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Abstract
Cytogenetic analysis of three species of aquatic edible beetles viz., Cybister sugillatus, Cybister tripunctatus and Cybister
ventralis were performed using meiotic cells to characterize the diploid chromosome number, sex determining system and
chromosome morphology. The spermatogonial metaphase cells revealed same diploid chromosome numbers in both C.
sugillatus and C. tripunctatus with the karyotype formula of 2n=37 (18AA+XO) but differing in chromosome morphology
and classification. The Y chromosome element is wanting in case of C. sugillatus and C. tripunctatus. The sex
chromosome in C. sugillatus is the smallest chromosome among the all the chromosome whereas it is the largest
chromosome in C. tripuunctatus. In C. ventralis, the sex chromosome system is regulated by XY element with the
karyotype formula of 2n=18(8AA+XY). In C. tripunctatus, the sex element X, displays a positive heteropycnosis during
leptotene and zygotene stages.
© 2013 Universal Research Publications. All rights reserved
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1. Introduction
The members of the family Dytiscidae (Predacious diving
beetles) under the order Coleoptera feed vigorously upon
almost all invertebrates as well as fish eggs and fry. These
beetles generally occupy clean and fresh macrophytic
leaves near the bottom along littoral zone. They are active
swimmers and swift divers. Adult dytiscids size range from
1.4 to 3.8 mm in length. Although most species are small to
medium sized, some adults can attain a length of 37 mm.
The hind coxa is very large whereas second and third legs
are widely separated. Antennae are very long, thread like
with 11 segments. The family Dytiscidae is highly diverse
and estimated to include about 4,000 species in over 160
genera. Among the genus, species under the genus Cybister
are the most well known groups. In India there are about 14
species of Cybister (Deepa, 2009).
Manipur is a state laying in the north-east India. In this
state, members of the genus Cybister are considered as
important edible insects because of their high nutritive
value. They are regarded as a good source of protein in diet
(Shantibala et al., 2013). These beetles are catched in group
from their habitat like ponds, lakes and small rivers and
consumed by roasting. The consumers do not sort out them
into specific species. However, it was observed that in a
cluster of aquatic beetle catched from water bodies, there
are 3 or more species of water beetles. As these species are
exhaustively collected from wild for consumption purpose,
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the species may be extinct in near future. Therefore, for the
purpose of proper cataloguing and identification, these
species were cytogenetically studied and analyzed. In the
meantime, cytogenetic information of these species will be
helpful in providing inputs for construction of integrated
cytological map with molecular linkage map to reveal the
function and structure of the chromosome (Goldsmith et
al., 2005). Application of chromosome analysis is
expanding because of the advantage of karyotypic analysis
as taxonomic characters in both animal and plant (Altunsoy
and Kilic, 2010, Arslan et al., 2012). Dytiscidae group is
not extensively studied cytogenetically except some earlier
works (Yadav and Karamjeet, 1980, Voinov, 1903).
Cytogenetic reports in Cybister from India comprised of the
male chromosome complement of 5 species only (Table 1).
The present work elucidates the cytogenetic details of three
species of Cybister species, of which two have been
previously reported and one species has been newly
described. This study mainly emphasized on the diploid
chromosome number, sex determining system and
chromosome morphology of the species. These results will
allow us to distinguish morphologically similar species in
the process of cytogenetic cataloguing.
2. Material and Methods
Insect sampling
Fifteen specimens of each insect species were collected
from the ponds as well as from the water submerged paddy
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Table 1. Diploid chromosome number of Cybister species of India
Chromosome
Species
Source
formula
Cybister japonicus
2n=43
Abe et al., 2002
Cybister lateromarginalis
2n=22
Serrano & Yadav ,1984
Cybister limbatus
2n=43( 21+XO)
Serrano & Yadav ,1984
Cybister sugillatus
2n=43( 21+XO)
Yadav et al., 1984
Cybister tripunctatus
2n=43( 21+XO)
Yadav et al., 1984
fields and adjoining areas of Tangkham Lamphel Pat,
Khundrakpam, Imphal East district which lies at latitude of
24°50'8.451"N to 24°49'24.695"N and 93°55'38.739"E to
93°55'4.426"E. The beetles were kept alive in aquaria at
room temperature for 48 h until they could be processed in
the laboratory. They were fed with living aquatic organisms
like small fish, snail, tadpole etc.
Cytogenetics
Chromosomes were obtained from testis of adult beetles.
Cytological preparations were obtained from the gonads of
the adult male individuals. The method of obtaining and
preparing the karyotype from beetle tissues was done as
described by Shaarawi and Angus (1991) with some slight
modification. Hypotonic solution of potassium chloride
(0.456 %) and fixative of methanol and glacial acetic acid
(3:1) were treated for 30 minutes each. Best results were
obtained from 2 day old slides. The slides were stained
with 5% Giemsa in phosphate buffer for 10 minutes. The
diploid chromosome and characteristic morphology of
these species were obtained from 60 chromosome plates
from cells exhibiting the complete chromosome number.
Images of the selected chromosome plates were taken and
karyotypes were prepared by using Leica microsystem
Software, CytoVision. Based on the most common
classification system used for insect chromosomes, the
morphology of chromosomes was determined according to
the arms, where the length of the long arm (q) was divided
by the length of the short arm (p). Chromosomes were
classified as metacentric (m) with arm ratio between 1–1.7,
submetacentric (sm) with arm ratio between 1.71-3 and
subtelocentric (st) with arm ratio between 3.01-7, whereas
chromosomes with a single arm were considered
acrocentric (a) with arm ratio above 7. The ideogram was
prepared in Harvard Graphics 2.0 software (Esmaeili et al.,
2010).
3.Results
Metaphase spreads along with some specific chromosomal
stages of three species of aquatic edible insects under the
genus Cybister viz., C. sugillatus, C. tripunctatus and C.
ventralis are given in figures 1-3. The meiotic
spermatogonial metaphase of C. sugillatus gave a diploid
chromosome number of 2n = 37(Figure 1).
The
chromosomal formula of this species is 2n= 37
(18AA+X0). Chromosomes paired according to their length
and centromeric positions were arranged into 18 pairs and 1
unpaired sex chromosome. It is characterized in the
corresponding idiogram (Figure 4a). The chromosome pairs
consist of 10 metacentric, 4 submetacentric and
4 acrocentric chromosomes and a single acrocentric sex
chromosome. Centromeric index (CI) and arm ratio (AR) is
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given in the table 2. The sex determining element in this
species is X0 system. The X element is clearly visible in
early zygotene stage of the cell (Figure 1a).

