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Abstract. COl 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.
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Introduction

Subunit 1 (658 nt) of the mitochondrial cytochrome C oxidase (COX) gene (namely
COl) 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; lIlic 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; llic 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 ATPCL1 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 Al
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. Al; 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 Al). 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-
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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 Bcll (182 bp), Dpnl (99 bp) are specific for order Lepidoptera, while one
fragmente of the enzyme LpnP1 (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

. Species-specific marker (bp) Ordgr-
No. Species Enzyme P 3 Order Enzyme specific
marker (bp)
1 Monomorium junodi Hhal 33711297
2 Cataglyphis ibericus - -
3 Camponotus maculatus Bso31l 181//453
Hymenoptera - -
4 Hymenoptera sp. - -
5 Nomioides facilis - -
6 Tachytes crassus - -
7 | Batracomorphus angustatus - -
8 Macrosteles sp. Alel, ApaLl 529//105, 181//453
9 Colladonus tahotus - - Hemiptera - -
10 Sacphytopius vaccinium - -
11 Oshornellus auronitens Accll, Eco52l 202//1432, 436//198
12 Balta vilis BciVI 381//253 Blattodae - -
13 Tarucus theophrastus - -
14 Belenois aurota Begl 24211362
15| Ephysteris subdiminutella PinAl 288//346 Lepidoptera g;r']'l e
16 Tuta absoluta - -
17 Batrachedra amydraula - -
18 Idolus picipennis BspCNI, Btsl, Nhel | 341//293, 399//235, 521//113
19 Melanotus villosus - -
20 Algarobius F.)I‘C.)SOpIS. - - Coleoptera i )
21 Exomala pallidipennis - -
22 Xylotrupes siamensis - -
23 Copris tripartitus - -
24 Lispe albitarsis - -
25 Chrysomya chani - -
26 | Anthomyiopsis nigrisquamata - -
27 Carpomya vesuviana Pvul 452//182 Diptera LpnPI 42
28 Tabanus striatus Munl 32211312
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 Al. Sizes of these markers
are 182 and 99 nt for order Lepidoptera and 42 for order Diptera. Enzymes that
generated these markers are Bcll, Dpnl and LpnPlI, respectively. Interestingly, Dpnl
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enzyme has a 4-nt recognition site (GATC) that exists within the 6-nt recognition site
(TGATCA) of Bcll enzyme. The TGATCA site is located at 453 nt, therefore, the two
enzymes cut DNA at this site. Dpnl has another site at 552 nt, which is located 99 nt
downstream the first, while Bcll has no further sites downstream the first (Fig. Al).
Accordingly, the cut with Bcll resulted in the occurrence of 182 nt marker, while the cut
with Dpnl 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; llic 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 Al. (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
Bcll (182 bp) Dpnl (99 bp) fragments specific for Lepidopteran species, while green box
indicates the LpnP1 (42 bp) fragment specific for dipteran species
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Balta vilis
Tarucus_theophrastus
Belenois_aurota
Ephysteris_subdiminutella
Tuta_absoluta
Batrachedra_amydraula
Idolus_picipennis
Melanotus_villosus
Algarobius_prosopis
Exomala_pallidipennis
Xylotrupes_siamensis
Copris_tripartitus
Lispe_albitarsis
Chrysomya_chani
Anthomyiopsis_nigrisquamata
Carpomya_vesuviana
Tabanus_striatus
Leptogaster_cylindrica
Asyndetus_sp.

Monomorium_junodi
Cataglyphis_ibericus
Camponotus_maculatus
Hymenoptera_sp.
Nomioides_facilis
Tachytes_crassus
Batracomorphus_angustatus
Macrosteles_sp.
Colladonus_tahotus
Scaphytopius_vaccinium
Osbornellus_auronitens
Balta vilis
Tarucus_theophrastus
Belenois_aurota
Ephysteris_subdiminutella
Tuta_absoluta
Batrachedra_anydraula
Tdolus_picipennis
Melanotus_villosus
Algarobius_prosopis
Exomala_pallidipennis
Xylotrupes_siamensis
Copris_tripartitus
Lispe_albitarsis
Chrysomya_chani
Anthomyiopsis_nigrisquamata
Carponya_vesuviana
Tabanus_striatus
Leptogaster_cylindrica
Asyndetus_sp.

