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Figure 1. Bkm 2(8) hybridization pattern of DNA from (A) Pure Mysore, (B) Nistari, (C) NB4D2, and (D) NB18 silkworm varieties. Eight male and eight female moths of each
variety were fingerprinted in a single gel. Males and females are indicated in the photograph. Restriction enzymes used were HinfI (A, B, and D) and BstNI (C). Note that
individuals within a variety show more or less similar fingerprint profiles. Also note the absence of sex-specific hybridized bands. Each lane contains 8–10 mg of completely
digested DNA. Numbers on the left indicate DNA fragment size in kilobase pairs.
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Table 1. Similarity coefficients within various diapausing and nondiapausing varieties of Bombyx mori with respect to sex as well as restriction enzyme, sex,
restriction enzyme, and irrespective of sex and restriction enzyme (mean)

Sex and restriction enzyme

Varieties

BstNI

Male Female

HinfI

Male Female

Sex

Male Female

Restriction enzyme

BstNI HinfI Mean

HU204

KA
NB1

NB7

NB18

NB4D2

C. nichi
Gungnong
Moria
Nistari
Pure Mysore
Diazo
Sarupat

0.970 6 0.02
0.748 6 0.14
0.764 6 0.12
0.881 6 0.05
0.973 6 0.02
0.885 6 0.07
0.961 6 0.03
0.886 6 0.06
0.917 6 0.05
0.841 6 0.10
0.968 6 0.01
1.000 6 0.00
0.925 6 0.05

0.968 6 0.02
0.774 6 0.13
0.801 6 0.09
0.908 6 0.04
0.989 6 0.01
0.886 6 0.07
0.947 6 0.03
0.829 6 0.09
0.826 6 0.13
0.771 6 0.15
0.962 6 0.03
0.722 6 0.16
0.902 6 0.04

0.875 6 0.05
0.760 6 0.11
0.839 6 0.12
0.922 6 0.04
0.924 6 0.04
0.946 6 0.05
0.978 6 0.02
0.900 6 0.09
—
0.887 6 0.05
0.953 6 0.04
0.915 6 0.06
0.836 6 0.08

0.866 6 0.06
0.905 6 0.05
0.725 6 0.11
0.954 6 0.02
0.900 6 0.05
0.778 6 0.34
0.980 6 0.03
0.774 6 0.17
0.881 6 0.09
0.640 6 0.31
0.895 6 0.07
0.728 6 0.16
0.873 6 0.10

0.923 6 0.06
0.754 6 0.13
0.802 6 0.13
0.906 6 0.05
0.994 6 0.04
0.916 6 0.07
0.970 6 0.03
0.893 6 0.08
0.917 6 0.05
0.864 6 0.08
0.961 6 0.03
0.958 6 0.06
0.880 6 0.08

0.917 6 0.07
0.837 6 0.12
0.763 6 0.11
0.928 6 0.04
0.945 6 0.06
0.832 6 0.25
0.964 6 0.04
0.802 6 0.14
0.853 6 0.12
0.706 6 0.25
0.929 6 0.06
0.725 6 0.16
0.888 6 0.08

0.966 6 0.02
0.741 6 0.14
0.780 6 0.10
0.887 6 0.05
0.979 6 0.02
0.872 6 0.06
0.950 6 0.03
0.848 6 0.08
0.835 6 0.13
0.717 6 0.16
0.948 6 0.03
0.787 6 0.16
0.888 6 0.05

0.870 6 0.07
0.805 6 0.09
0.739 6 0.14
0.923 6 0.04
0.908 6 0.04
0.863 6 0.26
0.970 6 0.04
0.831 6 0.14
0.881 6 0.08
0.672 6 0.24
0.921 6 0.06
0.796 6 0.15
0.831 6 0.08

0.918 6 0.06
0.773 6 0.12
0.759 6 0.12
0.904 6 0.05
0.944 6 0.05
0.867 6 0.19
0.960 6 0.03
0.840 6 0.11
0.847 6 0.12
0.695 6 0.20
0.935 6 0.05
0.791 6 0.16
0.860 6 0.07

Figure 2. UPGMA phenogram showing relationships among various diapausing (D) and nondiapausing (ND) silkworm varieties. The phenogram is based on Bkm 2(8)
fingerprinting of pooled DNA samples. Scale shows probable degree of divergence. See text for details.

DNA Fingerprinting
For each gel lane, 8–10 mg of BstNI- or
HinfI-digested DNA was loaded. Digested
samples were electrophoresed in 30 cm
long, 5 mm thick, 0.8% agarose gels at 60
V for 16–18 h in TPE buffer (15 mM Tris-
HCl, 18 mM NaH2PO4, 0.5 mM EDTA, pH
7.8). Marker X (Boehringer Mannheim)
was used as molecular weight markers.
For analyzing similarity within a variety,
DNA of all the 16 individuals (8 males and
8 females), digested with either BstNI or
HinfI, were run in a single gel. Similarly,

pooled DNA samples digested with either
BstNI or HinfI were run in a single gel to
estimate among variety differences. Gel
fractionated DNA samples were trans-
ferred onto Hybond-N membrane (Amer-
sham, UK) using a vacuum blotting assem-
bly at 30 mm Hg (Olszewska and Jones
1988). The membranes were baked at 808C
for 2 h under vacuum. The blots were
prehybridized in 7% SDS, 0.5% sodium
phosphate buffer (pH 7.5) at 608C for 2–3
h, and then hybridized with 1–2 3 106

cpm/ml of Bkm probe in the same but

fresh buffer at 608C for 14–18 h. The Bkm-
2(8) DNA (Aggarwal et al. 1994; Lang et al.
1993; Singh 1995; Singh and Jones 1986;
Singh et al. 1980, 1984, 1988) containing a
545 bp sequence consisting mainly of
GATA repeats was used as a probe. Single-
stranded 32P-labeled probe was prepared
to a specific activity of 0.7–3.0 3 108 cpm/
mg (Hu and Messing 1982), using 32P-dATP
(specific activity 3000 Ci/mmol; Jonaki,
BARC, India). After hybridization, blots
were washed in 23 SSC (13 SSC is 0.15 M
NaCl, 0.015 sodium citrate, pH 7.2) con-
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taining 0.1% SDS for 15 min each, once at
room temperature and twice at 608C. The
membranes were then exposed to x-ray
films for 2–3 days.

