
89

ACTA ZOOLOGICA BULGARICA
Acta zool. bulg., Suppl. 4, 2012: 89-94

Introduction
Mulberry silkworm, Bombyx mori L. (Lepidoptera: 
Bombycidae), has long been used as a model system 
for basic research in microbiology, physiology, and 
genetics because of its economic importance in 
sericulture. Silkworm became a model organism 
after Drosophila because of its large size and the 
possibilities to keep a culture in laboratory condi-
tion. The well-developed genetic resources of this 
species include more than 4000 strains. There are 
more than 400 described mutants, which have been 
mapped to more than 200 loci in 28 linkage groups 
(Mita et al. 2004). These mutations and different 
strains help fundamental research. Assessment of 
heterozygosity in each silkworm race is important 
for efficient management and conservation of genetic 
resources (Graner et al. 2004). Application of isoen-

zymes and other molecular markers help estimate 
genetic diversity much more accurately than that of 
morphological traits. Information on these various 
markers and their application is important in under-
standing the molecular basis of differentiation be-
tween races and their phylogenetic relationships. 

The genetic variability among the silkworm 
strains reared in Bulgaria has been estimated mainly 
on the base of some qualitative and quantitative traits 
(total larval duration, cocoon shape, cocoon colour, 
weight of single cocoon, weight of single shell, shell 
ratio, fecundity, etc). Isoenzymic polymorphism has 
been slightly studied (Shabalina 1990, Stоykova et 
al. 2003, Staykova, Grekov 2006, Staykova 2006, 
Staykova 2008). It has not been made phylogeny 
reconstruction of the strains.
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The present study was carried to determine the 
degree of diversity and the existing relationships 
between ten strains belonging to the silkworm 
germplasm bank of Agricultural University of 
Plovdiv, using  isozyme markers.

Material and Methods
Silkworm strains and rearing
Twelve strains of silkworm (offsprings of 2010/11 
year) with different origin (Table 1) were obtained 
from Agricultural University in Plovdiv. All indi-
viduals were nourished at a standard regime of silk-
worm breeding. On the fifth day of the fifth instar, 
80-87 larvae were selected randomly from each 
strain (Table 3). 

Haemolymph and silk glands extraction and 
electrophoretic analysis 
The larval haemolymph was taken with a transactional 
cut through one of the prolegs. To avoid the activity 
of prophenol oxidase followed by melanization of 
haemolymph, a small amount phenylthiourea was 
added to the samples as well as 0.8 M tris-phosphate 
buffer at pH 6.7. The silk glands were isolated through 
dissection, rinsed with distilled water, squashed with 
quartz sand in 0.8 M tris−phosphate buffer at pH 6.7, 
left for extraction for 18 h at 4 °C and centrifuged 
for 45 min at 5000 rpm. The spectrum of malate de-
hydrogenase (MDH) (ЕС 1.1.1.37) and acid phos-
phatase (ACP) (ЕС 3.1.3.2) from hemolymph and the 
spectra of phosphoglucomutase (PGM) (ЕС 5.4.2.2) 
and aspartate aminotransferase (AST) (ЕС 2.6.1.1) 
from silk glands of larvae were studied by means of 
7.5% PAGE (Stoykova et al. 2003, Staykova et al. 
2004). 10µL of each sample was applied into the gel. 
Method of Shaw, Prasad (1970) was used to visual-
ize the malate dehydrogenase, methods of Spencer 
et al. (1964) and Schmidtke, Engel (1972) were 
used to visualize the phosphoglucomutase and the 
aspartate aminotransferase respectively. Acid phos-
phatase isoenzymes were visualized according to 
Staykova et al. (2010).

Statistical and clustering methodology
Allele frequencies, mean number of alleles per lo-
cus, proportion of polymorphic loci, observed (Ho) 
and expected (He) heterozygosity, deviation from 
the Hardy-Weinberg equilibrium, Nei’s genetic dis-
tance (D) (Nei 1972), and Wright’s fixation index, 

FST (Wright 1965) were calculated using BIOSYS-1 
(Swofford, Selander 1981). UPGMA dendro-
gram (Sneath, Sokal 1973) was constructed using 
PHYLIP software package (Felsenstein 1993).

Results and Discussion
Three of the studied enzyme systems – phosphoglu-
comutase, malate dehydrogenase and acid phos-
phatase manifested intra- and inter-strain polymor-
phism (Table 2). The aspartate aminotransferase was 
monomorphic in all strains tested.

