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Abstract: Genetic diversity in acephate, spinosad and Cry2Ab resistant Plutella xylostella collected from three
states of India was assessed by RAPD markers. The DNA extracted from larvae was subjected to polymerase chain
reaction using 10 RAPD primers. The highest number alleles (7) were produced by primer ABA-13, followed by six
alleles each by primers ABA-2, 7, 8, 11, 14; five alleles each were produced by ABA-4, 9, 10, 12. UPGMA analysis
clustered the acephate, spinosad and Cry2Ab treated P.xylostella populations into two groups with overall similarity
level of 33%, 27% and 34% respectively. Cluster A consisted 11 samples while Cluster B consisted only F; of
acephate and spinosad treated Karnataka population. In Cry2Ab treated population Cluster B comprised 11 samples
and Cluster A had out grouped singly i.e. Fo generation from Karnataka. The genetic variability between the
acephate, spinosad and Cry2Ab treated populations ranged from 33 to 69%, 27 to 56% and 34 to 69% respectively.
Acephate and spinosad treated F; population and Cry2Ab treated F, population from Karnataka were out grouped
from rest of the populations.
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INTRODUCTION allelic differences identified from randomly ampeid

. polymorphic DNA (RAPD) can be used to estimate the
Dlamondbaclf moth (DBI_\/I),PIut_eIIa x_ylostella (L) extent of genetic differences, gene flow patterthimi
(Lepidoptera: Yponomeutidae), is an important pést 4 petween populations (Sile al., 2000). RAPD
cruciferous crops and enjoys worldwide distribution . ih4 relies on the use of short. random DNA msme
(CIE, 1967) inflicting huge croposses each year. amplify genomic DNA between adjacent sites

Loo:«ng at ;rs lversatllltfy_ln rapm_l(ljy evol\gnﬁpasﬁ‘:‘ce complimentary to the primer(s) and thus providing a
to almost all classes ot insecticides and theret s sample of widely distributed sites on the genonte fo

strong genetibasis governing the behaviourRixylogella marking studies (Tayet al., 2008). RAPD analysis

in making it aserious pest on cruciferous crops. Thus, based on PCR is useful in population genetic stuofie
the understanding ofienetic variation of insecticide many insect species (Zhetial., 2000). Though PCR
resistant strains oP. xylostella within and between 'RAPD analysis is protocol—sénsitive it is simpée
geographicafegions will help in managing this insect. - ice and reliable for repeatable banding patter
The high degree of migration, indiscriminate pesticide once identified (Belagt al., 2003). Therefore, the present
application byfarmers and innate ability of the insect study was taken up to quc"mtify the potential (’)bdmment
to quickly deveI(_)presistance to applied_ insecticid_es of resistance to acephate, spinosad and Cry2Aliand
have been _con5|dered gectors resp(_)n3|ble for this generate the molecular association of resistantterpa
pest to attain the status of kg@gst (Sivapragasaet in acephate, spinosad and Cry2Ab resistanyylogtella

al. 1996, Ferre and Van Rie 2002). : e :

’ L X . . using randomly amplified polymorphic DNA (RAPD)
However, the possibility of differential susceplityi primers occurring on different regions of India.
status inP. xylostella due to widespread mixing of

population through migration, a common feature in MATERIALSAND METHODS
this insect (Tanget al., 2006), cannot be over ruled.
Molecular markers are ideal choices for studyingetje
differences among individuals of different regiomke

Insect strains. Experiments for the genetic diversity in
P. xylogtella from three regions of India were conducted
at the Molecular Laboratory, Entomology Division,
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Central Institute of Cotton Research (CICR), Nagpur stored at -20C. The intact genomic DNA was visualized
P. xylostella larvae were collected from Andhra in a 0.8% agarose gel and quantified using a gel
Pradesh, Karnataka and Delhi regions. All the threeelectrophoresis following standard procedures.
populations of Diamondback Moth (DBM) were reared Depending upon the concentration, the DNA samples
under room temperature and the third instar lanfae were diluted with sterile water to get a workindusion

