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Abstract
Ground water of several states of India and Bangladesh was highly contaminated with arsenic (As), a non-threshold, class I human carcinogen. Situation was critical in several districts of West Bengal, located in eastern part of the river Bhagirathi where level of contamination reached 10 to 250 times higher than that of remaining part of the state. Soil of these affected districts was highly fertile and cropping intensity was near about three hundred percent. Consequently, As-contaminated groundwater was frequently used as irrigation source during lean period and as a result, agricultural produces were also contaminated. Worldwide, rice was one of the basic crops known for its high potential to accumulate As. However, it also depended on several factors such as the As concentration in soils, As bioavailability, rice cultivars, among others. Rice, one of the major crops of these vast areas, cultivated both at kharif, mainly using rain water, and boro, completely dependent on groundwater. Being a staple crop of West Bengal, it represented a significant dietary source of arsenic, by accumulating above 0.3 mg/kg of grain. Thus development of low accumulating rice variety was one of the breeding objective and for that purpose, it was mandatory to understand by which Arsenic to reach and accumulate within rice plants especially for rice grain and the genes or QTLs responsible for that accumulation. 250 rice genotypes including a few photo-insensitive, were analyzed for their As accumulation ability in straw and grain with and without hull. Although, straw accumulates significantly higher amount than grain but linear correlation did not exist among straw and grain accumulation. Short and long grain aromatic rice accumulated lesser amount in their brown rice than most of the high yielding cultivars. Three such low accumulating genotypes can be considered as donor parent for breeding new genotypes with low As-accumulation in brown rice, husk and straw. Less variability between phenotypic and genotypic coefficient of variation coupled with high heritability and genetic advance as percent of mean suggested the influence of additive gene effect on the expression of genes responsible for As-accumulation in grain, brown rice and straw. Variation of total As in grain of rice genotypes started at premature stage i.e. during dough stage to maturity. Comparison of relative expression of silicon efflux transporter gene (LSi2, mutant of which decreased accumulation of arsenic in shoots and grain of rice in earlier studies), in root, stem and grain after dough stage revealed that expression of LSi2 not correlated with As accumulation at brown rice but relative expression in grain showed stronger correlation (r=0.87) with accumulation in husk among the genotypes. To identify the chromosomal region responsible for grain and straw As accumulation, 101 recombinant inbred lines (RILs) along with their parents were utilized for phenotyping of two successive years (2008-09 and 2009-2010) using AAS (Perkin Elmer) followed by genotyping using thirty nine polymorphic SSR. Five SSR markers linked with the QTLs responsible for arsenic accumulation in rice grain were located on chromosome 1, 2, 8 and 12 as observed from single point ANOVA analysis.  Likewise, SSRs linked with arsenic accumulation in straw were located on chromosome 1, 4 and 6.
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Introduction:
Ground water of several states of India and Bangladesh was highly contaminated with arsenic (As), a non-threshold, class I human carcinogen. Situation was critical in several districts of West Bengal, located in eastern part of the river Bhagirathi where level of contamination reached 10 to 250 times higher than that of safe limit of 50µg/l [1]. Soil of these districts was highly fertile and cropping intensity was near about three hundred percent. Consequently, As-contaminated groundwater was frequently used as irrigation source during lean period and as a result, agricultural produces were also contaminated. Rice, one of the major crops of West Bengal cultivated both at kharif, using rain water, and boro, completely dependent on groundwater. Being a staple crop of West Bengal, it represents a significant dietary source of arsenic [2], by accumulating above 0.3 mg/kg of grain.
Arsenate and arsenite two predominant forms of As present in paddy soil under aerobic and anaerobic condition respectively [3]. Although most of the plants, usually, allow arsenate, an analogue of Phosphate, more readily into roots through Phosphate transporters but rice allow entry of both arsenate and arsenite efficiently [4] and later form which was a dominant redox form under anaerobic conditions, entered through silicic acid efflux transporters [5]. Transporters belong to the Nod 26 like Intrinsic Protein subfamily of aquaporins and are permeable to arsenite but not to arsenate. Even, arsenate after entering into the rice roots also converted to arsenite. Majority of the arsenite pool sequestered into the vacuoles of rice root by glutathione-As complex [6] and remaining arsenite entered the stele via LSi2, Silicic acid efflux transporters [5] Dasgupta et al. [7] identified and mapped an As-tolerance gene on chromosome 6 in rice. Zhang et al. [8] measured As accumulation in roots and shoots at the seedling stage and in brown rice at maturity of the biparental (CJ06/TN1) double haploid lines following exposure to 10 mg As/kg (freshly spiked) in a pot experiment and mapped the chromosomal region responsible for accumulation. Arsenite remain as the predominant inorganic form found in xylem sap of rice plants fed with either arsenate or arsenite [9]. It had been demonstrated that although majority of arsenic sequestered inside the vacuoles of the roots but grain uploading of As took place in the ovular vascular trace of rice grain, largely driven by mass flow [10].
There was a large variation of total As in grains of different rice genotypes even if they were grown with uniform soil As concentration [11, 12]). There was little information about how and in which point rice genotypes start accumulation differentially. Similarly, little work [8] has been done on inheritance of As accumulation as well as chromosomal location controlling accumulation in grain and straw of rice, particularly, in field grown plants.
To understand this we present here a study investigating the variation of As accumulation in spikelet throughout the grain-filling period of rice. Total As concentration in stems, flag-leaves and spikelet were determined by AAS. We used to find expression of silicic acid efflux transporter (LSi2), candidate gene for arsenite transporter from root to stele, in different plant parts and their correlation with As accumulation in brown rice or husk of rice grain. 101 Recombinant Inbred Population (RILs), developed from a cross between a low arsenic accumulating rice genotype, (natural mutant of Swarna) and a high arsenic accumulating rice genotype, IR 36, were grown in two consecutive kharif season (2008 and 2009). Purpose of the study was to unveil the inheritance of As accumulation phenomenon as well as to identify the chromosomal region controlling accumulation in grain and straw. This will help rice breeding programme in developing low arsenic accumulating rice suitable for human and ruminant consumption. 
2.0 Materials and Methods: 
2.1. Cultivation of Genotypes and Arsenic analysis:

