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INTRODUCTION 

By the year 2050, the world's population is predicted to reach 9.1 billion, and to feed this 

expanding population, food production must increase by 70% (Jiang, & Neill, 2017). In 

emerging nations, many of the fastest-growing populations already experience moderate 

to severe food insecurity and a lack of food availability. In developing nations, one in 

every six children experiences hunger, and the percentage of malnourishment has been 

continuously rising since 2015 (The State of Food Security and Nutrition in the World 

2019). 

In Indian scenario agriculture is the primary source of livelihood for about 58% of India’s 

population. During 2019-20 crop year, food grain production was estimated to reach a 

record 295.67 million tonnes. In 2020-21, Government of India targeted food grain 

production of almost 300 million tonnes (Agricultural and Processed Food Products 

Export Development Authority (APEDA), Union Budget 2020-21). Government of India 

sets a food grain production target of 328 million tonnes for the 2022-23 crop year (July-

June) which is 4% more than a record foodgrain output of 315.7 million tonnes reported 

in the previous year. 

Over 2 billion tons of grains are produced yearly for food and feed, providing two-thirds 

of the total direct and indirect protein intake (Erenstein et al., 2022;). A major obstacle to 

achieving optimal food production is the pre- and post-harvest issues, which together with 

insect infestation result in significant losses of grains. Before reaching the consumer, food 

grains must go through a number of procedures after harvesting, including threshing, 

cleaning, drying, storage, processing, and transportation. Food losses throughout the post-

harvesting chain have been found to begin at the time of harvest and continue all the way 

to food marketing at the consumer's end. Technical issues include inadequate stock 

management facilities, poor packaging, and inadequate infrastructure resulting in grain 

losses (Mesterházy et al., 2020). According to UN’s FAO report, globally around 1.3 

billion metric tons of food, which is 33% of the total produce, is lost in the post- harvest 

stage and it also predicts that if the current practices continue then the loss would be 

around 2.1 billion metric tons by 2030 (UN FAO Report 19).  

Shende, & Lifeter, (2017) that in many countries 15% of food grains are lost during or 

after harvest. Post-harvest grain loss in India was assessed by the FAO to be 40% and 
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post-harvest cereal loss to be 30% as recorded by National Academy of Agricultural 

Sciences in the “Saving the Harvest: Reducing the Food Loss and Waste” 2019 report. 

According to The monetary value of these losses amounts to more than Rs. 50,000 crores 

per year (Singh, 2010). As per estimates by the Associated Chambers of Commerce of 

India food worth 92651crore rupees is lost in post-harvest processes before it reaches the 

consumer (PIB, Feb 2016). A country-wide study measuring crop losses revealed that 

3.9% - 6% cereals, 4.3%-6.1% pulses, 2.8%- 10.1% oilseeds, 5.8%-18.1% fruits, and 

6.9%-13% vegetables were lost during harvesting, post-harvest activities, handling and 

storage (Jha et al., 2016).  

The storage losses are affected by several factors, which can be classified into two main 

categories: biotic factors (insect, pest, rodents, fungi) and abiotic factors (temperature, 

humidity, rain) (Abedin et al., 2012; Lamichhane et al., 2018). Among all the biotic 

factors, insect pests are considered most important and cause enormous losses of around 

30%–40% (Abass et al., 2013; Kumar and Kalita, 2017; Mesterházy et al., 2020). Insects 

are accountable for the deterioration of stored food/ agricultural crops, and they cause 

yearly losses that are estimated at about 15-25% of stored grain (Adu et al., 2014; Nayak 

et al., 2018; Tanda et al., 2022).  

Post-harvest insect pests may be primary, i.e., able to attack intact grains such as in the 

genus Sitophilus, while others are secondary pests, attacking already damaged grains or 

grain products such as those from the genus Tribolium (Adarkwah et al., 2010; Tripathi, 

2018). Crop damage by Lepidoptera is majorly done by the larvae (Boyer et al., 2012; 

Ningombam et al., 2017). However, in the case of Coleopterans, both larvae and adults 

feed on the crop/grains; and both the stages are responsible for the damage on crops 

(Arumugam et al., 2016).  

Current pest control methods are based on the use of insecticides, which are generally the 

most effective management tools and provide the feasible method of reducing insect pest 

populations to acceptable levels (Popp et al., 2013 and Dent, D., & Binks, R 2020). 

Studies were carried out with organochlorine and organophosphorus insecticides, which 

were registered for their use in the control of stored product insects. They were then 

replaced by pyrethroids, especially pirimiphos-methyl and deltamethrin, that were shown 

to be very efficient against arthropods (Chanda et al., 2013; Elzun et al., 2019). Two 

fumigants are currently used for the protection of stored foods: phosphine and methyl 
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bromide (Lee et al., 2018; Hasan et al., 2019). However, the use of methyl bromide was 

restricted due to its ozone depleting properties and its very high toxicity to warm-blooded 

animals until it was banned according to the Montreal Protocol (Alkan, 2020). 

Nevertheless, phosphine still remains one of the most commonly used insecticides.  

In the past few years, more than 504 species of insects with insecticide resistance have 

been recorded, and there is still a steady increase in resistance to specific chemicals, with 

many species now resistant to several families of molecules for instance DDT, malathion, 

pirimiphos-methyl, deltamethrin and permethrin (Karaağaç, 2012; Dara, 2013 and 2016; 

Zhu et al., 2016; Kortbeek et al., 2019). Insects have successfully adapted to most 

insecticides by becoming physiologically or behaviorally resistant (Jallow et al., 2017; 

Nansen et al., 2016 and Dara, 2017). In postharvest ecosystems, the development of 

insecticide resistance is of major concern in many countries. Cases of resistance of stored 

products insect to grain protectants (Zhu et al., 2016; Hagstrum and Athanassiou 2019; 

Jian 2019) and fumigants (Bajaracharya 2013; Nguyen et al., 2015; Nayak et al., 2020) 

have been well documented.  

Resistance to insecticides such as malathion in Rhyzopertha dominica (F.) (Ali et al 2014, 

Babu et al., 2017 Babu and Madhumathi 2018). Pirimiphosmethyl in Sitophilus oryzae 

(F.) (Golićet al., 2018) fenitrothionin, Sitophilus zeamais (Motschulsky) and Tribolium 

castaneum (Herbst) (Kargbo 2013; Velki et al 2014; Upadhyay et al., 2018) S. zeamais is 

resistant to DDT (Dichloro Diphenyl Trichloroethane) (Haddi et al., 2018) and 

deltamethrin (Guedes et al 2009 Manal et al., 2017). A few cases of organophosphate as 

well as pyrethroid resistance have also been reported (Muthusamy et al., 2013; Wanjala et 

al., 2015; Fang et al., 2019).  

It has been noted that the resistance occurs in an organism when naturally occurring 

genetic mutations allow a small proportion of the population to resist and survive the 

effects of the pesticide. If this advantage is maintained by continually using the same 

pesticide, the resistant organisms will reproduce and the genetic changes that cause 

resistance will be transferred from parents to offspring (Gilleard and Beech 2007; 

Huijben and Paaijmans 2018). A field-based studies from Morocco have reported that the 

collected strains showed resistance to DDT, lindane, malathion, pirimiphos-methyl, 

deltamethrin and permethrin (Benhalima et al., 2014). Resistance to fumigants 

(phosphine, methylbromide and ethylenedibromide) has also been reported in different 
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parts of the world and has been well documented (Schlipalius et al., 2012; Jagadeesan et 

al., 2012; Kaur et al., 2012; Mau et al., 2012a & 2012b; Daglish et al., 2014; Kim et al., 

2019).  

At least 11 species of stored product insects are now known to have developed resistance 

to phosphine (Chaudhry, 2000), which has been linked to selection pressures by repeated 

ineffective fumigations in situations where phosphine gas was rapidly lost due to leakage 

(Benhalima et al., 2014). However, use of fumigants faces significant challenges, such as 

poor penetration through grain, significant losses to grain absorption, high concentrations 

of fumigant required to control insects, and flammability risks, which have limited its 

further development (Damalas and Koutroubas, 2016;). Moreover, there are concerns 

about transporting, handling, storing, and applying currently used fumigants and of 

insects developing resistance to them (Rajendran, 2016; Nayak et al., 2018). Insect 

resistance and concerns of pesticide residues in foods resulting from the use of grain 

protectants (Phillips and Throne, 2010; Kaushik, et al., 2018) thus demands an alternative 

approach for managing insect pests infesting stored products.  

