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SUMMARY Karyotypic studies on two species of aphids, Toxoptera aurantii (Boyer de

Fonscolombe) and Myzus persicae (Sulzer) infesting rose plants from Himachal Pradesh were

carried out. Both these species infesting rose plants from Himachal Pradesh are observed for

the first time. The diploid chromosome numbers in these species were found to be 2n =8 and 2n

= 12 respectively. The chromosomes were holocentric. Total complement length as well as
relative lengths of chromosomes were calculated. Idiograms of both the species showed a

gradual decrease in the size of chromosome pairs.
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INTRODUCTION

Atpresent, chromosome numbers of 1039 species of
aphids belonging to 14 families are known, which
comprise about 24% of the total number of aphid
species (Gavrilov-Zimin et al. 2015). About 250
aphid species are considered serious pests of crops
and cause great losses of yield (Remaudiére &
Remaudiére 1997).

Aphids have complex life cycles involving
thelytokous parthenogenesis, polyphenism,
viviparity, telescoping of generations and host
alternation. Interest in aphid cytogenetics is mostly
due to the holocentric nature of chromosomes
(Wrensch etal. 1994). Chromosomal polymorphism
occurs in aphids as a result of fusion or fission of
chromosomes which leads to evolution of new
biotypes (Blackman 1980, Gautam etal. 1993).

Rose is one of the most beautiful ornamental
flowers. It is attacked by numerous pests; amongst

them, aphids are considered as a major pest. It is
infested by 55 aphid species (Blackman & Eastop
2000), of which 39 are previously recognized from
India (Raychaudhuri 1983, Chakrabarti & Sarkar
2001). Since rose aphids are of particular import-
ance because of the damage caused and not much
work has been done on chromosomes of rose aphids
from Himachal Pradesh. Hence, the present
investigation was undertaken to study the chromo-
somes of two species of aphids from this region.

Genus Toxoptera belongs to tribe Aphidini of
family Aphididae and includes 4 or 5 species
resembling Aphis. Genus Myzus belongs to tribe
Macrosiphini of family Aphididae and includes
about 55 species. The primary hosts of this
heteroecious species are Prunus spp., but the
secondary hosts belonged to many different
families. The present paper deals with the
karyotypes of T aurantii (Boyer de Fonscolombe)
and M. persicae (Sulzer).



KAMLESH KUMARI ET AL.:

MATERIALS AND METHODS

For chromosomal studies, aphids were collected
from leaf and flower buds, underside of young
leaves and along green stems of rose plants from
different localities of Himachal Pradesh (30°to 33°N
latitude and 75° to 79°E longitude). Aphids of
T. aurantii were collected from Alampur, Kangra
(altitude 1254 m above sea level) and M. persicae
were collected from Pragpur, Kangra (altitude 650
m above sea level). The infested plant parts were put
in small polythene bags and brought to laboratory
for cytological studies.

The embryos were taken out by puncturing the
posterior end of the abdomen of an adult partheno-
genectic female aphid. Then, embryos were
pretreated in 0.7% sodium citrate solution for 30
min. The pretreated embryos were fixed in 1:3
acetic-ethanol solution for about 15—20 min at room
temperature. After fixation, embryos were squashed
on a glass slide in a drop of 45% acetic acid for 3—5
min and stained with 2% Giemsa for about 25—30
min followed by mounting in DPX. The slides were
then thoroughly scanned under research binocular
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microscope and photomicrographs were taken.
Well spread metaphase plates were selected for
chromosome measurements. Actual lengths of
chromosomes were measured using ocular micro-
meter. From actual lengths, the total complement
length (TCL) was calculated for each species. From
actual length data, the relative lengths of chromo-
somes were calculated. Chromosome pairs were
then arranged in decreasing order of their lengths to
prepare the karyotype of each species.

OBSERVATIONS

In the present study, chromosomes of two species of
aphids namely, T’ aurantii and M. persicae infesting
cultivated Rosa spp. have been studied.

