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ABSTRACT 
A RAPD marker linked to resistance (assayed as absence of development of V-shaped lesions) to black rot (Xanthomonas campestris pv. 
campestris) in cabbage was identified using a mapping population of 200 F2 (January King × Golden Acre) plants with January King 
being the resistant parent. The analysis of genetics of black rot resistance was based on parents and the F2 generation. Resistance in 
cabbage appeared to be governed by a single gene (monogenic). A total of 191 ten random primers were used to survey the parental 
polymorphism with regard to DNA amplification by polymerase chain reaction. The primers which showed polymorphism in parental 
lines were used for bulked segregant analysis. The primers which amplified reproducibly in the resistant and susceptible bulks were used 
for single plant analysis of 200 F2 plants. A RAPD marker C-111000 (5�-AAAGCTGCGG-3�) flanking the black rot resistance gene with a 
distance of 3.1 cM, was identified. This marker was close enough to the black rot resistance gene to allow a dependable marker-assisted 
selection (MAS) for black rot resistance. However, more closely linked markers, if identified, would improve the effectiveness of MAS. 
Selection of plants on the basis of markers is more straightforward than that based on phenotype. 
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INTRODUCTION 
 
Cabbage (Brassica oleracea var. capitata) is an important 
cole crop and belongs to the family Brassicacae. It is one of 
the oldest cultivated vegetables used by the ancient Greeks 
and Romans as well as one of the most popular winter vege-
tables in India. Cabbage attracts diseases beginning with 
seed; one such disease is black rot. It is caused by Xantho-
monas campestris pv. campestris. Black rot was identified 
on crucifer vegetable crops by Pammel in 1895 on rutabaga. 
The disease occurs everywhere in the world and is parti-
cularly destructive when the climate is warm and wet. The 
infection of foliage results in a yellow V-shaped lesion (Fig. 
1) arising from the margin of leaf and extends in the direc-
tion of the midrib. These spots are associated with typical 
discoloration of the veins. Planting resistant cultivars is one 
of the practicable strategies for management of the disease 
since chemical use is not only expensive but also health 
hazardous. Resistance to black rot is non-hypersensitive and 
severity of the disease is greatly influenced by the pre-
vailing environment during its development (Bain 1955). 
There is limited work on the genetics of resistance for black 
rot in cabbage. So far there is no published report on the 
molecular mapping of black rot resistance in cabbage. The 
use of molecular markers for the identification of black rot 
resistant plants in the field would greatly facilitate breeding 
for resistance to black rot. In this paper we report genetics 
of black rot resistance and identification of a random ampli-
fied polymorphic DNA (RAPD) marker linked to black rot 
resistance in cabbage. 
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Fig. 1 (A, B) Appearance of V-shaped lesions on Brassica oleracea var. 
capitata. 
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MATERIALS AND METHODS 
 
Plant material 
 
The parental lines of January King (resistant) and Golden Acre 
(susceptible) along with their F2 lines were used to identify the 
blackrot resistance gene because these parental lines had consis-
tently shown black rot reaction (unpublished data). The mapping 
population consisted of 200 F2 (January King × Golden Acre) 
plants. Genetics of resistance was analyzed using the parental lines 
and the F2 population. 
 
Evaluation of black rot resistance 
 
The infected leaves showing definite symptoms of blackrot (Fig. 
1) were taken from 40-days-old field-grown plants of F2 popula-
tion (January King × Golden Acre) and washed under running tap 
water to remove soil particles. Samples (consisting of 10 pieces of 
infected leaf of 1 mm3 size) were treated with sodium hypochlorite 
for 15-20 sec and then washed twice with distilled water. Explants 
were cultured into culture tubes (150 mm × 25 mm) having 1 ml 
of autoclaved distilled water and vortexed for 30 s-1 min and were 
further referred to as inocula. Slants of nutrient agar (2.5 g peptone, 
1.5 g beef extract, 2.5 g NaCl, 10 g agar in 500 ml distilled water; 
pH 6.5-6.8) were streaked with bacterial innoculum under aseptic 
conditions. Cultures were incubated at 28°C in an incubator 
(Microsil Pvt. Ltd., India) for 3-4 days under dark conditions. Cir-
cular, yellow and mucoid colonies of bacterium were developed. 

A loopful of 72-hr-old culture of bacterial cells was suspended 
in 100 ml of sterile water. Leaves on 40-days-old plants were 
inoculated with bacterial suspension (0.5 ml per leaf) by spraying 
through a sprayer (Modicare India Pvt. limited) in the morning 
hours. Inoculated plants were covered with polythene bags for 48 
hrs to maintain high relative humidity (>90%). Leaves were ob-
served daily for the appearance of symptoms. 
 
Genetics of black rot resistance 
 
Disease reaction, through screening of F2 plants by pathogen ino-
culation, was used for studying the inheritance of the resistance 
gene in January King. The goodness of fit of observed F2 ratio 
with expected Mendelian ratio was tested by using a �2 test. RAPD 
data were scored as presence or absence of corresponding bands 
from parental lines, bulked segregant DNA and single plant analy-
sis of F2 population. Linkage analysis was performed by using 
Map Maker, Ver. 3 (Lincoln et al. 1993). The marker distance was 
expressed in cM (centimorgans). 
 
