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Abstract
Whitefly Bemisia tabaci (Gennadius) is an important pest of cotton in India. The study of taxonomic diversity and its distribution on
cotton is lacking. Such studies are necessary to identify the genetic groups ofB. tabaci and its distribution on cotton in India. The proper
identification of genetic groups and their distribution, which, ultimately, can lead to the timely development and utilization of
management practices. The current study was undertaken to explore the genetic diversity and phylogeographic structure of
B. tabaci from all the three major cotton growing zones representing different agro-climatic conditions of India. 290 partial mitochon-
drial Cytochrome Oxidase I (mt COI) sequences of whitefly population of six major cotton-growing states covering 22 districts were
used in the analysis. Phylogenetic analysis revealed the presence of two monophyletic clades, Asia I and Asia II1 genetic groups
represents South-Central India and North India respectively. Asia II1 is found more predominately distributed in the cotton leaf curl
virus (CLCuV) disease-prone north Indian cotton-growing states. Higher genetic divergence (16.8–19.2%) was observed between the
populations of Asia I and Asia II1 genetic group. Genetic differentiation analysis confirmed the phylogeographic structure of B. tabaci
as isolated by distance. Our results in mapping the distribution of genetic groups in cotton ecosystems paved the way for the further
studies and formulation of area-wide management practices for cotton whitely in India.

Keywords Cotton . Genetic diversity .Mitochondrial cytochrome oxidase (COI) . Phylogenetic analysis .Whitefly

Introduction

Cotton whitefly, B. tabaci (Gennadius) (Hemiptera:
Aleyrodidae) is one of the most devastating pest worldwide
(Byrne and Bellows Jr. 1991). The pest is reported to feed on
900 different hosts (Cahill et al. 1996; Hsieh et al. 2006).

Causes economic damages to the crop in many cotton-
growing courtiers viz., India, China, Pakistan, Brazil, USA
(Kranthi et al. 2002; Naveen et al. 2017; Ashfaq et al. 2014)
etc. Among sucking pests of cotton in India, whitefly causes
significant damages to the crop directly and indirectly by feed-
ing on phloem sap and by transmitting Cotton leaf curl virus
(Geminivirus) respectively (Jones 2003; Briddon 2003;
Naveed et al. 2007). Recently, northern cotton growing zone
(Punjab, Haryana and Rajasthan) of India witnessed severe
pest outbreak accompanied with cotton leaf curl virus disease
(CLCuD) (Prabhulinga et al. 2019) caused loss to the tune of
0.4b USD (Kranthi 2015). Though whitefly incidence was
first reported in 1905 on cotton in India (Misra and Lambda
1929), varying pest population dynamics and showed severe
outbreaks were reported only after1984. The population dy-
namics of whiteflies are known to be regulated by several
biotic and abiotic factors. In the recent past one of the major
triggers for outbreaks of whiteflies were linked to hot humid
climatic conditions of the cotton-growing regions
(Prabhulinga et al. 2017) and indiscriminate use of pesticides,
especially, synthetic pyrethroids (Kranthi et al. 2002; Sethi
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and Dilawari 2008; Naveen et al. 2017). Whitefly was first
described by Reaumur in 1736, however incorrectly placed in
the order Lepidoptera. Later in 1795 whiteflies replaced in the
suborder Homoptera of Hemiptera (Douglas 1877–78).
Presently, the B. tabaci is a species complex; having several
cryptic species (Ashfaq et al. 2014, Kumar et al. 2016a,
2016b, Khatun et al. 2018). Classification of cryptic species
of B. tabaci became an overwhelming task for the classical
taxonomists of its morphological indistinctness (Gill and
Brown 2010; Chaubey et al. 2015). Because of these prob-
lems, researchers relied on parameters such as genetics, host
range, insecticide resistance, behaviour, virus transmission
and interactions with viruses and host plants for classification
of whiteflies (Xu et al. 2011; Naveen et al. 2017). Dinsdale
et al. (2010) used 3.5% genetic divergence as a limit for
grouping genetic groups and there are more than 36 genetic
groups are identified so far based on mitochondrial encoded
Cytochrome C Oxidase I genetic divergence. Among 36 glob-
al genetic groups, India have 11 of them (Asia I, Asia I-India,
Asia II-1, Asia II-5, Asia II-7, Asia II-8, and Asia II-11,
Middle East Asia Minor (MEAM) -1 and Middle East Asia
Minor (MEAM) - K genetic groups on different alternate hosts

