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Abstract
Background: Investigations were carried out to record the spreading frequency of seven known endosymbionts specifically 
Portiera, Cardinium, Rickettsia, Fritschea, Wolbachia, Hamiltonella and Arsenophonus between the field populations of 
Bemisia tabaci collected from two host plants, viz. brinjal (Solanum melongena) and tomato (S. lycopersicum). Methods: 
Individual flies from each host were scanned for symbiotic bacterial infection with specific primers amplifying the 16S 
rRNA gene of Portiera, Cardinium, Hamiltonella, Rickettsia and Wolbachia, and the 23S rRNA gene of Arsenophonus and 
Fritschea. Findings: The primary endosymbiont, Portiera aleyrodidarum remained present in the samples of B. tabaci on 
both host plants brinjal and tomato but a variation was observed in the distribution frequency of secondary endosymbionts. 
Application: This irregular distribution of secondary endosymbionts strengthens the hypothesis that each endosymbiotic 
bacterium not only has a role in the survival but may also have a part in the polyphagus nature of B. tabaci.

1. Introduction
Bemisia tabaci (Gennadius) (Hemiptera:Aleyrodidae) 
is a globally known polyphagous pest reported in over 
900 host plants including vegetables, ornamentals, 
other agricultural and horticultural crops1,2. B. tabaci is 
a cryptic species complex of minimum 24 genetically 
diverse species. Thus far, one obligate and seven faculta-
tive symbiotic bacteria have been described from the B. 
tabaci species complex. Both genetic groups and infested 
symbionts are very significant to evaluating the pest 
rank of B. tabaci3. This pest features on the list covering 
world’s 100 destructive species of International Union for 
Conservation of Nature and Natural Resource4. It causes 
economic damage as a pest in over 60 crop plants acting 
as a vector of many plant viruses, e.g. Mungbean Yellow 
Mosaic Virus (MYMV) is one of the most common dis-
eases of Mungbean and is transmitted through whitefly 

B. tabaci5. This sap sucking pest feeds on phloem sap 
enriched in carbohydrates and is unable to get crucial 
amino acids and nutrients that are required for its growth 
and development. This deficiency is compensated by the 
microbial community in the form of endosymbionts, 
which are either primary endosymbionts or second-
ary endosymbionts. Of these, the Primary or obligatory 
endosymbionts (P-endosymbionts) reside in bacterio-
cytes6. These are transferred vertically and are identified 
to produce important non-dietary metabolites7,8. The sec-
ondary endosymbionts also transferred vertically but are 
described to be communicated horizontally over direct or 
indirect interaction with other infected individuals7,9,10. 
Portiera aleyrodidarum is notable as the only primary or 
obligate endosymbiont of whitefly11. But a number of sec-
ondary endosymbionts like Wolbachia (Rickettsiales)12, 
Arsenophonus (Enterobacteriales)13, Cardinium 
(Bacteroidetes)14, Rickettsia (Rickettsiales)15, Hamiltonella 
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(Enterobacteriales)12 and Fritschea (Chlamydiales)16 are 
known.

The secondary endosymbionts are known to have 
lot of impact on the whiteflies, such as heat tolerance17, 
resistivity to parasitoids18, capability of virus transmis-
sion19 and vulnerability to insecticides20,21. Infection of 
Rickettsia is reported to increase fitness substantially and 
female bias in the host population22. Wolbachia has abil-
ity to array host reproduction, deliver nutrition to insect 
hosts and shield insect hosts from pathogenic viruses23. 
The symbiont in this condition acts as equally mutualist 
and multiplicative manipulator for the host insect, with 
obvious helpful impact on host population increase as well 
as the spread of symbiont in fields. According to24, some 
secondary endosymbionts may even deploy interbreed-
ing among whitefly species. Strains of endosymbiotic 
bacteria infecting whiteflies have been described to inter-
mingle precisely with diverse whitefly populations with 
wide-ranging effects on its host biology and effectiveness 
of virus transmission25.

Although case studies on the role of secondary endo-
symbionts in B. tabaci are very limited, these bring out 
their wide-ranging impact on the biology of their hosts. 
Thus knowledge of diversity of Secondary endosymbionts 
(S-endosymbionts) is essential for clarifying various eco-
logical aspects of B. tabaci species complex.

