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Rice blast disease caused by the fungus Pyricularia oryzae is considered as one of the severe diseases, leading to reduce tremendous
rice productivity in its cultivated areas of Tailand. Due to the rapid evolution and high genetic diversity of the pathogen, the
innate rice resistance (R) genes associated with defense mechanisms are signifcantly considered as the most important for rice
breeding program to create new rice varieties, resistant to blast disease. Tis study aimed to investigate the rice blast R genes (Pi9,
Pib, and Pi-ta) in 98 landrace rice germplasms collected from three diferent provinces in lower northernTailand, Phichit (PCT),
Phitsanulok (PLK), and Sukhothai (STI) through PCR assay. Te results showed that the Pi-ta gene was presented in 29 diferent
varieties, making it the most widespread, whereas the Pi9 and Pib genes were found in 28 and 25 varieties, respectively. Te
distribution percentage of studied genes in PLK and STI germplasms is higher than in PCTgermplasms. Interestingly, only eight
landrace rice varieties (varieties no. 46, 47, 48, 51, 66, 76, 81, and 90) collected from PLK and STI germplasms contain all of these
three resistance genes. Tis fnding provided the genetic information and diversity of the R genes across landrace rice varieties in
the lower north ofTailand. Moreover, these R genes could be useful as genetic resources for rice improvement with resistance to
blast disease through breeding program in the future.

1. Introduction

Pyricularia oryzae (Ascomycota, syn. Magnaporthe ory-
zae) [1] is one of the major fungal pathogens causing rice
blast disease (RBD) worldwide [2]. Symptomatic RBD is
appeared in many parts of rice seedlings (Oryza sativa L.),
such as leaf, stem, and node, resulting in a severe re-
duction of growth development and yield of rice [3].
Generally, the RBD management in rice feld could be
controlled by using antifungal agents such as azoxystrobin

and tricyclazole [4]. However, the application of these
agents has been still an inefective strategy and leads to the
environmental pollution [5]. Notwithstanding, the
pathogenic Pyricularia is highly divergent in genetic
patterns [6], causing the rapid outbreak and transmission
in rice cultivation areas to other adjacent areas. To prevent
outbreak and transmission of pathogenic Pyricularia in
rice for long-term control of RBD, the rice varieties with
RBD resistance would be an efective strategy for long-
term control of this disease [7].
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Tree major resistance (R) genes associated with RBD
were known as Pia, Pii, and Pik. Over the past decade, more
than 100 R genes had been identifed across rice chromo-
somes, except for chromosome 3 [8, 9]. Of these, the R genes
were categorized into 5 groups based on their encoding
proteins: (1) nucleotide-binding site leucine-rich repeat
(NBS-LRR), e.g., Pib located on chromosome 2, Pi9 located
on chromosome 6, Pi-ta located on chromosome 12; (2)
coiled-coil-nucleotide-binding site leucine-rich repeat (CC-
NBS-LRR), e.g., Pit located on chromosome 1, Pi25 located
on chromosome 6, Pia located on chromosome 11; (3)
proline-rich metal binding protein, e.g., pi21 located on
chromosome 4; (4) B-lectin receptor kinase, e.g., Pi-d2 lo-
cated on chromosome 6; and (5) atypical protein with an
armadillo repeat, e.g., Ptr located on chromosome 12 [9].

Te rice blast resistance gene is involved in plant cell
defense mechanisms against the fungal pathogen in-
vasion. Tere are fve main functions of the R genes oc-
curred via their encoding proteins. For example, the rice
blast resistance Pi9 gene encodes the NBS-LRR protein [9]
which is involved in upregulating the transcriptional
activation of kinases, JA-ET hormones, chitinases, gly-
cosyl hydrolases, lipid biosynthesis, pathogenesis, and
secondary metabolism-related genes to trigger the cell
signaling pathway for preventing the infection [10]. Rice
blast resistance Pi-ta gene encoded a protein, cytoplasmic
membrane receptor protein containing NBS-LRR do-
mains [11], functioning via the direct interaction of the
LRR domain to another protein, neutral zinc metal-
loprotease encoded by an avirulent-Pi-ta (AVR-Pi-ta)
[12], and then triggering the resistance pathway to re-
spond to the blast fungal infection [13].

