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ABSTRACT

Using marker-assisted selection in a backcross-breeding program, four bacterial blight resistant genes namely
Xad, xab, xal3 and Xa21 have been introgressed into the popular hybrid rice parental lines KMR3, PRR78,
IR58025B, Pusa 6B and a popular variety Mahsuri. Only foreground selection was done using markers.
Conventional breeding strategy was adopted for background selection. The pyramids showed very high level
of disease resistance to 10 highly virulent isolates of Xo0o0. Grain quality parameters of the pyramids were on
par with that of the original genotype. This work demonstrates the successful application of marker-assisted
breeding for pyramiding four BB resistant genes into multiple backgrounds, simultaneously. These lines can
be used directly or can be used as donors of bacterial blight (BB) resistance breeding.
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Bacteria blight (BB) is one of the most devastating
diseases of rice across the tropics and semi tropics.
Damages range from 6-60% in India, Japan and
Indonesia. While seed treatment and phytosanitation
practices are recommended, breeding for varietal
resistance has been and will continue to be, the most
eco-friendly and economical method of control of BB
(Devadath 1989).

Long-term cultivation of varieties carrying
singleresistance gene hasresulted in asignificant shift
in pathogen race frequency and consequent breakdown
of resistance (Mew et al., 1992). Onetangible solution
to resistance breakdown is pyramiding of multiple
resistance genes in the background of modern high
yielding varieties. The probability of simultaneous
pathogen mutationsfor virulenceto defeat two or more
effective genesis much lower than asinglegene (Mundt
1990).

More than 30 resistance genes have been
identified and designated in a series from Xal to xa32
till date (Lin et al., 1996, Khush and Angeles 1999;
Leeetal.,2003; Xianget al., 2005). DNA fingerprinting
studies and pathotype analysis have indicated a
significant diversity in the Xanthomonas oryzae pv.

oryzae populations in India and other rice growing
countries (Adhikari et al., 1995; Shanti et al., 2001 and
2008; Guptaet al., 2001.

Gene pyramiding is difficult to achieve using
conventional breeding aone because of linkage with
some undesirable traits that is very difficult to break
even, after repeated backcrossings (Young and
Tanksley, 1989). When two or more genes are
introgressed, phenotypic evaluation is unable to
distinguish the effect of individual gene precisely since
each gene confers resistance to and combats multiple
races of the pathogen. Moreover, in the presence of a
dominant and a recessive allele, the effect of the
recessive gene is masked. The advent and easy
availability of molecular markersclosaly associated with
each of the resistance genes makes identification of
plants with multiple genes possible. Earlier efforts
elsewhere to generate three-gene pyramids in the
backgrounds of PR106 (Singh et al., 2001), Pusa
Basmati (Singh et al.,2003) and Samba Mahsuri by
the collaborative work of DRR and CCMB at
Hyderabad, India (Sundaram et al., 2008) have been
successful.

Considering the importance of rice variety
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Mahsuri in the Indian agriculture and the necessity to
introduce BB resistanceinit, we have adopted marker-
assisted backcross breeding to introgress Xa4, xa5,
xal3 and Xa2l. MAS is particularly useful in the
present breeding program, since resistance of xa5 and
xal3ismanifested in recessive condition.

Hybrid rice is a beneficia option to increase
productivity of rice, but it is susceptibleto awiderange
of pests and diseases. The susceptibility period for
bacterial blight is longer in hybrid rice than in high
yieldingricevarieties. KMR3isoneof the best restorers
for hybrid rice breeding programs and is the female
parent of KRH2 one of the most popul ar non-aromatic
hybrids. PRR78 is the female parent of Pusa RH10
aromatic hybrid. This hybrid is very popular for its
superfine grain and aroma. These two popular lines
are highly susceptibleto BB and recorded yield losses
as high as 40%. IR58025A is one of the most popular
CMSlineand many hybrids have been devel oped both
in public and private sector using thisasthe maleline.
KRH2 is one such example. Pusa 6A is another
important CMS line in the aromatic types and is the
male parent for Pusa RH10 hybrid.

