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Abstract: Bangladesh had harbored numerous submergence tolerant rice local cultivars or landraces (popularly known as 

Joli Aman). As the local cultivars endure intervallic flash-flooding year after year, it is presumed that genes/Quantitative Trait 

Loci (QTLs) that give resilience are probably going to be available in these genotypes. In submergence screening, the 

performance of three tested accessions (Lakhi, Atshotti and Damsi) demonstrated them to be as tolerant as the check FR13A. 

Other germplasm accessions (DSL-78-8, Laldepa, Putidepa, Laxmi digha) performed great recuperation capacity after de-

submergence. Damsi, Rajasail, Haloi, Lal Digha, Manik Digha, Bhawalia, DSL-78-8, Putidepa, Atshotti and Jalda IRRI don't 

have the SUB1 QTL and furthermore not like the BR5, a submergence susceptible check variety. Bajal, Horkoach, Pathornuti, 

Laxmi Digha, Horinga Digha, Bhawalia Digha and BR5 was not amplified by Gns2 conferring SUB1 QTL (submergence 

tolerance specific QTL). Significantly, the local cultivars i.e. DSL-78-8, Putidepa and Sadadanga boro were identified as 

having better submergence tolerance however having no resistant alleles of GnS2 and Sub1C173, indel markers specific to 

SUB1 QTL. The result of molecular screening revealed new submergence tolerant rice cultivars which do not possess SUB1 

QTL. To discover new submergence tolerant QTLs other than SUB1 through QTL mapping, newly identified submergence 

tolerant germplasm can be utilized. 
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1. Introduction 

The rice cultivation in the lowland of Bangladesh is 

affected by flash floods many times in a year. The local 

germplasm are the best adapted to their rainfed lowland 

environment by thriving to withstand different abiotic and 

biotic stresses [1-3]. The local germplasm, having the 

intermediate gene pool between wild progenitors and modern 

cultivars, harbor many novel genes and has the prospective to 

tolerate abiotic and biotic stresses [4-6]. As the local 

germplasm survive intervallic flooding for many years, it is 

implicit that genes/QTLs that confer submergence tolerance 

are likely to be present in these local genotypes. Therefore it 

is high time to select potential tolerant rice cultivars for 

breeding program to develop more submergence tolerant rice 
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as well as flash flood tolerant rice variety [7]. Earlier findings 

had revealed that submergence tolerance is controlled by a 

particular major quantitative trait loci or QTL resided on the 

chromosome 9, in participation with a few number of minor 

QTLs. The Sub1 QTL was fine-mapped using 2950 F2 

segregating population and its genomic region of 

approximately 0.06 cM [8]. The sequencing of Sub1QTL 

containing genomic region in FR13A-derived breeding lines 

unveiled the presence of three genes namely Sub1A, Sub1B 

and Sub1C those encode putative ethylene responsive factors 

(ERF). Sub1A, Sub1B and Sub1C genes were successively 

recognized as the major factor of submergence tolerance with 

the coefficient of determination or R
2
 value of 69% and a 

Logarithm of the Odds (LOD) score of 36. Sub1 QTL causes 

withstand for complete submergence up to two weeks [9]. It 

was also found that, the Sub1A gene is key contributor for 

tolerance. The landrace FR13A has been used in all these 

studies, which is one of the remarkable submergence-tolerant 

local donor varieties. An important survey of 13 rice 

genotypes having Sub1A found that the capacity of 

submergence tolerance positively associates with the 

expression level of Sub1A during submergence [10]. 

Out of three genes, only Sub1A reduces ethylene 

production as well as boosts mRNA and protein production 

of two negative regulators of gibberellic acid (GA) signaling, 

resulting in the suppression of the energy-consuming escape 

response [11-13]. Reliably, transcriptome analysis 

demonstrated that Sub1A regulates the plenty of mRNAs 

linked with ethylene and gibberellic acid (GA) production 

and also signaling during submergence [14]. One of the 

utmost promising solutions is to introgress SUB1 QTL into 

high yielding varieties and that may be promptly adopted by 

the farmers in the submergence prone area. It is also revealed 

that submergence tolerance is controlled by a single major 

quantitative trait locus (QTL) which is found on chromosome 

9, along with a number of minor QTLs [15]. 

