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Prediction of genome structural variations 

between G. soja and G. max using both unmapped 

reads generated by Illumina Hi-seq 

 

TAEYOUNG LEE 

 

ABSTRACT 

 

Between wild soybean (Glycine soja Sieb. and Zucc.) and 

cultivated soybean (Glycine max L. Merr.), there are As next 

generation sequencers (NGS) lower the sequencing price, the 

development SNPs in whole genome level can be done in single 

laboratory; however, the structural variations including large insertion 

and deletion, and chromosomal reciprocal translocations have not 

been focused due to the limitation of re-sequencing methods which 

relies on the genome structure of reference genome.  

For improving the detection of the structural variations after re-

sequencing of Glycine soja accessions, we retrieved the paired-end 

reads that were not aligned against reference genome, Williams 82, 

and de novo assembled them. The resulting assemblies were 

regarded as putative sample specific contigs that are absent in 

reference genome. The contents of genes on the assembled contigs 

were predicted and annotated using software geneid and blast.  
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The predicted gene contents on assembled contigs were 

annotated as it follows: small-organs related proteins, transposable 

elements and environmental tolerance related proteins. We designed 

eight primers among those contigs and tested in 104 G. soja and G. 

max accessions including reference cultivar, Williams 82 to validate 

the predictions. 4 primer sets were not amplified in DNA of Williams 

82 while the other 4 primer sets were amplifed; hence the contigs 

derived from unmapped reads are likely to represent the large 

deletion or insertion as well as un-sequenced regions of reference 

genome. These primer set showed high polymorphism information 

contents (PIC), average value of 0.44 and 0.36 for G. soja and G. 

max, respectively, suggesting the usefulness of these markers for the 

breeding program.  

 

Keywords: Genome structural variation, Comparative genomics, Both 

unmapped reads 

 

Student number: 2011-23484 
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INTRODUCTION 

 

Wild soybean (Glycine soja Sieb. And Zucc., 2n = 40) has been 

inferred as the closest plant to cultivated soybean (Glycine max L. 

Merr., 2n=40)(Carter, Nelson, et al., 2004), and they had the same 

number of chromosomes and the similar size of genome. However, 

they had several phenotypic differences in flowering time, pod 

shattering, growth type and so on(Liu, Fujita, et al., 2007). These 

differences were thought to be related to domestication processes. 

As whole genome sequences of cultivated soybean, Williams 

82 were finished, we could observe the differences between wild and 

cultivated soybean in genome scale, especially for the SNPs. From 

previous research, about 2.5 million SNPs and 190 thousand indels 

between G. soja and G. max which might contribute to the 

domestication syndromes(Kim, Lee, et al., 2010) were identified; 

however, the re-sequencing methods had limitation for identifying 

structural variations, especially, large structural variations. 

Structural variations including large deletion and insertion and 

reciprocal translocations are thought to have important roles for 

evolution. In human studies, structural variations were identified using 

comparative analysis(Chekanov, Boulygina, et al., 2010, Feuk, 

Carson, et al., 2006, Stankiewicz and Lupski, 2010). In the case of 

plants structural variations have been less studied than human; 

however they might play important role in evolution. The large 

structural variations might have affected the speciation between wild 

and cultivated soybean. The agriculturally important traits such as 
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environmental tolerances of wild soybean would facilitate the 

breeding new cultivar against changing environment(Stupar, 2010); 

hence identifying the structural variations between G. soja and G. 

max will be important. 

To identify the structural variations, we can use the mapping 

status of sequenced reads after re-sequencing using NGS technology. 

From the estimated insert size of mapping status, we can retrieve the 

insertion, deletion, and translocation(Alkan, Coe, et al., 2011, 

Medvedev, Stanciu, et al., 2009). On the other hand, we can 

implement de novo assembly of the unmapped paired-end reads 

which cost much lower computational power than whole genome de 

novo assembly and can overcome insert size limitation for large 

structural variations. In the previous studies using unmapped reads, 

they could detect copy number variations(Teo, Pawitan, et al., 2012), 

genome specific contigs in human genome(Chekanov, Boulygina, et 

al., 2010), novel transcriptome in plant genome(Gongora-Castillo and 

Buell, 2013). We tried detection of genome structural variation using 

unmapped paired-end reads which have rarely been applied for plant 

genome.  