Te previous study demonstrated that biomarkers could
provide the efciency to investigate the blast resistance gene
using the specifc DNA marker to the R genes. Te specifc
primers corresponding to R genes were designed, e.g., Pi9,
Pib, Pi-ta. Te rice blast resistance Pi9 gene confers to resist
more than 43 isolates of rice blast fungal samples collected
from 13 countries, and the DNAmarker of Pi9 was designed
based on the sequence of the gene located 2.8cM from RFLP
marker RG64 on chromosome 6 [14].Te specifc primers of
Pi9 were pB8-F (5′ CCCAATCTCCAATGACCCATAAC
3′) and pB8-R (5′ CCGGACTAAGTACTGGCTTCGATA
3′) for detecting the resistant allele of the Pi9 gene [15] with
the sample of its resistance allele sequence presented in
GenBank accession MZ327711. Te Pib primers were de-
veloped based on the sequence of the cloned Pib blast re-
sistance gene [16] with Pibdom marker (PibdomF; 5′ GAA
CAATGCCCAAACTTGAGA 3′ and PibdomR; 5′ GGG
TCCACATGTCAGTGAGC 3′) corresponding to bases
8699-9063 in GenBank accession AB013448 and to specif-
ically amplify a particular fragment of the Pib gene [17]. Te
rice blast resistance Pi-ta gene was found as resistant and
susceptible alleles with the diference as only one nucleotide,
and thus, the specifc primer of the resistant allele was
developed to locate the middle region of Pi-ta gene. DNA
primers YL155/YL87 (F; 5′ AGCAGGTTATAAGCTAGG
CC 3′ and R; 5′ CTACCAACAAGTTCATCAAA 3′) were
designed and showed the specifc amplifcation only the

resistant allele corresponding to bases 4409-5450 in Gen-
Bank accession no. AF207842 [18].

InTailand, landrace rice is the most important resource
of genetic diversity containing responsive genes to abiotic
and biotic stress [7, 19]. More recently, rice blast resistance
genes were characterized in landrace rice from various lo-
cations such as Bangladesh, China, Japan, Malaysia, Tai-
land, and Vietnam. From these, more than 30 R genes were
identifed in Asian landrace rice, i.e., Pi-36, Pi9, Pib, Pigm(t),
Pik-p, Pik-h, Pi-ta, Piz [7, 20–23]. Of these 30 R genes, the
Pi9, Pib, and Pi-ta were commonly found in resistance rice
cultivars grown in Malaysia [20] and Tailand [7].

Lower northern Tailand is one of the most important
main areas for rice production. In 2021, farmers from the
three provinces including Phichit, Phitsanulok, and
Sukhothai could produce the high yields of rice production
by 216.4–248.0 kg/acre [24]. However, rice blast disease
outbreaks and causes rice yield losses in the areas. Due to the
fungal infection, there were from 10% to 30% of rice harvest
losses each year [25], posing a serious danger to Tailand
and global rice production, including economic value.
Terefore, this study aimed to investigate the profles of
three RBD-resistance genes (Pi9, Pib, and Pi-ta) among
landrace rice provided by lower northern Tailand germ-
plasms, located in Phichit, Phitsanulok, and Sukhothai
provinces. Te fndings could identify the rice blast re-
sistance genes in Tai landrace rice and could be essential
benefts for rice improvement against blast resistance disease
through the crossbreeding program.

