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Tracing soybean domestication history: From nucleotide to genome
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Since the genome sequences of wild species may provide key information about the genetic elements in-
volved in speciation and domestication, the undomesticated soybean (Glycine soja Sieb. and Zucc.), a wild
relative of the current cultivated soybean (G. max), was sequenced. In contrast to the current hypothesis of
soybean domestication, which holds that the current cultivated soybean was domesticated from G. soja, our
previous work has suggested that soybean was domesticated from the G. soja/G. max complex that diverged
from a common ancestor of these two species of Glycine. In this review, many structural genomic differences
between the two genomes are described and a total of 705 genes are identified as structural variations (SVs)
between G. max and G. soja. After protein families database of alignments and hidden Markov models IDs
and gene ontology terms were assigned, many interesting genes are discussed in detail using four domesti-
cation related traits, such as flowering time, transcriptional factors, carbon metabolism and disease resistance.
Soybean domestication history is explored by studying these SVs in genes. Analysis of SVs in genes at the
population-level may clarify the domestication history of soybean.
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Introduction

Plant domestication is of interest not only to plant biologists
who study molecular biology, physiology and population
genetics, but also to archaeologists and ethnobotanists
(Gross and Olsen 2010). Domestication increases plant
adaptability to changing environments through human selec-
tion (Allaby 2010, Fuller ez al. 2010, Peng et al. 2011) and
wild plants have been transformed into crop plants by this
process over many thousands of years (Fedoroff 2010). Ur-
banization and population explosion have become inter-
national issues that are pertinent to crop domestication and
agricultural economics. Both human selection and plant ad-
aptation are linked to plant domestication (Gross and Olsen
2010). Thus, current crop domestication has contributed to
cultivar development aimed at crop improvement for specif-
ic human needs (Gustafson et al. 2009, Peng et al. 2011).
Soybean (Glycine max) is a major crop of global impor-
tance for its high levels of protein and oil. Various food
products are made from soybean seeds and substantial effort
has been placed on increasing soybean yield to feed the
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worlds population (Stupar 2010, Van et al. 2004). However,
during domestication domesticated soybeans faced a ‘genet-
ic bottleneck’ reducing genetic diversity (Guo et al. 2010,
Tang et al. 2010). Hyten et al. (2006) suggested that 50% of
the genetic diversity and 81% of the rare alleles have been
lost during domestication and that 60% of the genes show
significant changes in allele frequency as a result of soybean
domestication. Although mapping traits related to soybean
domestication have been studied with various kinds of germ-
plasm including domesticated and wild relatives (Liu et al.
2007), only a soybean gene for determinate growth habit has
been characterized at the genome level so far (Liu et al.
2010, Tian et al. 2010). Wild soybean (G. soja Sieb. and
Zucc.) is the closest relative of soybean and is considered to
be the undomesticated soybean (Kim et al. 2010). G. soja
and G. max are morphologically quite different but both
have 20 chromosomes (2n=40) and show ancient genome
duplication resulting in these species being considered
palaeopolyploids. This palaeopolyploidy has an evolution-
ary impact on the structure of the soybean genome (Van et
al. 2008). Also, wild and cultivated soybeans hybridize eas-
ily and exhibit normal meiotic chromosome pairing. For
these reasons, wild soybean is a valuable resource for novel
genes and alleles for cultivar development (Stupar 2010).
Traditionally, mapping of quantitative trait loci (QTLs)
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by linkage analysis using crop-wild crosses and association
mapping is used for the identification of domestication-
related traits (Gross and Olsen 2010). A second method for
finding genes related to crop domestication is map-based
cloning, which can be used after traits associated with do-
mestication are detected by the genetic mapping of crop-
wild crosses derived from QTL and the mapping of associ-
ations. Currently, by the resequencing of genomes at the
population level of both wild and domesticated species, next-
generation sequencing (NGS) technology based on pyro-
sequencing allows rapid searches for candidate genes related
to domestication (Gross and Olsen 2010). Since sequence
variants and structural variation (SV) between the crop and
its wild relative are easily detected by NGS, candidate do-
mestication genes can be identified by a genome-wide scan.

