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GLUCOCORTICOID RECEPTOR ISOFORMS GENERATED BY ALTERNATIVE 
SPLICING AND ALTERNATIVE TRANSLATION INITIATION 

V.M. Merkulov, T.I. Merkulova 

Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: merkti@niboch.nsc.ru

Summary

The glucocorticoid hormone receptor (NR3C1) is a transcription factor controlling a large variety of 
physiological processes in mammals. According to modern estimates, the glucocorticoid receptor regulates 
the expression of thousands of genes; however, the sets of glucocorticoid-controlled genes in different cell 
types are different. The magnitude, direction, and kinetics of the hormone response are broadly variable 
both for the same gene in various cell types and for different genes in the same cell. The specificity of 
glucocorticoid receptor action is determined, on the one hand, by the features of the sequence and architecture 
of target gene regulatory regions and on the other hand, by the complex organization of the glucocorticoid 
receptor gene itself. The gene has nine alternative promoters and produces numerous protein isoforms as a 
result of alternative splicing and alternative translation initiation. Here we describe the recent knowledge 
on the origin and properties of glucocorticoid receptor isoforms.

Key words: glucocorticoid receptor, gene, promoters, alternative splicing, alternative translation initiation, 
protein isoforms.
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MITOCHONDRIAL DNA OF A LATE NEOLITHIC WOMAN 
FROM KAMINNAYA CAVE (GORNY ALTAI) 

A.S. Pilipenko1, V.I. Molodin2, A.G. Romashchenko1

1 Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: alexpil@bionet.nsc.ru; 

2 Institute of Archaeology and Ethnography, Russian Academy of Sciences, 
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Summary

Molecular analysis of the mitochondrial DNA of a Late Neolithic (middle of the 4th millenium BC) woman 
from Kaminnaya Cave (Gorny Altai) has been performed. The woman possesses East Eurasian haplogroup A4. 
Phylogeographical data indicate that A4 variants are useful in the reconstruction of the early ethnogenetic history 
of southern West and East Siberias. 

Key words: molecular genetics, human mitochondrial DNA, haplogroup A, paleogenetics, Neolithic, ethnogenesis, 
Siberia.
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SEARCH FOR REGULATORY SNPs ASSOCIATED WITH COLON CANCER 
IN THE APC AND MLH1 GENES

E.V. Antontseva1, L.O. Bryzgalov1, M.Yu. Matveeva1, E.V. Kashina1,
N.V. Cherdyntseva2, T.I. Merkulova1
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Summary

Polymorphisms belonging to the regulatory regions of the APC and MLH1 genes were detected by invoking 
ChIP Seq data obtained in the ENCODE project. The significance of these polymorphisms for gene regulation 
was confirmed by gel retardation of DNA probes by nuclear proteins. More than half of the polymorphisms 
in the overlapping region of more than eight ChIP-seq peaks were found to be significant for regulation. 

Key words: single-nucleotide polymorphism, chromatin immunoprecipitation, gene regulation, colon 
cancer.
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EFFECT OF MUTATIONS IN THE PEANUT GENE ON SOMATIC 
AND GERM LINE CELL DIVISION IN DROSOPHILA MELANOGASTER

K.A. Akhmetova, S.A. Fedorova 

Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: katarina@bionet.nsc.ru

Summary

We have investigated the effect of mutations in the peanut gene on somatic and germ line cell division. The 
mutations cause abnormal cytokinesis and chromosome segregation in somatic cells and result in different 
types of ploidy abnormalities. In contrast, germ cell division is not affected in these mutants. We conclude 
that peanut has different functions in somatic and germ line cell division.

Key words: Drosophila melanogaster, septins, mitosis, somatic cells, germ cells, cytokinesis.
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A FEATURE OF NUCLEAR ENVELOPE FORMATION DURING MITOSIS 
IN EARLY DROSOPHILA MELANOGASTER EMBRYOS

A.A. Strunov1, . . Onischenko2, .V. Kiseleva1

1 Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: elka@bionet.nsc.ru

2 Division of Cell and Developmental Biology, University of California, 
Berkeley, CA 94720

Summary

The ultrastructure of the nuclear envelope of dividing nuclei in Drosophila embryos at the syncytial 
blastoderm stage has been studied. It was previously shown that mitosis in early Drosophila embryos is 
semi-closed and the nuclear envelope completely disassembled only at the spindle poles, whereas a double 
(spindle) envelope formed in other areas (Stafstrom, Staehelin, 1984). We have found that the nuclear 
envelope completely disassembles into vesicles and short membranes at the metaphase stage to form a 
thick layer around the nucleoplasm. The nuclear envelope assembly around daughter nuclei starts at the 
late anaphase stage. It is accompanied by prior formation of long stacks of rough endoplasmic reticulum 
membranes, involving components of the old envelope. First, the vesicles and stacks of bilayer membranes 
are radially located at the nucleoplasm periphery and then move to the nucleoplasm, where they come to a 
close contact with condensed chromosomes. It is shown that new fragments of the nuclear envelope can form 
around individual chromosomes with participation of vesicles and bilayer membranes. It is assumed that 
the vesicles and membranes together with some other factors contribute to chromosome decondensation, as 
was previously demonstrated in vitro. During the telophase, chromosomes decondense completely, nuclear 
envelope fragments fuse, and whole nuclear envelopes form around each daughter nucleus.

Key words: nuclear envelope, drosophila embryos, syncytial blastoderm, electron microscopy, mitosis, 
chromosomes.
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 –20 ºC. 
 (

-004429/08)
-

 « ».

 ( / )
 200 / . -

/
0,5–1 -

.
, .

-
 (137  NaCl, 2,7  KCl, 8 

Na2HPO4, 1,5  KH2PO4)
.  5 

(  Eppendorf 5414), -
- -

.
, -

 2 %- -
- , pH 7,4, 

 15 .
 0,1 % Triton X-100 .

(anti-phospho-histone Sigma, ) H2AX
 1 : 1000 - ,

pH 7,4,  0,15 %-  (Sigma, )
0,5 %-
(BSA)
(100 ).

. -
-  0,5 %-

BSA  FITC 
 IgG  (goat anti rabbit 

IgG FITC-conjugate Sigma, )
 1 : 500 

, ,
.

-
 0,5 %-  BSA. 

 ~10  Antifade DABCO, 
. -

.

-
.

~ 400 .  60 %- -
 4 º .

 4 º , 400 g ( -
 Eppendorf 5810 R, ), 5 .

 400 -
,  200 / ,

30 , 37 º .  20 
 (5 / )  10 

.

-
 BD FACSAria (Becton Dickinson, )

.

-

, -
,

.
, -

,
,

 = 0,95.

 « »
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,  80 % (Likhacheva et al.,
2007b).

:
, , ,

, ,
, , .

,
. -

.
-

 0,5 
-

.
,

 ( . 1,  4). -

,  45 ,  6-
. -

,
.

,  « -
»

, ,

.
-

.
( ) -

,
 ( ) , , -

.
,

 « », -
.

-
,

,

. 1. .

,  – .
.  – .  Y 

.  9  10 -
. .  11  6 ,

, : 1–6, 7–12, 
13–18, 19–24, 25–30  31–36 .
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. -
 6-  12-

 ( , .), 
,

 60–90 % ( . 1).

,
 18–30  (

1–2 )
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 45 .

 0–11  ( -
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 (200 / ) -
,

(  7, 11, 12) -
.
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, -
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, -

. -
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. « »
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.

 6- -
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 (42–48 ).

 « ». 
- , -
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( . , ).

 ( , -
)  3 

.
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,
, -

 (Likhacheva et 
al., 2007a; ., 2011 ),

,
.

, -

,
, -

,
,

H2AX -

. H2AX
-

,

.
, -

-
, , ,

 ( . 2) (Niedernhofer et al.,
2004; Rothfus, Grompe, 2004).

-
-

,
 ( -

,
, ,

, -
), .

, ,
 ( . 3).

, -

,

 (Rothfus, Grompe, 
2004).  ( )

. ,
,

,  3,7 ± 0,9 % 
, -

 7,4 ± 1,7. 
, ,

,
:  12  36 .  12 

 (48,9 %), 
,

 36  10 % .
-

,
 S- -

,
.

. 2.  FITC- H2AX  ( )
 ( ).

.
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,
:

,
G1-  S- ;

,
 G2-

 S- , -
.

, ,
, ,

 G2-
,

.
 G1-  S- ,  G2 -

.
, ,

 24  (
, 1994; Mondal et al., 2001).

-
,  73,9 %  G1- ,

9,2 %  S- , 11,5 % 
 G2/ -  ( . 4). 

,  G2- -

, ,

 (10 %).

. 3. ,  (> 10 
) – , . . , -

.
.

. 4.
.

 (PI)  BD FACSAria 
(Becton Dickinson, ).
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 ( . 3) 
,

,
 18–24 (12–26) .

-
,

.

,

 S- ,
, -

.
, -

,
-

.

,
-

 18–24  G2/M- .

, -
,

-

. -

-
: -

,

,
,

-

,
 (Branzei, Foiani, 2007, 

Hashizume, Shimizu, 2007). 

. -
-

,
,

, , ,

H2 X.
-

 ( . 5). 
 0,5 -

 18–28 .
,

-

 ( ., 
2011 ). -

,  18 
-

, . .
. , -

, - , -
.

,
 28 

.

 A.S. Likhacheva . (2007b) 
,

-

-
.

-
-
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,
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. -
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 ( ., 2012 ).

, , -
.

,
,  60–90 %. 
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 200 / -
 (2000–2500 
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 (Akkari et al., 

2000; Niedernhofer et al., 2004; Rothfus, Grompe, 
2004; ., 2008; Bhagwat et al.,
2009). -
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- ,

 ( ., 2008). ,
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.
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,
.
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, -

,

, .
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.
-
-

– -
,

.
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, -
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,

.

-
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.
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 S-  24–40 

,
. ,

-
-

,

,
. ,

( . 5,  18 ),
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, -
.

,
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, -
. ,

 ( . 6). 
 – -
 (Nonhomologous End Joining, 

NHEJ) (Derbyshire et al., 1994; Lees-Miller, 
Meek, 2003; Wang et al., 2005).  – 

, -
 3 -

(De Silva et al., 2000; Niedernhofer et al., 2004; 
Branzei, Foiani, 2007; Bhagwat et al., 2009). 

.
, ,

,
 (MacDougall et al., 2007; Zou, 2007; 

., 2008). 
 « »,

-
 – .

,

. -
 Ku70/80-  IV,  III, 
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et al., 1994; Lees-Miller, Meek, 2003; Lee et al.,
2005; Wang et al., 2005). -
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.
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 ( ., 2011 ),

.
 ( -

, -
),

, -

( , )
.

-
-

.
-

, - ,
, -

, ,

. -

, , -

. 6. .

1 – ,  3 -
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TIME-COURSE ANALYSIS OF THE TOXIC ACTION OF EXOGENOUS DNA 
ADMINISTERED UPON CYCLOPHOSPHAMIDE PRETREATMENT

E.V. Dolgova1, A.S. Proskurina1, V.P. Nicolin1, N.A. Popova1, E.A. Alyamkina1,
K.E. Orishchenko1, A.G. Shilov1, Y.R. Efremov1, E.R. Chernykh2, A.A. Ostanin2,

S.S. Bogachev1, A.V. Procopenko1, E.M. Malkova4, O.S. Taranov4, T.S. Gvozdeva5,
V.A. Rogachev1, S.N. Zagrebelniy3, M.A. Shurdov6

1 Inctitute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: gorbi@bionet.nsc.ru; 

2 Institute of Clinical Immunology, Siberian Branch of the Russian Academy of Medical Sciences, 
Novosibirsk, Russia; 

3 Novosibirsk State University, Novosibirsk, Russia; 
4 State Research Center for Virology and Biotechnology «Vector», Novosibirsk, Russia; 

5 Novosibirsk State Medical University, Novosibirsk, Russia; 
6  Panagen

Summary

Mice were observed to get sick and die upon administration of exogenous DNA (0,1–1,0 mg) following 
their pretreatment with a crosslinking cytostatic cyclophosphamide (CP) at 200 mg/kg. This phenomenon 
is called delayed death. It was observed when exogenous DNA was administered at 1–2-h intervals in 
two separate time spans. The first was within the 18–24 h period, and an additional period, called by us 
the «death window», was recorded within 24–30 or 42–48 h after CP injection. The period from 18 to 24 
h after CP injection corresponds to the final step in the repair of majority of interstrand cross-link (ICL)-
induced double-stranded breaks (DSBs) in bone marrow cells (BMCs). As early as 10 min after the first 
adiministrqation of exogenous DNA, the modified H2AX histone, the indicator of DSBs, disappears from 
BMC nuclei, as demonstrated by anti-H2AX staining. The facts that fragments of exogenous DNA become 
internalized to the BMCs nuclei when DSBs are being repaired in such cells and that the experimental 
mice die upon the treatment, suggests that exogenous DNA participates in ICL-induced DSBs repair. We 
speculate that such influence results in critical disturbances in a certain type of intensely proliferating cells 
and their total elimination. This, in turn, causes irreversible pathological changes in mice, resulting in 
extensive mortality. 

