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ABSTRACT 

Salinity is the second most important abiotic stress after drought that hampers rice 

productivity especially in south and south east Asia. Breeding approach supplemented with 

molecular markers assisted selection is the most promising approach in terms of efficiency 

to increase the productivity under salt-affected soils. Thirty days old rice seedlings of 300 

F5:6 recombinant inbred lines (RILs) derived from a cross between a salt sensitive, IR29 

(indica), and a salt tolerant, Hasawi (aus), were used to identify quantitative trait loci 

(QTLs) linked to salinity tolerance. One hundred ninety four polymorphic SNP markers 

were used to construct a genetic linkage map involving 142 selected RILs that covered 

1441.96 cM genome with an average distance of 7.88cM between loci. Twenty new QTLs 
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(LOD3) were identified on chromosome 1, 2, 4, 6, 8, 9, and 12 using composite interval 

mapping with R2 as high as >20% with LOD value of 7.21. Many earlier studies reported 

big qSaltol for seedling stage salinity tolerance in rice is on short arm of chromosome 1 but 

none of the QTL in our study was on qSaltol or nearby position, therefore, Hasawi 

conferred salinity tolerance in RILs due to novel QTLs. Fine mapping of these novel QTLs 

is suggested that could be helpful to enhance the level of tolerance through marker assisted 

selection for the pyramiding of different QTLs in one background. 

Key words: Rice, Salinity tolerance, Single nucleotide Polymorphism (SNP) markers, 

Recombinant Inbred Line (RIL), quantitative trait locus (QTL) 

INTRODUCTION 

Rice (Oryza sativa L.) is a major source of food and energy for more than 2.7 billion 

people on a daily basis and is planted on about one-tenth of the earth’s arable land 

(Bhowmik, 2009; GRISP, 2013). Besides its economic significance, it is rich in genetic 

diversity in the form of thousands of landraces and progenitor species .Various stresses 

limits its productivity worldwide, among which abiotic stress alone contributes to more 

than 50% of the total yield losses (Munnsand Tester, 2008). The soil salinity is one of the 

most serious biophysical constraints of rice production in many rice-producing areas of the 

world (Munns and Tester, 2008) with over 800 million hectares of total salt-affected soil. 

In Africa, out of total arable land of 1899million hectares,73 million are salt affected 

(Ahmed et al., 2010; Yadav et al., 2011).  

Breeding for salt tolerance offers more promising, energy efficient, economical, and 

socially acceptable approach to overcome problems related to the salt-stress (Ray and 

Islam, 2008). Tolerance to salinity is a complex trait both genetically and physiologically 

and controlled by polygenes (Baby et al., 2010); andto develop new varieties with a high 

level of salinity tolerance, it requires an understanding of the genetic control underlying 

salt tolerance mechanisms. Identification of the robust QTLs for salinity tolerance with 

closely linked flanking markers would be ideal to supplement the conventional breeding 

program which heavily relies on phenotypic evaluation (Sabouri and Sabouri, 2008; 

Thomson, 2009). A major quantitative trait locus (QTL) for salt tolerance named Saltolwas 

mapped using IR29/Pokkalirecombinant inbred lines (RIL) mapping population on short 

arm of chromosome 1 at 14.7cM (Gregorio, 1997, Thomson et al.,2010; Singh et al., 2007) 
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but deploying this QTL alone in various mega-rice varieties is not providing enough 

tolerance as none of the adapted variety with qSaltol find adoption in salt-affected fields . 

Therefore some novel source of tolerance and identification of associated QTL for 

pyramiding would be an appropriate approach to breed rice varieties with high level of 

salinity tolerance (Rahman et al., 2016). This studyis aimed to identify the large-effect 

novel QTL for salinity tolerance using newsource of tolerance. Hasawi, a highly tolerant 

rice variety, has seldom been investigated for QTLs for seedling stage, is used as novel 

source of salt tolerance(Bimpong et al., 2014; 2016).  

MATERIALS AND METHODS 

Materials 

A set of three hundred F5recombinant inbred lines (RILs) from International Rice Research 

Institute (IRRI) was used for genotyping in this study. Each RIL derived from seeds of a 

single F4 plant from a cross between IR29 (salt sensitive) and Hasawi (salt tolerant) were 

advanced to constitute the phenotyping population (F5:6) where F5 plants were genotyped 

while F6 seeds phenotyped for seedling stage salinity tolerance. 

