
A- and B-chromosome pairing and recombination in male
meiosis of the silver fox (Vulpes vulpes L., 1758,
Carnivora, Canidae)

Ekaterina A. Basheva & Anna A. Torgasheva &

Galia R. Sakaeva & Claudio Bidau &

Pavel M. Borodin

Received: 1 June 2010 /Revised: 22 July 2010 /Accepted: 26 July 2010 /Published online: 10 August 2010
# Springer Science+Business Media B.V. 2010

Abstract We examined A- and B-chromosome pair-
ing and recombination in 12 males from the farm-bred
population of the silver fox (2n=34+0–10 Bs) by
means of electron and immunofluorescent microscopy.
To detect recombination at A and B chromosomes,
we used immunolocalisation of MLH1, a mismatch
repair protein of mature recombination nodules, at
synaptonemal complexes. The mean total number of
MLH1 foci at A-autosomes was 29.6 foci per cell.
The XY bivalent had one MLH1 focus at the pairing
region. Total recombination length of the male fox
genome map was estimated as 1,530 centimorgans.
We detected single MLH1 foci at 61% of linear
synaptic configurations involving B chromosomes.
The distribution of the foci along B- and A-bivalents
was the same. This may be considered as a first
molecular evidence that meiotic recombination does

occur in mammalian B chromosomes. There was no
correlation between the number of synaptic configura-
tions involving B chromosomes per cell and the
recombination rate of the A-genome.
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Abbreviations
ACA Anti-centromere antibody
BSA Bovine serum albumin
cM Centimorgan
DAPI 4′-6-diamidino-2-phenylindole
Cy3 Orange fluorescing cyanine
FITC Fluorescein isothiocyanate
MLH1 Homolog of prokaryotic mutL 1 mismatch

repair protein
PBS Phosphate buffered saline
SC Synaptonemal complex
SCP3 Synaptonemal complex protein 3
S.D. Standard deviation

Introduction

B chromosomes are accessory genomic elements to the
so-called A or standard genome. They have been found
in many species of plants and animals. Populations
usually show a polymorphism for the number and
morphology of B chromosomes (Camacho et al. 2000;
Jones and Rees 1982).
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Typically, B chromosomes are transmitted in a
non-Mendelian fashion due to their unstable mitotic
and/or meiotic behavior (Bidau et al. 2004; Camacho
et al. 2000; Jimenez et al. 2000; Jones 1991, 1995;
Perfectti et al. 2004; Santos et al. 1993). For this
reason, B chromosomes are considered as selfish
genetic elements or genomic parasites engaged in a
continuous conflict with the A-genome (Bell and Burt
1990; Camacho et al. 2000, 2002).

One of the most common and less understood
effects of B chromosomes on the A-genome is that
their presence modifies the rate of meiotic intra-
chromosomal recombination (crossing over) of the
carrier cell. B chromosomes have been shown to
affect chiasma frequency and/or distribution, and
between-cell variance (Brandham and Bhattarai
1977; Jones and Rees 1967; Jones 1991, 1995; Rees
and Dale 1974; Ward 1976). Different number of B
chromosomes may affect the host recombination in a
zig-zag pattern (the odd–even effect) (Camacho et al.
2004).

Meiotic behavior of B chromosomes has been
extensively studied in plants and insects (Jones and
Rees 1982), but studies in mammals are scarce. As far
as we know, the meiotic pattern of B chromosomes
has been studied in only four species: Korean field
mouse Apodemus peninsulae (Kolomiets et al. 1988),
yellow-necked mouse Apodemus flavicollis (Banaszek
and Jadwiszczak 2006), raccoon dog Nyctereutes
procyonoides (Shi et al. 1988) and silver fox Vulpes
vulpes (Radzhabli et al. 1978; Switonsky et al. 1987).

The silver fox V. vulpes (2n=34+0–10 Bs) is an
especially interesting model for the analysis of
meiotic behavior of B chromosomes for the following
reasons. B chromosomes are present in wild and in
farm-bred populations of this species. They are
mitotically unstable and different cells of the same
individual may contain different number of B chro-
mosomes (Beliaev et al. 1974a, b; Radzhabli et al.
1978). They occur in two canid species of different
genera (V. vulpes and N. procyonoides) and in both
species they carry functional copies of the c-kit proto-
oncogene (Graphodatsky et al. 2005; Yudkin et al.
2007).

