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Singh, B. K., Nandan, D., Supriya, A., Ram, B., Kumar, A., Singh, T., Meena, H. S., Kumar, V., Singh, V. V., Rai, P. K.
and Singh, D. 2015. Validation of molecular markers for marker-assisted pyramiding of white rust resistance loci in Indian

Mustard (Brassica juncea L.). Can. J. Plant Sci. 95: 939�945. Successful application of molecular markers in marker-
assisted pyramiding relies on effective determination of the target phenotype. In this respect, evaluation of the efficiency of
markers for marker-assisted selection through cross-validation in different genetic backgrounds and in different
populations is a crucial step. In the present study, the previously identified Arabidopsis-derived intron polymorphic (IP)
markers At5g41560 and At2g36360, which were highly linked with AcB1-A4.1 and AcB1-A5.1, respectively, were validated
in a set of 25 genotypes of Indian Mustard and in three different F2 populations. The relationships between the variation of
PCR products of the two markers with the percent disease index (PDI) of the tested genotypes, and the co-segregation
analysis of the markers with disease phenotype in F2 populations clearly indicated that At5g41560 and At2g36360 are
genotype-nonspecific markers and are closely linked to white rust resistance loci AcB1-A4.1 and AcB1-A5.1, respectively.
It also became evident from the present study that AcB1-A4.1 and an another white rust resistance locus Ac(2)t are likely
the same gene locus.
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et Singh, D. 2015. Validation des marqueurs moléculaires en vue du pyramidage assisté par marqueurs des locus de résistance
à la rouille blanche chez la moutarde brune (Brassica juncea L.). Can. J. Plant Sci. 95: 939�945. Pour être efficace, l’usage de
marqueurs moléculaires dans le pyramidage assisté par marqueurs exige qu’on établisse correctement le phénotype de la
cible. Évaluer l’utilité des marqueurs pour la sélection assistée par marqueurs en procédant à une validation croisée dans
divers contextes génétiques et sur différentes populations est une étape cruciale de ce processus. Dans la présente étude, les
marqueurs At5g41560 et At2g36360 d’un intron polymorphe issu d’Arabidopsis, identifiés antérieurement et présentant un
lien étroit avec les marqueurs AcB1-A4.1 et AcB1-A5.1, respectivement, ont été validés grâce à un jeu de 25 génotypes de
moutarde brune, dans trois populations de la F2 différentes. Les liens entre la variation des produits des deux marqueurs
obtenus par PCR et l’indice de maladie proportionnel des génotypes testés, de même que l’analyse de la co-ségrégation des
marqueurs avec le phénotype de la maladie chez les populations de la F2 indiquent clairement que At5g41560 et At2g36360
ne sont pas des marqueurs spécifiques au génotype et sont étroitement associés aux locus AcB1-A4.1 et AcB1-A5.1 de la
résistance à la rouille blanche, respectivement. De cette étude, il ressort aussi clairement que AcB1-A4.1 et l’autre locus de
résistance à la rouille blanche Ac(2)t correspondent probablement au même locus.
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White rust, caused by the biotrophic oomycete pathogen
Albugo candida (Pers.) Kuntze, is an economically im-
portant disease of Indian Mustard (Brassica juncea),
an important oilseed species particularly in South Asia.
In the vegetative phase the fungal pathogen infects leaves
and cotyledons resulting in the appearance of white to
creamy yellow pustules on abaxial (lower) surfaces. At
the flowering stage the fungus causes systemic infection
leading to extensive distortion, hypertrophy, hyperplasia
and sterility resulting in severe inflorescence malfor-
mation known as staghead (Petrie 1973). It has been

estimated that combined infection of leaf and inflo-
rescence can cause up to 63% yield loss with more
severe losses (90%) as a result of staghead formation in
susceptible cultivars (Lakra and Saharan 1989). More-
over, A. candida has the capacity under field conditions
to elevate the incidence and severity of infection by
Hyaloperonospora parasitica (Brassica downy mildew)
in crucifers including B. juncea (Sansome and Sansome
1974; Chaurasia et al. 1982; Bains and Jhooty 1985;

