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ABSTRACT

Xanthomonas oryzae pv. oryzae (Xoo), the causal organism of bacterial blight,
exhibits genetic diversity and adapts continuously to overcome rice varieties with inherent
resistance to this disease. To effectively manage bacterial blight, rapid and high-throughput
diagnostic tools are essential for monitoring changes in Xoo populations across different
regions. In this study, we aimed to develop molecular SNP markers using data from
housekeeping gene clusters in Xoo. We analyzed 50 Xoo strains collected during 2008 - 2018
from rice cultivation areas in 14 provinces of Thailand. We designed Xoo-SNPs (single
nucleotide polymorphisms) to enable high-throughput multiplex detection based on
MassARRAY technology. Our research successfully developed 9 SNP positions derived from
eight housekeeping genes (Dnak; ¢lus, leuA, pyk, pyrH, RecA, rpoB, and tpiA). These markers
effectively tracked Xoo populations, representing 33 races prevalent in Thailand, within
a remarkable turnaround time of 2 days, excluding the sample preparation step. Furthermore,
our approach allowed the simultaneous examination of up to 45 samples per day. Notably,

the developed Xoo-SNPs MassARRAY-based markers not only differentiated Xoo strains
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based on their pathogenicity toward rice
varieties carrying the xa5 resistance gene
but also identified markers specific to the
geographical origin of the strains in provinces
such as Nakhon Si Thammarat, Buriram,
Roi Et, Sukhothai, and Chiang Rai. However,
no significant correlation was observed
between the SNP markers designed from
housekeeping genes and the race-specific

or disease severity characteristics.

Keywords: bacterial blight disease; housekeeping
genes; MassARRAY; SNP marker; Xanthomonas
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Figure 1 Dendrogram of 50 Xoo strains based on reaction to 11 NIL lines using neighbor-

joining tree method (highlight boxes = resistance reaction, no highlight = susceptible

reaction)

Thai Agricultural Research Journal Vol. 42 No. 3 September - December 2024 293



Table 1 Number of nucleotide and amino acid variations of housekeeping genes and cluster

analysis based on nucleic acid sequence of individual gene

Gene Size(bp) Product

No. of nucleotide No. of amino acid No. of clusters by

variation variation maximum likelihood

clpA 2211 ATP-dependent Clp protease ATP-binding subunit ClpA
DnaK 1926 chaperone protein DnaK

Efp 552 translation elongation factor P

FusA 2073 translation elongation factor G

Gap 1002 glyceraldehyde-3-phosphate dehydrogenase, typel
GlnA 1404 glutamine synthetase, type |

olus 1404 glutamyl-tRNA synthetase

glyA 1254 serine hydroxymethyltransferase

GyrB 2445 DNA gyrase subunit B

leuA 1476 2-isopropylmalate synthase

proC 861 pyrroline-5-carboxylate reductase

pyk 1401 pyruvate kinase

pyrH 723 uridylate kinase

RecA 1035 protein RecA

rho 1890 transcription termination factor Rho

rpoB 4152 DNA-directed RNA polymerase, beta subunit
rpoD 1890 RNA polymerase sigma-70 factor

tpiA 756 triosephosphate isomerase

1
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¥938u GyrB (Figure 3E) @runsandaidoly
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GryB DnaK

A B
Figure 2 Phylogenetic tree clustering based on nucleic acid sequence of selected
housekeeping genes of 50 Thai Xoo strains, (A) Phylogenetic tree of GyrB gene,
(B) Phylogenetic tree of DnaK gene

Table 2 List of twelve SNP primers from housekeeping genes for SNP-Xoo MassARRAY based

primer development

SNP Gene SNP SNP Amplicon
Remark
name name  position (reference/alternate)  size (bp)
Separate members from Chiang Rai and infected IRBB5 (xa5) except 2
03 DnaK_161 DnaK 161 G/A 130
- - isolates (60XOCRCSL5-2, 59XOCRMS1-9)
18 glus_659  slus 659 A/G 92 Separate members from Sukhothai (SK2-3F, SK2-3M, SK2- 3R)
12_glyA 1020 glyA 1020 G/A 114 Separate members from Buriram (3XOBR2-2, 3XOBR5-1, XOBR2-2)
01_GyrB_1602 GryB 1602 G/C 109 Separate members from Roi Et (2XORE1-14, XORE1-1)
01_GyrB_1962 GryB 1962 C/A 133 Separate members from Sukhothai (SK2-3F, SK2-3M, SK2- 3R)
Separate members from Chiang Rai and Sukhothai, infected IRBB5 (xa5)
15 leuA 120 leuA 120 T 115
- - except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
Separate members from Chiang Rai and infected IRBB5 (xa5) except 2
14 pyk 511  pyk 511 G/A 130 )
-0 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
14 pyk 718  pyk 718 C/A 105 Separate members from Roi Et (2XORE1-14, XORE1-1)
17_pyrH_ 144 pyrH 144 AG 93 Separate members from Nakhon Si Thammarat (XONS2-1, XONS3-2)
Separate members from Chiang Rai and infected IRBB5 (xa5) except 2
07_RecA 153  RecA 153 G/C 98
- - isolates (60XOCRCSL5-2, 59XOCRMS1-9)
09_rpoB_3593 rpoB 3593 G/C 100 Separate members from Buriram (XOBR2-2, 3XOBR2-2)
10 _tpiA 337  tpiA 337 T/C 140 Separate members from Nakhon Si Thammarat (XONS2-1, XONS3-2)
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19-sha 688
T

