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ABSTRACT

Amrasca biguttulg biguttula (Ishida), the cotton leafhopper, s @ polyphagous insect pest of Asia and
Southeast Asian countrics. We sequenced a mitochondrial COI gene fragment from 67 individuals of
cotton leafhopper collected from 7 major cotton growing states of Morth, Central, and South India
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Genetic divergence analysis of leaf hopper population across India confirmed the presence of single

spedes. Thirty haplotypes, in total, were determined across different regions of India. While population
from North India was dominated by single haplotype, the south and central Indian populations show
dispersion of different haplotypes across the region. The neutrality test rejection for the north Indian
population also suggests population expansion. The genetic differentiation and gene flow analysis
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together confirmed the phylogeographic structure of the A, biguttula biguttufa Ishida as isolated by

distance.

Introduction

The cotton leafhopper, A biguttulo  biguttulo  (Ishida)
(Homoptera: Cicadellidae) is a sap-feeding insect pest of cot-
ton in India, Pakistan, Bangladesh, China, and North Africa.
Cultivation of leafhopper susceptible hybrids and reduction in
conventional insecticide applications on Bt cotton, in addition
to insecticide resistance were assumed to be reasons for
higher incidence of leafhoppers on cotton (Kranthi et al
2009; Prabhakar et al. 2011). Both adults and nymphs suck
the sap from leaves and inject toxic saliva resulting in
‘hopper bum’ symptoms, which ultimately result in the loss
of plant vigour and significant yield losses. A. biguttuls bigut-
tulz found on cotton was known to be a pest of vegetative
stage but in recent years it has been occurring throughout
the crop growth phase, causing significant yield losses. The
occurrence of leaf hoppers on Bt cotton (Raja et al. 2007;
Kalkal et al. 2009; Murugesan & Kavitha 2010) and yield
reduction due to this pest alone has been reported up to
50% (Atakan 2009). Substantial misuse of insecticides against
the cotton leaf hopper resulted in the development of resist-
ance in leathoppers against organophosphates (Rajwinder &
Kang 2015) and neonicotinoids (Shreevani et al. 2013).
Cicadellids are one of the most diverse families of terres-
trial organisms, comprising over 25,000 described species
of sap sucking insects (Dietrich et al. 1997). Among several
species of leafhoppers, the cotton leafhopper A biguttula

biguttulz (Ishida), (Hemiptera: Cicadellidae) is the dominant
species on cotton in india. Populations of cotton leafhopper,
A. biguttula biguttula (Ishida) from different geographical loca-
tions of India were found to be morphologically similar.
Molecular phylogenetic analysis to ascertain the genetic dif-
ference in leathopper populations from major cotton-growing
regions of the India will pave the way and assist in designing
optimal control strategies. Mitochondrial DNA  (mtDMA)
markers are powerful tools to assess gene flow and genetic
differentiation between the species of a given population
(Folmer et al. 1994). It is widely used to reveal the phylogen-
etic relationships of insects, particularly when morphological
differentiation of populations is difficult (Simon et al. 1994).
Analysis carried by researchers on animal groups showed
mitochondrial DNA (mtDNA) as a most conserved region
{Lunt et al. 1996) and it carries the footprints of the evolu-
tionary relationships of insects (Simon et al 1994)
Mitochondrial cytochrome oxidase | (COl) {Hebert et al. 2003;
Smith 2005) gene has been used successfully for phylogen-
etic analysis in leafhoppers belonging to genus Flexamia
{Dietrich et al. 1997) Empoasca, Jocobiasca (Fu et al. 2014),
and Dafbulus (Palomera et al. 2012).

Documentation of the information on the nature and
extent of genetic variation, gene flow and genetic differenti-
ation of populations of cotton leaf hopper depicted by
molecular tools is scanty (Sagar et al. 2014). Hence, the study
was carried out using mitochondrial DNA cytochrome oxidase
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| (COl) region to elucidate the genetic diversity and phylogeo-
graphic structure of leafhopper populations from seven major
cotton growing states covering eighteen major cotton grow-
ing districts of India. The current study aimed to determine
the intraspecific genetic diversity of A biguttula biguttula and
evaluate the extent and nature of genetic variation in leaf
hopper populations in India. Sixty-seven samples of A bigut-
tula biguttulo (lshida) were collected on cotton. Sequences of
mtCOl gene were amplified, sequenced, analysed, and the
genetic variation was eluddated in the selected populations.

