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ABSTRACT
Leu, Y. S., Deng, W. L., Yang, W. S., Wu, Y. F,, Cheng, A. S., Hsu, S. T., and Tzeng, K. C. 2010.

Multiplex Polymerase Chain Reaction for Simultaneous Detection of Xanthomonas campestris pv.

campestris and X. campestris pv. raphani. Plant Pathol. Bull. 19: 137-147.

Black rot of crucifers caused by Xanthomonas campestris pv. campestris (Pammel) Dowson (Xcc)
is an important disease worldwide. In recent years, the bacterial leaf spot of Brassica spp. caused by X.
campestris pv. raphani (White) Dye (Xcr) has been reported and has caused serious economic losses
in several countries. The primary inoculum sources of these two pathogens of crucifers are mainly
from the infected or contaminated seeds or seedlings. For disease diagnosis and quarantine purpose, a
specific and rapid detection technique for Xcc and Xcr is needed. In this study, the genomic suppression
subtractive hybridization (SSH) method was used to obtain specific DNA fragments for Xcc or Xecr. Six
and 9 clones were randomly selected from Xcc-Xcr and Xcr-Xcc SSH library, respectively. The insert
DNA of these clones were sequenced and blasted to the NCBI and JCVI database. Two candidates
of specific DNA fragments, Xcc 34-2 and XLS 2-14 were selected. According to the sequences of
specific DNAs fragments in clones of Xcc 34-2 and XLS 2-14, primer pairs Xcc 2f/2r and Xcr 14{/14r
were designed for the detection and identification of Xcc and Xcr. The DNA fragments of 200 bp
and 277 bp were specifically amplified from strains of Xcc and Xcr by multiplex PCR with these two
primer pairs. The detection sensitivity of primer pairs Xcc 2f/2r and Xcr 14f/14r was 10 pg and 100 pg
DNA for Xcc and Xcr, respectively. When the black rot and bacterial spot naturally infected leaf tissues
or seeds of crucifers were examined, Xcc and Xcr could be detected and identified specifically and
simultaneously by multiplex PCR. The detection technique developed in this study could be used to
differentiate the diseases caused by Xcc and Xcr, and it could also be used to detect Xcc and Xcr from

cruciferous seeds.

Keywords: Xanthomonas campestris pv. campestris, Xanthomonas campestris pv. raphani, multiplex
PCR



138 tEYEEHEGH F19E FH2H 2010

INTRODUCTION

Black rot of crucifers caused by Xanthomonas
campestris pv. campestris (Xcc) (Pammel) Dowson, is a
major disease worldwide. It often causes severe economic
losses ®”. The typical symptoms of black rot are vein
blackening, V-shaped chlorotic and necrotic lesions
extending from leaf margins along vines on the leaves. The
bacterial leaf spot of brassica caused by X. campestris pv.
raphani (Xcr) (White) Dye (synonym X. c. pv. armoraciae
(McCulloch) Dye) ®, has been reported in many countries
including United States ©”, Japan ®”, Brazil ”, China ,
Turkey and India ”. The disease has recently occurred
in Taiwan ®°. Xanthomonas campestris pv. raphani and
Xcc are similar in cultural, biochemical and physiological
characteristics ' *¥. However, they can be distinguished
by the pathogenicity assay on tomato (Solanum esculentum)
and pepper (Capsicum annuum) ™.

Xanthomonas campestris pv. campestris and Xcr are
important seedborne pathogens of crucifers. The primary
source of Xcc and Xcr is mainly from the infected or
contaminated seeds. The initial inoculum carried by
infected seeds is the critical factor for determining the
severity of black rot and bacterial spot diseases of crucifers
(22.25.2) T prevent the occurrence of these two diseases,
zero tolerance of Xcc and Xcr is often required for seedling
production “”. An accurate, sensitive and rapid detection
technique for Xcc and Xcr is needed to prevent the
introduction of the pathogens into the fields. Conventional
methods for identification and detection of pathogens
in seeds or plants mainly rely on the grow-out test *%,

i . S .
selective media ® %1% 2% G.14)

and serological techniques
However, three or more days are often needed to detect
these pathogens on selective media ***”. The serological
methods such as Enzyme-linked immunosorbent assay for
detection of seed-borne bacteria are also relatively time-
consuming and insensitive compared to the polymerase
chain reaction (PCR)**”. PCR has been widely used to
identify and detect phytopathogenic bacteria . Although
PCR detection techniques have been developed for
detection of X. campestris, the primer pairs used were often
designed according to the sequences of hrp (hypersensitive
response and pathogeniciy) F®*”. Since the sequence
of hrpF is highly conserved in Xcc and Xcr, these
primers can not differentiate Xcc from other pathovars of

X. campestris®.

Suppression subtractive hybridization (SSH) is a
powerful tool to obtain the differential DNA fragments
from two closely related bacterial strains *'***" In SSH
the differential DNA fragments between two closely related
bacteria are selectively amplified by the primers with
different adaptor sequences. The similar DNA fragments
can be simultaneously suppressed by hybridization. In
this study, the SSH was used to obtain the specific DNA
fragments of Xcc or Xcr. Based on the sequences of
these specific DNA fragments, primer pairs Xcc 2f/2r and
Xcr 14f/14r were designed. These two primer pairs can
specifically detect and identify Xcc and Xcr simultaneously
by multiplex PCR from naturally infected leaf tissues and

seeds.

