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The sister chromatid exchange test is regarded as a highly sensitive cytogenetic assay. It
measures chromosome sensitivity to particular damage factors and provides information on
control and repair mechanism performance. It is instrumental in the early identification of the
effects of noxious factors present in the habitat. This investigation was aimed at identifying
sister chromatid exchange sites in coypu and rabbit chromosomes, as well as determining the
spontaneity of the process by applying different BrdU doses. The chromosomes were
obtained from an in vitro culture of blood lymphocytes, supplemented with 4 different BrdU
doses: 0.25/0.5/1.0/2.5 µg/ml in order to identify spontaneous sister chromatid exchanges in
both animal species. The chromosomes were stained according to the FPG method.
Spontaneous SCEs were observed in coypu at a concentration of 1.0 µg/ml, and in rabbits at
0.5 µg/ml. The mean SCE/cell incidence was 1.41±1.15 in coypu, and 2.69±2.14 in rabbits.
Differences in SCE incidence were identified between the analysed animal species and the
applied BrdU doses.
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Recent decades have seen cytogenetic studies of
the influence of environmental factors, xenobiot-
ics and other pollutants entering animal organisms
along with consumed food and inhaled air. Such
substances negatively affect the genetic material
(BILBAN & JACOBIN-BILBAN 2005; WÓJCIK &
SMALEC 2013). The determiners of the conse-
quences of organism exposure to the influence of
exogenous factors include both cytogenetic and
molecular biological markers. Cytogenetic mark-
ers are considered to be important tools in disease
diagnostics. Biomonitoring tests can be used for
screening to enable the detection of the risk of dis-
ease development prior to the appearance of typi-
cal clinical symptoms, i.e. at a stage which allows
appropriate preventive action (BONASII 1999).
They consist in the determination of the degree of

toxicity of environmental factors by means of the
above assays, based on the reactions of the living
organism. The analysis involves various tissues
used to assess the intensity of the exogenous fac-
tors and their role in inducing changes in DNA,
chromatin and chromosome structures. Exoge-
nous substances can exert influence on the cell ei-
ther directly or indirectly, as metabolites, causing
interactions between the noxious factor and the
cell.

An important diagnostic tool for chromosome
instability is the sister chromatid exchange test
(SCE). It can help identify the earliest effects of the
action of environmental genotoxic factors (WÓJCIK
& SMALEC 2013). It is considered to be one of the
less labour-consuming, and highly sensitive, cyto-
genetic assays. The degree of chromosome dam-



age in the animal organism is measured by the
frequency of exchanges between sister chro-
matids. The frequency is a measurable biomarker
of sensitivity to exogenous genotoxic, mutagenic
and carcinogenic factors and of the innate or ac-
quired capacity of the organism to respond to ex-
posure to a specific noxious factor. The detection
of the instabilities at an early stage make it possible
to introduce possible changes in habitat condi-
tions, thus enabling potential reversion of certain
types of damage, since the reversal of SCE
changes is much quicker than that of chromosome
aberrations (MIEL¯YÑSKA 2007). The mechanism
of the exchanges has not been fully explored. SCE
consists of mutual swapping of homologous chro-
matid fragments in the same chromosome, in the
aftermath of single-strand or double-strand DNA
breaks occurring during DNA replication (WIL-
SON & THOMPSON 2007). Detected unrepaired or
incorrectly repaired instances of damage can be
observed as discontinuities or asymmetries in the
chromatid staining pattern in the chromosome
(GERMAN & ALHADEFF 2001). The essence of the
SCE tests consists of using the process of DNA
base analogue incorporation during replication.
SCEs can spontaneously occur during the cell cy-
cle or be additionally induced by various muta-
genic factors. Studies using the SCE test
conducted to date in man and selected animal spe-
cies have shown that SCEs are characterised by
considerable species-related conservatism (IAN-
NUZZI et al. 1991b; DI MEO et al. 1993, 2000;
WÓJCIK et al. 2011, 2012). This principally refers
to SCE location in the chromosomes and the con-
centrations of the base analogues, e.g. BrdU, ap-
plied in the SCE test (DI BERARDINO et al. 1996).

