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We evaluated the seedling-stage salt tolerance of a total of 50 indigenous rice genotypes from coastal Tamil
Nadu. Using a hydroponic system, we studied the different agronomic characters 14 days after exposure to six
different concentrations of saline solution. Shoot and root length as well as plant biomass at seedling stage
decreased with increasing salinity. Genotypes showing significant interaction and differential response towards
salinity were assessed at the molecular level using 20 simple sequence repeat (SSR) markers linked with salt-
tolerance QTL. These genotypes were grouped into eleven clusters based on molecular diversity analysis and

QTL eight clusters based on D2 statistical analysis. We found wide genetic distance among the genotypes studied.
Simple correlation analysis revealed highly significant associations among the traits studied. The combination of
morphological findings and molecular assessment revealed better salt-tolerance in a few genotypes viz. Kuzhi
adichan, Poonkar, Kallundai, and Sornamugi.

Introduction

Rice, a staple food for more than three billion people worlds over
[29, 41, 69] belongs to the genus Oryza of the family Poaceae. Consisting
of two cultivated species, O. sativa and O. glaberrima, and 22 wild spe-
cies, Oryza is a large genus of predominantly tropical aquatic or
semi-aquatic grasses. O. sativa is grown worldwide, while O. glaberrima
is mostly confined to West Africa [39, 79, 82]. Domesticated since early
Holocene (~10000 cal years before present), rice cultivation has led to
cultivar diversity through phenotypic selection [8, 56] for desirable
characters such as grain yield and grain quality [51, 62]. Being widely
cultivated, adaptive evolution of rice cultivars over thousands of years
has distributed them over wide range of environs, such as deep water to
montane ecologies [27, 74].

Being one of the primary centers of origin, India is bestowed with
wide diversity of rice landraces, wild congeners and modern cultivars
[52, 71]. Estimated between 75000 to 100000, the number of indige-
nous landraces in India has shrunk over time [85], although a consid-
erable portion is still conserved for a variety of reasons [46]. In areas of

* Corresponding author at: Lin’an, Hangzhou, 311300, Zhejiang Province, P.
E-mail addresses: ramky@zafu.edu.cn, ramky@njfu.edu.cn (R. Muthusamy).

https://doi.org/10.1016/j.btre.2021.e00666

conservation, farmers cherish profound knowledge of landraces such as
their uses, properties and peculiarities [10]. In Tamil Nadu, popularly
called as the ‘rice granary of South India’, there were about 400 tradi-
tional landraces in vogue since olden times, which are still extant and
used in households [67]. These landraces brandish several features such
as pest and disease resistance (Sigappu Kuruvikar) and tolerance to flood
(Samba Mosanam), drought (Vadan Samba) and salt (Kalarpalai). Some
others are suitable for special uses such as fodder and thatching (Kul-
lakar), stamina boosters (Mappillai Samba) and for medicinal uses
(Pitchavarii, Navara and Neelan Samba). Understanding their impor-
tance, most of these landraces are now conserved in gene banks across
the India, so that they are not destroyed due to climatic vagaries and
catastrophes [54].

The practicality of conservation of specialty rice is particularly
realized during disasters such as tsunamis, floods, cyclones, etc. when
conventional cultivars fail to save the situation. For instance, when the
coastal Tamil Nadu was devastated by the Indian Ocean tsunami on 26
December 2004, the salt water ingression from the bay has destroyed
most of the standing crops in the affected region. The relief process could
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accommodate only certain traditional landraces which came to the
rescue of farmers. However, soil salinization continues to happen even
without disasters along the coastal as well as inlands of India, due to
poor quality of irrigation water. Globally, rising salinization limits rice
production significantly in those areas, which according to an estimate,
accounts for about 33% of irrigated land [12, 64, 70].

Rice is sensitive to salt buildup in the soil, particularly during
seedling and reproductive stages. Although seedling stage tolerance can
support plants to establish under saline soils, the reproductive stage
tolerance is essential for realizing yield under salt stress [88]. Compar-
atively, seedling phase is recognized as the most critical stage to salt
stress [63, 65, 75], than the termianl phase. Although, several studies
have examined the seedling stage salt tolerance [6, 14, 21, 22, 24, 26,
31, 38, 771, arecent review by Ganie et al. [18] concludes that only few
studies are available towards identification of rice genotypes for seed-
ling and reproductive stage salinity tolerance. As the first step towards
this, it is essential to understand the variability and diversity of geno-
types at the seedling stage [28, 78, 86, 87], and then to proceed for
screening for reproductive stage salt tolerance.

