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ABSTRACT 

 
Soybean cultivation in tropical regions, such as Indonesia, is often constrained by photoperiod sensitivity, 

resulting in low yield. Using long juvenile traits in short photoperiod tropical areas resulted in lines with late flowering 
time and high yield. Genetic diversity analysis of soybean lines using molecular markers is a critical step for breeding 
high-yielding soybean lines. This study aimed to analyze genetic diversity and construct DNA barcodes for 44 tropical 
soybean advanced lines based on 17 SSR markers. Genetic materials used were the high-yielding F5 soybean lines 
developed for their adaptation to short day-length of low latitude tropical regions. SSR markers used were those that 
distributed well across the soybean genome and proven their usefulness for soybean genetic diversity 
analyses.  Results showed that the SSR demonstrated distinctive polymorphism among the 44 lines. A total of 377 
alleles were detected with an average of 22.8 alleles per SSR locus. Polymorphism information content (PIC) values 
varied from 0.77 to 0.96 with an average of 0.90. Phylogenetic analysis showed that the 44 soybean genotypes were 
divided into 2 main clusters. Five markers, i.e., satt009, satt646, satt147, satt431, and satt191, with a polymorphism 
information content value of ≥0.94, were found to be informative and suitable for DNA barcode construction. Each of 
the 44 lines was assigned with specific barcodes. The barcodes constructed from this study should be useful for 
DNA fingerprint as well as protection purposes of the specific superior soybean lines analyzed in this study. 
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INTRODUCTION 

 
Indonesia's domestic soybean commodity demands 

in 2021 are still fulfilled by imports, particularly from the 
United States (2,152,633 tons), Canada (232,009 
tons), Argentina (89,951 tons), and Brazil (9,238 tons) 
(BPS 2021). One of the reasons contributing to low 
soybean yield is an incompatible adaptation between 
the soybean genotype and the agricultural area 
(Spehar 1995; Hartwig and Kiihl 1979). Until the late 
1960s, soybean agriculture was limited to locations 

above 22° latitude due to photoperiod barriers 
(Carpentieri-Pípolo et al. 2002; Gupta et al. 2021). 

Brazil's soybean tropicalization program (dos 
Santos Silva et al. 2017) has successfully addressed 
photoperiod limitations in the tropics (<20° latitude) by 
introducing a soybean genotype with a long juvenile 
trait (lj) from the southern US. Indonesia began a 
breeding program with lj trait in 2017 and has 
developed numerous outstanding lj lines (Tasma et al. 
2018). The created lines are not only very productive, 
but they also exhibit huge seed size and resistance to 
pod-shattering trait. Other lines have lengthy root trait 
that may indicate drought tolerance. Some of the 
parents used have high isoflavone content, the lines 
created may have as well. 

Genetic diversity analysis is critical in soybean 
breeding programs because it enables the discovery 
and assessment of differences across different 
soybean lines (Dong et al. 2004). According to Liu et al. 
(2020) and Manjarrez-Sandoval et al. (1997), crossing 
parents with a long genetic distance results in superior 
offspring. This information assists breeders in making 
informed decisions when selecting suitable parents for 
future breeding programs, to develop better soybean 
varieties with desirable traits such as high productivity 
(Lu et al. 2017), disease resistance (Presello et al. 
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2005), and adaptation to specific environmental 
conditions (Liu et al. 2023). 

In addition, maintaining the genetic identity of a 
plant variety is essential in protecting it from 
unauthorized use (Valentini et al. 2009). Genetic 
identity can be determined through DNA barcoding 
using molecular markers that are accurate and not 
affected by environmental factors (Li et al. 2015). 
Therefore, the evaluation of genetic diversity and the 
creation of genetic identity using DNA barcoding is 
important to be carried out on superior lines of tropical 
soybeans that have high productivity developed by 
marking-assisted methods. 

Molecular markers, such as Simple Sequence 
Repeats (SSR), are widely used in soybean research 
for genetic diversity analysis, phylogenetic studies, 
fingerprinting analysis, genetic mapping, and 
Quantitative Trait Loci (QTL) of important traits (Tasma 
et al. 2001; Tasma et al. 2003), as well as marker-
assisted selection. SSR markers have codominant 
qualities, are very reproducible, are distributed 
throughout the genome, can detect high polymorphism 
by polymerase chain reaction (PCR) amplification, and 
are simple to amplify using PCR techniques (Singh et 
al. 2018; Amiteye 2021). This study aimed to analyze 
genetic diversity and construct DNA barcodes for 44 
tropical soybean advanced lines based on 17 SSR 
markers. 

 
 

METHODS 
 

Genetic Materials and SSR Markers 
The genetic material used were 44 tropical soybean 

advanced lines (F5) with high productivity and harvest 
times ranging from 95 to 115 days after planting (dap). 
These lines have high seed sizes and are resistant to 
pod-shattering. These lines were created using the 
mark-assisted pedigree and mark-assisted backcross 
methods, which have been developed since 2017 
(Tasma et al. 2018). These tropical soybean lines were 
created by crossing female parent (Grobogan) and five 
soybean genotypes with lj trait brought from the United 
States as male parents (Table 1). These outstanding 
tropical soybean lines were planted at the Cikeumeuh 
Experimental Station in Bogor, West Java, Indonesia. 
From January to May 2023, SSR markers were 
analyzed at the Genomics Laboratory of the National 
Research and Innovation Agency (BRIN) in Cibinong, 
West Java. This study used 17 SSR markers (Table 2). 
The selection of 17 SSR markers in soybeans was 
based on high levels of polymorphism, even distribution 
across the genome, demonstrated stability and 
reproducibility, and has been widely used in prior 
studies (Lestari et al. 2021; Asadi et al. 2020). 