Coypu (Myocastor coypu) and rabbit (Oryctolagus
cuniculus) are herbivorous mammals. Coypus
originate from the southern part of South America
(GOSLING & BERKER 1991). Coypu farming in
European countries started only in the 1920s
(CARTER & LEONARD 2002). Coypu breeding
went into significant decline in Poland in the
1990s. Despite the diminished interest in the
breeding of the species, numerous studies have
been conducted, e.g. to analyse meat quality, de-
termine the genetic diversity of populations, and
investigate coypu genetics and cytogenetics (CAL-
LAHAN et al. 2005; JUNG & JO 2012). The coypu
has been insufficiently explored in cytogenetic
terms. Its chromosome number is 2n=42. All the
autosomes have two arms: 32 of them metacentric
and 8 submetacentric. The X sex chromosome is
metacentric, and Y – the smallest of all – is acro-
centric (FREDGA 1966, TSIGALIDOU 1966; HSU &
BENIRSCHKE 1971; ILIKER et al. 2009). The band-
ing pattern standard for coypu chromosomes has
not been published, although several reports have

offered preliminary distributions of C bands in the
chromosomes (PIEÑKOWSKA et al. 1994; ILIKER
et al. 2009; KUCHTA et al. 2009). Moreover cyto-
genetic analysis of nucleolar organizer regions
(NORs) revealed the presence of 2 active NORs in
the coypu karyotype (PIEÑKOWSKA & ŒWITOÑSKI
1993).The use of the G-banding method has pro-
duced a more detailed characterization of the
karyotype (LUNGEANU et al. 1980).

Initially, rabbits were indigenous to the Iberian
Peninsula, the south of France and North Africa.
Later, they spread across Europe and Asia. In Po-
land, rabbits appeared in 1860. Unfortunately,
there has been reduced interest in the animals since
the 1980s. As a result, their population considera-
bly diminished (PINKOWSKI 1994).

Cytogenetically, rabbits have been more thor-
oughly investigated than coypu. The diploid chro-
mosome number of this species is 2n=44. The
karyotype chromosomes are divided into three
morphological groups: metacentric (34 auto-
somes), acrocentric (8 autosomes) and submeta-
centric (sex chromosomes) (ROBINSON et al. 2002).
The rabbit karyotype pattern of G, Q, R, C and
NOR banded chromosomes has been determined
(HAGELTRON & GUSTAVSSON 1979; POULSEN et al.
1988; MARTIN-DELEON et al. 1978; ŒWITOÑSKI
et al. 1982; YERLE et al. 1987; R�NNE 1995;
KUCHTA et al. 2009) and banding patterns have
also been established. The rabbit karyotype has
been used for comparisons with the human karyo-
type (DUTRILLAUX 1980). Comparisons of ge-
nomes of different species are feasible due to
karyotypic genetic conservatism including chro-
mosome banding patterns, nucleotide sequences
and conjugated gene groups. Genetic conserva-
tism is often analysed in species belonging to the
same family (IANNUZZI & DI MEO 1995; ANSARI
et al. 1999).

The present work was aimed at identifying the
sites of sister chromatid exchanges in the coypu
and rabbit chromosomes, as well as determining
the spontaneity of the process by applying differ-
ent BrdU doses.

Material and Methods

The research was carried out on a group of
10 coypu (Myocastor coypu) and 10 domestic rab-
bit (Oryctolaguc cuniculus) males. All the animals
were aged 7-8 months. The research material was
constituted by full peripheral blood taken from
V. marginal ear (rabbits) and V. cephalica ante-
brachi (coypu). All the animals came from the
same type of environment (rural). The cytogenetic
analyses were performed on chromosomes ob-
tained from an in vitro lymphocyte culture main-

M. KUCHTA-G£ADYSZ et al.90



tained for 72 hours at 37°C. At the 36th hour of the
culture, BrdU was added at different concentrations:
0.25 µg/ml, 0.5 µg/ml, 1.0 µg/ml and 2.5 µg/ml ac-
cording to applicable procedure (DI BERARDINO et al.
1995, 1996). Only a set index of BrdU was applied
in the case of the other animals.

A harlequin structure of chromosomes was re-
vealed on the basis of the fluorescence plus Giemsa
(FPG) technique according to KIHLMAN and KRON-
BORG (1975). The procedure of FPG staining con-
sisted of two stages: preliminary digestion and
Giemsa staining. In the first stage, the chromosomes
were digested with a RNAse solution (10 µg/ml)
for 1h; incubated in Hoechst’s solution 33258
(0.5 µg/ml) for 1h; and exposed to UV radiation
for 1h. The next incubation was carried out at 4°C
in darkness for 24 h. On the following day, the pro-
cedure of exposure to UV radiation for 0.5 h was
repeated; the preparations were incubated in
0.5xSSC (0.75M Sodium Chloride + 0.075 Sodium
Citrate, pH=7.0) for 2h, at 58°C degrees; and, fi-
nally, the preparations were stained with a 3%
Giemsa solution (pH=6.8) for 45 min.

