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Abstract

The whitefly, Bemisia tabaci (Gennadius), is responsible for significant yield losses in many crops, including potato, by
sucking the phloem sap and transmitting a number of plant viruses. B. tabaci is a complex of cryptic species which is com-
monly designated as genetic groups. The B. tabaci genetic groups differ biologically with respect to host plant preference,
insecticidal resistance, reproduction capacity, and ability to transmit begomoviruses. Therefore, understanding genetic vari-
ation among populations is important for establishing crop-specific distribution profile and management. We sequenced the
mitochondrial cytochrome oxidase I (mtCOI) gene of B. tabaci collected from major potato growing areas of India. BLAST
analysis of the 24 mtCOI sequences with reference Gene Bank sequences revealed four B. tabaci genetic groups prevailing
in this region. m¢tCOI analysis exhibited the presence of Asia Il 1, Asia Il 5, Asia 1, and MEAMI1 B. tabaci genetic groups.
Our study highlighted that a new genetic group Asia II 5 has been detected in Indo-Gangetic Plains. Further virus—vector
relationship study of TOLCNDV with Asia Il 5 B. tabaci revealed that females are efficient vector of this virus as compared
to males. This behavior of females might be due to their ability to acquire more virus titer than males. This study will help

in better understanding of whitefly genetic group mediated virus diseases.
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Introduction

The worldwide distribution of insect vector is the major
driving force for the dissemination of more than 70% of
plant viruses in major horticultural and field crops (Hogen-
hout et al. 2008). The whitefly, Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae), is one such highly notorious
insect vector and a polyphagous pest which is responsible
for significant yield losses in many crops, including potato
(Naranjo and Ellsworth 2001). Whitefly may cause enor-
mous direct losses by sucking plant sap and reducing plant
vigor or indirectly by transmitting several plant viruses
(Bedford et al. 1994; Briddon et al. 2003; Segev et al. 2004).
B. tabaci has ability to ingest viruses belonging to at least

4 Kailash C. Naga
Kailashnaga3j@gmail.com

Extended author information available on the last page of the article

five genera—Begomovirus, Ipomovirus, Crinivirus, Carla-
virus, and Torradovirus (Navas-Castillo et al. 2011)—and
can transmit more than hundred plant viruses (Czosnek
et al. 2017). The transmission of several plant viruses along
with its ability to develop resistance to pesticides makes it
a most devastating pest in agriculture. Begomoviruses and
B. tabaci have been considered as one of the most economi-
cally important virus—vector complexes during the last two
decades. This virus—vector complex poses a serious threat to
major vegetable and field crops across the developing world
where availability of food remains scare (Paredes-Montero
et al. 2019). Several diseases caused by these whitefly-trans-
mitted begomoviruses have reached to an epidemic status in
various countries and became a consistent threat to global
food security (Saeed et al. 2017). In Latin America, more
than 5 million hectare area is directly affected by about 30
different begomoviruses causing huge crop loss. Economic
losses due to whitefly-transmitted geminivirus infections are
estimated to be US $300 million in India, US $5 billion in
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Pakistan, US $1300-2300 million in Africa, and US $140
million in Florida (Saeed et al. 2017).

