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Abstract—Genetic variability of 66 soybean (Glycine max (L.) 

Merril) genotypes comprising 25 improved varieties from 

Indonesia and 41 introduced genotypes was estimated using 

ten Single Nucleotide Amplified Polymorphism (SNAP) 

markers to complement the morphological characters 

searched from public domain. A number of  quantitative 

morphological characters (plant height, seed weight and 

yield) showed high variations (CV>20%), while the diversity 

of qualitative morphological characters was relatively 

moderate (0.25-0.50). Yield was strongly correlated with 

seed weight, but moderately correlated with oil content. 

Eigen values indicated the highest variation on stem 

determination, flower color, seed coat color, plant height, 

seed weight, protein content, oil content and yield, 

suggesting their contribution as selection descriptors. 

Indonesian improved varieties less varied than introduced 

genotypes  according to the morphology. The relationship 

among genotypes according to morphological characters 

was not relevant with the origin. The dendrogram 

constructed based on genetic similarity among 66 genotypes 

using SNAP identified four main clusters with a cut off of 

0.59. Indonesian improved varieties were more narrow their 

genetic than introduced genotypes. Indonesian improved 

varieties were closer to genotypes from East Asia than those 

from United States, indicating their origin relation. Notably, 

phylogenetic analysis based on SNAP markers confirmed 

clearer separation than morphological characters. This 

information could be useful for efficient identification of 

genotypes and selection in the future soybean breeding in 

Indonesia. 

 

Index Terms—genetic variability, morphology, SNAP, 

soybean 

 

I. INTRODUCTION 

Soybean (Glycine max (L.) Merrill) is the third 

important commodity in Indonesia next to rice and maize. 

Cultivated soybean in Indonesia, however, has still 

produced lower yield compared to that in other major 

soybean producing countries. Its supply is not sufficient 

due to a large increased Indonesian population. Several 
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factors may limit the soybean productivity in Indonesia, 

i.e. its inconsistent growth in tropics in comparison with 

that in the origin subtropical region, unsuitable soil and 

low supporting environment of soybean growth, more 

diverse of pests and diseases in tropical region than in 

subtropics, and low inputs for the cultivation. In 2015, 

soybean demand in Indonesia was accounted 2.54 million 

tons/year, whereas the soybean production only reached 

963,183 thousand tons/year [1]. Unbalancing 

consumption and production of soybean will demand a 

continued growth in soybean imports. Thus, 

extraordinary growth and higher production of soybean in 

wider cultivation areas should be addressed in the present 

scenario [2]. 

The genetic variability of soybean genotypes is 

considerable narrow [3] as a result of being self 

pollinated legume crop, thus, this plant is usually highly 

inbreeding. To date, at least 80 soybean varieties have 

been developed and released in Indonesia for many 

purposes of different agro climatic conditions, early 

maturity and high yield potential  through introduction, 

mutation, selection of local varieties, and hybridization. 

The hybridization of soybean in Indonesia predominantly 

used selected genotypes as parental lines that led to 

narrower genetic basis than other approaches. However, a 

lot of valuable genetic resources of soybean is yet to be 

completely untapped to broaden the genetic basis and to 

enhance soybean productivity. Therefore, the genetic 

diversity of soybean germplasm is important to be 

elucidated for further utilization in breeding program. 

Despite the important of this crop, soybean has been 

informed that it was domesticated in East Asia, and then 

it has been spread to other countries. Archaeological 

research has also brought to give an extensive record for 

soybean which encompassed the North China, South 

Korea, and Japan [4]. At present, United States (US), 

Brazil and China are considered as some of top ten 

soybean producing countries in the world. US have the 

second largest soybean collections of 21,810 soybean 

accessions [5]. Introduction of soybean genotypes from 
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such subtropical countries could increase the genetic 

diversity. Precise genetic diversity, relationship and clear 

distinctness between introducing and existing genotypes 

will gain a greater importance. However, morphological 

characterization has limitation of low polymorphism, low 

heritability, late in expression, and highly affected by 

environment. Less popularity of such characterization 

bring new era of molecular marker technique for varietal 

identification and genetic diversity of soybean germplasm 

assessment [6], [7]. This molecular marker is more 

informative, stable and reliable, compared to pedigree 

analysis and morphological diversity, as demonstrated in 

current studies of utilization of molecular markers for 

identification of diverse genotypes for crossing [8].  

