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B RS R AR R S
Wolbachia Bt R RAZEZ B O

R EeEw Bk dwmupbkew’ fwmn!
R KAEE kar' T4k Faa "

(1. dbnUReabe, AW SRR, RVAA TRAICER T A B segh 3, dbat 1022065 2. T PYAEARTTHE AL
H AR BRI AR R BIR AL a0 5416005 3. BRSEET I B ARMLHORME G, BiEE 836200 )

B E [B®)] Wit 5EE80 i Hishimonus lamellatus Cai et Kuo A 1R o AR JFAA 5 7R R 1 5
FGf& Wolbachia /R 31 BL AT Wolbachia 76 AN [R5 B 418140 A, B [ 22 80k i Wolbachia (18 e
RURIGY 27, AT Wolbachia BT AR AR TETE A AR WA A2 Ko A 252 s Skt [ Frik]
T ACIRURE i 4T Wol bachi a 1) 3 PRURE S5 5 | A 6T 58 222 g i s T ] 19 SRR R 552 300 AR A T 401 Al
Yo, [ER ] WIRERAEM R 5828 S s AR R R IR YR AE 55%-61%2Z 8], 1M Wolbachia /&4 h
3%-4%. HIHREAEN R 28010 HARF 2 Z SR, 76 1-4 145 dorh ki 2] Wolbachia, 2-5 ###5 d
RIS T RIS AR . 2822 SO WS 56 22 1) % TOAE R R B ZE LR SR | IS b 2 BB YL Wolbachia, 7F
I R AT AL e AG I 3 T Wolbachia, BYLRAE 58%-100%2 1], 3ETF Wolbachia () wsp 3L R # R4
REM, BR80T BR N ) 2 4 Wolbachia %k & A& T B K4, (HART B KAHABRER, J& T
P& wLaml il wLam2, [ £5i€ ] 2822 80H W s R F (IR ] UL 208 )5 14 R Wolbachia, Tt
A TR A I ST 6 2 ) SR AR HLUBR G Wolbachia i 3 R HH R FPE, 2822 80 AR 2 1~ Wolbachia #
RIET B R4, X—WF5ea5 50 Wolbachia 1 4 A A A 9y B 36 700 i0F— 25 R FHBRAE T 38Rk (5 8 .
R HoR LR R R R IRRE SR RELF T

I nfection of Hishimonus lamellatus by Wolbachia (Rickettsiales:
Alphaproteobacteria) and jujube witches -broom phytoplasma,
and phylogenetic analysis of these pathogens
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Abstract [Objectives] To explore the infection of jujube witches’-broom (JWB) phytoplasma and Wblbachia in different
populations of the leafhopper, Hishimonus lamellatus Cai et Kuoh and the distribution of Wolbachia in different organs and tissues of
the leafhopper, and to clarify the infection types and taxonomic status of Wblbachia in Hishimonus at jujube orchard, which laid a
foundation for the study on the effects of Wolbachia infection on the biology and ecology of potential vectors of jujube witches’-broom

phytoplasma. [Methods] Molecular detection and identification of field and laboratory populations of Hishimonus lamellatus were
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carried out by using gene-specific primers of Phytoplasma and Wblbachia. [Results] The infection rate of JWB-phytoplasma of
natural populations of Hishimonus lamellatus adults collected in jujube orchards was 55%-61%, while the infection rate of Wblbachia
was 3%-4%. When the natural populations of the leafhopper are reared and laid eggs, which hatched to nymphs, Wolbachia was
detected in the st to 4th instar nymphs, and phytoplasma was detected in the 2nd to 5th instar nymphs. Wolbachia infection was found
in ovaries, eggs and nymphs of the laboratory colonies reared the leathopper phytoplasm-free, and was also detected in salivary glands
and alimentary tract, with infection rates was between 58% and 100%. Phylogenetic tree was constructed based on wsp gene of
Wolbachia. It was found that two Wolbachia strains belonging to group B belonged to novel strains WLam1 and wLam2, which were
different from other strains of group B. [Conclusion] The natural populations of adult leafhoppers could be infected with
JWB-phytoplasma and Wblbachia. The colonies of adult leathoppers phytoplasma-free reared in the laboratory were infected with

Wolbachia significantly more than those from the natural populations. Two Wblbachia strains in Hishimonus belonged to group B. The

results provided basic information for the further use of Wolbachia as a biocontrol agent for leafhopper vectors.

