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Abstract

Cytogenetic survey of fishes becomes increasingly important to establish chromosomal
relation between the teleosts, to have a glimpse of the relation between chromosomal evo-
lution and differentiation of vertebrate species. In the present study, Chromosome banding
studies was done in three species of carps i.e. Catla catla (Hamilton, 1822),
Labeo rohita (Hamilton, 1822) and Cirrhinus mrigala (Hamilton, 1822). Diploid chromosome
number 50 was observed in all 3 species of carps. The chromosomes of C. catla,
L. rohita and C. mrigala showed constitutive heterochromatin at telomeric and centromeric
regions of chromosomes. The Ag-NOR (Argyrophilic-Nucleolus Organizer Region) bands
were observed on homologous chromosome pair number 11 in C. catla, 15"
chromosome pair in L. rohita. In C. mrigala, the Ag- NOR staining elucidated the presence of
darkly stained NORs on the terminal region of the long arms of one of the chromosome. An-
other homologue of this chromosome pair could not be localized due to scattering of chromo-
somes. The results depict that variation in ecological conditions with time due to human activi-
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ties can not only affect the chromosomal number but also chromosomal morphology.
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INTRODUCTION

Cyprinidae is a large family of freshwater fishes
which is commonly called the carp family. The
vast majority of bony fishes belong to this family
and these are widely distributed in freshwater re-
sources (Abdoli, 1999). The Indian subcontinent
supports 2500 fish species and constitutes 8.93%
of the World’s fish diversity (Johal and Jha, 2010).
In fishes, cytogenetic data is important because in
this group the usual morphotaxonomical charac-
ters are not so clear and they have undergone a
number of adaptational changes during the pro-
cess of evolution. The increasing knowledge of
chromosomes can provide reliable information on
the phylogenetic relationship in the Cyprinidae to
a certain extent (Kalbassi et al., 2008).

Systematically, C. catla, L. rohita and C. mrigala
belongs to class Teleostei, order Cypriniformes,
family Cyprinidae (Jayaram, 1999). The study of
fish chromosomes was initiated in India from
1960s by using basically the methodologies avail-
able for mammals. Karyological studies provide
basic information on the number, size and mor-
phology of chromosomes (Tan et al., 2004) that is
important to undertake chromosome manipulation

in fishes (Khan et al., 2004). However, the studies
dealing with karyotype of fishes are few because
of large number and small size of chromosomes.
Chromosome banding studies may help in identi-
fying species and the homologous pairs of chro-
mosomes in a karyotype. Banding patterns are
used not only to identify chromosomes in a normal
karyotype, but also in aneuploid situations
(O’Connor, 2008). They permit the identification of
small parts of chromosomes involved in transloca-
tions, deletions and other rearrangements. The
ability to identify chromosomes and parts of chro-
mosomes has made accurate gene mapping fea-
sible. C-banding is thought to demonstrate consti-
tutive heterochromatin, mainly at the centromeres.
The chromosomes are typically exposed to dena-
turation with a saturated solution of Barium hy-
droxide, prior to Giemsa staining. C-bands were
the result of differential denaturation and anneal-
ing of the DNA in them.

Chromosome banding study may also help in
identifying the parentage of hybrids that are some-
times found in nature. Absence of proper and re-
peatable methodologies also appears to be one of
the constraints in the progress of fish chromo-
some banding studies. Banding of NORs makes
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relatively easy to distinguish species with similar
karyotypes. NOR staining is useful for studies of
chromosomes with double satellites, chromosome
polymorphism and structural abnormalities involv-
ing satellite regions. Variations in NOR number
and size could also be due to differential transcrip-
tional activity necessary under changing ecophysi-
ological conditions or else due to other factors like
age, disease etc. (Lakra et al., 2007; Neeru, 2014;
Unal et al., 2014). Therefore the present studies
were conducted to study the chromosome band-
ing in three species of carps, Catla catla
(Hamilton, 1822), Labeo rohita (Hamilton, 1822)
and Cirrhinus mrigala (Hamilton, 1822).

MATERIALS AND METHODS

The fishes (C. catla, L. rohita, C. mrigala ) were
obtained from local fish culture farm and trans-
ported to the Fish and Fisheries laboratory of
Department of Zoology, Kurukshetra University,
Kurukshetra. Kidney and gill epithelium tissue
were used for chromosomal banding analysis.
The preparation of chromosomes was performed
according to air drying technique given by Tjio and
Whang (1965). Each specimen was injected intra-
peritoneally with a colchicine solution (0.05%; 1
ml/ 100 gm. body weight). The fishes were main-
tained in a well aerated aquarium and after 2 hr.,
Kidney tissue was extracted and placed in hypo-
tonic solution of 0.56% KCI. After 30 minutes in
the hypotonic solution, the cellular suspension
was centrifuged at 1000 rpm for 10 minutes. The
hypotonic solution was discarded and the pellet
was suspended and washed 3 times in methanol:
glacial acetic acid (3: 1) (Tjio and Whang, 1965).
After centrifugation at 1000 rpm for 10 minutes,
the drops of cellular suspension was put on a
clean grease free microscopic slide, previously
chilled in a freezer from a height of 2 feet. The
slides were allowed to air dry.

