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Rapid Molecular Detection Technologies of Citrus tristeza virus in
Plant Tissues and Single Aphid
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Abstract: [Objective]l The objective of this study was to explore a kind of quick, simple, sensitive and reliable method to
detect Citrus tristeza virus in plant tissue and single aphid. [Method] RT-PCR, RT-nested-PCR and PC-RT-nested-PCR methods
were used to detect CTV in pummelo inoculated CTV for at least 4 years and the positive rate and sensitivity of samples detected by
these 3 methods were compared and the validity in detection of CTV in aphids was made by SC-RT-nested-PCR. [Result]
Templates were used and total nucleic acid or virus RNA obtained from imprinting after various dilutions were detected by the
methods of RT-PCR, RT-nested-PCR and PC-RT-nested-PCR, and the thresholds of detection were found to be 107, 107 and 107!
folds, respectively. The sensitivity of detection of CTV by nested-PCR was up to 13-14 copies-uL"'. Fresh viviparity (parthenogenetic)
brown citrus aphids were fed on CTV infected and virus-free plants of Guanxi pummelo for a week and squashed onto Whaterman
filter paper and then detected by SC-RT-nested-PCR. The 132 bp expected target PCR products were obtained in all the brown citrus
aphids fed on the infected plants of Guanxi pummelo besides those fed on the virus-free plants of Guanxi pummelo. [ Conclusion]
The methods of PC-RT-nested-PCR and RT-nested-PCR showed the same positive rate of detected samples. It is efficient to detect
CTV in single aphid using SC-RT-nested-PCR and there is no need to extract nucleic acid employing PC-RT-nested-PCR and

SC-RT-nested-PCR methods, which are applicable to certification of virus-free citrus plants or scion as well as to the studies on
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monitoring and epidemiology of CTV.

Key words: Citrus tristeza virus; molecular detection; plant tissues; single aphid
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[ XY MG 185 85 (Citrus tristeza virus,
CTV) 5 ML =2 & A S B 2 —,
M 35 3B i B BE A 2 Bl AN [R) F H, G 4 10 G
Toxoptera citricida (Kirkaldy) . Wilif Aphis gossypii

(Glover)  Z5k%0if Aphis spiraecola (Patch) .
X Wf Toxoptera aurantii (Boyer de Fonscolombe)
Wkl Myzus persicae (Sulzer)  S.MWF Aphid craccivora

(Koch) F¥g#Wf Dactynotus jacea (L.) LLAEYENE -

ST AR, BN AG SOR R AT, ERE
KILETEAR R o 4 ORI A M AR S8R0 R AR A T 1R e
HRAERENAR, AT AR CTV MRCE s T
W WG = RN L s E,  HON R B R R A R AL
59 EER B 5 o AU S FRAE AT Citrus aurantium iR
WIS HAT, Rl SRR R IR R R WA
BRATHREY), e i iR kA S iAT It s
FLAEFEAARU 3k F G B RL R T M BB B A
P[] PR AT 2 428 TR A S 3R B KOk B I R 3R
W o 2% 1 At 3 SR H ) I Y 418 it o A5 FH DI B R R:
FABUE BN R A o BOCRINE. B V5 A g 45 R
59 7 Mk R A X AR Y (mild strain cross protection,
MSCP) il i 2 g B 4> e g A 0
R TR B 99 BEAR R IR I R rp — AN IR . R
BESS MG R A, 2 SR 75 A H: T 2 g 1
TG (1) AU, Wl T LR AR St A R e, KOk
JEALFURTRE « RS, DL ATC B AR FH 45
BrEARREH, A/~ Eaf—mi, Wi, ZEamn
RS RS WU A 20 23 0 S g e rb b AR BE IR T
%, W] CTV G5 LUEBIRAMIFL CTV
BN R CEE,  [ir AWk RE 1 B IBC S e i
B At B R SIS DU HE R A AR B i CTV, (H
ERT A B CTV I, REEARF AR, 1
I Sk A BRI 45 A, T CTV 7
BRI F AR P R REARG, AL T A B Sk i e
PR, ARk, SRR R S 22 R T e 5 B