 
Genomic DNA Isolation, Quantitative and 
Qualitative Analysis 

Table 1 Characteristics of 44 tropical soybean advanced lines used in this study 

Genotypes 
Genetic 

backgrounda 
Gene  

lj  
Seed 
sizeb 

PSR 
(pdh1)c 

Genotypes 
Genetic 

backgrounda 
Gene  

lj 
Seed 
sizeb 

PSR 
(pdh1)c 

UD-9 G × M Yes Medium No UD-12 G × M Yes Medium No 
UD-24 G × P Yes Medium Yes UD-13 G × V Yes Medium No 
UD-26 G × P Yes Large Yes UD-32 [G × (G × P)] No Medium No 
UD-27 G × P Yes Large No UD-33 [G × (G × P)] No Large No 
UD-28 G × P Yes Large No UD-36 [G × (G × P)] No Medium No 
UD-38 [G × (G × P)] No Medium No UD-37 [G × (G × P)] No Large No 
UD-40 [G × (G × P)] No Large No UD-39 [G × (G × P)] No Large No 
UD-44 [G × (G × P)] No Large No UD-42 [G × (G × P)] No Large No 
UD-48 G × M Yes Large No UD-62 G × M Yes Large Yes 
UD-64 G × M Yes Medium Yes UD-63 G × M Yes Medium Yes 
UD-67 G × M Yes Medium No UD-70 G × V Yes Large Yes 
UD-68 G × M Yes Large No UD-71 G × V Yes Medium Yes 
UD-73 G × V Yes Medium Yes UD-72 G × V Yes Medium No 
UD-74 G × V Yes Large Yes UD-81 G × V Yes Large No 
UD-76 G × V Yes Large No UD-86 G × Gy Yes Large No 
UD-80 G × V Yes Large Yes UD-89 G × V Yes Medium No 
UD-93 [G × (G × P)] No Large No UD-90 G × H Yes Medium No 
UD-96 G × M Yes Medium No UD-104 [G × (G × P)] Yes Medium No 
UD-99 G × Gy Yes Medium Yes UD-106 [G × (G × P)] No Large No 
UD-105 [G × (G × P)] Yes Large  No UD-115 G × M Yes Large No 
UD-114 G × M Yes Medium No UD-117 G × V Yes Medium Yes 
UD-116 G × M Yes Large No UD-118 G × V Yes Medium Yes 

Remaks: aG = Grobogan; M = Melrose; V = Vernal; Gy = Glycine H; P = Paranagoiana; H = Hinson lj. bLarge seeds if the 
weight of 100 seeds ≥ 14 g, medium 11–13 g, small 6–10 g. cPSR = pod-shattering resistance based on pdh1 
gene. 
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Genomic DNA was isolated from young leaves 
using a modified Doyle & Doyle (1990) method using 
2% (w/v) PVP in the extraction solution. The DNA was 
diluted with 100 μL TE (Tris 10 mM [pH 8.0], EDTA 1 
mM) and 2 μL RNAse 10 mg/mL (Invitrogen, USA) and 
incubated at 37°C for 1 hour. Next, genomic DNA was 
electrophoresed on a 1% agarose gel (Sambrook et al. 
1989), and the DNA bands were detected with a UV 
Transilluminator (UVP, UK). The concentration and 
purity of DNA were measured using a Nano Drop 2000 
spectrophotometer (Thermo Scientific, USA). 

 
PCR and Electrophoresis Analysis 

The PCR reaction was done in a total volume of 10 
μL, consisting of 2 μL of template DNA (20 ng), 2 μL of 
Kapax2G Fast Ready Mix (KAPA Biosystem, USA), 0.5 
μL of each forward and reverse primer (10 μM), and 2 
μL of sterilized ddH2O. The PCR cycle conditions were 
as follows: initial denaturation at 95°C for 5 minutes, 
followed by 35 cycles of DNA denaturation at 94°C for 
30 seconds, primary annealing at 55°C for 1 minute, 

DNA extension at 72°C for 1 minute, post DNA 
extension at 60°C for 15 minutes, and incubation of the 
DNA at 10°C for 4 minutes. The PCR product was 
electrophoresed with an 8% polyacrylamide gel at 90 
V. The DNA bands were seen on a UV Transilluminator 
Gel Doc (Bio Rad, USA) with an ethidium bromide 
staining technique. 

 
Data Analysis 

GelAnalyzer v.2010a software (Lazer and Horvath-
Lazar 2010) was used to capture SSR allele band 
patterns. The recorded data was analyzed using 
PowerMarker V3.25 software (Liu and Muse 2005) to 
calculate the polymorphism information content (PIC) 
value, major allele frequency, allele size range, genetic 
diversity, and heterozygosity value for each SSR 
marker. Dendrograms were generated using NTSYS-
pc software version 2.1 (Rohlf 2000) and the sequential 
agglomerative hierarchical and nested (SAHN) - 
unweighted pair group method with arithmetic 
(UPGMA). 

