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1. Introduction
  

 Indonesia's dependency on rice as the main energy 
source of carbohydrates is undeniable (Iskandar et al. 
2018), as reflected by a high consumption rate of up 
to 150 kg per capita in 2017 (Ministry of Agriculture 
2018). With 264 million people and a 1.27% annual 
population growth rate in 2018, Indonesia has to 
provide an enormous amount of rice food availability 
in the future (Ministry of Agriculture 2018). The 
local rice varieties play a significant role in the food 
security and sustainable development of agriculture, 
indicating their significant resource for rice genetic 
improvement (Iskandar et al. 2018). A breeding 
program is commonly targeted for the most desirable 
traits of rice, such as increased yield (Fuller 2011; 
Gross and Zhao 2014) and grain quality to suffice the 
high consumption of rice (Permana et al. 2018). Since 

genetic improvement in rice is crucial, this program 
should also broaden the breeding material stocks' 
genetic base. 
 Although improved rice varieties have been grown 
predominantly in many Indonesian areas, local 
rice varieties are still prevalent in several regions 
due to their unique characteristics and adaptability 
to specific environmental and climate conditions 
(Nurhasanah et al. 2017). For many generations, the 
local rice varieties have been cultivated and preserved 
by indigenous farmers on specific agroecology to 
the commercial variety. Most local rice varieties 
have good adaptability, good grain quality, and taste 
quality that meet the local consumer's preference. 
Surprisingly, a few traditional varieties have still 
been grown on the mountainsides and are highly 
regarded as adapted well to abiotic and biotic stresses 
that naturally occur in the environment (Thomson et 
al. 2009). Thus, the genetic characterization of this 
local germplasm, a snapshot of a dynamic gene pool 
of local varieties adapted to the local environment 
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and in harmony with traditional culture preferences, 
represents an important basis for conserving this 
precious genetic diversity and improving rice varieties 
for future generations. Despite the potential for crop 
improvement, only a small proportion of them has 
been utilized in rice breeding programs (Reig-valiente 
et al. 2016). Consequently, proper conservation of 
local varieties in parallel with broadening the gene 
pool of rice varieties becomes urgent for rice breeding 
in Indonesia (Nurhasanah et al. 2016).
 The foundation of genetic improvement or 
rice generally depends on the genetic diversity 
level. Genetic diversity can be estimated using 
morphological traits, isozymes, and molecular 
markers. Molecular marker technology based on 
DNA is a powerful tool for estimating the genetic 
variation of germplasm. Contrary to morphological 
traits, the molecular marker can reveal many 
differences among genotypes at the DNA level, 
providing a more proper, reliable, and efficient 
tool for germplasm characterization without being 
influenced by the environment. Simple sequence 
repeat (SSR) markers have been generally used 
in genetic diversity studies and applied in plant 
breeding (Carvalho et al. 2020; Gonçalves-Vidigal 
et al. 2011), including rice, due to the advantages 
of informativeness and stability (Reig-valiente 
et al. 2016; Singh et al. 2016). SSR markers were 
used to assess the genetic diversity level of local 
rice varieties (Kristamtini et al. 2014; Thomson et 
al. 2009) and the population structure (Suvi et al. 
2019), which are helpful as basic information for 
breeding. Parallel to breeding, genetic diversity 
information gained from local variety would benefit 
the sustainable conservation of plant genetic 
resources for food and agriculture (Hue et al. 2018). 
This study aimed to evaluate the genetic diversity 
among 63 Indonesian local rice varieties and explore 
their genetic structure revealed by SSR markers 
complement agro-morphological information for 
better understanding and utilization as germplasm 
resources for breeding.
 
2. Materials and Methods

2.1. Genetic Materials
 This study was conducted in the Molecular Biology 
Laboratory of the Indonesian Center for Agricultural 
Biotechnology and Genetic Resources Research and 
Development, the Indonesian Agency for Agricultural 
Research and Development, from May to September 
2019. As many as 63 local rice varieties were collected 
from seven provinces in Indonesia, namely East Java 
(17 varieties), Bali (22 varieties), South Sulawesi 

(14 varieties), East Kalimantan (2 varieties), West 
Kalimantan (2 varieties), Central Kalimantan (1 
variety) and West Java (5 varieties) were used in this 
study (Table 1). These materials were obtained from 
the seed bank collection of the Assessment Institute 
for Agricultural Technology (AIAT) of Bali and AIAT of 
East Java.