The preparations were analysed using a NIKON
Eclipse 80i microscope, and the estimation of
SCEs was conducted using the NIS Elements
F2.30 program for computer-based analysis of im-
ages. 50 metaphases were analysed for each ani-
mal. SCEs were identified in all the chromosomes
in the karyotype. The total SCE number was deter-
mined as the sum of three different forms of SCEs
(interstitial, terminal and centromeric). 500 meta-
phases were analysed for each species. The SCEs
identified in the chromosomes of the animals were
profiled by means of the arithmetic mean and stan-
dard deviation. The statistical assessment was
based on the chi-square test.

Results

The mean SCE/cell incidence was 1.41±1.15 in
the coypu, and 2.69±2.14 in the rabbits. The four
different BrdU doses applied in the coypu and rab-

bit chromosome cultures permitted the determina-
tion of the BrdU portion at which spontaneous
sister chromatid exchange occurs in the cell. The
lowest BrdU concentration (0.25 ìg/ml) applied in
the chromosome cultures, in the case of both the
coypu and rabbits, was too small to obtain a stained
chromosome structure showing sister chromatid
exchanges. The concentration of 0.5 ìg/ml in the
coypu revealed a very poorly stained chromosome
structure with sister chromatid exchanges. SCE
identification was highly impeded. The concentra-
tion of 0.5 ìg/ml was found to be too low to carry
out a viable test for the coypu. This concentration
proved, in turn, to be sufficient to identify sponta-
neous SCEs in the rabbit cells. The BrdU concen-
tration of 1 µg/ml was assumed as the dose at which
spontaneous SCEs are observed in coypu chromo-
somes. On the other hand, the BrdU concentration
of 1ìg/ml turned out to induce SCEs in the rabbits.
The highest BrdU concentration of 2.5 ìg/ml ap-
plied in the analyses was determined to induce the
exchanges (Fig. 1 and Fig. 2). The different ex-
change frequencies within a species observed with
the different BrdU doses are presented in Table 1.
The differences were confirmed statistically
(P=0.00000). We also identified differences in
SCE frequency and between the applied BrdU
concentrations in these species (apart from the
concentration of 0.25 ìg/ml) (P=0.000000).

A detailed chromosome analysis revealed which
part of the chromosome underwent the most nu-
merous exchanges. This was the distal chromo-
some region in the coypu, at all three applied BrdU
concentrations. At the lowest BrdU concentration
(0.5 ìg/1 ml of culture), no sister chromatid ex-
changes were observed in the interstitial and proxi-
mal q chromosome arms. Sporadic SCEs were
identified in the distal and proximal region of the p
arm. The least frequent exchanges at the concen-
trations of 1.0 and 2.5 ìg BrdU/1 ml of culture took
place in the interstitial area. In the rabbits, the most
frequent swaps occurred in the proximal parts of
the chromosomes. The same as in the case of the
coypu, more SCEs were observed in the distal re-
gions of the rabbit chromosomes at the concentra-
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Table 1

Sister chromatid exchanges in coypu and rabbit chromosomes, depending on the applied
BrdU concentration in the in vitro culture

Species BrdU concentration (µg/ml of culture medium)
0.25 0.5 1.0 2.5 Total

Coypu 0 *0.08±0.14 1.39±0.32 2.78±0.16 1.41±1.15
Rabbit 0 1.99±1.02 2.60±2.08 3.49±2.47 2.69±2.14

*Mean±SD



tion of 0.5 ìg/ml. At the other concentrations, SCE
incidence varied in the particular chromosome re-
gions. The most numerous exchanges were proxi-
mal and distal, with the fewest in the interstitial
area. Fig. 3 shows the frequency distribution of sis-
ter chromatid exchanges (%) in the particular chro-
mosome regions in both species. Moreover, a
tendency was observed in the rabbits for more nu-
merous chromatid cracks and regroupings to ap-
pear in the p arm (54 %) than in the q arm (46 %). A
similar regularity was also observed in the coypus.

More sister chromatid exchanges were identified
in the p arm (72 %) than in the q arm (28 %) in this
species.

