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ABSTRACT

Bacterial leaf streak (BLS) disease in rice, caused by Xanthomonas oryzae pv. oryzicola (Xoc), has become a
more common and serious disease in tropical regions along with bacterial leaf blight. Breeding new rice varieties by
introducing resistance genes is considered one of the most effective and eco-friendly ways to control the disease.
With a high diversity of resistance genes, local rice varieties play an important role in developing durable resistant
varieties against diseases. In this study, 50 local rice accessions provided by The Center for Conservation and
Development of Crop Genetic Resources (CCDCGR) were used to evaluate the reaction pattern with two Xoc
isolates, TB4 and TN158. Lesion lengths measured after artificial inoculation showed 3 highly resistant (HR)
accessions and 15 resistant (R) accessions to both TB4 and TN158 isolates. Four pairs of flanking SSR markers,
RM587, RM510, RM153, and RM159, were used to detect the blsl and gBlsr5a genes. The results of genotyping
revealed 6 accessions containing the blsl gene and 6 accessions containing gBlsr5a, of which, accession 11189
contained both genes. Based on the correlation analysis between reaction patterns and genotypes, the resistance of
the blsl gene was highly effective to Xoc, while the gBlsr5a gene did not show clear resistance. With our results,
accessions that were HR or R, and carried the blsl gene could be used as donors for breeding new rice
varietiesresistant to BLS.

Keywords: Bacterial leaf streak, resistance gene, SSR marker, Xanthomonas oryzae pv. oryzicola.
Khao sat kha nang khang bénh dém soc vi khuan trong nguén gen lua dia phwong
TOM TAT

Bénh dém soc vi khuan (BLS) trén cay Ita do vi khudn Xanthomonas oryzae pv. oryzicola (Xoc) gay ra, cing voi
bénh bac la (BLB) da tr& thanh dich hai phé bién va nghiém trong & cac ving nhiét d&i. Phat trién cac giéng lua
mang cac gen khang 1& mét chién lwoc hiéu qua va than thién nhat véi méi trwdng. Cac giéng lia dia phwong s&
hiru ngudn gen khang da dang va phong phu, gitr vai trd quan trong trong viéc tao ra cac giéng Ita chéng chiju tét.
Tién hanh khao sat tinh khang nhiém véi vi khudn Xoc bang phwong phap lay nhiém nhan tao trén 50 mau gibng lua
dia phwong dwoc cung c&p béi Trung tdm bao tdn va phat trién ngudn gen cay trong (CCD-CGR). Két qua xac dinh
duwoc cé 3 mau gibng c6 kha nang khang cao(HR) va 15 mau gibng thé hién kha nang khang (R) vé&i ca hai isolate
TB4 va TN158. Déng thoi, 4 cap chi thj SSR dac hiéu RM587, RM510, RM153 va RM159 dwgc str dung dé xac dinh
2 gene khang labls1 va gBlsr5a. Két qua khao sat xac dinh dwoc 6 mau gidbng mang gen bls1 va 6 mau gibng mang
gen qBlsr5a, dac biét mau gidng 11189 mang ddng thoi ca hai gen. Két qua danh gia méi twong quan gitra kha nang
khang clia cdc mau gibng va két qua xac dinh kiéu gen da chi ra tinh khang htru hiéu cia gen bls1, trong khi gen
gBlsr5a khong thé hién rd tinh khang. Véi két quéd nay, cac mau gidng cé kha nang khang va khang cao déng thoi
mang gen bls1 cé thé s& dung nhw 1a ngudn gene trong céng tac chon tao gidng lta méi khang bénh dém soc.

T khéa: Bénh ddm soc vi khuén, chi thj SSR, gen khang, vi khudn Xanthomonas oryzae pv. oryzicola.
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1. INTRODUCTION

Bacterial leaf streak (BLS) in rice, caused
by Xanthomonas oryzae pv. oryzicola (Xoc), is a
destructive bacterial disease. BLS was first
discovered in the Philippines in 1918 and it has
become a disease of emerging
importance that constrains rice production in

serious

certain rice growing regions in China and
South/Southeast Asia. Xoc infection occurs in
the pollination period, leading to reduced
photosynthetic capacity of leaves and null-
panicles. BLS can damage yield loss up to 32%
under favorable conditions (He et al., 2012).