In this study, we focused on identifying the structural 

variations between G. max and G. soja using unmapped paired-end 

reads. The contigs derived from unmapped reads are likely to 

represent the large deletion or insertion as well as un-sequenced 

regions of reference genome. The polymorphisms of primer sets of 

these regions within 104 G. max and G. soja population suggested 

the usefulness of these markers for the breeding program.  
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LITERATURE REVIEW 

 

Genome structural variations 

 

Genome structural variations were the variance of DNA or genome 

structure. For example, insertion means that organism A has more 

genome structure than organism B. Structural variations covered from 

insertion, deletion and inversion to copy number variations and 

translocations. Structural variations can cause not only gene loss or 

gain effect, but also changing regulatory systems(Weischenfeldt, 

Symmons, et al., 2013). DNA structural variations in human genome 

were common and involved in characteristics of individual(Kidd, 

Cooper, et al., 2008). They contributed to genetic and genomic 

diversity and concerned human evolution and genomic disorder(Feuk, 

Carson, et al., 2006, Stankiewicz and Lupski, 2010). In the plants, 

structural variations in the maize have been surveyed well(Belo, 

Beatty, et al., 2010, Eichten, Foerster, et al., 2011, Lai, Li, et al., 2010, 

Springer, Ying, et al., 2009), but the other crops’ structural variations 

were less studied. Some of structural variations of soybean localized 

to clusters of biotic stress-response genes were reported(McHale, 
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Haun, et al., 2012) and structural variations of wild soybean were also 

reported by Kim et al (Kim, Lee, et al., 2010). 
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Comparative genomics 

 

Comparative genomics is the study field which research structural or 

functional differences between two or more species or organisms. By 

comparing genome, we can get the evidence of evolution, divergence 

or etc. Recently, whole genome sequencing technology has been 

improved, so we can more comparative genomics study using re-

sequencing methods, mapping short reads generated by next 

generation sequencing platform such as Illumina-GA and GS-FLX to 

reference genome. In rice, maize and wild-soybean, researchers 

studied about SNPs and structural variations for study about 

divergence and evolution and any other difference among organisms 

using comparative genomics(He, Zhai, et al., 2011, Huang, Wei, et al., 

2010, Kim, Lee, et al., 2010, Lai, Li, et al., 2010). 
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Next generation sequencing technology and De novo assembly 

 

The next generation sequencing technology mean new technology 

which were different with first generation sequencing technology, 

Sanger dideoxy sequencing. Sanger dideoxy sequencing technology 

performed sequencing using dideoxy-ribonucleic acid. If dideoxy-

ribonucleic acids which had radio-active or fluorescent dye were used 

to amplify DNA in PCR step, they produced the randomly terminated 

DNAs because dideoxy-ribonucleic acid cannot make phospho-

diester bonds. Thus, we can recognize each sequence after gel 

electrophoresis using X-ray film or fluorescence(Sanger and Coulson, 

1975). They cannot make many sequences in each run and take 

many times. On the other hand, next generation sequencing 

technology have advantage for these aspect. They can produce many 

sequences at one run because they handled many sequence at once. 

They also take less time per base, so we can get whole genome 

sequence easily. 

De novo assembly mean first or novel assembly and also the work 

that many short length reads were integrated to long lengths named 

contig or scaffold. In this procedure, we can use two different 
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algorithms; one is the minimum tiled path algorithms which were 

based on overlap for long fragments of sequences, the other is the de 

Bruijn graph algorithms for short fragments of sequences. Since the 

next generation sequencer produce short length reads, de Bruijn 

graph is used to de novo assembly(Schatz, Delcher, et al., 2010).  
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MATERIALS AND METHODS 

 

Sequencing, mapping and assemble 

 

We used 4 accessions, KS-04 (IT183024), KS-05 (IT183030), 

CS-12 (PI464934) and CS-14 (PI407307) for this research. We 

sequenced 4 G. soja accessions using Illumina Hi-seq 2000, around 

20X of reads were sequenced (Table 1) and mapped G. soja reads to 

G. max reference genome(Schmutz, Cannon, et al., 2010) using 

Samtools (samtools.sourceforge.net/)(Li, Handsaker, et al., 2009). 

Because regions which contain structural variations might be 

unmapped in mapped files, we retrieved both unmapped reads from 

those files. We used the command with flag options, required both 

unmapped reads (flag: 12 = 4(the query sequence itself is unmapped) 

+ 8(the mate is unmapped)) and filtering the reads which were not 

aligned primarily (flag: 256). Then, both unmapped reads were 

assembled into contigs using ABySS genome assembler(Simpson, 

Wong, et al., 2009) ver. 1.3.3 

(http://www.bcgsc.ca/platform/bioinfo/software/abyss/) with 51 k-mer 

and 20 quality value threshold.  
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Table 1. Sequencing status of 4 deep sequenced accessions 

Accession Origin Total number of reads 
Sequencing 

depth(X) 

KS-04 
(IT183024) 

Gyeonggi-do, Korea 185,201,390 19.03 

KS-05 
(IT183030) 

Gangwon-do, Korea 182,571,442 18.76 

CS-12 
(PI464934) 

Jiangsu, China 203,060,086 20.86 

CS-14 
(PI407307) 

Shanghai, China 211,844,134 21.76 
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Ab initio gene prediction and homology search 

 

