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Abstract

The 16S ribosomal DNA (rDNA) of the secondary endosymbiont and Wolbachia-specific gene, wsp (cell surface protein of
Wolbachia), were amplified and sequenced. Based on the occurrence of 16S rDNA and wsp by PCR, more than 55% and 38% of
examined B. tabaci populations (n = 202) harbored secondary endosymbiont and Wolbachia, respectively. Molecular phylogenetic
analysis of 16S rDNA sequences showed that the secondary endosymbiont was located in the y-3 clade of a subdivision of the
Proteobacteria. Wsp gene sequences revealed that the Wolbachia found in B. tabaci populations of Taiwan belong to group B and
subgroup Con/Rug. The results also showed that the carrying/infection rate of secondary endosymbiont/Wolbachia might be
related to the biotype of B. tabaci.
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AR A ZE MBI EZ 202 FIBENHAF - AR PCR REHAMEE
BE—mAEE B 16S rDNA & Wolbachia Z 2 @& G £ B (Wolbachia
surface protein, wsp) #93g1g » UBETA LA AMMER s BRBT 28 HE 55.4%
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FEsI Wik 4 B Wolbachia pipientis (Tsai
et al., 2002) o FAAAN AR EE TP E
R T £ 2 ISR LOZR NS
Fo 2 MEPE U2 R HIBRAR » Firs | 380 A i
RAEUFHIEE LS HAE
incompatibility) ~ {458 (parthenogenesis)
MM {r (feminization) o

KAt 42 Wolbachia ftz F:REE
fiikd - FOREH B A-F S50 (group) » H
A J B BEZE R R KA i E R E)
Yy C ke D Bfz7 L#iE R MSka, (filarial
nematodes) - E #f & 5 E H B &
(springtails) » F #EHIE g (termites) (Lo
et al., 2002)- Hr» A} B Bf2 Wolbachia
1 HE RS AT WA B2 (A e R
(subgroup) » FI4N 7 4 > R (Drosophila
melanogaster) 2 Wolbachia B~ A EEHY
Mel B » F4H Tribolium confusum 2
Wolbachia J&> B ###9 Con maff » Henjf
it EE L E R 2T+ B a4 E
(Zhou et al., 1998) -

H Al Wolbachia Z1H#l# Ll PCR i
17 > &Rz HAERE % 16S rDNA - ftz ~
wsp FEFF| (Zhou et al., 1998; ven Merr
et al., 1999) - Hrh wsp £ Wolbachia FKH
#H M (surface protein) R[] » —#ERREILE
K1f Wolbachia FrigBiRER b » Hyd b
R (Zhou et al., 1998; ven Merr et al.,
1999) » FLFI FH 1H 55 KT e o] HE R ) {57
Wolbachia B4 F+ > HATCEZRIERTR
Wolbachia {8H|F (Zhou et al., 1998; ven
Merr et al., 1999; Werren and Windsor,
2000; Nirgianaki et al., 2003) -
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IR EE 19.8% (Werren and Windsor,
2000) o TP E M R (Bemisia tabact) WHF
FEIRRET » ANGmoAT T S el {H Sl > B
E ¥y Zasr Wolbachia B ECEE (Zchori-
Fein and Brown, 2002; Nirgianaki et al.,
2003) » H AT HE 2652 QL IR R 5 | 5 A
BAMAEMREHEBR (Zehori-Fein and
Brown, 2002) -
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T SRR AT K TEDR /T %380 (Chen and
Purcell, 1997) - 2l » H BT E AT —#kA
KR/ 5 KJH - R-type ~ T-type »
U-type ~ S-type B Spiroplasma sp. - H.rfi
% W (Acyrthosiphon pisum) 2 T-type
BTy fy AN LA HE 16S rDNA 5]
FEFEE T > WE AHURE R 98% » [ATTT St A/
MY B RRE < AN AE RN AR T-type
AR T R A 17~
34 HEFH] (Darby et al., 2001) -
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KA SE (Zchori-Fein and Brown,
2002) ; W ERABIEREH o 7R SRR EF IR IE
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2002) ; 534t - B T-type WWF&a(Eds - H
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(Oliver et al., 2003)
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ZFERRBRLR o
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A (EIEEEAR R » (RIERS 95% 19k
oo B -20°C i EAEERTE - REFI AT 20
B REHE TR A A - e B E Ry d (B.
tabaci) 1% » FFIFIKIEREE COL F AT A
Sy Y MVl E (Hsien, 2004) » LU
TR E 5 -

