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Assignment of a Brown Planthopper (Nilaparvata lugens Stal) Resistance Gene bph4 to
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A Sri Lankan indica rice (Oryza sativa L.) cultivar
Babawee harboring a brown planthopper (BPH)
(Nilaparvata lugens Stal) resistance gene bph4 was crossed
as a male parent with two susceptible cultivars, either
indica IR24 or japonica Tsukushibare. Segregation of
the BPH resistance in the two crosses was studied by
directly assaying the F, phenotypes and by determining
the F, genotypes based on the F; phenotypes. In both
cross combinations, the segregation of the BPH resistance
significantly deviated from the ratio expected for the
single recessive gene model. Using bulked DNAs of
homozygous resistant and susceptible F,s and the
parents, seven out of 214 RFLP markers were selected
as linked markers, of which six on chromosome 6 were
common in the two cross combinations. Two micro-
satellite markers on chromosome 6 were also linked to
bph4. Although the map position of bph4 could not be
determined, the gene was assigned to the distal region of
the short arm of rice chromosome 6 based on the bulked
segregant analysis and linkage analysis.

Key Words: Oryza sativa L., brown planthopper, resist-
ance gene, bph4, RFLP, microsatellite.

Introduction

The brown planthopper (BPH), Nilaparvata lugens
Stal (Homoptera: Delphacidae), is one of the most serious
insect pests of rice throughout the Asian rice-growing
countries. To solve the BPH problem, naturally evolved
resistance system(s) should provide a promising and readily
acceptable means of control. Genetic and breeding research
on BPH resistance has been conducted since the mid-1960s
(Athwal et al. 1971). So far at least 12 major BPH resistance
genes from indica cultivars and two wild relatives have
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been identified and characterized. Five genes (Bphli, bph2,
Bphi0(t), bphli(t) and bphl2(t)) have been mapped on the
rice chromosomes 12, 4 and 3 using RFLP markers (Ishii
et al. 1994, Hirabayashi and Ogawa 1995, Huang et al. 1997,
Murata et al. 1997, 1998, Hirabayashi et al. 1998, 1999).

A recessive BPH resistance gene bph4 was first identi-
fied in a Sri Lankan indica rice cultivar Babawee
(Lakshminarayana and Khush 1977). The bph4 gene was
reported to be either allelic or closely linked to a dominant
BPH resistance gene Bph3 (Sidhu and Khush 1979). These
two resistance genes were first assigned to rice chromosome
10 based on trisomic analysis (Ikeda and Kaneda 1981).
Later, however, it was suggested that Bph3 was located on
chromosome 4 (Khush, personal communication). We there-
fore attempted to determine the bph4 locus on the rice link-
age map. For this, we made two independent crosses using
Babawee as a pollen donor parent of bph4 and two suscep-
tible cultivars of indica and japonica rice as seed parents.

Materials and Methods

Plant materials

The following two crosses were made using a BPH-
resistant Sri Lankan indica rice (Oryza sativa L.) cultivar
Babawee as a donor of bph4 (Lakshminarayana and Khush
1977). Babawee was crossed as a pollen parent with two
BPH-susceptible rice cultivars, i.e. an indica cv. IR24 and a
Jjaponica cv. Tsukushibare as seed parents. F, and F; pro-
genies were obtained from these indica/indica and japonica
lindica crosses.

BPH resistance bioassay

Methods for the maintenance of a BPH colony (biotype
1) and the bioassay of BPH resistance and susceptibility in
F,s and Fss followed those described by Murata et al. (1998).
Briefly, F, phenotypes (resistant or susceptible) were deter-
mined by assaying the F; individuals using the mass seed-
ling test (Kaneda et al. 1981), a modified version of the
original bulk seedling method developed by Pathak er al.
(1969). To determine F, genotypes (homozygous resistant:
RR, heterozygous: RS, or homozygous susceptible: SS), 17
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F5 seedlings from each of the F, plants were planted in a 12
cm-row plot of a row spacing of 2.2 cm with two replica-
tions in a tray (24.5 x 29.5 x 1.5 cm). Two rows each of the
resistant and susceptible cultivars were grown as controls
together with two rows each of eight F; lines in a tray. The
tray was placed in a ventilated cage and incubated in a
growth chamber under a 16-h photoperiod and at day-night
temperatures of 30-25°C. At the Ist to the early 2nd leaf
stages, the seedlings were infested with the 2nd to the 3rd
instar nymphs at a density of 7 nymphs per seedling. At 13
days after infestation, the damage caused to the seedlings
was compared with that in the control rows to determine
their phenotypes.

