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Rice genetic resource is the primary source for rice breeding. It also makes a concrete contribution to global 
wealth creation and food security. India is one of the centers of origin for rice and the nutritional security of 
the North-Eastern (NE) states of India predominantly depends on rice. The NE region especially Arunachal 
Pradesh is considered to be one of the hot pockets of rice genetic resources in the world and also has diverse 
rice growing conditions as compared to other parts of the country. Genetic diversity of 662 rice accessions 
originating from the state of Arunachal Pradesh was assessed using 36 single nucleotide polymorphism (SNP) 
markers distributed across all 12 chromosome of rice genome. These SNP markers generated a total of 36 allelic 
combinations. Polymorphic Information content (PIC) ranged from 0.006 to 0.375 and major allele frequency 
ranged from 0.51 to 0.99. Similarly, heterozygosity and gene diversity ranged from 0.003 to 0.162 and 0.006 to 
0.49, respectively. A picture of genetic relatedness was inferred using Neighbor joining tree, which grouped all 
the genotypes in to three major clusters. AMOVA analysis showed that, among population 31% whereas, among 
individual 51% diversity. Population structure from K=1 to K=20 were tested and Δk was found maximum at 
three population (K=3). Principal Coordinate Analysis (PCoA) showed that rice germplasm were intermixed as 
per Neighbour joining tree but showed three major groups based three population structure information. Hence, 
PCoA supports the population obtained from the model based approach. This study shows that large diversity 
exists in the rice germplasm of Arunachal Pradesh and can be utilized for trait-specifi c breeding.
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Introduction
Rice (Oryza sativa) feeds more than 50% of the 
world’s population and is one of the most important 
crops in the world. Rice accounts for 21, 14 and 2% 
of global energy, protein and fat supply respectively 
(Kennedy et al., 2003). Being a model organism with 
fully sequenced genome, various genomic approaches 
have been used to study its domestication, adaptive 
selection, and the history of crop improvement (Wing 
et al., 2005, Zhang et al., 2008). Rice genetic resource 
is the primary material for rice breeding and makes 
a concrete contribution to global wealth creation and 
food security (Zhang et al,. 2011). Numerous studies on 
genetic structure of rice cultivars at a local scale (within 
a country) have also been conducted (Gao et al., 2005, 
Barry et al., 2007, Thomson et al., 2009, Zhang et al., 
2007, Li et.al., 2014). Such local-scale studies not only 
provide a detail view of rice genetic diversity within 
a country, but it also gives a better understanding of 
complex interaction between rice genetic diversity and 
human cultivation practices (Thomson et al., 2009), and 
for formulating in situ conservation strategies (Barry 

et al., 2007). India is one of the centres of origin for 
rice. Phylo-geographical and archaeological evidence 
suggest that rice was domesticated about 10000 years 
ago from its wild ancestor O. rufi pugon in the region 
south of Himalayan mountain range, likely in the 
present day Eastern and North Eastern India, extending 
eastward to Nepal, Myanmar and Thailand to Southern 
China (Chang, 1976; Khush 1997; Londo et al., 2006) 
the eastern Himalayan region of North-east India, a 
geographical area of over 255000 Km2 consisting 
of Arunachal Pradesh, Assam, Manipur, Meghalaya, 
Mizoram, Nagaland and Tripura states is home to a large 
number of indigenous rice varieties (Choudhury et al., 
2013). The state of Arunachal Pradesh is situated on the 
eastern most corner of India sharing international borders 
with Bhutan, China and Myanmar. It has a geographical 
area of 83,743 sq. km. The state has a population density 
of 17 persons per sq. km, and around 68.8% of the 
population is tribal (Govt. of India, Statistics, 2015). 
The tribal communities of Arunachal Pradesh are of 
Tibeto-Burman linguistic origin, and there are as many 
as 21 tribes and 50 sub-tribes. The topography of the 
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state is mostly hilly terrain and the agro climate varies 
from tropical to alpine (Roy et al., 2016). The farmers 
majorly follow traditional shifting cultivation (locally 
known as jhum) and with little sedentary agriculture. 
Shifting or ‘slash-and-burn’ cultivation is the earliest form 
of agriculture and is still practiced in vast areas of the 
state. About 76 % of the total cropped area in the state 
is under jhum cultivation. However rice productivity 
in this state is low, 2065kg/ha, as rice is cultivated in 
high altitudes, plateaus, terraces and river beds. Despite 
having low yield potential, rice landraces grown in the 
mountains under jhum cultivation system possess many 
important biotic, abiotic and quality traits which can be 
important source for crop improvement programmes. 
Thus, keeping in view the above points, the genetic 
diversity of rice germplasm of Arunachal Pradesh was 
assessed using SNP markers, the most advanced set of 
markers reported till now. 

