
105 

Marker assisted selection for identification of recombinants for bacterial
blight and blast resistance in segregating populations of Cottondora
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ABSTRACT
The present investigation has been initiated to combine bacterial blight (BB) and blast resistance with the high
yield potential of a short duration rice variety, MTU1010 (Cottondora Sannalu) of India. B95-1 carrying BB
resistance genes (xa13 and Xa21) and NLR145 carrying blast resistance genes (Pi54 and Pi1) were selected for
making crosses. B95-1 was validated for the presence of target genes, xa13 and Xa21 by using primers viz., xa13
promotor (functional marker-FM) and pTA 248 (STS marker), while NLR145 was validated by using primers
viz., Pi54 MAS (functional marker-FM) and RM 224 (gene linked marker-GLM). These primers were also used
to study polymorphism between resistant (B95-1 & NLR145) and susceptible (MTU1010) parents for the target
genes. Two F2 segregating populations viz., MTU1010 x B95-1 and MTU1010 x NLR145 were evaluated during
dry season, 2012. Foreground selection was carried out and the plants carrying the target genes in homozygous
condition were identified. Genotyping revealed that BB and Blast resistance genes exhibited Mendelian pattern
of segregation in 1:2:1 ratio and exhibited goodness of fit. Phenotypic studies for BB and Blast progenies in two
F3 populations resulted in identification of resistant plants.
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Rice production is limited by various biotic factors;
bacterial blight (BB) and blast being the two major
diseases. Host plant resistance has been considered as
the most economical and eco-friendly strategy for
management of biotic stresses (Hulbert et al., 2001).
Molecular markers are widely applied in agriculture,
and their application in rice improvement has been
recently reviewed (Mackill and McNally, 2004, Jordan
et al., 2004, Xu et al., 2004, Toojinda et al., 2005, Liu
et al., 2006 and Mackill, 2007). Kalaichelvan, 2009 used
78 SSRs for varietal identification and also assessed
the genetic relationship among the elite rice cultivars
using morphological and molecular markers. The marker
used in the selection must have tight linkage with the
target gene in order to have relatively high selection
efficiency (Yunbi, 2010).

MAS has also been employed for moving
genes from pyramided lines into new plant type

(Sanchez et al., 2000), as well as into improved varieties
grown in India (Singh et al., 2001). Development of
broad spectrum durable resistance through gene
pyramiding or gene stacking for biotic stress resistance
can be accelerated through the process of marker
assisted selection (MAS) (Joshi and Nayak, 2010).
Balachiranjeevi et al., 2012 introduced two major
dominant genes each for BB (i.e.Xa21 and Xa33) and
blast (i.e.Pi2 and Pi54) into the maintainer line
(DRR17B) through molecular marker-assisted
backcross breeding.

BB is caused by the Xanthomonas oryzae pv.
oryzae and is one of the devastating diseases of rice
causing yield losses ranging from 74% to 81%
(Srinivasan and Gnanamanickam, 2005) in severe
conditions. Till date 34 BB genes (Chen et al., 2011)
have been identified in rice and a number of them have
been deployed into breeding lines but disease breakdown
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has resulted due to significant shift in pathogen-race
frequency (Mew et al., 1992). Such breakdown can
be delayed by marker assisted gene pyramiding. The
xa13 gene is fully recessive, conferring resistance only
in the homozygous status (Khush and Angeles, 1999).
Perumalsamy et al., 2010, introgressed three BB
resistance genes xa5, xa13 and Xa21 into two high
yielding BB susceptible indica rice cultivars, ‘ADT43’
and ‘ASD16’ from isoline IRBB60 and F

2 
populations

were screened for the presence of all the three
resistance genes by using functional markers. These
pyramided genotypes with two or three resistance genes
exhibited high levels of resistance against two
predominant Xanthomonas oryzae isolates of South
India. The broad spectrum BB resistance gene Xa21
is expressed in dominant condition and was introgressed
from a wild species O. longistaminata onto O. sativa
chromosome 11 through conventional breeding (Khush
et al., 1989). Basavaraj et al., 2010 also used markers
RG 136 and pTA 248 linked to BB resistance genes
xa13 and Xa21, respectively for foreground selection
to improve Pusa 6A by using improved Pusa 6B as
donor for xa13 and Xa21.

Rice blast, caused by the fungus Magnaporthe
grisea, is one of the most devastating diseases of rice
worldwide, and a major threat to rice cultivation leading
to significant yield losses (Reddy, 2009). Till date 85
blast resistance genes have been identified (Sharma et
al., 2010). Pi54 is one of the major blast resistance
genes and Sharma et al., 2005 reported the molecular
mapping and cloning of a dominant gene (Pi54) present
in Tetep. Ramkumar et al., 2011 developed PCR-based
co-dominant molecular marker ‘Pi54 MAS’ which can
perfectly co-segregate with blast resistance in a
mapping population with no recombinants and suggested
for routine deployment in MAS of Pi54 in breeding
programs. Pi1(t) is another blast resistance gene and
Alvarez et al., 2007 identified microsatellite markers
RM 1233*I and RM 224 linking rice blast gene Pi1(t)
in cultivar C101LAC and successfully introgressed in
to F

2
 and F

3
 segregating populations mapped at a

distance of 0.0 cM. Vanisree et al., 2012 reported the
presence of Pi1 gene in Tetep and NLR145, is similar
to that present in C101LAC

The present study was undertaken to identify
plants showing high yielding ability, fine grain, short
duration coupled with resistance to BB and blast. Two

BB resistance genes viz.,  xa13 and Xa21 from B95-
1 and two blast resistance genes viz., Pi54 and Pi1
from NLR145 were attempted to combine with high
yield, short duration, fine grain qualities of MTU1010.
Molecular markers viz., xa13 promotor (FM for xa13),
pTA 248 (STS marker for Xa21), Pi54 MAS (FM for
Pi54) and RM 224 (GLM for Pi1) were validated in
the resistant parents and the parental polymorphism was
studied between susceptible and resistant parents for
the target genes. The inheritance pattern of these genes
was studied in the F

1
 and F

2
 population by using the

selected markers along with phenotypic evaluation.