( reverse transcription polymerase chain reaction,
RT-PCR) VR[5 fifi 3K BB s 4 3k I 7 S 56 45 Tl
B . )¢ N ( print capture/squash capture reverse

transcription polymerase chain reaction, PC/SC-RT-

PCR) X sk dif HUA P ) CTV SERR BN Y, )5
—J7iEAE PCR § 3820, 21751 RNA, HFrfE
YRR B IR B E] 3MM 84K F, 4 Triton
X-100 FjHALEERIRT . CABFSRDIAN S Y H IR
H PC/SC 45480 PCR X B A BRI LA B
Ief erf CTV MEAT W8 w7 v, DR R T Bl
T Bl A5 Hs Al 3R B A AR B Sk ay R tirp CTV,
Iraia B PCR 2 i G 2B i AT F B ia iF 7T
M FLENELZ o PRI O ) 8] AR
3MM AR I A R 2T 24 2% M55 8 JE o i EJ1 3k B s A
BRI AED AR FL S Bl i CTV, IRk
R PCR & )B4 B A S = PCR P 4h5 PR
KRS Z T E R 22, DU — 20 B A U A
AR IR, ol 52 75 G LA R4 o R, S
BLENZE s B Rl 3k CTV i Bk 70 B4 RT-HLa0
-PCR § 3, JJy A% S 100 A 7 M I RN 25 5 B v B A4
VN EL
1RSI
1.1 SRR

BRAERD CTV MIIER R RR OR AT AL M 2 2%
. 21 Broadbent ZEPU K7k, KA IS Rl (G
WEWFE CTV JERGL IR F R AR EANg s #hh HAm]
Fe— G R ENiZE 2l 3MM Whaterman 3845 ., 4°CH&
%M.
1.2 RT-PCR

TEUB AN AR, 43T 2008 4 7 H1L 10
HA2009 41 H 3 HRA G PR SR I 7
VEBREO  RAZ IR, SRR S 519 PEXL R PEX2
[k (BRI WA o« [k i PCR 18 )5 e
2 Cambra 5 HRIE O FERE_EGVESGE, RIZE S pL
SR Z TN 1 pL RNA B, 23051 0.25 ul
PEX1 (10 pmol-L™") F1 PEX2 (10 pmol-L™") , 0.5 uL
dNTPs (10 pmol-L™) , 0.15 uL RNA I (30
U-uL™) 1 0.15 pL ReverTran Ace (10 U-uL™") , 1.7 pL
ddH,0, 42°C J#5% 30 min. 5N 2.5 pL 10X PCR
buffer, 1 pL MgCl, (25 mmol-L™") , 235 0.25 pL
PEX1 (10 pmol-L™") 1 PEX2 (10 pmol-L™) , 16.15 puL
ddH,0, 0.35 pL Taq polymerase (5 U-uL™") . PCR [z
M 4642 94°C 2 min, 94°C 30's, 45°C 30's, 72°C 1 min,
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Table The primers used in RT-nested -PCR to detect CTV

GIL/EAS etk Gk el S5O LR PR
Name of primers Polarity Primer sequence 5’-3' Binding site Product size (bp)
PEX1!® Reverse TAAACA ACA CACACTCTA AGG 19190-19210 241
PEX2!'™! Forward CATCTGATTGAAGTGGAC 18970-18987 241
PIN1® Reverse GGTTCACGCATACGTTAAGCCTCACTT 19152-19178 132
P2 Forward TATCACTAGACAATAACCGGATGGGTA 19047-19073 132

SERK 39 AMIEHN, FJEIEM S min. FEIE 1.5%EE EHE
HBEB VK, AE IX i 150 V Tl 10 min J5,
100 V Hiik 40 min, EB (0.5 pgrmL™") et 5 B % -
1.3 W& RT &= PCR