T. aurantii

This species has diploid chromosome number of 8
(Figs 1, 2). The length of chromosomes ranged from
1.41 um to 2.81 um. TCL was 16.94 um. The
relative length of chromosomes ranged from 8.40 to
16.69. The somatic complement consists of 4 pairs
of holocentric chromosomes showing a gradual
decrease in their lengths (Fig. 3).
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Figs 1-6: Karyotypes of aphids. 1-3. 7. aurantii 1. Somatic chromosomes 2. Karyotype. 3. Idiogram. 4-6. M. persicae

4. Somatic chromosomes. 5. Karyotype. 6. Idiogram.
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M. persicae

This species has diploid chromosome number of 12
(Figs 4, 5). The length of chromosomes ranged from
1.47 pm to 3.83 um. TCL was 31.77 um. The
relative length of chromosomes ranged from 4.59 to
12.10. The somatic complement includes 6 pairs of
holocentric chromosomes which show a gradual
decrease in their lengths (Fig. 6).

DISCUSSION

T. aurantii commonly known as black citrus aphid is
polyphagous in nature. The diploid chromosome
number of 2n = 8 reported here has been recorded
by various workers from different host plants
(Blackman 1980, Gautam & Dhatwalia 2003,
Karetal. 1990, Kar & Khuda-Bukhsh 1991, Pagliai
1961, Samkaria et al. 2010). The infestation of
T’ aurantii from rose plant was observed for the first
time from Himachal Pradesh.

M. persicae commonly known as green peach
aphid is extremely polyphagous in nature. The
diploid chromosome number of 2n = 12 reported in
the present study for M. persicae is in conformity
with the earlier reports for this species by other
workers (Chen & Zhang 1985, Dutta & Gautam
1993, Jangral et al. 2014, Sun & Robinson 1966,
Wilson et al. 2002, ). The infestation of M. persicae
from rose plant was observed for the first time from
Himachal Pradesh.
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SUMMARY Investigation on identification of stable onion hybrids was worked out following
Eberhart and Russell’s model on 24 hybrids and 3 checks. Only hybrid, RH5 was stable for
yield and maturity whereas RH2, RH6, RH10 and RH17 showed stability for yield but not for
maturity as against stable commercial check, Virat. Hybrid, RH9 was found suitable for
favorable environments while, RH12 and RH13 were good for poor environments (Rainfed)
for yield. Neither white nor yellow hybrids withstood the test of stability. Molecular analysis

confirmed the hybridity of RHS5.

Keywords: Onion, Allium cepa, stability, hybrids, yield, maturity, molecular analysis.

INTRODUCTION

Onion (A/lium cepa L.) is one of the important
export earning vegetable crops of India having a
lot of demand by playing major role in earning
foreign exchange and also good demand
internally due to high consumption rate. Its
cultivation is extensive during kharif, late kharif
and rabi in parts of Maharashtra, Gujarat,
Karnataka and Andhra Pradesh (Khar et al. 2007).
Onion area under world is around 42 lakh hectares
with the production of 7, 98, 00,000 t and produc-
tivity of 19.70 t/ha as against India having 12 lakh
hectares with the production of 2, 18, 52,000 t and
productivity of 14.21 t/ha. Karnataka is having an
area of 1.4 lakh hectares with the production of 16,
80,000 t and productivity of 12 t/ha (Anonymous
2019), which is far below the productivity of
advanced countries (4550 t/ha); the reason being
the use of open pollinated varieties. Many private
and public sector organizations are involved in
development of onion varieties in India but there

is limited work on development of commercially
viable hybrids in onion. The advantage of hybrid
breeding in onion is uniformity in bulb shape,
earliness and high yield. In this context there is a
need of locally available cytoplasmic male sterile
(CMS) lines and maintainer lines with suitable
restorers to produce the hybrids. Such hybrids
should be commercially viable only if they are
stable in yield and quality at varied production
areas (Madalageri et al. 1998). Keeping this in
view, the project was started in 2016 at [ and B
Seeds Private Limited, Bengaluru on red, white
and yellow onions. The previous work on onion
research at 1 and B Seeds, Bengaluru that
developed male sterile lines and their maintainers
on red, yellow and white onions which enabled to
produce hybrid seeds with the use of diverse
restorer lines as reported by Pujara et al. (2017).
The present paper deals with statistical analysis
concerning the yield and maturity of 24 hybrids
and 3 checks maintained in I & B Farm,
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Bengaluru and molecular analysis of hybrid,
RHS.

