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ABSTRACT: Taxonomically, in family Calopterygidae, 183 species under 21 genera have been reported worldwide.
Out of these, cytogenetic data pertains to only 22 species which is only 12% of the known species. In India, 9
species under 6 genera are present, while only 2 species has been studied cytogenetically. The present study has
been conducted to linearly characterize the chromosomes of 4 species (Matrona nigripectus, Neurobasis chinensis,
\kstalis apicalis and Vestalis gracilis) of family Calopterygidae by conventional staining, C-banding, silver nitrate
staining and sequence-specific staining and also compiled the cytogenetic data of the family. The species were
collected from Meghalaya, Goa, Kerala, Himachal Pradesh states of India. All the species possesses 2n=25m as the
diploid chromosome number with XO-XX sex determination except Neurobasis chinensis with 2n=23, characterized
by the presence of two equal sized large autosomal bivalents originated by the autosome fusion. C-banding and
silver nitrate staining results depict the presence of C-bands and NOR’s on the terminal positions of autosomal
bivalents, while X chromosome and m bivalent show variation in distribution of C-heterochromatin and NOR’s.
Sequence-specific staining represents the complement of all the species as AT-rich due to more DAPI bright signals.
All the cytogenetically studied species have been catalogued including the presently studied species and the list has
been updated to 23 species.
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CHROMOSOME CHARACTERIZATION OF FOUR CALOPTERYGID

Sequence-specific staining.

INTRODUCTION

The damselflies of this family are
called as birds of paradise because of their
beautiful metallic coloured wings. They are
also known as broad-winged damselflies
having long and slender in shape and usually
found near flowing water. Neurobasis
chinensis is the only species of the genus,
present in most of the regions of the Asia
continent. So far, 22 species under the
genera Calopteryx, Hetaerina, Matrona,
Mnais, Neurobasis, Phaon and Vestalis of
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the family Calopterygidae have been
reported cytogenetically, among these,
Neurobasis chinensis chinensis (2n=23m)
and \estalis apicalis (2n=25m) are from
India (Table-1). Majority of the species
except Neurobasis chinensis possess n=13
which is considered as the type number of
the family Calopterygidae. However, 2
species show variation in the complement
due to fragmentation as Calopteryx virgo
meridionalis with n=13m and 14m'® and
Hetaerina rosea with n=13 and 14m®.
During the present study, chromosome