ATAGGTGGTACATCTCTTAGRATTCTARTTCGAGCTGAAT TAGGACATCCAGGAGCTTTA
ATAGGTGGTACATCATTAAGTATTTTAATTCGAGCTGAACTTGGACATCCAGGATCATTA
ATAGGTGGARCATCATTAAGRATCTTARTTCGAACTGAAT TAGGCCATCCCGGTTCACTA,
ATAGGTGGTACATCTTTAAGRATTATTATTCGTATAGAAT TAGGTCATCCAGGAGCTCTA,

GGATCTC TATAGCATATCCTCGTAT! TTCTGATTATTACCCCCA
GGATCTCCTGATATAGCCTATCCACGAATARATAATATAAGATTTTGACTCCTTCCTCCA
GGGTCTCCTGATATAGCCTACCCTCGCTTAAATAATATAAGATTTTGATTACTACCTCCA

TATAGCATT CCCCGi TTTAAGATTCTGATTATTAATTCCA

GGAGCTCCT TAT; TTCCT! TARATAATAT: TTTTGATTATTAATTCCA
GGAGCTCCTGATAT TTTCCT TATAAATAATAT; TTTTGATTACTTCCCCCA
TAGCTTATCCTCGTATAAAT: ) TTTTGACTT T

GEEGERG C TGACATAGCTTTCCCTCGATT: TGACTTTTACCCCCT
GGAGCTCCGGATATGGCATTCCCACGACTAAATAATATAAGATTCTGACTCCTACCACCC
GGAGCTCCGGATATGGCATTCCCACGACTAAATAATATAAGATTCTGACTCCTACCACCC

ATTTCEGEGACTCAAT, T} TTTGACTATTACCTCCT
GGAGCTC TATAGCATTTCCACGTAT! TAAGTTTTTGATTATTACCTCCA
TGATATAGCTTTCCCT TARATAATAT; TTTTGATTATT!
GGAGCTCCTGATATAGCTTTCCCT TARATAATAT; TTTTGACTATTACCTCCC
GGAGCTCCT TATAGCTTT TARATAATAT: TTTT CTTT
TAT; T TAAT! TTTTGATTCT'
GGAGCTCCTGATATAGCTTTCCCcCGaTTAAATAATATAAG(TTTTGACTTCTTCCCCCT
TTTC T} CTGATTCCTCCCTCCA
TAGCATTCCCTCGAATARAT: T} TTCTGATTCCTACCCCCT
GGGGCTC TATAGCTTTCCCTCGAATAAATAATAT: TTTTGACTTCTCCCCCCA
GGAGCT TATAGCTTTTCCT TARAT; ) TTCTGATTACTTCCACCT
GGAGCTCCTGATATAGCTTT TARATAATAT: TTCTGGCTTCTTCCCCCT
GGAGCTCCTGATATAGCTTT TARATAATAT: TTCTGGCTTCTTCCCCCT
GGAGCT TAT; TTCCCT TARATAATAT; TTTTGATTATTACCTCCT
GGAGCTCCAGATATAGCCTTTCCTCGAATAAATAATAT) TTTTGACTTTTACCAC
GGAGCTC TAT: TTTCCT TARATAATATAAGTTTTTGACTTTTACCACCA
GGAGCTC TATAGCTTTTCCTCGAATAAATAATAT: TTCTGATTATTACCTCCT
T TAT; TTTGATTATTACCTCCa
GGAGCTCCTGATATAGCTTTTCCTCGAATGAATAATATAAGATTCTGAATACTTCCTCCT
GGTGC TAGCTTT ) TTTTGAATATTACCTCCT

TTTTCTCTTCATATTGCAGGTATATCCTCTATTTTAGGTGCCATTAATTTTATTTCAACA
TTTTCTCTTCATATTGCAGGTATATCTTCAATTTTAGGAGCAATTAATTTTATTTCTACA
TTCTCTCTCCATATTGCT ATATCTTCAAJ TTGGT ATTAACTTTATTTCTACT
ATTTCTCTACATATT( TTATTTCAACA
TTGTCTTTACACATTGCTGGTATTTCTTCAATTATGGGAGCTATTAATTTTATAGTTACA

TTTTCACTTCACCTAGCTGGAATCTCCTCAATCCTAGGAGCAGTAAACTTTATTACAACA
TTTTCACTTCACCTAGCTGGAATCTCCTCAATCCTAGGAGCAGTAARCTTTATTACAACA
TTCTCCTTACACTTAGCTGGAATTTCATCAATTTTAGGAGCCATTAATTTTATCACCACA
TTTTCCTTACACTTAGCAG!

