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SUMMARY 

 
Salinity stress is a major limitation to rice (Oryza sativa L.) yields and its stability, 
especially in the Mekong delta, Vietnam. The purpose of this experiment was to 

develop rice varieties tolerant to salinity on the basis of molecular markers.Two 
hundred fifty three BC2F2 rice lines of the OM7347/OM5629 were evaluated at 

seedling stage in the green house of CLRRI. Molecular markers associated with salt 
tolerance QTLs were identified by using 416 polymorphic SSR markers. QTLs 
associated with stress tolerance at EC = 8 dS/m at seedling stage, detected from 

the BC2F2 population, were located on chromosomes 1 and 3. Three QTLs were 
identified within the intervals of RM3532-RM10694, RM3740-RM5336, and 

RM11125-RM9 at map positions of 4.4, 4.5, and 18 cM on chromosome 1, 
respectively. Two QTLs were located within the intervals of RM3867-RM6959 and 
RM6876-RM4425 at map positions of 4.5 and 18.0 cM on chromosome 3. Three 

QTLs in the regions of RM1324-RM2412, RM1185-RM24, and RM1282-RM2560 on 
chromosome 1, and one QTL of RM453-RM511 on chromosome 12, were associated 

with salt tolerance at reproductive stage (EC = 4 dS/m). In addition, three 
advanced backcross populations were developed as BC2F2 of OM6162/Pokkali (100 

lines), BC3F2 of OMCS2000/Pokkali (50 lines), BC3F2 population of OM1490/Pokkali 
(53 lines). Their phenotypes were evaluated at seedling and reproductive stages. 
Marker-assisted selection was applied to identify promising lines using the markers 

RM3252 and RM223. 
 

Key words: Reproductive stage, salinity, SalTol, seedling stage, SSR, QTL 

 
Key findings: Marker assisted selection was performed in rice backcross 

populations to select for genes/QTLs associated with salinity tolerance. 
 

Manuscript received: May 14, 2017; Decision on manuscript: September 5, 2017; Accepted: June 18, 2018. 
© Society for the Advancement of Breeding Research in Asia and Oceania (SABRAO) 2018 

 

Communicating Editor: Bertrand Collard 

RESEARCH ARTICLE 



SABRAO J. Breed. Genet. 50 (3) 344-359 

345 

 

INTRODUCTION 
 

Currently, salinity is considered to be 
a major abiotic stress in rice, which 

reduces productivity in affected areas. 
The Mekong Delta is the largest rice 
production region of Vietnam that 

constitutes 55% of the total (4.3 out 
of 7.9 million planted paddy area) 

(Buu et al., 1997). Rice areas affected 
by drought and salinity intrusion 
rapidly increased from 139,000 ha in 

mid-March 2016 to 224,552 ha by 
mid-April 2016, with the damage 

value of $US 360 million (Buu, 2017). 
In Asia, 12 million ha of land area is 
thought to be salinity affected (Kumar 

et al., 2015). Changes in rainfall 
patterns, dissimilar distribution of 

rainfall in different areas as well as 
during the development of rice plant, 

and intrusion of saltwater into the 
inland during 2016 Winter-Spring 
season were considered as the most 

serious El Nino event after hundred 
years with roughly one million tons of 

paddy lost. Hence, it is necessary to 
improve rice salt tolerance in the 
affected areas. 

Lang et al. (2001c) reported 
that salt tolerant genes tagging based 

on SSR markers with advanced 
backcross populations (BC2F2) of 
IR64/Cheng Hui 448, IR64/OM1706, 

and IR64/FR13A derived alleles nearly 
located on chromosome 1 while in the 

population of IR68552-55-3-
2/OM1706, the alleles are linked with 
RM223 on chromosome 8. 

The major quantitative trait 
locus (QTL) for salinity tolerance 

(Saltol) was mapped on chromosome 
1 and chromosome 8 (Lang, 1999; 
Lang, 2001). RM223 linked to salt 

tolerance gene at the distance of 6.3 
cM on chromosome 8 at vegetative 

stage under EC = 10 dS.m-1 from F3 

population of IR28/Doc Phung (Lang 
et al., 1999). 