MATERIALSAND METHODS

Fortyfive d old seedlings of 24 onion hybrids with
3 checks were collected from nursery of I & B
Farm, Bengaluru, transplanted on raised bed in
Bengaluru and Ranebennuru while on flat beds in
Devihosur (Haveri district). The experi-mental
sites were geographically and agroclima-tically
diverse wherein Bengaluru is situated at 920 m
from MSL with 12.97 ° N altitude, 77.56° E
longitude with 880 mm rainfall on red soils as
against Ranebennuru and Devihosur of Haveri
district with 630 m MSL, 14.47°N latitude, 75.23°
E longitude having annual rainfall of 700 mm on
black soils. The trails were conducted in rainy,
winter and summer seasons during 2020-2021
with 2 replications in randomized block design
(RBD). The data were collected on various
parameters. The ANOVA for each character was
analyzed using standard statistical method while,
stability was calculated for only yield and
maturity following Eberhart & Russell’s (1966)
model. The data on yield was collected from 10
middle bulbs and averaged to calculate yield/bulb
while, maturity was calculated at 50% of the
population had neckfall.

Test of hybridity was done through molecular
analysis using appropriate molecular markers.
Leaf samples of parents and a hybrid (RHS) were
collected from I & B Farm at 40 d after sowing.
Plant genomic DNA was extracted using silica
method (Jion-Feng et al. 2010). Hybrid and
parents were screened using simple sequence
repeats (SSR) marker ACMS?2 for differentiating
male, female and hybrid DNA banding pattern.

26

Polymerase chain reaction (PCR) was performed
in 10 pl reaction mixture containing 25 ng
template DNA, 1 pl 10X Taq polymerase buffer,
0.05 pl of forward and reverse primer (0.5 pM),
0.1 pl of NTPs (0.25 mM) each and 0.15 pl (0.5
U) of Taq polymerase enzyme. PCR conditions
were set according to the published literature. The
PCR amplified fragments of varying sizes were
separated using agarose gel electrophoresis and
visualized with the help of Gel Doc after ethidium
bromide staining. For marker ACMS82 4%
agarose gel was used to get clear separation.

OBSERVATIONS

24 hybrids and 3 checks of onion have been
subjected to stability analysis for yield and
maturity. Higher mean performance for yield
(127.8 g /bulb) over general mean (111.4 g/bulb)
with bi:1.09 and S°d of hybrid RH5 is an
indicative of its most stable performance
followed by other hybrids, RH2, RH6, RH10,
RH17 and Virat (Table 1). There is only one
hybrid i.e., RH9 which was found suitable for
favourable environments and 2 hybrids, RH12
and RH13 for poor environments. If we consider
their contribution towards yield increase over
Virat only 3 hybrids viz., RH5, RH9 and RH13
gave more than 10% increase in yield (13.00%,
11.89% and 10.61% respectively) and hence, can
be considered superior over commercial check
(Virat). None of the white or yellow hybrids
fulfilled the conditions of stability parameters
and thus was of no concern for consideration.
Incidentally, these 3 hybrids, RH5, RH9 and
RH13 had considerable positive heterosis
(26.50%, 47.70% and 17.00% respectively) with
high specific combining ability (sca) effects of

J. CYTOL. GENET. VOL. 22 (NS) 1 & 2 (2021)
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TABLE 1: Stability analysis of onion hybrids for yield.

