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Keteki joha, one of the most popular aromatic rice variety of our region was found to be
resistant towards BB earlier, but is also becoming highly infested by the disease now a days.
This may be due to the climatic change which may lead to the evolution of new races of the
pathotype which might not exist earlier in Assam. Bacterial blight (BB) caused by
Xanthomonas oryzae pv. oryzae (Xoo) is one of the most devastating diseases affecting entire
rice acreages. It causes severe yield losses of up to 80% depending on the stage of the crop,
cultivar susceptibility, and environmental conditions. An effectual and well founded chemical
control method of the disease is not available. To save the crop from this deleterious disease,
intensification of host plant resistance is the viable option, but it is hard to attain the required
resistance through conventional breeding. Therefore the introgression of resistance genes of BB
is the greatest possible way to tackle this disease and raise the productivity of the rice
cultivation. The resistant varieties carrying resistance genes have been utilized to control the
disease. A number of rice genes have been identified along with its closely linked microsatellite
markers that confer resistance against X. Oryzae pv. oryzae. Out of these resistant genes –Xa4,
xa5, xa13 and Xa21 have been introgressed in different combinations in the background of
popular rice varieties of our country and exhibiting resistance by the introgressed varieties.
Identification of parental polymorphism between the recipient and the donor variety is of prime
importance to introgress the resistant gene. For introgression of Xa4, xa5, xa13 and Xa21,
polymorphic molecular markers has been identified between the donor Improved Sambha
Mahsuri and recipient Keteki joha; RM144 for Xa4, RM122 for xa5, xa13 for xa13 and pTa248
for Xa21. It was found that in Assam the prevalent pathotypes of X. oryzae pv. oryzae were III,
V, VIII and IX. However, even after the presence of xa5 resistant gene which confers resistance
against pathotypes V and VIII, Keteki Joha was found to be susceptible to BB infection, this
may be due to evolution of new races III and IX. xa5 gene alone cannot confer complete
resistance against the prevalent pathotype of Assam. Therefore, for complete resistance against
the prevalent BB pathotype, a combination of other BB resistance genes-xa13 and Xa21 along
with xa5 has to be introgressed.
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Xa4, Xa7, Xa30, Xa33 and Xa38) and six are
cloned (Xa1, xa5, Xa13, Xa21, Xa26, Xa3 and
Xa27) (Bhasin. 2012; Cheema, 2008; Gu,
2005; Liu, 2006; Natrajkumar, 2012; Yang,
1998). Several BB resistance gene has been
associated with tightly linked DNA markers
and some of them have been cloned (Xa1, xa5,
Xa13, Xa21, Xa26, Xa27) and used for
breeding BB-resistant rice cultivars (Ali
Sattari et al., 2014). Molecular markers can be
used as indirect indicators of the presence of a
resistance gene. Because of the availability of
DNA markers derived from the resistance
genes it is possible to detect the level of
polymorphism
between
different
BB
resistance gene. It has been reported during
release that the popular rice variety of Assam,
Keteki Joha is moderately resistant to BB.
However, the gene conferring its resistance to
BB has not been identified yet.

Introduction
Rice (Oryzae sativa L) is the most widely
consumed staple food crop for nearly half of
the world’s population. Unfortunately, its
production is restricted by a considerable
number of diseases of fungal, bacterial, and
viral origin. Bacterial Leaf Blight (BB) caused
by the Gram-negative bacteria Xanthomonas
oryzae (Xoo) is one of the most highly
destructive diseases of rice cultivation
worldwide. It causes Linear yellow to straw
color stripes with wavy margins, generally on
both edges of the leaf, rarely on one edge.
Stripes usually start from tips and extend
downwards, drying and twisting of the leaf tip.
Symptoms may appear 4-5 days after
transplanting. The disease being systemic,
effective chemical control measures are
lacking (Devadath, 1989) and the concern
over health hazards of pesticides limited the
utilization of chemical control agents
(Guillebeau, 1998). Breeding for disease
resistance is the most important approach for
its management (Sanchez et al., 2000; Singh
et al., 2001, Zhang 2005; Nino-Lui et al.,
2006; Sundaram et al., 2008; Mamgain et al.,
2013). Conventional breeding methods are
inefficient for gene determination, particularly
in case of recessively inherited resistance
genes. These limitations can be overcome by
the marker assisted selection (MAS), which
enables the evaluation of the expression of
resistance gene and allows for pyramiding of
multiple resistance genes in susceptible
varieties. (khan et al., 2015 ).

