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Abstract. Saengprajak J, Phetsom J, Sangdee A, Rattanapan A, Saengprajak A, Thanyasiriwat T, Mahakham W, Theerakulpisut P.
2024. Genetic analysis of brown planthopper resistance in Thai cultivars, local varieties, and wild relatives of rice using molecular
markers. Biodiversitas 25: 4870-4877. The brown planthopper [Nilaparvata lugens Stal 1854] is prevalent in Asia as a major insect pest
that causes significant damage to rice crops. This study aimed to identify cost-effective, eco-friendly methods for developing BPH
(Brown Planthopper)-resistant rice varieties by examining the genetic basis of resistance in 40 rice germplasms, including Thai cultivars,
local varieties, and wild relatives. Five DNA markers, including SSR (bph2, Bph3, Bph15, Bph17) and InDel (Bph14) markers, closely
linked to major BPH resistance genes, were utilized to evaluate genetic diversity. Ten loci, with an average of 2 alleles per locus and
100% polymorphism, were identified. Of the 35 genotypes analyzed, each genotype contained one to five BPH resistance genes. Allele
frequencies ranged from 34.92% to 42.86%, while expected heterozygosity varied between 0.242 (RM463) and 0.367 (RM16626),
averaging 0.321. The polymorphic information content (PIC) values ranged from 0.388 to 0.437, with an average of 0.419, indicating
moderate polymorphism and effective discriminating power for the selected BPH-specific markers. UPGMA analysis grouped the 40
rice genotypes into three main clusters, distinguishing them into resistant and susceptible groups. Our findings provide valuable
information for selecting parental lines with BPH resistance, supporting the integration of marker-assisted selection (MAS) into rice

breeding programs to develop BPH-resistant varieties.
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INTRODUCTION

Rice (Oryza sativa L.) is the main food source for half
of the world’s population, providing about 20% of their
caloric intake (Fukagawa and Ziska 2019). Global rice
production was 600 million tons in 2000 and is projected to
increase by 1.5 times, reaching 904 million tons by 2030
(Nayak et al. 2021). Ninety percent of this rice,
approximately 612 million tons grown on 143 million ha, is
produced in Asia (Papademetriou 2000). The rising threat
of pathogens and pests, driven by human mobility, global
trade, and climate change, highlights the need for effective
crop management strategies (Bebber et al. 2013).

Rice faces major pest threats in Southeast Asia,
including the stem borer, Brown Planthopper (BPH), gall
midge, and leafhopper. BPH [Nilaparvata lugens Stal
1854] is particularly destructive, causing hopper burn and
transmitting diseases like ragged stunt virus and grassy
stunt virus. Damage from BPH can vary from 20% to 80%
in irrigated, wet-seeded, and off-season rice fields (Muduli
et al. 2021; Listihani et al. 2022). BPH populations have
different biotypes, classified as 1, 2, 3, and 4, with new
biotypes recently identified in Thailand (Jairin 2021; Muduli

et al. 2021). Although pesticides are commonly used for
BPH control, their overuse has led to environmental
pollution and the emergence of pesticide-resistant BPH
strains, prompting a shift towards breeding for natural
resistance in rice (Han et al. 2018). Developing resistant
rice varieties is a sustainable and effective approach that
brings both economic and environmental benefits (Sahu et
al. 2022).

Breeding methods, including conventional and mutation
breeding, marker-assisted selection (MAS), transgenics,
and genome editing, have been used to develop BPH-
resistant rice (Yadav et al. 2019). Among these, MAS has
proven effective in creating rice cultivars with enduring
BPH resistance. Genetic markers like Insertion-deletion
polymorphisms (InDel), Simple Sequence Repeats (SSR),
Single Nucleotide Polymorphisms (SNP), and Sequence-
Related Amplified Polymorphisms (SRAP) are commonly
used to study BPH resistance genetics in rice (Kusumawati
et al. 2018; Yang et al. 2020; Zhang et al. 2020; Chaerani
et al. 2021; Pannak et al. 2023).

More than 43 host plant resistance genes have been
discovered and utilized in breeding efforts, primarily
located on chromosomes 3, 4, 6, and 12 (Jiang et al. 2018).
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These genes include dominant and recessive types like
bph4, bph5, bph7, bph8, bph19, bph25, and bph29. Genes
such as bph2, Bph3, Bph14, Bph15, and Bphl7 show great
potential for improving BPH resistance and are widely
investigated in breeding programs (Jiang et al. 2018; Nguyen
et al. 2019; Sansanoh et al. 2019; Yang et al. 2020). However,
resistance in some rice varieties can decrease due to biotype
variations (Muduli et al. 2021). The incomplete resistance
of current rice varieties to all BPH biotypes underscores the
need for new resistance sources, leading to efforts to
identify and transfer resistance genes from potential donors
to elite susceptible varieties (Kumar et al. 2020; Sahu et al.
2022). The genetic diversity found in Thai cultivars, local
varieties, and wild rice in Thailand is important due to their
adaptability, economic value, cultural significance, ecological
roles, nutritional benefits, and contribution to agricultural
biodiversity (Pathaichindachote et al. 2019; Tanaporn et al.
2021; Saengprajak et al. 2024).

Genetic diversity, especially resistance genes, is essential
in selecting mother plants for rice breeding programs. This
study aimed to investigate the genetic basis of BPH
resistance within diverse rice germplasm, including Thai
cultivars, local varieties, and wild rice relatives using SSR
and InDel markers The results provide basic information to
support the development of BPH-resistant rice varieties in
the future.