Key words Hishimonus lamellatus; potential vector; Jujube witches’-broom phytoplasma

AR ( Jujube witches’-broom, JWB ) &
H#EJF AR ( Phytoplasma ) 5| —380E, HH
BIIGMERE K, 253K R O A 72 i 1 T E
Rapriih (HERS, 2002; X7, 2010 ),
WAL = 4 22 /NP4 K, HON ) B AL
KAEE™ , FEXT b A S AR O FR A B T
FEE R ( EA4, 2018; Wang etal., 2018 ),
ZAER, BORTEAPON A LEFEE . R
IO IR R G328 AL T 2 A A 53 A7 R
PR AR R . ARG ERNPUER
WIT S AT KENSE (IRFE 425, 20015 1R
JHBRAE, 20095 £ /NS, 20145 R B4R, 2015 ),
{RIEMRER B = A BB I6 T B

BT, O AR AR A543 5 =R I A
R A (TR, 19845 AHHHAE, 2021 ),
BAE FARTE LT, AE R F AL AT LA R R
B E ( Weintraub and Beanland, 2006 ). HF4FE
fRIE , AP AR A B R — 2 (M1 5 3 - i
Hishimonus sellatus Uhler ( #/EE5%E, 1988 ), it
AR, FRATIA A e IRAETL b DX P AR AR R 822
2y % Hishimonus lamellatus Cai et Kuoh F1[M12%
FREUM R G R A G, Hoh 7 583 St i n] G
ST AR AR EN KRR L (Hao et al.,
2015; fRENEAE, 2019), HEI/ AR HBiiE
F B A P AL E 25 ), (RO Wl A
PR AE AR 3 IR . PRI, R B B T4
AR B AL, B LA AR T A T & i B

TRIR 5T A& Wolbachia J2&:—Fh 40 it P
R AR, AT R P g dur
( Werren, 1997; Bandietal., 1998 ). 3t
Wolbachia /&G kAT 20%-80% 1) B HL 4 Fi
v, JFHAEEEHE . A SGHHE . BE#HE .
0 5 A 533 H rhJUHA i (Werren, 20005 Zug
and Hammerstein, 2012 ), Wolbachia J&4: 78 & 4t
AT, LB MR . MBS SRR S
AEBE | SR M B ) AR E A 2 Ay 2
518 F B A9 A2 5817 M ( Stouthamer et al., 1999;
Hurst and Jiggins, 2000 )., %4, —£& Wolbachia
PR R X E £ A o5, APRAP 1 32 4 52 ik 1 Ik
Yo, BONTE EANFEALTE I E F Y ( Hedges
etal., 2008; Hosokawaetal., 2010 ),
Wolbachia 1= — g i 7R 1A B LA
HAYERIFRIEA2 ZMAH (Bourtzis et al.,
2014; Hoffmann et al., 2015 ), Wik [ g
Drosophila melanogaster f Wolbachia ¥k & %% A
F| 5 K AP Aedes aegypti )5 , 4658 T AR T- %
iy, Uk T OB R I B AL 3 ( McMeniman
etal., 2009; Walker et al., 2011 ), FfHX}ffi
Wolbachia # il - AR RS HEAT 1T 12 9 A
( Hoffmann et al., 2011; Ye et al., 2017 ), It
4b, Wolbachia 5 H TR AEYH JUE L, G0
Pk LES: 4 Rhagoletis cerasi 11 Wolbachia # %
e A FI My b 520 Ceratitis capitata HY, 763
Vi S s T i T AN 23 0 DA T BEL B A A% 4
( Zabalou et al., 2004 ), FH ik, Wolbachia 7] LA
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VER B AL R R (AL M R ) B4 IBiia
# (Shaw etal., 2016; Chuche etal., 2017),

