
 

The 13th Asian Congress on Biotechnology 2017 (ACB 2017) 

“Bioinnovation and Bioeconomy”  

 
 

 

July 23-27, 2017 Pullman Khon Kaen Raja Orchid Hotel, Khon Kaen, Thailand 117-1 
 

O-AFB-14 
 

The Xa21 in the Backcross Introgression Lines, BC4F2, Derived 

from the Thai Rice Cultivar ‘RD47’/‘IRBB21’ Cross Enhances 

the Bacterial Blight Resistance Against Xanthomonas oryzae pv. 

oryzae Newly Isolated from Phitsanulok Province 
 

Natta Suachaowna1,2, Francois Grandmottet1,2, Sirirat Sanyong1,  

Suradet Palawisut3, Kawee Sujipuli1,2 and Kumrop Ratanasut1,2* 

 
1Department of Agricultural Science, Faculty of Agriculture, Natural Resources and 

Environment, Naresuan University, Phitsanulok 65000, Thailand 
2Center for Agricultural Biotechnology, Faculty of Agriculture, Natural Resources and 

Environment, Naresuan University, Phitsanulok 65000, Thailand 
3Phitsanulok Rice Research Center, Phitsanulok 65130, Thailand 

 
*Corresponding author: kumropr@nu.ac.th  

 

ABSTRACT 

 
Bacterial blight (BB) caused by Xanthomonas oryzae pv. oryzae. (Xoo) 

is a threatening rice disease responsible for significant yield losses. The ‘RD47’ 

is a popular rice cultivar in the Lower North of Thailand, but is highly BB 

susceptible. Xa21, a BB resistance gene which confers high resistance level 

against a broad spectrum of Asian Xoo strains, has been introgressed into the 

‘RD47’ via a backcrossing program. BC4F2 plants with heterozygous and 

homozygous Xa21 were differentiated by the pTA248 marker. Meanwhile, Xoo 

was isolated from rice paddy fields in Phitsanulok province and molecularly 

confirmed by Xoo specific PCR. The Xoo isolate Xoo16PK001 was selected for 

BB resistance evaluation in the BC4F2 plants carrying either heterozygous or 

homozygous Xa21 genotypes using the clipping method. The BB lesion length 

was significantly reduced in BC4F2 plants carrying the Xa21 gene compared to 

the parental ‘RD47’ plants. However, there was no significant difference 

between heterozygous and homozygous Xa21 BC4F2 plants. This indicated that 

the introgressed Xa21 gene was functional and enhanced resistance against the 

local Xoo isolate in the ‘RD47’ backcross introgression lines, BC4F2. 
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INTRODUCTION 

 
Rice (Oryza sativa) is a major staple food crop in the world feeding more 

than 3 billion people and is especially important in the South and South-east Asia. 

In Thailand, rice production has long played a vital role for socioeconomic 

development, making the country one of the world’s largest rice exporters. The 

large diversity of high-yield and high-quality rice cultivar suitable for the local 

environment is probably an important factor in this success.  

‘RD47’, an indica rice cultivar, developed by the Phitsanulok Rice Research 

Center (PSLRRC) is one of the most popular cultivars grown in the Lower North 

of Thailand. It is a non-glutinous and photoperiod-insensitive rice cultivar with 

high yield and good seed quality. Furthermore, ‘RD47’ is rather resistant to brown 

planthopper and blast disease, but susceptible to the BB disease (Bureau of Rice 

Research and Development: Rice Department, Thailand). 

The BB caused by the gram negative bacteria Xanthomonas oryzae pv. 

oryzae. (Xoo) is one of the most threatening rice disease and is responsible for 

significant yield losses in all rice-growing regions of the world. It occurs as 

vascular wilt at the early stages of crop growth and as leaf blight and unfilled 

panicles in mature plants (Mew et al., 1987). Those symptoms result from the 

invasion of the vascular system by Xoo bacteria after they have entered the leaf 

tissues through natural openings or wounds and started to proliferate. At the 

molecular level, Xoo secrete proteins which invade the host cells. Among these 

proteins, transcription activator-like effectors are thought to play a major role 

by activating the transcription of plant genes that enhance plant susceptibility 

and support bacterial virulence, proliferation, and dissemination (Boch & 

Bonas, 2010; Bogdanove et al., 2010). As no effective chemical treatment is 

available, developing BB resistant rice cultivar is the most efficient economic 

and environmentally-friendly way to manage the disease. 

