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Despite the economic and ecological impact of the
brown planthopper, Nilaparvata lugens infestation as-
sociated with rice cultivation in India, studies on its
genetic structure are lacking. Hence, the present study
was conducted to assess the genetic variability of N.
lugens in India. The study evaluated the diversity in N.
lugens populations using mitochondrial cytochrome
oxidase subunit I gene sequences from India, and com-
pared them with the Bangladesh, China and Japan
populations. In all, 47 unique haplotypes were identified
and the haplotype number varied from 6 to 18 in the
sampled populations. Genetic diversity indices like nu-
cleotide diversity (0.004), average number of nucleo-
tide differences (1.98), haplotype diversity (0.667) and
haplotype number (47) of N. lugens populations from
India revealed a low level of genetic diversity. A highly
significant negative correlation of the demographic
history of N. lugens populations along with no signifi-
cant sum of square deviations indicated possible recent
expansion of the brown planthopper in India. A non-
significant correlation in isolation pattern by distance
results indicated that geographic barriers present in
the country are not sufficient for genetic differentia-
tion among N. lugens from different migratory popula-
tions. In this study, the genetic diversity of N. lugens
populations from India is compared with other Asian
populations.

Keywords: Brown planthopper, genetic variability, migra-
tion pattern, mitochondrial gene sequences, rice cultiva-
tion.

RICE is the most prominent food for millions of people
and plays a vital role in the food security of many nations.
It occupies the second position in the world both in area
and production. Brown planthopper (BPH), Nilaparvata
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lugens (Stal.) is a serious pest of rice and widely dispersed
in most of the rice-growing ecologies®2. This pest is a
monophagous phloem-feeder of rice causing wilting and
hopper burn. The infestation and hopper burn occurrence
lead to yield losses of 70%—-100% (refs 2, 3). Moreover, N.
lugens plays a major role in grassy stunt and ragged stunt
virus transmission to rice plants*. At present, N. lugens in-
festation in rice is reported from almost all major rice-
cultivating states of India. BPH infestation and survivabil-
ity prevail throughout the year in countries like Bangladesh,
Philippines, Vietnam and Southern India, whereas its sur-
vival in the winter months has not been reported in parts
of China, Japan, Korea and northern India®”. Hence the
migration of N. lugens from other parts of India to its
north during the next rice-growing season is the only
mode of regular BPH infestation.

Many Asian countries have reported severe damage
from N. lugens in the last decade®. There are four N. lugens
biotypes present globally, among which biotype 4 is the
most destructive, prevailing in South Asian countries®. N.
lugens is thermophilic in nature and has the tendency of
long-distance migration. The characteristics of quick pro-
liferation combined with strong migration ability makes
this the most dreaded pest in the Indian subcontinent,
where it causes severe yield loss and in some places total
failure as well>3. However, the development of biotypes
against resistant sources is also a major concern for BPH
management. As a result, effective N. lugens management
strategies necessitate a thorough understanding of the bio-
types of the migrant population as well as the level of re-
sistance/susceptibility of rice varieties to biotypesi® 2,
Additionally, a critical aspect for the successful develop-
ment of management strategies for this pest depends on the
knowledge of population structure and genetic variability
between and within populations present in distinct geo-
graphical locations with natural isolation.
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The analysis of mitochondrial DNA-based molecular
markers has been widely used to decipher the intra- and
inter-specific relationships, population structure, non-
recombinant pattern, gene flow, copy numbers, the pattern
of genetic variation, evolution rate, population size and
simple maternal inheritance'®*7. Various mitochondrial
and nuclear genes like mitochondrial cytochrome ¢ oxi-
dase subunit | (COI), internal transcribed spacers (I1TSI),
ITSII and nuclear 12S-16S-18S ribosomal RNA genes
have been widely used as genetic markers to differentiate
intra and inter-species populations!®-8, COl-based genetic
variation was found to have useful information regarding
planthopper evolution®®. Population structure, gene flow
and genetic variation would be helpful in designing and
executing to management programmes of migratory insect
pests on a large scale?°.

