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Rice blast, caused by 
necks. Broad spectrum introgression of blast resistance genes 
NLR145 (Swarnamukhi) into cold tolerant rice variety Tellahamsa (C10754) was carried out using 
marker assisted selection. The target genes were detected through the blast gene specific molecular 
marker 
F1, BC
phenotypic assays with different blast pathogens at two blast hot spot regions west Godavari and 
Nellore. Four BC
(Pi54Pi54 Pi1Pi1
multi location tests. This work demonstrates the successful application of molecular markers for 
targeted introgression of major blast genes 
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INTRODUCTION 
 

Rice is the most important food crop of the world.  India is the 
largest rice growing country with second in production. It has a 
critical role in food security of Asia as 90% of the global 
production and more than 70% rice consumption, is by Asian 
countries. It accounts for 40% - 70% of the calories consumed 
by more than 40 billion Asian population (FAOSTAT 2012)
Rice blast disease caused by Magnaporthe oryzae
most destructive and wide spread disease (Jia 
disease can strike all aerial parts of the plant, most infection 
occur on the leaves, causing diamond-shaped lesions with a 
gray or white center to appear on the panicles 
2000).  
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ABSTRACT 

Rice blast, caused by Magnaporthe oryzae, causes yield loss associated with injuries on leaves and 
necks. Broad spectrum introgression of blast resistance genes Pi
NLR145 (Swarnamukhi) into cold tolerant rice variety Tellahamsa (C10754) was carried out using 

er assisted selection. The target genes were detected through the blast gene specific molecular 
marker Pi-54 MAS for gene Pi54 and molecular marker RM224 which is closely linked to gene 

, BC1F1, BC2F1 and BC2F2 generations. In BC2F3, forty five 
phenotypic assays with different blast pathogens at two blast hot spot regions west Godavari and 
Nellore. Four BC2F3 progenies possessing two blast resistance genes in homozygous condition 
Pi54Pi54 Pi1Pi1) showed blast resistance along with Tellahamsa characteristics were advanced for 

multi location tests. This work demonstrates the successful application of molecular markers for 
targeted introgression of major blast genes Pi-54 and Pi1 in to a cold tolerant rice variety, Te

is an open access article distributed under the Creative Commons Attribution License, which 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 

Rice is the most important food crop of the world.  India is the 
largest rice growing country with second in production. It has a 
critical role in food security of Asia as 90% of the global 
production and more than 70% rice consumption, is by Asian 

70% of the calories consumed 
(FAOSTAT 2012). 

Magnaporthe oryzae is one of the 
(Jia et al., 2000). The 

disease can strike all aerial parts of the plant, most infection 
shaped lesions with a 

gray or white center to appear on the panicles (Scardaci et al., 

Institute of Biotechnology, PJTSAU, Rajendranagar, Hyderabad, India. 

 

Blast disease was first reported in Asia more than three 
centuries ago and prevalent throughout the continents where 
rice is cultivated. More than 85 countries are facing big yield 
loss due to this disease. Blast is a big money spinner, in many 
countries as farmers have been commonly using fungicides to 
protect the crop. However, clinical fungicides present hazards 
to human health and the environment. Blast controlling 
fungicides are expensive and involve in 6
plant protection cost. In India, among the biotic factors disease 
is the most important factor which results in crop losses of $5 
billion every year (Asghar et al.,
ranged from 1 to 50 %, meaning each year destroys abundant 
rice to feed more than 60 million people and economic loss 
over $70 billion of dollar (Scheuerman 
variations of pathogenicity of physiological races 
frequently, so some elite rice resistant varieties after cultivated 
for 4 or 5 years often gradually lost the resistance to rice blast. 
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, causes yield loss associated with injuries on leaves and 
Pi-54 and Pi1 from the donor parent 

NLR145 (Swarnamukhi) into cold tolerant rice variety Tellahamsa (C10754) was carried out using 
er assisted selection. The target genes were detected through the blast gene specific molecular 

MAS for gene Pi54 and molecular marker RM224 which is closely linked to gene Pi1 in 
, forty five progenies were analyzed through 

phenotypic assays with different blast pathogens at two blast hot spot regions west Godavari and 
progenies possessing two blast resistance genes in homozygous condition 

stance along with Tellahamsa characteristics were advanced for 
multi location tests. This work demonstrates the successful application of molecular markers for 

in to a cold tolerant rice variety, Tellahamsa. 
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Blast disease was first reported in Asia more than three 
centuries ago and prevalent throughout the continents where 
rice is cultivated. More than 85 countries are facing big yield 

s due to this disease. Blast is a big money spinner, in many 
countries as farmers have been commonly using fungicides to 
protect the crop. However, clinical fungicides present hazards 
to human health and the environment. Blast controlling 

pensive and involve in 6- 50% of the total 
In India, among the biotic factors disease 

is the most important factor which results in crop losses of $5 
et al., 2007). Due to blast, yield loss 

ranged from 1 to 50 %, meaning each year destroys abundant 
rice to feed more than 60 million people and economic loss 

