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Abstract. COI is the first subunit of the mitochondrial cytochrome C oxidase gene that is commonly used 

for barcoding via sequencing and molecular identification of insect orders and species. However, fast and 

cheap data analysis might still be required for the detection of insect orders and species to replace 

sequencing in large populations. The latter can be emphasized by detecting restriction enzyme site 

polymorphisms in COI sequences of insect orders and species. In the present study, we have utilized an in 

silico approach for detecting species- and order-specific molecular markers in insects collected from 

Saudi Arabia based on the new non-traditional open source tool, namely CisSERS. A number of 237 

restriction enzymes were checked for the presence of their recognition sites within the COI gene sequence 

of the different insect species. Generated data was displayed in predicted agarose gels as virtual PCR-

RFLP patterns. The results indicated the occurrence of 14 species-specific and three order-specific 

molecular markers representing 10 species and two orders of insect. The highest number of species-

specific markers (3 markers) was generated for Idolus picipennis (Order: Coleoptera), followed by the 

two hemipteran Macrosteles sp. and Osbornellus auronitens (two markers each). Three order-specific 

markers were generated for orders Lepidoptera (two markers) and Diptera (one marker). The overall 

results demonstrated that CisSERS efficiently allowed for the detection of species- and order-specific 

markers that can further be utilized in screening large insect populations. 

Keywords: PCR-RFLP, CisSERS, genetic characterization 

Introduction 

Subunit I (658 nt) of the mitochondrial cytochrome C oxidase (COX) gene (namely 

COI) started in 2003 to be the most universal marker for species identification in animal 

(Hebert et al., 2003, 2004). Recent concerns were raised for the insufficiency of insect 

biodiversity data in Saharo-Arabian region including Saudi Arabia and the lack of 

conducted traditional surveys (Ashfaq et al., 2018). The latter makes it vital to gain 

insights on such a virgin area in terms of insect classification and biodiversity. 

Our recent study (Ashfaq et al., 2018) proved the feasibility and efficiency of 

utilizing COI gene in barcoding insects collected from Saudi Arabia. In the present 

study, we further utilized virtual PCR-RFLP based on the barcode sequences targeting 

the recovery of fast and cheap approach for characterizing insect orders and species in 
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large populations. Methods based on restriction enzyme digestion (ex., PCR-RFLP) are 

easy to perform, reproducible, and cost-effective and require less equipment and 

expertise (Agarwal et al., 2008). In the past, restriction enzyme-based molecular 

markers were commonly employed, but with the emergence of high-throughput 

sequencing technologies, they facilitated more in-depth genomic analysis and 

characterization. PCR-based restriction fragment length polymorphic markers (or PCR-

RFLP) are used for gene mapping and molecular breeding (Shu et al., 2011). To detect 

the efficacy of re-utilizing PCR-RFLP for molecular characterization, we were required 

to use efficient in silico tools suitable for analyzing large genomic datasets towards the 

recovery of a fast and cost-effective approach in characterizing large insect populations 

in the future. 

Access to computational tools that processes massive amounts of DNA sequence 

information from multiple samples is useful for addressing difficult biological 

questions. Several current restriction site analysis tools were designed to handle only 

few sequences for targeted analysis (Neff et al., 2002; Vincze et al., 2003; Ilic et al., 

2004; Thiel et al., 2004; Zhang et al., 2005; Taylor and Provart, 2006; Chang et al., 

2010). CisSERS (or customizable in silico sequence evaluation for restriction sites) 

tools were designed specifically for PCR-RFLP marker detection (Sharpe et al., 2016). 

Such a new graphical user interface helps in detecting enzyme restriction sites in large 

DNA sequence datasets and enables high-throughput analysis of multiple sequences for 

restriction sites with a possibly embedded dynamic visualization functionality. It can 

predict places the enzyme cuts during gel electrophoresis and save time and effort of 

running unrequired several enzymatically-digested DNA samples. Such information can 

help in deciding which enzymes to be selected in digesting DNA for restriction-site 

associated DNA (or RAD) sequencing libraries and further cloning. CisSERS can also 

be utilized in detecting methylated DNAs as the original PCR-RFLP will vary from the 

virtual pattern for any methylation susceptible restriction enzyme site. CisSERS is 

expected to pave the way between sequence acquisition and implementation of diverse 

wet-lab approaches to solve biological questions more easily. 

In this work, we utilized the COI subunit for specimens of six insect orders collected 

from Saudi Arabia to detect species- and order-specific molecular markers based on the 

use of CisSERS surface tools in order to generate virtual PCR-RFLP. This information 

will be useful in the future analysis of large insect populations via PCR-RFLP. 

Materials and methods 

For sample collection, a Malaise trap (Hutcheson and Jones, 1999; Hill et al., 2005) 

was installed at Hada Al-Sham station, King Abdulaziz University (KAU) located in the 

western region (near Makkah) of Saudi Arabia (21.795°N, 39.711°E). Sample 

collection, morphological classification up to Sanger sequencing were done as indicated 

in our most recent study (Ashfaq et al., 2018). 

CisSERS was used to develop fasta files for restriction site analysis and generate 

predicted gel images as described (Sharpe et al., 2016). Outputs describe the cut counts 

and locations for each restriction site and dynamically created predicted gel images. The 

master list of enzymes (237 in the present study) is retrieved from the REbase database 

(Vincze et al., 2003). A set of formulas used via CisSERS is retrieved in order to 

produce fragment size (Neff et al., 2002; Ilic et al., 2004; Agarwal et al., 2008; Shu et 
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al., 2011). The motif detection feature of CisSERS was previously validated using 

Nostoc and ATPC1 genes (Sharpe et al., 2016). 

For validating the in silico datasets, DNAs from the different 30 insect species were 

isolated and subjected to PCR to recover the COI gene fragment (634 bp). Restriction 

analysis including five selected restriction enzymes was done following standard 

protocols to validate five species-specific markers of four insect species. The products 

of restriction analysis were detected using electrophoresis on agarose gels (1.2% in 1x 

TBE buffer), stained with ethidium bromide (0.3 ug/ml), then visually examined with 

UV transilluminator and photographed using a CCD camera (UVP, UK). 

Results and discussion 

Generating a DNA barcode based on the common COI gene fragment involves 

sequencing, then BLAST towards the identification of sequence homology down to the 

species level. Conventional DNA sequencing is time-consuming and costly, which 

makes it difficult to be universally utilized. The latter approach generates no particular 

species- or order-specific markers that can be solely used in preliminary screening of 

any insect population. In PCR-RFLP, the restriction sites are identified in the target 

gene fragment (e.g., COI), and polymorphism is based on the number and sizes of the 

cleaved fragment of any given species. This method is simple, cheap and time-saving, 

thus meets many applications (Liu et al., 2001, 2003; Um et al., 2001; Ding et al., 2003; 

Wang et al., 2005, 2007; Ying et al., 2007). 