Pyramiding resistant genesintherestorer lines
aoneisnot enough asthe hybrid will have these genes
in heterozygous condition and the level of resistance
imparted will be reduced. Since, xab and xal3 are
recessive genes and so they haveto beintrogressed in
thefemalelinea so. Presently most of the BB resistance
genesareavailablein partial restorer backgrounds, thus
making it impossible to transfer them directly into the
A lines. This necessitates first to transfer them to the
maintainer background and after stabilization; they can
betransferred with easeto the mal e sterile background.
Once transferred to the maintainer and the CMS line
base, transferring multipleresistanceto any other CMS
linewill be easier without having to face the problem
of fertility restoration. Hence, it isnecessary toinsulate
both the parents to be able to get resistance in the
hybrid. This necessitates the introgression of BB
resistant genes in the backgrounds of maintainers as
well as restorers.

Studies conducted to identify the best gene
combinations conferring broad spectrum resistance
showed that the four-gene combination was the most
effective and did not show any sign of breakdown of
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resistance to various strains of the pathogen from
different parts of the country (Shanti et al., 2005).
Therefore, we attempted pyramiding of four BB
resistance genes Xa4, xa5, xal3 and Xa2l through
marker-assisted selection (MAS) in aBB susceptible
highyielding rice cultivar Mahsuri and parental lines of
hybrid rice, maintainers IR58025B and Pusa 6B and
the restorer lines KMR3 and PRR78 simultaneously.
The main objective of thiswork was to introgress the
four BB resistant genes and insulate against the yield
losswithout sacrificing the grain characteristics of the
parents.

MATERIALS AND METHODS

IRBB60, anear isogenic linein the background of 1R24,
carrying the four resistant genes Xa4 ,xab, xal3 and
Xa21 served asthe donor for all the crosses attempted.
The recipient parents were Mahsuri, KMR3, PRR78,
IR58025B and Pusa 6B, respectively for each cross.

Miniscale DNA isolation for PCR analysis of
the parents and backcross progenies was carried out
following Dellaportaet al ., (1983). Three STSmarkers
Npb 181, RG 136 and pTA 248, tightly linked to Xa4,
xal3 and Xa21 and one SSR marker RM 122 tightly
linked to xa5 were used to confirm the presence of
each gene and the different combinations. The PCR
mixture contained 50 ng of template DNA, 5 picomoles
of each primer, 0.06mM dNTPs, 1X PCR
buffer(10mM Tris, pH 8.4, 50mM K Cl, 1.8mM MgCl,
and 0.01mg/ml gelatin) and 1 U Tag DNA polymerase
inareaction volumeof 25ul. Template DNA wasinitialy
denatured at 94°C for 5min followed by 35 cycles of
PCR amplification with thefollowing parameters: a30
sec denaturation at 94 °C, a 30 sec annealing at 55°C
and almin primer extension at 72°C. A final extension
was done at 72°C for 5 min. the amplified product of
PTA 248 and Npb 181 was el ectrophoretically resolved
on 1.4% agarose gel and visualized under UV.

For the amplified products of RG136, 5 pl of
PCR product was used for gel electrophoresis. The
remaining product was used for restriction digestion.
The reaction mixture consisted of 0.5 pl (10U/ pl) of
restriction enzyme (Hinf 1) , 2.0 ul of 10X PCR buffer,
2.5l of steriledigtilled water and 15 pl of PCR product.
Thereaction mixturewasincubated for 4 hoursat 37°C
and the products of restriction digestion were separated



by gel electrophoresis (1.4 % agarose) and visualized
under UV after staining with ethidium bromide.

For xab PCR was carried out using 20ng DNA
as template for amplification, 5 picomoles of each
primer, 0.05mM dNTPs, 1X PCR buffer, and 1U of
Taq polymerase in a total volume of 15 pl. Template
DNA wasinitidly denatured for 94°C for 5min followed
by 35 cycles of PCR amplification with the following
parameters. a 30 sec denaturation at 94 °C, a 30 sec
primer annealing at 55°C and a1 min primer extension
at 72°C. A final extension wasdone at 72°C for 5 min.
The PCR products were resolved in 3% agarose gel.

