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Abstract Brown planthopper (BPH, Nilaparvata lugens Stål) is one of the most serious rice insect pests in Chinaand the world. 

Exploiting new resistance genes and breeding advanced genetic stocks are important for breeding resistance varieties. In this study, 

more than 1 200 accessions of common wild rice (Oryza rufipogon Griff.), were evaluated for the resistance to several biotypes of 

BPH. 30 resistant accessions were obtained and 6 of them showed broad spectrum resistance to 5 or all of the 6 BPH biotypes, i.e. 

biotypes 1 and 2, Bangladesh, Mekong (Vietnam), Cuulong (Vietnam) and Pantnagar (India), which are spreading most rice growing 

regions in the world. Genetic analysis was turned out that the BPH resistance in these stocks was controlled by two pairs of recessive 

genes with duplicate interaction against biotypes 2 and Cuulong, but the resistance to the biotype Pantnagar was controlled by one 

pair of recessive gene. This indicated different genetic mechanism of reaction against BPH biotypesin the resistant sources. The two 

recessive genes existing in the entry 2 183 might be new discovered genes as no BPH resistance gene has been reported in these 

chromosome regions. They were tentatively designated asbph18 (t) and bph19 (t), respectively. A total of 143 entries of advanced 

genetic stocks resistant to BPH and 6promising resistance lines or hybrid combinations with high yield or good quality were bred. 

These resistant advanced genetic stocks set a solid foundation for breeding new resistance varieties.. 

Keywords Oryza rufipogon, Oryza sativa, Brown planthopper (Nilaparvata lugens Stål), Resistant varieties, Gene mapping, 

bph18(t), bph19(t) 

Background 
Brown planthopper (BPH, Nilaparvata lugens St!l) is 

one of the most serious pests of rice in China and the 

world. More than 25% of the total chemicals applied 

in rice field are for control of this pest in China, which 

are expensive, environment unfriendly and injurious 

to human health due to their residual toxicity (Li et al., 

1997). Breeding BPH-resistant varieties is therefore, 

the most economic and effective way to control this 

insect. BPH resistance is known to be in monogenic 

ordigenic inheritance in most resistance sources. More 

than 17 BPH resistance genes and some QTL loci 

have been identified in the cultivated and wild species 

of rice. Among them, more than 10 resistance genes 

have been mapped by molecular markers. Higher 

degree and broader spectrum of resistance present in 

cultivar Ptb33is conferred by bph2 and Bph3 together. 

(Sidhu and Khush, 1978; Khush et al., 1985; Kabir and 

Khush, 1988; Nomoto et al., 1989; Hirabayashi and Ogawa, 

1995; Kinoshita, 1995; Li et al., 1997； Hirabayashi etal., 

1998; Jeon et al., 1999; Kawaguchi et al., 2001; Liu et 

al., 2001; Murata et al., 1997; 1998a; 1998b; 2001; 

Renganayaki et al., 2002; Yang et al., 2002; 2004; 

2005; Wu et al., 2005). Among the resistance genes, 

Bph1, bph2 and Bph3 have been used extensively in 

the breeding program. However, the varieties with 

Bph1 and bph2 genes have lost their resistance in 

many rice growing regions due to change of BPH 
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biotypes (Manisegaranet al., 1993; Medina et al., 1996). 

Therefore, it is important to identify new sources of 

high and broad spectrum resistance for rice breeding 

against BPH biotypese specially the virulent biotypes. 

The present report is undertaken to evaluate new 

resistance genes from the Guangxi wild rice species 

(Oryza rufipogon Griff.), and to use the genes against 

BPH biotypes. 

1 The Evaluation for the Resistant Sources 
from Wild Rice 
One thousand two hundred and fourteen entries of 

common wild rice (Oryza rufipogon Griff.) were collected 

from various regions in Guangxi where the wild rice 

was widely distributing and screened for their BPH 

resistance in the past 15 years. Only 30 (occupy 2.5%) 

of them were presented the resistance with resistant 

scores from 1 to 5, i.e. HR-highly resistant (scale1.0~2.0), 

R-resistant (scale 2.1~4.0), MR-moderately resistant (scale 

4.1~6.0), MS-moderately susceptible (scale 6.1 ~8.0), 

S-highly susceptible (scale 8.1~9.0), while the other 

were susceptible with scores from 7 to 9. This result 

indicated that the frequency of BPH resistant resources 

in the wild species is very low, and it was possible to 

get new resistant sources/genes from the wild rice 

materials (Table 1). 

