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Abstract; The primers and probes were designed based on the putative protein gene sequence in com-
plete genome of Xanthomonas axonopodis pv. citri strain 306 ( Xac 306) , and used separately to establish
and optimize SYBR Green I dye (SGI) and TagMan probe real time fluorescent quantitative PCR ( RTi-
PCR) approaches for citrus bacterial canker disease detection. The results showed that only the target
pathogen Xac and its DNA can be detected, while other bacteria including saprophytic xanthomonads
from citrus leaf surface and related plant pathogens cannot be detected. The sensitivity of real time fluo-
rescent quantitative PCR is higher than that of conventional PCR by 100 — 1000 fold. The practice detec-
tions of suspicious symptomatic or asymptomatic samples collected in citrus orchards from citrus diseased
area have been performed with fluorescent RTi-PCR method after pathogen enrichment. The results sug-
gested that, as a sensitive and reliable diagnosis and identification method, RTi-PCR meets the require-
ment of pre-symptomatic detection of citrus pathogen.
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A 1579298 ( citrus bacterial canker disease) J&
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W& Xanthomonas axonopodis pv. citri, Xac Gxol
TR 1R PO R R AR 0 b i 5 KB
AR R 5 23 B A AT RS I T B9 A B A TR
Xanthomonas spp. EFIMZEEE AT X. campestris pv.
campestris JKFE 41 2598 # X. oryzae pv. oryzicola
PASIFTIE Pseudomonas spp. W ¥ 2E fFT B Bacillus
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ter mix, ) H ToYoBo /A Fl ; Tag DNA 3 & i . Hotstar
Taqg DNA R4 M \MgCl, . PCR JZ 1 2% #h ¥ . ANTPs,
W AT R R EARHE A BRA w 5 4 B R 2 DNA
PBGAN & A gAY TREA R E. Z. N A™ R
LR &L W Sigma A F
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1.4 RTi-PCR R TEF

SYBR Green I 1 TagMan % PCR JZ Wi 71] 43+
BT ToYoBo 22 R K PR vty [ BE 14 J N R A
W, RALAIRE Me® " R 51k B TagqMan #£
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SYBR Green I R W& & —. R 2 x SYBR
Green I Real-time PCR Master mix 5 pwL, 10 pmol/L
19145 0.2 wL, i 2 pL, i K # ddH,0 = 10 plL;
SYBR Green I W iAFR . 5T H I PCR MR &
WABIN 1 U 43 81 Tag DNA B ABEF 1wl 10 x
SYBR Green I 25644k, 2 WL B4R, i K% ddH, 0
£ 10 pL,

TaqMan FREF B 1A Z — R T8 2 x TagMan
probe Real-time PCR Master mix 5 pL, 10 wmol/L 5|
Y145 0.5 pL, BiAk 2 wL, il K ddH,0 £ 10 pL;
TaqMan #REF R VIR R . 36 F A B PCR IR &
W50 1 U Hotstar Tag DNA B4 T, 10 wmol/L 5[4
£40.5uL, 10 pwmol /L CQUXacp07 & CQUXacp0 8
0.5 wL,Bitl 2 pL, i KB ddH,0 % 10 pL,

FH=44(95°C 4min;94 °C 155,58 °C 155,
72°C 30 s HURAEDE 40 NMIEER ) AL (95 C 4
min;94 °C 155,60 °C 30 s FFUREEDSG 40 AMEEF) it
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Table 1 Tested primer pairs and TagMan probes for detection of CBCD with FQ-PCR

F1Hxs 51915 HE S HUAR A BL ik
Primer pair Sequence of primers and probe Target fragment (bp) Used for
CQUXacl01 5'-CGG CAG ATT GGA AGT CA-3’ 137 SGI
CQUXacRO1 5'-TCC AGC ACA TAC GGG TC-3'

CQUXacF02 5'-GTT CGG CGT CAA CAA C-3’ 107 SGI
CQUXacR02 5'-CGG TAG GCG ACT CAT TT-3'

CQUXacF03 5'-GAG TCG CCT ACC GAG AAA TCC-3' 88 SGI
CQUXacR03 5'-ACC ACG GCA GGG TGA AGA C-3'

CQUXacF04 5'-TCG CCT ACC GAG AAA TCC C-3' 253 SGI
CQUXacR04 5'-CCG AAC CCT TGA CCA GCA T-3'

