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SSR Mapping of Brown Planthopper Resistance Gene Bph9
in Kaharamana, an Indica Rice (Oryza sativa L.)
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Abstract: The brown planthopper (BPH) is one of the most serious insects pests of rice, and the host resistance has been recog-
nized as one of the most economic and effective measures for BPH management. In this study, we conducted a molecular-based
genetic analysis of Bph9 in Kaharamana, a Sri Lanka rice variety resistant to BPH insects of East and Southeast Asia. An F, segre-
gating population composed of 180 plants was constructed from the cross between Kaharamana and 02428, and each F, plant was
self-crossed to obtain F,3 family. The bulked seedling test method was used to evaluate the resistance of F,.; families, and the
genotype of each F; plant was inferred from the phenotype of corresponding F,.; family. Linkage analysis indicated that the resistant
gene Bph9 in Kaharamana was located between SSR markers RM463 and RM5341 on chromosome 12 with linkage distances of
6.8 cM and 9.7 cM, respectively. The time- and money-saving SSR markers would be heipful in the application of Bph9 in breeding

program via marker-assisted selection.
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The brown planthopper (BPH), Nilaparvata
lugens Stél, is one of the most serious insect pests of
rice (Oryza sativa L.) in Asian rice growing area.
BPH causes direct damage by sucking plant sap, and
transmitting several viral diseases such as rice grassy

stunt !

and rugged stunt %,

Using of insecticides to control BPH insects is
not only costly in terms of labor and money, but also
causes environment damage. In addition, resurgence,
a phenomenon of pest population increase after ap-
plication of insecticides P, has also been reported. To
solve the problem, naturally evolved resistance sys-
tems would provide a promising and readily accept-
able means of control.

Utilization of host resistance has been recognized

as one of the most economic and effective measures
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for BPH management. Many donors of BPH resistance
have been identified and genetics of resistance have
been investigated. So far, 13 BPH resistance genes have
been reported, of which Bphl, Bph2 and Bphl0 (t) were
mapped on chromosome 12 ¥, Four additional resis-
tance genes Bph4, Bphll(t), Bphl2 (t) and Bphl3(t)
were assigned to chromosome 6, 3, 4 and 2 !, Analy-
sis of quantitative trait loci (QTL) contributing to BPH
resistance in IR64, Kasalath, Teqing and wild rice
Oryza officinalis has also been carried out ['°3],
Three Sri Lanka varieties, Kaharamana, Balama-
wee and Pokkali, were found to be resistant to BPH
insects of biotypel, biotype2 and biotype3 but not
biotype4 from Bangladesh, and the resistance of these
three varieties was controlled by a dominant gene

which was allelic to each other but was different from
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Bph1 and Bph3 'Y, Despite of the versatility of Bph9,
the use of the gene in breeding program has not yet
been reported. Nemoto er al!' carried out allelism
tests between Kaharamana, Balamawee and Pokkali,
and proved that a dominant gene, which was desig-
nated as Bph9, governed the resistance. RFLP and
RAPD analysis of the resistant gene has been carried
out in Pokkali, and this gene has been mapped be-
tween OPRO4 and S2545 on the long arm of chro-
mosome 12 with a map distance of 8.8 ¢cM from
OPRO4 and 12.5 cM from $2545 "', But the mo-
lecular analysis of resistant gene in Kaharamana and
Balamawee has not yet been reported.

To facilitate a marker-assisted selection in
breeding BPH resistant variety, we carried out SSR
tagging of Bph9 in Kaharamana. In the study re-
ported here, we constructed an F, segregating
population and conducted a molecular-based ge-
netic analysis of Bph9 in Kaharamana. The objec-
tive was to determine the chromosomal location of
Bph9 in Kaharamana and find SSR markers closely
linked to Bph9 that might be useful for cloning this
gene and for improving BPH resistance in rice

breeding programs.

1 Materials and Methods

1.1 Plant materials and insects

The genetic materials were an F; population of
180 plants and F, plants from a cross between Ka-
haramana and 02428. The japonica 02428 is a BPH
susceptible cultivated rice variety with wide com-
patibility. Each F, plant was selfed to obtain F,;

U7 and

family. Rathu Heenati, carrying Bph3
Taichung Native 1 (TN1) with no resistance genes
were used as resistant and susceptible controls,
respectively.