MATERIALS AND METHODS

Plant materials

Forty rice genotypes were examined comprising Thai
farmers' cultivars (C1-C8), local varieties with BPH gene
differentials (L1-L28), wild species (W1-W1), and standard
BPH-resistant and susceptible lines (RC and TN1) (Table
1). Farmers in Khon Kaen and Mahasarakham Provinces,
Thailand, provided the rice cultivars. The local varieties
with BPH gene differentials, wild species, and standard
BPH-resistant and susceptible lines were sourced from the
Pathum Thani Rice Research Center, Thailand.
Approximately 20 seeds from each rice sample were soaked
for 48 hours and then germinated in soil-filled culture trays
in the greenhouse of the Department of Biology, Faculty of
Science, Mahasarakham University, Thailand.

Procedures
Genomic DNA isolation

The genetic analysis was performed in the Laboratory
of Molecular Genetics, Department of Biology, Faculty of
Science, Mahasarakham University, Maha Sarakham,
Thailand. Fresh young leaf samples (0.2 g) were collected
from 15-day-old seedlings comprising five plants of each
genotype. The samples were finely powdered with liquid
nitrogen, and genomic DNA was subsequently extracted
from the homogenized material using the PureDireX
Genomic DNA Isolation Kit (Plants) from Thermo Fisher
Scientific Co., Ltd. by the manufacturer’s instructions.

The quality of the extracted genomic DNA was initially
assessed by running the dissolved DNA on a 1.0% agarose
gelusing1X TBE (Tris-Borate-EDTA) buffer. Subsequently,
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DNA quantification was performed using a Nanodrop
Spectrophotometer (NND-1 NDL-PLUS-GL, Thermo Fisher
Scientific Co., Ltd., Waltham, MA, USA). The genomic
DNA was diluted to 50 ng/uL with nuclease-free water
(Invitrogen™, Thermo Fisher Scientific Co., Ltd.) and stored
at -20°C for further analysis.

DNA amplifications and electrophoresis

A genotypic evaluation of the 40 rice genotypes was
conducted using four SSR markers and one InDel marker
tightly linked to major BPH resistance genes, including
bph2, Bph3, Bph14, Bph15, and Bph17. The SSR and InDel
primer pairs were selected based on the genetic mapping of
rice from previous research (Table 1). Polymerase chain
reactions (PCRs) were conducted using thermal cyclers
(Biometra TAdvanced, Bio-Active Co., Ltd.) with a total
reaction volume of 20 pL, following the protocol outlined
by Kanngan et al. (2023). Each reaction comprised 4 pL of
50 ng/uL genomic DNA, 0.5 puL of 50 mM MgCly, 2.0 uL
of 10X PCR buffer, 0.4 uL of 10 mM dNTPs, 1.0 pL of
100 uM each forward and reverse primers, 1 uL. of DMSO,
and 1.0 U of nanoTaqg hot-start DNA polymerase (Bio-
Helix Co., Ltd., Taiwan). The final volume was adjusted to
20 pL with nuclease-free H,0.

The amplification program started with an initial
denaturation at 95°C for 5 min, followed by 35 cycles of 30
s at 95°C for denaturation, 30 s for primer annealing at
55°C/58°C/60.5°C depending on the specific marker (Table
2), and 30 s at 72°C for extension, with a final extension at
72°C of 10 min. The PCR products were kept at 4°C until
gel electrophoresis. The amplified DNA fragments were
then fractionated by electrophoresis on a 4.0% (w/v) agarose
gel with 1X TBE buffer. Electrophoresis was conducted at
a constant voltage for 90-120 min at 100 V. The size of
each DNA band produced was estimated using a 100 bp
DNA ladder RTU (Bio-Helix Co., Ltd.). The gel
electrophoresis results were visualized using Visafe Green
Gel Stain (Vivantis®, Malaysia) and photographed under
an ultraviolet transilluminator. All PCR assays were
conducted twice to validate the results.

Data analysis

The banding patterns generated by each SSR and InDel
primer for the 40 rice genotypes were individually assessed.
The sizes of the amplified fragments were determined by
comparing their migration distances relative to molecular
weight markers and a 100 bp DNA ladder, with calculations
performed using PhotocaptMW software. The presence of a
band at a specific base pair position was recorded as "1"
while the absence of a band at that position was recorded as
"0" (zero). Genetic similarities between genotypes for each
germplasm were then assessed using Sneath and Sokal’s
simple matching (SM) coefficient (Sneath and Sokal 1973).
The data were converted into a binary matrix, which was
then used to construct a dendrogram employing the
Unweighted Pair Group Method with Arithmetic Averages
(UPGMA) through the SAHN (Sequential, Hierarchical,
Agglomerative, and Nested Clustering) module in NTSY Spc
2.1 software (Rohlf 1998).
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Table 1. The 40 rice genotypes used in this study