Phenotyping:Evaluation of F5:6RILs for salt tolerance 

Screening of Hasawi, IR29, and the 300 F5:6 RILs for salinity tolerance was carried out in 

hydroponic system following IRRI standard protocol (Gregorioet al., 1997). Seeds were 

heat-treated for 4 days in a convection oven set at 48°C to break seed dormancy, and after 

that, the seeds were placed in petri dishes with two layers of paper towels, moistened with 

distilled water during 48 hours for uniformgermination. The germinated seeds were sown 

one seed per hole on styrofoam sheet with 96 holes, attached to a nylon net bottom, and the 

sheet was floated on modified Yoshida nutrient solution (Singh et al., 2010). Seedlings 

were salinized after 5 days using 6dSm-1 salt (NaCl) concentration (equivalent about to 60 

mMNaCl). This concentration was increased to 12dSm-1 (~120 mM) after two days of 6 

dSm-1 treatment to reduce the immediate shock. Each genotype represented by 5 seedlings 

per row of styrofoam and replicated thrice in the experiment.The experiment was 

conducted in a plastic house covered on top only with a minimum temperature of 24 and 

maximum of 37°C. The minimum relative humidity was 51 and maximum 84% with 

natural daylight of about 14 hours. The pH of the solution was adjusted and maintained to 
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5.0 to 5.1 every day with acid (1N HCl) or base (1N NaOH).The nutrient solution was 

renewed once every week to limit the effect of algae and replenish the nutrients. Initial 

SES scoring (SESI) and final scoring (SESF) were recorded 12 and 25 days after the 

imposition of salinity stress respectively.The IRRI modified standard evaluation system 

(SES) (IRRI, 2007) was used (Table 1). 

In addition to salt injury scores, the length of roots and shoots (RL, SL) from each 30 days 

old F6 RILs were measured from three plants in cm to get the average length (cm). 

Similarly, roots and shoot fresh weight (RFW, SFW) from each 30 days old F6 RILs were 

weighed from three plant replicates using a top loading electronic balance and the average 

measurements (g) was recorded. The roots and shoot dry weight (RDW, SDW) from each 

30 days old F6 RILs were dried for five days in an oven set at 75oC. Upon drying, the root 

and shoot dry weights were weighed using a top loading electronic balance and the average 

measurements (in g) was recorded. 

 

Genotyping:  

DNA extraction, quantification and quality control 

Selective genotyping was followed (Lander and Botstein, 1989) to find out marker-trait 

association to identifythe QTLs linked with desired traits  (Lin and Ritland, 1996).  A total 

of 142 RILs were selected for genotyping out of 300 RILs phenotyped which  comprises of 

7 and 34 from both tolerant and sensitive extremes and 101 as random from intermediate 

RILs for SES (score 5-7). Genomic DNA was isolated from young leaves using the CTAB 

(CetylTrimethyl Ammonium Bromide) mini-preparation method (Murray and Thompson, 

1980) in GSL (Genotyping Service Laboratory),IRRI-Philippines.The DNA quality was 

tested by staining DNA with SYBR®Safe DNA gel staining solutionafter electrophoresis 

in 1% agarose gel at 150V for 45min in 0.5XTBE buffer and the image was visualized 

with gel documentation system (Alpha Imager HP, simple-Diamed Company). DNA 

concentration and purity were also determined by measuring the absorbance of diluted 

DNA solution at 260nm and 280nm through spectrophotometer (NanoDrop8000, 

ThermoScientific).  

