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Diversity and recombination of Wolbachia
strains in spider mites based on analysis of the wsp gene
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Abstract  Wolbachia are intracellular bacteria with the ability to manipulate the reproduction of several spider mite
species. We used PCR to examine the infection status of four spider mite species ( Tetranychus truncatus, T. urticae, T.
kanzawai and Amphitetranychus viennensis) from different wild populations in China. The sequences and recombination of
the wsp gene were then analyzed in order to obtain potentially useful Wolbachia strains. The results indicate that there is a
high level of Wolbachia diversity in spider mites; for example, two divergent strains were observed in T. truncatus.
Distinctive strains of Wolbachia were each only found in a single species of spider mite, suggesting the potential co-
divergence of Wolbachia strains with their hosts. One instance of T. iruncatus and T. urticae being infected with an
identical Wolbachia strain might have been caused by horizontal transmission. Evidence of recombination of the wsp gene
was also discovered.
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G E W Z K TE. HAl Wolbachia & A fE 1
i EANEE IR, X AW 7 R R GRE RPN E
BAGBY 3 7R O SRR S A0 R A L
Ao

Wolbachia A7 8 i i3t Z ek . BT 001
R KRB M I, Wolbachia W44y Fy 11 4~
B (A ~K) (Werren et al. ;1995 ;Bandi et al. ,1998;
Lo et al. ,2002; Bordenstein and Rosengaus, 2005
Casiraghi et al. ,2005;Ros et al. ,2009) , Wolbachia
PR S S A2 T DL B A R X — R,
HEAL S BT AR 25 T ) AN ) i PR 4B S —
PR B A A0 T A 1 A AL B R, AR X — R
= oV 1 e < W 1 N - EOE 2 | B -2 W T
Wolbachia ¥ & W] LATE 356 0 I 18] N & A= 72 S5 F T
2554k ( Atyame et al. ,2011) , Wolbachia K] 3k
PR A I (R R A TE 43 Ml o 6 R () ) o 2 ]
LI DA DR ] B9 R B8 1 4 B R (Jiggins et al. |
2001 ; Werren and Bartos,2001 ; Baldo et al. ,2006) ,
[FEF7E AB A1 C.D JLAEREN W KA wsp.
SisZ glA F fopA 3% 4 D FEP I N EHHH L
( Jiggins, 2002; Reuter and Keller, 2003 ; Keller
et al. ,2004 ; Malloch and Fenton,2005 ; Baldo et al. ,
2005,2006; Verne et al. ,2007; Ros et al. ,2009;
Zhang et al. ,2012) , Wolbachia B.7G #5555 = 0 f= 4
A, N SR 55 5 R ELIT Y Wolbachia #k 2 7] L 5] i+
YL SR W15 32, 58 4 OC R AT Y Bk &R ST LLR
6 BRI T E . 7E Wolbachia 3R 41t ,
o i 2 T 2 1 KR TR wosp S B TR TE A E 0 AR TR Y
L BAERFSE Wolbachia 22 FEVE TR 20 )7 1 B A
— B, N gk )z HF Wolbachia 4H J 2H DA
T 28 B A0 ARG DU R Bk 2R %8 5E h ( Braig er al. 1998
Zhou et al. , 1998; Jeyaprakash and Hoy, 2000;
Fukatsu et al. ,2003)

KT Wolbachia fIBEF, H T E 248 —
BE M- B Tetranychus urticae Koch, 4 B i fi T.
cinnabarinus ( Boisduval ) , + H- X 7 30 - B T.
turkestanl ( Ugarov et Nikolski ), fff 3 W I T.
kanzawai Kishida, #JE M T. truncatus Ehara Fl
JZ G W T, piercei McGregor %5 1K [N & | %]
Wolbachia 4% ( Hong et al. ,2002; 1 £ %5 2006,
Gotoh et al. ,2007;Yu et al. ,2011;Lu et al. ,2012;
Zhu et al. ,2012) . it — % 89 8F 52 & I Wolbachia
Xf 22 it B A A B AR L (AR AR W R R 2

(] A B 45 A A7 AE 22 57, DRI 0 2 3R 496 b X
- i 1A N Wolbachia 1k 5 (1 Z 1R R IFAIE Y o

BT, A5 PCR AR HOE 5, —
TR 05 L p i R ORI AR M 3 Amphitetranychus
viennensis ( Zacher) K N ] Wolbachia $E47 T £ 9U ,
M T wsp FE ) IZ MU T Wolbachia Bk 5 Z2 FEVE A
AL BT T, FATTXS 86 1R N Wolbachia 1) wsp J&
LHEAT 1 1 510 43 B R0 5 DAL S0 26 4G, 1 7 ) 1) e
WA N Wolbachia ¥k R ZFEPE T A M S . B
FETBA B T 4878 Wolbachia 7 - i v (14 1% 1%
P HOR A Wolbachia 545 £ 2Z 18] I FEAL K & o

