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Abstract:  Drought, flood, salinity, or a combination of these limits rice production. Several rice varieties are well known for
their tolerance to specific abiotic stresses. We determined genetic relationship among 12 rice varieties including 9 tolerant to
drought, flood, or salinity using inter-simple sequence repeat (ISSR) markers. Based on all markers, the nine tolerant varieties
formed one cluster distinct from the cluster of three control varieties. The salt-tolerant varieties were closest to two flood-tolerant
varieties, and together they were distinct from the drought-tolerant varieties. (GA)sYG was the most informative primer, showing
the highest polymorphic information content (PIC) and resolving power (Rp). The drought-, flood-, and salt-tolerant varieties
grouped in three distinct clusters within the group of tolerant varieties, when (GA)gYG was used. Sabita was the only exception.
The two aus varieties, Nagina22 and FR13A, were separated and grouped with the drought- and flood-tolerant varieties, respec-
tively, but they were together in dendrograms based on other primers. The results show that ISSR markers associated with
(GA)sYG delineated the three groups of stress-tolerant varieties from each other and can be used to identify genes/new alleles
associated with the three abiotic stresses in rice germplasm.
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INTRODUCTION

There is concern about low yields in rice grow-
ing areas that are prone to drought, submergence/flash
floods, salinity, or a combination of these, and the
concern has increased with the projected climate
change scenarios. The uncertainty of duration, timing
and intensity of the abiotic stresses requires tremen-
dous plasticity in adaptation. It is necessary to in-
crease tolerance to such abiotic stresses in fragile
ecosystems where only rice can be grown (IRRI,
1995).

There are several well-known rice varieties that
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are adapted to specific abiotic stresses, e.g., Nagina22
(N22) for drought tolerance, FR13A for flood toler-
ance, and Pokkali for salinity tolerance, but the ge-
netic relationship among such tolerant varieties is
unknown. Even though these are well known as major
sources of only one abiotic stress and extensively
researched for that (Gorantla et al., 2007; Xu et al.,
2006; Mohammadi-Nejad et al., 2008), they have
some tolerance to other abiotic stresses as well. For
example, FR13A also has moderate drought tolerance
(Adkins et al., 1995), Pokkali also has acid tolerance
and submergence tolerance in seedling stage (Shy-
laraj et al., 2006), and N22 also has heat tolerance
(Ziska et al., 1996, Jagadish et al., 2008). It is also
emerging that the metabolic pathways activated in
response to many abiotic stresses and even biotic
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stresses are common. Transcription factors, such as
drought-responsive element binding (DREB) protein,
are known to enhance tolerance to more than one
abiotic stress, e.g., drought-, salt-, and cold-tolerance,
and even biotic stress (Agarwal et al., 2000).

There has been a paradigm shift in breeding for
complex traits such as yield and abiotic stress toler-
ance. In such cases, the phenotype may not always be
a good predictor of genotype (Tanksley and
McCouch, 1997). Wild species that are poor in yield
have contributed genes that increased yield in rice,
tomato, and several other crops (McCouch et al.,
2007; Swamy and Sarla, 2008). Extending this ob-
servation further, it is possible to enhance tolerance to
one stress through hybridization and introgression
from lines with tolerance to a different stress. As a
starting point to test the hypothesis that introgression
from one stress-adaptive cultivar may increase tol-
erance to another stress, it is desirable to have an idea
of the genetic relationship among such cultivars.

Molecular markers provide a robust estimate of
genetic similarity that is often not obtained using
morphological data alone. Inter-simple sequence
repeat (ISSR) markers based on AG and GA repeats
have been reported to be very informative and
cost-effective in determining genetic relationships
among diverse accessions of rice germplasm (Olu-
fowote et al., 1997; Garland et al., 1999; Joshi et al.,
2000; Davierwala et al., 2000; Sarla et al., 2003;
2005), and have been shown to be very useful in dif-
ferent steps of the breeding process (Reddy et al.,
2002). (GATA), containing loci were reported to be
useful in fingerprinting of rice (Davierwala et al.,
2001) and tomato (Rao et al., 2006). There is in-
creasing interest in presence of GA repeats in pro-
moters and their role in gene regulation (Santi et al.,
2003; Zhang et al., 2006). In a previous study, seg-
regation of 14 ISSR markers specific to the
salt-tolerant variety CSR10 was examined in
CSR10xTaraori Basmati F; population (Kaushik et
al., 2002). These markers were present at high fre-
quencies (54%~91%) in the selected salt-tolerant
plants compared with those (9%~45%) in the sensi-
tive ones. The ISSR markers were amplified using 12
primers, 4 (primers 823, 840, 853, 884) of which were
based on GA and AG repeats. This indicated that
these repeats are probably linked to genomic DNA
sequences with significant effects on salt tolerance

