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Abstract

Bacterial leaf blight (BLB) is one of the major rice diseases in Malaysia. This disease causes substantial yield loss
as high as 70%. Development of rice varieties which inherited BLB resistant traits is a crucial approach to promote
and sustain rice industry in Malaysia. Hence, this study aims were to enhance BLB disease resistant characters of
high yielding commercial variety MR219 through backcross breeding approach with supporting tool of marker-
assisted selection (MAS). Broad spectrum BLB resistance gene, Xa7 from donor parent IRBB7 were introgressed
into the susceptible MR219 (recurrent parent) using two flanking markers ID7 and ID15. At BC,F,, we managed to
generate 19 introgressed lines with homozygous Xa7 gene and showed resistant characteristics as donor parent
when it was challenged with Xanthomonas oryzae pv. oryzae through artificial inoculation. Recurrent parent MR219
and control variety, MR263 were found to be severely infected by the disease. The improved lines exhibited similar
morphological and yield performance characters as to the elite variety, MR219. Two lines, PB-2-107 and PB-2-34
were chosen to be potential lines because of their outstanding performances compared to parent, MR219. This
study demonstrates a success story of MAS application in development of improved disease resistance lines of
rice against BLB disease.

Keywords: Oryza sativa L., backcrossing, marker assisted selection, Xa7 gene, bacterial leaf blight.

Resumo

A mancha bacteriana das folhas (BLB) é uma das principais doencas do arroz na Malasia. Essa doencga causa perdas
substanciais de rendimento de até 70%. O desenvolvimento de variedades de arroz que herdaram caracteristicas de
resisténcia ao BLB é uma abordagem crucial para promover e sustentar a inddstria do arroz na Malasia. Portanto,
o0 objetivo deste estudo foi aumentar os caracteres BLB resistentes a doencas da variedade comercial MR219 de
alto rendimento por meio de uma abordagem de cruzamento retrocruzamento com ferramenta de apoio de
selecdo assistida por marcador (MAS). O gene de resisténcia a BLB de amplo espectro, Xa7 do pai doador IRBB7, foi
introgressado no MR219 suscetivel (pai recorrente) usando dois marcadores flanqueadores ID7 e ID15. No BC3F4,
conseguimos gerar 19 linhagens introgressadas com o gene Xa7 homozigoto e apresentamos caracteristicas de
resisténcia como genitor doador quando desafiado com Xanthomonas oryzae pv. oryzae por inoculagdo artificial. O pai
recorrente MR219 e a variedade controle, MR263, estavam gravemente infectados pela doenca. As linhas melhoradas
exibiram caracteristicas morfol6gicas e de desempenho de rendimento semelhantes as da variedade elite, MR219.
Duas linhas, PB-2-107 e PB-2-34, foram escolhidas como linhas potenciais por causa de seus desempenhos excelentes
em compara¢do com a mde, MR219. Este estudo demonstra uma histéria de sucesso de aplicacdo de MAS no
desenvolvimento de linhas de arroz melhoradas com resisténcia a doencas contra a doenga BLB.

Palavras-chave: Oryza sativa L., retrocruzamento, sele¢do assistida por marcadores, gene Xa7, mancha bacteriana
das folhas.
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1. Introduction

Rice (Oryza sativa L.) is always known to be at the
frontline to tackle world hunger, as it is the second most
widely grown cereal crop in the world (Siwar et al., 2014).
About 3.5 billion world population are relying on rice
as their main source of energy (Majumder et al., 2019).
Regrettably, the global trend of rice production in 2020 will
represent a decrease trend compare to previous production
year (USDA, 2020). Malaysia constitutes only 0.37% of the
total world rice production, which covers 72% of the national
self-sufficiency level (KR Institute, 2019; USDA, 2020).
MR219 is the major contributor to this number since >90%
of Malaysia’s granary areas were planted with this popular
variety due to its high yielding character with 8319 kg
ha™ heaviest yield has ever reported (Elixon et al., 2017;
Shamsudin et al., 2016). However, this production size is
openly threatening to 30-50% losses by means of bacterial
leaf blight (BLB) disease infection (Shamsudin et al., 2019).
A known pathogenic bacterial-borne disease caused by
Xanthomonas oryzae pv. oryzae (Xoo) (Chukwu et al., 2019).
The disease has become devastating to rice for ages since
it was first discovered by a Japanese in 1884 (Tagami and
Mizukami, 1962).

