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ABSTRACT

This study investigated the diversity and distribution of the bacterial leaf blight (BLB)
pathogen, Xanthomonas oryzae pv. oryzae (XOO) population in the diverse rice ecosystem
of Chiang Rai province, Thailand. A total 274 XOO isolates were collected during 2016 to
2019 from 18 surveyed districts in the province. Representative isolates of each district were
selected and physiological race analysis conducted on 11 near isogenic lines (NILs) with
single BLB resistance genes. A total of 47 physiological races of XOO were identified, with the
highest number of races found in Phan (26 races) and Chiang Saen (20 races). Rice with the
xab resistance gene had broad-spectrum resistance to the pathogen population (76.3%),
followed by Xa7 (62.4%), Xa21 (33.6%), and Xal1l (31.4%). Most of the isolates were in
race 8 (SSSRRSSSSSS) (27.37%), followed by race 27 (SSSRRSSSSSR) (12.41%), and race 17
(SSSSSSSRRSS) (10.22%). Sixteen races were found to be able to infect NILs with the xa5
gene, and these isolates were isolated from rice varieties RD6 and KDML 105 in Phan and

Chiang Saen districts. The 47 races were grouped into three clusters based on the similarity
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coefficient of the reaction response on rice
with BLB resistance genes. The number of
isolates and the effective controlling gene in
cluster 1, 2, and 3 were 74 (xa5), 170 (xa5),
and 30 (xa5 and Xa7) isolates, respectively.
This study provides valuable information on
the diversity and and distribution of XOO
races in Chiang Rai province, which can be
used to manage new rice resistant cultivars

for a sustainable controlling of BLB.
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Table 1 Infected rice varieties and XOO collection from 16 districts in Chiang Rai province,

Thailand
Year District (No. isolates . L . . .
Rice varieties showing XOO infection
(Isolates)  collected)
2559 Chiang Sean (181) RD6, RD14, RD15, RD49, San-pah-tawng 1
(1,198) Chiang Khong (83) RD6, RD15, San-pah-tawng 1, Phitsanulok 2
Doi Luang (29) RD6, RD15
Khun Tan (44) RD6, RD15, Thunya-sirin
Mae Chan (78) RD6, RD10, RD14, Khao Yipun, Riceberry
Mae Fah Luang (0) na
Mae Lao (22) Khao Yipun
Mae Sai (68) RD6, RD14, Pathumthani 1, San-pah-tawng 1
Mae Suai (62) RD6, Khao Yipun, San-pah-tawng 1
Mueang (123) RD6, RD14, RD49, KDML105, Niaw Ubol, Riceberry
Pa Daet (38) RD6, RD14, RD15
Phan (130) RD6, RD15, Khao Yipun, Phitsanulok 2, KDML105, San-pah-tawng 1
Phaya Mengrai (56) RD6, Riceberry, San-pah-tawng 1
Thoeng (86) RD6, RD15, RD41
Wiang Chai (79) RD6, RD10, RD14, RD49, Red Glutinous rice, Mae Jo 2, Khao Yipun,
Pathumthani 1, Phitsanulok 2
Wiang Chiang Rung (94) RD6, RD15, Khao Yipun
Wiang kaen (0) na
Wiang Pa Pao (25) Khao Yipun
2560 Chiang Sean (113) RD6, RD15, Phitsanulok 2
(1,535) Chiang Khong (45) RD6, RD15, San-pah-tawng 1
Doi Luang (21) RD6, RD15, KDML105
Khun Tan (39) RD6
Mae Chan (104) RD6, RD15, RD49, KDML 105, San-pah-tawng 1, Rice berry, Pathumthani 1,
DOA 2
Mae Fah Luang (0) na
Mae Lao (31) RD6, DOA 2
Mae Sai (246) RD6, RD49, San-pah-tawng 1, Pathumthani 1, Mae Jo 2, Phitsanulok 2,
KDML105, Mali Dang
Mae Suai (97) RD6, RD15, San-pah-tawng 1, Rice berry, Thunya-sirin
Mueang (105) RD6, RD10, RD49, Mae Jo 2
Pa Daet (141) Niew Keiw Ngoo, RD6, RD15, San-pah-tawng 1, Phitsanulok 2, KDML105
Phan (237) RD6, RD15, RD10, Phitsanulok 2, KDML105, DOA 2, Rice berry, Hom Nil
Phaya Mengrai (72) Kaow Jao, RD6, RD15, San-pah-tawng 1, KDML105
Thoeng (94) RD6, RD15, San-pah-tawng 1
Wiang Chai (75) RD6, RD49, DOA 2, Rice berry, KDML105, Mae Jo 2
Wiang Chiang Rung (81) RD6, RD15, KDML105, Rice berry
Wiang kaen (0) na
Wiang Pa Pao (34) RD6, DOA 2,
2561 Chiang Sean (1593) Pathumthani 1, RD6, RD15, KDML105
(2,843) Mae Sai (455) Pathumthani 1, KDML105, RD6, Hom Nil, San-pah-tawng 1, Rice berry
Mueang (186) RD6, KDML105, Rice berry, Phitsanulok 2, Pathumthani 1
Phan (436) RD6, RD15, KDML105, DOA 2, San-pah-tawng 1
Thoeng (173) Rice berry, RD15, KDML105
2562 Chiang Sean (108) KDML105, RD6, RD15, Mae Jo 2
(212) Mae Sai (20) RD6
Phan (84) RD6, KDML105