MATERIALS AND METHODS

Bacterial strains and DNA extraction

Strains of X. campestris pv. campestris, Xcr and
the other bacteria used in this study are listed in Table 1.
All strains of Xcc were isolated from various cruciferous
crops in Taiwan, and the strains of Xcr used in this study
were originally provided by A. M. Alvarez, Department
of Plant Pathology, University of Hawaii, Honolulu, U. S.
A. All cultures were stored at -70°C in Luria-Bertani (LB)
broth containing 15% glycerol. Before use, all strains of
xanthomonads and Enterobacter cloacae were subcultured
on potato dextrose agar (PDA) medium, fluorescent
pseudomonads and Acidovorax avenae subsp. citrulli
were subcultured onto King’s medium B ", Ralstonia

solanacearum was subcultured onto TTC medium "V,

Escherichia coli were subcultured onto LB agar medium “?,
and other bacterial strains were subcultured onto nutrient
agar medium. All strains were grown at 30°C except E. coli
which was grown at 37°C. For DNA extraction, bacterial
cultures were grown at 30°C for 24 hr, and cells from 5
ml of LB broth were used. Extraction of total DNA was

performed as described by Lazo et al."®.

Suppression subtractive hybridization (SSH)

Suppression subtractive hybridization was performed
by using the PCR Select Bacterial Genome Subtraction
Kit (Clontech Inc., CA. USA). To obtain specific DNA

fragments from Xcc, Xcc strain Xcc 34 was used as the
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tester and Xcr strain XLS 2 as the driver; whereas to
obtain specific DNA fragments from Xcr, Xcr strain XLS
2 was used as the tester and Xcc strain Xcc 34 as the
driver. Genomic DNA (2 ng) from the tester (Xcc 34 or
XLS 2) was briefly digested with Rsal and separated into
two portions, each of which was subjected to a ligation
reaction to attach to a different set of PCR adaptors. The
two portions were then separately hybridized to excess
Rsal-digested driver DNA (XLS 2 or Xcc 34) at 63°C for
1.5 h. All sequences which are common in the two strains
were hybridized, and leaving enriched tester specific single-
stranded DNA. The two preparations were then mixed
together and hybridized at 63°C for 20 h. Only sequences
specific for the tester strain which had different adaptors
on each strand were amplified in the subsequent PCRs as
described in the Clontech subtraction protocol. The mixture
of PCR products was purified by Gel Elution Kit (GeneMark
Technology, Taiwan), ligated to the T-A cloning vector
pGEM-T (Promega, WI, USA), and transformed into E. coli
DH 10B.

Sequence analysis and primer designed

The DNA fragments from Xcc and Xcr acquired
from SSH were randomly selected for sequencing. DNA
sequencing was performed by Mission Biotech Co., Ltd.
(R.O.C.). Sequence of each SSH clones was blasted by
National Center for Biotechnology Information (NCBI)
BLAST program (http://www.ncbi.nlm.nih.gov/BLAST/)
and Comprehensive Microbial Resource (CMR) BLAST
program (http://tigrblast.tigr.org/ufmg/) of J. Craig Venter
Institute. Two clones Xcc 34-2 and XLS 2-14 were selected
to design specific primer pairs for Xcc and Xcr by the San
Diego Supercomputer Center (SDSC) biological workbench

Primer 3 program.

PCR test of the specific primer pair for Xcc and
Xer

The primer pairs designed for detection of Xcc and
Xcr were tested by PCR. All amplifications had a final
volume of 20 pl containing 0.25 mM dNTP, 1X GenTaq
reaction buffer, 0.25 uM of each primer pair, 100 ng of
total DNA and 0.8U GenTaq polymerase (GeneMark
Technology, Taiwan). Reactions were run in a thermal
cycler (PTC-200 MJ Research cycler, Bio-rad, USA) for
35 cycles, each consisting of 30 sec at 95°C, 30 sec at 60°C

and 30 sec at 72°C with initial denaturation of 5 min at
95°C and final extension 10 min for 72°C. A 10 pl of each
amplified PCR products was electrophoresed on a 1.5%
agarose gel. The gel was further stained with ethidium
bromide, and visualized under a UV transilluminator.

Specificity and sensitivity of primer pairs

Specificity test

To determine the specificity of primer pairs Xcc 2f/2r
and Xcr 14f/14r, total DNA from strains of Xcc, Xcr and
other plant pathogenic bacteria (Table 1) were tested by
PCR with single primer pair. The PCR tests were performed

as described above.

