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Rice is a main food crop for majority of the world’s population. It is cultivated in over
100 countries on about 164 million hectares, mostly in the tropical and subtropical
regions, and predominantly in Asia. Submergence stress and brown planthopper (BPH)
infestation are the two main production constraints of rice in Asia. Gene pyramiding is a
strategy whereby two or more genes are combined into a single variety to confer
resistance to two or more biotic/abiotic production constraints of rice. The marker-
assisted backcrossing (MABC) was used to incorporate BPH resistant genes from Rathu
Heenati rice variety (Donor parent) into the genome of Putra-2 (Recurrent parent, high
yielding and submergence tolerant (SUBT), but BPH susceptible). The main objective
of this research was to develop high yielding, SUBT and BPH resistant rice variety for
commercial cultivation in Malaysia. The specific objectives were; to identify
polymorphic simple sequence repeat (SSR) markers linked to submergence tolerance and
BPH resistance genes/QTLs, to identify polymorphic SSR markers for recurrent parent
genome recovery, to introgress BPH resistance genes/QTLs from Rathu Heenati to Putra-
2 rice variety, to quantify the percentage genome recovery of Putra-2 carrying BPH
resistance genes/QTLs in BCiF;, BCoF; and BC,F; populations, and to validate the
presence of submergence tolerance and BPH resistance genes/QTLs in backcross
progenies with polymorphic linked markers and phenotypic selection. Out of 316 SSR
markers screened, 79 (25%) markers exhibited polymorphism between the two parents.
These markers were applied to determine the recovery of recurrent parent genome (RPG)
in the BCF;, BCoF, and BC,F; generations. The mean RPG recovery of the four chosen
BCF; progenies was 80.3%. These progenies acquired the genes/QTLs of the
foreground markers (RM8300, RM545 and RM544) and were used to develop the BC,F;
population. Due to two repeated generations of backcrossing and one cycle of selfing,
the RPG recovery increased from 80.3% in the BC;F; to 97.2% in BC,F; selected lines.
The marker genotypic segregation analyses using Chi-square test in the BC,F; (1:1),
BC,F; (1:1) and BC;F, (1:2:1) populations for the observed and expected proportions,
showed non-significance probability at 5% level for both SUBT and BPH resistant loci,
thus conforming to Mendelian single dominant gene inheritance model. Similarly, the



phenotypic segregation for the observed and expected ratios (3:1) in BCyF, population
for submergence tolerance and BPH resistance loci, using Chi-square analysis, indicated
non-significance probability at 5% level, and thus obeying Mendelian single gene
inheritance model. On the other hand, phenotypic segregation for observed and expected
fractions for two gene inheritance model (9:3:3:1) and epistatic effect (15:1) for SUBT
and BPH resistance, had revealed significant difference (P<0.05) between the ratios
using Chi-square analysis. Hence, indicating absent of two gene inheritance model and
epistatic effect, in the present population. Validation experiments for SUBT and BPH
resistance in improved pyramided lines indicated that all the selected improved lines had
significantly (P<0.05) differed with negative checks, but however, statistically similar
with positive checks. Mean comparison of yield and agro-morphological traits between
Putra-2 variety and the selected improved lines showed no significant difference using
independent t-test at 5% level of probability, and thus revealing that all the traits were
recovered. In conclusion, ten improved pyramided rice lines were developed, namely:
BC;-P;-Pi5-Ps, BCi-P1-P15-P13, BCi-P1-P15-P1s, BCi-P3-P13-P9, BCi-P3-P13-Py9, BC;-P7-
Pg-Pl, BC]-P7—P9—P] 1, BC]-P7—P9-P17, BC]—P|9—P1—P3 and BCl—P19-P6—P|0. The ten
improved lines are recommended for further large scale evaluation and multi-location
trials at rice granary areas to identify superior lines with high yield, submergence
tolerance and brown planthopper resistance for commercial cultivation in Malaysia.
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PIRAMIDAN GEN TOLERAN SUBMERGEN DAN KERINTANGAN BENA
PERANG KE VARIETI PADI PUTRA-2 MELALUI KACUKBALIK BANTUAN
PENANDA MOLEKUL

Oleh

SANI HALIRU BELLO

Ogos 2022

Pengerusi : Profesor Mohd Rafii bin Yusop, PhD
Institut : Pertanian Tropika dan Sekuriti Makanan

Padi merupakan tanaman makanan utama bagi majoriti penduduk dunia. Ia ditanam di
lebih 100 negara dengan keluasan lebih 164 juta hektar, kebanyakannya di kawasan
tropika dan subtropika, dan terutamanya di Asia. Masalah biotik dan abiotik adalah
kekangan pengeluaran utama padi di seluruh dunia. Tekanan submergen adalah salah
satu kekangan abiotik pengeluaran padi, terutamanya di tanah pamah tadah hujan di Asia.
Antara perosak serangga padi, bena perang merupakan serangga perosak utama yang
menjadi masalah dalam pengeluaran padi di Asia. Serangan teruk oleh bena perang boleh
mengakibatkan kehilangan hasil secara langsung dan tidak langsung sebanyak 20 hingga
80% dalam kultivar padi yang rentang. Dalam situasi sebegini, pembiakbakaan varieti
padi berhasil tinggi, tahan submergen (SUBT) dan rintang bena perang (BPH)
merupakan pendekatan yang berkesan untuk menguruskan masalah ini secara paling
mudah bagi pesawah padi di Asia. Piramidan gen dengan bantuan penanda ialah strategi
di mana dua atau lebih gen digabungkan kedalam satu variety untuk memberikan
kerintangan terhadap dua atau lebih tekanan biotik/abiotik dalam pengeluaran padi.
Penggunaan penanda DNA dalam pembiakbakaan kacukbalik dan pemilihan memainkan
peranan penting untuk mengatasi kelemahan utama, seperti penambahan segmen genom
induk penderma yang tidak diingini (seretan pautan) serta tempoh yang lebih lama yang
diperlukan dalam strategi pembiakbakaan tradisional. Kacukbalik bantuan penanda
(MABC) telah digunakan untuk menggabungkan gen kerintangan BPH daripada varieti
padi Rathu Heenati (induk penderma) ke dalam genom Putra-2 (induk berulang dan
varieti padi berhasil tinggi dan toleran submergen tetapi rentang BPH). Objektif utama
penyelidikan ini adalah untuk membangunkan varieti padi berhasil tinggi, toleran
submergen serta rintang bena perang untuk penanaman komersial di Malaysia. Objektif
khusus adalah; untuk mengenal pasti penanda jujukan berulang mudah (SSR) yang
polimorfik yang dikaitkan dengan gen toleran submergen dan kerintangan BPH, untuk
mengenalpasti penanda SSR polimorfik untuk pemulihan genom induk berulang, untuk
mengintrogresi gen kerintangan BPH daripada Rathu Heenati kepada varieti padi Putra-
2, untuk menentukan peratusan pemulihan genom Putra-2 yang membawa gen
kerintangan BPH dalam populasi BC,F;, BC,F, dan BCyF,, dan untuk mengesahkan
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kehadiran gen toleran/kerintangan SUBT dan BPH dalam progeni kacukbalik dengan
penanda berkait polimorfik dan pemilihan fenotip. Daripada 316 penanda SSR yang
disaring, 79 (25%) penanda mempamerkan polimorfisme antara kedua induk. Penanda
ini digunakan untuk menentukan pemulihan genom induk berulang (RPG) dalam
generasi BCiFi, BC,F; dan BC,F». Purata pemulihan RPG bagi empat progeny dari
BC,F; yang terpilih ialah 80.3%, yang mana telah digunakan untuk membangunkan
populasi BCoF;. Pokok terbaik dalam generasi BC F; yang memiliki pemulihan RPG
yang maksimum (84.9%) dan memperoleh gen yang berkait rapat dengan penanda
RMS8300, RM544 dan RM545 ialah BC,-P;. Disebabkan oleh dua generasi kacukbalik
dan satu generasi swa-kacuk, pemulihan genom induk penerima meningkat daripada
80.3% dalam BC,F; kepada 97.2% dalam titisan terpilih BC,F,. Analisis segregasi
genotip penanda menggunakan ujian khi kuasa dua ke atas populasi BC,F, (1:1), BC,F,
(1:1) dan BC2F; (1:2:1) untuk nisbah dicerap dan dijangka, menunjukkan kebarangkalian
adalah tidak signifikan pada tahap kebarangkalian 5% untuk kedua-dua lokus SUBT dan
BPH, dengan itu mematuhi padanan yang baik dengan model pewarisan gen dominan
tunggal Mendelian. Begitu juga, segregasi fenotip untuk nisbah yang diperhatikan dan
jangkaan (3:1) dalam populasi BC,F, untuk lokus toleran submergen dan kerintangan
BPH, menggunakan analisis ujian khi kuasa dua, menunjukkan kebarangkalian tidak
signifikan pada tahap 5%, dan oleh itu mematuhi model pewarisan Mendel untuk gen
utama tunggal. Sebaliknya, kedua-dua segregasi fenotip untuk nisbah yang diperhatikan
dan dijangka untuk dua model pewarisan gen (9:3:3:1) dan kesan epistatik (15:1) untuk
kerintangan SUBT dan BPH, menunjukkan perbezaan yang ketara antara nisbah tersebut
pada 5% tahap kebarangkalian menggunakan analisis khi kuasa dua. Oleh itu,
menunjukkan tidak wujud model pewarisan dua gen dan kesan epistatik dalam populasi
ini. Eksperimen validasi untuk kerintangan SUBT dan BPH dalam titisan piramida maju
menunjukkan bahawa semua titisan maju terpilih mempunyai perbezaan yang signifikan
(P<0.05) dengan kawalan negatif, tetapi sebaliknya, sama secara statistik dengan
kawalan positif. Oleh itu, ianya menandakan kehadiran gen kerintangan Sub/ dan BPH
dalam titisan piramida maju. Sepuluh titisan piramida padi maju telah dipilih, iaitu: BC;-
P1-P15-Ps, BC1-P1-P15-P13, BCi-P1-P15-P16, BC1-P3-P13-Po, BC1-P3-P13-P19, BC1-P7-Po-P1,
BC1—P7—P9-P11, BC]—P7-P9—P17, BCl-P19—P1-P3 dan BC1-P19-P6—P10. Perbandingan min bagl
ciri-ciri hasil dan agro-morfologi antara varieti padi Putra-2 dan titisan piramida maju
tersebut menunjukkan tiada perbezaan yang signifikan menggunakan ujian-t bebas dan
dengan ini membuktikan bahawa kesemua ciri telah dipulihkan. Sepuluh titisan maju ini
selanjutnya disyorkan untuk penilaian berskala besar dan percubaan pelbagai lokasi di
kawasan jelapang padi untuk mengenal pasti titisan unggul dengan hasil tinggi, toleran
submergen dan rintang bena perang untuk penanaman komersial di Malaysia.
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CHAPTER 1

INTRODUCTION

1.1 General Introduction

In the last few decades, agricultural ecological system is substantially influenced by
flooding as result of climate change (Isma’il et al., 2013). Currently, rice is the most
flood affected crop especially in rainfed low lying areas of Asian countries where rice
serves as major source of nourishment (Bailey-Serres et al., 2012; Oladosu et al., 2020).
Rainfed lowland occupies 25% (38 million hectares) of the global rice cultivable area
and 25 million hectares falls within rainfed lowland in Asia (Fahim, 2015). With current
pattern of the world’s climate change, specifically global warming, agricultural
ecosystems have been severely influenced. Malaysia has been affected by adverse effect
of climate change and the country’s agro-ecosystems are confronted by multiple
environmental stresses (Fahim, 2015).

Among the many rice biotic production constraints, insect pests are of great significance
(Heong and Hardy, 2009). There are over hundred insect pest species of rice, 20 of them
are of great economic benefit (Prakash et al., 2007). However, brown planthopper (BPH,
Nilaparvata lugens Stal), constitute a serious problem to rice production in Asia
(Normile, 2008; Prasannakumar et al., 2013). It is a typical vascular feeder that derives
its nourishment from phloem sap, which result to characteristic symptoms known as
‘hopperburn’ (PhilRice, 2010; Vanitha et al., 2011). Both adults and nymphs BPH suck
sap from down part of the plants, which subsequently leads to reduction in plant height
and tillering, which resulted to unfilled grains. Increase feeding results to decrease in
leaves’ protein, chlorophyll content, drymatter accumulation, nitrogen level of leaves
and stem as well as photosynthetic rate in cultivars that are susceptible (Horgan, 2009).

