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Abstract 

Entomology now is a diversified science discipline, deviating considerably from the incorporated 
principles of Molecular biology, Genetics and Biochemistry. It has provided necessary tools for 
transferring and evaluating genetic characteristics not only for a host of insects, but also for related 
host plants. The molecular approaches have enabled the study of physiologicaly vital 
proteins/enzymes and sensillar-neural complexes that are involved in pheromonal studies. The 
knowledge is vital to devise safe and specific agents for disrupting insect life cycles, thus increasing 
the efficiency of efforts to manage agricultural pests and disease vectors. This chapter analyzes the 
impact of new technologies that allow study of molecular events at the single cell level, and 
highlights the need of modern insect biological research on insect systems.   

Keywords: entomo-informatics, biotechnology, molecular biology, genetics, RNA interference, 
genomics, proteomics, pheromone, pest management    
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1. Introduction       

     

 Insects are the most successful group of animals on the planet and are ecologically 
and economically extremely important. Insects and other arthropods not only affect our 
food supply, but also are vectors of serious diseases. Parasites and pathogens carried by 
insects and other arthropods have led to more loss of human life than all wars in 
recorded history. Even today insect borne diseases are a leading cause of human death 
(1). This vouches for the obstacles that are encountered in the development of a 
foolproof strategy for pest control. There are numerous other factors that determine the 
effectiveness of a pest control strategy. Despite the difficulty, it is important to 
understand better the ecological roles played by “pest” species in both un-managed and 
agricultural environments, and to gain a thorough knowledge of the physiological, 
morphological and biochemical aspects of their life cycles. Such biological knowledge 
can provide clues for developing focused strategies aimed at unique characteristics of 
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each pest species. In short, if biological knowledge or technology is deficient, a 
successful pest control program cannot be developed. 

 

 Problems caused by agricultural pests and actions to alleviate them are nearly as 
old as the beginning of crop cultivation. The use of sulfur as the earliest record of pest 
control technology the advances made in this field has been tremendous. The 
insecticidal approach, popular for a long time, was aimed at killing the insects without 
any concern for plants or environmental protection. Synthetic organic pesticides pose 
serious problems to the environment because of their long persistence, high toxicity 
and propensity for bioaccumulation. With the development of resistance in pests to 
organic pesticides, the concept of biological control received increased interest, 
leading to integrated control strategies. Use of natural chemicals, such as 
semiochemicals or infochemicals (2) to disrupt the pest life cycle by means of 
interspecific and intraspecific interactions, has been promisng. This category of 
chemicals include pheromones and allelochemicals, which are used to attract inseicts 
into traps, confuse them, or block some essential function. Pheromones mediate 
interactions between individuals of the same species whereas allelochemicals mediate 
those between species. 

 

 Identification of neuropeptides such as allatotropins and allatostatins which 
regulate the synthesis of juvenile hormone by the corpus allatum has progressed 
considerably, and promises new avenues of neuroendocrine manipulation for insect 
control. In particular, their interaction with the receptors on target cells can lead to 
hormonal imbalance (3). Other insect hormones like juvenile hormone analogs and 
ecdysones have been explored extensively (4). There has been considerable success in 
the discovery and use of chemical inhibitors of juvenile hormone synthesis to cause 
chemical allatotectomy, juvenoids and juvenile hormone antagonists to trigger 
developmental disorders, and ecdysone agonist/antagonists to mediate insecticidal 
action, but most of the time these agents also adversely affect beneficial insects. 
Increasingly research has focused on plant–derived insect antifeedants, which are 
non-pollutant, generally less toxic, and easily biodegradable, especially if applied as 
total or enriched extracts (5). In the past, biological, physical or chemical control 
strategies were used in isolation to control a pest. This was probably the major reason 
for the failure of pest control strategies. Now, the trend is to combine individual pest 
management techniques in to a system to produce an ecologically sound and 
economically viable package called integrated pest management (IPM). A successful 
IPM strategy is based on a clear understanding of the ecological functioning of the 
agro-ecosystem. Integration of pest monitoring for accurate timing of treatment by a 
selective insecticide is fundamental to the success of an IPM strategy. When available, 
the adoption of semiochemicals, host-plant resistance, trap crops, oviposition 
deterrents, antifeedents and biomimetics can be important in manipulating pest 
behaviour, reflected in the concept of a stimulo-deterrent diversionary strategy (6).  
Section I (chapters 1 - 5) details the biochemical approaches of detoxification, field 
response of synthetic semiochemicals with the Chinese pine bark beetle (Dendroctonus 
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armandi), and  application of isotopically labeled compounds and tandem mass 
spectrometry for studying metabolic pathways in mosquitoes.  
 
2. Insect growth regulator and hormonomimetic compounds  
       
 Insect metamorphosis is a fascinating and highly successful biological adaptation. 
The leading theories of insect hormone action on growth and metamorphosis were 
expounded more than 50 years ago by the pioneers of insect endocrinology, based on 
endocrine studies and morphological comparisons of development in insect species 
with and without metamorphosis (holometabolous and  hemimetabolous). There are 
two principal categories of hormones released from the central neuroendocrine system 
(neurosecretory cells of the brain, corpora cardiaca, corpora allata) that regulate insect 
growth (Fig.1A) and metamorphosis (Fig.1B). The first is a complex set of 
neurohormones (neuropeptides) originating in the neurosecretory cells of the insect 
brain, and released from the neurohaemal organs, the corpora cardiaca. These 
neuropeptides are responsible for stimulation of various developmental events, such as 
the release of the activation hormone or prothoracico-trophic hormone (PTTH).  
 

 
 
Fig.1 (A)  Complete metamorphosis of red hairy caterpillar groundnut pest (Amsacta albistriga) 
regulated by the endocrine glands. 1. Brain hormone (prothoracic activation hormone),           
2. Prothoracic gland, 3. Molting hormone (ecdysone), 4. Juvenile hormone (high/low).   
(B). Life cycle of Amsacta albistriga. Adapted with permission from Chandrasekar (7), Chandrasekar  et 
al. (8). 
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 The second category of centrally produced hormones in insects is the 
morphogenesis inhibiting hormone, or juvenile hormone (JH), produced by the 
associated endocrine glands, the corpora allata. JH is responsible for regulating 
metamorphosis and the production of eggs in female insects. Due to the specificity of 
these functions, JH has attracted attention as a safe and selective target for the design 
and development of environmentally friendly and bio-rational insecticides (4, 9, 10, 
11). Some juvenile hormone analogues (JHAs) or juvenoids, such as methoprene, 
hydroprene, and kinoprene, are used in commercial household insecticides (Fig.2). 
Chitin is a homobiopolymer of N-acetylglucosamine found in invertebrates, especially 
insects and crustaceans, which provides rigidity and serves as a mechanical and 
protective barrier (12,13). Because chitin is absent from plants and vertebrates, it is 
considered a potentially safe molecular target for insect control. Several natural 
compounds (trehazolin, trehalose, allosamidin, hexaflumuron, nikkomycin-Z, 
diflubenzuron) strongly inhibit the chitin synthesis pathway in insects and so have 
potential as insecticides (12-16). JH as provoke mortality at adult emergence, whereas 
chitin synthesis inhibitors cause mortality in larvae and nymphs. Both of these insect 
growth regulators arrest development. Some related diacylhydrazine compounds 
(tebufenozide, methooxyfenozide, halofenozide, chromafenozide, tetrahydroquinoline 
RG-120768, α-acylminoketone: see Fig.2) induce premature and lethal molting in 
lepidopteran pests (4, 14,15,17).  Section II (chapters 6 – 8) discusses new approaches 
to study JH biosynthesis, regulatory biosynthetic pathways, and insect cuticle 
hardening, including the enzymes involved in sclerotization. 
 
 It is interesting that plants also synthesize compounds that disrupt normal 
development of the insects that feed on them. Examples of such compounds are 
phytoecdysone, juvabione, anti-juvenile hormones, and juvocimenes, which mimic the 
functions of insect hormones and are hence designated as hormonomimetic 
compounds. These naturally occurring insecticides are called botanical insecticides or 
botanicals (examples include rotenone, d-limonene, sabadilla, ryania, pyrethrum, 
nicotine, azadirachtin). With advances in genetic engineering techniques, it has been 
possible through structural elucidation of polypeptides not only to identify the genes 
aiding in their synthesis, but also to develop inhibitors of enzymes mobilizing such 
synthesis. The incorporation of such genetic factors into host plants, employing 
baculoviruses as carriers, may modulate production of hormones that can disrupt the 
physiology of the insect invader. Genetically engineered transgenic plants with the 
ability to synthesize defensive proteins such as phytoagglutinins, lectins, and protease 
inhibitors provide alternate means to avoid excessive use of biocides that tend to 
disrupt natural enemy complexes.  
 
3. Molecular approaches 
 
 Biochemistry, genetics and molecular biology are essential ingredients in our 
understanding of entomological problems (Fig. 3). In the molecular biology approach, 
obtaining and handling DNA has provided tools for transferring and evaluating genetic 
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characters from a host of insects. Genomics is a broadly used term encompassing 
numerous scientific disciplines and technologies (Fig.4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Fig.3. Triangle base knowledge of gene -- protein --function.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
           Fig.4. Schematic diagram shows the different “omic” approaches. 
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 The era of biotechnology and advanced technologies brought about a diversity of 
methodologies enabling systematic measurements of various cellular molecules such 
as DNA (genomics; genome sequencing; assigning function to genes; determining 
genome architecture), studying gene expression at the transcription level 
(transcriptomics), at the level of proteins (proteomics) and their post-transcriptional 
modifications (glycomics), and investigating metabolite flux (metabolomics, 
lipidomics, enzymology). The polymerase chain reaction (PCR) enables repeated 
duplication of a trace amount of DNA resulting in sufficient amounts to allow detailed 
DNA analysis. Relative expression levels are measured by reliable techniques such as 
northern blotting, semi-quantitative reverse transcription PCR (RT-PCR) and 
quantitative real time PCR (RT-qPCR). The power of recombinant DNA techniques 
allows identification of genes and proteins underlying a biological function or finding 
the protein and functions associated with a given gene (Fig.3). To accelerate progress, 
molecular geneticists build an infrastructure comprised of a common set of maps, tools, 
and information that can be applied to a wide range of genetics problems. 
Informational molecules such as proteins and nucleic acids are now believed to have 
high taxonomic information, suggesting increasingly familiar molecular approaches to 
systematics (18).  

 

4. Insect Genomics and proteomics    
 

 The term “genome” means the entire genetic content of a cell or an organism or 
both. Functional genomics and structural genomics are different sub-disciplines. 
Functional genomics is concerned with genome usage by the organism, whereas 
structural genomics describes the organization of the genome, the portion of the 
genome used under given physiological and developmental conditions and the 
interaction of expressed genes (transcripts) with each other. The number of genomic 
studies has increased dramatically in the field of entomology over the last ten years. In 
recent years there have been major advances in DNA sequencing technologies, 
including, but not limited to, whole-genome sequences projects of insect model 
organisms, and the concurrent growth of sequence databases providing biological 
sciences with an invaluable source of information (19). So far genomes of 29 insect 
species [Hemimetabola insects: Pediculus humanus, Acyrthosiphon pisum, Rhodnius 
prolixus and Holometabola insects: 13 Drosophila, Anopheles gambiae, Aedes aegypti, 
Culex pipiens, 5 Lepidoptera sp. (Bombyx mori, Danaus plexippus, Heliconius 
melpomene, Melitaea cinxia and Manduca sexta), Tribolium castaneum, Apis 
mellifera, 3 Nasonia sp.] have been sequenced and deposited into various databases, 
and the i5K initiative aims to sequence 5000 insects and other arthropod genomes (20, 
21, 22). The availability of sequenced and annotated insect genomes has dramatically 
improved the molecular and genetic tools available to study them, so that some of these 
species are growing into model or emerging-model research organisms (23) (Fig. 5).  
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Within insects, there is a great diversity in genome sizes (see Table 1). The largest 
insect genome sequenced to date is that of a grasshopper (Podisma pedestris) with a 
genome size of 6500 Gbp, and the smallest is that of the human body louse (Pediculus 
humanus humanus) with a genome size of 108.37 Mb (21, 24). 
 
            Table 1 List Insect genomes sequenced and comparing with non-arthropods. 
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 There has been an increased focus on functional genomics within the 
entomological community, including the identification and understanding of all coding 
sequences, regulatory and other functional elements in genomic DNA from selected 
insect model organisms. Drosophila melanogaster (fruit fly) has long served as a 
model organism, providing insights into the fundamental mechanisms of development, 
neurobiology, genetics, species diversification, and genome evolution.  In particular, 
Open Reading Frame (ORFs) and Expressed Sequence Tags (ESTs) can reveal 
potential proteins, scrutin the sequences for homology to known proteins or protein 
families of related species and can predict functions of the putative gene products. 
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Fig.5. Probable benefits from the insect genome project. 

 

 

 The word “proteome” was introduced in 1994 to reference the protein 
complement of a genome (25). Proteomics is the investigation of all the proteins in a 
cellular context (identification and quantification). Verification of a gene product by 
proteomic methods, post-translational modifications of proteins (e.g., glycosylation, 
acetylation, phosphorylation, sulphation), and regulation of protein function by 
proteolysis, protein-protein interactions, physio-chemical properties of proteins, etc., 
are important for annotating the genome. In the past decade there has been a dramatic 
expansion in the identification and structural characterization of insect proteomes 
(26-34). 

 Protein separation techniques exploit the diversity of proteins including their size, 
shape, electrical charge, molecular weight, hydrophobicity and predisposition to 
interact with other proteins (Fig. 6). A number of technologies capable of performing 
large, medium or small scale separation of complex protein mixtures have been 
developed, such as capillary gel electrophoresis, high pressure liquid chromatography 
(HPLC), mass spectrometry, micro-channel Proteomic Array (MPA), protein chips, 
protein microarray, immunoprecipiation, immunohistochemistry (localization) and 
flow cytometry (abundance) (35). One of the most crucial aspects of proteomics is 
obtaining and handling protein samples. SDS-PAGE or Two-dimensional gel (2D-gel) 
electrophoresis can routinely resolve no more than 1000 proteins and only the most 
abundant proteins in a crude protein mixture can be visualized by gel electrophoresis.  
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Fig.6. The Main work-flow for the proteomic technology. 

 
The ideal solution to reduce complexity and differences in abundance is to use 
affinity-based protein purification strategies using a whole protein complement. 
Protein samples for structural biology are increasingly generated by recombinant DNA 
technology. Nuclear Magnetic Resonance (NMR) spectroscopy, X-ray crystallo- 
graphy, and cryo-electron microscopy all require considerable quantities of protein, 
usually on the order of 10 – 50mg.  Currently, protein fusion technology has facilitated 
the efficient production and purification of individual (polyhistidine-tagged) 
recombinant proteins from Baculovirus expression systems. In the case of large-scale 
proteomic studies, the development of purification procedures tailored to individual 
proteins is not practical, and affinity tags (a fusion tag at either N-terminus or 
C-terminus) have therefore become indispensable tools for structural and functional 
proteomic initiatives that allows the expression of multiple proteins in parallel (36). 
There exists a considerable repertoire of polypeptide tags (see Table 2) that can be 
exploited to enhance expression, improve solubility, and greatly simplify the 
purification and detection of their partner protein. Currently, the most widely used 
platform for proteomics (Fig. 6) is the mass spectrometer (Matrix Assisted Laser 
Desorption - Time of Flight: MALDI-TOF-MS; Gas Chromatography – Mass 
Spectrometry: GC-MS; Liquid Chromatography – Mass Spectrometry: LC-MS/MS;  
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Table 2. List of Common Tags for solubility enhancement recombinant protein expression.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Source: Walls and Loughran (36)  

         Protein Chromatography: Methods and Protocols, Methods in Molecular Biology. 
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Peptide Mass Fingerprinting: PMF/PFF, MS/MS de novo sequencing, etc.) for 
analytical technology (i.e., high sensitivity, selectivity, robustness, flexibility, and 
quantification). Mass spectrometry devices measure the amino acid sequence and 
corresponding mass (M) to charge (z) ratio between two trypsin cut sites, which are 
sufficient to identify a protein (see Chapter 4:  isotopically labeled compounds by 
tandem  mass spectrometry for study). Usually the technologies have a specific 
instrumentation monitored by a computer and integrated with specific software to 
render the results in a computerized manner. Several search programs are accessible 
via the World Wide Web (WWW) and a compilation of available addresses and 
services is shown in Table 3. Simple logical point of view proteomic techniques and 
bioinformatics tools have a symbiotic relationship; new experimental methods require 
newly adapted tools, while the new tools need well-established techniques (37). 
Clearly, all these approaches mark the beginning of the discovery phase.   