(Kaushik et al., 2002). Sequencing of amplicons can
allow the identification of alleles of such sequences
from different germplasm. The usefulness of ISSR
markers in determining diversity within rice varieties
tolerant to diverse abiotic stresses has not been pre-
viously investigated. We wanted to know the genetic
relationship among 9 well-known cultivars tolerant to
drought, flood, or salinity and 3 popular cultivars, and
whether grouping based on (GA)s-, (AG)s-, and
(GATA)4-associated ISSR markers corresponds to
their tolerance to a particular abiotic stress.

MATERIALS AND METHODS

The material comprised 9 well-known rice varie-
ties tolerant to drought (Vandana, Rasi, N22), flood/
submergence (FR13A, Jalmagna, Sabita), or salinity
(CSR30, Pokkali, Nonasail), and 3 popular varieties
(IR64, IR28, and Swarna) as controls (Table 1).

A total of 17 primers (8 based on (AG)s, 8 on
(GA)s, and 1 on (GATA),) for inter-simple sequence
repeat-polymerase chain reaction (ISSR-PCR) were
used in the study (Table 2).

Nine cultivars belong to the indica group, two
cultivars, N22 and FR13A, to the aus group (Garris et
al., 2005) or Isozyme Gr II (Glaszmann, 1987), and
CSR30 to the aromatic group (Garris et al., 2005) or
Isozyme Gr V (Glaszmann, 1987).

Genomic DNA was isolated from freshly har-
vested young leaves of five plants of each cultivar by
Mini prep method. Quality and quantity of DNA were
estimated both visually by ethidium bromide staining
of 8 mg/ml agarose gel and using a spectrophotome-
ter. DNA was diluted to uniform concentration of
about 10 ng/pl. ISSR-PCR was conducted in a reac-
tion volume of 15 pul containing 30 ng template DNA,
0.2 pmol/L primer, 200 pmol/L each dNTP, 10
mmol/L Tris-Cl (pH 8.3), 50 mmol/L KCI, 2.0
mmol/L. MgCl,, and 1 U of Taq polymerase. PCR
amplification conditions were set as initial denatura-
tion at 94 °C for 5 min, 40 cycles of denaturation at 94
°C for 1 min, annealing at 50 °C for 1 min, extension
at 72 °C for 2 min, and a final extension at 72 °C for 7
min. PCR was performed in 96-well plate thermal
cycler (Eppendorf, Germany). The amplified products
were mixed with loading dye (0.4 g/ml sucrose and
2.5 mg/ml bromophenol blue), resolved on 18 mg/ml
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Table 1 Significant details of the four groups of rice varieties and recent references on their use

Accession Name of

No. variety Significance References
Control varieties
1 IR64 Widely grown rainfed shallow-land variety, highly susceptible to drought stress Ziska et al., 1996;
Lafitte et al., 2007
2 IR28 Generally used as a salt-susceptible control in experiments on salinity stress  Ziska et al., 1996;
Chao et al., 2005
3 Swarna  Rainfed shallow-land variety, wide adaptability, widely planted in India, McNally et al., 2006

responsive to low N, high yield
Drought-tolerant varieties

4 Vandana Popular drought-tolerant variety, early maturity, deep-rooted, national check

for short-duration varieties
5 Rasi

Drought-tolerant variety, suitable for shallow lowlands and irrigated areas,

Singh, 2006

Prasad et al., 2001

photoinsensitive, late duration, early maturity, resistant to blast, developed at
Directorate of Rice Research (DRR) in 1977