TTTAGGCTTCACTTAGCAGGAATTTCATCAATTCTAGG! TTTTATCTCCACA
TTTAGCCTCCACTTGGCAGGAATTTCGTCAATTTTAGGAGCAGTAAATTTCATTTCAACA
TTTAGACTTCATTTAGCAGGAATTTCCTCTATTTTAGGAGCAGTaAATTTTATTACAACT
TTTAGTTTACATCTTGCTGGAATCTCATCAATTCTAGGAGCAGTAAATTTCATTACAACA
TTTAGCTTACATCTTGCTGGAATTTCTT TCTTA TGTAA

TTTTCTTTACATCTTmCAGGAATTTcTTCAATTcTTGGAGCTGTAAATTTTATTACAACT
TTTTCTCTACATTTAGCAGGAATTTCATCAATTTTAGGAGCTGTAAATTTCATTACTACA
TTTTCTCTACATTTAGCAGGAATTTCATCAATTTTAGGAGCTGTAAATTTCATTACTACA
TTCTCTTTACATTTAGCAGGTATTTCTTCTATTCTAGGTGCTGTAAATTTTATTACTACA
TTTTCTCTTCATTTAGCAGGAATTTCTTCTATTCTAGGAGCTGTAAACTTTATTACEACC
TTTTCTCTTCATCTTG ATTTCTTCAATTTTAGGTGCTGT AACTTTATCACTACT
TTTTCTCTTCACTT: TTCATCAATTT TTAATTTTATT
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ATTAATAATGATCARATCTTTAATTCTTTAGT TACTAGACATGCATTTATTATGATTTTC 120 TTCATAGL LATACCCTTLATAATTGGAGGATTTGGAAATTTTTTAGTGCCACTTATATTA 180
ATCAAATTTATAATACTTTAGTTACTAGACATGCTTTTATTATAATTTTT 120 TTTATAGTTATACCTTTTATAATT TTT TTTTTTAGTTCCTTTAATACTA 180
ATCTTAAATGACCAAACTTTTAATTCTATCGTTACAAGTCATGCTTTTATTATAATTTTT 120 TTTATGGTTATGCCTTTTATAATTGGTGGTTTCGGTAATTTTCTAGTACCCTTAATACTT 180
ATTAATAATGATCAAATTTATAATACAATAATTACAGCTCATGCATTTTTAATAATTTTC 120 TTTATAGTTATACCATTTATAATT TTT TTGATT TTCCATTAATAATA 180
ATTATAAATGATCAAATTTATAATAGAATGGTTACAAGTCATGCTTTTATTATAATTTTT 120 TTTATAGTTATACCTTTTATAATT TTTGGTAATTGATTAATTCCTTTAATATTA 180
ATTGGTAATGATCAAATTTATAATTCTTTAGTTACTGCTCATGCATTTATTATAATTTTT 120 TTTATAGTTATACCTTTTATAATTGGTGGATTT C TATT 180
CTTAACAATAGACAAATTTATAATGTAATTGTAACAGCTCATGCTTTCATTATAATTTTT 120 TTTATAGTTATACCAATCATAATT TTT TTGACTAATCCCAATAATAATT 180
ATTAATAATGATCAAAGATATAATGTAATTGTAACTTCCCATGCCTTTATTATAATTTTT 120 TTTATAGTTATACCTATTATAATTGGTGGATTT T cC 180
ATTAACAATGATCAAGTATATAATGTTATTGTAACATCACACGCATTTATTATAATTTTT 120 TTTATGGTTATACCAATTATAATTGGTGGATTTGGTAATTGACTACTACCCCTTATAATT 180
ATTAACAATGATCAAGTATATAATGTTATTGTAACATCACACGCATTTATTATAATTTTT 120 TTTATGGTTATACCAATTATAATTGGTGGATTTGGTAATTGACTACTACCCCTTATAATT 180
ATAAATAATGATCAGGCGTATAATGTAATTGTTACATCCCATGCATTTGTAATAATTTTC 120 TTTATAGT TTATAATT TTT TTGACTTCTACCCCTAATAATT 180
ATTGGAGATGATCAAATTTAtAATGTTATTGT tC TAATETE 120 TTCATAGTaATACCAATTcTaATTGGAGGATTCGGAAATTGATTAGTACCATTAATATTA 180
ATTOAGATGATCAAATTTATAMTACTATTGTAACAGCTCATGCTTTIATTATAMTTTTS 120 TTTATAGTTAT cr T TTT TGACTTGTACCTTTAATATTA 180
ATTGGAGATGATCAAATTTATAATACTATTGTTACAGCTCATGCTTTTATTATAATTTTT 120 TT TTTGGTAATTGATTAGTACCATTAATATTA 180