Scoring of SNPs and analysis of polymorphism  
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A chip (indica x indica) comprised of 384 SNP markers spread throughout 12 

chromosomes of rice genome was used for parental polymorphic survey between two 

parents (Hasawi and IR29).For each OPA (Oligo Pool All) run, a plate of 96 samples with 

5µl of unamplified genomic DNA normalized to 50 ngµl-1concentration was genotyped 

using the ‘GoldenGateTM Genotyping Assay for VeraCodeTM Manual Protocol’ following 

the manufacturer’s instructions (Illumina, 2008).The analysis employed the VC0011439-

OPA set of 384-SNP markers designed to be informative across indica and ausgermplasm 

(Thomson et al., 2012) and was run at the Genotyping Services Lab at IRRI 

(http://gsl.irri.org). Raw hybridization intensity data processing was performed using the 

genotyping module in the BeadStudio package (Illumina, San Diego, CA, USA), followed 

by allele calling using ALCHEMY software (Wright et al., 2010). SNP callwith the same 

genotype as Hasawi were scored as ‘‘1’’, while as IR29 were scored as ‘‘2’’, heterozygous 

SNP calls were scored as “3”, and missing SNPs were scored “0”. Themarker position in 

bpwas converted intocMusing the equation: 1cM=250kb (Tanksleyet al., 1989, Famosoet 

al., 2011). Graphical genotyping of both IR29 and Hasawi were performed using Flapjack 

(http://bioinf.scri.ac.uk/flapjack) software developed by Scottish Crop Research Institute to 

check polymorphisms. The calls for Hasawi and IR29 were checked carefully to find 

polymorphism(Milneet al., 2010). 

SNPs linkage map and QTL analysis 

Three hundred eighty four SNP were used for parental polymorphism survey. The 

polymorphic markers were selected for QTL analysis and construction of linkage map. 

QGene software version 4.3.1 (Joehanes and Nelson, 2008) was used to construct the 

genetic linkage map by using Kosambifunctions and linkage evaluation of P=0.001, based 

on genotypicand phenotypicdata of F5:6RILs. Windows QTL Cartographer version 

2.5(Wang et al., 2011) softwarewas used to construct the genetic linkage map (P=0.001), 

based on genotypic and phenotypic data of F5:6 RILs. The threshold of logarithm of odds 

(LOD) score for the test of independence of marker pairs was set at >3.0 (Collard et al., 

2005). Composite interval mapping (CIM) was performed to examine the association 

between phenotypic data and marker genotype. The proportion of the total phenotypic 

variance explained (R2) by each QTL was calculated. 

RESULTS 

http://gsl.irri.org/
http://bioinf.scri.ac.uk/flapjack
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Polymorphism between parents  

One hundred ninety four SNPs out of total 384 (50.52%) showed polymorphism between 

Hasawi and IR29 during genetic survey. No heterozygote alleles were found.The SNP 

genotyping data was used to perform linkage analysis with 194 markers which 

weredistributed throughout the rice genome and covered a total length of 1441.96cM. The 

average interval size between markers was 7.88cM. Highest marker distribution was found 

on chromosome 1 (28 markers over a total number of 194), with an average interval of 

6.38cM and the largest average interval was in chromosome 10 (11.74cM).Fig.1 shows, for 

each chromosome, different alleles across chromosomes contrasting the two parents. The 

physical position for the polymorphic markers is also given in base pair (bp). 

Morphological Parameters: All the 300 RILs in F6 generation were phenotyped  after 12 

and 25 days of salinity treatment for SES and other parameters. The morphological 

differences for different traitsobserved within RILs derived from IR29/Hasawi cross are 

illustrated in figure 2. All of the traits were not normally distributed and many of them 

were found skewed but theperformance of parents were quite contrasting.   

Correlation between Evaluated Traits and Growth Reduction 

The correlation coefficients between traits werecomputed and given in table 2. Under 

salinized conditions, highly significant (P=0.01) and positive correlations were found 

between the RL and SL, RL and RFW, RL and RDW, RL and RDW, RL and SDW and 

reciprocally. Between initial and final salt injury scores, a highly significant correlation 

was noticed but, both showed inverse and highly significant correlation with other 

parameters. The final salt injury score (SESF) showed highly significant negative 

correlation with RL (r = -0.581**), SL (r = -0.537**), RFW (r = -0.708**), SFW (r = -

0.782**), RDW (r = -0.601**), and with SDW (r = -0.703**). Generally as the tolerance 

score (SESF) increases (higher the score, more sensitive genotypes are), the percentage 

reduction of root and shoot length, root and shoot fresh weight, root and shoot dry weight 

decreases over non-stress for all RILs. Strangely, the results showed a different trend 

especially for root. For the genotypes with low SESFscore , the RL, RFW, and RDW were 

found better in saline conditions.  