SR 2 Wolbachia S i (A 1R Y B 52 44
/> ( Mitsuhashi et al., 2002; Wiwatanaratanabutr,
2015; Wangkeeree et al., 2020 ), K, 5%
Wolbachia &AL EAETEA M B HL 1y 22 4
- WA b ) 3 AR R GR DL S H AR - A A N
B ULL 53 RS AL A A, BB A A R
i JE AR5 Wolbachia Z SR, HEEMKER
H B ¥ 8 T AR A S AU T AT B AR
A

1 MREFE

11 #iRiK

2019 4F 8 A= 2020 4 10 A, FAtwmi &
X b 5 gk A B B H R X (116°187037E,
40°05'55"N ) FITREGE X AL 50T A PRBL2= Bl SR
BHIFFEIT (116°23'29"E, 39°5420"N ) S [l AU
RS R REE L, I T N BRI
o3 Fr RZZ GO VE TR BN SR, 5 A
S B LS TR 100% S BE IR 1A
W, PRAFLE - 20 °CRYVKAR 00 T4 00 4 A

( Pagliari et al., 2018 ),

FE T PR A Bl A R AR SIS = T
ZH PCR XA fel A Hb X R EERY 2 Fhzzaent
W4T %5 (Hao et al., 2015), S%EpgE
FRZEG IR 120 Sk, HoErE R 71 3k, M
PERCR 49 k. 2012 4E 9 A, KR AT BoF
DX 3t A B 5 el A Bl SRS b 1 5 3 S
S TCAB ARSI SRR, S T R RETOAR R A 22
Z2 eI R B 2l g G R AR, B 2 S H BESL
B 10 Sk PR 4 7 A ORE JE AR e A il AR 28 s

12 FREGHBRAFRERHS

PEBEEE A 20 cm AU IR o SR Ao
WAR L, FERCA IR, KBRS A A AR
I 2SI P ) o ) S R A i R
PRAR 3-5 3k, AT TGN o T 3 A5 14 o iR

(25+1) °C TR 60%+10%, Y65 M 16L & 8D,

Fir GREZLLH WL LR i 92 B Dai 55 2019 )
7718, R o 4 LA Y R e (A K
OB ) WCEAE M EIUT I, TSRS PBS
eI AL BT (Motic, K &%) TH
Sitp e TR AL TS P T A L e AR OR B B A
B, ARER S K22 gu R O 5L L A A
O, MR . T ARIE RS — A, A
3 AR TR

1.3 X DNA By

W i 2 Z2 GO IR AT 1.5 mL (04
Hr, A NEILA 500 pL WA, FFRemrEs e
FEATIFIE A AR, $2 FR A A AR L PR 4 R B
Ml (RAREARFAL)ARAF ) A
WUk A S ZE 80 S DNA, ] 30 uL TE ZE b
R, FH Qubit 4.0 BT (FEER G /REHE
oAl ) MERE S DNA YR,

1.4 PCR # 15 Bk

PCR W TE G-Storm H Sh#EIRL ( H[E
GRI~w] ) 7, KR : DNA 4R 2 uL,
2xTaq PCR Master Mix 12.5 uL, [R5 [494%
1 uL, MA ddH,O0 #MFE 2 25 pL, H 280
PR AU AR B R PL/PT 51493,
3 AN [E] 38 AL AR iC SRRl Wolbachia Ji 3y (3%
1), AR/ IS 16S rDNA, 41
5347 (3 frsz At 4 R 8 3 P wsp 3 [
519, # 5 uL PCR “YITE 1% NEMEEERE iz
17, #RJ5H Glodview YL a7E SN-NJ0601 ¢ it i
BRI (A (G SRR A R AR ) T
WEEHRAE Y HEF B RN P2 A T KN = 1Y)
FEABE AN Wolbachia &L BAME , i T3 &k
F b 5T SR 55—k Wolbachia #6:30, [RH %A
BHAE B X IR . R T HESE Wolbachia 76 F %838
SUH AR AR, RS TE T AR 4lifk ) PCR
FEH 20 L Zo4E AR TN R T XA I 3
e
15 FE34H