Table 2 Characteristics of 17 SSR markers used in this study (Cregan et al. 1999) 

SSRa 
Marker 

Chromosome Repetition type 
Primer sequenceb 

(5’ → 3’) 

PCRc 

Product size 
(bp) 

satt002 17 
(TA)5tgtacgattt F: TGTGGGTAAAATAGATAAAAAT 

126 
aaaaataaaata(AT)5 R: TCATTTTGAATCGTTGAA 

satt009 3 (ATT)14 
F: CCAACTTGAAATTACTAGAGAAA 

162 
R: CTTACTAGCGTATTAACCCTT 

satt030 13 (ATA)21 
F: AAAAAGTGAACCAAGCC 

164 
R: TCTTAAATCTTATGTTGATGC 

satt038 18 (ATT)17 
F: GGGAATCTTTTTTTCTTTCTATTAAGTT 

176 
R: GGGCATTGAAATGGTTTTAGTCA 

satt045 15 (AAT)18 
F: TGGTTTCTACTTTCTATAATTATTT 

139 
R: ATGCCTCTCCCTCCT 

satt063 14 (TAA)20 
F: AAATGATTAACAATGTTTATGAT 

144 
R: ACTTGCATCAGTTAATAACAA 

satt114 13 (AAT)17 
F: GGGTTATCCTCCCCAATA 

108 
R: ATATGGGATGATAAGGTGAA 

satt147 1 (ATA)15 
F: CCATCCCTTCCTCCAAATAGAT 
R: CTTCCACACCCTAGTTTAGTGACAA 

172 

satt191 18 (TAT)19 
F: CTTCCACACCCTAGTTTAGTGACAA 

226 
R: GGGAGTTGGTGTTTTCTTGTG 

satt194 4 
(ATT)4gag F: GGGCCCAACTGATATTTAATTGTAA 

246 
taaatag(TA)5 R: GCGCTTTGTGTTCCGATTTTGAT 

satt197 11 (ATT)20 
F: CACTGCTTTTTCCCCTCTCT 

173 
R: AAGATACCCCCAACATTATTTGTAA 

satt294 4 (TAT)23 
F: GCGGGTCAAATGCAAATTATTTTT 

287 
R: GCGCTCAGTGTGAAAGTTGTTTCTAT 

satt308 7 (TTA)22 
F: GCGTTAAGGTTGGCAGGGTGGAAGT 

170 
R: GCGCAGCTTTATACAAAAATCAACAA 

satt431 16 (AAT)21 
F: GCGTGGCACCCTTGATAAATAA 

230 
R: GCGCACGAAAGTTTTTCTGTAACA 

satt463 7 
(AAT)13(GAT) F: TTGGATCTATATTCAAACTTTCAAG 

221 
17 (AAT)19 R: CTGCAAATTTGATGCACATGTGTCTA 

satt607 4 (AAT)15 
F: GCGGTTTCATCTGCAGTGTATTATTAT 

225 
R: GCGCCACTTAATTATTTCAGATTAATT 

satt646 4 (TTA)11 
F: GCGGGGTATGAATTAATTAATGTAGAAT 

199 
R: GCGCCTTCAAAAACTAATGACATATCAT 

Remaks: aSSR: Simple Sequence Repeats. bF: Forward; R: Reverse. cPCR: Polymerase Chain Reaction; and bp = base pair. 
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 DNA barcoding profiling consisted of multiple 
processes, including the selection of SSR marker 
candidates, the development of a specific identity (ID), 
and the construction of a barcode for each genotype. 
The selected SSR mark for ID construction must have 
a PIC value greater than 0.5 (Botstein et al. 1980). 
Several SSR markers were used in the phylogenetic 
study (Chung et al. 2009). The DNA barcode profile 
was created using a numeric code by assigning a two-
digit specific code obtained from the allele size range 
based on the GelAnalyzer software's analysis of each 
selected SSR marker. The allele size of each SSR 
marker was estimated using the GelAnalyzer software 
analysis (Lestari et al. 2021). Barcodes for each 
genotype were constructed based on numeric set 

numbers available barcode website (Barcodes 2021) 
using an ID. 

 
 

RESULTS AND DISCUSSION 
 

SSR Marker Analysis 
In this study, 17 SSR markers were employed to 

analyze diversity among genotypes (Figure 1). A total 
of 377 alleles were found in 44 genotypes, with an 
average of 22.18 alleles per locus, ranging from 11 to 
39 alleles (Table 3). The satt191 and satt646 markers 
possessed 39 numbers of alleles across the 
genotypes. Uneven recombination and crossing-over 
events occur throughout genotype formation, as 

 
Figure 1 Electropherogram of DNA band pattern produced by satt646 (a) and satt147 (b) markers, migrated on 8% 

polyacrylamide gel. M = 100 bp DNA ladder. 

