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Preface: The Second International Conference on Genetic Resources and Biotechnology 

 

The Second International Conference on Genetic Resources and Biotechnology, which is the continuation 
of the first event held in 2018, focuses on topics related to advances in biotechnology to create more 
opportunities for effective conservation and sustainable utilization of genetic resources for food and 
agriculture. This year conference’s theme is Harnessing Technology for Conservation and Sustainable 
Use of Genetic Resources for Food and Agriculture. The conference was organized by Indonesian 
Agency for Agricultural Research and Development (IAARD), Ministry of Agriculture, Indonesia, in 
collaboration with Indonesian Biotechnology Consortium and held on 24th-25th of May 2021virtually due 
to the pandemic of COVID-19.  

The conference aims to share and exchange current scientific information and technological developments 
on biotechnology and their applications for conservation and sustainable use of genetic, to encourage and 
promote quality, efficiency, and modernization of management and utilization of genetic resources, and to 
facilitate national and international collaboration among participants. There are five scopes discussed in 
this conference. They are effective management of conservation and sustainable use of genetic resources 
for food and agriculture, application of genomics and molecular markers for genetic resource 
conservation and crop adaptation to climate change, application of innovative crop improvement 
techniques for conservation and sustainable use of plant genetic resources for food and agriculture, plant 
cell and tissue culture for conservation and effective utilization of genetic resources, and the use of 
microbial genetic resources as biological control agents of agricultural pests and diseases, and for soil 
bioremediation.  

Five speakers from the United States of America, Japan, India and Indonesia were invited to discuss about 
their expertise and knowledge on relevant subjects in the plenary sessions. This conference was attended 
by more than 100 participants including 75 presenters and 44 listeners worldwide. They came from 
diverse governmental, private, or academic institutions and also scientific communities. The presented 
materials have undergone peer review processes and only qualified papers were selected. Furthermore, all 
papers were subjected to double blind peer-review and expected to meet the scientific criteria of 
significance and academic excellence to be published in a conference proceedings indexed in a well-
known, reputable service. 

We would like to express our sincere gratitude to our speakers, presenters and all participants for their 
contributions in this conference. We would also like to express our appreciation for the generosity of our 
sponsors that support this conference: PT CropLife, PT ITS Science Indonesia, PT Fajar Mas Murni and 
PT Prima Instrument Analitika. Lastly, special thanks to all committee members for their exceptional 
work and contributions in the conference and publication.  

 

Chair of Organizing Committee 

Dr. Toto Hadiarto 
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Abstract. Due to its nutritional content and beneficial health, black and red rice, which belong to pigmented rice, has 
become more popular. Research on pigmented rice in Indonesia has not been intensively carried out, so information on 
the genetic diversity of pigmented rice is very important for an effective breeding program. This research was conducted 
to analyze the genetic diversity of 15 accessions of local pigmented rice collected from Eastern Indonesia (Sulawesi and 
East Nusa Tenggara) in IAARD-ICABIOGRAD Gene Bank based on 33 morpho-agronomical characters and 24 SSR 
markers. The experiment was designed in a randomized complete block design with three replications. The morpho-
agronomical observation was performed based on a standard descriptor for rice. The morpho-agronomic characters of all 
observed accessions varied, indicating high diversity. Based on the characteristic of SSR markers, the average allele 
number, major allele frequency, gene diversity, heterozygosity, and the PIC were 4.88, 0.47, 0.66, 0.02, and 0.62, 
respectively. The similarity coefficient between accessions based on morpho-agronomic characters and SSR markers was 
still quite high (80%). PCoA and phylogenetic analyses based on the results of combined SSR and morpho-agronomic 
data formed three different groups at a cophenetic distance of 0.22. The result of this study is expected to provide a better 
understanding of the genetic characteristics of the accessions for further use to support the PGR breeding program. 

INTRODUCTION 

Rice (Oryza sativa L.) is one of the most important staple crops for most people in the world [1]. As the main 
cereal crop, rice can adapt widely to geography, ecological, and climatic conditions [2]. Based on the color of the 
epidermis or aleuron, rice germplasm can be grouped into white, brown, red, and dark purple or black epidermis 
groups depending on the color pigments, especially anthocyanins in the pericarp layer [3]. Most people in 
developing countries, especially in Indonesia, chose white rice as the main staple food. In line with the increasing 
public preference for a healthy lifestyle, currently pigmented rice is becoming popular and widely consumed by the 
public as a functional food because it is beneficial for health. Pigmented rice contains anthocyanins that can function 
as antioxidants, which are components of bioactive nutrients that are beneficial to health [4]. 