Mean performance of hybrids for yield/bulb (g)

SL. . KB KR WB SB sy  Mean , Increase
No. Db om0 2020 2020 2021 2021 OV bi S%d over Virat
seasons (%)
1 RHI 1358 67.5 1305 1810 905 1211 100 3608 7.1
2 RH2 151.0 81.1 1050 1753 876 1200 097 274 6.1
3 RH3 1455 538 860 1833 9l6 1120 122 1317 0.9
4 RH4 1608 60.0 1035 1798 8.9 1188 119 34.9 5.0
5 RHS5 1630 765 1215 1853 926 1278  1.09 533 130
6 RH6 133.8 743 1355 1825 913 1235 095 84.2 9.2
7 RHS 1088 655 955  157.0 785 1011 081  -57.8  -106
8 RH9 187.8 573 1210 1778 889 1265 128 724 119
9 RHI0 140.0 763 1020 1743 871 1159 096 2718 25
10 RHII 1085 477 1035 1645 83 1013 097 215  -104
1 RHI2 1468 798 1210 1725 83 1213 092  -360.5 7.2
12 RHI3 150.5 933 1405 160.8 804 1251 073 -410.01 106
13 RHI4 1305 698 1210 15038 754 1095 079 3292 32
14 RHI7 1403 738 870 1883 941 1167 109  -449 32
15 WHI 1203 53.0 9%.0 1575 788 10L1 095  -363  -106
16 WH3 1593 748 710 16238 814 1098 102 3649 29
17 WH4 1493 773 645 1513 756 1036 090 2847 -84
18 WHS 1190 468 925 1560 78.0 985 099  -177.1  -12.9
19 WH7 1510 350 805  146.5 733 973 116 377 -140
20 WHS 106.5 303 855  146.0 73.0 883 100  -688  -22.0
21 YHI 1190 518 885 1745 873 1042 107 47 79
2 YH2 13 518 LS 1770 885 1080 102 2156 45
23 YH3 1375 69.0 915 1483 741 1041 085  -1952 8.0
24 YH4 1150 534 845  166.0 830 1004 100  -892  -112
25 Virat 1275 613 1235 1688 844 1131 095 495  0.00
26 Marshal 1998 4.1 1020 1565 783 1157 134 1038.1 23
27  Dhawal 1888 507 980 1845 923 1228 141 3810 8.6
Mean 1410 620 1023 1677 839 1114  1.02 220

KB, Kharif Bengaluru. KR, kharif Ranebennur. WB, Winter Bengaluru. SB, Summer Bengaluru. SH, Summer Haveri.
RH, Red Hybrid. WH, White Hybrid. YH, Yellow Hybrid.
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TABLE 2: Stability analysis of onion hybrids for maturity.

Mean performance in d

Mean Earliness
131, Hybrid 2020 2020 2%};1 28(')211 ver b s*d °Ve(%irat
1 RH1 89.0 79.5 88.5 83.5 85.1 0.53 0.2 -5.9
2 RH2 94.5 83.5 102.0 83.5 90.9 1.12 3.1 0.4
3 RH3 93.0 82.0 101.0 81.0 89.3 1.17 -1.1 -14
4 RH4 94.0 75.0 86.5 81.5 84.3 0.78 33.6 -6.9
5 RH5 92.0 78.5 96.5 83.5 87.6 1.01 -3.8 -3.2
6 RH6 84.5 76.0 92.0 81.5 83.5 0.79 2.5 -1.7
7 RHS8 94.5 83.5 101.0 84.0 90.8 1.06 -4.3 0.3
8 RH9 94.5 80.0 94.0 81.5 87.5 0.94 1.6 -33
9 RHI10 92.5 83.5 89.5 81.0 86.6 0.56 8.5 -4.3
10 RH11 83.5 76.0 85.5 81.5 81.6 0.46 1.2 -9.8
11 RHI12 98.5 82.0 97.5 81.5 89.9 1.11 7.7 -0.7
12 RHI13 93.0 83.5 101.0 81.5 89.8 1.10 1.3 -0.8
13 RH14 88.0 82.0 99.5 81.5 87.8 0.98 8.7 -3.0
14 RH17 96.0 82.0 93.5 85.0 89.1 0.77 5.6 -1.5
15 WHI1 100.5 85.0 107.0 81.5 93.5 1.48 5.5 33
16 WH3 95.0 85.0 107.0 86.5 93.4 1.22 4.0 3.2
17 WH4 94.0 85.0 107.0 87.0 93.3 1.18 8.0 3.0
18 WHS5 95.0 83.5 105.0 86.0 92.4 1.20 -1.5 2.1
19 WH7 95.0 82.0 101.0 85.5 90.9 1.09 -5.5 0.4
20 WHS 100.5 85.0 103.5 84.5 93.4 1.23 -1.0 32
21 YHI 80.5 77.0 93.5 87.0 84.5 0.58 442 -6.6
22 YH2 87.5 77.0 89.5 81.5 83.9 0.70 -2.0 -7.3
23 YH3 94.0 77.0 102.0 84.5 89.4 1.34 -1.2 -1.2
24 YH4 94.0 77.0 102.0 83.5 89.1 1.37 -35 -1.5
25 Virat 96.5 83.5 95.5 86.5 90.5 0.77 1.3 0.0
26 Marshal 98.0 83.5 101.0 81.5 91.0 1.21 2.1 0.6
27 Dhawal 98.0 78.5 105.0 83.5 91.3 1.54 -6.9 0.8
Mean 93.2 81.0 98.0 83.4 88.9 1.01 3.8