In this study, we examined synapsis and recombi-
nation of B chromosomes in the farm-bred silver
foxes by means of electron and immunofluorescent
microscopy. To detect recombination at A and B
chromosomes we used immunolocalization of MLH1,

a mismatch repair protein of mature recombination
nodules, at synaptonemal complexes (SC). This
approach has proved to give reliable estimates of
total recombination rate, as well as the frequency and
distribution of recombination events in individual
chromosomes of several species of mammals (Anderson
et al. 1999; Basheva et al. 2008; Borodin et al. 2007,
2008, 2009; Codina-Pascual et al. 2006; Froenicke et
al. 2002; Hassold et al. 2004; Lynn et al. 2002; Sun et
al. 2006).

Materials and methods

Spermatocyte spreads were prepared using the drying-
down technique (Peters et al. 1997). Testes were
isolated 1 month before the breeding season (Decem-
ber 2007) from twelve 9-month-old male foxes
maintained at the Experimental farm of the Institute
of Cytology and Genetics.

For electron microscopic examination the spreads
were stained with silver nitrate (Howell and Black
1980) and covered with plastic film. The spreads after
light-microscopic examination were transferred to
specimen grids and examined with electron micro-
scope JEM-100 (JEOL, Japan) at 80 kV.

The immunostaining protocol was performed
according to Anderson et al. (1999). The slides were
incubated overnight at 37°C with a rabbit polyclonal
antibody against human SC lateral element protein
SCP3 (Abcam, Cambridge) diluted to a concentration
of 1:500, a mouse monoclonal antibody to human
mismatch repair protein MLH1 (1:50, Abcam, Cam-
bridge), and a human anti-centromere antibody
(ACA; 1:100, Antibodies Inc., Davis) in 3% bovine
serum albumin in phosphate buffered saline (PBS).
Slides were washed in 1× PBS and incubated for
40 min at 37°C with goat anti-rabbit Cy3-conjugated
antibodies (1:500, Jackson, West Grove), goat anti-
mouse FITC-conjugated antibodies (1:50, Jackson),
and donkey anti-human FITC-conjugated antibodies
(1:100, Vector Laboratories). Slides were washed with
PBS, rinsed briefly with distilled water, dried, and
mounted in Vectashield with DAPI (Vector Laborato-
ries) to stain DNA and reduce fluorescence fading.

The preparations were analyzed with an Axioplan
2 Imaging microscope (Carl Zeiss, Germany)
equipped with a CCD camera (CV M300, JAI
Corporation, Japan), CHROMA filter sets and ISIS4
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image-processing package (MetaSystems GmbH,
Germany). Brightness and contrast of the images
were enhanced using PaintShopPro 7.0.

MLH1 foci were counted in 427 pachytene cells
containing complete sets of completely paired A-
bivalents (Fig. 1). The centromere position for each
SC in the pachytene cells was identified by an ACA
focus. Although we used the same fluorochrome for
detection of the ACA and MLH1 antibodies, ACA
foci differed from MLH1 foci by their brighter and
more diffuse staining (Fig. 1). MLH1 signals were
only scored if they were localized on a SC. The length
of the SC of each bivalent was measured in micro-
meters using MicroMeasure 3.3 (Reeves 2001).

Results

Chromosome pairing

Figure 1 shows a spermatocyte spread of the male
silver fox (2n=34+4 Bs) immunolabeled with anti-
bodies to SCP3, MLH1, and centromere proteins. A
mean (±SD) total length of A-autosomal SC was
210.7±21.22 μm. B chromosomes were clearly
distinguishable from the A chromosomes by their
morphology and size. All A chromosomes were bi-
armed, while all B chromosomes were acrocentric.
Average (±SD) length of B-chromosome SC (1.68±

0.5 μm) was about six times smaller than the average
length of the smallest A-bivalent (10.6±0.5 μm).