1 pL RN % 1.2 T E4e PCR §788, X
01 pL PN 88 AR B0 PCR § 1 AR, 35 42
PCR ¥ ¥4k RAE S Cambra 5" 338 (LAl 34T
k. Bl 2.5 pL 10X PCR buffer, 1 pL MgCl, (25 m
mol-L™) , 4+ 0.5 uL PEX1 (10 umol-L™") F
PEX2(10 umol-L™"), 0.35 pL Taq polymerase(5 U-uL™),
16.15 uL ddH,0.PCR W 4142 I Cambra 25418
HEAT, PCR =M EK. Gt g IA 1.2,

1.4 B RTERN PCR

TEFIAHTR] RNA BB, 2 1.2 Bk e 5%, mdi
ORI IR A T ) PCR & JEEHE, I MR 1T
BN HRIT) 200 pL kEskR i . 94°C FiARYE 2 min, 94°C
A5k 30 s, 45°CIE/K 30 s, 72°CHEMH 1 min, 5EH 16
AMEFR, B S min, HUH PCR A 5 000 r/min 2
0 20 8o FEAE SB35 MR L PCR 28 58445,
WA 1T A 2.5 uL 10X PCR buffer, 1 pL MgCl, (25m
mol-L™") , 0.25 uL PEX1 (10 umol-L™") 1 PEX2 (10
umol-L™") , 0.35 uL Taq poLymerase (5 U-uL™") , 16.65
uL ddH,0, & 11 4. 10X PCR buffer 2.5 pL, 1 pL
MgCl, (25 mmol-L™") , %% 2 uL PIN1 (10 pmol-L™)
AT PIN2 (10 pmol-L™") , 0.5 uL dNTPs (10 pmol-L™) ,
0.4 uL Taq polymerase (5 U-uL™") . PCR £&AFER5 14
TE K E LG Cambra S5 SHRIE (R38R KL = 4°C LAAR,
HA RN Cambra Z54RIE AR M. Hik.
EB Gt A5k A5 0] T o
1.5 EMEEHIREFEIRER PCR (PC/SC-RT A

PCR)

LA CTV IR G RSAE R v A ADRE, H— P T)
FREDIA, ZHZRENZE i 3k4% Olmos %Al Rowhani
SEPARIE 0 TR T . AE CTV YRR IEIR B A 1)
ML — J&) i (1 f R AR B 23 Olmos 200 (1) 7 VAT

C 47 SR BB A3k 1) CTV VB A SRR 2 1, Tk
WA ENZERIR/N A 1 em® (F3E4RET RN 0.5 mL (1)
PCR %, [a) Horf i\ ddH,O H1 0.5%(%) Triton X-100,
FROT AT, R URESD, BT pL AR PR, LA 4 pL
S SFERAY), 42°C RS 30 min®), . Ry
W Rk, ety b 5E RT S5 PCR A .
1.6 RT-PCR. BE RT-E3-PCR. REEN-PCRH
PC-RT-&3(-PCR #:il R 80/F LAk

KA R SR CTV BAuAh v S
MR 1 : 10 WLL@IHEATBEERRORE, i 42 IR 1 P ik
RT-PCR Fl#L4F RT-$30-PCR J7vERE AT . hyidk—
At e SA-PCR IR R U, H4 LASh 514 PEXT F
PEX2 § #3K73 1) 241 bp F B, 4 Biospin Gel
Extraction Kit A& R, IR HZERS pMDI18-T
WAK b, ¥4k Escherichia coli DH50, 3515 B0 M va [,
¥ IF4% 8 E.Z.N.A.TM Plasmid Min Kit [ 383542
WOTORL, R 100 i f ik g, I =R 13
AR R AL G ORISR B, 5 FH K B R Al K 4 1 -
10 [ LGAIRR B FRREEC 4R ORISR (CTV ORI FE K
44 pgmL™", A260 2 0.0087, FiFt 100 55 1F Jbh
P B (L L bR , 3% DIEGTH 5770k . 6.02X 107
X 0.044 X 10/ (2692+241) X330X2]=1.37 X 10*
copies-uL", LI PCR (A PR by e 48 UKL X Bk
FRAEH0 o B CTV G MA HAAZE 1 em® K/
() 3MM JE4E AR ERHT IR | ANERIZE, i Hedh- i
WRAE IR — RN IR AR 3 P Bk BN s RE, R MR
17 f5 . FEAAE AR HRLE 1 em® KM 3MM 98
G F B b IR