The work done in our lab from past few years has very well established the mechanism of 

insecticide toxicity on different insects as well as insect cell line (Pandya et al., 2021). 

Further, the successful development of primary cell line from stored grain pest (S.oryzae) 

for testing pesticide toxicity (Thakkar et al., 2020) has been well explored. However, 

combining the literature and lab data, there is a lacuna as far as the molecular 

mechanism for the pesticide resistance for the stored grain pest Callosobruchus 

chinensis is concerned. Therefore, the present inventory was designed to understand the 

molecular mechanism of insecticide resistance in stored grain pest (C. chinensis).  

Due to resistance mechanism develop in behaviour phenotype and physiological 

phenotype we hypothesize that there may be alteration of genes because of 

continuous use of Insecticide, thus it causes behavioural and physiological resistance 

in stored grain pest (C. chinensis). 

OBJECTIVES 

1. Developing the Culturing conditions of the C. chinensis in laboratory:  

a. Collection and identification of C. chinensis from ware houses of Vadodara.  

b. Studying the host preference by the insect. 

2. Transgenerational effects of insecticide on the development parameters of C. chinensis: 



Deciphering the mechanism of insecticide resistance in stored grain pest: A molecular approach 

 

P a g e  5 | 

 

a) Determine the lethal concentration of insecticide on the pest insect- Probit 

Analysis  

b) Assessment of the transgenerational effect on the development parameters of C. 

chinensis. 

c) Transgenerational effect of the insecticide on the repellency behaviour of C. 

chinensis. 

3. Elucidation of Insecticide resistance using transcriptomics approach. 

Material and Methods 

For Objective 1:  

a. Collection and identification of C. chinensis from ware houses of Vadodara.  

The insects were collected from government ware houses located in and around Vadodara 

and morphological identification was done up to the species level with the help of 

standard taxonomic keys and by comparing with the specimens in Department 

Repository. Molecular identification was done using marker gene- COI, which has been 

found to be an important gene for species identification and has been the most widely 

used for DNA barcoding (Mandal et al., 2014). For the present study, genomic DNA 

samples were prepared from fresh insect. Total genomic DNA was extracted from the 

dissected femoral muscle of dung beetle using the phenol chloroform method (Huang et 

al., 1999) and DNA quantification was done using the nanodrop and quality was assessed 

by running agarose gel electrophoresis. Further, the extracted DNA was used for PCR 

amplification of COI gene using primers (Table 1). The amplified DNA was assessed by 

conducting agarose gel electrophoresis followed by Sanger sequencing and Barcoding. 

The obtained sequence will be further uploaded on NCBI. 

Table 1: Primers of COI genes obtained 

DNA marker: 
Cytochrome c oxidase 

subunit I primers 
Primer sequence (5’ to 3’) Reference 

LCO-1490 GGTCAACAAATCATAAAGATATTGG Folmer et 
al., 1994 

HCO-2198 TAAACTTCAGGGTGACCAAAAAATCA Folmer et 
al., 1994 
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Animal maintenance 

Pulse Beetle, C. chinensis host preference on different grains was studied under 

laboratory conditions at the Zoology Department, The Maharaja Sayajirao University of 

Baroda, Vadodara, Gujarat. Initially the pulse beetle, C. chinensis were collected from the 

warehouses of Vadodara and identification of the species was confirmed using standard 

taxonomic keys.  

After confirming the identification, C. chinensis were reared in laboratory conditions for 

at least three months before starting the final experiment, this was the stock culture. the 

stock, culture was reared on chick pea sees in plastic jars covered with mesh lids. The 

cultures were kept under 260-280C and 60-70% RH, and 12-hour photo period (Thakkar 

and Parikh 2018). In this way a fresh culture was developed in laboratory and this fresh 

culture and was used in all further experiments.  

 
Figure 1: Collection and Maintenance of C. chinensis 

a. Studying the host preference by C. chinensis on different host 

Experimental regime 

The grains for the final experiments were purchased from the local market of Vadodara 

and disinfested by fumigation. The host preference for development by C. chinensis on 

different grains viz. Green gram, Moth bean, Chickpea, Cowpea, Pigeon pea, Black gram 

and Pea was carried out under laboratory conditions. 10 pairs of freshly emerged (1-2 

days old) C. chinensis were released in plastic jars containing 50g each of all hosts 

respectively. The jars were covered with muslin clothes. These jars were maintained at 

260-280C, 60-70% RH and 12-hour photo period, and they were allowed to mate for ten 
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days, whole set up was replicated three times. Statistics of the following parameters was 

analysed till the termination of the experiment. 

 
Figure 2: experimental regime for host preference 

Total number of eggs: To determine the total number of eggs, the eggs laid on different 

host were counted using magnifying glass and recorded after 10 days and this was 

considered as the oviposition period of the pulse beetle. 

Egg laying percentage: It was calculated by the formula (Giga and Smith 1987). 

 
Hatching percentage: It was calculated by the formula 

 
Incubation period: The duration from egg laying to emergence pf 1st instar larva was 

recorded. 

Larval + Pupal period: The duration from the 1st instar larva to the emergence of adult 

was recorded. 

Total Development period: The period from the egg laid to adult emergence in each 

treatment was recorded. 

Total adult emergence: Male and Female emerged adults were counted separately and 

the sum of male and female was calculated as Total adult emergence. 

Adult longevity: The number of days that the emerged adult survive were recorded.  

Weight loss percentage (%): It was calculated by the formula (Jaiswal et al., 2019). 
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Statistical Analysis 
This study was in a Completely Randomized Design (CRD) by three replications. 

Statistical analysis was done by analysis of variance (ANOVA) with GraphPad prism 

6.0v. 

For Objective 2:  

a. Finding out the LC50  

A survey was conducted in different Insecticide shops and ware houses to find the usage 

of different insecticides. The unworked or least explored insecticide was taken into the 

account. A type II semisynthetic pyrethrin insecticide, technical grade deltamethrin (98% 

AI, Sigma Aldrich, Saint Louis, MO) was used. To determine contact toxicity of 

deltamethrin against C. chinensis, five concentrations of deltamethrin, 6.25, 12.50, 25, 50 

and 100 respectively were tested. These concentrations were obtained by dissolving 98% 

deltamethrin in acetone. A stock solution of 1,000 ppm was prepared from which other 

desired concentrations (serial dilutions) were prepared. There were three replicates for 

each treatment in addition to controls. One mL of each concentration was placed on the 

bottom of each Petri dish (9 cm diameter). After the acetone was evaporated, 20 adult of 

pulse beetle were placed into each dish. The same procedure was used for the control 

treated with acetone. Mortality percentages were recorded after 24hrs, 48hrs, 72hrs and 

96 hrs of treatment. Thereafter Probit analysis was performed to obtain the LC50 value. 

 

 

Figure 3: Experimental setup for obtaining LC50 
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b. Transgenerational effect of insecticide on the development of C. chinensis 

The experiment performed on three groups. Group I: Control and the obtained LC50 value 

was divided into Group II: Low Dose (1/5th) and Group: High Dose (1/20th) for further 

studies and acetone was used as control. 

One mL of LD, HD was placed on the bottom of each Petri dish (9 cm diameter). After 

the acetone was evaporated, 10 pairs of freshly emerged (1-2 days old) C. chinensis were 

released in glass petri dish containing 50g host. These petri dishes were maintained at 

260-280C, 60-70% RH and 12-hour photo period, and they were allowed to mate for 7 

days, whole set up was replicated three times. The same procedure was used for the 

control treated with acetone. After the period of seven days insects were scarified for 

further studies.  

Statistics of the following parameters was analysed till the termination of the experiment. 

Total number of eggs: To determine the total number of eggs, the eggs laid on different 

group were counted using magnifying glass and recorded after 7 days and this was 

considered as the oviposition period of the pulse beetle. 

Hatching percentage: It was calculated by the formula 

 
Incubation period: The duration from egg laying to emergence pf 1st instar larva was 

recorded. 

Larval + Pupal period: The duration from the 1st instar larva to the emergence of adult 

was recorded. 

Total Development period: The period from the egg laid to adult emergence in each 

treatment was recorded. 

Total adult emergence: Male and Female emerged adults were counted separately and 

the sum of male and female was calculated as Total adult emergence. 

