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The 16S-23S rRNA intergenic spacer regions (ISRs) were
sequenced and analyzed to design specific primer for
identification of Pectobacterium chrysanthemi. Two types
ISRs, large and small ISRs, were identified from three
strains (ATCC 11663, KACC 10163 and KACC 10165)
of P chrysanthemi and Pectobacterium carotovorum
subsp. carotovorum ATCC 15713. Large ISRs contained
transfer RNA-Te (tRNA™) and tRNA*", and small ISRs
contained tRNA", Size of the small ISRs of P. chrysan-
themi ranged on 354-356 bp, while it was 451 bp in
small ISR of P. carotovorum subsp. carotovorum ATCC
15713. From hypervariable region of small ISRs, spe-
cies-specific primer for P. chrysanthemi with 20 bp
length (CHPG) was designed from hypervariable region
of small ISRs, which was used as forward primer to
detect P chrysanthemi strains with R23-1R as reverse
primer. The primer set CHPG/R23-1R produced PCR
product of about 260bp size (CHSF) only from P. chry-
santhemi strains, not from other Pectobacterium spp.
and Erwinia spp. Direct PCR from bacterial cell with-
out extracting DNA successfully amplified a specific
fragment, CHSF, from P. chrysanthemi ATCC 11663.
The limit of PCR detection was 1 X 10° cfu/ml.

Keywords : 165-23S rRNA intergenic spacer region (ISR),
PCR detection, Pectobacterium chrysanthemi.

Amplification of the specific target region of the bacterial
genome by polymerase chain reaction (PCR) is widely used
for detection and identification purposes (Chun et al., 1999;
Henson and French, 1993). The ability to amplify a specific
genome region from the target bacteria offer advantages
over conventional cultural and phenotypic methods: sim-
plicity, rapidity and sensitivity. The method has been applied
to detect a variety of micrological agents directly in envi-
ronmental samples as well as on genomic DNA and growth
medium (Picard et al., 1992; Tsai and Olson, 1992). Espe-
cially, gram-negative bacteria are easily identifiable from
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cell and colony by PCR without the prépératidﬁ of génomic
DNA.

The structures of 16S-23S rRNA intergenic spacer
regions (ISRs) of bacteria were very heterogeneous (Gar-
cia-Martinez et al., 1996; Chun et al., 1999). As well as the
number, type and length of ISRs may be variable on the
level of genus and species, the length and sequence varia-
tions among strains were observed in ISRs. The hypervari-
ability of struture of ISRs in bacterial genomes has been
used for the species identification, strain typing and phylo-
genetic analysis.

Pectobacterium chrysanthemi (former Erwinia chrysan-
themi) was originally isolated from chrysanthemum by
Burkholder et al. (1953). Along with Pectobacterium caro-
tovorum, it is representative pectolytic phytopathogen caus-
ing soft-rot, stunting, and wilting on a wide range of plants
in different parts of the world (Lelliott, 1974; Dickey, 1979;
Korean Society of Plant Pathology, 1998). Furthermore,
this species were demonstrated to be heterogeneous on the
basis of physiological, biochemical, and serological proper-
ties (Lelliott, 1974; Yakrus and Schaad, 1978; Dickey,
1979). The identification and differentiation of P. chrysan-
themi from other pectolytic bacteria has relied mainly on
the biochemical and pathogenic properties.

In this study, the ISRs from P. chrysanthemi and P. caro-
tovorum were sequenced and analyzed to seek specific
nucleotide sequences for P chrysanthemi. The specific
primer set designed for P. chrysanthemi was applied to
detect P. chrysanthemi directly from cell.

Materials and Methods

Organisms and culture conditions. The bacterial strains used in
this study were listed on Table 1. All bacterial strains were grown
overnight on nutrient agar medium (DIFCO) at 28°C.