Key words: cyclophosphamide, double-stranded breaks, interstrand cross-links, bone marrow cells, 
exogenous DNA, DNA repair.
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 1

n M ± m Lim Cv

,

 ( )
( , 1977)

8 1376,8 ± 216,2    524–2290 611,5 44,4
8   646,8 ± 86,1    266–1003 243,6 37,7

 ( , 1977)
11 1339,4 ± 82,2 1058–1924 272,5 20,3
6   785,5 ± 61,4    586–1017 150,3 19,1

 (2010)
40 1779,6 ± 30,2 1327–2287 190,8 10,7
40   942,2 ± 21,5    640–1286 135,9 14,4

 (2009)
35 2200,0 ± 36,6 1436–2556 216,4 9,8
35 1161,4 ± 26,1    842–1450 154,4 13,3

,

 ( )
( , 1977)

8   410,9 ± 13,1 350–460 37,1 9,0
8   338,8 ± 6,6 320–360 18,7 5,5

 ( , 1977)
11   436,4 ± 6,0 410–475 20,1 4,6
6   363,8 ± 3,9 347–372 9,6 2,6

 (2010)
40   437,5 ± 2,3 400–460 14,3 3,3
40   368,1 ± 2,2 340–400 14,2 3,8

 (2009)
35   468,8 ± 2,2 440–490 12,7 2,7
35   391,0 ± 2,1 370–420 12,6 3,2

,

 (2010)
40   216,6 ± 2,7 185–260 18,9 8,7
40   174,0 ± 1,8 150–200 11,4 6,6

 (2009)
35   215,2 ± 3,0 163–250 17,5 8,1
35   173,2 ± 2,2 150–210 13,0 7,5

-

,
.

 – , -
,

.
,

,
,

, , -
, . .

 7,8–10,1.
 – 

.
,

,

( , 1977). 
,

. -

. -

,
.

 45,5 , -
 – 36,9, 49,1  40,0 

( , 1977). 

-

(  3,8 )
,

 2,4 
(  > 0,99).  ( -

)
.

 – 
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, -
.

 (% ).
,

 1–4 %. -

 (  > 0,99). 
-

.
-

 2

( , 1977) 
n = 8

 ( -
, 1977)

n = 11, n = 6

-
 (2010) 

n = 40
(2009)
n = 40

M ± m Cv M ± m Cv M ± m Cv M ± m Cv

,
410,9 ± 13,10 9,0 436,4 ± 6,05 4,6 437,5 ± 2,3 3,3 468,9 ± 2,2 2,7
338,8 ± 6,60 5,5 363,8 ± 3,94 2,6 368,1 ± 2,2 3,9 391,0 ± 2,1 3,2

,
  27,0 ± 1,10 11,1   28,3 ± 0,45 5,3   12,0 ± 0,2 8,3   14,9 ± 0,35 10,1
  22,2 ± 0,45 5,9   23,7 ± 0,61 6,3   10,3 ± 0,1 7,8   11,9 ± 0,20 10,1

,
145,5 ± 7,10 13,7 155,1 ± 2,31 5,0 158,7 ± 1,5 5,8 166,7 ± 1,88 6,5
108,4 ± 18,1 4,7 116,7 ± 2,78 5,8 130,3 ± 1,6 7,5 140,2 ± 1,86 7,6

(  % )

  35,5 ± 1,50 11,8   35,6 ± 0,65 6,2   36,6 ± 0,5 8,0   33,5 ± 1,45 5,4

  32,0 ± 0,40 3,1   32,0 ± 0,60 4,4   35,5 ± 0,4 7,0   33,9 ± 1,48 6,8

,
  45,5 ± 1,20 7,2   49,1 ± 0,62 4,3   43,9 ± 0,5 7,7   49,3 ± 0,73 8,7
  36,9 ± 0,80 6,0   40,0 ± 0,60 3,5   35,8 ± 0,5 9,2   37,6 ± 0,62 9,7

(  % )

  11,1 ± 0,23 5,4   11,2 ± 0,12 3,6   10,0 ± 0,1 7,7   10,5 ± 0,16 8,8

  10,9 ± 0,20 4,6   11,0 ± 0,10 1,8     9,7 ± 0,1 8,7     9,6 ± 0,16 9,8

,
  59,2 ± 1,84 8,8   64,0 ± 0,63 3,3   58,0 ± 0,8 8,3   63,4 ± 0,62 5,8
  47,4 ± 0,65 3,8   51,2 ± 0,80 3,7   48,2 ± 0,7 9,0   52,2 ± 0,48 5,6

(  % )

  14,5 ± 0,40 6,9   14,7 ± 0,22 4,8   13,2 ± 0,2 9,2   13,5 ± 0,15 6,4

  14,0 ± 0,21 4,3   14,1 ± 0,11 2,1   13,1 ± 0,2 9,1   13,4 ± 0,13 5,5

,
  81,4 ± 0,6 4,9   84,8 ± 0,8 5,2
  69,8 ± 0,5 4,9   73,3 ± 0,4 3,4

,
  49,8 ± 0,5 6,0   52,6 ± 0,6 6,5
  42,4 ± 0,4 6,4   44,6 ± 0,3 4,3

, .
 (Cv) -

 6,5, 
 – 4,3 %, 

5,2  3,4 %.

.

-
.
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.
 1,8 

,  – 
2,2 .

. - ,
-
-

.

 4,1–5,1 % ,
 – 4,6–5,1 % ( . 3).

 3

( , 1977) 
n = 8

 ( -
, 1977)

n = 11, n = 6

-
 (2010) 

n = 40
(2009)
n = 40

M ± m Cv,
% M ± m Cv,

% M ± m Cv,
% M ± m Cv,

%
1376,8 ± 216,2 44,4 1339,4 ± 82,2 20,3 1779,6 ± 30,2 10,7 2200,0 ± 36,6 9,8
  646,8 ± 86,1 37,7 785,5 ± 61,4 19,1   942,2 ± 21,5 14,4 1161,4 ± 26,1 13,3

,
    54,2 ± 6,2 32,5     67,8 ± 3,9 18,1     86,5 ± 1,7 12,2   101,4 ± 1,8 10,4
    25,9 ± 2,8 30,1     34,8 ± 1,8 12,9     47,4 ± 0,9 12,1     56,1 ± 1,5 15,6

(  ‰ )

    42,1 ± 0,3 2,4     51,7 ± 0,3 1,9     48,7 ± 0,7 9,1     46,2 ± 0,8 10,1

    41,1 ± 0,2 1,4     45,7 ± 0,4 2,4     50,7 ± 0,9 11,2     48,7 ± 1,4 16,5

,
      6,8 ± 0,8 35,3       6,4 ± 0,3 14,1     10,7 ± 0,2 13,7     12,3 ± 0,3 15,9
      3,8 ± 0,3 21,0       3,9 ± 0,2 10,5       5,9 ± 0,1 19,3       7,4 ± 0,2 20,0

(  ‰ )

      5,3 ± 0,1 1,9       4,9 ± 0,01 2,0       6,1 ± 0,2 14,5       5,6 ± 0,2 16,2

      5,7 ± 0,1 1,8       5,1 ±0,03 2,0       6,4 ± 0,2 18,4       6,4 ± 0,2 23,1

,
    15,2 ± 2,2 38,2     23,7 ± 1,6 21,9     16,3 ± 0,4 14,5     20,5 ± 0,5 14,6
      7,3 ± 0,5 19,2       8,7 ± 1,0 37,6       8,9 ± 0,3 22,7     11,1 ± 0,3 13,9

(  ‰ )

    12,8 ± 0,2 3,1     18,5 ± 0,2 2,7       9,2 ± 0,2 19,4       9,4 ± 0,2 13,1

    12,9 ± 0,2 4,6     11,8 ± 0,2 4,2       9,8 ± 0,3 17,3       9,7 ± 0,3 16,2

,
      5,3 ± 1,0 54,7       8,4 ±0,6 22,6       9,3 ± 0,4 29,9       9,4 ± 0,5 28,7
      2,9 ± 0,4 34,5       4,3 ± 0,6 32,6       3,4 ± 0,1 27,0       4,3 ± 0,3 47,1

(  ‰ )

      4,0 ± 0,1 5,0       6,3 ± 0,1 1,6       5,2 ± 0,2 26,8       4,2 ± 0,2 27,6

      4,4 ± 0,1 4,5       5,6 ± 0,1 3,6       3,6 ± 0,2 30,6       3,8 ± 0,4 62,7

,
      3,6 ± 0,3 22,2       4,2 ± 0,1 9,5       4,4 ± 0,1 20,4       5,4 ± 0,1 11,1
      1,9 ± 0,2 21,0       2,4 ± 0,1 8,3       2,1 ± 0,1 18,1       2,7 ± 0,1 21,5

(  ‰ )

      3,1 ± 0,03 3,2       3,2 ± 0,02 3,1       2,5 ± 0,1 21,6       2,5 ± 0,1 11,8

      3,2 ± 0,03 3,1       3,2 ± 0,02 3,1       2,2 ± 0,1 20,9       2,3 ± 0,1 26,5

,
.

1,6
 1,9 

( 1,3  1,6). 

,
-

,  – 6,4 
 5,7  5,1 ,
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5,6 , 6,1  5,3 
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. , -
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,
,
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.

.
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,
, ,

 ( ) -
.

-

-

.
,

.

-
.

.
-

,

, ,

 40 .

. . -

.  « », 2008. 386 .
. ., . . -

// . . 2007. . 11.  1. 
. 62–75.

. ., . ., . . -
 // -

. 1985.  3. . 6–7.
. ., . ., . . -

. .: , 1975. 46 .
. . . ., 1971. . 6. 

. 332–349.
. .

., 1934. . 5–11.
. .

// . 2010.  6. 
. 14–16.

. . . -
: , 1977. 280 .



696 ,  2011,   15,   4

REORGANIZATION OF EXTERNAL AND INTERNAL FEATURES IN FERRETS 
(MUSTELA PUTORIUS LINNAEUS, 1758) 

UNDER FARMING DOMESTICATION

O.I. Fedorova, E.A. Tyurina

Skryabin Moscow State Academy of Veterinary Medicine and Biotechnology, Moscow, Russia, 
e-mail: ox_fed@mail.ru

Summary

Ferrets (Mustel  putorius) are a special object in the domestication for fur farming. Their domestication 
started long before their husbandry, more than 40 years ago. The selection for body size, coat color and fur 
quality entailed changes in external and internal traits of these animals. A new selection invention, Tverskoi 
ferret breed, was registered in June, 2011. 

Key words: ferrets, Mustela putorius, domestication, body size, variability, external and internal traits.
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» (2005 .)  « ,
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(Marmota vetus)
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) .
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,  14 
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.
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 1995  2010 .

 « » -
.

,
 –  ( -

 2 )
.  2–3 

. -
.