Quantitative traits loci identified 
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Twenty putative and significant QTLs were identified for the visual initial and final SES 

salinity tolerance scores (SESI, SESF), seedling root length (RL), shoot length (SL), root 

fresh and dry weight (RFW, RDW), and shoot fresh and dry weight (SFW, SDW). The 

three QTLs associated with initial SES (qSESI2.1, qSESI6.1 and qSESI12.1) were 

identified on chromosome 2, 6 and 12; two QTLs associated with final SES (qSESF2.1 and 

qSESF12.1) were identified on chromosome 2 and 12; two QTLs associated with root 

length (qRL6.1 and qRL12.1) were identified on chromosome 6 and 12; four QTLs 

associated with shoot length (qSL1.1, qSL1.2, qSL6.1 and qSL12.1) were identified on 

chromosome 1, 6 and 12, three QTLs associated with shoot fresh weight (qSFW4.1, 

qSFW9.1, qSFW12.1) were identified on chromosome 4, 9 and 12); two QTLs associated 

with root fresh weight (qRFW4.1 and qRFW9.1) were identified on chromosome 4 and 9; 

three QTLs associated with (qSDW2.1, qSDW8.1 and qSDW12.1) were identified on 

chromosome 2, 8 and 12); and one QTL associated with root dry weight( qRDW4.1) was 

identified on chromosome 4 (Table 3and Fig.3). Based on the computed R² valueswhich 

were rangingfrom 9.3 to 20.6,16 QTLs over the 20 identified QTLs explained 10% or more 

of the phenotypic variance explained (PVE) for the concerned trait and thereforewere 

having relatively major effect.Also, the two parents had different additive effect on 

phenotypic traits. Indeed, the IR29 allele increased the salinity injury scores (SESI and 

SESF) at all loci. The Hasawi allele increased the RL, SL, RFW, SFW, RDW and SDW at 

all loci (Table 3). 

DISCUSSION  

The parents of mapping populations must have sufficient variation for the traits of interest 

at both the DNA sequence and the phenotypic level (Meksem and Kahl, 2005; Semagn et 

al., 2006). The requisite significant differences were found between Hasawi and IR29 for 

the genetic constitution and morphological performance, which is clearly revealed from 

studied traits and their relative percentage reduction under salinity stress. This confirmed 

the high sensitivity of IR29 and high tolerance of Hasawi under salt stress.  

There were 194 polymorphic markers (50.52%) observed between the parents in this study 

which is much higher than that noted in earlier studies. Ammar et al. (2007) reported 

18.88% polymorphism, when mapping QTLsfor salinity tolerance at seedling stage, while 

Islam et al. (2011) and Alamet al. (2011)34.35% and 16.45% respectively. Therefore, 194 

polymorphic markers were good enough to be used for making linkage map and 

QTLanalysis as well. 
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Genetically and phenotypically, the results obtained during the present study showed 

significant difference between Hasawi and IR29. This confirms that the RILs mapping 

population derived from the cross between IR29xHasawi were suitable for mapping of the 

QTLs for salinity tolerance traits. These results fit to the suggestion of Flowers (2004) to 

use the variation which is already present in existing crops to enhance salinity tolerance. 

We tried to cover whole genome evenly using 384 SNP chip. Some marker intervals were 

relatively large due to the lack of polymorphism..It is also important to note that the RILs 

used for this study already reached to 92.3% of homozygosity which corroborate well with 

the theoretical expectation of homozygosity in F5:6 RILs generation (92.25%)(Vinod, 

2006).Several QTL mapping studies have been undertaken for the seedling stage salinity 

tolerance using different kind of mapping populations from early segregating to the fixed 

lines.(Ammar et al., 2007; Gregorio, 1997; Haq, 2009; Islam et al., 2011; Kanjooet al., 

2011; Lee et al., 2006;Masoodet al., 2004; Ming-zheet al., 2005; Thomson et al., 

2010).These studies used various kind of markers like RFLP, AFLP, EST, STMS, CAPS 

and SSR; hence difficult to compare the exact chromosomal locations of QTLs directly. 

