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Abstract
This study was carried out to improve the RPHR-1005, a stable restorer line of the popular medium slender grain type rice
hybrid, DRRH-3 for bacterial blight (BB) and blast resistance through marker-assisted backcross breeding (MABB). Two
major BB resistance genes, Xa21 and Xa33 and a major blast resistance gene, Pi2 were transferred to RPHR-1005 as two
individual crosses. Foreground selection for Xa21, Xa33, Pi2, Rf3 and Rf4 was done by using gene-speciﬁc functional markers,
while 59 simple sequence repeat (SSR) markers polymorphic between the donors and recipient parents were used to select
the best plant possessing target resistance genes at each backcross generation. Backcrossing was continued till BC2 F2 and
a promising homozygous backcross derived line possessing Xa21 + Pi2 and another possessing Xa33 were intercrossed to
stack the target resistance genes into the genetic background of RPHR-1005. At ICF4 , 10 promising lines possessing three
resistance genes in homozygous condition along with ﬁne-grain type, complete fertility restoration, better panicle exertion
and taller plant type (compared to RPHR-1005) were identiﬁed.
[Abhilash Kumar V., Balachiranjeevi C. H., Bhaskar Naik S., Rambabu R., Rekha G., Harika G., Hajira S. K., Pranathi K., Vijay S., Anila
M., Mahadevaswamy H. K., Kousik M., Yugander A., Aruna J., Hari Prasad A. S., Madhav M. S., Laha G. S., Balachandran S. M., Prasad
M. S., Ravindra Babu V. and Sundaram R. M. 2016 Marker-assisted improvement of the elite restorer line of rice, RPHR-1005 for resistance
against bacterial blight and blast diseases. J. Genet. 95, xx–xx]

Introduction
Rice plays an important role in feeding the world’s population, as it is the most important global staple food occupying
maximum area under cultivation and contributes nearly 44%
of the total food grain (http://www.worldriceproduction.com,
2014–2015) and 43% calorie requirement for more than 70%
Indians. The production of rice must be doubled to meet the
requirement of the increasing population. This can be done
only by enhancing the productivity and preventing losses
caused by insect-pest and diseases of rice (Hossain 1996;
Mishra et al. 2003).
Hybrid rice technology is one of the most important and
practically feasible technologies to enhance the rice productivity in developing countries like India. Until now, 72 rice
hybrids have been released by both public and private sectors for commercial cultivation (ICAR-IIRR (2015), progress
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report). Among the public bred hybrids, DRRH-3 (developed
and released by IIRR) is unique, as it is the ﬁrst hybrid to
be released with ﬁne-grain type. As the hybrid gives 25–
30% higher yield advantage over prevailing ﬁne-grain type
varieties like Samba Mahsuri, it is becoming increasingly
popular among farmers. However, one of the major factors,
which limit the spread of DRRH-3 is its susceptibility to
biotic stresses. Particularly, the hybrid and its parental lines
(APMS6A and RPHR-1005) are susceptible to two important rice diseases, bacterial blight (BB) and blast. Hence,
it will be desirable to introgress genes conferring resistance against these two diseases into the parental lines of
DRRH-3.
BB of rice, caused by Xanthomonas oryzae pv. oryzae
(Xoo), is one of the most serious diseases prevalent throughout the major rice-growing regions of the world, especially
Asia (Gnanamanickam et al. 1999). Until now, more than
35 genes conferring resistance against BB have been identiﬁed (Natrajkumar et al. 2012; Kim et al. 2015). Some
of the genes (Xa21, xa13, xa5 and xa4) have been widely
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deployed in rice, and pyramiding of more than one resistance
gene has been suggested (Huang et al. 1997) for achieving
durable resistance. One of the recently identiﬁed wild-rice
derived gene, Xa33 has attracted considerable attention as
the gene has shown promising levels of durable resistance
(Natrajkumar et al. 2012). Hence, in the present study, we
selected Xa33 as one of the genes for targeted improvement
of RPHR-1005 for BB resistance, as closely linked markers
are available for marker-assisted selection (MAS).
Rice blast, caused by Magnaporthe oryzae is the most
destructive disease, leading to signiﬁcant grain yield reduction. Up to now, at least 90 resistance genes have been
documented against this disease (Liu et al. 2002) and few
of them have already been incorporated into rice varieties.
Among the blast resistance genes widely deployed in breeding, Pi2 has been identiﬁed to be one of the most effective,
broad-spectrum resistance gene. Pi2 was originally identiﬁed from a resistant indica rice genotype, 5173 and introgressed into the blast susceptible cultivar CO39 to develop
a near-isogenic line (NIL) named C101A51 (Mackill and
Bonman 1992). Pi2 gene encodes a nucleotide-binding site
and leucine-rich repeat (NBS-LRR) protein (Zhou et al.
2006). A gene-speciﬁc molecular marker (AP5659-5) was
developed for MAS (Fjellstrom et al. 2006). Considering
these, Pi2 was selected as the target resistance gene for
introgression into RPHR-1005.

