM3MpPOBaHHbIE pacKanblBaloLMe CTaHLUM, MUKPONNAHLWETHbIE PUAEPbI 1 MPOMbIBATENN

e O6opyaoBaHue ans 6roymnos

115230, . MockBa, Kawupckoe wocce, a. 9, Kopn. 3. Ten.: +7(495) 728 4192, dakc: +7(495) 742 8341.
630090, I. HoBocubUupcK, npocnekT Akagemuka JlaBpeHTbeBa, 6/1. Ten./dakc: +7(383) 335-61-08, 335-61-02.
bio@chimmed.ru, sibir@chimmed.ru, www.chimmed.ru



HiSeq® 2500

CEKBEHVPOBAHWE
AN A1ObIX FATAY

illumina

HiSeq"

BbicokonponsBoguTenbHbI
cekBeHaTop A51s MacLUTabHbIX
nccnegoBaHuin No3BosisieT
pewnTb 3agayn nobon
CINOXHOCTH

>1 O reHomMoB
yenoeka 30x

NextSeq

KomMnakTHbI 1 NPON3BOANTENBHbIN
cekBeHaTop obecneunT rmbkue
BO3MOXHOCTU ANsi aHanm3a LenbixX
reHOMOB, 3K30MOB M TPAHCKPUNTOMOB

MiSeq"

[lepcoHanbHbIn cekBeHaTop
No3BONSAET B KpaTyanLLme CpoKu

>5O TPaHCKPUNTOMOB
>1OO 9K30MOB

reHom
1 € Nnony4ynTb BbICOKOTOYHbIE

yenoBeka 30x

4-1 6 TPaAHCKPpUNTOMOB
1 2 9K30MOB

pe3ynbTaTbl. WpoeanbHoe
peweHune ana nccnegosaHnda
LerneBblX nocnenoBaTesfibHOCTEN,
mMeTareHoma, marnblX reHoMosB,
aAMMNJIMKOHOB, 3KCMNpeccun reHos,

HLA TunnpoBaHus, paboTbl ¢
STR, SNP n T.4.

~ - NeoPrep"

4 1 2 06pasLoB LeneBbIxX
- KINMHUYECKMX NaHenen
Cuctema aBTOMaTU4ECKON 384 amrnmkona

noaroToBku 6ubnuoTtek Ans

NGS. TexHonoruu 5 npodoune

LMpoBOr MUKPOITHONONKM e et
Nno3BONAT nony4aTb
O1BNMoTEKN BBICOKOTO
KayecTBa fgaxe npu
OrpaHUYEeHHOM KONNYEeCTBE
WCXOQHOro matepuana

illumina /

3 KIMMHNUYECKNX
OK30Ma

1 reHoMoB
6 GakTepun

6
24 g

1 6 6ubnroTek 3a 3anyck

B 10 pa3 MEHbLLE@ vcxoaroro marepuana

llumina

AUTHORIZED

AnbbuoreH

info@albiogen.ru
+7 499 550 15 25
www.albiogen.ru

DISTRIBUTOR




lllumina
COBepLLIEHHbIe DELLIEHMFI JANR)S!

[EHOMHBbIX UCCc/1e0BaHUn U

Komnanus lllumina Inc. (Can-Auero, CLUA) asnsetca
MUPOBbLIM NMNMAEPOM B 0611aCTU CEKBEHMPOBAHNSA HOBOIO
nokoneHna (NGS). CekseHaTopbl lllumina nossonstoT
OCYLLECTBNATb reHeTU4Yeckne nccnegoBaHus ang Hayku,
MeANLUWNHBI, CENnbCKOro X03anCTBa, BeTepuHapum un
KPUMUHANUCTUKMN.

Bonee 90% Hay4HbIX CTaTen, CBA3aHHbLIX C TEXHONOMMSAMMU
CEKBEHMPOBAHNA HOBOIO NMOKONEHUs, caenaHbl Ha
nnatdopmax lllumina.

Komnanus AJIbBNOIEH, aBnasce opuymansHeiM
npeacrasutenem komnanuu lllumina, npegocrasnsaer
yCnyrun no npojaxe, TEXHNYECKON NoanepxKe U
rapaHTuiHomy obcnyxmsaHuo npoaykumm lllumina Ha
Tepputopun Poccuiickon Pegepanmm, Pecnybnmku
Benapycb n KazaxcraHa.

AnbbuoreH

info@albiogen.ru

+7 499 550 15 25
www.albiogen.ru

illumina

AUTHORIZED

DISTRIBUTOR




Habopbl ana anureHeTUYECKnxX
uccneposaHuim EpiSeeker, Abcam

abcam’

discover more

Co3aaHbl ANA AeTeKUMU U KONMYECTBEHHOT0 aHa/In3a ANUreHeTMYeCcKuX moguduKaumii:

e MPOCTble U HaZEeKHble KOIMYECTBEHHbIE TeCTbI;

e KONOpPMMETPUYECKUI an GayopumMeTpudecKkuii
dopmar;

e BO3MOXHOCTb PaboTbl BPYYHYIO MM Ha
BbICOKOMPOM3BOANTE/IbHbBIX aBTOMATUYECKUX
npubopax.