CQUXack05 5'-TGA GTC GCC TAC CGA GAA A-3’ 84 SGI
CQUXacR05 5'-GAC CAC GGC AGG GTG AAG A-3'

CQUXacF06 5'-GTC GCC TAC CGA GAA ATC C-3' 81 SGI
CQUXacR06 5'-GAC CAC GGC AGG GTG AAG A-3’

CQUXack07 5'-GAG TCG CCT ACC GAG AAA TCC-3' 82 TaqMan
CQUXacR07 5'-GAC CAC GGC AGG GTG AAG A-3'

CQUXacP07 5'-AGTGTCTCGGAAATTCGACCTCTCCGAAC-3’

CQUXacF08 5'-CGT CAA CAA CCT GGA GAG CA-3’ 100 TagMan
CQUXacR08 5'-GGT AGG CGA CTC ATT TCC CA-3’

CQUXacP08 5'-CGACGTTTCTACCTCTCATACTCCCAGCC-3’
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B AR G 5, TR % R TR 20 min 58 I AE Y 4
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EIRTRZ) 100 pL FRAFIRAE A AR .

925 DX ARG TCAE A DARE b B AR VA 4% BBUR B
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W, B 29 100 pL BRAFVR AL AE 5t PCR S0 EAG I
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Fig. 1 Sensitivity of detecting TagMan probe RTi-PCR for Xac

7 : TaqMan FREFEY 1 10 F546 275 B 1Y DNA #5542, Note: The amplifying efficacy of the same concentration of 10-fold diluted DNA

template in TagMan probe RTi-PCR.
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Fig. 2 Sensitivity of detecting Xac template with TagMan probe and SGI RTi-PCR

1 SGLIEY 19 10 586 BER B4 Xac DNA B4, Note: The amplifying efficacy of 10-fold diluted Xac DNA template with SYBR Green

I RTi-PCR.
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Fig.3 Specificity of TagMan probe RTi-PCR
TE: A AR BT 3 B« (10 R LA o 0 B AT B | TS o AL B KR AN A M SR AT B R 20T T O 2 AT I L A

FRECAFR ., TR, Note: A: Xac; B: Negative control and Xanthomonas spp. , X. campestris pv. campestri, X. oryzae pv. oryza, Pseudomonas

spp. , Bacillus subtilis, B. cereus, Erwinia herbicola. The same as below.
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PEXT IR PCR P24 A9 TM {5 5 %845 DNA H BAY T™
EARFT (87.8 °C) , TLARFE VR I UE i A 2865 5
FRUE ) BRI XoF B8 72 A il 3U%E DNA F B TM E 548
Bi DNA H BEARFE, W ARFE S v 38 A Br el s 9 —
ik,

2.3 MiE F2iE AR

K SERFDEE PCR X2k B 3 E £ A i =77 X
1) 328 A A 5tz s FH TRV i B N TR it JOAE HY
PR ASFE A 2R AT T SC BRI, FB a5 R Lk 2, &
Hh R T SR S I RE B S 1 B | R A

s 54 TEAE A T RE i RE I ik PCR Kt B SGI
SIS PCR A TS 1RTRF 5 10 PG ) 3 00 3
I X R A T T it AT 9 BT A R A ik
P& PSA ST B B LSS 5 UG PCR 1
KeISEF LS, AT S S A 1 558 Ik PCR 4
A B AR — B, W R O s R
H T RO T RS TG R I 2 W
3 iTig