In this study, we explored the seven known endosym-
bionts, namely Portiera, Cardinium, Rickettsia, Wolbachia, 
Fritschea, Hamiltonella and Arsenophonus between the 
field populations of B. tabaci species complex infesting 
two solanaceous hosts viz. brinjal (Solanum melongena) 
and tomato (Solanum lycopersicum). The main objective 
was to generate information on the distribution frequency 
of the S-endosymbionts. 

2. Material and Methods

2.1 Sample Collection
Bemisia tabaci species complex used in the present study 
were caught from fields of Indian Agricultural Research 
Institute, New Delhi, during 2015 and 2016 and stored 
individually in eppendorf tubes comprising 100% etha-
nol and kept at -200C until processed for genomic DNA 
isolation. A total of 30 individuals from each host were 
processed as samples.

2.2 DNA Extraction 
Each individual fly was washed twice by sterile distilled 
water and total genomic DNA was isolated by using 
DNASure Tissue Mini Kit (Nucleo-pore, Genetix) as per 
manufacturer’s protocol. The isolated genomic DNA of 
each replicate was stored at -20°C for further processing.

2.3 Identification of B. tabaci Genetic 
Groups
Molecular characterization of B. tabaci for identification 
of the genetic group was performed based on mitochon-
drial cytochrome oxidase 1 (mtCO1) subsequently PCR 
reaction using universal primers26 (Table 1). PCR was 
completed with a concluding volume of 25 µl consisting 
of Thermo Scientific maxima hot start PCR master mix 
(12.5 µl), molecular grade water (8.5 µl), forward and 
reverse primers (10 pmol each 1 µl) and 2 µl of genomic 
DNA. Samples were amplified using a Ventri® 96-well 
thermal cycler (Applied Biosystems® Life Technologies). 
The PCR program for amplification of mtCO1 is given in 
Table 2. The products (5 µl) were visualized in 1% agarose 
gel containing ethidium bromide under UV illumination 
after a passage of 45 minute at 80 V. With the expected 
band size (Table 1) on the gels, the product (20 µl) was 
used for sequencing.

Databases for sequences were searched using the 
BLAST algorithm27,28 in NCBI Gene Bank (NCBI) and 
were aligned using BioEdit version 7.2.529. Distance was 
considered using the Kimura 2-parameter model of 
MEGA 6.

2.4 Screening and Identification of 
S-endosymbionts
Individual flies from each host were scanned for endo-
symbiotic bacterial infection with specific primers 
amplifying the 16S rRNA gene for Rickettsia, Cardinium, 
Hamiltonella and Wolbachia and the 23S rRNA gene for 
Fritschea and Arsenophonus (Table 1). The existence of 
primary symbiont Portiera was correspondingly checked 
to approve the quality of DNA extraction. DNA was 
amplified in a concluding volume of 25 µl, containing 12.5 
µl Thermo Scientific maxima hot start PCR master mix, 
8.5 µl molecular grade water, 1 µl of both forward and 
reverse primers (10 pmol each) and 2 µl genomic DNA. 
The PCR program for the primary and S-endosymbionts 
is given in Table 2. 
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The products (5 µl) were visualized in 1.0% agarose 
gel containing ethidium bromide under UV illumination 
after a migration of 45 minute at 80 V. With the antici-
pated band size on the gels, the rest product (20 µl) was 
used for sequencing (Table 1). The obtained sequences 
were equated to the available sequences in the record 
using BLAST algorithm in NCBI.

2.5 Data Analysis 
The variances in relative number of symbionts were inves-
tigated using one-way Analysis of Variance (ANOVA). 

Statistical evaluation was performed with SPSS version 
16.0.

3. Results
The sequences of mtCOI B. tabaci from brinjal and 
tomato were analyzed and these revealed that the studied 
population goes to the Asia II 1 genetic group (Figure 1).

