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ABSTRACT: Artificial selection is extensively used to develop pesticide resistance in natural
enemies. RAPD markers were used to estimate genetic relatedness between the parent and artificially
selected hybrids of the egg parasitoid Trichogramma chilonis Ishii resistant to multiple insecticides
(700ppm of endosulfan, 540ppm of monocrotophos and 20ppm of fenvalerate) and high temperature
(> 40°C). Highly polymorphic markers could be identified through the primers OPF-1 and
OPJ-20. RAPD marker from 15 oligomers clearly outgrouped the susceptible parent from artificially
selected pesticide-resistant strains. The first group comprised the susceptible strain. The second
group comprised the two subclusters, the first subcluster including the strain resistant to endosulfan
and fenvalerate, multiple-insecticide resistant strain (MIRS) and high temperature resistant (HTR)
strain while the second subcluster consisted of monocrotophos and HTR strains. The discriminating
property of RAPD markers allowed differentiation of the resistant strain from the parental
susceptible strain. Artificially selected resistant strains shared relatively high similarity (61-66%)
with susceptible parent strain as per Jaccard’s index.
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INTRODUCTION

The concept of genetic improvement is implied to
enhance the potential of natural enemies towards better pest
management in biological control programmes. Parasitoids
with desirable traits can be produced in the laboratory using
artificial selection. About 19 parasitoids and predators have
been selected in the laboratory for enhanced fecundity, host
synchrony, non-diapause, pesticide resistance, temperature
tolerance orthelytoky (Whitten & Hoy, 1999). Trichogramma
chilonis, the egg parasitoid that plays an important role
in the suppression of lepidopterous pests is released in
biological control programmes or in IPM on many crops in
India (Jalali et al., 2003). Nevertheless, to achieve desirable
control, released parasitoids have to overcome many
problems like pesticides and high temperature conditions.
In view of these limitations, an endosulfan resistant strain
was developed in the laboratory (Jalali et al., 2006a), and
later a multiple insecticide resistant strain was developed
and evaluated against cotton bollworms throughout India
(Jalali et al., 2006b). Assessment of laboratory selected
natural enemies in the context of their ability to adapt to
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field conditions and provide efficient control of the pests
needs to be addressed since very few genetically improved
natural enemies have been deployed in pest management
programmes. Plant breeders have exploited RAPD-PCR
technique to study genetic diversity and population genetic
structure in plants (Dawson et al., 1993; Huff et al., 1993;
Martin et al., 1997; Buso et al., 1998; Hsiao and Lee 1999;
Zhao et al., 2000).

In insects, RAPD-PCR technique has been widely used
to study the genetic variation in pest populations collected
from different geographical lacations (Kumar et al., 2001;
Subramanian and Mohan, 2006), to track the origin of
introduced insect pests (William et al., 1994), and in
differentiating ecotypes (Pornkulwat et al., 1998). In natural
enemies RAPD-PCR markers have proved to be useful in
distinguishing pesticide-resistant laboratory biotype and
wild orchid biotype of Trioxys pallidus, a parasitoid of
walnut aphid, Chromaphis juglandicola (Edwards et al.,
1995). There are no studies on genetic variation in artificially
selected natural enemies. The objective of the present study
was to assess the genetic diversity in genetically improved
hybrids of T. chilonis.
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MATERIALS AND METHODS

Source of 7. chilonis

Allthesstrains of 7" chilonis were maintained on Corcyra
cephalonica (Stainton) eggs in the laboratory. The source
strain was collected from parasitised eggs of Helicoverpa
armigera infesting cotton crops from different places in
India. A small batch of these parasitized eggs that was not
exposed to any stress like pesticides and temperature was
considered as susceptible and maintained in the laboratory
for more than 20 years while another batch was used for
artificial selection experiments. Descriptions of endosulfan
tolerant strain (Jalali ez al., 2006a) and multiple insecticide
and high temperature tolerant strains (Ashok et al., 2008) of
T. chilonis are given in Table 1.

DNA Extraction

DNA from each strain was isolated from 40 adults
arising from an isofemale line using Chelex-100® (Biorad
industries, Hercules, USA) as described in Vanlergerghe-
Masutti (1994). Two adult parasitoids were homogenized
in 20ul of 5% chelex. The tubes were incubated at 56°C
for 3h followed by 100°C for 5 minutes. The supernatant

Table 1. List of strains of Trichogramma chilonis used

was collected by centrifugation at 10000rpm for 5
minutes. DNA from different strains was stored at —20°C till
further use.