 
Table 3 Characteristics of 17 SSR markers based on the results of analysis using 44 tropical soybean advanced lines 

SSR markers 
Allele 

number 
Allele size  

(bp) 
Major allele 
frequency 

Gene diversity Heterozigosity PICa  

satt002 11 151-164 0.20 0.86 0.02 0.84 
satt009 28 160-244 0.11 0.94 0.43 0.94 
satt030 21 169-205 0.13 0.93 0.75 0.93 
satt038 17 174-197 0.11 0.92 0.00 0.91 
satt045 23 148-179 0.13 0.93 0.91 0.93 
satt063 15 118-181 0.32 0.84 0.55 0.83 
satt114 19 87-132 0.16 0.91 0.66 0.90 
satt147 27 173-236 0.10 0.95 0.70 0.95 
satt191 39 202-263 0.07 0.96 0.91 0.96 
satt194 11 251-263 0.16 0.88 0.00 0.86 
satt197 19 147-235 0.43 0.78 0.36 0.77 
satt294 16 266-305 0.14 0.92 0.00 0.91 
satt308 26 131-204 0.13 0.94 1.00 0.93 
satt431 33 202-280 0.10 0.95 0.98 0.95 
satt463 19 155-279 0.33 0.82 0.27 0.80 
satt607 14 226-241 0.17 0.90 0.02 0.89 
satt646 39 179-237 0.07 0.96 0.95 0.96 

Total 377       

Average 22.18   0.17 0.91 0.50 0.90 

Remaks: aPIC = Polymorphism Information Content.and bp = base pair. 

 

 a 

 

b 
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indicated by the abundance of SSR alleles found in this 
study (Epstein et al. 2023). The abundance of alleles 
provides evidence for this. Previous research on 
genetic diversity in soybean mutants by Asadi et al. 
(2020) found that the lowest number of SSR alleles (9 
alleles) resulted in a genetic diversity of 79%, while the 
highest number of SSR alleles (28 alleles) resulted in a 
genetic diversity of 96%. 

The average frequency of the major allele 
generated by this study was 0.17, ranging from 0.07 
(satt191 and satt646) to 0.43 (satt197). Lower 
frequencies of the major allele indicate a higher 
diversity at that locus (Pardeshi et al. 2023). The 
majority of the SSR loci examined in this study had an 
average major allele frequency of 0.17, indicating 
significant variability across the genotypes (Table 3). 
The proportion of genetic diversity, which measures the 
amount of genetic variety in a population, ranges from 
78% (satt197) to 96% (satt191 and satt646), with an 
average of 91%. All SSR markers can detect 
heterozygous alleles, and their values range from 0.00 
(satt038, satt194, and satt294) to 1.00 (satt308). The 
satt038 marker has a heterozygosity value of 1, 
indicating that the allele is completely heterozygous 
(Widaningsih et al. 2014). 

 In linkage studies, the PIC value is the widely 
preferred index for measuring the discriminating power 
of a marker or measuring the informativeness of a 
genetic marker. The PIC value is proportional to the 
likelihood that individuals would become heterozygous 
at the locus, while homozygous is not informative (Das 
et al. 2015). PIC values and genetic diversity have a 
positive correlation (Hossain et al. 2020; Mukuze et al. 
2020). In this study, the PIC values varied from 0.77 
(satt197) to 0.96 (satt191 and satt646), with an average 
of 0.90 (Table 3). All SSR markers showed a PIC value 
of ≥0.50, indicating increased genetic differentiation 
across soybean genotypes studied. Six markers have 

a PIC value of <0.90: satt002, satt063, satt194, 
satt197, satt463, and satt607. Six markers have PIC 
values ranging from 0.90 to 0.93: satt030, satt038, 
satt045, satt114, satt294, and satt308. Five markers, 
satt009, satt646, satt147, satt431, and satt191, have a 
PIC of ≥0.94. These markers have the potential to be 
employed in comprehensive genome mapping 
research, genetic mapping and QTL analysis, and 
genomic-assisted selection in soybean breeding 
programs. 

Several studies have highlighted the genetic 
variety of soybean genotypes (Kumar et al. 2022; 
Denwar et al. 2009). Tasma et al. (2018) investigated 
genetic diversity in tropical soybean genotypes (F2) 
and discovered that the PIC of 27 SSR markers ranged 
between 0.87 and 0.96, with an average of 0.94. Ullah 
et al. (2021) found PIC ranging from 0.12 to 0.58, with 
a mean of 0.37. Kumar et al. (2022) found that PIC for 
SSR markers ranged from 0.064 to 0.689, with an 
average of 0.331. Bisen et al. (2015) reported that PIC 
ranged from 0.049 to 0.526 among genotypes, with an 
average of 0.199. Khanande et al. (2016) found that 
PIC ranged from 0.33 to 0.83, with an average of 0.55. 
Furthermore, Wang et al. (2006) discovered that PIC 
ranged between 0.05 and 0.92, with an average of 
0.78. These studies revealed a wide range of PIC, 
demonstrating that soybean genotype diversity varies 
greatly depending on the number of SSR markers 
employed and the number of soybean genotypes 
evaluated in each study.  

 
Phylogenetic Analysis 

Phylogenetic analysis of the 44 tropical soybean 
advanced lines based on 17 SSR markers in this study 
resulted in a genetic similarity level of 83% (Figure 2). 
The two main clusters were found based on their 
genetic similarities.. Cluster I consists of ten genotypes.  

This cluster is further subdivided into two subcluste

 
Figure 2 Phylogenetic tree of 44 tropical soybean advanced lines based on analysis results using 17 SSR markers. 