'EpiSeeker

Habopbi EpiSeeker no3BoNAIOT U3yUUTb BCe U3BECTHbIE reHeTUYecKue mogudukauum

MCNO/b3yA OA4HY NPOAYKTOBYIO IMHENKY.

Ha6opbl, peareHTbl M aHTUTENA ANA XPOMATUHOBOIK MmmyHonpeuunutauum (ChiP)

. UccnepgosaHusa B3anmogeiictena 6enkos ¢ AHK

. TpaHCKPUNLMA U CallSIEHCUHT FTeHOB

. Jetekums in vitro B3aumopgelictema [HK ¢ TpaHCKpUNUMOHHBIMU haKTopamu

. MeTunnpoBaHHUe Man aueTManpoBaHme rmcTtoHa H3 .
. M3yyeHue ruapokcumetunnposarHoi AHK n metun-AHK-ceasbiBatowwero 6eska

13 KNETOK UK TKaHek

Ha6opbl ana nsmepeHua mogudukaumii u metunuposanuna OHK

3 o
. Habopbl ans soigeneHusa AHK u nposeaeHuns 6bicTpoit 6UcynbGUTHOM KOHBEPCUM \ "'-'»qf‘f* B ‘5
[OHK Bcero 3a 30 MUHYT NS "2..;
o M3mepeHmne obLLero coaepaHna MeTUAIMPOBAHHOW U TMAPOKCMMETUANPOBAHHOM %ﬁ
AHK =% [ <
. Habopbl Ana U3yyeHUs METUANPOBAHUA B KNETKAX U TKaHAX 6e3 BblaeneHnns AHK 4 %
. KonnyecTBeHHbIE TECTbI aKTUBHOCTM METUNA3, CKPUHWHT MHIMBUPYIOWMX meTunas, . % q%@kq'L

n3mepeHue obuen aktmsHoctn JHK-agemetnnas

Ha6opbl ana usyyeHma meTMAMPoBaHUa/aemeTManposaHus,
auetTunMposaHua/peauetTmanposaHma u pochopuanpoBaHna rMCTOHOB

o M3yyeHue obLuei aKTMBHOCTM TMCTOHOBbIX METUAA3 U fleMeTuNas
. MpoBefeHne CKPUHMHIA UHTMBUPYIOLLMX AemeTUNas
. KonuuectseHHoe onpeaeneHune cogepaHus

MEeTUIMPOBAHHbIX/AEMETUINPOBAHHbIX, aLETUANPOBAHHbIX/AeaLeTUIMPOBAHHbIX
1 $ochHOPUAMPOBAHHDBIX MO CELUPUYECKUM NONOKEHUAM TMCTOHOB

[—

Cpok nocrtaBku npogyktos Abcam — 30 gHeir!
KomnaHua Auasm Asndaetca opmumanbHbiM ANCTPUObIOTOPOM

npoaykummn Abcam Ha Tepputopumn Poccuiickoit deaepaumm.
www.dia-m.ru

MockBa = Ten./dakc: (495) 745-0508 m sales@dia-m.ru

HoBocubupck Kazaub Canur-Metepypr Poctoe-Ha-[lony Nepmpb Boponem
HAsM np. AKkag. OpeHbyprcxuii yn. lpodeccopa nep. Cemawwo, 114 [pepcTaBuTens Ten./dakc:
menie, JlaepenTeeea, 6/1 TpakT, 20 Monoea, 23 Ten/daxc: B YO (473) 232-4412
Ten./Makc: Ten/daxc: Ten./danc: (863) 250-0006 Ten./dakc: voronezh@dia-m.ru
(383) 328-0048 (843) 277-6040 (812) 372-6040 md@dia-m.ru (342) 202-2239
nsk@dia-m.ru kazan(@dia-m.ru spb@dia-m.ru perm{@dia-m.ru



\/ ThermoFisher
¢\ SCIENTIFIC

The world leader in serving science

O6opyaoBaHuMe n pacxogHble matepuanbl ana
MO/IEKYIAPHON U KNeTouHou buonorum

- [eHeTMuyecKmne aHanmsaTopbl

- BblicoKkonpounssoguTenbHblie CEKBEHATOPDI

- Cuncrembl gna nposeaeHua MNMUP c getekumen B pexxume
peanbHOro BpemeHm

- Cucrembl gna undposon MLUP

- Tepmouuknepeobl

- MpOTOYHbIN UUTOGNYOPUMETP C aKYCTUYECKON
$dOKYyCMpOBKOM

- Cuctembl BM3yanusaunm (bayopecueHTHbIE MUKPOCKOMbI)

- Bce ans anektpodopesa n 6A0TTUHra

- ®epmeHTbl, aHTUTENa, cpeabl ANA KNeTOK, payopecLeHTHble
Kpacutenu, Habopbl AN8 BblaeneHna 6enKoB N HYKIEMHOBbIX
KMCNOT M MHOTOe ApYyroe.

