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Pectobacterium odoriferum is the primary causative 
agent in Kimchi cabbage soft-rot diseases. The patho-
genic bacteria Pectobacterium genera are responsible 
for significant yield losses in crops. However, P. odorif-
erum shares a vast range of hosts with P. carotovorum, P. 
versatile, and P. brasiliense, and has similar biochemi-
cal, phenotypic, and genetic characteristics to these spe-
cies. Therefore, it is essential to develop a P. odoriferum-
specific diagnostic method for soft-rot disease because 
of the complicated diagnostic process and management 
as described above. Therefore, in this study, to select P. 
odoriferum-specific genes, species-specific genes were 
selected using the data of the P. odoriferum JK2.1 whole 
genome and similar bacterial species registered with 
NCBI. Thereafter, the specificity of the selected gene 
was tested through blast analysis. We identified novel 
species-specific genes to detect and quantify targeted P. 
odoriferum and designed specific primer sets targeting 
HAD family hydrolases. It was confirmed that the se-
lected primer set formed a specific amplicon of 360 bp 
only in the DNA of P. odoriferum using 29 Pectobacteri-

um species and related species. Furthermore, the popu-
lation density of P. odoriferum can be estimated without 
genomic DNA extraction through SYBR Green-based 
real-time quantitative PCR using a primer set in plants. 
As a result, the newly developed diagnostic method 
enables rapid and accurate diagnosis and continuous 
monitoring of soft-rot disease in Kimchi cabbage with-
out additional procedures from the plant tissue.
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Pectobacterium (previously classified as the genus Erwin-
ia) belonging to the family Pectobacteriaceae are robust 
phytopathogens that cause soft-rot disease in economi-
cally important vegetables, fruits, and ornamental plants 
(Ma et al., 2007). Currently, this group has been classified 
into 20 species (P. carotovorum, P. odoriferum, P. ver-
satile, P. brasiliense, P. atrosepticum, P. aroidearum, P. 
betavasculorum, P. fontis, P. cacticida, P. wasabiae, P. 
zantedeschiae, P. parmentieri, P. peruviense, P. polaris, 
P. punjabense, P. polonicum, P. aquaticum, P. actinidiae, 
P. parvum, and P. quasiaquaticum) based on advanced 
genomic analysis techniques (Jee et al., 2020; Moussa et 
al., 2021; Pasanen et al., 2020; Portier et al., 2019, 2020; 
Zhang et al., 2016).The genus is a gram negative, primarily 
rod-shaped bacteria and most of them are plant pathogens. 
Pectobacterium usually invades through wounds on the 
host plant caused by various factors like insects, other dis-
eases, and physical factors (Oskiera et al., 2017). They can 
produce pectin and cellulolytic enzymes that break down 
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cell walls, causing maceration (Charkowski, 2018). This 
series of processes can be repeated for a long time not only 
in the field but also in the storage and distribution process 
(Bhat et al., 2010; Glasner et al., 2008).

Kimchi cabbage (Brassica rapa var. pekinensis) is one 
of the economically significant stored vegetables produced 
and supplied year-round in Korea (Lee et al., 2016). How-
ever, it is vulnerable to various diseases and pests when 
exposed to high temperatures. In particular, soft rot, which 
occurs frequently occurs in Kimchi cabbage growing at 
high altitudes in summer, causes huge losses (Kim and 
Yeoung, 2004). Although P. carotovorum had been known 
to cause most Kimchi cabbage soft rot, P. odoriferum, P. 
brasiliense, and P. versatile were recently isolated from 
soft rot in Kimchi cabbage (Lee et al., 2014; Park et al., 
1999; Roh et al., 2009; Seo et al., 2004). P. odoriferum 
was primarily isolated from chicory in France and Japan, 
and was initially recognized a narrow host range (Gallois 
et al., 1992). However, it has been isolated from various 
vegetables (celery, cabbage, Chinese cabbage, artichoke, 
carrot, parsley, onion, potato, sugar beet, and sweet potato), 
and has been identified as the causal agent of bacterial soft 
rot in many other countries (Gao et al., 2016; Oskiera et 
al., 2017; Waleron et al., 2014). For that reason, there is a 
need for rapid and accurate identification of pathogens for 
an appropriate disease control strategy for important stored 
vegetables, including Kimchi cabbage.