Under the electron microscope we observed vari-
ous synaptic configurations of B chromosomes:
bivalents, univalents and multivalents (Fig. 2). Most
of the bivalents were completely paired (Fig. 2a).
Rarely we observed incompletely paired bivalents
(Fig. 2b) and bivalents containing partners of different
sizes (Fig. 2c). A majority of univalents appeared in a
“hairpin” configuration (Fig. 2d). Multivalent config-
urations were very rare and always showed extensive
asynapsis (Fig. 2e). B chromosomes were often but
not always found in a close proximity to the XY
bivalent. They never formed proper SC with the sex
chromosomes or any of the autosomes, although in
one cell we detected a close alignment between B-
and A-bivalents (Fig. 2f).

Immunofluorescent microscopic analysis of 427
pachytene cells revealed 793 synaptic configurations
involving B chromosomes. There were 20 trivalents
among them and 773 linear synaptic configurations.
Resolution of fluorescent microscopy did not permit
an unambiguous discrimination between bivalents and
univalents of B chromosomes.

A variation in the number of synaptic configura-
tions involving B chromosomes between the individ-
uals and between the cells within the individuals is
shown in the Table 1. Only one specimen (No. 8) had
the same number of the linear synaptic configurations
(one) in all cells examined. In other specimens the
number of synaptic configurations of B chromosomes
varied between the cells. There usually was a
dominant clone and a series of minor clones contain-
ing smaller and larger number of B chromosomes.
The highest level of mosaicism was observed in the
male No 6. This indicates that mosaicism for B
chromosomes, described in somatic cells of the silver
fox (Beliaev et al. 1974b), is also present in germ line
cells.

Recombination

The mean (±SD) number of MLH1 foci at A-
autosomes was 29.6±2.4 foci per cell. We detected a
single MLH1 focus in the X–Y pairing region in all
cells examined. It was usually located very close to
the Xp–Yq telomeres (Fig. 1). To estimate in
centimorgans (cM) the recombination length of the
male fox genome, we multiplied the average number

Fig. 1 Spread from a fox spermatocyte at pachytene immuno-
labeled with antibodies to SCP3 (red), MLH1 (green), and
centromere proteins (green). Centromeres differ from MLH1
foci by their brighter and more diffuse staining. Arrows indicate
centromeres of X, Y, and B chromosomes. Bar=5 μm

Synapsis and recombination of the fox A and B chromosomes 691



of MLH1 foci per cell by 50 map units (one
recombination event = 50 cM), which gave
1,530 cM. This is very close to the estimate of the
length of sex-averaged genetic map of the silver fox
coming from meiotic linkage analysis: 1,480.2 cM
(Kukekova et al. 2007).

Figure 3 shows the distribution of MLH1 foci
along bivalents grouped by their size rank. In all A-
bivalents we observed prominent peaks of MLH1 foci
near the distal ends and a paucity of them near the
centromeres. This pattern is common to all mammals
studied so far (Anderson et al. 1999; Basheva et al.
2008; Borodin et al. 2007, 2008, 2009; Froenicke et
al. 2002; Sun et al. 2006).

We detected single MLH1 foci at 61% of linear
synaptic configurations involving B chromosomes
(Fig. 1). The mean (±SD) length of their SC was

1.67±0.47 μm. It did not differ from the length of those
without MLH1 foci (1.68±0.48 μm). Thus, an occur-
rence ofMLH1 foci at the linear synaptic configurations
involving B chromosomes did not depend on their size.
As we mentioned above, the resolution of fluorescent
microscopy did not permit a reliable discrimination
between bivalents and univalents of B chromosomes.
We might presume, however, that all synaptic config-
urations containing MLH1 foci were B-bivalents.
Although, probably not all B-bivalents contained
MLH1 foci. The data on male No. 8 might give an
estimate of MLH1 focus occurrence at B-bivalents. All
pachytene cells of this male contained one linear B-SC,
which most probably was B-bivalent. MLH1 foci were
observed at 87% of them.