SNAP (Single Nucleotide Amplified Polymorphism), a 

PCR-based marker to identify Single Nucleotide 

Polymorphisms (SNP) is easy, rapid and simple. This 

SNAP is co-dominant marker which is beneficial as a 

selection tool for segregating population. SNAP is a 

specific allele marker that can amplify targeted allele. A 

number of studies using SNAP markers were done for 

identification of desired traits in plant species such as 

supernodulating in soybean, rice eating quality, resistance 

to disease in banana, and unsaturated fat content of palm 

and others [9]-[12]. The combined morphological and 

molecular markers expectedly can increase the accuracy 

of soybean genetic variability and relationships to 

effectively select parental lines. This study aimed to 

examine the genetic diversity and relationship of 

introduced soybean genotypes compared to Indonesian 

improved varieties based on morphological traits and 

SNAP markers. 

II. MATERIALS AND METHODS 

A. Plant Materials 

A total of 66 soybean genotypes consisting of 41 

genotypes introduced from the US Department of 

Agriculture (USDA) and 25 improved varieties from 

Indonesia obtained from the gene bank of Indonesian 

Agency for Agricultural Research and Development 

(IAARD) under the management of Indonesian Center for 

Agricultural Biotechnology and Genetic Resources 

Research and Development (ICABIOGRAD), were used 

in this study. The introduced genotypes were 

predominantly originated from US (35 genotypes) and the 

remaining was sourced from China, Japan and South 

Korea. The information of 66 soybean genotypes and 

their country origin is presented in Table I. 

