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The nature of genetic variation and diversity among
the 65 multivoltine silkworm genotypes was evaluated
for 16 post cocoon characters. The components of
genetic variation revealed higher PCV (60.487%) and
GCYV (44.56%) for evenness (variation 1) followed by
cohesion (PCV=55.38%, GCV=40.36%) and non-bro-
ken filament length (PCV=32.05%, GCV=31.28%).
The higher heritability (h* in broad sense) was observed
for boil-off loss (95.6%) followed by non-broken fila-
ment length (95.22%). The both genotypic and pheno-
typic correlation indicated significant positive correlation
of filament length with non-broken filament length, silk
recovery, raw silk, neatness, and low neatness; and neg-
ative correlation with denier, renditta and silk waste.
The principal component analysis (PCA) revealed
75.381% of total variance from the five principal com-
ponents extracted. On the basis of Mahalonobis’ D?
values (Ward’s minimum variance), the sixty-five mul-
tivoltine silkworm genotypes were classified in to 9
clusters with substantial inter and intra cluster dis-
tances. Number of genotypes included in different
clusters varied from 3 to 17. The results indicated that
the optimum distance obtained in cluster VII (15.059)
along with higher cluster mean values especially for
filament length, non broken filament length, renditta,
silk recovery, silk waste, and raw silk emphasized the
utilization of these genotypes in the conventional silk-
worm breeding programme for improvement of mul-
tivoltine silk fibre quality. The possibility of exploiting
genetic variation in post cocoon traits for efficient
breeding programme is discussed.
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Introduction

Silk is referred to as the ‘Queen of textiles fibres’ over the
years for its elegant textile quality. The main object of the
Indian silk industry is to produce raw silk for the prep-
aration of fabrics. Generally, the structural characteristics
and the size of the cocoon filaments are notable charac-
teristics in post cocoon technology since they determine
the final nature of the silk (Akai, 1998). India, the second
largest producer of silk, only next to China is also the sec-
ond largest importer and consumer of silk only next to
USA. The present production of raw silk in India is about
16,500 MT against an estimated internal demand of 26000
MT. The production formed only 67.50% of the avail-
ability and the gap is met by imports. About 95% of the
silk produced in the country comes from either cross
breeds of multi x bi or pure multivoltine cocoons (Obitsu,
1994). At present the Central Sericultural Germplasm
Resources Centre (CSGRC), Hosur, Tamil Nadu, India
conserves 71 multivoltine silkworm germplasm with wide
genetic diversity comprising 61 indigenous and 10 exotic
collections of various potential resources, which could
provide the raw materials for improving the silk produc-
tivity and fibre quality (Kumaresan ef al., 2005). The rec-
ognition of biodiversity in different races and lines of
silkworm (Bombyx mori L.) is very useful for breeding
programmes and production of high efficiency hybrids
(Etebari ef al., 2005). The genetic analysis of growth and
reproductive traits of silkworm races has been carried out
by a number of researchers (Krishnaswami et al., 1964; Sen
et al., 1976; Rahman et al., 1978; Rahman et al., 1984;
Murakami et al., 1989; Govinda ef al., 1990, Saleh et al.,
1990; Mukherjee et al., 1999; Kumaresan et al., 2000,
2002, 2003). But such a kind of reports is scanty in case of
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post cocoon characteristics of silk filament and fibre quality
of silkworm genetic resources. Hence, the present investi-
gation has been carried out to evaluate the nature of genetic
variation present in the 16 essential post cocoon character-
istics of 65 multivoltine silkworm genotypes.