The distribution of the MLH1 foci along the B-
bivalents followed the pattern typical to A–SC: a high

Fig. 2 Synaptic configura-
tions of B chromosomes:
silver staining. Arrows
indicate configurations
involving B chromosomes:
a completely paired biva-
lent, b incompletely paired
bivalent, c two bivalents
containing partners of
different sizes (top) and
completely paired bivalent
(below), d hairpin-like
univalent, e incompletely
paired trivalent (top) and
completely paired bivalent
(below), f closely aligned
A- and B-bivalents.
Bar: 1 μm
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frequency near the distal end and gradual decrease
toward the centromere (Fig. 3). Most trivalents (19
out of 20 observed) had single MLH1 focus which
was usually located at the point of switching of
pairing partners.

We did not find a significant correlation between
the number of synaptic configurations involving B
chromosomes per cell and number of MLH1 foci at
A-autosomes (r=0.01, p>0.05).

Discussion

The pattern of B-chromosome pairing found in this
study was similar to that described earlier in the fox
(Switonsky et al. 1987) and other mammals: raccoon
dog (Shi et al. 1988) and Asian field mouse
(Kolomiets et al. 1988). In all three species supernu-
merary chromosomes showed mitotic instability and
mosaicism for their number in the germ line. Electron
microscopy of surface spread SCs revealed that B
chromosomes of these species were able to pair
homologously and to form various synaptic config-
urations (univalents, bivalents and multivalents)
depending on the number of B chromosomes in the
cell.

In this study, we detected a regular presence of
MLH1 foci at B-bivalents and trivalents. The
distribution of the foci along B- and A-bivalents
was the same. This can be considered as the first
molecular evidence that crossingover does occur at
mammalian B chromosomes. Radzhabli et al.
(1978) and Switonsky et al. (1987) observed biva-
lents of B chromosomes at diakinesis—metaphase I
in the silver fox; however, no chiasmata were seen.
Small size and heterochromatic content make very
difficult the detection of chiasmata between B
chromosomes using classic light-microscopic cyto-
genetic techniques. Moreover, in this study we found
that most crossovers at the fox B chromosomes were
predominantly located near their distal ends. The
distally located chiasmata are very difficult to detect
even at A chromosomes.

In few cases, true chiasmata were observed in
insects and plants. Chiasmata between the euchro-
matic portions of B chromosomes were reported in
two species of grasshoppers Dichroplus pratensis
(Bidau 1987) and Metaleptea brevicornis (Grieco
and Bidau 2000). In plants, chiasmata were observed
in B chromosomes of rye (Jones and Rees 1967). It
has been suggested that specific genes that control
meiotic transmission of B chromosomes in rye were
located at the sites of chiasma formation (Jimenez et
al. 2000).

Synapsis and recombination between the fox B
chromosomes were apparently facilitated by their
homology to each other. Using FISH, it has been
shown that a whole chromosome DNA probe
derived from a single B chromosome will label all
other B chromosomes as well as centromeric regions
and interstitial heterochromatin blocks of most A
chromosomes (Yang et al. 1999). This indicates that
the fox B chromosomes contain A-derived repeated
sequences as observed in B chromosomes of other
mammalian species (Karamysheva et al. 2002;
Matsubara et al. 2008; Rubtsov et al. 2004; Tanic
et al. 2000; Trifonov et al. 2002).

Regular recombination between the fox B chro-
mosomes may lead to homogenization of their genetic
content. On the other hand unequal recombination of
repeated sequences may generate a variation between
B chromosomes in their size.

Although B chromosomes are heterochromatic,
they contain copies of the proto-oncogene c-kit.
(Graphodatsky et al. 2005). It encodes a transmem-

Table 1 Number of pachytene cells containing various
numbers of synaptic configurations of B chromosomes

Fox ID No. of cells containing

Linear synaptic configurations Trivalents

0 1 2 3 4 5 1

1 8 31 5

2 3 8 2 1

3 41 7 1

4 2 31 3 1

5 37 4

6 6 14 10 10 7

7 1 26 7 1

8 31

9 3 12 18 5

10 1 1 23 1 1

11 1 4 17 4 1

12 1 2 24 24 2 4

Total 14 165 169 56 13 10 20
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brane tyrosine kinase which plays an important role
in proliferation and migration of melanoblasts,
hematopoietic progenitors and primordial germ
cells. The copies of this gene located in the fox B
chromosomes are apparently intact because their
exons show a very small difference with active
autosomal canine c-kit (Yudkin et al. 2007). This
may indicate that these copies retain the original
function and their integrity has been preserved by
natural selection. Recombination of B chromosomes
detected in this study may be considered as a
mechanism protecting c-kit copies from mutational
meltdown and degeneration (Rice 1994).