DNA preparation and PCR amplification of the ISRs. Chro-
mosomal DNAs were isolated by the method of Ausubel et al.
(1987), except that the lysates were extracted twice with chloro-
form to remove residnal phenol. The ISRs were amplified by
using the following primers: R16-1 (5-CTTGTACACACCGC-
CCGTCA-3") and R23-1R (§-GGTACTTAGATGTTTCAGTT-
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"Fable 1. Bacterial strains used in this study and GenBank accession numbers of ISRs

GenBank Accession No.
Speices or subspecies Strains®
Small ISR Large ISR
Pectobacterium chrysanthemi ATCC 11663 AF232681 AF234287
KACC 10163 AF232682 AF234285
KACC 10165 AF232683 AF234286
LMG 2469, LMG 2484(t1), LMG 2484(12), LMG 2495, - -
LMG 2516, LMG 2521, LMG2531, LMG 2923, LMG 10521
P. carotovorum subsp. carotovorum ATCC 15713 AF232684 AF234279

KACC 10342, KACC 10345, KACC 10371, KACC 10401, - -

KACC 10421
P. carotovorum subsp. betavasculorum ATCC 43762
P. carotovorum subsp. wasabiae ATCC 43316
Erwinia cypripedii ATCC 29267
Erwinia rhapontici ATCC 29283
Pantoea ananas ATCC 33244
Pantoea agglomerans ATCC 33243
Brenneria quercina LMG 2724
Brenneria salicis ATCC 15712
Escherichia coli DH5a

* ATCC, American Type Culture Collection, Rockville, Md., USA; LMG, Laboratorium voor Microbiologie, Gent, Belgium; KACC, Korean Agri-

cultural Culture Collection, RDA, Suwon, Korea.

C-3') redesigned from the primer set of Nakagawa et al. (1994).
Each PCR mixture (50 pl) contained primers (each at a concentra-
tion of 20 pmol), a mixture of deoxynucleotide triphosphates
(Promega Co., Southampton, England) (each at a concentration of
200 uM), Tag polymerase buffer, chromosomal DNA (ca. 50 ng),
and Tagq polymerase (2.5 Unit) (Promega Co.) and 1 drop of min-
eral oil was added to each of the reaction mixtures. DNA thermal
cycler (Perkin-Elmer Co., Norwalk, Conn.) used for PCR amplifi-
cation was programmed as follows: (i) an initial extensive dena-
turation step consisting of 94°C for 5 min; (ii) 35 cycles, with each
cycle consisting of 94°C for 1 min, 58°C for 1 min, and 72°C for 2
min; and (iii) a final extension step consisting of 72°C for 10 min.

Cloning and sequencing of ISRs and design of specific primer,
CHPG. The fragments of purified ISRs were ligated into pPGEM-
T easy vector (Promega Co.). Purified plasmids were automati-
cally sequenced on an Applied Biosytems 377 sequencer. Primers
R16-1 and R23-3R were used for the sequencing of ISRs. For
PCR detection of P. chrysanthemi, oligonucleotide primer (CHPG)
specific for P chrysanthemi was designed from small ISR of P
chrysanthemi strains.

Sensitivity of PCR detection of P. chrysanthemi. Colonies of P.
chrysanthemi ATCC 11663 were taken from NA plates and sus-
pended in water. The colony forming unit (CFU) was determined
by plating the suspensions onto NA media. For PCR reaction,
CFUs were serially adjusted to establish concentration ranges of
1-3 to 1 x 10° cfu/ml. PCR using specific primer set CHPG/R23-
IR was conducted with the same mixture above mentioned. In
case of direct PCR from cell, colony picked by toothpick was
used instead of genomic DNA. PCR condition was as follows: (i)
an initial extensive denaturation step consisting of 94°C for 5 min;

(ii) 30 cycles, with each cycle consisting of 94°C for 1 min, 60-
65°C for 30 sec, and 72°C for 30 sec; and (iii) a final extension
step consisting of 72°C for 10 min. PCR products were electro-
phoresed on 1.2% agarose gel and visualized by staining with
ethidium bromide.

Nucleotide sequence accession numbers. The sequences deter-
mined in this study have been deposited in the GenBank data
library under the accession numbers shown in Table 1.

