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The brown planthopper (BPH) is the most serious pest threat to rice production throughout Asia. The materials including 23 varieties 
and 13 of BC1F1 populations were evaluated for the screening of BPH. The germplasm was screened for BPH following standard of IRRI 
in the greenhouse. Twenty-three (23) varieties also were used to evaluate the cluster diagram based on by phenotype. The phenotypic 
evaluation showed a clear distinction between resistant and susceptible type by clearly revealing moderately resistant types as well. From 
the total of 23 varieties screened, the results showed varieties with good resistance (OM6619, OM6062, OM5239, AS996, OM4498, 
OM4495). The marker VL3,4 linked to BPH resistance from the nine of BC1F1 combinations. The closely linked marker identified 
in this study should be useful in marker-assisted breeding to produce BPH resistant cultivars. The combined use of phenotypic and 
genotypic evaluation methods can improve the productivity of marker-assisted selection and application for resistant genotypes for crop 
development by rice breeders.

Rice (Oryza sativa L.) is one of the important food crops, which feed more than one-third of the world’s population [1,2]. In Vietnam, 
rice is not only a food crop but also a major contributor to the agricultural sector. During the growth process, the rice is subjected 
to many diseases and insect outbreaks that reduce the yield and quality of rice. Brown planthopper (BPH) is one of the causing 
general losses in rice production in the tropical, subtropical and temperate areas in Asia and the main reason of rice production 
lost is an outbreak of brown planthopper in Mekong Delta, Southern Vietnam from 2005 to 2006 [3-6]. Four biotypes BPH on rice 
have been known [7]. Biotype 1 was distributed in South-east Asia, while biotype 2 was originated in the Indonesia and Vietnam 
[8]. Biotype 3 occurs at IRRI and Japan whereas biotype 4 is found only in South Asia [5]. In addition to directly causing “hopper 
burn”, BPH is also known to transmit different serious viral diseases as the ragged stunt and grassy stunt virus [9,10]. Although the 
timely application of pesticides provides effective control, large-scale chemical control is difficult and expensive. The use of genetic 
resistance rice varieties is the most economical and efficient and environmentally sound strategy for controlling the BPH [11,12]. 
Generally, the markers are validated in fine mapping studies. As said by the thought of DNA marker-assisted selection, the target 
genes can be identified in a segregating the population at any plant growth stage based on linked molecular marker. Therefore, it is 
positive to identify BPH resistance genes from varied sources and combine them into rice cultivars. Identification of new donors 
is a continuous process to breed new BPH resistant varieties by the use of modern molecular tools. The objective of the present 
study was to evaluate BPH resistance of breeding materials and selection genetic variability among different populations based on 
molecular approach method.

A total of 23 varieties and 13 of BC1F1 populations were screened for resistance to BPH. Ptb33 and TN1 were chosen as resistant 
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and susceptible control varieties, respectively.

When all TN1 plants dead, the damage rating based on scoring system proposed by International Rice Research Institute was used 
to rate each seedling, 0 = no injury; 1 = very slight injury; 3 = first and 2nd leaves of most plant partially yellowing; 5 = pronounced 
yellowing and stunting or about 10-25% of the plants wilting or dead and remaining plants severely stunted or dying; 7 = more than 
half of the plants died, the plant was still alive; 9 = all plants dead [13].

DNAs for PCR analysis were prepared using a simplified mini scale procedure [14]. A piece of young rice leaf (2 cm) was collected 
and placed in a labeled 1.5 ml centrifuge tube in ice. The leaf was ground using a polished glass rod in a well of a Spot Test Plate 
(Thomas Scientific) after adding 400 µl of extraction buffer (50 mM Tris-HCl pH 8.0, 25mM EDTA, 300mM NaCl and 1% SDS). 
Grinding was done until the buffer turned green which is an indication of cell breakage and release of chloroplasts and cell contents. 
Another 400 µl of the extraction buffer was added and mixed into the well by pipetting. Around 400 µl of the lysate was transferred 
to the original tube of the leaf sample. The lysate was deproteinized using 400 µl of chloroform. The aqueous supernatant was 
transferred to a new 1.5 ml tube and DNA precipitated using absolute ethanol. DNA was air-dried and resuspended in 50 µl of 
TE buffer (10mM Tris-HCl pH 8.0, 1mM EDTA pH 8.0). An aliquot of 1µl is sufficient for PCR analysis. The remaining DNA was 
stored in -20 °C for any later use.