MATERIALS AND METHODS

Three genotypes viz., MTU1010, B95-1 and NLR145
were used. MTU1010 (Cottondora Sannalu), a short
duration, high yielding, fine grain and BPH resistant
rice variety released from Andhra Pradesh Rice
Research Institute (APRRI), Maruteru, Andhra
Pradesh in 1999 was found to be susceptible to both
BB and blast. B95-1 and NLR145 were used as resistant
parents. B95-1 (Improved Samba Mahsuri) was
developed by Directorate of Rice Research,
Rajendranagar, Hyderabad and it possesses BB
resistance genes viz., xa13 and Xa21 from SS1113
(Sundaram et al., 2008). NLR145 (Swarnamukhi)
released from Agricultural Research Station, Nellore,
A.P and it possesses blast resistance genes viz., Pi54
and Pi1 genes from Tetep.

Genomic DNA was isolated from parents
(MTU1010, B95-1 and NLR145) and source material
(SS1113 and Tetep for the selected target genes), F

1

and F
2
 plants following the mini preparation procedure

(modified method of Zheng et al., 1991). Quantification
of the DNA samples was done by using 0.8% agarose
gel electrophoresis with diluted uncut DNA ladder as
standard and spectrophotometer (Thermo electronic
corporation UV1) as per the procedure described by
Sambrook et al., 2001.

PCR amplification was performed in 10 μl
volume containing 50 ng of template DNA, 5 picomoles
of each primer, 2 mM dNTPs, 10X PCR buffer (10
mM Tris, pH 8.4, 50 mM KCl, 1.8 mM MgCl

2
 and 0.01

mg ml-1 gelatin) and 1U Taq DNA polymerase
polymerase (Genei, Bangalore, India) on Applied
Biosystems verity 96 well thermal cycler. The template
DNA was amplified in PCR profile with initial
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denaturation at 94o C for 5 min, denaturation at 94o C
for 45 sec, primer annealing at 55o C (xa13 promotor,
Pi54 MAS and RM 224) and at 58o C (pTA 248) for 45
sec, extension at 72o C for 1 min, final extension at 72o

C for 10 min, and cooling at 4oC for ∞. These steps
were repeated for 35 cycles for amplification of DNA.
The amplified products were then mixed with
bromophenol blue and resolved electrophoretically in
2% (xa13 promoter, pTA 248) and 3% (Pi54 MAS
primers) agarose gels. 3% (1 Metaphor: 2 Seakem LE
agarose) Metaphor agarose gel was used to resolve
amplified products for RM 224 primers along with the
marker 50bp DNA ladder (Biolabs) for an hour in
1X·Tris–Acetic acid–EDTA (TAE) buffer. The
resolved PCR bands were documented using Bio-Rad
Molecular Imager Gel Doc XR System.

Two gene specific primer pairs viz., xa13
promoter and pTA 248 for BB resistance genes viz.,
xa13 and Xa21, respectively were validated in B95-1
by comparing with the check material, SS 1113.
Similarly, Pi54 MAS and RM 224 markers were
validated for the presence of blast resistance genes,
Pi54 and Pi1 in NLR145 by comparing with the source
material Tetep. Once these resistant parents were
confirmed for the presence of resistance genes, these
markers were used to survey the parental
polymorphism (MTU1010 vs B95-1 and MTU1010 vs
NLR145) for all four resistance genes. The molecular
markers showing clear polymorphism between the
parental lines were used for F

1
 confirmation and co-

segregation analysis in F
2
 population (foreground

selection).

Two F
1
 crosses were made during dry season,

2010 viz., MTU1010 x B95-1 and MTU1010 x
NLR145. F

1
 seeds were raised in the main field by

planting single seedling hill-1 at a spacing of 20 x 20 cm
during wet season, 2011. DNA isolated from all F

1 
plants

were used for genotyping in order to identify true hybrid
plants. The seeds harvested from single hybrid plants
carrying both xa13 and Xa21 genes in heterozygous
condition i.e. Xa13xa13/Xa21xa21 (MTU1010 x B95-
1) and Pi54 and Pi1 genes in heterozygous condition
i.e. Pi54pi54/Pi1pi1 (MTU1010 x NLR145) were
selfed and advanced to F

2
 generation during dry season,

2011. Co-segregation analysis was carried out in F
2

populations of MTU1010 x B95-1 and MTU1010 x
NLR145 for the resistance genes xa13 and Xa21;
Pi54 and Pi1, respectively.

A total of 420 F
2
 plants from MTU1010 x B95-

1 along with parents were genotyped to determine the
inheritance of BB resistant genes viz., xa13 and Xa21
using xa13 promotor and pTA 248. A total of 435 F

2

plants from MTU1010 x NLR145 along with parents
were genotyped to determine the inheritance of two
blast resistant genes viz., Pi54 and Pi1 using Pi54 MAS
and RM 224 markers. Alleles at the SSR loci were
detected on 2% and 3% agarose gel and 50bp or 100bp
DNA ladder was added with the first load to confirm
the allele sizes observed in the parental survey. Scoring
of alleles was done to identify the plants carrying
different genotypic combinations. The F

2
 plants that

showed a pattern similar to the susceptible parent alleles
were scored as ‘1’ and those with a banding pattern
similar to the resistant parent alleles were scored as
‘2’ and the plants with heterozygous allelic pattern were
scored as ‘3’.