Adult longevity: The number of days that the emerged adult survive were recorded.  

Susceptibility Index: The susceptibility index is determined by using formula below 

(Schöller et al., 2018 and Ngom et al., 2021) 

SI = LogF/DME X 100 

Where, 

SI: susceptibility index 

Log: Logarithm 

F: Total number of first-generation progenies 



Deciphering the mechanism of insecticide resistance in stored grain pest: A molecular approach 

 

P a g e  10 | 

 

DME: generation development time. 

The susceptibility index ranged from 0-11 

0 - 3 = maximum susceptibility 

4 - 7 = moderately susceptibility 

8 - 10 = Less susceptibility 

11 = Least susceptibility 

c. Transgenerational effect of insecticide on the repellency behaviour of C. 

chinensis 

Filter papers (9 cm diameter Whatman No. 41) was cut in half and each labelled “C” for 

control and “LD” for low dose similarly it was done for Control “C” and high dose “HD”. 

The treatment half was treated with 1 mL of one dose and allowed to air dry for 2 min. 

The control half was treated with 1 mL of acetone only. Both halves were re-joined with 

clear adhesive tape and placed with the taped side down in a 9 cm petri dish. Twenty 

seeds of green gram were evenly distributed in the petri dish and five pairs of newly 

emerged adult beetles were placed in the centre of the filter paper and the dishes sealed 

tightly with Parafilm® to prevent escape. The dispersion of the beetles on each side 

(treatment and control) was noted 0, 1, 2, 4, 8, 12 and 24 h. The experiment was a 

randomized block design with three replicates per treatment. 

The Percent Repellency (PR) (Nerio et al. 2009) was 

calculated based on the formula: 

 
Where Nc = number of insects on control half of filter paper after required exposure 

interval 

Nt = number of insects on treated half of filter paper after required exposure 

interval. 

The Repellent Index (RI) of Kogan and Goeden (1970) based on the formula was also 

calculated: 

 
Where G = number of insects on treatment side 

P = Number of insects on control side 
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The standard deviations (SD) of the mean values of the RI were calculated and insecticide 

at different group classified based on whether it was an attractant (RI > 1+SD), was 

indifferent (= neutral) (RI between 1 – SD and 1 + SD) or was a repellent (RI < 1–SD). 

For objective 3 

a. Physiological resistance 

The insects which were sacrificed their mid gut and fat body tissues dissected from adult 

and further used for RNA isolation. 

RNA isolation:  

Total RNA was isolated from 100 mg dissected tissues (pullin out the tissue from the 

insects). Tissues was homogenized using homogenizer in 500 μlTRIzol reagent 

(Invitrogen). The homogenate was taken into 2 ml micro centrifuge tubes (Tarsons). After 

successful homogenization, equal volume of Trizol reagent was added. For complete 

dissociation of nucleoprotein complexes, homogenized samples were incubated for 5 

minutes at room temperature. The incubation was followed by the addition of 400ul 

chloroform and was vigorously shaken for effective mixing of both the solutions. The 

samples were kept at room temperature for 5 minutes till the aqueous and organic layers 

are distinct. Thereafter, the tubes were subjected to centrifugation at 12,000x g for 15 

minutes at 4°C. The mixture was separated into a lower red phenol-chloroform phase, an 

interphase, and a colourless upper aqueous phase. An aliquot of upper aqueous phase will 

then be transferred into a new 1.5 ml micro centrifuge tube. Precipitation was done by 

adding 500 μl of isopropanol to the transferred supernatant. The samples were kept in -

20°C for 10 minutes, centrifuged at 12,000x G for 15 minutes at 4°C. After precipitation 

the supernatant was discarded without disturbing the pellet and was washed in 1000 μl of 

75% ethanol and then 300 μl absolute ethanol was added to the pellet. Effective mixing 

was done by gentle inversion and was further subjected to centrifugation at 7,500 x g for 

7 minutes at 4°C. The pellets were air dried and was resuspended by adding 50 μl of 

DEPC water (Diethylpyrocarbonate) and was incubated at room temperature for 10mins. 
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Figure 4: Steps in RNA isolation  

Quantification of RNA: 

Prior to quantification, DNAase (Thermo Scientific) treatment was performed. 1 μg of 

10X RNA reaction buffer with MgCl2 was added to the tube and incubated at 37 °C for 

30 min. Then after 20 μl chelating agent EDTA added in 50 mM concentration and will 

incubate at 65°Cfor 10 min in water bath as RNA get hydrolyzed during heating with 

divalent cations in the absence of a chelating agent. RNA quantification was done by 

taking A260/A280 ratio using Perkin Elmer spectrophotometer. This ratio reveals the 

presence of contaminants and give evidence of possible degradation. An A260/A280 ratio 

of 1.8 is considered acceptable for RNA. 5μl of template RNA was aliquoted and added 

to 1.5ml micro centrifuge tube. To the aliquot, 995μl of nuclease free water was added 

and absorbance was measured at the mentioned ratio against the blank having1000μl of 

nuclease free water.  

The concentration of RNA was done using following standard formula:  

1 OD260 corresponds to 40 μg/mL of RNA.  

Amount of DNA (μg/mL) (ng/μL) =OD at 260nm × 40 × dilution factor  

Dilution Factor generally taken is 200.  

cDNA Synthesis:  

After the purity check of RNA was validated using spectrophotometer, the RNA template 

then reversed transcribe to form cDNA from tissue. A cDNA kit employed from Thermo 

scientific- AB-1453/A. Briefly, fresh nuclease free PCR tubes (Tarsons) was taken, in 

which 4μl of 5X cDNA synthesis buffer, 2μl dNTP mix, 1μl of RNA primer 

(oligonucleotides),1μl of RT enhancer, 1μl of verso enzyme mix, 1-2μl of RNA template 

(according to the spectroscopic quantification i.e., 1 ng) and the final assay volume was 

made to 20μl using nuclease free water. The tubes effectively mix by giving a short 
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centrifuge spin for 30s at around 2000 xg. The tubes containing the kit mixture was PCR 

amplified by 2 step reaction process. Firstly, the 1 cycle of cDNA synthesis was carried 

out at 42°C for 30 mins followed by 1 cycle of inactivation at 95°C for 2mins. 

Rna-seq: 

The synthesized cDNA was subjected to end repair and a-Tailing processes before 

ligation of the adaptors. The end products were purified using a 2 % TAE-agarose gel and 

enriched by PCR to create the final cDNA library with sequences of approximately 

300 bp. After detection using an Agilent 2100 Bioanalyzer, the cDNA library clusters 

were generated by cBot machine (Illumina, San Diego, CA, USA) and then sequenced 

using an Illumina miSeqTM 2000 (Illumina, San Diego, CA, USA) according to the 

manufacturer’s instructions. 

Prior to assembly, the raw reads were cleaned by removing adapter sequences through the 

standard Illumina pipeline including the CASSAVA program 

(http://support.illumina.com/sequencing/sequencing_software/casava.ilmn). Low quality 

reads (those with quality value less than 20) and reads containing N (N represents 

ambiguous bases in reads), length less than 35 bp were filtered by a sliding window 

approach, the window size is 5 bp. 

Bioinformatic analysis 

The assembled unigenes were searched against the NCBI nr sequence database 

(ftp://ncbi.nih.gov), the Swiss-Prot database (http://web.expasy.org/docs/swiss-

prot_guideline.html), kyoto encyclopedia of genes and genome 

(KEGG, http://www.genome.jp/kegg/), cluster of orthologous groups (COG) and 

eukaryotic orthologous groups (KOG) (ftp://ncbi.nih.gov/pub/COG/COG) with the 

BLASTX algorithm (accessed in Sept 2012). The E-value cut-off was set at 10−5. Genes 

were tentatively identified based on the best hits against known sequences. Blast2GO was 

used to predict the functions of the sequences, to assign gene ontology (GO) terms 

(http://www.geneontology.org/), and to predict the metabolic pathways in COG and 

KEGG databases. Amino acid sequences were deduced by using ORF Finder 

(http://www.ncbi.nlm.nih.gov/gorf/gorf.html) and GENSCAN 

(http://genes.mit.edu/GENSCAN.html). The putative protein sequences were used for 

alignment by ClustalX (v1.83) program. 

http://support.illumina.com/sequencing/sequencing_software/casava.ilmn
ftp://ncbi.nih.gov/
http://web.expasy.org/docs/swiss-prot_guideline.html
http://web.expasy.org/docs/swiss-prot_guideline.html
http://www.genome.jp/kegg/
ftp://ncbi.nih.gov/pub/COG/COG
http://www.geneontology.org/
http://www.ncbi.nlm.nih.gov/gorf/gorf.html
http://genes.mit.edu/GENSCAN.html
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Figure 4: Bioinformatics workflow 
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RESULTS 

Objective 1: Morphological Identification: 

 

Figure 5: Morphology of C. chinensis 

Morphological identification (Fig. 5) was done using standard references and the 
characteristic features of C. chinensis are as follow: 

• Female antennae are of serrate type; antennae usually with segments 4-11while 

Male antennae pectinate segments 4-10. 