The BPH population used for infestation was
biotype 1, which was first collected from rice fields at
Hangzhou, China, and then maintained on TN1 in the
greenhouse for ten generations. In this experiment,
insects were maintained on TN1 under natural condi-
tion in the greenhouse of Nanjing Agriculture Uni-

versity, Nanjing, China.

1.2 Evaluation of BPH resistance

A modified bulked seedling test was conducted
to phenotype the reaction to BPH infestation on par-
ents, F, plants and 180 F,.; families. To ensure all
seedlings at the same growth stage for all seedlings
for insect infestation, seeds were first germinated in
petri dishes. After which about 70 germinated seeds
of each entry were sown in two plastic pots of 10
cm-diameter with a hole in the button. Generally, 28
pots including one pot of parents and control varie-
ties were placed in a 68 cm x 42 cm X 16 cm plastic
seed-box. About 2cm deep water was kept in the
seed-box until resistance evaluation was completed.

At the second-leaf stage, 15 d after the seeds were
sown; the seedlings were infested with 2nd to 3rd-instar
BPH nymphs at a density of six insects per seedling.
When all seedlings of TN1 died, the plants of F,.; fami-
lies were examined and each seedling was given a score
of 0,1, 3,5, 7 or 9 according to Su ez al. [”], which were
based on IRRI " and Athwal er al "\, The genotype
of each F, plant was then determined by assaying the
phenotype of corresponding F,; families, which was
inferred based on the weighted average of the seed-

lings tested.
1.3 DNA preparation and SSR assay

DNA samples were extracted from young leaves
of each entry using the method described by Della-
porta e al®!. The extracted DNA samples were then
dissolved in TE buffer (10 mmol/L Tris-base, 0.1
mmol/L EDTA) and tested for quality and quantity
using a MBA 2000 UV/VIS Spectrometer (Perkin
Elemer Co.). The samples were then diluted into 20
ng/uL with autoclaved double distilled water (dd H,O)
for further analysis.

SSR analysis was performed following the proce-
dure of Chen et al. " with minor modifications. The
original sources and motifs for all the SSR markers used
in this study could be found in the gramene database
(http://www.gramene.org/) and McCouch er al. Por
http://www.dna_res.kazusa.or,jp/9/6/05/spl_tablel/table.p
df). Amplification reactions were carried out in 10 pL
containing 10 mmol/L Tris-HCI pH 8.3, 50 mmoV/L KCl,



264

B Acta Genetica Sinica  Vol33 No.3 2006

1.5 mmol/L MgCl,, 50 pmol/LL each of dNTPs, 0.2
umol/L each primers, 0.5 U Tag polymerase (TaKaRa,
Dalian) and 20 ng of DNA template. Reactions were per-
formed using a PTC-200 thermal cycler (MJ Research
Inc.) programmed as 94°C for 4 min, followed by 35
cycles of 1 min at 94°C, 1 min at 55°C 1.5 min at 72°C
with a final extension of 7 min at 72°C. Amplification
productions were separated in 8% non-denaturing PAGE,
and observed by silver staining method based on San-
guinetti CJ !, The bands were then scored on a light box

with fluorescent lamps.
1.4 Linkage analysis

Co-segregation of SSR markers with BPH resis-
tance was analyzed using MAPMAKER/3.0 software
to determine the linkage relationships between Lan-
der et al **. The Kosambi function was transformed

into centimorgan (cM).

2 Results

2.1 BPH resistance evaluation

In bulk seedlings test, the resistance score of
Kaharamana and 02428 were 1.63 and 7.07, respec-
tively, which indicated that Kaharamana was resistant
to biotype-1 of BPH while 02428 was susceptible.
The F; plants with resistance score of 0.65 were
highly resistant to BPH, which indicated Kaharamana
was governed by a dominant gene. It seemed that
Kaharamana was less resistant than Rathu Heenati
whose resistance score was 0.4 (Table 1).