, -
- -

 ( ).  – 
 10 10-86 ( ., 1998).

:
,

:
5  – , 1  – -

.
:

, -
,

 5- -
:  – -

(5 )  (1 );
 – -

 (5 ) - , -
 (1 );  – 

-  (5 ) -
(1 );  – -

 (5 )  (1 ). 

 ( . bonitas – -
) – 

, , ,

. -

.
-

: , -
, .

-

 ( – ), .
-

 – ,
. -

. -
,

, .

« » -
 (62,7 %). 

: 18,3 % 
 19,0 %  ( . 1).

10- .
:

 4  45 ;
 –  3,4  42 

( . 2). :
 (

< 0,99),  (  < 0,999).

, , -
,

,
 ( . 3).

 5- -
 (5 )

 (1 ).
,

 4,1 ± 0,07.  1995–1997 .
33,9 %  (5 )

 46,3 %  (4 ).
 5 

 62,9  70,0 % 
 66,2 %. 

5  59,0 
 67,3 % (  63,0 %). -

 4,5 ± 0,04 .

-
, ,

.
.  1 2
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 2,5 . .

 0,5 2.
-

 ( , , -
, )

. ,
1996 .  9,8 % 

 2,3 % . -

-
 4,0 ± 0,05.

 47,7 % 

, -

 5 . 32,1 % 
 (4 )

4,5 % – .
-

 (4  3 )
 (31,3  29,9 %) 

-
. 5  ( -

)
8,6 % .

 3 % -
-

.
-

(2–4 ).
,
-

. -
-  (43,7 %)  (44 %) 

.
-

 1995–1997 .

-
. -

-

 1
 ( )  (1995–1997 .)

,
.

% % %

6
12 20,7 31 53,4 15 25,9
11 16,7 46 69,7   9 13,6
23 18,3 77 62,7 24 19,0

 2
-

 (  5 .)

n M±m lim Cv
39   4201,3 ± 107,8 2500–5650 673,2 16,0
55 4615,5 ± 93,8 3350–6650 695,8 15,1
39   45,0 ± 0,3 41–50     1,8   4,0
55   46,9 ± 0,3 42–54     2,1   4,5

 3

,
. ./1 2 , 2

5 2,5 0,5
4 2,0–2,49 1,0
3 1,5–1,99 1,5
2 1,0–1,49 2,0
1  1,0  2,0
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,

.

. - .
-

, -

. -
,

, -
. , 5 

,
-

.

-
,

.

-

.

 2001–2002 . -
.  2001 . -

 (32 )
,

, . 4.
,

 9–10 ,  29–30 .
-

 10 
 383,6 ,  – 432 .

 2,5 
.  22,9 ,

 – 24,7 .  100 
 (  1,5- )

 5,2 ,  – 
 5,8  145-

4580  4642 .

.
. 5. 

,  – 
.

 4
-  (  ± m)

,
, , , ,

1 30,8 ± 0,8   9,3 ± 0,3   29,1 ± 1,0   9,7 ± 0,2
10 65,0 ± 2,0 13,1 ± 0,9   65,4 ± 5,4 12,6 ± 0,7
20 261,4 ± 15,3 20,1 ± 0,2   248,7 ± 17,0 19,0 ± 0,5
30 383,6 ± 30,4 22,9 ± 0,8   432,0 ± 28,0 24,7 ± 0,8
40 644,0 ± 33,5 29,0 ± 0,8   670,0 ± 32,8 28,2 ± 0,6
45 883,3 ± 55,5 29,2 ± 1,0   782,5 ± 57,2 29,5 ± 0,6
50 1208,0 ± 110,8 32,2 ± 0,7 1256,4 ± 39,6 33,2 ± 0,4
60 1772,0 ± 214,8 36,7 ± 1,5 1442,0 ± 211,1 35,2 ± 2,0
70 2627,1 ± 180,6 40,8 ± 0,6 2187,2 ± 105 38,4 ± 0,5
80 3363,3 ± 212,7 43,2 ± 0,6 2810,1 ± 128 41,5 ± 0,6
100 3932,1 ± 226,0 44,3 ± 0,5 3695,0 ± 202 44,4 ± 0,7
110 4363,2 ± 250,1 46,8 ± 0,4 4148,0 ± 163 46,1 ± 0,7
130 4523,0 ± 270,1 46,8 ± 0,8 4616,1 ± 276 46,9 ± 0,7
145 4580,0 ± 230,2 47,3 ± 0,8 4642,0 ± 290 47,8 ± 0,5
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-
 1,5 ,  1 ,

 1032 
 1115  (  > 0,999). 

-
 5,3  6 .

 6200 ,  – 
6450 ;  – 53,4  55,2 -

.
 ( )  ( )

-
.

 1,8 ,  (  > 0,95).
,  2001–2002 .

 18- .

,  45- .

« »
.

,  ( . 6). 

 ( , 2005).

,
50 %  (48 )  40 % 

 (47 ) .

,

(Marmota bobak)

 2010 .  « -
, -
 (Marmota

bobak)» ( ., 2010). 
 « -

,
» -

.
:

1. . ,

.
2. . -

 30 
 30  5 -

, ,
.

3. . ,
-
,
-

. ,
,

-
 5 % 

,
-
-

 5
-  (  ± m)

,
,

,
,

,

08.08.01 4580 ± 230 47,3 ± 0,8 41,3 ± 2,0 4642 ± 290 47,8 ± 0,5 41,4 ± 1,1
31.03.02 3465 ± 105 48,3 ± 0,5 35,3 ± 0,6 3610 ± 97 49,3 ± 0,5 36,1 ± 0,6
21.04.02 4100 ± 77 49,7 ± 0,5 37,4 ± 0,5 4290 ± 94 51,6 ± 0,4 36,9 ± 0,3
07.05.02 4770 ± 140 50,8 ± 0,5 38,8 ± 0,7 4962 ± 130 52,4 ± 0,4 38,7 ± 0,7
03.06.02 5105 ± 155 52,3 ± 0,6 41,9 ± 0,6 5218 ± 156 53,9 ± 0,5 41,0 ± 0,6
09.07.02 5910 ± 121 52,6 ± 0,5 46,4 ± 0,7 6284 ± 163 54,6 ± 0,4 46,5 ± 0,9
23.08.02 6200 ± 132 53,4 ± 0,7 46,9 ± 0,8 6450 ± 148 55,2 ± 0,5 47,5 ± 0,8
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 1,5 .
4. .  16 

, ,
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, -
, -

.
5. . -

,
 «+», , :

, -
,

.
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,
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 6 ,

-
, .

. . . . 1. 
.; .: - , 1963. 639 .

. . , -
:  // 
,

: . . .
. - :

- , 2010. . 17–18.
. . , ,  (Mar-

mota baibacina Kastsch.) // -
.  ( ). - :

, 1969. . 1. . 1. . 267–336.
. ., . ., . . -

,

(Marmota bobak). RTA/0029/1. 
. 17- .  5 (165). 

« . -
». 2010. . 455–460.

. . : , -
 // 

. , 1997. 156 .
. . ,
 // ,

: . .
. .

- : - , 2010. . 28–30.
. ., . ., . . -

 ( ) -
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 – 37-98 . ., 1998. 15 .
. . -

: . . … 
. . . ., 1995. 23 .

. .  ( -
). .: . ., 1977. 494 .

 6

.
( , 1997)

 « »

n M ± m n M ± m lim Cv
66 2729 ± 636 39 4201,3 ± 107,8 2500–5650 673,2 16,0
63 2954 ± 966 55  4615,5 ± 93,8 3350–6650 695,8 15,1
23 5451 ± 714   9 5917,8 ± 139,5 5240–6390 418,4   7,1
24   5880 ± 1063 12 5698,3 ± 139,5 4940–6340 421,0   7,4
48   6025 ± 1064 45 6797,3 ± 131,7 5190–9000 883,3 13,0
66   6791 ± 1232 31 6618,1 ± 112,6 5090–7640 626,9   9,5
66 43,6 ± 3,2 39 45,0 ± 0,3 41–50 1,8   4,0
63 44,4 ± 6,3 55 46,9 ± 0,3 42–54 2,1   4,5
23 54,0 ± 2,1   9 52,8 ± 0,5 51–56 1,6   3,0
24 55,6 ± 2,7 12 53,7 ± 0,5 51–57 1,7   3,2
48 64,8 ± 2,4 45 53,1 ± 0,2 50–58 1,6   3,0
66 68,8 ± 3,4 31 54,2 ± 0,4 50–60 2,2   4,1
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. ., . . , -

Marmota camtschatica (Rodentia, Sciuridae) // .
. 1994. . 73. . 7/8. . 209–222.
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. . -

// : -
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ABF, 1996. . 89–90.
. . ,  // -
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. 1. . 1. - : , 1969. . 233–267.

INITIAL STEPS OF FARM DOMESTICATION OF THE STEPPE MARMOT 
(MARMOTA BOBAK MULLER, 1776)

O.I. Fedorova

Skryabin Moscow State Academy of Veterinary Medicine and Biotechnology, Moscow, Russia, 
e-mail: ox_fed@mail.ru

Summary

The husbandry of the steppe marmot is a continuation of the domestication process in fur farming. Guidelines 
for valuation of cage-kept steppe marmots (1998), Guidelines for marmot breeding for large size (2005), 
and Methods of tests for distinguishability, uniformity, and stability of steppe marmots (Marmota bobak
M) (2010), have been developed and approved. 

Key words: steppe marmot, Marmota bobak, domestication.
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ON BREEDING, INTERSPECIES HYBRIDIZATION, AND PRESERVATION 
OF THE GENE POOLS OF FURBEARING CARNIVORES 

THAT HAVE AN OBLIGATE EMBRYONIC DIAPAUSE

G.K. Isakova 

Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: isakova@bionet.nsc.ru

Summary

Our cytogenetic studies on obligate embryonic diapause (delayed implantation) in the mink, sable, and 
western spotted skunk have shown that the active process of growth and differentiation of trophoblast 
takes place during diapause. This indicates that the stage of delayed implantation in its native appearance 
is important for the successful course of pregnancy. This finding should be taken into consideration in 
developing programs for breeding, interspecies hybridization, and preservation of the gene pools of furbearing 
carnivores that have an obligate embryonic diapause.

Key words: Mustelides, breeding, gene pools preservation, obligate embryonic diapause, delayed 
implantation, trophoblast, placenta.
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.
:

 « » -
;

; -

-
.
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.
 (M. rutilus) -

 (
)

 (White et al., 1982). -

,  50 , ,
 (10 )

,  (  20 
,  10 ).

-
 (  100 -

- )
.

 « ».
 1991–2010 .

 5,5 .  (
143  429 ).

.
-

 (« ») – 
 ( ), -

,  ( ),
 ( . 1). 

 3 %-
 37 °C 

 5 ,
, ,

.

 Olympia 
× 15  × 40. 

-
Karl Zeiss,  – 

-10. -

 ( ),  – -
, ,

.

« ». , -
, , -

,

.

 ( -
 14  : 10 ,  21 ± 2 °C) 

 ( )
 ( )

 ( ) -
 ( . ., . ., 1992). 

 ( ., 1979; , ,
1995) ,

, . .
 21  ( -

) :

. 1. 

 (« »)
.
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 (« »). -

 17  (  4 
279 ).

-

,
 (Elston, 

Stewart, 1971; Elston, 1981). ,

, ,

.
-

 (qA)
 (wAA, wAB, wBB),

.

– ,
 (Elston, Ste-

wart, 1971; ., 2001).

-
 Recode_ped, Loop_edge, Pre_dat  MAN_A 

(Belonogova, Axenovich, 2007; Axenovich et al., 
2008),
http://mga.bionet.nsc.ru/soft/index.html.

-
-

.

-
 (« ») -

: - -
 ( . 1). 

 – - ,
 – - .

-
.

,
.

-

, .

- , -
 ( ) – 

 ( . 1). ,

, .

 – ,
 ( . 2, ),

,  (« -
»)

, ,
.