In our previous study, COI barcodes were analyzed at the DNA level for a number of 

560 insect samples collected during four-week time course in Saudi Arabia. Recovered 

sequences were trimmed to 634 nucleotides and number of samples was narrowed to 

175 representing 30 species of six insect orders. Sequences of these species were 

utilized in generating the virtual PCR-RFLP patterns via CisSERS surface tools. A 

number of 237 restriction enzymes were checked for the presence of recognition sites 

within the COI gene sequence (634 bp) of the different insect species. The consensus 

sequences of the 30 insect species were fed to the program and restriction sites for 

enzymes that either uniquely cut DNA of one single species or resulted in the 

occurrence of a DNA fragment specific to a single insect order are shown in Figure A1 

in the Appendix. The figure indicates the positions of the 17 selected enzymes that cut 

within the COI sequence that meet the above mentioned criterion. Interestingly, no 

restriction sites were shown in the first 181 nt of the gene (Fig. A1; Table 1). All 

selected restriction sites are located downwards. The resulted species- and order-

specific markers are shown in the virtual PCR-RFLP patterns shown in Figures 1 and 2, 

respectively, while summarized in Figure 3. Species-specific markers were recovered 

for 10 out of the 30 insect species. The largest number of species-specific markers are 

shown for Idolus picipennis (3 markers) of order Coleoptera, followed by Macrosteles 

sp. and Osbornellus auronitens (2 markers each) of order Hemiptera (Fig. 1). The single 

species-specific markers were detected for seven other species, e.g., Monomorium 

junodi, Camponotus maculatus, Balta vilis, Belenois aurota, Ephysteris subdiminutella, 

Carpomya vesuviana and Tabanus striatus. Numbers of 2, 4, 1, 2, 3 and 1 species-

specific markers were shown for orders Hymenoptera, Hemiptera, Blattodae, 

Lepidoptera, Coleoptera and Diptera, respectively (Figs. 1 and A1). The results at the 

order level indicate the recovery of three order-specific markers. 
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Figure 1. Virsual electrophregrams generated from CisSERS tools to describe specific PCR-

RFLP markers in COI gene in 10 insect species belonging to six insect orders. Based on ach 

restriction enzyme has a unique site in the gene for a given insect species. Species numbers (1-

30) refer to insect species shown in Table 1 

 
 

 

Figure 2. Virsual electrophregrams generated from CisSERS tools to describe specific PCR-

RFLP markers in COI gene in two out of six insect orders. Each restriction enzyme has multiple 

recogintion sites in the gene for the different insect species and orders. One fragment for each 

of the enzymes BclI (182 bp), DpnI (99 bp) are specific for order Lepidoptera, while one 

fragmente of the enzyme LpnPI (42) is specific for order Diptera. Species numbers (1-30) refer 

to insect species shown in Table 1 
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Figure 3. Restriction map for the enzymes uniquely cut the COI gene in a given insect 

species. The map involves 14 enzymes specific for 10 species of the six insect orders. Species 

numbers refer to insect species shown in Table 1 

 

 
Table 1. List of insect species and orders along with restriction enzymes with recognition 

sites within COI gene 

No. Species Enzyme 
Species-specific marker (bp) 

5`…………….3` 
Order Enzyme 

Order-

specific 

marker (bp) 

1 Monomorium junodi HhaI 337//297 

Hymenoptera - - 

2 Cataglyphis ibericus - - 

3 Camponotus maculatus Bso31I 181//453 

4 Hymenoptera sp. - - 

5 Nomioides facilis - - 

6 Tachytes crassus - - 

7 Batracomorphus angustatus - - 

Hemiptera - - 

8 Macrosteles sp. AleI, ApaLI 529//105, 181//453 

9 Colladonus tahotus - - 

10 Sacphytopius vaccinium - - 

11 Osbornellus auronitens AccII, Eco52I 202//432, 436//198 

12 Balta vilis BciVI 381//253 Blattodae - - 

13 Tarucus theophrastus - - 

Lepidoptera 
BclI 
DpnI 

182 
99 

14 Belenois aurota BcgI 242//362 

15 Ephysteris subdiminutella PinAI 288//346 

16 Tuta absoluta - - 

17 Batrachedra amydraula - - 

18 Idolus picipennis BspCNI, BtsI, NheI 341//293, 399//235, 521//113 

Coleoptera - - 

19 Melanotus villosus - - 

20 Algarobius prosopis - - 

21 Exomala pallidipennis - - 

22 Xylotrupes siamensis - - 

23 Copris tripartitus - - 

24 Lispe albitarsis - - 

Diptera LpnPI 42 

25 Chrysomya chani - - 

26 Anthomyiopsis nigrisquamata - - 

27 Carpomya vesuviana PvuI 452//182 

28 Tabanus striatus MunI 322//312 

29 Leptogaster cylindrica - - 

30 Asyndetus sp. - - 

 

 

Two of which are shown for order Lepidoptera and one is shown for order Diptera 

(Fig. 2). Exact position of each marker is shown in Figure A1. Sizes of these markers 

are 182 and 99 nt for order Lepidoptera and 42 for order Diptera. Enzymes that 

generated these markers are BclI, DpnI and LpnPI, respectively. Interestingly, DpnI 
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enzyme has a 4-nt recognition site (GATC) that exists within the 6-nt recognition site 

(TGATCA) of BclI enzyme. The TGATCA site is located at 453 nt, therefore, the two 

enzymes cut DNA at this site. DpnI has another site at 552 nt, which is located 99 nt 

downstream the first, while BclI has no further sites downstream the first (Fig. A1). 

Accordingly, the cut with BclI resulted in the occurrence of 182 nt marker, while the cut 

with DpnI enzyme resulted in the occurrence of 99 nt marker. The results generated 

from CisSERS tools were validated via the restriction analysis of PCR products 

involving five randomly selected species-specific markers and electrophoregram results 

supported those generated by CisSERS tools (Fig. A2). Concerns on the reproducibility 

of PCR were repeatedly raised. Besides, dry-lab restriction analysis requires validation 

via wet-lab experimentation. Therefore, we consider the data shown in Fig. A2 can 

validate both the PCR approach as such as well as the utility of CisSERS tools. Other 

universal markers, ex., 16S rRNA gene, were successfully utilized in detecting PCR-

RFLP patterns of the causative bacteria of neonatal sepsis, e.g., Staphylococcus aureus 

and Klebsiella spp. (Rohit et al., 2016). The results indicated that PCR-RFLP is useful 

for the early diagnosis of culture negative neonatal sepsis in human. 

There are many restriction site analysis tools designed to handle only few/short 

sequences (Neff et al., 2002; Vincze et al., 2003; Ilic et al., 2004; Thiel et al., 2004; 

Zhang et al., 2005; Taylor and Provart, 2006; Chang et al., 2010). Of which, NEBcutter 

handles a less than 300 kb, besides, it is not set up for multiple sequence analysis 

(Vincze et al., 2003). The other tools are web-server based with limited functionality for 

high-throughput analysis. However, CisSERS was developed to enable high-throughput 

analysis of multiple/long sequences for restriction sites. In addition, CisSERS solely 

allows for custom motif detection to identify conserved sites, e.g., cis- and trans-acting 

element binding sites. Sharpe et al. (2016) indicated the effectiveness and multiple 

distinctive functionalities of CisSERS in analyzing mature sequence data of cfq gene. 

They also indicated that utilizing CisSERS in transcriptomic or genomic analysis 

enables a guidance during subsequent restriction enzyme-based experimentation. PCR-

based approaches could make identification of insect at species level easier, faster and 

more accurate compared with traditional morphological approaches. We think this work 

in the first of its kind in detecting species- or order-specific molecular markers in 

insects as well as in the utility of CisSERS in discriminating insect orders and species. 

In conclusion, CisSERS is a fast, cost-effective surface tools enable bridging the gap 

between sequence acquisition and implementation of wet-lab approaches towards 

addressing important biological clues. 