2. Materials and Methods

2.1. Plant Materials. Ninety-eight varieties of landrace rice
(Table 1) were provided by germplasm of the Phitsanulok
Rice Research Center, collected from the three diferent
provinces of Phichit (PCT), Phitsanulok (PLK), and
Sukhothai (STI) (Figure 1). Te rice seeds were placed on
tissue soaking with sterilized water for 7 days, and then,
young seedlings were transferred into a pot containing soil
for 7–14 days.

2.2. Genomic DNA Extraction. Te young leaf was washed
with distilled water prior to genomic DNA extraction using
the acetyl trimethyl ammonium bromide (CTAB) method
according to slightly modifed by Doyle and Doyle [26].
Briefy, young rice leaf (1 g) was individually ground into
powder in liquid nitrogen and transferred into lysis bufer
containing 2% CTAB, 1.4M NaCl, 100mM Tris-HCl,
20mM ethylene diamine tetra-acetic acid (EDTA), 1%
polyvinylpyrrolidone (PVP), and 1% sodium dodecyl sulfate
(SDS). Te mixture was gently homogenized and incubated
at 65°C for 30min. After centrifugation at 12,000 rpm for
10min, the upper phase was transferred to a new tube, and
then, an equivalent volume of chloroform : isoamyl alcohol
(24 :1) was added. Te mixture was stored at room tem-
perature for 5–10min and then centrifuged at 12,000 rpm for
10min. Te supernatant solution was collected for DNA
precipitation by adding 2 volumes of isopropanol and then
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incubated at −20°C overnight. Te genomic DNA (gDNA)
was precipitated by centrifuging at 12,000 rpm for 10min
and washed twice with 70% ethanol. Te pellet was air-dried
at room temperature for 5–10min. Te gDNA was dissolved
in 1x TE bufer, and RNA contamination was eliminated by
adding 50 µg/ml RNase A (1 µl) and incubated at 65°C for
30min. Te quality, quantity, and integrity of the gDNA
sample were determined in a 1% TBE agarose gel electro-
phoresis system, strained with 1x SYBR Safe DNA gel stain
(Invitrogen, USA), and visualized and photographed under
UV light with a gel documentation system (Bio-Rad, USA).

2.3. Detection of Blast Resistance Genes in Rice. Te gDNA
samples (50–80 ng) were used as templates for the detection
of blast resistance gene amplifcation using the polymerase
chain reaction (PCR) method [27] with gene-specifc

Table 1: Ninety-eight landrace rice varieties used in blast resistance
gene investigation.

Code no. Varieties Location∗

01 Khao Bai Si PCT
02 Takosin PCT
03 Nimnuan PCT
04 Khao Ko Diao Bao PCT
05 Khao Pramun PCT
06 Khao Ko Nak PCT
07 Khao Ko PCT
08 Khao Khat Bao PCT
09 Lueang On PCT
10 Luang Prathan Nak No. 1 PCT
11 BaiSi No. 1 PCT
12 BaiSi No. 2 PCT
13 BaiSi No. 3 PCT
14 Pom No. 1 PCT
15 Khao Ta Haeng No. 1 PCT
16 Khao Ta Haeng No. 2 PCT
17 Khao Yuan PCT
18 Chet Ruang No. 1 PCT
19 Chet Ruang No. 2 PCT
20 Hom Mali PCT
21 Khao Kaset No. 1 PCT
22 Khao Kaset No. 2 PCT
23 Khao Ko Diao Nak PCT
24 Niao Phan Nak PCT
25 Hin Kong PCT
26 Taphao Lom PCT
27 Dok Du PCT
28 Yuang Khanun PCT
29 U Taphao PCT
30 Khao Chaloem PCT
31 Luang Prathan Bao 2 PCT
32 Khao Akat 2 PCT
33 Luang Prathan Nak 4 PCT
34 Pom 3 PCT
35 Tong Ma Eng 3 PCT
36 Tong BaiSi 3 PCT
37 Khao Kaset 3 PCT
38 Chet Ruang 3 PCT
39 Khao Ta Haeng 4 PCT
40 Yuan 4 PCT
41 Yuan 5 PCT
42 Khao Chalo 2 PCT
43 Khao Chalo 3 PCT
44 Ta Haeng PLK
45 Chek Kradot PLK
46 Phong PLK
47 Khao Loi Yai PLK
48 Lamyai PLK
49 Niao Phama PLK
50 Na Lao PLK
51 Kwian Hak/Rot Lak PLK
52 Niao Nak PLK
53 Lueang Nakhon Tai PLK
54 Samo Khae PLK
55 Khao Phuangmalai PLK
56 Lueang Chamlong PLK
57 La Hang Malet Yai PLK
58 Chai Nam PLK
59 Ton Dip PLK

