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Gene Mining for Candidate Transcription Factors that Regulate Soyasaponin
Content in Soybean
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ABSTRACT

Many oleanane-type triterpenoid saponins, called soyasaponins, have been isolated
and characterized from soybean seeds. Recent studies have identified various
enzymes, including cytochrome P450 monooxygenases and UDP-dependent
glycosyltransferases, required for the biosynthesis of soyasaponins in soybean.
However, the regulatory mechanisms that control their expression remain unknown.
Previously, we identified a transcription factor (GubHLH3), belonging to subclade
IVa of basic helix-loop-helix (bHLH) proteins, that directs soyasaponin biosynthesis
in the medicinal legume Glycyrrhiza uralensis (licorice). This transcription
factor could help us understand the conserved mechanisms regulating saponin
biosynthesis in legumes. To test the hypothesis that bHLH-mediated signaling is
conserved in legumes, we investigated the function of GubHLH3 as a regulator
of saponin biosynthesis in soybean. We generated transgenic soybean hairy
roots overexpressing GubHLH3. RNA-seq analysis of GubHLH3-overexpressing
(GubHLH3-OX) soybean roots confirmed that the expression levels of soyasaponin
biosynthetic genes were increased in the GubHLH3-OX lines compared with the
control lines. These results suggest that the mechanism regulating soyasaponin
biosynthesis is similar in licorice and soybean. To identify a functional ortholog
of GubHLH3 from soybean, we performed homology searches against a soybean
gene database, and identified two putative orthologs belonging to subclade IVa of
bHLH proteins. To obtain additional candidate GubHLH3 orthologs, we performed
gene co-expression analysis using known genes encoding soyasaponin biosynthetic
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enzymes as guide genes. This analysis identified two additional candidate GubHLH3
orthologs belonging to subclade 1VVa of bHLH proteins. Functional analysis of these
candidate transcription factors is needed. Soy Protein Research, Japan 23, 46-51, 2020.

Key words : saponin, biosynthesis, cytochrome P450 monooxygenase (CYP), UDP-
dependent glycosyltransferase (UGT), bHLH-type transcription factor
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Fig. 2. Changes in gene expression in GubHLH3-
overexpressing (GubHLH3-OX) hairy roots.
(A) MA plot of gene expression in GubHLH3-
OX hairy roots and control hairy roots.
Genes upregulated in GubHLH3-OX hairy
roots have positive M values. Each dot
represents a transcript and its log2 fold
change in expression (GubHLH3-OX/Control).
Red dots indicate significantly differentially
expressed genes (DEGs, g-value < 0.1). (B)
Principal component analysis (PCA) of the
transcriptomes of two GubHLH3-OX hairy
root lines and two control lines. Each point
indicates one RNA-seq library.
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Table 1. Identification of diJerentially expressed genes (DEGs) and normalized read counts for saponin
biosynthetic genes in GubHLH3-overexpressing (GubHLH3-OX) hairy roots.

TMM-Normalized expression level

GubHLH3- GubHLH3-
DEG Control-1 Control-2 [e)4! 0X2

Gene 1D Annotation Enzyme activity
GLYMA_07G001300 GmBAS1 B -amyrin synthase 1 2137 2973 4907 97757
GLYMA_08G350800 CYP93E1 3 -amyrin 24-hydroxylase 1 7524 8598 13057 31,178
GLYMA_08G238100 CYP72A61 3 -amyrin 22-hydroxylase 0 3920 5563 6,625 11,884
GLYMA _15G243300 CYP72A69 3 -amyrin 21-hydroxylase 1 601 938 2256 2958
GLYMA_11G053400 UGT73P2 C3, Galactosyl transferase 1 2988 4424 7498 14177
GLYMA_01G046300 UGT73P10 C3, Arabinosyl transferase 1 322 615 2,188 6,157
GLYMA_08G181000 UGT91H4 C3, Rhamnosyl transferase 1 3060 5040 10418 22,516
GLYMA 10G104700 UGT91H9 C3, Glucosyl transferase 1 497 783 1,258 1,958
GLYMA 16G033700 UGT73B4 C22, DDMP transferase 1 2,327 2,701 6,198 9,544
GLYMA_08G181000 GmMSSAT1 C22, Arabinosyl transferase 0 749 852 1119 1761
GLYMA _07G254600 UGT73F2/4 C22, Xylosyl/Glucosyl transferase 0 836 1,556 1,949 3,217

Normalized read counts for saponin biosynthetic genes in GubHLH3-OX1 and -OX2 hairy root lines (highlighted
with black background) compared with control lines (Control-1 and -2). DEGs and non-DEGs are indicated by a

1 and 0O, respectively, in the DEG column.
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Fig. 3. Phylogenetic tree of soybean transcription
factors (TFs) belonging to subclade 1Va of
the basic helix-loop-helix (bHLH) proteins. A
neighbor-joining tree was constructed based on
the full-length protein sequences of 24 soybean
TFs belonging to subclade IVa of the bHLH
proteins. GubHLH3 of Glycyrrhiza uralensis
(filled arrowhead) and TSAR1 and TSAR2
(open arrowheads), which direct triterpene
saponin biosynthesis in Medicago truncatula,
are included as references. Candidate TFs
(TF1-4) are highlighted with black background.
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Fig. 4. Co-expression networks of transcription factor (TF) genes and saponin biosynthetic enzyme genes.
Networks representing the correlations between 13 TF genes and previously characterized genes
encoding soyasaponin biosynthetic enzymes. Colored circles represent genes and lines represent
correlations among genes. Two candidate TFs (TF3 and TF4) belonging to subclade 1VVa of basic helix-
loop-helix proteins are highlighted with black background.
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