
Abstract
Rice genotypes tolerant to germination stage oxygen deficiency (GSOD) can reduce weed infestation and can help in maintaining optimum 
plant stand in direct-seeded rice. Out of 43 rainfed lowland rice genotypes, AC41620A with greater establishment ability and vigor index 
was found to be the best under submergence at the germination stage. Further, genetic diversity was studied with 47 polymorphic 
simple sequence repeats (SSR) markers. Allele numbers varied between 2 and 4 and all together 11 unique alleles were identified in 10 
genotypes with six SSR markers such as RM339, RM1187, RM10695, RM6840, RM1183 and RM7180. Polymorphic information content 
value was more than 0.7 in RM235, RM219 and RM11 indicating the usefulness of these markers for genetic studies associated with 
GSOD sensitivity. The results from the study are useful for marker-assisted selection as well as QTL discovery for GSOD tolerance. 
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Introduction
Any event which diminishes rice production is a serious threat 
to food security. Rice is one of the important food crops, yet rice 
cultivating farmers are in distress condition due to the increasingly 
high cost of cultivation and climatic aberrations.  Rice crops in 
the same season are experiencing drought, submergence, and 
stagnant floods, apart from salinity stress in coastal areas (Kumar 
and Ladha et al., 2011; Sarkar and Ray et al., 2016). The adaptation to 
extremely variable conditions in rice offers a scope to combat the 
current challenges imposed by variable abiotic stresses, as well as a 
means to cope with the adverse effects of climate change, to secure 
food and livelihood. Rice genetic resources are vast, yet a fraction 
of it has been utilized for crop improvement programs which may 
be attributed to a lack of proper phenotyping and knowledge on 
stress-sensitivity and other important agronomic traits (Xie et al., 
2015; Reynolds et al., 2021). Germplasm description has now gained 
analytical power for resolving the genetic basis of trait variation, 
diversity patterns, and their adaptations in definite or variable 
environments. Tapping the genetic diversity, and development 
of climate-proof rice cultivars is possible, as genes associated 
with tolerance of various abiotic stresses are available within the 
cultivated gene pool, offering considerable opportunities for 
genetic improvement. The approach involving the identification 
of tolerant germplasm and associated QTLs/genes has paid rich 
dividends in developing stress-tolerant high-yielding cultivars for 
commercial utilization (Neeraja et al., 2007; Thomson et al., 2010; 
Ismail et al., 2012; Chattopadhyay et al., 2014). 
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Rice is cultivated either through direct seeding or 
transplanting mode. The transplanting mode of rice 
cultivation is mainly practiced under irrigated and favorable 
rainfed lowland conditions whereas direct seeding is 
practiced in both upland and rainfed lowlands where 
assured water supply is lacking. The transplanting mode 
of rice cultivation is highly water intensive, cumbersome 
and laborious as compared to direct-seeded rice (Kaur and 
Singh, 2017; Adigbo et al., 2018). Moreover, direct-seeded 
rice emits less greenhouse gas as compared to transplanted 
rice (Aulakh et al., 2001). Though direct seeding is highly 
beneficial, practicing direct seeding is not increasing as 
expected due to fear of high weed infestation and optimum 
plant stand (Sarkar et al., 2012; Kaur and Singh et al., 2017). 
The problem is aggravated if seeds are sown beneath 
the soil surface and stagnation of water occurs due to 
untimely rain or natural flooding. Standing water of 5-10 
cm depth creates a hypoxic/anoxic zone beneath the soil 
surface, which jeopardizes germination and sometimes 
total land becomes barren. All the above factors imply that 
cultivation through direct seeding is risky. To overcome 
such problems seed priming/seed coating with calcium 
peroxide was proposed (Ota et al., 1982; Sarkar et al., 2012). 
The calcium peroxide-coated seeds create an oxidized zone 
in the vicinity of the seeds through the release of oxygen 
which helps in proper germination and establishment of rice 
under flooded soil conditions. The treatments need extra 
investment and are still not so popular among the farmers 
except in Japan. Due to soil flooding, oxygen limitation 
during germination occurs (Ray et al., 2016). The tolerant 
rice genotype has the capacity to germinate and extend its 
coleoptiles even in the complete absence of oxygen (Vijayan 
et al., 2018) ‒ a phenomenon termed anaerobic germination 
(AG). The present study showed that anaerobic germination 
potential (AGP) or tolerance to germination stage oxygen 
deficiency (GSOD) and seedling vigor varied among rice 
genotypes. Genetic diversity among the rice genotypes 
tolerant to GSOD was studied employing SSR markers so 
that plant breeders could choose the genotypes of interest 
in developing GSOD-tolerant high-yielding cultivars suitable 
for direct seeding under soil flooding. 

Materials and Methods
Plant materials

In the present investigation, we took 43 rice genotypes 
generally grown in flood-prone rainfed lowland ecosystems 
of West Bengal, Odisha and Kerala in India. 

Phenotyping for germination stage oxygen 
deficiency tolerance 
The seeds harvested during the preceding year were used 
for the experiment. Approximately 10 g seeds were put in 
brown paper packets with several small holes and these 

packets were further kept inside an oven at 48 ± 2℃. After 
five days the packets were taken out from the oven and kept 
in ambient conditions. Later on, these seeds were used for 
experimental purposes.  

