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Marker-assisted introgression lines of elite Indian mustard (Brassica
Jjuncea) cultivars for resistance against white rust (4/bugo candida)

V.V. Singh®, Monika, Priyamedha?, Balbeer, M.L. Meena, Pankaj Sharma and R.K. Rai

Abstract

White rust caused by Albugo candida is a major biotic constraint responsible for significant yield loss in mustard production across all
mustard-growing regions. This experiment was conducted with the aim of developing WRR lines of Indian mustard using the MABB
approach. The elite mustard cultivars of Brassica juncea viz., DRMR150-35, DRMRIJ-31 and NRCDR-02 were used as the recurrent parent,
whereas BioYSR, BEC-144 and Donskaja were taken as donors. A parental polymorphism survey using 315 microsatellites (SSR) was
done among recurrent and donor parents. To confirm introgression of white rust resistance gene foreground selection was performed
using Arabidopsis-derived IP markers that are linked to the white rust loci AcB1-A5.1 (At2g36360) for Donskaja and BioYSR and AcB1-
A4.1 (At5g41560) for BEC-144coupled with background selection and phenotypic selection for highest recurrent parent genome
recovery. Finally, 19 BC,F, lines were obtained, which led to the identification of 5 highly white rust-resistant lines with RPG recovery
percentage of >90%. These selected improved lines showed a resistance response with mean %WR severity (100 DAS) below 5% and
possess the agro-morphological characters at par to their respective recurrent parent. These lines have good potential for future release
and demonstrated MABB as a valuable tool for expediency, enrichment and precision in accelerating the development of new disease-
resistant Indian mustard varieties.
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Introduction
Indian mustard [Brassica juncea (L.) Czern & Coss] is the most
significant and widely cultivated species among India’s six
cultivated species of rapeseed mustard group of crops.
Indian mustard accounts for about 90% of the area (9.17 mha)
and production (11.75 mt) of the rapeseed-mustard with
productivity of 1178 kg/ha (Anonymous 2022). According
to the USDA’s 2020 report, India accounts for 9.8% of global
rapeseed mustard production and owns 19.8% of the world’s
arable land. Biotic and abiotic stresses profoundly influence
the production of rapeseed mustard. Among Biotic stresses,
diseases like white rust (Albugo candida), stem rot (Sclerotinia
sclerotiorum), Alternaria blight (Alternaria brassicae),
powdery mildew (Erysiphe cruciferarum),downy mildew
(Hyaloperonospora parasitica) and blackleg (Leptoshaeria
maculans) are the more devastating that significantly reduce
the seed yield and oil quality of rapeseed mustard (Dev et
al. 2020). The expansion of the mustard-growing areas in
tropical and subtropical India has increased the severity
and intensity of the white rust disease (Saharan et al. 2014).
White rust is caused by an obligate parasite [Albugo
candida (Pers.) Kuntze.] is one of the most widespread

and destructive diseases of Brassicas, especially for Indian
mustard and turnip rape, Brassica rapa L. (Saharan and
Verma 1992; Kole et al. 1996). The favorable environmental
conditions for the development of white rust disease in
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Indian mustard include low temperature (15-20°C) and
high humidity (>65%) with intermittent rainfalls during
the cotyledonary to the complete flowering stage (Mehta
et al. 2021). The infected plants exhibit chlorosis on the
adaxial surface of leaves and localized white to pale-
colored pustules on the abaxial surface of leaves, stems
and inflorescence. However, systemic infection leads to stag
heads forming, resulting in non-formation of seed, which
causes up to 90% yield losses (Chand et al. 2022; Lakra and
Saharan 1989). Donors like Donskaja 1V, Heera, BIO-YSR,
BEC-144 and NRCDR 515 are the registered R genetic stocks
for resistance against different isolates of white rust from
various mustard-growing states of India. Wild species or
relatives of such as B. fruticulosa and Thlaspiarvense have
also been found to be resistant to white rust, whereas few
species of genus Diplotaxis and Sinapis were reported as
moderately resistant (Saharan et al.1988; Dang et al. 2012).
Previous genetic studies on white rust resistance have
predicted that a single dominant gene controls resistance
to white rust (Singh et al. 2020; Yadava et al. 2012; Singh et
al.2012; Vignesh et al. 2011), which have been identified and
mapped in B. juncea (Cheung et al. 1998; Prabhu et al. 1998;
Varshney et al. 2004; Massand et al. 2010), B. napus (Somers
etal. 2002), B. rapa (Kole et al. 1996) and A. thaliana (Borhan
et al. 2008, 2010). As reported by earlier mapping studies,
two independent loci govern resistance to A. candida
race2Vintwo East European lines (Heera and Donskaja-IV)
and information on tightly linked markers to these loci has
been reported by Panjabi et al. (2010).