Analysis of genetic diversity, once possible only by the use of
phenotypic traits, was eased by the advent of molecular markers.
However, use of morphological characters in the classification of rice
accessions has particularly been felt cumbersome because of the in-
efficiency of the technique [5, 80]. This emphasizes the utility of mo-
lecular markers in such studies, especially when the trait in question has
no significant morphological diversity associated with such as salt
tolerance. Among the DNA based markers, PCR based systems such as
simple sequence repeat (SSR), hold high promise in genetic mapping,
diversity profiling as well as in marker-assisted selection [2, 16, 68].
Several marker systems including SSRs have extensively been used in
mapping seedling stage salt tolerance in rice, which has resulted in the
discovery of a prominent QTL, Saltol on chromososme 1. Babu et al. [7]
elucidated the haplotype diversity using 20 QTL linked SSR markers
distributed across the Saltol region, which resulted in identification of a
highly conserved set of markers associated with Saltol, such as RM 8094,
RM 3412 and RM 493. Several other studies also have emphasized the
significance of these Saltol markers as candidates for marker-assisted
selection [3, 17, 30, 35, 48]. In order to identify other genomic re-
gions, particularly related to reproductive stage salt tolerance many
studies have employed different approaches and across many genotypes
[63, 66, 13, 1, 60].

In the present study, we have examined a set of rice landraces,
hitherto unexplored, collected from coastal areas of Tamil Nadu for the
seedling stage salt tolerance under salinity conditions to estimate the
extent of their genetic diversity. The aim was to characterize their salt
tolerance and to identify the allelic diversity as well as to assess the
extent of association with the seedling characters.

Materials and methods
Plant materials and collection site

Forty-seven traditional rice landraces (Table 1) collected from
farmers located around Thiruthuraipoondi were used in the study.
Thiruthuraipoondi is a coastal town in the Coromandel coast of India,
belonging to Tiruvarur district of Tamil Nadu. Located in the headland
into the Bay of Bengal close to Point Calimere, the collection site is
spread around the geocoordinates of 10.53°N and 79.65°E, 4 m above
mean sea level. The site spans into two districts of Thiruvarur and
Nagapattinam and is characterized by saline rich soils due to sea water
ingression. Further, areas closer to the Bay suffered damages of 2004
Indian Ocean Tsunami, that had sent large volume of seawater inland.
Soil types at the collection site were predominantly coastal alluvium and
red loam. Three cultivars, CSR10, TRY1 (tolerant) and IR64 (sensitive)
were also included in the study.
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Table 1
Details of 50 traditional rice genotypes collected from farmers of coastal Thir-
uthuraipoondi, Tamil Nadu, India used for the analysis of salt tolerance.

SL. No Code Genotypes SL. No Code Genotypes

1 Gl Sivapu Kavuni 26 G26 Marathondi

2 G2 Selam Samba 27 G27 Sornamugi

3 G3 Valan 28 G28 Kalundai

4 G4 Arupatham Kuruvai 29 G29 Boommi

5 G5 Karudan Samba 30 G30 Karuvachi

6 G6 Navara 31 G31 Poonkar

7 G7 Karunkuruvai 32 G32 Kattu Yanam

8 G8 Kalan Namak 33 G33 Karupu Kavuni
9 G9 Seeraga Samba 34 G34 Kuzhi Adichan
10 G10 Milagu Samba 35 G35 Mapillai Samba
11 G11 Kaivarai Samba 36 G36 Athur Kichadi
12 Gl2 Kudaivazhai 37 G37 Manjal Pooni
13 G13 Rajamudi 38 G38 Illapai Poo Samba
14 G14 Pal Kudaivazhai 39 G39 Sorna Masuri
15 G15 Chinnar 40 G40 Kichadi Samba
16 Gl6 Ottadam 41 G41 Mysore Malli
17 G17 Vadan Samba 42 G42 Kullakar

