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Abstract — The presence of B chromosomes (Bs) is frequently found in populations of yellow-necked mouse, Apodermus
flavicollis. Differences in frequencies of Bs in age categories were analyzed in 717 animals in order to clarify the mecha-
nisms of their maintenance in populations of A. flavicollis. The absence of statistically significant differences in the fre-
quency of Bs between six age categories indicates that the maintenance of Bs in populations can be explained by in terms
of their contribution to overall genetic diversity of the species rather than by parasitic behavior.
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INTRODUCTION

It is not easy to define B chromosomes (Bs) since this
name includes a variety of extra chromosomes which
display conspicuous heterogeneity in both their
nature and evolutionary dynamics. Dispensability,
which means that they are not required for the car-
rier’s development and survival, is the only charac-
teristic shared by all Bs. Additionally, the absence
of recombination with members of the basic A
chromosome set and non-Mendelian modes of
inheritance often characterize Bs (Jones, 1995). The
presence of Bs is regularly found in some, but not all,
individuals within a population. While it is gener-
ally estimated that almost 15% of species possess Bs,
their occurrence in mammals is much lower (1.2%),
so the genus Apodemus is an exception, as six species
out of 42 feature the presence of Bs. In the yellow-
necked mouse Apodemus flavicollis, Bs are found in
almost all populations with a wide range of frequen-
cies (Zima and Macholan, 1995; Kartavtseva, 2002;
Vujosevi¢ and Blagojevi¢, 2004; Wojcik et al., 2004;
Rovatsosetal.,2008). The constant maintenance of Bs
is a long-lasting subject of debate. It is supposed that
a kind of genetic equilibrium is necessary for pres-
ervation of B chromosomes in natural populations
of many species. This equilibrium could result from
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accumulation of otherwise deleterious Bs regard-
less of their number and selection against B carry-
ing individuals (the parasitic model of Ostergreen,
1945), or else it might result from beneficial effects
of Bs in low numbers but harmful effects in high
numbers (the heterotic model of White, 1973). In
the last decade, the prevailing opinion has been that
Bs are genomic parasites. This has resulted more
from the lack of evidence for beneficial effects of
Bs than from new proofs for the parasitic model.
For this model of maintenance, the existence of an
accumulation mechanism is sine qua non. To avoid
this necessity in species without drive, Camacho et
al. (1997) proposed that, as a result of the arms race
with A chromosomes, parasitic Bs may not be in
equilibrium, but rather passing through successive
stages, i.e., B invasion, drive-suppression, and near-
neutral extinction with or without regeneration.

If Bs described as parasites reduce mean fitness
of individuals carrying them, it may be expected
that the frequency of animals with Bs will decrease
with age, either abruptly or constantly. With the aim
of clarifying mechanisms of B chromosome main-
tenance in populations of A. flavicollis, differences
in frequencies of Bs in several age categories were
analyzed.
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MATERIAL AND METHODS

A total of 717 (360 males, 357 females) yellow-
necked mice, Apodemus flavicollis, were collected
from 12 localities in Serbia (UTM coordinates in
brackets): Mt. Jastrebac (EP30), Mt. Cer (CQ84),
Ada (CQ82), Mt. Go¢ (DP82, Mt. Avala (DQ64), Mt.
Fruska Gora (DR00), Mt. Maljen (DP28), Kosutnjak
(DQ55), Titelski Breg (DR40), Devojacki Bunar
(DQ98), Mt. Beljanica (EP58), and Mt. Tara (DR40).
Chromosomes were obtained directly from bone
marrow using a standard procedure. Differential
chromosome staining, G-banding, and C-band-
ing were carried out according to the methods of
Seabright (1971) and Sumner (1972). The presence
of B chromosomes was scored by analyzing 30 met-

aphases per animal. The number of animals with
Bs per population was expressed as a frequency
designated as fB and the number of Bs per animal
as fB/B carrier.

