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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. One of the famous local rice in the border region of North Kalimantan Province with Malaysia is Adan rice. 
However, the long growth duration of Adan rice (around six months) means that local farmers can only plant this rice 
once a year. Efforts to shorten the life of Adan rice have been carried out using gamma-ray radiation, and resulted an 
early heading mutant lines with four-month old possessing physical characteristics similar to Adan rice. This study aimed 
to evaluate genetic variaton on selected Adan rice mutants using SSR markers. This research was conducted at the 
Molecular Biology Laboratory, Indonesian Center for Agricultural Biotechnology and Genetic Resources Research and 
Development, from February to July 2015. A total of eight selected short-duration mutants and Adan cultivar (its wild 
type) were genotyped using seventy one SSR markers located on all rice chromosomes. Genetic similarity among tested 
samples was determined using the Dice coefficient, followed by grouping the samples using the UPGMA method 
facilitated in NTSYSpc-2.02 software. The seventy one SSR markers produced 1 9 bands, 1 10 alleles with the PIC 
value ranged from 0.00 0.97. The dendrogram grouped the mutant lines into two groups at a similarity level of 65%. The 
first group contained Adan rice, A28, A25, and A27 rice mutant lines, while the second ones consisted of A51, A88, 
A93.1, A93.2, and A50 rice mutant lines. The group I can be used as candidates for mutant development at Krayan 
District, where Adan rice is usually planted. This research also showed that SSR markers can be used to identify the 
genomic changes in rice mutants. 

INTRODUCTION 

Adan rice is a local rice cultivar which only recently be grown in Krayan Subdistrict, Nunukan Regency, North 
Kalimantan Province (formerly part of East Kalimantan Province). Adan rice has a distinctive taste that will change 
when it grown outside the region. Adan rice is usually grown organically, and only planted once in a year due to its 
long life (around 5 6 months). Adan rice is also the main consumption for the officials and people of Brunei 
Darussalam. Even more, the Sultan of Brunei has often specially ordered certain rice for consumption of the royal 
family. In contrast, Krayan residents rarely consume Adan rice as their daily menu [1]. 

Efforts to shorten the life of Adan rice have been initiated by the East Kalimantan Provincial Government since 
2011 [2] with the hope that Adan rice can be planted twice in a year order to increase its production. Prasetiyono et 
al. [3] reported that shortening the lifespan of Adan rice has been done through mutation breeding using rice seeds 
irradiated with gamma rays doses of 0, 50, 100, 150, 200, and 250 Gy and resulted line an early maturity than the 
parent. 

Adan rice mutants need to be further investigated using molecular markers to elucidate the change in the selected 
rice mutant lines by gamma-rays. Simple sequence repeats (SSR) or microsatellites markers is one of the effective 
markers in detecting the result of mutations. Variations in microsatellites are considered to be replication errors, 
rearrangements, due to insertions or deletions, or substitution mutations. SSR markers are located in all genome 
area, even the coding and non-coding, so they are not influenced by the environment [4]. The SSR markers have 
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been widely used to identify mutants, for example, Singh et al. [5] has successfully identified soybean mutants, and 
Yasmeen et al. [6] applied this marker to identify sugarcane mutants. Application of SSR markers in differentiate 
mutations in rice were also widely reported [6, 7, 8, 9]. This study aimed to evaluate genetic variaton on selected 
Adan rice mutants using SSR markers. 

MATERIALS AND METHODS 

This research was conducted at the Molecular Biology Laboratory, Indonesian Center for Agricultural 
Biotechnology and Genetic Resources Research and Development, from February to July 2015. The genetic 
materials used in this study consisted of eight selected rice mutant lines of Adan rice and the parent (Table 1). These 
mutants were selected mutants from the first generation (M1), where Adan rice seeds were irradiated at the Center 
for Isotope and Radiation Application, National Atomic Power Agency, Jakarta. Selection of rice mutant lines on the 
basis of plant age and morphological traits at the M1 to M3 generation was carried out in Bogor, while that at the M4 
to M5 was in Krayan. The eight M5 rice mutant lines used in present study showed early maturity and they had very 
similar performance with as parent or wild type. The molecular markers used to identify mutants were 71 SSR 
markers that spread across the 12 rice chromosomes (Table 2). 