The results revealed the occurrence of seven known 
endosymbionts, viz. Portiera, Cardinium, Rickettsia, 
Wolbachia, Arsenophonus, Fritschea and Hamiltonella 

Table 1. PCR primers and conditions used in the study

Targeted gene Primer’s Sequence (5’-› 3’) Annealing temp. (0c)/ 
Product size (bp)

Reference

Portiera 
16S rRNA

F- CGCCCGCCGCGCCCCGCGCCCGTCCCGCCGCC CCCGCCCG
R- CCGTCAATTCMTTTGAGTTT

60/ 550 42

Hamiltonella
16S rRNA

F- TGAGTAAAGTCTGGAATCTGG
R- AGTTCAAGACCGCAACCTC

60/ 700 10

Wolbachia
16S rRNA

F- CGGGGGAAAAATTTATTGCT
R- AGCTGTAATACAGAAAGTAAA

55/ 700 43

Arsenophonus
23S rRNA

F- CGTTTGATGAATTCATAGTCAAA
R- GGTCCTCCAGTTAGTGTTACCCAAC

60/ 600 11

Cardinium
16S rRNA

F- GCGGTGTAAAATGAGCGTG
R- ACCTMTTCTTAACTCAAGCCT

58/ 400 12

Rickettsia 
16S rRNA

F- GCTCAGAACGAACGCTATC
R- GAAGGAAAGCATCTCTGC

60/ 900 13

Fritschea
23S rRNA

F- TGGTCCAATAAGTGATGAAGAAAC
R- GCTCGCGTACCACTTTAAATGGCG

60/ 600 44

B. tabaci
MtCOI

F- TTGATTTTTTGGTCATCCAGAAGT
R- TCCAATGCACTAATCTGCCATATTA

52/ 800 22

Table 2. PCR programs used to detect the prevalence of Primary and Secondary endosymbionts in B. tabaci

Endosymbionts Pre- denaturation Denaturation Cycling conditions
Annealing Extension Cycles

Portiera 94 0C (4 Min) 94 0C (30 s) 56 0C (2 Min) 72 0C (2 Min) 35

Hamiltonella 94 0C (4 Min) 94 0C (30 s) 52 0C (2 Min) 72 0C (2 Min) 35

Wolbachia 94 0C (4 Min) 94 0C (30 s) 55 0C (2 Min) 72 0C (2 Min) 35

Arsenophonus 94 0C (4 Min) 94 0C (30 s) 56 0C (2 Min) 72 0C (2 Min) 35

Cardinium 94 0C (4 Min) 94 0C (30 s) 52 0C (2 Min) 72 0C (2 Min) 35

Rickettsia 94 0C (4 Min) 94 0C (30 s) 58 0C (2 Min) 72 0C (2 Min) 35

Fritschea 94 0C (4 Min) 94 0C (30 s) 60 0C (2 Min) 72 0C (2 Min) 35

B. tabaci
mtCOI

94 0C (1 Min) 94 0C (1 Min) 55 0C (1 Min) 72 0C (1 Min) 35
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infecting B. tabaci in the two hosts viz. brinjal and 
tomato. All the scanned individuals indicated the pres-
ence of primary endosymbiont, Portiera, which validates 
the high class of DNA extractions and Figure 2 shows the 
distribution frequency of endosymbionts. Apart from the 
Fritschea and Hamiltonella, individuals were found to be 
infected with S-endosymbionts.

Figure 1. Distribution frequency of endosymbionts in 
solanaceous hosts of Bemisia tabaci.

In brinjal and tomato presence of the primary endo-
symbiont i.e. Portiera aleyrodidarum was 100%, while 
diversity was observed as regards the distribution of 
S-endosymbionts; percentage of Wolbachia was 33.34% 
in brinjal whereas it was totally absent in tomato; in case 
of Rickettsia, Arsenophonus and Cardinium the distribu-
tion frequency was 90% for brinjal and 43.34% in tomato, 
16.67% in brinjal and 56.67% in tomato and 20% in brin-
jal and 100% in tomato, respectively. 

Single factor ANOVA indicated that the infection of 
Cardinium, Rickettsia and Wolbachia vary significantly in 
the two hosts (p = 0.016, 0.011 and 0.050 respectively), 
whereas no significant variation was observed as regards 
Arsenophonus (p = 0.165).