Utilization of resistance genes was one of
the best solutions for managing this disease in
rice. In Vietnam, some varieties were released
by introducing resistance gene elite cultivars,
for example BT7 carrying the Xa2l gene, and
DCG84 carrying the Xa7 and Xa2l genes are
resistant to bacterial leaf blight (BLB) disease.
However, there were limited results on BLS
disease. Around the world, there have been
several discoveries of resistance genes/QTL to
Xoc: Chen et al, (2006) detected one QTL
named as qBLSR-11-1 on chromosome 11 and
flanking markers were developed RM120 va
RM441; Han et al. (2008) identified another
gene, gBlsr5a, on chromosome 5 with a genetic
distance of about 2.4 ¢cM to flanking markers
RM153 and RM159 and this gene shared the
same locus with the xa5 gene; He et al. (2012)
detected the blsl gene on chromosome 6 in wild
rice, Oryza rufipogon, and flanking markers
RM587 and RM510 were developed with a
distance of about 4 cM.

Recently, a research group at the
Department of Molecular Biology and Applied
Biotechnology, Vietnam National University of
Agriculture (VNUA) conducted the first study
on isolating and identifying Xoc bacteria (Vu
Huy Minh et al, 2014) and evaluating the
genetic diversity of 23 isolates of Xoc from
several provinces of Northern Vietnam (Nguyen
Quoc Trung et al, 2015). We have also
preliminary data evaluating resistance to BLS
disease of blight resistance the genes Xa4, xab,
Xa7, Xal0, and Xa21 (Nguyen Quoc Trung et
al., 2016).

In Vietnam, the epidemiological factors and
pathotypes of BLS are rarely found in
independent studies on because BLS is always
combined with BLB. By screening genetic
resources for BLS disease resistance with
artificial inoculation and DNA markers, this
study will facilitate the conservation of local
varieties and a breeding program for resistant
rice varieties against BLSS in Vietnam.

2. MATERIALS AND METHODS
2.1. Materials

Fifty accessions were provided by the Center
for Conservation and Development of Crop Genetic
Resources (CCD-CGR), VNUA (Table 1).

BLS pathogens
Laboratory of Plant
International Plant Research Vietnam and Japan
(CIPR), VNUA, and included 2 isolates that had
high virulence: TB4 and TN158, collected in Thai
Binh and Thai Nguyen in the autumn season,
2014 (Nguyen Quoc Trung et al., 2015).

were provided by the

Breeding, Center of

Table 1. List of the 50 accessions used for characterizing BLS resistance

Accession code Accessions name Origin place
10244 CCD1 CCD-CGR
10252 CCD2 CCD-CGR
11342 CCD3 CCD-CGR
11512 CCD4 CCD-CGR
11521 CCD5 CCD-CGR
11541 CCD6 CCD-CGR
11610 CCD7 CCD-CGR
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11612
11651
11703
11807
11989
10255-2
11267-1
11298-2
HYT102
10983
11059
11187
10095
11048
11049
10546
10281
11087
11088
11091
11094
11098
11189
11191
11195
11203
11204
11215
11216
11227
11080-1
11092
11095-2
10689
11063
11071
11073
11076
11080
11082
11084
11180-2
10134-2

CCD8

CCD9

CCD10

CCD11

CCD12

CCD13

CCDh14

CCD15
Advanced cultivar
Khéu tan pém

Pe 16n

Nép Thom

Nép Be Lanh2
Khéng tén

Nha Pao

Cai Xanh

Khai Vai Ruong
Ble chua

Ble t& d&

Télia

Nép Tla Chua dang 1
Nép Tla Chua dang 2
Chiém Sanh Cam Khé
Té cAdm dang 1
Nép cdm