Probable acquisition of c-kit, a gene important for
host development, by the fox B chromosomes may be

viewed as a sign of co-adaptation between A- and B-
genomes. The same gene was found in B chromo-
somes of other canid species, the raccoon dog N.
procyonoides (Yudkin et al. 2007). This may indicate
that the fox and raccoon dog B chromosomes might
have been inherited from a common ancestor (ca 12.5
MYA). Such a long history of co-evolution between
fox A- and B-genomes should have led to a resolution
of their genomic conflict and a reduction of parasitic
properties of B chromosomes.

Analysis of evolutionary dynamics of parasitic B
chromosomes in insects indicates that their rapid
invasions due to non-Mendelian transmission are
usually followed by a reduction and elimination of
B-chromosome drive due to selection of the drive

Fig. 3 Distribution of MLH1 foci along bivalents grouped by
their size rank. The SCs size ranks included in each group are
indicated in top left corners of the graphs. The x-axis shows the
position of MLH1 foci in relation to centromere and telomere,

the marks on this axis are separated by 0.1 of the SC arm
length. The y-axis indicates the frequency of MLH1 foci in
each interval
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suppressors located at A chromosomes (Camacho et
al. 1997). While the invasion may occur within
several dozens of generations, the neutralization of
B chromosome takes much longer time and its
success depends on the genetic variation available,
which in turn depends on the recombination rate of A-
genome. An increased recombination of A chromo-
somes observed in B-chromosome carriers in many
plant and animal species is considered as a sign of
genomic conflict, as an adaptive response in the host
provoked by the parasitic B chromosome (Bell and
Burt 1990; Camacho et al. 2000, 2002; Jones 1995).
In the silver fox, we did not found an effect of B
chromosomes on A-genome recombination. This
indicates that the fox B chromosomes lost their
parasitic properties.

Acknowledgements This work was supported by research
grants from the Russian Foundation for Basic Research and
Russian Ministry of Science and Education, the Programs of
Russian Academy of Sciences “Biosphere Origin and Evolu-
tion” and “Biodiversity”. We thank Mrs. Marina Rodionova for
her help in SC spreading, Prof. Ludmila Trut for valuable
discussion and the Microscopic Center of the Siberian
Department of the Russian Academy of Sciences for granting
access to microscopic equipment.

References

Anderson LK, Reeves A, Webb LM, Ashley T (1999)
Distribution of crossing over on mouse synaptonemal
complexes using immunofluorescent localization of
MLH1 protein. Genetics 151(4):1569–1579

Banaszek A, Jadwiszczak K (2006) B-chromosomes behavior
during meiosis of yellow-necked mouse, Apodemus
flavicollis. Folia Zool 55:113–122

Basheva EA, Bidau CJ, Borodin PM (2008) General pattern of
meiotic recombination in male dogs estimated by MLH1
and RAD51 immunolocalization. Chromosome Res 16
(5):709–719

Beliaev DK, Volobuev VT, Radzhabli SI, Trut LN (1974a)
Investigation of the nature and the role of additional
chromosomes in silver fox. II. Additional chromosomes
and breeding of animals for behaviour. Genetika 10(8):83–97

Beliaev DK, Volobuev VT, Radzhabli SI, Trut LN (1974b)
Polymorphism and mosaicism for additional chromosomes
in silver foxes. Genetika 10(2):58–67

Bell G, Burt A (1990) B-chromosomes: germ-line parasites
which induced changes in host recombination. Parasitol-
ogy 100(Suppl):S19–S26

Bidau CJ (1987) Influence of a rare unstable B-chromosome on
chiasma frequency and non-haploid sperm production in
Dichroplus pratensis (Melanoplinae, Acrididae). Genetica
73:201–210