Materials and Methods

Sixty-five multivoltine silkworm (B.mori L.) genotypes (10
geographical races and 55 evolved breeds) were used for the
present study. Three replications with 300 larvae retained
after third moult out were considered for the study. The stan-
dard rearing techniques recommended were followed
(Krishnaswamy, 1978; Kumaresan et al., 2004). Sixteen
post cocoon characters of economic importance was used
for the present study viz., Filament length (m) (FL), Non-
broken filament length (m) (NBF), Denier (d) (DEN),
Reelability (%) (REEL), Renditta (Kg) (REND), Silk recov-
ery (%) (S_REC), Silk waste (%) (WASTE), Raw silk (%)
(R_SILK), Neatness (points) (NEAT), Boil-off loss (%)
(BOIL), Cleanness (%) (CLEAN), Evenness (variation 1)
(EVEN_V1), Tenacity (g/d) (TENA), Elongation (%)
(ELONG), Cohesion (# strokes) (COHE) and Low neatness
(points) (I NEAT). The silk reeling and quality parameters
were evaluated as per the standard procedures of mulberry
silk reeling technology (Anonymous, 1972).

To ascertain the genetic diversity through Mahalonobis’

distance (D?); and to estimate the genetic parameters such as
genotypic coefficient of variation (GCV%), phenotypic coef-
ficient of variation (PCV%), heritability (h” in broad sense),
genetic advancement (GA%), correlation coefficient (geno-
typical and phenotypical) among the traits and principal com-
ponent analysis (PCA), the computer packages developed by
Indostat Service Pvt. Ltd., Hyderabad, India were used.

Results and Discussion

The mean performance of the genotypes for silk reeling
and quality traits is presented in Table 1. The data were
evaluated by variance analysis (ANOVA) and correlation
coefficients between tested traits and characteristics were
calculated. The results revealed highly significant varia-
tion (P<0.001) among the genotypes for all the traits
studied (Table 2). Quantitative characters are cause to
vary by a combination of underlying genetic variation and
by the environment. In a population, if variability largely
is of genetic nature with least environmental effect, the
probability of isolating superior genotype is high (Petkov
and Yolov, 1980). The existence of genetic variability in
economic characters is obviously a resource for breeding
(Frankel and Brown, 1983; Frey et al., 1983; Dalton,
1987). The components of genetic variation such as vari-
ances of environment, genotype and phenotype together
with their coefficient of variation, heritability (h® in broad

Table 2. Variability in post cocoon traits of multivoltine silkworm genotypes

S1.No. Parameter Mean  Minimum Maximum SD SE CcV ANOVA
(F-value)

1 Filament length (m) 436.29 253.30 684.00 106.49 13.31 2441  28.10%**
2 Non-broken filament length (m) 307.01 138.50 578.00 97.22 12.15 31.67  40.84***
3 Denier (d) 2.25 1.13 2.91 0.42 0.05 18.77  20.01***
4 Reelability (%) 69.54 40.25 86.50 11.13 1.39 16.00  20.39%*#*
5 Renditta (Kg) 12.60 7.86 19.43 2.68 0.33 2123  39.49%**
6 Silk recovery (%) 56.21 34.28 77.27 10.74 1.34 19.11  14.94***
7 Silk waste (%) 29.44 11.93 61.85 10.59 1.32 3599  20.87%**
8 Raw silk (%) 8.27 5.12 12.72 1.65 0.21 19.98  32.49%**
9 Neatness (points) 76.75 26.00 93.00 12.32 1.54 16.06 2.96%**
10 Boil-off loss (%) 21.68 15.50 29.40 2.75 0.34 12.68  44.42%**
11 Cleanness % 79.85 36.00 98.50 15.47 1.93 19.38 3.78%**
12 Evenness (V1) 41.77 10.00 120.00 21.15 2.64 50.63 3.37%**
13 Tenacity (g/d) 333 2.52 3.99 0.31 0.04 9.29 82T***
14 Elongation % 15.27 11.10 19.40 2.26 0.28 14.78 3.8 %%+
15 Cohesion (# strokes) 44.41 11.00 114.00 21.52 2.69 48.45 3.27H**
16 Low neatness (points) 69.35 20.00 91.50 14.37 1.80 20.72 3. 16%**

*#*Sionificance at P<0.001
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Table 3. Genetic variability and heritability (broad sense) in silk reeling and quality traits of multivoltine silkworm genotypes

