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Xanthomonas campestris pv. campestris (Xcc), the 
pathogen of black rot which is the most destructive 
disease of Brassica vegetables throughout the world. 
Here, we reported two novel sequence-characterized 
amplified region (SCAR) markers (i.e., XccR6-60 and 
XccR6-67) for the detection of Xcc race 6 via re-align-
ment of the complete genome sequences of Xcc races/
strains/pathovars. The specificity of SCAR primer sets 
was verified by mean of PCR amplification using the 
genomic DNA template of Xcc races/strains/pathovars 
and two other plant infecting bacterial strains. The 
PCR result revealed that the XccR6-60 and XccR6-67 
primer sets amplified 692-bp and 917-bp DNA frag-
ments, respectively, specifically from race 6, while no 
visible amplification was detected in other samples. In 
addition, the SCAR primers were highly sensitive and 
can detect from a very low concentration of genomic 
DNA of Xcc race 6. However, the complete genome 
sequence of Xcc race 6 is not yet publicly available. 
Therefore, the cloning and sequencing of XccR6-60 

and XccR6-67 fragments from race 6 provide more evi-
dence of the specificity of these markers. These results 
indicated that the newly developed SCAR markers can 
successfully, effectively and rapidly detect Xcc race 6 
from other Xcc races/strains/pathovars as well as other 
plant pathogenic bacteria. This is the first report for 
race-specific molecular markers for Xcc race 6.

Keywords : black rot, cabbage, molecular marker, race 6, 
Xanthomonas campestris pv. campestris
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Xanthomonas campestris pv. campestris (Xcc) is a gram 
negative rod-shaped proteobacterium which causes black 
rot disease, a global threat to Brassica crops. It can infect 
from the cultivated species (such as cabbage, cauliflower, 
broccoli, kohlrabi, Brussels sprouts, kale, mustard, radish, 
turnip and turnip greens) to the model plant Arabidopsis, 
ornamentals and weeds (An et al., 2011; Soengas et al., 
2007; Vicente et al., 2001). 

Xcc is a seed born, vascular pathogen which enters the 
plant through the hydathodes, wounds and insect transmis-
sion, and develops typical V-shaped lesions, as well as 
necrotic and darkened veins (Cook et al., 1952; Williams, 
1980). This pathogen can spread through plant debris, 
rain drops, irrigation, agricultural implements, seed trade 
and weeds (Arias et al., 2000; Grimm and Vogelsanger, 
1989; Lema et al., 2012; Schaad and Alvarez, 1993; Yuen 
et al., 1987). Black rot significantly reduces the yield (50-
65%) and quality of cruciferous vegetables (Saha et al., 
2016). Also, under a favorable condition, up to 100% yield 
loss has been reported in cabbage (Massomo et al., 2003; 
Williams, 1980). Traditionally, cabbage is one the most 
important (ranked third) Brassica vegetables in Republic 
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of Korea and black rot is also identified as a major barrier 
for cabbage production (Kim, 1986; Park, 2006).

Xcc strains have been classified into different physi-
ological races based on the interactions of pathogens with 
differential cultivars of Brassica species. To date, eleven 
physiological Xcc races have been noticed (Fargier and 
Manceau, 2007; Kamoun et al., 1992; Vicente et al., 
2001). Vicente et al. (2001) isolated six Xcc races (race 
1, 2, 3, 4, 5, and 6) in the United Kingdom. A total of 
seven races (race 1, 4, 5, 6, 7, 8, and 9) have been isolated 
from Brassica species in northwestern Spain (Lema et al. 
2012). Five races (race 1, 4, 5, 6, and 7) were reported in 
Nepal while race 1, 4, and 6 were most common (Jensen 
et al., 2010). Four races (race 1, 3, 4, and 6) have been 
isolated in South Africa (Chidamba and Bezuidenhout, 
2012). In 2017, two new Xcc races (race 10 and 11) have 
been reported in Portugal (Cruz et al., 2017). Among 
the Xcc races, race 1 and 4 are predominant in Brassica 
oleracea subspecies whereas race 6 is predominant in B. 
rapa (Lema et al., 2012; Vicente and Holub, 2013). Re-
cently, race-specific molecular markers for Xcc race 1, 3, 
4, and 5 have already been reported by our research group 
(Afrin et al., 2018, 2019; Rubel et al., 2017). In this study, 
we aimed to develop molecular markers specific to Xcc 
race 6. 