From F
2
 generation, plants carrying target

genes in homozygous condition were selected and
advanced to F

3
 generation for phenotyping of BB and

blast diseases. Plants carrying target genes, xa13 and
Xa21 in homozygous condition (xa13xa13/Xa21Xa21)
were selected from MTU1010 x B95-1 F

2 
population

and were advanced to F
3
 generation. In F

3
 generation

the progenies were inoculated with hyper-virulent isolate,
DX-066 (collected from Raipur) of Xanthomonas
oryzae pv. Oryzae. The plants were inoculated with
bacterial culture at maximum tillering and flag leaf
stages by using the leaf clipping method described by
Kauffman et al., 1973. The inoculum was prepared by
suspending bacteria, grown on Haywards agar media
for 2 to 3 days at 28°C, in sterile distilled water at a
final concentration of approximately 108cfu ml-1

(Preece, 1982). Inoculum density was adjusted to 107-
108 (cfu ml-1) and plant inoculation was carried out by
clipping the tip (about 1 to 2 cm) of the fully expanded
uppermost leaf with scissors that had been dipped into
the inoculums. Disease scoring was done 15 days after
inoculation. Five leaves plant-1 and 10 plants plot-1 were
taken for scoring and the plant reaction was rated as
per Standard Evaluation System (IRRI, 2002).

The homozygous resistant (Pi54Pi54/Pi1Pi1)
F

2
 plants were advanced to F

3
 generation and tested in

the Uniform Blast Nursery (UBN) for blast disease
incidence at Maruteru and Nellore, which are hot spots
for blast incidence. Disease development was ensured
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by planting seedlings with spreader rows with
susceptible variety (Fig. 3.4) and each test entry sown
in a single row of 50cms long and 10cms apart. After
every 10 test entries local susceptible variety
(susceptible variety, NLR34242) was planted.

Excess nitrogen (>120 KgN ha-1) was applied
than recommended to enhance the disease. One-half
of the nitrogen was applied as basal and the remaining
half was applied 15 days after sowing (DAS). Other
fertilizers were also applied as per the local
recommendation. Farm yard manure was also applied
before sowing. To create severe blast incidence
additional inoculum was sprayed. For this diseased
leaves were chopped into pieces of 3-6cm long and
scattered them over the plot. Infected plants were also
transplanted between the border rows. The test entries
were scored based on leaf blast severity following
Standard Evaluation Scale (SES). Two observations
were taken on blast severity in entries 10 days intervals
from 25 to 30 days after sowing (DAS). These seedlings
were inoculated with M. grisea and disease scoring
was done as per 0–9 scale (IRRI, 1996).

For inheritance studies of bacterial blight and
blast resistance in the segregating population, the
goodness of fit of expected genetic ratios were tested
by ÷2 –test (Singh et al., 1977) using following formula:

÷2 = ∑(O-E)2 / E
where, O is observed value
E is expected value
∑- Summation.

RESULTS AND DISCUSSION

A clear marker-trait association was established for
both BB and blast. Hence it is possible to monitor the
transmission of target genes viz., xa13, Xa21, Pi54
and Pi1 using their respective markers, viz., xa13
promotor, pTA 248, Pi54 MAS and RM 224.

The marker validation was done in the B95-1
(BPT5204 x SS1113) for xa13 and Xa21 genes xa13
promotor and pTA 248 by comparing with SS1113,
source material for BB genes. The results (Fig. 1.1)
revealed that an allele of 500bp was amplified with xa13
promoter in the resistant parent and the marker pTA
248 amplified an allele of 925bp (Fig. 1.2), in B95-1
which is exactly identical to the band that was amplified
in the check material, SS1113, confirming that the
resistant parent was carrying both xa13 and Xa21
genes. This is in confirmation with the results of
Sundaram et al., 2008. Another resistant parent
NLR145 was also validated for the two blast resistant
genes viz., Pi54 and Pi1 using Pi54 MAS and RM 224
by comparing with Tetep, the source material for blast.
Pi54 MAS was developed by Ramkumar et al., 2011
reported that the marker perfectly co-segregates with
the blast resistance in mapping population with no
recombinants. Therefore, Pi54 MAS marker was
selected to screen Pi54 gene in the present study. Pi54
MAS amplified an allele of 225bp in NLR145 (Fig.1.3),
which was exactly identical to that of Tetep, confirmed
that NLR145 posses Pi54 gene and this is in
confirmation with the findings of Ramkumar et al.,
2011. Similarly the marker RM 224 amplified an allele

Fig. 1. Validation of Molecular Markers linked to the bacterial blight resistance genes viz., xa13 (Fig. 1.1) and Xa21
(Fig. 1.2) and blast resistance gene, Pi54 (Fig. 1.3) and Pi1 (Fig. 1.4) in resistant parents viz., B95-1 and NLR145.
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of 140bp in NLR145 (Fig. 1.4), which was exactly
identical to that of Tetep, confirmed that NLR145
posses Pi1 gene and this result is in agreement with
the findings of Prasad et al., 2009. Vanisree et al.,
2012 also reported the presence of Pi1 gene in NLR145
and Tetep.