In this review, we explore structural genomic differences
between wild and cultivated soybean along with the domes-
tication history of the modern soybean. After a list of genes
that are present in G. max but absent in G. soja is introduced,
some genes related to domestication traits are described in
detail and the time divergence of these genes is addressed.
Finally, we suggest future areas of study regarding the do-
mestication history of soybean.

Domestication history of cultivated soybean

Cultivated soybean (G. max) appears to have been domesti-
cated from its wild relative (G. soja) 6,000-9,000 yrs ago in
China (Carter ef al. 2004). Although the exact site of origin
of soybean is unknown, southern China, the Yellow River
valley of central China, northeastern China, and several oth-
er regions (e.g., Korea and Japan) have been identified as
candidate regions where soybean could have been domesti-
cated (Carter et al. 2004). Chinese literature has indicated
that soybean was cultivated during the Shang dynasty from
1,700 to 1,100 BC (Wilson 2008). Clearly, soybean has been
cultivated much longer than the historical evidence indi-
cates. It is commonly accepted that the current cultivated
soybean was domesticated from G. soja. However, Kim et
al. (2010) have suggested that soybean was domesticated
from the G. soja/G. max complex and diverged from a com-
mon ancestor of these two Glycine species, based on a cal-
culated divergence time. Many studies have involved the
mapping of traits associated with soybean domestication but
only one trait for determinate growth habit has been charac-
terized in detail at the genome level so far (Liu et al. 2010,
Tian et al. 2010). Analysis with NGS technology is likely to
help in identifying genes related to soybean domestication,
if sequences from two different Glycine species are com-
pared.

Genomic differences between G. soja and G. max
The genome sequence of undomesticated soybean (G. soja)

was reported by Kim et al. (2010) after the release of the
draft genome sequence of cultivated soybean (G. max)

(Schmutz et al. 2010). Using the G. max genome sequence
(937.5 Mb excluding gaps) as a reference, a 915.4 Mb ge-
nomic sequence of G. soja was determined, covering
97.65% of the G. max genome sequence. The sequence dif-
ference between G. max and G. soja was 35.2 Mb (3.76% of
937.5Mb), consisting of 2.5Mb (0.267%) of substituted
bases, 406kb (0.043%) of inserted/deleted bases and
32.3 Mb (3.45%) of large deleted sequences in G. soja. Sin-
gle nucleotide polymorphisms (SNPs) and insertions/dele-
tions (indels) in precisely aligned areas differed by 0.31%
between G. max and G. soja.

Drastic genome alterations by SVs between the two ge-
nomes of G. max and G. soja are relatively frequent. SVs in-
cluded deletions, insertions, inversions and translocations up
to several thousands of base pairs. Deletions and insertions
may cause copy number variation (CNV) and inversions and
translocations result in complex genome rearrangement.
These structural genomic variations were as important as
SNPs or indels. Paired-end sequence alignment of G. soja
with the G. max genome detected 5,794 deletions and 194
inversions in the range of 0.1-100 kb and predicted the pres-
ence of 8,554 insertions in the G. soja genome. In particular,
comparing with the portion of single nucleotide variations
(0.31%), the portion of genomic SV resulting from deletion
events in G. soja is relatively high (3.45%). Deletion and
inversion from G. soja when displayed in relation to the
G. max reference reveal distribution patterns across the
whole of the soybean genome (Fig. 1). On the whole, SVs
are widely dispersed across all chromosomes. However,
weak clustering of SVs in gene-rich regions is observed and
fewer SVs than predicted are found in pericentromeric
regions, which contains highly repetitive DNA in soybean.
Both deletion and inversion events are found on all chromo-
somes except chromosome (Chr) 2, which only had predict-
ed deletion events.

