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Abstract: In the present work, a specific primer pair Pst3F/Pst3R was designed based on the
pathogenicity-related gene HrpZ of Pseudomonas syringae pv. tomato (Pst), and a target fragment of 161
bp was specifically amplified from the genomic DNA of Pst. A real-time fluorescent quantitative PCR

(qPCR) assay was developed for quantifying Pst in contaminated tomato seeds and infected tissues. The
detection sensitivity of qPCR established in this study was 1 000 times higher than that of conventional
PCR. The detection threshold was 4.21 cfu per gram of artificially contaminated tomato seeds. The amount

of Pst was detected to be 4.15 x 10* cfu per gram of inoculated leaves with disease-grade level 1. For
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naturally infected tomato tissue samples, PCR, qPCR and classical culture methods were used for
determination of Pst. Quantifiable levels of Pst were detected in 54 out of the 63 samples, and the results of
the three methods were consistent. These studies showed that qPCR assay is a highly rapid and reliable
method to quantify Pst in tomato seeds and infected tissues of leaves, stems and fruits. Application of the
assay may potentially improve pathogen identification and disease management.

Keywords: tomato; Pseudomonas syringae pv. tomato; quantitative PCR; seed detection; tissue

detection

& 02 T BE 05 (Bacterial speck of tomato) & — 7™ B 52 M 2 i i JoE AN 7 B P S
H JF A2 T F R E T EUR R (Pseudomonas syringae pv. tomato, Pst). 1ZJiET 1933 F
HIREEERE (Bryan, 1933), ZJafEEEEHF. midE. BUEE. WRORFIE. o6 =256 20 2N
HRA, FEBEERL (Yunis et al, 1980). 1998—2016 4, iZWEMEHEEK, L. Bk
L b, vh Bl 7E. WSS B L JEE ORISR A KA, TEE RN K RIS
T5%Lh b (E%%E &, 2015).

T AR R PEDE U B R YRR 2 AR B Drva A MESERE i, B SR R A 38 T Y o
Pst AJ fe F A A Z50F . FERAIR S, R AR B K BOIR /N B s B, s B A Bl B
I, JEREY RO BUR B AR, FEEREERALIE. Pst BRIRQEFEAMI, R AT B
. AEZRED MEZRDEEY GBEE %5, 2001). FIELAEEREM, Pst #2007 4
CBE AN (e N BRI [ ik BE i PR % 1A AR 44 5%

A& 48 77 VA Pst 22 A T TR AR RRAIE 55 72 R AR B AR AL I L AT B30 PR e GBXIE & 4§, 2001),
FEIS 9% 0, REEW L PUE LS M T R (Dieter, 2002; FRKZE %5, 20115 FREHI 25, 2015). L4y
T NIEA ) PCRLIMS-PCR S5 H0AR, CURLH] 38 Al i Fr Bt Pst 952 PERLIN (3K ¥, 2003
Wreikat et al., 2006; SCHARE 4§, 2013), {HRBESCHlE BAll.

SERF ¢ 2 B PCR (Real-time fluorescent quantitative PCR, qPCR) 5 AR 0 LUK #EAR % B HE4T 4
i B4 (Schaad et al., 1999; Hietala et al., 2003), EAPE. REEHIF S, SENH T2
905 JEL TR IR A, AN B TR RN R . T A RPN . R SR T ER A
PEBBHR R . HHUZ SR (B 55, 2013; fRE4 5%, 2013; @& 5%, 2016; TiEE &,
2016; FEFGE 55, 2018), NHEY R E PR € Skl A PG R R S8 .

HrpZ X805 IR A0 0 ol 5 8, Hogmbd =) S5 80 A ¢ (Charkowski et al., 1997). %
FLR & Pst Pid A FFE AR bR IC (Zaccardelli et al., 2005), SRR Z N (CEIE 4%,
2013).

