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Abstract Brown planthopper (BPH) has emerged as

one of the most devastating pests of rice in several

Asian countries. Cultivation of planthopper resistant

varieties is an ecologically acceptable strategy. A

population of 255 F2:3 families from the cross

Taichung Native 1/ARC10550 was used to map

BPH resistance with 106 polymorphic simple

sequence repeat markers. The inheritance pattern of

different traits suggested that the resistance in

ARC10550 is controlled by quantitative traits instead

of a single recessive gene. The quantitative trait loci

(QTLs) for BPH resistance were analysed for nine

phenotypic traits. Several of these phenotypic traits

recorded high degree of positive or negative correla-

tions between them, suggesting dependence or redun-

dancy of the tests. QTL analysis revealed that five

major loci were associated with resistance, one for

damage score (qBphDs6) on chromosome 6, two for

nymphal preference at 48 and 72 h (qBphNp(48h)-1

and qBphNp(72h)-12) on chromosome 1 and 12 and

two for days to wilt (qBphDw(30)-3 and qBphDw(30)-

8) on chromosome 3 and 8 explaining the phenotypic

variance of 24.23, 8.69, 7.66, 4.55 and 10.48%

respectively. These QTLs indicated the negative

additive effects suggesting that the resistant alleles

identified were from ARC10550 donor parent. These

QTLs jointly explained 55.6% of the phenotypic

variance for BPH resistance in this population.
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Introduction

The brown planthopper [Nilaparvata lugens (Stål);

BPH] is one of the most destructive pests of rice. It can

suck sap from the phloem of rice plant, as well as

transmit several kinds of viruses (Cha et al. 2008). The

severe BPH infestation can cause extensive damage to

the rice plants resulting complete crop loss and

referred as ‘‘hopper burn’’ phenomenon (Sogawa

1982). Since past two decades, the infestations of

planthoppers (mainly BPH) have intensified across

Asia, resulted in heavy yield losses (Normile 2008).

Conventionally, BPH is controlled mainly by chem-

ical pesticides, which are expensive and environmen-

tally unsafe. Moreover, pesticides would kill BPH

along with the predators, and over-use of pesticides

prompts the insect to evolve resistance, which in turn

leads to pest resurgence. Therefore, cultivation of

BPH-resistant varieties is the most economical and

environmentally safe.
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The differential reaction of the resistance sources

indicated that BPH has four different biotypes.

Biotypes 1 and 2 are distributed in Southeast Asia

and biotype 3 is a laboratory biotype produced in

IRRI, Philippines. Biotype 4 is the most destructive

biotype of South Asia and is distributed over the

Indian subcontinent (Heinrichs 1986). So far 30 major

genes for resistance to BPH have been identified from

cultivated and wild species of rice (http://www.

shigen.nig.ac.jp/rice/oryzabase_submission/gene_

nomenclature/). Many of the BPH resistance genes

identified against biotype 1 and 2 are not effective

against biotype 4 (Ram et al. 2010; Deen et al. 2010).

Among the major genes identified, most of them have

been mapped with molecular markers and some of the

genes are presently being used extensively in the

practical rice breeding programs using MAS (Qiu

et al. 2012).

Besides the major genes, several quantitative trait

loci (QTLs) associated with BPH resistance have been

identified in the cultivated and wild species of rice. Su

et al. (2002) reported three QTLs on chromosomes 2,

10, and 12, associated with BPH resistance from the

population derived from Nipponbare 9 Kasalath. The

QTLs (Qbph-2, Qbph-4, Qbph-7, and Qbph-9)

accounting for 5.64–12.77% of the phenotypic vari-

ance for BPH resistance were identified by Liu et al.

(2009) from the landrace Yagyaw. Traditionally, the

resistance mechanisms are seedling resistance

(MSST), antixenosis (non-preference) involving a

reduction in colonization or oviposition, antibiosis

involving a reduction in insect survival, growth rate, or

reproduction after ingestion of host tissue and toler-

ance involving production of a crop of high quality and

yield despite insect infestation (Alam and Cohen

1998a). The previous studies have shown that these

resistance mechanisms were conferred by the major

BPH resistance genes such as Bph14 appeared to

confer antibiosis only in transgenic lines (Du et al.