This QTL has been successfully introgressed using 

marker-assisted backcrossing (MAB) into a popular high-

yielding Indian rice variety namely Swarna, within two years’ 

time frame [16]. Swarna-Sub1, the best example of a 

submergence-tolerant well adopted variety, is currently being 

cultivated in submergence-prone and rainfed lowland areas of 

India and Bangladesh. The agronomic performance, grain 

yield and grain quality between Swarna and Swarna-Sub1 

were observed similar under non-submerged control 

conditions indicating complete restoration of the Swarna 

background in Swarna-Sub1, but Swarna-Sub1 produces a 

double or higher yield advantages over Swarna after 

submergence for two weeks or more during the vegetative 

stage [17-19]. These results indicated the good opportunity to 

develop further high-yielding varieties that are well adapted 

to other environments. Moreover, hybrid rice has been 

assumed as a hopeful approach that can be used as a vector to 

increase rice production. Recently, there has been growing 

interest to cultivate hybrid rice in a number of countries, and 

the prospective use of Sub1 in hybrid rice has great potential 

for flood-prone regions. Here, current advances in converting 

additional mega varieties to submergence-tolerant varieties 

are described and the role of Sub1 in different genetic 

backgrounds established. The significance of the Sub1A and 

Sub1C genes for tolerance is further investigated, and the 

potential use of Sub1 QTL in hybrid rice is evaluated. 

Inferences for the improvement of additional submergence-

tolerant varieties with Sub1, and the development of varieties 

with a higher level of tolerance under longer durations of 

submergence are needed. 

This Sub1 QTL also has been successfully introgressed 

into some popular high yielding rice varieties at the 

International Rice Research Institute (IRRI) and Bangladesh 

Rice Research Institute (BRRI) [20-23]. Bangladesh Rice 

Research Institute (BRRI) and the Bangladesh Institute of 

Nuclear Agriculture (BINA) so far released BRRI dhan51 

(Swarna-Sub1) and BRRI dhan52 (BR11-Sub1), BRRI 

dhan79 ( BRRI dhan49-Sub1) and BINA dhan11 (Ciherang-

Sub1) and BINA dhan12 (Sambha Mahshuri-Sub1) 

respectively. 

Submergence stress not only depends on the duration of 

submergence but also depends on various environmental 

factors such as water temperature, depth of floodwater, water 

turbidity, dissolved O2 and CO2, number of sunny days and 

soil fertility. Submergence is a polygenic trait and only the 

SUB1 QTL does not completely represent the trait alone [24]. 

Novel submergence-tolerant QTLs that supplement SUB1 

need to be discovered and then pyramided with SUB1 for 

increased level of tolerance. Thus far, however, very few 

sources of submergence tolerant accessions have been 

detected that are not derived from the original FR13A donor 

[19]. The first step in identifying new QTLs for submergence 

tolerance is to identify new germplasm accessions having a 

level of submergence tolerance similar to that of Sub1 lines 

but that do not have the same FR13A-derived SUB1 QTL 

allele. In Bangladesh, limited information is available on the 

allelic diversity among submergence-tolerant germplasm at 

the molecular level. Molecular markers can reveal 

differences among accessions at the DNA level and provide a 

more direct, reliable and efficient tool for crop improvement 

in plant breeding. This study was performed to identify new 

sources of submergence tolerant donors through 

characterization of the allelic diversity within the SUB1 

region using 20 selected DNA markers genotyped across a 

subset of newly characterized submergence-tolerant 

accessions from Bangladesh. The output of this study is 

expected to pave the way towards unveiling new 

submergence tolerance QTLs that are additive to SUB1 that 

can be used to breed for higher levels of submergence 

tolerance. 