6 N22

Drought- and heat-tolerant variety, early maturity, deep-rooted, adapted to
upland conditions, stress-responsive genes identified using expressed se-
quence tags (ESTs) generated from drought-stressed seedlings. It tolerates

de Datta et al., 1988;
Ziska et al., 1996;
Gorantla et al., 2007

drought as it flowers early, thus escaping the day-time high temperature,

which may prevent seed set
Flood-tolerant varieties

7 FR13A  Flood-tolerant variety, surviving up to two weeks of complete submergence, Xu et al., 2006
carrying the Subl1 allele near the centromere of chromosome 9, photosensitive

8 Jalmagna Popular variety for very deep water (>1 m), high iron and zinc contents in grain, Singh, 2004
photosensitive

9 Sabita Popular variety for deep water (41~75 cm deep), predominating in India’s rainfed Prasad et al., 2001;

lowland ecosystem, photosensitive, late maturity, national check in variety

Mallik et al., 2006

trials for semi-deep water (0.5~1 m deep) since 1988, international check for
the Eastern India rainfed lowland shuttle breeding program since 1992

Salt-tolerant varieties

10 CSR30  Salt-tolerant variety with basmati qualities, recommended for partially DRR Annual Report,
(Yamini) reclaimed sodic soils of Uttar Pradesh and Haryana 2000~2001
11 Pokkali  Highly salt-tolerant landrace variety from Kerala, used in several molecular  Sahi et al., 2006
studies on salt tolerance
12 Nonasail Landrace for inland salinity, parent of Lunishree, a well-known salt-tolerant  Sarla et al., 2005

variety

agarose gel in 0.5x Tris borate EDTA (TBE) buffer
under room temperature at constant voltage of 100 V,
and detected by ethidium bromide staining (0.5
mg/ml). The gels were documented under ultraviolet
light using gel documentation unit from Pharmacia
Biotech, Sweden.

Each amplified product was scored as 1 or 0
depending on its presence or absence. The frequency
of microsatellite polymorphism was calculated based
on the presence or absence of common bands. The
polymorphism information content (PIC) value was

calculated as PIC =) (1-P’)/n, where n is the

number of band positions analyzed in the set of ac-
cessions, and P; is the frequency of ith pattern. The
ability of the primers to distinguish between acces-
sions was assessed by calculating their resolving

power (Rp) as Rp=)14, where 4 1is band

informativeness, £=1-[2%(0.5-p;)] and p; is the pro-
portion of accessions containing band i (Prevost and
Wilkinson, 1999). The genetic associations among
varieties were evaluated using Dice similarity coeffi-
cient for pair-wise comparisons based on the propor-
tion of shared bands produced by primers. Similarity
matrices generated using ‘SIMQUAL’
sub-program of NTSYS-PC software. Similarity co-
efficients were used for cluster analysis of varieties
using ‘SAHN’ sub-program of NTSYS-PC software
and dendrograms were obtained using un-weighted
pair-group method with arithmetic average (UPGMA)
sub-program of NTSYS-PC software version 2.0 from
Exeter software, NY, USA (Rohlf, 1993). Bootstrap
analysis was performed using 1000 permutations in
Winboot. Bootstrap values over 50 are considered
significant and mentioned on the dendrogram.

were
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RESULTS

UPGMA dendrogram derived from data of all
primers (1859 bands at 246 band positions) showed
that the 3 control varieties formed one group and the 9
tolerant varieties formed another group (Fig.1).
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Fig.1 UPGMA dendrogram of 12 genotypes based on
all 17 primers

Suffix after each variety refers to its group: C: control; D:
drought tolerant; F: flood tolerant; S: salt tolerant

In the latter group, there were 3 clear clusters,
the first consisting of 2 drought-tolerant indica varie-
ties (Rasi and Vandana), the second of 2 aus varieties,
FR13A (flood-tolerant) and N22 (drought-tolerant),
and the third of 2 flood-tolerant varieties and 3
salt-tolerant varieties in 2 distinct sub-clusters. The
aromatic salt-tolerant variety CSR30 grouped with
the other non-aromatic salt-tolerant varieties at a low
bootstrap value of 41 (not shown in Fig.1). Jalmagna
and Sabita, the flood-tolerant varieties grouped to-
gether and joined the group of salt-tolerant varieties at
83% similarity.