— - #EERME DNA ZZEH

ARG ol e WP RS R > IR =K
ZRERK L a2 WK > I — SRR E
1.5 ml 0% » tR¥ De Barro and
Driver (1997) Z 5% » I A 10 ul lysis
buffer (50 mM KCI, 10 mM Tris pH 8.4,
0.45% Tween 20, 0.2% gelatin, 0.45% NP40,
60 pg/ml proteinase K) » DURFEEAE IS G
BE > FRANA 15 ul lysis buffer ifiiR &1
Z)» LL 65°C ki 30 4pfifk o Al =Rl
HEORRE R SEH - LL 100°C 7K 10 57§ »
WANEEMR - A 25 Wl 2 ZKEK
FSE RSt fy . DNA ZZEHY » WG HE R
-20°C ¥fErP R
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BT SR 5 2 SRR @ [RRT > AT AR
WA REH] o A REE R 2 5K
b A ERE AR A PRAE 1 Ealiah - 77l
TR AR ZEHL - #R95 Darby et al. (2001)
FrifsdE 25| F#1 PABSF (5-AGCGCAGTTT
ACTGAGTTCA -3") / PABSR (5’-ACGGGC
AGTGTGTACAAGACC-3’) » H u] Haiig H 7
1,250 bp ZfEE Ky @ — M NI AERF 16S
rDNA #77 frB - PCR [ MR 94°C / 5
gy RIRETT 35 {EERZ 94°C / 1 7y
B~ 55°C / 1 g ~ 72°C / 1 7y » i
72°C | 5 s & - PCR EYILL 1.5%
HIBINR VKB P BT vk AR > W AEYIZR
HARKAE VIR A FLEITE R » Fiffs DNA Fp
Hl| DLE #% £ NCBI (National Center for
Biotechnology Information) 4 uh - Ll
BLAST IhaREEITEL | R P9I ELE » DUKERE Fe
HEWE ) P B R RNy dm ARk N AR TR 16S
rDNA » o] AT e A A A R 2 (5]
(=) Wolbachia

B S5 22 1 M i 4 T R B 2 M B g R
B o 1T Wolbachia ZAEH - fARHE R
AL 2 Bk A IRRERGER A IRAIEL 1 Eak
k> 77 AIETT B K RHAYZE A - #R95 Zhou et al.
(1998) Fir i M < 5l + #1  wsp81F (5
TGGTCGAATAAGTGATGAAGAAAC-3’) /
wsp691F  (5-AAAAATTAAACGCTACTC
CA-3) » HuJH7iE i) 600 bp wsp FEKFr
Bt - PCR [ JEWRIF S 94°C / 5 47 » SR%HE
17 35 {EfEIR.2 94°C / 1 434 ~55°C / 1 4y
§E~ 72°C /1 oy RIREHS 72°C /5
TR IE » PCR EYILL 1.5% 3R EIKE
Pt EATER KA AR - SORFEE VIR A RR A PR
NFEITER > i3 DNA FF3l DL %
NCBI ##uh » LI BLAST DigesE1Ti% | iR Fr
FILLES > DU E A g ny fr BefS wsp JERIFy
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E% » AT HZGEIT A Wolbachia 28] -
(=) ##%BAMRM (phylogenetic tree) .2 B