Genetic diversity of crop plants is the key resource for 

maintaining agricultural productivity [25]. For these reasons, 

characterization and quantification of genetic diversity has 

been a major objective in evolutionary biology. The genetic 

diversity information within and among nearly related 

varieties is important for rational practice of genetic 

resources. The study of genetic unevenness within and 

among breeding materials is of critical and very important to 



46 Al Amin et al.:  Identification of Novel Submergence Tolerant Local Rice Cultivars of Bangladesh  

 

plant breeders [26]. Currently the progresses of molecular 

biology and biotechnology allow easier analysis of large 

number of loci distributed throughout the plant genome. As it 

has been proven that, molecular markers are powerful tools 

in the calculation of genetic variation and in the 

interpretation of genetic relationships within and among 

species. This experiment aims to study the presence of Sub1 

QTL region in the native landraces, collected from 

submergence prone environment by Genetic Resource and 

Seed Division of Bangladesh Rice Research Institute (BRRI), 

so as to generate important information towards our 

understanding of the molecular mechanisms linked to 

submergence tolerance in rice. The output of molecular 

screening is expected to unveil the way of discovering new 

submergence tolerant QTLs other than SUB1 through QTL 

mapping using newly identified submergence tolerant 

germplasm. 

2. Materials and Methods 

2.1. Experimental Site 

The experiment was conducted at the Submergence Tank 

and Molecular Biology Laboratory of Plant Breeding 

Division, Bangladesh Rice Research Institute (BRRI), 

Gazipur -1701, Bangladesh. 

2.2. Morphological Screening of Germplasm  

A total of 20 landraces or local cultivars, 1 susceptible 

check BR5 and 1 tolerant check FR13A were tested in this 

experiment. Fourteen days old seedlings were transplanted in 

the Plant Breeding Division’s submergence tank. The field 

layout was RCB design with three replications. The spacing 

was 20 cm × 20 cm and 1 row (30 hills/row) was maintained 

for each genotype. The genotypes were submerged for around 

15 days at a depth of 98-105 cm at 14 days after transplanting. 

During submergence period, the water of the tank was made 

turbid twice daily and the light intensity in upper level 

(normal), mid-level (30 cm below the water surface) and 

lower level (75 cm below the water surface) of the tank water 

were measured through light meter (LI-250) (Table 1). The 

water pH and temperature were also measured and recorded 

(Table 1). At 15 days after submergence, the water was 

drained out from the submergence tank. Sanitation was done 

at 7 days after subsiding of water. Date of seeding, date of 

transplanting, date of submergence and date of de-

submergence were 17/04/15, 01/05/15, 20/5/15 and 4/6/15, 

respectively. Fertilizers were applied @ 90 kg urea, 50 kg TSP, 

70 kg MP, 56 kg gypsum and 8 kg zinc sulphate/ha. Total 

amount of P, S and Zn and two-third MP were applied at the 

time of final land preparation. Weeding and other cultural 

operations were done in time. Data for different parameters 

were taken following the methodologies as described below:  

Seedling height (cm): Seedling heights of 10 plants were 

measured just after transplanting. 

Final seedling height (cm): Seedling heights of 10 plants 

were measured at 5 days after de-submergence. 

Seedling weight (grams): Seedling weight was measured 

from 10 plants taken just before transplanting and after drying 

in an oven at 50°C for 72 hours.  

Seedling strength (g/cm): This parameter was measured by 

the following formula:  

Seedling strength = 
Seedling weight (g)

Seedling height (cm)
 

Survival% = 
Number of surviving plants 5 days after de-submergence

Plant numbers just before submergence
 X 100 

Elongation% = 
Seedling height 5 days after de-submergence - Seedling height just before submergence

Seedling height just before submergence
 X 100 

Recovery ability and tolerance score: These were recorded 

at 5 and 30 days after de-submergence on the basis of 

tillering ability,% survival and vegetative growth, etc., 

following the IRRI (2002) standard evaluation system (SES). 

The correlation coefficient of survival percentage with 

seedling height (cm), seedling weight (g), seedling strength 

(g/cm), final seedling height (cm) and elongation percentage 

was calculated using correlation analysis.  

Table 1. Range of light intensity, pH and temperature of water during submergence period. 

