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The Indian Oak Tasar silkworm, Antheraea proylei J.
is a beneficial insect with great economic importance
in India for its silk production. In this study, six pop-
ulations of Antheraea proylei and A. frithi Moore (as an
out group) were subjected to inter simple sequence
repeat (ISSR) marker analysis in order to assess its
genetic diversity. Fifteen ISSR primers produced 91
markers among different breeds of A. proylei and A.
Sfrithi of which 89 are polymorphic, generating 97.8%
polymorphism. The dendrogram constructed using
the Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) and cluster analysis made using Nei’s
genetic distance resulted in the formation of one major
group containing four sub-groups separating the
breeds. This result suggests that ISSR amplification is
potentially useful for molecular characterization of
oak tasar silkworm genotypes.
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Introduction

India is one of the major countries producing oak tasar
silk in the global context. Antheraea proylei Jolly which is
commonly known as the Indian Oak Tasar silkworm is a
semi-domesticated silkworm commercially exploited for
the production of silk. In India, A. frithi Moore is also con-
served in the germplasm bank along with some evolved
lines of A. proylei for utilization in the production of oak
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tasar silk. Oak tasar culture plays an important role in the
economic uplifting of the weaker section of the society
who are inhabiting in the oak belt of the sub-Himalayan
region of India extending to Manipur, Nagaland, Assam,
Mizoram, Meghalaya and Arunachal Pradesh in the
North-East and Jammu & Kashmir, Himachal Pradesh
and Uttarakhand in the North-West region of Himalaya.

Assessment of genetic variation among silkworm is use-
ful for predicting potential genetic gain in a breeding pro-
gram and setting up appropriate cross breeding strategies.
Traditionally, morphological and phenotypic characters
have been used for this purpose. In recent years, DNA-
based molecular markers such as random amplified poly-
morphic DNA (RAPD) (Nagaraja and Nagaraju, 1995),
amplified fragment length polymorphism (AFLP) (Lu et
al., 2001), restriction fragment length polymorphism
(RFLP) (Sethuraman et al., 2002), simple sequence repeats
(SSR) (Shen et al, 2004) and inter simple sequence
repeats (ISSR) (Chatterjee and Mohandas, 2003) have
been widely adopted in silkworm genetic diversity studies.
In general, these studies provided the positive information
to enhance the understanding of silkworm phylogeny.

ISSR (Inter simple sequence repeat) markers have been
extensively used for genetic analysis of plants and animals
(Bornet et al., 2002). The genetic variability analysis of
silkworm was made by the ISSR markers (Li ef al., 2007).
Further, the technique of ISSR amplification is sensitive
enough to differentiate closely related individuals (Zeitk-
iewicz et al., 1994).

Molecular characterization of 4. proylei has been car-
ried out by some workers like Arunkumar et al., 2006;
Chatterjee and Tanushree, 2004. However, there is no
much more information about its breeds. Hence,
attempts have been made to characterize 4. proylei and
its breeds using ISSR markers.
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Table 1. List of ISSR primers used and their polymorphism

No. of polymorphic Percentage of

S1. No. Primer no. Primer sequence (5'—3") No. of total bands bands polymorphism
1 807 AG AG AG AG AG AG AGAGT 5 5 100.0
2 811 GAG AG AG AG AG AG AGAC 7 7 100.0
3 812 GA GA GA GA GA GA GA GAA 5 5 100.0
4 822 TCTCTCTCTCTCTCTCA 4 4 100.0
5 826 ACACACACACACACACC 8 8 100.0
6 827 ACAC ACAC ACAC AC ACG 7 6 85.7
7 828 TGTGTGTGTGTGTGTGA 6 6 100.0
8 830 TGTGTGTGTGTGTGTGG 6 6 100.0
9 835 AGAGAGAGAGAGAGAGYC 6 6 100.0
10 840 GAGAGAGAGAGAGAGAYT 7 7 100.0
11 844 CTCTCTCTCTCTCT CTRC 8 7 87.5
12 861 ACC ACC ACC ACC ACC ACC 3 3 100.0
13 881 GGGTGGGGTGGGGTG 6 6 100.0
14 884 HBHAGAGAGAGAGAGAG 6 6 100.0
15 885 BHBGAGAGAGAGAGAGA 7 7 100.0