Abbreviations: IP, intron polymorphic; PDI, percent disease index
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Constantinescu and Fatehi 2002). Almost all the major
varieties of B. juncea belonging to the Indian gene pool
are highly susceptible to the white rust pathogen (Panjabi
et al. 2010). Breeding for resistance against this disease
using exotic germplasm as resistance sources has not
been very successful because of the obligate nature of
the pathogen limiting availability of inoculums for the
timely inoculation of large segregating populations over
generations (Varshney et al. 2004). This problem, how-
ever, could be resolved by the use of tightly linked
DNA markers, which would enable direct selection for
resistance and thus facilitate directed transfer of the
white rust resistance gene(s) to agronomically superior
genetic backgrounds.

Globally, at least 13 races of A. candida have been
identified on the basis of their specificity to different
crucifer species (Verma et al. 1999), of which race
2 predominantly infects B. juncea (Petrie 1988; Rimmer
et al. 2000). Several studies have been undertaken for
genetic analysis of white rust resistance loci in B. juncea
at the molecular level and linked markers have been
identified in different resistant sources (Prabhu et al.
1998; Cheung et al. 1998; Mukherjee et al. 2001; Somers
et al. 2002; Varshney et al. 2004). All these studies have
mapped a single dominant locus for white rust resistance.
However, it is not known whether the loci governing
the resistance identified in these independent studies
are the same or are different as no common set of markers
were used. Lack of information regarding physical and
genetic relationship of the resistance loci has severely
affected the ability to stack or pyramid into high-yielding
cultivars. The situation has been even more aggravated
as all the markers, except one, are either non-PCR
based or less-reproducible. The exception is the cleaved
amplified polymorphic sequence (CAPS) marker devel-
oped for resistance locus Ac(2)t in BEC-144 (Varshney
et al. 2004). In a recent study, Panjabi et al. (2010) has
mapped two independent loci (AcB1-A4.1 and AcB1-
A5.1) on linkage groups A4 and A5 in eastern European
lines, Heera and Donskaja-IV, respectively, with PCR-
based intron polymorphic (IP) markers. White rust
resistance loci AcB1-A4.1 and AcB1-A5.1 are reportedly
highly effective in conditioning resistance against an
A. candida isolate (designated as AcB1; race 2V) col-
lected from a severely infected Indian Mustard field at
Bharatpur, Rajasthan, which is one of the most inten-
sive mustard-producing regions in India. Keeping these
in mind, the present investigation was undertaken with
two main objectives. The first objective was to evaluate
the efficiency of IP markers At5g41560 and At2g36360,
chosen based on the most significant linkage with
white rust resistance loci AcB1-A4.1 and AcB1-A5.1,
respectively, through cross-validation in a set of diverse
genotypes of Indian Mustard, and in independent
populations different from the one in which the
marker-trait linkage was originally identified. The
second objective was to investigate the genetic relation-
ship between the white rust resistance loci AcB1-A4.1

and AcB1-A5.1 with Ac(2)t mapped in BEC-144 so
that they can be pyramided into some of the popular
cultivars of Indian Mustard for obtaining more durable
resistance.

MATERIALS AND METHODS

Plant Materials
Twenty-five Indian Mustard genotypes (Table 1) and
three F2 populations (Table 2) were included in this
study. The seed samples of genotypes were obtained from
the Germplasm Unit, Directorate of Rapeseed-Mustard
Research (DRMR), Bharatpur and Centre for Genetic
Manipulation of Crop Plants, University of Delhi,
South Campus, New Delhi. F2 populations were devel-
oped at the experimental farm of DRMR.