Introgression of the white rust-resistant gene in elite
Indian mustard cultivars is one of the most effective
approaches for its management, as other strategies like
the application of fungicides, crop rotation and sanitation
practices have only been moderately effective. The
development of resistant cultivars through a conventional
breeding approach is time-consuming and labor-intensive.
However, the molecular marker-assisted backcross breeding
approach (MABB) is a more precise and quick approach for
the development of white rust resistant (WRR) introgression
lines of elite cultivars (Varshney et al. 2010). Molecular
marker-assisted breeding has been successfully employed
in the introgression of genes conferring resistance to white
rust (Somers et al. 2002, Arora et al. 2019, Singh et al 2020),
downy mildew (Saha et al 2021), Sclerotinia stem rot (Rana et
al.2017), blackleg (Saal et al. 2005; Kalia et al. 2017), clubroot
(Kawasaki et al. 2021; Hirani et al. 2016; Kaur et al. 2022)
disease affecting Brassica species. Considering all these facts,
the present study was, therefore, conducted to develop WRR
lines in the background of elite mustard cultivars, namely,
DRMR150-35, NRCHB101, DRMRIJ-31 and NRCDR-02 having
high yielding potential, better seed quality, oil content and
good market price using marker-assisted backcross breeding
approach. These cultivars became susceptible to A. candida
with time, considerably affecting their productivity.

Materials and methods

Plant materials and MABB strategy

Elite cultivars of Indian mustard viz, DRMR150-35, DRMRIJ-31
and NRCDR-02 were taken as recipient/recurrent parents,
while BIO-YSR, BEC-144 and Donskaja were taken as donors
for introgression of white rust resistance gene. The crosses,
DRMR150-35 x BioYSR, DRMR150-35 x BEC-144, NRCDR-02
X Donskaja and DRMRIJ-31 x Donskaja were generated to
produce F, seeds during rabi 2015. Hybridity in F, plants was
checked using Intron polymorphic (IP) markers, At5g41560
and At2936360 (Panjabi et al. 2010) linked with white
rust resistance loci AcB1-A4.1 and AcB1-A5.1, respectively.
After hybridity confirmation of the plants, true hybrid
heterozygous plants were backcrossed with recurrent
parents to generate BC F, seeds during rabi 2016. Foreground
selection using tightly linked markers and background
selection using respective parental polymorphic SSR
markers have been performed in subsequent generations
(BC,F, to BC3F1) during rabi 2017-2018 for confirmation of
the white rust resistance gene and genome recovery of the
recurrent parent. Simultaneously, phenotypic selection
was also performed for recurrent parent similarity among
the confirmed hybrid plants in BC,F, to BC,F, generation.
The gene-introgressed plants with the highest genotypic
recovery and maximum phenotypic similarity to the
recurrent parent were selfed up to BC,- F,  during crop rabi
of 2019-2020 and 2020-2021 including off-season nursery
at IARI, Regional Station, Wellington, Tamil Nadu, India. In
the BC,F, , population, homozygous lines with introgressed
white rust-resistant genes along with a maximum genome
recovery of recurrent parent were finally selected.