Currently, 37 BB major resistance genes, referred as Xa genes have 

already been identified in O. sativa and closely related species (Zhang & Wang, 

2013). Among those genes, Xa21, a dominant BB-resistance gene discovered in 

the wild species O. longistaminata, and mapped very close to the RFLP marker 

RG103 (Ronald et al., 1992) has been widely-used for improving bacterial 

blight resistance in rice (Zhou et al., 2011; Win et al., 2012). The Xa21 encodes 

for leucine-rich repeat cell surface receptor kinases which recognize the Xoo 

tyrosine sulfated protein RaxX (Pruitt et al., 2015) and triggers defense 

mechanisms. Xa21-mediated resistance is a highly regulated defense signaling 

pathway which is not yet completely elucidated but has been shown to involve 

several Xa21 binding proteins (Chen et al., 2010 ; Wang et al., 2006, Park et 
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al., 2008), and results in the activation of transcription factors like OsWRKY62 

(Park & Ronald, 2012). Xa21 confers high BB resistance in rice cultivar 

improved by breeding (Zhou et al., 2011; Win et al., 2012) or genetic 

transformation (Song et al., 1995; Zhai et al., 2004). Furthermore, Xa21-

mediated resistance has been proven to be effective against a wide array of 

Asian Xoo strains (Khush et al., 1989, 1990; Ikeda et al., 1990). As a result of 

its high level and broad spectrum resistance, Xa21 has been one of the most 

popular genes in breeding programs for BB resistance in both single gene 

(Singh et al., 2001; Pradhan et al., 2015) and pyramiding strategies (Xu et al., 

2012; Khan et al., 2015).  

In Thailand, introgression of the Xa21 into the jasmine rice cultivar 

‘KDML105’ was shown to improve BB resistance against a wide array of Thai 

Xoo strains (Win et al., 2012). Furthermore, ‘IRBB21’, an IR24 near isogenic 

line carrying the Xa21 developed by International Rice Research Institute  

(IRRI), is commonly used to evaluate the virulence of newly isolated Thai Xoo 

strains and displays high levels of resistance in most of the cases (PSLRRC 

personal communication). Backcrossing is a widely used technique in rice 

breeding for introgression of a target gene from a donor parent to a recipient 

parent. Thus, introgression of the Xa21 into ‘RD47’ using ‘IRBB21’ as a donor 

parent could improve the ‘RD47’ BB resistance. Recurrent backcrossing could 

recover the genetic background of the recurrent parent ‘RD47’ with its 

agronomic traits. As phenotypic selection is time consuming, not always 

reliable, or even sometimes impossible in the case of recessive genes, 

molecular markers tightly linked with the gene of interest have been developed 

for marker assisted selection (MAS). For the Xa21 derived from ‘IRBB21’, the 

RFLP marker RG103 closely linked to the Xa21 gene (Ronald et al., 1992) and 

the polymorphic co-dominant PCR-based marker named pTA248 were 

developed (William et al., 1996). 

Previously, our team introgressed the Xa21 from ‘IRBB21’ into the BB 

susceptible Thai rice cultivar ‘RD47’. The F1 hybrid of the ‘RD47’/IRBB21 

cross screened with the pTA248 marker showed resistance to the Xoo isolate 

PSL’800 (Suachaowna et al 2016). In this study, marker-assisted backcrossing 

was carried out to obtain the advanced backcross breeding lines, BC4F2. 
Homozygous and heterozygous Xa21 BC4F2 were differentiated the by 

genotyping with the pTA248 marker. Both homozygous and heterozygous 

Xa21 BC4F2 were evaluated for BB resistance via the inoculation test with a 

Xoo strain newly isolated (October 2016) from a rice paddy field in 

Phitsanulok.  
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MATERIAL AND METHODS 

 

Plant materials for breeding 

The rice cultivar ‘IRBB21’, a near isogenic line of IR24 carrying the Xa21 

gene from O. longistaminata, was used as a male donor parent while rice cultivar 

‘RD47’ was the female recipient recurrent parent. All rice seeds were obtained 

from the PRRC. Plants were grown in pots (22 cm diameter) in a net greenhouse 

with natural conditions at Naresuan University, Phitsanulok, Thailand. 