Bonilla et al. (2002) mapped 
Saltol locus linked to major QTLs for 

Na+ and K+ uptake and Na+/K+ ratio 
on chromosome 1 explaining 64.3% 
phenotypic variance. Ammar et al. 

(2009) reported 25 QTLs for salt ion 

concentrations (Na+, K+ and Cl− 

measured in the leaf tissues at the 
reproductive stage) on rice 

chromosomes 1, 2, 3, and 8. Pandit et 
al. (2010) reported eight QTLs for salt 

ion concentration on rice 
chromosomes 1, 8, and 12, and Cheng 
et al. (2012) reported 12 QTLs for salt 

ion concentration on rice 
chromosomes 1, 2, 3, 4, 7, and 11, 

respectively. 
Kumar et al. (2015) applied 

genome wide association study 

(GWAS) to identify loci controlling 
salinity tolerance in rice. A custom-

designed array based on 6,000 single 
nucleotide polymorphisms (SNPs) in 
as many stress-responsive genes, 

distributed at an average physical 
interval of < 100 kb on 12 rice 

chromosomes, was used to genotype 
220 rice accessions using Infinium 
high-throughput assay. They identified 

20 SNPs (loci) significantly associated 
with Na+/K+ ratio, and 44 SNPs with 

other traits observed under stress 
condition. The region harbouring Saltol 
on chromosome 1 is known to control 

salinity tolerance at seedling stage 
(Kumar et al., 2015). 

QTL mapping is carried out by 
genotyping a large number of 

individuals that are progeny of a bi-
parental cross, the process is labor-
intensive, time-consuming and costly 

(Salvi and Tuberosa 2005). High-
throughput genotyping platforms 

based on SNP arrays and next 
generation sequencing (NGS) 
technologies have evolved very fast 
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during the last decade (Tiwari et al., 
2016). 

Nounjan et al. (2016) identified 
two chromosome segment substitution 
lines of Khao Dawk Mali 105 (KDML 

105) rice that carry QTLs for drought 
tolerance located on chromosome 8 

(DT-QTL 8) designated CSSL8-9 4 and 
CSSL8-116. They investigated for co-
expression network and physiological 

responses to salinity compared to their 
parents (KDML105; drought and salt 

sensitive recurrent parent, and 
DH103; drought tolerant QTL donor). 

Tiwari et al. (2016) reported a 

method for rapid identification of QTLs 
for reproductive stage salt tolerance in 

rice using bulked segregant analysis 
(BSA) of bi-parental recombinant 
inbred lines (RIL). The method was 

applied to CSR11/MI48 RILs 
segregating for reproductive stage salt 

tolerance. Genotyping of the parents 
and RIL bulks, made on the basis of 
salt sensitivity index for grain yield, 

revealed 6,068 polymorphic SNPs and 
21 QTL regions showing homogeneity 

of contrasting alleles in the two bulks. 
BSA with 50K SNP chip revealed 5,021 
polymorphic loci and 34 QTL regions. 

In this study, we established 
QTL maps for traits related to salinity 

tolerance at different stages in order 
to select genotypes adapted to both 
seedling and reproductive stage 

tolerances that are required for the 
Mekong Delta region of Vietnam. 

 
 

MATERIALS AND METHODS 
 
Plant materials 

 
Two indica rice genotypes were used: 

OM5629, which was considered as the 
donor of salinity tolerance, and 
OM7347 as a recurrent parent with 

good quality traits and drought 

tolerance. Two hundred fifty three 
elite lines from the BC2F2 population of 

OM7347/OM5629 were produced and 
230 lines from the BC3F6 population of 
OMCS2000/Pokkali were also 

developed (Lang et al., 2015). Of the 
769 SSRs screened for polymorphism 

across parents, 416 were polymorphic 
and used for QTL mapping. 

In addition, 100, 50, and 53 

lines from BC2F2 of OM6162/Pokkali, 
BC3F2 of OMCS2000/Pokkali, and 

BC3F2 of OM1490/Pokkali, respectively 
were used to identify promising 
genotypes tolerant to salinity. Pokkali 

was considered as the tolerant check.  
 