1 HRS

L1 s

WESE BT FI B 4 Fhoi 165 14 S B SR Fh B A0 45 A
Tt 116 Sk, ZBEnT g 24 Sk, PRt 18 3k, 1l
FEI G 33 Sk, SRAE BN I R AF T 100% 1905 4
Hh I il Y B 32 AR i A e B R IR O 2 BRI
NEEST M9 T % 78 J7 15 ( Osakabe et al. ,2008)

1.2 M s DNA iR EX

2 AL AE 100% 75 K5 rv 1 i 5 > 14 FH 2K B /K
YT, ZRMEEENE 2 L, mFk
B4 1.5 mL B.08 NMA 25 wlL STE buffer
(100 mmol/L NaCl, 10 mmol/L Tris-HCl, 1 mmol/
L EDTA,pH 8.0) , 7& & GUBE T #k B Sk i, Tl A
BB A, 7 BRIV S R R T B AT R R0
BE T UK EIFm LS NI 2 pl B EE K(10
mg/mL) , fiB .0 G ,37C R E 30 min, 95°C
AR AETE S min, FIAELL)E, -20CHRAF .

L3 wsp EEYBENRF

wsp FE P ) PCR 4734 6 H] 1 XS 45 = 151 4
( Baldo et al., 2006 ). I UiF 5l ¥ M. 5'-
GTCCAATARSTGATGARGAAAC-3', T 514 M.
5'-CYGCACCAAYAGYRCTRTAAA-3', ¥ 1 J Jif
WE R 25 pl, /0 $5:2 wl DNA 4%, 14.8 uL
ddH, 0,2.5 pL 10 x buffer, 2.5 pL MgCl, (25
mmol/L) ,2 wL dNTPs (2.5 mmol/L) , i Fl T iiF
FIH(25 wmol/L) % 0.5 L B E A 0.2 . Tag
DNA R 4G (5 U/pL) . PCR #JF 2 :95%C Hi s 1
3 min, 35 PG (95°C 30 s5;55C 30 s;72C 1
min) , f )5 B 72°C ZE 1 10 min, HX 8 wL PCR § 1%
PR AT S TR S BE (EB) 9 1.0% (g/mL) /Y
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TRRE A BE R b, BT A UK AGI (FL R 120V, HIL Pk Z%
N 1 x TAE) , 7F Bio-Rad Gel Doc EQ #E % %,
BARG T WAL ER DNA Zaf7 I 40 IS R 4521 .

DI Wl H A5 PCR 74, 1 Axygen 7 ¥ 4l fk
WO @& AT il . K 2liAl ¥ 5 Trans-T3 %
K (Transgen Beijing) % £ , F-4% b B 852 25 KM AT
B PR RO AG T 50 mg/pl &R LB KR
BeoP R b 37°C BB IR IR 14 h WS F R
P EEEE TEMA 1 oL Wik LB K % 3
(&F0.1% & "HiAR) WE L& T,37C,250 o/
min %37 55 370, SRR 80 B 9R A TR B
#E4T PCRKIN . 2 PCR R I 5 K PH M 52 e 1 1
M

1.4 F35H

B 3RA5 09 wsp K& [N Fr 51 S F F] “ BLAST” T A
(NCBI ¥ i) # 47 )7 9 & R 45 0 O 42 5 3
GeneBank %4 #& £ . & J5 M Clustal X #k 4
( Thompson et al., 1997 ) ¥t 47 ¥ %) b *F
(Alignment) , 3 51| 2 1 7 BioEdit {4 Hh 347 .

L5 REXREDH

b % 45 B A MEGA 4.0 % 4 ( Tamura
et al. ,2007) , 2T Kimura-2 Parameter #5513 4%
731 8] 1 35t 1% B 25, 4R $2 75 ( Neighbor-Joining,
ND MRS K E W, #1473 3K Bootstrap & {7 Ji
FIT 0009 H K IFHr o FIH] van Meer(1999) £
MR GEKE 907 0 5E Wolbachia ¥ % | [ I
M ZR G T WK 53 # i T 4 38 IR Wolbachia
B A R AN — Btk (Fieh, 1997 ) 0 B
SPLITSTREE #k 4, H 4B 4 ™ ¥ ( neighbor-net
method ) BE TR AL IE 9 P st i BB EE M B R G R
H M (Bryant and Moulton,2004 ; Huson and Bryant,
2006) . &BHE WS DA st 1% B Oy BE Al Y O vk, B AT
AR i T Ei s b i — B0 5 8 i B A ] g
MRS R AT — A R A