Bidau CJ, Rosato M, Martн DA (2004) FISH detection of
ribosomal cistrons and assortment-distortion for X and B
chromosomes in Dichroplus pratensis (Acrididae). Cyto-
genetic and genome research 106(2–4):295–301

Borodin PM, Karamysheva TV, Rubtsov NB (2007) Immuno-
fluorescent analysis of meiotic recombination and inter-
ference in the domestic cat. Cell and Tissue Biology 1
(6):503–507

Borodin PM, Karamysheva TV, Belonogova NM et al (2008)
Recombination map of the common shrew, Sorex araneus
(Eulipotyphla, Mammalia). Genetics 178(2):621–632

Borodin PM, Basheva EA, Zhelezova AI (2009) Immunocyto-
logical analysis of meiotic recombination in the American
mink (Mustela vison). Anim Genet 40(2):235–238

Brandham PE, Bhattarai S (1977) The effect of B chromosome
number on chiasma frequency within and between
individuals of Gibasis linearis (Commelinaceae). Chro-
mosoma 64(4):343–348

Camacho JP, Shaw MW, Lopez-Leon MD et al (1997) Population
dynamics of a selfish B chromosome neutralized by the
standard genome in the grasshopper Eyprepocnemis plorans.
Am Nat 149(6):1030–1050

Camacho JP, Sharbel TF, Beukeboom LW (2000) B-
chromosome evolution. Philos Trans R Soc Lond B Biol
Sci 355(1394):163–178

Camacho JP, Bakkali M, Corral JM et al (2002) Host
recombination is dependent on the degree of parasitism.
Proc Biol Sci 269(1505):2173–2177

Camacho JP, Perfectti F, Teruel M et al (2004) The odd-even
effect in mitotically unstable B chromosomes in grass-
hoppers. Cytogenet Genome Res 106(2–4):325–331

Codina-Pascual M, Campillo M, Kraus J et al (2006) Crossover
frequency and synaptonemal complex length: their vari-
ability and effects on human male meiosis. Mol Hum
Reprod 12(2):123–133

Froenicke L, Anderson LK, Wienberg J, Ashley T (2002) Male
mouse recombination maps for each autosome identified by
chromosome painting. Am J Hum Genet 71(6):1353–1368

Graphodatsky AS, Kukekova AV, Yudkin DV et al (2005) The
proto-oncogene C-KIT maps to canid B-chromosomes.
Chromosome Res 13(2):113–122

Grieco ML, Bidau CJ (2000) The dicentric nature of the
metacentric B chromosome of Metaleptea brevicornis
adspersa (Acridinae, acrididae). Heredity 84(Pt 6):639–646

Hassold T, Judis L, Chan ER et al (2004) Cytological studies of
meiotic recombination in human males. Cytogenet Genome
Res 107(3–4):249–255

Howell WM, Black DA (1980) Controlled silver-staining of
nucleolus organizer regions with a protective colloidal
developer: a 1-step method. Experientia 36(8):1014–1015

Jimenez G, Manzanero S, Puertas MJ (2000) Relationship
between pachytene synapsis, metaphase I associations, and
transmission of 2B and 4B chromosomes in rye. Genome
43(2):232–239

Jones RN (1991) B-chromosome drive. American Naturalist
137(3):430–442

Jones RN (1995) B chromosomes in plants. New Phytologist
131(4):411–434

Jones R, Rees H (1967) Genotypic control of chromosome
behaviour in rye. XI. The influence of B-chromosomes on
meiosis. Heredity 22:333–347

Synapsis and recombination of the fox A and B chromosomes 695



Jones RN, Rees H (1982) B chromosomes. Academic, London;
New York

Karamysheva TV, Andreenkova OV, Bochkaerev MN et al
(2002) B chromosomes of Korean field mouse Apodemus
peninsulae (Rodentia, Murinae) analysed by microdissec-
tion and FISH. Cytogenet Genome Res 96(1–4):154–160

Kolomiets OL, Borbiev TE, Safronova LD et al (1988) Synapto-
nemal complex analysis of B-chromosome behavior inmeiotic
prophase I in the East-Asiatic mouse Apodemus peninsulae
(Muridae, Rodentia). Cytogenet Cell Genet 48(3):183–187