The main objective of this study is PCR
polymorphism survey of different Xa genes in
the two different rice varieties namely Keteki
joha and Improved Samba Mahsuri (ISM) and
Introgression of BB resistance in Keteki Joha
as well.
Screening of the IRBB isogenic lines with
different combinations of BB resistance genes
Xa4, xa5, xa13 and Xa21 for field virulence
showed that the the gene combinations
xa5+xa13, Xa4+xa5+xa 13, Xa4+xa5+Xa 21,
Xa4+xa13+Xa 21, xa5+xa13+Xa21 and
Xa4+xa5+xa 13+Xa21 confer complete
resistance against the BB pathotypes prevalent
in Assam (Chetia et al., 2016).

To date, atleast 41 BB resistance genes
conferring host resistance against various
strains of Xoo has been identified (Hutin et
al., 2015). All these resistance genes follow a
Mendelian pattern of major gene inheritance
and express resistance to a diverse group of
Xoo pathogens (Cheema, 2008; Gu. 2005;
Korinsak 2009; Lee 2003; Sun 2004). Of the
41 R genes, six are physically mapped(Xa2,

In Assam the prevalent pathotypes of X.
oryzae pv oryzae are III, V, VIII, IX (Mishra
et al., 2013). As reported earlier, the presence
of Xa4 gene shows susceptible reaction
against pathotype III and IX and moderately
resistant reaction against pathotype V and
VIII. xa5 gene gives susceptible reaction
against pathotype III, moderately resistant
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reaction against pathotype V and complete
resistance against pathotype VIII and IX.
Presence of xa13 gene gives complete
resistance against pathotype III and V and
susceptible reaction against pathotype VIII
and IX. The Xa21 gene gives moderately
resistant reaction against pathotype III and IX
and complete resistance against pathotype V
and VIII (Mishra et al., 2013)

Identification of polymorphic markers
DNA extraction

Improved Sambha Mahsuri exhibits resistance
to BB, whereas Keteki joha is highly
susceptible to BB. The aromatic rice variety
was notified during 1997 and during that
period the variety was tolerant to BB.
However the variety becoming highly
susceptible to BB may be due to evolution of
new races of BB pathogen. ISM has three
major bacterial blight resistance genes Xa21,
xa13 and xa5. The resistance gene to BB Xa4,
xa13 and Xa21 links to the sequence-taggedsite(STS) markers Npb181, RG136 and
pTa248 respectively; the resistance genes xa5
and xa13 tightly link to the simple sequence
repeat marker RM122 and xa13 promoter
respectively. These markers are used to confer
the presence of each gene and gene
combinations in the two rice varieties.

Total genomic DNA was isolated from the
leaves of the rice Keteki Joha and Improved
Samba Mahsuri using the DNA isolation
protocol suggested by Zheng et al., Healthy
rice leaf sample was collected and ground in
1ml of extraction buffer (50mM TrisHCl pH
8.0, 25mM EDTA pH 8.0, 300mM NaCl, 1%
SDS). The tissue was ground until the buffer
turned dark green and transferred into a 2ml
centrifuge tube. The tube was then kept in a
water bath at 65ºC for about an hour. The
supernatant was collected after centrifugation
at 10,000 rpm for 20 minutes and equal
volume of chloroform: isoamyl alcohol (24:1)
was added, mixed well. After centrifugation at
10,000 rpm for 10 minutes, the upper aqueous
layer was carefully collected and double the
volume of chilled absolute ethanol was added.
The precipitated DNA was collected after
centrifugation at 10,000 rpm for 15 minutes
and the DNA pellet was allowed to dry. 50µl
of TE buffer (10mM TrisHCl pH 8.0 and
1mM EDTA pH 8.0) was added to dissolve
the DNA and stored at -20ºC for further use.

Materials and Methods

PCR amplification

To conduct the experiment, Improved Samba
Mahsuri has been considered as donor parent
for introgression of Bacterial Blight (BB)
resistance in Keteki Joha. The varieties,
Keteki Joha and Improved Samba Mahsuri
were staggered planted in an interval of 10
days at the research farm, RARS, Titabar,
Assam during Kharif 2016. Leaf samples of
these varieties were taken for DNA extraction
and PCR analysis.

The polymorphism survey was carried out for
the donor (ISM) and recurrent parent (Keteki
Joha) for the target genes Xa4, xa5,xa13and
Xa21 for their use in foreground selection in
the marker assisted backcross program using
the markers- Npb181, RM144 for Xa4;
RM122 for xa5; xa13 promoter, RG136 for
xa13 and pTa248- STS for Xa21, respectively.
The PCR mixture contained 50ng of template
DNA, 5 picomoles of each primer, 0.05mM
dNTPs, 1X PCR buffer and 1U Taq DNA
Polymerase in a reaction volume of 20µl.
Template DNA was initially denatured at 94ºC
for 5 min followed by 35 cycles of PCR

The crossing program was initiated and
crosses were attempted considering Keteki
Joha as female parent. The cross seed was
harvested during second week of November,
2016.
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amplification with the following parameters; 1
min denaturation at 94ºC, 1min annealing at
55ºC and 1 min primer extension at 72ºC. A
final extension was done at 72ºC for 5 min.
The amplified products were resolved at 2.5%
Agarose gel electrophoretically and visualized
under UV.