Identification of P. odoriferum has traditionally been 
based on morphology and host range, but most hosts 
overlap, and the phenotypic characteristics are unclear de-
pending on growth conditions (Czajkowski et al., 2015). 
These traditional methods are poorly reproducible, time-
consuming, and labor-intensive. Over the past three de-
cades, ribosomal RNA operons, specifically the 16S rRNA 
genes, have been widely used for the diversity analysis and 
identification of prokaryotes. However, sequencing of the 
16S rRNA gene has not differentiated the species of the 
genus Pectobacterium (Naum et al., 2008; Staley, 2006). 
Although some molecular methods have been developed 
for rapid detection and identification, using molecular 
methods such as amplified fragment length polymorphism 
and multi-coordinate sequencing (Nabhan et al., 2012). It-
erative and time-consuming procedural difficulties usually 
accompany this species identification method. Subsequent-
ly, a phylogenetic analysis method was developed based 
on the single gene pmrA required for resistance to plant-
derived antimicrobial peptides (Kettani-Halabi et al., 2013). 
The tests must be rapid, sensitive, and specific, as cost- and 
time-sensitive decisions are made when implementing a 
disease control strategy. In addition, two specific primers 

for P. odoriferum are six genes of the Pco-subspecific srl 
operon (i.e., srlAEBDMR) involved in sorbitol metabo-
lism. Two specific primers for general polymerase chain 
reaction (PCR) and quantitative PCR (qPCR) based have 
been developed (Li et al., 2020).

We designed species-specific primers for general PCR 
and qPCR in this study based on the HAD family hydrolase 
gene. In addition, specificity and sensitivity were tested for 
the detection of pathogens in infected cabbage leaves ac-
cording to the MIQE guidelines (Bustin, 2008). Currently, 
real-time qPCR is known as a rapid and accurate approach 
for pathogen diagnosis in plants. Therefore, we proposed 
an efficient method for specific and quantitative detection 
of the pathogen, P. odoriferum, in plant samples through 
direct qPCR based on SYBR Green. Thus, it shows that 
it can be used for sensitive and specific detection of target 
pathogens, simplifying diagnosis, pathogen monitoring and 
implementing of appropriate disease control strategies.

Materials and Methods

Bacterial culture and genomic DNA isolation. Twenty-
nine culture were selected for the experiment. Among 
them, 24 type strains were provided from the Korean Ag-
ricultural Culture Collection (KACC) and five strains of P. 
odoriferum isolated from the Republic of Korea obtained 
from KACC and the Highland Agriculture Research Insti-
tute to validate the specificity of the species-specific prim-
ers developed in this study (Table 1).

The bacterial isolates were cultured at 28-30℃ for 24-
48 h on trypsin soy agar media (15 g/l digested casein, 5 g/
l digested soy, 5 g/l NaCl, and 1.5% agar, Difco, Detroit, 
MI, USA) under aerophilic condition. The stock culture 
were preserved in glycerol stocks at -80℃. Total genomic 
DNA was extracted using the NucleoSpin Microbial DNA 
Kit (TaKaRa Bio USA, Inc., San Jose, CA, USA). The cor-
responding strains listed in Table 1 and isolated DNA was 
spectrophotometrically quantified. The concentration and 
quality of the extracted genomic DNA were determined us-
ing a NanoDrop ND-1000 Spectrophotometer (NanoDrop 
Technologies, Wilmington, DE, USA). All the extracted 
genomic DNA samples were stored at –20℃ until used for 
further experiments.

