Seyed Hossein 
  
Hodjat Jalal Afshar 
  
  
  
INSECT GENOME STUDIES FOR PEST MANAGEMENT: A GUIDE FOR ENTHUSIASTIC STUDENTS

Keywords: Genome, Gene expression, Cow pea pests

Genome studies of insects and plant for finding their relationship may solve some of the pest control problems and prevent them from damaging crops. Differences in genes (alleles) within the genome of insect pest population may produce variations in characters by appearing resistant genotypes. Molecular biology by sequencing DNA has discovered genotype variation within species of insect pest population. Stress can cause whole genome changes with different effects for insect crop relationship. Genome methylation and their natural control of heterochromatin, by action on chromosome and gene expression, may produce genotype adaption for increasing crop damage. This article intends to describe outlines of insect pest traits by studying their genome. An example of genomic studies used to discover ecology of an important cow pea pest in a few West African countries is described. The possibility of gene expression helping insect pests to adapt to crop and its environment is discussed.

INTRODUCTION

Insect genomes contain components of usual animal cells. The nuclear complement of the genome consists of chromosomes with DNA wound around histone proteins, resulting in a coiled, compact, linear structure. Genes in chromosomal regions can make functional transcript. Except the non-coding regions of DNA (introns) coding alignment of genes (exons) are active in the development of genome (Hox Box). Different versions of the same gene are called alleles. Genes can have two or more possible alleles that can determine individual traits. Heterochromatin has specific histone modifications, such as H3K9me2, H3K9me3, and H3K27me3 and it can form attachments between 2 chromosomes and the nuclear envelope. Chromatin regions marked with H3K27me3 (refer to glossary) can mediate intra-and inter-chromosomal interactions in the nucleus. Heterochromatin has been associated with several functions, from gene regulation to the protection of chromosome integrity. Some of these roles can be attributed to the dense packing of DNA, which makes it less accessible to protein factors that usually bind DNA or its associated factors. Genome methylation can be silenced by DNA sequences that might be hazardous to the organism. Heterochromatin in the process of gene silencing by transcriptome signals can silence these regions with repetitive nucleotide sequence. Heterochromatin with an important role in DNA methylation is associated with cytochrome residue [START_REF] Li | Insect genomes:Progress and Challenges[END_REF][START_REF] Madlung | The effect of stress on genome regulation and stress[END_REF].

Each nucleotide or genes with four amino-acids C-G and A-T contain active alignments. Alignments are related to chromatin with attachment of methyl to CG and cNG. Genome function may change by asymmetric methylation of nucleotide [START_REF] Glastad | Epigenetics in insects: Genomic Regulation and the generation of phenotypic diversity[END_REF]. Environmental stress by methylation regulates gene functions. Loss of DNA methylation or transposon activation through transposable elements (TE) may change genome structure. It suppress motor element that can influence evolutionary riddle (Fedoroff, 1999;[START_REF] Li | Insect genomes:Progress and Challenges[END_REF]. Adaptation to environmental conditions through genetic drift and selection for resistant forms while declining the source population produce new trait. Neutral genetic markers and adaptive traits via microsatellites increase the resistance to stress [START_REF] Lexer | Adaptation to environmental stress: a rare or frequent driver of speciation (mini review)[END_REF]. Meta -analyses in response to environmental stress may result in fluctuating asymmetry indicate the presence of variations in traits of many insect pests [START_REF] Leftwich | Genetic pest management background genetics of release strains[END_REF].