ID Genotype Location

C1l Riceberry Ban Non-u-dom, Chumphae, Khon Kaen Province

Cc2 Thubthim chumpae Ban Non-u-dom, Chumphae, Khon Kaen Province

C3 Nheuw daeng Ban Paeng, Kosum Phisai, Maha Sarakham Province

C4 Hom nin Ban Non Rasi, Khwao Rai, Kosum Phisai, Maha Sarakham Province

C5 Mali 105 Ban Ku Thong, Chiang Yuen, Maha Sarakham Province

C6 Jao daeng Ban Non-u-dom, Chumphae, Khon Kaen Province

C7 Kam Sirithon Ban Non-u-dom, Chumphae, Khon Kaen Province

C8 Khokho 6 Ban Tha Song Khon, Mueang Maha Sarakham, Maha Sarakham Province

L1 Khawklang Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L2 Matan Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L3 Namkhang Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L4 Lepchang Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L5 Luang yai Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L6 Yayfak Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L7 Makhai Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L8 Luang thong Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L9 Dhodam Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L10 Kaew Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L11 Khaw mali Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L12 Khoncud Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L13  Phuang ngein Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L14  Fimai Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L15 Khaw hom Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L16  Daeng noy Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L17 Luk non Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L18  Phrain Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L19 Lueng bun ma Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L29 Lon khrok Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L21 Mali hom Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L22 Homchan Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L23  Saohi Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L24 Hom phama Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L25 Taban Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L26 Hang mani Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L27 Mak bid Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
L28 Nheuw dho daeng Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
w1 Oryza rufipogon Griff. Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
W2 Oryza officinalis Wall. ex Watt ~ Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Than Province
RC PTB33 (BPH resistance) Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province
SC TN1 (BPH susceptible) Pathum Thani Rice Research Center, Rangsit, Thanyaburi, Pathum Thani Province

Notes: C1-C8 represent cultivated rice from farmers, L1-L28 denote local varieties, W1-W2 are wild species, and RC and SC are
standard BPH-resistant and susceptible lines, respectively

Table 2. SSR and InDel markers used in the study

Gene Marker  Chr. Sequences Types of marker  Ta (°C) References

bph2  RM463 12 F:5-TTCCCCTCCTTTTATGGTGC-3' SSR 55.0  Sunetal. (2006)
R: 5-TGTTCTCCTCAGTCACTGCG-3'

Bph3 RM588 3 F: 5'-TCTTGCTGTGCTGTTAGTGTACG-3' SSR 58.0 Jairin et al. (2007)
R: 5-GCAGGACATAAATACTAGGCATGG-3'

Bphl4  IN76-2 3  F:5-CTGCTGCTGCTCTCGTATTG-3' InDel 60.5  Duetal. (2009)
R: 5'-CAGGGAAGCTCCAAGAACAG-3'

Bphl5 RM261 4  F:5-CTACTTCTCCCCTTGTGTCG-3' SSR 58.0  Huetal. (2015)
R: 5-TGTACCATCGCCAAATCTCC-3'

Bphl7? RM16626 4  F:5-ACATGATTGCTGGCTTGCTTACC-3' SSR 58.0  Sunetal. (2005)

R:5-GCCACGCAGTGTTGTTTCAGC-3'
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The polymorphic information content (PIC) was
computed to evaluate the discriminatory power of each
marker using the formula from Roldan-Ruiz et al. (2000) as
PIC = 2fi(1-fi), where fi represents the frequency of present
marker bands and (1-fi) represents the frequency of absent
marker bands. The expected heterozygosity (He) was
calculated using the formula He = 1-Y Pi?, where Pi denotes
the frequency of the i allele for the germplasm, and Y Pi2
represents the sum of the squares of all allele frequencies
(Kalinowski et al. 2007).

RESULTS AND DISCUSSION

DNA profiling

Forty rice genotypes were assessed for BPH resistance
using five molecular markers linked to major resistance
genes: bph2, Bph3, Bphl4, Bphl5, and Bphl7. These
markers, including four microsatellite markers and one
InDel marker, showed 100% polymorphism across the
genotypes, detecting 10 alleles. Each marker identified 2
alleles per locus, with amplified fragment sizes ranging
from 90 to 210 bp (Figure 1). Representative banding
patterns and polymorphisms observed with primers RM588,
RM261, and RM16626 are shown in Figures 1a, b, and c,
respectively. The results revealed that seven genotypes-
Khawklang (L1), Namkhang (L3), Luang Yai (L5), Khoncud
(L12), Fimai (L14), O. officinalis (W2), and PTB33 (RC)-
contained all five BPH resistance genes. Ten genotypes
(25%) carried four resistance genes: Riceberry (C1), Lepchang
(L4), Yayfak (L6), Makhai (L7), Dhodam (L9), Kaew
(L10), Phuang Ngein (L13), Khaw Hom (L15), Luk Non
(L17), and O. rufipogon (W1). Five genotypes (12.5%)
carried three resistance genes: Nheaw Daeng (C3), Khaw
Mali (L11), Daeng Noy (L16), Mali Hom (L21), and Lon
Khrok (L29). Seven genotypes (17.5%) contained two
resistance genes: Kam Sirithon (C7), Matan (L2), Luang
Thong (L8), Phra In (L18), Luang Bun Ma (L19), Hom
Phama (L24), and Nheaw Dho Daeng (L28). Six genotypes
(15%) carried only one resistance gene: Thubthim Chumpae
(C2), Hom Nin (C4), Jao Daeng (C6), Khokho 6 (C8), Sao
Hi (L23), and Mak Bid (L27). Finally, five genotypes
(12.5%)-Hang Mani (L26), Hom Chan (L22), Mali 105
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Figure 1. PCR amplified products of three genes. A. Bph3 at locus RM588 on chromosome 3; B.
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(C5), Taban (L25), and TN1 (SC)-lacked BPH resistance
genes entirely (Figure 2).

This genetic evaluation provides essential insights for
breeding rice varieties with improved BPH resistance,
addressing both current and future agricultural needs (Liu
et al. 2022). These markers, strongly associated with BPH
resistance, serve as valuable tools in identifying and
selecting resistant genotypes, particularly against the brown
planthopper, a major pest in rice production (Kanngan et al.
2023).