The following primers were used: 
RM 223:  
F 5'-GAGTGAGCTTGGGCTGAAAC-3' 

and R 5'-GAAGGCAAGTCTTGGCACTG-
3'. 

RM3252: 
F    5'-GGTAACTTTGTTCCCATGCC-3' 
and R 5'-GGTCAATCATGCATGCAAGC-

3'. 
 

Creating backcross populations 
with introgressions for salinity 
tolerance 

 
The hybridization goal is to introduce 

salinity tolerance genes/QTLs from 
Pokkali into high yielding rice 
genotypes using backcrossing to 

create recombinants that have 
desirable agronomic traits, and 

tolerance to salinity. The OM1490, 
OMCS2000, and OM6162 varieties are 

high yielding and have good grain 
quality, especially OM6162 which is 
aromate, but they are sensitive to 

salinity. They were used as recipient 
female parents in the breeding 

program. Backcrossing was done to 
create BC2 and BC3 generations. 
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Screening for salinity tolerance in 
the screenhouse 

 
Salinity screening experiments were 

done in the greenhouse (Gregorio, 
1997; IRRI, 1996) with Pokkali as a 
tolerant variety and IR29 as a 

susceptible variety at the EC of 8 
dS/m and 4 dS/m at seedling and 

reproductive stages, respectively. 
The experiment was carried out 

in three replications, randomized 

complete block design (RCBD). 
Germinated seeds were put into the 

floating styrofoam lids using sterilized 
water within 3 days. Then, the EC of 
the Yoshida solution was increased up 

to 4dS/m and 8 dS/m, at pH = 5.0 – 
5.5. After 21 days, phenotypic 

evaluation was performed on the 
survival day (SD) of the tolerant and 

susceptible genotypes. The susceptible 
variety was almost dead completely. 
 

Genotyping 
 

DNA samples were assessed using 
agarose gel electrophoresis (0.9%, in 
TAE 1X buffer). The leaves were 

collected 2-3 weeks after planting for 
DNA extraction. Amplification of genes 

based on PCR using SSR marker: PCR 
reactions were performed with 769 
SSR markers. Amplified PCR products 

were assessed on agarose gels 3% in 
TBE buffer (Lang, 2002). Reactions 

were overlaid with mineral oil and 
processed in a programmable thermal 
controller set for 35 cycles of 1 min at 

94 0C, 1 min at 55 0C, and 2 min at 72 
0C, with a final extension at 75 0C for 

5 min. After amplification, 10 μl of 
stop solution was added to the PCR 
product, which was then denatured at 

94 0C for 2 min. Eight microliters of 
each reaction were run on 5% 

polyacrylamide gels. 
 

Data analysis 
 

Map construction and QTL analysis: 
The program MAPMAKER/EXP v.3.0 

(Lander et al., 1987; Lincoln et al., 
1992) was used to establish a genetic 
linkage map using the Kosambi 

mapping function (Kosambi, 1944; 
Causse et al., 1994; Harushima et al., 

1998; Temnykh et al., 2001). 
MAPMAKER/QTL version 1.1 was used 
to identify loci affecting quantitative 

traits on the basis of interval analysis 
(Paterson et al., 1988; Lincoln et al., 

1992). A LOD score of 3.0 was 
selected as the threshold for the 
presence of a QTL (Lander and 

Bostein, 1989). With such a threshold, 
a false positive QTL would be detected 

anywhere in the genome with a 
probability of approximately 0.05 

(Paterson et al., 1988). The 
interaction between all possible loci on 
the map was performed using QTLMap 

version 1.0 (Wang et al., 1999). To 
analyze marker-QTL association for 

each trait, single-point (single marker) 
analysis of QGene version 4.0.2 
(Nelson, 1997) was performed. 

Combined data based on QGene, 
MapMaker, and GGT (Graphical 

Genotyper) was used to analyze QTL 
maps. 
 