Materials and Methods

Plant Materials
Six hundred and sixty two seed samples of Arunachal 
Pradesh were procured from Indian National 
Genebank, National Bureau of Plant Genetic Resources 
(NBPGR),New Delhi. The details of each accession 
alongwith passport data (national ID i.e. Indigenous 
Collection (IC) number) were identifi ed from the online 
available data of NBPGR.

DNA Extraction from Rice Seed 
Total Six to nine seeds of each accession were dehusked 
and used for DNA isolation using QIAGEN DNeasy 
plant mini kit. Kernels were ground into fi ne powder 
using tissue lyser (Tissue lyser II Retsch, Germany) with 
a tissue lyser adapter set (QIAGENq). DNA extraction 
procedure was as per manufacturer’s protocol.

Genotyping of Rice Accessions using SNP 
Markers 
Genomic DNA of all the 662 accessions was diluted 
to prepare working stocks of 10 ng/μl. The Sequenom 
MassARRAY system uses matrix assisted laser 
desorption ionization-time of fl ight (MALDI-TOF) mass 
spectrometer for accurate detection of SNPs in a high-
throughput manner (www.sequenom.com). Sequenom 
MassARRAY multiplex assays were designed for 36 
SNPs (iPLEX gold chemistry), representing conserved 
single-copy rice genes (Singh et al., 2007), taking three 
genes per rice chromosome. The unlinked SNP markers 

located on short arm, centromeric region and long arm 
of all 12 rice chromosomes were developed and used 
for diversity analysis (Table 1). The 36-plex assays 
were designed and validated by Sequenom Corporation 
(San Diego). The 30-mer pre-amplifi cation primers and 
variable length genotyping primers generated by the 
Assay Design 3.1 software were procured and used for 
the validation of SNPs according to the Sequenom user 
manual. MassARRAY Typer 3.4 Software was used for 
the visualization of SNPs and allele calling.

Genetic Diversity and Phylogenetic Analyses
The major allele frequency, gene diversity, heterozygosity 
and PIC for each locus were calculated for SNP markers 
using Power Marker 3.5 (Liu and Muse, 2005). In 
addition, principal component analyses, genetic distances 
(Nei et al., 1983) across the genotypes and neighbour-
joining (NJ) tree were calculated using Power Marker 
3.5 (Liu and Muse, 2005). The dissimilarity matrix 
generated by Power Marker was used to construct 
un-weighted neighbour joining tree using DARwin 
software 5.0.158 (Perrier and Jacquemoud-Collet, 
2006). Software STRUCTURE V2.3.1 was applied to 
infer historical lineages that show clusters of similar 
genotypes (Pritchard et al., 2000). The membership 
of each genotype was run for range of genetic clusters 
from value of K= 1 to 20 with the admixture model and 
correlated allele frequency. For each K it was replicated 
3 times. Each run was implemented with a burn-in period 
of 100,000 steps followed by 100,000 Monte Carlo 
Markov Chain replicates (Pritchard et al., 2000). Ln(PD) 
derived for each K and then plotted to fi nd the plateau 
of the ΔK values (Evanno et al. 2005). To calculate 
fi nal population structure online available programme 
“structure harvester” (Earl and vonHoldt, 2012) was used 
(http: //taylor0. biology.ucla.edu). The proportion of the 
genome of an individual that belongs to each inferred 
population (admixture) was also estimated.