2 ZR

2.1 RT-PCR.RT-E=-PCR #1 PC-RT-E,-PCR &l
B CTV MEL LT EER
AR KR RAE 2004 SR GEARAAE P EAR B
B AGEOE T BT M = W CTV Bl 59 4y, &
RT-PCR. RT-H.X-PCR F PC-RT-#:-PCR ], 44
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RFEW], B 2008 4 7 H L RT-PCR KM 12 KR35 4E
DYPHAT, AR AR SE, IR 100%E
2. =R EAER I Rl — A S i, JL g A —
o FHIEH CTV i BELRSF ) 3 UTR AR A 45EkR, RH]
RT-£5-PCR fl PC-RT-4i:X-PCR #illl, JoigdsHE Ak
ARt Z B 100%, fth# L E RT-PCR &, 1M
HARZZRFEZ MRS, 5 RAEW 5 5K
PC-RT-HL3-PCR K0ill, A& & b fai s, nf LA
S RARAE YA PCR 4714 (130 U0 (R B I, fleAHh

M 1 2 3 4 5 6 7 8

AR, &G TAN R ZE T KR HH )R R A
22 HEHKREXESBEHET K LN 17 R 5 R
A CTV BTHEH1ER

FI PCR 5 JECHAF H SR 3R 4 J0 3 4 EEu A e 455 e 31 1
cm’ 1] MM SE4C b, I DU BEAE A b IR 1) G i A=
Ief AR PRSI, 54T SC-RT-$30-PCR K, 453
IR 7 {5 T 9 Al R e e SR A I B H b 4
b, FLAAE 1B FE R B b R ) e e o A R A
132bp MHFR B (B 1D .

10 11 12 13 14 15 16 17 18

1: ZGH] CTV G IF SR B H AR E S A S B PERT i 18 (iR FEsm SR b s — ) ef s ESZe A S I PER JE; 2— 17 CTV RS IR Sl 14

W FE fdeF SO s M 100 bp B3 2 1 FbRiE

Lane 1 is imprint of petiole of CTV-infected Guanxi pummelo as positive control; lane 18 is imprint of aphid fed on CTV-uninfected Guanxi pummelo as
negative control; lane 2 to 17 are the imprints of aphids fed on CTV-infected Guanxi pummelo; M is 100 bp ladder marker

1 HREEREREN S REGHEN K AN SR
Fig. 1 The detection results of SC-RT-nested-PCR

2.3 RT-PCR. BE RT-E:-PCR. EE LR -PCR 1

PC -RT-E R -PCR & R 8/F LLAR

PG CTV IR R S k% 8 F A B Rl Ak
MR 1 10 BT SRR G, AT
RT-PCR i, £5EW, itk igmresl 10’
5L Iy, KR E] 241 bp HARNE (B2) o Wik
KA R AL 35 34T B4 RT-S$E30-PCR #0345 9
PRIEAZIRFRRER) 10° G5 I REAS I H 132 bp H AR Fr B
(B30 o e H S5 PCR H4h5 | #i3k4T RT-PCR 471,
IS % B, S 2 e o ek I R FH A 815K
PCR 4 M4 (MFRERIN, HK R 27K L 1 2 10 [ LL4)
SLWAR R, TR S0 PCR AN, 45K, ®
B HEA-PCR (IR RN 107 (B 4) , EF] 13—
14 ¥ J1-uL s S CTV G FNR FE A AZE 1 om®
K/ 3MM JEAC B3 1 ANENE, JF A g R
B AR AR R 9840 RGP BUK BN R RE,
FRERER) 17 £5 o AR BRI R E 1 em® K/ 3MM
PELRF EREAE Ay I T B 45 SLEN MR 2 10 £5 LA 1

