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ABSTRACT
Rice, the world’s major cereal crop, suffers severe yield losses due to biotic stresses like bacterial blight and
abiotic stresses like submergence. One of the most effective and reliable method of minimization of the yield
losses against these stresses is enhancement of host resistance, an economical and environment friendly approach.
With the advances made in the area of molecular markers, pyramiding of genes/QTLs that confer resistance/
tolerance against these stresses is possible through marker assisted breeding. This study presents a successful
pyramidization of three resistant genes of bacterial blight (xa5, xa 13, Xa21) and Sub1, a major quantitative
trait loci associated submergence tolerance into Lalat, a popular genotype using marker assisted selection
approach. The gene pyramids exhibited desirable levels of resistance/tolerance against the target stresses thus
demonstrating the utility of MAS approach in development of resistant/tolerant cultivars in minimum time with
high precision.
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Severe yield losses occur in rice due to diseases like
bacterial blight and abiotic stresses like submergence.
Bacterial blight caused by Xanthomonas oryzae
pv.oryzae is of the most serious and widespread
diseases on rice in several rice ecologies. As chemical
controls proved to be ineffective against the disease,
the only way to protect the crop from bacterial blight is
the use of resistant varieties (Khush et al., 1989)
through incorporation of resistance. More than 31 genes
(22 dominant and 9 recessive) for resistance to bacterial
blight have been identified (Khush and Brar, 2001) and
several of them were transferred into high yielding
background using conventional breeding approaches to
combat the disease. Tolerance to submergence is an
important trait for rainfed lowland rice as it is considered
as a weed control strategy for direct seeded conditions
in standing water. Since many donors are not available
till date, progress was minimal in incorporation of this
trait into modern day cultivars.

The emergence of new biotypes/strains/races
has resulted in rapid breakdown of the varieties,  a
consequence of considerable shift in a predominant
pathogen races in response to the deployment of
resistant varieties (Mew et al. 1992) having a single
resistance gene. Pyramiding of several genes is a
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strategy to prevent/delay the breakdown of resistance.
The advances made in the area of molecular markers
has made it feasible to pyramid of genes/QTLs that
confer resistance/tolerance against several stresses at
a time. The present study was an attempt to stack
different genes that confer resistance /tolerance against
bacterial blight and submergence into Lalat, a highly
popular indica cultivar using marker assisted backcross
breeding approach.

A popular high yielding cultivar Lalat was
chosen as the recurrent parent.  For BB resistance,
CRMAS 2621-7-1, a genotype stacked with three BB
resistance genes (xa5,  xa13 and Xa21) in the
background of Lalat and for submergence tolerance,
FR13A (Xu and Mackill, 1996), the well known donor
for submergence were chosen. The back cross breeding
was practiced and starting from BC1, screening for
the presence/absence of the target gene/QTL was done
by PCR (polymerase chain reaction) analysis at each
stage using gene specific/tagged markers and the
positive plants were backcrossed to the recurrent parent
(Fig. 1) . The seeds produced were sown first in petri
dishes and the seedlings were transferred into pots in
the green house and grown till maturity in each
generation.  The positive BC3 generation plants were
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selfed and gene pyramids were isolated in the progenies
and selection was based on morphological and molecular
characterization. DNA isolation was by CTAB method
and the DNA markers employed for gene/QTL linked
to BB and submergence and the PCR reactions and
amplification products were based on published
literature. Markers employed in this study were RG
556 for the linked genes xa5 (Yoshimura et al., 1995),
Xa13P for xa13 (Singh et al, 2011), pTA 248 for Xa21
(Ronald et al, 1992) and SUB1BC2 for sub 1 gene (Xu
et al, 2006).

The gene pyramids were screened under field
conditions against a mixture of bacterial blight isolates
and the lines was evaluated by visual scoring and
measurement of lesion length (LL). Lines showing a
LL of < 5cm were scored as resistant and those with >
5 cm were scored as susceptible as per SES scoring
system. Twenty one day old seedlings of the same set
of lines were subjected to complete submergence for
two weeks and the survival rates and the recovery
potential of the lines after stress were recorded.

Employing the marker assisted back cross
breeding approach, seventy lines were generated in the
BC3F3 generation with three BB resistance genes (xa
5, xa13 and Xa21) and the Sub1 QTL in all possible
combinations. Most of these pyramid lines displayed
higher levels of resistance comparable to the donor
parent when screened against BB and ten promising
lines were selected for further evaluation. Three lines

like LGP57, LGP56 and LGP58 showed high levels of
resistance (Table 1). When these ten pyramids were
evaluated against submergence, several of them
displayed high levels of tolerance to submergence.

Pyramiding of stress genes in rice

Table 1. Reaction of gene pyramids against BB and
submergence

Lalat Mean lesion Survival
Length percentage

LGP34 3.00±1.47 97.7
LGP41 3.00±1.63 97.5
LGP42 3.38±1.10 93.3
LGP44 4.63±1.88 85.7
LGP52 2.75±1.25 95.0
LGP56 1.28±0.60 100.0
LGP58 1.90±1.06 95.5
LGP59 2.03±0.73 98.7
LGP46 3.38±1.49 0
LGP57 0.60±0.29 0
CRMAS 2621-7-1(DP) 0.38±0.15 98.7
Lalat 12.45±1.33 0
FR13A (R) NT 100.0
IR42 (S) NT 0

All results are expressed in mean ± SD, Values < 5.00 = resistant
and >5.00 are susceptible. NT - Not tested
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Fig. 1. PCR amplification of xa5, xa13, Xa21 and Sub1
resistance genes in the gene pyramid lines of
LALAT.

A. xa5 with marker RG556 (DraI restriction enzyme)
B. xa13 with marker xa13 P.
C. Xa21 with marker PTA248
D. Sub1 with marker SUB1BC2.
L= ladder, R=Resistant, S=Susceptible 1-10 = Pyramid lines

The display of enhanced level of resistance in
BB pyramid lines is in conformity with the earlier studies
on BB gene pyramids (Sanchez et al. 2000; Joseph et
al. 2004; Prashant et al. 2006). This enhanced
resistance can be attributed to quantita tive
complementation (Sanchez et al. 2000). The transfer
of Sub1 into the gene pyramids enhanced levels of
tolerance to submergence. The high levels of resistance/
tolerance against both the stresses shown by gene
pyramid lines like LGP 52, LGP 56, LGP57 and LGP58
demonstrate the successful transfer and expression of
the resistant/tolrant genes/QTL in to desirable genetic
background (Table 1).

The availability of PCR based markers has
hastened the incorportion of the target QTL without
phenotyping at every stage of selection. This success
has also validated the marker utility (Reddy et al. 1997;
Sanchez et al. 2000) in the transfer of useful traits   with
high precision. The development of an improved Lalat
with resistance or higher levels of tolerance to a major
biotic stress (BB) and an abiotic stress (submergence)
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will greatly help in realizing higher rice production
through stablization of yield through minimization of
losses.
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