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ABSTRACT

Background: Bacterial blight, blast and tungro remain major constraints on rice yield, and cloning of the underlying resistance
genes has enabled DNA marker-based selection as an alternative to slow, environment-dependent phenotypic screening. Objective:
To synthesise published evidence on marker development, gene pyramiding strategies and breeding outcomes for disease-resistant
rice. Methods: Narrative review of marker-assisted selection (MAS) and molecular breeding studies for bacterial blight (Xa/xa),
blast (Pi) and tungro resistance in rice, identified via PubMed, Google Scholar and Crossref, with each reference individually
verified. Findings: Cloned genes including Xa21, xa5, xal3, Xa27, Pi9, Pi-ta, Pib and Pi5 have yielded gene-based and flanking
markers that support foreground selection, while microsatellite-based background selection accelerates recovery of
recurrent-parent genome during backcrossing; published pyramided lines recovered 91-96% of recurrent-parent genome and
combined two to ten resistance genes/QTLs with improved field resistance and retained agronomic quality. Conclusions:
MAS-based gene pyramiding has repeatedly converted elite but disease-susceptible rice varieties into broad-spectrum-resistant
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Abstract

Background: Bacterial blight, blast and tungro remain major
constraints on rice yield, and cloning of the underlying resistance
genes has enabled DNA marker-based selection as an alternative
to slow, environment-dependent phenotypic screening.
Objective: To synthesise published evidence on marker
development, gene pyramiding strategies and breeding outcomes
for disease-resistant rice. Methods: Narrative review of
marker-assisted selection (MAS) and molecular breeding studies
for bacterial blight (Xa/xa), blast (Pi) and tungro resistance in
rice, identified via PubMed, Google Scholar and Crossref, with
each reference individually verified. Findings: Cloned genes
including Xa21, xa5, xal3, Xa27, Pi9, Pi-ta, Pib and Pi5 have yielded
gene-based and flanking markers that support foreground
selection, while microsatellite-based background selection
accelerates recovery of recurrent-parent genome during
backcrossing; published pyramided lines recovered 91-96% of
recurrent-parent genome and combined two to ten resistance
genes/QTLs with improved field resistance and retained
agronomic quality. Conclusions: MAS-based gene pyramiding

has repeatedly converted elite but disease-susceptible rice
varieties into broad-spectrum-resistant counterparts, and
genomic selection now offers a route to breeding for resistances
that are not governed by single major genes.

Keywords: marker-assisted selection; rice; bacterial blight; blast
resistance; gene pyramiding

Introduction

Rice (Oryza sativa) production is repeatedly constrained by three
major biotic stresses: bacterial blight caused by Xanthomonas
oryzae pv. oryzae, blast caused by Magnaporthe oryzae, and rice
tungro disease transmitted by the green leafthopper. Conventional
breeding for resistance to these pathogens is slowed by pathogen
race variation, environment-dependent phenotypic scoring, and
the difficulty of combining several resistance genes with
overlapping phenotypic effects in one genetic background. The
cloning of major bacterial blight resistance genes such as Xa21 [1]
and blast resistance genes such as Pi-ta [2] made it possible to
design PCR-based markers tightly linked to, or diagnostic within,
the causal gene itself, enabling marker-assisted selection (MAS)

Volume 3, Issue 2, 2025 | 1 to 5.

DOI: 10.5281/zenodo.22638259


https://doi.org/10.5281/zenodo.22638259
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0008-6417-8808
https://orcid.org/0009-0004-1251-345X
https://orcid.org/0009-0008-9401-9058

Girard et al, / Biotechnology Today (2025)

to track individual resistance alleles in segregating populations
independently of pathogen exposure. Because several Xa and Pi
genes individually confer only race-specific or partial resistance,
breeders have pursued gene pyramiding — combining multiple
resistance genes in one cultivar via marker-assisted backcrossing
(MABC) — to obtain broader-spectrum and more durable
protection. Molecular markers also remove much of the
guesswork associated with recessive resistance alleles (such as
xa5 and xal3) and with genes whose phenotypic effects are
masked or modified by genetic background, both of which are
difficult to select for using pathogen inoculation alone. This
review synthesises the published record on marker development
for rice disease-resistance genes, pyramiding strategies, and the
field performance of resulting varieties.

Methods

This is a narrative review of published studies on marker-assisted
selection and molecular breeding for disease resistance in rice.
Relevant articles were identified through structured searches of
PubMed, Google Scholar and Crossref using combinations of the
terms "marker-assisted selection”, "gene pyramiding", "bacterial
blight", "Xa gene", "blast resistance”, "Pi gene", "tungro”, "rice"
and "backcross breeding”, supplemented by citation chaining
from key papers. Studies were included if they reported cloning or
marker development for a rice disease-resistance gene, a
marker-assisted backcrossing or pyramiding programme with
quantitative background-recovery or disease-reaction data, or a
review synthesising this literature; each reference was
individually verified against its indexed publication record before
inclusion. No new crosses, marker assays or field trials were
conducted for this article; all genes, markers, breeding lines and
outcomes reported below are drawn directly from the cited
literature.