Material and methods
Cotton leafhopper collection

Leafhopper nymphs (largely 2nd instar) were sampled on cot-
ton, from seven major cotton growing states of North, Central,
and South India covering 18 major cotton growing districts
(Table 1 and Figure 1). All samples were collected in 95% etha-
nol and stored at 4°C.

DNA isolation

Single insect was crushed in 50 pl of ice cold homogenization
buffer. Lysis buffer (20ul) was added and kept at room tem-
perature for 5-10min. Samples were incubated at 65°C for
30min. RANase (Sul) was added and again incubated for
20min. at 37°C. Potassium acetate (20ul) was added and
incubated at 4 °C for 30 min. All the samples were centrifuged
and 100pl of phenol: chloroform: iscamyl alcohol (25:24:1)
mixture was added to the supematant and then again centri-
fuged. The agueous phase was removed and added to 100 ul
of ice cold isopropanol; and incubated overnight at —-20°C.
Samples were centrifuged and the pellet was washed with

Table 1. Collection sites of leal hopper nymphal populations.

70% ethanol. Supematant was discarded after centrifugation,
pellet was air dried and dissolved in 50l of TE buffer. All the
centrifugation steps were carried out at 12,000 rpm at 4 °C for
10 min.

Amplification of cytochrome oxidase | (COI) gene and
sequencing

The primers for amplification of partial COl region were
designed (Folmer et al. 1994): forward primer: 5'-GCT CAA CAA
ATC ATA AAG ATA TTG G-3' and reverse primer: 5'-TAA ACT
TCA GGG TGA CCA AAA AAT CA-3. PCR amplifications were
performed in a 25 pl reaction mixture containing 1 pl of DNA
sample, 1X PCR buffer (10mM Tris-HO buffer, 50mM KCI and
2% gelatin), 2 mM MgCl,, 0.1 mM of each ANTP and 10 pmoles
of each primer and 1U of Tag polymerase {Genei™). The PCR
amplification programme was as follows: 94 °C for 2min, 94°C
for 45s, 508 °C for 455, 72°C for 1.5min (38 cycles) with final
extension at 72°C for 10min. PCR-amplified products were
subjected to 1.2% agarose gel electrophoresis and stained in
ethidium bromide. The expected size of the bands on the
agarose gel were ewcised and purified with OlAquick Gel
Extraction kit {Qiagenmj. Gel-purified samples were sequenced
{both strands) through custom-sequencing service of M/S
Merck Specialties Private Limited (Merck Genei'™) (Bengaluru
India} using CO| forward and reverse primer on automated
ABl PRISM 3100 Genetic Analyzer (Applied Biosystemns) Bio edit
¥7.1.9. The sequences were edited using Bio edit

Genetic divergence, genetic differentiation, gene flow stud-
ies, and neutrality tests

Haplotype diversity (Hd), nudeotide diversity (pi), poly-
morphic sites, number of haplotypes, haplotype group,