Malaysia’s tropic humid weather with continuity shade,
flood and rain throughout the year favored Xoo infection.
These conditions availing bacterium transmission through
the splashing or windblown rain, plant to plant contact,
and irrigation of water. In rice production, Xoo invasion
occurred via wound cells caused by root development
or injuries transpired during handling, insect attack, or
through natural openings like hydathodes and stomata.
The established infection leads to noticeable lesions on
leaf surface which reduce the green leaf area resulting to
reduce photosynthesis rate, blockage of water supply, and
increase transpiration plant (Saha et al., 2015; Wurffetal,,
2016). Later, promoted cell death and desiccation of dying
tissue (Lindenthal et al., 2005). Despites, management of
BLB in the field is made feasible using several methods
like agrochemical sprays, biological control, and cultural
practices. But, none of them are found to be cost-effective
and environmentally sound (Bhandari, 2014; Khan et al.,
2012; Noda et al., 2001). Moreover, studies have aroused
biological concern since excessive use of agrochemicals
in large cultivation of N responsive rice varieties has the
capability to rapidly induce pathogens to be more virulent
against pesticides over times (Bhandari, 2014). The use
of resistance rice as was introduced by the Malaysian
Agricultural Research and Development Institute (MARDI)
is seemed to be the most effective approach to overcome
the issue in the field.

Improvement of rice resistance by introgressing
BLB resistance gene, Xa7 from isoline IRBB7 into elite
MR219 using marker assisted backcrossing technique is a
fast breeding strategy. Recently, experimental results have
shown that more than 42 resistance (R) genes conferring
rice resistance to various strains of Xoo have been identified.
Among them, 11 R-genes were cloned, namely Xal, Xa3/
Xa26, Xa4, xa5, Xa10, xal3, Xa21, Xa23, xa25, Xa27, and
Xa41 (Chukwu et al., 2019; Jiet al., 2018; Jiang et al., 2020).
Dominant and recessive gene of BLB resistance R-gene were
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denoted as big and small capital letter, respectively. IRBB7,
an advanced rice variety harboring the dominant gene,
Xa7 gene was developed through gene transferred from
originated rice cultivar DV85 into ‘IR24’ (Chukwu et al.,
2019). The gene has fine mapped to be located at interval
of approximately 118.5 kb on chromosome 6 (Khan et al.,
2012). Xa7 has potential value in rice breeding programs
because of broad-spectrum character against various Xoo
strains and has fitness penalty in Xoo associated with
adaptation to Xa7 (Jiang et al., 2020; Zhang et al., 2009).
The gene is suitable to be employed into rice varieties in
Malaysia that usually experiencing temperature highs
around 32-33 °C. For, the care of Xa7 is more effective
at high temperatures compared to other BLB resistance
genes which are found to be less effective (Jiang et al.,
2020; Webb et al., 2010). MAS using molecular marker,
simple tagged sequences (STSs) is beneficial to accelerate
the backcrossing process by reducing the number of
backcrosses required to recover the recurrent phenotype.
Chen et al. (2000) first reported a successful record of BLB
resistance gene introgression for rice using combination
both conventional and molecular into Chinese hybrid
rice parents representing as a positive feedback to these
approaches (Hasan et al., 2015; Chen et al., 2008).

Therefore, the best attempts to develop resistant rice
variety is by incorporating BLB-resistance genes through
both backcross breeding technique and molecular marker
tools, maker-assisted selection (MAS). These approaches
permitting the introgression of BLB resistant gene, Xa7 to
induce host resistance and comes in handy for large-
scale plantation. Hence, the objectives of this study were
to validate the presence of the Xa7 gene introgressed
in the BC,F, lines using a marker-assisted selection of
closed-linked STS markers ID7 and ID15, to evaluate the
disease-resistant performance of the improved MR219 lines
against Xoo and to assess the agronomic performance of
the improved MR219 lines in the field.