Genotyping

DNA was extracted from young and healthy leaves of
20-day old seedlings of using the standard Cetyl Trimethyl
Ammonium Bromide (CTAB) protocol (Doyle and Doyle
1990), followed by DNA purification by removing protein
impurities and RNA. Then the purified DNA was analyzed
for quality and quantity using 0.8% agarose gel and the
final concentration of DNA was normalized to 30 ng/
pl. Polymerase chain reaction for IP markers used for
foreground selection and SSR for background selection of
complete recurrent parent genome recovery, visualization
of amplified products, and separation by gel electrophoresis
was performed as described in the earlier studies (Singh et
al. 2020, Singh et al. 2019).Foreground selection employed
previously described Arabidopsis-derived IP markers that
are linked to the white rust loci AcB1-A5.1 (At2g36360) and
AcB1-A4.1 (At5g41560), respectively (Panjabi et al. 2010).
The marker’s locus and sequence details used for FGS are
listed in Table 1.A total of 315 SSR markers that encompass
all 18 linkage groups of Indian mustard were used for a
polymorphism survey between the recurrent parent viz.
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Table 1. Details of IP markers used for foreground selection for development of WRR introgression lines in B. juncea
S. Locus code  Resistance locus Linkage  IP Marker Primer sequence Markers validated Reference
No. mapped in genotype*  group (5'—3) in genotypes
1 AcB1-A4.1 Heera A4 At5g41560F GAGGTGGAAGAGTACGGTTGTG Heera, BEC-144 Singh et al. 2015,
At5g41560R CCTCACAATTTCAGTCAACATCGT Singh et al. 2020
2 AcB1-A5.1 Donskaja A5 At2936360F GCCACCTCCTAGATGTGGTCATA Donskaja, BioYSR
At2g36360R GTCCATCCAGGTGTTTCACG

*Panjabi et al. (2010)

DRMR150-35, DRMRIJ-31, NRCDR-02 and their respective
donor, BioYSR, BEC-144 and Donskaja. A variable set of
polymorphic SSR markers identified for every cross (Table 2),
was used in background selection for recovery of recurrent
parent genome in BC F,, BCF, and BCF, generations.

Single bands were scored either as the homozygous
allele for the recurrent/female parent represented by the
letter ‘A’ or the homozygous allele for the donor/male
parent represented by letter ‘B’. Double bands were scored
as heterozygous alleles (heterozygotes) carrying the genes
of both recurrent and donor parents and represented by
the letter’ H. The respective parental polymorphic SSR
markers estimated the amount of recurrent parent genome
contribution. Recurrent parent genome recovery (RPGR)
represented as ‘G’ was calculated as per Sundaram et al.
(2008).

G =[(X+1/2Y) x100]/N

where,

N = total number of parental polymorphic markers
screened

X = number of markers showing homozygosity for
recurrent parent allele

Y = number of markers showing heterozygosity for
parental alleles

Phenotyping

The selected WRR introgressed lines (BC,F, progenies)
along with their parental lines, susceptible check (Rohini)
and resistant checks (BioYSR, Donskaja and BEC-144) were
phenotyped for resistance to white rust at offseason nursey
in Wellington, India during offseason in year 2018 under
natural condition. Rohini was interplanted after every four
test rows to maintain constant disease pressure. The superior
lines identified in BC,F, progenies were evaluated under
AICRP-RM pathology trials consecutively for three years
2019-21. The superior lines were identified based on high
resistance against white rust disease.

Disease pressure was created in the field by primary
inoculum collection of white rust zoosporangia of the strain
AcB1 (A. candida, Bharatpur 1) from highly infected fresh
leaves of the susceptible B. juncea cv. Varuna grown at the
experimental farm of ICAR-DRMR, Bharatpur, India. With
the help of a hemocytometer slide and the proper dilution

with sterilized distilled water, the inoculum’s concentration
was adjusted to 2x10*zoosporangia per milliliter. Before
inoculation, the suspension was incubated for 2 hours in the
dark at 80°C and then kept at room temperature (20-25°C) to
cause the release of zoospores. At two stages (2/3 leaf and
the beginning of flowering), the plants were sprayed directly
with the sporangial suspension of the AcB1 strain. A high
humidity level was maintained in the experimental fields
through frequent irrigation as per Fox and Williams(1984).
After 10 days of inoculation or when the disease manifested
itself, the genotypes were assessed for disease infestation
on the ventral surface of the leaf. The disease was graded
using a 0-9 scale (Williams 1985).