To further understand the mechanism of BPH resistance in rice, some genes that
administer resistance to BPH have been successfully cloned and characterised. The genes
include Bph6, Bph9, Bphi4, Bphl7, Bphl8, Bph26, Bph29 and Bph32 (Du et al., 2009;
Tamura et al., 2014; Liu et al. 2015; Wang et al., 2015; Zhao et al., 2016; Ji et al., 2016;
Ren et al., 2016; Guo et al., 2018). The Bph6 resistance gene, produces an unspecific
protein that is associated to exocysts and its smaller units. Its expression increases
exocytosis and administer rigidity to the cell wall and maintenance (Guo et al., 2018).
The BPH9 gene, confer both antixenosis and antibiosis to the BPH. It synthesises rarely
occurring nucleotide-binding and leucine-rich (NLR)-containing protein, available on
the inner membrane system, which results to cell death phenotypes (Zhao et al., 2016).
The Bphl4 manufactures a coiled-coil, nucleotide-binding and leucine-rich repeat (CC-
NB-LRR) protein, which hinders BPH attack at young and maturity growth stages (Du
et al., 2009). The Bphl7 gene is a group (cluster) of repeated genes that are arranged in
sequence. The genes produce putative lectin receptor kinases, referred to as Oryza sativa
Lectin Receptor Kinase (OsLecRK), and the cluster includes OsLecRKI, OsLecRK2,
OsLecRK3 and OsLecRK4. Additional investigation indicated that OsLecRKI-
OsLecRK3 is the main cluster that confer strong resistance to BPH (Liu et al., 2015). The
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Bph18 proteins are majorly confined to membrane-bound organelles within the cells such
as endoplasmic reticulum, golgi body, endoplasmic reticulum etc., hence revealing that
Bphl8 may perceive BPH attack at endomembrane level in phloem cells. The gene,
produces the CC-NBS-NBS-LRR protein, possessing double domains of NBS, which
differ with majority of rice resistance genes that bear only one NBS domain (Ji et al.,
2016). The Bph26 gene, bears CC-NBS-LRR protein, which expresses antibiosis to BPH
through sucking inhibition in the phloem sieve cells (Tamura et al., 2014). The Bph29
gene, synthesises a B3 DNA-binding protein domain restricted to xylem and phloem
tissues, where BPHs invade. The gene regulates salicylic acid movement and prevent
ethylene/jasmonic acid-regulated pathways in reaction to BPH attack, thereby causing
accumulation of callose in the phloem cells, resulting to BPH resistant of the rice plant
(Wang et al., 2015). The Bph32 gene, manufactures an unperceived short consensus
protein that resists BPH attack through antibiosis. It mainly found in the leaf sheath of
rice plant where BPH attack begins (Ren et al., 2016).

Gene pyramiding refers to combination of two or more resistance genes into single
variety to provide resistance to two or more biotic/abiotic problems of a crop plant (Joshi
and Nayak, 2010; Ikmal et al., 2021). In recent years, this approach is receiving attention
due to the fact that two or more genes are involved, and therefore makes it very difficult
for the insect pests to overcome the resistance of many genes, simultaneously (Ferrater,
2015). In gene pyramiding, it is possible to combine two or more genes of diverse origin
into single variety (Ikmal et al., 2021). In otherwords, it is possible to combine gene that
confer submergence tolerance (SUBT) and BPH resistance into single variety (Korinsak
et al., 2016). Nowadays, with application of molecular markers in varietal development,
it is possible to combine two or more genes into single variety (Hu et al., 2016). Gene
pyramiding approach, has been used to enhance submergence and salt stresses tolerance
in IR64 rice variety for increased yield and higher adaptability (De Ocampo et al., 2013).
Combination of two major genes (Grh2 and Grh4) that control rice green leathopper
resistance (Nephotettix cincticeps Ulher), had resulted to a greater degree of antibiosis
against different strain of rice green leathoppers compared to a line possessing single
gene for resistance (Fujita et al., 2006). Korinsak et al. (2016) used two major QTLs,
Subl and Qbphi2 to improve submergence tolerance and BPH resistance of KDML105
(Thai jasmine rice cultivar) through marker-assisted gene pyramiding approach. Their
results revealed that pyramided lines significantly increased tolerance to submergence
and resistance to BPH than the original parental line, KDML105.

1.2 Justification

Biotic and abiotic constraints have been regarded as the major production problems of
rice in Asia (Korinsak et al., 2016). Submergence stress is one of the abiotic constraints
of rice production, especially in the rain-fed lowlands of Asia (Septininsih et al., 2009).
Recently, the adverse effects of change in climate such as severe water shortage, global
warming and unpredictable flash flood particularly during the monsoon season have
posed serious threat to rice farmers in Asia (Septiningsih et al., 2009). Local cultivars
that are peculiar to the flood vulnerable areas are poor yielding as a result of poor tillering
capacity, sensitive to lodging, low grain quality and long droppy leaves (Ahmed et al.,
2016). In addition, the performance of present new varieties under flooding environment
is not encouraging due to poor adaptability (Ahmed et al., 2016). To overcome this

2



problem, development of new varieties that can combine submergence tolerance with
better adaptability and high grain yield characteristics are desirable (Ismail et al., 2013).
Among the rice insect pests, the BPH has been described as the most damaging rice pest
in Asia (Jena et al., 2006; Jena and Kim, 2010; Suh et al., 2011; Krishnaiah and Varma,
2011). Heavy infestation by BPH can result to direct and indirect yield losses of 20-80%
in sensitive rice cultivars (Hitendra et al., 2012; Rashid et al., 2017; Wei et al., 2019).
The BPH also serves as a vector for viral diseases such as grassy, ragged and wilt stunt
viruses (Jena and Kim, 2010), which can result to more severe yield losses (Ram et al.,
2010; Li et al., 2010; Zhang et al., 2010). In Malaysia, BPH cases have been on the
increase and more hopperburn cases have been recorded (Maisara and Habibudddin,
2018), and there is no high yielding resistant variety available to date (Shabanimofrad et
al., 2015b). Previous investigations conducted have identified control measures such as
pesticide use, planting of early maturing varieties, host plant resistance, split application
of fertilizer, wider spacing and biological control (PhilRice, 2010). However,
Development of resistant cultivars is the most environmentally safe and economically
viable alternative method for BPH control (Song et al., 2002; Botrell and Schoenly,
2012).

Several researches have been conducted on gene pyramiding in Asian rice cultivars
(Sharma et al., 2004; Neeraja et al., 2007; Myint et al., 2012; Hu et al., 2012; Korinsak
et al., 2016), however, there is no work done on pyramiding of submergence tolerance
and BPH resistance genes into Putra-2 rice variety through MABC. Based on this
background, this research was carried out with view to develop new high yielding,
submergence tolerant and BPH resistant rice variety to improve rice production
specifically in Malaysia, and Asia at large. This research is in line with Malaysian
government development plan to reduce rice importation and maintain self-sufficiency
of not less than 70% from 2011 to 2020 (Chee-Wan and Meng-Chang, 2012). This is
obvious and more so at this critical period, when the production of rice need to be
increased by more than 40%, to meet the requirement of the world’s population by the
year 2030 (Kush, 2005).

1.3 Research Hypothesis

The study hypothesised that, incorporation BPH resistance genes into Putra-2 rice variety
(BPH susceptible) can produce BPH resistant rice lines that will contribute to the yield
improvement and performance of main agronomic traits in this study.

14 Objectives of the Study

14.1 Main Objective

The main objective of the study was to develop high yielding, submergence tolerant and
BPH resistant rice variety for commercial cultivation in Malaysia.



The specific objectives of the study were:

1.

il.

iii.

iv.

To validate polymorphic SSR markers linked to submergence tolerant and BPH
resistance genes/QTLs.

To introgress BPH resistance genes/QTLs from Rathu Heenati to Putra-2 rice
variety

To identify polymorphic SSR markers for recurrent parent genome recovery

To quantify the percentage recovery of Putra-2 carrying BPH resistance
genes/QTLs in BCF;, BC,F; and BC,F, populations.

To validate the presence of submergence tolerance and BPH resistance
genes/QTLs in BC,F, progenies with polymorphic linked markers and
phenotypic selection.



REFERENCES

Abdul-Muneer, P. M. (2014). Application of microsatellite markers in conservation
genetics and fisheries management: Recent advances in population structure
analysis and conservation strategies. Genetics Research International, (6):
691759 1-11.

Adkin, S. W., Shiraishi, T., McComb, J. A. (1990). Submergence tolerance of rice- a
new glasshouse method for the experimental submergence of plants. Physiologia
Plantarum, 80: 642-646.

Ahmed, F., Rafii, M. Y., Ismail, M. R., Juraimi, A. S., Rahim, H. A., Latif, M. A.,
Hassan, M. M. and Tanweer, F. A. (2016). The addition of submergence-tolerant
Subl gene into MR219 rice variety and analysis of its BC2F3 population in terms
of yield and yield contributing characters to select advance lines as a variety.
Biotechnology and Biotechnological equipment, 30(5): 853-863.

Akinwale, M. G., Akinyele, B. O., Odiyi, A. C., Osekita, O. S. and Gregorio, G.
(2015).Inheritance of submergence tolerance in lowland rice variety. Donnish
Journal of Agriculture and Research, 2(9): 077-080.

Alamy (2021). Brown planthopper high-resolution images. Available at
http://www.shutterstock.com or alamy.com/stock-photo/brown-plant-
hopper.html. (Accessed on 6™ July, 2021)

Aljumaili, S. B., Rfii, M. Y., Latif, M. A., Sakimin, S. Z., Arolu, I. W. and Miah, G.
(2018). Genetic diversity of aromatic rice germplasm revealed by SSR markers.
BioMed Research International, 7658032: 1-11.

Allard, R. W. (1960). Principles of plant Breeding. Second edition, Wiley and Sons, Inc.,
New York.

Alpuerto, J. B., Hussain, R. M. F. and Fukao, T. (2016). The key regulator of
submergence tolerance, SUBIA, promotes photosynthetic and metabolic recovery
from submergence damage in rice leaves. Plant, Cell and Environment, 39(3):
672-684.

Andersen, J. R. and Lubberstedt, T. (2003). Functional markers in plants. Trend in plant
Scinece, 8: 554-60.

Ashkani, S., Rafii, M. Y., Sariya, M., AKmar, A. S. N., Rusli, I., Rahim, H. A. and Latif,
M. (2011). Analysis of simple sequence repeat markers linked with blast disease
resistance genes in a segregating population of rice (Oryza sativa). Genetic and
Molecular Research, 10: 1345-1355.

Ashkani, S., Rafii, M.Y., Rusli, I., Sariah, M., Abdullah, S. N. A. Rahim, H. A. and Latif,

M. (2012). SSRs for maker assisted selection for blast resistance in rice (Oryza
sativa L.). Plant Molecular Biology Reports, 30:79-86.

105



Athwal, D. S., Pathak, M. D., Bacalangco, E. H. and Pura C. D. (1971). Genetics of
resistance to brown planthopper and green leathoppers in Oryza sativa L. Crop
Science, 11: 747-750.

Ayano, M., Kani, T., Kojima, M., Sakakibara, H., Kitaoka, T., Kuroha, T., Angeles-
Shim, R. B., Kitano, H., Nagai, K. and Ashikari, M. (2014). Gibberellin
biosynthesis and signal transduction is essential for internode elongation in
deepwater rice. Plant, Cell and Environment, 37: 2313-2324.

Babu, R., Nair, S. K., Prasanna, B. M. and Gupta, H. S. (2004). Integrating marker-
assisted selection in crop breeding - Prospects and challenges. Current Science,
87(5): 607-619.

Bailey-Serres, J. and Colmer, T. D. (2014). Plant tolerance of flooding stress-recent
advances. Plant, Cell and Environment, 37: 2211-2215.

Bailey-Serres, J. and Voesenek, L. A. C. J. (2008). Flooding stress: Acclimations and
genetic diversity. Annual Review in Plant Biology, 59: 313-339.

Bailey-Serres, J., Fukao, T., Gibbs, D. J., Holdsworth, M. J., Lee, S. C., Licausi, F.,
Perata, P., Voesenek, L. A. C. J. and van Dongen, J. T. (2012a). Making sense of
low oxygen. Trends in Plant Science, 17: 129-138.

Bailey-Serres, J., Lee, S. C. and Brinton, E. (2012b). Waterproofing crops: Effective
flooding survival strategies. Plant Physiology, 160: 1698-1709.