18 G18 Sinkini Kar 43 G43 Perunkar

19 G19 Thulasi Vasam 44 G44 Thooyamalli
20 G20 Kanda Sali 45 G45 Basumathi

21 G21 Raja Mannar 46 G46 Soor Kuruvai
22 G22 Thanga Samba 47 G47 Kattupooni

23 G23 Neelanj Samba 48 G48 Csr10

24 G24 Kothamali Samba 49 G49 Tryl

25 G25 Koondukar 50 G50 Ir64

Phenotypic screening for salt tolerance

The salt stress experiments were conducted at Department of Ge-
netics and Plant Breeding, Faculty of Agriculture, Annamalai University,
Chidambaram, Tamil Nadu, India. The rice seeds were surface sterilized
with 0.1% sodium hypochlorite or 70 % ethanol for 30 s andwashed
repeatedly with sterile water and placed on germination paper and
incubated at 27°C for 48 hours to germinate. To prevent damage to the
pre-germinated seeds, they were kept loosely covered until transferred
to polystyrene foam floats lines with a nylon net at the bottom. Prior to
this, the floats were punched with 15mm diameter holes in a matrix of 8
x 12. The floats with seedlings were allowed to float over Yoshida
nutrient solution [83] filled in a plastic crate. For preparing the Yoshida
nutrient solution, the stocks containing macro and micronutrients were
prepared initially. The culture solution was constituted by taking 1.25
ml of stock in one litter water and adjusting the pH to 5.0-5.1 daily. The
culture solutions were replaced at weekly intervals. Salt stress was
imposed on the gth day after sowing by adding NaCl into Yoshida
nutrient solution to make anelectrical conductivity (EC) of 4 dsm!in
the beginning and is slowly raised to 7, 10, 13 and 16 dSm™! by 14
days, which is maintained until final scoring. All 50 rice accessions were
raised separately using such a hydroponic system, under normal (un-
stressed) and saline (stressed) conditions. Three cultivars, IR64 (sensi-
tive), CSR10 and TRY1 (highly tolerant) were used as checks, and three
replications were maintained.

Phenotyping for salt tolerance

To monitor various traits associated with salt-tolerance, observations
were recorded on both salt-stressed and unstressed plants after exposing
for 21 days of salt stress in the hydroponic system. The length of the root
of each plant was measured and recorded in cm. The length of the shoot
of each plant was measured and recorded in cm. Germination percent-
age was estimated as the number of seeds germinated out of the total
number of seeds sown. Seedling vigor was expressed by the total length
of the seedling multiplied with germination percentage. Seedlings were
dried using a microwave oven and the dry weight was recorded in grams
for each plant of the seedling collected, using a microwave oven to dry
the seedlings, and was expressed in grams
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Molecular analysis

Isolation of genomic DNA and quantification

Leaf tissue samples (2 g) from young, fresh, 10-15 days old leaves
were collected and immediately stored at -20°C. A modified CTAB
method (CTAB, (2% (w/v) CTAB; 20 mM EDTA, pH 8.0; 100 mM
Tris-HCI, pH 8.0; 1.4 M NaCl); CTAB/NacCl solution (10% (w/v) CTAB;
0.7 M NaCl mixed at 65°C with stirring); TE buffer (10 mM Tris-HCl, pH
8.0; 1.0 mM EDTA, pH 8.0), chloroform:isoamyl alcohol (24:1, v/v), iso-
propanol, 70% ethanol,2-mercaptoethanol (2ME), liquid nitrogen, so-
dium acetate and RNase) was used to isolate the genomic DNA from the
leaf samples [15]. Then, purity of the DNA was tested by running the
extracted genomic DNA samples on 0.8% agarose gel stained with
6ul/100ml ethidium bromide in 1 x TBE (Tris base, Boric acid, 0.5M
EDTA) gel buffer. The gels were visualized and photographed under UV
light (VilberLourmat, France). For spectrophotometric analysis, five pl
of DNA was diluted to 3.0 ml of TE buffer. The spectrophotometer
readings were recorded at 260 and 280 nm. DNA concentration was
calculated using OD values at 260 nm.