Water level 
Light intensity (w/m2) Water pH Water temperature  ( ̊ C) 

Before turbidity After turbidity 

7.1-7.4 30-31.5 
Upper level 100-135 - 

Mid-level 22-27 1-1.9 

Lower level 2.5-6.4 0-0.021 

 

2.3. Molecular Screening of New Submergence Tolerant 

Germplasm of Bangladesh 

2.3.1. Plant materials and DNA markers 

A total of 20 landraces, 1 susceptible check BR5 and 1 

tolerant check FR13A were tested in this experiment. (Table 

2). Two Sub1-region primers in the Chromosome 9 with clear 

amplifications were selected for molecular characterization 

of those 20 genotypes (Table 3). GnS2, a gene-based CAPS 

marker specific to putative Sub1A gene within SUB1 QTL 

and other gene-based STS/indel marker Sub1C173 were used 

to confirm presence of SUB1 QTL in the 20 landraces [16-

19]. 
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Table 2. List of genotypes used for molecular characterization. 

SN. Designation SN. Designation 

1. Lakhi 12. Songatapi 

2. Saita 13. Laxmi Digha 

3. Haloi 14. Damsi 

4. Bajal 15. Bhaualia Digha 

5. Horcoach 16. Lal Digha 

6. Manik Digha 17 Puti depa 

7. DSL 78-8 18 Atshotti 

8. Rajasail 19 Sadadanga Boro 

9. Pathor Nuti 20 Jalda IRRI 

10. Hoinga digha 21 FR13A (Resistant Check) 

11. Bhaualia 22 BR5 (Susceptible Check) 

Table 3. List of primers used for molecular characterization of 20 landraces. 

SN Primers Position Allele Size Forward Reverse Repeat motif 

1. Gns2 Exon of Sub1A 251 and 97, 130 CTTCTTGCTCAACGACAACG TCGATGGGGTCTTGATCTCT N/A 

2. Sub 1C173 Exon of Sub1C 158–176 CTACTTCAATGTCACCAACG TAGAAGATGGAAGACCTGAT (AGC)10 

 

2.3.2. Genotyping Protocol 

DNA was extracted from young leaves following CTAB 

method [27]. The concentration of extracted DNA was 

estimated by Spectrophotometer method using Nano Drop 

spectrophotometer (ND 2000). PCR for 1 indel Sub1-region 

primer Sub1C173 and CAPS marker GnS2 were carried out 

in a 20 µl reaction volume containing 2 µl of 10X PCR 

buffer (Mg
++

), 0.4 µl of 10 mM dNTPs, 2 µl of 5 U/µL Taq 

DNA polymerase, 1 µl of 10 µM forward and reverse 

primers, 1 µl DMSO (Dimethyl Sulphoxide), 8.6 µl Nano 

pure water and 4 µl (25ng/µg) of DNA using a 96 well 

thermal cycler. The mixture was overlaid with 10 µl of 

mineral oil to prevent evaporation. 

The temperature profile used for PCR amplification of 

marker GnS2 comprised 94°C for 5 min (initial denaturation) 

followed by 35 cycles of 94°C for 30 second (denaturation), 

55°C for 30 second (annealing), 72°C for 1 min 30 second 

(extension) with a final extension for 7 min at 72°C at the 

end of 35 cycles. The PCR product was preserved at 4°C 

temperature in the thermal cycler. After determining the 

amplification success, the PCR product was used for 

restriction digestion. The amplification of the PCR product 

was checked initially by adding 2 µl of 10X loading dye with 

4 µl of PCR product and by loading 2 µl of the mixer solution 

in PAGE. The gel running time was 2 hours with 100 volt. 

After that the PCR product (without adding loading dye) was 

digested with Alu1 restriction enzyme in the incubator 

keeping the temperature constant at 37°C for 12 hours. The 

protocol for digestion reaction was Alu1 = 0.35 µl, NE Buffer 

2 = 2.0 µl, H2O = 10.65 µl, PCR product = 7.0 µl. The 

digested product was separated in 6% PAGE and the gel 

running time was just an hour. 

