
Abstract
Salinity stress is one of  the most widespread soil prob-
lems next to drought, in rice growing areas. Reducing
Sodium (Na+), while maintaining Potassium (K+)
uptake in rice are traits that would aid in salinity toler-
ance. Therefore, the identification of quantitative trait
loci (QTLs) associated with those for  Na+ and K+

uptake, will enable breeders to use marker-assisted
selection to transfer QTLs into elite lines in rice
improvement programs. In view of this, 62 advanced
backcross-inbred lines (BILs), at the BC2F5 genera-
tion, derived from the cross of Tarome-Molaei (salt tol-
erant) and Tiqing (Salt sensitive), were used to identi-
fy the QTLs involved in salinity stress tolerance, using
SSR markers. Advanced backcross inbred lines along
with their parents were evaluated for six parameters
viz. Sodium (Na+) and Potassium (K+) in roots and
shoots and the Na+/K+ ratio, using the modified
Yoshida’s nutrient solution at an electrical conductivity
of 6 and 12 dS/m. A total of 114, out of 235 simple
sequence repeats (SSRs) markers that showed poly-
morphism in the parents, were used to genotype the
BILs. A linkage map was constructed with an average
interval of 15.3 centiMorgan (cM) between the mark-
ers, spanning 1747.3 cM across all 12 rice chromo-
somes. Using the composite interval mapping (CIM)
and a minimum logarithm of the odds (LOD) threshold
of  3.0, a total of 14 QTLs were detected as follows; on
chromosome 1 (5 QTLs), 3 (1QTL), 4 (3 QTLs), 5 (2
QTLs), 6 (1 QTL), and 8 (2 QTLs) for all six traits
except, Sodium (Na+) in the shoot. The phenotypic
variation explained by these QTLs ranged from 9 to
30% of the total variation. A QTL (QKr1.2) for K+ con-
tent in the root was identified with the highest LOD
score (7.8), on chromosome 1. This QTL explicated

30% of the total variation and was identified as a major
QTL conferring salt tolerance in rice. 
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INTRODUCTION

The salinization of soil and water, places an increasing

constraint on crop production in the arid and semi-arid

regions of the world. Plant breeding focused on

increasing the salt tolerance of crops, could improve

the profitability of many of the worlds one billion salt-

affected hectares (Szabolcs, 1989). Salt accumulation

in Iranian soils is mainly related to a dry climate, and

salt-rich components of the soil. According to the

recently published soil map, the extent of saline soils

in Iran estimated for slightly and moderately saline

soils occupies approximately 25.5 million ha and

strongly saline soils cover approximately 8.5 million

ha (Food and Agriculture Organization (FAO), 2000).

Rice is one of the most important staple foods for

more than half the world’s population. The rice grow-

ing regions of the world are greatly affected by soil

salinity. Soil salinity is the second most widespread

soil problem, next to drought in rice growing areas

(Gregorio et al., 1997). Thus breeding for salinity tol-

erance in rice is one of the most important objectives

in rice breeding programs. Salinity tolerance of rice

has been found to be associated with its ability to pref-

erentially take up potassium (K+) ions, but restrict the

uptake of potentially toxic ions such as sodium (Na+).

There is higher genetic variation with regard to Na+

and K+ uptake among crop species than among geno-

types within a crop species (Gregorio et al., 1997).

Crop genotypes with high salt tolerance, besides main-
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taining K+, can maintain lower Na+ concentrations

under salinity stress condition. On the other hand, the

sensitive rice varieties can not effectively prevent

accumulation of sodium (Na+) as well as the depletion

of K+ under stress. Although the uptake of Na+ and K+

is entirely independent, but a lower Na+/K+ ratio is

considered as a desirable trait for the selection of salt

tolerant genotypes (Garciadebleas et al., 2003). Na+ is

transported to the shoot usually through apoplastic

pathways (passive transport), while K+ transport takes

place through the symplastic pathway (active trans-

port). Younger leaves have relatively lower levels of

Na+ than K+ ions, when compared to the older leaves,

which in turn leads to a higher Na+/K+ ratio in the lat-

ter case. Thus, the Na+/K+ ratio increases abruptly with

increasing salt concentration and leaf age, hence, sen-

sitive and tolerance varieties behave differently.

Consequently, the tolerant variety keep their leaves

and shoots relatively free of the toxic ions besides hav-

ing an assured supply of K+ ions (Garciadebleas et al.,
2003). 