AT A Pst (1) HrpZ AREEERFA, Wil Re gl ¥, @57 7 Pst Sl 986 & PCR K
MR, FERH T TR R0 A s 2R ) B e B A, D 9 7 0t 4 B 1k B s 1) - 2 I %
I B Fa S AR B

1Rk

1.1
RIET 2016 4F 7 H—2018 4F 2 A 7EH B R MV A== B ik e A6 7T B 78 BT 56 il
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PR B R : 505 S A WU BT FH B A 2L 25 Ak, 04 8 Ak Pst EAR IR AR AN 17 PRIEFEAR AR GGR 1D,
Forb 1 £k Pst B E #k DC3000 F1 7 B HE B ik I B 26 B 0 2 s o0 (ATCC), 1 ARX IR TR
%m@a A ] 3 A P B R B 0y (CGMICC) e PA_E T RRI ARAE T v [ AR b R 2 Bt i S A6 77
T
PR A Fr: 2% 1057
NA 953 EAM 10.0 g, 2K 3.0 g, NaCl5.0 g, Biflg 15~25 g, 7818k 1 000 mL, pH 7.0,

NB £ 973 EAM 10.0g, FA¥ 3.0, NaCl5.0g, 2K 1000 mL, pH 7.0.
LB }57idk: AN 10.0 g, BEEFE 5.0 g, NaCl10.0 g, #51#7K 1000 mL, pH 7.4,
F1 SRR SR E
Table 1 Strains used for primer specific test
%ﬁ)ﬁ wFE PR 5 KA o PCR
Species Host Isolate code Geographic origin
T B R 0 3O AR i Tomato FQ13080301 1 [H 111 % Shandong, China +
Pseudomonas syringae pv. FQ13080217 1[It Heibei, China +
tomato, Pst FQ14080202 w1 [ H 7 Gansu, China +
FQ140225250 1 E L Zhejiang, China +
FQ16071903 i [E#7 5% Xinjiang, China +
DC3000 (ATCC BAA-871)"  Zi[E United Kingdom +
I A JGFQ15080408 rh [E#7 8 Xinjiang, China +
Processing tomato JGFQ15080441 1 [ #r §8 Xinjiang, China +
T B B AT B AL #JR Cucumber ATCC 7386 2% [H United States -
P. syringae pv. lachrymans, Psl ATCC 11965 AP Unknown -
HG12020802 i [# ] Ik Heibei, China -
BER M P. cichorii, Pc AP Unknown CGMCC 1.4934 [ China -
#2JK Towel Gourd SG11030803 I L % Shandong, China -
JHE S W3 R B P/ Citrullus lanatus ~ ATCC 29625 Z£[E United States -
Acidovorax citrulli, Ac EHJIU Cucumis melo TG1103060202 1 [E China -
T HIRAT TR 2 A Al Tomato ATCC 10202 i Unknown -
Clavibacter michiganensis subsp. FQ16110321 HE WL Zhejiang, China -
michiganensis, Cmm
RS SRR RS MR F Il Tomato FQ10110801 1 [H 111 % Shandong, China -
Pectobacterium carotovorum subsp.  4%% Potato ATCC 15713 P} Denmark -
carotovorum, Pcc
HhFE R I i Tomato FQ1112080401 1 [E#i7T Zhejiang, China -
Ralstonia solanacearum, Rs FQ15090325 1 [E P8 Guangxi, China -
S SR B 1 il SR B A Ao HiE Cabbage ATCC 33913 H2[E United Kingdom -
Xanthomonas campestris GL10080704 1 = % Hunan, China -
pv. campestris, Xcc
SR B R TR BB ) B AR M Tomato ATCC 35937 7 2% New Zealand -
X. campestris pv. vesicatoria, Xcv  F#l Pepper LJ1201090302 H1[E China -

T T, HEHER: ATCC, REBEAE TR LR L

“ -7 LR PCR RIMBH M.

CGMCC,  H [ 35388 130 4= 40 v P AR e o5

“+7” IR PCR RMIFHTE,

Note: “T”, type strain; ATCC, obtained from American type culture collection; CGMCC, obtained from China general microbiological culture

collection center. PCR results are scored as

12 A&

1.2.1 H#k¥EH 5 DNA I
PR AR R T NA P b, B TR TR T 28 Cimis s 24 h, HREUREE % 3 NB

“+” for positive reaction, and “ -

” for negative reaction.
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WARREFRFE T, 28 "C44F R 260 r - min™ 1537 24 ho R0 2 K 41 DNA $#2EGRF1& (RIR, Jb50
HEAT 27 DNA R, BT - 20 ‘CUkH % .
1.2.2  3l4mikit

M NCBI M35 T % Pst 5 T 75 50 B 11 I (1 AR AN [F B0 22 0 (1) HrpZ 520817 51, 32 544 MEGA
5.0 AT A RREMELERE, AT AI 2R, Wit Pst IR R 1514 Pst3F: 5-GCTGCGGATGGCA
AGTC-3', Pst3R: 5'-CCGACACCCGAACCAGAAC-3' (& 1), F =¥ BR/NN 161 bp. 514
FH b S EIE AL R A = A B