2.2. Procedures
2.2.1. Genomic DNA Extraction and PCR 
Amplification
 The genomic DNA was extracted from rice grain 
tissue by grinding it in a sterile mortar using 500 
µl extraction buffer (100 mM Tris-HCL pH 8.0, 1.4 
NaCl, 20 mM EDTA pH 8.0, 2% (w/v) CTAB (cetyl 
trimethyl ammonium bromide) for one sample per 
variety according to the previous method (Doyle 
and Doyle 1990), modified by adding 2% (w/v) PVP 
(polyvinylpyrrolidone) and 0.38% (w/v) sodium 
disulfide. The samples were put on a 2 ml microtube, 
followed by the addition of the extraction buffer 
adjusted up to 1 ml. The samples were incubated 
at 65°C for 15 minutes, extracted twice using 
chloroform: isoamyl alcohol solution (24:1), and 
centrifuged at 12,000 rpm for 10 minutes at 20°C. The 
supernatant was transferred to the new microtube. 
Furthermore, 3M sodium acetate pH 5.2 was added 
to as many as 1/10 of supernatant volume, followed 
by cold isopropanol as much as one supernatant 
volume. After incubating the mixture at -20°C for one 
hour, it was centrifuged at 12,000 rpm for 10 minutes 
at 20°C. The DNA pellets were then washed using 70% 
ethanol and dried using DNA Speed Vac Concentrator 
(ThermoScientific, USA). Dry pellets were dissolved 
in 100 µl TE solution (10 mM Tris pH 8.0 and 1 mM 
EDTA) and diluted to a final concentration of 10 ng/µl 
to enable polymerase chain reactions.
 DNA amplification parameters are strongly 
influenced by the components of the Polymerase 
chain reaction (PCR) reaction and by thermal 
cycling conditions (Caetano-Anoles and Brant 
1991). Therefore, careful optimization of reaction 
components and conditions would ultimately result 
in more reproducible and efficient amplification. 
A total of 15 SSR markers and their sequences and 
motif used for diversity and structure population 
analysis were obtained from several references 
(Table 2). These total markers were considered 
sufficient and adequate to assess the genetic 
diversity of 63 Indonesian local rice varieties due to 
high abundance, multiallelic, high reproducibility, 
and ease of assessing their size variation using PCR 
(Song et al. 2019). DNA analysis using a molecular 
marker is trustable when the DNA bands appear 
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Table 1. A list of 63 local rice varieties originating from seven 
provinces in Indonesia was used in this study

Table 2. List of SSR markers used in this study 

Table 1. Continued

Local rice varieties

Markers Product sizeSSR motif Chr TmSequence References

RM3894 201(GT)15 3 55

RM5 113(GA)14 1 55

RM11 140(GA)17 7 55

RM19 226(ATC)10 12 55

RM72 166(TAT)5C(ATT)15 8 55

RM201 158(CT)17 9 55

RM223 165(CT)25 8 55

RM228 154(CA)6(GA)36 10 55

RM263 199(CT)34 2 55

F: TATGCTCTCTCCTTCAGGCC
R: CTTACCAACTCCGCACTTGC McCouch et al. (2002)

Panaud et al. (1996)

Panaud et al. (1996)

Panaud et al. (1996)

Chen et al. (1997)

Temnykh et al. (2000)

Chen et al. (1997)

Chen et al. (1997)

Chen et al. (1997)

F: TGCAACTTCTAGCTGCTCGA
R: GCATCCGATCTTGATGGG
F: TCTCCTCTTCCCCCGATC
R: ATAGCGGGCGAGGCTTAG
F: CAAAAACAGAGCAGATGAC
R: CTCAAGATGGACGCCAAGA
F: CCGGCGATAAAACAATGAG
R: GCATCGGTCCTAACTAAGGG
F: CTCGTTTATTACCTACAGTACC
R: CTACCTCCTTTCTAGACCGATA
F: GAGTGAGCTTGGGCTGAAAC
R: GAAGGCAAGTCTTGGCACTG
F: CTGGCCATTAGTCCTTGG
R: GCTTGCGGCTCTGCTTAC
F: CCCAGGCTAGCTCATGAACC
R: GCTACGTTTGAGCTACCACG