Development of F2 Mapping Populations
Three different F2 populations developed during the
rabi season of 2011�2014 were used in the present
study. A commercially released Indian Mustard cul-
tivar, NRCDR-02, susceptible to white rust, was used
for making crosses with white rust resistant genotypes
Heera, BEC-144 and JMY-11. The seeds of F1 plants
obtained from crosses (NRCDR-02�Heera), (NRCDR-
02�BEC-144) and (NRCDR-02�JMY-11) were grown
under normal field conditions. The F2 seeds harvested
from a single F1 plant from each of the three crosses
were planted in rows in a disease nursery prepared for
white rust screening.

Inoculum Preparation
The inoculum was prepared by collecting zoosporangia
of the strain AcB1 (A. candida Bharatpur 1) from heavily
infected fresh leaves of Indian Mustard cultivar Varuna
maintained under controlled environmental conditions
in a growth chamber. The concentration of the inoculum
was adjusted to 2�104 zoosporangia mL�1 with the
aid of haemocytometer slide and appropriate dilution
with sterilized distilled water. The suspension was in-
cubated in the dark at 808C for 2 h and then kept at
room temperature (20�258C) to trigger the release of
zoospores, before inoculation.

Cotyledonary Stage Screening
Seedlings of all the 25 genotypes were raised from
untreated seeds in 5-cm-diameter plastic pots placed in a
tray (41�30�7 cm). Seeds were sown in pots contain-
ing Soilrite mix (horticulture grade expanded perlite,
Irish peat moss and exfoliated vermiculite in equal ratio)
procured from Keltech Energies Limited, Bengaluru
(India) and maintained in Conviron walk-in growth
chamber (PGV36) at 208C with a 10-h light/14-h dark
photoperiod and 70% relative humidity. Emerged seed-
lings were thinned to five to six per pot. Fully expanded
cotyledonary leaves of 7-d-old seedlings were used for
inoculation. Inoculum was carefully applied by pipett-
ing 10-mL droplets onto the adaxial (upper) surface of
each cotyledonary leaf to avoid any inoculum runoff.
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Table 1. Correlation of markers for resistance and phenotype among Brassica juncea genotypes against Bharatpur strain AcB1 of Albugo candida

Cotyledonary stage True-leaf stage

Disease index (%)
Disease

Disease index (%)
Disease AcB1-A4.1/ AcB1-A5.1/

Genotype Class of Genotype Parentage 2012�2013 reactionz 2011�2012 2012�2013 reaction At5g41560 At2g36360

BEC-144 Exotic collection Exotic collection from Poland 8.30 R 7.93 7.63 R R S
Donskaja-IV Exotic collection Exotic collection from Russia 0.00 I 0.00 0.00 I S R
EC-399299 Exotic collection S3 lines derived from Chinese accession,

Chang Yang Huang Jie
18.90 MR 27.60 28.83 S S S

EC-399301 Exotic collection Derived from a landrace BGRC-22527
obtained from Germany

48.83 S 46.77 24.40 S/MR S S

EC-399313 Exotic collection S3 lines derived from Chinese accession,
Chang Yang Huang Jie

59.57 HS 53.23 52.60 HS S S

EC-414293 Exotic collection � 41.07 S 42.47 44.40 S S S
NDWR 5-1 Indigenous germplasm � 45.13 S 28.57 31.80 S S S
NPJ-121 Indigenous germplasm � 12.93 MR 18.63 24.40 MR S S
PHR-2 Indigenous germplasm � 49.60 S 53.00 52.57 HS S S
JMY-11 Indigenous germplasm � 8.00 R 5.27 4.40 R/HR S R
JMWR 941-1-2 Indigenous germplasm Mutant (75 Kr) 25.87 S 22.17 20.70 MR S S
JMWR 945-2-2 Indigenous germplasm Mutant (75 Kr) 40.70 S 35.47 40.70 S S S
Bio-YSR Registered germplasm BEC-286 0.00 I 3.30 4.41 HR S S
Heera Registered germplasm BJ-1058 7.33 R 4.40 4.40 HR R S
Bio-902 Commercial variety Varuna somaclone 44.40 S 40.00 44.40 S S S
Kranti Commercial variety Selection from Varuna 42.17 S 45.93 52.57 S/HS S S
Laxmi Commercial variety PR-15�RH-30A 32.90 S 42.43 43.67 S S S
Maya Commercial variety Varuna�KRV-11 43.67 S 43.97 48.10 S S S
Navgold Commercial variety Bio-902�BM-185-11 31.80 S 33.13 28.83 S S S
NRCDR-02 Commercial variety MDOC-43�NBPGR-36 49.60 S 27.63 28.83 S S S
Pusa Agrani Commercial variety B. juncea�Synthetic amphidiploids