It is difficult to morphologically distinguish the cryptic
B. tabaci species; hence, molecular markers are the most
common tools being used to distinguish the B. tabaci
populations. Molecular markers based on mitochondrial
cytochrome oxidase I (mtCOI) and internal transcribed
spacer (ITS1) gene give insight into genetic variability
within B. tabaci. Initially Boykin et al. (2007) distinguished
12 major genetic groups based on mrCOI and ITS1 gene
sequences. Thereafter Dinsdale et al. (2010) fixed a quantifi-
able limits for grouping of B. tabaci based on mtCOI gene
sequences and this resolved the global B. tabaci popula-
tions into 24 putative species based on 3.5% divergence and
so far 42 distinct species have been reported on the basis
of divergence in mtCOI sequences within B. tabaci species
(Kanakala and Ghanim 2019). The whitefly genetic groups
reflect phenotypic variability in terms of several biologi-
cal and molecular features, like host plant preference (Bed-
ford et al. 1994; Brown et al. 1995) insecticidal resistance
(Naveen et al. 2017), reproduction capacity (Drost et al.
1998), ability to transmit begomoviruses (Bedford et al.
1994; Brown et al. 1995; Shi et al. 2018), and mitochon-
drial cytochrome oxidase I (mtCOI) DNA sequences (De
Barro 2005; De Barro et al. 2011; Dinsdale et al. 2010;
Kanakala and Ghanim 2019). Nowadays, potato apical
leaf curl disease is becoming one of the major challenges
in potato production in Indo-Gangetic plains (Jeevalatha
et al. 2014). This disease was reported for the first time in
northern India by Garg et al. (2001). Further, Usharani et al.
(2004) confirmed that the associated virus with this disease
is a strain of tomato leaf curl New Delhi virus (ToLCNDV)
(Begomovirus:Geminiviridae).The causal virus of potato
apical leaf curl disease (PALCD) has 93-95% sequence
identity with TOLCNDYV isolates and less than 75% sequence
similarity with other viruses, like tomato leaf curl virus iso-
lates and potato yellow mosaic virus (Usharani et al. 2004).
The incidence of TOLCNDV has immensely increased year
after year and it has occupied the first position among Indian
potato viruses during the last two decades. The higher record
of disease incidence in Indo-Gangetic plains (40-100%
infection) along with reports of heavy yield losses in sus-
ceptible varieties raised alarms for this emerging disease
(Lakra 2003; Venkatasalam et al. 2011). The reduction in
tuber size and number of tubers per plant in infected cul-
tivars may lead to a yield loss up to 60.8% (Chandel et al.
2010; Lakra 2003). Besides, up to 40% incidence of PALCD
was reported from West Bengal (Saha and Saha 2014). There
are recent reports of increased severity of potato apical leaf
curl disease in areas of higher whitefly, B. tabaci popula-
tion (Jeevalatha et al. 2013; Shah et al. 2019). Information
regarding ability of vectors to acquire, retain, and transmit
a virus is crucial for understanding and managing outbreak
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of viral diseases (Polston 1990). Hence, it is important to
monitor the prevalent B. tabaci genetic groups in the major
potato growing areas of India and establishing relationship
with TOLCNDYV virus which will help in understanding the
epidemiology of potato apical leaf curl disease. The present
study was carried out to determine the prevalence of white-
fly genetic groups in the major potato growing regions of
India and establish relationship of TOLCNDV with newly
reported whitefly genetic group in this region. The virus
acquisition ability was also estimated to know the causes of
the variation in the transmission abilities of adult male and
female whiteflies.

Materials and methods
Sample collection

Whitefly samples were collected during 2018, from 12
locations representing nine potato growing states of India
(Table 1). Whitefly samples were collected from six host
plants, viz., potato, moong bean, brinjal, okra, Parthenium,
and bottle gourd, for genetic group identification.

Across each location, three samples were taken from
two fields separated with at least one kilometer distance. B.
tabaci populations were collected as adults using a hand-
held aspirator. Samples for genetic group identification were
collected in 70% ethanol and stored at — 80 °C until samples
were processed for DNA isolation.

Whitefly samples for virus transmission experiment were
collected from Jalandhar (Punjab) from potato host. The
adults were aspirated in a 50-ml Falcon tubes containing
potato leaves with moist cotton wrapped around the petiole.
Whitefly populations were maintained in insect proof cages
in a glasshouse at 26 + 2 °C temperature conditions at ICAR-
CPRI, Shimla. Single pair of male and female whiteflies was
caged to develop uniform population and further raised on
virus-free potato plants. About ten random individuals from
the progeny of this population was tested for the presence
of virus using the method described in detail in further sec-
tion (Jeevalatha et al. 2013) and same population was also
included for B. tabaci genetic group identification.

B. tabaci genetic groups in Indo-Gangetic plains

Whitefly samples were washed with distilled water; then
DNA isolation was carried out from three individual white-
flies from each location using DNeasy Blood & Tissue
(Qiagen) by following the manufacturer guidelines. The
DNA was quantified using NanoDrop 2000/2000c Spectro-
photometer (Thermo Fisher Scientific, USA). Polymerase
Chain Reaction (PCR) mix comprised 2 X Emerald Amp®
GT PCR Master Mix 12.5 pl, 1 pl of forward and reverse
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Table 1 Details of field survey for whitefly, B. tabaci collection

SN Location State Host Field Genetic group Accession No.