RS B P P MRS A 72— f
TR0 B o v 0 T A 0 o 2 X
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Fig.4 Specificity of SYBR Green I RTi-PCR
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Table 2 Detection of symptomatic and asymptomatic samples of CBCD by classical PCR and RTi-PCR
i 2 2 s 5 ol I K25 5 Results of detection
Detection Citrus e HHL PCR JE i PCR PSA i34
Name of sample
number variety Routine PCR RTi-PCR Pure culture
WZ0704 i # Navel orange JCHEM F Leaf without lesion - N/A -
WZ0705 JF# Navel orange TCHEM F Leaf without lesion + 1.54E +03 +
WZ0603 HitHE Sweet orange BAEM H Leaf with lesion + 6.37E +03 +
WZ0604 HitHE Sweet orange 4 Spring flushes - N/A -
WZ0605 ¥y Limon BAEM - Leaf with lesion + 2.02E +03 +
WZ0606 ¥ Limon TCHEM H Leaf without lesion - N/A -
WS0607 JF# Navel orange TCHEM F Leaf without lesion - N/A -
Bb0606 MR A Satsuma BAEAR Root with lesion - N/A -
Bb0607 TR A Satsuma TCHEAR Root without lesion - 8.42E +02 +
Bb0608 % Mandarin orange  BAEN J Leaf with lesion + 1.35E +04 +
Bb0609 & Mandarin orange  ‘BIEM F Leaf with lesion + 4.04E +03 +
Bb0610 & Mandarin orange  JCIEM F Leaf without lesion - 5.76E +02 -
Sc0601 HiTRE Sweet orange Xac #Z &M F (48 h) Leaf spiked with Xac(48 h) - N/A /
Sc0602 it Sweet orange Xac #2E M F (48 h) Leaf spiked with Xac(48 h) - 7.94E +02 /
Sc0603 i Sweet orange Xac #2E M F (48 h) Leaf spiked with Xac(48 h) + 9.22F +04 /
Sc0604 it Sweet orange Xac #E M F (48 h) Leaf spiked with Xac(48 h) - N/A /
Sc0605 it Sweet orange Xac #E M F (72 h) Leaf spiked with Xac(72h) - N/A /
Sc0606 it Sweet orange Xac #E M F (72 h) Leaf spiked with Xac(72h) - N/A /
Sc0607 it Sweet orange Xac #E M F (72 h) Leaf spiked with Xac(72h) - 7.57E +02
Sc0608 it Sweet orange Xac #E M F (72 h) Leaf spiked with Xac(72h) + 2.39E +05 /
Sc0609 i Sweet orange Xac #EE M H (96 h) Leaf spiked with Xac(96 h) + 9.79E +03 /
Sc06010 i Sweet orange Xac EE M H (96 h) Leaf spiked with Xac(96 h) - N/A /
Sc06011 EiHHE Sweet orange B Xac BRI A (96h) Leaf spiked with Xac(96h) - 1.20E +02 /
Sc06012 EiHHE Sweet orange B Xac BRI A (96h) Leaf spiked with Xac(96h) + 3.49E + 04 /

R RS O S AR AR Y

AR 5 AR AL ARG 15t 02 0 A 1 B A B R
B, Ui 36 B AR S P RS I 4 ) SR 1 PCR
SRR SRRED . 2 IR B bR A i R FH i) S
22 55 R SRR T A R, 45 R 26 B SGI RTi-PCR

1 TaqMan 2438454 RTi-PCR K610 5 45058 347 1 3 40
PCR it 2 ~ 3 N, I BT LUK 4 1 2
Tt BRI AR A ERAE, CF PCR ) Y HL UK
SIHT REIUAE 1 ~2h P58 R, PRI AT DAY /15 g 32
o G N 2 2R T R v R SG I RG: T  AS A XA
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T FIE I3 RG 00 A 15 B | 45 e A0 A T R

FE SR IRAG 14 SEIF 29 PCR KGN 45 SR F B | 2 46
TURE S SEBRH B E=AKT 10* cfu/mL B, 4G 0 2%
AR R AR e AR A R A
For AR 3 2 DIAH DG . ASBIF S 6] A B AR R i
AT T Al RORHE R T 5 i RO AR T A
AT o o T 4 i JOAE A ARG A ol Ay R o I A
DG R AF TR AR AR BT T PR & S g7k, X
A TCHEHF B RE A T 1502 90 T e 4R S, R FH SR 9
J6 PCR KG9 773 , 207 7 mT AR o PEAEAGE 1 3R
MM HCR I8 PSA 35 35 5673 55 55 55 45 ik v] LA
552 PCR ARSI S5 R AH B 504IE , s A
FE T ARSI 5 | 4 AR HLAG RS k5 ARG R
B R A

ST PCR A3 M e BE 24 4 2 4677z
RAERE s B R I rh R, D, ARG P ST A
E 970 SE NSO E i PCR KA 28 ] LA R 4
1 b S R ARG 4 SR 1T Y Xac SEARAN T, U HE &
TR A 15920 5B (oL i ) 0 R 1) e A PR a2 W, Ry
R 5 92 o 0 A ) A A SR o A B A
BRI RS 0206 8 X B W E Bk AT Eh A&
WFFE AL T AR | R B0 SE R 7 TR B R
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