(B. campestris var. toria�B. nigra)
55.13 HS 65.43 71.07 HS S S

RLM-619 Commercial variety RL-18 22.93 MR 17.20 24.40 MR S S
Urvashi Commercial variety Varuna�Kranti 48.10 S 57.23 64.40 HS S S
Varuna Commercial variety Varanasi local 70.30 HS 77.63 71.07 HS S S
Vasundhara Commercial variety RH-839� RH-30 64.00 HS 73.23 73.27 HS S S
CD (P�0.05) 2.96 2.88 3.92
CV (%) 5.21 5.12 6.80

zI, immune; HR, highly resistant; R, resistant; MR, moderately resistant; S, susceptible; HS, highly susceptible; /� different disease reaction in the two seasons.
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After inoculation, plants were incubated in a humid
chamber at 80�90% relative humidity inside a controlled-
environment cabinet at 188C for 48 h. Post-dark in-
cubation, inoculated seedlings were transferred to the
Conviron growth chamber maintained at 208C with 16-h
light/8-h dark photoperiod and 80% relative humidity.
Each experiment consisted of five to six seedlings from
each genotype with three replications.

True-leaf Stage Screening
True-leaf stage screening of the Indian Mustard geno-
types were conducted during the rabi season of 2011�
2012 and 2012�2013 at the experimental farm of
DRMR, Bharatpur. The screening of F2 populations
was conducted during the rabi season of 2013�2014.
Seeds were planted in 3-m rows with spacing of 30 cm
between rows and 10 cm between plants within a row
in a disease nursery prepared for white rust screening.
The disease nursery was developed by adding grinded
hypertrophied plant material to the soil. While screen-
ing the F2 populations, respective parents were also
planted in each of the F2 rows. For developing optimum
inoculum pressure, each row was flanked by two rows
of a highly susceptible Indian Mustard cultivar Varuna.
Inoculation with zoospore suspension (2�104 zoospor-
angia mL�1) of AcB1 strain of A. candida was done
60 and 75 d after sowing.

Disease Assessment
Disease reaction on both the cotyledonary and true
leaves were scored using a modified 0�9 scale (Williams
1987). Observation for cotyledonary stage screening
was recorded between 9 and 14 d after inoculation,
whereas the same for true-leaf stage was done at 30 d
after inoculation. The extent of disease was rated as
0�no symptoms on either leaf surface (immune);
1�small pinpoint to larger brown necrotic flecks under
inoculation point on leaves (highly resistant); 3�very
sparse sporulation, one to few pustules on abaxial leaf
surface, no pustules on adaxial leaf surface (resistant);
5�few to many scattered pustules with good sporulation
on abaxial surface and zero to few pustules on adaxial
surface of leaves (moderately resistant); 7�many pus-
tules with abundant sporulation on abaxial surface
with none to few pustules on adaxial surface of leaves
(susceptible); and 9�many large coalescing pustules
on abaxial surface with many to few pustules on adaxial
surface of the cotyledon/leaves (highly susceptible).