Discussion

The sister chromatid exchange test enables the
detection of the mutual exchange of DNA replica-
tion products between chromatids within the same
chromosome. The observation of differentially

Fig. 1. The effect of BrdU concentration on the numbers of sister chromatid exchanges in the Coypu karyotype: a) 0.25µg/ml, b)
0.5µg/ml, c) 1.0µg/ml, d) 2.5µg/ml. Arrows indicate SCEs.
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stained chromatids is possible through the incor-
poration of bromodeoxyuridine in the DNA chain.
BrdU is a thymidine analogue which helps visual-
ise spontaneous SCEs. However, at excessive con-
centrations it induces additional exchanges. The
BrdU levels must be high enough to enable the ob-
servation of the exchanges without causing addi-
tional ones due to dosing excess. The selection of
an appropriate BrdU dose is a very important step
in the standardisation of the methodology for
a given species. Four different BrdU concentra-

tions were used in the present study to observe
spontaneously occurring exchanges. We also tested
the size of the BrdU dose that causes SCE induc-
tion. The lowest dose that reveals spontaneous
SCEs in coypu cells was found to be 1.0 ìg/ml, and
0.5 ìg/ml in rabbits. Higher BrdU concentrations
induced additional damage. Most researchers con-
sider the standard BrdU dose to be 10 ìg/ml of cul-
ture (NICOLAE et al. 2009; WÓJCIK et al. 2011;
WÓJCIK & SMALEC 2012a, b). Scientists applied
various BrdU doses in this type of research from

Fig. 2. The effect of BrdU concentration on the numbers of sister chromatid exchanges in the rabbit karyotype: a) 0.25µg/ml, b)
0.5µg/ml, c) 1.0µg/ml, d) 2.5µg/ml. Arrows indicate SCEs.
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0.1 ìg/ml of culture to 120 ìg/ml (LEIBENGUHT &
THIEL 1986; VIJH et al. 1992; DI BERARDINO et al.
1996, 1997; SZELESZCZUK et al. 2014). Accord-
ing to WILSON and THOMPSON (2007), the level of
the analogue added to chromosome culture should
be very low, approaching 0, since only then is it
possible to observe the spontaneous phenomenon
during the cell cycle. BrdU added to chromosome
culture during DNA incorporation leads to a rise in
the level of single DNA strand damage. The higher
the analogue dose, the higher the DNA damage
level.

Apart from detectability with BrdU, sister chro-
matid exchanges are characterised by substantial
species-related conservatism relating to the fre-
quency of their occurrence in cells. We determined
spontaneously occurring SCEs in the coypu and
rabbit chromosomes at 1.39 and 1.99, respectively.
Exchange incidence has different profiles in dif-
ferent species: 2.3-6.2 in the Chinese hamster
(WÓJCIK et al. 2003), 2.48 in cattle (DI BERARDINO
et al. 1995), 3.28 in goats (DI MEO et al. 1993;
DI BERARDINO et al. 1996; WÓJCIK & SMALEC
2012a), 3.6-6.6 in horses (WÓJCIK et al. 2011),
3.4 in cats (SZELESZCZUK et al. 2014), 7.8 in chick-
ens (WÓJCIK et al. 2012) and 6.04 in quail (WÓJCIK
et al. 2014). Different frequencies observed within
a species can stem from the specific breeds of the
animals, as well as individual differences such as
age and sex. These factors significantly affect SCE
incidence (CATALAN et al. 1995; IANNUZZI et al.
1991a; CIOTOLA et al. 2005; PERETTI et al. 2006).

Another factor that can induce SCEs is the habi-
tat. Some physical, chemical and biological factors
have mutagenic effects on DNA and contribute to
chromatin stability disruption (WÓJCIK & SMALEC
2013; GENAUALDO et al. 2015). In order to elimi-
nate the influence of additional factors, such as
breed, age and sex, two animal species, represent-

ing the same breed within a species, of the same
sex (males only) and the same age were analysed
in this study. The results of instability identifica-
tion in such a uniform group of animals not only
provide species profiles but can also be taken ad-
vantage of to assess individual genetic resistance.
Despite similar exposure of the analysed animals
to environmental conditions, different SCE fre-
quencies were obtained, which can reflect innate
or acquired resistance to specific noxious effects
of the environment. Varied response of the organ-
ism is a specific sensitivity biomarker, enabling
the detection of changes preceding the appearance
of a disease so that appropriate prophylactic action
can be taken.

