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Karyotype of the Indian giant squirrel (Ratufa indica)
The Indian Giant squirrel syn. Malabar
giant squirrel (Ratufa indica) is an uppercanopy dwelling mammal, endemic to
southwestern, central and eastern peninsular India, found specifically in the
Western Ghats, Satpuras and Eastern
Ghats. It is seen at elevations of 180–
2300 m and is widely distributed 1. The
species has been classified under the
Class, Mammalia; Order, Rodentia; Suborder, Sciuromorpha; family, Sciuridae;
subfamily, Ratufinae; Genus, Ratufa and
species Ratufa indica2. According to the
IUCN, ver 3.1, R. indica is classified under the ‘Least Concern’ category, but its
population shows a decreasing trend due
to habitat loss 3. It is also listed under the
Schedule II of the Indian Wildlife (Protection) act, 1972.
Karyotyping is an important source of
genomic information from a species.
Karyotype studies in wild species are
confronted with difficulties. First, the
habitats of wild animals are remote and
away from lab facilities. Bone marrow
cells and tissue samples for in vitro culture can be used only if available from
fresh carcasses. Most often, the carcasses
in the wild are noticed late after death
and putrefied. Even if fresh, the cells
extracted from bone marrow have to be
processed immediately or transported

within a very short duration. Other tissue
samples have to be transported without
exposure to extremes of temperature and
under sterile conditions 4. Whole blood in

heparin is suitable in terms of handling,
transport and maintenance of sterility,
but collecting fresh blood from wild species is impractical. The procedures are

Figure 1. a, Carcass of Ratufa indica; b, Bleeding from mouth and nostrils; c, d, Arrows indicating male genitalia; e, Unclotted blood in thoracic cavity.

CURRENT SCIENCE, VOL. 110, NO. 6, 25 MARCH 2016

983

SCIENTIFIC CORRESPONDENCE
not only difficult, but also bound by legal
implications. A thorough search of the
literature indicated absence of information
on karyotype of R. indica. The karyotype
of the Indian Giant squirrel (R. indica)
was studied by chromosome preparation
of leukocyte culture from unclotted
blood collected during necropsy.
A male Indian Giant squirrel (Figure
1 c, d) was found dead under a cyprus
tree in Cairn hill Reserve Forest, Udhagamandalam, in the Nilgiri Biosphere
Reserve, and its necropsy was conducted.
The carcass was fresh and death might
have occurred a short while ago, as its
body was warm, rigor mortis was absent
and fresh bleeding noticed from the nostrils and mouth (Figure 1 b). A large
blood clot was found adhering to the
lung. About 20 ml of unclotted blood
was found in the thoracic cavity (Figure
1 e). The animal had probably died of
shock due to pulmonary rupture. Ten ml
of unclotted blood from the thoracic
cavity was collected in heparinized
vacutainer and transported in ice to
Veterinary College and Research

Figure 2.
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Karyotype of Ratufa indica.

Institute, Namakkal, the nearest facility
available for culture and karyotyping.
The chromosome spreads were prepared from leucocyte cultures by standard procedure 5. Cultures were set up in
RPMI 1640 culture medium (8 ml) with
Pokeweed (0.1 ml) as mitogen. Autologous plasma (1.5 ml) and buffy coat
(0.2 ml) from the centrifuged sample
were added to cultures. The cultures
were incubated at 37C for three cell
cycles (72 h). Ninety minutes prior to
harvest 0.01% colchicine was added to
the cultures and the incubation was continued. The cultures were subjected to
hypotonic treatment (0.075 M KCl) and
fixed in Cornoy’s fixative (methanol – 3
parts: acetic acid – 1 part). The slides
were prepared and stained with 4%
Giemsa. Non-overlapping metaphase
spreads with full chromosome (2n) complement were chosen and examined
under Leica model DM 2500 microscope
at 1000 magnification.
Photomicrographs were obtained for
preparation of karyotypes and assessing
morphometric characteristics. Each chromosome was cut out separately and
matching pairs were arranged according
to decreasing size with small arm upwards.
The sex chromosomes were placed in the
end. The length of each chromosome was
measured from tip to tip using a vernier
caliper with an accuracy of 0.05 mm.
Relative length was calculated as the
ratio of individual chromosome length to
that of total haploid genome length (length
of autosomes + X + Y chromosome). The
centromeric index was calculated as the
ratio of short arm (p) length to total
length (p + q) of the chromosome.

Figure 3.