Latitude (degrees minutes Longitude (degrees

Haplotype Accession

State Sample code District saconds) minutes seconds) number
North India
Rajasthan [RI} 561,3.67,11,15, 17, 20, Shriganganagar (5G] 29 55 0 N 530" E EXE13747-KX813755,
26,28,30,32 33 5Gd11, 56412, FXE13777-KX813779
S5Gdi3
RI-HGI2 Hanumangarh {H&E) 293V 0" N T4+ 19 0E EXE13776
Punjab (FB) PE-BT38,ET46,BT48 BT49.BT50 BT52. Bhatinda (ET) 3= 1N 75 0r E EXB13760-KX813772
BT54, 8167 BT76,BET78, BT80,BTE4,
BTG
FE107 Faridkot. {FK) 30" 40 0" N T4 450" E KXE13773
M512 Mansa (M5) ¥ 5 07 N IR OE EXB137a2
FAI13.FI14 Fazilka district (FZ) 30 24" 0" N M YOE EXE13780, KXB13TE1
Haryana (HR) FB12FB14 Fatehabad [FE) 310N 5 OTE EXB13774-KX813775
5511,5512,5513 Sirsa (55) 29" 32'¢" N S1V0E FXE13783-KX813785
Central India
Gujarat (&} suD Surat [(5U) 20" 58' 0" N TSy 0" E KXE13742
VDUVDL Vadodara (VDY ol ol TF1X0°E EXE13743, KXBI3T44
REOD Rajkot (RE] 2 18 0" N To 4T D" E EXE13745
BHT Bharuch (BH) "4 0" N T SE 0" E EXB13746
Maharashtra {MH) YM7, YM3 Yavatmal (YM) 0" 24" 0" N I EOE EXE13740-KX813741
M4, NGS5 Nagpur (NG} 21" 0" N 6 0"E EXB13738-Kx813739
South India
Tolangana (TA)  AB4, ABS, ARG, AT, AE1D Adiabad [AB) 19° 40° 0" N I 3IXOE EXBE13719-Kx813733
AB1, B5, BG, B9, BID
O, O3, 04, 05
Karmataka (KA) DWI12 Dharwad (OW) 15" 28' 0" N S1T0E EXE13734
GE2 Gutbarga [GB) 17 200" N 76" 50 0" E EXB13735
RO RC32 Raichur [RC) 16" 12 0" N THEXOE EXE13736-KX813737
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Figure 1. Locations of insect collection.
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genetic differentiation (Fgp), and gene flow {(Nm) values were
obtained from the tests performed using DnaSP 5.1 software
(Librado & Rozas 2009). Tajima's D (Tajima 1989), Fu and Li's
D* and F*, and Tajima's D tests of neutrality were also per-
formed using DnaSP 5.1 software to detect the range of
population expansions. The levels of genetic differentiation
can be categorized as Fsr 025 (great differentiation),
0.15-0.25 {moderate differentiation), and F;, 0.05 (negligible
differentiation) (Wright 1978). The levels of gene flow can be
categorized as Nm 1 (high gene flow), 025-0.99 (intermedi-
ate gene flow), and Nm 025 (low gene flow) (Govindaraju
1989). AMOVA and pairwise For values for the mtDNA data
set was caloulated using Arlequin version 3.0 (Excoffier et al
1992, 2005). Genetic distance (Fo) values from the above and
geographic distance representing selected population groups
such as those from Adilabad for Telangana, Dharwad for
Karnataka, populations of South India, Magpur and Bharuch
for Maharashtra and Gujarat states of Central India, respect-
ively, Sringanganagar, Bhatinda and Sirsa representing
Rajasthan, Punjab and Haryana of North India were used and
the Mantel test for isolation-by-distance was executed using
Isolation by Distance Web Service version 3.14 {1000 random-
izations) {Jensen et al. 2005).

Molecular diversity and phylogenetic analysis

The phylogenetic analysis based on the maximum likelihood
(ML) method was performed using MEGAS (Tamura et al.
2013) to investigate the degree of consistency of mutation
patterns in different regions. In these analyses, the nucleotide
substitution for each region was selected using the
Tamura—-Nei model. The starting tree for ML was obtained via
default neighbour-joining method, and used for the ML heur-
istic method with very strong branch swap filter search. The
refliability of branches was assessed by 1000 bootstrap
replications.

Results
Haplotype and nucleotide diversity

The length of good quality sequence of COl fragment was
487 bp. After alignment of all the sequences, no insertions or
deletions were found. Alignment also revealed 24 nucdleotide
polymorphic sites. There were 14 parsimony informative sites
and 10 singleton wvariable sites. Haplotype diversity and
nucleotide diversity among the populations ranged from
0561 to 0.965, and 0.00218 to 0.00719, respectively. The lev-
els of haplotype and nucleotide diversity are found to be in
ascending order for leaf hopper populations of North, Central
and South India. The mean haplotype diversity (Hd) and
nucleotide diversity (Pi} of COl were 0.786 and 0.00632,

respectively (Table 2).

Haplotypes

Thirty haplotypes were detected in 67 samples. Haplotype
ABB12 was observed to be the dominant one shared by 31
sequences represented by samples from 26 locations of three

northern states of India, four locations of Central India, and
one location of South India, whereas the haplotype ABE2Z was
shared by 3 samples from South. Out of 30 haplotypes, 25
were found to be unigue haplotypes covering south (9), cen-
tral (3) and Morth (13) Indian leaf hopper populations. Three
haplotypes (ABES, 10, and13) from south India and one
haplotype (ABE16) from central India was represented by two
samples (Table 3). Among the changes found in different
haplotypes, the transitional changes were high in number
(7=T «+ C, 1M =A ++ G) while there were only & transver-
sions (3=A «— C 2=T ++ G, 1=G ++ ) (Figure 2).
Polymorphic sites analyzed for nucleotide position in codon,
identified most changes (12) at the 3rd nucleotide position in
codon followed by 8 changes at the 2nd nucleotide position
and least at 1st codon position with 4 changes.

