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Raily ecorace of Indian tasar silkworm is wild in

nature and distributed abundantly in dense deciduous

forest on Shorea robusta (Sal) in Bastar (17o4’ and

20o34’ N, 80o15’ and 82o15’ E and altitude ranging

from 150 to 1200 mMSL) forest ranges of Chhattis-

garh, India. It is represented by about 20 populations.

Out of those, eleven populations showed intra- as well

as inter- population variability based on phenotypic

expression and also in major economic traits viz.

cocoon weight, shell weight, filament length and

denier. Genetic diversity in these eleven populations

was studied using Inter-Simple Sequence Repeat

(ISSR) markers. The band profiles generated with

eight ISSR primers have depicted variation in band

size. All the primers exhibited polymorphism which is

an indicative of the genetic variation in individual

Raily silkworm. Among the populations, total poly-

morphism recorded was 76%. The population genetic

aspects assessed through POPGENE software package

are discussed in the paper. Nei’s gene diversity (h)

ranged from 0.194 to 0.337 exhibiting high heterozy-

gosity. Relevance of the present study is of high sig-

nificance in formulating conservation strategies and

sustainable utilization of the economically important

Raily ecorace of Antheraea mylitta.
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Introduction

Indian tasar silkworm Antheraea mylitta Drury is repre-

sented by 44 ecoraces found over a varied geographical

regions of India. Raily is a unique wild ecorace which

inhabits in dense deciduous Shorea robusta (Sal) forest in

Bastar range (17o4’ and 20o34’ N, 80o15’ and 82o15’ E

and altitude ranging from 150 to 1200 mMSL) of Chhat-

tisgarh state. Mass collection of nature grown cocoons by

the inhabitants of the region has become a big restrain

without giving any heed for natural breeding for self-per-

petuation. This has resulted in the decline of the ecorace.

Hence, appropriate conservation measure is the need of

the hour to check the declining trend of populations. Ear-

lier, exploratory surveys have been conducted in six forest

divisions of Bastar (Chhattisgarh) comprised of 42 forest

ranges. Availability of 20 populations/ natural variants of

Raily ecorace was reported. Assessment of genetic diver-

sity is most essential to know the conservation status of

populations. Molecular markers provide new tools for

ecological and genetic studies of evolutionary processes

(Cruzan, 1998). In recent years molecular markers such as

microsatellites, Inter-Simple Sequence Repeats (ISSR)

and Random Amplified Polymorphic DNA (RAPD),

Amplified Fragments Length Polymorphism (AFLP) etc.

are the most preferred marker systems as they provide

more detailed genetic information due to either the

increased variability of loci or the greater numbers of loci

available (Ashley and Dow, 1994; Zietkiewicz et al.,

1994).

Earlier efforts were made to characterize the ecoraces of

tropical tasar silkworm based on morphological and

physio-genetic characters (Sengupta et al. 1993; Singh

and Srivastava, 1997; Srivastava et al, 2000, 2001, 2002,

2003 and Suryanarayana and Srivastava, 2005), neverthe-

less, characterisation based on these traits was found dif-
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ficult due to environmental interaction on phenotypic

traits. Scanty reports are available on molecular charac-

teristion of tasar silkworm (Kar et al., 2005, Vijayan et al.,

2004, Mohandas et al., 2004). Therefore, an attempt has

been made to study the genetic diversity in eleven pop-

ulations of Raily ecorace using ISSR (Inter-Simple

Sequence Repeat) tool. 

Materials and Methods

The nature grown wild cocoons of Raily ecorace were

collected from eleven ecopockets of Bastar forest division

and their quantitative traits viz. cocoon weight, shell

weight, filament length and denier were recorded (Table

1). Genomic DNA was extracted from individual pupa

and ISSR analysis was carried out by following the pro-

cedure of Kar et al. (2005). Eight Inter-Simple Sequence

Repeat (ISSR) primers from University of British Colum-

bia (ISSR Kit # 9) were used for amplification of genomic

DNA. They are UBC-807, UBC-808, UBC-809, UBC-

811, UBC-812, UBC-823, UBC-834 and UBC-842. The

PCR products were resolved on 1.5% agarose gel in Tris-

Boric Acid- EDTA buffer and electrophoresis was carried

out with a constant voltage of 60 V. Gels were stained

with ethidium bromide (0.5 mg/ml) and photographed

with the gel documentation system. 

Statistical analyses

The bands were scored as present (1) or absent (0). The

genetic parameters within and among the population was

calculated using in POPGENE version 1.32 (Yeh and

Boyle, 1998). The parameters include the number of

observed alleles (Na), number of effective alleles (Ne),

Nei’s gene diversity (h), Shanon’s information index (I),

total genetic diversity (Ht) or expected heterozygosity,

sample genetic diversity (Hs) or average heterozygosity

(direct count), gene flow (Nm) and gene differentiation

(Gst). The genetic distance among the populations was

also estimated by pair-wise comparison of the silkworm

using Nei’s method. A dendrogram was generated from

the above matrix using unweighted pair group method

with arithmetical averages (UPGMA; Sneath and Sokal,

1973) similar to PHYLIP 3.5c software program (Felsen-

stein, 1993). 