# Wolbachia FIi A i/~ 457 1) PCR B i i2F
AR I, Rk S, FoR R — R %
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F 1 AT Wolbachia i RFHEFE &R PCR # RIS i EEF
Tablel Oligonueleotidesand thermal profiles used in PCR amplifieations of Wolbachia and JWB

I 514 e TRT s
Gene Primer Thermal profile profile References
wsp wsp-81F 5'-TGGTCCAATAAGTGATGAAGAAAC-3’ 94 °C 1 min =600 Zhou et al., 1998
wsp-691R 5'-AAAAATTAAACGCTACTCCA-3’ 94 °C 30s
50 °C 1 min [ x35
72 °C 1 min
72 °C 10 min
16SrDNA 16Sr-wol 99F 5'-TTGTAGCCTGCTATGGTATAACT-3' 95 °C 2 min ~900 O'Neilletal., 1992
16Sr-wol 994R 5'-GAATAGGTATGATTTTCATGT-3' 95 °C 1 min
55 °C 1 min ; X35
72 °C 1 min
72 °C 20 min
ftsZ FtsZ-f1 5'-GTTGTCGCAAATACCGATGC-3’ 94 °C 2 min ~1 055 Werrenetal., 1995
FtsZr1 5'-CTTAAGTAAGCTGGTATATC-3’ 94 °C 1 min
55 °C 1 min p x35
72 °C 90's
72 °C 10 min
JWB  P15-AAGAGTTTCCTGGCTCAGGATT-3' 95 °C 5 min ~1 830 ?glg and Hiruld,
P75'-CGTCCTTCATCGGCTCTT-3' 94 °C 30s

52 °C 30s %35
72 °C 160s
72 °C 10 min

BRI ES S Z RIS J¥514 Chromas
AR R, 7 NCBI M3 - BLAST k%, I
23 AR B F 81 (5 B 7E NCBI Wsiii#E4T BLAST
K 2 Al [R] P50 b XF ( https://blast.ncbi.nlm.nih.
gov/Blast.cgi ), LAfixE Ir15 /75 Wolbachia [
16S rDNA. ftsZ Fil wsp JE£[H)¥41 . il BLAST
J7EE M GenBank #Z& I F %k Wolbachia [ wsp
B A B KA W o S AR AYEF SIAE
NZFERFH) (£ 4), IR MEGA 7.0 8 4F
Clustal W Z2J5 51 LU F2 744 3 2 741 43 5] 5 A
GRS 2 (A SE R wsp JER P50 HEAT HEXT , AR
Kimura 2-parameter BRI FRGBAZIE S, 43K
FERAUSRTEE ( Maximum likelihood, ML ) ¥4%E

R, 4133547 1 000 YK AY Bootstrap 165643
T RGN B EGE

2 HREHH

21 RREFGHMEFREREF Wolbachia B
PCR &

I D AR R S5 5 | W %) 9 38 g i Wi b
ARBEATREIN , 45 SRR Fr S22 B WP AT LA
HAH 1830 bp ZEA M H I F B, Frae 32 o i i
(] [ SRR B % 455 2 AT IRURE S, 208 7 1 2
PR AR AR B B (I 1), fi ] Wolbachia 1) wsp
16S rDNA Fil ftsZ JER ¢ TR 5 [0t i 922 80
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WERFH [R] 8K Fh R AR AS SEAT AN, A A0 AR AR
Wolbachia Fill] 2 BHPE (B 1, & 2), ¥R E
1 K/N5 Wolbachia f) wsp. 16SrDNA Fil ftsZ 3
AT A5 SR — 3, IF H AT & A S AR
il Wolbachia AJ DAL [R] A2 T [a] — A AR