 

 

Genetic similarity coefficient 

0.83 0.86 0.88 0.91 0.93 
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Table 4 Genetic similarity matrix of 44 tropical soybean advanced lines based on analysis results using 17 SSR markers 
 

 G UD-9 UD-24 UD-26 UD-27 UD-28 UD-38 UD-40 UD-44 UD-48 UD-64 UD-67 UD-68 UD-73 UD-74 UD-76 UD-80 UD-93 UD-96 UD-99 UD-105 UD-114 UD-116 UD-12 UD-13 UD-32 UD-33 UD-36 UD-37 UD-39 UD-42 UD-62 UD-63 UD-70 UD-71 UD-72 UD-81 UD-86 UD-89 UD-90 UD-104 UD-106 UD-115 UD-117

UD-24 0.84

UD-26 0.89 0.86

UD-27 0.84 0.91 0.83

UD-28 0.87 0.91 0.84 0.93

UD-38 0.86 0.82 0.86 0.84 0.84

UD-40 0.84 0.83 0.84 0.84 0.84 0.93

UD-44 0.86 0.86 0.88 0.86 0.86 0.92 0.93

UD-48 0.84 0.84 0.83 0.84 0.86 0.86 0.86 0.84

UD-64 0.88 0.83 0.89 0.84 0.86 0.86 0.82 0.86 0.87

UD-67 0.86 0.87 0.91 0.82 0.83 0.86 0.84 0.88 0.87 0.88

UD-68 0.86 0.87 0.80 0.88 0.87 0.83 0.83 0.84 0.88 0.86 0.86

UD-73 0.83 0.88 0.80 0.82 0.83 0.84 0.83 0.82 0.83 0.80 0.83 0.88

UD-74 0.82 0.83 0.82 0.80 0.82 0.88 0.88 0.87 0.83 0.79 0.84 0.86 0.89

UD-76 0.80 0.84 0.83 0.86 0.86 0.86 0.88 0.86 0.86 0.84 0.80 0.86 0.87 0.87

UD-80 0.82 0.88 0.82 0.87 0.87 0.87 0.86 0.89 0.84 0.84 0.84 0.89 0.88 0.88 0.88

UD-93 0.84 0.84 0.86 0.84 0.82 0.89 0.92 0.91 0.86 0.84 0.86 0.86 0.86 0.89 0.89 0.86

UD-96 0.82 0.83 0.83 0.86 0.83 0.87 0.84 0.88 0.88 0.88 0.88 0.87 0.82 0.83 0.87 0.87 0.88

UD-99 0.80 0.84 0.82 0.80 0.80 0.88 0.88 0.87 0.84 0.82 0.83 0.82 0.87 0.89 0.87 0.83 0.91 0.84

UD-105 0.87 0.88 0.88 0.86 0.88 0.86 0.87 0.88 0.84 0.84 0.87 0.83 0.84 0.87 0.84 0.87 0.88 0.86 0.84

UD-114 0.83 0.84 0.87 0.84 0.83 0.80 0.80 0.83 0.83 0.84 0.87 0.83 0.80 0.82 0.80 0.82 0.80 0.84 0.80 0.87

UD-116 0.80 0.82 0.83 0.80 0.82 0.86 0.83 0.84 0.80 0.84 0.84 0.83 0.84 0.83 0.88 0.88 0.83 0.87 0.86 0.84 0.82

UD-12 0.92 0.83 0.87 0.86 0.82 0.84 0.83 0.83 0.84 0.87 0.87 0.84 0.80 0.83 0.79 0.82 0.84 0.83 0.79 0.86 0.89 0.79

UD-13 0.87 0.83 0.84 0.84 0.87 0.89 0.84 0.87 0.83 0.83 0.84 0.86 0.84 0.88 0.83 0.87 0.83 0.83 0.82 0.87 0.86 0.84 0.87

UD-32 0.82 0.84 0.84 0.84 0.84 0.84 0.84 0.87 0.80 0.82 0.84 0.82 0.86 0.88 0.82 0.86 0.84 0.84 0.83 0.93 0.87 0.84 0.84 0.88

UD-33 0.84 0.82 0.83 0.82 0.82 0.87 0.89 0.89 0.79 0.80 0.82 0.80 0.86 0.89 0.86 0.86 0.88 0.82 0.86 0.89 0.83 0.82 0.86 0.87 0.92

UD-36 0.88 0.86 0.86 0.83 0.86 0.88 0.89 0.91 0.84 0.83 0.84 0.84 0.84 0.88 0.84 0.86 0.89 0.86 0.87 0.93 0.86 0.82 0.87 0.88 0.89 0.91

UD-37 0.91 0.84 0.84 0.83 0.87 0.91 0.87 0.86 0.86 0.84 0.86 0.84 0.88 0.88 0.86 0.84 0.88 0.84 0.84 0.91 0.82 0.83 0.88 0.91 0.88 0.89 0.89

UD-39 0.87 0.84 0.87 0.83 0.86 0.88 0.92 0.88 0.86 0.84 0.88 0.83 0.86 0.89 0.88 0.86 0.91 0.84 0.86 0.93 0.84 0.84 0.87 0.86 0.88 0.91 0.89 0.93

UD-42 0.87 0.82 0.86 0.83 0.84 0.93 0.88 0.88 0.84 0.86 0.86 0.84 0.87 0.87 0.84 0.84 0.89 0.84 0.86 0.88 0.82 0.84 0.87 0.89 0.88 0.89 0.91 0.93 0.91