Tolerance to salinity is a quantitative or multigenic

trait. DNA markers could be important in plant breed-

ing if they are used to aid in the selection of quantita-

tive traits. Different molecular markers are available

for use in the genetic dissection of traits including

Restriction Fragment Length Polymorphism (RLFP),

Amplified Fragment Length Polymorphism (AFLP),

Random Amplification of Polymorphic DNA (RAPD)

and Simple Sequence Repeat (SSR). Amongst these,

microsatellite markers have emerged as the markers of

choice in rice, since they are abundant and are inform-

ative in many types of genetic crosses. Microsatellite

markers have been used in several genetic studies of

rice with regard to various traits (Temnykh et al.,
2000; Chen et al., 1997; Akagi et al., 1996; Panaud et
al., 1996; Tanksley, 1993). A total of 2414 new SSR

primer pairs, representing 2240 unique marker loci

have been developed and experimentally validated for

rice ( McCouch et al., 2002). At the completion of the

draft sequence of the rice genome, with more than

99% accuracy, 18838 new SSRs have been reported on

its physical map (International Rice Genome

Sequencing Project (IRGSP), 2005). Microsatellites

have been used effectively to map QTLs associated

with salinity tolerance (Singh et al., 2007; Bonilla et
al., 2002). The objective of QTL mapping is to identi-

fy the loci that are responsible for variation in quanti-

tative traits, such as salt tolerance. Therefore, determi-

nation of the number, location and the interaction of

these loci is of prime importance; however, the identi-

fication of the actual genes and their functions is the

ultimate goal of such studies. For example, plant

molecular breeders have attempted to identify the loci

that improve the yield or quality of crops, and then

bring the favorable alleles together into elite lines

(Mauricio, 2001). Therefore, the identification of

genomic regions that carry QTLs, allows breeders to

use marker-aided selection to precisely move benefi-

cial QTLs into elite lines for crop improvement in

breeding programs. The mapping of QTLs also helps

quantitative and population geneticists to define the

genetic architecture of growth traits (Mauricio, 2001).

A major gene for salinity tolerance in rice was mapped

on chromosome 7, using RFLP markers (Zhang et al.,
1995). Another major QTL for salt tolerance was iden-

tified on chromosome 1 by using recombinant inbred

lines (F8) from the Pokkali×IR29 cross (Gregorio et
al., 1997). This QTL governed the Na+/K+ uptake ratio

and accounted for 64.3 to 80.2% of the phenotypic

variation in this trait. This segment of chromosome 1

was further saturated by SSR and RFLP markers using

recombinant inbred lines (RILs) and the QTLs associ-

ated with Na+, K+ and Na+/K+ uptake ratio, which

accounted for 39.2, 43.9 and 43.2% of the total pheno-

typic variation, respectively (Bonilla et al., 2002).

Similarly, in another study, near isogenic lines (NILs)

having alleles from Pokkali at the Saltol region in the

IR29 background, were used to fine-map the Saltol

segment of chromosome 1 (Niones, 2004). Several

QTLs for traits associated with salinity tolerance were

identified on rice chromosome 5, 6, 7 and 10 (Prasad

et al., 2000). Lang et al. (2001) reported that a

microsatellite, RM223, was linked to QTLs associated

with salt tolerance at the vegetative stage. Based on

RFLP markers, Koyama et al. (2001) identified 11

QTLs on 4 different chromosomes, 1, 4, 6 and 9, for

different component traits related to salinity. These

consisted of 3 QTLs on chromosome 1 for Na+ uptake,

K+ concentration, Na+/K+ ratio, 4 QTLs on chromo-

some 4 for Na+ uptake, K+ concentration and Na+/ K+

ratio, 3 QTLs on chromosome 6 for K+ uptake and

Na+ concentration and 1 QTL on chromosome 9 for

K+ uptake. Several other QTLs for salinity tolerance

have been detected using 108 SSR and RFLP markers

in the RIL population derived from the cross between

Tenasai×CB (Lang et al., 2000). By using F2 RILs

from the cross between Nonabokra×Koshikari, 8

QTLs responsible for the K+ and Na+ content were

mapped in rice. The QTL, SKC1, was mapped as a

major QTL for shoot K+ content on the rice chromo-

some 1 (Lin et al., 2004). Ming et al. (2005), reported
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that two QTLs for Na+/K+ on chromosome 2 and 6,

one on each chromosome, control salt tolerance.

Sabouri et al. (2009), by using SSR markers on the

Iranian rice population (F2 population derived from a

cross between a salt tolerant cv. Tarommahali and a

salt sensitive cv. Khazar), reported 4 QTLs for shoot

Na+ content on chromosomes 2, 3 and 6, 3 QTLs for

shoot K+ content on chromosomes 5 and 6, and 2

QTLs for shoot Na+/K+ ratio on chromosomes 3 and 6.

The aim of this study was to determine the response of

a backcross population of rice with regard to salinity

tolerance under greenhouse conditions, and to identify

and map QTLs associated with salinity tolerance,

using microsatellite markers.

MATERIALS AND METHODS 

Plant materials: Two rice genotypes differing in their

salt stress responses, namely, Tarome-Molaei (salt-tol-

erant) and Tiqing (salt-sensitive), along with a set of

62 backcross-inbred lines (BC2F5) derived from the

cross of these parents, were used in the present study.

The BC2F5 population was developed at the

International Rice Research Institute (IRRI),

Philippines. Tiqing (TQ), as a recurrent parent, was

crossed with Tarome-Molaei (TM) as the donor parent,

and F1 plants were backcrossed with Tiqing to produce

the BC2F1 progeny. Sixty-two advanced backcross-

inbred lines (BC2F5) were developed by self-fertiliza-

tion from BC2F1 (TQ / Tarome-Molaei // TQ /// TQ)

plants by the single-seed descent method. 