Results and Discussion

The distribution of eleven populations selected for the

study is presented in Fig 1. The geographical range of

Table 1. Quantitative cocoon traits (Mean ±SD) of eleven pop-

ulations of Raily ecorace

Sl.no.
Popula-

tions

Cocoon

weight (g)

Shell

weight (g)

Filament

length (m)
Denier

1. Antagarh
15.44 ± 

0.78

2.96 ± 

0.24

1259 ± 

118

10.24 ± 

1.21

2. Keshkal
12.34 ±  

0.57

2.44 ± 

0.19

1239 ± 

108

9.15 ± 

1.34

3. Narainpur
12.79 ± 

0.62

2.55 ± 

0.08

1249 ± 

121

10.36 ± 

0.47

4. Kondagaon
13.23 ±  

0.78

2.53 ± 

0.25

1147 ± 

131

10.36 ± 

0.89

5. Bastar,
12.96 ± 

0.65

2.53 ± 

0.21

1012 ± 

124

10.47 ± 

0.95

6. Tokapal
14.02 ± 

0.98

3.08 ± 

0.14

1247 ± 

175

12.11 ± 

0.32

7. Nangur
13.63 ± 

0.93

2.74 ± 

0.17

1321 ±

85

11.32 ± 

0.78

8. Darbha
14.99 ± 

1.54

2.77 ± 

0.12

1288 ± 

122

11.32 ± 

0.84

9. Dantewara
14.94 ± 

1.11

2.86 ± 

0.26

1225 ± 

118

11.58 ± 

0.78

10. Tongpal,
13.79 ± 

1.14

3.31 ± 

0.32

1178 ± 

149

11.45 ± 

0.47

11. Konta
11.30 ± 

1.12

2.41 ± 

0.25

985 ±

124

10.22 ± 

0.85

CD at 5% 1.18 0.22 104 0.89

Fig. 1. Distribution of eleven Raily populations of tasar silk-

worm studied, 1. Antagarh, 2. Keshkal, 3. Narainpur, 4.

Kondagaon, 5. Bastar, 6. Tokapal, 7. Nangur, 8. Darbha, 9.

Dantewara, 10. Tongpal, 11. Konta. 
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their distribution extends from 17o48’09’’N (Konta) to

20o5’43’’N (Antagarh) and 81o09’44’’E (Antagarh) to

81o23’34’’E (Konta). A wide range of variation was

recorded in cocoon quantitative traits (Table 1). The

cocoon weight was highest in Antagarh (15.44±0.78 g)

and lowest in Konta (11.30±1.12 g). Similarly, the shell

weight and filament length was recorded highest in Tong-

pal (3.31±0.32 g) and Nangur (1321±85 m), respec-

tively. These two traits were lowest in Konta populations

with 2.41±0.25 g and 985±124 m, respectively. The

highest denier value was 12.11±0.32 (Tokapal) and low-

est was 9.15±1.34 (Keshkal). 

The population genetic parameters calculated through

the ISSR markers of eleven populations are presented in

Table 2. The observed (Na) and effective (Ne) number of

alleles, Nei’s gene diversity (h) and Shanon’s information

index (I) was recorded highest for the Antagarh popula-

tions with the values of 1.754±0.194, 1.522±0.171,

0.295±0.087 and 0.433±0.122, respectively. The mini-

mum value for Na (1.557±0.224) was recorded at four

places viz. Kondagaon, Darbha, Nangur and Konta. The

lowest values for Ne (1.324±0.160) and h (0.194±0.087)

were for the Kondagaon population. Konta population

recorded the lowest value for Shanon’s information index

(0.292±0.126). When all the populations were considered

as a whole, i.e. Raily ecorace, the values for Na, Ne, h and

I were 1.918±0.124, 1.577±0.144, 0.337±0.067 and 0.502

±0.088 respectively. The overall heterozygosity (Ht),

sample heterozygosity (Hs), gene diversity (Gst), gene

flow (Nm) values were 0.337±0.022, 0.231±0.012, 0.314

and 1.091 respectively. The percentage of polymorphic

loci was 76.12. The genetic distance (Nei, 1978) was

recorded to be maximum (0.2306) between Antagarh and

Konta and minimum (0.0511) between Nangur and Bastar

populations (Table not shown). 

The eleven Raily populations were also grouped

through UPGMA method. They were clustered into two

main groups and one isolate. The Konta population was

separated as an isolate. The first cluster comprised of two

sub-clusters. Tokapal and Dantewara occupied the first

and Kondagaon, Darbha and Tongpal the second sub-clus-

ter. In the other major cluster, five populations occupied

their position. Antagarh was separated as an isolate, while

Fig. 2. Dendrogram (UPGMA) of eleven Raily populations,

based on Nei’s genetic distance.