ATTGGAGACGATCAAATTTATAATACTATTGTAACAGCTCATGCTTTTATTATAATTTTT 120 TTTATAGTAATACCTATTAT T TTTGGTAATTGATTAGTCCCTCTTATATTA 180
ATTGGAGATGACCAAATTTATAATACTATTGTAACAGCTCATGCTTTTATTATAATTTTT 120 TTTATAGTTAT CTATTAT T TTTGGTAATTGATTAGTTCCCCTGATATTA 180
ATTGGtGATGACCAAATTTATAACACTATTGTTACTGGTCATGCE TTTATTATAATTTTT 120 TTTATAGTTAT TTGGGGGGTTTGGLAATTGATTAGTCCCaTTAATATTA 180
ATTGGGAATGACCAAATTTATAACGTTATTGTAACAGCTCACGCATTTATCATAATTTTC 120 TTTATAGTAATACCTATTATAATTGGGGGATTTGGAAATTGACTAATACCCTTAATATTA 180
ATTGGAAATGACCAARATCTACAACGTAATCGTTACAGCTCACGCTTTCATTATAATTTTC 120 TTTATAGTAATACCAATCATAATT TTCGGAAATTGATTAATG! TCATGTTG 180
ATTGGAAACGATCAAATTTATAATGTAATTGTTACTGCTCATGCTTTTATTATGATTTTT 120 TTTATAGTAATACCTATTATAATTGGGGGATTCGGAAACTGATTAGTACCTCTTATACTA 180
ATTGGTGATGATCARATCTATAATGTAATTGTCACTGCTCATGCATTTGTCATAATTTTC 120 TTTTAATTGGTGGATTTGGAAATTGACTAGTACCCCTCATACTA 180
ATTGGAGATGATCAARATTTATAATGTTATTGTTACTGCACATGCTTTTATTATAATTTTC 120 TTCATAGTAATACCAATTATAATT TTTGGAAATTGATTAGTCCCTTTAATACTT 180
ATTGGAGATGATCAAATTTATAATGTTATTGTTACTGCACATGCTTTTATTATAATTTTC 120 TTCATAGTAATACCAATTATAATT TTT TTGATTAGTCCCTTTAATACTT 180
ATTGGAAA T 120 TTTATAGTAATACCTATTATAATTGGAGGGTTTGGAAATTGACTAGTTCCACTAATACTT 180
ATTGGAAATGATCAAATTTATAATGTAATTGTAACAGCTCACGCTTTTATTATAATTTTT 120 TTTATAGTAATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTTCCATTAATATTA 180
ATTGGAAATGATCAAATTTATAATGTAATTGTAACAGCTCACGCTTTTATTATAATTTTT 120 TTTATAGTAATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTTCCATTAATATTA 180
ATTGGTGATGATCARATTTATAATGTAATTGTTACAGCTCATGCTTTTGTTATAATTTTC 120 TTTATAGTAATACCTATCATAATT TTT TGAT ATTA 180
ACAGCACATGCTTTTGTTATAATTTTC 120 TTTATAGTAATACCTATTA' TA 180
ATTGGAGACGACCARATTTATAATGTAATTGTAACTGCTCATGCCTTTGTAATAATTTTC 120 TTTATAGTAATACCAATTATAATTGGTGGATTTGGAAATTGACTTGTTCCATTAATACTT 180
ATTGGAGATGATCAARATTTATAATGTAATTGTAACAGCTCATGCATTTATTATAATTTTC 120 TTTATAGTTATACCTATTATAATT TTTGGAAATTGATTAGTT TTATACTT 180
TCACTTACTCTATTAATTTTAGGAAGATTTATTAATTCGGGGGCAGGAACAGGATGAACA 300 GTATATCCACCATTAGCATCTAATATTTTTCACAGAGGCGCTTCTATTGACTTATCTATT 360
TCAATTACTTTGTTAATTCTAAGAAATTTTATTAATGATGGGACTGGAACAGGATGAACT 300 GTTTATCCCCCTTTAGCTTCTAACATTTTTCATAATGGTCCTTCTGTTGACTTAACAATT 360
TCAATCTCTTTATTAATTTTAAGTAATTTTATTAATGAAGGTTCAGGCACTGGGTGAACT 300 GITTACCCCCCATTAGCATCTAATTCTTTCCAT TTGATTTAACT 360
TCAATTATATTATTAATTATAAGAAGATTTACAGGATCTGGTATAGGAACAGGATGAACA 300 GTATATCCACCTTTATCATCAAATTTATTCCATTCATCTATATCTGTAGATTACGGTATT 360