Table 1: Continued.

Code no. Varieties Location∗

60 No. 1 PLK
61 Mayang PLK
62 Niao PLK
63 Bua Luang PLK
64 Lueang Champa PLK
65 Laplae PLK
66 Pin Tong PLK
67 Phuang Tani PLK
68 KonKaeo PLK
69 Phuangmalai PLK
70 Nan Khlui PLK
71 Malet Yai PLK
72 Khao Ta Chuang PLK
73 Phuang Tong PLK
74 Tot PLK
75 Lao PLK
76 Kaen Chan PLK
77 Hom Chan PLK
78 Sao Kot PLK
79 Phan Kilo STI
80 Ta Prem STI
81 Chi Ma O STI
82 Sangkha STI
83 Son Malet STI
84 Malet Yao STI
85 Nangngam STI
86 Rachini STI
87 Phrae STI
88 Phuang Hang Ma STI
89 Lueang Tong Nak STI
90 Mueang Khaek STI
91 Lueang Tong Ti Nueng STI
92 Lueang Bai Lek STI
93 Mae Paet Bao STI
94 Rahaeng STI
95 Mali Lueai STI
96 Dok Ta Baek STI
97 Rak Haeng STI
98 On Si STI
Note.∗PCT, PLK, and STI abbreviate to Phichit, Phitsanulok, and Sukhothai
provinces, respectively.
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primers (Table 2). A PCR reaction (25 µl) was performed by
2.5 µl of 10x Taq bufer, 3mM MgCl2, 1 unit of Taq DNA
polymerase (Invitrogen, USA), and 200 nM of each dNTP,
200 µM of individual gene-specifc primer pair of Pi9, Pib,
and Pi-ta (listed in Table 2). Te PCR amplifcation was
carried out in T100™ Termal Cycle (Bio-Rad, USA) under
an optimal condition: predenaturation 1 cycle at 94°C for
3min, followed by 30 cycles of denaturation at 94°C for
45 seconds, annealing at an optimal temperature of each
gene for 45 seconds and extension at 72°C for 90 seconds,
and fnal extension for 1 cycle of 72°C for 5min. Te PCR
product was analyzed on 2.5% TBE agarose gel electro-
phoresis together with 100 bp DNA ladder (GeneDireX,
Taiwan), containing 1x SYBR Safe DNA gel stain (Invi-
trogen, USA), and visualized under UV light with Gel
documentation system (Bio-Rad, USA). Te rice actin gene,
a housekeeping gene, was used as a reference gene to de-
termine the PCR amplifcation using a gene-specifc primer
(ACT-F; 5′ ATGAAGATCAAGGTGGTCGC 3′ and ACT-
R; 5′ GTACTCAGCCTTGGCAATCC 3′) with the appro-
priated condition [28].

2.4. Data Analysis. Te amplicon of actin gene with 200 bp
long was indicated for the reference gene in each landrace
rice varieties prior to the R gene determination.Te presence
of amplicon size on gel, corresponding to 466, 365, or
1,042 bp long, was indicated for the specifc profle of target
gene either Pi9, Pib, or Pi-ta, respectively, across studied rice
varieties. All experiments were performed as triplicates. Te
data analysis was performed using the SPSS statistics

program (Version 17.0; SPSS Inc., Chicago). Descriptive
statistics, e.g., frequency and percentage, was used to de-
scribe the distribution of each R gene in diferent
landrace rice.

