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ABSTRACT: Anthocorid predators widely used as biocontrol agents were characterised for genetic diversity and phylogeny. Cardias-
tethus exiguus Poppius, Xylocoris flavipes Reuter and Blaptostethus pallescens Poppius were characterised using Cytochrome oxidase I 
(COI) marker to elucidate the diversity and phylogeny. The sequencing of the COI region at 650bp was compared with sequence of Orius 
majusculus (Reuter), available at NCBI by BLASTn. The cluster analysis based on dendogram revealed B. pallescens and O. majusculus 
to be more closely related, while X. flavipes and C. exiguus were distinct. The usefulness of characterisation and phylogenetic relationship 
among the anthocorid populations for their effective utilisation in pest management is discussed.
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INTRODUCTION

Anthocorid bugs (Anthocoridae:Hemiptera) com-
monly referred as flower bugs or pirate bugs consists of 
400-600 species in 80-100 genera, distributed worldwide 
(David Horton, 2008, Nasser and Abdurahiman, 2004 and 
Sohrabi et al., 2013). The predatory bugs are commonly 
used as biocontrol agents. Nymphs and adults are predatory 
on thrips, aphids, psyllids, scale insects, small caterpillars 
and mites (Lattin and Stanton, 1992, Saulich and Musolin, 
2009, Ballal et al., 2012) in many crop ecosystems such 
as corn, alfalfa, cotton, coconut, sweet pepper, cucumber, 
forest crops, green house crops and ornamentals (Brower 
and Muller, 1990, Chambers et al., 1993., Lorenzana et al., 
2010, Nian wan Yang, et al., 2014) and granaries (Sing and 
Arbogast, 2008 and Kaur and Jaspal, 2011). Blaptostethus 
pallescens and Anthocoris muraleedharani predate on cot-
ton mealybug and consumed 141 crawlers while B. palles-
cens could predate on 35 crawlers (Ballal et.al., 2012) 

The molecular diversity of the common predatory an-
thocorids in India have been less studied and poorly un-
derstood. The internal transcribed spacer 1 (ITS-1) and its 
flanking rDNA genes and molecular markers were utilized 
to characterize the species earlier ( Honda et al., 1998, Hi-
nomoto et al., 2004., Muraji et al., 2004 and Sayed et al., 
2012). Accurate identification of natural enemies, under-
standing their population dynamics, separation of strains, 

evaluation of genetic diversity, phylogeny, predator –prey 
association can be studied with molecular diagnostic tools 
(Unruh and Woolley, 1999, Menalled et al., 2004 and 
Greenstone, 2006). In the present study, the anthocorid 
predators Cardiastethus exiguus Poppius, Xylocoris fla-
vipes Reuter and Blaptostethus pallescens Poppius were 
characterised using Cytochrome oxidase I (COI) marker to 
elucidate the diversity and phylogeny. In India, C. exiguus 
is an important predator of coconut blackheaded caterpillar, 
Opisina arenosella Walker (Ballal et al., 2003a and Lyla et 
al., 2006) while, B. pallescens was recorded as predating on 
spider mites and moth pests in storage (Ballal et al., 2003b., 
Kaur and Virk, 2011). X. flavipes was recorded as an impor-
tant predator of moth pests in storage (Ballal et al., 2013).

MATERIALS AND METHODS

Mass rearing of the predator

In vitro rearing of the anthocorid predators was earlier 
reported by Ballal et al., (2003a), Gupta and Ballal (2009)., 
Ballal et al., (2012), Sigsgaard and Esbjerg (1997), Schmidt 
et.al., (1995) and Sobhy et al., (2014). The anthocorid pred-
ators considered for study were obtained from mass pro-
duction laboratory, at ICAR-NBAIR, where the predators 
were maintained on UV irradiated eggs of the rice moth 
Corcyra cephalonica Stainton. The nymphs and adults were 
utilised for molecular characterisation. Three populations 
of anthocorid predators were used for the study viz., C. ex-
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iguus (National Accession No. NBAIR- MP-ANT-01), B. 
pallescens (NAN. NBAIR- MP-ANT-04) and X. flavipes 
(NAN. NBAIR- MP-ANT-05). 

Characterisation of the predators

The protocol prescribed by Muraji et al., (2004) was 
followed. The individual adult predators were hyomog-
enised in 100 µl lysis buffer (200mM Tris HCl; pH 8.0, 
70mM EDTA; 2M Sodium chloride; 20mM Sodium meta-
bisulphite), (5% Chelex-100) and 4 µl of proteinase K (20 
µg/ µl) in 1.5 ml tube. The solution was vortexed for 45 
seconds and incubated for 6 hours at 56 oC in a waterbath 
followed by 95 oC for 10 minutes and then centrifuged at 
10,000 rpm for 10 minutes. DNA in the supernatant was 
measured in Spectrophotometer (Beckman DU-640) at 
280nm and then used for PCR. 