0,
Parameter Variance Coefficient of Variance (%) h? (%) (selgftioﬁ gft:fl:?t; at)
Env. Geno. Pheno. Env.  Geno. Pheno. (bs.) 5% 1%
Filament length (m) 809.44 10969.76 11779.19  6.53 24.05 2492 93.13 47.81 61.27
Non-broken filament length (m) 462.84 9220.88 9683.73  7.01 31.28 32,05 9522 62.87 80.57
Denier 0.02 0.17 0.19 593 1829 1923  90.48 35.85 4594
Reelability (%) 12.15 117.81 129.96  5.01 15.61 1639  90.65 30.61 39.23
Renditta (Kg) 0.36 6.98 734 478 2096  21.50  95.06 42.10 53.96
Silk recovery (%) 15.45 107.68  123.13  6.99 1846 1974  87.45 35.56 45.57
Silk waste (%) 10.76 106.86  117.61 11.14 35.11  36.84 90.85 68.94 88.36
Raw silk (%) 0.17 2.65 282 496 19.67 2029 94.03 39.29 50.36
Neatness (points) 102.59 100.54  203.13 13.20 13.06  18.57 49.50 18.93 24.27
Boil-off loss (%) 0.34 7.38 772 2.69 12.54 1282  95.60 25.25 32.35
Cleanness (%) 126.68 176.06  302.74 14.09 16.62 2179 58.16 26.10 3345
Evenness (variation 1) 282.14  335.09 61723 40.89 44.56 6048 54.29 67.64 86.69
Tenacity (g/d) 0.02 0.08 0.11 457 8.71 9.84 78.43 15.89 20.37
Elongation (%) 2.68 3.76 6.43  10.71 12.69 1661 5841 19.98 25.61
Cohesion (# strokes) 283.61 32135 60496 37.92 4036 5538 53.12 60.59 77.66
Low neatness (points) 130.71 141.09  271.81 16.48 17.13 . 2377 5191 25.42 32.58

sense) and genetic advancement are presented in Table 3.
The Evenness (variation 1) showed higher PCV (60.487%)
and GCV (44.56%) followed by cohesion (PCV=155.38%,
GCV=40.36%), Silk waste % (PCV=36.84%, GCV=35.11%)
and non-broken filament length (PCV=32.05%, GCV=
31.28%), respectively. A fundamental quantity in quan-
titative genetics is heritability. This is a description of the
amount of total phenotypic variance in characters that is
genetic. The general heritability (h? in broad sense) esti-
mated among the post cocoon traits showed the range
from 49.50% in neatness to 95.60% in boil-off loss. The
higher heritability (>90%) was recorded in many traits
such as non-broken filament length (95.22%), renditta
(95.06%), raw silk % (94.03%), filament length (93.13%),
silk waste (90.85%), reelability (90.65%) and denier
(90.48%). The high heritability along with high genetic
advancement was observed for filament length, which
was corroborated with the earlier report (Islam er al.,
2003). The results indicated that the filament length could
be considered for measuring the phenotypic stability of
silkworm genotypes in the varying environments as it has
correlation with many traits of economic importance
(Kumaresan et al., 2005%). This suggests that selection
based on above characters will be highly effective for
improvement (Narasimharaju et al., 1990; Kumaresan et
al., 2000). The characters like neatness and low neatness
have showed less GCV %, PCV % and heritability under
study indicating that the environmental effect was more in
the expression of those traits.