Table 1. Cytologically studied species of family Calopterygidae

S. | Taxa Locality Chromosome | References
No. number
Subfamily-Calopteryginae
1 | Atrocalopteryx atrata (Selys, 1853) Japan n=13(m) Reported as Calopteryx atrata
Selys, 1853; Oguma (1930),
Kichijo (1942a), Omura (1957)
2 | Calopteryx aequabilis (Selys, 1839) USA n=13(m) Cruden (1968)
3 | Calopteryx cornelia (Selys, 1853) Japan n=13(m) Reported as Anaciagrion cornelia
(Selys, 1853); Oguma (1930),
Kichijo (1942b)
4 | Calopteryx dimidiata Burmeister, 1839 | Florida, n=13m Kiauta and Van Brink (1978)
United States
5 | Calopteryx japonica Selys, 1869 Japan n=13m Kichijo (1942b),
Hirai (1956), Omura (1957)
6 | Calopteryx maculata (Beaurois, 1805) Bolivia n=13m Cumming (1964), Cruden (1968)
USA
7 | Calopteryx splendens (Harris, 1780) Turkey n=13m Reported as C.s. amasina
Bartenev, 1912; Kiauta (1972)
Italy n=13m Reported as C.s.caprai
Conci, 1956; Kiauta (1971 b)
Former USS | n=13 Reported as C.s.splendens
(Harris, 1782); Makalowskaja (1940),
Finland n=13 Oksala (1945),
Italy Kiauta (1969, 1971a),
France Kiauta (1973),
Russia n=13m Pereplov et al. (1998),
Kuznetsova et al. 2020
8 | Calopteryx virgo (Linnaeus, 1758) Spain n=13m n=14m | Reported as C.v. meridionalis
Selys (1873); Kiauta (1971a)
Slovenija n=13m Reported as C. v. padana Conci, 1956;
Kiauta (1967, 19684, c),
Austria n=13m Kiauta (1967, 1968 c)
Reported as C.v.virgo (Linnaeus, 1758)
Belgium Carnoy (1885),
Finland Oksala (1945),
Germany Kiauta (1968a, b),
Netherlands Kiauta (1972),
Russia n=13m Kuznetsova et al. (2020)
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9 | Matrona basilaris Selys, 1853 Taiwan n=13(m) Kiauta (1968c)
10*# Matrona nigripectus India n=13m Present study
11 | Mnais costalis Selys, 1869 Japan n=13(m) Oguma (1930), Kichijo (1942b)
12 | Mnais pruinosa Selys, 1853 Japan n=13(m) Reported as M. strigata Selys, 1853;
Oguma (1930), Kichijo (1942b),
Omura (1957)
13* | Neurobasis chinensis Nepal n=12 Reported as N. chinensis chinensis
(Linnaeus, 1758) (Linnaeus, 1758);
n=13 Kiauta (1975)
India n=12 Tyagi (1982),
Nepal n=12m Kiauta and Kiauta (1982),
Thailand n=12 Kiauta and Kiauta (1983),
India n=12m Walia and Sandhu (2002),
India n=12 Walia et al. (2016),
Walia and Katnoria (2018)
14 | Phaon iridipennis (Burmeister, 1839) Republic of n=13m Boyes et al. (1980)
South Africa
15* | Vestalis apicalis Selys, 1873 India n=13m Walia and Kaur (2011)
16* | Vestalis gracilis (Rambur, 1842) Thialand n=13m Kiauta and Kiauta (1983)
Subfamily-Hetaerininae
17 | Hetaerina americana (Fabricius, 1798) | Bolivia, USA |n=13m Cumming (1964), Cruden (1968)
18 | Hetaerina charka Calvett, 1909 Bolivia n=13m Cumming (1964)
19 | Hetaerina longipes Brazil n=13m Reported as H. carnifex Hagen in
(Hagen in Selys, 1853) Selys, 1853; Souza Bueno (1982)
20 | Hetaerina rosea Selys, 1853 Bolivia n=14m Cumming (1964)
Brazil n=13, 14 m Ferreira et al.(1978)
21 | Hetaerina sanguina Selys, 1853 Bolivia n=13 Cumming (1964)
22 | Hetaerina titia (Drury, 1773) Bolivia n=13m Cumming (1964)
Mexico n=13m Reported as H. tricolor
(Burmeister, 1839); Kiauta (1970)
23 | Hetaerina vulnerata (Selys, 1853) Mexico n=13m Kiauta (1970)

* Represents presently studied species.
# Represent first cytogenetic report on the species.
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complements of 4 species of subfamily
Calopteryginae of family Calopterygidae
(Matrona nigripectus, Neurobasis chinensis,
Vestalis apicalis and Vestalis gracilis) have
been analysed based on structure and
behaviour of chromosomes during meiosis,
distribution of C-heterochromatin and
NOR’s and AT-GC sequence specificity.
Chromosome complement of Matrona
nigripictus has been studied for the first
time. Moreover, C-banding and sequence
specific staining report on three species and
silver nitrate staining on 2 species has been
done for first time. Only conventional
staining and C-banding have been performed
on Vestalis gracilis because of limited
number of specimens and slides.

MATERIALS AND METHODS

Male damselflies of family were
collected from running water bodies and
from plants twigs around water bodies
present in different states (Meghalaya, Goa,
Kerala, Himachal Pradesh) of India, during
the years 2016-2018 (Table-2). Live
damselflies testes were removed by
dissecting in 0.67% saline solution and were
kept in sodium citrate (0.9%) for 45 minutes.
After that, testes were fixed in freshly
prepared Carnoy’s fixative (3:1, absolute
alcohol: glacial acetic acid) for 15 minutes
then two more changes of the fixative each
of 15 minutes was given. After that, testes
were teased on clean and dust-free slides.
Slides were air-dried and stored in the
refrigerator for Conventional staining®, C-
banding34, Silver nitrate staining® and
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Sequence specific staining®2.
RESULTS AND DISCUSSION