Table 1 Resistance of Oryza rufipogon resources to Nanning 

local population of brown planthopper (BPH) 

Resistant scale The number of 

resources 

Resistant rate (%) 

1 0 0.0 

3 2 0.2 

5 28 2.3 

7 320 26.3 

9 856 71.2 

Total 1214 100.0 

The resistant sources were collected from the 23 of 46 

counties of wild species habitat in the Guangxi. There 

was no evidence that the resistance sources accumulated 

in one site. Whereas, it seemed that the resistance 

resources was commonly present in the wild populations 

in certain frequency. 

2 The Broad Spectrum of Resistance to the 
BPH Biotypes 
Six BPH biotypes were used to find out their pathogenic 

reaction against the wild rice. Among them, biotype 1 

and 2 were collected from Nanning in Southern China, 

and the Bangladesh biotype was the predominant type 

in Bengal regions of South Asia, and the Mekong 

biotype, Cuulong biotype and Pantnagar bio-366type 

were collected from Mekong and Cuulong deltas in 

southern Vietnam Pantnagar in the northern India 

respectively. The biotype 2 was most widely spreading 

inrice growing regions, while the Cuulong and Pantnagar 

biotypes were highly virulent (Pathak and Lal, 1976; 

Liet al., 1997). The results showed that the 6 wild rice 

germplasms used in the study were resistant to all of 

the 5 or 6 BPH biotypes (Table 2). As compared with 

the tester varieties each having specific reaction to BPH 

biotypes, the wild rice germplasms were resistant to 

all the biotypes used in this study. Such kind of broad 

spectrum BPH resistance would be very valuable for 

breeding resistant varieties. 

3 The Inher itance of BPH Resistance 
The inheritance of BPH resistance in the wild 

materials was studied by crossing susceptible parent 

TN1 (P1) with the resistant parent 94-42-5-1 (P2) and 

other corresponding combinations and progenies. Parents, 

F1, F2, BC1P1 and BC1P2 populations were infested 

with Cuulong and Pantnagar biotypes. 

All the F1 plants of the cross were susceptible and 

the plants in F2 population segregated in the ratio 

of 1 resistant: 3 susceptible suggesting dominance of 

susceptibility over resistance and the resistance being 

controlled by one pair of recessive gene. This result 

was further confirmed by the segregation in F3 lines 

into 1 resistant: 2 segregating: 1 susceptible. All the F3 

lines derived from F2 resistant plants were uniformly 

resistant. The BC1 progenies from backcross between 

F1 and susceptible TN1 parent were all susceptible, 

whereas the progenies from testcross between F1 and 

resistant 94-42-5-1 parent gave segregation ratio of 1 

resistant: 1 susceptible plants (Table 3). Whereas, all 

the F1 plants of the cross were susceptible and F2 

population segregated into 1 resistant: 15 susceptible plants. 

The test cross of F1 with resistant parent 94-42-5-1 

resulted in genetic segregation in the ratio of 1 

resistant: 3 susceptible plants (Table 4). The inheritance 
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of the resistance in 94-42-5-1 to the BPH biotype 2 

also presented recessive in F1 plants and digenic 

segregation (1R:15S) in F2 population. Screening of the 

other F2 populations (1R:15S) derived from different 

resistant sources (BPH94-42-5-1, BPH2173, BPH2175, 

BPH 2182, BPH2183, BPH 2184, BPH2192, BPH 

2195, BPH2200, BPH 2205) showed all the resistance 

was recessive digenic inheritance to the biotypes 2 

and Cuulong indicating two pair of resistance genes 

present in these materials. 

Table 2 Resistance reaction of nucleus germplasm in O. rufipogon and O.sativa 

Name Resistant sources Resistant genes Biotype 1 Biotype 2 Biotype 

Bangladesh 

Biotype 

Mekong 

Biotype 

Cuulong 

Biotype 

Pantnagar 

O. rufipogon BPH94-42-5-1 Unknown HR HR HR HR HR HR 

 BPH2175 Unknown R R R - R R 

 BPH2183 Unknown R R R - R R 

 BPH2184 Unknown R R R - R R 

 BPH2192 Unknown R R R - R R 

 BPH2200 Unknown R R MR - MR R 

O. sativa TN1 None S S S S S S 

 Mudgo Bph1 R S S S S S 

 ASD7 bph2 R R S S S S 

 Rathu Heenati Bph3 R R R R MS MR 

 Babawee bph4 R R R S MR S 

 ARC10550 bph5 S S R R S S 

 Swarnalata Bph6 - S - - S MS 

 T12 bph7 - S - - S S 

 Chinsaba bph8 - S - - S S 

 Pokkali Bph9 - S - - S S 

Note: HR: Highly resistant (Scale 1.0~2.0); R: Resistant (Scale 2.1~4.0); MR: Moderately resistant (Scale 4.1~6.0); MS: Moderately 

susceptible (Scale 6.1~8.0); S: Highly susceptible (Scale 8.1~9.0)