Results and Discussion

Statistical Analysis
Genetic diversity of Arunachal Pradesh rice germplasm 
collection (662 accessions), available at National Gene 
Bank, NBPGR, New Delhi was estimated using 36 SNP 
markers. These unlinked SNP markers located on the 
short arm, centromeric region and long arm of all 12 
rice chromosomes were developed and used for diversity 
analysis.SNP is bi-allelic in nature therefore; total 72 
alleles were amplifi ed with an average of 2 alleles per 
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Table 1.  List of primers used for characterization of 662 rice germplasm of Arunachal Pradesh along with their physical position on 
chromosome and primer sequences

Primer ID Physical Position Amplifi cation primer-1 Amplifi cation primer-2

01-2916-1_C_156 25381654 ACGTTGGATGGGGTTTGCATGTTAATAGGG ACGTTGGATGCCGAATCTCTATCAAGGAAG
01-608-4_2_375 3421011 ACGTTGGATGAGGACCATCTTCTTGCACTG ACGTTGGATGCCATTTGCAAGGCCCATTTC
01-6351-1_C_202 40914292 ACGTTGGATGGTTGGAACACATGATTTCAC ACGTTGGATGATCTCTTTGGACAGAGTCCC
02-267 1570149 ACGTTGGATGGTCAATCTTGCAGGAGTTGG ACGTTGGATGTGGCTCCTCTTCTCCGGTCT
02-3029-1_C_474 18821156 ACGTTGGATGTGTCTGCAATAACTTGTGCC ACGTTGGATGAAATCAGCTGCAGCATTACC
02-4333-1_2_293 28688819 ACGTTGGATGGGAATGTTTAGTTTTGAGG ACGTTGGATGTGTAGGTGCTACTTGCTTCC
03-1691-1_C_373 10849512 ACGTTGGATGAACAACGCCAGGAACATCAC ACGTTGGATGAAGCGGCTCAAGGTACAATC
03-3478-1_C_206 22815422 ACGTTGGATGCCTGCAGCAAACGCCAATTT ACGTTGGATGTCAGGTAACCGATCGATTTG
03-4660-1_2_355 31020366 ACGTTGGATGCTCCCATCCTAGTATCCATC ACGTTGGATGTGCCTTCTCTTACAGGTTCC
04-1801-20_2_428 11859836 ACGTTGGATGCCCTCAAAAAAAAGTTGTAAG ACGTTGGATGCAGTAAATTTCCAGGGAGATA
04-19-4_C_240 225838 ACGTTGGATGTCTACACATTAGCTCGCTGG ACGTTGGATGACAGTAACCACAATATGCCG
04-3787-3_1_358 25211800 ACGTTGGATGTTATCTCTGCTTGCTCGCTC ACGTTGGATGAAGTATCTGCCCCAAGTGAC
05-2692-1_2_109 18783426 ACGTTGGATGGAACTTTACTCTCAGTACA ACGTTGGATGTGGTTTGATGAGTCGTTTGC
05-4192-1_C_280 28065769 ACGTTGGATGAGTTTGTTGACAGCAGAACC ACGTTGGATGTAGCTTACTAGTTCATGTG
05-48-1_C_279 287362 ACGTTGGATGCAGAGATGTCTGTTGTTAGC ACGTTGGATGCAACCAGGGATACAATATGAC
06-1256-1_C_147 7573979 ACGTTGGATGCACGTGCCTATGATTAGCAG ACGTTGGATGGATCGTTTACTTCTTTGCCC
06-1776-1_1_501 11093772 ACGTTGGATGGGGCCAATTTGCTTAGTGC ACGTTGGATGAGCATAAGGTATTAAAGTC
06-2509-1_C_497 15737387 ACGTTGGATGCCTTCGCGCTTGCAATTTGG ACGTTGGATGAAATCAGCACGCGTCAACAC
07-2904-39_C_299 19160255 ACGTTGGATGAATGGTGGTGTATCTTGAGC ACGTTGGATGGGTGTGACTTCTCATGACAG
07-293-12_1_368 1859603 ACGTTGGATGCACTAATTCTTGGTATTATGG ACGTTGGATGTCAATGTGTTCTCACAGACC
07-4304_new
08-2765-2_C_360 18084851 ACGTTGGATGTCCCTCCATGTTGTGAGTTC ACGTTGGATGCTTGCAAGAGACATCCAAGA
08-4218-5_C_129 27692470 ACGTTGGATGGGTGGACAAAGATAAGGAAG ACGTTGGATGGACTGGAAATATACTCCCTC
08-847-6_C_113 5399913 ACGTTGGATGCCCAACGTATTAATGGCAAC ACGTTGGATGGCTGTGTAGTAATTTGCCTG
09-209 1297966 ACGTTGGATGGAGGCAAAAGGCAAACCGAC ACGTTGGATGGACTTGAGCGAGTCGATGTC
09-2107-5_C_145 13705487 ACGTTGGATGTGACCACACCACACAAACAC ACGTTGGATGGGGATTTGCGGTTTTTGGAC
09-2716-4_C_457 19541336 ACGTTGGATGTGAGCCACAGATTCCCTTTC ACGTTGGATGCTCGAGTAATTCAAAACCAC
10-1192-7_C_178 8122635 ACGTTGGATGCTTTGCTACGGATAAAATG ACGTTGGATGTCATGCAAATACAGACATGG
10-188-1. 1218215 ACGTTGGATGGCGCCAGTGTATGGAAAAAG ACGTTGGATGGTCCATAACATCATGGACTC
10—2723 20696970 ACGTTGGATGCCCACAATGAGATGCAGATG ACGTTGGATGAGACAAAATGCAACACTCCG
11-1849. 11974790 ACGTTGGATGCGCCACTCTTCCTGATTTAG ACGTTGGATGACAGATACGGGAGGCATTTC
11-3935. 28434679 ACGTTGGATGATCCCTGAGACTTTGGATGG ACGTTGGATGCCAACTTGAATGTCCATTCC
11-522-1_C_214. 3033366 ACGTTGGATGCTACATGGTATCAGATACCG ACGTTGGATGAGAAGCGAACGCGGAAAAAG
12-1794 11215946 ACGTTGGATGGTGAGCCCCAAAAGTTGGTG ACGTTGGATGTAAGGTCCAGTTTGCTTGGT
12-3200-2_C_389 21396181 ACGTTGGATGGCTCAAACCTAGCAATAACTG ACGTTGGATGCCTCCTTCCTACAAGTTTAA
12-400 2160546 ACGTTGGATGCCAATAGAGTCCATCTCAGC ACGTTGGATGGCACGAGGATTTAAGACAGC

