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Abstract 

SSR polymorphism in two rice varieties viz., N22 (donor parent for heat and drought tolerance) and Uma (high yielding 

variety susceptible to heat and drought) was investigated to identify ready to use SSR markers which can be employed in 

selection in the marker assisted breeding programmes involving these varieties. For this, 197 simple sequence repeat (SSR) 

primers which were distributed on all the twelve chromosomes of rice were utilised. The results revealed distinct 

polymorphism among the tolerant and susceptible parents for 41 RM primers. Based on this study, the large range of 

similarity and dissimilarity values for N22 and Uma provides greater confidence for the assessment of simple sequence 

repeat (SSR) polymorphism. Diversity analysis can be done by using these polymorphic SSR markers. These polymorphic 

markers can also be used for the linkage analysis of various traits. Besides, these identified polymorphic SSR markers can be 
utilised for QTL mapping by screening the progenies of the cross Uma × N22. 
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Introduction 

Rice (Oryza sativa L.) occupies 23 per cent of the 

total area under cereal production in the world. 

Rice is also the staple food for more than half of 

the world’s population USDA(2016). Rice is a 

member of the Gramineae family and its genome 

(Oryza sativa; AA genome) is composed of 12 

chromosomes (2n = 24) and has a total length of 

430 Mb Kurata et al.( 2002), which is one-tenth the 

size of the human genome, and is a model system 

for cereal genome analysis.  

Uma is the popular high yielding variety of Kerala, 

but it is extremely susceptible to high temperature 

stress, particularly during the reproductive and 

grain filling stages. Now, in the major rice growing 

tracts of Kerala viz., at Palakkad, Kole and 

Kuttanad, the temperature tends to rise up to 39ºC 

or more especially during the second/third crop.  

Hence heat stress induced spikelet sterility has 

become a severe problem in Uma variety.  Hence it 

is the need of the hour to incorporate drought and 

heat tolerance into this high yielding variety during 

the current scenario of climate change.   

N22 (Nagina 22) is the most heat tolerant variety of 

rice found so far and used as a heat tolerance donor 

in various breeding programme. N22 also shows  

 

 

 

drought tolerance. During the evaluation of 

physiological and proteomic approaches to study  

high temperature stress tolerance at anthesis in rice, 

some of the heat shock proteins in N22 were 

considerably upregulated and it may be the reason 

behind the heat tolerance of N22 Jagadish et al., 

(2010).  

In plant breeding programmes, the potential 

applications of polymorphic genetic markers could 

be of two ways. The first being based on the 

utilisation of genetic markers to determine genetic 

relationships, including variety identification, 

protection of breeder’s rights, parentage 

determination etc. The second area of application is 

based on the use of genetic markers to identify and 

map loci affecting quantitative traits and to monitor 

these loci during introgression breeding 

programmes Beckmann and Soller(1983). 

Molecular markers are being adopted by crop 

improvement researchers globally as an effective 

and appropriate tool for basic and applied studies 

addressing the biological components in 

agricultural production systems Jones et al.(1997); 

Mohan et al.(1997). These markers offer specific 

advantage in the assessment of genetic diversity 

and also in trait targeted crop improvement. Use of 

markers in applied crop breeding programmes  
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range from facilitating the appropriate choice of 

parents for hybridization, mapping/tagging of gene 

blocks associated with economically important 

traits, DNA finger printing etc. Gupta and 

Varshney,(2000). 

An ideal genetic marker would provide the 

specificity and the rapidity of PCR with more 

information per locus examined. Jeffreys et al. 

(1985) suggested that PCR primers from the 

conserved flanking regions of Variable Number 

Tandem Repeat (VNTR) loci be developed, thereby 

allowing PCR amplification of the entire VNTR 

locus. Resulting PCR products would vary in size 

according to the repeated DNA units in the VNTR 

alleles present. This approach was extended to a 

different type of VNTR locus at which the 

repetitive DNA units are only 2 to 5 base pairs in 

length rather than repeat units in the range of 11 to 

60 base pairs in length. These researchers 

suggested that high level of polymorphism existed 

because of variation in the number of such short 

repeat units. This type of reiterated sequence has 

been termed as Simple Sequence Repeats (SSR) or 

microsatellites Jacob et al.(1991), which include a 

variety of di-, tri-, tetra- and penta-nucleotide 

tandem repeats that can provide high levels of 

polymorphism at multiple loci. 