Genes present in G. max but absent in G. soja

The most extreme form of CNV is presence-absence varia-
tion (PAV), where a particular sequence is present in some
individuals but absent in others (Swanson-Wagner et al.
2011). From a 32.3 Mb sequence encompassed by the 5,794
deletion events in G. soja, the genes present in G. max
(Williams 82) but absent in G. soja (IT182932) were iden-
tified (Kim ef al. 2010) and given gene ontology (GO)
assignments. A total of 712 genes were predicted to be PAV
genes. Among them, 577 genes were annotated functionally
based on the identification of the conserved protein families
database of alignments and hidden Markov models (PFAM)
domains. These PFAM IDs were converted into GO IDs
(http://www.geneontology.org). GO mapping of Glyma
PFAM ID resulted in the assignment of GO terms to 73%
(420) of 577 genes. Since some of these genes were assigned
into multiple PFAM IDs, the total number of GO IDs was
greater than the total number of PFAM IDs and these GO
IDs could be characterized into multiple GO terms (Table 1).
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Fig.1. Chromosomal distribution of large deletion and inversion predicted by the mapping of G. soja genome sequences to the G. max reference
sequence. Circles from outer to inner represent chromosome, large deletion and inversion, respectively. The figure was drawn using circular ge-

nome data visualization software, Circos (http://circos.ca/).

Based on GO terms, the 420 genes showing PAV be-
tween the two genomes were classified as having 418
matches for biological processes, 144 matches for cellular
component terms, and 816 matches for molecular functions
(Table 1). Among categories of biological processes, genes
for metabolic processes (GO: 0006468) and biological regu-
lation (GO: 0006355) were strongly overrepresented
(>80%). Categorization by molecular function revealed that
the G. soja genome has lost or the G. max genome has ac-
quired a significant number of genes for binding and catalyt-
ic activity. To summarize the molecular functions of these
PAV genes in detail GO sub-categories of molecular func-
tion are presented (Table 2). Binding of nucleic acids, nucle-
otides and proteins was overrepresented and a considerable
number of genes related to hydrolase and transferse activity
were lost in G. soja or added in G. max.

Additionally, whole genomes of several wild and culti-
vated soybeans were resequenced to identify 4,444 and
1,148 PAVs absent in the reference cultivated and wild soy-
beans, respectively (Lam et al. 2010). These PAVs were

found to affect 856 genes and included the majority of genes
involved in binding and catalytic activity. Twenty eight
genes, related to disease resistance and metabolism, were
absent in all cultivated soybeans. Comparative genomic hy-
bridization in dozens of maize and teosinte plants revealed
that over of 10% of the entire gene set of maize was affected
by CNV/PAVs (Swanson-Wagner ef al. 2011). These varia-
tions were observed in both maize and teosinte, suggesting
that CNV/PAVs predate domestication. In addition, many of
the genes affected by CNV/PAVs are either maize specific
or members of gene families. Thiese results indicate that SV
may contribute to quantitative variation rather than qualita-
tive variation.

The SV may have a significant effect on phenotypic vari-
ation. In humans, CNVs influence gene dosage, causing
genetic diseases such as Alzheimer’s disease and autism
spectrum disorders, and they can change gene expression by
position effects (Stankiewicz and Lupski 2010). Though
there have been several reports of SV including CNV and
PAYV in crop plants (Lam et al. 2010, Swanson-Wagner et al.
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Table1l. Gene ontology categories for genes affected by presence-
absence of variation between G. max (Williams 82) and G. soja
(IT182932)

Table2. Gene ontology child categories of molecular function for
genes affected by presence-absence of variation between G. max
(Williams 82) and G. soja (IT182932)