Simple sequence repeats marker analysis

Twenty SSR markers spanning about 5.6 Mbp on chromosomes 1 and
6 were reported to be associated with salt tolerance in several previous
investigations [3, 76]. These 20 QTL linked and unlinked SSR markers
were used for the analysis of population structure were used in this
study. Out of 20 SSR markers, five were located around the Saltol region
of chromosome 1 [33]. The SSR primer sequences are given in Supple-
mentary Table S1. Primers were synthesized using the services of M/S
Eurofins Genomics India Pvt. Ltd. Chennai.

Polymerase chain reaction using simple sequence repeat markers

Polymerase chain reaction (PCR) amplifications were performed in a
reaction volume of 10 pl containing 1 pl of genomic DNA (25 ng/pl) as
template, 1.0 pl each of forward and reverse primers (10 ng/pl), 1 pl of
dNTPs (10 mM), 0.5 units of Taq DNA polymerase, 1.0 pL of 10X PCR
buffer and the rest was milliQ water. After initial denaturation at 94°C
for 3 min, PCRs were run for 30 cycles with a denaturation step of 1 min
at 94°C, annealing for 1 min at 55-60°C, and extension at 72°C for 2 min.
A final extension was followed at 72°C for 10 min. The amplified PCR
products (10 pl) were run on 1.5% (w/v) agarose gel at 120 Vin 1 X TBE
buffer. The size of the fragments was estimated using a 100 bp ladder
(Genei, Bangalore) as size marker. The gels were photographed using the
Gel Documentation System (VilberLourmat, France). All PCR reactions
were done in triplicate to ensure the reproducibility and reliability of the
results. Only highly reproducible and polymorphic primers were
included in the study.

Allele scoring

Qualitative multistate traits that depict an array of characters were
converted into binary characters [73] based on the variations present.
Only clear and unambiguous bands were scored. Markers were scored
based on the size of the marker of the corresponding band among the
accessions.

Genetic diversity

The genetic diversity of the fifty genotypes was determined from the
polymorphic molecular marker pattern by estimating the genetic dis-
tance using the DICE dissimilarity coefficient. Cluster analysis was
performed on a dissimilarity matrix of simple matching coefficients
using the unweighted neighbor-joining algorithm, DARwin version
5.0.158 [55] with 7000 permutations. The variances and the corre-
sponding standard errors of the mean were computed from the de-
viations of the individual values [53].
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Marker statistics

For a set of accessions, genetic diversity parameters such as the
number of alleles per locus, allele frequency, heterozygosity and PIC
values were estimated using the POWERMARKER Version 3.25 [40, 81].
SSR allelic composition for each genotype at every marker locus was
determined by counting the number of alleles per locus and the allele
frequencies, and the PIC values were determined using the formula

k—1

PIC = <1— i,ﬁ) znzﬁl—z izpﬁpj

i—1 i—1 =i+l
where k is the number of alleles, Pi and Pj are frequency of the i-th and j-
th alleles in the population, respectively [09]. Allele frequency repre-
sents the frequency of a particular allele for each marker. Heterozygosity
is the proportion of heterozygous individuals in the population, and PIC
value that represents the amount of polymorphism within a population
was estimated based on the Botstein et al. [9].

Haplotyping Saltol marker

The haplotype diversity analysis of SalTol QTL-linked markers was
done according to McCartney et al. [45], taking CSR10 and IR 64 as
reference alleles for tolerance and susceptibility, respectively.

Results
Ranking of genotypes

The ranking of genotypes was done separately for saline induced and
normal situations. Genotypes were ranked based on their highest
contribution of characters towards genetic diversity, as suggested by
Zeng et al. [84].

Ranking for six seedling characters viz., shoot length, root length,
total seedling length, dry matter production and seedling vigor was
calculated. In our experiments, characters studied along with their
contribution to total divergence indicated that the contribution of dry
matter production was highest, followed by root length, seedling vigour
and shoot length under stress conditions. Hence, these characters - dry
matter production, shoot length or seedling vigor - could be taken as
selection index based on per se performance in both stress and normal
conditions. This method of ranking could be effective in the isolation of
genotypes with more appropriation rather than the commonly employed
method of using per se performance and critical difference value without
considering the magnitude of contribution of individual traits towards
total genetic divergence.