1 Modipuram Uttar Pradesh Potato I Asiall 1 MW513950

2 Moongbean L1II Asiall 1 MW513946, MW513941

3 Brinjal LI Asiall 1 MW513948, MW513952

4 Okra L 1L, I Asiall'5 MW513960,
MW513947,
MW513942

5 Parthenium LII Asiall 1, AsiaIl 5 MW513949, MW513954

6 Pantnagar Uttarakhand Potato I Asiall'1 MW513953

7 Hisar Haryana Potato I Asiall 1 MW517838

8 Kurukshetra Haryana Potato I Asiall 1 MW513951

9 Ludhiana Punjab Parthenium I Asiall 1 MW513944

10 Jalandhar Punjab Potato I Asiall 5 MW513959

11 Bottle gourd I 1I Asiall 1, Asia Il 5 MW517845, MW517840

12 Brinjal I Asial MW517844

13 Parthenium I Asiall 1 MW517842

14 Pune Maharashtra Potato I Asiall 5 MW513955

15 Jalgaon Maharashtra Potato 1 Asiall 5 MW513945

16 Gwalior Madhya Pradesh Potato 1 Asial MW513943

17 Kalyani ‘West Bengal Potato I Asial MW513956

18 Banaskantha Gujarat Potato I Asial MW517839

19 Jaipur Rajasthan Brinjal I MEAM I MW542521

primer (10 pmol) each, and 2 ul DNA template (25 ng/ pl),
and nuclease-free water was added to make the total reac-
tion volume of 25 ul. PCR was performed using forward
primer C1-J-2195 (-TTGATTTTTTGGTCATCCAGAAGT
) and reverse primer L2-N-3014 TCCAATGCAC- TAATCT
GCCATATTA (Simon et al. 1994).

PCR was carried out with an initial denaturation at 94 °C
for 4 min followed by 35 cycles of 94 °C for 30 s, 50 °C
for 45 s, 72 °C for 1 min, and a final extension at 72 °C
for 7 min. The PCR products were visualized in 1% aga-
rose gel stained with ethidium bromide (EtBR). The mtCOI
gene fragments were excised and purified using Qiaquick
gel extraction kit (Qiagen). The purified gene fragment
was cloned into pTZ57R/T vector (Thermo scientific) and
plasmid was isolated from three positive transformants
which were further sequenced using genetic analyzer 3500
(Applied Biosystems). The cycle sequencing reactions were
performed using BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Luthiana).

Sequence analysis was performed on 657 bp of mtCOI
gene sequences from 115 taxa (data not shown) (Boykin
and De Barro 2014; Lee et al. 2013) and was added with
700 bp sequence of the mtCOI gene of our samples col-
lected during the present study to identify the B. tabaci
populations in major potato growing areas of India. The
mtCOI gene sequences generated in the present study were
submitted to the GeneBank (NCBI) database (Table 1).

Before carrying out the sequence analysis all mtCOI gene
sequences were checked for stop codons by translating into
putative amino acid sequence. The mtCOI gene sequences
were aligned in MEGA X using ClustalW and polygenetic
tree was constructed (Hussain et al. 2019; Thompson et al.
1994) (Fig. 1). The genetic distance (p-distance) within and
between species groups was calculated estimating variance
with 1000 bootstraps.

Transmission of TOLCNDV by B. tabaci

Transmission method of TOLCNDV by B. tabaci was followed
as suggested by Ning et al. (2015) with slight modifications.
Transmission of TOLCNDV was carried out using Asia Il 5
B. tabaci genetic group. The adult whiteflies were removed
from the culture plants leaving only immature stages. Such
plants carrying only immature stages were further shifted to
new cages and newly emerged adults (2-3 days old) were used
for this study. Newly emerged whiteflies were allowed to mass
feed on TOLCNDV infected source plants obtained from virus
pure culture facility (ICAR-CPRI, Shimla) for 48-h acquisi-
tion access periods (AAPs). Following virus acquisition, male
and female whiteflies were separated as suggested by Shi et al.
(2018). A 50-ml Falcon tube (Tarsons) excised at terminal
end and wrapped with muslin cloth was used to hold male
and female whiteflies in this experiment. These falcon tubes
containing single, three, six, and 12 male and female whiteflies
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«Fig. 1 Molecular phylogenetic placements of mtCOI sequences of
whitefly samples collected and consensus sequences for each of these
previously determined genetic groups. Multiple sequence alignment
by clustalW followed by phylogenic tree construction using the mini-
mum evolution method and keeping 1000 bootstrap value. The B.
tabaci mtCOI sequences of the present study have been highlighted
in boxes