Seeds were sown 1.0 cm below the soil surface in a 
polypropylene tray (37.5 × 35 × 13.0 cm) containing a 2 
cm depth of dried and pulverized soil. Submergence was 
provided with 10 cm water immediately after sowing. This 
water depth was maintained for 3 weeks. The seeds that 
germinated underwater and successfully pushed their leaf/
coleoptile tips above the water surface after submergence 
treatment were considered as successfully established plants 
and accordingly establishment % was determined (Sarkar 
et al., 1999; Ismail et al., 2009). Plant height and shoot dry 
weight were measured to assess the variation in seedling 
vigor. Vigor index was calculated following Zhu et al., (2010). 
Vigour Index = Establishment (%)* Seedling length.

Extraction of genomic DNA and SSR assay
DNA was extracted from the leaves of 20-day-old seedlings 
using a plant genomic DNA isolation mini kit (Xcelris, 
Ahmedabad, India) following the standard procedure as 
described by the DNA isolation kit manufacturer. DNA 
concentration and quality were determined with agarose gel 
electrophoresis. Premix Taq polymerase of Xcelris (version 
2.0) was used which contained Taq DNA polymerase, dNTPs, 
MgCl2 and reaction buffer at optimal concentration for 
efficient amplification of DNA templates by PCR. Premix Taq 
version 2.0 contained blue dyes that allowed monitoring of 
progress during electrophoresis. The PCR reaction mixture 
of 25 µL quantity contained 2X Premix Tag (version 2.0) 10 
µL, 10 µM forward primer 1-µL, 10 µM reverse primer 1-µL, 
DNA solution 2 µL (12.5 ng µL-1) and doubled distilled water 
11 µL. Over 47 primers were selected based on their ability 
to give positive, clear and polymorphic banding patterns 
in selected two genotypes such as AC41620A (tolerant) and 
FR13A (susceptible). 

Statistical Analysis
The banding patterns obtained from molecular analysis 
were scored as presence (1) or absence (0). All the bands 
(polymorphic and monomorphic) were taken into account 
for similarity calculation to get proper genetic similarity 
value (Gherardi et al., 1998). Jaccard’s coefficient of similarity 
was measured and a dendrogram based on the similarity 
coefficient generated by the un-weighted pair group 
method using arithmetic averages (UPGMA) (Sneath and 
Sokal et al., 1973) and the SAHN clustering analysis. The 
analyses were done using the computer package NTSYS-PC 
(Rohlf et al., 2000). The differences among the genotypes 
for various parameters were tested by ANOVA. Comparison 
of means was done by the least significant difference test 
when the F value showed at least p <0.05 level of significance 
in CropStat (International Rice Research Institute, Manila, 
Philippines).
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Table 1: Plant establishment, seedling length and dry weight after 21 days of submergence at germination stage