(Scheuerman et al., 2012).  As the 
variations of pathogenicity of physiological races occurs more 
frequently, so some elite rice resistant varieties after cultivated 

4 or 5 years often gradually lost the resistance to rice blast.  
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As reported by CIAT, “New blast strains mutate rapidly, 
rendering resistant varieties susceptible within 2 or 3 years of 
release and sometimes, even before the breeding lines reach the 
farm (Fernando Correa- Victoria et al., 1992). The result is a 
never ending race for breeders to keep ahead of the disease 
with new varieties. As these problems have become more 
widely recognized, the International Agriculture Research 
Institutions have responded by shifting their focus to breeding.  
Breeding efforts have also been quite limited in their success. 
Developing blast resistant varieties would be still the most 
cost- effective method to improve rice blast disease resistance 
in rice. Therefore, the use of resistant variety with multiple 
genes is thought to be one of the most economically and 
environmentally efficient way to avoid frequent break down of 
resistance. In adding to overlapping resistance, it could 
decrease the selection pressure on the pathogen and provide 
cross protection by minimizing the race evolution in the 
fungus.  
 

To date, more than 85 blast resistance genes have been 
mapped, of which Pib, Pita, Pid2, Pi9, Piz-t, Pi36 and Pi37 has 
been isolated and cloned (Wu et al., 2007; Qu et al., 2006 and 

Lin et al., 20007). Pi-54, is one of the major blast resistance 
gene and has been observed to show resistance against many 
isolates of the blast pathogen in India (Ramkumar et al., 2011), 
which was considered as the widest spectrum resistance 
resource favored by the breeders in the cloned rice blast 
resistance genes. The resistance of rice varieties to rice blast 
was mostly controlled by a pair or several pairs of main 
effective dominant genes. The achievements have been made in 
applications of the blast resistance genes in rice blast resistant 
breeding program, such as the Pid1, Pib, Pita pyramided to 
G46B (Chen et al., 20004), the Pi-54, Pi2 introduced into B95-
1(Ratna Madhavi et al., 2013), the Pi1, Pi2, Pi33 23B 
introgressed to Jin 23B (Chen et al., 20008), the Piz5 and Pi-54 
introduced into PRR78 (Vikas K. singh et al., 2013), and a 
batch of new varieties possessing blast resistance were 
developed.  
 

The present study has been carried out during 2009 to 2012. In 
this study an attempt was made to introgress Pi-54 and Pi1 
genes in to Tellahamsa (C10754), a popular rice variety 
released from Professor Jayashankar Telangana State 
Agricultural University (PJTSAU), which is suitable for Rabi 
season because of its cold tolerance, high yielding ability and 
long slender grain quality. In our study Tellahamsa has been 
used as recurrent parent, while NLR145 containing Pi-54 and 
Pi1 genes were used as donor parent. The main objective of the 
present research was to develop pre breeding lines containing 
blast resistance genes in the back ground of Tellahamsa. 
 
 
 
 
 
 
 
 

MATERIALS AND METHODS 
 

Materials used 
 

Tellahamsa (C10754), a rice variety released from PJTSAU has 
become popular for Rabi season because of its cold tolerance, 

high yielding ability and long slender grain quality was used as 
recurrent parent and NLR145 containing Pi-54 and Pi1 blast 
resistance genes was is used as donor parent. 
 
Screening for leaf blast resistance 
 
BC2F3 population was screened for blast resistance in Uniform 
Blast Nurseries at APRRI, Maruteru, West Godavari and 
Agricultural Research Institute, Nellore, Andhra Pradesh State, 
India.  
 
DNA extraction and PCR analysis 
 
 The DNA was isolated following the modified CTAB (Cetyl 
Tri Methyl Ammonium Bromide) method (Murray et al., 1980) 
The quality and quantity of DNA was estimated in 0.8% 
agarose gel using 500ug/ml lamda (λ) Hind III DNA (New 
England Biolabs) as reference standard. Fresh young rice 
leaves were taken into the 2ml eppendorf tube, adding liquid 
nitrogen to grind into powder and rapidly adding 600μl extract 
buffer incubating at 65oc water bath for 30~40 min, then adding 
600μl mixture of chloroform and isoamylalcohol with 24 to1 
and mixing at room temperature for standing 30 min.  
 
