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ABSTRACT

Wolbachia is a common maternally inherited bacterial endosymbiont of insects. Many species of whiteflies 
and their endoparasitoids exhibit interspecific variations/ species complexes which can be analysed through 
the variations between the host and the parasitoid using molecular markers. This study characterized 
the occurrence of Wolbachia in the whitefly Aleurodicus rugioperculatus and its parasitoid Encarsia 
guadeloupae. The Wolbachia surface protein(wsp) (450-600 bp) sequenced from the host-parasitoid collected 
from the field populations at Karnataka was analysed. The comparison of these sequences in the NCBI 
database through BLAST and ORF analysis revealed the presence of two new sequences infected with 
Wolbachia from the samples collected on the coconut palms (Cocos nucifera). The genetic relatedness of 
these has been brought out using the wsp gene through PCR. 
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Wolbachia is a highly diverse group of intracellular, 
maternally inherited endosymbionts belonging to the 
α-Proteobacteria (Jeyaprakash et al., 2000; Prakash 
and Puttaraju, 2007), and these infect a wide range of 
arthropods (Hilgenboecker et al; 2008). These bacteria 
are known for resulting in reproductive anomalies in 
their arthropod hosts (Stouthamer et al., 1999; Saridaki 
and Bourtzis, 2010). Most notably the reproductive 
manipulations result in an increased proportion or 
fitness of Wolbachia-carrying females (Werren et al., 
2008). Wolbachia is an obligate nutritional symbiont in 
filarial nematodes and bed bugs (Hosokawa et al., 2010) 
and in other cases where it is facultative, may contribute 
to the fitness of hosts by enhancing pathogen resistance 
or nutrient provision (Hedges et al., 2008; Brownlie et 
al., 2009). Wolbachia has attracted much interest for its 
role in biological, ecological and evolutionary processes 
(Kambris et al., 2009). The rugose spiralling whitefly 
Aleurodicus rugioperculatus Martin has been recently 
reported from India (Shanas et al., 2016; Martin et al., 
2004; Selvaraj et al., 2017). It is highly polyphagous with 
118 hosts belonging to 43 plant families (Francis et al., 
2016). It mainly infests coconut palms and other broad-
leaved hosts in its native range (Mayer et al., 2010). 

Interspecific transmission of secondary symbionts 
has been inferred from phylogenetic data (Kraaijeveld 
et al., 2011; Ahmed et al., 2013). By natural means, 
interspecific symbiont transmission has been 

documented between parasitoids developing in the 
same host (Duron et al., 2010) and between hosts and 
the parasitoids developing on them (Chiel et al., 2009). 
One of the promising routes to determine transmission 
between hosts and endoparasitoids is through molecular 
identification, and phylogenetic analyses confirm this 
(Vavre et al., 1999; Zchori-Fein et al., 2004). Parasitoids 
of the genera Encarsia guadeloupae feed and develop 
in A. rugioperculatus nymphs and are potentially 
vulnerable to symbiont infections. Therefore, the 
most informative method to determine the Wolbachia 
infection at the molecular level in A. rugioperculatus and 
its parasitoid E. guadeloupae is by using the molecular 
marker and sequencing the amplicons generated from 
the Wolbachia surface protein (wsp) gene (wsp) gene 
(Chiel et al., 2014) by using the consensus sequences 
through blast search and later submitting in NCBI 
database to assign genetic relatedness between 
interspecies (Pradeeksha and Puttaraju, 2020). Analysis 
of the wsp gene greatly improves the understanding of 
the genetic diversity of the whitefly parasitoid species 
complex (Bosco et al., 2006; Dinsdale et al., 2010; 
Ellango et al., 2015; Francis et al., 2016). Identification 
of the genetic diversity between the two insect species 
accurately determines whether the Wolbachia present 
in these are pests or vectors (Brown, et al., 1995). The 
present study characterizes the interspecific genetic 
diversity of the whitefly parasitoids collected from 
different locations in Karnataka.  
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MATERIALS AND METHODS

