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Abstract: Rice being cultivated under anaerobic condition is vulnerable to arsenite, a mobile arsenic 

speciation Both arsenate and arsenite are highly toxic to human body. Experiments were conducted in 

Nonaghata (Nadia) and De-ganga (North 24 parganas) with 40 genotypes of rice in Boro season. A few 

varieties have been identified with low arsenic. Simultaneously some of them were characterized at molecular 

level by RAPD technique. It is worth to be seen how the low grain and high grain arsenic varieties behave in 

RAPD fingerprinting. Fourteen out of the 18 decamer random primers showed amplification of genomic DNA in 

all individuals. A total of 59 fragments were scored, of these fragments, 10 (16.94%) were common to all 

accessions, 49 (83.06%) were polymorphic and shared by at least eight accessions. It is interesting to mention 

that the genotypes Azucena and Lemont have already been identified as low grain arsenic genotypes and 

occupied a distinct different cluster for all primers at the molecular level also. More research is needed in 

arsenic research in crop plants in different agro climatic situation to have a meaningful and stable conclusion 
so that the farmers and also the people of West Bengal do not suffer from arsenic hazards at least from the 

consumption of rice. 
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I. Introduction 
Recently, the environmental fate and behaviour of arsenic has received increasing attention due to 

crisis in South-East-Asia specially West Bengal and Bangladesh. Arsenic contamination in ground water has 

turned into the gravest natural disaster with spatial extent encompassing Bangladesh (Fazal et al., 2001; Smith et 

al., 2000; Hopenhayn, 2006), West Bengal (India) (Chowdhury et al., 2000), China, Taiwan, Vietnam, United 

States of America, Argentina, Chile, Mexico (O’Neill, 1995; Smedley and Kinniburgh, 2002). In Bangladesh, 
arsenic concentration in groundwater has exceeded the safe level (0.05 mg L−1 is the Bangladesh standard) in 

59 districts out of 64 and about 80 million people are exposed to arsenic poisoning. Tens of millions of people 

have been exposed to high levels of arsenic in ground water (Christen, 2001) Up to 1000 000 tube wells drilled 

into Ganges alluvial deposits may be contaminated with arsenic with concentration with 1000 µg per liter in 

West Bengal. 

Compared with other cereals (wheat, barley and maize) rice accumulates much higher levels of As in 

the shoots and grain (Duxbury and Panaullah 2007 Williams et al 2007b). For example the As transfer factor, 

i.e., (shoot As)/(soil As), was found to be near 1 for rice compared with 0.1-0.2 for wheat and barley (Williams 

et al. 2007b). The focus needs to reduce the uptake and accumulation of inorganic As in rice plants either by 

breeding or engineering. Current opinion voiced at a recent international meeting (20th New Phytologist 

Symposium Arsenic: Unraveling its metabolism and speciation in plants, University of Aberdeen June 2008), 
highlighted the fact that even a 10% reduction in rice grain arsenic could save hundreds of thousands or even 

millions of lives. 

Mead (2005) observed that As does not directly interact with DNA. Instead, the effects of As occur 

through indirect alteration of gene expression via disruption of DNA methylation, inhibition of DNA repair, 

oxidative stress, or altered modulation of signal transduction pathways. Thus toxicity of arsenate compounds 

(particularly at low doses) is apparently dependent on exposure to other toxic cofactors such as malnutrition, 

ultraviolet ray exposure., So deficiency, reduced animal protein intake, marginal Ca status, and folate deficiency 

(Gamble et al., 2005; Cohen et al., 2006). 

 More recently, DNA markers have been reliably used in cultivar identification (Moser and Lee, 1994), 

diversity analysis (Vasconcelos et al., 1996), construction of genetic maps (Song et al., 1991) and tagging 

agronomical important genes (Kelly, 1995). The development of molecular marker techniques in fact offered a 

direct method to estimate genetic diversity within and among population. Recently molecular techniques have 
become popular tools in plant systematic and phylogenetic studies (Judd et al., 1999; Sinclair et al., 1980). 
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Nucleic acid markers gained popularity around 1970, with the use of restriction fragment length polymorphism. 

Polymerase chain reaction (PCR) was then introduced in the late 1980’s (Saiki and Mahna, 1989) and DNA 

amplification becomes straightforward. However, they are expensive, time consuming, technically difficult 
(Paran and Michelmore, 1993a) and also involve some risk as radioactivity is used for their development. DNA 

can be used reliably in cultivar identification (Moser and Lee, 1994), diversity analysis (Vasconcelos et al., 

1996), construction of genetic maps (Song et al., 1991; Price and Tomas, 1996). Molecular marker possesses 

ideal characteristics, since they analyze genetic diversity at the DNA level, are not affected by environmental 

effects, and are available in an almost unlimited number. 

Present investigation aims at to estimate genetic variation in the genotypes of some rice genotypes 

using RAPD technique for future use in selection, hybridization, biodiversity assessment, evaluation and 

conservation of diverse gene pools.  

 

II. Materials And Methods 
Plant materials: Present study was conducted in Nonaghata (Nadia) and De-ganga (North 24 parganas) with 40 

genotypes of rice procured from different research station of India (CRRI, Cuttack, Assam) and abroad (IRRI 

Philippines and Cornell University, USA) in Boro season. These include some genotypes which have been 

identified as susceptible and some of them are tolerant for arsenic uptake. It is worth to be seen how the low 

grain and high grain arsenic varieties behave in RAPD fingerprinting. 

 

DNA extraction from plant samples: Two young leaves (100 mg) were taken from each of the plant. They 

were carefully washed under sterile distilled water to get rid of all potential sources of contamination and DNA 

extraction was done by using QIAGEN plant DNA extraction kit. 