Major Disease-Resistance Genes and Molecular Markers in
Rice

More than thirty bacterial blight resistance loci (Xal-Xa41) and
over twenty cloned blast resistance (Pi) genes have been reported
in rice, but a smaller subset has been cloned and converted into
gene-based markers routinely used in MAS. Xa2l encodes a
receptor-like kinase with an extracellular leucine-rich-repeat
domain and was the first bacterial blight resistance gene cloned
by map-based methods [1]. The recessive gene xa5 encodes a
variant transcription factor ITAy subunit [3], xal3 (also known as
0s8N3/0sSWEET11) is a sucrose-transporter susceptibility gene
whose promoter mutation confers recessive resistance [4], and
Xa27 is induced specifically by its cognate bacterial effector to
trigger an executor-type resistance response [5]. Among blast
resistance genes, Pi-ta encodes a cytoplasmic nucleotide-binding,
leucine-rich-repeat (NBS-LRR) protein distinguished from the
susceptible allele by a single amino acid [2], Pib [6] and Pi9 [7] are
NBS-LRR genes from the same structural class, and Pi5 confers
resistance through a pair of physically linked NBS-LRR genes
acting together [8]. Sequence-tagged-site, simple-sequence-repeat
(SSR) and gene-based (functional) markers derived from these
cloned loci, together with genome-wide SSR marker sets
developed for rice [9], now allow both foreground selection for the
target allele and microsatellite-based background selection to
accelerate recovery of the recurrent-parent genome during
backcrossing [10,11].

Marker-Assisted Backcrossing and Gene Pyramiding
Strategies

Table 1: Selected cloned bacterial blight and blast resistance genes in rice
and the class of markers they support for marker-assisted selection.

Gene Disease Encoded product / Reference
marker basis

Xa21l Bacterial blight =~ Receptor-like kinase; [1]
gene-based PCR markers

xad Bacterial blight =~ Variant transcription [3]
factor ITAy subunit;
functional marker

xal3 Bacterial blight =~ Sucrose-transporter [4]
(SWEET11) promoter
mutation

Xa27 Bacterial blight = Effector-induced executor  [5]
R gene

Pi-ta Blast Cytoplasmic NBS-LRR 2]
protein; single amino-acid
marker

Pib Blast NBS-LRR protein [6]

Pi9 Blast NBS-LRR protein, [7]
multigene family member

Pi5 Blast Paired NBS-LRR proteins [8]

Figure 1: Number of disease-resistance genes/QTLs combined by
marker-assisted backcrossing in four representative rice breeding
programmes: a three-gene bacterial blight (BB) pyramid in PR106 [14], a
three-gene BB pyramid in Samba Mahsuri [15], a five-gene blast-resistance
pyramid in an elite Italian japonica cultivar [20], and a ten-gene/QTL
multi-trait pyramid (four BB genes plus blast, submergence, salinity and
gall-midge resistance) in Improved Tapaswini [21].
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The principle of pyramiding — combining two or more resistance
genes with independent, tightly linked markers in a single genetic

background — was first demonstrated for bacterial blight
resistance using RFLP and PCR markers to track Xa4, xa5, xal3
and Xa2l [12], and subsequently  refined  with

sequence-tagged-site markers for combinations of these same
genes [13]. Marker-assisted backcrossing (MABC) programmes
have since introgressed three-gene bacterial blight pyramids (xa5
+ xal3 + Xa2?1) into indica cultivars such as PR106 [14] and the
fine-grain variety Samba Mahsuri, where three-gene pyramid
lines showed a significant yield advantage over the recurrent
parent under blight pressure while retaining its grain and
cooking quality [15]. Analogous MABC pipelines have pyramided
major blast resistance genes: Pil, Piz-5 and Pita were fine-mapped
and combined using flanking markers in early proof-of-concept
work [16], Pi9 and Pi-ta were pyramided into the Basmati variety
Pusa Basmati 1 [17], and bacterial blight resistance was combined
with Basmati grain-quality traits by joint phenotypic and
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marker-assisted selection [18]. Foreground selection with
gene-based markers is typically paired with background selection
using genome-wide SSR panels, and reported programmes have
recovered 91-96% of recurrent-parent genome within two to three
backcross generations [19,20], illustrating that pyramiding need
not come at the cost of the elite agronomic background into which
resistance genes are introgressed.

