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Abstract

Bacterial leaf blight (BLB) caused by Xanthomonas oryzae pv. oryzae is a major constraint to rice productivity,
necessitating the deployment of durable resistance genes. The present study evaluated donor and recipient
parents for introgression of BLB resistance genes xa5, xa713 and XaZ21 into the susceptible but widely cultivated rice
varieties Mahamaya and Swarna. Phenotypic screening using a virulent Raipur isolate revealed high susceptibility in
Mahamaya (SES score 9) and Swarna (score 7), whereas donor parents Improved Samba Mahsuri and DRR Dhan-
62 exhibited strong resistance (SES score 1). Molecular validation using seven gene-specific and linked markers
showed clear polymorphism between donors and recipients for most loci, with resistant alleles consistently amplified in
donor genotypes. Markers RM31, xa13/xa13pro, pTA248 and RM21 were highly informative for allele discrimination.
Combined phenotypic and molecular analyses confirmed the suitability of these parental combinations for pyramiding
multiple BLB resistance genes through marker-assisted breeding.
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Rice (Oryza sativa L.) is a major staple food supporting
more than half of the global population, with Asia
contributing nearly 90 % of world rice production
(Bandumula, 2018; Fukagawa and Ziska, 2019).
However, rising demand, shrinking resources and
increasing biotic pressures threaten its sustainable
cultivation. Among these constraints, bacterial
leaf blight (BLB), caused by Xanthomonas oryzae
pv. oryzae, remains one of the most destructive
diseases, causing yield losses ranging from 50-80 %
depending on cultivar susceptibility and environmental

conditions (Srinivasan and Gnanamanickam, 2005;
Prasad et al., 2018; Shekhar et al., 2020). The disease
is widespread in major rice-growing states, including
Chhattisgarh, where high-yielding but BLB-susceptible
varieties such as Swarna and Mahamaya occupy a
significant share of the cultivated area.

Chemical and cultural methods offer limited and
inconsistent control of BLB (Mew et al, 1993;
Nino-Liu et al., 2006), making host plant resistance the
most effective and sustainable management strategy.
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Marker-assisted confirmation and BLB reaction profiling

The resistance genes xa5, xa13 and Xa21 have been
shown to provide broad-spectrum and long-lasting
protection and their deployment through Marker-Assisted
Selection (MAS) has been successfully demonstrated in
several improved cultivars, including Improved Samba
Mahsuri and enhanced versions of Pusa Basmati 1 and
IR64 (Sundaram et al., 2008; Gopalakrishnan et al., 2008
and Pradhan et al., 2015).

Accurate molecular and phenotypic validation of parental
lines is a critical first step in any gene pyramiding program
to ensure the correct deployment of genes in subsequent
generations. The present study focuses on the marker-
assisted confirmation and BLB reaction profiling of
donor and recipient parents involved in a multi-gene
introgression program aimed at improving Swarna and
Mahamaya for durable BLB resistance.

The experiment was conducted during rabi, 2022-23
at the Research cum Instructional Farm, Department
of Genetics and Plant Breeding, College of Agriculture,
IGKV, Raipur, Chhattisgarh. Molecular analysis was
carried out at the R.H. Richharia Laboratory, CoA, IGKYV,
Raipur, and BLB screening was performed using the
virulent Raipur isolate obtained from the Department of
Plant Pathology, IGKV, Raipur. Swarna and Mahamaya
were used as recurrent parents, while Improved
Samba Mahsuri and DRR Dhan-62, carrying xa5, xa13
and Xa21 genes, served as donor parents. Genomic
DNA was isolated from young leaf tissue of donor and
recipient parents using the CTAB method as described by
Murray and Thompson (1980), with minor modifications.
DNA concentration and purity were assessed using a
NanoDrop ND-1000 spectrophotometer at 260 and 280
nm, and samples with an OD,4,/OD,g, ratio of ~1.8 were
used for further analysis. Working DNA was standardized
to 40 ng/ul using TE buffer and stored at —20°C. PCR
amplification was carried out in a 10 ul reaction mixture
containing template DNA (1.5 pl), PCR master mix (5.0
pl), primers (0.5 + 0.5 pl) and sterile water (2.5 pl) using
an Applied Biosystems thermal cycler Amplified products

were resolved by polyacrylamide gel electrophoresis
(PAGE).