Five adults of each population were utilised for mo-
lecular characterisation and there were three replicates.

PCR amplification of the CO1 gene of mitochondrial 
DNA

PCR was carried out in 0.2 ml microcentrifuge tubes. 
Amplification of the CO1 gene region was done with for-
ward primer 51 ------31 and reverse primer 51 ------31. PCR 
was performed in 50 µl reaction volumes using 5µl of 10X 
Taq assay buffer, 1 µl dNTP’s each in 10 Mm concentration, 
1 µl forward and reverse primer (10 pmol/l), 0.25 µl Taq 
polymerase (1U/µl) and 5 µl of template DNA. The cycling 
conditions for initial denaturation was 94oC for 3 minutes 
followed by denaturation at 94oC for 1 minute by 30 cycles 
followed by annealing at 45 oC for 1 minute and extension 
at 72 oC for 5 minutes with final extension at 72 oC for 10 
minutes. PCR product was electrophoresed on a 1.8% low 
melting point agarose gel in TAE (40mM Tris mM acetic 
acid) and the gel was stained with ethidium bromide. Mo-
lecular weight ladder of 50 bp was used as a marker along 
with the sample. The PCR product was purified from gel 
with spin column prescribed in the kit.

DNA sequencing of the PCR product

DNA fragments were extracted from the gel using the 
Qiagen kit. PCR product of the region was sequenced di-
rectly with the corresponding PCR primers on both strands 
and the partial sequence for CO1 gene sequencing was de-
termined using a ABI PRISM 310 BigDye Terminator cycle 
sequencing kit. 

Multiple Sequence Alignment (MSA)

MSA provides for alignment of more sequences to 
infer the evolutionary relationship between them. Pairwise 
sequence alignment tools were used to identify the regions 
of similarity for structural, functional and evolutionary re-
lationships. CLUSTAL W and BLASTn were used. 

RESULTS AND DISCUSSION

Molecular analyses conducted in this study allowed 
discrimination among the common anthocorid predators, 
based on the different sizes of the amplified DNA frag-
ments that characterize each species. The sequencing of the 
COI region at 650bp (Table 1) was compared with sequenc-
es of NCBI by BLASTn. Similarities or dissimilarities were 
determined by Pair wise alignment and multiple alignments 
using Clustal W (Table 2). The CO1 region is useful for 
inferring phylogenetic relationships among the populations 
and a tool to generate barcode. The differences in the length 
and sequence of the flanking region fragments would iden-
tify genetic variability. COI revealed variability among the 
different predators (Fig. 1). Variability in anthocorid preda-
tors was earlier reported by Honda et al., 1998, Hinomoto 
et al., 2004 and Muraji et al., 2004. Relative relationship 
of different anthocorid predators was also indicated by sev-
eral workers (Saitou et al., 1987., Schuh et al., 1991 and 
Jung et al., 2010). The cluster analysis based on dendogram 
revealed B. pallescens and O. majusculus to be closely re-
lated, while X. flavipes and C. exiguus were distinct (Fig. 
2). Similar observations were made by in the species of 
Orius, using the internal transcribed spacer 1 (ITS1) and its 
flanking rDNA genes to infer the relationship Gomez et al., 
2013 and Sayed et al., (2013). Phylogenetic classifications 
can be of value for predicting life history data for groups 
with incompletely known biology and determine whether 
or not environmental-associated variations contribute to the 
fitness attributes and behavioural approaches of the organ-
ism. In biological control programmes, divergence among 
cryptic species is essential to understand the effect of local 
mate competition for the co-existence of the species and 
their ability to bring down insect populations. Intra guild 
predation, predator prey population dynamics and trophic 
interactions could be well studied based on the observations 
made, for effective use of these anthocorids in pest manage-
ment.
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Fig. 1.  Amplification of COI for anthocorid predators.

Table 1. COI gene sequence for anthocorid predators

Sl. 
No.