TABLE I.  LIST OF 66 SOYBEAN GENOTYPES WITH THEIR ORIGIN 

USED IN THIS STUDY 

Genotype Country origin Genotype Country origin 

Early Sunrise SD, US Strong Ohio, US 

Houjaku Kuwazu Japang Daksoy ND, US 

Suweon 97 S. Korea Chun_Dou China 

Johnston NC, US Bolivar MSP, US 

Lawrence Illinois, US Pace MSP, US 

Flyer Ohio, US Tie-Feng-8 China 

GR 8836 Ohio, US LS_201 Lowa, US 

Sprite Ohio, US Desha ND, US 

Ripley Ohio, US Malabar Indonesia 

Perrin SC, US 
Lumajang 

Bewok 
Indonesia 

Resnik Ohio, US Galunggung Indonesia 

SS_202 Lowa, US Ijen Indonesia 

Hobbit Ohio, US Wilis Indonesia 

Hoyt Ohio, US Otau Indonesia 

Pixie Ohio, US Davros (1248) Indonesia 

Gnome 85 Ohio, US Gumitir Indonesia 

Archer Lowa, US Mitani Indonesia 

Hartwig MSR, US Cikuray Indonesia 

Lee 74 MSP, US Krakatau Indonesia 

Cobb Florida, US Sindoro Indonesia 

Manchukota China Seulawah Indonesia 

Braxton Florida, US Baluran Indonesia 

Dowling Texas, US Leuser Indonesia 

Brim NC, US Detam 2 Indonesia 

Sandusky Ohio, US Pangrango Indonesia 

Lyon MSP, US Gepak Ijo Indonesia 

HuangMao 
BaiShui Dou 

China Bromo Indonesia 

Savoy Illinois, US Jaya Wijaya Indonesia 

Dwight Illinois, US Tampomas Indonesia 

TN4-94 TNS, US Kaba Indonesia 

Apollo Michigan, US Gepak Ijo (4440) Indonesia 

Stout Ohio, US Merapi Indonesia 

HS93-4118 Ohio, US Muria Indonesia 

MSP = Mississippi, TNS = Tennessee, MCG = Michigan, US = United 

States, S. Korea = South Korea 

B. Search of Morphological Data on Public Data Base 

Morphological characters of 41 introduced genotypes 

were retrieved from USDA GRIN database 

(https://npgsweb.ars-grin.gov/), while the morphological 

traits data of 25 Indonesian improved varieties were 

obtained from variety description issued by Indonesian 

Legumes and Tuber Crops Research Institute [13] at link 

of 

http://balitkabi.litbang.pertanian.go.id/images/stories/upload

s/publikasi/juknis/2016_deskripsi/kedelai.pdf). Qualitative 

(flower color, seed color and stem determination) and 

quantitative morphological characters (plant height, 

weight of 100 seeds, protein content, oil content and yield) 

were collected. Some qualitative morphological 

characters that were searched were categorized properly 

comprising flower color (1: white, 2: purple), seed color 

(1: yellow, 2: greenish, 3: black), and stem determination 

(1: determinate, 1: semi-determinate, 3: indeterminate). 

2

Journal of Advanced Agricultural Technologies Vol. 6, No. 1, March 2019

©2019 Journal of Advanced Agricultural Technologies

https://npgsweb.ars-grin.gov/


Analyses of quantitative and qualitative  traits 

variability used NCSS 11 and PowerMarker V3.25, 

respectively. Principal Component Analysis (PCA) of 

total genotypes used XLSTAT version 2016. Pearson 

Corelation (n) was determined in accordance to previous 

report [14]. This correlation was also presented in the 

specific category (r of ± 0.50 = strong, r of ± 0.30 

a=moderate, and r of ± 0.10 = weak). Philogenetic tree 

was constructed  using NCSS 11 software with Group 

Average (Unweighted Pair-Group) based on the Distance 

Method by Euclidean and Scalling Method using Standar 

Deviation [15]. 

C. DNA Isolation 

For DNA extraction, soybean seeds were planted in 

green house for 4 weeks. Young leaves from healthy 

plants were collected and stored at -80
o
C until used. As 

many as  0.5 g leaves cut ±2 cm were ground in 2 ml tube 

with blue pestle using extraction buffer. Genomic DNA 

was isolated using Cetyl Trimethyl Ammonium Bromide 

(CTAB) according to standard protocol [16]. DNA was 

dissolved with TE buffer and added with RNAase to 

eliminate RNA contaminant. The quality and quantity of 

DNA were determined using NanoDrop
TM

 2000 

Spectrophotometer (Thermo Scientific, USA) at A260/A280 

and A260/A230. The DNA was migrated on 1% agarose gel 

and visualized under Gel Doc-UV imager (Thermo fisher 

Sci., USA).  

D. PCR Amplification Using SNAP Markers 

PCR amplifications of 66 genotypes were carried out 

using 10 Single Nucleotide Amplified Polymorphism 

(SNAP) primers which were designed from SNPs 

selected in the Indonesian Agency for Agricultural 

Research and Development (IAARD) genome database 

(http://genom.litbang.pertanian.go.id). The list of SNAP 

primers with their detailed information is given in Table 

II. PCR reaction was performed in PCR Thermal Cycler 

(Biometra Thermal Cycler, USA)  in 10 µL volume of 

mixture consisting of 40 ng/µL genomic DNA, 5 pmol of 

each forward and reverse primer, 5 µL of KAPA2G-fast 

host start ready mix. The amplification reaction used 

thermal profiling with set up of as follows: initial 

denaturation at 94
o
C for 5 minutes, followed by  94

o
C for 

30 sec, 63
o
C for 1 min, for 38 cycles. A final extension 

was performed at 72
o
C for 10 min [17]. The amplified 

products were separated on 1.5% SYBR Green safe 

agarose gel and visualizated on Gel Doc-UV imager 

(Thermo fisher Sci., USA).  