Dry eye lens weight was estimated according
to the procedure of Nabaglo and Pachinger (1979)
to an accuracy of 0.1 mg with a Mettler laboratory
balance and used to assess the age of specimens.
Statistical analysis was performed using Statistica
6.0 software.

RESULTS

The animals were grouped into six age categories
according to dry eye lens weight (Table 1). This is

Table 1. Distribution of animals without (B0) and with (1B and >1B) B chromosomes in age categories according to dry eye lens
weight, frequencies of Bs per B carrier (fB/B), and frequency of animals with Bs (fB).

Lens weight 0B 1B >1B fB/B fB

(mg)

<10 15 5 2 143 31.82
11-15 76 16 8 1,50 24.00
16-20 108 24 12 1.36 25.00
21-25 86 17 17 1.53 2833
26-30 182 46 2 1.44 27.20
>30 60 16 5 1.33 25.93
Total 527 124 66 1.43 26.50

Table 2. Average dry eye lens weight (mg) in animals with (B+) and without (B0) B chromosomes and frequency of animals with Bs

at different localities.

Locality Bs Lens weight +SD N B

BO 19.80 +6.72 26

MLt. Jastrebac B+ 2174 13.82 5 16.13
B0 2425 +6.03 52

Mt. Cer B+ 2233 +6.73 28 35.00
BO 21.51 +5.25 90

Ada B+ 2.72 +459 16 1590
. BO 2232 +6.64 11

Mt. Goc B+ 17.41 +6.65 8 42.11
BO 22.98 +7.09 144

Mt. Avala B+ 23.57 +6.49 43 22.99
) BO 20.55 +8.13 79

Mt. Fruska Gora B+ 2106 1812 34 30.63

. B0 19.98 +2.83 6

Mt. Maljen B+ 2242 1287 9 45.00
e BO 27.70 +3.15 57

Kosutnjak B+ 27.81 +2.30 11 16.67

Titelski B0 20.91 525 14 667

Breg B+ 16.10 +0.00 1 :
Devojacki BO 19.45 +7.05 17 2
Bunar B+ 19.22 +6.65 9 :
. B0 19.00 +7.77 9

Mt. Beljanica B+ 2316 16.00 - 43.75
BO 24.48 +5.84 23

Mt. Tara B+ 25.14 +4.43 18 43.90

Total 22.64

+6.66 717 26.33
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one of the best parameters for assessing the age of
specimens of rodent species. Accumulation of the
soluble fraction of tyrosine in the lens and conversion
of the soluble to the insoluble fraction is regarded as
aging. The tempo of growth matches the logarithm
of age. Lens weight (for both lenses) ranged from 7.2
to 39.5 mg, values which correspond to ages of from
1 month to more than 2.5 years. The average fre-
quency of animals with Bs was 0.26, and the average
frequency of Bs per B carrier was 1.43. Most B carri-
ers (65.3%) had one B chromosome, 27.4% had 2 Bs,
and 6.3% 3 Bs (Table 2). The highest number of four
Bs was found in only two animals. No statistically
significant difference in the frequency of specimens
with Bs was found in successive age groups (2X2
Tables), although the frequency of animals with Bs
between localities was significantly different (Table
3) and ranged from 0.067 at Titelski Breg to 0.439
on Tara Mountain. The average age of animals with
and without Bs did not differ significantly inside
age groups. The localities did not differ in the age of
specimens except for Kosutnjak, where animals were
significantly older on average than at the other eight
localities (Table 2).
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DISCUSSION

Chromosomes of the B type are described as para-
sites because they provide for their own reproduc-
tion at the expense of the carrier, thus reducing its
titness. The absence of significant differences in
frequencies of Bs between the six age categories,
together with our earlier findings, indicates that
the parasitic model is not operating in A. flavicollis.
The heterotic mode of B chromosome maintenance
better explains the constant maintenance of Bs in A.
flavicollis populations, but with the observation that
the effects of Bs in this species are more pronounced
at the population level.