Local rice varieties

Baban (Daun Bendera Lebar)
Merah Wangi (Pct)
Gogoniti-1
Danau Putih
Blambangan A3
Saman 6
Kemanggisan
Merah Lonjong (MLG)
Srikandi (D) (MLG)
Pariwangi (MLG)
Sengkut 2 (MLG)
Susu 3 (MLG)
Cemani
Sempol
Kali Ayah
Kali Goro
Srijaya
Padi Taun Ijo Gading
Padi Injin
Mansur Tabanan
Beras Taun Ijo Gading Tabanan
Cicih Merah
Padi Injin Sambangan Buleleng
Padi Bali Sambangan Buleleng
Padi Taun Merah Pupuan
Ingse Putih Selat
Padi Taun Putih Pupuan
Ingse Barak Selat
Merah Cendana Urangaya
Padi Ketan Taun Pupuan
Cicih Suar Tabanan

Merah Cendana
Padi Merah Pupuan
Padi Cicih Merah
Padi Mansur Pupuan
Padi Sodaji Merah
Padi Krotok
Padi Injin Buleleng
Ketan Sudaji Buleleng
Pare Barri
Pare Solo
Pare Mansyur
Madakko
Pare Bau’
Pulu’ Pinjan
Pare Lallodo
Pare Jagong
Pare Kaloko
Palu’ Tau Padang
Pare Lambau
Pulu’ Kombong
Pulu’ Bolong
Pare Kate
Padi Pulut Ayang
Ketan Maronto 
Padi Hitam A 
Gadabung A 
Lima 
Batanghari 
Widas 
Gogo 
Segon Benggala 
Sereh A 

Grain color
Grain color

White
Red
Black
White
Red
Black
Black
Red
White
White
Red
White
Red
Red
White
Red
Red
White
Black
White
White
Red
Black
White
Red
White
White
Red
Red
White
White

Red
Red
Red
White
Red
White
Black
White
White
White
White
Red
White
White
Black
White
White
White
White
White
Black
White
White
White
Black
White
White
White
White
White
White
White

Province
Province

East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java
East Java

Bali
Bali
Bali
Bali
Bali
Bali
Bali
Bali
Bali
Bali
Bali
Bali
Bali
Bali

Bali
Bali
Bali
Bali
Bali
Bali
Bali
Bali

South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi
South Sulawesi

East Kalimantan
East Kalimantan
West Kalimantan

Central Kalimantan
West Kalimantan

West Java
West Java
West Java
West Java
West Java



and are readable as expected; thus, only one sample 
was amplified for each variety in this study. The PCR 
reaction mixture of 10 µl containing 10 ng/µl DNA 
template; 2x MyTaq HS (Bioline, UK); 10 pmoles of 
forward and reverse primer, and Milli-Q water. The 
PCR reaction was performed in T1 Thermocycler 
(Biometra, Germany) using the following program: 
95°C for 5 minutes' initial denaturation, 35 cycles of 
94°C denaturation for 30 seconds, 55°C annealing for 
1 minute, 72°C for 1-minute extension with a final 
extension of 60°C for 15 minutes.

2.2.2. Polyacrylamide Gel Electrophoresis and 
Allele Scoring
 Amplified products were size separated in 
electrophoresis using 6% (w/v) polyacrylamide gel 
in a vertical electrophoresis tank contained with 
1x TBE (Tris Borate EDTA) at 80 V for 1.5 hours. The 
PCR products were detected by staining them using 
ethidium bromide and visualized under UV light 
using Transilluminator (Biorad, USA). 
 Based on the expected product size given in the 
references (Table 2), the size of the most intensely 
amplified bands around the expected product size 
for each SSR marker was identified using standard 
molecular weight size markers (100 bp DNA ladder). 
Then, the allele score was given based on the presence 
of a particular size allele in each sample using 
GelAnalyzer 2010a software. In contrast, the samples 
that did not produce alleles were given a question 
mark symbol (?) which is considered missing data.

2.2.3. Agro-Morphological Characters 
 This study collected six important agro-
morphological characteristics, including plant height, 
the number of productive tillers, days to harvest, 1000 

grain weight, grain color, and yield potential of 63 local 
rice varieties. These selected agro-morphological 
data were observed of each variety when requesting 
its registration for plant protection.