Table 3 The genetic analysis of resistance in 94-42-5-1 against BPH Pantnagar biotype 

Generations Resistant plants Segregating plants Susceptible plants Ratio χ2 P-value 

TN1 (P1) 0 - 40 - - - 

94-42-5-1 (P2) 40 - 0 - - - 

(P1/P2) F1 0 - 40 - - - 

F2 73 - 195 1:3 0.72 0.25~0.50 

BC1P1 0 - 60 - - - 

BC1P2 65 - 58 1:1 0.40 0.50~0.75 

F3 lines (random sample) 15 31 11 1:2:1 0.80 0.50~0.75 

F3 lines (from F2 R plants) 45 - 0 - - - 

Table 4 The genetic analysis of resistance of 94-42-5-1 against BPH Cuulong biotype 

Generations Resistant plants Susceptible plants Ratio χ2 P-value 

TN1 (P1) 0 20 - - - 

94-42-5-1 (P2) 20 0 - - - 

(P1/P2) F1 0 20 - - - 

F2 19 203 1:15 2.02 0.10~0.25 

BC1P1 0 160 - - - 

BC1P2 94 321 1:3 1.28 0.25~0.50 

These results showed two pairs of independent recessive genes with duplicate interaction controlling resistance in 94-42-5-1. It 

suggested different genetic mechanism in the host against different BPH biotypes. 
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4 Molecular Mapping of the BPH Resistance 
Genes 
The TC1F2 population from the cross between susceptible 

parent TN1 and resistant donor 2 183 was used as the 

mapping population. Plant resistance was evaluated by 

infestation with biotype 2. A total of 257 extreme 

resistant and susceptible plants were used for the 

molecular mapping of the resistance genes with 239 

pairs of rice genome-wise SSR primers selected on the 

basis of their polymorphisms between parents. The 

genetic distances (centimorgan, cM) between resistance 

loci and markers were determined using Mapmaker 

/expV3.0 based on the segregation data in the BC2F2 

mapping population ( LOD≥3.0). 

A total of 257 extreme resistant and susceptible plants 

were mapped with the marker for the resistance genes. 

The mapping showed three SSR markers, RM273, 

RM6506 and RM252, located in the middle of long 

arm of the chromosome 4, co-segregated with one of 

the resistance genes. RM6506 was 11.0cM in the 

upper of the gene, while RM273 and RM252 were 

6.0cM and 10.4cM below the gene, respectively 

(Figures 1 and 2). It has been reported that there were 

two BPH resistance genes, bph12(t) and Bph15(t) in 

the chromosome4. The bph12(t) and Bph15(t), both 

derived from O. Officinalis (Wall. ex Watt) with CC 

genome, have been located at around 56.2cM and 

18.3cM of the Cornell rice map (McCouch et al., 

2002), respectively, and the latter is a dominant gene 

(Yang et al., 2002; 2004). In this study, the BPH 

resistance gene is located at around88cM of the 

Cornell map (Figure 2), far from the locations of 

bph12(t) and Bph15(t). Therefore, this gene is most 

possible a new gene and tentatively designated as 

bph18(t). 

 

 

 

 

 

 

Figure 1 PCR amplification of DNA by primer RM273 

Note: M: Marker; PR: Resistance parent (2 183); PS: Susceptible parent (TN1); R: TC1F2 resistant individuals; S: TC1F2 susceptible 

individuals 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 The location of bph18(t) in the rice chromosome 4 

The other resistance gene in 2 183 was mapped in the 

chromosome 12, near the end of long arm, with genetic 

distance 16.7cM to the SSR marker RM17 (Figure 3). 

But the exact location of this locus has not decided 

because other markers for it have not been found. 