including cotton (Chowda-Reddy et al. 2012; Ellango et al.
2015; Roopa et al. 2015). India is the largest cotton growing
country in the world with an area of 10.5 mha (AICCIP 2016–
17). Though cotton is grown more than 10 major states of
India, comprehensive information on whiteflies, their distribu-
tion and diversity (genetic groups or putative species) on cot-
ton are scanty. Therefore, the study comprising genetic diver-
sity and phylogeographic structure of B. tabaci is carried out.

Materials and method

Sampling

Adult whiteflies were collected from 58 geographical loca-
tions ofmajor cotton-growing regions representing south, cen-
tral and northern cotton growing zone of India (Fig. 1
Geographic distribution of Bemisia tabaci on cotton in
India). The collected whiteflies adults were kept in 70% eth-
anol (Bedford et al. 1994) and stored at 4 °C until further use.
Five whitefly samples were used from each location

Fig. 1 Geographic distribution of B. tabaci on cotton in India
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amounting 290 samples. The survey covered 22 districts of 6
major cotton-growing states of India. Geographic details of
cotton whiteflies collection in India are enlisted in Table 1.

Genomic DNA extraction

DNA was extracted from individual whiteflies by following
the protocol of Frohlich et al. 1999. The whiteflies were
placed on a strip of parafilm and ground with 40 μL of ice-
cold lysis buffer from the blunt end of a 0.2 ml PCR tubes. The
lysis buffer comprised of 5 mM of Tris-HCl, pH 8.0, 0.5 mM
of EDTA, 0.5% Nonidet P-40 and 1 mg/mL of proteinase K.
The Extracts obtained after crushing were incubated at 65 °C
for 15 min followed by 95 °C for 10 min before centrifugation
(12,000 rpm for 10 min at 4 °C) to pellet debris. The super-
natant collected was used as the template for PCR.

Polymerase chain reaction (PCR) and sequencing

The synthesized PCR primers used for amplification of mito-
chondrial partial COI gene region are, C1-J-2195 (5′-TTGA
TTTTTTGGTCATCCAGAAGT-3′) and L2-N-3014 (5′-
TCCAATGCACT- AATCTGCCATATTA-3′) (Simon et al.
1994), which were outsourced from Eurofins Genomics India
Private Limited, Bangalore. PCR assays were performed by
using 2 μL of genomic DNA as a template in a 25 μL reaction
volume. The PCR reaction mixture comprised of 16.7 μL of
nuclease-free water, 2.5 μL of 10X buffer, 0.5μLof 10 mM of
dinucleotide triphosphates (dNTPs), 2 μL 25 mM of MgCl2,
0.3 μL of 3 units/ μL of Taq DNA polymerase and 0.5 μL of
each 10 μM primer. All the PCR reagents were purchased
from Merck India (Bangalore GeNei Private Limited)
Bengaluru, India. The PCR performed with the specification
of initial denaturation at 95 °C for 2 min, denaturation at 95 °C
for 1 min, annealing at 52 °C for 1 min and extension at 72 °C
for 1 min for 35 cycles and a final extension at 72 °C for
5 min. PCR products were separated on 1.2% agarose
gel electrophoresis and later were purified by ExoSAP-
IT™ PCR product cleanup reagent by following manu-
facturer’s instructions before subjected to DNA sequenc-
ing (Eurofins genomics India Pvt. Ltd).