UD-62 0.84 0.82 0.87 0.84 0.82 0.80 0.79 0.82 0.83 0.89 0.87 0.83 0.78 0.80 0.80 0.79 0.83 0.88 0.80 0.83 0.91 0.80 0.89 0.79 0.83 0.80 0.80 0.82 0.83 0.83

UD-63 0.87 0.87 0.84 0.89 0.86 0.82 0.80 0.83 0.82 0.89 0.84 0.84 0.80 0.80 0.82 0.83 0.84 0.87 0.82 0.84 0.84 0.80 0.91 0.80 0.83 0.83 0.83 0.86 0.84 0.83 0.92

UD-70 0.83 0.87 0.86 0.88 0.87 0.83 0.84 0.88 0.80 0.84 0.86 0.86 0.83 0.86 0.87 0.91 0.87 0.88 0.82 0.91 0.86 0.86 0.83 0.89 0.89 0.87 0.87 0.86 0.88 0.83 0.83 0.86

UD-71 0.80 0.86 0.81 0.84 0.81 0.88 0.84 0.84 0.82 0.85 0.82 0.85 0.93 0.85 0.89 0.88 0.88 0.88 0.88 0.84 0.81 0.88 0.80 0.85 0.85 0.84 0.82 0.86 0.84 0.86 0.80 0.82 0.86

UD-72 0.80 0.83 0.86 0.82 0.83 0.84 0.84 0.84 0.80 0.87 0.86 0.79 0.86 0.87 0.88 0.84 0.87 0.86 0.88 0.87 0.83 0.86 0.82 0.82 0.84 0.87 0.83 0.86 0.91 0.84 0.84 0.87 0.87 0.89

UD-81 0.83 0.87 0.82 0.89 0.88 0.84 0.84 0.87 0.84 0.83 0.86 0.87 0.84 0.84 0.84 0.89 0.84 0.84 0.80 0.87 0.86 0.84 0.87 0.86 0.87 0.84 0.86 0.84 0.87 0.86 0.83 0.86 0.86 0.82 0.84

UD-86 0.86 0.82 0.86 0.79 0.80 0.82 0.84 0.84 0.83 0.80 0.83 0.82 0.83 0.86 0.80 0.82 0.84 0.82 0.82 0.88 0.83 0.80 0.84 0.86 0.89 0.88 0.86 0.86 0.86 0.83 0.80 0.79 0.86 0.81 0.82 0.79

UD-89 0.81 0.85 0.86 0.86 0.84 0.86 0.86 0.86 0.84 0.86 0.85 0.82 0.82 0.84 0.88 0.85 0.91 0.89 0.86 0.88 0.82 0.84 0.82 0.82 0.84 0.85 0.86 0.86 0.89 0.86 0.82 0.86 0.88 0.88 0.93 0.85 0.81

UD-90 0.87 0.89 0.83 0.89 0.88 0.84 0.84 0.86 0.86 0.82 0.86 0.89 0.86 0.84 0.84 0.87 0.86 0.88 0.80 0.91 0.87 0.83 0.87 0.88 0.88 0.86 0.88 0.91 0.88 0.86 0.84 0.87 0.91 0.85 0.83 0.89 0.86 0.86

UD-104 0.84 0.83 0.89 0.79 0.82 0.89 0.86 0.89 0.80 0.86 0.92 0.83 0.84 0.88 0.80 0.83 0.88 0.84 0.87 0.86 0.83 0.84 0.83 0.87 0.86 0.86 0.86 0.87 0.87 0.89 0.84 0.83 0.86 0.84 0.86 0.83 0.83 0.84 0.82

UD-106 0.84 0.86 0.82 0.84 0.84 0.86 0.86 0.88 0.86 0.84 0.88 0.85 0.88 0.86 0.85 0.90 0.86 0.86 0.82 0.85 0.80 0.84 0.84 0.85 0.86 0.89 0.85 0.88 0.86 0.85 0.78 0.84 0.86 0.86 0.85 0.88 0.86 0.86 0.86 0.86

UD-115 0.83 0.87 0.82 0.87 0.87 0.82 0.82 0.83 0.88 0.86 0.86 0.88 0.86 0.83 0.86 0.87 0.83 0.91 0.80 0.84 0.86 0.82 0.83 0.83 0.84 0.83 0.84 0.86 0.83 0.82 0.87 0.87 0.86 0.84 0.82 0.87 0.83 0.84 0.92 0.82 0.89

UD-117 0.80 0.82 0.84 0.82 0.81 0.85 0.84 0.84 0.80 0.82 0.86 0.84 0.88 0.86 0.86 0.85 0.86 0.86 0.86 0.84 0.85 0.89 0.82 0.86 0.86 0.84 0.84 0.85 0.85 0.84 0.81 0.82 0.88 0.89 0.89 0.88 0.82 0.88 0.86 0.88 0.87 0.85