 60  70 ,
 –  11  14 .

-
, .

, ,
,

.

-
.

, -
, -

. , « -1» ,
 « »: -

, ,

- -

.
-  ( -

, )

 ( . 2, ).
, « », 

,  – 
 – ,

-
, .

 « -1» 
 1,7 ,
, ,  1,2 

,  ( . 1). 
, -
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-  « -1» 

.
,

(« ») , -
. ,

-
 (« -1») .

-
,

 « -2»,
 « »

.
, - -

. ,
- , -

,
 ( - -

) ,
,

( , , 2004).
« -2»

-
( - ),
( . 2, , ). ,

,
,

.
-

:
,

 – « -1» (  « »)  « -2» 
( - ).

,
 – 

.
 – 

,  « »:
,

,

. 2. .

 – , ;  – -
 « » (« -1») – - ;  – 

-  (« -2») ;  – 
 (« -2») . :  × 15,  × 40.

 1
 « » (« -1»)

 (M ± SEM)

,
,

-
, n

9,7 ± 0,15 3,3 ± 0,12 0,39 ± 0,015 2,91 ± 0,13 20
« » 9,5 ± 0,16 3,1 ± 0,17 0,65 ± 0,015 2,40 ± 0,16 20

( ) n.s. n.s. P < 0,001 P < 0,05
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.

, ,
-

 (
), .

 « »

-
 ( 2

3= 3,14). 
, -

,
 0,499, ,

 0, 0  0,99 .
, ,

,
, . .

-
.

,

.
, -

, = 0,  – = 1. 

:

P(AA | x) = 

P(AB | x) = 

P(BB | x) = 

P(AA), P(AB) P(BB) – -
, P(x | AA),

P(x | A ) P(x | ) – 
. = 1 

wg, = 1 ,  (1 – wg). 

,
1

2 :

P(  | 1 2) = 
= P(g1 | 1) P(g2 | 2) P(g | g1 g2)P(  | g).
   g1 = AA,AB,BB      g2 = AA,AB,BB     g = AA,AB,BB

-
. ,

, ,
: -

 0,112, ,
,

, – 0,332, 
 – 0,985.

,
,

-

 ( . 2). ,

.

 « »

 (1991–1995 .) 

-
. -
 ( , ,

)  1996 .
 1995 .

 1997 .
.  1999 .

 ( )  1998 .

,  15 % -
 2002 . ( . 3). 

 ( )
-

 « » -

. ,  1999–2010 .

rS = +0,60, n = 12; p < 0,04. 
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, -
-
.

 « »
(  14 % ,

 1996  2010 .)
,

.
 (  6 % 

 2 % 
).

2003 .

.  (  30 -
).

-
 ( , 1946, 1974; 

Lidicker, 1963; Gill, 1976; ., 1982, 
1989; ., 1997, 1999 , , 2001; -

., 1998; Axenovich et al., 2004). 
 – 

(M. glareolus) -  (M. rufocanus) – 
, , -

,
 ( , ,

1995; , 2006, 2007, 2009), 
.

 2
 « »

n 2
1«

»

 × 
146 27

173 3,38
153,6 19,4

 × « »
26 8

34 1,43
22,7 11,3

« » × « »
0 119

119 1,81
1,8 117,2

. 3. 
(« ») .

.- . – - .
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, ,
 – 

- - .
-

Myodes
, . .

 ( ., 1982; -
, 1989; Iwasa, 2004; , 2011).

, .
. .  (1989) -
- -

. ,
 « , ,

», . ,
. . . .  (1995). 

, -
, -

,  « -
»  ( ., 1982). 

-

 (  « »)
,

.

,
-

. ,
-

, -
.
, « -

»
 (« »)
,

,
. . . .  (1995). 

,
,

.
,  « »

-

 ( ., 1980; 
., 1991; ., 1997; .,

2002; ., 2005) -

.

-

 ( ,
1976; , 1978; Hoekstra et al., 2004). 

,
, , -

, ,
- -

 –  ( , 1946, 
1974; , , 1959; , -

, 1961; ., 1982, 1989; 
., 1991; Duhl et al., 1994; Manne et al., 1995; 

., 1997, 1999 , , 2001; 
., 1998; Bazhan et al., 1999; , 2001; 

., 2002; Beermann et al., 2004; , -
, 2007; , 2008; , ,

2009; Gulevich et al., 2010). 

-

,
,

. ( , 1999).
-

 « -
» (
,

)  « »,  « -
»,

.
,

 «
»  « » ,

 « »,
 « -

»,

.
,

 1999 .
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,
 « »

, ,

.
, -

 « -
» ,

,
de novo ( - ),

. -

 – -
 – 

, -
.

-
-

 ( ., 1997, 1999 , ,
2001; ., 1998). -

,
-

.
-

,

-

.

-
. .

. . -
-

. -
 (  09-04-01712, 11-04-00653, 

11-04-01690), 
« » (  26.6) 

 (  112).

. ., . ., . .
.
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. ., . ., . ., 
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-

 (Ellobius talpinus Pallas) // .
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. ., . ., . . -

 // .
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. ., . ., . ., . .
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. 7–11.
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522 .
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THE ABERRANT «BLACK RUMP» COAT COLORATION IN NORTHERN 
RED-BACKED VOLES (MYODES RUTILUS) CAUGHT IN THE VICINITY 

OF THE NOVOSIBIRSK ACADEMGORODOK

M.A. Potapov1, P.M. Borodin2, T.I. Axenovich2, V.V. Panov1, O.F. Potapova1,
L.A. Prasolova2, V.I. Evsikov1

1 Institute of Systematics and Ecology of Animals, SB RAS, Novosibirsk, Russia, 
e-mail: map@ngs.ru;

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

Summary

Long-term monitoring of  populations of small mammals in the vicinity of the Novosibirsk Academgorodok 
revealed individuals of red-backed voles (Myodes rutilus) with an aberrant black coloration of the rump, first 
recorded in 1996. Subsequently, the occurrence of the aberrant form varied from year to year and reached 
10–15 %. It correlated with the time course of population density. Analysis of the morphological structure 
of hairs from different topographical sites of the shabrack of voles of standard and aberrant forms shows 
that the «black rump» trait is also accompanied with more intense shabrack coloration. Complex segregation 
analysis of inheritance of the black rump in laboratory breeding has shown monogenic autosomal recessive 
control of this trait.

Key words: red-backed vole (Myodes rutilus), coat coloration, coat-color polymorphism, hair morphology, 
monogenic inheritance.
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, 2 1 ,

. , , -
 5 , -

, .
1.  8  (TASTE), 

R6- 2 .
2.  (OLFACTORY)  100, 

, - ,  (TASTE). 
3.  (APOBEC3–APOBEC3F),

1 - R1 .
4.  QTL-  (21DWT, BF60K), 

, , , , -
 (HOX)  (MYF6) , .

,
- . , -

. ,
,

.

: - , A1M-AM2-PZP-
OVO-TASTE-AMR6-.

, ,
- -

 ( ),
 5.  5 

110 542 536 . ., ,
- , – 

430 797 . .
63 447 471–63 878 268, . . -

 5 (NCBI 
Sus scrofa 9.2, 2010; PGSP Sus scrofa 10, 2011). 

 NCBI Sus scrofa 9.2 (2010), 
 5 

:  ( -
 – OVO); -
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 (PZP – Pregnacy 
Zone Protein); -2-  (A2M); 

-1-  ( 1 )
.

-
, R.

 50 000 . .
(46726-46564-46378-59186), -

 1450 (1425-1489-1477-1396) 
.

2 -
.

,
 (Petersen, 1993; Bijttebier 

et al., 2009). -
 (4 × 180 )

≈ 720 .
, -

, . (Sottrup-
Jensen, 1989), ,

 (Tortorella et al., 2004), 
 (Ireland et al., 2004), 

 (French et al.,
2008; Ozawa et al., 2011).

-
30  (Janik et al., 1983). ,

 ( 1, 2, 3,
4, 5)  ( -

., 1990, 1991; Yermolaev et al., 1992). 
2– 4 3– 5

. 1, 
2 , .

 – ,
 ( 1.2.3, 3.4, 4.5)

,  ( -2.3, 
3.4.5, 1.3)  (
., 1991). 

-
,  20 

,
- -

,
.

 4 -
:  « », 

 « »,  « »
« ».  17 

,  1202 
( . 1). 

, ,
 ISAG ( ., 1990, 

1991; Yermolaev et al., 1992). 
1.2

3.4 4.5
, ,

.
1 2 -

 ( 2 1 ),
1.2 ,
3.4 4.5,

1. -

( , 1991). -
1.2

1.2 -.2 (
., 2000). 

-
,

 « -
»,

1.2 -
 ( ) -

 (
, -
). -

1.2

 (  1988  2009 .) ( . 2). 
-

1.2  0,13 ( -
,  17). -
, ,
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, ,
.

1.2

,  0,34 ( . 2). 
,

1.2,
-

 ( . 3). 

,
-

. ,  « » ,

.

 (≈ 2 , ≈ 30 ). -
,

.
 (

)
,

-
.

-
1.2 -

(χ2 = 16,90, d.f. = 4, < 0,01), . . -
.

AM1.2
.

AM1.2
 « »

.
 (

)
AM1.2 ,

 ( . 3). ,
-

, -

. -
1.2

.
,

, 1.2 .

,
1.2 .

-
,

;
,

1.2 .
:

 1 
:

 « »
.  1 1988 1 55
.  2 1988 2 113

1989 3 95
– – 263

 « »
2003 4 207

 – 10,  – 7, 
 – 81 2004 5 98

2005 6 85
2008 7 49
2008 8 52
2008 9 48
2008 10 31

,
 « » 2008 11 37

, , 2009 12 97
– – 704

 « »
2006 13 42
2007 14 60

– – 102
 « »

1998 15 34
1999 16 33
2000 17 66

– – 133
– 1202
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 2 
1.2 -.2

*
 AM1.2  AM-.2 AM1.2

1 55 17 0,31 0 0,00 17 0,31
2 113 31 0,27 1 0,01 32 0,28
3 95 34 0,36 1 0,01 35 0,36

« » 263 82 0,31 2 0,01 84 0,32

4 207 43 0,21 18 0,09 61 0,29
5 98 60 0,61 1 0,01 61 0,62
6 85 41 0,48 2 0,02 43 0,51
7 49 21 0,43 0 0,00 21 0,43
8 52 27 0,52 0 0,00 27 0,52
9 48 14 0,29 0 0,00 14 0,29
10 31 5 0,16 5 0,16 10 0,32
11 37 9 0,24 0 0,00 9 0,24
12 97 15 0,15 0 0,00 15 0,15

« » 704 235 0,33 26 0,04 261 0,37

13 42 12 0,29 0 0,00 12 0,29
14 60 15 0,25 4 0,07 19 0,32

« » 102 27 0,26 4 0,04 31 0,30

15 34 6 0,18 0 0,00 6 0,18
16 33 9 0,27 0 0,00 9 0,27
17 66 12 0,18 2 0,03 14 0,21

« » 133 27 0,20 2 0,02 29 0,22

1202 371 0,31 34 0,03 405 0,34

* . . 1.

 3 
AM1.2

AM1.2

  48 14 0,29

171 70 0,41

  52 27 0,52

288 83 0,29

293 91 0,31

,
-

,
1.2

( . 3). 
.

, - -
,
-

.

