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Abstract [Objectives] To detect endosymbiont species transmitted to plants by the feeding behavior of the whitefly
Bemisia tabaci, and the morphology and spatiotemporal dynamics of Rickettsia in different host plants. [Methods] The
transmission of endosymbionts by the B. tabaci B biotype into cotton, tomato and cowpea plants was investigated.
Endosymbionts were detected by PCR and the location and morphology of Rickettsia in plants observed with TEM. Dynamic
changes in Rickettsia titers in cowpea leaves was detected with q-PCR. [Results] The B. tabaci B biotype is infected with the

obligate endosymbiont Portiera and the facultative endosymbionts Rickettsia, Hamiltonella and Hemipteriphilus. Only
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Rickettsia was transmitted to cotton, tomato and cowpea plants by B. tabaci feeding activity. Rickettsia can move between

different plant leaves and TEM revealed that it is located in the sieve tube cells of plant phloem. The morphology of Rickettsia

in B. tabaci, cotton and tomato leaves was similar, but it was relatively smaller and slight rounder in cowpea leaves. The titers

of Rickettsia in cowpea plants first increased, then decreased, with increased duration of continuous feeding by B. tabaci.

However, in cowpea plants that had been fed on by whiteflies for only 7 days it first decreased, then increased slightly, then

remained basically unchanged. Phylogenetic analysis based on variation in the 16S rDNA sequence indicates that Rickettsia

found in cotton, tomato and cowpea leaves is identical to Rickettsia in B. tabaci. [Conclusion] Rickettsia can be transmitted

to host plants by the feeding activity of B. tabaci after which it becomes localized in the sieve tube cells of phloem and can

move between different leaves. The morphology of Rickettsia may vary slightly in different hosts, and the efficiency of

transmission of Rickettsia varies with host plant species.

Key words Bemisia tabaci; endosymbiont; Rickettsia; horizontal transmission; insect host; plant host
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BARKG I 3 FAEDI 0T b A B B RS, AH
KIS [ W2 1, PCR RN IR RN
25 uL: 10xPCR buffer ( Mg2+plus ) 5 uL. dNTPs
(2.5 mmol'L™" )4 pL.Tag DNA E-A (5 U/uL )
0.5uL. RS (20 pmol-L™") 4% 1 uL, #
Ht DNA 1 pL . ddH,0 37.5 uL. JX W 2T 4+ 94 °C
2min; 94 °C 30s, Bk 45s, 72 °C 90s (30
WAER), )5 72 °C 5 min, PCR ¥ H452 )5,
BUS L P 38 P= AT 1% Bn IR e e i S R
VL Rickettsia FH P ARK3 BCR FHEEXT IR, ddH,O
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Mg (KR, d6at) $REC AR o E R i 8
RNA, %% 5% & PrimerScript™ 1T 1
Strand cDNA Synthesis Kit ( Takara, Jtil), #%
HEAC R & 6 B 5 LURE 0 8. RNA A BAR A Al
cDNA, L cDNA Wiz 1 Rickettsia 151415
BULE 1, YL A 94 °C 2 min; 94 °C 30,
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5 min,
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Tablel ThePCR primersand protocolsfor endosymbionts detection

LA A SIF5 (5-3") BRI (bp) BAEE (°C)
Endosymbiont Gene Primer sequence (5'-3") Size range (bp)  Annealing temperature
Portiera ® 16S rDNA F: TGCAAGTCGAGCGGCATCAT 1000 60
R: AAAGTTCCCGCCTTATGCGT
Rickettsia® 16S rDNA F: GCTCAGAACGAACGCTATC 900 58
R: GAAGGAAAGCATCTCTGC
Hamiltonella © 16S rDNA F: TGAGTAAAGTCTGGAATCTGG 700 52
R: AGTTCAAGACCGCAACCTC
Hemipteriphilus®  16S rDNA F: GCTCAGAACGAACGCTRKC 700 60

