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 Nilahayati1, Rosnina1, Jaka Syahputra2 10.18805/ag.DF-441 ABSTRACT Background: 

Soybean is one of the most important commodities around the globe. Increas ing 

soybean production abs olutely continue to be pursued because soybean consumption 

increased steadily. One way that can be done is assembly technology of new superior 

varieties that have better and adaptive properties. The aim of this study was to 

determine molecular diversity of soybean mutants lines resulting from gamma 

irradiation in M6 generation.  

 

M ethods: Molecular analysis with RAPD markers was carried out in the Tropical Balitbu 

Laboratory Sumatera Barat, Indonesia in November 2021. The tested genotypes 

consisted of 8 genotypes, namely Kipas Putih variety (elderly), Anjasmoro variety 

(comparison), M.1.1.3, M.5.2.1, M.5.2.3 l, M.1.1.8, M.1.1.9 and M.1.1.17 mutant lines. The 

primers used were RAPD 2 (5?-GTTTCGCTCC-3?), RAPD 3 (5?-GTAGACCCGT-3?), RAPD 4 

(5?-AAGAGCCCGT-3?) and RAPD 5 (5?-AACGCGCAAC-3?).  

 

Result: The results of the RAPD analysis showed that there were differences in size of 

amplicon between the mutants and the parents, namely the RAPD 2 primer (1400 bp 

band) and the RAPD 5 primer (550 bp and 1000 bp band). The parents had a pattern of 

DNA bands but in the M.5.2.3 and M.1.1.9 mutants the DNA band was absent. The 

parent RAPD 5 primers (1000 bp, 550 bp) had a DNA banding pattern but in the M.1.1.3 

and M.1.1.8 mutants there was no DNA banding pattern. This indicated that the M.1.1.3, 

M.5.2.3, M.1.1.8 and M.1.1.9 mutants had different genetic diversity from their parent 

(Kipas Putih variety). Key words: Gamma Irradiation, Kipas putih soybean, Mutant lines, 

RAPD.  

 



INTRODUCTION Kipas Putih soybean is one of the local soybean varieties in Aceh 

Province which was released as a Indonesia national superior variety in 2008. This variety 

has the advantage of having a robust appearance and well adapted to the local en vir o 

nm en t . R ec en ly, t h is var iet y h as b ec om e les s attractive to farmers due to its 

long harvesting age and low production. The use of this variety has begun to be evicted 

with many other national superior varieties that have higher yield potential and shorter 

harvesting ages.  

 

Nilahayati (2018) carried out a plant breeding program to improve the genetic 

characteristics of Kipas Putih soybean for early maturity and high yielding characters 

using gamma ray irr adiation. The res ults of t he s tudy until th e fifth generation (M ) 

produced 33 mutant lines that were early maturity and had high yields. These mutants 

include 6 early- aged mutant lines (4-14 day faster harvesting with low seed weight, 3 

mutant lines that harvest 8 days earlier, 19 mutant lines with high yields but not early 

maturity and 7 mutant lines with large seed weight (?14 g/plant).  

 

Furthermore, these mutant lines were purified to the generation and need to be verified 

to obtain information that these mutant lines are different from their parents. Mutation 

detection in plants can be done through phenotypic and genetic approaches. Matus and 

Hayes (2002) said that phenotypic detection using morphological traits are not c 

onsidered as ac c urate mark ers due to environmental in flu en c es o n m o r ph o lo 

gic al t r aits an d in s uff ic ien t polymorphism resulted among c losely related c ultivar. 

Therefore, the utilization of the genetic approach becomes _ 1D ep ar t ment of A g roec 
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method and suitable for early mutation detection in the plant. Some genetic approaches 

which can be used for mutation detection are random amplification polymorphic DNA 

(RAPD). It has advantages such as it is applicable for anonymous genome, low DNA 

quantities and resulted in a high number of DNA fragments (Kumari and Th ak ur, 2 01 



4) . How ever, it has som e disad vantag es regarding their low sensitivity and reproduc 

ible, whic h caused unstable results; the different study will result in a diff er ent o ut c 

om e.  