Fingerprint Analysis
Autoradiographs were examined visually
to score the number of hybridized bands.
All bands showing similar molecular
weights were considered to be identical.
Each lane was scored for the presence or
absence of a particular fragment. For all
the DNA fingerprints analyzed, only distin-
guishable bands in the size range of 1.0–
23 kb were scored. The similarity index (S)
matrices were generated based on the
number of shared fragments between each
pair of fingerprints; S 5 2 NAB/(NA 1 NB)
where NAB is the number of bands shared
by both lanes A and B, respectively, and
NA and NB represented the total number of
bands present in lanes A and B (Nei and
Li 1979; Wetton et al. 1987). Mean and
standard deviations were calculated (Blan-
chetot and Gooding 1994) using all possi-
ble pairwise combinations, that is, irre-
spective of sex and restriction enzyme as
well as with respect to sex (male and fe-
male individuals), to restriction enzyme
(BstNI and HinfI) and both. Using finger-
print data of pooled DNA samples digest-
ed with BstNI and HinfI, the genetic relat-
edness among the 13 silkworm varieties
was estimated by calculating the differ-
ence value D in all possible pairwise com-
binations. The D between any two DNA fin-
gerprint profiles was calculated as the
number of bands that were different divid-
ed by the total number of fragments pre-
sent in the two varieties (Gilbert et al.
1990). The D values were used to con-
struct a phylogenetic tree using the
UPGMA (unweighted pair group method
with arithmetic means) option in the
‘‘neighbor’’ program (PHYLIP software, ver-
sion 3.41; Felsenstein J, University of Wash-
ington, Seattle). Separate dendrograms
were first constructed based on finger-
prints obtained with the two restriction
enzymes used, that is, Bst NI and HinfI. As
the two types of dendrograms were found
to be similar, the fingerprint data resulting
from the two enzymes were pooled togeth-
er to construct the final dendrogram. The
reliability of the dendrogram was also test-
ed using other options (neighbor-joining
and Fitsch–Margoliash) in the PHYLIP soft-
ware. The UPGMA dendrogram was rep-
resentative of all the dendrograms.

Results and Discussion

Genetic Variability Within Varieties
Genetic variability within silkworm varie-
ties was analyzed based on DNA finger-
prints using Bkm-2(8) derived probe on
BstNI- or HinfI-digested DNA from male and
female individuals of 13 silkworm varie-
ties. A few representative examples of
such profiles are shown in Figure 1A–D.
DNA fingerprints of 104 male and 104 fe-
male individual silkworms revealed the
hybridizable bands ranging from 1 to 23
kb. The DNA profile of individuals within
a given variety showed a more or less
identical pattern (Figure 1A–D, Table 1).
Comparisons of the fingerprints were
made irrespective of sex and restriction
enzyme as well as with respect to sex and
restriction enzyme (Table 1). No sex-spe-
cific DNA fingerprint pattern was ob-
served (Figure 1). The similarity coeffi-
cient within a given variety did not show
any variation with respect to sex or re-
striction enzyme (Table 1). In general, a
high degree of similarity in Bkm DNA hy-
bridization pattern of individuals within a
variety was observed. These results on
molecular similarity are highly valuable in
view of the fact that in silkworm, only hy-
brids are reared for commercial silk pro-
duction and high genetic similarity among
individuals of each of the parental varie-
ties involved in the hybrid is known to re-
sult in uniform, heterotic hybrids (Naga-
raju et al. 1996).

Relationship Between Varieties
DNA fingerprinting with pooled DNA sam-
ples was carried out to study the genetic
variation among the 13 silkworm varieties.
Based on data from DNA profiles generat-
ed by Bkm 2(8)-derived probe, we con-
structed a dendrogram (Figure 2) that re-
solved the 13 silkworm varieties into two
major clusters. These two clusters were
comprised of five nondiapausing varieties
and five diapausing varieties. The power
of DNA fingerprinting in estimating the ge-
netic relationship of populations in vari-
ous species has been well demonstrated
(Castagnone-Sereno et al. 1993; Meng et al.
1996; Nagaraja and Nagaraju 1995). The
silkworm varieties (Moria and Sarupat)
that shared the same geographical distri-
bution are in the same cluster. Similarly
the silkworm varieties (NB4D2 and NB18)
that are derived from the common pedi-
gree are grouped in the same cluster.
These studies clearly reveal the power of
DNA fingerprinting in grouping silkworm

varieties based on voltinism, geographical
distribution, and pedigree relationships.

The results presented here demonstrate
that DNA fingerprinting using multilocus
Bkm 2(8)-derived probe offers a reliable
and effective way of assessing genetic var-
iability within and between the popula-
tions. However, what remains to be dem-
onstrated is the association of such DNA
profile-based genetic distance and the de-
gree of heterosis and hybrid performance,
which would provide a reliable avenue for
crossbreeding programs in silkworm.
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