Evaluation for salinity tolerance: Sixty-two

advanced backcross-inbred lines (BC2F5) along with

their parents were evaluated for salt tolerance in a

Phytotron, which was set with a day/night temperature

of 29/22ºC. Two rice genotypes, IR29 and FL478,

which previously were identified as salt- sensitive and

-tolerant were used as check varieties. Surface-steril-

ized seeds were treated with fungicide and rinsed

throughly with distilled water. Sterilized seeds were

placed on moistened filter papers in Petri dishes and

incubated at 30ºC for 48 h. 10 pre-germinated seeds

from each parent variety and the BIL population was

placed in the holes of a thin Styrofoam sheet with a

nylon net bottom, which floated on distilled water.

After 4 days, when seedlings were well established,

distilled water was replaced with modified Yoshida’s

nutrient solution. Initial salinity was kept at an electri-

cal conductivity (EC) of 6 dS/m for one week. Salinity

was then increased to 12 dS/m by adding NaCl, and

seedlings were exposed to this salinity for 2 weeks.

This experiment was conducted in a Phytotron at day

and night temperatures of 29/22°C with a relative

humidity of 70%. The pH of the solution was main-

tained at 5.5 on a daily basis, by adding either 1M

KOH or HCl. This experiment was repeated 3 times

and data were recorded for root and shoot Na+ and K+

concentrations. The Na+/K+ ratios in the root and shoot

were also computed. To determine physiological traits,

such as Na+ and K+ uptake in the shoot and root, at 21

days following treatment with NaCl, the shoots and

roots of 62 BC2F5 families (thirty plantlets of each

family) were harvested. They were dried, weighed and

their saps were extracted with acetic acid (100 mM) at

90ºC for 2 h. The extract was separated and its Na+, K+

content, and the Na+/K+ uptake ratio were determined

by a spectrophotometer (Model 3100, Norwalk, USA).

DNA extraction and quantification: DNA was

extracted from leaves of 3 weeks old seedlings (10

seedlings) using the Cetyl Trimethyl Ammonium

Bromide (CTAB) method (Murray and Thompson,

1980), and dissolved in TE buffer. DNA quantity was

estimated spectrophotometrically and the concentra-

tion was adjusted to 10 ng/μl for use in polymerase

chain reaction (PCR). PCR amplification was carried

out in 10 μl reaction volume containing 10 mM Tris-

HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 50 μM

each of dNTP, 0.01% (w/v) Gelatin, 0.5 μM of for-

ward and reverse primers, 0.5 U of Taq DNA poly-

merase and 10 ng of DNA template per sample. The

PCR program involved initial denaturation at 94ºC for

5 min, followed by 35 cycles of 1 min denaturation at

94ºC, 1 min annealing (between 55 and 67ºC), and 2

min extension at 72ºC, plus a final extension of 7 min

at 72ºC, on a thermal cycler (MJ Research, USA). The

PCR products were separated by electrophoresis on a

3% (w/v) agarose gel and 5% (w/v) polyacrylamide

gels.

Simple sequence repeats (SSR) assay and linkage

analysis: For the simple sequence repeats assay, a total

of 235 microsatellite markers (SSRs), derived from the

Cornell SSR linkage map (McCouch et al., 2002) were

used in a polymorphism survey of Tiqing and Tarome-

molaei. A total of 114 SSR primer pairs that were poly-

morphic between the two parents, were used in map

construction and QTL analysis. Linkage groups and

the positions of markers were determined by using the

Kosambi mapping function (Kosambi, 1944) of MAP-
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MAKER/EXP 3.0 (Lander et al., 1987) to span 1747.3

cM of the rice genome, with genetic distances

expressed in centiMorgan.

Statistical analysis and quantitative trait loci (QTL)

mapping: Analysis of variance (ANOVA) and corre-

lation analysis were performed using the SPSS (Ver.

14, 2006) software. The logarithm of the odds (LOD)

score for the association between the genotype and

trait data was calculated from composite interval map-

ping (CIM) (Zeng, 1994) that extends the regression

equation to include more markers as cofactors, in order

to remove the effects of multiple QTLs. Composite

interval mapping was performed by using the

Windows QTL Cartographer ver. 2.5 program (Wang

et al., 2004). Permutation tests (1000 times) were used

to establish an experiment-wise significance value at

the 0.05 confidence level defined as a minimum LOD

threshold for each trait in CIM (Doerge and Churchill,

1996; Churchill and Doerge, 1994). A minimum LOD

threshold of 3.0 was selected for the declration of the

putative QTL. The proportion of the observed pheno-

typic variance explained by each QTL was estimated

by the coefficient of determination (R2) ( McCouch et
al., 1997).