Plant breeding activities in the context of genetic improvement require a wide genetic diversity as the basis for 
determining crossbred parents to develop desired traits such as rice color, productivity, rice quality, and resistance to 
pests and rice diseases [5]. The diversity of pigmented rice at the global level, especially in Asia, is known to be 
quite high [6]. The local pigmented rice varieties originating from Indonesia have a very diverse diversity which can 
be a valuable source for crop improvement. In their natural habitat, Indonesian local pigmented rice is increasingly 
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rare because almost all farmers grow new varieties of rice, including hybrid rice, only a small proportion of them 
cultivate local varieties of pigmented rice. The use of local varieties in plant breeding programs is widely 
recommended to broaden the genetic background of superior varieties to be produced [7]. However, currently, 
research related to local pigmented rice in Indonesia has not been widely carried out, while the use of local 
pigmented rice germplasm will be possible if its characteristics are known. 

Analysis of genetic diversity of existing germplasm can be carried out morpho-agronomically, isozyme, or with 
molecular markers to obtain descriptive data or specific characters of each genotype [8]. PCR-based molecular 
markers that are currently widely used for genetic diversity analysis are microsatellites (simple sequence repeat/SSR) 
because they have several advantages including very informative, high levels of polymorphism and stability, 
codominance, and ease to apply [9]. Research related to genetic diversity with SSR markers has been carried out to 
determine the level of genetic diversity of local pigmented rice varieties [10–13]. Morpho-agronomical traits and 
molecular markers were chosen as the basis for this genetic diversity study, in the hope that more comprehensive 
information could be obtained regarding the genetic diversity of local pigmented rice from Eastern Indonesia. The 
use of molecular markers to help identify the genetic diversity of germplasm, especially rice, can help plant breeding 
programs exploit the potential of local pigmented rice accessions. However, to date, no in-depth research results 
have been found on the genetic diversity of local varieties of pigmented rice from Eastern Indonesia. This research 
was conducted to analyze the genetic diversity of 15 accessions of local pigmented rice collected from Eastern 
Indonesia (Sulawesi and East Nusa Tenggara) in IAARD-ICABIOGRAD Gene Bank based on 33 morpho-
agronomical characters and 24 SSR markers. 

MATERIALS AND METHODS 

Genetic Materials 

The genetic materials used in this study included local pigmented rice accessions from Eastern Indonesia, 
namely Sulawesi Island and East Nusa Tenggara (NTT) Province (Table 1). All accessions of pigmented rice were 
planted in the greenhouse of Cikeumeuh Experimental Station, Indonesian Center for Agricultural Biotechnology 
and Genetic Resources Research and Development, Indonesian Agency for Agricultural Research and Development 
(ICABIOGRAD, IAARD) from August to December 2020 during the rainy season. A total of 15 accessions of local 
pigmented rice were collected from four provinces in Eastern Indonesia, namely NTT (9 accessions), West Sulawesi 
(3 accessions), South Sulawesi (1 accession), and North Sulawesi (2 accessions). The seeds of these accessions are 
obtained from the IAARD-ICABIOGRAD Gene Bank. 

 
TABLE 1. Fifteen accessions of local pigmented rice from Eastern Indonesia used in this study. 

No. Accession 
number Accession name Province 

of origin No. Accession 
number Accession name Province of 

origin 
1 05020-20752 Padi K. Hitam NTT 9 05020-30855 Woja L. Rakot NTT 
2 05020-30480 Ketan Hitam NTT 10 05020-30779 Pare Tb. Padang West Sulawesi 
3 05020-30836 Woja Rakot NTT 11 05020-30788 Pare Bae Merah West Sulawesi 
4 05020-30843 Lea NTT 12 05020-30950 Ba'da (Bae Merah) West Sulawesi 
5 05020-30845 Kartuna NTT 13 05020-04361 Pulu Palapa South Sulawesi 
6 05020-30846 Laka NTT 14 05020-06550 Ritgen North Sulawesi 
7 05020-30849 Kosu Ampera NTT 15 05020-07254 Iden North Sulawesi 
8 05020-30850 Kosu Mite NTT     

 Morpho-Agronomic Traits 

The local pigmented rice seeds used in the study were sown in the seedbed and after 21 days after sowing, the 
seeds were transplanting to a planting pot containing a mixed medium of manure and soil (1:2). Maintenance was 
carried out by providing NPK compound fertilizer (175 kg/ha) at 1 week after planting (WAP) and urea fertilizer 
(300 kg/ha) at 3 WAP and 9 WAP. The experiment was designed in a randomized complete block design (RCBD) 
with three replications. Observations of 33 morpho-agronomical traits consisting of 20 morphological characters and 
13 agronomic characters were carried out based on the guidelines of the Standard Evaluation System for Rice 
adopted from IBGR-IRRI and the Conduct of Test for Distinctness, Uniformity, and Stability for Rice adopted from 

020023-2



UPOV. The morphological characters observed were ligule shape, ligule color, auricle color, flag leaf angle, leaf 
blade color, basal leaf sheath color, leaf blade pubescence, leaf length, leaf width, awn color, culm internode color, 
culm angle, diameter of basal internode, panicle type, panicle length, secondary branching of panicle, panicle 
attitude in relation stem, lemma and palea color, decorticated grain shape, and anthocyanin coloration of keel. 
Whereas, the agronomic characters observed were tillers number per hill, panicle exertion, culm strength, percentage 
of filled grains, panicle threshability, plant height, days to heading, days to maturity, panicles number per hill, 
panicle weight per hill, grain weight per hill, and 100-grain weight. 