na = not found Xanthomonas oryzae pv. oryzae
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Figure 1 Agarose gel electrophoresis of products from polymerase chain reaction (PCR) performed

on DNA of Xanthomonas oryzae pv. oryzae (XOO) with 165-23S rDNA specific primers

of XOR-F and XOR-R2. lane M = Middle range markers; lane 1 = X. oryzae pv. orizicola

TS8203, lane 2 = positive control (XOO-DOA), lane 3 = non template control and lane

4-50 = amplification products at approximately 470 bp of XOO samples
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59XOCRMS1-3

IRBB1 IRBB3 IRBB4 IRBBS5 IRBB7 IRBB8 IRBB10 IRBB11IRBB13 IRBB14 IRBB21

S S S S S S S S R S S

Figure 2 Examples of physiological race assessment based on XOO (59XOCRMS1-3) interactions
with 11 near-isogenic lines (NILs) harboring XOO resistance genes Xal(IRBB1), Xa3
(IRBB3), Xa4 (IRBB4), xa5 (IRBB5), Xa7 (IRBBT), xa8 (IRBB8), Xa10 (IRBB10), Xall (IRBB11),

xal3 (IRBB13), Xa14
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Figure 3 Frequency and distribution of Xanthomonas oryzae pv. oryzae races in Chaing Rai
and effectiveness of each resistant gene. (A) Distribution mapping of XOO races, (B)

The frequency of 47 races, (C) Effectiveness of each resistant gene against XOO
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Table 2 Race distribution of Xanthomonas oryzae pv. oryzae in each district in Chiang Rai

province

Race No. of isolate of each race / district No. of
CS CK KT DL MJ ML MS MSO MU PD PA PM TE WC WR WP isolate

Race 1 (SSRRRSSRRRR) = = - - - - 1 - - - = = - = = =
Race 2 (SSRRRSSRRSR) 1 - - - - - - - - - - - - - - -
Race 3 (SSRRRSSRSSR) = & - - 1 - - - = < = = g 2 1
Race 4 (SSRRRSSSSSR) 1 = 2 - - - = = o =
Race 5 (SSRRSSSSSSS) = = 1 - - - = = - .
Race 6 SSSRRSSSSRR) = - - - - - - - - -
Race 7 (SSSRRSSSSRS) 2 - - - - - 3 - 1 1 - - - 1 - =
Race 8 (SSSRRSSSSSS) 20 = = - 3 1 6 4 7 2
Race 9 (SSSRSSSSSSR) 5 1 = 1 - - - - = -
Race 10 (SSSRSSSSSSS) 16 - - - - - 1 - - -
Race 11 (SSSSRRSRRSR) - - - - - - = - = =
Race 12 (SSSSRRSRRSS) 1 = - - = - = = =
Race 13 (SSSSRSSSRSS) = - - - - - = - - -
Race 14 (SSSSSRRSRSS) = - - - - - = g = 2
Race 15 (SSSSSRSRRSS) 5