RESULTS 

Phenotypic variation for salinity tolerance: The

analysis of variance revealed significant differences (P

<0.01) between two parental genotypes for all the

traits assessed in the current study, with the exception

of Na+ content in the root. The differences were high-

ly significant (P<0.01) among advanced BILs for the

traits measured. It could be therefore expected that the

BILs population derived from the cross between two

parents would be suitable for mapping of the QTLs for

salinity tolerance traits. The frequency distribution of

the traits measured is given in Figure 1. The BILs

showed continuous variation and large transgressive

segregation in both directions for traits, such as Na+

content in the shoot, Na+ in root and K+ content in

root.  The transgressive segregation was observed only

in one direction for the Na+/K+ ratio in the shoot and

the root and for K+ content in the shoot (Fig. 1). 

Correlations among traits: The correlation between

traits was computed by regressing phenotypic values

of one trait on those of other traits. The Correlations

among traits are presented in Table 1. Concentration of

Na+ and K+ in the root under salt stress virtually

showed no relationship with Na+ and K+ content in the

shoot. Na+/K+ ratio in the shoot was significantly and

positively correlated with Na+ in the shoot (r = 0.72),

however, its correlation was negative for K+ in the

shoot (r = -0.74). Na+/K+ ratio in the root was signifi-

cantly and positively correlated with Na+ in the shoot

(r = 0.47), whereas correlation between Na+ in the root

and shoot was not significant. The positive correlation

between Na+/K+ ratio in the root with Na+ in the shoot

is the result of negative correlation between shoot Na+

and root K+.

Linkage map using simple sequence repeats (SSR)

markers: Out of total 235 SSR markers, 114 showed

polymorphism between parental varieties, Tiqing and

Tarome-Molaei. A linkage map was constructed from

the backcross-inbred lines (BILs) population of 62

individuals using 114 markers, giving an evenly

spaced coverage to the rice genome, with an average

interval of 15.3 cM between markers spanning 1747.3

cM across all 12 rice chromosomes (Fig. 2). The aver-

age intervals of markers were smaller than 20 cM in

the genetic map of this study, showing their suitability

for QTL mapping (Lander and Botstein, 1989).  
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Salinity Tolerance

Traits

K+ in shoot Na+ in

shoot

K+ in

root

Na+ in

root

Na+/K+ ratio

in shoot

Sodium (Na+ ) in shoot

Potassium (K+ ) in root

Sodium (Na+ ) in  root

Na+/K+ ratio in shoot

Na+/K+ ratio in root

-0.12ns

-0.03ns

-0.08ns

-0.74**

0.005ns

-0.34**

0.02ns

0.72**

0.47**

0.48**

-0.16ns

-0.73**

0.07ns

-0.01ns 0.23*

Table 1. Correlations between salt tolerance traits in the advanced backcross-inbred
lines (BC2F5) population of rice investigated under greenhouse conditions (n = 62). 

ns: non-significant, *: significant (p < 0.05) ; **: significant (p < 0.01).



QTL analysis and association of molecular markers

with quantitative traits: Using genotypic data on the

segregation of each of the 114 markers and that of the

6 quantitative traits, i.e. K+ in the Shoot, Na+ in the

Shoot, K+ in the Root, Na+ in the Root, Na+/K+ ratio in

the shoot and root, the chi-square (χ2) statistic test for

the independence of attributes, was carried out to iden-

tify molecular markers showing independent associa-

tion with each of the 6 traits. Fourteen QTLs were

detected on chromosomes 1 (5 QTLs), 3 (1 QTL), 4 (3

QTLs), 5 (2 QTLs), 6 (1 QTL) and 8 (2QTLs), for the

6 traits with the exception of Na+ concentration in the

shoot. The location of detected QTLs is shown on the

linkage map (Fig. 2).

QTL Mapping

Potassium (K+) concentration in root: Five QTLs for

K+ in the root were positioned on chromosomes 1 (2

QTLs), 3 (1 QTL), 4 (1 QTL) and 8 (1 QTL). The phe-

notypic variation explained by each QTL localized

between RM200-RM220 and RM473A-RM128 on

chromosome 1, was 17 and 30% of the total phenotyp-

ic variance, respectively. The LOD scores of QTLs,

QKr1.1 and QKr1.2, were 3.5 and 7.8, respectively

(Table 2). The QTL QKr1.2, for K+ in the root on chro-

mosome 1 indicated 30% of the variation for this trait

and was thus designated as the main QTL. At these

QTLs (QKr1.1 and QKr1.2), the Tarome-Molaei alle-
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Figure 1. Frequency distribution of traits in the advanced backcross-inbred lines (BC2F5) popu-
lation of rice. The mean trait values of both parents P1= Tiqing (TQ), P2=Tarome molaei (TM) are
indicated.  
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les, as the donor parent, increased the concentration of

K+ in the root up to the range of 13-16%. One QTL

(QKr3) was found between markers RM251-RM282

on chromosome 3, with an LOD score of 4, explaining

14% of the total phenotypic variation. At this QTL, the

Tarome-Molaei allele increased K+ concentration in

the root by 14%. Similarly, the interval between

RM241-RM348 on chromosome 4 contained one QTL

for root K+ and explained 9% of the total phenotypic

variance. This QTL (QKr4) was detected with an LOD

of 3, at which the Tiqing allele, as a recurrent parent,

increased K+ content in the root by 7%. The fifth QTL

(QKr8) for K+ concentration in the root, was located

on chromosome 8, and accounted for 20% of the total

Ahmadi et al.
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Figure 2. SSR linkage map of rice based on 62 advanced backcross-inbred lines (BC2F5) popula-
tions and their respective QTL positions. RM represnets rice microsatellite marker,  as developed by
McCouch et al. (1997a). 



phenotypic variation, with an LOD score of 3.5. This

QTL (QKr8) had a negative additive effect on K+ con-

tent in the root, Thus at this locus, the Tarome-Molaei

allele contributed to increasing K+ concentration in the

root by 10%. 