Sensitivity test

To determine the sensitivity of primer pairs Xcc 2f/2r
and Xcr 141/14r for detection of Xcc and Xcr, serial dilution
of the total DNA from Xcc strain Xcc 74 and Xcr strain
XLS 10 were prepared ranging from 100 ng to 1 fg. The
conditions for PCR test were done as described above.

Multiplex PCR for detection of Xcc and Xcr

Fifteen strains of Xcc and seven strains of Xcr were
tested by multiplex PCR with primer pairs Xcc 2f/2r
and Xcr 14f/14r. The multiplex PCR reaction mixture
contains 0.25 mM dNTP, 1X PCR GenTaq reaction buffer,
0.25 uM of each primer (Xcc 2f/2r and Xcr 14{/14r),
100 ng of each total DNA of Xcc Xcr and 0.8U GenTaq
polymerase (GeneMark Technology, Taiwan). The
amplification program of multiplex PCR assays was done
as PCR test described above.

Simultaneous detection of Xcc and Xcr from
naturally infected plant tissues and seed

To detect the Xcc and Xcr in natural infected tissues
by PCR. The black rot symptomatic cabbage leaves
and seeds naturally infected by Xcc were obtained from
Tainan, Taiwan. The leaves of cabbages with bacterial leaf
spot symptoms were collected from Changhwa, Taiwan.
The DNA from diseased leaf tissues was extracted by a
procedure modified from Audy er al. . The diseased leaves
were weight for one gram and placed in 1.5 ml eppendorf.
A 200 pl of the extraction buffer (0.5N NaOH containing
0.5% polyvinylpyrrolidone) were added in to an eppendorf
tube. The leaf tissues were then ground with a 200 ul
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Table 1. Bacterial strains used in this study

Spiecies

Strain designation

Acidovorax avenae subsp. citrulli
Enterobacter cloacae
Pectobacterium carotovorum subsp. carotovorum
P. chrysanthemi

Pseudomonas aeruginosa

P. putida

P. syringae pv. averrhoi

P. syringae pv. syringae

P. syringae pv. tabaci

Ralstonia solanacearum
Xanthomonas axonopodis pv. citri
X. axonopodis pv. glycines

X. axonopodis pv. vesicatoria

X. campestris pv. campestris

X. campestris pv. mangiferaeindicae
X. campestris pv. raphani

X. oryzae pv. oryzae

X. vesicatoria

Aac 19

SM 1

ZL 1

CAS 7

WEP 33

YFLP 56

PAS

Pss 226

ATCC 11528

G21

Xw 19

Xcg 68

XVT 88

Xcc 4, Xee 7, Xee 34, Xcc 40,
Xcc 45, Xee 61, Xee 62, Xcc 68,
Xcc 70, Xcc73, Xee 78, Xce 86, Br 1, Br 6, Xsp 17
Xcm 90

A342, XLS 2, XLS 6, XLS 10,
Xca 417, Xca 756, G3-27

Xoo 84

Xv 124

pipette tip. The residues of leaf tissue were separated from
DNA extraction by centrifugation with 12,000 rpm for 15
min. The supernatant were collected as the stock DNA.
The stock DNA was diluted 10- and 100-fold with distilled
water and used in multiplex PCR assay as described above.
The pretreatment processes for detection Xcc in naturally
infected cabbage seeds were described as follows. The
cabbage seeds (1000 seeds about 3 g) were placed in a 300
ml flask containing 100 ml saline (0.85% NaCl and 0.02%
Tween 20). The flask was placed at 4°C for 1 hr, then shook
with 200 rpm at 30°C for 30 min in a rotary shaker. The
washing solution was collected and centrifuged with 15,000
rpm at 4°C for 15 min. The supernatant was discarded and
the pellet was resupsended with 500 pl distilled water. The
seed extract was diluted 10- and 100-fold with distilled
water and used in multiplex PCR assay as described above.

RESULTS

DNA fragments specific for Xcc and Xcr obtained
by suppression subtractive hybridization

In suppression subtractive hybridization library, six
clones of Xcc-Xcr SSH library and nine clones of Xcr-

Xcc SSH library were randomly selected for sequencing

and blasted in NCBI Genebank and the Comprehensive
Microbial Resource (CMR) of J. Craig Venter Institute.
Among the six SSH clones of Xcc 34, the sequence of Xcc
34-2 clone was conserved to a hypothetical protein gene
of Xcc strain ATCC 33913. This hypothetical protein gene
is not in the genome of Xcr 756C. The sequence of XLS
2-14 from the nine Xcr-Xcc SSH clones was conserved to
the 3 genes of Xcr 756C with 99% identity, which contain
2 conserved hypothetical protein genes (XCAORF_1460
and 1462) and one IS5 transposase gene (XCAORF_1461)
(Table 2). These two conserved hypothetical protein genes
are specific for Xcr. Since the sequences of SSH clone
Xcc 34-2 and XLS 2-14 were highly specific for Xcc and
Xecr, respectively. Based on these two sequences, specified
primer pairs Xcc 2f (5’- TGGGTTTTCGCCTATCAAAC
-3’) /2r (5’- TGCAACTATTCCTAGCACCG-3’) or Xcr
14f (5’- CGTTAGCCAGG TAGAAAGCG-3’) /14r (5°-
TCGCTATTTCCATCTACCCG-3’) for Xcc and Xcr
were designed with the Primer 3 program in San Diego

Supercomputer Center (SDSC) biological workbench.