TCTTTTTTTCTTTTATTTCTTAGTATATATTTAAGATCTGGATCAGGTACTGGTTGAACA 300 TTATATCCTCCTCTTTGTTCAATTATATATCATCAGGGTAATTCTGTTGATTTAACTATT 360
TCAATTTTTATATTAATTATATCAAATATATTTGACATTGGGGTAGGTACTGGATGAACT 300 TTATATCCCCCATTGTCTTTAAATATTGGGCAACCTGGAT 360
TCTTTAACATTAATAATCTGTAGATCAATTACAGAAATAGGTTCTGGAACTGGGTGAACA 300 GTTTATCCTCCTCTATCTATAAATTCAGCTCATTCAGGACCAAGAGTAGATATATCAATT 360
TCTATTATA TCATTAATTGAACTAGGAGCAGGAACAGGTTGGACA 300 GTTTACCCTCCTTTATCTAG CACATGCAGGACCT: 360
TCTCTAACATTACT TAATAAGATCGATTATTC TTGGAACAGGATGAAC 300 GTTTACCCACCCCTCTCAAGTAACATTGCTCACGCTGGGCCTAGAGTTGATATATCAATC 360
TCTCTAACATTACTAATAATAAGATCGATTATTC TTGGAACAGGATGAACA 300 GTTTACCCACCCCTCTCAAGTAACATTGCTCACGCTGGGCCTAGAGTTGATATATCAATC 360
TCTCTAACACTACTTTTGTTTAGTTCAATAGTTGAAATAGGT AGGATGAACA 300 GTTTACCCACCACTATCTAGAAATATTGCTCATGCAGGTCCAAGAGTTGATATATCAATT 360
TCATTATCACTTTTATTAGCAAGTAGTC(qqTCGAAAGAGGaGCAGGAACAGGTTGGACT 300 GTATACCCtCCECTTGCT TATTGCCCATGCAGGAGCCTCTGTAGATTT Tt 360
TCATTAATATTATTAAT! GAAGAATTGT: GGAACAGGATGAACA 300 GTGTACCCCCCACTATCATCAAATATTGCACATAGAGGATCTTCAGTCGATTTAGCAATT 360
TCATTAACTCTTTTAATTTCAAGCAGAATTGT_CAGGTACAGGATGAACA 300 GTTTACCCCCCACTATCATCTAATATTGCCCACAGAGGaTCTTCTGTAGATTTAGCTATT 360
TCTCTTACCCTTTTAATTTCAAGTAGAATCGTAGARACTGGAGCAGGANSERENTGAACT 300 GTTTATCCTCCTTTATCATCTAATATTGCTCATGGAGGAAGATCAGTAGATTTAGCAATT 360
TCTCTCACCCTTTTAATTTC: GAGCAGGTACTGGTTGAACT 300 GTCTATCCCCCCCTATCTTCTAATATTGCTCATGGAGGTAGT TCAGTAGATTTAGCTATT 360
TCTTTAAGTTTATTAATTTCAAGTTCTATTGTAGAAAATGGAGC(qqAACtggATGAACT 300 GITTACCCCCCTCTTTCAaTCTAATATTGCTCATAGAGGAAGETCAGTaGATTTAGCTATT 360
TCGTTAAGACTCCTTCT: CAGGTTGAACA 300 GTCTACCCTCCCCTATCAGCCAATATTGCCCATAGAGGTTC] TAGATCTAGCAATC 360
TCCCTGAGCCTACTCTTGAT: wcrw GAAAACGGGGCCGGGACGGGGTGAACT 300 GITTACCCGCCCCTGTCTTCTAATATTGCACACAGAGGATCATCAGTTGATCTAGCCATT 360
TCTTTAAGATTACTTTTAATAAG: TAGTGGAAAATGGAGCAGGGACTGGTTGAACA 300 GTTTATCCTCCTTTAGCTGCTAATATTGCCCATAGAGGTTCTTCTGTAGATTTGGCTATT 360
TCATTAACACTTTTATT, TGCAGGAACTGGTTGAACA 300 GTATACC TTTCAGCAAATGTAG GGTGCTT TTAGCTATT 360
TCTCTTACTCTTCTATTGATAAGAAGAATAGTAGARAATGGAGCTGGAACTGGATGAACT 300 GTTTATCCCCCATTATCAGCCAATATTGCTCATAGAGGAGCATCAGTTGATCTTGCTATT 360
TCTCTTACTCTTCTATTGATAAGAAGAATAGTAGARAATGGAGCTGGAACTGGATGAACT 300 GTTTATCCCCCATTATCAGCCAATATTGCTCATAGAGGAGCATCAGTTGATCTTGCTATT 360
GCTCTTATACTACTGTTAGGAAGCTCTATAGTTGATACCGGGGCTGGTACAGGATGAACT 300 GTATACCCTCCTCTTTCTTCTAATATTG 360
GCATTAACTCTTTTATTGGTTAGCAGTATAGTAGARAACGGAGCTGGAACTGGATGAACA 300 GTATATCCACCTTTATCATCTAATATTGCTCATGGAGGAGCAGCTGTAGATTTAGCAATT 360