In the Asia II 1 genetic group on the solanaceous 
hosts, distribution frequency varied significantly with the 
presence of Cardinium and Arsenophonus being higher in 
individuals from tomato as compared to brinjal, whereas 
individuals from brinjal have a higher level of Rickettsia. 
The presence of Wolbachia was about 33.34% in individu-

als obtained from brinjal but were entirely absent in the 
tomato population. These outcomes are in covenant with 
the prior studies30–32, showing that within Q genetic group, 
most Q 1 individual’s contains Hamiltonella and occa-
sionally low frequencies of Cardinium and Wolbachia, 
however Q 3 individuals harbor frequently Arsenophonus 
with a high level of co-infection with Rickettsia.

Figure 2. Showing the phylogenetic status of the Bemisia 
tabaci collected from solanaceous host plants.

4. Discussion
Arthropods harbors endosymbiotic bacteria producing a 
diversity of symbiotic links ranging from mutualism to 
parasitism33,34. The mutualistic symbiotic bacteria play an 
important role by providing vital nutrients which are defi-
cient in arthropods feeding on imbalanced diets like plant 
sap8. In addition to providing nutrients, bacterial endo-
symbionts been recorded to have a variety of consequence 
on their hosts, viz. improved resistance to parasites35, 
increasing the range of temperature tolerance36 and also 
possibly have a role in the sexual selection of its insect 
hosts37.
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Bacterial endosymbionts are important for the exis-
tence, spread and development of the B. tabaci13. Bacterial 
diversity in B. tabaci has been studied by many workers 
from different pert of the world30,31,38,39 but from India very 
few reports are available40,41. Thus, the present study was 
undertaken to study the bacterial endosymbiont diversity 
in B. tabaci nourishing on two solanaceous host plants, 
viz. brinjal and tomato.

During the present study, B. tabaci individuals col-
lected from both the host plants was identified as 
belonging to Asia II 1 genetic group. A scan for identi-
fying the symbionts diversity in brinjal and tomato host 
plants revealed a variation in the frequency distribu-
tion of the various S-endosymbionts within the same 
genetic group of B. tabaci. Thus this study confirms the 
association between the endosymbiotic bacterial groups 
and the genetic groups of B. tabaci and reach agreement 
with earlier works30–32. A variation was observed in the 
distribution of the S-endosymbionts in the hosts stud-
ied with 100% presence of P-endosymbiont Portiera in 
all the analyzed samples. The distribution frequency of 
secondary endosymbionts varied within the same genetic 
group within the Asia II 1 genetic group observed on the 
solanaceous host plants, distribution frequency varied sig-
nificantly, the presence of Cardinium and Arsenophonus 
being higher in individuals from tomato compared to 
those from brinjal, whereas individuals from brinjal had 
a higher level of Rickettsia. Wolbachia was present only 
in about 33.34% in individuals feeding on brinjal but as 
entirely absent from the population on tomato. These 
outcomes are in covenant with the earlier studies30–32, 
which indicated that within Q genetic group, most Q 1 
individual’s contains Hamiltonella and occasionally low 
incidences of Wolbachia and Cardinium, whereas Q 3 
individuals harbour frequently Arsenophonus with a high 
level of co-infection with Rickettsia. In other words, there 
is a variation in the distribution of S-endosymbionts with 
the same genetic group of B. tabaci. Further the incidence 
of secondary symbionts diverse significantly between the 
different host plant within the same genetic group. A sig-
nificant difference in the levels of Cardinium, Rickettsia 
and Wolbachia were observed in individuals from two 
hosts whereas for Arsenophonus it was not significant. This 
is the first study towards mapping of the endosymbiont 
diversity associated with hosts preference of B. tabaci in 
India. The results indicate a need for advanced studies on 
the host wise frequency distribution of S-endosymbionts 

and its relation with various genetic groups of B. tabaci 
and also their role if any in the polyphagus nature of this 
insect pest.

5. Acknowledgements 
The authors thank ICAR, New Delhi, for funding the 
Network Project on Insect Biosystematics.

6. Disclosure
The authors have no conflicts of interest, including spe-
cific economic interests and associations and affiliations 
relevant to the subject of this manuscript.

7. References
1. Cahill M, Denholm I, Bryne FJ, Devonshire AL. Insecticide 

resistance in Bemisia tabaci current status and implica-
tions for management. Proc Brighton Crop Protection 
Conference. Pests and Diseases. 1996; 1:75–80.