Despite the economic and ecological impact of N. lugens
infestation associated with rice cultivation in India, studies
on its population and genetic structure are lacking. Earlier
reports suggest that adaptation differences of planthopper
population among the localities depends on local environ-
mental conditions prevails. In this background, the present
study was conducted to determine the genetic diversity
and population structure of N. lugens in India and compare
them with other Asian populations on the basis of COI
gene sequences.

Material and methods
Collection of N. lugens sample

N. lugens adults were fetched from different locations in
India during 2017-19, which represent different climatic
zones of the country. Sampling sites covered the major
endemic hot spots of N. lugens infestation and rice culti-
vating areas of India'?° (Table 1 and Supplementary Fig-
ure 1). An aspirator was used to collect adult bugs from
the paddy fields of their respective locations. Morphologi-
cal characterization was done according to the standard
method?!. After identification, adults were stored in 95%
ethanol at —20°C for further processing.

DNA extraction

DNA of two hind legs from each identified adult of N.
lugens was extracted using the cetyltrimethyl ammonium
bromide method®". In brief, sterile micro pestle was used
to grind the preserved specimen of N. lugens in 500 ul of
CTAB-solution (2% w/v) and incubated for 1 h at 65°C in
a water bath. Further, 500 pl of 24:1:1 v/v ratio of phe-
nyl : chloroform : isoamyl alcohol (PCI) was mixed and
centrifuged for 10 min at 12,000 rpm, and the aqueous
part was shifted to fresh micro tubes. Pre-chilled isopro-
panol (450 ul) was added to the aqueous phase to precipi-
tate the DNA, stored at —20°C for 15-20 min and then
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centrifuged (4°C) at 12,000 rpm for 14 min. The resultant
DNA pellets were washed three times with ice-cold etha-
nol (70%) for 10 min at 12,000 rpm in a refrigerated cen-
trifuge, dried and re-suspended in 100 ul of Tris-EDTA
buffer. The quantity and quality of the genomic DNA were
determined by NanoDrop-One® (Thermo fisher, USA) and
0.8% agarose gel electrophoresis respectively.

PCR amplification of mitochondrial COI gene

Forward (F) and reverse (R) primers with DNA sequences of
5'-GGTCAACAATCATAAAGATATTGG-3' and 5'-TAA-
ACTTCAGGGTGACCAAAAAATCA-3' respectively, were
used to amplify the targeted mitochondrial gene COI (ref.
22). The thermal conditions used for PCR amplification of
the COI gene were as follows: 3 min initial denaturation at
94°C, followed by 35 cycles of denaturation at 94°C for
45 sec, annealing at 52°C for 45sec and extension for
1 min at 72°C, with a final extension of 5 min at 72°C.
Later, the PCR product was visualized in 2% (w/v) agarose
gel using TAE buffer (40 mM Tris-acetate, 1 mM EDTA).
The amplicon was freeze-dried and custom-sequenced us-
ing same COI primers (Agrigenome Labs Ltd, India). The
sequences were corrected manually and the assembled
unigue sequences were submitted in GenBank with acces-
sion numbers MN560648—-MN560765 and MW750696-
MW750753.

Genetic data analysis

Forward and reverse sequencing results were combined
and the contigs were prepared using the CAP3 sequence
assembly program?. ClustalW in MEGA ver. 10.2.4 soft-
ware was used to align the sequences?*. Dnasp ver. 6.0
was used for unique haplotypes identification®> and again
reconfirmed using ARLEQUIN ver. 3.5 (ref. 26). Further,
descriptive statistics details like nucleotide diversity (x),
haplotype diversity (Hd), number of haplotypes (H) and
average number of nucleotide differences (k) were evalu-
ated using Dnasp ver. 6.0. Non-parametric permutation
method (5000 permutations) was used to determine the
statistical significance level of the derived indices with
ARLEQUIN.