Molecular Characterization 

Molecular characterization was conducted at the Molecular Biology Laboratory, ICABIOGRAD from October to 
December 2020. A sampling of planting material from each accession was carried out on plants that were 4 weeks. 
Sampling was taken from each replicate for each accession proportionally and then mixed for genomic DNA 
extraction using the GenEx Plant Kit. After obtaining the stock DNA solution, the concentration and purity were 
measured using a NanoDrop2000 Spectrophotometer. DNA quality test was carried out using the electrophoresis 
technique on 1% agarose gel. 

The concentration of DNA used in the PCR process was 10 ng/μl and DNA amplification was carried out with a 
PCR machine (Thermocycler ) with the following program: initial denaturation (95°C for 3 min), followed by 35 
denaturation cycles (95°C for 15 sec), annealing (55°C for 15 sec), and elongation (72°C for 1 sec), then followed 
by final elongation (72°C for 1 min). A total of 24 SSR markers were used to amplify the DNA samples of all local 
pigmented rice accessions tested in this study (Table 2). The PCR results were then separated using 6% 
nondenatured polyacrylamide gel in a tank containing 1× Tris-Borate-EDTA (TBE) buffer at 90 volts for 70 min. 
The gel from the electrophoresis was stained using ethidium bromide solution and visualized on a UV 
transilluminator using a gel documentation system. 
 

TABLE 2. Twenty-four SSR markers used to amplify the DNA samples of local pigmented rice accessions from Eastern 
Indonesia. 

No. Markers Chromosome SSR motif No. Markers Chromosome SSR motif 
1 RM5 1 (GA)14 13 RM180 7 (ATT)10 
2 RM259 1 (CT)17 14 RM11 7 (GA)17 
3 RM154 2 (GA)21 15 RM3571 8 (GA)12 
4 RM166 2 (T)12 16 RM223 8 (CT)25 
5 RM514 3 (AC)12 17 RM105 9 (CCT)6 
6 RM282 3 (GA)15 18 RM215 9 (CT)16 
7 RM252 4 (CT)19 19 RM474 10 (AT)13 
8 RM261 4 C9(CT)8 20 RM5756 10 (AGA)8 
9 RM161 5 (AG)20 21 RM144 11 (ATT)11 

10 RM413 5 (AG)11 22 RM287 11 (GA)21 
11 RM3463 6 (CT)20 23 RM19 12 (ATC)10 
12 RM541 6 (TC)16 24 RM277 12 (GA)11 

Data Analysis 

The quantitative morpho-agronomical data obtained were analyzed by analysis of variance (ANOVA) and 
followed by Duncan's test at the α = 5% using SAS software. In cluster analysis for combined data, morpho-
agronomic character data were arranged in nominal, ordinal, and interval data using Microsoft Excel software. As 
for the allele scoring data from the GelAnalyzer program, the scoring returns to binary data with code (1) if there is 
a band and code (0) if there is no band. SSR marker characteristics analysis was carried out to determine the 
dominant allele frequency, the number of alleles per locus (allele number), gene diversity, and Polymorphism 
Information Content (PIC) value, the analysis was carried out with PowerMarker software [14]. Furthermore, the 
combined data from characterization based on morpho-agronomical characters and SSR markers were analyzed 
using the Gower method and dendrogram visualization with the Divisive method using the PBSTAT-CL program. 
The number of groups or clusters is determined based on the results of the analysis using the Partitioning Around 
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Medoids (PAM) method. Based on the PAM analysis, it was found that the best number of clusters in the grouping 
of all the researched accessions was obtained [15]. 

RESULTS AND DISCUSSIONS 

Variability of Morpho-Agronomical Characters 

Variation of Plant Growth Traits 

Table 3 presents the average of growth component characters of 15 accessions of local pigmented rice from 
Eastern Indonesia. Based on the results of the analysis, the characteristics of days to heading and days to maturity of 
accession Kartuna were the earliest and significantly different from other accessions. Days to maturity is one of the 
characteristics that many farmers consider, with an early harvest can increase the harvest period [16]. In leaf 
character, accession Pare Tumbu Padang was the widest leaf and significantly different from other accessions. 
Meanwhile, accession Woja Rakot had the highest leaf width and diameter of the basal internode. The characters 
related to leaf area can provide great potential in the formation of assimilating products needed for the formation of 
productive tillers, panicle initiation, and seed filling in rice plants, thereby affecting yields [17]. Rice leaf area which 
is determined by the length and width of the leaves will contribute to grain yield because it is the main organ in 
producing carbohydrates through photosynthesis [18]. Based on the results of the analysis, accession Iden had the 
highest plant height of 204.90 cm and significantly different from the accession Ketan Hitam with the lowest height 
of 147.63 cm. In this study, all pigmented rice accessions with plant heights above the ideal rice characteristics of 
115–120 cm [19] also had fairly long plant life. This is in good agreement with Yoshida’s statement [20] that plant 
height is closely related to biomass partitioning and plant age, the higher the rice plant is generally followed by long 
plant life. 