Gene selection and oligonucleotide primer design 
for species-specific PCR assay. The whole genome se-
quences from P. odoriferum JK2.1 (GenBank accession 
no. CP034938.1) and the other closely related species data 
were downloaded from the NCBI ftp site (ftp://ftp.ncbi.
nlm.nih.gov/genomes/bacteria/). To mine species-specific 
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genes for quantitative detection of the targeted microbe, 
candidate gene selection pipeline via computational clus-
tering was carried out as described by Chen and Lang (Chen 
et al., 2010; Lang et al., 2010). From this candidate gene 
selection pipeline, the resulting candidate genes presented 
no substantial concordance with other P. carotovorum 
group strains that were selected as quantitative PCR targets. 
The specific primer set used for P. odoriferum was gener-
ated using the DNASTAR Lasergene Primerselect module 
(version 7.2.1, DNASTAR Inc., Madison, WI, USA) (Table 
2). Primer synthesis was performed by XENOTECH Co. 
(Daejeon, Korea). The oligonucleotide primer set amplified 
a specific DNA fragment from only the targeted species. 
The nucleotide sequences of the primer set were evaluated 
for their specificity via NCBI BLAST modules such as 

BLASTn and BLASTx (https://blat.ncbi.nlm.nih.gov/Blast.
cgi).

Conventional PCR protocol. PCRs were conducted in 
T100 Thermal Cycler (Bio-Rad Laboratories, Hercules, 
CA, USA) with the following steps: initial denaturation 
at 95℃ for 5 min; 35 cycles of denaturation (at 95℃ for 
1 min), annealing (at 65℃ for 30 s), and extension (at 
72℃ for 1 min), and a final extension period of at 72℃ 
for 10 min. All PCR reactions were performed in a total 
volume of 25 μl (1× buffer, 0.2 mM each dNTP, 4.0 mM 
MgCl2) covering 1.25 U of GoTaq Flexi DNA polymerase 
(Promega, Madison, WI, USA), 25 ng of template DNA 
and a 0.1 μM final concentration of each primer (Table 2). 
PCR product was resolved by 1.5% (w/v) agarose gels and 

Table 1. List of bacterial strains used in this study
No. Scientific name Sourcea Hostb This studyb

  1 Pectobacterium odoriferum KACC 22724T Chicory +
  2 Pectobacterium odoriferum KACC 22680 Kimchi cabbage (Korea) +
  3 Pectobacterium odoriferum KACC 22677 White radish (Korea) +
  4 Pectobacterium odoriferum GP05 Potato (Korea) +
  5 Pectobacterium odoriferum HNP201716 Potato (Korea) +
  6 Pectobacterium odoriferum PDP201716 Potato (Korea) +
  7 Pectobacterium carotovorum KACC 22723T Potato -
  8 Pectobacterium versatile KACC 22742T Potato -
  9 Pectobacterium brasiliense KACC 22743T Potato -
10 Pectobacterium polaris KACC 22748T Potato -
11 Pectobacterium quasiaquaticum KACC 22725T Water -
12 Pectobacterium aquaticum KACC 22744T Fresh water -
13 Pectobacterium actinidiae KACC 22717T Kiwifruit -
14 Pectobacterium fontis KACC 22726T Fresh water -
15 Pectobacterium parmentieri KACC 22727T Potato -
16 Pectobacterium wasabiae KACC 22728T Eutrema wasabi -
17 Pectobacterium betavasculorum KACC 22729T Beet -
18 Pectobacterium atrosepticum KACC 22730T Potato -
19 Pectobacterium aroidearum KACC 22731T Calla Lily -
20 Pectobacterium punjabense KACC 22732T Potato -
21 Dickeya fangzhongdai KACC 22747T Peer tree -
22 Dickeya dadantii KACC 22743T Rose geranium -
23 Dickeya chrysnathemi KACC 22733T Chrysanthemum -
24 Dickeya dadantii subsp. diffenbachiae KACC 22735T Dieffenbachia -
25 Dickeya zeae KACC 22736T Maize -
26 Pantoea ananatis KACC 22739T Pineapple -
27 Erwinia pyrifoliae KACC 13193T Peer tree -
28 Erwinia rhapontici KACC 22740T Rhubarb -
29 Musicola paradisiaca KACC 22741T Banana -

