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Abstract

Salinity is one of the major abiotic stresses that reduce the yield of several 
crop species including rice. However, there are several traditional cultivars such 
as Pokkali, Nona Bokra, Cheriveruppu and Getu that are saline tolerant but 
possess poor agronomic characteristics. Pokkali is widely used as a donor in 
many breeding program and salt tolerance related studies. A major Quantitative 
Trait Loci (QTL), Saltol has been mapped on chromosome 1 in one of the 
Recombinant Inbred Lines(RILs) i.e., FL478, obtained from a cross between 
Pokkali and IR29, was responsible for maintaining low Na+, high K+, and Na+/
K+ homeostasis in shoots of rice. Since salinity stress is a multigenic trait and 
involves activity of many genes working in co-ordination. In order to provide 
salinity tolerance to some elite rice varieties plant breeders have transferred 
whole Saltol QTL using Marker Assisted Backcrossing and Marker Assisted 
Selection, whereas molecular biologists have attempted to find candidate 
genes within Saltol QTL that play crucial role in providing salinity tolerance. This 
paper provides a comprehensive review of Saltol QTL and their role in providing 
tolerance to salinity stress.
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for the identification of candidate genes localized within the Saltol 
QTL by genome wide transcriptome analysis between contrasting 
rice genotypes [18,19]. On the other hand, for plant breeder’s 
identification of this QTL, has become a major breakthrough for 
salinity tolerance breeding program. Several salt tolerant rice lines 
has been developed by incorporating Saltol QTL into modern high 
yielding, but salt-sensitive rice varieties through a targeted marker 
assisted backcrossing and marker assisted selection approach [6,20].

In this review, an attempt has been made to revisit the current 
knowledge about Saltol QTL, their origin, structure, candidate genes 
of Saltol QTL involved in salinity tolerance and their expression. 
Since the capacity to perceive and respond to salt stress has long been 
described as a quantitative genetic trait, present review also cover the 
current knowledge on molecular breeding approaches in which whole 
Saltol QTL has been incorporated for the development of salt tolerant 
rice lines using Marker Assisted Selection. Ultimately, this paper will 
explain the most recent data available for improvement of salinity 
tolerance in rice to the researchers, physiologists and breeders.

Saltol QTL: Origin and Structure
Mapping of QTL has enabled us to understand the genetic 

control of the salt tolerance mechanism with possibilities to develop 
salt tolerant varieties by precisely transferring QTL into popular elite 
varieties. In earlier studies several QTL for salinity tolerance has been 
mapped on different chromosomes in rice [21-27]. One of them, i.e., 
Saltol has been mapped on chromosome 1 in an F8 Recombinant 
Inbred Line (RIL) population obtained by a cross between Pokkali (salt 
tolerant) and IR29 (salt sensitive) at the International Rice Research 
Institute (IRRI) in their salt stress tolerance breeding program. A 
total of 78 putative Recombinant Lines (RILs) were developed and 
used to map Na+/K+ selectively with AFLP markers. One of the lines 
identified from the RIL population, FL478 also known as IR 66946-

Introduction
Rice (Oryza sativa L.) is a one of the most important cereal 

crops and serves as the staple food for over one-third of the world’s 
population [1]. However the productivity of rice is greatly affected 
due to soil salinity which is the second most widespread soil problem 
next to drought in rice growing areas of the world [2,3]. There are two 
types of salinity, inland salinity which is due to irrigation practices 
with sloppy water and coastal salinity which is mainly due to high 
tides of ocean in the coastal region [4]. Approximately 21.5 million 
hectares of arable land in Asia are facing salinity problem and 
estimated to loss crop up to 50% of fertile land by the 21st midcentury 
[5,6]. It is important to increase rice production by at least 25% by 
2030 to keep pace with predicted population growth [7].