Materials and methods
Plant materials

Two donor parents were used (i) RPBio Patho-1 (Prasad et al.
2011) with medium slender grain type derived from the cross
Improved Samba Mahsuri (ISM) × C101A51, possessing
ﬁne-grain type, good grain yield; BB and blast resistance
genes, Xa21 and Pi2, respectively; and (ii) FBR1-15,
possessing Xa33 gene in the genetic background of Samba
Mahsuri (Natrajkumar et al. 2012). The recurrent parent RPHR1005 was originally derived from the cross BPT5204/SC5
126-3-2-4 (Ramesha et al. 2010) and is the male parent of
the elite, ﬁne-grain rice hybrid DRRH-3. Taichung Native 1
(TN1) and HR12 were used as susceptible checks for BB and
blast, respectively while resistant checks were B95-1 (Xa21),
FBR1-15 (Xa33) for BB and C101A51 (Pi2) for blast.
Marker-assisted breeding strategy

Two independent crosses, RPHR-1005 × RPBio Patho-1 and
RPHR-1005 × FBR1-15 were initiated to transfer the target resistance genes Xa21 + Pi2 and Xa33, respectively,
into RPHR-1005. ‘True’ F1 plants were identiﬁed with the
help of Xa21 speciﬁc codominant marker pTA248 (Ronald
et al. 1992), Pi2 gene-linked marker AP5659-5 (Fjellstrom
et al. 2006) and Xa33 (Natrajkumar et al. 2012) gene-linked
marker RMWR7.6. True F1 s were then backcrossed with
recurrent parent RPHR-1005 to generate the BC1 F1 s. These

were then conﬁrmed for the presence of resistance allele(s)
Xa21, Pi2 and Xa33 in heterozygous condition and presence
of fertility-linked alleles with respect to the major fertility
restorer genes, Rf3 (DRRM-RF3-10) and Rf4 (DRCG-RF414) (Balaji Suresh et al. 2012). Mini-scale DNA isolation
of parents and backcross derived lines was carried out from
25-day-old seedlings following Zheng et al. (1995). The
polymerase chain reaction (PCR) protocols recommended by
Sundaram et al. (2008), Neeraja et al. (2009) and Ramkumar
et al. (2011) was adopted for MAS of Xa21, Pi2, Xa33,
Rf3 and Rf4, respectively. The ‘positive’ BC1 F1 plants were
then screened with a set of parental polymorphic simple
sequence repeat (SSR) markers to identify the plant possessing maximum recovery of the recurrent parent genome
(RPG) as explained in Sundaram et al. (2008). This plant
was then backcrossed with RPHR-1005 and a single BC2 F1
plant ‘positive’ for the target genes and possessing maximum recovery of the recurrent parent genome was selfed to
generate BC2 F2 s and intercrossed to develop ICF1 plants to
pyramid Xa21, Pi2 and Xa33 in the background of RPHR1005. Of the triple gene heterozygous ICF1 plants positive
for the target traits, a single ICF1 plant was selected and
selfed to produce ICF2 plants. The plants homozygous for
the target traits were identiﬁed in ICF2 and advanced up to
F4 through pedigree method. They were then screened with
the target gene(s) using speciﬁc markers to identify homozygotes, which were advanced for further evaluation of BB
and blast resistance, yield, agro-morphological traits, grain
quality, fertility restoration and hybrid vigor. The detailed
description of MABB strategy adopted is depicted in ﬁgure 1.
PCR for foreground and background selection