Fo generation were subjected to the calculatedsy C of 20-25 ngjl.

values of the acephate, spinosad and Cry2Ab. ThePrimers used for the RAPD analysis. Ten primers
progeny of the first surviving lot was termed as th of ABA- 2 to 14 series (Table 1) were used to afgpli
generation (P. The third instar larvae of;Fgeneration  genomic DNA of survivals of different generatiog (
were subjected to different concentrations of theto F3) of P. xylostella from three regions. Out of these,
acephate, spinosad and Cry2Ab and the survivdleat those giving satisfactory number of amplification
80.00 % mortality were reared to next generatiof) (F bands were chosen for the study. Polymerase Chain
and thus exposures continued upto three generationReaction (PCR) amplification was carried out with
Thus, all three populations were subjected to selec  25-50 ng of genomic DNA, 1.5 mM Mggc] 0.9 U Taq
pressure at the concentration giving 80.00 % nitytal DNA Polymerase, 10x buffer, 5 pico mole primer and
of acephate, spinosad and Cry2Ab and thus thetiselec 100 mM of each dNTPs. The volume was made upto
was continued up to three generations. From thavsis 25 pl with sterile distilled water. PCR tubes camitag
obtained in each generation, sufficient larvae werethe above components were capped and given a pulse
reared to the next generation and 4-5 larvae werespin to allow proper setting of the reaction migtur
stored in plastic screw cap tubes containing 10@#hal PCR was carried out in Master Cycler Eppendorf
for molecular characterization work. system. Electrophoresis was carried out at 70 \Bfdr
DNA extraction: Genomic DNA was extracted from hours. The resolved amplification products werealized

the larvae ofP. xylostella using SDS- PAGE method under UV light at 302 nm wave length in gel docutausm
(Miller et al., 1988). Larvae used for DNA isolation system (Alpha Innotech Corporation). The illumirhte
were well grounded in 200 pul of ice cold homogeiira  gel was photographed.

buffer using plastic homogenizer in autoclaved 2 mlScoring of bands and statistical analysis: Based on
eppendorf tube. After grinding the larvae then 100 log molecular weight of the co-migrating 100 bp DNA
of lysis buffer was added and kept for 5-10 minwes marker and their migration distances, scatter pleise
room temperature after thorough mixing. The mixture established and trend lines with best fit wereeditt
was incubated at 86 in a water bath for 30 minutes with Based on the mathematical expression of the trend
a constant shaking at every 10 minutes interval andines the molecular weight of the fragment corresliag
was further incubated. 30 ul of potassium acetate w to their migration distances was calculated. Tivigual
added to tubes and was incubated °a@ for 30 min-  DNA bands were scored as present or absent (1/0) in
utes and centrifuged at 12,000 rpm for 10 minutes athe amplification profile of each sample. Only clea
4°C temperature. The aqueous phase was transferred tmnds with good resolution were scored.

a new eppendorf tube with broad tip and 300 ul ofAll the information/results obtained from the above
chilled 100 per cent ethanol was added. were subjected to UPGMA (Unweighted pair group
The tubes were left overnight at %20, and at the end method with arithmetic average) in NTSYS Pc 2 Sarisw

of the period the tubes were centrifuged at 12/@@@  package (Fakruddiet al., 2004). Standard statistical
for 20 minutes at % temperature. The liquid phase procedures to obtain relationships among different
was decanted and pellet was washed with 70 % iceopulations from different regions and the reladiup
cold ethanol and the tubes were spun at 12,000fapm between the individuals of same population corrmdipg to

ten minutes at %C temperature. The liquid phase was acephate, spinosad and Cry2Ab dendrograms were
again decanted and the pellet was kept in vacuien dr obtained from the banding patterns obtained in the
for 10-15 minutes to remove the minor dropletslasi@ol. study.