Study of parental polymorphism is a prerequisite
to begin marker assisted selection. Unless the parents
are polymorphic for the traits of interest, the further
selection of plants carrying the traits of interest is not
possible in the progenies. SSR Markers can detect a
significantly higher degree of polymorphism in rice
(Okoshi et al., 2004). In the present study, xa13
promotor amplified a clear band of 250bp in MTU1010
while another band of 500bp was amplified in the
resistant parent, B95-1 (Fig. 2.1). Similarly,
polymorphism was observed between B95-1 (925bp)
and MTU1010 (730bp) when STS marker, pTA 248
was used for amplification of Xa21 gene (Fig. 2.2).
Thus clear polymorphism was existed between the
parents, MTU1010 and B95-1 for xa13 and xa21 genes.
pTA 248 (Huang et al., 1997) and xa13 promotor
(Sundaram et al., 2008) were used as gene sequence
based markers for BB resistance genes viz., Xa21 and
xa13 in marker assisted selection. Pi54 MAS and RM
224 were used to study the polymorphism between
MTU1010 and NLR145 for two blast resistance genes
(Pi54 and Pi1). Pi54 MAS linked to Pi54 gene amplified
a susceptible allele of 325bp in MTU1010, while the
resistance allele of 225bp was observed in NLR145
(Fig.2.3). Similarly, a clear polymorphism was observed
between NLR145 (140bp) and MTU1010 (155bp)

when RM 224 primer pair was used for amplification
of Pi1 gene (Fig. 2.4). The results showed clear
polymorphism between parents. The present
investigation clearly stated that two resistant genes viz.,
xa13 and Xa21 for BB were present in B95-1, while
blast resistance genes viz., Pi54 and Pi1 were present
in NLR145. All the four corresponding susceptible
alleles were present in the susceptible parent,
MTU1010 (Table 3). Since the polymorphism was very
clear among the parents for all four target genes, these
markers were selected for foreground selection in the
segregating generations (Table 1).

Table 1. Polymorphism between resistant and susceptible
alleles.

Trait Gene Primer Resistant Susceptible
allele allele

Bacterial Blight
Resistance xa13 xa13 promotor 500bp 250bp

Xa21 pTA 248 925bp 730bp

Blast Resistance Pi54 Pi54 MAS 225bp 325bp
Pi1 RM 224 140bp 155bp

Fig. 2. Polymorphism between parental lines for four target genes viz., xa13 (Fig. 2.1), Xa21 (Fig. 2.2), Pi54 (Fig. 2.3) and
Pi1 (Fig. 2.4) using xa13 promotor,  pTA 248, Pi54 MAS and RM 224 markers, respectively.

Two F
1
 crosses were made during dry season,

2010 viz., MTU1010 x B95-1 and MTU1010 x
NLR145. F

1
 plants were raised in the field during wet

season, 2011. Twenty five F
1
 plants from the cross

MTU1010 x B95-1 were genotyped for both xa13 and
Xa21 genes. All twenty five plants were confirmed as
true hybrids for xa13 as co-dominant nature of alleles
was observed with primers, xa13 promotor (Fig.3.1).
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Whereas, pTA 248 amplified co-dominant bands in 15
out of 25 F

1
 plants (Fig.3.2). Hence, these 15 F

1
 plants

were confirmed as true hybrids (Xa13xa13/
Xa21xa21) for both BB resistant genes (xa13 and
Xa21) and were allowed for selfing. The seed obtained
from single F

1
 plant was advanced to F

2
 generation.

subjected to co-segregation analysis for the disease
resistance genes viz., xa13, Xa21, Pi54 and Pi1. 420
F

2
 populations derived from MTU1010 x B95-1 cross

was analyzed with xa13 promotor (Fig.4.1). The result
showed that 93 F

2
 plants were identical to susceptible

parent (250bp), while 101 F
2
 plants were identical to

Fig. 3.1 and Fig. 3.2. Confirmation of F
1
 plants for xa13 gene and Xa21 genes by using xa13 promotor and pTA 248

markers, respectively.

Similarly, sixty F
1
 plants obtained from the cross

MTU1010 x NLR145 were genotyped using the Pi54
MAS, out of which 45 plants were found to be true
hybrids on expression of co-dominant nature of alleles
observed in the gel. The gel profile pertaining to ten F

1

plants are shown in Fig.3.3. Forty five plants were
subjected to RM 224 for Pi1 gene out of which 27
plants were found to be true hybrids for Pi1 gene. Seven
F

1
 plants were confirmed for both the Pi54 and Pi1

genes. The double heterozygous (Pi54Pi54/Pi1pi1)
plants were allowed for selfing and seeds from single
selfed plant was harvested, dried for 2-3 days and
advanced to F

2
 generation (Fig.3.4).

Two F
2
 populations derived from crosses viz.,

MTU1010 x B95-1 and MTU1010 x NLR145 were

Fig. 3.3 and Fig. 3.4. Confirmation of F1 plants for Pi54 and Pi1 genes by using Pi54 MAS and RM 224 markers, respectively.

resistant parent (500bp). 226 F
2
 plants exhibited

heterozygous nature for both the alleles. The ÷2-square
analysis clearly indicated that the xa13 gene segregated
in a genotypic ratio 1Xa13Xa13: 2Xa13xa13:
1xa13xa13 and exhibited a goodness fit to the expected
segregation ratio for single gene model for xa13 gene
with ÷2-square value 2.73 at p<0.05. The study of F

1
,

F
2
, F

3
 and reciprocal backcross populations of crosses

between resistant parents and the susceptible cultivar
‘TNI’ revealed that resistance in these cultivars and
selections is under monogenic control (Petpisit et al.,
1977). Phenotypically it is not possible to differentiate
all the genotypes. However, it is possible to make
selection of plants carrying desirable gene combination
i.e. xa13xa13 by MAS. Out of 420 F