2. Materials and Methods

2.1. Pure culture of Xoo and evaluation of parents’
resistance level

The pure culture of X. oryzae pv. oryzae-severe strain
was obtained from the Culture Collection Unit of MARDI
Seberang Perai, Pulau Pinang. The Xoo colony of 72-hr
old culture was then diluted in 5 mL of sterile distilled
water to attain at concentration of 10° cfu/mL for artificial
inoculation. The inoculation on to IRBB77, MR263,
MR220-CL2 and MR219 were carried out in September
2018 to November 2018 by adoption of the leaf clipping
technique as was described by Mew et al., (1982). The tip
of rice leaf (2 to 3 cm) of 40-day old rice was cut with a
scissors which was previously dipped into bacterial solution
(Mew et al., 1982). In this study randomize completely block
design with 5 plants for every 3 blocks. The experiment
was conducted in a glasshouse. Inoculated leaves were
evaluated at 3, 7, 14, 21 and 30 day after inoculation.
The infected leaves were rated according to lesion length
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as described in the Standard Evaluation System for rice
(INGER, 1996).

2.2. Plant materials and backcrossing

Plant material using IRBB7 (BLB-resistant) as donor
parents, and MR219 (BLB-susceptible) as recurrent parent
were chosen before initiated the backcrossing breeding
program. The programmed (Figure 1) was started by
crossing the MR219 with the donor parent IRBB7 to
produce the first filial generation (F, seed). The F, female
parent were then backcrossed with the MR219 to produce
the first backcross generation (BC,F,). Marker assisted
selection (MAS) was utilized to tag Xa7 gene through two
STS markers; ID7 and ID15 which was reported to have
closed-linked to Xa7 R-gene (Zhang et al., 2009). Only
individual contain Xa7 were selected and the other were
discarded. Selected BC,F, plants were then backcrossed
again with recurrent parent MR219 to produce the
BC,F, generation. Subsequent backcross populations were
made by backcrossing the selected backcross BC,F, plants
with the MR219 to produce BC,F,. It should be emphasized
that backcross progeny must be selected based on Xa7 gene
targeted allele and phenotypic performance with closeness
recovery to the recurrent parent, MR219 during each round
of backcrossing. After the final backcross generation,
selected BC,F, individuals with Xa7 R-gene were allowed
to self-pollinated up to BC,F, progenies so that selected
lines will be homozygous to the target Xa7 gene. Nineteen
improved lines homozygous for IRBB7 allele in the Xa7 gene
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targeted regions and two improved lines homozygous for
MR219 alleles in non-targeted regions were established
in this study.

2.3. Plant DNA isolation and molecular analysis

The plant leaves materials were harvested at young
stage and stored in a -20°C deep freezer for long-term
storage. The plant materials were then further to DNA
extraction using Taco™ plant DNA/RNA extraction kits
(GeneReach, Taiwan). The extracted DNA was diluted to
50% with elution buffer before polymerase chain reaction
(PCR). The PCR reaction mixture (10 pl) containing 1 pl of
50 ng/ul DNA template, 1 ul 10x buffer, 1 ul of dNTPs, 0.5 pl
of 25 mM MgCl,, 6 pl of nucleus-free water, 0.1 ul of taq
DNA polymerase and 0.4 ul of 10uM for each forward and
reverse primers were prepared. Established STS marker
ID7 (forward primer: 5’-ATATTCACCAAATGATTCCCTG -3’;
reverse primer: 5’- ATACAAGCCTAAACCCATCTCA-3’)and
ID15 (forward primer: 5’-ATACAGTGCCAATGATGAGGAG-3’;
reverse primer: 5’-CATACGAAACCCAACAGAAATAG-3’)
were utilized to check Xa7 allelism in BC,F, population.
The PCR products were then fractionated in 2% agarose
gels by electrophoresing at 80 V for 45 min in TBE buffer.
Then, the gel was photographed under ultraviolet light.

2.4. Evaluation of agronomic traits in the field

The field evaluation was carried out in experimental
plot at MARDI, Seberang Perai during the main season

Marker polymorphisms

MR219

LR

MAS, phenotype test and yield trial

Figure 1. Backcrossing program used in this study to develop improved lines of rice (BC,F,).
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from November 2018 to January 2019. The 20-25 days
old selected BC,F, seedlings plants were transplanted as
single seedling per hill. Randomized completely block
design (RCBD) with three replicates was used in this
study. The plot size was 4 m x 4 m, with 0.25 m x 0.25 m
per planting distance for each tested material. The crops
were fertilized with 100:75:103 kg/ha of N, P,0,, K,O.
Nine agronomic traits were evaluated according to the
Standard Evaluation System of rice (IRRI, 2013). The traits
investigated comprised number of tillers, plant height (cm),
leaf length (cm), days to 50% heading (days), days to 80%
maturation (days), panicle length (cm), filled spikelet per
panicle (%), weight of 1000-grains (g) and yield (kg/ha).