Potassium (K+) concentration in the shoot: A total of

2 QTLs for K+ concentration in the shoot was detected

on chromosomes 4 and 5, which significantly influ-

enced K+ concentration (Table 2). The locus QKs4 on

chromosome 4 with an LOD score of 4.1 accounted for

19% of the total K+ with regard to shoot variation. The

other QTL (QKs5) with an LOD score of 5.7 explained

22% of the total K+ in shoot variation. At these loci,

the Tiqing allele increased K+ concentration in the

shoot at QKs5 by 13.7%, while the Tarome-Molaei

allele increased K+ in shoot at QKs4 by 8%.  

Sodium (Na+) concentration in the root: A total of 2

QTLs associated with Na+ content in root was found

on chromosomes 1 (QNas1) and 6 (QNas6), signifi-

cantly influencing the Na+ uptake (Table 2). The phe-

notypic variations explained by these QTLs, were 15

and 24% of the total variation in root Na+. The position

of QNas1 was between RM128-RM212, whereas

QNas6 was located between markers RM3-RM528 on

chromosomes 1 and 6, respectively. The additive effect

of TQ alleles was negative on Na+ content in the root

at both QTLs. Therefore, TM alleles led to an increase

in root Na+ concentration.

Na+/K+ ratio in root: A total of 4 QTLs associated

with the Na+/K+ ratio in the root was detected on chro-

mosomes 1 (QNar/Kr1), 4 (QNar/Kr4), 5 (QNar/Kr5)

and 8 (QNar/Kr8) (Table 2). These QTLs were located

at marker intervals RM473A-RM128 on chromosome

1, RM241-RM348 on chromosome 4, RM122-RM413

on chromosome 5 and RM149-M264 on chromosome

8, respectively. The total phenotypic variation

explained by each of the 4 QTLs ranged from 9 to

27.6%. These QTLs cumulatively accounted for

71.7% of the total variation in the Na+/K+ ratios in the

roots. At the QTLs located on chromosome 4

(QNar/Kr4), the alleles from TQ contributed to an

increase in the Na+/K+ ratio in the root. The QTLs on

chromosomes 1, 5 and 8 of the TQ parent had a nega-

tive additive effect on the Na+/K+ ratio. Therefore, the

Tarome-Molaei alleles (QNar/Kr1, QNar/Kr5,
QNar/Kr8) increased the Na+/K+ ratio in the root by

29.4. Among the 4 QTLs for Na+/K+ ratio in the root,

the QNar/Kr5 with R2 = 27.6 was selected as the main

QTL.
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Traits Chr. No.e Marker Intervals QTLf Additive Effectb R2c LODa

Potassium in Shoot (K+S)

Potassium in  Root(K+R)

Sodium in Root (Na+R)

Na+/K+ ratio in shoot

Na+/K+ ratio in root

4

5

1

1

3

4

8

1

6

1

1

4

5

8

RM261d-RM273

RM413-RM289

RM200-RM220

RM473A-RM128

RM251-RM282

RM241-RM348

RM149-RM264

RM128-RM212

RM3-RM528

RM23-RM5

RM473A-RM128

RM241-RM348

RM122-RM413

RM149-M264

QKs4

QKs5

QKr1.1

QKr1.2

QKr3
QKr4
QKr8

QNas1

QNas6

QNas/Ks1

QNar/Kr1
QNar/Kr4
QNar/Kr5
QNar/Kr8

-8

13.7

-13

-16

-14

7

-10

-3.6

-2

-7.4

-12

7.3

-8.7

-8.7

19

22

17

30

14

9

20

15

24

19

18.4

9

27.6

16.7

4.1

5.7

3.5

7.8

4

3

3.5

3.8

4

4

4

3

5

3.7

Table 2. Putative QTLs and SSR marker loci associated with Na+, K+ concentration and Na+/K+ uptake ratio  detected
in an advanced backcross-inbred lines (BC2F5) population of rice (n = 62) by CIM. 

a: logarithm of the odds (LOD) score (threshold 3.0). b: Estimated effect of replacing TM allele by TQ alleles. c: Coefficient of determination
(Proportion of the phenotypic variation explained by the individual QTL). d: underlined markers are those found significant for the putative
locus. e: Chromosome number. f: Quantitative trait loci. 
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Na+/K+ ratio in shoot: Only one QTL associated with

the Na+/K+ ratio in the shoot was detected on chromo-

some 1 (Table 2). The QTL, QNas/Ks1, was detected

with  an LOD score of 4 and accounted for 19% of the

total variation in the Na+/K+ ratio of the shoot. The

additive effect of TQ alleles was negative on Na+/K+

ratio in the shoot. The TM alleles contributed to

increasing the Na+/K+ ratio in the shoot by 7.4.