The percent disease incidence (PDI) can be calculated
using the following formula:

PDI= sum of all numerical rating x 100
(number of cotyledons or leaves scored x maximum grade of scale)

Agro-morphological Evaluation

The agro-morphological performance of advanced stable
WRR introgressed lines was evaluated in the field during rabi
2021-22 along with recurrent and donor parent for yield and
attributing traits in randomized complete block design with
three replications in 6 rows of 5 m length with a distance of
15, 30 cm between plants and between rows respectively.
Standard packages and practices were followed for the
growing of good crop. Observations were recorded on
randomly selected five competitive plants for 11 quantitative
traits, i.e. plant height (cm), number of primary branches, the
number of secondary branches, fruiting zone length (cm),
main shoot length (cm), total number of siliquae on main
shoot; 1000 seed weight (g), seed per siliquae; siliquae per
plant, seed yield (kg per hectare) and siliquae length (cm).
The observation for seed yield has been taken from middle
four rows on a plot basis (6 square meters) and converted
into kg/ha by applying the conversion formula: Seed yield
(kg/ha) = (10000 m? /6m?) x Seed yield per plot (kg).

Result and discussion

Development of WRR introgression lines

Introgression of white rust resistant gene in elite background
of Indian mustard cultivars (DRMR150-35, DRMRIJ-31 and
NRCDR-02) was carried out as per the MABB programme
(Fig.1). Foreground selection for white rust resistant gene
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Table 2. Polymorphic SSR markers used for background selection for development of WRR introgression lines in Brassica juncea

Chromosome

location

DR-02/Donskaja

DRMRIJ-31/Donskaja

DRMR150-35/BioYSR

DRMR150-35/BEC-144

A genome specific (B. rapa)

AO1 Ra2-E04,nia_m091a Ra2-E04 Ra2-E04 Ra2-E04
A02 BrgMS383, BrgMS4539, BrgMS383, BrgMS4539, BrgMS383, BrgMS4539, BrgMS383,
BrgMS638, BrgMS397, BrgMS638, BrgMS397, BrgMS638, BrgMS397, BrgMS4539,
BrgMS787, ENA23,cnu_ BrgMS787, ENA23 BrgMS787, ENA23 BrgMS638,
m611a BrgMS397,
BrgMS787, ENA23
A03 BrgMS2766 BrgMS2766 BrgMS2766, Br gMS216 BrgMS2766,
BrgMS216
A04 BrgMS638, BrgMS841, BrgMS638, BrgMS841, BrgMS638, BrgMS841, BrgMS638,
BrgMS233, BrgMS36, cnu_  BrgMS233, cnu_m585a  BrgMS233 BrgMS841
m585a,
AO05 BrgMS166, ENA17 BrgMS166, ENA17 ENA17, BrgMS166 BrgMS166, ENA17
A06 BrgMS787, Ra1- BrgMS787, Ra1-F06 BrgMS787, Ra1-F06 BrgMS787
F06,Ra2-D04
A07 BrgMS10, BrgMS10, BrgMS502 BrgMS10, BrgMS502 BrgMS10, BrgMS502
BrgMS502,BRMS-036
A08 BrgMS465, BrgMS66, BrgMS465, BrgMS732,  BrgMS465, BrgMS66, BrgMS465, BrgMS66
BrgMS732, cnu_m584a, cnhu_mb584a BrgMS732, cnu_m584a,
Ra2-E12
AQ09 BrgMS639, Ra2-E11, Ra2- BrgMS639, BrgMS3322, BrgMS639, Ni4D09, cnu_ Ni4D09, cnu_m626a
A11,Ra2-A02,cnu_m625a Ni4D09, chnu_m626a, m626a, cnu_m619a
Ra2-A11
A10 BrgMS383, BrgMS713 BrgMS383, BrgMS713 BrgMS383 BrgMS383
B genome specific (B. nigra)
BO1 $J4933, Ni2H03 Ni2H03 SJ4933
B02 BrgMS383, SJ3302RlI BrgMS383, SJ3302RlI BrgMS383, SJ3302Rl, BrgMS383
Ni4A03
B0O3 BrgMS465 BrgMS465, BRMS-006 BrgMS465, BRMS-006 BrgMS465
B04 SB1935A, SJ8033, SB0372 SB1935A, SJ8033, SA0306, SJ8033, SB0372, SJ8033, SB0372
SB0372 cnu_m619a
BO5 SJ3874l, Ni2C12,Ni2C06 SJ6842,Ni2C12 SJ6842,5)38741, Ni2C12 SJ3874l
B06 BrgMS10, SJ1505,Ra1-FO6 ~ BrgMS10, SJ1505, BrgMS10, SJ1505,Ra1-FO6  BrgMS10
Ra1-F06
BO7 BrgMS2766, BrgMS639, BrgMS2766, BrgMS639  BrgMS2766, BrgMS639 BrgMS2766, Ni4C09
Ni4C09
B0O8 Ni2A08 Ni2A08 Ni2A08, Ni4D10 Ni2A08