The temperature profile used for PCR amplification of 

marker Sub1C173 comprised 94°C for 5 min (initial 

denaturation) followed by 35 cycles of 94°C for 45 second 

(denaturation), 58°C for 45 second (annealing), 72°C for 1 

min 30 second (extension) with a final extension for 7 min at 

72°C at the end of 35 cycles. The PCR products were mixed 

with 10X gel loading dye (Bromophenol blue, Xylene cyanol 

and Glycerol) and electrophoresed in 6% polyacrylamide gel 

using vertical polyacrylamide gels for high throughput 

manual genotyping. 2-3 µl of amplification products were 

resolved by running gel in 0.5X TBE buffer for 1.5hrs to 

2.5hrs depending upon the allele size at around 100 volts and 

200 mA electricity. As a standard marker 1 Kb
+
 DNA ladder 

was used to determine the amplicon size. The gels were 

stained in 1 µg/ml ethidium bromide and were documented 

using Molecular Imager gel documentation unit (XR System, 

BIO-RAD, Korea). 

3. Results and Discussion 

3.1. Screening of Local Germplasm Under Complete 

Submergence 

During the period of submergence, the average light 

intensity was 1050–1400 µmol/m
2
/s in the upper level before 

turbidity, but was 410–60 in the mid-level and 55–2 

µmol/m
2
/s in the lower level of the tank. On average, water 

temperature was 28–32°C, pH was 7.9–8.1 and dissolved O2 

was 2.8–4.0 mg/L. Under this condition and a longer period 

of submergence (18 days), screening results showed a range 

of 0.001–0.004 gm/cm for seedling strength, 20.1–273.75% 

for elongation and 5.26–93.75% for survival across all the 

tested accessions. The performance of three tested accessions 

(Lakhi, Atshotti and Damsi) showed them to be as tolerant as 

the check FR13A. The survival of Lakhi and Saita was 

88.89% and 83.3% and 84.62% while the survival of tolerant 

check FR13A was 93.75%. Other germplasm accessions 

(DSL-78-8, Laldepa, Putidepa, Laxmi digha) performed 

reasonably well according to their good recovery ability after 

de-submergence, even though their tolerance was not high as 

that of FR13A. The survival of these accessions was more 

than 50% (Table 4). The results of screening for selected 

tolerant accessions along with the checks conducted in Aman 
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2015 confirmed the tolerance of the accessions. 

Table 4. Average performance of 22 rice germplasm on their survival, tolerance score and recovery under 18 days of complete submergence, Aman 2014. 

FR13A and BR5 were used as tolerant and susceptible checks, respectively. 

SN. Genotype 
Seedling 

strength (gm/cm) 
%Elongation 

%Dry matter 

increased 
%survivability SES Score Recovery ability 

1. Lakhi 0.003 120.0 141.9 88.89 5.0 Good 

2. Saita 0.002 50.6 173.3 75.00 5.0 Good 

3. Damsi 0.003 146.5 260.2 84.62 5.0 Good 

4. Rajasail 0.003 105.6 176.8 55.56 7.0 Fair 

5. Bajal 0.004 175.3 982.9 68.00 7.0 Fair 

6. Horkoach 0.002 146.4 416.9 60.00 7.0 Fair 

7. Haloi 0.002 123.0 239.5 52.73 7.0 Fair 

8. Pathornuti 0.002 122.8 56.8 60.00 7.0 Fair 

9. Laxmi digha 0.002 273.5 218.2 78.95 5.0 Good 

10. Lal digha 0.003 236.2 438.5 59.23 9.0 Fair 

11. Horinga digha 0.002 213.8 1307.4 56.67 9.0 Fair 

12. Manik digha 0.003 206.3 70.8 50.70 9.0 Fair 

13. Bhaualia 0.002 136.5 176.9 54.48 9.0 Fair 

14. Bhaualia digha 0.003 174.6 239.6 52.00 9.0 Fair 

15. DSL 78-8 0.003 153.1 296.8 76.00 5.0 Good 

16. Putidepa 0.002 20.1 142.6 74.19 5.0 Good 

17. Atshotti 0.002 88.9 80.6 83.33 5.0 Good 

18. Songhatepi 0.003 128.4 246.2 76.00 5.0 Good 

19. FR13A 0.002 82.3 229.4 93.75 5.0 Very good 

20. BR5 0.001 169.6 230.8 5.26 9.0 Poor 

21. Sadadanga Boro 0.001 30.6 35.4 78.13 5.0 Very good 

22. Jalda IRRI 0.003 99.0 73.0 65.22 7.0 Good 

SES Score. 

