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A new high-quality genome sequence in soybean
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In the 1940s, Nikolai Ivanovich Vavilov (Russian: Николай
Иванович Вавилов) published his manuscript “The theory
of origins of cultivated plants after Darwin (Russian:
Учение о происхождении культурных растений
после Дарвина)”. Vavilov believed that among various
crops, soybean (Glycine max) originated from China. Since
then, the cultivated soybean has been demonstrated to be
originally domesticated in China approximately 5,000 years
ago in the eastern half of North China (Fukuda, 1933; Carter
et al., 2004). Northeastern China formerly served as the
center of soybean production. In 1908, the Japanese firms
achieved the first several soybean shipments to England
from Manchuria. In 2018, the US soybean cargo Peak Pe-
gasus docked at Dalian’s Beiliang port, Liaoning province,
China, to deliver 70,000 tons of US soybeans. An additional
6 million US dollars have been paid for the tariff as Peak
Pegasus missed the deadline. Meanwhile, the 70,000 tons of
soybeans accounts for less than 1% of the annual soybean
import in China. In the US, the rate of on-farm soybean yield
improvement from 1924 to 2012 is 23.3 kg per hectare per
year. The yield improvement in the US is mainly contributed
by the rapid breeding of high-yielding soybean cultivars,
particularly the genetically modified ones. In the future,
soybean breeding for higher yield and oil content will pos-
sibly rely on the information from molecular genetic studies,
in which the genome sequence data bear importance. Com-

bining Sanger sequencing and multiple genetic maps, the
soybean genome has been decoded several years ago in the
cultivar “Williams 82”, a widely used US modern cultivar.
The released genome has accelerated the basic soybean re-
search and related production.
Considering the advantages of sequencing technology

advances, Chinese scientists from Tian Zhixi, Ma Shisong,
and Du Jianchang’s groups have presented a better reference
genome of the Chinese cultivar “Zhonghuang 13” (Shen et
al., 2018). A comprehensive comparison between the cur-
rently available soybean genomes, “Williams 82” and
“Zhonghuang 13,” not only identified considerable differ-
ences, including structural variations and presence/absence
variations, between these cultivars but also pinpointed the
sequence differences in the specific gene F3ʹ5ʹH, the genetic
basis of the purple flower in “Zhonghuang 13” and the white
flower in “Williams 82.” This flower color, as an example,
demonstrated the power of comparative genome studies in
elucidating the genetic basis behind the phenotypic differ-
ences among the various cultivars. Such work may accelerate
genome re-sequencing studies on soybean. The genome se-
lection and genome editing technologies applied in soybean
breeding will benefit the improvement of on-farm soybean
yield in China.
The repetitive sequences hindered the efficiency of the

plant genome project and connectivity of the reference
genome. The PacBio long-read sequencing applied in
“Zhonghuang 13” and Oxford Nanopore long-read sequen-
cing in wild tomato (Schmidt et al., 2017) demonstrated that,
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to a certain extent, plant scientists can now handle “junk and
selfish DNA” at the whole-genome level to elucidate their
effects on plant genome evolution and agronomic trials. In
conclusion, future studies may provide more insights and
more precise dating of the origin and dispersal of cultivated
soybean.
Normally, several RNA-seq data sets are sufficient to

predict most of protein-coding genes given that highly con-
nected genome sequences are already available (Chen et al.,
2017). Shen et al. have predicted the protein-coding genes in
“Zhonghuang 13” using Iso-Seq, which features the capacity
to catch the full-length transcripts. However, they mixed
samples together, thereby lowering the values of the data set.
On the other hand, a more comprehensive transcriptome
analysis in “Zhonghuang 13” could be presented. Notably,
Shen et al. considered the advantages of large-scale RNA-
seq data sets during gene function analysis using co-ex-
pression network based on a graphical Gaussian model.
Combined with some prior knowledge (Zhang et al., 2017),
they have shown the straightforward pipeline to narrow
down the candidate genes controlling the flowering time and
linoleic acid content from high-resolution genetic mapping.
The correlation between the identified haplotypes of the
candidate genes and latitude distribution among the natural
population further accelerated the demand for functional
validation studies, particularly regarding the possible me-
chanisms and evolution routines of different haplotypes in
“Zhonghuang 13” and other cultivars.
In conclusion, the high quality genome sequence of Chi-

nese soybean “Zhonghuang 13” has provided a foundational
resource for genetic studies on soybean (Figure 1). Con-
sidering that soybean cultivars and its wild relatives grow in
diverse ecogeographic areas and feature a high level of ge-
netic diversity, the de novo construction of the complete
genome sequences for multiple diverse soybean accessions
could be performed to generate the pangenome data sets in
soybean. As applied in other crops (Hirsch et al., 2014; Zhao
et al., 2018), the soybean pangenome, once available, may

further facilitate the mining of allelic variations and promote
the genetic studies on soybean.
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Figure 1 (Color online) Utility of a new high-quality reference genome
sequence in soybean using PacBio-based sequencing and de novo assembly
of a Chinese cultivar “Zhonghuang 13.”
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