Genetic diversity and phylogenetic analysis

The 290 partial Mt COI sequences generated from the sequenc-
ing of 650 bp PCR product were trimmed in Bio-edit and ob-
tained 425 bp clean and good sequences. Finally, the 58 consen-
sus sequences representing each selected geographical locations
were identified for further analysis. Eleven reference sequences
covering 9 different genetic groups (Liu et al. 2012; Ellango et al.
2015; Kumar et al. 2016a, 2016b; Khatun et al. 2018)
downloaded from the NCBI database were used along with the
58 consensus sequences generated from the current study.

Bemisia afer and Trialeurodes vaporarorium species was used
as an outgroup in the alignment (Ashfaq et al. 2014; Khatun et al.
2018). The aligned sequences were utilized to construct a
Maximum likelihood tree via default neighbour-joining method
based on the Jukes-Cantor model of evolution (Jukes and Cantor
1969) with the bootstrap resampling of 1000 times(Gueguen
et al. 2010; Kumar et al. 2016a, 2016b). Automatic Barcode
Gap Discovery (ABGD) was performed to delimit genetic clus-
ters by detecting the significant gap in the pairwise distance
distribution (Puillandre et al. 2012). Used web version of
ABGD (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html)
with default settings and K2P, JC69, and P distance model.

Population genetic analysis

The number of haplotypes, haplotype group, haplotype diver-
sity (Hd), nucleotide diversity (pi), polymorphic sites and ge-
netic differentiation (FST) analysis was performed by the soft-
ware package DnaSP v6.10.01 (Rozas et al. 2017). Tajima’s D
(Tajima 1989), Fu and Li’s F and Fu and Li’s D neutrality tests
were performed to detect the deviation from the neutral
model of evolution and mismatch distribution analyses
to infer the long term demographic history of popula-
tions using DnaSP v6.10.01.

The Analysis of Molecular Variance (AMOVA) test ap-
praising the genetic variations among the populations were
performed with Arlequin version 3.5 (Excoffier and Lischer
2010). The levels of genetic differentiation was categorized as
great differentiation (FST = 0.25), moderate differentiation
(FST = 0.15–0.25) and negligible differentiation (FST =
0.05) (Wright 1978). The TCS haplotype network constructed
in PopART version 1.7 (Clement et al. 2002) package. The
correlation between the genetic distance (FST) and geograph-
ic distance (km) obtained by Mantel test in Arlequin v3.5.

Results

Phylogenetic analysis

The phylogenetic tree for 58 Mt COI sequences of B. tabaci
containing 425 nucleotides each was constructed by using
Bemisia afer and Trialeurodes vaporarorium as an outgroup
in MEGA 7 software. The maximum likelihood phylogenetic
tree resulted in two monophyletic clades represents Asia I
belongs to the south and central India and Asia II1 represents
north Indian whitefly populations. The tree constructs sup-
ported moderately to strong with bootstrap value range from
50 to 93% (Fig. 2 Maximum-likelihood phylogenetic tree of
mt COI gene sequences of B. tabaci. Various colours in phy-
logenetic tree indicate different sequences obtained in this
study. Brown-Asia II1 genetic group, Blue-Asia I genetic
group, Green-reference sequences and Red-outgroups).
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Table 1 Geographic details of cotton Whiteflies collection in India