GCRTTRACTCTTTTAT TGO TAGCAGTATAGTAGRAAACGGAGCTGGRACTGRATGRACA 300 GTATATCCACCTTTATCATCTAATATTGCTCATGGAGGAGCAGCTGTAGATTTAGCAATT 360
TCCCTTACATTACTAT! GCCGGAACAGGTTGAACT 300 GITTATCCTCCCCTTTCATC: CTCTGTTGATTT 360
TCATTAACTCTTTTATTAGCTAGTAGTATAGTAGAAAATGGaGCTGGGACTGGTTGAACA 300 GTTTACCCCCCACTTTCAGCTGCAATTGCCCATGGTGGTGGATCAGTTGATTTAGCAATT 360
TCATTAACCTTATTg T TAGCAAGTAGAATAGT TGAAACTGGTGCAGGTACAGGT TGAACT 300 GTTTACCCACCACTCTCTTCTAATATTGCTCATGGAGGAGCATCGGTTGATTTAGCAATC 360
TCATTAACACTATTATTAGCTAG GT: GCAGGTACTGGATGAACT 300 GTTTATCCTCCATTATCAGCAGGAATTGCCCATGGAGGTGCATCTGTTGATTTAGCTATT 360
ATTATAAATATACATCAT. CTATCTATAGACAAAATTCCCCTTCTAGTTTGATCT 480 ATTATAATTACCGCTATTTTATTATTATTATCTCTCCCAGTCTTAGCGGGAGCAATTACT 540
ATTTTARACATACATCATAATAATATTTCAATAGATARAATTCCTTTACTTGTTTGATCG 480 ATTTTAATTACAGCTATTCTCCTTCTTCTTTCTCTTCCAGTTTTAGCAGGAGCTATTACC 540
ATCATAAATATGCATAATCCTAATATTTCCTT 480 ATCCTTATTACTGCTATTCTTTTATTATTATCATTACCTGTTCTCGCAGGAGCTATTACA 540
ATTTATTATTCAAAAAATATCTCAATAATATATAATCAAATCTCATTATTCTCATGATCA 480 GCTATTTTATTATTATTATCATTACCAGTCCTTGCAGGAGCAATCACA 540
ATTATAATTATGAAAAATATTGGTTTAAAATTAGATCARATTCCTTTAT ATC 480 ATTAATATTACTACATTTTTATTATT CTTCATTACCJ TATTGGCTGG: GCTAT ACT 540
ATTAG T TATAACTCAAATTTCATTATTTTCATGATCA 480 GITTTAATTA T CAATTACT 540
ATCATAAACATACGAAG b TTATTCGTTTGATCA 480 GTATTAATTACAGCATTTCTTTTAATCTTATCCCTACCAGtTTTAGCAGGAGCTATTACC 540
GTTTTAAATATACGTCCAACAGGAATATCAATAGACCGAACTCCTTTATTTGTCTGGTCA 480 GTTTTAATCACTGCTGTATTATTACTTTTAT CACHNCONEIICINGOABGTGC TATCACT 540
GTAATAAATATACGACCTACAGGAATAACTATAGATCGAACACCTTTATTCGTATGATCA 480 GTTCTAATTACAGCAATCCTTCTTCTACTATCCCTACCAGTACTTGCAGGAGCAATTACT 540
GTAATAAATATACGACCTACAGGAATAACTATAGATCGAACACCTTTATTCGTATGATCA 480 GTTCTAATTACAGCAATCCTTCTTCTACTATCCCTACCAGTACTTGCAGGAGCAATTACT 540
GTAATTAATATACG: c CGCACACCTTTATTTGTTTGGTCA 480 GTTATTATTACAGCTATTCTACTCTTATTATCCCTGCCTGTTTTAGCTGGGGCTATCACT 540
ACTATTAATATARAACCAATTAATATAAGACLTCAACC) ATy oo mm e e crom 400 CEmCCR A TT () COmmm i M) S M O T SO Mem o ComCCe i Cn 540
ATTATTAATATACGGGTAAATAATCTATCAT [AATATCATTATTTATCTGAGCT 480 GTAGGAATTACAGCATTATTATTACTTTTATCTTTACCAGTATTAGCTGGTGCTATTACC  540)
ATTATTAATATACGAATTAATAATATATCTT plaaraccrrraTTTGTTTGAGCT 480 GTAGCTATTACTGCTTTATTACTTTTATTATCATTACCAGTTTTAGCTGGAGCTATTACT  540)
ATTATTAATATACGAATTAATGGTTTATCAT AATACCTCTTTTTGTTTGAGCA 480 TTGGTATTACAGCTCTTCTTCTTTTACTATCTCTTCCAGTTTT GGAGCTATTACA 540