• Female genitalia: median lobe less elongate, apex valve spearhead-shaped, and 

base with two sclerotized plates; 

• Male genitalia: median lobe more elongate, apex with exophallic valve spearhead-

shaped, and base with two sclerotized plates. 
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Molecular Identification: 

DNA quantification 

 
Figure 6: Agarose Gel Electrophoresis. A. Genomic DNA B. PCR Product 1. Base pair 

size 2. PCR product of COI 

Bands of Genomic DNA are shown in Fig. 6A and that for the COI gene in Fig. 6B. The 

COI gene consisted of 85ng/5µl DNA mass with a 500bp length, when run on 2% 

Agarose gel. Further, the barcode (Fig. 7) and sequence of amplified COI gene was 

obtained which showed similarity with the pulse beetle species, C. chinensis, on NCBI 

Blast, confirming its identity.  

Barcode and sequence of COI gene  

 

 

 Figure 7: DNA barcode of C. chinensis 
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0722_276_003_PCR_PSP_lco  

GCAGGGACATCCCTTAGAATATTAATTCGAGCCGAATTAGGAAACCCCGGCTCATTAATTGGT

AATGATCAAATTTATAATGTAATTGTTACTGCCCATGCCTTTATTATAATTTTTTTTATAGTAAT

ACCTATTATAATTGGTGGATTTGGAAATTGATTAGTACCCCTCATATTAGGAGCCCCAGATATG

GCATTTCCACGTATAAATAATATAAGATTTTGACTTCTACCCCCATCTCTAACTCTCCTTTTAAT

AAGAAGAATAGTTGAAAGAGGGGCGGGAACAGGTTGAACAGTTTATCCCCCATTAGCTGCTA

ATATCGCTCACAGAGGATCTTCTGTAGATTTAGCAATTTTTAGACTACATTTAGCAGGTATTTC

CTCAATTCTTGGGGCAGTTAATTTTATTACTACAGTGATTAATATACGACCCACAAGAATAAA

AATAGACCAAATACCTCTTTTTTCATGAGCAGTAACAATCACTGCTATCCTTTTATTACTTTCTC

TACCCGTTTTAGCAGGCGCTATCACTATACTCTTAACAGATCGAAATCTAAATACTTCATTTTT

TGACCCTGCAGGAGGAGGAGACCCTATTTTATACCAACACTTATTCTGATTTTTT 

0722_276_004_PCR_PSP_R2  

TGCGAAAAATATCGGATCTCTTCCTCCTGCTCGGTCTGCAAGGACGTATTTATATTTTTTTCTGT

TCCGAGTTAGAGATAGTGCCTGCTACTCCGGCTAGAGAAAGTAATAAATGGATAACAGGGAT

AGCTACTGCTGTTGCTGAAAAAGAAATAGAGGTATTTGTATTATTGTGGTTCGTGTGTTACTCA

CAGTAATCACAGAATTAATTGCCCCAACAGTCCCGGAAATTGAGGATAAACGTGCTATATGTA

TTGTTAAATTTACTAAATATCCTCAGGATCCTCTGTGAGCGATATTAGCAGGTAATGGGGGAC

AACCTGTTCCCCCCCCTCCCTCCCCTCTTCCTCCTATTCATCGGATAAAAAGAAAAGTTGGAAA

AGGGCAAAAAATTATAAATCTTATATTAGTAATTGCCGTATCTGCCATACCTGGGGTTACGAA

TATGAGGCAAACTACTCACTCACCAATTCCACCAGGTATTATAAGAATTACTATTATAATAATT

ATAAGGACGGCATCGACTACATCATTTATTTGATCATTTCCATCATTAGCGACGGGGGAGCCG

AGTTCTCCTAAATCGAATCAAATTAAGAATCTAACTGATGTCCCTGCTCTTGCGGCTCAAGCA

AAAAATAAAGAGCATATAGCTTCATTATCTTTATGATATGCTGACCAAAAAAGGGCACGCCTG

AGCACGACAACAAAATCGACAAGGTTATCGTGATATTTCCTGATACCTTGGAGATCAGAA 

>C. Chinensis contig 

AAAAAATCAGAATAAGTGTTGCGTATAAAATAGCGGATCTCCTCCTCCTGCACGGTCAAAAAA

TGAAGTATTTAGATTTCGATCTGTTAAGAGTATAGAGATAGCGCCTGCTAAAACGGCTAGAGA

AAGTAATAAAAGGATAACAGGGATAGCTACTGCTGTTGCATGAAAAAAGAAATAGATGGTCT

ATTTGTATTATTGTGGGTCGTATATTAATCACTGTAGTAATCACAGAATTAACTGCCCCAACAG

TCCCGGAAATTGAGGATAATACCTGCTAAATGTATTGTCTAAAAATTACTAAATATCCTACAG

AAGATCCTCTGTGAGCGATATTAGCAGCTAATGGGGGACAAACTGTTCAACCCCCTCCCGCCC

CTCTTCCTCAACTATTCATCGGATAAAAAGAAAAGTTAGAAAAGGGCAAAGAAATCATAAAT

CTTATATTAGTAATAGCCGTGGAAATGCCATACCTGGGGCTACGAATATGAGGCAAACTAATC

AATCACCAAATCCACCAGGTATTATAATAGGAATTACTATAAAAAAAATTATAAGAAAGGCA

TCGACAGTAACAATTACATTATAAATTTGATCATTACCATCATTAGCGACGGGGGAGCCGAGG

TTCTCCTAAATCGAATCAAATTAAGAATCTAACGGATGTCCCTGCNTCTTGCGGCTCAAGCAA

AAAATAAAGAGCATATAGCTTCATTATCTTTATGATATGCTGACCAAAAAAGGGCACGCCTGA

GCACGACAACAAAATCGACAAGGTTATCGTGATATTTCCTGATACCTTGGAGATCAGAA 
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Host Preference  

 
Figure 8: Total egg count of C. chinensis on different host. Significant level *(p<0.05); 
**(p<0.01) 

 
Figure 9: Total hatched eggs of C. chinensis on different host. Significant level 
*(p<0.05); **(p<0.01) 
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Figure 10: Egg laying % and hatching % of C. chinensis on different host. 

Total number of eggs vary on different hosts (Fig. 8) maximum number of eggs were on 

Pea 310±1.15 followed by chick pea 270±0.58 and least number of eggs were counted on 

moth beans 180±1.15. Not much difference was observed on green gram, black gram and 

cow pea they were 190±1.10, 190±0.60 and 210±0.60 respectively. Fig. 9 represented that 

pea (19.49%) were highly preferred for egg laying followed by chick pea (16.98%) and 

pigeon pea (15.09%). The difference in egg laying preference in Moth Bean (11.32%), 

green grams (11.94%), Black Gram (11.94%), and Cow Pea (13.20%) were in a narrow 

range. Significant variation in hatching percentage on different host was recorded (Fig. 

10), maximum hatching preference was recorded on green gram (63.16%) and least 

hatching preference was recorded pea (19.35%).  
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Table 2: Egg incubation, Larval + pupa period and total development period of C. 
chinensis on different host. 