Geographical relationship was established among the
haplotypes by drawing the median joining haplotype net-
work of COIl gene using NETWORK ver. 10.2 (ref. 27).
According to the sampling sites, the major clusters of N.
lugens haplotypes were colour-coded to infer the haplo-
type evolutionary relationships among the populations
across the sampling sites and defined groups. Similarly,
ARLEQUIN ver. 3.5 was used to partition total variance
in the components within and among populations and de-
fined groups employing the analysis of molecular variance
(AMOVA) hierarchical method with 10,000 permutations.
The spatial analysis of molecular variance (SAMOVA)
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Table 1. Genetic diversity indices of Nilaparvata lugens collected from different locations
Country Location Sample number H Hd K+ SD 7+ SD
China Hangzhou (HGZ) 7 3 0.667 0.762 £ 0.629 0.002 £ 0.002
Shanghai (SHG) 3 2 0.667  0.667 £ 0.667 0.002 £ 0.002
Guizhou (GUZ) 2 1 n/c nic nlc
Bangladesh Dhaka (BGD) 3 1 n/c nlc nlc
Japan Ibaraki (JPN) 29 12 0.786  1.308 +0.841 0.003 £ 0.002
India Bengaluru (BKN) 7 1 n/c nlc nlc
Sambalpur (SOD) 10 6 0.778 2.156 + 1.304 0.005 £ 0.003
Chiplima (CPOD) 13 3 0.378  0.800 + 0.628 0.002 £ 0.002
Cuttack (COD) 10 2 0.154  0.154 +0.229 0.001 £ 0.001
Raipur (RCH) 11 3 0.345 0.727 £ 0.585 0.002 £ 0.001
Bilaspur (BCH) 7 2 0.286  0.286 + 0.341 0.001 £ 0.001
Gariaband (GCH) 10 5 0.756  1.667 £ 1.067 0.004 +0.003
Kawardha (KCH) 6 2 0.333  0.333£0.380 0.001 + 0.001
Mungeli (MCH) 12 1 nlc nlc nlc
New Delhi (PND) 10 2 0.400  0.800 + 0.401 0.001 + 0.001
Karnal (KHR) 7 2 0.500 0.857 £ 0.682 0.003 £ 0.002
Ludhiana (LPN) 9 3 0.417  0.400 + 0.403 0.001 + 0.001
Coimbatore (CTN) 18 6 0.718 2.503 £ 1.415 0.005 £ 0.003
Moncompu (MKL) 11 5 0.667 2.756 + 1.592 0.006 + 0.004
Davangere (DKN) 13 7 0.731 6.410 + 3.247 0.014 + 0.008
Shimoga (SKN) 10 3 0.600  0.667 + 0.556 0.001 £ 0.001
Bapatla (BAP) 6 2 0.333  0.333£0.380 0.001 + 0.001

H, Haplotypes number; Hd, Haplotypes diversity; K, Average number of nucleotide difference; 7, Nucleotide diver-

sity; SD, Standard deviation; n/c, Not calculated.

was completed using SAMOVA 1.0 (ref. 28). The SAMOVA
groups formed from 2 to 10 was compared among groups
based on fixation indices with 1000 permutations.

Tajimas’ D and Fu’s Fs were determined for neutrality
among populations and defined groups*2°. DnaSP was
used to calculate the demographic history with the mis-
match distribution method. Further, this analysis (mismatch
distribution) was also used to test the rapid population
expansion model®!. The statistics of the raggedness (Rq)
index of the observed distributions and sum of square de-
viations (SSD) between the observed and the expected
mismatch were also calculated using Arlequin. All param-
eters were tested against the expected values under the
hypothesis of a recent population expansion based on
1000 bootstrap replicates. Kimura two-parameter method
implemented in MEGA software was used to study the
genetic distance among population pairs of N. lugens. Us-
ing Mantel test the relationship between geographic dis-
tance matrices (km in log scale) and genetic distance
(Fs/(1 — Fs)) were calculated to test the isolation-by-
distance (IBD) model®?. Alleles in Space (AIS) was used
for Mantel test analysis with 10,000 randomizations®,
Google Maps Distance Calculator was used to estimate
the geographical distance between each populations pair
(http://www.daftlogic.com/projects-google-maps-distance-
calculator.htm).