State Locations Districts Sample code Latitude Longitude NCBI Accession number

North India

Haryana (HR) Dhangar Fatehabad FB1 29o 37′ 58.6” 75o 30′ 49.4” MG448545

Chikanwas Hisar HS1 29o 16′ 40.4” 75o 38′ 17.6” MG448546

Badopal Fatehabad FB2 29o 25′ 57.7” 75o 32′ 14.3” MG448547

Mallekan Sirsa SS1 29o 25′ 57.1” 74o 53′ 36” MG448548

Keshupur Sirsa SS2 29o 26′ 44.3” 74o 51′ 42.6” MG448549

Choti mameran Sirsa SS3 29o 27′ 4.3” 74o 42′ 33.2” MG448550

Nezadella Sirsa SS4 29o 22′ 1.6” 75o 35′ 3.9” MG448551

Farwain Sirsa SS5 29o 34′ 25.4” 75o 4′ 33.4” MG448552

Fatehabad Fatehabad HS2 29o 29′ 37.8” 75o 28′ 50.8” MG448554

Richpura Hansi HN1 29o 5′ 39.5” 75o 59′ 59.1” MG448555

Dhana Kalan Hansi HN2 29o 4′ 52.4” 76o 1′ 41.1” MG448556

Rakhi Shahpur Hisar HS3 29o 7′ 6.7” 76o 6′ 21.5” MG448557

Panihari Hisar HS4 29o 20′ 39.2” 76o 2′ 58.3” MG448558

Moju Khera Sirsa SS7 29o 27′ 5.1” 74o 43′ 2.4” MG448559

Keshupura Sirsa SS2 29o 26′ 41.3” 74o 51′ 48.6” MG448560

Kuthabad Sirsa SS9 29o 27′ 15.1” 74o 47′ 51” MG448561

Surtia Sirsa SS10 28o 48′ 37.6” 75o 11′ 19.8” MG448562

Dariyapur Fatehabad FB3 29o 31′ 11.1” 75o 28′ 50.8” MG448563

Agroha Hisar HS5 29o 17′ 52.1” 75o 38′ 46.4” MG448564

Mayar Hisar HS6 28o 6′ 9.7” 75o 52′ 13.1” MG448565

Kotfatta Bathinda BT1 30o 6′ 25.5” 75o 3′ 45.6” MG448566

Punjab (PB) Balluana Bathinda BT2 30o 13′ 53.4” 74o 47′ 41.7” MG448567

Abohar Fazilka FZ1 30o 9′ 49.1” 74o 15′ 12” MG448568

Dangar khera Fazilka FZ2 30o 12′ 47.3” 74o 9′ 10.6” MG448569

Banawala Fazilka FZ3 30o 20′ 24.7” 74o 4′ 11.2” MG448570

Mann Muktsar MR1 30o 5′ 18.2” 74o 39′ 7.4” MG448571

Baluana Thakar Singh Fazilka FZ4 30o 13′ 53.4” 74o 47′ 41.7” MG448572

Chanartal Kalan Fatehgarh Sahib FS1 30o 7′ 44.6” 75o 8′ 1.8” MG448573

Sardulgarh Mansa SS6 29o 54′ 25.4” 75o 4′ 33.3” MG448574

Tibbi Hari Singh Mansa MS1 29o 59′ 12.8” 75o 7′ 31.6” MG448575

Sardulewala Mansa MS2 29o 29′ 1.8” 75o 1′ 8.5” MG448576

Lahri Bathinda BT3 29o 51′ 52.6” 75o 9′ 17.1” MG448577

Talawandi Sabo Bathinda BT4 29o 59′ 12.8” 75o 7′ 31.6” MG448578

Rajasthan (RJ) Rathikhera Hanumangarh HG1 29o 32′ 37.7” 74o 32′ 45.9” MG448579

Tibbi Hanumangarh HG21 29o 32′ 41.7” 74o 30′ 26.7” MG448580

Zandawali Hanumangarh HG31 29o 38′ 3” 74o 14′ 45.6” MG448581

Hindumalkot Sri Ganganagar SG11 30o 8′ 36.1” 73o 54′ 35” MG448582

Khanka Sri Ganganagar SG21 30o 2′ 48.9” 73o 52′ 22” MG448583

Sri Ganganagar Sri Ganganagar SG31 29o 56′ 3.9” 73o 53′ 22” MG448584

Tibbi Hanumangarh HG2 29o 33′ 28.7” 74o 25′ 38.1” MG448585

Zandawali Hanumangarh HG3 29o 38′ 3” 74o 14′ 45.6” MG448586

Khanka Sri Ganganagar SG2 30o 2′ 48.9” 73o 52′ 22” MG448587

Hindumalkot Sri Ganganagar SG1 30o 8′ 34.9” 73o 57′ 35.3” MG448588

Sri Ganganagar Sri Ganganagar SG3 29o 56′ 3.9” 73o 53′ 22” MG448589

Central India

Maharashtra (MH) Jalgaon Jalgaon JG1 21o 2′ 58.7” 75o 31′ 56.4” MG448590

Akola Akola AK1 20o 42′ 4.4” 77o 1′ 11.6” MG448591
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Table 1 (continued)