TABLE 1. List of plant genetic materials used in present study. 
No. Lines Generation Dose 
1 Adan Parent 0 Gy 
2 A25 M5 100 Gy 
3 A27 M5 100 Gy 
4 A28 M5 100 Gy 
5 A50 M5 150 Gy 
6 A51 M5 150 Gy 
7 A88 M5 150 Gy 
8 A93.1 M5 150 Gy 
9 A93.2 M5 150 Gy 

Molecular Analysis 

Two-week old leaves of each sample were used as the source for DNA isolation. The total DNA from these 
plants was isolated according to the modified Dellaporta method [10]. PCR was carried out in a 20 μl of total 
volume containing 1× buffer, 100 μM dNTPs, 0.5 μM primers (F and R), 50 100 ng DNA, and 1 unit of Taq DNA 
polymerase. 

The PCR program applied was a temperature of 94°C for 5 minutes for initial denaturation, the followed by 35 
cycles of 94°C for 60 seconds for denaturation, 55°C for 60 seconds for primer annealing, and 72°C for 2 minutes 
for primer extension. The final primer extension was carried out at 72°C for 7 minutes. The PCR results were 
separated using 8% polyacrylamide gel electrophoresis for 2 hours at a voltage of 80 volts. DNA staining was done 
by immersing the gel in ethidium bromide solution and documented using Bio-Rad Chemidoc Imaging System. 

Data Analysis 

Data analysis was performed by making a score from the resulting bands, a value of 1 for the presence of a band, 
and a value of 0 if there is no band observed at the same alleles. The scoring which included the number of bands, 
the number of alleles, and the Polymorphism Information Content (PIC) was calculated manually in the Microsoft 
Excel program. The PIC value was calculated based on the following formula as described by Hildebrand et al. [11]: 

PIC = 1 −෍ ௜ଶ௡݌ 
௜ୀଵ  

030004-2



 

where PIC = Polypmorphism Information Content, i = allele i in marker j, n = number of alleles in marker j, and p = 
allele frequency. 
 Information on genetic relationship among the mutants was obtained by analyzing binary data using the Dice 
coefficient, followed by grouping using the Sequential Agglomerative Hierarchical Non-overlapping (SAHN) 
technique and the Unweighted Pair Group Method with Arithmetic Mean (UPGMA). Those programs are in NTedit 
and NTSYSpc-2.2 [12]. 

TABLE 2. List of SSR primers used in the study. 
No. Primer cM Chrom No. Primer cM Chrom 
1 RM476A 16.3 1 37 OSR21 145.2 6 
2 RM272 37.3 1 38 RM320 40.7 7 
3 RM23 71.6 1 39 RM70 64.5 7 
4 RM488 101.4 1 40 RM47 84.95 7 
5 RM543 145.6 1 41 RM172 115.95 7 
6 RM431 178.3 1 42 RM52 15.3 8 
7 RM236 10.6 2 43 RM25 52.2 8 
8 RM174 47.5 2 44 RM137 69 8 
9 RM262 78.4 2 45 RM350 78.4 8 
10 RM183 104.2 2 46 RM230 112.2 8 
11 RM525 143.7 2 47 RM281 128.6 8 
12 RM523 11 3 48 RM524 13.2 9 
13 OSR13 53.1 3 49 RM321 32.1 9 
14 RM232 78.7 3 50 RM409 45.6 9 
15 RM125 89 3 51 RM434 57.7 9 
16 RM16 131.5 3 52 RM205 114.7 9 
17 RM347 144 3 53 RM222 11.3 10 
18 RM448 181.4 3 54 RM311 25.2 10 
19 RM565 215.5 3 55 RM467 46.8 10 
20 RM551 14.9 4 56 RM184 58.3 10 
21 RM185 50.8 4 57 RM294A 87.1 10 
22 RM119 63.8 4 58 RM20B 0 11 
23 RM252 99 4 59 RM332 27.9 11 
24 RM317 118.3 4  60 RM120 41.7 11 
25 RM131 148.8 4 61 RM479 50 11 
26 RM413 26.7 5 62 RM229 77.8 11 
27 RM437 43.4 5 63 RM187 89.7 11 
28 RM430 76.7 5 64 RM254 110 11 
29 RM440 92.7 5 65 RM415 0 12 
30 RM178 118.8 5 66 RM558A 9.2 12 
31 RM538 132.7 5 67 RM19 20 12 
32 RM587 10.7 6 68 RM247 32.3 12 
33 RM276 40.3 6 69 RM277 57.2 12 
34 RM3 74.9 6 70 RM309 74.5 12 
35 RM275 108.3 6  71 RM235 102.6 12 
36 RM30 125.4 6      

  cM = centimorgan, Chrom = chromosome. 
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RESULTS AND DISCUSSIONS 

This research activity has succeeded in selecting early maturing Adan rice mutant lines. Based on the selection of 
mutant lines from 2011 to 2014, there were mutants that were able to survive until harvested at radiation doses of 
100 and 150 Gy, while seeds of 200 and 250 Gy were not obtained. The mutants showed early maturation (Fig. 1), 
so this result gives hope for farmers in Krayan District to plant Adan rice twice a year. 
 