Insects have evolved with a variety of genetic responses to stress. The action to toxic materials in their body is transferred through cells to the nervous system and fixed through physiological pathways on cell genome. Biological reaction to metal toxic concentrations may directly damage DNA and produce oxidative stress. Oxidative stress (OS) and anti-oxidant enzymes have major roles in insect metal response (Isaksson et al, 2011;[START_REF] Merritt | Genetic diversity in insect metal tolerance. A Mini Research View[END_REF]. Fluctuating asymmetry (FA) of insect pest is imposed by stressful effects. In plants it changes the normal shape of leaves for the next generation in Betula. The insect pests such as leaf roller (Deporaus betulae), leaf miners and other defoliators can cause the changes in symmetry of insect and leaf shapes [START_REF] Kozlov | Local insect damage reduces fluctuating asymmetry in next year's leaves of downy birch[END_REF]. Population of Acyrusesthosiphon pisum on their hosts (Pisum sativum) grown in semi light 3 conditions were three times more than when they were on cultivated hosts grown in full light conditions (Dancewicz and Markunas, 2018).

More than 5000 species of insects have sequenced genomes that about 155 of them are annotated and published in various reviews. Scaffolds of genome sequences of many insect species are presented by many graphs or software programs. Genome assembly for beneficial, migratory, agricultural pests or invasive and disease vectors are also available in various publications [START_REF] Li | Insect genomes:Progress and Challenges[END_REF]. Pest invasions are considered to have increased by global climatic changes. Advances with molecular genomic techniques resulted in choosing effective genetic traits of natural insect pest enemies in the laboratory. Population genomics and adaptive evolution are key studies for biological control. The ecological conditions, and the sustainability of insect pests to their environment, are detected by population genomic studies. Various factors are involved in these types of studies that are reviewed by [START_REF] Sethuraman | Insight from population genomics to enhance and sustain biological control of insect pests[END_REF].

In this review the outlines of insect pest-parasite relationship, as detected by genome studies for IPM problem solving, is discussed.

1-Application of genomic studies to IPM

Successful studies are those that relate the changes of pest to various genotypes. One example is prediction of population characteristic for next generation in new genotypes. For studying the genome and its relationships to the single nucleotide polymorphism (SNPS) gene expression by pairwise tests is sequenced [START_REF] Harrison | The evolution of gene expression and the transcriptome-phenotype relationship[END_REF]. Next-generation genome sequencing approach to gene expression is a tool for identifying regular changes in pest population distributed in vast areas of crop cultures.

Genomics and many other words that in English are ended in "-omics" such as. epigenomic, metabolomics, physiognomics, transcriptomics are referred to factors affecting genomic studies. The application of genomic studies in insect pest management is for accurate identification of genotypes, character variation in competition between plant-pest and natural enemies (Fig, 1). Fig. 1: A hypothetical sketch showing that gene expression is affecting insect pest population and various characters appear in the insect pests. Epigenetic and genetic changes increase the chance of survival for some genotypes in population of insect pests. Changes can be morphological (structure of male genitalia or sound pegs), Physiological (pheromones) or biological (life cycle). Selection of adapted genotypes in next generation for example mimicry, camouflage, exaggerated or aggressive genotypes can cause rapid evolution in insects. Rapid evolution for survival at field conditions increases the power of damaging crop by insect pest. The new traits force researchers to find new technologies to pest control [START_REF] Hodjat | Trait in insects and trends for their control[END_REF].