2.2.4. Data Analysis
 A matrix was constructed based on the molecular 
weight size of each presence allele for the set of 15 SSR 
markers. These SSR genotypic data were analyzed for 
genetic diversity and population structure. Genetic 
diversity parameters such as major allele frequency, 
the number of alleles per locus, gene diversity, 
heterozygosity, and the polymorphic information 
content (PIC) for a set of local varieties were 
estimated by POWERMARKER V3.25 (Liu and Muse 
2005). Allele frequency represents the frequency of 
a particular allele for each marker. Heterozygosity 
is the proportion of heterozygous individuals in 
the population. Polymorphic information content 
representing the amount of polymorphism within a 
population was estimated (Botstein et al. 1980).
 Unweighted pair group method with arithmetic 
mean (UPGMA) method based on Nei's genetic 
distances among genotypes (Nei 1978) using 
POWERMARKER V3.25 (Liu and Muse 2005) and MEGA 
6.0 software (Tamura et al. 2013) was used for cluster 
analysis of 63 local rice varieties. The presence of 
molecular variance within and between hierarchical 
population structures estimated by Structure was 
assessed via analysis of molecular variance (AMOVA) 
by GenAlEx 6.5 (Peakall and Smouse 2012). AMOVA 
and principal coordinate analysis (PCoA) of the 63 
local rice varieties according to agro-morphological 
characters were performed based on Nei's (Nei 
1978) distance matrix using GenAlEx 6.5 (Peakall 

Table 2. Continued
Markers Product sizeSSR motif Chr TmSequence References

RM287 118(GA)21 11 55

RM324 175(CAT)21 2 55

RM328 172(CAT)5 9 55

RM416 114(GA)9 3 55

RM518 171(TC)15 4 55

RM541 158(TC)16 6 55

F: TTCCCTGTTAAGAGAGAAATC
R: GTGTATTTGGTGAAAGCAAC Temnykh et al. (2000)

Temnykh et al. (2000)

Temnykh et al. (2000)

Temnykh et al. (2000)

Temnykh et al. (2000)

Temnykh et al. (2000)

F: CTGATTCCACACACTTGTGC
R: GATTCCACGTCAGGATCTTC
F: CATAGTGGAGTATGCAGCTGC
R: CCTTCTCCCAGTCGTATCTG
F: GGGAGTTAGGGTTTTGGAGC
R: TCCAGTTTCACACTGCTTCG
F: CTCTTCACTCACTCACCATGG
R: ATCCATCTGGAGCAAGCAAC
F:TATAACCGACCTCAGTGCCC
R:CCTTACTCCCATGCCATGAG
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and Smouse 2012). In contrast, principal component 
analysis (PCA) was generated using XLSTAT (Iyai et al. 
2008).
 The model-based program Structure v2.3.4 (Earl 
and vonHoldt 2012) analyzed the population structure 
of total varieties originating from 7 provinces by 
using 15 SSR primers. Ten independent simulations 
for each K (the number of populations) ranged from 
1 to 10. For each simulation, 10,000 iterations before 
a burn-in length of 50,000 Markov Chain Monte 
Carlo (MCMC) replications were performed to select 
admixture and related frequency models. The plot 
of mean posterior probability (LnP(D)) values and 
optimal K-value was estimated using Evanno's 1K 
method (Evanno et al. 2005) with the online tool 
Structure Harvester (Earl and vonHoldt 2012).

3. Results

3.1. SSR Polymorphism
 This present study estimated the genetic 
diversity of 63 local rice varieties originating from 
seven provinces in Indonesia. These local varieties 
predominantly were from Bali, followed by East Java 
and South Sulawesi, with a minor number of varieties 
from West Java and three provinces from Kalimantan. 

Fifteen SSR markers were polymorphic on 63 local 
rice varieties from Indonesia. They presented their 
examples of the banding patterns of DNA produced 
by some SSR markers (Figure 1), which amplified 456 
alleles with a mean of 30.4 alleles. The mean major 
allele frequency was 0.125, and the RM324 marker 
exhibited the highest value. The number of alleles per 
loci varied from 16 (RM324) to 50 (RM72), with an 
average of 30 alleles per locus. The statistical summary 
of 15 SSR markers polymorphism is presented in 
Table 3.
 The gene diversity indices reflecting 
polymorphism level (Nei 1978) varied from 0.852 
(RM324) to 0.970 (RM72 and RM263), with an 
average of 0.937. As part of gene diversity indices, 
heterozygosity was observed in these local varieties 
as identified by nine SSR primers. Heterozygosity 
was very high (>0.5) as presented by some SSR 
markers (RM3894, RM5, RM11, RM19, RM72, RM201, 
RM223, RM228), indicating the heterogeneous 
nature of these local varieties. PIC value represents 
the relative informativeness of each marker with 
an average of 0.933. The highest genetic diversity is 
explained by the local germplasm observed with the 
mean PIC value for markers was 0.93 with a range of 
0.83 (RM324) to 0.96 (RM72 and RM263).