                    Table 3 Major available proteomic software tools. 
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5. Insect Immunity      
    
 The great evolutionary success of insects is attributable to their ability to adapt 
when faced with a constantly changing and diverse spectrum of pathogens and 
parasites (38). Protection from infection is generally mediated by a complex immune 
system.  
 
  Insects lack adaptive immunity, and hence they have to defend against foreign 
bodies via innate immune responses (39-43). Insect innate immunity consists of both 
humoral and cellular responses, which depend on the recognition of pathogens. 
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Recognition is mediated through a specific interaction between the pattern recognition 
receptors (PRRs) of the host, and pathogen-associated molecular patterns (PAMPs) on 
the surface of microbes (44). The PAMPs include lipopolysaccharide (LPS), 
peptidoglycan, lipoteichoic acid (LTA) and ß-1,3-glucan, that have highly conserved 
structural motifs (41). 
 
 Once the intrusion signal is recognized by PRRs, the innate immune response is 
activated immediately to produce effectors for efficient removal of foreign invaders. 
Insect cellular immunity includes encapsulation, phagocytosis, and nodulation (45), 
which are primarily mediated by hemocytes. However, little is known about the 
interaction of PRRs with the surface of hemocytes to activate cell-mediated responses, 
a deficiency that can be attributed to the difficulty in collection and identification of 
hemocytes. In addition, insects have different kinds of hemocytes, but the names of 
hemocytes with the same function but from different insects are confusing (43). In 
Drosophila melanogaster there are 3 terminally differentiated types of hemocytes 
(Fig.7A), which are plasmatocytes, crystal cells and lamellocytes (40, 46-48). In larvae 
of Bombyx mori, 5 types of circulating 
hemocytes are observed (Fig.7B), 
including prohemocytes, granulocytes, 
plasmatocytes, spherulocytes and oeno- 
cytoids (49-52).   
  
 Apart from the cellular immune 
responses, humoral immune responses 
are also activated through sensing and 
recognition of foreign pathogens. 
Humoral immune responses include the 
production of antimicrobial peptides 
(AMPs) and phenoloxidase (PO) 
(39-43,45,53). AMPs are cationic 
peptides with low molecular weight and 
a broad spectrum of antimicrobial 
activity. They are produced via various 
mechanisms based on the types of 
invading pathogens. AMPs are 
produced primarily by hemocytes and 
fat bodies (39, 41). They show potent 
activity against antibiotic-resistant 
bacteria and bacterial populations 
growing in bio-films, and can reduce the 
tissue-damaging inflammatory response 
to infections, which exemplifies their 
immunomodulatory properties (54).   
 

Fig.7 Different hemocyte types of selected insects. 
Drosophila melanogaster (A), Bombyx mori (B) 
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 Phenoloxidase (PO) is a key enzyme that can lead to the formation of melanin, and 
plays an important role in pathogen killing, wound healing, blood coagulation, and 
AMP expression (41, 55,). PO is present in the hemolymph as an inactive zymogen 
called prophenoloxidase (PPO), which is activated by proteolysis at a specific site (41). 
Insect PPO is produced within hemocytes (56). The number of PPO genes varies 
among different insects. For example, Drosophila have 3 PPO genes (57), while 
mosquitoes have close to 10 in their genomes (57,58). Different PPOs from the same 
species may have different biochemical properties (59), and these are probably 
determined by specific amino acid sequences (60).  
 
 To sumup, the immune systems of insects are complex consisting of an 
inter-dependent association of humoral and cell-mediated responses. The process of 
removing foreign invaders does not depend on a single immunological response, but on 
a combination of the reactions stated above to combat infection. Section-III (chapters 9 
–11) highlights advances made in understanding the molecular mechanisms of innate 
immune recognition, genes and antibacterial proteins produced by insects against 
pathogens; the characteristic features of such antibacterial proteins along with their 
molecular structure are provided using Nilaparvata lugens (brown plant hopper), 
Bombyx mori and mosquitoes as model insects. 
 
6. Insect genetics  
 
6.1. Heterochromatin 
 
 There are many studies on the structural and functional organization of the 
heterochromatin, its protective role in chromosome organization, and its significance 
in cell metabolism and karyotype evolution. Insect models have played an important 
role in discovery of the molecules underlying these diverse properties. The highly 
condensed state of heterochromatin (the centromere regions of the chromosomes) is 
possibly due to the presence of specific DNA binding proteins localized in these 
structures, and was first reported in Glyptotendipes species (Chironomidae) (61). 
These structures are different from the centromeric heterochromatin in diploid and 
polytene cells where histone H1 can be readily detected by using fluorescent 
techniques. 
 
 The application of different heterochromatin staining techniques (classic and 
molecular) has been successfully used in separating cryptic species in Drosophila, 
Chironomus (62,63), Orthoptera (64), and  many other insects. Fluorochrome staining 
was used to understand the heterochromatin chromosomal organization and 
evolutionary relationships between species among different insects (64). These authors 
showed that the composition of chromosome heterochromatin is a good cytogenetic 
marker for distinguishing species and phylogenetic lines in some Orthoptera. Today, 
several advanced technological approaches are available to select and develop genetic 
markers for population genetics and evolutionary studies in insects (Fig. 8). 
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Fig.8. A schematic diagram shows the links of genetics and species-specific marker development. 

 
 
6.2. Sex-determining mechanisms 
 
 Among insects several chromosomally based sex-determining mechanisms have 
been reported. In the genus Chironomus Mg. (Chironomidae), no morphologically 
distinct sex chromosomes exist (65). In some species the chromosomes carrying the 
sex determining gene or genes are recognized by a male specific inversion, which are 
in a heterozygous state in males (66). In Chironomus riparius Mg. the sex determining 
region is associated with highly repetitive DNA, termed Cla elements, and located in 
arm F of chromosome EF (67). This region displays a hemizygous cluster of Cla 
elements in males but not in females. Also, an unusual transposable element associated 
with the male sex-determining region have been found. 
 
 Autosomal chromosomes are usually represented as two haploid sets, one from 
each parent, in the diploid (2n) tissues of insects. In insects, chromosomes display a 
wide range of variation from species to species [for example: Bombyx mori (2n=56), 
Drosophila melanogaster (2n=8), Anopheles gambiae (2n=6), Apis mellifera (2n=32) 
Tribolium castaneum (2n=20)]. The male is usually the heterogametic sex in insects, 
the exceptions being Lepidoptera (butterflies and moths) and Trichoptera (caddis flies), 
in which the females are heterogametic. Euchromatin and heterochromatin can be 
distinguished in insects in various ways. Euchromatin contains the active genes, and 
heterochromatin contains mainly repetitious, transcriptionally inactive DNA (68). 
  
 Many organisms have two kinds of sex chromosomes, namely X and Y, which 
determine the sex of the organism (69). For example, many of the dipteran insects (flies 
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and mosquitoes) have a male-heterogametic sex chromosome constitution (i.e., XX: 
female; XY: male) while many of the lepidopteran insects (butterflies and moths) have 
a female-heterogametic chromosomal constitution (i.e., ZZ: male; ZW: female). In 
contrast to the XX/XY system, the males in the ZZ/ZW system have two of the same 
kind of sex chromosome (ZZ) while the females possess two different kinds of sex 
chromosomes (ZW). Both sexes can have two sex chromosomes in XX/XY and 
ZZ/ZW systems so that both males and females have equal numbers of total 
chromosomes; however, many Lepidoptera have a ZO system, in which females 
possess only one copy of the Z. Other insects like cockroaches, crickets and 
grasshoppers have only one kind of sex chromosome, namely X, in which  males have 
only one copy (XO) whereas females have two (XX). Hence, the males and females 
have different numbers of the total chromosomes in cockroaches (70), as in some 
lepidopteran species (69-73). The X chromosomes evolve adaptive responses to Y 
degeneration and their sex-biased transmission. These include the acquisition of 
dosage compensation (DC), meiotic silencing of unsynapsed chromatin (MSCI), 
increased rates of adaptation and the relocation of male- and female-beneficial genes 
(68, 74). The key goal of this volume is to address molecular genetics tools and 
approaches and put them in the context of insect systems (e.g., recent progress of W & 
Z chromosome studies of the silkworm, polytene chromosomes and their significance 
for taxonomy, DNA bar coding applications in insect taxonomy. See Section – IV: 
chapters 12 - 15), and to provide an entry point into the literature on the latest genetics 
research.   

 

6.3. Allozyme markers 

 

 Allozymes of a given enzyme are the products of different alleles at a specific 
locus. Diploid (2n) organisms can be homozygous or heterozygous, having two copies 
of the same allele, or heterozygous, having different alleles coding for charge and/or 
size variants of the same functional enzyme, hence the term allozymes. Studies with 
allozyme markers began in the 1960s. Allozyme/isozyme markers are the most widely 
used protein markers and are commonly separated on starch, polyacrylamide or 
cellulose acetate media and stained using enzyme-specific reaction mixtures. For 
example Bombyx mori is of great economic importance in silk producing countries 
such as China, Japan, India, Russia, Korea, Bulgaria, and Iran, where large collections 
of silkworm breeds suitable for a wide range of agro-climatic conditions are found. In 
India, more than 4000 strains are maintained as silkworm germplasm and 46 institutes 
are involved in maintenance of silkworm genetic resources, which include univoltine, 
bivoltine, and polyvoltine strains (75,76). These different genotypes display large 
differences in qualitative and quantitative traits which ultimately affect silk yield. 
Application of isoenzymes and other molecular markers helps to estimate genetic 
diversity much more accurately than morphological traits. Recently Kumar and 
co-workers (77) found that allozyme variants in 54 silkworm germplasm stocks were 
grouped into 7 clusters on the basis of yield attributes and amylase activity. Similarly, 
allozyme techniques used for twelve silkworm races with different geographic origin 
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showed six clusters  with clear differentiation among genetically similar (NB4D2 and 
NB18) and genetically distant (BL-24 and Nistari) races, and a wide range in genetic 
diversity in terms of numbers of alleles and degree of polymorphism (Fig.9 AB, CD). 
Studies also demonstrate that allozymes are ideal markers for characterizing strains 
used for silkworm strain improvement, as well as estimating relationships among 
species and micro-evolutionary parameters within species, such as gene flow and 
mating systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.9. Genetic polymorphism on esterase isozyme among 14 MV silkworm races (A) and 14 BV 
silkworm races (B). Various bands designated as a, b, c and d. Cluster group based on genetic 
distances in 14 MV (C) and 14 BV (D) silkworm races. Star indicated the origin of original parentage. 
Adapted with permission from Ashok Kumar, Central Silk Board, India. 

 
 
6.4. Mitochondrial DNA markers 
 
 Insect mitochondrial DNA (mtDNA) is playing an increasingly important role as a 
genetic marker in population and evolutionary biology. The mtDNA genome evolves 
more rapidly than the nuclear genome. Mitochondrial DNA (mtDNA) data have been 
extensively used to understand the spatial distribution of genetic lineages within 
species allowing the historical factor with the highest effect on the lineage spatial 
patterns to be identified (78). Mitochondrial DNA analysis is actually an analysis of 
restriction fragment length polymorphisms (RFLP) except that the target molecule is 
mtDNA rather than nuclear genomic DNA. Currently, the complete mitogenome of 26 
Lepidoptera species are available in GenBank (79).   
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6.5. RFLP markers 
 
 Restriction fragment length polymorphism (RFLP) analysis was the most popular 
approach for assessing genetic variation during the 1980’s. RFLP is based on DNA 
fragment length differences after digesting genomic DNA with one or more restriction 
enzymes. In spite of its earlier popularity, RFLP is able to detect only large shifts in 
DNA fragment sizes. It is unable to detect the vast majority of point mutations. As a 
result, polymorphic rates are low at most loci (80). RFLPs have been widely used in 
entomological research such as in the construction of genetic linkage maps in Bombxy 
mori, (81), Plutella xylostella (82), Leptinotarsa decemlineata (83), and Heliothis (84); 
determination of male and female sexes in honey bee (85); and phylogenetic studies in 
mites and ticks (86).  
 
6.6. RAPD markers 
 
 Random amplified polymorphic DNA (RAPD) is a PCR-based multilocus DNA 
fingerprinting technique. RAPD markers are inherited as Mendelian markers in a 
dominant fashion (80). RAPDs have all the advantages of a PCR-based marker, with 
the added benefit that primers are commercially available and do not require prior 
knowledge of the target DNA sequence or gene organization. However, as more 
efficient and reliable marker systems such as AFLP emerged, the use of RAPD markers 
in insect genome research declined rapidly.  
 
6.7. AFLP markers 
 
 Amplified fragment length polymorphism (AFLP) is a PCR-based DNA 
fingerprinting technique that provides analysis of genomic variation. AFLP markers 
are inherited in a Mendelian fashion as dominant markers. AFLPs enjoyed a few years 
of popularity as markers for many types of genetic analysis such as assessing genetic 
diversity, population structure, migration, hybrid identification, strain identification, 
parentage identification, endangered species protection, marker-assisted selection, and 
genome mapping. However, AFLPs suffer serious problems with reproducibility 
between laboratories, and they have largely fallen into disfavor. 
 
6.8. Microsatellite markers 
 
 The term microsatellite was first coined by Litt and Luty (87). Microsatellites, 
also known as simple sequence repeat (SSR) markers, are short stretches of variable 
number (2–6 nt) repeats bounded by single copy sequences used to design primers to 
amplify across a defined locus by PCR and inherited as Mendelian co-dominant traits. 
These characteristics have made microsatellites the genetic marker of choice for most 
molecular approaches in insect genetic studies such as (i) genome mapping, (ii) 
identification of quantitative trait loci (QTL; see section 6.12), marker-assisted 
selection (MAS), (iii) genetic diversity and phylogenetic relationships, and (iv) 
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population and evolutionary studies (88). Compared to mtDNA, microsatellite markers 
are much easier to use because they are highly abundant and multi-allelic (80); further, 
they are more versatile because of being encoded in the nuclear genome. Therefore, 
microsatellites are the most powerful molecular marker in widespread use among 
insect population geneticists and ecologists. In addition, SSR marker sequences should 
be suitable for high-throughput analyses and reproducible and transferable between 
laboratories compared to other molecular markers (Table 4). 
 
 

Table 4. Comparative analysis of different types of molecular markers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Level of polymorphism (average heterozygosity) is an average of the probability that two allels taken at random  
   can be distinguished. 
** Effective multiplex ratio is the numbe of polymorphic loci analysed per experiment in the germplasm tested. 
*** Marker index is the product of the average expected heterozygosity and the effective multiplex ratio. 