M1 234567 89

2000bp A
1000 bp
750 {))p &
500
250 b
100 bp —

_ 1830bp
JWB

M12 34567 89

2000b
T 000 bp \ B
750 bp

600 bp
100 bp —— wsp

M123456 7289

2 000 gp \i
1 000 bp
750 bp
00 bpk 900 bp
250 bp =
100 bp —— 168 rDNA
M1 2 3456 7 89
1 055 bp
fisZ

B 1 FRZFLT AR E KR (A)F Wolbachia
(B/C/D)HJ PCR F=#1 8 ik &

Fig.1 PCR products of JWB phytoplasma (A) and
Wolbachia (B/C/D) in Hishimonus lamellatus

M: 2000 bp Marker; 1-9: Fgzsantiif,
M: 2 000 bp Marker; 1- 9: Hishimonus lamellatus.

22 RREFLMUEEE S RMEFRER &R
Wolbachia Bt %

I [B] [ SR FRRE rfv o 98 2 v Wl | e ol R 3%
AR AR R, Hod 61% (43/71) MR
FRGC W RN 55% (27/49) B SREELCH
T B R R R B (3% 2 )0 XTHUFAR 1-5
WA TR, A 2-5 W sl AR ARG 2]
ARUAE AR, o 3 % UL R IR =N 37%,
FE 1A HUREAS rf oA A 0 ) A A R
Wolbachia M3 % 30 R 58 25 40 - e e o He 3%
ALY, 4% (3/71) W R S8 22 so it e A RN 3%
(1/49 ) 19 Jr 58 22 5rnt ik B I 7 Wolbachia FH
o XTHJEM 1-5 @ B T e, &M
1-4 {45 MELREAS I F) Wolbachia, Hrf 4 #42
HUBRYCRE =N 29%, 16 5 W47 BUFEAS Hp R ARG
3] Wolbachia,

23 FARFUMME=EAMBRBARER
Wolbachia Bt %

ABFFERT 2012 4FEFF 4R 5200 % = AR SR
G ZE LT WA T A i A AR S R R A T AR
PR ROBR . T ARGE . OB B R kAT
Wolbachia I# wsp 3 F 5 545 1157 TR, 25
W R BT FEARARIER YL T Wolbachia (£ 3), M
P B BN BE R & Wolbachia, 7EH Z48E
21 2RO YR R 9 A R ARG B A A, O HLR

% 2 Wolbachia F1& AER K 7E Fr 522 50 48 ) (6] B PATH B dh RSB

Table2 Infection of Wolbachia and JWB phytoplasma in the populations of
Hishimonus lamellatus collected in thefields
e A= iti |bachi .
s R FH 4 REAS  Number of positive Eﬁz\f\f%t;ai Ol/a) IWB HO (%)
- Sampling 16S R e y JWB infection
Stage size wsp ftsZ DNA /o WB Wblbachia rate
r Subtotal infection rate

A MEIR Female 71 3 1 2 3 43 4 61
Adult g i Male 49 1 0 0 1 27 2 55
2 1 # 1st instar 31 1 0 0 1 0 3 0
Nymph 5 4% 2nd instar 19 1 0 0 1 1 5 5

3 ##% 3rd instar 30 1 0 0 1 11 3 37

4 % 4th instar 21 6 0 1 6 3 29 14

5 {#% Sth instar 7 0 0 0 0 1 0 14

FFORAEARZ DY R 3 AR SRR 1A R REA R

* indicates the number of samples in which at least one of the three gene has been amplified.
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* 3 THEEMNE RELTEE NEFFMBMER R T
EEEHLAFE B Wolbachia B ER
Table 3 Infection of Hishimonus lamellatus female

adult organs and nymphs Wolbachia in laboratory
colonies without phytoplasma

BEE wsp BHPE Wolbachia Jgige
FA ES FEA (%)
Samples Sampling Number of  Wolbachia
size ~ Wsp positive infection rate