2
 plants, pTA 248

Marker assisted selection in rice Manu Maya Magar et al
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primer pair amplified anallele of 730bp in 109 F
2
 plants

identical to susceptible parent, an allele of 925bp in 94
F

2
 plants identical to resistant parent and 217 F

2
 plants

exhibited heterozygosity (Fig.4.2). Genetic analysis of
the result shows a good fit to the expected segregation
ratio 1Xa21Xa21: 2Xa21xa21: 1xa21xa21 for single
gene model with ÷2-square value 1.53 at p<0.05. This
result is in agreement with the results of Jiang et al.,
2004, for Xa21 gene in the F

2
 population of ‘Minghui

63’.

genes segregate into nine distinct classes to be
1:2:2:4:1:2:1:2:1 out of which the seven resistant
genotypic classes viz., xa13xa13/Xa21Xa21,
xa13xa13/Xa21xa21, xa13xa13/xa21xa21,
Xa13xa13/Xa21Xa21, Xa13xa13/Xa21xa21,
Xa13Xa13/Xa21Xa21 and Xa13Xa13/Xa21xa21 are
expected to segregate in the ratio of 1:2:1:2:4:1:2. for
the two gene combination.

435 F
2
 populations developed from cross

MTU1010 x NLR145 were screened for Pi54 and Pi1

Fig. 4.1. Segregation of F
2 
individuals derived from cross MTU1010 x B95-1for xa13 gene for plants 1 to 50.

Table 2. Co-segregation analysis of two BB resistance genes viz., xa13 and Xa21 in F
2
 population of MTU1010 x B95-1

S.N. Genotype Observed value Observed ratio Expected ratio Expected value ÷2 value

1 Xa13 Xa13Xa21 Xa21 26 0.99 1 26.25 0.02
2 Xa13 Xa13Xa21 xa21 48 1.82 2 52.5 0.38
3 Xa13 xa13Xa21 Xa21 47 1.79 2 52.5 0.57
4 Xa13 xa13Xa21 xa21 112 4.26 4 105 0.46
5 xa13 xa13Xa21 Xa21 21 0.8 1 26.25 1.05
6 xa13 xa13Xa21 xa21 59 2.24 2 52.5 0.80
7 Xa13 Xa13xa21 xa21 19 0.72 1 26.25 2.00
8 Xa13 xa13xa21 xa21 66 2.51 2 52.5 3.47
9 xa13 xa13xa21 xa21 22 0.83 1 26.25 0.68
Total 420 15.96 16 420 9.43**

The calculated ÷2 value, 9.43 less than tabulated value, 15.5 at df=8 and P=0.05 and 13.362 at P=0.1

The xa13 gene confers resistance only when
present in the homozygous recessive condition whereas
Xa21 is dominant in nature and can be expressed even
in the heterozygous condition governing resistance to
multiple races of Xoo. The co-segregation analysis of
two BB resistance genes viz., xa13 and Xa21 together
showed goodness of fit to the expected ratio
1:2:2:4:1:2:1:2:1, for two genes with high degree of
significance (Table 2.). This result indicated that the
two BB resistance genes viz., xa13 and Xa21 followed
Mendelian Inheritance with ÷2-square value 9.43 at
p<0.05. Joseph et al., 2004 also reported that the two

genes. Pi54 MAS amplification (Fig.4.3) showed that
104 F

2
 plants had the alleles similar to susceptible parent

alleles, MTU1010 (325bp), while 120 F
2
 plants had the

alleles similar toresistant parent alleles, NLR145
(225bp) and 211 plants exhibited heterozygocity. The
÷2-square analysis indicated that the Pi54 gene
segregated in a genotypic ratio 1Pi54Pi54: 2Pi54Pi54:
1Pi54Pi54 which shows a good fit to the expected
segregation ratio for single gene model with ÷2-square
value 1.55 at p<0.05. Ashkani et al., 2011 reported
segregation ratio for resistance and susceptibility allele
in F

2
 population derived from Pongsu Seribu 2 and

Oryza Vol. 51 No.2, 2014 (105-115)
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Mashuri for resistance to blast pathotype P7.2 with 11
SSR markers showed a good fit to the expected
segregation ratio 1:2:1. RM 224 primer pair linked to
Pi1 gene amplified dominant allele (140bp) in 102 plants
which is identical to resistant parent, while recessive
allele (155bp) was observed in 96 plants and
heterozygosity was observed in 237 plants (Fig.4.4).
Genetic analysis showed a goodness of fit to the
expected segregating ratio of 1Pi1Pi1: 2Pi1pi1: 1pi1pi1

resistance in dominant condition and can be expressed
even in the heterozygous condition governing resistance
to multiple races of Magnaporthe grisea. The
observed segregation ratio for two genes shows
goodness of fit to the expected segregation ratio
1:2:2:4:1:2:1:2:1, for two genes with χ2 value 6.59 at
p<0.05. This signifies that the two blast resistant genes
viz., Pi54 and Pi1 followed the Mendelian Inheritance
high degree of significance (Table 3).