The sister chromatid exchange site in a chromo-
some is not accidental. In man and cattle, SCEs
have been predominantly detected in the G bands
and interstitial bands (LATT 1974; IANNUZZI et al.
1991a). In goats and horses, in turn, they have been
found at the point of contact between heterochro-
matin and euchromatin (WÓJCIK & SMALEC 2012a,
2013). In the Chinese hamster, rats and mice,
SCEs predominantly occurred in the proximal re-
gion. This area is characterised by a high level of
DNA repetitions, vulnerability to recombinational
chromosome cracks, and thus SCE induction (MAR-
TIN & PRESCOTT 1964; GIBSON & PRESCOTT
1972; LIN & ALFI 1976). In chickens the ex-
changes mainly took place in the proximal region
of the chromosomes, where constitutive hetero-
chromatin segments are located (WÓJCIK et al.
2013). In the present work, high SCE incidence
was observed in the proximal and distal regions of
the coypu and rabbit chromosomes. In the coypu,
these regions are largely formed by constitutive
heterochromatin (ILIKER et al. 2009). Heterochro-
matin is principally located in the centromere re-
gion in rabbits as well. However, it has also been
identified in telomeres (ŒWITOÑSKI et al. 1982;
KUCHTA et al. 2009).

We observed a very interesting regularity in our
study. Namely, the applied dose of 0.5 ìg/ml BrdU
induced SCEs chiefly in the distal chromosome
area both in rabbits and coypu. Higher BrdU con-
centrations induced exchanges in the distal, proxi-
mal and interstitial regions. Such sensitivity of the
distal chromosome area can correspond with high
susceptibility of the chromosome to damage even
at the lowest mutagene concentrations. The distal
region contains telomeric and subtelomeric se-
quences which are vulnerable to damage caused by
oxidative stress exerted by free oxygen radicals
(KAWANISHI & OIKAWA 2004; CHEN et al. 2007;
BAIRD 2008). UV radiation can also contribute to
DNA damage and SCE induction (WÓJCIK et al.
2003; JIN & IKUSHIMA 2004). High SCE inci-
dence in the distal chromosome region has been

Fig. 3. Percentage distribution of SCEs in the coypu and
rabbit in the particular chromosome regions (proximal,
interstitial and distal region).
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observed by WÓJCIK and SMALEC (2013) in
horses (33%), and SZELESZCZUK et al. (2014) in
cats (65%). According to BLAGOEV et al. (2010),
telomeres are hot spots of sister chromatid ex-
change. The SCE incidence result in this region
can be regarded as an index of the ageing process.
Accumulated and unrepaired or incorrectly re-
paired damage, mutations and replication errors
give rise to high SCE incidence and survival of
cells containing damaged genetic material which
contributes to neoplastic transformations (AMOR-
GUERET 2006).

Applied for the assessment of chromosome in-
stability in standardised conditions, the sister chro-
matid exchange test can help diagnose damage
resulting from mutagenic, genotoxic and carcino-
genic factors. It is a measure of chromosome sensi-
tivity to a specific impairing factor and provides
information on the degree of control and repair
mechanism performance. It can also serve as a re-
liable and highly sensitive tool for the assessment
of the genetic resistance of an animal, as well as
lending itself to comparisons of two different ani-
mal species.

References

AMOR-GUERET M. 2006. Bloom syndrom, genomic instabil-
ity and cancer: the SOS-like hypothesis. Cancer Lett. 236:
1-12.

ANSARI H.A., BOSMA A.A., BROAD T.E., BUNCH T.D.,
LONG S.E., MAHER D.W., PEARCE P.D., POPESCU C.P.
1999. Standard G-, Q- and R-banded ideogrames of the do-
mestic sheep (Ovis aries): homology with cattle (Bos Tau-
rus). Report of the committee for the standardization of the
sheep karyotype. Cytogenet. Cell Genet. 85: 317-324.

BAIRD D.M. 2008. Mechanisms of telomeric instability. Cyto-
genet. Genome Res. 122: 308-314.

BILBAN M., JACOBIN BILBAN C. 2005. Incidence of cytoge-
netic damage in leadzinc mine workers exposed to radon.
Mutagenesis 20: 187-191.

BLAGOEV K.B., GOODWIN E.H., BAILEY S.M. 2010. Telo-
mere sister chromatid exchange and the process of aging.
Aging-US 2: 727-730.

BONASII S. 1999. Combining environment al exposure and
genetic effect measurements In health outcome assessment.
Mutat. Res. 428: 177-185.