C-banding was done by using the method given
by Sumner(1972) with slight modification and it
was observed that the slides which were 7 days
old depicted the best results for C — bands. The
slides were treated with 5% freshly prepared
saturated solution of Ba(OH), at 52° C for 1-2
minutes in water bath. Then slides were rinsed
thoroughly in two successive changes of dou-
ble distiled water at 52°C for 2 minutes to
remove traces of Ba(OH),. The slides were
put in 0.6% HCI solution at room temperature
for 15 minutes and again rinsed in distilled wa-
ter for 2 minutes. Slides were air dried and
incubated for 1 hour in 2X SSC (1.75gm Sodi-
um Chloride and 0.88gm Sodium Citrate in 100 ml
Distilled water) in water bath at 65°C and then
rinsed in water at 65° C. The slides were air
dried and then stained for 45 minutes in 4%
Giemsa solution (760 mg Giemsa powder, 50 ml
Methanol and 50 ml Glycerol) at pH =6.8.

For Silver staining of chromosomes, the method
given by Howell and Black (1980)was followed.
The slides were dried properly at 40 °C for 4-5 hr.
Then 4 drops of developing solution was mixed
with 8 drops of 50% AgNO; solution and placed
on the unstained slide with the help of pasture
pipette and covered with cover glass. The slides
were then incubated at 50 °C for 3-5 min. till solu-
tion becomes golden brown colour. The slides
were rinsed with distilled water. The slide was
then air dried and observed under microscope.
Mitotic metaphase were photographed by using
Olympus C-7070 wide zoom camera at magnifica-
tion of 1000X and used for preparation of karyo-
types and banding patterns.

RESULTS

Catla catla (Hamilton, 1822) [2n = 50]: The so-
matic metaphase showed the presence of 50
chromosomes, confirming this to be diploid num-
ber of C. catla (Fig. 1A). The chromosomes of C.
catla showed constitutive heterochromatin at telo-
meric and centromeric regions of chromosomes
(Fig.1B). However, some chromosomes showed
prominent dark bands while others showed very
faint bands. The Ag-NOR banding revealed a pair
of NORs situated terminally on short arm of ho-
mologous chromosome  pair number 11
(submetacentric) (Figs.1C, 1D). Short arms of
both the homologue were uniformly stained with-
out any heteromorphy.

Labeo rohita (Hamilton, 1822) [2n = 50] : The
somatic metaphase showed the presence of 50
chromosomes in case of L. rohita (Fig.2A). L.
rohita showed constitutive heterochromatin at telo-
meric and centromeric regions of chromosomes.
However, some chromosomes showed prominent
dark bands, others showed very faint bands. The
NORs on the chromosomes of this fish were found
localized on the 15" chromosome pair which is
subtelocentric (Figs. 2C, 2D). The NOR was ob-
served on telomeric region of short arm on one of
homologue and telomeric region of long arm on
another homologue.

Cirrhinus mrigala (Hamilton, 1822) [2n = 50]:
The diploid chromosome number of the C. mrigala
was 2n = 50. The chromosomes of C. mrigala did
not show prominent C-bands (Fig. 3A). The C-
heterochromatin was confined only to some of the
chromosomes in the form of centromeric C- bands
(Fig. 3B). Intercalary and telomeric C- bands were
not observed on any chromosome. Ag- NOR
staining (Fig.3C) elucidated the presence of darkly
stained NORs on the terminal region of the long
arms of one of the chromosome. Another homo-
logue of this chromosome pair could not be local-
ized due to scattering of chromosomes.

DISCUSSION

Cyprinid fishes are characterized by presence of
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Fig. 1C. Silver stained Fig. 1D. Karyotype made

somatic metaphase of C. from silver stained somat-

catla showing NORs. ic metaphase of Catla
catla showing NORs on
11" pair.

relatively small chromosomes with their centro-
meric positions ranging gradually from median to
nearly terminal, making it difficult to assign some
chromosomes to particular chromosomal catego-
ries and thus making correct identification of indi-
vidual chromosomes nearly difficult/impossible
(Rab and Collares-Pereira,1995; Suleyman et al.,
2004) Moreover, identification of fish chromo-
somes is difficult due to the lack of any standard
karyotype for fishes; polymorphism exists not only
among various fish species but also within spe-
cies (Al-Sabti, 1987) and also with varied ecologi-
cal and geographical conditions. The karyological
study of teleost fish present technical difficulties
which are not encountered in the study of other
vertebrates and these difficulties are due to small
size and high number of chromosomes (Cucchi
and Baruffaldi, 1990).