However recent studies have used SNPs to identify robust markers for QTLs responsible 

for seedling stage salinity tolerance (Bimpong et al., 2014; Kumar et al., 2015).Saltol QTL 

region located between 14.7-18.6 cM (Singh et al., 2007, Thomson et al., 2010) on short 

arm of chromosome 1 is the most robust QTL so far reported for seedling stage salinity 

tolerance (Gregorio, 1997; Niones, 2004) but we did not find any QTL on short arm of 

chromosome 1 in this study. This could beprobably because of different donor used in 

IR29/Hasawi populationwhich is noveland also quite diverse in origin from Pokkali rice 

variety, a donor for Saltol.Of the 20 QTL identified in the present study, 16 were major 

QTL as  more than 10 % phenotypic variance was explained by them (Tuberosa et al., 

2002; Singh, 2012). 

There are specific locations on different chromosomes which appear like QTL clusters. For 

example, 5 different QTLs for various traits were identified on short arm of chromosome 

12. Other QTL clusters are also identified on chromosome 2, 4 and 6 as well. This could be 

either due to very close or linked loci or may be pleiotropic effect of some genes. This 

could be ascertained through fine mapping in  further studies. Beside this, all the traits 

except RDW are governed by more than one QTL which are mostly contributed by 

Hasawi. Only SES traits are governed by both IR29 and Hasawi. It suggests that there 



 
 

9 
 

could be epistatic interactions among the QTLs for a trait that are distributed across the 

genome; and also in some case, the QTLs for one trait, for example shoot length (qSL12.1) 

is associated with another trait like survival which is reflected by low SES scores (initial or 

final) through indirect path. The QTLs associated with the initial and final SES scores 

(SESI and SESF) for salinity tolerance were located on different chromosomes viz. 

chromosome 2, 6 and 12, which means that  expression of the seedling performance under 

stress is the overall sum effect of QTLs for this trait and there are number of genes govern 

this trait.A major QTL “Saltol” was mapped on chromosome1 using a RIL population 

derived from aIR29/Pokkali. This qSaltolwas responsible for Na+ and K+ absorption as 

well as Na+/K+ ratio andeach accounted for more than 60% of the variation in this 

population (Gregorio,1997). Higher Na+ uptake has been considered as a negative trait as 

far as salinity tolerance is concerned in rice (Flowers , 2004; Lee et al., 2006; Singh and 

Flowers, 2010; Thomson et al., 2010). Some earlier studies also reported QTLs responsible 

for physiological parameters conferring seedlingstage salinity tolerance in rice on different 

chromosomes (Koyama et al.,2001), and substantiated the independence of Na+ and K+ 

uptake as they werelocated on different linkage groups. However few studies suggested co-

localization of QTLs forNa+, K+, and/or their ratios on same chromosome 1 (Gregorio, 

1997; Koyama et al., 2001). But the present study, did not find any QTL for SES or any 

other traits on chromosome 1, except for shoot length (qSL1.1 and qSL1.2), thus indicating 

that tolerance conferred in RILs derived from cross with Hasawi is due to other then 

qSaltol.Thomsonet al. (2010)identifiedtwo QTLs associated with final SES tolerance 

scores on chromosome4 and 9. Ammar et al. (2007) found six QTLs linked to salinity 

injury scores on chromosome1, 3, 4, and 5 andamong the two QTLs identified on 

chromosome1; one was located on short arm close to RM84 marker at 0.11cM position 

while the other one was located on long arm at 14cM from RM572. In addition to that, 

different location of the SES from theprevious findings confirmedthat qSESI2.1, qSESF2.1, 

qSESF12.1,and qSESI12.1mappedinthis study were novel QTLs and reported for the first 

time. 