We predicted genes on contigs longer than 2kb using 

geneid(http://genome.crg.es/software/geneid/) for which genes were 

in the contigs by ab initio methods and found homologies in both 

predicted genes and contigs longer than 2kb. The reason why we 

used contigs longer than 2kb is most of genes had lengths around 

2kb. We searched homologies between G. max reference genome 

and contigs longer than 2kb in nucleotides level using 

BLASTN(Altschul, Gish, et al., 1990) and between  NR(non-

redundant) protein database and contigs longer than 2kb in proteins 

level using BLASTX(Altschul, Gish, et al., 1990) with a E-value 

threshold, 1e-100.. In the case of gene homology search, we 

compared predicted genes with G. max CDS sequences using 

TBLASTX(Altschul, Gish, et al., 1990) and NR protein database using 

BLASTX(Altschul, Gish, et al., 1990) with a E-value threshold, 1e-5. 
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Primer design, PCR, Gel electrophoresis and polymorphism 

information content (PIC) calculation 

 

We chose the six contigs not matched with G. max genome 

sequences (KS-04-103834, KS-04-131002, KS-04132818, CS-12-

175937, CS-14-86486, CS-14-142673, CS-14-145724) and two 

contigs matched with G. max genome sequences (KS-04-130524, 

CS-14-145724) for representing the structural variations of both 

contigs and genes had homologies with G. max proteins. Because we 

hypothesized that G. soja’s proteins in structural variations might be 

similar to G. max’s proteins. Based on them, we designed  8 primer 

sets using primer3 web page (http://frodo.wi.mit.edu/)(Rozen and 

Skaletsky, 2000) and amplified DNA, then, analyzed patterns  in G. 

soja (46) and G. max (58) accessions which were previously 

researched by Yoon et al.(2011). After gel running, the data were 

formed as a PIC(Anderson, Churchill, et al., 1993, Botstein, White, et 

al., 1980) tables using Microsoft Excel manual functions. The formula 

which can calculate PIC value is here: 

        ∑  
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Figure 1. The work flow of structural variation prediction using 

unmapped paired-end reads.  
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RESULTS 

 

Overview of mapping status and assemble of unmapped reads 

 

The short reads of CS-12, CS-14, KS-04, and KS-05 were 

aligned against reference genome of Williams 82. The unmapped 

paired end reads were retrieved and assembled using software 

samtools and ABySS, respectively (Table 2). The mapping coverage 

was about 96% and average mapping depth was about 17X. About 

2.5% of total reads were unmapped for both side of paired-end. 

These showed that 95 to 96 percent of reads were aligned 

consistently for 4 accessions; however, the N50 values of unmapped 

reads assemblies are different between accessions from China and 

Korea. 
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Table 2. Overview of mapping status and assemble of unmapped reads 

Accession 
Mapping 
coverage 

(%) 

Average 
mapping 

depth 
(X) 

Number of 
properly 

mapped reads 

No. of both 
unmapped reads 

No. of contigs 
from both 
unmapped 

reads 

Largest 
contig 
size 
(bp) 

N50 
(bp) 

Number of 
contigs  
longer 
than 
N50 

Total  
length 
(Mb) 

KS-04 
(IT183024) 

96.51 16.54 
165,633,616 

(89.43%) 
4,507,918 
(2.43%) 

96,011 12,486 760 2,987 8.89 

KS-05 
(IT183030) 

96.59 15.41 
164,863,264 

(90.30%) 
4,488,074 
(2.45%) 

98,486 14,187 765 3,412 10.11 

CS-12 
(PI464934) 

95.66 18.29 
180,966,350 

(89.11%) 
5,497,682 
(2.71%) 

122,099 12,517 2,196 3,246 11.18 

CS-14 
(PI407307) 

95.45 19.07 
189,947,202 

(89.66%) 
5,726,146 
(2.70%) 

101,110 19,850 2,385 3,598 13.35 
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Gene prediction and homology search 

 

For identifying gene contents of contigs, we used software 

geneid and predicted 3,705 genes consisted with complete, partial, 

and pseudo proteins. Total number of genes was different in Korea G. 

soja and China G. soja. Accessions of China G. soja were predicted 

to have more complete proteins than Korea G. soja; while most of 

predicted genes were partial or pseudo proteins (Table 3). 