Materials and Methods

Bacterial strains and culture media. Eight reference 
strains of Xcc races (races 1-8), eight race-unknown 
Xcc strains, six Xc pathovars, and two additional plant 
infecting-bacteria including Pseudomonas syringae pv. 
maculicola and Pectobacterium carotovora subsp. caro-
tovora (described in our previous study by Afrin et al., 
2019) were used in this study. The bacterial strains were 
cultured on King’s medium B at 30°C (48 h) (King et al., 
1954). 

Isolation of genomic DNA (gDNA). The gDNA of 
the bacterial strains was isolated with a commercial kit 
(DNeasy Plant Mini Kit, Qiagen, Valencia, CA, USA) 
following the manufacturer’s instructions. The intensity 
and purity of the gDNA were determined by using a 
‘NanoDrop spectrophotometer’ (NanoDrop Technolo-
gies, Wilmington, DE, USA). Subsequently, the gDNA 
samples were stored at −20°C refrigerator until use.

Detection of variable genomic regions. The available 
complete genome sequences of Xcc races (races 1, 3, 4, 
and 9), race-unknown Xcc strains and Xc pathovars were Ta
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retrieved from the NCBI (https://www.ncbi.nlm.nih.gov/
genome/) (Table 1). To develop molecular markers, we 
aligned the complete genome of available Xcc races (race 
1, 3, 4, and 9), Xcc race-unknown strains, and Xc path-
ovars (Table 1) with ‘progressiveMauve’ tool (Darling 
et al., 2004). Further, this alignment was analyzed by the 
trial version of Geneious software program (http://www.
geneious.com) and identified variable regions among the 
aligned genomes (Fig. 1). 

PCR amplification. The variable regions among the ge-
nomes were considered for primer designing with the ‘PCR 
Primer Stats’ (http://www.bioinformatics.org/sms2/pcr_
primer_stats.html) (Table 2). Further the designed primers 
were BLAST-searched (http://210.110.86.160/lab/home.
html) to check the primer specificity. The PCR was per-
formed with the bacterial gDNA. PCR reaction volume was 
total 20 μl consisting of 30 ng of gDNA as a template, 10 
pmol of each primer, 0.25 mM dNTP mix, 5× GoTaq buf-

Fig. 1. Whole genome alignment of the publicly available genome sequences of Xanthomonas campestris pv. campestris (Xcc) races, 
strains and pathovars. The syntenic blocks are connected among the Xcc races/strains/Xc pathovars. The variable region among the Xcc 
races/strains/Xc subspecies are shown with the line diagram in the bottom of the alignment. Genomic blocks are shown as colored rect-
angles.
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fer, 1 unit of GoTaq DNA Polymerase (Promega, Madison, 
WI, USA). The thermocycler conditions were as follows: 
1× (94°C, 5 min); 22× (94°C, 30 s; 63°C, 40 s; 72°C, 45 s), 
1× (72°C, 5 min). Then the PCR products were loaded on 
1.5% agarose gel followed by gel electrophoresis and visu-
alized with a gel documentation system. Furthermore, the 
sensitivity of the sequence-characterized amplified region 
(SCAR) primer sets was determined by using a dilution se-
ries (50 ng/µl, 5 ng/µl, 0.5 ng/µl, 0.05 ng/µl, and 0.005 ng/
µl) of Xcc race 6 gDNA. 

Cloning and sequencing. The genomic fragments 
(XccR6-60 and XccR6-67) specific to Xcc race 6 were 
amplified by PCR and purified with the Wizard SV gel and 
PCR cleanup system (Promega). Then, the purified PCR 
products were cloned with TOP cloner blunt kit (Enzynom-
ics, Daejeon, Korea) following the manufacturer’s instruc-
tions. The single colonies were checked by colony PCR 
and only positive clones were grown in a liquid LB media 
for overnight. Subsequently, the plasmid DNA was isolated 
and purified with a GeneAll kit (Seoul, Korea). The plas-
mid DNA samples were sequenced by ABI 3730XL DNA 
sequencer (Macrogen Inc., Seoul, Korea) using universal 
primers. The sequence alignment was carried out with the 
Clustal Omega online tool (https://www.ebi.ac.uk/Tools/
msa/clustalo/).

