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Present Research interest: Molecular mechanism of host – parasite interaction 

Proteome analysis of larval tissues of the mulberry silkworm, Bombyx mori after 

infection through the dipteran parasitoid, Exorista bombycis, leads us to identify 

functional genes that are differentially expressed after the infection. Notedly, it 

includes genes encoding components of melanisation pathway, toll pathway, 

signalling, NF-kappa B transcription factors and its inhibitor, insect cytokines, 

proteolysis, induction of autophagy and apoptosis (Pradeep et al 2012). These 

genes will be used to identify immuno - competent strains of B. mori. 

The larval integumental epithelium exhibited autophagy, ER stress, nuclear 

condensation and DNA fragmentation leading to apoptosis induced by the parasitoid 

infection.  These cellular events are accompanied by activation of associated genes 

that showed the induction of immune events in the epithelium. The gene expression 

patterns were co-regulated in normal larvae compared to deregulated gene activity 

after the infection (Anitha et al 2013). 

The infection has induced upregulation of three apoptosis-associated genes, 

autophagy 5 like (Atg5), apoptosis – inducing factor and caspase in synchronization 

with cellular autophagy and apoptosis in integumental epithelium (Anitha et al 2014).     
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Research  report (2008 – 14) 

In insects, the integument forms the primary barrier between the environment and 
internal milieu. We elucidated cellular and immune responses of the integumental 
epithelium induced through infection by a dipteran endoparasitoid, Exorista bombycis 
in the economically important silkworm Bombyx mori. Degradative autophagic 
vacuoles, lamella-like bodies, a network of cytoplasmic channels with cellular cargo, 
and an RER network that opened to vacuoles were observed sequentially with 
increase in age after infection. This temporal sequence culminated in apoptosis, 
accompanied by the upregulation of the caspase gene and fragmentation of DNA. 
The infection significantly enhanced the tyrosine level and phenol oxidase activity in 
the integument. Proteomic analysis revealed enhanced expression of innate 
immunity components of toll and melanization pathways, cytokines, signaling 
molecules, chaperones, and proteolytic enzymes demonstrating diverse host 
responses. qPCR analysis revealed the upregulation of spatzle, BmToll, and NF 
kappa B transcription factors Dorsal and BmRel. NF kappa B inhibitor cactus showed 
diminished expression when Dorsal and BmRel were upregulated, revealing a 
negative correlation. During melanization, prophenol oxidase 2 was expressed, a 
novel finding in integumental epithelium. The integument showed a low level of 
melanin metabolism and localized melanism in order to prevent the spreading of 
cytotoxic quinones. The gene-encoding proteolytic enzyme, beta-N-
acetylglucosaminidase, was activated at 24 h post-infection, whereas chitinase, was 
activated at 96 h post-infection; however, most of the immune genes enhanced their 
expression in the early stages of infection. Thus the integument contributes to 
humoral immune responses that enhance resistance against macroparasite invasion. 
 

The infection enhanced host–response gene expression in integument early in the 

infection and was lowered asymptotically. Principal component analysis (PCA) 

showed heterogeneity while explaining ∼80 % variance among expression timings. 

PCA showed positive and negative correlation with gene expression and 

differentiated transcriptional timings, and revealed cross talk within the immune 

system. Pearson correlation analysis showed significant linear correlation (mean 

R2=>0.7; P <0.004) between the expression of 16 pairs of genes in control, while the 

relation switched over to curvilinear due to parasitism. The genes showed pleiotropic 
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interaction among them, with four genes each for prophenoloxidase activating 

enzyme (PPAE) and caspase. Besides, after parasitism, exclusive correlation of five 

gene pairs including PPAE–Spatzle pair (R2=0.9; P <0.011) was observed in the 

integument. Switchover from linear to curvilinear correlation and the appearance of 

new gene correlations in parasitized integument revealed deviation from gene 

coregulation, leading to impaired immune responses, characterized by lowered gene 

expression and varied phenotypic consequences. 

Infection of the commercially important silkworm, Bombyx mori by a tachinid 
parasitoid, Exorista bombycis induced activation of genes and cellular responses 
associated with apoptosis in integumental epithelial cells. Composite cellular profile 
showed initial autophagy, intermediate endoplasmic reticulum degranulation and 
deformed nucleus as well as later DNA fragmentation indicating apoptosis. Two cell 
death-associated proteins, autophagy 5-like (Atg5L) and apoptosis-inducing factor 
(AIF), in addition to caspase, are identified from the infected integumental epithelium 
through mass spectrometric analysis. Genes encoding these proteins showed age-
dependent activation after the infection as revealed by quantitative expression 
analysis. Atg5 showed early upregulation in association with signs of autophagy 
whereas AIF showed late upregulation in association with DNA condensation and 
fragmentation. Activation of Atg5, AIF and caspase genes in close association with 
different cell death events revealed the synchronized differential expression of 
apoptosis-associated genes in response to the macroparasitism indicate parasitism-
induced activation of genetic machinery to modulate cell death events in the 
epithelium, which was hither to unknown in invertebrate systems. 
 