R: TTCGCCACTGGTGTTCCTC

3 J$312:%# [ Zchori-Fein and Brown (2002 ); ° F423% [ Gottlieb 2 (2006 ); © JF¥Z#% [ Chiel & (2007); ¢ JF

%12 H Bing 5% (2013 ),

& sequences obtained from Zchori-Fein and Brown (2002); b sequences obtained from Gottlieb et al. (2006); © sequences
obtained from Chiel et al. (2007); ¢ sequences obtained from Bing et al. (2013).
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1.2.3 Rickettsia ) TEM #l B A dHs &
BB kAL . B S9LSM A ST TEM 6
F, BRYLA Rickettsia FHRHRY B FHE XS IE
T-HAEYI M BATEXT IR . TEM HilRE BT R .
W JA EUME R LA 2 2 0.3 em KW A Rk,
A 4%)% SR P EREE 3 h JFE T 4 °C
PRAFRE; W2 MIREEYE 4 IR, B8R 10 min;
MK 30%. 50%. 70%. 80%F1 90%1 2. BEf5
K, BK 10 min, ZJ5H 100%SEERK 2 K,
YK 15 min; FH 100%P Bl 7K 2 YK, UK 15 min;
WA FAFL LB PSR - BPRS(3 = 1,1 ¢ 1,
1:3) WREYE, BR 15 min, )54 5
30 min; iR s EHEE; VIRALUI R LSS,
124 Rickettsa EARREIPRIEEBERE it
M R ARAE . Tl ST GAERR, RPRIEHR
— R sE A IR e, et & ( HAR
6 cm, = 4 cm) 2 AWIPIMLAT B B EUME B
60 3k, ARl THEHRUSINES 3 K. 5 5 KA 7
KRB AR EL, EEEE R &N mEY A
gy, WE M R RO L& YIE 0.1 g #E
PHA (29K 4 emx T8 1 em ), PCR A&l H1 X
W& K L A Rickettsia, DNA 11 2 B &
Rickettsia ¥l 7wk A 1.2.2 frid . Zr5lic 54 3
K. B S KA 7 REFHEY T Rickettsia 15
R, LR E 3 MEYEER, B EE T
FhAEPIALFE 10 Fk .

125 #E¥HEF Rickettsa SEMNHET
VRIS Ry 25 FEAEY) , 1] g-PCR K1l Rickettsia
T AREW IS , WA RIHERS HAEAG Y AR N 1 5 A8
ko SR E 2 ME PR AT SRR . (1) R
F AL . PTG, et i
& (HR6cm, B 4cm) BH S, IFEA
30 %) PIML Y Rickettsia FAMEMIB AL ; 2055
7. 14, 21, 28, 35 KT H M R (R4 A XK
(R GEVSMGER R ), NER &GS,
WA M ERKIF DAL A T2 UTE 0.1 g 4
A1 (4K 4 emx55 1 cm) $EEIEHZH DNA,
ANEFE B 3 AN EWEE R, (2) KRR . O
AL PR R R 22 AL FEAE , AR EA 60
LWL Rickettsia FHAE AR EUREHL; 7 d 555
FRABEL, JFTHHUESE 7. 100 12, 14, 16,

18 K, wHIERENMHEYAL, IFET R E
kI LA R 2R VT 0.1 g A (294K 4
cmx7E 1 cm) $#2HBEEHN4H DNA, B EfEE: 3
MEYFER

SLE LR ZH DNA B93RBOT B:R 1.2.2
WK B R L 40 DNA 4R BT . L
Rickettsia AR G R ( Citrate synthase,
gitA ) N H MR TR Y (F: 5-
CGGATTGCTTTACTTAC-3', R: 5'-AAATACG-
CCACCTCTA-3") (Panetal., 2013), NZHHK
HELE K VUPp2A 2[5 (F: 5'-CATTGTTGAGC-
TTGCTGAGG-3'; R:5'-GAGCACC AAGCTTG-
TCATCA-3') (Da Silvaetal., 2015 ), &#& PCR
B AR ZIE 10 L, %74 5 pL Thunderbird
SYBR Green PCR mix, [ FiE5I¥4 0.5 uL
(10 pmol-L™"), DNA #ifiz 2 uL, ddH,0 2 uL.
126 HEMERENEANEEENRELETS
M N TiE— KR e AR Rickettsia 540
M EUAN Y Rickettsia (1 [FIJEYE, B 1.2.2 g
47 OMEGA A w] () BB b5 i DNA A1
WA G gk ml . O™ P38 2675 A H AR
BN (i), i#3d ABI PRISMTM 3730XL [
SN E A3 BT ASGHA TR E o K T AR 7 51 5 S50
H Rickettsia FHEAR# EVAN Rickettsia (1) 16S
tDNA § 3 FE 51847 HXT o [T, M GenBank
T#E T AR R Rickettsia 16S rDNA ¥4
RS2 (R 2), #RANIE 1) Rickettsia J7 41,

& 2 Rickettsa RER BN SEFT
Table2 Reference sequencesused in
Rickettsia phylogenetic analysis