Specificity and sensitivity of primer pairs for Xcc
and Xcr

Specific DNA fragment of Xcc (200 bp) and Xcr (277
bp) was amplified by PCR with primer pairs Xcc 2f /2r and
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Xcr 14f /14r, respectively. The specificity tests revealed that
primer pairs Xcc 2f/2r and Xcr 14f/14r were highly specific.
The specific DNA fragment was only amplified from
Xcc or Xcr, but not from other phytopathogenic bacteria
strains tested (Fig. 1). The minimal DNA concentration for
detection of Xcc strain Xcc 74 by PCR with primer pair
Xcc 2f/2r was 10 pg, while for Xecr strain XLS 10 by PCR
with primer pair Xcr 14f/14r was 100 pg (Fig. 2).

Multiplex PCR for detection of Xcc and Xcr

To test whether Multiplex PCR with primer pairs of
Xcc 2f/2r and Xcr 14f/14r could specifically detect and
identify Xcc and Xcr, respectively. The results showed that
DNA fragments specific for Xcc and Xcr were amplified
from fifteen strains of Xcc and seven strains of Xcr listed
in Table 1. No interference between these two primer pairs
was observed (Fig. 3)

Table 2. Summary of BLAST of sequences from selected suppression subtractive hybridization (SSH) clones of X.
campestris pv. campestris strain Xcc 34 and X. campestris pv. raphani strain XLS 2

SSH Insert size

clone (bp) property

Organism, accession no. and BLASTN
E value in NCBI , Predicted function or

Organism, accession no. and BLASTN E value in
JCVI CMR, Predicted function or property

Xcc 34-2 343

hypothetical protein

XLS 2-14 561

IS1479 transposase

X. campestris pv. campestris strain
ATCC 33913, AAM41191.1, le-145,

X. campestris pv. campestris strain
ATCC33913, AE008922.1, 9.1e-13,

X. campestris pv. campestris strain ATCC33913,
XCC_1902, 2.4e-60, hypothetical protein

X. campestris pv. raphani strain 756C, XCA-
ORF_1460, 1.6e-22, hypothetical protein
XCAORF_1461, 4.4e-19, IS5 transposase
XCAORF_1462, 1.5e-16, hypothetical protein

graes

67 891011 1213 1415M M 16 171819 20 21

M 1 23 45 6 7-8 9 10 H 1213 5 MM16 17 181920 21 22 23 M

Fig. 1. Specificity test for Xanthomonas campestris pv. campestris, X. campestris pv. raphani and other plant pathologenic
bacteria by polymerase chain reaction with primer pairs Xcc 2{/2r (A) or Xcr 14f/14r (B). From left, lane M, Bio 100 DNA
ladder (PROtech Technology, R.O.C.); lane 1, negative control; lanes 2~4, X. campestris pv. campestris strains Xcc 34,
Xce 70, Xcc 74; lanes 5~7, X. campestris pv. raphani Xca 417, Xca 756, A342; lane 8, Acidovorax avenae subsp. citrulli
Aacl9; lane 9, Pectobacterium carotovorum subsp. carotovorum ZL 1; lane 10, Pectobacterium chrysanthemi Cas 7; lane
11, Enterobacter cloacae SM1; lane 12, Pseudomonas aeruginosa WFP 33; lane 13, Pseudomonas putida YFLP 56; lane
14, Pseudomonas syringae pv. averrhoi PA 5; lane 15, Pseudomonas syringae pv. syringae Pss 226 ; lane 16, Pseudomonas
syringae pv. tabaci ATCC 11528 ; lane 17, Ralstonia solanacearum G 21; lane 18, X. axonopodis pv. citri Xw 19; lane 19, X.
campestris pv. mangiferaeindicae Xcm 90; lane 20, X. axonopodis pv. glycine Xcg 68; lane 21, X. axonopodis pv. vesicatoria
XVT 88; lane 22, X. vesicatoria XV 124 and lane 23, X. oryzae pv. oryzae Xoo 84.
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Fig. 2. Sensitivity of detection of DNA of Xanthomonas campestris pv. campestris strain Xcc 74 and X. campestris pv.
raphani XLS 10 by PCR with primer pairs Xcc 2f/2r (A) or Xcr 14{/14r (B). From left, Lane M, Biol00 DNA Ladder
(PROtech Technology, R.O.C.); lane 1, sterilized distilled water; lanes 2 ~10, 100 ng, 10 ng, 1 ng, 100 pg, 10 pg, 1 pg,
100fg,10 fg, and 1 fg DNA, respectively.

