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Abstract: A rice population consisting of 90 TN1/Guiyigu F3 lines was employed to analyze the linkage between DNA 

markers and a new gene Wbph6(t) conferring resistance to whitebacked planthopper, Sogatella furcifera. By using the 

mapping approach of bulked extremes and recessive class, Wbph6(t) was mapped onto the short arm of chromosome 11 with 

a genetic distance of 21.2 cM to SSLP marker RM167. 
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The whitebacked planthopper (WBPH), Sogatella 
furcifera Horváth, is one of the most destructive insects 
of rice in the rice-growing area of China and South-East 
Asia. Growing and development of resistant varieties is 
the most economic and effective way to control any 
target insect pest. Identification and utilization of new 
genes conferring WBPH resistance has been one of the 
important objectives of rice breeding. So far, five WBPH 
resistance genes have been identified and named, 
including four dominant genes Wbph1, Wbph2, Wbph3 
and Wbph5, and one recessive gene wbph4 [1-5]. Genetic 
analyses we had made since 1984, suggested that a 
single dominant gene controlled the resistance to WBPH 
in rice landraces Guiyigu, Biangu, Daqigu and Biangu 
from Yunnan, and this gene was non-allelic to the five 
WPBH resistant genes reported previously. This new 
gene was tentatively designated as Wbph6(t) [6, 7]. 
DNA-marker based gene mapping of Wbph6(t) was 
conducted in this study. 

MATERIALS AND METHODS 

Rice plant materials 

The mapping population used was an F3 population 
of Taichung Native 1 (TN1)/Guiyigu. The female parent 
TN1 is a susceptible variety commonly employed as the 
susceptible control. The male parent Guiyigu carrying 
Wbph6(t) is a rice landrace from Yunnan Province[7]. 
TN1 and Guiyigu were crossed at the Experimental 
Farm of China National Rice Research Institute (CNRRI), 
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Fuyang in the autumn of 1998. Both the parents and F1 

plants were planted in the paddy fields of Lingshui, 
Hainan Province during the winter of 1998 and spring of 
1999. The F2 plants were grown at CNRRI farm in the 
summer of 1999. Seeds harvested from each F2 plants 
were divided into two parts, one for evaluation of insect 
resistance and the other for DNA extraction. 

Insect bio-assay 

The F3 populations and the parents were evaluated 
for resistance to WBPH in June to July 2000, using the 
standard bulked screening test[8] developed by the 
International Rice Research Institute (IRRI). The 
pre-germinated rice seeds were sown in a plastic tray (60 
cm×45 cm×10 cm). Each F3 line was sown in a single 
row of 25 plants in triplicate fashion. Three rows of each 
parent were sown in each tray. Unhealthy and weak 
seedlings were removed at 2-leaf stage. Each plant was 
inoculated with 7–8 WBPH nymphs at 1st–2nd instars. 
To prevent the escape of WBPH nymphs, the trays were 
covered with a nylon net (12 m×1 m×1.2 cm). 
Reaction of the F3 lines was scored when the mortality 
of the susceptible control, TN1 seedlings, reached 95%. 
Test insects were maintained in a CNRRI greenhouse for 
5-6 generations. 

RFLP and SSLP analysis 

The parental lines were planted during 1999. Rice 
leaves were collected from a single plant at the 
maximum tillering stage. The F3 population was planted 
in 2000. Based on the results of resistance evaluation to 
WBPH, 90 F3 lines with similar resistance scores across 
three replications were selected. At 5–6 leaves stage, 
leaves from 20 plants of each line were collected, their 
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genotype referring to the genotype of F2 plants. Total 
DNA was extracted using the method modified by Lu 
and Zheng [9]. Two types of molecular markers, 
restriction fragment length polymorphism (RFLP) and 
simple sequence length polymorphism (SSLP) were 
employed.  

RFLP analysis was initiated as described by 
McCouch et al.[10], but probe labeling, hybridization and 
signal detection were performed using the ECL direct 
nucleic acid labeling and detection systems (Amersham 
Pharmacia Biotech). DNA samples were digested with 
BamH I, EcoR I, EcoR V and Hind III restriction 
enzymes. One hundred and thirty one probes detecting 
high polymorphism within indica rice sub-species in our 
previous experiments were selected for a survey of 
parental polymorphism. By mixing DNAs from 10 
susceptible and 10 resistant lines, respectively, two 
extremes i. e. R and S DNA pools were constructed and 
assayed with polymorphic probes. All RFLP probes 
were from Tanksley’s laboratory, Cornell University, 
USA. 