separately were then kept inverted (open end) on virus-free
potato plants (5-6 days old) raised from microtubers. White-
flies were allowed to feed on the healthy potato plants for 48-h
inoculation access periods (IAPs). Subsequently, the transmis-
sion was terminated by application of Imidacloprid 17.8 SL @
0.03%. The application of same insecticide was repeated after
7 days to kill the immature stages emerged out of eggs laid
by whiteflies during IAPs. The virus-transmitted plants were
grown under insect proof cages at 27+3 °C for one month.
After one month the plants were tested for the presence of
ToLCNDV using polymerase chain reaction (PCR) as previ-
ously described by Jeevalatha et al. (2013) for detection of
ToLCNDV virus. DNA isolation was performed using Gene-
JET Plant Genomic DNA Purification Kit (Thermo Fisher) and
quantified using NanoDrop 2000/2000c Spectrophotometer®
(Thermo Fisher Scientific, India). The PCR reaction mixture
consisted of 10 ul of 2xEmerald Amp pcr master mix (Takara),
1 ul of each forward (LCVCPF 5'-AAAGTCATGTGTGTT
AGTGATGTTACC-3') and reverse primer (LCVCPR 5-TAG
AAATAGATCCGGATTTTCAAAGTA-3") (10 pmol/ ul), and
1 ul of DNA template (100 ng), and final reaction volume was
adjusted to 20 ul using nuclease-free water. The PCR condi-
tions were 94 °C for four min as initial denaturation, followed
by 35 cycles of 94 °C for 30 s, 62 °C for 1 min, and 72 °C for
1 min followed by a final extension of 72 °C for 10 min. The
PCR products were visualized in 1% agarose gel stained with
EtBR.

Virus acquisition by male and female whiteflies

Whiteflies (Asia II 5 genetic group) were allowed to feed in
clip cages on TOLCNDV-positive plant for three, six, 12, 24,
48, and 72 h. Subsequently after above mentioned acquisi-
tion period whiteflies were removed along with clip cages
and killed by keeping at — 20 °C for 10 min. The male and
female whiteflies were separated by observing the tail tip
and genitalia structure under stereo zoom microscope and
transferred in separate 1.5-ml eppendorf tubes with proper
label and further kept at -80 °C until processed for virus load
estimation using qPCR.

qPCR mediated virus load estimation in male
and female whiteflies

Male and female whiteflies collected after each acqui-
sition periods (3, 6, 12, 24, 48, and 72 h) were used for

determination of virus acquisition ability. Ten whiteflies
of each set of experiment were clubbed and used for DNA
isolation using blood and tissue kit (Qaigen) following the
manufacturer guidelines. The estimation of virus titer was
performed using qPCR (Step One Plus Applied Biosystems
real-time PCR, USA) by following the method previously
established for TOLCNDV (Naga et al. 2020). The qPCR
reactions mix included 1 pl DNA template (9 ng/pl), 10 pl
of Power SYBR Green Master Mix (Applied biosystems,
UK), 1 pM of each forward and reverse primer (5’ TAAGGT
GCAGTCCTTTGAATCT3’—Sense and 5’CTCCTCGGG
TAACATCACTAAC3’-AntiSense), and nuclease-free H,O
to attain final reaction volume of 20 pl. The gPCR cycling
condition included 10 min activation at 94 °C followed by
40 cycles of 15 s at 94 °C and 30 s at 60 °C for both anneal-
ing and extension.

Standard curve was generated by following the method
previously mentioned by Segev et al. (2004). To gener-
ate standard curve 770 bp sequence of coat protein gene
of TOLCNDV was cloned in pTZ57R/T vector (Thermo
Scientific®) following the manufacturer’s protocol. The plas-
mid was isolated from positive colonies using Qiagen Plas-
mid Miniprep kit and linearized by digesting EcoR1 (New
England Biolabs). Linearized plasmid was further purified
using Qiagen PCR purification kit. The concentration of
plasmid was converted to copy number using a dSDNA copy
number calculator (https://cels.uri.edu/gsc/cndna.html) and
total six serial dilutions (tenfold) of plasmid were prepared
with a starting concentration of 1.1x 107, This serially
diluted plasmid samples were loaded in the same reaction
plate along DNA samples of male and female whiteflies of
different acquisition periods. The quantification reaction
was performed in 96-well optical plates in the Thermocycler
(Step One Plus Applied Biosystems real-time PCR, USA).
Each qPCR reaction replicated thrice along with DNA from
healthy whitefly used as control while reactions mix without
templates as negative control.