PCR reaction mixture contained 30 ng template DNA, 10×
PCR buffer (10 mM Tris-HCl pH 8.3, 50 mM KCl), 1.5 mM
MgCl2 , 0.2 mM each dNTPs, 5 pmol of each forward and
reverse primers, 1 U Taq DNA polymerase in a reaction volume of 10 μL. PCR proﬁle starts with initial denaturation at
94◦ C for 5 min followed by 35 cycles of following parameters: 30 s at 94◦ C denaturation, 30 s annealing at 55◦ C and
1 min extension at 72◦ C, ﬁnal extension of 7 min at 72◦ C.
The ampliﬁed products of pTA248 (Xa21), AP5659-5 (Pi2)
and RMWR7.6 (Xa33) were electrophoretically resolved on
1.5%, 5.0% and 3.5% gel (Lonza, Rockland, USA). Amplicons of DRCG-RF4-14 (Rf4) and DRRM-RF3-10 (Rf3) were
resolved on 1.5% and 3% agarose gel respectively.
Phenotyping for BB and blast resistance

BB resistance: The parents, ICF4 lines of improved RPHR1005 along with TN1 (the susceptible check) and ISM (resistant check) were screened for resistance through artiﬁcial
clip inoculation method (Kauffman et al. 1973) under glass
house conditions during Kharif 2013 at IIRR (ICAR), Hyderabad, India. Two virulent isolates DX-020 and DX-066 of
X. oryzae pv. oryzae collected from Hyderabad (Andhra
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Figure 1. Scheme for the development of Xa21, Xa33 and Pi2 resistance genes into RPHR-1005.

Pradesh) and Raipur (Chhattisgarh), respectively, were
cultured and maintained as explained in Laha et al. (2009)
and used for inoculation of the rice lines. The inoculated
plants were scored following IRRI-SES scale, 1996 (IRRI
1996) after 15 days of inoculation.
Blast resistance: All ICF4 s along with HR12 (susceptible
check) and C101A51 (resistant check) were screened for
blast resistance under uniform blast nursery using SP-28, a
local isolate of the blast pathogen, M. oryzae (Mohan 2011).
These lines along with resistant and susceptible checks were
scored based on IRRI-SES (IRRI 1996) after 15 days of
inoculation.
Evaluation of agro-morphological characters

Thirty-day-old seedlings (ICF4 ) of the selected 10 intercrossed lines were transplanted in the ﬁeld during wet season
(June–November) 2014 along with the donor and recurrent parents. Standard agronomic practices were followed
as recommended in Sundaram et al. (2008) and Hari et al.

(2013). Agronomic traits recorded were days to 50% ﬂowering (DFF), mean days to maturity, mean plant height (cm),
number of productive tillers per plant, panicle weight (gm),
heterosis (%), panicle length (cm), grain yield per plant
(gm), 1000-grain weight (gm) and grain type.

Results
Marker-assisted introgression of Xa21 and Pi2 into RPHR-1005

Foreground analysis of 360 BC1 F1 plants with gene-speciﬁc
markers revealed that 22 plants were heterozygous for both
the target genes (i.e. Xa21 and Pi2). Among these, ﬁve
were identiﬁed to be homozygous for Rf3 and Rf4 through
marker analysis. A solitary BC1 F1 plant (no. 295) was
identiﬁed through background selection to possess maximum RPG (∼73%). Foreground selection among 134 BC2 F1
plants revealed a total of eight plants possessing Xa21 and
Pi2 in heterozygous condition. A single BC2 F1 plant with
maximum RPG (∼87%) was then identiﬁed through background selection. Marker-assisted screening of 560 BC2 F2
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plants helped in identiﬁcation of 35 double positive homozygous plants and among these, a single plant possessing
maximum RPG (93%) was identiﬁed through background
selection.