GO category Functional category Number of - Percent of Molecular function Number
genes GO category of genes
Biological process antioxidant activity
biological regulation 55 13.16 peroxidase activity 3
cellular component organi- 11 2.63 binding
zation or biogenesis carbohydrate binding 5
cellular process 20 4.78 carboxylic acid binding 1
establishment of localiza- 29 6.94 cofactor binding 1
tion ion binding 55
metabolic process 285 68.18 lipid binding 1
response to stimulus 15 3.59 metal cluster binding 5
viral reproduction 3 0.72 nucleic acid binding 91
Subtotal 418 100.00 nucleotide binding 127
Cellular component protein binding 121
cell part 82 56.94 ‘ N ribonucleoprotein binding 1
extracellular region 1 0.69 catalytic activity
macromolecular complex 26 18.06 bydrolase acti.vi'ty 117
organelle 33 22.92 isomerase activity 2
organelle part 2 1.39 ligase activity 8
Subtotal 144 100.00 lyase activity ?
- oxidoreductase activity 62
Molecular function o o small protein activating enzyme activity 2
antioxidant activity 3 0.37 transferase activity 121
bi“di“z‘% o 409 50.12 electron carrier activity 8
catalytic actlylty 342 41.91 enzyme regulator activity
electron carrier 8 0.98 enzyme inhibitor 8
enzyme regulator 8 0.98 molecular transducer activity
mole(iular.trarTsdl.lcer 9 1.10 signal transducer 9
nucle¥c a.1c1d binding tran- 9 110 nucleic acid binding transcription factor activity
scription factor sequence-specific DNA binding 9
protein binding transcrip- 2 0.25 transeription factor
tion factor protein binding transcription factor activity
stmictralmolconie 13 1.59 transcription factor or binding 2
transporter 13 1.59 transcription factor
Subtotal 816 100.00 structural molecule activity
Total 1378 structural constituent of cell wall 2
structural constituent of ribosome 11
201 1)., litt'le is knowp about their di.rect association vyith phe- ransporter activity substrate-specific transporter ?
notypic differences in complex traits such as those involved transmembrane transporter 9
with domestication and disease resistance. We identified and Total 516

categorized the PAV genes between G. max and G. soja
(Tables 1, 2). It should be noted that only a single genotype
of each species was used and more detailed research at the
population level is needed. This effort to identify genes af-
fected by SV provides an opportunity to investigate the dis-
tribution of SV and to examine their biological function in
creating phenotypic alterations. To speculate on potential
phenotypic contributions of PAV genes in soybean, several
examples of isolated domestication-related genes in other
crops are discussed below.

Transcription regulators

A main assumption concerning the evolution of plant mor-
phology is that major phenotypic changes are caused by mu-

tations in transcriptional regulators. In the same manner,
during crop domestication, genes associated with major phe-
notypic changes following domestication are enriched for
transcription function (Doebley et al. 2006). Dozens of tran-
scriptional regulators or transcription factors are included in
the list of PAV genes between G. max and G. soja, including
transcription regulatory protein SNF2, WRKY family tran-
scription factor, LZF1 (LIGHT-REGULATED ZINC
FINGER PROTEIN 1), transcription regulator NOT2/NOT3/
NOTS5 family protein and others. Over the past decade, sev-
eral domestication-related genes have been isolated using
quantitative trait loci mapping in combination with sub-
sequent positional cloning or candidate gene analysis. The
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gene feosinte branchedl (tb1) a major QTL controlling the
determinate growth habit in maize is a good example of a
well-defined domestication gene, which is a member of the
TCP family of transcriptional regulators (Doebley 2004,
Doebley and Lukens 1998). Examples of other informative
studies using QTL mapping include the role of Teosinte
glume architecturel (tgal) in the formation of the kernel
casing in maize (Wang et al. 2005), Q in the tenacity of chaff
surrounding the grain in wheat, shatter4 (sh4) in rice seed
dispersal (Li et al. 2006), gSHI in the shattering of rice
(Konishi et al. 2006), and Rc in rice pericarp formation
(Sweeney et al. 2006). These genes are members of tran-
scriptional regulators or transcriptional factors; tagl is a
member of the squamosa-promoter binding (SBP) protein
family of transcriptional regulators; Q is a member of the
AP2 family of transcriptional regulators; s#4 is a Myb3 tran-
scriptional factor; gSHI is a homeobox transcription factor
and Rc is a basic helix-loop-helix (bHLH) transcription fac-
tor. Although the list of known genes controlling morpho-
logical differences between crops and their progenitors is
not long and there is no enrichment of regulatory genes in
the selected gene dataset of maize (Hufford ez al. 2007), it is
widely suggested that transcriptional regulators play a major
role in the domestication or agronomical improvement of
crop plants and are overrepresented among domestication-
related genes (Doebley et al. 2006).