Bulked segregant analysis and linkage analysis using RFLP
and microsatellite markers

After the determination of the bph4-genotypes of Fss,
DNAs were extracted and bulked from 8 RR and 8 SS F,
plants from the IR24/Babawee cross. Six F, plants were
used to construct both RR and SS bulk DNAs in the case of
the Tsukushibare/Babawee cross. These RR and SS bulk
DNAs were used together with the parental DNAs in a
bulked segregant analysis (Michelmore et al. 1991) to
detect linked markers. Bulked DNAs were digested with 8
restriction enzymes (BamH]I, Bglll, EcoRV, Hindlll, Apal,
Dral, EcoRI and Kpnl), fractionated by electrophoresis
through 0.6% agarose gel, and blotted onto nylon mem-
branes (Boehringer Mannheim) in 0.4 N NaOH. Southern
blot hybridization and signal detection were performed
according to the method of Murata et al. (1998) using 214
RFLP markers as probes. The markers were provided by the
National Institute of Agrobiological Resources, Tsukuba,
Japan, and by Cornell University, U.S.A. Four and six
microsatellite markers (McCouch et al. 1997) located
respectively on the rice chromosomes 4 and 6 (see Results)
were also used in the bulked segregant analysis in the
following way. The microsatellites were PCR-amplified,
fractionated by electrophoresis through 4 % polyacrylamide
gel, and visualized by staining with Bio-Rad Silver Staining
Kit as previously described (McCouch et al. 1997).

A linkage analysis was performed using RFLP and
microsatellite markers, which were selected by the bulked
segregant analysis, in 64 F,s derived from the IR24/Babawee
cross and in 74 F,s from the Tsukushibare/Babawee cross.
Recombination values were calculated using MAPMAKER
Version 2.0 with LOD scores higher than 3.0 (Lander et al.
1987) and linkage maps were constructed.

Results

Segregation of BPH resistance/susceptibility

Segregation of BPH resistance (R) and susceptibility
(S) in the two F, populations was studied by directly assaying
the phenotypes of F, individuals. Individuals without detect-
able damage were estimated to be resistant, while those that
withered and died were estimated to be susceptible. In the

bioassay of 258 F, seedlings from the IR24/Babawee cross,
the resistance segregation deviated significantly from the
single recessive gene ratio of 1R:3S, with more resistant
progenies than expected (Table 1). In the Tsukushibare
/Babawee cross, a similar deviation towards more resistant
progenies was observed. We next performed genotyping of
F, individuals by assaying the phenotypes of F; progenies.
In this analysis, F,s showing more than 90% of resistant F;
progenies were estimated to be homozygous resistant (RR),
those showing less than 10%, homozygous susceptible
(SS), and all the others, heterozygous (RS). In the IR24
/Babawee cross, the segregation ratio thus determined in
138 F, seedlings deviated from the expected 1RR:2RS:
1SS ratio (Table 1). The segregation ratio in 160 Fs in the
Tsukushibare/Babawee cross also showed a deviation. In
both crosses, the numbers of F, seedlings that were estimated
to be RS were much larger than expected. In the bioassay,
we noted considerable numbers of seedlings (up to 18.3%
of Fss per F,) that showed intermediate levels of resistance.
In the intermediate types, the first leaves either withered or
remained alive but the second leaves did not develop during
the bioassay period. No such intermediate types were
observed among the resistant and susceptible parent plants,
which were tested together with the segregating populations
in the same bioassay cage. All the intermediate types were
classified as susceptible in the present analysis based on the
judgment that they did not carry a major resistance gene
bphd4. Fig. 1 shows the distribution of the percentage
frequency of resistant F; progenies from F; individuals. The
frequency distribution of F; progenies in F,s that were
estimated to be heterozygous was continuous in both cross
combinations. In the IR24/Babawee cross, the mode of the
percentage of resistant progenies was 30-40%, supporting
that bph4 is a recessive gene. The mode of the resistance
frequency in the Tsukushibare/Babawee cross deviated
towards a larger value (50-60 %).