Bio-PCR analysis. Three-week-old cabbage plants were 
inoculated with eight reference races of Xcc (race 1-8) ac-
cording to the method described by Afrin et al. (2018). 
Upon visible symptom of black rot, about 1 cm2 infected 
area of inoculated leaf was collected and sliced into small 
pieces. Thereafter, sliced pieces of leaf were placed in 250 
µl sterile water (40 min) and 10 µl of the soaked water was 
used as a template for the bio-PCR.

Results

Marker development. The availability of the complete 
genome sequences of Xcc races, Xcc strains, Xc pathovars 
and their re-alignment enabled us to develop Xcc race 

specific molecular markers. In this study, we developed 
two SCAR markers XccR6-60 and XccR6-67, for rapid 
detection of race 6 from other Xcc races (Fig. 1). Since, the 
complete genome sequence of Xcc race 6 is not available 
yet, we analyzed the variable genomic regions among the 
aligned genomes. The result showed that the XccR6-60 and 
XccR6-67 fragments were specific to three race-unknown 
Xcc strains, including CN14, CN15, and CN16 (Fig. 1) and 
absent in the remaining genomes in the alignment. In the 
next step, we designed two sets of primers on XccR6-60 
(693-bp) and XccR6-67 (923-bp) genomic fragments con-
sidering CN14, CN15, and CN16 as reference genome and 
amplified by the PCR. 

The PCR analysis revealed that the XccR6-60 and 
XccR6-67 SCAR primer sets amplified about 692-bp and 
917-bp fragments, respectively only from the gDNA of 
Xcc race 6 while no amplification was observed for the 
remaining tested samples (Fig. 2, Supplementary Fig. 1). 
Moreover, the sensitivity test of the SCAR primer sets 
revealed that they were sensitive enough to detect race 6 by 
PCR from total 0.05-0.5 ng template gDNA (Fig. 3).

Further, we cloned and sequenced the bands amplified 
by the SCAR primers. The sequence analysis showed that 
XccR6-60 primer set amplified fragment with 692-bp from 
Xcc race 6 (Supplementary Fig. 2A). Only 1-bp deletion at 
515-bp position and two single nucleotide polymorphisms 
(SNPs) compared to the reference (CN14, CN15, and 
CN16). For XccR6-67, 6-bp deletions at 241-bp position 
14 SNPs compared to the reference (CN14, CN15, and 
CN16) (Supplementary Fig. 2B).

The sequence obtained through the cloning of XccR6-60 
and XccR6-67 fragments from Xcc race 6 was subjected to 
open reading frame (ORF) prediction with the ORF Finder 
tool of NCBI (https://www.ncbi.nlm.nih.gov/orffinder/). 
The results indicated that the XccR6-60 and XccR6-67 
fragments contained 381-bp (129-aa) and 720-bp (239-
aa) ORF, respectively (Fig. 4, Supplementary Figs. 3 
and 4). Thereafter, BLASTp search was performed using 
these proteins in the NCBI. The result showed that 129-aa 
protein sequence of XccR6-60 had a significant homology 
(99% identity) with DUF4189 domain-containing protein 

Table 2. List of Xcc race 6 specific primers used for in this study

Primer name Primer sequence (5′ to 3′) Length (bp) Annealing conditions
XccR6-60F TGTAGAATCTTTAGCTGGCGC 693 63°C, 40 s, 22 cycles
XccR6-60R TTCAATGCATTCCCGACACG
XccR6-67F TTCCCATCTGAACACCCATT 923 57°C, 40 s, 25 cycles
XccR6-67R GGCATCAGTTCAGCGATTAC

Xcc, Xanthomonas campestris pv. campestris.
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of X. campestris (WP_076054737.1). In case of XccR6-67, 
239-aa protein sequence had a significant homology with a 
hypothetical protein of X. campestris (WP_076054735.1) 
(Supplementary Figs. 3 and 4). In addition, the conserved 
domain analysis using these proteins revealed that the 129-
aa protein of XccR6-60 contained a conserved domain 
called ‘Domain of unknown function (DUF4189)’ while 
239-aa protein of XccR6-67 contained a ‘TrbL domain-
containing protein’ (WP_076054735.1) (Supplementary 
Figs. 3 and 4).