Flowering

Soybean is a short-day plant, which it flowers when the day-
length becomes shorter than a critical length (Kong et al.
2010). Photoperiod-sensitivity determines the cultivation
boundaries of soybean; control of flowering time is an im-
portant criterion for regional adaptation. Wild soybean gen-
erally exhibits late flowering at high latitudes (Carter et al.
2004). However, cultivated soybean must be well adapted to
diverse environmental conditions ranging from relatively
high latitudes to subtropical or tropical climates. Thus, dur-
ing the domestication process and improvement, flowering
times suited for new environments were selected. In soy-
bean, classical methods were used to designate eight £ loci
(E1 to E8) controlling flowering time and maturity. Out of
them, the £/, E3, E4 and E7 loci is are involved in flowering
in response to long days, which enable soybean to flower to
long daylength and mature before frost at high latitudes
(Kong ef al. 2010, Liu and Abe 2010). To date, £3 and E4
have been identified as genes encoding phytochrome A
(GmphyA3; Watanabe et al. 2009). In (sub)tropical regions
of low latitudes, while, the long juvenile trait affects flower-
ing by suppressing photoperiodic responses to short day-
length at the seedling stage (Sinclair and Hinson 1992).
Genes responsible for the long juvenile trait enable the soy-
bean plant to retain sufficient vegetative growth until flow-
ering even under short daylength, resulting in increased seed
set (Carpentieri-Pipolo ef al. 2002).

Several flowering-related genes have been reported to ex-

hibit PAV between G. max and G. soja. They include FLC
(Flowering locus C), VRNI (REDUCED VERNALIZATION
RESPONSE 1), ELF8 (EARLY FLOWERING 8), PHYE
(PHYTOCHROME DEFECTIVE E) and PHYA (PHYTO-
CHROME A). In the long day plant Arabidopsis, genetic dif-
ferences between late flowering and early flowering without
vernalization may be controlled by FLC. The FLC gene is a
MADS-box transcriptional regulator that acts as a repressor
of flowering by reducing the expression of flowering-time
integrators including FT7 to inhibit floral transition
(Hepworth et al. 2002). Recent studies have revealed that
repressive histone modification of FLC chromatin, such as
deacetylation and increased methylation of Lys 9 and Lys 27
of histone 3, triggered by vernalization regulates flowering
time under allied control of ELF7 (EARLY FLOWERING 7)
and ELF8 (He et al. 2004). ELF7 and ELF'§ are homologs of
the yeast RNA polymerase II Associated Factorl (PAFI).
Histone 3 trimethylation at Lys 4 in FLC chromatin en-
hanced by ELF7 and ELF§ appears to elevate FLC expres-
sion to levels that delay flowering in plants that have not
been vernalized (He et al. 2004). Wheat VRN encodes a
MADS domain protein that promotes flowering induced by
cold exposure (Yan et al. 2003). The closest Arabidopsis rel-
ative of VRNI1 is the MADS domain protein APETALAI
(API), which promotes flower formation independent of
vernalization, unlike wheat. Among five phytochromes
(PhyA to E) characterized in Arabidopsis, PhyA is Type 1
unstable in light and it is responsible for the very low fluo-
rescence response and high irradiance response (Franklin
and Quail 2010). Photoperiodic control of flowering in
Arabidopsis phyA mutant is affected; it flowers late in either
long-day or short-day conditions (Johnson ef al. 1994). In
pea, a long-day plant, the loss- or gain-of-function phyA
mutants exhibit delayed or early flowering phenotypes, re-
spectively (Weller et al. 2001).