Correlation coefficient was performed to determine the
inter relationship between traits. In silkworm most of the
correlation between different characters has been worked
out by selection experiments (Ooi et al., 1970). Genotypic
and phenotypic correlations co-efficient among the selected
characters are presented in Table 4. The result indicates in
general, the genotypic correlation among the characters to
be slightly higher than the phenotypic correlation. This
suggests the fact that in spite of strong inherent pheno-
typic association between various characters studied; the
environment may modify the full expression of the gen-
otypes. The both genotypic and phenotypic correlation
indicated significant positive correlation of filament
length with non-broken filament length, silk recovery, raw
silk, neatness, and low neatness; and negative correlation
with denier, renditta, silk waste and evenness (V1). The
raw silk has shown significant positive correlation with
filament length, non-broken filament length, denier, and
silk recovery; and negative correlation with renditta, silk
waste, evenness, tenacity and elongation. The denier has
shown almost negative correlation with many traits such
as filament length, non-broken filament length, reelability,
renditta, neatness, elongation and low neatness, but for
few traits, which showed significant positive correlation
viz., silk recovery, raw silk and cleanness. Increasing in
reelabity is attributed to the better swelling and softening
degree of sericin of all the filament layers and filament
cross over points in the cocoon shell. The silk quality trait
such as cleanness has showed positive correlation with
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denier only. The tenacity has shown positive correlation
with reelability, renditta, silk waste, evenness and elon-
gation. The boil-off loss has shown positive correlation
with neatness and negative correlation with tenacity indi-
cates importance of degumming process for production of
strong and quality raw silk. The renditta is negatively cor-
related with quantitative traits viz., filament length, non
broken filament length, denier, silk recovery, raw silk and
positively correlated with silk quality traits such as silk
waste, evenness, tenacity, and elongation indicates the
contributing factors for production of quality raw silk. The
positive correlation between these characters suggest the
scope of using one set of variables as selection markers to
control the expression of other correlated variables. The
results concur with the earlier observations (Kumaresan et
al., 2000). Uniformity characteristics of raw silk influence
significantly the performance of raw silk during prepara-
tory and weaving operations and appearance of the fabrics
(Warren, 1922). Uniformity of raw silk is determined by
the size deviation and evenness variation of raw silk.

These properties are influenced by reelability of cocoons,
reeling speed and denier (Narayanan, 1967; Lewin, 1983).
In general, the post cocoon characters are mostly influ-
enced by the abiotic factors such as high temperature and
high humidity during spinning, and reeling technology
adopted besides the racial characters (Naik and Somashekar,
2003). The filament length has significant negative cor-
relation with denier, which indicates that selection for fil-
ament length will change the filament size in the reverse
direction. This is in agreement with the earlier observation
(Lin et al., 1995).

The structure of genetic variation among the populations
based on all the 16 post cocoon traits was analyzed using
principal component analysis (PCA). In statistical practices,
the method of principal component analysis is used to find
the linear combinations with large variance (Kumaresan et
al., 2003%). The PCA was carried out considering all the 16
post cocoon parameters, the character which explained
eigen values (total variance) lower than 1.067 in the prin-
cipal component was rejected according to the criteria pro-

Table 5. Variance of principal components (PC) and the cumulative contribution to the total variance

Initial Eigen values

Extraction Sums of Squared Loadings

Components - - - -
Total % of Variance ~ Cumulative % Total % of Variance =~ Cumulative %
PCi 4.678 29.239 29.239 4.678 29.239 29.239
PC2 2.900 18.127 47.366 2.900 18.127 47.366
PC3 2.028 12.674 60.040 2.028 12.674 60.040
PC4 1.388 8.672 68.712 1.388 8.672 68.712
PC5 1.067 6.668 75.381 1.067 6.668 75.381
Table 6. Correlation coefficients between principal component (PC) and the set of traits
Components
S1.No. Characters
PC1 PC2 PC3 PC4 PC5
1 Filament length (m) 0.712 0.444 0.097 —0.106 —-0.121
2 Non-broken filament length (m) 0.544 0.636 0.369 —-0.099 0.005
3 Denier (d) 0.174 -0.703 0.090 0.492 0.173
4 Reelability (%) -0.005 0.511 0.579 —0.064 0.276
5 Renditta (Kg) —0.913 0.116 —0.125 —-0.161 —0.147
6 Silk recovery (%) 0.867 —-0.236 0.068 0.093 0.165
7 Silk waste (%) —0.826 —0.081 —-0.079 0.158 —-0.027
8 Raw silk (%) 0.920 —0.159 0.203 0.119 0.136
9 Neatness (points) 0.223 0.610 —0.635 0.261 0.084
10 Boil-off loss (%) 0.014 —0.041 —0.620 0.025 0.542
11 Cleanness (%) 0.113 —0.223 0.065 0.768 —0.295
12 Evenness (V1) —0.445 0.098 0.258 0.239 0.376
13 Tenacity (g/d) —0.429 0.479 0.425 0.395 —-0.036
14 Elongation (%) —0.458 0.471 0.237 0.262 0.342
15 Cohesion (# strokes) 0.128 0.390 —0.080 0.231 —0.479
16 Low neatness (points) 0.245 0.637 —0.608 0.231 0.028
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Table 7. Cluster information derived from Mahalnobis' Euclidean2 distance based on Ward's minimum variance

