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Abstract

Bacterial leaf blight is a severe rice disease throughout the world that is controlled primarily through use
of resistant cultivars. Marker assisted selection (MAS) is essential for improvement of resistance in
breeding programs because of they are co-dominant, based on PCR amplification, represent single loci
and detect high levels of polymorphism. As on date, 30 major genes have been reported to confer
resistance against Xanthomonas oryzae pv oryzae (Xo0), which included 21 dominant and 9 recessive R
genes. In the present investigation the behavior of R genes in population indicated that faster the response
rate is more likely a resistant phenotype is to arise. The recessive R genes i.e xa5 (chromosome 5) which
specifically confers resistance to BLB of rice only in recessive homozygous condition. The PCR based
screening of selected 40 F4 individuals, each plants selected which derived from cross between
IRBB5xIR64.The F4 progeny were tested and inoculated artificially by Xanthomonas pv. Oryzae pv
oryzae (Dhamtari) isolate. In this study microsatellite and sequence-tagged site(STS)were most practical
markers used for marker assisted selection of the targeted BLB resistant genes xa5.Tagged rice line #1, 2,
3,4,5/6,7,8,9, 10, 11, 12, 13, 14, 15, 17, 18, 19, 22, 24, 25, 26, 27, 28, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39 derived from IRBB5xIR64 were resistant phenotypically and also show co-segregation with linked
SSR marker RM610. These selected lines will further be phenotyped under field condition for resistance
to BLB, further purification and for the restoration of the background.
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Introduction

Rice, the world’s most important cereal crop, is the primary source of food and calories for
about half of mankind. Bacterial leaf blight of rice, caused by Xanthomonas oryzae pv.
Oryzae, is a serious disease of rice in tropical lowland rice environments (Mew et al. 1993;
Gnanamanickam et al. 1999) and has become a model system for the study of diseases caused
by bacterial pathogens on monocotyledonous hosts (Ronald 1997). It is one of the major
diseases causes poor development and lowers quality of grain, and increases the number of
underdeveloped grains, reduces weight and results in poor maturing and a high proportion of
broken rice (Ou 1985). For control it in the field, use of seed from uninfected plants, resistant
varieties and careful attention to crop management (for example, by water control, avoidance
of damage to seedlings) are most important. Therefore, it is necessary to screen rice varieties
(lines) which resist the disease. The advent of molecular markers tagged to resistance genes
enabled convergence breeding. More than 30 resistance genes have been identified and
designated in a series from Xal to xa32 till now (Khush and Angeles, 1999; Chen et al., 2001,
Lee et al., 2003). DNA fingerprinting studies and pathotype analysis have indicated a
significant diversity in the Xoo populations in India and other rice-growing countries. The
effectiveness of resistance genes varies over locations due to geographical structuring of the
pathogen. Knowledge of the pathogen population structure and virulence characteristics is
therefore essential for a successful breeding program aimed at durable resistance. The xa5
gene is fully recessive, conferring resistance only in the homozygous status (Khush and
Angeles 1999). This gene specifically confers resistance to the Philippine Xoo race 6; the most
virulent race and one not overcome by most reported R genes. The xa5 gene is one of the
recessively inherited resistance gene that provide race-specific resistance to bacterial leaf
blight. This gene is found at the end of the short arm of chromosome 5 and several researchers
have located or developed molecular markers that are closely linked to it (Sanchez et al., 2000;
Singh et al., 2001) or constructed physical contigs around the gene (Saji et al., 1996). Xa5 is
an important race-specific recessive gene in rice breeding due to its broad resistance spectrum
to most Xoo strains. Pyramid lines with xa5 gene and other R-genes have a higher and wider
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spectrum of resistance than each of the single gene lines. A
reliable marker for identifying xa5 would reduce the amount
of time and expense involved in transferring this important
trait to new cultivars. Molecular markers offer great scope for
improving the efficiency of conventional plant breeding.
Availability of tightly linked genetic markers for resistance
genes to be useful in identifying plant carrying these genes
simultaneously without subjecting them to pathogen attack in
early generation.

