
(2, 3, 4, 5, 7, 8)

50% (2)

(20) WTO 

(polymerase chain reaction PCR) 

(17)

E. carotovora subsp.

carotovora (Ecc) E. chrysanthemi (Ech) (13)

Erwinia
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(RAPD) Erwinia

carotovora subsp. carotovora (Ecc) DNA 1,200 bp Y20

pY20Ecc-1200 bp NCBI 

E. chrysanthemi (Ech) rhi N 83 % 

Ec3F / Ec4R Ecc Ech

225 Ecc 497 bp 85 Ech 

548 bp 

Ecc Ech DNA 10~50 pg 6 7

DNA Ec3F / Ec4R Ecc Ech 

1.2 10 1 1.1 10 1 2 3 

Ec3F / Ec4R Ecc Ech 

Ecc Ech 

Ec3F / Ec4R Ecc Ech



E. carotovora subsp. atroseptica Ech 

ERWFOR (23) E. carotovora

subsp. atroseptica ECA1f / ECA2r (11)

Ech ADE1/ADE2 (18) 5A / 5B (1)

Ecc Ech 

(random amplified polymorphic DNA, RAPD)

Ecc 

Ecc Ech

E. carotovora subsp. carotovora

(Ecc) (153 ) (5 ) 

(5 ) (14 ) (25 

) (20 ) (3 ) 

225 Ecc E. chrysanthemi (Ech) (15

) (70 ) 85 Ech

DNA 

5 ml LB broth (Luria-Bertaini

broth) 30 16 hr 12,000 rpm

10 min 1 ml STE 

12,000 rpm 10 min 0.5 ml 

STE 50 l 10% SDS (Sodium dodecyl

sulfate) 65 30 min 25 l / ml

proteinase K (100 g / ml) 30 min 

27.5 l / ml RNase A (50 g / ml) 37

30 min phenol / chloroform

(phenol:chloroform:isoamylalcohol 25 24 1) 

12,000 rpm 4 30 min

1 / 10 3 M NaOAc 2 

95% -20 1 hr 

DNA 70% 

12,000 rpm 4 30 min

50 15 min 100 l 

4 DNA 

OD260 / 280 -30 (21)

DNA 

DNA Plasmid miniprep

purification (Genemark Technology Co., Ltd)

Kanamycin (50 g / ml) 5 ml LB 37

16 hr 2 ml 12,000 rpm

5 min 200 l solution I 

200 l solution II 200

l solution III 12,000 rpm 4

10 min DNA 700

l washing solution 12,000 rpm 4 30

sec 12,000 rpm 4 3 min

DNA 1.5 ml 60

5~10 min 50 l 

12,000 rpm 4 30 sec DNA

RAPD

Ecc (Zan01, Zan03,

Zan13) Ech 3 (Ech15, Ech20, Sr54)

DNA OPERON 10-MER KITS OPX

01~20, OPY 01~20 OPZ 01~20 60 

RAPD 20 l 100 ng 

DNA 200 M dNTPs 0.25 M 0.8 U 

DNA GeneAmp PCR

System 2400 94 1 min

94 1 min, 40 1 min, 72 2 min 40 

72 20 min 8 l 

1X TAE 1.5% agarose gel 100 V

(ethidium

bromide) UV box 

Ecc Ech 
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Table 1. Bacterial strains used in this study
Bacterium Strain
Agrobacterium tumenfaciens AA19
Burkholderia caryophylli Tw7, Tw9
Erwinia carotovora subsp.

Zan01~50
carotovora

Erwinia chrysanthemi Ech10~22, Sr53~56
Pantoea agglomerans Yx5, Yx7
Pseudomonas aeruginosa Pae
P. putida Pu
P. syringae pv. syringae Pss
Ralstonia solanacerarum Ia29, 57
Xanthomonas axonopodis pv. 