2009). While, Qiu et al. (2012) found that Bph6 and

Bph12 conferred both antixenotic and antibiotic

effects, respectively in near isogenic lines. In addition,

several polygenes or QTLs have been identified to be

associated with seedling resistance, antixenosis,

antibiosis, or tolerance in rice cultivars. Soundararajan

et al. (2004) reported that the QTLs on chromosome 7

and 2 were associated with seedling resistance and

antibiosis, respectively, while QTLs on chromosomes

1, 6, and 7 showed association with tolerance.

It is well known that pyramiding of major BPH

resistance genes can significantly improve resistance

levels (Myint et al. 2012; Qiu et al. 2012; Wang et al.

2013; Hu et al. 2015) but the spectrum and durability

of resistance over the biotypes have not been studied.

Most of the donors showing durable resistance over

the years and biotypes have one or two major genes

along with several QTLs. Hence identification and use

of the QTLs along with major genes will help in

developing durable resistance. Cohen et al. (1997)

detected that the cultivar IR64 carrying the major gene

Bph1 and other minor QTLs directed the cultivar to

display a higher and durable resistance to the BPH in

the field. The land race ARC10550 has been reported

to be resistant to BPH biotype 4 having the major

(bph5) recessive resistance gene (Khush et al. 1985).

In the present study we analysed the QTLs associated

with resistance to BPH in ARC10550.

Materials and methods

Plant material

The parents used in the present study include the

ARC10550 (acc. 12507), a traditional tall, late dura-

tion indica land race with bold grains and resistant to

biotype 4 collected from Assam province of India and

Taichung Native1 (TN1), a semi dwarf, medium

duration indica variety with short bold grains and

susceptible to all the biotypes of BPH. The seeds of

both the parents have been collected from Interna-

tional Rice Brown Planthopper Nursery, IRRI, Philip-

pines. The mapping population consisted of 255 F2:3
families derived from the single F1 plant developed

from the cross between BPH susceptible parent TN1

and resistant parent ARC10550. The confirmed F1
plant was selfed by bagging all the panicles at the

anthesis with butter paper bag. At maturity more than

350 F2 seeds were obtained. The F2 plants were

planted in field and 255 F2 plants were randomly

selected for genetic study. Leaf samples from each

individual plant were collected for DNA isolation and

genotyping with polymorphic markers. At the flower-

ing each plant was again bagged to produce F3 seeds.

At maturity the seeds of individual plants were

harvested separately as F3 seeds. The F2:3 families

along with the parents TN1 and ARC10550 were used

for phenotyping for different traits associated with
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BPH resistance. The PTB33 was also used as

resistant check in BPH screening experiments along

with resistant (ARC10550) and susceptible (TN1)

parents.

Insect population

At the Indian Institute of Rice Research, Hyderabad,

India, BPH biotype 4 population is being reared under

controlled greenhouse conditions on the susceptible

rice variety TN1 (Kalode et al. 1975). Freshly hatched

nymphs or adults of specified age were utilized for

various screening tests. Necessary precautions were

also taken to keep the BPH culture away from

predators and other natural enemies to prevent

contamination.

Greenhouse evaluation for BPH resistance

Phenotyping experiments were conducted in the

green-house at 25 ± 5 �C with 50 ± 10% relative

humidity (RH) under natural light/dark conditions.

The F2:3 families along with parents TN1 and

ARC10550, and resistant check PTB33 were evalu-

ated for different resistance traits following standard

protocols. For seedling reaction in MSST, the seed

boxes were prepared one day before by filling with

well puddled soils mixed with FYM and fertilizer. The

sprouted seeds of F3 populations were sown in tray of

each seed box containing 20 test lines with 15

seedlings each, besides two border rows of susceptible

check (TN1) and one row of resistant check PTB-33 in

the middle. Ten days after sowing, the seedling in 3–4

leaf stage were infested with 6–8 first and second

instars nymphs per seedling. The damage scores were

recorded in 0–9 scale following the standard evalua-

tion system (SES) of rice (SES 1996) in each of F3
plant of each line when more than 90% plants of the

susceptible check TN1 were dead. A total of 255 F3
lines derived from TN1/ARC10550 cross were

screened for damage score. All the F3 progenies were

replicated thrice for screening with 15 seedlings in

each replication (Kalode et al. 1975).