 
TABLE 3. The average of growth component characters in 15 accessions of local pigmented rice from Eastern Indonesia. 

Accession name Days to 
heading 

Days to 
maturity 

Leaf width 
(cm) 

Leaf length 
(cm) 

Diameter of basal 
internode (cm) 

Plant height 
(cm) 

Pulu Palapa  99.0 b 129.7 bc 51.93 i 1.63 fgh 0.94 abcd 166.80 de 
Ritgen 111.3 a 147.0 a 64.33 gh 2.17 abc 0.93 abcd 184.00 b 
Iden 116.7 a 151.7 a 95.40 ab 2.10 abcd 1.04 ab 204.90 a 
Padi Ketan Hitam  80.3 fe 115.0 f 77.97 de 1.50 gh 0.66 e 168.47 cde 
Ketan Hitam  93.3 cb 131.3 bc 82.43 cd 1.63 fgh 1.01 abc 147.63 f 
Pare Tumbu Padang  99.0 b 133.3 bc 97.07 a 1.73 efg 0.97 abcd 183.13 b 
Pare Bae Merah  99.0 b 146.0 a 70.10 fg 1.67 fg 0.91 bcd 179.00 bc 
Woja Rakot  87.3 cde 124.3 cde 83.77 cd 2.40 a 1.12 a 184.53 b 
Lea  81.0 ef 114.3 f 70.23 gh 2.33 ab 0.91 bcd 163.03 e 
Kartuna  63.7 g 102.7 g 64.33 gh 1.53 gh 0.83 cde 157.10 ef 
Laka  95.3 bc 135.3 b 83.57 cd 1.77 defg 1.03 ab 198.53 a 
Kosu Ampera  83.3 de 116.0 ef 72.27 ef 1.97 cdef 0.81 de 177.67 bcd 
Kosu Mite  74.3 f 120.3 def 58.93 h 1.30 h 0.79 de 157.20 ef 
Woja Laka Rakot  90.7 bcd 128.7 bcd 77.57 de 2.03 bcde 1.04 ab 181.33 b 
Ba'da (Bae Merah) 113.7 a 148.7 a 89.30 bc 2.10 abcd 1.08 ab 184.73 b 
Means followed by the same letters in the same column are not significantly different based on Duncan’s test at α = 5%. 

Variation of Yield Component Traits 

The results of the character analysis of the yield components in Tabel 4 showed that accession Ritgen had the 
highest number of tillers, panicle number, panicle weight per hill, and grain weight per hill, and was significantly 
different from other accessions. This shows that accession Ritgen has an advantage in terms of yield potential and 
can be recommended as one of the parents of the cross. The tiller number is an important architectural character for 
grain yield because the number of tillers per hill can determine the number of panicles per hill and has a direct effect 
on rice production [21]. The character of each yield component is the sink size that will determine the grain yield 
[17]. In the character of panicle length and 100-grain weight, accession Laka had the highest panicle length and 100-
grain weight and was significantly different from other accessions. The yield components of rice in each accession 
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tested were influenced by the ability of each plant to respond to environmental influences during the growing period. 
Each accession has a different genetic potential, resulting in different growth and yield variability. 

 
TABLE 4. The average of yield component characters of 15 accessions of local pigmented rice from Eastern Indonesia. 

Accession name Tiller 
number 

Panicle 
number 

Panicle 
length (cm) 

Filled 
grain (%) 

Panicle 
weight per 

hill (g) 

Grain 
weight per 

hill (g) 

100-grain 
weight (g) 