Bio-PCR detection from infected cabbage leaves. A 
bio-PCR was performed with artificially infected cabbage 

leaves with reference Xcc races (races 1-8) to detect the po-
tentiality of race 6 specific primers (XccR6-60 and XccR6-
67). The visible bands were only for those cabbage leaves 
inoculated with Xcc race 6 for both primer sets, while un-
detected for rest of the samples inoculated with other races 
(Fig. 5).

Discussion

The present study was carried out to develop molecular 
marker for race-specific, rapid and precise detection of Xcc 
race 6 from other Xcc races/strains/pathovars. The new 
races of Xcc are emerging continuously in different bras-

Fig. 2. Gel electrophoresis (1.5% agarose) of the PCR products of Xanthomonas campestris pv. campestris (Xcc) race 6 specific se-
quence-characterized amplified region primer sets (A, XccR6-60, 692-bp; B, XccR6-67, 917-bp) amplified from genomic DNA of Xcc 
races and pathovars. Lane M, 100 bp plus DNA ladder; lanes 1-8, Xcc race 1-8; lane Xci, X. campestris pv. incane (Xci); lane Xcr, X. 
campestris pv. raphanin (Xcr); lane Xcv, X. campestris pv. vesicatoria (Xcv); lane Xag, X. axonopodis pv. glycines (Xag); lane Xad, X. 
axonopodis pv. dieffenbachiae (Xad); lane Xcz, X. campestris pv. zinniae (Xcz); lane Psm, Pseudomonas syringae pv. maculicola (Psm); 
lane Pcc, Pectobacterium carotovora subsp. carotovora (Pcc). 

Fig. 3. Sensitivity of the Xanthomonas campestris pv. campestris (Xcc) race 6 specific SCAR primers (XccR6-60 and XccR6-67). (A) 
XccR6-60. (B) XccR6-67. Lane M, 100 bp plus DNA ladder; lane 1, 50 ng/µl gDNA; lane 2, 5 ng/µl; lane 3, 0.5 ng/µl; lane 4, 0.05 ng/
µl; lane 5, 0.005 ng/µl; lane 6, negative control. For the PCR amplification, 1 µl DNA of Xcc race 5 from each dilutions was used as a 
template. 
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Fig. 4. Nucleotide and amino acid sequences of the XccR6-60 (A) and XccR6-67 (B) genomic fragments cloned and sequenced from 
Xanthomonas campestris pv. campestris race 6. The open reading frames are presented in grey highlighted area: XccR6-60, 381-bp 
and XccR6-67, 720-bp. The deduced amino acid sequences are shown in the above of the nucleotide sequences: XccR6-60, 126-aa and 
XccR6-67, 239-aa. The nucleotide sequence is shown as reverse complement. 
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sica vegetable growing regions of the world. For example, 
five physiological races of Xcc (0-4) have been reported 
by Kamoun et al. (1992) based on differential interactions 
with different Brassica spp. Thereafter, Vicente et al. (2001) 
noticed six races of Xcc (race 1-6). A total of nine Xcc 
races have been reported by Fargier and Manceau (2007). 
More recently, Cruz et al. (2017) identified two new races 
of Xcc (race 10 and race 11). These races were determined 
by traditional method with the differential cultivars and the 
pathogens. Korean Xcc isolates need to be determined their 
race identity. However, the cultivar-based race determina-
tion method is more expensive and time consuming. There-
fore, PCR-based simple, reliable and race-specific detect 
is crucial for the race determination of Korean isolates. So 
far, our research group have developed molecular markers 
for race-specific detection of Xcc race 1, 3, 4, and 5 (Afrin 
et al., 2018, 2019; Rubel et al., 2017). 

In this study, we developed PCR-based SCAR markers 
(XccR6-60 and XccR6-67) specific to Xcc race 6 through 
re-alignment of available complete genome sequences 
of fifteen Xcc races/strains/pathovars (Fig. 1). As the 
complete genome sequence of Xcc race 6 is not available 
yet, the variable genomic regions of known Xcc genome 
sequences were considered as targets to develop the race 
6-specific molecular markers. A similar approach was re-
cently reported by Afrin et al. (2019) to develop Xcc race 
5-specific molecular marker whose complete genome is 
not yet sequenced. The SCAR markers developed in this 
study were able to detect and identify Xcc race 6 from other 