Recommended protocols for other tests such as

nymphal preference at 24, 48, and 72 h, nymphal

survival, nymphal duration, honeydew area on plants

30 and 60 days after sowing (DAS) and days to wilt 30

DAS were adopted according to Heinrichs et al.

(1985), Renganayaki et al. (2000), Myint et al. (2012).

Genotyping

A set of 662 simple sequence repeat (SSR) markers

uniformly spread over 12 rice chromosomes were

screened for parental polymorphism survey between

TN1 and ARC10550, which resulted in identification

of 106 polymorphic markers between both the parents

(Fig. 1). DNA was isolated from the leaf samples of

255 F2 plants along with the parents using the modified

method of Zheng et al. (1995) and then used for

polymerase chain reaction (PCR) for amplification

following the protocol of Chen et al. (1997). The entire

mapping population was genotyped with 106 poly-

morphic markers, and alleles were scored on agarose

gel (Fig. 2). The original sources and motifs for all

SSR markers used in the present study are available at

http://www.gramene.org. PCR amplification of SSRs

was performed in 10 ll reaction volume containing

template DNA (20–25 ng), 250 lM each of dNTPs,

PCR buffer (19), 0.6 U/ll of Taq DNA polymerase

(Genei, Bangalore, India), and C0.2 ll of both for-

ward and reverse primers. PCR amplifications were

performed in 96-well plates on a thermal cycler (Ep-

pendorf, Hamburg, Germany) using the following

PCR conditions: hot start at 94 �C for 5 min followed

by denaturing at 94 �C for 30 s, annealing at 55 �C for

30 s, and extension at 72 �C for 1 min for 35 ampli-

fication cycles, with final extension at 72 �C for 7 min.

The PCR products were resolved on 3% agarose gel

(SeaKem, Rockland, USA) stained with ethidium

bromide (0.5 mg/ml; Sigma-Aldrich, St. Louis, USA)

in 0.59 Tris/borate/ethylene diamine tetra acetic acid

buffer at 100–150 V for 2 h using a submarine elec-

trophoresis unit (Genei, Bangalore, India) and pho-

tographed under ultraviolet light. The size of the

amplified fragments was calculated using Alpha-ease

software (Alpha Innotech, San Leandro, USA) with a

100-bp ladder (MBI Fermentas, Vilnius, Lithuania) as

size reference standard.

Data analysis

Phenotypic data for each of the tests recorded for the

255 F2:3 families were subjected to goodness-of-fit

analysis with expected Mendelian ratios for simple

inherited traits. The F2:3 families with mean value

similar to the resistant parent ARC10550 were treated

as resistant, and the rest as susceptible. The frequency

distribution of F2:3 families across levels of
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phenotypic values was plotted, and data were analyzed

for normal distribution using the SAS software, mean,

range, standard deviation, standard error, paired t test,

v2 test, correlation analysis, and the probability

estimates for null hypothesis rejection using these

tests for all the phenotypic values of BPH resistance

were obtained using MS Excel software.

Resistance against BPH was also investigated by

QTL analysis. Genotypic data assembled for all the

polymorphic makers among all the 255 F2 plants were

subjected to linkage analysis using Join Map version

4.0 (Van Ooijen 2006). Map distances were calculated

using the Kosambi (1944) mapping function. Place-

ment of markers into different linkage groups was

performed with ‘‘LOD groupings’’ and ‘‘Create group

using the mapping tree’’ commands. Mean v2 contri-
butions or average contributions to the goodness of fit

of each locus were also checked to determine the best

fitting position for markers in genetic maps. Markers

showing negative map distances or a large jump in

mean v2 value were discarded. Final maps were drawn

with the help of Map Chart version 2.2 (Voorrips

2002). QTL analysis of F2:3 families was performed

using a composite interval mapping (CIM) method

(Zeng 1994) in Windows QTL Cartographer version

2.5 (Wang et al. 2007). A permutation number of 1000

was applied for each trait in QTL analysis, and a LOD

threshold of 2.5 was adjusted for identification of

significant QTLs. The relative contribution of each

QTL towards phenotype was calculated as the per-

centage of phenotypic variance explained (PVE, %).

The percentages of variation explained by a QTL and

the additive effect were also estimated using the

software.