Genetic divergence based on Tocher's method

Genetic divergence is considered the basis of any crop improvement
programme to select parents with more diversity. The genotypes
selected under different ecological and agro-climatic conditions are
likely to represent a different set of gene complexes even for the same
level of mean performance. Among several methods of multivariate
analysis for the study of saline related seedling characters, genotypes are
measured for genetic divergence between the populations. Mahalanobis
D? statistics [43] have been very effective and useful in selecting ge-
notypes for stress tolerance. The method permits precise comparison
among all possible pairs of a population in any given group of genotypes.

The genetic divergence of the 50 genotypes grown under salt stress
ranged from 0.00 to 143.37 and under normal conditions it ranged from
0.00 to 20.85. This indicates that a sufficient amount of genetic diver-
gence had occurred among the genotypes studied.

Using Tocher’s method [59], the 50 genotypes were grouped into
eight clusters under saline conditions and only two clusters under
normal condition. The larger number of clusters in saline condition,
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indicate the influence of genetic divergence on stress response.

The number of genotypes in different clusters in both situations also
varied. The Clusters IV, V, VI, VII, and VIII under saline conditions,
consisted of only 2 genotypes each. The low number of genotypes in
these clusters is due to some barriers such as selection for diverse
adaptive gene complexes. Under normal conditions, cluster II consists of
49 genotypes and cluster I was monogenotypic. The clustering pattern of
rice genotypes indigenous to different geographical locations suggests
that geographical distribution does not necessarily determine genetic
divergence. Other researchers have also emphasized this [61, 72].

Molecular diversity of simple sequence repeats markers linked with salt
tolerance

Twenty SSR markers tightly linked with salt-tolerant QTLs present on
chromosome one and six were used for screening 50 genotypes of rice
landraces. Two SSR markers, viz.RM336 and RM8007, did not give any
amplification, and RM513 marker amplification was monomorphic. The
rest of the 17 SSR markers produced proper polymorphic amplicons in
50 genotypes. Alleles generated by 17 SSR markers revealed consistently
well-resolved and reproducible alleles with clear allele patterns among
all the 50 rice genotypes (Supplementary Fig. S1).

A total of 43 alleles was recorded in 17 polymorphic SSR markers in
the 50 accessions studied (Table 2). The number of microsatellite alleles
of the markers ranged between two (RM5365, RM6711, RM10825,
RM10843) and five (RM8053) alleles with an average of 2.70 alleles per
locus. Marker RM10825 had the lowest amplicon size (80-90 bp) and
RM493 the highest amplicon size (300 bp). PIC values varied from 0.25
to 0.53 with an average of 0.3665. RM1287 had the highest value, while
RM10843 had the lowest PIC value. The allelic frequencies of major
alleles of these 17 marker loci ranged from 0.82 (RM10843) to 0.47
(RM483). Heterozygosity ranged from 0.800 (RM7075, RM493, RM483)
to 0.00 (RM10843, RM10864) with an average of 0.0341. A 100 percent
homozygosity was noticed in five marker loci. Expected genetic di-
versity varied from 0.59 (RM1287) to 0.28 (RM10843) with the mean
value of 0.0346.

The marker index (MI) was lowest for RM562 (0.77) and highest for
RM8094 (1.92). The SSR marker RM483 was the best in this analysis
based on PIC coupled with MI value, followed by RM1287 and RM8046.
Higher PIC with higher MI value indicates that all these primers are
capable of distinguishing salt tolerance among genotypes.

Table 2
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Clustering analysis for simple sequence repeat markers

Clustering analysis based on the unweighted pair group with arith-
metic mean (UPGMA) using DARwin with Euclidean distance matrix,
the 50 rice genotypes were grouped into 11clusters (Fig. 1 and Table 3).
The dendrogram based on UPGMA grouped the 50 genotypes that were
demarcated at a similarity coefficient of 0.50. Cluster I was the largest
with thirteen genotypes followed by cluster II with eight genotypes and
cluster V with six genotypes. The dendrogram revealed that the geno-
types originated from different groups, indicating non-parallelism of
genetic diversity between genotypes from different geographical ori-
gins. Maximum inter-cluster distance was observed between the clusters
IT and VIII followed by clusters II and IV and cluster IV and VIII under
saline situation.

The genotypes Sornamugi, Ottadam, Poongar, Kalundai and Raja-
mudi are always grouped with CSR10 and TRY1 (tolerant check) in the
same cluster. This suggests that these four genotypes should be consid-
ered as salt-tolerant genotypes.