The pellet of DNA was dissolved in 50 pl of TE

(Tris- EDTA) buffer (pH- 8) and transferred to aril RESULTSAND DISCUSSION

eppendorf tube and stored at°@0 In all the three populations, the primer ABA-13 ejatted
DNA purification: The isolated DNA pellet obtained a maximum number of seven alleles, whereas, ABA-4,
was mixed with 100 pl TE buffer, 5 ul RNAse (1mg/ 9, 10, 12 generated five alleles each, wherealielésa
ml) and was incubated at 3 for one hour. An equal individually were generated in ABA-2, 7, 8, 11, akiBA
volume of chloroform and iso-amyl alcohol (24:1)v/V  -14 primers (Table 2).

was added to the eppendorf tube and mixed by genti@APD profiling of acephate, spinosad and Cry2Ab
swirling for 15 minutes at 25C in centrifuge. The treated strains Both polymorphic, monomorphic
above procedure was repeated once or twice inafase amplicons were produced by all the primers. Mayorit
necessity to purify DNA. The part of DNA sample was of the amplicons are categorized to be polymorphic.
diluted with appropriate amount of sterilized disd Acephate: Primer ABA -02 produced an amplicon of
water to a working concentration of 25 ng/ ul and 750 bp that was specific to untreated populatioalin
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Table1l. RAPD primer names along with their sequences.  Table 2. Polymorphic information of RAPD markers of

S.N. Primer name Primer sequence -
Mark N f Polymor phic alleles
1 ABA-02 TGCCGAGCTG arker 0. O \nhdhra _
name Alleles Pradesh Karnataka  Delhi
2 ABA-04 AATCGGGCTG
ABA-02 6 51 97 66
3 ABA-07 GAAACGGGTG ABA-04 5 70 86 42
4 ABA-08 GTGACGGGTG ABA-07 6 93 77 66
5 ABA-09 GGGTAACGCC ABA-08 6 86 106 7
ABA-09 5 61 71 59
6 ABA-10 GTGATCGCAG ABA10 : 62 o5 )
7 ABA-11 CAATCGCCGT ABA-11 6 75 76 87
8 ABA-12 TCGGCGATAG ABA-12 5 39 57 34
ABA-13 7 85 72 80
9 ABA-13 CAGCACCCAC ABA.14 5 33 54 61
10 ABA-14 TCTGTGCTGG

amplicon of 800bp (Plate 2.) in spinosad treatedigals

gom R, Fi, F, Fsof Andhra Pradesh resistant strain
and the amplicon was wanting in control population
hrevealing that 800bp amplicon in ABA-04 primer
might be linked to the flanking region of a gene
responsible for spinosad resistance Hn xylostella

the three generations and was absent in insecticid
(acephate) treated strains from Andhra Pradeshatiopu

The amplicon was specific only to Andhra Prades
population, and was not present either in Karnataka
Delhi population. The presence of this 750 bp atopli strains from Andhra Pradesh.

in all the generations of untreated strains fronula ST e . .
Pradesh suggests that RAPD marker ABA-02 might beCry2Ab. Likewise in acephate treated resistant strains

: : : : of Andhra Pradesh, primer ABA-02 did generated an
ISIrLle;((a:c;ptt?birilglnlg;lrggx}t:aoggtcjelr}ztc())faiegﬁgtfe.responsmle fo 750 bp amplicon in the untreated control Andhra

Primer ABA-04 generated an 800 bp amplicon in f’ra(ilegh po_pullatl?n, antd was wan:!ng n é:rt);]Z_Ab
acephate resistant strain of Andhra Pradesh papulat reated survivals from g-to F5 generations an IS

whereas, primer ABA-12 produced a 820 bp ampliconinnate amplicon might be linked to flanking regiafs

: : : a gene responsible for susceptibilityRofxylostella to
in acephate treated population of Delhi (Platehese o .
amplicons were absent in their corresponding utdtea Cry2Ab. Similarly primer ABA-12 generated a 820 bp

control strains. This reveals that the RAPD marker"’“ﬁnpllcon in Cry2Ab wreated survivals of Delhi pagsiain,

ABA-04 and ABA-12 might be linked to the flanking and was lacking in contr_ol population _revealingtth_a
region of a gene responsible for acephate resistanc presence of Cry2Ab resistance gene in the flanking

P. xylostella strains from Andhra Pradesh and Delhi region was might be the reason for developing teesis
respectively against Cry2Ab toxin in Delhi population.