2. Jones DR. Plant viruses transmitted by whiteflies. Eur J 
Plant Pathol. 2003; 109:195–219.

3. Fujiwara A, Maekawa K, Tsuchida T. Genetic groups and 
endosymbiotic microbiota of the Bemisia tabaci species 
complex in Japanese agricultural sites. J Appl Entomol. 
2014 May. DOI: 10.1111/jen.12171

4. Lowe S, Browne M, Boudjelas S, Poorter MD. 100 of the 
World’s Worst Invasive Alien Species A selection from the 
Global Invasive Species Database. The Invasive Species 
Specialist Group (ISSG) a specialist group of the Species 
Survival Commission (SSC) of the World Conservation 
Union (IUCN); Auckland, New Zealand. 2000. p. 12.

5. Mohan S, Sheeba A, Murugan E, Ibrahim SM. Screening 
of mungbean germplasm for resistance to mungbean yel-
low mosaic virus under natural condition. Indian Journal 
of Science and Technology. 2014 Jul; 7(7):891–6

6. Moran NA, Telang A. Bacteriocyte-associated symbionts of 
insects: A variety of insect groups harbor ancient prokary-
otic endosymbionts. Bioscience. 1998; 48:295–304.

7. Clark EL, Karley AJ, Hubbard SF. Insect endosymbionts: 
Manipulators of insect herbivore trophic interactions? 
Protoplasma. 2010; 244(1–4):25–51.

8. Douglas AE. Nutritional interactions in insect-microbial 
symbioses: Aphids and their symbiotic bacteria Buchnera. 
Annu Rev Entomol. 1998; 43:17–27.

9. Baumann P, Moran NA, Baumann L. Bacteriocyte associ-
ated endosymbionts of insects, Prokaryotes. Symbiotic 
Assoc Biotechnol Appl Microbiol. 2006; 1:403–38.



Indian Journal of Science and TechnologyVol 9 (40) | October 2016 | www.indjst.org 6

Diversity of Associated Endosymbionts of Bemisia tabaci (Gennadius) on Solanaceous Host Plants in India

10. Feldhaar H. Bacterial symbionts as mediators of ecologi-
cally important traits of insect hosts. Ecol Entomol. 2011; 
36:533–43.

11. Baumann P. Biology bacteriocyte-associated endosym-
bionts of plant sap-sucking insects. Annu Rev Microbiol. 
2005; 59:155–89.

12. Zchori-Fein E, Brown JK. Diversity of prokaryotes asso-
ciated with Bemisia tabaci (Gennadius) (Hemiptera: 
Aleyrodidae). Ann Entomol Soc Am. 2002; 95(6):711–8.

13. Thao ML, Baumann P. Evolutionary relationships of pri-
mary prokaryotic endosymbionts of whiteflies and their 
hosts. Appl Environ Microbiol. 2004; 70(6):3401–6.

14. Weeks AR, Velten R, Stouthamer R. Incidence of a new sex 
ratio distorting endosymbiotic bacterium among arthro-
pods. P Roy Soc Lond B Bio. 2003: 270(1526):1857–65.

15. Gottlieb Y, Ghanim M, Chiel E, Gerling D, Portnoy V, 
Steinberg S, Tzuri G, Horowitz AR, Belausov E, Mozes-
Daube N. Identification and localization of a Rickettsia sp. 
in Bemisia tabaci (Homoptera:Aleyrodidae). Appl Environ 
Microbiol. 2006; 72(5):3646–52.

16. Everett KD, Thao M, Horn M, Dyszynski GE, Baumann 
P. Novel chlamydiae in whiteflies and scale insects: 
Endosymbionts ‘Candidatus Fritscheabemisiae’ strain Falk 
and ‘Candidatus Fritscheaeriococci’ strain Elm. Int J Syst 
Evol Microbiol. 2005; 55(4):1581–7.

17. Brumin M, Kontsedalov S, Ghanim M. Rickettsia influ-
ences thermotolerance in the whitefly Bemisia tabaci B 
biotype. Insect Sci 2011; 18(1):57–66.

18. Mahadav A, Gerling D, Gottlieb Y, Czosnek H, Ghanim 
M. Parasitization by the wasp Eretmocerus mundus induces 
transcription of genes related to immune response and 
symbiotic bacteria proliferation in the whitefly Bemisia 
tabaci. BMC Genomics. 2008; 9:342.