Xa33. Among these, a single plant possessing maximum
RPG (∼92%) was identiﬁed through background selection.

Pyramiding of BB and blast resistant genes into RPHR-1005
Marker-assisted introgression of Xa33 into RPHR-1005

Among 175 BC1 F1 plants screened, 87 were observed to be
heterozygous for Xa33. Of these, 43 plants were homozygous for the fertility restorer genes Rf3 & Rf4 and a solitary plant (no. 27) was identiﬁed to possess maximum RPG
(∼77%). When 121 BC2 F1 s were screened with the genespeciﬁc markers, 60 BC2 F1 plants were heterozygous for
Xa33 and a single heterozygous BC2 F1 plant with maximum
RPG (∼86%) was identiﬁed through background selection.
Marker-assisted screening of these 450 BC2 F2 plants helped
in identiﬁcation of 112 plants which were homozygous for

Fifty one ‘true’ ICF1 plants (ﬁgure 2, a & b) were identiﬁed
among 68 plants screened. Among 1900 ICF2 plants, 623
plants were identiﬁed to the best based on visual selection
for agro-morphological traits. Among these, 10 plants which
were homozygous for all the three target resistance genes
(i.e. Xa21, Xa33 and Pi2) were identiﬁed and forwarded for
further evaluation.
Phenotypic screening for blast and BB resistance

The 10 intercrossed lines possessing Xa21 + Xa33 + Pi2
were evaluated for their resistance against blast in the

Figure 2. (a) Foreground selection at ICF1 generation using ‘R’ gene linked PCR based markers. Screening of plants using Xa21 linked
marker pTA248 (i), Xa33 using RMWR7.6 (ii) and for Pi2 using AP5659-5 (iii). (b) Restoration fertility check at ICF1 generation using
restoration fertility factors Rf3 (i) and Rf4 (ii) linked markers.
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uniform blast nursery (UBN) beds (ﬁgure 3a; table 1). The
susceptible check, HR12 and the recurrent parent RPHR1005 (score-9) were highly susceptible to blast, while the
resistant check, RPBio Patho-1/C101A51 (score-1) and the
developed intercrossed lines were found to be highly resistant (score; 1–3) to the disease. The intercrossed lines were
then evaluated for BB resistance with two different cultures
DX-020 and DX-066 (ﬁgure 3b; table 1). The recurrent parent, RPHR-1005 was highly susceptibility to the disease with
a lesion length of >15 cm with respect to both strains. The
donors, RPBio Patho-1 and FBR1-15 were highly resistant
with a lesion length ranging from 1–3 cm. All the 10 intercrossed lines showed high level of resistance to both the
isolates of BB pathogen with a lesion length of <3 cm.
Agronomic characterization of the improved lines (ICF4 ):
The ICF4 plant RP-7-391-72-7 with an RPG of 92.4% displayed grain yield per plant equivalent to that of the recurrent parent RPHR-1005 (table 2), while other intercrossed
lines RP-7-391-72-8 and RP-6-208-12-6 with an RPG of
94% and 93.1% respectively, displayed grain yield per plant
signiﬁcantly higher than the recurrent parent. Among the

pyramided lines RP-7-391-72-8 was signiﬁcantly taller than
RPHR-1005. The gene pyramided line RP-7-391-72-8 performed better for productive tillers per plant, panicle length
and 1000 grain weight when compared to RPHR-1005.
Two pyramided lines; RP-6-154-164-3 and RP-7-391-72-8
ﬂowered 10–12 days earlier than RPHR-1005 and also
possessed better panicle exertion as compared to RPHR1005 (table 2).