Table 3. Co-segregation analysis of two Blast resistance genes viz., Pi54 and Pi1 in F
2
 population of MTU1010 x NLR145

S.N. Genotype Observed value Observed ratio Expected ratio Expected value χ2 value

1 Pi54 Pi54Pi1 Pi1 24 0.88 1 27.18 0.37
2 Pi54 Pi54Pi1 pi1 58 2.1 2 54.37 0.24
3 Pi54 Pi54Pi1 Pi1 47 1.72 2 54.37 0.99
4 Pi54 Pi54Pi1 pi1 113 4.15 4 108.75 0.16
5 Pi54 Pi54Pi1 Pi1 31 1.14 1 27.18 0.53
6 Pi54 Pi54Pi1 pi1 66 2.42 2 54.37 2.48
7 Pi54 Pi54pi1 pi1 22 0.81 1 27.18 0.98
8 Pi54 Pi54pi1 pi1 51 1.87 2 54.37 0.20
9 Pi54 Pi54pi1 pi1 23 0.84 1 27.18 0.64
Total 435 15.93 16 435 6.59**

The calculated χ2 value, 6.59 less then tabulated value, 15.5 at df=8 and P=0.05 and 13.362 at P=0.1.

Fig. 4.2. Segregation of F
2
 individuals derived from cross MTU1010 x B95-1 for Xa21 gene for plants 1 to 48.

for single gene model gene with ÷2-square value 3.64
at p<0.05. Our result is in agreement with Prasad et
al., 2009, who analyzed F

2
 population derived from

cross C101LAC x BPT5204 by using SSR marker RM
224 to the highly virulent blast isolate DRR001 and
result show good fit to expected segregation ratio 1:2:1
for single gene model confirming the presence of a major
gene pi-1(t).

The F
2
 population derived from the cross

MTU1010 x NLR145 was also analyzed for the co-
segregation of two genes governing blast resistance
viz., Pi54 and Pi1 together. Both genes confer

Twenty one and twenty four plants possessing
BB and blast resistance genes respectively in
homozygous condition (xa13xa13/Xa21Xa21 and
Pi54Pi54/Pi1Pi1) were advanced to F

3 
generation and

phenotyping for BB and blast were carried out during
dry season, 2012-13. All 21 F

3
 progenies showed

resistance reaction for BB isolate, DX-066 (1-5%
DLA). Similarly, higher levels of resistance in gene
pyramid lines containing multiple BB resistance genes
as compared to lines having single (or fewer) resistance
genes have been reported earlier (Yoshimura et al.,
1996). Pandey et al., 2013 also improved traditional
BB-susceptible Basmati varieties (Taraori Basmati and
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Basmati 386) by introgressing two major BB resistance
genes, Xa21 and xa13, coupled with phenotype-based
selection. They reported improved lines possessing a
single resistance gene (i.e. either Xa21 or xa13) both
in homozygous condition (Xa21Xa21 or xa13xa13)
displayed moderate resistance to BB, while lines
possessing both Xa21 and xa13 in homozygous
condition (Xa21Xa21xa13xa13) showed significantly
higher levels of resistance equivalent to resistance with
ISM and SS1113 possessing Xa21, xa13 and xa5..

The donor parent NLR145, which possesses
Pi54 gene showed high level of resistance for rice blast
with ‘3’ disease score and the parent MTU1010 showed
presence of disease lesions in more than 50% leaf area
with disease score ‘7’. Among 24 F

3
 progenies carrying

resistance genes in homozygous condition (Pi54Pi54/
Pi1Pi1) from the cross MTU1010 x NLR145, only 11
progenies showed resistance reaction for blast. The
susceptibility of 13 gene positive plants to blast disease
might be attributed due to occurrence of recombination
between Pi1 gene and selected marker, RM224.
Narayanan et al., 2002 pyramided two major blast
resistance genes Pi-1 and Piz-5 by using RFLP markers
r10 for Pi-1 and a PCR-based SAP marker RG64 for
Piz-5. Though Pi54 gene gives broad spectrum disease
resistance, the blast disease is controlled by nearly 80
genes (Costanzo and Jia, 2010) which could be the
reason that no line showed ‘0’ score for blast disease.

The present investigation indicated that the use
of gene specific molecular markers or markers that
are closely linked to traits of interest resulted in effective
selection of desired combination of genotypes.
Identification of desired genotypes possessing more
than one gene is not possible through conventional
method unless phenotyping is done for different strains
of pathogens. MAS helps to shorten the development
time of cultivar (Dwivedi et al. 2007). Molecular
markers enable breeders to exercise precise selection
on genotypic differences (i.e., differences in DNA)
rather than phenotypic differences, which has the
potential to greatly increase selection efficiency and
shorten the breeding cycle (Yencho et al. 2000).

ACKNOWLEDGEMENTS

We thank the Department of Biotechnology, Ministry
of Science and Technology, Government of India, New
Delhi for providing the financial support.

REFERENCE

Alvarez A, Fuentes JL, Puldon V, Gomez PJ, Mora L, Duque
MC, Gallego G and Tohme JM 2007. Genetic
diversity analysis of Cuban traditional rice (Oryza
sativa L.) varieties based on microsatellite markers.
Genetics and Molecular Biology 30:1109–1117.

Ashkani A, Rafii MY, Sariah M, Akmar ASN, Rusli I, Rahim
HA and Latif MA 2011. Analysis of simple sequence
repeat markers linked with blast disease resistance
genes in a segregating population of rice (Oryza
sativa). Genetics and Molecular Research 10: 1345-
1355.

Balachiranjeevi CH, Bhaskar S, Akanksha S, Pavani M, Sama
VSAK, Hajira SK, Pranathi K, Hariprasad AS,
Madhav MS, Laha GS, Prasad MS, Ram T, Neeraja
CN, Balachandran SM, Ashok Reddy G, Viraktamath
BC and Sundaram RM 2012. Marker assisted
improvement of the elite rice maintainer line DRR17B
for bacterial blight (BB) and blast resistance.
 Proceedings of International Conference on Plant
Biotechnology for Food Security, New Delhi, 21-24
February, 2012.