State Locations Districts Sample code Latitude Longitude NCBI Accession number

Nandurbar Nandurbar NB1 21o 20′ 56.1” 74o 32′ 51.3” MG448592

Dhule Dhule DL1 20o 53′ 31.7” 74o 51′ 19.9” MG448593

Nagpur Nagpur NG1 21o 2′ 22.7” 79o 3′ 36.2” MG448594

South India

Telangana (TA) Adilabad Adilabad ADB1 19o 40′ 30” 78o 28′ 19” MG448595

Warangal Warangal WR1 17o 44′ 16” 79o 35′ 42” MG448596

Mahabubabad Mahabubabad WR2 17o 27′ 11” 79o 48′ 50” MG448597

Mahabubabad Mahabubabad MBB1 17o 24′ 41” 79o 52′ 13” MG448598

Andhra Pradesh (AP) Guntur Guntur GT1 16o 12′ 24.4” 80o 12′ 45.8” MG448599

Prakasam Prakasam PK1 15o 56′ 26” 80o 17′ 1.82” MG448600

Krishna, Krishna, KS1 16o 69′ 9.68” 80o 36′ 1.82” MG448601

Krishna Krishna KS2 16o 45′ 20” 80o 17′ 44” MG448602

Fig. 2 Maximum-likelihood phylogenetic tree of mt COI gene sequences of B. tabaci. Various colours in phy-logenetic tree indicate different
sequences obtained in this study. Brown-Asia II1 genetic group, Blue-Asia I genetic group, Green-reference sequences and Red-outgroups
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Automatic barcode gap discovery (ABGD) analysis

The ABGD analysis results showed clear gab between the
intraspecific and interspecific K2P distances, with a majority

of the intraspecific distances falling well below 3% (Fig. 3
Automatic Barcode Gap Discovery (ABGD) analysis for CO
I sequences. a) Distribution of pairwise differences, b) Ranked
pairwise differences, c) Automatic partition results for

Fig. 3 Automatic Barcode Gap
Discovery (ABGD) analysis for
CO I sequences. a) Distribution of
pairwise differences, b) Ranked
pairwise differences,
c) Automatic partition results for
B. tabaci
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B. tabaci). Both initial partition and recursive partition were
employed to partition the dataset and it partitioned the data
from 17 (prior maximal distance P = 0.001000) groups to 2
groups (prior maximal distance P = 0.007743), which also
showed that the initial partition is more stable and divided
the data set into 2 partitions at the value of P = 0.0077 of prior
intraspecific divergence. The same number of groups or ge-
netic groups delimited by MEGA phylogenetic analysis.

Haplotype diversity and distribution

The alignment of good quality sequences (425 bp) revealed 72
nucleotide polymorphic sites. Among the different population
of B. tabaci haplotype diversity ranged from 0.5 to 0.9 and
nucleotide diversity ranged from 0.00118 to 0.00808
(Table 2). Fourteen haplotypes resulted from 58 partial mt
COI sequences of whitefly. Two dominant haplotypes namely
haplotype 1 and haplotype 2 were grouped by 20 & 15 se-
quences majorly represented by whiteflies locations of
Punjab, Haryana and Rajasthan states of North India.
Haplotype 11 and 12 shared by 6 and 4 sequences respectively
and represented Central and South India. Haplotype 6 and 8
shared by 3 and 2 sequences respectively and represented by
north India.