Allele scoring was performed based on the bands 

presence (reference allele of William 82) or absence 

(alternate allele) without ambiguity, denoting 1/1 and 2/2, 

respectively. Summary statistic such as gene diversity 

and polymorphisms information content (PIC) was 

analysed using PowerMarker V3.25 [18]. The 

phylogenetic tree was generated using binary data of 

SNAP alleles, by converting the band presence and 

absence into “1” and “0”, respectively. The binary data 

was subjected to analyze using NTSYS v2.11X. Genetic 

similarity was calculated based on Jaccard similarity 

index, and Unweighted Pair Group Method with 

Arithmetic Mean (UPGMA) clustering was performed 

with default “SAHN” module in NTSYS-package [19]. 

TABLE II.  LIST OF 10 SNAP PRIMERS WITH THEIR SEQUENCES USED IN THIS STUDY 

SNAP primers 
Ref. 

allele 

Alt. 

allele 
Sequences (5'-3') Gene Description 

Product 
size 

(bp) 

Ann. 
temp. 

(o) 

SOY-SNAP 1.1 L A T 
F-GCACAGGATCCAGATCACTGATACCTGTAAGA 
R-ATGTTTGAAACTGAAGACTCAGGAACAAGAAGG 

Auxin response factor 375 63 

SOY-SNAP 1.2 L A G 
F-GTTGCATGTTTGGATTGACTATGAAGCTAGTTAAAA 

R-ATATCATTGCAGCAAGAACTCTCAAAAAGCAAT 
Legume lectin domain 335 63 

SOY-SNAP 1.3 L A C 
F-TTTTCCAACAACAGCATTTTCAAAATTGTTACA 

R-GGTTGATTTGATTGTAAAAGAAGAAAAGAGAAAAGG 
Peroxidase 328 63 

SOY-SNAP 1.4 L T A 
F-AACGTAAAATATGAAATTAGACACTATCTTCGCTT 
R-TTTCTCAGTGACTAATATAACCTGTGGTCTCGTGA 

Chitinase class I 326 63 

SOY-SNAP 1.5 L T A 
F-CTCAATGCCTCAACATCAATGCGTGT 

R-TGAAAAGACCTGAGATTGTCACATTCTGTCC 

Myb-like DNA-binding 

domain 
347 63 

SOY-SNAP 2.1 L T G 
F-GGATGTGAGGATGAGCAGGGGTAAGAT 

R-TCATCATTTTCACTTTGCAGCCATTTCA 

Pollen proteins Ole e I 

like 
350 63 

SOY-SNAP 2.2 L G T 
F-GATGAGTTGCAAAGCTTGACACACCTACG 
R-AGCTCAAAATTTCCTGTACAAGCAAGAAGAGATC 

No apical meristem 
(NAM) protein 

332 63 

SOY-SNAP 2.3 L T G 
F-CCCGTTTTCGGCTCTGAAGGCT 

R-AAAGCTTCCATTTCATTTATTCATTCCTTCCC 

Galactoside-binding 

lectin 
346 63 

SOY-SNAP 2.4 L T C 
F-CATGTTCAAAAGTTCCATCCACAGACAAAGTT 

R-CAGAAGAGAAGAGAAAAGTACGAGGAACAGGC 
Protein tyrosine kinase 343 63 

SOY-SNAP 2.5 L G A 
F-GATGTTGATGAAGAAGATGAGGCATCAGTTG 
R-TAGACAACGTCCACCGCCCATAACA 

Stigma-specific protein, 
Stig1 

374 61 

Note: Ref. = Reference, Alt. = Alternate, Prod.size = Product size, Ann. Temp. = Annealing temperature. 