During the kharif, 2022, the rice varieties Mahamaya,
Swarna, Improved Sambha Mahsuri and DRR Dhan-62
were evaluated under field conditions for their response
to bacterial leaf blight using Xanthomonas oryzae pv.
Oryzae, Raipur isolate obtained from Department of
Plant Pathology, Indira Gandhi Krishi Vishwavidyalaya,
College of Agriculture, Raipur, (C.G.). The parental lines
were inoculated at the maximum tillering stage using
the clip inoculation method as described by Kauffman
et al. (1973), conducted during the early morning hours.
On an average, 4 to 5 leaves were inoculated per plant.
From each parental line, five plants were inoculated and
average score was noted.

Phenotypic screening of parental lines for BLB resistance:
The results of phenotypic screening of parental lines
revealed that, both the varieties viz., Mahamaya and
Swarna exhibited a high level of susceptibility for the
inoculated Raipur isolate, with a SES scale score of 9
and 7, respectively, whereas both the donors having three
BLB resistance genes (xa5, xa13 and Xa27), Improved
Sambha Mahsuri and DRR Dhan-62 demonstrated
high level of resistance to the disease with a SES scale
score of 1 (Plate 1). Consequently, following crosses
were made during rabi, 2022-23, viz., Mahamaya (?) x
Improved Sambha Mahsuri (), Mahamaya (9) x DRR
Dhan-62 (&), Swarna (Q) x Improved Sambha Mahsuri
(&) and Swarna (%) x DRR Dhan-62 (J). The parental
lines were further re-evaluated for bacterial leaf blight
resistance under field conditions during the screening of
the segregating populations.

Sahu (2021), conducted a study on diversity of Xooisolates
of Chhattisgarh where, out of four examined isolates-
Mahasamund isolate, Ambikapur isolate, Dhamtari isolate
and Raipur isolate, Raipur isolate was found to be the
most virulent and the BLB resistance gene pyramided
line Improved Sambha Mahsuri (xa5, xa13 and Xa27)

Improved Samba | DRR Dhan-62

Mahamaya

Swarna

a. Development of BLB symptoms on parental lines
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(b) BLB score of parental lines as per SES scale (IRRI, 2013)

Plate 1. (a) and (b) Phenotypic screening of parental lines for BLB resistance
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was found to be resistant against this Raipur isolate.
The high level of resistance shown by Improved Sambha
Mahsuri is due to presence of xab, xa13 and Xa21 genes
(Sundaram et al., 2008) which was developed by marker
assistedintrogressionofBLBresistancein SambhaMahsuri
using a donor near isogenic line SS1113 possessing
three BLB resistance genes, Xa21, xa13 and xab
(Singh et al., 2001). DRR Dhan-62 is cultivar developed
and released with inherent xa5, xa13 and Xa21 genes
along with introgression of  Pi2 and Pi54 for blast
resistance in the genetic background of Improved
Samba Mahsuri (IIRR Progress Report, 2019 and
Badri et al, 2022). Improved Samba Mahsuri
has been used as a successful donor for BLB
resistance in number of rice varieties Nellore Mahsuri
(Dasarietal.,2022)andintoelite restorerRP5933-1-19-2R
(Bandela et al., 2025).

Validation of parental lines for BLB resistance through
gene specific markers: Genomic DNA of the resistant
parents (Improved Samba Mahsuri and DRR Dhan-62)
and the susceptible parents (Mahamaya and Swarna)
was amplified with seven gene specific SSR markers,
xa5R, RM13 and RM31 (for xa5), xa13 and xa13pro
(for xa13) and pTA248 and RM21 (for Xa21) to assess
polymorphism between the parental genotypes. Among
the markers linked to the xa5 gene, the marker xabR
amplified a resistant band of 165 bp only in Improved
Samba Mahsuri, while no amplification was observed in
DRR Dhan-62, Mahamaya, or Swarna. The marker RM13
produced a resistant band of 125 bp in Improved Samba
Mahsuri and 140 bp in DRR Dhan-62 whereas Mahamaya
and Swarna exhibited a susceptible band of 150 bp.
The marker RM31 amplified a resistant band of 140 bp
in Improved Samba Mahsuri and DRR Dhan-62 while
Mahamaya and Swarna showed a 160 bp susceptible
band, indicating clear polymorphism for the xa5 locus.