Figure 1: (a) zygotene (b) early metaphase (c) metaphase
spread (d) karyotype of C. sugillatus

Figure 2: (a) leptotene (b) zygotene (c) metaphase
spread(d) karyotype of C. tripunctatus
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Figure 3: (a) zygotene (b) anaphase (c) metaphase spread
(d) karyotype of C. ventralis

C. tripunctatus, on the other hand, is one of the most
abundant species among the members of the Dytiscidae
family recorded during the study. The spermatogonial
metaphase revealed 2n= 37 with the chromosome formula
2n =37 (18AA+XO). These chromosomes are differentiated
into 14 metacentric, 3 submetacentric, 2 acrocentric
autosomes and 1 metacentric X chromosome. Since,
idiogram (Figure 4b) showed that majority of the
chromosome were metacentric, hence most of the
chromosome shows CI of 50% (Table 2). The first 18 bars
show the autosome whereas last metacentric X
chromosome is the largest chromosome and it is the sex
complement. The sex chromosome displays a positive
heteropycnosis during leptotene and zygotene stages
(Figure 2a & b). The Y chromosome compliment is
wanting here.
C. ventralis is by far the largest species among the species
of Cybister. The karyotype of the spermatogonial
metaphase of Cybister ventralis gave a diploid
chromosome number of 18 pairs with the chromosome
formula of 2n=18(8AA+XY) (Figure 2c).Chromosomes
were arranged in 9 pairs according to their length and
centromere position. It has 8 autosomes and heteromorphic
sex element (XY) as shown in the idiogram (Figure 4c).
The diploid number includes 5 pairs of metacentric, 1 pair
of subtelocentric, 3 pair of submetacentric, and one
achrocentric X chromosome and one metacentric Y
chromosome.
4. Discussion
The paper emphasizes on the comparative cytogenetic
analysis of three species of aquatic edible beetle of the
genus Cybister. Comparative karyology has some
advantage over other methods use in taxonomic studies of
insects and other animal. In particular, chromosomal
characters are essentially morphological and therefore, they
can be analyzed approximately in the same way as other
morphological features (Altunsoy and Kilic, 2010). The
number of chromosome per cell seems to be a rather
conservative characteristic and so may be used as an
indicator of the closeness of species interrelationships
within families (Moyli and Cech, 2004). In the meantime,
within a genus the species tend to have broadly similar
karyotypes (Angus and Tatton, 2011). According to the
present result, two species viz., C. tripunctatus and C.
sugillatus has same number of diploid chromosome, 2n=37
but markedly differing in karyotypic formula and the sex
chromosome. Though the above two species shares the
same chromosome number, in order to critically examine
the chromosome length and classification (Packiam et al.,
2013), the morphometric data on chromosome length as
well as relative length were calculated. Such report in the
chromosome number in these two species was also earlier
reported but with different chromosome number of 43
(Yadav et al., 1984, Blackmon and Demuth, 2012). The
differences in chromosome number obtained from this
study might be attributed to the differences in karyotype
macrostructure, reflecting a real geographical variation
common to widespread species or may be due to
degeneration of the autosomal chromosomes in the course
of time as the earlier reported work was done years back.