Results

Inheritance of BPH resistance

The significant differences between TN1 (susceptible)

and ARC10550 (resistant) were observed for all the

phenotypic traits under study (Table 1). However,

ARC10550 differed from the standard resistant check

PTB33 in terms of damage score, nymphal survival,

feeding rate and nymphal preference. Mean and range

T-TN1; A-ARC 10550 
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Fig. 1 Polymorphic markers between parents (TN1 and ARC10550). T TN1; A ARC10550

RM6844  with  F2:3 Mapping population

4    5 6 T A11 12T A 1 2 3 7 8 9 10 13 14 15 16 17 18 19 20

Fig. 2 Segregation of marker in the mapping population. T TN1; A ARC10550
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of all nine phenotypic traits for the F3 families are also

presented in Table 1 and the frequency distribution

(Fig. 3) indicated that the traits were inherited quan-

titatively. Transgressive segregants in F2:3 families

were observed for the traits damage score, days to wilt,

nymphal preference, nymphal survival, nymphal

duration, and honeydew area on plants 30 and 60

DAS, suggesting multiple genes with additive effects

Fig. 3 Frequency distribution of progenies for different score of the different parameters related to tolerance to BPH in F3 families of

TN1 9 ARC10550. T TN1, A ARC10550

Table 1 Mean performance of parents and F3 families for different parameters screened for BPH reaction

Screening parameters Parents F3 families

TN1 ARC10550 PTB33 (R check) Mean ± SD Range

Damage scores 8.95 4.20 1.3 5.95 ± 1.88 1.0–9.0

Nymphal survival—30 DAS (%) 90.25 70.5 30.3 59.4 ± 15.2 30–91

Nymphal duration—30 DAS (days) 11 14 16 11.9 ± 0.96 10–14

Days to wilt—30 DAS (days) 8 14 20 12.3 ± 1.71 8–16

Feeding rate—30 DAS (mm2) 740 500 300 539.01 ± 93.9 345–754

Feeding rate—60 DAS (mm2) 650 390 200 450.06 ± 91.6 254–637

Nymphal preference (24 h) 11.7 7.50 3.2 8.3 ± 2.1 3.1–19

Nymphal preference (48 h) 12.0 6.0 2.4 8.2 ± 1.65 4.2–12.08

Nymphal preference (72 h) 12.0 4.46 2.1 7.72 ± 1.75 3.36–12.2
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influencing the trait (Fig. 3). However, the normal

distribution of values for each traits recorded in the

255 F2:3 families confirms that the traits are inherited

quantitatively (Fig. 3; Table 1). Data pertaining to the

traits listed in Table 1 did not show significant fitness

to simple Mendelian ratio indicating that the BPH

resistance is governed by polygenes in ARC10550.

Correlation among traits

Significant positive correlations were observed among

the nine traits analyzed indicating their interdepen-

dence (Table 2). The seedling resistance in terms of

damage scores was positively correlated with the traits

feeding rate at 30 DAS (0.909), 60 DAS (0.903),

nymphal survival (0.783) and negatively correlated

with nymphal duration (-0.488), days to wilt

(-0.418), While the correlation between damage

score and nymphal preference 24 h (-0.126), nym-

phal preference 48 h (-0.104) and nymphal prefer-

ence 72 h (-0.098) were not significant. The nympal

survival (%) was positively correlated to feeding rate

30 days (0.759) and 60 days (0.764). Nympal duration

had positive correlation with days to wilt (0.236).

QTL identification

Of the 662 SSR markers tested for polymorphism

between TN1 and ARC10550, 106 (20%) were found

to be polymorphic and distributed in all the chromo-

somes. All the 255 F2 plants were genotyped with the

polymorphic markers. Thus, the molecular linkage

mapwas constructed with 106 polymorphic markers to

identify QTLs conferring BPH resistance. The map

covered 1532.2 cM on all 12 chromosomes, with

average interval of 14.45 cM. QTL analysis using

Windows QTL Cartographer version 2.5 with a LOD

threshold of 2.5 and significance level of 0.01 detected

5 QTLs for BPH resistance qBphDs-6, qBphNp(48h)-

1, qBphNp(72h)-12, qBphDw(30)-3 and qBphDw(30)-

8 explaining the phenotypic variance, of 24.23, 8.69,

7.66, 4.55 and 10.48% with LOD value 2.56, 2.75,

3.57, 4.21 and 4.19 as well as an additive effect

-3.915, -0.720, -0.714, -0.509 and -0.864 on

chromosome 1, 3, 6, 8 and 12, respectively (Table 3;

Figs. 4, 5). The negative additive effects of the QTLs

indicated the resistant alleles are from donor parent

ARC10550.