UD-118 0.82 0.82 0.83 0.86 0.83 0.82 0.80 0.78 0.83 0.84 0.83 0.84 0.82 0.79 0.83 0.82 0.82 0.83 0.80 0.80 0.88 0.83 0.86 0.80 0.80 0.80 0.78 0.80 0.80 0.83 0.89 0.86 0.80 0.82 0.82 0.86 0.80 0.81 0.83 0.83 0.84 0.87 0.85
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This cluster is further subdivided into two subclusters: 
IA and IB. The IA subcluster has eight genotypes: UD-
9, UD-12, UD-64, UD-62, UD-63, UD-26, UD-67, and 
UD-104. The IB subcluster has only two genotypes: 
UD-114 and UD-118. The five genotypes in sub-cluster 
IA: UD-9, UD-12, UD-64, UD-62, and UD-63, are all 
produced from the same cross, Grobogan × Melrose 
(Table 1), hence the lines have the same genetic 
background. Cluster II contains 34 genotypes. This 
cluster is further divided into two sub-clusters: IIA and 
IIB. Sub-cluster IIA comprises 12 genotypes, while sub-
cluster IIB has 22 genotypes (Figure 2). Several 
genotypes are classified based on the same genetic 
background (Table 1). 

The genetic similarity between genotype pairs 
ranged from 0.78 to 0.93 (Table 4), indicating the 
genetically diverse nature of the lines. This variety of 
similarities is conceivable since the genotypes 
investigated in this study were derived from five 
separate pairings of crossings between five distinct 
male parents (Melrose, Vernal, Glycine H, 
Paranagoiana, and Hinson lj) and one female parent of 
the same female (Grobogan) (Tasma et al. 2018). 
Genetic similarity between 0.78 and 0.80 occurred in 
8.56% (81 genotype pairings) of the genotypes tested. 
This shows that the genotypes are genetically distinct, 
which could be attributed to a combination of diverse 
parent genomes. The genotype with the highest 
genetic similarity (0.93) in 11 genotype pairs had a very 
close relationship and originated from the same cross. 
This genetic similarity result suggests that genotype 
pairs are 93% identical, with a 7% difference. 

The results of grouping in phylogenetic analysis 
studies can be utilized to pick parents in breeding 
operations. In this study, phylogenetic analysis 
identified two major clusters with an 83% genetic 
similarity (Figure 2). Previous research has found 75% 

genetic similarity with two main clusters (Lestari et al. 
2021), 76% with two main clusters (Tasma et al. 2018), 
and 57% with three significant clusters (Pardeshi et al. 
2023). The discrepancies in genetic similarity across 
the research listed above were caused by variances in 
the types and numbers of soybean genotypes 
evaluated, as well as the types and numbers of SSR 
markers employed in each study. According to Hossain 
et al. (2020), the value of genetic similarity can be 
utilized to estimate the degree of link between the 
genotypes under consideration. 

The important of diversity in plant breeding 
initiatives should not be underestimated (Wibisono et 
al. 2022). The measurement of diversity in a certain 
plant provides basic data for selecting parental lines in 
a plant breeding program. Crossover between 
genotypes from the same cluster is undesirable since it 
does not result in the desired segregants. When 
genotypes with identical genetic traits are clustered 
together, it implies a lack of diversity (Kachare et al. 
2020). In contrast, genotypes with larger genetic 
spacing, such as those represented by various 
clusters, indicate higher diversity among the clusters. 

 
Creation of DNA Barcoding 

This study analyzed the DNA barcoding profile 
using five efficient and informative SSR markers: 
satt009, satt646, satt147, satt431, and satt191, with a 
PIC of ≥0.94 (Tables 5 and 6). These SSR markers 
were able to differentiate all 44 soybean genotypes 
studied (Figure 3), as evidenced by phylogenetic trees 
comparable to those created using all 17 SSR markers 
(Figure 2). Five selected SSR markers were utilized to 
generate IDs in the form of numerical codes. This 
numeric code is referred to as the genotype's 
"barcode". Barcodes are generated based on the allele 
size range (Table 5). The allele size range of each SSR 

 
Figure 3 SSR Clustering of 44 tropical soybean advanced lines based on selected 5 SSR markers (satt009, satt646, satt147, 

satt431, and satt191). 
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marker was calculated using GelAnalyzer software 
(Table 6). Numerical codes were used to genetically 
differentiate each genotype utilizing a digitizing 
technique. For example, the SSR markers satt009 
produced 14 integer codes that represent the amplified 
homozygous allele sizes (Table 5). Numerical codes 
were used to generate genotype IDs (Table 7). The 
employment of a digital code system to create genetic 
identification protects genotypes from counterfeiting, 
theft of genetic material, and the protection of protected 
superior genotypes (Lestari et al. 2021). 

DNA barcodes have been successfully developed 
utilizing SSR marker data from a variety of plant 
species. For example, Chinnappareddy et al. (2012) 

successfully established a DNA barcode for eggplant, 
whereas Kanupriya et al. (2011) created a DNA 
barcode for guava. Previous researchers have also 
concentrated on the creation of barcodes with SSR 
marks on soybeans. In one study, 102 soybean 
varieties from India were examined using 10 highly 
polymorphic SSR markers chosen specifically for their 
PIC (Rani et al. 2016). These ten SSR markers are 
utilized to generate a barcode with a specific 10-digit 
number that acts as the identifying code for each 
soybean variety. Harisha et al. (2021) also shown how 
to translate allele variations seen on 53 SSR markers 
into DNA barcode profiles by separating allele sizes at 
each SSR locus. Sohn et al. (2017) proposed a 