Anthocorid Sequence

1 Xylocoris flavipes TATATTTTATATTCGGAATATGAGCAGGAATAGTAGGAACATCATTAATTGAATTATTCGAATT-
GAACTAGGACAACCAGGAGCATTCATTGGAGGATCAAATTTATAATGTAGTAGTCACAG-
CACACGCATTCATTATAATTTTTTTATAGTTATACCAATTATAATTGGAGGATTCGGAAACTGATT-
AGTGCCATTAATAATTGGAGCTCCTGATATGGCATTCCCTCGAATAAATAATATAAGATTTT-
GACTTTTACCTCCTTCATTAACTCTATTAATTGCCAGATCAACTGTAGAAAGAGGAGCGGG-
TACAGGATGAACTGTTTATCCTCCCCTATCAGCTAATATTGCACATAGAGGAGCATCAGTA-
GATTTAGCAATTTTCTCACTACACCTAGCAGGTGTGTCATCAATTCTAGGTGCAATCAATTT-
TATTTCAACAATCATTAATATACGACCTGAGGGGATAACAGCTGAACGTATTCCTTTATTCGTTT-
GATCAGTAGGAATTACTGCATTACTATTATTAATTTCATTACCAGTATTAGCTGGTGCCAT-
CACAATACTACTAACAGATCGAAATTTTAATACATCCTTCTTTGACCCGAAGGAATAACAGCA-
GAGCGAATTCCTTTATTTGTATGATCAGTAGGAATTACTGCACTATTACTATTATTATCACTACCAG-
TATTAGCAGGAGCTATCACAATACTTTTAACAGATCGAAACTTTAACACATCATTCTTTGACCCAG-
TAGGAGGGGGGG

2 Blaptostethus 
pallescens

ACGCAGGAGGATTTGGAAATTGATTAGTTCCTTTAATAATTGGAGCACCAGATATAGCATTTC-
CTCGAATAAACAATATAAGTTTTTGATTATTACCTCCATCAATTACATTATTAATCAGTAGATCTT-
TAGTAGAAAGAGGAGTAGGTACAGGATGAACTGTATATCCTCCATTATCTAGAAATATTGCTCAT-
AGAGGAGCATCAGTAGACTTAGCAATTTTTTCATTACATCTAGCAGGAGTATCTTCAATTTTAG-
GAGCTATTAATTTTATTTCAACAATTATTAATATACGACCAGAAGGTATAACATCTGAACGAATTC-
CTTTATTTGTATGATCTGAAGGAATTACAGCTTTATTACTACTTTTATCTCTACCAGTATTAGCTG-
GAGCTATTACTATATTGTTAACAGATCGAAATTTTAATACTACTTTCTTTGACCCAGCAGGAGGAG-
GAGATCCAATTGGATACAGGACGTGGAGATGATACCGAACGGATTAA

3 Cardiastethus 
exiguus

TGGGAGGATTTGAAATTGATTAGTTCCTTTAATAATTGGAGCACCAGACATAGCATTTCCTC-
GAATAAACAATATAAGTTTTTGATTATTACCTCCATCAATTACATTATTAATCAGTAGATCTTTAGT-
AGAAAGAGGAGTAGGTACAGGATGAACTGTATATCCTCCATTATCTAGAAATATTGCTCATAGAG-
GAGCATCAGTAGACTTAGCAATTTTTTCATTACATCTAGCAGGAGTATCTTCAATTTTAGGAGC-
TATTAATTTTATTTCAACAATTATTAATATACGACCAGAAGGTATAACATCTGAACGAATTCCTT-
TATTTGTATGATCTGTAGGAATTACAGCTTTATTACTACTTTTATCTTTACCAGTATTAGCTGGAGC-
TATTACTATATTGTTAACAGATCGAAATTTTAATACTACTTTCTTTGACCCAGCAGGAGGAGGAGA-
TCCAATTGGATACAGAACGTGGAGTTGATACTGAACGGAATT

4 Orius majusculus ATATGAGCAGGAATATTAGGAACATCATTAAGATGAATTATTCGAATTGAACTAGGACAAC-
CAGGATCATTCATTGGAGATGATCAAATTTATAATGTTGTAGTTACAGCACATGCATTTAT-
TATAATTTTTTTTATAGTAATACCAATTATAATTGGAGGATTTGGAAATTGATTAGTACCTT-
TAATAATTGGAGCACCAGATATAGCATTCCCACGAATAAATAATATAAGATTTTGACTTTTACCTC-
CATCAATTACATTACTTATTATAAGATCTATAGTTGAAAGAGGAGCAGGAACTGGATGAACAGTA-
TATCCACCTCTTTCAGCTAATATTGCCCATAGAGGAGCATCAGTAGATTTAGCAATCTTTTCTTTA-
CATTTAGCAGGTGTTTCATCAATTCTAGGAGCAATTAATTTTATTTCAACAATTATTAATATACGAC-
CTGAAGGTATAACTGCAGAACGTATTCCATTATTTGTTTGATCAGTTGGAATTACTGCACTACTAC-
TATTATTATCATTACCAGTATTAGCAGGAGCAATTACAATATTACTAACAGATCGTAATTTTAATA-
CATCATTTTTTGACCCGGTAGGGGGAGGGGACCCAA