Discussion

The brown planthopper, historically was recognized as

minor pest of rice, emerged as a major pest in the

tropical Asia during green revolution (Heninrichs and

Mochida 1984; Gallagher et al. 1994). Host plant

resistance has been recognized as a viable alternative

to chemical control methods to reduce the yield losses

by this pest.

The brown planthopper has assumed great impor-

tance in rice in India, all efforts are being made to

identify resistant donors/varieties, to understand the

genetics of host plant resistance and utilize it breeding

programs. Currently, more than 30 genes for resistance

to BPH have been reported from indica and wild rice

species (Wu et al. 2014). Fourteen of these genes have

been fine mapped to specific regions on chromosomes

3, 4, 6 and 12. Bph14 and Bph26 (or Bph2) were

recently cloned and found to encode coiled-coil,

nucleotide-binding, and leucine-rich repeat (CC-NB-

LRR) proteins (Du et al. 2009; Tamura et al. 2014).

Most of the major genes identified and mapped were

against BPH biotype 1, 2 and 3 hence majority of them

are ineffective against Biotype 4 (Ram et al. 2010;

Deen et al. 2010). Krishna et al. (1984) reported that

18 of the 114 land races from Assam, India were

resistant to BPH biotype 4 prevalent in India and

ARC10550 was further identified as possessing major

recessive gene (bph5) by Khush et al. (1985).

The mapping population was developed by cross-

ing TN1 with ARC10550. The F1 was tested for its

hybridity using three markers from each chromosome.

The panicles of the single F1 plant were bagged before

anthesis and harvested at maturity and used for

producing F2 population. All the plants in F2 popula-

tion were selfed to develop F3 progenies. The F2
population was used for genotyping while F3 popula-

tion was used for phenotyping to construct linkage

map for BPH resistance. Similar populations have

been also used earlier by Sun et al. (2007), Li et al.

(2011), Santhanalakshmi et al. (2010) and Qiu et al.

(2011) for mapping of gene/QTLs associated with

resistance to BPH in rice.

Three mechanism or modalities of plant resistance

to insects are generally recognized: Antixenosis, a

quality that repels or disturbs the insects by causing a

reduction in colonization or oviposition; antibiosis a

quality that reduces insect survival, growth rate or

reproduction following the ingestion of host tissue;
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and tolerance, the capacity to produce a crop of high

quality and yield despite insect infestation (Kennedy

et al. 1987). These properties can be quantified by

making relative comparisons among genotypes.

Antixenosis, antibiosis and tolerance have been

detected in various combinations in rice germplasm

conferring resistance to BPH (Heinrichs et al. 1985;

Kennedy et al. 1987; Cohen et al. 1997; Alam and

Cohen 1998a, b).

In the present study a series of screening techniques

were applied for phenotyping of the traits associatedwith

gene/QTLs for BPH resistance in TN1 9 ARC10550

mapping population. The parents ARC10550 and TN1

showed differences for the nine traits under study viz,

damage scores to measure seedling resistance, days of

nymphal survival at 30 DAS, nymphal duration before

converting adults at 30 DAS, days to wilt at 30 DAS

(tolerance), feeding rate at 30 DAS (antibiosis), feeding

rate at 60 DAS (antibiosis) and Nymphal preference at

24, 48 and 72 h after infestation, respectively (antixeno-

sis) (Table 1). Substantial variations in F3 population for

the nine traits during screening indicated that the traits

were genetically inherited. The results of honeydew

excretions, survival rate of nymphs and emergence rate of

adults indicated that the antibiosis was one of the

mechanisms involved in the BPH resistance in

ARC10550. The lower feeding rates were measured in

terms of less area of honey dew spread, indicating that the

tolerance in ARC10550 was associated with antibiosis.