RAPD-PCR

Initially 45 primers (Operon Technology, USA) were
tested for polymorphism in seven strains out of which 15
primers were selected (Table 2) based on their ability to
produce polymorphic bands. These amplifications were
confirmed twice before further analysis. PCR reactions were
performed as described by Laurent et al. (1998) in a total
volume of 25ul containing 2l DNA, 75mM Tris HCL (pH
8.0), 20mM (NH,), SO,, 3mM MgCl,, 0.1% tween, 100uM
of each ANTP, 100ng of primer and lunit of Taqg DNA
polymerase (Dr. Taq Polymerase, Biogene). Amplification
was performed on Biorad icycler programmed for 3 minutes
at 94°C followed by 40 cycles at 94°C for 45 seconds, 36°C
for 30 seconds, 72°C for 2 minutes and a final extension
at 72°C for 10 minutes. A negative control without DNA
was included to check contamination. PCR products were
electrophoresed on 1.8% agarose in 0.5X Tris—borate buffer
at 5-volts/cm. Bands were visualized by ethidium bromide
staining (0.5 pg ml™").

Strain Parent Pesticide Description
Susceptible strain (SuscS) | Collected from parasitised Maintained in the laboratory
eggs of Helicoverpa for past 20 years.
armigera infesting cotton
crops from different places
in India
Endosulfan resistant strain | SuscS Endosulfan Artificially selected for 341
(Endo) generations resulting in tolerance to
700ppm of endosulfan
Monocrotophos resistant Endo Monocrotophos Artificially selected for 81
strain (Mono) generations resulting in tolerance to
540ppm of monocrotophos
Fenvalerate resistant strain | Endo Fenvalerate Artificially selected for 81
(Fen) generations resulting in tolerance to
20ppm of fenvalerate
Multiple insecticide Endo, Mono, Fen Endosulfan, Developed by hybridization
resistant strain (MIRS) Monocrotophos, technique by allowing all the three
Fenvalerate strains, i.e., Endo, Mono, Fen to
mate among each other followed by
selection to insecticides.
Temperature resistant strain | SuscS Artificially selected for high
(HTR) temperature resistance (> 40° C)
Multiple insecticide and MIRS Endosulfan, Developed MIRS was subjected to
temperature resistant strain Monocrotophos, variable temperature (32-38° C)
(MIRS-HTRS) Fenvalerate
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Data Analysis

RAPD bands were scored as present (1) or
absent (0). The scored binary data was analyzed using
NTSYSpc 2.02j version (Rohlf, 1998). The genetic
distance was estimated by Jaccard’s similarity coefficient
using SIMQUAL module. Cluster analysis was performed
according to unweighted pair group mean algorithm
(UPGMA) within SAHN module of NTSYS programme.
Principal Coordinate analysis (PCA) to construct a three-
dimensional array of eigen vectors was performed using
D-Center nodule of NTSYS programme.

RESULTS AND DISCUSSION
RAPD-PCR

Fifteen primers generated 88 bands of different
sizes ranging from 150 to 2500bp out of which 50 bands
were polymorphic resulting in 56.8% polymorphism.
The number of bands per primer ranged from 3 to 10 with
a mean of 5.86 whereas the number of polymorphic bands
ranged between 1 and 10 with a mean of 3.3. Primers OPA-4,
OPC-12 (Fig. 1), OPP-9 (Fig. 2) and OPL-4 (Fig. 3) were
able to uniquely identify the Susc strain from the improved
strain. Primers OPF-1 (Fig. 4) and OPJ-20 produced

Table 2. List of RAPD primers used

No Primer Sequence

1 OPF-1 ACGGATCCTG
2 OPAA-17 GAGCCCGACT
3 OPC-12 TGTCATCCCC
4 OPJ-4 CCGAACACGG
5 OPE-11 GAGTCTCAGG
6 OPP-9 GTGGTCCGCA
7 OPP-14 CCAGCCGAAC
8 OPA-4 AATCGGGCTG
9 OPE-2 GGTGCGGGAA
10 OPL-15 AAGAGAGGGG
11 OPJ-20 AAGCGGCCTC
12 OPI-10 ACAACTGGGG
13 OPC-5 GATGACCGCC
14 OPL-4 GACTGCACAC
15 OPN-4 GACCGACCCA

Fig. 1. RAPD profile obtained from primer OPC-
12 (Lanes: M, 50bp DNA perfect ladder
(Novagen); 1,SuscS strain; 2,Endo; 3,Mono;

4,Fen; 5,MIRS; 6,HTR; 7, MIR-HTRS)

maximum polymorphic bands. Pair wise similarity among
strains calculated based on Jaccard’s similarity coefficient
ranged from 0.61 to 0.91 (Table 3). MIRS and Fen showed
high degree of similarity (0.91) as did MIRS and Endo
(0.89). Contrastingly, Lab and MIRS shared the lowest
similarity value (0.61).