 
PCR reaction for amplification by RAPD markers: Template DNA (20 ng) from all accessions were 

amplified in the presence of 100 ng of primer (Genei, Bangalore) 1unit of Taq polymerase enzyme (Genei, 

Bangalore), 1x enzyme buffer, 3 µl dNTPs (Genei, Bangalore) all in a total reaction volume of 25 µl. A total of 

10 different decamer random primers were selected for the amplification of all DNA samples used in the 

sample. Amplifications were performed in 0.2 ml PCR tubes in a thermal cycler: 94°C for 5 min of initial 

denaturation followed by 36 cycles each of denaturation at 94°C for 30 sec, annealing at 36°C for 30 sec and 

polymerization at 72°C for 1.5 min. After the last cycle the samples were incubated for an additional 5 min at 

72°C until they were analyzed. PCR reactions were carried out in a Mastercycler of Eppendorf (Model No. 

Mastercycler 5333 49615).  All reactions were performed thrice and only reproducible bands were taken into 

consideration for analysis. 

 

III. Results And Discussion 
All the genotypes have been previously tested for arsenic tolerance (Norton et al.2009) from which 

twelve rice genotypes was initially examined by eighteen primers. Fourteen primers amplified and exhibited 

distinct fragments in most of all the genotypes. Four primers produced either smear background without distinct 

fragments or very complicated pattern to score making the score difficult.  

Fourteen primers out of eighteen were useful primers as they were polymorphic in nature and used in 

evaluating the genotypes (Table: 1). A total of 59 fragments were scored. Of these fragments, 10 (16.94%) were 

common to all accessions, 49 (83.06%) were polymorphic and shared by at least eight accessions.  

The dendrogram were constructed using the UVP Life science Software and it revealed that in general 

the genotypes formed four clusters in for all primers. The genotypes Azucena, Nipponbare and Lemont shared a 
separate cluster. It may happen as all of them belong to Tropical japonica group having different genetic 

background as compared to indica types. The Indica genotypes were distributed in three different clusters. The 

genotypes Nayanmoni and Khitish always shared a same cluster which indicates there may be some close 

genetic similarities present between these two genotypes.     

It is interesting to mention that the genotypes Azucena and Lemont have already been identified as low 

grain arsenic genotypes (Norton et al 2009) and Nayanmoni have been identified as a high arsenic uptake 

genotype at both locations and they occupied distinct different clusters at the molecular level also. So question 

comes in mind whether it is possible to discriminate the uptake ability of arsenic in grain through study of 

genetic markers or not. The present investigation is a preliminary experiment in this direction. In order to have a 

more comprehensive study to predict the uptake capacity of arsenic through molecular markers it is needed to 

include RM markers and SNP markers extensively as RAPD markers sometimes are not reproducible. 
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IV.    Tables And Figures 
Table: 1 RAPD primers with corresponding bands scored and their size range together with polymorphic 

bands observed in rice genotypes 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

Fig - A : Dendogram showing four different clusters 

 

Serial 

No. 

Primer 

Codes 

Sequences 5’-3’ Annealing 

Temp(ºC) 

Molecular 

Weight 

(g/mol) 

No. of 

Polymorphic 

Band 

No. of  

Monomorphic 

Band 

I OPA-01 CAGGCCCTTC 34 2964 2 - 

II OPA-02 TGCCGAGCTG 34 3044 4 1 

III OPA-05 AGGGGTCTTG 32 3099 2 1 

IV OPA-07 GAAACGGGTG 32 3117 2 - 

V OPA-08 GTGACGTAGG 32 3108 5 2 

VI OPA-10 GTGATCGCAG 32 3068 3 - 

VII OPA-11 CAATCGCCGT 32 2988 2 1 

VIII OPA-12 TCGGCGATAG 32 3068 5 - 

IX OPA-13 CAGCACCCAC 34 2942 3 1 

X OPA-14 TCTGTGCTGG 32 3050 4 2 

XI OPA-15 TTCCGAACCC 32 2948 3 - 

XIII OPA-18 AGGTGACCGT 32 3068 3 - 

XVI OPB-01 GTTTCGCTCC 32 2970 2 1 

XVIII OPB-03 CATCCCCCTG 34 2924 8 1 



Characterization of Arsenic contaminated Rice (Oryza Sativa L.) through RAPD Markers 

www.iosrjournals.org                                                             13 | Page 

 
 

 

 

 
 

 

 
Figure B: RAPD analysis with primer X 

 

 

 
 

 

 
 

 

 
Figure C: RAPD analysis with primer V 

 
Amplification products from genomic DNAs of 12 accessions rice using a, primer OPA-14 (Fig B) and 

primer OPA-08(Fig C). The lanes represent, M-molecular weight size marker, 1- Azucena, 2-KalingaII, 3-

Bon Ahu, 4- Lemont, 5- WGL 20471, 6-Khitish, 7-Nayanmon, 8-Badami, 9-Dee Geo Woe Gen 45, 10-

Shatabdi, 11-Peh Kuh Tsao Tu, 12-Nipponbare,  
 

V. Conclusion 
It is concluded that all Japonica rice genotypes possess considerable variation in their genetic 

base. Genetic makeup of a crop species is not affected by environment and only expression profiles 

can be the targets of environment proved in present study as the landraces collected from different 
geographical zones grouped together on the basis of RAPD banding profiles. The landraces with wide 

genetic distance can be used as parents to exploit heterosis in future rice breeding programs. The rare 

or unique alleles observed can further been employed for marker assisted selection programs. The 
primers which proved more informative can be converted to sequence tagged sites (STS) and 

sequence characterized amplified regions (SCAR) for amplification of specific alleles which could be 

further utilized in rice genome analysis. 
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