Total 91 89 97.8

Y=(A,GC,T); H=(A,C,T); B=(C,GT); R=(A,G)

Materials and Methods

Silkworm breeds

Moths of Antheraea proylei, its breeds namely PRP,,
PRP;, PRPs, PRP;,, RPP, and Blue were used for the
present study. Here, Antheraea frithi was used as an out
group. The moths were randomly collected from the ger-
mplasm bank of Regional Tasar Research Station, Imphal,
Manipur (India) for the study.

DNA extraction

Ten individual moths of each breed were collected and
wings were cut. The moths were grinded into fine powder
using liquid nitrogen and 10 mL of 2 PK lysis buffer (pH
8.0) was mixed with the powder and incubated at 37°C for
12 hrs after adding Proteinase-k (25 mg/mL). The stan-
dard procedure of phenol:chloroform:isoamyl alcohol
method (Suzuki et al., 1972) was followed and DNA was
precipitated in ice cold alcohol after adding 3 M sodium
acetate. DNA was dissolved in TE (Tris-EDTA) buffer
(pH 8.0), diluted and quantified to a concentration of 10
ng per micro litre against uncut A DNA (10 ng/uL).

PCR amplification of DNA with ISSR primers

A total of 24 ISSR primers synthesized from Eurofins
Genomics India Pvt. Ltd. were used for the study, of
which 15 primers showed high percentage of polymor-

phism (Table 1). PCR amplification was done in an MJ
Thermal Cycler PTC 200, using 10 pL reaction mixture
containing 30 ng DNA, 2 ul. 10xPCR buffer, 10 mM
dNTP, 25 mM MgCl,, 25 pmol primer and 1.0 U of Tag
DNA polymerase. The PCR schedule was 94°C for
2 min followed by 35 cycles of 94°C for 30 sec, 50°C for
30 sec, 72°C for 2 min and a final extension of 10 min at
70°C.

Electrophoresis

The PCR products were resolved by electrophoresis using
1.5% agarose gel in Tris-boric acid/EDTA buffer
(1xTBE). It was carried out with a constant voltage of
80 V for 2 h and stained with ethidium bromide (0.5 pg/
mL) and photographed using the gel documentation sys-
tem. DNA ladder of 1 kb was used as marker to estimate
the size of PCR amplified products.

ISSR data scoring and analysis

Binary scoring of the profiles was done visually on the
basis of presence (1) or absence (0) of bands. The genetic
variability in the population was analysed on the basis of
the banding pattern using parameters, such as percentage
polymorphism and genetic distance analysis (Nei, 1978).
The phylogenetic tree was constructed based on the
UPGMA cluster analysis of Nei’s genetic distance using
TFPGA 1.3 software (Miller 1997).
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Fig. 1. PCR profiles generated with ISSR primers (a) UBC
807, (b) UBC 826, (c) UBC 827 and (d) UBC 885 for 4.
proylei and its breeds and A. frithi.

Results and Discussion

Genetic variability revealed through ISSR markers
The 15 ISSR primers generated 91 bands of which 89 are
polymorphic showing 97.8% polymorphism. ISSR profile

generated with primers UBC 807, UBC 826, UBC 827,
UBC 885 are depicted in Fig. 1(a, b, ¢ and d respectively).
The total number of DNA fragments amplified and the
number of polymorphic bands with individual primers are
shown in Table 1. Percentage of polymorphism detected
with each primer was as high as 100% in 13 primers
(UBC-807, UBC-811, UBC-812, UBC-822, UBC-826,
UBC-828, UBC-830, UBC-835, UBC-840, UBC-861,
UBC-881, UBC-884 and UBC-885) to 85.7% detected by
UBC-827. The number of bands per primer ranged from 3
(UBC-861) to 8 (UBC-826 and UBC-844). All these poly-
morphic bands were used for hierarchical clustering and
analysis of genetic diversity following Nei’s statistics. The
number of amplification fragments generated per reaction
varies with the primer-template combination but are gen-
erally scored easily using agarose gel technology (1.5%).
High level of polymorphism was revealed by this study.