200 bp

Fig. 3. Detection of Xanthomonas campestris pv. campestris and X. campestris pv. raphani strains by multiplex PCR with
primer pairs Xcc 2f/2r and Xcr 14f/14r. From left: lane M, Bio 100 DNA ladder (PROtech Technology, R.O.C.); lane N,
sterilized distilled water; lanes 1~5, X. campestris pv. campestris strain Xcc 34, Xcc 40, Xcc 70, Xcc 78, Br 1 and lanes 6~10,
X. campestris pv. raphani strain Xca 417, Xca 756,A342, G3-27, XLS 2.
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Simultaneous detection of Xcc and Xcr from
naturally infected plant tissues and seeds by
multiplex PCR

The extracts prepared from the leaf tissues of cabbage
with black rot symptoms were examined by multiplex
PCR with the primer pairs Xcc 2f/2r and Xcr 14f/14r. The
DNA fragment specific for Xcc was amplified, but no
other DNA fragment was amplified (Fig. 4). The specific
products of Xcc was consistently amplified from the 10
fold diluted extracts, while the products were inconsistently

amplified from undiluted extracts. Leaf tissues of cabbage

200 bp

with symptoms of bacterial leaf spot were collected and
detected by multiplex PCR with primer pairs Xcc 2f/2r and
Xcr 14f/14r. The DNA fragments specific for both Xcc and
Xer were amplified from undiluted leaf tissue extractions.
Among the ten samples, there was only one sample (lane
4) without any amplification product (Fig. 5). When
cabbage seeds naturally infected by Xcc were examined by
multiplex PCR with primer pairs Xcc 2f/2r and Xcr 14{/14r.
DNA fragment specific for Xcc was amplified from the 10
fold and 100 fold diluted extracts, but no specific product

was amplified from undiluted seed extracts (Fig. 6).

Fig. 4. Detection of Xanthomonas campestris pv. campestris and X. campestris pv. raphani from leaf tissues of cabbage with
black rot symptoms by multiplex PCR with primer pairs Xcc 2f/2r and Xcr 14f/14r. From left, lane M, Bio 100 DNA ladder
(PROtech Technology, R.O.C.); lane N, sterilized distilled water; lanes 1~3, diseased tissue extract; lane 4, healthy tissue
extract + total DNA of Xcc 73 (100 ng); lanes 5~7, 10 fold dilution of diseased tissue extract; lanes 8~10, 100 fold dilution
of diseased tissue extract and lane 11, 100 fold dilution of healthy tissue extract + total DNA of Xcc 73 (100 ng).

277 bp
200 bp

Fig. 5. Detection of Xanthomonas campestris pv. campestris and X. campestris pv. raphani from leaf tissues of cabbage with
bacterial leaf spot symptoms collected from nursery in Changhwa by multiplex PCR with primer pairs Xcc 2{/2r and Xcr
14f/14r. From left, lane M, Bio 100 DNA ladder (PROtech Technology, R.O.C.); lane N, sterilized distilled water; lane 1,
total DNA of Xanthomonas campestris pv. campestris Xcc 73 (100 ng); lane 2, total DNA of X. campestris pv. raphani XLS

10 (100 ng); lanes 3~12, diseased leaf tissues.
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277 bp
200 bp

Fig. 6. Detection of Xanthomonas campestris pv. campestris in naturally infected cabbage seeds by multiplex PCR with
primer pairs Xcc 2f/2r and Xcr 14f/14r. From left, lane M, Bio 100 DNA ladder (PROtech Technology, R.O.C.); lane N,
sterilized distilled water; lanes 1~3, undiluted seed extract; lane 4, undiluted seed extract + total DNA of Xcc 73 (100 ng)
and X. campestris pv. raphani XLS 10 (100 ng); lanes 5~7, 10 fold dilution of seed extract; lane 8, 10 fold dilution of seed
extract + total DNA of Xcc 73 (100 ng) and X. campestris pv. raphani XLS 10 (100 ng); lanes 9~11, 100 fold dilution of seed
extract and lane 12, 100 fold dilution of seed extract + total DNA of Xcc 73 (100 ng) and X. campestris pv. raphani XLS 10

(100 ng).

DISCUSSION

In the reclassification of genus Xanthomonas based
on DNA-DNA hybridization, the species X. campestris
includes pathovars campestris (Xcc), aberrans,
armoraciae, barbareae, incanae, and raphani ©2 However,
X. campestris pathovars of armoraciae and raphani have
been considered as synonyms by Alvarez et al. ®. Based on
pathogenicity and repetitive-DNA PCR based fingerprinting
assay, the X. campestris pathovars that cause nonvascular
leaf spot disease on Brassica have been identified as pv.
raphani, but not pv. armoraciae **. Further study based on
the pathogenicity assay also indicated that X. campestris
should be restricted into three pathovars: (i.) X. campestris
pv. campestris which causes black rot diseases on at least
one cruciferous plant, (ii.) X. campestris pv. raphani
which causes leaf spot disease on hosts of Brassicacae
and Solanaceae, and (iii) X. campestris pv. incanae which
causes bacterial blight of garden stock "