To infer asymmetric dispersal and gene flow between
different regions, three regions were defined on the basis
of geographic location of sampling and distance. The de-
fined groups were as follows: South Asia (BGD, BKN,
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SOD, COD, CPOD, RCH, BCH, GCH, KCH, MCH, PND,
KHR, LPN, CTN, MKL, DKN, SKN and BAP), China
(HGZ, SHG and GUZ) and Japan. Estimation of mutation-
scaled active immigration rate for entering and leaving
each region per generation (M; M = m/y, where m is the
migration rate and g is mutation rate per generation) and
mutation-scaled population size (8; = Ney, where Ne is
the effective population size) was done using Bayesian in-
ference applied in Migrate version 3.6.4 (ref. 34). Auton-
omous migrate runs of 20,000,000 generations with
various random start seeds were executed to reach the de-
pendability of the results, with the first 10,000 generations
discarded as burn-in.

Results

Nucleotide information

A total of 214 sequences of N. lugens, including 51 sequences
from NCBI Gen Bank, of other Asian countries were cho-
sen for analysis (Supplementary Table 1). The final length
of the submitted sequence in NCBI Gen Bank was 664
base pairs. Previous and the present study sequences were
aligned, which showed no insertions and deletions (indels).
Nucleotide sequence alignment revealed 64 overall varia-
ble sites. The total variable sites included 28 two-variants
and two three-variants from 30 parsimony informative sites.
A total of 34 singleton sites were observed, among which
31 were two-variants and three singletons were three-vari-
ants.
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Table 2. Genetic diversity and demographic history parameters of N. lugens populations
Group H Hd K T O 6 T Tajima’s D Fu’s Fs SSD
All 47 0.667 1.997 0.0043 0.04863 99999.0 0.8710 -1.29600 —25.314***  0.1060
South Asia 32 0.487 1.808 0.0039 0.0000 99999.0 0.0000 -2.56526*** -—27.749***  (0.2832***
China 4 0.742 1.002 0.0022 0.13184 99999.0 1.1660  0.02173 —19.987***  0.0288
Japan 12 0.786 1.307 0.0028 0.01406 99999.0 1.4472 -1.34449** -28.207*** 0.0058

6y, Effective population size after expansion; &, Effective population size before expansion; z, Population expansion time (million
years); SSD, Sum of square deviation between expected and observed mismatch distribution under a sudden expansion model;

**P <0.01; ***P < 0.001.

Table 3.

Hierarchical analysis of molecular variance (AMOVA) of different populations and groups of N. lugens

Source of variation df Sum of square  Variance components Variation (%)  Fixation index
Two-level
Among population 21 51.69 0.18611 Va 21.50 Osy = 0.21501*
Within population 192 130.45 0.67946 Vb 78.50
Three-level
Among groups 1 27.60 0.50515 Va 40.58 Ocr = 0.40581*
Among populations within groups 20 24.09 0.06017 Vb 4.83 Dgc = 0.08135**
Within populations 192 130.48 0.67946 Vc 54.58 Dgr = 0.45415**

df, Degree of freedom; **P < 0.001; *P < 0.05.
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Figure 1. Number of groups defined with respect to fixation indices by
SAMOVA analysis.

Population genetic diversity

Genetic diversity analysis of the sequences revealed 47
haplotypes identified from all the studied populations of
N. lugens (Tables 1 and 2). Only 4 out of 47 haplotypes
were common with at least two N. lugens populations and
the remaining 43 were unique to single population as pri-
vate haplotypes (Supplementary Table 2). Haplotype H13
was the most shared/common that comprises 134 individ-
uals and accounted for 79.76% of all populations, except
the Japanese populations of N. lugens.