The resistance scores of the 180 F,.; families in-
fested with BPH of biotype-1 showed a continuous
distribution, ranging from a low of 0.47 to a high of
9.00, with three apparent peaks around 2, 5 and 8 in
the distribution curve ( Fig.1). Genotype of each F,
plant was inferred from the corresponding F».; family.
All the 180 F,; families were classified into three
categories on the resistance scores as resistance, seg-
regating or susceptibility and the corresponding F,
plant was genotyped as RR (homozygous resistance),
Rr (Segregating heterozygous) and rr (homozygous
susceptibility). The segregation of F, population

showed a good fit to the expected ratio of 1:2:1 (x’=
1.51, %%0.05. 2= 5.99 ) (Table 2).

Table 1 The scores of BPH resistance in parents and

control varieties

C o a Number of seedlings Resistance
Varieties
tested score (0-9)
Kaharamana 60 1.63
02428 60 7.07
F, 26 0.65
Rathu Heenati 60 0.4
TN1 63 9.0

? Rathu Heenati and TN1 were used as resistance and

susceptible controls for BPH biotype-1, respectively.
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1 2 3 4 5 6 7 8 9
Score of BPH resistance

Fig. 1 Distribution of BPH resistance scores of the 81
RILs
The scores of Kaharamana, 02428 and F, were 1.63,7.07 and

0.65, respectively.

Table 2 Segregation of BPH resistance in F, population
derived from the cross Kaharamana/02428

Phenotype of cor-

Number of F, .
F, genotype L 2 responding F.3
individuals b
family
RR 38 RS<2
Rr 96 2<RS<7
rr 46 RS=7

Dy* value for IRR: 2Rr: rris 1.51 (x%05.2=5.99 );
® Number in this column was the range of resistance

score weighted average; RS: Resistance score.

2.2 Mapping of Bph9 by SSR assay

According to the previous report on the chro-
mosome position of Bph9 in Pokkali "'?, a total of 35
SSR primer pairs on chromosome 12 were firstly
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used to survey polymorphisms between Kaharamana
and 02428 in this study, of which 12 (34%) SSR primer
pairs showed to be polymorphic. An SSR marker
RM463 on the long arm showed significant cosegrega-
tion with BPH resistance (Table 3, Fig.2A). The other

SR markers showing polymorphism around this region

were further used to analyze segregation in the mapping
population and a linkage map was constructed using
SSR markers on the long arm of chromosome 12. Fi-
nally, the resistant gene Bph9 in Kaharamana was lo-
cated between RM463 and RM5341 with distances of
6.8 cM and 9.7 cM, respectively (Fig.2B).

Table 3 Distribution of resistance score by genotype of RM463 in F, population derived from the cross Kaharamana/02428

Number of F; plants in three genotype according to the phenotype of

Marker Marker genotype ¥ cotresponding F; family
RR Rr rr
1/1 29 4 2
RM463 172 5 80 1
22 1 6 41
9 1/1 denotes marker genotype of Kaharamana; 2/2 denotes marker genotype of 02428; 1/2 denotes marker genotype of F, cross
of Kaharamana/02428.
Chromosome 12
P20 M Dict.(¢cM) Marker

Py Py Fy 1

Fig.2 PAGE photograph of primer RM463 and linkage map of Bph9

A: PAGE photograph showing SSR analysis with primer RM463 on chromosome 12 in F, segrega-
tion population derived from Kaharaman/02428. Py: Kaharamana; P,: 02428; F;: Fy plants; 1-20: F,
individuals; M: Marker. B: Molecular mapping of rice chromosome 12 showing the location of

Bph9 gene in Kaharamana.

3 Discussion

The threat of BPH to rice has resulted in a con-
stant search for genes showing resistance and an ac-
celerated effort to develop resistant varieties 2 2!
However, the difficulty of breeding varieties for re-
sistance was greatly exacerbated by the ability of
BPH to develop new biotypes to “breakdown” resis-
tant varieties rapidly and become virulent on novel

plant genotype. An outbreak of BPH prompted IRRI

1 rRM101
9.80 |
L RM277
8.70 -
L RMS11

12.10 —

H RM5341
9.70 —

+ BP
6.80 — BPHY

H- RM463
23.50 —

+ RM270
19.80 —

+ RM17

B

to initiate a breeding program for the development of
resistant varieties of rice. Resistant varieties with
Bphl and Bph2 were released sequentially in 1973
and 1976, but the varieties became ineffective within
a few years; the dominant Bph3 gene was released in
1982, which has been currently broken down in many

(7] Therefore, more effective genes for

countries
BPH resistance must be constantly identified and in-
corporated into BPH resistance breeding program.