Pulu Palapa 30.0 ab 26.3 ab 32.59 de 93.50 a 139.10 ab 127.36 a 2.24 de 
Ritgen 31.3 a 28.0 a 29.47 efg 78.30 bcde 143.94 a 131.80 a 2.10 de 
Iden 27.0 abc 25.3 ab 33.67 cd 86.35 abc 115.63 abc 106.02 ab 2.13 de 
Padi Ketan Hitam 26.3 abc 23.7 abc 27.02 g 73.81 cdef  57.96 ef  49.42 de 1.95 e 
Ketan Hitam 27.3 abc 27.3 a 23.75 h 88.6 ab 102.74 abcde  94.83 abcd 2.60 cd 
Pare Tumbu Padang 21.0 bcd 20.3 abcd 35.97 bc 78.89 bcde  94.64 bcde  86.75 abcd 2.93 abc 
Pare Bae Merah 19.7 cd 16.3 cde 29.39 fg 70.16 ef  61.92 def  56.12 cde 3.25 ab 
Woja Rakot 16.7 de 16.0 cde 35.73 bc 77.65 bcde 105.05 abcde  96.90 abcd 2.64 cd 
Lea 23.7 abcd 21.0 abcd 31.86 def 85.00 abc 101.27 abcde  95.94 abcd 3.38 a 
Kartuna 10.0 e  8.3 e 30.56 ef 71.18 def  25.13 f  22.11 e 3.39 a 
Laka 27.0 abc 23.6 abc 40.43 a 63.20 fg 110.26 abcd 100.09 abc 3.41 a 
Kosu Ampera 24.3 abcd 20.3 abcd 31.34 def 83.86 abcd  71.69 cdef  63.11 bcde 2.96 abc 
Kosu Mite 30.0 ab 27.3 a 30.05 efg 88.60 ab  84.17 cde  74.86 bcd 2.01 e 
Woja Laka Rakot 18.3 cde 17.7 bcd 37.27 b 79.20 bcde  70.42 cdef  63.48 bcde 3.03 abc 
Ba'da (Bae Merah) 19.0 cd 13.7 de 29.15 fg 51.79 g  28.44 f  23.99 e 2.84 bc 

Means followed by the same letters in the same column are not significantly different based on Duncan’s test at α = 5%. 

Variations of Morphological Traits 

Based on the results presented in Table 5, there are complete variations according to the rice plant descriptor for 
leaf blade pubescence characters, flag leaf angle, culm angle, culm strength, panicle type, secondary branching of 
panicles, panicle exertion, and anthocyanin coloration of keel. As for the other characters, there were no complete 
character variations from the 15 accessions of local pigmented rice used in this study. Additionally, there was no 
variability for ligule shape and auricle color, i.e. all accessions have a cleft ligule shape and white auricle. It is 
assumed that the leaf tongue shape of rice cultivars from Indonesia is mostly cleft [22]. This is because until recently 
there has been no leaf tongue shape in rice cultivars from Indonesia other than cleft. The genetic factors of the 
qualitative characters are mostly simpler to elucidate than those of quantitative characters because they are only 
influenced by one or two genes and are not influenced by the growing environment [23]. 

Variability on other leaf characters was observed on ligule color, leaf blade color, the basal leaf sheath color, and 
leaf blade pubescence. In general, most of the accessions observed had white ligule color, green leaf blade color, 
green basal leaf sheath color, medium leaf blade pubescence, and upright flag leaf angle. Leaf morphology is among 
the important morphological traits to evaluate because it can be observed from the vegetative to generative phase 
and is a basic study in producing superior rice varieties [24]. 

In stem characters, there are complete variations according to the rice plant descriptor. In general, most of the 
accessions had horizontal and descending flag leaf angles, intermediate culm angles, green culm internode color, 
and strong culm strength. The culm character is one of the important characters in the assembly of high-yielding 
varieties because it supports high yield potential. The culm functions as a support for plants, a distributor for 
chemical compounds and water, as well as a food reserve. Strong stems will support high yields because they reduce 
the risk of the plant falling. In this study, some of the 15 accessions used had strong culm strength characters, 
namely Ketan Hitam, Pare Tumbu Padang, Pare Bae Merah, Woja Rakot, Lea, Woja Laka Rakot, and Ba'da. 

Observations on the characteristics of panicle and grain showed similar results to the characters of leaves and 
culm, most of them had reasonably high diversity. More than 50.0% of all accessions had intermediate panicle type 
and weak secondary branching of panicle types. Of the three categories of panicle exertion, as many as 80.0% had 
the type of panicle exertion well exerted with the characteristics of the panicle attitude  The characteristics of panicle 
threshability as much as 53.3% of the 15 accessions had moderately difficult category and none of the accessions 
had a difficult category. Neither difficult nor easy panicle threshability is on demand because if the grains are 
difficult to shed, it will take a long time to separate the grain from the stalk. On the contrary, easy thresability allows 
grain loss before harvest [25]. 
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TABLE 5. Variations of morphological traits among 15 accessions of local pigmented rice from Eastern Indonesia. 
No. Qualitative characters Variability and percentage among accessions 
1 Ligule shape 1 = acute to acuminate (0%), 2 = cleft (100.0%), 3 = truncated (0%) 

2 Ligule color 1 = white/colorless (93.3%), 2 = green (6.7%), 3 = purple lines (0%), 4 = light purple 
(0%), 5 = purple (0%) 

3 Auricle color 1 = white (100.0%), 2 = light green (0%), 3 = purple (0%) 

4 Leaf blade color 1 = light green (0%), 2 = green (93.3%), 3 = dark green (0%), 4 = purple tips (6.7%), 5 = 
purple margins (0%), 6 = purple mixed with green (0%), 7 = purple (0%) 