(1- Xylocoris flavipes, 2- Blaptostethus pallescens and 
3- Cardiastethus exiguus) (L- Ladder 650 bp, B- Blank)

Fig. 2.  UPGMA cluster analysis-based dendrogram depicting genetic 
relationships among different anthocorid predators (Generated by 
Boot strap test Phylogeny using N-J  MEGA 4 SOFTWARE)
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Table 2. Multiple Sequence Alignment for anthocorid predators

1

4

2

3

TCGGAAACTGATTAGTGCCATTAATAATTGGAGCTCCTGATATGGCATTCCCTCGAATAA

TTGGAAATTGATTAGTACCTTTAATAATTGGAGCACCAGATATAGCATTCCCACGAATAA 

TTGGAAATTGATTAGTTCCTTTAATAATTGGAGCACCAGATATAGCATTTCCTCGAATAA

TTG-AAATTGATTAGTTCCTTTAATAATTGGAGCACCAGACATAGCATTTCCTCGAATAA 

240

223

72

68

1

4

2

3

ATAATATAAGATTTTGACTTTTACCTCCTTCATTAACTCTATTAATTGCCAGATCAACTG

ATAATATAAGATTTTGACTTTTACCTCCATCAATTACATTACTTATTATAAGATCTATAG

ACAATATAAGTTTTTGATTATTACCTCCATCAATTACATTATTAATCAGTAGATCTTTAG

ACAATATAAGTTTTTGATTATTACCTCCATCAATTACATTATTAATCAGTAGATCTTTAG

300

283

132

128

1

4

2

3

TAGAAAGAGGAGCGGGTACAGGATGAACTGTTTATCCTCCCCTATCAGCTAATATTGCAC

TTGAAAGAGGAGCAGGAACTGGATGAACAGTATATCCACCTCTTTCAGCTAATATTGCCC

TAGAAAGAGGAGTAGGTACAGGATGAACTGTATATCCTCCATTATCTAGAAATATTGCTC

TAGAAAGAGGAGTAGGTACAGGATGAACTGTATATCCTCCATTATCTAGAAATATTGCTC

360

343

192

188

1

4

2

3

ATAGAGGAGCATCAGTAGATTTAGCAATTTTCTCACTACACCTAGCAGGTGTGTCATCAA

ATAGAGGAGCATCAGTAGATTTAGCAATCTTTTCTTTACATTTAGCAGGTGTTTCATCAA

ATAGAGGAGCATCAGTAGACTTAGCAATTTTTTCATTACATCTAGCAGGAGTATCTTCAA

ATAGAGGAGCATCAGTAGACTTAGCAATTTTTTCATTACATCTAGCAGGAGTATCTTCAA

420

403

252

248

1

4

2

3

TTCTAGGTGCAATCAATTTTATTTCAACAATCATTAATATACGACCTGAGGGGATAACAG

TTCTAGGAGCAATTAATTTTATTTCAACAATTATTAATATACGACCTGAAGGTATAACTG

TTTTAGGAGCTATTAATTTTATTTCAACAATTATTAATATACGACCAGAAGGTATAACAT

TTTTAGGAGCTATTAATTTTATTTCAACAATTATTAATATACGACCAGAAGGTATAACAT

480

463

312

308

1

4

2

3

CTGAACGTATTCCTTTATTCGTTTGATCAGTAGGAATTACTGCATTACTATTATTAATTT

CAGAACGTATTCCATTATTTGTTTGATCAGTTGGAATTACTGCACTACTACTATTATTAT

CTGAACGAATTCCTTTATTTGTATGATCTGAAGGAATTACAGCTTTATTACTACTTTTAT

CTGAACGAATTCCTTTATTTGTATGATCTGTAGGAATTACAGCTTTATTACTACTTTTAT

540

523

372

368

1

4

2

3

CATTACCAGTATTAGCTGGTGCCATCACAATACTACTAACAGATCGAAATTTTAATACAT

CATTACCAGTATTAGCAGGAGCAATTACAATATTACTAACAGATCGTAATTTTAATACAT

CTCTACCAGTATTAGCTGGAGCTATTACTATATTGTTAACAGATCGAAATTTTAATACTA

CTTTACCAGTATTAGCTGGAGCTATTACTATATTGTTAACAGATCGAAATTTTAATACTA

600

583

432

428
(1. Xylocoris flavipes, 2. Blaptostethus pallescens, 3. Cardiastethus exiguus and 4. Orius majusculus).
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CONCLUSION
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ised using Cytochrome oxidase I (COI) marker to elucidate 
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