K E e g 2 P9 EBEHLL Clustal X 8K
BETELE B2 HEFr » FLL GeneDoc HKHS
TR AIRIRIE » izl MEGAS3 fE=0ErT
RO BR 4R M Ry B A s By B IR B
Neighbor-joining (NJ) /5% » 3 Kimura
2-parameter model %&ﬁ@eg@@ﬁ;ﬁﬁ
FARKBH R 04 - 1T Bootstrap 1eis
1000 X - fa (R RE A5 BR (R At 2 nT {5 BE - 31t LA
Cladogram fXH#kRH (R 2 FR27520 - B
YfE e 2 AR RR (% -

wm &R

— ZTHRAHER
(—) 3 AlER

ST 202 (8T R g
T 356 ERiEEEEE o #R#E Darby et al.
(2001) FR{#iH 25| F% PABSF/PABSR > i
TR Ry & — RN L4 16S rDNA [y
W ATHEE H— B 1,300 bp 2 B (& —
A) o JEFTHEIE 2R PCR BV E S »
s SR R AN B B P MR R HH 2R DNA BRI
GenBank | ZEHHy & — N AERE 16S
rDNA FEPUE E5E 99% » T Ik | F#H ]
fifE P P DA 3000 8 R Ry g R e oz Al A R AR
o (IS SR A o 25 LUERE S BEAT - 202 {1
EEE > 2 112 {EEEHEEE R AR
Al 55.4% » Horf B AEY) M ERYLAR
5 82.2% : Nauru EY/MVER 9.7%: AN 4
Y/ NEFEERR) 11 {EERE » B RAE —
BAHAR - DUETESEAIM S » 3566 {527
fE g b > 4t 202 {5 (& #8002 iR 2R
Yy Bl 56.7% 0 B AW/ MEES 82.3%
Nauru E¥p\ER 10.3% (F—) -

143 GRS -+ IEHE=1

DA R it o B E AP LI » Horp
R EL Bl R = iRl 90.7% (39/43) » H
REBTFCRE 71.4% (5/T) KHIERL 64.7%
(A117) s I ERF ~ &R~ BREE ~ SR
EFPR RS 3 EAEY) < RNy IR e IR A THI
B TSR o DS S o ZEHhE I
BRRE R s R R G LIS 50.0% (8/16) ~ th
#R 45.5% (10/22) ~ Bl 56.9% (58/102) ~ &
iR 72.2% (5/18) FuRHtEs 52.3% (23/44) o
() Al

S P SR 2 RS AE R o d
EFPH 8 FFY - MLt » FEFT
EEE 1,259bp » G+C% £ 54% - B2
| AR fR = s 100% » AR (X5 94.86% o
(=) FEtkBH 1R

W5 bl 15 2 2 i I e R AR R
16S rDNA %%l » BiH GenBank T#{2fH
WA 91 HEA TR B ARV 20 b7 > Horb DA B K5
1 2 Streptomyces coelicolor (Y00411) Eil
Proteobacteria & uh fifl & Desulfovibrio
desulfuricans (M34113) & 4+ E » FI| F
Neighbor-joining (NJ) 75 {17 H#K R (R
o (&) o

il SRR o 2~ R~ ARV E MR 2
PP BNy B P AR TR DL R W sk )RR —
WAL A F B Proteobacteria y-3 B
FAFERR » HCrp SR i 2 o SRy g R AR
PRI FISE R ~ 25 P B 2 IR By Al A A TR
PRER TR IR » FLR W ah 2 AL -
EZ AR A LA R R Z o B2 T AREAHE AR
/B> Proteobacteria vy B2 8 E Za ()
RANHEAEE » HRE Proteobacteria a nuff
Ko B onnfi 2 F AN