 

III. RESULTS AND DISCUSSION 

A. Morphological Variability 

In our study, a number of qualitative and quantitative 

morphological traits searched were analysed the pattern 

and extended genetic diversity of 66 soybean genotypes 

which showed a high variability. Qualitative 

morphological traits (flower and seed color, stem 

determination) had moderate diversity, and the highest 

was on flower color (diversity of 0.397) and stem 

determination (diversity of 0.396). Among quantitative 

morphologies, plant height (28.48%), weight of 100 seeds 

(26.41%) and yield (36.03%) revealed the high diversity. 
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These values were higher compared to previous reports 

even though using more number (260 genotypes) [20], 

unlike other study [21] that only observed 42 soybean 

genotypes. In contrast, protein content (8.65%) with low 

CV values reflected less heterogeneus quantitative 

morphological traits. The highest values of yield 

(Sandusky), plant height (Sprite), seed weight, oil and 

protein content (Hobbit) were exhibited by mostly 

introduced genotypes, indicating their superiority as high 

latitude legume crop. The diverse soybean genotypes 

based on the country origin from subtropics to tropics 

which have different climate and environments, could 

contribute to their high variability, as demonstrated in our 

study. The quantitative morphological traits variability is 

presented in Table III.  

TABLE III.  QUANTITATIVE MORPHOLOGICAL TRAITS VARIABILITY OF 

66 SOYBEAN GENOTYPES 

Traits Min Max Range Mean 
St. 

Dev 

CV 

(%) 

Height (cm) 46.00 123.00 77.00 75.07 21.39 28.49 

Seed weight  

(g/100 seeds) 
6.82 25.20 18.38 13.17 3.48 26.41 

Protein content (%) 32.10 47.10 15.00 40.46 3.50 8.65 

Oil content (%) 7.50 22.10 14.60 18.67 2.96 15.87 

Yield (ton/ha) 0.91 3.97 3.06 2.55 0.92 36.03 

 

TABLE IV.  CORRELATION MATRIX AMONG SOYBEAN TRAITS BASED ON PEARSON COEFFICIENT U SOFTWARE 

Variables Stem determination Flower color Seed color Plant height Seed weight Protein content Oil content 

Stem determination        

Flower color 0.232       

Seed color -0.228 0.052      

Plant height 0.410* 0.017 -0.203     

Seed weight 0.366* 0.027 -0.322* 0.202    

Protein content 0.136 -0.213 -0.131 0.426* 0.233   

Oil content 0.245 -0.094 -0.494* 0.187 0.536* 0.027  

Yield 0.402* -0.039 -0.292 0.307* 0.558* 0.199 0.456* 

 

Based on pearson correlation [14], positive strong 

correlations were found between seed weight with oil 

content (r= 0.536), and seed weight with yield (r= 0.558). 

Notably, soybean yield was moderately correlated with 

oil content (r= 0.456), stem determination (r= 0.402) and 

plant height (r= 0.307) (Table IV). The similar result was 

relevant to of Ojo et al. (2012) and Androver et al. (2013) 

studies that  the plant yield has strong correlation with 

pod per plant (r= 0.610).Such correlation is important for 

breeding effort to increase the plant yield in soybean. 

While the first 2 Principal Components (PCs) having 

eigen values of 2.88 and 1.27 showed that the eight 

morphological traits (stem determination, seed color, 

plant height, seed weight, protein content, oil content  and 

yield) explained the most variation (51.89% of total 

variation) (Table V), indicating their potential for 

descriptors in soybean. Thus, the significant positive 

eigenvector values in PC1 but negative values in PC2 of 

certain traits, suggested their attributable for further 

characterization or preservation [22].  

TABLE V.  EIGENVECTOR OF THE FIRST 2 PRINCIPAL COMPONENT OF 

EIGHT MORPHOLOGICAL TRAITS 

Traits PC1 PC2 

Stem determination 0.368 -0.195 

Flower color -0.011 -0.584 

Seed color  -0.353 0.085 

Plant height 0.334 0.333 

Seed weight 0.448 -0.136 

Protein content 0.237 0.662 

Oil content 0.414 -0.205 

Yield 0.447 -0.060 

PCA of 66 genotypes based on eight morphological 

traits were clustered into four distinctive groups (Fig. 1). 