Conclusion 

Data generated in the present study from virtual PCR-RFLP via CisSERS provided 

useful information. Firstly, it narrows the number of restriction enzymes to be used in 

the future in studying any insect population. Second, it supports the utility of the wet-

lab PCR-RFLP as a fast, cheap, requires less equipment and cost-effective approach for 

characterizing insect populations. Third, it provides species- and order-specific markers 

that can be used as a first layer of detection at the species or order levels. Such an 

approach can be adopted for other types of universal markers in prokaryotic as well as 

eukaryotic organisms. 
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APPENDIX 

Figure A1. (See next page) Consensus GOI nucleotide sequences of the 30 insect species 

describing the recognition sites of the 17 restriction enzymes used in detecting PCR-RFLP 

markers at the species (14 markers) and order (3 markers) levels. Blue and red boxes indicate 

BclI (182 bp) DpnI (99 bp) fragments specific for Lepidopteran species, while green box 

indicates the LpnPI (42 bp) fragment specific for dipteran species 
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Monomorium_junodi                ATAATTGGATCATCAATAAGAATAATTATTCGATTAGAACTGGGATCATGTGGATCTCTC 60 

Cataglyphis_ibericus             ATAATTGGATCTTCAATAAGAATAATTATTCGTCTTGAATTAAGAGCTTGTGGATCACTA 60 

Camponotus_maculatus             TTAATCGGATCTTCTATAAGAATAATTATCCGATTAGAACTAGGATCTCCTAATTCTTTA 60 

Hymenoptera_sp.                  ATAATAGGATCATCTATAAGAATAATTATTCGAATAGAATTAAGAAGTCCTGGATCATGA 60 

Nomioides_facilis                ATATTTGGATCATCTTTAAGTTTAATTATTCGAATAGAATTAAGAGTTCCGGGTTTTTGA 60 

Tachytes_crassus                 ATATttGGGTCATCATTAAGAATAATTATTCGAATAGAATTAGGAACTGTTAGACAAATT 60 

Batracomorphus_angustatus        ATACTAGGAATAATATTAAGAATAATTATTCGAATAGAACTATCATCATCAGGAATACTA 60 

Macrosteles_sp.                  ATACTAGGAATGATACTAAGAATAATTATCCGTATTGAATTAGCACAACCAGGTTCGTTC 60 

Colladonus_tahotus               ATAGTGGGAATAATACTAAGAATAATCATCCGAATTGAATTAGCTCAACCAGGATCTTTC 60 

Scaphytopius_vaccinium           ATAGTGGGAATAATACTAAGAATAATCATCCGAATTGAATTAGCTCAACCAGGATCTTTC 60 

Osbornellus_auronitens           ATAGTAGGAATAATATTGAGAATAATTATTCGAATTGAATTAGCACAACCAGGATCTTTT 60 

Balta_vilis                      ATAGTTGGAACTTCATTAAGTATATTAATTCGTGCTGAACTAAATCAACCAGGtTCACTA 60 

Tarucus_theophrastus             ATAGTAGGAACATCTTTAAGAATTTTAATTCGTATAGAATTAGGAACACCCGGATCATTA 60 

Belenois_aurota                  ATAGTAGGAACATCATTAAGTTTATTAATTCGAACAGAATTAGGAAATCCAGGTTCTTTA 60 

Ephysteris_subdiminutella        ATAGTAGGAACTTCTTTAAGTTTATTAATTCGAGCTGAATTAGGTAATCCTGGATCATTA 60 

Tuta_absoluta                    ATAGTAGGAACATCTTTAAGACTTTTAATTCGAGCTGAATTAGGAAATCCCGGATCTTTA 60 

Batrachedra_amydraula            ATAGTAGGAACTTCTTTAAGTTTATTAATTCGAGCTGAATTAGGAACTCCAGGaTCTTTA 60 

Idolus_picipennis                ATAATAGGAACATCCCTAAGACTATTAATTCGTGCTGAACTAGGAAGACCAGGATCATTA 60 

Melanotus_villosus               ATAATGGGAACATCGCTTAGATTATTAGTACGAGCAGAGCTCGGAAGAGCAGGATCCCTT 60 

Algarobius_prosopis              ATAGTAGGCACTTCCCTAAGACTCTTAATTCGAGCTGAACTAGGAAACCCAGGCTCACTA 60 

Exomala_pallidipennis            TTAATAGGTACTTCACTAAGAATCTTAATTCGTGCTGAATTAGGAAACCCAGGAACTTTA 60 

Xylotrupes_siamensis             ATAGTAGGAACTTCTTTAAGAATTTTAATCCGAGCAGAATTAGGAAACCCTGGGTCTTTA 60 

Copris_tripartitus               ATAGTAGGAACTTCTTTAAGAATTTTAATCCGAGCAGAATTAGGAAACCCTGGGTCTTTA 60 

Lispe_albitarsis                 ATAGGTGGTACTTCTTTTAGAATTCTAATTCGAACTGAATTAGGACATCCAGGAGCTTTA 60 

Chrysomya_chani                  ATAGTAGGAACTTCTCTAAGAATCTTAATTCGAGCTGAATTAGGACATCCTGGAGCATTA 60 

Anthomyiopsis_nigrisquamata      ATAGTAGGAACTTCTCTAAGAATCTTAATTCGAGCTGAATTAGGACATCCTGGAGCATTA 60 

Carpomya_vesuviana               ATAGGTGGTACATCTCTTAGAATTCTAATTCGAGCTGAATTAGGACATCCAGGAGCTTTA 60 

Tabanus_striatus                 ATAGGTGGTACATCATTAAGTATTTTAATTCGAGCTGAACTTGGACATCCAGGATCATTA 60 

Leptogaster_cylindrica           ATAGGTGGAACATCATTAAGAATCTTAATTCGAACTGAATTAGGCCATCCCGGTTCACTA 60 

Asyndetus_sp.                    ATAGGTGGTACATCTTTAAGAATTATTATTCGTATAGAATTAGGTCATCCAGGAGCTCTA 60 

 

Monomorium_junodi                GGATCTCCAGATATAGCATATCCTCGTATAAATAATATAAGATTCTGATTATTACCCCCA 240 

Cataglyphis_ibericus             GGATCTCCTGATATAGCCTATCCACGAATAAATAATATAAGATTTTGACTCCTTCCTCCA 240 

Camponotus_maculatus             GGGTCTCCTGATATAGCCTACCCTCGCTTAAATAATATAAGATTTTGATTACTACCTCCA 240 

Hymenoptera_sp.                  GGAACACCTGATATAGCATTCCCCCGAATAAATAATTTAAGATTCTGATTATTAATTCCA 240 

Nomioides_facilis                GGAGCTCCTGATATAGCTTTTCCTCGAATAAATAATATAAGATTTTGATTATTAATTCCA 240 

Tachytes_crassus                 GGAGCTCCTGATATAGCATTTCCTCGTATAAATAATATAAGATTTTGATTACTTCCCCCA 240 

Batracomorphus_angustatus        GGAGCACCAGATATAGCTTATCCTCGTATAAATAACATAAGATTTTGACTTCTACCACCA 240 

Macrosteles_sp.                  GGTGCACCTGACATAGCTTTCCCTCGATTAAATAATATAAGATTCTGACTTTTACCCCCT 240 

Colladonus_tahotus               GGAGCTCCGGATATGGCATTCCCACGACTAAATAATATAAGATTCTGACTCCTACCACCC 240 

Scaphytopius_vaccinium           GGAGCTCCGGATATGGCATTCCCACGACTAAATAATATAAGATTCTGACTCCTACCACCC 240 

Osbornellus_auronitens           GGGGCACCAGATATAGCATTTCCGCGACTCAATAATATAAGATTTTGACTATTACCTCCT 240 

Balta_vilis                      GGAGCTCCAGATATAGCATTTCCACGTATAAACAAyATAAGTTTTTGATTATTACCTCCA 240 

Tarucus_theophrastus             GGAGCACCTGATATAGCTTTCCCTCGAATAAATAATATAAGATTTTGATTATTACCACCA 240 

Belenois_aurota                  GGAGCTCCTGATATAGCTTTCCCTCGAATAAATAATATAAGTTTTTGACTATTACCTCCC 240 

Ephysteris_subdiminutella        GGAGCTCCTGATATAGCTTTCCCCCGAATAAATAATATAAGTTTTTGACTTTTACCCCCA 240 

Tuta_absoluta                    GGAGCCCCTGATATAGCCTTCCCACGAATAAATAATATAAGTTTTTGATTCTTACCCCCC 240 

Batrachedra_amydraula            GGAGCTCCTGATATAGCTTTcCCcCGaTTAAATAATATAAGtTTTTGACTTCTTCCcCCT 240 