One BPH population, which was collected from the rice field in Can tho city, was used to evaluate the BPH resistance. The insects 
were reared on rice cultivar TN1. The adults were confined on 35day-old potted plants of TN1 placed in oviposition cages (50 x 50 
x 60 cm) having aluminum frames, glass top, door and wire mesh sidewalls. The oviposition insects were removed three days later 
and plants with eggs were taken out of cages, placed in separate cages for the nymphs to emerge. The emerged nymphs were then 
transferred to the 15- day – old TN 1 seedlings raised in the germination trays, which in turn were placed in galvanized iron trays 
containing a 5cm depth of water to increase humidity and to avoid watering daily. The raised seedlings were changed as and when 
necessary. Using this technique, a continuous culture of the BPH was maintained during the period of study.

Phenotypic screening for BPH resistance: Screening of parents and segregating progenies for resistance to BPH were done using 
seed box screening test (SSST) in greenhouse conditions. The experiment was conducted at a temperature of 28 to 30 °C and 
relative humidity of 70 to 80 percent in the controlled greenhouse. A brief description of the procedure is provided below. The 
seeds were pre-soaked and sown in rows (2 cm interval) in 40 x 60 x 10 cm seed boxes along with checks, PTB33 (resistant) and 
TN1 (susceptible). A row of 30 seedlings was maintained per variety rice. Seven – ten-day-old seedlings were infested with first 
instar nymphs at the rate of 6-8 per seedling. Approximately one week after infestation ‘hopperburn’ symptom was observed.

BPH Populations and Phenotypic Screening for BPH Resistance

DNA extraction for PCR analysis

PCR amplification
The PCR reaction mixture contained 20-50 nanogram (ng) template DNA, 50ng of each primer, 0.05 mM dNTP’s, 1X PCR buffer 
(10mM Tris pH 8.4, 50mM KCl, 1.8mM MgCl2 and 0.01 mg/ml gelatin) and 1 unit of Taq DNA polymerase in a total volume 
of 20 µl. Template DNA was initially denatured at 94 °C for 5 minutes followed by 35 cycles of PCR amplification using the 
following parameters: 30 sec denaturation of 94 °C, 30 sec primer annealing at 55 °C or 60 °C and 1 min primer extension at 72 °C. 
Completion of primer extension was allowed by final 5 min incubation at 72 °C. 

Agarose gel electrophoresis: The PCR products were run on 3 percent gels to verify amplification. The gel was electrophoresed in 
1X TAE at 100V for 50min. The gel was then stained with ethidium bromide solution (1µg /ml) for 15 min. and de-stained with 
water and observed on a UV transilluminator. This exercise was made just to confirm whether the amplification is satisfactory or 
not before the PCR products are separated on 5% polyacrylamide gel for better resolution.

PCR products were separated on 6.0% polyacrylamide denaturing gels and isualized by means of silver staining (or 3% agarose 
denaturing gels and isualized by means of ethidium bromide staining).

Scoring of the gel: The amplified fragments were scored as ‘1’ for the presence, ‘0’ for the absence of the alleles from higher to lower 
molecular weight products.

PCR amplification for microsatellite analysis
Primers were designed based on sequences obtained from the automated sequencing experiments. The available PCR marker for 
BPH is based on the linked SSR marker VL3,4. The primer was designed based on DNA sequences derived by manual sequencing 
from both ends of SSR clone. This primer PCR product needed to be digested with HinfI. When monomorphic bands were 
obtained, several restriction enzymes were tried on the PCR products to generate a PCR based. In this study, SSR marker VL3,4 
linked to BPH resistance was used for analysis in the BC1F1 generation by the enzyme Hinf1 showed marked polymorphism with 
molecular size is 800bp - 1000bp (infection) and 1000bp-1100bp (resistance).