locus in all tested rice accessions. The Polymorphic 
Information content (PIC) ranged from 0.006 for marker 
04-19-4_C_240 to 0.375 for marker 01-608-4_2_375 
(Table 2). Major allele frequency ranged from 0.51 for 
marker 01-608-4_2_375 to 0.99 for 04-19-4_C_240. 
Similarly, heterozygosity and gene diversity ranged from 
0.003(04-19-4_C_240.) to 0.162 (10-1192-7_C_178) 
and 0.006 (04-19-4_C_240.) to 0.49 (01-608-4_2_375.) 
with mean values 0.07 and 0.29, respectively (Table 
2).The amount of genetic diversity and the population 
structure for the popular rice genotypes of India are 
extremely important to know in terms of the extent of 
genetic variability. This is also useful in order to develop 

effective breeding strategies for broadening the genetic 
base of commercial varieties, to identify molecular 
tags, and for germplasm conservation (Upadhyay et al., 
2012). Average PIC has been reported to 0.23 in this 
study which is lower to those compared to studies done 
by Lu et al., 2005; Pervaiz et al., 2009 and Lin et al., 
2012. This could be due to SNP markers used in the 
present study. Mean PIC was reported to be high (>0.5) 
by Anupam et al. (2017) for the state of Tripurawith 
trait linked markers. The value of gene diversity in the 
present study is reported to be 0.29 which is low as 
compared to the results obtained by Anupam et al., 2017 
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(0.7) where they have used PCR based allele specifi c 
markers for generation of genetic diversity.

Hierarchical Cluster Analysis
All 36 SNP loci were scored across all 662 rice 
germplasm. Genetic distance was calculated and NJ tree 
was constructed using dissimilarity matrix. Unrootedtree 
as was generated to fi nd genetic relationships among the 
rice germplasm. All germplasm were grouped into three 
major clusters. Cluster 1 having maximum genotypes 
got grouped into subclusters. Cluster 3 is the smallest 

comprising of only four genotypes (Fig. 1.). Garris et 
al. (2005) observed clear distinction of wild, indica, 
japonica and basmati types showing their independent 
evolution by genetic relationships. Similarly, Travis et 
al. (2015) studied genetic diversity among 511 cultivars 
from Bangladesh and North-East India using a 384-SNP 
microarray assay and identifi ed 191, 229 and 142 SNPs 
clearly distinguish indica, japonica and aus accessions, 
respectively, and the aus group has been further resolved 
into two subpopulations aus1and aus2. However, our 
results do not correspond to the study conducted by 