To identifiy the possible annotations of the predicted genes 

and additional gene traces that were not predicted by geneid , we 

performed homology searches of contigs longer than 2 kb and the 

predicted genes on the contigs using BLASTN against G. max 

reference genome sequence and TBLASTX against G. max CDS 

sequences, respectively (Table 4). In addition, the contigs and the 

predicted genes were also implemented BLASTX against non-

redundant protein database (Table 5). The nucleotide homology 

search result in contigs longer than 2 kb showed that percentage of 

non-homologous contigs with G. max genome had no difference 

between two species, about 20%, despite of difference of  total 
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number of contigs. However, Interestingly, about 70% of predicted 

genes did not have homologies with G. max CDS sequences in 

protein level, and 13% to 19% of them were complete proteins in 

homology searches (Table 4). In the BLASTX results 12 to 19 percent 

of contigs were matched with NR database. Most of contigs had 

homologies with transposable elements, the others were homologous 

with organelle proteins and environmental tolerance related proteins 

such as disease resistance proteins, leucine rich repeats and kinase 

related proteins. In the etc. category, they had unknown function 

proteins and proteins such as methyl transferase could not be divided 

category. In the cases of predicted genes, they had similar homology 

patterns with BLASTX result of contigs, but genes matched with NR 

database were less than contigs, about 2%(Table 5). 
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Table 3. Ab initio gene prediction results 

Accessions Number of genes 

Translated proteins 

Complete 5’ partial 3’ partial 
Middle 
partial 

Pseudo* 

KS-4 702 117 69 71 96 349 

KS-5 697 101 65 90 110 331 

CS-12 1047 162 112 115 160 498 

CS-14 1259 171 134 137 204 613 

*Pseudo proteins had stop codons on gene bodies.
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Table 4. Result of homology search using BLASTN between contigs and G. max 
reference genome sequences and TBLASTX between predicted genes and G. max 
CDS sequences 

Type Accs Total Homologous Non-homologous % of non-homologous 

Contigs KS-04 507 415 92 18.15 

 
KS-05 569 441 128 22.5 

 
CS-12 781 644 137 17.54 

 
CS-14 992 784 208 20.97 

Genes KS-04 702 202 500 71.23 

 
KS-05 697 183 514 73.74 

 
CS-12 1047 360 687 65.62 

 
CS-14 1259 402 857 68.07 
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Table 5. Result of BLASTX against non-redundant protein database 

Type Accs. Total 
Matched 

with nr DB 

Disease 
Resistance 

protein 
LRRs* 

Kinase 
Related 
protein 

TEs** 
Cytochrome 

Related 
protein 

Maturase 
Related 
protein 

NADH 
Related 
protein 

Ribosomal 
protein 

Etc. 

Contigs KS-4 507 98(19.33%) 3 3 5 68 4 1 2 1 11 

 
KS-5 569 71(12.48%) 3 2 4 43 4 1 2 2 10 

 
CS-12 781 134(17.16%) 6 2 6 86 4 1 4 2 23 

 
CS-14 992 148(14.91%) 6 6 7 95 4 1 2 1 26 

Genes KS-4 702 21(2.99%) 2 1 4 7 1 1 1 1 3 

 
KS-5 697 10(1.43%) 1 0 3 2 0 1 1 1 1 

 
CS-12 1047 29(2.77%) 4 2 4 12 1 1 1 1 3 

 
CS-14 1259 38(3.02%) 3 0 5 19 0 1 1 1 8 

*Leucine rich repeats 
**Transposable elements 
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Structural variation patterns of G. soja and G. max samples 

 

We designed the 8 primer sets that would amplify the predicted genes 

within the putative structural variation contigs (Table 6). We verified 

that all of these primer sets showed DNA bands in accessions based 

of primer sets using PCR (Table 7), and we applied these primer sets 

into 104 G. max and G. soja accessions. As a result, we could detect 

diverse patterns of polymorphisms among accessions (Figure 2 and 

Table 8). DNA bands in result of primer set 1, 2 and 6 appeared 

mainly in G. soja accessions than in G.max accessions where the 

DNA bands just appeared in one or two accessions. Especially, 

primer set 2 showed distinct results showing DNA bands in most G. 

soja samples, but, not in G. max samples (Figure 2). On the other 

hand, primer set 3, 4, 5 and 7 produced similar band count in G. soja 

and in G.max. In the case of primer set 3 and 4, their DNA bands 

occurred rarely in both G. soja samples and G. max samples, 

whereas the DNA bands of primer set 5 and 7 were abundant. Primer 

set 8 had a similar result with primer set 3, 4, 5 and 7, however, 

primer set 8 showed DNA band pattern of co-dominant marker. For 
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the confirmation of PCR product’s sequence, one of the samples, 

PCR product of CS-14 using primer set 7, was sequenced by Sanger 

dideoxy sequencing method..As we expected, about 98% sequences 

were same with CS-14 contig 142673, only 2% of sequences were 

gaps (Figure 3).
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Table 6. List of primers which were designed for amplification of missing contigs 

Primer 
no. 

Accessions 
No. 

Contig 
ID 

Product 
size (bp) 

Strand direction Description in BLASTX results 

1 

KS-04 
(IT183024) 

103834 575 
F: TATCGAACCCTCTCTGCACC Wall-associated receptor kinase 3-like 

[Glycine max var. W82] R: AGCTCACGATCGGAAGTTGA 

2 130524 549 
F: CCCAAGTAGCCTCACCAAGA Transposable elements [Glycine max var. 