.
,

,
 «
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. ,
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- -
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, . ,
, -

. ,
 ( -
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, ,
. ,
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-
– ,
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 ( )  ( . 3) , ,

.
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) – -
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.
,

-
. ,

-

 ( . 3), 
1.2 -

( ). 
-

-
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2005; ., 2006) 
,

. ,
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-
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), ,
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) -

 (Jones, 1998; The genetics of 
the pig, 1998). ,
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. ,
-
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. ,

- -
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- ,
,

- . , 3.4
; 4.5, 3.4.5 – 

; 1.2 – -
 ( ., 1991, 2001; 
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. ,
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 4 
 QTL-

 5  NCBI Sus scrofa 10

. .  QTL
1 100037939 APOBEC3F 6139943=6147251 PRV
2 100518782 Hox-C12 20290694=20292313 BF17W

100518969 13 20401064=20408476 WT
100519145 13 17521650=17525089 BF40K
100154759 C4 20828233=20831105 BF60K
100152207 C5 20849424=20850792

3 100524142 OLF6C2 (  100 ) 20004544=21754841 ADG1
100523604 ADG2

4 100519255 LDLR 1(AMR1) 21407020=21414084
100519427 21414586=21428033
100519774 21532192=21545626
100514839 24833814=24957373

5 100515609 LDLR-6 (AMR6) 61661586=61714395 ADG
100515436 LDLR-6(AMR6) 57276301=57344044 LUMBBF
100515777 LDLR-4(AMR4) 61839282=61982865 WT

6 100156946 Taste 2-42 62124059=62125009 ADG
100154902 2-20 62161108=62162022 LUMBBF
100517944 2-10 62197132=62198064 WT
100522490 2-7 62207593=62208510 ADG
100522317 2-9 62213188=62213748
100522867 2-8 62233708=62234643
100523063 2-7 62236822=62237755
100523246 2-8 62242111=62243049

7 100524679 OVO 63447471=63494196
8 100153288 PZP 63586394=63632958
9 ID 303166 2 63674312=63719791

10 100155344 hPH1 63742873=63765807
11 100152492 A1 63790176-63878286 ADG

LUMBBF
WT

ADG
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STUDY OF THE SWINE ALPHA-MACROGLOBULIN GENE 
FAMILY POLYMORPHISM IN THE CONTEXT OF SOME PROBLEMS 

OF ANIMAL BREEDING

V.I. Yermolaev1, M.A. Savina1, S.P. Knyazev2, N.S. Yudin1, R.B. Aitnazarov1,
V.A. Bekenev3, V.S. Deeva3, S.V. Nikitin1

1 Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, e-mail: ermolaev@bionet.nsc.ru;
2 Novosibirsk State Agrarian University, Novosibirsk, Russia, e-mail: knyser@rambler.ru;

3 Siberian Research Institute of Animal Husbandry, Russian Academy of Agricultural Sciences, 
Krasnoobsk, Russia, e-mail:sibniij@ngs.ru

Summary

Long-term screening of Siberian populations of the Large White pig breed has been performed using a set 
of allotypic markers of the alpha-macroglobulin system (AM). An effect of differentiating selection on AM 
haplotypes, namely, on the presentation of the AM1.2 haplotype, controlling the polymorphism of closely 
linked genes (A1M and A2M), was detected in  animals of different breeding and producing groups. It is 
suggested that this process may involve other genes, both present in a short haplotype of pig chromosome 
5 and linked to this haplotype by structural and functional coadaptivity: 
1. A cluster of eight genes for taste perception receptors (TASTE), located directly between the AMR6-A2M
genes.
2. Four clusters of more than 100 genes for olfactory signal  receptors (OLFACTORY), which appear to 
be coadapted with TASTE genes. 
3. Two functionally polymorphic genes for cytidine deaminase (APOBEC3 – APOBEC3F), flanking the 
AM-AMR1 region and predetermining the resistance to retroviral infections. 
4. At least two QTL-loci (21DWT and BF60K), which define same morphometric parameters at different 
developmental stages of piglets and are associated with the homeobox and herculin genes (MYF6 – HOX)
genes, respectively, at different ends of the chromosome. The haploblocks partially overlap in various 
combinations, and the tightest overlap is recorded in the region of the AM family. It is assumed that the 
vectors of selection for each of the  haploblocks are differently directed. The selection concerns large tracts 
of the chromosome rather than individual genes or gene families. The compositions and allele sets of these 
tracts are balanced by  natural selection and long-term animal breeding. 

Key words: pig blood alpha-macroglobulin family, the complex of genes, OLF-A1M-AM2-PZP-OVO-
TASTE-AMR-OLF.
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CHROMATIN DISTRIBUTION 
IN THE NUCLEI OF GROWING XENOPUS LAEVIS OOCYTES

K.N. Morozova, A.A. Strunov, E.V. Kiseleva

Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: elka@bionet.nsc.ru

Summary

A comprehensive ultrastructural investigation of chromatin distribution in the nuclei of Xenopus laevis
oocytes at the 2–3rd growing stages has been made. It has been shown by a modified method of oocyte nuclei 
isolation and high-resolution scanning electron microscopy that chromatin in amphibian oocytes is weakly 
linked to actin-related filaments and does not interact directly with the nuclear envelope. Immune-electron 
microscopy reveals a large amount of LAP2  but not lamin B and A linked to chromatin. For the first time, 
a stable and strong interaction of chromatin with Cajal bodies, containing the splicing protein complex, is 
shown. The results point to a specific actin distribution and interaction with intranuclear structures in growing 
amphibian oocytes. A scheme of intranuclear space organization in amphibian oocyte nuclei is proposed.

Key words: chromatin, Cajal bodies, nuclear envelope, amphibian oocytes, scanning and transmission 
electron microscopy.
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A NEW LIMITATION OF MICROSATELLITE MARKERS FOR THEIR USE 
IN POPULATION RESEARCH BY THE EXAMPLE OF PANMICTIC POPULATIONS

V.V. Gorbachev

Institute of Biological Problems of the North, Far East Branch of the Russian Academy of Sciences, 
Magadan, Russia, e-mail: genetic2@yandex.ru

Summary

Coalescent models demonstrate that type I statistical errors may occur in population genetics studies using 
microsattelites. Even in panmictic populations, the frequency of type I errors with 95 % confidence interval 
was 11–18 %, which calls in question the opinion about the universal applicability of microsattelite markers 
to the estimation of population differentiation. One of the possible causes of these results is the high allelic 
diversity due to the instability of microsatellite markers.

Key words: microsatellites, population, coalescent modeling, type I statistic error.
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RELATIVELY CONSERVED COMMON SHORT SEQUENCES 
IN TRANSCRIPTION FACTOR BINDING SITES AND miRNA

P. Putta1, 3, Yu.L. Orlov2, N.L. Podkolodnyy2, C.K. Mitra3

1 Medical and Molecular Genetics, School of Clinical and Experimental Medicine, 
University of Birmingham, Birmingham, UK; 

2 Institute of Cytology and Genetic, SB RAS, Novosibirsk, Russia; 
3 Department of Biochemistry, University of Hyderabad, Hyderabad 500046, India

Transcription factor binding sites (TFBS) are the specific DNA binding motifs that are recognized by a 
transcription factor, are typically short and are often degenerate. Sequence-specific binding of TFs to the 
DNA controls the gene expression regulation at transcription level. High throughput genome sequencing 
provides abundant data for TF binding profiles. We have developed computer program to study distribution 
of short motifs in the sequences. We are interested in studying the general features of transcription factor 
binding site sequences which can help in identifying conserved patterns at nucleotide level. We explored the 
role of common oligonucleotide patterns in TFBS and in miRNA based on the sequence specific similarity 
between these two sets.

Key words: genome, transcription factor binding sites, miRNA, oligonucleotides, statistics, sequencing.

Introduction

In eukaryotes, the protein coding genes are 
transcribed by RNA polymerase II. However, un-
like in prokaryotes, only a set of genes are targeted 
prior to transcription. The selection of genes to 
be transcribed is carried out by various transcrip-
tion factors (class of DNA binding proteins; TF) 
that recognize parts of the promoter region. This 
enables selective transcription of relevant genes 
but involves higher overheads. Transcription is a 
more complex process involving chromatin modi-
fi ers, transcription factors, co-factors and RNA 
polymerase (among others) that tightly regulate 
the basal transcription. Sequence-specifi c binding 
of TFs to short stretches of DNA, i.e., transcription 
factor binding sites (TFBS) within the vicinity of 
a gene (the promoter) is one of the critical compo-
nents in the transcriptional regulation and control. 
Mutations within these TFBS sequences may result 
in diseases and are likely to change the phenotype 
variability within and across the species (Wray, 
2007). Transcription factors are proteins and they 
usually signal transcription for a number of related 
proteins. When a cell needs a certain protein, the 
corresponding TF is activated, which produces the 

desired TF which in turn activates the transcription 
of a set of related proteins. The complex regula-
tion mechanism enables the cell to produce desired 
proteins on demand. Recent progress of high 
throughput sequencing technologies allow study 
these processes in greater details in genome scale, 
but even today much of these processes have not 
been clearly understood.

Out of ~20,000 genes estimated for the human 
genome, ~100 TFs have been clearly identifi ed and 
their binding sites mapped in genome by ChIP-seq 
technologies, in particular in frames of ENCODE 
project. It is possible that we have so far found less 
than 10 % of the TFs present in the whole genome. 
Based on experimental data available, it is known 
that the binding sites of the TFs are degenerate, i.e., 
they recognize several distinct but related binding 
sites. This is apparently puzzling as biological 
recognition process is usually highly specifi c and 
accurate.

However, we presume that degeneracy is perhaps 
helpful when one TF need to recognize several 
different genes (Bulyk et al., 2002; Man, Stormo, 
2001). We have attempted to study this behaviour 
in the present study. We also analyse the miRNA 
sequences (mature miRNA sequences) for human 
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and look for common oligonucleotide sequences 
(of 6-nt length) between the TF binding sites and 
the miRNA. We have chosen to study the 6-nt se-
quences based on a few common observations: i) the 
most common representation of promoter elements 
(TATAAT and TTGACA in prokaryotes) are 6-nt in 
length; ii) most of the restriction enzymes recognize 
DNA sequence of 6-nts length with high accuracy; 
and fi nally iii) the minimum length of TFBS in 
JASPAR are about 6-nt sequences. We further as-
sume that an oligonucleotide of 6-nt length can be 
recognized by standard protein motifs without errors. 
Longer the sequences, they exhibit degeneracy or 
redundancy or may be just error-prone (Yamamoto 
et al., 2007). Based on the presence of the common 
6-nt sequences, we can perhaps classify the miRNA 
and the TFBS and reveal motifs specifi c only for 
transcription factors in general. We found common 
patterns for TFBS and miRNA and compared them 
to known binding motifs.

Materials and Methods

Human transcription factor binding site se-
quences were downloaded from the JASPAR 

database (http://jaspar.cgb.ki.se/). A total of 6496 
transcription factor binding site sequences that 
represent 65 human TFs (the database has reported 
75 TFs but 10 of them had no sequence informa-
tion) were extracted from the database. The 6496 
sequences have an average length of 14 nucleotides 
(mean: 14,2; max: 28; min: 6) and the base com-
position (A: 22707, 24,54 %; C: 20653, 22,32 %; 
G: 21203, 22,91 %; T: 21352, 23,08 %; N: 6614; 
Total: 92529) is approximately uniform. Several 
sequences in the database had also residues that are 
not part of the binding site (indicated as lower case 
bases in the database) were ignored (i.e., were not 
refl ected in the above computations). The TFBS se-
quences were next searched (using a custom-made 
C program) for all possible 6-nucleotide sequences 
(46 = 4096 possible sequences) and a count of 
each were maintained. These 4096 possible 6-nt 
sequences were assigned numerical values (lexi-
cally ordered) for computational convenience (by 
coding in degrees of 4; we set 0 for A, 1 for C, 2 for 
G and 3 for T or U). For example, AAAAAA = 1, 
AAAAAC = 2, …, TTTTTT = 4096 (Table 1). The 
number is coding number in degrees of 4 plus 1. In 
addition, for each 6-mer we have fi xed number of 

Table 1 
Example of the 6-mer sequence enumeration scheme and frequencies in the datasets studied
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AAAAAA 1 TTTTTT 4096 4 12 5 20 1
AAAAAC 2 GTTTTT 3072 2 13 5 27 1
AAAAAG 3 CTTTTT 2048 10 8 14 17 1
AAAAAT 4 ATTTTT 1024 7 5 22 13 1
AAAACA 5 TGTTTT 3840 26 5 47 22 1

… … … … … … … … … …
AGGAAA 641 TTTCCT 4056 226 14 426 25 1
AGGAAC 642 GTTCCT 3032 54 9 104 23 1
AGGAAG 643 CTTCCT 2008 294 23 554 44 1

… … … … … … … … … …
GAGCTC 2206 GAGCTC 2206 5 15 yes 5 15 0
GAGCTG 2207 CAGCTC 1182 3 20 5 30 0

… … … … … … … … … …
TTTTTG 4095 CAAAAA 1025 2 21 12 35 0
TTTTTT 4096 AAAAAA 1 1 8 5 20 0
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complementary 6-mer. For example for AAAAAA 
it is TTTTTT with numbering 4096, for AAAAAC 
it is GTTTTT with numbering 3072, and so on (see 
Table 1 for examples).