Balachiranjeevi, C. H., Prahalada, G. D., Mahender, A., Jamaloddin, M., Sevilla, M. A.
L., Marfori-Nazarea, C. M., Vinarao, R., Sushanto, U., Baehaki, S. E., Li, Z. K.
and Ali, J. (2019). Identification of a novel locus, BPH35(t), conferring resistance
to brown planthopper (Nilaparvata lugens Stal.) using early backcross population
in rice (Oryza sativa L.). Euphytica, 215: 1-12.

Balakrishna, B. and Satyanarayana, P. V. (2013). Genetics of brown planthopper
(Nilaparvata lugens Stal.) resistance in elite donors of rice (Oryza sativa L.). The
Bioscan, 8: 1413-1416.

Balta H., Karakag, M. O., Senturk, A. F., Ertugrul, F., Hasancebi, S., Aydin, Y., Akan,
K., Mert, Z., Turet, M. and Altinkut, U. A. (2014). Identification of an AFLP
marker linked with yellow rust resistance in wheat (7riticum aestivum L.).
Turkish Journal of Biology, 38: 371-379.

Basavaraj, S., Singh, V. K., Singh, A., Singh, A., Singh, A., Anand, D., Yadav, S., Ellur,
R. K., Singh, D., Krishnan, S. G., Nagarajan, M., Mohapatra, T., Prabhu, K. V.
and Singh, A. K. (2010). Marker-assisted improvement of bacterial blight
resistance in parental lines of Pusa RH10, a superfine grain aromatic rice hybrid.
Molecular Breeding, 26: 293-305.

BCR (Botanical Classification of rice) (2009). Botanical classification of rice. Available
at http://agropedia.iitk.ac.in (Accessed on 15" February, 2018).

106



BERA (The Biology and Ecology of Rice (Oryza sativa L. in Australia), (2005).
Australian Government, Department of Health, Office of the Gene Technology
Regulator. pp. 33.

Beversdorf, W. D., Weiss, J., Erickson, L. R. and Mochado, V. S. (1980). Transfer of
cytoplasmically inherited triazine resistance from birds’ rape to cultivated
rapeseed. Canadian Journal of Genetics and Cytology, 22: 167-172.

Bhanu, K.V., Lakshmi, V.J., Katti, G.and Reddy, A.V. (2014). Antibiosis and tolerance
mechanlsms of resistance in rice varieties carrying brown planthopper resistance
genes. Asian Journal of Biology and Life Sciences, 3: 108-113.

Blokhina, O., Virolainen, E. and Fagerstedt, K. V. (2003) Antioxidants, oxidative
damage and oxygen deprivation stress: a review. Annals of Botany, 91: 179-194.

Boamfa, E. I., Ram, P. C., Jackson, M. B., Reuss, J., and Harren, F. J. M. (2003).
Dynamic aspects of alcoholic fermentation of rice seedlings in response to
anaerobiosis and to complete submergence: Relationship to submergence
tolerance. Annals of Botany, 91: 279-290.

Boamfa, E. 1., Veres, A. H.; Ram, P. C.; Jackson, M. B., Reuss, J. and Harren, F. J.
(2005). Kinetics of ethanol and acetaldehyde release suggest a role for
acetaldehyde production in tolerance of rice seedlings to micro-aerobic
conditions. Annals of Botany, 96:727-736.

Botrell, D. G. and Schoenly, K. G. (2012). Resurrecting the ghost of green revolutions
past: The brown planthopper as a recurrent threat to high-yielding rice production
in tropical Asia. Journal of Asia Pacific Entomology, 15: 122-140.

Brar, D. S. and Khush, G. S. (2003). Utilization of wild species of genus Oryza in rice
improvement. /n: Nanda, J.S. and Sharma, S. D. (eds.) Monograph on Genus
Oryza. pp. 283-309.

Carsono, N., Barus, Y. B., Sari, S. Widarmi, W. D., Dono, D., Sumekar, Y. and
Murdaningsih, H. K. (2015). Identification of polymorphism on simple sequence
repeats markers associated with brown planthopper resistance genes in twenty
rice genotypes and genetic relationship. KnE Life Sciences, 2: 98-106.

Catling, D. (1992). Rice in Deep water. Macmillan, London.

Chee-Wan, C. and Meng-Chang, C. (2012). Country report: Malaysia. Asia pacific
economic cooperation (APEC) workshop on food security, 17" — 19" January,
2012, Tokyo, Japan. pp. 1-4.

Chen, C., He, W., Nassirou, T. Y., Nsabiyumva, A., Dong, X., Adedze, Y. M. N. and
Jin, D. (2017). Molecular characterization and genetic diversity of different
genotypes of Oryza sativa and Oryza glaberrima. Electronic Journal of
Biotechnology, 30: 48-57.

107



Chen, J. W., Wang, L., Pang, X. F. and Pan, Q. H. (2006). Genetic analysis and fine
mapping of a rice brown planthopper (Nilaparvata lugens Stal) resistance gene
bphl19(t). Molecular Genetics and Genomics, 275: 321-329.

Cheng, X., Zhu, L. and He, G. (2013). Towards understanding of molecular interaction
between rice and the brown planthopper. Molecular Plant, 6: 621-634.

Chern, M., Xu Q., Bart, R. B., Bai, W., Ruan, D., Sze-To, W. H., Cantas, P. E., Jain, R.,
Chen, X., and Ronald, P. C. (2016). A genetic screen identifies a requirement for
cysteine-rich-receptor-like kinases in rice NH1 (OsNPR1)-mediated immunity.
Plos Genetics, 12(5): 1-20.

Cohen, M. B., Alam, S. N., Medina, E. B. and Bernal, C. C. (1997). Brown planthopper,
Nilaparvata lugens, resistance in rice cultivar IR64: Mechanism and role in
successful N. lugens management in Central Luzon, Philippines. Entomologia
Experimentalis et Applicata, 85: 221-229.

Comai, L., Young, K., Till, B. J., Reynolds, S. H., Greene, E. A., Codomo, C. A., Enns,
L. C., Johnson, J. E., Burtner, C., Odden, A. R. and Henikoff, S. (2004). Efficient
discovery of DNA polymorphisms in natural populations by Ecotilling. Plant
Journal, 37: 778-786.

Collard, B. C. Y., Jahufer, M. Z. Z., Brouwer, J. B., and Pan, E. C. K. (2005). An
introduction to markers quantitative trait loci (QTLs) mapping and marker-

assisted selection for crop improvement: The basic concepts. Euphytica, 142(1-
2): 169-196.

De Ocampo, M., Zantua, R. E., Egdana, J. A. and Ismail, A. M. (2013). Pyramiding of
salinity and submergence tolerance into IR64 background through marker-
assisted selection (MAS). Seventh (7%) International Rice Genetics Symposium,
Manila, Philippines.

Debnath, P. (2017). Basic principles of marker-assisted selection. Available at
https://www.biotecharticles.com »  Agriculture-Article (Accessed on 29th
December, 2018, last updated 6™ June, 2021).

Deen, R., Ramesh, K., Padmavathi, G., Viraktamath, B. C. and Ram, T. (2017). Mapping
of brown planthopper [Nilaparvata lugens (Stil)] resistance gene (bph3) in rice
(Oryza sativa L.). Euphytica 213: 35-49.

Dey M. and Upadhyaya H. (1996). Yield loss due to drought, cold and submergence in
Asia. Rice research in Asia: Progress and priorities. CAB International,
Wallinford. Pp. 291-303.

Divya, B., Robin, S., Rabindran, R., Senthil, S., Raveendran, M. and John Joel, A.
(2014). Marker-assisted backross breeding approach to improve blast resistance

in Indian rice (Oryza sativa L.) variety ADT43. Euphytica.

Doyle, J. J. and Doyle, J. L. (1990). Isolation of plant DNA from fresh tissue. Focus, 12:
13-15.

108



Du, B., Zhang, W., Liu, B., Hu, J., Wei, Z., Shi, Z., He, R., Zhu, L., Chen, R., Han, B.
and He, J. (2009). Identification and characterization of Bphl4, a gene conferring
resistance to brown planthopper in rice. Proceedings of National Academy of
Science (PNAS), 106: 22163-22168.

Erb, M. and Lu, J. (2013) Soil abiotic factors influence interactions between
belowground herbivores and plant roots. Journal of Experimental Botany, 64:
1295-1303.

ESP (Expert System for Paddy) (2021). Brown planthopper: Symptoms of damage,
identification of pest and management strategies. Available at
agritech.tnau.ac.in/expert_system/paddy/cppests. (Accessed on 5% July, 2021).

Fahim, A. (2015). Development of submergence tolerant rice variety through marker-
assisted backcross breeding between MR219 and Swarna-Subl. A PhD thesis
submitted to the school of graduate studies, University Putra Malaysia. pp. 35-36.

FAOSTAT (2020). Food and Agricultural Organisation Production Statistics Data Base.
Available online at http://faostat.fao.org (Accessed on 15 February, 2022).

Feldman, A. B., Leung, H., Baraoidan, M., Elmido-Mabilangan, A., Canicosa, 1., Quick,
W. P., Sheehy, J. and Murchie, E. H. (2017). Increasing leaf vein density via
mutagenesis in rice results in an enhanced rate of photosynthesis, smaller cell
sizes and can reduce interveinal mesophyll cell number. Frontiers in Plant
Science, 8: 1-10.

Ferrater, J. B. (2015). Adaptation of the brown planthopper, Nilaparvata lugens (Stal),
to resistant rice varieties. A PhD thesis submitted to the Wageningen University,
Wageningen, Netherland. pp. 200.

Frisch, M. and Melchinger, A. E. (2005). Selection theory for marker-assisted
backcrossing. Genetics, 170: 909-917.

Frisch, M., Bohn, M. and Melchinger, A. E. (1999a). Comparison of selecting strategies
for marker-assisted backcrossing of a gene. Crop Science, 39: 1295-1301.

Frisch, M., Bohn, M. and Melchinger, A. E. (1999b). Minimum sample size and optimal
positioning of flanking markers in marker-assisted backcrossing for transfer of a
target gene, Crop Science, 39: 967-975.

Fujita, D., Doi, K., Yoshimura, A. and Yasui, H. (2006) Molecular mapping of a novel
gene, Grh5, conferring resistance to green rice leathopper (Nephotettix cincticeps
Ulher) in rice, Oryza sativa L. Theory and Applied Genetics, 113: 567-573

Fukao, T. and Bailey-Serres, J. (2008) Ethylene-a key regulator of submergence
responses in rice. Plant Science, 175: 43-51.

Fukao, T., Xu, K., Ronald, P. C. and Bailey-Serres, J. (2006). A variable cluster of

ethylene response factor-like genes regulates metabolic and developmental
acclimation responses to submergence in rice. Plant Cell, 18: 2021-2034.

109



Fukao, T., Yeung, E. and Bailey-Serres, J. (2011). The submergence tolerance regulator
SUBIA mediates crosstalk between submergence and drought tolerance in rice.
Plant Cell, 23: 412-427.

Fukao. T. and Xiong, L. (2013). Genetic mechanisms conferring adaptation to
submergence and drought in rice: simple or complex? Current Opinion in Plant
Biology, 16: 196-204.

Furbank, R. T. and Tester, M. (2011). Phenomics-technologies to relieve the
phenotyping bottleneck. Trends in Plant Science, 16: 635-644.

Gao, L.Z., Liu, H., Wang, H., Fu, S. Guo, Z. and liang, G. (2013). Southern east Asia is
the source of Japanese encephalitis virus (genotype 1) diversity from which
viruses disperse and evolve throughout Asia. PLOS Neglected Tropical Disease,
7: €2459.

Godfray, H. C. J., Beddington, J. R., Crute, I. R., Haddad, L., Lawrence, D., Muir, J. F.
and Toulmin, C. (2010). Food security: The challenge of feeding 9 billion people.
Science, 327: 812-818.

Gopalakrishnan, S., Sharma, R., Anand Rajkumar, K., Joseph, M., Singh, V., Singh, A.,
and Mohapatra, T. (2008). Integrating marker-assisted background analysis with
foreground selection for identification of superior bacterial blight resistant
recombinants in Basmati rice. Plant Breeding, 127(2): 131-139.

Govindaraj, M., Vetriventhan, M. and Srinivasan, M. (2015). Importance of genetic
diversity assessment in crop plants and its recent advances: An overview of its
analytical perspectives. Genetic Research International, 15: 1-14.