2.5. Assessment of BLB disease resistance of rice progenies

All 21 potential lines and parents (MR219 and IRBB7)
were tested for host reaction in a glasshouse at MARDI
Seberang Perai. The experiment was conducted from
January 2019 to March 2019. The same procedure which
used in earlier disease screening experiment on parents
were also applied in this evaluation. The experiment
was also used RCBD with three replicates. Each replicate
contains 10 plants for each line and were grown in trough
box in glasshouse. Lesion length (cm) were recorded after
25 days of inoculation. The resistance level was categorized
based on lesion length as follow: scale index were 1 cm
-5 cm = Resistant-R, >5 cm - 10 cm = Moderately Resistant-
MR; >10 - 15cm = Moderately Susceptible- MS, >15 cm
= Susceptible-S according to Standard Evaluation System
of Rice (IRRI, 1988).

25

20

15

10

Lession length (cm)

2.6. Statistical analysis

Data were subjected to analysis of variance (ANOVA) and
the means were compared using Duncan’s Multiple Range
Test (DMRT) to test any difference of disease response to
BLB and agronomic traits among the lines and parents.
The disease response to BLB values of each line were
averaged for 10 individuals. Meanwhile, agronomic traits
for each line were averaged for 4 individuals. Statistical
analysis was done using the Statistical Analysis System
(SAS 9.4).

3. Results

3.1. Selection of parental lines using host resistance
evaluation

Pathotype Xoo isolated from MARDI Seberang Perai
were used in this pathogenicity screening on parental
lines. The lesion length affected by BLB has been used
as measurement for affected disease assessment. Data
started recorded after day three of pathogen inoculation
date (DAI) and was continued every two days interval
over 30 days. The host reaction pattern of four potential
parents of IRBB7, MR263, MR220-CL2 and MR219 after
being inoculated with Xoo was summarized in Figure 2.
From the obtained data, lesion length affected by BLB
has shown that the disease was slowly developed after
5 days of disease inoculation (DAI). Comparison disease
symptom between treated lines were particularly clear

3 5 7 9 11 14

1/ 19 21 23 25 27 30

Days after inoculation (DAI)

e==|RBB7 e====|\R219

MR220-Cl2 e===MR263

Figure 2. Bacterial leaf blight disease progression recorded on four potential parents; IRBB7 (blue), MR219 (orange), CL2 (gray) and

MR219 (yellow) from 3 to 30 days after inoculation.
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at 7 DAl especially for susceptible control variety MR263.
Lesion length of affected leaf have been recorded about
4.6610.12 cm on variety MR263, almost double from the
other varieties. After 25 DA, the significant different showed
even bigger. The lesion length for variety MR263 has reach
optimum level about 22.44+0.40 cm and was classified as
susceptible line. Variety MR219 and MR220CL2 are closed
with data mean different of 1.21 cm in lesion length of
affected leaf with recorded findings at 12.90+4.99 cm
and 13.64+0.56 cm and both are considered as moderate
susceptible (MS) category. In contrast, variety IRBB7, donor
parent for Xa7 shows highly resistant character, only 1.99cm
of data mean disease lesion length was discovered even
after 25 day. Figure 3 showed BLB symptoms on infected
leaves but no disease symptom on IRBB7 after being
inoculated with Xoo-severe strain. Findings revealed that
IRBB7 was the most resistant parents. And, it was followed

Figure 3. Differential response of parents. (A) MR263, (B) CL2, (C)
IRBB7 and (D) MR219, respectively after being inoculated with
Xanthomonas oryzae pv. oryzae at 14 DAL

- -

Introgression of bacterial leaf blight (BLB) resistant gene, Xa7

by MR219> MR220-CL2 > MR263. This study is further
confirmed that IRBB7 is resistant parents.