3. Results and Discussion

3.1. Distribution of Resistance Genes among Rice Varieties.
Te presence of selected blast resistance genes (Pi9, Pib, and
Pi-ta) was examined in 98 landrace rice varieties (listed in
Table 1), using PCR assay with the gene-specifc primers.Te
amplicons of the reference gene, actin gene, were de-
termined in all of 98 landrace rice varieties with 200 bp long
(Figure 2). Te Pi9, Pib, or Pi-ta primer enabled to generate
PCR amplicon size, corresponding to approximately 466
(Figure 3), 365 (Figure 4), and 1,042 bp long (Figure 5),
respectively, according to previous works reported by Liu
et al. [15], Fjellstrom et al. [17], and Jia et al. [18]. Among the
landrace rice varieties studied, the examined genes displayed
slightly diferent distribution. Te Pi-ta gene was identifed
in the highest proportion from 29 varieties, accounting for
29.59%.Te Pi9 gene was found in 28 varieties or 28.57%. In
contrast, the Pib gene exhibited the lowest occurrence,
representing 25.51% across 25 varieties (Figure 6).

Te distribution of the resistance genes across studied
rice varieties was explored that Pi9 gene gave highest in STI
germplasms (45.00%), followed by PLK germplasms
(31.43%), and 18.60% in PCT germplasms, respectively. Te
fndings in this study correlated with the other studies on
landrace rice. Te previous study reported that almost all
Tai landrace rice carried at least one R gene, and more than
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Figure 1: Map of Tailand to display the location of three provinces: Phichit (PCT), Phitsanulok (PLK), and Sukhothai (STI) in lower
northern Tailand.
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80% carried at least three or more R genes. Especially, the
Pid3 is the most frequently R gene found in rice. Te Pi9 is
one of the major R gene found in international rice [29]. In
addition, the Pi9 distribution was various in the diferent
locations of Tailand which is the highest frequency in the
north-eastern of Tailand compared to the other parts
[30, 31].

Recently, a previous study had been reported that the Pi9
gene located on chromosome 6, encoding the nucleotide-
binding site and leucine-rich repeat (NBS-LRR) protein [9].
It plays an important role for upregulated genes involved in
the transcriptional activation of kinases (e.g., WRKY, MYB,
ERF transcription factors), JA-ET hormones, chitinases,
glycosyl hydrolases, lipid biosynthesis, pathogenesis, and
secondary metabolism to prevent the blast disease in rice,
Pusa-Basmati-1 [10]. Tis might be suggested that the Pi9
gene was one of the major regulatory genes for rice blast
defense mechanisms.

Additionally, the Pib gene was found the greatest dis-
tribution in PLK germplasms (40.00%), followed by STI
germplasms (30.00%) and PCT germplasms (11.63%), re-
spectively (Figure 7). Te Pib gene is only one R gene located

on chromosome 2 at the distal end of the long arm, which
shows high resistance to a broad spectrum of many Japanese
blast races [32–34]. Based on molecular genetics, the NBS
region in the N-terminal of the Pib protein was modifed by
adding the kinase 1a, 2, and 3a motifs, and eight cysteine
residues were clustered in themiddle of the LRRs which have
not been reported for other R genes [16].

Another R gene, the Pi-ta, was found the highest dis-
tribution in PLK germplasm (40.00%), followed by STI
germplasms (35.00%) and PCT germplasms (18.60%), re-
spectively. Te Pi-ta gene, located near the centromere on
chromosome 12 of rice, encodes a cytoplasmic membrane
receptor protein with NBS-LRR domains [11]. Tese do-
mains enable directly interact with neutral zinc metal-
loprotease, translated from an avirulent-Pi-ta (AVR-Pi-ta)
gene [12], leading to disease resistance responses [13]. Other
publications had been reported that the Pi-ta gene was
linked to other resistance genes which often found a broad
spectrum of blast resistance in Pi-ta rice varieties
[11, 35–37]. Correspondingly, this study found that Pi-ta
varieties show other R genes as 64.28% (18 of 28 Pi-ta va-
rieties) (Figure 7). A similar trend of other R gene

Table 2: Specifc primers for blast resistance gene investigation.