Té Rau 2

Té Rau 3

Khau cam pi 1
Khau cam pi 2
Nép cdm

Nép Mai Son

Té nwong 64

Ble Chua

Té Thom

Dang khac ctia Plénh dé

Dang khac cua pelanh méo

Pe lanh méo
Nép cdm
Nép Mai Son
Nép cdm
Nép cdm
Nép cam

Lua Tién wu

CCD-CGR
CCD-CGR
CCD-CGR
CCD-CGR
CCD-CGR
CCD-CGR
CCD-CGR
CCD-CGR
CCD-CGR

Tuan Giao, Dien Bien
Tuan Giao, Dien Bien
Lai Chau

Muong Lay, Lai Chau
Than Uyen, Lai Chau
Than Uyen, Lai Chau
Lao Bao, Nghe An
Tam Nong, Phu Tho
Phong Lai, Son La
Phong Lai, Son La
Phong Lai, Son La
Phong Lai, Son La
Phong Lai, Son La
Phu Yen, Son La
Phu Yen, Son La
Phu Yen, Son La
Phu Yen, Son La
Phu Yen, Son La
Phu Yen, Son La
Phu Yen, Son La
Phu Yen, Son La
Tuan Giao, Son La
Tuan Giao, Son La
Tuan Giao, Son La
Thuan Chau, Son La
Thuan Chau, Son La
Thuan Chau, Son La
Thuan Chau, Son La
Thuan Chau, Son La
Thuan Chau, Son La
Thuan Chau, Son La
Thuan Chau, Son La
Thuan Chau, Son La
Yen Binh, Yen Bai

Dang Ngoc Trung, Do Huy Loc, Nguyen Quoc Trung
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2.2. Methods

2.2.1. Field layout

The experiment was carried out in a
randomized complete block design. Seeds were
soaked for 48 hours at 30°C and incubated for
24 hours at 30°C before sowing on a tray.
Seedlings were transplanted at a rate of 10
plants per accession. The plants were
transplanted at a distance of 20 cm between
plants in a row and the rows were 25 cm apart

in the field layout.

2.2.2. Inoculation methods

Rice plants were artificially inoculated at the
maximum tillering stage; inoculation was carried
out using a syringe (Reimers and Leach, 1991;
with slight modification by Trung N.Q et al,
2016). Xoc was cultured on PeSA medium with (in
grams per litter) sucrose 10, sodium glutamate 1,
peptone 10, and agar 20, at pH 7.0 at 28°C for 3
days. Xoc colonies were diluted in distilled water
at standardized concentrations (OD600nm = 0.5).
Inoculum was injected on the underside of the leaf
using a 1 ml syringe containing 0.25 ml of fluid.
Two leaves at same age from each plant were

inoculated at 3 sites per leaf (Figure 1).

In order to evaluate the resistant pattern to
Xoc, lesion length on the leaves was measured
at 13 days post inoculation.

2.2.3. DNA extraction

Leaves collected 30 days
transplanting and free-dried before extracting
DNA wusing the potassium acetate protocol
(Dellaporta et al., 1983). Leaves were cut into 0.5-
1.0 cm pieces in each well of the plate. Samples
were ground by the Multil-Beads Shocker at 1800
rpm for 60 seconds, and replicated 2 times.
Extraction buffer (600 ul, at 65°C) was added and
then each tube was incubated at 65°C for 45
minutes in a water bath. Potassium acetate 5M
(200 ul) was added, then each tube was put on ice
for 30 minutes. The tubes were centrifuged at
9000 rpm for 15 minutes at 4°C and supernatant

were after

was transfered (about 400 ul) into new a tube.
Isopropanol was added with same volume and
centrifuged at 9000 rpm for 30 minutes at 4°C.
Supernatant was gently poured off and the DNA
pellets were lightly dried. Pellets were washed
with 70% ethanol, dried thoroughly, and
redissolved in 50 pl TE 0.1x.

Lesion length

Figure 1. a)Inoculum was injected on the underside of the leaf;

b) Levels of resistance/susceptibility to Xoc on leaves; ¢c) The measurement of a lesion length

Table 2. Level of resistance/susceptibility to Xoc

Level Length lesion
Highly resistant (HR) 0-0.5cm
Resistant (R) >0.5-1.0cm
Moderately resistant (MR) >1.0-2.0cm
Moderately susceptible (MS) >2.0-3.0cm
Susceptible (S) >3.0cm
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Figure 2. Position of the qBlsr5a and blsl genes and the linked SSR markers on the short
arms of chromosome 5 and 6 following Han et al., 2008 and He et al., 2012, respectively