Genetic diversity

The percentages of gene frequency, PIC values, and
expected heterozygosity (He) for each primer are
summarized in Table 3. Gene frequencies ranged from
34.92% to 42.86%, with an average of 39.99%. Primer
RM16626, tightly linked to the Bph17 gene, exhibited the
highest gene frequency at 42.86%, while primer RM463,
associated with the bph2 gene, showed the lowest gene
frequency at 34.92%. The PIC values for polymorphic loci
varied between 0.388 and 0.437, with an average of 0.419.
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Figure 2. The percentage of Bph genes present in 40 rice
genotypes
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Among these, primer RM16626 demonstrated the highest
PIC value of 0.437, whereas primer RM463 had the lowest
at 0.388. The expected heterozygosity (He) ranged from
0.242 to 0.367, with an average of 0.321. Primer RM16626
also recorded the highest He value, while RM463 had the
lowest.

The variability in gene frequencies highlights the
diversity in the presence of specific genes or markers
among the rice genotypes studied. The high gene frequency
(42.86%) observed for primer RM16626 suggests the
prevalence of the Bphl17 gene, which is recognized for its
role in conferring resistance to the brown planthopper. By
contrast, the lower gene frequency (34.92%) of primer
RM463 indicated less commonality of the bph2 marker
among the studied rice genotypes; all rice genotypes
contained between zero and five Bph genes, consistent with
previous reports. Ramkumar et al. (2016) found that 137
out of 260 rice cultivars had at least one BPH resistance
gene using SNP markers, with Bphl0 being the most
prevalent and Bph20 the least. Some cultivars had
combinations of two or three resistance genes. Vang et al.
(2020) reported that 10 varieties showed sustained resistance
to some BPH populations using SSR markers, while other
varieties lacked five specific genes. Kanngan et al. (2023)
found that 139 of 143 upland rice varieties harbored
between one and five BPH resistance genes, as determined
through SSR and InDel marker analysis.

The PIC measures the informativeness of a marker by
evaluating the number of alleles at a locus and their
respective frequencies (Chesnokov and Artemyeva 2015).
According to Botstein et al. (1980), a PIC value of =0.5
indicates high informativeness, values between 0.5 and
0.25 suggest moderate informativeness, and a PIC value
<0.25 provides little information. In this study, all markers
were deemed moderately informative, as their PIC values
were below 0.5, with an average PIC value of 0.4744.
Kanngan et al. (2023) reported similar findings, with PIC
values ranging from 0.4460 to 0.4984 and an average of
0.4744. In contrast, Moonsap et al. (2019) observed lower
PIC values among Indo-China rice varieties, ranging from
0.07 (UBC818) to 0.38 (UBCB808), with an average of 0.26.
Conversely, Pathaichindachote et al. (2019) recorded
slightly higher PIC values, averaging 0.56. Jegadeeswaran
et al. (2024) observed a wider range of PIC values, from
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0.359 (ISSR 890) to 0.846 (ISSR 826), in rice genotypes
from Tamil Nadu Agricultural University, India, with an
average of 0.666. These values align with the findings of
Kumbhar et al. (2015) and Zayed et al. (2023) in their
studies of rice landraces, improved varieties, and hybrids.
Several factors, such as sample size, species breeding
behavior, genotyping techniques, and marker locations
significantly influence average PIC values and genetic
diversity (Chen et al. 2017).

Gene diversity or expected heterozygosity (He), is a
standard measure for assessing genetic variation within a
population (Kanaka et al. 2023). In this study, the H¢ value
among the markers varied from 0.242 (RM463) to 0.367
(RM1162), with a mean value of 0.321 (Table 3 and Figure
3). This relatively low average heterozygosity suggested
limited genetic variation within the tested rice genotypes,
highlighting the need for diverse genetic resources and
effective markers in rice breeding programs (Suvi et al.
2020). Singh et al. (2018) reported similar results, with an
average He of 0.310 across various rice markers, suggesting
a narrow genetic base. Choudhury et al. (2023) reported an
average gene diversity of 0.420 in rice landraces under
farmer management, further supporting the need for
incorporating diverse genetic materials to enhance genetic
variability. Factors such as sample size, selection of
markers, and breeding practices influence the observed
heterozygosity, underscoring the importance of utilizing a
broad spectrum of genetic resources in breeding programs
(Singh et al. 2024).

RMA463 RMSSS T el AM261

Locus
Figure 3. Histograms representing PIC, allele frequency, and
expected heterozygosity of the associated markers

Proportion

Table 3. SSR and InDel markers are tightly linked to the Bph resistance genes

Expected size (bp) Gene
Gene Marker Sequences Resistant _ Susceptible frequency (%) PIC He
allele allele
bph2 RM463  F:5-TTCCCCTCCTTTTATGGTGC-3' 200 210 34.92 0.388 0.242
R: 5-TGTTCTCCTCAGTCACTGCG-3'
Bph3 RM588 F:5-TCTTGCTGTGCTGTTAGTGTACG-3' 90 110 41.27 0.427 0.339
R:5'-GCAGGACATAAATACTAGGCATGG-3’
Bphl4 IN76-2 F:5-CTGCTGCTGCTCTCGTATTG-3' 190 180 41.21 0.428 0.341
R:5'-CAGGGAAGCTCCAAGAACAG-3'
Bph15 RM261  F:5-CTACTTCTCCCCTTGTGTCG-3' 130 120 39.68 0.418 0.315
R: 5-TGTACCATCGCCAAATCTCC-3'
Bph17 RM16626 F:5-ACATGATTGCTGGCTTGCTTACC-3' 200 190 42.86 0.437  0.367
R: 5'-GCCACGCAGTGTTGTTTCAGC-3
Mean 39.99 0.419 0.321