Aleurodicus rugioperculatus nymphs were randomly 
collected from plantations crops at the Krishi Vigyan 
Kendra, Mangalore, Dakshina Kannada (12.86’N, 
74.86’E). Collected specimens were brought to the 
laboratory and placd in closed petri dishes for the adult 
emergence of whiteflies or parasitoids. From these 50 
from each were preserved in 100% ethanol, and stored at 
-800C prior to DNA extraction. DNA extraction and PCR 
analysis were carried out at the ICAR-National Bureau 
of Agriculturally Important Insect Resources (NBAIR), 
Bangalore. Extraction of DNA was carried out from 
the somatic tissues of the thorax and upper abdominal 
region of the single specimen of A. rugioperculatus 
and E. guadeloupae which is rich in mitochondria. 
The extraction process was performed using DNAase 
Qiagen kit method (catalogue no: 69504) based on the 
manufacturer’s protocol. The quality of the extracted 
DNA was checked using the spectrophotometer. Thus, 
the crude DNA extracted was stored at -200C until it is 
subjected to PCR amplification. PCR amplification for 
the gene of interest was carried out using the standard 
protocol which involves the cocktail of reactions, using 
forward primer wsp-81F (5’TGG TCC AAT AAG TGA 
TGA AGA AAC) and the reverse primer wsp-691R 
(5’AAA AAT TAA ACG CTA CTC CA 3’) (Puttaraju 
and Prakash, 2005). The reaction was carried out in 
flat topped PCR tubes of 200ul volume manufactured 
by Tarsons, Kolkata, India. The PCR reaction involves 
the cocktail of mixtures where the final volume is made 
up to 50 µl consisting of thermoscientific ® 5 µl of Taq 
buffer, 1µl of thermoscientific 10 mM dNTP mix, 1 µl 
of forward primer and reverse primer manufactured by 
Bioserves, Hyderabad, India, 1 µl of Thermoscientific 
Taq DNA Pol (1U/µl), 5µL DNA (50ng/µl) and 36 µl of 
Himedia molecular grade water, with the thermo-cycling 
profile consisting of initial denaturation at 94OC for 5 min, 
followed by 36 cycles with denaturation at 940C for 1 
min, annealing at 55oC for 1 min and extension at 72oC 
for 10 min. PCR reaction was performed using C1000TM 
thermocycler. Later, the quality of the amplicons was 
checked on 1.5% agarose gel electrophoresis (Sambrook 
and Russell, 2001). Followed by staining of the gel 
with 0.5 µg/ ml ethidium bromide prior to casting. Gel 
documentation was done by using UV transilluminator 
documentation system. Later, the sequencing of the 
amplified products was done by availing sequencing 
facility from Chromous Biotech, Bangalore. 

Wolbachia infection was detected by PCR 
amplification of wsp fragments and the specificity of 
the amplicons was further verified by sequencing of the 

samples from single specimen of A. rugioperculatus, 
and its endoparasitoid E. guadeloupae. For this purpose, 
attempts were made to amplify the wsp gene through 
PCR and to sequence the amplified double stranded 
DNA directly using an automated fluorescent DNA 
sequencer. Bidirectional sequences of the amplified 
products of the A. rugioperculatus and its parasitoid E. 
guadeloupae were generated and analyzed for quality 
by using Bioedit 7.0.2 software, whereas similarities 
and ambiguities like insertions, deletions, stop codons, 
and frameshifts in these sequences were analyzed using 
proofreading tools like NCBI BLAST and ORF finder 
search tools (Altschul et al., 1990). Later, the respective 
accession numbers were generated by submitting the 
sequences to the GenBank database.

The pairwise and multiple sequence alignment of 
11 sequences were performed, 9 sequences which were 
already present in NCBI database was downloaded 
and the remaining 2 new sequences were used for the 
analysis using the parameters like neighbour-joining, 
bootstrap method and Kimura-2 from MEGA X (Tamura 
et al.., 2011). Prior to the analysis, the sequences were 
aligned using CLUSTAL W software. Later, the tree was 
constructed based on a heuristic search approach using 
the above parameters. Accordingly, the branch lengths 
of the tree were calculated, by analysis of the base 
substitutions per site among all sequences, along with 
codon positions including 1st, 2nd, 3rd and non-coding 
regions, followed by the elimination of the codons 
with gaps and missing data from the total dataset. The 
total nucleotide content (A, T, G, C, AT, and GC) of all 
sequences was calculated using a computer program 
introduced in the bioinformatics lab at NBAIR. Residual 
position and pairwise distances were estimated using the 
Clustal W alignment matrix tool of MEGA X software 
with default settings of gap parameters, including gap 
opening penalty 15, a gap-extension 6.66 in pairwise 
and 6.66 in multiple alignments, transition weight of 
0.50, sequence divergences were calculated. An NJ 
tree of distances was generated to provide a graphical 
representation of species divergences or closely 
relatedness to elucidate interspecies genetic relatedness 
through phylogenetic tree (Saitou and Nei,1987).  