A072
dieffenbachiae



DNA 

RAPD

DNA 

DNA

DNA

Ecc RAPD 

DNA Ultrafree®-DA

(MILLIPORE USA) KIT Gel Nebulizer

Ultrafree-MC Vial 6,000 rpm

10 min DNA 

Random Primer Fluorescein Labeling Kit with

Antifluorescein-AP (NEN) 19 l

DNA 5 min 

5 min 5 l Random primer and

reaction buffer mix 5 l Fluorescein nucleotide mix 1

l Klenow fragment 30 l

37 1 hr

5 l 0.1 M EDTA (pH8.0) 

-30

(Southern hybridization)

Southern (24) DNA 

Ecc Ech DNA 

OPY-20 RAPD 

0.25 N HCl 10 min

denature buffer (0.5 M NaOH 1.5 M NaCl) 

30 min neutralization buffer

(0.1 M Tris-HCl, pH7.5; 1.5 M NaCl) 30 min

10X SSC 

10X SSC 

16 hr

254 nm 

2X SSC Salmon Sperm

DNA 200 l (hybridization

solution: 5X SSC, 0.5% SDS, 50% Formamide, 5X

Denhardts) 3 min 5 min

hybridization solution 65

1 hr 0.1% SDS 

2X SSC 5 min 0.1%

SDS 0.2X SSC 65 15 min 

buffer I (0.1 M Tris-HCl , pH7.5 ; 0.15 M NaCl) 5

min buffer (0.5% blocking reagent in buffer

II, 4 ) 1 hr Anti-fluorescein-AP

conjugate (NEN® Life Science Products, Boston) 

bufferII (1:5000) 1 hr buffer I 

5 min buffer (0.1 M Tris-HCl , pH9.5;

0.15 M NaCl) 5 min

CDP-Star 12.5 mM (Tropix,

U.S.A.) buffer (1:200) 

5 min X-ray 10 min 

DNA 

TOPO TA Cloning® (Invitrogen) DNA

4 l DNA 1 l Salt

solution 1 l pCR® II-TOPO vector 5 min

2~6 l (competent cell)

30 min 42 30 sec

2 min 250 l SOC 200

rpm 37 1 hr

40 l 100 mM IPTG 40 l 40 g / ml X-

gal Kanamycin (50 ppm) LA 37

DNA

EcoRI 

National Center

for Biotechnology Information (NCBI) 

(GenBank) 

Vector-NTI 8 (InforMax) G+C 

hairpin duplex structure 

(forward primer) (reverse primer)

100 ng 

DNA 0.1 M 200 M dNTPs 0.4 U 

Pro-Taq DNA polymerase 1X 

20 l PCR 94

/ 5 min 94 / 30 sec 60 / 30 sec 72 / 30 sec

30 72 10 min 

1X TAE 2% agarose 

(1) Ec3F / Ec4R 

DNA 225 Ecc 

85 Ech DNA PCR

Ec3F / Ec4R Ecc Ech 

DNA 

Ecc (Zan01) Ech (Ech15) 
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DNA Agrobacterium tumefaciens, Burkholderia

caryophylli ,  Pantoea agglomerans ,  Pseudomonas

aeruginosa ,  P. putida ,  Ralstonia solanacearum ,

Xanthomonas axonopodis pv. dieffenbachiae 6 7

DNA 

10 ng PCR 

Ec3F / Ec4R Ecc Ech DNA 

Ecc Ech 

NA 24 hr 

106 cfu / ml P. syringae pv. syringae P.

putida A. tumefaciens

104 ~108 cfu / ml Ecc

Ech 106 cfu / ml 50 l

0.5 N NaOH 

PCR 

Ec3F / Ec4R 

(2) Ec3F / Ec4R 

DNA Ecc Ech 

DNA 100, 50, 10, 1 ng / l 100, 50, 10, 5, 1,

0.1 pg / l 1 l Ec3F / Ec4R

PCR Ec3F / Ec4R Ecc

Ech DNA 

Ecc Ech NA

24 hr OD620

0.3 ( 108 cfu / ml) 10 

101~107 cfu / ml

spiral plater (model D, Spiral systems, Inc. Bethesda,

Maryland) NA 30 24 hr 

50 l 200 l 

50 l 0.5 N NaOH 50 l

50 l 1M Tris-HCl (pH 8.0) 2 l

Ec3F / Ec4R PCR 

Wang (27)