 

In s pite o f t he c ont rary ar gu ment regarding their usage for genetic diversity study, 

RAPD was still recommended and acceptable for detecting genetic variability than AFLP, 

ISSR and SSR (Sun and Wong, 2001).



 



According to Sharma et al. (2008), RAPD is a technique for amplifying DNA with a PCR 

machine using a single primer measuring 10 nucleotides. The primer used is a random 

primer that amplifies the target genome at random. Random primers mixed with 

amplification reac tions will bind to c o mp lem en t s eq u en c es alo n g t h e tar g et g 

en om e. Furthermore, the target sequence will be amplified, which can be visualized on 

the agarose gel.  

 

The previous study proved that RAPD had been successfully used for mutation detection 

in chili (Mullainathan et al. 2014), chickpea (Rajolia et al. 2020), pea genotype (Thakur et 

al. 2018), blackgram (Vyas et al. (2016) and soybean (Agam et al. 2020). Wahyudi et a l. 

(2 0 20 ) h ave als o s u c c eed ed in d etec ting an d evaluating genetic diversity induc 

ed using gamma ray irradiation in Grobogan soybeans with RAPD markers using 20 OPA 

1-OPA 20 primers. This study was conducted to analysis genetic variability using RAPD 

markers on 8 soybean genotypes. The present study was aimed to evaluate and c 

ompare the genetic _The mixture was dis solved by thaw ing, then stored at -20?C for 30 

minutes.  

 

Centrifuge tube filled with solution at 12,000 rpm for 10 minutes. The liquid portion was 

then discarded and the DNA pellet at the bottom of the tube was dried in a vacuum for 

10 minutes or left in the open air until sufficiently dry. After the pellet is dry, add 70% 

ethanol as much as 500 µl to wash the DNA and the tube wall. The DNA pellets were 

dried again in the same manner as the previous step. 100 µl of TE buffer was added to 

the tube to dissolve the DNA pellet and it was ready to be tested for quality and 

quantity. DNA quantification was carried out by electrophoresis using 0.8% agarose gel.  

 

A total of 2 µl of DNA stock was mixed with 8 µl of distilled water and 2 µl of loading 

buffer. The sample is mixed, then put into the gel wells in the electrophoresis chamber 

which has been filled with 0.5x TBE buffer. As a comparison, a DNA ladder was used and 

placed in the first and/or last well. Connect the electricity from the power supply with a 

voltage of 70V for 30 minutes, or until



diversity in the M _generation soybean mutants compared _the DNA migrates / moves 

approximately 4-5 cm.



to their parents (Kipas Putih variety).  

 

MATERIALS AND METHODS Th is r esear c h was c o ndu c t ed at L ab orato ry of B alai 

Penelitian Tanaman Buah Tropika (Balitbu), Solok, Sumatera Barat from October to 

November 2021. The plant material used was soybean young leaves (2 weeks after 

planting soybeans). The genotype used in this study were M.1.1.3 , M.5.2.1, M.5.2.3, 

M.1.1.8, M.1.1.9 and M.1.1.17 mutants lines, Kipas Putih and Anjasmoro variety. The 

primers used were RAPD 2 (5 ?-d[ GTTTCG CTCC] -3 ?), RAPD 3 ( 5 ?- 

d[GTAGACCCGT]-3?), RAPD 4 (5?-d[AAGAGCCCGT]-3?) and RAPD 5 

(5?-d[AACGCGCAAC]-3?). Extraction of leaf DNA using extraction buffer made from 

CTAB.  

 

A total of 100-120 mg of leaves are ground until smooth in liquid nitrogen. The refined 

samples were then put into a new 1.5 ml tube containing 1 ml of extraction buffer whic 

h was heated in a water bath of 65 ?C. The tube containing the sample was then 

incubated in a water bath at a temperature of 65?C. Added 500 µl of chloroform; 

isoamyl-alcohol (24:1) into a tube and shaken using a vortex until dissolved. Then the 

tube containing the sample was centrifuged at 12,000 rpm for 10 minutes. The top 

liquid was then transferred to a new tube and 600-800 µl of CIA (24:1) was added, then 

centrifuged at 12,000 rpm for 10 minutes.  