DISCUSSION

Generally, studies of QTL mapping conducted on data

collected from a relatively small population size under

a single environment are likely to detect the loci with

large effects and fail to identify those with small

effects (Tanksley, 1993; Edwards et al., 1992).

Therefore, the number of putative QTLs detected in

this study should be considered as a minimum of those

in the segregating population. Transgressive segrega-

tion was observed for various traits in this population

(BC2F5). Transgressive segregation is defined as the

appearance of individuals in segregating populations

that exceed those of the parental phenotypes

(Mauricio, 2001). For traits in which two or more sig-

nificant QTLs were detected (K+ in the root and shoot

and Na+/K+ ratio in the root), both parents were found

to possess the QTL alleles which increased phenotyp-

ic values. Thus both parents possess QTL alleles that

confer salt tolrance. Veldboom et al. (1994) and Xiao

et al. (1996) showed that correlated traits often have

QTLs that map to the same chromosomal region. This

result was also observed in the current study. For

example, K+ and Na+ concentrations in the root were

significantly correlated (r = + 0.48) and had QTLs with

large effect, which were mapped at similar intervals

and map positions (RM128-RM212 and RM473A-

RM128 on chromosome 1). Similarly, K+ in the root

was negatively correlated with Na+/K+ ratio in the root

(r = -0.73), and also mapped at the same interval

(RM473A-RM128) on chromosome 1. The correlation

between traits may result from the linkage of several

genes controlling the traits or pleiotropic effects of sin-

gle genes. In order to differentiate between these caus-

es it is necessary to fine-map the intervals where QTLs

for the different traits are co-localized. 

Some QTLs associated with salinity tolerance has

been reported in rice. Gong et al. (1999) has reported

a major QTL for salinity tolerance in rice on chromo-

some 1, but it is very difficult to correlate the positions

of the QTLs reported in this study with chromosome 1,

as different molecular markers and genetic materials

have been used in our study. Prasad et al. (2000) have

detected a QTL on chromosome 6 related to salinity

tolerance, which may be related to the QTL found in

this study (QNas6 on chromosome 6) for Na+ concen-

tration in the root. In agreement with the results of this

research regarding the  detected QTL (QNas/Ks1) for

Na+/ K+ ratio in the shoot, on chromosome 1 (Table 2),

Lang et al. (2001) have also reported a QTL for Na+/

K+ ratio in the rice shooton chromosome 1. Koyama

and colleagues (2001) using RFLP markers, have

detected a QTL involved in K+ concentration in the

shoot, on chromosome 1. They have also mapped a

QTL related to the Na+/ K+ ratio using an RM5 mark-

er on chromosome 1, and a QTL related to K+ uptake

using RM261 marker on chromosome 4.  Similarly, in

this study, the QTL of the Na+/K+ ratio linked to the

RM5 marker (Table 2) was mapped on chromosome 1

and the QTL for K+ uptake linked to the RM261 mark-

er (Table 2) was mapped on chromosome 4 with  an

LOD score  of 4 that accounted for 19% of the total

variation.  Flowers et al. (2000), using RFLP markers,

have reported a QTL for Na+ uptake in rice on chromo-

some 1 and a QTL for the Na+/K+ ratio on chromo-

some 4. In this study, 2  QTLs for Na+ uptake (QNas1)

and theNa+/K+ ratio (QNar/Kr4) were also mapped on

chromosomes 1 and  4, respectively. Similarly,

Koyama and coworkers (2001) have mapped QTLs

related to Na+ uptake on chromosome 1 by a trait-

based QTL method. Bonilla et al. (2002) have also

reported the Saltol gene for Na+ uptake at the RM140-

C1733S interval on chromosome 1. In this study,

QTLs were found to be related to the Na+/K+ uptake

ratio on chromosomes 1, 4, 5. Eight QTLs associated

with the Na+/K+ uptake ratio, as reported by other

researchers were found on chromosomes 1 (Bonilla et
al., 2002; Lang et al., 2001; Koyama et al., 2001;

Grigorio, 1997), 2 (Ming et al., 2005; Lang et al.,
2001), 3 (Sabouri et al., 2009), 4 (Koyama et al.,
2001), 6 (Sabouri et al., 2009; Ming et al., 2005),  7

(Lang et al., 2001), 10 and 12 (Grigorio, 1997).

In this research, QTLs associated with the Na+/K+

uptake ratio were detected only on chromosomes 1, 4,

5 and 8, which is probably due to the low density of the

SSR linkage map. In fact this study reports for the first

time the detection of QTLs related to the Na+/K+ ratio

in the root. These new QTLs are mapped on chromo-

somes 5 (QNar/Kr5) and 8 (QNar/Kr8). QNar/Kr5 and

QNar/Kr8 explain most of the total phenotypic varia-

tions, 27.6 and 16.7%, respectively. The QTL of

QNar/Kr5 on chromosome 5, because of high pheno-
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typic variation (27.6%), could be a major QTL. This

study also reports for the first time the detection of

QTLs related to K+ uptake in the root. These QTLs are

mapped on chromosomes 3 (QKr3) and 8 (QKr8).