Fig. 2. RAPD profile obtained from primer OPP-9
(Lanes: M, S0bp DNA perfectladder (Novagen);
1,SuscS strain; 2,Endo; 3,Mono; 4,Fen; 5,MIRS;
6,HTR; 7, MIR-HTRS)

Cluster analysis separated the seven strains of
T. chilonis in two groups (Fig. 5). The first group consisted
of only the parental strain while the second group comprised
strains. The second group consisted of two subgroups six
(B & C). Subgroup B consisted of Endo, Fen, MIRS, and
MIR-HTRS while subgroup C consisted of Mono and
HTRS. Mono was grouped along with HTRS in subgroup
C separated from the hybrid MIRS strain. Mono strain was
selected for resistance to monocrotophos, a potent inhibitor
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of acetylcholine esterase. Owing to the different mode
of action of the pesticide, Mono most likely would have
adopted a unique resistance mechanism dissimilar to the
other strains. PCA clearly indicated that the genetically the
improved strain was closely related and separated from the
parental strain (Fig. 6).

The outcome of the study clearly suggests that artificial
selection of 7. chilonis for pesticide and high temperature
tolerance has resulted in genetic variation. During artificial
selection it is expected that candidates with advantage of
genetic bias will be selected and this overtime of selection
would result in a homozygous population imbibing the
desired characters. Homogeneity (61-66%) among the
parental and artificially selected strains can be considered
significant in such an extensively carried out artificial
selection and hybridization programme, a part of genetic
improvement strategy.

M

——
S
—
—— -
——
- ——
| —
- ——
——
-
-
—_—

Fig. 3. RAPD profile obtained from primer OPL-4
(Lanes: M, 50bp DNA perfect ladder (Novagen);
1,SuscS strain; 2,Endo; 3,Mono; 4,Fen; 5,MIRS;
6,HTR; 7, MIR-HTRS)

Low polymorphism observed in field populations of
Meloidogyne nematode was due to parthenogenesis (Cenis
1993). Similar type of genetic divergence was observed
in populations of the egg parasitoid Telenomus podisi
collected from soybean field in Brazil (Aljnabi ef al., 1998).
Low variation in RAPD-PCR pattern was associated to
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Fig. 4. RAPD profile obtained from primer OPF-1
(Lanes: M, S0bp DNA perfect ladder (Novagen);
1,SuscS strain; 2,Endo; 3,Mono; 4,Fen; 5,MIRS;
6,HTR; 7, MIR-HTRS)

Table 3. Jaccard’s similarity coefficient showing variation among 7 strains of 7. chilonis

Strains SuscS Endo Mono Fen MIRS HTR MIR - HTRS
SuscS 1
Endo 0.6625 1
Mono 0.6410256 0.7763158 1
Fen 0.6511628 0.8860759 0.8 1
MIRS 0.6117647 0.8947368 0.8051948 0.9125 1
HTR 0.6363636 0.75 0.8028169 0.775 0.75641
MIR-HTRS 0.626506 0.8441558 0.7792208 0.8641975 0.8481 0.8 1

SuscS =susceptible strain; Endo = endosulfan resistant strain; Mono = monocrotophos resistant strain; Fen = fenvalerate
resistant strain; MIRS = multiple insecticide resistant strain; HTR = temperature resistant strain; MIR-HTRS = multiple
insecticide and temperature resistant strain

356



Genetic variation in artificially selected strains Trichogramma chilonis using RAPD analysis

SuscS
Endo

Fen

MIRS
———MIR-HTRS

Mono

HTR

091

A T
Coefficient

064

Fig. 5. UPGMA dendrogram based on Jaccard’s
similarity coefficient

the pseudo arrhenotoky nature in populations of Fuseius
finlandicus (Y1i-Mattila et al., 2000). In our study, the Endo
strain, which was selected for 341 generations, resulted in
15-foldresistance governed by incomplete dominance (Jalali
et al., 2006a). This suggests the involvement of few alleles
for tolerance to endosulfan. During artificial selection these
alleles would have been selected and continuous inbreeding
would have resulted in a more homogeneous population.