; C Qi . Genetic diversity analysis of acephate, spinosad and
Spinosad: Similar to acephate treated strains of Andhra . o .
Pradesh, primer ABA-04 ought generated a specificCryZAb resstant P. xylostella strains :The coeffi-

Table 3. Inter and intra cluster distances of three popaotetiof DBM against acephate.

Fy Fa Fs

FoKN FiKN F,KN Fs KN FoD FD FD FD FAP AP AP AP

Fo KN 1.00
F1KN 0.37 1.00
F, KN 0.40 0.27 1.00
F3 KN 0.56 0.28 0.50 1.00

FoD 0.51 0.31 0.40 0.60 1.00

F.D 0.49 0.29 0.48 0.54 0.58 1.00

F,D 0.37 0.28 0.37 0.46 0.57 068 1.00

FsD 0.40 0.37 0.41 0.38 0.48 0.50 0.52 1.00

Fo AP 0.48 0.30 0.41 0.44 0.55 0.67 048 0.50 1.00

F, AP 0.35 0.31 0.35 0.39 0.54 055 047 045 0.60 1.00

F, AP 0.45 0.35 0.44 0.30 0.41 036 027 0.39 0.42 0.44.00 1
Fs; AP 0.48 0.40 0.47 0.46 0.60 055 054 0.52 0.59 0.54.52 0 1.00

AP- Andhra Pradesh; KN- Karnataka; D- Delhj; F, F, F; generations
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Table 4. Inter and intra cluster distances of three poportetiof DBM against spinosad.

F FR F, F
KN KN KN kn FoD FiD FD FsD  FoAP FiAP FAP  F3AP

Fo KN 1.00

F1 KN 0.20 1.00

F, KN 0.33 0.28 1.00

Fs; KN 0.28 0.25 0.28 1.00

Fo D 0.35 0.17 0.25 0.30 1.00

FiD 050 023 030 029 050 1.00

F. D 038 029 030 021 035 031 1.00

Fs D 037 026 034 033 044 054 041 1.00

Fo AP 040 025 040 032 040 041 0.44 0.55 1.00

Fi1 AP 041 032 017 020 035 0.39 0.42 0.34 0.43 00 1.

F, AP 043 039 026 027 031 047 0.36 0.42 0.45 510. 1.00
F; AP 034 029 038 0.29 0.29 0.25 0.31 0.31 0.30 340. 0.36 1.00

AP- Andhra Pradesh; KN- Karnataka; D- Delhj; F, R, F; generat
Tableb. Inter and intra cluster distances of three popaitetiof DBM against Cry2Ab.

Fo Fy F2
KN KN KN

Fo Fy Fa Fs

KN FD FD FD FRD 2 L 2 3

Fo KN 1.00

F1 KN 0.35 1.00

F, KN 0.43 0.48 1.00

F; KN 0.29 025 0.37 1.00

Fo D 0.38 043 064 0.36 1.00

F.D 0.35 040 051 0.35 0.68 1.00

F,D 0.35 0.40 0.58 0.41 0.55 0.65 1.00

Fs D 0.31 0.40 0.46 0.38 0.64 0.69 054 1.0

Fo AP 036 0.30 0.57 0.37 0.68 0.65 058 053 1.00

F1 AP 020 0.26 0.38 0.30 0.36 039 039 035 038 1.00

F, AP 0.24 030 041 0.30 0.45 0.52 0.45 042 0.44530. 1.00
F; AP 0.38 0.34 0.56 0.38 0.54 051 047 048 0.50430.0.58 1.00

AP- Andhra Pradesh; KN- Karnataka; D- Delhj; F, F, F; generations

cients of variations generated groups in UPGMA among themselves.