QKr3 and QKr8 genes explain most of the total pheno-

typic variation, which are 14 and 20%, respectively.

The QTL associated with Potassium (K+) in the root

(QKr1) found on chromosome 1 coincides with the

estimated location of a QTL affecting Na+/ K+ ratio in

the root (QNar/Kr1) (Table 2). Both of these QTLs are

co-localized at the marker interval M473A-RM128,

and explain a large amount of variation for each trait.

A question arises as to whether there is one QTL

affecting both traits or whether there are QTLs affect-

ing two separate traits, but located adjacent to each

other. This is one of the major problems in QTL analy-

sis. The QTL for Sodium (Na+) in the root (QNas1

between RM128-RM212) is also found on chromo-

some 1,overlapping those of the QTLs associated with

the K+ uptake and Na+/K+ ratio in the root (Table 2). In

agreement with the results of this study, Sabouri et al.
(2009) has also mapped QTLs Na+/K+ ratio related to

Na+ and K+ concentrations on the same region and

chromosomes. 

The comparison between the chromosomal posi-

tions of QTLs related to K+, Na+ concentrations and

Na+/K+ ratio in the root is difficult to assess; QTLs in

these regions may be located at the same loci or are at

different tightly linked loci. Further analysis, including

verifying the mapped QTLs, fine-mapping of both

QTLs using common markers, and cloning and

sequence comparisons of these QTLs, will be required

to answer these questions.

Acknowledgements

This work was supported in part by the International

Rice Research Institute (IRRI), Philippines and

Chaparsar Rice Research Station, Mazandaran, Iran.

The authors express their sincere thanks to all persons

who cooperated in this research.

References

Akagi H, Yokozeki Y, Inagaki A and Fujimur T (1996).

Microsatellite DNA markers for rice chromosomes. Theor
Appl Genet. 93: 1071-1077.

Bonilla PS, Dvorak J, Mackill D, Deal K, Gregorio G (2002).

RFLP and SSLP mapping of salinity tolerance genes in chro-

mosome 1 of rice (Oryza sativa L.) using recombinant inbred

lines. Philipp Agric Sci. 85: 64-74.

Chen X, Temnykh S, Xu Y, Cho YG, McCouch S R (1997).

Development of a microsatellite framework map providing

genome-wide coverage in rice. Theor Appl Genet. 95:553-

567.

Churchill GA, Doerge RW (1994). Empirical threshold values for

quantitative trait mapping. Genetics 138: 963-971.

Doerge RW, Churchill GA (1996). Permutation tests for multiple

loci affecting a quantitative character. Genetics 142: 285-294.

Edwards MD, Helentjaris T, Wright S (1992). Molecular marker-

facilitated investigations of quantitative trait loci in maize. 4.

Analysis based on genome saturation with isozyme and

restriction fragment length polymorphism markers. Theor
Appl Genet. 83: 765-774.

FAO (2000). Global Network on Integrated Soil Management for

Sustainable Use of Salt-ffected. Soils.

http://www.fao.org/ag/agl/agll/spush/topic2.htm#iran.

Flowers TJ, Koyama ML, Flowers SA, Sudhakar C, Singh KP and

Yeo AR (2000). QTL: their place in engineering tolerance of

rice to salinity. J Exp Bot. 51: 99-106.

Garciadeblas B, Senn ME, Banuelos MA, Rodriquez-Navarro A

(2003). Sodium transport and HKT transporters: the rice

model. The Plant J. 34: 788-801.

Gregorio GB, Senadhira D, Mendoza RD (1997). Screening rice

for salinity tolerance, IRRI Discussion paper Series No.22.

International Rice Research Institute, Los Banos. Laguna,

Philippines.

Gong JM, He P, Qian QA, Shen LS, Zhu LH, Chen SY (1999).

Identification of salt-tolerance QTL in rice (Oryza sativa L.).

Chin Sci Bull. 44: 68-71.

IRGSP (2005). The map-based sequence of the rice genome.

Nature 436: 793-800.

Koyama LM, Levesley A, Koebner RMD, Flowers TJ and Yeo AR

(2001). Quantitative trait loci for component physiological

traits determining salt tolerance in rice. Plant Physiol. 125:

406-422. 

Lander ES, Botstein D (1989). Mapping mendelian factors under-

lying quantitative traits using RFLP linkage maps. Genetics
121: 185-199.

Lander ES, Green P, Abrahamson J, Barlow A, Daly MJ, Loncoln

SE, Newburg L (1987). MAPMAKER: an interactive comput-

er package for constructing primary genetic linkage maps of

experimental and natural populations. Genomics 1: 174-181.

Lang NT, Yanagihara S, Buu BC (2000). Quantitative trait loci for

salt tolerance in rice via molecular markers. Omonrice 8: 37-

48.

Lang NT, Zhikang L, Bui CB (2001). Microsatellite markers linked

to salt tolerance in rice. Omonrice 9: 9-21.