Genetic divergence

In Morth India, genetic divergence among RJ, HR, and PB cot-
ton leaf hopper populations varied from 0.0% to 0.4%, 1.2%,
and 1.0%, respectively. Divergence range of 0.0% to 0.8% and
1.5% was noticed for populations represented from TA and
KA states of Southemn India, while it was 0.0% to 1.2% and
1.5% for MH and GJ from Central India. Overall, genetic diver-
gence for 67 samples from seven states of India showed dose
relationships with less than 1.9% divergence and the mean
values were less than 0.7%.

Geographical structure

Genetic differentiation estimates of F5; between geographic-
ally distinct populations of A biguttulo biguttula ranged from
0.0089 to 0.8429. Pairwise Fop values between the 12 out of
21 populations comparison were found significant (Table 4).

Table 2. Haplotype and nudeotide diversity of cotton leaf hopper populations
in India

Location No. of sequences K Hd Pi Haplotype S
Morth ndia 19 1.062 0561 OQDODZIE 14 15
Rajasthan (R) 17 0470 0426 0UDDDST 5 4
Fumjab (F8) 7 1161 05669 OD0239 8 9
Haryana {HR) 5 1600 0700 OuDD534 3 G
Central India 9 3500 0806 000719 5 7
Maharashira (MH) 4 3833 0833 O0QDOTET 3 1]
Gugjarat @) 5 1800 0700 OQOOFED 3 7
South India 19 2924 0965 0QuDDGEDD 14 9
Telangana (TA) 15 1895 0961 000595 12 9
Eamnataka (KA} 4 2666 0833 0QODD548 3 5
Al &7 3072 0786 00DGIT 30

Table 3. Genetic differentiation (Fe-values) between populations of A bigut
tula biguttula (shida) from India based on mtCOl region or AMOVA haplotype
Fep results for pairwise population comparison.

TA KA MH Gl Rl PB HR
TA 000000

KA 006640 000000

MH 007083 003704  0.00000

Gl 0.12BD6° 021991 017414 000000

RIOG2511Y 084297 " (062534 " D39653  C.00000

PEOS7473 " 075556 " 050406 ° 028680 ° 000893  0.D000D

HR 049242 " 0G1EB9 "  031945° DI5789 0215377 009001 000000

TA: Telangana; KA: Kammataka; MH: Maharashira; G Gujrat; At Rajasthan; PB:
Pumjaby; HR: Haryana.
50001 < p = 007; 2001 < p< 0O5



The highest pairwise Fgp value was found between the south
and north Indian populations that were geographically diver-
gent from one another (Table 4). Leaf hopper populations of

107

Ganalic Distance
o
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o

=08

1.0 + 1 1 f + $ +

1.0 1.5 2.2 2.8 34 4.0
Geographic Distance {Log)

Figure 2. MANTEL TEST for matrix correlation between genetic distance and log
(geographic distance): r = 006433; p < 00010,

Table 4. Gene fiow (Nm) between populations of A biguttids biguttula (ishida)
from Indiz based on mtCOl region.

Population 1 Population 2 Mm Gene flow
TA KA 317 High

TA MH L3 High

TA 1] 252 High

TA Rl 016 Lowws

TA ra 0.20 Low

TA HR 026 Intermediate
EA MH 6.50 High

EA Gl 0.84 Intermediata
EA Rl 0.09 Liowwy

EA PB oan Ly

EA HH 0.5 Liovew

MH Gl —1.568 il

MH Rl 040 Intermediate
MH PB 047 Intermediata
MH HR 0.56 Intermediate
Gl Rl 1.07 High

5] rB 1.28 High

Gl HR 1.33 High

Rl rB 175 High

Rl HR 435 High

5] HR 1279 High

South India North India o7 Livws

Central Indza Morth India 0.55 Intermediate
South India Central India 1.9 High
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TA and KA state of South India showed greater differentiation
in pairwise comparisons with north and central India popula-
tion. Comparison between KA and RJ population of geo-
graphically furthest location showed highest pairwise Fsp
value. Populations of nearest geographical locations depicted
lower painwise Foy value and least differentiation. AMOVA
results showed significant molecular variations (55.09%,
df = 66, p—0.001) within populations which are highly influ-
enced by inter-population differences, (44.91%; df =85,
p—=0001). The COl gene flow (Nm) among different popula-
tions was variable. There was higher gene flow rate found in
southern and central Indian leathopper populations (Nm =1)
while it was low between southern and northern Indian pop-
ulations (Table 5L

Mantel test revealed a significant positive correlation
between the genetic and geographic distances of A. biguttula
biguttulo population collected from different locations across
India (Figure 2). Based on these results, phylogeographic
structure of the A biguttwlo biguttula might be attributed to
genetic isolation by distance (r—0.5433; p < 0.0010).