R Genes Primer sequence (5′⟶3′) Tm (°C) Amplicon size (bp) References

Pi9 F; 5′ CCCAATCTCCAATGACCCATAAC 3′ 57 466 [15]R; 5′ CC GACTAAGTACTGGCTTCGATA 3′

Pib F; 5′ GAACAATGCCCAAACTTGAGA 3′ 50 365 [17]R; 5′ GGGTCCACATGTCAGTGAGC 3′

Pi-ta F; 5′ AGCAGGTTATAAGCTAGGCC 3′ 52 1,042 [18]R; 5′ CTACCAACAAGTTCATCAAA 3′

M 1 2 3 4 5 6 7 8 9 10

200 bp

M 11 12 13 14 15 16 17 18 19 20

200 bp

M 21 22 23 24 25 26 27 28 29 30

200 bp

M 31 32 33 34 35 36 37 38 39 40 41 42 43

200 bp

(a)

M 44 45 46 47 48 49 50 51 52 53

200 bp

M 54 55 56 57 58 59 60 61 62 63

200 bp

M 64 65 66 67 68 69 70 71 72 73

200 bp

M 74 75 76 77 78

200 bp

(b)

200 bp

M 79 80 81 82 83 84 85 86 87 88

200 bp

M 89 90 91 92 93 94 95 96 97 98

(c)

Figure 2: Visual inspection of the positive PCR product (200 bp long) amplifed from actin gene with individual rice DNA template on
agarose gel electrophoresis system. Lane M represents the 100-bp DNA ladder (GeneDireX, Taiwan), and other lanes represent the PCR
products in PCTgermplasms (a), PLK germplasms (b), and STI germplasms (c), respectively.Te numbers labelled in each lane indicate rice
varieties related to the list in Table 1.
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distribution might be found in these landrace rice. Tere-
fore, the Pi-ta gene might be used as the frst gene marker for
the preliminary screening of rice blast resistance gene in rice
breeding program.

Te summarised R gene distributions found that the R
genes were diferent distributions that relied on rice
germplasms (Figure 7).Te rice cultivars collected from PLK
and STI germplasms were higher distribution of the blast

M 1 2 3 4 5 6 7 8 9 10
500 bp

M 11 12 13 14 15 16 17 18 19 20

500 bp

M 21 22 23 24 25 26 27 28 29 30
500 bp

M 31 32 33 34 35 36 37 38 39 40 41 42 43

500 bp

(a)

M 44 45 46 47 48 49 50 51 52 53

500 bp

M 54 55 56 57 58 59 60 61 62 63

500 bp

M 64 65 66 67 68 69 70 71 72 73

500 bp

M 74 75 76 77 78

500 bp

(b)

500 bp

M 79 80 81 82 83 84 85 86 87 88

500 bp

M 89 90 91 92 93 94 95 96 97 98

(c)

Figure 3: Visual inspection of the positive PCR product (466 bp long) amplifed from Pi9 gene with individual rice DNA template on
agarose gel electrophoresis system. Lane M represents the 100-bp DNA ladder (GeneDireX, Taiwan), and other lanes represent the PCR
products in PCTgermplasms (a), PLK germplasms (b), and STI germplasms (c), respectively.Te numbers labelled in each lane indicate rice
varieties related to the list in Table 1.