For the xa13 gene, both markers xa713 and xa13pro
amplified a resistant allele of 470 bp in the donor parents,
while the susceptible parents Mahamaya and Swarna
exhibited a 270 bp band, confirming the absence of
the resistance allele in the recurrent parents. Similarly,
the markers linked to the Xa21 gene also showed clear
polymorphism between donor and recurrent parents. The
marker pTA248 amplified a resistant band of 1000 bp
in the donor parents, whereas Mahamaya and Swarna
showed a susceptible band of 780 bp. The marker
RM21 produced a 150 bp band in the donor parents,
while the recurrent parents amplified a 175 bp band,
further confirming polymorphism between resistant and
susceptible genotypes (Table 1 & Plate 2).

The clear polymorphism observed among the parental
genotypes indicated that the markers xa5R/RM31 for
xab, xal13/xa13pro for xa13 and pTA248/RM21 for
Xa21 can be effectively used for foreground selection
in segregating populations On the basis of parental
polymorphism studies using gene specific markers, it has

been deduced that employment of xa5R or RM31 (for
xa5 gene), xa13 or xa13pro (for xa13 gene) and pTA248
or RM21 (for Xa21 gene) gene-based or gene-linked
markers exhibited clearcut polymorphism between the
parents. These markers can be reliably used in different
segregating populations to identify individuals carrying
the target resistance alleles, thereby facilitating marker-
assisted selection (MAS) for pyramiding multiple bacterial
leaf blight resistance genes into the recurrent parent
background.

Selection for the xab5 was carried out using the gene-
based markers xa5R and RM31, xa13 using xa13-pro
and XaZ21 using pTA248 and RM21. which showed clear
polymorphism between the parental lines. These markers
have been extensively utilized for the introgression of xa13
and Xa21 genes into the parental lines of the rice hybrid
Pusa RH 10 (Basavraj et al., 2010) and the Basmati rice
varieties PB1121 and PB6 (Ellur et al., 2016 a, 2016 b),
Improved Pusa Basmati 1 carrying xa13+Xa21 (Joseph
et al., 2004 and Gopalakrishnan et al., 2008) and for
introgression of xa5, xa13 and Xa21 in Improved Samba
Mahsuri possessing xab+xa13+Xa21 (Sundaram et al.,
2008), in ASD16 and ADT43 (Vidya and Ramalingam,
2018), in Populations Derived from Karma Mahsuri x
IRBB 59 (Kotasthane and Gaikwad, 2021), in HUBR
2-1 (Malviya Dhan 2-1) using Improved Pusa Basmati
1, carrying xa13+Xa21 (Khare et al., 2021), in PR-106
(Singh et al, 2001), in rice variety Pratikshya (Pradhan
et al., 2023) and in an elite rice cultivar, Tapaswini
(Dokku et al., 2013). Noor Ahmed et al. (2021) conducted
genotyping of three key bacterial leaf blight resistance
genes (xa5, xa13, and Xa217) in black rice accessions
from North-East India using functional markers namely
xa5FP, xa13 promoter and pTA248, respectively.

Pradhan and Bastia, (2022) conducted a similar study
and detected the xa5 gene band at 240 bp using the
RM122 marker, the xa713 gene band at 500 bp with the
xa13 prom marker, and the Xa21 gene band at 1000 bp
using the pTA248 marker in the donor parent Swarna
MAS. In contrast, no corresponding bands were observed
in the susceptible parent Pratikshya. Sundaram et al.
(2008) also used pTA248 for Xa21 gene and observed
a resistance band in donor at 939 bp and a susceptible
band in recurrent parent at 831 bp. Sagar (2018) while
pyramiding genes for resistance to bacterial blight and
blast into an elite rice variety Pusa Basmati 1509 via
MAS used pTA248 marker for gene Xa271and obtained
a resistance band of 950 bp in donor and susceptible
band of 500 bp in recurrent parent. xa?13 pro marker was
used for targeting xa73 gene and similar band sizes of
250 bp (susceptible band) and 500 bp (resistant band) in
recurrent and donor parent, respectively were obtained.

