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Production of Non-Genetically Modified Food-Use Soybeans with High
Functional Properties Using Soybean- and Wild Soybean-Natural Variants with
Different Composition of Seed Saponin Components
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ABSTRACT

Soybean saponins are divided into two groups: Group A saponins which are the
primary cause of undesirable tastes, and DDMP saponins which possess health
beneficial characteristics. The degree of the taste characteristics and functional
properties of saponin components depend on their chemical structures and density
in the seeds. Genetic improvement of the saponin composition and density of food-
use soybeans is expected to spread rapidly worldwide; however, the relationship
between genetic modification of saponin composition and accompanying changes
in saponin contents is not yet clearly understood. Therefore, in this study, some
mutants discovered in G. max collections and wild G. soja accessions in Japan
which carry different saponin compositions were used to prepare hybrid F,
seeds, progeny F, and F; seeds, and recombinant inbred lines (RILs). Saponin
compositions and contents having different combinations of genes controlling the
sugar chain sequences at the C-3 and C-22 positions of soyasapogenol glycosides
were determined by LC/PDA/MS/MS analysis and were evaluated by statistical
analysis. Different combinations of the genes (phenotypes) did not change seed
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saponin contents even though their sépqnin composition was changed according to
the combinations of the genes. These results suggest that the supply of common
precursors (soyasapogenols A and B) in saponin biosynthesis is not changed by the
combination of these genes, and that saponin precursors (soyasapogenol glycosides)
are competitively used as ‘ghe substrates of some glycosyltransferases according
to the recombination of the genes. Production of expected, specific, or sole saponin
component in soybean seeds by using soybean- and wild soybean-natural variants
would be possible. Soy Protein Research, Japan 13, 43-50, 2010.

Key words : Glycne max, Glycine soja, saponin polymorphism, sugar chain sequence,

Non-GMO soybeans
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Fig. 1. Biosynthetic pathway of group A saponins Ac and Ab from saponin Af and their related genes
(estimation). Genotype sg-3/sg-3 at the Sg-3 locus accumulate saponins Af and Ac in the seed hypocotyls.
Genotype Sg-3/- accumulates saponin Ab in addition to saponins Af and Ac synthesis.
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Table 1. Group A saponin contents of phenotypes Ab and AcAf in the F, seed hypocotyls derived from F,
hybrid seed obtained by the cross between Mikuriyaao (AcAf type) and Osuzu (Ab type).

Seed Saponin contents in the hypocotyls [ umol/100 g}
Phenotype Genotypes number Af Ac Ab Total*
Ab Sg-3/- 150 25 83 239 250+569
AcAf sg-3/sg-3 41 111 121 232+50.8

*No significant difference (p<0.05)
-, Not detected.
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Fig. 2. Biosynthetic pathway of group A saponin Ab from saponin A0-ag and its related gene (estimation).
Genotype sg-1°/sg-1° at the Sg-I locus accumulate saponin AO- ag and genotypes Sg-1°/Sg-1° and Sg-I°/
sg-1° accumulate saponin Ab in the seed hypocotyls.
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Table 2. Group A saponin contents of phenotypes Ab and A0 in the hypocotyls of RIL-F; seeds derived from F,
hybrid seed obtained by the cross between Osuzu (Ab type) and Kinusayaka (A0 type), F, and F; seeds
from Ibarakimame No.7 (Ab type) and wild soybean G. soja (col/Kumamoto/1983/Seriguchi-1; A0 type).

Seed Saponin contents in the hypocotyls [ umol/100 g]
Phenotype  Genotypes number  Group A saponins®* DDMP saponins Total*
RIL-Fs Ab Sg-1°/- © 105 248 +69 30069 548 +135
(Os x Ki) AQ sg-1°/sg-1° 87 436+ 69 264 +43 700+ 81
F, seeds Ab Sg-1°/5¢-1° 42 385+ 64 59690 1060+ 319
(Ib7 x soja) A0 sg-1°/sg-1° 41 591 +127 626 =129 1216232
F; seeds Ab Sg-1°/Sg-1° 49 124 +33 408 + 86 532+115
({Ib7 x soja) A0 sg-1°/sg-1° 49 406+89 514 +160 920235

*Significantly different (p<0.05) between Ab and A0 phenotypes.

Table 3. DDMP saponin contents of phenotypes Ab and AQ in the cotyledons of RIL-F; seeds derived from F,;
hybrid seed obtained by the cross between Osuzu (Ab type) and Kinusayaka (A0 type).

Seed Saponin contents in the cotyledons [ £mol/100 g]
Phenotype Genotypes number Bg Ba yg ya Total*
RIL-F; Ab Sg-1°/- 105 191 815 6.30 531 284+551
(Os x Ki) A0 sg-1%/sg-1° 39 196 89.6 743 6.51 299+ 56.0

*No significant difference (p<0.05)

Table 4. Aglycone contents of phepotypes Ab and A0 in the hypocotyls of RIL-F; seeds derived from F, hybrid
seed obtained by the cross between Osuzu (Ab type) and Kinusayaka (AO type).

Seed Saponin contents in the hypocotyls [ umol/100 g]
Phenotype  Genotypes number  soyasapogenol A soyasapogenol B Total*
RIL-F5 Ab Sg-1%/- 88 186+30.5 143+19.2 329+37.3
(Os x Ki) A0 sg-1%/sg-1° 88 182+315 135+20.7 318+414

*No significant difference (p<0.05)
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Fig. 3. A conceptual diagram of the relationship between genetic modification of saponin composition and
accompanying changes of saponin contents. Supply of common precursors (soyasapogenols A and B)
in saponin biosynthesis is not changed by the combination of the genes on the Sg-I, Sg-3 and Sg4¢ loci,
and saponin precursors (soyasapogenol glycosides) are competitively used as the substrates of some
glycosyltransferases according to the recombination of the genes. Total saponin contents in the seed
hypocotyls and cotyledons are independently controlled.
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Fig. 4. LC/PDA/MS/MS analysis data of saponin extract from the hypocotyl of an F; seed which shows
phenotype Ab. (A) UV chromatography at 205 nm. (B) and (C) Screening by selected ion (SEI) mode at
m/z=11075 and 1269.6, respectively. (D) and (E) MS/MS spectrums of detected components X and Y,
respectively, by SEL (F) Fragmentation of saponins A0- ag and deacetyl Ab.
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