S. No. Name
Establishment (%) Seedling length (cm) Shoot dry weight (mg Plant-1)

2014 2015 Average 2014 2015 Average 2014 2015 Average

1 JRS8 40 35 37 30 32 31 23 24 23

2 JRS20 35 37 36 30 32 31 27 28 27

3 JRS21 63 45 54 33 32 32 24 24 24

4 JRS155 48 28 38 33 31 32 26 26 26

5 JRS182 63 58 60 30 31 30 29 29 29

6 JRS196 38 28 33 29 29 29 26 26 26

7 AC393 83 63 73 31 33 32 21 26 23

8 AC813 58 42 50 30 30 30 12 21 16

9 AC917 73 60 66 32 27 29 20 25 22

10 AC1151 70 52 61 31 33 32 23 24 23

11 AC34352 58 35 46 34 36 35 30 24 27

12 AC34245 70 50 60 31 35 33 26 34 30

13 AC34280 65 39 52 32 35 33 21 25 23

14 AC40331 30 23 26 30 33 31 27 31 29

15 AC40331A 35 37 36 33 36 34 28 21 24

16 AC40638 48 58 53 31 30 30 38 25 31

17 AC40346 68 68 68 27 35 31 24 20 22

18 AC41622A 48 67 57 26 29 27 21 24 22

19 AC41647 73 47 60 37 30 33 31 27 29

20 AC41644A 53 62 57 25 34 29 18 29 23

21 AC41620A 90 85 87 30 31 30 23 37 30

22 AC41620 65 75 70 28 34 31 26 29 27

23 AC41644B 68 60 64 29 26 27 24 22 23

24 AC34289 46 77 61 27 39 33 19 31 25

25 AC41644 60 52 56 35 24 29 28 18 23

26 AC39393 20 40 30 37 28 32 24 24 24

27 AC39384 28 38 33 35 28 31 28 17 22

28 AC39390 48 63 55 28 28 28 25 24 24

29 AC39397 40 42 41 41 28 34 28 20 24

30 AC39418 43 60 51 34 36 35 31 29 30

31 AC39406 35 30 32 41 27 34 24 24 24

32 AC39460 53 38 45 36 35 35 23 27 25

33 Pantara 48 42 45 29 30 29 23 25 24

34 Panikekua 70 45 57 34 41 37 24 28 26

35 AC39416A 70 58 64 34 37 35 28 30 29

36 Kamini 58 45 51 28 37 32 16 25 20

37 Ravana 55 37 46 40 36 38 23 27 25

38 Paloi 50 30 40 31 35 33 35 28 31

39 Pokkali 48 40 44 28 30 29 13 17 15

40 Talmugra 55 47 51 35 33 34 31 26 28

41 Morisal 39 43 41 21 20 20 18 14 16

42 Rashpanjor 70 66 68 39 29 34 31 26 28

43 FR13A 18 13 15 25 30 27 24 22 23

LSD p < 0.05 13 11 --- 4 3 --- 5 6 ---
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Results
Variability in anaerobic germination traits
Soil flooding during germination significantly decreased 
the establishment of the seedlings (Table 1). The average of 
two-year data showed that plant establishment (%) varied 
significantly under submergence. It ranged from 15 to 87% 
among different genotypes. FR13A was highly susceptible 
whereas AC41620A is highly tolerant at germination stage 
submergence. Establishment was 60 to 87% in thirteen 
genotypes namely AC41620A (87%), AC393 (73%), AC41620 
(70%), Rashpanjor and AC40346 (68%), AC917 (66%), 
AC41644B and AC39416A (64%), AC1151 and AC34289 (61%), 
JRS182, AC34245 and AC41647 (60%). Medium establishment 
(40–59%) was observed in 18 genotypes. Nine genotypes 
exhibited  20 to 39% establishment. Average seedling length 
varied from 20 cm (Morisal) to 38 cm (Ravana) whereas 
average dry weight per plant varied between 15 (Pokkali) 
and 31 mg (AC40638). Wide variations in vigor index were 
observed among the 43 rice genotypes (Fig. 1). Vigour 
index was maximum in AC41620A (2610), followed by AC393 
(2336), Rashpanjor (2312), AC39416A (2240), AC41620 (2170), 
Panikekua (2109) and AC40346 (2108). The vigor index 
was merely 405 in susceptible genotype FR13A. The vigor 
index was below average (1588) in nineteen genotypes 
whereas the values of vigor index were above average in 
24 genotypes.

SSR marker characteristics, Allelic diversity, PIC 
values and unique Alleles
The molecular diversity analysis data showed that 47 simple 
sequence repeats (SSR) markers amplified 123 loci covering 
all the chromosomes of rice except chromosome number 
10 (Table 2). Most of the polymorphic primers were linked 
to chromosome 1 (17 primers) chromosome 9 (7 primers), 
and 2 and 12 (5 primers). The amplicon size varied from 90 
bp (RM3753) to 400 bp (RM10864) and the average alleles 
per locus were 2.61. The PIC values ranged from 0.088 
(RM339) to 0.757 (RM235) with a mean of 0.488. PIC values 
were more than 0.7 in the case of three primers viz., RM235, 
RM219 and RM11 (Table 2). Allelic numbers per locus showed 
a highly significant negative association with major allelic 
frequency (%) and a positive association with PIC values (Fig. 
2). Major allelic frequency (%) showed a highly significant 
negative association with PIC values (Table 3). Six primers 
such as RM339, RM1187, RM10695, RM6840, RM1183 and 
RM7180 indicated the presence of unique alleles in ten rice 
genotypes. The allelic size of these primers ranged from 
130 bp to 170 bp. RM1187 identified two unique alleles in 
AC41644 and JRS8, whereas RM10695 identified one unique 
allele in AC41644, which was a GSOD-tolerant genotype. 
Marker RM339 identified two unique alleles in GSOD tolerant 
AC41620 and GSOD susceptible Pantara.  

Clustering of genotypes
The average similarity among the studied genotypes was 
0.509. The maximum similarity was observed between 
AC40331 and AC40331(A) with a similarity value of 0.775 
(Supplementary Table S1). The genotypes were divided into 
two clusters (Fig. 3). Cluster A comprised three genotypes 
namely JRS20, JRS196 and FR13A and cluster B contained the 
rest 40 genotypes. The Cluster B was further divided into two 
sub-clusters such as B1 and B2. Cluster B1 consisted of only 
2 genotypes namely Panikekua and Ravana and cluster B2 
again sub-clustered into two groups. The sub-cluster B2A 
monotypic with only one genotype i.e. Pantara. B2B was 
further sub-divided into two groups with 27 genotypes 
in group B2B1 and 10 genotypes in group B2B2.  All 27 
genotypes under group B2B1 were again grouped into two 
groups with 19 (B2B1I) and 8 (B2B1II) genotypes. 