Percent disease index (PDI) for cotyledonary and true-
leaf stages was calculated using the following formula:

PDI�[Snumerical ratings=(number of samples scored

� maximum score)�100] (McKinney 1923):

DNA Extraction and Marker Analysis
Primer sets for white rust-associated IP markers were
custom synthesized using sequence information ob-
tained from Centre for Genetic Manipulation of Crop
Plants, University of Delhi, South Campus, New Delhi
(India) and these primers were used for PCR ampli-
fication. The reaction was performed using 50 ng of
miniprep genomic DNA, prepared from the true leaves
using the method described by Murray and Thompson
(1980) in a total volume of 25 mL containing 0.2 mM of
each primer, 0.2 mM of each dNTP, 1.0�2.5 mM MgCl2
and 1.5 U Taq Polymerase. The cyclic conditions
of PCR for both the markers were as follows: initial
denaturation at 948C for 2 min followed by 35 cycles
of 30 s denaturation at 948C, 30 s annealing at 558C and
1 min extension at 728C with a final extension of 728C
for 5 min.

Statistical Analysis
Data obtained under controlled environmental condi-
tions as well as field conditions were analysed using
ANOVA (Windostat 8.5) in respect of disease reaction
at the cotyledonary as well as the true-leaf stage as sug-
gested by Panse and Sukhatme (1978). The mean values
of plants within a replication were used for statistical
analysis. Critical differences (CD) were calculated at the
5% probability level of significance for comparison
of genotype means. The goodness of fit of observed F2

ratio in all the three populations with the expected
Mendelian ratio was tested by using Chi-square test.
Linkage analysis was performed by using MAPMAKER
programme version 3.0b (Lander et al. 1987). The linkage
distances between the markers and white rust resistance
loci were determined with a LOD score threshold of 3.0,
and all map distances in cM are reported in Kosambi
units (Kosambi 1944).

RESULTS AND DISCUSSION

Phenotypic Evaluation of Genotypes
Twenty-five Indian Mustard genotypes, including 11 com-
mercial varieties and 14 exotic/indigenous germplasm

Table 2. Inheritance of white rust resistance loci AcB1-A4.1 and AcB1-A5.1 in F2 populations screened at the true-leaf stage

Parents Generation Locus tested Size of population

Resistantz

(I, HR & R)

Susceptible

(MR, S & HS)

Expected

ratio

Observed

ratio x2 P level

NRCDR-02/Heera F2 AcB1-A4.1 73 56 17 3:1 3.3:1 0.12 0.05
NRCDR-02/BEC-144 F2 AcB1-A4.1 113 87 26 3:1 3.4:1 0.24 0.05
NRCDR-02/JMY-11 F2 AcB1-A5.1 108 82 26 3:1 3.2:1 0.05 0.05

zI, immune; HR, highly resistant; R, resistant; MR, moderately resistant; S, susceptible; HS, highly susceptible.
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collections/registered lines, were screened for white rust
disease reaction at cotyledonary stage under controlled
environmental conditions and true-leaf stage under field
conditions for 2 consecutive years (Table 1). Incubation
period at the cotyledonary stage ranged between 10 and
14 d, with the average being shortest in Varuna and
Kranti (10 d) and the longest in Heera (14 d). Phenotypic
data recorded in terms of disease reaction on different
genotypes also showed significant variation in sporula-
tion intensity at the cotyledonary and true-leaf stages.
A large proportion (42.31%) of the genotypes exhibited
lower PDI at the true-leaf stage in the field than at
the cotyledonary stage under controlled environmental
conditions. A wide variation in incubation period and
sporulation intensity exhibited among genotypes em-
phasize the view that besides the single major gene, some
modifying factors may also be involved in the control
of white rust severity as reported in other Brassica
species (Fan et al. 1983; Edwards and Williams 1987;
Kole et al. 1996). The differences observed in the reaction
to A. candida between the cotyledonary and true-leaf
stages may be attributed to the variation in the contents
of some of the important chemical constituents of the
plant like protein, phenols, soluble sugars and reducing
and non-reducing sugars among different genotypes
(Liu and Rimmer 1990; Singh et al. 2003; Yadav and
Sharma 2004; Mishra et al. 2009). Moreover, it indicates
that factors for resistance vary at different growth stages
and reinforce the importance of testing plants at both
growth stages when screening for disease resistance.