Grouping based on data of 8 (GA)s-based prim-
ers (924 bands at 117 band positions, dendrogram not
presented) was almost similar to the grouping based
on all primers. The dendrogram showed 2 clusters—a
minor cluster consisting of all the 3 control varieties
and a major cluster consisting of 2 sub-clusters.
FR13A grouped along with all the 3 drought-tolerant
varieties in sub-cluster 1. All the 3 salt-tolerant va-
rieties along with other two flood-tolerant varieties
formed sub-cluster 2 of the major cluster.

Grouping based on 8 (AG)s-based primers (861
bands at 116 band positions) (Fig.2) showed that Rasi

was distinct from all other varieties at 73% similarity.
The next to separate were the 3 control varieties as
one group. Vandana separated next. The remaining 7
varieties formed one cluster of 2 sub-clusters—a
small sub-cluster of N22 and FR13A, the 2 aus va-
rieties, and a large one with 2 small groups, of which
one had 2 flood-tolerant varieties and the other had 3
salt-tolerant varieties.
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Fig.2 UPGMA dendrogram of 12 genotypes based on
(AG), primers

Suffix after each variety refers to its group: C: control; D:
drought tolerant; F: flood tolerant; S: salt tolerant

In the dendrogram based on (GATA), (dendro-
gram not presented), two major groups were observed
and each group had at least one variety in each of
flood-, drought-, and salt-tolerant groups. The control
varieties, and Rasi, Jalmagna, Nonasail, and Pokkali
were in one cluster and the two aus varieties, FR13A
and N22, were in the other cluster along with Van-
dana, CSR30, and Sabita.

Overall the most informative primer was
(GA)YG, i.e., primer 842 in terms of the highest PIC
and Rp values. Markers amplified by (GA)sYG could
distinguish all varieties except 2 pairs, IR64-Swarna
and CSR30-Pokkali. In the dendrogram based on
primer 842 alone, the 3 control varieties grouped with
a bootstrap value of 100% and all the tolerant varie-
ties in one group with bootstrap value 86% (Fig.3).

All the nodes had high bootstrap values. Within
the tolerant varieties group were two clusters, one
consisting of all salt-tolerant varieties and Sabita, and
the other cluster consisting of three drought-tolerant
varieties in one sub-cluster and two flood-tolerant
varieties in the other sub-cluster.
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GA-based primers amplified more bands (924)
compared with AG-based primers (861), though the
numbers of loci amplified by AG- and GA-based
primers were about the same. However, the average
PIC and Rp of AG-based primers were higher than
those of GA-based primers. The number of bands
amplified by (GA), was also greater than that
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Fig.3 UPGMA dendrogram of 12 genotypes based on
the most informative primer (GA)sYG

Suffix after each variety refers to its group: C: control; D:
drought tolerant; F: flood tolerant; S: salt tolerant
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by (AG), in each group of varieties. The
flood-tolerant varieties amplified the maximum
number of bands compared with the other 3 groups.
Among the 248 band positions amplified, 17 were
unique (present only in one variety) and occurred in 6
varieties (Vandana, Rasi, FR13A, N22, Sabita, and
Swarna). FR13A showed maximum unique bands at 6
band positions with 4 primers, followed by Swarna at
5 band positions. Bands specific to control varieties
were amplified at 8 loci using the primers 842, 884,
and 812. Primers 842 and 884 also showed bands
specific to drought-tolerant varieties. Likewise prim-
ers 836 and 885 showed bands specific to salt- and
flood-tolerant varieties. Three primers 809, 812, and
836 showed bands that occur only in the aus varieties
N22 and FR13A. The primer 842 showed the highest
PIC value (0.75), the highest Rp value (14.33), and
the lowest mean genetic similarity among the acces-
sions (Table 2, Fig.4).

PIC values of AG-based primers ranged from 0.7
in primer 884 to 0.25 in primer 834. Among the
AG-based primers, primer 884 was the most informa-
tive (Fig.4). It showed high Rp value (8.67) with the
lowest mean genetic similarity among all accessions.