Genotypes signaled by genome initially produce pest populations that are adapted to prevailing environmental stress. Various biochemical processes by gene expression activate gene expression differently from the original population of pests. Hormones and biogenic amines are main factors involved in producing resistance to starvation stress. Population with highest resistance to this stress or most successful by finding new hosts have better chance to replace the older susceptible populations. An example is given for molecular epigenomic reaction in cowpea fields (Agunbiad et al, 2012). General factors responsible to increase character variation and traits that cause rapid evolution in some insect pests is also reported (Howard and Berlocher, 1998;[START_REF] Lehman | Complex response of global insect pests to climate warming[END_REF][START_REF] Pelissie | Rapid evolution in insect Pests: the importance of space and time in population genomics studies[END_REF]. The environmental conditions such as heat or starvation, is marked on genes by epigenetic, and transcription of gene code for proteins. Biogenic amines such as octopamine (OA) or dopamine (DA) and Tyramine (TA) by neurotransmitters or hormones modulate physiological or behavioral characters in insects [START_REF] Meng | Transcription-based identification and characterization of genes responding to imidacloridin in Myzus persicae[END_REF][START_REF] Yo | 23 Octopamine controls starvation resistance, life span and metabolic traits in Drosophila[END_REF]. Transcription factors are directing some population of species to resist to environmental stress. Drosophila becomes resistant to starvation by changing its metabolic processes and producing another genotype in its population (Hofmann et al, 2016;[START_REF] Yo | 23 Octopamine controls starvation resistance, life span and metabolic traits in Drosophila[END_REF]. The main factors that are involved in starvation resistance are neurohormones and OA or other biogenic proteins signaled by genes or translated by transcriptome. In this process it appears that transcription factor regulate the gene expression changing the functioning of the organism [START_REF] Meng | Transcription-based identification and characterization of genes responding to imidacloridin in Myzus persicae[END_REF]. Orthologous transcription factors focus on evolving new resistant population to stressful conditions. In Drosophila Hox-like expression of genes along the anterior-posterior axis of the body has the role of segmentation in the embryo. Evolution of Hox 3/Zen/ Bed protein motifs and function in phylogenetic divergence between Zen the orthologous factors separated Drosophila from Megagaselia. The differences in homologous and orthologous recombination of proteins are described by [START_REF] Hsia | Evolution of transcription factor function[END_REF].

2-Hormones and stress

Transcriptome analysis of cotton pests of Uzbekistan show that Aphis gossypii was changed to resistant form to thiamethoxan poison by decreasing gene expression to cytochrome oxide and P450 gene groups (Ayubov and Abdurakhmanov, 2018). DNA markers such as mtDNA, RAPD, AFLP, microsatellites and Expressed Sequence Tags (ESTs) have been used as popular marker systems in insect genetics research. Mitochondrial DNA is used for marker analyses largely because of their maternal inheritance, haploid status, and high rate of evolution. The biological signals of genome to produce genetics changes of behavior may pass through a conceptual route indicating individual genes' role in shaping insect behavior (Hoffmann 2003) (Fig. 7).

3-Epigenomic and Epigenetic

Epigenomics is the study of the complete set of epigenetic modifications on the genetic material of a cell, known as the epigenome. The field is analogous to genomics and proteomics, which are the study of the genome and proteome of a cell. Epigenetic information affects gene function by interacting with chromatin, while not changing the DNA sequence itself. The interactions between epigenetic information and chromatin can lead to DNA methylation or indirectly mutations influence genome evolution. Adaptation of aphids to environmental stressors has 6 enhanced their success to live on new host plant and produce variation in their life cycle or reproduction. It has also forced man to use genomic for pest control [START_REF] Hodjat | Trait in insects and trends for their control[END_REF].

High genetic diversity is associated with the potential to produce rapid pest invasions. The mechanism of pest resistance to pesticides and pathways of diverse genotypic population of insect to adopt feeding on available regional crops can be traced by molecular and genomic studies and genetic markers. Neutral molecular markers can identify histories of pest invasions. Neutral markers are not associated with genes. It gives some information about evolution processes such as genetic drift. Molecular markers used in association with pest outbreaks are CO1 COII CytB and SSR [START_REF] Kirk | Molecular genetics and genomics generate new insights into invertebrate pest invasions[END_REF].