A #35) 132 bp HAs B (B 5) , XY Cambra
USRI (1 45 R N
3 iTie

KRR =M ISR R CTV BRUIRE, K
i RT-H3-PCR F1 PC-RT-#30-PCR #:, To i Kk
AR AT, K A 100%; 75 E KR H
RT-PCR £l CTV JE&HL 12 BRFG e ovb RIS, 0
BRI, X HEZ T CTV EA AR 5
A AR AN 0 RT-PCR AN R A SR L4 RT-3H
F-PCR FIEN i 3k 8045 RT- 52 -PCR Kl 59 FEAS [
AR, A A R m B B0 100% 4
R, AT RT-HL0-PCR RN 7708, B — k¥
Hi30 PCR VI AR, IIAE] AWk 2 em K
R Sk ARum ¥ PCR &b, kb T4 B bl . (5B
TR 0, 2558 PCR ¥ 417~ WIRe s 528
TR IR . R R A S TR R RE )
BEoRZES, 545 RT-§X-PCR 755 4 PCR /%)
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«241bp

1: REFREN CTV TR BT ¥ XN RT-PCR B 2—10 425020 CTV BRERZZAMIT H BHRLZ 10'. 10%...10° 510 BERRR E AT

Jr B ERARE S 1 ) RT-PCR B M 24 100 bp BREESY 1 i brdfE
Lane 1 is the total RNA of leaf CTV-infected Guanxi pummelo as templates of RT-PCR; lane 2 to10 are the total RNA of leaves CTV-infected Guanxi pummelo

diluted with the total RNA of leaves CTV-uninfected Guanxi pummelo by 10, 10°...10° folds as the templates of RT-PCR; M is 100 bp ladder marker

2 RERE BRGNS REUE
Fig. 2 The sensitivity of CTV detection by RT-PCR

1: RGN CTV BYLInE 3 it i B2 1) RT-nested-PCR BEH; 2—10: 4354 CTV EGLIE B Al 10 B2 101, 102...10° £ (1 1g HeFy

AN SR RGBS 2 34E 4 RT-nested-PCR B ; M 2 100 bp B 4> 1 B bk
Lane 1 is the total RNA of leaf CTV-nested-infected Guanxi pummelo as templates of RT-PCR; lane 2 to10 are the total RNA of leaves CTV-infected Guanxi
pummelo diluted with the total RNA of leaves CTV-uninfected Guanxi pummelo by 10", 10%...10° folds respectively as the templates of RT-nested-PCR; M is

100 bp ladder marker

3 REFRERL REGHEN R AN R 85
Fig. 3 The sensitivity of CTV detection by RT-nested-PCR

M 1 2 3 4 5 6 7 8 9 10

1—10: 43 B AR AR A 0.044x10°° pgmL™" () CTV FIPESEREFORIZE 10" 107...10"° 45 () K B B ALK AR B J5 20 5I4E A 8120 PCR S S HIREAR ; M 4 100
bp BT T RARE

Lane 1 to 10 are the plasmids of CTV partial fragment inserted clone with 0.044x10° yg'mL"" initially diluted with autoclave distilled water by 10", 10>...10'
folds respectively as the templates of nested-PCR; M is 100 bp ladder marker

4 BEENE BN RN RS
Fig. 4 The sensitivity of CTV detection by nested-PCR in one Eppendorf tube
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9 10 11 12 13 14 15