 

This step is repeated until the layer between the two liquid phases is not visible (5-7x). 

The clean supernatant was then transferred to a new tube and 500 µl of cold iso- 

propanol was added, then dissolved by slowly inverting the tube. The tube c ontaining 

the solution was then stored at -20?C for at least 30 minutes, then centrifuged at 12,000 

rpm for 10 minutes. Then the liquid was removed by carefully spilling and placing the 

tube upside down on a tissue paper to dry the DNA pellet. 200 µl TE buffer, 20 µl 3 M 

sodium acetate pH and 500 µl absolute ethanol were added and dissolved successively 

to the tube containing the DNA pellet.  

 

_Staining and visu alization of t he resu lts aft er t he electrophoresis process was carried 

out by immersing the gel in a solution of Ethidium bromide (40 µl 1% et.br/1 liter of 

water) for 10 minutes. Soak in distilled water for 20 minutes. After that the gel is placed 

on top of the u.v. transilluminator and ready to be photographed. The quality of DNA is 

indicated by the level of clarity/cleanliness of the DNA band image. The quantity of DNA 

was determined by making a comparison between the thickness of the sample DNA 

band and the standard DNA ladder band. The PCR procedure was carried out starting 

with the amplific ation of genomic DNA.  

 

A master mix of 25 µl consisted of 9 ?l distilled water, 2.5 µl 10 pM primer, 1.0 µl 50 ng 



genomic DNA and 12.5 µl Green Go Tag Master Mix. Each PCR tube containing the 

sample (master mix) is placed in the PCR machine. The amplific ation process in the 

program is as follows; total number of cycles 45, preheating at 94?C for 2 minutes, 

heating for denaturation at 94?C for 1 minute, annealing process at 36?C for 1 minute, 

elongation proc ess at 72?C for 2 minutes, in the last cycle added elongation time at 

72?C for 10 minutes. A fter t he P C R p r o c es s is c o m plet e, t h en d o 

electrophoresis to see the results of amplification of genomic DNA.  

 

Each sample mixture was made up to 7 µl, consisting of; 5 µl amplicon and 2 µl buffer 

loading gel. The sample mixture was put into 2% gel wells in an elec trophoresis 

apparatus filled with 0.5x TBE buffer. Fill one well with 1Kb DNA marker as a scale. 

Electrophoresis was run at 50 volts for 30 minutes. The gel was immersed in a solution 

of Ethidium bromide (40 µl 1% et.br/1 liter of water) for 10 minutes for DNA band 

staining and visualization of the results. Then soaked in distilled water for 20 minutes. 

After that, the gel was exposed on the gel doc and was ready to be photographed and 

ready to be scored.



 



Interpretation of results The genotypic data obtained from the RAPD gel photo shoot 

was in the form of a DNA band pattern of a certain size.  

 

The size o f th e g en om ic D NA piec es w as c arr ied ou t by comparing with the 

standard molecular weight of 1 kb DNA ladder. Differenc es between plants are 

indicated by the number of bands and the distance of migration. If there is no difference 

between the DNA band patterns of the plant, it means that there is no genetic variation. 

Assessment (scoring) is carried out on clear and sharp bands consistently. The bands 

that have bands that look firm are given a score of 1 (present) and if they are not, they 

are given a score of 0 (absent). Cluster analysis was performed using the NTSys 

(Numerical Taxonomy and Multivariate Analysis) program.  

 

This analysis uses the SAHN (Sequential, Agglomerative, Hierarchical and Nested 

Clustering) method. The genotypic similarity/disparity matrix was c alc ulated based on 

the J ac c ard c oeffic ient using the Unweighted P air Group M eth o d e A r ith m et ic ( 

U PG M A ) Q u alitat ive S im ilarit y (SIMQUAL) method. The grouping shows the 

similarity relationship between each individual soybean in the form of a genetic 

similarity dendogram. Genetic distance is the difference between the percentage of 

similarity values to the value of 100%.  