The resistant gene Bph9 in Kaharamana was
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mapped between RM55341 and RM463 on chromo-
some 12 (Fig.2B). Murata et al. " reported that Bph9
in Pokkali was located between G2140 and S2545
(Fig.3d). On the newly published genetic linkage map
that integrated RFLP and STS markers with SSR
markers, the SSR marker RM5341 was located be-
tween G2140 and S2545 and only 0.6 cM to G2140
(Fig.3c). The other SSR marker RM463 was 1.0 ctM
to RM309 on the IR64/Azucena map (Fig.3a), while
RM309 was 3.0 cM to S2545 on the integrated map
(Fig.3¢). Hence we confirmed that Bph9 in Kahara-
mana and Pokkali were located in the same region of
chromosome 12. We found that the map distance be-
tween RM511 and RM463 in this study was 12.9 ¢cM

greater than the corresponding distance on the

Dict. (cM) Marker Dict. (cM) Marker

Y 2

IR64/Azucena (Fig.3, a and b). This might be as-
cribed to the use of different mapping populations
and the hybrid sterility in the progenies of in-
dica/japonica cross. The same phenomenon was also
reported by Murata et al '),

To slow down the evolution of BPH population,
several approaches have been proposed over the years,
such as rotating different cultivars, planting multiple
resistant lines within the same field, and combing dif-
ferent resistance genes within the same cultivars®>",
Because of the ineffectiveness of Bphl, Bph2 and Bph3,
the resistant gene Bph9 should provide an alternation for
carrying out strategies of rotating different cultivars or
pyramiding different resistant genes in the same cultivar.
The molecular markers linked to Bph9, especially the

Dict. (cM) Marker Dict. (cM) Marker

270 [ RM179 /k— RM101 w:— R617 L R617
T RM101 9.80 — 3.30 —NRM 101 2.50 1L Ca43
7.70 — H- RM277 [ c44 4.40 —
5 60 T RM277 8.70 —  OPFIS
5 80 T RMS11 H- RM5341 13.20 5 750 —
290 | RM519 12.10— il
- RM313 0.60 —H~ G2140 G2140
- RM5341 70— \RM5341
9005 9.70 — 100 T 52545 8.70 —
1.00 = RM309 L Bph9  —— " H-RM309 1 opros
RM463 — 680
H- RM463 280
15.80 - 18.40
23.50 — B <
- RM270
H-R1709 1X.50 —
H- RM270
17.80 15.20 — H-S2545
19.80 —
6.10 —
| 0.80 —H- R1684 _ T R3106
g RMY - RM17 2101 0RM 17 2301 Ri709
Jrc901 U
(2) ® (c) (d

Fig.3 The map position of Bpi9 on the long arm of chromosome 12

(a): The TR64/Azucena map constructed in reference to gramene database (http://www.gramene.org/). (b): The Kaharamana/02428
map present study; (c): The map constructed in reference to the database in
http://www.dna_res.kazusa.or.jp/9/6/05/spl_figurel/figl.pdf; (d): The Norin-PL9/Pokkali map constructed by Murata et al. (2002);
“ &—— 7, Chromosome location of Bph9 in Kaharamana in this study; “ <«—— ", Chromosome location of Bp#9 in Pokkali
by Murata et al. (2002).

constructed in the
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time- and money-saving SSR markers found in this
study would inevitably promote the use of this resistant
gene in marker-assisted selection program for breeding
new BPH resistance cultivars.

Although Bph9 in Kaharamana and Pokkali
were located in the same region of chromosome 12,
no evidence has yet been obtained that they might
share the same genomic sequence and encode the
same protein. Cloning of the gene in Kaharamana,
Pokkali and Balamawee would eventually lead to the

elucidation of the difference.
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