Gramene database (http://archive.gramene.org/markers/microsat/)

Guoqing, L., Huihuang, Y. Qiang, Fu, Qian, Q., Zhitao, Z., Wenxue, Z. and Lihuang, Z.
(2001). Mapping of a new gene for brown planthopper resistance in cultivated
rice introgressed from Oryza eichingeri. Chinese Science Bulletin, 46(17): 1459-
1462.

Gurr, G. M., Liu, J., Read, D. M. Y., Catindig, J. L. A., Cheng, J. A., Lan, L. P. and
Heong, K. L. (2011). Parasitoids of Asian rice planthopper (Hemiptera:
Delphacidae) pests and prospects for enhancing biological control by ecological
engineering. Annals of Applied Biology, 158(2): 149-176.

Gutterson, N. and Reuber, T. L. (2004). Regulation of disease resistance pathways by
AP2/ERF transcription factors. Current Opinion in Plant Biology, 7: 465-471.

Guo, J., Xu, C., Wu, D., Zhao, Y., Qiu, Y., Wang, X., Ouyang, Y., Cai, B., Liu, X., Jing,
S., Shangguan, X., Wang, H., Ma, Y., Hu, L., Wu, Y., Shi, S., Wang, W., Zhu,
L., Xu, X.,Chen, R., Feng, Y., Du, B. and He, G. (2018). Bph6 encodes an
exocyst-localized protein and confers broad resistance to planthoppers in rice.
Nature Genetics, 50: 297-306.

110



Haliru, B. S., Rafii, M. Y., Mazlan, N., Ramlee, S. 1., Muhammad, I., Akos, I. S., Halidu,
J., Swaray, S. and Bashir, Y. R. (2020). Recent strategies for detection and

Improvement of brown planthopper resistance genes in rice: A Review. Plants,
9:1202.

Hao,P.Y.,Lu,C.F.,Ma, Y., Xu,L.B., Zhu, J.J. and Yu, X. P. (2015). Roles of NIAKTIP
in the growth and eclosion of the rice brown planthopper, Nilaparvata lugens Stal,

as revealed by RNA interference. International Journal of Molecular Science,
16(9): 22888-22903.

Haque, Q. A., Hille-RisLambers, D., Teopora, N. M. and de la Cruz, Q. D. (1989).
Inheritance of submergence tolerance in rice. Euphytica, 41: 247-251.

Harun, R., and Ariff, E. E. E. (2017). The role of institutional support in Malaysia’s
paddy and rice industry. FFTC Agricultural Policy Articles. MARDI.

Harvell, C. D., Mitchell, C. E., Ward, J. R., Altizer, S., Dobson, A. P., Ostfeld, R. S. and
Samuel, M. D. (2002). Climate warming and disease risks for terrestrial and
marine biota. Science, 296: 2158-2162.

Hasan, M. M., Rafii, M. Y., Mohd R. Ismaila, M. R., Mahmood, M., Rahimd, H. A.,
Alama, M. A., Ashkani, S., Malek, M. A. and Latif, M. A. (2015). Marker-
assisted backcrossing: A useful method for rice improvement. Biotechnology &
Biotechnological Equipment, 29(2): 237-254.

Hattori, Y., Nagai, K., Furukawa, S., Song, X. J., Kawano, R., Sakakibara, H., Wu, J.,
Matsumoto, T., Yoshimura, A., Kitano, H., Matsuoka, M., Mori, H. and Ashikari,
M. (2009). The ethylene response factors SNORKELI and SNORKEL? allow rice
to adapt to deep water. Nature, 460: 1026-1030.

He, F. R, Xi, Z., Akshy, T. and Zhang, G. (2004). Genetic diversity of different waxy
genotypes in rice. Molecular Breeding (Fen Zi Zhi Wu Yu Zhong), 2(2): 179-186.

Heinrichs, E. A., Medrano, F. G. and Rapusas, H. R. (1985). Genetic evaluation for insect
resistance in rice. International Rice Research Institute, Los Bafios, Philippines.
pp. 1-356.

Heong K. L. and Hardy, B. (2009). Planthoppers: New threats to the sustainability of
intensive rice production systems in Asia. International Rice Research Institute,
Los Bafios, the Philippines. pp.1-470.

Hillel, J., Schaap, T., Haberfeld, A., Jefffrey, Y., Cahner, A. and Lavi, U. (1990). DNA
finger printings applied to gene introgression in breeding programmes. Genetics,
124: 783-789.

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

111



Hirabayashi, H., Sato, H., Nonoue, Y., Kuno-Takemoto, Y., Takeuchi, Y., Kato, H.,
Nemoto, H., Ogawa, T., Yano, M., Imbe, T. and Ando, 1. (2010). Development
of introgression lines derived from Oryza rufipogon and O. glumaepatula in the
genetic background of japonica cultivated rice (O. sativa L.) and evaluation of
resistance to rice blast. Breeding Science, 60: 604-612.

Hitendra, K., Maurya, R. P. and Tiwari, S. N. (2012). Studies on antibiosis mechanism
of resistance in rice against brown planthopper, Nilaparvata lugens (Stal.). Annals
of Plant Protection Science, 28, 98-101.

Hittalmani, S., Parco, A., Mew, T. V., Ziegler, R. S. and Huang, N. (2000). Fine mapping
and DNA marker assisted pyramiding of the three major genes for blast resistance
in rice. Theory and Applied Genetics, 100: 1121-1128.

Horgan, F. (2009). Mechanisms of resistance: A major gap in understanding
planthopper-rice interactions. /n: Heong K. L and Hardy B. (eds.) Planthoppers.
New threats to the sustainability of intensive rice production systems in Asia.
International Rice Research Institute, Los Banos, the Philippines. pp. 281-302.

Hospital, F. (2003). Marker-assisted breeding. /n: Newbury, H. J. (ed.) Plant Molecular
Breeding. Blackwell Publishing and CRC Press, Oxford and Boca Raton. pp. 30-
59.

Hospital, F. (2009). Challenges for effective marker-assisted selection in plants.
Genetica, 136:303-310.

Hospital, F. and Charcosset, A. (1997). Marker-assisted introgression of quantitative trait
loci. Genetics, 147: 1469-1485.

Hospital, F., Chevalet, C. and Mulsant, P. (1992). Using markers in gene introgression
breeding programs. Genetics, 132: 1999-1220.

Hul., Li, X., Wu, C,, Yang, C., Hua, H., Gao, G., Xiao, J. and He, Y. (2012) Pyramiding
and evaluation of the brown planthopper resistance genes Bphl4 and Bphl5 in
hybrid rice. Molecular Breeding, 29: 61-69.

Hu, J., Chen, M., Gao, J., Zhang, Q., Xiao, J. and He, Y. (2013). Pyramiding and
evaluation of three dominant brown planthopper resistance genes in the elite
indica rice 9311 and its hybrids. Pest Management Science, 69: 802-808.

Hu, J., Xiao, C. and He, Y. (2016). Recent progress on the genetics and molecular
breeding of brown planthopper resistance in rice. Rice, 9(30) 1-12.

Hu, J., Yang, C., Zhang, Q. and Gao, G. (2011). Resistance of pyramided rice hybrids to
brown planthoppers. Chinese Journal of Applied Entomology, 48: 1341-1347 (In
Chinese with English Abstract).

Hu, W, Xiao, H., Hu, K., Jiang, Y. and Zhang, Y. (2016). Application of marker-assisted

backcross to introgress Bph3, Bphl4 and Bphl5 into an elite indica rice variety
for improving its resistance to brown planthopper. Plant Breeding, 135: 291-300.

112



Huang, N., He, G., Shu, L., Li, X. and Zhang, Q. (2001). Identification and mapping of
two brown planthopper genes in rice. Theory and Applied Genetics, 102: 929-34,

Huang, X. B., Tian, Z. H., Deng, Z. Q., Zheng, J. T., Lin, C. B. and Tang, J. X. (2008).
Preliminary identification of a novel sanming dominant male sterile gene in rice
(Oryza sativa L.). Zuo Wu Xue Bao, 34(10): 1865-1868.

Hussain, A. J., Ali, J., Siddiq, E. A., Gupta, V. S., Reddy, U. K. and Ranjekar, P. K.
(2012). Mapping of tms8 gene for temperature-sensitive genic male sterility
(TGMY) in rice (Oryza sativa L.). Plant Breeding, 131: 42-47.

Iftekharudaula, K. M. (2008). Comparison of new selection strategies or marker-assisted
backcrossing for a submergence tolerant gene in rice. A PhD dissertation
submitted to Bangladesh Agricultural University, Mymensingh, Bangladesh. p.
205.

Iftekharuddaula, K. M., Ghosal, S., Gonzaga, Z. J., Amin A., Barman, H. N., Yasmeen,
R., Haque, M. M., Carandang, J., Collard, B. C. Y. and Septiningsih, E. M.
(2016). Allelic diversity of newly characterised submergence-tolerant rice (Oryza
sativa L.) germplasm from Bangladesh. Genetic Resources and Crop Evolution,
63:859-867.

Iftekharuddaula, K. M., Salam, M. A., Newaz, M. A., Ahmed, H. U., Collard, B. C. Y.,
Septiningsih, E. M., Sanchez, D. L., Pamplona, A. M. and Mackill, D. J. (2012).
Comparison of phenotypic versus marker-assisted background selection for the
SUBI QTL during backcrossing in rice. Breeding Science, 62: 216-222.

Ikmal, A. M., Noraziyah,A. S. and Wickneswari, R. (2021). Incorporating drought and
submergence tolerance QTL in rice (Oryza sativa L.)- The effects under
reproductive stage drought and vegetative stage submergence stresses. Plants, 10:
225.

IRRI, (1998). Standard Evaluation System (SES) for Rice. International Rice Research
Institute, Los Banos, Phillippines.

IRRI, (2002). Standard Evaluation System (SES) for Rice. International Rice Research
Institute, Los Banos, Phillippines.

IRRI, (2018). Submergence tolerance- IRRI rice knowledge bank. Available at
www.knowledgebank.irri.org. Accessed on 20" February, 2018. (Last updated
25" May, 2021).

Ishii, T., Xu, Y., and S. R. McCouch, S. R. (2001). Nuclear- and chloroplast
microsatellite variation in A-genome species of rice. Genome, 44(4): 658-666.

Ismail, A. M., Singh, U. M., Singh, S., Dar, M. H. and Mackill, D. J. (2013). The

contribution of submergence-tolerant (Subl) rice varieties to food security in
flood-prone rainfed lowlands areas in Asia. Field Crops Research, 152: 83-93.

113



Jain, S. M. Brar, D. S. and Ahloowalia, B. S. (2002) Molecular Techniques in Crop
Improvement. Molecular Techniques in Crop Improvement. Second edition,
Kluwer Academic Publishers, Dordrecht, The Netherlands. p. 772

Jairin, J., Phengrat, K., Teangdeerith, S., Vanavichit, A. and Toojinda, T. (2007a).
Mapping of a broad-spectrum brown planthopper resistance gene, Bph3, on rice
chromosome 6. Molecular Breeding, 19: 35-44.

Jairin, J., Sansen, K., Waraporn Wongboon, W. and Kothcharerk, J. (2010). Detection of
a brown planthopper resistance gene bph4 at the same chromosomal position of
Bph3 using two different genetic backgrounds of rice. Breeding Science, 60: 71-
75.

Jairin, J., Teangdeerith, S., Leelagud, P., Kathcharerk, J., Sansen, K., Yi, M., Vanavichit,
A. and Toojinda, T. (2009). Development of rice introgression lines with brown
planthopper resistance and KDML105 grain quality characteristics through
marker-assisted selection. Field Crop Research, 110: 263-271.

Jairin, J., Teangdeerith, S., Leelagud, P., Kothcharerk, J., Sansen, K., Yi, M., Vanavichit,
A. and Toojinda, T. (2009). Development of rice introgression lines with brown
planthopper resistance and KDML105 grain quality characteristics through
marker-assisted selection. Field Crops Research, 110: 263-271.

Jairin, J., Teangdeerith, S., Leelagud, P., Phengrat, K., Vanavichi, A. and Toojindra, T.
(2007b) Detection of brown planthopper resistance genes from different rice
mapping populations in the same genomic location. Science Asia, 33: 347-52

Jairin, J., Toojinda, T., Tragoonrung, S., Tayapat, S. and Vanavichit, A. (2005). Multiple
genes determing brown planthopper resistance (Nilaparvata Ilugens Stal) in
backcross introgressed lines of Thai jasmine rice ‘KDML105’. Science Asia, 31,
129-135.