was done by using IP markersAt2g36360 linked to allele
AcB1- A5.1 and At5g41560 linked to AcB1-A4.1 (Table
1), which were already validated among resistant and
susceptible genotypes of B. juncea in our previous studies
(Singh et al. 2020). Previously, these markers were also

validated in 25 B. juncea genotypes (Singh et al. 2015).
The AcB1-A4.1 and AcB1-A5.1 loci confer the resistance
to against an A. candida isolate (designated as AcB1; race
2V) and were found located on different linkage groups
A4 and A5 in Heera and Donskaja- IV respectively. These
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Table 3. Details of genotyping and RPG recovery in different generations for development of WRR introgression lines in B. juncea

Cross  Cross Name Generation  No. of plants No. of heterozygotes/ No. of plants selected for Range of RPG
No. genotyped homozygotes identified backcrossing/selfing with  recovery (%)
for target loci higher RPG recovery
1 DRMR150-35x F, 19 19 - -
BioYSR
BC,F, 140 59 4 49.16-70.88
BC,F, 121 65 3 54.16-85.41
BC,F, 167 71 4 77.08-91.66
BCF, 130 119 5 82.29-94.79
2 DRMR150-35x F, 20 20 - -
BEC-144
BC,F, 105 48 3 48.33-71.6
BCF, 158 71 3 66.66-83.33
BC,F, 123 68 2 70.00-94.00
BCF, 167 123 8 76.66-93.33
3 DRMRIJ-31x F, 23 19 - -
Donskaja
BCF, 113 47 3 38.63-72.72
BCF, 158 57 4 60.22-82.95
BC,F, 144 70 3 68.18-88.63
BCF, 106 89 5 77.27-95.15
4 NRCDR-02x F, 27 24 - -
Donskaja
BC,F, 121 62 3 42.30-71.15
BCF, 158 57 4 52.88-83.65
BC,F, 179 81 2 75.00-92.30
BCF, 87 63 5 84.61-94.23
P— . Poa— > o s et loci were mapped and linked IP markers, At2g36360 and
DRI IRCOR ORI ! et - At5g41560 reported by Panjabi et al (2010). These IP markers
[ | % [wie ] - iy wing e ke oregonnd were also utilized for genotyping 44 genotypes developed
I et et 0t T akirss for double zero and WRR trait following a conventional
| mempaene | [ peme | E oo ving ket e pedigree breeding approach by Priyamedha et al.(2021).
i backerossed wihrecuentpren e IP marker cB1-A5.1 locus) was used in
X jF - > :ev:zygo:s ,:lams for target :llele s:lec;:{ Th IP k At2 g 3 6 3 6 O ( A B1 A 5 1 I ) d
[y | 1 7 Pty for Whie s rsncs foreground selection of progenies of the crosses NRCDR-
; . 02 x Donskaja, DRMR 150-35 x BIO-YSR and DRMRIJ-31 x
Il s DO s el and slfd Donskaja, while, At5g41560 (AcB1-A4.1 locus) was used in
> Background selection using polymorphic SSR. . .
> Phenotping for Whie st eiance foreground selection of progenies of the cross DRMR150-35
b pE—— X BEC-144. Screening for polymorphism using genomic SSR
L el s markers between recurrent and donor parents lead to the