Idolus_picipennis                GGGGCCCCAGATATAGCATTTCCTCGAATAAACAATATAAGATTCTGATTCCTCCCTCCA 240 

Melanotus_villosus               GGGGCCCCAGACATAGCATTCCCTCGAATAAATAACATAAGATTCTGATTCCTACCCCCT 240 

Algarobius_prosopis              GGGGCTCCAGATATAGCTTTCCCTCGAATAAATAATATAAGATTTTGACTTCTCCCCCCA 240 

Exomala_pallidipennis            GGAGCTCCAGATATAGCTTTTCCTCGAATAAATAACATAAGATTCTGATTACTTCCACCT 240 

Xylotrupes_siamensis             GGAGCTCCTGATATAGCTTTCCCCCGAATAAATAATATAAGATTCTGGCTTCTTCCCCCT 240 

Copris_tripartitus               GGAGCTCCTGATATAGCTTTCCCCCGAATAAATAATATAAGATTCTGGCTTCTTCCCCCT 240 

Lispe_albitarsis                 GGAGCTCCAGATATAGCATTCCCTCGAATAAATAATATAAGTTTTTGATTATTACCTCCT 240 

Chrysomya_chani                  GGAGCTCCAGATATAGCCTTTCCTCGAATAAATAATATAAGTTTTTGACTTTTACCACCA 240 

Anthomyiopsis_nigrisquamata      GGAGCTCCAGATATAGCCTTTCCTCGAATAAATAATATAAGTTTTTGACTTTTACCACCA 240 

Carpomya_vesuviana               GGAGCTCCAGATATAGCTTTTCCTCGAATAAATAATATAAGATTCTGATTATTACCTCCT 240 

Tabanus_striatus                 GGAGCyCCAGATATAGCATTTCCTCGAATAAATAATATAAGTTTTTGATTATTACCTCCa 240 

Leptogaster_cylindrica           GGAGCTCCTGATATAGCTTTTCCTCGAATGAATAATATAAGATTCTGAATACTTCCTCCT 240 

Asyndetus_sp.                    GGTGCTCCAGATATAGCTTTTCCACGAATAAATAATATAAGATTTTGAATATTACCTCCT 240 

 

Monomorium_junodi                TTTTCTCTTCATATTGCAGGTATATCCTCTATTTTAGGTGCCATTAATTTTATTTCAACA 420 

Cataglyphis_ibericus             TTTTCTCTTCATATTGCAGGTATATCTTCAATTTTAGGAGCAATTAATTTTATTTCTACA 420 

Camponotus_maculatus             TTCTCTCTCCATATTGCTGGAATATCTTCAATCCTTGGTGCAATTAACTTTATTTCTACT 420 

Hymenoptera_sp.                  ATTTCTCTACATATTGCAGGAATATCATCAATTTTAGGAGCAATAAATTTTATTTCAACA 420 

Nomioides_facilis                TTGTCTTTACACATTGCTGGTATTTCTTCAATTATGGGAGCTATTAATTTTATAGTTACA 420 

Tachytes_crassus                 TTTTCTTTACATATTGCAGGAATTTCTTCAATTATAGGAGCTATTAATTTCATTGTTACA 420 

Batracomorphus_angustatus        TTTTCTCTTCACTTAGCTGGTATTTCATCAATTTTAGGAGCAATTAACTTTATTTCAACA 420 

Macrosteles_sp.                  TTTTCATTACACTTAGCAGGAATTTCTTCTATTCTTGGAGCAGTAAACTTTATTACTACA 420 

Colladonus_tahotus               TTTTCACTTCACCTAGCTGGAATCTCCTCAATCCTAGGAGCAGTAAACTTTATTACAACA 420 

Scaphytopius_vaccinium           TTTTCACTTCACCTAGCTGGAATCTCCTCAATCCTAGGAGCAGTAAACTTTATTACAACA 420 

Osbornellus_auronitens           TTCTCCTTACACTTAGCTGGAATTTCATCAATTTTAGGAGCCATTAATTTTATCACCACA 420 

Balta_vilis                      TTTTCCTTACACTTAGCAGGTGTATCCTCmATTTTAGGAGCAGTTAATTTtATcTCAACC 420 

Tarucus_theophrastus             TTCTCTCTTCATTTAGCAGGAATTTCATCAATTTTAGGAGCAATTAATTTTATTACAACT 420 

Belenois_aurota                  TTTTCCCTTCAcTTAGCTGGAATTTCTTCTATTTTAGGAGCTATTAATTTTATTACCACT 420 

Ephysteris_subdiminutella        TTTTCTTTACATTTAGCTGGAATTTCATCAATTTTAGGAGCTATTAATTTTATTACTACT 420 

Tuta_absoluta                    TTTTCTTTACATTTAGCTGGTATTTCATCGATTTTAGGAGCTATTAATTTTATTACCACT 420 

Batrachedra_amydraula            TTTTCTcTtCAcTTAGCTGGAATTTCcTCTATTTTAGGAGCAATTAATTTTATTACtACa 420 

Idolus_picipennis                TTTAGGCTTCACTTAGCAGGAATTTCATCAATTCTAGGAGCAGTGAATTTTATCTCCACA 420 

Melanotus_villosus               TTTAGCCTCCACTTGGCAGGAATTTCGTCAATTTTAGGAGCAGTAAATTTCATTTCAACA 420 

Algarobius_prosopis              TTTAGACTTCATTTAGCAGGAATTTCcTCTATTTTAGGAGCAGTaAATTTTATTACAACT 420 

Exomala_pallidipennis            TTTAGTTTACATCTTGCTGGAATCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACA 420 

Xylotrupes_siamensis             TTTAGCTTACATCTTGCTGGAATTTCTTCCATCTTAGGGGCTGTAAATTTTATTACAACT 420 

Copris_tripartitus               TTTAGCTTACATCTTGCTGGAATTTCTTCCATCTTAGGGGCTGTAAATTTTATTACAACT 420 

Lispe_albitarsis                 TTTTCTTTACATCTTGCAGGAATTTCTTCAATTCTTGGAGCTGTAAATTTTATTACAACT 420 

Chrysomya_chani                  TTTTCTCTACATTTAGCAGGAATTTCATCAATTTTAGGAGCTGTAAATTTCATTACTACA 420 

Anthomyiopsis_nigrisquamata      TTTTCTCTACATTTAGCAGGAATTTCATCAATTTTAGGAGCTGTAAATTTCATTACTACA 420 

Carpomya_vesuviana               TTCTCTTTACATTTAGCAGGTATTTCTTCTATTCTAGGTGCTGTAAATTTTATTACTACA 420 

Tabanus_striatus                 TTTTCTCTTCATTTAGCAGGAATTTCTTCTATTCTAGGAGCTGTAAACTTTATTACtACC 420 

Leptogaster_cylindrica           TTTTCTCTTCATCTTGCAGGAATTTCTTCAATTTTAGGTGCTGTAAACTTTATCACTACT 420 

Asyndetus_sp.                    TTTTCTCTTCACTTAGCTGGTATTTCATCAATTTTAGGAGCAGTTAATTTTATTACTACA 420 

 