In the present investigation, all the commercial
varieties of Indian Mustard that were considered for
the study, except RLM-619, were found to be suscep-
tible/highly susceptible to white rust. Indian Mustard
variety RLM-619 showed moderate level of resistance.
Varuna, which is amongst the oldest but is still a highly
popular variety of Indian Mustard in India, exhibited
the maximum (�70%) disease index under both the
stages of plant growth. This was similar to the earlier
reports (Li et al. 2008; Mishra et al. 2009). Indigenous
germplasm collections, however, showed wide variation
in terms of disease reaction and exhibited moderate
to high resistance. Widespread susceptibility of Indian
Mustard varieties to white rust may be attributed to
the fact that most of these varieties are the pure line
selections from a few common ancestors within the
Indian gene pool. Varuna, which is itself a pure line
(Table 1) selection from Banarasi rai, a local germplasm,
has been used in the development of 46 out of a total of
107 varieties of Indian Mustard developed and recom-
mended for specific cropping systems in India. More-
over, it is also reported that in commercial varieties
that were developed through hybridization with either
related Brassica species or exotic materials, a major
portion (�68%) of the genomic region has been con-
tributed by adapted Indian cultivars (Chauhan and
Singh 2004).

Amongst the exotic germplasm considered for the
study, Donskaja-IV (exotic collection from Russia)
was rated as immune, as it did not show any pustule
formation either under laboratory and field conditions.
Similarly, the registered germplasm Bio-YSR, which is
often used as resistant check in breeding programmes
for white rust resistance, showed a high level of resistance
at both the growth stages. On the other hand, Heera (a
registered germplasm) showed formation of few pustules
on the abaxial surface of a few cotyledons and was con-
sidered partially resistant. Donskaja-IV and Heera have
been used as resistant parents for creating mapping
populations for identifying markers linked with white
rust resistance loci AcB1-A5.1 and AcB1-A4.1, respec-
tively (Panjabi et al. 2010). Surprisingly, exotic lines
EC-399299, EC-399313 and EC-399301 exhibited disease
reaction ranging from a moderate to a high degree of
susceptibility at both stages. This is in contrast to an
earlier observation at the university field experimental
station at Pantnagar (northern India) where moderate
visible infection with white rust at the cotyledonary
leaf stage and little or almost no visible infection with
this disease at the true-leaf stage was obtained (Mishra
et al. 2009). This may be attributed to the variation
in racial composition of A. candida isolates at the two
locations. It may also be an indicator of rapid evolu-
tion of white rust pathogens leading to breakdown of
natural resistance genes, demonstrating the need for
continued efforts to identify new sources of resistance
to white rust.

Correlation of Markers for Resistance and
Disease Phenotype
The major application of molecular markers in plant
breeding is supporting efficient selection in development
of improved cultivars. An important step in this process
is marker validation, which is defined as the testing of a
marker for its effectiveness in determining phenotype
in different genetic backgrounds and in new popula-
tions different from the one in which the marker-trait
linkage was originally identified (Barr et al. 2000). To
validate the efficacy of the newly identified IP markers
for marker-assisted selection in different genetic back-
grounds, we phenotyped and genotyped 25 genotypes of
Indian Mustard having indigenous and exotic origin
and compared them with the resistant and susceptible
checks. Heera and Donskaja-IV did not show cross-
amplification of resistance marker alleles, indicating
that resistance is monogenic in both the resistance
sources and is governed by different genes (Panjabi
et al. 2010).