Carbon metabolism

Carbon metabolism is a basic component of plant physiolo-
gy, and the genes and enzymes involving carbon metabolism
are highly conserved structurally and functionally across
species (Zhang ef al. 2010). Nonetheless, genes for various
classes of enzymes related to carbon metabolism were found
within regions of SV between G. max and G. soja (Table 1).
In maize, some genes related to carbon metabolism, especial-
ly glycolysis and the tricarboxylic acid (TCA) cycle, which
are responsible for the production of energy (e.g., ATP) and
intermediates bridging other metabolisms, were targets for
selection during domestication (Zhang et al. 2010). Gene
structures of malate dehydrogenase (Glymal3g43130) and
succinate dehydrogenase (Glyma02g06400) in the TCA cy-
cle were altered in the G. soja genome. Similarly, a gene for
alcohol dehydrogenase (ADH, Glyma20g10240) as the ter-
minal step of aerobic glycolysis or fermentation was a struc-
tural variant between G. max and G. soja. Plant ADH genes
have been used in population biology and evolutionary
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genetics because these model enzymes are composed of vari-
ous versions produced by different alleles or genes (Strommer
2011). Ammiraju et al. (2008) estimated evolutionary diver-
gences of the Oryza genomes by studying 46 genes in the
ADH1-ADH2 region of the O. sativa genome. ADH2 and a-
amylase-3C, controlling amylose content associated with
crop domestication, were induced when O. nivara, wild rice,
was under submergence stress (Fukao ez al. 2009). Structure
of the ai-amylase gene (Glymal8g10380) was also altered in
G. max in comparison to G. soja. The aldehyde dehydroge-
nase (ALDH) gene (Glyma04g35220), a key domestication-
related gene in rice (Kovach et al. 2007) involved in aerobic
fermentation with ADH (Strommer 2011), was also located
in the region of SV between wild and cultivated soybeans.

We found that genes of phosphoenolpyruvate carboxy-
lase (PEPC, Glyma06g33380) and shikimate dehydrogenase
(SKDH, Glyma03g40240) differed structurally between the
G. max and G. soja genomes. PEPC is an essential enzyme
in C4 carbon assimilation; it is also involved in glycolysis
and the TCA cycle (Hatzig et al. 2010). The shikimate path-
way plays an important role in the production of aromatic
secondary compounds in plants (Betz et al. 2009). SKDH
has been used as a polymorphic enzyme for the study of ge-
netic structure in Mesoamerican common bean (Santalla et
al. 2010) and polyploidy formation in the allotetraploid rock
fern Asplenium majoricum (Hunt et al. 2011). PEPC and
SKDH play important roles in carbon metabolism but they
are also involved in stress-inducible pathways. Under salt
stress, the activity of PEPC was enhanced in young shoots of
maize (Hatzig ef al. 2010). Similar to salt stress, cold stress
induced the expression of aquaporine (water channel pro-
tein) and the aquaporine gene (PIP], Glymal8g42630) was
on the list of structural variants. The shikimate pathway is
related to the production of flavonoids, which constitute one
of the largest classes of plant phenolics and may protect
against damage by UV (Betz ef al. 2009). Genes related to
UV damage, such as photolyase (Glyma01g42150) and
cryptochrome (Glymal0g32390), are located in the region
of SV between G. max and G. soja.

Disease resistance

It is difficult to understand the causes of resistance mainte-
nance and to apply them in agricultural practice (Huang et
al. 2008). Furthermore, adaptation of R gene associated with
crop domestication is difficult to clarify because of genetic
bottlenecks and artificial selection during domestication.
Wild ancestors of rice have been analyzed because wild rice
has higher genetic diversity than domesticated rice (Huang
et al. 2008). Few genetic studies have examined soybean do-
mestication and phenotypic differences between domesticat-
ed soybean and its wild progenitor (Kim et al. 2010). Also,
wild soybean has been a valuable source for one of the
breeding parents as it has useful traits, such as disease and
pest resistance.

Most R genes encode products containing a nucleotide-

binding site (NBS) and a series of leucine-rich repeats (LRRs)
(Huang et al. 2008). Two classes of NBS-LRR proteins were
present depending on N-terminal structural features; they are
the Drosophila Toll and mammalian interleukin-1 receptor
homology region (TIR) and the coiled-coil region (Hulbert
et al. 2001). TIR-NBS-LRR genes are the dominant form in
Arabidopsis (Huang et al. 2008) and the LRR domain is re-
sponsible for protein-protein interactions by determining re-
sistance specificity (Ellis e al. 2000). Some NBS-LRR pro-
teins have immune receptor function as well as involvement
in the signaling pathways for drought tolerance, develop-
ment and photomorphogenesis (Tameling and Joosten 2007).