 
 
6.9. SNP markers 
 
 Single nucleotide polymorphisms (SNPs) are alternative bases at a given 
nucleotide position. Theoretically, a SNP within a locus can produce as many as four 
alleles; however, most SNPs are usually restricted to one of two alleles and have been 
regarded as bi-allelic. SNP markers are inherited as co-dominant markers. DNA 
sequencing has been the most accurate and most-used approach for SNP discovery. 
Random shotgun sequencing, amplicon sequencing using PCR, and comparative EST 
analysis are among the most widespread sequencing methods for SNP discovery. 
Several options are available for efficient SNP genotyping using advanced equipment 
(Fig.10). Assessment and monitoring of genetic diversity in insect species serves many 
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purposes in both basic and applied entomology. Since SNP markers have good genome 
coverage, they will replace (SSR) markers for some applications (genetic diversity and 
phylogenetic relationships, population and evolutionary studies). However, from 
recent reports in humans (89) and plants (90), SNP markers can only be transferred to 
different mapping populations within the same species, not across species, which limits 
their utility for certain applications.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.10. Single nucleotide polymorphisms (SNPs) detection by using different molecular methods. 
 
 
6.10. Microarray technology 
 
 Microarrays utilize several recent technological innovations, and are high density 
dot blot in which DNA samples are applied to a solid support, and hybridized to 
specific DNA probes (80). Microarry technology has been very important for genome 
scale analysis of gene expression profiling (temporal, spatial, and developmental). 
High-density spotting robots and photolithography allow each feature to be placed 
accurately within nanometers of the next feature on a glass slide, clearly an impossible 
task with the human hand. Furthermore, fluorescence-based probe labeling provides a 
cleaner and clearer signal than the radiation traditionally used in blotting. Finally, laser 
scanners facilitate the resolution of such enormous feature densities (dim and bright 
field) and provide accurate fluorescent signal quantification. This approach was first 
used to isolate an ecdysone up-regulated cuticle protein gene from wing discs of B. 
mori (91,92). Subsequently, the technology was applied in a similar way to investigate 
many insect species for i) global temporal gene expression profile changes (e.g., during 
the course of embryogenesis, metamorphosis, or adult life), ii) tissue-specific 
expression patterns (brain, gut, salivary gland, cuticle, ovary, chemosensory organ, 
etc.), and iii) immune responses to microbial infection (signaling molecules, 
Toll-related genes, AMP expression, etc.). 
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6.11. Gene mapping technologies 
 
 Although the term gene mapping is widely used in the scientific community, it 
really refers to several different types of mapping approaches including genetic linkage 
mapping, physical mapping for the construction of BAC (Bacterial Artificial 
Chromosome) contigs, radiation hybrid mapping, QTL mapping, cytological mapping 
by FISH (fluorescent in situ hybridization), and comparative species mapping (93). 
Linkage mapping involves use of polymorphic DNA markers in a segregating 
population (usually F2 or backcross progeny). Physically linked DNA markers 
co-segregate, but the greater the distance between markers, the more likely 
recombination during meiosis will break up the linkage. Based on co-segregation, 
markers are placed into the same linkage group; based on recombinant frequency, 
marker distances are assigned. Linkage mapping is the basis for coarse or broad-scale 
genome analysis, and extensive linkage maps have been constructed in fruit flies, 
honey bees, silkworms, mosquitoes, red flour beetle, and dozens of other species.  
 
6.12. Quantitative trait loci (QTL) mapping technology 
 
 The goal of QTL mapping is to locate the positions of loci encoding genes with 
major effects on quantitative or complex traits. These genes segregate along with 
linked DNA markers. By measuring the association of trait segregation patterns with 
marker segregation patterns, it is possible to place traits (or genes responsible for the 
trait) on linkage maps. The first successful application of QTL analysis in insects was 
to use AFLPs to map gene loci affecting stinging behavior and body size in Apis 
mellifera using matings between European and Africanized bees (94). Recent research 
exploiting natural differences in foraging, guarding, and defensive/aggressive behavior 
among honey bee colonies holds great promise for identifying a variety of genes 
underlying these important QTL by map-based cloning using high resolution maps 
based on SNPs together with the honey bee genome sequence (95).  
 
 Most, performance and production traits of silkworm are controlled by multiple 
genes and therefore are inherited as quantitative traits (96). It is expected that QTL 
mapping will be the key to genetic improvements using marker-assisted selection in the 
silk industry as well as apiculture (97-100). Powerful methods of analysis of QTL 
mapping experiments with multiple traits, multiple environments, epistatic effects, and 
special mating designs (101,102) have been developed, and most breeders with access 
to the technology are keen to apply MAS.  
 
6.13. Physical mapping technology 
 
 Although several approaches are now available for physical mapping, the 
BAC-based approach (Bacterial Artificial Chromosome) was widely used in insects 
prior to the development of alternative methods for constructing long-range genome 
scaffolds from high throughput (“NextGen”) sequence data. Assembly of large-scale 
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physical maps is based on two main methods, restriction fragment fingerprinting and 
hybridization of high density filters with common probes such as cDNAs 
corresponding to ESTs. By both methods, adjacent overlapping DNA segments share 
fingerprints that allow large insert BAC clones to be linked up in a linear fashion 
reflective of their position in the genome. BACs and BAC contigs can then be linked to 
genetic maps based on DNA markers like SNPs derived from BAC-end sequences 
(103). BAC-based physical mapping has been conducted in several insect species, but 
mostly with B. mori as a model species (104). BAC libraries have been constructed for 
other model lepidopterans [Heliconius melpomene, Manduca sexta, Heliconius erato, 
Heliothis virescens] (105,106). Because physical maps are required for position-based 
gene cloning, it is expected that physical maps will be constructed soon for many 
economically important pest species. Currently the use of fluorescently-tagged BACs 
as probes for direct visualization of genes on chromosomes, or BAC-FISH 
(Fluorescence In Situ Hybridization), has led to a renaissance in lepidopteran 
cytogenetics, enabling large-scale comparative mapping  using BAC libraries derived 
from homologous (107) and closely related heterologous (108) non-model species that 
currently lack genome sequencing projects.  
 
6.14. Mobile elements 
 
 In the genome of Drosophila and other Diptera (Chironomidae, Anophelidae, 
etc.) moderately repeated DNA sequences spread throughout the whole genome and 
have various localizations in different species and populations. Because of their 
unstable localization these DNA sequences are called “mobile genetic elements” or 
Transposable elements (TEs). They are a major component of all genome and represent 
from 3% to 50% of the total genomic DNA, depending on the species (109). They are 
mainly localized in the precentromereic or intercalary heterochromatin region. The 
capacity of TEs to move and induced mutation in the genome is considered an 
important driver in species evolution (110). In genomes of some Chironomus species a 
short tandem repetitive elements are present, called Cla elements (111). In C.piger they 
are restricted to the centromere heterochromatin, while in C.riparius are found more 
than 200 sites of these elements. Both species are distinguished also by the number and 
localization of other repetitive DNA elements such as Alu and Hinf (112). 
 
 In some cases TEs could have high transposition rates, which are associated with 
changes in the environmental conditions. Some genotoxic stress agents in the 
environment (gamma radiation, chemical agents) may contribute to the mobilization of 
transposable elements in the insects genome, their activations induces many somatic 
chromosome rearrangements (113). Ilkova et al. (114) showed that some heavy metals 
can cause chromosome damages in Chironomid genome through the stimulation of 
mobile elements activity. The ability of some stress agents to change the TEs activity 
may represent a major factor of insects genome instability under different stress agents. 
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6.15. Polytene chromosomes 
 
 Some insects possess polytene chromosomes which are very important in solving 
different genetic problems. Analysis of general organization of replication and 
transcription at cytological level has become possible using the polytene chromosomes 
(115). On the polytene chromosomes many new phenomena were discovered: cellular 
stress response, heat shock, position effect variegation etc. Polytene chromosomes 
allow many taxonomic problems to be solved: new species to be discovered based on 
the fixed chromosome rearrangements (116). They allow for determined a role of 
chromosome changes in species divergence at different continents (117). Some 
cytogenetic studies of Holarctic Chironomus showed different levels of differentiation 
between Nearctic and Palearctic populations. For instance, Camptochironomus tentans 
from Nearctic population has sufficiently great differences in banding patterns of the 
polytene chromosomes and new species was described for the Nearctic populations 
(118). 
 
 In order to show the relationship between species, an establishment of 
chromosomal homologies is important. By applying the in situ hybridization of the 
evolutionary conserved genes, an identification of homologous chromosomal regions 
among species of different Chironomidae genera were identified. Where banding 
patterns were not sufficiently distinct for precise identification homologous sections 
(119). These authors recognized the homologies between three genera of subfamily 
Chironominae and tendency of their relationships were presented (see more detail in 
Chapter 14).  
 
7. Insect chemical communication    
 
 This section addresses how insects produce pheromones and how they detect both 
pheromones and plant volatiles. Most insect species use chemical communication to 
exchange information about their sex, developmental stage, caste, health conditions, or 
colony, as well as to indicate food sources or dangerous sites and assign tasks to 
members of a colony. Olfaction and taste are mediated by membrane-bound receptors, 
belonging to the family of 7-TM (seven- transmembrane) receptors, which are present 
on the surface of dendrites, housed in specialized chemosensilla (122).  
 
 Information can be encoded in the chemical structures of a large number of 
organic compounds, covering all chemical classes, including long-chain hydrocarbons. 
Most of these chemicals, both volatile and non-volatile, are highly hydrophobic and 
therefore need binding proteins to keep them in the aqueous physiological fluids during 
their synthesis, transport and metabolism. At least two classes of soluble proteins are 
known to be involved in chemical communication, Odorant-Binding Proteins (OBPs) 
(123) and Chemosensory Proteins (CSPs) (124). They are highly stable, small, simple 
and very soluble. All of them reversibly bind organic compounds such as pheromones 
and chemicals present in the environment (125). Thanks to several genomic projects 
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and to the increasing adoption of transcriptomes to investigate the repertoire of genes, 
several hundreds of OBPs and CSPs have been described in a large number of insect 
species. Their number is currently rapidly increasing as more and more species are 
included in transcriptome projects (126).  
 
 The specific role of OBPs and CSPs in the detection of chemical stimuli is still not 
clear.  At least in some cases, OBPs are required for correct functioning of the 
olfactory system and are involved in discriminating between different odours (127). 
The compact structure of OBPs and CSPs (128,129), together with their small size, 
confers to these proteins exceptional stability to high temperatures, organic solvents 
and proteolytic enzymes. For such reasons, these polypeptides have been adopted 
during evolution to perform several different tasks whenever there was a need to 
solubilise hydrophobic compounds and carry them to their site of action (Fig.11).  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.11. Different roles of Odorant binding proteins (OBPs) both in chemical communication and in 
other physiological aspects of the insect’s life. 

 
 The best investigated role of OBPs and CSPs, apart from their involvement in 
chemosensing, is in the release of semio-chemicals (see more detail in 
www.pherobase.com/). The same soluble proteins found in vertebrates are expressed in 
sensory organs (antennae, palpi, legs and others) of insects, as well as in glands 
synthesizing and releasing pheromones (Fig.11). In these glands, OBPs and CSPs are 
sex-specific and are complexed loaded with pheromones, while in sensory organs the 
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same proteins are expressed in both sexes and do not contain any endogenous ligand 
(125). OBPs and CSPs are also involved in other functions, unrelated to chemical 
communication. In the cockroach Periplaneta americana, a CSP promotes the 
regeneration of amputated legs (130), while the embryos of the honey bee (131) and 
mosquito Aedes aegypti require a CSP and an OBP, respectively, for correct 
development. In such cases, these proteins probably act as carriers for hormones and 
other physiologically active chemicals. 
 
 An OBP present in the oral disk of the blow fly Phormia regina is involved in the 
solubilisation of fatty acids, important components in the diet in Helicoverpa species, a 
CSP is abundantly secreted into the lumen of the proboscis, where it most likely 
facilitates the sucking of liquids, by reducing their surface tension. CSPs also act as 
scavengers for insecticides, thus serving as one of the mechanisms of resistance. 
Finally, several OBPs have been reported in the chorion of mosquito eggs. In this case, 
they are likely used as building blocks for a protective layer, thanks to their easy and 
cheap production. New roles for OBPs and CSPs are continually being discovered, 
indicating the versatility of these proteins. Understanding how OBPs and their 
receptors (ORs) interact in the olfactory system could suggest novel strategies for pest 
control (see more detail in Section V: chapters 16 - 18 and 25). 
 
8. Insect Biotechnology     
   
 Biotechnology is a field that is continuing to evolve and becoming more 
prominent in the popular media. Although there are legitimate concerns over the use of 
specific biotechnology-derived products (e.g. genetically engineered plants), new 
technologies hold great potential to improve our crops to be higher yielding, with 
enhanced resistance to environmental stresses such as drought, diseases, and insects. 
Cutting-edge, innovative technology is used to identify new antimicrobial peptides, 
signal mimics (low-molecular-weight compounds), and novel enzymes, thus making 
an impressive molecular diversity of insects accessible to the red (medical), green 
(agriculture) and white (industry) biotechnology fields (132). 
 
8.1. Development of sericultural products using biotechnology 
 
 Recently, sericulture-related materials such as silkworm powder, silkworm pupa, 
mulberry leaves and fruits, and silk powder (i.e., use in cosmetic creams, lotions, 
makeup, powders, bath preparations etc.,  see Fig.12A), have been developed as 
natural functional foods in China, Korea, Japan and other sericultural countries. In 
addition, silkworm can be used as sources of new drugs, particularly antibiotics, but 
their medical use extends well beyond insect as bioresources.  
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  Fig.12. Silkworm by-products (A) and Silkworm silk for medical applications (B). 
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8.1.1. Silkworm larval powder as an anti-diabetic agent  
 
 A Korean group first found that silkworm powder and extract showed a significant 
anti-hyperglycemic effect both in alloxan induced diabetic mice (133) and in mice fed 
with a high carbohydrate-containing diet, respectively (134). In China scientists have 
studied the effect of silkworm powder on type-2 diabetes mellitus for further 
development of anti-diabetic agent (135,136). The results showed that silkworm 
powder effectively lowers blood-glucose levels in diabetes mellitus animals via partial 
inhibition of α-maltase glycosidase activity in the small intestine, which delays the 
absorption of glucose by blood or tissues. It is believed that the silkworm powder can 
be a multi-effect anti-diabetic agent without complications.  
 
8.1.2. Silkworm pupal media for Cordyceps militaris 
  
 Cordyceps sinensis Berk. Sacc, used as a tonic herb in Chinese traditional 
medicine, is an “caterpillar fungus” that forms a fruiting body mainly on an insect 
larva. It has been widely used as a general tonic for protecting and improving lung and 
kidney functions (137), and show anti-cancer (138), immunomodulation (139) and 
hypotensive (140) effects. Due to loss of habitat and over-harvest, natural C. sinensis is 
becoming exhausted and cannot meet the demand of both national and international 
markets, leading to a sharp increase in the market price. Artificial C. sinensis produced 
from silkworm pupae infected by C. militaris is similar to the natural one in chemical 
composition (141). It also produces similar effects, such as, recovery from fatigue, 
anti-tumor, and inhibition of cancer cells without side-effects (142, 143).  
 