Salinity affects rice growth in all growth stages with varying 
degrees starting from germination through maturation [8]. Rice is 
very sensitive during early seedling and later at reproductive stages, 
however, it is comparatively tolerant during germination, active 
tillering and at maturity [9]. Salinity affects yield components such as 
panicle length, spikelet number per panicle, grain yield and also delays 
panicle emergence and flowering [10-12]. There are some traditional 
cultivars and landraces which are naturally tolerant to salt stress due 
to their adaptation to thrive on salt affected land for generations. 
However, they generally have poor agronomic characteristics such as 
tall plant stature, poor grain quality, low yield, and photosensitivity 
[13,14]. One of the traditional cultivar, Pokkali has been recognized 
for providing more salt tolerance when compared to other tolerant 
cultivar and thus used as high potential salt tolerant donor. Although 
salinity tolerance is a polygenic trait, consequently it involves many 
physiological activities. 

Recently, in order to understand the molecular mechanism 
of salinity tolerance in Pokkali remarkable effort has been made 
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3R-178-1-1, showed salt tolerance higher than or comparable to the 
tolerant parent, Pokkali. The Saltol QTL was found to be associated 
with Na+/K+ ratio and seedling stage salinity tolerance [16,25] and 
accounted for low Na+ absorption, high K+ absorption, and low 
Na+-to-K+ ratio in rice shoots under salinity stress [28]. In Pokkali, 
it has been found that Saltol QTL explains about 64.3-80.2 % of the 
variability in shoot Na+/K+ ratio [15-17]. Its location was confirmed 
on chromosome1after the analysis that has been done for 100 Simple 
Sequence Repeat (SSR) markers on 140 IR29/Pokkali Recombinant 
Inbred Lines (RILs), and also additional QTLs were identified 
associated with salt tolerance [15].

In a study Saltol QTL has been mapped between RM23 and 
RM140 (10.7–12.2 Mb), and the effect of the shoot Na+/K+ ratio 
with an LOD of 6.6 and R2 of 43% using 54 RILs was also confirmed 
[25]. Recently, the expression profiling of genes localized within the 
Saltol QTL i.e., between SSR marker RM 1287 and RM 6711(10.8 
MB to 16.4Mb) (Figure 1A and 1B) has been carried out in the two 
contrasting genotypes [19]. The source of the Saltol region in FL478 
is still in question. It is not yet clear whether the positive allele in 
FL478 is derived from Pokkali, IR29 or both. One study says that 
Pokkali is the source of positive alleles in FL478 [25], while another 
study indicates that IR29 was the contributor of the Saltol region in 
FL478 [29]. Moreover, another study says that FL478 contained a <1 
Mb DNA fragment from Pokkali at 10.6–11.5 Mb on chromosome 1, 
flanked by IR29 alleles [30].

Annotation of Genes of Saltol QTL Loci
For the identification of loci within the Saltol QTL annotation 

has been done using Rice Genome Annotation Project - MSU 

Rice Genome Annotation (Osa1) Release 7. It was found that 
approximately 783 loci are present within this QTL. Out of which, 
25% genes codes for proteins of unknown function (PUFs), while 
31 % genes encodes for retro-transposons and transposons. A total 
of 14 different categories were made for the retrieved genes using 
the MIPS Functional Catalogue Database (FunCatDB). These 
categories included genes involved in diverse cellular activities such 
as metabolism, development and DNA processing etc (Table 1). It 
indicates that the genes present within Saltol QTL control versatile 
aspects of cell survival both under salt stress and non-stress conditions 
[19].

Gene Expression Studies within Saltol QTL
Saltol QTL is associated with providing seedling stage salinity 

tolerance. In order to identify the contribution of salinity tolerance 
related candidate genes localized within the Saltol QTL, comparative 
transcriptome study has been done. For that differential regulation of 
salinity-responsive genes among tolerant and sensitive rice cultivar 
has been studied in time course experiments [18,19,29].