M 1 2 3 4 5 6 7 8 9 10
500 bp
300 bp

M 11 12 13 14 15 16 17 18 19 20
500 bp
300 bp

M 21 22 23 24 25 26 27 28 29 30
500 bp

300 bp

M 31 32 33 34 35 36 37 38 39 40 41 42 43
500 bp
300 bp

(a)

M 44 45 46 47 48 49 50 51 52 53
500 bp

300 bp

M 54 55 56 57 58 59 60 61 62 63
500 bp
300 bp

500 bp
300 bp

M 64 65 66 67 68 69 70 71 72 73

M 74 75 76 77 78
500 bp
300 bp

(b)

500 bp

300 bp

M 79 80 81 82 83 84 85 86 87 88

500 bp

300 bp

M 89 90 91 92 93 94 95 96 97 98

(c)

Figure 4: Visual inspection of the positive PCR product (365 bp long) amplifed from Pib gene with individual rice DNA template on
agarose gel electrophoresis system. Lane M represents the 100-bp DNA ladder (GeneDireX, Taiwan), and other lanes represent the PCR
products in PCTgermplasms (a), PLK germplasms (b), and STI germplasms (c), respectively.Te numbers labelled in each lane indicate rice
varieties related to the list in Table 1.

6 International Journal of Agronomy



resistance genes than the PCT germplasms. Te three areas
are individually isolated because of physical natural barriers,
e.g., rivers, great distances, mountains. Tese physical bar-
riers prevent them from regularly mating, which leads to
a process of divergence. One possible explanation is that the
R genes might assist their survival and natural selection of
land rice under diferent environmental conditions [38].
According to Vejchasarn et al. [39], the rice population
structure varied because of a special ecological system, ge-
netic makeup, and agronomic features.

Tis was supported by observations that the landraces
had a long history of coevolution between plants and
pathogens [3, 40, 41], and the distribution of resistance
genes and rice blasts was closely related [42]. Te evo-
lution of the R genes correlated together with the path-
ogenic variability [2]. However, the R gene mutations
were ofend found in Oryza sativa such as the additional
mutation in Pi54 gene of the most japonica and some
indica cultivars, resulting in the loss function of the
nucleotide-binding site and leucine-rich repeat
(NBS–LRR) domains [41]. Moreover, the single amino
acid altered in the Pi-ta resistance protein [11, 43] might
lead to the disruption of the protein-protein interaction
between the Pi-ta protein and its associated protein [35].
It was denoted that the genetic diversity source of the R
gene is required in supported by observations for sus-
tainably new cultivars. Te high variation of the R genes
found in PLK and STI germplasms would be helpful for R-
gene evolution study and rice breeding program to pre-
vent the rapid breakdown of rice blast pathogens and to
create rice resistance cultivation to rice blast disease [2].

3.2. Rice Varieties Containing All Tested R Genes. Of 98
tested rice varieties, 34 varieties contained one R gene, and 11
varieties contained two R genes while three R genes (Pi9, Pib,
and Pi-ta) were presented in 8 varieties including 6 PLK
varieties: No. 46 (Phong), 47 (Khao Loi Yai), 48 (Lamyai), 51
(Kwian Hak/Rot Lak), 66 (Pin Tong), and 76 (Kaen Chan),
and 2 STI varieties: No. 81 (Chi Ma O) and 90 (Mueang
Khaek) (Figure 6). Tis suggests that the rice germplasms,
carrying all threeR genes, might be useful for the rice breeding
program due to providing the combined function of invasive
defense against blast pathogens in rice. In order to control the
disease, it has been recommended that developing rice cul-
tivars resistant to blast disease is an alternative strategy [44].
According to Jiang et al. [45], the presence of multiple R genes
results in a higher efciency of pathogen control. Teir study
found a positive correlation between the number of R genes
and the improved resistance to rice blast disease. However, all
of those three R genes were absent in 44 rice varieties
(44.90%), observed in 24 PCT varieties, 13 PLK varieties, and
7 STI varieties (Figure 5). Te results revealed that the un-
detected R genes by the specifc primers in these specimens
simultaneously occurred in landrace rice germplasms, in-
dicating that the R genes in rice might be missing to inherit
during the evaluation process such as propagations and se-
lections. Tis result also showed that the R genes were highly
distributed inmore than half of the STI varieties (65.00%) and
in the PLK varieties (62.86%) whereas the presence of the R
gene was low in the PCTvarieties (44.19%). In agreement with
previous fndings, the genetic diversity of rice blast resistance
gene within indica, japonica, and wild rice revealed that the
Pib and Pi9 genes were the intermediate diversity whereas the