 

Breeding strategy 

At the appropriate development stage, 1/3 of the panicle emerged from 

the flag leaf, ‘RD47’ spikelet were emasculated. ‘IRBB21’, F1 or BCnF1 pollen 

was hand-dusted on the emasculated ‘RD47’ spikelet. The pollinated spikelet 

were covered with paper bags to avoid contamination. Seeds were harvested 30 

days after pollination. Backcross breeding was carried out to obtain BC4F1 

which was subsequently self-pollinated to generate BC4F2 progenies (Figure 1).  

 

MAS and plant genotyping   

MAS with the pTA248 marker was used to select the breeding progenies 

bearing the Xa21 at every step of the breeding program and to genotype the BC4F2 

plants before the inoculation test. The pTA248 is a polymorphic  

marker closely linked to Xa21, pTA248 (pTA248-Forward 5’-

AGACGCGGAAGGGTGGTTCCCGGA-3’ and pTA248-Reverse 5’-

AGACGCGGTGTAATCGAAAGATGAAA-3’), which can amplify two 

different PCR products, 730 bp for the null-Xa21 allele and 925 bp for the Xa21 

allele (Yan-chang et al., 2004).  The second primer pair Xa21A (Xa21A-

Forward 5’-GGGAAGTGCCAACCATTGGTG-3’ and Xa21A-Reverse 5’-

CCTCCATCAGTTCATGTAGAAG-3’) designed to specifically amplify a 1,152-

bp DNA fragment of the published Xa21 sequence (GenBank no U72723) was 

used to confirm the presence of the Xa21 gene in the selected plants. 

For PCR, Phire Plant Direct PCR Master Mix® (Thermo Fisher 

Scientific, UK) was used according to the manufacturer protocol. Briefly, 1-

mm diameter leaf samples were cut and crushed in 20 µl of dilution buffer. One 

microliter of mixture was used as DNA template in 20 µl PCR solution 

containing 1X Phire Direct PCR master mix and 0.5 µM primer mix each. PCR 

conditions were set as follows: pre-denaturation at 98 °C for 5 min, and then 40 

cycles of denaturation 98 °C for 5 sec, annealing 60 °C (for pTA248) or 63 °C 

(for Xa21A) for 10 sec, extension 72 °C for 22 sec. The amplified PCR 

products were detected by 1% agarose gel electrophoresis. 
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Figure 1. The breeding procedure for BB resistance improvement of rice 

cultivar ‘RD47’ by Xa21 introgression from rice cultivar ‘IRBB21’ using the 

pTA248 marker for MAS. 

 

Xoo isolation 

Infected leaves were collected during the rainy season year 2016 from 

rice paddy fields showing clear BB symptoms in Phitsanulok province, 

Thailand. The infected leaves were washed with soap, and rinsed with distilled 
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water. Under the laminar flow, they were surface sterilized with Clorox 10% 

for 10 min, and rinsed five times with sterile distilled water. Then 1-cm2 leaf 

pieces were cut and platted on nutrient agar (peptone 5 g/L, beef extract 3 g/L, 

agar 15 g/L). Plates were kept at 28°C until a yellowish bacterial exudate 

oozing from the leaf piece could be seen. Bacteria were then re-streaked and 

single colonies were isolated. To confirm that the isolated bacteria were Xoo, 

PCR tests using TXT (Sakhtivel, 2001) were run under the PCR condition as 

follows: initial denaturation 3.30 min at 94°C and 35 cycles of 94°C for 15 s, 

60°C for 15 s, and 72°C for 1 min. The 964-bp PCR product of TXT was 

detected by 1% agarose gel electrophoresis. 

All Xoo isolates giving the positive 964-bp PCR product were re-

inoculated to BB susceptible rice cultivar ‘RD47’ to determine whether they 

can cause BB disease.  