8.1.3. Silk fiber for new materials 
 
  The basic aim of sericulture is obtaining the silk fiber as material for clothing. 
Silk is excellent in feel, heat insulation, hygroscopic property, ultraviolet ray blockage, 
and skin affinity. Silk has a therapeutic effect on skin diseases and other unusual skin 
symptoms. With high chemical reactivity and changes in property (such as 
crystallization, solubility and molecular adhesion), traditional silk use has shifted from 
the clothing industry to a new resource for the medical industry (Fig.12B), which 
generates additional value. Furthermore, silk can be genetically modified to allow the 
covalent coupling of peptides, enzymes or particles before and after silk processing 
into biomaterials, therefore expanding its range of potential applications (144-147). 
Fibroin, the main protein component of silk, can be decomposed into oligopeptides or 
amino acids by chemical and biological methods. Due to its physical and chemical 
properties and fine biocompatibility, fibroin is widely used in cosmetics (skin cream, 
face wash, shampoo, and bath agents) medicinal foods (decreases cholesterol and 
blood glucose levels) (148, 149) and medical materials (natural skin, artificial internal 
organs, biosensor, blood vessels, contact lens, absorbable suture thread and artificial 
muscle) (150-152). Recently, transgenic technology has been applied in the silkworm 
B. mori to produce a variety of biomaterials including expression of the spider silk 
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protein MaSp1 driven by the B. mori Ser1 promoter, resulting in silkworm-produced 
silk with the same unparalleled tensile and structural properties as spider dragline silk 
(153,154). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.13. Insects utilized in traditional medicine. 

 

 
 Since early times, insect and their products have been used, directly and indirectly 
in the medical system by human civilization through out the world (155-158). The 
medical uses of insect and insect-derived products are called entomo-theraphy. 
Utilization of entomotherapeutic applications continues in flok-medicines in several 
places, and the literature suggests that most of this occurs in Asia. The consumption of 
insects is widespread among indigenous peoples in Asia and South America, probably 
because insects are abundant and relatively nutritious (155,159). Traditionally, bee, 
wasp, and ant products like honey and venom have been used in folk medicine for 
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thousands of years for treating wounds, ulcers, inflammation, infections, pain, cancer, 
etc. (160,161). For instance, blister beetles, which cause human skin to blister, are used 
to treat skin diseases. It is interesting to note that the diverse defensive chemicals of 
arthropods (e.g., mole cricket, scarab larvae, cicada nymphs, blister beetle, maggots 
etc.) have different origins. Antimicrobials that appear to be the basis of 
pharmacological activity are also widespread (Fig.13). Many insects’ natural products 
and antimicrobial peptides hold promise as sources for new drug development.  
 
8.1.4. Insect Cells for Baculovirus Expression Vectors 
  
 Protein production can be implemented relatively rapidly using the Baculovirus 
Expression Vectors-Insect Cells (BEVS-IC), where an engineered virus is used to 
infect non-modified insect cells. The infection transforms insect cells into 
protein-producing factories. Currently more than 400 cell lines derived from over a 100 
insect species (from Diptera, Lepidoptera and Hemiptera) have been used to produce 
baculoviruses, virus-like particles, and recombinant proteins for fundamental and 
applied (pharmaceutical) science. Lepidopteran cell lines derived from the fall 
armyworm (S. frugiperda; Sf21 and its clone Sf9) and the cabbage looper (Trichoplusia 
ni; High FiveTM, in short Hi5, Tri-Ex) are commercially available. These cell lines are 
produced at high cell densities, resulting in higher yields of recombinant proteins per 
volume, and has been demonstrated by carefully controlled metabolic flux analysis 
(MFA) (162). Comparison of the IC-BEV system (see Table 6) to other expression 
systems reveals major improvements over recent years allowing higher success rates, 
increased protein yields and better quality over shorter time lines (163-168). 
 
 

Table 6 Comparison of various commonly used expression systems for mammalian proteins. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

+ Post translational modifications resembling those in mammalian cells 
*  Expression level per culture volume vary per product produced 
** Removal of viral vectors require extra processing 
Source : van Oers et al. (167)  
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8.2. Transgenic insects 
 
 Genes inserted into an insect’s genome are called “tansgenes,” and the 
transformed insect is described as transgenic or genetically modified. Introduction of 
DNA into insect germ cells can be achieved by using physical means such as 
microinjection, biolistics or electroporation, or by biological means involving several 
possible transposable P-elements. The transposons [i.e. transposon or transposable 
element is a small piece of DNA that inserts itself into another place in the genome] 
most frequently used as vectors for non-Drosophilid insect germ-line transformation 
are: i) Hermes family element hAT; ii) the mariner family element Mos1, Minos; and 
iii) piggyBac (for recent reviews, see 169-172), of which the most commonly used is 
piggyBac. Numerous instances of successful transformation of a species by 
transposon-based techniques in Drosophila and other insect species (medflies, house 
fly, mosquitoes, wasp, bee, beetle, butterflies and moth) have been reported (Table 5). 
 

Table 5   List of Genetically Modified Insects 
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              Source:  Beech et al. (178) Collection of Biosafety Reviews, ICGEB, Italy. 

 
 
 There are a variety of uses for GM insects, from evolutionary biology and basic 
laboratory research to their use as factories for production of proteins, and for pest 
control in both agriculture and public health arenas (166). Over the past several 
decades, transgenic silkworms have been used as bioreactors to produce recombinant 
proteins. Transformed silkworms are easily generated using the DNA transposon 
piggyBac as a vector by injecting helper and vector plasmid DNA into eggs just after 
oviposition. Transgenic silkworms have been developed that spin a human skin 
protein-type III procollagen into their cocoons along with silk (173). Subsequent 
studies have exploited the 3XP3 eye-specific promoter (174) and the 
silk-gland-specific fibrion light chain promoter (173) to drive expression of the 
fluorescent protein marker genes. Insecticide-resistance genes identified by traditional 
genetic methods could be introduced by transgenic methods.   
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 The Sterile Insect Technique (SIT) involves irradiation and sustained release of 
large numbers of sterilized insects to reduce the native pest population through infertile 
mating. It has been refined by recent progress in transformation systems that allow 
genetic engineering of diverse insect species (reviewed in 170). Fluorescent markers 
used to identify released insects, sex-separation methods based on female-specific 
expression of a conditional dominant lethal gene, and a transgenic system that can 
cause embryo-specific lethality after transmission to the progeny. Similarly, 
female-flightless transgenic control strategies (involving a dominant lethal gene – 
RIDL) for A. aegypti uses a muscle-specific OX3604C to ablate flight muscles in adult 
females, leading to a flightless phenotype, and therefore effectively sterile mosquitoes 
(175,176). In the case of pink bollworm, Pectinophora gossypiella, the SIT strategy 
using a transgenic enhanced green fluorescent protein (EGFP) strain has been 
successfully applied in the field, with no significant impact on the environment (177, 
233).  
 
 There is increasing demand for use of baculovirus and NPV in pest management 
for some important agricultural pests. The use of genes encoding endotoxins from 
Bacillus thuringiensis (Bt) is now a well-established technology for controlling certain 
Lepidoptera (moths), Diptera (mosquitoes) and Coleoptera (beetle) pest species. In 
addition, modification of plants or plant-derived insecticides could provide sustainable 
control practices that work in harmony with genetically engineered plants.  
 
8.3. Gene silencing by RNAi                  
 
 When Jorgensen and colleagues attempted to overexpress the gene coding for a 
chalcone synthase enzyme to alter flower color, they unexpectedly suppressed 
expression of this gene (216). Later, Fire et al. (217) detected a potent and specific gene 
silencing effect after injecting double-stranded RNA into Caenorhabditis elegans. The 
conclusion was that both sense and antisense RNAs are sufficient to silence a target 
gene, and they coined the term “RNA interference” (RNAi) (217). 
 
 RNAi, as a sequence-specific gene silencing approach, has been broadly used for 
reversed functional genetic research to enhance our understanding in almost every 
branch of insect science. For basic research, combined with other techniques, RNAi 
has opened a door to study critical functions of numerous genes and pathways involved 
in insect development, reproduction, nutrition, communication, response to 
environmental stresses, and behavior. Chapter 27 reviews current studies using RNAi 
as a genetic tool to uncover the function of genes coding for proteins involved in 
insecticide resistance (218). Additionally, RNAi provides opportunities to compare the 
functions of homologous genes among different insect taxa, thus providing an 
evolutionary perspective on developmental processes (219). 
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 The remarkable sequence specificity of RNAi provides a great advantage as a 
species-specific and environmentally friendly pest control alternative when used in 
concert with existing pest management tactics. Although RNAi is not effective in 
Drosophila and efficiency varies across species of Diptera, Lepidoptera, and 
Hymenoptera, it works effectively and systemicaly in Coleoptera and other 
less-derived species (219-221). Expression of double-stranded RNA targeting lethal 
pest genes in plants is considered a promising step toward a practical application in 
managing agricultural pests in major crops. In many laboratories, RNAi-based GM 
corps have been developed for three major crops: corn (222), cotton (223), and rice 
(224). In other crops, such as vegetables and fruits, expression and delivery of 
double-stranded RNA via bacteria may be a highly efficient and cost effective method 
(218). To successfully apply RNAi in pest management, extensive studies on 
environmental risks caused by non-target and off-target effects, and further 
investigation on potential development of resistance will be necessary (220,225). 
Nanotechnology raises many of the same issues as with any new technology, and this 
volume (see Section VI: chapters 19 -23; Section VII: Chapter 24-27) covers both 
application of nanoparticles in agriculture and their potential effects on the global 
economy. 
 
9. Integrated pest management       
 
 We are now at a stage where all individual tactics for insect pest management can 
be integrated and used in a system that combines the most appropriate characteristics of 
each to produce an ecologically sound and economically viable package, IPM           
(Fig. 14). While several definitions exist for IPM, its success depends critically on 
having detailed information on the biology of the pest and how it interacts with the 
environment, natural enemies and the crop itself. IPM has been misconstrued as simply 
reducing pesticide inputs, but it should be based on a clear understanding of ecological 
functioning of the agro-ecosystem. Important facets of IPM often include pest 
monitoring for accurate timing of pesticide treatment, use of selective insecticides as 
well as combined use of semio-chemicals, host plant resistance, trap crops, oviposition 
deterrents and anti-feedents to manipulate pest behavior. Today the term 
stimulo-deterrent diversionary strategy is used for pest management. However, 
naturally occurring compounds such as spionosyns and azadirachtin, or living systems 
such as Bascillus thurungensis, have proved to be efficient insecticides against a 
number of commercially important insect pests. We tried to search best candidates 
(gene/protein) for the next generation of insect pest management for transgenic crops. 
Approaches such as routine transgenic resistance, biological control and sterile insect 
techniques provide sophisticated alternative tools for targeted control of pest or vector 
insects, as described in detail under the sub-heading Insect pest management through 
biochemical and molecular approaches (see more detail in Section VII: chapters 24 – 
26).      
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Fig.14. Integrated Pest Management strategies 
 

 
10. Bioinformatics    
        
 The Systems Biology, have been emerging to replace the reductionist view that 
dominated biology research past decades, require the coordinated efforts of biologists 
with those related to data analysis, (mathematicians, physicists, and statisticians) 
mathematical modeling and computer science (226). The analysis of the growing body 
of data, intensified by development of high-throughput experimental techniques that 
generate genomic and proteomics data, has prompted development of new 
computational methods. Computer-assisted analysis is imperative for efficiently 
storing, integrating (hardware and software), sorting, querying, graphically visualizing 
and analyzing functional genomic data. “Entomo-informatics” (Fig.15A, B) covers 
aspects such as data management, integration, functional genomics, proteomics, 
computational entomology (protein structural biology, protein modeling and 
engineering, discovery of new drugs), image analysis etc., and is intimately bound up 
with the internet.  
  
 In the field of molecular biology, the generally recognized databases are the 
international archival repositories for DNA and genomic sequence information, 
including GenBank (NCBI), the European Molecular Biology Laboratory (EMBL) 
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Nucleotide Sequence Database, and the DNA Databank of Japan (DDJ). Other 
databases provide users with annotated genomic sequence data, connecting regions of a 
genome with genes, identifying proteins associated with those genes, and assigning 
function to the genes and proteins. The Universal Protein Resource, or UniProt, was 
recently established by NIH as a centralized database of protein information such as 
function, classification and cross-reference. UniProt combines the resources from the 
major annotated protein databases SwissProt and TrEMBL (from EBI) and the Swiss 
Institute for Bioinformatics (SIB), as well as the Protein Sequence Database (PSD) 
from the Protein Information Resource (PIR). There are databases of scientific 
literature, such as PubMed; databases on single organisms, such as FlyBase, 
Aphidbase, Silkbase, Spodobase, Manducabase, beetlebase, Anopheles Database, 
Vectorbase etc.; and databases of protein interactions, such as the General Repository 
for Interaction Datasets (GRID). 

 

 

Fig.15A Typical work-flow for system entomology. 

1. Basic mathematics, 2. Data management, 3. Data integration, 4. Computational entomology,                  
5. Structure –functional relationship, 6. Image analysis and 7. Entomology inspiration for computing. 
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Fig.15B Entomo-informatics core network interfaces with various applications in entomology field. 
 
 
 Since the structural details of a protein largely determine its functions and 
characteristics, determining a protein’s overall shape and identifying meaningful 
structural details is a critical element of protein studies. Similar structure may imply 
similar functionality or receptivity to certain enzymes or other molecules that operate 
on specific molecular geometry. However, even for proteins whose three-dimensional 
shape has been experimentally determined through X-ray crystallography or nuclear 
magnetic resonance, finding similarities can be difficult due to extremely complex 
geometries and large amounts of data. But despite advances in experimental protein 
structure determination, there is still no experimental structural information available 
for the majority of protein sequences resulting from large-scale genome sequencing 
and meta-genomics projects. To fill this gap, different computational methods for 
predicting the structure of proteins have been developed. They differ in their 
computational complexity, the range of proteins that they can be applied to, and the 
accuracy and reliability of the resulting models. New horizons have been opened by 
SWISSMODEL (http://swissmodel.expasy.org), and Protein Model Portal (PMP: 
http://www.proteinmodelportal.org). The Swiss model server for automated 
comparative modeling of 3D protein structures provides several levels of user 
interaction with its web interface. In automated mode, an amino acid sequence of a 
protein is submitted to build a 3D model. The steps of template selection, alignment 
and model building are completely automated. In alignment mode, the modeling 
process is based on a user-defined target-template alignment. Complex modeling tasks 
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can be handled with the project mode using DeepView, an integrated sequence 
to-structure workbench. All models are accompanied by a detailed modeling report. 
“The reliability of SWISS-MODEL and PMP are continuously evaluated and 
developed to improve the successful implementation of expert knowledge into an 
easy-to-use server” (227). Scientific visualization art tools (VMD, PyMOL, Jmol, 
RasMol, QuteMol, DeepView, Cn3D, AutoDock, and Chimera) are often adopted for 
modeling complicated physical phenomena and frequently use homology-based 
modeling tools such as MODELLER, ESyPred3D, Geno3D, I-TASSER, Phyre, and 
GeneSilico. For example, 3D molecular design of the A. aegypti aquaporin protein was 
visualized by using PyMOL software (Fig.16, see Chapter-22).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.16. 3D model design and visualization of A.egypti aquaporin protein by using PyMOL software 
program.   
Schematic illustration of A.egypti aquaporin topological structure (A). Superimpose position of 3D 
structure of A.egypti Aquaporin protein (AQPAe-brown) predicated using the AQP1 from Bos taurus 
(PDB: 1J4N-sky blue) and Rat (PDB: 2D57-pink) as a template (B). Three circles represent the three 
important amino acids (Asn, Pro and Ala) in NPA motifs (C, D). His74, His80, His160, and His186 

highlighted in red color residue for binding site and Cys79, Cys108, and Cys163 residue are highlighted in 
green for metal binding site (E). Electrostatic surface model (F)   
 
 

 The drug discovery process is very complex and demanding, and usually requires 
cooperative interdisciplinary efforts (226). Despite great and steady methodological 
advances achieved through the years, and the huge efforts devoted to this enterprise, 
more often than not the results are disappointing. Recent completion of insect genome 
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projects has not only unearthed a number of new possible drug targets, but also has 
highlighted the need for better tools and techniques for the discovery and improvement 
of new drug candidates for pest management. The development of these new tools will 
benefit from a deeper understanding of the drugs´ molecular targets as well as from 
more friendly and efficient computational tools (226,228). Each entomological 
subdiscipline also now requires the tools of information technology to probe that 
information, to interconnect experimental observations and modeling, and to 
contribute to an enriched understanding or knowledge. The expansion of entomology 
into discovery and synthetic analysis, that is, genome-enabled biology and systems 
biology as well as the hardening of many biological research tools into high-throughput 
pipelines, drives the need for “cyberinfrastructure” in entomology. The end of the 
section this book volume provides complete coverage of basic (sequence alignment, 
homology modeling, evolution, visualization of cellular information at the molecular 
level, 3D structure, drug design) and discuss various application of insect 
bioinformatics/ or entomo-informatics (see Section VIII: Chapter 28- 30).  
  