Pst3F
GCTGCGG ATGGCA AGTC

T B R B B0 A Ps. tomato AY9990011 CTCGGCA AA ATGC TCGCC AA GGCC ATG GCTGCG GATGGC AAGTC GGC TAAC AGC ATCGAT
TR AN A SR M Ps. aptata AF092879.1 TTGGGC AAACTGCTGGCC AAGTCGATGGCTGCGGATG GCAA GGC GGGC GGC GGTATCGAG
A AR T R BB A M Ps. tabaci FJ6054541 TTGGGC AAGTTGC TCGGC AAAGCGATGGCC GCCAG TG GCAA GGC TGGC GGCGGCCTCGAG
TG A e B SR A Ps. glyccinea  HM3580431 TTGGGC AAGTTGC TCGGC AAAGCGATGGCC GCCAG TG GCAA GGC TGGC GGCGGCCTCGA G
T A AR A fh Ps. lachrymans GUMTT1I41  TTGGGCAAGC TGC TGGC GAAG TCGATGGC GGCC GATGGC AT GGC TG GCGGC GGC ATTGAG
TEHEANEE THERRASF Ps. syringae AB1027271  TTGGGC AAACTGCTGGCC AAGTCGATGGCC GCG GATG GCAA GGC AGGC GGC GGTATCGAG

Pst3R
GTICTGGTTCG

T AR AN B EORE A M Ps. tomato AY9990011 TCTGCCGGCATC GGCGC GG GTGGC GG TG GCGGTGGC AT TG GCGGGGCGGGTIC TGGTTICG
TR S GO R Ps. aptata AF092879.1  TCTGCGGACAAC- wrcn e em om e em o em e o om e om o2 e 2 e 22 e 2 e 2 2o e o o ot e ot 2 e e e e e
T B B EEROR A R Ps. tabaci FI6054541 TCTGCCGACAAC---- [ e
TR R S BORAS R Ps. glyccinea HM358043.1 TCTGCCGACAAC w-nn oo om wem e om s m e e o e oo 20 o 222 om 2 e o 20 e m 22 ot o 2 e o2 o
T R BOR A Rh Ps. lachrymans GUMTTIAL  GCTGCCGAC Awn we wn e - en em e e em om e o e e e e 2 o 2 o 2 e = em 2 e = o 2 e e 2 o 2 e o o
THEBANEE THEBFM Ps. syringage ABL027271  TCTGCGGACAACH wemnmon wm e em sm e o om e e e o e e 2 e e 2 2 o e e 2 e e o

GGTGTCGG
TEH SN B EORAR Ps. tomato AY9990011  GGTGTCGGTG GCG GTC TG AGC AGCG ACGC GGGTGCC GG GCA ATCC GATC TG ATGAGCCA G
TEB SRR E A BORAEM Ps. aptata AF092879.1  ----- et e 2 GCCTCGG- - - e = om e e e - -G TACCGGACA GCAGGACCTGAT GACTCAG
THE RS EEEBORAEFh Ps. tabaci FI605454 1 e eee ee e -GCCTCGG - - e e~ ATACCGGACA ACCCGACTTGATGACACAG

THB PR R TEORAFh Ps. ghccinea  HM358M3.1 - e -GCCTCGG e mmeme

e m e - - ATACCGGACAACACGACTTGATGACACAG
T R R ZOR A R Ps. lachrymans GUMTTIAL e e cee seeem e e e e :GTC TGGGC- o - - - = 2- - - - ~GGTG TCGGACAGCCTGACCTG ATGACGCAA
TEB AR THEBIRM Ps. syringae ABI27271 e eeeceme ces ceem e 2o GCCTC GG om e - o e m e wm o - -G TACCGGACAGCAGG ACCTGATGACTCAG

1 TEREMEENBRRETMN Hpz ERRXES R4 3148 6a
Pst3F NIE[ 514, Pst3R AR I 514,
Fig. 1 Sequence site of specific primer to Pseudomonas syringae pv. tomato from the HrpZ gene

Pst3F, forward primer sequence; Pst3R, reverse primer sequence.