Table 2.  List of SNP primers used for genotyping of 662 rice germplasm of Arunachal Pradesh along with major allele frequency, gene 
diversity, heterozygosity and PIC

S. No. Primer ID Major allele frequency Gene diversity Heterozygosity PIC

1 01-2916-1_C_156 0.5383 0.4971 0.0781 0.3735
2 01-608-4_2_375 0.5116 0.4997 0.1435 0.3749
3 01-6351-1_C_202 0.8803 0.2107 0.0534 0.1885
4 02-267 0.6859 0.4309 0.1313 0.3380
5 02-3029-1_C_474 0.6269 0.4678 0.1419 0.3584
6 02-4333-1_2_293 0.7952 0.3257 0.0383 0.2726
7 03-1691-1_C_373 0.7374 0.3873 0.0689 0.3123
8 03-3478-1_C_206 0.5340 0.4977 0.1422 0.3738
9 03-4660-1_2_355 0.7926 0.3287 0.0736 0.2747
10 04-1801-20_2_428 0.8112 0.3063 0.1373 0.2594
11 04-19-4_C_240 0.9968 0.0064 0.0032 0.0064
12 04-3787-3_1_358 0.8793 0.2122 0.0575 0.1897
13 05-2692-1_2_109 0.9040 0.1736 0.0323 0.1585
14 05-4192-1_C_280 0.7090 0.4127 0.0879 0.3275
15 05-48-1_C_279 0.5646 0.4916 0.1417 0.3708
16 06-1256-1_C_147 0.9916 0.0166 0.0076 0.0165
17 06-1776-1_1_501 0.6209 0.4708 0.1404 0.3600
18 06-2509-1_C_497 0.9107 0.1627 0.0376 0.1495
19 07-2904-39_C_299 0.9084 0.1664 0.0275 0.1526
20 07-293-12_1_368 0.8734 0.2211 0.0253 0.1967
21 07-4304_new 0.5190 0.4993 0.0471 0.3746
22 08-2765-2_C_360 0.9164 0.1532 0.0175 0.1415
23 08-4218-5_C_129 0.5180 0.4994 0.1095 0.3747
24 08-847-6_C_113 0.6868 0.4302 0.1146 0.3377
25 09-209 0.8683 0.2288 0.0416 0.2026
26 09-2107-5_C_145 0.6907 0.4272 0.0879 0.3360
27 09-2716-4_C_457 0.9525 0.0906 0.0245 0.0865
28 10-1192-7_C_178 0.6396 0.4610 0.1625 0.3548
29 10-188-1. 0.7936 0.3276 0.1040 0.2740
30 10—2723 0.9245 0.1397 0.0826 0.1299
31 11-1849. 0.8152 0.3013 0.1102 0.2559
32 11-3935. 0.9375 0.1172 0.0324 0.1103
33 11-522-1_C_214. 0.9127 0.1593 0.0379 0.1466
34 12-1794 0.8950 0.1880 0.0396 0.1703
35 12-3200-2_C_389 0.9799 0.0393 0.0048 0.0386
36 12-400 0.8386 0.2707 0.0779 0.2340

Mean 0.7822 0.2950 0.0740 0.2395
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Garris et al. (2005) and Travis et al. (2015). But our 
study provides a useful pool of SNP markers with 
uniform coverage throughout the rice genome. We have 
characterized 36 SNPs that were genotyped in 662 rice 
accessions. Our genomic diversity and structure analyses 
have included old and modern local cultivars, germplasm 
attempting to uncover a maximum spectrum of variability 
and occurrence of three different gene pools identifi ed 
by structure analysis. This allowed us to reconstruct the 
genetic relationships and genetic diversity of the rice 
germplasm of Aunachal Pradesh. 