Jena, K. K. and Kim, S. M. (2010) Current status of brown planthopper (BPH) resistance
and genetics. Rice, 3: 161-171.

Jena, K. K. and Mackill, D. J. (2008). Molecular markers and their use in marker-assisted
selection in rice. Crop Science, 48: 1266-1276.

Jena, K. K., Jeung, J. U,, Lee, J. H., Choi, H. C. and Brar, D. S. (2006). High resolution
mapping of a new brown planthopper (BPH) resistance gene, Bphl§(t), and
marker-assisted selection for BPH resistance in rice (Oryza sativa L.). Theory and
Applied Genetics, 112: 288-297.

Ji, H., Kim, S. R., Kim, Y. H., Suh, J. P., Park, H. M., Sreenivasulu, N., Misra, G., Kim,
S. M., Hechanova, S. L., Kim, H., Lee, G. S., Yoon, U. H., Kim, T. H., Lim, H.,
Suh, S. C., Yang, J., An, G. and Jena, K. K. (2016). Map-based cloning and
characterisation of BPHI8 gene from wild rice conferring resistance to brown
planthopper (BPH) insect pest. Sciencetific Reports, 6: 34376.

114



Jiang, H., Hu, J., Li, Z., Liu, J., Gao, G., Zhang, Q., Xiao, J. and He, Y. (2018).
Evaluation and breeding application of six brown planthopper resistance genes in
rice maintainer line Jin 23B. Rice, 11: 1-11.

Jonah, P. M., Bello, L. L., Lucky, O., Midau, A. and Moruppa, S. M. (2011). Review:
The importance of molecular markers in plant breeding programmes. Global
Journal of Science Frontier Research, 11(5): 1-9.

Joseph, M., Gopalakrishnan, S., Sharma, R. K., Singh, V. P., Singh, A. K., Singh, N. K.
and Mohapatra, T. (2004). Combining bacterial blight resistance and Basmati
quality characteristics by phenotypic and molecular marker-assisted selection in
rice. Molecular Breeding, 13: 377-387.

Joshi, R. K. and Nayak, S. (2010). Gene pyramiding- A broad spectrum technique for
developing durable resistance in crops. Biotechnology and Molecular Biology
Review, 5(3): 51-60.

Kende, H., van der Knaap, E. and Cho, H. T. (1998). Deepwater rice: A model plant to
study stem elongation. Plant Physiology, 118: 1105-1110.

Khanh, T. D., Linh, L. H., Linh, T. H., Ham, L. H. and Xuan, T. D. (2013). Rapid and
high-precision marker-assisted backcrossing to introgress the SUB/ QTL into the
Vietnamese elite rice variety. Journal of Plant Breeding and Crop Science, 5: 26-
33.

Khush, G. S. (1978). Breeding methods and procedures employed at IRRI for developing
rice germplasm with multiple resistance to diseases and insects. /n: Symposium
on Methods of Crop Breeding. Tropical Agricultural Research Series, 11: 69-76.

Khush, G. S. (1979). Genetics and breeding for resistance to the brown planthopper. /n:
IRRI (eds.) Brown Planthopper: Threat to Rice Production in Asia. International
Rice Research Institute, Philippines. Pp. 321-332.

Khush, G. S. and Brar, D. S. (1991). Genetics of resistance to insect in crop plants.
Advances in Agronomy, 45: 223-274.

Khush, G. S. and Jena, K. (2009). Current status and future prospects for research on
blast resistance in rice (Oryza sativa L.). In: Wang, X. and Valent, B. (eds.)
Advances in Genetics, Genomics and Control of Rice Blast Disease. Springer,
Dordretch. pp. 1-10.

Khush, G. S. Karim, A. R. and Angeles, E. R. (1985). Genetics of resistance of rice
cultivar ARC 10550 to Bangladesh brown planthopper biotype. Journal of
Genetics, 64: 121-125.

Khush, G.S. (2005). What it will take to feed 5.0 billion rice consumers in 2030. Plant
Molecular Biology, 59 (1): 1-6.

Khush, G.S. and Virk, P. S. (2005). IRRI Varieties and Their Impact. International Rice
Research Institute, Los Banos, Manila, Philippines. CA, USA. p. 163.

115



Kim, S. H., Song, M., Lee, K. J., Hwang, S. G., Jang, C. S., Kim, J. B., Kim, S. H., Ha,
B. K., Kang, S. Y. and Kim, D. S. (2012). Genome-wide transcriptome profiling
of ROS scavenging and signal transduction pathways in rice (Oryza sativa L.) in
response to different types of ionizing radiation. Molecular Biology Reports,
39:11231-11248.

Kiran, K. K., Rao, M. R. G., Veerangati, S. S. and Rakesh, B. (2014). Study of
inheritance of BPH resistance in two F, populations of rice. Trends in Bioscience,
7: 861-863.

Koide, Y., Kobayashi, N., Xu, D. and Fukuta, Y. (2010). Resistance and selection DNA
markers for blast disease in rice, Oryza sativa. Japan Agricultural Resources
Quaterly, 43(4): 255-280.

Korinsak, S., Siangliw, M., Kotcharerk, J., Jairin, J., Siangliw, J.L., Jongdee, B.,
Pantuwan, G., Sidthiwon, N. and Toojinda, T. (2016). Improvement of
submergence tolerance and the brown planthopper resistance of the Thai jasmine
rice cultivar KDML105 by pyramiding Subl and Qbphi2. Field Crop Research,
188: 105-112.

Krishnaiah, K. and Varma, N. (2011). Changing insect pest scenario in the rice
ecosystem-A National Perspective. Directorate of Rice Research, Rejendranagar,
Hyderabad, India. pp. 1-28.

Kumar, G. V., Kumari, K. A., Rani, C. V. D., Sundaram, R. M., Vanisree, S., Jamaloddin,
M. and Swathi, G. (2013). Study of simple sequence repeat (SSR) polymorphism
for biotic stress resistance in elite rice variety JGL 1798. African Journal of
Biotechnology, 12(40): 5833-5838.

Kumar, K., Sarao, P. S., Bhatia, D., Neelam, K., Kaur, A., Mangat G. S., Brar, D. S. and
Singh, K. (2018). High-resolution genetic mapping of a novel brown planthopper
resistance locus, Bph34 in Oryza sativa L. X Oryza nivara (Sharma & Shastry)
derived interspecific F, population. Theory and Applied Genetics, 131(5): 1163-
1171.

Kumar, K., Kaur, P., Kishore, A., Vikal, Y., Singh, K. and Neelam, K. (2020). Recent
advances in genomics-assisted breeding of brown planthopper (Nilaparvata
lugens) resistance in rice (Oryza sativa). Plant Breeding, 139: 1052-1066.

Kumari, S., Sheba, J. M., Marappan, M., Ponnuswamy, S., Seetharaman, S., Pothi, N.,
Subbarayalu, M., Muthurajan, R. and Natesan, S. (2010). Screening of IR50 X
Rathu Heenati F; RILs and identification of SSR markers linked to brown
planthopper (Nilaparvata lugens Sta’l) resistance in rice (Oryza sativa L.).
Molecular Biotechnology, 46: 63-71.

Lakshmi, B. V., Srinivas, B., Kumar, M. V. and Viraj, D. (2010). Assessment of rice

genotypes for brown planthopper resistance using microsatellite markers. Current
Trends in Biotechnology and Pharmacy, 4(1): 526-534.

116



Lang, N. T., Tao, N. and Buu, B. C. (2011). Marker-assisted backcrossing (MAB) for
rice submergence tolerance in Mekong delta. Omonrice 18: 11-21.

Latif, M. A., Guan, T. S., Yusoh, O. M. and Siraj, S. S. (2008). Evidence of sibling
species in the brown planthopper complex (Nilaparvata lugens) detected from
short and long primer random amplified polymorphic DNA fingerprints.
Biochemistry and Genetics, 46: 520-537.

Lema, M. (2018). Marker assisted selection in comparison to conventional plant
breeding: Review article. Agricultural Research and Technology Open Access
Journal, 14(2): 001-0010.

Lewis, R. S. and Kernodle, S. P. (2009). A method for accelerated trait conversion in
plant breeding. Theory and Applied Genetics, 118: 1499-1508

Li, H., Syvertsen, J. P., McCoy, C. W., Stuart, R. J. and Schumann, A.W. (2006). Water
stress and root injury from simulated flooding and Diaprepes abbreviatus root
weevil larval feeding in citrus. Soil Science, 171: 138-151.

Li, J. B., Xia, M.Y., Qi, H. X., He, G. C., Wang, B. L., and Zha, Z. P. (2006). Marker-
assisted selection for brown planthopper (Nilaparvata lugens Stal) resistance
genes Bphl4 and Bphl5 in rice. Scientia Agricultura Sinica, 39: 2132-2137.

Li, R, Li, L., Wei, S., Wei, Y., Chen, Y., Bai, D., Yang, L., Huang, F., Lu, W., Zhang,
X., Li, X., Yang, X. and Wei, Y. (2010). The evaluation and utilization of new
genes for brown planthopper resistance in common wild rice (Oryza rifipogon
Griff.) Molecular Entomology, 1(1): doi: 10.5376/me.2010.01.0001.

Li, Y., Huang, Y. F., Huang, S. H., Kuang, Y. H., Tung, C. W., Liao, C. T. and Chuang,
W. P. (2019). Genomic and phenotypic evaluation of rice of rice susceptible
check TN1 collected in Taiwan. Botanical Studies, 19(60): 1-7.

Li, Z., Xue, Y., Zhou, H., Li, Y., Usman, B., Jiao, X., Wang, X., Liu, F., Qin, B., Li, R.
and Qiu, Y. (2019). High-resolution mapping and breeding application of a novel
brown planthopper resistance gene derived from wild rice (Oryza. rufipogon
Griff). Rice, 12, 1-13.

Lin, D. G., Chou, S. Y., Wang, A. Z., Wang, Y. W., Kuo, S. M., Lai, C. C., Chen, L. J.,
and Wang, C. S. (2014). A proteomic study of rice cultivar TNG67 and its high
aroma mutant SA0420. Plant Science, 214: 20-28.

Linares, O. F. (2002). African rice (Oryza glaberrima): History and future potential.
Proceedings of the National Academy of Science of the United States of America,
99: 16360-16365.

Ling K. C, Tiongco E. R. and Aguiero V. M. (1978). Rice ragged stunt, a new virus
disease. Plant Disease Report, 62(8): 701-705.

117



Linh, L. H., Linh, T. H., Xuan, T. D., Ham, L. H., Ismail, A. M. and Khanh, T. D. (2012).
Molecular breeding to improve salt tolerance of rice (Oryza sativa L.) in the Red
River Delta of Vietnam, International Journal of Plant Genome, 949038: 9.

Liu Y., Su, C., Jiang L., He, J., Wu, H., Peng, C. and Wan, J. (2009). The distribution
and identification of brown planthopper resistance genes in rice. Hereditas, 146:
67-73.

Liu, G., Yan, H. D, Fu, Q., Qian, Q., Zhang, Z., Zhai, W., and Zhu, L. (2001). Mapping
of a new gene for brown planthopper resistance in cultivated rice introgressed
from Oryza eichingeri. Chinese Science Bulletin, 46(17): 1459-1462

Liu,J., Qu,J, Yang, C., Tang, D., Li, J., Lan, H., and Rong, T. (2015). Development of
genome wide insertion and deletion markers for maize, based on next-generation
sequencing data. BMC Genomics, 16(601): 1-9.

Liu, Y., Wu, H., Chen, H., Liu, Y., He, J., Kang, H., Sun, Z., Pan, G., Wang, Q., Hu, J.,
Zhou, F., Zhou, K., Zheng, X., Ren, Y., Chen, L., Wang, Y., Zhao, Z., Lin, Q.,
Wu, F., Zhang, X., Guo, X., Cheng, X., Jiang, L., Wu, C., Wang, H. and Wan, J.
(2014). A gene cluster encoding lectin receptor kinases confers broad-spectrum
and durable insect resistance in rice. Nature Biotechnology, 33(3): 301-307.

Lu, B. R. (1999). Taxonomy of the genus Oryza (Poaceae): Historical perspectives and
current status. Genetic resource centre, International Rice Research Institute. pp.
1-6.