The carcass of the squirrel was fresh
with unclotted blood available in the thoracic cavity, which was successfully used
for chromosome preparation. Figure 2
shows the karyotype of the male Indian
giant squirrel obtained in the present
study. From the spreads analysed, it was
found that the diploid number of chromosomes in R. indica was 42 (2n), comprising 20 pairs of autosomes and a pair
of sex chromosomes. As there was no
reference karyotype available for the
species, chromosomes were arranged
following standard procedure based on
morphology and decreasing size. Relative length of autosomes varied from
2.09% to 6.96% (Figure 3). All the 20
pairs of autosomes were biarmed with
metacentric and submetacentric positions
of centromere. The Centromeric Index
(CI) varied from 0.53 to 0.75. The sex
chromosomes showed marked difference
in size and the relative length of X and Y
chromosomes was 5.04 and 2.42 respectively. The sex chromosomes were metacentric with CI values of 0.56 and 0.62
respectively.
Literature survey indicated absence of
information on the karyotype of R.
indica. Family Sciuridae includes 273
species 6, in which 10 species studied
cytogenetically were characterized by a
stable diploid number of 2n = 40, and
little variation in fundamental number
(FN) = 72 or 76. The X chromosome was
always metacentric or submetacentric.
Among other arboreal squirrels in the
family Sciuridae reviewed for chromosome studies, chromosome number
ranged from 38 to 62 with majority of
species having 40 chromosomes 7. The

Relative length of 20 autosomes, X and Y chromosome in R. indica.
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Venezuelan species Sciurus granetensis
had a similar number to R. indica with 42
chromosomes. However, the FN in S.
granetensis was 78 with 19 pairs of
biarmed and one pair of acrocentric autosome. Karyotype obtained for R. indica
in the present study indicates FN of 80 as
all autosomes were biarmed. The Iranian
arboreal species S. anomalus had 40
chromosomes with FN of 76, as the 19th
acrocentric autosome was absent 8. Crossspecies studies on squirrels, not inclusive
of R. indica show that karyotypes of
squirrels are highly conserved9,10.
The diploid number of wild arboreal
squirrel, R. indica endemic to South,
Central and Eastern Peninsular India is
confirmed through karyotype obtained
from lymphocyte culture using unclotted
blood available from fresh carcass.
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Breeding tubercles in scales of male Barilius bendelisis
(Hamilton, 1807) identified as sexual dimorphic character
Sexual dimorphism in scales has been
reported in some cyprinids like Chondrostoma nasus 1, where breeding tubercles are present on the scales of both
males and females, but are smaller and
inconspicuous in females. The presence
of breeding tubercles in fishes was first
reported by Vladykov et al. 2 in species of
genus Gadus 3 which were used in taxonomic identification, since both male and
female fish possess this character. There
have been studies on breeding tubercles
in scales suggesting a correlation to the
pre-spawning behaviour in males 1. The
role and evolution of such tubercles are
however not known, they are believed to
be used for conspecific recognition2,4. It
was also suggested that the morphology
of such tubercles may vary among different species. Although there are reports
on the use of scales as a key character for
analysing age and growth in Barilius
bendelisis 5,6 there is no report on sexual
dimorphism in this fish using scales as
key structures. Thus in the present study,
the surface topography of scales from

adult male and female fishes was analysed by both light microscopy and scanning electron microscopy (SEM) to
confirm the presence of breeding tubercles and study the structures in detail.
Hill stream fish B. bendelisis were
captured from Basistha (260538.54N,
914657.27E), the only hill stream in
the heart of Guwahati city, Assam, India
during February 2014 to January 2015.
Adult fishes were in the range 107–
124 mm total length and 13–26 g body
weight. Juvenile as well as adult fishes
were studied throughout the seasons.
Sexes of the fishes were confirmed
through dissection and scales were carefully taken out from near the head region
above the lateral line and also from other
areas for microscopic observations.
Scales were superficially cleaned with
70% alcohol using a fine brush to remove any attached debris and immersed
in 3% glutaraldehyde solution for fixation. Buffer treatment consisted of washing the scales three times in 0.1 M
solution of sodium cacodylate buffer at
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an interval of 15 min and finally storing
in the same buffer until processed further. Scales were gradually dehydrated in
acetone grades (30–100%) and then
treated with tetramethylsilane (TMS) 7.
Clean and dried samples were goldcoated for 10 min before viewing in
SEM (model JSM-6360 JEOL) at 20 kV.
The study revealed that surface topography of scales in both sexes differed in
B. bendelisis. Light microscopic studies
revealed that in the male fish the exposed
area (ExA) of scales is studded with
tubercles (Figure 1 a and b). SEM images
revealed that tubercles contained numerous elongated spine-like structures called
unculi (Figure 2 b and c). These were
observed to be smooth surfaces with
pointed distal ends and broad proximal
edges. When observed under the light
microscope (Figure 1 c and d) as well as
in SEM (Figure 2 d), scales of adult
female fish were devoid of tubercles.
However, the exposed area of scales
revealed numerous mucous pores with
depressions (Figure 2 e).
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