Limited amount of genetic variation in the present
study could be due to gene flow in a small population.
Laboratory rearing of natural enemies also contributes to
low genetic variation.

MIRS

HTR

Fig. 6. Distribution of seven strains of 7. chilonis along
first three principal coordinate axes
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The strains derived from Endo showed high
homogeneity (75-89%) when compared to SuscS strain
(61-66%). This can be explained by shorter duration of
selection pressure (81 generations) imposed on the Endo
strain. Interestingly, the HTR strain also showed high
homogeneity though the parental strain was SuscS. RAPD-
PCR is an appropriate tool to study small insects for which
very less genetic information is available requiring less
amount of DNA (Hoy 1994). RAPD-PCR tool is rather
unexploited in studying genetic variation in natural enemies.
RAPD markers are dominant and heterozygous individuals
are not detected usually. Hence, in the present study genetic
variability between the parent and artificially selected
strains of 7. chilonis was analyzed using phenetic distance
measure (Jaccard’s coefficient). RAPD marker was useful
in assessing the variation in the population of 7 evanescens
(Vanlergerghe-Masutti, 1994). In studies elsewhere, RAPD-
PCR was used as a diagnostic tool to differentiate the
susceptible and propargite-resistant strains of Tetranychus
urticae (Shah et al., 2002). The RAPD-PCR technique can
also be extended to develop a more reliable strain-specific
marker, which will be helpful in monitoring the dispersal
rates of the artificially selected strains of 7. chilonis.

ACKNOWLEDGEMENTS

The author is thankful to Dr R. J. Rabindra, Director,
National Bureau of Agriculturally Important Insects, for
providing the facilities to carry out the work, Mysore
University for permitting him to register for Ph. D. and to
Department of Biotechnology, New Delhi, for the financial
assistance to carry out this work through project no. BT/PR
5041/AGR /05 /260 /2004. Authors are thankful to Dr. S. K.
Jalali for his guidance and valuable inputs.

REFERENCES

Aljanabi, S. M., Loicacano, M. S., Lourenco, R. T., Borges,
M. and Tigano, M. S. 1998. RAPD analysis
revealing polymorphism in egg parasitoid of
soybean stink bugs (Hemiptera: Pentatomidae).
Anais da Sociedade FEntomoldgica do Brasil,
27: 413-420.

Ashok Kumar, G., Jalali, S. K., Venkatesan, T., Nagesh,
M. and Lalitha, Y. 2008. Genetic improvement
of egg parasitoid Trichogramma chilonis Ishii for
combined tolerance to multiple insecticides and
high temperature. Journal of Biological Control,
22: 347-356.

Buso, G. S. C., Rangel, P. H. and Ferrira, M. E. 1998.
Analysis of genetic variability of South American
wild rice populations (Oryza glumaepatula) with



ASHOK KUMAR et al.

isozymes and RAPD markers. Molecular Ecology,
7:107-117.

Cenis, J. L. 1993. Indentification of four major Meloidogyne
spp. by random amplified polymorphic DNA
(RAPD-PCR). Phytopathology, 83: 76-78.

Dawson, I. K., Chalmers, K. J., Waugh, R. and Powell, W.
1993. Detection and analysis of genetic variation
in Hordeum spontaneum populations from Israel
using RAPD markers. Molecular Ecology, 2: 151—
159.

Edwards, O. R. and Hoy, M. A. 1995. Random amplified
polymorphic DNA markers to monitor laboratory-
selected, pesticide resistant Trioxys pallidus
(Hymenoptera: Aphidiidae) after release into
three California walnut orchards. Environmental
Entomology, 24: 487-496.

M. A. 1994. Insect Molecular Genetics: An
introduction to principles and applications, 2™
edition. Academic Press.

Hoy,

Hsiao, J. Y. and Lee, S. M. 1999. Genetic diversity and
microgeographic differentiation of Yushan cane
(Yushania niitakayamensis; Poaceae) in Taiwan.
Molecular Ecology, 8: 263-270.

Huff, D. R., Peakall, R. and Smouse, P. E. 1993. RAPD
variation within and among a natural population
of outcrossing buffalo grass [Buchloé dactyloides
(Nutt.) Engelm.]. Theoretical and Applied
Genetics, 86: 927-934.