Forward primer: 5’CCGAGACAAGCTGTGACGCT3’
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Reverse primer: 5’ACATTAGGGCCATGTTCCTCG3’

The BPH has expected great importance in rice and often occurs as the most damaging pest of rice in many countries. The first 
directly evaluate host resistance by measuring the degree of damage following BPH infestation. The results of the phenotypic 
response of varieties to brown planthopper screening at seedling stage indicated varied phenotypic responses (Table 1). PTB33 
widely used as the resistant check for BPH by rice breeders consisting of Bph2 and Bph3 genes scored 3, and TN1 showed a score of 
9 as a susceptible check [8]. The seedling resistance of 23 varieties on BPH was examined in this study. High resistance (Score 1) was 
shown by OM6619, followed by four varieties (OM6620, OM6062, OM5239, and Ptb33 exhibited moderate degrees of resistance 
(scoring 3) TN1 was found to be highly susceptible (score 9) and 17 varieties susceptible (scoring 5). Conclusively, evaluation of 
germplasm for resistance genes plays a major role in the selection of parental lines and development of new breeding material. The 
resistant varieties found could provide a good basis for breeding new resistant varieties in future breeding programs in Vietnam.

Data analysis

The experimental design used was completely randomized design (CRD) with three replications. The scores obtained in all 
varieties in the damaged rating analysis. The raw values of 23 varieties were subjected to cluster using the computer software 
NTSYS pcv2.02i [15].

Results and Discussion
Evaluation of breeding material

No. Varieties Score Reaction

1 Ptb33 3 MR

2 TN1 9 S

3 OM6623 5 S

4 OM6619 1 R

5 OM6684 5 MS

6 OM6879 5 MS

7 OM6690 5 MS

8 OM5934 5 MS

9 OM5677 5 MS

10 OM6620 3 MR

11 OM5992 5 MS

12 OM6683 5 MS

13 OM6621 5 MS

14 OM6625 5 MS

15 OM6062 3 MR

 16 JASMINE85 5 MS

 17 OM5993 5 MS

  18 OM5239 3 MR

 19 OM6616 5 MS

 20 OM5756 5 MS

 21 OM6608 5 MS

 22 OM2395 5 MS

23 OM1490 5 MS

S: Susceptible check (TN1); R: Resistant 
check (Ptb33) MR: Moderately Resistant; 
MS: Moderately Susceptible
Table 1: Screening for resistance of varieties 
to BPH

Identification of donors for resistance and efficient screening techniques for evaluating breeding lines plays a crucial role to transfer 
BPH resistance genes into high yielding popular varieties and a high level of genetic diversity reduces the risk of widespread 
epidemics of pests and diseases [16,17]. This strategy is very similar to what has been performed for analysis of varieties using gene 
evaluation.
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Figure 1: Cluster diagram based on similarity matrix calculated from 23 varieties by phenotype

The same association relatedness is depicted by the neighbor-joining tree (Figure 1). The 23 varieties were categorized into two 
clusters A and B. Cluster A included TN1 showing susceptible, cluster B is comprised of two sub-clusters B1 and B2. Sub-cluster 
B1 included all moderately resistant varieties and sub-cluster B2 comprised of two sub-groups B2.1 and B2.2. All the susceptible 
varieties were grouped into cluster B2. The tree showed a close relationship between resistance and moderately resistant genotypes 
based on BPH resistance phenotype analysis. However, phenotyping method could clearly differentiate rice genotypes categorized 
as resistant and moderately resistant genotypes. The seedling resistance of 23 varieties on BPH was examined in this study

Use of marker and phenotype information together offers an effective tool to the breeders in selecting parents for various breeding 
programs. In total, 13 of BC1F1 populations and the 9 parents were screened for BPH resistance based on the standard evaluation 
system of BPH damage to rice (Table 2).