Basavaraj SH, Singh VK, Singh A, Singh A, Singh A, Yadav
S, Ellur RK, Singh D, Gopala Krishnan S, Nagarajan
M, Mohapatra T, Prabhu KV and Singh AK 2010.
Marker-assisted improvement of bacterial blight
resistance in parental lines of Pusa RH10, a superfine
grain aromatic rice hybrid. Molecular Breeding 2:
293-305.

Chen S, Liu X, Zeng L, Ouyang D, Yang J and Zhu X 2011.
Genetic analysis and molecular mapping of a novel
recessive gene xa34(t) for resistance against
Xanthomonas oryzae pv. oryzae. Theoretical and
Applied Genetics 122: 1331-1338.

Costanzo S and Jia Y 2010. Sequence variation at the rice
blast resistance gene Pi-km locus: implications for
the development of allele specific markers. Plant
Science 178:523-530.

Dwivedi SL, Crouch JH, Madcill DJ, Xu Y, Blair MW, Ragot
M, Upadhaya HD and Orit R 2007. The
molecualrization of public sector crop breeding;
progress, problems and prospects. Advances in
Agronomy 95: 163-318.

Huang N, Angeles ER, Domingo J, Magpantay G, Singh S,
Zhang Q, Kumaravadivel N, Bennett J and Khush
GS 1997. Pyramiding of bacterial resistance genes
in rice: marker aided selection using RFLP and PCR.
Theoretical and Applied Genetics 95:313–320.

Oryza Vol. 51 No.2, 2014 (105-115)



114 

Hulbert SH, Webb CA, Smith SM and Sun Q 2001. Resistance
gene complexes: evolution and utilization. Annual
Review on Phytopathology 39: 285–312.

IRRI 2002. Standard Evaluation System for Rice (SES). Manila,
Philippines, International .Rice. Research .Institute.

Jiang GH, Xu CG, Tu JM, Li XH, He YQ and Zhang QF 2004.
Pyramiding of insect- and disease-resistance genes
into an elite indica, cytoplasm male sterile restorer
line of rice, ‘Minghui 63’. Plant Breeding 123: 112-
116.

Jordan DR, Tao Y, Godwin ID, Henzell RG, Cooper M and
McIntyre CL 2004. Comparison of identity by
descent and identity by state for detecting genetic
regions under selection in a sorghum pedigree
breeding program. Molecular Breeding. 14: 441–454.

Joseph M, Gopalakrishnan S, Sharma RK, Singhm VP, Singhm
AK, Singhm NK and Mohapatra T 2004. Combining
bacterial blight resistance and Basmati quality
characteristics by phenotypic and molecular
marker-assisted selection in rice. Molecular
Breeding 13: 377–387.

Joshi RK and Nayak S 2010. Gene pyramiding-A broad
spectrum technique for developing durable stress
resistance in crops. Biotechnology and Molecular
Biology Review 5: 51-60.

Kalaichelvan C 2009. Studies on identification of rice (Oryza
sativa L.) cultivars using morphological and
molecular markers. M.Sc thesis. Acharya N G Ranga
Agricultural University, Rajendranagar, Hyderabad.

Kauffman HE, Reddy APK, Hsieh SPY and Merca SD 1973.
An improved technique for evaluating resistance
of rice varieties to Xanthomonas oryzae. Plant
Disease Reporter 57:537–541.

Khush GS and Angeles ER 1999. A new gene for resistance
to race 6 of bacterial blight in rice, Oryza sativa L.
Rice Genetics Newsletter 16: 92-93.

Khush GS, Mackill DJ and Sidhu GS 1989. Breeding rice for
resistance to bacterial blight. In: Bacterial blight of
rice. Proceeding of international workshop on
bacterial blight of rice, IRRI, Manila, Philippines,
14–18: 207–217.

Liu QQ, Li QF, Cai XL, Wang HM, Tang SZ, Yu HX, Wang
ZY and Gu MH 2006. Molecular marker-assisted
selection for improved cooking and eating quality
of two elite parents of hybrid rice. Crop Sciences
46: 2354–2360.

Mackill DJ 2007. Molecular markers and marker-assisted
selection in rice. Genomics assisted crop
improvement 2: 147–168.

Mackill DJ and McNally KL 2004. A model crop species:
Molecular markers in rice. Molecular marker
systems in plant breeding and crop improvement
55: 39–54.

McCouch SR, Chen X, Panaud O, Temnykh S, Xu Y, Cho YG,
Huang N, Ishii T and Blair M 1997. Microsatellite
marker development, mapping and applications in
rice genetics and breeding. Plant Molecular Biology
35: 89-99.

Mew TW, Vera Cruz CM and Medalla ES 1992. Changes in
race frequency of Xanthomonas oryzae pv. oryzae
in response to rice cultivars planted in the
Philippines. Plant Disease 76: 1029-1032.

Narayanan NN, Baisakh N, Vera Cruz N, Gnananmanickam
SS, Datta K and Datta SK 2002. Molecular breeding
for the development of blast and bacterial blight
resistance in rice cv. IR50. Crop Science 2072–2079.

Okoshi M, Hu J, Ishikawa R and Fuimura T 2004. Polymorphic
analysis of landraces of Japanese rice using
microsatellite markers. Breeding Research 6: 125-
133.

Olufowote JO, Xu Y, Chen X, Park WO, Beachell HM, Dilday
RH, Goto M and McCouch SR 1997. Comparative
evaluation of within cultivar variation in rice (Oryza
sativa L.) using microsatellite and RFLP markers.
Genome 40: 370-378.