Host Egg Incubation 
Period (Days) 

Larval + Pupa 
Period (Days) 

Total 
Development Days 

Green Gram 3 20 22.67±0.33 

Cow Pea 4 21 25.67±0.33 

Moth Bean 4 22 26.66±0.34 

Chick pea 5 23 28.33±0.35 

Black Gram 5 25 30.30±0.35 

Pigeon Pea 6 26 32±0.54 

Pea 10 32 42±1.15 

 

 
Figure 11: Total development period of C. chinensis on different host. Significant level 
*(p<0.05); **(p<0.01) 
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Figure 12: Stages in the life cycle of C. chinensis 

Figure 12 depicts the lifecycle of C. chinensis, it was found to vary according to the hosts, 

it was found to be in the range of 23-42 days. After copulation, adult female was found to 

deposit eggs on the grains. The eggs were oval in shape, each egg was found to be tiny 

and white in colour. The tiny, white, fleshy, legless pest with biting jaws develops inside 

the grains and the fully developed adult emerged out from the seeds of grains through 

emergence window. 
Table 2 shows that maximum period for incubation was recorded on pea (10 days) and 

least on green grams (3 days), incubation period on moth bean and cow pea was (4 days) 

while on chick pea and black gram it was (5 days). Larval + Pupal period in Table 2 

represents that maximum larval pupal period was recorded on pea (32 days) followed by 

pigeon pea (26 days) while least was recorded on green gram (20 days) followed by cow 

pea (21 days). The longest total development period was observed on pea (42 ± 1.15 

days) followed by pigeon pea (32 ± 0.54 days) and shortest total development period was 

observed on green gram (22.67 ± 0.33 days) followed by cow pea (25.67 ± 0.54 days). 

Table 3: Adult longevity of C. chinensis on different host. 

Host Male Count Female Count Adult Emergence Adult longevity 

Green Gram 58 62 120±1.15 16 

Cow Pea 46 54 100±0.58 14 

Moth Bean 44 46 90±1.05 14 

Chick pea 40 45 85±1.10 12 
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Black Gram 37 43 80±0.55 13 

Pigeon Pea 35 40 75±0.60 11 

Pea 28 32 60±1.12 09 

 

 
Figure 13: Adult longevity of C. chinensis on different host. Significant level *(p<0.05); 
**(p<0.01) 

Total adult emergence and adult longevity is represented in Table 4, where the maximum 

adult emergence was recorded on green gram (120±1.15) which consist male (58) and 

female (62) least emergence was recorded on pea (60±1.12) which consist females (32) 

males (28). The number of days that the emerged adult survive were recorded maximum 

on green grams (16 days) followed by cow pea and moth bean (14 days) and it was least 

on pea (09 days) followed by pigeon pea (11 days). 

Table 4: Quantity (weight loss) and Quality losses (protein and carbohydrate loss) by C. 
chinensis on different hosts. 

Host Weight loss 

(grams) 

Weight 

Loss% 

Protein Loss Carbohydrate Loss 

Green Gram 11.4±0.58 27.22 10.2±0.47 21.2±0.45 

Cow Pea 9.5±0.46 20.40 7.7±0.45 3.25±0.48 

Moth Bean 9.2±0.50 19.48 8.8±0.46 3.20±0.47 
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Chick pea 9±0.42 17.12 17.34±0.49 26.30±0.51 

Black Gram 9.7±0.51 18.23 5.85±0.40 7.50±0.42 

Pigeon Pea 9.3±0.48 16.66 5.5±0.44 2.80±0.40 

Pea 6.5±0.64 12.58 7±0.42 6.10±0.43 

 

 

Figure 14: Quantity and Quality losses by C. chinensis on different host (Grain Weight 

loss, Carbohydrate loss, Protein loss). Significant level *(p<0.05); **(p<0.01) 

A significant weight loss was recorded among all the hosts (Fig. 14), maximum weight 

loss was recorded in green gram (11.4±0.58g) (27.22%) followed by cow pea (9.5±0.46g) 

(20.40%) and least weight loss was recorded in pea (6.5±0.64g) (12.58%) followed by 

pigeon pea (9.3±0.48g) (16.66%). A significant loss in nutritional content (protein and 

carbohydrates) was recorded among all the hosts (Table 4), maximum protein loss was 

recorded in chick pea (17.34±0.49 mg/dl) followed by green gram (10.2±0.47 mg/dl) and 

least protein loss was observed in pigeon pea (5.5±0.44 mg/dl) similar trend was observed 

in carbohydrate loss which was also shows maximum loss in chick pea 

(26.30±0.51mg/dl) followed by green gram (21.2±0.45 mg/dl) and minimum in pigeon 

pea (2.8±0.40 mg/dl). 
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Objective 2: Transgenerational effects of deltamethrin 

a) Determining LC50 value of Deltamethrin 

LC50 value of Deltamethrin was determined using Probit Analysis after 96 hours of 

exposure of pulse beetles. The 50% probit mortality ranged between 6.25 to 100 ppm 

concentration (Table 5). LC50 value was obtained as 22.93 ppm from the dose response 

curve (Fig. 15). Further, the sub-lethal concentrations: Low dose (LD)-1/20th of LC50, and 

High dose (HD)-1/5th of LC50 (Table 6) were used to understand the effects of 

Deltamethrin on pulse beetles.  

Table 5: Probit Mortality obtained after 96 hours of exposure to Deltamethrin 

Concentration (ppm) log Concentration % Mortality Probit Mortality 
6.25 0.795880017 0 0 

12.5 1.096910013 33 4.53 

25 1.397940009 70 5.52 

50 1.698970004 100 8.09 

100 2 100 8.09 

 

 
Figure 15: Dose response curve for the LC50 

Table 6: LC50 value obtained and the sub-lethal doses selected for further studies 

LC50 22.93 ppm 

Low Dose (LD) 1.15 ppm 

High Dose (HD) 4.59 ppm 
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The effect of deltamethrin on the C. chinensis were tested after 96hrs and as shown in 

Table 5. 100% mortality at higher concentration (50 ppm and 100ppm) and 0% mortality 

at (6.25ppm). The mortality was concentration dependent as the concentration increases it 

increases the mortality.  

Transgenerational effect of insecticide on the development of C. chinensis:  

 
Figure 16: Transgenerational effect of deltamethrin on the total egg count of C. chinensis. 
Significant level *(p<0.05); **(p<0.01) 

Total egg count significantly (p<0.01) varies on different group at different generations 

(Fig. 16). In the 1st generation effect of deltamethrin is clearly seen as the total egg count 

drastically decreases compared to control (190±1.10), in low dose it was 120 and high 

dose 100. In successive generations the total egg count slowly starts increasing compare 

to 1st generation and at the 6th generation the total egg count of control (190±1.10), low 

dose (185) and high dose (180) was almost same, which shows that the pulse beetle at 6th 

generation has overcome from the effect of the deltamethrin. 
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Figure 17: Transgenerational effect of deltamethrin on the total hatching of C. chinensis. 
Significant level *(p<0.05); **(p<0.01) 

 

 

 

 

 

 

 

 
 

 

Figure 18: Transgenerational effect of deltamethrin on the hatching% of C. chinensis. 
Significant level *(p<0.05); **(p<0.01) 
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Total hatching show similar trend like the total egg count it also significantly (p<0.01) 

vary on different group at different generations (Fig. 17). In the 1st generation effect of 

deltamethrin is clearly visible as the total hatching compared to control (120±1.15), in 

low dose 45 and high dose 30 significantly reduced. In successive generations the total 

hatching slowly starts increasing compare to 1st generation and at the 6th generation the 

total hatching of control (120±1.15), low dose (115) and high dose (105) was very close. 

This trend was also seen in hatching percentage (Fig. 18) were significant (p<0.01) 

variation in hatching percentage on different group at different generation was recorded. 

As in successive generations the total egg count and hatching increases hatching 

percentage was also increased from 37.5% in 1st generation to 62.16 in 6th generation in 

low dose and 30% in 1st generation to 60% in 6th generation. 

 

Figure 19: Transgenerational effect of deltamethrin on the total development period of C. 
chinensis. Significant level *(p<0.05); **(p<0.01) 

In 1st generation the total development period (Fig. 19) was observed to be (46 days) in 

high dose and (40 days) in low dose which was significantly (p<0.01) very long 

compared to control (22.670.33 days). In successive generations the trend was changed 

and the duration of total development period shows a reducing trend in low dose and high 

dose at the 6th generation low dose (23 days) and high dose (24.5 days) which was almost 

at par with the control. 
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Figure 20: Transgenerational effect of deltamethrin on the adult longevity of C. 
chinensis. Significant level *(p<0.05); **(p<0.01) 

The number of days that the hatched adult survive shows a significant (p<0.01) variation 

it was (16 days) on control, (10 days) on low dose and (7 days) at the 1st generation. In 

successive generations the over days of survival increases at the 6th generations it was (16 

days) in low dose and (15 days) in high dose which was at par with the control (Fig.20). 