A 18 17 94
Salivary glands

i 18 17 94
Digestive tracts

B[ & Ovaries 18 15 83
b Eggs 26 15 58
3 ey 12 12 100
3rd instar nymph

4 e 12 9 75

4th instar nymph

YeRHR Ny 94% . TOHEIFIAR I K SR EE L WS I 5
T Rl 3 #5451 Wolbachia &3 100%, 4
147 1 Wolbachia J&Ye % 75%

2.4 Wolbachia By B FF 58U 2

%58 5 GenBank A EL MRS Wolbachia [
16SrDNA., ftsZ Fil wsp DK 7 S AHALLEE AT 3K 97%
DI b, REARWESE TS 51 A Wolbachia 3 [F )
G| o ASHIFFE K I 5852 SO WIS T 2 FRAS [F] )
Wolbachia ¥k %, %1% Wolbachia ¥k % ()i 4% #E
M A 16544~ wLam1 ( MV756042 ) 1 wLam2

(MV756043 ), JLF- BT A 1) i 58 22 S0 - i pig o Je%
Y1) Wolbachia #£ R #F /& wLaml , {XFE 1 Sk A H
v % BT SR Y Wolbachia 119 55 4 — > kK &
wLam2, & 31158] wsp J741 16 45, Hf wLaml
BRI wsp A SEHHFEIN 7 5750 B,
wLam2 FRR ) wsp FAI A B 1 4%, Bk R
B EFIARLIEE 9 80.83%, A 101 ANBRFEAH .,
wLam1 FRRAKY wsp A28 B35 V)G A BUK B
k1 530 bp, 5 IR HUZE L0 Hishimonoides
sellatiformis ( Genbank %% . AB073735) H
A 97.93%MF MM wLam2 ¥R R K wsp [F
N 2R B U & v B B Ry 527 bp, 5 AREEHT
Mit% A B Diaphorina citri ( Genbank %35 .

KF680772 ) HA 99.62%MFFIAHIM:, Fr 9835
U . T AGIE . MEVE N AR AR E L O
FIA ] 35 HUJR s Wolbachia FY wsp 3 X 28
JT-4BJE T wLam1 ££ £ . wLam1 ¥k Z (1) 16SrDNA
JPA 2 st e, 5k mRk i 432 ot g
Hishimonoides sellatiformis ( Genbank %3¢ .
AB073729 ) EA 99.88%M S AHRIME:, wLam2
PR AR 1 16S rDNA R B, 53T
wLaml FRE [ ftsz F#51 1 4c, S0mp i 2
ZEor I Hishimonus sellatus ( Genbank 2585 .
AB078035 ) HA 99.39%F5ARIYE, wLam2
FRARRY 1 ftsZ JEH B .

25 K REGMHEER Wolbachia wsp EEH
REXZESH

P51 H NCBI H ) 17 AT fE 32 R RN
Wolbachia i) wsp FEF P4 B (% 4) 548
R REE LAY 2 A4 Wolbachia #k & 1)
wsp JE 7 Be— i A B MEGA 7.0 1, &t %
JPHI T IR FE ML R 58k B W I35 (&
2) A[LUFE H Wolbachia i1 wsp FEK4r A A, B
PSR4, Hrp RF3Egutskpnm 2 4
Wolbachia # & [F]Jg& T B k41, HAFT B K4
HAbtk R, J& THikFR wLaml Al wLam2,