PGM from B. mori silk glands is under mono-
gene control within polymorphism described 
(Staykova 2006, Staykova 2008). In the gene pool of 
the strains Gergana 1, Line 22 Pv, Ogosta 1, Mziuri 
1 Pv, Almaz and E 29, the Pgm A locus was pre-
sented with three alleles – Pgm A1, A2 and A3 (Table 
2). In Kinshu strain gene pool we found alleles Pgm 
A2 and A3. For eight out of ten strains, the highest 
frequency belonged to Pgm A2 allele, which was 
fixed in the gene pool of strains Asahi, Gergana 2 
and M-6. Staykova (2008) described polymorphism 
of Pgm locus in Asahi with tree alleles and the high-
est frequency of Pgm A2. The fixing of this allele in 
the gene pool of Asahi is probably resulting from the 
gene drift.

Kageyama et al. (1972) described two forms 
of MDH from silkworm eggs (sMDH and mMDH) 
with molecule weight 56kD. sMDH has been pre-
vailed over mMDH. Marcato et al. (1990) reported 
for lacking of polymorphism by Mdh locus and oth-
er enzyme loci in some Italian strains, which demon-
strated low level of the genetic diversity. Еgorova, 

Table 1. Tested strains of silkworm (Bombyx mori L.). 

Strains Origin

Asahi Japan

Kinshu Japan

Gergana 1 Bulgaria

Gergana 2 Bulgaria

Line 22 Pv Uzbekistan

Ogosta 1 Bulgaria

Mziuri 1 Pv Georgia

М-6 Azerbaijan

Almaz Azerbaijan

Е 29 Egypt
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Nasirillaev (1993) described polymorphism on 
MDH of hemolymph in some Russian strains. In six 
out of ten studied strains with different origin, kept 
in Bulgaria we established polymorphism by Mdh 
locus, too (Table 2). In the gene pool of strains Asahi, 
Kinshu and Line 22 Pv we detected tree alleles (Mdh 
A1, A2 и А3). In the gene pool of Ogosta 1 and Е 29 
we found Mdh A2 and А3 alleles and for Almaz – 
Mdh A1 and А2. Mdh А2 allele was the most common 
for all tested strains with polymorphism by Mdh lo-

cus. The same allele was fixed in the gene pool of 
Gergana 1, Gergana 2, Mziuri 1 Pv and M-6.

ACP is an important phosphatase which iso-
zyme profiles are highly complex and its heterogene-
ity arises from multiple genetic loci. It is involved as 
mediator in the energy transfer. Yoshitake, Akiyama 
(1964) and Eguchi et al. (1988) described five iso-
zyme forms of ACP from hemolymph (BPH – blood 
phosphatases) designated as A, B, C, D and 0, which 
were considered to be controlled by codominant 

Table 2. Allele frequencies in strains tested.

Locus
Strains

Asahi Kinshu Gergana
1

Gergana
2

Line22
Pv

Ogosta
1

Mziuri1
Pv M-6 Almaz E29

PgmA
A1 0.0 0.0 0.265 0.0 0.267 0.097 0.063 0.0 0.050 0.200
A2 1.0 0.306 0.500 1.0 0.467 0.236 0.547 1.0 0.600 0.550
A3 0.0 0.694 0.235 0.0 0.267 0.667 0.391 0.0 0.350 0.250

MdhA
A1 0.031 0.113 0.0 0.0 0.200 0.0 0.0 0.0 0.050 0.0
A2 0.859 0.855 1.0 1.0 0.683 0.972 1.0 1.0 0.950 0.950
A3 0.109 0.032 0.0 0.0 0.117 0.028 0.0 0.0 0.0 0.050

Bph A
A 0.219 0.306 0.529 0.550 0.0 0.0 0.625 1.0 1.0 0.600
B 0.047 0.387 0.471 0.450 1.0 1.0 0.375 0.0 0.0 0.400
C 0.641 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 0.094 0.306 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Ast A
A 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Table 3. Mean number of alleles per locus, proportion of polymorphic loci, observed 
(Ho) and expected heterozygosity (He).