SAENGPRAJAK et al. — Brown planthopper resistance in rice germplasms

Similarity coefficient analysis and clustering

The genetic similarity coefficients among the rice
genotypes varied from 0.10 to 0.90 (data not shown). A
UPGMA dendrogram was constructed using NTSYSpc 2.1
software and genetic similarity coefficients derived from
four SSRs and one InDel markers. The cluster analysis
classified the 40 rice genotypes into three primary clusters
(1, 11, and 111) based on a genetic similarity coefficient of
0.51 (Figure 4). Cluster I included 19 genotypes: Khawklang
(L1), Fimai (L14), Namkhang (L3), Luang Yai (L5),
Khoncud (L12), PTB33 (RC), O. officinalis (W2), Kaew
(L10), Lepchang (L4), Dhodam (L9), Phuang Ngein (L13),
Riceberry (C1), Yayfak (L6), Daeng Noy (L16), Matan
(L2), Khaw Hom (L15), Makhai (L7), Luk Non (L17), and
O. rufipogon (W1). Cluster Il consisted of 18 genotypes:
Khaw Mali (L11), Hom Chan (L22), Mali 105 (C5),
Thubthim Chumpae (C2), Hang Mania (L26), TN1 (SC),
Sao Hi (L23), Taban (L25), Luang Bun Ma (L19), Lon
Khrok (L29), Khokho 6 (C8), Nheaw Dho Daeng (L28),
Hom Phama (L24), Jao Daeng (C6), Nheaw Daeng (C3),
Hom Nin (C4), Kam Sirithon (C7), and Mali Hom (L21).
Cluster 11, the smallest, comprised 3 local varieties: Luang
Thong (L8), Phra In (L18), and Mak Bid (L27).

—: Khawhom
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Cluster analysis is used to present the complex
relationships among populations of diverse origins in a
more simplified manner (Lakshmi et al. 2021). The
dendrogram grouped the 40 rice genotypes into three main
clusters (Figure 4). Cluster | is the largest cluster was
subdivided into four subclusters (i) I-A (8 genotypes,
mostly with all five Bph genes, except Kaew with four); (ii)
I-B (6 genotypes, primarily with four Bph genes, except
Daeng Noy with three); (iii) I-C (2 genotypes, one with two
and one with four genes); and (iv) I-D (3 genotypes, all
with four Bph genes). Cluster Il, comprising 18 genotypes,
was divided into three subclusters: 11-A and 11-C (genotypes
with varying resistance genes) and I1-B (15 genotypes with
one to three Bph genes, except five genotypes lacking any
Bph genes (i) Homchan; (ii) Mali 105; (iii) Thubthim
chumpae; (iv) Hang mania; (v) TN1, and Taban). Cluster
111, the smallest, contained three local genotypes (Luang
thong, Phra in, and Mak bid) with two resistance genes,
except for Mak bid, which only had the Bphl5 gene on
chromosome 4. Overall, Cluster | mostly included resistant
genotypes, Cluster Il ranged from moderate resistance to
susceptibility, and Cluster 111 contained mostly susceptible
genotypes.
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Figure 4. A UPGMA dendrogram illustrating the genetic diversity of the 40 rice genotypes
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Several studies have extensively researched and applied
these selected genes in breeding projects, particularly in
Southeast Asia. Bph3 is renowned for its wide-ranging
resistance to all biotypes of BPH. It has been effectively
utilized to create superior rice lines, serving as a valuable
source of germplasm for breeding programs (Sansanoh et
al. 2019). Nguyen et al. (2019) showed that rice genotypes
carrying a combination of the bph2, Bph3, and Bphl7
genes had strong resistance to the Koshi-2013 BPH
population. Rice varieties with the combined Bphl4 and
Bph15 genes have demonstrated considerable resistance to
BPH (Li et al. 2011; Jiang et al. 2018; Haliru et al. 2020).
This pyramiding strategy, combining multiple resistance
genes, enhances resistance in rice breeding programs. Jiang
et al. (2018) reported that rice lines with both Bph14 and
Bphl5 genes exhibited high resistance, reducing pest
damage and improving yield stability. Li et al. (2019)
found that this combination broadened resistance against
different BPH biotypes. Haliru et al. (2020) confirmed the
durability of BPH resistance across various environments.

Current research has genotyped Thai upland rice for
five key Bph resistance genes: bph2, Bph3, Bph14, Bph15,
and Bphl7. Evaluations indicated that these selected
genotypes were resistant to BPH (Kanngan et al. 2023),
aligning with other reports highlighting the importance of
incorporating multiple resistance genes to achieve robust
and durable resistance in rice breeding programs. Gene
pyramiding, combining multiple resistance genes into a
single variety, has proven effective in enhancing resistance
levels and broadening the spectrum of resistance against
various BPH biotypes (Deng et al. 2024). This approach is
critical for developing resilient rice genotypes capable of
withstanding pest pressures in diverse agroecological
environments.

In conclusion, this study conducted a genetic analysis of
BPH resistance genes across 40 rice genotypes, including
Thai cultivars, local varieties, and wild rice species, using
SSR and InDel markers. The results identified DNA markers
closely linked to BPH resistance genes and highlighted
significant genetic diversity through genetic indices, such
as polymorphism rate, allele frequency, PIC, and He..
Cluster analysis grouped the rice genotypes into three main
clusters, distinguishing between resistant and susceptible
groups. Our findings suggested that local varieties, such as
Khawklang, Fimai, Namkhang, Luang yai, Khoncud, and
the wild rice O. officinalis are not just promising sources of
BPH resistance but also hold great potential for selection
and integration into future BPH resistance breeding programs,
inspiring and motivating further research and development
in this field.