CALLAHAN C., HENDERSON A., EACKLES M., KING T. 2005.
Microsatellite DNA markers for the study of population
structure and dynamics in nutria (Myocastor coypus). Mol.
Ecol. Notes 5: 124-126.

CARTER J., LEONARD B.P. 2002. A review of the literature on
the worldwide distribution, spread of, and efforts to eradi-
cate the coypu (Myocastor coypus). Wildl. Soc. Bul. 30:
162-175.

CATALAN J., MORENO C., ARRUGA M.V. 1995. Sister chro-
matid exchanges in cattle: breed, sex, and BrdU dose effect.
Mutat. Res. 331: 205-211.

CHEN J.H., OZANNE S.E., HALES C.N. 2007. Methods of cel-
lular senescence induction using oxidative stress. Methods
Mol. Biol. 371: 179-189.

CIOTOLA F., PERETTI V., DI MEO G.P., PERUCATTI A., IAN-
NUZZI L., BARBIERI V. 2005. Sister chromatid exchanges
(SCE) in the Agerolese Cattle population. Vet. Res. Com-
mun. 29: 359-361.

DI BERARDINO D., LIOI B.M., SCARFI M.R., JOVINO V.,
MARIGLIANO P. 1995. Spontaneous sister chromatid ex-
changes in mitotic chromosomes of cattle (Bos taurus).
Genet. Sel. Evol. 27: 385-393.

DI BERARDINO D., JOVINO V., LIOI B.M., SCARFI M.R., BUR-
GUETE I. 1996. Spontaneous rate of sister chromatid ex-
change (SCEs) and BrdU dose – response in mitotic
chromosomes of goat (Capra hircus). Hereditas 124:
137-143.

DI BERNARDINO D., LIOLI M.B., CRASTO A., JOVINO V.,
SCARFI M.R., BURGUETE I. 1997. Differential sister chro-
matid exchange response in phtohemagglutinin and poke-
weed stimulated lymphocytes of goat (Capra hircus L.).
Genet. Sel. Evol. 29: 185-192.

DI MEO G.P., IANUZZI L., PERUCATTI A., FERRARA L.,
PIZILLO M., RUBINO R. 1993. Sister chromatid exchange in
the goat (Capra hircus). Hereditas 118: 35-38.

DI MEO G.P., PERUCATTI A., FORNATARO D., INCARNATO
D., FERRARA L., MATASSINO D., IANNUZZI L. 2000. Sister
chromatid exchange in chromosomes of sheep (Ovis aries).
Cytobios 101: 71-78.

DUTRILLAUX B.R. 1980. Chromosomes banding analogies
between a prosimians (Microcebus murinus), a Platyrrhini
(Cebus capucinus) and man. Amer. J. Phys. Anthropol. 52:
127-133.

FREDGA K. 1966. Chromosomes studies in five species of
South American rodents (Suborder: Histricomorpha).
Mamm. Chrom. Newsletter 20: 45.

GENUALDO V., PERUCATTI A., PAUCIULLO A., IANNUZZI A.,
INCARNATO D., SPAGNUOLO M. S., SOLINAS N., BULLITTA
S., IANNUZZI L. 2015. Analysis of chromosome damage by
sister chromatid exchange (SCE) and redox homeostasis
characterization on sheep flocks from Sardinian pasture-
lands. Sci. Total. Environ. 15: 393-400.

GERMAN J., ALHADEFF B. 2001. Analysis of sister chromatid
exchange. Curr. Protoc. Hum. Genet. 8: Unit 8.6.

GIBSON D.A., PRESCOTT D.M. 1972. Introduction of sister
chromatid exchanges in chromosomes of rat kangaroo cells
by tritium incorporated into DNA. Exp. Cell Res. 74:
397-402.

GOSLING L.M., BAKER S.J. 1991. Family Myocastoridae. (In:
Handbook of British Mammals. Blackwell Scientific, Lon-
don): 267-275.

HAGELTORN M., GUSTAVSSON I. 1979. Identification by
banding techniques of the chromosomes of the domestic rab-
bit (Oryctolagus cuniculus L.). Hereditas 90: 269-279.

HSU T.C, BENIRSCHKE K. 1967. Rodentia. (In: Atlas of mam-
malian chromosomes. T.C. Hsu and K. Benirschke eds
Springer-Verlag, New York): 213-227.

IANNUZZI L., DI MEO G.P., PERUCATTI A., FERRARA L., GUS-
TAVSSON I. 1991a. Sister chromatid exchange in cattle
marker chromosomes. Caryologia 44: 145-152.