Demographic history analysis

Tajima’s D test, Fu and Li's D test and Fu and Li's F neutrality
tests were performed to analyze demography history.
MNeutrality tests were rejected for Morth Indian population
with significant negative values (Table 5). All the three neu-
trality test values were negative for populations of Morth
India and significant deviations were observed between RA
and PB populations of north India. Significant negative devia-
tions from zero in populations of Morth India indicate that
there is an excess of rare mutations favouring population
expansion or growth. These results reject the hypothesis of
neutral evolution for cotton leaf hopper population from
Morth India. The central and south Indian leafhopper popula-
tions with positive values showed the sign of bias towards
intermediate frequency but were non-significant. Non-signifi-
cant negative values were observed for population of KA
{South India).

Phylogenetic analysis

The phylogenetic tree for COl haplotype was constructed
using Empoasca vitis as an outgroup. The phylogenetic tree
for COIl gene resulted in two distinct haplotype dusters, one
clade represented by leafhopper populations of North India,
with populations of South India in another dade. Leafhopper
populations from Central India were distributed in both the

Table 5. Tajima's D test, Fu and Li's D test and Fu and Li's F for 001 gene in populations of leaf hoppers.

Location Tajima's O Significance Fu and Li's O Significance Fu and Li's F Significance
Morth 232418 o001 —2.89923 *p-< 005 —3.19698 *p< 005
Central 166112 NS, p=0.10 {92083 NS, p =010 120849 NS, p=0.10
South 047277 NS, p =010 0.36472 NS, p =010 045706 NS, p=0.10
Rajasthan (Ri) —1.84308 *n < 005 — 246044 *p < 005 — 263848 *g = 005
Punjab (PB) ~203151 *p < 005 — 253258 *p o 005 —275714 *p < 005
Haryana (HR) —(L66E23 NS, p =010 —066823 NS, p =010 —OUGEZ43 NS, p=0.10
Gujarat (G1) 091278 NS, p =010 091278 NS, p =010 095142 NS, p= 010
Maharashtra (MH) 1.66214 NS, p =010 1.66214 NS, p =010 159765 N5, p=0.10
Telangana (TA) 017251 NS, p =010 0.45322 NS, p =010 0143255 NS, p= 010
Harnataka (KA) —021249 NS, p =010 —0.21249 NS, p =010 — 020080 NS, p=0.10
Al —1.29609 NS, p =010 —1.535032 NS, 010 p== 005 — 202823 N5, 010> p= 005
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Figure 3. Phylogenetic tree of the 30 mtOOl DNA haplotypes in the A biguttulla biguttulln.

clades. Most haplotypes were weakly associated (less than
50% bootstrap support) while nodes connecting branches of
main clusters (52%) obtained marginal support. Haplotype
group ABBZE/ABB29 (84%) was the lone dade that showed
strong assodation with well-supported bootstrap values
(Figure 3).

Discussion

The cotton leaf hopper is a2 key pest of cotton in Indian sub-
continent. It was reported as serious pest of cotton in 1918
from Nagpur India. The occurrence of this pest was recorded
from warious cotton-growing states of India (Fletcher 1920).
Earlier nomenclature described it as Empoasco devastans
Distant. More than two dozen of leaf hopper species belong-
ing to the genus Empoasca are reported to occur in India.
The genus Empoasca has been renamed as Amrasca by

Ghauri (1967). Dworakowska (1970) described the genus as
Sundapteryx and then as Sundopteryx biguttula biguttula
{Ishida). Kapoor and Sohi (1972) renamed it as A biguttulo
bigutula (Ishida). It is also known by other names such as
Amrasca devastans (Dist). and A biguttule (Ishida). Based on
the morphological observations, the species ocourring on cot-
ton across India was reported as single. But, studies to valid-
ate the single species nature of A. biguttulo biguttula spread
across India have not been reported so far.