Lu, H. P, Luo, T., Fu, H. W., Wang, L., Tan, Y. Y., Huang, J. Z., Wang, Q., Ye, G. Y.,
Gatehouse, A. M. R., Lou, Y. G. and Shu, Q. Y. (2018). Resistance of rice to
insect pests mediated by suppression of serotonin biosynthesis. Nature Plants, 4:
338-344.

Mackill D. J., Coffman W. R. and Garrity, D. P. (1996). Rainfed lowland rice
improvement. International Rice Research Institute, Manila. p. 242.

Mackill, D. J. (2006). Breeding for resistance to abiotic stresses in rice: The value of
quantitative trait loci. In: Plant Breeding: The Arnel R. Hallauer International
Symposium, Lamkey, K. R. and Lee, M. (eds.). Blackwell Publication, Ames, IA,
USA. pp. 201-212.

Mackill, D. J., Ismail, A. M., Singh, U. S., Labios, R.V., Paris, T. R. (2012).
Development and rapid adoption of submergence-tolerant (Subl) rice varieties.

Advances in Agronomy, 115: 303-356.

Magneschi, L. and Perata, P. (2009). Rice germination and seedling growth in the
absence of oxygen. Annals of Botany, 103: 181-196.

118



Maisarah, M. S. and Habibuddin, H. (2018). Assessment of advanced Malaysian rice
varieties for resistance to brown planthopper (Nilaparvata lugens Stal.) (Penilaian
kerintangan beberapa varieti padi Malaysia terhadap benah perang (Nilaparvata
lugens Stal.)). Journal of Tropical Agriculure. and Food. Science, 46(2): 127-
136.

MAS (Marker-assisted Selection) (2016). Marker-asssisted selection: Lesson module II.
Available at www.biotech.iastate. (Accessed on 15" December, 2016, last
updated 7" February, 2017).

Matsuoka, Y., Mitchell, S. E., Kresovich, S., Goodman, M. and Doebley, J. (2002).
Microsatellite in Zea-variability, patterns of mutations, and used for evolutionary
studies. Theoretical and Applied Genetics, 104(2-3): 436-450.

McCouch, S. R. Chen, X., Panaud, U., Temnyk, S., Xu, Y., Cho, Y. G., Huang, N., Ishii,
T. and Blair, M. (1997). Microsatellite marker development, mapping and
applications in rice genetics and breeding. Plant Molecular Biology, 35(62): 89-
99.

Melotto, M., Underwood, W. and He, S.Y. (2008). Role of stomata in plant innate
immunity and foliar bacterial diseases. Annual Review in Phytopathology, 46:
101-122.

Miah, G., Rafii, M. Y., Ismail, M. R., Puteh, A. B., Rahim, H. A., Islam, K. N. and Latif,
M. A. (2013). A review of microsatellite markers and their applications in rice
breeding programmes to improve blast disease resistance. International Journal
of Molecular Science, 14(11): 22499-22528.

Miah, G., Rafii, M. Y., Ismail, M. R., Puteh, A. B., Rahim, H. A. and Latif, M. A. (2015).
Recurrent parent genome recovery analysis in a marker-assisted backcrossing
programme of rice (Oryza sativa L.). Comptes Rendus Biologies, 338: 83-94.

Mishra, S. B., Senadhira, D. and Manigbas, N. L. (1996). Genetics of submergence in
rice (Oryza sativa L.). Field Crops Research, 46: 177-181.

Mohanty, H. K. and Khush G. S. (1985). Diallel analysis of submergence tolerance in
rice, Oryza sativa L. Theory and Applied Genetics, 70: 467-473.

Mohanty, H. K., Mallik, S. and Grover, A. (2000). Prospect of improving flooding
tolerance in lowland rice varieties by conventional breeding and genetic
engineering. Curriculum Science Journal, 78(2): 132-140.

Mohapatra, T., Robin, S., Sarla, N., Sheshashayee, M., Singh, A. K., Singh, K., Singh,
N. K., Mithra, S. V. A. and Sharma, R. P. (2014). EMS induced mutants of upland
rice variety Nagina22: Generation and characterization. Proceeding of Indian
National Science Academy, 80(1): 163-172.

119



Mojulat, W. C., Yusop, M. R., Ismail, M. R., Juraimi, A. S., Harun, A. R., Ahmed, F.,
Tanweer, F. A. and Latif, M. A. (2017). Analysis of simple sequence repeat
markers linked to submergence tolerance on newly developed rice lines derived
from MR263 x Swarna-Subl. Sains Malaysiana, 46(4), 521-528.

Mondal, S. (2018). Marker-assisted selection (MAS): Meaning, steps and application.
Available at www.biologydiscussion. com. (Accessed on 20th December, 2018).

Mondal, U., Khanom, M. S. R., Hassan, L. and Begum, S. N. (2013). Foreground
selection through SSRs markers for the development of salt tolerant rice variety.
Journal of Bangladesh Agricultural University, 11: 67-72.

Mondini, L., Noorani, A. and Pagnota, M. A. (2009). Assessing plant genetic diversity
by molecular tools. Diversity, 1(1): 19-35.

Muduli, L., Pradhan, S. K., Mishra, A., Bastia, D. N., Samal, K. C., Agrawal, P. K., and
Dash, M. (2021). Understanding brown planthopper resistance in rice: Genetics,
Biochemical and Molecular Breeding Approaches. Understanding brown
planthopper resistance in rice: Genetics, biochemical and molecular breeding
approaches. Rice Science, 28(6): 532-546.

Murata, K., Fujiwara, M., Murai, H., Takumi S., Mori N. and Nakamura C. (2001).
Mapping of a brown planthopper (Nilaparvata lugens Stal) resistance gene Bph9
on the long arm of chromosome 12. Cereal Research Communication, 29: 245-
50.

Nandi, S. P., Subudhi, K., Senadhira, D., Manigbas, N. L., Send-Mand, S. and Huang,
N. (1997). Mapping QTLs for submergence tolerance in rice by AFLP analysis
and selective genotyping. Molecular and General Genetics, 255: 1-8.

Narshimulu, G., Jamloddin, Vemireddy, L., Anuradha, G. and Siddiq, E. A. (2010).
Potentiality of evenly distributed hypervariable microsatellite markers in marker-
assisted breeding of rice. Plant Breeding, 130: 314-320.

NCBI (National Center for Biotechnology Information) (2019). Sequence-tagged site
(STS), NCBI resources. Available at ncbi.nlm.nih.gov/probe/docs/techsts
(Accessed 24" September, 2019, last updated on 27 November, 2019).

NDS (NanoDrop Spectrophotometres) (2019). Note on the 260/280 and 260/230 ratios.
T042-Technical Bulletin of Thermo Scientific. pp. 1-2. Available at
https://dna.uga.edu/wp-content/uploads/sites/51/2019/02/Note-on-the-260_280-
and-260 230-Ratios.pdf

Neeraja, C. N., Maghirang-Rodriguez, R., Pamlona, A., Heur, S., Collard, B. C. Y.,
Septiningsih, E. M., Vergara, G., Sanchez, D., Xu, K., Isma’il, A. M. and Makill,
D. J. (2007). A marker-assisted backcross approach for developing submergence-
tolerant rice cultivars. Theory and Applied Genetics, 115: 767-776.

120



Nemoto H., Ikeda, R. and Kenada, C. (1989). New genes for resistance to brown
planthopper Nilaparvata lugens Stal in rice. Japanese Journal of Breeding, 39:
23-8

NFSM (National Food Security Mission) (2016). Crop description. Status paper on rice-
NFSM, Government of India. Available at http://fermer.gov.in (Accessed on 15"
February, 2018 and last updated 8" July, 2021).

Normile, D. (2004). Yangtze seen as earliest rice site. Science, 275: 309.

Nugaliyadde, D. S., Abeysiriwardena, D. E. Z., Samanmalee, L. G. A., Pathirana, R. and
Wilkins, R. R. (2021). Inheritance of resistance to brown planthopper: Its
implication on rice varietal improvement in Sri Lanka. Available at
http://ag.udel.edu . (Accessed on 17" July, 2021 and last updated 24% July, 2021).

Nugaliyadde, L. (1994). Factors associated with resistance in rice to Nilaparvata lugens-
A Ph. D. Thesis, University of Newcastle upon Tyne UK. p. 134.

Nugaliyadde, L., Dissanayake, D. M. N. and Mitrasena, J. (2000). Advances of pest and
diseases management of rice in Sri Lanka: A review. In: Kotagama, H. B.,
Wijesekera, G. A. W. and Wijesundera, D. S. A. (eds.) Annual Symposium of the
Department of Agriculture, Peradeniya, Sri Lanka. pp. 402-422.

OECD (Organization for Economic Co-operation and Development) (1999). Consensus
document on the biology of Oryza sativa (rice). Environmental Health and Safety
Publications. Paris. Report No. ENV/IM/MONO (99)26.

Oladosu, Y., Rafii, M. Y., Arolu, F., Chukwu, S. M., Muhammad, I., Kareem, I., Salisu,
M. A. and Arolu, I. W. (2020). Submergence tolerance in rice: Review of
mechanism, breeding and, future prospects. Sustainability, 12: 1632. 1-16.

Ovesna, J., Palakova, K. and Leisova, L. (2002). DNA analysis and their applications in
plant breeding and genetics. Czech Journal of Genetics and Plant Breeding,
38(1):29-40Pang, Y., Chen, K., Wang, X., Xu, J., Ali, J. and Li, Z. (2017).
Recurrent selection breeding by dominant male sterility for multiple abiotic
stresses tolerant rice cultivars. Euphytica, 213(268): 1-13.

Panigrahy, M., Neelamraju, S., Rao, D. N., and Ramanan, R. (2011). Heat tolerance in
rice mutants is associated with reduced accumulation of reactive oxygen species.
Biologia Plantarum. 55: 721-724.

Paris, H. S., McCollum, T. G., Nerson, H., Contliffe, D. J. and Karchi, Z. (1985).
Breeding of concentrated-yield muskmelons. Journal of Horticultural Science,
60: 335-339.

Pathaichindachote, W., Panyawut, N., Sikaewtung, K., Patarapuwadol, S. and

Muanprom, A. (2019). Genetic diversity and allelic frequency of selected Thai
and exotic rice germplasm using SSR markers. Rice Science, 26(6): 393-403

121



Pathak, M. D. and Khush, G. S. (1979). Studies of varietal resistance in rice to the brown
planthopper at the International Rice Research Institute. /n: IRRI (eds) Brown
Planthopper: Threat to Rice Production in Asia. International Rice Research
Institute, Philippines. pp. 205-301.

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

Pathak, P. K. and Heinrichs, E. A. (1982). Selection of biotype 2 and 3 population of
Nilaparvata lugens (Homoptera, Delphacidae) by exposure to resistant rice
varieties. Environmental Entomology, 11: 85-90.

Paun, O. and Schonswetter, P. (2012). Amplified Fragment Length Polymorphism
(AFLP) - an invaluable fingerprinting technique for genomic, transcriptomic and
epigenetic studies. Methods Molecular Biology, 862: 75-87

Pedersen, O. (1993). Long-distance water transport in aquatic plants. Plant Physiology,
103:1369-1375.

Phillips, T. (2018). What is genetic polymorphism? Available at
http://www.thoughtco.com (Accessed on 18" September, 2018 and last updated
9" January, 2020).

PhilRice, (2010). Knowledge Bank: Handout Series. Available at https:
//'www .philrice.gov.ph/www.pinoyrkb.com/www.pinoyrice.com (Accessed on
215 October, 2016 and last updated 4th June, 2020).

Prakash A., Rao, J., Singh, O. N., Tyagi J. P., Singh, S. and Rath, P. C. (2007). Rice:
The queen of cereals. Applied Zoologist Research Association Publication, 1-215.

Prasannakumar N. R., Chander S., Sahoo R. N. and Gupta V. K. (2013). Assessment of
brown planthopper, Nilaparvata Ilugens (Stal.), damage in rice using
hyperspectral remote sensing. International Journal of Pest Management, 59(3):
180-188.

Qiu, Y., Guo, J., Jing, S., Zhu, L. and He, G. (2010). High resolution mapping of the
brown planthopper resistance gene Bph6 in rice and characterizing its resistance
in 9311 and Nipponbare near isogenic backgrounds. Theory and Applied
Genetics, 121: 1601-1611.

Qiu, Y., Guo, J., Jing, S., Zhu, L. and He, G. (2011). Development and characterization
of Japonica rice lines carrying the brown planthopper resistance genes BPHI2
and BPH6. Theory and Applied Genetics, 124: 485-494.