Confirmation for presence of BB resistance
genes with SSR markers carried out in the
selected plants.
Results and Discussion
The PCR marker linked to xa13, Xa21 did not
detect any banding pattern of resistance as
ISM in Keteki joha, conferring the absence of
the resistance genes xa13 and Xa21
respectively in this variety (Fig. 1, lane 1-4).
Amplification of genomic DNA of Keteki joha
using marker linked to Xa4 and xa5 showed
the same banding pattern as ISM, may be due
to the presence of Xa4 and xa5 genes in the
rice variety Keteki Joha (Fig. 1, lane 5-8).
Therefore, after the release of the variety, it
showed tolerant reaction during later part of
90s and first decade of 21st century. However,
the variety becoming susceptible during recent
years may be due to the evolution of new
pathotypes of BB. Therefore, it is essential to
introgress xa13 and Xa21 to confer resistant
against BB.

Crossed seeds (F1) along with the two parents
were planted during kharif 2017. For
synchronization of flowering staggering of the
recipient variety Keteki Joha was done in the
research farm. Hybridity test was done and
true F1s were marked. Back crossing was
attempted between Keteki Joha x F1 followed
by harvesting during December, 2017.
Harvested seeds of BC1F1, F2 along with the
parents ISM and Keteki Joha were grown
during Kharif 2018. For synchronization of
flowering staggering of the recipient variety
Keteki Joha was also carried out. Back
crossing with the recurrent parent, Keteki Joha
was attempted during kharif, 2018. Screening
for pathogenicity carried out in F2 population.

Table.1 BB resistance genes, their chromosome location, linked marker and primer pairs
Gene

Chromosome

Linked marker

Primer pair

Xa4

4

MP-STS

MP1:ATCGATCGATCTTCACGAGG
MP2:TCGTATAAAAGGCATTCGGG
F: TGCCCTGGCGCAAATTTGATCC
R:GCTAGAGGAGATCAGATGGTAGTGCATG
F:TAGCTGCTGCCGTGCTGCGC,
R:AATATTTCAGTGTGCATCTC
F:GAGTCGATGTAATGTCATCAGTGC,
R:GAAGGAGGTATCGCTTTGTTGGAC
F:CCCAGAAAGCTACTACAGC,
R:GCAGACTCCAGTTTGACTTC
F: GGCCATGGCTCAGTGTTTAT
R: CAGCTCCAGCTCTCCAAATG
F:AGACGCGGAAGGGTGGTTTCCCGGA,
R:AGACGCGGTAATCGAAAGATGAAA
F: CCATGCGTTTAACTATTCT
R: CGTTCCATCGATCCGTATGG

RM144
xa5

5

RG556/DraI SNP
RM122 - SSR

xa13

8

RG136 / HinfI SNP
xa13

Xa21

11

pTa248- STS
RM206
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Fig.1 Identification of polymorphic markers for foreground selection

L:Ladder, ISM: Improved samba mahsuri, Ke:Keteki Joha

Fig.2 Hybridity test

Fig.3&4 Screening of F2 for xa13 and Screening of F2 for Xa21

For xa13 and Xa21, polymorphic markers
xa13 promoter and pTa248-STS respectively
were identified. For Xa4 and xa5 no
polymorphism were recorded with the linked
markers Npb181 and RM122 respectively
(Fig. 1). This may be due to the presence of
Xa4 and xa5 in Keteki Joha.

plants based on aroma and phenotypic
acceptability. We identified 1 plant having all
the three BB resistant genes i.e. xa5, xa13 and
Xa21; 2 plants with xa13; 3 plants with Xa21;
2 plants homozygous for Xa21 and
heterozygous for xa13. We will advance the
selected line by field RGA and expect to
develop a high yielding, aromatic BB resistant
variety within another two years.

We have attempted back cross 2. Further we
have studied the genealogy of keteki joha and
ISM and observed that both have some
common ancestors. Moreover the grain
quality of ISM is as per with the Keteki Joha.
Therefore we have advanced the F1 to F2
generation and screened for BB resistant
plant. The size of the F2 population was 3000.
From the F2 population we had selected 31
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