Conventional staining

At the diakinesis of Matrona
nigripectus, Vestalis apicalis and Vestalis
gracilis, 13 elements are seen, among these,
12 are autosomal bivalents including m
bivalent and one oval shaped X chromosome
(Figs. 1a, 3a, 4a), while in the diakinesis of
Neurobasis chinensis, 12 elements are
visible, among these, 11 are autosomal
bivalents and one is oval shaped X
chromosome. m bivalent is absent in this
species and two large autosomal bivalents
are seen in meiotic stages, among these,
one hivalent shows terminal chiasma, while
other possesses interstitial chiasma (Fig. 2a).
By the metaphase-l, condensation and
terminalization of chiasma make the
bivalents dumbbell shaped, while X
chromosome and m bivalent are distinct
(Figs. 1b, 2b, 3b, 4b). In N. chinensis, X
chromosome is mostly present at the
periphery (Fig. 2b).

C- banding

In the diakinesis and metaphase-I, all
the autosomal bivalents show C-bands at
terminal position on both the ends in all the
species (Figs. 1c, d, 2c, d, 3c, d, 4c, d),
while in N. chinensis 2 large bivalents also
possess interstitial C-bands (Figs, 2c, d). X
chromosome is C-positive and m bivalent
reveals less amount of C-heterochromatin
in M. nigripectus and Vestalis gracilis, C-
negative in V. apicalis and absent in N.
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Fig. 1. Matrona nigripectus, Conventional
staining: a. diakinesis. b. metaphase-l. C-banding:
c. diakinesis. d. metaphase-l. Silver nitrate
staining: e. diakinesis. f. metaphase-l. Sequence
specific staining: e. f. diakinesis.

chinensis.

Silver nitrate staining

At the diakinesis and metaphase-I, all
the autosomal bivalents of N. chinensis, 6
bivalents of M. nigripectus and 7 bivalents
of V. apicalis show NOR’s on both the
terminal ends, while 5 bivalents of M.
nigripectus and 4 bivalents of V. apicalis
possess NOR on the one terminal end (Figs.
1c, d, 3 ¢, d). m bivalent is NOR-negative
in M. nigripectus, while NOR rich in V.
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0,00 mm

Fig. 2. Neurobasis chinensis, Conventional
staining: a. diakinesis. b. metaphase-l. C-banding:
c. diakinesis. d. metaphase-l. Silver nitrate
staining: e. diakinesis. f. metaphase-l. Sequence
specific staining: e. f. diakinesis.

apicalis and absent in N. chinensis. X
chromosome is NOR rich in all the three
species (Figs. 2 a, b).

Sequence specific staining

During diakinesis and metaphase-I,
autosomal bivalents except m bivalent show
both DAPI and CMA, bright signals in
Matrona nigripectus (Figs. 1g, h), show
DAPI bright signals than CMA, signals on
chiasmatic as well as non-chiasmatic ends
in N. chinensis (Figs. 2a, b) and both DAPI
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Fig. 3. \Vestalis apicalis, Conventional staining: a.
diakinesis. b. metaphase-l. C-banding: c.
diakinesis. d. metaphase-l. Silver nitrate staining:
e. diakinesis. f. metaphase-l. Sequence specific
staining: e. f. diakinesis.

and CMA, Dbright signals in Vestalis apicalis
(Figs. 3a, b). Two large autosomal bivalents
of N. chinensis also reveal overlapping
bright DAPI than CMA, regions at terminal
and interstitial positions as also evident in
C- banding (Figs. 2a, 2b). X chromosome
shows overlapping DAPI and CMA, bright
signals in M. nigripectus, shows more DAPI
bright signal than CMA, in N. chinensis,
both DAPI and CMA, bright signals in V.
apicalis. m bivalent is DAPI bright and
CMA, dull in M. nigripectus, while both
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Fig. 4. \estalis gracilis, Conventional staining: a.
diakinesis. b. metaphase-l. C-banding: c.
spermatogonial metaphase. d. diakinesis.

Bar = 0.01 mm

DAPI and CMA, bright in V. apicalis and
absent in N. chinensis.