Eight photo-insensitive rice genotypes (Table 1) were selected after analysis of 250 rice genotypes collected from different agro-ecological region of West Bengal and cultivated in a farmer’s field of contaminated zone of Nonaghata village, Haringhata block, Nadia district of West Bengal, with three replications in the same field for successive three years (2008-10) following RBD design.  They were also cultivated in control site, Sekahmpur Farm (Near Bolpur of Birbhum district) of Regional research Substation, Bidhan Chnadra Krishi Viswavidyalaya. Standard dose (70:30:30) of N, P K was applied of which nitrogen applied in three equal splits.  Straw and root was harvested at boot stage and mature plant, selected randomly, and dried. Spikelets of three hills, were harvested at boot stage, flowering stage (before fertilization), dough stage (two weeks after fertilization) and mature stage of 2009. Husk and brown rice of mature grain were separated using palm-husker. Total As was estimated from oven dried plant parts as described earlier [13]. Olsen extractable As content of the studied soils was determined by extracting each soil with 0.5 (M) NaHCO3 (pH 8.5) in 1:10 ratio for one hour, and determining the arsenic in the soil extract by the atomic absorption spectrophotometer (Perkin Elmer AANALYST 200) coupled with Flow Injection Analysis System (FIAS 400). pH and Olsen extractable arsenic of Nonaghata soil was 6.83 and 4.65 mg/kg respectively where as it was 5.8 and 1.15 mg/kg at Sekhampur Farm.  
2.2. Plant DNA extraction and genotyping of RILs:  
Tender leaves were taken from each RILs along with their parents from the As tainted field using methods as described elsewhere [14]. Total 170 primers distributed over 12 chromosomes of rice, were tested for PCR amplification. 39 SSRs primer pairs amplified polymorphic fragments among the two parents as detected in 2.0% agarose gel. Genotyping analysis of all 101 RILs and their parents was done using polymorphic SSRs. Allelic scoring of each polymorphic primers along with their arsenic accumulation data from field grown lines was then calculated by single point ANOVA analysis in MS Excel.
2.3. Extraction of RNA from straw and developing grain and analysis for relative              quantification of LSi2 expression:       
Total RNA of eight photoinsensitive genotypes was extracted using RNeasy plant mini kit (Qiagen) treated with RNAse free DNAse, from root, stem and grain harvested at eighteen days after fertilization according to the manufacturer’s instructions. Transcript level of LSi2 was measured by quantitative RT-PCR as described previously [15, 16]. First-strand cDNA was synthesized from 5 microgram of total RNA using oligo dT (18) primer and SuperScript First-Strand Synthesis system for RT-PCR (Applied Biosystem). Quantitative real-time PCR was performed in 20 µl reaction volume containing 2 µl cDNA, 200 nM each gene-specific primers, and SYBR Premix (Applied Biosystem) using Step One (Applied Biosystem) machine. Primer sequences used were: LSi2, 5´-ATCTGGGACTTCATGGCCC-3´ (forward) and 5´-ACGTTTGATGCGAGGTTGG-3´ (reverse); Actin, 5´-GACTCTG GTGATGGTGTCAGC-3´ (forward) and 5´-GGCTGGAAGAGGACCTCAGG-3´ (reverse). The relative quantification of expression for target genes of different genotypes were measured and compared to popular cultivar ‘Satabdi’. Normalization of target gene expression with housekeeping gene (Actin) was useful in order to compensate sample to sample variations and to ensure the experimental reliability.
3.0 Results and Discussion:
3.1. Variation of accumulation among the rice genotypes 
Table 1.  Mean grain (with and without hull) and straw (kharif and boro) arsenic concentration (mg/kg) of rice genotypes grown on arsenic contaminated farmer’s field for consecutive three years.