Discussion
Greater seedling vigor under normal as well as under 
submergence conditions is a useful trait in direct-seeded 
rice (Vu et al., 2015). After germination, fast seedling growth 
suppresses weed infestation and pushes the coleoptiles 
above the water surface very quickly which improves the 
crop stand. An optimum crop stand is the guarantee of good 
yield (Sarkar, 2012). The present investigation revealed that 
13 genotypes were highly capable of germinating under 
submergence with establishment % under submergence 
varying from 60 to 87%. Likely, there was great variation in 
seedling length and dry weight. Identification of new genetic 
resources opens up new avenues for crop improvement 
programs. Prospects of identification of new genes/
quantitative trait loci (QTLs) have been increased ultimately 
helping to develop stress-tolerant crops (Haussmann et al., 
2004; Burke et al., 2009). New QTLs have been identified 
from rice genetic resources, which imparted tolerance to 
submergence (Neeraja et al., 2007), salinity (Thompson et 
al., 2010; Chattopadhyay et al., 2014), drought (Sandhu et 

Fig. 1: Vigour index of 43 rice genotypes. Bar represents critical 
difference at p<0.05
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Fig. 2: Association among allelic numbers with that of major allelic frequency (Fig. 2A),  PIC value (Fig. 2B)  and between PIC value and Major 
allelic frequency (Fig. 2C). ‘r’ is the correlation coefficient

Fig. 3: Clustering of 43 rice genotypes based on 47 SSR markers

al., 2019) and other abiotic stresses. Genotypes tolerant to 
germination stage oxygen deficiency (GSOD) or with greater 
anaerobic germination potential (AGP) were identified 
earlier (Yamauchi et al., 1993; Sarkar et al., 1999; Angaji et al., 
2010; Barik et al., 2019), however, identification of robust QTLs 
were not yet achieved (Angaji et al., 2010). Kim and Reinke 
et al., 2018 reported that the presence of three QTLs such as 
qAG1a, qAG1b and qAG8 associated with AGP showed 50% 
establishment whereas establishment % was reduced to 32 
to 36% when only two QTLs were present. Establishment % 
did not show any significant association with seedling length 
and dry matter accumulation per plant. Seedling length, 
however, showed a significant positive association with dry 
matter accumulation (r = 0.472, p< 0.01**). This showed that 
establishment %underwater was the main hurdle rather 
than seedling length and dry weight (Miro et al., 2017). The 
vigor index ranged from 405 in susceptible genotype FR13A 
to 2610 in highly tolerant genotype AC41620A. The vigor 
index was more than 2000 points in seven genotypes such as 
AC393, Rashpanjor, AC39416A, AC41620, Panikekua, AC40346 
and AC34289. Yamauchi and Winn et al., (1996) found a highly 
linear correlation between establishment % in a field or a 
laboratory with a vigor index. In the present investigation, 
we also noticed a highly significant association between 
establishment % and vigor index (r = 0.946, p <0.001***). 
The association between seedling length and vigor index (r 
= 0.368, p <0.05*) and dry weight and vigor index (r = 0.304, 
p <0.05*) was also significant. 

Allelic variations of 47 polymorphic markers across 43 
genotypes revealed two to four alleles with an average of 
2.61 alleles per marker. Allelic variation describes the changes 
that happened in due course of time due to the influence 
of both micro- and macro-environment on a particular 
genotype and its adoption to the said environment 
(Vemireddy et al., 2019). It also describes the genetic 
changes that occur at a specific locus on a chromosome. 
Allelic variation is greatly exploited in crop improvement 
(Shao et al., 2019). Major allelic frequency ranged from 27.9 
(RM235) to 95.3% (RM339). The association between allelic 
numbers and major allelic frequency (%) was negative (Fig. 
2A), suggesting that the genotypes collected from eastern 
Indian coastal rainfed lowland areas were highly diverse. 

The association between major allelic frequency (%) and PIC 
value was negative (Fig. 2C). Lower % of major allelic/gene 
frequency determines the divergent nature of the plant or 
the presence of variant genes of the same locus (Morton et 
al., 2001). The results were comparable with Vu et al., (2015) 
who studied the diversity of Vietnamese rainfed lowland 
rice genotypes. 

Markers with more than 0.5 PIC values were considered 
highly informative and could be employed to detect more 
alleles within germplasm accessions (Vu et al., 2015). Out 
of 47 SSR markers, only 15 markers scored more than 0.5 
PIC values. PIC value showed a highly significant positive 
association with allelic numbers (Fig. 2B). Unique alleles are 
important to make distinctions among different genetic 
groups of the same species (Szczecińska et al., 2016). Unique 
alleles have appeared in both GSOD tolerant and susceptible 
genotypes with PIC values ranging from 0.088 to 0.631. 
Among the ten genotypes, that showed the presence of 
unique alleles, a few such as AC41644, Panikekua and Kamini 
were medium-tolerant and AC41620 was tolerant to GSOD 
(Table 1). The remaining genotypes were either tolerant to 
submergence e.g. FR13A (Jambhulkar et al., 2018) or tolerant 
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Table 2: Forty-seven SSR markers characteristics across 43 rice genotypes 

Primers 5’<-----Sequence----->3’ Chr. no. Position 
(Mb)

Size 
(bp)

Allelic 
no.