Haplotype network

PopART analysis revealed two distinct haplogroups in TCS
haplotype network (Clement et al. 2002) with the sufficient
number of mutations in north and south-central group. In
north India two dominant haplotype groups forming two dis-
tinctive circles sharing, PB, HR and RJ B. tabaci populations.
North and south-central haplogroups are separated into two
with 57 mutation steps (Fig. 4 The TCS haplotype network
tree for the mitochondrial COI region of B.tabaci Circles
represents the haplotypes identified and the size of each
circle are proportional to the frequency of the haplotypes.
The lines between each haplotype represent the mutations,

each line represents a single mutation. The black colour of
circles in a network represents imaginary haplotypes).

Genetic divergence

Nucleotide identity shared between the cotton whitefly popu-
lations of north India (PB, HR and RJ) were 97.9–100% with
0–2.1% genetic divergence. Populations from the south and
central India together shared 98.8–100% identity with a min-
imal genetic divergence of 0–1.2%. The two major clades
separate north and south-central Indian whitefly population
exhibit divergence of 16.8–19.2% with the 84.7–85.2% iden-
tity between them. The higher genetic divergence revealed
between the whitefly populations of northern and south-
central states of India might be attributed to greater geographic
distance and cropping pattern prevailing in that area.

Genetic differentiation and geographic distance

Genetic differentiation (FST) ranged from 0.018 to 0.976 be-
tween the geographically distinct populations of B. tabaci.
Out of 15 populations, 9 populations found significant
pairwise FST values (Table 3). The highest pairwise FST
values (0.976) were found between the two geographically
divergent populations of northern and south-central India.
Comparison between geographically farthest locations result-
ed in highest pairwise FST value viz., 0.976, 0.975, 0.970 and
0.959 between AP and RJ, AP and PB, MH and PB and TA
and RJ, respectively. Lowest FST value (≃0) obtained for the
populations of nearest geographical locations depicted the
least genetic differentiation (Table 3). The significant positive
correlation found between the genetic and geographic dis-
tances of B. tabaci populations in Mantel test analysis.

Analysis of molecular variance (AMOVA) was also
performed to distinguish variations between and among
the population groups by using Arlequin 3.5 (Excoffier
et al. 2005). Results revealed no significant molecular
variations (4.62%, p = 0.001) within populations, though

Table 2 Haplotype and
nucleotide diversity of cotton
whitefly population in India

Location No. of sequences K Hd Pi Haplotype S

North India 45 2.502 0.698 0.00593 9 13

Punjab (PB) 13 2.615 0.731 0.00615 4 5

Haryana (HR) 21 3.433 0.695 0.00808 6 12

Rajasthan (RJ) 11 2.473 0.709 0.00586 5 7

Central India 5 1.2 0.9 0.00282 4 3

Maharashtra (MH) 5 1.2 0.9 0.00282 4 3

South India 8 1.536 0.679 0.00363 3 5

Andhra Pradesh (AP) 4 0.5 0.5 0.00118 2 1

Telangana (TA) 4 2.667 0.833 0.00636 3 5

Total 58 23.564 0.806 0.05611 14 72
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significant variations exhibited among the groups of
population (95.38%; p = 0.001) (Table 4).

Demographic history

Neutrality tests viz., Tajima’s D, Fu and Li’s D and Fu and
Li’s F were performed to analyse the neutral evolution theory.
These neutrality test parameters provide information about
demographic histories. All the three neutrality tests resulted
in non-significant negative values for Haryana, Rajasthan
(Except Tajima D test), Maharashtra, Telangana and Andhra
Pradesh states. All neutrality tests resulted in non-significant
negative values for central and south India population except
north India, where, only Fu and Li’s test showed significant
negative value. In North India, among Punjab, Haryana and
Rajasthan only for the Punjab whitefly populations, all the
neutrality tests showed significantly positive values in
Tajima’s D test and Fu and Li’s F (Table 5).