In a genome scale gene expression analysis between IR29 and 
FL478 it was found that the two genotypes are strikingly different 
at their transcriptional perspective, under salinity stress. IR29 
showed expression of relatively large number of genes as compared 
to the tolerant FL478, including the genes of Saltol QTL region. The 
transcript level of gene present at locus Os1g20160 (11.46Mb), codes 
for cation transporter was induced by salt stress in both the genotype 
but its expression was at found to be higher in FL478. Salt stress 
responsive gene salT at locus Os01g25280 was induced in IR29 but 
not in FL478 [29].

In a similar study, IR64 (salt sensitive) and Pokkali (salt tolerant) 
were used for gene expression analysis using subtractive cDNA 
library [19]. A few genes within Saltol QTL which were differentially 
regulated in these contrasting genotypes were mapped. Expression 
profile of few genes was compared in a time course analysis study. 
Salt stress-induced protein (EF576533) present at a 13.9-Mbp region 
and tetracopeptide repeat domain containing protein (EF575991) 

Figure 1: A) Location of Saltol QTL (Red square) on short arm of chromosome 
1 flanked by SSR markers RM1287 and RM6711. Centromere is shown in 
blue. B) Enlarged view of Saltol region, 15 SSR markers are shown with the 
physical map position in megabases [19].

S.No. Functional Categories Percentage

1 Retro-transposons and transposons 31%

2 PUF 25%

3 Development 12%

4 Metabolism 7%

5 Cellular transport related genes 5%

6 Cell rescue, defense and virulence related genes 4%

7 Protein with binding function 3%

8 Cell cycle and DNA processing 2%

9 Protein fate 2%

10 Signaling 2%

11 Interaction with environment 2%

12 Transcription factor 2%

13 Protein synthesis 1%

14 Energy 1%

Table 1: Functional classification of annotated gene within Saltol QTL [19].
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at 14.48-Mbp region showed almost negligible transcript level in 
IR64, however in Pokkali it consistently maintained a moderate 
amount under unstressed condition. Magnesium protoporphyrin IX 
monomethyl esterase (EF576502) mapped at a 9.87-Mbp and deleted 
in split hand/split foot (EF576234) protein at 11.95-Mbp, showed the 
presence of high constitutive levels under unstressed conditions in 
sensitive cultivar IR64 with expression level falling gradually, while 
Pokkali tends to show an increase in transcript level until 24 h of 
salt stress, thereafter reduced sharply. However, another geneSINE 
element (EF575921) mapped at 10.49-Mbp region maintained higher 
transcript in IR64 as compared to Pokkali with little variation in 
transcript amount [18].

In another study, to find the candidate genes localized within Saltol 
QTL expression profiling has been done, for a set of genes coding 
for signaling related proteins(SRPs) in contrasting rice genotypes 
(IR64 and Pokkali) [19]. By the qRT-PCR analysis it was found that 
genes encoding Signaling Related Protein (SRPs) are differentially 
regulated. Genes encoding Proteins of Unknown Function (PUFs) 
also termed SIFs (Salinity Induced Factors) within this QTL were also 
studied for their role in providing salinity tolerance. It was proposed 
that these SIFs may have a putative function in Vegetative Growth 
(SIFVG), Fertility (SIFF), Viability (SIFV) or Early Flowering (SIFEF) 
based on the phenotypes of insertional mutants [19].

In addition, a set of shortlisted genes has been reported to be 
present within Saltol QTL (CaMBP, GST, LEA, V-ATPase, OSAP1 zinc 
finger protein and transcription factor HBP1b) are salinity inducible 
and differentially regulated within the contrasting rice genotypes 
[18,31]. Among the above set of reported genes, transcription factor 
HBP1b (histone gene binding protein-1b) belongs to bZIP family 
was found to be salinity inducible in rice seedlings [18]. Time course 
expression analysis of OsHBP1b in response to salt stress has been 
studied between contrasting rice genotype and found that it shows 
differential expression [31]. It is well known that bZIP transcription 
factor plays an important role in ABA signaling pathway of abiotic 
stress in plants [32,33].