Table 1. Segregation of BPH resistance in F, and F; progenies de-
rived from the IR24/Babawee and Tsukushibare/Babawee
crosses

Number of F, individuals

F; test? ; -
Resistant  Susceptible Total?
IR24/Babawee 112 146 258*
Tsukushibare/Babawee 85 150 235%
Number of F, individuals
F; test
RR RS SS Total®
IR24/Babawee 14 93 31 138%*
Tsukushibare/Babawee 12 133 15 160*

D IR24 (a total of 260 seedlings) and Tsukushibare (272) were
susceptible, while Babawee (268) was resistant in the bioassay.

2 *indicates significant deviation at the 0.1% level from the
IR : 38 ratio in the F; test and the IRR:2RS: 1SS ratio in the F;
test.



Assignment of bphd to rice chromosome 6 15

IR24/Babawee

30
25 RSS _RR
20
15
10

0 5 1015 20304050 6070 80 85 9095100

Tsukushibare/Babawee

20 {-SS _RR

Number of F, individuals

05 10 15 203040 5060 70 8085 9095 100

Percentage of resistant F5 progenies

Fig. 1. Frequency distribution of resistant Fy progenies derived
from individual F»s. The upper panel indicates the results
obtained from the IR24/Babawee cross and the lower panel
from the Tsukushibare/Babawee cross. RR: homozygous
resistant, SS: homozygous susceptible. All the others were
estimated to be RS.

Bulked segregant analysis and linkage analysis using RFLP
and microsatellite markers

In the bulked segregant analysis, DNAs extracted from
8 RR and 8 SS F,s of the IR24/Babawee cross and those
from 6 RR and 6 SS F;s of the Tsukushibare/Babawee cross
were used. The RR bulks were constructed from the Fss that
showed an average of 96.3% resistant Fss in the IR24
/Babawee cross and 93.2 % resistant Fzs in the Tsukushibare
/Babawee cross. The SS bulks were constructed from the
F»s that showed 98.0% and 96.9 % susceptible Fss for the
IR24/Babawee and Tsukushibare/Babawee crosses, respec-
tively. Southern blot profiles that were generated by a com-
bination of 214 RFLP markers and eight restriction enzymes
were compared among the parental DNAs and the RR and
SS bulk DNAs. The RFLP markers were randomly selected
to cover the 12 rice chromosomes. As expected, the japonica-
indica combination was more polymorphic (68 polymorphic
markers) than the indica-indica combination (51 poly-
morphic markers). Six RFLP markers on chromosome 6
(C76A, RZ516, R1954, RZ588, R2147 and R2171) and one
on chromosome 4 (C76B) were commonly polymorphic and
associated with R/S in the two cross combinations. Another
marker R2869 on chromosome 6 was polymorphic and
associated with R/S in the IR24/Babawee cross but mono-
morphic in the Tsukushibare/Babawee cross. R2170 on
chromosome 3 was also polymorphic and R/S-associated,
but it was monomorphic in the Tsukushibare/Babawee
cross. An example of the segregation of two RFLP markers,
R2147 and RZ588, in F, seedlings is shown in Fig. 2. A
probe C76 generated a polymorphic marker fragment that
was designated as C76A on chromosome 6 and C76B on

S R F,s (R2147/HindIIl; IR24/Babawee)
A
- - - Eae o -y - R ~
S [ — O — -t oo s @O -
S R F,s (RZ588/HindIIl; Tsukushibare/Babawee)
B awlhh . e o
- - A -

Fig. 2. R/S-associated RFLP markers and their segregation in F, plants. A. Southern blot profile of
R2147/Hindlll in Fys from the IR24/Babawee cross. B. Southern blot profile of RZ588/HindIIl in Fas
from the Tsukushibare/Babawee cross. S: susceptible parents, IR24 or Tsukushibare and R: resistant

parent, Babawee.
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chromosome 4 (Harushima ez al. 1998). C76 gave an identi-
cal Southern blot profile, and thus the two markers could
not be distinguished.

To confirm the chromosome assignment of bphd4, we
employed microsatellite markers in the bulked segregant
analysis using the same RR and SS bulks prepared from
the IR24/Babawee cross. In this analysis, we used four
microsatellite markers that were located on chromosome 4
(RM261, RM252, RM241 and RM255) and six markers on
chromosome 6 (RM204, RM225, RM217, RM238B, RM3
and RM30) (McCouch et al. 1997). The analysis showed
that two of the microsatellite markers on chromosome 6
(RM225 and RM217) were associated with R/S.