Race 16 (SSSSSSSRRSR) 1 = - - - = - 1 = =
Race 17 (SSSSSSSRRSS) 7

Race 18 (SSSSSSSRSSS) - - - - - - = 1 = =
Race 19 (SSSSSSSSRSR) - - - - - - = = = =
Race 20 (SSSSSSSSRSS) 1 - = - - - 3 2 - -
Race 21 (SSSSSSSSSSS) = - - - - - - - - -
Race 22 (SRSRSRSRRSR) 1 - - - - = = = = = = - = = x -
Race 23 (SSSSSRSRRSR)
Race 24 (SSSSSRSSRSS) = = - - - - - - = = 1

Race 25 (SSSSSSRSRRS) = & - - - - - g = < 1

Race 26 (SSSSSSSRRRR) = = - - - - - - - - 1 = = = a _
Race 27 (SSSRRSSSSSR) 10 5 2 1 4 2 2 - 1 1 2

Race 28 (SSSRRRSSSSR) 2 = - - - 1 - - = = - - - - - -
Race 29 (SSSRSSSRRSR) 1 - - - - £ = g = = 5 = % 5 e =
Race 30 (SSRRRSSSSSS) = = 5 - - - - 1 - - = = = = = -
Race 31 (SSRRRSSRSSS) = = - - - - - - - = 3

Race 32 (SSRRSSSRSSS) = - - - - - - - - - 1 - - - - 1
Race 33 (SSSRRSSRSSR) 1 2 1 1 1 1 - - - - 2

Race 34 (SSSRRSSRSSS) 2 = - - - 2 - - = = = = = = = 1
Race 35 (SSSRSSSRRSS) 1 - - - - - = - - - - - - - - -
Race 36 (SSSRSSSSRSS) = & - - - - - - - - 1 = = ) z =
Race 37 (SSSSSRSRRRS) 1 - - - - = = = o = = o = = = ”
Race 38 (SSSRRSSSRSR) = = - - - - - - - - 1 = - = = =
Race 39 (SSRRRRSSSSR) - - - - - = = - - - - - - - - 1
Race 40 (SSRRSSSSSSR) - - - - - & = g = z = = = 5 z 1
Race 41 (SSSRSRSRSSR) - - - - - = = = = - & - - = 1 "
Race 42 (SSSRSSSRSSS) = = - - - 1 - - - = - = = - - -
Race 43 (SSSRRRSRSSR) - 1 - - - - - - - - - - - - - -
Race 44 (SSRRRSSRSRR) - - - 2 - - = - = = = = = = = =
Race 45 (SSRRRRSRSRR) - - - 1 - - = = = - = = = = - -
Race 46 (SRSRRSSSSSR) = - = - 1 1 = - - - - - - 1 - -
Race 47 (SSSRRSRRSSS) = = - - - - - 1 - - - - - - - -
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Total race no. in each district 20 4 5 5 5 7 8 7 3 3 26 2 3 4 3 7

Total XOO isolates in each district 82 9 11 6 10 9 18 21 9 4 51 7 7 9 12 9

' Physiological race based on XOO interactions with 11 near-isogenic lines (NILs) harboring XOO resistance genes Xal, Xa3,
Xad, xab, Xa7, xa8, Xal0, Xall, xal3, Xal4, and Xa21

R = Resistance reaction, S = Susceptible rection, CK = Chiang Khong, CS = Chiang Saen, DL = Doi Luang,

KT = Khun Tan, MJ = Mae Chan, ML = Mae Lao, MS = Mae Sai, MSO = Mae Suai, MU = Mueang, PA = Phan,

PD = Pa Daet, PM = Phaya Mengrai, TE = Thoeng, WC = Wiang Chai, WP = Wiang Pa Pao and WR = Wiang Chiang Rung
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Figure 4 Dendrogram showing the similarity and clustering of 274 isolates of X. oryzae pv.

oryzae, based on their virulence on 11 NILs rice lines. The dendrogram calculated by

Jaccard similarity coefficient and clustering with neighbor joining method with DARwIn6

program
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