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Study on Biosynthetic Enzymes of Group-A Saponin for the Breeding of
Low Unpleasant Taste Soybean Variety

Masakazu SHIRATWA

School of Agriculture, Ibaraki University, Ibaraki 300-0393

ABSTRACT

While group-A saponin is the main substance responsible for the unpleasant taste in
soybean, group-DDMP saponin has various medicinal action. Therefore, it is
expected that elucidation and characterization of the enzymes which catalyze
biosynthetic reaction of saponins will be useful to the breeding of the value-added
soybean variety in the future. This research was aimed at cDNA cloning of the key
enzymes (glucuronosyltransferase and hydroxylase) of group-A saponin biosynthesis
that we had discovered, previously. Some soybean EST clones that showed high
similarities to glucuronosyltransferase (PsUGT1) from pea were found in the DNA
databases. An open reading frame (ORF) was generated based on the nucleotide
sequences of these EST, showing a homology to PsUGT1 with 69%. We presumed
that the putative sequences encords a glucuronosyltransferase in soybean. On the
other hand, sixteen cDNA clones for hydroxylase were also found. Comparing the
converted amino acid sequences among them, the conserved region in all was found.
In addition, when group-A saponin in 18 wild relatives of soybean was analyzed, three
species (G. tabacina, G. tomentella, and G. wightii) that group-A saponin is deleted
was revealed. These findings suggest the possible use of plant materials for cDNA
cloning of hydroxylase involved in biosynthesis of group-A saponin in soybean. Soy
Protein Research, Japan 8, 11-18, 2005.

Key words : BLAST search, glucuronosyltransferase, hydroxylase, wild relatives of
soybean, saponin biosynthesis, soybean
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Fig. 1. Proposed pathway of saponin biosynthesis in soybean. The reactions catalyzed with hydroxylase and
glucuronosyltransferase are shown with open and closed solid arrows, respectevely.
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Fig. 2. Phylogenetic analysis of the glycosyltransferase family. Perilla 5GT, UDP-glucose: anthocyanin 5-O-

glucosyltransferase of perilla frutescens (AB013596); Petunia 5GT, anthocyanin 5-O-glucosyltransferase of P.hybrida
(AB027455); Vigna GT, glucosyltransferase-like genes from Vigna angularis (AB070753); PsUGT1, UDP-
glucuronosyltransferase of P.sativum (AF034743); Arabidopsis GT, UDP-glucose glucosyltransferase homologue from
Arabidopsis thaliana (AB016819); Gentiana 3GT, UDP-glucose: flavonoid-3-O-glucosyltransferase Gentiana triflora
(D85186); Perilla 3GT, flavonoid 3-O-glucosyltransferase of P.frutescens (AB002818); Petunia 3GT, anthocyanidin 3-O-
glucosyltransferase of P.hybrida (AB027454); Grape 3GT, UDP-glucose: flavonoid 3-O-glucosyltransferase of Vitis
vinifera (AF000371); Ipomoea 3GT, UDP-glucose: flavonoid 3-O-glucosyltransferase of Ipomoea purpurea (AF028237);
Barley 3GT, UDP-glucose: flavonol 3-O-glucosyltransferase (bronze 1 homolog) of Hordeum vulgara subsp.vulgare
(X15694); Maize3 GT, UDP-glucose: flavonol 3-O-glucosyltransferase (bzI gene product) of Zea mays (X13501 and
M37640); Arbutin synthase, arbutin synthase of Rauvolfia serpentina (AJ310148); Tobacco Is10a, salicylate-induced
glucosyltransferase (IS10a) of N.tabacum (U32643); Tobacco IS5a, salicylate-induced glucosyltransferase (IS5a) of
N.tabacum (U32644); Tomato TWI1, a wound-induced gene product (twil) of Lycopersicon esculentum (X85138);
Betanidine 5GT, betanidin 5-O-glucosyltransferase of Dorotheanthus bellidiformis (Y18871), BpUGAT, UDP-
glucuronic acid: anthocyanidin 3-O-glucoside 2"-O-#-glucuronosyltransferase from Bellis perennis (AB190262); NB17
(RhmT), rhamnosyltransferase of Nierembergia sp. (AB078511); Petunia RhmT, UDP-rhamnose: anthocyanidin 3-O-
glucoside rhamnosyltransferase of Petunia x hybrida (EBI accession numbers X71059 and X71060).
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Fig. 3. Phylogenetic analysis of soybean CYP family for above genes. CYP73 (X92437); CYP77A3 (AF022464); CYP78A3
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(AF022463); CYP98A2 (AF022458); CYP71D10 (AF022459); CYP83D1 (AF022460); CYP71A10 (AF022157); CYP93A1
(D83968); CYP93A2 (D86351); CYPI3D1 (93E1) (AF135485); CYPI3C1 (AF022462); CYPI3C1v2 (AF135484); CYP82C1
(AF022461); CYP97B2 (AF022457).
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Fig. 4. Structues of soybean saponins Aa and Ab, and type of group-A saponin in seed hypocotyls of wild relatives

of soybean.
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Fig. 5. TLC Patterns of the Ethanol Extract of Seed Hypocotyls from 18 Wild Relatives of Soybean. Cont, 11U
fraction from the seed hypocotyls of soybean; lane 1, G.soja koushureiyaseidaizu; lane 2, G.soja 4; lane 3,
G.soja 36; lane 4, G.soja 55; lane 5, G.soja 85; lane 6, G.soja 86; lane 7, G.soja 96; lane 8, G.soja 100; lane 9,
G.soja 137; lane 10, G.gracillis P.I. 135-590; lane 11, G.wightii Soja Perene; lane 12, G.latifolia; lane 13,
G.tomentella Mopiton, lane 14, G.tomentella Lindeman; lane 15, G.clandestine; lane 16, G.canescens White
elige; lane 17, G.tabacina Giken; lane 18, G.tabacina Miyakojima-turumame.
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Fig. 6. Distribution of group-A saponins in soybean and wild relatives of soybean.
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