3.2. Marker assisted selection analysis of Xa7 introgressed
in BC,F, population

Molecular findings of this study revealed the number
of successful BC,F, population introgressed with
Xa7 using backcrossing and MAS (Figure 4). In the present
study, BC,F, rice lines were analyzed for the presence
and absence of the Xa7 using PCR based techniques.
This analysis allows locating closely linked region to
Xa7 by identifying polymorphic amplification products
between near-isogenic resistant (IRBB7) and susceptible
parents (MR219). Validation using STS primers, ID7 and
ID15 (tightly linked markers to resistant gene Xa7) were
utilized. Results showed polymorphic fragmentation
region for both markers were found between 653 bp and
449 bp respectively, which indicating successfully been
incorporated with Xa7 gene. Meanwhile, non-targeted
allele of ID7 and ID15 were found at approximately 410bp
and 414bp respectively, which indicating unsuccessfully
been incorporated with Xa7 gene. Finding revealed that
all tested lines (1-19) showed positive band of Xa7. On the
other hand, two lines i.e. PB-2-32 and PC3-5-2 showed
negative result. Together, negative check variety, MR263 also
showed negative result. The use of these markers showed
clear polymorphism between the two parents indicating
that there were 19 improved BC3F4 successfully been
incorporated with Xa7 gene and 2 improved BC,F, were
unsuccessfully been incorporated with Xa7 gene.

3.3. Evaluation of agronomic traits of improved lines at
BC,F, generation

The mean data on agronomic and yield performance
of all 19 introgress lines, 2 lines without R-gene and
potential parents were presented in Table 1. The findings
of the ANOVA study show significant differences in all
measurement characteristics except for the total number
of tillers, the length of the panicle and the weight of
1000 grains. Most of traits significant were came from the
differentiation between donor IRBB7 and recurrent parent
MR219. For example, Parent MR219 was the highest with

D R 15 16°17 18 19 20 .21 22

Figure 4. PCR-based genetic polymorphism analysis of Xa7 gene closed linked, ID7 marker. Agarose gel profile of backcrossed progenies
in 2% (w/v) of 1X TBE agarose gel. Lane L: 100bp DNA ladder. Lanes D and R represent IRBB7 and MR219 respectively. Line 1-22: (1)
PB-2-91, (2) PB-2-107, (3) PB-2-156, (4) PB-2-224, (5) PB-2-234, (6) PB-2-238, (7) PB-2-258, (8) PB-2-29, (9) PB-2-77, (10) PB-2-226,
(11) PC3-26-2, (12) PC-39-3, (13) PB-2-34, (14) PB-2-35, (15) PB-2-150, (16) PB-2-223, (17) PB-2-252, (18) PC-3-14-3, (19) PC-3-23-1,
(20) PB-2-32, (21) PC3-5-2, (22) MR263.
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102.96 cm plant height and donor IRBB7 was the shortest
at 87.16 cm height. MR219 also has the longest flowering
and maturity date at 71.67 and 109 days after sowing,
respectively. IRBB7 also produced the lowest yield with only
5233.33 kg/ha compared with parent MR219 at 7416.67 kg/
ha. In contrast, MR219 have the shortest length of flag leaf
with only 20.25 cm which is special characteristic of this
variety. For 21 improved lines including two lines without
Xa7 gene, results comparison shows that the majorities were
good as recurrent parent MR219. Most of measurement
were in the middle between both parents. The range of
the plant height were between 90.67-96.91cm, trait for
50% flowering days were range between 75.3-80 days and
80% maturity were between 101.67 to 106.33 days. Whist,
for yield performance, all 21 improved lines were found
no statistically different with recurrent parent MR219.
Interestingly, two lines shows better yield than recurrent
parent MR219 such as line PB-2-91, the highest with 8000 kg/
ha and lines PB-2-34 at 7666.7 kg/ha.

3.4. BCJF, disease evaluation against Xanthomonas oryzae
pv. oryzae

The efficacy of R-gene, Xa7 introgressed into the
BC,F, lines was evaluated by challenged them with

Introgression of bacterial leaf blight (BLB) resistant gene, Xa7

Xoo-severe strain. The results revealed that recurrent parent
MR219 and susceptible check variety MR263 were found
severely affected by the disease (Table 2). Both varieties
recorded with lesion length of >15 cm which indicating
that they were susceptible (S). Similar result was noted on
the two BC,F, lines without Xa7 gene, PB-2-32 and PC3-5-2.
On the other hand, donor parent, IRBB7 showed highly
resistant characteristic. It recorded the lowest lesion length
(0.7+0.18 c¢m). Similarly, all 19 introgressed BC,F, lines
shows closely similar disease resistant pattern as donor
parent, IRBB7. Thus, donor IRBB7 and all 19 introgressed
lines were grouped in resistant (R) group.