3 itig

Wolbachia fE HAETE RS0 . PGS G B )
KB R AR, IR B i6 3 A A
EWAEYEGF, LAk, KNFEE 2
Wolbachia il A 57 B9 5 ( Werren et al., 2008 ;
Hoffmann et al., 2011), J#2& Wolbachia F T
P A (AR IV g, AR SCBIFE RO A T
TEA M ok LR R Wolbachia o R Y 5L
S5 SR B R 9% 23 G0 W H B (] [ SRR o
I AL R AR 55%-61%2 18], X 5102
S5 (2019) &I Fr 9 25 SU - W g 6% R e AU 5
T, SRR AE IR R 2 R — 3, ARF5E
W ] 16S rDNA. ftsZ il wsp 19 3 DEHHHE T
A P Wolbachia #/g4e, il Wolbachia A 7]
(R SR B | AN ] i 32 R H PR Wolbachia
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x4 BT EREFEEE 5 HHI Wolbachia wsp EE 751
Table4 Reference sequences of Wolbachia wsp used in the phylogenetic analysis

BB T Ll Wolbachia 257! RS
Representative of entomology Host species Wolbachia type GenBank
ML Cicadellidae IzEL 16 Hishimonoides sellatiformis B AB073735
AEBL Psyllidae M+ A E Diaphorina citri B KF680772
5El Tetranychidae rp [E 211 Tetranychus pueraricola B AB096228
FHEIT I Tetranychus kanzawai B AB096221
£ kNIl Oligonychus gotohi B EU780671
L H R} Coccinellidae HBF Y g Coleomegilla maculata B AF217724
1%} Libellulidae Perithemis tenera B AF217725
Bk/NgERL Encyrtidae Apoanagyrus diversicornis B AF071916
WA Culicidae I35 I Culex pipiens B AF020061
H 2t Aedes albopictus B AF020059
ARARIERL Trichogrammatidae Trichogramma sibericum B AF071923
Trichogramma deion B AF020084
Trichogramma semblidis B AF245162
Trichogramma kaykai B AF071924
ARl Pyralidae Hiu K Ephestia kuehniella A AF071911
% H Bl Curculionidae ¥HES: Eucryptorrhynchus chinensis A KP713759
R Drosophilidae /0% Drosophila simulans A AF020070
Drosophila sechellia A AF020073
gwLaml
84| LM AR EN Diaphorina citri
W E L% Tetranychus pueraricola

81| 9OLMHPEN i Tetranychus kanzawai Con

Trichogramma sibericum | Sem

99| %3 Trichogramma deion | Dei

_H7 i Trichogramma kaykai | Kay

73 Trichogramma sibericum | Sib B
& /NS Oligonychus gotohi | Epo

EBTEF R Coleomegilla maculata | Fus
66 I: Perithemis tenera [ Ten
81 Apoanagyrus diversicornis | Div

1 00r wLam?2
WAZBRL B Hishimonoides sellatiformis

70 RF WL Culex pipiens Pi
100[ F S dedes albopictus P
Drosophila sechellia |Ha

100 IR Drosophila simulans | Riv
Wl;‘j WHESR Eucryptorrhynchus chinensis |Dro | A
68 YRR Ephestia kuehniella | Kue

& 2 E-F Wolbachia i wsp EEF MBI REL TR
Fig. 2 Phylogenetic tree based on Wolbachia wsp gene sequence
A, BIRFE K4, Con, Sem, DeiZ:FE/x Wolbachia iRk & 4 FK; Wolbachia 1974 H B R FE 2 FR,
GenBank #5555 HR(E B FEILE 4,
A and B represent the supergroup, Con, Sem, Dei, etc. represent the strain names of Wblbachia. The sequence of Wbolbachia is
expressed by insect host name, and specific information such as GenBank accession number is shown in Table 4.