Discussion

Whitefly B. tabaci is one of the most important sucking pests
of cotton in India, its species composition and distribution on
cotton in India is unexplored. The current study is the first of
its kind to explore the species composition and diversity with-
in B. tabaci species complex on cotton in India. Such studies
are critical for the development of sustainable management
strategies for whitefly and its transmitted viral disease. The
mt COI sequence-based phylogenetic analysis, pairwise se-
quence divergence, haplotype network analysis, ABGD anal-
ysis confirmed the presence of Asia I and Asia II 1 genetic
group on cotton. Cotton being a prominent economical fibre
crop in India growing in more than 12 mha area, supporting
livelihoods of various sections of the country. Since the crop is
being cultivated in wider geographic and climatic conditions,
the existence of genetic groups/putative species of B. tabaci
on different host species is obvious, owing to the

Fig. 4 The TCS haplotype
network tree for themitochondrial
COI region of B. tabaci Circles
represents the haplotypes
identified and the size of the
each circle are proportional to the
frequency of the haplotypes. The
lines between each haplotype
represents the mutations, each
line represents single
mutation. Black colour of circles
in a network represents imaginary
haplotypes
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acclimatization and evolution to the prevailing condition.
Whitefly sampling done in all the three cotton growing re-
gions, however, the sampling was comparatively more in
Northern India than in South and Central India because of
lower/no incidence of whitefly on cotton in central and south
India as compared to north India. The populations within the
northern cotton-growing region and south-central regions are
genetically identical with minimum divergence but there is
16.8–19.2% genetic divergence between the two major clades
representing north, and south-central region. The results of
phylogeny in delimit the genetic group has been successfully
validated by ABGD analysis (Fig. 3). Our results are in con-
gruence with the reports on delimiting the cryptic species of
sucking insects (Ashfaq et al. 2014; Tyagi et al. 2017; Li et al.
2020). In supplement to this, the phylogeographic structure of
the B. tabaci population is isolated by distance (R2 = 0.852,
n = 15) and which is confirmed by strong positive correlations
of FST values with geographic distance in Mantel test. These
results of the study are in support with similar studies else-
where (Frohlich et al. 1999; Brown 2000; Legg et al. 2002).
Old-world whitefly and new world whiteflies clade separated
with 15–22% divergence were reported by Berry et al. (2004).
The occurrence of such genetic variations in populations
might be attributed to geographical location, the existence of
the climatic condition, migratory behaviour, human interven-
tions etc. (Hampe and Petit 2005; Bridle and Vines 2007;
Kellermann et al. 2009).

B. tabaci is found to be polyphagous and reported all over
the country on different host crops and perpetuates throughout
the year. The force of evolution might have acted on different
populations of B. tabaci differently in different geographical
regions which might be the reason for the existence of more
than 11 genetic groups/putative species (Asia I, Asia I-India,
Asia II-1, Asia II-5, Asia II-7, Asia II-8, and Asia II-11,
Middle East Asia Minor (MEAM) -1 and Middle East Asia
Minor (MEAM) - K genetic groups) in India (Banks et al.
2001; Chowda-Reddy et al. 2012; Ellango et al. 2015;
Kumar et al. 2016a, 2016b). Maximum likelihood phyloge-
netic analysis revealed the presence of Asia II1 genetic group
in a northern cotton-growing region and Asia I in a south-
central cotton-growing region, these results supported by the
previous reports on different host crops of whiteflies in India
(Chowda-Reddy et al. 2012; Ellango et al. 2015; Kumar et al.
2016a, 2016b). Fortunately, in our studied populations, one of
the most dangerous globally invasive B. tabaci genetic group
MEAM-1 (Díaz et al. 2015; and Hu et al., 2011, b) is not
observed on cotton though it is present on tomato in India
(Banks et al. 2001). However, Asia II1 is also equally danger-
ous because in neighbouring country Pakistan the Asia II 1
was previously restricted to Punjab, but now it is a dominant
genetic group and also spreading to the southern part of the
country (Ashfaq et al. 2014). Also, there are reports of high
association of Asia II1 genetic group with the CLCuD
(Ahmed et al. 2011; Rana et al. 2012), our study also recorded
the same results where the presence of Asia II1 genetic group
with the most dreaded viral disease CLCuD on cotton was
found only in northern India populations. It is hypothesised
that the geographical distribution of virus genotypes and vec-
tor genotypes is highly correlated (Brown, 2000) but this as-
pect needs to be explored experimentally. Apart from the as-
sociation of Asia II1 genetic group with CLCuD it is domi-
nating on other genetic groups of whitefly and expanding to
southern Pakistan (Ashfaq et al. 2014), similarly in India the
reports reveal that the Asia II1 is also the dominant genetic
group in soybean (Prasanna et al. 2015) and is noticed in most
of the soybean growing areas in India. This dominating nature
of Asia II1 genetic group is worrisome, as it can increase its
distribution by expanding its population on cotton by replac-
ing previously existed genetic group like its already been
witnessed in the neighbouring country Pakistan (Ashfaq