Xcc races/strains/pathovars (Fig. 2, Supplementary Fig. 
1). Further, these markers can detect Xcc race 6 from very 
low concentration of race 6 gDNA templates (total 0.05-
0.5 ng) (Fig. 3). Moreover, the newly developed primer 
sets (XccR6-60 and XccR6-67) were highly sensitive as 
they were capable to detect race 6 directly from infected 
cabbage leaves within few hours by bio-PCR (Fig. 5). This 
suggests that newly developed SCAR markers provide a 
simple, specific, quick, low-cost and powerful method for 
identification of Xcc race 6. A similar bio-PCR technique 
was reported by Song et al. (2014) for X. oryzae pv. oryzae 
(Xoo) race K3a and by Afrin et al. (2018) for Xcc race 3. In 
the past, PCR-based molecular markers were successfully 
used for pathovar-specific detection of Xanthomonas. For 
example, hrp gene (hypersensitive reaction and pathoge-
nicity) based PCR amplification technique has been used 
to distinguish X. campestris pathovars (Berg et al., 2005; 
Singh et al., 2014) and X. axonopodis pv. vesicatoria (Leite 
et al., 1994). Later, hrcC gene (encoding the outer mem-
brane protein of the type III secretion system) based PCR 
assay for Xcc specific detection was also described (Zac-
cardelli et al., 2007). Moreover, Song et al. (2014) reported 
a SCAR marker for Xoo K3a race-specific detection. In 
addition, PCR-based molecular markers have also been 
reported for distinguishing fungal pathogens like Fusarium 
oxysporum f. sp. melonis race 2 and F. oxysporum f. sp. 
cubense race 4, which cause vascular wilt and panama dis-
ease in cucurbits and banana, respectively (Lin et al., 2009; 
Luongo et al., 2012). Wang et al. (2010) reported SCAR 

Fig. 5. Detection of Xanthomonas campestris pv. campestris (Xcc) race 6 by bio-PCR with artificially Xcc (races 1-8, R1-R8) inoculated 
cabbage leaves with XccR6-60 (A) and XccR6-67 (B) primer sets. Lanes 1-24, artificially inoculated leaf samples with Xcc races (lanes: 
1-3, race 1; 4-6, race 2; 7-9, race 3; 10-12, race 4; 13-15, race 5; 16-18, race 6; 19-21, race 7; 22-24, race 8; +ve, gDNA of Xcc race 5 as 
a positive control; –ve, negative control; M, 100 bp plus DNA ladder).
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markers for race-specific detection of Puccinia striiformis 
f. sp. tritici Chinese races (CYR32 and CYR33), the causal 
agent of stripe rust of wheat. 

The cloning and sequence analysis of XccR6-60 and 
XccR6-67 marker regions revealed that they have a consid-
erably high homology with DUF4189 domain-containing 
protein (WP_076054737.1) and hypothetical protein 
(WP_076054735.1) of X. campestris, respectively. Further, 
domain analysis using protein sequence of XccR6-67 (239-
aa) revealed that presence of TrbL domain (TrbL/VirB6 
plasmid conjugal transfer protein, pfam04610) (Supple-
mentary Fig. 4). VirB6 was reported as a core component 
of type IV secretion system (T4SS), which is involved 
in macromolecular translocation (Villamil Giraldo et al., 
2012). Moreover, it has been reported that VirB6 domains 
direct the ordered export of a DNA substrate via the T4SS 
(Jakubowski et al., 2004).

The genomic fragments XccR6-60 and XccR6-67 were 
specific to race-unknown Xcc strain CN14, CN15, and 
CN16 but were not present in the other genomes analyzed 
(Fig. 1). Nevertheless, the primer sets designed to cover 
these regions were PCR amplified only from Xcc race 6 
(Fig. 2). Besides, the NCBI BLAST search of the cloned 
sequence of XccR6-60 and XccR6-67 fragments from Xcc 
race 6 showed more than 99% and 97%, respectively iden-
tity with three race-unknown Xcc strains, CN14, CN15, 
and CN16 (Table 3). Therefore, it can be anticipated that 
these race-unknown Xcc strain (CN14, CN15, and CN16) 
might belong to race 6. However, more experimental evi-
dences are required to support this hypothesis.

In conclusion, the newly developed SCAR markers 
(XccR6-60 and XccR6-67) could be useful for rapid, low-
cost and reliable detection of race 6 from other Xcc races/
strains/pathovars. Thus, these molecular markers would be 
valuable for early detection of this pathogen from infected 
Brassica crops worldwide. 
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