Ecc Ech 50

l 0.5 N NaOH

25 l 25 l 1 M Tris buffer 1 l

Ec3F / Ec4R PCR 

PCR 

20 

20 

50 mg 100 l 0.5 N

NaOH 5,000 rpm 3 min

15 l 135 l 100 mM Tris-HCl (pH 8.0) 
(21) 2 l PCR 

Ec3F / Ec4R 

RAPD Ecc-1200 

Ecc (Zan01, Zan03,

Zan13) Ech 3 (Ech15, Ech20, Sr54)

DNA OPX Y Z 01~20 60 

RAPD OPY-20 Ecc 

1,200 bp ( A)

1,200 bp DNA 

1,200 bp Ecc 

( B) 1,200 bp 

Ecc DNA 

pCR® II-TOPO pY20Ecc-1,200 bp

DNA NCBI 

Ech rhiN gene 

83% ( ) 

339 427 bp 578 1,171 bp Ech 

Ecc 49 bp

Vector NTI 8 (InforMax) 2 

Ec3F Ec4F 2 Ec3R

Ec4R ( ) 

PCR 

(a) 94 5 min 1 (b) 94 1 min 60 30

sec 72 30 sec 30 (C) 72 10 min 1 

Ec3F / Ec4R 

( ) Ec3F / Ec4R 

PCR 

Ecc Ech 
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Ec3F / Ec4R 

153 5 

5 14 25 

20 3 225 Ecc 

Ec3F / Ec4R 497 bp

15 70 

85 Ech 548 bp Ec3F /

Ec4R Ecc Ech 

Ecc (Zan01) Ech (Ech15)

DNA A. tumefaciens,

B. caryophylli, P. agglomerans, P. aeruginosa, P. putida,

R. solanacearum X. axonopodis pv. dieffenbachiae

6 7 DNA PCR 

Ec3F / Ec4R Ecc Ech 

( )

Ecc Ech 

106 cfu / ml 100 100 P.

syringae pv. syringae, P. putida, A. tumefaciens 2

3 (104~108 cfu / ml) 

PCR Ecc 

497 bp Ech 

548 bp 2 3 

( )

Ec3F / Ec4R 

Ec3F / Ec4R Zan01 (Ecc) 

Ech15 (Ech) DNA PCR 

Ecc Ech DNA

10 pg~50 pg ( ) 

NaOH 

DNA PCR Ecc

1.1 101

Ech 1.2 101

( ) 

Ecc Ech 0.5 N NaOH 

DNA Ec3F / Ec4R PCR 

Ecc Ech 497

bp 548 bp 

E. carotovora

subsp. carotovora E. chrysanthemi ( ) 

PCR 

Ec3F / Ec4R 

PCR 

497 bp 

Ecc 

Ec3F / Ec4R 

PCR 548

bp 

Ech ( )

Erwinia ( 13,

26) Erwinia carotovora subsp.

carotovora (Ecc) E. chrysanthemi (Ech) Ecc

Erwinia carotovora subsp. carotovora Erwinia chrysanthemi 23

OPY-20 
RAPD (A)

Ecc-Zan01 Y20Ecc-1200 
(B) M Bio 100 marker 1-2 

Ecc Zan01 Zan03 3-4 Ech Ech15 
Ech20 5~17 ( )
Fig. 1. Agarose gel electrophoresis analysis showing
RAPD patterns of strains of Erwinia carotovora subsp.
carotovora (Ecc), E. chrysanthemi (Ech) and other
bacteria using OPY-20 random primer (A) and southern
hybridization of the RAPD products probed with Y20Ecc-
1200 fragment cloned from Ecc strain Zan01. (B). Lanes
1-2, Ecc strains Zan01, Zan03; Lanes 3-4, Ech strains
Ech15, Ech20; Lanes 5~17, non-target bacterial strains
(Table 1); M, Bio 100 marker.
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pY20Ecc-1200bp DNA Ecc Ech Ec3F
Ec4F Ec3R Ec4R 
Fig. 2. The sequence of the inserted DNA fragment in recombinant plasmid pY20Ecc-1200bp. The sequences of primers
Ec3F, Ec4F, Ec3R and Ec4R are underlined, and the similar sequence between Ecc and Ech are bold-faced.