123 3144 Frtem)

FIH A U514 Pst3F/Pst3R 471 25 ML B L (3R 1) (L [FIZH DNA. PCR KSiAK % (20 pL)
N: 514 Pst3F/Pst3R (0.1 umol - pL™") % 0.2 uL, 2 x Tag PCR Master Mix (G4, Jb30) 10 uL,
BB DNA (10 ng - pL™") 1.0 pL, dd H,O 8.6 pL. PCR ¥ #4444 94 “CTiAEYE 5 min: 94 ‘CAZHE
30s, 60 CiBK30s, 72 ‘CHZEAH 1 min, 35 PMEH; 72 CHMNFRLEH 5 mino 1.2%IEARHEBER B VKA
M PCR ¥ 34774
1.2.4  #RB A0 H) &

K P B O BB B B TR & (42304, JERD X PCR § 447~ Mtk AT Ml ik

¥ HFr DNA 5 pEASY®-T1 wwhEdifk (£X4, bnd) &8, BRI E Trans1-T1 K23
g (X4, JERD . BL 200 pL ERIEAIAES A 100 g - mL & 5 & XM LB B FHEFRE L,
BT 37 CHEMFEMEERIE 24 ho BN EBENAGRREE, 7£5 100g - mL' 1 LB #
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RIEFRHE PR H5 9% . PCR S e NFHEwREfG, BEALIEHE 10 ~ 20 NFHPE R, kb iEa Ay
AER
1.2.5 314 R HCHEAEN

f§1F Thermo Scientific NanoDrop 2000c 240 606, MIE Pst ik DNA WAL, KATLRHK
J¥ 1.67 x 10%pg - uL™" LA 10 BRI RRE 9 NI, 40 HIHEAT 238 PCR FISEi 766 & & PCR 374,
I 5| 4 R g
1.2.6 SR AZEZ PCR R ZIKF 6931 5

P oE RIS RO Pst AL AL BORLA 10 f5BR R RE, BESL S 99 E B PCR vkl
2k, Ye)tE® PCR SYBR Green | Jx MiAA % (20 uL) A: 2 x Super Real PreMix Plus (KAR, b5
10 uL, 51% Pst3F/Pst3R (0.1 pmol - uL™) % 0.2 uL, ik DNA 1.0 uL, 50 x ROX Reference Dye 0.4
uL (RAR, Jb50), ddH,082 puL. #7484 95 CHIAME 15 min; 95 CAME 10s, 60 CTiE/k 32
s, 1817 40 NMEF. 60~90 C, BFFE 0.5 CHM 1 RIS T UG DNA I FE [0 ${E A
AAER, BB CE A ALKR, filbrrEdhek, I8 a7

FEAHE I = [DNAWE (ng - pL™) xNAJ/[ (n x mw) x1x10°]. M n FREGEAEER
A EHIBREE (6.40x10°bp), mw FREAMRIEN T T & (660 g- moL™), NA MBI R i
B ##6.023x10% - mol™) (Paul, 2010; Cottynetal., 2011).

1.2.7 B3 B AT qPCR 40

PRECA R R B NB WA RE 7R 5L, 28 “CF 260 r - min” fE¥ 1555 24 h, JIl5E ODggo [HZ1 M
1.0 I P T B /K BC 1 IR B 9 1 % 10° cfu - mL™" (BB, % H .

Y 25 ¢ TEwE e e ARl T JBON 100 mL C KB 0 =M+, A1 50 mL 3R 43 514 1% 10°,
1x107. 1x10% 1x10°, 1x10* 1x10°. 1x10%. 1x10'. 1x 10°cfu - mL™" f¥] Pst B &, 4 C&M4F
TR 240, BT ERFZMTERKT, DB ER . M0 ESR 3 K.

FEANCFRBEN LA 0.2 g P, VR T1R)E 1 TissuePrep HLid 41 2L B REA OISR, Jbmt) it
ITHEREALEE, A0 SEINALRA & (CRAR, dbED $2HUS DNA, FIH Pst RE 14514 Pst3F/Pst3R it
176 € & PCR Kl
1.2.8 Amtitket /i qPCR 4N

R 4~ 5 B, BRI 1 x 10° cfu - mL™ ) Pst B8 008 1 R 2 28454
M5 Tk i b, SRR LR KE S, BT HXHEE RN 95%M R F 5% 48 h, 2 G E TR=EF
WRE., MG T ~ 10 d, RN, REAFRRBBM F (R3, B 6), FARNYH3
AR FEAR, AL 0.3 g, HEESLISER 2k 2 & PCR /R RiFEAT Pst 2 AR .