1.6 EHEM

i F RDP2 3 A () MaxChi J5 ¥ 78 5 5 ] HE X
AL AT EA . S B RE N A
AN 1 AR S 67 A AS TR 2 B N = AR HE AT
#5453 ¥, N, A Bonferroni # 1E () 5 ¥, 15 2] — 4~
1 0007 B # (i 45 % , P {Hi% M 0. 05,

2 HREHW

2.1 MEEFI0 wsp FFIEIM LR

R AR 0 5 2, P A 1SR BB RE Y 4 b -
RN ER Y 18 T Wolbachia 1) wsp JEPR BB . 16K
o g A N 1S 12 B A A B g b
2 B 51 7Y 5 I IS R LA R gl e A
F1AFIIA(R D), ATLUE X2 wsp 7515
WA Z LR R AR e R E . A
P T Y 2 7E R TR I R B g e AR Y 1
wsp6 ,HEM X 7] GE J& Wolbachia 7r ) i 4] 7K -F- 1% &
T B

R1 4 Fhit iR Wolbachia 1
wsp FFE F 5l
Table 1 wsp gene sequences of Wolbachia

obtained from four species of spider mites

wsp
i S B GeneBank 45
GenBank accession
Host species wsp gene
number
sequence type
R - wspl JX094379
T. truncatus wsp2 JX094380
wsp3 JX094381
wsp4 JX094382
wspS 1X094383
wsp6 1X094384
wsp7 JX094385
wsp8 1X094386
wsp9 1X094387
wspl 1 1X094389
wspl?2 1X094390
wspl5 JX094393
B wspb 1X094384
T. urticae wspl0 JX094388
I wspl3 JX094391
T. kanzawai
1L A T wspl4 1X094392

A. viennensis

2.2 FISGWMERESAENIEIL

F MEGA 4.0 B X A 7] wsp F K FF 51 1] B9
AL B AT 207, 453 B 0K 1S Fh L [N R 51 1] 64
XA (R 2) o &5 R R WA BOY it i b, BR
T wspl5 LAAN, FE wsp JE IR PP 51 (] 14 52 4% 1R 25 A
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SR, 5346, B g b i wsp 3 BT 1 22 18]
(14358 15 B B 3T o 1T wsp7 cwsp10 il wspl 3 2 [A]
f14 33 1% 15 B Jec oz L 35 31 0. 1806,

HRAE B K4l Wolbachia ¥R REVIM ARG LB
KRR BRI RE LT M (B 1) AT LA 1

X 4 Fifr i i A P K e 1 Wolbachia ] L) 4y A~
41, B0 Ori 4180 Con £, Hoep #JE vl o i) 5 571
# wspl5 JETF Con 4, HAFFIMETF Ori g, —
BE i Y Wolbachia 75 RS )@ T Ori 41, # %
I gl T LA I il v 7% 79 o 571 2 (] J T Con &,

®2 wsp BEF I EEHES

Table 2 Pairwise distance between wsp gene sequences

wsplO  wspll wspl2 wspl3 wspl4d wspl5

wspl  wsp2  wsp3  wsp4  wspS  wsp6  wsp7  wspS8  wsp9
wspl
wsp2  0.0019
wsp3  0.0019 0. 0038
wsp4  0.0038 0. 0057 0. 0057
wsp5  0.0019 0. 0038 0. 0038 0.0019
wsp6  0.0038 0. 0057 0. 0057 0. 0038 0. 0019
wsp7  0.0057 0.0076 0. 0076 0. 0057 0. 0038 0. 0019
wsp8  0.0115 0. 0134 0. 0134 0.0115 0. 0096 0. 0076 0. 0096
wsp9  0.0134 0.0154 0.0154 0.0134 0. 0115 0. 0096 0. 0115 0. 0019
wspl0 0.0096 0.0115 0.0115 0. 0096 0. 0076 0. 0057 0. 0076 0. 0057 0. 0076
wspll 0.0291 0.0311 0.0311 0.0331 0.0311 0.0291 0.0311 0.0371 0. 0351 0. 0351
wspl2 0.0410 0. 0430 0. 0430 0.045 0.043 0.0451 0.0471 0.0532 0. 0553 0.0512 0.0719
wspl3 0.1781 0. 1755 0. 1755 0. 1779 0. 1755 0. 1781 0. 1806 0. 1804 0. 1779 0. 1806 0. 1456 0. 1325
wspl4 0.1781 0. 1755 0. 1755 0. 1779 0. 1755 0. 1730 0. 1755 0. 1753 0. 1728 0. 1755 0. 1408 0. 1325 0. 0038
wspl5 0.17550.1730 0. 1730 0. 1753 0. 1730 0. 1704 0. 1679 0. 1728 0. 1703 0. 1730 0. 1384 0. 1257 0. 0211 0. 0172