Tables 1 and 2 present descriptive genetic diversity
analysis results. Genetic diversity indices like haplotype
diversity (Hd), average number of nucleotide diversity (k)
and nucleotide diversity (z) varied from 0.154 to 0.778,
0.154 to 6.410 and 0.001 to 0.014 respectively. The result
indicated that low values of genetic diversity (Hd < 0.5;
7<0.5%) among N. lugens populations in the northern
Indian states (New Delhi (PND) and Ludhiana, Punjab

464

(LPN); whereas those in the southern (Coimbatore, Tamil
Nadu (CTN); Davanagere, Karnataka (DKN) and Mon-
compu, Kerala (MKL)) and eastern (Sambalpur, Odisha
(SOD) and Gariyaband, Chhattisgarh (GCH)) Indian states
showed relatively high values of genetic diversity (Hd >
0.5; 7> 0.5%). Low values of x and high values of Hd
were reported among the China (HGZ, SHG); Japan; Kar-
nal, Haryana (KHR) and Shivamogga, Karnataka (SKN)
populations. Overall, N. lugens populations across all the
region included in the study had high values of Hd (0.667)
and low values of 7 (0.0043).

Molecular variance hierarchical analysis and test to
group definition

AMOVA revealed that most genetic variations were intra-
population (78.50 at P <0.001) than inter-population
(21.50 at P < 0.001; Table 3). Significant genetic structure
was observed among the populations (®st=0.21501,
P < 0.05). SAMOVA supported two-group structure with
peak of Fcr at K =2 (Figure 1). The three-level AMOVA
showed significant structure between two groups (®cr =
0.40581, P < 0.05) with 40.58% genetic variation (Table 3).

Genetic structure

Pairwise population fixation index (Fs) of N. lugens was
highest (0.297) for four populations, of which two were
from India (Bengaluru and Mungeli), and one each from
Bangladesh (BGD) and China (Guangzhou). After Bonfer-
roni correction, pairwise Fg test among 22 populations ex-
hibited significant differences in 62 out of 214 pairwise
comparisons. Pairwise difference of all the studies showed
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Figure 2.

Median-joining network of mtDNA haplotypes of Nilaparvata lugens. a, b, Haplotype network with the

median-joining of (a) grouped population and (b) individual population of different countries. Each circle represents a
haplotype, and haplotype frequency is denoted by the diameter of the circles. Colours represent the geographic origin
of specimens and size indicates the proportion of individuals sampled in different populations within the study area.

Median vectors are represented by small red squares.

that the Japanese populations differed significantly from all
other Asian populations, including the Indian populations
(Table 4). Except the Japanese population, other Asian N.
lugens populations had non-significant pairwise Fs values.

The median-joining (MJ) network was constructed
among the haplotypes and two groups were formed (Figure
2a and b). One group was the clustering of South Asia
and China populations (pink and light green; Figure 2 a),
which consisted of a large number of exclusive haplotypes
and few common haplotypes. H13 was the most common
and original/ancestral haplotype found in N. lugens popu-
lations of the Indian and China populations. Other major
haplotypes identified were H1 and H17, which were con-
nected through several mutational steps to widely distrib-
uted haplotypes. The MJ network also showed that the
Japanese population formed a separate group of haplo-
types (H1-H12) which connected to the Chinese popula-
tion through several mutational steps.

Mantel test was performed predict the isolation pattern
by distance, and results revealed a significant positive cor-
relation between pairwise genetic and geographic distances
of the N. lugens populations studied (r = 0.412 at P < 0.05).
The findings suggest that the populations of N. lugens in
the studied locations may either have reached equilibrium
between migration and genetic drift, or geographic barriers
are sufficient for genetic differentiation among N. lugens
from different populations.

