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ABSTRACT Brown planthopper (BPH) is a serious insect
pest of rice crop throughout rice growing countries, and
yield loss due to its infection can be up to 60%. This study
aimed to evaluate efficiency of molecular markers for
screening BPH resistance accessions among 86 aromatic
rice germplasm. Eighty-six accessions of aromatic rice germplasm
included two accessions of Tongil type (bred in Korea), 28
accessions of japonica type and 56 accessions of indica
type. We applied eight STS markers (pBPH9, pBPH19,
pBPH20, pBPH21, AJ09-b, RG457L, RG457B, and 7312.T4A)
which were linked to four of BPH resistance genes, Bphl,
Bphi3(t), Bphl0, and Bphl8(t) respectively. One japonica
type accession, 415XIr352, and six indica type accessions
possessed one or four positive bands when tested with four
STS markers linked to Bphl gene. One indica type aromatic
rice, Basmati9-93, showed the target bands linked to the
Bphl0 gene. The other accessions did not show same
fragments as the respective resistant lines. Bphl3(t) is the
most widely introduced resistance gene and only one
accession showed positive bands implying that this accession
might harbor Bphl0 and Bphl8(t) genes. Three aromatic
accessions, Domsiah, Khao Dawk Mali 105 and 415X1r352
showed gene pyramiding of Bphl and Bphl3(t). Two indica
aromatic rice, Ds 20 and Basmati 9-93, possessed at least
two BPH resistance genes, Bphl, Bphl8(t) and Bphl3(),
Bphl18(t), respectively. These results indicates that aromatic
rice germplasm have narrow diversities of BPH resistance
genes.
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Aromatic rice (Oryza sativa L.) is known for its
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characteristic of pleasant aroma. One of the aromatic rice
varieties, Basmati, is not only in great demand in the domestic
markets, and has a premium price in the world market (Arif
et al., 2005; Singh et al., 1997).

Brown planthopper (BPH), Nilaparvata lugens (Stal) is
widely distributed thought out Asia and considered as the most
serious pest throughout the rice-growing areas of the world. At
high pest density, its feeding damage causes ‘Hopperbum’ or
complete wiling and drying of the rice plant (Dyck and Thomas,
1979; Pathak, 1968; Sexena and Berrion, 1983).

BPH is able to overwinter successfully in low temperature
countries such as Japan and colonization occurs annually
following long-distance migration from southern China
during the rainy scason from June to July (Matsumura et
al., 2006; Seino et al., 1987; Watanabe et al., 1990).

So far, three Southeast Asian biotypes, N. lugens have
been collected and identified from 1971 to 1975 in the
Philippines (IRRI, 1976; Pathak and Saxena, 1980). The
dominant biotype of BPH occurred in the 11 provinces and
antonomous region of China has changed from biotype 1 to
biotype 2 except in Chengdu and Sichuan. Some individuals
of BPH collected from early rice fields at Simao, Yunnam
and Nanning, Guangxi were found to be the same as that
of Bangladesh and Sri Landka (Saxena and Barrion, 1985).

In Japan, the virulence of the BPH population immigrating
into Japanese rice varieties carrying the resistance gene
Bphl began to increase during 1988-1990 (Sogawa, 1992).
The BPH population rapidly became virulent to the rice
variety ASD7 (carrying bph2 gene) in begimning of 1997,
and the virulence remained at a high level through 1999 (Tanaka,
1999; Tanaka and Matsumura, 2000)

In Korea, N. lugens migrates from the southerm part of
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China annually, and is unable to overwinter (Park, 1973; Uhm
et al., 1988). Three BPH biotypes have been identified based
on their variety reactions; biotype 1 (no gene for resistance),
biotype 2 (carrying Bphl resistance gene), and biotype 3
(carrying bph2 resistance gene) (Lee et al, 1982, 1985)

The first released BPH resistant variety, Mudgo, a variety
from India, suffered no apparent damage even under heavy
insect populations (Pathak et al, 1969). Also, IR26 was
highly resistant against the general population (biotype 1)
in the Philippines from 1973 to 1975 (Pathak and Khush,
1979) and in Indonesia from 1974 to 1976 (Harahap, 1979).
Unfortunately, this resistant variety soon broke down to a
new invade (biotype 2) of the insect in the Philippines
(Varca and Feuer, 1976), Indonesia (Harahap, 1979), and
Vietnam (Huynh, 1977).