The QTLs associated with the root length (RL)were located on chromosome 6 and 12, but 

previous works (Sabouri and Sabouri, 2008; The, 2010) identified QTLs which controlled 

root length at different chromosomes (on chromosomes 2, 7 and 9). This also confirms that 

qRL6.1 and qRL12.1 were also novel QTLs. Also, the results suggested that root length 

were controlled by different genes. 
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Several studies have identified the QTLs associated with the shoot length (SL) under 

salinity stress on on chromosomes1, 2, 3, 4, 7, 10 and 12 (The, 2010; Sabouri and Sabouri, 

2008; Singh et al., 2007; Thomson et al., 2010; De Leon et al., 2016). These findings 

suggested that there were several genes controlling shoot length under salinity stress. In the 

current study, QTLs for the shoot length (qSL1.1, qSL1.2, qSL6.1, and qSL12.1) were 

located on chromosomes 1, 6 and 12 and their physical positions on chromosomes were at 

different positions compared with the QTLs identified for shoot length under salt-stress 

inprevious studies. There was only commonality of report for qSL on chromosome 12 but 

the peak marker position in the present study was 6.9 cM comparing to 93 cM reported be 

De Leon et al. (2016), hence all the QTLs associated with shoot length could be therefore 

novel QTLs.In addition, with regards to the contribution of 20.6% in total phenotypic 

variation explained by qSL1.1, this QTL had main-effect on expression of salt tolerance for 

root length. 

During previous studies, QTLs associated with root fresh weight (RFW) were identified on 

chromosome 1, 3, 4, and 9 (Singh et al., 2007; The, 2010). In this study, the QTLs were 

identified on chromosome 4 and 9.These results confirmed that root fresh weight was 

controlled by multiple genes. Comparing the above previous findings with the results of 

the present work, qRFW4.1 and qRFW9.1 were new QTLs associated with root fresh 

weight. 

In this study, 16 QTLs (80%)out of 20 QTLs, all the alleles showing positive effects on the 

vigour related traits derived from Hasawi. This led to think that thetransgressive 

segregantsobtained fromcross betweenHasawi and IR29 could be the result of  

accumulation of favourable genes for salinity tolerance and high vigour, which could be 

one of the reasons beside tolerance that make Hasawi as a novel donor.  

The results of this study suggested that SFW was controlled by multiples genes/QTLs and 

the associated QTLs (qSFW4.1, qSFW9.1 and qSFW12.1) with shoot fresh weight were 

located on chromosome 4, 9 and 12. These QTLs could also be designated as novel as 

these are not reported earlier. QTLs associated with SDW were identified onchromosome 

2, 8 and 12. However, in previous studiesQTLs associated with SFW were identified on 

chromosome 1, 2, 3, 6, 7, 8, 9 and 11 (Haq, 2009;Masood et al., 2004 Sabouri and Sabouri, 

2008; Singh et al. 2007; The, 2010; Bimpong et al., 2013). This confirmed that the 

qSDW12.1 out of three is novel as not reported earlier. 

Lastly, contrary to the previous studies where numerous QTLs associated with root dry 

weight (Masood et al., 2004; Sabouri and Sabouri, 2008; The, 2010) were identified on 
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different chromosomes (Chromosome 1, 3, 4, 5, 8, 9 and 11), during this study, a single 

QTL (qRDW4.1) was identified on chromosome 4 to be associated with root dry weight.  

Over 20 QTLs identified, 11 QTLs were linked either to shoot length or shoot fresh and 

dry weight. These findings are very encouraging and corroborate with other reports that the 

shoot growth is severely affected with the salt stress than roots (Läuchliand Grattan, 2007), 

hence has opened the doors to discover unknown candidate genes for shoot  growth(Munns 

and Tester, 2008).Interestingly, among all 20 QTLs identified 6 were located on 

chromosome 12; 5 QTLs were located at 6.9cM position while only one was located at 

84.9cM. Two QTLswerelocated at same position (18.1cM) on chromosome 4; 2 QTLs at 

same position (18.5cM) on chromosome 6; and also 2 QTLswere located at same position 

(27.0cM) on chromosome9. The fact that these QTLs were located at the same position, 

suggested that one or a group of genes controls the group of traits.The results also 

suggested the probability of pleiotropic effects of genes. As the traits viz. SESI, SESF, RL, 

SL, RFW, SFW, RDW and SDW were significantly correlated, the QTL corresponding to 

these traits were also found co-localized.According to Veldboomet al. (1994) and Xiao et 

al. (1996), often the correlated traits have QTLs mapping to the same chromosomal 

location. For example, in this study, RL and SESF was highly correlated (r= -0.581**), 

similarly were SDW and SFW (r= 0.891**). Trait correlation may result from either 

pleiotropic effects of genes or from tight linkage of several genes controlling the traits. 