Cluster distance

Cluster analysis grouped the fifty accessions into eight clusters with
considerable variation in the morphological properties. Maximum intra-
cluster distance was observed in cluster VII which comprises of two
genotypes under stress condition. This indicated high divergence among
the genotypes within the cluster. Minimum inter-cluster distance was
noticed between cluster I and VI and I and VIII under saline condition,
indicating that the genotypes in these clusters might have evolved by
similar evolutionary process.

The genotypes found in different clusters under saline situation fall
into the same clusters in normal condition. The genotypes which
recorded high per se performance with maximum inter-cluster distance
under saline condition was selected for further improvement. Based on
the present study, five genotypes, Kalundai, Poongar, Kuzhiadichan,
Rajamudi and Vadan Samba, were selected from different clusters
considering the intra and inter cluster distance along with high per se
performance. Improvement of these genotypes would lead to greater
opportunity for maximum utilization and exploitation of saline toler-
ance. These could also be used as donors for of favorable genes in ruling
rice genotypes either through recombination or through heterosis
breeding.

List of 17 simple sequence repeat (SSR) markers (tightly linked with salt-tolerant quantitative trait loci (QTLs) that present on Saltol regions of rice chromosome) with
major allele frequency, allele no, gene diversity, heterozygosity and polymorphism information content (PIC) value, used for the analysis 50 traditional rice genotypes

at the seedling stage for salt tolerance under salinity conditions.

S. No Marker Major allele Allele Gene Heterozygosity PIC
frequency No diversity
1 RM3412 0.7100 3.0000 0.4143 0.0200 0.3486
2 RM483 0.4700 4.0000 0.5855 0.0800 0.5138
3 RM493 0.5400 3.0000 0.5049 0.0800 0.4011
4 RM562 0.6100 4.0000 0.5527 0.0200 0.5145
5 RM1287 0.5400 3.0000 0.5907 0.0400 0.5350
6 RM5365 0.8100 2.0000 0.3022 0.0600 0.2604
7 RM6711 0.7600 2.0000 0.3579 0.0400 0.2983
8 RM7075 0.6600 3.0000 0.4971 0.0800 0.4542
9 RM8046 0.8100 2.0000 0.3018 0.0200 0.2604
10 RM8115 0.7800 3.0000 0.3442 0.0000 0.3020
11 RM10720 0.5600 2.0000 0.4829 0.0000 0.3714
12 RM10825 0.5400 2.0000 0.4869 0.0000 0.3734
13 RM10843 0.8200 2.0000 0.2897 0.0400 0.2516
14 RM10864 0.7000 2.0000 0.4116 0.0000 0.3318
15 RM10871 0.8000 2.0000 0.3136 0.0000 0.2688
16 RM8053 0.7100 5.0000 0.4369 0.0400 0.3943
17 RM8094 0.6500 2.0000 0.4465 0.0600 0.3515
Mean 0.6747 2.7059 0.4306 0.0341 0.3665
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Fig. 1. Dendrogram based on simple sequence repeat (SSR) markers tightly linked with salt-tolerant quantitative trait loci (QTLs) that present on Saltol regions of rice
chromosome one and six, alleles profile among 50 indigenous genotypes collected from farmers of coastal Thiruthuraipoondi, Tamil Nadu, India.

Table 3

Details of 50 traditional rice genotypes clusters produced by 17 simple sequence
repeat (SSR) markers tightly linked with salt-tolerant quantitative trait loci
(QTLs) that present on Saltol regions of rice chromosome using the unweighted
pair group with arithmetic mean (UPGMA) method.