4-Gene expression and stress

Stress can be defined by its negative effects on growth and development of organisms. Unfavorable stressful conditions can leave temporary or permanent effects on an organism. Pathogens or heat shocks are stressful that affect organism. By examining the affected tissues, the connection of stress pathogen and genome remodeling is detected. Other stress effects also affecting cells that signaling transduction can fine-tune the response. Regarding that stress is a source of producing developmental instability in organisms it can induce transcriptional alteration in various organs. Transcriptomes can produce sense or antisense RNA and process genes in direction of adjusting them to silence or activate an LTR retrotransposon. Adjustment of interspersed LTR in response to gene signaling transduction has cascaded by ending transcription factors. They have produced fine tune response to stress. In other words activation of transcripts adjustment to interspersed LTRs under stressful conditions may result in impaired function by certain protein complexes that can diverge by producing hybrid complexes.

Evolutionary forces of stress produce cellular and physiological changes in living organism and by changing genes regulatory system can cause genome remodeling. Transcriptome, RNA i , and heterochromatin are affected by stress and cause metabolic changes. Transcription is necessary to silent densely packaged DNA sequence during chromosome segregation in cell division. Silencing of DNA sequence is potentially hazardous for the function of an organism. DNA methylation control genes heterochromatization during cell replication.

7 Organisms can regulate the activity of large proteins in their genome via epigenetic mechanisms. Resistance to biotic and abiotic stressors via physiological pathways by transposon activation and genome response can produce resistance to stress. Genome methylation by epigenetic mechanism can regulate activity of large proteins of genome and can suppress stress effects on organisms. Molecular pathway of stress effects to genome is documented in plants. The process needs further documents for insects [START_REF] Madlung | The effect of stress on genome regulation and stress[END_REF].

Genome, epigenome and transcriptome are marked for next generation through molecular marker as a result of environmental effects. The hypothetical pathways are schematically described by [START_REF] Ekblom | Application of next generation sequencing in molecular ecology of non-model organisms[END_REF]. Gene expression signals are passed between transcriptome and phenotype [START_REF] Harrison | The evolution of gene expression and the transcriptome-phenotype relationship[END_REF]. Selecting a particular life history in Brevicoryne brassicae and host shifts in aphids are by specialized phenotypic ecological specialization for adaptation by changing traits in life history [START_REF] Lorena | Natural selection and maternal effects in life history traits of Brevicoryne brassicae (Homoptera: Aphididae) on Two. sympatric closely related hosts[END_REF].

Gene ontology (GO) process is to determine the relation of genes to body organs through transcriptome via nervous system. A stressor signal received by extra receptor transmitters via sensory nerves is carried to brain along insect cardiac nerves signaling for release of corpora cardiac (CC) hormones. It mobilizes the fat body adipokinetik hormone (ADPKH) and activates biogenic amines. In case of continuous, or severe stress stimulation, ecdysteroids can regulate secretion of ecdysidropic neurohormones. Most insect activities such as flight, photoperiodic or circadian rhythms, and migration are regulated by endocrine biogenic amines and neurosecretory hormones such as octopamine (Peric-Mataruga et al, 2006).

5-Rapid evolution in pest insects

Ecological speciation and response of insect pests to climate warming facilitate acclimatization (Wandsworth and Dopman, 2015). The effects of ambient and optimal temperatures on 31 species of insect pests have been compared by Lehmann et al. (2020). North Europe, South America and Australia had less outbreaks of these pests compared to Asia and Africa. Repeated insecticide treatments without considering the importance of natural enemies can cause pest outbreak. At present, the locust outbreaks are occasionally reported mainly after a rainy winters and revival of natural pastures in Iran. Some pest species such as Eurygaster integriceps Put, Bemisia tabaci, Chilo suppressalis (Walker) and occasionally other insect pests of crops and fruit tree need a continuous survey (Davatchi, 1954). In locust phase polymorphism, phenotypic plasticity, including various mechanisms are responsible for their insurgence [START_REF] Augustyniak | Phenotypic plasticity, epigenetic or genetic modifications in relation to the duration of 522 Cd-exposure within a microevolution time range in the beet armyworm[END_REF][START_REF] Sgro | What can plasticity contribute to insect response to climate change[END_REF]Lehmann et al.,2020;[START_REF] Hodjat | The effects of crowding on the survival, rate of development, size, colour and fecundity of D. fasciatus Sign (Hem. Pyrrhocoridae) in the laboratory[END_REF][START_REF] Hodjat | Variation, plasticity and possible epigenetic influences in species belonging to the tribe Gomphocerini (Orthoptera; Gomphocerinae): A review[END_REF][START_REF] Hodjat | Phase change in desert locust Schistocerca gregaria (Forskak, 1775) (Orthoptera; Cyrtacantacridinae): An update research[END_REF]Fig, 7).