Cluster analysis
The genetic distance values based on the Nei’s genetic dis-
tance are presented in Table 2. The distance between the
breeds ranges from 0.2624 to 1.6205. The lowest distance
was observed in PRP, and 4. proylei with a value of
0.2624; whereas, the highest distance with a value of
1.6205 was observed in 4. proylei and out group member 4.
frithi. However, among the breeds, highest distance was
observed in 4. proylei and RPP, with a value of 0.6397.

The dendrogram generated by UPGMA with Nei’s
genetic distance matrices for all the breeds is presented in
Fig. 2. One major cluster was formed comprising of four
groups. Group I comprised of 4. proylei and PRP, at a
genetic distance of 0.2624. Group II consisted of two sub
groups, first sub group with PRP; and Blue at a genetic
distance of 0.2768, and second was PRP;s, an isolated sub
group. Group III consisted of PRP;, and RPP, at a genetic
distance of 0.3062; A. frrithi is in Group IV used as an out
group. The ISSR technique is fast, reliable, providing an
almost inexhaustible supply of genetic markers, and
requiring little template DNA. This study indicated that
ISSR-PCR methods are suitable to study intra- and inter-
specific variation in this group of insects. ISSR-PCR was
already known as a very effective method to understand
intra-specific and genetic structure of population (Fang et
al., 1997; Nagaraju et al., 2001; Zhou et al., 1999), to gen-
erate species-specific genomic fingerprints (Zietkiewicz
et al., 1994; Wu et al., 2005). It is reported that ISSR
markers can be effectively utilized to analyse phyloge-
netic relationship and heterozygosity in silkworm (Velu et
al., 2008).

The study reveals the phylogenetic relationship of A4.
proylei and its breeds. The genetic distances among the
breeds are also varied. Here, 4. proylei and PRP, may be
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Table 2. Nei’s genetic identity (below diagonal) and genetic distance (above diagonal)

Population  A. proylei PRP, PRP; PRP; PRP;, RPP, Blue A. frithi
A. proylei HordkE 0.2624 0.3212 0.3520 0.4165 0.6397 0.4504 1.6205
PRP, 0.7692 hokok ok 0.3677 0.3677 0.4000 0.5406 0.2768 1.2150
PRP; 0.7253 0.6923 oAk 0.3062 0.5035 0.6190 0.2768 1.2150
PRP; 0.7033 0.6923 0.7363 HoAdkx 0.4333 0.5035 0.4000 1.1436
PRP), 0.6593 0.6703 0.6044 0.6484 HoAdkE 0.3062 0.3365 0.8473
RPP, 0.5275 0.5824 0.5385 0.6044 0.7363 hokk ok 0.5406 0.7497
Blue 0.6374 0.7582 0.7582 0.6703 0.7143 0.5824 oAk 1.1436

A. frithi 0.1978 0.2967 0.2967 0.3187 0.4286 0.4725 0.3187 ok
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Fig. 2. Dendrogram illustrating phylogenetic relationship among
the different breeds (using A4. firithi as an out group) based on
the UPGMA cluster analysis of Nei’s genetic distance (1978).

closely related compared to A. proylei and RPP, which are
distantly related as per observed genetic distance. The 15
selected ISSR markers have generated very high degree of
polymorphism among the breeds. This study indicates that
ISSR markers are useful for molecular characterization of
oak tasar silkworm genotypes. Further, the findings made
in this study are of much importance for germplasm con-
servation as well as breeding of these economically
important silkworms.

Acknowledgements

The authors sincerely thank Dr. Geetha N. Murthy, Sci-
entist-C; S. Sasibhusan, JRF and Dr. C. G. P. Rao, Director
of Seri-Biotech Research Laboratory, Central Silk Board,
Kodathi, Bangalore for their assistance to carry out the
research work.

