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Rice is a semi-aquatic species typically cultivated
under partially flooded conditions. However, flash
flooding can submerge the entire plant for prolonged
periods, and most rice cultivars die within seven
days of complete submergence (Bailey-Serres et al.,
2010). To combat this problem, breeders have been
searching for new sources of genes and alleles
responsible for submergence tolerance.  Molecular
markers provide a direct measure of genetic
diversity and go beyond indirect diversity measures
based on morphological traits or geographic origin
and facilitate the identification of genomic location
linked with the trait of interest.  These tasks have
become relatively easier after development of nearly
saturated molecular [especially with simple
sequence repeat (SSR)] map in rice.  Quantitative
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Abstract

Twenty eight rice genotypes from West Bengal and Assam were studied to assess genetic diversity using three SSR
markers linked with QTL of submergence tolerance.  Among the three markers, only RM-219 generated polymorphic
pattern by producing four alleles, of which two were high frequency alleles. The PIC values derived for this marker was
0.325.  All the genotypes exhibited multiple allelism with two alleles, except in ‘Panikalas’ where three alleles were
detected.  Markers RM-464A and RM-265 were unable to distinguish any of the 28 genotypes and therefore not suitable
for marker assisted selection in the indica genotypes.  Marker RM-219, however, can be used for monitoring introgression
of the Sub-1 locus responsible for submergence tolerance.  However, this marker did not show any polymorphism
between known submergence tolerant genotypes and non-tolerant genotypes, which would prevent the use of RM-219
for selection of segregating populations derived from parental combination.
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Trait Loci (QTL) of submergence tolerance in rice
was mapped by SSR and other Polymerase Chain
Reaction (PCR) based markers (Nandi et al., 1997;
Xu et al., 2006).  These markers are common in
rice and are especially suitable for evaluating
genetic diversity among the closely related cultivars
(Akagi et al., 1997).  Although diversity analysis
through molecular markers is abundant in rice,
allelic diversity linked with submergence tolerance
in land races is absent.  Keeping this in view, a study
was undertaken to assess the genetic diversity of
landraces collected from West Bengal and Assam
using SSR markers linked with QTL of submer-
gence tolerance and also to identify a perfect marker
suitable to study submergence tolerance in a wide
range of backgrounds.
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Twenty eight diverse rice genotypes (Table 1)
comprising of 17 landraces and two advance
breeding lines from West Bengal and one landrace
from Assam collected from the Crop Research Unit,
Bidhan Chandra Krishi Viswavidyalaya, Nadia,
West Bengal along with eight released popular high
yielding submergence non-tolerant varieties (IR-8,
IR-20, IR-64, IR-36, ‘Ratna’, ‘Jaya’, ‘Rasi’ and
‘Swarna’) were screened for diversity in sub-
mergence tolerance. Genotypes were categorized as
“tolerant”, “susceptible”, and “unknown” based on
published information (Mohanty and Choudhary,
1986). All the plant materials were grown at the

Gayeshpur Regional Research Station (New Alluvi-
al Zone) of Bidhan Chandra Krishi Viswavidyalaya
during 2006-07. Genomic DNA was extracted from
the leaves of tender seedlings using the method
described by Chattopadhyay et al. (2008). Three
SSR Primer pairs viz. RM-265, RM-219, and RM-
464A (Table 2) were utilized. They are all located
on rice linkage group no. 9 and linked with the QTL
for submergence tolerance (Xu et al., 2006). The
25 μl reaction volume contained 2 μl (20 ng) DNA,
2.5 μl 10XPCR buffer, 1μl 2.5 mM deoxynucleotide
tri phosphates (dNTPs), 1 μl (100 ng) forward
primer, 1 μl (100 ng) reverse primer, 0.5 μl Taq

Table 1. Description of 28 rice genotypes, their allelic size for three SSR markers along with the phenotypes for
submergence tolerance ability.

Genotypes Description RM-464A RM-219 RM-265 Phenotyping
 (bp) (bp) (bp)