Field Performance of MAS-Derived Resistant Varieties

Several MAS-derived pyramided lines have been advanced to
multi-location field evaluation. Introgression of Xa2l and Pi54
into the maintainer line DRR17B via MABC recovered
approximately 94% of the recurrent-parent genome in the
selected BC3F1 plant and produced progeny with a high level of
combined resistance to bacterial blight and blast [19]. In japonica
rice, pyramiding of the blast resistance genes Piz, Pib, Pi-ta and
Pik (with an additional Pita2/Ptr allele identified during the
programme) into an elite Italian cultivar achieved 95.65%
recurrent-parent genome recovery and yielded lines with
broad-spectrum resistance across multiple Magnaporthe oryzae
strains [20]. A more extensive pyramid was assembled in
Improved Tapaswini, which combines four bacterial blight genes
(Xa4, xab, xal3, Xa2l) with blast resistance genes Pi2 and Pi9,
submergence tolerance (Subl), salinity tolerance (Saltol) and
gall-midge resistance genes (Gml, Gm4) — ten genes/QTLs in
total — in one genetic background [21]. For tungro,
marker-assisted introgression of the resistance locus tsvl into the
popular Bangladeshi variety BRRI dhan71 produced introgression
lines with disease index scores of 3-5 against a susceptible
recipient score of 6, with seven lines matching the resistant
donor's score of 3 and about half yielding at least as well as the
recurrent parent [22]. Collectively these programmes, and related
pyramiding efforts reviewed elsewhere [23], show that MAS
reliably converts susceptible elite backgrounds into multiply
resistant lines without major yield or quality penalties.

Genomic Selection and Future Breeding Directions

Gene pyramiding via MABC is most effective when resistance is
governed by a small number of major genes with validated
diagnostic markers; many quantitative and partial resistance
traits, and durability against evolving pathogen populations, are
less amenable to this approach. Genomic selection, which uses
genome-wide marker data to predict breeding values without
requiring prior knowledge of causal loci, has been evaluated in
elite tropical rice breeding populations and shown to give useful
prediction accuracy for complex traits, with accuracy sensitive to
trait genetic architecture, training-population composition,
marker density and statistical model [24]. Ongoing cloning of
additional Xa and Pi genes, and continued documentation of
durability and race-specificity in the field, are expanding the pool
of validated markers available for both MABC and
marker-assisted recurrent selection [25,26]. Broader adoption will
depend on cost-effective high-throughput genotyping, better
characterisation of gene-gene interactions among pyramided
resistance loci, and integration of MAS/MABC with genomic
selection so that major-gene and background polygenic resistance
can be improved within the same breeding pipeline, as
emphasised in general treatments of MAS practice [27]. Practical
constraints such as genotyping cost per sample, the size of
populations that must be screened at each backcross generation,
and the availability of trait-specific pathogen isolates for
phenotypic confirmation continue to shape how quickly newly
cloned resistance genes move from gene discovery into routine

breeding pipelines.

Figure 2: Tungro disease index scores (lower values indicate greater
resistance) for the recipient variety BRRI dhan71, the resistant tsv1 donor,
and the seven best marker-assisted introgression lines matching the
donor's resistance level [22].

S

TUNGRO DISEASE INDEX SCORES AFTER TSV1
INTROGRESSION INTO BRRI DHAN71
6

more resi

6_

0 - i
Recipient parent (BRRI
dhan71)

Resistant donor Best introgression lines
(n=7)

o disease index score (lower

Conclusion

Published literature on marker-assisted selection for disease
resistance in rice demonstrates a mature and repeatedly validated
pipeline: cloning of major bacterial blight (Xa21, xa5, xal3, Xa27)
and blast (Pi-ta, Pib, Pi9, Pi5) resistance genes has generated
diagnostic and flanking markers that, combined with
genome-wide background selection, allow breeders to pyramid
two to ten resistance genes/QTLs into elite backgrounds while
recovering over 90% of the recurrent-parent genome and
preserving grain quality and yield. Field-tested products spanning
Samba Mahsuri, DRR17B, Improved Tapaswini, an Italian
japonica cultivar and tungro-resistant BRRI dhan71 lines confirm
that this approach delivers durable, field-relevant gains.
Extending these gains to quantitatively inherited and
durability-related resistance will increasingly depend on
combining established MAS/MABC pipelines with genomic
selection.
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Table 2: Recurrent-parent genome (RPG) recovery and resistance outcomes
reported for representative marker-assisted breeding programmes.

Variety /  Genes RPG Reported outcome  Reference
line introgressed recovery
DRR17B Xa21, Pi54 ~9%4% High combined [19]
resistance to
bacterial blight and
blast
Italian Piz, Pib, Pi-ta, = 95.65% Broad-spectrum [20]
japonica Pik resistance across
cultivar (+Pita2/Ptr) multiple blast strains
Improved  Xa4, xa5,xal3, Not Combined bioticand  [21]
Tapaswini = Xa2l, Pi2, Pi9, applicable abiotic stress
Subl, Saltol, (10-gene resistance/tolerance
Gml, Gm4 pyramid)
BRRI tsvl (tungro 91-95% Disease index [22]
dhan71 resistance) reduced from 6
(tsv1 lines) (recipient) to 3 in
best lines
Data Availability

No new data were generated or analyzed for this review. All
sources synthesized are cited in the reference list and are
available through their original publishers.
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