This suggests that QTL affecting RL (qRL12.1)is closely linked with the QTL (qSESF12.1) 

affecting final salinity tolerance scores (SESF) in that region of 

chromosome12.Likewise,the QTLsaffecting SDW(qSDW12.1) and SFW(qSFW12.1) are 

closely linked. 

Indeed, there were many co-localized regions showing the tight linkage of several 

QTLs/genes controlling the traits. For instance, the QTL affecting RL (qRL12.1) is closely 

linked with the QTL (qSESF12.1) affecting final salinity tolerance scores (SESF), 

qSDW12.1 for shoot dry weight(SDW) andqSFW12.1for shoot fresh weight (SFW) in the 

sameregion of chromosome12. The identified QTLs in the co-localized region may not be 

controlled by the same set of genes but may be controlled through different set of closely 

linked genes. The flanking markers were at 2.9 and 12.8 cM distance which is too much to 

accommodate many hundred genes but more precise locations of each QTL could be 

ascertained if more number of polymorphic markers could be included within 2.9-12.8 cM  

region of the chromosome 12. Thus, the large gaps in the chromosomal regions without 

polymorphic markers could miss  some of the probable QTLs for traits related to salt 

tolerance.Additional markers within gaps could certainly  increase the precision of QTLs 

detection.Thomson et al. (2010) identified 2 QTLs on chromosome 12 affecting initial and 

final salinity tolerance scores when they were characterizing Saltol region. Haq (2009) 

found a QTL affecting shoot dry weight on chromosome 2 like in our study.The findings of 
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ourstudy were in agreement with the previous reports that salinity tolerance is quantitative 

traits and controlled by manygenes/QTLs (Baby et al., 2010; Singh et al., 2007; Singh et 

al., 2010; De Leon et al., 2016). Furthermore, ourresults indicated some of the QTLs 

mapped for the seedling stage salinity tolerance are similar tothe previouslyreported 

locations by various researchers   but most of the putative QTL for seedling salinity 

tolerance from our study are new that could be due to the use of novel source of salinity 

tolerance which has not been used so far in any salt-tolerance related studies. The novelty 

of QTL could also be attributed to the use of SNP markers in this study with novel source 

of salinity tolerance. The study also suggested that novel sources for salinity tolerance 

should be explored to identify novel QTLs.  

CONCLUSION  

The findings of the present study confirmed that the mapping population developed from 

cross between Hasawi and IR29 was suitable to map QTLs for salinity tolerance. 

Consequently, Hasawi, tolerant check and parent is really a novel source of salinity 

tolerance becausemost of theidentified putative QTLs are novel and have not been reported 

so far and none of the QTL is similar or co-localized with earlier reported major Saltol 

QTL on short arm of chromosome 1. Thesenew 20 putative QTLs were identified on 

chromosomes1, 2, 4, 6, 8, 9, and 12 using phenotyping of 142 RILs selected based on 

extremes for SES and percentage of reduction of root and shoot dry weight. Some of the 

novel QTLs with easy phenotyping procedures like SES initial (SESI) and final (SESF) on 

chromosome 12 (qSESI12.1 and qSESF12.1) could be used to pinpoint for the fine 

mapping of the regions and to identify the closely linked flanking markers for pyramiding 

of the fine mapped robust QTLsfrom different sources to enhance the level of salt tolerance 

in one background.  
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Table 1: Modified standard evaluation score of visual salt injury at seedling stage (IRRI, 

2007) 

Score Observation Tolerance 

1 Normal growth, only the old leave show  

white tips while no symptoms on youngleaves 

Highly tolerant 

3 Near normal growth, but only leaf tips burn,few older leaves 

become whitish partially and rolled 

Tolerant 

5 Growth severely retarded; most leaves severely injured,few 

young leaves elongating  

Moderately tolerant 

7 Complete cessation of growth; most leaves dried; 

 only few young leavesstill green 

Susceptible 

9 Almost all plants dead or dying Highly susceptible 
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Table 2: Pearson correlation coefficients of different traits at seedling stage of rice 

under salinized conditions 

 SESI SESF RL SL RFW SFW RDW 

SESF 0.732** 
      

RL -0.562** -0.581** 
     

SL -0.512** -0.537** 0.612** 
    

RFW -0.590** -0.708** 0.661** 0.619** 
   

SFW -0.614** -0.782** 0.687** 0.686** 0.885** 
  

RDW -0.497** -0.601** 0.576** 0.524** 0.750** 0.741** 
 

SDW -0.599** -0.703** 0.651** 0.646** 0.809** 0.891** 0.684** 

**: Highly significant at 1 % level of probability 

 