Molecular approach for BPH resistance

No. Name of materials Phenotype 
(Score)

1 PTB33 3

2 TN1 9

3 IR64 5

4 OM4900 5

5 AS996 3

6 OM4498 3

7 ST3 3

8 OM5930 3

9 OM4495 3

10 OM6602/OM5930//OM602 3

11 OM6602/OM4900//OM6602 1

12 OM5239/OM4900//OM5239 1

13 OM6620/OM4900//OM6620 1

14 OM6619/OM4495//OM6619 1

15 OM6602/OM4498//OM6602 1

16 OM4498/OM4495//OM4498 1

17 TN1/ Babawee //TN1 3

18 AS996/OM576//AS996 3

19 IR64/IR68530//IR64 3

20 DBTD/ST3//DBTD 1

21 DBTDT/ST3//DBTDT 1

22 AS996/BASMATI 370//AS996 1
Table 2: Phenotype analysis and polymorphism with marker VL3,4
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The donor parents AS996, OM4498, ST3, OM5930, and OM4495 expressed moderately resistance to the BPH population used in 
this study, while TN1 and IR64 and OM4900 were completely susceptible to the BPH. The BC1 of 10 populations were resistant, 
whereas the three combinations were moderately resistant to the BPH (Table 2). In Figure 2, the progenies having a resistant allele 
(250 bp) of marker VL3,4 represent BPH resistance. It is noted that thirteen combinations (1, 2, 3, 4, 5, 6, 7, 8, 11, 12, 13, 14, and 
15) were resistance with BPH. Marker VL3,4 linked resistance gene Bph-4 of Babawee (biotype 4) in TN1/ Babawee population 
(8). So, this marker linked to resistance gene in this study would also be useful for breeding programs. The Bph-4 gene was first 
identified in rice cultivar Babawee [18]. The VL3,4 marker linked to the Bph-4 locus in this study would also be useful for MAS 
in BPH-resistant breeding programs.

(1) OM6602/OM5930//OM6602; (2) OM6602/OM4900//OM6602; (3) OM5239/OM4900//OM5239; 
(4) OM6620/OM4900//OM6620; (5) OM6619/OM4900//OM6619; (6) OM6602/OM4498//OM6602: 
(7) OM4498/OM4495//OM4498; (8) TN1/ Babawee //TN1; (9) Ptb33; (10) TN1; (11) IR64/IR68530//
IR664; (12) DBTD/ST3//DBTD; (13) DBTDT/ST3//DBTDT; (14) AS996/Basmati370//AS996; (15) AS996/
OM576//AS996; (16) OM5930; (17) OM4498; (18) OM4495; (19) AS996; (20) OM5930; (21) IR64; and 
(22) OM4900
Figure 2: PCR production for genotyping with marker VL3,4 on chromosome 12 in parents and 13 of 
BC1F1 progenies:

Another important aspect relates to using phenotype information together offers an effective tool to the breeders in selecting 
parents for various breeding programs. Among all the thirteen combinations and their parent's verities (Table 2). TN1 has shown 
highly susceptible (scoring 9) to BPH whereas, insects on Ptb33 showed resistance (scoring 3). Nine combinations showed high 
resistance (scoring 1) and three combinations showed high to moderate resistance.

The results in Table 3 showed that the resistant and susceptible of BC1F1 combinations showed a 15: 1 segregation ratio belong to 6 
populations consist of 2, 3,4, 6, 8 and 11 (χ2 =0.44, χ2 = 1.29, χ2 =0.18, χ2 = 0.44, χ2 = 0.91, and χ2 = 2.21, respectively). The segregation 
of phenotypes of combinations did not follow Mendel's theory due to the impact of environmental conditions combined with the 
pressure of different aphids. The data provided very useful information for formulating strategies for improving BPH resistance in 
rice breeding programs, which have now been implemented.