Group 1 consisted of 16 Indonesian improved varieties 

and some introduced genotypes, of which mostly having 

purple flower, short,and seed weight <13 gram/100 seeds. 

Similarly, group 2 comprised mixed genotypes with high 

protein content, and low to moderate of seed weight. 

While the other eight introduced genotypes belonged to 

group 3 suggested their specific morphology of high plant 

height and protein content (41.5%), determinate, white 

flower, yellow seed, and yield >2.8 tons/ha). The 

remaining 27 introduced genotypes with different 

characters in group 4 commonly possessed indeterminate, 

high yield (>3 tons/ha), yellow seed, oil content above 

17.8% and purple flower. Morphological markers 

allowed to identify the superiority of introduced 

genotypes in Group 3 and 4 on PCA (high protein content, 

oil content, plant height and yield). However, 

indeterminate growth of some genotypes should be 

considered when choosing parents to be crossed with 

Indonesian varieties which mostly having determinate to 

semi determinate type. Indonesian varieties in cluster 1 

were suggested to be crossed with introduced genotypes 

in cluster IV-VII because of far genetic distance, relevant 

to previous report [23]. Parental lines from the origin 

subtropical region should, however, considered the 

typical character of soybean, being as crop sensitive to 

photoperiod. Shorter day length in tropics (11-12 hours) 

like Indonesia than that in the subtropics (14-16 hours) 

results the faster in flowering and lower in productivity of 

soybean. A long juvenile soybean could be an alternative 

parent for improving soybean yield in Indonesia. 
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Figure 1.  Principal Component Analysis (PCA) clusters based on the 
eight morphological traits of 66 soybean genotypes. 

 

Figure 2.  Dendrogram of 66 soybean genotypes using the eight 
morphological traits with NCSS 11 software (exp: different colors 

indicated different clusters). 

Additional phylogenetic analysis with a genetic 

distance cut off of 1.01 produced six main clusters. Three 

clades contained only 1-2 genotypes (clade 1, 2, 6), 

indicating their specific genetic. The other introduced 

genotypes and Indonesian improved varieties mostly 

belonged to clade 3 and 4. A particular clade 5 has 

grouped the remaining Indonesian varieties, that seem to 

have closer distance (1.15) with introduced genotypes 

originated from East Asia in comparison with the 

genotypes from US (Fig. 2). This clustering indicated the 

distinctive introduced genotypes from Indonesian 

varieties. This study revealed that soybean genotypes 

were able to be distinguished based on particular 

morphological character, leading to screen parental lines 

for crossing to increase the soybean quality and 

production. Their close genetic relationship, however, 

were not visible only from morphological traits [24]. 

Merging of molecular and morphological markers could 

rapidly select parents and trace the pedigree for effective 

breeding. 

B. Variability Based on SNAP Markers 

Unlike SSR markers with multiple allele, allowing 

high PIC value [25], these SNAP markers with bi-allele, 

however, are useful for DNA fingerprinting. Single 

nucleotide polymorphisms (SNP) were detected among 

genotypes using 10 SNAP markers. Polymorphism 

information content (PIC) of SNAP markers ranged from 

0.152 (SNAP 1.2 L and SNAP 2.5 L) to 0.371 (SNAP 1.3 

L) (Table VI). The average of genes diversity was 0.401 

of total genotypes for total SNAP. 