11. Concluding remarks        
 
 An ideal transgenic crop plants should be commercially feasible, environmentally 
benign (biodegradable), and easy to use in diverse agro-ecosystems, as well as show a 
wide-spectrum of activity against crop pests. It should also be harmless to natural 
enemies, target the sites that causes mortality in insects that have developed resistance 
to conventional pesticides, be flexible enough to allow ready deployment of 
alternatives (if and when the resistance is developed by the pest), and preferably 
produce acute rather than chronic effects on the target insects (229). This approach to 
insect control offers the advantage of some degree of specificity, so that only pests are 
targeted, not beneficial organisms. The development of a delivery system for 
transgenic plant products to the insect haemolymph will remove a key constraint in the 
transgenic approach to crop protection. Incorporation of Bt genes has had a tremendous 
effect on pest management. The ideal management strategy will reflect pest biology, 
insect plant interactions and their influence on natural enemies. Refugia can play an 
important role in resistance management and should take into account the pest 
complex, the insect hosts and the environment. Expression of more than one gene 
(gene pyramiding) and single chain antibody genes will be compatible with the likely 
trends in pesticide discovery using biologically-derived target-based methods. 
Emphasis should be placed on combining exotic genes with conventional host plant 
resistance, and on traits conferring resistance to other insect pests and diseases of 
importance in the target region. Several genes conferring resistance to insects can also 
be deployed as synthetics (230). 
 
 We have only touched upon the fringes of various aspects of insect molecular 
biology. Phenomenal progress has been made in all aspects of molecular entomology, 
and with every passing day new molecular techniques are emerging to improve crop 
resistance to pests. Perhaps the greatest promise for the new millennium is the 
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possibility of modifying pathways for producing semiochemicals that enhance 
production of man-made “smart molecules”, for effective mechanism of insect pest 
control. This novel strategy can be applied to arrest/disrupt the insect pest’s physiology 
and development, thereby controlling the pest population in a natural economical and 
eco-friendly way. One of the most controversial and interesting topics of today pertains 
to insects and climate change, with the assumption that increasing concentrations of 
CO2 influencs phytophagous pests. Rising levels of carbon dioxide have the potential 
to alter the relative abundance of species and species compositions of local terrestrial 
communities.  
 
 Finally, one may be able to develop potent inhibitors for insect specific biological 
processes such as cuticular sclerotization, which has been neglected for years. 
Sclerotization of insect cuticle is achieved by covalent crosslinking of chitin and 
structural proteins by reactive intermediates generated from catecholamine precursors.  
Figure. 17 illustrate the generalized biochemical pathway leading to the sclerotization 
of all insect cuticles (231,232). Specific inhibitors that arrest the process at specific 
sites can form potent insecticides. By selectively designing and/or bioprospecting 
biodegradable compounds targeting this vital process can lead to the development of 
novel insecticides for future use.  
 

 
Fig.17. Generalized Mechanism for sclerotization of insect cuticle. Adapted with permission from 
Sugumaran (231,232). Phenoloxidase generated quinones react with proteins and chitin forming adducts 
(called quinone tanning). Quinones also serve as substrates for quinone isomerase generating quinone 
methides that react with proteins and chitin (Quinone methide sclerotization). Quinone methides are 
converted by quinone methide isomerase to dehydro-N-acyldopamine, which is further oxidized by 
phenoloxidases producing quinone methide imine amide that will generate adducts and crosslinks 
(quinone methide sclerotization). The generalized mechanism is also applicable to N-β-alanyldopamine.  
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 All the following sections (I – VIII) reflect the current status of research involving 
insect biochemistry and molecular biology, and we hope that readers will find each 
chapter interesting and helpful in their research efforts in these fields. 
 
 
12. Acknowledgements   
 
 The authors would like to thanks Prof. Thomas W. Sappington, USDA-ARS, 
Corn Insects & Crop Genetics Research Unit, USA; Dr. Kaliappanadar Nellaiappan, 
CuriRx, USA; Dr. Sanjiv Kumar Maheshwar, IFTM University, India for their critical 
reading and comments of the manuscript. This works was supported by the 
International Book Mission, Academic Publisher providing Young Editor – Leadership 
Award (Ref.No.002535/03-20-2014/IBM). 
 
 
13. References    
 

1. Robinson, G.E., Hacckett, K.J., Purcell-Miramontes, M., Brown, S.J., Evans J.D., Goldsmith, M.R. et al., 
(2011) Creating a Buzz about Insect Genomes. Science, Vol.331:1386-1387. 

2. Dicke, M. and Sabelis, M.W. (1988) Infochemical terminology: should it be based on cost–benefit analysis 
rather than origin of compounds? Funct. Ecol. 2:131-139. 

3. Anathakrishnan, T.N. (2001) Perspective in entomological research for the millennium. In: Advance in 
Entomology (Eds. Muraleedharan D, Nair, K.S.S, Mohandas, N., Tandon P.L., Palaniswami, M.S. Jacob, M). 
Association for Advancement of Entomology, India, pp. 1-4. 

4. Palli, S.R., Cusson M. (2007) Future insecticides targeting genes involved in the regulation molting and 
metamorphosis. (Eds) Ishaaya I., Nauen R., Horowitz AR., Insecticide Design Using Advance Technologies, 
Berlin: Springer. 

5. Babu, S.P.B., Madhusudan Rao J., Beena J. and Sumathykutty M.A. (1996) Evaluation of some plant extract 
as feeding deterrents against adult Longitarsus nigripennis Moths (Coleoptera: Chrysomelidae) Entomon. 21: 
291-294. 

6. Anathakrishnan, T.N. (2003) Insect, Plants and Molecular Interactions, p.120. Madras Science Foundation, 
Tamilnadu, India. 

7. Chandrasekar, R. (2006) Expression and sequestration of storage protein 1 (SP1) in differentiated fat body 
tissues in groundnut pest, Amsacta albistriga Walk. Ph.D Thesis, Bharathidasan University, Tiruchirappalli - 
620 024, India. 

8. Chandrasekar, R., Murugan, K., Bhatacharyya, A. (2013) Specific biomarker for sexing pupae in groundnut 
pest, Amsacta albistriga (Lepidoptera: Arctiidea). Asian J. Agri. Biol. 1(3):118-126. 

9. Sundaram, M., Palli, S.R., Krell, J.P., Sohi, S.S., Dhadialla, T.S. and Retnakaran, A. (1998) Effect of 
RH-5992 on adult development in the spruce budworm, Choristoneura fumiferana. Insect Biochem. Mol.Biol. 
28: 693-704. 

10. Okochi,T. and Mori, K. (2001) New Enantioselective Synthesis of (10R,11S)-(+)-Juvenile Hormones I and II. 
Eur.J.Org.Chem. 2145-2150. 

11. Lopez, O., Fernandez-Bolanos, J.G., and Victoria Gil, M. (2005) New trends in pest control: the search for 
greener insecticides. Green Chem. 7:431-442. 

12. Cohen, E. (2001) Chitin synthesis and inhibition: a revisit. Pest Manag.Sci. 57:946-950. 
13. Houston, D.R., Synstad, B., Eijsink, V.G.H., Stark, M.J.R., Eggleston, I.M., van Aalten, D.M.F. (2004) 

Structure-based exploration of cyclic dipeptide chitinase inhibitors. J. Med. Chem. 47: 5713-5720. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014                 Lead chapter 
   

46 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

14. Bansal, R., Mian, M.A.R, Mittapalli, O., Michel, A.P. (2012) Characterization of a Chitin Synthase Encoding 
Gene and Effect of Diflubenzuron in Soybean Aphid, Aphis Glycines. Int. J. Biol. Sci. 8(10):1323-1334. 

15. Zhang, X., and Zhu, K.Y. (2013) Biochemical characterization of chitin synthase activity and inhibition in the 
African malaria mosquito, Anopheles gambiae. Insect Sci. 20(2): 158–166. 

16. Martinez, J.P., Falomir, M.P., Gozalbo, D. (2014) Chitin: A Structural Biopolysaccharide with Multiple 
Applications. August 15, 2014. John Wiley & Sons DOI:10.1002/9780470015902.a0000694.pu 

17. Cusson, M. (2008) The molecular biology toolbox and its use in basic and applied insect science. BioScience, 
Vol.58 (8):691-700. 

18. Chandrasekar, R. (2009) Perspective insect molecular biology. Raman Chandrasekar (Ed.) Short Views on 
Insect Molecular Biology, Academic Publisher, South India, Vol.(1): 1 – 20.  

19. GIGA Community of Scientists (2014) The Global Invertebrate Genomics Alliance (GIGA): Developing 
Community Resources to Study Diverse Invertebrate Genomes. J. Heredity 105(1):1–18. 

20. Robinson, J.T., Thorvaldsdóttir, H., Winckler, W., Guttman, M., Lander, E.S., Getz, G., Mesirov, J.P. (2011) 
Integrative genomic viewer. Nature Biotechnol. 1:24.26. 

21. Hanrahan, S.J., Johnston, J.S. (2011) New genome size estimates of 134 species of arthropods. Chromosome 
Research. 19:809-23. 

22. i5k Consortium (2013) The i5K Initiative: Advancing Arthropod Genomics for Knowledge, Human Health, 
Agriculture, and the Environment. J. Hered. 104 (5): 595-600 doi:10.1093/jhered/est050 

23. Suryamohan, K. and Halfon, M.S. (2014) Insect Regulatory Genomics. Short Views on Insect Genomic and 
Proteomic, (Eds) Chandrasekar, R., Marian, G., and Tolulope, Springer publisher (accepted MS).  

24. Johnston, J.S., Yoon, K.S., Strycharz, J.P., Pittendrigh, B.R., Clark, J.M. (2007) Body lice and head lice 
(Anoplura: Pediculidae) have the smallest genomes of any hemimetabolous insect reported to date. J. Med. 
Entomol. 44: 1009-1012. 

25. Wilkins, M.R., Williams, K.L., Appel, R.D., Hochstrasser, D. (1997) Proteome Research: New Frontiers in 
Functional Genomics, Springer-Verlag, Berlin, Heidelberg, New York. 

26. Zhang, P., Aso, Y., Yamamoto K., Banno, Y., Wang, Y., et al., (2006) Proteome analysis of silk gland 
proteins from the silkworm, Bombyx mori. Proteomic, 6:2586-2599. 

27. Carolan, J.C., Fitzroy, C.I., Ashton, P.D., Douglas, A.E., and Wilkinson, T.L. (2009) The secreted salivary 
gland proteome of the pea aphid Acyrthosiphon pisum characterized by mas spectrometry. Proteomics 9: 
2457-2467. 

28. Bayyareddy, K., Andacht, T.M., Abdullah, M.A., and Adang, M.J. (2009) Proteomic indentification of 
Bacillus thuringiensis subsp. israelensis toxin Cry4Ba binding proteins in midgut membranes from Aedes 
aegytpi L. (Diptera, Culicidae) larvae. Insect Biochem. Mol.Biol. 39:279-286. 

29. Takemori, N., and Yamamoto, M.T. (2009) Proteome mapping of the Drosophila melanogaster male 
reproductive system. Proteomics 9:2484-2493. 

30. Yu, F., Mao, F., and Jianke, L. (2010) Royal jelly proteome comparison between A.mellifera ligustica and A. 
cerana cerana. J. Proteome Res. 9:2207-2215. 

31. Li, Q., Wang, D., Lv, S., Zhang, Y. (2014) Comparative proteomics and expression analysis of five genes in 
Epicauta chinensis larvae from the first to fifth instar. PLoS ONE 9(2): e89607. 

32. Sehrawat, N. and Gakhar, S.K. (2014) Mosquito Proteomics: Present and Future Prospective. Research in 
Biotechnology, 5(4): 25-33. 

33. Rettie, E.C., and Dorus, S. (2012) Drosophila sperm proteome evolution: Insights from comparative genomic 
approaches. Spermatogenesis. 2(3): 213–223. 

34. Cornelie, S., Rossignol, M., Seveno, M., Demettre, E., Mouchet, F., et al. (2014) Salivary Gland Proteome 
Analysis Reveals Modulation of Anopheline Unique Proteins in Insensitive Acetylcholinesterase Resistant 
Anopheles gambiae Mosquitoes. PLoS ONE 9(8): e103816.  

35. Breker, M. and Schuldiner, M. (2014) The emergence of proteome-wide technologies: systematic analysis of 
proteins comes of age. Nature (15): 543-464. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014                 Lead chapter 
   

47 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

36. Walls, D. and Loughran, S.T. (2011) Protein Chromatography: Methods and Protocols, Methods in Molecular 
Biology, Chapter 9, Vol.681: 151-175. Springer Publisher. 

37. Palagi, P.M., Hernandez, P., Walther, D. and Appel, R.D. (2006) Proteome informatics I: Bioinformatics tools 
for processing experimental data. Proteomics 6: 5435-5444. 

38. Vilcinskas, A. (2013) Evolutionary plasticity of insect immunity. J. Insect Physiol. 59: 123-129. 
39. Kanost, M.R., Jiang, H., and Yu, X.Q. (2004) Innate immune responses of a lepidopteran insect, Manduca 

sexta. Immunol. Rev. 198: 97 - 105. 
40. Strand, M.R. (2008) The insect cellular immune response. Insect Sci. 15: 1-14. 
41. Jiang, H., Vilcinskas, A., and Kanost, M. (2010) Immunity in Lepidopteran Insects. In Invertebrate Immunity, 

K. Söderhäll, ed. (New York, USA: Springer US), pp. 181-204. 
42. Tanaka, H., and Yamakawa, M. (2011) Regulation of the innate immune responses in the silkworm, Bombyx 

mori. ISJ, 59-69. 
43. Liu, F., Xu, Q., Zhang, Q., Lu, A., Beerntsen, B., and Ling, E. (2013) Hemocytes and hematopoiesis in the 

silkworm, Bombyx mori. Invertebrate Survival Journal 10: 102-109. 
44. Hughes, A.L. (2012) Evolution of the betaGRP/GNBP/beta-1,3-glucanase family of insects. Immunogenetics 

64: 549-558. 
45. Lavine, M.D., Strand, M.R. (2002) Insect hemocytes and their role in immunity. Insect Biochem. Mol. Biol.32 

(10):1295-309. 
46. Lanot, R., Zachary, D., Holder, F., and Meister, M. (2001) Postembryonic hematopoiesis in Drosophila. Dev. 

Biol. 230: 243-257. 
47. Evans, C.J., and Banerjee, U. (2003) Transcriptional regulation of hematopoiesis in Drosophila. Blood Cells 

Mol. Dis. 30: 223-228. 
48. Wertheim, B., Kraaijeveld, A.R., Schuster, E., Blanc, E., Hopkins, M., Pletcher, S.D., Strand, M.R., Partridge, 

L., and Godfray, H.C. (2005) Genome-wide gene expression in response to parasitoid attack in Drosophila. 
Genome Biol. 6: R94. 