Cluster Number of Name of the Genotype

Number Genotypes

1(a) 5 CSR10, Sornamugi, ottadam, poonkar and
kalundai

1(b) 7 Seeraga samba, Kalan namak, Thulasi vasam,
Kuzhi Adichan, Navara, Kichadi Samba and
Karunkuruvai

I 8 Chinnar, Pal kudaivazhai, Mysore malli,
Karuvachi, Perunkar, Mappilai Samba, Karudan
samba and Arupatham kuruvai

I 1 Kandasali

I\ 3 Basumathi, sinkinikar and karupukavuni

A% 6 Athur kichadi, Thanga samba, Thooyamalli,
Sorna masuri, Kothamali Samba and Boomi

VI 3 Kudaivazhai, Valan and Milagu samba

Vil 4 Marathondi, Koondukar, Kattu ponni and
Kattuyanam

VIIL 4 Selam samba, Sivapu kavuni, IR64 and Neelaj
samba

X 1 Manjal pooni

X 2 TRY1, Rajamudi

XI 1 Soor kuruvai

Molecular diversity and haplotype analysis of SalTol

In the present study of 50 genotypes, out of 20 SSR markers, 17
markers showed polymorphism, which spanned around 3Mbp in the
different salt-tolerant regions on chromosome 1. Because of the large
size of saltol region based on CSR10, it is challenging to conserve hap-
lotypes among the rice gene pool. The markers used were, as expected,
found to be highly polymorphic among 50 rice genotypes screened,
Fig. 2 and Fig. 3, indicate that saltol haplotype is not well conserved
across rice gene pool.

Discussion

Rice is a crop that is most sensitive to salinity stress at the seedling
and reproductive stages [25, 28, 50, 57]. A quick way to screen for and
select stress-tolerant genotypes is to survey diversity in the gene pool [4,
11, 49]. Wild rice varieties denote enormous genetic diversity and
different molecular functions for many agronomic traits [37]. For
example, only one QTL was major, and 22 QTLs were minor contributing
significantly in the phenotypic variation of salt tolerance traits among
the rice recombinant inbred lines (RILs) [44]. However, traditional rice
varieties of coastal area in TamilNadu, India are distinct regarding their
phenotypic response to salinity. Using these accessions, we can identify
more suitable QTLs for salinity tolerance to introgress into high yield
rice varieties. Therefore, we screened a set of 50 rice accessions
comprising salt-tolerant breeding lines, high yielding varieties, and
salt-tolerant landraces using a hydroponic system in laboratory condi-
tions at different salinity levels of 0, 4, 7, 13, 16 dsm~ L.

Previous studies, which considered only the salt tolerance index, had
suggested that none of the genotypes could be selected as tolerant for
most of the characters studied. However, considering the per se and
highest contribution of the genotypes under stress and normal condi-
tions, we see that Kuzhiadican, Poongar and Sornamugi are the most
tolerant genotypes at the seedling stage.

Wide variations in standard evaluation system (SES) scores from 1 to
9 were observed from the 21 days onwards till the 7th day after of
salinization. Based on salinity scores recorded, the 50 rice accessions
were divided into five groups, including 7 highly tolerant, 8 tolerant, 15
moderately tolerant, 14 susceptible and 6 highly susceptible accessions.
The normal distribution of salinity score, observed in the 50 rice ac-
cessions used in this experiment, is suggestive of the polygenic nature of
the trait, thus confirming earlier findings [14, 20, 34, 42, 47].

The present investigation revealed 17 SSR markers, and 43 alleles in
the 50 genotypes. Among these markers, the number of alleles per locus
varied between two and five, with an average of 2.7059 per locus. This
low number of alleles per locus, indicates low diversity among geno-
types, as has been reported earlier [58].

The PIC values of the 50 rice accessions studied ranged from 0.2516
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Fig. 2. Haplotypes of simple sequence repeat (SSR) markers tightly linked with salt-tolerant quantitative trait loci (QTLs) that present on Saltol regions of rice
chromosome one and six in 50 rice genotypes collected from farmers of coastal Thiruthuraipoondi, Tamil Nadu, India. Numbers G1-G50 represent different rice

genotypes as defined in Table 1.

MARKERS

RM10825

RM10720

RM10871

RM10843

Kalundai.