0.050
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HIZCEANE (Hong etal., 2002 ), Kk, it 3
X5 |yt AT 43 M RE S A AR B HERR 18 dE | JF ik
AEAG 1 21 Wolbachia i H B KL .
H1 T Wolbachia £ 0P §i3f FL &6 153%, HY
TS E A & (Werren, 1997; Zchori et al.,
1998 ) A5 K I AE Fr 58 25 o i WiAR Py
Wolbachia f77E THEVR AR . THALIE . BREEFIBR
X 55 Wolbachia 75 H: & 9 B 8h 1 A8 45 R AHAU
( Dobson et al., 1999; Mitsuhashiet al., 2002 ).
Wangkeeree 55 (2020 ) AN H BEE MR A A5
LU P B Yamatotettix flavovittatus B 17 B
v Wolbachia B4 & i) T L% 40151, (HAE
Lok & 3 Wolbachia, ASHFSE7E F 9828 80t
WRAYOPEL . DRFNE b4 L B Wolbachia, 1t
F 9SS0l Wol bachia it R st 1] fig 2 25 B 61
T AL% M, Wolbachia 76/ 7] B At 2% B 4H 21
RE VLRI AT BEEJL T Wolbachia 575 = R UG
[FBEAL . 124442 1 Wolbachia HHEAE ] ( Pietri
etal., 2016 ),
ENGIEAELE STVINO N -8 LTS A E - $3'8

I WG A SR AR FR A% e Wolbachia i 2 /= T[]
FARFPHE, S0 ) SR AN LU () [ SR bR iy o
K% Wolbachia Zi# 45518, X5 Turell 4§
(1992) HF5E4E R —5L, Wolbachia YL H)AE
A3 R A AR [ — B s =, [ — A i e g
RE2AEH (> 90% ), Z2AEHAL (<10% )
( Hilgenboecker et al., 2008 ). A 4K #y &
Bemisia tabaci ( Nirgianaki et al., 2003 ), fEH%&
4% Cnaphalocrocis medinalis( Chai et al., 2011 )
FEHY B At Cimex lectularius ( Akhoundi et al.,
2016 ) MR AS RABAAFEIX — G . i) F AR A
A] BEAFAE 2 —SL4 ] Wolbachia YN & (=i .
PUAER ), XU W] LU BRI FE X Wolbachia
%, 1 H Wolbachia 75 223k 2| — 2 1 ¥ 5 A 6k
WAL 1S (Hoffmann et al., 1990 ), 7& [ AR5
RS IARREE T, AU R AR Wolbachia
SR A IEBRGL ), P IR A A SRR (2 58% )
i KT Wolbachia F AR YL (2 3% ), Vautrin
45 (2007 ) A IA P XHEE Wolbachia FfiFH A
B G 5L ) i 4 A S A Sk Wolbachia A ] ik =
SRR MG, RV RAE EAEIE R TR R

A AT AR e R 25 5 0 Kirstie 55 (2018)
IAh Wolbachia HA SR AT 4 (R, fE R
(N PR =l Il NG s Q6 NS I N B P
Wolbachia, T Wolbachia E75 5 Wil A KA FUATE
932 Sr WL T A% 4 RS ] - A 9 A
R TG — 5

T wsp il 16SrDNA FE[H |, Wolbachia #% 43
2 14 K4 A-N ( Augustinos et al., 2011 ),
Hrr AR B RAFER AR 43 A fi T2 ( Zhou
etal., 1998 ), AHIFE & IR 535 o0 Wik Py 1)
Wolbachia A [l THEHK R, & T#H KR
wLaml Hl wLam2., Mitsuhashi 25 (2002 ) R¥E
wsp K] & BRALLZE S i b ) Wolbachia 19 2 A
iRk &, Kikuchi #1 Fukatsu (2003) #5517 19
AFF 134 FRELH A Wolbachia &L, iR T
Wolbachia JLANHIHR R o 11 528 St BARRRE
2 /> Wolbachia # 7 X} T I8 45 2 UHE AR T 76 A
TR R 532 SO W RV E TR TR ADESE, R T
Wolbachia A4 445 Pk, #HIH R R AR
(1) SR s P4 L4 1 SIS
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