Strains Mean sample 
size per locus

Mean no. of al-
leles per locus

Percent polymor-
phic loci (P=0.99) Ho He

Asahi 82.0±0.0 2.3±0.80 50.0 0. 102±0.062 0. 198±0.128
Kinshu 81.0±0.0 2.3 ±0.50 75.0 0. 266±0.130 0. 341±0.142
Gergana 1 84.0±0.0 1.8±0.50 50.0 0. 184±0.114 0. 285±0.167
Gergana 2 80.0±0.0 1.3±0.30 25.0 0. 108±0.108 0. 126±0.126
Line 22 Pv 87.0±0.0 2.0±0.60 50.0 0. 092±0.063 0. 285±0.168
Ogosta 1 86.0±0.0 1.8±0.50 50.0 0. 063±0.046 0. 138±0.120
Mziuri 1 Pv 82.0±0.0 1.8 ±0.50 50.0 0. 172±0.118 0. 257±0.149
М-6 80.0±0.0 1.0±0.00 0.0 0. 000±0.000 0. 000±0.000
Almaz 80.0±0.0 1.8±0.50 50.0 0. 125±0.095 0. 155±0.125
Е 29 80.0±0.0 2.0±0.40 75.0 0. 217±0.099 0. 297±0.147
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alleles Bph A, Bph B, Bph C, Bph D and Bph 0, 
respectively. The 0 type has been symbolized because 
it does not show any active band. Among the strains 
included in this study, we found the presence of four 
alleles in the gene pool of Asahi strain – BphA, B, 
C and 0 (Table 1). We established three alleles in 
Kinshu – Bph A, B and 0. In the gene pool of strains 
Gergana 1, Gergana 2, Mziuri 1 Pv and E 29, only 
Bph A and B alleles were presented. Bph A allele 
was fixed in Azerbaijan strains M-6 and Almaz, and 
Bph B allele was fixed in Line 22 Pv and Ogosta. We 
found that Bph A allele was the most common for 
Gergana 1, Gergana 2, Mziuri 1 Pv, and E 29 strains. 
Bph B and C alleles were with the highest frequency 
for Kinshu and Asahi, respectively.

Polymorphism by AST for some Russian strains 
of B. mori L. has been reported by Zhukova et al. (1974) 
and Minina (1979). However, this locus was monomor-
phic for the ten strains included in this study.

In ten silkworm strains analysed using four 
enzyme loci the number of alleles calculated with 
BIOSYS-1 software package ranged from 1.0 
(for M-6) to 2.3 (for Asahi and Kinshu) per locus 
(Table 3). The degree of polymorphism (according 
to the criterion 0.99) was highest for strains Kinshu 
and E 29 (75%), and lowest – for M-6 (0% – no 
polymorphic loci). The observed heterozygosity 
(Ho) varied from 0.000 (for M-6) to 0.266 (for 
Kinshu). With all analysed strains the expected 
heterozygosity (He) by polymorphic loci was higher 
than the observed one. There were significant devia-
tions of genotype frequencies from Hardy-Weinberg 
expectations for some of the strains. Chi-Square (df: 
1-6) tests showed that the deviations were gener-

ally in favour of homozygotes. The lower degree of 
observed heterozygosity and the higher degree of 
homozygotes proved the inbreeding effect.

The estimated mean FST value was 0.3472 
which shows that 34.72% of the overall genetic di-
versity observed was among strains, as opposed to 
65.28% within strains. A higher degree of inter-strain 
variability was reported on the acid phosphatase 
(0.4708), and a lower one – on the malate dehydro-
genase (0.1100).

The values of genetic distance (Nei 1972) were 
calculated using the allele frequencies and ranged 

Table 4. Nei’s (1972) genetic distance (above diagonal) based on isoenzymes.

Asahi Kinshu Gergana
1

Gergana
2

Line22
Pv

Ogosta
1

Mziuri1
Pv M-6 Almaz E29

Asahi ***** 0. 302   0. 198   0. 113   0. 362  0. 453   0. 192  0. 154   0. 226   0. 180
Kinshu ***** 0. 094   0. 198   0. 174   0. 096   0.069 0. 278   0. 163   0. 095
Gergana 1 ***** 0. 056   0. 133   0. 139   0. 015   0. 113   0. 083   0. 004
Gergana 2 ***** 0. 201   0. 269   0. 056   0. 053   0. 106   0. 045
Line22 Pv ***** 0. 057  0. 186   0. 457   0. 424   0. 161
Ogosta 1 ***** 0. 158   0. 521   0. 396   0. 169   
Mziuri1 Pv ***** 0. 086   0. 045   0. 007
M-6 ***** 0. 037   0. 082
Almaz ***** 0. 056
E29 *****

Fig. 1. UPGMA dendrogram

Fig. 1. UPGMA dendrogram 
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