 

Infection tests 

Fifty-five-day old ‘RD47’, ‘IRBB21’, BC4F2 (homozygous Xa21) and 

BC4F2 (heterozygous Xa21) plants which were in the tillering stage were tested 

for BB resistance by the clipping method inoculation test (Kauffman et al., 

1973). Five selected leaves on each plant were cut in length 1-2 cm by scissors 

previously dipped in the Xoo inoculation solution (Kauffman et al., 1973). 

Twenty-one days after inoculation, lesion length on cut leaves were measured 

by scoring according to IRRI scoring system (Table1). 

 

Table 1. IRRI scoring system for BB resistance in the greenhouse infection test. 

Description Lesion Length (cm) 

Resistant (R) 0-5 

Moderately Resistant (MR) >5-10 

Moderately Susceptible (MS) >10-15 

Susceptible (S) >15 

 

Statistical analysis 

Experiments were laid out using a complete randomized design (CRD). 

Test samples included of six plants per rice cultivar (‘RD47’, ‘IRBB21’, BC4F2 

(homozygous Xa21) and BC4F2 (heterozygous Xa21)) with 5 leaves of each plant.  

Data on average lesion lengths were subject to analysis of cultivar 
(ANOVA). Means with significant differences were subject further to Least 
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Significant Difference (LSD) using IBM SPSS Statistics Version 19 software 

with 0.05 alpha as error value. 

 

RESULTS  

 

Identification of BC4F2 carrying homozygous and heterozygous Xa21 

The BC4F2 progenies, derived from self-pollination of the BC4F1 carrying 

the heterozygous Xa21 genotype, were differentiated for the homozygous and 

heterozygous genotypes before the infection test using the pTA248 marker. 

Three different pTA248 patterns exhibiting single 730-bp, single 925-bp 

and both 730-bp and 925-bp PCR products were detected in BC4F2 progenies. The 

BC4F2 plants with a single 925-bp PCR product corresponding to the homozygous 

Xa21 genotype and with both 730-bp and 925-bp PCR products corresponding to 

the heterozygous Xa21 genotype were selected for infection tests (Figure 2A).  

The presence of the Xa21 gene itself in the selected BC4F2 plants was 

confirmed using the Xa21A primers. A single 1,152-bp PCR product was 

amplified in all selected BC4F2 plants (Figure 2B). 

 

Isolation of Xoo from rice paddy fields and infection tests 

 Xoo-like bacteria were isolated from the infected leaves of rice plants 

exhibiting the BB symptom in the paddy fields. Bacteria showing yellow colonies 

with sulfur-like smell and giving the positive 964-bp PCR product for the TXT 

primer pair (Fig. 3) were re-inoculated to RD47. Several isolated bacteria caused the 

obvious BB symptom (data not shown). The positive Xoo isolate named 

Xoo16PK001 was selected for infection tests on the BC4F2 plants in the greenhouse. 

Artificial inoculation with Xoo16PK001 on the BC4F2 plants carrying 

homozygous and heterozygous Xa21 was compared to the parental plants, 

‘RD47’ (null Xa21 allele) and ‘IRBB21’ (homozygous Xa21), which were used 

as susceptible and resistant controls, respectively. The inoculated leaves 

exhibiting the BB symptom were measured the BB lesion length (Table 2) and 

scored for BB resistance at 21 days after inoculation. The ‘RD47’ displayed 

completely blighted leaves (Fig. 4) and was classified as susceptible (S) against 

Xoo16PK001. ‘IRBB21’ and BC4F2 carrying either homozygous or 

heterozygous Xa21 showed significantly reduced the BB lesion length and were 

classified as moderately resistant (MR) against Xoo16PK001. There is no 

significant difference of the BB lesion lengths between ‘IRBB21’ and BC4F2 

carrying homozygous and heterozygous Xa21 (Table 2). 
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Figure 2. Genotyping of the BC4F2 plants using the pTA248 and Xa21A 

markers. (A) The Xa21 genotype screened with the pTA248 marker, (B) The 

Xa21 genotype screened with the Xa21A marker. Lanes 1, ‘RD47’; 2, 

‘IRBB21’; 3-11, F1 plants (BC4F2-1, BC4F2-2, BC4F2-3, BC4F2-4, BC4F2-5, 

BC4F2-6, BC4F2-7, BC4F2-8, and BC4F2-9, respectively). 