TABLE VI.  SUMMARY STATISTICS OF 66 SOYBEAN GENOTYPES USING 

10 SNAP MARKERS WITH POWERMARKER V3.25 PROGRAM 

Primers 
Main alleles 

frequency 

Genes 

diversity 
PIC 

SNAP 1.1 L 0.621 0.471 0.360 

SNAP 1.2 L 0.909 0.165 0.152 

SNAP 1.3 L 0.545 0.496 0.373 

SNAP 1.4 L 0.561 0.493 0.371 

SNAP 1.5 L 0.727 0.397 0.318 

SNAP 2.1 L 0.591 0.483 0.367 

SNAP 2.2 L 0.606 0.478 0.363 

SNAP 2.3 L 0.712 0.410 0.326 

SNAP 2.4 L 0.652 0.454 0.351 

SNAP 2.5 L 0.909 0.165 0.152 

Mean 0.683 0.401 0.313 

 

In this study, only reference allele (William 82) was 

converted to SNAP, implying the allele presence 

(William 82 allele) and absence (alternate allele) 

depending on the harbouring SNP detected in each 

genotype. SNAP alleles generated 66 genotypes at a cut-

off value of 0.67 into seven main clusters. Clade I 

consisted of almost all Indonesian varieties with less 

number of introduced genotypes, of which three have a 

high genetic similarity. Similarly, clade II consisted of 

both Indonesian and introduced genotypes, but the two 

were differentiated. The genetic similarity between clade 

I and II was 65%, higher than that of I and III clades. 

Clade III-VII have members of diverse introduced 

genotypes from different country origin, in which cluster 

IV consisted of almost introduced genotypes. The genetic 

similarity between sub clades in the clade IV was high 

(70%), which mostly grouped the genotypes from US and 

minority from Asia (Korea, China and Indonesia). When 

genes diversity in any locus in a population is high, the 

frequency of the both alleles are equally high [9]. In our 

study, the highest genes diversity value in one of SNAP 

marker indicated the high individual opportunity to have 

either reference or alternate alleles [26]. Dendrogram of 

total genotypes based on SNAP markers is presented in 

Fig. 3. 
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Figure 3.  Genetic relationships of 66 soybean genotypes using 10 

SNAP markers with NTSYS 2.11x software. 

This SNAP marker analysis more obviously 

differentiated between Indonesian and introduced 

genotypes, in support of morphological characters. 

Moreover, the introduced genotypes were more spread 

across clusters as represented by cluster I and II with 26% 

and 45% introduced genotypes, respectively. It is unlike 

Indonesian improved varieties that almost gathered only 

in cluster I and II, indicating their narrow genetic. This 

low genetic diversity of Indonesian improved varieties is 

a result of crossing scheme of elite varieties [23]. 

Clustering based on the state of the US or the country 

origin did not occur in the genetic relationships revealed 

by these SNAP markers. But it is noticeable that most 

soybean genotypes with high genetic similarity were from 

the same origin, in a good agreement with study by [27] 

who analysed soybean genotypes from several countries 

in Asia and genotypes from China [28]. The high 

diversity of soybean from US could be reasonable since 

USA has the largest collection of soybean accessions in 

the world [29]. This information of genetic variability and 

relationships among soybean genotypes in our study is 

basic information for parental crossing selection in 

soybean improvement, in good agreement with previous 

reports [30]-[32]. Therefore, further field evaluation of 

these introduced soybeans in Indonesian is necessary for 

their adaptation and next crossing, to enrich previous 

valuable soybean genotypes which were also introduced 

from other countries. 

IV. CONCLUSION 

These 66 soybean genotypes have high variability as 

demonstrated by SNAP analysis in support to qualitative 

and quantitative morphological characters. The far 

distance between Indonesian improved varieties and 

introduced genotypes allowed to optimal use the selected 

introduced genotypes for parental lines but with 

considering the photoperiod sensitivity of being 

subtropical crop. The genetic variability of Indonesian 

improved varieties was relatively lower compared to that 

of introduced genotypes as depicted in their clusters of I 

and II, and cluster I-VII based on SNAP markers, 

respectively. Field assay of these introduced soybeans in 

Indonesian will be useful for their adaptation to tropical 

region and breeding for desired traits.  
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