~ Wolbachia
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E— (A) LL5|¥# PABSF/PABSR (PABSF: AGCGCAGTTTACTGAGTTCA; PABSR: ACGGGCAGTGTGTACA
AGACC) ¥1BEHZ 2 —#ERHAEE 16S rDNA #47{&8 - M: Bio100 DNA Ladder™ : Lane 1: 7k (4482);
Lane 2 : B ERZIEEH T (TABTB118); Lane 3 : TRAZHALE R EEME (TABTNad4) - (B) LL
Bl F# wsp81F/wsp691R (wsp81F: TGGTCGAATAAGTGATGAAGAAAC; wsp691R: AAAAATTAAACGC
TACTCCA) ¥ Wolbachia 3771881 M: Bio100 DNA Ladder™ : Lane 1 17k (¥48R); Lane 2: B Wolbachia 1t
H 2 EE¥EE (TABTNa60); Lane3 : B Wolbachia 42 {EEZ (TABTB116) o

Fig. 1. (A) Detection of 16S rDNA from secondary endosymbionts of Bemisia tabaci by using primer set PABSF/
PABSR (PABSF: AGCGCAGTTTACTGAGTTC A; PABSR: ACGGGCAGTGTGTACAAGACC). M: Bio100
DNA Ladder™: Lane 1: water (control); Lane 2: Bemisia tabaci (TABTB118); Lane3: Bemisia tabaci
(TABTNa54). (B) Detection of Wolbachia by using primer set wsp81F/wsp691R (wsp81F: TGGTCGAATAA
GTGATGAAGAAAC; wsp691 R: AAAAATTAAACGCTACTCCA). M: Bio100 DNA Ladder™; Lane 1: water
(control); Lane 2: Bemisia tabaci (TABTNa60); Lane3: Bemisia tabaci (TABTB116).

B Zhou et al. (1998) Fr{iH. 25|+
fH wsp81/wsp691 HEAT wsp FLK ZHFHE »
HonT o H — PRy 650bp 2 v E® ([E] —
B) - EATIEIEH R PCR EYIHLIE F »
s R AN B B P MR iR HH 2R DNA BT
GenBank | ZMEENZAREA Wolbachia 2
wsp LK FFIIFLIE miE 99% - HEE s+
HH AT DU 2k g 4 2. Wolbachia -

FTHIRS SREET > 2 DURRE R BT - 202 {|
ke > 8 77 {EEEHERIE] Wolbachia »
HIgEG L BIfs 38.1% » Hrh B £V E R
19.4% (25/129) ; Nauru &Y/ \fEE 69.4%
(43/62) ; AN &Y/ |\ 81.8% (9/11) L[
RSO S - (S REURTE 356 {5z
{lE[#5 > 3 124 {E{EES{EHIZ] Wolbachia Lt
e 34.8% B Y VEE 17.7% (41/232) »
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F*— BEEREENERER _HRALERER Wolbachia Bz LAl
Table 1. The infective ratio of secondary endosymbiot and Wolbachia in Bemisia tabaci populations of Taiwan

Secondary endosymbiont Wolbachia
population individual population individual
biotype B 82.2% 19.4% 17.7%
(106/129) (191/232) (25/129) (41/232)
biotype Nauru 9.7% 69.4% 63.6%
(6/62) (11/107) (43/62) (68/107)
. 0% 81.8% 88.2%
biotype AN (0/11) (9/11) (1517)
total 55.4% 38.1% 34.8%
(112/202) (202/356) (77/202) (124/356)

Nauru 4Y))\EES 63.8% (68/107) » AN 4=
Yy ES 88.2% (15/17) (Ff—) »

T R g o FF EAEY)E%: Wolbachia
ZIBGAS  HAR SRR - SR EVRRNZ
PR g R R LS B 100% » HRES&
Bl 72.7% (8/11) ~ EJLR} 66.7% (2/3) 4R
53.7% (22/41) ; SKEREH S AGHRERHEY) R A ]
F| Wolbachia - G tiPEIF S - = ICER
PR g G S R G LA 43.8% (7/16) ~
i 45.5% (10/22) ~ FA 45.5% (42/102) ~
HES 27.8% (5/18) Ju#5HfE s 29.5% (13/44) -