Based on the results of genotyping and phenotypic analysis, the majority of varieties or combinations exhibited resistance to brown 
backed rice planthopper, both of which showed that the combinations and cultivars had a good resistance to brown backed rice 

Cross
Reaction Theory

Segregation 
ratio χ2 PNo. of 

plant (S)
No. of  

plant (R)
No. of 

plant (S)
No. of  

plant (R)

1 99 5 100 4 25:01:00 0.26 0.75-0.50

2 85 5 90 6 15:01 0.44 0.75-0.50

3 94 6 105 7 15:01 1.29 0.50-0.25

4 91 7 90 6 15:01 0.18 0.75-0.50

5 89 11 98 7 14:01 3.11 0.10-0.05

6 85 5 90 6 15:01 0.44 0.75-0.50

7 97 5 100 5 20:01 0.09 0.90-0.75

8 96 6 105 7 15:01 0.91 0.50-0.25

9 88 8 98 7 14:01 1.16 0.50-0.25

10 99 3 100 4 25:01:00 0.26 0.75-0.50

11 82 3 90 6 15:01 2.21 0.25-0.10

12 77 5 90 5 18:01 1.88 0.25-0.10

13 96 4 100 4 25:01:00 0.16 0.75-0.50
Note: (1) OM6602/OM5930//OM6602; (2) OM6602/OM4900//OM6602; (3) OM5239/
OM4900//OM5239; (4) OM6620/OM4900// OM6620; (5) OM6619/OM4495//OM6619; (6) 
OM6602/OM/4498//OM66202; (7) OM4498/OM5995//OM4498; (8) TN1/Babawee//TN1; (9) 
AS996/OM576//AS996; (10) IR64/IR68530//IR64; (11) DBTD/ST3//DBTD; (12) DBTDT/ST3//
DBTDT; (13) AS996/BASMATI 370//AS996
Table 3: Segregation of phenotypes of individuals in 13 BC1F1 populations
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The results showed that OM6619, OM6062, OM5239, AS996, OM4498, OM4495 were able to produce good resistance to BPH 
backed rice nests. Filtered 9 resistance combinations (1OM6602 / OM4900 // OM6602, OM5239 / OM4900 // OM5239, OM6620 
/ OM4900 // OM6602, OM6619 / OM4495 // OM6619, OM6602 / OM4498 // OM6602, DBTD / ST3 // DBTDT, DBTDT / ST3 // 
DBTDT, AS996 / Basmati370 // AS996, OM4498 / OM4495 // OM4498) and expression resistance when genotyping demonstrates 
that these combinations carry valuable gene sources and need further investigation to reveal this gene source is used for breeding.

Conclusion

In addition, TN1 is a crossbreed for Babawee hybridization with Bph4 biotype 4 which received the resistance gene from the 
Babawee. SSR analysis of marker VL3,4 results in the detection of resistance and infection genes that result in the majority of 
combinations with resistant genes. Use of marker and phenotype information together offers an effective tool to the breeders 
in selecting parents for various breeding programs. Due to the limited use of primers, it is not possible to determine the exact 
resistance gene. The genetic information generated in this research will be useful in rice breeding programmes to provide varieties 
with robust resistance to BPH.

2. Ashkani S, Rafii MY, Rusli I, Sariah M, Abdullah SNA, et al. (2012) SSRs for marker-assisted selection for blast resistance in rice (Oryza sativa L.). Plant Mol Biol 
Rep 30: 79-86. 

1. Latif MA, Badsha MA, Tajul MI, Kabir MS, Rafii MY, et al. (2011) Identification of genotypes resistant to blast, bacterial leaf blight, sheath blight and tungro and 
efficacy of seed treating fungicides against blast disease of rice. Sci Res Essays 6: 2804-11. 

4. Krishnaiah K, Varma N (2011) Changing insect pest scenario in the rice ecosystem – A national perspective. Rajendranagar, India. 
3. Jena KK, Mackill D (2008) Molecular markers and their use in marker-assisted selection in rice. Crop Sci 48: 1266-76. 

6. Du PV, Cabunagan RC, Cabauatan PQ, Choi HS, Choi IR, et al. (2007) Yellowing syndrome of rice: Etiology, current status, and future challenges. Omonrice 
15: 94-101. 