 
 

FIGURE 1. The performance of rice mutant lines with early flowering (M1-M4) in comparison to their parent, Adan rice. 
 

FIGURE 2. Examples of PCR performance of some SSR markers in Adan rice mutant lines. 1 = Adan, 2 = A25, 3 = A27,  
4 = A28, 5 = A51, 6 = A88, 7 = A93.1, 8 = A93.2, 9 = A50. 

 
The SSR markers used in this study resulted in alleles variation produced in eight selected mutant lines (Fig. 2). 

This mutation event caused either the addition or reduction of DNA bases in the Adan rice mutants, which indicated 
by different the position of the DNA bands that were not parallel to the Adan rice. In the RM281 marker, there was 
an addition of base (insertion) in the A88, A93.1, A93.2, and A50 mutant lines, while in the RM488 marker, there 

  

   

Adan       M1     M2      M3     M4 

RM281 RM488 
1   2    3   4   5   6   7   8   9  

RM448

1   2    3    4    5   6   7    8    9  

1   2    3   4    5    6  7    8    9         
RM178 RM178 

1   2    3    4   5  6   7   8   9        

RM252 

   1   2   3   4    5   6   7    8  9         

1    2    3    4   5   6    7    8   9  
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was also additional bases in the A25 and A27 mutant lines. Base reduction events (deletions) occurred in markers 
RM448 on A25, A28, A93.1, A93.2, and A50 mutant lines. Mutations did not occur in the RM178 and RM 437 
markers. Both loci were on chromosome 5 (Table 1). Naem et al. [13] stated that gamma rays can randomly destroy 
nitrogen bases (A, G, T, and C), so that there will be base damage in the mutants randomly. This mutation treatment 
in rice can cause variations in the agronomic character. It is proven that early maturity mutants were produced. 

TABLE 3. The number of bands, alleles, and PIC values of the resulting SSR bands. 

No. Primer Bands 
number 

Alleles 
number 

PIC 
value  No. Primer Bands 

number 
Alleles 

number 
PIC 

value 
1 RM476A 9 9 0.66 37 OSR21 4 4 0.35 
2 RM272 1 1 0.56 38 RM320 2 5 0.85 
3 RM23 3 3 0.70 39 RM70 2 2 0.85 
4 RM488 4 7 0.58 40 RM47 1 6 0.54 
5 RM543 4 4 0.55 41 RM172 2 2 0.45 
6 RM431 4 4 0.24 42 RM52 2 2 0.97 
7 RM236 3 7 0.91 43 RM25 1 3 0.72 
8 RM174 3 3 0.66 44 RM137 4 7 0.49 
9 RM262 3 3 0.65 45 RM350 2 3 0.59 
10 RM183 4 7 0.83 46 RM230 2 4 0.89 
11 RM525 2 3 0.63 47 RM281 5 10 0.44 
12 RM523 1 1 0.56 48 RM524 2 2 0.77 
13 OSR13 4 4 0.62 49 RM321 4 6 0.86 
14 RM232 4 4 0.82 50 RM409 1 1 0.00 
15 RM125 5 5 0.75 51 RM434 1 1 0.00 
16 RM16 1 2 0.90 52 RM205 1 3 0.86 
17 RM347 4 4 0.59 53 RM222 2 2 0.49 
18 RM448 1 3 0.86 54 RM311 3 4 0.45 
19 RM565 5 6 0.49 55 RM467 1 1 0.00 
20 RM551 5 5 0.00 56 RM184 5 6 0.56 
21 RM185 3 5 0.90 57 RM294A 3 4 0.90 
22 RM119 1 1 0.00 58 RM20B 4 6 0.65 
23 RM252 5 8 0.69 59 RM332 4 6 0.79 
24 RM317 2 2 0.00 60 RM120 3 3 0.27 
25 RM131 2 3 0.91 61 RM479 4 5 0.89 
26 RM413 1 3 0.91 62 RM229 1 2 0.75 
27 RM437 3 3 0.32 63 RM187 7 8 0.79 
28 RM430 4 4 0.22 64 RM254 3 5 0.91 
29 RM440 2 3 0.72 65 RM415 3 3 0.50 
30 RM178 2 2 0.49 66 RM558A 5 5 0.41 
31 RM538 1 3 0.86 67 RM19 4 5 0.73 
32 RM587 6 6 0.65 68 RM247 2 3 0.91 
33 RM276 1 1 0.89 69 RM277 4 4 0.42 
34 RM3 3 4 0.70 70 RM309 3 3 0.07 
35 RM275 3 6 0.76 71 RM235 2 2 0.54 
36 RM30 4 4 0.72     
      Average 2.99 3.96 0.61 

Range 1 9 1 10 0.00 0.97 
PIC = Polymorphism Information Content. 