Next we counted number of hits of each 6-mers 
in the TF dataset (Table 1, data not shown in full). 
Since orientation of 6-mer in regulatory regions is 
not known we used sum of numbers of 6-mer and its 
complement. In total we have 2080 non-redundant 
6-mers. 64 of them are self-complementary, such 
as GAGCTC (Table 1).

Human mature miRNA sequences were down-
loaded from the microRNA database (http://mi-
crorna.sanger.ac.uk/) for humans. 1733 sequences 
were found and there were no unknown (unidenti-
fi ed) bases. This database is considerably smaller 
and has the following base composition (A: 8568, 
22,95 %; C: 8448, 22,63 %; G: 10505, 28,14 %; 
U: 9811, 26,28 %; N = 0; Total = 37332) which 
is also approximately uniform (see above). The 
mean sequence length in this database is 21 nu-
cleotides which is longer compared to the TFBS 
mean sequence length. This database was searched 
as before for the 4096 possible 6-nt sequences and 
its complements (Table 1). Last column in Table 1 
shows selection of non-redundant set of 2080 
sequences.

Then the data were sorted by 6-mers frequencies 
(highest frequency fi rst). We next combine these 
two sets of results into a combined one: fi rst set 
has 6-nt sequences that have high frequencies in 
both TFBS and miRNA; the second set has 6-nt se-
quences that have high frequencies in TFBS but not 

in the miRNA and the third set has 6-nt sequences 
that have high frequencies in the miRNA but not 
in the TFBS. The fi nal set that has low frequencies 
in both sets was ignored. In this work, we consider 
low frequency to be less than 2  (two times the 
standard deviation).

Results

We arranged number of 6-mer hits in the data-
bases and presented it as histogram (Fig. 1).

The analysis of the TFBS resulted in 3668 
sequences (out of 4096 possible 6-nt sequences). 
The highest frequency was 393 (for the sequence 
numbered 1185 corresponding to the sequence 
CAGGAA (in list of 4096). The same sequence 
was most frequent in non-redundant list of 2080 
6-mers too. Total number of 6-mers is 53463. The 
frequency distribution of the sequences is shown 
in Fig 1 a. We note that many sequences were ig-
nored as they contained the unidentifi ed base (N). 
We consider all 6-nt frequencies greater than 2  to 
be signifi cant in this study (i.e. frequencies greater 
than 140 in TFBS set). 

The analysis of the miRNA database was per-
formed in an identical fashion. We found 3893 
sequences (out of 4096; slightly more than the 
TFBS sequences). The highest frequency was 67 
(corresponding to the 6-nt sequence AAGTGC) and 
the sum of the frequencies is 28667 (this is about 
half of the value for the TFBS). The frequency dis-
tribution sequences are seen in Fig. 1 b. We consider 
all 6-nt frequencies greater than 2  to be signifi -

Fig. 1. Histogram for distribution of 6-mers (a) for the TFBS (b) for the miRNA database. 

The Y-axis (number of 6-mers found) has been plotted on a log scale for ease of comparison. Also the 6-nt sequence order for the
two plots are not necessary same (ranked by the 6-mer occurrence number). The distribution of 6-mers in TFBS is clearly more 
uniform compared to 6-mer distribution in miRNA (see text for details of the statistical parameters for the two distributions).
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cant in this study (i.e frequencies greater than 12). 
The coeffi cients of variation ( / ) for these two 
distributions (TFBS and miRNA) are 2,18 and 0,72 
respectively. This suggests that the 6-nt sequences 
are relatively more uniformly distributed for the 
6-nt sequences in miRNA. We have also calculated 
skewness of 6-mer distribution in TFBS and in 
miRNA sets. Skewness characterizes the degree 
of asymmetry of a distribution around its mean. 
Higher value of skewness indicates a distribution 
with an asymmetric tail extending toward larger 
values. It is ~ 6,1 for TFBS and only ~ 1,2 for 
miRNA set (Fig. 1). 

Base Composition

Base composition of the 6496 TFBS were 
reported below. It was clear that the four bases ap-
pear nearly uniform in distribution in the bin ding 
sequences. Following are the base frequencies 
observed in the binding site sequences. A = 22707 
(24,54 %), C = 20653 (22,32 %), G = 21203 (22,91 %) 
and T = 21352 (23,08 %). We therefore consider 
them to be uniformly distributed at the single nu-
cleotide level. For the miRNA database, there were 
1733 sequences and the following base composi-
tion was observed: A = 8568 (22,95 %); C = 8448 
(22,63 %); G = 10505 (28,14 %); T(U) = 9811 
(26,28 %). Both these distributions appear to be 

reasonably uniform. At the same time, distribu-
tions of oligonucleotides for TF and miRNA are 
different. 

Joint Frequency distribution of sequences

A casual examination of the two sets of 6-nt 
sequences revealed some similarities. However, 
there are also some dissimilarities. We plotted the 
frequencies for all 6-nt sequences on a graph for 
both the TFBS and miRNA to observe correlation 
in terms of frequencies (Fig. 2). Initially we plotted 
with all 6-nt frequencies in both the sets (Fig. 2). 
Then we applied the 2  cutoff to the frequencies. 
We are interested in the 6-mers with high frequen-
cies in both the sets. 6-mers with high frequencies 
were labeled. Among them, we can note 3 distinct 
groups that are common between the TFBS and 
miRNA datasets.

The purpose of this exercise is to locate 6-nt 
sequences that are common to both TFBS and 
miRNA databases. For this exercise, we fi rst re-
moved all 6-nt sequences from the TFBS results 
that have frequencies less than 60 (this was arbitra-
rily chosen as the 2  cutoff value). A large number 
of 6-nt sequences were therefore removed and we 
were left with 166 sequences. We also removed 
from the miRNA results all 6-nt sequences that 
have frequencies less than 12. As noted earlier, 

Fig. 2. Correlation between frequencies of 6-nt sequences in TFBS and miRNA. 

After applying the 2  cutoff in both sets i.e. frequencies of 6-mers (in non-redundant list of 2080) above 140 and 34 for TFBS and 
miRNA respectively all the 6-mers were separated in enriched in both sets, in TFBS only, in miRNA only, and not signifi cantly 
enriched. 4 groups of 6-mers are clearly visible that are specifi c for TFBS and miRNA. The most frequent 6-nts are labelled. 
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the distribution for the miRNA is relatively more 
uniform and therefore we were left with a larger 
number of 6-nt sequences (724 sequences). For all 
the 6-nt sequences the frequencies for the TFBS 
and the miRNA are multiplied and the sequences 
were next sorted as per the resulting product. The 
result was 57 sequences (that are common to both 
sets with high frequencies). The fi nal results were 
summarized in Table 2 (partial list).

We have started with 65 human TFs from the 
JASPAR database but these binding sites are con-
siderably degenerate and we therefore end up with 
6496 putative binding sites. We compared these 
binding sites with the 6-nt sequences from the 
miRNA database and located 57 sequences that can 
be considered as mapping these 6496 binding sites 
back into the TFs. The correlation is signifi cant but 
we also need to explain the presence of other 6-nt 
sequences with high frequencies (Table 2).

Finally TFs bind to the same sequence (or very 
close to it) and this process may be helped by the 
presence of other 6-nt sequences with high frequen-
cies present in the TFBS database. It may be useful to 
map the various 6-nt sequences to individual TFBS 
but this need to be done manually as there is no clear 
way to relate the 6496 binding sites to the 65 human 
TFs. It is indeed interesting to fi nd such a strong cor-
relation between the TFBS and the miRNA.

We analysed most common 6-mers in both 
TFBS and miRNA set by similarity to known 
PWM (position weight matrices) in JASPAR and 
TRANSFAC databases using STAMP software 
(Mahony, Benos, 2007). Common pattern (of top 5 
common oligonucleotides) is close to AGGACAG 
/ CTGTCCT (Table 2). Fig. 3 a contains this motif 
as logo.

Next we compared the consensus sequences 
found in the present study to known PWM (po-
sitional weight matrices). Majority of similar 
matrices were related to ETS family of transcrip-
tion factors. Members of the large ETS family of 
transcription factors (TFs) have highly similar 
DNA-binding domains and have diverse functions 
and activities in physiology and oncogenesis. Some 
differences in DNA-binding preferences within 
this family have been described, but differences in 
sequence are minor (Wei et al., 2010).

Fig. 3 b shows most similar motif for this 
common pattern (core region TCCT), as estimated 
by STAMP program.

Table 2 
The sequences that have high frequencies 

in both TFBS and miRNA datasets
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GCTTCC 2550 221 61
CTTCCC 2006 223 52
AGGAAG 643 554 44
CCAGGA 1321 564 42
CTGGGA 1961 338 41
CTGTCC 1974 643 38
CCTGGA 1513 599 38
CCAGGG 1323 143 36
CAGGAA 1185 731 35
CTTCCA 2005 198 35

Fig 3.  – the logo of common motif for 
TF and miRNA oligonucleotides; b –  ETS 
binding motif, most close binding matrix 
from TRANSFAC database for common 
6-mer found in both TF and miRNA sets.
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Contrary, most common pattern of TF, which is 
not present in miRNA, is AGGTCA (See Table 2). 
Comparison to the database of binding motifs by 
STAMP shows that it is similar to ROR 1motif.
Nuclear receptor retinoid-related orphan receptor 
alpha (ROR 1) is a member of ROR-family 
receptors. It is broadly expressed in various 
tissues and organs during embryonic development 
(Benderdour et al., 2011).

Overall, the DNA base composition for whole 
genome, mRNA and regulatory regions are dif-
ferent. It is known that genetic code imposes 
statistical constraints on protein-coding DNA 
sequences. Content of miRNA is limited by pre-
sence or avoidance hairpin loops in RNA structure. 
In general, DNA text contains different codes, or 
information messages that could be superimposed: 
classical triplet code, DNA shape code, chromatin 
code, gene splicing code, nucleosome positioning 
code and other, including those that have not yet 
been formally described (Trifonov, 2011). Each 
could be associated to the constraints imposed by 
information content and refl ecting in oligonucleo-
tide frequencies, number of poly-A tracts and text 
complexity (Orlov et al., 2006). Identifying regions 
of DNA with extreme statistical characteristics is 
an important aspect of the structural analysis of 
genomes and sequenced genome fragments.
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Summary

A significant progress has been made in plant genetics in recent decades with the advent of molecular 
methods. Notions on the molecular mechanisms governing the inheritance and formation of  valuable traits 
in plants have been developed. Chromosomal maps with molecular markers and genes have been compiled 
for the most important crops. Molecular methods have been introduced to breeding, and steps have been 
done to molecular certification of crop cultivars. In addition to the obvious practical advantages, molecular 
methods have given an impetus to basic studies in plant genetics and evolution. Modern methods of plant 
genetics and the range of their application are reviewed. 

Key words: higher plant genomes, gene cloning, molecular markers, gene transcription. 
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 (Poaceae Barnh.) 
,  10 . , 700 , 41 .

 ( ) ( )
 372  37 . , -

 (  = 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13) ,
.  = 10 (31,9 %) 

 = 7 (29,5 %).  25 :  = 13,  – 
 = 7,  –  = 11,  –  = 10,  –  = 12. .