Starvation and desertification factors are the main cause of insect selection and adaptation or migration and rapid evolution [START_REF] Bijlsma | Environmental stress, adaptation and evolution: an overview[END_REF][START_REF] Mandal | Factors influences selection and adaptation of aphid to their host plant[END_REF][START_REF] Pelissie | Rapid evolution in insect Pests: the importance of space and time in population genomics studies[END_REF]. Pelissie published a review in current opinion of Insect science explaining their view of "Rapid evolution in insect pests". They believe some populations of insect pests in agro-ecosystem may change their genome and acquire invasive character. This may be possible for sympatric speciation. Genome is not known to change rapidly in short time [START_REF] Nei | Role of mutation and selection in speciation: from Hugo de Vries to the modern genomic era[END_REF][START_REF] Parsons | Evolutionary rates; stress and species boundaries[END_REF][START_REF] Smadja | A framework for comparing processes of speciation in the presence of gene flow[END_REF][START_REF] Strickberger | Evolution[END_REF]. The main ideas in [START_REF] Pelissie | Rapid evolution in insect Pests: the importance of space and time in population genomics studies[END_REF] publication and recent discoveries on pest rapid evolution by "molecular studies" are discussed as follows:

5-1: Population genomic studies may show the genetic changes occurring from ancestral population or pest co-evolution with their host or toxic environments. Conducting experimental evolution by assays or by modeling the responses to selection of specific traits cannot indicate rapid pest insurgence. Finding factors about pest population outbreak relates to climatic and rain distribution in relation to plant growth as described in many publication by "Anti Locust Research Centre-England England".

5-2: Anthropogenic factors involved in pest insurgence created by agricultural development. The agro-ecosystem and crop rotation are factors affecting changes in pest life cycle to adapt to available cultural practices. Pest species producing various genotypes rapidly synchronize their life to local conditions and by epigenetic factors adapt to crop phenology. Adaptation by genetic variation within the population is not rapid evolution. Worldwide expansion of agriculture has caused the appearance of migratory pests such as desert locust. Whiteflies and aphids that increased damage to crops by survived facing various stressors [START_REF] Howard | Endless forms[END_REF].

5-3:

Extensive research is carried out on crop pests suggest that ecological stress factors are affecting locust mass movements and adaptation to their environment [START_REF] Hodjat | Phase change in desert locust Schistocerca gregaria (Forskak, 1775) (Orthoptera; Cyrtacantacridinae): An update research[END_REF][START_REF] Berdan | A population Genomic seen in Chorthippus grasshoppers unveil previously unknown Phenotypic divergence[END_REF][START_REF] Hodjat | Variation, plasticity and possible epigenetic influences in species belonging to the tribe Gomphocerini (Orthoptera; Gomphocerinae): A review[END_REF].

6-Genomic studies applied to cow pea pest

Key pests of cowpea (Vinga anguiculata) in West Africa are Aphis craccivora and Maruca vitrata (Lepidoptera; Crambidae). Cowpea is tolerant to sandy soil and low rainfall. It is an important crop cultivated in most parts of Iran. Agunbiade et al ( 2012) published an article in the "Proceedings of the Fifth World Cowpea Conference" by showing the field application of their basic genomic research results that can be applied in IPM strategies for cowpea pest control. As an example of genomic research application in pest management their explicit results in five figures are represented (Figs 23456). The pest is endemic in both regions without migration. Biocontrol as well as spray is needed with regard to preservation of parasitoids.