METOAONYECKAA NMOAOLEPHKKA

+7(495)629-28-69 +7 (495)650-36-66 info@khimexpert.ru

www.khimexpert.ru



mailto:info@khimexpert.ru
http://www.khimexpert.ru/

BVUWOCAH bBuonadbmukc

www.biosan-nsk.ru www.biolabmix.ru

MoaundmnumnpoBaHHble HyKneo3na-5’-tpudgocoarbl
Hykneo3na-5’-Ttpucocdartsl (AINTPsS/NTPs)
MMmMyHOOMONoOrnyeckne peakTuBbl
OnUroHykneoTuaHbIN CUHTE3
OHK-mapkepbl
depMeHTbI

|

Q .
DN W,

a
" @ &l Fluu

( CuHTe3 nepBOM Lenu K.EI,HK j
[ CranpapHas NuP j

G‘ILIP B peXXume pearibHoro BpeMel-@
(OT-FILI,P N KOnn4yecTtBeHHas OT-HM@




UMMyHOOMONOrMyeckue peakTuBbI:
MoHoknoHanbHble aHTutena, HRP-koHbloraThl,

- | BMOTUHMNNPOBAHHLIE aHTUTEeNna, UMMYHOCOPGEHTHI,
AHTUCBLIBOPOTKN W Ap.
OnNUroHykneoTUAHbIN CUHTE3: aC o
MNpanmepsl 1 3o0HabI ong MNLUP, 6\
onUropnboHyKneoTrabl 1 ap. d(‘,’
' .
depMeHThI: ALl

T4 NHK-nurasa,

Peseprasa M-MLV, e
T7 PHK-nonumepasa, <

Taq OHK-nonumepasa,

T4 nonuHyKkNeoTnaknHasa,

Ypauun-OQHK-rnuko3unasa

bp ng/2pl

OHK-mapkepbl:
LLinpoknn grnanasoH
ANUHBbI
ot 50 nH go 10000 Hn.

2% agarose,
1" TAE
2 pliane

KOHTaKTbI:

3A0 "BbuocaH/ 000 "Bbuonabmukc"
630090, r. HoBocnbupck, yn. UHKeHepHasd, 28
T.(383) 363 51 91, 363 22 40

mail@biosan-nsk.ru
sales@biolabmix.ru
www.biosan-nsk.ru
www.biolabmix.ru




000 "BuoCunuka” ilica

Hab6opbl ansa ebiaenednsa AHK

v [na monekynapHon 6uonormuu

nnasmugHasa AHK, cleanup, n3 arapo3Horo resns
v N3 brnonormnyecknx obpasuon

KpoBb,byKKabHbINA TNTEINIA U 1IP.
v M3 nuwesBbIX NpoAYyKTOB

Hab6opbl ansa ebiaeneinsa PHK

v N3 6bnonornyeckmnx obpasuyos

BbigeneHne HK Habopamn "bunoCunnanka” sro:

MoaroToBka
o6pasua

v MpocTo: 4-5 KOPOTKUX CTaaumn

v BbICTPO: OT 7 MUHYT
Copbums
v KauyecTtBeHHO: A, ,;,,=1.8-2.0

v 3ddexkTnBHO: 10 25 mkr JHK

v YHuBepcanbHo: JHK npuroaHa anga nobbix
MONEKYNSAPHO-6MOOrMyecKknx peaxkLmm

@ ~—Cam)~—<11

OTMbIBKA

Sniouus v TeXHONOrn4yHo: Tpebyercsa To/bKO HACTONbHas
LeHTpUdyra; oTCyTCTBYIOT CTaamun dpeHon-
XJ1IOpO(POPMHON IKCTPAKLUMU N MepeocaxaeHns

@4

OunweHHasd

HIRbE v AOCTYyNHO: CTOMMOCTb Habopa oT 1000 pybnen

G@«

Pa3paboTka nHauBMAyanbHbIX CUCTEM BblAerneHus B
COOTBETCTBUM C TPeOOBaHUAMM 3aKa3umnKa

Katanor npoaykuun npeacraeneH Ha Beb-cante
KOMMNaHWK;

www.biosilica.ru

info@biosilica.ru

www.biosilica.ru +7 (383) 2 999 245




OPIrAHU3ATOPBLI

1959

HoBocubupckuin
rocy0apCTBEHHbIV
‘ YHUBEpPCUTET
WHCcTUTYT MonekynsipHon HoBocubunpckun
M KNneTo4yHou 6uonorum rocyaapcTBeHHbIN
CO PAH yHUBepcuUTeT

OPrAHUSALUOHHAA NOOOEPXKA
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®PUHAHCUPOBAHUE U CMMTOHCOPDI
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100

MPOEKT MOBLILUEHNSA
KOHKYPEHTOCMOCOBHOCTU

BEAYLLUMX POCCUACKNX YHNBEPCUTETOB
CPEAM BEAYLUMX MUPOBBIX
HAYYHO-OBPA30BATE/IbHbIX LIEHTPOB
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