Fig. 1. Details of MABB strategy followed in development of WRR
introgression lines of B. juncea

selection of 22-25 SSR markers for each cross combination
(Table 2). These polymorphic SSR markers were used
during background selection for genome recovery of the
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recurrent parent. The detail of number of plants used in
2 . ) b i) ) ) foreground and background selection in each generation
3 8 o o @ = = = with a percentage of recurrent parent genome recover
S: < < < < < <
is represented in Table 3. In the present study,a total of 19
x x WRR introgressed lines from all four crosses in the BC_F
« « n n x 33
Q Q 7 2 - eneration showed more than 90% RPG recovery (Table 3).
9 o= owm R Do
g €8 =9 ¢ Iz 2 g As per our study, three backcross cycles were sufficient to
3 £5 £5 2y 20 25 recover lines that closely resembled recurrent parent with
o ZO ZO 0o 0@ 60A . . R
maximum RPG recovery and morphological similarity to
5 recurrent parent with white rust resistance gene carried from
s T T T WRR donor. A higher RPG recovery was obtained because of
c ™ ™ ™ ™ ™ . . . .
K g Q Q Q Q \ selection of plants phenotypically similar to recurrent parent
in each backcross generation. The current phenotypic and
2y - - - - . marker-based selection strategies are consistent with the
g =] c c c c c
S Z 2 Z Z Z earlier findings (Joseph et al. 2004; Gopalakrishnan et al.
g & & g g ¢ 2008; Tanweer et al. 2015; Patroti et al. 2019). Introgression
of white rust resistant gene in elite background of Indian
S . . . .
5 |¥Eqy o - mustard cultivars in selected advanced WRR introgression
c ~ . . .
= |8¢R g 2 =& & lines has been further confirmed by IP markers linked with
2
z white rust resistance (Fig. 2)
c o~
o (=] . . . . .
g vs o = S wm o = o Disease reaction WRR introgression lines
@ S © o — — ~N ~N — — . . .
= o o o o o o o«
5 S S ES S S S S S The selected BCF, lines (19) were subjected to phenotyping
against white rust disease and advanced to F6 generation
o % using an off-season nursery in Wellington, India. These
c N < lines were also screened in Wellington, a hot spot for white
= e P e 3 i e o < rustdisease. Among these 19 advanced introgressed lines,
o . .
N - totalfive lines namely, DRMRCI 125 (NRCDR-02 x Donskaja),
' N .
= = o o | & DRMRCI 126 (NRCDR-02 x Donskaja), DRMRCI131 (DRMR150-
K ISEN] = = = = = n =] N
S NA e e e e e N N ,E; 35 x BEC-144), DRMRCI132 (DRMR150-35 x BIO-YSR) and
5 . < DRMRCI139 (DRMRIJ-31 x Donskaja) showing resistance to
bt o 0 < © N . . .
S5 |Sx pA & =) S ) @ @ | white rust (Fig. 3)with more than 90% RPG recovery were
Q © o
S| % N
S {
S| € P &
S a ! '
Lo o o o ~ © o
2| @ =) S S o =
S| o N - - — — g
& g
“ 0
) © S — — N G iy G—"y w— — — —— — — — ——
7 = (]
] in H >
c < N [J]
= O ~ (] AcBI-A5.1 locus
S c = Q <
vgg 8 o g @ o~ @ ; g : Agarose gel showing gene confirmation of stable white rust resistant lines using markers linked to white rust A12g36360
0 iy = ) — N < w — ™M o (AcB1-A5.1) loci, with product size of 800bp (white rust susceptible) and 850 bp (white rust resistant) M-50bp ladder.
ISR %)
= <C = RP=Recurrent parent (DRMR150-35, NRCDR-02 and DRMRIJ-31) DP=Donor Parent (BioYSR, Donskaja) 1-DRMRCI-168
g o . 8 2-DRMRC1-169 3-DRMRC1-170 4-DRMRCI-171 5-DRMRCI-132 6-DRMRCI-655 7-DRMRCI-653 8-DRMRCI-651 9-
= 8 a ~ E DRMRCI-139 10-DRMRCI-125 11-DRMRCI-126 12-DRMRCI-125-1 13-DRMRCI-126-2
c| = S~ < o) o o o N o *
= |z N N o n o o o < ™ >3
| 2 )
oc = o
=g ‘ —
o| g IS4 < o o o - o~
[J] o — < o) =) < =) N ") IS
v| < N~ I - - I = ~N ) N
c|= he]
C| = c
>| < S
he] [} '
N 5 |50 @ o a | AcB1-A4.1 locus
a o~ N ~ [ee] < [ag] o
C o
-g 8 Agarose gel showing gene confirmation of stable white rust resistant lines using
2 n markers linked to white rust At5g41560 (AcB1-A4.1) loci, with product size
g o © 445bp (white rust susceptible) and 465bp (white rust resistant) with 420bp
(]
g c ;% > common in both susceptible and resistant. M-50bp ladder. RP= Recurrent
i b a g parent (DRMR150-35) DP= Donor Parent (BEC-144) 1. DRMRCI-182 2.
2 < g oy N o @ 2 + DRMIRCI-192 3. DRMRCI-131 4. DRMRCI-160 S. DRMRCI-143 6.
a = = ] ™ b 9 2 <
. S S 6 6 6 < %) o DRMRCI-191
vz S £ £ £ £ 93 E3|§
5| £ = = = = = 22 52|12 Fig.2. Agarose gel showing confirmation of WRR introgression lines
=
© | W [a) [a) [a) [a) (a) 0oV U |x . .
= * of B. juncea using IP markers
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Table 5. Agro-morphological characters of backcross derived advanced lines at BC3F5/BC3F6 generation under late sown condition (2021-22).