KACC, Korean Agricultural Culture Collection, Republic of Korea.
GP05, HNP201716, PDP201716; Highland Agriculture Research Institute.
aSuperscript “T” indicates type strain.
b+, detected; -, not detected
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stained with LoadingStar (DYNEBIO, Seoul, Korea). The 
gel was visualized and the images were documented via a 
GelDoc Go Imaging System (Bio-Rad Laboratories).

SYBR Green quantitative PCR conditions. All quantita-
tive PCR assays were carried out in a final reaction volume 
of 20 μl containing 5 ng of purified DNA extracted from 
each sample, primers mentioned above (0.5 µM final con-
centration) and QGreenBlue 2× Green qPCR Master Mix 
(CellSafe Bio, Inc., Yongin, Korea). The SYBR Green 
qPCRs were performed in a CFX96 real-time PCR system 
(Bio-Rad Laboratories). The SYBR Green real-time PCR 
amplification conditions were as follows: initial denatur-
ation of at 95°C for 30 s; 40 cycles at 95°C for 5 s, 65°C 
for 30 s, and a melting curve analysis from 65 to 95°C 
with an increment of 0.5°C per 5 s. The standard curve 
of P. odoriferum was created by plotting the qPCR cycle 
threshold (Ct) values conducted using 10-fold serial dilu-
tions of genomic DNA, cloned DNA (pGEM-T easy vec-
tor containing the 360 bp species-specific amplicon) and 
a bacterial cell suspension of targeted microbe. The copy 
number of the template was calculated using the previously 
described formula (Kang et al., 2016; Whelan et al., 2003):

DNA=[(6.022 × 1023) × DNA amount]/(DNA length × 660)

The Bio-Rad CFX Maestro version 1.1 software suite au-
tomatically performed thermal cycling, data collection, and 
standard amplification. A non-template negative control 
and standard amplification were also included to confirm 
the SYBR Green real-time PCR quality. The amplification 
efficiency (E) was calculated using the following formula.

E = 10-1/slope

Efficiency (%) = (E–1) × 100

Pathogen detection and quantification by real-time 
quantitative PCR. In order to detect and quantify patho-
gen in Kimchi cabbage leaves infected with P. odoriferum, 
the bacterial cell suspension (2.47 × 107 cfu/ml, 50 μl/in-
oculation site) was injected in two places on the lower leaf 

veins of four healthy Kimchi cabbage leaves. After three 
days of post-inoculation, soft root disease symptoms were 
confirmed, and samples were collected at five locations (A-
E, 20 mm interval) by distance along the leaf vein from the 
site of disease progression. Each sample (leaf pieces about 
1 × 1 cm) was collected using a sterilized instrument and 
immersed in a 2 ml tube containing 1 ml of sterile water 
for about 30 min, and 1 μl of the immersion solution was 
used for real-time qPCR. The limit of detection (LOD) cor-
responds to undetected amplification when Ct ≥ 37, and the 
limit of quantitation (LOQ) corresponds to a Ct value when 
the threshold standard is not met or the standard deviation 
value is 1.0 Ct ≥ 36 that not meet the threshold standard in 
3 replicates or a standard deviation value of 1.0 or greater. 
For quantitative analysis, the density of pathogens by dis-
tance from symptom was estimated by referring to the cell 
suspension standard curve results.

Results

In silico specificity assay of the selected genes and prim-
er design. The selected gene and oligonucleotide primer 
set (Table 2) from P. odoriferum were evaluated and con-
firmed via a combination of Bioinformatics tools, including 
the Lasergene PreimerSelet program (version 7.2.1, DNA-
STAR Inc.) and NCBI BLAST search engines (http://blast.
ncbi.nlm.nih.gov/cgi).