Cluster No.of Genotypes Name of the Genotypes
1 9 Pure Mysore, Sarupat, Moria, T. N. White, Nistari (M), A23, MY23, NK4, ZPN (SL).
1 17 P2D1, A25, MU, G, Nistari, Nistari (P), A14DY, MU11, MU520, Hosa Mysore, BL43,
PMS2, WAI-1, MHMP (Y), MY1 (SL), MU303, MU10.
111 9 Rong Dazao, PMX, GNP, Raj, P4D3, Oval, Nistid (W), DMR, LMO.
v 4 KW2, MHMP (W), PM(SL), Daizo.
A% 5 M2, Nistid (Y), PA12, AP12, Ade.
VI 9 Kolar Gold, Kollegal Jawan, CB5, 0S-616, B, M83 (c), LMP, Cambodg, WAI-4.
VII 4 MW13, APM-1, O, GNM.
VIIL 3 C. nichi, MY1, A13.
X 5 BL23, BL24, TW x SK6 x SK1, SK6 x SK1 x TW, Mysore Princess.

posed by Joliffe (1973). The first five principal components
representing 75.381% of the total variance was extracted
and presented in Tables 5 & 6. The highest positive cor-
relation coefficient value was obtained for raw silk %
(0.920) in PC1, low neatness (0.637) in PC2, reelability
(0.579) in PC3, cleanness (0.768) in PC4 and boil-off loss
(0.542) in PC5, respectively. Similarly, the highest inverse
(negative) relation was recorded for renditta (—0.913) in
PC1, denier (—0.703) in PC2, neatness (—0.635) in PC3, fil-
ament length (—0.106) in PC4 and cohesion (-0.479) in PC5.

Several attempts have been made to classify the germ-
plasm stocks by using Hierarchical agglomerative clus-
tering (UPGMA methods) for identification of genetically
diverged parents to develop higher heterotic combination
based on bio-chemical aspects, yield attributes and
cocoon size & weight variables (Jolly ef al., 1989; Chat-
terjee and Datta, 1992; Ramamohana Rao and Nakada,
1998; Kumaresan and Sinha, 2002). On the basis of Mah-
alonobis’ D* values (Ward’s minimum variance), the sixty-
five multivoltine silkworm genotypes were classified in to 9
clusters with substantial inter and intra cluster distances
(Table 7 and Fig. 1). Number of genotypes included in dif-
ferent clusters varied from 3 to 17. Maximum number of
genotypes (17) have included in cluster II, where except
Nistari all of them are evolved breeds; where the geno-
types BL43 and MHMP (YY) have showed strong filament
characters. The clusters I, IIT and VI included 9 genotypes
each, where, cluster I included 3 genotypes of geograph-
ical origin viz., Pure Mysore, Sarupat and Moria. The
cluster VI included 9 genotypes, where Kolar Gold and
Kollegal Jawan are considered for their fibroin quality
because it showed low level of boil-off loss and cohesion
in fibre quality. The cluster V included 5 genotypes,
where two genotypes PA12 and AP12 have showed thick
denier silk fibre. The cluster IX included 5 genotypes,
where the genotypes TW x SK6 x SK1 and SK6 x SK1xTW
have showed their strong fibre quality because it showed
higher tenacity, cohesion and elongation. Cluster VII