The range of honeydew spread in the F3 population

345–754 and 254–637 mm2 at 30 and 60 days old plants

infested with BPH, suggested that tolerance in

ARC10550 is due to antibiosis that reduces the feeding

and growth rate of the insect, similar results were also

reported by Panda and Heinrichs (1983). In the case of

Bph14, mainly resistance appears to be due to antibiosis

which reduces the feeding and growth rate of BPH insect

(Du et al. 2009).More recently, Qiu et al. (2010) reported

thatBph6 exerted antixenotic and antibiosis effects while

conferring BPH resistance. Sonalikar et al. (2011),

reported that BPH tolerance in Dagad Deshi is mainly

due to antibiosis. However the mechanisms of resistance

in most of the genes are still unknown. Therefore it is

necessary to identify the level of antibiosis and tolerance

in donors carryingBPH resistance gene/QTLswhichwill

help in improving durable resistance in rice varieties

(Paguia et al. 1980; Alam and Cohen 1998b; Huang et al.

2001; Hao et al. 2008;Myint et al. 2009a, b). The feeding

rate was assessed in terms of the amount of honeydew

excreted. The amount of honeydew excreted is directly

proportional to the amount of sap sucked byBPH.Alagar

et al. (2008) and Sonalikar et al. (2011) studied the

feeding behaviour ofBPHon few selected rice genotypes

and indicated that feeding marks and feeding rate could

Fig. 4 Linkage map

showing chromosomal

locations of QTLs detected

for resistance to BPH in

TN1/ARC10550 F2:3
population. Marker names

are listed on the right hand

side of the chromosomewith

the distances (in cM)

indicated on the left. The

solid bars indicates the

locations of the different loci

for BPH resistance,

designated as qBphNp(48h)-

1, qBphDw(30)-3, qBphDs6,

qBphDw(30)-8 and

qBphNp(72h)-12
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be the reliable parameters to evaluate the resistance

nature of the genotypes against insect pests. It is known

that the quantitative resistance to BPH may result from

the cumulative effect of different mechanisms, such as

non-preference or antixenosis, antibiosis and tolerance

(Alam and Cohen 1998a) and result in the durable

resistance (Ren et al. 2004; Murata et al. 2001; Xu et al.

2002).

The seedling bulk test is widely used to assess the

BPH resistance in the rice germplasm because it is a

rapid and efficient screening method. The seedling

bulk test is actually the cumulative expression of most

of the mechanisms (antibiosis, antixenosis and toler-

ance) associated with resistance and hence being

widely used by most of the workers (Shi et al. 2003;

Jena et al. 2006; Li et al. 2006; Qiu et al. 2010, 2011).

The correlation analysis also suggested the association

of resistance in terms of damage scores with feeding

rate, nymphal survival, nymphal duration and days to

wilt (Table 2).

The frequency distribution of the plants in the F3
population (Table 1; Fig. 1) for different traits showed

a fit to normal distribution indicating that many loci

are involved in the tolerance but not a major gene bph5

which was reported earlier (Khush et al. 1985). Also

transgressive segregation in both directions was

observed for most of the traits. This indicated that

resistance is under polygenic control and several loci

related to deferent traits are involved in the expression

of the traits might be contributed from both the

parents.

In the present study we identified two major QTLs

one each for damage score and days to wilt and three

minor QTLs, two for Nymphal preference and one for

days to wilt. The major QTLs for damage score

explaining phenotypic variance of 24.23% was iden-

tified in the on chromosomes 6 (Table 3). Similar type

of trait enhancing QTLs for seedling resistance was

also identified earlier on chromosome # 1, 2, 4, 6 and 8

in DH lines of IR64 9 Azucena (Alam and Cohen

1998a, b) and on chromosome #2 (Sun et al. 2006) in a

cross involving Col 5.T/02428 against mixed popula-

tion of biotype 1 and 2. Likewise Ren et al. (2004)

have reported the QTLs for BPH resistance on

chromosome # 2 against biotype 1 using standard

seed box screening technique in the RILs derived from

the cross MH 63 9 B5. QTLs associated with

seedling resistance were also reported earlier on

chromosome 3 and 4 (Sun et al. 2005; Huang et al.

2001; Soundararajan et al. 2004; Heinrichs et al. 1985;

Renganayaki et al. 2000; Myint et al. 2012; Qiu et al.

2012; Wang et al. 2013; Hu et al. 2015).