	Sl no
	Genotypes
	Grain (mg/kg)
	Straw (mg/kg)

	
	
	With hull
	Without hull
	Kharif
	Boro

	1
	Badshahbhog
	0.136
	0.105
	0.982
	2.115

	2
	Choli60(PIS)
	0.113
	0.107
	0.899
	2.775

	3
	Gopalbhog
	0.073
	0.060
	0.672
	1.543

	4
	Govindobhog
	0.058
	0.053
	0.692
	1.187

	5
	IR36 (PIS)
	0.194
	0.153
	0.935
	1.883

	6
	IR64 (PIS)
	0.231
	0.093
	0.903
	2.344

	7
	Jaladhi
	0.130
	0.205
	0.411
	0.524

	8
	Khitish
	0.180
	0.165
	1.957
	3.495

	9
	Swarnamutant
	0.064
	0.054
	0.872
	1.910

	10
	Palman (PIS)
	0.481
	0.172
	2.67
	4.491

	11
	Pankaj
	0.141
	0.170
	1.13
	1.886

	12
	Pant 4
	0.160
	0.152
	1.870
	3.188

	13
	Pusa Basmati
	0.090
	0.072
	0.891
	1.781

	14
	Pusa Saugandh
	0.059
	0.066
	0.833
	1.585

	15
	Radhunipagol
	0.103
	0.054
	0.778
	1.164

	16
	Rasi (PIS)
	0.213
	0.145
	0.766
	1.020

	17
	Satabdi (PIS)
	0.181
	0.206
	1.321
	3.070

	18
	Satika (PIS)
	0.081
	0.061
	1.089
	2.302

	19
	Swarna
	0.138
	0.132
	0.891
	1.582

	20
	TN1 (PIS)
	0.234
	0.208
	0.871
	2.740


There was a significant difference (<0.01) of arsenic accumulation in grain, brown rice and straw among the genotypes (Table1) both in kharif and boro season where as differences were insignificant among the years (p = 0.245). So genotypes have the differential ability either uptake from soil or translocation from root to straw and consequently in grain. Aromatic genotypes included in this study, either of short-grain (Badshabhog, Gopalbhog, Gobibndabhog, Radhunipagol) or long-grain (Pusa Basmati, Pusa Saugandh), were low accumulator of arsenic in brown rice as compared to high yielding popular cultivars of West Bengal (IR36, Khitish, Pant Dhan 4, Satabdi,). All the genotypes were not possible for cultivation in boro season as most of them are photo-sensitive. Gobindabhog, Badshabhog, Satika may be considered as donor parent for breeding low arsenic accumulating rice genotypes, particularly in brown rice and husk.  Preponderance of additive gene action with low environmental influence would be effective in selection of cultivars for low arsenic accumulating rice genotypes suitable for boro season.
3.2. Cultivar IR64, a low accumulator in grain: 
Table 2. Mean arsenic accumulation in brown rice and grain during kharif and boro season.

	Genotypes
	Brown rice (mg/kg)
	Straw (mg/kg)

	
	Kharif
	Boro
	Kharif
	Boro

	Choli 60
	0.107
	0.121
	0.899
	2.775

	IR 36
	0.153
	0.346
	0.935
	1.883

	IR 64
	0.113
	0.146
	0.903
	2.344

	Palman
	0.172
	0.336
	2.67
	4.491

	Rasi
	0.145
	0.241
	0.766
	1.02

	Satabdi
	0.206
	0.359
	1.321
	3.07

	Satika
	0.061
	0.107
	1.089
	2.302

	TN1
	0.208
	0.613
	0.871
	1.74