Discussion
Bacterial blight and blast diseases are the two most important production constraints of hybrid rice in India. However,
most of the hybrids released do not possess adequate resistance to them (Viraktamath et al. 2010; Hariprasad et al.
2014). RPHR-1005, a stable restorer line (Ramesha et al.
2010) possesses broad spectrum of fertility restoration, with
medium duration, ﬁne grain and semi dwarf plant type. A
hybrid (DRRH-3), with grain type similar to Samba Mahsuri
(BPT5204) was released by IIRR by using RPHR-1005
as the male parent in 2009 for commercial cultivation in

Figure 3. (a) Phenotypic screening of ICF4 lines against rice blast disease following UBN Method. (b) ICF4 selected lines were screened
for BB resistance with DRR (DX-020) & Raipur (DX-066) isolates along with (1) recurrent parent (RPHR-1005), (2) donor parent (RPBio
Patho-1 (i) & FBR1-15(ii).
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Table 1. Reaction of selected pyramided ICF4 lines after inoculation with bacterial blight and blast pathogens.

Rice
line
1
2
3
4
5
6
7
8
9
10
11
12
13

RPHR-1005
RP Biopatho-1
FBR1-15
RP-6-102-97-1
RP-6-102-97-2
RP-6-154-164-3
RP-6-154-164-4
RP-6-208-12-5
RP-6-208-12-6
RP-7-391-72-7
RP-7-391-72-8
RP-7-534-4-9
RP-7-534-4-10

Resistance genes genotyped using ﬂanking markers*
Rf3
Rf4
Xa21
Xa33
Pi2
DRRM
DRCG
pTA248 RMWR7.6 AP5659-5 -Rf3-10
-Rf4-14
−−
++
−−
++
++
++
++
++
++
++
++
++
++

−−
−−
++
++
++
++
++
++
++
++
++
++
++

−−
++
−−
++
++
++
++
++
++
++
++
++
++

++
−−
−−
++
++
++
++
++
++
++
++
++
++

++
−−
−−
++
++
++
++
++
++
++
++
++
++

Reaction against bacterial blight#
DX-020
DX-066
Score R/S
Score
R/S
9.0 ± 0.0
1.3 ± 0.3
–
2.3 ± 0.3
2.3 ± 0.3
1.3 ± 0.3
3.0 ± 0.6
1.7 ± 0.3
2.3 ± 0.3
2.7 ± 0.3
1.7 ± 0.3
3.0 ± 0.6
2.0 ± 0.0

S
R
–
R
R
R
R
R
R
R
R
R
R

9.0 ± 0.0
4.0 ± 0.6
0.7 ± 0.3
1.7 ± 0.3
1.3 ± 0.3
1.7 ± 0.3
1.3 ± 0.3
1.3 ± 0.3
2.0 ± 0.6
2.0 ± 0.0
1.0 ± 0.0
2.0 ± 0.0
1.3 ± 0.3

Reaction against blast#
SP-28
Score
R/S

S
MR
R
R
R
R
R
R
R
R
R
R
R

9
0
–
1
1
1
3
3
3
2
1
2
3

S
R
–
R
R
R
R
R
R
R
R
R
R

* ++ possessing homozygous, trait-speciﬁc positive allele at the particular gene as inferred through analysis with gene-speciﬁc marker;
−− possessing homozygous, trait-speciﬁc negative allele at the particular gene as inferred through analysis with gene-speciﬁc marker.
# R, resistant; S, susceptible.

Table 2. Details of yield and agronomic performance of the parents and improved lines of RPHR-1005 under ﬁeld conditions.
Designation
1
2
3
4
5
6
7
8
9
10
11
12
13

RPHR-1005
RP Bio Patho-1
FBR1-15
RP-6-102-97-1
RP-6-102-97-2
RP-6-154-164-3
RP-6-154-164-4
RP-6-208-12-5
RP-6-208-12-6
RP-7-391-72-7
RP-7-391-72-8
RP-7-534-4-9
RP-7-534-4-10

DFF (days)

PH (cm)

NT

PL (cm)

1000 GW (gm)

Y/P (gm)

Panicle exertion

105.3 ± 0.3
96.0 ± 1.2
102.7 ± 0.3
98.7 ± 1.3
96.0 ± 0.6
92.7 ± 0.3
109.0 ± 0.6
105.0 ± 1.0
104.3 ± 0.3
100.3 ± 0.3
94.7 ± 0.7
101.3 ± 1.3
97.0 ± 1.5