W82] R: CCCTCATTGGCTGCATGTAC 

3 131002 569 
F: AAAAGAGGGCGAAAGATGGC Retrotransposon protein [Glycine max 

var. W82] R: ACGCTTCCATCCCACCTAAA 

4 132818 581 
F: TTCGGTTCTTCGGTCATCCA Cytochrome c oxidase subunit 1 [Glycine 

max var. W82] R: ATGCATGGGAAAGAGGGTCA 

5 
CS-12 

(PI464934) 
175937 542 

F: TGAATCTTCTCCCCACGCTT Transposable elements [Glycine max var. 
W82] R: TGTAAGAGGCTTGGGAAGGG 

6 

CS-14 
(PI407307) 

86486 585 
F: TATCGAACCCTCTCTGCACC Wall-associated receptor kinase 3-like 

[Glycine max var. W82] R: CGGAAGCTCACGATTGGAAG 

7 142673 534 
F: ATGCCAGAGAGTTCCACCAA LRR receptor-like serine/threonine-protein 

kinase AT4g36180-like [Glycine max var. 
W82] R: AAGGGAAGAGTAAAGGGGCC 

8 145724 576 
F: AATGGAAATGGGGACGGGAT Disease resistance RPP13-like protein 3-

like [Glycine max var. W82] R: TATGCCTGTCGGACAATGGA 
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Table 7. DNA band patterns in 4 deep sequenced accessions. 

Bold characters indicated primer sets were based on the accession. 

  
Primer sets 

Entry Accession no. 1 2 3 4 5 6 7 8 

KS-03 IT183006 - + - - + - + - 

KS-04 IT183024 + + + + - - - - 

CS-12 PI464934 + + + + + + + - 

CS-14 PI407307 + + - + + + + 500/500 
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Figure 2. Example of gel picture which were resulted using 

primer set 2 
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Table 8. Gel electrophoresis results on G. soja and G. max 

populations using eight primer sets 

Entry Accession no. 
Primer sets 

1 2 3 4 5 6 7 8 

KS-01 IT105751 - - - - - + - - 

KS-02 IT182826 - - - - + + + 300/300 

KS-03 IT183006 - + - - + - + - 

KS-04 IT183024 + + + + - - - - 

KS-05 IT183030 - + + + + - - - 

KS-06 IT183035 + - + - - + + - 

KS-07 IT183045 + + - - - + + 500/500 

KS-08 IT183065 - + + + - - + - 

KS-09 IT183098 - - - - - - - - 

KS-10 IT184103 + - - - - - - - 

KS-11 IT184213 - + - - + - + 300/500 

KS-12 IT184253 - + + + + - - - 

KS-13 IT188367 - + + - + - + 500/500 

KS-14 IT188415 - + - - + - + 500/500 

CS-01 PI522180 - + - - + - - - 

CS-02 PI522184 - + + + + - + - 

CS-03 PI479747 - + + - + - + 500/500 

CS-04 PI532449 - + - - - - + 300/300 

CS-05 PI464928 - + - - - - - - 

CS-06 PI549032 - - - - + - - - 

CS-07 PI549048 - - - - + - - - 

CS-08 PI483461 - + + - + - + - 

CS-09 PI483466 + + + - - + + 300/300 

CS-10 PI597457A - + + + - - - 500/500 

CS-11 PI483467 + + - - - + + - 

CS-12 PI464934 + + + + + + + - 

CS-13 PI464936A + - - - - - - - 

CS-14 PI407307 + + - + + + + 500/500 
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Table 8. Continued          

CS-15 PI407300 - + + - - + + 500/500 

CS-16 PI407301 + + + - + + + 500/500 

JS-01 PI507582 - + - - + - - 500/500 

JS-02 PI507590A - + + - + - + 300/300 

JS-03 PI507589 - + - - + - - 500/500 

JS-04 PI507594A + + + + - + - 300/300 

JS-05 PI507595 - - - - + - + 500/500 

JS-06 PI507596 - - - - - - + 500/500 

JS-07 PI507606 - + - - - - + - 

JS-08 PI507615 - + + - + - + 500/500 

JS-09 PI507625 - + - - + - - 500/500 

JS-10 PI507628 - + + - + - + 500/500 

JS-11 PI507630 - + - - + - - 500/500 

JS-12 PI507649 - + + + - - + - 

JS-13 PI507653 - - + - - - + - 

JS-14 PI507654 - + - - - - + 500/500 

JS-15 PI507664 - + - - - + - - 

G. soja reference IT182932 - + - - + - + - 

KM-01 IT 115298 - - + - + - + 500/500 

KM-02 IT 021867 - - + - - - - - 

KM-03 IT 021702 + + + + + + - 300/500 

KM-04 IT 162669 - - + - - - - 500/500 

KM-05 IT 021889 - - + + - - - 300/300 

KM-06 IT 022771 - - + - - - - - 

KM-07 IT 021587 - - + - - - + 300/300 

KM-08 IT 021687 - - + - - - + - 

KM-09 IT 021703 - - + - + - - 500/500 

KM-10 IT 021757 - - + - + - - - 

KM-11 IT 021874 - - + - + - - - 

KM-12 IT 022287 - - + - - - - - 

KM-13 IT 022331 - - + + - - - - 
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Table 8. Continued          