+132 bp

CTV i FEHA T BRI BB RRE S5 B BB 2 HE50 PCR R AR s M 2 100 bp B 53 T EARTE
Lane 1 is negative control; lane 2 is the imprint of petiole of leaf CTV-infected Guanxi pummelo as the templates of RT-nested-PCR; lane 3 to 15 are the
imprints of petioles of leaves CTV-infected Guanxi pummelo diluted with the imprints of petioles of leaves CTV-uninfected Guanxi pummelo by 1, 2, 3...14

folds as the templates of RT-nested -PCR; M is 100 bp ladder marker

5 (HLRENTHIR R R ER RSB R AL R 85
Fig. 5 The sensitivity of CTV detection by PC-RT-nested-PCR

P FEN, 55— PCR P WIANRES B Ry 1. 78
LA RT-H0-PCR I A7 B AR 2 %8 PCR 9
A PRI KGR IR B 64°C, LRI RE QR 4°C,
I HoR I PEX 1 ATPEX2 [ &2, $2 /1 N 514 PIN1
FIPIN2 [ FH &, 4155 —%¢ PCR ¥ 84 1¥) 1A 5 Cambra
2LLOLR TR 20 MR IR A 16 DMEIR, AR08 R
—4& PCR F=H)1E KIS X 25 %8 PCR P29 T4k,
g Ay RT-$a0-PCR § 885, JLHIIKig b 132
bp I Bl . RT-HL-PCR K8 i A A 56 5 |4
MPEECY 3, RKOR3e w7 R R %, %58 RT-PCR
RE100 £, K2 my, R g v 5. 55 RT-
HL-PCR 434777045 45 4 BN 32 5% Hs i SR A 41 21
B S R ) CTV R R, SRJ5lRE Trixton
X-100 ZHFRIBURTERL T ) RNA, BIR0FE4H 27
HEA LI BR N () CTV 34T 2850 7] 5 04 43R
3 RT-PCR A1 RT-nested-PCR M & RNA $2HL T
VRS BB ECHAE 1K AL RNA - CRI PR R i il )
/T2 6 W™, ifii R JH PC-RT-nested-PCR J5 7514
TN PCR A REAT VR AL SRR fob A8 114 B3 Ak
H, 2 W 20, KLLUE RNA AR ) RT-PCR Al
RT-nested-PCR 52 4 h, K K%L T S ALEE 1) 1]
I ELRE it il T B, I R R ) U ] PCR 4
18 (A B 58 RT-PCR B L $L20 PCR 75
29 2 h, (HEAAAE RBUEA S 1R, 11 H 56 B ELR
RNA B[ %3 RT-PCR T i I a) 4 4% 5 Lk
PC-RT-nested-PCR Z %) 2 h, RZ AN =
ML PC-RT-nested-PCR BT/, HAGHE L
RT-nested-PCR 5 /% 3%, i 82 (1 & 1% 1A T 2
BN AR B, e AHOE PCR S50 % 35 vl >k H]

EITEATIN, Ho AR, HAT S N AN

Cambra 251" 2000 42K JH] PC-RT-#i:{-PCR J7
PR AEAR ) CTV BEATASIN , 45 5 % T Ja A
I 16 BV 25 22 fgkt R RS I ED AR RE 15 5K AR BEAR
el AR LR ) CTV, ENIERRRE A 20 43 I A6
AN CTV o AT [FRIRE (1 77 125 B 04 R S A
SESLER R 10 £5 L B AN BB PESE B, nT R
LRk CTV Bk g LU bk CTV Hi
TR XK. K] PC-RT-#X-PCR { SC-RT-£
-PCR VX RANIFY CTV Ljief iR ay 3= 2 8] 1 B
VERRE N

4 i
ASCHIE ) PC/SC &4 45 -RT- 813 0-PCR H A7 4

FERRT I, DI RIREEIN, REA AR PCR 7
S R R B AR BB S5O, RABIETT CTV
WHEN BN SS RERR R A ARG BB BE T J5 AR -
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