Discussion and Conclusion

There is a complex relationship between soil, plant, microbe and the effect of drought stress on crop pests such as aphids, crop yield, and symbionts. They are important factors that affect IPM strategies and need explaining (Leybourne et al, 2020;[START_REF] Sudakaran | Evolutionary transition in symbiotic syndromes enables diversification of phytophagous insects on an imbalanced diet[END_REF]. Knowledge of gene expression for understanding plant defenses mechanism against insects for Paratachardina pseudolobata 14 (Hemoptera; Keriidae) lobate scale insect in Florida has shown that gene expression used for detoxifying various plant secondary metabolites is different. Defense genes in their assembly included P450-glutathione peroxidase. Their transcript was differentially expressed on each host. It is concluded that plant eating insects may have a common set of gene expression that enable them to change their host plant [START_REF] Van Dam | Gene expression Plasticity across hos Dancewicz K, Paprocke M, Morkunas I[END_REF]. Differential gene expression is also observed in the complicated molecular mechanism for application of plant growth organisms (Bacllus and Trichoderma) in soil and for improvement of wheat growth (Karpiah et al, 2019).

The influence of Malpighian tubules (MT) in excretion, osmoregulation, detoxification, and insect resistance to stress can also affect genome. Almost all of the body cells contain a copy in genome. Genes express different proteins for various organs by mRNAs. Microarrays allow the mRNAs encoded by the genome to be measured by gene-gene approach (Dow, 2008). The stress effects can affect MT and genome leading to production of different genotype. Selection of various traits on insect pests can produce various biotypes and adaptation to crop environment (Naylor and Coleman, 2017;[START_REF] Hodjat | Trait in insects and trends for their control[END_REF]. The loss of MT in aphid happened at various periods in their evolution affected their genome by epigenetic marked by methylation (Lim and Maher, 2010;Burggren and Crew;2014;Burggren,2014) Grasshopper studies in Iran specially Gomphocerinae is difficult. Variation in morphology of Chorthippus species in Jalal Afshar Zoological Museum (University of Tehran; Karaj College of Agriculture) needs accurate sound recording of males [START_REF] Hodjat | An Introduction to subfamily Gomphocerinae Fieber, 1953, (Orthoptera; Acrididae) of Iran with keys to Tribe and Genera[END_REF][START_REF] Hodjat | Variation, plasticity and possible epigenetic influences in species belonging to the tribe Gomphocerini (Orthoptera; Gomphocerinae): A review[END_REF]. Population genomic studies of Chorthippus grasshoppers indicate unknown phenotypic divergence is source of difficulties for their identification by keys (Fig. 7- [START_REF] Berdan | A population Genomic seen in Chorthippus grasshoppers unveil previously unknown Phenotypic divergence[END_REF]. 15
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Glossary of some molecular terms.

(They are mainly extracted from Wikipedia on the internet) Adjacent nucleotide triplets: End of codon triplet on ribosome binding of aminoacyl-tRNA.

AFLP-PCR or just AFLP: is a PCR-based tool used in genetics research, DNA fingerprinting, and in the practice of genetic engineering. cDNA library: A collection of cloned DNA sequences that are complementary to the mRNA that was extracted from an organism or tissue (the 'c' in cDNA stands for 'complementary').

PLASTICITY Environmental Stress

Hormones changing physiology 16 Chromatin-Histon-Sequencing: Chromatin is a mixture of protein and DNA that form the chromosome. For sequencing chromatin Bisulfate Segment (BS) immune precipitation (IP) related to epigenetic methylation is used. Euchromatin and Heterochromatin are lightly or densely packed by genes.

Contiguous, Contig map: Alignment of sequence data from large adjacent regions of the genome. Continuous nucleotide sequence.