Results
B. tabaci genetic groups in Indo-Gangetic plains

Whitefly samples were collected from 11 locations and six
host plants representing major potato growing regions except
one location Jaipur (Rajasthan) (Table 1). During this study
the majority of samples had been taken from the potato host,
i.e., 10 locations (Table 1). However, to decipher the off sea-
son survival of identified whitefly genetic groups, the sam-
ples were also collected from other host plants in summer
season. The PCR reaction amplified ~ 850 bp mtCOI gene
fragment and after sequence trimming approximately 700 bp
sequence was used for alignment with reference sequences
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retrieved from GenBank. Total 25 representative sequences
were submitted to GenBank and accession numbers were
obtained which are mentioned in Table 1.

Originally 115 consensus sequences of already deter-
mined B. tabaci genetic groups were used for correct assign-
ment of sequences obtained in the present study. However,
we have presented only 48 mtCOI sequences in the phyloge-
netic tree (Fig. 1). The percentage of replicate trees in which
the associated taxa clustered together in the bootstrap test
(1000 replicates) are shown next to the branches (Felsenstein
1985). The tree has been drawn to scale, with branch lengths
in the same units as those of the evolutionary distances used
to infer the phylogenetic tree (Fig. 1).

Analysis of the mtCOI sequences of our samples with
sequences from GenBank revealed four whitefly genetic
groups (Asia II 1, Asia IT 5, Asia I, and Middle East Asia
Minor 1) in the present study. Asia II 1 was observed at
six locations (Modipuram, Pantnagar, Hisar, Kurukshetra,
Ludhiana, and Jalandhar) over 5 host plants (potato, moong
bean, brinjal, Parthenium, and bottle gourd), whereas Asia Il

Fig. 2 Distribution of whitefly
genetic groups at major potato
growing areas
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5 and Asia I both were observed at four locations (Table 1).
Whitefly samples collected from Jaipur (Rajasthan) were
recorded as an invasive species MEAM 1, though the potato
is not grown in this region. Overall Asia II 1 was found most
dominating genetic groups followed by Asia II 5 and Asia
I in the major potato seed and crop production (Table 1,
Fig. 2).

Transmission of TOLCNDV by B. tabaci

Transmission of TOLCNDV was carried out separately with
male and female whiteflies of Asia I 5 genetic group. In our
experiment we have observed a clear cut difference in the
virus transmission abilities of male and female whiteflies.
The female transmitted the virus with higher efficiencies
than male (Fig. 3A, B). Single female and male individuals
transmitted the TOLCNDV with 93.33% and 82.35% effi-
ciencies, respectively. The virus transmission increased with
increasing number of the male and female whitefly individu-
als. The virus was transmitted with 100% efficiency by three
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Fig. 3 Transmission efficiency c 95 - n=30
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female whiteflies, whereas three males could transmit with
88.24% efficiencies. Six and above male whiteflies can trans-
mit the virus with cent percent efficiencies (Fig. 3; C and D).

qPCR mediated virus load estimation in male
and female whiteflies

One of the important factors to test the virus transmission
potential is to understand the ability to acquire the virus.
Our results revealed that the females can acquire signifi-
cantly higher virus (P <0.05) at different acquisitions peri-
ods (3, 12, 24, 48, and 72 h) except at 6 h of acquisition. In
both male and female the virus accumulation increased with
increase in the acquisition periods till 48 h and decreased
afterward. The virus titer in terms of copy number increased
from 2554.48 +397.31 to 293,498.24 +6777.27 (Virus cop-
ies/23.0 ng of DNA) during 48 h of virus acquisition by
female whitefly (Fig. 4). Likewise, copy number varied from
458.71 +189.24 to 161,347.76 +4645.80 (Virus copies/
23.0 ng of DNA) during same periods of virus acquisition
by male whitefly (Fig. 4). The virus titer estimated after
72 h of acquisition revealed reduction in copy numbers, i.e.,
107,169.73 £3095.33 and 141,978.97 +4268.69 (Virus cop-
ies/23.0 ng of DNA) in both male and female whiteflies,
respectively (Fig. 4).