Materials and methods

Plant materials

IRBB5 x IR64 derived Fs Segregating population used for
validation of in-silico generated markers of 50 individual
resistance plants and 50 susceptible plants. Among those 100
plants only 40 plant was selected for phenotyping and
genotyping of infection Xanthomonas oryzae pv. Oryzae.
Xanthomonas oryzae pv. inoculums
preparation and inoculation

Xanthomonas oryzae pv. oryzae (Xoo) Dhamtari isolate was
chosen for this study.The inoculum was grown on Wakimoto
solid medium (potato 300 g, sucrose 20 g, Na;HPO4.12H,0 2
g, Ca(NOs3)..4H,0 0.5 g, agar 25 g, H,O 1L) at 25°C for 72
hours (Ou 4 1985), and then preserved at 4° (Chien and Shieh
1989; Hsieh et al. 2005). Single colony was subcultured in
Wakimoto medium at room temperature for 72 hours, and
then suspended with distilled water into 107-108 cells/ml.

Oryzae (X00)

Disease evaluation

At the maximum tillering stage, uppermost fully expanded
leaves of each plant were inoculated with Xoo isolate
(collected from Dhamtari) by the leaf-clipping method
(Kauffman et al. 1973). The bacterial inoculum was prepared
by the following procedures as developed by Dr.A.S.
Kotasthane (Personal communication),Reactions of individual
F4 plants to the pathogen were evaluated 14-21 days after
inoculation by measuring the lesion length scored as follows:
very resistant (0, HR, < 3 cm), resistant (1, R, 3-5 cm),
moderate resistant (3, MR, 5-8 cm), moderate susceptible (5,
MS, 8-13 cm), susceptible (7, S, 13-22 cm), and very
susceptible (9, HS, >22 cm).

DNA isolation

Miniscale DNA isolation was carried out for F4 segregating
population along with two parents using modified CTAB
protocol. The DNA was quantified by Nano Drop system
(ND1000), further concentration of DNA was adjusted to 30
ng/ul with TE buffer. The diluted DNA was subsequently
used for PCR amplification (stored at 4 °C).

PCR amplification and Sample resolution

A series of optimization experiments using parents and
segregating F4 population samples was carried out in which
concentrations of template DNA, primers, d NTPs and Taq
polymerase were varied to determine which conditions gave
the strongest patterns. The PCR reaction mixture of 20 ul
contained 30 ng/ul template DNA, 1uM of each primer, 10
MM d NTPs, 10X PCR buffer. And ZLlunit/ul of Tag
polymerase. The template DNA was initially denatured at 94
°C for 5 min followed by 35 cycles of PCR amplification
under the following parameters: 1 min denaturation at 94 °C,
1 min primer annealing at 55°C and 1.5-2.0 min primer

extension at 72 °C. A final 7 min incubation at 72 °C was
Allowed for completion of primer extension on Thermal
cycler. Following amplification, the samples were resolve on
6% Urea PAGE gel and stained with silver nitrate.

Results and discussion

The xa5 gene is one of the recessively inherited resistance
genes that provide race-specific resistance to bacterial leaf
blight. This gene is found at the end of the short arm of
chromosome 5 and several researchers have located or
developed molecular markers that are closely linked to it
(McCouch 1997; Huang et al., 1997; Sanchez et al., 2000;
Singh et al., 2001) or constructed physical contigs around the
gene (Saji et al., 1996). Xa5 is unlinked to any other known
genes for resistance to diseases or insects, but to-date the gene
has not been isolated. Isolation of the xa5 gene is of interest in
order to understand how this recessive gene functions in
pathogen recognition and plant defense responses. Recessive
bacterial blight resistance genes are of particular interest
because they are likely to be different in nature from their
dominant counterparts. Recessive resistance genes generally
do not cluster with other resistance genes in rice (Ronald
1998; Richter and Ronald 2000) nor do they map to the same
location as resistance gene analogs and other candidate genes
as many of the dominant genes do ( llag et al.,2000; Wang et
al., 2001). The markers developed following bioinformatics
approach which allowed us to narrow-down the area of
interest around xa5, define the frequency of recombination
occurring in regions flanking the gene and identify candidate
genes. They can also be used to select appropriate
combinations of markers for marker assisted selection in
plant-breeding programs. The development of molecular
markers diagnostic for the selection of resistance genes is a
goal of many rice breeding programs. In the present
investigation seventeen previously known markers will be
used for validation with a view to identify a set of markers of
diagnostic importance for the selection of xa5 resistance
critical to the success of a plant breeding program.