DNA Profiling: is the process of determining an individual's DNA characteristics. DNA analysis intended to identify a species, rather than an individual, which is called isolation by distance.

Endoplasmic Reticulum (ER): Cell folding and its response to stress. The unfolded protein response (UPR) controls cell death decision under ER stress. Epigenetic factors can cause cell apoptosis in Drosophila in damaged cell DNA. It may result in genomic printing and hybrid incompatibility after fusion of two different genomes (Brenneck et al, 2007). ER is transducer of stress response and directly phosphorylate eukaryotic translational attenuation (Refer to; Protein ER Kinase).

Epigenome: is cell genome marked by epigenetic factors telling them how to regulate gene expression. It record chemical changes to the DNA and histone proteins of an organism. Histone modifying enzymes affect cellular processes. Some of the nine histone modifications are; Acetylation, Methylation, Phosphorilation.

Functional Genomics: The goal of functional genomics is to determine how the individual components of a biological system work together to produce a particular phenotype. Functional genomics focuses on the dynamic expression of gene products in a specific context, for example, at a specific developmental stage or during a disease.

Exons & Introns: Exons coded and intron uncoded regions found by gene sequencing of nucleotides. Introns are removed by RNA splicing messenger RNA (mRNA) product.

Gene Expression:

A process by which information of a functional gene is used in the synthesis of body products and enzymes, Non coding genes such as transfer RNA (tRNA) or small nuclear RNA (SnRNA) or their products which is a functional RNA.

Genome:

The genome is the entire set of DNA instructions found in a cell. In humans, the genome consists of 23 pairs of chromosomes located in the cell's nucleus, as well as a small chromosome in the cell's mitochondria. A genome contains all the information needed for an individual to develop and function.

Genome annotation:

The process of deriving the structural and functional information of a protein or gene from a row data set using different analysis.

Genome assembly: Process of putting nucleotide sequences into the correct order. Sequence read length.

G-Protein-Couple receptor=GPCR:

Proteins located on the cell surface that recognize extra cellular substances and transmit signals across the cell. GPCR is with important role in insect response to insecticide and developing resistance.

H3K27me3: Is an epigenetic modification to the DNA packaging protein Histone H3. It is a mark that indicates the tri-methylation of lysine 27 on histone H3 protein. This tri-methylation is associated with the downregulation of nearby genes via the formation of heterochromatic regions.

Homologous recombination:

A type of genetic recombination that occurs during meiosis (the formation of egg and sperm cells). Paired chromosomes from the male and female parent align so that similar DNA sequences from the paired chromosomes cross over each other.

Hox Transcription:

Transcription that specify where different morphological factors will develop on the head-tail axis of embryos (Hsia and McGinnes, 2003). Hox genes are subset of homeobox genes. They are a group of related genes that specify regions of the body plan.

Isolation by distance: IBD is a term used to refer to the accrual of local genetic variation under geographically limited dispersal. Isolation by distance is usually the simplest model for the cause of genetic isolation between populations.

LTR driven stress:

Long terminal repeat retrotransposon are major component of plant genome. They have a role in plant regulation of stress.

Protein ER Kinase (PERK): Kinase protein is an enzyme that can change ADP to ATP or during metabolism P is replaced by OH.

Sense RNA: The sense of a nucleic acid molecule particularly of a strand of DNA or RNA. It refers to the nature of the roles of the strand.

SSRs: Simple sequence repeats, also referred to as microsatellites, represent a PCR-based marker system that has been described in mammalian and plant genomes in recent years. In self-pollinating crop plants they have been shown to be superior to other DNA markers with respect to their level of polymorphism. This marker is used to find the history of outbreaks by a few aphid species such as Acyrthosiphon pisum and other pests such as Grapholita molesta [START_REF] Kirk | Molecular genetics and genomics generate new insights into invertebrate pest invasions[END_REF].