Table 6: Transgenerational alteration in the Susceptibility index 

Susceptibility Index 
Generations Control Low Dose High Dose 

1st Generation 9.16 4.58 3.36 
2nd Generation 9.16 5.15 3.89 
3rd Generation 9.16 6.03 4.86 
4th Generation 9.16 7.03 5.84 
5th Generation 9.16 8 7.22 
6th Generation 9.16 8.96 8.25 

Susceptibility index confirms that at initial generation pulse beetle were more susceptible 

specially at high dose of the insecticide but later the susceptibility shows a decreasing 

trend and at the 6th generation it shows very less susceptibility (Table 6). 
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Transgenerational effects of the insecticide on the repellency behaviour of C. 
chinensis 

Table 7: Percent repellency of deltamethrin against C. chinensis on LD exposure. 

 

Table 8: Percent repellency of deltamethrin against C. chinensis on HD exposure. 
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Table 9: Repellent Index (RI) of deltamethrin against C. chinensis on LD exposure. 

 

Table 10: Repellent Index (RI) of deltamethrin against C. chinensis on HD exposure.   

 

Table 7 and 8 describes the repellent percentage and Table 9 and 10 shows the repellent 

index of deltamethrin which shows that C. chinensis, maximum repellency was observed 

in the 1st generation and the repellency was decreasing in successive generations. Similar 

trend observed in the repellent index where initially it was repellent but in later on 

generations it become neutral to attractant. The repellent effect of deltamethrin was time 

and generation dependent. The repellency decreases with the exposure time and following 

generations. 
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Objective 3: Understanding the Insecticide resistance using transcriptomics 

approach 

 

Figure 21: QC of Extracted RNA Samples on Agilent TapeStation 

The quality and quantity of the extracted RNA samples were checked on NanoDrop 

followed by Agilent Tape station using High Sensitivity RNA ScreenTape. A single 

distinct 18S peak was observed for both the extracted RNA samples confirm the quality 

of RNA, thus graded as ‘PASS’ in initial QC step and can be processed for library in 

regular process.  

Illumina PE library preparation 

The RNA-Seq paired end sequencing libraries were prepared from the QC passed RNA 

samples using illumina TruSeq Stranded mRNA sample Prep kit. Briefly, mRNA was 

enriched from the total RNA using Poly-T attached magnetic beads, followed by 

enzymatic fragmentation, 1st strand cDNA conversion using SuperScript II and Act-D 

mix to facilitate RNA dependent synthesis. The 1st strand cDNA was then synthesized to 

second strand using second strand mix. The dscDNA was then purified using AMPureXP 
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beads followed by A-tailing, adapter ligation and then enriched by limited no of PCR 

cycles. 

Quantity and quality check (QC) of library on Agilent 4200 Tape Station 

The PCR enriched libraries were purified using AMPureXP beads and analyzed on 4200 

Tape Station system (Agilent Technologies) using high sensitivity D1000 Screen tape as 

per manufacturer instructions. 

 

Figure 22: Library Profile of Samples: Control and Treated on Agilent TapeStation  

Total RNA was extracted from the received insect tissue using conventional TRIzol 

method followed by Column purification using Quick RNA Miniprep Plus Kit (Zymo 

Research). The quality and quantity of the extracted RNA samples were checked on 

NanoDrop followed by Agilent Tape station using High Sensitivity RNA ScreenTape. 

The QC passed RNA samples were processed for PE library preparation using TruSeq 

stranded mRNA Library Prep Kit as per the kit protocol. The quality of both the prepared 

libraries passed in our QC step and can be processed for sequencing on illumina platform 

using 2 x 150bp chemistry.  
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De novo Transcriptome Assembly  

The high-quality reads were assembled together into transcripts using Trinity de novo 

assembler (version 2.1.1) with a kmer of 25. 

Table 11: Transcript (Pooled) summary 

Description Transcripts 
No. of Transcripts 58,120 

Total transcript length (bp) 64,282,882 
N50 (bp) 1,760 

Length of the longest transcript (bp) 20,096 
Length of the shortest transcript (bp) 301 

Mean transcript length (bp) 1,106 
The assembled transcripts were then further clustered together using CD-HIT-EST-

4.8.1to remove the isoforms produced during assembly. This resulted in sequences that 

can no longer be extended. Such sequences are defined as Unigenes. Only those unigenes 

which were found to have >85% coverage at 3X read depth were considered for 

downstream analysis. The statistics of the validated unigenes are summarized in the 

following tables. 

Table 12: Validated unigene (Pooled) summary 

Description Unigenes 
No. of Unigenes 25,343 

Total unigene length (bases) 36,367,379 
N50 2,045 

Length of the longest unigene (bp) 20,096 
Length of the shortest unigene (bp) 301 

Mean unigene length (bp) 1,435 

Coding sequence (CDS) Prediction  

TransDecoder-v5.3.0 was used to predict coding sequences from the above mentioned 

unigenes. TransDecoder identifies candidate coding regions within unigene sequences. 

TransDecoder identifies likely coding sequences based on the following criteria: 

• A minimum length open reading frame (ORF) is found in a unigene sequence  

• A log-likelihood score similar to what is computed by the GeneID software is > 0.  

• The above coding score is greatest when the ORF is scored in the 1st reading 

frame as compared to scores in the other 5 reading frames.  
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If a candidate ORF is found fully encapsulated by the coordinates of another 

candidate ORF, the longer one is reported. However, a single unigene can report 

multiple ORFs (allowing for operons, chimeras, etc.). 
Table 13: CDS (Pooled) Statistics 

Description CDS 
No. of CDS 13,614 

Total CDS length (bp) 16,206,501 
Length of the longest CDS (bp) 17,022 
Length of the shortest CDS (bp) 255 

Mean CDS length (bp) 1,190 

Functional Annotation  

Functional annotation of the pooled CDS was performed using DIAMOND program, 

which is a BLAST-compatible local aligner for mapping translated DNA query sequences 

against a protein reference database. DIAMOND (BLASTX alignment mode) finds the 

homologous sequences for the genes against NR (non-redundant protein database) from 

NCBI. Majority of the blast hits were found to be against Callosobruchus maculatus. 

Table 14: BlastX Data Distribution Statistics 

Sample Name Total no. of CDS No. of CDS with 
Blast Hit 

No. of CDS without 
Blast Hit 

Pooled CDS 13,614 12,629 985 
 

 
Figure 23:  Top Blast Hit Species Distribution of pooled CDS. 
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Sample-wise CDS identification  

To identify sample wise CDS from above mentioned pooled set of CDS, reads from 

each sample were mapped on the final set of pooled CDS. The read count (RC) values 

were calculated from the resulting mapping and those CDS having 85% coverage 

and 3X read depth were considered for downstream analysis for each of the 

samples. Sample wise CDS statistics have been summarized in the following table. 

Table 12: Sample-wise CDS summary 

SL. 
No. 

Sample 
Name 

No. of 
CDS 

Total 
CDS 

length 
(bp) 

Length of 
the 

longest 
CDS (bp) 

Length of 
the 

Shortest 
CDS 
(bp) 

Mean 
CDS 

length 
(bp) 

1 Control 6,596 6,875,946 17,022 276 1,042 
2 Treated 11,622 14,611,353 17,022 276 1,257 

Gene Ontology Analysis (GO) 

Gene ontology (GO) analysis of the CDS identified for all samples were carried out using 

Blast2GO program. GO assignments were used to classify the functions of the predicted 

CDS. The GO mapping also provides ontologyof defined terms representing gene product 

properties which are grouped into three main domains: Biological Process (BP), 

Molecular Function (MF) and Cellular Component (CC). GO mapping was carried out in 

order to retrieve GO terms for all the functionally annotated CDS. Molecular Function 

was found to have the highest number of CDS associated with it for all the samples. 

Table 13: GO category distribution of CDS 

SL. 
No. 

