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Crop domestication, usually referring to the process of ge-
netic adaptation of wild plants to crops, had a profound in-
fluence on mankind. Moreover, it will have ramifications for
future human development. Crop domestication began at
least 10,000 years ago at several domestication centers
(Doebley et al., 2006). More than 100 seed and fruit crops,
such as maize, wheat, rice, soybean, and tomato, have been
domesticated. Compared to the progenitors, modern crops
have advantageous changes in many morphological and
physiological traits. Some of these modifications, such as the
decreasing of seed shattering or fruit abscission, increasing
of fruit number and size, loss of seed dormancy and photo-
periodic controls, and better taste, are common domestica-
tion traits in different crops. These convergent domesticated
or parallel selected traits have been called the ‘domestication
syndrome’. A fundamental question in the study of crop
domestication is whether there are common orthologs un-
derlying the domestication syndrome in different crops
(Lenser and Theißen, 2013).
Large efforts have been made to find a genetic basis of the

convergent domestication from about two decades ago (Pa-
terson et al., 1995). From that time, numerous domesticated
genes had been identified and these discoveries are still in-
creasing quickly. However, only a few genes have been
found to be domesticated in parallel within cereals, such as
Sh1, Hd1 and Waxy. Take Sh1 for example, it was first
identified in sorghum, and then parallel selection was de-

tected in the orthologue genes, OsSh1 in rice and ZmSh1 in
maize (Lin et al., 2012). To date, few such domesticated
genes across different plant families have been reported.
Recently, research using genome-wide association studies

(GWAS), genomics analysis, and functional analysis to-
gether suggested that the green-stay G gene (GmG) in soy-
bean also controlled seed dormancy and had been selected
during domestication (Wang et al., 2018). In addition, the
orthologs of GmG in rice (OsG) and tomato (SolyG) were
found to have similar functions and be selected during do-
mestications as well (Table 1). The identification of the G
gene may help to domesticate new crops to feed the rapid
increasing population in the world.
In this study, the groups from Prof. Zhixi Tian and Prof.

Chengcai Chu of Institute of Genetics and Developmental
Biology, Chinese Academy of Sciences identified using
GWAS, a gene encoding a CAAX amino-terminal protease
protein in soybean that controlled the green seed coat, using
cultivated soybeans with green or yellow seed coats. The
mutation in GmG resulted in the loss of a small part of the
protein in the C termini, which in turn led to the yellow seed
coat of soybean. The function of G was then confirmed
through genetically transforming the G allele into the g allele
soybean.
Soybean was domesticated from wild soybean (Glycine

soja) in East Asia approximately 5,000 years ago (Zhang et
al., 2017). Interestingly, the wild soybean has the G allele but
displays a black seed coat. The proportion of the G allele in
wild, landraces and varieties was 100%, 21% and 4%, re-
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spectively, indicating the possible selection on GmG during
domestication. The domestication of GmG was further va-
lidated by selective sweep analysis. Additionally, the ger-
mination rate was compared between the g allele and its
transgenic lines, which showed thatGmG contributed to seed
dormancy in the soybean.
This work also identified the orthologous genes of GmG

from different plants (Table 1), and found that OsG had also
undergone domestication. Three non-synonymous SNPs
were found in theOsG, clustering the wild and cultivated rice
accessions into five haplotypes. The haplotype analysis
suggested that OsG was fixed at the early stage of rice do-
mestication, which was in line with the routes of rice do-
mestication (Huang et al., 2012).
The genomic sequence of OsG from wild rice was in-

troduced into two japonica varieties (termed Osg). Seed
dormancy was observed in the transgenic lines. CRISPR of
Osg in a japonica variety showed faster seed germination
rate. Overexpression of OsG and Osg in the japonica variety
background showed that transgenic lines with OsG had a
stronger dormancy than that with Osg.
By analyzing nucleotide polymorphism related indices in

the re-sequenced genomes of 360 tomato accessions (in-
cluding wild relatives of tomato, cherry tomatoes and culti-
vated tomatoes), SolyG was detected in a selective sweep
region. Further analysis of the variations revealed that the
frequency of a non-synonymous SNP in SolyG of wild and
cultivated tomatoes was significantly different. These results
suggested that SolyG was also a domesticated gene.

In addition, the coding regions of GmG and Gmg were
introduced to two Arabidopsis mutates (Atg). GmG trans-
genic fully complemented the weak dormancy of Atg,
whereas the Gmg transgenic lines did not, indicating G or-
thologs had a conserved function to control dormancy in
different plants. Correspondently, the haplotypes in the
Arabidopsis population showed various levels of dormancy.

Yeast two-hybrid screening was used to characterize the
molecular mechanisms of G underlying seed dormancy. Two
key enzymes involved in ABA biosynthesis were found to
interact with AtG. The contents of ABA and the biosynthesis
precursors in AtG were higher than that in Atg. Consistently,
the soybean with GmG allele and the transgenic lines with
GmG allele both had a significantly higher ABA content than

soybean with the Gmg allele. These results revealed that G
affected seed dormancy by interacting with abscisic acid
synthesis genes.
Seed dormancy is one of the most important targets in crop

domestication. A large number of seed dormancy QTLs in
plants have been identified (Chen and Penfield, 2018; Su-
gimoto et al., 2010; Torada et al., 2016). However, few genes
were found to be parallel selected. The G gene in soybean,
which is responsible for seed dormancy, has been parallel
selected in multiple crop families. This gene is the first gene
identified to affect seed dormancy and undergo domestica-
tion across several crop families. Loss-of-function mutations
are the most common mutational lesion in domesticated
genes. However, in rice and tomato, the SNPs in G resulted
in weak mutations rather than loss-of-function mutations,
suggesting that weak selection might be one clue to the de-
tection of parallel selection in different crops. The findings in
this research will not only help us to understand the process
of domestication but also to facilitate gene functional studies
on seed dormancy.
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