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ABSTRACT

Soybean is an excellent source of physiologically active metabolites in addition
to high-quality proteins and fats. Triterpene saponins, soyasaponins, are major
components of the secondary metabolites and exhibit wide structural diversity,
and their chemical properties and pharmacological effects vary depending on the
structure. Group A saponins are the primary cause of the bitter astringent aftertaste,
while DDMP saponins and their derivatives are suspected to have human health
benefits. The structural diversity dependent on the soybean genotypes is explained
by dillerent combinations of nine spontaneous alleles at four genetic loci, Sg-1, Sg-
3, Sg-4, and Sg-5, which control the sugar chain moieties of soyasapogenol glycosides
and the presence of soyasapogenol A. Therefore, they appear to control saponin
components genetically and partly to improve soybean quality and functional
properties. Soybean hypocotyls accumulate a high amount of diversified saponins,
but the excision of hypocotyl for the saponin phenotype analysis disrupts seed
germination. We therefore applied marker-assisted selection (MAS) to control saponin
composition by the combination of the four loci. The molecular markers were
selected or designed based on their positional information, and they were validated
by the analysis of a population segregating the three loci, except Sg-4. We precisely
screened target phenotypes according to the combination of marker genotypes,
indicating that the positional information including molecular markers here enables
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an elcient breeding of new varieties that might accumulate profitable saponins with
health benefits and improved taste for soy food processing. Soy Protein Research, Japan

17, 18-24, 2014.
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Fig. 1. Chemical structure of typical triterpene saponins (saponin Ab and saponinf3 a) in soybean seeds.
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Target  Marker Forward primer” Reverse primer” Fluorescent Reference

locus name dye

Sg-1 Sgl_exQ2 TCGCCGACACCATGTATTC CCCTCTCTTGATCCCTTTTTC VIC Sayama et al. 2012

593 BARCSOYSSR 10 0720 CAATTCATCTGAAAGTAAAATTAGA  CACGACGTTGTAAAACGACACACGCAAGTTGGAATA Mi3+ail (6-FAM) Song et al. 2010”
Satt241 GCGCTTGGTCTAAGAAAACTTTTGGT ~ GGGGGTTTTATCTCTTAAATGTG PET Takada et al. 2012

Sg-4 GMES0626 AGCAGGAACTGGAGTCCTCA CAACATTTTTCCAAACACGTTAAT absent Takada et al. 2012
AGTT CCAATCTAATGAAATTGACCT CAAAACCTTTTATGAGTATTTACG absent Takada et al. 2012

505 BARCSOYSSR 15 133 TGCTAAAATTACGTGTGAAAAGACA  CACGACGTTGTAAAACGACTCTTAGGTAGCGCAGCA M13+ail (6-FAM) Song et al. 2010”

GMES0332

CACGACGTTGTAAAACGACCATTCACCATGGCATC GGGGAAGTGGAGTGTTTGAA

M13-tail (6-FAM) Takada et al. 2013

(M13-tail) 6-FAM-M13 CACGACGTTGTAAAACGAC

6-FAM Qetting et al. 1995

1) Underlined bold letters are the identical sequences to the 6-FAM-M13 primer.
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Table 2. Segregation of Sg-1, Sg-3, and Sg-5 genotypes estimated with molecular markers

nErlmirt])ter Locus Sg-1 Sg-3 Sg-5

Marker name  Sg-1_exQ2  BARCSOYSSR 10 0720 Satt241 BARCSOYSSR 15 1334 ~ GMES0332
Dominant 36 48 49 42 45
Hetero 100 88 87 83 84

#1 Recessive 48 48 48 59 55
ND” 0 0 0 0 0
Total 184 184 184 184 184
Dominant 38 54 55 46 45
Hetero 96 86 85 100 100

#2 Recessive 50 44 44 38 39
ND" 0 0 0 0 0
Total 184 184 184 184 184
Dominant 44 52 48 37 36
Hetero 89 83 85 90 90

#3 Recessive 50 48 51 56 58
ND" 1 1 0 1 0
Total 184 184 184 184 184

1) Not determined
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Fig. 2. HPLC chromatograph of saponin extracts from respective segregants. Extracts from seed hypocotyls by
aqueous 80% methanol were separated by high performance liquid chromatography and monitored by
the UV absorption at 205 nm (black) and 292 nm (red).
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