Demographic history and gene flow

To identify any deviation from neutrality, Tajima’s D and
Fu’s Fs tests were performed using sequence variance in
defined groups and all populations. Fu’s Fs values for the
defined groups and all the populations were found signifi-
cantly negative. When two groups were defined, Tajima’s
D values were significantly negative for the South Asian
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and Japanese groups, but was not significant in the Chi-
nese group (Table 2). When all samples were considered as
one group, neutrality tests (Fu’s Fs and Tajima’s D) were
statistically significant with insignificant SSD values, deno-
ting N. lugens had undergone recent demographic expansion
(Table 2). The mismatch distribution plots were left-skewed
unimodel mismatch distributions, suggesting that N. lugens
populations were undergoing population expansion (Fig-
ure 3). Non-significant SSD values with relatively small Ry
values also supported the neutrality tests of sudden popu-
lation expansion (Figure 3). The neutrality test values of
South Asia indicate that of the N. lugens populations ex-
perienced recent demographic expansion and are still un-
dergoing expansion.

Population expansion time (z) in the groups varied from
0.00 to 1.44727. The difference in effective population
size before (& = 0.000-0.13184) and after (& = 9999.000)
expansion indicate large population growth of N. lugens
(Table 3). When three formed population groups were ana-
lysed, effective population size (6) estimates were constantly
low and to the tune of 0.00072 for China to 0.08172 for
South Asia which denoted scant gene flows (x M) among
three regions (Figure 4). Further, estimates of migration rate
between regions were relatively low and somewnhat bi-
directional from South Asia to China and China to Japan,
which ranged from 0.00 to 848.7 (Figure 4). The MJ net-
work analyses also demonstrate that the Japan haplotypes
were separate from other groups, indicating restricted
gene flow across the different geographically grouped
populations over long distances.

Discussion

Genetic diversity analysis in different regions provides
valuable insights in the evolution and understanding of
migration dynamics of an organism. In the present study
mtDNA sequences analysis proved low to high genetic
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Figure 4. Estimation of migration rate and population size between
populations of N. lugens. M denotes the mutation-scaled migration rate
and @ represents the mutation-scaled effective population size.

diversity of the Indian populations using diversity indices
like Hd, k and z. Sample size did not influence the genetic
diversity parameters, thereby suggesting them as appro-
priate diversity indices for N. lugens populations. The re-
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Observed and simulated mismatch distribution in (a) Japan, (b) China, (c) South Asia and
(d) all samples of N. lugens populations. **P < 0.01.

sults of the present study strongly support that the Indian
populations of N. lugens are not stable, with no evidence
for neutral evolution in the present populations. However,
most of Indian populations could have undergone expan-
sion under the conditions of a recent bottleneck or found-
ing effect substantiated with low haplotype (Hd < 0.5) and
nucleotide (7 < 0.004) diversity values compared to the
Japanese and Chinese populations®. Besides, some Indian
(LPN, KHR and PND) and China populations exhibited
high Hd and low 7 values, suggesting that a small propor-
tion of Indian populations might have undergone recent
population expansion and divergence between geograph-
ically subdivided populations. High genetic diversity values
(Hd > 0.5 and 7> 0.5%) of few populations indicated that
they are stable with relatively long evolutionary history.
The high level of genetic diversity in the southern and
eastern parts of India may be due to abundance of suitable
host plants (i.e. their throughout the year availability),
which might have had little selective pressure in the past
for the establishment and dispersal of the population. Ear-
lier studies reported high level of genetic diversity when
the species was regarded as throughout annual survival
because the ancestors exhibited significantly more genetic
diversity than the derived population due to founder ef-
fect3. Immigrant populations were low in genetic diversity
owing to genetic drift and selection pressure, which may
be the reason for low genetic diversity in the populations
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in North India with very low temperature in winter and
non-availability of host plant throughout the year3":3,
Moreover, long-distance migration was previously report-
ed in N. lugens which assisted in fresh colonization and
rescue of a species from the status of genetic diversity
loss™. A similar mechanism was reported earlier from N.
lugens and Bactrocera dorsalis!>3”. Demographic expan-
sion of N. lugens was tested through mismatch distribu-
tion analysis with the expected unimodal shape and the
results indicated that the population had experienced ex-
pansion'®>3l, The MJ reconstructed exhibited a star-like
shape among haplotypes, which also in line of typical
population expansion model®. The sharing of major hap-
lotypes among the Chinese, Bangladeshi and Indian popu-
lations indicates recent gene mixing of N. lugens of
various populations. The migration of N. lugens among
South Asian populations is also exhibited by non-signifi-
cant values of pairwise Fs and migration rate pattern of
populations. The theory of demographic expansion is also
in line with an explanation that N. lugens has higher mi-
gration rate and gene flow had occurred in the relatively
recent past through migration“°.