The most commonly occuring diploid number in
family Cyprinidae is 50, considered to be the mod-
al number in case of this family (Manna, 1984;
Rishi, 1989). Karyotype studies of Indian major
carps have been worked out by numerous scien-
tists (Gui et al., 1986; Zhang et al., 1991; John et
al., 1992; John et al., 1993, Jana, 1993; Nagpure
et al., 2001) who reported similar results, i.e.,
2n=50 which are in accordance with the present
results and earlier publication of our laboratory
(Bhatnagar et al., 2014)

Positive C-bands identify regions of constitutive
heterochromatin, which contains transcriptionally
inactive highly repetitive DNA sequences (Gold et
al., 1990). Most species invariably possess C-
bands at or around the centromeres
(pericentromeric) and, frequently, at the chromo-
some end (telomeric). C-bands may also be found
along the chromosome arms (interstitial) and as

Fig. 2C. Silver stained Fig. 2D. Karyotype made

somatic metaphase of from silver stained meta-

L. rohita showing NORs.  phase showing NORs on
15™ pair.

entirely heterochromatic short arms of acrocentric
chromosomes (Gold et al., 1986). Fishes with such
characteristic C-band patterns mostly belong to
Cyprinidae and other lower teleostean groups.
Therefore, C-band distribution in Cyprinidae is of
great cytotaxonomic interest (Takai and QOjima,
1988). Locations of NORs in the karyotype and
NOR phenotypes have also been proven useful in
cyprinid cytotaxonomy (Amemiya and Gold, 1988).
Rishi and Mandhan (1995) observed centromeric,
intercalary and telomeric C- bands in C. catla. The
present study also showed similar results, in ac-
cordance with Rishi and Mandhan (1995) in C.
catla. The first report on C-banding pattern in L.
rohita appears to be that of Rishi and Mandhan
(1990) followed by Khuda-Bukhsh and
Chakrabarty (1994) and Nagpure (1997). The pre-
sent results also support findings of Rishi and
Mandhan (1990) regarding no intercalary C-
bands, only centromeric and telomeric C- bands
were obtained in L. rohita. On the other hand, the
investigations of Nagpure (1997) on C-banding
pattern of L. rohita revealed multisite distribution of
C-band heterochromatin. Khuda-Bukhsh and
Chakrabarty (1994) attempted to study the C-band
pattern in Cirrhinus mrigala and L. rohita. It was
reported that the majority of chromosomes showed
C-banding localization in or around centromere,
while some others either lacked or showed telo-
meric (terminal) or interstitial C-bands localization
in both the species.

Chromosome banding studies are a step nearer to
accuracy in enabling the identification of species
and also homologous pairs in karyotypes. Similar-
ly, banding of NORs also helps in this regard, as
these are present on specific chromosomes
(Nuclear chromosomes), it makes relatively easy
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to distinguish species with similar karyotypes
(Sola et al., 1984). The study also may help in
identifying the parentage of putative hybrids that
are sometimes found in nature.

During the present investigations in C. catla,
NORs were reported on only one pair of chromo-
some, i.e., 11" chromosome pair which was sub-
metacentric. John et al. (1992) observed NORs of
minute size on two pairs of chromosomes (one
submetacentric and one subtelocentric chromo-
some pairs), while Pal (1994) reported NORs on
only on 7" pair of chromosome, which was sub-
metacentric. The present results are thus not in
agreement with the observations of John et al.
(1992) and showed similarity with the result of Pal
(1994) in case of C. catla. Not very many studies
are available on banding patterns in carps. John
et al. (1992), Magtoon and Arai (1993) and Nan-
dini and Arockia (2014) reported NORs on one
pair of submetacentric chromosomes in L. rohita.
Pal (1994) observed NORSs on one pair of subtelo-
centric chromosomes in the same fish while Nag-
pure et al. (2001) reported NORs on two pairs of
chromosomes. The present results also showed
NORSs only on one pair of subtelocentric chromo-
some (15" chromosome pair) in L. rohita, and are
in accordance with the observations of Pal (1994).
Nagpure et al. (2001) reported NORs on only one
pair of chromosome in C. mrigala. The NORs of
species with the same diploid chromosome num-
ber were located in different chromosomes, de-
spite their karyotypic similarity. These results sug-
gest a close relation between the alteration of
chromosomal locations of NORs and the species
differentiation.

Conclusion

In conclusion, the chromosome number of three
Indian major carp species C. catla (Hamilton,
1822), L. rohita (Hamilton, 1822), C. mrigala

(Hamilton,1822) revealed the same diploid num-
ber (2n=50). The variation in banding pattern of
chromosomes was observed with respect to spe-
cies suggesting that diversification in these fishes
of the same family is related to structural changes
in chromosomes. The differences in banding pat-
tern were also observed in comparison to earlier
studies, may be due to various human activities
affecting the ecology of water bodies. The present
study clearly suggests that there is a need to ob-
tain data on cytogenetic variations of different fish
species with respect to time and also changes in
aquatic ecological conditions and a databank
should be prepared.
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