Major allelic / gene 
frequency (%) PIC

RM 235 F: AAGCTAGGGCTAACGAACGAACG
R: TCTCCATCTCCATCTCCATCTCC

12 26.17 130-160 4 27.9 0.757

RM 219 F: CGTCGGATGATGTAAAGCCT
R: CATATCGGCATTCGCCTG

9 11.17 200-240 4 34.9 0.730

RM 11 F: ATCGGTGCTTGGCTGGATAGC
R: CCACCTTCTTCTCCTCCTCTTCC

7 19.20 120-150 4 44.2 0.708

RM8094 F: AAGTTTGTACACATCGTATACA
R: CGCGACCAGTACTACTACTA 

1 11.24 180-200 3 44.2 0.653

RM 23877 F: TGCCACATGTTGAGAGTGATGC
R: TACGCAAGCCATGACAATTCG

9 6.35 300-400 3 46.5 0.640

RM 3769 F: CTGAAATCTGTGAAAGCCTGAACG
R: GCTGGTGACAAACTGCATCTTCC

9 11.69 200-220 3 46.5 0.634

RM 6840 F: CGACTGGAAGAAGGGATCATGG
R: CACACTACCAAGACTCCGCTATGG

1 43.16 130-160 4 53.5 0.631

RM 208 F: AGTACCACCACCATTCTCTGCAAGC
R: TCGATTGGCCATGAGTTCTCG

2 35.16 160-200 3 51.2 0.619

RM 3753 F: GCACAGTGAATGAGCTAAGAACACG
R: TCCAATACGATAAGTGGCTGATGG

7 23.61 90-120 3 44.2 0.596

RM 6386 F: ATCATCGTCGTCATCCTCTCTCC
R: CGTCCAGTTCGTAGGCGTATAAGG

12 25.03 130-160 4 58.1 0.594

RM 444 F: TGCATCTTTCACCGTAGTCCTAGC
R: CTTGCTGGAGCTCGTAGATGC

9 5.87 400-450 3 55.8 0.588

RM 1183 F: AGCCATTTCCAGCAGTTCATGC
R: CCAGTTTCAAGGCTCGGAAGC

1 30.97 140-170 4 55.8 0.586

RM 518 F: AAGACACAAGCAAACAGCTCAACC
R: AAGCTTGCTTGGTTCAAGAGAGG

4 2.02 160-180 3 55.8 0.578

RM 259 F: GAAGTGCTCCCTAAACTTGTTGC
R: TTATGGAGGATGGATTCGAAGG

1 7.44 150-170 3 51.2 0.577

RM 12292 F: ATGAGACGATGAAAGCCTCAAGC
R: GTGGGACAAGCAAATTGAAACG

1 43.22 140-160 3 62.8 0.543

RM 263 F: AATCTATGGACCTGGGAGGAACC
R: TGACGAGAGTGCTACGTTTGAGC

2 25.89 180-200 2 51.2 0.500

RM 582 F: TCTGTTGCCGATTTGTTCG
R: AAATGGCTTACCTGCTGTCTC

1 9.19 210-220 2 51.2 0.500

RM 7338 F: CGCATGGATCAATCAATAGTGG
R: CAAGTGCTGCTACTCTGTCTCTTGG

7 15.33 320-330 2 51.2 0.500

RM 5793 F: TGGACACAACACATTCCATCTCC
R: TCAGCTTTCTTCTTTCTCCCAAGC

7 17.44 140-150 2 53.5 0.498

RM 253 F: CCATCTCTGCCTCTGACTCACC
R: TCCTTCAATGGTCGTATCTTCTCC

6 5.44 130-150 3 67.4 0.497

RM 520 F: ACGATAACGCCGACATCACTGG
R: GCTAAGCATCCACGGTTTCTCTCC

3 30.72 140-150 2 55.8 0.493

RM 28766 F: ACCAACCAGTCACTGATCTTAGC
R: ACCTAACGAAAGAGATCGAACC

12 26.65 100-130 3 65.1 0.493

RM 28748 F: TGAGAACACGCTCTTGAGTATTGC
R: TGTTGTGTGCCTTACAGCAGAGG

12 26.44 440-450 2 55.8 0.493

RM 23911 F: TGCCTGCACTTATCTCTTGATGC
R: GATGAACCTAAAGGGCAGTTTCC

9 7.15 260-270 2 55.8 0.493

RM 3808 F: CAGTGGCGTGGAGAGAAATTTGG
R: CTCACCTGCGACAGCAAGATCG

9 20.25 280-300 2 55.8 0.493
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RM 10695 F: CCTTCGACTCCATGAAACAAACG
R: TCTCTTTGCCCTAACCCTATGTCC