(2, 3, 4, 5, 7, 8)

Ech 

(1, 3) Ecc Ech 

CVP 

Erwinia (22)

Ecc Ech CVP 

Ecc Ech 

Ecc

Ech 

Erwinia

(15) RFLP 

Erwinia
(9, 12, 25, 28) DNA

PCR 

Erwinia

23S rRNA E.

amylovora (16) pel Ec1 / Ec2 

E. carotovora (12)

E. carotovora subsp. atroseptica (Eca) Ech (11, 23)

Erwinia carotovora subsp. carotovora Erwinia chrysanthemi 25

E. carotovora subsp. carotovora Zan01
E. chrysanthemi Ech15 6 7 
DNA Ec3F / Ec4R 

M 100 bp marker 1 
2 Pseudomonas putida 3-8, Ecc Ech 

Agrobacterium tumefaciens, Burkholderia
caryophylli ,  P. aeruginosa ,  P. putida ,  Ralstonia
solanacearum ,  Xanthomonas axonopodis pv.
dieffenbachiae
Fig. 3. Polymerase chain reaction (PCR) products
amplified from total DNA of strains E. carotovora subsp.
carotovora and E. chrysanthemi mixed with other
nontarget bacterial DNA with primer pair Ec3F/Ec4R. M,
100 bp marker; lane 1, negative control; lane 2, only P.
putida DNA; lanes 3-8, Ecc and Ech mixed with A.
tumefaciens, B. caryophylli, P. aeruginosa, P. putida, R.
solanacearum ,  X. axonopodis pv. dieffenbachiae ,
respectively.

Ec3F / Ec4R E. carotovora subsp. carotovora Zan01 E.
chrysanthemi Ech15 DNA A Ecc (Zan01) DNA B Ech (Ech15) DNA

M 100 bp marker 1-9 100 ng, 50 ng, 10 ng, 1 ng, 100 pg, 50 pg, 10 pg, 1 pg 0.1 pg
Fig. 4. Sensitivity of PCR using primer pair Ec3F/Ec4R to detect total DNA of E. carotovora subsp. carotovora Zan01 (A)
and Erwinia chrysanthemi Ech15 (B). Lanes 1-9, 100 ng, 50 ng, 10 ng, 1 ng, 100 pg, 50 pg, 10 pg, 1 pg and 0.1 pg
respectively. M, 100 bp marker.
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Ec3F / Ec4R Ecc Ech 
2, 10, 17 1.1~1.2 104 cfu 3, 11, 18 1.1~1.2 103 cfu 4, 12, 19 1.1~1.2 102 cfu 5, 13, 20 1.1~1.2

101 cfu 6, 14, 21 1.1~1.2 cfu 7, 15, 22 1.1~1.2 10-1 cfu 8, 16, 23 1.1~1.2 10-2 cfu M 100 bp
marker 1 
Fig. 5. Sensitivity of PCR for detection of cultured E. carotovora subsp. carotovora (A) and E. chrysanthemi (B) with
primer pair Ec3F / Ec4R. Lanes 2, 10 and 17, 1.1~1.2 104 cfu; lanes 3, 11 and 18, 1.1~1.2 103 cfu; lanes 4, 12 and 19,
1.1~1.2 102 cfu; lanes 5, 13 and 20, 1.1~1.2 101 cfu; lanes 6, 14 and 21, 1.1~1.2 cfu; lanes 7, 15 and 22, 1.1~1.2 10-1

cfu; lanes 8, 16 and 23, 1.1~1.2 10-2 cfu; . M, 100 bp marker; lane 1, negative control.

Ec3F / Ec4R 

Ecc Ech 
M 100 bp

Marker 1 ddH2O 2
Sr50 DNA 3-13 

Ecc Zan
1 2 3 9 10 13 31
34 36 39 50 

14 - 17 
Ech Ech 17, 18, 19, 20 

Fig. 6. Identification of Erwinia carotovora subsp. carotovora and Erwinia chrysanthemi by PCR with primer pair Ec3F /
Ec4R. Individual colonies on agar plates were extrated with NaOH and used as templates for PCR. Lane 1, ddH2O negative
control; lane 2, Sr50 DNA; lanes 3-13, colonies from Ecc strains Zan1, 2, 3, 9, 10, 13, 31, 34, 36, 39, 50 respectively; lanes
14 - 17, colonies from Ech strains Ech 17, 18, 19 and 20 respectively. M, 100 bp marker.
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16S rRNA 