 

 
 

Figure 3. Xoo identification based on the colony PCR using the TXT primer 

pair. Lane 1, Negative control; Lane 2-4, the Xoo isolates Xoo16PK001, 

Xoo16PK002 and Xoo16PK003, respectively; Lane M, Hyper Ladder TM 1 kb. 

 

Table 2. The BB lesion length (LL) measurement and scoring of BB resistance 

in ‘RD47’, ‘IRBB21’ and BC4F2 at 21 days after Xoo16PK001 inoculation. 

Rice cultivar LL (cm.) BB resistance score 

RD47 27.18a ± 1.3 S 

IRBB21 6.28c ± 0.73 MR 

BC4F2 (homozygous Xa21) 8.32bc ±0.69 MR 

BC4F2 (heterozygous Xa21) 8.87b ± 0.51 MR 

Note: Data are presented as the mean ± standard error of lesion length with 30 

replicates per rice cultivar. Means followed by the same letter are not 

significantly different according to LSD at P = 0.05.  
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Figure 4.  The BB lesions on the leaves of ‘RD47’, ‘IRBB21’ and BC4F2 plants 

at 21 days after Xoo16PK001 inoculation. 

 

DISCUSSION 

 

The popular Thai rice cultivar ‘RD47’ is highly susceptible to the local 

Xoo strains (Phitsanulok isolates). A MAS-backcross breeding program 

allowed to introgression the functional BB resistance gene, Xa21, in the ‘RD47’ 

genetic background. The pTA248 MAS allowed to easily and clearly 

differentiate the possible genotypes and follow the transmission of the Xa21 

allele during the breeding process. Most of the Xa21 introgression breeding 

programs only use the pTA248 marker for MAS (Huang et al., 2003; Yan-

chang et al., 2004, 2012; Sundaram et al., 2008) because it is efficient for 

screening. As a co-dominant marker, the pTA248 marker could be used to 

segregate the homozygous and heterozygous Xa21 genotypes. Therefore the 

effect of Xa21 copy numbers in BC4F2 plants on the BB resistance level could 

be determined. However as pTA248 is only a marker closely linked to the Xa21 

gene (>1 CM) (Yan-chang et al., 2004), the Xa21 specific marker (Xa21A), a 

dominant marker designed from the Xa21 sequence, can be used to confirm the 

existence of Xa21 in either homozygous or heterozygous Xa21 plants.  

Artificial inoculation with Xoo16PK001, a newly isolated Xoo in year 

2016 from Phitsanulok, revealed that BC4F2 plants carrying either homozygous 

or heterozygous Xa21 showed similarly enhanced resistance against 
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Xoo16PK001. Although Xa21 was not effective enough to give complete 

resistance to this local Xoo isolate, at least it could improve the BB resistance in 

the ‘RD47’ backcross introgression lines. Our result also demonstrates that only 

one copy of Xa21 is sufficient and strong enough to enhance Xoo resistance. 

However, to increase the efficiency of the BB resistance, pyramiding Xa21 with 

other BB resistance genes may lead to increase the resistance level. Singh et al. 

(2001) reported that the BB resistance genes xa5, xa13 and Xa21 pyramided 

into rice cultivar PR106 provided high levels of resistance to the predominant 

Xoo isolates from the Punjab and six races from the Philippines. Combinations 

of Xa21 and Xa4 or/and Xa7 was also reported for broad spectrum resistance to 

BB (Perez et al., 2008; Huang et al., 2012; Xu et al., 2012). 

In the future, this backcross breeding program will be continued in order to 

obtain the ‘RD47’ near isogenic lines, the recovery of the ‘RD47’ agronomical 

traits will be tested and inoculation tests with various local Xoo isolates will 

determine whether the Xa21 can provide a broad spectrum BB resistance in the 

‘RD47’ culture area. 

 

CONCLUSION 

 

We have successfully developed the advanced backcross introgression 

lines, BC4F2 carrying the Xa21 via marker-assisted backcrossing of the Thai 

rice cultivar ‘RD47’/ ‘IRBB21’ cross. The BC4F2 plants bearing either the 

homozygous or heterozygous Xa21 genotypes exhibited enhanced resistance to 

the local Xoo isolated from Phitsanulok, Thailand.  
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