ACKNOWLEDGEMENTS

We thank the Pathum Thani Rice Research Center,
Thailand, and the rice farmers for providing rice seed
samples. Mahasarakham University, Thailand, financially
supported this study. The authors also thank the Department
of Biology, Faculty of Science, Mahasarakham University,
for providing the research facilities.

BIODIVERSITAS 25 (12): 4870-4877, December 2024

REFERENCES

Bebber DP, Ramotowski MAT, Gurr SJ. 2013. Crop pests and pathogens
move polewards in a warming world. Nat Clim Change 3 (11): 985-
988. DOI: 10.1038/nclimate1990.

Botstein D, White RL, Skolnick M, Davis RW. 1980. Construction of a
genetic linkage map in man using restriction fragment length
polymorphisms. Am J Hum Genet 32 (3): 314-331.

Chaerani C, Dadang A, Fatimah F, Husin BA, Sutrisno S, Yunus M. 2021.
SRAP analysis of brown planthopper (Nilaparvata lugens) populations
maintained on differential rice host varieties. Biodiversitas 22 (10):
4266-4272. DOI: 10.13057/biodiv/d221018.

Chen W, Hou L, Zhang Z, Pang X, Li Y. 2017. Genetic diversity,
population structure, and linkage disequilibrium of a core collection
of Ziziphus jujuba assessed with genome-wide SNPs developed by
genotyping-by-sequencing and SSR markers. Front Plant Sci 8: 575.
DOI: 10.3389/fpls.2017.00575.

Chesnokov YV, Artemyeva AM. 2015. Evaluation of the measure of
polymorphism information of genetic diversity. Agric Biol 50: 571-
578. DOI: 10.15389/agrobiology.2015.5.571.

Choudhury DR, Kumar R, Maurya A, Semwal DP, Rathi RS, Gautam RK,
Trivedi AK, Bishnoi SK, Ahlawat SP, Singh K, Singh NK, Singh R.
2023. SSR and SNP marker-based investigation of Indian rice
landraces in relation to their genetic diversity, population structure,
and geographical isolation. Agriculture 13 (4): 823. DOI:
10.3390/agriculture13040823.

Deng Z, Qin P, Liu K, Jiang N, Yan T, Zhang X, Fu C, He G, Wang K,
Yang Y. 2024. The development of multi-resistant rice restorer lines
and hybrid varieties by pyramiding resistance genes against blast and
brown  planthopper. ~ Agronomy 14 (5): 878. DOI:
10.3390/agronomy14050878.

Du B, Zhang W, Liu B, Hu J, Wei Z, Shi Z, He R, Zhu L, Chen R, Han B,
He G. 2009. Identification and characterization of Bphl4, a gene
conferring resistance to brown planthopper in Rice. Proc Natl Acad
Sci USA 106 (52): 22163-22168. DOI: 10.1073pnas.0912139106.

Fukagawa NK, Ziska LH. 2019. Rice: Importance for global nutrition. J
Nutr Sci Vitaminol (Tokyo) 65: 2-3. DOI: 10.3177/jnsv.65.S2.

Haliru BS, Rafii MY, Mazlan N, Ramlee S, Muhammad I, Silas Akos I,
Halidu J, Swaray S, Rini Bashir Y. 2020. Recent strategies for
detection and improvement of brown planthopper resistance genes in
rice: A review. Plants 9 (9): 1202. DOI: 10.3390/plants9091202.

Han Y, Wu C, Yang L, Zhang D, Xiao Y. 2018. Resistance to Nilaparvata
lugens in rice lines introgressed with the resistance genes Bphl4 and
Bph15 and related resistance types. PL0oS One 13 (6): €0198630. DOI:
10.1371/journal.pone.0198630.

Hu J, Xiao C, Cheng M, Gao G, Zhang Q, He Y. 2015. A new finely
mapped Oryza australiensis-derived QTL in rice confers resistance to
brown  planthopper. Gene 561  (1): 132-137. DOl
10.1016/j.gene.2015.02.026.

Jairin J, Phengrat K, Teangdeerith S, Vanavichit A, Toojinda T. 2007.
Mapping of a broad-spectrum brown planthopper resistance gene,
Bph3, on rice chromosome 6. Mol Breed 19: 35-44. DOI:
10.1007/s11032-006-9040-3.

Jairin J. 2021. Towards understanding biotypes of the brown planthopper,
Nilaparvata lugens. Thai Rice Res J 12: 97-118.

Jegadeeswaran M, Nithya VN, Salini AP, Vanitha J, Mahendran R,
Maheswaran M. 2024. Assessing genetic diversity and population
structure of rice genotypes using ISSR markers. Agric Sci Digest 44
(3): 453-459. DOI: 10.18805/ag.D-5855.

Jiang H, Hu J, Li Z, Liu J, Gao G, Zang Q, Xiao J, He Y. 2018.
Evaluation and breeding application of six brown planthopper
resistance genes in rice maintainer line Jin 23B. Rice 11: 22. DOI:
10.1186/512284-018-0215-4.

Kalinowski ST, Taper ML, Marshall TC. 2007. Revising how the
computer program CERVUS accommodates genotyping error
increases success in paternity assignment. Mol Ecol 16 (5): 1099-
1106. DOI: 10.1111/j.1365-294X.2007.03089.x.

Kanaka KK, Sukhija N, Goli RC, Singh S, Ganguly I, Dixit, SP, Dash A,
Malik AA. 2023. On the concepts and measures of diversity in the
genomics era. Curr Plant Biol 33: 100278. DOI:
10.1016/j.cph.2023.100278.