RESULTS AND DISCUSSION

With morphological and molecular identification 
(Martin, 1987; Dubey and David, 2012; Heraty et al., 
2008; Hoddle et al., 1998), DNA extraction and PCR 
analysis, the whitefly species and its parasitoid were 
identified. Amplified products from the PCR analysis 
of the whitefly-parasitoid samples were detected 
and checked for low quality bases at the ends on the 
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agarose gel through UV transilluminator (Whitworth 
et al., 2007; Wilson, 1989), and gene of interest in the 
range of 450-600 bp were  classified as wsp amplicons 
(Fig. 1). The results revealed that whitefly-parasitoid 
species belong to A. rugioperculatus Mad (548bp) and 
E. guadeloupae (538bp). These were compared to the 
homologous sequences available in GenBank through 
BLAST search tool. Of all the 11 sequences used in 
the study, 9 were found to be similar with GenBank 
data (80- 100%); and remaining 2 sequences were 
observed to recorded for the first time at Karnataka in 
India on the coconut palms. Distribution of the whitefly-
parasitoid complex revealed its distribution in Karnataka 
(Guruprasad et al., 2015; Fig. 2; Genbank accession 
numbers- RSW-K, MK550508; Eq-K- MK543951). 
These were used for phylogeny construction using 
MEGA software. The 11 sequences of 5 species get 
classified into two major clades from the node which 
consists of inter species belonging to different order 
and family which was analyzed using 1000 bootstrap 
values during the phylogeny test (Felsenstein,1985). The 
overall transition/ transversion bias is R = 0.25 and the 
transition/ transversion rate ratios are k1 = 0.08 (purines) 
and k2 = 0.901 (pyrimidines). There was a total of 621 
positions in the final dataset, where transitions are more 
than transversions and there were two clusters (Fig. 3). 
The first cluster consisted of two subclades representing 
closely related whitefly species like A. rugioperculatus, 
parasitoid- Encarsia guadueloupae and Bemisia tabaci 
which originated from the similar ancestors along with 
another subclade consisting of Encarsia sp w En sp.1, 
Encarsia sp w En 1, Wolbachia sp w Ebim-2, Encarsia 
sp. w En_sp 2, Wolbachia sp. wE1, Encarsia bimaculata 
wEbim 1, Eretmocerus sp w Esp. 2 and Eretmocerus 
mundus wE mun 1. The second main cluster consisted 
of the characters from their ancestors which are closely 
related to the first clade, but shared a close relationship 
with the species of the first subclade. The present 
results reveal that the genetic relatedness of the whitefly 
-parasitoid species studied are more towards the south 
and eastern parts of India, particularly in coastal regions. 

ACKNOWLEGDEMENTS

The authors thank the Director, ICAR-NBAIR, 
Bangalore, for providing facilities; Dr S K Jalali, Former 
Head, Division of Genomic Resources, ICAR-NBAIR, 
Bangalore for providing an opportunity to work in the 
Molecular Entomology Lab at Yelahanka campus; Drs A 
Kandan and K. Selvaraj for identification of whiteflies; 
Dr U Amala and Mr K T Shivakumara, ICAR-DMAPR 
for guidance. 

REFERENCES

Ahmed M Z, De Barro P J, Ren S X, Greeff J M, Qiu B L. 2013. Evidence 
for horizontal transmission of secondary endosymbionts in the 
Bemisia tabaci cryptic species complex. Plos One 8(1): e53084.

Altschul S F, Gish W, Miller W, Myers E W, Lipman D J. 1990. Basic local 
alignment search tool. Journal of Molecular Biology 215: 403-410.

Bosco D, Loria A, Sartor C, Cenis J L. 2006. PCR-RFLP Identification 
of Bemisia tabaci Biotypes in the Mediterranean Basin. 
Phytoparasitica 34(3): 243-251.

Brown J K, Frohlich D R, Rosell R C. 1995. The sweetpotato or silverleaf 

Fig. 1: PCR amplification of the whitefly species A. rugioperculatus 
and its endoparasitoid E. guadeloupae
Lane 1: Molecular weight marker (lkb); Lane 2: E. guadeloupae; 
Lane 3: A. rugioperculatus; Lane 4: Negative control

Fig. 2. (a) A. rugioperculatus nymphal instar; (b) E. guadeloupae 
parasitized nymphal instars

(a) (b)

Fig. 3. Phylogenetic tree- neighbour joining method  
whitefly-parasitoid (wsp gene)

 



926     Indian Journal of Entomology 84(4) 2022	 Research Communication

whiteflies:biotypes of Bemisia tabaci or a species complex? Annual 
Review of Entomology 40: 511-534.