ATTAATAATGATCAAATCTTTAATTCTTTAGTTACTAGACATGCATTTATTATGATTTTC 120 

ATAAATAATGATCAAATTTATAATACTTTAGTTACTAGACATGCTTTTATTATAATTTTT 120 

ATCTTAAATGACCAAACTTTTAATTCTATCGTTACAAGTCATGCTTTTATTATAATTTTT 120 

ATTAATAATGATCAAATTTATAATACAATAATTACAGCTCATGCATTTTTAATAATTTTC 120 

ATTATAAATGATCAAATTTATAATAGAATGGTTACAAGTCATGCTTTTATTATAATTTTT 120 

ATTGGTAATGATCAAATTTATAATTCTTTAGTTACTGCTCATGCATTTATTATAATTTTT 120 

CTTAACAATAGACAAATTTATAATGTAATTGTAACAGCTCATGCTTTCATTATAATTTTT 120 

ATTAATAATGATCAAAGATATAATGTAATTGTAACTTCCCATGCCTTTATTATAATTTTT 120 

ATTAACAATGATCAAGTATATAATGTTATTGTAACATCACACGCATTTATTATAATTTTT 120 

ATTAACAATGATCAAGTATATAATGTTATTGTAACATCACACGCATTTATTATAATTTTT 120 

ATAAATAATGATCAGGCGTATAATGTAATTGTTACATCCCATGCATTTGTAATAATTTTC 120 

ATTGGAGATGATCAAATTTAtAATGTTATTGTTACAGCtCATGCCTTcATTATAATtTtc 120 

ATTGGAGATGATCAAATTTATAATACTATTGTAACAGCTCATGCTTTTATTATAATTTTT 120 

ATTGGAGATGATCAAATTTATAATACTATTGTTACAGCTCATGCTTTTATTATAATTTTT 120 

ATTGGAGACGATCAAATTTATAATACTATTGTAACAGCTCATGCTTTTATTATAATTTTT 120 

ATTGGAGATGACCAAATTTATAATACTATTGTAACAGCTCATGCTTTTATTATAATTTTT 120 

ATTGGtGATGAcCAAATTTATAACACTATTGTTACTGGTCATGCtTTTATTATAATTTTT 120 

ATTGGGAATGACCAAATTTATAACGTTATTGTAACAGCTCACGCATTTATCATAATTTTC 120 

ATTGGAAATGACCAAATCTACAACGTAATCGTTACAGCTCACGCTTTCATTATAATTTTC 120 

ATTGGAAACGATCAAATTTATAATGTAATTGTTACTGCTCATGCTTTTATTATGATTTTT 120 

ATTGGTGATGATCAAATCTATAATGTAATTGTCACTGCTCATGCATTTGTCATAATTTTC 120 

ATTGGAGATGATCAAATTTATAATGTTATTGTTACTGCACATGCTTTTATTATAATTTTC 120 

ATTGGAGATGATCAAATTTATAATGTTATTGTTACTGCACATGCTTTTATTATAATTTTC 120 

ATTGGAAATGATCAAATTTATAATGTTGTTGTAACAGCACATGCATTTATTATAATTTTC 120 

ATTGGAAATGATCAAATTTATAATGTAATTGTAACAGCTCACGCTTTTATTATAATTTTT 120 

ATTGGAAATGATCAAATTTATAATGTAATTGTAACAGCTCACGCTTTTATTATAATTTTT 120 

ATTGGTGATGATCAAATTTATAATGTAATTGTTACAGCTCATGCTTTTGTTATAATTTTC 120 

ATTGGAGATGATCAAAtTTATAATGTTATTGTAACAGCACATGCTTTTGTTATAATTTTC 120 

ATTGGAGACGACCAAATTTATAATGTAATTGTAACTGCTCATGCCTTTGTAATAATTTTC 120 

ATTGGAGATGATCAAATTTATAATGTAATTGTAACAGCTCATGCATTTATTATAATTTTC 120 

 

TCACTTACTCTATTAATTTTAGGAAGATTTATTAATTCGGGGGCAGGAACAGGATGAACA 300 

TCAATTACTTTGTTAATTCTAAGAAATTTTATTAATGATGGGACTGGAACAGGATGAACT 300 

TCAATCTCTTTATTAATTTTAAGTAATTTTATTAATGAAGGTTCAGGCACTGGGTGAACT 300 

TCAATTATATTATTAATTATAAGAAGATTTACAGGATCTGGTATAGGAACAGGATGAACA 300 

TCTTTTTTTCTTTTATTTCTTAGTATATATTTAAGATCTGGATCAGGTACTGGTTGAACA 300 

TCAATTTTTATATTAATTATATCAAATATATTTGACATTGGGGTAGGTACTGGATGAACT 300 

TCTTTAACATTAATAATCTGTAGATCAATTACAGAAATAGGTTCTGGAACTGGGTGAACA 300 

TCTATTATATTACTAATAATAAGATCATTAATTGAACTAGGAGCAGGAACAGGTTGGACA 300 

TCTCTAACATTACTAATAATAAGATCGATTATTGAGACAGGAGTTGGAACAGGATGAACA 300 

TCTCTAACATTACTAATAATAAGATCGATTATTGAGACAGGAGTTGGAACAGGATGAACA 300 

TCTCTAACACTACTTTTGTTTAGTTCAATAGTTGAAATAGGTGTAGGTACAGGATGAACA 300 

TCATTATCACTTTTATTAGCAAGTAGTCtggTCGAAAGAGGaGCAGGAACAGGTTGGACT 300 

TCATTAATATTATTAATTTCTAGAAGAATTGTAGAAAATGGAGCAGGAACAGGATGAACA 300 

TCATTAACTCTTTTAATTTCAAGCAGAATTGTCGAAAATGGTGCAGGTACAGGATGAACA 300 

TCTCTTACCCTTTTAATTTCAAGTAGAATCGTAGAAACTGGAGCAGGAACCGGTTGAACT 300 

TCTCTCACCCTTTTAATTTCAAGAAGAATCGTAGAAAATGGAGCAGGTACTGGTTGAACT 300 

TCTTTAAGTTTATTAATTTCAAGTTCTATTGTAGAAAATGGAGCtggAACtggATGAACT 300 

TCGTTAAGACTCCTTCTAATAAGAAGAATTGTAGAAAATGGAGCAGGAACAGGTTGAACA 300 

TCCCTGAGCCTACTCTTGATAAGAAGAATCGTAGAAAACGGGGCCGGGACGGGGTGAACT 300 

TCTTTAAGATTACTTTTAATAAGAAGATTAGTGGAAAATGGAGCAGGgACTGGTTGAACA 300 

TCATTAACACTTTTATTAAGAAGAAGAATAGTAGAAAGAGGTGCAGGAACTGGTTGAACA 300 

TCTCTTACTCTTCTATTGATAAGAAGAATAGTAGAAAATGGAGCTGGAACTGGATGAACT 300 

TCTCTTACTCTTCTATTGATAAGAAGAATAGTAGAAAATGGAGCTGGAACTGGATGAACT 300 

GCTCTTATACTACTGTTAGGAAGCTCTATAGTTGATACCGGGGCTGGTACAGGATGAACT 300 

GCATTAACTCTTTTATTGGTTAGCAGTATAGTAGAAAACGGAGCTGGAACTGGATGAACA 300 

GCATTAACTCTTTTATTGGTTAGCAGTATAGTAGAAAACGGAGCTGGAACTGGATGAACA 300 

TCCCTTACATTACTATTAGTAAGTAGTATAGTAGAAAACGGAGCCGGAACAGGTTGAACT 300 

TCATTAACTCTTTTATTAGCTAGTAGTATAGTAGAAAATGGaGCTGGGACTGGTTGAACA 300 

TCATTAACCTTATTgTTAGCAAGTAGAATAGTTGAAACTGGTGCAGGTACAGGTTGAACT 300 

TCATTAACACTATTATTAGCTAGAAGAATAGTAGAAAATGGAGCAGGTACTGGATGAACT 300 

 