KB, Kharif Bengaluru. WB, Winter Bengaluru. SB, Summer Bengaluru. SH, Summer Haveri. RH, Red Hybrid. WH, White
Hybrid. YH, Yellow Hybrid.
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Hybrid Female (190bp) Male (180bp)

Fig.1: Molecular data indicating hybridity of onion hybrid RH5 at SSR marker ACM82

Fig.2: Bulbs of hybrid onion RHS.
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MADALAGERI ET AL.:

20.30, 45.00 and 7.80 respectively thereby the
hybrids are worth considering (unpublished
data).

With regard to maturity, RH11 was earliest of
about 82 d as against 89 d of general mean with bi
of 0.46 adapting to poor environments (Table 2).
However, RH5 was found to be the most stable
hybrid that took 87.6 d for maturity as against
Virat (90.5 d). Regression coefficient (bi) value of
RHS5 was 1.01, variance due to deviation from the
regression (S’d) was —3.8. Five hybrids, RHI,
RH6, RH9, RH11 and YH2 were found to be
adapted to poor environments for maturity.
Remaining 18 hybrids did not fulfill the stability
model.

The molecular data for the stable hybrid, RH5
indicated double bands as against its 2 parents
with single band at SSR marker, ACM82 (Fig.1).

DISCUSSION

Sustainability of crop yield over varying culti-
vation practices and changing climate is very
important. The stability of yield and quality of
variety or hybrid is appreciated in this context
(Madalageri et al. 1998, Mohanty & Prusti 2001,
Singh et al. 1995). Onion being cultivated in
various states of India with varying soils, season
and climatic zones with different open pollinated
varieties; the productivity and quality of the
marketable produce is very poor seeking for good
hybrids that can suit to a wide range of cultivation
with high yield and quality; and also reduces the
problem of seed production of many varieties to
be maintained at each level of purity as being a
highly out crossing crop. The earlier attempts to
popularize onion hybrids in India were not

30

successful because of the introduced parentages
(long day types) from other countries that did not
suit to our climate. The present attempt used the
material developed using landraces of our
country and developed hybrids that were tested in
diverse conditions and came out with the hybrids
that are found suitable in their performance. Thus
hybrid, RH5 was stable for its yield and early
maturity as compared to variety, Virat (Fig.2).
The hybrid vigour or hybridity of RHS was confir-
med by marker analysis and its superiority by
about 13% increase in yield and 3% earliness is
hoped to catch the attention of onion farmers. Yet
there are hybrids like RH9 and RH13 that can do
well inirrigated, better maintained conditions and
rainfed, low input farming respectively which
need to be considered wherever necessary.
Similar opinion was expressed by Khar et al.
(2007), Sidhu et al. (1998), Singh et al. (1984) and
Varalakshmi & Reddy (1998).