analysis for all the survivals treated with acephat Spinosad: Among the twelve test samples of spinosad
spinosad and Cry2Ab fromyFo F; generation of three resistant strains, the maximum similarity of 55%swa
populations are presented in Tables 3, 4 and 5. observed between sEeneration of Delhi and (F
Acephate: Among twelve test samples of acephate generation of Andhra Pradesh population while mimm
resistant strains maximum similarity of 68% was similarity 17% was observed amongdeéneration of
observed between,eneration and Jgeneration of  Karnataka and F generation of Andhra Pradesh
Delhi strain and minimum similarity 27% was observe population and also in;Fgeneration of Karnataka and
between FFand k, of Karnataka strains. Fo generation of Delhi (Table 4).

Dendrogram based on similarity matrix generatechfro Dendrogram, based on similarity matrix generated
UPGMA analysis segregated the strains into twofrom UPGMA analysis segregatedthe samples two
groups, A and B with a common genetic distance ofmain groupsi.e. A and B with a common genetic
0.33, while group B out grouped separately (Fig.1).distance of 0.27 (Fig. 2).The group A included 11
Group A consisted 11 samples including F,, F; samples (k; F,, F; generations of Karnatakag, -, F,
generations of Karnatakas, fF;, F», Fsand all generations  Fxgenerations of Delhi and Andhra Pradesh population)
of Delhi and Andhra Pradesh strains with an overallwith a overall similarity level of 28% and was dieid
similarity level of 42%. (The overall genetic siarity into two sub-groups. Group B with; Fjeneration of
between the three populations treated with acephat&arnataka population out-grouped singly.The overall
was 33 to 69 %). Despite the different geografuations  genetic similarity between the three populatiorated

Fo generation of Delhi,f7Andhra Pradesh and generation  with spinosad was 27 to 56%.

of Karnataka and Andhra Pradesh were groupedCry2Ab: Maximum similarity of 69% was found between
together suggesting that the ancestral generattbns F, and kR generations of Delhi population while
these might have shown variable patterns of migmati minimum similarity of 20% was observed betwean F
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Plate 1. DNA profile of Diamondback moth larvae survivals and controls of acephate treatment from primer ABA-12 (820bp) of
Delhi population.
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Plate 2. DNA profile of Diamondback moth larvae survivals and controls of spinosad treatment from primer ABA-04 (800bp) of
Andhra Pradesh population.

generation of Andhra Pradesh anggé€neration of results depicted the formation of groups by anddar
Karnataka population. The genetic relatedness leetwe based on the geographic locations and their praximi
the three populations treated with Cry2Ab was 20 toexcept for some of the insecticide treated strains.
69% (Table 5). Although the populations (after selection pressure
Dendrogram, based on similarity matrix generatedregarded as resistant strains) collected from riffe
from UPGMA analysis segregated the twelve testgeographical locations some of the strains were
samples of Cry2Ab treated DBM populations into two grouped together. This suggests that the selection
major groups, group A and group B, which shared apressure of the insecticide with same concentration
common genetic distance 0.34. Group A consisting ofmight have responsible for the peculiar behaviathef

Fo generation of Karnataka outstretched as a separatgrain exhibiting the genetic relatedness of tlifedint
group while group B included 11 samplesg (/, Fs populations. High gene flow between the populations
generations of Karnatakay,F, F,, Fsgenerations of as a result of intensive selection pressure cabgot
Delhi and Andhra Pradesh population) (Fig.3).Overal over ruled for perpetuation of particular insecast to
similarity coefficient ranged between 34 to 69%. survive. It also concluded that genetic diversityaiso

In the present study, acephate, spinosad and Cry2Alwered by the extensive use of insecticidgisnilarity
toxin treatedP. xylostella populations showed overall, may be due to large scale migration and inbreedfng
similarity coefficient ranging of 0.30 to 0.70. & DBM resulting in larger genetic dilution and low