Recently, 13 BPH major resistance genes, together with
several quantitative trait loci controlling BPH resistance
(Alam and Cohem, 1998; Xu ef al, 2002). Genetic analysis
of BPH resistance has revealed six dominant (Bphl, 3, 6,
9, 10, and 13(1)) and seven recessive {bph2, 4, 5, 7, 8
11y, and 12(t)) genes has been reported in indica type
rice cuoltivars and two wild relatives. (Cha er al., 2008;
Chen et al., 2006; Jena et al., 1992; Jena et al., 2006; Ishii
et al., 1994; Hirabayashi and Ogawa, 1996; Lang et al,
1999; Murai et al., 2001).

In the present study, we screened eighty-six aromatic
rice accessions of different origin for the genetic diversity
of resistance genes against BPH for improving aromatic
rice breeding efficiency using PCR-based STS (sequence
tagged site) markers.

MATERIALS AND METHODS

Rice plant materials and DNA extraction

In the previous studies, among the 260 aromatic introductions
preserved in RDA genebank, 86 accessions were evaluated
for agronomic traits, physio-chemical characteristics, and aromatic
compounds (Kim er al., 2008a, 2008b)

Five seeds of each accession were disinfected with 2%
NaQCl solution for 4 hrs and were washed with tap water
for overnight and placed on moist filter paper laid on the
petri-dish at 30°C for one-week in growth chamber.

Genomic DNA for PCR analysis were extracted from
frozen young leaves of one-week-old seedlings by an
improved CTAB (hexadecyl trimethyl ammonium bromide)
buffer based method described by Chen and Ronard
(1999). The quality of extracted genomic DNA was estimated
on 1% agarose gels stained with ethidium bromide. The
quantity of DNA was measured by NANO Drop system
(Thermo, U.S.A.) and were adjusted to 10 ng/pl with
sterilized distill water and stored at 4C.

Brown planthopper R genes specific STS markers

Eight PCR based allele-specific STS marker set (pBPH9,
pBPH19, pBPH20, pBPH21, AJ09-b, RG457L, RG457B and
7312.T4A) of four major BPH resistance (R) genes, Bphl,
Bphl13(t), Bphl0 and Bphl8(1), were shown in Table 2 as
per previously reported studies (Cha er al., 2008; Lang et
al., 1999; Jena et al., 2006, Renganayaki et al, 2002)
(Table 1). Three BPH resistance genes, Bphl, Bphl0 and
Bphi8(t) genes, were located on chromosome 12, and
Bphl3(t) gene was located on chromosome 3. We used the
eight STS markers for amplification of DNA fragments
linked to BPH resistant genes based on previously reported
conditions. All of the markers were synthesized by Bioneer
Co., Korea.

Estimation of PCR results for the resistance gene was
determined by visualization of 536 bp, 610 bp, 535 bp and
885 bp of positive fragments using four SNP primer, pBPH9,
pBPH19, pBPH20 and pBPH21, respectively.

Polymerase chain reaction (PCR) analysis

The PCR analysis for the STS allele-specific markers
was conducted according to Bioneer PCR Pre-mix kit
manual (Bioneer Co. Ltd, Korea). The PCR reaction mixture
contained 50 ng of genomic DNA, 5 pmol of each primer
set, 2.5 mM of each dNTPs, 1.5 mM MgCl, 1X PCR
buffer (10 mM Tris-HCl, pH 9.0, and 30 mM KCI), and
1.0 unit of Tag DNA polymerase in 20ul PCR reaction
volume. PCR amplifications were carried out in a MyGenie96
Thermal cycler (Bioneer Co. Ltd, Korea), and programmed
as such a way that template DNA was initially denatured
at 95°C for 4 min, followed by 30 cycles of PCR amplification
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steps with the following parameters; 30 sec denaturation at
94°C, 30 sec primer annealing at from 42 to 62°C, and a
60 sec primer extension at 72°C to facilitate completion of

primer extension, with a final extension at 72°C for 10min.