Our analysis also showed that the genomic regions en-
coding TIR-NBS-LRR (Glymal6g27540) and NBS-LRR
proteins (Glyma02g12310) were disrupted in G. soja in
comparison to G. max. Since epidemic diseases spread in
large dense populations, they may result from agriculture.
Accordingly, epidemic diseases could be associated with do-
mestication (Diamond 2002). Huang ef al. (2008) concluded
that one divergent haplotype of the Pi-fa gene resistant to
rice blast might have risen during rice domestication be-
cause specific amino acid sequences in the LRR domain are
closely related to those of the resistant phenotype. Also, it
has been suggested that the genomic regions near Pi-ta and
allelic frequencies should be evaluated within populations
for understanding molecular evolutionary history of the re-
sistance gene (Huang ez al. 2008). Bacterial leaf blight resis-
tance gene Xa21 from O. longistaminata and blast resistance
genes such as Pi9 from O. australiensis have also been stud-
ied for the evolution and domestication of cultivated rice
species (Ram Kumar et al. 2010).

Divergence time between G. soja and G. max

Theoretical divergence time was estimated between the ge-
nomes of IT182932 (G. soja) and Williams 82 (G. max) by
calculating genetic divergence. This approach indicated that
G. soja and G. max diverged at 0.267 £ 0.03 mya (Kim ef al.
2010). Although this divergence time based on the nucle-
otide sequences of only two genotypes could be an overesti-
mate, it is suggested that the divergence between 1T182932
and Williams 82 predated soybean domestication. A prevail-
ing idea is that G. max is essentially a domesticated form of
G. soja. Thus, our data suggest that the G. soja/G. max com-
plex is at least 270,000 yrs old. It is widely accepted that
there would be no undomesticated G. max without domesti-
cation, but the possibility exists that undomesticated G. max
might have been referenced erroneously as G. soja. Given
that the domestication of soybean likely occurred 6,000—
9,000 yr ago, genetic divergence clearly predates domesti-
cation. Thus, genome comparison suggests that the genetic
history of soybean is more complicated than previously as-
sumed and that additional study is needed to determine the
origin of domesticated G. max.
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Conclusions

During domestication of soybean, many useful genes, such
as genes related to protein content and disease resistance,
may have been lost by human selection. To overcome the
narrow genetic background of the cultivated soybean, ge-
nome sequencing of G. soja was used to provide genetic
information that is absent in cultivated soybean (G. max).
Relying on the rapid advances in massively parallel se-
quencing technology, we performed complete gene content
comparisons among cultivars and progenitors of crop plants.
Kim et al. (2010) described the genome sequencing of wild
soybean, which is the wild relative of the crop to be se-
quenced. We used the G. max genome as a reference for wild
soybean genome sequencing. NGS technologies (Illumina-
GA and GS-FLX) were used to identify putative single
nucleotide polymorphisms, insertions/deletions and SVs
between G. max and G. soja. It has also been suggested that
soybean was domesticated from the G. soja/G. max complex
that diverged from a common ancestor of these two Glycine
species. The genome sequences of wild species may provide
key information about the genetic elements involved in spe-
ciation and domestication.

Overall, a total of 712 genes were identified as PAV
genes between G. max and G. soja and PFAM IDs were as-
signed to 577 of 712 genes. We were able to assign the GO
terms for 73% of 577 genes (420 genes), classifying them
into biological process, cellular component or molecular
functions. Also, four different traits associated with domes-
tication (flowering time, transcriptional factors, carbon me-
tabolism and disease resistance) were considered carefully.
The genomic regions near PAV genes appear to be valuable
sources for the identification of candidate domestication
genes. Additional analyses should be performed with popu-
lation-level comparative sequencing for a fuller understand-
ing of the molecular evolutionary history of soybean.
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