Frisch et al. (1999) suggested that molecular 

markers can be used in backcross breeding for two 

purposes: (1) To trace the presence of a target allele 

for which the term ‘foreground selection’ was 

suggested by Hospital and Charcosset (1997); and 

(2) to identify individuals with a low proportion of 

undesirable genome from the donor parent, which 

is called ‘background selection’, as first proposed 

by Tanskley et al. (1989) and later reviewed by 

Viescher et al. (1996). The main advantage of 

using DNA markers is to accelerate the fixation of 

recipient alleles in non-target regions and to 

identify the genotypes containing crossovers close 

to target genes Tanskley et al.(1989). 

Materials and Methods 

Two rice varieties viz., Uma (popular high yielding 

variety) and N22 (heat and drought tolerant variety) 

collected from RARS, Pattambi, Kerala constituted 

the experimental material. Genomic DNA of the 

two rice varieties was extracted by CTAB method 

Murray and Thompson, (1980). Young leaves were 

selected as the ideal part for extraction of the 

genomic DNA. 0.1 g of leaves were extracted with 

DNA extraction buffer (4% CTAB, 100 mM Tris 

HCl, 20 mM EDTA, 1.4 M NaCl, 2 % PVP and 0.2 

% β-mercaptoethanol) preheated at 60 ˚C. The 

quality and quantity of extracted DNA was judged 

by agarose gel electrophoresis. DNA quantification 

and purity was checked by measuring the O.D. 

values at 260 and 280 nm using a NanoDrop 

ND100 spectrophotometer. For studying the 

parental polymorphism between Uma and N22, a 

total of 197 SSR markers were used. The 

information regarding chromosomal location and 

sequences of primers were obtained from 

www.gramene.org. 

The polymerase chain reaction was carried out in 

Eppendorf thermal cycler using 197 SSR markers. 

The PCR reaction mix includes the following: 

DNA 50 ng/μl; 10 X Taq assay buffer; 10 mM 

dNTPs; 25 mM MgCl2, 10 μM each of forward and 

reverse primers. The PCR programme included a) 

initial denaturation at 95°C for 3 min, b) 

denaturation at 94°C for 50 s, c) primer annealing 

~57 °C for 30 s, d) extension 72 °C for 1 min, e) 

final extension 72° C for 10 min, and f) hold at 4°C 

for . Steps from b) to d) were repeated for 35 

times for amplification of DNA. After completion 

of amplification, PCR products were stored at -

20°C and the amplified products were analysed by 

electrophoresis using 2% agarose gels. Ethidium 

bromide was added while pouring the gel so that 

the DNA fluorescence could be observed when gel 

was exposed to UV light. The DNA fragments 

were then visualised under Gel Doc and the 

banding pattern was observed and recorded using 

gel documentation unit (GELSTAN 4X Advanced-

Mediccare). 

Results and Discussion 

The ratio of UV absorbance at OD260/OD280 

ranged between 1.87-1.97, and hence DNA 

samples were rated as good and standard. The 

quantity of DNA in the isolated samples ranged 

from 1534.90 to 2144.82 ng/µl.    

Parental polymorphism at the molecular level was 

determined by genotyping them with SSR markers. 

The genomic DNA of the two parents N22 (P1) and 

Uma (P2) were initially screened using 197 Rice 

Microsatellites (RM) markers. These 197 Rice 

Microsatellite markers are distributed throughout 

the entire genomic area over the twelve 

chromosomes of rice. 

One or two amplicons were observed in the 

different RM markers of two parents in parental 

polymorphism study. The size of amplicons 

resolved among the RM markers ranged from 85bp 

(RM458) to 478bp (RM166). Out of the 197 RM 

markers, 41 were observed to be polymorphic 

(Fig.1) between N22 (heat tolerant parent) and 

Uma (heat susceptible parent). Among these, seven 

RM markers were on Linkage Group 1 (LG-1), 

three markers on LG-2, four markers on LG-3, four 

markers on LG-4, five markers on LG-5, three 

markers on LG-6, single marker on LG-7, three 

http://www.gramene.org/
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markers on LG-8, three markers on LG-9, single 

marker on LG -10, five markers on LG-11, and two 

markers on LG-12 (Table 1). 

Parental polymorphism per cent between any two 

parents depended on the number of relevant 

primers selected for screening. The parental survey 

revealed 20.82 per cent polymorphism between the 

two parents (N22 and Uma) used in the present 

study. Similar to the findings of the present study, 

Zhang et al. (2009) had identified 30 per cent 

polymorphism by using 200 SSR markers in heat 

tolerant 996 and heat susceptible 4628 rice 

cultivars. Buu et al. (2014) used 501 SSR markers 

for the polymorphism between two parents, 

OM5930 (heat sensitive variety) and N22 (heat 

tolerant variety), among which 264 were 

polymorphic. Vikram et al. (2011) also detected the 

polymorphism of N22 with IR64, Swarna and 

MTU1010 varieties to the extent of 42.50%, 

43.50% and 40.10%, respectively. 