Results

Electrophoresis of PCR products for ISRs of P. chrysan-
themi strains and P. carotovorum subsp. carotovorum
formed multibands (data not shown). We eluted as many
bands as possible, and cloned into pGEM-T easy vector.
The ISRs of P. chrysanthemi and P. carotovorum subsp.
carotovorum were differentiated into two types, large and
small ISRs, based on sequence analysis. The small ISRs of
two species were encoding a transfer RNA genes (tRNA),
tRNA®" (Fig. 1). The small ISRs for three strains (ATCC
11663, KACC 10163 and KACC 10165) of P. chrysan-
themi (GenBank accession No. AF 232681, AF 232682 and
AF 232683, respectively) were 354-356bp in length while
small ISR of P. carotovorum subsp. carotovorum ATCC
15713 (GenBank accession No. AF 232684) were 451bp in
length. The sequence homologies of small ISRs among
three strains of P. chrysanthemi were 90.1-94.6%, but they
showed 48.3-48.6% of sequence homologies to ISR of P
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! ACCGAGTAGAAGCACCTGCGTGGTGTCCACACAGATTGTCTGATGAAAAG
51  AAAGAGTCAAAAGCGTCTTGCGAAGCTGACAAGCGATGTCCCCTTCGTCT
101 AGAGGCCCAGGACACCGCCCTTTCACGGCGGTAACAGGGGTTCGAATCCC

tRNAS!
151 CTAGGGACGCCAATATGACTGACGGTGGGTGAAAGGCACGGTCAACGCTA

201 ACCTAAAACTGATTAGAGATAGTCAGGTTTATGTTATCTGCTCTTTAACA

251 ATCCGGAACAAGCTGAATAATTTGAAACGACGGCATGCGAATGCGAATTC

CHPG —»

301 ATGTGTTGTTCGAGTCTCTCAAAATACTTGCCTCCCGAAACACTTTCGGG
—_._____b .

351 TTGTGA

Fig. 1. Nucleotide sequence of small 165-23S intergenic spacer
region of P. chrysanthemi ATCC 11663 (GenBank No. AF232681).
Small ISR comprises tRNA®® (underlined) and CHPG (arrow).

carotovorum subsp. carotovorum ATCC 15713.

The sequences of ISRs for P. chrysanthemi strains and P,
carotovorum subsp. carotovorum were aligned to design
species-specific primer for P. chrysanthemi (Fig. 2). CHPG,
20 bp in size, was made on comparison of small ISRs of
three P. chrysanthemi strains, and used as forward primer
for PCR amplification (Fig. 2). It located from 293 bp to
312bp of GenBank accession No. AF232681. Due to a little
sequence variations among P. chrysanthemi strains, CHPG
included code letters Y (C or T) and R(A or G) (Fig. 2).

PCR using primer set, CHPG/R23-1R, amplified about
260 bp fragment (CHSF), which comprised partial ISR and
23S rRNA gene. CHSF was produced only from P. chry-
santhemi strains collected from a variety of regions and
hosts, but not from other Pectobacterium spp. and Erwinia
spp (Fig. 3A, B). Cell-based PCR without DNA extraction

(A)

M1 234567 8910111213141516

GenBank
accession No.

Species (Strain) Nucleotide sequence

G-YG AATTCRTRTG TTGTTCG: CHPG
GCGAATG-CG AATTCATGTG TTGTTCGAGT
GTGAATG-CG AATTCGTATG TTGTTCG-GT
GTGAATG-CG AATTCGTATG TTGTTCGAGT
GTGAGTGATG CATCAGTCTG TCAAT-GAGT

. chrysanthemi (ATCC 11663)  AF 232681
. chrysanthemi (KACC 10163)  AF 232682
, chrysanthemi (KACC 10165)  AF 232683
. carotovorum (ATCC 15713)  AF 232684

T

Fig. 2. Nucleotide sequence comparison of P chrysanthemi
strains and P. carotovorum subsp. carotovorum ATCC 15713 on
primer region.

successfully amplified the specific band (CHSF) from P.
chrysanthemi ATCC 11663, and the detection limit was 1 X
10° cfw/ml (Fig. 4).

Discussion

The 16S and 23S rRNA intergenic spacer region (ISR) has
been considered an ideal site for developing specific PCR
primers that can differentiate bacteria because of its exten-

M1 234567

Fig. 4. Detection sensitivity of primer set, CHPG and R23-1R,
from different number of cell of P. chrysanthemi ATCC 11663.
M: 1 kb ladder; Lane 1: colony, 2: 1 x 10° cfw/ml, 3: 1 x 10° cfw/
ml, 4: 1 x 10° cfu/ml, 5: 1 x 10% cfu/ml, 6: 1 x 10 cfu/ml, 7: water.