4. Discussion

The use of molecular marker in breeding program
is a powerful tool for tagging of gene regions which is
not available in traditional plant breeding technique
(Prioul et al., 1997). The markers could have linked to
specific traits of the plant would allow plant breeders to
identify character of interest and make their selection. This
exercise is called marker assisted selection (MAS), and it
can also help to monitor the transfer of desirable genes
from one plant to another such as from parents to their

Table 2. Lesion length and response of improve lines (BC,F,) recorded after 25-days after inoculation with Xanthomonas oryzae pv. Oryzae.

No. Lines R-gene Lesion length (cm) Descriptions
1 PB-2-91 Xa7 2.2340.57¢ R
2 PB-2-107 Xa7 2.70£0.91¢ R
3 PB-2-156 Xa7 1.86+0.63¢ R
4 PB-2-224 Xa7 2.14+0.50¢ R
5 PB-2-234 Xa7 2.74+1.07¢ R
6 PB-2-238 Xa7 1.24+0.45¢ R
7 PB-2-258 Xa7 1.74£0.47¢ R
8 PB-2-29 Xa7 2.1940.77¢ R
9 PB-2-77 Xa7 2.30+0.83¢ R
10 PB-2-226 Xa7 1.96+0.53¢ R
11 PC-3-26-2 Xa7 1.93+0.49¢¢ R
12 PC-3-39-3 Xa7 1.69+0.74¢ R
13 PB-2-34 Xa7 2.61£1.48¢ R
14 PB-2-38 Xa7 2.50+1.00¢ R
15 PB-2-150 Xa7 1.43£0.23¢ R
16 PB-2-223 Xa7 2.30+0.30¢ R
17 PB-2-252 Xa7 0.76+0.23¢ R
18 PC-3-14-3 Xa7 1.16+0.13¢ R
19 PC-3-23-1 Xa7 1.79+0.37¢ R

20 PB-2-32 - 12.89+0.46¢ MS

21 PC3-5-2 - 12.38+0.07¢ MS

22 IRBB7 Donor parent 0.7+0.18¢

23 MR219 Recurrent parent 16.46+1.21° S

24 MR263 Negative 18.44+2.212 S

Grand Mean 4146142

Note: R: Resistant; MR: Moderately resistant; MS: Moderately Susceptible; S: susceptible. Means value with the same alphabet is not statistically

different based on Duncan Multiple Range Test (DMRT) at p <0.05.
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progeny. Based on these advantages, we utilized MAS as
support tools in our rice breeding program. We used this
approach to introgress resistant gene, Xa7 into our elite
rice variety, MR219 to improve resistant characteristic
against bacterial leaf blight (BLB) disease attacked. This
BLB was classified as one of the major diseases rice in
Malaysia which caused by pathogen, Xanthomonas oryzae
pv. oryzae (Xoo) (Chukwu et al., 2019). The infection plant
could reduce the yield of rice to 30-50% (Shamsudin et al.,
2019), especially when the disease was attacked early in
the tiller stage.

So far, there was no commercial rice variety in
Malaysia has found to be resistant against the BLB disease
(Chukwu et al., 2019). Therefore, major aim of the present
study was to produce resistant rice variety for sustaining
rice production in Malaysia. This resistance gene, Xa7 was
chosen because it was proven to have a durable resistance
gene against BLB (Chen et al., 2008; Vera Cruz et al., 2000).
It is also a dominant resistance gene and was firstly
identified in the rice cultivar DV85 (International Rice
Research Institute accession number 8839) (Chen et al.,
2008; Sidhu et al., 1978). To date, the Xa7 gene of DV85 has
already been transferred to cv.IR24, and the near isogenic
line (NIL) IRBB7 with Xa7 was developed by backcross
with cv. IR24 as a recurrent parent (Ogawa et al., 1991).

In this study, the resistant level of Xa7 gene was
validated by challenging the potential donor parents,
IRBB7 with Xoo-severe strain through artificial inoculation.
It is very important experiment because confirmation
need to done not only to make sure Xa7 gene is function
but also to ensure donor parent IRBB7 has carrying this
resistant gene. Three Malaysia commercial varieties,
MR219, MR220CL and MR263 were also being included
in this screening process to strengthen the outcome
result. The disease symptom starts appeared after 3 days
inoculation. Symptoms of water soaking up to yellow
stripes on the affected blades were observed, Then, the
necrotic lesion starting from the leaf tips and gradually
increase in length and width with wavy margin. This result
is similar as was reported by Chen et al. (2008), Khan et al.
(2015) and Majumder et al. (2020). In our finding, all three
commercial varieties, MR219, MR220CL2 and MR263 were
classified as susceptible because lesion length recorded
above 10 cm after 25 days inoculation. This result was in
line with Chukwu et al. (2019) reported that there were
no commercial varieties found to be resistant against the
disease. The donor parent IRBB7, by contrast, has low
incidence of BLB disease symptom. The lesion length of
affected leaves was maintained <5 cm even after 25 days
inoculation. This has proved IRBB7 was confirmed carrying
Xa7 gene and has resistant characteristic. Two STS marker
namely, ID7 and ID15 were used to tag Xa7 gene in donor
parent IRBB7. Result from marker analysis shows both
markers have polymorphic characters. This describe
that the marker has link with Xa7 gene and similar with
Zhang et al. (2009) finding. Therefore, it can be used in any
breeding program for development of resistant varieties.