Discussion
Our study revealed the prevalence of four whitefly genetic

groups, viz., Asia Il 1, Asia Il 5, Asia 1, and MEAM 1 in
the major potato growing areas of parts of North and Central

105 -
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gz = Male
S
§n 2.0 4 = Female
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Acquisition Access Periods

Fig.4 Accumulation of ToLCNDV-potato by male and female Asia II
5 genetic group at different acquisition periods. The values are Log
virus DNA copies (Mean=+SE)/23.0 ng in the male and female B.
tabaci DNA. Virus accumulation at different acquisition periods were
measured by qPCR as described in Materials and Methods based
on standard curves. Quantification of ToLCNDV-potato is given by
Slope: — 3.33, Y-intercept: 3.252, R%: 0.98, Efficiency%: 99.64. The
log transformed virus copies at each acquisition period in both male
and female were compared using Student #-test

India. Asia II1 and Asia 1 have been reported as one of the
major whitefly genetic groups in the Indo-Gangetic plains
which is consistent with the previous reports (Ellango et al.
2015). The present study reveals that Asia I 5 was found
at four locations Modipuram (Uttar Pradesh), Jalandhar
(Punjab), Pune (Maharashtra), and Jalgaon (Maharashtra)
of major potato growing regions. Out of these four locations,
Asia II 5 reported for the first time at Modipuram (Uttar
Pradesh) and Jalandhar (Punjab); however, there are reports
of its prevalence in Pune (Maharashtra) (Ellango et al.
2015). The Asia II 5 genetic group has also been previously
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reported from southern India and West Bengal (Ellango
et al. 2015). The detection of the Asia II 5 B. tabaci genetic
group in the North India may change the prevalence of the
whitefly-transmitted TOLCNDYV virus which is responsible
for causing potato apical leaf curl disease in potato (Kreuze
et al. 2020). The invasive B. tabaci genetic group MEAM 1
which was earlier known as biotype B has only observed at
Jaipur (Rajasthan). This genetic group was initially reported
for the first time in India at Bangalore (Banks et al. 2001;
Rekha et al. 2005) then in some parts of Gujarat (Chowda-
Reddy et al. 2012). In our study we reported the occurrence
MEAM 1 genetic group from western part of India (Jaipur,
Rajasthan); however, the absence of this genetic group in
major potato growing Indo-Gangetic region minimizes the
risk of losses due to associated viruses. So far nine genetic
groups (Asial, Asiall 1, Asiall 5, Asia Il 7, Asia Il 8, Asia
II 11, China 3, and one invasive MEAM 1) have been iden-
tified in different crops across India (Ellango et al. 2015).
However, the whitefly samples for genetic group identifi-
cation have not been drawn from potato crop. Our study
involving the potato as host crop for whitefly genetic group
identification revealed that there is no crop-specific genetic
group in the major potato growing Indo-Gangetic plains.
The detection of Asia Il 5 genetic group in the Indo-
Gangetic plains warns for more severe outbreak of potato
apical leaf curl disease. The virus acquisition ability of B.
tabaci varies in sex-dependent manner. We observed that
the ability to acquire TOLCNDV was higher in females com-
pared to males in Asia II 5 genetic group. Our results cor-
roborate with previous reports where female whiteflies can
acquire more virus than males (Byrne and Bellows 1991;
Ning et al. 2015; Peng et al. 2020). The higher virus acqui-
sition of females may positively affect the TOLCNDV virus
transmission efficiencies as compared to males. To validate
this assumption we have carried out transmission of ToLC-
NDV separately with male and female of newly detected B.
tabaci Asia I1 5 genetic group. Our finding reveals that Asia
II5 genetic group acts as an efficient vector of TOLCNDV
and female individuals are superior in transmitting this virus
than males. Limited literature is available where association
of TOLCNDV established with B. tabaci in genetic group-
dependent manner. Our findings were concordant with previ-
ous reports where single whiteflies were able to acquire and
transmit ToLCV-Ban4 virus to tomato test plants. Moreo-
ver, females were observed far more efficient (93—-100%)
in infecting tomato plants than males (23-29%) in a one
insect/one plant inoculation regime (Muniyappa et al. 2000).
Our results are also concurrent with those obtained for other
insects and viruses where females are more efficient vectors
than males (Xie et al. 2012). Shi et al. (2018) also observed
superior virus acquisition and transmission efficiency of
tomato chlorosis virus with invasive MEAM1 and MED
B. tabaci where females of both the genetic groups were