1 10.98 140-170 4 67.4 0.492

RM 11701 F: CTGGTGGAGTTGCAGTGCCTCTAGC
R: CCTTGCTGCTTTCTCATTGAAACTGG

1 32.02 200-220 2 60.5 0.478

RM 11008 F: TTTGGATGGTCATTAGCCTCTGG
R: ATCAACCTTGCATGCTGTCTTCC

1 17.97 110-120 2 60.5 0.478

RM 10864 F: GAGGTGAGTGAGACTTGACAGTGC
R: GCTCATCATCCAACCACAGTCC

1 14.24 400-600 2 60.5 0.478

RM 1187 F: CTACTGAGCCATCGCATGAGTGC
R: TAGTTGTCTCCTGCCGTTGTTGG

5 23.13 140-160 3 67.4 0.478

RM 5378 F: GCTGCGTTCTACTACTAGCCTACCC
R: GCGCTCAATTAGAGTTGAGTTTGG

2 29.89
150-160 2 62.8 0.467

RM 149 F: GGAAGCCTTTCCTCGTAACACG
R: GAACCTAGGCCGTGTTCTTTGC

8 24.72 240-250 2 65.1 0.454

RM 468 F: AAAGATCCGTGTCCTCAATCAGC
R: CCTAAAGCCCTTCCTTGTTGTGG

3 32.47
510-520 2 65.1 0.454

RM 232 F: CCGGTATCCTTCGATATTGC
R: CCGACTTTTCCTCCTGACG

3 15.92 140-160 3 72.1 0.440

RM 341 F: CAAGAAACCTCAATCCGAGC
R: CTCCTCCCGATCCCAATC

2 75.00 180-190 2 67.4 0.439

RM 28759 F: CTCTCTGTTCATCACTGGCTTCG
R: GAGAATCGTGTTGCAGAAGTTGC

12 26.51 180-200 2 67.4 0.439

RM 104  F: GGAAGAGGAGAGAAAGATGTGTGTCG
R: TCAACAGACACACCGCCACCGC

1 27.54 110-120 2 67.4 0.439

RM 206 F: ATCGATCCGTATGGGTTCTAGC
R: GTCCATGTAGCCAATCTTATGTGG

11 21.63 140-150 2 69.8 0.422

RM 12288 F: AGCTCGGCCCTTGTGCTTCC
R: GCTGGCCCATCAGAGTCAGAGC

1 43.21 150-160 2 72.1 0.402

RM 10685 F: TATCGGACTCTACTGAAACACC
R: GTGTACTCCCTGCATTTCTAGG

1 10.90
150-160 2 74.4 0.392

RM 7180 F: GTGTTTATAGGGGTGCCACG
R: TGTTGGTGGTGCAGGTAAAG

1 34.10 160-180 3 76.7 0.374

RM 10694 F: TTTCCCTGGTTTCAAGCTTACG
R: AGTACGGTACCTTGATGGTAGAAAGG

1 10.97
250-260 2 76.7 0.357

RM 3475 F: ATGTTGTCGAGTCGTGGTAATGC
R: TATTCCTCGGTGTATGGGTCTCC

1 26.04 170-180 2 81.4 0.303

RM 5526 F: CACATGATCCTCCACCCACTAGC
R: GCCTGGCCTCTCTTATCTGTCTACC

9 7.26 150-180 2 86.0 0.240

RM 6318 F: AAGTGCCTCGAATTACACATCTCC
R: GCTGCTTCTGTCCAGTGAGACC

2 24.44 170-180 2 88.4 0.206

RM 11125 F: CCAAGAACCCTAGCTCCCTCTCC
R: TCGACGAGATCCTCCTCGTAAACC

1 20.54 200-220 2 88.4 0.206

RM 339 F: GTAATCGATGCTGTGGGAAG
R: GAGTCATGTGATAGCCGATATG

8 72.2 140-160 3 95.3 0.088

Mean 2.62 61.4 0.488

to stagnant flooding e.g. JRS196 (Kuanar et al., 2017), or 
tolerant to salinity e.g. Pantara, Kamini and Paloi (Sarkar 
et al., 2013; Singh and Sarkar et al., 2014). This investigation 
revealed that genotypes with multiple allelic variations were 

a great source of new genes and could be utilized for plant 
breeding programs.  

Genetic variation has two distinct advantages to 
a population. It allows some genotypes to fit into the 
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environment while maintaining the endurance of the 
populace from an evolutionary point of view whereas 
it also enables to design of a crop suitable for a specific 
environment. A study of genetic diversity and relationship 
among the 43 rice genotypes using 47 SSR markers 
further revealed that three genotypes such as JRS8, 
JRS196 and FR13A constituted one group (Group A) and 
the rest 40 genotypes constituted another group (Group 
B). The genotypes in group A were susceptible to GSOD 
but possessed some unique features (Table 3). UPGMA 
method of analysis showed that the rice genotypes highly 
tolerant to germination stage oxygen deficiency (GSOD) 
were distantly placed compared to susceptible genotypes. 
Some genotypes that are tolerant to salinity but have good 
AGP potential such as Rashpanjor, Paloi, Talmugra, and 
Morishal are distantly placed as compared to GSOD tolerant 
genotypes such as AC41620 and AC41620A. Judging the 
similarity and dissimilarity, it can be said that the genotypes 
reported here possessed unique character and could be 
utilized in designing the plant suitable for direct seeding 
conditions even in areas where salinity is a threat to rice 
cultivation.

Conclusion
The study revealed that the genotypes collected from the 
eastern Indian states of Odisha, West Bengal and Pokkali 
region of Kerala showed a high degree of genetic diversity 
to GSOD tolerance. Genotypes such as Rashpanjor, Paloi, 
and Talmugra tolerant to both salinity and GSOD would be 
of great use in coastal rainfed lowland areas. SSR markers 
that gave high numbers of allelic diversity with a PIC value 
of more than 0.5 could be employed for marker-assisted 
selection as well as QTL discovery for GSOD tolerance.