ATTATAAATATACATCATAAAAAACTATCTATAGACAAAATTCCCCTTCTAGTTTGATCT 480 

ATTTTAAACATACATCATAATAATATTTCAATAGATAAAATTCCTTTACTTGTTTGATCG 480 

ATCATAAATATGCATAATCCTAATATTTCCTTAGATAAAATCCCTTTATTAGTATGATCA 480 

ATTTATTATTCAAAAAATATcTCAATAATATATAATCAAATCTCATTATTCTCATGATCA 480 

ATTATAATTATGAAAAATATTGGTTTAAAATTAGATCAAATTCCTTTATTTGCTTGATCT 480 

ATTAGAAATATATTTAATAAAGGATTAAATATAACTCAAATTTCATTATTTTCATGATCA 480 

ATCATAAACATACGAAGAATAAATATAAAAATTGAACAAATACAATTATTCGTTTGATCA 480 

GTTTTAAATATACGTCCAACAGGAATATCAATAGACCGAACTCCTTTATTTGTCTGGTCA 480 

GTAATAAATATACGACCTACAGGAATAACTATAGATCGAACACCTTTATTCGTATGATCA 480 

GTAATAAATATACGACCTACAGGAATAACTATAGATCGAACACCTTTATTCGTATGATCA 480 

GTAATTAATATACGACCGGCCGGGATAACAATAGAACGCACACCTTTATTTGTTTGGTCA 480 

ACTATTAATATAAAACCAATTAATATAAgACCTGAACGAATyCCTTTATTTGTATGrGCT 480 

ATTATTAATATACGGGTAAATAATCTATCATTTGATCAAATATCATTATTTATCTGAGCT 480 

ATTATTAATATACGAATTAATAATATATCTTTTGATCAAATACCTTTATTTGTTTGAGCT 480 

ATTATTAATATACGAATTAATGGTTTATCATTTGATCAAATACCTCTTTTTGTTTGAGCA 480 

ATTATTAATATACGAGTTAATGGACTTTCATTTGATCAAATACCTTTATTTGTTTGAGCT 480 

ATTATTAATATAAAATTAAATGGAATAATATTTGATCAAATACCTTTATTTGTTTGAGCT 480 

GTTATTAATATACGATCACCAGGAATAACCTTTGAACGAATACCCTTATTTGTATGAGCA 480 

GTAATCAATATGCGATCACCAGGAATAACCTTTGAACGAATACCTTTATTCGTGTGGGCA 480 

GTAATCAATATACGACCCCAAGGAATAAGgATAGACCGTATGCCtTTATTTTCATGAGCT 480 

GTAATTAATATACGATCCATGGGAATTACTTTTGATCGAATACCTTTATTTGTTTGATCA 480 

GTAATTAATATACGATCAACTGGAATAACATTTGACCGAATACCTTTATTTGTTTGATCT 480 

GTAATTAATATACGATCAACTGGAATAACATTTGACCGAATACCTTTATTTGTTTGATCT 480 

GTAATAAATATACGATCAGCAGGAATAACTTTTGATCGGATACCATTATTCGTTTGATCA 480 

GTAATTAATATACGATCATCAGGAATTACATTTGATCGAATACCTTTATTTGTATGATCA 480 

GTAATTAATATACGATCATCAGGAATTACATTTGATCGAATACCTTTATTTGTATGATCA 480 

GTTATTAATATACGATCAACAGGAATTACATTCGATCGAATACCTTTATTTGTATGAGCT 480 

GTAATTAATATACGATCAACAGGAATTACTTTTGATCGAATACCTTTATTTGTTTGAGCA 480 

GTAATTAATATACGATCACCAGGAATTTCATTAGATCGAATACCcTTATTTGTcTGATCA 480 

GTTATTAATATACGATCTTCAGGAATTACATTTGATCGAATACCTTTATTTGTATGATCA 480 

 

TTCATAGttATACCCTTtATAATTGGAGGATTTGGAAATTTTTTAGTGCCACTTATATTA 180 

TTTATAGTTATACCTTTTATAATTGGAGGATTTGGAAATTTTTTAGTTCCTTTAATACTA 180 

TTTATGGTTATGCCTTTTATAATTGGTGGTTTCGGTAATTTTCTAGTACCCTTAATACTT 180 

TTTATAGTTATACCATTTATAATTGGAGGATTTGGAAATTGATTAATTCCATTAATAATA 180 

TTTATAGTTATACCTTTTATAATTGGAGGATTTGGTAATTGATTAATTCCTTTAATATTA 180 

TTTATAGTTATACCTTTTATAATTGGTGGATTTGGAAATTGATTAGTTCCTTTAATATTA 180 

TTTATAGTTATACCAATCATAATTGGAGGATTTGGAAATTGACTAATCCCAATAATAATT 180 

TTTATAGTTATACCTATTATAATTGGTGGATTTGGAAATTGACTCCTTCCGTTAATAATT 180 

TTTATGGTTATACCAATTATAATTGGTGGATTTGGTAATTGACTACTACCCCTTATAATT 180 

TTTATGGTTATACCAATTATAATTGGTGGATTTGGTAATTGACTACTACCCCTTATAATT 180 

TTTATAGTTATACCAATTATAATTGGTGGGTTTGGAAATTGACTTCTACCCCTAATAATT 180 

TTCATAGTaATACCAATTcTaATTGGAGGATTCGGAAATTGATTAGTACCATTAATATTA 180 

TTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTTGTACCTTTAATATTA 180 

TTTATAGTTATACCAATTATAATTGGAGGATTTGGTAATTGATTAGTACCATTAATATTA 180 

TTTATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGATTAGTCCCTCTTATATTA 180 

TTTATAGTTATACCTATTATAATTGGAGGATTTGGTAATTGATTAGTTCCCCTGATATTA 180 

TTTATAGTTATACCTATTATAATTGGgGGgTTTGGtAATTGATTAGTcCCaTTAATATTA 180 

TTTATAGTAATACCTATTATAATTGGGGGATTTGGAAATTGACTAATACCCTTAATATTA 180 

TTTATAGTAATACCAATCATAATTGGGGGATTCGGAAATTGATTAATGCCCCTCATGTTG 180 

TTTATAGTAATACCTATTATAATTGGgGGATTCGGAAACTGATTAGTACCTCTTATACTA 180 

TTTATAGTTATGCCTATTTTAATTGGTGGATTTGGAAATTGACTAGTACCCCTCATACTA 180 

TTCATAGTAATACCAATTATAATTGGAGGATTTGGAAATTGATTAGTCCCTTTAATACTT 180 

TTCATAGTAATACCAATTATAATTGGAGGATTTGGAAATTGATTAGTCCCTTTAATACTT 180 

TTTATAGTAATACCTATTATAATTGGAGGGTTTGGAAATTGACTAGTTCCACTAATACTT 180 

TTTATAGTAATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTTCCATTAATATTA 180 

TTTATAGTAATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTTCCATTAATATTA 180 

TTTATAGTAATACCTATCATAATTGGAGGATTTGGAAACTGATTAGTTCCTTTAATATTA 180 

TTTATAGTAATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTTCCTTTAATATTA 180 

TTTATAGTAATACCAATTATAATTGGTGGATTTGGAAATTGACTTGTTCCATTAATACTT 180 

TTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTTCCCCTTATACTT 180 

 