Linkage analysis was attempted using the polymorphic
markers on the rice chromosome 6. Linkage analysis was
also attempted for chromosome 4. In these analyses, 64 Fs
(7 RR:38 RS:19 SS) and 74 F,s (12 RR:44 RS:18 SS)
were used for the IR24/Babawee cross and the Tsukushibare
/Babawee cross, respectively. The mapping populations
showed significant deviations from the expected 1 RR:2
RS:1 SS ratio for BPH resistance segregation, while segre-
gation of all the polymorphic markers was normal. The
segregation of markers on chromosome 6 is shown in Table
2. In the linkage maps constructed for chromosome 4, the
marker C76B selected from the bulked segregant analysis
was located at the distal end (data not shown), which
differed largely from the position in the standard Nipponbare
/Kasalath map (Harushima et al. 1998). In the linkage maps
constructed for chromosome 6, the order of all the markers
agreed with that of the standard map. However, the estimated
distances of some markers were much larger than those of
the standard map, particularly in the IR24/Babawee cross

(Fig. 3). The locus of bph4 thus could not be determined,
but it was suggested that it might be located in the distal
region of the marker C76A on the short arm of rice chromo-
some 6.

Discussion

Based on the bulked segregant analysis and linkage
analysis using RFLP and microsatellite markers, we assigned
the bph4 locus to the short arm of rice chromosome 6 (Fig.
3). However, we could not determine the position of bph4 in
the linkage maps, due to the significant deviations in the
BPH resistance segregation in the two mapping populations
(Table 1 and Fig. 1). Our results of BPH resistance segrega-
tion did not agree with the single recessive gene ratio report-
ed by Lakshminarayana and Khush (1977) and Ikeda and
Kaneda (1981) for bph4. Segregation of all the linked mark-
ers, however, showed the expected co-dominant gene ratio
of 1:2:1 (Table 2). This finding suggested that no aberrant
segregation distortion occurred in the region covering the
bph4 locus. A varying degree of sterility was observed (the
average rate of sterile florets was 38.2 + 13.2%) in the F;s
of the Tsukushibare/Babawee cross. No notable sterility
was observed in the JR24/Babawee cross, although seed set
data were not available. Sterility thus may not be responsi-
ble for the observed deviations in the BPH resistance segre-
gation and the deviation may be ascribed to the accuracy of
the BPH bioassay and/or to the presence of minor genes.

In the BPH bioassay, we observed considerable num-
bers of seedlings that showed intermediate levels of resistance
in both crosses. No such intermediate types were observed
in the resistant and susceptible parents and in the previous

Table 2. Segregation of 7 RFLP and 2 microsatellite markers linked to bph4 on the rice chromo-
some 6 in F, progenies derived from the IR24/Babawee and Tsukushibare/Babawee crosses

Number of Fys with genotypes of

Cross combination Marker" X2 (1:2:1)»
IR24 or Tsukushibare Hetero  Babawee

IR24/Babawee
R2869 21 32 11 3.13
C76A 17 35 12 1.06
RZ516 22 30 12 3.38
RM225% 19 32 13 1.13
RM217* 20 29 15 1.34
RZ588 20 27 17 1.84
R1954 17 29 14 0.37
R2147 25 26 13 3.94
R2171 25 25 14 4.03

Tsukushibare/Babawee
C76A 17 42 15 1.46
RZ516 21 36 17 0.49
RZ588 21 34 19 0.59
R1954 12 45 17 4.13
R2147 17 33 24 2.19
R2171 16 38 20 0.49

Y *indicates microsatellite markers. All the others are RFLP markers.
2 All the values do not significantly deviate from the 1:2:1 ratio.



Assignment of bph4 to rice chromosome 6 17

Distance Marker Distance Marker Distance Marker
M M M
1 R —1 C6A
79 — —~~ B L 2/ o6
—1— C6A ‘
\ 11— — Rzs16
89— —— A 1o —
—1— RI9%4 79 — —1— RZS8
—— RzsI6
15.8— 99 — 173 —
i 4 | RM25 N
—T— RM217
o 108—
' —— rzs® B4 —
—— rRa7 10.1— —1 e
129 — —— R194 84 —
1 RA3 —T R2I71
67 —
— R2I23
U5——
2920—
24 —
—1 RrRaM
—— R2549
—1 R4
153—
218—
—— R 262
—— ro7I
g3 — — R27I
—— Risss 62 —
—1 Risss
Nipponbare/Kasalath IR24/Babawee Tsukushibare/Babawee