PEEHE R f S Wolbachia Bl A3t
A TR A IR - RN g S 7[RI IRE R JR
RELLBIRS 11.9% (24/202) - 52 Ak N3 AE B
JEYM AR Wolbachia JEFRELBIE 44.1%
(89/202) » [ 25 Wolbachia JE&YLT A B>
TR AR RGBS 26.7%
(54/202) ; {d & AR G RY EL B B 17.82%
(36/202) °
(=) o5 Hr

S 8 |5 0 RO R N 42 Wolbachia
Z wsp B > HEFH 18 FHpl > K5
L% - RO RS 555 bp » A+T% &
63.41% > Fr 4l il 2 #% ) B8 MH LR B & B
100% » F2 1K= 97.5% o
(=) FHABH R

150 RS-+ HEHE=1

TGz 2EitlE wsp BR T > BLiR
5 Nirgianaki et al. (2003) H GenBank
T#; Wolbachia A J; B Bf (group) 2 wsp
S Y317 347 5 FIIF Neighbor-joining
(NJ) 7 TR BRI B (8 =) - &b
REER > Wolbachia B FEERIA—HE > 1 A B
IV R — R - 228 o [ 2 o By g PN AL A
Wolbachia HISg/EE B FE2/ 5 Hrhakii
& [ B 5 2 Wolbachia %55 Con/Rug
HHRE

S

— ZHRAHKLEE
(—) lEE

SR 55.4% WIEER fa R )
PO A TR R > A kg A U R A0 ]
JEGE > JHAS SRR AR A TR R R
AL - WadfHRRITEHE - iR
W FE T RER T EAEERVAFIE - IANHE =t
B3] (Chen et al. 2000; Montllor et
al., 2002) FARGTHADZF A1 KEL (Oliver et
al., 2003; Ferrari et al., 2004) % > B
TR P A R S R Y RSB I R A BT
%% (Zchori-Fein and Brown, 2002) - {55
Zchori-Fein and Brown (2002) & & 4 EK
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100 [~ P-symbiont of aphid

L P-symbiont of aphid
100 [~ P-symbiont of Bemisia tabaci

|

— P-symbiont of Bemisia tabaci

100 = Symbiont of weevil a
L— woibachia
100 = Symbiont of mealybug | B
|- Symbiont of mealybug
Desulfocibrio desulfuricans | §

Streptomyces coelicolor I Gram positive

FREBEEMBZ _HRALERE 2 16S DNA F35| - JIA Protecbacteria & MR L ERERFRBIEZ

Streptomyces coelicolor (9}8%) 16S rDNA » LUABTAETTHHT - £L3ETT 1000 ;X bootstrap &8l » Frf§ 2 #i&

RARAE o P A HAER ; S ' “IHRARER
Fig. 2.

Phylogenetic tree of the secondary endosymbionts of Bemisia tabaci. The 16S rDNA sequences of the

secondary endosymbionts, representatives of the Proteobacteria, and gram-positive bacteria (as outgroup)
were analyzed by neighbor-joining method. The bootstrap values obtained with 1,000 resamplings are
shown at the nodes. P: primary endosymbiont; S: secondary endosymbiont.

20 {EPEE Ry e RAFD > 14 (EFREFZ At
ARG o LLE 0% - AHEL 2 T =M
T Ry R S TR P9 A R R R 1
(55.4%) » ML 22 AR - n]REE{EHIFE
[EARIFrE - AR seEH - LI PCR 17—
e PR B (R A 2R R B R R (R R 5 3 (B