Messenger RNA = mRNA: in molecular biology, messenger ribonucleic acid is a single-stranded molecule of RNA that corresponds to the genetic sequence of a gene, and is read by a ribosome in the process of synthesizing a protein.

Microarray:

Microarray is a laboratory tool used to detect the expression of thousands of genes at the same time. DNA microarrays are microscope slides that are printed with thousands of tiny spots in defined positions, with each spot containing a known DNA sequence or gene.

Motif:

A distinctive repeating feature or idea; often, it helps develop other narrative aspects such as theme or mood. A narrative motif can be created through the use of imagery, structural components, language, and other elements throughout literature.

Organogenesis:

The result of interplay between cell-to-cell communication in response in response to the master regulatory genes by regulatory system of gene expression.

Orthologous: Homologous genes where a gene diverges after a speciation event, but the gene and its main function are conserved. If a gene is duplicated in a species, the resulting duplicated genes are paralogs of each other, even though over time they might become different in sequence composition and function Plasmids: Gene duplications. Gene cluster family. Nucleotide sequences that can promote their own transcriptions.

Primer: The study of SNP (Single Nucleotide Polymorphism). SNP is genotyping in the measurement of genetic variations. A genomic segment is amplified by PCR (Polymerase Chain Reaction) for microarray of enzymes.

Protein coding gene:

The genome sequence is a blueprint of the organism's protein arrangement. The set of instructions explaining protein arrangements.

Ribosome: An intercellular structure made of both RNA and protein, and it is the site of protein synthesis in the cell. The ribosome reads the messenger RNA (mRNA) sequence and translates that genetic code into a specified string of amino acids, which grow into long chains that fold to form proteins. The structural basis of the peptide bonding forming activity of the ribosome RNA splicing: A newly made precursor mRNA that its transcript is transferred into a mature mRNA. During splicing intron are removed and exons are joint together. RNA i can knock down gene expression selectively allowing mutant resources to generate in Drosophila [START_REF] Dow | Insight into the Malpighian Tubule from functional genomics[END_REF]. Transcription factor: It regulates the spatiotemporal expression of thousands of genes, ensuring the proper development and functioning of the organism [START_REF] Hsia | Evolution of transcription factor function[END_REF].
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 2 Fig 2-Show the experimental method to discover polymorphism within
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 3 Fig.3-Samples of genomes from the pest in five countries Insect samples were used to differentiate genotypes and investigate geography / genotype correlation.  Genetic Polymorphism were detected between individual insects.  Differences in C/G and T/A detected for two locus.

Fig. 4 -

 4 Fig. 4-Polymorphisms detected in different agroecological zones.  Differences between C/G and T/A for nucleotides are shown at the sides of the figure(A) and (B).
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 5 Fig. 5-Use of molecular marker for the study of local pest population structures.  Dry season (1)  Wet season (II)  Biocontrol for endemic pests (A) and (B).  Short DNA marker sequences of (A) and (B) in blue and red.  Populations are endemic (III)  Suppressing the pest population in wet season:  The pest population during the wet season expands without biocontrol:  Population expansion is shown by red and blue rings around source population A and B.  In wet season (IV) the biocontrol reduced the pest population level.

Fig. 6 -

 6 Fig. 6-Genomic studies of pest population show how to use the results for decision making in IPM strategies.  In rainy season pest moves from the south to the north. For effective biological control agents (Release of Trichograma or Apantheles) or parasitoids should be released before pest population migration. The pest is endemic in both regions without migration. Biocontrol as well as spray is needed with regard to preservation of parasitoids.

  Primer Nucleotide: Nucleotide with four amino acids, Cystine, Guanine, Adenine and Thymine. Allele CC/TT are Cor T specific allele. Transcriptome: Reading gene sequence. Examination of transcript annotations are linked to gene expression. Transposon: Plasmid can pick up DNA sequence or DNA particles. Bacteria can receive and insert transposable elements (TE) in their genome.
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