Further study for location of this gene is going on. Up 

till now, 4 BPH resistance genes, Bph1 (Hirabayashi 

and Ogawa, 1995), bph2 (Murata et al., 1998a; Jeon 

etal., 1999), Bph9 (Murata et al., 2001) and Bph10(t) 

(Murata,1997) have been reported in the chromosome 

12.The Bph1 was a dominant gene closely linked with 

bph2 and located at a region between 64.1~64.7cM 

ofthe Cornell map. The exact location of Bph9 is not 

known as it was mapped by RAPD markers (Murata 

etal., 2001), but it is a dominant gene. The Bph10(t) is 

also a dominant gene located at the near upper of 

Bph1.In this study, the new gene is located in the end 

region of the chromosome below 91cM of the Cornell  
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Figure 3 PCR amplification of DNA by primer RM17 

Note: M: Marker; PR: Resistance parent (2 183); PS: Susceptible parent (TN1); R:TC1F2 resistant individuals; S: TC1F2 susceptible 

individuals 

map and with at least 28cM distance to the other 

resistance gene in the same chromosome. Therefore, it 

is possibly a new gene and tentatively designated as 

bph19(t). 

This research results, together with our former study 

in which another two new loci conferring BPH 

resistance were found (Yang et al., 2005), indicated that 

there were rich resistant sources to the BPH present in 

Guangxi common wild rice and these new genes 

would strongly help to the diverse utilization of 

resistance genes against the BPH. 

5 Resistant Germplasm Enhancement 
A lot of resistant germplasms were bred so as to create 

a large number of breeding materials with genetic 

diversity. A total of 293 crosses, backcrosses and 

multi-crosses have been made, from which 143 

genetic stable lines with BPH resistance were obtained. 

The BPH resistance in the new breeding lines was 

compared with that of the parents. The mean resistance 

score to the biotypes 2 and Bangladesh in the parent 

94-42-5-1 were 2.86 and 2.63 respectively, and in the 

progeny lines were 2.2~3.0 and 1.3~3.0 respectively 

(Table 5).This indicated that the BPH resistance could 

be maintained after the gene transfer. As both the 

species possess the same AA genome, the transfer of 

the resistance genes does not meet difficulty. 

Table 5 BPH resistance in some new bred resistance stocks 

New bred lines Mean resistance Resistance New bred lines Mean resistance scale Resistance 

 scale to biotype 2 R 02-10 to biotype Bangladesh R 

01-1 2.8 R 02-12 2.0 R 

01-7 2.6 R 02-13 2.2 R 

01-8 2.6 R 02-14 2.5 R 

01-12 3.0 R 02-20 2.8 HR 

01-15 3.0 R 02-22 1.6 R 

01-19 3.0 R 02-29 2.1 R 

01-25 3.0 R 02-38 2.5 HR 

01-32 2.2 R 02-41 1.7 HR 

01-38 2.6 R 02-43 1.3 R 

01-41 3.0 R 02-46 2.4 R 

01-48 3.0 R 02-52 2.6 R 

01-50 2.8 R 02-56 2.7 R 

01-55 3.0 R 02-179 3.0 R 

01-68 3.0 R 02-184 3.0 R 

01-70 3.0 R 02-190 3.0 R 

01-84 3.0 R 02-192 3.0 R 

01-99 3.0 HR Mean 3.0 HR 

Mean 2.86 MR 94-42-5-1 2.63 MR 

94-42-5-1 (Resistant sources) 2.0 S (Resistant sources) 2.0 MS 

ASD7 (R-CK) 3.7 Resistance Rathu Heenati (R-CK) 4.2 Resistance 

IR26 (S-CK) 8.2 R ASD7 (S-CK) 8.3 R 

Note: *HR: Highly resistant (Scale 1.0~2.0); R: Resistant (Scale 2.1~4.0); MR: Moderately resistant (Scale 4.1~6.0); MS: Moderately 

susceptible (Scale 6.1~8.0); S: Highly susceptible (Scale 8.1~9.0) 
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6 Yield Performance of the BPH Resistant 
Breeding Lines 
A few superior BPH resistant breeding lines and hybrids 

were evaluated for their yield potential. These lines 

showed reasonable higher yield as compared with the 

local hybrid. The highest yield of T5S/99-BPH71 reached 

8 370kg/hm2, and a quality line 99Q736 could yield 

6 045kg/hm2 (Table 6). This indicated the utilizeation 

of the BPH resistance derived from the wild rice O. 

rufipogon have made good progress in rice breeding. 

Table 6 BPH resistance and yield potential of some elite breeding lines and hybrids 

Line or hybrid Type Resistance Mean 

02-P3 Early-season indica type R 7 

02-P11 Early-season indica type R 8 

99Q736 Late-season indica type MR 6 

T5S/99-BPH71 Early-season indica type MR 8 

TSMS96/99-BPH88 Early-season indica type MR 8 

T4S/99-BPH81 Early-season indica type R 7 

Shanyou Gui 99 (CK) Early-season indica type - 7 
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