GTATATCCACCATTAGCATCTAATATTTTTCACAGAGGCGCTTCTATTGACTTATCTATT 360 

GTTTATCCCCCTTTAGCTTCTAACATTTTTCATAATGGTCCTTCTGTTGACTTAACAATT 360 

GTTTACCCCCCATTAGCATCTAATTCTTTCCATGGGGGACCATCAGTTGATTTAACTATT 360 

GTATATCCACCTTTATCATCAAATTTATTCCATTCATCTATATCTGTAGATTACGGTATT 360 

TTATATCCTCCTCTTTGTTCAATTATATATCATCAGGGTAATTCTGTTGATTTAACTATT 360 

TTATATCCCCCATTGTCTTTAAATATTGGGCAACCTGGATGTTCAGTAGATATATCTATT 360 

GTTTATCCTCCTCTATCTATAAATTCAGCTCATTCAGGACCAAGAGTAGATATATCAATT 360 

GTTTACCCTCCTTTATCTAGAAATATTGCACATGCAGGACCTAGAGTTGATATAGCTATT 360 

GTTTACCCACCCCTCTCAAGTAACATTGCTCACGCTGGGCCTAGAGTTGATATATCAATC 360 

GTTTACCCACCCCTCTCAAGTAACATTGCTCACGCTGGGCCTAGAGTTGATATATCAATC 360 

GTTTACCCACCACTATCTAGAAATATTGCTCATGCAGGTCCAAGAGTTGATATATCAATT 360 

GTATACCCtCCtCTTGCTAGAGGTATTGCCCATGCAGGAGCCTCTGTAGATTTAGCAATt 360 

GTGTACCCCCCACTATCATCAAATATTGCACATAGAGGATCTTCAGTCGATTTAGCAATT 360 

GTTTACCCCCCACTATCATCTAATATTGCCCACAGAGGaTCTTCTGTAGATTTAGCTATT 360 

GTTTATCCTCCTTTATCATCTAATATTGCTCATGGAGGAAGATCAGTAGATTTAGCAATT 360 

GTCTATCCCCCCCTATCTTCTAATATTGCTCATGGAGGTAGTTCAGTAGATTTAGCTATT 360 

GTTTAcCCcCCTCTTTCaTCTAATATTGCTCATAGAGGAAGtTCaGTaGATTTAGCTATT 360 

GTCTACCCTCCCCTATCAGCCAATATTGCCCATAGAGGTTCCTCAGTAGATCTAGCAATC 360 

GTTTACCCGCCCCTGTCTTCTAATATTGCACACAGAGGATCATCAGTTGATCTAGCCATT 360 

GTTTATCCTCCTTTAGCTGCTAATATTGCCCATAGAGGTTCTTCTGTAGATTTGGCTATT 360 

GTATACCCACCTCTTTCAGCAAATGTAGCCCATAGTGGTGCTTCAGTAGATTTAGCTATT 360 

GTTTATCCCCCATTATCAGCCAATATTGCTCATAGAGGAGCATCAGTTGATCTTGCTATT 360 

GTTTATCCCCCATTATCAGCCAATATTGCTCATAGAGGAGCATCAGTTGATCTTGCTATT 360 

GTATACCCTCCTCTTTCTTCTAATATTGCTCATAGAGGACCTTCTGTAGATATAGCAATT 360 

GTATATCCACCTTTATCATCTAATATTGCTCATGGAGGAGCAGCTGTAGATTTAGCAATT 360 

GTATATCCACCTTTATCATCTAATATTGCTCATGGAGGAGCAGCTGTAGATTTAGCAATT 360 

GTTTATCCTCCCCTTTCATCAGTTATTGCTCACGGAGGAGCCTCTGTTGATTTAGCAATT 360 

GTTTACCCCCCACTTTCAGCTGCAATTGCCCATGGTGGTGGATCAGTTGATTTAGCAATT 360 

GTTTACCCACCACTCTCTTCTAATATTGCTCATGGAGGAGcATCGGTTGATTTAGCAATC 360 

GTTTATCCTCCATTATCAGCAGGAATTGCCCATGGAGGTGCATCTGTTGATTTAGCTATT 360 

 

ATTATAATTACCGCTATTTTATTATTATTATCTCTCCCAGTCTTAGCGGGAGCAATTACT 540 

ATTTTAATTACAGCTATTCTCCTTCTTCTTTCTCTTCCAGTTTTAGCAGGAGCTATTACC 540 

ATCCTTATTACTGCTATTCTTTTATTATTATCATTACCTGTTCTCGCAGGAGCTATTACA 540 

GTTATTATTACTGCTATTTTATTATTATTATCATTACCAGTCCTTGCAGGAGCAATCACA 540 

ATTAATATTACTACATTTTTATTATTAACTTCATTACCTGTATTGGCTGGAGCTATTACT 540 

GTTTTAATTACTGCTATTTTATTATTATTATCTTTACCAGTTTTAGCTAGAGCAATTACT 540 

GTATTAATTACAGCATTTCTTTTAATCTTATCcCTACCAGtTTTAGCAGGAGCTATTACC 540 

GTTTTAATCACTGCTGTATTATTACTTTTATCACTTCCTGTTCTTGCAGGTGCTATCACT 540 

GTTCTAATTACAGCAATCCTTCTTCTACTATCCCTACCAGTACTTGCAGGAGCAATTACT 540 

GTTCTAATTACAGCAATCCTTCTTCTACTATCCCTACCAGTACTTGCAGGAGCAATTACT 540 

GTTATTATTACAGCTATTCTACTCTTATTATCCCTGCCTGTTTTAGCTGGGGCTATCACT 540 

GtTGGAATTACAGCTTTATTATTACTTtTATCTtTACCTGtTCTAgCAGGTGCwATTACT 540 

GTAGGAATTACAGCATTATTATTACTTTTATCTTTACCAGTATTAGCTGGTGCTATTACC 540 

GTAGCTATTACTGCTTTATTACTTTTATTATCATTACCAGTTTTAGCTGGAGCTATTACT 540 

GTTGGTATTACAGCTCTTCTTCTTTTAcTATCTCTTCCAGTTTTAGCTGGAGCTATTACA 540 

GTTGGTATTACTGCTTTACTCCTTCTTTTATCATTGCCAGTTTTAGCTGGAGCTATCACA 540 

GTTGGTATTACTGCTTTACTTCTTCTTTTATCcTTACCTGTTTTAGCTGGAGCTATTACT 540 

GTAGTAATCACTGCCCTTCTACTGCTTCTATCATTACCTGTGCTAGCAGGAGCTATCACC 540 

GTAGTTTTAACTGCCCTTCTTCTTCTTTTATCACTTCCAGTTCTTGCCGGAGCAATCACT 540 

GTAGTAATTACAGCAATTCTTCTTCTTCTTTCACTTCCAGTTTTAGCAGGAGCTATCACA 540 

GTAGCAATTACAGCACTTTTATTACTTCTTTCTCTTCCTGTTTTAGCTGGAGCTATTACT 540 

GTTGCTTTAACCGCTCTTCTATTACTTTTATCTTTACCTGTATTAGCAGGTGCAATTACA 540 

GTTGCTTTAACCGCTCTTCTATTACTTTTATCTTTACCTGTATTAGCAGGTGCAATTACA 540 

GTAGCAATTACTGCTTgATTACTTtTATTATCTTTACCAGTATTAGCTGGAGCAATTACT 540 

GTAGTTATTACAGCCTTATTACTATTATTATCTCTTCCTGTATTAGCAGGAGCTATTACA 540 

GTAGTTATTACAGCCTTATTACTATTATTATCTCTTCCTGTATTAGCAGGAGCTATTACA 540 

GTAGTATTAACTGCTTTATTATTACTTCTTTCATTACCTGTTTTAGCCGGAGCTATTACT 540 

GTAGTTATTACTGCTATTtTACTTTTACTTTCATTACctgTATTAGCTGGAGCTATTACT 540 

GTAGTTATTACTGCAATTTTACTTTTATTATCTTTACCAGTTTTAGCTGGAGCTATTACT 540 

GTAGTAATTACTGCTATTTTACTTCTTCTTTCATTACCAGtTTTAGCTGGAGCAATTACA 540 
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Monomorium_junodi                ATATTATTAACTGATCGAAACTTAAATACCACCTTCTTTGATCCTAGGGGGGGTGGAGAT 600 

Cataglyphis_ibericus             ATACTACTTACAGATCGAAATCTTAATACTTCATTTTTTGATCCTTCAGGAGGTGGAGAT 600 