Table 2. List of markers linked to resistance genes

Marker name Sequence Annealing temperature  Product size

RM587 Forward: ACGCGAACAAATTAACAGCC 55°C 217 bp
Reverse: CTTTGCTACCAGTAGATCCAGC

RM510 Forward: AACCGGATTAGTTTCTCGCC 55°C 122 bp
Reverse: TGAGGACGACGAGCAGATTC

RM153 Forward: GCCTCGAGCATCATCATCAG 55°C 201 bp
Reverse: ATCAACCTGCACTTGCCTGG

RM159 Forward: GGGGCACTGGCAAGGGTGAAGG 55°C 248 bp

Reverse: GCTTGTGCTTCTCTCTCTCTCTCTCTCTC

2.2.4. PCR conditions

PCR technique was conducted to detect
resistance genes with specific markers as in
Table 2. We used two pairs of primers, RM587-
RM510, to detect the bls1 gene on chromosome
6, and two pairs of primers, RM153-RM159, to
detect the qBlsrba gene on chromosome 5
(Figure 2). All SSR primer sequences were
created according to Mc Couch et al. (2002).

PCR conditions: 95°C for 3 minutes, and 35
cycles of 94°C for 30 seconds, 55°C for 30
seconds, 72°C for 30 seconds and 72°C for 7
minutes. PCR products were analyzed by
electrophoresis with agarose gel 4% mixed with
ethilium bromide 0.5 pg/ml, at 250V for 45
minutes and observed under UV light.

3. RESULTS AND DISCUSSION
3.1. Results

3.1.1. Evaluation of BLS resistance

The results of artificial inoculation with 2
isolates, TB4 and TN158, after 13 days is shown
in Figure 3.

Results inoculation with
distilled water as a control showed that all of
the wounds did not have any lesions (Figure 4).
The reaction pattern of IR24 (known as a
sensitive variety) to Xoc showed that IR24 was
S with both isolates. The average length of the
lesion with isolate TB4 was about 3.71 cm and
about 3.26 cm with isolate TN158. The range of
the lesion lengths with isolate TB4 was

of artificial
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distributed from 0.4 cm to 3.96 cm, and from
0.33 cm to 3.45 cm with isolate TN158. These
results showed that the virulence of TB4 was
stronger than the virulence of TN158.

Reaction patterns of the 50 accessions
mnoculated with isolate TB4 showed that 3 were
HR, 9 R, and 27 MR. Inoculation with isolate
TN158 revealed 3 accessions were HR, 17 R,
and 20 MR. Of these, accessions 11227, 11267-
1, and 11298-2 were HR, 15 R, and 22 MR,
respectively (Table 3).

3.1.2. Characterization of the resistance
gene with SSR makers

Rice accessions containing the blsl
resistance gene were defined simultaneously by

two pairs of primers RM587-RM510, and the
PCR products had specific bands sized 217 bp

. @TB4 OTN158

Lesion length (cm)
I ™ w
[ [$,] N [$,] w 4]

o
&

o

and 122 bp, respectively (Figure 5).

There were 6 accessions containing the blsl
gene: 10255-2, 11204, 11267-1, 11189, 11298-2,
and 11216. In the 6 accessions above, 3
accessions, 11204, 11189, and 11216, were
collected from Phu Yen, Son La.

Rice accessions containing the gBlsrba gene
were identified by two pairs of primers RM153
and RM159. Specific amplification by PCR using
RM159 was not successful. Based on the results
of PCR using RM153, there were 6 accessions
containing the qBlsr5a gene (Figure 6).

There were 6 accessions containing the
gBlsr5a gene: 11088, 11203, 11082, 11049,
11189, and 11094. Of these, 5 accessions, 11088,
11203, 11082, 11189, and 11094, were collected
from Son La province, and accession 11049 was
collected in Lai Chau province.