Eight photo-insensitive genotypes were subjected to arsenic estimation both in kharif and boro season. Arsenic accumulation ability of rice was the resultant of genotype and level of arsenic in soil and irrigation water as observed significant differential accumulation in kharif and boro season (p < 0.01, Table 2). Like earlier observation [11, 12] this suggested that arsenic contaminated irrigation water played a significant increase but not proportionately. Accumulation in brown rice of Choli60, IR64 and Satika increased approximately 35% in boro season (0.121 mg/kg, 0.146 mg/kg, and 0.107 mg/kg) than those of kharif season (0.091 mg/kg, 0.113 mg/kg and 0.081 mg/kg) but TN1 registered 3.0 fold higher accumulations in boro season (0.613 mg/kg) than that of Kharif  grown (0.208 mg/kg). So three genotypes, Choli60, IR64 and Satika might have some genetic mechanism which inhibited arsenic loading in grain even if they were grown on the same field with equal level of As-contaminated ground water (Table 2). As IR 64 is a popular cultivar in West Bengal at boro season, so, it may be considered as a safer variety for arsenic contaminated zone of West Bengal.  Like other rice genotypes, Choli60, IR64 and Satika when grown on the field not contaminated with arsenic, also accumulated an amount of arsenic which was marginally lower than those grown on arsenic contaminated soil of kharif season (Table 2). Genotypes exhibited higher accumulation in kharif season also accumulated higher in boro season. On the other hand, genotypes accumulating high amount of arsenic in straw was not necessarily the higher accumulator in grain. TN1-straw (1.74 mg/kg) accumulated approximately 2.5 times lower amount of arsenic than that of Palman (4.49 mg/kg) but TN1-grain (0.613 mg/kg) accumulated 1.8 times higher in brown rice than Palman grain (Table 2). Probably, different set of genes were responsible for arsenic accumulation in straw and grain. It was interesting to note that cultivar IR64 accumulated, approximately, 2.5 fold higher amount of arsenic in grain (with husk) in boro season as compared to kharif season but loading in brown rice was increased  approximately, 40% only (Table 2). So, major amount of arsenic uploaded into the husk of IR64. Cultivar, TN1 also transferred huge amount arsenic into the husk as well as in brown rice. So loading of arsenic in brown rice and husk occurred by two separate pathways. None of these three genotypes showed differential phosphate uptake ability when grown on either P-sufficient or P-deficient soil [17]; it implied that Phosphate entry path might not have any role for As accumulation in their grain. It was difficult to get an idea from kharif data that how much quantity of arsenic will be accumulated in grain or straw if same lines were grown in boro season as there was no linear correlation exists. But As accumulation was higher in boro rice, as expected, where groundwater was used as a main source of irrigation.
3.3. Temporal and spatial variation of arsenic loading in grain: 
Table 3. Mean arsenic content esstimated from three rice hiils collected at various developmental stages and relative expression of LSi2 from root, stem and grain collected at premature (18 days after fertilization) stage of field grown rice considering expression of Satabdi as one,  level of expression of other genotypes were presented-  