 

Figure 1. DNA banding pattern of RM324 and RM72 SSR markers obtained in 63 local rice 
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3.3. PCoA and PCA
 The PCoA showed two main groups of 63 local 
rice varieties similar to those detected by the 
UPGMA dendrogram based on SSR polymorphism. 
These clusters were specifically distributed along 
with Coordinates 1 and 2 in the PCoA plot (Figure 
3). In this plot, Group 1 was mainly concentrated 
in quadrants 1 and 4, and about 2/3 of the Group 
2 was located in quadrant 2. Both groups showed 
intermixing between each other varieties. The first 
two principal coordinates explained 27.78% and 
17.44% of the molecular variance. Overall, about 
45.22% of the total variation was described by the 
first two principal coordinates.
 The PCA was carried out based on six important 
agro-morphological characters (plant height, 
number of productive tillers, days to harvest, 1000 
grain weight, grains color, and yield potential) to 
understand the genetic diversity among local rice 
varieties used in this study. The result of PCA has 
shown that two out of six principal components with 
an eigenvalue above 1.0 contributed to 51.59% of 
total variations. The coefficients are provided for this 
purpose because these might show the correlations 
between observed and derived variables. The first 
and second principal components contributed 
31.45% and 20.14% to the total variance, respectively 
(Figure 4). The first principal component, which 
accounted for the highest variability, mainly was 
related to agro-morphological characters. There are 
grains color (0.20), days to harvest (0.56), number of 
productive tillers (0.46), and yield potential (0.49). 

3.2. Genetic Diversity
 A phylogenetic tree based on Nei's coefficient 
grouped 63 local rice varieties into two distinct 
clusters (Figure 2). Cluster I consisted of 33 local 
rice varieties originating from Bali and the majority 
from South Sulawesi. The remaining 30 varieties, 
most of East Java, West Java, and Kalimantan origin, 
comprised cluster II, indicating their close genetic 
distance in the same group. Interestingly, varieties 
from South Sulawesi that were identified virtually 
in cluster I showed only one variety (Pare Kate) was 
close to others in cluster II. Cluster II was found to be 
lacking in the Bali population.
 Analysis of molecular variance (AMOVA) of the 
total genetic variation among the total observed 
varieties indicated that variance components were 
significant (P<0.01). The result of AMOVA with seven 
populations of 63 varieties based on their origins 
revealed that the majority of genetic diversity was 
allocated within local varieties and accounted for 
52% of the total variation, whereas 8% and 39% of 
the variation were attributed to differences among 
populations and varieties within populations, 
respectively (Table 4). While the average value 
of genetic distance was 0.794 (range 0.551-
0.966), indicating the presence of a wide range of 
genetic diversity among total varieties. The most 
significant genetic distance (0.966) was between 
Bali and Central Kalimantan populations. Local rice 
varieties originated from East Kalimantan, and West 
Kalimantan was very similar to the Bali population. 
The genetic similarity and genetic distance of 63 
local rice varieties are shown in Table 5.

Table 3. Details information of SSR polymorphism observed in 63 local rice varieties
Marker

Mean 0.125 30.4 0.937 0.518 0.933

Major allele frequency Allele number Gene diversity indices Heterozygosity PIC
RM3894
RM5
RM11
RM19
RM72
RM201
RM223
RM228
RM263
RM287
RM324
RM328
RM416
RM518
RM541

0.103
0.145
0.115
0.111

0.079
0.079
0.069
0.125
0.051
0.129
0.254
0.119
0.175
0.190
0.127

24
18
32
44
50
34
34
43
47
20
16
25
25
21
23

0.937
0.920
0.950
0.950
0.970
0.955
0.958
0.959
0.970
0.921
0.852
0.945
0.922
0.904
0.941

1.000
0.710
0.902
0.984
0.968
0.968
0.845
0.900
0.492
0.000
0.000
0.000
0.000
0.000
0.000