Table 5 The code of each allele size range of the five selected SSR markers (satt009, satt646, satt147, satt431, and satt191) 
used to develop DNA barcoding profiles of the 44 tropical soybean advanced lines 

Code 
Allele size ranges 

satt009 satt646 satt147 satt431 satt191 

00 160-163 179-182 173-176 202-205 202-205 
01 164-167 183-186 177-180 206-209 206-209 
02 168-171 187-190 181-184 210-213 210-213 
03 172-175 191-194 185-188 214-217 214-217 
04 176-179 195-198 189-192 218-221 218-221 
05 180-183 199-202 193-196 222-225 222-225 
06 184-187 203-206 197-200 226-229 226-229 
07 188-191  201-204 230-233  
08 192-195  205-208 234-237  
09 196-199  209-212 238-241  
10 200-203  213-216   
11 204-207     
12 208-211     
13 212-215         

 
Table 6 Allele sizes of each selected SSR marker (satt009, satt646, satt147, satt431, and satt191) based on analysis using 

GelAnalyzer software 

Genotype 

Allele size (bp) 

Genotype 

Allele size (bp) 

satt 
009 

satt 
646 

satt 
147 

satt 
431 

satt 
191 

satt 
009 

satt 
646 

satt 
147 

satt 
431 

satt 
191 

UD-9 161 195 208 205 209 UD-12 163 199 207 202 210 
UD-24 213 196 209 238 214 UD-13 167 201 206 237 209 
UD-26 161 195 180 206 207 UD-32 215 200 205 206 208 
UD-27 167 196 213 210 211 UD-33 215 184 207 205 208 
UD-28 168 196 214 209 206 UD-36 212 200 207 205 207 
UD-38 164 180 214 211 206 UD-37 162 186 205 205 207 
UD-40 162 179 214 210 202 UD-39 162 185 205 206 205 
UD-44 163 195 211 212 207 UD-42 161 183 206 206 207 
UD-48 212 191 209 211 205 UD-62 162 195 173 207 210 
UD-64 163 196 176 209 208 UD-63 162 198 175 204 210 
UD-67 163 194 211 209 215 UD-70 167 198 206 235 220 
UD-68 168 198 209 241 213 UD-71 213 184 174 210 222 
UD-73 215 184 209 241 224 UD-72 166 184 174 206 222 
UD-74 169 199 211 241 225 UD-81 165 199 209 206 210 
UD-76 166 186 178 212 225 UD-86 210 193 208 221 209 
UD-80 167 206 210 241 219 UD-89 166 184 175 229 210 
UD-93 163 186 211 212 212 UD-90 165 195 207 203 213 
UD-96 211 196 176 210 212 UD-104 160 198 212 208 208 
UD-99 215 187 209 211 228 UD-106 209 191 210 204 214 

UD-105 215 204 208 209 209 UD-115 209 197 176 204 210 
UD-114 215 201 208 206 212 UD-117 164 202 180 233 212 
UD-116 169 204 179 208 227 UD-118 210 203 215 206 212 

 

 
Copyright © 2025 by Authors, published by Indonesian Journal of Agricultural Sciences. 
This is an open-access article distributed under the CC-BY-NC 4.0 License 
(https://creativecommons.org/licenses/by-nc/4.0/) 

https://creativecommons.org/licenses/by-nc/4.0/


JIPI, Vol. 30 (2): 293−304  301 

 

 

barcode technique for soybean genetic identification 
that uses particular InDel markers. 

These barcode profiles (Table 7) aid in the 
discovery of genotypic variances, making them an 
invaluable tool for exact identification of individuals. 
These barcode profiles also serve as a reference or 
standard for DNA barcode libraries (Kanupriya et al. 
2011), defend intellectual property rights such as plant 
variety protection (Diwan and Cregan 1997) and settle 
economic disputes (Jian et al. 2014). The barcode 
construction employing a mix of SSR markers gives 
methodological advice for creating a uniform DNA 
barcode database and carrying out future mapping 
assessments of soybean varieties. Molecular 
characterisation using polyacrylamide gel 
electrophoresis is predicted to increase the accuracy 
and precision of soybean variety identification. Many 
studies have demonstrated the utility of barcodes 
created in soybean breeding programs for selecting 
pure lines during the breeding process (Rani et al. 
2016; Harisha et al. 2021). We expect that the genetic 
barcodes obtained from our research will be useful in 
genetic analysis and soybean breeding efforts targeted 
at improving variety. In the future, it will be extremely 
beneficial to be able to create a barcode system that 
assigns distinct identities to additional soybean 
genotypes. 

 
 

CONCLUSION 

 
SSR marker analysis showed distinctive 

polymorphism among the 44 tropical soybean 
advanced lines analysed in this study. A total of 377 
alleles were identified, with an average of 22.18 alleles 
per SSR locus. The polymorphism information content 
(PIC) ranged from 0.77 to 0.96, with an average of 
0.90. The forty-four soybean genotypes examined in 
this study were grouped into two major clusters based 
on phylogenetic analysis, with an 83% genetic similarity 
level. Five markers (satt009, satt646, satt147, satt431, 
and satt191) with a PIC of ≥0.94 were found to be 
informative and acceptable for constructing DNA 
barcodes. The developed barcode is intended to be 
useful for DNA fingerprint and protecting the superior 
lines of tropical soybeans studied in this study. 
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