	Genotypes
	Stem-As (mg/kg)
	Leaf-As (mg/kg)
	Spikelet-As (mg/kg)
	LSi2 expression at premature stage

	
	Boot
	Mature
	Boot
	Mature
	Boot
	Emerged
	Dough
	Mature
	Root
	Stem
	Grain

	Choli 60
	1.86
	3.75
	4.7
	4.45
	0.305
	0.47
	0.462
	0.139
	4.43
	6.99
	2.19

	IR 36
	1.12
	0.982
	3.45
	6.88
	0.201
	0.398
	0.512
	0.362
	2.7
	3.72
	1.02

	IR 64
	2.34
	5
	3.22
	3.53
	0.372
	0.438
	0.487
	0.369
	1.9
	2.98
	3.7

	Palman
	4.9
	5.12
	4.48
	5.45
	0.449
	0.455
	0.562
	0.312
	0.66
	4.47
	3.23

	Rasi
	1.25
	2.11
	2.73
	3.69
	0.237
	0.497
	0.493
	0.326
	1.47
	3.07
	4.56

	Satabdi
	1.54
	1.093
	3.68
	3.2
	0.259
	0.35
	0.461
	0.348
	1
	1
	1

	Satika
	1.73
	1.92
	3.12
	4.32
	0.309
	0.361
	0.472
	0.116
	1.31
	46.1
	0.87

	TN1
	1.65
	1.52
	2.31
	2.67
	0.318
	0.543
	0.538
	0.892
	1.01
	88.4
	4.83


As accumulation in stem and flag leaf of all genotypes was higher at mature stage, as expected [18], than panicle initiation stage and was higher in flag-leaf than stem. Accumulation in stem or flag leaf was not correlated with grain-As but As content in stem at boot stage was highly correlated (r =0.9) with spikelet As at that stage (Table 3). IR36 showed lowest accumulation in stem but highest accumulation in flag leaf at mature stage.  Table 3 showed that As accumulation in emerged panicle and dough stage (15 days after fertilization) was almost equal in all rice genotypes (Standard deviation is 0.0366). At the mature stage, except TN1, As content reduced significantly in all genotypes, and this reduction was not uniform, probably where genotypic differences played a role. Although As accumulation in the developing grain usually occur via direct transport [18] through the stem during grain filling stage but certainly, a few transporter genes were also playing a critical role; otherwise, such differential accumulation among the genotypes was not possible. So identification of putative transporter genes responsible for grain accumulation will be possible if it was worked out between dough and mature stage.
3.4. Expression of efflux transporter gene (LSi2) in rice is not correlated with grain accumulation: 
Silicon efflux transporter gene (LSi2) was predicted to encode a membrane protein with eleven transmembrane domains belonging to a putative anion transporter without any similarity with the silicon influx transporter LSi1 [19]. LSi2 was capable of transporting arsenite into root cells to stele by an energy-dependent process driven by the proton gradient. Relative expression of LSi2 in root, stem and grain was investigated using quantitative reverse transcription PCR at eighteen days after fertilization. Arsenic content in spikelet, collected either from boot, emerged and dough stage was not correlated with LSi2 expression in grain collected at premature stage (eighteen days after fertilization) but the expression was correlated with arsenic content in mature spikelet. When arsenic was estimated separately in brown rice and husk it was found that LSi2 in grain, at premature stage, was correlated with husk arsenic but not with brown rice. Expression of LSi2 in root or stem was not correlated with As in straw or grain. LSi2 expression in stem at that stage showed approximately 88 fold higher than a popular cultivar, Satabdi, but a landrace Satika also showed 46 times higher where as husk of Satika accumulated half than that of Satabdi. Expression of silicon efflux transporter gene LSi2, which also played a role in arsenite transport from root to stele, was correlated only with total arsenic content in husk but not in brown rice.
3.5.  Simple Sequence Repeat (SSR) linked with arsenic accumulation in grain and  straw:

Simple sequence repeats are universally present throughout the genome in all eukaryotic organisms. More than ten thousand such SSRs are already mapped in rice i.e. their chromosomal localization was already elucidated using the principles of linkage analysis. Any such SSR if showed linked with a trait of interest, it was inferred that specific SSR and locus responsible for the trait were closely situated in the chromosome. This will help introgression of the desired trait in the background of any popular cultivar by following the haplotype of that specific SSR without or minimum measurement of phenotype of the trait in each segregating generation. Thus SSRs, where available and mapped, function as marker in plants. 

To search SSRs linked with the loci responsible for arsenic accumulation in grain and straw, 101 RILs were genotyped by using polymorphic SSR. Polymorphic SSRs among the parents were selected based on differences in amplification size as observed in 2% agarose gel. Arsenic content in straw and grain of 101 RILs was measured in mg/kg of dry weight for each year at the mature stage. Estimation was made from the field grown plants in Kharif season as one of the parents used for developing RILs was strictly photosensitive. 
Table 4: Arsenic accumulation pattern of RILs grown in arsenic contaminated field of kharif season.

	Year
	Tissue-sample
	Mean
	(±)SD 
	Range (mg/kg)

	2008
	Grain
	RILs
	0.112
	0.035
	0.028-0.170

	
	
	Parent1
	0.054
	0.009
	0.048-0.061

	
	
	IR36
	0.179
	0.014
	0.147-0.182

	
	Straw
	RILs
	0.957
	0.314
	0.398-1.988

	
	
	Parent1
	0.392
	0.042
	0.368-0.402

	
	
	IR36
	0.889
	0.062
	0.880-0.932

	2009
	Grain
	RILs
	0.099
	0.037
	0.031-0.168

	
	
	Parent1
	0.58
	0.012
	0.048-0.063

	
	
	IR36
	0.167
	0.014
	0.141-0.176

	
	Straw
	RILs
	0.877
	0.328
	0.392-2.062

	
	
	Parent1
	0.388
	0.035
	0.359-0.397

	
	