Fig. 3. Linkage maps of the rice chromosome 6. The left map represents a standard map of Nipponbare
/Kasalath (Harushima et al. 1998), and the other two represent maps constructed in the present
study. Bold-faced markers indicate R/S-associated regions detected by the bulked segregant
analysis. The position of bph4 is arbitrary because it could not be determined due to the devia-
tion in the segregation in the mapping populations.

study with other BPH resistance genes, Bphl and bph2
(Murata et al. 1997, 1998). In the present bioassay, it was
difficult to prepare uniform seedlings at the first leaf stage
for infestation with the BPH, due to the segregation of the
seedlings with different rates of early growth. Growth stage
of the test seedlings is known to be critical for the precision
of the BPH bioassay, and the stage immediately preceding
the development of the first leaf has been recommended
(Athwal et al. 1971, Kaneda er al. 1981). The occurrence of
the intermediate phenotypes could be due to the non-homo-
geneous assay populations including seedlings at different
growth stages. The larger numbers of F, individuals that

were estimated to be RS could also be attributed to the assay
conditions.

Segregation of the BPH resistance in the F; progenies
derived from F,s that were estimated to be heterozygous
showed a continuous distribution (Fig. 1). The results sug-
gest that the BPH resistance in Babawee might be controlled
by the major resistance gene bph4 as well as by some other
minor genes. One RFLP marker C76B on chromosome 4
was commonly associated with R/S genotypes in both cross
combinations. Because of the identical RFLP patterns
generated by this probe with those by C76A, it was not
possible to determine whether C76B was actually associated
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with the BPH resistance in Babawee. It was first reported
that bph4 was located on chromosome 10 (Ikeda and
Kaneda 1981). Later, however, it was suggested that a
dominant BPH resistance gene Bph3 identified in another
Sri Lankan variety Rathu Heenati was located on chromo-
some 4 (Khush, personal communication). Since Bph3 is
either allelic or closely linked to bph4 in Babawee (Sidhu
and Khush 1979), possible association of bph4 with C76B
could not be ruled out. Another RFLP marker R2170 on
chromosome 3 was also associated with R/S in the
Tsukushibare/Babawee cross. The marker association with
R/S could not be determined in the IR24/Babawee cross,
because of the monomorphic RFLP patterns produced in
this cross combination. Whether Babawee harbors additional
BPH resistance genes on chromosomes 4 and/or 3 besides
the major recessive gene bph4 on chromosome 6 must be
further elucidated.

Moderate and durable level of BPH resistance conferred
by polygenes was already reported in IR64 (Cohen et al.
1997). QTL mapping using a doubled haploid population
showed that the BPH resistance in IR64 is controlled by
seven loci located on six of the 12 rice chromosomes in
addition to the major gene Bphl on chromosome 12 (Alam
and Cohen 1998). To critically evaluate the polygenic nature
of the BPH resistance in Babawee, a scoring method using
criteria for tolerance, antixenosis and antibiosis (Kennedy et
al. 1987) should be employed in a future QTL study.

Acknowledgments

The work was supported in part by a research grant
from the Rice Genome Research Program of the National
Institute of Agrobiological Resources, Tsukuba, Japan (to
CN). Contribution No of 121 from the Laboratory of Plant
Genetics, Faculty of Agriculture, Kobe University.

Literature Cited

Alam,S.N. and M.B.Cohen (1998) Detection and analysis of QTLs for
resistance to the brown planthopper, Nilaparvata lugens, in a
doubled-haploid rice population. Theor. Appl. Genet. 97: 1370-
1379.

Athwal,D.S., M.D. Pathak, E. Bacalangco and C.D.Pura (1971) Genet-
ics of resistance to brown planthoppers and green leaf hoppers
in Oryza sativa L. Crop Sci. 11: 747-750.

Cohen,M.B., S.N.Alam, E.B.Medina and C.C.Bemal (1997) Brown
planthopper, Nilaparvata lugens, resistance in rice cultivar
IR64: mechanism and role in successful N. lugens management
in central Luzon, Philippines. Entomol. Exp. Appl. 85: 221-
229.