Type number of the family
Calopterygidae is n=13 as it is present in
majority of the species (Table-l). Out of
cytogenetically studied species, 2 species
show variation in the chromosome number
as Kiauta!® reported the chromosomal
fragmentation and precocious segregation
due to incomplete pairing in the
chromosome complement of Calopteryx
virgo meridionalis (n=13m, 14m) of
subfamily Calopteryginae from northwestern
Spain and Cumming® observed n=14m in
Hetaerina rosea of subfamily Hetaerininae
from Bolivia, while Ferreira et al.® noticed
fragmentation (n=13, 14m) in the
chromosome complement of the same
species from Brazil.




Table- 2: List of species of family Calopterygidae collected during the present

study:
S. | Name of the species | Place of Altitude Latitude Longitude
No. Collection (Meters)
Amsl
1. | Matrona nigripectus | Mukhla 1520 m 25°21'33.8688" N | 92° 22' 52.9032" E
Selys, 1879 (Meghalaya)
2. | Neurobasis chinensis | Solan, 1550 m 30°54'18" N 77°52' 492" E
(Linnaeus, 1758) Andretta 1301 m 32°32'50.04"N | 76° 33 46.8"E
(Himachal Pradesh)
Surla (Goa) 800 m 15°26'20.63"N | 74°15'8.72" E
3. | Vestalis apicalis Surla (Goa) 800 m 15°26'20.63" N 74°15'8.72" E
Selys, 1873 Kollam, 3m 8°52'48" N 76° 36' 03" E
Kozhikode 1m 11°15'0" N 75°46'12"E
(Kerala).
4. | Vestalis gracilis Surla (Goa) 800 m 15° 26' 20.63" N 74°15'8.72"E
(Rambur, 1842)

Neurobasis chinensis chinensis is the
only species of the genus, present in most
of the regions of Asia continent.
Chromosome complement of the species is
unstable because many variation in the
complement has been reported by many
workers as Kiauta? noticed n=12/13 from
Nepal region and suggested that reduction
in chromosome number due to the fusion
of two autosomes. Later, Tyagi®* reported
n=12 without m chromosomes from
Dehradun valley; Kiauta and Kiauta?!
observed n=12m from Arun valley, Eastern
Nepal; Walia and Sandhu®® noted n=12m
from Himachal Pradesh, India and Walia et
al.*® reported n=12, without m bivalent from
the Himachal Pradesh, India. Later, Walia
and Katnoria®” reported n=12 (without m
bivalent) with karyomorphological variation
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in size of the two large bivalents from
different localities of Himachal Pradesh as
two equal sized, large autosomal bivalents
with terminal and interstitial chiasmata have
been observed in the Dehradun and Solan
specimens, while one extra large autosomal
bivalent and second smaller than large
autosomal bivalent with single chiasma have
been seen in the specimens of Bilaspur.
During the present study, n=12 is observed
in the Neurobasis chinensis from Himachal
Pradesh and Meghalaya and complement is
characterized by the presence of two equal
sized large autosomal bivalents with two
interstitial chiasmata originated by the
fusion of autosomes, while remaining
bivalents show single chiasma. These results
are in accordance to the reports given by
Walia and Katnoria® from the Dehradun




and Solan areas of Himachal Pradesh. In
Neurobasis chinensis, fusions favour the
survival value and reproductive capability
of the species to adapt itself in the various
localities. Moreover, the chromosome
complement of the species from same
locality (Himachal Pradesh) shows variation
which depicts that species possess the
unstable complement or under the process
of karyotypic evolution.

In genus Matrona only one species
Matrona basilaris from Taiwan with n=13m
has been studied by Kiauta®®. Present
species, Matrona nigripectus also possesses
the same chromosome number, n=13m from
Meghalaya. This species has been studied
for the first time.