Other findings about B chromosomes in
Apodemus flavicollis that support the idea that Bs
in this species do not behave as genome parasites
are the following. Firstly, no mechanism of accu-
mulation of Bs has yet been observed in this spe-
cies. The same frequency of Bs was found in bone
marrow and testicular tissue, indicating that there
is no preferential segregation in males, while the
frequency in females is always the same as in males
(VujoSevi¢ et al., 1989, and unpublished data).
Populations of species having several generations

Table 3. Differences in frequencies of animals with Bs among localities (Chi-square values).
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Mt. Jastrebac 3.81* 0.02 4.13% 0.73 2.40 5.09* 0.00 0.80 2.61 4.23% 6.26**
Mt. Cer 10.00*** 0.33 4.14* 0.52 0.69 5.83* 4.78* 0.00 0.44 0.91
Ada 7.58%%  2.63 6.98*  9.46**  0.07 0.77 5.18* 7.46°¢  13.80%**
Mt. Go¢ 3.38 1.08 0.03 5.31* 5.41* 0.26 0.01 0.02
Mt. Avala 1.86 4.65* 1.08 2.17 1.67 3.42 7.50**
Mt. Fruska Gora 1.73 3.72% 3.66 0.20 1.21 2.57
Mt. Maljen 6.65**  6.17°*  0.51 0.01 0.01
Kosutnjak 0.96 3.40 5.34* 9.02%**
Titelski Breg 4.03% 5.56* 6.79**
Devojacki Bunar 0.35 0.57
Mt. Beljanica 0.00

Statistically significant x? values are in bold (* p<0.05, ** p< 0.01, ***p< 0.005).
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per year, such as A. flavicollis, are characterized by
a kind of imperfect equilibrium (White, 1973). This
means that although the frequency of specimens
with Bs fluctuates seasonally during the year, it stays
stable from year to year. For instance, the frequency
of A. flavicollis individuals with Bs did not change
significantly over a period fo eight years regardless
of great changes in abundance (Vujosevi¢, 1992, and
unpublished data). Stability in the frequency of ani-
mals with Bs in successive years was also reported
by Zima and Macholan (1995). On the other hand, it
was found that seasonal changes in the frequency of
animals with Bs can be significant under conditions
of stress produced by competition resulting from
overcrowding (Blagojevi¢ and Vujosevi¢, 1995).
When population density is moderate, competition
for food and space is stable, thus producing equilib-
rium in the frequency of animals with Bs through-
out the year (Vujosevi¢ and Blagojevi¢, 1995). A
possible heterotic effect of B chromosomes on body
mass was found by Zima et al. (2003). Analyses of
nonmetric traits (Blagojevi¢ and Vujosevi¢, 2004)
point to population density as a significant factor
influencing the observed variation in the frequency
of specimens with Bs and developmental homeosta-
sis at the same time. According to predictions of the
parasitic model the highest frequency of Bs would
be expected at those localities with more favor-
able habitats, but Vujosevi¢ et al. (2007) found the
opposite to be true in A. flavicollis, as deduced by
estimating habitat quality from the index of overall
body size.

The long-term presence of Bs in populations
could be explained by their influence on the genetic
variability of species possessing them (Blagojevi¢
and Vujosevi¢, 2004; Wojcik et al., 2004). Increased
variability offers species a greater chance to survive
in changeable environmental situations. Populations
of Apodemus flavicollis inhabiting areas with more
extreme climatic conditions showed an increased fre-
quency of animals with Bs (Vujosevi¢ and Blagojevi,
2000). Zima and Macholan (1995) observed a clinal
trend of increase in B chromosome frequencies from
Central Europe, with the exception of some popula-
tions from Poland (Wojcik et al., 2004). Tokarskaia
et al. (2000) found a positive correlation between