49. Akai, H., and Sato, S. (1973) Ultrastructure of the larval hemocytes of the silkworm, Bombyx mori L. 
(Lepidoptera: Bombycidae). Int. J. Insect Morphol. Embryo. 2: 207-231. 

50. Han, S.S., Lee, M.H., Kim, W.K., Wago, H., and Yoe, S.M. (1998) Hemocytic Differentiation in Hemopoietic 
Organ of Bombyx mori Larvae. Zoolog Sci. 15: 371-379. 

51. Ling, E., Shirai, K., Kanekatsu, R., and Kiguchi, K. (2003) Classification of larval circulating hemocytes of 
the silkworm, Bombyx mori, by acridine orange and propidium iodide staining. Histochem. Cell Biol. 120: 
505-511. 

52. Tan, J., Xu, M., Zhang, K., Wang, X., Chen, S., Li, T., Xiang, Z., and Cui, H. (2013) Characterization of 
hemocytes proliferation in larval silkworm, Bombyx mori. J. Insect Physiol. 59: 595-603. 

53. Liu, F., Ling, E., and Wu, S. (2009) Gene expression profiling during early response to injury and microbial 
challenges in the silkworm, Bombyx mori. Arch. Insect Biochem. Physiol. 72: 16-33. 

54. Upton, M., Cotter, P., and Tagg, J. (2012) Antimicrobial peptides as therapeutic agents. Int. J. Microbiol. doi: 
10.1155/2012/326503. 

55. Tang, H. (2009) Regulation and function of the melanization reaction in Drosophila. Fly 3: 105-111. 
56. Ashida, M., and Brey, P. (1998) Recent advances on the research of the insect prophenoloxidase cascade. In 

Molecular mechanisms of immune responses in insects, P. Brey, and D. Hultmark, eds. (London, UK 
Chapman & Hall), pp. 135-172. 

57. Chase, M.R. and Sugumaran, M. (2001). Genomic and cDNA sequence of prophenoloxidase from Drosophila 
melanogaster. in “Phylogenetic perspectives on vertebrate Immune system”. Edited by Beck, G., Sugumaran, 
M. and Cooper, E. Kluger/Plenum Press NY Pp. 349 –362.    

58. Zou, Z., Shin, S.W., Alvarez, K.S., Kokoza, V., and Raikhel, A.S. (2010) Distinct melanization pathways in 
the mosquito Aedes aegypti. Immunity 32: 41-53. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014                 Lead chapter 
   

48 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

59. Liu, F., Chen, Y., Yang, B., Wang, J., Peng, Q., Shao, Q., et al. (2012) Drosophila melanogaster 
prophenoloxidases respond inconsistently to Cu2+ and have different activity in vitro. Dev. Comp. Immunol. 
36, 619–628. 

60. Chen, Y., Liu, F., Yang, B., Lu, A., Wang, S., Wang, J., Ling, Q.Z., Li, X., Beerntsen, B.T., and Ling, E. 
(2012) Specific amino acids affecting Drosophila melanogaster prophenoloxidase activity in vitro. Dev. 
Comp. Immunol. 38: 88-97. 

61. Nonchev, S., Michailova, P., Venkov, C., Tsanev, R. (1989) Histone H1 in the centromeric heterochromatin of 
Glypototendipes barbipes larval polytene chromosomes. Chromosoma, 98: 64-68. 

62. Michailova, P. (1994) The role of heterochromatin in the speciation of fam. Chironomidae, Diptera. Folia 
Biol., 42, 3-4, 79 - 87. 

63. Michailova, P., Ilkova J., Hankeln T., Schmidt E., Selvaggi, Zampicinini G., Sella G., (2009) Somatic 
breakpoints, distribution of repetative DNA and non-LTR retrotransposones insertion sites in the 
chromosomes of Chironomus piger Strenzke (Diptera, Chironomidae). Genetica, 135: 137 – 148. 

64. Warchalowska- Sliwa E., Grzywacz B., Maryanska- Nadachowska A., Karamysheva T.V., Heller K., 
Lehmann A., Lehmann G., Chobanov D. (2013) Molecular and classical charomosomal techniques reveal 
diversity in bushcricket genera of Barbitistini (Orthoptera). Genome, 56: 667-676. 

65. Beermann, W., (1955) Geschlechtbestimmung and Evolution der genetischen Y Chromosomen bei 
Chironomus. Biol. Zentralbl., 74: 525-544. 

66. Keyl H., (1962) Chromosomenevolution bei Chironomus. II. Chromosom enumbauten and phylogenetische 
Beziehungen der Arten. Chromosoma, 13: 464-514. 

67. Kraemer Ch., Schmidt, E., (1993) The sex determining region of Chironomus thummi is associated with 
highly repetitive DNA and transposable elements. Chromosoma,102: 553-562. 

68. Kaiser, V.B., and Bachtrog, D. (2010) Evolution of Sex Chromosomes in Insects. Annul. Rev. 91-112. 
69. Traut, W., Sahara, K., Otto, T.D., and Marece, F. (1999) Molecular differentiation of sex chromosomes 

probed by comparative genomic hybridization. Chromosoma 108: 173-180. 
70. Sirnivasan, R. (2006) Cockroach chromosomes. The Hindu, Science & Technology, June 8, 2006. 
71. Wang, Y.X., Marec, F. and Traut, W. (1993) The synaptonemal complex complement of the waz moth, 

Galleria mellonella. Herediats 118:113-119. 
72. Traut, W., and Marec, F. (1997) Sex chromosome differentiation in some species of Lepidoptera (Insexta). 

Chromosomes Res. 5:283-291. 
73. Abe, H., and Fujii, T. (2009) Molecular characteristics of the W chromosome, Z chromosome and Retro 

transposable elements of the silkworm, Bombyx mori. Short Views on Insect Molecular Biology, International 
Book Mission, South India. Chapter 12 (1): 203-228. 

74. Vibranovski, M.D. (2014) Meiotic Sex Chromosome Inactivation in Drosophila. J. Genomics 2:104-117. 
75. Banno, Y., Shimada, T., Kajiura, Z., and Sezutsu, H. (2010) “The silkworm—an attractive bioresource 

supplied by Japan,” Experimental Animals, 59(2): 139–146. 
76. Bindroo, B.B. and Moorthy, S.M. (2014) Genetic Divergence, Implication of Diversity, and Conservation of 

Silkworm, Bombyx mori. International J. Biodiversity, ID 564850, 15 pages. 
77. Ashok Kumar, K., Somasundaram, P., Rajesh, G.K., Chandrasekar, R., Balachandran, N., and Sivaprasad, V. 

(2013) Protein markers as a potential tool for biochemical characterization of silkworm genetic resources. 
September 26, 2013. 

78. Avise, J.C. (1994) Molecular Markers, Natural History and Evolution. Chapman & Hall, New York. doi: 
10.1007/978-1-4615-2381-9 

79. Qiu-Ning Liu, Bao-Jian Zhu, Li-Shang Dai, Chao-Liang Liu (2013) The complete mitogenome of Bombyx 
mori strain Dazao (Lepidoptera: Bombycidae) and comparison with other lepidopteran insects. Genomic,101: 
64-73. 

80. Liu, Z., (2007) Fish genomics and analytical genetic technologies, with examples of their potential 
applications in management of fish genetic resources. Workshop on Status and Trends in Aquatic Genetic 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014                 Lead chapter 
   

49 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

Resources: A Basis for international policy, (Eds) by Devin M. Bartley, Brian, J. Harvey, Roger, S. V. Pullin, 
2007 -  Technology & Engineering, 145 -177. 

81. Tan, Y.D.,Wan, C., Zhu, Y., Lu, C. & Xiang, Z. (2001) An amplified fragment length polymorphism map of 
the silkworm. Genetics 157: 1277–1284. 

82. Heckel, D.G.,Gahan, L.J., Liu, Y.B. and  Tabashnik, B.E. (1999) Genetic mapping of resistance to Bacillus 
thuringiensis toxins in diamondback moth using biphasic linkage analysis. Proc. Natl. Acad. Sci. USA 96: 
8373–8377. 

83. Hawthorne, D.J. (2001) AFLP-based genetic linkage map of the Colorado potato beetle Leptinotarsa 
decemlineata (Say): sex chromosomes and a pyrethroid resistance candidate gene. Genetics 158: 695–700. 

84. Heckel, D.G., Bryson, P.K., and Brown, T.M. (1998) Linkage Analysis of Insecticide-Resistant 
Acetylcholinesterase in Heliothis virescens. Journal of Heredity 89:71–78. 

85. Hall, H.G. (1990) Parental analysis of introgressive hybridization between African and European honeybees 
using nuclear DNA RFLPs. Genetics 125: 611–621. 

86. Cruickshank, R.H. (2002) Molecular markers for the phylogenetics of mites and ticks. System. Appl. Acar. 7: 
3–14. 

87. Litt, M., and Luty, J.A., (1989) A hypervariable microsatellite revealed by in vitro amplication of dinucleotide 
repeat within the cardiac muscle actin gene. Am. J. Hum. Genet.44: 397-401. 

88. Wang, M.L., Barkley, N.A., Jenkins. T.M. (2009) Microsatellite Markers in Plants and Insects.Part I: 
Applications of Biotechnology. Genes, Genomes and Genomics 3(1): 1-14. 

89. de Bakker, P.I, McVean, G., Sabeti, P.C., Miretti, M.M., Green, T., et al., (2006) A high-resolution HLA and 
SNP haplotype map for disease association studies in the extended human MHC. Nat Genet. 
38(10):1166-1172. 

90. Vezzulli, S., Troggio, M., COllPOIa, G., Jermakow, A., Cartwright, D., et al., (2008) A reference integrated 
map for cultivated grapevine (Vilis vinifera L.) from three crosses, based on 283 SSR and 501 SNP-based 
markers. Theoretical and Applied Genetics 117: 499-511. 

91. Takeda, M., Mita, K., Quan, G.-X., Shimada, T., Okano, K., Kanke, E. et al. (2001) Mass isolation of cuticle 
protein cDNAs from wing discs of Bombyx mori and their characterization. Insect Biochem. Mol. Biol. 31: 
1019–1028.    

92. Noji, T., Ote, M., Takeda, M., Mita, K., Shimada, T., Kawasaki, H. (2003) Isolation and comparison of 
different ecdysone-responsive cuticle protein genes in wing discs of Bombyx mori. Insect Biochem Mol. Biol. 
33:671- 679. 

93. Yoshido, A., Bando, H., Yasukochi, Y., and Sahara, K. (2005) The Bombyx mori karyotype and the 
assignment of linkage groups. Genetics 170: 675–685. 

94. Hunt, G.J., E. Guzmán-Novoa, M.K. Fondrk, and R.E. Page, Jr. (1998) Quantitative trait loci for honey bee 
stinging behavior and body size. Genetics 148(3): 1203–1213.  

95. Shorter JR1, Arechavaleta-Velasco M, Robles-Rios C, Hunt GJ. (2012) A genetic analysis of the stinging and 
guarding behaviors of the honey bee. Behav Genet. 42(4):663-74. 

96. Xu, H-M., Wei, C.S., Tang, Y.T., Zhu, Z.H., Sima, Y.F., and Lou, X.Y. (2011) A new mapping method for 
quantitative trait loci of silkworm. BMC Genetics 12:19.  

97. Shuai Zhan, Jianhua Huang, Qiuhong Guo, Yunpo Zhao, Weihua Li, Xuexia Miao, Marian R. Goldsmith, 
Muwang Li, and Yongping Huang. (2009) "An Integrated Genetic Linkage Map for Silkworms with Three 
Parental Combinations and Its Application to the Mapping of Single Genes and QTL" Biological Sciences 
Faculty Publications (2009). 

98. Behrens, D., Huang, Q., Cornelia Geßner, Rosenkranz, P., Frey, E., Locke, B.,. Moritz, R.F.A., and Kraus, 
F.B. (2011) Three QTL in the honey bee Apis mellifera L. suppress reproduction of the parasitic mite Varroa 
destructor. Eco.Evol. 1(4): 451-458. 

99. Bing Li, Xiuye WANG, Chengxiang HOU, Anying XU, Muwang Li (2013) Genetic analysis of quantitative 
trait loci for cocoon and silk production quantity in Bombyx mori (Lepidoptera: Bombycidae). Eur. J. 
Entomol. 110 (2): 205-213. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014                 Lead chapter 
   

50 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

100. Behrens, D. and Montiz, R.F.A. (2014) QTL-mapping of individual resistance against American foulbrood in 
haploid honeybee drone larvae (Apis mellifera). Apidologie (2014) 45:409–417. 

101. Sen, S, Churchill, G. (2001) A statistical framework for quantitative trait mapping. Genetics 159: 371–387. 
102. Yi, N.J., Yandell, B.S., Churchill, G.A., Allison, D.A., Eisen, E.J., Pomp, D. (2005) Bayesian model selection 

for genome-wide epistatic quantitative trait loci analysis. Genetics 170: 1333–1344. 
103. Yamamoto, K., et al., (2008) A BAC-based integrated linkage map of the silkworm Bombyx mori. Genome 

Biology 2008, 9:R21. 
104. Yamamoto, K., Narukawa, J., Kadono-Okuda, K., Nohata, J., Sasanuma, M., Suetsugu, Y., Banno, Y., Fujii, 

H., Goldsmith, M.R., and Mita, K. (2006) Construction of a Single Nucleotide Polymorphism Linkage Map 
for the Silkworm, Bombyx mori, Based on Bacterial Artificial Chromosome End Sequences. Genetics 173(1): 
151–161. 

105. Baxter, S.W., Papa, R., Chamberlain, N., Humphray, S.J., Joron, M., Morrison, C., ffrench-Constant, R.H., 
McMillan, W.O., Jiggins, C.D. (2008) Convergent evolution in the genetic basis of Müllerian mimicry in 
heliconius butterflies. Genetics 180 (3):1567-77. 

106. Wu, C., Proestou, D., Carter, D., Nicholson, E., Santos, F., Zhao, S., Zhang, H-B., and Goldsmith, M.R. 
(2009) Construction and sequence sampling of deep-coverage, large-insert BAC libraries for three model 
lepidopteran species. BMC Genomic, 10:283. 

107. Yasukochi, Y., Tanaka-Okuyama, M., Shibata, F., Yoshido, A., Marec, F., et al. (2009) Extensive Conserved 
Synteny of Genes between the Karyotypes of Manduca sexta and Bombyx mori Revealed by BAC-FISH 
Mapping. PLoS ONE 4(10): e7465.  

108. Yasukochi, Y., Tanaka-Okuyama,  M., Kamimura, M., Nakano, R., Naito, Y.,  Ishikawa, Y., and Sahara, 
K., (2011) Isolation of BAC Clones Containing Conserved Genes from Libraries of Three Distantly Related 
Moths: A Useful Resource for Comparative Genomics of Lepidoptera. Journal of Biomedicine and 
Biotechnology, Volume 2011, Article ID 165894, 6 pages. 

109. Capy, P., Gaspersi, G., Biemont, C., Bazin, C. (2000) Stress and transposable elements: co-evolution or useful 
parasites? Heredity, 85: 101-106. 

110. Guerreoro, M. (2012) What makes transposable elements move in Drosophila genome? Heredity, 108: 
461-468. 

111. Schmidt, E. (1984) Cluster and interspersed repetitive DNA sequence family of Chironomus. The Nucleotide 
sequence of the Cla-Elements and of various flanking sequences. J.Mol.Biol. (178):1-15. 