90.7 ± 2.4
68.8 ± 0.2
76.8 ± 0.4
95.9 ± 0.2
94.1 ± 0.7
95.5 ± 0.6
93.8 ± 0.3
91.0 ± 0.5
92.8 ± 0.6
89.9 ± 0.1
102.5 ± 0.6
91.5 ± 0.6
88.8 ± 0.5

16.7 ± 0.3
15.7 ± 0.3
13.7 ± 0.3
17.0 ± 1.0
15.7 ± 0.3
21.0 ± 0.6
20.0 ± 0.0
17.7 ± 0.9
17.7 ± 0.7
19.0 ± 0.6
22.7 ± 0.3
17.7 ± 0.9
16.7 ± 0.3

15.7 ± 0.4
19.2 ± 0.4
15.6 ± 0.3
20.3 ± 0.3
20.5 ± 0.3
20.8 ± 0.3
18.6 ± 0.3
15.3 ± 0.1
16.8 ± 0.6
20.7 ± 0.2
22.7 ± 0.3
18.6 ± 0.3
17.1 ± 0.2

16.7 ± 0.1
17.9 ± 0.2
19.0 ± 0.0
17.4 ± 0.0
17.7 ± 0.2
18.4 ± 0.2
17.3 ± 0.3
16.9 ± 0.4
16.1 ± 0.0
17.3 ± 0.2
19.1 ± 0.1
16.8 ± 0.2
17.4 ± 0.2

26.1 ± 0.1
25.3 ± 0.4
19.5 ± 0.2
25.5 ± 0.3
24.0 ± 0.2
27.4 ± 0.7
25.5 ± 0.3
27.3 ± 0.3
27.5 ± 0.3
26.0 ± 0.1
27.8 ± 0.1
23.3 ± 0.4
25.6 ± 0.3

PE
PE
PE
FE
FE
FE
FE
FE
FE
FE
FE
FE
FE

DFF, days to 50% ﬂowering; PH, mean plant height (cm); NT, number of tillers/plant; PL, panicle length (cm); 1000 GW (gm), 1000 grain
weight (gm); Y/P, yield per plant (gm), panicle exertion: FE, full exertion; E, exertion; PE, partial exertion.

Andhra Pradesh, Orissa, Gujarat, Madhya Pradesh and Uttar
Pradesh (AICRIP progress report, IIRR, 2009–2010). The
hybrid besides having MS grain type and other quality characteristics similar to the check variety (BPT5204), matures
10 days earlier and gives at least 20–25% more yield than
Samba Mahsuri (Viraktamath et al. 2010). Despite superior grain and yield performance, DRRH-3 and its parent
RPHR-1005 are highly susceptible to BB and blast. Earlier,
Sundaram et al. (2008, 2009) and Hari et al. (2011, 2013)