References

Arunkumar KP, Metta M, Nagaraju J (2006) Molecular phy-

logeny of silkmoths reveals the origin of domesticated silk-
moth, Bombyx mori from Chinese Bombyx mandarina and
paternal inheritance of Antheraea proylei mitochondrial
DNA. Mol Phylogenet Evol 40(2), 419-427.

Bornet B, Goraguer F, Joly G, Branchard M (2002) Genetic
diversity in European and Argentinean cultivated potatoes
(Solanum tuberosum) detected by inter simple sequence
repeats (ISSRs). Genome 45, 481-484.

Chatterjee SN, Mohandas TP, (2003) Identification of ISSR
markers associated with productivity traits in silkworm,
Bombyx mori L. Genome 46, 438-447.

Chatterjee SN, Tanushree T (2004) Molecular profiling of silk-
worm biodiversity in India. Genetika 40(12), 1618-1627.
Datta RK (1984) Improvement of silkworm races in India.

Sericologia 24, 393-415.

Fang DQ, Roose ML (1997) Identification of closely related
citrus cultivars with inter-simple sequence repeat markers.
Theoretical and Applied Genetics 95, 408-417.

Li MW, Hou CX, Miao XX, Xu AY, Huang YP (2007) Analyz-
ing genetic relationship in Bombyx mori using inter simple
sequence repeat amplification. J Econ Entomol 100, 202-
208.

Lu C, Zhao A, Zhou Z, Xiang Z, Wan C (2001) AFLP analysis
of Chinese mulberry wild silkworm (Bombyx mandarina)
and domestic silkworm (Bombyx mori). Can Ye Ke Xue 27,
243-252.

Miller MP (1997) TFPGA Version 1.3. A Windows program
for the analysis of allozyme and molecular population
genetic data. Department of Biological Science, Northern
Arizona University.

Nagaraja GM, Nagaraju J (1995) Genome fingerprinting in
silkworm, Bombyx mori, using random arbitrary primers.
Electrophoresis 16, 1633-1638.

Nagaraju J, Reddy KD, Nagaraja GM, Sethuraman BN (2001)
Comparison of multilocus RFLPs and PCR based marker
systems for genetic analysis of the silkworm, Bombyx mori.
Heredity 86, 588-597.

Nei M (1978) Estimation of average heterozygosity and
genetic distance from a small number of individuals. Genet-
ics 89, 583-590.

Sethuraman BN, Mohandas TP, Chatterjee SN (2002) DNA



Genetic diversity among Indian oak tasar silkworm, Antheraea proylei 61

fingerprinting with homologous multilocus probes and
search for DNA markers associated with yield attributes in
silkworm, Bombyx mori. Eur J] Entomol 99, 267-276.

Shen L, Li M, Li M, Miao X, Lu C, Huang Y (2004) Develop-
ment and genetic diversity analysis of microsatellite markers
in silkworm, Bombyx mori L. Can Ye Ke Xue 30, 230-236.

Suzuki Y, Gage I, Brown DD (1972) The genes for silk fibroin
in Bombyx mori. ] Mol Biol 70, 637-649.

Velu D, Ponnuvel KM, Muthulakshmi M, Sinha RK, Qadri
SMH (2008) Analysis of genetic relationship in mutant silk-
worm strains of Bombyx mori using inter simple sequence
repeat (ISSR) markers. J Genet Genomics 35, 291-297.

Wu YQ, Taliaferro CM, Bai GH, Anderson MP (2005) Genetic
diversity of Cynodon transvaalensis burtt-davy and its relat-
edness to hexaploid C. dactylon (L.) Pers. as indicated by
AFLP markers, Crop Sci. 45, 848-853.

Zeitkiewicz E, Rafalski A, Labuda D (1994) Genomic finger-
printing by simple sequence repeat (SSR)-anchored poly-
merase chain reaction amplification. Genomics 20, 176-183.

Zhou Z, Miwa M and Hogetsu T (1999). Analysis of genetic
structure of a Suillus grevilli population in a Larix kaempferi
stand by polymorphism of inter-simple sequence repeat
(ISSR). New Phytologist 144, 55-63.