0.934
0.914
0.948
0.948
0.969
0.954
0.957
0.958
0.969
0.916
0.837
0.942
0.918
0.896
0.938
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Figure 2. Dendrogram of genetic diversity of 63 local rice varieties using 15 SSR markers (Nei's coefficient) 
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Table 4. Results of AMOVA analysis and Nei's unbiased measures of genetic distance and genetic similarity of 63 local rice 
varieties based on 15 SSR markers

Table 5. Genetic distance between local rice varieties according to their origin based on SSR polymorphism

Nei's genetic distance

Source

Populations

Sum of squares

Bali

Variance component estimates Percentage of the 
total variance (%)

Pdf

East Java West JavaSouth Sulawesi East Kalimantan West Kalimantan Central Kalimantan

Among populations
Among varieties
Within population
Total

East Java
Bali
South Sulawesi
East Kalimantan
West Kalimantan
Central Kalimantan
West Java

116.144
541.262
243.000
900.406

1
0.550
0.894
0.894
0.966
0.865

0.613
2.849
3.797
7.259

0.613
2.849
3.797
7.259

<0.01
<0.01
<0.01

6
57
64

127

1
0.738
0.778
0.713
0.772
0.837
0.696 1

1
0.852
0.838
0.860
0.805

1
0.741
0.815
0.787

1
0.829
0.656

1
0.789

 

Figure 3. Principal coordinate analysis showing the spatial distribution of 63 local rice varieties based on SSR polymorphism

Figure 4. The principal scatter plot depicts the contribution of agro-morphological in the first and second principal 
components in 63 local rice varieties (A) and the genetic diversity among 63 local rice varieties as shown by the 
first and second principal components (B)

    

A B
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The second principal component accounted for 
20.14% of the total variance. Agro-morphological 
characters highly and positively correlated with the 
second PC are plant height (0.32) and 1000 grain 
weight (0.80) without considering grain color.
 The distribution of 63 local rice varieties based 
on the first and second principal components 
exhibited the morphological character variation 
among the population. It explained how these were 
widely dispersed along both axes (Figure 4). The 
total local rice varieties evaluated through PCA were 
grouped into different clusters with more agro-
morphological similarities among local varieties 
within the cluster. The distribution of local rice 
varieties into other groups revealed that genetic 
diversity existed among these local rice varieties. 
The scattered plot of the principal component 
showed that 63 local rice varieties were scattered in 
all the quadrants, which is also a representative that 
a high level of genetic variability is present among 
the local varieties used.

3.4. Population Structure
 The population structure of 63 local rice varieties 
was analyzed using 15 SSR markers using a Bayesian 
approach. Each population group is based on the 
likelihood for each number of groups (K). The 
estimated membership fractions of the 63 local rice 
varieties for different k values ranged from 2 to 7. 
The log-likelihood revealed by the structure showed 
that the highest k value was 2 (K = 2), followed 
by a peak at K = 5. More mixing varieties in more 
subpopulations/clusters appeared in four and five 
subpopulations at K = 4 to K = 5, respectively. The 
best ∆K was 2, which indicated that the entire 
population evaluated could be clustered into two 
major groups with a high admixture among the 
varieties. A color denoted each variety presented by 
a single color line and each cluster (Figure 5).
 This structure analysis in our study supported 
the phylogenetic tree by depicting the estimated 
membership of each local variety in each 
subpopulation (from K = 2 to K = 5), allowing us to 
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Figure 5. Sixty-three local rice varieties population structure at K = 2 and graph of estimated membership fraction at K 
= 2. The maximum K value was determined by structure harvest, which determined that the population can 
be grouped into two subgroups, 3, 4, and 5. The clusters' membership coefficients (y-axis) were determined 
using the STRUCTURE program based on 10,000 iterations. Bar lengths represent the membership probability of 
accessions belonging to different groups



identify the admixtures quickly. At the K = 2, the 
classified two groups with a green line as cluster 1 and 
a red line as cluster 2 comprised local rice varieties 
from seven provinces in Indonesia. Subpopulations 
1 and 2 comprised 30 and 33 varieties, respectively. 
In this population structure, 17 varieties originating 
from East Java and five from West Java were in the 
same subpopulation together with five varieties from 
Kalimantan, one variety from Bali (Padi Krotok), and 
one from South Sulawesi (Pare Barri). Interestingly, 
unlike other local varieties in subpopulation 1, 
Pare Barri from South Sulawesi was found to have 
mixed ancestors in the pedigree. Similarly, Mansur 
Tabanan from Bali structured in subpopulation 2 
showed to be influenced by genes or ancestors from 
subpopulation 1 (Figure 5). Notably, the grouping 
pattern into two subpopulations is similar to UPGMA 
dendrogram according to SSR markers.