	IR36
	0.912
	0.051
	0.883-1.07


There was a significant (P < 0.01) difference in arsenic accumulation of grain and straw within 101 RILs and also among the two parents (table 4). Arsenic content in grain of RILs showed a range of 0.028 mg /kg to 0.170 mg /kg, where as in straw in between 0.392 mg /kg and 2.602 mg /kg (Table 4). As accumulation in grain and straw of IR36 was 0.181 mg/kg and 0.883 mg/kg respectively and in other parent it was 0.058 mg/kg and 0.392 mg/kg respectively. The frequency distribution of As accumulation both in grain and straw showed a continuous variation. So, arsenic accumulation in grain and straw were supposed to control by a number of genes rather by a single gene.  A small transgressive segregation was evident only towards the direction of low accumulating parent for grain- As (only four RILs accumulated As at the range of 0.025 to 0.045 mg/kg). On the other hand, twenty six RILs accumulated As in straw above the mean value of IR36, 0.883 mg/kg. Arsenic concentrations in soil were reported often high enough to cause of concern even in kharif rice, because rice appears to be particularly efficient in As assimilation compared with other cereal crops [20]. Therefore, arsenic already deposited in the study site (4.2 mg/kg) could be sufficient for accumulation of significant amount of As in grain and straw that may cause risks for human and ruminant. So, suitable genotypes and management were required not only for boro rice but also for kharif rice. Pot experimentation using DH population derived from Japonica and Indica cross also showed continuous distribution pattern [8]. It was the first report of inheritance of As accumulation using RILs developed from Indica x Indica cross grown in the contaminated field. The frequency distribution of As accumulation in grain skewed towards low accumulating parent suggest that genes responsible for low accumulation in grain might have dominant role over genes responsible for higher accumulation. There was no correlation between arsenic content in root with straw (r = 0.29) or with grain (r = 0.03). Insignificant correlation was also observed between straw arsenic with grain (r = 0.34). High broad sense heritability (h2 >0.9) and also good correlations (r > 0.80) among two years for straw and grain As accumulation suggested that arsenic accumulation in grain and straw is stably heritable trait (data not presented). When a few photoinsensitive RILs were grown both in boro and kharif season, it was observed that lines accumulating high As at kharif season were also maintained the same trend at boro season. Root arsenic accumulation was not consistent across the year as iron plaque on root surface had a strong effect on arsenic uptake in rice [21]. The high correlations in straw and grain arsenic in successive two years in 2008 and 2009 (grain=0.83, straw=0.92), showed the robustness of sampling and arsenic estimation method. An interesting result of this study was insignificant correlation of straw arsenic with that of grain. 

Table 5: ANOVA: Single factor analysis for SSRs and grain accumulation

	
	Source of Variation
	SS
	Df
	MS
	F
	P-value

	RM 1(Chr 1)
	Between Groups
	0.0055
	1
	0.0055
	4.0217
	0.0475

	
	Within Groups
	0.138
	101
	0.0014
	
	

	RM 10 (Chr 2)
	Between Groups
	0.0029
	1
	0.0029
	4.768
	0.0256

	
	Within Groups
	0.0857
	101
	0.0008
	
	

	RM 1261 (Chr 12)
	Between Groups
	0.0038
	1
	0.0038
	4.507
	0.036

	
	Within Groups
	0.0845
	99
	0.0845
	
	

	RM 1111 (Chr 8)
	Between Groups
	0.007083
	1
	0.007083
	5.853133
	0.0173

	
	Within Groups
	0.122227
	101
	0.00121
	
	

	RM 3374 (Chr 8)
	Between Groups
	0.005384
	1
	0.005384
	4.37136
	0.0390

	
	Within Groups
	0.123172
	100
	0.001232
	
	


Single point ANOVA analysis of the genotypic data by polymorphic primers and As accumulation data as observed  from arsenic contaminated, revealed that RM1 of Chromosome 1, RM110 of Chromosome 2, RM 1261 of Chromosome 12, RM1111 of Chromosome 8, RM3374 of Chromosome 8, showed significant P-value (P< 0.05), that indicates linkage of these primers with grain As accumulation (Table 5). 
Table 6: ANOVA: Single factor analysis for SSRs and straw accumulation

	
	Source of Variation
	SS
	Df
	MS
	F
	P-value

	RM3

(chromosome 6)
	Between Groups
	0.4004
	1
	0.40043
	4.217
	0.0468

	
	Within Groups
	10.3413
	96
	0.1077
	
	

	RM9

(chromosome 1)
	Between Groups
	1.1159
	1
	1.1159
	11.3976
	0.00104

	
	Within Groups
	9.889
	101
	0.0979
	
	