(B)
M1 23456.7889101112

Fig. 3. PCR specificity of primer set, CHPG and R23-1R, for P. chrysanthemi strains; (A) PCR products from various species. M: 1 kb
ladder, Lane 1: P. chrysanthemi ATCC 11663, 2-9: P. carotovorum strains, 10: Erwinia cypripedii, 11: Erwinia rhapontici, 12: Pantoea
ananas, 13: Pantoea agglomerans, 14: Brenneria quercina, 15: Brenneria salicis, 16. Escherichia coli, (B) PCR products from P

chrysanthemi strains.
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sive sequence variation (Barry et al., 1991). Among closely
related bacteria, high sequence variation in ISRs is consid-
ered to be the result of low selective pressure to maintain
conserved sequences, in contrast to sequences of genes that
have important functional roles such as 16S and 23S rRNA
genes. Thus, the spacer region separating 168 and 23S
rRNA genes has been used for developing PCR primers for
detections of other bacteria (Chun et al., 1999).

Recently, Nassar et al. (1996) developed a method for
PCR detection and characterization of P. chrysanthemi
based on pel genes. However, it is problematic in that PCR
detection using the pel genes was carried out on high
annealing temperature (72°C), and the detection ability for
P. chrysanthemi were compared with E. coli which did not
produce pectate lyase, the product of pel genes, not Pecto-
bacterium and Erwinia spp. (Nassar et al., 1996).

According to the sequence analysis of ISRs, multiple
ribosomal RNA gene clusters (rrn clusters) of Pectobacte-
rium species could be differentiated into two types, large
ISRs and small ISRs, on the basis of size of ISRs and types
of transfer RNA within ISRs. P. chrysanthemi contained
high sequence variation from P. carotovora both on large
and small ISRs. The type strain (ATCC 11663) of P. chry-
santhemi showed sequence homologies of 48.4% and 48.6
% to that (ATCC 15713) of P. carotovorum subsp. caroto-
vorum on large and small ISRs, respectively. These high
sequence variations of ISRs between P. chrysanthemi and P.
carotovorum subsp. carotovorum were unexpected when
considering high sequence homology level (96.2%) among
16S rRNA genes of P. chrysanthemi and P. carotovorum
subspecies (Kwon et al., 1997).

Using high sequence variation of ISRs between two spe-
cies, we designed two primers from the variation region of
large and small ISRs for specific PCR detection of P, chry-
santhemi. Although CHPG designed from small ISR pro-
duced about 260 bp fragment specific for P. chrysanthemi
strains, the other primer (CHPI) designed from the large
ISR produced bands of various size from strains of P. chry-
santhemi and formed faint bands from other Pectobacte-
rium species (data not shown). The non-specificity of CHPI
primer was supposed to be generated from mis-alignments
of ISRs, which resulted from the high sequence variation of
ISRs among Pectobacterium species.

PCR using the CHPG and R23-1R was shown to be spe-
cific for P, chrysanthemi strains on relatively high stringent
condition of 63-65°C annealing temperature. When the
annealing temperature was lowered below 60°C, other Pec-
tobacterium species also formed faint bands (data not
shown). However, the specificity of CHPG and R23-1R
was thought to be high as compared with annealing temper-
ature (72°C) of PCR detection using pel genes.

In PCR using colony, the various components of cell will

be obstacles for PCR amplification of target gene. Actually,
cell-based PCR did not amplified 260 bp fragment specific
for P. chrvsanthemi strains on annealing temperature of
above 65°C, of which temperature was applicable for 260
bp fragment amplification from genomic DNA of P. chry-
santhemi strains. In case of colony PCR, 60-62°C of anneal-
ing temperature were optimum temperature that could
obtain fragment specific for P. chrysanthemi without PCR
band production of other Pectobacterium and Erwinia spe-
cies.

The detection limit of colony PCR, 1 x 10> CFU on occa-
sion of P. chrysanthemi, could be affected by several factors
such as annealing temperature, G + C content of primers
and copy number of target genes. Ribosomal RNA gene
(rrn) clusters in eubacteria exist in multicopies, 1-11 rm
clusters (Chun et al., 1999). The rmn clusters of Pectobacte-
rium were also reported to be multicopy genes (Kwon,
1997), and PCR using primer designed from rm clusters
could increase the sensitivity of PCR detection of P. chry-
santhemi.

At present, a number of methods are being developed for
detection of phytopathogenic bacteria from soils and hosts.
Although we didn’t try the detection of P. chrysanthemi
from the samples such as soil and host, high sensitivity of
detection of P. chrysanthemi would be useful tool for diag-
nosis of these pathogens.
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