developed BB resistant versions of the varieties, Samba
Mahsuri and Triguna, the restorer line KMR-3R and the
maintainer line IR58025B, respectively. PRR78, a popular
elite basmati restorer line was improved for resistance
against BB and blast by Basavaraj et al. (2010) and Singh
et al. (2012), respectively by implementing an approach
similar to that used in this study.
Long term cultivation of varieties possessing single resistance genes has resulted in the breakdown of resistance
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(Khush et al. 1989; Mew et al. 1992). Hence, pyramiding
of multiple resistance genes has been advocated (Shanthi and
Shenoy 2005; Nayak et al. 2008; Sundaram et al. 2008).
Keeping this in view, we selected the restorer line of DRRH-3
(RPHR-1005) for introgression of three major dominant
genes (Xa21, Xa33 and Pi2). One of the donors, RPBio
Patho-1 (Xa21 + Pi2) displayed excellent resistance for BB
and blast in multilocational trials (AICRIP report, 2011–
2013) and the other donor (FBR 1-15) possessed Xa33,
a novel, broad-spectrum BB resistance gene (Natrajkumar
et al. 2012). We adopted an approach similar to Hari et al.
(2013), where markers were used not only for introgression
of target resistance genes but also for fertility restoration (for
the major gene, Rf4 and the minor gene, Rf3). However, in
contrast to Hari et al. (2013), we adopted background selection as a strategy for accelerated recovery of RPHR-1005
genome, thus limiting the number of backcrosses to just two.
Through stringent MAS in the initial stages, coupled with
phenotype-based pedigree selection in the later stages, we
were able to recover grain quality traits of RPHR-1005 in
the advanced backcross lines. We also identiﬁed intercrossed
lines with higher yields than the recurrent parent. Some intercrossed lines possessed higher plant height than RPHR-1005
and thus could be more suitable as restorer. This was possible only because we combined morphology and phenotype
based selection along with stringent MAS involving both
foreground and background selection.
The background genome recovery was 90.0 to 94.0% and
analysis of linkage drag using SSR markers ﬂanking the
resistance genes indicated that the donor genome segment
was limited to <2 Mb on either side of the target genes.
This indicates that the backcross derived lines of RPHR-1005
improved for bacterial and blast resistance did not have any
adverse linkage drag from the donor parent and essentially
had all the desirable features of RPHR-1005.
Earlier efforts to combine multiple BB genes were successful (Joseph et al. 2004; Sundaram et al. 2008). In a recent
report, NILs of Samba Mahsuri and Swarna possessing Pi2
(for blast) displayed higher level of resistance across multiple locations in India (DRR Progress report, 2008–2014).
In the present study, the improved lines of RPHR-1005
when screened with predominant isolates of Xoo (DX-020,
DX-066) and blast (SP-28) showed signiﬁcantly high level
of resistance indicating that the choice of resistance genes
selected in this study was justiﬁed.
Tall plant stature is an extremely important character for
restorer lines in three-line system of hybrid rice breeding (Virmani and Kumar 2004). However, the plant height
(90.7 ± 2.4 cm) of RPHR-1005 is not desirable from
this point of view. Hence, we focussed on identiﬁcation of
backcross-derived plants possessing plant height, preferably
taller than RPHR-1005 in addition to looking for backcross
plants possessing good culm strength (to prevent lodging).
All the 10 intercrossed lines, except RP-7-534-4-10 were
taller than RPHR-1005 indicating that we could circumvent a
major problem associated with RPHR-1005. Another major

impediment of RPHR-1005 to serve as an excellent restorer
is its incomplete panicle exertion resulting in decreased seed
production. In this study, through careful phenotype-based
selection, we identiﬁed backcross derived intercross lines
possessing better panicle exertion as compared to RPHR1005. In fact all the 10 promising lines of RPHR-1005 had
good panicle exertion other than many desirable characters of
RPHR-1005. Among the improved lines of RPHR-1005, RP7-391-72-8 was identiﬁed as the best line as it possessed all
the good phenotypic traits of RPHR-1005, higher yield, better plant height (102.5 ± 0.6 cm) and near-complete panicle
exertion. It is being used as a potential parent for developing
superior hybrids by crossing with multiple WA-CMS lines.
Other than our earlier report (Balachiranjeevi et al. 2015),
to the best of our knowledge, the present study is the second such report where two agronomically important traits
have been simultaneously improved through MABB in a
hybrid rice parental line RPHR-1005 and its hybrid (DRRH3) involving selection for target disease resistance genes
(Xa21 + Xa33 + Pi2) and fertility restoration. The susceptibility of DRRH-3 to BB and blast diseases is a major
factor offsetting its overwhelming performance across the
country. Hence, incorporation of BB and blast resistance
in RPHR-1005 would improve its adaptability to disease
endemic regions. Among the improved lines of RPHR 1005,
no apparent yield penalty associated with the presence of
BB (Xa21 and Xa33) and blast (Pi2) resistance genes was
noticed. This indicates that cultivation of the BB and blast
resistant improved lines of RPHR-1005 and the improved
hybrid (improved DRRH-3) would be of great advantage in
BB and blast endemic areas of the country, where DRRH-3
is becoming popular, due to its heterosis and premium grain
quality.
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