The QTL qBphDS6 accounted for 24.23% of

phenotypic variance noted in SSST as damage score

between RM19697 and RM5855 with LOD 2.56 on

short arm of chromosome 6. Yang et al. (2012) also

reported the presence of bph20(t) on the short arm of

chromosome 6 about 2.7 cM to the upper marker

RM435 and 2.5 cM to lower marker RM540 and in a

2.5 cM region flanked by two new SSRmarkers BYL7

and BYL8. Xu et al. (2002) identified two QTLs for

damage score on chromosome 6 with flanking RFLP

marker G294d–G294a and RZ2-C having a LOD of

3.39 and 6.82 and a phenotypic variance of 4.3 and

6.3% respectively. Fujita et al. (2013) noted a cluster

of BPH resistance genes (cluster C) on chromosome 6

which includes Bph3, bph4, qBph6(t), Bph25(t) and

Ovc.

Two QTLs were identified for days to wilt in

ARC10550 located on chromosome 3 and 8 explaining

4.55 and 10.48% phenotypic variance, respectively

which were different from those detected by earlier

researchers (Soundararajan et al. 2004; Alam and

Cohen 1998a). Soundararajan et al. (2004) revealed

that two QTLs reported one each for days to wilt 30

and 60 DAS were mapped on chromosome # 6 and 7

respectively in a doubled haploid population derived

from IR64 9 Azucena when tested against biotype

similar to biotype 4.

A QTL qBphDW(30)-3 was identified on long arm

of chromosome 3 with flanking marker RM7197 and

RM6987 with a LOD of 4.21 and phenotypic variance

of 4.55% and at a physical position of 34.7 Mb. Wang

et al. (2013) also reported a QTL for SBPH resistance,

bFig. 5 a–e Composite interval mapping, showing QTLs graph,

LOD score is on the Y-axis and relative location of marker name

and distribution in cM on the X-axis and below is R2 value.

a Damage score-QTL (qbphDS-6-1) flanking marker between

RM19697–RM5855 with LOD 2.6 and PVE 24.23%; b days to

wilt (30 days)-QTL (qbphDW) flanking marker between

RM547–RM22741 with LOD 4.2 and PVE 10.48%; c days to

wilt (30 days)-QTL qbphDW(30)-3 flanking marker between

RM7197–RM6987 with LOD 4.2 and PWE 4.55%; d nymphal

preference (48 h)-QTL (qbphNP-48h-1) flanking marker

between RM11704–RM1068 with LOD 2.8 and PVE 8.69%;

e nymphal preference (72 h) QTL (qbphNP-72h-12) flanking

marker between RM27971–RM28024 with LOD 3.6 and PVE

7.66%
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designated qSBPH3 which was mapped between

RM22 and RM545 on chromosomes 3 with LOD

scores of 2.54 and phenotypic variance 7.7%. Alam

and Cohen (1998a, b) reported six QTLs for BPH on

chromosome 3 between RG191 and RZ67. Duan et al.

(2010) identified a QTL on chromosome 3 between

R2170 and C1135 SBPH (small brown planthopper)

resistance.

Another major QTL qBphDW(30)-8 for days to wilt

was identified on short arm chromosome 8 between

RM547 and RM22741 with a LOD of 4.1 and showing

with 10.48%. phenotypic variance. Alam and Cohen

(1998a, b) also reported a QTLs for BPH damage score

(field) and antixenosis on chromosome 8. Hou et al.

(2011) reported one QTL on short arm chromosome 8,

which was located at RM2655–RM3572 with LOD

values of 3.15, explaining 14.9% of the phenotypic

variation. The presumed view of the QTLs additive

effect indicated that the gene effect increasing resis-

tance to BPH originated from the parent WB01, there

after, they were named temporarily as bph23(t). Tuyen

et al. (2012) also reported QTLs on SSST method

chromosome 8 in SBPH resistance. The QTL for

resistance index (bulk test) and resistance index

(independent test) were reported on chromosome 8

flanking RFLP marker C1073a–G187 with LOD 2.10

and phenotypic variance 3.5% by Xu et al. (2002).

Two QTLs were identified for nymphal preference

(48 h) and nimphal preference (72 h). One QTL for

nymphal preference (48 h) was mapped on long arm

chromosomes 1 explaining 8.69% phenotypic vari-

ance between RM11704 and RM1068 with LOD 2.7.