The elite rice variety, MR219 was chosen in this present
project as a recurrent parent because it is the most popular
high yielding rice variety in Malaysia (Miah et al. 2015).
To further improve this variety particularly to enhance BLB

/10

disease resistance, marker-assisted backcrossing approach
was adopted. This approach was found to be effective
to recover all good characters of MR219. Moreover, this
approach could eliminate undesirable traits from donor
parent. After three cycles of backcrossing, approximately
90% similarity of MR219 characters was obtained. Selfing
was conducted for another three seasons to generate
homozygote and uniform progenies. Selection using MAS
application was conducted in each generation and therefore,
the presence of Xa7 gene is guaranteed. The Xa7 gene was
tagged by two similar SSR flanking markers in earlier
experiment. All of individuals or lines without this Xa7 gene
were discarded. At the stage of BC,F, finally we managed
to generate 19 lines with homozygous Xa7 gene.

Evaluation of similarity and agronomic performance of
the 19 lines with recurrent parent MR219 and IRBB7 was
conducted together with two BC,F, lines without Xa7 gene
as check variety. Findings revealed that amongst the nine
evaluation traits, only six characters were found to be
significant different between donor IRBB7 and MR219.
Recurrent parent MR219 was significantly higher in plant
height, shorter flag leaf, longer flowering and maturity date,
longer panicle length and better yield. This explained that
MR219 contained better character than IRBB7 except for
the flag leaf length and flowering and maturity date. All the
19 lines including two check lines were high recovery to
MR219 with better improvement. Semi-dwarf (plant height
of 90 to 100 cm), longer flag leaf, early flowering and
maturation, longer panicle length, moderate total number
of tiller (to avoid senescence tillers) and dense number of
productive spikelet for better yield are the characteristics
have been considered as important selection criteria in
rice breeding for the development of new varieties, apart
for durable disease resistant. These traits are crucial to
contribute significantly to increase rice yield (Fatimah et al.,
2014; Hasanah et al., 2017; Rahman et al., 2014). Such result
as was expected because similarity among BC3 population
was 90% with recurrent parent (MR219). This finding was
in line with Wu et al. (2004), whereby genetic similarity
among BC, population of recurrent parent, Vandana were
above 85%.

Disease parameter lesion length were found to be very
excellent results. Upon artificial disease inoculation, the
recurrent parent, MR219 and positive control, MR263 were
found to be affected with >15 cm lesion length which
indicating susceptible. Whereas, findings on 19 lines
showed that all the 19 introgression Xa7 lines were resistant
towards Xoo infection. The results strongly confirmed
that the Xa7 gene inherited have resistant characteristics.
Chenetal. (2008) reported that Xa7 gene provide dominant
resistance against BLB pathogen. Among the most potential
introgressed lines obtained from the present study
were PB-2-107 and PB-2-34. These potential lines were
selected because they produced the yield much more
superior than MR219 and showed other good agronomic
characteristics such as plant height and maturity date
which are slightly shorter and earlier than recurrent parent,
MR219. The development of the improved resistant lines
will further broaden the genetic resource base of rice and
eventually assist further research aimed at increasing the
local production of rice. As a contribution to knowledge,
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this is the first report on successful introgression of BLB
resistant gene, Xa7 into elite rice MR219 noted for its high
yielding potential in Malaysia.

5. Conclusion

This study has proved that Xa7 gene showed resistant
characteristic against Xoo-severe strain. This study
demonstrated that Xa7 gene was introgressed by marker-
assisted backcrossing into elite rice, MR219. Newly
improved lines, PB-2-107 and PB-2-34 showed outstanding
performances in both agronomic and disease resistance
assessments.
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