1.CSR10, Illapai poo samba, Sorna masuri, Mysoremalli, Perunkar and Soor kuruvai. 2. Basumathi, TRY1, Thooyamali, Kichadi samba,
Kullakar and Manjal pooni. 3. IR64. 4. Marathondi. 5. Sornamugi. 6. Thulasi vasam, Seeraga samba, Vadan samba, Sinkinikar, rajamudi and
Selam samba. 7. Kattu yanam, Poonkar and Ottadam. 8. Sivapu kavuni and Arupatham kuruvai. 9. Kanda Sali, Kudaivazhai, Valan,
Kothamali samba, Koondukar, Karuvachi, Chinnar, Kaivarai samba and Raja mannar. 10. Pal kudaivazhai. 11. Kuzhi adichan and Thanga
samba. 12. Mapillai samba, Karudan samba, Karunkuruvai, Navara, Neelanj samba, Milagu samba, Karupu kavuni, Athur kichadi, Boomi and

Fig. 3. Twelve rice haplotypes produced by key simple sequence repeat (SSR) markers tightly linked with salt-tolerant quantitative trait loci (QTLs) that present on

Saltol regions of rice chromosome one with reference CSR10.

to 0.5350 with an average of 0.3665. Our study revealed that the
primers RM483, RM562, and RM1287 show a number of alleles with PIC
value of more than 0.5. This indicates the efficiency of these primers to
detect heterogeneous accession, agreeing with the findings of Giarrocco
[19]. Though it can be argued that the use of a higher number of markers
to characterize accession would be more effective in describing geno-
types, our results show that a fewer number can be as efficient for
identifying salt-tolerant genotypes. In the present study, out of 20 SSR
markers, only RM8094 and RM3412 could discriminate the salt-tolerant
genotypes from the susceptible genotypes.

Analysis of genetic divergence in the 50 genotypes revealed the su-
periority of SSR markers over morphological traits, in elucidating ge-
netic relatedness more precisely. Eleven clusters were obtained using
SSR markers as compared to only eight clusters obtained using
morphological traits.

Similar comparisons of haplotypes for seedling stage salinity toler-
ance were done in previous studies [7, 17, 23, 30, 35, 48]. Babu et al. [7]
could delineate 14 haplotypes for six informative Saltol associated
markers analyzed across 23 rice genotypes. Kordrostami et al. [30]
identified 14 haplotypes involving 12 Saltol associated markers across
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44 rice genotypes, Krishnamurthy et al. [[32]; 2016b; [36]] analyzed 21
SSR markers across 94 rice genotypes and could identify 11 seedling
stage salinity tolerant genotypes containing regions other than Saltol
controlling their salinity tolerance. As in these previous studies, we have
found genotypes with probable novel allele regions which can be
considered candidates for improving seedling stage salinity tolerance.

To compare the presence of 12 key markers RM1287, RM483,
RM10825, RM10720, RM3412, RM8046, RM8115, RM8094, RM6711,
RM10871, RM5365 and RM10843 for salt tolerance, 12 haplotypes were
identified among 50 genotypes, based on marker banding patterns
(Supplementary Fig. S1). Forty genotypes had different combinations of
CSR10 alleles at different loci, while ten genotypes did not share any
allele (Haplotype 12) with CSR10. From the comparison of haplotypes
with high frequency of CSR10 alleles it can be deduced that marker
RM10843 showed association with high salt tolerance response. The
marker RM10843 is present in salt-tolerant genotypes Kuzhiadichan,
Poongar, and Sornamugi also.

Some of the highly sensitive lines such as IR64, Soorkuruvai and
Karunkuruvai also had alleles similar to CSR10 at this locus. Genotypes
which carried alleles similar to CSR10 at marker loci RM6711, RM10871
and RM10843 showed differential reactions to salinity stress, which
indicated that no single marker had a strong positive association with
salt tolerance. The marker RM8046 helped distinguish salt-tolerant ge-
notypes from a sensitive genotype IR64, which had alleles similar to
CSR10. It is essential to validate gene-linked markers between donor and
recurrent parent since it is used in marker-assisted backcross breeding.
The other highly tolerant genotypes, namely Boomi and Garudan Samba
did not possess any allele similar to CSR10 that could explain the
tolerance, implying that they may possess novel QTLs alleles for salt
tolerance.

To conclude, the genotypes, Kuzhiadichan, Sornamugi and Poongar,
possessed a high degree of salinity tolerance and, hence, can be used as
new donors for the trait. In the other salt-tolerant genotypes, Boomi and
Garudan Samba, the trait does not seem to be linked to saltol locus, and,
therefore, they can become new sources for mapping QTL for seedling
stage salinity tolerance. In future, these genotypes will be tested for their
reproductive stage salinity tolerance.
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