Table 4 AMOVA for Mt CO I sequences of B. tabaci in India

Source of variation df Sum of squares Variance components Percent variation P value

Among groups 2 631.585 29.17529 95.38 0.06256

Among populations within 3 4.184 −0.00181 −0.01 0.37537

groups

Within populations 52 73.541 1.41426 4.62 0.00000 + −0.0000

Table 3 AMOVA haplotype FST results for pairwise population
comparison, matrix of the geographic distances (Crow flying distance
in km; above diagonal) and the genetic differentiation (FST; below
diagonal)

TA AP MH PB RJ HR

TA 0 580 518 2186 2210 2065

AP −0.05556 0 929 2197 2222 2077

MH −0.01754 −0.13333 0 1412 1437 1291

PB 0.95945* 0.97581* 0.97019* 0 167 123

RJ 0.95917* 0.97610* 0.97028* −0.04263 0 148

HR 0.95327* 0.96952* 0.96387* −0.03335 0.01806 0

*Significance P < 0.05
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et al. 2014). The results of the neutrality tests revealed non-
significant negative values of neutrality tests viz., Tajima’s D,
Fu and Li’s F and Fu and Li’s D tests which indicates probable
recent population expansion in all the studied states except
Punjab state (Table 5). However, in our study, the Asia II1
genetic group is not reported on cotton in the south and central
region and also there are no reports of CLCuD in the respec-
tive regions. The population expansion of Asia II1 through the
displacement of Asia I genetic group on cotton in south and
central regions is needed to be monitored, to avoid the similar
consequences happened in tomato where Asia I and Asia II7
genetic group replaced by dangerous MEAM-1 genetic group
(Banks et al. 2001). Hence, monitoring and surveillance of
specific genetic groups of whiteflies for the factor such as
fecundity, survival ability, insecticide resistance and suscepti-
bility to the biological control agents for its population build-
up and the possibility of displacement of the genetic group
should be studied (Legg et al. 2002; McKenzie et al. 2012,
Chowda-Reddy et al. 2012).

Conclusion

Population structure in many insect species is affected by var-
ious factors viz., environmental and ecological factors, alter-
native host plants, migration, natural barriers, and human. The
diversity and distribution of species are also affected by these
factors, thus, the study of diversity, distribution and changes in
the population structure is very important. Such studies can be
done through population genetics and phylogenetic analysis
and which is executed in our study for the most important pest
B. tabaci of the important commercial fibre crop in India. The
present study revealed the diversity and the distribution of
genetic groups on cotton in India. The identification and map-
ping the distribution of genetic groups in cotton ecosystems
paved the way for the further studies on understanding the

factors contributing dominance of genetic groups in a partic-
ular region and its probable dispersion for timely development
and utilization of management strategies directed towards re-
ducing the economic damage caused by B. tabaci and the
virus (CLCuD) it transmits.
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