Breeding Program and Saltol QTL
Several breeding approaches have been used for the improvement 

of salinity tolerance in different elite cultivars of rice such as 
conventional breeding, Marker Assisted Selection and Marker 
assisted Backcrossing.

Marker Assisted Backcrossing (MABC) for 
Salinity Tolerance in Rice

Backcrossing is a widely used technique in rice breeding for 

introgression or substitution of a target gene/QTL from donor 
parent to recipient. Generally, the backcrossing approach has been 
established by applying molecular markers such as Simple Sequence 
Repeats (SSRs) and Single Nucleotide Polymorphisms (SNP). Marker-
Assisted Backcrossing (MABC) is an attractive tool for breeding and 
identifying genomic regions of interest. Molecular markers that are 
tightly linked with economically important traits have been identified 
and/or used for MABC in rice as foreground selection, recombinant 
selection and background selection, for tolerance to salinity and other 
abiotic and biotic stresses [34].

There are several successful examples where Saltol QTL has been 
precisely introgressed into elite rice cultivars through marker assisted 
breeding strategy to provide salt tolerance. FL478 has been promoted 
as an improved donor of Saltol QTL, as it has a high level of seedling 
stage salinity tolerance and is photoperiod insensitive, shorter and 
flowers earlier than the original landrace Pokkali (Table 2).

To develop salt tolerance in indica aromatic export quality 
rice varieties PB1121 and PB6, Saltol QTL has been transferred 
using MABC in two independent programs. Three SSR markers 
RM8094, RM3412 and RM493 linked with Saltol locus were used 
for foreground selection [35]. At least four popular rice cultivars in 
Vietnam were used as recipient for the introgression of Saltol QTL 
from FL478 parent line through MABC approach i.e. cultivar AS996 
[36], cultivar BT7 [37], cultivar Bacthom 7 [38] and cultivar Q5DB 
[19]. Rice cultivar BRRI Dhan-49 from Bangladesh was used as 
recipient for the introgression of Saltol QTL from FL478 parent line 
through MABC approach [39].

Marker Assisted Selection (MAS) for Salinity 
Tolerance in Rice

The highly productive elite variety from Russia named Novator 
was used as a recipient for introgression of Saltol QTL from donor line 
IR61920-3B-22-2-1 (NSIC Rc106) using Marker Assisted Selection 
(MAS) [40]. Identification of Saltol QTL was done by closely linked 
microsatellite markers RM8094 and RM493 and RM493, and were 
used to control transfer the Saltol QTL genes into Novator [40].

QTL Mapping for Salinity Tolerance
QTL mapping for salt tolerance in rice has significantly increased 

in the last few years .There are several reports in which QTL mapping 
has been done for salinity tolerance using different rice genotypes. 
Attempts have been made to identify QTL associated with seedling 
stage salinity tolerance in rice [41-44].

Apart from Saltol QTL, other QTLs have been identified which 

S.No. Donor of Saltol QTL QTL transferred Method of transfer Marker used Recipient variety Reference