Since the white rust resistance loci AcB1-A4.1 and
AcB1-A5.1 are located on two different linkage groups,
but still govern resistance to the same isolate of A.
candida, it appears that the two loci have evolved
independently. Therefore, chances of co-existence of
these two loci in a genotype should be rare unless brought
together by intentional breeding. The fact is substantiated
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by our findings that BEC-144 and JMY-11 also exhibited
the presence of only one of the two effective loci similar
to Heera and Donskaja-IV, respectively. In the present
investigation, none of the markers could identify Bio-
YSR as resistant genotype. This indicates that the high
level of resistance exhibited by Bio-YSR may be due to
another independent locus. The IndianMustard cultivars
that were either susceptible or moderately resistant to
white rust contained the same marker alleles as in Varuna
at the At5g41560 and At2g36360 marker loci linked
with white rust resistance loci AcB1-A4.1 and AcB1-
A5.1, respectively. Absence of resistance marker alleles
in genotypes NPJ-121 and RLM-619 indicate that the
moderate level of resistance exhibited by them at both
the cotyledonary and true-leaf stages may be due to some
minor genes or modifying factors. In summary, the study
demonstrates that the two markers are not genotype
specific and provide uniquely divergent loci that will
be useful for marker-assisted selection in a large set of
mustard breeding lines during introgression of the white
rust resistance loci AcB1-A4.1 and AcB1-A5.1.

Inheritance and Linkage Analysis of White Rust
Resistance Loci AcB1-A4.1 and AcB1-A5.1
The efficiency of IP markers At5g41560 and At2g36360
linked to white rust resistance loci AcB1-A4.1 and
AcB1-A5.1, respectively, in revealing the disease pheno-
type was determined through its cross-validation in
three different F2 populations. The segregation analysis
of white rust resistance loci AcB1-A4.1 and AcB1-A5.1
in F2 populations derived from NRCDR-02�Heera,
NRCDR-02�BEC-144 and NRCDR-02�JMY-11,
respectively, revealed that disease resistance did not
deviate significantly from 3:1 ratio (Table 2). It clearly
indicates the presence of a single major locus imparting
resistance to white rust in resistant lines Heera, BEC-144
and JMY-11. Previous studies have already indicated
that resistance to white rust in B. juncea is governed by
a single dominant gene (Tiwari et al. 1988; Sachan
et al. 1995; Prabhu et al. 1998; Mukherjee et al. 2001).
Co-segregation analysis in F2 populations derived
from NRCDR-02�Heera and NRCDR-02�JMY-11
revealed that white rust resistance loci AcB1-A4.1 and
AcB1-A5.1 are linked to intron polymorphic markers
At5g41560 and At2g36360, at 4.4 and 0.9 cM, respec-
tively. Thus, the present investigation confirms that
intron polymorphic markers At5g41560 and At2g36360
are linked to white rust resistance loci AcB1-A4.1 and
AcB1-A5.1, respectively, as reported by Panjabi et al.
(2010). These markers could be effectively used in
marker-assisted selection for pyramiding of these loci
to well-adapted, high-yielding susceptible cultivars of
Indian Mustard. Marker-assisted pyramiding of Heera
locus AcB1-A4.1 and Donskaja-IV locus AcB1-A5.1,
in a set of eight popular varieties of Indian Mustard is
underway at our centre.

In the present investigation, co-segregation analysis
of IP marker At5g41560 with the disease phenotype

in F2 population derived from NRCDR-02�BEC-144
showed that At5g41560 is linked to white rust resistance
locus Ac(2)t at 4.8 cM. It indicates that AcB1-A4.1
mapped in Heera and Ac(2)t mapped in BEC-144
(Mukherjee et al. 2001) are likely the same gene locus.
However, a more detailed genetic study is required to
confirm the allelism of two loci.

CONCLUSIONS
The present study establishes that At5g41560 and
At2g36360 are genotype non-specific resistance gene
markers and are closely linked to white rust resistance
loci AcB1-A4.1 and AcB1-A5.1, located on linkage
groups A4 and A5 in eastern European lines, Heera and
Donskaja-IV, respectively. It qualifies them to be suitable
markers for marker-assisted pyramiding of resistance-
conferring loci AcB1-A4.1 and AcB1-A5.1 in susceptible
cultivars. Moreover, the present study demonstrates for
the first time that AcB1-A4.1 mapped in Heera and
Ac(2)t mapped in BEC-144 are likely the same gene locus
and, therefore, either of the two loci may be targeted
for stacking with AcB1-A5.1.
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