In this study, specific DNA fragments were cloned and
sequenced from Xcc and Xcr by suppression subtractive
hybridization. Among them, the DNA fragment in the
Xcc 34-2 clone is a conserved hypothetical protein gene
(XCC1902) of Xcc strain ATCC 33913. While in the
clone of XLS 2-14, it contains two conserved hypothetical
protein genes (XCAORF_1460 and_ 1462) of Xcr strain
756C. This DNA fragment is located in the downstream of

hrpF gene. Comparing the downstream sequences of hrpF
gene in Xcc and Xcr, it revealed that the Xanthomonas out
protein F1 gene (Xcc 1218) is adjacent to the hrpF of Xcc,
while there are 10 genes between hrpF and Xanthomonas
out protein F1 gene in Xcr. These genes include the DNA
fragment XLS 2-14 (XCAORF_1460~1462), skwp4 (
XCAORF_1464), hpa3 (XCAORF_1469) etc. Since these
genes were found in the hrp (hypersensitive response and
pathogenicity) gene cluster of X. campestris pv. raphani,
they might play important roles in pathogenicity of Xcr.

Multiplex PCR consists of multiple primer pairs added
into one reaction tube, and these primer pairs can only
amplify their specific DNA fragments '*. In this study, the
multiplex PCR with primer pairs Xcc 2f/2r and Xcr 14/14r,
the specific DNA fragments for Xcc (200 bp) and Xcr (277
bp) were amplified. It reveals no interference between these
two primer sets. In this study, both Xcc and Xcr can be
detected from the sample of leaf spot tissue of cabbage by
multiplex PCR. Zhao et al. ®” reported that two pathovars
of X. campestris were isolated from leaf spot of crucifers in
eight fields in Oklahoma. In this study, yellow colonies of
Xanthomonas campestris were isolated from the leaf spot
diseased tissues on the NA plates. Xanthomonas campestris
pv. campestris can not differentiated from Xcr based on
their colony morphology; however, they can be rapidly and
specifically identified by multiplex PCR with primer pairs
Xcc 2f/2r and Xcr 141/14r.
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Xanthomonas campestris pv. campestris can be
detected from naturally infected cabbage seeds by
multiplex PCR with primer pairs of Xcc 2f/2r and Xcr
14f/14r. However, the DNA fragment specific for Xcc
was consistently amplified from 10 fold dilutions of seed
extract, but was inconsistently from the undiluted original
extract. The results indicated that there were PCR inhibitors
presented in cabbage seed extraction. Since the seed
washings of Brassica seeds contain other microflora and
inhibitory compounds, X. campestris colonies formed on
selective medium was often inhibited ®". These microflora
and inhibitors are problems for both the plating and PCR
based detection methods ©. To prevent the effect of PCR
inhibitors, the seed washings often need to dilute 10 or
100 folds for PCR detection or isolation of X. campestris
colonies ®. However, there are some PCR based techniques
can be used to overcome the inhibitor such as real-time
PCR or immunomagnetic separation PCR (IMS-PCR) ‘"

The methods recommended for detection of Xcc by
International Seed Test Association (ISTA) are based on
the selective medium and pathogenicity tests. The protocol
to detect Xcc advises that any colony able to hydrolyse
starch on mCS20ABN or FS medium needed to be further
analyzed by pathogenicity testing on seedlings; it often
takes two weeks to do these tests *”. The mixture of Xcc/
Xecr- specific monoclonal antibodies has been used for
detection of the black rot/leaf spot pathogens ®. In this
study, Xcc and Xcr can be simultaneously and rapidly
detected from diseased leaf tissues and in infected seeds
by multiplex PCR with Xcc 2f/2r and Xcr 14f{/14r. It only
took around 6 hours to perform the detection processes. In
summary, the detection technique developed in this study
could be used to differentiate the diseases caused by Xcc
or Xcr, and it could also be used to detect Xcc and Xcr

simultaneously from crucifer seeds.

ACKNOWLEDGEMENTS

This study was supported by the grant 95AS-13.4.1-
BQ-B2 from the Council of Agriculture, Taiwan, R.O.C.

LITERATURE CITED

1. Alvarez, A. M. 2004. Integrated approaches for
detection of plant pathogenic bacteria and diagnosis of
bacterial disease. Annu. Rev. Phytopathol. 42: 339-366.

10.

I1.

12.

13.

145

Alvarez, A. M., Benedict, A. A., Mizumoto, C. Y.,
Hunter, J. E., and Gabriel, D. W. 1994. Serological,
pathological, and genetic diversity among strains
of Xanthomonas campestris infecting crucifers.
Phytopathology 84: 1449-1457.

Alvarez, A. M., and Lou, K. 1985. Rapid identification
of Xanthomonas campestris pv. campestris by ELISA.
Plant Dis. 69: 1082-1086.

Audy, P., Braat, C. E., Saindon, G., Huang, H. C., and
Laroche, A. 1996. A rapid and sensitive PCR-based
assay for concurrent detection of bacteria causing
common and halo blights in bean. Phytopathology 86:
361-366.