For a HAD family hydrolase-coding gene (accession no. 
CP034938.1, 3809023-3809706, protein ID: QHP81543.1) 
of P. odoriferum JK2.1, the BLASTn searches presented 
no substantial match to the recognized reference sequences 
of other Pectobacterium species. The BLASTx results us-
ing the predicted protein sequence presented that the most 
relevant protein to our HAD family hydrolase gene was 
a P. carotovorum subsp. carotovorum 2-deoxyglucose-
6-phosphatase (identity = 99.12%, score = 468 bits [1,205], 
and expected = 1e-166).

Conventional and real-time PCR for verification of 
primer specificity. Genomic DNA samples from Pec-
tobacterium, Dickeya, Pantoea, Erwinia, and Musicola 

Table 2. Primer sequences, their targets, and the annealing temperatures used in Pectobacterium odoriferum PCR screens

Primer Oligonucleotide sequence (5′-3′) Annealing 
(°C)

Amplicon 
(bp)

Target gene  
(GenBank accession no.) Reference

PeOd360F GCG GCC GAA GTG CTG GAA AAA 65 360 HAD family hydrolase  
(QHP81543.1) 
3809023-3809706

This study
PeOd360R CAG TGA AAC CGG CTC GTG GCT ATT

PCR, polymerase chain reaction.
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strains covering the type strains of each targeted species 
were used to validate the specificity of the microbe-target-
ing oligonucleotide primer set via a conventional PCR test. 

The specificity of the PeOd360F/R primer set was tested 
by conventional PCR using 29 different bacterial genomic 
DNA (Table 1). The target gene, expected size of 360 bp, 
was amplified only in the P. odoriferum strains (Fig. 1). 
In addition, SYBR Green-based real-time PCR correctly 
generated PeOd360F/R primer pair-specific fluorescence 
signals in all P. odoriferum strains (Fig. 2). On the other 
hand, other bacteria species had no fluorescence signal (Fig. 
2, lanes 7-13 and 15-28). In addition, the melting peak 
showed reproducible single peaks at 88℃.

SYRB Green qPCR assay efficiency, LOD, and LOQ. 
SYBR Green-based real-time PCR was conducted with 
PeOd360F/R primers to generate a standard curve by 
plotting the mean threshold cycle (Ct) value (n = 3). The 
concentration of genomic DNA, cloned DNA, and density 
of the bacterial cells were 5 × 10-15 to 5 × 10-9 g/μl, 1.35 × 
102 to 1.35 × 109 copies/μl and 2.47 × 101 to 2.47 × 107 cfu/
ml, respectively (Table 3). The standard curves showed 
that there are linear-correlation between the Ct values and 
the concentration of genomic DNA (R2 = 0.999, slope = 
–3.688, and y-int = 38.709), cloned DNA (R2 = 0.999, slope 
= –3.928, and y-int = 29.093), and cell suspension (R2 = 
0.998, slope = –3.995, and y-int = 44.407). The efficiencies 

were 86.7%, 79.7%, and 78.0% for each genomic DNA, 
cloned DNA, and cell suspension (Fig. 3). The LOD results 
showed that the fluorescence signal could be detected when 
the genomic DNA and cell suspension were diluted to 50 
fg and 2.47 × 103 cfu/ml, but could not be detected when 
diluted to 5 fg and 2.47 × 102 cfu/ml. Therefore, the LOQ 
of cloned DNA by real-time PCR was confirmed to be 1.35 
× 102 copies. The LOQ of genomic DNA and cell suspen-
sion by real-time PCR was confirmed to be 50 fg and 2.47 
× 104 cfu/ml, respectively (Table 3). 