GenBank
4 s B
Group Host GenBank
accession
Adalia "R JH Adalia bipunctata FJ609401
Adalia 23 Adalia decempunctata FJ609404
Orientia £F7&HE Leptotrombidium sp. U17256
Typhus  A# Pulexirritans NR 036948
Typhus %1 Unknown L36221
Meloidae 567 Meloidae species F1609389
Bellii JH3E Bemisia tabaci MH908685
Torix 1% Torix tagoi AB066351
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I MEGA 5.0 ', KM Kimura 2-parameter
HH B AR 4R $29% ( Neighbor-Joining, NJ ) #J# &
GREMW, #5r3CEERE (Bootstrap ) HE
1000 X,

1.3 #HiEse

FSERT B RE B PCR X H A/ Bio Rad
CFX Manager #4171 qPCR %i#ig)H—fbAbPE; H
2 S PRI E AR ik B R SPSS
18.0 714345 21 5L I E5 0 1) -3l Fdm vk, Ik
1777245387 (Foster et al., 2005 ); fifi FH Sigmaplot
10.0 HATVER], IREL IRER

2 GREHSH

21 HAMBEINAYE Rickettsia fENEWH A

AT B AR Ry EUR IR AT R A AR
& Portiera J ik 4= 24 T Rickettsia, Hamiltonella
DA K Hemipteriphilus, PAiX 4 Fpdtab: g nd 4 vk
SIHEATY R, ER EIRE S . AL
BRI F U 8 Rickettsia (4750 B
(E 1: A). HT Rickettsia J&7EIFMHA B B 4%
Beg gt mrrp s 2], By DUX A UER , 28 E

A M 1 2 3 4 5 6 7 8 9
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2 000

1000
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100

HUE 8 AR Rickettsia AE % 7641 4 14 4 7
. DL cDNA #iiE1T Rickettsia R4 4
FERRAL . S5 Fafih 9 4 Rickettsia HY
i (1. B), UiBHZMR BV 5 AL
Y Rickettsia 7R 1A N AT LU

2.2 Rickettsa ERRBEFEAPHES

Rickettsia 4k, K/h2) 0.5 umx2 um, JE
ARZAFIN o AL 538 50 35 L FE Rickettsia
FHP: A R LR AR (11 20 AL BRI A (I
2: B), #ifert R (K 2. C), 8L H (K 2.
D) B 5z A0 Y SR B2 AT R AR TR (E] 2),
T PR B A AR B 4l TR . KT 2 AT LR
W, TERAERIZE A, Rickettsia BYTEAR S48
AUA N SEEA—ZL, HFESLE M B, Rickettsia
IS LR, KRR,

2.3 Rickettsia ZERNFHE Y P RIEBRE

RO U ARAE L . BLEM A,
42 o5 AN TR B ) B Rickettsia 7ELL | 3 FiAE )
MR BRGSO, SRR 3 P o AR R

(60 k) M EURE 3 FiEYs, 78T b
Hegr 3 d Bl fert 5 AR s 21 Rickettsia, 764 7€

B M 1 2 3 4 5 6
bp

2000

1000
750
500

250
100

Bl 1 PCR#&MEMMF SR Rickettsia
Fig. 1 Rickettsiain plantsdetected by PCR
A. DIHY) DNA WBARIEATY s PKiE 1, 2. Flith Y Rickettsia; kil 3, 4: SLE Y Rickettsia;
VKl 5-7: MAETT ) Rickettsia; ki 8: XKy EUA N Rickettsia; JkiH 9: ddH,0; B. DL cDNA A1 TH 44
VKIE 1: FRAEH Y Rickettsia; ki 2: il A9 Rickettsia; ki 3, 4: HLEH/1Y Rickettsia;
VKIE 5: MBI EUAN Y Rickettsia; JKi8 6: ddH,0; M: DNA marker,
A. PCR products using plant DNA as the templates; 1, 2: Rickettsia in tomato; 3, 4: Rickettsia in cowpea; 5-7: Rickettsia in

cotton; 8: Rickettsia in whitefly; 9: ddH,0; B. PCR products using cDNA as the templates; 1: Rickettsia in cotton;
2: Rickettsia in tomato; 3, 4: Rickettsia in cowpea; 5: Rickettsia in whitefly; 6: ddH,O; M: DNA marker.
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2 MBS REYM F R E P Rickettsia
Fig. 2 Rickettsiain whitefly abdomen and phloem sieve tube cells of plants

A MEUESR; B, FAMifE A C. MERM A D. SIS . R: Rickettsia; M: ZRRifk; CW: 4iffIRE; V. W,
A. Whitefly abdomen; B. Tomato leaf; C. Cotton leaf; D. Cowpea leaf. R: Rickettsia;
M: Mitochondria; CW: Cell wall; V: Vacuole.