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

more efficient than male populations. Ning et al. (2015) also
observed variation in transmission of tomato yellow leaf curl
virus by whitefly, B. tabaci, based on differences of sex and
biotypes (B and Q). Similarly, females transmitted the ramie
mosaic virus with greater efficiency than by males of MED
cryptic species of B. tabaci (Peng et al. 2020). Besides, in
other virus vector systems similar observations have been
made, for example, females of plant hopper, Peregrinus
maidis, are superior vectors of rice stripe virus than males
(Narayana et al. 1996). However, there are many reports
where male transmitted the virus with greater efficiencies
than females (Rotenberg et al. 2009; Van De Wetering et al.
1999). Various workers have studied the probing behavior
of the male and female whiteflies, B. tabaci, and observed
that female salivated more and for longer time than males
regardless of the biotype; this could affect the virus ingestion
in the males and females (Jiang et al. 2000; Ning et al. 2015).
Still there are many factors that affect the virus transmission
abilities, like level of virus penetration across the midgut
(Guo et al. 2018), presence of specific endosymbionts (Got-
tlieb et al. 2010; Kliot and Ghanim 2013; Rana et al. 2016;
Van den Heuvel et al. 1994), and titer of the virus in the host
plant (Wintermantel et al. 2016) that need to be taken into
consideration. Newly added vectors in the Indo-Gangetic
plains can change the epidemiology of the TOLCNDV-borne
diseases in this region, which contribute for major part of
potato production. There are numerous examples where
invasion of whitefly strains had caused severe impact on the
agriculture. During 1991 vast numbers of whiteflies were
recorded on the winter vegetable crops caused estimated loss
of $500 million in California (USA) alone. Later studies
also revealed that invasion of biotype B in this region and
associated Gemini viruses (Brown 1991). Introduction of
MEAMI1 whitefly genetic group (India) results in endemic
occurrence of tomato leaf curl virus disease in Bangalore
(Banks et al. 2001). The rapid spread of tomato chlorosis
virus was associated with introduction of MED populations
of B. tabaci in China (Shi et al. 2018). Recent reports sug-
gested the association of only Asia II 5 B. tabaci genetic
group with chrysanthemum in the Karnataka (Ashwathappa
et al. 2020). This host might be responsible for potential
geographical expansion of the Asia I 5 genetic group in
the Indo-Gangetic region or North India. Among flowering
plants, chrysanthemum is commercially cultivated through
terminal cuttings, root suckers. Transport of planting mate-
rial (terminal cuttings) harboring developmental stages of
Asia IT 5 genetic group might be responsible for spread of
this genetic group in Indo-Gangetic plains. Besides, this
genetic group (Asia II 5) has also been recorded on other
host plants, like brinjal, beans, sunflower, cassava, Ageratum
spp., and tobacco, from south India (Chowda-Reddy et al.
2012; Ellango et al. 2015). However, chances of migration
mediated through these host plants are limited due to seed
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propagated nature of brinjal, beans, sunflower, Ageratum
spp, and tobacco. Moreover, other host, like cassava, is
not being cultivated in the major potato growing area of
North India. However, there is a possibility of Asia I 5 B.
tabaci getting migrated with other hosts which have not been
recorded yet. This study highlights the changing distribution
of the B. tabaci genetic group in India which may change
the dynamics of vector-borne diseases in potato production
system.

Conclusion

700 bp mtCOI gene sequence analysis of the B. tabaci sam-
ples collected from major potato growing regions of India
revealed the prevalence of three B. tabaci genetic groups in
the region. The study also highlights that Asia IT 5 genetic
group has expanded its geographical distribution from south
India to Indo-Gangetic plains. This geographical expan-
sion of new B. tabaci genetic group warns for outbreak and
spread of B. tabaci-transmitted viruses in potato as well as
other host plants. Furthermore, females of Asia II genetic
group are efficient vectors as compared to males. Still there
is a need for extensive and continuous survey for understand-
ing the distribution and associated host plants of B. tabaci
genetic groups in India.
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