Kanngan K, Umalee P, Tangtrakulwanich K, Nilthong R, Nilthong S.
2023. Identification of major brown planthopper resistance genes in
indigenous Thai upland rice germplasm using molecular markers.
Agronomy 13 (10): 2605. DOI: 10.3390/agronomy13102605.



SAENGPRAJAK et al. — Brown planthopper resistance in rice germplasms

Kumar K, Kaur P, Kishore A, Vikal Y, Singh K, Neelam K. 2020. Recent
advances in genomics-assisted breeding of brown planthopper
(Nilaparvata lugens) resistance in rice (Oryza sativa). Plant Breed
139 (6): 1052-1066. DOI: 10.1111/pbr.12851.

Kumbhar SD, Kulwal PL, Patil JV, Sarawate CD, Gaikwad AP, Jadhav
AS. 2015. Genetic diversity and population structure in landraces and
improved rice varieties from India. Rice Sci 22 (3): 99-107. DOI:
10.1016/j.rsci.2015.05.013.

Kusumawati L, Chumwong P, Jamboonsri W, Wanchana S, Siangliw JL,
Siangliw M, Khanthong S, Vanavichit A, Kamolsukyeunyong W,
Toojinda T. 2018. Candidate genes and molecular markers associated
with brown planthopper (Nilaparvata lugens Stal) resistance in rice
cultivar Rathu Heenati. Mol Breed 38: 88. DOI: 10.1007/s11032-018-
0847-5.

Lakshmi VGI, Sreedhar M, Lakshmi VJ, Gireesh C, Rathod S, Vanisri S.
2021. Molecular diversity assessment of rice genotypes for brown
planthopper resistance using microsatellite markers. Electron J Plant
Breed 12 (2): 499-506. DOI: 10.37992/2021.1202.070.

Li J, Chen Q, Wang L, Liu J, Shang K, Hua H. 2011. Biological effects of
rice harbouring Bph14 and Bph15 on brown planthopper, Nilaparvata
lugens. Pest Manag Sci 67 (5): 528-534. DOI: 10.1002/ps.2089.

Li Z, Xue Y, Zhou H, Li Y, Usman B, Jiao X, Wang X, Liu F, Qin B, Li
B, Qiu, Y. 2019. High-resolution mapping and breeding application
of a novel brown planthopper resistance gene derived from wild rice
(Oryza. rufipogon Griff). Rice 12: 41. DOI: 10.1186/s12284-019-
0289-7.

Listihani L, Ariati PEP, Yuniti IGAD, Selangga DGW. 2022. The brown
planthopper (Nilaparvata lugens) attack and its genetic diversity on
rice in Bali, Indonesia. Biodiversitas 23 (9): 4696-4704. DOI:
10.13057/biodiv/d230936.

Liu M, Fan F, He S, Guo Y, Chen G, Li N, Li N, Yuan H, Si F, Yang F,
Li S. 2022. Creation of elite rice with high-yield, superior-quality and
high resistance to brown planthopper based on molecular design. Rice
15: 17. DOI: 10.21203/rs.3.rs-992897/v1.

Moonsap P, Laksanavilat N, Sinumporn S, Tasanasuwan P, Kate-Ngam S,
Jantasuriyarat C. 2019. Genetic diversity of Indo-China rice varieties
using ISSR, SRAP and InDel markers. J Genet 98: 80. DOI:
10.1007/s12041-019-1123-0.

Muduli L, Pradhan SK, Mishra A, Bastia DN, Samal KC, Agrawal PK,
Dash M. 2021. Understanding brown planthopper resistance in rice:
Genetics, biochemical and molecular breeding approaches. Rice Sci
28 (6): 532-546. DOI: 10.1016/j.rsci.2021.05.013.

Nayak S, Samanta S, Sengupta C, Swain SS. 2021. Rice crop loss due to
major pathogens and the potential of endophytic microbes for their
control and management. J Appl Biol Biotechnol 9 (5): 166-175.
DOI: 10.7324/jabb.2021.9523.

Nguyen CD, Verdeprado H, Zita D, Sanada-Morimura S, Matsumura M,
Virk PS, Brar DS, Horgan FG, Yasui H, Fujita D. 2019. The
development and characterization of near-isogenic and pyramided
lines carrying resistance genes to brown planthopper with the genetic
background of japonica rice (Oryza sativa L.). Plants 8 (11): 498.
DOI: 10.3390/plants8110498.

Pannak S, Wanchana S, Aesomnuk W, Pitaloka MK, Jamboonsri W,
Siangliw M, Meyers BC, Toojinda T, Arikit S. 2023. Functional
Bph14 from Rathu Heenati promotes resistance to BPH at the early
seedling stage of rice (Oryza sativa L.) as revealed by QTL-seq.
Theor Appl Genet 136 (2): 25. DOI: 10.1007/s00122-023-04318-w.

Papademetriou MK. 2000. Rice production in the Asia-Pacific region:
Issues and perspectives. In: Papademetriou MK, Dent FJ, Herath EM
(eds). Proceeding of the expert consultation on Bridging the rice yield
gap in Asia and the Pacific, Bangkok, 5-7 October 1999. [Thai]

Pathaichindachote W, Panyawut N, Sikaewtung K, Patarapuwadol S,
Muangprom A. 2019. Genetic diversity and allelic frequency of
selected Thai and exotic rice germplasm using SSR markers. Rice Sci
26 (6): 393-403. DOI: 10.1016/j.rsci.2018.11.002.