In the present study, COlbased mean genetic divergence
from 67 samples of leaf hoppers representing seven cotton-
growing states spanning 2000 km of geographical area was
found to be less than 0.7%. The value falls within the limit of
the 2% genetic distance for insect species boundary
(deWaard et al. 2011; Fu et al. 2014), confirming the single
predominant species occurrence on cotton. The results are in
concurrence and comparable with similar studies on plant



leathoppers where intraspecific genetic wvariation of COI
sequence within and among different geographical locations
was reported to be 0-023% and 0.12% for Niloparvata lugens
and Sogatella furcifera (Hemiptera: Delphacidae), respectively.
Smaller genetic distances of 03-1.2%, based on COl,
165rONA and combined sequences among the populations of
E vitis, ). formosanag, and E onukii from Mainland China,
Taiwan, and Japan provided evidence towards the hypothesis
of single species (Fu et al. 2014).

Among the 30 haplotypes identified, haplotype ABB12 was
found to be dominant comprising of 31 samples with major
representation of populations from North India. This suggests
that the Morth Indian population of leafhoppers belong to
one dominant genotype. Variation in the COl gene sequence
showed codon position bias. It has been observed that the
third nucleotide position shows highest variation while the
first base of codon is most stable (Hebert et al. 2003;
Castanhole et al. 2013). Nucleotide variation might be due to
transitions, transversions, indels, additions or deletions. COl
sequence variation of the populations depicted only transi-
tions and transversions. The number of transitions outnum-
bered the transversions and is in concumence with the
evidence that transitional bias or more frequent transitions
are observed during the comparison of closely related taxa
(Brown et al. 1982; Arias & Sheppard 2005).

Comparison of seven geographically distinct population
groups revealed a significant pair-wise genetic differentiation
(Fsy) values between the 12 out of 21 populations. The highest
pairwise F; values were found between populations collected
from locations that were furthest from each other. North
Indian population group is geographically well-separated from
central and south Indian populztions. Higher gene flow (Nm)
value was noticed between the population groups in closer
vicinity and contributes to least genetic differentiation. The
genetic differentiation and gene flow analysis together with
strong positive comelations of Fgp values with geographic dis-
tance from the Mantel test confirms the phylogeographic
structure of the A. biguttulo biguttula Ishida as isolated by dis-
tance. Positive comelation of pairwise estimates of Fop for
mtCOl sequences of 23 populations of Grophocephala atro-
punctata to the geographical distance, endorsed phylogeo-
graphic structure to isolation by distance (Ballman et al. 2011)

Significant negative deviations from zero in the three neu-
trality tests such as Tajima’s D and Fu and Li's D and F test
rejected the hypothesis of neutral evolution for leaf hopper
populations from North India and support population expan-
sion. The South and Central India populations do not show
such pattern. Phylogenetic tree also supports the geographic
separation of populations. The tree shows two different
clades of Morth and South India with the central Indian popu-
lation distributed in both clades.

Population structure of insect species is largely affected by
individual or combinations of environmental and ecological
factors, natural barriers, altemnative host plants, migration, and
human activities (Fairley et al. 2000; Duan et al. 2013).
Insecticide application exerts a strong selection pressure on
insect populations. The intensity of insecticide application
varies in different regions of India. The cotton leafhoppers
from north India are considerably more susceptible to
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neonicotinoids as compared to leafhopper populations from
Central or South India (Kranthi et al. unpublished). The higher
resistance for the neonicotinoids in central and south India
clearly demonstrated variability in the geographic populations
of leafhoppers. The observed variability could also be a resuit
of variation in factors such as cropping patterns, availability of
alternate host plants, insecticide use patterns, cultivation of Bt
hybrids of varying susceptibility and possible genetic variabil-
ity, and different climatic conditions that act individually or in
combination on the target insect.

The genetic diversity analysis study will help to track
dynamic changes occurring in the population and thereby
will assist in the process of designing efficient control strat-
eqgy. The phylogenetic tree for COl gene resulted in two dis-
tinct haplotype clusters of population groups of MNorth and
South India. But, most haplotypes were weakly associated
{less than 50% bootstrap support). A similar result was
reported by Kim et al. (2000) and Li et al. (2006), wherein
most nodes were very weakly supported or unresolved, indi-
cating close phylogenetic relationships among dizmond
backed moth, Plutella xylostefla haplotypes. Further, the popu-
lation-based analysis also indicated that many P. xylostella
populations are genetically similar to each other, with a high
gene flow rate.

We found that North Indian leaf hopper population is sig-
nificantly different with respect to partial COl sequences from
Central and South Indian leaf hopper populations. The gen-
etic differentiation and gene flow analysis together confirmed
the phylo-geographic structure of the A biguttula biguttulo
Ishida as isolated by distance.
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