Figure 3 Phylogenetic tree clustering based on nucleic acid sequence of individual SNP
position of 12 selected housekeeping genes of 50 Thai Xoo strain, (A) DnaK at
position 161, (B) gluS at position 659, (C) glyA at position 1020, (D) GryB at position
1602, (E) GryB at position 1962, (F) leuA at position 120, (G) pyk at position 511, (H)
pyk at position 718, (I) PyrH at position 144, (J) RecA at position 153, (K) rpoB at
position 3593, (L) tpiA at position 337
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Figure 4 Types of the difference peak intensities base call of SNP primers in the MassARRAY

assay, (A) Correct base call primer, (B) Miscalls primer, (C) No-call primer
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Tngliitusmduneunsseniduevents an
Wedtanansansiaaouldunia 45 fheg/u
m’%lammaimaqa X00-SNP MassARRAY based
$1u7U 9 fue flenuuuaIn housekeeping
genes 91U 8 Bu LAWA DnaK gluS leuA
pyk pyrH RecA rpoB Wag tpiA @1d1s0n939
Usz1n3L80 Xoo $1u2 50 maﬁ’ué%uﬂu
Funuved 33 races Tisvurluuszmndlng lng
wuTn dwineeaneluanadinanaiunga

JEUANUAUHUST LIS AULVAITINVBUTDN

& vV [

3. UASAISITUTIY UITUE Touidn gluvie waz
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\AsoanInelalana SNP aankuuaInnguey
housekeeping genes lulainay Fuwusiu
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Table 3 Summary results of twelve SNP markers for genotyping 50 Thai Xoo strains based on

MassARRAY technology

Genomic DNA of 50 strains

SNP primer Gene SNP Reference Alternate

Potential of

Miss call ) Remark
name (ref/alt) allele allele SNP primer
A frequency
frequency frequency
8 Separate members from Chiang Rai and infected IRBB5 (xa5)
03 DnaK 161 DnaK G/A G 100% (37/37) A 100% (13/13) / .
- - except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
18 gluS 659 slus A/G A100% (47/47) G 100% (3/3) / Separate members from Sukhothai (SK2-3F, SK2-3M, SK2- 3R)
c Separate members from Buriram (3XOBR2-2, 3XOBR5-1, XOBR2-
12_glyA 1020 glyA G/A G 98% (47/46) A 0% (3/0) 8% (4) - 2)
01_GyrB 1602 GryB G/C G 58% (48/28) C 50% (2/1) 42% (21) Separate members from Roi Et (2XORE1-14, XORE1-1)
01 GyrB 1962 GryB /A CO0% (3/0) A94 % (47/44)  12% (6) Separate members from Sukhothai (SK2-3F, SK2-3M, SK2- 3R)
Separate members from Chiang Rai and Sukhothai, infected
15 leuA 120 leuA /T C100% (16/16) T 100% (34/34) / .
- - IRBB5 (xa5) except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
Separate members from Chiang Rai and infected IRBB5 (xa5)
14 pyk 511 pyk G/A G 100% (37/37) A 100% (13/13) / )
- except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
14 pyk 718 pyk C/A C100% (48/48) A 100% (2/2) / Separate members from Roi Et (2XORE1-14, XORE1-1)
Separate members from Nakhon Si Thammarat (XONS2-1,
17 _pyrH_144 pyrH AG A 100% (48/48) G 100% (2/2) /
- - XONS3-2)
Separate members from Chiang Rai and infected IRBB5 (xa5)
07_RecA 153 RecA G/C G 100% (37/37) C 100% (13/13) /
- - except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
09_rpoB_3593 rpoB /T C100% (48/48) T 100% (2/2) / Separate members from Buriram (XOBR2-2, 3XOBR2-2)
. . Separate members from Nakhon Si Thammarat (XONS2-1,
10_tpiA_337 tpiA T/C T 100% (48/48) C 100% (2/2) / XONS3-2)

A: The number of isolates in which a given SNP allele was identified

B: SNP markers can detect Xoo strains and show specific results according to the primer design

C: SNP markers show miscall and no-call results and cannot detect Xoo strains in some positions

AYBUAN
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