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Abstract [Objectives] To survey the infection rates of different symbiotic bacteria in different geographic populations of
the citrus psyllid and citrus whitefly, and to analyze the phylogenetic relationships between different Wolbachia populations in
order to provide endosymbiont-based scientific support for the continuous management of the citrus psyllid and citrus whitefly.
[Methods] Endosymbionts in citrus psyllids from Guangzhou, Zhanjiang, Xiamen, Guilin and Nanning, and citrus whiteflies
from Guangzhou, were detected using PCR. The phylogenetic relationships of Wolbachia were analyzed using a phylogenetic

tree constructed with MEGA 5.0 based on the Wolbachia wsp and MLST genes detected in citrus psyllids and citrus whiteflies.
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[Results] All citrus psyllid and whitefly populations in the current study were infected with the primary endosymbiont

Portiera and the secondary endosymbionts Wolbachia, Cardinium, Rickettsia, but infection rates of these three endosymbionts

varied between different geographical populations. Arsenophonus was only detectable in Guangzhou and Zhanjiang psyllid

populations. Phylogenetic analysis revealed that Wolbachia endosymbionts in all citrus psyllid and whitefly populations were

very similar and belonged to the Con group of the Wolbachia B supergroup. [Conclusion] The species and infection rates of

endosymbionts varied among different geographical populations of the citrus psyllid and whitefly. There is no apparent

coevolutionary relationship between Wolbachia and its psyllid hosts. Indeed, the high homology of Wolbachia in different

hosts suggests plant-mediated horizontal transmission of Wolbachia between different psyllid hosts.
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Tablel Thesampling data of citrus psyllid and citrus whitefly

Insect species

Sampling locality

Code of population  Collection date Sample number

Diaphorina citri

Dialeurodes citri

Guangzhou, Guangdong
Zhanjiang, Guangdong
Nanning, Guangxi
Guilin, Guangxi
Xiamen, Fujian

Guangzhou, Guangdong

GZCP 2012.8 30
ZJCP 2012.8 30
NNCP 2012.8 30
GLCP 2012.8 30
XMCP 2012.8 30
GZCW 2012.9 30

x2 MHEARSHIBMENLEEENAASHY

Table2 ThePCR primersin endosymbionts detection of citrus psyllid and citrus whitefly

53" bp
Gene Primer Primer sequence 5'-3’ References Size range bp

Portiera 28F TGCAAGTCGAGCGGCATCAT Zchori-Fein and Brown ~1 000
16S rDNA 2002

1098R AAAGTTCCCGCCTTATGCGT
Wolbachia wsp-81F TGGTCCAATAAGTGATGAAGAAAC Zhou etal. 1998 ~600
w

*» wsp-691R AAAAATTAAACGCTACTCCA

Cardinium CFB-F  GCGGTGTAAAATGAGCGTG Weeks etal. 2003 ~400
16S rDNA

CFB-R ACCTMTTCTTAACTCAAGCCT
Rickettsia RB-F GCTCAGAACGAACGCTATC Gottlieb etal. 2006 ~900
16S rDNA

RB-R GAAGGAAAGCATCTCTGC
Arsenophonus Ars23S-1 CGTTTGATGAATTCATAGTCAAA Thao and Baumann ~600
23S rDNA 2004

Ars23S-2 GGTCCTCCAGTTAGTGTTACCCAAC
Hamiltonella Ham-F TGAGTAAAGTCTGGAATCTGG Zchori-Fein and Brown ~700
16S rDNA 2002

Ham-R AGTTCAAGACCGCAACCTC
Fritschea 23S U23F GATGCCTTGGCATTGATAGGCGATGAAGGA Everett et al. 2005 ~600
DNA
f 23SIGR  TGGCTCATCATGCAAAAGGCA
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Table3 The PCR primers of Wolbachia ML ST genes

bp

Gene Primer Primer sequence (5'-3") References Size range (bp)

gatB gatB-F GAKTTAAAYCGYGCAGGBGTT Baldo etal. 2006 471
gatB-R TGGYAAYTCRGGYAAAGATGA

COXA COXA-F TTGGRGCRATYAACTTTATAG Baldo etal. 2006 487
coax-R CTAAAGACTTTKACRCCAGT

ftsZ ftsZ-F ATYATGGARCATATAAARGATAG Baldo etal. 2006 524
ftsZ-R TCRAGYAATGGATTRGATAT

hcpA hcpA-F GAAATARCAGTTGCTGCAAA Baldo etal. 2006 515
hcpA-R GAAAGTYRAGCAAGYTCTG

fbpA fopA-F GCTGCTCCRCTTGGYWTGAT Baldo etal. 2006 509
fopA-R CCRCCAGARAAAAYYACTATTC

wsp wsp31F TGGTCCAATAAGTGATGAAGAAAC Zhouetal. 1998 600

WSp691R

AAAAATTAAACGCTACTCCA
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F 4 Wolbachia RE &L E RS EFT
Table4 Thereference sequences of Wolbachia wsp gene in phylogeny analysis

Group Subgroup Host GenBank accession number
Supergroup A Haw Drosophila simulans AF020067
Pap Phlebotomus papatasi AF020082
Aus Glossina austeni AF020077
Ri Drsophila simulans AF020070
Mel Drsophila melanogaster AF020063
Mel Drsophila melanogaster AF020064
Mel Drsophila simulans AF020072
AlbA Aedes albopictus AF020058
Uni Muscidifurax uniraptor AF020071
Kue Ephestia kuehnlella AF071911
MorS Glossina morsitans AF020078
MorS Glossina morsitans AF020079
Supergroup B Con Tribolium confusum AF020083
Stri Laodelphax striatellus AF020080
Dei Trichogramma deion AF020084
Kay Trichogramma kaykai AF071924
Div Apo anagyrus diversicornis AF071916
Pip Aedes albopictus AF020059
Pip Culex pipiens AF020061
Supergroup F — Brugia malayi AJ252061

Arsenophonus Hamiltonella  Fritschea
Arsenophonus
Hamiltonella Wolbachia
Fritschea PCR

R5 HBAR. HEMASAPZILLEFTHBRE (%)

Table5 Theinfections of various endosymbiontsin citrus psyllid and citrus whitefly (%)

Population code Wolbachia Cardinium Rickettsia Arsenophonus Hamiltonella
GZCP 100 30 30 30 10
ZJCP 100 20 20 10 20
NNCP 80 20 20 20 20
GLCP 90 10 10 0 0
XMCP 100 20 30 10 10

GZCW 40 20 30 0 0
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Fig. 3 The phylogenetic tree of Wolbachia based on wsp gene (MP)
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Table6 The MLST analysis of Wolbachia in citrus psyllid and citrus whitefly
MLST MLST genes
Code of population Host
ST gatB COXA hcpA ftsz fbpA
GZCP Diaphorina citri 173 109 86 29 81 27
GZCW Diaphorina citri 173 109 86 29 81 27
ZJCP-1 Diaphorina citri 173 109 86 29 81 27
ZJCP-2 Diaphorina citri 175 109 86 29 81 27
GLCP Diaphorina citri 173 109 86 29 81 27
NNCP Diaphorina citri 173 109 86 29 81 27
XMCP-1 Diaphorina citri 173 109 86 29 81 27
XMCP-2 Diaphorina citri 225 140 66 112 29 27
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100 ST-9
100 ST-31
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100 100 gr16
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100 ST-22
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60 ——————ST-173
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Fig. 4 The phylogenetic tree of Wolbachia based on ML ST genes
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