Model Based Population Structure
To study the population structure, a model based 
programme STRUCTURE was used to determine genetic 
relationship among individual rice germplasm. This 
model assumes that the number of populations was k 
and the loci were independent and at Hardy–Weinberg 
equilibrium. Ln(PD) derived Δk was plotted against 
the K to determine the number of populations using a 
software “Structure harvester” available online. At K=3 
maximum Δk was found, hence, this was considered 
as the number of population for the state of Arunachal 
Pradesh. Population structure divided 662 accessions into 
3 populations (Fig. 2). Population1 (pop1), population2 
(pop2) and population3 (pop3) contained 378, 203 
and 81 germplasm, respectively. Further, based on the 
membership fractions, rice germplasm under different 
populations were categorized as pure or admixture. 
The accessions with the probability more than ≥0.80 

score was considered as pure and less than 0.80 as an 
admixture. Pop1 showed 250 pure (66%) and 128 (34%) 
admixed individuals, pop2 showed 122 (60%) pure and 
81 (40%) admixed individuals and pop3 showed 69 
(85%) pure and 12 (15%) admixed individuals (Fig. 3). 
The relatively small value of alpha (α = 0.12) in present 
study reveals that, only few individuals were admixed. 
Alpha value approaching zero indicates that most 
individuals in the study are from separate populations 
(Li et al., 2014) whereas; an alpha value greater than 
1 indicates that most of accessions of populations are 
admixed (Ostrowski et al., 2006).

AMOVA and PCoA of Clusters Obtained Using 
Hierarchical Approach
AMOVA for the 662 accessions was performed based 
on the three clusters obtained using hierarchical cluster 
analysis. The three populations showed 0% variance at 
population level, whereas, 79% variance was recorded 
among individuals and 21% variance within individuals 
(Fig. 4; Table 3 ). PCoA based on hierarchical clusters 
showed intermixing of the three groups across the 
coordinates (Fig. 5; Table 4). The first three axes 
explained 37.8% of cumulative variation.

AMOVA and PCoA of Populations Obtained Using 
Model Based Approach
AMOVA was performed on three populations obtained 
using a model based approach. Among three populations 
31% variance was recorded, whereas, among individuals, 
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Fig. 1. NJ tree constructed for Arunachal Pradesh rice germplasm based on SNP data

Cluster 3

Cluster 2
Cluster 1



51% variance and within individuals, 18% variance was 
found (Fig. 6; Table 5).PCoA revealed that large genetic 
diversity exists in rice germplasm of Arunachal pradesh. 
The fi rst three axes explained 37.92% of cumulative 
variation (Fig. 7; Table 6). In PCoA, rice germplasm were 
labelled with three different colours which represent the 
three populations obtained from population structure. The 
pop1 and pop2 showed intermixing among themselves 
whereas pop3 occupied a distinct distribution between 
co-ordinates one and four. It showed very less intermixing 
with the other two populations. The above study shows 
that there is a lot of diversity prevailing in Arunachal 
Pradesh thus enhancing the belief that India has a rich 
resource of diverse germplasm. 
 Evaluation of accessions is important to discover 
useful sources and predict the genetic potential and 
breeding value of the currently underutilized materials 
in genebanks. Phenotypic evaluation has been successful 
in identifying benefi cial materials for simple traits in 
genebanks. When an accession is identifi ed as containing 
desirable traits, such as biotic or abiotic stress tolerance, 
the underlying alleles or haplotypes need to be transferred 
into elite germplasm for trait improvement with the 

Table 3. Summary of AMOVA table (Hierarchical Cluster based 
method)

Summary AMOVA Table

Source df SS MS Est. Var. %

Among Pops 2 26.564 13.282 0.013 0%

Among Indiv 659 7183.956 10.901 4.808 79%

Within Indiv 662 850.500 1.285 1.285 21%

Total 1323 8061.020 6.106 100%

Table 4.  Percentage of variation explained by the fi rst 3 axes using 
SNP markers in principal coordinate analysis (Hierarchial 
Cluster based method)

Axis 1 2 3

% 22.89 8.74 6.25

Cum % 22.89 31.63 37.88

help of molecular evaluation (Wang et al., 2017). 
Hence, molecular characterization of germplasm can 
provide the raw material in this regard. Despite the 
advancement in genomics, the Indian rice collection 
remained uncharacterized at the molecular level, with 
respect to parameters such as genetic diversity and 
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Fig. 2. Estimation of population using LnP(D) derived Δk for k from 1 to20 using SNPs marker data
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population structure. This has been the major limiting 
factor in their utilization and development of improved 
cultivars. 
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Fig. 3. Model based clustering of Arunachal Pradesh rice germplasm based on SNP (K=3) markers

 46 87 212 288 322 558 60 77 89 128 222 242 272 285 366 599 647 74 105 113 121 149 238 248 280 75 120 287 304 363 573 67 81 93 221 240 253 279 330 545 639 66 95 110 118 131 220 239 252 300