the presence of Bs and heterozygosity for RAPD
loci in populations of Siberian roe deer, Capreolus
pygargus, which indicates a contribution by Bs to
genetic variation of the species. There are a number
of convincing reports indicating that Bs enhance the
fitness of plant carriers (Hutchinson, 1975; Teoh et
al., 1976; Teoh and Jones, 1978). A well-documented
instance where Bs appear to be associated with
selectively advantageous effects in the case of Allium
schoenoprasum (Bougourd and Parker, 1975, 1979a,
1979b). Our results, together with the fact that the
number of species without mechanisms of B accu-
mulation is not small, indicate that maintenance of
Bs in populations could be explained by their contri-
bution to the overall genetic diversity of species.
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IVCTPUBYIIUJA B XPOMO3OMA Y Y3PACHUM KATETOPMJAMA JKYTOTPIOT MUIIIA,
APODEMUS FLAVICOLLIS (MAMMALIA, RODENTIA)

M. BYJOLIEBWR, JEJIEHA BJIATOJEBUR, BUJA JOJUR-IIMITETNR, BAIbA BYTAPCKIM-CTAHOJEBIUR,
TAIbA ATHABEBW'R u TOPAHA CTAMEHKOBI'h

Odemerve 3a ceHemuuxa ucmpaxcusarea, Mincmumym 3a 6uonowka ucmpaxusarea ,Cunumwa Cmankosuh';
Ynusepsumem y Beoepady, 11060 beorpan, Cpbuja

ITpexo6pojHn xpomMo3oMu HasuBajy ce B xpo-
MO30MM aKO 3aJJ0BOJ/baBajy TPU KpUTepUjyMa: HUCY
HEOIIXOJHM 32 IPEXIB/baBakbe, He CIIAPyjy ce ca
xpomosoMuma A ceta 1 He Hacnelyyjy ce meHienoB-
cku. B XxpoMo3omu cy Bp/Io 4eCTo NPUCYTHN Y IOIIY-
manujaMa >xytorpaor mumina, Apodemus flavicollis.

IbuxoBo ofpxaBame y momynanujama objalrmasa
ce ca fBa CynpoCTaB/beHa Mopena. Mopen o3HaueH
Kao IapasUTCKU TBPAU Ja ce B xpomosomu oxpixa-
Bajy 3axBa/byjyhu MexaHU3MY aKyMyJaluje YIpKocC
mreTHNUM edpektuma Ha putHec Hocwana. C fpyre
CTpaHe, XeTEPOTUYKI MOJEN CyTepulle Ja y OfcCy-
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CTBY akyMynanuje Mamu 6poj B xpomoszoma mma
a[IaITUBHY NPEeJHOCT 3a HOCKOIe, oK Behn 6poj
MoXe 6uTy mreraH. Ako B xpomosomy, Koju cy
O3HaYeHM Kao IapasuTCKU, PeRyKyjy ¢urHec Kop
jeIMHKI KOje Cy IBbUXOBU HOCUOLM, OHZIA je OYeKU-
BaHO Jla (ppexBeHIa jemuHKM ca B xpomoszommma
omaja ca crapomhy. AHaaM3MpaHa je pasiuka y
¢dpexBeH B XxpoMo3oMa y y3pacHUM KaTeropuja-

Ma Kofi 717 jeqMHKM ca LIM/beM JIa ce pasjacHe Mexa-
HIU3MM IUXOBOT OfipKaBarba y IONynanujama A.
flavicollis. OncycTBO CTaTUCTUYKIM 3HAYAJHUX Pas3/IN-
Ka y ppexBenun B xpomosoma mnsmehy 6 yspacuux
KaTeropuja ykasyje fia ce ogp>kapare B xpomosoma
y TIOIIy/IaIjaMa OBe BPCTe MOXKe 00jaCHUTI HBUXO-
BJM JIOIIPMHOCOM YKYIIHOj FeHeTMYKOj PA3HOBPCHO-
CTU IIp€ HETO MapasUTCKMM IOHAIIAIHEM.