Berg, T., Tesoriero, L., and Hailstones, D. L. 2005.
PCR-based detection of Xanthomonas campestris
pathovars in Brassica seed. Plant Pathol. 54: 416-427.
Bogush, M. L., Velikodvorskaya, T. V., Lebedev, Y.
B., Nikolaev, L. G., Lukyanov, S. A., Fradkov, A.
F., Pliyev, B. K., Boichenko, M. N., Usatova, G. N.,
Vorobiev, A. A., Andersen, G. L., and Sverdlov, E. D.
1999. Identification and localization of differences
between Escherichia coli and Salmonella typhimurium
genomes by suppressive subtractive hybridization. Mol.
Gen. Genet. 262: 721-729.

Bradbury, J. F. 1986. Guide to plant pathogenic
bacteria. C.A.B. International, London. 332 pp.

Chang, C. J., Donaldson, R., Crowley, M., and Pinnow,
D. 1991. A new semiselective medium for the isolation
of Xanthomonas campestris pv. campestris from
crucifer seeds. Phytopathology 81: 449-453.

Chitarra, L. G., Langerak, C. J., Bergervoet, J. H. W,
and van den Bulk, R. W. 2002. Detection of the plant
pathogenic bacterium Xanthomonas campestris pv.
campestris in seed extracts of Brassica sp. applying
fluorescent antibodies and flow cytometry. Cytometry
47: 118-126.

Chun, W. W. C., and Alvarez, A. M. 1983. A starch-
methionine medium for isolation of Xanthomonas
campestris pv. campestris from plant debris in soil.
Plant Dis. 67: 632-635.

Denny, T. P., and Hayward, A. C. 2001. Ralstonia.
Pages 151-174 in: Laboratory Guide for Identification
of Plant Pathogenic Bacteria, N. W. Schaad, J. B. Jones
and W. Chun, eds. APS, St. Paul, Minnesota. 398 pp.
Edwards, M. C., and Gibbs, R. A. 1994. Multiplex
PCR: advantages, development, and applications.
Genome Res. 3: S65-S75.

Fargier, E., and Manceau, C. 2007. Pathogenicity assays
restrict the species Xanthomonas campestris into three
pathovars and reveal nine races within X. campestris
pv. campestris. Plant Pathol. 56: 805-818.

. Franken, A., Zilverentant, J., Boonekamp, P., and



146

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

EYIRPEEET] B 19% 2 2010

Schots, A. 1992. Specificity of polyclonal and
monoclonal antibodies for the identification of
Xanthomonas campestris pv. campestris. Europ. J.
Plant Pathol. 98: 81-94.

Fukui, R., Arias, R., and Alvarez, R. 1994. Efficacy of
four semi-selective media for recovery of Xanthomonas
campestris pv. campestris from tropical soils. J. Appl.
Microbiol. 77: 534-540.

Harakava, R., and Gabriel, D. W. 2003. Genetic
differences between two strains of Xylella fastidiosa
revealed by suppression subtractive hybridization.
Appl. Environ. Microbiol. 69: 1315-1319.

King, E. O., Ward, M. K., and Raney, D. E. 1954. Two
simple media for the demonstration of pyocyanin and
fluorescein. J. Lab. Clin. Med. 44: 301-307.

Lazo, G. R., Roffey, R., and Gabriel, D. W.
1987. Pathovars of Xanthomonas campestris are
distinguishable by restriction fragment length
polymorphism. Int. J. Syst. Bacteriol. 37: 214-221.
Massomo, S. M. S., Nielsen, H., Mabagala, R. B.,
Mansfeld-Giese, K., Hockenhull, J., and Mortensen,
C. N. 2003. Identification and characterisation of
Xanthomonas campestris pv. campestris strains from
Tanzania by pathogenicity tests, Biolog, rep-PCR and
fatty acid methyl ester analysis. Europ. J. Plant Pathol.
109: 775-789.

Park, Y. J., Lee, B. M., Ho-Hahn, J., Lee, G. B., and
Park, D. S. 2004. Sensitive and specific detection of
Xanthomonas campestris pv. campestris by PCR using
species-specific primers based on hrpF gene sequences.
Microbiol. Res. 159: 419-423.

Randhawa, P. S., and Schaad, N. W. 1984. Selective
isolation of Xanthomonas campestris pv. campestris
from crucifer seeds. Phytopathology 74: 268-272.
Roberts, S. J., Hiltunen, L. H., Hunter, P. J., and
Brough, J. 1999. Transmission from seed to seedling
and secondary spread of Xanthomonas campestris pv.
campestris in Brassica transplants: effects of dose and
watering regime. Europ. J. Plant Pathol. 105: 879-889.
Roberts, S. J., and Koenraadt, H. 2005. Detection of
Xanthomonas campestris pv. campestris (Black rot) in
Brassica spp. In: International Rules for Seed Testing:
Annexe to Chapter 7 Seed health Methods, pp. 1-15.
Bassersdorf, Switzerland: ISTA.