5. Park DS, Song MY, Park SK, Lee SK, Lee JH (2008) Molecular tagging of the Bph locus for resistance to brown planthopper (Nilaparvata lugens Stal) through 
representational divergence analysis. Mol Genet Genomics 280: 163-72. 

7. Khush GS, Rezaul ANM, Karim E, Angeles R (1985) Genetics of resistance of rice cultivar ARC10550 to Bangladesh brown plant hopper in rice (O. sativa L). 
Plant Breed 100: 54-8. 
8. Khush GS (1979) Genetics, breeding for resistance to brown plant hopper. In Brown Plant Hopper: Threat to Rice Production in Asia, V. A. Dyck, B. Thomas, 
Eds. Philippines: IRRI 321-32. 
9. Krishnaiah NV (2014) A Global Perspective of Rice Brown Planthopper Management III– Strategies for BPH Management. Rice Genomi Genet 5: 1-11. 
10. Gurr GM, Liu J, Read DMY, Catindig JLA, Cheng JA, et al. (2011) Parasitoids of Asian rice planthopper pests and prospects for enhancing biological control by 
ecological engineering. Ann Appl Biol 158:149-76. 
11. Alam SN. Cohen MB (1998) Detection and analysis of QTLs for resistance to the brown planthopper (Nilaparvata lugens), in a double haploid rice population. 
Theor Appl Genet 97: 1370-9. 

References

12. Renganayaki K, Fritz AK, Sadasivam S, Pammi S, Harrington SE, McCouch SR, Kumar SM, Reddy AS (2002) Mapping and progress toward map-based cloning 
of brown planthopper biotype-4 resistance gene introgressed from Oryza officinalis into cultivated rice, O. sativa. Crop Sci 42: 2112-7. 
13. IRRI (2013) Standard evaluation system for rice (SES), IRRI, (5th edn) Philippines. 
14. Lang NT (2002) Protocol for basic biotechnology. Agricultural Publisher, Ho chi Minh City, Vietnam. 
15. Rohlf F J (1990) NTSYS-PC: Numerical taxonomy and multivariate analysis system, version 1.75. Applied Biostatistics Inc: New York, USA. 
16. Zhu Y, Chen H, Fan J, Wang Y, Li Y, et al. (2000) Genetic diversity and disease control in rice. Nature 406: 718-22. 
17. Newton AC, Begg GS, Swanston JS (2009) Deployment of diversity for enhanced crop function. Ann Appl Biol 154: 309-22. 
18. Sidhu GS, Khush GS (1979) Linkage relationships of some genes for disease and insect resistance and semi dwarf stature in rice. Euphytica 28: 233-7. 

https://link.springer.com/article/10.1007/s11105-011-0315-4
http://psasir.upm.edu.my/id/eprint/23863/
http://www.rkmp.co.in/sites/default/files/ris/research-themes/Changing Insect Pest Scenario in the Rice Ecosystem.pdf
http://agris.fao.org/agris-search/search.do?recordID=US201300912475
https://www.cabdirect.org/cabdirect/abstract/20083078332
https://link.springer.com/article/10.1007/s00438-008-0353-2
https://link.springer.com/article/10.1007/BF02931140
http://books.irri.org/9711040220_content.pdf
http://biopublisher.ca/index.php/rgg/article/view/1399
http://biopublisher.ca/index.php/rgg/article/view/1399
https://link.springer.com/article/10.1007/s001220051031
https://dl.sciencesocieties.org/publications/cs/abstracts/42/6/2112?access=0&view=pdf
http://www.clrri.org/ver2/uploads/SES_5th_edition.pdf
https://scholar.google.co.in/scholar?hl=en&as_sdt=0%2C5&q=%22Protocol+for+basic+biotechnology%22&btnG=
https://scholar.google.co.in/scholar?hl=en&as_sdt=0%2C5&q=%22NTSYS-PC.+Numerical+taxonomy+and+multivariate+analysis+system%2C+version+1.75%22&btnG=
https://www.nature.com/articles/35021046%5d
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1744-7348.2008.00303.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1744-7348.2008.00303.x