Brownlie J C, Cass B N, Riegler M, Witsenburg J J, Iturbe-Ormaetxe 
I, McGraw E A, O’Neill S L. 2009. Evidence for metabolic 
provisioning by a common invertebrate endosymbiont, Wolbachia 
pipientis, during periods of nutritional stress. Plos Pathogens 5(4): 
e1000368.

Chiel E, Kelly S E, Harris A M, Gebiola M, Xianchun Li, Zchori-Fein E, 
Hunter M S. 2014.Characteristics, phenotype, and transmission of 
Wolbachia in the sweet potato whitefly, Bemisia tabaci (Hemiptera: 
Aleyrodidae), and its parasitoid Eretmocerus sp. nr. emiratus 
(Hymenoptera: Aphelinidae) Environmental Entomology 43 (2): 
353-362.

Chiel E, Zchori-Fein E, Inbar M, Gottlieb Y, Adachi Hagimori T, Kelly S 
E, Asplen M K, Hunter M S. 2009. Almost there: transmission routes 
of bacterial symbionts between trophic levels. Plos One 4: e4767.

Dinsdale A L, Cook C, Riginos Y M, Buckley P, De Barro. 2010. Refined 
global analysis of Bemisia tabaci (Hemiptera: Sternorrhyncha: 
Aleyrodoidea: Aleyrodidae) Mitochondrial cytochrome oxidase 1 to 
identify species level genetic boundaries Annuals of Entomological 
Society of America 103: 196-208.

Dubey A K, David B V. 2012. Collection, preservation and preparation 
of specimens for taxonomic study of whiteflies (Hemiptera: 
Aleyrodidae). In: B.V. David (Ed.). The whiteflies or mealy winged 
bugs: biology, host specificity and management Germany: Lambert 
Academic Publishing. pp. 1-19.

Duron O, Wilkes T E, Hurst G D D. 2010. Interspecific transmission 
of a male-killing bacterium on an ecological timescale. Ecology 
Letters 13: 1139-1148.

Ellango R, Shalini T S, Vipin S R, Gayatri Priya N, Harpeet R, Rahul 
C, Naveen N C, Riaz M, Ramamurthy V V, Asokan R, Rajagopal 
R. 2015. Distribution of Bemisia tabaci Genetic Groups in India. 
Environmental Entomology 44(4): 1258-1264.

Felsenstein  J. 1985. Confidence limits on phylogenies: an approach 
using the bootstrap. Evolution 39(4): 783-791.

Francis A W, Stocks I C, Smith T R, Boughton A J, Mannion C M, 
Osborne L S. 2016. Host Plants and Natural Enemies of Rugose 
Spiralling Whitefly (Hemiptera: Aleyrodidae) in Florida. Florida 
Entomology 99(1):150-153.

Guruprasad N M, Harish B M, Jalali S K, Puttaraju H P.2015. 
Characterization of Wolbachia cell division protein (ftsz) gene 
for potential management of Uzifly Exorista sorbillans (Diptera: 
Tachinidae). Journal of Entomology and Zoology Studies 3(2):57-61. 

Hedges L M, Brownlie J C, O’Neill S L, Johnson K N. 2008. Wolbachia 
and virus protection in insects. Science 322: 702.

Heraty J M, Polaszek A, Schauff M E.2008. Systematics and Biology of 
Encarsia. Springer 4020-6740.

Hilgenboecker K, Hammerstein P, Schlattmann P, Telschow A, Werren J H. 
2008. How many species are infected with Wolbachia?-A statistical 
analysis of current data. FEMS Microbiology Letters 281(2): 215-220.

Hoddle M S, Driesche R G V,Sanderson J P. 1998. Biology and use 
of the whitefly parasitoid Encarsia formosa. Annual Review of 
Entomology 43: 645-669.

Hosokawa T R, Koga Y Kikuchi, Meng X Y, Fukatsu T. 2010. Wolbachia 
as a bacteriocyte-associated nutritional mutualist. Proceedings in 
National Academy of Sciences. U.S.A 107: 769-774.