Kanagaraj et al. (2010) screened 1206 SSR 

markers between IR20/Nootripathu and identified 

134 polymorphic SSR markers between these two 

parents showing 11.12 per cent polymorphism. 

Salunkhe et al. (2011) identified 96 SSR markers to 

be polymorphic among 343 SSR markers between 

two parents IR20 and Nootripathu indicating 27.99 

per cent parental polymorphism. Wei et al. (2013) 

screened 2304 SSR markers and identified 322 

polymorphic SSR markers between two breeding 

lines, HT54 (heat stress tolerant) and HT13 (heat 

stress susceptible with 13.98 per cent 

polymorphism. Vikram et al. (2011) used 880 SSR 

markers and they identified 71 SSR markers 

between two rice varieties, Basmati334 and Swarna 

with 8.07 per cent polymorphism. Yadav et al. 

(2015) studied the parental polymorphism between 

BPT-5204 and ARC-10531 rice varieties with 500 

SSR markers and found 70 polymorphic markers 

between them.  

The 41 rice microsatellite (SSR) markers identified 

as polymorphic between the two parents (N22 and 

Uma) will be useful as a pointer to the existence of 

different alleles at each of the 41 marker loci. As 

the two parents differ from each other with respect 

to various traits (e.g., kernel colour, plant height, 

maturity duration etc.) other than their reaction to 

drought and heat stress, the identified polymorphic 

markers may or may not be linked to any of these 

traits. 

Out of these 41 polymorphic markers, fourteen 

were recognised by earlier researchers as 

associated with QTL for heat tolerance in rice. RM 

473A was a polymorphic marker between parents 

for heat tolerance located on LG 1 at 107.7 cM as 

identified by Liao et al. (2011).  Buu et al. (2013) 

reported RM251 as a polymorphic marker between 

parents for heat tolerance whereas Poli et al. (2013) 

reported RM225 as a polymorphic marker between 

parents for heat tolerance. As per the reports of 

Bharathkumar et al. (2014), RM6100 was 

polymorphic for heat tolerance. Buu et al. (2014) 

had identified RM7076, RM3586, 26212 and 

RM5749 as polymorphic markers for heat 

tolerance.  Wei et al. (2013) identified RM242 as 

associated with heat tolerance. Zhao et al. (2006) 

reported RM3340, RM447, RM5545, RM3701 and 

RM336 as being polymorphic markers for heat 

tolerance. Various researchers like Zhang et al. 

(2009), Lang et al. (2015) and Buu et al. (2014) 

reported RM3586 as a polymorphic marker for heat 

tolerance. 

QTL analysis of various related traits can be 

performed by utilising these ready to use 

polymorphic markers along with mapping 

population developed from the cross Uma x N22. 

As N22 is a drought and heat tolerant donor parent 

and Uma is a high yielding popular variety of 

Kerala, heat or drought tolerance trait scan be 

incorporated into the susceptible Uma variety, by 

marker assisted breeding. The 41 polymorphic 

markers can be used for background and 

foreground selection of Uma and N22 during 

marker assisted breeding programmes. Moreover, 

these identified polymorphic markers can be used 

for diversity analysis and linkage analysis for 

various traits in rice. 
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Table 1.  SSR Rice Microsatellite markers showing polymorphism between Uma and N22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl. 

No. 

Marker Name Linkage Group Sl. 

No. 

Marker Name Linkage Group 

1 RM302 1 22 RM334 5 

2 RM212 1 23 RM13 5 

3 RM5 1 24 RM6836 6 

4 RM495 1 25 RM225 6 

5 RM473A 1 26 RM7555 6 

6 RM10346 1 27 RM336 7 

7 RM9 1 28 RM447 8 

8 RM3340 2 29 RM256 8 

9 RM166 2 30 RM5545 8 

10 RM208 2 31 RM242 9 

11 RM251 3 32 RM316 9 

12 RM85 3 33 RM201 9 

13 RM7076 3 34 RM6100 10 

14 RM3586 3 35 RM254 11 

15 RM280 4 36 RM552 11 

16 RM252 4 37 RM26212 11 

17 RM518 4 38 RM3701 11 

18 RM5749 4 39 RM224 11 

19 RM169 5 40 RM19 12 

20 RM163 5 41 RM17 12 

21 RM164 5    
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Fig. 1.  SSR amplification pattern of N22 and Uma with 41 polymorphic markers 

L- 100bp ladder, B- Blank, P1- N22, P2- Uma 

 