5 Basal leaf sheath color 1 = green (86.7%), 2 = purple lines (13.3%), 3 = light purple (0%), 4 = purple (0%) 
6 Leaf blade pubescence 1 = glabrous (6.7%), 2 = intermediate (53.3%), 3 = pubescent (40.0%) 

7 Flag leaf angle 1 = erect (6.7%), 3 = intermediate (26.7%), 5 = horizontal (33.3%), 7 = descending 
(33.3%) 

8 Culm angle 1 = erect (6.7%), 3 = intermediate (46.7%), 5 = open (20.0%), 7 = spreading (26.7%) 
9 Culm internode color 1 = green (66.7%), 2 = light gold (0%), 3 = purple lines (26.7%), 4 = purple (6.7%) 

10 Culm strength 1 = strong (46.7%), 3 = moderately strong (26.7%), 5 = intermediate (20.0%), 7 = weak 
(6.7%) 

11 Panicle type 1 = compact (6.7%), 3 = intermediate (66.7%), 5 = open (26.7%) 

12 Secondary branching of 
panicles 1 = weak (66.7%), 2 = heavy (13.3%), 3 = clustered (20.0%) 

13 Panicle attitude in relation 
to stem 

1 = upright (40.0%), 2 = semi-upright (40.0%), 3 = slightly drooping (20.0%), 4 = 
strongly drooping (0%) 

14 Panicle exertion 3 = partly exerted (13.3%), 5 = exerted (6.7%), 9 = well exerted (80.0%) 

15 Awn color 0 = awnless (13.3%), 1 = straw (33.3%), 2 = gold (0%), 3 = brown (6.7%), 4 = red 
(13.3%), 5 = purple (33.3%), 6 = black (0%) 

16 Lemma and palea color 

0 = straw (20.0%), 1 = gold and gold furrows on straw background (6.7%), 2 = brown 
spots on straw (0%), 3 = brown furrows on straw (46.7%), 4 = brown (0%), 5 = reddish 
to light purple (0%), 6 = purple spots on straw (6.7%), 7 = purple furrows on straw 
(13.3%), 8 = purple (6.7%), 9 = black (0%), 10 = white (0%) 

17 Panicle threshability 1 = difficult (0%), 3 = moderately difficult (53.3%), 5 = intermediate (13.3%), 7 = loose 
(26.7%), 9 = easy (6.7%) 

18 Anthocyanin coloration of 
keel 

1 = absent/very weak (20.0%), 3 = weak (20.0%), 5 = medium (26.7%), 7 = strong 
(33.3%) 

19 Decorticated grain shape 1 = round (20.0%), 2 = semiround (40.0%), 3 = half spindle-shape (40.0%), 4 = spindle 
shape (0%), 5 = long spindel-shape (0%) 

20 Decorticated grain color 
1 = white (0%), 2 = light brown (0%), 3 = variegated brown (0%), 4 = dark brown 
(6.7%), 5 = light red (0%), 6 = red (60.0%), 7 =  variegated purple (20.0%), 8 = purple 
(0%) 9 = dark purple/black (13.3%) 

   
The observations on the morphological characters of panicle and grain, showed that there was diversity in the 15 

accessions observed. The character of the awn color varies from awnless, straw, brown, red, and purple. The 
variability was also found in the lemma and palea color, nemely, straw, gold, and gold furrows on straw background, 
brown furrows on straw, purple spots on straw, purple furrows on straw, and was dominated by brown furrows on 
straw as much as 46.7% of all accessions. Semiround and half spindle-shape dominated the character of decorticated 
grain shape. Meanwhile, 60.0% of the 15 accessions had red decorticated grain color, 20.0% variegated purple, and 
13.3% had black decorticated grain colors. Anthocyanin coloration of keel variations, decorticated grain shape, and 
decorticated grain color in the most various accessions of local pigmented rice from Eastern Indonesia is shown in 
Fig. 1. 

 
FIGURE 1. Anthocyanin color variations in the husk line, rice color, and rice shape in local pigmented rice accessions from 

Eastern Indonesia. 
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CHARACTERISTICS OF SSR MARKERS 

The results of the analysis of the SSR marker profile showed that all the SSR markers were polymorphic with a 
total of 117 alleles identified (Table 6). The number of alleles ranged from 3 to 9 alleles. Categorically, the average 
number of alleles for local pigmented rice accessions from Indonesia tested was 4.87 alleles per locus. The value of 
gene diversity shows the level of genetic diversity in a population. The index of gene diversity reflecting the degree 
of polymorphism in this study varied from 0.33 (RM166) to 0.82 (RM 223) with an average of 0.66. Heterozygosity, 
which is part of the gene diversity index, was observed in 15 accessions of local pigmented rice from Eastern 
Indonesia tested and identified by two SSR primers. 

 
TABLE 6. Variations of morphological traits among 15 accessions of local pigmented rice from Eastern Indonesia. 