wspl
56{:\1»sp2
wsp3
wspS
10%8 stp4
51 E}Spti Ori
wsp7
85

——wspl2

57| 83 wsp8
{stp9
86 wspl0

wspl 1

oorwspl4
Lvspl.? Con

lool—wsplj'

1 4 Fiti%E A Wolbachia ) wsp EEF IR NI-REXZFH

Fig.1 The NJ-phylogenetic tree based on the wsp gene sequences of Wolbachia in four species of spider mites

2.3 wsp BEEEHME S

S DR A 3 A ] (%) B 28 AT DA o A A ) R
SFERCNMAEZ XM AR RERE KT LR
W T AR S, BT, EARBE R XX 4 Fh

I P G aosp 3 DR 5 A7 78 TR 1 B A LR oE AT
TR P AR W v I 86k Y e 41 AT 40 AT
R =AM 2) . B2 PigR—4il
UK L PP SR 2R 8 Al i — Ao 8, RO AU
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SRR . I 2 ARG A RN i T 4
BB IR S 53 85 o |1 &L 2 ] L wspl -wspl 2
FLPR P 5 (8], wspl 3-wspl5 3[R 7 %1 14 (8] (1) & A
2 LB/, T3 P A 21 G ) % 25 X B A
A A B LR R o PR 3 2 6 PR 3 A 150 X A

—0.01

wsp8 wspll
wspl 017 ysp9 P
Wsp

ISZ6 3 M 45 5 % B0 wsp JE R A7 76 3% 3 110 8 2
MG 3) o wspll FEP P FIBYIE wsplS Fl wsplO
B MG R, T wspl2 B wspll 1 wspl5 B4 y=
/_:E.O

/vspl 3
wspl4

4
wsp

wsp2 wsp

wspl
wspl2

wspl5

2 4 MR Wolbachia B wsp EE[E 5 5 B3R M £ 2 TR B M & 55 47 B

Fig.2 Network analysis based on wsp sequences of Wolbachia in four species of

spider mites using the uncorrected-P method

Yy oo

1 2
05 8
T

]
VT
- -
A o
" —e

[V S
n % s
H owns

[ERTANS

3
8
2
A

A W

v oo

S

XN

S =

Y NS =

O e

A %S -
& —
-t
B -
B -
oo =

-
]
© -
<

CAGGAAAATC

N
Ne
[PR-NTN
L=t
Wk

E3 wpBERFIEMNEARSR

Fig.3 Recombination events between different wsp sequences

3 it

AWE5EE ) PCR HOR K3 51 %) A SR Fh it
(1 4 Fh i AR ) Wolbachia J% G 175 L AT R, 45
SR B NR] — Ffr i vpoR] LA ) R G 2 Bl Wolbachia
WA, JUH DLEUE M 5 oy . s a5
Xif e — e A 3 A7 PCR 9 39 S 77 43 Hr J2 VF Ak
Wolbachia %2 ¥ V£ 1 — > % i F Bt ( Kikuchi and
Fukatsu,2003 ; van Borm et al. ,2003) ., [&] — > Ff
M A A 2 Rl Wolbachia Bk A7 7E 1 L4
TEAR 2 )@ 1y B B b #8078 (Tjichi et al. ,2002;
Jamnongluk et al. ,2002 ; Riegler and Stauffer,2002 ;
Reuter and Keller,2003 ; Malloch and Fenton,2005 ;
Raychoudhury et al. ,2008) , 1T wsp 3N B & A