Acknowledgment
The authors are grateful to the Indian Council of Agricultural 
Research, New Delhi for providing funds through the 
National Innovation of Climate Resilient Agriculture and 
Emeritus Scientist project.

References
Adigbo SO, PJ Osadebay, I Iseghohi, CI Alarima, NO Agbenin, JN 

Odedina and TO Fabunmi (2018) Screening and evaluation of 
upland rice (Oryza sativa L.) varieties in inundated soil. Agric. 
Tropica et Subtrop. 51: 63-69.

Angaji S, EM Septiningsih, DJ Mackill and AM Ismail (2010) QTLs 
associated with tolerance of anaerobic conditions during 
germination in rice (Oryza sativa L.). Euphytica 172: 159-168.

Aulakh MS, R Wassmann R and H Rennenberg (2001) Methane 
emissions from rice fields: Quantification, mechanisms, 
role of management, and mitigation options. Adv. Agron. 
70: 93-260.

Barik J, V Kumar, SK Lenka and D Panda (2019) Genetic potentiality 
of lowland indigenous indica rice (Oryza sativa L.) landraces 
to anaerobic germination potential. Plant Physiol. Rep. 24: 
249-261.

Burke MB, DV Lobell and L Guarino (2009) Shifts in African crop 
climates by 2050, and the implications for crop improvement 
and genetic resources conservation. Global Environ. Change 
19: 317-325.

Chattopadhyay K, D Nath and RL Mohanta (2014) Diversity and 
validation of microsatellite markers in Saltol QTL region in 
contrasting rice genotypes for salt tolerance at the early 
vegetative stage. Aust. J. Crop Sci. 8: 356-362. 

Gherardi M, B Mangin and B Goffinet (1998) A method to measure 
genetic distance between allogamous populations of alfalfa 
(Medicago sativa) using RAPD molecular markers. Theor. App. 
Genet. 96: 406-412.

Haussmann BIG, HK Parzies, T Presterl, Z Susic and T Miedaner 
(2004) Plant genetic resources in crop improvement. Plant 
Genet. Resour. 2: 3-21.

Ismail AM, ES Ella, GV Vergara and DJ Mackill (2009) Mechanisms 
associated with tolerance for flooding during germination 
and early seedling growth in rice (Oryza sativa). Ann. Bot. 
103: 197-209.

Ismail AM, DE Johnson and ES Ella (2012) Adaptation to flooding 
during emergence and seedling growth in rice and weeds, 
and implications for crop establishment. AoB Plants pls019. 
doi: 10.1093/aobpla/pls019.

Jambhulkar NN, BC Patra, JN Reddy and RK Sarkar (2018) 
Developing mini core of rice germplasm for submergence 
tolerance. Indian J. Plant Genet. Resour. 31: 89 - 96.

Kaur J and A Singh (2017) Direct seeded rice: Prospects, problems/
constraints and researchable issues in India. Curr. Agric. Res. 
J. 5: 13-32.

Kim S-M and RF Reinke (2018) Identification of QTLs for tolerance 
to hypoxia during germination in rice. Euphytica 214:160-169.

Kuanar SR, A Ray and SK Sethi (2017) Physiological basis of stagnant 
flooding tolerance in rice. Rice Sci. 24: 73-84.

Kumar V and JK Ladha (2011) Direct seeding of rice: recent 
developments and future research needs. Adv. Agron. 111: 
297-413.

Miro B, T Longkumer and FD Entila (2017) Rice seed germination 
underwater: Morpho-physiological responses and the bases 
of differential expression of alcoholic fermentation enzymes. 
Front. Plant Sci. doi: 10.3389/fpls.2017.01857

Morton NE, W Zhang W and P Taillon-Miller (2001) The optimal 
measure of allelic association. Proc. Nation. Acad. Sci. (USA) 
98: 5217-5221.

Neeraja CN, R Maghirang-Rodriguez and A Pamplona (2007) 
A marker-assisted backcross approach for developing 

Table 3: Unique alleles as amplified by SSR markers in different rice 
genotypes

S. No. Markers Unique 
Alleles No.

Allele 
size (bp)

Genotypes with unique 
Alleles

1 RM339 1 160 Pantara

2 RM339 1 140 AC41620

3 RM1187 2 140 JRS8, AC41644

4 RM10695 1 140 AC41644

5 RM6840 2 130 Kamini, FR13(A)

6 RM1183 2 170 JRS20, JRS196

7 RM7180 2 180 Panikekua, Paloi

Total 11 Ten genotypes



Senapati et al.	 Lowland Rice Genotypes in Relation to Germination Stage Oxygen Deficiency Tolerance

Indian Journal of Plant Genetic Resources			  	 206 					     38(2)198-209

submergence tolerant rice cultivars. Theor. App. Genet. 115: 
767-776.