 Poeae (  = 2, 3, 4, 5, 6, 7, 9, 10, 13).
 RFLP (restriction fragment length polymorphism)  EST-SSR- -

, ,
. , -

.
-

,  RFLP 
 EST-SSR , , ,

,
. ,

, ,
,

,
, .

,

. , ,
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.

: , , , ,
, .
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,
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 ( , 1976). ,
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 (75 ) ( .,
1990),

–  (50–60 ) (Ben-
netzen, Freeling, 1997).

-
.

, ,

, -
.

,  10000 ,
700 , 41  (Tzvelev, 1989; Kellogg, 
1998, 2001). , -

. .  (Tzvelev, 1989), -

: Bambusoideae  Pooideae. 
 Bambusoideae  14 

,  Pooideae 27 :
, , ,

.
-
,

Pooideae : Oryzoideae, 
Pooideae, Arundinoideae, Chloridoideae, Panicoi-
deae (Mathews et al., 2000). -

 Pooideae, . .
, -

.

 (Goncharov et al., 2009).
, -

, -
.

-

 ( -
,

 ( ).

 1931 . . . -
,

,

,

( , 1931). -
 106 

.
, -
,

 = 5  = 12. 
 = 7  = 10. 

 (Briza L.) -
 = 5, Schismus

Beauv. Sphenopus Trin. –  = 6. 
,

-
.

 Hordeae (= Triticeae)  = 7. 

-

,
, .

, ,
 «

» ( ., 1969) 
. .  (Tzvelev, 1989). 

 3465  372 
 37  (35 % ) -

,  = 2 
 = 13. -

.
 = 7 (29,49 %) 

 = 10 (31,90 %). 

Panicum L. Poa L. 
 = 2: Zingeria 

P. Smirn. olpodium Trin.  Poaceae ( -
, , 1974). 

 Bambusoideae  111 
14  109  11 .

,  8 
 = 12,  = 11, 

-
: Bambuseae  = 9, 10, 12,  Olyreae 

 = 9, 10, 11.
 778 

27  263  26 
.  Pooideae 

:  = 2  = 13. -
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 Poeae 
(  = 2, 3, 4, 5, 6, 7, 9, 10, 13).  Triticeae 
Bromeae  = 7, Brachypodieae –  = 5, 7, 
Phleeae  = 5, 9.  (Brylkinieae, Diar-
rheneae, Lygeeae)  = 10,  (Meliceae, 
Stipeae)  = 9, 10,  Brachyelytreae  = 11, 
Nardeae  = 13.

 Oryzoideae 
 = 12, 

Arundinoideae  = 12,  = 11, 
 = 6, 9, 12,  Panicoideae  = 5, 8, 

9, 10, 12, 13,  Chloridoideae  = 7, 8, 9, 10.
 370 -

.
 2  – 24 .  118 

(31,89 %)  (2 ),  137 
(37,03 %) -

 (4 ),  91 
(24,60 %) – -  (6  – 8 ),

 24 (6,48 %) 
 10  – 24 .

-
 3465 

 372  37 
, -

-
 (  = 2, 

3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13) 
.

 25 .
 = 7,  –  = 10,  –  = 11,  – 
 = 12  –  = 13. 

12 . -
 Bambusoideae  11 

,
 = 12. 

 Oryzoideae  = 12. 
 Arundinoideae 

 = 12,  = 11 
 = 6, 9  12. ,

 Bambusoideae, Oryzoideae  Arun-
dinoideae  = 12. 

 Pooideae. 
 = 7,  –  = 10, 

 = 11  = 13. 
.

 Poeae 
(  = 2, 3, 4, 5, 6, 7, 9, 10, 13). -

 Chlo-
ridoideae
Panicoideae

. -

.
-

. -

 0,5–18,8 pg (Kellogg, 1998). 

 Pooideae (6,0–18,8 pg).

,

RFLP-  EST-SSR-

 RFLP 
(restriction fragment length polymorphism) -

, ,
 (Hulbert 

et al., 1990; Whitkus et al., 1992; Ahn, Tanksley, 
1993; Moore et al., 1995; Bennetzen, Freeling, 
1997; Gaut, Doebley, 1997). 

Triticum aestivum L. 
BB DD 6  = 42, 
RFLP- ,

,

 Poaceae 
Pooideae, , -

 (Moore et al., 1995). 

Secale cereale L. 2  = 14 -
Triticum aestivum L. 6  = 42, 

 Triti-
ceae,

, -

, -
 (Devos et al., 1993). ,

S. cereale L. 2RS, 3RL, 
4RL, 5RL, 6RS, 6RL, 7RS  7RL -

.
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Zea 
mays L. 2  = 20 Sorghum bicolor (L.) Mo-
ench. 2  = 20, 
RFLP , -

, , -
 Andropogoneae 

Dum.,

(Hulbert et al., 1990; Whitkus et al., 1992). -

.

-
. -

 = 5 (Gaut, 
Doebley, 1997).

C  FISH (fl uorescence in situ 
hybridization) ,

Sorghum bicolor (Gomez et al., 1998).
 RFLP 

,
: 1) Oryza sativa L. x = 12 (Oryzeae Dum.); 
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3) Sorghum bicolor x = 10 Zea mays L.  = 5+5 
(Andropogoneae Dum.), Setaria italica  = 9 (Pani-
ceae R. Br.) Triticum aestivum L.  D x = 7 
(Poaceae) (Moore et al., 1995 ). Saccha-
rum, S. bicolor, Z. mays S. italica

 Panicoideae, T. aestivum – 
 Pooideae.

,  RFLP 
(18–20) -

,
.

 RFLP 

, O. sativa L., Saccha-
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.
S. italica (L.) Beauv. 

,
D  – , -
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.

,  – 

 – -
,
 = 10 Saccharum x = 12 
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 7  9 

 11 ,
 11  12a, 
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 3c 
 10  3c. 

 = 10 
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 10 
3a, 3b, 3c, 

 9  7  11b  12b. 
 = 9 S. italica

-
 1a, 1b  5a, 5b, 

 3a, 3b, 3c  10, 
 9  7  11b  12b.

S. bicolor x = 10 S. italica x = 9, 

Panicoideae,
, -

,
 3a, 3b, 3c  10, 

 9  7  11b  12b .
S. italica  = 9 

 = 10 S. bicolor

 1a, 1  5a, 5b.
 RFLP 

-
.  (  = 5+5) 

 18 ,

.
 D  (  = 7) -

 3D (1a 1b)  6D (2) 

.
:

1D (5a, 5b  10), 2D (4a, 4b  7), 7D (6a, 6b  8), 
 5D – 

 11a, 11b  12a, 
12b  9  3a.  D 
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 20  RFLP 
.

-

-
.
 EST (expressed sequence tag) 

 (WMS) 
 44 WMS-

 (Khlestkina et al., 2004). 
-

.

. -

.

Aegilops L.  SSR 

, -
 (Adonina et al., 2005).

 EST-SSR -
Hordeum vulgare L. Ttiticum aesti-

vum L., Secale cereale L. Oryza sativa L. (Varsh-
ney et al., 2005). ,

 (78,1 %) 
 (75,2 %) 

(42,4 %). 
 3H  7H -

 6R  4R 
 2H, 3H, 4H, 6H  7H 
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.
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.
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 (Guyot, Keller, 2004). ,
 R1 
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Triticum L. 

 Triticeae Dum. -

 (Badaeva et al., 2007).

,

, -
.

,
, -

 Brassicaceae Burnett. 
(Yogeeswaran et al., 2005; Lysak et al., 2006; 
Guerra, 2008)  Liliaceae Juss. (Hipp, 2007).

-

-
,

.

-
,

,

, -
,

, ,

 (Bennetzen, Freeling, 1997; Kellogg, 
1998, 2001; Mathews et al., 2000). -
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(Stebbins, 1956). 
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,
,
,
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.
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.
,
-

,

.
.
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 50–70 

,
,

-
 (Salse, Feuillet, 

2011). 

-
. ,

 = 5 

-

 = 12.  = 12 
.

 = 10 
-
-
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 17 .

-
 Triticeae 

,  Brachypodium 
.

 = 12, -

 = 6, 
 = 5 -

.
-

 – 
:  = 2  = 13 

 = 12.

,
 (  = 2–13). 

-
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 (25  37 )
,
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.  = 7, 

 = 10  = 13. ,
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Poeae (  = 2, 3, 4, 5, 6, 7, 9, 10  13). 

,
.
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 Chloridoideae 
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 PFLP ,

Oryza 
sativa L.  Oryzoideae, -

 Pani-
coideae (Sorghum bicolor L., Zea mays L., Setaria
italica Saccharum)
Triticeae  Pooideae.  Andro-
pogoneae  Panicoideae 

:  = 5, 9  10. 
Zea mays  = 5+5, Sorghum 

bicolor  = 10. 
 Paniceae 

 = 7, 8, 9  13, Setaria italica
 = 9.  Arundinelleae 

:  = 7, 9, 10  12. Saccharum
= 10. ,

.
 RFLP- -

, -
,

 = 5. 
 18 

RFLP- .

, .
,

 RFLP- ,
.
-

,

 = 20, ,
, -

.

 Triticeae c  = 7. 
 D 

.

 RFLP-
Sorghum bicolor  = 10, 

, .
,

.
 18 RFLP- -

 10 .

, -
 RFLP-

 = 12 
Saccharum c  = 10.  20 RFLP-

-
 10 (1a, 1b, 5a, 5b, 6a, 6b, 8, 2, 4a 

4b), : R1, R5, 
R6, R8, R2  R4. 

 RFLP- .

-
, -

-
,

-
.

,
 (Guyot, Keller, 2004), -

 EST-SSR 

 (Varshney et al., 2005; Hackauf et al., 2009). 
 20 , -

,
,  – 

,  – .
,
-

,

. ,  12, 
 – Oryza sativa L. 
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.
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Summary

Poaceae (Barnh.) are a large angiosperm taxon. It includes over 10,000 species, belonging to 700 genera 
and 41 tribes. This paper presents a comparison of the basic chromosome numbers (BCNs) in species of 
372 genera from 37 Poaceae tribes. Although BCNs broadly vary in the family (x = 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13), this trait is conservative. Species of one genus have mainly identical BCNs. In most genera, 
x = 10 (31,9 %) or 7 (29,5 %). Twenty-five tribes show no BCN differences among their genera: x = 13 in 
1 tribe; 7, in 2, 11, in 3; 10, in 4, and 12, in 15. Other tribes have several BCNs each. The Poeae tribe is the 
most variable in this trait: x = 2, 3, 4, 5, 6, 7, 9, 10, 13. 
Similarity of genetic maps in species belonging not only to different tribes but even to different Poaceae 
subfamilies was established by using RFLP and EST–SSR markers. There is also experimental evidence that 
the diversity in BCN in the Poaceae family was caused by multiple hybridization followed by polyploidization 
and dysploidization of ancestral species with few chromosomes. 
Studies of chromosome numbers and molecular mapping of Poaceae species with  RFLP and EST–SSR 
markers indicate that  the evolutionary transformations of the haploid genomes and, as a consequence, 
their BCNs, by polyploidization and dysploidization were completed in general in ancestral species of the 
presently existing genera. The present BCN diversity in the family stems from the fact that the ancestors 
of different genera underwent different degrees of polyploidization and dysploidization. Phylogenetically, 
species of different genera should be regarded as parallel series originating by crosses of related species 
with few chromosomes rather than descendants of a single ancestor with a polyploid genome. 
It is suggested that further transformation of haploid genomes in ancestors by polyploidization and 
dysploidization was arrested by the transition of Poaceae to the stable sporophytic phase of the life cycle. 
Probably, the main factor responsible for this arrest was a significant modification of the cell nucleus 
structure associated with the transition to the stable diplophase. 

Key words: Poaceae family, basic chromosome number, haploid genome, systematics, phylogeny, species 
evolution.
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A NEW MORPHOLOGICAL TRAIT IN THE GENUS TRITICUM L.