Sample 
Name 

Total 
No. of CDS 

Total No. 
of 

Annotated 
CDS 

Biological 
Process 

Cellular 
Component 

Molecular 
Function 

1 Control 6,596 3,403 2,115 2,048 2,458 
2 Treated 11,622 5,654 3,608 3,504 4,112 
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Biological Process 

 Control Treated 

Regulation of cellular process 213 504 

Establishment of localization 387 706 

Primary metabolic process 1264 2075 

Organic substance metabolic process 1314 2154 

Biogenesis 269 489 

Biosynthetic process 518 387 

Cellular metabolic process 1020 1635 

Small molecule metabolic process 306 409 

Nitrogen compound metabolic process 1104 1819 

Molecular Functions 

Catalytic activity 314 560 

Heterocyclic compound binding 849 1484 

Hydrolase activity 516 866 

Carbohydrate derivative binding 365 685 

Small molecule binding 456 822 

Organic cyclic compound binding 849 1485 

Ion binding 883 1516 

Transferase activity 403 749 

Cellular Component 

Organelle 1018 1671 

Intracellular anatomical Structure 1215 1973 

Cytoplasm 707 1050 

Membrane 1009 1771 
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Functional Annotation of KEGG Pathway  

To identify the potential involvement of the predicted CDS in biological pathways, all the 

identified CDS of 2 samples were mapped to reference canonical pathways in KEGG 

(Tribolium castaneum(tca), Dendrotonus ponderosae(dpa), Aethina tumida(atd), 

Nicrophorus vespilloides(nvl), and Drosophila melanogaster(dme)) database. The 

identified CDS for all 2samples were found to be categorized into 31KEGG pathways 

under five main categories: Metabolism, Genetic information processing, Environmental 

information processing, Cellular processes and Organismal systems. The output of KEGG 

analysis includes KEGG Orthology (KO) assignments and corresponding Enzyme 

Commission (EC) numbers and metabolic pathways of predicted CDS using KEGG 

automated annotation server, KAAS. 

Table 14: KEGG Pathway annotation summary of CDS 

Sample Name No. of Identified 
CDS 

No. of Annotated 
CDS 

No. of Annotated 
Categories 

Control 6,596 1,992 31 
Treated 11,622 3,037 31 

 

Figure 24: KAAS summary for Control 
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Figure 25: KAAS summary for Treated 

Differential Gene Expression Analysis  

Differential expression analysis was performed on the CDS between control and treated 

samples by employing a negative binomial distribution model in DESeqpackage 

(version1.22.1 -http://www.huber.embl.de/users/anders/DESeq/) as mentioned below. 

The CDSs having log2foldchange value greater than zero were considered as up-

regulated whereas less than zero as down-regulated. P-value threshold of 0.05 was used to 

filter statistically significant results. 

Table 15: Statistics of differentially expressed Genes 

#Commonly Expressed #Upregulated (Significant) #Downregulated (Significant) 

6,282 50 280 

Heatmap  

An average linkage hierarchical cluster analysis was performed on top 50 differentially 

expressed genes using multiple experiments viewer (MeV v4.9.0). The heatmap shows 

level of gene abundance. Levels of expression are represented as log2 ratio of gene 

abundance between control and treated samples. Differentially expressed genes were 
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analyzed by hierarchical clustering. A heat map was constructed using the log-

transformed and normalized value of genes based on Pearson uncentered distance and 

average linkage method. In heatmap, each horizontal line refers to a gene. The color 

represents the logarithmic intensity of the expressed genes. Relatively high expression 

values are shown in red. 

 
Figure 26: Heat map depicting the top 50 differentially expressed genes (significant); 

Basemean_Control represents the normalized expression values for Control sample and 

Basemean_Treated represents the normalized expression values for Treated sample for 

DGE Combination 1. 
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Scatter Plot  

The Scatter Plot is useful for representing the expression of genes in two distinct 

conditions of each sample combinations. It helps to identify genes that are differentially 

expressed in one sample with respect to another and also allows comparing two values 

associated with genes. In scatter plot, each dot represents a gene. The vertical position of 

each gene represents its expression level in the Control samples while the horizontal 

position represents its expression level in the Treated samples. Thus, genes that fall above 

the diagonal are over-expressed and genes that fall below the diagonal are under-

expressed as compared to their median expression level in experimental grouping of the 

experiment. 

 
Figure 27: Scatterplot of differentially expressed genes; green dots represent the 

downregulated (significant) and red dots represent the upregulated (significant) genes in 

DGE Combination 1. 
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Volcano Plot  

The Eurofins proprietary R script was used to depict the graphical representation and 

distribution of differentially expressed genes which were found in Control as well as 

Treated samples. The ‘volcano plot’ arranges expressed genes along dimensions of 

biological as well as statistical significance. The red block on the right side of zero 

represents the up regulated genes whereas green block on the left side of zero represents 

significant down regulated genes. While Y-axis represents the negative log of p-value (p 

value <0.05) of the performed statistical test, the data points with low p-values (highly 

significant) appears towards the top of the plot. Grey block shows the non-differentially 

expressed genes. 

 
Figure 28: Volcano plot of differentially expressed genes; green dots represent the 

downregulated (significant) and red dots represent the upregulated (significant) genes for 

DGE Combination 1. 
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Discussion 
Development of the insect pest depends on physical characteristics of host like texture, 

shape, size, hardness or softness (Singh et al., 2013; Mason et al., 2016; Sewsaran et al., 

2019). Padmasri et al. (2017) had reported that oviposition depends on softness or 

hardness of the grain and Adebayo and Ogunleke (2016) reported that increase in the 

length and width leads to high oviposition activity, these was observed in the present 

study where the maximum oviposition activity was observed on pea which have more 

hardness as well as surface area. The minimum oviposition activity was recorded on 

Moth bean followed by green gram, whose seeds have less surface area and softness is 

more as compared to pea. Highest hatching percentage was recorded on green grams 

followed by cow pea and minimum hatching was recoded on pea which was also reported 

by Sharma et al. (2016) and Nisar et al. (2021) while working on Callosobruchus 

maculatus. 

In the present study the range of the incubation period was 3 to 6 days where pea with 10 

days was out from this range, these observations were supported by Hosamani et al. 

(2018), Jaiswal et al. (2019) and Sekender et al. (2020) who recorded 3-6 days of 

incubation by C. chinensis on different hosts. Kumar and Kumar (2018) and Augustine 

and Balikai (2018) recorded similar incubation range in chick pea and cow pea whereas 

Satish et al. (2020) and Dalal et al. (2020) reported on green gram and black gram. All 

these studies confirm the present findings. 

The maximum larval and pupal period was recorded in pea followed by pigeon pea and 

shortest in green gram followed by cow pea. Hosamani et al. (2018) while working on 

different host reported shortest larval and pupal period in green gram and cow pea, 

Jaiswal et al. (2019) also reported similar findings. Kumar and Kumar (2018) reported a 

range of 30-35 days in green gram, and Augustine and Balikai (2018) reported 20-31 days 

of range on cow pea while Satish et al. (2020) and Dalal et al. (2020) states a range of 24-

29 days on chick pea and 24-28 days on black gram respectively. The difference of the 

range may be because of the different variety, temperature, humidity during the 

respective studies. 

Total development period in our finding was in the range of 23 to 32 days where pea was 

not in that range, minimum development period was reported in green gram followed by 

cow pea. Similar finding was reported by Radha and Sushila (2014) and it was confirmed 

again by Hosamani et al., (2018) and Jaiswal et al. (2019). In our finding development 
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period in chick pea was in a range 28±0.35 days this was almost in the range given by 

Swella and Mushobozy (2009) Kamble et al. (2016) and Ahmad et al. (2017). 

In the current work maximum adult emergence was recorded in green gram followed by 

cow pea and least in pea, these finding are in accordance with the findings of Chandel and 

Bhaudaria (2015) and Jaiswal et al., (2020), who reported maximum adult emergence in 

green gram. The drop in adult emergence in pea could be because of the low hatchability 

of eggs due to hard seed coat as reported by Padmasri et al. (2017).  

The significant difference was recorded in the longevity of adult C. chinensis reared on 

different host where maximum longevity was recorded in green grams and least on the 

pea. The present findings are in agreement with Hosamani, et al., (2018) and Mehta and 

Negi (2020), who found significant alteration in the longevity of adult of C. chinensis in 

different varieties of stored grain.  

In the present study, maximum weight loss by C. chinensis was observed in green gram 

followed by cow pea and least weight loss was recorded in pea followed by pigeon pea. 