Pathogen detection in leaf samples using SYBR Green-
based real-time PCR. Direct detection and quantitation 
of the PeOd360F/R primer set were confirmed by SYBR 
Green real-time PCR in disease-symptomatic Kimchi cab-
bage leaf samples. The sample was divided by distance (A-
E) from the symptom site and repeated 3 times.

As a result, the Ct values of region “A” near the symp-
tom site and region “B” close to it were 22.30 ± 1.14 and 
21.46 ± 0.78, respectively, significantly lower than at other 
locations somewhat distant from the symptom site. The 
positive control had a Ct value of 18.29 ± 0.04 and the neg-
ative control had no signal (Fig. 4). In addition, the number 
of cells was calculated based on the cell suspension stan-
dard curve. As a result, region A-E were confirmed to be 
7.32 ± 0.33, 7.57 ± 0.23, 6.69 ± 0.88, 6.06 ± 0.96, and 5.14 
± 1.29 Log cfu/ml, respectively (Fig. 4D).

Fig. 1. Polymerase chain reaction amplification of the HAD family hydrolase gene with the primers. Lane M is the size marker (1 kb 
DNA plus ladder; Inclon Co., Ltd.) while lanes 1 and 6 were Pectobacterium odoriferum strains, and lanes 7 to 29 included strains from 
other Pectobacterium, Dickeya, Pantoea, Erwinia, and Musicola species as listed in Table 1.
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Discussion

The strains P. odoriferum, P. carotovorum, P. brasilience, 
and P. versatile is currently recognized as the primary the 
causal agent of bacterial soft rot on storage vegetables in 
the Republic of Korea (Lee et al., 2014; Park et al., 1999; 
Roh et al., 2009; Seo et al., 2004). However, the species 
do not have host specificity (Pérombelon and Kelman, 
1980). Therefore, soft rot disease diagnoses and identifying 
specific pathogens are economical essential. Furthermore, 
the microbe genome sequences and genomic analysis tech-

niques can accelerated identification and disease diagnosis. 
As result, it provides an extended possibility to develop 
existing detection and quantitation methods by identifying 
novel target genes.

The methods adopted for rapid and accurate diagnosis 
include real-time qPCR analysis using SYBR Green-based 
and FAM-labeled TaqMan probe methods. The specific 
primer set for qPCR based on SYBR Green in the 16S-
23S rRNA internal transcribed spacer (ITS) region was 

Fig. 2. Species-specificity assay of the PeOd360F/R primer using 
real-time polymerase chain reaction. The bacterial strains in lanes 
1-29 are described in Table 1. Lane 30, distilled water (n = 3). 
(A) Amplification curves. (B) Melting curve. (C) Melting peak. 
The results of the melting peak analysis indicated that the ampli-
fied products have a melting temperature (Tm) of approximately 
88°C. RFU, relative fluorescence units.

Fig. 3. Standard curve analysis of real-time polymerase chain 
reaction performed using a dilution series. A standard curve was 
generated from the threshold cycles (Ct) also known as crossing 
points of the Pectobacterium oderiferum standard dilutions. (A) 
Genomic DNA. (B) Cloned DNA. (C) Bacterial cell suspension. 
The R2 value of each curve was >0.99.
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Table 3. Mean threshold cycle (Ct) of 10-fold dilution series of Pectobacterium odoriferum KACC 22724 cloned DNA, genomic DNA, 
and cell suspension determined by real-time PCR

Cloned DNA Genomic DNA Cell suspension
Weight/µl

reaction mix
Ct ± SD
(n = 3)

Weight/µl  
reaction mix

Ct ± SD
(n = 3)

Cfu/ml reaction 
mix

Ct ± SD
(n = 3)

5 ng
(1.35 × 109 copies)

  5.45 ± 0.50     5 ng 16.75 ± 0.20 2.47 × 107 20.34 ± 0.32

500 pg
(1.35 × 108 copies)

  9.26 ± 0.19 500 pg 20.06 ± 0.00 2.47 × 106 24.56 ± 0.03

50 pg
(1.35 × 107 copies)

13.63 ± 0.31   50 pg 24.03 ± 0.02 2.47 × 105 28.46 ± 0.18

5 pg
(1.35 × 106 copies)

17.44 ± 0.11     5 pg 27.58 ± 0.19 2.47 × 104 32.36 ± 0.29

500 fg
(1.35 × 105 copies)

21.03 ± 0.13 500 fg 31.19 ± 0.06 2.47 × 103 N.D.