& 3 Rickettsia 7EEI = FHFAMFMRIE 3 FAEY | A 5 B 18] B2 B R e

Table3 Infection rates of Rickettsia in cowpea, tomato and cotton plants at different periods

Yy Y A Rickettsia ARG H % (% ) Rickettsia detection rates in plant leaves
Plants 3d 5d 7d
FA4E Cotton 0b 46.67+3.333 ¢ 90.00+5.774 a
i Tomato 0b 66.67+3.333 b 100 a
G915 Cowpea 46.67+3.333 a 93.33+3.333 a 100 a

RIS R I AT AN ) /NS PR R AE 0.05 K 28 5 35 .

Different lowercase letters in the same column of data indicate significant difference at the 0.05 level.

MRS 5 KA RER DN Rickettsia 77
15, T ELARAE T R b BOAG ) A B T i s
TERE 7 RITAT B 51 52 A0 9 it 42 He it 22 REAS I
| Rickettsia, ZRRMIELLL 3 FiidrH, 4
FrEUE ) Rickettsia f2 ABLEM B, F i
Kz, MM A el

2.4 Rickettsia ZEEWE RN STL
PigHAb B, OTE I Rickettsia 47 &

ARG 3 B I 3 AT, FEARZS AR R
A 30 X EURE S, HEHEM 7-28 d
W, fE ANELE M Y Rickettsia 52 5cH s a0
kR, 76 14 d IRBEK, 7ERAUbBg T,
el 7 d EH B R, ATLT A R
Rickettsia Ffiff B HER LS HE TR, ZEHA
—A/NIREE PR RRE R R S ACkYE, A
(] B [ B2 PN 2 R A B Rt () Rickettsia 17
HELTA LAY,
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25 HEHESEWER Rickettsia B RGEX R
S

Wk PCR 1Y, R4 T AN B AU
AT Y Rickettsia, DLA% B RIS AU
& AARAE FE il BLEAK Y Y Rickettsia 16S rDNA
J¥51, 5 M GenBank 1T k[ 8 4% Rickettsia 16S

07 A
0.6
0.5
0.4
03

0.2

RickettsiatAXT & &
Rickettsia relative expression

0.1

0

7 14
A 1] Time (d)

21 28

RickettsiatHX &8
Rickettsia relative expression

DNA J75—BWHE T RGEXLRZWN (E 4), 45
#H, B BRI EURYLY Rickettsia J&F Bellii
AL, W TG ARRAE . Fin . UGN
[ Rickettsia 5 B BUH k3 B4 N 1 Rickettsia [ 5
PEN 100%, ULEIARAE . Fa . SLERNE
Rickettsia /& B AU AU EE AW, FH
Rickettsia HA = B R SF 1

0.8
ab

0.6 - a

04 + ab

ab

7 10

12 14
HFIH] Time (d)

16 18

3 AE4AEEIEM FH Rickettsia @ 2T ER
Fig. 3 Thechange trends of Rickettsia titersin cowpea leaves with different treatments
A, RFEUGHEA; B, A, A TARA ARR/NG TR RTE 0.05 KT F 25 RE,

A. Leaves with whitefly continuously feeding; B. Leaves that whitefly removed after 7 days feeding. Histograms with
different lowercase letters indicate significant difference at the level 0.05.

100

91

81

Bemisia tabaci ¥ @ (MH908685)
Bemisia tabaci HH#} & (current study)
Rickettsia in cotton (current study) Bellii
Ricekttsia in tomato (current study)
Rickettsia in cowpea (current study)
9o [~ Adalia bipunctata — 23 (F1609401) Adalia
Adalia decempunctata + B3I & (F1609404)
—— Meloidae species 567 (F1609389) | Meloidae
4 4{ Typhi (L36221) _—
100" Pulex irritans A3 (NR036948)
Torix tagoi 1% (AB066351) | Torix