IR36 Released semi-dwarf variety 230 260,210 110 S
IR8 As above 230 260,210 110 S
IR20 As above 230 260,210 110 S
IR64 As above 230 260,210 110 S
‘Ratna’ Released variety for irrigated condition 230 260,210 110 S
‘Jaya’ As above 230 260,180 110 S
CR-44-1 Advance breeding line 230 260,210 110 UN
‘Rasi’ Released variety for up-land situation 230 260,210 110 S
CRM-6-5-90 Advance breeding line 230 260,190 110 UN
‘Swarna’ Released photosensitive cultivar 230 260,180 110 UN
‘Black patnai’ Photosensitive land race of Bengal 230 260,210 110 UN
‘Shunga kalma’ As above 230 260,210 110 UN
‘Sunha kalma’ As above 230 260,210 110 UN
‘Harijhinga’ Bengal land race for upland situation 230 260,190 110 UN
S-11 Advance breeding line 230 260,190 110 UN
Assam collection Collection from Assam 230 260,210 110 T
‘Pankaj’ Released genotype for lowland eco-system 230 260,210 110 T
‘Lalkalmi’ Land race of Bengal 230 260,180 110 UN
‘Suryakanta’ As above 230 260,210 110 T
‘Kalijalangi’ As above 230 260,210 110 UN
‘Jogenchara’ As above 230 260,210 110 UN
‘Janglijata’ As above 230 260,180 110 UN
‘Panikalas’ As above 230 260,210,180 110 T
‘Bhasakalmi’ As above 230 260,180 110 UN
‘Nagrasail’ As above 230 260,210 110 UN
‘Dinesh’ As above 230 260,190 110 T
‘Jitendra’ Released genotype for lowland eco-system 230 260,210 110 T
NC-678 Advance breeding line 230 260,190 110 UN
S: Susceptible; UN: Unknown; T: Tolerant
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Polymerase enzyme (1 U/μl) and 17 μl double
distilled sterile water.  PCR reaction was performed
with a Gene AMP PCR System 2400 (Perkin Elmer,
Norwalk, CT) and amplified products were
separated in 2.5% agarose gel.  Banding patterns
were visualized and photographed on trans-
illuminator (Gel Logic 200, Kodak).  The frequency
of SSR polymorphism was calculated based on
presence (1) or absence (0) of common bands.
Polymorphism Information Content (PIC) was
calculated as: PIC= 1/nΣ2f (1–f), where f is the
proportion of a particular allele among the
genotypes.

The distribution of alleles of three SSR primer pairs
across the 28 rice genotypes (Fig. 1) revealed that
RM-265 and RM-464A did not show any polymor-
phic pattern.  Amplification profile of RM-265 and
RM-464A showed the presence of only one allele
of 110 bp and 230 bp respectively among the 28
selected genotypes (Table 1). However, screening
with RM-219 located on the same rice linkage group
no. 9 generated polymorphic pattern by producing
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four alleles (260 bp, 210 bp, 190 bp and 180 bp).
Allele of 260 bp was present in all genotypes with
100% frequency and allele of 210 bp was present
in 18 genotypes with 65% frequency and both these
were considered as high frequency alleles (Table
2).  On the other hand, allele of 180 bp was ob-
served in six genotypes viz. ‘Jaya’, ‘Swarna’,  ‘Lal-
kalmi’, ‘Janglijata’, ‘Panikalas’ and  ‘Bhasakalmi’
whereas allele of  190 bp was present in  five geno-
types viz. ‘CRM-6-5-90’, ‘Harijinga’, ‘S-11’,
‘Dinesh’ and ‘NC- 678’.  All genotypes exhibited
multiple allelism with two alleles except ‘Panikalas’
where three alleles were detected. The PIC values
derived from allelic diversity and frequency among
genotypes for this primer was 0.325.

Submergence tolerance is controlled by a single
major QTL, Sub1 on chromosome 9 along with a
number of minor QTLs (Nandi et al., 1997; Toojinda
et al., 2003).  By using RFLP marker, Xu et al.
(2006) found a submergence tolerance QTL located
4 cM from the RFLP marker C-1232, which
accounted for 69% of the phenotypic variance for

Figure 1.  Amplification profile obtain from 28 rice genotypes using 3 SSR primer pairs (RM-265, RM-219 and RM-
464A) in 2.5% agarose gel.
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this trait.  Using AFLP map of rice, a major gene
for submergence tolerance [Sub1(t)] was located on
chromosome no. 9 and QTL associated with
submergence tolerance on chromosome no. 6,7,11
and 12 (Nandi et al., 1997).  Although RM-464A is
a new co-dominant marker and highly reliable for
selection for Sub1 because of the close linkage (only
0.7 cM apart), it did not show any polymorphism
among the genotypes used in this study.  This result
also corroborates with the finding that RM–464A
is a better marker for introgression of Sub1 into
japonica background than into indica background
because of similar or identical size of the RM-464A
fragment amplified from Dx 202-9 and those from
most indica rice cultivars (Xu et al., 2006).  During
the present study it was also found that RM-464A
along with another SSR marker, RM-265, was
unable to distinguish any of the 28 genotypes,
implying that these are not suitable for marker
assisted selection in indica genotypes.