Sambrook, J., Fritsch, E. F., and Maniatis, T. 1989.
Molecular cloning: A laboratory manual, 2nd ed. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor,
New York. 1659 pp.

Schaad, N. W. 1982. Detection of seedborne bacterial
plant pathogens. Plant Dis. 66: 885-890.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Schaad, N. W., and Donaldson, R. C. 1980. Comparison
of two methods for detection of Xanthomonas
campestris in infected crucifer seeds. Seed Sci. Technol.
8:383-391.

Schaad, N. W., Sitterly, W. R., and Humaydan, H.
1990. Relationship between incidence of seedborne
Xanthomonas campestris pv. campestris to black rot of
crucifers. Plant Dis. 64: 91-92.

Schaad, N. W., and White, W. C. 1974. Survival of
Xanthomonas campestris in soil. Phytopathology 64:
1518-1520.

Stocki, S. L., Babiuk, L. A., Rawlyk, N. A., Potter, A.
A., and Allan, B. J. 2002. Identification of genomic
differences between Escherichia coli strains pathogenic
for poultry and E. coli K-12 MG1655 using suppression
subtractive hybridization analysis. Microb. Pathog. 33:
289-298.

Tamura, K., Takikawa, Y., Tsuyumu, S., and Goto,
M. 1994. Bacterial spot of crucifers caused by
Xanthomonas campestris pv. raphani. Ann. Phytopathol.
Soc. Jpn. 60: 281-287.

Triplett, L. R., Zhao, Y., and Sundin, G. W. 2006.
Genetic differences between blight-causing Erwinia
species with differing host specificities, identified by
suppression subtractive hybridization. Appl. Environ.
Microbiol. 72: 7359-7364.

Vauterin, L., Hoste, B., Kersters, K., and Swings, J.
1995. Reclassification of Xanthomonas. Int. J. Syst.
Bacteriol. 45: 472-489.

Vicente, J. G., Conway, J., Roberts, S. J., and Taylor,
J. D. 2001. Identification and origin of Xanthomonas
campestris pv. campestris races and related pathovars.
Phytopathology 91: 492-499.

Vicente, J. G., Everett, B., and Roberts, S. J. 2006.
Identification of isolates that cause a leaf spot disease
of brassicas as Xanthomonas campestris pv. raphani
and pathogenic and genetic comparison with related
pathovars. Phytopathology 96: 735-745.

Williams, P. H. 1980. Black rot: a continuing threat to
world crucifers. Plant Dis. 64: 736-742.

Wu, Y. F,, Chen, S. C., Huang, S. H., and Cheng, A.
S. 2007. First report of bacterial leaf spot disease
of crucifers caused by Xanthomonas campestris pv.
raphani in Taiwan. Plant Pathol. Bull. 16: 87-90. (In
Chinese).

Zhao, Y., Damicone, J. P., Demezas, D. H., and
Bender, C. L. 2000. Bacterial leaf spot diseases of
leafy crucifers in Oklahoma caused by pathovars of
Xanthomonas campestris. Plant Dis. 84: 1008-1014.



Detection of Xanthomonas campestris pvs. campestris and raphani

1 %‘e
ERRE 2 S B A5 RE S TS~ AT~ IR S FEIER VY 2010, FEF R SRS
ik sE B I IR il [ e A (EIJJr?TEﬂF“ I B LA B PE BB . AR T 19: 137-147. ( BHbT
B N7 P R ERREY R R ER R 2 AR 1T R R B R BT YR B s TR
ZEGEMBEENEY  *BHEEE » EFEME © ketzeng@nchu.edu.tw 5 {HE : +886-4-2285-
4633)

Xanthomonas campestris pv. campestris (Xcc) BT822 BIGHE +FILRMEM EE 2R »
STTESR X. camestris pv. raphani (Xcr) 5|22 +FACRHHEVEERR L2 BIR#E A > i
FC e B 2 FBR: o SRS B G L A o Dt T 2 e BT 1 R R ) R A o R I A 28 L b A A
P IR AT o MERE ~ B8 RECHL DR < A HI Bl » ?%I“%%Eﬁ%ﬁﬂﬂﬁﬁ¢%$ PR o ARFFEHE B A
HRRAIE 73 RIEEH Xee B Xer FREPERZRR I B » (RHIZI - 91E%E T Xee B Xer Z B —1E5]
F¥F Xee 2f/2r Bl Xer 14f/14r » WEAML RIS | ¥t .2 S Bl R - ﬂﬁTﬁtﬁlﬁfﬁ‘ﬂ?ﬁT il
#Xcc B Xer HMEHT 200 bp B 277 bp ZKLRE B - HAHSIE 2 SEHUSL 735185 10 pg B2 100 pg °
Wﬁ%ﬁ@ﬁ?ﬁﬁ%ﬁ¥mm%@%ﬁfﬂﬂ ﬁTM&WTHMﬁM@E%MWEF@%

» SRl P PR S A Rk T B 7 1 355 DR o 32 il B T 1~ < A o

R © T eRUBISHE ~ T eRIETEERE ~ 25 R Al E

147