Figure 4. (a) Haploid idiogram of C. sugillatus (b)
Haploid idiogram of C. tripunctatus (c) Haploid idiogram
of C. ventralis
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Table 2: Relative length, arm ratio and chromosome type of three aquatic edible beetles.
C. sugillatus
C. tripunctatus
No.
CI (%)
AR
Type CI (%)
AR
Type
CI (%)
X
0
1.6±0.62
a
50
1±0.04
m
0
Y
34
1
0
1 ±0.30
a
50
1±0.64
m
49
2
50
1 ±0.62
m
50
1±0.81
m
39
3
50
1±0.56
m
50
1±0.45
m
43
4
0.45
1.22±0.47
m
50
1±0.74
m
32
5
50
1±1.29
m
0
4.15±0.67
a
32
6
50
1±1.49
m
50
1±0.52
m
47
7
42
1.4±0.90
m
41
1.44±0.39
m
42
8
50
1±0.57
m
50
1±0.34
m
20
9
0
1.4±0.64
a
35
1.8±0.55
sm
10
33
2±0.47
sm
50
1±0.64
m
11
31
2±0.51
sm
50
1±0.68
m
12
45
1.2±0.44
m
45
1.23±0.43
m
13
0
2±0.98
a
0
5.22±0.57
ac
14
0
2.2±0.55
a
45
1.24±0.62
m
15
35
1.83±0.28
sm
44
1.3±0.32
m
16
35
1.83±0.72
sm
36
1.78± 0.67
sm
17
50
1±0.85
m
1.00±0.39
18
50
1±0.51
m
2.91±0.32
The other species, C. ventralis however has a different
chromosome number of 2n= 18. It is possible that the
reduction in the chromosome number observed in C.
ventralis might have been due to the involving pericentric
inversion followed by fusion between autosomes as in other
species of Coleoptera (Bione et al., 2005). The
chromosomes of the three species have some common
character like diminishing size and mediocentric
morphology like in Cicindela species (Serrano, 1980,
Yadav and Karamjeet, 1981 and Yadav et al., 1985).
Dytiscidae possess simple sex-chromosome mechanism. In
the present study, two species, C. tripunctatus and C.
sugillatus has only X0 chromosome in male individuals
like in generalized Dytiscids (Ahmed et al., 2000). The
present result is in accordance with those of Blackmon and
Demuth (2012). The sex chromosome in C. sugillatus is the
smallest chromosome among the all the chromosome
whereas it is the largest chromosome in C. tripuunctatus.
However the association of XY chromosome system is
recorded in the larger Cybister species, C. ventralis. Such
system was also reported earlier in other Dytiscids species
like A. confinis and Rantus notatus (Smith, 1953 and
Suorttu, 1971). The heteropycnosis phenomenon of sex
chromosome in leptotene and zygotene stages was
observed in case of C. tripunctatus, such phenomenon was
also reported in B-chromosome complement in a locust,
Anacridium aegyptium (Abdel-Haleem, 2009).
5. Conclusion
Cytogenetic analysis of three species of aquatic edible
beetles viz., Cybister sugillatus, Cybister tripunctatus and
Cybister ventralis under the family Dytiscidae revealed
new karyotype description which is different from the
earlier reports. Such cytogenetic analysis of edible insects
is very important for proper cataloguing of their
chromosome.Further researches are needed on molecular,
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C. ventralis
AR
12.73±0.40
1.93±0.6
1.04±0.42
1.57±0.52
1.32±0.09
2.12±0.67
2.13±0.32
1.11±0.74
1.41±0.56
3.88±0.28

Type
a
sm
m
m
m
sm
sm
m
m
st

cytogenetic, anatomical, morphological and biological
aspects for better recognition and understanding for the
cataloguing of this species so that these bioresources can be
used for the better need for human mankind.
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