1.2.9 Pst % X2 ¥ PCR A& MK & & F P X

N TR E B qPCR KA R AE I YE, XF 2016—2017 SEMNILZR . b, HriE. W&
FFAXCREN) 63 AN MEBE R T A AR SRS SURE AR AT qPCR 1@ PCR FI4HEE 43
BHESE 3 MOTIRH TR . Hoh, BT B RREIRFEA 28 1, BEUEIRFEA 35 1.

2 RS0

2.1 SIY4FRM
L ddH,O N EAEXHIE, K FH 514 Pst3F/Pst3R Xt 8 #k Pst #EFR B MR A 17 ¥k AR L bR B bk Rl 41 DNA
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HEAT PCR 719 o S5 R 8 Hk Pst SEARER R 471 1 B0 — IS 161 bp e 5 1 B, HABTE R L [ 1%
XPHRIIARY G H 2 (B 2), BEHH 514 Ps3F/PsOR R Ve R 47, W LARFH T Pst AR S MRl .

Marker Pst Psl Pc Ac Cmm Pce Rs Xee Xev ddH,O

2 3|4 Pst3F/Pst3R $5 R4
Fig. 2 Specific PCR amplification using the Pst3F/Pst3R primer pair

2.2 SRS

W R DNA FBEN 1.67 x 10*~ 1.67 x 10 pg - uL™ FIWREEBERE, 235347338 PCR Al gPCR
%rim LR, 5|4 Pst3F/Pst3 F I iE PCR /K RXHKE N 1.67 x 10*~ 1.67 pg - uL™" (1 DNA
Fa m”zf“ﬁ&%lmpg uL B TE B R R A (IR 3D R qPCR%?Xﬂ&Fﬁlmxlo
~1.67 x 107 pg -uL™! {1 DNA B34, #0 NER N 1.67 x 107 pg - uL" (4 , B qPCR ¥l R
J& L@ PCR R B = 1000 fi%.

Marker  10¢ 10° 10? 10 1 01 102 103 104  ddHO

3 &if PCR SIARERN
Fig. 3 Sensibility of general PCR assay

1.6 -
14 -
N T S
=
§§ 1.0 -
< os )
806}
B o4t
02+ 167
0
0.2 L L L I L I L L L I
2 6 10 14 18 22 26 30 34 38 &2

TBFREL Cycle

4 PR PCR SR BRI HEAHLE
JFHE DNA 1.67 x 10°~ 1.67 x 107 pg - uL ™%
Fig. 4 Sensitivity amplification curve of quantitative PCR
Plasmid DNA 1.67 x 10° - 1.67 x 10° pg - uL™".
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2.3 EmHEEMMARE qPCR #&M1ER

FIFEIY) Pst3F/Pst3R X Pst B HrpZ FEFEATY 3G, 152 161 bp /=¥, IR EE#ESR
pEASY®-T1 TulE#ik I, #40LZE KIHATE Trans]1-T1 B2 4000 8535 24 h, 50 AR S0 TTHE,
Hrp A ENEEEARE R . FH PCR AN BHE w B, A EAHARES LB AR R AR 77
J&i, PREXBHPEFTRL DNA ZEATI P, K437 50 F FH BLAST 3AFHT P8I LT, 45 R BoRE Pst J7
H11 100%[F1,  H b B4 s »

H4 Pst JFiKL DNA HEAT 10 f5HE AR, DAASIRIRGRE A5 2000 JFUR. DNA SRR 4 8 SEif 5t 58 =
PCR #rdE 4k . ASURL DNA R BUE AL, TR EL CtE NN ALbR, Zxfilbrttize, FEit
SEETRE . 25 R, 1Y RSEFA AL Ct B 5 50k DNA #5 DL 6 B0l 2 [A1F RGP 2t 5% & -
y=-3.2858x+30.285, MHKRAH R =0.9938, FIKEN101% (5).

35 y=-3.2858x+30.285
30 Lo X2 =0.9938
25
o}
i = 20 -
= s
O o~ F
o 15
10
5k
0 \ \ \ \ \ \ \ |
0 1 2 3 4 5 6 7 8
DNA¥ Z i3 B {E
Log DNA concentration

5 SYBR Greenl iEM PCR #RiERIZ
BRRIARAESR 10 fEHEERTR (167 x 10~ 1.67 x 107 pg - uL ™,
Fig. 5 SYBR Green I quantitative PCR standard curve
10-fold serial dilution of Pseudomonas syringae pv. tomato plasmid DNA (1.67 x 10*-1.67 x 10° pg- uL™h .