IANNUZZI L., DI MEO G.P., PERUCATTI A., FERRARA L.,
GUSTAVSSON I. 1991b. Sister chromatid exchange in chro-
mosomes of cattle from three different Breeds reared under
similar conditions. Hereditas 114: 201-205.

IANNUZZI L., DI MEO G.P. 1995. Chromosomal evolution in
bovids: a comparison of cattle, sheep and goat G- and R-
banded chromosomes and cytogenetic divergences among
cattle, goat and river buffalo sex chromosomes. Chromo-
some Res. 3: 291-299.

ILIKER A., ARSLAN A., PAMUKOÐLU N., ALBAYRAK I. 2009.
C-banded karyotype of Myocastor coypus (Molina, 1782)
from Turkey (Mammalia: Rodentia). Folia Biol. (Kraków)
57: 33-36.

Spontaneous SCE in Rabbit and Coypu Chromosomes 95



JIN G., IKUSHIMA T. 2004. Frequent occurrence of UVB-
induced sister chromatid exchanges in telomere regions and
its implication to telomere maintenance. Cytogenet. Ge-
nome Res. 104: 310-314.

JUNG J., JO Y.S. 2012. A preliminary study of genetic struc-
ture and relatedness analysis of Nutria (Myocastor coypus in
Upo Wetland). J. Species Res. 1: 100-103.

KAWANISHI S., OIKAWA S. 2004. Mechanism of telomere
shortening by oxidative stress. Ann. Acad. Sci. 1019:
278-284.

KIHLMAN B.A., KRONBORG D. 1975. Sister chromatid ex-
changes in Vicia faba. I. Demonstration by a modified fluo-
rescent plus Giemsa (FPG) technique. Chromosoma 51:
1-10.

KUCHTA M., SZLESZCZUK O., NIEDBA£A P., ONDERKA A.
2009. Comparative analysis of heterochromatin distribution
in the coypu (Myocastor coypus) and rabbit (Oryctolagus
cuniculus) sex chromosomes. Acta Sci. Biol. Sciences 9:
37-43.

LATT S.A. 1974. Localization of sister chromatid exchanges
in human chromosomes. Science 185: 74-76.

LEINBENGUTH F., THIEL G. 1986. BrdU and EMS dependent
sister chromatid exchange and chromosomal breaks in cat-
tle. Arch. Zoot. 35: 1-8.

LIN M.S., ALFI O.S. 1976. Detection of sister chromatid ex-
changes by 4-6-diamidino-2-phenylindole fluorescence.
Chromosoma (Berl) 57: 219-225.

LUNGEANU A., VIOCULESCU J., AVRAM N. 1980. Cytoge-
netic investigation in farm fur-bearing animals. Proc. 4th

European Colloquium on Cytogenetics of Domestic Ani-
mals, Uppsala, Sweden: 412-418.

MARTIN G., PRESCOTT D.M. 1964. The frequency of sister
chromatid exchanges following exposure to varying doses of
H3 thymidyne or X-rays. J. Cell Biol. 21: 159-167.

MARTIN-DELEON P., PETROSK D.L., FLEMING M.E. 1978.
Nucleolar organizer regions in the rabbit oryctolagus cu-
niculus as shown by silver staining. Can. J. Genet. Cytol. 20:
377-382.

MIEL¯YÑSKA D. 2007. Exposure to carcinogenic substances –
exposure biomarkers. http://www.srodowiskoazdrowie.pl

NICOLAE I., ENCULESCU M., VIDMICHI D., PARASCHIVESCU
M., BOTA A., HARCEAGA L. 2009. Sister chromatid ex-
change in River Buffalo females with chromosome al fragil-
ity. Zootehnie ºi Biotehnologii 42: 64-69.

OSSOWSKA A., BOGDZIÑSKA M., KAMIÑSKI P. 2008. Envi-
ronmental pollution and changes within of the chromo-
somes. Prace Komisji Nauk Rolniczych i Biologicznych
BTN, B, 64. (In Polish).

PERETTI V., CIOTOLA F., DARIO C., ALBARELLA S., DI MEO
G.P., PERUCATTI A., BARBIERI V., IANNUZZI L. 2006. Sis-
ter chromatid exchange (SCE) for the first time in Casertana
pig breed. Hereditas 143: 113-116.