E.V. Tverdokhleb  

V.Ya. Yuryev Plant Production Institute of the National Academy of Agricultural Sciences of Ukraine, 
Kharkov, Ukraine, e-mail: etverd@meta.ua

Summary

A new morphological trait for the genus Triticum L., pubescence of lemma awns, has been revealed in plants 
obtained from a backcrossed hybrid combination (T. timopheevii (Zhuk.) Zhuk. × T. durum, cv. Spadschina) 
× T. durum, cv. Spadschina. Various forms have been obtained by combining this trait with light or dark 
glume color, presence or absence of their pubescence, black or light color of awns, presence of cytoplasmic 
male sterility (CMS) and fertility restoration genes.

Key words: Triticum,  morphological traits.
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WheatPGE: A SYSTEM FOR ANALYSIS OF RELATIONSHIPS AMONG 
PHENOTYPE, GENOTYPE AND ENVIRONMENT IN WHEAT

M.A. Genaev1, .V. Doroshkov1, E,V. Morozova1, T.A. Pshenichnikova1, D.A. Afonnikov1, 2

1 Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: mag@bionet.nsc.ru;

2 Novosibirsk State University, Novosibirsk, Russia

Summary

The WheatPGE system, presented here, has been designed to solve the problem of integration of genotypic 
and phenotypic data and parameters of the environment, as well as to analyze the relationships between 
the genotype and phenotype in wheat. The system is used to consolidate miscellaneous data on a plant for 
storing and processing various morphological traits and genotypes of wheat plants as well as data on various 
environmental factors. The system is available at www.wheatdb.org. Its potential in genetic experiments 
has been demonstrated in quantitative indices of wheat leaf pubescence. We have classified 47 common 
wheat varieties according to leaf pubescence by multidimensional scaling. The results reveal differences 
between leaf pubescence in Russian and German wheat varieties.

Key words: wheat, data consolidation, phenotype, genotype, environment, leaf pubescence, database.
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CORRELATIONS OF ALFALFA FORAGE YIELD WITH PLANT HEIGHT 
AND VEGETATION DURATION IN THE DROUGHTY VOLGA REGION
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Agricultural Research Institute for South-East Regions, Saratov, Russia, 
e-mail: raiser_saratov@mail.ru

Summary

The level and variation of forage yield, plant height and duration of vegetation have been studied in three 
consecutive cuts of two cultivars differing in seed yield. The directions of the influence of plant height of 
plants and vegetation duration on the forage yield of alfalfa have been determined. Correlations among 
these parameters  in three consecutive cuts of alfalfa in the droughty Volga region are shown.

Key words: alfalfa, relationship of traits, forage yield, plant height, vegetation period.
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FRAGARIA × POTENTILLA (  FREL) 

. . , . .

, , , e-mail: SO_baturin@mail.ru

 Frel (
Fragaria × Potentilla).  90 %, 

 33,9 ± 1,8 %,  12,5  71,3 %. 
, n = 28. -

.  Frel  «
» :  41,2 %  – 

, F. × ananassa  63,1 %. F. × ananassa × Frel 
,

.

: , Fragaria × ananassa, Fragaria × Potentilla, -
, , , , , .

-
 (Fragaria × ananassa Duch., 2n = 8x = 56) 
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. palustre,
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,  Frel -
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 ( , , 2010).

 30 -
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(Mabberley, 2002; , , 2010). 

-
.

,
- -

,
,

 (Bentvelsen et al., 2006).
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 Frel -



801, 2011,  15,   4

-
,

.

 Frel, 

,
 (8 ) Fraga-

ria × ananassa
-

.
Frel
Fragaria × ananassa,

.  Frel –  ( -
), .

Fragaria -
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.
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 ( ), 
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.
,

 (
) , -

 20–22 º -
.  2–3 
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.
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.
 (40 .)
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 3–4 
,

.
.
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 Frel  90,4 ± 0,56 %, -

,
. -

, ,
,

1,2 % -
, , - ,

 ( . 1).
 Frel 

, ,
.

, -
 21  34 %. 

 33,9 ± 1,8 %, 
,

.
 1996–2010 .

 1673 ,
.

 12,5  71,3 %. 

, ,
 3,5 % (  40,0 %) -

.
, -

 Frel. 

, ,
,
.

,  I1
 Frel 

, -
 (41,2 %) ( . 1). 

 – 
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. -

 Frel. 
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F. × ananassa
 F1 -

 63 % ( . 2). 

 F1,
-

 ( . 2). , -

. ,
F1

 (60,1 % )
, -
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 F2 –  00/9-

30-5
 ( -

)
, -

 65,4 %. -
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 – 63,1 % ( . 2), 

. -

. 1.  Frel (
, -

, ).
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 2 
 F1,  Frel

F. × ananassa - -

58 5   7 17 3 52 (61,9 %)
-3-3-1 0   0   3 0   9 (75,0 %)
-1-15-1 0   2   5 0 15 (68,2 %)

 Elin 1   4   1 0   6 (60,0 %)
6 13 26 3 82 (63,1 %)

 1

/ - -

Frel* 0   3   6 1     7 (41,2 %)
97/2-1-6* 0   8   6 2   25 (60,1 %)
97/2-1-4 0   0   0 0   11 (100 %)

97/3-75-6* × 97/2-1-4 0   0   5 0      2 (28,6 %)
97/3-76-6 × 97/2-1-4 0   0   0 0 142 (100 %)

00/9-30-5* 3 12 11 1    51 (65,4 %)

. * .

. -
 50 % -

.
 00/9-30-5  43,8 ± 3,4 %, 

-
.

 05/2-35-1  05/2-14-6, -
 72,0 ± 4,6 %  80,2 ± 2,4 % 

,
.

 F1 (F. × ana-
nassa × Frel) 

 Frel, 

. -

 20 
 Frel 

:  2n = 28  2n = 70. 
-

: 2n = 28, 35, 40, 42, 45, 49, 50, 
56, 61, 63, 70 ( . 2). ,

 Frel -
. ,  Frel 

F. × ana-
nassa ,

.

,
 Frel 

. . 3 

:
 Mieze Schindler,  – 
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. 2.  Frel. 
 – 2n = 28;  – 2n = 42;  – 2n = 56;  – 2n = 70. 
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,  ( )

.
Mieze Shcindler  1, 856 ± 0, 011 ,

 Frel – 1, 886 ± 0, 016 ,

, . . 2n = 8x = 56. 
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 F1 (F. × ananassa × Frel) 

-
 96/5-57-1 (58  × Frel). 

 2n = 56, 

,

.

-
, , , -

.
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 (Fragaria × Potentilla)  Frel 

.

, ,
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. 3.  Frel. 

 – -  Mieze Shcindler (  2),  1 -
 – Raphanus sativus,  Saxa (2C  – 1, 11 );  3 –  Raphanus sativus,  G2

;  – - ,  Frel (  2).  1 
 – Raphanus sativus,  Saxa, (2C  – 1, 11 );  3 – Raphanus sativus,

 G2 .
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REPRODUCTION FEATURES OF THE PINK-FLOWERING ORNAMENTAL 
FRAGARIA × POTENTILLA (CV. FREL) HYBRID AND PROSPECTS 

OF ITS USE IN GARDEN STRAWBERRY BREEDING

S.O. Baturin, L.L. Kuznetsova

Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: baturin@bionet.nsc.ru 

Summary

The ornamental pink-flowering cultivar Frel (Fragaria × Potentilla) is a mixoploid producing mainly gametes 
with n = 28. Frel pollen viability reaches 90 %, seed set percentage averages 33,9 ± 1,8 %, and germination 
capacity varies from 12,5 to 71,3 %. White-flowering recessive homozygous descendants constitute 41,2 % of 
the progeny of selfing of the hybrid, demonstrating its heterozygous state. The frequency of white-flowering 
plants in F. × ananassa crosses is 63,1 %. The «corolla color» trait shows octosomic inheritance with the 
chromatid type of gene segregation. In order to obtain fruit-producing pink-flowering hybrids, long-term 
selection of fertile seedlings from the Frel × F. × ananassa hybrid population is required.

Key words: pink-flowering strawberry, Fragaria × ananassa, Fragaria × Potentilla, pollen fertility, seed 
set, flow cytometry, breeding, mixoploidy, everbearing.
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 100, . .

 10 . -
.

,
-

.
,

 – 
, -

 – ,
 – 

(Maliga, 2003).

. . (Boynton et al., 1988) -
Chlamydomonas 

reinhardtii.  1990 . . , .
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10 7 ( . ).
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Bacillus thuringiensis)  45,3 % 
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-
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-
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(Sidorov et al., 1999), Lycopersicon es-
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 (Drechsel, 

Bock, 2011).

-
.  2001 . . .

,
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( ) ( . 3, ).

-
- -

. 3. 
 ( ) cry2Aa2  Bt ( ) .

 « ».
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 2 

(Staub et al., 2000; Lelivelt et al., 2005; Oey et al., 2009a, b)

,
% *

CTB Vibrio cholerae 4,1
TetC Clostridium tetani 25
LT-B Escherichia coli 2,5
PAg Bacillus anthracis 18,1
CaF1-LcrV Yersinia pestis 14,8
OspA Borrelia burgdorferi 10
CTB-AMA1 Vibrio cholera, Plasmodium falciparum 13,2
CTB-AMA1 Vibrio cholera, Plasmodium falciparum 7,3
CTB-MSP1 Vibrio cholera, Plasmodium falciparum 10,1
CTB-MSP1 Vibrio cholera, Plasmodium falciparum 6,1

VP1 3
VP- GUS 51
CTB-2L21 31,1
L1 24
p24 4,5
p24-Nef 40
A27L 18

*  – .

, -

. -
,

 ( . 3, 4) -

,
.

,

. -

, -

 (Ruf et al., 2007). 

, -

,
-

.
 ( ) ,

-
.

, -
,
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,

,

-
. ,

-
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TRANSPLASTOME PLANTS
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1 Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia, 
e-mail: deineko@bionet.nsc.ru, snshchel@rambler.ru;

2 Institute of Chemical Biology and Fundamental Medicine, SB RAS, Novosibirsk, Russia;
3 Siberian Institute of Plant Physiology and Biochemistry, SB RAS, Irkutsk, Russia

Summary

Fundamentals of the development of transplastome plants and structural features of genetic constructs 
for incorporation into chloroplast genomes are reviewed. Major achievements in the transformation and 
expression of alien genes in chloroplasts are considered. The potential of this method for significant increase 
in the production of alien proteins in transplastome plants is substantiated. 

Key words: chloroplasts, chloroplast transformation, biolistics, homologous recombination, plastome.
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GENETICALLY MODIFIED ORGANISMS AND GENETIC POOLS OF PLANTS: 
ENVIRONMENTAL AND AGRICULTURAL SAFETY

Yu.V. Chesnokov

Vavilov Research Institute of Plant Industry, St. Petersburg, Russia, e-mail: yu.chesnokov@vir.nw.ru

Summary

Ecological and agricultural safety is considered in the context of the dissemination of genetically modified 
organisms (GMOs). The probability of involuntary pollution of gene bank accessions with GMOs is discussed. 
It is demonstrated by the example of GMO distribution in various regions of the world that the large-scale 
commercial use of GMOs is associated with ecological and agricultural risks.

Key words: genetically modified organisms, accessions of plant genetic resources, ecological and agricultural 
safety. 
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FROM CONGRESS TO CONGRESS: 
AGE-OLD STEP OF PLANT BREEDERS

V.N. Ozherelieva, V.V. Kirichenko

Yuryev Plant Production Institute, Ukrainian Academy of Agrarian Sciences, Kharkov, 
Ukraine, e-mail: yuriev1908@gmail.com

Summary

The article concerns the preparation and organization of the 1st All-Russia congress of experts in breeding, 
seed production and dissemination of the seed material and the International Congress of plant breeders. 
The main provisions of the congress are presented. The historical significance of the events is shown.

Key words: experimentation, congresses, breeding, seed industry, seed material.
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