Harushima, Y., M. Yano, A.Shomura, M. Sato, T. Shimano, Y.Kuboki,
T.Yamamoto, S.Y.Lin, B.A.Antonio, A.Parco, H.Kajiya,
N.Huang, K.Tamamoto, Y.Nagamura, N.Kurata, G.S.Khush
and T.Sakaki (1998) A high-density rice genetic map with
2275 markers using a single F, population. Genetics 148:
479-494,

Hirabayashi, H. and T.Ogawa (1995) RFLP mapping of Bph-1 (brown
planthopper resistance gene) in rice. Breed. Sci. 45: 369-371.

Hirabayashi, H., E.R. Angeles, R.Kaji, T.Ogawa, D.S.Brar and G.S.Khush
(1998) Identification of brown planthopper resistance gene
derived from O. officinalis using molecular markers in rice.
Breed. Sci. 48 (Suppl. 1), p. 82 (abstract in Japanese).

Hirabayashi, H., R.Kaji, E.R. Angeles, T.Ogawa, D.S. Brar and G.S. Khush
(1999) RFLP analysis of a new gene for resistance to brown
planthopper derived from O. officinalis on rice chromosome 4.
Breed. Res. 1 (Suppl. 1), p. 48 (abstract in Japanese).

Huang,N., A.Parco, T.Mew, G. Magpantay, S. McCouch, E.Guiderdoni,
J.Xu, P.Subudhi, E.R.Angeles and G.S.Khush (1997) RFLP
mapping of isozymes, RAPD and QTLs for grain shape, brown
planthopper resistance in a doubled haploid rice population.
Mol. Breed. 3: 105-113.

Ikeda,R. and C.Kaneda (1981) Genetic analysis of resistance to brown
planthopper, Nilaparvata lugens Stal, in rice. Japan. J. Breed.
31: 279-285.

Ishii, T., D.S.Brar, D.S.Multani and G.S.Khush (1994) Molecular
tagging of genes for brown planthopper resistance and earliness
introgressed from Oryza australiensis into cultivated rice, O.
sativa. Genome 37: 217-221.

Kaneda,C., K.Ito and R.Ikeda (1981) Screening of rice cultivars for
resistance to the brown planthopper, Nilaparvata lugens Stal,
by three biotypes. Japan. J. Breed. 31: 141-151.

Kennedy,G.G., F.Gould, O.M.B.Deponti and R.E.Stinner (1987)
Ecological, agricultural, genetic and commercial considera-
tions in the deployment of insect-resistant germplasm. Environ.
Entomol. 16: 327-338.

Lakshminarayana, A. and G.S.Khush (1977) New genes for resistance
to the brown planthopper in rice. Crop Sci. 17: 96-100.
Lander,E.S., P.Green, J. Abrahamson, A. Barlow, M.J. Daly, S.E.Lincoln
and L. Newburg (1987) MAPMAKER: An interactive computer
package for constructing primary genetic linkage maps of

experimental and natural populations. Genomics 1: 174-181.

McCouch,S.R., X.Chen, O.Panaud, S.Temnykh, Y.Xu, Y.G.Cho,
N.Huang, T.Ishii and M.Blair (1997) Microsatellite marker
development, mapping and applications in rice genetics and
breeding. Plant Mol. Biol. 35: 89-99.

Michelmore,R.W., I.Paran and R.V.Kesseli (1991) Identification of
markers linked to disease resistance genes by bulked segregant
analysis: A rapid method to detect markers in specific genomic
regions by using segregating populations. Proc. Natl. Acad.
Sci. USA 88: 9828-9832.

Murata, K., C.Nakamura, M. Fujiwara, N.Mori and C.Kaneda (1997)
Tagging and mapping of brown planthopper resistance genes in
rice. In: “Proceed. 5th Int. Symp. on Rice Molecular Biology.”
Su, J.-C. (ed.) Yi-Hsien Pub., Taipei, Taiwan, p. 217-231.

Murata, K., M. Fujiwara, C.Kaneda, S. Takumi, N.Mori and C.Nakamura
(1998) RFLP mapping of a brown planthopper (Nilaparvata
lugens Stal) resistance gene bph2 of indica rice introgressed
into a japonica breeding line ‘Norin-PL4’. Genes Genet. Syst.
73: 359-364.

Pathak,M.D., C.H.Cheng and M.E.Fortuno (1969) Resistance to
Nephotettix impicticeps and Nilaparvata lugens in varieties of
rice. Nature 223: 502-504.

Sidhu,G.S. and G.S.Khush (1979) Linkage relationships of some
genes for disease and insect resistance and semidwarf stature in
rice. Euphytica 28: 233-237.