Lin YR, Schertz KF, Paterson AH (1995). Comparative analysis of

QTL affecting plant height and maturity across the Poaceae,

in reference to an inter-specific sorghum population. Genetics
138: 1301-1308.

Mauricio R (2001). Mapping quantitative trait loci in plants: uses

and caveats for evolutionary biology. Nat Rev Genet. 2: 370-

381. 

McCouch SR, Chen X, Panaud O, Temnykh S, Xu Y, Cho Y,

Huang N, Ishii T, Blair M (1997). Microsatellite marker

development, mapping and applications in rice genetics and

breeding. Plant Mol Biol. 35: 89-99.

McCouch SR, Teytelman L, Xu Y, Lobos KB, Clare K, Walton M,

IRANIAN JOURNAL of BIOTECHNOLOGY, Vol. 9, No. 1, January 2011

29



Fu B, Maghirang R, Li Z, Xing Y, Zhang Q, Kono I, Yano M,

Fjellstrom R, DeClerck GG, Schneider D, Cartinhour S, Ware

D, Stein L (2002a). Development and mapping of 2240 new

SSR markers for rice (Oryza sativa L.). DNA Res. 9: 199-207.

McCouch SR, Teytelman L, Xu Y, Lobos KB, Clare K, Walton M,

Fu B, Maghirang R, Li Z, Xing Y, Zhang Q, Kono I, Yano M,

Fjellstrom R, DeClerck GG, Schneider D, Cartinhour S, Ware

D, Stein L (2002b). Development and mapping of 2240 new

SSR markers for rice (Oryza sativa L.) (supplement). DNA
Res. 9: 257-279.

Ming ZY, Jian-fei W, Hong-you C, Hu-qu Z, Hong-sheng Z (2005).

Inheritance and QTL mapping of salt tolerance in rice. Rice
Sci. 12: 25-32.

Murray MG, Thompson WF (1980). Rapid isolation of high molec-

ular weight plant DNA. Nucl Acids Res. 8: 4321-4325.

Niones JM (2004). Fine mapping of the salinity tolerance gene on

chromosome 1 of rice (Oryza sativa L.) using near isogenic

lines. MS dissertation. College, Laguna, Philippines:

University of the Philippines Los Baños, Laguna.

Panaud O, Chen X, McCouch SR (1996). Development of micro

satellite markers and characterization of simple sequence

length polymorphism (SSLP) in rice. Mol Genet. 252: 597-

607.

Prasad SR, Bagli PG, Hittalmani S, Shashidhar HE (2000).

Molecular mapping of quantitative trait loci associated with

seedling tolerance of salt stress in rice (Oryza sativa L.). Curr
Sci. 78: 162-164.

Ren ZH, Gao JP, Li GL, Cai XL, Huang W, Chao DY, Zhu MZ,

Wang ZY, Luan S, Lin HX (2005). A rice quantitative trait

locus for salt tolerance encodes a sodium transporter. Nature
Genet. 37: 1141- 1146.

Sabouri H, Rezai AM, Moumeni A, Kavousi M, Katouzi M,

Sabouri A (2009). QTLs mapping of physiological traits relat-

ed to salt tolerance in young rice seedlings. Biologia
Plantarum. 53: 657-662.

Singh RK, Mishra B (1997). Stable genotypes of rice for sodic

soils. Ind J Genet. 57: 431-438. 

Singh RK, Gregorio GB, Jain RK (2007). QTL Mapping for

Salinity Tolerance in Rice. Physiol Mol Biol Plants 13: 87-99.

Szabolcs I (1989). Salt Affected Soils. CRC Press. Boca Raton.

Florida. PP. 274. 

Tanksley SD (1993) Mapping polygenes. Annu Rev Genet. 27:

205-233.

Temnykh S, Park WD, Ayers N, Cartinhour S, Hauck N, Lipovich

L, Cho YG, Ishii T, McCouch SR (2000). Mapping and

genome organization of microsatellite sequences in rice.

Theor Appl Genet. 100: 697-712.

Veldboom LR, Lee M, Woodman WL (1994). Molecular-marker-

facilitated studies in an elite maize population. 1. Linkage

analysis and determination of QTL for morphological traits.

Theor Appl Genet. 88: 7-16.

Wang S, Basten CJ, Zeng ZB (2004). Windows QTL Cartographer

2.0. Department of Statistics, North Carolina State University,

Raleigh, NC.

Xiao J, Li J, Yuan J, Tanksley SD (1996). Identification of QTLs

affecting traits of agronomic importance in a recombinant

inbred population derived from a subspecific rice cross. Theor

Appl Genet. 92: 230-244.

Yano M, Sasaki T (1997). Genetic and molecular dissection of

quantitative traits in rice. Plant Mol Biol. 35: 145-153.

Zeng Z (1994). Precision mapping of quantitative trait loci.

Genetics 136: 1457-1468. 

Zhang GY, Guo Y, Chen SL, Chen SY (1995). RFLP tagging of a

salt tolerance gene in rice. Plant Sci. 110: 227-234.

Ahmadi et al.

30



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