112. Ilkova, J., Hankeln, T., Schmidt, E., Michailova, P., Sella, G., Zampicinini, GP., Petrova, N., White, K.  
(2007) Genome instability of Chironomus riparius Mg. and Chironomus piger Strenzke (Diptera, 
Chironomidae). Caryologia, 60 (4): 299-305. 

113. Michailova, P., Sella, G., Petrova, N. (2012) Chironomids (Diptera) and their salivary gland chromosomes as 
indicators of trace metal genotoxicology. Italian Journal of Zoology, 79: 218 -230. 

114. Ilkova, J., Cervella, P., Zampicinini, G.P., Sella, G., Michailova, P. (2013) Chromosomal breakpoints and 
transposable-element-insertion sites in salivary gland chromosomes of Chironomus riparius Meigen (Diptera, 
Chironomidae) from trace metal polluted stations. Acta Zool. Bulgarica, 65 (1): 63-79.  

115. Zhimulev, I.F., Belyaeva, E.S., Semeshin, V.F., Koryakov, D.E., Demakov, S.A., Demakova, O.V., 
Pokholkova, G.V. and Andreyeva, E.N. (2004) Polytene chromosomes: 70 years of genetic research. Int. Rev. 
Cytol. 241: 203-275. 

116. Michailova, P., Kownazki, A., Langton, P. (2013) Chironomus polonicus sp. n. (Diptera: Chironomidae) from 
southern Poland. Zootaxa, 3599(6): 564–576.  

117. Kiknadze II, Gunderina, L., Butler, M., Wűlker, W., Martin, J. (2008) Chromosomes and continents. In 
Biosphere Origin and Evolution, ed. N Dobretsov, A Rozanov, N Kolchanov, G Zavarzin, pp. 349-369: 
Springer – Verlag.  

118. Shobanov, N., Kiknadze, I., Butler, M., (1999) Palearctic and Nearctic Chironomus (Camptochironomus) 
tentas Fabricius are different species (Diptera, Chironomidae). Ent. Scand., 30, 311-322. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014                 Lead chapter 
   

51 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

119. Michailova, P., Krastanov B., Hankeln T., Schmidt E., Kraemer C. (2009) In situ localization of the 
evolutionary conserved Cpy/Cth gene in the subfamily Chironomidae (Chironomidae, Diptera): establishment 
of chtromosomal homology. Journal of Zoological Systematics and Evolutionary Research, 47(3): 298 – 301. 

120. Bashasab, F., et al., (2006) DNA-based maker systems and their utility in entomology. Entomologica Fennica, 
17: 21- 33. 

121. Miah, G., Rafii, M.Y., Ismail, M.R., Puteh, A.B., Rahim, H.A., Islam, K.N., Latif, M.A. (2013) A review of 
microsatellite markers and their application in rice breeding program to improve blast disease resistance. Int. 
J. M. Sci. 14: 22499-2258. 

122. Clyne, P. J., Warr, C. G., Freeman, M. R., Lessing, D., Kim, J., and Carlson, J. R. (1999) A novel family of 
divergent seven-transmembrane proteins: candidate odorant receptors in Drosophila. Neuron 22: 327-338. 

123. Vogt, R. G., and Riddiford, L. M. (1981) Pheromone binding and inactivation by moth antennae. Nature 293: 
161-163. 

124. Angeli, S., Ceron, F., Scaloni, A., Monti, M., Monteforti, G., Minnocci, A., Petacchi, R., and Pelosi P. (1999) 
Purification, structural characterization, cloning and immunocytochemical localization of chemoreception 
proteins from Schistocerca gregaria. Eur. J. Biochem. 262, 745-754. 

125. Pelosi, P., Zhou, J. J., Ban, L. P., and Calvello, M. (2006) Soluble proteins in insect chemical communication. 
Cell. Mol. Life Sci. 63: 1658–1676. 

126. Vieira, F. G., and Rozas, J. (2011) Comparative Genomics of the Odorant-Binding and Chemosensory Protein 
Gene Families across the Arthropoda: Origin and Evolutionary History of the Chemosensory System. Genome 
Biol. Evol. 3: 476–490. 

127. Pelosi, P., Iovinella, I., Felicioli, A., Dani, F.R. (2014) Soluble proteins of chemical communication: an 
overview across arthropods. Integrative Physiology 5: 320. 

128. Sandler, B.H., Nikonova, L., Leal, W. S., and Clardy, J. (2000) Sexual attraction in the silkworm moth: 
structure of the pheromone-binding-protein-bombykol complex. Chem. Biol. 7: 143-151. 

129. Tegoni, M., Campanacci, V., and Cambillau, C. (2004) Structural aspects of sexual attraction and chemical 
communication in insects. Trends Biochem. Sci. 29: 257-264. 

130. Nomura, A., Kawasaki, K., Kubo, T., and Natori, S. (1992) Purification and localization of p10, a novel 
protein that increases in nymphal regenerating legs of Periplaneta americana American cockroach. Int. J. 
Dev. Biol. 36: 391-398. 

131. Maleszka, J., Forêt, S., Saint, R., and Maleszka, R. (2007) RNAi-induced phenotypes suggest a novel role for 
a chemosensory protein CSP5 in the development of embryonic integument in the honeybee (Apis mellifera). 
Dev. Genes Evol. 217: 189-196. 

132. Vilcinskas, A. (2010) Insect Biotechnology (Biologically-Inspired Systems), Springer Publisher, ISBN-13: 
978-9048196401. 

133. Ryu, K.S., Lee, H.S., Chung, S.H., Kang, P.D., (1997) An activity of lowering blood-glucose levels according 
to preparative condition of silkworm powder. Kor. J. Seric. Sci. 39(1):79-85. 

134. Chung, S., Kim, M.S., Ryu K.S. (1997) Effect of silkworm extract on intestinal α-glucosidase activity in mice 
administrated with a high carbohydrate-containing diet. Korean J. Seric. Sci. 39: 86-92. 

135. Gui, Z.Z., Zhuang, D.H., Chen, J., Chen, W.H. (2001) Effect of silkworm powder (SP) lowering 
blood-glucose levels in mice and its mechanism. Acta Sericologica Sinica 27: 114-118. 

136. Chen, Z.Y., Liao, S.T., Li, Q.B. (2002) Study on multivoltine yellow blood silkworm for edible and medicine 
utilization. Acta Sericologica Sinica. 28: 173-176. 

137. Leung, P.H., Zhao, S., Ho, K.P., Wu, J.Y. (2009) Chemical properties and antioxidant activity of 
exopolysaccharides from mycelial culture of Cordyceps sinensis fungus Cs-HK1. Food Chem. 114: 
1251-1256. 

138. Bok, J.W., Lermer, L., Chilton, J., Klingeman, H.G. (1999) Anti-tumor sterols from the mycelia of Cordyceps 
sinensis. Phytochem 51: 891-898. 

139. Kuo, Y.C., Tsai, W.J., Wang, J.Y., Chang, S.C., Lim, C.Y. (2001) Regulation of bronchoalveolar lavage fluids 
cell function by the immunomodulatory agents from Cordyceps sinensis. Life Sci. 68: 67-82. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014                 Lead chapter 
   

52 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

140. Chiou, W.F., Chang, P.C., Chou, C.J., Chen C.F. (2000) Protein constituent contributes to the hypotensive and 
vasorelaxant activities of Cordyceps sinensis. Life Sci. 66(14):1369-76. 

141. Gong, C., Wu, W., Xu, C., Yang, K., Chen G. (2002) Analysis of chemical compositions of silkworm 
Cordyceps militaris. Acta Sericologica Sinica. 28: 168-172. 

142. Jiang, S. J. (1996) Effect of white muscardine silkworm on the cancer. Edible Fungus. 18: 40. 
143. Gui, Z.Z., Zhu, Y.H. (2008) Advance on cultivation, bioactive compound and pharmacological mechanism of 

Cordyceps militaris. Acta Sericologica Sinica 34:178-184. 
144. Asakura, T., Nishi, H., Nagano, A., Yoshida, A., Nakazawa, Y., Kamiya, M., Demura, M. (2011) NMR 

analysis of the fibronectin cell-adhesive sequence, Arg-Gly-Asp, in a recombinant silk-like protein and a 
model peptide. Biomacromolecules 12(11):3910-3916. 

145. Preda, R.C., Leisk, G., Omenetto, F., Kaplan, D.L. (2013) Bioengineered silk proteins to control cell and 
tissue functions. Methods Mol. Biol. (996):19-41. 

146. Lefèvre, T., Byette, F., Marcotte, I., Auger, M. (2014) Protein- and peptide-based materials: a source of 
inspiration for innovation. 132.203.227.93/~cqmfscie/wp-content/.../2014/02/Marcotte-paper.pdf. 

147. Wang, F., Xu, H., Wang, Y., Wang, R., Yuan, L., Ding, H., Song, C., Ma, S., Peng, Z., Peng, Z., Zhao, P., 
Xia, Q. (2014) Advanced silk material spun by a transgenic silkworm promotes cell proliferation for 
biomedical application. Acta Biomater. S1742-7061(14) 00287. 

148. Yuan, G..H., Zheng, X.Y. (1991) Utilization of protein resource of edible insects. Entomol. Knowledge 28: 
122-144. 

149. Gui, Z.Z., Zhuang D.H. (2002) Effect of silk fibroin of the silkworm (Bombyx mori L.) on cholesterol 
metabolism in the rat. Acta Sericologica Sinica 28: 301-303. 

150. Zhang, Y.Z., Wang, Z.X., Ding, Y. (1999) Studies on fibroin protein membrane as material of medicine 
release control. Acta Sericologica Sinica 25: 181-185. 

151. Zhu, X.R., Xu, J.L. (2002) Studies on immobilization of saccharogenic amylases with silk fibroin. Acta 
Sericologica Sinica 25: 113-119. 

152. Gui, Z.Z., Guo, X.J., Wu, F.A., Dai, J.Y. (2003) The Current Status and Prospect of Sericultural Byproduct 
Industry in China. Int. J. Indust. Entomol. 7(1):1-4. 

153. Wen, H, Lan, X., Zhang, Y., Zhao, T., Wang, Y., Kajiura, Z., Nakagaki, M. (2010) Transgenic silkworms 
(Bombyx mori) produce recombinant spider dragline silk in cocoons. Mol. Biol. Rep. 37(4):1815-1821. 

154. Zhang, Y., Yang, H., Huili Shao, and Hu, X. (2010) Antheraea pernyi Silk Fiber: A Potential Resource for 
Artificially Biospinning Spider Dragline Silk. J. Biomedicine and Biotechnology Vol. 2010, Article ID 
683962, 8 pages. 

155. Costa-Neto, E.M. (2002) The Use of Insects in Folk Medicine in the State of Bahia, Northeastern Brazil, With 
Notes on Insects Reported Elsewhere in Brazilian Folk Medicine. Human Ecology, Vol. 30 (2): 245 – 263. 

156. Weiss, H. B. (1947) Entomological medicaments of the past. Journal of the New York Entomological Society 
55: 155–168. 

157. Cheesman, O.D., and Brown,V.K. (1999) Conservation of the wart biter bush cricket – flagship or 
pharmaceutical? Antenna 23(2): 70–75. 

158. Chen, Y. I. (1994) Ants used as food and medicine in China. The Food Insects Newletter 7(2): 1, 8–10. 
159. Cherniack, E.P. (2010) Bugs drugs, Part 1: Insects. The new alternative medicine for 21st Century?. 15 (2): 

124-135. Alternative Medicine Review, LLC. 
160. Pemberton, R.W. (1999) Insects and other arthropods used as drugs in Korean traditional medicine. J. 

Ethnopharmacology, 65: 207-216. 
161. Ratcliffe, N.A., Mello, C.B., Garcia, E.S., Butt, T.M., Azambuja, P., (2011) Insect natural products and 

processes: new treatments for human disease. Insect Biochem. Mole. Biol. 41: 747–769. 
162. Carinhas, N., Bernal, V., Monteiro, F., Carrondo, M.J., Oliveira, R. and Alves, P.M. (2010) Improving 

baculovirus production at high cell density through manipulation of energy metabolism. Metab Eng. 12: 
39-52. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014        Lead chapter 

53 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

163. Airenne, K.J., Hu, Y.C., Kost, T.A., Smith, R.H., Kotin, R.M., Ono, C., Matsuura, Y., Wang, S. and 
Ylä-Herttuala, S. (2013) Baculovirus: an insect-derived vector for diverse gene transfer applications. Mol 
Ther. 21:739-749. 

164. Assenberg, R., Wan, P.T., Geisse, S. and Mayr, L.M. (2013) Advances in recombinant protein expression for 
use in pharmaceutical research. Curr. Opin. Struct. Biol. 23:393-402. 

165. Kollewe, C. & Vilcinskas, A. (2013) Production of recombinant proteins in insect cells. Am. J. Biochem. 
Biotechnol. 9: 255-271. 

166. Kato, T., and Park, Y.E., (2015) Advanced protein expression using Bombyx mori nucleopolyhedrovirus 
(BmNPV) bacmid in silkworm. Short Views on Insect Genomic and Proteomics, Springer publisher (in press). 

167. van Oers, M.M., Pijlman, G.P., and Vlak, J.M. (2014) Thirty years of baculovirus-insect cell protein 
expression: From dark horse to mainstream technology. J. General Virology, (in Press) Published September 
22, 2014 as doi:10.1099/vir.0.067108-0 

168. Antony Ejiofor (2014) Insect Biotechnology. Short Views on Insect Genomic and Proteomics, Springer 
publisher (in press). 

169. Scolari F, et al. (2008) Fluorescent sperm marking to improve the fight against the pest insect Ceratitis 
capitata (Wiedemann; Diptera: Tephritidae) Nature Biotechnol. 25:76–84. 

170. Wimmner, E.A. (2003) Applications of insect transgensis. Nature Review Genetic 4: 225-232. 
171. O’Brochta, D.A., and Handler, A.M. (2008) Perspectives on the state of insect trangenics. Trangenesis and the 

Management of Vector-Borne Disase (Ed.) Scrap Aksoy, Landes Bioscience and Springer Science. Chapter 1, 
p.1-17. 

172. Fraser, M.J.Jr. (2012) Insect Transgenesis: Current Applications and Future prospects. Annu. Rev. Entomol. 
57:267-289. 

173. Tomita, M. et al., (2003) Transgenic silkworm produce recombinant human type III-procollagen in cocoons. 
Nature Biotechnol. 21:52-56.  

174. Thomas, J.L., Da Rocha, M., Besse, A., Maucharmp, B., Chavancy, G. (2002) 3xP3-EGFP marker facilitates 
screening for transgenic silkworm Bombyx mori L. from the embryonic stage onwards. Insect Biochem. 
Mol.Biol. 32-247-253. 

175. Fu G, Lees RS, Nimmo D, Aw D, Jin L, et al. (2010) Female-specific flightless phenotype for mosquito 
control. Proc. Natl. Acad. Sci. USA 107: 4550–54 

176. Wise de Valdez, M.R., Nimmo, D., Betz, J., Gong, H.F., James, A.A. et al. (2011) Genetic elimination of 
dengue vector mosquitoes. Proc. Natl. Acad. Sci. USA. 108: 4772-47775. 

177. Simmons, G.S., McKemey, A.R., Morrison, N.I., O'Connell, S., Tabashnik, B.E., et al. (2011) Field 
Performance of a Genetically Engineered Strain of Pink Bollworm. PLoS ONE 6(9): e24110. 

178. Beech, C.J., Koukidou, M., Morrison, N.I., Alphey, L. (2012) Genetically Modified Insects: Science, Use, 
Status and Regulation. International Centre for Genetic Engineering and Biotechnology (ICGEB), Padriciano, 
99, 34149 Trieste, Italy. Collection of Biosafety Reviews Vol. 6: 66-124. 