Ragimekula, N., Varadarajula, N. N., Mallapuram, S. P., Gangimeni, G., Reddy, R. K.

and Kondreddy, H. R. (2013). Marker-assisted selection in disease resistance
breeding. Journal of Plant Breeding and Genetics, 1: 90-109.

122



Rahman, M. L., Jiang, W., Chu, S. H., Qjao, Y., Ham, T. H., Woo, M. O., Lee, J.,
Khanam, M. S., Chin, J. H., Jeung, J. U,, Brar, D. S., Jena, K. K. and Koh, H. J.
(2009). High-resolution mapping of two rice brown planthopper resistance genes,
Bph20(t) and Bph21(t), originating from Oryza minuta. Theory and Applied
Genetics, 119: 1237-1246.

Rahmat, S. R., Radin Firdaus, R. B., Shaharudin, S. M. and Ling, L. Y. (2019). Leading
key players and support system in Malaysian paddy production chain. Cogent
Food and Agriculture, 5(1): 1-16.

Rajamoorthy, Y., Abdul Rahim, Khalid b. and Munusamy, S. (2015). Rice industry in
Malaysia: Challenges, policies and implications. Procedia Economics and
Finance, 31: 861-867.

Ram, T., Deen, R., Gautam, S., Ramesh, K., Rao, Y. and Brar, D. (2010). Identification
of new genes for brown planthopper resistance in rice introgressed from O.
glaberrima and O. minuta. Rice Genetics Newsletter 25: 67.

Ramkumar, G., Prahalada, G. D., Hechanova, S. L., Kim, S. R. and Jena, K. K. (2016).
Exploring genetic diversity of rice cultivars for the presence of brown planthopper
(BPH) resistance genes and development of SNP marker for Bphl8. Plant
Breeding, 135(3): 301-308.

Rashid, M. M., Jahan, M., Islam, K. S. and Latif, M. A. (2017). Ecological fitness of
brown planthopper, Nilaparvata lugens (Stél), to rice nutrient management.
Ecological Processes, 6: 1-10.

Rather. S. A. and Deo, 1. (2018). Inheritance pattern and gene action of brown
planthopper (Nilaparvata lugens Stal.) resistance in newly identified donors of
rice (Oryza sativa L.). Cereal Research Communications, 46(4): 679-685.

Renganayaki, K., Fritz, A. K, Sadasivam, S., Pammi, S., Harrington, S. E., McCouch, S.
R., Kumar, S. M. and Reddy, A. S. (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 Science, 42: 2112-2117.

Ren, J., Gao, F., Wu, X., Lu, X., Zeng, L., Lv, J., Su, X., Luo, H. and Ren, G. (2016)
Bph32, a novel gene encoding an unknown SCR domain-containing protein,
confers resistance against the brown planthopper in rice. Scientific Reports, 6: 1-
14.

Ribaut, J. M. and Hoisington, D. (1998). Marker-assisted selection: new tools and
strategies. Trends Plant Science, 3: 236-239.

Ribaut, J. M. Jiang, C. and Hoisington, D. (2002) Simulation experiments on efficiencies
of gene introgression by backcrossing. Crop Science, 42: 557-565.

Rongbai, L., Xueyi, Q., Sumei, W., Pandey, M. P., Pathak, P. K., Fenguan, H., Qing, L.

and Shanyu, L. (2001). Inheritance of resistance to brown planthopper in an Oryza
rufipogon (Griff.) — derived line in rice. Current Science, 80: 1421-1423.

123



Ruban, A.V. (2015). Evolution under the sun: Optimizing light harvesting in
photosynthesis. Journal of Experimental Botany, 66: 7-23

Sarah, B. and Maria, R. F. (2011). Applications and potentials of marker assisted
selection (MAS) in plant breeding. BfN-Skripten 298.

Sarao, P. S. and Mangat, G. S. (2014). Manage rice insect-pests to get higher crop yield.
Programme Farming, 50: 4-6.

Sarao, S. R. and Bentur, J. S. (2016). Antixenosis and tolerance of rice genotypes against
brown plant hopper. Rice Science, 23, 96-103.

Sarkar, R. K., Das, K. K., Panda, D., Reddy, J. N., Patnaik, S. S. C., Patra, B. C. and
Singh, D. P. (2014). Submergence tolerance in rice: Biophysical constraints,
physiological basis and identification of donors. Central Rice Research Institute,
Cuttck, India. pp. 1-36.

Satturu V., Vattikuti, J. L., Sai, J. D., Kumar, A., Singh, R. K., Prasad, M. S., Zaw, H.,
Jubay, M. L., Satish, L., Rathore, A., Mulinti, S., Vg, I. L., Chakraborty, A. and
Thirunavukkarasu, N. (2020). Multiple genome wide association mapping models
identify quantitative trait nucleotides for brown planthopper (Nilaparvata lugens)
resistance in MAGIC indica population of rice. Vaccines, 8(4): 608.

Schmitz, A. J., Folsom, J. J., Jikamaru, Y., Ronald, P. and Walia, H. (2013). SUBIA-
mediated submergence tolerance response in rice involves differential regulation
of the brassinosteroid pathway. New Phytology, 198: 1060-1070.

Septiningsih, E. M., Pamplona, A. M., Sanchez, D. L., Maghirang-Rodriguez, R.,
Neeraja, C. N., Vergara, G.V., Heuer, S., [smail, A. M. and Mackill, D. J. (2009).
Development of submergence-tolerant rice cultivars: the Subl gene and beyond.
Annals of Botany, 103: 151-160.

Setter, T. L., Bhekasut, P. and Greenway, H. (2010). Desiccation of leaves after de-
submergence is one cause for intolerance to complete submergence of the rice
cultivar IR 42. Functional Plant Biology, 37: 1096-1104.

Shabanimofrad, M., Yusop, M. R., Ashkani, S., Musa, M. H., Adam, N. A., Haifa, I.,
Harun, A. R. and Latif, M.A. (2015a). Marker-assisted selection for rice brown
planthopper (Nilaparvata lugens) resistance using linked SSR markers. Turkish
Journal of Biology, 39: 666-673.

Shabanimofrad, M., Rafii, M. Y., Ashkani, S., Hanafi, M. M., Adam, N. A., Latif, M.
A., Rahim, H. A. and Sahebi, M. (2015b). Analysis of SSR markers linked with
brown planthopper resistance genes (Bph) using high-resolution melting (HRM)
in rice. Plant Omics Journal, 8(3): 212-219.

Sharma, P. N., Torii, A., Takumi, S., Mori, N. and Nakamura, C. (2004). Marker-assisted

pyramiding of brown plant hopper (Nilparvata lugens Stal) resistance genes Bphl
and Bph2 on rice chromosome 12. Heraditas 136: 39-43.

124



Shu, Q. Y. (2009). Induced plant mutations in the genomics era. /n: Shu Q. Y (ed.)
Proceedings of an International Joint FAO/IAEA Symposium on Induced Plant
Mutation. Food and Agriculture Organisation of the United Nations, Rome, Italy,
2009. 441pp.

Singh, A. K., Gopalakrishnan, S., Singh, V. P., Prabhu, K. V., Mohapatra, T., Singh, N.
K., Sharma, T. R., Nagarajan, M., Vinod, K. K., Singh, D., Singh, U. D., Chander,
S., Atwal, S. S., Seth, R., Singh, V. K., Ellur, R. K., Singh, A., Anand, D., Khanna,
A., Yadav, S., Goel, N., Singh, A., Shikari, A. B., Singh, A. and Marathi, B.
(2011). Marker assisted selection: A paradigm shift in Basmati breeding. Indian
Journal of Genetics and Plant Breeding, 71(2) Special Issue: 120-128.

Singh, B. D. and Singh, A. K. (2015). Marker-Assisted Plant Breeding: Principles and
Practices (eBook). Springer New Delhi Pvt. Ltd. India, Springer
SciencetBusiness Media (www.springer.com) pp. 10-11.

Singh, N., Choudhury, D. R., Tiwari, G., Singh, A. K., Kumar, S., Srinivasan, K., Tyagi,
R. K., Sharma, A. D., Singh, N. K. and Singh, R. (2016). Genetic diversity trend
in Indian rice varieties: an analysis using SSR markers. BMC Genetics, 17(127):
1-13.

Singh, S., Mackill, D.J., Ismail, A.M. (2011). Tolerance of longer-term partial stagnant
flooding is independent of the SUBI locus in rice. Field Crops Research, 121:
311-323.

Snedecor, G.W. and Cochran, W.G. (1967). Statistical Methods. Sixth edition, Ames,
Iowa, The Iowa State University.

Song X. L., Qiang, S., Liu, L. L., Xu, Y. H. and Liu, Y. L. (2002). Gene flow of pollen
cross between Oryza officinalis wall and transgenetic rice with bar gene. Journal
of Nanjing Agricultural University, 25(3): 518. (In Chinese with English
abstract).

Soundararajan, R. P., Kadirvel P, Gunathilagara J. K. and Maheswaran, M. (2004).
Mapping of quantitative trait loci associated with resistance to brown planthopper
in rice by means of a doubled-haploid population. Crop Science, 44: 2214-20.

Srinivasan T. S., Almazan M. L. P, Bernal C. C., Fujita, D., Ramal, A. F., Yasui, H.,
Subbarayalu, M. and Horgan, F. G. (2015) Current utility of the BPH25 and
BPH26 genes and possibilities for further resistance against plant- and
leathoppers from the donor cultivar ADRS52. Applied Entomology and Zoology,
50: 533-543

Stoskopf, N. C., Tomes, D. T. and Christie B. R. (2006). Plant Breeding: Theory and
Practice. Second edition, Scientific Publishers, India. pp. 175-237.

Su, C. C., Cheng, X. N., Zhai, H. Q. and Wan, J. M. (2002). Detection and analysis QTL

for resistance to brown planthopper, Nilaparvata lugens (Stél), in rice (Oryza
sativa L.) using backcross inbred lines. Acta Genetica Sinica, 29:332-338.

125



Su, C. C., Wan, J., Zhai, H. Q., Wang, C. M., Sun, L. H., Yasui H. and Yoshimura, A.
(2005). A new locus for resistance to brown planthopper identified in indica rice
variety DV85. Plant Breeding, 124: 93-95.

Su, C. C., Zhai H. Q., Wang, C. M., Sun, L. H. and Wan, J. M. (2006). SSR mapping of
brown planthopper resistance gene Bph9 in Kaharamana, an indica rice (Oryza
sativa L.). Acta Genetica Sinica, 33:262-268.

Suh, J. P, Yang, S. J., Jeung, J. U., Pamplona, A., Kim, J. J., Lee, J. H., Hong, H. C.,
Yan C. I, Kim, Y. G. and Jena, K. K. (2011). Development of elite breeding lines
conferring BPH18-derived resistance to brown planthopper (BPH) by marker-
assisted selection and genome-wide background analysis in japonica rice (Oryza
sativa L.). Field Crops Research, 120: 215-222.

Sun, L. H., Wang, C. M., Su, C. C, Liu, Y. Q., Zhai, H. Q., and Wan, J. (2006). Mapping
and marker-assisted selection of a brown planthopper resistance gene bph2 in rice
(Oryza sativa L.). Acta Genetica. Sinica, 33: 717-723

Sun, L., Liu, Y., Jiang L, Su, C., Wang, G., Zhai, H. and Wan, J. (2007). Identification
of quantitative trait loci associated with resistance to brown planthopper in the
indica rice cultivar Col. 5 Thailand. Hereditas, 144: 48-52.

Sun, L., Su, C., Wang, C., Zai, H. and Wan, J. (2005). Mapping of a major resistance
gene to brown planthopper in the rice cultivar Rathu Heenati. Breeding Science,
55:391-396

Sundaram, R. M., Vishnupriya, M., Laha, G. S., Rani, N. S., Rao, P. S., Balachandran,
S. M. and Sonti, R. V. (2009). Introduction of bacterial blight resistance into
Triguna, a high yielding, mid-early duration rice variety. Biotechnology Journal,
4(3): 400-407.

Takeuchi, Y., Ebitani, T., Yamamoto, T., Sato, H., Ohta, H., Hirabayashi, H., Kato,
H., Ando, I., Nemoto, H., Imbe, T. and Yano, M. (2006). Development of
isogenic lines of rice cultivar Koshihikari with early and late heading by marker-
assisted selection. Breeding Science, 56(4): 405-413.

Tamang, B. G. and Fukao, T. (2015). Plant adaptation to multiple stresses during
submergence and following desubmergence. International Journal of Molecular
Science, 16: 30164-30180.