19. Gottlieb Y, Zchori-Fein E, Mozes-Daube N, Kontsedalov S, 
Skaljac M, Brumin M, Sobol I, Czosnek H, Vavre F, Fleury 
F, Ghanim M. The transmission efficiency of tomato yellow 
leaf curl virus by the whitefly Bemisia tabaci is correlated 
with the presence of a specific symbiotic bacterium species. 
J Virol. 2010; 84(18):9310–7.

20. Ghanim M, Kontsedalov S. Susceptibility to insecticides in 
the Q biotype of Bemisia tabaci is correlated with bacterial 
symbiont densities. Pest Manag Sci. 2009; 65(9):939–42.

21. Kontsedalov S, Zchori-Fein E, Chiel E, Gottlieb Y, Inbar M, 
Ghanim M. The presence of Rickettsia is associated with 
increased susceptibility of Bemisia tabaci (Homoptera: 
Aleyrodidae) to insecticides. Pest Manag. Sci. 2008; 
64(8):789–92.

22. Himler AG, Adachi-hagimori T, Bergen JE, Kozuch A, 
Kelly S E, Tabashnik BE, Chiel E, Duckworth VE, Dennehy 
TJ, Zchori- Fein E, Hunter MS. Rapid spread of a bacterial 

symbiont in an invasive whitefly is driven by fitness benefits 
and female bias. Science. 2011; 332:254–6.

23. Bing XL, Xia WQ, Gui JD, Yan GH, Wang XW, Liu SS. 
Diversity and evolution of the Wolbachia endosymbionts of 
Bemisia (Hemiptera:Aleyrodidae) whiteflies. Ecology and 
Evolution. 2014; 4(13):2714–37. DOI: 10.1002/ece3.1126

24. Thierry M, Becker N, Hajri A, Reynaud B, Lett JM, Delatte 
H. Symbiont diversity and non-random hybridization 
among indigenous (Ms) and invasive (B) biotypes of 
Bemisia tabaci. Mol Ecol. 2011; 20:2172–87.

25. Ghosh S, Bouvaine S, Maruthi MN. Prevalence and genetic 
diversity of endosymbiotic bacteria infecting cassava 
whiteflies in Africa. BMC Microbiology. 2015; 15:93. DOI: 
10.1186/s12866-015-0425-5

26. Khasdan V, Levin I, Rosner A,  Levin I,  Rosner A,  Morin 
S, Kontsedalov S, Maslenin L, Horowitz AR. DNA mark-
ers for identifying biotypes B and Q of Bemisia tabaci 
(Hemiptera:Aleyrodidae) and studying population dynam-
ics. Bull Entomol Res. 2005 Dec; 95:605–13.

27. Altschul SF, Madden TL, Schaffer AA, Zhang J,  Zhang 
Z, Miller W, Lipman DJ. Gapped BLAST and PSI–BLAST: 
A new generation of protein database search programs. 
Nucleic Acids Res. 1997; 25(17):3389–402.

28. Schaffer AA, Aravind L, Madden TL, Sergei S,  Spouge 
JL, Wolf YI, Koonin EV, Altschul SF. Improving the accuracy 
of PSI–BLAST protein database searches with composi-
tion–based statistics and other refinements. Nucleic Acids 
Res. 2001 Jul; 29(14):2994–3005.

29. Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W: 
Improving the sensitivity of progressive multiple sequence 
alignment through sequence weighting, position-specific 
gap penalties and weight matrix choice. Nucleic Acids Res. 
1994; 22:4673–80.

30. Chiel E, Gottlieb Y, Zchori-Fein E, Mozes-Daube N, Katzir 
N,  Inbar M,  Ghanim M. Biotype-dependent secondary 
symbiont communities in sympatric populations of Bemisia 
tabaci. Bull Entomol Res. 2007 Aug; 97:407–13.

31. Gueguen G, Vavre F, Gnankine O, Peterschmitt M, Charif 
D, Chiel E, Gottlieb Y, Ghanim M, Zchori-Fein E, Fleury F. 
Endosymbiont metacommunities, mtDNA diversity and the 
evolution of the Bemisia tabaci (Hemiptera:Aleyrodidae) 
species complex. Mol Ecol. 2010 Oct; 19:4365–78.