In this study seventeen previously reported PCR based
markers were screened (Tablel) for parental polymorphism,
out of which eight SSRs markers (RM601, RM602, RM607,
RM609, RM610, RM611, RM122, and RM13 ) resolved
parental polymorphism and were further used for selective
genotyping with selected set of resistant lines. When analyzed
for parental polymorphism nine SSR markers out of 17
(RM605, RA603, RM604, RM608, RA558, RZ390, RM390,
STS556,RM606,) were resolved as monomorphic and could
not be genetically mapped Blair et al. 1997 were also unable
to genetically map RM602, RM604, RM605, RM606, owing
to poor amplification. Recombinant F, individuals were also
selected by a sequential screening process using seven SSR
loci three at the flanking end of RM607 (i.e. RM122, RM601,
RM602)one on the flanking end of RM611 (i.e. RM13) and
one in between RM609 and RM611 (i. e. RM610). In the
order of their occurrence on the BAC clones seven markers,
RM601, RM602 and RM607, RM609, RM610, RM611,
RM13 anchored to BAC clones OSJNBb0035J08 and
OSJNBa0068N01 were used to map xa5 using F4 populations
using forty selected resistant individual. Markers RM601,
RM602, RM607, RM609, RM610, RM611 and RM13
detected 33, 17, 23, 9, 5, 14 and 34 recombination events, in
the selected 40 resistant lines respectively placing xa5 at
0.825, 0.425, 0.575, 0.225, 0.125, 0.175, 0.85 cM away.
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Table 1: Genotype of selected resistant lines for SSR loci RM601, RM602, RM607, RM609, RM610, RM611, RM13 ,RM122 covering the xa5
region flanked by RM601 and RM13 accounting for a physical distance covering 16,53,733 bases (1653 kb region)

PlantNo. | Field Reaction | RM122 | RM601 | RM602 | RM607 | RM609 | RM610 RM611 RM13
1 R A A A A A A B A
2 R B B B A B A A B
3 R B A B B B A B B
4 R A B A A - A B A
5 R A B - A A A A H
6 R B A B B B A A H
7 R A A A A A A B H
8 R A B A B A A A H
9 R B A A A B A A A

10 R B A B B B A - H
11 R B B B A B A B H
12 R B B B A - A A H
13 R B B A A - A - H
14 R B B B A B A A A
15 R B B A A B A A -
16 R B B B B B A A H
17 R B B A A A A B H
18 R B B B B A A B H
19 R B B B B A A B H
20 R B B A A A B B A
21 R B B A A A B A H
22 R B B A B A A A H
23 R A B A B A B A B
24 R B A - A A A A B
25 R B B B B A A A B
26 R B B B B A A B B
27 R B B B B A A B B
28 R B B B B A A - B
29 R B B A B A B B B
30 R B B A B A A B B
31 R B B A B A A - B
32 R B B A B A A B B
33 R B B - B A A A B
34 R B B - B A A A B
35 R B B A B A A A B
36 R B B B A A A A B
37 R B B B B A A A B
38 R B B B A A A A B
39 R B B - B A A A B
40 R B B A B - B A B
IRBB5(A) 6 7 18 17 27 35 27 5
IR64 (B) 34 33 17 23 9 5 7 34
NoBand(-) NIL NIL 5 NIL 4 NIL NIL 1
Recombinant 34 33 17 23 9 5 6 34
cM 0.85 0.825 0.425 0.575 0.225 0.125 0.175 0.85

A=xa5/xa5; H=Xab/xa5; B=Xa5/Xa5; - = no amplification

Eight amplicons out of which RM610, completely Co-
segregated with 35 tagged resistant lines but the SSR loci
RM609 and RM611, 9 and 12 recombinants respectively
placing xa5 0, 26, and 0.34 cM away. RM610 covering the
xa5 region accounts for a physical distance of 24369 bases
was identified as linked marker in our present investigation

useful for MAS.Tagged rice lines #1, 2, 3,4, 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 22, 24, 25,26, 27, 28, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, phenotyped as resistance
through artificial inoculation also showed co segregating with
the linked SSR marker RM610.
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Figl: Screening of parental polymorphism and selective genotyping with SSR marker(s) RM610
completely co-segregating as per the phenotype in the selected F4 plants

A contig map covering the xa5 region is flanked by RM609
and RM611 accounting for a physical contig map covering
43kb region (33086 bases (33.1kb) between RM609 and
RM610 and 24369 bases (24.4kb) between RM610 and
RM611. Selected 35 lines through MAS will be further

rescreened

through artificial inoculation and further

backcrossing for the restoration of the background of IR64.
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