A I E B8 AE - - F PCR EVH
i > AREAURIRE —HRANHAFERIFEE - HA
REHERR & A 58 2 ) L Ath 58 P9 e A= TR R
(Sandstrom et al., 2001; Tsuchida et al.,
2002; Zchori-Fein and Brown, 2002) -
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Subgroup  Group
89 P Bemisia tabaci (Taiwan)
e Bemisia tabaci (Taiwan)
Bemisia tabaci (Taiwan)
54 [~ Bemisia tabaci (Taiwan)
L Alewrotrachelus sp. Con / Rug
51 82— Bemisia tabaci (Tsiwan)
b Remisia tabaci (taiwan)
Bemisia afer
83 89 ——— Remisia tabaci
L——— Bemisia tabaci
Leptothrips mali
Sphaeroma rugicauda
Tribolium confusum B
79 = Trichogramma deion I Dei
60 | Trichogramma semblidis | Sem
Phlebotomus perniciosus | pr
Bemisia tabaci 1 Btab2
Cicadulina mbila I Cmbi
Bemisia tabaci I Btabl
Apoanagyrus diversicornis | Div
Bemisia tabaci 1 Pip
100 [ Encarsia formosa I For
L——— Cadra cautella I CauB
-~ Drosophila sechellia I Wha
88 Glossina morsitans I Wmors A
100 ——— Drosophila melanogaster
e Drosophila melanogaster el

E= FIA Wolbachia 2 wsp ERELUEEETHMT » $£3E77 1000 X bootstrap Rl » A5 MIGRARES
Fig. 3. Phylogenetic tree of Wolbachia based on wsp gene sequences. The tree has been constructed by
neighbor-joining method. The bootstrap values obtained with 1,000 resamplings are shown at the nodes.

[ P S N ) K (RN A e = Ta R S PR
PR ) o AT B A pi T S B B e A R > Horh
U-type FUIF & — 8 P93 AF I S B 37
HEYIRE A 2 S AUAHRBATE (Tsuchida et al.,
2002) » M5 ARA M FTeE HEE R @ ik
WAL 2 3 A Sz R IR R R 2 s HASTEZ
s S AT DA H - R e 2 o R R R R — A
WA AR B 43 AR AT RE AT AR ) N A 8% YR AH
B - H B AWV S RS LI
82.2% (106/129) » Nauru “E¥)/\EE 9.7% »
i AN AP NERIR IR 528 - FIIH R

152 GRS HEHE=1

Jitat s - B 4P/ M EEL non-B 49
/Nl (Nauru fz AN) R i P A
QBRI =S (p < 0.001) o HILHE
W > A AR AR R AP M A REF
(R A o T BN o 2 ) he R Bl
MRS » AR R oA o 0 R i
HIRHBATE o RIBEAR AT T & 8 2 R » LA
B Ste— 28 0 70 B A e B8 15 48 10 500 gy — Al Y
HA R A5 A B R R
(=) oI5 HT

KIFEE I 8 SN &Ry dm — RN



HFFA  HAIEAI RS 1,259 bp o BT
i G+C% 5 54.2% » B UK Fr 3c #AH 121
(Darby et al., 2001; Zchori-Fein and
Brown, 2002; Tan et al., 2004) o fE &) gy —.
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Studies on the Secondary Endosymbionts of Bemisia tabaci
(Gennadius) (Hemiptera: Aleyrodidae) in Taiwan

Yung-Chang Hung, Chiun-Cheng Ko', and Chung-Hsiung Wang

Department of Entomology, National Taiwan University, Taipei 106, Taiwan

ABSTRACT

The 16S ribosomal DNA (rDNA) of the secondary endosymbiont and
Wolbachia-specific gene, wsp (cell surface protein of Wolbachia), were
amplified and sequenced. Based on the occurrence of 16S rDNA and wsp by
PCR, more than 55% and 38% of examined B. tabaci populations (n = 202)
harbored secondary endosymbiont and Wolbachia, respectively. Molecular
phylogenetic analysis of 16S rDNA sequences showed that the secondary
endosymbiont was located in the y-3 clade of a subdivision of the
Proteobacteria. Wsp gene sequences revealed that the Wolbachia found in B.
tabaci populations of Taiwan belong to group B and subgroup Con/Rug. The
results also showed that the carrying/infection rate of secondary
endosymbiont/Wolbachia might be related to the biotype of B. tabaci.

Key words: Aleyrodidae, Bemisia tabaci, secondary endosymbionts, biotype,
Taiwan
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