 

From the dendogram, it can be concluded how far the mutant lines have changed when 

compared to control plants. _RESULTS AND DISCUSSION The results of DNA analysis 

using 4 primers, namely RAPD 2, RAPD 3, RAPD 4 and RAPD 5 can be seen in Fig 1, 2, 3 

and 4. The results of the analysis of the appearance of the bandin g pattern indic ate a 

polymor phic ban d pattern (RAPD 2, RAPD 3 and RAPD 5 primers) and monomorphic 

banding pattern (RA PD 4 ).  

 

Table 1 s hows the ban ds resulting from DNA amplification of mutants with parents are 

polymorphic in RAPD 2 primer (1500 bp and 1400 bp bands), RAPD 3 primers (1000 bp 

bands) and primer RAPD 5 (1000 bp, 900 bp, 550 and 450 bp bands). The difference 

between mutants and parents is that in the RAPD 2 primer (1400 bp band), the parents 

have these bands but in the G3 (M.5.2.3) and G5 (M.1.1.9) mutants these bands are 

absent. RAPD 5 primers (1000 bp, 550 bp band), the parent had these bands but in G1 

(M.1.1.3) and G4 (M.1.1.8) mutants these bands were absent. This shows that the G1, G3, 

G4 and G5 mutants have different genetic diversity from their parents.  

 

Dhakshanamoorthy et al. (2014) said that the disappearance of regular bands in 

soybean mutants may cause by DNA damage, modified bases, base o xid at ion , p oin t 

mu tat io n and even c h ro m o s om al rearrangements induced by mutagen. The 

appearance of new bands in soybean mutants may be related to the changes in 



oligonucleotide priming site due to mutation, deletion and homolog recombination.



 Table 1: Polymorphic amplification loci between parents, comparison and six soybean 

mutant genotypes.  

 

Primer _Locus size _G1 _G2 _G3 _G4 _G5 _G6 _G7 _G8 _ _RAPD-2 _1500 _- _- _- _- _- _- _- 

_+ _ _ _1400 _+ _+ _- _+ _- _+ _+ _+ _ _RAPD-3 _1000 _- _- _- _- _- _- _- _+ _ _RAPD-5 

_1000 _- _+ _+ _+ _+ _+ _+ _- _ _ _900 _- _- _- _- _- _- _- _+ _ _ _550 _+ _+ _+ _- _+ _+ _+ 

_+ _ _ _450 _+ _+ _+ _+ _+ _+ _+ _- _ _ Ld G1 G2 G3 G4 G5 G6 G7 G8 Fig 1: Pattern of 

DNA bands from RAPD analysis using RAPD Primer 2. Ld: DNA ladder, G1: M.1.1.3 

mutant, G2: M.5.2.1 Mutant, G3: M.5.2.3 mutant, G4: M.1.1.8 mutant, G5: M.1.1.9 mutant, 

G6: M.7.1.17 mutant, G7: Kipas putih variety (parent), G8: anjasmoro variety.



 



Van Harten (1998) and Mudibu et al.  

 

(2012) stated that gamma rays produce free electrons that are radical, causing cell 

damage that can change the morphology of plants to be different from their parents. 

Mullainathan et al. (2014) reported _that RAPD analysis of the M3 generation plants 

exposed to mutagen treatments produce clear difference from the mutant and 

untreated c ontrol, thus indic ating t hat mutagenic treatments produce polymorphic 

regions in the chilli mutant.