Locus Number of alleles Major allele frequency Gene diversity Heterozygosity PIC 
RM 161 6 0.33 0.77 0.00 0.74 
RM 166 3 0.80 0.34 0.00 0.31 
RM 180 5 0.53 0.65 0.00 0.61 
RM 223 7 0.27 0.82 0.47 0.80 
RM 252 9 0.40 0.79 0.00 0.77 
RM 261 3 0.60 0.56 0.00 0.50 
RM 277 4 0.47 0.67 0.00 0.61 
RM 282 5 0.53 0.66 0.00 0.62 
RM 413 5 0.33 0.73 0.00 0.68 
RM 541 8 0.33 0.82 0.00 0.80 
RM 3463 3 0.73 0.42 0.00 0.37 
RM 3571 4 0.50 0.62 0.07 0.55 
RM 5756 3 0.53 0.59 0.00 0.51 
RM 5 5 0.40 0.74 0.00 0.70 
RM 11 6 0.40 0.76 0.00 0.72 
RM 19 3 0.67 0.48 0.00 0.41 
RM 105 5 0.47 0.69 0.00 0.65 
RM 144 4 0.40 0.68 0.00 0.62 
RM 154 5 0.33 0.74 0.00 0.69 
RM 215 3 0.53 0.60 0.00 0.54 
RM 259 6 0.40 0.74 0.00 0.70 
RM 287 6 0.33 0.75 0.00 0.71 
RM 474 5 0.33 0.74 0.00 0.69 
RM 514 4 0.67 0.52 0.00 0.48 
Mean 4.88 0.47 0.66 0.02 0.62 
PIC = Polymorphic Information Content. 

Heterozygosity was indicated by two SSR markers, namely RM 223 and RM 3571. Molecular markers that are 
good for genetic diversity studies have high PIC values. The PIC value is a description of the ability of a molecular 
marker to produce polymorphic alleles [26]. The PIC value is needed to select a marker that can distinguish between 
the local pigmented rice accessions tested. Of the 24 SSR markers used, 3 SSR markers have a PIC value >0.75, 
namely the RM 223, RM 252, and RM 541 markers, with the highest PIC value being the RM 223 marker which is 
0.80. The average PIC value is 0.62. There is a tendency that the higher the PIC value, the more alleles detected. 

The high mean PIC value is an indication of the high genetic diversity of the germplasm tested. The PIC value of 
molecular markers can be used as a basis for selecting differentiating markers between genotypes. The PIC value is 
determined not only by the number of alleles, but also by the frequency of each allele in the set of tested genotypes 
[27]. The average PIC value in this study was similar to that of the aromatic rice germplasm study observed by 
Aljumaili et al. [28] with an average PIC value of 0.63. All markers used in this study are quite informative and 
show their suitability for differentiating accessions of local pigmented rice so that they have the potential to be used 
to explore the genetic diversity of other local pigmented rice accessions in Indonesia. 
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Grouping of Local Pigmented Rice Accessions from Eastern Indonesia 

Principal Coordinate Analysis (PCoA) 

Genetic diversity analysis in germplasm is important for identifying potentially valuable genetic materials [29]. 
Multivariate statistical techniques could be used to analyze multiple measurements on each individual studied 
simultaneously and widely used in the analysis of genetic diversity irrespective of whether it is based on 
morphological or molecular marker [30]. The pattern of grouping pigmented rice with local accessions from Eastern 
Indonesia based on morpho-agronomical characters and SSR markers is shown in the results of the Principal 
Coordinate Analysis (PCoA). The main coordinate analysis is an analysis used to determine the grouping pattern 
between accessions based on the similarity of characters through dimensional simplification [31]. The PCoA is very 
useful for analyzing genetic diversity among accessions in germplasm [32]. In this study, the cluster analysis method 
was carried out using PAM method based on Gower's dissimilarity coefficients among accessions. Fig. 2 shows the 
relative positions of 15 accessions of local pigmented rice from Eastern Indonesia as a result of the main coordinate 
analysis. 

The main coordinate analysis generated three groups which differentiated each other based on different colors, 
were obtained (Fig. 2). The first group of combined data analysis results consisting of nine accessions, namely Pare 
Tumbu Padang, Pare Bae Merah, Woja Rakot, Lea, Kartuna, Laka, Kosu Ampera, Woja Laka Rakot, and Ba'da (Bae 
Merah). Of the 9 accessions, 3 of them came from Sulawesi Island, and 6 others came from NTT Province. Of all 
the accessions in group I, 7 accessions were characterized by red decorticated grain color and 2 accessions with 
variegated purple. 

 

 
FIGURE 2. The relative position of 15 accessions of local pigmented rice from Eastern Indonesia based on 33 morpho-

agronomical characters and 24 SSR markers on the results of PCoA analysis. 
  