 
RESULTS 

 
QTL mapping for salinity tolerance 
in BC2F2 population of 

OM7347/OM5629 at seedling 
stage 

 
Two hundred and fifty three 
individuals of BC2F2 population of 

OM7347/OM5629 were used to 
identify QTLs as well as to identify 

regions associated with drought 
tolerant in OM7347 and salinity 
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tolerant in OM5629 in previous studies 
(Lang and Buu, 2011b; Lang and Buu, 

2011c). Twelve linkage groups 
representing all twelve chromosomes 
constructed were 2,447.5 cM in total 

length, with average distance of 10.69 

cM. To elucidate the genetic basis and 
physiology of traits related to salinity 

tolerance in rice, and identify 
overlapping QTLs. 
 

 

 
Table 1. Modified IRRI standard evaluation scoring (SES) system based on the 
visual symptoms of salinity stress injury of rice. 

SES Description Tolerance 

1 

 

3 

 

5 

 

7 

 

9 

Normal growth, only the old leaves show white tips 

while no symptoms on young leaves 

1. Near normal growth, but only leaf tips burn, 

few older leaves become whitish partially 

2. Growth severely retarded; most old leaves 

severely injured, few young leaves elongating 

3. Complete cessation of growth; most leaves 

dried; only few young leaves still green 

4. Almost all plants dead or dying 

Highly tolerant 

 

Tolerant 

 

Moderately tolerant 

 

Susceptible 

 

Highly susceptible 

(IRRI, 1996; Gregorio et al., 1997) 

 

Through marker analysis, there were 
many significant QTLs related to 

salinity tolerance from BC2F2. The 
QTLs were located on chromosome 1 
i.e. RM3532-RM10694; RM3740-

RM5336, and RM11125-RM9 explained 
13.33%, 30.48%, and 37.14% of 

phenotypic variance, respectively. 
QTLs located on chromosome 1 had 

large effects and explained more than 
50% of the phenotypic variance. In 
the backcross population of 

OM7347/OM5629, the QTLs related to 
salinity tolerance (EC=8 dS/m) at 

seedling stage were located on 
chromosomes 1, 6, 8, and 9 (Lang et 
al., 2000; Lang et al., 2001a; 2001b). 

LOD peaks for QTLs associated 
with salinity tolerance at seedling 

stage on chromosome 1 (RM3532-S-
RM10694; RM3740-RM5336, and 
RM11125-RM9), on chromosome 3 

(RM3867-RM6959 and RM6876-
RM4425), and on chromosome 12 

(RM453-RM511) were detected 

(Figure 1) at EC = 8 dS/m at seedling 
stage and 4 dS/m at reproductive 

stage.  
At seedling stage, the QTLs 

related to survival day and SES score 

were detected on chromosomes 1 and 
3. Three QTLs were identified within 

the intervals of RM3532-RM10694, 
RM3740-RM5336, and RM11125-RM9 

with genetic distance of 4.4, 4.5, and 
18.0 cM on chromosome 1, 
respectively. Two QTLs within the 

intervals of RM3867-RM6959 and 
RM6876-RM4425 with genetic distance 

of 4.5 and 18.0 cM on chromosome 3, 
respectively. They explained 11.41 % 
to 37.14 % of the phenotypic variation 

(Table 1). Results of plant height of 
BC2F4 lines in OM1490/IR64-Sub1 in 

conditions before and after complete 
submergence are shown in Table 2. 

At reproductive stage, 253 

individuals of the BC2F2 population 
from the OM7347/OM5629 population 

were screened under salt stress of EC 



SABRAO J. Breed. Genet. 50 (3) 344-359 

349 

 

= 4 dS/m. Yield components and grain 
yield were evaluated. The results 

showed that QTLs associated with 
salinity tolerance were mainly located 

on chromosomes 1 and 12. Three 
QTLs located within the intervals of 
RM1324-RM2412, RM1185-RM24, and 

RM1282-RM2560 on chromosome 1 
corresponded to grain yield. One QTL 

within the region of RM453-RM511 on 
chromosome 12 was detected using 

the SES (standard evaluation system 
developed by IRRI) (Table 3). 

 

 

Figure 1. QTL map for the traits related to salinity tolerance on chromosomes 1, 3 
and 12 in the BC2F2 population of OM7347/OM5629 (blue bar: survival day at 
seedling, red bar: SES score at reproductive, green bar: SES score at seedling). 