	RM307 (chromosome 4)
	Between Groups
	0.79991
	1
	0.79991
	7.6929
	0.0066

	
	Within Groups
	10.0861
	97
	0.10398
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      Figure 1. Position of linked SSR markers in the chromosome 1, 2, 4 and 8

Like as RM3 of Chromosome 6, RM9 of Chromosome 1, and RM 307 of Chromosome 4 showed linkage with As accumulation in straw (P< 0.05) (Table 6). Work was restricted only on single point ANOVA analysis, instead of QTL mapping, due to relatively less number of polymorphic markers used in genotyping of RILs. Out of 170 SSRs only 39 showed polymorphism among the parents. Separate loci were responsible for accumulation of arsenic in straw and grain. It had also been corroborated by identification of QTLs on chromosome 2, responsible for straw arsenic at the seedling stage but QTLs located on chromosome 6 and 8 are controlling grain arsenic at the maturity [8]. A QTL for arsenic concentration in grain as shown by Zhang et al. [8], coincided with RM3 of Chromosome 6 linked with straw arsenic accumulation in this study. Surrounding markers of the same locus were linked with As tolerance QTL [7] and P uptake locus [17, 22]. This result was also showing good support that arsenic accumulation in straw was related to phosphate uptake i.e. phosphate and arsenate enter into the plant by same pathway [23, 24]. QTL for grain As accumulation in chromosome 8 according to Zhang et al. [8] also coincided with a linked SSRs (RM1111 and RM3374) of grain As accumulation at the same position in this study also. Similarly, it had been found co-location of RM1261 of chromosome 12, showing linkage with grain arsenic accumulation, and QTL for high affinity P-uptake transporter in rice [25]. RM 1 and RM 9 of chromosome 1, RM 110 of chromosome 2 and RM 307 of chromosome 4 were new set of markers which were not described earlier. It may be due to our experiments were conducted in field condition, instead of green house, and also Indica x Indica parental combination was used for developing RILs instead of Japonica X Indica cross combination as described earlier [8]. RM 1 of chromosome 1 was linked with a major QTL for 1000 grain weight in rice; consequently phloem loading was controlled by the same locus [26]. So, grain arsenic concentration may be related to grain loading from phloem. Recently, it has been observed that grain arsenic loading is mainly controlled by phloem [10]. RM 9 was also linked with yield enhancing QTL as well as shoot potassium concentration and salt tolerance QTLs (beta.irri.org/new/bulletin/2009.19/PDFs). How this locus influencing straw arsenic concentration, was yet to decipher.  Similarly, RM 110 of chromosome 2 was linked with biomass partitioning and physiological parameters during ferrous iron toxicity in rice [27]. RM 307 of chromosome4 linked with grain As accumulation that was associated with two semidwarf genes in indica variety by Zhao et al. [28]. The molecular markers linked with arsenic concentration in grain and straw detected at maturity from field grown plants might be the most important findings for development of low arsenic accumulating rice genotypes through marker assisted breeding and helpful for QTL mapping of the responsible chromosomal region.
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                                                 Workshop Discussion
Comment : We surveyed 8 rice genotypes under our project, planting them in varying arsenic concentrated environments. Shatabdi showed medium arsenic concentration. The best according to our study was Lal Swarna or Khitish. Dr. Dibyendu Mukhopadhay also talked about Lal Swarna, but the problem with this variety is that it might not be economically profitable.

Somnath Bhattacharya: As “Lal Swarna” is a photo-sensitive cultivar so it is not suitable for cultivation at the boro season (which mainly depends on As contaminated ground water).
Comment : Maybe because of its competitive market price and better yield farmers are choosing Shatabdi. But I think if we can make further development on genotypes like Lal Swarna and make them more profitable for the farmers to cultivate then they would readily go for it.

Somnath Bhattacharya: Sir, we are already trying to do that under our current program.
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