Tamura, Y.; Hattori, M.; Yoshioka, H.; Yoshioka, M.; Takahashi, A.; Wu, J.; Sentoku,
N.; Yasui, H. (2014). Map-based cloning and characterization of a brown
planthopper resistance gene BPH26 from Oryza sativa L. ssp. indica cultivar
ADRS2. Scientific Reports, 4: 5872.

Tanksley, S. D., Young, N. D., Paterson, A .H. and Bonierbale, M. W. (1989). RFLP

mapping in plant breeding: New tools for an old science. Biotechnology, 7: 257-
264.

126



Tanweer, F. A., Rafii, M. Y., Sijam, K. Rahim, H. A., Ahmed, F. and Latif, M. A.
(2015a). Current advance methods for identification of blast resistance genes in
rice. Comptes Rendus Biology, 338: 321-334

Tanweer, F. A., Rafii, M. Y., Sijam, K., Rahim, H. A., Ahmed, F., Ashkani, S. and Latif,
M. A. (2015b). Identification of suitable segregating SSR markers for blast
resistance in rice using inheritance and disease reaction analysis in backcross
families. Australasian Plant Pathology, 44(6): 619-627.

Tanweer, F. A., Rafii, M. Y., Sijam, K., Rahim, H. A., Ahmed, F., Ashkani, S. and Latif,
M. A. (2015c). Introgression of blast resistance genes (putative Pi-b and Pi-kh)
into elite rice cultivar MR219 through marker-assisted selection. Frontiers in
Plant Science, 6: 1002.

Temnyk, S. G., Declerck, G., Lukashova, A., Lipovich, L., Cartinhour, S. and McCouch,
S. (2001). Computational and experimental analysis of microsatellites in rice
(Oryza sativa L.): Frequency, length variation, transposon associations, and
genetic marker potential. Genome Resources, 11: 1441-1452.

Thulasinathan, T., Nallathambi, J., Rahman, H., Kambale, R., Ayyenar, B.,
Venkatasamy, B. and Raveendran Muthurajan, R. (2020). Marker assisted
introgression and validation of resistance genes Bph20 and Bph21 for brown plant
hopper (Nilaparvata lugens stal) into a popular rice variety of CO51. Journal of
Pharmacognosy and Phytochemistry, 9(6): 939-944.

Tian, F., Li, D. J,, Fu, Q., Zhu, Z. F,, Fu, Y. C., Wang, X. K. and Su, C. C. (2000).
Construction of introgression lines carrying wild rice (Oryza rufipogon Griff.)
segments in cultivated rice (Oryza sativa L.) background and characterization of

introgressed segments associated with yield-related traits. Theory and Applied
Genetics, 112: 570-580.

Toenniessen, G. H., O’Toole, J. C. and DeVries, J. (2003). Advances in Plant
Biotechnology and its adoption in developing countries. Current Opinion in Plant
Biology, 8: 191-198.

Toojinda, T., Siangliw, M.. Tragoonrung, S., and Vanavichit, A. (2003). Molecular
genetics of submergence tolerance in rice: QTL analysis of key traits. Annals of
Botany, 91: 243-253.

Tripathi, K. K., Govila, O. P., Warrier, R. and Ahuja, V. (2011). Biology of Oryza sativa
L. (Rice): Series of Crop Specific Biology Document. Government of India. p. 3.

UNCTAD (2010). Information on rice. Available online at
http://www.unctad.org/infocomm/anglais/rice/market.htm#prod. (Accessed
May, 2010).

Usman, M. (2018). Introgression of heat shock protein genes for the development of heat
tolerant chilli (Capsicum annum L.) genotypes through marker-assisted
backcrossing. A PhD thesis submitted to University Putra Malaysia. pp. 176.

127



Usman, M. G., Rafii, M. Y., Yusuff, O., Mohammad Y. Martini, M. Y., Ismail, M. R.
and Ridzuan, R. (2019). Molecular confirmation of candidate Hsp70 gene
associated with heat tolerance in BC;F, advanced backcross lines and their
phenotypic resemblance with recurrent chilli Kulai. Acta Agriculturae
Scandinavica, DOI: 10.1080/09064710.2019.1692899 1-13.

Vaghefi, N., Shamsudin, M. N., Makmom, A. and Bagheri, M. (2011). The impact of
climate on rice production In Malaysia. International Journal of Agricultural
Research, 6(1): 67-74.

Van Berloo, R. (2008). GGT 2.0 (Graphical Geno Typing): Versatile software for
visualisation and analysis of genetic data. Journal of Heredity, 99: 232-236.

Vanitha, K., Suresh, S. and Gunathilagaraj, K. (2011). Influence of brown planthopper
Nilaparvata lugens (Stal.) feeding on nutritional biochemistry of rice plants.
Oryza, 48: 142-146.

Varshney, R. K., Graner, A. and Sorrells, M. E. (2005). Genomics-assisted breeding for
crop improvement. Trends in Plant Science, 10(12): 621-630.

Vaughan, D. A. and Morishima, H. (2003). Biosystematics of the genus Oryza. In:
Smith, C. W. and Dilday, R. H. (eds.) Rice, History, Technology and Production.
John Wiley and Sons Inc., Hoboken, New Jersy. pp. 27-65.

Vaughan, D. A., Morishima, H. and Kadowaki, K. (2003). Diversity in rice genus.
Current Opinion in Plant Biology, 6(2): 139-146.

VCE (Vegetable Crop Entomology) (2018). Host Plant Resistance. Available online at
https://labs.russell.wisc.edu/ vegento (Accessed on 22" January, 2018).

Verma, V. K., Rastogi, N. K., Pophaly, D. J., Mishra, R. K. (2001). Genetics of resistance
to brown planthopper (Nilaparvata lugens Stal.) in rice. Oryza, 38: 6-8.

Viana, V. E., Pegoraro, C., Busanello, C. and Costa de Oliveira, A. (2019). Mutagenesis
in rice: The basis for breeding a new super plant. Frontiers in Plant Science, 10:
1326 1-28.

Viera, M. L. C., Santini, L., Diniz, A. L. and Munhoz, C. D. F. (2016). Microsatellite
markers: what they mean and why are so useful. Genetics and Molecular Biology,
39(3): 312-328.

Visscher, P. M., Haley, C. S. and Thompson, R. (1996). Marker-assisted introgression in
backcross breeding programs. Genetics, 144: 1923-1932.

Wang, B. J., Xu, H. X., Zhen, X. S. Fu, Q. and Lu, Z. X. (2010). High temperature

modifies resistance performances of rice varieties to brown planthopper,
Nilaparvata lugens (Stal). Rice Science, 17: 334-338.

128



Wang, B., Zha, Z., Li, J. and Yin, D. (2014). Development of elite rice restorer lines in
the genetics background of R022 possessing tolerance to brown planthopper, stem
borer, leaf folder and herbicide through marker-assisted breeding. Euphytica,
195: 129-142

Wang, H., Gao, Y., Mao, F., Xiong, L. and Mou, T. (2019). Directional upgrading of
brown planhopper resistance in an elite rice cultivar by precise introgression of
two resistance genes using genomics-based breeding. Plant Science,288: 110211.

Wang, Y., Cao, L., Zhan, Y., Cao, C., Liu, F., Huang F., Qui, Y., Li, R. and Lou, X.
(2015). Map-based cloning and characterization of BPH29, a B3 domain-
containing recessive gene conferring brown planthopper resistance in rice.
Journal of Experimental Botany, 66: 6035-6045.

Wei, S., Zhang, H., Li, B., Ji, J. and Shao, X. (2019). Insecticidal effect of aconitine on
the rice brown planthoppers. PLoS ONE, 14: ¢0221090.

Xi,Z. Y., He, F. H., Zeng, R. Z., Zhang, Z. M., Ding, X. H., Li, W. T. and Zhang, G. Q.
(2008). Development of a wide population of chromosome single-segment
substitution lines in the genetic background of an elite cultivar of rice (Oryza
sativa L.). Genome, 49: 476-484.

Xu, K. and Mackill, D. J. (1996). A major locus for submergence tolerance mapped on
rice chromosome 9. Molecular Breeding, 2: 219-224

Xu, K. N., Deb, R. and Mackill, D. J. (2004). A microsatellite marker and a codominant
PCR-based marker for marker-assisted selection of submergence tolerance in
rice. Crop Science, 44: 248-253.

Xu, K., Xia, X., Fukao, T., Canlas, P., Mghirang-Rodriguez, R., Heur, S., Ismail, A. M.,
Bailey-Serres, J., Ronald, P. C. and Mackill, D. J. (2006). SubiA is an ethylene-
response-factor-like gene that confers submergence tolerance to rice. Nature, 442:
705-708.

Xu, K., Xu, X., Ronald P. C. and Mackill, D. J. (2001). A high-resolution linkage map
of the vicinity of the rice submergence tolerance locus Subl. Molecular and
General Genetics, 263: 681-689.

Xu, X. F., Mei, H. W, Luo, L. J., Cheng, X. N. and Li, Z. K. (2002). RFLP-facilitated
investigation of the quantitative resistance of rice to brown planthopper
(Nilaparvata lugens). Theory and Applied Genetics, 104: 248-253

Yang, H., Ren, X., Weng, Q., Lili Zhu, L. and He, G. (2002). Molecular mapping and
genetic analysis of a rice brown planthopper (Nilaparata lugens Stal) resistance
gene. Hereditas, 136: 39-43.

Yang, M., Cheng, L., Yan, L., Shu, W., Wang, X. and Qiu, Y. (2019). Mapping and

characterization of a quantitative trait locus resistance to the brown planthopper
in the rice variety IR64. Hereditas, 156(22): 1-9.

129



Yang, Z. M., Xie X. F., Huang, X. B., Wang, F. Q., Tong, Z. J., Duan, Y. L., Lan, S. and
Wu, W. R. (2012). Mapping of Sanming dominant genic male sterility gene in
rice. Hereditas, 34(5): 615-620.

Ye, G. and Smith, K.F. (2008). Marker-assisted gene pyramiding for inbred line
development: Basic principles and practical guidelines. International Journal of
Plant Breeding, 2: 1-10.

Young, N. D. and Tanksley, S. D. (1989a). RFLP analysis of the size of chromosomal
segments retained around 7m-2 locus of tomato during backcross breeding.
Theory and Applied Genetics, 77: 353-359.

Young, N. D. and Tanksley, S. D. (1989b). Restriction fragment length polymorphism
maps and the concept of graphical genotypes. Theoretical and Applied Genetics,
77:95-101.

Zhan, F., Guo, H., Zheng, H., Zhou, T., Zhou, Y., Wang, S., Fang, R., Qian, W. and
Chen, X. (2010). Massively parallel pyrosequencing-based transcriptome
analyses of small brown planthopper (Laodelphax striatellus), a vector insect
transmitting rice stripe virus (RSV). Bmc Genomics, 11: 303.

Zhang, J. F., Gong, L. G., Qu, Y. and Qu, H. L. (2005). The rice ears were seriously
damaged by the fifth and sixth generation of small brown planthopper in
Changsbu City in 2004. China Plant Protection, 25: 39.

Zhang, Y., Qin, G., Ma, Q., Wei, M., Yang, X., Ma, Z., Liang, H., Liu, C., Li, Z., Liu,
F., Huang, D. and Li, R. (2020). Identification of a major resistance locus Bph35
to brown planthopper in rice (Oryza sativa L.). Rice Science, 27(3): 237-245.

Zhao, Y., Jin, H., Wanga, Z., Jinga, S., Wanga, Y., Ouyangb, Y., Caic, B., Xiu-Fang
Xind, X. F., Liu, X., Zhanga, C., Pana, Y., Maa, R., Lia, Q., Jianga, W., Zenga,
Y., Shangguana X., Wang, H., Du, B., Zhu, L., Xu, X., Yu-Qi Feng, Y. Q., He,
S. Y., Rongzhi Chen, R., Qifa Zhang, Q. (5K &%) and He, G. (2016). Allelic

diversity in an NLR gene BPH9 enables rice to combat planthopper variation.
PNAS, 113(45): 12850-12855.

Zhu, X., Chen, S., Yang, J., Zhou, S., Zeng, L., J. Han, J. and Pan, Q. (2012). The

identification of Pi50 (t), a new member of the rice blast resistance Pi2/Pi9
multigene family. Theory and Applied Genetics, 124(7): 1295-1304.

130



	Blank Page