Table 2 Number of bands, polymorphism information content, resolving power, and mean genetic similarity revealed

by each of the 17 primers in 12 rice varieties

-’

No. Primer No. PS My Tl ny, Tb/a "o/l PIC Rp MGS
(AG),-based primers

1 807 (AG)sT 21 17 156 13.00 7.43 0.52 9.0 0.74

2 808 (AG)sC 9 8 68 5.67 7.56 0.53 4.0 0.71

3 809 (AG)G 12 9 109 9.08 9.08 0.36 3.8 0.82

4 815 (CT)sG 10 7 97 8.08 9.70 0.32 3.8 0.82

5 834 (AG)YT 11 7 112 9.33 10.18 0.25 33 0.87

6 835 (AG)YC 15 13 80 6.67 5.33 0.68 5.0 0.71

7 836 (AG)sYA 18 13 131 10.92 7.28 0.53 7.1 0.76

8 884 HBH(AG), 20 18 108 9.00 5.40 0.70 8.7 0.62

Mean 14.5 11.5 108 8.97 7.75 0.49 5.6 0.76
(GA),-based primers

9 810 (GA)T 12 7 128 10.67 10.67 0.18 2.7 0.91

10 811 (GA)C 9 7 78 6.50 8.67 0.40 2.7 0.81

11 812 (GA)A 18 9 142 11.83 7.89 0.42 4.0 0.87

12 822 (TC)sA 12 10 70 5.83 5.83 0.63 3.7 0.74

13 840 (GAXRYT 11 8 88 7.33 8.00 0.44 33 0.82

14 841 (GA)YC 14 9 108 9.00 7.71 0.46 4.0 0.83

15 842 (GARYG 22 22 120 10.00 5.45 0.75 14.3 0.50

16 885 BHB(GA), 19 10 190 15.83 10.00 0.25 4.0 0.89

Mean 14.6 10.2 115.5 9.62 8.03 0.44 4.8 0.80

17 872 (GATA), 13 10 74 6.17 5.69 0.60 7.67 0.58

"Y: T or C; PS: Primer sequence; ny,: number of band positions (loci); 7,: number of polymorphic loci; 7,: number of bands; 74/,: mean number
of bands/accession; r,;: mean number of bands/locus; PIC: polymorphism information content; Rp: resolving power; MGS: mean genetic

similarity
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Fig.4 ISSR-PCR amplification profiles of 12 accessions
using primers 884, 872, and 842, respectively

In each gel, lanes 1~12 from left to right correspond to
accession Nos. 1~12, respectively, of Table 1

DISCUSSION

Knowledge of the genetic relationship between
cultivars is useful for choosing superior yet genetically
divergent parents for hybridization to optimize genetic
variation in subsequent generations. Based on all
markers, our study provides evidence that the abiotic
stress-tolerant varieties are collectively different from
the three standard cultivars used as control.

The two aus varieties, N22 and FR13A, corre-
sponding to Gr II of Glaszmann classification
grouped together, consistent with the population
structure of rice wherein the aus types (Gr II) were
delineated in the indica cluster (Garris et al., 2005;
McNally et al., 2006). It is interesting that FR13A,
one of the best known flood-tolerant varieties, is ge-
netically close to N22, one of the best known

drought-tolerant varieties, both belonging to Gr II
(Glaszmann, 1987). N22 is also one of the most
heat-tolerant rice varieties (de Datta er al., 1988;
Ziska et al., 1996).

Our data also show that the salt-tolerant varieties
are genetically closer to the flood-tolerant varieties
than to the drought-tolerant varieties, if all the mark-
ers are considered. This may well be a reflection of
the kinds of varieties chosen. Among the salt-tolerant
varieties, Pokkali and Nonasail were closest with 88%
similarity and both are tolerant to coastal salinity.
CSR30, which is tolerant to inland salinity, joined the
two at about 83% similarity. CSR30 belongs to the
aromatic group (Gr V), which could be a reason for its
joining the indica (Gr I) salt-tolerant varieties at a low
bootstrap value. Sabita, a deep-water mega variety
popular in coastal areas, was always close to the
salt-tolerant varieties. The proximity of flood-tolerant
varieties to salt-tolerant varieties or drought-tolerant
varieties needs to be analyzed in a larger and diverse
rice-germplasm set tolerant to abiotic stresses. For
instance, it would be interesting to know if several
varieties tolerant to inland salinity as against coastal
salinity were used, whether they would still group
with the flood-tolerant varieties. Even among varie-
ties generically referred to as flood-tolerant ones here,
there are considerable differences in tolerance to ex-
tent, duration, salinity, and temperature of water bod-
ies in which rice gets submerged.