Pandey MK, Shobha Rani N, Sundaram RM, Laha GS,
Madhav MS, Rao KS, Sudharshan I, Hari Y,
Varaprasad GS, Rao LVS, et. al. 2013. Improvement
of two traditional Basmati rice varieties for bacterial
blight resistance and plant stature through
morphological and marker-assisted selection.
Molecular Breeding 31:239-246.

Perumalsamy S, Bharani M, Sudha M, Nagarajan P, Arul L,
Saraswathi R, Balasubramania P and Ramalingam J
2010. Functional marker-assisted selection for
bacterial leaf blight resistance genes in rice (Oryza
sativa L.). Plant Breeding 129:400-406.

Petpisit V, Gurdev S Kush and Kauffman HE 1977. Inheritance
of Resistance to Bacterial Blight in Rice. Crop
Science 17:551-554

Prasad MS, Kanthi BA, Balachandran SM, Seshumadhav
M, Mohan KM and Viraktamath BC 2009. Molecular
mapping of rice blast resistance gene Pi-1(t) in the
elite indica variety Samba mahsuri. World Journal
of Microbiology and Biotechnology 25:1765–1769.

Ramkumar G, Srinivasarao K, Mohan KM, Sudarshan I,
Sivaranjani AKP, Gopalkrishna K, Neeraj CN,

Marker assisted selection in rice Manu Maya Magar et al



115 

Balachandran SM, Sundaram RM, Prasad MS, Rani
NS, Prashad AMR, Viraktamath BC and Madhav
MS 2011. Development and validation of functional
marker targeting an InDel in the major rice blast
disease resistance gene Pi54 (Pikh). Molecular
Breeding 27:129–135.

Reddy CS 2009. Disease management in rice in relation to
crop nutritional studies, short course on “Site-
specific integrated nutrient management in rice and
rice based cropping systems” held at Directorate
of Rice Research from 4-13th February 2009: 179-
188.

Sambrook J and Russell DW 2001. Molecular cloning: A
laboratory manual. Cold Spring Harbour Laboratory
Press, Cold Spring Harbour, New York.

Sanchez AC, Brar DS, Huang N, Li Z and Khush GS 2000.
Sequence Tagged Site marker-assisted selection for
three bacterial blight resistance genes in rice. Crop
Sciences 40: 792–797.

Sharma TR, Madhav MS, Singh BK, Shanker P, Jana TK,
Dalal V, Pandit A, Singh A, Gaikwad K, Upreti HC
and Singh NK 2005. High-resolution mapping,
cloning and molecular characterization of the Pi-kh

gene of rice, which confers resistance to
Magnaporthe grisea. Molecular Genetics and
Genomics 274: 569–578.

Sharma TR, Rai AK, Gupta GK and Singh NK 2010. Broad-
spectrum blast resistance gene Pikh cloned from
the rice line Tetep designated as Pi54. Journal of
Plant Biochemistry and Biotechnology 19: 87-89.

Singh RK and Chaudhary BD 1977. Biometrical methods in
quantitative genetic analysis. Kalyani Publishers.
New Delhi.

Singh S, Sindhu JS, Huang N, Vikal Y, Li Z, Brar DS, Dhaliwal
HS and Khush GS 2001. Pyramiding three bacterial
blight resistance genes (xa-5, xa-13 and Xa-21)
using marker-assisted selection into indica rice
cultivar PR106. Theoretical and Applied Genetics
102:1011–1015.

Srinivasan B and Gnanamanickam S 2005. Identification of a
new source of resistance in wild rice, Oryzae
rufipogon to bacterial blight of rice caused by
Indian strains of Xanthomonas oryzae pv.Oryzae.
Current Sciences 88: 25.

Sundaram RM, Vishnupriya MR, Biradar SK, Laha GS, Reddy
GA, ShobaRani N, Sharma NP and Sonti RV 2008.
Marker assisted introgression of bacterial blight
resistance in Samba Mahsuri, an elite indica rice
variety. Euphytica 160: 411-422.

Toojinda TS, Tragoonrung A, Vanavichit JL, Siangliw N, Pa-
In J, Siangliw MJ and Fukai S 2005. Molecular
breeding for rainfed lowland rice in the Mekong
region. Plant Production Science 8: 330–333.

Vanisree S, Durga Rani ChV, Aruna Kumari K, Jagadeeswar
R, Sreedhar M, Ramesh Babu S, Rajan CPD,
Jamaloddin MD, Swathi G, Babu AP, Surender Raju
Ch, Gopal Reddy B and Suryanarayana Y 2012.
Molecular marker analysis of promising rice
cultivars for Pi-1, Pi-2 and Pikh blast resistant
genes. International symposium on 100 years of
rice science and looking beyond 98-100.

Xu YB, Beachell H and McCouch SR 2004. A marker-based
approach to broadening the genetic base of rice in
the USA. Crop Science 44: 1947–1959.

Yoshimura A, Lei JX, Matsumoto T, Yoshimura S, Iwata N,
Baraoidan MR, Mew TW and Nelson RJ 1996.
Analysis and pyramiding of bacterial blight
resistance genes in rice by using DNA markers. In:
Khush GS (ed) Rice Genetics III, Proceedings of
the Third International Rice Genetics Symposium.
International Rice Research Institute, P.O. Box 933,
Manila, Philippines, pp 577–581.

Yunbi Xu 2010. Molecular Plant Breeding. CAB International.

Zheng KL, Shen B and Qian HR 1991. DNA polymorphism
generated by arbitrary primed PCR in rice. Rice
Genetics Newsletter 8: 134-136.

Oryza Vol. 51 No.2, 2014 (105-115)