 
 

In addition, Lee et al. (2007) 
reported that salinity tolerance QTLs 
located on chromosomes 1 and 

chromosome 3 were QST01 and 
QST03, respectively. Recently, 

Thomson et al. (2010) reported that 
four QTLs related to salt tolerance 

were located on chromosomes 1, 2, 3, 
and 12. Results from the QTL mapping 
analysis showed that marker RM3532 

was tightly linked to Saltol locus (4.6 
cM) on chromosome 1. 

The lines from population BC3F4 
of OM1490/Pokkali were screened and 
evaluated under EC = 8 dS/m based 

on survival day and SES score. In 
addition, genotyping using 342 

polymorphic SSRs (Figure 2) 
facilitated more precise selection of 

progenies at the region around 200 cM 
on chromosome 1. 
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Table 2. QTLs associated with salinity tolerance in the BC2F2 population of 
OM7347/OM5629 at seedling stage (EC=8 dS/m). 

Chr. QTL 
Location 

(cM) 

CIM 

(Interval cM) 
LOD A D R2 

1 SD QTL-1 4.4 RM3252--

RM10694 

4.3 0.29 15.18 13.33 

1 SESQTL-1 18.0 RM11125-RM9 3.0 11.43 81.08 37.14 

3 SD QTL-3 4.5 RM3867-RM6959 4.6 12.56 23.67 11.41 

3 SESQTL-3 18.0 RM6876-RM445 17.1 4.85 24.50 17.40 

P < 0.05; A: Additive, D: Dominant, R2: phenotypic variance explained, Chr: chromosome; SD: 
survival day 

 

 

 

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

Figure 2. Graphical genotypes of BC3F4 backcross population of OMCS2000/Pokkali 

on chromosome 1. 
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Table 3. Data based on combined analysis of phenotype and genotype on BC2F2 
populations of OM6162//OM6162/Pokkali. 

Lines Lines 
Phenotype 
EC=8Ds/m 

Score 

OM6162 OM6162 S S 

Pokkali Pokkali 3 T 
1 BC2F2-1 3 T 
2 BC2F2-2 3 T 
3 BC2F2-3 9 S 
4 BC2F2-4 9 S 
5 BC2F2-5 9 S 
6 BC2F2-6 9 S 