The exact mechanism by which Hsp70 gains access to the extracellular milieu 

remains unknown. Our study demonstrated that the plasma membrane of cells 

functions as a reservoir for Hsp70 and thermal stress induces redistribution of 

plasma membrane - bound Hsp70 into subcellular cytosolic components. From 

there, the nucleolin-mediated transport system carries the Hsp 70 to the plasma 

membrane for its relocalization and final release into the extracellular milieu, thus 

nucleolin acts as a transporter of intracellular Hsp 70 from cytoplasm to plasma 

membrane (Kaur et al 2012) 
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Genetic variability among silkworm populations 

Deforestation and exploitation has led to the fragmentation of habitats and scattering 
of populations of the economically important eri silkworm, Samia cynthia ricini, in 
north-east India. Genetic analysis of 15 eri populations, using dominant ISSR 
markers, showed 98% inter-population, and 23% to 58% intra-population 
polymorphism. Nei’s genetic distance between populations increased significantly 
with altitude (R2 = 0.71) and geographic distance (R2 = 0.78). On the dendrogram, 
the lower and upper Assam populations were clustered separately, with intermediate 
grouping of those from Barpathar and Chuchuyimlang, consistent with geographical 
distribution. The Nei’s gene diversity index was 0.350 in total populations and 0.121 
in subpopulations. The genetic differentiation estimate (Gst) was 0.276 among 
scattered populations. Neutrality tests showed deviation of 118 loci from Hardy-
Weinberg equilibrium. The number of loci that deviated from neutrality increased with 
altitude (R2 = 0.63). Test of linkage disequilibrium showed greater contribution of 
variance among eri subpopulations to total variance. D’2IS exceeded D’2ST, showed 
significant contribution of random genetic drift to the increase in variance of 
disequilibrium in subpopulations. In the Lakhimpur population, the peripheral part 
was separated from the core by a genetic distance of 0.260. Patchy habitats 
promoted low genetic variability, high linkage disequilibrium and colonization by new 
subpopulations. Increased gene flow and habitat-area expansion are required to 
maintain higher genetic variability and conservation of the original S. c. ricini gene 
pool. 
 
One ISSR locus each specific to high and low altitude eri silkworm population was 
identified. The locus from high altitude showed deviation from Hardy-Weinberg 
equilibrium but that from low altitude was in neutrality suggests that the high altitude 
loci could be under pressure from the altitudinal variations. In association with 
different yield traits, 18 loci were identified. Of which, three markers showed 
association with more than one trait indicative of pleiotropic influence. Stepwise 
addition of markers enhanced the correlation between markers and the associated 
trait pointed to polygenic influence. Association of markers with altitude and yield 
traits suggests an imperative relation of rare genetic loci with gene-environment 
interaction and phenotypic variability in S. c. ricini. 
 

The Indian golden saturniid silkmoth (Antheraea assama), popularly known as muga 
silkmoth, is a semidomesticated silk producing insect confined to a narrow habitat 
range of the northeastern region of India. We observed significant genetic diversity in 
one of the populations (WWS-1, a population derived from West Garo Hills region of 
Meghalaya state). Analysis of the remaining five populations (excluding WWS-1) 
showed a marked reduction in the number of alleles at all the employed loci. 
Structure analysis showed the presence of only two clusters: one formed by WWS-1 
population and the other included the remaining five populations, inferring that there 
is no significant genetic diversity within and between these five populations, and 
suggesting that these five populations are probably derived from a single population. 
The information generated will be very useful in conservation of dwindling muga 
culture in Northeast India. 
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Simple sequence repeats (SSRs) and interSSR (ISSR) marker systems were used 
to reveal genetic changes induced by artificial selection for short/long larval duration 
in the tropical strain Nistari of the silkworm Bombyx mori. Artificial selection 
separated longer larval duration (LLD) (29.428 ± 0.723 days) and shorter larval 
duration (SLD) (22.573 ± 0.839 days) lines from a base, inbred population of Nistari 
(larval span of 23.143 ± 0.35 days). SSR polymorphism was observed between the 
LLD and SLD lines at one microsatellite locus, Bmsat106 (CA7) and at two loci of 
1074 bp and 823 bp generated with the ISSR primer UBC873. Each of these loci 
was present only in the LLD line. The loci segregated in the third generation of 
selection and were fixed in opposite directions. In the F2 generation of the LLD × 
SLD lines, the alleles of Bmsat106 and UBC8731074bp segregated in a 1:1 ratio and 
the loci were present only in the LLD individuals. UBC873823bp was homozygous. 
Single factor ANOVA showed a significant association between the segregating loci 
and longer larval duration. Together, the two alleles contributed to an 18% increase 
in larval duration. The nucleotide sequences of the UBC8731074bp and 
UBC873823bp loci had 67% A/T content and consisted of direct, reverse, 
complementary and palindromic repeats. The repeats appeared to be “nested” (59%) 
in larger repeats or as clustered elements adjacent to other repeats. Of 203 
microsatellites identified, dinucleotides (67.8%) predominated and were rich in A/T 
and T/A motifs. The sequences of the UBC8731074bp and UBC873823bp loci 
showed similarity (E = 0.0) to contigs located in Scaffold 010774 and Scaffold 
000139, respectively, of the B. mori genome. BLASTN  analysis of the 
UBC8731074bp sequence showed significant homology of (nt.) 45–122 with 
upstream region of three exons from Bombyx. The complete sequence of this locus 
showed ~49% nucleotide conservation with transposon 412 of Drosophila 
melanogaster and the Ikirara insertions of Anopheles gambiae. The A + T richness 
and lack of coding potential of these small loci, and their absence in the SLD line, 
reflect the active process of genetic change associated with the switch to short larval 
duration as an adaptation to the tropics. 
 

Translational Technology information developed 

1. Long larval duration line with high silk and fecundity 

Long larval duration (LLD) line of the mulberry silkworm Bombyx mori Nistari was 

developed by artificial directional selection. The LLD lines were characterized by the 

presence of exclusive DNA markers. The LLD line showed significantly higher 

production of silk in cocoon and fecundity which can be used to produce high 

yielding Nistari strain.  

2. Immunocompetence among germplasm 

Host-response proteins and immune proteins were identified from parasitized B. mori 

larvae. Genes encoding these proteins showed differential expression. This 

information will be used to identify immunocompetent strains among germplasm 

accessions of the silkworm, B. mori.  
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