Figure 3. Chart showing the length of lesions measured at 13 days after inoculation (mm)

SPRING SEASON, 2016

Isolate TB4

220

A

5 200 210

o
[

11989 11094

Isolate TN158
i
i
11227 11989

Figure 4. Lesion lengths of some accessions in the Spring season,

2015 with H,0 injection as control

Note: DC: Control; 11227: Short lesion; 11989: Medium lesion; 11094: Long lesion
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Table 3. Distribution of lesion lengths on leaves of the 50 accessions
with isolate TB4, isolate TN158, and both isolates

Level of BLS resistance Isolate TB4 Isolate TN158 Both
Highly resistant (HR) 3 3 3
Resistant (R) 9 17 15
Moderately resistant (MR) 27 20 22
Moderately susceptible (MS) 5 8 7
Susceptible (S) 6 2 3

RMS510

Figure 5. Results of PCR amplification of the 50 accessions
with RM587-RM510 markers with IR24 as the negative control

- = - -
R . - gy .

RM153

Figure 6. Results of PCR amplification of the 50 accessions with IR24
as the negative control

3.2. Discussion

To analyze the correlation between the
reaction patterns and genotypes, the reaction
patterns and genotypes of the bls1 and gBlsr5a
loci of the 50 accessions were compared, as
shown in Table 4.

In the 6 accessions containing the blsI gene, 2
showed HR, 3 R, 1 MR, and there were no
accessions showing S. In contrast, in the 6
accessions containing the gBlsr5a gene, 2 showed
R, 2 MR, 2 S, and there were no accessions
showing HR. We found that accession 11189
showed R and contained both genes.

Based on the correlation analysis between
the reaction patterns and genotypes, it was
revealed that the blsl gene had
resistance to Xoc. The research of He et al

effective

(2012) also indicated that rice lines containing
the bls1 gene were highly resistant to Xoc. In
contrast, the qBlsr5a gene did not show clear
resistance ability, while Han et al (2008)
showed that qBlsr5a had the largest effect on
the resistance to Xoc. This might be due to the
BLS pathogens

difference between the in

Vietnam and China.
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Table 4. Correlation between reaction patterns and genotypes

Code bls1 gBlsr5a TB4 TN158 No. Code bls1 gBlsr5a TB4 TN158
11267-1 + - HR HR 26 11195 - - MR MR
11227 - - HR HR 27 11073 - - MR MR
11298-2 + - HR HR 28 11098 - - MR R
11189 + + R MR 29 11076 - - MR MR
11204 + - R R 30 11048 - - MR MS
11342 - - R R 31 11703 - - MR MR
11080 - - R R 32 10244 - - MR
11187 - - R R 33 11989 - - MR
11521 - - R R 34 10546 - - MR
11612 nd - R MR 35 10689 - - MR MR
11216 + - MR R 36 11512 - nd MR MR
11082 - + MR 37 11807 nd = MR MR
10255-2 + - MR MR 38 10281 nd - MR MR
11203 - + MR MR 39 HYT102 - - MS MR
11049 - + MR MS 40 11063 - = MS MS
11092 - - MR MR 41 10095 - - MS MS
10134-2 - - MR R 42 11651 - - MS MS
10983 - - MR MR 43 11087 - - MS MS
11191 - - MR R 44 11059 nd - MS MR
11610 - - MR MR 45 11080-1 - - S MS
11215 - - MR R 46 11071 - - S MS
10252 - - MR MR 47 11088 nd + S MS
11084 - - MR MR 48 11094 nd + S
11541 - - MR R 49 11091 - nd S
11095-2 - - MR MR 50 11180-2 nd - S MS

Note: (+) containing resistance gene. (-) not containing resistance gene. (nd) no data

There were several accessions shown to be
HR to Xoc but those did not contain either gene,
and could be explained by the existence of other
resistance genes. These genetic resources have
the high potential for BLS resistance and
need to studied further for mapping novel
resistance genes.

4. CONCLUSION

Characterization of the reaction pattern to
Xoc in 50 local rice accessions with two isolates
revealed that 3 accessions were HR and15 R.

Results of genotyping the resistance genes
showed that 6 accessions were found containing
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the blsl gene, and 6 accessions were found
containing the gBlsrb5a. Of these, accession
11189, collected from Phu Yen, Son La,
contained both genes.

The resistance ability of the blsl gene was
highly effective against isolates of Xoc in
Vietnam. Therefore, these two closely linked
markers, RM587 and RM510, may be used for
selection (MAS) of BLS

resistant lines in rice breeding.
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