WARD'S MINIMUM VARIANCE DENDROGRAM
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Fig. 1. Dendrogram based on Ward’s minimum variance show-
ing the genetic divergence in 65 multivoltine silkworm genetic
resources for 16 post cocoon traits.
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Table 8. Inter and Intra cluster distances between clusters based on Ward's minimum variance
Cluster I I 111 v \Y% VI VII VHI IX
I 10.275 12.815 16.998 15.684 18.941 18.626 23.996 29.548 23.343
I 11.03 15.955 20.074 18.297 14.583 20.404 26.602 21.774
I11 15.759 19.965 20.45 18.837 23.491 23.929 22.589
v 12.111 19.827 26.786 30.646 32.748 26.127
v 11.568 22.696 22.422 26.766 21.768
VI 12.654 18.309 26.845 26.087
VII 15.059 26.544 27.365
VIII 15512 20.146
IX 13.454
Table 9. Mean values of each cluster for silk reeling and quality traits
Cluster 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
I 36634281.07 229 76.01 12.41 52.75 30.26 8.17 80.56 23.77 70.61 33.89 329 1630 45.67 7194
I 4442933094 227 72.19 1222 5434 32.03 825 7632 21.14 83.65 4941 3.54 16.32 45.03 6882
I 413.5724231 2.09 63.26 13.17 53.00 29.39 7.86 77.61 20.13 81.39 3556 324 13.30 47.61 70.78
IV 3824017352 240 5793 11.46 62.42 26.75 8.72 8275 2630 80.50 32.50 3.00 14.17 33.25 73.12
V. 516.64302.76 2.71 48.67 11.24 6572 26,79 9.13 79.10 25.04 87.80 22.00 2.83 12.70 30.70 71.40
VI 5273441947 2.02 77.76 11.18 62.58 21.28 9.08 81.00 18.97 81.00 34.44 3.29 1542 54.61 76.50
VII 5739244205 252 7438 8.59 73.34 14.82 11.67 67.75 19.96 70.50 3625 3.32 13.55 41.12 59.75
VIII 388.17257.00 1.63 65.03 18.76 38.08 33.77 532 65.83 19.60 62.50 43.33 3.47 15.83 38.17 59.67
IX 2832021936 240 7443 17.58 4582 47.83 5.68 68.70 22.92 88.20 76.00 3.65 17.66 45.00 59.50

Where, 1=Filament length (m), 2=Non-broken filament length (m), 3=Denier, 4=Reelability, 5=Renditta, 6=Silk recovery %, 7=Silk waste %,
8=Raw silk%, 9=Neatness %, 10=Boil-off loss, 11=Clearmess, 12=Evenness, 13=Tenacity, 14=FElongation, 15=Cohesion, 16=Low neatness.

included 4 genotypes; where MW13, APM-1 and GNM
have showed their good fibre quality, as they showed low
renditta, maximum silk recovery and maximum reelabil-
ity, filament length along with good evenness with less
variation. The cluster VIII included 3 genotypes, where
the genotype MY 1 has showed very fine denier. The clus-
ter IV included 4 genotypes, where the genotype Daizo
has showed high neatness indicates presence of high seri-
cin content in their cocoon shell. This result further
implies that when an initial choice of parents has to be
made to obtain heterosis it is important to ascertain the
level of parental divergence (Jolly et al., 1989).
Arunachalam et al. (1984) emphasized that there is an
optimum level of genetic divergence between parents to
obtain heterosis in [F; generation and it may not be logical
to advocate the use of extreme diverge parents to obtain
heterotic combination. The genetic distances for inter and
intra clusters is presented in Table 8. The intra cluster dis-
tance revealed that the genotype included in cluster III has
showed maximum genetic distance (15.759), which is
minimum in cluster T (10.275). The inter cluster distance
indicates the maximum genetic distance between cluster
IV and VIII (32.748), whereas the cluster between Il and 1
showed minimum distance (12.815). The mean perfor-

mance of each cluster for all the ten economic traits is pre-
sented in Table 9. The results indicated that the optimum
distance obtained in cluster VII (15.059) along with higher
cluster mean values especially for filament length, non
broken filament length, silk recovery, raw silk; and lower
mean values for renditta and silk waste of cocoon char-
acters emphasized the utilization of these genotypes in the
conventional silkworm breeding programmes for improve-
ment of silk fibre quality in multivoltine silkworm breeds.
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