A PR A AR L T P0G ) A D AR R B

XKy Wolbachia 15 3 FH FI AL 4 3 #2 v i 2B PRk AR
SR TR REME . I, AR RS T Wolbachia Bk
REZFEVER A2 53 ob, TR —Ff i i, 40 AU n- i
AR T AL BRI PR Wolbachia #k 2 w] B th T
FEAEZ UM ST WA= e S, B Sr 42 G i Bk R e
TEAE T AR E MRAE TR o 22 ST AR e [ A A
AT LA il b Wolbachia B 22 Z AR MERYIE 1L

i i B 2R 3 BAL 5, Wolbachia [ B 7 1 32 Fl
RErh E AT A2 6 97 B, Bk B 2 1 BF 5T R B,
Wolbachia 1,58 7 A [a) F i 3 5 [F] Fh 15 32 09 AS [a] A4~
1R Z 18] 3547 K S 1% 4% (Werren et al. ,1995 ; Ahrens
and 2005; Baldo 2008 ;
Raychoudhury et al. ,2008) , 3 H Werren (1997 ) I\
N Wolbachia B 7£ 735 B gl ¥y vh £ 47 1 12 19 1% 1%
TRKRARJE LA T K- 88 . FeA ]k BUEOE i 4

Shoemaker, et al. ,
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B MU (R N B9 Wolbachia 7 75— ELHY wsp 75
R R F AT HE W , Wolbachia 7K V- 154 [R) A & 2B A
PP U6 2 (8] . Wolbachia BEAEA [F) i 3 ] 2K F 4%
., 9 Wolbachia ®) K N # 4 4& f#t T W] BE 4
(Ishmael et al. ,2009)

BRIC Z Ah, wsp e 2 5 & HE 8 4 (Baldo
et al. , 2005 ), & X H 4 AT DL G B OHb AR R
Wolbachia ¥k Z Z2 R4 7 9 70 T AL o FRATT A 52
WAL T Wolbachia K&K P T 4 (4 43 F 44
KB E G R R B 0 [F) — A 4 B Wolbachia Fi
FRIAIN G e A B TR A T 2 % 0% 2R JE e 1 T 4>
Y] 1Y) Wolbachia B F2 J& A= 5 K 0 20 14 HE 32 JU) AH
MR . /T AWESE KB, 78 Wolbachia 57 32 1) 2F
AR F W, A 3 b R A B A DL B
Wolbachia 1 & DL F ik Sk & 6] & A= (1 1 Jk A 22 40
A R R 5 PR ek Y B 4R 2 3 3l A 7E /Y (Werren
et al. ;1995 ;Baldo et al. ,2006) . R H YA —F
WESE T Wolbachia 13 R [8] i) 5 2H ( Jiggins et al. |
2001 ; Werren and Bartos,2001 ;Baldo et al. ,2006)
AR N H AW AE A B WA KRN K Z 1
wsp, fisZ | gtA F fopA 3X 4 A4~ He oA i A B
( Jiggins, 2002; Reuter and Keller, 2003 ; Keller
et al. ,2004 ; Baldo and Werren, 2005 ; Malloch and
Fenton, 2005; Baldo et al. , 2006; Zhang et al. ,
2012) , J34b, He PR H 20 A g s A E G Ak Y &
PE BN S LB 25 R SR AR T Wolbachia B %
i# ( Francis et al. ,2001)

AR 5E % B Wolbachia 1) wsp J¥ 51 1 5 - i
ZIAFAEXT W R R, YW Wolbachia 5 H 15 FAE K
WA R PR T O Rl A OC AR P I) kAL 3R
RAEART P WA, BRI HERATR
Girh ZREPE B oD W B X AR KRR B4 T
HAKR P 09 % 4= ¥ ( Grimaldi and Engel,2005), 3t
HEEYN AR L BHEETT R BE FNREKE
KFR IR A A Wy Fn A 3 22 W) A7 78 45 P [+
4k & (Chen et al. ,1999; Clark et al. ,2000) ,
X A ] 3 Ak BE G 7E N7 vE TG g A 5 A S A
SO A TR A5 B0 A T Th A i E (Moran, 2002
Wernegreen ,2004 ; Blanc et al. ,2007 ) . K it FA]
A IE 2 T o oI ) R AR T 6 45 ] — ot
I 1A N 1 2 FhOR [F] Wolbachia t 5 e % F2 2 Hb st
&~ 2%, BEMIE O 4E 7 Wolbachia B Z FEE

FeATIH 1 wosp B RN R (4 T 1k X i ol A Y

Wolbachia W) Z £ 1 17 W 5¢, & B Wolbachia T
WG RS AT 2 AR PR R SR AR R S AE 2 A
A —E B U R A6 G & Wolbachia K [F 5 21 17 7F
DFAKIE . AT — 2 B R [ Wolbachia £ £
Xof Il A B R AR R 25 R AT T se i AR
JE 5t 1% 00 I i BAME R E T T R AE W SRS .
A, Wolbachia 715 3 A= 58 V8 45 T B PR 36 35 45 O 1
VR TP i A AR TS A, 75 S — 2D oY
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