PIEÑKOWSKA A., ŒWITOÑSKI M. 1993. Nucleolar organizer
regions (NORs) in mammals: an pccurrence and size poly-
morphism. Post. Biol. Kom. 20: 135-141.

PIEÑKOWSKA A., ŒWITOÑSKI M., RZEPNY J. 1994. Occur-
rence of constitutive heterochromatin in the karyotype of the
Coypu (Myocastor Corpus). Genetica Polonica 3: 205-210.

PINKOWSKI M. 1994. The wild rabbit – attempts at reintroduc-
tion. £owiec Polski 7: 8. (In Polish).

POULSEN B.S., SHIBASAKI Y., RONNE M. 1988. The high
resolution R-bamded karyotype of Oryctolagus cuniculus L.
Hereditas 109: 57-60.

ROBINSON T.J., YANG F., HARRISON W.R. 2002. Chromo-
some painting refines the history of genome evolution in
hares and rabbits (order Lagomorpha). Cytogenet. Genome
Res. 96: 223-227.

RØNNE M. 1995. The high resolution RBG-banded karyotype
of Oryctolagus cuniculus. Comparison between different
classifications of landmarks and bands. In Vivo 9: 239-245.

SZELESZCZUK O., KUCHTA-G£ADYSZ M., WÓJCIk E., OTWI-
NOWSKA-MINDUR A., WOJNAR T., GODYNIA B.,
NIEDBA£A P. 2014. Sister chromatid exchange analysis in
cats (Felis catus). Arch. Tierz. 57: 1-10.

ŒWITOÑSKI M., STRANZINGER G., FRIES R. 1982. C-band
polymorphism in the karyotype of the rabbit (Orychtolagus
cuniculus). J. Anim. Breed. Genet. 100: 390-400.

TSIGALIDOU V., SIMOTAS A.G., FASCULAS A. 1966. Chro-
mosome of the coypu. Nature 211: 994-995.

VIJH R.K., SAHAI R., SHARMA A., GUPTA I.D. 1992. Sister
chromatid exchange frequency in Sahiwal cattle (Bos indi-
cus). Indian J. Anim. Sci. 62: 473-476.

WILSON D.M., THOMPSON L.H. 2007. Molecular mecha-
nisms of sister chromatid exchange. Mutat. Res. 616: 11-23.

WÓJCIK A., SONNTAG C., OBE G. 2003. A pplication of the
biotin-dUTP chromosome labelling technique to study the
role of 5-bromo-29-deoxyuridine in the formation of UV-
induced sister chromatid exchanges in CHO cells. J. Photo-
chem. Photobiol. B, Biol. 69: 139-144.

WÓJCIK E., SMALEC E., DANIELEWICZ A. 2011. Sister chro-
matid exchange in selected horse breeds (Equus caballus).
Arch. Tierz. 54: 107-114.

WÓJCIK E., ANDRASZEK K., GRYZIÑSKA M., WITKOWSKI
A., PA£YSZKA M., SMALEC E. 2012. Sister chromatid ex-
change in Greenleg Partridge and Polbar hens covered by the
gene-pool protection program for farm animals in Poland.
Poult. Sci. 91: 2424-2430.

WÓJCIK E., SMALEC E. 2012a. Sister chromatid exchange in
polish white improved goats (Capra hircus). Folia Biol.
(Kraków) 3-4: 141-146.

WÓJCIK E., SMALEC E. 2012b. Assessment of chromosome
instability in geese (Anser anser). Can. J. Anim. Sci. 92:
49-57.

WÓJCIK E., ANDRASZEK K., CISZEWSKA M., SMALEC E.
2013. Sister chromatid exchange as an index of chromosome
instability in chondrodystrophic chickens (Gallus domesti-
cus). Poult. Sci. 92: 84-89.

WÓJCIK E., SMALEC E. 2013. The effect of environmental
factors on sister chromatid exchange incidence in domestic
horse chromosomes (Equus caballus). Folia Biol. (Kraków)
61: 199-204.

WÓJCIK E., ANDRASZEK K., SMALEC E., KNAGA S., WIT-
KOWSKI A. 2014. Identification of chromosome instability
in Japanese Quail (Coturnix japonica). Br. Poult. Sci. 55:
435-441.

YERLE M., ECHARD G., GILLOIS M. 1987. The high-
resolution GTG-banding pattern of rabbit chromosomes.
Cytogenet. Cell Genet. 45: 5-9.

M. KUCHTA-G£ADYSZ et al.96



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