24 RUHFEFPTFH qPCR

A qPCR BAR, Xt 10 A5 BEEERGRER Pst SRR 1 A 7 AN BEA 1 3E4T HrpZ 2 5E
BRI . SRR, BEEM TR R, BRI R R N REEY (R 2),

%2 BRHEATHER qPCR £

Table 2 qPCR detection of Pst in artificially contaminated tomato seeds

PR/ (cfu - mL™) Ct 8 FTHEE (cfu-gh)
Inoculating concentration of Pst Ct value Quantity of Pst in tomato seeds
1x10° 16.56 1.07 x 10°

1x10’ 20.38 737 x 10*

1x10° 23.77 6.85 x 10°

1x10° 28.04 3.44 x 10°

1x10* 31.91 2.28 x 10"

1x10° 32.02 2.11 x 10"

1x10? 33.29 8.68 x 10°

1x10' 3432 421 x10°

1x10° >35 —

0 >35 -
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BRARIRE N 1% 10° cfu - mL 40 FE, qPCR £l Ct B4 16.56, Xt RFfFHi &~ 1.07 x 10°
cfu-g's BEBIKE N1 x 10" cfu-mL™" (IALEE, qPCR Kl Ct i A 34.32, XA FH7 H &84 4.21
cfu-g'e WERIKE N 1 cfu mL" LI I A B AL EE, qPCR A& Ct B AT 35, HEHAARAG I
B Psto M, AR DA KRN 7 B N IRN 4.21 cfu - g's IEWISI4) Pst3F/Pst3 M0,
REGSE S, v LN FHFAh7Hh Pst 12 S

25 AREREKZAHTR qPCR &M
TR TR Pst RO Je, REAFRIREEN A (B 6).

6 BIMAEMRRREZR 0~9 FHFAER

Fig. 6 The leave symptoms of tomato speck spot in 0 - 9 degrees

KR R AR BGRAF & ORI, Aba0) $RBCE A A - Rt I8 {g B F &L DNA, B Pst
Al 9% DNA NPT IEHEIT 76t 2 B PCR ¥ 4. S5 SRR W, BN 9 %, 7%, 5%, 3%
M1 251, qPCR KIS B B> 51 5.49 x 10°. 4.75 x 10°. 9.73 x 10°. 4.60 x 10° 1 4.15 x 10% cfu - g
(30 X REAE R I Fr v AR 2148 DUA. 25 R0, AR T L A RS 2o 1 gk bl b
(R e

£3 TREIREAFHER (PCR 27
Table 3 qPCR detection of Pst in leaves of different disease-grade levels

E R BE & TR % Ctfi R AR R (cfu-gh
Disease level Percentage of diseased leaf acra Ct value Quantity of Pst in tomato leaf
9 > 75 14.23 5.49 x 10°

7 51~75 17.72 4.75 x 10°

5 26 ~50 23.27 9.73 x 10°

3 6~25 24.34 4.60 x 10°

1 1~5 27.77 4.15 % 10°

0 0 - —

E: =7 FoRVOLER PCRBA CHEY I, ISR,

Note: “—” indicates that there is no Ct amplification in quantitative analysis, and the results are negative.
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2.6 Pst [# qPCR &Mk R #91E 1%

K ST 1) QPCR A4 22 56 HH R SR AR 1) 63 AN 0 20 B 14 B 5 998 I 1 ZEFF R0 SR SR S gk AT 7 AL
g REIN, A 28 i BA AR IR AL G A Re kAR e ks tH Pst B 35 I A BELEIRFE b 26
Bt Pst, B HFE K 74.29%, WHELE 6.5%10'~3.2x10° cfu - g VEF. WALERNE 4. HEE
AEFEFRLEESLER. TE PCR £E 4R Y qPCR fall 25 5 —F, WA E 1) qPCR Al & 5 R i
FEvar,  Bemg i a2 H IR 98 55 e 0 ) e 22