Pedigree/ Entry PH(cm)  PB sB FzL MSL SMS sL s/ s/P Yield Tut.
Generation (cm) (cm) (cm) (kg/ha) (gm)
Checks PM30 1708 460 9.13 7140 6633 4293 508 1510 23606 182545 486
DRMR150-35 16806  4.93 1053 7646 7453 4860 5.5 1617 28260 175152 487
DRMRI31 19933 5.06 9.00 7133 6320 4313 490 1574 22466 198634 545
NRCDR-02 1946 506 1026 8960 7200 4593 5.2 1616 24833 193152 5.9
BIOYSR 16946 533 1080 7306 6520 4840 532 1649 36760 155818 387
Donskaja 18886  3.80 8.73 6886 6340 4713 424 13.73 27300 162225  3.60
DRMR150-35 x DRMRCI-168 1722 406 6.06 7020 6620 4140 534 1560 24146 166687 435
?;cc’js; DRMRCI-169 17713 4.13 8.00 6813 6986 4366 524 13.81 25960 181696  6.18
DRMRCI-170 18600  4.60 1013 7540 6813 4040 496 1546 26600 168821 386
DRMRCI-171 17606 593 1080 6900  57.66 3593 5.8 1532 24573 171020 342
DRMRCI132 16266 453 5.60 6926 6306 3160  3.99 1542 20033 170465 334
DRMR150-35 x DRMRCI-22 15553 3.86 8.13 6826 6400 3480 472 14.49 19820 172206 397
BEC-144 (DRMRCI-182)
(BCF) DRMRCI-25 16953 4.40 7.80 76.53 7146 3673 485 1644 21486 170319 369
(DRMRCI-192)
DRMRCI-131 18553 6.20 1313 8293 7180 4780 504 12.33 39253 171412 597
DRMRCI-160 19860  5.06 1006 8580 7646 4640 539 1537 30786 193504  5.05
DRMRCI-143 19880 533 1006 8740 7786 3706 486 1456 28513 176325 486
DRMRCI-104 18573 446 10.53 7120 6333 3813 498 1348 25833 174068 378
(DRMRCI-191)
DRMRIJ-31 x DRMRCI-655 17953 553 1200 8180 7526 4893 531 1540 27340 196464 594
%%j;;aja DRMRCI-653 17826 5.0 9.06 7573 7360 4746 494 15.21 21993 190079 447
DRMRCI-651 17606 533 1060 7560 7233 4926 482 1466 24160  1857.28 508
DRMRCI139 17860  5.73 9.13 7586 7533 5046  5.16 14.65 21206 202174 637
NRCDR-02 x DRMRCI-125  197.86  4.40 8.60 8606 8620 4660 536 1630 21500 194110 453
(DB%':;Saja DRMRCI-126 19120 3.93 9.00 81.53 70.20 4087 4.00 1373 22493 167405 355
DRMRCI-125-1 19593  4.26 1020 8573 7506 4446 522 1610 26366 183932 448
DRMRCI-1262 19443  4.00 8.60 8148 7840 4288 497 1534 25213 1867.38 386
Range 15553 38 56 68.1- 5766- 316 3.99- 1233- 19820 155818 334
19933 62 1313 896 862 5046 539 1649 39253 202175 637
CD (.05) 1672 050 0.96 9,61 6.89 568 0.49 126 2284 34490 044
V% 5.60 630 6.20 7.63 5.96 8.00 6.01 5.11 5.45 1n70 578