KM-14 IT 022370 - - + - - - + - 

KM-15 IT 022375 - - + - - - + 300/300 

KM-16 IT134305 - - + - - - + - 

KM-17 IT 134348 - + + + + - - 500/500 

KM-18 IT 162673 - - - - + - + - 

KM-19 IT 221978 - - + - + - - 500/500 

KM-20 IT 221980 - - + - + - + 300/300 

KM-21 IT 221981 - - + - - - + - 

KM-22 IT 221982 - - - + - - + 500/500 

CM-01 PI 602497A - - + - - - - 500/500 

CM-02 PI 602497B - - - - - - + 500/500 

CM-03 PI 602498 - - - - - - + 500/500 

CM-04 PI 479734 - - + - + - - 500/500 

CM-05 PI 458505 - - + - + - - 300/300 

CM-06 PI 602501 - - - - + - - - 

CM-08 PI602994 - - - - + - - - 

CM-09 PI 578488A - - - + + - + - 

CM-10 PI 578488B - - + - + - - 500/500 

CM-11 PI 578503 + + + + + + - - 

CM-12 PI 602502A - - - - - - - - 

CM-13 PI 567501 - - - - - - - 500/500 

CM-14 PI 430620 - - + - + - - - 

CM-15 PI 567601 - - - - + - - 500/500 

CM-16 PI 602991 - - - - + - - 500/500 

CM-17 PI567380 - + + - - - - 500/500 

CM-18 PI567388 - + - + - - - 500/500 

CM-19 PI567623 - - - - - - + 500/500 

CM-20 PI578499A - + + + + - - 500/500 

JM-01 PI 506903 - - - - - - + - 

JM-02 PI 506517 - - - - + - + - 

JM-03 PI 507309 - - + - + - + - 
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Table 8. Continued          

JM-04 PI 507550 - - + - + - - 500/500 

JM-05 PI 507496 - - + - + - - 300/500 

JM-06 PI 507084 - - + - + - + 300/500 

JM-07 PI 416898 - - + + - - - 500/500 

JM-08 PI 507553 - - + - - - + - 

JM-09 PI 507037 - - + - - - + 500/500 

JM-10 PI 416866 - - - - - - - - 

JM-12 PI 416886 - - - - + - - 500/500 

JM-13 PI 417260A - - + - + - - 500/500 

JM-14 PI 507572 - - - - - - - - 

JM-15 PI 081773 - - - - - + - - 

JM-16 PI 417083 + - + + - + - 500/500 

JM-17 PI 417226 - - - - - - + 300/300 

W82 PI 518671 + + - + + - - - 

 

 

  



29 

 

 

Figure 3. The alignment result between CS-14 contig 142673 and 
amplified DNA sequences by primer set 7 in CS-14 which were 
sequenced by Sanger dideoxy sequencing method.
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DNA band frequency and PIC values in G. soja and in G. max 

 

 In the DNA band frequency table, the primer sets 1, 4, 6 

showed low present frequencies in both G. max and G. soja; while 

primer sets 2, 7 showed low present frequencies in G. max but high in 

G. soja (Table 9). PIC values in G. soja were higher than those in G. 

max excluding primer set 5 and 8 (Table 10). Primer set 5 could 

amplified DNA in many accessions,in both G. soja and G. max as we 

described above and they exhibited PIC values, nearly 0.5. Primer set 

8 were co-dominant marker, thus, their PIC values higher than any 

other primer set, nearly 0.6. Despite of the higher G. max PIC value 

than that of G. soja in primer set 8, the number of polymorphic DNAs 

in G. soja and those in G. max were almost same. It is because that 

G. soja samples showed two patterns of DNA bands, 300/300 or 

500/500, however, G. max samples showed three patterns of DNA 

bands, 300/300, 500/500 or 300/500. In the case of primer 3, 4, 5 and 

7, the PIC values in G. soja were slightly higher than those in G. max. 
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Table 9. DNA band frequency table 

 

Primer set 

1 2 3 4 5 6 7 8 

G. soja 

Present 0.24 0.76 0.43 0.22 0.54 0.26 0.61 
300/300 0.11 

500/500 0.37 

Absent 0.76 0.24 0.57 0.78 0.46 0.74 0.39 
300/500 0.02 

Absent 0.5 

G. max 

Present 0.07 0.12 0.64 0.21 0.48 0.07 0.36 
300/300 0.10 

500/500 0.41 

Absent 0.93 0.88 0.36 0.79 0.52 0.93 0.64 
300/500 0.05 

Absent 0.43 

Total 

Present 0.14 0.40 0.55 0.21 0.51 0.15 0.47 
300/300 0.11 

500/500 0.39 

Absent 0.86 0.60 0.45 0.79 0.49 0.85 0.53 
300/500 0.04 

Absent 0.46 
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Table 10. The polymorphism information contents(PIC) values in G. soja 
and G. max samples 