030004-5



 

Based on the band pattern, 6 markers (8.45%) produced monomorphic bands with a total band of 1 5. This 
showed that there is no mutation event in the locus area. According to Table 3, there are variations for each marker, 
both in the number of bands, the number of alleles, or the PIC value. The number of bands and the number of alleles 
are not always the same, because the number of alleles shows the resulting banding pattern. The number of alleles 
will always be equal or greater to the number of bands. This variation of bands or alleles depends on the number of 
markers and the variation of genotypes tested. In this study, the genotypes used did not have many variations 
because the mutant lines were derived from the Adan rice parent. The average number of alleles produced was 3.958 
per marker with the range of 1 10 alleles. These results are similar to those of Nugroho et al. [14] which used 24 
rice genotypes and 15 markers with a higher allele mean of 3.9 per marker, with the range of 2 10 alleles. The use 
of labeled SSR markers will increase the variety of alleles obtained [15]. 

The PIC value in this study showed a wide value ranged from 0.00 to 0.97. Six markers have a PIC value of 
0.00, indicating that they produced bands in all genotypes with the same position (monomorphic). The highest PIC 
value (0.97) was obtained at the RM52 marker with two bands and two alleles. The use of a more sensitive method 
(labeled SSR) can increase the minimum PIC value, for example, 0.021 in mango [15] and 0.33 in rice [16]. The 
term PIC was originally published by Botstein et al. [17] with a simplified formula by Hildebrand et al. [11]. This 
value is intended to inform the level of polymorphism of the markers used. Based on the criteria of Hilderabrand et 
al. [11] (PIC>0.7 = very informative, 0.7>PIC>0.44 = moderate informative, and PIC<0.44 = less informative), of 
the 71 SSR markers used in the study can be grouped into three categories, namely 14 markers as less informative, 
25 as medium informative, and 32 as very informative (Table 3). 

Based on the genetic relationship analysis (Fig. 3), a dendrogram was generated, dividing the rice samples into 
two groups at a similarity level of 65%, namely group I dan group II. The group I consisted of Adan rice and A28, 
A25, and A27 mutant lines, while the group II consisted of A51, A88, A93.1, A93.2, and A50 mutant lines. The 
similarity matrix (Table 4) showed that A27 and A28 mutant lines had the highest similarity level compared to Adan 
rice. This indicates that the genome of these two mutant lines are very similar to that of the Adan rice parent, even 
though short duration mutations have occurred. The A27 and A28 mutant lines can potentially be used as candidate 
lines for further development in Krayan District. In the study of the genetic relationship of rice (not mutation 
treatment), a study by Nugroho et al. [14] found that the percentage of similarity amounted to 63% with a more 
diverse sample composition. The study of Pathaichindachote et al. [18] which used indica and japonica grains from 
Thailand reported that the grouping of the two types of rice occurs at a similarity level of 11%. 

TABLE 4. Similarity matrix between mutant lines and the parent. 
 Adan A25 A27 A28 A51 A88 A93.1 A93.2 A50 

Adan 1.00         
A25 0.65 1.00        
A27 0.71 0.799 1.00       
A28 0.71 0.64 0.65 1.00      
A51 0.698 0.58 0.62 0.65 1.00     
A88 0.67 0.59 0.64 0.63 0.84 1.00    

A93.1 0.64 0.57 0.59 0.63 0.74 0.82 1.00   
A93.2 0.63 0.55 0.58 0.58 0.74 0.83 0.88 1.00  
A50 0.63 0.58 0.59 0.63 0.73 0.73 0.72 0.69 1.00 

   
All mutant lines in group I come from 100 Gy gamma-ray doses, while the other mutant lines (group II) come 

from 150 Gy gamma-ray doses (Table 1). This showed that a lower dose of gamma rays has lower damaging effect 
on the genome. Sequencing of the mutant’s entire genome has begun to improve accuracy of clustering [19, 20]. 
However, for the initial detection of mutants, the SSR markers can still be used. 
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FIGURE 3. Dendrogram of Adan rice mutants using 71 SSR markers. 

CONCLUSION 

SSR markers are probably effective in differentiating Adan rice parents from mutants. The A27 and A28 mutant 
lines can be used as candidates for early maturity lines that can be developed in Krayan District. 
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