Kotasthane and Gaikwad (2021) also utilized RM13 and
RM122 marker for interogression of xa5 gene in breeding
populations derived from Karma Mahsuri x IRBB 59 and
the markers xab5R and xa5S, specific to the resistant and
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Table 1. Results of parental polymorphism study using gene specific and SSR markers

S. Primer Parent Product Allele Linked Polymorphic pair
No. size (bp) type gene
1. xabR 1. Improved Samba Mahsuri 165 R Mahamaya x ISM
2 DRR Dhan-62 } } xab Swarna x ISM
3. Mahamaya - -
4. Swarna - -
2. RM13 1. Improved Samba Mahsuri 125 R Mahamaya x ISM
2. DRR Dhan-62 140 R xas Swarna x ISM
3. Mahamaya 150 S
4. Swarna 150 S
3. RM31 1. Improved Samba Mahsuri 150 R Mahamaya x ISM
xab Mahamaya x DRR Dhan-62
2. DRR Dhan-62 150 R Swarna x ISM
3. Mahamaya 160 S Swarna x DRR Dhan-62
4. Swarna 160 S
4. xal3 1. Improved Samba Mahsuri 470 R xa13 Mahamaya x ISM
Mahamaya x DRR Dhan-62
2. DRR Dhan-62 470 R Swarna x ISM
3. Mahamaya 270 S Swarna x DRR Dhan-62
4. Swarna 270 S
5. xa13 pro 1. Improved Samba Mahsuri 470 R Mahamaya x ISM
xal3 Mahamaya x DRR Dhan-62
2. DRR Dhan-62 470 R Swarna x ISM
3. Mahamaya 270 s Swarna x DRR Dhan-62
4. Swarna 270 S
6. pTA248 1. Improved Samba Mahsuri 1000 R Xa21 Mahamaya x ISM
Mahamaya x DRR Dhan-62
2. DRR Dhan-62 1000 R Swarna x ISM
3. Mahamaya 780 s Swarna x DRR Dhan-62
4. Swarna 780 S
7. RM21 1. Improved Samba Mahsuri 150 R Mahamaya x ISM
Xa21 Mahamaya x DRR Dhan-62
2. DRR Dhan-62 150 R Swarna x ISM
3. Mahamaya 175 S Swarna x DRR Dhan-62
4. Swarna 175 S

ISM= Improved Samba Mahsuri
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Plate 2. Gel picture presenting parental polymorphism among donor and recipient parents on basis of
genetic markers, where ISM= Improved Samba Mahsuri, L/L, = Ladder

https://doi.org/10.37992/2026.1701.014 104



EJPB

Bharti Singh et al.,

susceptible alleles of the xa5 gene, along with xa13Pro
for the xa13 gene and pTA248 for the Xa21 gene were
also employed in the study for marker-assisted selection
(MAS). In the present study, the marker RM31, which is
linked to the xa5 gene conferring resistance to bacterial
leaf blight, was utilized. It is located at a genetic distance
of 17.7 cM from the xab locus on chromosome 5, as
reported by Rao et al. (2003). The expected amplification
product for the xa5 gene using this marker is 150 bp (Rao
et al., 2003) which is similar to the present study.

Phenotypic screening of parental lines was performed
using the Raipur isolate of Xanthomonas oryzae pv.
oryzae. The results revealed that Mahamaya and Swarna
were highly susceptible to the disease, with Standard
Evaluation System (SES) scores of 9 and 7, respectively.
In contrast, both donor parents, Improved Samba Mahsuri
and DRR Dhan-62, showed high resistance with a score
of 1. Molecular validation through seven gene-specific
and gene-linked SSR markers-xa5R, RM13, RM31 (for
xab), xa13 and xa13pro (for xa13) and pTA248 and RM21
(for Xa21)-revealed clear polymorphism between donor
and recipient parents, confirming their suitability for gene
introgression.
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