Population 
Primer sets 

Average 
1 2 3 4 5 6 7 8 

G.soja 0.364 0.364 0.491 0.340 0.496 0.386 0.476 0.601 0.440 

G.max 0.128 0.212 0.462 0.328 0.499 0.128 0.462 0.630 0.356 

Total 0.247 0.482 0.495 0.334 0.500 0.260 0.498 0.619 0.429 
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Discussion 

 

For the identification of the structural variations that are highly 

variable among accessions of the G. soja and G. max, we aligned G. 

soja short reads against G. max reference genome and retrieved 

unmapped paired-end reads. The unmapped paired-end reads were 

independently de novo assembled into contigs. There were 

differences in the number of contigs and N50 values (Table 2); 

nevertheless, the other values were within equivalent ranges in 

sequencing depth, mapping coverage, average mapping depth and 

percentage of reads. The difference of the assemble contiguity 

among accessions represented by the N50 values could be caused 

by difference in total number of reads and the heterozygosity of the 

accessions. About half of predicted genes within the contigs were 

pseudo genes which had stop codons in middle of CDS sequences. 

Abundance of pseudo genes might be owing to repeat sequences, 

the characteristic of unmapped reads (Table 3).  

The 80 percent of the contigs and 30 percent predicted gene 

contents showed homology with the G. max suggesting that the 
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unmapped paired-end sequences might represent similar copy of the 

G. max genome as well as quite different gene contents. The ratio of 

contigs that are non-homologous against G. max were similar among 

assembled accessions; while the number of homologous contigs  

were higher in G. soja from than that from Korea that might be due to 

the total number of contigs (Table 4). By the protein homology 

searches against NR database, we detected small orgnellar genomes. 

This could be due to the absence of organellar genome in soybean 

reference genome. We also detected transposable elements. The 

insertions of transposable elements within G. soja genome might 

result in the unmapped paired-end reads. Environmental tolerance 

related proteins such as NBS-LRR proteins and disease resistance 

proteins also detected in homology search suggesting the usefulness 

of designing DNA primers based on these contigs for marker assisted 

breeding. The other contigs had repetitive sequences which might be 

the main reason why these reads were unmapped (Table 5). 

To validate the prediction of structural variations and to 

determine the informativeness of them as molecular marker, we 

designed primer sets on contigs and amplified DNA on 104 G. max 
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and G. soja accessions. We could observe the polymorphisms in both 

species, and calculated polymorphism frequencies and PIC values. 

From the gel electrophoresis result within Williams 82, DNA bands 

were present for the primer sets 1, 2, 4 and 5; however, the primer 

sets 3, 6, 7 and 8 did not show DNA bands. This result might be 

translated that DNAs amplified by primer sets 1, 4 and 5 could be 

regarded as G. max unsequenced gaps because they did not have 

sequence homologies with G. max in BLASTN results. On the other 

hand, Williams 82 was amplified by primer set 2 and target region of 

them had homology with G. max sequence suggesting that these 

regions might be unmapped because of repetitive sequences. In the 

case of primer sets 3, 6, 7 might be structural variations which had a 

homologies with G. max proteins; however, their contig sequences 

were different with G. max genome sequences. The primer set 8 

might be DNA structural variations which had homologies with G. max 

(Figure 4). 

In each primer sets, primer set 1, 4 and 6 had low DNA band 

frequencies in both G. max and G. soja. Target regions of primer set 

1 and 6 had a homology with wall-associated receptor kinase 
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functioning in serine/threonine kinase which has been reported to 

have a role for cell proliferation and programmed cell death 

(apoptosis), and these primer sets could be specific molecular 

markers for selecting environmental tolerant traits. The region 

targeted by primer set 7 also had a homology with environmental 

tolerance related proteins, LRR receptor-like serine/threonine-protein 

kinase. They had high present frequency in G. soja, but low present 

frequency in G. max. It is likely that these proteins were relatively 

common traits in G. soja. Therefore, these primer sets could be also 

useful molecular marker to introduce resistance traits of G. soja into G. 

max. Primer set 2 also had high present frequency in G. soja, but low 

frequency in G. max. Because primer set 2 targeted the region 

homologous with transposable elements, it seems to G. soja 

abundant transposable element (Table 9). 

The experimental data set using G. soja and G. max samples 

exhibited that these primer sets could display polymorphism not only 

between G .soja and G. max, but also within G. soja and G. max. 