50 fg
(1.35 × 104 copies)

25.23 ± 0.13   50 fg 35.18 ± 0.45 2.47 × 102 -

5 fg
(1.35 × 103 copies)

29.54 ± 0.06     5 fg N.D. 2.47 × 101 -

500 ag
(1.35 × 102 copies)

32.62 ± 0.14 500 ag -

PCR, polymerase chain reaction; SD, standard deviation of three reactions; N.D., not determined; ‒, not detected.

Fig. 4. SYBR Green-based real-time polymerase chain reaction for species-specific detection of Pectobacterium odoriferum in samples 
from Kimchi cabbage leaf. A sample collection by distance from disease symptoms of plant (region A-E). Negative control is healthy 
Kimchi cabbage leaf, positive control is 5 ng/μl of P. odoriferum KACC 22724 gDNA. (A) Amplification curves. (B, C) Melting curve 
and melting peak was added to confirm that the target gene was amplified at a specific temperature (88°C). (D) The Ct value was con-
verted to Log (cfu/ml) and expressed based on the equation of the standard curve of the Ct value according to the bacterial concentration. 
Data are shown as mean ± standard error of mean. *P < 0.05, **P < 0.01, ***P < 0.001 relative to all treatments; ns, not significant.
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developed to detect and quantify P. carotovorum (Suárez et 
al., 2022). In addition, the P. brasiliense-specific TaqMan 
probe-based qPCR assay for detecting and quantifying has 
been developed by comparing the 16S-23S rRNA ITS and 
the tRNA-Glu gene region which contain polymorphisms 
informative for the discrimination of closely related Pec-
tobacterium species (Muzhinji et al., 2020). The specific 
primers for diagnosing P. odoriferum are currently the 
only primer sets for conventional PCR and SYBR Green-
based qPCR reported by Li et al. (2020). They developed 
two primer sets based on the srlE gene, encoding sorbitol-
specific phosphotransferase, to identify P. odoriferum (Li 
et al., 2020). However, their study did not show accurate 
pathogen quantitation values in infected plants. In addition, 
it requires some effort because DNA is extracted and used 
from infected plants.

In the present study, we used BLAST search to explore 
for P. odoriferum-specific genes. In addition, we developed 
the specific primer set based on the HAD family hydro-
lase gene involved in various cellular processes ranging 
from amino acid biosynthesis to translation (Koonin and 
Tatusov, 1994) (Table 2). The advantage of our newly de-
veloped assay is that it does not require pre-incubation and 
DNA extraction for species identification and quantifica-
tion. In addition, accurate identification of P. odoriferum 
using conventional PCR and qPCR methods is possible 
with one primer set. The result of the calculated standard 
curve shows a small standard error. It ensures that the as-
say is reproducible and very robust, not only on pathogen 
gDNA but also on infectious plant suspensions. As a result 
of measuring the pathogen concentration by distance from 
the symptom, it was confirmed that the pathogen moved 
along the leaf veins, and when the infection progressed, 
the pathogen could be detected even in an area with no 
symptoms (Fig. 4). The LOD of pathogens is 103 cell units, 
enabling precise diagnosis. 

In conclusion, the newly developed SYBR Green real-
time qPCR primer set can perform qPCR directly from 
plants without DNA extraction. This method is susceptible, 
saving time, significantly reducing the risk of contamina-
tion and cost per reaction, and helping process processing 
large volumes of samples. The newly developed specific 
primer set can help in epidemiological study including 
where this pathogen present by early detection of P. odorif-
erum.
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