Ota Y (1982) Promotion of emergence and establishment of rice 
seedlings by using calcium peroxide-coated seeds in direct 
sowing on flooded paddy field. Jap. Agric. Res. Quart. 15: 
221-226.

Ray S, J Vijayan and RK Sarkar (2016) Germination stage oxygen 
deficiency (GSOD): An emerging stress in the era of changing 
trends in climate and rice cultivation practice. Fron. Plant Sci. 
7: 671 doi: org/10.3389/fpls.2016.00671

Reynolds M, OK Atkin and M Bennett (2021) Addressing research 
bottlenecks to crop productivity. Trends Plant Sci. 26: 607-630.

Rohlf FJ (2000) NTSYS-pc: numerical taxonomy and multivariate 
analysis system. Version 2.1. New York, NY: Exeter Publications.

Sandhu N, RB Yadaw RB and B Chaudhary (2019) Evaluating 
the performance of rice genotypes for improving yield 
and adaptability under direct seeded aerobic cultivation 
conditions. Front. Plant Sci. doi: 10.3389/fpls.2019.00159

Sarkar RK (2012) Seed priming improves agronomic trait 
performance under flooding and non-flooding conditions 
in rice with QTL SUB1. Rice Sci. 19: 286-294.

Sarkar RK, SK Bera and RN De (1999) Rice (Oryza sativa) cultivars for 
anaerobic seeding. Indian J. Agric. Sci.  69: 73-76.

Sarkar RK and A Ray (2016) Submergence-tolerant rice withstands 
complete submergence even in saline water: Probing 
through chlorophyll a fluorescence induction O-J-I-P 
transients. Photosynthetica 54: 275-287.

Sarkar RK, KR Mahata and DP Singh (2013) Differential responses 
of antioxidant system and photosynthetic characteristics in 
four rice cultivars differing in sensitivity to sodium chloride 
stress. Acta Physiol. Plant. 35: 2915-2926.

Shao L, F Xing F and C Xu (2019) Patterns of genome-wide allele-
specific expression in hybrid rice and the implications on 
the genetic basis of heterosis. Proc. Nation. Acad. Sci. (USA) 
116: 5653-5658.

Singh DP and RK Sarkar (2014) Distinction and characterization 
of salinity tolerant and sensitive rice cultivars as probed by 

the chlorophyll fluorescence characteristics and growth 
parameters. Funct. Plant Biol. 41: 727-736.

Sneath PHA and RR Sokal (1973) Numerical taxonomy. W. H. 
Freeman and Company, San Francisco.

Szczecińska M, G Sramko, K. Wołosz and J Sawicki (2016) 
Genetic diversity and population structure of the rare and 
endangered plant species Pulsatilla patens (L.) Mill in East 
Central Europe. PLOS ONE doi: 10.1371/journal.pone.0151730.

Thomson MJ, M De Ocampo and J Egdane (2010) Characterizing 
the Saltol quantitative trait locus for salinity tolerance in rice. 
Rice 3: 148-160. 

Vemireddy LR, G Kadambari and GE Reddy (2019) Uncovering of 
natural allelic variants of key yield contributing genes by 
targeted resequencing in rice (Oryza sativa L.). Sci. Rep. 9: 
8192.

Vijayan J, S Senapati and S Ray (2018) Transcriptomic and 
physiological studies identify cues for germination stage 
oxygen deficiency tolerance in rice. Environ. Exp. Bot. 147: 
234-248.

Vu HTT, HTT Nguyen, KD Tran, TH Khuat and C Nakamura (2015) 
Genetic diversity of Vietnamese lowland rice germplasms 
as revealed by SSR markers in relation to seedling vigour 
under submergence. Biotechnology Biotechnological Equip. 
doi: 10.1080/13102818.2015.1085330.

Xie W, G Wang G and M Yuan M (2015) Breeding signatures of rice 
improvement revealed by a genomic variation map from 
a large germplasm collection. Proc. Nation. Acad. Sci. (USA) 
112: E5411-E5419.

Yamauchi M, AM Aguilar, DA Vaughan and DV Seshu (1993) Rice 
(Oryza sativa L.) germplasm suitable for direct sowing under 
flooded soil surface. Euphytica 67: 177-184. 

Yamauchi M and T Winn (1996) Rice seed vigor and seedling 
establishment in anaerobic soil. Crop Sci. 36: 680-686.

Zhu S-y, D-l Hong and J Yao (2010) Improving germination, seedling 
establishment and biochemical characters of aged hybrid 
rice seed by priming with KNO3 + PVA. African J. Agric. Res. 
5: 78-83.



Senapati et al.	 Lowland Rice Genotypes in Relation to Germination Stage Oxygen Deficiency Tolerance

Indian Journal of Plant Genetic Resources			  	 207 					     38(2)198-209

Fig. S1: SSR Marker RM 23877

Fig. S4: SSR Marker RM 253

Fig. S5: SSR Marker RM 520

Fig. S6: SSR Marker RM 10694

Fig. S2: SSR Marker RM 3753

Fig. S3: SSR Marker RM 28759
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Fig. S7:  Loading Sequence of All Rice Genotypes As per Their Serial 
Number.