From a breeding perspective, the amplification pro-
file of RM-219 suggests that this SSR can be use-
ful for monitoring introgression of the Sub-1 locus.
However, known submergence tolerant genotypes
like ‘Pankaj’, and ‘Jitendra’ lack polymorphism for
this marker with non-tolerant genotypes like IR-36,
IR-20, IR-64, and ‘Rasi’, which would prevent the
use of RM-219 for selection in segregating popula-
tions derived from parental combinations. Transfer
of submergence tolerance gene from ‘Dinesh’,
‘Panikalas’, ‘Bhasakalmi’ into IR-64 or IR-36 ge-
netic background into the segregating population
could be monitored easily through this marker.

References

Akagi, H., Inagaki, Y.A., Fujimura, T. 1997. Highly
polymorphic microsatellites of rice consist of AT
repeats, and a classification of closely related
cultivars with these microsatellite loci. Theor.
Applied Genet., 94: 61-67.

Bailey-Serres, J., Fukao, T., Ronald, P., Ismail, A., Heuer,
S. and Mackill, D. 2010. Submergence Tolerant Rice:

Microsatellite marker based diversity analysis for submergence tolerance

Ta
bl

e 2
.S

ali
en

t f
ea

tu
re

s o
f a

m
pl

ifi
ca

tio
n 

pr
of

ile
s o

f t
he

 ri
ce

 g
en

ot
yp

es
 fo

r 3
 S

SR
 m

ar
ke

rs.

M
ark

er
Li

nk
ed

 w
ith

Fo
rw

ard
 an

d  
Re

ve
rse

 Pr
im

er
Re

pe
at

Ch
ro

mo
so

me
No

 of
No

 of
 ge

no
typ

es
Hi

gh
es

t
PI

C
M

oti
f

loc
ati

on
all

ele
s

wi
th 

mu
lti

ple
fre

qu
en

cy
–v

alu
e

all
ele

s
all

ele
(%

)
RM

-4
64

A
Su

bm
erg

en
ce

 to
ler

an
ce

F: 
AA

C 
GG

G 
CA

C 
CT

T 
CT

G 
TC

T 
TC

R:
TG

G 
AA

G 
AC

C 
TG

A 
TC

G 
TT

T 
CC

(C
T)

 27
9

1
0

-
0

RM
-2

65
Su

bm
erg

en
ce

 to
ler

an
ce

F :
 C

GA
 G

TT
 C

GT
 C

CA
 A

GT
 G

AG
 C

R:
CA

T 
CC

A 
CC

A 
TT

C 
CA

C 
CA

A 
TC

(G
A)

 8
9

1
0

-
0

RM
-2

19
Pe

rce
nt 

sp
ike

let
 st

eri
lit

y, 
su

bm
erg

en
ce

F:
 C

GT
 C

GG
 AT

G 
AT

G 
TA

A 
AG

C 
CT

R:
CA

T A
TC

 G
GC

 AT
T C

GC
 C

TG
(C

T)
 17

9
4

28
10

0
0.3

25
2



71Tirthankar Biswas, Arpita Das, and Somnath Bhattacharyya

SUB1’s Journey from Landrace to Modern Cultivar.
Rice, 3: 138-147.

Chattopadhyay, K., Bhattacharyya, S., Mandal, N., and
Sarkar, H.K. 2008. PCR-based characterization of
mungbean (Vigna radiata) genotypes from Indian
subcontinent at intra-and-inter-specific level. J. Plant
Biochem. Biotech., 17: 141–148.

Mohanty, H.K. and Chaudhary, R.C. 1986. Breeding for
submergence tolerance in rice in India. In: Progress
in Rainfed Lowland rice. International Rice Research
Institute, Los Ban˜os. pp 191-200.

Nandi, S., Subudhi, P.K., Senadhira, D., Manigbas, N.L.,
Sen-Mandi, S. and Huang, N. 1997. Mapping QTLs

for submergence tolerance in rice by AFLP analysis
and selective genotyping Molecule. General Genet.,
255: 1-8.

Toojinda, T., Siangliw, M., Tragroonrung, S. and
Vanavichit, A. 2003. Molecular genetics of submerg-
ence tolerance in rice: QTL analysis of key traits.
Ann. Bot., 91: 243–253.

Xu, K., Xu, X., Fukao, T., Canalas, P., Maghirang-
Rodriguez, R., Heuer, S. and Mackill, D.J.2006.
Sub1A is an ethylene responsive-factor-like gene that
confers submergence tolerance to rice. Nature,
442:705–708.