0.01

Leptotrombidium sp. £F &1 (U17256) | Orientia

4 WFRPARREFRIER Rickettsia 19 FE X &L
Fig. 4 The phylogenetic analysis of Rickettsia from different hosts

3 itig

Sintupachee 55 (2006 ) 3 12 % 5 JIK_E (R 4R A

@, K@l Nisianervosa, #kH Phyllotreta sp.l
H % Halticus minutus{A& P Wolbachia &4t & & 5%
ZRIWESY, R A e B R Py B iy 3
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AT RS R AR IR, MYA AT REVE A A
PR 1 B R AR TR AR ) 1 3 22 [ KA
X —{%i%. Caspi-Fluger 45 (2012) Fl Li 4
(2017b ) i J5 o3k B 7 Ry w0 2o B mT
Rickettsia f& AMIALSEZF FAHY) . ABFFEH BT
1) B BUAR A BUB YA IR A 2L A2 T Portiera AR
A 4 B Rickettsia , Hamiltonella DL A%
Hemipteriphilus, {14 BLAE AR B — B if
5, A PCR A LA A TERRAE |
T . UL R AR AAE B, 25 SR A ) 5
Rickettsia AYHESFPESRAT . ST HIR R, AN[FE &
A AR T R AR N R TE A AT,
W ANFE RS BAK P , Portiera, Hamiltonella 434
THEE S HEAHEH (Gottlieb et al., 2008 ), i
Rickettsia I fIE . sl E 24, BRI
T RAMN, B0 T bk L | g B S5
( Gottlieb et al.,2006; Liet al.,2017b; Shi et al.,
2018 ), Portiera, Hamiltonella 4 & Hemipteriphilus
R BETEAR Y A AN 2], B3/ 2 PR oy LR il 14 1y
AT AR P RATR AR T
Rickettsia 24k &8I A5, ATLLEA R Z
FAE AR R, PR ATHED 2245 77 A 1
Al gAY Rickettsia 45 B AL P LA TR O B2 1
3, it —2 g i T R Ay A AN R B e
i E IR 588k

ABTREERAR W, Mk B AMRAE L Fr i
SLG M A Y Rickettsia 43 T4 Kz 3 14
EUIArh,  H R A 2 B SOU 5 3 B A
W ARGE (2010 ) BFREERE, 4EE )R RG
) N A A P S0 P4 AT, A SRAE TR R i 4 T
FEAE R ARG RIEIE, Sl EMEY BN 7E
AWFFEH, Rickettsia 7RI 4 40 i P& 550,
WA MEE R Rickettsia XL . Fhh. 915 A940
JRE K] JZ A RIAER, X ATfiE2 Rickettsia
TR AFEW G , AT R 25 AT s 3 R D DA
2~ — . Rickettsia [F]HH47 % ¢ 9% 5L Candidatus
Liberibacter asiaticus ( CLas ) —#f, HHA Gk
TIARSNE SR, TERE AR N E AT T4 BR i b 53 A
TP B9 B2, 1 CLas 7EAE Y BN 45 41 fifd
TR, L RE S IEIRAR ) 0% 200 B R % i

AL L] 2 ( Shokrollah et al., 2010 ).

H T Rickettsia J&7E Ry EL B HUE A it
kI B, X, 2Ry EURCE R A e
VI Rickettsia BESAEMAMIANGERS, Z T LIBE
ke, B4R Rickettsia BRI HbLA16 T
ELA) A 7 A AR B, A TR B AR IR A ) i i
MAERMRIR N 548 . 7F Rickettsia ML i,
MR EL . fifE . TP Y Rickettsia 7FEIEA . K
AN BB, ARG R R N R R 2
RS Rickettsia X AN [FAE IS H () — 3 R
PRI, DB R BT S A i g 4R ) TR A
ME AL, A TRE— 2T

Li 4F (2017b) Je&28ieds (2015 ) (7T
FERIL, FERIY PRI Rickettsia [ R] 5 27
FAE Y B M BV SCR 2 UIAE G, B e
Yy JEky EUECE B 2 R A A W A P R £
Rickettsia, BRItz 4b, Rickettsia 7EAE Y)Y
TR H B (0340 52 B KR A BURP S 1% 52, A [R] 450
/) B RS Q BRI EAALL, 7E B BUNHA AU
FyH R SR 3] Rickettsia (Lietal., 2017b ),
ARG T, MFEEGE B AR EIRE, &
FAETL G 5 H A 3] Rickettsia, X i I FE
YA 255203 Rickettsia 15 A, P24 F
SR AR Ry B AN R 25 EAE R i B
. Rickettsia M AR AR, IR RAEY) I EEB
TR E TR S & AN, B8 R AE Y95
N SR TR, 7B — 0% .

ASCH q-PCR #: T Rickettsia 28484 B
BEAVLE )G, EILGRN &R NR 2 sh48, A
Ui, BEE BT AR, Rickettsia JE A&7
TR FRLERE N, (B ARSIt TS, &5
W Z R SRR — A, TE SR P i 5
R R AR 21 3, AR E H B e AN ] B ol
(B8] Y 7K P 1G4 o
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