ATTATTAATATACGAGTTAATGGACTTTCAT A TACCTTTATITOTTIGAGCT | 480 TTGGTATTACTGCTTTACTCCTTCTTTTATCATTGCCAGTTTTAGCTGGAGCTATCACA 540
TT: 480 T b e o TATTACT S40
GTTATTAATATACGATCACCAGGAATAACCTTTGAACGAATACCCTTATTTGTATGAGCA 480 GTAGTAATCACTGCCCTTCTACTGCTTCTATCATTACCTGTESNNESAGGAGCTATCACC 540
GTAATCAATATGCGATCACCAGGAATAACCTTTGAACGAATACCTTTATTCGTGTGGGCA 480 TAGTTTTAACTGCCCTTCTTCTTCTTTTATCACTTCCAGTTCTTGCCGGAGCAATCACT 540
GTAATCAATATACGACCCCAAGGAATAAGGATAGACCGTATGCCETTATTTTCATGAGCT 480 GTAGTAATTACAGCAATTCTTCTTCTTCTTTCACTTCCAGTTTTAGCAGGAGCTATCACA 540
GTAATTAATATACGATCCATGGGAATTACTTTTGATCGAATACCTTTATTTGTTTGATCA 480 GTAGCAATTACAGCACTTTTATTACTTCTTTCTCTTCC CTATTACT 540
GTAATTAATATACGATCAACTGGAATAACATTTGACCGAATACCTTTATTTGTTTGATCT 480 GITGCTTTAACCGCTCTTCTATTACTTTTATCTTTACCTGTATTAGCAGGTGCAATTACA 540
GTAATTAATATACGATCAACTGGAATAACATTTGACCGAATACCTTTATTTGTTTGATCT 480 GITGCTTTAACCGCTCTTCTATTACTTTTATCTTTACCTGTATTAGCAGGTGCAATTACA 540
GTAATAAATATACGATCAGCAGGAATAACTTTTGATCGGATACCATTATTCGTTTGATCA 480 GTAGCAATTACTGCTTGATTACTTLTATTATCTTTACCAGTATTAGCTGGAGCAATTACT 540
GTAATTAATATACGATCATCAGGAATTACATTTGATCGAATACCTTTATTTGTATGATCA 480 GTAGTTATTACAGCCTTATTACTATTATTATCTCTTCCTGTATTAGCAGGAGCTATTACA 540
GTAATTAATATACGATCATCAGGAATTACATTTGATCGAATACCTTTATTTGTATGATCA 480 GTAGTTATTACAGCCTTATTACTATTATTATCTCTTCCTGTATTAGCAGGAGCTATTACA 540
GTTATTAATATACGATCAACAGGAATTACATTI 480 TAGTATTAACTGCTTTATTATTACTTCTTTCATTACCTGTTTT 40
GTAATTARTATACGATCAACAGGAATTACTTT GAATACCTTTATTTGTTTGAGCA 480 GTAGTTATTACTGCT: TTtTACTTTTACTTTCATT C: TAGCTGGAGCTATTACT 540}
GTAATTAATATACGATCACCAGGAATTTCATTAGATCGAATACCCTTATTT TCA 480 AAT GGAGCTATTACT 540
GTTATTAATATACGATCTTCAGGAATTACATTTGATCGAATACCTTTATTTGTATGATCA 480 GTAGTAATTACTGCTATTTTACTTCTTCTTTCATTACCAGtTTTAGCTGGAGCAATTAcA 540
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Monomorium_junodi CCTATCCTCTATCAACATTTATICIGATTITITG 634
taglyphis_ibericus 634 o
Camponotus_maculatus 634 Enzyme Restriction site
Hymenoptera_sp. 634
Nomioides_facilis cCr: CAAC: 634
Tachytes_crassus CCTATTTTATTTCAACATTTATTTTGATTTTTTG 634 Hhal GeGe
Batracomorphus_angustatus CCAATTCTTTATCAACATTTATTTTGATTTTTTG 634 Bso31l GGTCTC
Macrosteles_sp. CCTATTTTGTATCAACATTTATTTTGATTTTTTG 634 Al CACIIGTG |
Colladonus_tahotus CCTATTCTTTACCAACACTTATTTTGATTTTTTG 634
Scaphytopius_vaccinium 634 Apall GTGCAC
Osbornellus_auronitens 634 Acoll |
Balta_vilis 634
Tarucus_theophrastus 634 Ecos521 CGGCCG
nois_aurota = 634 BeivI GTATCC