After centrifuging at 10000 r/min for 15 min, the supernatant 
was transferred to another centrifuge tube, then an equal 
volume of chilled isopropanol was added and kept for 15min at 
-20oc for DNA precipitation, After centrifugation at 10000 
r/min for 15 min, while precipitation was washed 2 times with 
70% ethanol 100μl sterile water was used for dissolve to the 
naturally dried precipitate and placed in refrigerator at 4oc for 
ready to use. PCR was carried out to detect the presence of 
blast resistance gene Pi-54 using Pi54 MAS marker and 
Pi1gene using RM224 marker (Table 1) in the segregating 
population.  
 
PCR amplification was performed in 10 µl of volume 
containing 10x PCR buffer  (10 mM Tris–HCl (pH 8.0), 50 
mM KCl), 1.5 mM MgCl2,  2mM of dNTPs and 5 pmol of each  
forward and reverse primers, 5 units of Taq DNA polymerase 
(Genei, Bangalore, India), and 5ng of genomic DNA. Reactions 
were carried out in GenAmp PCR system 9700 (Applied 
Biosystem, USA), an initial denaturation at 940C for 5 minutes 
followed by cycle denaturation at 940C for 45 seconds; 
annealing step between 550C– 600C (according to the optimal 
temperature of the primers) for 45 seconds; extension at 720C 
for 60 seconds and with a final extension step at 720C for 10 
min. The PCR mix was cycled 35 times. The PCR conditions 
were standardized by modifying annealing temperature of the 
primer in the PCR.  
 
 
 
 
 
 
 
 

The PCR amplified samples were then mixed with 
bromophenol blue and run on 3% Agarose gel along with the 
1000ug/ml 50-bp DNA ladder (New England Biolabs) for two 
hours in 0.5x Tris-Acetic acid EDTA (TAE) buffer. The DNA 
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Table 1. Primers used for the identification of major blast resistance genes Pi54 and Pi1 
 

Resistance gene Chr Marker Name Primers sequence used for gene identification Expected size (bp) Reference 

Pi-54 11 Pi54 MAS CAATCTCCAAAGTTTTCAGG-F 200 Ramkumar et al., 2011 
   GCTTCAATCACTGCTAGACC-R   

Pi1 11 RM224 ATCGATCGATCTTCACGAGG-F 
TGCTATAAAAGGCATTCGGG-R 

130 Hittalman et al., 2000) 

 



fragments were visualized under UV-Transilluminator and 
documented using Bio-Rad Molecular Imager Gel Doc XR 
System (Universal Hood II) and image was saved for further 
analysis. 
 

RESULTS AND DISCUSSION 
 
Transferring Blast resistance genes by MAS 
 
Marker assisted selection (MAS) has been successfully applied 
for improving resistance against biotic stresses like blast, 
bacterial blight and BPH in rice (Joseph et al., 2004, Sundaram 
et al., 2008, Hari et al., 2011, Hari et al., 2013, Chen et al., 
20004 and Khanna et al., 2015) as MAS saves time and offers a 
very simple efficient and accurate method to improve the blast 
resistance of elite genotype (Singh et al., 2012). In our present 
study, the F1 plants with heterozygous alleles of two blast 
resistance genes (Pi-54 and Pi1) were obtained from the cross 
of susceptible Tellahamsa (C10754) as recurrent parent and 
NLR145 as donor parent. The heterozygocity was confirmed 
by using a gene specific marker Pi54 MAS for Pi54 gene and a 
gene linked marker, RM224 for Pi1 gene were employed to 
perform marker assisted selection in F1 and BC1F1 generations.  
 
The marker Pi54 MAS amplified a fragment of 200bp in 
NLR145 (Resistance specific band) and 350bp fragment in 
Tellahamsa (Susceptibility specific band), while RM224 
amplified a fragment of 130 bp in NLR145 (R) and 150 bp 
fragment in Tellahamsa (S).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Genetic analysis of 202 BC1F1 plants for Pi54 gene revealed 64 
plants as heterozygous, while 86 plants showed heterozygocity 
for Pi1 gene. Thus a total of 31 BC1F1 plants showed 
heterozygocity for both genes on using both markers. The 
advanced back cross plants of BC2F1 were obtained from the 
cross made between selected BC1F1.and Tellahamsa. 
Foreground analysis showed that 154 plants as heterozygous of 
352 BC2F1 plants studied for Pi-54 gene, while 188 plants out 
of 352 plants were observed as heterozygous for Pi1 gene          
(Fig. 1). A total of 38 BC2F1 plants showed heterozygocity for 
both the genes. Selection was carried out in 38 genes positive 
BC2F1 plants based on phenotypic and other grain characters 
and one BC2F1 plant was allowed for selfing and advanced as 
BC2F2 population for future study. 
 