 Ld G1 G2 G3 G4 G5 G6 G7 G8 Fig 2: Pattern of DNA bands from RAPD analysis using 

RAPD primer 2. Ld: DNA ladder, G1: M.1.1.3 mutant, G2: M.5.2.1 mutant, G3: M.5.2.3 

mutant, G4: M.1.1.8 mutant, G5: M.1.1.9 mutant, G6: M.7.1.17 mutant, G7: Kipas putih 

variety (parent), G8: anjasmoro variety. Ld G1 G2 G3 G4 G5 G6 G7 G8 Fig 3: Pattern of 

DNA bands from RAPD analysis using RAPD primer 2. Ld: DNA ladder, G1: M.1.1.3 

mutant, G2: M.5.2.1 mutant, G3: M.5.2.3 mutant, G4: M.1.1.8  

 

mutant, G5: M.1.1.9 mutant, G6: M.7.1.17 mutant, G7: kipas putih variety (parent), G8: 

anjasmoro variety. RAPD 5 Ld G1 G2 G3 G4 G5 G6 G7 G8 Fig 4: Pattern of DNA bands 

from RAPD analysis using RAPD Primer 2. Ld: DNA ladder, G1: M.1.1.3 mutant, G2: 

M.5.2.1 mutant, G3: M.5.2.3 mutant, G4: M.1.1.8 mutant, G5: M.1.1.9 mutant, G6: 

M.7.1.17 mutant, G7: Kipas putih variety (parent), G8: anjasmoro variety.



 Fig 5: The results of the analysis of the relationship between 8 soybean genotypes 

using the NTSys program. 



DNA amplification depends on the match of the primer with the DNA sequence of the 

mutant soybean. Primers that did not match the soybean DNA sequence did not 

produce am plific at ion p rod uc ts.  

 

Th is is bec au se th ere are no complementary sites in soybean DNA with these primer 

sequences. Primer attachment and amplification of a DNA locus is caused by the 

presence of complementary primary nucleotide base pairs used in the DNA strand. The 

presence or absence of a locus in plant samples can be caused by differenc es in the nuc 

leotide arrangement in the DNA sample, so that the same primer cannot attach and 

therefore c ann o t am p lify t h e lo c us . T his d iff er en c e is c alled polymorphism. 

According to Yuwono (2006), primers that are not specific can cause amplification of 

other regions in the genome that are not targeted or there are no amplified genomic 

regions.  

 

The results of cluster analysis of several soybean genotypes tested showed that the 

soybean genotypes could be divided into two main groups, namely group 1 (Anjasmoro 

variety) and group 2 (Kipas Putih variety and 6 genotypes of putative mutant results 

from gamma ray irradiation) (Fig 5). Anj asmoro and Kipas Putih varieties as well as m 

utan t gen otypes have a very far genetic distance with a similarity value of 37%. 

Anjasmoro variety (G8) is the genotype that is farthest from other genotypes which 

shows that this genotype is the most different among other genotypes. In group 2, the 

percentage of similarity between Kipas putih and their mutants was seen.  

 

The farthest similarity percentages were M.1.1.8 mutants with 76% similarity, M.5.2.3 and 

M.1.1.9 mutants with 80% similarity and M.1.1.3 mutants with 85%. Meanwhile, the 

M.5.2.1 and M.7.1.17 mutants had 100% similarity, which means that there were no 

genetic differences with their parents. Agam et al. (2020) in the previous studies have 

also used RAPD analysis to detec t genetic diversity in Detam 3 soybean mutants. RAPD 

analysis using OPAA- 0 2 a n d O PA A - 1 4 p r i m er s s h o w ed 6 0 % an d 8 3 . 3 % 

polymorphism, respectively, among the mutant lines. The highest genetic distance was 

observed between BSMG- 256 and the wild type 46% similarity.  

 

_CONCLUSION In conclusion, there was a diversity of DNA banding patterns between 

the parents and the four mutant lines tested, namely M.1.1.3, M.5.2.3, M. 1.1.8 and 

M.1.1.9 mutant lines. The results of cluster analysis showed that Anjasmoro and Kipas 

Putih varieties and the mutant genotypes had very far genetic distances with a similarity 

value of 37%. The percentage of similarity between Kipas Putih and M.1.1.8 mutant was 

76%, the M.5.2.3 and M.1.1.9 mutants were 80% and the M.1.1.3 mutant had 85% 

similarity. W hile the M.5.2.1 and M.7.1.17 mutants have 100% similarity, which means 

that there are no genetic differences with their parents.  
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