RAPD studies 
 
DNA was extracted from healthy leaves isolated from 30-days-old 
seedlings of January King (resistant parent), Golden Acre (suscep-
tible parent) and 200 F2 plants. Genomic DNA was isolated by the 
Dellaporta et al. (1983) method with minor modifications. Bulked 
segregant analysis (BSA) was used to identify RAPD markers 
linked to black rot resistance (Michaelmore et al. 1991). Resistant 
and susceptible bulks were prepared by bulking equal quantities of 
DNA from 10 resistant and 10 susceptible F2 individuals, respec-
tively. 

Genomic DNA of January King and Golden Acre were sur-
veyed for polymorphism using 191 RAPD primers (Kit C and D 
from Integrated DNA Technologies Inc., San Francisco, USA; 
primer sets A-C from Operon Technologies Inc. Alameda, Califor-
nia and UBC primers 1-90 from University of British Columbia, 
Biotechnology Laboratory, USA). Each primer which showed 
polymorphism for both resistant and susceptible parents was later 
on tried for screening polymorphism in both parents and two bulks. 
After that each polymorphic primer was tested with 10 individual 
plants of each bulk. The primer which was polymorphic was used 
to screen 200 segregants of the F2 mapping population. 

For DNA amplification, a 20 μl reaction mixture contained 50 
ng of template DNA, 1X PCR buffer, 1 mM of each of dNTP, 30 
ng primer and 1U of Taq DNA polymerase. Amplification was 
performed for 35 cycles in a thermal cycler Cyclogene Dri-block, 
Techne, UK. After initial denaturation for 3 min at 95°C, each 

cycle consisted of 30 sec at 94°C, 1 min at 35°C and for 2 min at 
72°C. Amplified products were resolved by electrophoresis in a 
1.2% agarose gel with 0.5X TAE buffer containing 0.5 μg/ml ethi-
dium bromide for 3 hr at 5 V/cm. The DNA profile was visualized 
on a UV transilluminator and photographed by using Alphamager 
Gel Documentation System. 
 
RESULTS 
 
Blackrot resistance was scored as symptomless on leaves 
after inoculating plants of the F2 population with the patho-
gen. It is added that a few leaves (about 500mg) are col-
lected from 30 days old plants for DNA isolation and for 
further studies before inoculating the plants. All the plants 
were numbered from 1 to 200. After 35 days of inoculation 
of plants, lack of symptoms indicated a resistant reaction 
and the plants showing total mortality were treated as sus-
ceptible. The observed segregation ratio, when compared to 
the expected ratio in order to establish a �2 test, showed a 
3:1 ratio that fitted well with that expected for monogenic-
ally controlled traits. 

For molecular tagging of the blackrot resistance gene 
genomic DNA of January King (resistant) and Golden Acre 
(susceptible) lines along with 200 F2 used for polymor-
phism survey, 191 random primers were employed, out of 
which 165 amplified one or more bands from each parental 
DNA. Monomorphic bands were amplified by 150 primers 
and these primers were discarded and not used for further 
analysis. Only 15 primers produced polymorphic banding 
patterns between both the parents. Six primers OPA-08 (5�-
GTGACGTAGG-3�), OPA-16 (5�-AGCCAGCGAA-3�), 
OPAK-04 (5�-AGGCTCGGTC-3�), C-11 (5�-AAAGCTGC 
GG-3�), C-13 (5�-AAGCCTGGTC-3�) and C-20 (5�-ACTTC 
GCCAC-3�) out of 15 polymorphic primers showed a poly-
morphic banding pattern between both parents and two 
bulks. 

The total number of polymorphic bands identified was 
40 with an average number of 6.66 polymorphic bands per 
primer. The six polymorphic primers used in this analysis 
yielded a total of 42 scorable bands comprising of 40 poly-
morphic bands and 2 monomorphic bands with an average 
of 7 bands per polymorphic primer. Out of these 6 primers, 
only one primer, C-11 (5�-AAAGCTGCGG-3�) produced 
clear polymorphic bands between resistant parent, resistant 
bulk, susceptible parent, susceptible bulk and ten individual 
plant DNA of both the bulks. A single RAPD band of 1000 
bp was produced by C-11 in resistant parent, resistant bulk, 
and 10 resistant plants of the F2 population, thus showing its 
linkage with the black rot resistance gene. 

200 F2 plants of the whole mapping population were 
used for single plant analysis by using primer C-11 to esti-
mate the linkage of C-111000 RAPD band with resistance 
gene in January King. Subscript ‘1000’ indicates that the 

RAPD marker

3.1 cM C11 1000 bp

Target locus

Fig. 2 Linkage map of Xanthomonas campestris resistance locus in 
Brassica oleracea var. capitata using MAPMAKER ver. 3.0, resistance 
marker C-111000 is linked at a distance of 3.1 cM from the resistance 
locus.
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size of the band produced by C-11 is of 1000 bp. PCR 
amplification showed that fragment generated by C-11 was 
present in resistant plants at a distance of 3.1 cM from the 
resistant locus (Fig. 2) and absent in susceptible plants indi-
cating co-segregation of the RAPD marker with the resis-
tance gene. However, this band was absent in four plants 
which were phenotypically resistant but present in three 
phenotypically susceptible plants, indicating the presence of 
seven recombinants, which were detected by the marker 
linked to the resistance gene. 
 