Genetic analysis of blast resistance genes (Pi54 + Pi1) in 
BC2F2 population 
 
Genotyping was carried out in four hundred and eleven BC2F2 
plants. DNA was extracted from these 411 plants and subjected 
to genotypic analysis with the Pi54 gene specific marker Pi54 
MAS. Out of 411 BC2F2 plants, 103 plants were homozygous 
resistant (RR), 196 plants were heterozygous resistant (Rr), and 
112 plants were homozygous susceptible (rr) (Fig. 3). Later 
these 411 plants were subjected to genotypic analysis with 
RM224 marker specific for Pi1 gene. Out of 411 BC2F2 plants, 
105plants were homozygous resistant (RR), 198 plants were 
heterozygous resistant (Rr), and 108 plants were homozygous 
susceptible (rr) (Fig. 4). The population segregated in a true 
Mendelian way (i.e. 1:2:1).  
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Figure 1. Confirmation of TH X NLR145 BC2F1 plants by Pi54 MAS primer 
 

 
 

Figure 2. Confirmation of TH X NLR145 BC2F1 plants by RM 224 primer 
 

 
 

Figure 3. Confirmation of TH X NLR145 BC2F2 plants by Pi54 MAS primer 
 

 
 

Figure 4. Confirmation of TH X NLR145 BC2F2 plants by RM 224 primer 

 



Similar results are obtained by (Fatah et al., 2015, Ratna et al., 
2012 and Immanuel et al., 2011). When phenotypic data was 
correlated with genetic analysis data, a total of two 
recombinants were observed among homozygous resistant 
plants. Results revealed that 45 plants were positive for both 
the genes (Pi54 + Pi1) and these plants (homozygous for both 
Pi54 and Pi1) were selfed and advanced to BC2F3 generation. 
 
Screening of BC2F3 progenies for blast resistance 
 
Artificial screening for rice blast was carried out in 45 BC2F3 

progenies during Rabi, 2012 at two hot spot locations of 
Andhra Pradesh (APRRI, RARS, Maruteru, West Godavari 
district and ARS, Akuthota, Nellore district). A local isolate of 
Magnaporthe oryzae from APRRI, RARS, Maruteru, West 
Godavari and another local isolate of Magnaporthe oryzae 
from RARS, Akuthota, Nellore district, Andhra Pradesh , India, 
was used to screen the donor and recurrent parent along with 
BC2F3 progenies under in vivo conditions following uniform 
blast nursery (UBN) method.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The young seedlings at four leaf stage were inoculated with 
fungal conidial suspension at a concentration of 1x105 
conidial/ml was sprayed and UBN beds are covered with 
polythen sheets during night time for high relative humidity 
was maintained for disease development (Fig. 5). The disease 
reaction was recorded 15 days after inoculation on each plant 
following on the basis of the IRRI-SES 0-9 scale (IRRI, 1996). 
Fifteen BC2F3 progenies showed resistance reaction (0, 1-3 and 
4-5 disease score) to blast disease at two locations.  
 
Among them four progenies showing close resemblance to 
Tellahamsa based on plant height (95cm), 50% flowering 
duration (90days) and grain type (Long slender) were advanced 
to multi locations  trials. The results revealed that of the 
phenotyping screening against blast disease reaction of the 
BC2F3 progenies carried the Pi-54 and Pi1 genes with the 
characteristics of a back ground of the recurrent parent 
Tellahamsa conferred highly resistance against two different 
blast pathogens at two blast hot spot regions west Godavari and 
Nellore.  
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Table 2. BC2F3 progenies against blast resistance in different hot spot locations of Andhra Pradesh Provinces West Godavari district 
(Maruteru) and Nellore District (Akuthota) 

 
Cross Total No. of 

Genotype/ 
progenies 

Frequency distribute of disease score at 
West Godavari 

Observed frequency 
phenotypic data 

0 1-3 4-5 6-7 8-9 R S 
TH 1 0 0 0 0 1 0 1 
NLR145 1 0 1 0 0 0 1 0 
TH/NLR145 BC2F3 45 3 12 11 18 2 26 19 

 
Cross Total No. of Genotype/ 

progenies 
Frequency distribute of disease score at 

Nellore 
Observed frequency 

phenotypic data 

0 1-3 4-5 6-7 8-9 R S 
TH 1 0 0 0 0 1 0 1 
NLR145 1 0 1 0 0 0 1 0 
TH/NLR145  
BC2F3 

45 2 9 13 11 10 24 21 

For phenotypic data, disease score up to 5 were taken as resistant and plants with score greater than 5 were taken as 
susceptible.  R=Resistant, S= Susceptible 

 

 
 

Fig. 5. UBN beds covered with polythen sheets during night time for disease development 
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