4. Discussion  
 
 The genetic diversity estimated in 63 local 
rice varieties originating from seven provinces 
in Indonesia in this study could be essential to 
constitute the backbone and as a basis for breeding 
and crop improvement programs. The SSR markers 
proved their robustness in this study, which are in 
good agreement with their usage for rice germplasm 
characterization as part of pre-breeding (Hashimoto 
et al. 2016). The parameters of genetic diversity 
revealed relatively comparable values with others 
studies. The number of alleles detected in this 
study's rice varieties was superior to the 110 alleles 
reported by Shakil et al. (2015) or the other 166 alleles 
reported by Thomson et al. (2009) but lower than the 
823 alleles observed in other rice collections (Wang 
et al. 2014). All local rice varieties had higher gene 
diversity indices than 0.49 across 183 local varieties 
collected from Kalimantan reported by Thomson et 
al. (2009). A value of 0.68 resulted from 309 local rice 
varieties collected from 20 provinces in Indonesia. 
The high gene diversity indices were found in these 
local varieties from seven provinces, including a 
minor proportion from Kalimantan, representing 
their highly diverse. This is important to the 
extent of available variability of genetic materials 
for rice improvement that is in good agreement 
with the previous report (Kumbhar et al. 2015).
 Moreover, the high heterozygosity in our study 
suggests the heterogeneous nature of these local 

varieties, which is relevant to the previous study 
(Aljumaili et al. 2018). Thus, the population size 
is attributable to genetic differentiation and 
positively related to heterozygosity (Das et al. 
2013) in the germplasm of rice genetic resources. 
In particular, the population's effective size is 
influenced by the magnitude of the process 
and the degree of genetic characteristics of a 
population or genetic resources (Woolfit 2009).
 The high PIC value found in these local Indonesian 
varieties was much higher than those of rice landraces 
observed by Kumbhar et al. (2015) and Das et al. 
(2013), even compared to other landraces/accessions 
from Malaysia, India, and Pakistan (Aljumaili et al. 
2018; Behera et al. 2012; Wang 2005). Notably, all 
markers used in this study were highly informative 
(Botstein et al. 1980), suggesting their suitability to 
differentiate among rice varieties/accessions that 
would be potentially used to explore the genetic 
diversity of other local rice varieties in Indonesia.
 Genetic diversity analysis in germplasm is 
important for identifying potentially valuable genetic 
materials (Wang et al. 2014), as demonstrated in 
this study. The two main clusters generated from 63 
local rice varieties revealed a relatively comparable 
number of varieties. This study demonstrated the 
distinct cluster of local varieties with SSR markers, 
relevant to previous studies on rice grouped into 
two main clusters (Singh et al. 2016; Upadhyay et al. 
2011) and three clusters (Herrera et al. 2008) or more 
clusters. Additionally, this present study suggests that 
the tendency of local varieties is grouped according 
to their geographical origin even though there is 
high divergence among varieties. The geographical 
corresponded to the varieties with clustering patterns, 
similar to the previous report (Aljumaili et al. 2018).
 More respective parameters were determined 
to explore the genetic diversity of these local 
Indonesian varieties. Genetic distance and genetic 
similarity are two parameters that are applied 
to assess the similarity among two different 
populations accurately and were estimated 
by unbiased measures. The conclusion of our 
study could meet the expectation that the high 
variation within the population compared to 
among populations and varieties represents a 
high magnitude of genetic differentiation that 
probably can further strengthen the divergence of 
the local rice population in Indonesia. The genetic 
differentiation among regions was not significant 
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in Indonesia. This is in good agreement with the 
previous report that reproductive biology could 
be the main factor in determining the genetic 
structure of plant populations demonstrated by 
these local varieties from each province with a 
specific environment. This high proportion of the 
genetic variability within populations presented in 
Indonesia rice local varieties indicates that small 
numbers of populations would support effective 
conservation compared with island endemics 
(Sheng et al. 2005). Genetic variation among and 
within populations is correlated with the life history 
of characters as well as the population history of a 
species, along with the environments (Hamrick and 
Godt 1989). Notably, high genetic differentiation 
is essential in the germplasm for developing new 
varieties possessing heterotic characteristics in 
breeding populations (Alam et al. 2015). Thus, 
genetic diversity analysis is useful to provide the 
basis for multiple purposes such as conservation 
strategy, utilization, and establishment of breeding 
and improvement for rice based on local varieties.  
 Multivariate statistical techniques could be 
used to analyze multiple measurements on each 
individual studied simultaneously and are widely 
used to analyze genetic diversity irrespective 
of whether it is based on the morphological or 
molecular markers (Ranjith et al. 2019). Cluster 
analysis, principal component analysis (PCA), and 
principal coordinate analysis (PCoA) are exceptional 
techniques among all multivariate techniques. The 
PCoA of these 63 local varieties showed two main 
groups are similar to those detected by the UPGMA 
dendrogram according to SSR polymorphism in this 
study. This PCoA revealed that high genetic diversity 
existed in Indonesian rice local varieties from seven 
provinces, which is in good agreement with the 
report of several local black rice from other regions 
in Indonesia (Kristamtini et al. 2014). To complement 
these Indonesian local rice populations, Indian rice 
germplasm also represented a similar pattern of rice 
germplasm variation with PCoA analysis to estimate 
the genetic variation (Choudhury et al. 2013). 
 The PCA in our study also agrees with the 
previous report that morphological characters 
with high variability are recommended to provide 
a high level of gene transfer during plant breeding 
programs (Gana et al. 2013; Nachimuthu et al. 2014). 
In agreement with this study, Maji and Shaibu (2012) 
studied 123 rice germplasm collected from thirteen 