Table 1. Details of sequence tagged site (STS) markers used for screening BPH resistance genes.
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Initially 4 pl of the amplified products were electrophoretically
resolved on a 1.5% agarose gel in 0.5X TAE (Tris-acetate-
EDTA) buffer (pH 8.0) and visualized under UV light after
staining with 0.1 pg/ml of ethidium bromide (Et-Br). The

Expected products (bp)

Marker Linked gene Enzyme Chro. Primer R S Cited articles
e
I
SBPH20 i ) F:5"-GGCTGCCTTATCCCCAACTCC-3 535 76 2008.

R:5’-GTCGGCGCCGTGCAGGTCGTG-3
oot W
N e

F:5"-GCAGTGGCAGATGGGATCGT-3’ 300, 250,
T T
RGASTE ﬁ:5’_-TGFiGCTG?\TGGGTTTTGCﬁTGCfB’ 200, 300350, 200 |

Table 2. Genotype of 86 aromatic accessions at the BPH resistance genes estimated with eight allele-specific STS markers linked

to the resistance genes.

Bphl Bphl3(1) Bphl0 Bphi8(y

Lane Vanieties Ecotypes pBPH9 pBPH19 pBPH20 pBPH21 AJ09-b 1;2;5;{' Iif{ff? 7222"}‘?
! Hyangmibyeolho To SS SS SS SS RR SS SS SS
2 Hyangmibyeo2ho To SS SS SS SS SS SS SS SS
3  Hyangnambyeo Ja SS SS SS SS RR SS S5 SS
4 Aranghyangchalbyeo Ja SS SS SS SS RR SS SS S8
5 Mihayangbyeo Ja SS SS SS SS RR SS SS SS
6 A2 Ja SS SS SS SS RR SS SS SS
7 A-3, Choh Chang Ja SS SS SS SS RR SS SS SS
8  Muhyang99-8 Ja SS SS SS SS RR SS SS SS
9  Jahyangna861 Ja SS SS SS SS RR SS SS S5
10 Jcl49 Ja SS SS SS S8 SS SS SS SS
11 Jels57 Ja SS SS SS SS SS SS SS SS
12 Tari 7447 Ja SS SS SS SS RR SS SS SS
13 Padi danat Ja SS SS SS SS RR SS SS S8
14  Kemiri Ja SS SS SS SS RR SS SS SS
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Table 2. Genotype of 86 aromatic accessions at the BPH resistance genes estimated with eight allele-specific STS markers linked
to the resistance genes. -continued

Bphl Bphl3(1) Bphl0 Bphl8()

Lane Varieties Ecotypes® RG457L RG457B 7312.T44
pBPH9 pBPH19 pBPH20 pBPH21 AJ09-b [Hinf 1 /Hinf 1 /Hinf 1