In genus Vestalis, only two species,
Vestalis apicalis and Vestalis gracilis have
been studied. Walia and Kaur®® described
the chromosome complement of Vestalis
apicalis (2n=25m) from Mangalore
(Karnataka) and present results on the same
species from Kerala are in accordance to
the earlier report. Kiauta and Kiauta??
reported n=13m in V. gracilis from Thialand
and present results on the same species from
Goa are also in accordance to this report.
Chromosome complement of both the
species is stable. Moreover, structure and
behaviour of the chromosomes has been
studied, as both the species of this genus
possess very small pair of achiasmatic m
chromosomes and 2" smallest X
chromosome, which is considered as the
cytogenetical marker at the genus level.
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C-banding

C-banding has been reported only on
two species Calopteryx splendens® and
Calopteryx virgo?®® Both the species show
variation in distribution of C-
heterochromatin as Pereplov et al.®®
observed terminal C-bands on the autosomes
of Calopteryx splendens, while X
chromosome shows dark C-heterochromatin
throughout the length. However, Kuznetsova
et al.?® noticed wide C-heterochromatic
bands at the telomeres on four bivalents
including m bivalent, while all other
bivalents with tiny telomeric C- bands and
two distinct dark C-bands on X chromosome
at each ends in Calopteryx virgo.

During present study, C-banding has
been done on all the four species
(Neurobasis chinensis, Matrona nigripectus,
Vestalis apicalis and Vestalis gracilis).
Moreover, variation in C-banding pattern
of autosomal bivalents has been reported in
Neurobasis chinensis as Walia et al.*
observed presence of terminal C-bands on
8 autosomal bivalents including largest
bivalent, while remaining bivalents are C-
negative. Later, Walia and Katnoria®’
reported C-bands on terminal ends of all
the bivalents, while large bivalents possess
terminal as well as interstitial C-bands.
During present study, all the autosomal
bivalents including large bivalents are
showing terminal C-bands, while 2 large
bivalents also possess interstitial C-bands.
Moreover, X chromosome is C-positive in
all the earlier reports as well as during the
present study, which depicts that X




chromosome remains stable and does not
participate in the fusions occurred in the
species.

In Matrona nigripectus and Vestalis
apicalis and Vestalis gracilis, all the
autosomal bivalents except m bivalent
possess terminal C-bands, while m bivalent
possesses variation in C-band pattern as it
shows less amount of C-heterochromatin in
M. nigripectus and V. gracilis but it is C-
negative in V. apicalis. However, X
chromosome is C-positive for all the species.

In all the species, presence of terminal
C-bands on the bivalents has been observed
because centromeric activity is localized at
the terminal ends during the division in case
of holocentric chromosomes of order
Odonata. Moreover, amount of C-
heterochromatin varies species to species
and species of the same genus/different
genera.

Silver nitrate staining

Presently, silver nitrate staining has
been attempted on all the species except V.
gracilis. Earlier, only one species N.
chinensis has been studied by Gill” and
Walia et al.®°. They observed terminal NOR
bands on all the autosomal bivalents, while
X chromosome is lacking NOR’s. Present
results on the same species are in accordance
to the earlier reports as terminal NOR’s are
present on all the autosomal bivalents.
However, variation in localization of NOR’s
in the X chromosome has been observed as
it is completely NOR rich.

Similarly, NOR’s are mostly present
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at the terminal regions of autosomal
bivalents, while X chromosome is NOR rich
in M. nigripectus and V. apicalis. m bivalent
is NOR-negative in M. nigripectus, while it
is NOR rich in V. apicalis.

Sequence specific staining

So far, sequence specific staining has
not been reported on any species of family
Calopterygidae. During the present study,
all the species except Vestalis gracilis has
been studied to detect the presence of AT-
GC rich regions. In all the species, more
DAPI bright signals at the terminal regions
of autosomal bivalents are seen, while in N.
chinensis, two large autosomal bivalents also
possess overlapping bright DAPI and dull
CMA, regions at terminal and interstitial
points. X chromosome also possesses
overlapping DAPI/ CMA, signals. m
bivalent is DAPI bright and CMA, dull in
M. nigripectus, while it shows overlapping
DAPI and CMA, signals in V. apicalis.

Sequence specific staining
has been performed for the first time on all
the three species. DAPI bright signals
correspond to the AT regions, which also
correspond with C-banding, while CMA,
bright signals are GC rich regions which
relate with the NOR’s. The results of
sequence specific staining depict that
complement of the species is AT rich as
found in other insect orders.
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