M 11 12 13 14 15 16 17 18 19 20

M 21 22 23 24 25 26 27 28 29 30

M 31 32 33 34 35 36 37 38 39 40 41 42 43

M 1 2 3 4 5 6 7 8 9 10
1.5 Kb
1.0 Kb

1.5 Kb
1.0 Kb
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Figure 5: Visual inspection of the positive PCR product (1,042 bp long) amplifed from the Pi-ta gene with individual rice DNA templates
on an agarose gel electrophoresis system. Lane M represents the 100-bp DNA ladder (GeneDireX, Taiwan), and other lanes represent the
PCR products in PCT germplasms (a), PLK germplasms (b), and STI germplasms (c), respectively. Te numbers labelled in each lane
indicate rice varieties related to the list in Table 1.
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Pi-ta gene was relatively conserved [21]. Although these three
R genes encoded the same types of protein, namely
nucleotide-binding site leucine-rich repeat (NBS-LRR) [9],
their functions were diferent in particular disease resistance
mechanisms.

In this study, the fnding provided R genes divergence,
associated with blast resistance across landrace rice cultivars
in lower northern Tailand. Tis could be essentially ben-
efcial as genetic resources to improve sustainable rice
cultivars with blast resistance in the future.
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Figure 6: Number of rice blast resistance genes (Pi9, Pi-ta, and Pib gene) presented in individual landrace rice varieties of Phichit (PCT),
Phitsanulok (PLK), and Sukhothai (STI). Note: Te presence of the Pi9, Pib, and Pi-ta genes in rice verities is related to PCR amplicons in
Figures 1–3, respectively.Te Pi9 presents in landrace rice varieties no. 04, 23, 27, 35, 37, 38, 42, 43, 45, 46, 47, 48, 51, 52, 58, 62, 63, 66, 76, 77,
79, 81, 82, 83, 84, 85, 86, and 90 with a total of 28 (28.57%) varieties.Te Pib presents in landrace rice varieties no. 06, 15, 21, 26, 28, 46, 47, 48,
50, 51, 53, 66, 67, 70, 72, 73, 74, 76, 78, 81, 86, 87, 89, 92, and 98 with a total of 25 (25.51%) varieties. Te Pi-ta presents in landrace rice
varieties no. 05, 09, 17, 18, 20, 26, 28, 33, 46, 47, 48, 50, 51, 53, 66, 71, 72, 73, 74, 75, 76, 77, 81, 85, 87, 88, 89, 90, and 92 with a total of 29
(29.59%) varieties.
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4. Conclusions

Tis research reports the screening of the R genes (Pi9, Pib,
and Pi-ta) related to blast disease in 98 landrace rice varieties
collected which is the highest number from the lower
northern region of Tailand (Phichit, Phitsanulok, and
Sukhothai germplasms). Te result of positive PCR ampli-
fcation revealed that of these rice varieties, 34 varieties
contained only one R gene, and 11 varieties obtained two R
genes, whereas especially 8 varieties from PLK and STI
germplasms carried all three studied R genes. Tis indicated
that the landrace rice varieties collected from PLK and STI
germplasms could be important genetic resources of the R
genes for the further rice breeding program of blast re-
sistance cultivar rice.

Although the presence of the R genes in the cultivar rice
could prevent the pathogen invasion, the rapid revolution of
the pathogen might afect the defense mechanisms of the
pathogen control. Terefore, these fndings could be utilised
for selecting landrace rice varieties in rice breeding program
to improve blast resistance in rice cultivars worldwide.
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