 356 597 616 655 57 83 112 209 224 244 256 286 376 55 199 274 360 378 136 141 156 255 284 335 584 359 601 637 656 69 91 130 211 233 251 281 297 629 137 206 309 374 71 138 150 196 259 329 349 23

 25 160 227 265 351 626 68 133 575 104 216 623 246 565 606 24 28 328 301 90 127 334 80 324 202 159 210 260 332 377 657 102 217 65 205 323 32 560 578 21 547 321 40 355 551 247 152 100 82 277

 208 207 86 194 319 572 289 237 630 178 22 117 577 13 263 603 348 604 291 10 564 576 635 17 250 169 258 568 316 183 201 61 5 200 342 364 557 27 352 600 198 123 214 638 581 585 155 569 166 167

 270 605 621 171 70 111 164 346 652 264 38 257 225 590 625 325 94 331 371 189 283 593 126 106 35 114 267 52 586 317 579 582 140 182 365 591 343 661 358 119 1 162 595 650 184 542 151 56 236 340

 223 26 20 19 368 618 596 245 627 345 336 641 486 375 471 195 500 543 30 42 524 544 33 649 29 546 305 115 339 554 2 191 269 607 362 528 357 48 436 204 488 165 54 583 611 658 163 429 498 561

 640 344 226 203 179 511 6 3 653 78 523 619 396 592 449 58 154 598 437 180 312 271 243 14 477 475 580 613 338 43 503 142 187 16 228 62 45 628 550 612 493 36 443 34 367 562 125 556 63 88

 608 97 654 519 241 615 4 589 185 574 386 307 463 651 534 460 535 458 438 516 391 538 455 447 379 588 8 341 537 465 37 39 47 299 614 454 529 326 181 456 521 419 404 459 525 536 380 515 509 411

 512 403 389 504 461 439 489 431 501 462 427 441 385 393 64 381 434 530 464 44 432 406 520 424 526 517 510 499 442 502 415 539 384 444 532 428 466 392 476 147 407 450 148 401 129 453 268 446 398 484

 99 518 229 440 531 101 96 173 170 402 633 399 333 219 541 423 448 507 433 566 395 490 421 508 230 232 72 135 394 388 467 292 294 145 610 109 76 420 282 451 107 12 413 412 482 478 215 496 643 634

 457 416 144 417 175 383 481 659 445 472 425 85 98 405 315 632 620 645 234 587 314 275 400 143 624 158 84 409 15 397 422 602 570 452 469 470 644 642 660 418 172 296 594 213 134 435 622 430 494 372

 567 79 7 474 390 161 562 382 347 479 609 31 190 186 617 231 337 273 293 168 193 636 648 92 249 41 662 188 408 527 122 361 410 132 235 426 414 533 549 327 116 157 276 311 176 548 646 59 153 266

 320 174 290 555 49 295 350 298 310 18 513 354 124 559 495 497 491 353 487 53 506 103 11 192 369 540 197 306 631 73 302 553 308 373 505 261 370 318 313 571 303 254 468 563 514 278 146 9 177 480

 50 492 139 483 522 387 51 485 218 473 262 108

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00

1.00
0.80
0.60
0.40
0.20
0.00



Fig. 4. Analysis of Molecular Variance (AMOVA) of 662 rice 
germplasm based on hierarchical cluster based method

Fig. 5. Principal Coordinate Analysis (PCoA)of 662 rice 
germplasm based on hierarchical cluster based method

Table 5.  Summary of AMOVA table (Model Based approach)

Source df SS MS Est. Var. %

Among Pops 2 1667.178 833.589 2.206 31%

Among Indiv 659 5533.448 8.397 3.552 50%

Within Indiv 662 855.500 1.292 1.292 18%

Total 1323 8056.126 7.051 100%

Table 6.  Percentage of variation explained by the fi rst 3 axes using 
SNP markers in Principal Coordinate analysis(Model 
based approach)

Axis 1 2 3

% 22.91 8.76 6.25

Cum % 22.91 31.67 37.92

Fig. 6. Analysis of Molecular Variance (AMOVA) of 662 rice 
germplasm based on population structure based method

Fig. 7. Principal Coordinate Analysis (PCoA) of 662 rice 
germplasm based on population structure based method
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