Demographic analysis of all populations revealed signi-
ficant negative Tajima’s D and Fu’s F statistical values,
which in turn does not imply a simple model of selective
neutrality and bottleneck analysis*'. The reason for this
might be either a recent selection pressure or recent in-
crease in size experienced by the populations*?. Moreover,
the recent population expansion of N. lugens was also
supported by unimodal mismatch distribution with non-
significant SSD values and star-like structure of the MJ
network3®. Raggedness index and SSD were used to test
the hypothesis of sudden expansion model*®. Non-
significant values for SSD and relatively small raggedness
index advocated sudden expansion of populations in the
past'®6, Besides, presence of low to medium genetic di-
versity in the region with weak genetic structure of popu-
lations indicated that N. lugens foundation may be
inferred as a steady and range expansion of population
with higher incidence and growth**.

Further information on N. lugens migration route in India
is necessary, while an earlier study from other Asian coun-
tries suggested that N. lugens flight duration varied from
12 to 36 h depending on tropical, subtropical and temper-
ate conditions’. In the tropical and subtropical areas N.
lugens follows a shorter migration distance in the range 4-
30 km due to availability of food and other favourable
weather conditions*. The dispersal pattern in the present
study also supports the bi-directional migration of N.
lugens from South Asia to China and China to Japan, cor-
responding to the Asian subtropical monsoon, that takes
place from the southern to northern direction in the rainy
seasons®4S,

Many unique haplotypes in the Japanese populations
which were not detected in Chinese and Indian popula-
tions, denoting geographical barriers and habitat quality
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variation mainly contributed to genetic separation between
the Japanese and other Asian populations. Mantel test
indicated a significant positive correlation between pairwise
genetic and geographic distances of N. lugens populations
studied (r =0.412 at P < 0.05). Results advocate that N.
lugens populations in the studied area might have either
reached an equilibrium between migration and genetic
drift or geographic barriers were sufficient for genetic dif-
ferentiation among N. lugens populations from Japan and
other Asian countries. This significant positive correlation
in isolation pattern by distance was obtained due to inclu-
sion of the Japanese populations. One of the possible rea-
sons for these distinct haplotypes in Japan may be due to
evolutionary association with the subspecies of rice culti-
var, i.e. China and India mostly have Oryza sativa indica
cultivar, whereas in Japan Oryza sativa japonica cultivar
is mostly cultivated. Additionally, different levels of se-
lection pressure and minor level of local extinction might
cause phylogeographic breaks without geographic barri-
ers*8, like the populations from Japan and southern India.
These unique haplotypes were favoured in local habitation
due to selection force; thus phylogeographic breaks could
occur in spite of the gene flow. However, after the first
report of BPH in the 1950s in India, spread and diffusion
paths are largely unknown. The present study will help
improve the N. lugens mitochondrial DNA database and
be an important source for comprehensive phylogeogra-
phy studies of BPH throughout the world.

Conclusion

Genetic diversity and expansion history were studied using
mitochondrial DNA markers (COIl) for Indian N. lugens
populations along with those from other Asian countries.
Results showed low to medium level of genetic diversity
with a weak genetic structure among the N. lugens popula-
tions across Asia. The present findings will be valuable
for better prediction and management of planthopper out-
breaks in different regions of the Indian subcontinent in
the future. Additionally, they suggest the occurrence of
unique haplotypes from the Indian N. lugens populations,
which would assist in the identification of their migration
routes. In a nutshell, a combination of ecological factors
(micro-climate and specific topography), historical factors
(interglacial cycles) and anthropogenic factors (passive
dispersal ability) might have helped form the existing
population structure and dispersal routes of N. lugens.
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