7 BC2F2-7 9 S 

8 BC2F2-8 9 S 
9 BC2F2-9 9 S 
10 BC2F2-10 9 S 
11 BC2F2-11 7 S 
12 BC2F2-12 5 S 

13 BC2F2-13 5 S 
14 BC2F2-14 7 S 
15 BC2F2-15 7 S 
16 BC2F2-16 7 S 
17 BC2F2-17 9 S 
18 BC2F2-18 5 S 
19 BC2F2-19 7 S 

20 BC2F2-20 7 S 
21 BC2F2-21 7 S 
22 BC2F2-22 7 S 

23 BC2F2-23 9 S 
24 BC2F2-24 9 S 
25 BC2F2-25 9 S 
26 BC2F2-26 9 S 

27 BC2F2-27 9 S 
28 BC2F2-28 9 S 
29 BC2F2-29 9 S 
30 BC2F2-30 7 S 
31 BC2F2-31 9 S 
32 BC2F2-32 7 S 

33 BC2F2-33 5 S 
34 BC2F2-34 5 S 
35 BC2F2-35 5 S 
36 BC2F2-36 5 S 

37 BC2F2-37 5 S 
38 BC2F2-38 5 S 
39 BC2F2-39 7 S 

40 BC2F2-40 7 S 
41 BC2F2-41 7 S 
42 BC2F2-42 7 S 
43 BC2F2-43 7 S 
44 BC2F2-44 7 S 
45 BC2F2-45 7 S 
46 BC2F2-46 7 S 

47 BC2F2-47 7 S 
48 BC2F2-48 3 T 
49 BC2F2-49 7 S 
50 BC2F2-50 5 S 

Lines Lines 
Phenotype 
EC=8Ds/m 

Score 

51 BC2F2-50 7 S 
52 BC2F2-52 3 T 
53 BC2F2-53 5 S 
54 BC2F2-54 9 S 
55 BC2F2-55 9 S 
56 BC2F2-56 9 S 

57 BC2F2-57 9 S 
58 BC2F2-58 9 S 
59 BC2F2-59 9 S 

60 BC2F2-60 9 S 
61 BC2F2-61 3 T 
62 BC2F2-62 3 T 
63 BC2F2-63 7 S 

64 BC2F2-64 3 T 
65 BC2F2-65 3 T 
66 BC2F2-66 9 S 
67 BC2F2-67 3 T 
68 BC2F2-68 3 T 
69 BC2F2-69 7 S 
70 BC2F2-70 7 S 

71 BC2F2-71 3 T 
72 BC2F2-72 7 S 
73 BC2F2-73 9 S 
74 BC2F2-74 9 S 

75 BC2F2-75 9 S 
76 BC2F2-76 5 S 

77 BC2F2-77 5 S 
78 BC2F2-78 9 S 
79 BC2F2-79 5 S 
80 BC2F2-80 5 S 
81 BC2F2-81 7 S 
82 BC2F2-82 9 S 
83 BC2F2-83 9 S 

84 BC2F2-84 9 S 
85 BC2F2-85 5 S 
86 BC2F2-86 9 S 
87 BC2F2-87 9 S 
88 BC2F2-88 9 S 

89 BC2F2-89 9 S 
90 BC2F2-90 7 S 

91 BC2F2-91 9 S 
92 BC2F2-92 5 S 
93 BC2F2-93 9 S 
94 BC2F2-94 7 S 
95 BC2F2-95 7 S 
96 BC2F2-96 7 S 

97 BC2F2-97 9 S 
98 BC2F2-98 9 S 
99 BC2F2-99 9 S 
100 BC2F2-100 9 S 

S: susceptible; T: Tolerant. 
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Figure 3. Genetic map of QTL linked to salt tolerance on chromosome 8 at locus 
RM223 (Lang et al. 2000, 2001c). New markers for fine mapping were identified by 

comparative mapping using Gramene. 

Previously, a QTL linked to 

salinity tolerance was detected on 
chromosome 8 near the locus RM223 
(Lang et al., 2000, 2001c). The map 

was constructed using a RIL 
population of IR28/Doc Phung. The 

QTL which is linked to RM223 on 
chromosome 8, explained 33% of 
phenotypic variation of survival day at 

seedling stage under EC = 6 dS/m 
(Figure 3). Following information in 

the Gramene database, six new 
markers were tested in our 
segregating populations at Cuu Long 

Delta Rice Research Institute (CLRRI): 
RM23550, RM23554, RM23562, 

RM23571, RM23582, and RM23584 on 
chromosome 8 at the locus RM223. 
 

Conventional breeding and 
marker-assisted selection 

 
Salinity tolerance of OM6162/Pokkali 
population 

 

The BC2F2 population of 

OM6162/Pokkali was screened and 
evaluated under EC = 8 dS/m and 15 
dS/m at seedling stage. At EC = 

8dS/m, most of lines at seedling stage 
exhibited their survival within the 

range of 20-25 days. Out of 100 
individuals, eighteen segregants 
survived after 27-30 days, which 

indicates good tolerance to salinity.  
At EC= 15 dS/m, most of lines 

did not survive. Of 100 individuals, six 
segregants had the same survival rate 
as tolerant check i.e. BC2F2-1, BC2F2-

60, BC2F2-61, BC2F2-63, BC2F2-64, and 
BC2F2-66. 

 
Salinity tolerance of 
OMCS2000/Pokkali population 

 
At EC = 8dS/m, four lines at seedling 

stage had a SES score of 1. Out of 50 
lines, only three lines as BC3F2-4, 
BC3F2-9 and BC2F3-12 exhibited SD of 

27 days. At EC = 15 dS/m, there was 
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only one lines i.e. BC3F2-4, which had 
the same SD as the tolerant check. 

Salinity tolerance of OM1490/Pokkali 
 

At EC = 8dS/m, of 53 lines, three 
progenies exhibited high tolerance to 
salt stress with their SES score of 1 

and SD of 27 days. They were 
selected as promising genotypes i.e. 