Eca Ecc Ech (25)

Erwinia

Ech

ADE1 / ADE2 (18) 5A / 5B (1) E. carotovora

Ec1 / Ec2 (12)

Ecc Ech

PCR 

Xanthomonas axonopodis pv.

vesicatoria Xanthomonas vesicatoria
(14) RAPD

Ecc 

1,200 bp Ech rhiN

83% 

Ech Ecc 49

bp

Ec3F / Ec4R PCR Ecc 

497 bp Ech 548 bp

PCR 

Ecc Ech

Ec3F / Ec4R PCR 

10

pg~50 pg DNA 
(10)

Ecc 11 Ech 

12 (6)

(6) 5A

/ 5B Ec1 / Ec2 Ecc 

1.3 102 Ech 5.2 101

Toth (25)

Toth (25)

2.0 103 ~ 3.4 104

Ec3F / Ec4R Ecc Ech 

Ec3F / Ec4R

PCR 

~

Ecc Ech

Ecc Ech 

Ec3F / Ec4R 
(19)

1. 1995 Erwinia chrysanthemi
PCR

2. 1994

Ec3F / Ec4R Ecc Ech 
M 100 bp Marker 1 ddH2O 2 Zan01 DNA 3 

Ech15 DNA 4-6 7-9 10-12 
13-15 

Fig. 7. Detection of infected tissues of cala lily and phalaenopsis from fields by PCR with primer pair Ec3F / Ec4R. Lane
1, ddH2O negative control; lane 2, Zan01 DNA; lane 3, Ech15 DNA; lanes 4-6, infected rhizome tissues of cala lily; lanes
7-9, infected stem tissues of cala lily; lanes 10-12, infected leaf tissues of cala lily, lanes 13-15, infected leaf tissues of
phalaenopsis; M, 100 bp marker.
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ABSTRACT

Hseu, S. H.,1 Shentue, H 1., Tzeng, K. C 2. and Lin, C. Y. 1, 3 2007. Development of specific primers for

differential identification pathogen Erwinia carotovora subsp. caratovora and Erwinia chrysanthemi.

Plant Pathol. Bull. 16 19-29 (1 Plant Pathology Division, Agricultural Research Institute, Council of

Agriculture, Wufeng, Taichung, Taiwan; 2 Department of Plant pathology, Chung-Hsing University,

Taichung, Taiwan, 3 Corresponding author, E-mail: cylin@wufeng.tari.gov.tw )

A specific PCR (polymerase chain reaction) primer pair has been developed using RAPD

(random amplified polymorphic DNA) to differentially detect Erwinia carotovora subsp. carotovora

(Ecc) and E. chrysanthemi (Ech). A specific 1,200 bp DNA fragment was amplified and cloned from

Ecc DNA using OPY20 primer, one of the sixty random primers used in RAPD. Nucleotide sequence

of this 1,200 bp DNA showed 83% similarity to Ech rhiN gene, where conserved sequences were

displayed in two regions. But in Ech rhiN sequence, there are additional 49 bp nucleotides inserted

between these two conserved regions. Herein, a set of primers Ec3F / Ec4R was designed and applied

to differentially detect Ecc and Ech by PCR. Using bacterial chromosomal DNA as templates, a

distinct 497 bp fragment can be amplified from 225 Ecc strains, and a 548 bp fragment was amplified

from 85 Ech strains. No fragment can be amplified from the other seven bacterial species in six

genera. Sensitivity of PCR for detecting Ecc and Ech was between 10 50 pg for purified DNA and

1.1 101 cfu and 1.2 101 cfu for cultured cells, respectively. It took 3-4 hr to detect Ecc and Ech by

colony PCR using Ec3F / Ec4R primer set and the target bacteria in infected tissues of cala lily and

phalaenopsis. Results presented here suggest that the primer pair Ec3F / Ec4R applied in PCR can be

very useful in rapid identification, detection, and differentiation of the soft rot pathogens Ecc and Ech. 

Key words: Cala lily, Erwinia carotovora subsp. carotovora, Erwinia chrysanthemi, primer.