224 V. Sunithaet al. / J. Appl. & Nat. Sci. 7 (1) : 219 — 225 (2015)

Ala ‘ o

Al

la b
A Alb |:"’3 F, AP
s F,AP

F,D
A2 7 F, K

F, AP

F K

033 0.2 051 0.60 0.69
Coetticient

Fig. 1. Dendrogram showing diversity of Plutella xyl ostella of three populations with RAPDmarkers against acephate.
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Fig. 2. Dendrogram showing diversity of Plutella xylostella of three populations with RAPD markers against spinosad.
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R., Rallo, L. and Trujillo, I. (2003). Comparativeudy
of the discriminating capacity of RAPD, AFLP and SSR
markers and of their effectiveness in establishing
genetic relationship in oliveTheoretical and Applied

genetic differentiation. Zhoet al. 2000 revealed that
the RAPD analysis of Turkish and Isragdopulations
of Helicoverpa armigera shown low levels of genetic

distance suggesting high genetic flow which isime | Genetics, 107: 736-744.

W|th_the present st_udyLocaI sel_ec_tlon pressures and CIE, (1967). Distribution maps of Pests, Map No.32
barriers could provide for genetic isolation regigtin (Revised), Commonwealth Institute of Entomology,

a high degree of genetic drift (Krumehal., 2008). London, UK.

Presence/absence of topological barriers due t@akruddin, B.S.H. Prakash, K. Krishnareddy, Baykumar,
weather / environmental factors and temporal basrie P.R. Badari Prasad. Patil, B. V. and Kuruvinashetti, S
due to cropping pattern may play a key role inegith ( 2004). Genetic variation of cotton bollworm,
high or low amount of genetic variability among Helicoverpa armigera (Hubner) of South Indian cotton
geographical populations. Diamondback mdiging ecosystem using RAPD marker€urrent Science,
migrative in nature would result in high genetic 87:12.

variability within a population, when separatedghter ~ Ferré, J. and Van Rie, J. (2002). Biochemistry agegcs
the genetic variability, faster is the rate of spec of insect resistance t8acillus thuringiensis. Annual

Review of Entomology 47: 501-533.

evolution and adaption to different environments -
Heckel, D.G., Gahan, C.J. Tabashnik, B.E. and Jmyrido

\r/ieig-lggrg 521 rapid development of resistance tedtisides or W. (1995). Randomly Amplied Polymorphic DNA
: . difference between strains of Diamondback moth

Heckelet al. (1995) also used 117 RAPD primers to (Lepidoptera:Plutellidae) susceptible or resistance

distinguish between resistance and susceptiblénstra Bacillus thuringiensis. Annals of Entomological Society

of DBM and observed that 75 primers produced one or  of America, 88: 531-537.

more bands that were present in either of therstrai Krumm, J.T. Hunt, T.E. Skoda, S.R. Hein, G.L. Lee).D

Williams et al. (1990) reported that RAPD markers are Clark, P.L. Foster, J.E. (2008). Genetic variabitifythe
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scorable bands (ABA-02, ABA-04 and ABA-12) and Miller, S.A. Dykes, D.D. and Polesky.F. (1988). A simple

these strain specific bands which could discringinat salting out procedure for extracting DNA from

between insecticide and susceptible populationes&h human nucleated celldlucleic Acids Research, 16(3):

primers can be used as genetic markers for linkage 1215,
map analysis of DBM. Silva, S.C. Lemos, M.V.F. and Ayala quna, JT @00
RAPD marker use for improving resistance to
Conclusion Helicoverpa zea in corn.Maydica, 45:289-294.
. Sivapragasam, A., Loke, W.H. Hussan, A.K. and L@&0S.
DNA from treated survivals of the acephate treated (1996). The management of diamondback moth and
control population oP.xylostella using RAPD primers other crucifer pest$roceedings of the third international

concluded that ABA-04 primer in Andhra Pradesh workshop, Kualalampur, Malaysia, Pp.353.
population yielded specific allele for resistangaiast  Tang, Q.B. Jiang, J.W. Yan, Y.H, Loon, J.J.A. andng/a
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