villages in Nigeria and reported that the first two 
principal components together exerted 78% of the 
total variations observed among rice germplasm 
through plant height, grain weight, number of 
productive tillers, days to 50% flowering and number 
of grains per panicle. A study by Ranjith et al. (2019) 
on 36 rice genotypes also reported that the first 
two principal components contributed 64.28% of 
the total variations through productive tiller per 
hill, plant height, 1000-grain weight, and harvest 
index from the total genotypic variations observed.  
 The scattered plot of total varieties in all the 
quadrants in this study represented the high level 
of genetic variability among the Indonesian local 
varieties observed and provides a resource for 
developing improved varieties in the breeding 
program. Unlike SSR analysis, which was able to 
group local varieties mostly from the same regions, 
this PCA of agro-morphological traits did not show 
structuralization according to geographical origin, 
similar to traditional Philippine pigmented rice 
results (Gaby et al. 2019). Thus, it is notable that 
these agro-morphological characters in our study 
were useful for studying the genetic variability 
of local rice varieties as reflected by phenotypic 
expression. However, it might not always reflect 
the real genetic variation due to environmental 
effects, interaction, and unknown genetic control 
(Smith and Smith 1992). DNA level variation 
using SSR seems to complement the phenotypic 
traits and revealed a significant genetic diversity 
among varieties, within, and among populations.
 The genetic structures of populations were 
reported in rice, including landraces or local 
varieties from different countries (Gaby et al. 2019; 
Kumbhar et al. 2015; Reigh-valiente et al. 2016; 
Upadhyay et al. 2012), which exhibited varied 
clusters. Previous studies revealed that population 
structure could explain a more apparent grouping 
than dendrogram with molecular markers. The 
greater area of color that an individual variety 
expected, the greater the chance of the individual 
belonging to the matching group (Tahir et al. 2019). 
Our study showed that the pattern of grouping 
into two subpopulations is similar to UPGMA 
dendrogram according to SSR markers. Interestingly, 
this UPGMA using molecular markers corresponds 
to one another mainly to their pedigree relation.
 In contrast, this population structure can 
explain relationships better with a high degree 
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of simulation (Upadhyay et al. 2012). This study 
indicates that varieties in the admixture class 
may have partial ancestry in breeding history and 
domestication (Garris et al. 2003). These local 
varieties likely had an intricate history involving 
inter-crossing (Tahir et al. 2019). The relative high 
of pure varieties at K = 2 in both subpopulations 
suggests low natural interbreeding. Additionally, the 
genetic materials in the seed collection are linked 
to each other; therefore, having a blend between 
two subpopulations is possible during management.
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