The pyramided lines in the backgrounds of
Mahsuri, KMR3 and PRR78 were evaluated for their
reaction to BB under glass house conditions using 10
very virulent strains of Xoo from Maruteru, West
Godavari, Andhra Pradesh, India. The cultures were
maintained on modified Wakimoto’s semi-synthetic
medium (Karaganilla et al., 1973) (per liter: 20 g
sucrose, 5 g peptone, 0.5 g calcium nitrate, 1.82 g
disodium hydrogen phosphate, 0.05 g ferrous sulphate,
18 g agar, pH 6.8-7).

For long-term storage, the cultures were
maintained as glycerol stocks at -70 °C. The stored
cultures were revived and grown on modified
Wakimoto’s medium for inoculation and DNA
experiments. The strains used for inoculation were
passed through the susceptible cultivar Karunaand re-
isolated in thelab before usein inocul ation experiments.

Individual plants were grown in plastic pots
under flooded conditions with a mixture of soil and
farmyard manure (3:1 ratio). The pots were fertilized
with N:P @100: 50 kg/hawith P applied as basal dose
andtop dressing at 25 daysafter sowing. Approximately
forty-day-old plantswereclip inocul ated (K auffman et
al., 1973). Top three or four leaves of plants at
maximum tillering stage were clip-inocul ated with acell
suspension of 102 cfu mlt prepared from 48 h old
cultures. For each culture-strain combination, fiveleaves
of a plant were inoculated per replication. Each test
was replicated thrice. Observations were recorded 15
daysafter inocul ation and lesion lengths were measured
to the nearest centimeter for classification of disease
response. Each plant was classified asresistant (0-4cm)
and susceptible (>4 cm). Grain quality parameterswere
tested adopting standard methods at the Grain Testing
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Laboratory at Central Rice Research Ingtitute, Cuttack,
India.

RESULTS AND DISCUSSION

Nine F, plants from each of the crosses between
Mahsuri/IRBB 60 (donor for the four BB resistant
genes), KMR3/IRBB60, PRR78/IRBB60, IR58025B/
IRBB60, Pusa 6B/IRBB60 were tested for their
heterozygosity for the R genelinked markers and were
backcrossed using thefemale parent. Theresulting BC,
F, lineswere first checked for presence of the Xa2l
resistancealele. All plantscarrying theresistant allele
were checked for the presence of xa5 allele in
heterozygous condition. Plants containing resistant
aleles for both the genes were further screened for
Xad gene using Npb 181. Finally, the triple positives
were screened for the presence of xal3 alele using
the CAPS marker and subjecting them to digestion as
described in Materials and Methods (Fig.1).
Phenotyping of thesetarget plantswasdone at thefield
level and only those showing the maximum similarity to
the recurrent parent and showing high yield were
selected. Thiswas continued up to BC,F, generation.
BC, F, that were screened using the R gene linked
markers to identify plants that were homozygous for
different R genesor their combinations.

900 R
500 §
xa1z3 T P

Fig.1. Foreground selection using R genelinked PCR based
markers for the four BB genes at BC F, stage. (Gel
photographs showing banding pattern of the markers used
intheintrogressionin Mahsuri. P, — Mahsuri, P,- IRBB60. R
indicates Resistant and S indicates Susceptible)
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The gene pyramids in the backgrounds of Mahsuri,
KMR3 and PRR78 showed a very high degree of
resistance as compared to their parentsto al the 10
isolates of Xoo inoculated upon (Tablel). There were
varying degrees of resistance to each of the isolates,
but no isolate could break down the resistance of any
of the four-gene pyramids. In Mahsuri background,
isolates 3 and 5 showed ahigher level of virulenceand
isolate 7 was the least virulent (Figure 2). In KMR3
background isolates 4, 6 and 10 showed almost same
levels of virulence and the least virulent was isolate 3
(Figure 3). In case of PRR, isolates 6, 7 and 10 showed
a high degree of virulence as compared to isolate 9,
whichwastheleast virulent (Figure4). Thisisindicative
that the isolates 6 and 10 showed a similar pattern of
virulence in the restorers. Figure 5 shows the
comparison between the three pyramids and IRBB60
the donor of all thefour BB genes. Theisolates showed
a varying degree of disease spectrum to all the
genotypes. Our earlier studies with these isolates
proved that they werehighly virulent and even broke
down thethree gene combination in IR24 near isogenic
lines (Shanti et al.,2005). These four gene pyramids
have been inoculated with 20 isolates collected from
different parts of the country but have not shown any
sign of susceptibility to any oneof theisolatesindicating
that this is the most effective gene combination to
combat the ever changing pathogen popul ation.