PH = Plant height; PB = Number of primary branches; SB = Number of secondary branches; FZL = Fruiting zone length; MSL = Main shoot length; SMS = Total number of
siliquae on main shoot; SL=Siliquae length; S/S=Seed per siliquae; S/P=Siliqua per plant; SY = Seed yield; Twt = 1000-seed weight

selected for multilocation pathological trial under AICRP-RM
(All India Coordinated Research Project on Rapeseed-
Mustard). All five lines were also found resistant to white
rust in an off-season nursery at Wellington, India for two
consecutive years (2021-22). The multilocation pathological
trial of these lines was conducted at 6 locations: Morena,
Pantnagar, Hisar, Ludhiana, Jagdalpur, and Bharatpur
consecutively for three years from 2019 to 2021. Among
these lines, DRMRCI 125, DRMRCI131, DRMRCI139 and
DRMRCI132 were found highly resistant to white rust disease
with almost 0% WR severity (100 DAS). Staghead incidencein
year 2021-22, whereas, the resistant check (BioYSR) showed
4.2% WR severity (100 DAS) and 25% Staghead incidence.
The mean %WR severity (100 DAS) of DRMRCI 125 and
DRMRCI132 were found to be below 5% for three and two

years, respectively in multilocation trials (Table 4).

Agro-morphological characterization of WRR
introgression lines

All the selected 19 introgression lines were evaluated for
eleven agro-morphological traits along with their recurrent
parent as well as commercial variety checks during rabi 2021-
22. The recurrent parents viz. DRMR150-35, NRCDR-02, and
DRMRIJ-31 recorded an overall mean grain yield of 1751.52,
1931.52, 1986.34 kg/ha while the donor parent viz; BioYSR
and Donskaja recorded 1558.18 and 1622.25 kg/ha under late
sown conditions, respectively. Commercial variety check,
PM-30 recorded an overall mean grain yield of 1825.45kg/
ha. The test introgression lines viz, DRMRCI-169, DRMRCI-
160, DRMRCI-143, DRMRCI-191, DRMRCI-655, DRMRCI-653,
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Fig. 3. Phenotypic screening of WRR introgression lines of B. juncea. for White Rust resistance at experimental farm ICAR-DRMR,

Bharatpur, India

DRMRCI-139andDRMRCI-125showed grain yields at par
with their respective recurrent parents (Table 5). A total of
8 lines out of 19 showed grain yields at par when compared
with commercial variety check, PM-30. Other traits under
study in the selected lines were found to be comparable to
their respective recurrent parent. Advanced introgression
lines exhibited an almost identical agro-morphological
performance in the field, with their respective recurrent
parents viz. DRMR150-35, NRCDR-02 and DRMRIJ-31.The
introgression of resistant genes for WR diseases and higher
recovery of the genome of the recurrent parents in advanced
lines (DRMRCI-125, DRMRCI-126, DRMRCI-131, DRMRCI-132
and DRMRCI-139) having at par yield with respect to their
recurrent parents were significant achievements of the
present study. The introgressed lines may be released as
improved white rust-resistant varieties having comparable
agro-morphological traits of elite cultivars. It will go a long
way in reducing the use of chemicals, thus protecting

the environment from being polluted and reducing
pesticide residues in the produce, making it safe for human
consumption.
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