From the results of the present study it can be
concluded that, RH5 was the most stable hybrid
for obtaining higher yield and early maturity at
any environments/locations and may help the
onion growing farmers of the country and state.
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SUMMARY The present study concerns karyomorphology and meiotic analysis in Neuro-

themis fulvia and meiosis in N. tullia. In N. fulvia, the diploid chromosome number was 25

with a pair of m chromosomes. The chromosomes were holocentric. The chromosome length

ranges from 0.45 pm to 2.91 um and the total of the diploid complement was 45.89 um. The

actual length and relative length of X chromosome were 1.12 pm and 2.42 pm respectively. In

both species, the haploid chromosome number was 13.

Keywords: Chromosomes, Neurothemis, holocentric, total complement length, karyotype.

INTRODUCTION

Approximately 7000 species of odonates lie
around the world over (Kalkman et al.2008).
Libellulidae is the richest and most widely
distributed family in the suborder Anisoptera.
This family represented by 1035 species under
144 genera from all over the world and about 91
species under 40 genera from India (Subramanian
& Babu, 2017). Cytogenitically, this family is
well studied as compared to other families with
data available for approximately 270 species
(Walia et al. 2011). The modal chromosome
number of the family is 2n =25 including a pair of
m chromosomes which is found in about 90% of
the species. The chromosomes are holocentric
and most frequent sex determination system is
XX/XO type. Cytogenetic studies of this family
were done earlier by various workers (Asana &
Makino 1935, Dasgupta 1957, Kiauta 1975,
Sandhu & Walia 1994, Thomas & Prasad 1981,
1986, Walia 2008, Walia & Sandhu 2002).
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A peculiar feature observed in dragonflies is
the presence of minute m chromosomes. These
are the smallest chromosomes among autosomes
formed as a result of fragmentation and diminu-
tion of chromosomes and are present nearly in
about 80% of the species.

Babu (2014) documented 125 species of
odonates from Himachal Pradesh. So far, no
detailed information is available on the chromo-
somes of these odonates. Due to lack of data on
the chromosomes of Neurothemis fulvia and
N. tullia from Himachal Pradesh, it was consi-
dered desirable to study the chromosomes of
these species.

MATERIALSAND METHODS

For chromosomal preparations, live male speci-
mens of N. fulvia and N. tullia were collected
from Sirmaur (30.4453°N latitude and 77.6021°E
longitude and altitude 389 m above sea level)) and
Kangra (32.2817°N latitude and 75.8512°E
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longitude and altitude 489 m above sea level)
districts of Himachal Pradesh during months of
June-September. Identification of individuals was
done on the basis of keys provided by Fraser
(1936). Germinal tissue was dissected out in
normal saline solution after anaesthetizing the
individuals with chloroform and pretreated with
0.7% sodium citrate solution for 30 min at room
temperature. The material was fixed in 1:3 acetic
acid-ethanol solution for 25-30 min and
squashed in 45% acetic acid by gentle tapping and
pressing the slides with cover slips in between the
folds of blotting paper. Cover slips were
dislodged off from the slides with a sudden jerk.
The slides and cover slips were air dried for 2 or 3
dinadust free chamber.

After drying, staining was done in 2% Giemsa
for 20 min. The slides were then mounted in DPX
and observed under binocular research micro-
scope. Well spread chromosome complements
were selected for photomicrography and chromo-
somal measure-ments. Lengths of chromosomes
were measured using ocular micrometer and total
complement length was calculated. The relative
lengths (percentages of total complement length)
were calculated and idiogram was constructed
based on relative lengths. Karyotype was pre-
pared from photomicrographic print.

OBSERVATIONS

In the present study, chromosomes of two species
of dragonflies have been studied.