DISCUSSION 
 
There are different DNA markers like RFLP, RAPD, AFLP 
and STS commonly used for molecular tagging of disease 
resistance genes in various crop plants (Reddy and Baraoi-
dan 1997; Cherukuri et al. 2005; Muylle et al. 2005). In 
addition, these different molecular markers are also being 
used in marker-assisted selection, gene pyramiding and 
map-based cloning of R-genes. However, in this study, 
RAPD markers have been chosen to tag blackrot (Xantho-
monas campestris) resistance gene in cabbage keeping in 
mind their ease and cost effectiveness. 

The foremost requirement for tagging genes is a map-
ping population and the phenotypic screening of the same. 
A mapping population is the one which is raised through 
controlled crosses. The black rot caused by X. campestris is 
one of the most important diseases of cabbage severely af-
fecting its production in various countries, including India. 
For molecular tagging of black rot resistance gene in cab-
bage line January King, F2 was used as a suitable mapping 
population. Although many other mapping populations such 
as F3, backcross, NILs, RILs and doubled haploids have 
been employed as quite suitable mapping populations in 
various crop plants for molecular tagging of different genes 
(Walter et al. 1994; Kuginuki et al. 1997; Cairo et al. 2002; 
Mohler et al. 2005; Ohara et al. 2005), however in the pre-
sent study F2 developed by crossing a resistant (January 
King) and susceptible line (Golden Acre) was used as ap-
propriate mapping population. 

An attempt was made to analyze the genetics of resis-
tance gene to black rot. 200 plants of F2 population were 
uniformly inoculated at the seedling stage with a single iso-
late of X. campestris collected from the Western Himalayan 
region. The number of F2 plants was appropriate for segre-
gation studies as it is already used by a number of resear-
chers (Moriguchi et al. 1999; Govindaraj et al. 2005; 
Saxena 2006; Kashyap 2008). After screening, a 3:1 ratio 
was observed suggesting that resistance to black rot is con-
trolled by a single dominant gene (Guo et al. 1991; Taylor 
et al. 2002; Vincente et al. 2002). The same genetics of re-
sistance has been identified in some other related Brassica 
species (Guo et al. 1991; Westman et al. 1999; Tonguc et al. 
2003). When resistance was tested as a Mendelian character, 
the segregation ratio of the F2 population fitted well with 
that expected for a trait controlled as a single locus by a 
dominant gene as is clear from observation after screening 
with the bacterial inoculum. Since the number of genes 
governing the resistance was unknown, the data was ana-
lyzed by two methods. A phenotype-cut off (to distinguish 
resistant from susceptible individuals) was established with-
in the F2 population by inoculating with the pathogen. After 
35 days, total lack of symptoms indicated a resistant reac-
tion and development of V-shaped lesions followed by leaf 
abscission in plants as the susceptible reaction. And the 
observed segregation ratio, when compared to the expected 
ratio in order to establish the �2 test, showed a 3:1 ratio. 

The second method is to locate the gene by a RAPD 
marker linked to the resistance gene. Analysis with MAP-
MAKER Ver. 3.0 software showed that the single RAPD 
marker was found at a distance of 3.1 cM from the resis-
tance gene. 

Molecular mapping of disease resistance and other 
important traits in cole crops started only recently. Tonguc 
et al. (2003) reported eight RAPD markers associated with 

completely disease-free plants following inoculations. Vija-
yalakshmi et al. (2005) reported two RAPD markers flan-
king the rust resistance gene (Ruf) in pea with a distance of 
10.8 and 24.5 cM, respectively. 

In our study, 191 random primers were tested. Only 15 
primers produced polymorphism between parents. Bulked 
segregant analysis (Michelmore et al. 1991) was attempted 
to further narrow down the number of polymorphic primers. 
Out of 15 polymorphic primers, only six could clearly dis-
tinguish the resistant and susceptible bulks. These six pri-
mers generated a total of 42 scorable bands out of which 40 
(95.23%) were polymorphic. Many studies have exempli-
fied the fact that RAPD analysis in combination with BSA 
of the F2 population provides an efficient approach to tag 
the target gene (Michelmore et al. 1991; Chida et al. 2000; 
Yang et al. 2004). In an earlier study, Tanhuanpaa (2004) 
had used 409 RAPD primers for tagging white rust resis-
tance in Brassica rapa ssp. olifera, but none of them pro-
duced suitable markers. RAPD markers in combination 
with BSA of at least three F2 populations (P1, P2 and P3) 
have been used by Tonguc et al. (2003) to study segregation 
distortion of Brassica carinata-derived black rot resistance 
in Brassica oleracea var. capitata and they observed a sig-
nificant deviation from the 3:1 ratio expected for a single 
dominant gene. 
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