SSLP was surveyed using MAPPAIRTM SSR 
primers (Research Genetics Inc). The PCR protocol of 
the manufacturer was followed. Template DNA was 
pre-denatured at 94°C for 1 min followed by 30 cycles 
of 94°C for 30 s, 57°C for 45 s, 72°C for 1 min, and a 
final 5 min incubation at 72°C. Two sets of R and S 
DNA pools were designed from 10 resistant and 10 
susceptible lines, by mixing DNAs of five lines from 
each pool. The DNA pools and the parental DNAs were 
diluted 20 times with 1×TE (pH 8.0) and used for SSLP 
analysis. Positive primers detected, were used for 
population analysis. The amplified products were 
resolved by electrophoresis on a 2.5% Metaphor® 
agarose gel (BMA) and 100 bp DNA Ladder Plus (MBI) 
was used as the length marker. After electrophoresis and 
staining with EB, the products were visualized using 
GDS 8000 gel analysis system (UVP). Bands were 
scored as 1 for homozygote from resistant parent 
Guiyigu, 2 for TN1, and 3 for heterozygote. 

Data analysis 

Co-segregation between the resistance gene and 
DNA markers was analyzed with the method of bulked 
extreme and recessive class [11]. Linkage analysis was 
undertaken using MAPMAKER/EXP3.0 [12,13], and 
genetic distances were measured in centiMorgan (cM) 
derived using the Kosambi function. 

RESULTS 

Screening for WBPH resistance in parents and F3 
lines 

Average mortalities of the susceptible parent TN1 
and the resistance parent Guiyigu were 97.2% and 
18.3%, respectively. Among the F3 lines screened, 90 

lines displayed an identical response to WBPH in overall 
three replications. Average seedling mortality of F3 lines 
ranged as 12–100%, forming a continuous distribution 
with several peaks (Fig. 1). The average seedling 
mortality of most F3 lines was lower than the value of 
susceptible TN1 and higher than the value of resistant 
Guiyigu, indicating that Guiyigu might harbor several 
resistant genes. 

Detection of the positive markers 

Among 131 RFLP probes and 150 SSLP primers 
used for parental survey, 54 probes and 45 primers were 
able to detect polymorphism between TN1 and Guiyigu. 
However, only marker RM167 located on rice 
chromosome 11 was shown to be positive. Two 
susceptible pools had a single DNA fragment from the 
susceptible parent, while two resistant pools bands from 
both parents (Fig. 2). 

Mapping of the resistance gene Wbph6(t) 

DNA preparations of the 20 individuals for 
constructing DNA pools were assayed using marker 
RM167. Of the 10 susceptible individuals, 6 TN1 
homozygotes, 4 heterozygotes and no Guiyigu 

Fig. 1. Resistance segregation in the TN1/Guiyigu F3 population
scored as the dead seedling percentage of F3 lines infested
with 1–2 instar of S. furcifera. 
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       pool              F3 lines 
  P1P2  
M S R S S R R S S S S S S S S S S R R R R R R R R R R R S M

Wbph6(t) 

21.2  cM 

RM167 

25.2  cM 

RM287 
16.7  cM 

RM21 

Fig. 2. Cosegregation between SSLP marker RM167 and the
resistance to whitebacked planthopper in the TN1/Guiyigu
population. 
M, 100 bp DNA ladder; P1, TN1; P2, Guiyigu; S, Susceptible

lines; R, Resistant lines. 

Fig. 3. Location of Wbph6(t) on chromosome 11 of rice. 

   The chromosome is drawn as a blank bar with dotted portion
referring to centromere. 

homozygotes, were detected. It was estimated that the 
recombination ratio between RM167 and the resistance 
gene was 20±0.8%, or 21.2 cM. Of the 10 resistant 
individuals, 5 Guiyigu homozygotes, 3 heterozygotes 
and 2 TN1 homozygotes, were screened. Obviously, the 
recombination of resistance gene and RM167 could not 
explain the status of TN1 homozygote in the resistance 
individuals pool. Other resistance genes might also be 
operated for the genetic control of WBPH resistance in 
the population. 

Other individuals of F3 lines were also analyzed 
using RM167. According to the banding patterns of 
RM167, the whole F3 population was categorized into 
three sub-populations (Fig. 1). Of the 16 lines when 
RM167 was scored as 1 (the Guyigu homozygote), the 
percentages of dead seedlings in 12 lines were less than 
65% and 4 lines higher than 85%. If the F3 population 
was classified into two groups based on the peaks and 
values of the whole population at 65%, then 
recombination between the resistance gene and RM167 
occurred in 4 individuals. If all of the recombination 
were from double crossing-over, the recombination ratio 
should be 25.0 ± 0.6%. On the other hand, if all of the 
recombination were from single crossing-over, the ratio 
should be 12.5 ±  0.3%. In the sub-population of 
RM167=2 (the TN1 homozygote), the recombination 
ratio between resistance gene and RM167 was 14.5–
29.0%. These results were similar to those obtained 
using the bulked susceptible extremes, explaining that 
RM167 was linked to a gene conferring resistance to 

WBPH and the resistant allele was derived from Guiyigu. 
As the resistant allele of WBPH resistance gene 
Wbph6(t), we designated, was also from Guiyigu and 
this work was the first mapping study for WBPH 
resistance genes in Guiyigu, the same designation 
Wbph6(t) was given to the gene mapped here. 