N. fulvia

It is a medium-sized reddish brown dragonfly
having reddish brown wings with an irregular,
triangular, transparent area at the tip. The diploid
chromosome number was found to be 25 with a
pair of m chromosomes (Fig. 1). The mean actual
length of chromosomes ranged from 0.45 pm +
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0.04 S.E. to 2.91 pm + 0.08 S.E. and the total
complement length was 45.89 um =+ 0.90 S.E.
The mean relative length of chromosomes ranged
from 0.97 £ 0.08 S.E. to 6.33 + 0.13 S.E. The
mean actual length and the mean relative length of
X chromosome were 1.12 pm £+ 0.06 S.E. and
2.42+0.09 S.E. Karyotype and idiogram showed
gradual decrease in chromosome lengths with m
chromosome pair as the smallest element of the
complement (Figs 2, 3).

For meiotic studies, chromosomes were
observed at spermatogonial metaphase and
different meiotic stages i.e., pachytene, diakin-
esis, metaphase I, prophase Il and metaphase I1.
During pachytene, the chromosomes appeared as
network of entangled threads (Fig. 4). At
diakinesis, 13 elements were visible which
include m bivalent and univalent X chromosome.
Bivalents were cross shaped having single
interstitial chiasma (Fig. 5). As diakinesis
advanced chiasma localized to terminal position
(Fig. 6). At metaphase I, chromosomes showed
extreme condensation (Fig. 7). At prophase II,
chromosomes attained characteristic e-shape
(Fig. 8). At metaphase II, 13 elements were
observed with X and m chromosome at the
peripheral position and m chromosome was
lightly stained (Fig. 9).

N. tullia

It is a black dragonfly with a pale yellow, mid-
dorsal carina of thorax. Wings are hyaline for
apical half and black for basal half, which is
bordered by a milky white patches towards the
tips. Chromosomes were observed at pachytene
and diakinesis. The haploid chromosome number
in this species was found to be 13 including m
bivalent.

During pachytene, the chromosomes appeared
as distinct threads showing cross with each other
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Figs 1-11: 1—9. N. fulvia.1-3. Karyotype. 1. Spermatogonial metaphase (2n=25m). 2. Karyotype. 3. Idiogram. 4-9. Meiosis. 4.
Pachytene. 5. Early diakinesis. 6. Diakinesis. 7. Metaphase 1. 8. Prophase II. 9. Metaphase II. 10,11. N. tullia. 10.
Pachytene. 11. Diakinesis (n=13m). (m, m chromosome, X, X chromosome)
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at certain places (Fig. 10). At diakinesis, 13
elements were visible out of which 12 were
bivalents and a single univalent X chromosome.
Bivalents showed rectangular shape due to the
presence of single chiasma in each while X
chromosome was round in shape. The m bivalent
was the smallest autosomal bivalent (Fig. 11).

DISCUSSION

In the two species of Neurothemis studied here,
the diploid chromosome number was 2n =25 with
a pair of m chromosomes. Earlier, 4 species
namely, N. fulvia, N. intermedia, N. terminata and
N. tullia of this genus had been described
cytogenetically from different localities by
various workers (Kiauta 1969, 1974, 1975,
Kiauta & Kiauta 1980, Kiauta & Kiauta 1983).
No data were available on the chromosomes of N.
fulvia from India yet. However, present
investigation revealed 2n =25m in V. fulvia with
XO sex determination system which was in
agreement with the reports of Kiauta (1974, 1975)
who collected samples from Nepal. During the
present investigation, other species studied was
N. tullia, which also showed n= 13m with XO sex
determination system, which suggested diploid
chromosome number as 2n =25m. This chromo-
some number was in agreement with earlier
findings of Handa et al. (1984) and Sandhu &
Walia (1994). Earlier reports in N. tullia showed
high variations with respect to chromosome
number and sex determination system. Ray
Chaudhuri & Dasgupta (1949) and Tyagi (1978)
reported 2n = 28 with neo-XY sex determining
system. Thomas & Prasad (1986) reported 2n=27
with XO type sex determination system. This
increase or decrease in chromosome number
might be attributed to the fission or fusion of the
chromosomes, thereby exhibiting chromosome
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variation in different populations.
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