Score Scale (% Survivability) 

1 100 

3 95-99 

5 75-94 

7 50-74 

9 0-49 

 

Figure 1. Screening of local cultivars of rice under controlled submergence. 
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3.2. Molecular Screening of Local Germplasm to Identify 

SUB1 QTL 

The first step in identifying new QTLs for submergence 

tolerance is to identify new germplasm accessions having a 

level of submergence tolerance similar to that of Sub1 lines 

but that do not have the same FR13A-derived SUB1 QTL 

allele. In Bangladesh, limited information is available on 

submergence-tolerant germplasm at the molecular level. 

Molecular markers can reveal differences among accessions 

at the DNA level and provide a more direct, reliable and 

efficient tool for crop improvement in plant breeding. This 

study was performed to identify new sources of submergence 

tolerant donors through characterization of the SUB1 region 

using Gns2 DNA marker genotyped across a subset of newly 

characterized submergence-tolerant accessions from 

Bangladesh. The output of this study is expected to pave the 

way towards unveiling new submergence tolerance QTLs 

that are additive to SUB1 that can be used to breed for higher 

levels of submergence tolerance. 

Gns2, a SUB1A specific marker which is amplified in the 

genotypes containing the SUB1 QTL. The molecular 

screening of landraces showed that, Lakhi, Saita, Songatepi, 

Sadadanga Boro are similar to the submergence tolerant 

FR13A and they possess SUB1 QTL. Damsi, Rajasail, Haloi, 

Lal Digha, Manik Digha, Bhawalia, DSL-78-8, Putidepa, 

Atshotti and Jalda IRRI do not possess the SUB1 QTL and 

also not similar to the BR5, a submergence susceptible check 

variety. Bajal, Horkoach, Pathornuti, Laxmi Digha, Horinga 

Digha, Bhawalia Digha and BR5 was not amplified by Gns2. 

 

Figure 2. Partial view of the gel picture of submergence tolerant landraces using Gns2. 

 

Figure 3. Partial view of the gel picture of submergence tolerant landraces using Sub1C173. 

According to molecular and morphological screening result, there are four types of genotypes observed. Cluster I represents 

flash flooding susceptible rice variety check BR5. Cluster II shows genotypes that have similar genotypes to FR13A namely 

Lakhi, Saita, Songatepi, and Sadadanga Boro. Cluster III included ten and cluster IV included six flash-flooding submergence 

tolerant local rice cultivars having an expected submergence tolerance gene or genes other than the SUB1 QTL (Figure 5).  



50 Al Amin et al.:  Identification of Novel Submergence Tolerant Local Rice Cultivars of Bangladesh  

 

 

Figure 4. A cluster dendrogram representing the phylogenetic relationships among 22 accessions based on SUB1 alleles detected by SUB1 specific markers at 

the SUB1 region on chromosome 9 and phenotypic study. 

4. Conclusion 

The morphological and molecular screening of 

submergence tolerant landraces reflected the new 

submergence tolerant donor parent and few of them having 

no SUB1 QTL. Out of 20 landraces, the survival of Lakhi and 

Saita was 88.89% and 83.3% and 84.62%. Other germplasm 

accessions (DSL-78-8, Laldepa, Putidepa, Laxmi digha) 

performed reasonably well according to their good recovery 

ability after de-submergence, even though their tolerance was 

not high as that of FR13A. The survival of these accessions 

was more than 50%. The molecular screening of landraces 

showed that, Lakhi, Saita, Songatepi, Sadadanga Boro are 

similar to the submergence tolerant FR13A and they possess 

SUB1 QTL. Damsi, Rajasail, Haloi, Lal Digha, Manik Digha, 

Bhawalia, DSL-78-8, Putidepa, Atshotti and Jalda IRRI do 

not possess the SUB1 QTL and also not similar to the BR5, a 

submergence susceptible check variety. Bajal, Horkoach, 

Pathornuti, Laxmi Digha, Horinga Digha, Bhawalia Digha 

and BR5 was not amplified by Gns2. So, Submergence 

tolerant genotypes but not having SUB1 QTL can be further 

studied to discover novel genes or QTLs for submergence 

tolerance of rice germplasm. 
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