15  Daebunhyangdo2 Ja S8 SS S8 SS RR S8 SS SS
16  Shiyayuuine Ja SS SS SS SS RR S8 S8 SS
17 Rasomotrafotsy Ja SS SS SS SS RR S8 S8 SS
18 TALLI Ja SS SS SS SS SS SS SS SS
19 Masino Basmati Ja SS SS SS SS SS SS SS SS
20 Kalomasino Dhan Ja SS SS SS SS SS SS SS SS
21  Gerdeh Ja SS SS SS SS RR SS SS SS
22 KINANDANG PAT Ja SS SS SS SS RR SS 8S SS
23  Milagrosa MUTANT Ja SS SS SS SS RR SS S8 S8
24  Inaguhu Ja SS SS SS SS RR. 88 SS SS
25 Flores Ja SS SS SS SS RR SS SS S8
26 Kung-ShanWu-Shen-Ken Ja SS SS SS SS RR SS SS SS
27 Daw Dam Ja SS SS SS SS RR SS SS SS
28 415 X 1352 Ja SS RR SS RR RR SS SS SS
29 Khau Nua Keo Ja SS SS SS SS RR SS SS SS
30 Khau Tan Luong Ja SS SS SS SS RR SS SS SS
31 Goolarath In SS SS SS SS RR SS SS SS
32 Dal3 In SS SS SS SS S8 S8 S8 SS
33 Basmati 370 In S8 SS S8 SS SS SS S8 S8
34 Hyanggaengdo In SS SS SS SS RR SS SS SS
35 Seratus Malam In SS SS SS SS RR SS SS SS
36 Basmati T3 In SS SS SS SS SS SS SS SS
37 Jelll In SS SS SS SS SS SS SS SS
38 Arc 6011 In SS SS SS SS SS SS SS SS
39 Kaminibhog In SS ss SS SS SS S8 SS SS
40 Tarana Deshi In SS SS SS SS RR 88 S8 SS
41 Basmati In SS S8 SS SS SS S8 S5 S8
42 Iranbyeopssi In SS SS SS SS RR SS SS SS
43 Iranbyeopssi In SS SS SS SS SS SS SS SS
44 Domsiah In SS RR SS SS RR SS SS SS
45 Mulai In SS SS SS SS SS SS SS SS
46 Tareme In SS SS SS SS SS SS SS SS
47 Hyangdo In SS SS SS SS RR S8 S8 38
48 Seratus Malam In SS SS SS SS RR 58 S8 S8
49 Mayataung In SS SS SS SS RR SS SS SS
50 Yekywin Yinkya Hmwe In SS SS SS SS RR SS SS SS

51 Kala Namak In SS SS SS SS SS SS SS SS
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Table 2. Genotype of 86 aromatic accessions at the BPH resistance genes estimated with eight allele-specific STS markers linked
to the resistance genes. -continued

Bphl Bphl3(1) Bphl0 BphI8(

Lane Varieties Ecotypes® RG457L RG457B 7312.T44
PBPHO pBPHIO pBPH20 pBPH21 AJO9-b ©p it 7 i’ on

52 Masino Basmati In SS SS SS SS SS SS SS SS
53 Basmati Dhan In SS SS S8 SS S8 SS SS SS
54 Basmati In SS SS SS RS SS S8 SS SS
55 Basmati 370 In SS SS SS SS SS RS SS SS
56 Basmati 9-93 in SS SS SS SS RR RR RR SS
57 Basmati 198 In SS SS SS SS SS SS SS SS
58 Basmati 370 In SS SS SS SS SS SS SS SS
59 Basmati 5836 In SS SS SS SS SS SS SS SS
60 Basmati 5854 In SS SS SS SS SS SS SS SS
61 Basmati 5875 In SS SS SS SS SS SS SS SS
62 Basmati 6113 In SS RR SS RS SS SS SS SS
63 Basmati 1 In SS SS SS SS SS Ss SS SS
64 Basmati 213 C In SS SS SS SS RR SS SS SS
65 Basmati 372 In SS SS SS SS SS SS SS SS
66 Chahora 144 In SS SS SS SS SS SS SS SS
67 Pakistani Fine In SS SS SS SS SS SS SS SS
68 1r841-85-1-1-2 In SS $S SS SS RR SS SS SS
69  05-Irri-M-46 In RR RR RR RR SS SS SS SS
70 Basmati 107 In SS SS SS SS SS SS SS Ss
71 Basmati 405 In SS SS SS SS SS SS SS SS
72 Basmati 3853 In SS SS SS SS SS SS SS SS
73 Basmati 5874 In SS SS SS SS SS SS SS SS
74 Basmati 6129 In SS SS SS SS SS SS SS SS
75 Basmati 6311 In SS SS SS SS SS SS SS SS
76 Basmati 6313 In SS SS SS SS SS SS SS SS
77 Basmati 6141 In SS SS SS SS SS Ss SS SS
78 AZUCENA In SS SS SS SS RR SS SS SS
79 Binicol In SS SS SS SS SS SS SS SS
80 Milfor 6 In SS SS SS SS RR SS SS SS
81 Dinorado In SS SS SS SS RR SS SS SS
82 Khao Dawk Malil05 In SS RR SS SS RR SS SS SS
83 Jasmine 85 In SS SS SS SS RR SS SS §S
84 Dellmont In Ss SS RR SS SS Ss SS SS
85 Aroma In SS SS SS SS S8 SS SS SS
86 Ds20 In RR RR RR RR SS SS SS RR

The rice blast resistant genes scored as the presence (1) or absence (0) of amplicons linked to eight of allele-specific SNP
markers.