Another QTL qBphNP(72) was identified for Nym-

phal preference (72 h) on long arm chromosomes 12

explaining 7.66% phenotypic variance between

RM27971 and RM28024 with LOD 3.57. Alam and

Cohen (1998a, b) reported QTLs for BPH on chro-

mosome 1 for damage score (seed box) and antixeno-

sis. Xu et al. (2002) reported QTL between RFLP

marker R210-RZ382 with LOD 4.51 and phenotypic

variance 13.7 on resistance index (bulk test) and

resistance index (independent test) while Sonalikar

et al. (2011) reported QTLs for feeding rate linked

with HvSSR-1-46. Hu et al. (2015) reported that trait

RS2 (phenotypes of BPH resistance scores 10 and

12 DAI) qBph12 on chromosome 12 between RM235

and RM17 with phenotypic variance 4.93% and LOD

4.27. Fujita et al. (2013) have summed up that (cluster

A) chromosome 12 long arm (Chr12L) as the Bph-

resistance region (RR). Since this region has eight

genes (Bph1, bph2, Bph9, Bph10, Bph16(t), Bph18(t),

Bph21(t) and Bph26(t)). All of eight genes are

associated with BPH resistance and have been iden-

tified from either O. sativa or wild rice species. The

low proportion of genetic variation explained by the

QTLs may be due to two factors, first, BPH resistance

is a very complex trait and difficult to measure as the

screening parameters vary with the conditions of plant

growth, the insects and the environments in which the

test has been carried out. Second, may be the use of

F2.3 mapping population which might have overesti-

mated the experimental error because of genetic

heterogeneity within each of the F3 families.

Breakdown of resistance to BPH was reported in

the varieties carrying single major resistance gene

(Medina et al. 1996). In India, the BPH biotype 4 is

prevalent and it is very virulent hence many of the

major resistant genes identified against other biotype

of BPH are ineffective, (Ram et al. 2010; Deen et al.

2010). The donor like PTB33 with major genes along

with some QTLs are stable over the years and

locations for resistance to all biotype of BPH. Similar

Table 3 QTLs identified for BPH resistance using the F2 population of TN1 9 ARC10550

Traits Chr QTLs name Flanking markers LOD

value

PVE

(%)

Additive

effect

Allele

contribution

Nymphal preference

(48h)

1 qBphNp(48h)-1 RM11704–

RM1068

2.75 8.69 -0.720 ARC10550

Days to wilt 3 qBphDw(30)-3 RM7197–RM6987 4.21 4.55 -0.509 ARC10550

Damage score 6 qBphDs-6 RM19697–

RM5855

2.56 24.23 -3.915 ARC10550

Days to wilt 8 qBphDw(30)-8 RM547–RM22741 4.19 10.48 -0.864 ARC10550

Nymphal preference

(72 h)

12 qBphNp(72h)-

12

RM27971–

RM28024

3.57 7.66 -0.714 ARC10550
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observations were also reported by Alam and Cohen

(1998a, b) in case of IR64 which showed durable

resistance to BPH due to the involvement of quanti-

tative trait loci and Bph1 a major gene. QTLs for BPH

resistance in rice have been reported by several

researchers (Alam and Cohen 1998a, b; Murata et al.

2001; Xu et al. 2002) but use of those QTLs in

improving BPH resistance have not been used so for

using MAS. The reported QTLs with major effects

need to be validated and fine mapped for using in

marker aided breeding along with major resistance

genes having additive effects to develop effective and

durable resistance against BPH. The two major QTLs

identified in the present study for damage score

(qBphDS-6) and for days to wilt (qBphDW(30)-8)

are presently in the processes of validation and fine

mapping for use in marker aided breeding programme.

Conclusion

The present results indicated that bph 5 gene in

ARC10550 as reported earlier (Khush et al. 1985) is

not a single recessive gene but it could be controlled

with multiple loci for the resistance to BPH. We

identified five QTLs qBphDs6, qBphNp1, qBphNp12,

qBphDw3 and qBphDw8 associated BPH (biotype 4)

resistance in ARC10550. The two major QTLs

qBphDs6 for damage score and qBphDw8 for days

to wilt are important for further investigation and use

in breeding programme. The positive correlations

between the traits related to different mechanism is

important for pyramiding the traits. It is known that the

quantitative resistance to BPH may result from

different mechanisms; such as non-preference or

antixenosis, antibiosis and tolerance would help in

marker aided pyramiding of major resistance gene

along with some QTLs could provide effective and

suitable control to BPH.We are in the processes of fine

mapping of both the major QTLs which can be further

used in marker aided breeding along with major genes

to improve resistance and durability.
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