BC3F2-10, BC3F2-37, and BC3F2-40.  
At EC= 15dS/m, two lines 

exhibited high SD namely BC3F2-10 

and BC3F2-40 with the survival 
percentage of 65.0% and 41.9%, 

respectively, after 20 days. 
 
Marker-assisted selection 

 
Major QTLs for salinity tolerance 

(including Saltol) was mapped on 
chromosome 1 and chromosome 8 

(Lang 1999, Lang 2001). RM223 was 
linked to salt tolerance at the position 
6.3 cM on chromosome 8 at 

vegetative stage under EC = 10 dS.m-

1 from F3 population of IR28/Doc 

Phung (Lang et al., 1999). Table 1 and 
2 indicated that RM3252-S1-1 on 
chromosome 1; RM3867, RM6959 on 

chromosome 3 also to be used for 
marker-assisted selection. 

 
Progeny selection from 
OM6162/Pokkali population 

 
PCR products at the locus RM3252-1-1 

on chromosome 1 among 100 lines of 
BC2F2 derived from OM6162/Pokkali in 
agarose gel (3%) indicated that two 

bands of alleles were addressed at 
220 bp and 230 bp corresponding to 

Pokkali and OM6162, respectively 
(Figure 3). Of 100 lines, eight 
segregants in BC2F2 population 

exhibited Saltol QTLs (Lines: 1, 47, 
51, 60, 61, 63, 64, and 66). The six 

phenotypes under Yoshida solution 
test as BC2F2-1, BC2F2-60, BC2F2-61, 

BC2F2-63, BC2F2-64, and BC2F2-66 
were noticed among the eight lines. 

Figures 4 and 5 showed the 
amplification of RM223 on 

chromosome 8, with two allele sizes of 
200 bp and 220 bp corresponding to 
Pokkali and OM6162, respectively. 

Once again, the six lines BC2F2-1, 
BC2F2-60, BC2F2-61, BC2F2-63, BC2F2-

64, and BC2F2-66 inherited their 
salinity tolerance QTLs from Pokkali. 
There were 57% heterozygous 

segregants. 
PCR products at the locus 

RM3252-1-1 on chromosome 1 among 
50 lines of BC3F2 derived from 
OMCS2000/Pokkali revealed that two 

alleles (200 bp and 230 bp) 
corresponding to Pokkali and 

OMCS2000, respectively. Of 50 lines, 
five segregants in the BC3F2 

population exhibited salinity tolerance 
(lines 4, 5, 9, 20, and 46). The 
heterozygous alleles were observed 

for lines 19, 29, and 43, which meant 
that most of them were homozygous 

and were selected (Figure 6). 
PCR products at the locus 

RM223 on chromosome 8 among 50 

lines of BC3F2 derived from 
OMCS2000/Pokkali revealed that two 

marker alleles (200 bp and 220 bp) 
corresponded to OMCS2000 and 
Pokkali, respectively. Four segregants 

in the BC3F2 population exhibited 
Saltol QTLs as 4, 7, 9, and 12. Two 

lines i.e. 4 and 9 based on both two 
markers were considered for further 
breeding. They are corresponded to 

BC3F2-4 and BC3F2-9. 
PCR products at the locus 

RM3252-1-1 on chromosome 1 among 
53 lines of BC3F2 derived from 
OM1490/Pokkali revealed that two 

bands of alleles (220 bp and 230 bp) 
corresponded to Pokkali and OM1490, 

respectively (Figure 7). On 
chromosome 3, two bands of alleles 
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separated 200 bp (Pokkali) from 220 
bp (OM1490) at the RM223 locus. Of 

53 lines, three genotypes had the 
same allele as Pokkali at both loci 
RM3252-1-1 and RM223, i.e. BC3F2-

10, BC3F2-37, and BC3F2-40 (Figure 8). 
 