It is significant that (GA)sY G-associated mark-
ers grouped the varieties according to their tolerance
to a specific stress. This has not been reported pre-
viously. The separation of the two genetically close
aus varieties, N22 and FR13A, and their grouping
with other drought-tolerant and flood-tolerant varie-
ties, respectively, clearly show that markers associ-
ated with (GA)sYG have a strong positive association
with DNA sequences linked to specific stress toler-
ances and not to the phylogenetic similarities. In all
other dendrograms the two aus varieties, N22 and
FR13A, group together. (GA)sYG was earlier re-
ported to be one of the most informative primers for
studying diversity in rice landraces and wild species
(Sarla et al., 2003; 2005). The primer (GATA)4 could
help distinguish all the 12 varieties and is suitable for
use in fingerprinting as reported earlier for rice and
tomato (Davierwala et al., 2001; Rao et al., 2006).

Genomic regions associated with GA repeats are
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known to be involved in gene regulation. GA repeats
(GAGA elements) are known to control gene expres-
sion in animals and plants (Sangwan and Brian, 2002;
Santi et al., 2003; van Steensel et al., 2003). These are
reported to be most abundant in 5’ regions of genes. In
Arabidopsis, (GA)g repeats occur particularly within
1500 bp upstream of gene start codons (Zhang et al.,
2004; 2006). In the context of abiotic stress tolerance,
it is reported that non-coding microsatellite repeats
provide opportunities for rapid adaptive changes in
regulatory regions or play specific roles in gene
regulation in response to environmental stimuli
(Zhang et al., 2006). Our data show that clustered
(GA)g and (AG)g repeats occur more frequently in the
flood-tolerant varieties than in the other 3 groups of
varieties, since more bands were obtained in the
flood-tolerant varieties. These flood-tolerant varieties
are also photosensitive.

Evaluation of varieties for different stresses is
required, as very few studies have assessed cross-
tolerances. It is likely that FR13A can be a source of
new alleles for drought and salt tolerance and N22 for
traits other than drought tolerance. In an earlier study
on the ability to withstand drought in R, families of 5
rice cultivars, significant improvement in drought
tolerance was found in 6% of the FR13A families
compared with parental controls (Adkins et al., 1995).
It is suggested that in experiments on salt or drought
tolerance if FR13A or Sabita is used as an outgroup,
more interesting insights into its drought, flood or salt
tolerance would be obtained. Many genes are known
to be over-expressed by more than one stress; e.g., the
gene OsGGT (glycogenin glucosyltransferase) from
FR13A is over-expressed not only in response to
submergence but upon drought and salt stresses as
well (Qi et al., 2005). In another study, as many as 67
upregulated genes were found to be common to 9
different abiotic stresses (Swindell, 20006).

It is noteworthy that some of the submergence-
prone areas are also drought prone, and that rice crop
can face drought first and flood later or the reverse.
Also, in the field situation there may be considerable
overlap of stresses experienced by rice, and each
variety may have a good combination of tolerances.
For example, RD19 released in Thailand in 1980 for
traditional deep-water areas is also fairly drought
tolerant (Prasad et al., 2001), and Janki tolerates both
drought and submergence (Mackill et al., 1996).

Thus, it is possible to have both drought and flood
tolerance but maybe at different stages of growth or
different modes of tolerance. In our view, crossing of
varieties belonging to different groups as shown in
this study can lead to useful transgressive segregants
with increased tolerance to one stress or overlap of
tolerance to more than one stress.

The results reported here have significant im-
plications for rice breeding and basic studies as well.
Closely related or moderately distant parents can be
chosen based on the overall grouping reported here
and depending on the breeding objectives. The two
flood-tolerant varieties which grouped with salt-
tolerant varieties are likely sources of new alleles for
salt tolerance. Sequencing of the ISSR amplicons
amplified by (GA)sYG can help identify allelic
variation for stress-associated genes from different
germplasm.

CONCLUSION

Our results show that there is a link between GA
repeats and tolerance to different abiotic stresses.
Firstly, the amplified ISSR regions, when used for
clustering, grouped the control genotypes (IR64,
IR28, and Swarna) separately from the stress-tolerant
genotypes. Secondly, among the stress-tolerant
genotypes the drought-, flood-, and salt-tolerant

genotypes were also clearly delinecated when
(GA)sYG was used.
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