Ramkumar G, Prahalada GD, Hechanova SL, Kim SR, Jena KK. 2016.
Exploring genetic diversity of rice cultivars for the presence of brown
planthopper (BPH) resistance genes and development of SNP marker
for Bph18. Plant Breed 135 (3): 301-308. DOI: 10.1111/pbr.12365.

4877

Rohlf FJ. 1998. NTSYS-pc: Numerical Taxonomy and Multivariate
Analysis System, Version 2.0, Exeter Software Setauket, New York.

Roldan-Ruiz I, Dendauw J, Van Bockstaele E, Depicker A, De Loose M.
2000. AFLP markers reveal high polymorphic rates in rye grasses
(Lolium spp.). Mol Breed 6: 125-134. DOI:
10.1023/A:1009680614564.

Saengprajak J, Phetsom J, Saengdee A, Atichart P, Theerakulpisut P.
2024. Molecular diversity of rice germplasms from Thailand
characterized by different pericarp colors using Inter Simple
Sequence Repeat (ISSR) markers. Biodiversitas 25 (7): 2839-2848.
DOI: 10.13057/biodiv/d250705.

Sahu PK, Sao R, Choudhary DK, Thada A, Kumar V, Mondal S, Das BK,
Jankuloski L, Sharma D. 2022. Advancement in the breeding,
biotechnological and genomic tools towards development of durable
genetic resistance against the rice blast disease. Plants 11 (18): 2386.
DOI: 10.3390/plants11182386.

Sansanoh R, Sreewongchai T, Changsri R, Kongsil P, Wangsawang T,
Sripichitt P. 2019. Development of rice introgression lines with
brown planthopper resistance and low amylose content for germplasm
sources through marker-assisted selection. Agr Nat Resour 53 (1): 38-
43. DOI: 10.34044/j.anres.2019.53.1.06.

Singh AK, Kumar D, Gemmati D, Ellur RK, Sing A, Tisato V, Dwivedi
DK, Singh SK, Kumar K, Khan NA, Singh AV. 2024. Investigating
genetic diversity and population structure in rice breeding from
association mapping of 116 accessions using 64 polymorphic SSR
markers. Crops 4 (2): 180-194. DOI: 10.3390/ crops4020014.

Singh B, Singh N, Mishra S, Tripathi K, Singh BP, Rai V, Singh AK,
Singh NK. 2018. Morphological and molecular data reveal three
distinct populations of indian wild rice Oryza rufipogon Griff. species
complex. Front Plant Sci 9: 123. DOI: 10.3389/fpls.2018.00123.

Sneath PHA, Sokal RR. 1973. Numerical taxonomy. Theor Appl Genet
93: 613-617.

Sun L, Su C, Wang C, Zhai H, Wan J. 2005. Mapping of a major
resistance gene to the brown planthopper in the rice cultivar Rathu
Heenati. Breed Sci 55 (4): 391-396. DOI: 10.1270/jsbbs.55.391.

Sun LH, Wang CM, Su CC, Liu YQ, Zhai HQ, Wan JM. 2006. Mapping
and marker-assisted selection of a brown planthopper resistance gene
BPH2 in rice (Oryza sativa L.). Acta Genet Sin 33 (8): 717-723. DOI:
10.1016/S0379-4172(06)60104-2.

Suvi WT, Shimelis H, Laing M, Mathew I, Shayanowako AIT. 2020.
Assessment of the genetic diversity and population structure of rice
genotypes using SSR markers. Acta Agric Scandinavica Sect B-Soil
Plant Sci 70 (1): 76-86. DOI: 10.1080/09064710.2019.1670859.

Tanaporn K, Sujaree N, Chontira S. 2021. Genetic diversity of Thai
upland rice germplasm based on inter-simple sequence repeats
marker. Chiang Mai J Sci 48 (5): 1287-1300.

Vang PTK, Lang NT, Chau LM, He TN. 2020. Determination of the
presence of brown planthopper resistance genes (Nilaparvata lugens
Stal.) in rice (Oryza sativa L.). Intl J Environ Agric Biotechnol 5: 3.
DOI: 10.22161/ijeab.53.32.

Yadav MK, Aravindan S, Ngangkham U, Raghu S, Prabhukarthikeyan
SR, Keerthana U, Marndi BC, Adak T, Munda S, Deshmukh, R.
2019. Blast resistance in Indian rice landraces: Genetic dissection by
gene specific markers. PLoS One 14 (1): e0211061. DOI:
10.1371/journal.pone.0211061.

Yang M, Lin J, Cheng L, Zhou H, Chen S, Liu F, Li R, Qiu Y. 2020.
Identification of a novel planthopper resistance gene from wild rice
(Oryza rufipogon Griff.). Crop J 8 (6): 1057-1070. DOI:
10.1016/j.¢j.2020.03.011.

Zayed BA, Negm ME, Bassiouni SM, El Zanaty AM, Hadifa AA. 2023.
Genetic evaluation of some rice genotypes with their half diallel
hybrids and genetic variation assessment using ISSR markers under
salinity stress. Menoufia J Agric Biotechnol 8 (1): 19-43. DOI:
10.21608/mjab.2023.285479.

Zhang Y, Qin G, Ma Q, Wei M, Yang X, Ma Z, Liang H, Liu C, Li Z, Liu
F, Huang D, Li R. 2020. Identification of major locus Bph35
resistance to brown planthopper in rice. Rice Sci 27 (3): 237-245.
DOI: 10.1016/j.rsci.2020.04.006.



	INTRODUCTION