Kukekova AV, Trut LN, Oskina IN et al (2007) A meiotic
linkage map of the silver fox, aligned and compared to the
canine genome. Genome Res 17(3):387–399

Lynn A, Koehler KE, Judis L et al (2002) Covariation of
synaptonemal complex length and mammalian meiotic
exchange rates. Science 296(5576):2222–2225

Matsubara K, Yamada K, Umemoto S et al (2008) Molecular
cloning and characterization of the repetitive DNA
sequences that comprise the constitutive heterochromatin
of the A and B chromosomes of the Korean field mouse
(Apodemus peninsulae, Muridae, Rodentia). Chromosome
Res 16(7):1013–1026

Perfectti F, Corral JM, Mesa JA et al (2004) Rapid suppression
of drive for a parasitic B chromosome. Cytogenet Genome
Res 106(2–4):338–343

Peters AH, Plug AW, van Vugt MJ, de Boer P (1997) A drying-
down technique for the spreading of mammalian meio-
cytes from the male and female germline. Chromosome
Res 5(1):66–68

Radzhabli SI, Isaenko AA, Volobuev VT (1978) Nature and
role of accessory chromosomes in silver-gray foxes. IV.
The behavior of accessory chromosomes in meiosis.
Genetika 14(3):438–443

Rees H, Dale PJ (1974) Chiasmata and variability in Lolium
and Festuca populations. Chromosoma 47(3):335–351

Reeves A (2001) MicroMeasure: a new computer program for
the collection and analysis of cytogenetic data. Genome 44
(3):439–443

Rice WR (1994) Degeneration of a nonrecombining chromo-
some. Science 263(5144):230–232

Rubtsov NB, Karamysheva TV, Andreenkova OV et al (2004)
Comparative analysis of micro and macro B chromosomes
in the Korean field mouse Apodemus peninsulae (Roden-
tia, Murinae) performed by chromosome microdissection
and FISH. Cytogenet Genome Res 106(2–4):289–294

Santos JL, Del Cerro AL, Fernandez A, Diez M (1993)
Meiotic behaviour of B chromosomes in the grasshopper
Omocestus burri: A case of drive in females. Hereditas 118
(3):139

Shi L, Tang L, Ma K, Ma C (1988) Synaptonemal complex
formation among supernumerary B chromosomes: an
electron microscopic study on spermatocytes of Chinese
raccoon dogs. Chromosoma 97(2):178

Sun F, Oliver-Bonet M, Liehr T et al (2006) Variation in MLH1
distribution in recombination maps for individual chromo-
somes from human males. Hum Mol Genet 15(15):2376–
2391

Switonsky M, Gustavsson I, Hoejer K, Ploeen L (1987)
Synaptonemal complex analysis of the B chromosomes
in spermatocytes of the silver fox (Vulpes fulvus Desm.).
Cytogenet Cell Genet 45:84–92

Tanic N, Dedovic N, Vujosevic M, Dimitrijevic B (2000) DNA
profiling of B chromosomes from the yellow-necked mouse
Apodemus flavicollis (Rodentia, Mammalia). Genome Res
10(1):55–61

Trifonov VA, Perelman PL, Kawada SI et al (2002)
Complex structure of B-chromosomes in two mamma-
lian species: Apodemus peninsulae (Rodentia) and
Nyctereutes procyonoides (Carnivora). Chromosome
Res 10(2):109–116

Ward EJ (1976) The effect of accessory chromatin on chiasma
distribution in maize. Can J Genet Cytol 18(3):479–484

Yang F, O'Brien PCM, Milne BS et al (1999) A complete
comparative chromosome map for the dog, red fox, and
human and its integration with canine genetic maps.
Genomics 62(2):189

Yudkin DV, Trifonov VA, Kukekova AV et al (2007)
Mapping of KIT adjacent sequences on canid autosomes
and B chromosomes. Cytogenet Genome Res 116(1–2):
100–103

696 E.A. Basheva et al.


	A- and B-chromosome pairing and recombination in male meiosis of the silver fox (Vulpes vulpes L., 1758, Carnivora, Canidae)
	Abstract
	Introduction
	Materials and methods
	Results
	Chromosome pairing
	Recombination

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