179. Coates, C., Jasinskiene, N., Miyashiro, L., James, A. (1998) Mariner transposition and transformation of the 
yellow fever mosquito, Aedes aegypti. Proc. Natl. Acad. Sci. USA 95: 3748-51. 

180. Jasinskiene, N., Coates, C., Benedict, M., Cornel, A., Rafferty, C., James, A., Collins, F. (1998) Stable 
transformation of the yellow fever mosquito, Aedes aegypti, with the Hermes element from the housefly. 
Proc. Natl. Acad. Sci.USA 95(7): 3743-3747. 

181. Kokoza, V., Ahmed, A., Wimmer, E., Raikhel, A. (2001) Efficient transformation of the yellow fever 
mosquito Aedes aegypti using the piggyBac transposable element vector pBac[3xP3-EGFP afm]. Insect 
Biochem. Mol. Biol. 31: 1137-1143. 

182. O’Brochta, D.A., Alford, R.T., Pilitt, K.L., Aluvihare, C.U., Harrell II, R.A. (2011) piggyback transposon 
remobilization and enhancer detection in Anopheles mosquitoes. Proc. Natl. Acad. Sci. USA 108(39): 
16339–16344. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014        Lead chapter 

54 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

183. Labbé, G.M., Nimmo, D.D., Alphey, L. (2010) piggybac- and PhiC31-mediated genetic transformation of the 
Asian tiger mosquito, Aedes albopictus (Skuse). PLoS Neglected Tropical Diseases 4(8): e788. 
doi:10.1371/journal.pntd.0000788. 

184. Rodrigues, F.G., Oliveira, S.B., Rocha, B.C., Moreira, L.A. (2006) Germline transformation of Aedes 
fluviatilis (Diptera: Culicidae) with the piggyback transposable element. Memórias do Instituto Oswaldo Cruz 
101: 755-757. 

185. Perera, O., Harrell, R., Handler, A. (2002) Germ-line transformation of the South American malaria vector, 
Anopheles albimanus, with a piggyBac-EGFP tranposon vector is routine and highly efficient. Insect 
Molecular Biology 11: 291-7. 

186. Grossman, G., Rafferty, C., Clayton, J., Stevens, T., Mukabayire, O., Benedict, M. (2001) Germline 
transformation of the malaria vector, Anopheles gambiae, with the piggyBac transposable element. Insect 
Molecular Biology 10: 597-604. 

187. Moreira, L., Ito, J., Ghosh, A., Devenport, M., Zieler, H., Abraham, E., Crisanti, A., Nolan, T., Catteruccia, F., 
Jacobs-Lorena, M. (2002) Bee venom phospholipase inhibits malaria parasite development in transgenic 
mosquitoes. J. Biological Chemistry 277: 40839-40843. 

188. Catteruccia, F., Nolan, T., Loukeris, T., Blass, C., Savakis, C., Kafatos, F., Crisanti, A. (2000) Stable germline 
transformation of the malaria mosquito Anopheles stephensi. Nature 405: 959-962. 

189. Allen, M., O’Brochta, D., Atkinson, P., Levesque, C. (2001) Stable, germ-line transformation of Culex 
quinquefasciatus (Diptera: Culicidae). Medical and Veterinary Entomology 38: 701-710. 

190. Condon, K., Condon, G., Dafa’alla, T., Forrester, O., Phillips, C., Scaife, S., Alphey, L. (2007) Germ-line 
transformation of the Mexican fruit fly. Insect Molecular Biology 16: 573-580. 

191. Handler, A., Harrell, R.A.I. (2001) Transformation of the Caribbean fruit fly, Anastrepha suspensa, with a 
piggyBac vector marked with polyubiquitinregulated GFP. Insect Biochem. Mol. Biol. 31: 199-205. 

192. Koukidou, M., Klinakis, A., Reboulakis, C., Zagoraiou, L., Tavernarakis, N., Livadaras I., Economopoulos, 
A.,Savakis, C. (2006) Germ line transformation of the olive fly Bactrocera oleae using a versatile transgenesis 
marker. Insect Molecular Biology 15: 95-103. 

193. Raphael, K.A., Shearman, D.C., Streamer, K., Morrow, J.L., Handler, A.M., Frommer, M. (2010) Germ-line 
transformation of the Queensland fruit fly, Bactrocera tryoni, using a piggyBac vector in the presence of 
endogenous piggyBac elements. Genetica 139(1): 91-97. 

194. Handler, A.M., McCombs, S.D., Fraser, M.J., Saul, S.H. (1998) The lepidopteran transposon vector, 
piggyBac, mediates germ-line transformation in the Mediterranean fruit fly. Proc. Natl. Acad.Sci. USA 95: 
7520-7525. 

195. Michel, K., Stamenova, A., Pinkerton, A.C, Franz, G. Robinson, A.S, Gariou Papalexiou, A., Zacharopoulou, 
A., O’Brochta, D.A., Atkinson, P.W. (2001) Hermes-mediated germ-line transformation of the Mediterranean 
fruit fly Ceratitis capitata. Insect Molecular Biology 10: 155-162. 

196. Loukeris, T.G., Livadaras, I., Arca, B., Zabalou, S., Savakis, C. (1995) Gene transfer into the medfly, Ceratitis 
capitata, with a Drosophila hydei transposable element. Science 270: 2002-2005. 

197. Hediger, M., Niessen M., Wimmer, E., Dubendorfer, A., Bopp, D. (2001) Genetic transformation of the 
housefly Musca domestica with the lepidopteran derived transposon piggyBac. Insect Molecular Biology 10: 
113-119. 

198. Yoshiyama, M., Honda, H., Kimura, K. (2000) Successful transformation of the housefly, Musca domestica, 
(Diptera: Muscidae) with the transposable element, mariner. Applied Entomology and Zoology 35: 321-325. 

199. Concha, C., Belikoff, E.J., Carey, B.L., Li, F., Schiemann, A.H., Scott, M.J. (2011) Efficient germ-line 
transformation of the economically important pest species Lucilia cuprina and Lucilia sericata (Diptera, 
Calliphoridae). Insect Biochem. Mol. Biol. 41(1): 70-75. 

200. O’Brochta, D.A., Atkinson, P.W., Lehane, M.J. (2000) Transformation of Stomoxys calcitrans with a Hermes 
gene vector. Insect Molecular Biology 9: 531-538. 

201. Heinrich, J.C., Li, X., Henry, R.A., Haack, N., Stringfellow, L., Heath, A.C., Scott, M.J. (2002) Germ-line 
transformation of the Australian sheep blowfly Lucilia cuprina. Insect Molecular Biology 11: 1-10. 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014        Lead chapter 

55 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

202. Warren, I., Fowler, K., Smith, H. (2010) Germline transformation of the stalkeyed fly, Teleopsis dalmanni. 
BMC Molecular Biology 11: 86. 

203. Sumitani, M., Yamamoto, D., Oishi, K., Lee, J., Hatakeyama, M. (2003) Germline transformation of the 
sawfly, Athalia rosae (Hymenoptera: Symphyta), mediated by a piggyBac-derived vector. Insect Biochem. 
Mol. Biol.33: 449-458. 

204. Kimura, K. (1997) The current status of transgenic research in insects. In: Transgenic Animals and Food 
Production: Proceedings from an International Workshop in Stockholm, May 1997. A Nilsson (ed.). Royal 
Swedish Academy of Agriculture and Forestry, Stockholm, Sweden. 

205. Robinson, K., Ferguson, H., Cobey, S., Vaessin, H., Smith, B. (2000) Spermmediated transformation of the 
honey bee, Apis mellifera. Insect Molecular Biology 9(6): 625-634. 

206. Kuwayama, H., Yaginuma, T., Yamashita, O., Niimi, T. (2006) Germ-line transformation and RNAi of the 
ladybird beetle, Harmonia axyridis. Insect Molecular Biology 15: 507-512. 

207. Berghammer, A.J., Klingler, M., Wimmer, E.A. (1999) A universal marker for transgenic insects. Nature 402: 
370-1. 

208. Pavlopoulos, A., Berghammer, A.J., Averof, M., Klingler, M. (2004) Efficient transformation of the beetle 
Tribolium castaneum using the Minos transposable element: quantitative and qualitative analysis of genomic 
integration events. Genetics 167: 737-746. 

209. Peloquin, J.J., Thibault, S.T., Staten, R., Miller, T.A. (2000) Germ-line transformation of pink bollworm 
(Lepidoptera: Gelechiidae) mediated by the piggyback transposable element. Insect Molecular Biology 9: 
323-333. 

210. USDA (2009) Use of Genetically Engineered Fruit Fly and Pink Bollworm in APHIS Plant Pest Control 
Programs: Record of Decision. Animal and Plant Health Inspection Service, USA Department of Agriculture 
(USDA). Federal Register 74(87): 21314-21316. 

211. Marcus, J.M., Ramos, D.M., Monteiro, A. (2004) Germline transformation of the butterfly Bicyclus anynana. 
Proceedings of the Royal Society B: Biological Sciences 271 (Suppl): S263-S265. 

212. O’Connell, K., Kovaleva, E., Campbell, J., Anderson, P., Brown, S., Davis, D., Valdes, J., Welch, R., Bentley, 
W., Van Beek, N. (2007) Production of a recombinant antibody fragment in whole insect larvae. Molecular 
Biotechnology 36(1): 44-451. 

213. Tamura, T., Thibert, C., Royer, C., Kanda, T., Abraham, E., Kamba, M., Komoto, N., Thomas, J., Mauchamp, 
B., Chavancy, G., Shirk, P., Fraser, M.J., Prudhomme, J., Couble, P. (2000) Germline transformation of the 
silkworm Bombyx mori (L.) using a piggyBac transposon-derived vector. Nature Biotech. 18(1): 81-84. 

214. Uchino, K., Imamura, M., Shimizu, K., Kanda, T., Tamura, T. (2007) Germ line transformation of the 
silkworm, Bombyx mori, using the transposable element Minos. Molecular Genetics & Genomics 277: 
213-220. 

215. Kato, T., Kajikawa, M., Maenaka, K., Park, E. (2010) Silkworm expression system as a platform technology 
in life science. Applied Microbiology and Biotechnology 85(3): 459-470. 

216. Napoli, C., Lemieux, C., Jorgensen, R. (1990) Introduction of a chimeric chalcone synthase gene into petunia 
results in reversible co-suppression of homologous genes in trans. Plant Cell 2: 279-289. 

217. Fire, A., Xu, S., Montgomery, M.K., Kostas, S.K., Driver, S.E., et al. (1998) Potent and specific genetic 
interference by double-stranded RNA in Caenorhabditis elegans. Nature 391: 806-811. 

218. Zhu, F., Cui, Y., Walsh, D.B., Lavine, C.L. (2014) Application of RNA interference towards insecticide 
resistance management. In Short View of Insect Biochemistry and Molecular Biology,  Eds. Chandrasekar, 
R., B.K.Tyagi, Z. Gui and G. Reeck, International Book Mission, Acadmic Publisher, K-State priting and 
services, Manhattan, KS, USA. Chapter 27, Vol. (2): 595-619. 

219. Bellés, X. (2010) Beyond Drosophila: RNAi in vivo and functional genomics in insects. Annu. Rev. Entomol. 
55: 111-128. 

220. Palli, S.R. (2014) RNA interference in Colorado potato beetle: steps toward development of dsRNA as a 
commercial insecticide. Curr. Opin. Insect Sci. 3 DOI: 10.1016/j. cois. 2014. 09. 011 (in press). 



Short Views on Insect Biochemistry and Molecular Biology Vol.(2), 2014        Lead chapter 

56 
Printed in the United States of America, 2014 
ISBN: 978-1-63315-205-2  

221. Santos, D., Broeck, J.V., Wynant, N. (2014) Systemic RNA interference in locusts: revers genetics and 
possibilities for locust pest control. Curr. Opin. Insect Sci. 3 DOI: 10.1016/j. cois. 2014. 09. 013 (in press) 

222. Baum, J.A., Bogaert, T., Clinton, W., Heck, G.R., Feldmann, P., et al. (2007) Control of coleopteran insect 
pests through RNA interference. Nat. Biotechnol. 25: 1322-1326. 

223. Mao, Y., Cai, W., Wang, J., Hong, G., Tao, X., et al. (2007) Silencing a cotton bollworm P450 
monooxygenase gene by plant-mediated RNAi impairs larval tolerance of gossypol. Nat. Biotechnol. 25: 
1307-1313. 

224. Zha, W., Peng, X., Chen, R., Du, B., Zhu, L., He, G. (2011) Knockdown of midgut genes by 
dsRNA-transgenic plant-mediated RNA interference in the hemipteran insect Nilaparvata lugens. PLoS One 
6: e20504. 

225. Lundgren, J.G., Duan, J.J. (2013) RNAi-based insecticidal crops: potential effects on non-target species. 
Bioscience 63: 657-665. 

226. Corchado, J.M., De Paz, J.F., Rocha, M.P., Riverola, F.F. (2008) 2nd International Workshop on Practical 
Applications of Computational Biology and Bioinformatics (IWPACBB 2008): Advances in Soft Computing, 
Springer Publisher, p.1- 275.  

227. Torsten Schwede (2014) Swiss Institute of Bioinformatics. http://www.isb-sib.ch/groups/basel/csb- 
schwede.html.  

228. John C. Wooley and Herbert, S. Lin (2005) Catalyzing Inquiry at the Interface of Computing and Biology, 
National Academy of Sciences, Printed in the United States of America. ISBN: 0-309-54937-X, 468 pages.. 

229. Revolutionizing Science and Engineering Through Cyberinfrastructure: Report of the NSF Blue Ribbon 
Advisory Panel on Cyberinfrastructure, 2003, available at http://www.communitytechnology.org/nsf_ci_ 
report/report.pdf. 

230. Sharma, H.C., Sharma, K.K., Seetharama, N., Rodomiro Ortiz (2000) Prospects for using transgenic resistance 
to insects in crop improvement. Electronic J. Biotechnology 3: 76-95. 

231. Sugumaran, M. (1998) Unified mechanism for sclerotization insect cuticle. Adv. Insect Physiol. (27): 229-334. 
232. Sugumaran, M. (2010) Chemistry of cuticular sclerotization. Adv. Insect Physiol. (39): 151-209.  
233. Dov Borovsky, Nauwelaers, S., Mileghem, A.V., Meyvis, Y., Laeremans, A., Theunis, C., Bertier, L., Boons, 

E. (2011) Control of mosquito larvae with TMOF and 60 kDa Cry4Aa expressed in Pichia pastoris. 
Petycydy/Pesticides 1-4, 5-15. 
Article History: Received 15th June 2014; Revised 20th September 201; Accepted 10th October 2014 and Publisher on 
30th October 2014.  




	Front page 1
	Volume 1Table content
	Front Vol.1  new
	Chapter-1 chandru 11.10.13
	Chapter-2, shagyaraj 7.2.14
	Chapter-3, Siaussat 7.2.14
	Chapter-4, Scaraffia  7.2.14
	Chapter-5, Shou Anixe 
	Chapter-6, Manickam  7.6.14
	Chapter-7, FG Noriega  7.3.14
	Chapter-8, Zhento   7..6.14
	chapter-9, Bao  7.6.14
	Chapter-10,  Maria simoes  7.6.14
	Chapter-11, somasundram 7.27.14
	Chapter-12, Abe  7.6.14
	Chapter-13, SK Jalali  7.6.14
	Chapter-14, Michailova 7.6.14
	Chapter-15, BK tyagi 5.3.14
	Volume 1 index
	back cover page