* To, In, and Ja stand for Tongil Type, Indica Type, and Japonica type, respectively.
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amplified fragment using SNP markers were scored as
presence (1) or absence (0) of amplicons linked to each gene.

RESULTS

Screening of rice accessions using markers linked

to the Bphl gene

Cha et al (2008) developed four Bphl specific STS
markers, pPBPH9, pBPH19, pBPH20 and pBPH21, based on
two BAC clones on chromosome 12. To detect the Bphl
gene, 86 aromatic accessions were analyzed through the
presence of amplicons using four STS markers, pBPH9,
pBPH19, pBPH20 and pBPH21. One japonica accession,
415X1r352, showed both 610 bp and 885 bp bands amplified
with pBPH19 and pBPH21, respectively. Six indica accessions
possessed one or four positive bands linked to the Bphl
gene. Among six accessions, three, Domsiah, Basmati6113
and Khao Dawk Mali 105 produced a 610 bp positive
amplicon with the pBPH19 STS marker. One accession,
Dellmont, showed the 535 bp target band detected with
pBPH20 STS marker. Especially, two accessions possessed
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four positive bands amplified with each four candidate STS
markers tightly linked to Bphl gene (Fig. 1).

Screening of rice accessions using markers linked

to the Bph13(t) gene

Co-dominant STS marker, AJ09-b, was mapped and
developed from RAPD markers closely linked to BPH
biotype-4 resistance gene, Bphl3(t) on rice chromosome 3.

Bphli3(t) was scored highest positive bands of four BPH
resistance genes amplified with eight PCR based allele-
specific STS marker set. Of 86 accessions of tested aromatic
rice, forty-two accessions were detected with both 200 bp
of positive fragment and 179 bp of susceptible fragment
amplified with Aj09-b STS marker. Forty-two positive
accessions included one Tongil-type accession (Hyangmibyeolho),
twenty three japonica type accessions and eighteen indica

type accessions (Fig. 2).

Screening of rice accessions using markers linked
to the Bph10 gene
Lang et al. (1999) mapped the Bphl(Q gene controlling
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Fig. 1. Screening of 86 aromatic accessions using four STS markers, pBPH9 (A), pBPH19 (B), pBPH20 (C) and pBPH21 (D),
tightly linked to the Bphl gene. PCR products were classified into pBPH9 (resistant, 536 bp), pBPH19 (resistant, 610
bp), pBPH20 (resistant, 535 bp) and pBPH21 (resistant, 885 bp). Lane M, 100 bp ladder plus; Lane 1-86, aromatic rice

germplasm.
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Fig. 2. Screening of the BPH resistance gene (RR), Bphi13(1) with amplicon amplified with the STS marker, 4J09-b. The PCR
bands were produced with DNA of 86 accessions. Lane M, 100 bp ladder plus; Lane 1-86, aromatic germplasm.
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resistance to BPH biotype 2 and 3, with RFLP and
converted one of the linked RFLP markers into a PCR
based STS marker, RG457F and RG457R which co-
segregated with the Bphl0 gene. None of the Tongil and
Japonica accessions showed the positive fragment when the
PCR product was cleaved with Hinf 1. One of fifty-six
indica accessions, but Basmati9-93 possessed the target
band (Fig. 3).

Screening of rice accessions using markers linked

to the Bphi8(t) gene

Eighty-six accessions were screened with an STS marker,
7312.7T44 linked to the Bphl8(t) gene and an introgression
line (IR65482-7-216-1-2) inherited the gene from the wild
rice Oryz australiensis (Jena et al. 2006). One accession
showed the 566 bp and 398 bp of positive double bands
when the PCR product was cleaved with the restriction
enzyme Hinf 1 (Fig. 4).