Similarly, Gupta and Apte (2016) and Bharathi et al. (2017) reported maximum weight 

loss percentage due to C. maculatus also Jaiswal et al. (2019) reported maximum loss 

percentage in chick pea and green gram by C. chinensis. Losses in nutritional values are 

mainly attributed to storage insect pests, which preferentially feed on grain embryos 

(Taddese et al., 2020). These observations are in agreement of previous studies by 

Thakkar and Parikh (2018) who reported nutritional loss by Sitophilus oryzae when 

exposed to different stored grains. 

Deltamethrin is a broad spectrum synthetic pyrethroid insecticide that is widely used to 

control stored-product insect pests (Trostanetsky et al., 2023). It is registered in many 

parts of the world for stored grain protection (Vayias et al. 2010). Deltamethrin is a 

synthetic version of naturally occurring pyrethrins extracted from pyrethrum of dried 

Chrysanthemum flowers (Shrivastava et al., 2011; Bhanu et al. 2011). It kills insects by 

paralyzing their nervous system, giving a quick knockdown effect, loss of co-ordination, 

and eventually death (Velki et al. 2014). 

In insects, neurotoxic activity of deltamethrin is caused by disruption of axonal 

transmission of nerve impulses as a result of altering ion permeability of nerve 

membranes (Paudiyal et al., 2016 & 2017). Deltamethrin is known for its rapid 

knockdown activity on various insects, including coleopterans (Velki et al. 2014), so the 

effectiveness of higher concentrations of deltamethrin to adults of C. chinensis observed 
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in this study was expected. Jacob et al. (2014) found that 98% of S. zeamais adults were 

knocked down after of exposure to a deltamethrin concentration of 1,000 ppm whereas 

mortalities of 76.7, 53.3, 30, 28, 21.7, 23.3, and 0 % were recorded for 500, 250, 100, 50, 

25, 12.5, and 0.0 ppm, respectively these findings are in accordance with our present 

findings where mortalities 0, 33, 70, 100 and 100 % were recorded for 6.25, 12.5, 25, 50 

and100 ppm. Paudiyal et al., 2016 similarly reported that high mortalities were recorded 

on Tribolium castaneum, Sitophilus oryzae and Rhyzopertha dominica adults when they 

were exposed to high concentration of deltamethrin. 

The persistence of insecticide effects from one generation to the next are unknown but 

have important consequences. Studies typically focus on intragenerational and 

intergenerational rather than transgenerational effects (Margus et al. 2019). Whether, and 

how, insecticides exposure leads to transgenerational effects remains poorly understood. 

In the current study we explore the transgenerational effect of sub lethal dose of the 

deltamethrin on the developmental parameters viz. total egg count, total hatching, 

hatching %, total development period and adult longevity. The present study 

demonstrated that deltamethrin was toxic to C. chinensis with an LC50 value of 22.93ppm 

when adult of C. chinensis were exposed with deltamethrin. Deltamethrin shows a 

negative effect on the development parameters of all the generations with respect to the 

control. When a comparison between all the generations was made it shows that the 

negative effect of the insecticide on the development parameters was significantly 

decreasing with successive generations which predicts that the effect of deltamethrin on 

the transgenerations shows a trend where the insects were able to tolerate it. 

Many reports indicated that the egg laying and hatching of insects influenced by the 

sublethal concentration of insecticides (Qu et al. 2017; Xu et al. 2019; Tamilselvan et al., 

2021). In this study, the sublethal concentration of deltamethrin significantly reduced the 

total egg count and hatching of C. chinensis in the F1generation with respect to control 

but in successive generation the effect was almost nil. In Rhyzopertha dominica 

(Fabricius), Prostephanus truncatus (Horn) (Coleoptera: Bostrichidae) and Sitophilus 

granaries (Linnaeus) (Coleoptera: Curculionidae), insecticide at lower concentration 

significantly suppressed the progeny production (Vassilakos et al. 2012 & 2015; Rumbos 

et al. 2018). (Ali et al. 2017) reported that fecundity and hatchability are significantly 

decreased for generations of Sogatella furcifera after LC30 buprofezin treatment. The 
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negative impact of sublethal concentration of methyl-thiodiafenthiuron on the fecundity 

of P. xylostella F1 progeny have also been reported (Su and Xia 2020). 

The total developmental period of F1 progeny of C. chinensis were prolonged 

significantly after exposure of F1 generation to sublethal doses of deltamethrin. Similarly, 

lower concentration of insecticides increases the development period of insects (Zhu et al. 

2012; Guo et al. 2013; Xu et al. 2016), e.g., sublethal concentration of Spinosad and 

chlorantraniliprole significantly increased the duration of P. xylostella and H. armigera 

F1 progeny, respectively (Yin et al. 2008; Zhang et al. 2013). The adult longevity of the 

F1 C. chinensis was significantly reduced compared to control after exposure of the 

sublethal doses of the deltamethrin, (Ali et al. 2017) reported that adult longevity 

significantly decreased for generations of S. furcifera after buprofezin exposure. 

Similarly, Deng et al., 2019 reported that the administration of sub lethal doses of 

dinotefuran on R. padi adults of the F1 generation reduced adult longevity. 

The transgenerational effects of insecticide on the repellency behaviour of C. chinensis 

shows that the repellent effect of deltamethrin was time and generation dependent. The 

repellency decreases with the exposure time and following generations. Muntaha et al., 

2017 studied the repellent effect of pyrethroids on C. chinensis, and highest repellency 

92% was recorded with deltamethrin which was followed by cypermethrin (90%) and 

bifenthrin (89%).In the present study at 1st generation repellency was 85% even at 24 h 

duration this suggests that the insects may not be able to tolerate the insecticide but in 

successive generation a decreasing trend in the repellent effect was observed which 

shows 35% repellency at the sixth generation which suggests that over the period of time 

the insects were able to tolerate the insecticide.  

Although deltamethrin is effective against C. chinensis at low or sublethal concentration. 

It was recorded that when insects were subjected to multiple generations of exposure to 

sublethal concentration of deltamethrin the effect was showing a decreasing trend this 

suggests that the insects may eventually lead to resistance (Deng et al. 2019). 

Conclusion 
The study on the host preference by C. chinensis reports that egg count, total 

development period, adult emergence, adult longevity, weight loss was maximum in 

green gram also a good amount of nutritional loss was recorded in green grams. Thus, it 
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can be concluded that for laboratory work green grams are the suitable host for mass 

rearing of pulses beetle.   

The transgenerational effect of deltamethrin suggest that not only the lethal effects, but 

also the sublethal effects of deltamethrin could influence the development of C. chinensis. 

Sub lethal concentration of deltamethrin can reduce the total egg count, hatching, the 

delayed development period, reduced adult longevity at first generation but in successive 

generation the insect was able to overcome of the changes. Similarly, sub lethal 

concentration of deltamethrin leads to high repellent effect at first generation but the 

repellent effect was time and generation dependent as the time and generation are 

increases the repellency is also decreases.  This indicates that the transgenerational effect 

of deltamethrin on C. chinensis was high at first generation but in successive generation it 

was able overcome these effects which suggests that the C. chinensis may eventually 

become to resistance to deltamethrin. 

Whole transcriptome analysis was performed on 2 samples, a total of 25,343 non-

redundant validated unigenes were further taken for downstream analysis, from which 

TransDecoder resulted in a total of 13,614 CDS. A total of 12,629 CDS were functionally 

annotated. The majority of the CDS were found to be homologous with Callosobruchus 

maculatus. Further, Gene ontology (GO) analysis revealed that maximum number of CDS 

were involved in Molecular Function in addition to cellular and biological process. 

KEGG pathway analysis for all the individual set of CDS were found to be categorized 

into 31KEGG pathways under five main categories: Metabolism, Genetic information 

processing, Environmental information processing, Cellular processes and Organismal 

systems. Differential gene expression analysis further depicted that 6282 CDS were 

commonly expressed, of which 50 CDS were significantly upregulated and 280 CDS 

significantly downregulated. Our studies are parallel to the work of Sayadi, et al., 2016 

and Brar et a., 2020 were transcriptomic analysis of C. maculatus thoroughly done. 

In conclusion this study provides a comprehensive assembly of the C. chinensis 

transcriptome which covers a large number of genes expressed in both control and treated 

adults, however a greater number of CDS were expressed in treated group. Thus, we 

believe that this data will provide a valuable resource for future studies of the seed beetle 

C. chinensis as well as for comparative gene expression and genomic analyses of beetles 

more generally. 
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