In the sub-population of RM167=3 (the 
heterozygote), most of the F3 lines were moderately 
resistant to WBPH. If RM167 is linked to Wbph6(t), a 
small proportion of lines in this sub-population would 
have either homozygotes at Wbph6(t) loci due to single 
crossing-over and the majority would have inter-mediate 
resistance due to segregation within the lines. The 
phenotypic performance in the sub-population of 
RM167=3 was in support of the genetic linkage between 
RM167 and Wbph6(t). 

All the F3 lines were assayed with RM287 and 
RM21, which were linked to RM167. Results indicated 
that linkages between the markers and Wbph6(t) were 
weaker than that between RM167 and Wbph6(t) (Table 
1). In the SSLP map reported [14], RM167 was located on 
the short arm of chromosome 11 and RM287 and RM21 
on the lower positions, suggesting that Wbph6(t) was 
located at a position upper than RM167 locus on the 
short arm of rice chromosome 11 (Fig. 3). 

DISCUSSION 

In the present investigation, we utilized a 
TN1/Guiyigu F2:3 population to map the new WBPH 

T
able 1. Genotypes at three marker loci of ten susceptible. 
resistance gene Wbph6(t) in rice landrace Guiyigu from 
Yunan. Results obtained from recessive susceptible 
extremes and sub-population analysis based on positive 
makers suggested that Wbph6(t) was located on the short 
arm of rice chromosome 11 with a genetic distance of 
21.2 cM to RM167. Since no polymorphism between 
TN1 and Guiyigu was detected for other RFLP and 

Marker 
Paternal genotype 

(Guiyigu) 
Heterozygote Maternal genotype

(TN1) 

RM167 0 4 6 
RM287 1 4 4 
RM21 1 5 4 
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SSLP markers on the short arm of chromosome 11 used 
in the parental survey, further work is still required to 
verify the Wbph6(t) location.  

So far, no considerable progress has been made on 
the mapping of genes conferring resistance to WBPH in 
rice, except that Liu et al. [16] tagged resistant gene 
Wbph2 in rice variety ARC10329 to RFLP markers on 
chromosome 6 of rice, but the chromosomal locations of 
other WBPH genes remained still unclear. Using an F2 
population from a cross between IR36 and its Wbph1 
isoline IR58034-1, McCouch found that the resistant 
gene Wbph1 was co-segregated with RFLP markers 
RG146 and RG445. Since no more polymorphic markers 
were detected between the parents and RG146 and 
RG445 were multi-copy markers, chromosomal location 
of Wbph1 was not clarified in their study [15]. Until now, 
there have been no reports on the mapping of 
WBPH-resistant genes on rice chromosome 11. 
However, Kadirvel et al. conducted a comparison on the 
differences in dry weight of rice leaves and roots of 
IR64/Azucena DH population at seedling stage under the 
condition with and without of insect infestation. A QTL 
conditioning dry weight difference was located between 
RG167 and RG103 on chromosome 11, which is in an 
interval just below the interval harboring Wbph6(t). It is 
worthwhile to determine whether a cluster of WBPH 
resistance genes presents in this region. 

Mapping of the resistant genes to the brown 
planthopper (BPH), Nilaparvata lugens, has made 
remarkable advancements. BPH resistance genes Bph1, 
bph2, Bph3, bph4 and Bph10(t) were mapped on 
chromosome 3, 4, 10 and 12 of rice, respectively [15,19-26]. 
QTLs linked to BPH resistance were also detected on 
rice chromosome 1, 2, 3, 4 and 8[18]. Nevertheless, none 
of the studies have mapped BPH resistance genes on 
chromosome 11. Although the present study is not able 
to tag Wbph6(t) with tightly linked markers, however, 
mapping of the new gene on chromosome 11 is highly 
valuable for understanding the genetic basis of host 
resistance to rice planthopper and for marker-assisted 
selection of WBPH resistance.  

As employed in the present study, phenotyping on 
F3 lines have been generally applied to solve the 
problem of un-replicability of F2 plants. However, the 
use of F3 population in gene mapping studies would 
reduce dominant sensitivity due to its segregation, and 
the genetic effects were generally underestimated. 
Owing to the use of F3 lines for the evaluation of WBPH 
resistance and the small sample size, it is unlikely to 
detect genes with minor contribution to WBPH 
resistance in TN1/Guyigu population. We are currently 
constructing a recombinant inbred line population of 

Guiyigu/TN1, and the population will be used to validate 
the results we have obtained and to fine map Wbph6(t). 
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