Table 2. Observed (Na) and effective (Ne) number of alleles,

Nei’s gene diversity (h) and Shanon’s information index (I) in

eleven populations of Raily (Mean±SD)

Sl. no. Populations Na Ne h I

1. Antagarh
1.754 ± 

0.194

1.522 ± 

0.171

0.295 ±  

0.087

0.433 ± 

0.122

2. Keshkal
1.623 ±  

0.219

1.427 ± 

0.181

0.241 ± 

0.094

0.354 ± 

0.133

3. Narainpur
1.574 ± 

0.223

1.412 ± 

0.187

0.229 ± 

0.097

0.334 ± 

0.137

4. Kondagaon
1.557 ± 

0.224

1.324 ± 

0.160

0.194 ± 

0.087

0.292 ± 

0.126

5. Bastar,
1.656 ± 

0.214

1.392 ± 

0.164

0.232 ± 

0.087

0.348 ± 

0.124

6. Tokapal
1.705 ± 

0.206

1.411 ± 

0.162

0.245 ± 

0.085

0.369 ± 

0.119

7. Nangur
1.557 ± 

0.224

1.361 ± 

0.173

0.208 ± 

0.092

0.309 ± 

0.132

8. Darbha
1.557 ± 

0.224

1.384 ± 

0.184

0.216 ± 

0.096

0.316 ± 

0.136

9. Dantewara
1.623 ± 

0.219

1.388 ± 

0.171

0.225 ± 

0.090

0.336 ± 

0.128

10. Tongpal,
1.655 ± 

0.214

1.430 ± 

0.182

0.243 ± 

0.093

0.359 ± 

0.130

11. Konta
1.557 ± 

0.224

1.379 ± 

0.184

0.213 ± 

0.095

0.313 ± 

0.135

Overall
1.918 ± 

0.124

1.577 ± 

0.144

0.337 ± 

0.067

0.502 ± 

0.088

Table 3. Population genetic parameters of eleven populations

of Raily ecorace

Parameters Values

Total heterozygosity : Ht 0.337 ± 0.022 

Sample heterozygosity : Hs 0.231 ± 0.012

Gene diversity : Gst 0.314

Gene Flow : Nm 1.091

Percentage of polymorphic loci : 76.12
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Narainpur and Keshkal came in first sub-cluster; Nangur

and Bastar came together in second sub-cluster. 

From the above observations, it is clear that along with

the variation in quantitative traits, there is also substantial

variation at DNA level as demonstrated through the ISSR

markers. A few centuries back the populations had con-

tinuous distribution in the forest stretch of Dantakaranya

of Chhattisgarh, India (Rao, 2001). Due to human habi-

tation, mining, agriculture practice and other anthropo-

genic reasons the continuous forest was fragmented into

different patches. This ecorace is at a crucial juncture on

conservation viewpoint. So far as the gene flow is con-

sidered, the overall value is just above 1.00. According to

Slatkin (1987), the gene flow above 1.00 is the indication

of mating between the adjacent populations. When the

Na, Ne, h and I values are considered all the values were

highest for Antagarh populations, where the intra-popu-

lation variability is high indicating the proper structuring

of populations, the heterozygosity is maintained at opti-

mum. On the other hand, as many as four populations had

lowest allele frequency, which need proper attention for

conservation. Konta population exhibited an interesting

feature, not only the heterozygosity, gene diversity and

Shanon’s information index, but also it was separated in

the dendrogram. The location is bordering Andhra, where

another ecorace of tasar silkworm i.e. Andhra is available.

The distinctness in dendrogram may be indicative of the

fact that there must be some inter-racial hybridisation with

Andhra, which need in depth study, because such type of

natural hybrids offer many prospects for exploitation at

farmers’ level. This population attracts more care for in

situ conservation.

According to Wright (1978) and Hartl and Clark (1997)

a Gst between 0.00~0.05 indicates little genetic differen-

tiation, 0.05~0.15 indicates moderate genetic differentia-

tion and any thing between 0.15 to 0.25 suggests greater

genetic differentiation. In this study the overall Gst was

0.314 which suggests high genetic differentiation among

the populations of Raily ecorace. Hence, if adequate con-

servation steps are not taken, there is every chance of local

extinction. 

Earlier Chatterjee et al. (2004) made the study on five

populations of Raily with ISSR and analysed the data with

Discriminant Function Analysis (DFA). The clustering of

the populations made in them is also in well agreement

with the present study, although the data sets were anal-

ysed using two different statistical methods. Previous

studies on Lepidopterans, particularly the butterflies have

documented their increased sensitivity to habitat fragmen-

tation in terms of both levels of biodiversity and inbreed-

ing depression (Saccheri et al., 1998; Zschokke et al.,

2000; Nieminen et al., 2001). A study by Schmitt and

Seitz (2002) on the butterfly Polyommatus coridon,

detected a tendency of genetic erosion in smaller popu-

lations and found that gene flow was much higher in

regions with high habitat densities than in areas with very

fragmented habitats. Another butterfly study, using

molecular markers, found that larger populations support

significantly higher levels of genetic diversity than do

small populations (Harper et al., 2003). Hence, it is a high

time to conserve the populations of Raily ecorace with

appropriate scientific conservation plan. This study is just

an attempt to evaluate the population genetics in a smaller

scale with one molecular tool. Co-dominant markers like

microsatellites may also be employed to assess the genetic

status of Raily ecorace on conservation viewpoint.
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