32. Gnankine O, Mouton L, Henri H, Terraz G, Houndete T, 
Martin T, Vavre F, Fleury F. Distribution of Bemisia tabaci 
(Homoptera:Aleyrodidae) biotypes and their associated 
symbiotic bacteria on host plants in West Africa. Insect 
Conserv Divers. 2013; 6(3):411–21.

33. Moran NA. Symbiosis as an adap-
tive process and source of phenotypic 
complexity. P Natl Acad Sci. USA. 2007; 104:8627–33.



Indian Journal of Science and Technology 7Vol 9 (40) | October 2016 | www.indjst.org 

Tahseen Raza Hashmi Debjani Dey and Ram Prasad

34. Moya A, Pereto J, Gil R, Latorre A. Learning how to live 
together: Genomic insights into prokaryote–animal sym-
bioses. Nat Rev Genet. 2008; 9(3):218–29.

35. Oliver KM, Russell JA, Moran NA, Hunter MS. Facultative 
bacterial symbionts in aphids confer resistance to parasitic 
wasps. P Natl Acad Sci. USA. 2003; 100:1803–7.

36. Montllor CB, Maxmen A, Purcell AH. Facultative bacte-
rial endosymbionts benefit pea aphids Acyrthosiphonpisum 
under heat stress. Ecol Entomol. 2002; 27:189–95.

37. Gherna RL, Werren JH, Weisburg W, Cote R, Woese CR, 
Mandelco L, Brenner DJ. Notes: Arsenophonus nasoniae 
gen. nov., sp. nov. The causative agent of the son-killer trait 
in the parasitic wasp Nasoniavitripennis. Int J Syst Evol 
Micr. 1991; 41:563–5.

38. Chu D, Gao C, De Barro PJ, Zhang Y, Wan F, Khan I. Further 
insights into the strange role of bacterial endosymbionts in 
whitefly, Bemisia tabaci: Comparison of secondary symbi-
onts from biotypes B and Q in China. B Entomol Res. 2011; 
101:477–86.

39. Bing XL, Yang J, Zchori-Fein E, Xiao-We W, Shu-Sheng 
L. Characterization of a newly discovered symbiont in the 
whitefly Bemisia tabaci (Hemiptera:Aleyrodidae). Appl 
Environ Microbiol. 2013 Jan; 79(2):569.

40. Singh ST, Priya NG, Kumar J, Rana VS,  Ellango R,  Joshi 
A, Priyadarshini G, Asokan R, Rajagopal R. Diversity and 

phylogenetic analysis of endosymbiotic bacteria from field 
caught Bemisia tabaci from different locations of North 
India based on 16S rDNA library screening. Infect. Genet 
Evol. 2012 Mar; 12(2):411–9.

41. Roopa HK, Rebijith KB, Asokan R, Mahmood R, Krishna 
Kumar NK. Isolation and identification of culturable 
bacteria from honeydew of whitefly, Bemisia tabaci (G.) 
(Hemiptera:Aleyrodidae). Meta Gene. 2014; 2:114–22.

42. Muyzer G, Hottentrager S, Teske A, Wawer C. Denaturing 
gradient gel electrophoresis of PCR amplified 16s rDNA - A 
new molecular approach to analyze the genetic diversity of 
mixed microbial communities, A. D. L. Akkermans JD, van 
Elsas, F. J. de Bruijn, editors. Molecular Microbial Ecology 
Manual 3.4.4. Kluwer Academic Publishers; 1996. p. 1–23.

43. Heddi A, Grenier AM, Khatchadourian C, Charles H, 
Nardon P. Four intracellular genomes direct weevil biol-
ogy: Nuclear, mitochondrial, principal endosymbiont and 
Wolbachia. P Natl Acad Sci. USA. 1999; 96:6814–9.

44. Thao ML, Baumann L, Hess JM, Falk BW, Ng JC, Gullan 
PJ, Baumann P. Phylogenetic evidence for two new insect-
associated chlamydia of the family Simkaniaceae. Curr 
Microbiol. 2003; 47:46–50.


	_GoBack