Table3: QTLs identified from the IR29/Hasawi population under stress conditions 

Traits Ch. QTL name Flanking markers Position of 

flanking 

markers (cM) 

Position 

(cM) 

Additive 

effect (DPE) 

LOD R2(%) 

SESI 2 qSESI2.1 id2004774-id2007526 40.1-88.3 60.8 -2.130(I) 3.5 10.6 

  6 qSESI6.1 ud6000572-id6009055 52.1-65.6 52.5 1.121(H) 3.98 12 

  12 qSESI12.1 id12005823-d12007988 70.2-93.9 84.9 -1.443(I) 3.54 10.7 

SESF 2 qSESF2.1 id2004774-id2007526 40.1-88.3 64.8 -2.145(I) 3.67 11.1 

  12 qSESF12.1 id12000252-id12001321 2.9-12.8 6.9 -1.332(I) 3.52 10.6 

RL 6 qRL6.1 fd13-id6004343 12.3-27.0 18.5 1.496(H) 4.04 12.1 

  12 qRL12.1 id12000252-id12001321 2.9-12.8 6.9 2.378(H) 3.81 11.5 

SL 1 qSL1.1 id1023892-id1024836 158.1-163.5 162.6 5.262(H) 7.21 20.6 

  1 qSL1.2 id1024972id1025983 164.5-170.3 168.6 4.049(H) 3.93 11.8 

  6 qSL6.1 fd13-id6004343 12.3-27.0 18.5 3.631(H) 4.04 12.1 

  12 qSL12.1 id12000252-id12001321 2.9-12.8 6.9 5.34(H) 3.24 9.8 

SFW 4 qSFW4.1 id4001113-id4001932 9.8-18.2 18.1 0.571(H) 4.28 12.8 

  9 qSFW9.1 id9001614-id9002014 26.4-30.1 27 0.684(H) 4.2 12.6 

  12 qSFW12.1 id12000252-id12001321 2.9-12.8 6.9 0.343(H) 3.11 9.5 

RFW 4 qRFW4.1 id4007444-id4008092 91.4-99.16 98.1 0.100(H) 3.38 10.3 

  9 qRFW9.1 id9001614-id9002014 26.4-30.1 27 0.281(H) 3.34 10.1 

SDW 2 qSDW2.1 id2004774-id2007526 40.1-88.3 62.8 0.132(H) 3.84 11.6 

  8 qSDW8.1 id8006485-wd8004122 90.4-103.4 98.6 0.072(H) 3.07 9.4 

  12 qSDW12.1 id12000252-id12001321 2.9-12.8 6.9 0.071(H) 3.06 9.3 

RDW 4 qRDW4.1 id4001113-id4001932 9.8-18.2 18.1 0.022(H) 3.29 10 

Ch. : Chromosome number; cM: centiMorgan; R2: Percentage of total phenotypic variance 

explained bya particular QTL; DPE: direction of phenotypic effect; H: Hasawi; I: IR29. The bold 

QTLs are major because having PVE ≥10 
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Figure 1: Alleles calls due to the presence of SNPs showing polymorphism between 

two parents used to develop recombinant inbred lines 

The physical position of the polymorphic SNP is given in base pair (bp); A: Adenine, T: 

Thymine, G: Guanine, and C: Cytosine. Chr1 to Chr12: Chromosome 1 to Chromosome 

12. 
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Figure 2: Frequency distribution of phenotypic traits after 12 days for initial SES and 25 

days of salt stress at EC 12dSm-1 for the 300 recombinant inbred lines (F6) derived from 

Hasawi and IR29 under salt stress 
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Figure 3: Linkage map with positions of QTLs for salinity tolerance using 142 RILs the 

cross IR29/Hasawi. The labels on the right of the chromosomes reveal marker names while 

the numbers on the left indicate SNP maker positions in cM 
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