Ephysteris_subdiminutella S TAATTTAAATACTTCTTTTTTTGACCCTGCT CCAATTTTATACCAACATTTATTTTGATTTTTTG 634 ool
Tuta_absoluta L TAATTTAAATACATCATTCTTTGATCCTGCAGG A CCAATTTTATATCAACATTTATTTTGATTTTTTG 634 9 EGANInTGd
Batrachedra_amydraula FAAATaTTAATACTTCETTTTTTGACCCCGCEGY! CCTATTTTATACCAACATTTATTTTGATTTTTTG 634 PinAl
Idolus_picipennis CCAATCCTTTACCAACATTTATTCTGATTTTTTG 634 BspCNT fcrcacl
Melanotus_villosus CCCATCCTTTACCAACACTTGTTCTGATTTTTTG 634
Algarobius_prosopis CCTATTCTTTATCAACACTTATTTTGATTTTT 634 Bis| GeacTe
Exomala_pallidipennis CCAATCTTATATCAACACTTATTTTGATTTTT' 634 Nnel
Xylotrupes_siamensis CCAATTTTATACCAACACCTATTCTGATTTTTTG 634
Copris_tripartitus CCAATTTTATACCAACACCTATTCTGATTTTTTG 634 Pvul CGATCG
Lispe albitarsis ATATTATTAACTGATCGAAATTTTAATACTTCATTCTTTGACCCAGCA CCAATTCTTTACCAACATTTATTTTGATTTTTTG 634 Munl [CAATTG]
Chrysomya_chani ATACTATTAACAGATCGAAATTTAAATACATCATTTTTTGATCCAGCA CCAATTCTTTATCAACACTTATTTTGATTTTTTG 634
Anthomyiopsis_nigrisquamata ATACTATTAACAGATCGAAATTTAAATACATCATTTTTTGATCCAGCA CCAATTCTTTATCAACACTTATtTTGATTTTTTG 634 Bell froo Al
Carpomya_vesuviana c CTTTGA S 634 Dpnl B
Tabanus_striatus oC " AAC 5 634 Tone1 TAGe
Leptogaster_cylindrica CCAATTCTATATCAACATTTATTTTGATTTTT' 634
Asyndetus_sp. CCAATTTTATATCAACACTTATTTTGATTTTTTG 634 (or CTGG)
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Figure A2. Electrophregrams describing specific PCR-RFLP markers in COIl 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

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 2930

452 bp

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):11409-11418.

http://iwww.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)

DOI: http://dx.doi.org/10.15666/aeer/1705_1140911418
© 2019, ALOKI Kft., Budapest, Hungary