Jeyaprakash A, Hoy M A. 2000. Long PCR improves Wolbachia DNA 
amplification:  wsp sequences found in 76% of sixty-three arthropod 
species. Insect Molecular Biology 9(4): 393-405.

Kambris Z, Cook P E, Phuc H K, Sinkins S P. 2009. Immune activation 
by life shortening Wolbachia and reduced filarial competence in 
mosquitoes. Science 326(5949):134-136.

Kraaijeveld K P, Franco P, De Knijff, Stouthamer R, Van Alphen J J M. 
2011. Clonal genetic variation in a Wolbachia-infected asexual wasp: 
horizontal transmission or historical sex? Molecular Ecology 20: 364.

Martin J H. 2004. Whiteflies of Belize (Hemiptera: Aleyrodidae). 
Part 1 Introduction and account of the subfamily Aleurodicinae 
Quaintance and Baker. Zootaxa 3: 119.

Mayer H, McLaughlin J, Hunsberger A, Vasquez L, Olcyzk T, Mannion C. 
2010. Common questions about the gumbo limbo spiralling whitefly 
(Aleurodicus rugioperculatus). The Miami-Dade Cooperative 
Extension p.4.

Pradeeksha N, Puttaraju H P. 2020. Molecular Characterization of 
some whitefly species (Hemiptera) across India. Indian Journal 
of Entomology 82(4).

Prakash B M, Puttaraju H P. 2007. Frequency of infection with A and B 
supergroup Wolbachia in insects and pests associated with mulberry 
and silkworm. Journal of Biosciences 32: 671-676.

Puttaraju H P, Prakash B M. 2005. Effects of Wolbachia in the uzifly, 
Exorista sorbillans, a parasitoid of the silkworm, Bombyx mori. 
7pp. Journal of Insect Science 5:30.

Saitou N, Nei M. 1987. The Neighbor-joining method: a new method 
for reconstructing phylogenetic trees. Molecular Biology Evolution 
4 (4): 406-425.

Sambrook J, Russell D W. 2001. Molecular Cloning: A Laboratory 
Manual, 3th edition, Cold Spring Harbor Laboratory, New York’. 
Cold Spring, Harbor Laboratory, New York,3th edition.

Saridaki A, Bourtzis K. 2010. Wolbachia: more than just a bug in insects 
genitals. Current Opinion in Microbiology 13(1): 67-72.

Selvaraj K, Sundararaj R, Venkatesan T, Chandish, Ballal R, Jalali S K, 
Ankita Gupta, Mrudula H K. 2017. Potential natural enemies of 
the invasive rugose spiralling whitefly, Aleurodicus rugioperculatus 
Martin in India. Journal of Biological Control 30(4): 236.

Shanas S, Joseph J, Joseph T, Anju Krishnan G. 2016. First report of the 
invasive rugose spiralling whitefly, Aleurodicus rugioperculatus 
Martin (Hemiptera: Aleyrodidae) from the Old World. Entomology 
41(4): 364-368.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2011. 
MEGA6:Molecular Evolutionary  Genetics Analysis version 6.0., 
Molecular Biology Evolution 30(12): 2725-2729.

Vavre F, Fleury F, Lepetit D, Fouillet P, Bouletreau M. 1999. Phylogenetic 
evidence for horizontal transmission of Wolbachia in host-parasitoid 
associations. Molecular Biology and Evolution 16: 1711-1723.

Werren J H, Baldo L, Clark M E. 2008. Wolbachia: master manipulators of 
invertebrate biology. Nature Reviews Microbiology 6(10): 741-751. 

Whitworth T L, Dawson R D, Magalon H B E. 2007. DNA barcoding 
cannot reliably identify species of the blowfly genus Protocalliphora 
(Diptera: Calliphoridae). Proceedings Royal Society London B: 
Biological Science 274(1619): 1731-1739.

Wilson J J. 2012. DNA barcodes of insects. Methods in Molecular 
Biology. 858: 17-46.

Zchori-Fein E, Perlman S J, Kelly S E, Katzir N, Hunter M S. 2004. 
Characterization of a Bacteroidetes symbiont in Encarsia wasps 
(Hymenoptera: Aphelinidae): proposal of ’Candidatus Cardinium 
Hertig. International Journal of Systematic and Evolutionary 
Microbiology 54: 961-968.

(Manuscript Received: May, 2021; Revised: September, 2021; 
Accepted: September, 2021; Online Published: January, 2022) 

Online First in www.entosocindia.org and indianentomology.org Ref. No. e21111