Jalali, S.K., Rabindra, R.J., Rao, N.S. and Dasan, C.B.
2003. Mass production of trichogrammatids and
chrysopids. Project Directorate of Biological
Control, Bangalore 560024, Technical Bulletin
No. 33, 16pp.

Jalali, S. K., Singh, S. P., Venkatesan, T., Murthy, K. S.,
and Lalitha, Y. 2006a. Development of endosulfan
tolerant strain of an egg parasitoid Trichogramma
chilonis Ishii (Hymenoptera: Trichogrammatidae).
Indian Journal of Experimental Biology, 44: 584-
590.

Jalali, S. K., Venkatesan, T., Murthy, K. S., Rabindra, R.J.,
Lalitha, Y., Udikeri, S. S., Patil, B. V., Bheemanna,
M., Sreenivas, A. G., Balagurunathan, R. and
Yadav, D. N. 2006b. Field efficacy of multiple
insecticide tolerant strain of Trichogramma

chilonis against American bollworm, Helicoverpa

358

armigera on cotton. Indian Journal of Plant
Protection, 34: 173-180.

Laurent, V., Wajenberg, E., Morgan, B., Schiex, T., Gaspin,
C.and Vanlerberghe-Massuti, L. 1998. A composite
genetic map of parasitoid wasp Trichogramma
brassicae based on RAPD markers. Genetics,
50: 275-282.

Kumar, L. S., Sawant, A. S., Gupta, V. S. and Ranjekar, P.
K. 2001. Genetic variation in Indian populations
of Scirpophaga incertulas as revealed by RAPD-
PCR analysis. Biochemical Genetics, 39: 43-57.

Martin, C., Gonzalez-Bentio, M. E. and Iriondo, J. M. 1997.
Genetic diversity within and among populations
of a threatened species: Erodium paularense Fern.
Gonz & Izco. Molecular Ecology, 6: 813-820.

Pornkulwat, S., Skoda, S. R., Thomas, G. D. and Foster,
J. E. 1998. Random amplified polymorphic DNA
used to identify genetic variation in ecotypes of
the European corn borer (Lepidoptera: Pyralidae).
Annals of the Entomological Society of America,
91:719-725.

Rohlf, F. 1998. NTSYS-pc. Numerical taxonomy and
multivariate analysis system (version 2.02j).
Exeter Software Publishers.

Shah, R., Armstrong, K., Worner, S. P. and Chapman, R.
B. 2002. Investigation of a PCR-based method
for insecticide resistance monitoring. Pakistan
Journal of Biological Sciences, 5: 1070-1073.

Subramanian, S. and Mohankumar, S. 2006. Genetic
variability of the bollworm, Helicoverpa
armigera, occurring on different host plants. 8pp.
Journal of Insect Science, 6: 26.

Vanlerberghe-Masutti F. 1994. Detection of genetic
variability in Trichogramma populations using
molecular markers. Norwegian Journal of
Agricultural Sciences, 16: 171-176.

Whitten, M. J. and Hoy, M. A. 1999. Enhanced biological
control through pesticide selectivity, pp. 271-296.
In: Fisher T., Bellows, T. S., Caltagirone, L. E.,
Dahlsten, D. L., Huffaker, C. and Gordh, G. (Eds.).
Handbook of Biological Control, Academic Press.

Williams, C. L., Goldson, S. L., Baird, D. B. and Bullock,
D. W. 1994. Geographical origin of an introduced
insect pest, Listronotus bonariensis (Kuschell),



Genetic variation in artificially selected strains Trichogramma chilonis using RAPD analysis

determined by RAPD analysis. Heredity,
72:412-419.
Yli-Mattila, T., Paavanen-Huhtala, S., Fenton,

B. and Tuovinen, T. 2000. Species and
strain identification of the predatory mite
Euseius  finlandicus by RAPD-PCR and
ITS Sequences. Experimental and Applied

Acarology, 24: 863-880.
Zhao, G. F., Felber, F. and Kuepfer, P. 2000. Subpopulation

differentiation  of  Anthoxanthum  alpinum
(Poaceae) along an altitudinal  gradient
detected by random amplified polymorphic
DNA. Acta Phytotaxonomica Sinica,
38: 64-70.

(Received: 09.05.2008; Revised: 18.04.2009; Accepted: 08.05.2009)

359