1 FL478 Saltol QTL MABC SSR PB1121and PB6 [35]

2 FL478 Saltol QTL MABC SSR AS996 [36]

3 FL478 Saltol QTL MABC SSR BT7 [37]

4 FL478 Saltol QTL MABC SSR Bacthom 7 [38]

5 FL478 Saltol QTL MABC SSR Q5DB [6]

6 FL478 Saltol QTL MABC SSR BRRI-dhan 49 [39]

7 Line IR61920-3B-22-2-1 Saltol QTL MAS SSR Novator [40]

Table 2: Successful examples of introgression of Saltol QTL into elite rice varieties for salt tolerance.
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is responsible for providing seedling stage salinity tolerance. By 
crossing Milyang 23 (japonica/indica) and Gihobyeo (japonica) 
several recombinant inbred lines (MG RILs) were produced and used 
to evaluate their salt tolerance capability at the young seedling stage 
of rice at 0.7% NaCl concentration. Out of 164, 22 MG RILs showed 
visual scores ranging 3.5-5.0 and were classified as tolerant. Interval 
mapping of QTLs for salt tolerance at the young seedling stage were 
done by their visual scores. Two QTL, qST1 and qST3 conferring 
salt tolerance was detected on chromosome 1 and 3, respectively. 
The major QTLqST1 was flanked by RG179-RZ596 explained 
27.8% of the total phenotypic variation [41]. In another study, 164 
recombinant inbred lines (MG RILs) were subjected to two different 
concentration of NaCl i.e., 0.5% and 0.7% NaCl. Two QTLs qST1 and 
qST3, were mapped on chromosome 1 and 3, respectively conferring 
salt tolerance at the young seedling stage with phenotypic variation 
35.5–36.9% in 0.5% and 0.7% NaCl. The positive allele of qST1 was 
contributed by Gihobyeo, and that of qST3 by Milyang 23. The results 
obtained in 0.5% and 0.7% NaCl for 2 years were similar in flanked 
markers and phenotypic variation [42].

Detection of QTLs for salinity tolerance at the seedling stage 
identified in a F2 breeding population derived from the cross between 
BRRI dhan40, a moderately tolerant female parent with IR61920-
3B-22-2-1 (NSIC Rc106), a highly tolerant male parent. The position 
of QTL on chromosome 1 was flanked by RM8094 and RM3412 
marker which is in the same region as a previously identified major 
QTL designated as Saltol. However, two other QTLs with relatively 
large effects were flanked by RM25 and RM210 on chromosome 8, 
and RM25092 and RM25519 on chromosome 10, and appear to be 
novel QTLs. The markers flanking these QTLs should be useful for 
molecular marker assisted breeding for salinity tolerance [3]. In the 
related study, investigation for QTL analysis of physiological traits 
related to salt tolerance was carried out using F2population of rice 
derived from a cross between a salt-tolerant variety, Gharib (indica), 
and a salt-sensitive variety, Sepidroud (indica) [43].

A study employing a F5population of 300 recombinant inbred 
lines RILs, derived from a cross between IR29 indica (sensitive) and 
Hasawi Saudi cultivar (tolerant), evaluated at young seedling stage 
under hydroponic conditions at an EC of 12 dsm-1. From this study 
seven significant QTL related to 4 different traits associated with salt 
tolerance at the young seedling stage were mapped on chromosomes 
1, 2 and 6. The QTL qDW1.1, qDW2.1, qDW2.2 and qDW6.1 co-
segregated with shoot dry weight and accounted for 10.6 and 42.3% 
of its phenotypic variation; for plant height qPH1.1 and qPH1.2 were 
found to be associated, explaining its phenotypic variation between 
12.7 and 13.8% and qF2.1 co-segregated with shoot fresh weight 
10.6% of trait variation. These QTLs confirms that Hasawi alleles 
contributed to enhancing traits related to salt tolerance at young 
seedling stage [44].

Conclusion
Rice feeds more than half of the world population, but its sensitivity 

towards salinity results in significant yield loss. Rice is more sensitive 
during the early seedling and later at reproductive stage. However, 
there are several traditional varieties which are salt tolerant, but they 
have poor agronomic traits. Several works has been done so far for 
the improvement of salt tolerance in elite cultivars around the globe 

using Pokkali, a salinity tolerant traditional cultivar with considerable 
results. Also, few other genotypes have been recently screened that 
might have Saltol QTL or other salt tolerance related QTL sand can 
be used as an alternative donor in salt tolerant rice breeding program. 
This may be somewhat helpful to the breeders that offer a wider 
optionto combine superior QTLs into one genetic background using 
gene pyramiding technique. Working in this direction may certainly 
help to combat with salinity stress problem at a higher level. With 
various increased genomic resources, significant achievements have 
been made for the development of salt tolerant rice cultivars through 
different approaches such as conventional breeding and marker 
assisted breeding. However, further development is needed to fulfill 
the increasing demand of the staple crop, rice.
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