Grain quality parameters between the parents
and pyramid were comparable and there were no
significant differences between the parents and
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pyramids (Table 2).

The complete recovery of yield and grain
quality characters is a very significant achievement
since these are multigenic traits encoded by loci
distributed across the rice genome (Sundaram et al.,
2008). The maintainer lines are in BCF, stage. The
lines containing all the four genes showed avery high
degree of resistance to isolates from different parts of
the country. Theyield levels of the four-gene pyramid
lineswere not significantly different from those of the
parents, indicating that there is no yield penalty
associated with presence of resistance genes. Under
BB infection therewasa 20% reductioninyieldinthe
original varieties. Thisprovesthat cultivation of thefour
gene pyramids in BB endemic areas would be of a
great advantage to reduce the yield loss. These lines
are also being used as donors for transfer of these
resistant genesto other backgrounds. Thiswork isthe
first successful example of the use of molecular markers
inforeground sel ectionin conjunction with conventiona
breeding for simultaneous introgression of genes of
interest into multiple backgrounds.This work
demonstrates that marker assisted backcrossing can
be successfully utilized for simultaneous multiple gene
introgression.
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Table 1. Reaction of the 10isolatesfrom M ar uter u to theparentsand pyramids

BB resistant genes Isolates from Maruteru

Lesionlengthincm

Xo0l Xoo2 Xoo3 Xoo4 Xoo5 Xoo6 Xoo7 Xoo8 Xoo9 Xool0
Mahsuri parent 21.3 20.0 223 20.0 18.3 11.0 10.0 17.8 210 203
Mahsuri pyramid 15 25 3.0 32 33 2.0 13 25 23 25
KMR3 parent 18.0 20.0 200 250 21.0 15.0 14.0 14.0 150 210
KMR3 pyramid 2.0 2.0 1.0 3.0 25 3.0 15 2.0 2.0 3.0
PRR 78 parent 22.0 24.0 220 230 22.0 25.0 22.0 21.0 220 220
PRR78 pyramid 18 2.0 15 2.0 2.0 25 3.0 15 10 25
IRBB60 3.2 25 2.6 2.2 25 2.3 2.0 3.0 2.0 2.0
Malagkit Sung Song (resistant check) 2.2 20 28 30 12 2.0 22 13 20 33
TN1 (susceptible check) 20.6 18.0 200 16.3 20.0 18.0 23.0 175 18.2 25.0
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Fig. 2. Level of resistance imparted in Mahsuri pyramid
(containing the four BB resistant genes) as against the

Fig. 4. Level of resistance imparted in PRR78 pyramid
(containing the four BB resistant genes) as against the
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Fig. 3. Level of resistance imparted in KMR3 pyramid
(containing the four BB resi stant genes) as against the parent

Fig. 5. Comparision of the disease spectrum between the
three pyramids and the donor IRBB60.

Table 2. Grain quality parameters of the parents and the pyramids containing the four BB resistant genes

Sample Hulling % Milling% Headrice Length Breadth Length/Breadth Class
recovery% (mm) (mm) ratio
Mahsuri parent 77.50 69.75 65.00 4.64 1.93 2.40 MS
Mahsuri pyramid 78.00 70.50 67.50 4.98 2.08 2.39 MS
KMR3 parent 79.00 69.00 45.00 5.10 245 2.08 B
KMR3 pyramid 79.00 69.00 45.00 5.12 2.40 2.13 B
PRR78 parent 78.50 67.50 48.00 7.62 1.90 401 LS
PRR78 pyramid 79.00 67.00 48.00 7.57 1.86 4.07 LS
Sample Alkdi Water Volume Kernel Length Elongation  Amylose
Spreading Value Uptake Expansion  After Cooking Ratio %
Ratio (mm)
Mahsuri parent 400 160 400 810 175 26.32
Mahsuri pyramid 500 130 425 910 183 2512
KMRS3 parent 350 200 425 960 188 27.30
KMR3 pyramid 400 155 425 950 172 2650
PRR78 parent 700 20 400 1350 177 2378
PRR78 pyramid 700 335 400 1275 172 24.00
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