 
DISCUSSION 
 

Development of rice varieties tolerant 
to salinity, high-yielding, and good 

quality are essential for poor farmers 
in saline conditions in the Mekong 
Delta, Vietnam. The purpose of this 

experiment was to develop rice 
varieties tolerant to salinity on the 

basis of a combination of two breeding 
methods by molecular markers and 
backcrossing. Our results confirmed 

the major QTL Saltol associated with 
salt tolerance at the seedling stage, 

which was mapped on chromosome 1 

in rice on OM7347/OM5629 (at EC= 
8dSm). Genotyping was performed 

using three advanced backcross 
populations were developed as BC2F2 
of OM6162/Pokkali (100 lines), BC3F2 

of OMCS2000/Pokkali (50 lines), and 
BC3F2 population of OM1490/Pokkali 

(53 lines) to select for salinity 
tolerance. Their phenotypes were 
evaluated at seedling and reproductive 

stages. Marker-assisted selection was 
applied to identify promising lines 

using the SSR markers RM3252-S1-1 
and RM223.  

Using co-dominant DNA 

markers, it is possible to fix specific 
alleles in their homozygous state in 

the BC2F2 or BC3F2 generation. For 
salinity tolerance in the 
OM6162/Pokkali population at EC = 

8dS/m, most of lines at seedling stage 
exhibited their survival within the 

range of 20-25 days. 
 

 

Figure 4. PCR products at the locus RM3252-on chromosome 1 among 100 lines of 
BC2F2 derived from OM6162/Pokkali in agarose gel 3% P1: OM6162; P2: Pokkali; 1-
100: BC2F2 of OM6162/Pokkali. 

  

 

230 bp 

220 bp 



SABRAO J. Breed. Genet. 50 (3) 344-359 

355 

 

 

200 bp 

220 bp 

Figure 5. PCR products at the locus RM223 on chromosome 8 among 100 lines of 
BC2F2 derived from OM6162/Pokkali in agarose gel 3% P1: OM6162; P2: Pokkali; 1-
100: BC2F2 of OM6162/Pokkali. 

 
Progeny selection of OMCS2000/Pokkali 

 

Figure 6. PCR products at the locus RM3252-1-1 on chromosome 1 (left) and 

RM223 on chromosome 8 (right) among 50 lines of BC3F2 derived from 
OMCS2000/Pokkali in agarose gel 3%. [M: ladder; 1: OMCS2000; 2: Pokkali; 1-50: 
individuals of BC3F2 population]. 
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Figure 7. PCR products at the locus RM3252 on chromosome 1 among 53 lines of 
BC3F2 derived from OMCS1490/Pokkali in agarose gel 3%. [M: ladder; 1: OM1490; 

2: Pokkali; 1-53: individuals of BC3F2 population]. 

 

 

 

 

Figure 8. PCR products at the locus RM223 on chromosome 8 among 53 lines of 
BC3F2 derived from OMCS1490/Pokkali in agarose gel 3%. [M: ladder; 1: OM1490; 

2: Pokkali; 1-53: individuals of BC3F2 population]. 
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Of 100 individuals, 18 segregants 
offered their SD of 27-30 days, which 

means good tolerance to salinity. At 
EC= 15 dS/m, out of 100 individuals, 

six segregants had the same SD as 
tolerant check i.e. BC2F2-1, BC2F2-60, 
BC2F2-61, BC2F2-63, BC2F2-64, and 

BC2F2-66 lines. Regarding salinity 
tolerance for the OMCS2000/Pokkali 

population, only three lines as BC3F2-
4, BC3F2-9, and BC2F3-12 exhibited SD 
of 27 days at EC=8dS/m and only one 

line i.e. BC3F2-4, which had the same 
level of tolerance as the tolerant check 

at 15 EC=15dS/m. 
Regarding salinity tolerance of 

the OM1490/Pokkali population there 

were 3 lines which were selected at EC 
= 8dS/m. Out of 53 lines and at EC= 

15dS/m, two lines exhibited their high 
survival days namely BC3F2-10 and 

BC3F2-40 with survivals of 65.0% and 
41.9%, respectively, after 20 days. 

All of these lines have 

introgressions from Pokkali conferring 
salinity tolerance. This is an 

opportunity to breed for new rice 
varieties with salinity tolerance in 
Vietnam. A total of 11 new breeding 

lines showed similar salinity tolerance 
as Pokkali, but with desirable 

agronomic characters. Our study 
demonstrates the usefulness of SSR 
markers for marker-assisted selection. 
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