Camponotus_maculatus             ATATTACTAACAGATCGAAATTTAAATACCTCTTTTTTTGACCCATCAGGAGGGGGAGAT 600 

Hymenoptera_sp.                  ATATTACTATCAGATCGAAATTTAAATTCTTCATTTTTTGAACCTTCAGGTGGAGGAGAC 600 

Nomioides_facilis                ATAGTTCTTACTGATCGTAATTTCAATACTTCTTTTTTTGATCCTTCAGGAGGAGGAGAT 600 

Tachytes_crassus                 ATATTATTAACTGATCGAAATTTAAATACTTCATTTTTTGATCCTAGAGGGGGTGGTGAT 600 

Batracomorphus_angustatus        ATATTATTAACAGACCGAAACTTAAATACATCATTCTTTGACCCATCTGGAGGTGGGGAT 600 

Macrosteles_sp.                  ATATTATTAACAGACCGTAATATCAATACAACATTTTTTGACCCTAGAGGTGGAGGAGAT 600 

Colladonus_tahotus               ATATTACTAACAGACCGAAATATTAACACAACGTTTTTTGACCCAGCTGGTGGGGGAGAT 600 

Scaphytopius_vaccinium           ATATTACTAACAGACCGAAATATTAACACAACGTTTTTTGACCCAGCTGGTGGGGGAGAT 600 

Osbornellus_auronitens           ATACTTTTAACAGACCGAAATAGAAATACaACATTTTTTGATCCCTCTGGGGGAGGTGAC 600 

Balta_vilis                      ATAcTATTAACTGATCGAAATTTAAATACATCATTTTTTGATCCAGCTGGTGGAGGTGAT 600 

Tarucus_theophrastus             ATATTATTAACAGATCGAAATCTTAATACATCATTTTTTGATCCAGCAGGAGGAGGAGAT 600 

Belenois_aurota                  ATATTATTAACTGATCGAAATTTAAATACATCATTTTTTGATCCTGCTGGAGGTGGAGAC 600 

Ephysteris_subdiminutella        ATACTTTTAACAGATCGTAATTTAAATACTTCTTTTTTTGACCCTGCTGGTGGGGGAGAT 600 

Tuta_absoluta                    ATATTATTAACGGATCGTAATTTAAATACATCATTCTTTGATCCTGCAGGTGGAGGAGAC 600 

Batrachedra_amydraula            ATATTATTAACAGATCGAAATaTTAATACTTCtTTTTTTGAcCCcGCtggAGGAGGAGAT 600 

Idolus_picipennis                ATACTACTGACTGATCGTAATTTAAACACATCGTTCTTCGACCCTGCAGGAGGTGGGGAC 600 

Melanotus_villosus               ATATTATTAACTGACCGAAACCTTAATACTTCCTTCTTTGACCCGGCAGGTGGGGGrGAC 600 

Algarobius_prosopis              ATACTTCTTACAGACCGTAATTTAAACACTTCATTCTTTGACCCGGCAGGAGGgGGAGAC 600 

Exomala_pallidipennis            ATACTATTAACAGATCGAAATTTAAACACTACATTTTTTGATCCATCAGGAGGTGGAGAT 600 

Xylotrupes_siamensis             ATACTATTAACAGATCGAAATATTAATACTTCCTTCTTTGACCCTGCAGGGGGAGGAGAT 600 

Copris_tripartitus               ATACTATTAACAGATCGAAATATTAATACTTCCTTCTTTGACCCTGCAGGGGGAGGAAAT 600 

Lispe_albitarsis                 ATATTATTAACTGATCGAAATTTTAATACTTCATTCTTTGACCCAGCAGGAGGAGGAGAT 600 

Chrysomya_chani                  ATACTATTAACAGATCGAAATTTAAATACATCATTTTTTGATCCAGCAGGTGGAGGAGAT 600 

Anthomyiopsis_nigrisquamata      ATACTATTAACAGATCGAAATTTAAATACATCATTTTTTGATCCAGCAGGTGGAGGAGAT 600 

Carpomya_vesuviana               ATATTATTAACAGACCGAAATTTAAATACTTCATTCTTTGATCCTGCTGGTGGAGGAGAT 600 

Tabanus_striatus                 ATATTATTAACAGATCGTAATTTAAATACTTCTTTTTTTGATCCAGCAGGAGGTGGAGAT 600 

Leptogaster_cylindrica           ATATTATTAACAGACCGAAATCTTAATACTTCATTTTTTGACCCAGCaggTGGAGGTGAC 600 

Asyndetus_sp.                    ATATTATTAACTGATCGAAATTTAAATACTTCATTTTTTGATCCTGCAGGAGGAGGTGAT 600 

CCTATCCTCTATCAACATTTATTCTGATTTTTTG 634 

CCCATTCTTTATCAACATCTATTCTGATTTTTTG 634 

CCAATTTTATATCAACATTTATTTTGATTTTTTG 634 

CCAATTCTTTATCAACATTTATTCTGATTTTTTG 634 

CCTATTTTATATCAACATTTATTTTGATTTTTTG 634 

CCTATTTTATTTCAACATTTATTTTGATTTTTTG 634 

CCAATTCTTTATCAACATTTATTTTGATTTTTTG 634 

CCTATTTTGTATCAACATTTATTTTGATTTTTTG 634 

CCTATTCTTTACCAACACTTATTTTGATTTTTTG 634 

CCTATTCTCTACCAACACTTATTTTGATTTTTTG 634 

CCAATTTTATACCAACATCTATTCTGATTTTTTG 634 

TCAATTTTATATCAACATCTTTTCTGATTTTTTG 634 

CCAATTTTATATCAACATCTATTTTGATTTTTTG 634 

CCTATTTTATATCAACATTTATTCTGATTTTTTG 634 

CCAATTTTATACCAACATTTATTTTGATTTTTTG 634 

CCAATTTTATATCAACATTTATTTTGATTTTTTG 634 

CCTATTTTATAcCAACATTTATTTTGATTTTTTG 634 

CCAATCCTTTACCAACATTTATTCTGATTTTTTG 634 

CCCATCCTTTACCAACACTTGTTCTGATTTTTTG 634 

CCTATTCTTTATCAACACTTATTTTGATTTTTTG 634 

CCAATCTTATATCAACACTTATTTTGATTTTTTG 634 

CCAATTTTATACCAACACCTATTCTGATTTTTTG 634 

CCAATTTTATACCAACACCTATTCTGATTTTTTG 634 

CCAATTCTTTACCAACATTTATTTTGATTTTTTG 634 

CCAATTCTTTATCAACACTTATTTTGATTTTTTG 634 

CCAATTCTTTATCAACACTTATtTTGATTTTTTG 634 

CCTATTTTATATCAACATTTATTTTGATTTTTTG 634 

CCTATTTTATAcCAACAtTTATTTTGATTTTTTG 634 

CCAATTCTATATCAACATTTATTTTGATTTTTTG 634 

CCAATTTTATATCAACACTTATTTTGATTTTTTG 634 

Enzyme Restriction site 
 

HhaI GCGC 

Bso31I GGTCTC 

AleI CAC(N)nGTG 

ApaLI GTGCAC 

AccII CGCG 

Eco52I CGGCCG 

BciVI GTATCC 

BcgI CGA(N)nTGC 

PinAI ACCGGT 

BspCNI CTCAG 

BtsI GCAGTG 

NheI GCTAGC 

PvuI CGATCG 

MunI CAATTG 

BclI TGATCA 

DpnI GATC 

LpnPI CAGG 

 (or CTGG) 

 

Figure A2. Electrophregrams describing specific PCR-RFLP markers in COI gene in five insect species belonging to four insect orders used for 

validating restriction sites resulted from CisSERS tools. Each restriction enzyme has a unique site in the gene for a given insect species. Species 

numbers (1-30) refer to insect species shown in Table 1 