*®4 BRMAENRARREREIUAERERERER

Table 4 Detection of symptomatic and suspected samples

. o i I i
29 SR e A K45 % Result of detection

Host Symptom Tissue Sample code PCR qPCR BT 254558
Pure culture

i B 2R BT A Leaf FQ16111208 + 2.6 x 10° +
Tomato Symptomatic 2 Stem FQ16120715 + 32x10° +
52 Fruit FQ17071010 + 82 x 10* +
BEAUAER M Leaf FQ17030504 + 1.8 x 107 +
Suspect symptom 2 Stem FQ17051208 - N/A -
52 Fruit FQ17100903 + 6.5 x 10! +
T i B S B M F Leaf JGFQ16081203 + 4.6 x 10° +
Processing tomato  Symptomatic ZH Stem JGFQ17080401 + 2.9 x 10* +
BEMEAR M H Leaf JGFQ17080509 + 1.7 x 10° +
Suspect symptom ZFF Stem JGFQ16081304 - N/A -
JSE Fruit JGFQ16071510 - N/A -

T FORREE RO, ¢ -7 ROREINZ R, “N/A” FoRTFOLE R PCR A CEY TR I, Rgs oA .

Note: “+” means positive, “ - ” means negative. “N/A” means quantification without Ct value amplification can not calculate copy number,

the test results are negative.

G B 1 B e e [ PN A i A b — o T A B M R, DR T AR A AR S T E I R
K B, REFRESHTERE GREE %, 2001), WATHEEER, Nz iy LA B A
ERAFERAR, —BERARME G (EEE S, 2015), %005 SN IR $I1 8 5= Ik & JE 1 =
PR . Bk, LR T EE 105 S B R RS W 4 A 2 {2 X 5 5 T M W 5 Ak 4% PR e AR AR
k.

H AT, A 38 00 40 B M B A A IR T, ER AL SRR W EE  73 JiR B 40 B RE 9%
993 Jo B 2 B A A S AU R e S, H R LA Ty R RE N A, AR AT T S I S B VR B A
TR, PCR HEARTEMDRERN A SR 72N (Wreikat et al., 20065 CEAE %, 2013),
ASCHRYE HrpZ FER T T e ah i s MBS B Pst [Hr 14 514 Pst3F/Pst3R, ¥4 Hr BEK/INA 161
bp, H3. T qPCR A&lifA %, %I Pst 5% DNA KRR~ 1.67x 107 pg - uL', Ll PCR R BUE
= 1000 £5, SERBE S qPCR ARSI A5 B B 1 R A — 30 (R 558, 20060 o 727 B A T4
T, AWFFEILN QPCR 4R RN N TR B R 7 (A R RN 4.21 cfu - g’ Zaccardelli %
(2005) WIRYE Hrpz FEREETT T8 2514 MMSF/MMSR, 3788 H (1) F BON 532 bp, 37T Pst
58 PCR Rl ik R, 1244 Z 06 N TR B R 7 ARSI N R 2.5 % 10° cfu - g, H R IR T A
W5t g qPCR ik &, 1 HASRESCILE B4 . Fanelli 25 (2007) #7739 S 28 A4 Fhr
it PCR ) Pst 5 BATIEA, WA TAHFER 7 LB Pst (RN A 1x10% cfu - ¢!, KT A
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3 20 AT A A s TR SIS 5016 58 B PCR AL 752 R e s T S A
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WEFL RS AR R R BUE . AR AR @SR R I R EE— RS s e A%, R—J7
IR AR BEE > T M F R AR IR K&, qPCR R A LA B A S 70 1A W 1t 285 6 3
£ . Ross 1 Somssich (2016 ) 7EAF 78481 7 7+ A= 74 R0 9 A0 4 e b 9% Yo I B B s AR P = 1 A8 e
ELAR T 9% € B PCR 545 G 10 b 35 7 B I VR0 R 38 76 58 B A I 2 D't AP B0 M v 77 T A 300
LA SCME, T2 e i PCR HiEEUAE G ik mpd. R, UM% e & PCR & —Fhifk
B PR ATEEIAR I T

020 R PE BT AT B AE TR A LRI AEE 20 4F, JEREA T T IR B AL 4% (Bashan et al.,
1985; Jones etal., 1986), #&FhT A ETEI V] Ki. UbAh, Pst &R fEFRAMEIL, ik, 1%
A FRA, BONERPIIR AR (%% 25, 2015). ST HANZRER SRS, NP
IEFL AR X AL 4R, ISR T BT AT A7 A I AR LB . ARHIE S LI qPCR PR R IE T
FEEDHS RN, BAAYGE. R rTEESE0 A, of HT Py 4k S5 ka2 A py X k) 35 it
ol O RO P A 8
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