In group II there were two accessions, namely accessions Ketan Hitam and Kosu Mite, came from the same 
province, namely NTT. The similarity between the two accessions is that they are decorticated grain color with 
black color and half spindle shape. In group III, there were four accessions, namely Pulu Palapa, Ritgen, Iden, and 
Padi Ketan Hitam. The four accessions come from different provinces and also have different decorticated grain 
colors. 

The grouping of accessions based on regional origin and decorticated grain color in this study were not entirely 
separated clearly in groups I and III, but accessions with black decorticated grain color tended to be grouped in 
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group II and for red decorticated grain color they tended to be clustered in group I. The grouping of local pigmented 
rice accessions that have not been separated based on the color of decorticated grain and the area of origin is thought 
to be because genetic diversity is influenced by the origin of the parents. Accessions with a close genetic distance 
can come from closely related parents, while accessions with a relatively high genetic distance are thought to come 
from parents who are far from kinship. 

A similar study reported that in the genetic diversity of rice germplasm from Java, not all rice accessions from 
this island were grouped according to their region of origin [33]. However, different research results were reported 
that the genetic diversity of aromatic rice, where all aromatic rice genotypes tested for genetic diversity are grouped 
according to their geographical conditions of origin [28]. The distribution of local rice varieties into different groups 
revealed that genetic diversity existed among these local rice varieties. The results of this PCoA analysis can provide 
initial information regarding genetic diversity in local pigmented rice from Eastern Indonesia if it is to be used as 
genetic material for plant breeding. 

Phylogenetic Analysis 

The phylogenetic analysis aims to identify the genetic distance between accessions [34]. Phylogenetic analysis 
was performed using the Divisive method based on Gower’s dissimilarity coefficients. The results of phylogenetic 
analysis based on the morpho-agronomical traits and SSR markers showed grouping of 15 accessions of local 
pigmented rice variety into three main groups (Fig. 3). These results are consistent with the result of the PCoA 
analysis. The dendrogram visualization shows that at a cophenetic distance of 0.22 there were three groups, the first 
group consisting of 9 accessions, the second group composing 2 accessions, and the third group consisting of 4 
accessions. At this distance, it shows that the 15 accessions still have a relatively close kinship. This is presumably 
because the number of accessions used is still small and originates from the same region, namely Sulawesi Island 
and NTT Province. 

 
FIGURE 3. Dendrogram of genetic diversity of 15 accessions of local pigmented rice from Eastern Indonesia using 33 morpho-

agronomical traits and 24 SSR markers. 
 

Based on the combined characters, some accessions have distant kinship relationships and other accessions are 
closely related. This can be seen from the coefficient of genetic diversity in Fig. 3, which shows the coefficient of 
genetic diversity is about 80%. The coefficient of genetic diversity based on 33 morpho-agronomic characters and 
24 SSR markers indicated that accessions Woja Rakot and Lea had a close relationship. Therefore, these two 
accessions were not recommended to be crossbred because it could cause the phenomenon of inbreeding depression. 
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Meanwhile, accessions Ketan Hitam and Kartuna have a distant relationship, as presented in the similarity matrix 
heatmap in Fig. 4. 

The combination of the two data sets, namely morpho-agronomic data and SSR markers, is expected to provide 
more comprehensive information when compared to using only one type of data set. The results of molecular 
characterization would be beneficial in the efficiency of plant breeding programs [35]. Information regarding the 
kinship relationship between accessions of local pigmented rice from Eastern Indonesia can be used to develop a 
strategy for breeding pigmented rice plants in the future. To increase heterozygosity, crosses can be done in 
accessions that have a tremendous genetic distance. A greater number of accessions, morpho-agronomic characters 
were observed, and SSR markers can be used to obtain better germplasm grouping results. 

 
FIGURE 4. Similarity matrix heatmap of 15 accessions of local pigmented rice from Eastern Indonesia. 

CONCLUSION 

The genetic relationship of 15 accessions of local pigmented rice from Sulawesi Island and NTT Province was 
able to be assessed using 33 morpho-agronomical characters and 24 SSR markers. The morpho-agronomic 
characters of all observed accessions varied both in morphological and agronomical characters. The similarity 
coefficient between accessions based on morpho-agronomic characters and SSR markers was relatively high, around 
80%. The results of PCoA analysis and phylogenetic analysis based on combined data analysis formed three 
different groups at a cophenetic distance of 0.22. The first group consists of accessions Pare Tumbu Padang, Pare 
Bae Merah, Woja Rakot, Lea, Kartuna, Laka, Kosu Ampera, Woja Laka Rakot, and Ba'da (Bae Merah), the second 
group consists of accessions Ketan Hitam and Kosu Mite, and the third group consisted of accessions Pulu Palapa, 
Ritgen, Iden, and Padi Ketan Hitam. Overall, the yield components of rice in each accession tested were influenced 
by the ability of each plant to respond to environmental influences during the growing period. Each accession has a 
different genetic potential, resulting in different growth and yield variability. 
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