Average PIC value of G. soja was higher than that of G. max. It 

represented that G. soja and G. max had different allele variations 
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within species and G. soja had more allele variations on 8 designed 

primer sets than G. max.The average of total PIC value was 0.429 

suggesting that these primer sets displayed allele variations evenly on 

these samples (Table 10). 

We predicted structural variation candidates from contigs of 4 

deep sequenced accessions using unmapped paired-end reads, and 

we also designed primer sets based on contigs and applied them to 

104 G. soja and G. max accessions. We could detect polymorphism 

within- and inter-species and displayed each primer sets had different 

polymorphism frequencies and PIC values. Several researches 

regarding structural variations were performed by analyzing mapping 

status and insert size. In this research, we used unmapped paired-

end reads based methods, for finding genome structural variation. 

The unmapped reads were used to detect copy number variations, 

genome specific contigs in human genome, novel transcriptome in 

plant genome (Chekanov, Boulygina, et al., 2010, Gongora-Castillo 

and Buell, 2013, Teo, Pawitan, et al., 2012). But unmapped paired-

end reads were rarely used to research. 
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In addition, we used inter-species mapping methods for 

detecting structural variations. This method was already used in 

previous studies. G. soja whole genome sequencing was surveyed 

using this method by Kim et al. and Hurwitz et al. also used this 

method for finding genome structural variations within the genus, 

inter-species (Hurwitz, Kudrna, et al., 2010, Kim, Lee, et al., 2010). 

This research supposed that genome structural variations could be  

retrieved by these two methods. Because we found the genome 

structural variation candidates between G. soja and G. max 

successfully, we might be able to contribute in terms of solving the 

limitation of re-sequencing method, especially, for detecting large 

scale structural variations. 

In summary, we tried to find structural variations among 

genomes based on unmapped paired-end reads. From the assembly 

of them, we could identify homologies not only transposable elements 

and organelle proteins, but also useful proteins such as disease 

resistance proteins, leucine rich repeats(LRRs), kinase related 

proteins. The primer sets based on unmapped contigs displayed 

diverse structural variations on 104 accessions of G. max and G. soja, 
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that were shown to be highly informative markers. Therefore, NGS-

based identification of structural variations among species via denovo 

assembly using unmapped paired-end reads would be informative 

sources for studying speciation and also facilitate the molecular 

breeding to introduce the useful traits.
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Figure 3. The map how to decide the type of amplified DNAs
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초록 

 

야생콩과 재배콩 사이의 표현형 차이는 SNP들과 DNA 구조 

변이에 의해 발생되는 Domestication syndrome에 의핚 것으로 

여겨진다. 야생콩과 재배콩 사이의 SNP의 경우 이젂 연구에서 잘 

밝혀졌지만 re-sequencing method의 핚계점에 의해 DNA 구조 

변이에 대해서는 잘 밝혀지지 않아 이 논문에서는 야생콩과 

재배콩 사이의 DNA 구조 변이에 초점을 맞춰 연구하였다. 이를 

위해 deep-sequenced된 4개의 야생콩 genome에서 재배콩의 

reference genome에 mapping 되지 않은 unmapped read들을 

추출해 assemble 하여 contig를 얻었고 이 contig들이 구조변이 

후보자일 것이라는 가설을 세웠다. 이 contig들에서 geneid라는 

유젂자 예측 프로그램을 이용하여 유젂자를 예측하였고, 예측된 

유젂자와 contig가 어떤 단백질들과 상동성을 가지는 지 

알아보았다. 이들은 주로 세포 소기관 관련 단백질이나 젂이 인자 

단백질, 환경에 적응하기 위핚 단백질들과 상동성을 가지고 있었다. 
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이들을 이용하여 8쌍의 프라이머를 제작하였고, 야생콩과 재배콩 

집단에서 젂기영동을 통해서 유젂체 구조 변이를 확인하였다. 

젂기영동 결과 야생콩과 재배콩 집단에서 8쌍의 프라이머는 각각 

다른 다형성을 보였으며 polymorphism information contents(PIC) 

값도 다르게 보였다. 평균 PIC값의 경우 야생콩에선 0.44, 

재배콩에서는 0.36으로 야생콩에서 더욱 다형성을 잘 보이는 

것으로 나타났으며, PIC 최저치를 비교해보아도 야생콩에서는 0.34, 

재배콩에서는 0.13으로 큰 차이를 보였다. 이 결과를 통해서 

우리가 예측핚 대로 이 프라이머 쌍이 야생콩에서 더 다형성을 

나타낸다는 것을 알 수 있었다. 또핚 이 프라이머 쌍은 

육종가들에게 DNA 구조 변이를 분별하는 유용핚 분자육종표지가 

될 수 있을 것이다.  

 

주요어: 유젂체구조변이, 비교유젂체학, contig 기반 예측 

 

학번: 2011-23484 
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