DISCUSSION

Nilaparvata lugens (Stal) is present in varying populations
on most rice crop, but often its damage is noticed only
after the crop suffers hopperburn. Moreover, the insect has
been recorded as a symptom of yellowing syndrome and as
viral vectors of the grassy stunt virus and ragged stunt
virus diseases of rice (Harahap, 1979; Rivera et al., 1966).
For rice crops, growing resistant varieties is the most
effective and environment-friendly way to control the Brown
planthopper (N. lugens). Application of molecular markers
will enhance the speed and efficiency of the selection
process in breeding for BPH resistance program (Alagar er
al., 2007; Alam and Cohen, 1998). However, many resistant
cultivars have been developed in the world since the initial
screens of rice germplasm for genetic resistance to BPH
(Pathak et al., 1969).

In this study, we estimated BPH resistance of eighty-six

aromatic rice accessions by screening for the presence of

4 major brown plant hopper (BPH) resistance (R) genes,

i
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Fig. 3. Banding patterns of the accessions amplified with the STS markers, RG457L (A) and RG457B (C) that are linked to
the Bpil gene. The amplified PCR products were digested with Hinf 1 restriction enzyme (B and D). Lane M, 100

bp ladder plus; lane 1-86, aromatic rice germplasm.

[l @ 3

A Giggugegre Wrgugguyesdu

-

Fig. 4. Agarose gel electrophoresis of PCR products amplified with the STS marker, 73/2.744, linked to the Bphi8(t). Before
(A) and after (B) the amplified PCR products were digested with Hinf 1 restriction enzyme. Lane M, 100 bp ladder

plus; Lane 1-86, aromatic rice germplasm.
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Bphi, Bphi3(t), Bphi( and Bphl&(t). Eighty-six accessions
included two Tongil type (bred in Korea), 28 japonica and
56 indica accessions.

Thirteen major R genes to BPH resistance have been
identified in indica type rice cultivars and two wild relatives,
Oryza autraliensis, and O. officinalis. Genetic analysis of
BPH resistance genes has revealed 6 dominant (Bphl, 3, 6,
9, 10, and 13(1)) and 7 recessive (bph2, 4,'5, 7,8, 11(),
and 12(1)) genes controlling BPH resistance (Cha et al., 2008;
Chen et al, 2006; Jena et al, 2006; Lang et al., 1999).

Bphl and Bphi0 were found to be closely linked to
RFLP markers, C185 and RG457 on rice chromosome 12
(Jena et al, 1992; Ishii et al, 1994; Hirabayashi and
Ogawa, 1996). In this study, one japonica accession, 415XIr352,
and six indica accessions possessed positive bands linked
to Bphl gene detected with four STS marker, pBPH9 (536
bp), pBPH19 (610 bp), pBPH20 (535 bp) and pBPH21
(885 bp). Many resistance genes to BPH have been
identified in indica type varieties and wild rice accessions,
but have not been cultivated due to the preference for
Japonica type varieties in Korea.

One indica accession, Basmati9-93, possessed the target
band linked to the Bphl0 gene with the RG457F and
RG457R STS marker. But none of eighty-six accessions
showed the positive fragment. Bphl3(?) is the most broadly
introduced resistance gene and the Bphl0 and Bphl8(t)
resistance genes showed positive bands in only one accessions
in tested eighty-six accessions.

Gene pyramiding has been successfully applied in crop
breeding programs, and many varieties and lines possessing
multiple attributes have been produced (Huang ef al., 1997,
Khush, 1981; McCouch et al., 2007; Wang et al., 2001).
Three accessions, Domsiah, Khao Dawk Mali 105, 415X1r352,
showed the gene pyramiding of Bphl and Bphl3(t). Indica
typerice, Ds20 and Basmati9-93 possessed the two BPH
resistance genes, Bphl and Bphl8(t), and Bphl3(t) and
Bphi8{1), respectively.

MAS will enhance the speed and efficiency of the selection
process in breeding for BPH resistant lines. The genotype
information of aromatic accessions at the BPH resistance
genes in this study will be informative in the breeding
program for combining both BPH resistance and the aroma

gene in the breeding program..
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